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.ABSTRACT. 

Field work and mapping with the aid of aerial photographs 
have shown the north Gap Dyke to be a vertical intrusion 9.Y.i- miles 
long . It extends from a point about 4tr miles south of Cathcart to 
to the coast where it enters the sea about 100 yards north of the 
i;gadla R lver mouth. 

It is composed of several rock types including dolerite 
pee,matite, ;;:ranophyric dolerite, subophitic dol erite, and it has a 
more or l ess central core of mobili~ed sediment at the western end. 
The essential minerals of the dolerite types include zoned plagioclase, 
which is described in some detail, and augite. Less important are 
hornblende and micropegmatite. Accessori% include apatite, ilmenite, 
magnetite, quartz, actinolite, prehnite, calcite and epidote. 
Iddingsite (?), saussurite and chlorite occur as alteration products. 

The mode of origin of the Gap Dyke magma remains an open 
question: it may have arisen as a result of normal crystal fraction­
ation or as the result of hybridization in depth followed by different­
iation • . 
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INTRODUCTIO/i. 

Of the two Gap Dykes of the Transkei described by 110untain 

(1943) the northern one was chosen for study because it contains an 

unusual feldspathic sandstone core and also shows a greater degree 

of variation than the southern. The aim of the present investigation 

is to give a fuller account of the petrocraphy and petroloe,y of this 

dyke and to examine in detail the occurrence of the mobilized sediment 

core found at the western end. 

A total of only three weeks was spent in the field, during 

which time the dyke was carefully remapped with the aid of aerial 

photographs. The section west of the Eei River was accurately mapped 

by walking along the course of the dyke and linking the various out­

crops. i!:ast of the ;;ei mapping ,laS carried out by tracing the course 

of the dyke along the prominent Hgaps" and by noting where it was i"ter­

sected by roads and .ivers. ,iear the coast the strike varies ad. several 

"caps" occur and it was once again necessary to follow the dyke in detail 

on foot. 

All the laboratory work was carried out in the Departme nt of 

Geology, Rhodes University. I prepareC over 1 20 microscope slides from 

specimens of the dyke rock and surrounding Beaufort sandstone. One 

complete analysis and two partial analyses were carried out by me, and 

I completed another done partially by Hr . H. Johnson, a geology Honours 

student. 

Even ,lith the additional information gained from this study 

there still remain unanswered fundamental problems, such as the origin 

of the core, and of the various types of dolerite found making up the 

dyke . However, it is hoped that this study will give a better idea 

as to the types of problem encountered and possibly stimulate further 

research. 
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PlGVIOUS WORK. 

Rogers and Schwarz (1904) were the first to describe the 

two Gap Dykes of the Transkei a"d they considered their account should 

be regarded as only a prel:iJninary report. They classed the rocks as 

quartz diorite. Walker (1942) published a paper in which he concluded 

the dykes were produced by crystal differentiation of [j normal !,arroo 

dolerite magma in some deep seated chamber. He concentrated on the 

southern dyke, considering the two to show identical petrographic 

characteristics and to be connected underground. His work on this 

dyke i s, moreover, confined to the Kentani district of the Transkei. 

The most recent paper on these dykes was by ~:ountain (1943) 

in which he gave a genera l description of both dykes and presented the 

f irst complete map of them. He r.t:!pped them without the aid of aerial 

photographs. He concluded that the dolerite pegmatite mau'11a of the 

dykes arose by contamination of normal ;(o.rroo dolerite magma, either in 

some intercrustal reservoir, or in the dyke positions in which they are 

now found, as the result of neighbouring sed:iJnents. The feldspathic 

sandstone core fo~nd in the western end of the northern dyke he considers 

to be a gieHntic example of mobil ized sediment. 

Walker and Foldervaart (1%9) revised t he facts and hypotheses 

concerning the two Gap Dykes. They considered the Gap Dykes to be 

represented by their "Eentani type" dolerite, "most probably representing 

an advanced sta3e of differentiation of the 1',arroo magma. Ii 
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ABSTRACT OF CRAPI'"R ONE. 

The north Gap Dyke in a vertical intrusion which strikes 
more or less ea.st-west and oxtends from a point about 4} miles south 
of Cathcart to the coast , where it enters the sea about 100 yerds 
north of the :; gadl a River mouth. 

The width narrows gradually from about 250 yards at the 
coast until the dyke dies out altoGether near Cathcart. Particularly 
in the Transkei, the dyke ,/Gathers ;nore readily than the surrounding 
Beaufort sandstone and so forms longitudinal valleys termed 11 gaps ". 
Such valleys are absent further west ~ncl outcrops take the form of 
boulder-like jOint-blocks. 

Metamorphism produced by the dyke is s l ight. Absolute age 
determinations, by McDougall , indicate the dyke to be about 171 million 
years old; it cuts all other intrusions of dolerite in the area. 
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G";iERAL SZTTIllG . 

The northern dyke was remapped with the aid of aerial 

photographs from a point about 100 yards east of the Cathcart-Alice 

main road, some 4~- miles south of Cathcart, where the first outcrops 

of the feldspathic sandstone core were found, to the coast, where it 

enters the sea about 100 yards north of the llgadla River mouth. The 

course of the dyke was then replotted from the aerial photoeraphs on 

to a base map with a s cale of 1 : 250,000. This base map was prepared 

from the Queenstown sheet , S" 33/26 , with a scale of 1 : 500 , 000, 

published by the Department of Irrigation in 1960. The final map 

(See i'iap 1) of the dyke a;:;rees closely with that prepared by iIountain 

(19/,3) . 

The length of the dyke is 93\ miles. It strikes east-west 

for the E.Teater part of its length , but towards Cathcart it changes to 

west- north-west (N6S'\T) and near the coast the strike vari es from 

HIIO°," to IISOoE . The general trend of dykes in this area is more or 

less east, or north-north- west (Border Regionul Survey, 1957), and so 

the north Gap Dyke follows the normal trend . 

Accurate width determinations could be made only at Lujilo 

and Surbiton, but fairly accurate estimations were !'Jade at other points 

because of t ,le typical gap in the top gr aphy and because the vegetat ion 

often varies slil,htly where t he dyke i s present . (See figure 1.) The 

approxLaate width of the dyke at various points along the length is 

tabula. ted in Table I. 



TABLE 1. 

Dyke··width at various points along the length. 

Distance in 
Total ,Hdth of Hidth of niles west of 

Place Width Core Dolorito oastern limit 

Coast 250 yds. 250 yds ~ 93~ 

Qoboqobo 200 yds. 200 yds .. 67 

Toleni Bridge 150 yds. 150 yds . 52 

Lujilo 120 yds. 120 yds. 41 

Undula 80 yds. 80 yds. 15 

Thomas river 42 yds. 42 yds. 10 

Surbiton 34 yds. 9 yds. 25 yds. 6t 
Stoneridge 22 yds. 4 yds. 18 yds. t 
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iEATHERING AHD TOPOGRAFHICAL FEATU!L:S. 

The name "Gap Dyke" is apt because of the effect this dyke 

has on the topography, particularl y in the more dissected areas. In 

the Trnnskei, particular ly, the dyke weathers more easily than the 

surrounding Jeaufort sandstone and forms conspicuous trench- like 

features which are often followed by river valleys. These features, 

cl early seen on the aerial photo('raphs, are termed "gaps". (:3ee 

ficure 3.) In the "gaps" there is a tendency for tho northern slopes 

to be steeper than the southern. (See figure 2 . ) This is the result 

of normal insolation effects of the sun. West of the -.ei River the 

dyke has less influence on the topography, 0.1 thou j-h locally it still 

occupies valleys, e.g. at r ei Gates. Where it traverses narrow water­

sheds it forms necks, e.g . near Lujilo . Further west the dyke gives 

rise to no conspicuous fe(ltures at all and outcrops are poor, though 

in come places the course of the dyke can be followed by a line of 

rounded, boulder-like joint-blocks . (See ficure 4 . ) ,lear Cathcart , 

where the core appears, outcrops of the dolerite are rare and were it 

not for the feldspathic sandstone core the course of thE: dyke could 

not be followed at all. Right at the coast there are no outcrops of 

the north Gap Dyke, but about 800 yards inland, on the banles of the 

11gadla River) rounded outcrops of the dyke occur. (See flc;ure 5.) 

The dolerite may weather to considerable depth and it is 

often found that the rar~ins, where in contact with the invaded sedi­

ments, are weathered to a greater extent. There is an apparent 

tendency for the dolerite to weather to greater depths where the core 

material is present. where exposed the dolerite shows typical sphero­

idal weathering, the native name for the weathered material being 

"sabunco.lI . r,iicroscope sections of this I! sabunga 11 , made from specimens 

taken from the Surbiton r a ilway cuttins , show the pyroxene and feldspar 



EXPLANATION OF FIGURES 1 AND 2. 

Figure 1 : The course of the north Gap Dyke in the Thomas River 
area clearly seen by differences in vegetation. 

Figure 2: Typical "gap" valley, showing the asymmetrical valley 
produced. Near Toleni Bridge, facing east. 
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I' Figure 1 

.' , 

Figure 2 



C:XPLAl;ATION OF FIGUl1c: 3 . 

Aoria,l photograph show in;: the course of both 

Gap Dykes, near Toleni. The typical "gap" 

valleys can clearly be seen. 

SCAlZ : Approximately 2" = 1 Nile. 

(Reproduced from aerial photoeraphs belonging 

to the Geological Survey. Job ,:0. 468; Strip 

14 ; !lwnber of photo(;Taph -- 3323.) 
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EXPLANATION OF FIGURES 4 AND 5. 

Fig.lre 4: Typical rounded, boulder-like outcrops 

of the north Gc.p Dyke , near Lyall . 

Facing east. 

Figure 5: Outcrops of the nor th Gap Dyke near 

the coast, on the banks of the Jgadla 

River about 800 yards from the sea. 

Facine west. 

, 

1-e 



Figure 4 
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Figure 5 



DSSCRIFTIOJ OF lIAP 2. 

Rainfall Hap of an area around the north Gap Dyke , 

showing that the greater laneth of the dyke falls within an 

area receiving more than 20" per annum and the 2.rea where 

the most conspicuous "[aps" occur falls within an area 

receivine from 25" to 50" of rainfall per annum . 

Isohyetal tints represent annual rainfall in inches. 

(Adapted from the rainfall map of the Union of 

South Africa (1948) published by the Irrigation 

Department . Code "j AB) 
10. f1 
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to be relatively fresh so that the brown colouration is thought to be 

entirely due to oxidation of the ore minerals. The final product of 

weathering is a course, yellowish-brown friable material . This is 

characteristic of both Gap Dykes in the 'franskei and thus, even when 

weathered, they a r e distineuishable frol!l other dolerite intruoions 

which weather to a red or dark brown, clay-rich soil . Several other 

dykes i {l the Transkei, especially near the coast, produce similar, 

thoug.~ smaller, gaps in the topoeraphy. Such dykes are known to have 

a different mineral composition from the north Gap Dyke, and so it is 

obvious that the weathering into trenchlike gaps is not the result of 

mineralol!.ical differences. It may be because the dykes which are so 

affected all have a coarse crain size, and because the region in which 

they occur is one of hip;h rainfall, as is seen on i-iap 2. 

ATTITUDE Aim JOINTI;!G. 

The dyke is vertical. This attitude is best observed in the 

railway cutting at Surbiton and in the Transkei "gaps" where the dolerite 

of the dyke has been eroded away where the dyke cuts across steep sided 

valleys. The resistant Beaufort sandstone reveals the form of the 

intrusion, e.G. at r,ei Gates . 

Generally, there is no indication that the dyke has folded 

or disturbed the wall rock . However, at Lujilo the bedding of the 

jJeaufort saadstone at the northern contact has been sliGhtly disturbed 

and the rock also shows steep southward dippinG joints . Similar joint­

ing has developed in the sandstone at Surbiton. In t he railway cutting 

the joints are seen to dip at 150 :: 50 away from the intrusion at both 

contacts ar,d gradually flatten so that, five yards from the walls of 

the dyke, the jointinc is horizontal . Because of the massive nature of 

the sandstone in this area it is difficult to trace the bedding, which 



BXPLAHATIOlI OF FIGUR1:S 6 AHD 7. 

North Gap Dyke exposures in the Surbiton railway cuttine. 

Figure 6: The ,,/Cst wall of the cutting showing the core 

and jointing in the wall rock . Facing south . 

Fi~re 7: Facinc north. 
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;'XPLAHATION OF FIGURE 8 . 

Diagr~nmatic section of the north GaP Dyke 

us it is exposed in the Surbiton railway cutting . 

Notice the asymmetric joi nting in the 

granophyric quartzite core, and the position of the 

core in the dyke . 



EXPLAiJATIO:; OF FIGURE 9. 

FhotoGraph of the core material as exposed 

in the western wall of the Surbiton railway cutting. 

Note the sharp contact with the surrounding dolerite 

and the jointing in the core. 
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may have been similarly disturbed . However, there are some indications 

that the bedding remains horizontal and has not been affected. In 

general, the sandstone shows vertical jointing developed parallel to 

the walls of the dyke as well as some horizontal jointing parallel to 

the bedding . Other than the boulder-like jOint-blocks, jointing is 

not seen in the outcrops of the dolerite and it appears to be either 

absent or inconspicuous. 

In the west the core material has developed both vertical 

and nearly horizontal joints along which weathering takes place form­

ing large slab-like masses. The core in the Surbiton cutting shows 

jointing dippinG at 280 
: 30 north near the southern contact (well 

de\-eloped) and gradually turning over until the joints dip at 12
0 ~ 3

0 

south near the northern contact (poorly developed.). See figures 6,7, 

8 and 9. 

AFPGARANCi OF THG GAE' ROCK. 

From Stoneridge to the Thomas RLver the dyke consists 

essentially of two different rock types . There is a central core 

material whicb , in hand specimens, bears a close resemblance to the 

surrounding Beaufort sandstone but which shows no sign of bedding. 

This is flanked by dolerite. The core contr.ins irregul~r dark patches 

of shale-like material which vary in size from tiny fragments to pieces 

up to 6 inches by 1 inch. The core shows no sign of flow structure and 

the dark inclusionc show no preferred orientation. This is the felds­

pathic sandstone or Granophyric quartzite core which has been traced 

from Stoneridge, where it forms the predominant outcrops, to the west 

bank of the Thomas River . It vanishes suddenly about ~ mile west of 

the river but reappears just RS suddenly on the crest of the hill on 

the east bank, about 500 yards east of the river. Here the outcrops 
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seem to occupy the entire dyke width, some 200 feet, but east of this 

only scattered outcrops are found, the last being on Rexfield. 

Flanking the core is a highly weathered yellowish-brown 

dolerite which, in the immediate vicinity of the core, grades into a 

slightly less weathered granophyric dolerite. This granophyric dolerite 

varies considerably in width, from 1 foot on either side of the core in 

the Surbiton railway cutting to 14 feet on Stoneridge. Beyond the east­

ward limit of the first part of the core the dyke is composed of a pale, 

fairly fine~grnined granophyric dolerite. This granophyric dolerite 

continues eastward until the east bank of the river where the dyke is 

cut for the first time by the meanders. The character of the rock 

changes only slightly eastward, becoming coarser and somewhat darker. 

Outcrops of the dyke in the cultivated land west of the 

river show the granophyric dolerite to contain coarse patches which 

are paler in colour and which contain rod-like dark minerals arranged 

in an irregular criss-cross pattern. Individual rods measure about 2 

to 5 mm. by 0.5 mm. and less. The patches, the largest of which measure 

2 feet by 6 inches, grade uniformly but fairly sherply into the surround­

ing granophyric dolerite. 

On the west bank and in the bed of the river there are, in the 

dolerite, veins of coarse material which bear a close resemblance to 

schlieren. They are not lens shaped but occur as narrow veins up to 

2 inches wide and irregularly scattered through the dolerite, exte~ding 

for lengths of up to 5 feet. They are acid in character and contain 

laths of amphibole measuring 20 mm. by 2 mm. and less. The dolerite on 

the immediate east bank of the river is essentially a coarse grained 

pale dolerite with a very blotchy appearance caused by the aggregation 

of mafic minerals into clusters each measuring up to 2 cms. across. It 

is termed a "mottled rock". It contains no veins but has occasional 



8XPLANATION OF FIGUR;:S 10, 11 Ai.D 12. 

Fi gure 10! Hand specimen of the core material froM 

Stoneridge. (Mngnification x 1 . 5) . 

Figure 11: Ennd specimen of the ,,-ranophyric dolerite 

found at the eastern end of the western 

section of the core mnterial in the Thomas 

Rivor area . (Haenificntion x 1. 5) • 

Figure 12: Hand speclinen of the metasomatized sediment 

xenoliths (" coarse patches") found in the 

~ranophyric dolerite in the Thomas River 

area. (l:agnification x 1. 5) • 



Figure 10 

.' '. 

Figure 11 

Figure 12 
l It) 



EXPLAi:ATIOll OF FIGUrtZ·q Ha, 12a IUD 15a. 

Figure lla: Photomicrogr aph of the granophyric dolerite 

shown in Figure 11. Between cros s ed nicols. 

(Hagnification ~ x 33.) 

Fi6'UI'e 12a: Photor:icrograph of the metasoDc.tized zenolith 

shown in Figure 12. Between crossed nicols. 

(i'iagnification: x 12.) 

Figure 15a: Photomicrograph of the coasta l variety of the 

"Transkei type" dolerite pegmatite, showing 

the typical texture of this rock . Specimen 

is from the N gadla River, near the coast. 

[Jote the complete absence of quartz and 

micropegmatite. Between crossed nicols. 

(i;agnification: x 12 . ) 

pI (rim) = plagioclase crystal with rim of 
clay (? ) minerals .. 

py = pyroxene. 

act = actinolite. 

bi = biotite . 

il ilmenite. 

I Uc. 



Figure lla 

i.' 

Figure 12a 

Figure 15a 

IDe! 



ZAFLAllATIOll OF FlGUIlES 13! 14 Al:D 15. 

Ficure 13: Hand specimen of part of one of thG acid 

veins found in the granopyric dolerite on 

the west bank and in the bed of the Thomas 

River "here it cuts the dyke fer the third 

time. (:'ktural size). 

Figure 14: Hand specimen of the "mottled rock" found 

on the east bank of the Thomas RLver. 

(l:agnification x 1. 5). 

Figure 15: Hand specimen of the dolerite pegmatite 

("Transkei type ll ) which makes up the 

greater lencth of the north Gap Dyke. 

Specimen is from Toleni Bridge . 

(;,aGnification x 1. 5) . 

In.: 



Figure 13 
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Figure 14 

Figure 15 
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pale patches scattered throuGh it . 

J';ast of this, the dyke becomes more uniform in charn ,cter 

apart from the l arGe outcrop of core materinl found at the cr€.st of 

the hill on the east bank of the river. The core outcrops occ' ur over 

an area about 60 yerds wide here, and no dolerite is seen in tt le vicinity. 

The last outcrop of the core is found on Rexfield , some 2 miles east of 

the Thomas Rl.ver. The dol erite itself graduall~' becomes coarser east­

wards until, about 22 [.liles east of Stoneridge, it is almost diori tic 

in appearance with large white feldspar laths, coarse p'roxene crys '-,als 

and occasional flaJ,es of brown mica . The outcrops are seen as large 

rounded boulder- like maS3es but further east the rock is more weatheled 

and forms the " caps" . Ficures 10 to 1 5 show the appearance of some OJ: 

the rock types in hand specimens. 

The appearance of the dyke rock remains remarkably consistent 

from Undula right through the Transkei until about two miles from the 

coast. Here it shows nn increase in the amount of dark minerals present. 

At the i:badla River the lo.st outcrops occur on the north bank of the river 

about 800 yards from the sea. (See ficure 5.). In contrast to the south 

Gap Dyke there are no outcrops of the north dyke right at the coast, o.nd 

a wide beach completely free of rocl~s seems to indicate the course of the 

dyke out to sea. The dyke, because it is more easily eroded than the 

sediments which, with other dolerite int r us ions, form the remainder of 

the rocky coastline in this area, forms a sandy beach to the north of 

the ilgadla River mouth. 

j,lli'TANORPHISH. 

In spite of the great length and width of the north Gap Dyke , 

the metamorphic effects produced are very slight . In all cases the host 

rock is Beaufort sandstone, which changes character only very sli~htly: 
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it is more feldspcthic and s l ightly finer grained inland. Thl3 dyke 

has produced r ecr yctallisation of the sandstone to a distance of not 

more than 3 feet from the contactS . A series of microscope sl:ldes made 

from speciinens of Ileaufort sa ndstone in the Surbiton railway (:uttinc 

Gho,1 it to be unaffected five feet fro~·. the contactS . 

AG~ OF TP. .!; DY;~. 

The north Gap Dyke cuts all previouG dolerite intrusion~1 in 

the area and nowhere was i t found to be cut by another dolerite . From 

this evidence it is considered to be a late stage of the intrusions of 

Karroo dolerite IN THIS AREA . i1cDougall (1953) gives an average age ot: 

171 Qillion years for thG South Gnp Dyke: (an average of seven measure· · 

mentSi two 'lith biotite, three with plagioclase and two ,lith pyroxene . ) . 

Assuming that the two dykes have a similar , if not identical, age then 

the north Gap Dyke is about 171 million years old . This a Ee is very 

simil ar to that of other dolerite intrusions in the area, but slightly 

younger than the pecmctitic doleri-:;e froi,l a sheet ct Rooikrans Dam , 

hingwillio.mstown 'Ihich is dated as 179 million yearG old. Because of 

the natur e of the methods of absolute age detenninctions the difference 

between 171 [,lillion and 179 million years is not a very significant one, 

and is withi.'1 the liinits of experiinental error . The Gap Dykes are , 

however , certc inly older than the dolerite formin!,: the Schwar zwald sheet 

~t Hogsback which is dated as beint:; 153 million years old . 



CHAPTER TWO 

PETROGRAPHY 
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ABSTRACT OIi' CHAPTER TWO. 

Because of the diverse typ0S of rock making up the north 
Gap Dyke th", p0trography is most conveniontl) d"alt with by 
d<lscrib i ng each type.; s0paratclly. In tho w0st"rn end a mobiLiz,-,d 
sodimont coru occurs flankuc. on e.;ith"I' sid" by subophitic dol "rit" 
and cranophyric doL,rit0 . 'I'hd eranophyric doloritL> occur::: ril>;ht 
a gainst thcl CON, an] liku thcl cord itsolf, varivs in width. In 
th", Thom:ls Rivcl r :lI'cla thL> COI'" is abs"nt and the dolerite found 
th"r0 is ess0ntially n granophyric varidty, but sev<lral othur 
int0I'0sting funtur0s nr...: found.. Th0~\:;; lnclud0 r. mottled dolurit.l..:, 
acid v"ins , m"tc.somatizen xc:noliths c.nd a dnlvrit" xLlnolith, Th," 
gI'Llntdr length of the dyk" is mado up of doleI'it" p"gmntit" which , 
is fcirl)T uniform in chnrnct0I' .. How\Jv'-'li> r:.t tha 8[1sturn end of thl3 
dyke, wher~ it untcI'C thu S0U, theru i~ mor0 bosic vcrioty without 
quc.rtz or micropvgmatito. 



) 
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EJ!:TROGRAPHY . 

B0caus0 of th" creat vario.tion in chara ct"r 0 long tllu 

Itmgth of th" dyku, th,) petrography iG most conv<.micmtly d-3c.lt wHh 

by describing s0pc.rat01y thu cor.; mctGrbl, th" do10rite flc.nki.ng 

th" cor", tho complox Thomas RivGr arc:a [end th" doleritLl p0gmati-l;" 

found throughout tho gr .. mt"r longth of tho dylC8 , mc.inly in thG Tr·ans!wi. 

(i) Th" Core. 

Hand specimoans nr0 v0ry similar i n nppJo.rallcd to thi.; 

B"aufort sandston", being light gr"y or brown in colour. The core 

diffurs from th.., sandston.:: in thnt it shows no b"dding and conto.im d 

within thel r ock o.re irrogular dnrk pntch0s of vo.rying siz". Thus" 

p'ltch .... s are indistinguishab10 from sho.lo or mud'::stone. Thuy tend 

to bel angular and ar .... of ton oloncatLld but show no pruferrod ori"at­

ution within th" rock. In spite: of a careful exo.mi nation of til" coro 

outcr o· ·s no sign of flow struc+-ur.., WnS observ0d . Thes · ,cngular 

fragmonts vary trer.lCndously in siz" , from tiny fr.:-.gmGnts only a few 

millimetuI'G in di.:~.m0tdr t.o chunks ffi 0Q:3uring six i 'nchus bJ- one inch. 

(S~G figure 10.) . 

Undur thw microscop0 the first imprussion is th~t th~ 

rock is a highly m"trunorphosed, fino-grain..,d sandston". It h~s a 

fairly uniform texture: and consists 0ssentially of quartz and feldspar. 

Th" mo.rgins of individual gr ains of tho equigr anulo.r quartz and feld­

spar arc) intergrown in such a w:ty that th"y t0m towards a graphic 

int~rgrowth . Towo.rds Surbiton th.., cora shows a gr"at"r degrue of 

rGcrystallisation than at StoneridgG and becom8s OV8n more l i ke a 
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granophyre. Here it consists almost entirely of quartz areas, about 

0.1 mm. in diameter, which have uniform extinction and which are 

li1timately intergrown with turbid feldspar. Free quartz, as rounded 

grains and not intergrown with feldspar, is occasionally seen but is 

far less common than at Stoneridge. 

Grain size measurements are difficult because of the 

recrystallised nature of the specimens. Rough measurements show the 

average era in size to be 0,2 mm., the maximum about 1 mm. and the 

minimum less than 0.05 mm. This is vQry similar to that of the 

surrounding Beaufort sandstone which has an average grain siz~ of 

0.2 mm., the maximum being about 0.75 mm. and the minimum loss than 

0.05 mm. The close resemblance betweon tho core and the Beaufort 

sandston,:, is further shown by Tab10 II which sho>TS the micrometric 

analyses of t,,,o specimens of corll (done und8r a high powClr obj0ctive 

to distinguish b8tw"en the ir.timatdy intergrown quartz and feldspar) 

and one of Beaufort sandstone. The core material found at Surbiton 

is a more highly recrystallised example of the core found at Stone-

ridge >Thero the rock show~d only tho beginnings of thu recrystallisat-

ion rosponsiblu for the production of the granophyric quartzite as 

found at Surbiton. (See figurus 16, 17 and 18). 

The dark, angular patch0s are indistinguishable from shale 

under the microscope and consist of a fine-grained mass of chlorite, 

sericite, quartz, and foldspar, Tho average specific gravity of thaso 

dark inclusions, separated from the quartzitic mato}rial, is 2.723. 

Their contacts with tho anclosing granophyric quartzite ar8 sharp and 

even under the microscope no gradation from one to th" other is seen. 

Those angular fragments are not found in tho} Beaufort sandstone and are , 
thought to be f ,ragmantod shale bands, which Wdrs broken up when the 

core matdrinl was mobiliz~d. 



TABLE II. 

Micrometric analyses of core material and Beaufort 

sandstone: (Volume %.). 

(1) ( 2) (3) 

Quartz 63.1 57.8 60.6 

Feldspar 24.7 28.0 10.7 

Chlorite and Serpentine 11.9 13.0 9.8 

Ore Minerals 0.3 1.2 0.9 

Matrix (3 only) 18,0 

Colour index 12.2 14.2 10.7 

Specific Gravity 2.62 2.63 2.62 

All analyses exclude garnet, zircon, apatite, sphena 
and calcite which were ignored. The "matrix" of (3) 
includes all the material which could not be identified 
with certainty, even under the tigh Fower objective. 

(1) Core material from Stoneridge. 

(2) Core material from Surbiton railway cutting. 

(3) Beaufor~ sandstone from Stoneridge. 

, ' 



EXHAi,;ATION OF FlGUIl1':S 16 , 17 JU!D 18 . 

Figure 16, Photomicrograph of Beaufort sandstone, at 

Stoneridge. Between crosf_l3d nicols. 

(l :agnification: x 38.) 

Figure 17: Photomicrograph of the core at Stoneridge 

showing the recrystal1ised nature of the 

material. Between crossed nicols. 

(;·jagnif icatiom x 38 ) 

Figure 18: Photomicrograph of vhe core at Surbiton. 

Noticl'! tho v,Jry highly r ecrystallisad 

natur0 of th0 mnt"rial, and comparQ it 

"ith figcITe 17. Bctwcdn cross0d nicols. 

(iragnification: x 38.) 



Figure 16 

l.' 

.' , 

Figure 17 

Figure 18 
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At the cNst of tho hill immodiately to tho Gast of the 

Thomns Rivur, on the farm Stoneheng", thu coro !nnterial crops out 

over a width of nonrly 200 feot and no dolerite outcrops ar0 seun. 

This shows that thu width of the coro material vnrios tromondously. 

From hero the core can be tracdd by intermittent outcrops to th" 

farm Raxfield. It se0mS to thin gradually and b0yond the littlo 

stream flowing north through the fcrm no f urthur outcrops of tho 

cor" ar" found. It is thought that th.) cor" di8s out sO!n0wh"re 

n"ar thG east0rn boundary of Rexfield, nbout 14 mlius from the 

wJstward limit of thJ dyke. (Soo figurd 19.). 

(ii) The Dolorito Flnnking Th" Core. 

Tho dolerite is identical on eithur side of thJ core end 

is generally highly wuathJred. It is a subophitic doluritu with 

augite and plagioclase as tho predominant minorals and has a small 

ornount of quartz and thc usunl accessory minernls, such as skeletal 

ilmenite and apatite. NCar tho coro it bocomes granophyric in toxture 

with a c.)rrosponding increase in tho Ilffiount of quartz presc'1t. Here it 

is b0st describ8d as n granophyric dolurite, but it do uS not grado into 

tho granophyric quartzite of th8 cor0. Rather, the contact b0tweon 

tho two is sharp and distinct. Tho granophyric dolerite consists 

essentially of turbid plngiJclase laths (up to 1 mm. in l"ngth) with 

a subnphitic rvlntiQnship towards tho pyroxoncl, microp~gmatite end 

quartz. In plac"s tho micropegmntit" is seun to rc:place plagioclase 

laths but !noro often it forms around, Dnd radiates from, them. It 

usunlly has shnrp margins with tho laths and becomes coarser outwards 

from th"m. Augite, often lnr[uly replaced by chlorite, is an essential 

min8ral of the granophyric dol~rit~ whi18 ore minerals and npatit0 nrc 

c~~~on acc0ssariBS. 



EXPLANATION OF FIGURE 19. 

FigurCl 19 shows the supposod shape and extent 

of the mobilized sodiment cor8 at the western end of the 

north Gap Dyke. It is only a diagrammatic r~presontation, 

and not drawn to scale . 
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Th0 subophitic do10rito and th" granophyric dol"rito 

do not have a sharp contact betwuen thorn but grade into and anothor, 

and thd width of oach is very -variablo. In the Surbiton railway 

cutting th0 granophyric dolerite occurs only ~ zones thre0 f""t 

wido on 0ithor sid~ of th" core, whilo th~ r"st of tho dyke is 

subophitic dolerit". U)08 figurll 8.). On Stoneridga it appuars 

as if all th0 dolorito is of a granophyric vnri<lty , though this mcy 

not be said with c"rtainty bucause oxposurds aro poor. It certainly 

extends for more thnn 6 foet on either side of tho cord nnd, in 

qunrrius nonr th<l old nntionnl road to Cc,thcart, it is seen to 

extllnd for 18 f..,ot on eith"r sido of tho core, leaving only 9 foot 

of subophitic dolerita on one sido nnd 6 f8"t on thd othe::r. Tho 

coru material dius out suddonly about half a mile wost of the:: Thomns 

Rivur and oast of this the width of tho whole dyk8 consists of 

granophyric dolclrit~ , whilo no subophitic dolerite is Sclon. A 

detailed exnminntion of tho subophitic dol0rite could not bo satis­

factorily % undortaken bocsus., of tho lack of exposur"s and b0cause 

of the high dogr0e of w0athuring. For this reason the micromotric 

s~~lys is of tho subophitic dolerito is not to be regard"d as vury 

accursto, Table III shows tho micrometric annlysos of tho dolurito 

typus flanking the CON. 

(iii) Tho ThJmas River Area. 

In tho Thomas Ri.ver arua, whore tho core is absent, 

granophyric dolorite Dccupios tho full width of the dyko, This 

granophyric dolerite diffors from the granophyric dolerite which 

flRnks the core fllrther west in that, in hand sp0cimens, it apponrs 

to be paler in colour and coarser in grain. (Sao figure 11.). This 

is duo to the congregation of falsie minurals into largar groups, but 



TABlE III. 

Hicrometric analyses of t he d"lerite flanking the core. 

(1) (2) 

Plagioclase 43.1 51.6 

Pyroxene + Chlorite 23.4 43.8 

Quartz, Orthoclase 
and l'!icropegmatite 31.3 1.3 

Ore minerals 2.2 3.3 

Colour Index 25.6 47.1 

Specific Gravity 2.764 

(1) Granophyric dolerite flanking the core; Stonaridge. 

(2) Subophitic doldrite (highly weathered); Surbiton 
railway cutting. 
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unde:r th0 microscop.e tho plagioclaso l,ths ar" in fnct smaller than 

bofor" end th0 pr0dominnnt mineral is micropogmatito which has a 

r81ctivdy largu are:a surrounding th3 laths. This micropagmatite 

not only surrounds tho plaGioclase lcths but often ruplncDs them 

o.l;)ng tb:.:.ir lnnr f;ins nnd compositi.)n p1e.n..:.:s . It bdc')m0s coarser 

outwards, SQm0tim~s grudin3 into fro0 quartz or orth~c1ns0. 

Orthoclc.s lJ ma.y mak0 up us much us 15.~"'; (volwnc) of th..3 rock. Ther..::: 

is n slight tcnd0ncy far tho r:afic min0rnls tJ form DubrudL'1ting 

clustors. Augit" makds up 12.~:~ (vol=o) of thu r;)ck and g011urally 

shClws s:Jmu alt" r"tiCln to chloritu. Chl orite is not only associatod 

with thu pyroxClno but may nls;) occur sapar"tuly as distinct pIntos or 

wisps. Accessory minurals include skvletnl crystals of ilmenite, 

naudlos of apatite and a f"w crystc.ls of 8pidot8. 

Eastwards thu rock changos in charactdr, becoming conrsor 

in grain and showing tho prasanco of amphibolo end c corresponding 

decreasD in th.] amount of microp8gmatite:. This strongly plclochroic 

brown or groon amphibolcl occurs both cs subhudral crystals and as 

mantlus around pyroxllno crystals. The charactur of tho plagioclas," 

also chQng"s : th" anorthite cont8nt incroasds sha rply b;,' about 10% 

of anorthite in the dolorite noar the west bank of the river, whDre 

the dyke is cut for t he third tL~e, 2nd decrucsus by a sL~ilar amount 

in tho dolorit" on t he! c.:ast bank wher" tho grunophyric sc.ndstc)ne core 

crops out onccl mor8~ 

The grain size incroasos fairly sharply f rom west to e:ast, 

roaching a mc.ximum on the east bank of th" rivur, whoro thu dyke is 

cut for tho first timo, in the mottlod-looking dol tJrit8 . 6ast of 

this thdru is a d0creastJ and a minimwn is a gain roachod in specimens 

tnkJn from dolurito outcr ops n,mr the crost of the hill , wh" r" th" 

wi dG outcrop of cord mat"riul is pr8sent . All changos in the chD.rnct"r 
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of the rock appear to be gradational . 

The dyke shows a number of interesting features in the 

vicinity of the Thomas River where the river cuts the dyke for the 

first time, in the eastern part of the valley. 

(a) Metasomatized Xenoliths . Some distance from the river, on the 

west bank, small outcrops of the dyke occur in the cultivated lands 

and these show coarse patches, up to 2 feet by 6 inches, in the 

granophyric dolerite. These patches grade fairly sharply into the 

surrounding rock but are quite distinctive because of their co~rser 

grain (1,5 mm. ~ 0.5 mm . ) and because they contain rods of dark 

minerals in a pale uniform matrix . (See figure 12). These rods, 

which vary from 2 rom . to 5 mm. in length, are seen, under the micro­

acope, to consist largely of greenish-yellow serpentine with a high 

birefringence (0.028 max.) and some ilmenite plates. The serpentine 

is fibrous and contains chlorite inter~Town with the fibres. The 

chlorite is weakly pleochroic, from pale green to greenish-yellow, 

and it may contain pleochroic haloes. In places dark brown, strongly 

pleochroic biotite occurs associated with serpentine. ~he pale, 

uniform matrix consists essentially of coarse micropegmatite with 

intergrowfu areas of 'up to 2 ~~. in diameter and showing uniform 

extinction. There is very little plagioclase, the composition of 

which cannot be accurately determined because of the high degree of 

alteration to saussurite. Accessories include apatite, ore minerals, 

sphene, epidote, some prehnite and some calcite. There is no pyroxene 

or hornblende, but the serpentine-chlorite rods are thought to be 

pseudomorphous after pyroxene, by comparison with similar serpentine 

rods described by Vlalker and Poldervaart (1942, pp. 292 and 295). 
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(b) Acid Veins. I n the granophyric dolerite on the immediate west 

bank and in the bed of the river there are a number of coarse- grained 

veins traversing the outcrop . These are termed 'acid veins' and not 

schlieren because they differ from true schlieren in that they are 

not lenticular i n shape but irreeular in their trend. They extend 

for 4 or 5 feet wi t h constant thickness of l~- to 2 inches before 

merging with t he surroundine rock. These irregular acid veins consist 

of coarse-grained dolerite pegmatite containing laths of green horn­

bl ende in a pale matrix of quartz and feldspar . The amphibole laths 

may be as lone as 20 mm . Under the microscope the rock is seen to 

consist essentially of acid plagioclase, with little or no zoning, 

micropegmatite and quartz. The amphibole laths are identical to those 

found in the surrounding granophyric dolerite , except for t heir large 

size. They contain occasional relict grains of pyroxene . Accessory 

minerals include apatite needles, skeletal ilmentite, pleochroic green 

to yell ow chlorite, some prehnite, serpentine and leucoxene. (See 

figures 13 and 20.) . 

(c) Dolerite Xenolith . Also contained in the granophyric dol erite 

which crops out in the river bed is a xenolith of dolerite measuring 

26 inches by 12 inches. It consi sts essentiallY of subophitic 

labradorite, which is strongly zoned, and zoned augit e. The accessories 

include some quartz, very little micropegnatite, skeletal and anhedral 

crystals of ore minerals , some apatite crystals, brown serpentine and 

green, weakly pleochroic chlorite. The grain size is small, the average 

diameter being about 0.25 mm. Surroundin~ this xenolith is a zone , 2 

to 4 inches wide, of coarse dolerite pegmatite identical in appearance 

and mineral composition to the acid veins. This grades into the 

surrounding granophyric dolerite fairly sharply in parts and gradat:.:m­

al ly in others. (See figure 21 . ) . 



;~)~PLAllATIO;; OF FIGUil.";S 20 AIlD 21. 

Figure 20: Acid veins in the granophyric dolerite 

on the west bank of the ,Thomas River . 

FiGUre 21, Dolerite xenolith in the granophyric 

dolerite, Thomas River. 



Figure 20 

l.' 

Figure 21 
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(d) "Hottled Rock". On the east bank of the river the granophyric 

dolerite passes into a peculiar-looking mottled roc1e, which appears 

to make up the whole width of the outcrop. The dark minerals in this 

rock show a marked tendency to ~ather into clusters, subradiating or 

otherwise, each patch reaching up to 5 or 6 nun . in diameter. In thin 

section the rock is seen to be fairly coarse grained (1 to 2 rom. 

diameter) and the dark patches of the hand specimen lose their identity 

and are seen to consist mostly of chlorite and amphibole which have 

replaced pyroxene. There are a feW crystals of augite, mostly with 

their centres replaced by chlorite, which show subhedral basal sections. 

The most abundant mafic mineral is green or brown hornblePfle often 

with subhedral basal sections and occasionally showing tiny relict 

pyroxene cores. The plagioclase laths may reach a length of 4 mm . and 

are very turbid because of much alteration to saussurite. They are 

strongly zoned . The "mottled rock" is very rich in quartz and also 

contains a small amount of micropegmatite. 

Contained in the "mottled rock" are pale patches with a 

similar texture and grain size. These are roughly circular or elong­

ated in shape and have sharp mareins against the surrounding mottled 

dol erite. They are very rich in quartz and plagioclase and in some 

cases contain large amounts of calcite and epidote. Measurements show 

the composition of the plagioclase to vary considerably, even in a 

single microscope slide, but it is a soda-rich variety. Accessories 

include much sphene, sometimes as subhedral crystals, and some apatite 

crystals. 

Table IV shows a series of micrometric analyses of the rocks 

in the Thomas River area. 



TABLE IV. 

Hicromotric analysos of tho rocks in the Thomas Rivclr nr0a~ 

-------------------------------------------------------------------
(1) (2) (3) (4) ( 5) ( 6) (7) 

Plngioclnsl: 14.5 37.9 24.4 35.1 43.0 49.5 22 

?yrox0n0 + 
Chlorite 21.8 19.4 16.7 15.9 4.2 11.4 20 

Microp<3gmntite, 
quartz nnd 
orthoclase 59.1 35.9 56.5 32.0 43.1 20 .7 50 

Or I..! min\Jrnls 4.1 3.5 2.4 2.9 1.8 3.8 5 

l..mphibolo 3.3 14.1 7.9 14.5 3 

Colour Ind8x 25 .9 26.2 19.1 32.9 13.9 29.7 28 

Spocific Gravity 2.76 2.76 2.65 2.79 2.69 2.79 --

(1) Granophyric dolerite forming thu wholC! width of 
0usturn clnd of th0 western s0ction of tho eoru. 
mile WQst of tho Thom~s Riv0r. 

the dy kQ at the 
About half n 

(2) Granophyric do18rit8 found making up the north Gap Dyko in 
most of th~ Thomes Rivcr nroa. 

(3) Conrse patch0s in thiJ granophyric doliJrita. (Hoksomntiz.3d 
xenoliths) • 

(4) Granophyric do10ritCl found in th" bud af the Thomc.s Riv0r 
Wh()N the dykJ is cut f ·) r th" first time: by thJ rivur. 

(5) J,.cid vdns cantcin"d in (4). 

(6) "MQttl"d rock" on th" cast bnnk of the river. 

(7) Hotnsomntic gr~.naphyre. Walker nnd Pald0rvanrt (1949. p. 619) . 
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(iv) The "Transkei Type" Dolerite . 

The type of dolerite forming the dyke in the eastern part of 

the Thomas River area grades gradual lY and continuously into the tj~e 

called the "Transkei type". The division between the two is purely 

arbitrary and is made where the differences in mineral compositions 

become most noticeabl e . The name "Transkei type" is given only to 

distinguish the dolerite, forming the greater part of the dyke, from 

the types already described. There is a continuous increase in grain 

+ size eastward until a maximum (0.7 - 0.01 mm . ) is reached some 22 miles 

east of the western limit of the dyke. (See Graph 2). The changes in 

mineral composition are best seen by the micrometric analyses made from 

specimens taken at various distances along the length of the dyke. 

(See Table V.). 

The arbitrary point of division between the rocks considered 

to be "Thomas River type" and the "Transkei type" dolerite is chosen 

between (4) and (5) of Table V where there is a significant change in 

the proportions of plagioclase, pyroxene and quartz + orthoclase + 

micropegmatite. These micrometric analyses (volume percentage) show 

only a general trend and not too much importance should be attached to 

individual analyses . This is because specLnens could be collected only 

where outcrops occur and are, therefore, necessarily random. There is 

some variation across the width and, depending on the sample chosen 

different results could be recorded. This is shown in Table VI which 

shows a series of micrometric analyses of specimens from outcrops across 

portion of the dyke width on Undula . In spite of the fact that only 

random specimens could be collected the width of the dyke in most cases, 

can be estimated and the tendency for the centre rather than the margins 

to crop out has been noted. Therefore , specimens are generally taken 

from points close to the centre of the dyke. 

Specific gravity measurements of the "Transkei type " dolerite 



TABLE V. 
-----------uJ-_ (2.) =r~) CIT=m--C?I_. 17t-IET"-:'-_f"gL"TIOT (11) ~J J}"3) _l14T::115)(1§) 
Plagioclase 37 . 9 01~ .1 39 . 8 39.9 61 . "~ 60 . 2- (2.4 60 . 6 60 . 8 58 _3 57 .7 55.3 5.::1 .4 5<.> . 6 58 . 7 59 . 2 

Pyroxene + 
Chlorite 19 . 4 25 . 6 20 . 8 24 . 7 12 . 3 14 . 2 12 . 5 9.8 3 . 9 7 . 6 7 . 3 4 . 5 6 . 7 22.4 18 . 6 8 . 4 

l,iicr ope.: mat it e , 
Quartz , Orthoclase 35 . 9 36 . 0 30.2 24 . 8 7 . 9 S.4 14.8 11. 8 12 . 5 14 . 7 11. 9 13 . 9 15 . 8 5 . 9 12 . 1 

ore minerals 3 . 5 2 . 9 3 . 1 4 .1 3 . 8 3.5 3 . 2 2 . 9 2 . 6 1. 8 3 . 8 3 . 2 3.9 3.3 3 .6 3 . 2 

Amphibole + 
Biotite 3 . 3 1.4 6 .1 6 . 5 14 . 6 13 . 7 11 .4 14 . 9 20 .1 17 . 6 19 . 3 23.1 19 . 2 19 . 7 13 . 6 17 . 1 

. _---- ---------- --
Colour In6 ex 26 . 2 29 . 9 30 . 0 35 .3 30 . 7 31."1 37 . 1 37 . G 35 . 6 2 7 . 6 30 .4 3 0 . 8 29 . 8 45 . 4 35.4 32 . 3 

• __ • • • _~ _ _ · _ v __ ._. ____ • ___ • • _ _ ¥ .... • _._._ . ... __ _ 

Spec ific Grav ity 2 . 76 2 . 79 2 . 81 2 . 82 2 . 81 2 . 80 2 . 79 2 . 80 2 . 80 2 . 82 2 . 82 2 .81 2.81 2 . 89 2 . 81 
-_. __ ._-----_. __ . . _-- ._---- ---,,- -Grain Size (rnm. ) 0.23 0 . 26 0 . 35 0 .56 0 .63 0 . 70 0 . 68 C . 69 0 . 70 (; .69 0 . 69 0 . 71 0 .6 9 0 . 6 9 

-----~ ---~, --_. __ . ._-- - ------
An 10 (centres) 64 52 . 5 66 66 67 64 6~ 63 66 66 64 65 63 64 
---------- -------------_ . 

(1 ) Granophyric dolerite in the Thomas River area. (See Table IV , No . 2) . 

(2) ';vest boundary of Rexfie1d. (8) Lyall (11) Ngad1a Rlvs;r mouth . 

(3 ) l!;ast of the river on Rexfie1d . 

(4) South of Urldu1a I10mestead 

(9) Hingst one . 
(15) "Kentanl t ype " --- Walker and 

(10) Lujilo . Po1d ervaart, (1949) . 

(5) ~ast boundary of Undu1a (11) To1eni Bridge . (16) Average of (5) to (13) . 

(6) Quacu Heights . (12) Qoboqobo. 

'" (7) Q,uacu Forest . ... 
p 

(13) cats pass. 
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TABLE VI. 

Distance from 
southern contact 
in feet 7 23 41 59 76 94 112 130 160 Average 

Plagioclase 52 . 0 55.9 61.4 50.6 54.3 51.4 52 .9 61. 8 54 .5 55.4 

Pyroxene + 
Chlorite 19.7 20 . 5 12.3 19.4 12.1 15.3 12.1 6 .1 11.1 14.2 

Micropegmat i te, 
~uartz, orthoclase 5.9 9.3 7.9 6 . 6 10.3 8.2 10.3 7.4 8 .2 8. 7 

Ore minerals c.l 3.1 3 . 8 4.3 4.B 4.9 4.2 3 .9 3.7 4.2 
------_. -----,"_. 

Amphibole + 
Biotite 16.3 11.2 14.6 19.1 lB.5 20.2 20 .5 20.8 22 .5 17.5 

------------. 
Colour Index . 42.1 34.8 30.7 43.8 35.4 40.4 36.B 30.8 37.3 35.9 

Spec ific Gravity 2.81 2.79 2.Bl 2 . 84 2 . Bl 2 .83 2.84 2.B2 2 . 83 2.82 ._-_._-----
Average grain size: 0.56 mm . 

.. ---------~--- ~ 

Total width estimated as being 240 feet at this point . 
._-- .-------

~ 
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show a variation from 2 .786 to 2.887 alone the length, the average 

specific gravity being 2.806 . All measurements were made by accurate 

hydrostatic weighing using blocks cut to remove weathered por tions 

and ground to r emove any irregularities which may have t r apped air 

bubbles . There is a rough correspondence between specific gravity 

and colour index , as would be expected, but in cases where much of 

the pyroxene has been altered to chlorite, and where t he plagioclase 

is highly alter ed to saussurite.l the specific gravity is low. The 

greatest actual increase and rate of increase in the specific gravity 

are between Cats I'ass and the coast. 

i-!icropegmatite is abundant in the western part , par ticularly 

in the rocks forrrLing the transition between the Thomas River dolerites 

and the "Tr anskei type" dolerites , but eastward the amount of micro­

pegmatite decreases rapidly and only free quar tz is found. Where the 

micropegmatite is present in larGe amounts it is frequcntly f ound 

repl acing plagioclase laths, often to such an extent that only "ghost 

structures i1 are lef t. Where smaller amounts occur, as in the rocks 

at Undula (Table VI), it is nearly always interstitial and forms 

straight margins against the feldspar . Quartz is found throurhout, 

but at the coast neither quartz nor micropegmatite is present. ThG 

dolerite here consists essentially of plugiocl ase and mafic minerals . 

The plagioclase in the "Transkei type" dolerite consists 

of large, well zoned and usually highly altered laths . Apart from 

the high degree of alteration to saussurite and sometimes to calcite 

the laths are often replaced by irregular quartz and orthoclase veins, 

and al so by brown serpentine veins . Such veining is absent in the 

plagioclase of the coastal dolerite types. 

Throughout the dyke, in all varieties of do l erite, the 

pyr oxene is augite and neither orthopyroxene nor pigeonitc was 



encountered. The pyroxene shows a subophitic relationship to the 

plagioclase laths, and occasionally a poikilophitic texture is seen 

where very small laths of plagioclase are entirely enclosed by the 

pyroxene. This texture possibly indicates a slightly earlier 

initiation of the crystallisation of plagioclase than pyroxene. 

The amphi bole, which increases in amount eastward, is 

thought to be late magm~tic and is found both as subhedral crystals 

and as mantles around augite crystals. These mantles may be so well 

developed as to leave only tiny cores ef augite. 'The mantle is 

obviously formed as the result of reaction but is not uralite. 

Uralite is fibrous and pseudomorphous after pyroxene, the mantle 

pJ<lphibolc i s c:oyst;;.Eine. The most common amphibole is identified 

as hornblende and it is usually strongly pleochroic from dark brown 

to pale greenish-yellow, or from pale green to dark green. A single 

crystal may vary in colour from the centre outwards: brown in the 

centre and blue-green at the extremities. Less abundant, except in 

the coastal variety of the dolerite, is actinolite which usually occurs 

in small amounts as acicular crystals or "brushes" of crystal agGregates. 

It is more common nearer the coast where, in some cases, acicular 

crystals of actinolite are seen penetrating quartz. The outcrops near 

the Neadla River mouth show no hornblende and the O{1~y amphibole is 

actinolite , which makes up 12.65;~ (volume) of the rock. 

Accessories include the are minerals, mostly ilmenite which 

frequently shows alteration to leucoxene. The ore "linerals occur i n 

varying proportions, from 1. 8% to 4.1% (volume.). The granular crystals 

are often surrounded by biotite and an indetermi{1~ble orange mineral, 

which is possibly stained serpentine, both of which appear to be 

replacing the ore. Biotite is a common p. ccessory and becomes more 

abundant eastward so that at the coast it makes up 7% ef the rock. 
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increase in the percentage of dark minerals, and no quartz is found. 

Actinolite "brushes" and "needles" are common and, together with 

chlorite, replace much of the pyroxene. There is · no hornblende while 

brown, and some green , biotite is much more co~non than in the more 

westerly specimens. The biotite frequently grades into chlorite, and 

biotite wisps in a chlorite crystal are common. 

(v) The Petrography of the Sediments. 

The dyke invades Beaufort sandstone throughout at the surface. 

There is little variation in the character of the sediment over the length 

of the dyke, except that, in the west near Cathcart, it is slightly 

coarser in grain and coulc, be termed a feldspathic sandstone rather than 

a sandstone. These massive feldspathic sandstones in the west are classed, 

by Mountain (1945, Plate III and page xxiv .), as belonging to the Middle 

Beaufort horizon while the sandstones in the east belong to the Lower 

Beaufort horizon. 

Outcrops of the sandstone, which are not usually very weathered, 

have a pale yellowish-brown appearance because of slight weathering which 

usually only extends a few i nches deep. Fresh specimens are grey-green 

or pale greenish-brown. The sandstone is massive or only slightly bedded: 

well defined bedding is not common. Occasional interbedded dark green 

shale bands occur, as in the Thomas River area, but such bands are very 

thin and do not exceed 5 inches in thickness. 

Although for great distances t he Beaufort sandstone is 

normally 'very uniform and of constant grain size, occasionally it 

is seen to contain calcareous nodules. Very co~~on inclusions, but 

usually confined to distinct areas where a great number occur together, 

are small lens-shaped patches of green shale. These patches are not 

more than 1 inch in diameter and 1 rr~. thick, and lie in the ill 

defined bedding planes. Such areas appear to be similar to the 
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TABLE VII. 

l·!icroGlJtric analysis of th" coastal vari0ty of th" "Trc.nskci 

typo" dol,:,rit" wh i ch crops out ab::mt 800 yarCis WOdst of th" 

Ngadla River mouth . 

Plagiocl,"s" 

Pyr"xl:ne 

Or0 minernls 

Biotitu 

Actinolite 

Chlorit" + S"rpdntine 

Colour Index 

Specific Gravity 

54 . 62 

11 ·42 

3. 33 

7 . 02 

12 . 65 

10.96 

45 . 38 

2. 887 
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"wash outs" containing "clay-pellet conglomerate" described by 

du Toit (1956, page 293.) except that they are also found near the 

western termir~tion of the dyke, on Stoneridge, an area which is 

considered to be Middle Beaufort. 

Under the microscope the rock is seen to consist of sub­

angular or rounded quartz grains , often recrystallized together, and 

varying amounts of similarly rounded orthoclase and plagioclase. The 

plagioclase varies in composition, but is always a soda-rich variety . 

The fine-grained matrix consists of quartz and feldspGr. Other minerals 

include chlorite, magnetite, limonite, rounded zircon, garnet, a few 

grains of rounded apatite and occasional grains of microcline. The 

grain size varies, but an average diameter for the larger grains is 

about 0.2 mm., while the matrix is composed of very much finer grains. 

Only a slight degree of recrystallisation is shown, except near the 

dyke walls. 



CHAPTER THREE 

MINERALOOY 
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ABSTRACT OF CHAPTER THREE. 

The mineralogy of the dolerite types of the north Gap 
Dyke is fairly simple . Plagioclase feldspar, which shows considerable 
variation in both grain size end composition, is the most abundant 
mineral . Only one pyroxene, augite, is recognised and this has similar 
properties in all the dolerite types. Less important is the amphibole 
which is either hornblende or, less commonly, actinolite. Accessories 
inclQde micropeematite, quartz, orthoclase, biotite, the ore minerals, 
apatite, i ddingsite (?) , prehnite, epidote and calcite. 

The core of mobilized sediment is fairly consistent in mineral 
composition and is composed essentially of quartz and feldspar with 
apat ite, ore minerals and chlorite as accessories. 
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MINERALOGY OF THE DOLERIT2. 

(1) PLAGIOCLASt FELDSPAR. 

(a) Grain Size Measurements, 

Grain size measurements were carried out on a number of 

specimens taken from points both across the width and along the length 

of the dyke. The areas of about 40 to 50 plagioclase laths were measured 

in each slide and these areas recalculated to give the diameters of 

circles with areas equal to those of the grains measured. An average 

diameter was then used to represent the average grain size of that 

specimen. Only the largest grains were chosen for measurement because 

the largest grains in a thin section are the most significant in grain 

size studies because : 

"Lane, recognising that thin sections present chance 
sections, prefers to chose for measurement the largest grain in 
each microscopic field instead of all grains." Quoted by Alling 
(1936, page 323.). 

Before measurement each grain was examined carefully between 

crossed nicols to ensure that it waS free of possible intergrowths. 

The only outcrop across the complete width of the dyke occurs 

in the Surbiton railway cutting. Here the rock is, unfortunately, very 

highly weathered. Nevertheless, specimens were collected across the 

width at regular intervals and microscope slides prepared by soaking 

the specimens in liquid Canada balsam before mounting. The poor 

quality of the slides possibly means that the results are slightly 

inaccurate, but the results do show a definite pattern, as shown by 

Graph 1. This graph shows the average grain size, represented by the 

diameter (in millimeters) of a circle with an area equal to the average 



EXPLANATION OF GRAPH 1 . 

Thi s graph shows the variation in grain 

s i ze of plagioclase crystals across the width of 

the dyke where it is exposed in the Surbiton railway 

cutting. 
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area of the plagioclase laths measured, plotted vertically, against 

the width of the dyke (in yards), plotted along the abscissae. The 

ratio R/R (where Ro = distance from the centre to the Dargin of the 
o 

dyke, and R = distance from the centre of the dyke to the specimen) 

as suggested by Winkler (1949, page 557) could not be used because 

the dyke is complicated by the presence of the granophyric quartzite 

core. Thus, grain size measurements in this case can only show a 

possible variation across the dyke and can not be used to determine 

the temperature ranges within which the feldspar had crystallised. 

The graph shows that the grain size, as represented by the 

size of the plagioclase laths, varies only very slightly across the 

entire width of the dyke: from 0.202 mm. at the margin to 0.281 mm. 

in the centre of the dolerite between the core and wall and 0.252 mm. 

at the core. This shows that there is no significant chilled margin, 

a fact borne out by the field evidence which shows that no fine grained 

varieties of the dolerite exist near the dyke margins. Right at the 

contacts the dolerite is extremely weathered ani so a chilled margin 

may be , resent, but if it is then its extent must be very limited. 

Although the Surbiton cutting affords the only complete section across 

the dyke width there are a number of outcrops exposing wide areas of 

the dyke, such as at Stonehenge, Undula, Toleni and Lujilo . Similar 

grain size measurements were made on specimens collected from such 

partial width exposures, and these gave results which showed little 

or no variation across the width. In no case, however, were the 

margins exposed where fresh specimens could be collected. 

This lack of variation in grain size across the width of 

the dyke is important in that it not only means there is no significant 

chilled margin, but that if specimens are collected at random points 

from outcrops along the length of the dyke then the distance from the 
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margin will not affect the grain size. Thus, random specimens will be 

representative of the dyke at that· point along the length, especially 

considering that there is only slight variation in "lineral composit ion 

across "he width, as shown by Table VI . 

Graph 2. shows the grain size, represented by the size of the 

plagioclase laths, recalculated to diameters in millimeters, plotted 

against the length of the dyke in miles. It shows that there exists a 

definite relationship between the grain size of the dolerite and the 

core of granophyric quartzite. Where the core is present the grain 

size of the dolerite is small (only about 0.25 mm.) and in the Thomas 

River area , where there is a break in the core material, there is a 

sharp increase in grain size of the dolerite, (to 0.57 mm.). Beyond 

this where the core again appears the grain size of the dolerite 

decreases rapidly. Eastwe.rd it increases gradually to an almost 

constant size of about 0.7 mm. 

Because grain size of igneous intrusions is, in the early 

stages, influenced by the rate of cooling, and because the grain size 

of the "lolerite forming the north Gap Dyke is influenced by the presence 

of the core of mobil ized sediment it seems reasonable t o suppose that 

the core has had a direct influence on the r ate of cooling of the dyke. 

Apart from the Surbit on railway cutting the width of the core cannot be 

measured anywhere with accuracy and varying thickness may also influence 

the grain size of the flanking dolerite. Since the eastward limit of 

the core is not precisely known a gradual thinning might account for 

the gradual increase in the grain size of the dolerite east of Stonehenge. 

(b) Composition and Zoning. The plagioclase feldspar shows considerablR 

variation in composition, but in general is more basic where there is 

no granophyric quartzite core mat,erial and more acid where there is. 



EXPLAlIATION OF GRAPH 2. 

This shows the variation in the size of 

plagioclase crystals along the length of the dyke. 

Note the sudden increase in the Thomas River area 

where the core is absent, and the gradual increase 

east of the eastern section of the core . 
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This generalisation has local exceptions particularly in the Thomas 

River area. Throughout the lenb~h of the dyke the pl acioclase feldspar 

sho,lS normal zoning to be well developed, am nowhere was oscillatory 

or ~thmiC zonine found. 

The most suitable method for studying zoned crystals of 

this type was found to be the zonal method of Rittman (Chudoba and 

Kennedy, 1933). The successive shells are not sharply demarcated but 

the extinction shadow moves gradually from the basic centre to the acid 

margin of the crystal. This is the normal progressive zoning produced 

when continuous readjustment between the solid and liquid phases of the 

cooling magma is not permitted through lack of time am because of high 

viscosity (the rate of heat loss is too great) thus allowing for the 

production of a residuum rich in alkalies. Where in contact with other 

crystals the most sodic part of the zoned lath occurs in embayments of 

the other crystal, so that crystal interference has in fact limited the 

degree of zoning along the surface of contact. 

In general, the larger the crystal the more sodic the outer 

margin and, although there does not appear to be any consistent 

relationship between composition and distance from the centre of the 

crystal, there does exist some definite relationship such that the 

most sodic zones are f urthest from the centre. The diagrams showing 

the zoning and variations in composition (Figure 22) reveal that in a 

direction parallel to (010) there is a gradual and fairly uniform 

. decrease in anorthite content until zones of compos it-ion less than 

An
45 

are reached when the change is far more rapid. In orientated 

crystals the decrease in anorthite content along the Z axis direction, 

parallel to (010) twin planes, as in Carlsbad or Carlsbad-Albite twins, 

is very gradual until a point near the margin where, if the acid zones 

are present at all, the greatest rate of change is found . Where present, 

• 



EXPLMlATION OF FIGURE 22. 

Graphs showing the nature of the zoning 

in plagioclase crystals. The drawings are camera 

lucien drawings of different crystals between crossed 

nicol s, arn the zoning is indicated by the varying 

densities of shading. Because the zoning is 

progressive, and the extinction shadow moves gre.dually 

across the crystal during rotation of the stage the 

limits of each zone are onl y approximr.te, ond· the Grn;~hs 

are, for the same reason, not extremely accurate. The 

graphs show the composition changes across each crystal . 



c , :[ 
-

o 
<D 

<0 

o 
'" 

m 

..! r. 't l: 
<r 

0 

'" 



-33-

and wide enough for the extinction to be seen, these zones can be 

shown to have the same composition as zones perpendicular to (010), 

The so'dic outer mantles often pass into micropegmatite and optical 

continuity between the plagioclase and the feldspar of the micro­

pegmatite is preserved, althouGh the plagioclase itself need not 

necessarily enter into the formation of the micropegmatite, 

The plagioclase of the subophitic dolerite flanking the core 

has centres of An60 _ 64 and the most acid margin measured was Ansa, 

The zoned plagioclase laths of the granophyric dolerite vary greatly 

but most have centres of An
55 

_ 58 and margins as low as An28 , The 

granophyric dolerite fou~d making up the dyke in most of the Thomas 

River area has plagioclase with the composition of An64 for the centres 

and An52 for the margins, Near the east bank there is a sudden increase 

in the anorthite content of the plagioclase and the peculiar "mottled 

rock" contains plagioclase having centres with the composition ·of A052 

and margins of An30 , The acid veins in the granophyric dolerite on the 

west bank, in the same nren, have acid plagioclase laths which show 

little or no zoning and which have the composition An28 ~ 2' The pale 

patches found in the "mottled rock" have very acid plagioclase crystals, 

with compositions ranging from An
4 

to An28 , and with little Dr no zoning, 

~ast of the Thomas River the dolerite has plagioclase crystals of more 

or less uniform composition, These are well zoned, with their centres 

and margins differing by as much as 3ell; of anorthite, The centres 

have compositions varying between An63 and An66 and the margins vary 

from An16 to An25 , 

Because of the nature of the zoning the curve showing the 

variations in the compositio of the sodic outer mantles of the 

plagioclase laths should be interpreted only allOWing for a large 

margin of error, while the curve showing the Variations in composition 



EXPLANATION OF GRAPH 3. 

The graph shows the variation in the anorthite 

content of the plagioclase crystals in different 

specimens at various points along the length of 

the dyke. 
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for the more basic centres is more likely to be accurate. (Sse Graph 3. ) 

There is no variation in the composition of the plagioclase laths in 

specimens taken across the width of the dyke, except in the case of 

the plagioclase in the subophitic dolerite and the granophyric dol erite 

flanking the core. 

(c) Twinning . 

In all speCL~ens the commonest types of twinning in plagioclase 

were found to be the Carlsbad and complex Carlsbad_albite twins. 

Pericline twins ,.ere fairly common and several examples could usually be 

seen in every slide. Where present and where possible such twins were 

used for accurate composition detcrminations of the zones. In all the 

sections examined under the microscope, which numbered over 100 , only 

two containec, plagioclase crystals showing Baveno twinning. 

(d) Alteration and Replacements. 

The plagioclase in specinens along the dyke length i s . commonly 

altered, but the degree of alteration may be greater in some pe.rts than 

in others. The alteration is to saussurite and, in some cases, to calcite 

only. This ?ives the feldspar a turbid appearance in thin section. The 

basic centres seem to be more susceptible to alteration than the more 

acid marzins and it is not unco~~on to find the centre of a lath highly 

altered to saussurite and the margin untouched while the contact between 

altered and unaltered portions of the crystal may be quite sharp. 

The plagioclase is frequently found to be replaced by 

micropegmatite, particularl y in the western part of the dyke where 

micropegmntite becomes a dominant constituent of the rock. This 

replacement is seen to ta!(e place along the composition planes or 

along the margins of laths. Where present in large amounts the 

micropegmatito may replace the plagioclase to such an extent that 
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it appears only as scattered residual patches, their former continuity 

being shown only by the fact that the twin planes of crystals may be 

interpolated. (Sec figures 23, 24 and 25.). This replacement by 

micropegmatite is most noticeable in the western part of the dyke, 

and eastwards whore tho amount of micropcgmatite decreases considerably, 

eventually to vanish altogettcr, no further replacomont is noticed. 

In many of the microscopu slides voins of both qucrtz and 

orthoclaso aro soon replacing plagioclase, though this is not 

strikingly devllloped in the wcistern part of the dyko. Thosd veins 

do not appear to follow any crystallographic dir0ctions but 

anastomosc irregularly through tho laths. The intensity of this 

veining varies considerably and is not confin0d to any particular 

part of the dyke. Specimens taken only a few feet apart may show 

considerc.blo differGnCGs in tho int,-,nsity of veining. Them] does 

not soem to be any rdlationship between the intensity of veining 

and thd amount of micropugmatite, or froe quartz, present. In soma 

sections with large quantities of micropagmctite the plagioclase 

may be unveined, although it may be rllplacdd by the microPJgmatito 

itself. Most of the veins are of quartz, but staining techniquds 

and optical exruninction of crushod frcgments rGv","l that a numb"r 

are in fact orthoclase, with the following properties : 

Biaxial negative ,"with approximate refractive 

index of 1. 526. 

Both quartz and orthoclase, crystallizing under Inte 

magmatiC conditions aru thought to ruplacE: the early formod plagioclase 

either togeth..,r, as micropegmntito, or sepcrat01y, as monomineralic 

vains. (See figLlre 26.). 



EXPLANATION OF FIGURES 23. 24 MiD 25. 

Figure 23: P1Dtomicngroph showing a ·Cypic!'.lly 

gradntbnnlly ZOllGd plngioclasG crystal 

with sharp margins against the surrounding 

micro~ogmctite . BBtw00n crassnd nicols . 

(liagnifict,tL'n: x 38.) 

Figure 24: Photomicrogrnpits s howing partial 

replacement of plagioclase laths by 

micropegmatite. Between crossed nicols. 

(llagnification: x 38.) 

(a) : Lath has sharp margins with the 

surroundinG micropegmatite, but 

replacem~nt has started along the 

composition plane . 

(b) : Replacement is quite far advanced 

along the composition planes, and the 

crystal has some irregular margins with 

the micropegmatite . 

Figure 25: Almost complete replacement of a plagioclase 

lath by micropegmatite. The lath shows 

"ghost" structure. Between crossed nicols . 

(~~gnification: x 38.). 



Figure 23 

.. 

i. 

(a) (b) 

Figure 24 

Figure 25 



2XPLANATION OF FIGURe 26 . 

Photomicrograph of quartz and orthoclase veins in 

a plagioclase crystal. Between crossdd nicols. 

(l·Iagnification: x 38.) 
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Around th" margins of the zoned plagioclase laths is 

fNquantly found a rim of a v0ry turbid mat0rial, grvy t.\ palo 

yullow in c::llour but app8aring ruottl"d and stroaky. It hn s shaI'1;J 

!!Iargir,~ against th0 laths, usually coinciding with a t,rin plane , 

but the out"r marg.in is irregular. Wh8riJ th" plagioclas" is in 

contact with a qunrtz crystel thus'" turbid rims mny be more 

conspicu:Jus.. Th\jY hc..vo n l:Jw inturfortJDc8 c()lour.. Th0se rims are 

most likely to bG ill torntbn products ::If the plagi') clasd and are 

thought to biJ due to S')ricitizutbn, forming cluy mindrals, and aro 

not tho result of hydr :-,therm~tl nlt0I'nti<Jn. It is not lik0ly that 

thesu rims erd dUd to clouding bucnuse th8y do not ::lccur in tho Q~lcic 

contr8s of lc.ths but nround th8 sodic Dargins, contrnry to normal 

clouding. Clouding in feldspars, as describ"d in othor rocks, is 

usually brown While th0se rims nr8 a turbid, streaky grtly ::lr Y8llow 

colour. 

(0) Summary. 

The pldgiaclasu l c.ths ar0 z::lnud thr::lugh::lut th,; entire hmgth 

of th" nClrth Gnp Dyke, th0 only typu ::lbsorv8d buing normill pr::lgrGssive 

z::lning. Crystals which grew unhind<.Jrud by crystal intdrf <.Jr<.Jnco 

dcvdloped the most s ,)dic mrgins, whil-:- those imp0d0d by crystal 

inti.:rf <3rdnC0 ha.ve l...::sz sadie margins. Tho c·xap..)sitL}n of th0 centr0s 

shows c')nsidoreblc vorioti.,n within th" first 20 milus of th" dyk" , 

from WGst t" east, and th<.Jr0aftor reMains fairly c.lnstant with a 

comp)sition .of An63 _ 66' Grain size muasuru~unts show little 

variation (lCr:)ss the dyke width at various p"ints and no significent 

chilled margin was obsorv,-,d, Along the length of tho dyk,; tho grein 

is coc.rscst whorE) thDr<e is D8 c~rD liK' .. tcrio..l, nnd f in8st whuro tho 

cuntra.l cc>r0 tnnterinl is pr(;S0nt. Th0 grain size remains fairly 

constant through,)Ut the gr0ater length "f the dyke in tho east8rn pert. 
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On th0 br.:sis of gro.in siz0 m0C'.sur0In Cnts and vQric..ti~)ns in 

th0 cn::>rthitu content ::>f th.:: plugioclo.s0 it is obvLms tho.t thd 

grOo.t8st D.f.lOmnt of vo.riction occurs within the first 20 I'lil"s 1l1;ll1g 

th0 l"'.igth of the: dykG, fr.':ll Stone:ridgQ tn Undulo.. This is, in som8 

way, r01ntJd to tho rrusollc0 )f tho f::,Tl'orwphyric qunrtz ita core. 
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(2) PYROXENE. 

(a) Occurrence . 

ThrouBhout th8 entire length of the dyke , incl uding all the 

vari~ties of dolerite found, only one type of pyroxene has been 

recognised. It is seldom found in a state ideal for a satisfactory 

Qxumimtion of its properti~s becausG it is usual ly altered to amphibole 

or pseudomorphad by chlorit~ and serpentine. However, in most slides 

some fairly suitable sections were found and th~ optical properties 

determinod, and in crushed fragments separ ation of some unaltered 

pyr oxene was possiblG under the microscope. The properties show that 

the pyroxene is unzonod augite which shows no variation in properties 

al ong the ~ntire length of the dyke . Nowhere is a core of pigeonitG 

found, and nowhere is orthopyroxeno found . 

(b) Properties. 

The properti8s were determined by us ing immersion mdhods 

for the refract ive indices and a Universal stage for oth0r optical 

properties. After crushing whole rock samples fairly finely a 

reasonably clean separ ation of the pyroxene could be effected under 

the microscope. Once s.,parat"d urolterud fragm"nts of the pyrox,me 

were furth~r crushed and th" refractive indices determinod us i ng sodium 

l ight and checking the refractive indices of the oils after each 

determination on a Leitz-Jelley refractometer . The pyroxene, when 

crushed, shows a tendency for a small number of fragments to lie on 

the (100) and (001) parting plands, and these were used to determine 

t he ~ index accurately. In the case of the north Gap Dyke, pyroxene 

fragments lying on the (001) parting plane are more common than those 

lying on (100) because this parting direction is well developed, as 

seen in th i n sections. These grains show fairly low interference 
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colours because tho optic axis emerges at an angle of approximately 

200 from the ,'erticalo Hhere cleavage is visiblu in grains lying on 

the (100) parting plano those grains show parallel extinction as ~ = Y, 

the optic axial plane being (010). Th~ optic picture obtained from such 

fragments, and from fragments lying on the (001) parting phne, which 

have symmetrical extinction when cleavage is visible, is off -centre. 

When the isogyre is er:st-west then i3 is north-south, and can be 

accurately determined. 

Although (110) cleavag0 fragments aro very common these 

were not suitable for thcl determination of ~ and "i, and (010) parting 

tablets htld to be used. FrD.gments "Thich shoWGd a maximum 0xtinction 

angle were choson for thuse index determinations . 

Optic axial angle and Z/Y measurements were carried out on 

tho Univorsal stage following the methods described by Hess (1949) 

using twinned crystals which hnve their optic axial planes not more 

than 20 0 from the vertical. By rotation about Y th0 angles between 

the two optic axes of the ano twin and th0 one optic axis of tho othur 

twin wore measured. By rotation about Y to th~ point where the 
of 

intorference colours of the twins are identicnl th0 dir0ctionJthe Z 

axis, or tho polo of (100), was found. From th0s8 r0sults both Z/Y 

and 2Vy were determined simultaneously. 

Severul pyroxen0S from points along th" length of t h" dyk'-' 

wer" examint.ld optically and the results found to be remarkably 

consistent. The optical properties may be sillllIllarised as fol l ows : 

o Biaxial positive with 2Vy = 52 • 

~ = 1.692 to 1.698 
[3 ~ 1.701 Y - ~ = 0.028 to 0.031. 

Y = 1.723 to 1.725 
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In plane polarised light the pyroxene is seen to consist of 

anhedral and subhedral grains, and the subhedral bnsal sections often 

show slight rounding of the (110) faces. The augite is pale grey or 

colourless or faintly brown, non-pleochroic and has fairly hieh relief. 

(c) Composition. 

Using tha curves showing the: relationship betwe:en chumical 

composition of the clinopyroxenes and the: values of 2V and the 

refractive index along the Y crystallographic axis as published by 

Deer, Howie and Zussman (1963) the composition of the augite is found 

( 2+ 3+ to be close to Ca41Mg]1 Fe + Fe + Nn)2S' The pyroxene shows no 

zoning and, unless altered, extinction is sharp thus showing that 

individual crystals are homogeneous. 

(d) Twinning. 

Twinning is not uncominon and the twin plane is most commonly 

(100), both simple and multiple twinning b8ing found. "Herring-bone" 

structure is well devoloped in most crystals as a result of the 

combination of this (100) twinning aed th8 good basal Parting. 

(e) Alteration. 

The pyroxene is commonly altered to late magmatic hornble:nde 

and to secondary minerals such as chlorite, serpentine and iddingsite (?). 

Those are: describad separately in tho next section, and althouGh termod 

"s8condar-y '~ they !!lay all be formed b8foru cO!!lpl"to consolidatiQn of thu 

magma. An example of the formation of hornb10nde around a pyroxene 

crystal is shown by figuro 27. (Se8 alsa figure 29.) 

In th" augite crystals thu basal (salite) parting, which 

provides the attractive "herring bome" structure, also provides planas 

of w8akn8ss along which most of the alteration has taken placo, or has, 
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at 10Qst, baon initintod. 

1-'here> al t;)ratian has t aken place tho grains tak8 an a 

mottlod appearance with green, orange, and brawn patches. The 

pyroxane itself is not },le0chroic so the: ple:ochroic chlorite and 

iddingsite are onsily pickod out. B"t"T8en crosse:d nicol s the chlorite 

is seen to consist of rosettes up to 0.05 mm. in diameter and hns tho 

charactaristic o.nomulous Barlin blue intorferencu colour . Tho honey­

coloure>d mineral is pleochroic and between crossed nicols shows 

interfurence col ours ranging from sensitivo tint t.o sc;cond ordc;r grovn, 

and from other optical pr<:lpurti0s it is thought to be iddingsite. 
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(3) ANPHIBOIE. 

(n) OCCUrr0nC~. 

Amphibole first nl"penrs in th.:: dyke> rocks to the west of 

the grnnophyric dolerite outcrops "'hich mnk8 up tho dykl' imm,;clintdy 

after the tormincti.)n of thv eastern part of tho corvo It occurs in 

small amounts in the granophyric dolerite of the Thomns River nrea 

and bvc0mes increasingly more important onstwnrds. It is the 

predominant dark mineral of thv acid veins in tho granophyric dolerite 

which crops out in thl' bed of the Thomas River and heN it "ccurs in 

long laths almost to the complete exclusion "f pyroxene. As biotite 

becam0s more abundant eastwnrds s~ the p0rcentngv of amphibole fulls, 

nnd nt thl' coast no horoblend0 is found nt nIl. HuN actinolitu is 

tho only amphibolu present (12.65%) occurring c.s fibrous or brush-like 

ncicu1nr crystals in masses associated with pyrJxene nnd chlorite. 

Tho amphibole is considered to be late magmatic , crystal­

lizing nfter the formntion of the augito but beforG completv 

solidification of the magmn. It occurs as subhedral crystals, as 

P.lantlos surrounding al tclred pyroxtlne coros, or as fibrous n"".)(UclS 

sometimes IoGncltrating other IntG minerals, such as qunrtz. It 

probc.bly has an extended period of crystallization. 

(b) Variotios Present. 

There are two tT~clS of amphibole recognised in tho dyke 

rocks: actinolite and hornblvnde. The hornblende itself has variable 

properties nnd may be divided into two vo.riotios, gr0GD, and br;JWll 

hnrnblonde, nlthnugh th0ro ar-roars to bo comFlutu gradution bcltw08n 

the two. H~rnblende is th0 prcd~mincnt type throughout the dyke WRle , 

nqtinolitcl occurs in very small amounts, but near the coast no hornblude 

is found in the r~ck nnd actinolite is tho only amphibolo. 
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( c) Pro): urt ios • 

(i) Actinoli te. 

This is fairly CDlIUnc:>n but nc:>t abundant, exc[;~',t in th0 

coastal variuty of th0 "TranskLli typ0;! dol eritil l'ugmat i t0, (,nd 

shoul d be regarded us on ncc0ssory min,-,rnl... It Qccurs as l,lnS:30S 

compos0d of fine needle-liko crystals and is usually associated with 

chlorite and blebs of pyroxene. Sub-r'\diating Ibrush0S" of Dctinolit0 

ar8 common. Fine hair-like inclusions in quartz crystals, so!netimes 

passing into a mass of actinolite have been seen in some slides , but 

are not common. (See figure 28 .) . This could indicate r eplacem0nt of 

quartz by late actinolitd or ",ls0 simultaneous crystallisat ion of the 

two mineral s whJr oby quar tz " nclosdd cr ystallites of actinolit" thus 

pruvilnting further growth. The a ctinolite is strongly pleochroic with, 

"" pale yellow 

¥: green 
o 

Z/y = 12 • 

Thd lo.rg..::r n,:;edlrls dnclos0d in quartz havQ an oxtinction 

n "gl,,' of b.,t"o"n 100 nnd 150
• Diff' lt t d ' tt t · ~. _ ~ w v ~ lCU Y was encoun er8 l n a "fiP lng 

to deter mine tho refractivil indic0S of the ectinol it0 b8cause a clulln 

S0po.rlltion of crush"d frab'T1wnts u nd0r tht> microscop" we s virtually 

impossibl" . 

Tho:: actinol ite: is e i th"r l ate magmatic or secondary, buing 

an alteration product of .:;ith"r pyrox0ne or amphibole dep~nding on the 

milloral with which it occurs in asso ciation. 

(ii) Hornblande. 

Th0 commonest amphibole is hornblendo which occurs in the 

following ways: 

A) As subhJdrlll crystals forming laths and showing basal 

o 0 
soctions with two cloavages at 56 and 124. Such crystals may contain 

rulict blebs of pyroxene or th0y may occur without pyroxona . 
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B) As a mantle around pyroxene, which may be present only 

as sCQttored grains forming a core to the amphibole. 

c) As tiny patches in and around pyroxcn8 crystals giving 

the pyroxene a mottled app~arance. 

Those throe modes of OCLurrence could bo reprosontative 

of three stages in the formation of amphibole after pyroxene in the 

lator stages of tho crystallisation of the magma. The pyroxene 

crystals raact with a r0siduum to form amphibole, but at the srune 

time amphibolo of a similar composition is capable of crystallising 

from the magma without reaction being nocessary. Because the residuum 

bocomes enriched in alkalies with progressing crystallisation of the 

magma ono would expect tho hornblende which crystallises first to be 

comparatively r ich in iron, while that which crystallises later to be 

comparatively rich in soda. This is confirmed by tha fact that all 

subhodral basal sections are brown in colour, indicating iron, and by 

the presence of zoned laths which show brown centres grading into green 

or blue-green margins indicating a decrease in the amount of iron and 

an incroase in the amount of soda with crystallisation. (See figure 

29.). Tho boundari0s betwoen zonas may be sharp or gradual. Thus, 

two vari"ti0s of hornblande aru recognised which grade int.) ona anoth~r. 

Tho brown hornb10nde has tho following properties: 

ex = 1.660 

i3 

"I "' 1.683 

2V = 68
0 

ex 

pale yellowish-brown 

deep brown 

dark brown, or dark groen 

This is probably a varioty of hastings ito. 

Y - ex = 0.023 

Whero associated with pyroxane the brown hornblende occurs 

naarust th" pyroxanu cora and grades outwards into paler brown, grean 

and finally blue- green amphibole. The boundari8s may bo sharp and not 
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EXPLANATlOO OF FlGUilliS 27 AND 28. 

Figure 27, Photomicrograph sh"wing the formation of 

subh8dral, brown hornblende on a core of 

pyroxene . }lnne polnrisc:d light. 

(Mn gnifi cat bn, x 38.) 

FigurCl 28, Photomicrograph showing a subh"dral crysto.l 

of brown hornblende , and actinolite. Th0 

actinolitCl occurs both o.s 0. mo.ss of needle­

lik8 crysto.ls, o.nd o.s hair-like crystallites 

in quartz. Plo.ne polarised light. 

(Magnification: x 38.) 

py = pyroxan·;, 

hb = hornblende 

act = acti nolite 

qu = qu. .... rtz 

pI = plngioclase 



Figure 27 

i. ·· 

, f I. 

Figure 28 



EXl'LM:A'rION OF FIGURE 29. 

Diagrams drmm to show th" typos of zoning in hornblande, 

and to ehow the relationship between hornblende, pyr oxene, iddingsite 

(?), chlorite and magnetite. 

(A) Ideal section, drawn parallel to (100). 

(B) Ideal section, showing a subhedral basal sGction 

of hornblende with a subh~dral cora of pyroxene 

which has slightly round0d (110) fac8s. 

(C) Camara lucida drmling showing tha relationship 

betweGn hornb18nde, pyroxene and chlorito, and 

the presenco of crystals of iddingsite . 

(D) Camera lucida drawing of zoned hornblende to 

show th0 occurrence of sharp contacts between 

tho zones. 

(E) Camera lucida drawing of a mantle of zoned 

hornblende around a corrod"d core of pyroxeno . 

In all cases tho colours used are rupresentative of the actual 

colours, but are not the sa11l0 as the true colours of the 

crystals. 
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gradational. Where present the green or blue-green varieties form 

a zone which is widest at the extremitios of tho lath, parallul to 

the Z crystallographic axis. In soctions paral101 to (100) both 

vari~tles show straight extinotion but in othdr sdctions th0ro is 

a diffurunco of a fuw degreos in thu extincti~n angldS of tho groon 

and brown variuti~s. 

Tho gru~n amphibolu has th" following pro>pertids: 

0: = 1.679 pale y"llow 

13 palo grd&D Y - 0: = 0.019 

Y = 1.698 green or blue-green 

2V 0: =; 60° Z/Y ;:; 120 
_ 14° 

This is probably a soda-rich vari0ty of hornblende. 

Apart from its occurr8nC0 as the outermost part of the 

amphibole mantles to pyroxen8 the blua-green hornblende is also 

found as fibr,,-li1w crystals showing no apparent association with 

brown hornblende ' or pyroxene . Such crystals are quite anhedral. 

Both varieties of hornbldnd" are froquontly stainoo. orange or brown 

whon in contact with tho ore minerals. 
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(4) HICROPEGMATITE. 

(a) Definition. 

The term micropegmatite is used, in this work, to define 

all micrographic intergrowths of quartz and feldspar, and includes 

intergrowths with geometric habit as well as myrmekite. The two 

varieties grade continuously int o one another and it was found to 

be almost impossible t o distinguish between them. Tho host minoral 

may be eithQr orthoclase or plagioclaso and, unluss polysyrtthotic 

twinning is s8on, it is almost impossib18 to distinguish botweon tho 

two foldspars, even using th0 differoncus in r..:fractive indices as a 

guid". 

(b) Occurruncu. 

Micropegmatite occurs in small amounts in the granophyric 

dolerite flanking the core. In the granophyric dolerite east of the 

western part of the core it forms the major constituent of the rock 

and rema ins important, theugh falling considerably in percentage, 

throughout the granophyric dolerite found in the Thomas River area . 

It is very important in the acid veins of thu Thomas River area, and 

is the major constituent of the metasomatized xenoliths. Eo.st of the 

Thomas River valley it declines rapidly in importance and east of 

Undula, in th() "Transkei typal! dolerite, it is tlith0r a minor 

constituent or absent altogether. No micropegmatite is found at all 

in the coastal variety rocks. 

(c) Varidti8S. 

Two distinct t oxtuNS occur. Thu microp8gmatite may be 

inturstitia1, in which case the inttlrgrowth occurs radiallY around 

plagioclasi3 laths and becom..:s coarser outwards. The plagioclase 
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lath is very often in optical continuity with feldspar of the 

intergrowth, but not necessarily all the way around the lath. ~Ihere 

the micropegmatite and the lath are in contact the boundary is sharp 

and there is little or no replacement of the plagioclase by micro­

pegmatite; the latter flineral appears to be moulded around the former. 

~ach section of the radiating micrope~natite intergrowth extinguishes 

uniformly and is in optical uniformity, but different sections of the 

same intergrQ1,lth extinguish in different positions, givinG a mosiac 

effect with the orientations of the different sections differing by a 

few deGrees . j'!ear the l ath the quartz cOflponent of the intergrowth 

frequently occurs as rods which are either geometric or vermiform in 

habit. Quite often these rods have a parallel or subparallel 

arrangement. Outwards they pass into blebs or triangular-shaped 

quartz areas in the feldspar host. This interstitial variety of 

the micropegmatite is gener ally associated with the plagioclase laths, 

but not necessarily so and is frequently found between crystals of 

other minerals. 

The second variety may be described as a replacement texture, 

~nd is found where exceptionally large quantities of micropegmatite 

are present. In this replacement variety of micropegmatite there is 

ample evidence to show that the quartz-f.eldspar inter growth has in 

fact replaced the plagioclase laths, even the most basic in composition. 

(see figures 2J, 24 Gnd 25 ). All stages of replacement have been 

observed, from incipient E.lteration along the margins bet'deen 

plagioclase and micropegmatite to almost complete replaceJ~ent of the 

lath. In the first stages of repla cement the micropegmatite replaces 

the lath along the margins and also along the composition planes. 

:lith further replaceflent the lath loses its outline and the radiating 

flicropegmatite occurs in larger amounts both in and arowld t he lath . 
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Quartz in the lath is in optical continuity with quartz in the 

micropegmatite surrounding the lath . The final stages of replacement 

are represented by large areas of micropegmatite with "ghosts" or 

relicts of plagioclase. Such relicts are recognisable only as patches 

of saussuritized feldspar and the former continuity of such patches 

is recognised only because their t>rin planes and extinction directions 

are aligned, or may be interpolated. Both varieties of micropegmatite 

maj be found in the same microscope slide, but the interstitial type 

is more abundant in all areas except the Thomas River area . 

(d) Alteration. 

The micropegmatite has not undergone significant alteration 

and generally appears fresh. The feldspar of the intergrowth is 

normally turbid in ordinary ligh t probably due to a certain amount of 

saussuritization. In weathered specimens of rock the feldspar has 

occasionally been replaced by brown serpentine forming a quartz­

serpentine graphic inter growth. 
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( 5) OTHER MINERAlS . 

(a) Quartz and Orthoclase. 

Both these minerals occur free in the granophyric dolerite 

with quartz being f or more common than orthoclase. They occur as 

anhedral grains and frequently grade into the micropegmatite 

intergrowths. Under the microscope the orthoclase is generally 

turbid in ordinary light and seldom shows twinning. It occurs as 

crystals not exc(:eding 0 •. 5 mm. in dinmeter and is found fre0 only in 

the granophyric dolerite. Enst of Undula orthoclase is very rarely 

found froe and is normnlly confined to th0 micropugmatite nnd t o the 

irr0gulur v0ins replacing plngioclQse feldspar. Tho mcximum amount 

of fr00 orthoclase found in the "Transkei type" dolerite W1S '}%" at 

Toleni Bridge . East of this it is v~ry rare Gnd nt tha coast no 

orthoclase is seen at all. 

Th" amount of free quartz in the: dolerite varies cons iderably 

and is prdsent only in v~ry small amounts in tho granophyr ic dole:rite: 

in thiOse rocks most of the q lIlrtz is in the form of micropegmatite. 

East of tho Thomas Rivar valley, whore the amount of microp0gmatite 

diminishes rapidly , fro" quartz becomGs mora common but is not abundant . 

It occurs as anhodral grains, sometimes containing hair-like or 

rod-like inclusions thought to bd amphibolu crystallitds eithvr 

replacing the quartz or, more likely, enclosad by the quartz during 

periods of overlapping crystallisation. Quartz, as anhedrnl crystals 

with very irregular boundarias, and as irregular veins replncing 

plagioclus8 laths continues to make up some 10% to 15% of the dolerite 

pegmatit8 of the "Transkei type" r"cks. Ndar th" coast there: is a 

sudden de: croase in th0 quartz content and where the dyke is 0xposad 

at tho Jujura and Ngadla Rivers the rocks contain no quartz at all. 
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(b) Biotito. 
GY"e 

Flnkas of brown micDj first notic0d in fNshly brok0n 

sp"cim<;ns of the "mottl"d rock" in tho Thomas Rivor vulloy . East of 

this biotito occurs in small quantities, sometimes less than 1% of 

th", rock, until th" dal"rite pclgmatite which crops out 'lest of Undula 

is reachod. The amount of bi:1tit0 th"n gradually incr"c.scls, but not 

significantly. Only oast of Luj ilo docs it bucome common in thG 

dolerit" pClgmntit"" and throughout tha Transkei it remains constant 

in amount forming about 4~ of the rock. Whdru the dyke crops out at 

thu Jujura and Ngadla Riv~rs the biotite forms about 7% of tho rock. 

Biotite oft0a occurs in close association with hornblonde 

whUr0 this min8rul is prE:sant a.nd" apart from the diff8ronc0 in 

extinction and the usually strong0r phlochroism of thJ biotit0, it 

is sometimes difficult t o distinguish between it and brown hornbl<;ndcl. 

Particulnrly ndar the coast, whdro thd amount of biotite pr0scnt in 

tho rock is largo, thero Sdoms to bo a close association between tho 

biotito and the ore minerals. In plac0s it ap~"c.rs as though the 

biotitd is actually r'~placing the ore minerals. ThJ biotito occurs 

as o.nhedral crystals often mould0d around quartz or fddspar and also 

is of,ten s"an as dark brown, strongly ploochroic strips in gretn 

amphibole . Betwe"n cross~d nicols crystals art) sometimes saen to 

have a mottl"d appenranc", which may bv tho rUGult of inCipient 

alteration. Crystals urd unzoned and, apnrt from tho slight mottling 

in some, they show straight extinction. 

Groen biotite is also prtlsent, but in v8ry limit",d amounts, 

and tho gr0en and brown varieties may even gradu inta one nnothdr 

fairly sharply. Thv crystals ara strongly pleochroic fr~m very 

dark brown or graen to pale yellowish-br~wn. Where green and brawn 

vari0tidS exist in the same crystal the colour has no effect on the 
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interference colour nor on the extinction position. 

Thu pr0p0rti0S of th0 br~wn micQ nru: 

pale yellowish-brown 

f3 = 1.649 light brown Y - ()( = 0.04 + 

y very dark brown 

( 
0 a 

2V()( : Small 10 to 15 .) 

Because of the perfect basal cleavage only f3 could be 

satisfactorily determined. 

The biotite, both green and brown, is exceptionally rich 

in pleochroic haloes which are dark gr~y or brown in colour . In 

plnc~s these arc so intclnsely pleochroic that parallel to y they 

appear opaque. The inclusions causing the haloes could not bd 

identified, but are possibly tiny apatite crystals, or even tiny 

zircons. 

(c) Ore Minerals. 

Ore minerals are found in all specimens of the dyke rock 

and oceur in three distinct habits. Host commonly the ore minerals 

occur as anhedral, and occasionally subhedral, grains. Such grains 

may be large, up to 2 mm. in diameter, or very small when the ore is 

found as dust. The [,rains ara scattered irregularly throughout the 

rock, but with a definite tendency to be associatad with the dark 

minerals, althOUGh thcy are found surrounded by all othar types of 

mineral, including quartz and microp€lgmatite. ;Iher" pyroxene has 

partially altered to hornblende clusters of granular ore frequently 

occur scatter~d throughout both the pyroxene and th0 amphibole. Such 

granules ara possibly a by-product of th~ reaction by which the augite 

was altered to hornblende . Ore minQrals with this habit aro considered 

to be either tit~niferous magnetite or magnetite. 
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Tha SdCOnd habit, by no maans as common as tha first, is that 

of skeletcl crystnls. All ord minerals found with this habit are 

ilmenite. The skeletal crystals vary in size from 0.5 mm. to 3 mm. 

acrOSE and, in placds show a tdndency townrds a trian~llar arrangement 

of plates as shown in figure 30. Well dwveloped triangular skeletal 

crystals are rare except in the c,cid veins of the Thomas RivGr ar0a. 

;;;lscmhure the skol"tal crystals consist of a seri"s of porallel rods 

Dr a number of aligmd granules. As in th0 cas" of th" anh"dral grains 

the skeletal crystals show a tendancy to be a ssociated with ferro­

magnesian silicatus. In all thd crystals consisting of align"d rods 

or grains the intclrstitinl matGrial is chlorit0 or biotite, and 

occasionnlly pr0hnite and calcite 'are, preStmt as well. Although a 

f"w skdl"tal crystals W8re surrounded by, and somotimes dnclosad in, 

othar minurals such as micropegmatite, plagioclase, biotite and 

amphibolu it does not appear as if the ore has actually penetrated 

these minerals. 

The least common habit, also confined to ilmenite, is that 

of rod-likd, or plate-like, crystals. Narrow piates, only 0.05 mm. 

thick, i n thin section appocring as rods from 0.5 mm. to 3 mm. and 

more in langth, weru found in the coarse granophyric pntchas in thd 

Thomas River ar0a (S0" figura 12a) and in very small nmounts in the 

eranophyric doldrite. Thuy 'may occur p"n0trating all othar minerals 

,:and are not ndc0ssarily associated with the furromllgnesinn silicates. 
\/ 

The ora minerals sometimes show the formation of greyish­

brown leucoxene around them. Such ore minerals ere ilmenite, and 

th" gr;,atur number of opaque crystals in tha dyke rock are ilmenite 

crystals, a fact borne out by tho relatively high percentage of Ti0
2 

in the chemical analyses. The grains of ore are frequantly found with 

rounded and indented margins, ~specinlly when in association with 



EXPLAnATION OF FIGUR2S 30 A.."lD 31. 

Figure 30: Photomicrograph sh~wing the triangul ar 

arrangement of plat uS in a sk01utal crystal 

of ilmenite. Plano palarizod light . 

(Hagnificati"n: x 38.) 

Figurd 31: Photomicrograph showing crystals of tho ~re 

minerals with rounded and indonted margins. 

Thoy ard associated with biotite and pyroxene , 

and the Icnri8s" texture suggilStS that. they 

might bu roplnced by the biotite and pyroxone . 

Pl ane polarized light. (Magnif ication: x 38.) 

pI plagioclase 

m micropogmatite 

cl chlClrit" 

py pyroxcln8 

bi biotite 
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Figure 30 

Figure 31 
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biotite and pyroxune. This tuxture is suggestive of a replacement 

of tha ora by bbtitu and pyroxene, a lthough the "carids" texture is 

not conclusive proof. (Sea figure 31.). It may be th" r~sult of th0 

r~action af r0sidual fracti~ns of tho magma on early formed are crystals. 

A polished section of tha dyka rock sh",,,,,,d that by far the 

groat est parcuntage of the or0 minerals is ilmonita, easily recognised 

by its anisotropism. All skeletal crystals a nd most of the ~~edrul 

grains are ilmenite. Isotropic magnetite was also seen in small amounts 

and such crystals are normally subhedral or euhedral cubes or octahedra, 

and showed no exsolution lamellae of ilmenit~. A separation was carried 

out on a fairly finely crushed specimen of the "Transkei typ~1I dolerite 

and the results wore as follows: 

wt. of specimen (between 65 and 100 mesh) = 5.9444 gms. 

wt. separated by a bar magnet (magnetite) = 0.0190 gms . 

wt. attracted by an eluctomagnet = 1.4968 gms. 

of which m. sinking in Clerici solution = 0.0590 gms. 

and the wt. floating in Cldrici solution = 1.4328 gms. 

Therefare, weight of magnetite - 0.0190 gms. = 0.32% 

wclight of ilmenite = 0.0590 gms. =~ 

Total 

It was conclud~d that, of the oro mimrals in the dyke, 

ilmenite and magnetite exist as distinct minerals. Ilmenite is the 

predominant ore mineral. A certain amount of Ti02 may enter ioto the 

molecular structure of thd mngnutite, but not sufficicnt t" fornl 

exsolution lamellae of ilmenite. 

From textural evidence it seems difficult to believe that 

the magnetite and ilmenite were among the last of tho minerals to 

crystallise , but rather that tho or~ started crystallising fairly 
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early, after the initiation of the crystallisation of pyroxene and 

plagioclase, and had a long period of crystall isation. Indications 

of early crystall isation are given by the pr esence of subhedral and 

euhedral magnetite crystals and , possibly , by the prese~ce of skel etal 

crystals of ilmenite. It should, however, be noted that idiomorphic 

crystals are not necessarily a sign of early precipitation, especially 

in the case of magnetite and ilmenite which are known to have high 

crystallising powers. Late crystallisation is indicated by the 

presence of anhedral gr ains which may occur indiscriminatel y looped 

around other minerals. Lindgren (1933, p. 786.) states: 

"Ilmenite with magnetite, is one of the earliest 
products of crystallisation in magmas • • •• " 

Eowever, he also states, (p. 790): 

"In basic rocks much iron remains in the residual magma 
and is separated at a late stage of the consolidation." 
" • • , the tendency to form silicates is strong and suff icient silica 
is usually avail abl e to take care of all the iron in the form of 
ferromagnes ian silicates." 

although 

"In the earlier stages of consolidation of igneous rocks some 
magnetite is crystallised, together with other accessories •.• • " 

Wager and Deer (1939, p. 311) state : 

"This behaviour of the magnetite and ilmenite suggests 
that in a basic magma these minerals ,Till be among the first to 
crystallise if the amounts of Fe20] and TiOZ exceed about three 

and two and a half per cunt rospectively; if under these amounts 
there will be no primary precipitation until these val ues are attained . " 

As is seen in Table IX the percentages of Fe20
3 

and Ti02 

are, in the case of the dolerites forming the north Gap Dyke, all 

bel ow the values cited above . \.Jager and Deer were ref.erring to the 

ferro gabbro and conditions may be quite different in the case of the 

Gap Dyke magma. 
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Pyrites was seen in very smnll amounts surrounding some 

magnetite crystals in the acid veins of the Thomas River area. No 

pyrites was observed in any other specimens. 

(d) Apatite. 

Apatite is a ubiquitous accessory mineral and occurs 

either as slender needles or as stumpy plates. In the granophyric 

dolerite it is not a conspicuous accessory and occurs in very small 

amounts as slender needles up to 0. 05 mm. in length. East of the 

Thomas River area it becomes morc noticeable and the needles are 

commonly found to have lengths of 0.75 mm. to 1.5 mm. Such needles 

penetrate all other minerals except ore, and are generally euhedral 

'or subhedral .in shape: hexagonal basal sections which remain dark 

between crossed nicols are very common. In spite of the euhedral 

hebit and although acicular apatite crystals penetrate all other 

minerals, because there is a tendency for the majority of t he needles 

to be associated with late stage micropegmatite and quartz, they are 

considered to be late in crystallising; l~ountain (1937) states: 

II .. ,. .. • clusters of a.petite naodles are prGsent, 
assoc~~ted with the micropegmatite or interstitial orthoclase, 
so that, although idiomorphic, it SedlllS ns if the apatite were 
n<lvertheless one of the last minerals to crystallise." 

Although th., circumstances in thw case of the north Gap 

Dyke are somewhat different from those described by Mountain, above, 

the argument still seems to be applicabl.;, and it would appear that 

apatite crystallises late and has a strong crystallising power so 

that it is able to punetratc earliwr formed crystals. This is not 

so easily understood in specimens from the north Gap Dyke where 

quartz and micropegmatite are rare, minor Dr even absent constituents, 

and idiomorphic apatite needles occur in the plagioclas.; and pass into 

, 
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amphibole, biotite, and pyroxene. 

The optical properties of the apatite were not determined 

because of the difficulties encountered in attempting to extract 

the fine needles from tho crushed rock. 

It is int0resting to note that some apatite crystals show 

the presenC0 of inclusions, Which, when identifiable, are seen to 

consist of gr0en serpentinous material and feldspar which are very 

similar to the surrounding groundmass. The inclusions, which are 

not pleochroic, occur as central rods in the apatite needles and in 

basal sections are seen to have a hexagonal outline. Assuming the 

crystals are lat0 in genesis, the included material is likelY to be 

the surrounding groundmass in th0 m0tasomatic skeletal crystals. 

(Sea figures 32 and 33.). 

Apart from the apatite crystals with included serpentinous 

material, th0 inclusions are not comparable with inclusions in apatite 

as described by Groves and Mourant (1929) because they contain included 

material very similar to the surrounding matrix.. Those described by 

Groves and MOU1'ant contain distinct minerals, such as chlorite or 

biotite, and may also bo zoned. Those in the Gap Dyke rocks are n0arly 

all unzoned, but a few basal sections show clouding parallel to the 

hoxagonaloutline. (See figure 32.). 

(e) Calcite. 

Calcite co~nonly occurs in mosses up to 2 mm. across their 

longest dL~gonal. It is often found r0pl~cing plagioclaso, 

particularly tho centres. Large massos, interg~rwn with epidote, 

occur in the cavities, up to 10 mm. across, in the "mottled rock" , 

of the Thomas River area. 



EXPLANATION OF FIGURES 32 AND 33. 

FigurG 32: Apatite crystal showi ng an idiomo~hic basal 

S0ction with concentri c zoning and more or 

less hexagonal inclusion of feldspar and 

serp0ntine. Plane polarised l i ght . 

(Magnification: x 38.) 

Fi gure 33: Section of an apatite needle containing 

inclusions of feldspar and s0rpentine . 

Plane polarised light . 

(Hagnification: x 166.) 

pI := plagioclase 

sp := sorpentine: 

cl = chlori te 

hb = hornblende 

ep := epidote 

q = quartz 



1. ' 
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(f) Epidote. 

Gpidota is a common, but v.cry minor, constituent of the 

north Gap Dyke doh,ritCls and it occurs in crystals vnrying in size 

from 0.05 mm. to 2 mm. across. It is w0akly plaochroic from pale 

yellow-greon to pale grUQn, and the colour is not UL~iform. It har, 

fairly high intQrf'Jr0nce colours, raneing from sucond oruor S0nsitive 

tint to gr8cln. It is slightly more: abundant in th8 gran"phyric 

dolerite than in the "Trnnskoi type" dolerite pugmo.tit8 and is 

particularly phmtiful in tha "mottled rock". 

(g) Pr-ohnite. 

Only V€;ry aCClas ionally arE; crystals of prehni te encounturad 

in thE; do10rit"s found makint; up th" north Gap Dyko "nd it occurs as 

colourlGSs crystals up ta about 0.5 mm. in diam~ter. It is found 

filling tiny cavities in th" dolerito and is frGqu",ntly associatud 

with calcito. It has wavy extinction and high inturforunc8 colours, 

up to yallow and semsitivE; tint of tha second ord8r. Prehnit0 is 

also found associated with chlorite and feldspar wh0r0 it app8ars to 

be an alt0rntion product of the plagioclase, possibly hydrothermal. 

(h) ChloritCl and Surp0ntine. 

Both chlorite and sarpuntine, often i ntimatel y mixed, arc 

very common ~nd occur replacing pyroxena and amphibole, surrounding 

biatitG, and as veins in plagioclasu, The chlorite is strongly 

pleochroic, and the optical properti0s, determined with the aid of 

an oil immersion lens, arc as follows: 

ex pale yellow 

13 = 1.653 YOllowish-green 

y dark gr cc>n 

2Vy Small 



-58-

The interference c~lours vary from grey of thJ first ord~r 

to tho anomalous Berlin blue colour, and occasi8nnlly tho natur~l 

gr80n of the chlorit0 is so dark that it m[!sks the interf "renc" 

colour. Tho chlorite is identified as clos01y ns p~ssible as 

d[!phnitJ , an iron-rich chlorite; (l~inchdl, 1951, pp. 381 to 385). 

Largo aruas of chlorite, up to 7 mm. in diameter, occur in some 

specimens, and these are composed of many chlorite "rosettes" each 

of which is about 0.1 mm. in diameter. 

( i) Iddings i te ( 'D.. 

Iddingsite is the honey-coloured mineral frequently found 

along the parting planes in several pyroxene crystals. It also occurs 

as distinct crystnls (See figure 29) associated with hornblende, or 

around the margins of pyroxene crystals. The properties of this 

minernl were determined by the method of crushed fragments and 

Universal stage measurements. The properties of several crystals 

were measured and found to bil fairly consistont. The prop0rties .hre: 

ex =0 1.669 

y =0 1.710 

2V =0 500 
::. 

ex 

Y - ex =0 0.041 

Pleochroism is strong and the absorption is Y> ex. 

ex p~le yellow, (antimony yellow) 

Y deep arango, (capucine yellow) 

(The colours given in brackets are the colours in the Rid~ey 
chart which most closilly match those of the mineral.) 

Between crossod nicols it shows fairly high. interference 

colours, ranging from sensitivil tint t~ second order green. It has 

straight extinction, and has one good cleavage, possibly (010). From 

these properties it is thought that this mineral is in fact iddingsite. 
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Iddingsite and bowlingite have usually been accepted as the products 

of late magnetic alteration of olivine or the orthopyroxene, 

hypersthene (Hager, 1929.) . In the case of the north Gap Dyke it is 

clearly d8riv8d from the clinopyr oxene. Th" iddingsitv varies 

somEMhat in chcrnctur and may show crystallinu form or it may ba 

fibrous . It occurs as distinct crystals with well dov8101,ed cl"avaga 

end has Ghnrp boundcric,s a gc.inst chlorite; , D.ffil'hibole or augite, Dr 

it may grad8 .iJnpurcoptibly into any of th8so minerals. 

, 
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MINERALOGY OF THE CORE MATERIAL. 

Apart from the degree of recrystallisation, which increases 

from west to east, the nature of the granophyric quartzite core is 

very consistent, The minerals found are described below. 

(1) QUARTZ. 

Quartz is the predominant mineral in the core, and occurs 

as equigranular grains up to about 0.5 mm. in diameter, and these 

grains have highly irregular margins. The quartz with its crenulate 

margins is usually intimately inter grown with feldspar forming a 

type of "sieve" structure resembling micropegmatite. Several grains 

may link together to form areas up to 2 mm. in diameter and all show 

optical uniformity, although all the grains may not necessarily be 

physically cont~nuous. The quartz has int~rference colour s ranging 

from first ordor grey to yellow, and · the extinction is usually WflVy. 

(2) FELffiPAR. 

Both plagioclase and orthoclase occur, the formor being 

more abundant, and both are usually highly nltered to saussurite 

which gives them a turbid appearance in ordinary light. The feldspar 

is generally intergrown with quartz and, as a result, crystal outline 

is seldom seen, although lath-like crystals of plagioclase do occur. 

The plagioclase is easily distinguished by the presence of poly­

synthetic twinning. Extinction is normally wavy, but rough 

measurements show it to be a soda-rich variety (oligoclase) ranging 

from An20 to An25• 
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(3) CHLORITE AND SERPENTINE. 

Tha chlorite is w~akly pleochroic from pale green to yellowish-

green. Between crossed nicols it shows tho typical low interference 

colours. Serpentine is found both as green and brown thr0ad-like 

masses, with low intarference colours, and is distinguished from 

chlorite only because it occurs as fibrous, thread-like crystals. 

Both chlorite and serpentine in the cora occur mainly as wisps 

disseminated throughout the rock. Apart from the fine wisp-like 

crystals chlorito is sometimes found forming radiating groups of 

crystals. It is also found as vermiform bodies enclosed in the 

quartz crystals and, between crossed nicols, such bodies sometimes 

show "rosette" structure. 

The dark, angular inclusions contained in the feldspathic 

quartzite core material have too fine a grain for the minorals to be 

accurately identified, even under a high-power lens. However, it is 

clear that these inclusions consist chiefly of chlorite and serpentine 

with l esser quantities of very fine quartz and feldspar. 

(4) OTHER NINERAIS. 

The commonest accessories of the core are hi~~ly rounded 

zircon crystnls and spongy sphere, occasionally showing some crystal 

outline. Plate-like crystals of ilmenite are common, and often show 

alteration to leucoxene. Anhedral grains of magnetite occur scattered 

throughout all the specimens collected. Calcite, in irregular masses 

up to 1 mm. across, is occasionally seen filling small cavities in 

the rock. Sericite (?), possibly muscovite, is seen in small 

quantities as scaly aggregates or shreds, and is usually either 

associated with the chlorite or occurs in the ground-mass surrounding -
quartz-feldspar intergrowths. Colourless in ordinary light , it has 
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high interference colours ranging from second order yellow to 

sensit ive tint. Far less common are pyroxene)garn~t and rutile. In 

one slide a large, wGll-r ounded apatite crystal measuring 0.75 mm. by 

0.1) mm. was encountered. Mountain (1943) examined the heavy resicne 

from 100 gms. of the core material from Stonehenge and found it 

consisted of: 

Magnetite 0.438 gms. 
r 

( ilmenite) Attracted by elect~omagnet 0.035 gms. 

U nattracted 0.057 gil, ..... 

Total: 0. 530 gms. 

The unattracted port ion consisted of zircon (the predominant 

mineral of this portion), rutile, monazite , leucoxene, garnet and 

pyroxene. He noted these were identical with grains found in the 

heavy residues from ordinary BGaufort sandstone. 



CHAPTER FOUR 

PETROLOGY 
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ABSTRACT OF CHAPTER FOUR. 

Micrometric analyses of the diff8rent types of rock show 
the variations in mineral composition along the l ength of the dyke, 
and th~se are plotted graphically. 

The chemical analys~s show the core is very similar in 
composition to the surrounding Beaufort sandstone, and that the 
dolerite types of the dyke may represent either a differentiation 
sequence or else hybridization followed by differentiation. The 
rock types of the Thomas River area may have been produced by more 
extreme differentiation or by assimilat ion of the core at this point. 
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PETROLOGY. 

I{[CRot-ZTRIC DATA. 

The volume percentage of certain minerals was measured 

in each of a number of slides representing the dyke rock at various 

points along the length. This was done to obtain a better idea as 

to the type and amount of variation in mineral content along the 

length of the dyke. Measurements were carried out using a Ford 

Point Counter (Hallimond 1956, p. 204) with traverses 1 mm. apart. 

The total length of traverses across anyone slide averages at about 

225 mm. and, for the coarser grained rock, two or more analyses were 

made and a mean taken. 

Graph 4 shows the variation in mineral composition, by 

weight, with distance across the dyke plotted from Table VIII. 

Because of the nature of the outcrops specimens across the entire 

width were not available, nor was one available from the margin. 

The width of the dyke is, however, fairly accurately known and, as 

seen by the graphs there is no marked variation in the mineral 

composition either near the margin or ~ear the centre. Slight, but 

irregular variation is shown by the plagioclase, amphibole and pyroxene. 

The content of ore minerals and micropegmatite changes very slightly 

and could be regarded as constant. There is no antipathetic 

relationship shown by pyroxene plus amphibole and micropegmatite, 

quartz, and orthoclase plus ore minerals, so that the presence of 

volatiles, if present, has not influenced the mineral composition 

by preventing iron oxide from combining with silica to form pyroxene, 

as i~ the case in the Khale dolerite sheet (Eales, 1959, p. 69) 

and in the Palisade Diabase, ilew Jersey (Walker, 1940). 
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TABLE VIII .. 

-_,eight per cent (Modes ) of mineral s acr oss the dyke width at Unjul a . Recalculated from the 
micrometric analyses in Table VI. ______ ._ 

S.G . Used _Approx~istB:nce from southern contact in feet . __________ _ 
for c alc ulation 7 23 41 59 --------_._---------

Plagioclase 

pyroxene + 
Chlorite 

;,.icropegmati te 
Quart z, orthoclase 

Ore minerals 

Amphi bo l e + 
Biotite 

4~ . ~ 00 . 8 57.4 46.6 

21. 2 22 . 1 13. 6 21.0 

5.1 8.2 7.2 5 . 8 

9.2 4 .7 5.9 6.5 

17.3 14.2 15.9 20 .4 

76 94 112 130 160 
50.2 47 .1 48 . 9 57 . 9 50 . 5 

13.3 16.6 13. 3 6.7 12.2 

9.2 7 . 2 9.2 6 .7 7 . 3 

7.4 7.5 6 . 5 6 . 0 5 . 7 

1 9 . 9 21. 6 22 . 1 22 .7 24.3 



EXPLANATION OF GRAPH 4. 

The graph shows the variation in mineral composition 

across the dyke width at Undula. 
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EXPLANATION OF GRAPH 5. 

The graph shows the varintion in mineral composition 

along the length of the dyke, from Stoneridge to 

Unduln (16 miles east of Stoneridge.) . 

(1) Grcnophyric dolerite flanking the core material 
on Stondridge. 

(2) Subophitic dolerite flanking the core material. 
(Surbiton railway cutting). 

(3) Grnnaphyric dolerite making up most of the dyke 
in the Thomas River area . 

(4) Rexi' ield. 

(5) East of the river on Rexi'ield. 

(6) south of homestead on Undula. 

(7) Eastern boundary of Undula. 

'. 
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EXPLANATION OF GRAPH 6. 

This graph shows the variation in mineral composition 

along the length of the dyke in the Thomas River area. 

Because some of the specimuns ard collected from points 

close together and othdrs are from points fairly distant 

a logarithmic scale is used along the abscissae. 

(1) Granophyric dolerite found making up the entire 

width of the dyke where the eastern end of the 

western section of the core dies out. 

(2) Grnnophyric dolerite found making up most of the 

dyke in the Thomas River area. 

(3) Metasomatized xenoliths in the granophyric dolerite. 

(4) Metasomatic granophyre: quoted from Walker and 

Poldervaart (1949, p. 619). 

(5) Acid veins. 

(6) Granophyric dolerite in the bed of the Thomas 

River, wher e the river cuts the dyke for the 

fir'3t time. 

(7) "Mottled rock". 



GRAPH 6 
w 

G) f@l @ 
E 

® @) ® (2)-
I 

V) 60 
-l 
~ ~ \ A.. c:: , 
w 

, 

z \ 50~ I'A 
~ 

4-
0 

0 
g;;, 40 

W 
~ 
:J 
-l 
o 30 
> 

0-- __ 
L 
-0 

20, . /~ I . ..Il 

C-

" + , 

10 

I OZ· · ··.hh.h. hit,_'~t~J hh.- ___ .. h'h".hhh. h . .......... h....h .. :: . -Oh '··O 

~ 0 - -,- I I 

c- 13326 15374 16398 16910 17166 17294 17358 17390 17406 17414 17418 17420 1/421 

O; LENGTH ALONG DYKE IN YARDS 



• 

EXPLANATION OF GRAPH 7. 

Graph showing the variation in mineral composition 

along tho grenter length of the dyke. There is 

little variation except at the eastern end, where 

the cJastal variety of the I!Trllnskei typel! dolerite 

is recognised. 
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The shape of the grQph does not chnn5e whether volume 

or weight percentages of the minerals are used, only the relative 

positions are aff~rccd. For this reason the volume percentage of 

minerQls present in the slides WD.S used for further graphical 

representation. 

Graph 5 shows the var~~tion in mineral composition along 

the len6~h of the dyke for the first 16 miles, from the western end. 

Apllrt from the complex Thomas River area it is seen that there is 

little variation in the mineral composition of the predominant type 

of rock, which is the cranophyric dolerite . Only the granophyric 

dolerite at the termination of the core differs from the rest. 

The composition of the subophitic dolerite flanking the core is 

markedly different from all the other types of rock plotted. Amphibole 

remains a minor constituent becoming more important eastwards, a trend 

continued in the "Transkei type" dolerite. Once more neither sympathetic 

nor antipv.thetic relationships are shown between the minerals present. 

Because the different types of rock found in the Thomas 

River areD. occur so close together they could not be plotted on 

Graph 5, which has the length of the dyke in miles as abscissae . 

Therefore, these rocks are plotted separately on Graph 6, which 

has the volume percentage of minerals plotted vertically and the 

abscissae are plotted on a logarithmic scale representing the length 

of the dyke in yards. On this scale the most westerly point is 13326 

yards east of the'first outcrops of co~e rintorial on·Stonehenge. The 

most easterly point is 17421 yards from the same point, and at 17420 

yards the Thomas River cuts the dyke for the first time. The rocks 

are then plotted in their correct positions along the length of the 

dyke. Inyluded in the graph are plots representing the metasomatic 

granophyre quoted by Walker and Poldervaart (See Table IV, No .7) to 
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show the similarity between this rock and the coarse ~atches with 

rod-like, criss-cross crystals in the granophyric dolerite (Table 

IV, No, 3), r)nly plots representing rocks of definitely igneous 

origin are linked, The plots of the coarse patches are, therefore, 

not linked since it is thought these represent metasomatiaed 

xenoliths" 

Graph 7 is a continuation of Graphs 5 and 6 and shows the 

variations in mineral c::>mposition in the "Transkei type" dolerites, 

It shows at a glance that thero is no significant variation in the 

dolerite forming this part of tho dyko, cxcept for the area near 

the coast, Even here tha change in composition is confinGd t.o two 

minerals: quartz, which disappears altogether, and pyroxene, which 

increases to over 20%, The dykc}tharefore, has a basic eastern 

section, which possibly becomes even more basic out to sea, if the 

general trend continues. 

Graphs 5, 6 .and 7 make no attempt to show a progressive 

variation sequence but merely rclj>resent the type of variation in 

mineral co~poBition along the length of the dyke, so that the values 

recorded in the various micrometric analyses may be more easily 

compared. 
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EXPLANATION OF GRAPH 8. 

Chemical variation diagram of the north Gap Dyke 

rocks. The numbers refer to the numbers of the 

chemical analyses in Table IX. 
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CHEMICAL DATA. 

The most convenient method of describing the conclusions 

derivGd from the chemical analyses is to subdivide the dyke into 

arbitrary divisions, as was donG in the section on petrography. 

A total of 5 now analyses is presented; three of which ara complete 

analyses and two partial, The other analysas ere quoted from published 

papers and are used for comparative purposes. 

(i) The Core. 

An analysis, made on material fairly free of the dark 

mudstone inclusions, is quoted in Table IX, (No.8). As shown by 

Mountaia (1943) this analysis nnd the ane.lysis of a typical Beaufort 

sandstone from the Thomas River area (analysis No. 9) diff~r in 

composition: 

" •••.• by more than 1% only in the case of CaD and K20, 

and that both these figUres would be reduced if the original rock 
contained a certain proportion of mudstone". 

The similarity between the core material of the dyke and 

the surrounding Beaufort sandstone is thus sean to be very closo, 

not only as regards mineral composition and grain size, but with 

respect to chemical composition. Some of the CaD in tho core mny 

have beun introducdd from the flanking dolerite magma, as suggested 

by Nountain (1943): 

" . " ... in view of the calcification so commonly effocted 
by dolerite magma in general". 
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(ii) The Thomas River Area. 

The grnnophyric dolerite found extending across the 

entire width of the dyke at the east end of the western section 

of the core is a rock extremely rich in quartz and micropegmatite. 

It is, thereforG, not surprising to find that it has n high Si02 

content (analysis lJo. 1). If the analysis is compared with that 

of the core (analysis Ho. 8) and with that of the doler i te pe@llll.tite 

from Toleni Bridge (analysis No .5), which is typical of the material 

forming the greater part of the dyke , it is seen that the granophyric 

dolerite is intermediate in composition. There are, however, 

appreciable discrepancies, such as the low Al20
3 

content and the 

b.lgh K20 /lnd ;la20 contents . Such differences could be explained by 

a certain amount of metasomatic exchange between the core and dolerite 

pegmatite, as suggested by Nountain (1943, p. 70). 

When plotted 011 a triangular diagram with HgO , FeO, and 

(Na20 + K20) as used by Walker and Pol dervaart (1949, p. 657) to 

illustrate differentiation of Karroo dolerites, the plot of this 

granophyric dolerite falls very close to other plots on a line 

approximately parallel to the FeO - (lla2 + K20) side, (see figure 34), 

This could indicate that the rock has formed as the result of fractional 

crystallisation and represents the second part of the normal different­

iation trend, as shown by l:arroo dolerites. However, because of the 

restr icted occurrence of this rock type, and because of its close 

association with the core it is considered unlikely that it is produced 

by differentiation alone. As shown by the micrometric analyses (Tables 

III and IV) it differs markedly from the granophyric dolerite flanking 

the core and from the granophyric dolerite which is found making up 

the dyke in most of the Thomas River area. This granophyric dolerite, 

found only at the western side of the section where the core is missing, 
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is rich in quartz and micropegm[ltitu and very limited in "xtent. 

Simil[lr rock types aro not found cnywh8r" "ls8 along the longth of 

thv dyk8. 

Coml'o.ring this rClck with b::>th the average> J\o.rroo doleritu 

and th" nvurao~ "Kentani type" ([lmlysos Nos. 10 und ll) it is Sddn 

that A120
3

, FoO , M;;O and CaO ar..] low whil" Si02' K20 and ila
2

0 aro 

high, which is in QccQrdQncu with thl3 normal proc..::ss of diff e>re>nt-

ic.tion. It Su0ms unlikely, thon, that this eranolOhyric dolerite 

was form0d simply by assimilation of th" cor" m[lt(ll·ial. Howover , 

thd eoru may hnve aid0d thd advanced d0gr8J of diff0r0ntintion in 

som" way , poss ibly by Fr<lviding volatilus. 

Tho chumical analysis of tha coarSe pa tches in the 

granophyric dolerite near thd west bank of tho river (analysis No . 4) 

shows that: 

Na20 is high"r than in uith"r th" d::>18rita ~"gmatite at 

Taleni Bridgd, which is cl os" t::> tho "Kent/wi type" (amlyses Nos . 

5 and 10) ::>r tho B,,[luf 'Jrt sandston" ~.t the Thom[ls Rivor arcla . 

(analysis No . 9) . 

K20 is slightly highor than in the> dolerito p0gmatitu 

and nuarly the SD.m" as in tho Beaufort sandstane . 

CaO nnd (FeO + Fe20
3

) ar" int"rmodu,t0 b8tw8en th::lse of 

the dolorit8 i-ogmatite and th" Sr ndst::>no . 

190 is only slightly l::lw,)r than that Qf th" sc;dim0nt 

and ai'\: raciably law"r than thnt "f tho dolerite j,ogmatite. 

Apart from the NgO, thu r8sombl ancd betwean the ::lxidLl 

d iffer"nclls, as Llxl'lain8d '.bove, and th::lsO dXjJlained by Walkor and 

poldcrvanrt (1941 p . 446) c::lnc"rning tho motasomntic gran~~hyr" of 

tho Hangnest dolorite still, is vury cloSG . It a~~ears~thun, tlli~t 
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these coarse patches in the granophyric dolerite have gained 

Na20 am some CaO, FeO and Fe20
3 

from some magmatic source, probably 

the surrounding granophyric dolerite . 

This evidence, together with the textural evidence, modal 

similarity to a described metasomatic granophyre (see Table IV) and 

the minerals present, especially the occurrence of rutile, garnet 

and surpentine pseudomorjChs after pyrox"ne (?) laths, leads one to 

beliclve these coarse I;atches are not magmatic diff0rentiat0s but 

that they Can only be motasomat:iJiod sedim0nt, wh0ther mobilized or 

nJt. Fluxes, although released over a prolong0d period, reach a 

culminntion during th~ l ater stages of crystallisation of the dol erite 

magma. (See Lindgren, 1933, p. 115, figure 11, and pages 114 to 117.) 

In this case the granaphyric dolerite probably represents tho final 

stage reached in the differentiation, and thus emanations, reaching 

a maximum during this stage, could metasomatize included Beaufort 

sandstone xenoliths. 

A samp18 of this rock was crushed and a heavy mineral 

separation carried out in th~ hope of finding round0d zircon crystals. 

It Was thought that tha presence of zircon~ wh0ther rounded or not, 

might be c~nclusive proof of a sedimcntary origin. However, although 

zircon appears tJ be absent from the Karroo dolerite magma, it is not 

necessarily absent from all basaltic magma as shown by J. Teall 

(1888, p. 168, 169). 

"Zircon is "OW known to be a Widely distributed minaral 
in all kinds of igneous rocks. It is however, more common in the 
acid than in the basic series. It occurs, as a rule, in short 
well formed prisms." 

"Professor ROSENBUSCH ment ions the occurrence of 
beautiful crystals of zircon in th0 \.Jhin Sill of Upper Teesdale." 
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Eales (1951, p. 64) found pleochroic haloes in the 

hornblende and biotite of the Khale dolerite sheet to be formed 

around small zircons . 

The acid veins found in the granophyric dolerite in the 

bed of the Thomas River are not unusual in chemical composition, 

apart from the very high ~a20 content. They may have been caused 

by the concentration of volatiles which would reduce viscosity locally 

and thus promote the growth of large crystals. These veins are 

composed of acid plagioclase, quartz and micropegmatite, a small 

percentage of hornblonde and vury little pyroxene. They are irregular 

in their trend, whereas schlieren are of a stratiform or lenticular 

habit. Because of th0ir habit they may be residual injection veins, 

representing a locally more differentieted magma than that which 

crystallised to produce the granophyric dolerite. These acid veins 

are similar to the dolorite pegmatite residual injection veins 

described by Walker and Poldervaart (1940) in the dolerite sill of 

the Downes Mountain, but diffor in the proportion of pyrox0ne to 

plngioclas8 . 

Also contained in the granophyric dolerite in the bed of 

the Thomas River is a xenolith of fine grainud dolcritu. This is 

surrounded by 11 zon" of coarse grain"d dolerite varying in thickn8ss 

from 2" to 4". This surrounding do10rit" appears to be identical to 

tha material forminr, th0 acid veins . However , this comparison WaS 

based on poor quality slides, tho poor qual ity b0ing due to th0 

difficulty exp8rienced in collQcting samples from the flat, w8athered 

surface. The do18rite of the xenolith itself is compnrativ01y frvsh 

and, apart from tho somowhat irregular margin, shows no signs of 

assimilation, If this xonolith is derived from an earlier do18rit" 

intrusion int8rsocted by th0 Gap Dyke it may have contain8d ground 
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water which would have stimulatad the formation of th" surrounding 

dol"rit" p0gmatit8 . It is mJr0 likoly that thoN has b00n a c,)rtain 

pm;mnt af reactian botwclcn thcl d~ler ito ,)f tho xenolith and tho 

surrounding eranJphyric doldrit" which has produced the COc.rS8 zone . 

Such rclactian must have bOdn limiteL far some roason as the xenolith 

rDmo.ins c.lmost unaltered nnd the dolerite p0gmatitc zonlJ is rather 

narrow. Alling (1936, pp. 247 to 248) emphc.sisos that the development 

of l-"gmc.tit8 phasCls is stimulated by assimilc.tiJn. 

On th" ':'ast bank of the river the p,-,culiar "mottled'r<)ok" 

(;::nalysis No .2) is encountered. This rock has Q. cGmpositi"n fairly 

similar to tho.t of typical Gap Dyke dolerite, such as at Toleni Bri dge 

(analysis No . 5) • Tho Si02 per cent is much higher and Na20 is slightly 

high8r, whil8 FeO, MeG, CaO and K20 arc all slightly lowor. Th.:::rufore, 

a lthough it has tho gJnerul appearance of a contaminated rock it cannot 

be regarded as such considering the criteria for distinguishing between 

acid dolerite producad by contn.ninntion and that prDduc8d by 

differentintian, as stated by MDuntain (1958, p . 219) i (Se0 alsD 

FiQlre 3f3). When plotted on tha rigO - FeO - (Na
2
0 + K20) triangular 

variation dic.gram, (see Figura 34) the plot falls on the; s8conu part 

of thu diffGrentietion sequence, on Q line },arnl181 to th0 Fl:)O -

(Nu
2 

+ K20) sid" and fairly close to th.:: FaO apex, indicating a 

stage after ircJl1 enrichment in th0 magma. 

If the "mott10d rock" is to bo ragardcd as the, proQu ct of 

assimilation or contamin~tion then tho most lik~ly mat~rial to be 

assimilatvd is th0 granophyric qllQrtz ito coro which is absent at 

this point. The rock "hich most ncnlrly approachos tho composition 

of tho "mottlec'. rock" is produced by 10 parts of dolerite pegmatite: 

(an"lysis No .5), tho normal Gnp Dyke rock , assimilating 4 parts of 
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cora matorial (amlysis No .. 8) shown in Table X. Differoncos up to 

1.83% (in FeO) c.r" recorded c.nd this d",",s mt SUf+"rt the idea that 

th~ rock is caus ed by assimilati"n. 

Fr"m GraFh 9 it is Su0n that thd mast siliceous material 

which c,mld bel added tel th0 (bloritc F"gmatit" of tho "Transkei 

tno" to j .. roduc0 the> "m"ttl",d r"ck" has the foll"wing comp'lsition: 

SiO 2 

63.8 

Al20
3 

FeO 

14.1 9.7 0.0 

GaO 1'1['20 

0.8 4.5 

This is quite unlike the> analysis of the> c"ru of m"bilizod 

S0diment or th0 Boauf"rt sandstane (analyses Nos. 8 and 9). It seoms 

theruforcl, that the assimilation of foreign matorial by the> magmc is 

an unlikely cause of the jjroduction of the "mottled rc>ck". 

(iii) Th" "Transkoi tYF"" Dolerite. 

ThCl analysis of the rock which cro;.s out nunr To10ni 

Bridge (al1tllysis No. 5) is vury similar to that of th.., nverag" 

"Kentani tYl:.e" dolerite (nnnlysis tlJ . 10) of Walk0r and Poldorvaart 

(1949, p. 669), and fairly similar to that of th0 south Gap Dyke at 

EaglCls N0st (analysis No.7). It reFrc:suats thu tYFe of dolerite 

found al::>ng th" V'uatdr length of the north GnP Dyke>, c.nd is, in 

Wh"n plott0d on tho MgO - FeO - (Na20 + K20) triangular 

variation diaer-am (figure 34) th" plot falls close to that of the 

"mottle(; rock" and mnongst othClrs followinG the genercl differentiation 

trend of all Knrroo dol"rites. 

The t . (FeO + rn J..O 

MeG + 
Fe20 3)X 100 is equal to 82.02 which is 
FeO + Fe20

3 

closCl to tho rnngG (70 to 80) inrlicutinC the third stec" of thG 

crystnllisnti;)n period of Karroo (101arit8 , as c1Gfincd by Walker and 

Pol(~ervaert (1949, p. 654). 



->l 
,-.:J 
..Q 

. • 

'l'~L1 X . 

Shov.ing the amount of core mc:.teria1 vlhicll tIle "Transkei type" dolerite pegmatite mus t assimilate in 
Ol 'der to prouuce t he "r:iott1ed rock" . 

(i) 

(ii) 

-_. __ ._._-- _ ._---_.-- -.- -.. --.--------.. -.--.----- - --- -.--... . -_ .. ----_._"-,, .... _ .. "----,, .. ------ ,,-_._----- _._---
Si0

2 
Al

2
0

3 
Do1er ite j:Bgiilat it e(5;-- 52-:77 -- 15 . 79 

Core mater i al (8 ) 72 . 75 10 . 98 

Fe 0 FeO " p O CaO !'-:a 0 K 0 TiO 
2 3 ~ 222 

---1 '.82 ---Ii: 13-'-2': 84-- -7 .78- - '-2-.42---- 1 ."91 - '- '1 . 29 

0 . 04 2 . 80 1. 01 2 . 05 2 . 50 2 . 64 C. 7l 

(iii) 10 parts dolerite 
negmatite 527 . 7 157. 9 18 . 2 1 11.3 28 .4 

4.04 

77 . 8 

8 . 2 

24 . 2 19 .1 

10 . 56 

12 . 9 

2 . 84 (iv) 

(v ) 

(vi) 

4 par ts core material 

Sum of ( i ii) and ( i v ) 
and red uc ed to 1 00;-

ii".ott1ed r ock'; (2) 

Difference betwee n 
(v) and (vi) 

291 . 0 

58.47 

57 . (,5 

+0 . 82 

55 . 92 

15 . 27 

15 .02 

0 .16 

1. 31 

1.95 

+0 . 25 -0.6 4 
-... . ------------. --~- .. ----.- - ----'._-- -----_._ .•. 

11 . 20 

8 . 6'3 

10. 5 2 

- 1 . 83 

2 .3 1 

1. 57 

+0 . 74 

10 . 0 

6. 14 2 .44 2 .12 1 ~13 

4 . 66 3 . 3 7 1. 75 1. 70 

----' - .-- ---------------- -
+1 .46 -0 . 93 +0 . 37 - 0 . 57 



EXPLANATION OF GRAPH 9. 

The graph shows tho most silicoous material which could 

be added to the "Transkei type" dolerite pegmatitv, 

rv~resented by tho analysis of the dyke rock at Toleni 

Briccge, in order to produce th" "mottled rock". The 

numbers refer to tho numbers of the analyses in Table IX. 

• 
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EXl'LANATION OF FIGURE 34. 

IlgO - FeO - (Na
2

0 + K
2

0) triangular variation d iagrnm 

showing the diff.;rentiatbn trond of I(arroo dolerites 

(88 anclyses), the trend of th0 Skaargaard liquid, Daly's 

c.vornge basalt, andesite, dacit8 and rhyolitG, and some of 

the rocks of tha north Gap Dyko. 

I 
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FIGURE 34 
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0 : Granophyric dolerite found at the eastern end of 

western section of the core. 

+, "Mottled Rock" , 

,,: "Transkei Type" ("Kentani Type") dolerite, 

61 : "Transkei Type" -Coastal v'ariety, 

~: DALY'S average basalt , andesite, dacite and rhyolite, 

··9 ·······8; Skaergaard I iqui d, 

.A Karroo dOlerltes. 
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Th" ccolJ ritc which is foufi(~ neo.r th" C~o.st o.nd "hich 

marks th" most 00.sturly l)J~it of the ,cyku nvailnblu fClr Gxwninntion 

hns been shown to l' iffl!r c;)nsid"rnbly from th0 coll!rit" }-JBlIl1'.tit0 

r.laking up the rost of th" dyk(; in th" Trnnskoi. Thi s difference 

is furthur omph.:lSiS0L; in th" elw.lical o.nalysis (No.6) "hich shows 

o much lo"or ~Ji02 contont ond nn i Lleroose in l.gO. In sl'ite ;)f this 

incr".".sG in ;'lgO no ;)rthor;yr;)xone WIlS founG in o.ny of tho slide:s 

uxo.minuc1 . The ].>lot of this coostal vnr ioty of ccc,l"rite fo.lls on 0. 

line , .oro.llel to thu HfD - FeO side of the trio.ngulllr vo.riction 

dingro.r.t in figure 34, indicnting thnt it could ho.ve fOrl!luc. during 

the first sta~u of crystal ciffGr~nth~tion . 

. (l;'eO'" l'e20
3
) I. 100 

rntlo .~~~~~~~~_ for the constnl vo.ri"ty is 
HgO + FeO + Fb

2
0

3 

The: 

0quo.l to 68 . 69. This inccico.tes that it belongs to thu second stago 

of the crystalliso.tion I"lriod o.nd thus , o.ccorc ing to the clnssifico.tion 

of Wnlkur nnd Polc orvao.rt (1949, jC. 654), cannot belong to thu "K"nto.ni 

typE-" dol drito. It is} in fnct, simil::>r to th" "Blo.nuwkrnns t]l'd" 

dolorita, but for thG UbSGnC0 of mc.Gn~siun ;igvonito Qncl olivin8, and 

th" .. lne i;)clfls& l-r0sent is in o.mounts greo.t"r tho.n 50% by volume , beine 

54.6% of th" rock. 

Th" f( norm) . 

Bo.rth (1952, ~. 123) usos th" sum nb' + 2c1i ' + 2.3hy ' , 

cnlluc' th" f(n;)rm), t;) irulico.tCl thu nntur(; of the first crysto.llisation 

1- roducts supnro.ting from [l bD.snltic ffit.;lt .. The nor!"1D.tiv0 minurnls nb, 

nn, c'.i nnd hy 0.1'8 reco.leul~-w(c to 100 per Ce",t o.nd th" symb;)ls thus 

formed urQ cnllec~ o.b" , c.n " , di " o.nc. hy' rcsI-i.:!ctiv81y . If the sum 

of the f(mrn) oquo.ls 123 (o.p[:roxi\;,o.tdy) th"n th" bo.so.l t li<ls on 

tho bc>unuo.ry surfo.c8 which svl,o.ro.tos those, mo.emns "roci[-ito.tinc 

~ lo.gi;)ela.sil first fr;)m thOSCl which pril clp ito.to r;yr:Jxenu first, . in 
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the) t8trah"c1ron illustrO-ting tho aH.roximat8 coml'asitian of 

basaltic lavas. (Barth, 1952, 1- . 121, fit;UTv 36.) In this casu 

bath Flaeioclase anel 1-yrox0n8 crystallise tog8th"r. If this sum 

is smalh,r than 123 plagic)clase crystalliso first, and, if greater, 

pyroxene crysto.llise first. This equation is very useful when 

considering the crystallisation of basaltic magma, but the results 

mD.y be misleading when considering the rocks of the north Gap Dyke 

which are more acid than those formud by crystallisation of normal 

basaltic magma. However, in all CQSvS considored the f(norm) is 

loss than 123, suggostine thot plagiocl,..sCl crystollisud first. 

This is in nccordQncQ with tho texturnl evidence which shows 

occasionnl tiny plagioclase l Qths ontiNly 0nclos0d in anh(.dral 

pyroxone, ond a tendency towo.rds 0. subophitic texture. Pyroxene 

suldom occurs as subhedral crystals, although it may b8 found o.s 

such in 8om0 cases, while the plo.gioclase is almost always lath­

shoped. 
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ORIGIN OF' THE CORE. 

There can be no doubt that the grnnophyric quartzite cor e 

found at the western end of the north Gap Dyke was orito,inally a 

sediment . The pr esent writer can ooly confirm the views expressed 

by llountain (1%3, pp. 70 to 71) who states: 

"The followinB considerations support a sedimentary 
origin for the material of thl> WL.st0rn ond of the N. diku;-

L The appoarance of th" rock in the fiold is practicall y 
identical with much of the invaded s0dimvnts i n that a roa . 

2 . Certain portions of the rock under the microscope 
look liku an nlmost unalt"red foldspathic sandstono and crad" 
continuously into th" romninder of th" ro ck, th" gcln.:;ral equi grnnular 
texture of which is not inconsistont with such an origin . 

3. The: chwmical composition of th" rock" (analysis No . 8) 
"is vory similar to that of n specimen of Be:aufort sandstone from the 
SElJTIe area . 

4. The analysis shows oVvr 3 per cent of normative corundum. 

5. Hcavy r0siduus from the r ock incl udo a numbdr of highly 
rounded grains, espocially of zircon, which appelar to be of wat"r worn 
origi n . 

6 . The) dark o.n· lar inclusions und0r tho microscope rost!mble 
metamorphos ed mudstone o.nd nothing that is kl181.rl1 to bel of ma[;f.lQtic origin ." 

"9 . The abrupt transition botwE:vn thcl granJphyric quartzite: 
and thE: grQnophyric dolerite sugg.:;sts the possibility of a different 
oriein for tho rocks on 0ither sido of this transition zone. 

10. The feldspo.thic quartzite on Stoneridgo is in all 
r0spects comparable >lith th" mat,-,rial of rh8omorphic vvins of Karroo 
dolorit" elSwwhere, th0 origin of which can be established i.Jeyond 
dispute in th0 f iold . " 

Th i s ovidonc,) can sur"ly leave no doubt that th" coro, 

which oxists in two distinct SGctions, i s of sedim0ntar y or igin, 

The mnt"rial found at Stonoridg0 is not as highly r0crystallis" d 

as that at Surbiton end R"xfiGld but alr~ady tho individual grQins 

show a certain amount of intorgrowth. Tho degree of rwcrystallisation 

of th0 cor0 i ncreases from west tJ east nnd has rQnch~d n maximum Qt 
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Surbiton. T:10 mnt"riul on Roxi'i"ld is identical t" tret Qt Surbiton. 

Although the; dnrk Clnbul['r inclusions , which ClrG undoubte>dly 

m" tamorph::>sud frClgm8nts of Mudstone; or shal", show no Cllignml.lnt and 

thl.l granophyric qUClrtzit" is massivu, with"ut a 'W sie;ns of flow 

structure> or beddin~ , it is quite; likely that th0 cor" is a 

m::>bilized sodiment. Unless it is Clssumcd thClt this body was 

mobilizod theN ClppOf'.rs t<:> btl no possible oxplarr. ti:m o.s t<:> h"w 

th~ mudstone fragm~nts (',rrivIJd in t h...:ir prlJsunt positiJDS. Th...:Scl 

f.ragm"nts are not at all compar~bltl with th" thin shal" luus"s 

occasiorclly f~und in Buauf;)rt sandstono . Th" n"aufart SQndstono 

is known to c0ntain thin shal" bands and if, in thG proctlss of 

mobilization, "ne or m<:>re of thes~ bands was broken up then tha 

fragm0nts so formtld c:mld be> sc:attl.lrild thr'm~ t he; cor8 while it 

W:lS in ['. plastic statu. 

Thu grClnophyric quartzite cor0 is by no muans constant 

in width, but vari0s from 200 fe"t on Ston8hvnga to 26 fu"t in tho 

Surbiton r ailway cuttinc:. It diso.ppoars o.ltoguthdr in thu ThDmas 

Rivor vnlloy. Apf' rt from thtl [:,Nat leneth of this b0d:r (over 8 

milos) it is uniqul.l in thot no oth"r mobiliz"d s0dim"nts h['ve buen 

d0scribud from dykc:s of ]enrroo dolerite;. All nthur occurrdnces 

ho.vo bL:0n in sills, and [111 such mobiliz ·...:d s0dimunts hav0 b0811 

comparativuly small in siZe> . (Stl" figurdS 19 and 35). 

Th"r0 i s no "vid"nc0 that th" granophyric quartzite, of 

thu cor" gradually pass<Js into th,_ [;I'anophyric doleritiJ found across 

th0 Gntir~ width of thQ dyk8 whure the wusturn suction of th8 c"rc 

di0s out . On thiJ contrary, rlthough the;re is no cJntuct oxpoSGd 

and ulthough the uxact uastwurd limit Jf this part of tha cor8 

cannot at prusunt b8 fix,"d, th" lik01ihc):)d of a gradntion batwoen 

t:l<J tw.) Nck typ"s is smull. This is thought to be SJ bGcausu thu 



EXPU;'lATION OF FIGURE 35. 

Hypothetical diagra'lls showing possible shapes 

of the mobilized sediment core at the western end of the 

north Gap Dyke . 

(A) 

If the core is floored by dolerite. 

(Se ction along the middle of the dyke.) 

(E) 

If the core is capp"d by doleritJ. 

(Section along th0 middle of th" dyk" .• ) 
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contact bet"10dn th0 cor.) and th0 granophyric dolerit" flanking 

th0 cord is sharp. It should b0 rom0mborud, how0v"r, that the 

sranophyric dolvrit" fl .1nking th" core and thp. t at thd easturn 

limit of th," first part of th0 cor0 aN quito difforc:nt, as shown 

by, thu micromutric al111.1ys0S . 

Becaus.) of poor outcrops the) prc)cis0 wt!st"rn limit of 

th0 corel, and th" dykv, is unknown. It appears to tap0r out 

against th0 Beaufort sandston'" east of the) CQthcnrt - j\~icu main 

rondo It is possib10 that thu cor" actuc.lly passvs into thv 

s0dim"nts her" but this cannot b0 prov0d unLlss butter outcrops 

ar.) exposed. Th0 suppecod shapu of the: cere, as shown in the: 

diagrammatic sk"tch of fi(,'UN 19, is d0duced from the occurrclncc 

of outcrops and by inturpolation. It may, howevor, be in mor", than 

two se ctions. Th0r0 may also bv mord varintion in th0 width but 

not enouGh outcrops occur for-. exact variations to bo shown. For 

tho followine;two r0[>sons tho gro.duo.l thinning eo.stwo.rds of tho 

H8stern section of the coru is thought to occur, 

(i) Outcrops biJcom,j more sparse: tho.ll Gvur e~s t of thJ 

fQrm Stoo0hengo. 

(ii) Th8 cor", obviously o.ffucts th" gro.in size of the 

flo.nkine; dol~rite (Soe Gro.ph 2). A gro.d~Ql thinning of tho cor0 

could 0xplain D. gro.dWll incr0c'so in grain SiZ0 cast of StoD.0hJngu. 

Tho cor8 is undoubt"dly c1er iv8d from th" Boo.ufort 

sandstone: o.nd the problem o.s to how it Has umplo. c~d o.ris0s. Any 

hypothesis must necesso.rily be spvculative, but in o.ny discussion 

it should be ramvmborad that g0fl0sis probo.bly took plo.ce o.t 0. 

. depth gr0D.t0r than its pr-Jsent 01uv[lt ion, r01~ tiV0 to th~ "lolls, 

in th~ dyke. This is buco.use: 
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(i) The; cor~ is almost c~rtainly nobiliz~d, as shown 

by th~ prdsence of th" anguler mudstanc fro.G!llents. 

(ii) If producvd at its prc,sent d"vl'.tion in th,) dyke, 

r01~tiv0 to tht:: 1.01[1.118, thl.., ffivtrunorphic 0 ff0Ct on th,:; CDr") mctvriol 

would bt.: sirnilr.tr to that on th,) uull rJck.. Th0 cor0) h;)w~vor, shJ'.J s 

[I. very hi&l dtJeruo of r0cryotullisntiJn., incrvo.sinG in d.:3gre0 .jnst-

wnrds from Stonvrid<{" to Surbiton and Rilxfidd, Vihill' the wnll rock 

is recrystnllieod to n very limited degrv0 ard only for a few foet 

on ",ithar sid" of tho dyke . EVvn if allawanc" is mad" for tho fact 

that tho cor~ is in contact Viith the d"lorite on tVi0, thro", or 

possibly avon four Sides, whil" oach wnll is in contact op- only on~ 

side, it still Svoms hard to bolieviJ that the m0tamorphic 0ff"ct on 

th0 we-li rocks would b0 SJ much IlJss thc.n em th-J c :)r0, if the cor\; 

wa s form"d at th" same elc.vation in the dyku, r"lativc to the; pre;s0nt 

walls. 

The problum of how th" cor" Vias emplacad dotlS not app"ar 

to have any renlly satisfactory solution b"cause; of the; volum~ of 

mobilizud sodimont involv0d.. It is b0caus0 of the grvnt l....:ngth af 

coru mo.t0rial thnt it is considt)rJd unlik01y that it was suckud int:J 

the cooling dyko from tho wostern end. On" possible s:)lutLll1 is 

thE.t a Ion;.; bl.:lck of Beaufort sandstoll') Vias d"tachod from th0 Vinlls 

during intr.us i:)n of th0 dyku 8.nd th.;;n, b..;cnuso of t0mp0ratur.J and 

depth, b0cQffi~ mobilized. It m~y hnvJ b0"n squoozed int0 its present 

position c.s the: result 0f Intural pros sur.; Vihile; in a sdmi-plc.stic 

state, or it mc:.y hn.v~ risun upwnrds into this position b0caus0 of 

th0 10wCJr spucific gravity of thu core compnr0d with thnt cf the 

d:)lcrite . All this must h.'we; takon place: befoN complete 

solidification of th0 dol .... rite m~gma s:) toot v:)lc.tiles, r;;l~ased 

from th0 core during r<.lcrystallisntbn, could i nflu0nc0 tho course. 
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of crystallisation of thu d::>lerite inunediat81y n0xt t" it. (Sea 

f igurcl 36) . 

A second possible sol ution is that during i ntrusion the 

dyk-c split i nto tW;) in depth , (lad: s8ctbn following a plano "f 

w0o.kn~ss in thL! massiv0, j~intod B0uufart sIJdllnunt .. Thd sllmi­

central sadinl0nto.ry Mw.toriul batw0l::n thu tw.') sGcti'")ns tr!Un rOS0 

upwards in a semi- pl as tic state as ~ result of lateral pressure, 

Dr because of its l ower specific gravity, or because it W!lS carried 

up with the r ising dolerite magma. It eventually carne to r est in 

the position in which it is now found. (See figure 36.) Its 

pr0sence caused rapid cooling of th" magma nea r it, hence the fin" grain 

and undiffc""ontktod natuN of th" subophitic dolerite. At the 

So.m8 time it may have provid0d certain elements which changed the 

composit ion of the dolerite inunediately next to, and surrounding, it, 

hence niding the formation of the grnnophyric dolerites. 

THE EFFJ!:CT OF THE CORE ON THE DOI2RITE . 

That the presence of the mobilized sediment corG has 

definituly affu ct"d the: do18ri to i~ shown by the presunce of th" 

grnnophyric dolerite inunediately flanking th" coru, by th~ do cr0asG 

in grain size of th0 do10rito where th0 coro is pr0sent (Sec Graph 2) , 

and by th" varic.tion i n the anorth i t0 cont"Jlt of tha plagioclas0 

crystals (8,)0 Graph 3).. Th~ pr0cis <.J munn0r in which th ..... cor0 has 

affectud tho dol"rit" is uncertain: if it provided volatil0s for the 

production of th" granophyric dol"ritu onu would exp~ct a COarS0 

grain, but tho r eV0rse is tru0 . 

It S0~ms ns if th~ corG has, in som~ way, provid0d an 

" scape for th" heat of th", dyke> and l'ramot"d rapid coolinG, as shown 
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by th" relativdy small grain of th0 flcnking dolerite. At th" 

snmll time Go cortc.in amount :)f transfusion of "lemonts has takon 

plv.cu to prodUce> tho i;ranophyric dolerite which is f;mnd inun"diatcly 

flanki ng ttl" C01'0. Unl"ss ch".nicQl annlys0s :)f fr"sh subophitic 

dolerit" ar8 abtcinod and th0 K20 "nO. 8i02 c:)nterrts of th"S8 rock 

types cJmpar8d, no d0finit0 c::lnclusions may bo r0ach"d. HOW0V.3r, 

if the granophyric dal"rite of St:)nuridgo is th0 sam" c.s that at 

Surbit::ln th"n th-:.r0 has bc.0n D mQrkod incr0ase in tho amount of 

microp"gmQtita in th" grnnophyric dol"rit" as compnrod with th0 

subophitic dolBrite, and this Hould muo.n a p,")s sibllJ introducti:ln 

of 1\2° [lnd Si02 
from th03 caro.....:l Th~ rate of cooling of th" dolerit\.:l-

flnnking tho wostarn section of th0 core must havo buen so mpid 

that any differentiation of th" magma Has prev0nted, resulting in 

the formation of a subophitic dol"rite Hith vory little quartz. 

Tha c;)ro is abs"nt in the Thomas RiV1lr vallelY, although 

it is f Dund both to tho "aot and Hest "f th" valley. Howov8r, it 

has appnn:ntly affect"d th" dolerito of the dyke in this ".roa b0caus0 

it is b0tw~8n thD w~st~rn and 0ustarn coro outcrops that th~ pucul~~r 

rock typus of tht.:! T:"101.111S River nrea occur, and ncn.,hure 01s0 clonG th0 

lungth "f the dyke' ar" si'llilnr r ;) ck tn-os feJUnd. ,Ihol()sale o. ss imi-

l[tti:)n ~f thl.,) coru materi al in this n.r0D. is discoubtod, bJ.t ~, 

une 

CJr8 mc.y havo influ0ncud thu c"urS0 of crystallisaticm by the 

transfusi;)n of c.:,rtain d10m"nts , particulo.rly v~btilus, int" th" 

dolLrit0. If Q c0rtuin nm.Junt of trD.Dsfusian of ...:ltJm0nts hus tukcln 

pJ.acG the: gran;)phyric do18rit" ;)f th8 Thomas Hiv"r ar0a, particularly 

that found rt tl: .:: w"stern end "f the: nr 0n, could be an acidified 

do10rit .:: conpnrabl" Hith thoS0 found ct Coedmore Quarries , Durban. 

(r';ountnin, 1958). 
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Th" nature of th" plngioclase in thd dyke also indicates 

that thd core has influ.)nced th.) crystallisatbn of tho dolerite. 

(See Graph 3.) Th.) plagioclas" in thv subaphitic do10rito flanking 

the core is An60 _ 64' which is thu same as that in the granophyric 

doloritd of thv ThCl!'lCls Rivur arda, and that in tha "Transh,i type" 

do18ritu pegmatit8. How8v8r, for th0 grnnophyric dolerit8 flanking 

tha cor", and tho granophyric doler it" at the eastern end of th8 

wast8rn soction of tho COr8 the anorthite content of th" plagioclaso 

is An
55 

_ 58' Apart from the "mottled rock" (An
53

) and the metasomatized 

~noliths (An
35

) these are the lowest anorthite values recorded for 

the centres of plagioclase crystals found in the different types of 

dolerite making up the dyke. It is significant that they occur only 

where there is a gap between the two sections of tho coro material. 

East of tha "mottl<ld rock" there, is a gradual incraaso in the anorthite 

content in thd cuntrcs of plagioclase crystals, as S88n in Greph 3. 

By what maans the core has influenc0d those featur8s is 

not cortain, but it has promotad the crY8tallisation of mor~ acid 

plagioclase than is found 81suwhore in the dyke. Thes" acid 

plagioclas8 crystals (An
53

) in tho "mottled rock" occur in rocks 

with a comparatively high Si02 cont8nt and this acidity may bo 

actual or relative; i.e~ it may b8 caused by hybridization of the 

rock or by the rdmoval of early formed crystals by fractionation. 

The core could have assisted eith"r method: the first by providing 

matBrh~1 to allow for hybridization, and the socond by providing 

volatiles which would docruase the viscosity of the magma. The 

very acid plagioclase .(Jin4 to J\.ll30) found in th" pale patchos of 

the "mottled rock" and in the acid veins of the granophyric doloritu 

in the bed of the Thomas River, is most likely to be th8 result of 

crystallisation of rosidual magma. Thu first crystals to form would 



EXPLANATION OF FIGURZ 36. 

Diagrammatic representation of the origin of 

the mobilized sediment core. 

(A) 

Detachment of a sandstone block from the walls 

during intrusion, later to be squeezed, or to rise upwards. 

(i) Block becomes detached from the wall. 

(ii) Block is carried to the centre of the 

rising dyke magma. 

(iii)Due either to lateral pressure or to the 

lower specific gravity of the block it is carried upwards, 

and becomes mobilized. In this semi-plastic state any 

included shale bands could be fragmented and so form the 

dark, angular inclusions. 

(iv) The core in the position in which it is 

found today. 

(B) 

Bifurcation of the dyke forming a core of 

sedimentary origin. 

(i) Bifurcation of the dyke causes a block 

of sandstone, with included shale band(s), to be separated 

from the walls. 

(ii) The block is mobilized and, for some 

reason, carried upwards. 

(iii) The core in the position in which it is 

found today. 
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be anorthite-rich, and if these wera effectively remov 'cd eithur by 

sinking or failing to Nact with the> r0sidual magma the plagioclase 

forming from the residual magma would be albite-rich. 

CLASSIFICATION OF THE "TRANSKEI TYPE" DOLERITE. 

Th" writer's "Transkei typcl" dolerite of the north Gap 

Dyke is, except for the more basic coastal variety, thcl same as the 

"Kentani type" of Walk"r and Poldervaart (1949). HOW(lVar, it is not 

roally necessary to classify this dolerite as a distinct type, because 

it is, in fact, a dolerite pegmatite. This classification as a dolerite 

pegmatite is based on Walker's (1953, p. 44) definitions: 

"Dolerite pClgmatite contains practically the sam.:> r a nge 
of minerals as ordinarY" doldrite, with two exceptions: Orthopyroxene 
is compl~tely absent and greenish-brown amphibole is generally a major 
constituent. " 

And also: 

"Dolerite pegmatite li0s on the normal diffclrentiation 
trend of dolerite magma on the liquid line of descent and is close 
to thil stage of maximum iron enrichmont .... " (See figure 34.) 

Du Toit (1956, p. 363) writing about the Gnp Dyke, states: 

". • •• they aril composCld of coarsa-grainod gabbroidal 
rClck which, through ready we2.thering, has boen "roded into 
longitudinal valleys. 

Varying appreci2.bly in composition and texture in various 
parts, the rock is normally olivino-free and composad of labradorite 
feldspar, reddish biotite, and clinopyroxE:ne, the Intter being partly 
convilrted to brown hornblende. Having a silica perc0ntage of 50 - 52, 
the D..'UllG 'DOLERITE PEGMATITE' is maN fitting than I diorite', as 
originally stated." 

* What is moant by "ordinnry dolorite" is not quite certain. It 
may mean th" commonest typu of dolurite in the Knrroo suit"" which 
is the "P0rdekloof type" (28.4%) (Walker and Pold0rvaart, 1949, 
p. 615.) 
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The coastal variety of the "Transkei type" dolerite 

represents the most basic type of dolerite encountered along the 

north Gap Dyke. From uest to east the dyke becomes progressively 

more basic in character and it uould be in keeping uith this trend 

for a more basic dolerite to occur beyond the coastline. 

THE ORIGIN OF THE MAGMA. 

Because complete assimilation of sediDont by basaltic 

magma and crystal fractionation tend to lead to the same end 

product there can be no certain decision as to uhether the north 

Gap Dyke magma is the product of differentiation or assimilation. 

Walker and Poldervaart (1949, p. 671) consider that the 

dolerite pegmatite forming the Kentani Gap Dykes repr0sents an 

advanced stage of differenth~tion of the Karroo magma, emplaced 

after the main period of injection of Karroo dolerite. Their 

reasons are as folIous: 

"L In chemical composition the average Kentani type 
is very similar to a quartz diabase from the upper part of the 
Palisade sill. The average Palisade diabase shous a very clos~ 
chemical correspondenc~ uith the average Karroo dolerite, and the 
Palisade mcgma uas notably inert in its behaviour touard the 
aSRociated sediments. 

2. rh0 composition of the average Kentani type reflects 
all the changes expected in the fractionation of the Karroo dolerite 
magma. Thus , the relative impoverishment in HgO and CaO and the 
enrichment in FeO, Fe

2
0

3
, Ti0

2
, lla20 and K

2
0 , when compared with the 

average Karroo dolerite, are explained by normal fractionation of 
the Karroo magma. 

3. Mineralogically the Kentani type resemb10S the dolerite 
pegmatites of the Karroo, though the latter are generally more mafic. 
There is no need for an appeal to the metasomatism of sediments to 
explain the origin of the dolerite pagmatites, which were considered 
by Tomkeieff (1929) to be due to the segregation of aqueous portions 
of t he magma. 

4. Metasomatic granophyres of the Karroo arc characterised 
by an elongated habit of the pyroxene generally pseudomorphed in 
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yellow-green serpentine, and by the occurrence of relict minerals 
and structures. The Kentani type dolerite bears no resemblance to 
these granophyric rocks of demonstrably metasomatic origin." 

The water which causes the formation of the dolerite 

pegmatite, as explQined in point 3 above, need not necessarily 

come from segregated portions of the Gap Dyke magma. Water 

derived from sedimet~S would have the seme effect. If the magma 

was in fact generated by associat ion, in depth, of normal Karroo 

magma with deeply buriod sedimGnts, with the transfusion of certain 

elements only, as suggested by ~iountain (1943), then a typicnl 

metasomatic granophyre would n~t necessarily result, as implied 

in point 4, above. 

The dyke may be diffurentiated vertically: the lowermost 

point is 8xposed at the coast where the most basic rocks crop out 

while inland the rocks become progressively more acid. The most 

westerly part of the dyke is also the highost exposed part,· and 

should, therefore, be represented by the most highly fractionated 

residue. This residue would also be the most active towards the 

mobilized sediment core. Such activity might account for the 

production of the silica-rich granophyric dolerite at the eastern 

end of the first section of the core, and for the metasomatized 

xenoliths in the granophyric dol~rite of the Thomas River a r ea. 

Both of these rocks show a tend"ncy k, approach thG composition 

of the dolerite pogmatite. (See figure 37). If the north Gap 

Dyke is diffarvntiated vertically then, in the west, the core 

complicates the normal differentintion sequence. Thus, the 

"motth,d rock" and grc.nophyric dolerite of the Thomas River a;rea, 

although they still lie on the normal differentiation tr8nd 

(Figure 34), are possibly due to the presence of the core. The 

subophitic dolerite would then represent magma in which 



2XPLANATION OF FIGURE 37. 

Analyses of Karroo dolerites , dolarita 

pegmntites, grnnophyres and sediments, and of some 

of th8 north Gap Dyke rocks plotted on a triangular 

diagram with vnriablos An Fern; Qu Cor; Or Ab . 
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differentiation has been inhibited because of chilling by tho coro. 

Thu magma from which the granophyric dolerite of the Thomas 

River area crystcllisod was rGlatively acid in character and the 

question arises as to why this magma metasomatized included xenoliths 

of Beaufort sandstone, or core, but did not react with a xenolith of 

dolerite. In accordance with the Reaction Principle of Bowen (1956, 

pp. 54 to 62, and p. 197), tho dolerite xenolith is basic compared 

with the surrounding granophyric dolorite, and hence higher in the 

reaction series so that some reaction would be expectud. There 

appears to be no reaction other than the formation of the dolerite 

pegmatite in a narrow zone around the xenolith. The only possible 

clxplanation is that thorcl was not onough tim" for complute reaction 

to occur before solidification of the granophyric dolorite. The 

xenolith may be from a nuarby dyke or sill cut by th8 north Gap 

Dyk8, or it may reprosent autobrecciation of an unexposed chilled 

margin. Exposures in the Thomas River area are very poor and merely 

because a significant chilled margin was not found in the weath"red 

dolerite in thG Surbiton cutting, nor in the outcrops east of thG 

Thomas River, it d08s not mean that there is no chilled margin to 

the granophyric dolerite of tho Thomas Rivur area. 

Considering the origin of the normal calc-alkaline sori8s 

of rocks, Wager and Doer (1939) used a triangular diagram showing 

the more rufractory, modium refractory and less refractory normo.tive 

minerals to illustrate the trend of the Skaergaard liqUid and other 

rock series. This diagram is reproduced in figure 38 with plots of 

certain of the north Gap Dyke rocks added. All of these plots fall 

within the shaded area representing the differentiation trend of 

Mull and Ardnamurchan lavas and hypabyssal rocks. Because of the 

similarity of the trends shown by the Mull rocks and the north Gap 



EXPLANATIO~ OF FIGURE 38. 

Some of the north Gap Dyke analyses, and 

other rock suites, plotted on a triangular diagram 

of normative compounds. 
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rocks thcl possibility exists tho.t these mo.y ho.ve a similo.r origin: 

un origin which involves both contamination of th" magma and then 

crystal fro.ctionation, as suggostud by v/Qgor e.nd ])eor. HOW0Ver, 

this evidence should not be regarded e.s proving n hybrid origin for 

thd Go.p Dykes. Tha Lugo.r Sill (Tyrdl, 1916) and 3hiant Sill 

(wo.lkor, 1930) hava bean platted on a similer diagram (Vlagur and 

Du~r , 1939, p. 319) o.nd 'straight line graphs wora obtain0d which 

o.re clos0 to thos0 producud by the Carsphairn calc-alko.li suit~, 

which is r"'gardud ns thu product of hybridization, and Dnly1s av~rngG 

basalt, nndesitu, dacito and rhyolite. y~t thesu two sills o.re 

formGd as the result of "0. SGl"ctiv8 gro.vito.tional uffect due mainly 

to thu sinking of olivine." 

Mountain (1943) considers that th" dolurite pe~natite 

forming the great0r part of th0 Gap Dykus could have been generat8d 

in depth, by association with d"dply buriod s0dim8nts. He stat8s: 

"If this is the caso, thon it is clear that th" r0sultant 
magma was the r0sult not m.,rclly of an intermingling of tho origino.l 
megma and thd scldimant, which would hnvu givcln risu to n somewho.t 
o.cidifiud product, but rathJr some form of transfusion betweon the 
two involving the so10ctivc tro.nsf.orencd of carta in constituents only." 

Vlhichever thoory is favourud tha problum o.risds as to 

why such intrusions of dolcritd pegmo.t ite are not more COfiunon. The 

o.nsw0r mo.y purhnFs be found in thG dxtro.ordinnry size of the dyke. 

As pointed out by Hagar o.nd D00r (1939, p. 321): 

"If c:)nvGction curr<.lllts may exist in a r0lntively small 
intrusion lik" tho.t of the Sknorgo.o.rd , then with grent"r probo.bility 
they may ~xist in larger masses of bo.sic rock, in existencd for longer 
lloriods of time." 

The volume of mute rial conto.ined in the long north Gap 

Dyko must indico.te 0. lo.rge r Gservolr of mo.gmo., "nd if both G"p Dykes 

"re derived from tho sumo magma chamber, us is lL~ely, then it i ndicates 
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an even larger r~servoir . Thus , the probability of convection 

currents existing in such a resorvoir is high. These currents 

prov ide 0.0. excellont moans whdreby effective mixing of sialic rocks 

and basic krroo magma could have tekon pl£tc0. This c;:lUld have 

tnkQn pinea ovor l! cam~nTntivdly long pl3ri..xi of tim~, ns the 

intrusion was relQtiv~ly Int0 sineD it cuts nIl eurlier intruaions ~ 

anN this hybrid magma wns 0mplnccd a certo.in d"gre0 of differentiation 

could havu taken plac0. 

In spite of n careful exo.mination of thu dyke outcrops no. 

remnnnts of any (lD.rli8r dyke co.uld bu found along th0 margins of 

th" north Dnp Dyke. In tho Thomas River area only a few outcrops of 

D. slightly darker maturial were found near the margins of the 

grano.phyric dolerite. When suctioned, sr~ciJn"ns of th0se ro.cks wore 

found to be very similar to th0 granophyric do10rito, but contained 

slightly less microp8gmatite and moro pyr oxene aad chl orite . It may 

be that much nearer the wnll rock a chilled mar gi n exists , and that 

this darkdr rock may grade into such a margin. However , more 

exposureS would be n0c.;ssnry to provo this. The mngma of th" dykG 

do.cs not nppGnr to hnvu beun very renctivo, nnd, in fact, where it 

enclosdS n dol erit0 xenolith there i s no significant r0action . This 

is in direct conflict with a statement made by Wal ker and Pol dervaart 

(1949, r. 671): 

"Apparently thu I acid I Kentnni mQgma was excel..dingl y 
mobil e nnd active in its buhnviour towards th~ associated r~cks. 
It followed the course of two earli0r dolerite dikes, remnn~ts of . 
which are still proservud nlong the margins of tho dikes. The 
Jriginc.l do10ritcl was conv~rtud to granophyric dol eritu, rich in 
biotite, by normal reaction with th" Kentani magma, in accordance 
with the r ,mction princij::le (Ilowen, 1928, pp . 197 - 201.)." 
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SUHlIARY. 

Th" ori[ in of thll d,) l"ritc f 0grnatite mngmn forwing the 

gr0at0r l"ne,th of th0 north Gnp Dyke r0mains uncertnin. It may b0 

th" r esult of normal diff0rentintion, or it nay be the r0sult of 

hybr i d ization nnd diffm'0ntint i on . Westward th0 clyka b..:comes more 

['.cid in chal'e.ctur and t,;;7ontunlly contnins f.2. scmi-c0ntrnl core of 

mobilized sediment, which is in two sections. This core may hav0 

influonced th" c::>ursa of crysto.lliso.tion o.n!.'. o.ided diffurentintion 

of the mo.grna. Although nbsent in thu Thom~s River o.ren the cor" may 

hav,) plny.:Jd n f'art in th" formntion of th0 unusunl rock tYf'oJS f::>und 

thoro. The do10ritu bord"ring th" '1"stern s0ction of th..) core is 

of two tYlocs: gr nnof'hyric dol"rit8 contiguous with. the core and 

sub<Jphitic do10rit0 lying b"tw00n th" grnnophyric dJlcrite, which 

vnri"s in width, and the wnlls, (o/hich o.ro <Jf massive, B0auf<Jrt 

snndstonu. 

If the w"'stern and of th" dyke r 01·r0sents th0 most acid 

stag" in n diff"rentintion soqU1.JfiCO then, unless th" prBscnce of the 

cor13 hG.s r,rl.!vontl3d ,-j.uf ...:r8ntiation in tba c1010rite: flanking it 

rath0r than I'ro:not..:d difforuntinti::>n, Fossibly by chilling , no 

.lxplnnntLm c['.n be "ff0r0c1 f<Jr th" 1-·r,::sllncv nf th.:: subophitic 



CHAPTER FIVE 

SUMMARY AND CONCLUSIONS 
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SUNMARY. 

CHAPTER ONt:: FIELD RELATIONSHIPS. 

By mapping with tho aid of n0rinl l_hotogrnJ;:hs the north 

Gel- Dyk0 is found to b" a vurtical intrusion 93t milus long. It 

Dxtands from Il toint Ilbout 4');' milc>s south of Cathce.rt to th0 coost 

whore it linters tho sec. about 100 yore,s north of tho.) NgocUIl River 

mouth. Thu striko is mora or loss onst-w0st but thdrD aro some 

vo..ric.t ions niJar the c~nst, at"il. it chc.ngus ndur Cnthccrt.. Tho width 

is grolltust ot tho COIlSt, 250 yurds, and westward it grlldunlly thins, 

eventually taporing out c.ltogeth0r s)uth of Cothcort. In tho Tronsk~i 

th" clo18rite l>egmotito of tho dyke w"othors mor" r"odily thon the 

surrounding Beaufort sandstone, which undisturbed by the intrusion, 

and s;) it forms longitudiml vollcys turmecl 11 g!ll~ S". Thus" valleyS 

are obsont at thu western oncl, and outcrops arc in tho form of 

boulder-like joint-blocks. Them, is !l mobilized soc1iment coro in the 

far wost which varios in width, and is not continuous. Tho m0ta£loI'):hism 

produced by the dyko is vory slight anci has r e crystallised tho wall 

rock only to a limited extent. The absolute age of the dyke is 

thought to be similar to that of the south Gap Dyke, which is 171 

million years. It penetrates oIl other dolerite intrusions which 

it inter sects. 

CP&Tl!:R TWO : PETROGRAPHY . 

The petrography of the dyke is most conveniently dealt 

with by describing separately the different rock types making up 

the intrusion. 
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(i) Th" Core. Tho core is a mobilized sediment, vary similar 10 

appearance to the surrounding Beaufort sandstone, which is highly 

recrystnllised and contains smull, angular, shale-like fragments. 

It occurs in two sections at the western end of the dyke and 

varies considerably in width. 

(ii) The Dolerite Flanking the Core. This is of two types: a 

granophyric dolerite contiguous with the core, and a subophitic 

dolerite between the granophyric dolerite and the walls of the 

dyke. Both Varieties vary in width. Exposures are poor and 

only the core tends to crop out. The only good exposure occurs 

in the Surbiton railway cutting where, as elsewhere, the dolerite 

is very highly weathered. 

(iii) The Thomas River Area. Here n variety of rock types occur, 

including a granophyric dolerite very rich in micropegmatite. The 

predominant rock type is a granophyric dolerite which has enclosed 

in it metasomatized xenoliths of sedimentary origin, acid veins and 

a dolerite xenolith. Further east this passes fairly sharply into 

a mottled-looking dolerite. The core material is absent in this area 

but crops out both to the vest and east of the volley. 

(iv) The "Transkei type" Dolerite. This is a dolerite pa.gmatite 

which shows hardly any variation throu~~out the Transkei. At the 

coast a more basic variety occurs which contains no quartz, 

orthoclase or micropegmatite. 

(v) The Sediments. Throughout the length of the dyke the 

sediments nre Beaufort sandstone. The sandstone shows very little 

change but becomes slightly less feldspathic east of Cathcart . 
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CHAPTER THREE: MINERALOGY. 

(A) Hineralogy of th" dCllorite typ0S making up th0 

north Gap Dy k8 • 

(i) Plagioclase. Grain SiZ0 ffi0usuruments of th0 plagioclaso 

laths show ther0 is considerable variation in crystal size along 

th0 length of the dyke but very littld across tho width. The 

plagioclase crystals tond t~ be small whure the coru is prusont 

and incr8asu iCl SiZ0 wh0ro it is absent. The anorthite content 

also vnries, the mor8 acid plagioclas" b0ing fClund near th0 CClro. 

Progressive zDning of the: crystals is conspicuous, as is thG 

typical polysynth0tic twinning. AltGration to saussuritu and 

roplacemont by micropegmatite, where this is present in large 

are 
wnountsJ "" common. Irregular veins of quartz and orthoclaso 

may also bo found penetrating plagioclase crystals, 

(ii) Pyroxene . In all tho dolGrite typos tho pyroxene is augite 

with a composition, determined by optical properties, approximating 

to Ca
41

11g
31 

(F,,2+ + Fu3+ + Hn)2S' It is quit0 often twinned on (100) 

and, bucause of well developed basal parting, attractive "h<.!rring-bone" 

structurG is common. Th0 pyroxene is froquuntly altered to brown 

hornb10nde and oth0r minerals, such as chlorite, SGrpuntine and 

iddingsit8 (?). 

(iii) Amphibole . Both actinolite and hornblende are recognised. 

Actinolite is common and occurs as acicular crystals or "brushes", 

Hornblende, which is green or brown, or even both colours in a 

single zoned crystal, occurs either surrounding relict grains of 

pyroxene or as subhedral crystals. 

, 
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(iv) Hicropegmatite. This term includes mjTmekite. The texture 

may be either interstitial or replacement , usually depending on the 

relative amount of ~icropegmatite present. 

(v) Other Hinerals . These include: orthoclase, quartz, biotite, 

are mineral s, apatit8, calcite, epidote, prGhnite, chlorit" a nd 

iddingsite ( ?). 

(B) Tho min~ralogy of thu mobi liz8d s8diment core is 

simple and fairly constant . The core is composed ossentially of 

quartz and faldspar, very afton intimately intorgr own, and has in 

smaller amounts chlorite, sph..,nil, or" minerals and some apatite:. 

CHAPTER FOUR: PETROLOGY. 

Th8 microm~tric analyses of th~ diffLrent rock typeS 

show only the variation in thd mineral composition. 

Th8 most convenient method of describing th0 cbemical 

analyses is to subd ivido the dyku into arbitrary divisions. 

(i) Th0 Corel . The analysis of the) core material is v8ry similar 

to that of the surrounding Beaufort sandstone. 

(ii) Tho Thomas River Ar0a. An analysis of tho granophjTic 

dol~rite found extending across th.., entire width of th8 dyke in 

the western sid" of the section wh0r e tho core is missing shows 

it to be very rich in Si02, Th0 cb8mical analysis its..,lf does 

bot show wh"thdr this rock is th0 pr oduct of assimilation or 

differentiation , The evidence of the coarse patches in the 

granophyric dolerite found predominating in the area Scl~ns to 

confirm the beliuf that these patchds are metnsomatizod xonoliths 

of a sc:dimentary origin. Other anulysos incl ude one of the acid 
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veins and onu of th" "mottled ro ck". 

CONCLUSIONS. 

Origi n of the Core. From all the evidence compiled there seems 

to be no doubt at all that the core material has a sedimentary origin, 

and very little that it has beon mobilized. Tha problem as to its 

emplacament, howevGr, remains wi thout a satiGfactory solution. 

Origin of thG Hagma . No definite conclusion can bo reached and 

thero remain two possibilities: eithdr the ma~~ represGnts the 

product of diffcr0ntiation of dolorite magma, or else it was formad 

as the result of hybridization possibly followud by difforentiation. 

Tho subophitic dolorite flankin€; the cor.) mc.y r epr esent thG 

contaminated but undifferentiat~d magma and exists only because 

diffGrentiation was inhibitud by thG rapid cooling promoted by the 

cora. The Thomas River valley is a critical area. It is here that 

the CON is absent although it crops out both to th" cast and to the 

west or this area . The peculicr r ock typos found thero almost 

certainly 0,]<.) their exist"nce to some infhioncu exerted by the core . 

Fur ther resoarch in this area miGht lead to same very interesting 

results, and show whether the rock types were produced as the rasult 

of an advanced degree of difforantiatio!l, aided by the con.: , or 

whether they were produced by assimilation of tho core at this pOint. 

, 
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