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SUMMARY. 

A brief review of the subject of palaeomagnetism 
\ 

as it affects the study of the behaviour of the earth's 

magnetic field and the problems of Continental Drift and 

Polar wander is presented, giving the reasons why a system-
' 

atic palaeomagnetic study of the Cape and Karroo Systems 

of South Africa would be of outstanding significance. This 

task was vigorously tackled by sampling the Karroo System 

at vertical intervals of approximately 50 ft. in two 

separate areas, using the techniques that were then avail-

able. The results, although negative, provide material 

for a discussion of the possible reasons for the scattered 

directions of magnetization of the samples. 

A palaeomagnetic study of the Karroo dolerites 

was undertaken in an attempt to (i) determine 1 the position 

of the geomagnetic pole at the time of the intrusions, and 

(ii) possibly assess the importance of the remagnetization 

of Kar1~oo sediments by the thermal effects of the younger 

intrusions. Samples from surface exposures in the 

eastern half of South Africa, from the shafts of a gold 

mine and from a railway tunnel were collected and studied, 

giving a reliable mean direction of magnetization of the 

Karroo dolerites of Declination= 341°, Inclination== -60°. 

At the commencement of the Jurassic period the geomagnetic 

pole relative to Southern Africa had the present day 
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co-ordinates of Longitude 74i0E, Latitude 7o0 s. Both 

normally and reversely magnetized dolerites were found and 

evidence in favour of a true reversal of the earthts magnetic 

field-is advanced. It is also suggested that in the area 

studied, the dolerite was intruded in two distinct phases • 

Because the di~ection of magnetization of the 

Karroo dolerites is very close to that of the present 

magnetic r.;eld·, it is difficult to separate samples 

remagnetized at the time of the intrusions from those 

remagnetized in the present field. However, some light is 

thrown on the problem of the scattered directions of 

magnetization of. the Karroo sediments by the fact that 

dolerite samples collected from surface exposures are much 

less consistently magnetized than those from underground 

workings. 

A reconnaissance collection of samples from the 

Cape System was made but the directions of magnetization 

~ere again scattered. In order to test the theory that 

this scattering is related to the daily thermal or thermo­

stress cycling of the uppermost few inches of an outcrop, 

new and improved drilling and orienting equipment was 

designed and constructed, and the Lower Shalea of the 

Table Mountain 3 eries were sampled and studied in great 

detail. It is shown that the "surface effect" is operative 

to greater depths than had b'een thought and that the rock 

exposed o.n the natural mountain-s ide has been remagnet ized 

in various directions by some local agency. In contrast, 
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the rock exposed in a deep road cutting has not been simil­

arly affected and ~ bed of red siltstone about two feet 

thick is consistently magnetized over the 100 ft. sampled 

and probably reflects the direction of the field at, or 

soon after, deposition. 

magnetization is D = 
The moan direction of 

161.8° , I = -3.5° 

geomagnetic pole at this time (probably Silurian) would have 

the present day co-ordinates of Longitude l0.9°W, 

Latitude 50.3°N. 

The problem of scattered directions of magnetiz­

ation of surface samples bars the progress of palaeo-

magnetic investigation in South Africa. Accordingly, a 

detailed studw of a certain outcrop that was known to be 

randomly magnetized was undertaken. Twenty cores, three 

or six ~eet long, were drilled from this outcrop by means 

of the above mentioned rig. The pattern of magnetization 

that emerged suggested qualitatively that a large electrical 

current could have been responsible for the remagnetization 

of this outcrop. Apparatus was specially designed or 

developed by the author in order to perform certain laborat­

ory experiments which lead to a quantitative proof that two 

horizontal lightning currents, one of 5 1000 amps. and one 

of 50,000 amps. were responsible for the peculiar observat­

ions. 

It is shown that the remagnetization of surface 

outcrops by currents associated with lightning discharges 

is probably common. The significance of this hazard in 

\ 
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palaeomagnetic studies is discussed and ways of avoiding 

or eliminating its effects are suggested. On this basis 

a programme for palaeomagnetic research in South Africa 

is suggested and the preliminary-results of new attempts 

to study the remanent magnetism of the Kurroo 

System are presented to show that at least some of the 

major problems of palaeomagnetic research in South Africa 

have been solved. 

The following papers based on the above work 

have been published:-

1) Graham, K.W .T. and IIn.los, A..L .. , _1957. It palaeomagnetic 

measv.rements on Karroo dolerites." Phil. Mag. Suppl., 

Vol.6, pt.22, pp. 149. 

2) Graham., K.W.T. and Keiller, J.A., 1960. "A portable 

drill rig for producing short oriented cores." 

Trans. Geol. Soc. S.A. 

In press: 

1) Graham, K.W.T. and Hales, A.L. "Preliminary palaeo­
\ 

magnetic measurements on Silurian sediments from South 

Africa. 11 (Geophys. Journ.) 

2) Graham, K.W.T. The remagnetization of a surface 

outcrop by lightning currents." (Geoi?hys. Journ.) 
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CHAPTER 1. 

INTRODUCTION. 

1. The purpose of palaeomagnetic studies. 

Since the first magnets to be recognised as 

such were pieces of highly magnetic natural rock, it may 

be said that the study of rock magnetism is as old as the 

study of magnetism itself. Although the discovery and 

production of iron and steel magnets largely diverted 

attention away from natural materialsi by the beginning 

of the 20th century a fair amount was known about the 

magnetic Pl"operties of rocks. This study of "Rock Magnetism" 

was further extended by various workers and particularly 
II 

by Konigsberger in the 1930's. Shortly after World war II 

the developmen-t of apparatus sufficiently sensitive to 

measure the direction and intensity of magnetization of 

common, weakly magnetized rocks resulted in the birth of 

"Palaeomagnetism", a branch of the study of rock magnetism 

dealing primarily with the Natural Remanent Magnetism 

(N.R.M.) of rocks. 

It is considered unnecessary to present a 

comprehensive review of the subject of palaeomagnetism 

prior to 1955 in view of the fact that in April of that 

year Runcorn (1955) published a most extensive review of 

the subject. However, it might be of interest to mention 

some of the major points which prescribed the course of our 
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investigations. 

Palaeomagnetism can and has been viewed from 

different angles by people with different interests. The 

problems on which palaeomagnetism may possibly throw some 

light include:-

1) The history of the earth's magnetic field. 

2) The extent to which "Continental Drift" has taken place. 

3) The extent of "Polar wander". 

-
\ 

4) The origin of the earth's magnetic field. 

),' 5) Geological structure problems, such as the original 

attitude of igneous bodies. 

6) Geological correlation of unfossiliferous formations. 

"-'·· 7) The orientation of bore cores. 

The work described in this thesis is almost 

entirely connected with attempts to obtain information 

relevent to problems 1); 2) and 3). The usefulness of 

palaeomagnetism for these purposes depends upon two 

fundamental hypotheses: 

(i) Many rocks become magnetized at the time of their 

formation by., and in the direction of, the geomagnetic 

field at that time. 

( ii) ·The geomagnetic pole , averaged over any period of 

several thousand years is co-incident with the axis 

of rotation of the earth during that period. 

These hypotheses will be discussed in slightly 

greater detail. 
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Hypothesis_ ( i) 

Nagata (1953) and others have shovm experiment-

ally that igneous rocks cooling through their Curie Point 

may acquire a relatively strons and stable T.R.M. (thermo-

remanent m.at:~netization) in the direction of the applied 

field. N~el (1955) explained on theoretical grounds 

why a magnetic mineral pass~s from a state of low coercive 

force to one of higher coercive force at the Curie Point. 

Most rocks contain more than one magnetic mineral, each 

with its own characteristic Curie Point. The most common 

magnetic minerals are magnetite (Fe 3o4 , Curie Point: 575°C), 

the titano magnetites and hematite (Fe20
3 , Curie Point 

675°C). 

Johnson, Murphy and Torre~son (1948), 

King (1955) and lately Griffiths, King and Wright (1957) 

have shovm that during the process of sedimentation the 

magnetic particles can statistically orient themselves 

parallel to the applied field. Dateable varved clays from 

New England and from Sweden are magnetized in directions 

consistent with historic records of the secular variation 

of the earthts magnetic field. Some small systematic 

errors in inclination may result from the rolling of 

magnetic grains to fit into the nearest valley in the 

depositional surface. (Griffiths, 1957). Clegg, Almond 

and Stubbs (1954) have shown that in uncompacted sediment 

containing more than about 50% water, the magnetic grains 
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are still free enough to align themselves with the applied 

field. Irving (1954) demonstrated that in the case of 

certain Torridonian Sandstones, the magnetization was 

acquired after some mud-slumps had occurred. 

Unfortunately many rocks do not retain the 

magnetism acquired at their birth. Nagata (1953), 

Runcorn (1955), Neel (1955) and others discuss the growth 

of Isothermal Remanent Magnetization (I.R.M.) in rocks at 

ordinary temperatures in fields which may be different 

from the geomagnetic field at the time of the formation 

of the rocks. Neel (1955) . showed that grains of diameter 

less than the critical value DT at temperature T will be 

unstable. Those whose diameters are larger will be stable. 

Creer (1954) developed the concept of a time 

constant associated with the growth and decay of I.R.M. and 

showed that rocks with a short time constant will appear 
....-_£---: .. _:··--:.; 

either to be randomly magnetized or to be magnetized--in t_b..§-.;~7- · 
-~~--~,..,~ ... -

direction of the present field of the earth. Those with 

a longer time constant will be magnetized in the direction 

of the dipole field. 

Cox (1957), Creer (1952J) and especially 

As and Zijderveld (1958) have shown that in many cases 

I.R.M. can be removed by magnetic cleaning using heat 

and/or A.c. fields. 

Neel (195§) provides some theoretical basis 

for these "cleaning" techniques by showing that the 

coercive force of I.R.M. should be much lower than that 
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of T .R.M. 

Other factors which are thought to be capable 

of altering or destroying the original magnetization of a 

rock inolude lightning (see Chapter 6), chemical processes 

including weathering (Doell, 1957), and possibly stress 

resulting in a magnetostrictive effect. (Graham, 

Buddington and Balsley 1 1957). 

Obviously one of the greatest problems in 

practical palaeomagnetism is to distinguish between 

magnetically stable and unstable rocks. One e this has 

been done, the unstable samples may simply be discarded or 

an attempt may be made to identify the cause of the 

instability and remove or avoid it if possible. Numerous 

laboratory tests have been designed and used in an attempt 

to establish the stability or otherwise of specimens. 

Determinations of curie Point, Konigsberger ratio, coercive 

force and the effects of D.C. and A.c. fields-have all 

been used with varying degrees of success (Nagata and 

others see Nagata, 1953 1 and Nagata et. al., 1957a and b, 

Graham, 1953, Kawai 1954, Creer 1954, Gough 1956, Graham and 

Hales 1957). However, very rarely can positive proof of 

stability be obtained by these methods. 

Consistency of magnetization over large areas 

of contemporaneous rock, particularly if the direction of 

magnetization is far from that of the present geomagnetic 

field or the dipole field, is strongly indicative of 

stability (Runcorn 1955, Gough 1956). 



'~ 

) 

___,;;:., 
·• 

,, 
' I 

I[ 

ib 

J.W. Graham (19<.':9) showed that positive proof 

of stability over lone periods of time can be obtained by 

comparing the directions of magnetization of a folded 

sediment referred to the vertical, with those referred to 

the bedding planes. Considerable improvement in grouping 

should be obt'ained by 11 unfoldinc;" the bed. The 

"Conglomerate" test proposed by J .w. Gr.aham may be 

less reliable in view of the possible effects of lightning 

currents (see Chapter 6). 

Hypothesis (ii) 

The magnetic field of the earth approximates 

to that of a geocentric magnetic dipole with secular 

variation superimposed upon it. In either the "Dynamo 

theory" or the "Thermo-electric theory" (discussed by 

Runcorn, 1955) these fields appear to be controlled largely 
-

by the Coriolis force and are therefore related to the 

axis of rotation of tho earth. Averaged over a period of 

several thousand years, the magnetic pole should be 

coincident with the geographic pole~ Important work in 

verifying this hypothesis for the Quarternary has been done 

by Johnson, Murphy and Torrel'\son (1948) , Griffith (1955) 

and Hospers (195~. However Hospers in particular 

observed rocks magnetized in a direction very close to 

that of the present field, except that the sense of the 

magnetic field is reversed. 



11 

2. The problem of reversals. 

Throughout the Geolosical column both igneous 

and sedimentary rocks have been fotlnd with polarisations 

of a sense opposite to that of the present field. (Hospers 

1953, 1954; Hospers and Charlesworth, 195L1; Campbell and 

Runcorn, 1955; Irving, 1954; GrG..ham, 1953; Clegg·' Almond 

and Stubbs, 1954; Creer, 1954; Graham and Hales, 1957; 

and many others). Frequently, as in the case of the 

' Icelandic lavas, the Columbia River basalts and the 

Torridonian Sandstones, these reversals occur in zones 

alternating vvith zones of normally ·magnetized rocks. This 

phenomenon may be interpreted in two different ways. The 

sense of the earth's magnetic field may have reversed on 

numerous occasions in the past and these rocks have been 

magnetized during such periods of reversal. Alternatively, 

the rock itself is capable of becoming magnetized in a 

sense opposite to that of the applied field. 

The latter possibility was suggested by 

J.W. Graham in a letter to N6el who then showed, on 

theoretical grounds, that such "Reversals 11 could be 

produced by four different mechanisms (Neel, 1955). 

(I) a) Due to exsolution, a magnetic mineral may form two 

interleaved sub-lattices A and B. In the case of 

magnetite (Fe
3 

Ti o
4

) the A lattice contains Fe+++ 
-m m 
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only while B contains Fe+++ and Fe++. The spin 

exchange forces between the lattices are much stronger 

than within either lattice, and are of opposite sign in 

. +++ 
the two lattices. In the case of magnetlte the Fe 

of A balances out the Fe+++ of the B lattice leaving 

only the effect of the Fe++ of the B lattice. However, 

since substitutions by other cations may occur, 

either lattice may predominate. The spontaneous 

magnetization of the two lattices may vary differently 

with temperature so that just below the Curie Point 

say B may predominate and will be parallel to the 

applied field. At a lower temperature A may predomin-

ate and will theref~re be reversed. 

b) The spontaneous magnetization of A may be greater 

than that of B at all temperatures, so that no reversal 

will occur on cooling. However, should physical 

or chemical changes weaken A more than B, a reversal 

may occur in time. 

(II) a) In an intimate mixture of two ferromagnetic 

substances A and B, A may have a higher Curie Point but 

a lov..rer intensity of magnetization than B. A would 

be magnetized first and would be parallel to the field. 

At the Curie Point of B the field as seen by 3 would 

be the sum of the applied field and the field due to 

A. Under certain circumstances the field of A could 

be greater than the applied field and B would be 

magnetized in the reverse sense. Since the intensity 
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of magnetization of B is greater than that of A, the 

rock as a whole would show reversed magnetization~ 

b) Should the grains of type B of tho above example 

(IIa) not, in fact, , ', nave -c~1c greater intensity of 

magnetization then there would be no reversal on 

cooling. Hovvever, physical or chemical processes 

could destroy A in preference to B, causing a reversal 

of the sense of magnetization~ This could occur in 

sediments as well as in igneou;:; rocks. ,' 

Nagata has found a rocl,~ which, when cooled 

through its Curie Point, complies with the requirements of 

(II a) , causing a reversal. Asami (1956) has found 

blocks of normally and reversely magnetized basalt occurring 

side by side in the same flow and electron microscopic 

studios have revealed just the kind of intersrowths in the 

magnetic material of some basalts necessary for the·. Neol 

mechanisms (Dagata et.al., 1954). 

There can be no doubt that Q~der certain 

circumstances rocks can become polarised in a sense 

opposite to that of tho applied field. The only debatable 

point is whether or not these circumstances are very 

special ones that occur only rarely. Unfortunately it is 

not possible to gain positive evidence from routine 

heating experiments because of tho possible alteration of 

the intimate exsolution relationships in the magnetic 

minerals (Runcorn, 1955). 
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Balsley and Buddington (1954) have shown-that 

a close eor~elation exists between the sense of magnetization 

and the chemical composition of tho magnetic minerals of the 

metamorphic rocks of the Adriondaeks. Runcorn (1955) 

suggests that these rocks acquired a T.R.M. when the 

earth's field was reversed. Those containing only the 

highly stable but weakly magnetic hematite preserved the 

reversed magnetization. In those containing a large 

proportion of the less stable but more strongly magnetic 

magnetite this direction may have been swamped by !.R.M. 

acquired in recent times. However, Uyeda (1958) shows that 

for the ilmenite-hematite solid solution series 

xFeTi03 {l•X) Fe2o3 reversed T.R.M. due to a type of 

exchange interaction between co-existing ferrimagnetie and 

parasitically ferromagnetic phases is eharaeteristie of 

the composition range 0.45 < x <o.6 . Another type of 

"imperfect reversed T .R.M. '' in thG range x:;;;::; o.l may 

explain the features described by Balsley and Buddington. 

Theoretically there seems to be no eonneet1on 

between the sense of the geomagnetic field and the direetion 

of rotation of the earth. Should the field die dowh it 

could be r~vived in either sense (Runcorn, l95lf). 

The widesp~ead occurrence of reversals, sometimes 

in zones which appear to be continuous over large horizontal 

distances, is strongly suggestive of reversals of the 

geomagnetic field. Both Hospers and Roche (see Runeorn, 1955) 
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have found instances vvhore intrusions or extrusions of 

reversely magnetized rocks have baked adjacent normally 

magnetized sediments or lavas.· In tho contact zones tho 

rock l'las become reversely magnetized. Similar but somewhat 

more vague observations are presented in Chapter 3. It is 

extremely difficult to seo how any of :Noel's self reversal 

mechanisms could apply equally on both sides of the contact, 

especially if the other rock iS a sediment. 

On these grounds it seems highly probable that 

• at lea~t some of tho observed reversals are duo to reversals 

of the earth's field. Runcorn (1955 p.281) suggests three 

conclusive tests between the two hypotheses:.-

"$ (1) Betvreen zones of reversals one ought to find a 
) 

zone in which the direction actually turns round. 

(2) Zones that are sufficiently largo should be 

identifiable over large areas and should be 

consistently magnetized.· 

(3) There should be no s ys t er.1at ic difference in the 

chemical or physical properties of tho magnetic 

materials of reversely and normally magnetized 

rocks. 
', ... 

The virtually continuous sedimentary succession 

of tho cape and Karroo Systems (which are briefly 

described below) seems to provide tho ideal testing ground 

for these criteria, since it represents apparently continuous 

deposition from tho Silurian to tho Jurassic. It would be 
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most interesting to be able to compare the pattern of the 

zones of reversals from several widely separated traverse 

lines, each covering the whole succession but each, due to 

facies changes, slightly different petrographically. 

One should be able to demonstrate conclusively which of 

the two mechanisms operates most commonly in nature. 

3. Continental Drift versus Polar Wander. 

By the beginning of 1955 abundant data showed 

that the mean masnetic pole and, accepting Hypothesis (ii), 

the geographic pole had not always occupied the same position 

relative to Europe or America as it does today. Creer 

(1954) had already published a map showing the various 

positions occupied by the pole durinc the geological past, 

joined by a relatively simple curve. The differences 

between contemporaneous pole positions as determined in 

America and Europe were thought to be insignificant and 

Runcorn (1955) regarded them as being due either to 

experimental error or to inaccurate dating. If the latter 

were true then the cui•ve described by the pole would have 

to be extremely complicated. 

With the exception of Irvingts work (Irving, 1954) 

on the Torridonian sandstones the geological column had 

only been sampled in small, isolated patches • .. ;. 

No attempt had 

been made to follow the pole in detail during the Mesozoic 

or Palaeozoic. If one is not to be confused by rapid 

excursions (much slower than secular variation) of the 

pole from a mean path then it becomes imperative that the 
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path of the pole be traced out in detail. Only then 

would one be able to say with any certainty whether Contin­

ental Drift had or had not talmn place. 

If, in fact, Continental Drift has taKen 

place (together with considerable Polar \'h:tnder) then it 

would be extremely interesting to attempt to trace the 

relative movements of continents by means of Palaeomagnetism. 

From any single palaeomagnetic determination one can 

calculate the latitude of the point of observation at the 

time of magnetization from the formula 

Cot p ! Tan I 

where p is the co-latitude of the point of observation at 

the tirnG of magnetization and I is tho observed palaeo­

magnetic inclination. The direction of the pole relative 

to the present N-S line on a continent at any one time is 

given by D, the observed palaeomagnetic Declination. 

However, the longitude ,of the continent is indeterminate._ 

Thus the relative positions of two contin­

ents during any geological period cannot be deduced from a 

single observation on each continent 9 even if the samples 

used are of exactly the same age. 

One might be able to trace out in detail the 

apparont pole path as seen by the two continents for a period 

of time sufficiently short to exclude appreciable Cantin-

ental Drift. By moving a model of one continent relative 
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to the other until the two patterns coincided one could 

determine their exact relative positions. This is in fact 

the basis of Irving's (1958) method of 11 palaeograpbic 

reconstructions". 

Because the Cape and Karroo Systems were 

. continuously deposited over a vast length of time they 

appear to p1.,ovide an outstanding opportunity for such 

detailed studies. 

4. The geology of the Cape and Karroo Systems. 

'rhe distribution of the Cape and Karroo 

Systems is shown in fig. 1/1, a map of South Africa, and 

sections throuGh ·linea A .. B and C-D 1 . are intended to show 

the broad structural relationships of these two systems. 

The ages of·the various sub-divisions, based on du Toit 

(1954) , are given in table 1/1 togethor with the maximum 

thicknesses and a brief and generalised description of the 

lithology of the southern portion of the Cape and Karroo 

Systems. 

5. The course of the research pro~ramme. 

In view of the considerations set out above, 

it was decided to sample the Cape and Karroo Systems 

systematically from bottom to top. The Karroo System was 

tackled first, largely because outcrops of this System are 

more easily accessible from Johannesburg than are those of 

the Cape System. Most of the Karroo succession, excluding 
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the lavas, was sampled at regular intervals in two separate 

areas, as described in Chapter 3. The apparatus and 

techniques used are described in Chapter 2. The directions 

of magnetization of tho Karroo samples proved to be highly 

inconsistent and unreliable as palaeomagnetic data. One 

of the possible causes of the scatter of results from the 

Karroo System is that many of the· samples could have been 

heated to tornperatures above the Curio Point of some or 

all of the magneti6 minerals at the time of the intrusion 

of the Karroo dolerites which probably represent a hyper-

byssal phase of the Stormberg igneous activity. By 

determining the direction of the earth's field at this time 

one might be able to assess the relative importance of this 

factor in the remagnetization of the older sediments. In 

addition, such a study would be of value in establ'ishing the 

position of the geomagnetic pole relative to Africa for the 

early Jurassic. The direction of magnetization of tho 

Karroo dolerites was successfully determined, giving a 

reliable palaeomagnetic datum for this period. In view of 

the fact that the direction of magnetization of the Karroo 

dolerites is close to that of the present field, it is 

difficult to estimate the relative importance of romagnet-

ization of the sediments due to heating by the dolerites and 

chemical or viscous magnetization in the present field. 

A reconnaissance collection of samples from the 

System was made before work on the Karroo dolerites had 
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been completed. The results, thaugh perhaps a little less 

scattered than those from the Karroo sediments, were 

thought to be unreliable. For reasons presented in 

Chapter 4, it became evident that new drilling and orienting 

equipment, capable of producing oriented cores from a depth 

of 3ft., was necessary. Accordingly, the equipment 

described in the latter part of Chaptcir 2 was designed and 

constructed. 

Using this improved sampling technique, the 

• Lower Shalos of the Table Mountain Series were studied in 

great detail. It became clear that the rock exposed in a 

deep x•oad cutting was consistently 1nagnetized and was 

reliable fron the point of view of palaeomagnetism while 

that on the open mountain side owed its magnetism to some 

local agency. This fact, together with similar observations 

described in Chapter 3 clearly showed that palaeon1agnetiam 

in South Africa would not be able to progress satisfactorily 

until the cause of this "surface effect" the ... 
•••• inconsistency of magnetization of surface samples had 

been established. 

An outcrop that was known to be randomly 

magnetized at the surface but consistently magnetized at 

depth was investigated in great detail. The cause of the 

"surface effect" was proved to be electrical currents 

associated with lightning. ways of avoiding or eliminating; 

the effects of this hazard are presented and these techniques- __ ) 
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Table l/1 • 

-i! 
... t 

Series Stage Maximum Lithology Period 
thiclmess 

(ft.) 

.. ,~ 
D~'a.kon.sberg 4500 Amygdalo idal Jurassic 
Lavas b-asalts 

Cave Sand .. 1000 Fine grained aeolian ... stone sand 

Storm- Red Beds 1600 Red shales and mud-
berg stones with yellow 

sandstones 
Triassic 

'"( Molteno Beds 2000 Grey-blue shales and 
sparkling sandstones 

Upper (Burgh- 2000 Green, Blue -and red 
ersdorp Beds) shales and mudstones 

"' 
;;a with yellow sand-

l=il 
stones. 

E-1 Middle 1000 Pale, massive sand-
C/.l Beau- stones with subord-
;>! fort inate shales. 

.. '1 C/.l 
Lower 8000 Blue, green & some-

times red shales 
0 

{ interbedded with 
0 sandstones. 

' !):: 

lilt .I p:: Upper 3000 Blue or green mud- _Permian 
< stones and shales 
~ 

alternating with 
sandstones. 

Ecce. Middle 4000 Mainly blue to black , (~ mudstones and shales. 
-l ,, 

Lower 3000 Green or blue shales i with sandstones or 
quartzites. 

..:''l jupper Shales 500 Green, blue-~ dark 
~ -~ brown or black shales. 

} ·_':. DwykaJ Upper 
:.· l Tillite 4000 Hard -green-b hie ca:rbon-'• 
'•' - ir 

L 
matrix with inclus- iferous 

? ions of all sizes. 
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Table 1/1 (Contd.) 

Series Stage 

(Upper Shales 

Witte-) 
berg !Sandstones 

L 
,-

Maximum 
thiclmess 

(ft.) 

1000 

2000 

15 Shale hor- 2500 
lizons alter-

Bokke-~nating with 
veld .4 Sandstone 

Table 

I 

QJ.orizons 

jtjpper Sand" 
I stone 

!
Upper Shal.es 

M~unt-
aJ.n ' !Lower Sand ... I . 

jstones 

~wer Shales 

2000 

300 

2000 

200 

Lithology Period 

Mainly greenish l 
Shales tLower 

I carbon­
Fine grained white Jiferous 
quartzite· with 
minor shale horizons 

Black, blue or green 
shales. 

White quartzites. 

White quartzites. 

Devonian 

j 

Variable, green, redl 
or sometimes dark Upper 
grey shales and mud- silurian 
stones with tillite. or 

I 
j Lower 
!Devonian White quartzites. 

Red sandstones. J 



23 

CHAPTER 2. 

INSTRT.J1v1ENTAT ION. 

The standard magnetic variometers used in 

geophysical prospecting cannot measure tho direction and 

intensity of the Natural Remanent Magnetization (N.R.M.) of 

a rock directly; they can only measure the distortion of 

the earth's magnetic field by nearby magnetic rocks. Since 

the majority of rocks are very weakly magnetized tho magnetic 

"anomalies 11 they produce are so small as to be undetectable. 

It is possible to determine the approximate direction of 

polarization of strongly magnetized rocks by matching the 

observed anornaly with a theoretically derived "type curve". 

Besides being crude this method can be misleading because of 

the possible effect of induced magnetism. 

Magnetometers of two different basic designs 

are commonly used in palaeomagnetic research. These are 

the "Astatic Magnetometer" and the "Spinner Magnetometer" 

or "Rock Generator". 

·A. The Astatic Magnetometer. 

Tho development of the Astatic Magnetometer is 

largely due to Blackett (1952). Basically the instrument 

consists of a pair of identical, small bar magnets, rigidly 

mounted in anti-parallel some fevv inches apart and suspended 

by a fine quartz or phosphor bronze thread. Tho specimen 



is movod quickly from a distance (theoretically infinity) 

to within a centimoter or two of one of the magnots in a 

variety of ways. The deflection of the magnet systom, as 

amplified by a long optical lever, is proportional to the 

intensity of magnetization of the specimen in a particular 

plane relative to the magnet system. By varying the 

orientation of the specimon and its mode of approach to the 

magnet systom, the intensity of magnetization of tho 

specimen in any plane may be obtained. From these 

• J 
readings the direction in space and the intensity of magnetiz-

ation of the specimen may be calculated. 

In order to obtain tho required sensitivity, 

however, the external magnetic field must be cancelled and 

all magnetic and thermal gradients avoided. The earth's 

field may be nullified 'oy means of Helrnholtz and/or Fanselau 

co i 1 s ys t ems • To a first approximation this is quite 

easy, but to obtain the highest degree of sensitivity the 

current in the coils must be continuously adjusted to follow 
. l 

the daily variation of tho oarthts field. To avoid magnetic 

gradients tho instrument must be housed in a special non-

magnetic hut far from the influence of electrical power 
.. ~ 

lines, trolley-bus and train lines. 

The o·nly advantage of tho Astatic Ifiagnetometer 

over the Spinner type lies in its creator adaptability to 

laboratory experiments of the kind commonly carried out for 

the determination of the magnetic properties (Curie Point, 
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coercive force, etc.) of rock specinens. 

B. The Spinner Magnetometer. 

In principle, the Spinner type magnetometer is 

simple. If a magnetic specimen is rotated about an axis 

perpendicular to the axis of a surrounding coil, it will 

generate an alternating voltage in the coil·. A maximum in 

the e.m.f. occurs each time the north polo of the specimen 

passes limb A of the coil and a minimum each time the north 

pole passes limb B. If, knowing tho frequency of rotation, 

one could measure the interval of time between the occurrence 

of the maximum in the e.m.f. and the instant at which a 

mark on the specimen passes limb A of the coil one would have 

a measure of the angle between tho marl~ and the direction 

of tho north pole projected onto the plane of rotation. 

In the original spinner magnetometer devised in 

1938 by i,icNish and Johnson the specimen was rotated at the 

end of a long, raechanically driven shaft. Mounted on the 

shaft in a fixed position relative to the zero mark on the 

specimen was a device which mechanically closed a pair of 

electrical contacts at each revolution. By moving the pair 

of contacts about an axis parallel to the spinning shaft, 

the instant at which the contacts closed could be made to 

coincide with the maximur:1 of the voltage .in the coil, so 

that the anglo through which the contacts had to bo rotated 

was a measure of the anglo between the zero mark and the 

magnetic axis of the specimen. 
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The modern spinner 1:1agnetometer is a result of 

developments and im.prover1ents mainly by Johnson, Murphy and 

Michelsen (1949) and J.W. Graham (1955). T\le magnetometer 

used at the Bernard Price Institute of Geophysical Research 

is based on the latter design and was built by Dr. A.L. 

Hales, Director of the Institute. . .. 

In this instrument an oriented specimen in the 

form of a cylinder one inch in diameter and one inch long 

is held in a plastic (perspex) cube which fits into a perspex 

top. The top is driven by compressed air in the manner of 

a BeamTs air turbine, at a fixed speed depending on the 

electronic filters. The spinning specimen generates an 

A.C. signal in a pick-up coil surrounding it, while a photo-

electric cell receives a second signal from a sinusoidal 

pattern painted on the top. The angular phase difference 

between the two signals is a measure of the angle between 

the fixed zero of the paint pattern and the projection of 

the South magnetic pole of the specimen onto the plane of 

rotation. The specimen is rotated through 180° about an 

axis through the zero of the paint pattern and a second 

tneasurement is made. If there were no zero error in the 

instrument these two readings would add up to 360°. 

general the two readings do not add up to 360° and an 

In 

arithmetical correction is applied to cancel out the zero 

error. 

By spinning the specimen about three mutually 
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perpend icular axes the d irection of ma snet i zation in t hree 

planes ma y be determined . The s e di r ections ar e plott ed 

on a Wu l ff Stereo graphic ne t, as des cribed i n the Appendix , 

and s~ould inte rsec t at a po i nt rep~esenting t he d irect ion 

of masne tization in spa ce , r e lative to t he orientation mar ks 

on the s lJec i men . 

In the sys t em a s devised by J . W. Graham t he 

signal s f rom t he coils and t he photoe l ec tric unit are fed 

t hrough carefully r,1atc hed narrow band pass filters before t hey 

are compared in a phase d i scriminating circuit. Or i ginally 

our magne tomet er operated on a s ystem i nvolv ing only one fi l ter 

t he signal s from the coils and phot oe l ectric unit being 

mixed before fi lt er ing . I f t he sis na l f ro m the photo e l e ctric 

unit be adjusted until i t i s equal in amplitude but opposite 

in phase t8 t hat from t he coils, t hen t he resultant signa l 

will be a minimum. The fi l t e r t hus acts as a null detector . 

This method wo rks ver y we ll down to int ensit i es o f magnet­

ization o f t he orde r of l o- 6 gauss s ivinc an accurac y at 

t h i s l eve l of bette r t han two or t hr ee d egrees . :However, 

as t he s i gnal a ppro ac hed noise l eve l the ac curacy wit h 

which it i s possib l e to se t to a mi nimum f alls rapid l y 

s o t hat t he s yst em cont a i n ing t wo se parate fi l ters , as used 

by Gr ahar!'l , is very much r.1ore conv enient for mea suring we a kl y 

magnetised specimens. The Departoent o f Terrestrial 

Magnetisr:1, Carne gi e Ins t i t ution o f was hington, has very 

kindly l ent us a pair o f t heir ma tc hed f i lt er unit s and t he 

instrument was nod i f i ed i n 1 956 to operat e in t he Graham 



Fi gure 2/2. Part of the magnetometer showing the air filter 
and air pressure controls (top centre), the matched filter 
units (left), the phase change circuit (right) and the phase 
discriminator (centre). 

Fi gure 2/3 . Part of the magnetometer, ~howing the photo­
electric cell housing (left), the stator housing and coils 
(centre) and the pre-amplifier (right). A top, cub~e and 
s pecimen are on the table. 
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manner . F i gure 2/1 is a schematic diagr a m o f the l ay-out 

o f t he ma gn e to meter a s used at present and figures 2/2 to 

2/4 are photo graphs o f various pa.r ts o f t he equ i pment . 

2 . I.T ~~ hods o f Co llectin g Orient ed Sampl e s . 

Be cause o f t h e ba lance requir ements o f t h e top , 

a spinner n a :;neto me t e r requir e s s pe cimens o f s ome regular 

geometric s hape . The s pecimens must , of course , b e 

a ccurate l y oriented in spac e and t he ir angular r e l a tions h ip 

to t he bedd ing p l anes of t h e roc k must be known . The 

simplest way of fulfi lling t hese requirements is by drilling 

short co ~es either out o f t he roc k in situ or fr om oriented 

hand sampl es i n t he l aboratory . In t he l a tt e r case s ome 

care is necessary to transfe r the orientation marks on t he 

sampl e to the core . Having produc ed a cor e by e it her 

process , it may b e cut into a ccurate , par a lle l ended spe cimens 

on a d iamond impregnat ed circu l a r saw equipped wi t h a 

suitab l e ho l de r and pro perly positioned sto ps . Eac h core 

ma y be cut into a number o f s pecimens . 

A. The hand - sampl e t e chni qu e . 

Or i ent i n g hand - sampl e s by s cratc hing on t hem 

lines of lmown bear i n g and inc l inat ion was f ound to be t ed ious 

and i n a ccura te and a muc h better met hod was devised. Two 

lines , A and B , at r i ght ang l es t o each ot he r we r e engr aved 

on the t o p o f a circula r b r ass p l a t e ( figur e 2/ 5) . Three 



Fi gure 2/4 . The top in its stator . The cube containing 
the specimen may be seen inside t he top . 

Figure 2/5 . A hand- sample o rienting plate and a sample 
o riented by this means . 



-

j 
I 

) 

,~ 

/ 

} 

I j 

29 

triangul ar brass bars were solder ed ont o t he bottom o f t he 

pl a t e to :Lcrm three a symetrically d istr i buted ridges. 'IVhen 

t he hand-s ampl e has been loo s ened fr om its surroundings 

without alt ering its orientatiori, a quant it y of quic k-s et tinG 

plaster of paris i s placed onto it and t he orienting pl ate 

pressed into the plas ter. The direction and inclination of 

lines A and B is meas ured and t he hand - sample r emoved from 

its surround i ngs . After a few minutes t he brass pl a t e can 

be removed , l eaving an impr ession of it s under surface in 

t he pl as ter . In t he l aboratory the pl ate may be replaced 

and t he or ientation of t he hand - sampl e r estor ed . This met hod 

o f orienting hand -s ampl es wo r ks very well provided a lit tle 

care is exercised i n t he hand l ing o f t he sampl e s o t hat t he 

plast er cas t do es no t become detached or unduly damaged . 

In s pit e o f t his i mpr oved t e ch~ique for orienting 

hand-samp l es, t he method as a whole, i. e . t he collection 

of or i ent ed hand- sampl es fro m which cores are l a t er drilled, 

is not i dea l for the fo llowing reas ons : 

(i ) Al t hough more hand-s ampl es t han cores dril l ed in situ 

can be collec t ed per day i n the fie l d , it take s longer 

to produce a cor e f rom a hand- s ample in t he l abora tory 

than it do es to produc e t he co re from t he roc k i n situ ~ 

and t he complet e hand - sar.1.pl ing proc ess b ecome s extremely 

tedious . 

(ii) It often happens t hat t he hand - sampl e collapses eit he r 

in transit or in t he clamps o f the drill press in the 
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Fi gure 2/6. The original drill ri g . 
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laboratory and t he sampl e is lo s t. Also, it is 

sometimes impos s ible to produce a suf fi c iently long 

core from a particular sampl e because the cor e breaks 

at bedding plane~ or ot her discontinuiti es. Alt hough 

this ni s ht we ll occur when drilling in the fi e l d , one 

can simpl y try a ga in _el sewhe r e . 

(iii) The transportat ion of bul ky , often fragi l e hand-s amp l es 

is far mor e difficult t han t hat of t he cores. 

(iv) Probabl y t he mos t i mportant object i on to t he hand -

samplin.; t e c h.'1. ique involves t : e question o f t he 

qua l it y of t he sampl e . Ve r y oft en t he only way of 

obtain ing a su itably siz ed bloc k o f ro c k from an outcrop 

wit hout d estroyine; its ori entat ion, is to s el ect a 

b loc k t :1at is partially bounded, b;;- joints. This 

i nevitab l y means t ha t t he sample is more we a t her esi 

t han one t hat could b e o b t~ined by drill ing into a 

so l id slab of rock . 

B. The earl~ drilling equipment. 

The drill rig devis ed by Mr . J . A. Ke iller 

(figure 2/ 6 ) cons is ts of a triangu l a r frame support ed by t hree 

adjustab l e l egs . A barrel containing t ho main spindl e 

slides through bus he s in t he frame and can b e r aised or 

lowe red by tneans o f a caps t an-o per at ed rac k- and-pinion 

connection. A Jacob's chuc k i s fit ted to the lower end of 

the s pindle which is driven by a one ho rs e -power petrol 

mo to r through a f l ex i bl e shaft . A brass core barre l wi t h a 
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Fi gure 2/7. The original orienting device. 
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special brass diamond-impregnated coring crown is gripped 

in the chuck. V\Tater is fed through a 11 water jacket II alJove 

the core barrel and flows through the core barrel to the 

coring bit. 

In order to obtain sufficient pressure on the 

bit, at least two people, besides an operator, are required 

to hold the rig dovm. In addition, a number of sacks full 

of stones attached to the rig may be necessary to provide 

extra.weight. Nevertheless, the drilling of hard roc1c is 

extremely slow, particularly when the diamonds become polished 

due to insufficient pressure on the bit. The soft, well 

bedded, horizontal strata of the Ecca in Natal are equally 

difficult to sample because, although the cutting speed is 

tolerable, the vertical cores breal: off at horizontal bedding 

planes before they can be oriented. Since the maximum 

depth of penetration of this drill is six inches, one can 

not merely persevere until a suitable length of unbroken core 

is obtained; it is often necessary to move and set-up the 

rig sevei•al times before being successful. \ 

The orienting instrument (figure 2/7) consists 
' 

of a brass tube which can slide into the bole and over tho 

core. A circular brass plate, soldered onto the top of the 

tube and perpendicular to it, is inscribed vrith two mutually 

perpendicular lines A and B, as in the case of the plate 

used for orienting hand-samples. Tho direction and 

inclination of these two lines can be measured by means of a 
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Iri order to correct for the inclination of the axis of the 

core, given the inclination of line A (parallel to the 

scratch) = s 1 and the inclination of line B = s
2 

, one must 

calculate the angle X between the direction of line A and tho 

direction of the true inclination of the axis. It can be 

shown that 

Sin s2 
Tan v :::: 

J\. for small angles, and 
Sin sl 

s :::: 
sl 

where S is tho true inclination of 
cos X 

the axis of the core. Although this correction for the 

inclination of the axis of the core is a little simpler if 

the angles involved are small, it can be applied in the 

rigorous form for any angles. However, if the inclination 

of the axis of the core is large then the plate on the top 

of the orienting instrument will not be nearly horizontal 

and, in the general case, it is not meaningful to talk in 

terms of the horizontal angle between north and line A which 

ma7J' be inclined at a large angle to.,the~Jhorizontal. If 

line A is accurately brought into tho vertical plane through 

tho axis of the core then it is correct to describe the 

horizontal anglo between true north and this vertical plane. 

However, with the instrument in its.original form it is vory 

difficult to moasuro this horizontal angle accurately. It is 

clear that, in order to keep these routine operations 
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t olerabl e , t he co r e ha s to be drilled as n ea r l y v ert i c a l a s 

pos s ible . Secaus e o f t h i s s eve r e l i mi t a tion many o f t he 

b e s t expo s u r e s , vi z . t ho vertic a l wa lls of cuttings and 

quarr ::. os , C2.ll.not b e s ampl ed . 

C. ~he ~ow dril l rig and oriont ins dev i c e s . 

(a) n equ i r ement s . 

Alt hough t he ol d drilling equ i pmc:mt ha s many 

f aul t s , it can b e u s ed to dri l l and orient cores up to about 

six inches l ong . It wa s t he n eed f or cor es about thre e 

f ee t l ong whic h made n ew equipme nt e s sential (s e e Chapt er 5) . 

Clearly , t ~e new d esign s houl d no t onl y satisfy t ho new 

r equir em(m'c but shoul d a l s o e l imi na t e t he f aul t s o f t he old 

s yst em . 

An i r!lpo r t an t r equi ro r;:.ent is t he.t the rig shoul d 

be port a'o l o . At t he same time i t r.ms t !Jo capabl e o f 

exerting a t l east 600 l bs . pr os s ur o on its d i a mond cor i ng 

dri l l bit . Thes e conf l i c ting r equ i r ement s a r c ov er come 

by s trapping a l i ght rig f i r ml y ont o the outcrop . This is 

conveni ent l -y don o by- dril l inG a s ma l l ho l e into t he r ock , 

u s inG a hand- he l d po we r t ool and insert in[j an ex pand ing 

bo l t . A t ur n buckl e is a t t a ched to t he expand ing bol t a nd 

to t ho I' -'i ( ' - - .... _) . On tight en inc t he tur n buckl e a f orc e o f about 

a t on ..• a :~ be ex ert ed on t he b it without l i f t i ng t he r i g • 

This pr oc edur e a l so enab l es t he rig t o drill into non -

ho r izonta l surfac es o f an ou tcro p . 
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Figure 2/8 . The new drill rig . 
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I t is co nvenient to use t he same drill s pindl e t o 

hold t he s mal l bit for drill i ns t he bol t hole or t ho l a r g er 

bit or drill ro ds f o r drilling tho a c tua l co r e . The s pindl e 

i s most s j_m?~ly driven by a s mal l pe trol motor t hro ugh a 

f l exib l e s haft , as i n the old ric . 

Tho rig mus t be provid ed with a means o f orient in:::; 

t hG unbrvb;:'1 cor e wi t hout hav in:s t o r emove t ho rig f r om it s 

po s ition over the hol e . 

(b) The Ri g . ... . . 
) -· . .... 

. _.~1 he ba sic r~g (Fi gur e 2/ 8 ) consists o f a tri­
> ! 

~ ·· 'l~ f b . •. • . angul ar r ran~E; . a rlca t ed from l i ght squar e st ee l t ube and r od 
~ .. "' 

and s hee t 11D.u.ra l 11 • Legs o f ad justab l e l engt h , made fro m 

-£-inc h e l octrico.. l conduit, are hol d b y clamps in the frame • 
.~ 

The tra vellins .-. c a rr i a c;a s lidos :~ .tw ?.. <..~tiido r ods bolt ed .• 
i nto the f r ame ~nd is driv en b y a l ead screw. 

·' 
T h~~rriage 

~·· .. 
i s equ ipped with t wo clamps for ho l d ing th~ ·spindl et.l"t~ using 

·. ~ . 

and a ke~•-way for locat inc the ori enting ins trumen.t. 

~~he spindl e (Fi gur e 2/ 8 ) is carr i ed by two 

r ad i a l ba l l - bearings and a t hr ust b earing i n the "Dura l" 

spind l e housing . A 11 wat e r jacket ", equi pped wi t h seal ed 

ball-b earings and synt hetic rub ber water seal s enab l es wate r 

to b e introdu ced i nto the dr i ll b i t through a ho l e up t he 

c entro ol tho l ow er po rtion o f t ho spind l G. The end o f the 

s p i nd l e is t hread ed t o take t ho core barr e l or drill r ods 

and can be ho l d b y a spanner on a hexa Gon whi l e tight ening or 

loos en ing t ho rods or bar r el. 



-------

Fi gure 2/9 . The new drilling equipment ready for operation . 
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The top end o f t he s pindl e and tha s pindle 

hous in:~ are both t hr eaded to t ake t l~e inner rotating cabl e 

and tho out er st a tiona r y housinG r e s pectivel y o f the fl exible 

shaft . I n addition, the spind l e housing i s provided wit h 

groove s f or loc a ting i t in the clamps of tho drill carria s e . 

•rhe carr i a r;e has a trave l of e i ght in. and t he 

cor e barrel normally u s ed i s seven in . l ong . Having dr illed 

six or seven in., tho barre l , Q;nd spindl e are .-'.6l;nov ed and tho . : 
cor e i s orient ed and r emov ed . · A six in. ~ng ·ext ension 

rod is fit ted b etween t h e barr e l and the spindle to ~ 0 rmit 
4 

t he drilling -~~ fur t he r , . six i n . o f ~or e . '\t1t.S 
) ' 

proc ess 

is r epeat ed until t he 'qpsired d e pt h i r e &l'C, he<!' ~ 

The ric is high and , •'t h the spind l e , 

we i gl s 30 l b s . 

wat e r und or · pressure is supplied to tho wat er 

j a cket f rom a simpl e " pump can" commonly used f or spr aying 

f ruit trees . 

Fi gure 2/ 9 shows tho rig r eady f or operation • 

(c) ~he O~ienting Devic e . 

Tho direction of mas netization o f a cylindrical 

specimen cut fr om t ho co re is measu~od r e l ative to a scratch 

down its sid e (t ho X axis) ~nd to the axis of the cylinder 

(t he Z axis ) . In order to define t ho direction o f magn etiz-

ation in spac·o 
1 

corrections mus t b 0 appl i ed f or any 

differ enc e between t he X axis and true North (the "bearing 

corre c t ion") and bet we en t ho Z axis and the vertica l (the 



Fi gure 2/10 . I. The new orienting instrument. 

II . The co re detacher . 

II I . The 11 fishing tool". 
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As point ed out b y Dr . Jolm w. Graham , (pr ivat e communic a tion) t hes e corrections are gr eatly 

simpli fied i f the X axis is cho sen in tho vertic a l plane 

throu3h the Z axis , i. o . i f tho scratch i s drawn a long t he 

The ind .. ina tion ., 

o f t ho t h ird axis Y, at right ang l e s td ~and z, will t hen 

a lwa ys 0o z ero . The cond itions t o be satisfied by t he 

orientins instrument are :- . 
i) 

.. 
T .~1e scrat chini_; t ool (a small i a mond) mus t be 

I 
accl..u.,ate l y adjv_stablo so a s to draw tho l ine down t he 

uppermost surfac e of t he core , l . 3 . tho Y axis must 

be hor izontal. 

• ii) 'r h o anc; l o be t ween true North and t he vert ica l plane 

t hroush the Z axis must be measu r ed . 

i ii) Tho angl e be twe en the vortic e.l and the axis of t he cor e 

(t ho Z axis) r.nJ.S t be moasu:e ed . 

The Orienting instru~ont (Fi gure 2/l~ I) 

consi s ts of a l i c;ht 11 dural 11 fr ame (A) , t ho lo wer end o f whic h 

·• i s provided wit h a gr oov e and a lwy to fit unique l y into, 

and be he l d by t ho u pper clamp o f the drill ri g (Fi gur e 2/11 ) . 

The c entr e o f t he upper sur face o f t he frame is r e cessed 

and acts as a bearing surface for t he rotating base pl a t e 

to whic h t he :::;uide rods (B) , and t ha " t heodolite " (C) , are 

attached . Sl id in; on and ;::;uided by t ho guide rods , is a 

t h ird f r ame (D) , the lower end o f vvh i cb cons ists o f a bra ss 

tub e (E ) carr y i ng on its inside a s mall d i a mond mount ed on 



Fi gure 2/11 . The orienting instrument clamped in t he rig . 
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a b er~llium-copper l eaf s pring. Besides t he rotation of t he 

whole bas e pl at e about ax is ~11 carrying wi t h it t he t heod­

olit e and t he guide rods, t he "theodolite" it self i s capable 

o f rot a t i on about a f urther two axes. The f irst axis , 0(_2 , 

is perpendicular to the plane P1 which includes t he d i amond 

scratc her and the ax is of rotation of the base plat e c~ 1 • 

The angl e of rotation about~ can be r ead on scale F . The 

s econd axi s o(3 is perpendicular to ~2 ; the rotation about 

~ be ing r ead on sca l e G. 

l evel and a small t el escope . 

Attac hed to scale G is a "T" 

The instrument i s lo cat ed and clamped in the rig 

(figur e 2/ll) and aut omatically t he ax is cxl will coincid e 

wit h t he axis o f t he core (the Z axis of the specimen) sinc e 

t he rig remains firmly bolted to t he outcrop until t he last 

s ection o f core has been oriented. By rotating about axes 

0(1 and 0(2 until t he T bubble i s horizontal, axis CX3 is 

made ver tical. The c lamping se rews are tight ened . Axis 

o<2 which , when t he orienting instrument i s correctly locat ed 

in t he drill rig , will coincide with the Y axis of t he 

specimen, wi ll of cour s e be horizon t a l so t hat t he plane P1 

which i ncludes t he X and Z axes of the specimen will be 

vert i cal. Care mus t be t aken t o avoid t he 180° ambiguity 

i n t he posi"l:;i on o f t he diamond and t he above ad jus t ments 

should be made so t hat t he diamond occupies t he upper 

posit ion. 

Sinc e axis 0(3 is vert i cal, t he horizontal 
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angl e between a known direction (as det ermined by a 

compass, sundial, t heodolit e , etc.) and the plane P1 may be 

measured by means of t he t e lescope and scal e G. In fact 1 

if the zero mark is suitably plac ed , this angle i s auto-

matically read when t he t e l escope is pointing in t he known 

direction. The direction or "Bearing" of plane P1 , relative 

to Nor t h is then easily calculat ed. 

Scale F automatically gives the true angl e 

between the vertical and the axis of the core (~1). 

The inner frame is then pushed downwards so t hat 

t he c ylinder at its end slides over the core . The spring 

loaded diamond scratches a mark down t he core. The 

instrument is r emoved and the core extracted to permit 

furt her drilling. If a ll clamping screws a r e tight and the 

rig firmly bolted down 1 t he orienting instrument may be 

replaced i n the rig t o mark the subsequent lengths of core 

without fur t her adjus t ments or r eadings being necessary. 

All pieces of core f r om t ,he same hole will be mar ked in an 

i dentical manner. 

(d) Accessory Equipment. 

Having removed the orienting instrument, the 

core may be broken off at the bottom of the hole by means 

of t he i nstrument shown as II in figure 2/10. 

This 11 core detacher" is basically a cut-away 

section of brass tub e sliding on a rod of suitable length. 
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Attached t c t~e ro d is a pie c e of br ass cu t to form a wedge 

a t one side and a f l a t a t the other . Tho tube i s pus hed 

ov er t he co re by means of the fl a t . Tho r od i s r ai s od 

s lie;htly and r ot a t ed t hro ugh 180° to po sition the wed£8 

b ehind the t ·ub o . Fo rc in[.; t he rod downwards wil l wedce t he 

t ube to one side o f t J.1e ho l e and vd ll br eak t:1e core near t ho 

bottom . The core i s he l d in t he tube by a pa ir o f springs 

and :.:1ay be rem.oved fro m the ho l e in t l1e tub e . 

If during t he dr illins ope r a tion , the core 

breaks at a j o int or ot her dis c ontinuity in the ro ck , i t 

generally s lips out of the co r e barrel when the l att e r is 

removed from the hole and lies agains t t he wall of the ho l e . 

The tube carrying the diamond mar ke r wi ll not be ab l e to 

slide ov er t he cor e s o t hat t her e is litt l e dange r o f mar king 

t he core aft e r it has been broken . However , t he tubula r 

core d etac her will s i milarly not be ab l e to s lide ov er the 

cor e so the core cannot be r emoved f rom tho ho l e . In suc h 

cas e s a " fishins tool" (figur e 2/10 III) may be used . This 

too l consists of two " f i nce rs" pivot ed on pins set i nto a 

s mall brass plate whi ch is attac hed to a l ong t h in tube . 

Tho fin :.:;ers can b e made to pinc h t ozet l1e r b y pulling on a 

rod s l i dinc t hrough the centre of the tube . 

~) Perfo r manc e . 

Tho rig was design ed t o drill t o a depth of 

3 ft . ~~is i t does equally satisfactoril y whethe r drill ing 
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i nto horizontal, vertic a l or ev en overhanging surfac e s of 

an outcrop . It has b een us ed to dr ill a numbe r of 6 ft . 

holes . ':::lw l a st 3 ft .-~ o f core we r e orient ed by matc hing 

t he pieces up t o t he core ab ove and ext end ins t ho orientins 

s cratch . This is only possib l e fo r c ert ain massive r o cks . 

3 . Tho ~a:netizing and Demagnoti~ ing ~pparatus . 

I n attempting t o d e t ermine the caus e of t ho 

peculiar patt ern of ma s n etiza t ion of a c ertain outcro p o f 

roc k (s oc Chapt e r 6) it be came no c e ss~ry to det er mine s ome 

of the magnetic pro perti es of t his pi rt i cu l a r rock . The 

d esign o f t~e appar a t us us ed i n the magnetiz ing and dema gnet -

izing ex periments de s crib ed i n Chapter 6 was adapt ed by the 

aut hor f r om ideas from va r i ous s ourc es. 

(A) Tho masnetizins appar a tus . 

Basical l y , appar atus f o r magnetizing rock 

sampl e s is ve r y s ir:1pl e and has b eon us ed many t i mos in t he 

past . ~:' he s pec imen is commonl y pl a c ed n ea r tho c entre of 

a solenoid t hrough whic h a D. C. el ectr i c curr ent is pass ed . 

The ma(;n.e tlc f i e l d t o whic h t ho spq~imen is subj ect ed should 

b e slowly and srnoothl y increased t o tho d esired l ev e l and t hen 

slowly decreas ed t o zero . This may be do ne e it her by 

carefully varying t he current i n t ho solenoid or b y slowly 

drawinc; tho s o l enoid up to, and away f r om , the specimen . 

Initia l l-,y t he ma~netic fi e l d was cor;t·r 61"1-ed bv 
" 

t ho fi rst 
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Figure 2/12. The magnetizing equipment, showing the 

sphere containing the specimen, resting in the jig . 
I • 
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t ecb.:n.ique but aft er t he demagnetizing equipment had been 

constructed (s ee b e l ow) t he co il , mount ed on a winch driven 

trolle~' , was mov ed s l owl y and smoot hl y r e l a tive to t he 

spec imen . r_che t wo methods wo r k equally well, t he l a tt e r 

t echnique be i ng pr eferr ed on l y be cause the coil and trolley 

a r e co ml".lOn to both tho ma gnetizing and demagn etizing apparatus . 

As will bo seen in Chapt er 6 , it was important 
•. I 

to b e ab l e to accurate l y control the ansl e be t ween the 

N. R. M. of the spe cimen and t ho direc t ion o f the applied 

• 1 
magn etic fie l d . The apparatus used was based on a t ype of 

"univ ers a l stac o" designed by Vinc ent (1 954) for studying 

mineral s r ains unde r the micro s co pe . 

• l Aft e r measurinG it s dir ect ion of magn etizat ion , 

t he s pecirnc:u is pl a c ed i nto a c ylindrical ho l e in a sr.1all 

perspex s phere and its direction o f nagnetiz a tion is plotted 

• I i n ink on the surfac e o f the spher e . This is done by 

measuring t hG 11 dec linc.t ion" a long the equator from a zero 

mar k (which is made t o co incid e with t he s cra tch on the 

spec i men ) and the "inclination" f rom t he equator t owar ds 

tho po l e of tho s phere (whi ch coincides wi th the Z axis o f 

t he s pee imen ) • Thes e measurements ar e made easy and accurat e 

by r est i ns t he spher e in a jig so t hat a s c a l e marked i n 

do gr Ges exact l y forms a gr e a t circle round t he spher e . 

I f the zero mark on tho s c a l e i s made paralle l to the axis 

of t he s o l enoid then tho angl e bet ween tho N. R. M. o f t he 

specimen " nd t he d irect ion o f tho a pplied f ie l d i s controlled 
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Fi gure 2/13. The equipment for rotating the specimen 
I • 

during A.C. demagnetization. 

t ' 
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J 
by p l acing t he spher e in tho~ wit h t he plott ed d ir ection 

o f mat:;l1etiza-c ion oppos it e t hs de sired mo.r k on the s cale . 

Fi gure 2/12 is a phot ogr aph of t he s pher e r esting in t ho jig . 

For t he experiments des cribed in Chapt e r 6 , t he 

ambient mc.e;ne tic f i el d of tho ea r th was negl ect ed be cause it 

was alwa ys insignificant compared wit h t ho f i e l d gener at ed 

by t he soleno id . 
• I 

(IT ) 'rhe a l te r nating curr ent demagnetizing apparatus. 

As o.nd Zijd erv ol d (1 958 ) , Ri mbert (1 95&) and 
• I 

ot hers have shown tho va lue of a l t ernating curr ent demagnet-

ization . Thes e workers generally appl i ed the A. C. fi e l d 

·• I 
to t he s pecimen succ es s ivel y i n t hr ee mutually pe r pendicula r 

d irections . Ideally , the A.C. fi e l d shou l d b e app l ied in 

a ll dir ections . 

, 1 Equipment s i mila r i n princip l e t o t hat de scribed 

by Creer (1959 ) in which the s pecimen i s simult aneousl y 

rot a t ed about a horizont a l and a vertic o. l axis b y means of a 

pair o f beve l gea r s was construct ed and t est ed . If tho t wo 

bevel gears ar e identica l then a ll d irections l yi ng on a 

certain pl ano cutting the specimen ob lique l y , never exactly 

coinc ide wit h t ho direction o f t he appli ed fi e l d . It was 

fo und empirically (by the aut hor) t ha t be tt e r r esul ts wer e 

obt ained if t ho lower bev e l gear is a l s o rota t ed but at a 

speed d iffer ent f ro m t ha t of the na in cradle (s ee f i gu r e 

2/13) . This ensur es a more r andom motion o f the specinen 

which pres ent s ever y possib l e direc tion i n it to t he A. C. 



Fi gure 2/14 . 
The complete A. C. demag~etizing equipment . 
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field. In our apparatus the peak field at the centre of 

the coil is set to the desi~od level by means of a variac. 

The coil, mounted on a trolley, is then slowly pulled up to 

and over the spinning specimen by means of a winch. After 

any desired length of time tho field at the specimen may be 

reduced very nearly to zero by reversing the winch and 

removing the trolley to about 5 ft. from the sp~cimen. Tho 

increase and decrease of the field is of course not linear 
' ' 

with time but it can be made to vary very slowly and smoothly 

over a wid0 range. 

It was found experimentally that better results 

were obtained using 500 c.p.s. alternating current from a 

generator than by using 50 cycles from tho "mains 11 • There 

appears to be no fundamental reason why one frequency should 

be bettol' than another, provided that (i) the increase 

and decrease of tho A.C. field is slow onough to submit the 

specimen to a very large number of cycles per oersted change 

in the peak A.C. field, and (ii) tho rate at which the 

specimen spins is slow compared with the frequency of the 

current but fast compared with the change in the peak A.C. 

field. However, tho current from the 500 cycle generator 

is probably "cleanGr"the.n that from the :nains which frequently 

hai large switching surges. Series tuning the circuit at 

560 cycles was accomplished with condensGrs of about 

6 micro farads, and this further reduces the distortion 

in tho wave form of the current. To tune the circuit at 
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50 cycles would require about 600 ?F. 

A large pair of Helmholtz coils was arranged 

so as to cancel the D.C~ field of the ~arth at the specimen. 

It was found that cancelling the earth's field or doubling it 

made no difference to the A.c. "washing" experiments and the 

use of the Helmholtz coils has been discontinued. 
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CHAPTER 3·.; 

MEAS1JREMENTS ON Kli.RROO SEDHIEliJTS. 

As concluded in Chapter 1, the Cape and Karroo 

Systems appear to be ideal for palaeomagnetic purposes. It 

was decided to tackle the Karroo System first. It was thought 

desirable that the samples should be as representative as 

possible of the whole of the geological colurrun covered by 

the Karroo System and it was therefore decided to collect 

samples at more or loss regular intervals throughout the 

whole, or as much as possible, of the succession. 

Subsequent trips could be planned to fill in the detail, 

if necessary, or to study points of special interest. 

1. Collection of Samples. 

(A) Natal • .,.----
In January 1955 a reconnaissance trip to Natal 

was undertaken to collect well oriented samples systematic-

ally covering as much of the Karroo System as possible, 

excluding the lavas. From an inspection of the Geological 

Map the best s6ction line appeared to be along the road from 

Highflats through Ixopo, Donnybrook and Underberg to tho 

Drakensberg Garden Hotel (see figure 3/1). 

In practice it was found that the sediments are 

not well exposed along this road, and whore they do outcrop 
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they are generally weathered. Instead, sampling was carried 

out along a number of traverses indicated in figure 3/1, 

each covering a largo thickness of strata and each correlated 

as accurately as pbssible with the next. Evon along these 

sections, the outcrops were not as fresh as the~y might have 

been. Dolerite intrusions wore avoided as far as pos~ible, 

but in the absence of any detailed map of tho area the 

distance from dolerite intrusions, particularly those that may 

have boon removed by erosion, was not easily estimated. 

Table 3/1 

---------------------------
Geological F'ormation 

Cave Sandstone 

Locality 

Bamboo Mountain, 
Underberg. 

Red Beds to U.Beaufort Bamboo Mountain 

I'/Iidd1e Beaufort 

:Middle Beaufort 

Lower Beaufort 

Upper Ecca 

UppGr Ecca 

Middle Ecca 

LowGr Ecca 

Lower Ecca 

Dwyka Tillite 

Underberg 

Bulwer Mountain 

Umkomaas Valley, 
BulwGr 

Umkomaas Valley, 
Bulwor 

Umkomaas, 
Donnybrook 

Umkomaas, 
Donnybrook 

Umkomaas, 
Donnybrook 

Umkomaas, Ixopo 

Umkomaas, Ixopo 

No. of' Samples 
Drfiled Hand-Samples 

----------------------

10 

18 

5 

3 

17 

17 

11 

14 

1 

4 

5 

2 
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Most of the Middle and Upper Ecca in the section near 

Donnybrook was considered to be unsuitable because it is 

intruded by an enormous _dolerite sill whoso thermal effects 

appear to be widespread. 

Table 3/1 shows tho locality and number of 

samples obtained from each formation. The thickness of 

strata covered by these 107 samples was slightly in excess 

of 7 1 000 feet. 

(B) The Eastern Capo Province. 

A second fi•3ld trip was undertaken in March, 

1955, with the object of obtaining a second representative 

collection of samples of the Karroo System but in a different 

locality tho Eastern Cape. Detailed maps covering 

this area wore available. These included Geological 

Survey publications by Du rroit (Lady Grey), Mountain 

(Grahamstown) and copies of field maps very kindly supplied 

by Mr. P. J. Rossomrv of tho Geological Survey (!'Rosendal 11 

and nDoornhook 11 , Molteno, and an area near Naauwpoort 

covered by J'!Iiddle Beaufort). Those localities are shown 

in figuro 3/2, a map of the Eastern Cape. 

Aftor having difficulty in avoiding the 

enormous number of dolerite intrusions at Doornhoek, it 

was decided to abandon tho area near Naauwpoort where a 

similar number of intrusions had been mapped. 

Table 3/2 summarizes the results of this trip. 



27° 

• 
COLES BERG 

QUEENSTOWN• 

32°~------------t--------------r-------------4~--------~ 

• 
CRADOCK 

0 10 20 30 40miles. 
I I 

~ Post-Karroo OLava 

KINGWILLIAMSTOWN 
• 

LONDON 

IIIIUV!IUJ Sampling traverses. 

Drstormberg OBeaufort 

:DEcca Oowyka Owitteberg DBokkeveld OPre-Cape 

Figure 3 - 2. 

A neoloaical mao of oart of the Eastern Caoe. 

'. 



\ 
'\ i ,.c. 

l 

\ 

.··}, 
~ ~' 
I 
' -i 

!· 

49 

Table 3/2. 

No. of Samples Geological 
Formation Locality Drilled Hand-Samples 

Cave Sandstone Joubert Is Pass, 
Lady Grey 6 

Red Beds 

Molteno Beds 

Cave Sandstone 

Red Beds 

Molteno Beds 

Lower Molteno 
Beds 

Upper Beaufort 

Lower Beaufort 

Upper Ecca 

Middle Ecca 

Lower Ecca 

Joubert t s Pass 

Joubert 1 s Pass 

"Rosendal" J 

Molteno 

11Rosendal 11 

11Rosendal 11 

Doornho ek, · 
l!lolteno 

Doornhoek 

Fort Brown 

Breakfast Vlei 

Ecca Pass, 
Grahamstown 

Ecca Pass 

U. Dwyka Shales Ecca Pass 

2. The Masnetic Measurements. 

9 

5 

7 

11 

27 

2 

26 

1 

2 

7 

6 

5 

1 

Approx. 
Thickness 
Sampled 

Ft. 

200 

450 

500 

50 

450 

500 

200 

300 

? 

6,000 

? 

3,500 

Specimens suitable for magnetic measurement in 

the spinner magnetbmeter were prepared in the laboratory from 

' 
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the samples collected. At least two specimens each 1 inch 

long wero cut from each drilled core. Hand-samples had 

first to be cored in a drill press in the labo~atory, the 

cores then being cut to the correct length. 

Measurements of the direction and intensity of 

magnetization of the Karroo· specimens wore made by moans of 

the spinner raac;notomotor in its original form, i.e. operating. 

as a null detector (sea Chapter 2). Only about 30% of the 

specimens collected wore magnetized sufficiently strongly 

to be measured by this method. 

The directions of magnetization of these speci­

mens arc so scattered as to be virtually unintelligible. 

Figures 3/3 to 3/6 are lower hemisphere stereographic plots 

of the directions of magnetization of some groups of samples. 

In the case of tho Lower and Upper Ecca from Ecca Pass and 

Breakfast Vlei respectively corrections for the present dip 

of the strata have been applied. In all other cases the 

dip was loss than 2° and has been disregarded. 

In general, specimens from the same sample agree 

fairly well vvi th one another but differ widely from those 

from neighbouring samples. However, in tho case of the 

Upper Ecca from Breakfast Vlei and to some extent in the case 

of the Stormberg from Rosandal the direction of magnetization 

of a sample is often nearer to that of tho sample immed­

iately above or below it than to that of samples further 

removed. By joining the plot of the directions of 
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magnetization of samples in stratisraphic order some sort 

of a !lpathll mo.y be obtained, but tho path appears to wander 

randomly over tho entire plot and is·often discontinuous. 
\ 

.~· 

3. Discussion of tho Results. 

In tho problem of determining tho direction of 

tho aarthTs magnetic field during Karroo times no siP'ni f'ic-,_J --

ance co.n be attached to these virtually random directions 

of magnetization. It s eoms UJ.'l.likely that the magnetic field. 

could have varied quito as rapidly as would be required to 

keep pace with the variations of the observed directions of 

magnetization. Some other factor capable of magnetizing 

or re-magnetizing these samples in virtually any dir~ction 

must oxist. Tho possible explanations include tho following:-

a) Original random magnetization. 

Such factors as strong wind or water currents 

at the ti~o of deposition of the sediment could cause the 

direction of magnetization to deviate considerably from 

that of the applied field. If the direction and/or velocity 

varied from time to time and from place to place one would 

expect tho observable direction of magnetization of the 

specimens from one sample to be more consistent with each 

other than with those of another sample collected from younger 

or older rock. As mentioned above, this effect is commonly 

observed in samples from the Kal1 roo System. 

The frequent occurrence of currents at the time 
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of deposition of tho Ko.rroo System, particularly during 

Ecco. times is o.bundo.ntly demonstrated by ripplo marks and it 

is possible that tho conditions of deposition of a large 

proportion of the Karroo S;;-stem vvere unfavourable for tho 

accurate preservation of the direction of the earth!& field 

at that time. 

b) Unstable magnetization. 

The pros once in the rocl<;: of Gmgnot ically 11 soft 11 

minerals may permit the acquisition of an I.R.M. of 

varying "viscosityn. Cases in which the magnetic viscosity 

is·very high (lbng decay constant) would result in an I.R.M. 

in tho direction of the present dipole field (see Chapter 1)• 

while a slightly shorter time constant would permit magnet­

ization parallel to tho present field. With the exception 

of tho Dwyka tillite from Natal, relatively few specimens· 

are magnetized in the direction of either the present field 

or tho dipole field so that it is improbable that this 

mechanism is of me,jor importance in the. magnetization of 

the samples studied. 

The fact that, in general, specimens from tho 

same sample agree fairly well, seems to indicate that I.R.Mo 

of very short tim.G constant is not v0ry common because, 

after the individual specimens wore prepared, they were 

stored in random orientation for several weeks or months 

before measurement. 
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' 
c) The goo logical h~story of the rc;clc. 

rrho actual consolidation· of a sedi.ment vvithout 

shear cannot alter the direction of magnetization of tho 

sediment since no rotation of the magnetic grains in a· 

preferred direction occurs. Hoviever, ·certain factors 

related to tho history of the sediment after deposition and 

consolidation may 1 • .L cnange luS direction of magnetization. 

These include the following: 

(i) Heating to above the Curie Point of some of the magnetic 

minerals, due to either deep burial or the intrusion 

of igneous material, will cause partial or complete 

remagnetization of tho rock in a field that may or may 

not be the same as that at the time of deposition. It 

is possible that some of tho Ecca may have been affected 

by deep burial while many of tho other samples from the 

Karroo could have been affected by intrusions. 

(ii) Deformation of the sediment can change its direction 

of magnetization (J.W. Graham, 1949). Graham (private 

communication) points out certain features in the Lower 

Ecca of Ecca Pass which may be associated with shear. 

(iii) Some magnetostrictivo effect, due to non-hydrostatic 

pressure of any.kind might be operative (Graham, 1956). 

d) 11 Sul"face effects". 

Gough (1956) found that while samples of certain 

Pilanesberg dykes collected at the surface wore randomly 
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magnetized, those from the same dykes exposed in uncle:rgrou."ld 

workings were extremely consistently magnetized. Possible 

explanations include:-

( i) weathering. Chemical destruction of some of the 

original magnetic minerals and the growth of new ones 

in a field different from the original field could 

cause a large variation in the direction of magnetiz-
1 

' ation which will be the vectatorial sum of a variable 
~ 

amount of tbe original magnetization and a variable 

amount of the new chemical magnetization. Some of 

the Karroo samples may have been partially vveathered. 

(ii) Thermal cycling. The daily temperature variations 

(below the Curie Point) of a rock exposed at the srirface 

might cause it to be more easily masnetized by the 

present field. Magnetization acquired in this way 

could possibly appear to be more stable than normal 

(l.l.l') -· t J_ ' t' ~agne os0rlc- lon. Particularly in the case of an 

igneous rock, the weathering of the outermost few 

millimeters results in a tendency for the crust to 

expand. The stresses so senerated may reach the 

breaking stress of the rock, is in exfoliation. 

Stresses below :che breaking stress of the rock may 

cause some macnetostrictive effect on the magnetic 

minerals. A magnetostrictive cycling process-due to 

the daily thermal expansion and contraction of the 

surface rock, may have some effect. The role of this 
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type of magnetostriction in palaeomagnetism is uncertain, 

although Stott and Stacey (1960) and Stacey (1960) 

show that ordinary magnetostrictive effects are 

negligible in rocks with less than lo% magnetic 

anisotropy. 

Lightning. The importance of the remagnetization of 

surface outcrops by electrical currents associated 

with lightning is demonstrated in Chapter 6. 

4. Conclusions. ---· 
The results of the reconnaissance survey of the 

Karroo sediments are disappointin0 and it is clear that 

there are a large number of factors·which could have produced 

the discordant results. There are two possible courses. 

The first is to conclude with J .w. Graham (1957) that 11 the 

prospect is hardly encouraging" and abandon further studies 

on South African sediments. The second course is to attempt 

to discover which of the factors are, in fact, important 

in practice and devise methods of avoiding or eliminating 

the disturbing factors. In the succeeding chapters an 

account is given of the efforts which were made to follow 

the latter course. 
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CHAprrER 4. 

MEASUEEivTSlTr,s ON Y...ARROO DOLERITES. 

It is well known that thor'e are extensive 

dolerito intrusion::> in the Karroo S ystom north and east of 

the line marked on the Geological Map of South Africa 

prepared by the S.A. Geological Survey in 1955 1 as tho 

south0rn limit of the Karroo dolori t es. This line also 

approxiti1atos to the northern lini t of folding during the 

Triassic. Dolerites of possible Karroo ago do occur south 

of this line but comparatively infrequently. However, in 

this souti1ern region the Karroo sediments have been affected 

by the Cape foldings and in soma cases show evidence of shear. 

Both heating of nearby intrusions and high stresses with or 

without shear could possibly affect the direction of magnet-

ization of the sediments. Exactly how potent those factors 

are 1 is not lmown. 

If the direction of the field at tho time of 

the intrusion of the Karroo dolerites were known, it might 

be possible to assess the relative importance of heating by 

those intrusions, simply by comparing this direction with 

the directions obtained from tho sediments. The determin-

) ation of the direction of magnetization of the dolerites 

would be of value in its own right, since it would provide a 

datum for the position of the pole, relative to Africa, at 

the time of tho intrusions. 
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Figure 4 - 1. 

The Eastern half of South Africa. 

The numbered points indicate the localities at which surface 

dolerite samples were collected. E and W represent 

Estcourt and Winkelhaak respectively. 
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The Karroo dolerites have been extensively 

studied by Walker and Poldervaart (1949). They consider that 

the Stormborc; lavas were pourod out towards tho close of 

Triassic time and that the dolerites were more or less 

contoJnporaneous with tho lavas. Du Toit (1954) remarks 

also thc,t there is an intimate connection between tho Stormbere; 

basalts and tho doleritos and concludes that tho dolerites 

appear to have been intruded at tho commencement of the 

Jurassic epoch. 

1. The ,Jurface Samples. 

The first collection of 30 dolerite samples from 

13 sills and dykes exposed in road cuttings and quarries was 

made in December 1 1955, during a visit of Dr. John w. Grahatn, 

then of the Department of Terrestrial Magnetism, Carnegie 

Institution of washington. On a later trip a further 17 

samples from 7 similar fresh exposures and 6 additional 

samples froiil a sill sampled durins the first trip were 

collected. The localities from which the samples were 

collected are indicated by numbers on a map in figure 4/1. 

Roughly half of tho samples collected were in 

the form of hand-samples. The remainder were collected as 

5 or 6 inch cores. Four or five specimens were usually 

obtainable from each sample whether it was drilled in situ 

or in the laboratory. The magnetic measurements were made 

with the magnetometer in its original form, operating as a 

null detector. 
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A "sample mean" was calculated from t.he 

observed direction of magnetization of the individual 

specimens from the same sample. A lower-hemisphere 

stereographic plot of these sample means is shown as figure 

4/2. These directions can be seen to be rather scattered 

except ·for a concentration of both North and South poles 

near the direction o£ the present field. The presence of 

a large number of North poles in this vicinity suggests 

that this concentration is not entirely due to instability. 

However, Jt is felt that no reasonably reliable idea of the 

direction of the field during Jurassic times can be obtained 

from these data. 

Three or four months after the above measurements 

were made one specimen from each sample was re-me~sured, and 

another specimen from each sample was re~measured seven or 

eight months after the first measurements. It was found 

that some specimens showed a considerable change from the 

direction of magnet.ization first measured and it seems 

reasonable to conclude that those specimens for which tho 

change was large are unstable. It was decided to exclude 

all samples.from a locality if any one of the specimens 

re-measured had shown a change in the direction of magnet­

ization of more than 10 degrees. The s~mple means for the 

remaining samples are shown in figure 4/3. 

The mean for the surface collection was 

calculated disregarding sign and giving unit weight to each 
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sample and is given in table 4/1. As will be seen from a 

plot of this mean and its circle of 95% confidence 

(fi3ure 4/8) the surface samples are not inconsistent with 

those obtained later from Estcourt or Winkelhaak. 

It will be noted that there are still a number , 

of scattered measurements but in most cases the two samples 

from the same locality do not agree. rrhe two samples 

from sill No.ll, near Brandfort collected during the first 

trip 1 were magnetized in widely differing directions. On 

a later trip six more samples were collected from the same 

outcrop covering an area of some 1 1000 sq. yards. The 

directions of magnetization of these were also found to be 

scattered and although some showed signs of instability, 

they were similar to the randomly magnetized samples 

collected by Gough from surface outcrops of the Pilanesberg 

dykes. One of these Pilanesberg outcrops was sampled in 

detail and, as will be shown in Chapter 6 1 the effects of 

lightning provide an explanation for the scattered, yet 

apparently stable, observations. 

2. Samples from the Shafts of Winkelhaal{ Mines. 

Before the measurements of the surface samples 

had been completed the sinking of the shafts of Winkelhaak 

Mine offered an opportunity to test the growing feeling that 

samples obtained from the surface gave more scattered results 

than those obtained at depth. 
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Oriented samples were very kindly collected for 

us by geologists of Union Corporation during the course of 

shaft sinking operations at Winkolhaak Mines Ltd. on the Far 

East Rand. Tho position of tho mine is marked as 'W' 1 o:q. 

tho map of tho eastern half of ·south Africa. shown in fig,. 4/l. 

Two pairs of vertical shafts were SUL'1.k, tho members of a 

pair being approximately 750 feet apart and the distance 

between the pairs about one mile. 

Two dolerite sills intruded into Lower Karroo 

(Ecca) sediments 1 were intersected in tho shafts. The 

upper sill extends from the surface to a depth of between 

70 and 80 feet. The lower sill, occurring at a depth of 

about 630 feet, is about 50 feet thick. Seventeen samples, 

subsequently cut into 57 specimens, were collected from the 

upper sill, while 8 samples, cut into 33 specimens came from 

the lower sill. 

All specimens from the upper sill were magnet­

ized with the north seeking poles downwards, i.e. in the 

reverse direction to the present field, whereas all specimens 

from the lower sill had the south seeking pole dovmwards, 

i.e. are magnetized in the normal sense. The results of 

these measurements are shown in figure 4/4, a stereographic 

plot of the lower hemisphere. It should be noted that the 

directions found for the upper and lower sills are not 

exactly reversed relative to each other. The directions 

of magnetization of the samples from the lower sill have 
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steeper dips ~nd lie farther east than those of the upper 

sill .. 

table 4/1. 

The statistics for these samples are given in 

In calculating the mean directions 1 sample means 

were first calculated from the directions of the individual 

specimens. Those sample moans were then used to calculate the 

mean for the group, giving each unit weight. If the 

measu1~ements on each specimen had been given unit weight the 

circle of 95% confidence would have been much smaller but 

it is doubtful whether directions found from several specimens 

cut from the same sample can be regarded as independent 

measurements in terms of sampling the dyke or sill as a 

whole. 

Samples of sedimentary rocks covering most of the 

Ecca Series were also collected for us from the.sha.fts of 

Winkelhaak Kinos. All those samples were very weakly 

magnetized and many could not be measured. The directions 

of magnetization of those that could be measured are shown 

~n figure 4/5. The great scatter of these directions 

renders them of negligible value though the group of north 

poles with D about 10°, I about 60°, could possibly be 

significant. There was no obvious correlation between 

the distance of the sedimentary sample from the sills and its 

direction of magnetization. !~wever, since the samples were 

collected at intervals of about 20 ft. the narrow "baked 

zone" was generally missed. 
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It would seem as though the scatter in the 

directions of magnetization of these sediments is due largely 

to unfavourable conditions of deposition such that the magnetic 

grains were unable to align themselves in the direction of 

the field. Such a sediment would be much more weakly magnet-

ized than one deposited under more favourable conditions. 

This very weak remane11t magnetism would be easily swamped 

by a small amount of I.R.Iv1. or other secondary magnetism. 

3. Underground Samples from a Railway Tunnel_ near Estcourt. 

A geological section of the tunnel environs 1 

prepared by Irtr. P. J. Smit of the Geological Survey, is shown 

as figure 4/6. rrhe samples were taken from. the lower tunnel 

vertically above the points indicated by numbers on the 

diagram. Dolerite and baked sediment samples are distinguish-

ed by "D" and 11 S 11 respectively, while 11 N11 indicates that they 

are magnetized in the normal sense and "R" in the reversed 

sense. In the case of' four sampl0s (13 1 23 1 24 and 36) the 

individual specimens from a single sample form a streal{ 

instead of a fairly tight group. ~L1 hese are indicated by 

"W". The directions of mag:>:1etization are plotted on the 

lower'hemisphere of a stereographic net in figure 4/7. For 

the four samples showing the streaking, the directions of 

magnetization of the individual specimens have been plotted, 

those from the same sample being linked by a line. The rest 
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The directions of magnetization of 

the samples from the Estcourt 

tunnel. Individual specimens from 

a single sample show lng a streak 
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sample means are plotted . 

• = Normally magnetized dolerites. 
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are shown as tho mean for the sample, calculated from 

several specimens. 

Examination of the data in figure 4/7 shows 

that in general the baked sediments are magnetized in the 

same sons& as the adjacent dolerites. There are however 

some anomalies. 

When tho first collection was made two samples 

(41, 42) were taken from the dyke at point E. One of 

these (41) was found to be magnetized in the normal sense, 

the other in the reversed sense. It was decided to return 

to the tunnel to collect additional samples from this dyke. 

(The other anomalous regions had already been cemented up). 

These samples served to show that the chill 

zones were normally magnetized, whereas the interior of phe 

dyke and the only sample of baked seditnent that was 

measurable 1 were magnetized in the reversed sense. 

explanations of this are: 

(i} that the chill zones are unstable 

(ii) that a self reversal mechanism operates in the 

chill zones 

Possible 

(iii) that a self reversal mechanism operates in both 

the interior of the dyke and in the adjacent 

sediments but not in the chill zones 

(iv) that a reversal of the earthts field occurred while 

the dyke was cooling 

(v) that there is, in fact, more than one intrusion 
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with a reversal of the earthfs field between the 

intrusions. 

The possibilities of (iii) 1 (iv) and (v) seem 

unlikely. On the information available at present it is 

impossible to decide between (i) and (ii), though the 

possibility of instability in some samples is supported by 

the streaking noted in samples 13, 23 and 24. 

Considering the results from this tunnel as a 

whole, mean directions 68.lculated from the reversely 

magnetized ~-olerites, the reversely magnetized sediments 1 

the normally magnetized dolerites and the normally magnetized 

sediments are given in table 4/1. Samples 13, 23, 24 and 

36 have been omitted from these calculations. The 

difference between the sediments and the dolerites is in all 

cases within the limits of error of the means, whereas t~e 

mean for the normally magnetized samples is significantly 

different from that of tho reversely magnetized group. :This 

point is clearly shown in figure 4/8, a.lower hemisphere 

stereographic plot showing the 95% confidence circles for 

the four groups of samples from Estcourt and the two groups 

from Winkelhaak. It will be noted also that the 

Winkelhaak reversed samples do not differ significantly 

from the Estcourt reversed samples nor do the Winkelhaak 

normal samples differ significantly from the normal Estcourt 

samples. All the normally magnetized samples do, however, 

differ significantly from the reversed ones. It may be 
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Table ~/_1. 

1 2 3 4 5 6 7 

Latitude of 
collection 26.5°3 26.5°3 29.1°3 29.1°3 29.1°3 29.1°3 30.3°S 
point 

Longitude of 
collection 29.1°E 29.1°E 29.9°E 29.9~ 29.9°E 29.9°E 28.5°E. 
point 

Number of 
samples 

Number of 

17 8 15 8 9 7 33 

specimens 57 33 53 25 34 24 149 

Mean declin­
ation, D T 173°E 

Mean inclin­
ation, I t 58° 

Semi-vertical 
angle of 95% 5° 
confidence ,oz~~ 

Latitude of 
pole 

Longitude of 
pole, 53°E 82°E 

------------------~------------,---------------------------
(1) Winkelhaak Upper Sill; (2) Winkelhaak Lower Sill; 
(3) Estcourt reversed dolerites; (4) Estcourt reversed 
sediments; (5) Estcourt normal dolerites; (6)Estcourt 
normal sediments;_ (7J. Surface collection • 

t To facilitate comparisons, the direct'ions are measured 

disregarding the sign of the pole. 

-r.- Calculated by Fisher's Method (1953) 
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expected that, in view of the possible instability of some of 

the normally magnetized samples, the mean for these samp+es 

might not be as satisfactory a datum as that found from the 

reversely magnetized ones. In the case of the latter it is 

considered that the fact that they have retained a direction 

of magnetization in the opposite sense to the present field 

is in itself an assurance of their stability. 

Inspection of figure 4/7 reveals that, although 

the normally magnetized samples give directions closer to 

tho present field of the earth than do the reversed ones, 

they all lie off to the east and it seems unlikely that they 

are all unstable. Similarly, it seems unlikely that a 

self reversal mechanism should affect dolerites and their 

baked sediments in some areas while those· in other areas 

should be tUlchanged. 

The explanation of these observations would 

seem to be complex. It seems probable that these intrusions 

are not strictly contemporaneous and the possibility of a 

reversal of the earth's field during the tim~ of intrusion 

of this swarm of sills and dyt:es must be considered. 

Perhaps samples 13, 23 and 24 happenod to be cooling through 

their Curie Points at the time of tho reversal of the field. 

If we assume that such a reversal did taka place, we would 

have a picture of normally magnetized sills and dykes with 

normally magnetized adjacent sediments and reversely 

magnetized dolerites with their reversed baked sediments. 
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Secondary effects~ due to self reversal under: special 

circumstances or to instability, might be superimposed op 

the siraple picture. 

4. Discuss ion. 

The above results may be of value in two 

different ways. They add to the information available 

regarding the mechanisms whereby rocks may become magnetized 

andthey provide information about the direction of the earthts 

field at tho time of the intrusion. 

As regards the Q~derground samples, the 

mechanism causing the almost complete reversal of the 

direction of magnetization is still uncertain. The most 

reason~ble explanation seems to be that over a large area 

including Natal and the South Eastern Transvaal , Karr'?o 

dolerite was intruded in at least two distinct events 

separated by sufficient time to allow the earlier intrusions 

to cool to below tho curie Point of their magnetic minerals. 

During this time the earth's fiold reversed. The second 

family would then cool and become magnetized in a field 

of the opposite direction. 

According to Jaegerts curves (Jaeger, 1959) 

for the cooling of an intrusion from about l000°C to the 

Curio Point of magnetite (about 575°c), the centre of the 

upper sill at Wirikelhaak with a thickness of 80 ft. would 

only take about 9! years to cool to its Curie Point. At 
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its thickest point the main sill at Estcourt would take about 

300 yoars to cool to the same temperature. Thus 1 no single 

intrusion sampled underground, cooled and became magneti~ed 

over a sufficiently long period of time for secular variation 

to be averaged out completely. rrhe close agreement of the 

normally magnetized intrusions from Winlwlhaak and Estcourt 

and of the reversely magnetized intrusions from both places 

suggests t!.1at the intrusion of each family took place over a 

very short period of time allowing cooling and magnetization 

of all members of the family before much secular variation 

had taken place. It is possible that the difference b·etween 

the direction of magnetization of the ''normal" and the 

"reversedn families, neglecting the sign, represents secular 

variation. If this is so, the best estimate of the pos~tion 

of the pole relative to South Africa during early Jurassic 

times may be obtained from the mean of the direction of 

magnetization of (1) tho Winkolhaak reversed dolerites 1 

(2) tho Winkelhaalc normal dolGrites, (3) the Estcourt 

reversed doleritos 1 (4) the Estcourt normal dolerites 1 

(5) the surface dolerites, (6) the Estcourt reversed baked 

sediments 1 and . (7) the Estcourt normal baked sediments. 

Giving each unit weight and neglecting the.sign the mean 

direction of magnetization is n=l61°, !=60° (or D=341° 1 I=-60°). 

Assuming an axial dipole, the corresponding position of the 

pole is: Longitude 74~E 1 Latitude 70°S. 

As mentioned earlier, this simple picture of the 
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intrusion of the dolerite in at loast two distinct event~ 

with a reversal of the field in between 1 plus rare cases of 

instability and/or self reversal completely explains the 

observations on the 1mderground samples. Thoro are undoubt-

edly other explanations, particularly with regard to the 

mechanism of rcver•sal but these appear to be much more 

cumbersome (see section 3 above). However, there is 

absolutely no evidence for, and strong evidence against 

any suggestion that, disregarding the sign, those rocks 

owe thGiJ.:• mo..gnetization to anythinc; other than thermoremanent 

magnetization in the earthts field at th0 time of their 

intrusion. In particular, it is improbable that the stresses 

were tho same at the Winkelhaak and Estcourt areas thus 

producing equal magnetostrictive effects in the intrusions 

at both placGs. When tho surface samples are included the 

suggestion becomes oven more unreasonable. 

It is clear from this and other work (e.g. 

Gough, 1956) that in general samples obtained 1mderground 

are more consistent than those collected from surface 

outcrops. In·the case.of the Karroo dolorites, the incidence 

of instability is much higher amonc; the surface samples 

than among tho underground samples. This may be due to a 

number of reasons including slight weathering and thermal 

or ther:mo ... stross cycling. However, oven after the elimin-

ation of the obviously unstable surface samples, the groupinc; 

of the directions of magnetization is much poorer than that 
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of the underground samples. Also there are a number of 

samples which, although apparently stable, are not 

magnetized in or near the mean direction of magnetization. 

Tho poorer grouping is partially due to the fact 

that both the normally and the rev0rsely magnetized samples 

are included in the plot, figure 4/3. Duo to the greater 

spread of tho sample localities it may well be that some 

dolerites that were emplaced during othel" intrusive events 

have been included in the 11Surface 11 collection. This would 

allow secular variation to play a greater part than it does 

in the picture presented above for tho underground samples. 

As demonstrated in Chapter 6, the effects of 

lightning provides an adequate explanation of tho apparently 

stable, yet widely scattered, observations. 

One of the objects in determining the direction 

of the field at the time of the intrusion of the Karroo 

dolerites was that it may be of assistance in the interpret-

at ion of tho results obtained from tho I\arroo sediments. 

Unfortunat~ly tho moan field _during early Jurassic times was 

very nearly co-incident with the present field. This fact 

makes it difficult, if not impossible, to assess the relative 

importancG of baking of sediments by Karroo dolerites and 

magnetization in the present field either by simple I.R.M. 

or by chemical processes. The presence on the plots of 

the sediments of o. number of North seeking poles more or less 
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in tho direction of tho present field may, in fact, be due 

to baking by dolerite when the field was reversed. 
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CHAPTER 5. 

!'iiEASUPililVIEl1frS ON SEDiliiENTS OP r_rBE CAPE SYSTEM.!.. 

1. Reconnaissance. 

After the complete failure of the palaeomagnetic 

programrn~ ~n theKarroo sedime1~~s, the Cape System was 

inves~~f:'?~~ed _in ~.preliminary manner •. By comparison with 

t!_le __ I~rr,oo System, dolerite intru~ions._ a~e __ c~mparatively 

rare 1 but __ ~he roc1;:s of the Cape System generally have 

suffered much more deformation than has much of the Karroo 

System. 

Isolated samples of the highly deformed Table 

Mountain ~e~ies, Bokkeveld and Witteberg Series from the 

Po~t Eliz~[Jeth - Grahamstovm area showe(l ___ th~t the whi~e, 

glassy qua.-rtzites were invariably too wealcly magnetized to 

be measuT•ab le. The directions of magnetization of the few 

samples that were obtained from the Bokkeveld shales were 

measurable though they did not appear to be entirely 

systematic. 

A trip to the Cape was undertaken in November, 

1955 1 with the object of collecting a few reconnaissance 

samples from each of the argillite or gre:;vracke horizons in 

the Cape System. Samples were collected from the T .M.S. 
.. . ... 

L~wer 11 Shalesu at Ghar:>man's Peak, near Cape Town anc)_ from 

the Bokk~vel~ Series at . Gydo Pa~-~-, near Ceres and along the 
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Figure 5 - 1. 

A lower hemisphere stereographic plot of the directions 

of magnetization of' the first collection of samples from 

the T. M.S. Lower Shales at Chapman's Peak. 

.~ 
I 

• = South pole downwards. 

+ North pole downwards. 
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Wupperthal valley 1 near Clanwilliam. The Upper T .M.s. 

Shales exposed in Mitchell's P~s._s, near Ceres, were found 

to be too weathered. 

A total of 40 samples were obtained from the 

Bokkeveld Series. The directions of magnetization'.. when 

plotted,_ form a complicated pattern with a large number of 

points falling close to the direction of the present field. 

Further work on the Bokkeveld as exposed at Wupperthal and 
~ - ·- ·- ·--

in the Botterkop Pass, between Clanwilliam and Calvinia, is 

currently under way. 

Eleven samples, made up of both hand-samples and 

short cores, were collected from the T.M.s. Lower Shales 

at Chapman's Peak. These were cut into a total of 29 

specimens. The measured directions of magnetization are 

plotted on the lower hemisphere of a stereograph as figure 

5/1. This shows a broad streak of __ S01 ... :-th poles from_North­

West, 9.lmost horizontal, to South-East, inclination about 

There is what could be the beginning of a group of 

North poles of low inclination towards the South-East. 

2. The Need for New Techniques. 

Once again the question of possible "surface 

effects" arises and it becomes abundantly clear that , ___ if 

pala~omagnet ism is to make any 1?-e~dw~'Y." in South Africa, the 

cause of the scattering of surface samples would have to be 
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investigated. From the work on the Ka.rroo dolerites 

(Chapter 4) it is clear that samples from a depth of abo~t 

100 ft. showed much less scatter than do surface samples. 

In the Estcourt tunnel several samples were taken from ~ithin 

two feet_~f w~t, open, weathered joints and showed very 

little scatter. For this reason it is thought that 

pro~i?-~?: the sample is not obviously weathered, its proximi~¥ __ 

to a weathering surface is relatively unimportant. A surface 

outcrop differs from an open joint exposed in a tunnel in 

that the former is regularly exposed to the sun. The 

consequent thermal or thermo-stress cycling {see Chapter 3, 

section 3) could possibly hav~ some effect on the magnetic 

properties of the rock. Because of the low thermal 

conductivity of rock, the thermal effect cannot penetrate 

more than a few inches below the surface; the range of the 

thermo~str~ss cycling is somewhat ~ore difficult to estima~e. 

Any experiment designed to directly observe the effect o~ ~­

rock of artificially produced thermal cycling would probably 

have to be carried out over a lone period of time. If such 

an experiment showed a positive correlation between thermal 
- ~ . . -~ -- -- -. 

~_yclin~ and __ scattered directions of magnetization, a way of 

avoiding these "surface effects" would have to be found. 

It was thought that the construction of a drill rig capable 

of drill~ng to about three feet could both be used to 

demonstrate the reality or otherwise of the thermal 

cycling effect, as well as provide a way of avoiding it. 



( 

E 

Figure 

41 10 L2 
20l l19 FINE GRAINED BE D. 1!>" ,16 

5-2. 

lll1e 
17 

3g 

1
43 

[
40 ROAD CUTTING ~ . I d 

Dosp ace 

~ --------------------------- towards S.E. 

about !>0 ft .. horizon ta II y 

------------- 35, 136 ------------
------ 8 ------------ . -----

--- 7' 

Horizonta I Scale 

T 
--

0 2 4 6 ~ 1~Heet. 

A diagramatic 

the sample 

47 

I 

T 

representatron of 

sites · at Chapman's 

covered 

.... ,~ 
\~>; 

. 
6 

3( 145 
33, 

' . 
5 321 ,3i 

f29 

1
130 I 

44 ··~7] ,,. 

the vertical and 

Peak and the 

by each bore 

-· /;J 

horizontal 

length o'f 

core. 

_, 
til ~~ 

Vertical 

Scale 

2!>1~4 
3 22 2 

21 

distances 

geologic·al 

\_~~·. 
1· 

0 
1 

2 
3 
4 

5 
6 
7 

8 
9 

10 4 feet. 

between 

column 

'\Jri 

w 

---

~~ - ...,......., .. ,.~,c- - - ,..... H lf'fi F4 fliC' 1 ·.-- . .--.---.=~ ··.!..;-_......_ ~...J"'-



! 

l 
j ~ 

l . 
'.f!.. 

1' 

I 
_.) 

I 

I :II 
I W"' I 

• 

75 

The drill would have to satisfy the other 

requirements mentioned in Chapter 2 and some provision for 

orienting the core would have to be made. No commercially 

available drill rig satisfies all the'requirements. 

The rig developed at tl1e Bernard Price Institute of 

Geophysical Research (Graham and Keiller, 1960) and 

described in Chapter 2 has proved entirely satisfactory. 

3. Work on the Lower Shales of the T.Ivi.s. 

At Chapmants Peak in the Cape Peninsula (see figure 

5/A) the Lower Shales of the Table Mountain Series rest on 

the peneplained surface of the Cape Granite. The bedding 

planes are often i1~1•egular, as is the thickness of many beds, 

but the overall dip in this area is negligible. The 

structure is broken by several near vertical faults, the 

most significant of which has a throw of about 100 ft. 

A dolerite dyke some 14 __f.t. thick occupies the plane of the 

latter fault. Broadly speaking, the sediments vary from 

almost white, glassy quartzite near the bottom to softer, 

finer-grained, red, argillaceous sandstones il'l the middle 1 

while near the top of the succession pale, glassy, quartzites 

reappear. Particularly near the bottom and the top of the 

succession irregular beds, up to 4 ft. thick, or lenses of 

maroon siltstone occur interbedded with the coarser material. 

With the exception of these siltstones, strong current 

bedding, and often ripple marks, .are conspicuous features 
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of these rocks. 

Using the new drill rig, thirteen three foot 

cores were drilled from various horizons in the T .I\·I.S. 

Lower Shales at Chapmants Peak, Cape Town. Some of the 

cores were drilled horizontally so as to sample the same 

horizon over the length of the core. Others were drilled 

nearly vel1 tically so as to cut two feet or more of the 

untilted sed.imentar~r series (see figure 5/2). 

Cores number P.l and 2 came from the more 

quartzitic beds at the base of the formation and were too 

weakly magnetized to be measured. The directions of magnet-

ization of ten of the remaining eleven samples are shown 

in the rn1derlined figures 5/44 (core no. P.3), 5/23 (P.4) 1 

5/30 (P.5), 5/41 (P.6), 5/32 (P.7), 5/3~: (P.8); 5/11 

(P.9), 5/6 (P.lO), 5/45 (P.ll) and 5/46 (P.,l2) • Sample 

P.l3 is not plotted here but like P.ll and P.l2, shows wide 

scatter. 

Samples P.ll, 12 and 13 were drilled from a 

highly jointed area which, on closer examination, appears to 

be a fault zone of small throw. In order to avoid the 

ambiguities involved in the possible effect;s of shear 

and/or magnetostriction in this once highly stressed zone, 

these samples will be excluded from further discussion. 

Of the rem.aining samples, numbers P .4 and 9 show 

considerable scatter, and numbers 5 and 6 fol"m peculiar 

"tadpolefl patterns wi·th a "tail" of specimens in 

consecutive order leading to a 11 head 11 of well grouped 
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specimens. The specimens from each of cores number 

10' 7and 8 are fairly tightly grouped but the cores differ ' . j 

from::one another. 

Quite clearly, drilling to 3 ft. in .this cas.e 

not solve the problem of the scattering of surface sampl~s. 

In a deter121ined effort to find a satisfactory solution, a 

further 25 long· (3 ft.) cores. we1•e drilled (numbers 15 to 

39 inclusive). 

Cores number P.l5 1 16, 17, 18, 19 and 20 were 

drilled in pairs so as to pass very slowly through exactly 

the same few inches of a well defined, red siltstone bed 

about two feet thi~k exposed in a deep road cutting. r.rhe 

members of a pair were about six inches apart horizontally 

while each pair was about 50 ft. from the next. This bed 

had already been sampled by core no.lO. Core no. P.39 

was drilled in such a way as to cut almost the entire bed. 

11he direction of magnetization of these cores 

(fig~~~s 5/3 to 5/10 inclusive) are extremely consistent. 

The mean and the semi-angle of the cone of 95% confidence 

(.ex ) for each core is given in table 5/1. This direction 

di,d 

of magnetization, with almost horizontal south poles to the 

N.N.W. which is consistent over about 100 ft. horizonta~ W~. 

and about 2ft. vertically must, surely, be meaningful.~ d 
~ (~~ ~­

Cores number P.21 to 34 inclusive were drilled 

either upwards or do\mwards at small angles to the horizontal 

so as to cover in great detail the geological c~lumn 
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Table 5/1. 

The mean direction of magnetizatio!l 

of each core from the red, fine grained bed. 

·core No. No. of D. (degrees) I~{-- (degrees) (degrees) 
Specimens 

10 18 161.7 ... 5.2 4.5 

15 10 165.6 - 9.2 6.4 

16 10 162.3 - 7.9 5.5 

17 8 16:1..8 - 2.0 5.7 

18 7 152.7 + 1,5 5.7 

19 15 164.6 .;. 1.6 5.4 

20 22 169.7 - 2.9 2,8 

39 17 155.8 ... 0.2 6.2 

*a positive inclination indicates a H·:Jrth pole 
downwards, 

represented by cores number P.4, 5 and 6_ (see figure 5/2). 

The sediments here sampled are more arenaceous, coarser 

grained and less brightly coloured than the siltstone bed 

sampled by cores· number P .15 to 20, 10 and 391 but micro­

scopic examination did not reveal any major difference 

in the nature of the magnetite in the two groups of samples. 

The rocks comprising this second group of samples are well 

exposed on the open mountain side and they do not appear to 
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be weathered. Strong current bedding is an almost 

universal feature of the coarser grained T.M.S. Lower "Shales". 

The directions of magnetization of cores number 

P.21 to 34, together with cores P.4, 5 and 6 are plotted as 

figures 5/17 to 5/31 inclusive and figures 5/40 and 41. 

In broad and general terms, these stereograms show a gradual 

but not altogether systematic shift in the direction from one 

similar to that measured in the fine grained bed (almost 

horizontal South poles to the N.n.w. or North poles to the 

s.S~E.) to one with nearly vertical North poles downwards. 

The scatter is generally less in the latter direction, 

though there is a tendency to the "tadpole" distribution 

mentioned earlier and well displayed in Chapter 6. 

In attempting to analyse these results it was 

felt that, because of the consistency of the fine grained 

bed in the cutting, the almost horizontal South poles to 

the North could represent the direction of the field at or 

soon after the time of deposition of the sediments • 

According to King (1955) currents during deposition cause the 

a~gle of inclination of the resulting magnetization of the 

sediment to be less than that of the applied field. It is 

difficult to picture a process which operates in the reverse 

direction. 

The possibility of extremely wide secular 

variation at the time of deposition of these sediments was 

considered. However, it is unlikely that this should have 
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oceurred w~ile the coarser grained sediments were being 

deposited and cease for the deposition of the finer grained 

material., 

Co1•e 7 ·had been drilled about two feet above 

core nu.rnber 8 and about five feet from it horizontally. 

The directions of magnetization of these two cores are 

entirely different. (see figures 5/32 and 5/34). Cores 

number P.35 and 36 were drilled vert~cally above numbers 7 and 

8 resp?ctiy~ly, in such a way that each would cover the 

material sampled by both 7 and 8 as well as the vertical 

interval between them (see figure 5/2). Number 35 agreed 

in its dil1 oction of magnetization with number 7 and number 36 

with number 8 (see figures 5/33 and 5/35). Thus samples 

representing exactly the same horizon and only five feet 

apart horizontally are magnetized in very different 

direct ions. 

This phenomenon occu11 s less spectacularly 

over much of the section of coarser grained material sampled. 

For example, figure 5/2 shows the wa~,r in which many of cores 

number P.21 to 34 and P.4 and 5 overlap one another in their 

coverage of a small piece of the geological column. p .22' 

23, 24, 25 and 26 cover exactly the sa~e horizon as number 4, 

and cox•e P .25 covers the same horizon as number 26 • These 

cores al"e, at the most, 20 ft. apart and yet their direct ions 
. --

of magnetization differ widely (see figures 5/18 to 5/23). 
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It is clear that some local cause is responsible 

for the magnetization of the rocks in this section. It 

seen1.~ ~nli~ely that rapid secular variation is an adequate 

explanation nor, in spite of the marked current bedding of 

the coarser rocks, does it seem likely that currents at the 

~ime of deposition would produce the pattern of magnetiz­

ation observed • 

Cores number 37 and 38 were drilled from a bed 

of fine gra~ned, red siltstone ver-;;7 similar to that sampled 

by cores nw:nber 15 to 20 etc. but lower down in the 

succession. This bed is exposed in a second but much 

shallower road cutting in which the original exposed surface 

of the rock was not more than about· 10 ft. from our sample 

sites. These two cores are magnetized in almost opposite 

directions (see figures 5/42 and 43). Both show considerable 

scatter which in the case of number 38 forms a "streak». 

It seems as though consistency of the direction of magnetiz-

ation is not purely a function of grain size, colour or any 

other obvious litl~logical feature of the rock. 

With the realization of the importance of 

1-;lghtnii_l:g in the remagnetization ?_f near-surface rocks this 

possible answer to the peculiar pattern of magnetization 

of the Chapman's Peak samples was considered. Could it be 

that .m~ny of tbe samples drilled at, or near, the natural 

surface of the outcrop had been remagnetized by lightning 

currents whereas those taken from the deep road cutting 

might not have been affected? 
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The rock exposed in the cutting above and below 

the red siltstone b_ed consists of a coarse 1 pinkish, often 
. -·· 

glassy quartzite. It shows particularly strong current 
-· . -·-- ---

beddin~ a~d i~ many places is highly jointed. Such material 

would normally be considered unsuitable for palaeomagnetic 

purposes. In view of its coarseness alone it would be 

expected to show considerable scatter. However, since no 

other material was available in the cutting it was decided 

to drill a number of cores above and below the fine grained 

bed in an attempt to get qualitative confirmation of the 

supposition that the material in the cutting had not been 

affected by lightning. Cores P.40, 41, 42, 43 and 48 were 

drilled in the positions indicated in figure 5/2. 

The directions of magnetization of these cores 

together with that of number 9 are shown in figures 5/li 

to 5(16. The scatter is very considerable but the directions 

of magnetization of these samples are not inconsistent with 

that of the fine grained bed. Particularly, there is no 

trace of the direction consisting of almost vertical North 

poles dovvnwards so prominently displayed by samples 29 to 

33 (figures 5/26 to 5/31). 

If, in fact, many of the samples collected from 

outside the cutting have been remagnetized by the magnetic 

fields due to lightning currents, then a single geological 

horizon would not be consistently magnetized over the length 

of its outcrop. It has been sho1vn above that this is the 
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case for certain sections of the outcrop but the phenomenon 

should be confirmed for other areas. 

Cores number 44 and 46 were drilled from the 

same horizon but about 50 ft. apart. Cores 45 and 47 were 

about the same distance apart in a different horizon (see 

figure 5/2). The directions of magnetization of these 

samples are plotted as figures 5/36 to 5/39. Gores number 

47 and 45 show very tight grouping of the directions of 

magnetization of the specimens from each core but the cores -- - _,_ --

* are significantly different from each other. Cores number 

46 and '-14 show less tight grouping and are magnetized in 

vastly different directions. 
--L '\/~ kf ~ t~ 

~ !Jl ~1-1- r K~ ~ ~ 
Conclusions. tt~~~ '0JL1 

r~~ ... 
Samples distributed both horizontally along the 

same sedimentary layer and vertically up the geological 

column show that the surface outcrops ar,e inconsistently 

magnetized. This may be due to partial or complete 

remagnetization of the near surface material by lightning 

currents. It was not thought worthwhile to make a detailed 

study of the kind described in Chapter 6 once it had been 

established that the directions of magnetization in the same 
. - -

horizontal stratum varied so widely. 

Allowing for the scatter of the directions of 

magnetization of the very coarse material, samples from the 

deep road cutting are consistently magnetized. The directions 
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Figure 5 - 47. 

Early Palaeozoic Virtue I Geomagnetic Poles. 

(After Cox &. Doell, 1960; fig. 23.) 

0 European D =Devonian 

0 North- American s = Silurian 
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of magnetization of the red siltstone bed are particularly 

consistent both laterally over the 100 ft. sampled as well 

as over its vddth and it is thought that this bed has pre-

served its or.iginal direction of magnetization. The mean 

for the 8 samples from this bed is Declination= 161.8°, 

Inclination =-3. 5° (the South pole is do;Nnwards) The 

semi-angle of the cone of 95% conf:i.dence (()()is 4!0 • 

Although the time taken for the deposition of this two foot 

thic~ bed may not have been long enough for secular 

variation to have been meaned out completely, it seems 

probable that the mean direction of magnetization of this 

bed represents a reasonable approximation to the field during 

Silurian times. 

Assuming an axial dipole field, the South pole 

relative to Africa would have the present day co-ordinates 

of Longitude l0.9°W, Latitude 50.3°N (or the North pole 

The co-latitude of the Cape Peninsula 

relative to the Silurian pole would be 88°, which places 

' South Africa very nearly on the equator at the time. The 
-- -· 

presence of a tillite in the Upper T.M.S. Shales is puzzling 

and demands further work on the Cape System. 

It is interesting to compare this pole position 

with those found for other continents. Figure 5/47 is 

based on Cox and Doell's figure 23 (Cox and Doell, 1960) 

and shows clearly that the pole position found from the Lower 
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Shales of the Table Mountain Series is not in agreement 

with those of Ordovician, Silurian or DeV'onian age from 

any of the other continents .• 
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CHAPTER 6. 

A ST1J:f2.Y OF THE "SURFACE EFFECTS 11 • 

Almost invariably magnetically stable samples 

from surface outcrops in South Africa have shown scattered 

directions of magnetization while those from deep quarries, 

cuttings or undergro"Lmd workings have often proved to be 

consistently magnetized (see the preceding chapters as well 

as Gough, 1956, and Gough and van Niekerk, 1959). Various 

workers have suggested a number of possible explanations 

., for these "surface effects" including ,~yeathering, thermal 

cycling, magnetostr:i.ction, tbermo-stress cycling and lightn-

ing. 

As mentioned in Chapter 3, section 3, 

weathering is generally detectable and avoidable and the 

daily thermal cycling of an outcrop can be shown to be 

limited to a very few inches below the exposed surface. 

However, the weathering of the uppermost half inch of rock 

can produce very high stresses which might be felt several 

feet down in the rock. Similarly the daily thermal expansion 

and contraction of the surface of an outcrop could possibly 

result in a kind of stress cycling. Whether or not these 

forces could have any permanent magnetostrictive effect 

on the rock is not lmown. 

Hallimond and Herroun (1933) issue a warning 



11--l: I 

87 

that lightning can remagnetize rocks and advise that 

samples used in laboratory experiments should be taken 
·- . . 

from the considerable depth of about 50 ft~ If vertical 

lightning strokes were responsible for the remagnetization 

of rocks, one might expect to find the remanent magnetic 

directions forming a pattern of concentric rings round the 

point at which the current reached the ground. Random 

sampling __ over a wide area would ~e expected to yield samples 

magnetized almost horizontally but with random declinations. 

The directions of magnetization of the numerous samples 

collec.tecl by the author '(see Chap~ers 3, 4 and 5) are not 

concentrated in the horizontal plane. This was taken as 

an ind?.:cation that lightning was __ ~9~ of major importance in 

the remagnetization of surface samples. 

The success of the above mentioned palaeomagn~tic 

collections in which the samples came from some depth below 

the surface provides an obvious answer to the problem and 

clearly, deep quarries, road cuttings and underground workings 

should be used wherever possible. However, in South Africa 

such workings very often do not exist in the rock formations 
··- . . . . -

of most inte11 est in palaeomagnetic investigations. Drilling 

to depths of 50 to 100 ft. would no doubt provide an alter-
.. ~ -

native solution but securing accurately oriented samples 

from such depths is a formidable task for the research 

worker with a limited budget. A third alternative solution 

is to acquire an understanding of the exact nature and cause 
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of these "surface e:Cfects" so that they may be avoided 
( 

or eliminated.· .With this object in mind a detailed study 
l 

of one outcrop that was known to be randomly magnetized 

was undertaken •. 

,!. Worls on an Outcrop of the Robinson, Dyke. 

The Robinson dyke is a member of the family of 

basic Pilan?sberg (or Pilansberg) dykes which fan out to the 

north-west and south-east of the Pilanesberg alkaline intrus-

ive body (see figure 6/1). Gelletich (1937) described 

these dykes in some detail, identifying them by their 

characteristic negative magnetic anomaly, Some of the 

dykes are of a composite nature consisting of basic or 

mafic borders with a central felsic part~ A summary of 

the work done on the Pilanosberg dykes is given by van 

Niekerk (1959) who also describes the petrology of some of 

these dykes in great detail, 

O.ough (1?56) show~d _t~at the Robinson dyke(_~~­

well as five others, was randomly magnetized at the surface 

but consistently magnetized at depth. His figures for the 
- -. 

basic part of this dyke exposed underground are:-

Nmnber of samples: 42 

Direction of mean North seeking pole: Azimuth 

Radius of cone of 99~~ confidence ( 0() 

Inclination 71,8° 

4.9° 
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One of the outcrops of the Robinson dyke that had been sampled 

by Gough was chosen for a study of the "surface effects". 

The exposure, marked on figure 6/l,is about 50 ft. square, 
' 

fairly fl~t and weathered to not more than about half an 

inch below the surface. 

By means of the special drill rig described 

in Chapter~' section 20, a total of 20 oriented cores were 

drilled from this outcrop. Some of the cores were 3 ft. 

long and others 6 ft. long. All were drilled vertically~ 

The COl"~S, one inch ~n diameter, -~~ere cut in.to specimens one 

inch long,_the specimens being numbered from the top of the 

core dovvnwards. Generally 10 specimens could be cut from 

12 inches of core. The direction and intensity of each of 
-· ·- -

the 784 specimens was measured by means of the spinner type 
. .. 

magnetometer .. 

2. Laboratory Experiments. 

·~ In attempting to understand the peculiar pattern 

l 
J 
• .i 

of remanent magnetization of part of this outcrop (described 

in section 3 below) it became obvious that certain 

laboratory experiments were necessary. Although these -~ . .. 

experiments wore carried out after it became evident that 

lightning could possibly cause such a pattern, an account of 

the experiments is given here so as not to interrupt the 

description and explanation of the remanent magnetic 

obsei•vations. 
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~Iagnetization experiments. / 

Some six specimens from the deepest bore cores 

were initially selected for exper~nents using a D.C. 

magnetic. ,field. These specimens had intensities close to 

2.8 x 10•3 gauss which was calculated from Gough's (1956) 

figures as the mean for the underground samples from the 

basic part of this dyke. 

The direction and intensity of magnetization 

of the specimen was measured and a D.C. magnetic field of 

known intensity was applied at a _known angle (usually at 

right angles) to the N.R.M. for a predetermined length of 

time (usually one minute) before slowly decreasing the field 

to zero. The apparatus is described in Chapter 2, section 

3A. After measurement of the direction and intensity of 

remanent magnetism of the specimen the procedure may be 

repe~ted with a larger field if desired. 

Knowing the direction and intensity of-magnet-

ization before and after the experiment one can, by completing 

the parallelogram, estimate the remanent magnetic vector 

produced by the applied field. The angle between the 
·-·- -

original magnetic remanence and the applied field need not 

be used in this calculation so that if the angle between the 

applied field and the calculated vector is small, it would 

impl::z_~ha~ one can lGgitimatelypicture the I.R.Ivl. as adding 

vectatorially to the N.R.M. 
~ --.-

In all cases this angle was 

found to be within th§ experimental error, never exceeding 
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5 degrees. 

This vector of remanent magnetism has been 

plotted on.the vertical axis in figures 6/2 and 6/3. It 

will be ~eel?- thatf' the curve starts to depart from the 

horizontal axis at about 8 oersteds and that 12 oe. is 

sufficient to produce a s·mall but significant magnetic 

vector. The curve shows no signs of approaching saturation 

at 380 oe. It would appear as though the best curve through 

the points has a slight "kink" at about 210 oe. 

No magnetic anisotropy was observed in these 

experiments. 

Subsequent experiments showed that the remanent 

magnetism produced by the application of the D.C. field for 

periods ranging from 15 seconds to 28 hours was consistent 

with the curves. The random storage of the specimens 

in the earthfs field for periods of several months showed no 

significant effect. 

In spite of the fact that for this rock the 

remanent magnetism is independent of the duration of the 

applied D.C. field for periods ranging from 15 seconds 

upwards, it could not be said that the field due to a 

lightning discharge would behave similarly. A lightning 

discharge consists of one or more consecutive strokes, 

usually four in South Africa (Schonland, 1956). Each 

stroke consists essentially of a leader (stepped or 

otherwise), carrying a fairly low current, followed by the 
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main flash. It should be n.oted that a~~hough the 

electrical breakdmm for the leader proceeds from cloud to 

ground while that for the main flash is from ground to cloud, 

nevertheless, the actual current or flow of electrons is 

in the same direction throu~hout any particular discharge. 

(Generally tlle cloud is negatively charged and electrons 

move from cloud to ground.) There can therefore be no 

alternating field as suggested by Rimbert (1958). Instead 

the field is :J.ade up of a number of D.C. pulses, all of the 

sar:1e sign. 

The current in the main flash varies from 

10,000 amps. to m?re than 160,~00 amps. In so% of the 

discharges recorded in Rhodesia, the current exceeded 

40 1000 amps • (Anders on and Jenner 1 1954) • The time taken 

for the current to reach its peak varies from 1 to 19 "sees., 

with an average of 6 sees. while the time taken for the 

current to fall from its peak value to half its peak value 

varies from 7 to 115 sees. with an average of 24 .sees. 

(Chalmers, 1957, p.252). 

rrhanks to the generous co-operation of Mr. J. J. 

Kritzinger of the Department of Elect:rica~ Engineeringof the 

University 

the effect 

of 

0 ·"' .J. 

the Witwatersrand, it was possib_le to evaluate 

very.short pulse fields on the magnetic 

remanence of specimens from the Robinson dyke. The rocl{ 

specimens were placed at fixed distances from a long 

straight conductor connected via a spark gap to a high 

-~- Mlilli 
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voltage impulse generator and were subjected to the pulse 

fields resulting from high current discharces along the 

conductor. Photo[;l,aphs of the trace of a calibrated 

oscillograph were ta.:ken so that estimates of the current 1 

pulse shape and duration of the discharge could be made (for 

further details see IC!.itzinger 1 1961). The direction and 

intensity of magnetization was measured before and after each 

experiment and the vector produced by the field was estimated 

in the manner described above. The results of these experi-

ments are presented in table 6/1 and the :nagnetic vector is 

plotted against tho field as large circles in figures 6/2 

and 6/3. 

. Table 6/1 

-----------------------·-------
Speci- Peak CUl'r- Dist·ance Field Durati6n-l(- No .of Magnetic v·ec-

3 men No. ent Amps. ems. Oe. rsecs. shots tor G-auss x10-

.6/48 

.6/48 

6)48 

6/49 
6/49 

11/48 

11/51 

11/50 

11/47 

11/46 

6/47 

6/46 

4000 

4000 

4000 

4000 

.4000 

3900 

4000 

.4000 

3200 

3000 

3000 

3000 

16 

,8 

3 

11 
5 

6 

10 

10 

9 

6 

6 

6 

50 

1Q_O 

26.7 

7.3 
l60 

130 

80 

80 

70 

100 

100 

100 

10 

10 

10 

10 

10 

1c 

10 

10 

1.4 

1.4 

1.4 

1 
1 

1 

1 

1 

1 

1 

5 

1 

1 

1 

5 

~'i- From start, throlifsh the peak, to f3 peak current. 

5.4 

29 

386 

15.7 

114 
53 

14.5 

1~ •. 7 

15.8 

27.5 

33.5 
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The accuracy of this experiment is not as high as 

that obtainable when using a D.C. field generated by a 

soleno'id. rrhe calibration and reading errors involved in 

the estimation of the current should not have exceeded 

lo o[ 
/v• .The error in measuring the distance between the 

centre of the specimen and the conductor should not have 

exceeded 5% but when the specimeh is very close to the 

conductor the curvature of the field and the field gradient 

across the specimen is appreciable. Although the specimens 

were oriented relat:tve to the conductor by eye, the angle 

between the direction in which it was intended to direct the 

,field and the calculated magnetic vector reached 9° in one 

case but otherwise did not exceed 5°. 

In spite of these difficulties it is clear that 

the effect of D.c. pulses of 10 ~sees. duration from start, 

through the peak to half current is very similar to that of 

a D~C. field applied for a much longer time. The effect of 

the shorter pulses of 1.4 ~sees. duration may be a little low­

er. Howovor, \'Vit:1 sue~_ short pulses the circuit showed some 

tendency to oscillation and an overshoot of the current of 

some lO%was observed. It is therefore not 1mown whether 

the lower I.R.M. obsm.~ved for pulses of very short duration 

is meaningful or not. 

As shown in table 6/1, the effect of several pulses 

of the same size is not significantly different :from that of 

a single pulse. It is, therefore, highly likely that the 
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magnetic effect on th:Ls rock of one or more main strokes of 

.a lightning discharge will follow the curves shown as 

figures 6/2_and 6/3, and these curves will bo used to estimate 

the field and thence the current responsible for the remagnet-

ization of part of this outcrop. 

B. Demagnetization by alternating current. 

Alternating current demagnetization experiments 

were performed on specimens from this outcrop primarily in 

order to determine to what extent, if any, it is possible 

to remove the secondary magnetization without affecting the 

original T.R.M., By this means it might be possible to 

make an estimate of the direction and intensity of the T.R.M. 

of the rock in spite of tho fact that the original magnetiz-

ation had been swamped by magnetizations acquired subsequent-

ly. 

The apparatus used is described in Chapter 2, 

section 3B. The direction and intensity of magnetization 

of the specimen is measured after each of tho successively 

larger applications of A.C. field. Figur~ 6/4, a lower 

hemisphere stereographic plot, shows the way in which the 

direction of remanent magnetization of specimen J./26 changes 

with increasing A.c. field. After b e ing sub j e ~ted to a 

peak field of 165 oe. its direction of magnetization is 

very close to that determined by Gough (1956) for the basic 

part of this dyke in Robinson Deep Gold Ivline. Purther 

increases in the field do not alter the direction 
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appreciably until the intensity of macnetization is less than 

about one tenth of Goush's mean intensity of magnetization 

-3 of this dyke of 2,.8 x 10 gauss. Beyond tJ:1is stage the 

directions of magnetization start to scatter. 

The initi.al intensity of magnetization cf specimen 

1/26 was 17.9 x 10 ... 3 gauss (see also figure 6/6) i.e. about 

six times more strongly magnetized than unaffected rock at 

depth. Similar results are obtainable fro~ specimens with 

initial magnetizations up to about 30 x lo-3 gauss, i.e. about 

ten times that of the original T.R.M. In each case the 

direction of magnetization moves towards and finally pauses 

at a point very close to Gough's mean direction. .Some 

scatter may occur with fields exceeding about 600 oe. 

In specimens vrhose, secondary magnetization is 

more than about 10 times stronger than the rr .R .M. , A. C. 

washing does not effectively restore the original direction 

of magnetization. Fig:ure 6/5. shows the progress tovvards the 

original direction of magnetization of specimen 12/13 whose 

-1 initial intensity was 2.1 x 10 gauss. No clear 11 end 

point" is reached. After treatment in the A.c. field of 

387 oe. the int~nsity of magnetization was dovm to 1.1 x lo-4 

gauss and it is cleaJ:' that the effective coersive force of 

such strong magn~tization is very close to that of the T .R.l'll. 

Rimbert (1958) drew attention to the difference in 

the intensity vs. A.C. demagnetizing field - curve for 

magnetization probably due to lightning and that due to a 
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D.C. field. ?igure 6/6 confirr;1s this observation. The 

demagnetization curves for the specimens probably magnetized 

by natural lightning begin with a gentle slope which 

increases to a point where the curve beco8es nearly linear. 

The curves for the specimens uagnetized by a D.C. field 

do not show this initial gentle slope. S peciraens 11/50 and 

11/51 were magnetized by the field due to an artificial 

spark discharge (see section 2A). Specimen 11/50 was 

subjected to one su?h discharge while 11/51 was magnetized 

by five equal discha11 ges at short intervals. The demagnetiz-

ation curves for tl1ese two specimens do not appear to be 

significantly different from each other and they resemble 

the curves for the specimens magnetized by natural lightning 
·- -·- . 

more closely than the·y do those magnetized by a D.c. field. 

The slight plateau formed by each de,magnetization 

curve at intens:Uies ranging from 2 to 4 X 10 -3 gauss 

probably represents the stage at which the I.R.IVL. becomes 

comparable with the T 4 2.M. This supports t~e assumption 

that the average T.R.~. of this outcrop of the Robinson 

dyke has much the same intensity of magnetization as the 

undergroGmd exposures studied by Gough (1956). 'l'he mean for 

the undergro.und_~xposures (calculated from Goughts figures) 

of 2.8 x lo-3 gauss is consistent with these and other 

demagnetization curves. 

Since the addition of magnetic vectors (see 

sections 2A and 3B) appears to be entirely satisfactory, 
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one would expect that with the re::1oval of one or more 

vectors during demagnetization a similar so::..~t of vector subtr-

action would be possible. In fact this does occur for 

specimens magnetized by a D.C. field. Figt1.re · 6/7 

shows that at least during the first stages of demagnet-

ization one can picture the T.R.M. remaining constant while 

th3 I.R.Iii. is progressively removed without changing its 

direction. The vector resultant decreases in length and 

changes in direction in accord with the parallelogi·am and 

moves along line AB. However, figure 6/8 shows that in the 

case of a specimen vv:i.th I.R.M. due to lightning no such simple 

model is possible. This peculiarity is probably directly 

related to the initial gentle slope of the demagnetization 

curve for specimens vdth I.R.r!l. due to lightning but the 

phenomenon is not y'et clearly understood. 

3 • The Natural R er~1anent !.iagnet is:n • 

A. The main pattern. 

Seventeen of the twenty cores drilled from the 

outcrop described above canG from the area about 14 ft. by 

5 ft. depicted in plan as figure 6/9. 

Lower hemisphere stereographic plots of the 

directions of magnetization of the specimens from each of 

cores 1, 4, 12, 14, 20 and 8 are shown as figures 6/11 to 

6/16 respectively. On the whole the specimens fromthese 
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cores as well a.s those from most of the other cores, are 

magnetized in directions which fall on nearly vertical, 

approximately rm-sw great circles. rrhe "strike" of each 

of these planes of magnetization is sho·wn as the line through 

each of the "bore holes" in figure 6/9. As will be seen 

from the plan, these vertical NE-SW planes nearly coincide 

with the approximate plane from which the specimens of cores 

numbers 8, 16, 1, 4, 12, 13, 9, 14 and 20 were drilled. 

It is therefore fairly accurate to represent the 

direction and intensity of magnetization of the specimens as 

vectors in the plane of a section approximately through 

these cores. Every fourth specimen from each of the above 

cores is represented in such a section which is presented 

as figure 6/10. The t:1agnetic vectors for core number 8, 

shown as dashed lines, are not direct observations but have 

been calculated as described in section 3B below. 

Except for core number 8, the pattern of the 

direct remanent inagnetic observations represented in figure 

6/10 is qualitatively highly consistent with one that would 

be produced by an electrical current flowing along a single 

straight conductor passing perpendicularly into the plane of 

the section at the point marked C 1. However, it is equally 

clear that this simple picture is not quantitatively accurate. 

For example, specimen 16/9 is about 2 ft. 4 in. from C 1 

and has an intensity of magnetization of 2.2 x 10-
2 gauss 

while specimen 9/17 is very nearly the same distance from 
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C 1 b t h . ' . ' " 1 10-l u _as an ln~ensl~Y or .9 x gauss. Many other 

examples of specimens to the left (S.W.) of C 1 being much 

less strongly magnetized than specimens equidistant to the 

right (N .E.) of C 1 are to be found. 

The simplest explanation for this phenomenon is 

that there is a gradual increase towards the N.E. in the 

intensity to which a specimen could be magnetized by a 

given field. This could occur by a progressive change in 

the quantity or natul"C of the magnetic minerals in the rock. 

This possibility was investigated by subjecting specimens 

14/29 and 16/30 to D.C. fields of various strengths. Within 

the limits of experimental error the two specimens behaved 

identically and in complete harmony with the field vs. 

remanent magnetism curves described earlier. 

Two other possible explanations wore investigated. 

One, involving the vectatorial sum of the field due to the 
/ 

' 
current at C 1 and anotl1.er large current in the opposite 

direction but some distance to the right (H .E.) of C 1 , was 

abandoned when a test core (No.20) failed to fit the predicted 

pattern. The possibility that the current at C l instead of 

following a thin, wire-like path, spread out in the· form of 

a sheet was considered mathematically. It became clear that 

in any sheet-like model, the field at any point below the 

sheet would be predominantly horizontal even if ·the point is 

very close to a sheet in which the current distribution is 

highly non-uniform. Such specimens as 4/5 and 13/5 show 
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that the current path could not have been 1:1.ore than one 

foot wide,. 

As pointed out above, the directions of magnetiz-

at ion of the specin1ems from any one core lie on a great circle. 

The planes of these vertical great circles are represented 

by the lines through the "bore holes" on figure 6/9. For any 

particular core tho direction of tho perpendicular to the 

current will lie in this plane and its sense can be determined 

by noting the way in which the magnetic vectors rotate as 

one proceeds from the top of the core downwards. This 

direction for each core is indicated in figure 6/9 by the 

arrow heads. It is clear from the non-parallelis~ of these 

'" directions that the current did not follow a straight path 

-\ 
and a path similar to that indicated in the figure seems 

possible • 
.. 

A good approximation to such a curved current path 

may be made by dividing the curve up into a number of 

straight segments whereupon the problem may be tackled 

quantitatively in a simple manner. Guided by the intensity 

of magnetization of some of the specimens nearest to it, a 

guess may be made at the magnitude of the current. The 

direction and strength of the field due to each of the 

straight current-path segments may be calculated for a 

point occupied by any specimen. The angle between 

any two of these magnetic fields, A and B, may be determined 

with the aid of a stereographic net and their vectatorial 

,l 
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sum (A +B ) may bEl' calculated. The direction of (A+B) may 

now be plotted by using the anglo between A or B and (A+B ) • 

This process may 'oe repeated U....'1til all the vectors represent-

ing the magnetic field due to segments of the current-path 

have been added. The resultant field can then be converted 

to I.R.M. by means of the curves shown as figures 6/2 and 6/3. 

The calculated direction of the field and intensity of I.R.M. 

may be compared with the values observed for the particular 

specimen. The current magnitude may be adjusted if 

necessary. 

By trial and error, the current path consisting of 

the four straight segments shown in figure 6/9 was found to 

fit the observations fairly well. The best value of the 

current was found to be 5.0 x 104 Amps. 

Table 6/2 compares the observed direction and 

intensity of magnetization of fourteen specimens with those 

calculated on the basis of this model. 

Specimens 5 and 25 of core number 7 show that 

the model is not accurate at its extremities. Clearly this 

is due to the assumed semi-infinite straight segments at 

either end.of the current path. However, the overall 

agreement between the observed and calculated values of 

Declination, Inclination and Intensity of magnetization is 

good enough to indicate to a high degree of probability 

that the pattern of magnetization of this part of the 

outcrop is due to an electrical current of abou.~ 50,000 Amps 
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flowing along an approxima~ely horizontal, narrow but 

curved path. 

Speci ... 
men No. 

1/21 

2/9 

3/25 

4/13 

5/13 

7/5 

7/25 

9/13 

12/17 

13/9 

14/17 

15/17 

16/13 

20/21 

Table 6/2. 

OBSERvED. 

D 
deg. 

I Intensity 
deg. gauss x lo-3 

243 •12 

244 ... 55 

256 + 5 

244 -4r 1 

224 +36 

215 .. 1 

226 +18 

251 +20 

256 +48 

282 +50 

226 + 9 

233 .... 55 

288 +56 

29 

99 

23.6 

270 

280 

480 

34 

310 

146 

380 

116 

135 

41 

CALCULATED. 
D I Field Intensity '7. 

deg. deg. oe. gauss x 1o•a 

245 ..-18 103 

250 ... 45 137 

261 ... 10 106 

253 + 1 224 

223 +32 261 

210 •19 662 

224 + 7 124 

275 +52 260 

257 +21 195 

263 +60 377 

282 +41 166 

283 + 7 178 

235 ~56 81 

280 +51 120 

37 

72 

39 

210 

260 

soo 

56 

260 

160 

470 

110 

130 

21 

53 

Note: D (declination) is measured cloc1rwise from tl"Ue North 
to the north-seeking pole. 

I (inclinatio~ is positive if the North-seeking 

pole is down. 

The reason for the peculiar directions of magnet-

ization of the uppermost three or four specimens from cores 

,. ' 
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16, 1, 4 and 2 (see figure 6/10) is not known. They may 

be due to very small branch currents which feed tho main 

current. 

B. Core number 8. 

The solid lines· in fic;ures 6/17 represent the 

observed directions and intensities of magnetization of core 

number 8. These directions are also plotted stereographically 

in figure 6/16. Note the way in which the direction rotates 

through nearly 360° between the surface and about 3 ft. and 

also the initial decrease in the intensity of magnetization 

to a minimum at about 1 ft. 9 in. (specimen number 17) 

followed by an increase. 

If perpendiculars are drawn from the observed 

directions of magnetization of the first three specimens, 

they happen to intersect at the point marked "Current 2". 

The remanent magnetism of these three specimens could be due 

to a long straight horizontal current flowing perpendicularly 

into the plane of the paper through this point. Knowing 

the intensity of magnetization, tho field and thence the 

magnitude of the cu.rrent may be fotmd. Specimen 1 gives 

a value of 4.3 x 103 Amps. while specimens 2 and 3 give 

5.0 x 103 Amps. Specimen 1 may be slightly weathered so 

that 5000 Amps. is probably the better figure. The field 

and thence the intensity to which each of the remaining 

specimens of core nUlilber 8 would bo r:J.agnetized, may now be 

found. The direction of this vector is given by the 
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perpendicular to the line joining the centre of the specimen 

to the point marked "Current 2" and the vector C is shown 

accordingly in figure 6/17 for each specimen. 

On the basis of the demagnetization experiments 

described above, the thermoremanent magnetization of this 

core is assumed to be the same as that determined by 

Gough (1956) underground, viz. D = 14.1° 1 I= 71.8°, 

mean Intensity = 2.8 x 10-3 gauss and is represented by vector 

D in the figure. It will be noted that for specimens 

1, 2 and 3 this vector is negligible compared with the 

observed vector so that the estimation of the current will 

not be affected by it. 

For any particular specimen, the vectatorial sum 

of C and D does not produce the observed vector M, and a 

further ve&tor A is required to account for the observations. 

This vector, drawn as the dashed lines in figure 6/17 may be 

found by completing the parallelogram as shown for 

specimen number 8. 

The behaviour of vector A is rather more systematic 

than that of the observed vector Ivi. Its direction remains 

more or less constant and its intensity falls off smoothly 

with depth. Figure 6/10, in which this calculated vector A 

is shown as dashed lines, shows clearly that it fits in 

with the rest of the "Main Pattern". It is undoubtedly 

due to current 1 described above, 
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4. Discuss·ion. 

Both the electrical current;s responsible for the 

remagnetization of part of this outcrop followed predominantly 

horizontal paths close to the surface of the rock. The 

magnitude of the currentsJ their behaviour and the character-

istic A.C. demagnetization curves leave very little doubt 

that they were associated with lightning discharges. 

From figure 6/9 it will be seen that current 2 

could possibly curve towards the North to join up with the 
I 

main current.· Another small current may have joined the 

main current near core number 15. This could possibly 

explain the magnetism of core number 6. It seems probable 

that cores number 10 and 11 were magnetized by another large 

current to the west of. them. This current may or may not 

have been associated with the main current described above. 

In the area of the outcrop studied 1 the effect of 

a vertical lightning current is not seen at all. It seems 

probable that the horizontal currents could remagnetize 

a greater area of rock than would the vertical current with 

which they are associated. It is clearly fallaceous to 

argue that if the pattern of magnetization of a surface 

outcrop is not one of concentric horizontal vectors then it 

could not have been caused by lightning. 

For this rock the minimum field required to produce 

a significant change in the remanent magnetism is about 
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12 o e. (see figure 6/2) • From the equation: 

H ::: 2i 
10 a 

where H :::: the ma;;netic field, in oersteds, due to an 

infinitely long straight conductor, 

i = the current, in Amps., and 

a ::: the perpendicular distance, in ems. 

it can be shown that to entirely avoid such fields due to 

lightning one should not use samples from depths of less than 

50 ft. In view of the difficulty of drilling and orienting 

samples from a depth of over 50 ft. , deep quarries, road 

cuttings and mines should be used wherever possible. 

The next best technique at present available is 

that· of drilling to 3 or 6 ft. Although the directions 

of magnetization at these depths can be very significantly 

different from that of the original N.R.M., A.c. "washing" 

would in most cases remove the unwanted effect. 

Clearly, if either vertical or horizontal lightning 

currents have affected the remanent magnetism of an outcrop, 

systematic sampling over an area of, say, 50 ft. by 50 ft • 

cannot yield a consistent but wrong impression of the ·original 

magnetic direction. The results will merely be negative in 

that they will be scattered. 

Having shown that the overall random magnetization 

of one outcrop is due to lightning currents, one is left 
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to wonder whether this kind of remagnetization is comn1on 

or not. Gough (1956) sampled ten outcrops of five Pilanes-

berg dykes, including the outcx•op sampled by the present 

author. All ten were found to have scattered directions 

of magnetization. There is no reason to believe that the 

cause of the scatter was anything other than lightning 

currents. The marked decrease in scatter of the underground 

Ka.rroo dolerites when compared with the surface samples 

(Chapter 4) has alx·eady been mentioned. Similarly, samples 

of the Lower "Shales 11 of the Table Mountain Series taken from 

a deep road cutting (Chapter 5) were found to be consistently 

magnetized whereas those from the mountain side were 

inconsistently magnetized. In both these cases it is felt 

that lightning currents could have been the cause of the 

scattering. 

Workers in other countries have frequently 

encountered surface outcrops with scattered magnetization. 

These negative results are generally only m~ntioned in passing 1 

or are not reported at all, so that it is impossible to form 

an opinion as to the frequency or cause of such phenomena. 

However, the "minor deviations" in the magnetic directions 

of certain outcrops of a family of Tertiary tholeiitic dykes 

of North England reported by Bruckshaw and Robertson (1949) 

are probably attributable to lightning cu1~rents. The 

patterns of magnetization of some outcrops studied by 

Bruckshaw and RoiJertson are very similar in nature to that 
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described above. 

The possibility of the remagnetization of many 

surface outcrops ?Y lightning currents puts an obstacle in 

the way of the "conglomerate stability test". J.W. Graham 

(1949) argued that if each boulder or roclc slab in a conglom-

erate is consistently magnetized but the ret:tanent magnetic 

directions for the various boulders is different to the 

point of randomness, then the rock from which the boulders 

are derived is probably magnetically stable. However, it is 

obvious that, particularly where horizontal lightning 

currents are involved, the direction of magnetization of a 

surface outcrop may vary rapidly over a small area. Thus, 

this test is only valid if either (a) the samples came from 

a considerable depth below the surface, or (b) it can be 

shown that the separation of the specimens from each boulder 

is of the same order as the distance between the various 

boulders sampled. 

5. Conclusions. 

The magnetic fields generated by large electrical 

currents associated with lightning discharges have remagnet-

ized the portion of the outcrop studied and probably are 

the cause of many of the "scattered" directions of . 

magnetization encountered in the palaeomagnetic study of 

surface samples. 
' 

The only completely satisfactory way of 
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avoiding this hazard is to restrict measurements to samples 

collected from depths of greater than about 50 ft. However, 

systematic sampling over even a fairly small area cannot 

yield consistent but "wrong" directions of tnasnetization 

resulting from lightning currents. If scattering is found, 

A,C. washing may prove useful, particularly if the specimens 

have come from moderate depths such as 3 to 6 ft. 

J.W. Graham's (1949) "conglomerate test" for 

magnetic stability should be used only with extreme caution. 

Post Script. 

Aftex• the initial preparation of this chapter, as 

well as that of a paper describing this work {Graham, in 

press), a paper by Cox (1961) dealing with an identical 

problem in a somewhat similar manner was published. The 

.two works are mutually confirmatory • Cox's paper further 

• serves to demonstrate beyond doubt that the remagnetization 

of rocks by lightning currents running close to the surface 

of the outcrop, is widespread. 
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CHAPTER 7. 

GENERAL DISCUSSION. 

1. A Programme for the Future. 

The palaeomagnetic work relevant to. the establish-

ment of a pole path for Southern Africa is summarized in 

table 7/1 below. Many of·these results are based on too 

few observations and can only be regarded as tentative. 

One of the most significant and interesting problems 

that may be solved by palaeomagnetism is that of "Continental 

Drift". It is not the purpose of this chapter to review 

the available palaeomagnetic evidence for Continental Drift 

since this has been done by numerous writers (Cox and Doell, 

1960; Collinson and Runcorn, 1960, etc.). Because of the 

lack of sufficient data these writers have been forced to 

present their conclusions in broad terms and, although it is 

amusing to move models of continents on a globe so that 

appropriate palaeomagnetic poles coincide, a description of 

the possible combinations, po.rticularly with reference to 

Africa, only serves to emphasize the lack of data. Let us 

therefore, consider how much and what sort of data is 

required in order to solve this intriguing problem. 

As mentioned in Chapter 1 1 the ancient co-latitude 

of the sample site can be determined for any period of time 

long enough to allow secular variation to be eliminated. 
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1'able _ 7/l. 

Palaeomagnetic results from Southern Africa. 

Age 

L.Jurassic 

L.Jurassic 

U.Triassic 

Formation 

Karroo Doleritos 
(mean disregard­
ing sign) 

Karroo Basalts, 
Rhodesia 

Cave Sandstone, 
Bechuanaland. 

U .Triassic (Mean? ) 

u.Permian Maji Ya Ohumvi, 
Kenya. 

L.Permian Taru Grit 1 Kenya 

u. carbon- Dwyka varved 
iferous Clays 

Silurian(?) Table Mountain 
Series 

1350 m.y. 

1950 m.y. 

Pilanesb erg 
Dykes 

Bushveld Gabbro 

D I 0( o Ancient Pole Sampling. Reference 

341 ... 60 

328 -40 

325 -13 

... 

L[.J... :.c:z 
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Also,declination, the angle between the present North-South 

line on a continent and the direction of the ancient pole, 

may be found thus establishing the orientation of the 

continent relative to the pole. However, the longitude of 

the continent cannot be found from one palaeomagnetic 

determination so that the exact ancient relationship of 

continents, one to the other, cannot be found from one 

palaeomagnetic determination from each continent, even if 

these determinations are made on exactly contemporaneous 

rocks. 

"Polar wander" further complicates the picture. 

It is convenient to confine the term "Continental Drift" to 

the movement of the continents relative to one another. Any 

movement of the continents relative to the pole while 

remaining fixed relative to one another should be called 

"Polar wander", regardless of any possible similarity in 

mechanism. 

It is clear that in order to determine the 

extent of Continental Drift.one must also determine the amount 

of Polar wander and vice-versa. Theoretically, the 

ancient relative positions of the continents can be fotmd 

from two palaeomagnetic determinations from each continent, 

separated by sufficient time to allow some Polar wander but 

insufficient to allow appreciable Continental Drift 

(Irving, 1958). Each of these two determinations should 

be made on rocks of exactly the same age from each of the 
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continents; and herein lies the major obstacle in the way 

of this method. Intercontinental correlation of strata 

cannot be relied upon to this extent. Further, although 

it is clear that for most of the Palaeozoic and Mesozoic, 

relative movement between Europe and North America has been 

slow compared with Polar Wander, it cannot be assumed that 

this is true for all continents at all times. Therefore, 

the necessary condition that there should be appreciable 

Polar Wander but no Continental Drift in the interval 

between the formation of the rocks on which the two determin~ 

ations are made, may not always be fulfilled. 

The only satisfactory approach is to determine 

the entire pole path relative to each continent in as much 

detail as is possible. Kinks, reversals of the field and 

other idios-yncrasies of these curves could provide the 

necessary intercontinental correlation, and by matching the 

curves from the various continents where they fit neatly, the 

roles of Continental Drift and Polar wander can be separated 

and completely defined. 

This is a long job ! 

The task should be tackled step by step.. The 

first object in South Africa should be to determine an 

approximate pole path for the Palaeozoic and Mesozoic by 

making about a dozen palaeomagnetic determinations scattered 

throughout as much of this period as possible. The 

reasons for giving this project priority are:-
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1) This appears to be the period of most active 

Polar Wander. 

2) Although Africa is probably a key piece in the 

Gondwanaland puzzle, palaeomagnetic data from this 

continent are particularly sparse. 

3) Rocks covering most of this period are available in 

South Africa, although they are seldom of the igneous 

or bright red clay types which have so far yielded the 

bulk of the data from other continents. 

4) As has been seen from previous chapters, there are many 

problems associated with palaeomagnetic work in South 

Africa; some have been solved, but several remain. 

In particular a technique for dealing with the very 

weakly magnetized rocks which make up the bulk of the 

Cape and Karroo Systems is, as yet, lacking. Until 

such techniques are available one is more or less confined 

to the isolated horizons made up of the more magnetic 

sediments. 

It is quite probable that. during the course of 

these studies, ideas and instruments will emerge which will 

enable the use of the very weakly magnetized (below say, 

2 x lo-8 gauss) sediments. Should this be the case, the 

cape and Karroo Systems should be studied virtually foot 

by foot. The effects of lightning make deep drilling 

advisable. If one is going to drill 20 ft. why not drill 
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1 1 000 ft. and so solve what can become a verJ difficult 

problem, viz. very accurate correlation? Orienting the 

very deep cores is only a problem of instrumentation and is 

commonly practiced by at least one South African prospecting 

group. By means of an improved design (Sacks and Graham, 

unpublished) it may be possible to orient deep cores without 

unduly interrupting the drilling routine. 

Deep drilling seems to be the only way of adequately 

sampling the softer shaly horizons which characteristically 

form the gentle talus slopes in the Karroo and Cape Systems. 

The Pre-Cape rocks of South Africa should not be 

forgotten. Particula~ly, the Dominion Reef~ Witwatersrand, 

Ventersdorp and Transvaal Systems represent a more or less 

continuous record of Geological time and could provide 

extremely interesting data on the history of the Earth's 

magnetic field and possibly, in conjunction with work in 

other continents, on the history of the Earth's crust and the 

continents as far back as about 2,400 million years ago. 

Between the Transvaal System (about 2,000 million years old) 

and the Cape System (about 400 m.y.) large gaps exist in the 

Geological record. The Bushveld Gabbro (about 1950 m.y.) 

and the Pilanesberg dykes (about 1350 m.y.) have already been 

studied, but between these two intrusive events are the 

Loskop System and particularly the Waterberg System which 

warrant attention. The Malmesbury System may be too 

metamorphosed in most areas to yield much of significance 
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but the Nama System could be of great interest. 

And the Cape Granite? It would be interesting 

to study the remanent magnetism of a granite, simply because 

this has never been done before. 

The possibility of using palaeomagnetism as a tool 

in the correlation of' sedimentary and volcanic systems makes 

a study of the older rocks doubly worth-while. 

2.. Steps in the Right Direction. 

Having realized the importance of lightning currents 

in the remagnetization of surface outcrops, new attempts to 

study the palaeomagnetism of the Cape and Karroo Systems 

have been undertaken at the Bernard Price Institute of 

Geophysical Research. At present only preliminary results 

are available but these show clearly that enormous advances 

in technique have been made since the first palaeomagnetic 

attempts in South Africa in 1954. 

A~· Measurements on Stormberr; Lavas. 

Using the new drilling and orienting equipment 

described in Chapter 2, section 20, Mr. J.s.v. van Zijl 

has systematically sampled some 4000 ftc. of the Stormberg 

Lavas at Sani Pass and about 3000 ft,. near Maseru, both 

in Basutoland • Vvberever possible the samples were taken 

from road cuttings and other places less likely to have been 

affected by lightning but in these areas deep road cuttings 
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are not common and many samp.~es had to be taken from 
:.· ' 

natural exposures. In spite of many scattered directions 

of magnetization, van Zijl's results yielded a highly 

reliable mean direction of magnetization of the lavas and 

showed that reversely magnetized lavas at the bottom of the 

succession are followed by a "transition zone" of variable 

direction of magnetization. The upper lavas are magnetized 

in the normal sense. Subsequent A.C. demagnetizing 

experiments performed by van Zijl, using the apparatus 

developed by the author (Chapter 2, section 3B), bas reduced 
-

the scatter in the directions and intensities of magnetization 

of the samples so much that it is possible to describe the 

detailed behaviour of the magnetic field at the time of the 

extrusion of the lavas. Mr. van Zijl hopes to submit a 

thesis for t.he degree of Ph.D. (University of the Witwaters-

rand) based on th.is work in the very near future. 

B. Measurements on Upper Beaufort Sediments. 

Twenty-one tb.ree foot cores have been drilled by 

the author from deep road cuttings in the Upper Beaufort 

(Burghersdorp Beds) near Queenstown, Cape Province. :Most 

of the cores are from reddish shales or mudstones. Prelimin-

ary results obtained by measuring five or more specimens 

from each core are given in table 7/2. 

All the cores are normally magnetized. The 19 

highly consistent cores give a mean direction of magnetiz­

ation for the Upper Beaufort of D = 333.7° , I = -59.6° • 



119 :··:· 

Table 7L2. 

~ 

The mean directions of magnetization 

of the 3 ft. cores from the Upper Beaufort. 

I ~ { 

No. D I N ex k 

106 324.7 '!""48.8 5 3.2 570 ,, 
107 323.8 ... 57.4 5 3.8 40.0 

108 328,0 ~/J:7. 0 5 5.9 133 

109 338.4 ~55.9 6 3.1 500 

110 34.0. 0 ~5s •. s 7_ 3.0 .400 
111 343.8 '!"55_.3 6 3.9 3.90 

112 348.9 ~56.o 5 2.2 133_0 

'\ 113 324 .• 4 ':"'5_9 -2 7 4.7 162 
,. 

114 346.1:. ':""67.9 5 5.8 174 

115 334.6 ... 70.3 7 2.0. 1000 

116 315.4 ..-rz.o. 7 5 3.6 444 

117 .352 .2 ... E)3.1 5 .8.2 89 
• I 118 328.f? ~64.9 6 3.9 294 ·-

119 .3.2.2. 9 !'"~.7. 9 6 2.8 556 

120 333,5 -69.5 5 4.4 308 . 

121 314.4 -54,5 6 1.7 1670 
12_2 Scattered 
123 Scattered 

127 327.5 •63.8 7 4.8 154 

~ 1 128 340.4 ... 49.3 5 6.5 138 

129 350.2 -56,6 8 3.7 226 

0\ = Radius of cone of 95% confidence 

k = Fisher t s (1953) estimate of the dispersion. 
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Giving each core unit wGight 1 0( = 3 • go 1 k = 76 • At the 

g5% confidence level this direction is not significantly 

different frotn the mean direction of magnetization of all the 

dolerites (Chapter 4) of D = 341 , I = ~60 (or D = 161 , 

I = 60). Althoush the direction of magnetization of the 

Upper Beaufort is ver~r close to that of tho present field 

(D = 338!, I= •65), it is significantly different at the 

g5% confidence level. 

Preliminary demagnetization up_to 550 oe. peak 

A.c. field indicates that, with tho exception of samples 

122 and 123, those sediments are extremel:l stably magnetized. 

Assuming therefore 1 that the mean direction represents tho 

direction of the axial dipole field at the time of deposition 

of the sediments (Lower Triassic), the geographic pole 

would have the present co-ordinates of 67.1°S, 87.1~. 

The semi-axes of the oval of g5% confidence fo_r the position 

of the pole are = 5 gO • • 

C. Measureraents on 11Red Beds 11 of the Stormberg Series. 

Eight reconnaissance samples were drilled by the 

author from road cuttings in the Red Bods near Jamestown, 

Cape Province. Preliminary results sho·w that two of the 

samples are normally magnetized in a direction close to 

that of the Upper Beaufort. However, the specimens from the 

other six cores which probably come from a slightly higher 

horizon are scattered, some even being reversely magnetized. 
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Could this be another "transition zone" dividing the normally 

magnetized Lower Stormberg and Upper Beaufort from the 

reversely magnetized Lower Lavas ? 

3. Conclusions. 

Although it may not be possible to construct a. 

continuous and detailed pole path curve for Southern Africa 

until new apparatus and techniques are evolved for dealing 

with the very weakly magnetized sediments, the techniques 

developed by the author will make it possible to obtain 

reliable palaeomasnetic data from the more strongly magnet-

ized horizons of the Cape and Karroo Systems. Joining the 

pole positions calculated from these isolated determin­

ations will produce an approximate pole path for Southern 

Africa, similar to those already available for some other 

continents. 
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APPE:NDIX. 

~!he Plotting Technique. 

A method of graphically representing the measured 

direction of magnetization and of correcting this for the 

slope of the hole and for any dip the strata may have had, 

has been given by J.w. Graham (1949), The system used here 

is identical in principle to that used by Gr~ham but it is 

thought to be a little simpler and more suitable for routine 

use. 

The direction of magnetization of a specimen is 

measured relative to a right-hand,~d system of axes. Plus X 

is in the direction of the scratch, Z is parallel to the 

axis of the cylindrical specimen and is positive downwards. 

Y is perpendicular to these two axes and is positive in the 

direction 90° clockwise from +x • In the convention used 

here the direction of magnetization is defined as the 

direction of the South-seeking pole. 

In a spinner-type magnetometer the direction of 

magnetization projected onto the plane perpendicular to the 

axis of rotation (hereafter called the plane of rotation) 

of the specimen is measured. It follows that more than one 

measurement is required to define the true direction of 
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magnetization in space. In practice three independent 

measurements are made per specimen, -1·~ When rotating about 

the X axis, the angle A is measured, representing the 

angle between + Y and the half-plane terminated by the X 

axis and perpendicular to the plane of rotation. Similarly.' 

B is measured by rotating the specimen about they axis, 

and represents the angle between + z and the half-plane 

terminated by the Y axis and cutting the plane of rotation 

perpendicularly. Wheh rotating about the Z axis, C is 

measured, corresponding to the angle between +X and the 

vertical half .. plane terminated by the z axis. The 

direction of the south magnetic pole is represented by the 
\ 

line formed by the intersection of these three half-planes. 

The problem now is to determine the direction of this line 

from the readings A, B and c. This is most easily done 

graphically, with the aid of a Stereographic or Equal 

Areas net. 

For rBasons which are discussed in section 3 below, 

we have chosen to use the stereographic net and to plot 

only on the lower hemisphere, distinguishing South-seeking 

poles downwards by a circle (o) and North poles downwards by 

-1<- Actually six readings are made because of the necessity 
to eliminate the zero error discussed in Chapter 2. 
These six readings are combined in pairs to give three 
independent measurements. 
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a cross (x). A.Wulff stereographic net of about ten 

inches in diameter is used in routine plotting. The net 

is pasted onto a suitable board. A double pointed 

straight pin is pushed into the board at the centre of 

th·.:; net so that i-t projects about i inch above the surface 

of the net. The actual plotting is done on a piece of 

tracing paper laid over the net, being pierced by the pin. 

The X 1 Y and Z axes may be plotted on the tracing 

paper as follows:- Plus X will be on the circwnference 

of the net at the zero mark, +Y at the 90° (clockwise) 

mark, -X at the 180° mark and .. Y at 270°. Plus Z will 

be at the centre of the projection but - z is not plotted 

since it falls on the upper hemisphere. (See figure A.l) 

It is most convenient to plot the three measure-

ments in the order c, A, B. With the +x mark on the 

tracing paper coinciding with the zero mark on the net, C 

is measured clockvdse from +X along the circumference of 

the net where an appropriate mark is made on the plotting 

paper. If one were plotting on both hemispheres, a 

solid line joining this mark C with Z (the centre of the 

projection) would represent the half-plane on which the 

direction of the south magnetic pole must lie. ·However, 

since we have chosen to plot only on the lower hemisphere, 

this line represents only the lower half of our half-plane. 

If the south pole is below the horizon it will fall on thfu 

solid line but if the south pole is above the horizon we 
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must plot the north pole which must be below the ho<J:dzon 
~ •· •' .~ 

and which will fall on a dotted line Z(C-180°) which is 

simply an extension of the solid line cz, as shown in 

figure A.l. 

A is plotted as half a great circle perpendicular 

to the line Yl on the stereograph. With the +X mark on 

the plotting paper coinciding with the zero mark on the net, 

the angle A is measured along the line Yl from + Y towards 

or through + Z. If A is between 0° and 180° 1 the south 

pole will be in the lower hemisphere and the great circle 

is drawn a.s a. full line (figure A.2a). As A increases 

beyond 180°, the south pole comes above the horizon a.t - Y 

and the north pole comes into the lower hemisphere a.t + Y. 

Therefore, a.t 180° one a.ga.in starts coun-G'ing from + Y 

towards + z, the great circle for A = 180° to 360° being 

drawn dotted, a.s in figure A.2b. 

The third measuremGnt, B is represented by a. 

great circle perpendicular to the line XZ. In order to 

cause the great circles of the stereographic net to lie 

perpendicularly to the line XZ on the plot, the tracing 

paper must be rotated about the pin at its centre until the 

+X mark on the paper coincides with the 90° mark on the net, 

as in figure A.3. 'l'he angle B may now be counted off from 

+ z towards or through +X. If B :::: 0° to 90° the south 

magnetic pole of the specimen will be in the lower 

hemisphere and the great circle is drawn as a solid line. 
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From 90° to 270° the north pole wiiit be in the lower 

hemisphere, moving f:rom -X through · + Z to +X and the great 

circle should be drawn dotted. Between_.270° and 360° the 

south pole will again fall in tbe lower hemisphere and the 

great circle is again drawn as a solid line. Figures 3a 

and 3b are examples of two possible cases. 

The direction of magnetization of the specimen 

is represented by the point P at the intersection of the 

three planes. P will be the direction of the south pole 

in the lower hemisphere if it marl{:S the intersection of 

three solid lines and will represent a north pole downwards 

if the lines are dotted ( figures A.3a. and A.3b. 

respectively). 

In general the three lines on the plot should 

intersect at a point. Any small error in one or more of 

the measurements will cause the lines to form a small 

triangle, in which tlase the most probable position of P 

is at the centre of the triangle. 

lines form a very large triangle. 

Occasionally the three 

This usually indicates 

that a mistake has been made in the measurement or in the 

associated arithmetic. In the case of very weakly 

magnetized specimens, a small amount of magnetic dust on 

the top can generate a signal in the coils of the same 

order as that due to the specimen. Since the specimen 

(in the cube) is placed into .the top in various different 

positions (see Chapter 2) the magnetism due to the top adds 
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vectatorially to that due to the specimen in different ways. 
\· 

This has the effect of introducing a different error into 

each of the three readings and the plotted triangle becomes 

large. A similar effect occurs if the top picks up an 

electrostatic charge. The size of the plotted triangle 

thus generally provides a very useful checl: on the aocuracy 

of the measurement. However, it occasionally happens that 

two lines are parallel (e.g. C ~ 180° and A ~ 90° ) so 

that the third measurement cannot be checked. 

2. Corrections. - -

A Correctin~ for~cho orientation of the specimen. 

The exact tecJ:miquo for correcting for the 

orientation of the specimen depends very largely on the way 

in whic:Q. its orientation is measured in the field and 

therefore, on the orienting instrument used. The pro~edure 

for correcting specimens oriented by means of the old device 

is mentioned briefly in Chapter 2. Hero only the procedure 

for correcting the direction of magnetization of specimens 

oriented by means of the newer instrument will be desoribed. 

The angle between the X axis of the specimen 

(the scratch) and True North, as measured and recorded in 

the field is called the "B oaring". The angle between the 

Z axis (tho axis of the core) and the vertical is called the 

"Slope"• As described in Chapter 2, the new orienting 
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device is designed so that the Y axis of the specimen is 

always made horizontal. 

"Bearing = k0 
" simply means that the X axis of 

the specimen is k0 clockwise from True North. To apply the 

correction the plotting paper is merely rotated about the 

pin through its centre until +X coincides with a point 

on the circumference of the net k0 clockwise from the zero 

mark on the net. 11 North11 is then marked on the plotting 

paper so as to coincide with the zero mark on the net. 

With regard to the "Slope" correction, one can 

imagine that the direction of magnetization is measured 

and originally plotted as if the specimen had been drilled 

vertically (figure A.4a). In fact the Z axis of the 

specimen may have been inclined at an angle h0 from the 

vertical, as in figure A.4b. Thus to cor1:•ect the original 

plot to take account of the inclination of the Z axis one 

must, so to speak, rotate the specimen and with it its 

direction of magnetization, about the Y axis. The study 

of a model will show that, in the general case 11 such a 

rotation will cause the direction of magnetization to 

describe portion of a small circle about the Y axis. 

Because the scratch (the +X axis) is always made on the 

uppermost surface of the core, the direction of this· rotation 

is always the same 1 viz, anti-clockwise about the + Y axis. 

In order to cause the small circles on the 



APPLYING THE SLOPE CORRECTION. 

Slope = 70° 

X 
o = South pole downwards. 

x = North pole downwards. 

-~ 
Figure A. 5: \ 

APPLYING THE BEARING CORRECTION 
N I 

AND PLOTTING STRIKE. 

Bearing = 50° 

Strike = 120° (or 300°) 

Figure A. 6. 
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stereographic net to be perpendicular to the Y axis of 

the plot, the tracing paper must be rotated about the pin . 
at its centre until +x coincides with the 90° mark on the 

net. now the plotted direction of magnetization is corrected 

for slope h by moving h0 along the small circle, always 

from left to right.. . If, during such a ro~ation, a south 

pole becomes horizontal, further rotation will cause a north 

pole to appear below the horizon diagonally opposite the 

point at which the south pole disappeared. The north pole 

then moves along the new small circle, again from left to 

right, as in figure A.5. 

B Correction for the dip of the strata. 

The Dip r and Strike s are recorded in the field. 

Having corrected the measured direction of magnetization for 

the orientation of the core 1 a correction for the. dip of the 

strata may be applied in much the same way. In this case 

the rotation is about an axis parallel to the strike, in 

such a way that the direction of magnetization moves.towards 

the direction of {down) dip. The direction of strike is 

plotted on the tracing paper, relative to the "True North" 

mark previously made, as in figure A.6. The plotting paper 

is then rotated until the direction of strike coincides with 

the zero or 180° mark on the net. The direction of 

magnetization is moved r degrees along the small circle 

towards the direction of dip (figure A.7a.). Again, 



THE DIP CORRECTION 
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s 0 = South pole downwards. s 
x = North pole downwards. 

Dip = 50° (E.N.E.) Dip = 50° (E.N.E.) 

Figure A. 7a. Figure A. 7b. 

POLES OF DIFFERENT SIGN BUT THE SAME DIRECTION 

N PLOTTED ON·.-

(a) THE LOWER HEMISPHERE (b) BOTH HEM I SPHERES. 

x = North pole downwards x = North pole downwards 

o " South pole downwards 0 = North pole upwards. 

Figure A. 8. 

in solving structural problems shows the way in which to 

approach the more complex palaeomagnetic corrections. 
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implies, the area will be the same, no matter where the 

circle is plotted. Consequently, palaeomagnetic directions 

randomly distributed about a mean will appear randomly 

distributed about the mean on a stereographic plot but they 

will appear to be more tightly grouped if they happen to 

fall near the centre of the projection than if they fall 

near the circumference. On the equal areas net the same 

directions will appear to be equally well grouped whether 

plotted near the centre or near the circumference of the 

net but generally 1 they will appear to form a streak 

instead of being randomly distributed about the mean. 

In the opinion of the author, the stereographic 

net is to be preferred because (i) it is important to be 

able to recognise true "streaking!! when it occurs since this 

is a characteristic feature of partially unstable magnetic 

specimens (Creer., 1957) and (ii) a precise mathematical 

method of evaluating the grouping of palaeomagnetic 

observations exists (Fisher, 1953) and should be used 

wherever possible. 

B. Lower, upper or both hemispheres? 

In a choice between using only the lower 

hemisphere or only the upper hemisphere, the former is 

slightly preferred for palaeomagnetic work because the 

declination of a point on the lower hemisphere irmnediately 

indicates the direction of the nearer ancient geomagnetic 

pole. 



POLES OF THE SAME 

N 

SIGN AND EQUAL BUT OPPOSITE INCLINATION 

(a) THE LOWER HEM I SPHERE 

o .. South pole downwards 

x = North pole downwards 

PLOTTED ON 

Figure A. 9. 

THE DEC LJNA TION OF DIRECT 10 N S 

N 

N 

(b) BOTH HEMISPHERES 

x = North pole 

o = North pole 

PLOTTED ON 

N 

downwards 

upwards 

(a) THE LOWER HEMISPHERE (b) BOTH HEMISPHERES 

x = North pole downwards, D = 40° 

o = South pole downwards, D = 340° 

x = North pole 

o = North pole 

Figure A. 10. 

downwards, D = 40° 

upwards, D = 340° 
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In one respect, plotting only on the lower 

hemisphere is preferred to the use of both hemi~~heres • 

Figures 8a and 8b illustrate the fact that poles of different 

sign but the same direction are more easily recognised as 

such if plotted only on the lower hemisphere. Also, poles 

of the same sign and with equal but opposite inclination 

are more easily recognised as having different directions 

on the lower hemisphere projection (figure A.9a) than when 

both hemispheres are used, as in figure A. 9b. 

The main disadvantage of using only the lower 

hemisphere results from the confusion which arises when 

palaeomagnetic plots are compared with tables in which the 

directions of magnetization are listed in terms of Declin-

ation and Inclination. This is because, strictly, declin-

ation is the horizontal angle between true north and the north 

seeking palaeomagnetic direction. If both hemispheres are 

used, then only the north seeking pole is plotted and its 

declination and inclination are readily associated with the 

plot, as illustrated by figure A.lOb. When using only the 

lower hemisphere, all is well if the north seeking pole 

falls on the lower hemisphere but if it happens to be above 

the horizon, the south pole must be plotted, as in figure 

A .loa. In the a1J_thor 's opinion, it is extremely confusing 

to say that the direction represented by such a point is 

D = 340°, I = + 10°. Because of this difficulty it may be 

preferable to quote the horizontal angle between true 
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north and which eve:v"··pole falls in the lower hemisphere, 

specifying w:.1ether the north or south pole is downwards. 

Because this procedure is unconventional it is not entirely 

satisfactory but, bearing in mind the ambiguity with regard 

to ,the sign of palaeomagnetic directions introduced by the 

possibility of self-reversal (Chapter 1, section 2), it may 

be the lesser of the two evils. 

i_! 
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