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GEOLOGY DF THE SOUTH EASTERN
RICHTERSVELD

"smmmy
t In fhelr recent study  of the geolegy of the- |

| Rlchtersveld, de‘Villiers and Sﬁhnge (1959) have shown that'
the south-eastern part of thls area is geolcgically complex,.e
-and contains ‘numerous preblems that can only be solved by |
detailed study. The present investigation is an attempt
".to find solutlons to as many of these geologlcal problems

as pessible, and thus 1ncrease our knowledge of the geolegy
of the Richtersveld - an area that forms a link between the
geology of the western Cape and.South West Afriea. During
“ tho nresent investigation a contoured geelog1ea1 map of the
->'south-eastern Bichtersveld on a seale of 1'25,000, was. »
construetea' Fournhundredpand-flfty petrographic modal
analyses were mades and twenty=five chemical analyses were
 used, fourteen were. new, and the remaining eleven were taken

~ from the Richtersveld Memezr._yj , .

1%t was found that the evolution of the recks of the
isouth—eastern Rlchtereveld could be divided into two majer
<episodes. During the first eplsode the f0110w1ng events
‘took place~ {1) The Kheis supacrustal rocks formed~ (2)

they were intruded by small ultramafic bodles, and (3) all

- the rocks then found in the area were suhjected to the
vaction of the granitization process that resulted in the -
v'fermation of the Adamellitic Gneiss. During ﬁhe second
 major episode the rocks of the Richtersveld Suite, the |

' Stlnkfontein Formation and the Nania System are all believed
%o have formed | » y |
- The petrbgraphy, structure and geochemistry of

the recks of the south—eastern Riehtersveld is: described,




Y;Q.‘

thelr petrogenesis is dlscussed, and,%he.follewing' -

Uw_cenclu51ons are, drawn-

3”;(1) Prlor to being metamorphosed the Kheis supracrustal

rocks consisted malnly of . impure siltstones, impure .

sendstenes9 and 1avas (mainly acid).

o (2) These supracrustal recks are lltholcglcally more akin

to the recks of the Kaaien Series than those of the
» Wllgenhoutdrlft Serles with whlch they were prevwously,

o ﬂeerrelated

A(3)'The metamorphlsm of these supracrustal rocks attained

Q”the almandine—amphibolite grade, and some metamorphic

_differentlatien took plaee.

{4) The schistosity of the Kheis supraerustal rocks is

belleved to have‘resulted from the stress generated
. aﬁd uhe shearing produced hy 1nereases in volume -
. consequent ugon the genesis ef the Adamellitie Gneiss.
{53 The'metemarphlsm\ef_the Kheis supraerustal rocks, the
. formation of thefhyhrid'foekeg and the evolution of the
Adamellitlé Gneiss are all believed te be part of a
single general granitlzatien process. | The Kheis
supracrustal reeks of the euter zZone were snbjeeted to .
increased temperature«pressure conditions, the hybrid
} reeks were permeated by granitic 501utions, and the
'f Adameliitic Gnelss developed in the central theatre
ef}granltlzatiee»by the ”blow1ng out“,of the schlstose_i
}textﬂreeefvthelﬁheis sﬂpreernsﬁal rdeke‘intoithe» |

' eﬂelssose.

- (6) The local mobllization of the eentral gne1551c core

" has in some areas predneed signlficant variations in
nhe-usual‘sequenee of metasometic,ana metamorphle
ehangee‘feund'as*onevmoﬁee out from the centre of

granltization.r

- 7 Twenty-three post—Kheis hornblendlte and Serpentinite

- bodies, mest;ef them prev;ously mnknown, were found



_'to\be empiqeed_alpngjtwo eastawest\trendingglihes‘@fvffac—

- {8)

ture.\ﬂ'

The Hornblendites and Serpentinites were emplaced as

,gabbremc and peridotitic magmas reSpeet1ve1y, and

they were later transformed to their present minerai

"comp951t10n by fluids produced during the formation of

{9)
'lens- and dyke~1ike bodies of graphic Euanlte.

{10)

the Adamellitic Gnelss.

Many of the ultramafie bodies eontaln previcusly unrecerded

Gutcrops of plutonlc rocks of the Richtersveld Suite form
a north, northrwest trending belt that extends for 120 |

"miles from Soeties (to the sonth of the area studied) to

| Aurus Wa%erhole (xn the eastern*Sperrgebiet s S, Wa Africa).

o (11)

- (12)

Most of the plutonic roeks of thé Blehtersveld Suite

were emplaced Anto the Epizone as. ring-dykes and stocks*

" gnd some of these ring—dyke eomplexes have coalesced fo

form c@mplex outcrop patterns as 1n the case cf the
Xaminxaip batholith .

Petrographic and ehemical data necessitated a revision

- of de Vllliers and Sahnge's correlation of the roek units

. £13)

: of the Rooiberg 2 outerap with those of the Xamlnxaip
'bathollth . ‘ e

The parental magma of the Richtersveld Suite is belleved

= to have developed from- the selective fusion ef the

R eL5)

(15

Adamellltie Gnelss.

The syenltes resulted fram‘ihe aSsimilation’of‘Fé; Mn,

_Ti and Mg enrlched roof and wall rocks, and the escape

of silicawrich volatiles. ,'

It 1s considered signiflcant that the syenites are

- conflned to the southern part of the Xamlnxaip batholith

as (a) the rocks exposed in thls area are believed to

represent mqterlal_emplaced_near.the.roof,of the‘batholith,

and {b) ultramafic aﬁd mafic céuntr? rocks are more .

‘common in the area adjolnlng the southerm part of the

'bathollth
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.

The K/Rb ratios of the syenltes (x h5¥), and the
'Quartz Bostonites (679), are abnormally hlgh‘ but as

':Turekian and'Weaepohl‘s (1961) average syenite has a

‘similar abnormal K/Rb ratlo, it appears that high.ratlos

are a feature of syenites in general, and this 1ends

support to the hypotheszs that syenltes are not - nermal

an

,1gnecus rocks“

Geochemicalg mineralog1ca1 and structural evidence all

1nd1eates that the P@rphyritic Microgranite was emplaced

'late as a re51dua1 magma. A Subsequent potash metasematlsm

v_accounts for the abnormally high.K/Na ratio and the

? presence of muscovite—rich veins,

(18)

The Quartz Bcstonites were found {0 be more salic than

previously recordea-' and geoehemically they are

'7'clasely akln tg the Rlchtersveld Sulte syenites.

19)

(20)

The Quartz Bostonﬁtes and the H@rnblenda Diorites are

c0n51dered to represent the final stage in the igneous

cycle of the Rlchtersveld Sulte.v‘

Both of the ahove dyke rocks are regarded as pruducts

’ of de3111catpd and contamiﬁated Rlchtersveld Suite

- parental magma.

(2

(22

The roeks ‘of the Stlnkfontein Format1on, the Rlehtersveld

ASuite, and the Nama System prohabiy all helong toa

single tectogenetic cycle.

The Kuibis Sandstones of the area are“mainly felspathic

~:sandstones, ang are believed to have been (a) produced

by vigoraus eroqion in a source area in whlch ﬁhe

| Adamellitic Gneiss was the main rock type, (b) transported

by nmeans of medlum strength traetlon currents, and

'(c) dep031ted 1n a sllghtly oxidizing shallow water
env1r0nment.‘ : | o

‘The magorlty of the faults found in the area haVe a
51gn1fieant strike-slip component, and they are believed
to have been active during postaDwyka times. : ' '
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1. . INTRODUCTION

" A, Scope of Reseérché

The alm of the present investlgatiom was to make

|

‘a deualled geQIOglcal study of the South-Eastern Rlbhtersveld

' The need for saeh a study became evident with the publlcation
hy de Villiers and Sﬁhnge (1959) of thelr “The Geelegy of |
the Richtersveld®;s because thls mem01r not oniy proved to

be a valuable conﬁributxon tc our knowledge of the cemplicated
 ”geo1ogy of ncrth—western Namaqualand, but it also raised h.,
“ many queqtlcns that eculd only be. answered by further detailed{:

'mapping and 1aborat0ﬂy 1nvestigatzen~ and the answers te

: "some of the more 1mportant cf these unresolved questions ‘are

to he found in the SoutheEastern Rlchtersveld : The more

E signlflgant of these problems are:iil) tg»determiﬁe the compo-
sition, texture and metamorrhic grade, and fhéh@eg*if‘possible,
.%he stratigraphi¢ posifion Within“the Kheis System, of the
 Kheis supréerusﬁal<rockﬁ'of’the areaj (2) to.discdvef‘more |
~about the origin and the sequenee of comnositional and

textural changes found to occnr in the Adamellltlc Gneiss ‘

.-and the transitional acid hyhriu rocks- (3) tc map all the

- ultramaflc bedles withln “the area, as many of these bodies

"7were left unmapped by de Villiers and Séhnge, and to determlne

}the¢r comp031tlon and origing (%) to make a detailed study

‘ ‘of the dlfferent plutonic members of the Richtersveld Suites

{5) to study the petrography and gene51s of the two major

dyke swarms found mithin the area and to attempt to discover
-if they are. related to the plutonie rocks of the Richtersveld.'
Suite3 and 1f they are, to see’ how this faet’affects the
relative datlng of the rock units cut by these dyke swarms;

{6) to study the fresh felspathic sediments of the Kulbis
Serles-of the Nama System which overlie all the abovementionéd
lrock unlts, and whlch probably Carry minerals or other

) evidence that ean be used $o determlne which of the earller




“6.

rock units was the. main sourece reck ‘for these sediments' and
(7) to attempt to reconstruct the tectonic environment in .
which.the Riehtersveld Suite was emplaced and the Stinkfontein
Formation and Nama System were deposited and folded.

*As was anticipated the above problems were not found
to be separate and unrelated, but were all linked tOgether '
asg the younger rock units tended to have genetic links with
the older rock. unitsy that is,. (1) ‘the hybrid rocks and the
Adamellitic Gneiss appear to have resulted from the granitiza-
tion and ultra-metamorphismﬁof the Kheis supracrustal rockss
(2) the bulk of the magma. that went to form the Richtersveld
_Suite appears to have been derived from the melting and
| :mobilization of the Adamellitie Gneiss, (3) the genesis of the
.syenites appears to have resulted mainly from the contamination
of the above palingenetic magma by more basiec Kheis |
_supracrustal material and perhaps even by the ultramafic
}bedies; {4) the rocks of the Stinkfontein Formatien,
Richtersveld Suite, and Nama System all appear to belong to
the same tectegenetic cycle‘ and (5) the Adameliitie Gneiss can
be shown to have been. the main source -of material for the

Kuibis sandstones of the area studied.

, The area studied in detail during the present
:1nvestigatien is 31tuated in the south»eastern Richtersveld
~and -includes parts of the districts_of Namaqualand (South
Afriea) and Wafmbad {South Weet Afriea). It is approximately

57 square miles (148 SQ.Km) in extent and s bounded by the
}lmeridians 17° 19' 30n E and 17° 27' 00" E and latitudes ;
28° 421 00" S and 28° 48' 30* s.,, The. village of Stinkfontein
or as it is now sometimes éalled, Ecksteensfontein, is

\ approximate1y 5 miles to the seuth-west of the area.
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LOCATION

l : Lccation of fﬁe.Area.

The Richtersveld is one of the most isolated areas
in South Africa, and communicaticns are poor. Access o
the area studied is easiest by way of the Springbok-Karasburg

{8.W,4A,) road that crosses the Orange River at Vioolsdrif
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18 miles up river from the eastern boundary of the area, A

few tracks that are used mainly for donkey-drawn vehicles,

are found along the southern perimeter of the area, These

tracks consist of (1) the Klein Helskloof pass seetion of
the Vioolsdrif-Stinkfontein track that is located in the

extreme south-east of the area, and (2) the ill-defined

tracks found in the south-western corner of the area which
lead from Stinkfontein to the western side of Rooiberg 2
(3F2).

(Note: 3F2 refers to the location of Rooiberg 2; 3F refers

to one of the large squares on the geological map of the
area, and the 2 refers %o the north central part of the
square, as all the large squares of the map have been divided
into nine smaller squares numbered from leff'top‘corner
which is one to the right bottom corner whiech is nine,).

The absence of adequate roads and public transport
within the Richtersveld presented the writer with formidable
transport difficulties, as he had no private means of motor
transport, and once away from the Crange River water was

difficult to obtain.

D. Topography and‘Drainage

The Gfange {or Gariep or Great) River is loecated
in the north eastern corner of the area, and it forms a
great loop flowing first west south-west and then turning
north at Xaminxaip or Kaminip (648 )~ i.e. the alternative
spellings used by de Villiers and SChnge (1959)vand
Wellington (1958)., The Orange is the major, and only
perennial stream found within the area, and all the other
streams of the area drain into it. The area is part of a
zone of extremely rugged country bordering the Orange River,
with the Stinkfonteinberge to its west and the T'Nein =
Nababiepsberge to its east, The highest point in the
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area is the surmit of Rooiberg 2 (3F2) of 3066 feet, and
Black Face Mountain to the immediate north-west of the
area rises to 3,526 feet; thus as the Orange River flows
at a level of under 500 feet, the relative relief of the
area tends to be great, The rugdedness of the terrain

is particularly striking in the zone immediately bordering
the Orange River because here the river flows through a
gorge with the land rising to above 2000 feet within a

shiort distance of the river,

E. Climete, Vegetation and Human Activities
{1) Climate: Even though the area does not contain

a yeather station, a fairly accurate assessment of the

elimate can be obtained by considering data obtained from
weather stations within the same "rainfall district" (Weather
Bureau 1960). Two stations Steinkopf {to the South) and
Goodhouse {to the east), fall within the same rainfall district
and are also relatively near the area, |

Annuad Rainfall.
Max. Min,

Station Ht, tn m, Av. in mn, (Av, in inched mm nm

Steinkopf 884 132,1 (5.2) 252,2 32,0
Goodhouse 203 94,6 (2.19) 128.5) 15.0
Temperature®
- Geodhouse Year J F M A M J J A 8 0 N D
Air Temp®C ‘ 7 '
max + min 23,3 305 29.9 28,3 24) 191 15.3 }.5 172 20,5 242 6.4+ 29.3
5 |
No, of days
with Max,
temp, > 30°C 211k 30.3 27,8 285 205 71 *0.5' 0.0 5.3 12.6 24 265299
No, of days N

with Min. '
temp<0°C 0,3 0 O O 0 0 0,1 01 061 0 0 O 0o

% (Air temperature is not measured at Steinkopf).
From the above data it is clear that hot desert
econditions prevail. The annual precipitation is small and

tends to fluctuate, or to put it in more formal terms the

| -
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mean deviation aqa percentage of the average anmumal rainfall
is approximately 554 (Weather Bureau 1957), The temperature

is remarkably high throughout the year as shown by the fact

 that Goodhouse has 211.% days annually when the air temperature

execeds 30°C (86°F). From the "Climate of South Africa”
part five it is clear that the rainfall distriet into which
the area falls is one with a winter maximum, and that the
mean monthly distriet rainfall as a percentage of its annual
mean is as follows:
J F ¥ A ¥ J 3 A S 0 N D
2.2 %7 6.5 8.8 13.5 15.6 13.8 139 7.8 5.7 4.7 2.8.

The area thus has a BWhs climate according to
K8ppen {1900) or EB'd climate according to Thornthwaite
(Schulze, 1947).

(i1) Yegetation: The vegetation of the area
falls into what Acocks (Talbot and Talbot, 1960) calls "Arid
Broken‘Veld“, or more specifically (Acocks 1953) "Namaqualand
Brbken Veld" - a vela type characterized by Aloe dichotoma
(Rokerboom), A list containing most of the species of
tree, shrub and smaller plant found in this floral distriect
is given on page 110 of Acock's (1953) "Veld types of South

“Africa”, In contrast to»the'sparse drought-resistant

vegetal cover found over most of the area, a ribbon of
dense bush is usually found aleong both banks of the Orange
River, Acacias, the Tsabbie or bastard ebony and the willow
are the dominant species found along the river., A
particularly interesting plant foﬁnd in the area is the
"half-mens" or Pachypodum, and many fine specimens of tHs
plant are to be seen in Donkerkloof (8D1) and on the
southern slopés of Rooiberg 2 (3Gl). “Rooiberg 2 is of
considerable mieroclimatological and botanical interest

as its northern slopes are dry, with a very sparse vegetal

cover while the southern slopss have a relatively dense
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vegetal cover with the landscape being dominated by hﬁge
Aloe Pillansii., The outerops of wltramafic roek, particu-
larly Ehe serpentinites, are alsc of botanical interest in
that they produce less soil and support less vegetation than

the other rock types surrounding them.

(111) Human Activities:  The eastern half of the

area falls within the Viocolsdrif irrigation settlement, while
the western half lies within the Richtersveld Coloured Reserve,
At the present time the 6n1y human activity carried on in
either region is goat herding. The goat‘herding vay of life
is not very profitable and the "Report of the interdepart~
nental committee on matters affecting Coloured persons on
Coloured Mission Stations, Reserves and Settlements" (1947
7.54) states that the "inhabitants hardly make a living®,
while their goats do untold damage to the vegetation by
selectively eliminating many ﬁroductive plant species, With
the removal of thé more palatable species soil erosion tends
to increase dramatically, and i% is easy to see why the goat
is called the "black locust" in the liddle East.

This section on human activities would not be come
vlete without some mention being méde of the (Bushman?)
petroglyphs found carved on the Schwarzkalk liwmestone in the
Modderdrif area one mile up stream from the area and in the

TeCowiep Valley, As these sites, unlike many in Scuthern

Africa, are still in a gocd state of preservaition, it was

“décided to include plate 1 vhich gives some idea of the style

<f the Mcdderdrif petroglyphs. Most of the petroglyphs take
the form:of-geometrical patterns but others represent animals
no longer found in the area, such as giraffe, rhinoceros,
ostrich and large buck. It is hoped that steps will be taken

to preserve these petroglyphs if, as seems probable at the
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F, Previous Literature

"The Geology of»part of Namaqualand" by A.W. Rogers
(1915) was the firét significant paper on the geology of
this region. Prior to that cursory observations had been
recorded by Capt. J.E. Alexander (1838A and 1838B), W.G.
Atherstone (1855), A.V. Wyley (1857) and E.J. Dunn (1872).
In 1936 Haughton and Frommurze published thelr account of
the geology of the Warmbad district, South West Afrlea which
ineludes the north-eastern corner of the area. During the
following year (1937) the account.by Gevers and others on
the pegmatite area south of the Orange River in Namagqualand
appeared in print; This dealt with the regionte the east
of the area. Mabbutt (1950, 1995A and 1955B) published
three papers on the geomorphblogy of Little Namagualand.
Most of his field work was confined to the region to the
immediate east of the area. In 1958 Wellington published
his magnificent éccount-of the growth and development of
the Orange River drainage system. Hils account of the
evalﬁtion of the Orange River in the Richtersveld is of
particular interest in that critical areas are illustratied
by superb obligue aerial photographs. De Villiers and
S8hnge's (1959) geology of the Richtersveld is clearly the
most substantial eontribution to our knowledge of Richters-
veld geology published to date. This memoir and the two
earlier papers (1946 and 1948) published by the two authors
jointly and one paper by de Villiers (1945) alone, represent
the published resulis of a comprehensive field survey under-
taken by the two authors during the winter field seasons of

1943, 1944 and 1945.
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G. Present Investigation

(1) Fleld Work: The field work for the present
survey was carried out during April, May, July and September,
1960 and May and July, 1961,  During July 1960 the writer
travelled extensively throughout'the Richtersveld paying
particular attention to the dyke rocks, and the outcrop of
"Richtersveld Granite®™ north of de Hoop, but during other
field trips attention was primarily focused on the south
castern Richtersveld. As de Villiers and Sthnge (1959 p.ll)
have noted, no large-scale maps of the Richtersveld exist.
Fortunateiy aeriél photographs of the area were available,
and the Trigonometrical Survey, Mowbray, Cape ‘was able to
provide a principal point lay-down for the north-eastern part
of the area, and by fixing additional ground control points 1%
was possible to construct a 1:25,000 principal point lay-down
for the whole area, Spot heights were obtained by using an
aneroid barometer and correcting the heights soc obtained on
a diurnal pressure curve constructed for the area. Sample
locations and field‘data were plotted directly onto enlarged
vertical aerisl photographs of 1:10,000 scale.

(1i) Laboratory Work: The laboratory work can be
considered under three headings, (a) petrography and
mineraiogy, (b) chemistry and {(c) map construction,

{a) Petrography and Mineralogy: As the present
project was primarily intended %o supplemeht the data given
in the Richtersveld Memoir, the study of the petrography of
the rocks of the area received‘high priority. In all some
450 thin~sections were studied. Foritunately most of the
rocks of the area are medium grained and it was thus possible
to determine their modes. None of the rocks were found to

be too coarse for standard modal analytical techniques, and

o
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only a few specimens, particularly the finer of the Quartz
Bostonite dykes, were found to be too fine grained for
quantitative study (Chayes, 1956B, pp. 100-102)., The rela-
tive propbrtions of the different mineral species found in
the rocks were determined bj‘means of a mechanical stage
equipped with a point-counter attachment. In order to
eliminate any serial changes in modal composition being introe
duced by serial variations in'operator tethni@ue, random
nuuber tables were used %o randomize the order in which thin-
sections were studied, One thousand grains were identified
and counted in each thin-section studied. The spacing between
consecutive counts was arranged so that the 1000 points counted
covered the whole of the large thin-seetions used (Chayes,
1955, p. 105). In étudying the coarser grained granular
syenites 2000 points (1000 on each of two dides) were counted
as their grain size was such as to reduire the study of this
larger area according to Chayes' tables (1956B, pp. 79-94).

In the petrographic study of the Nama sediments

(Chapter 7) particular attention was paid to the sandstone

horizcns as it was believed that they would yield the most
information for the time expended in their examination., The
grain size distributions of these sandstones were determined

by measuring the apparent thin-section long axis of 100 grains

per slide, | A mechanical stage egquipped with a point counter
attachment was used in the selection of grains %o be measured
and a micrometer ocular was used in the actual measurement.
A hundred counts were considered adequate (Pye, 1943 and
Rosenfell, Jacobsen and Fern, 1953) as this number seems to
be favoured by present day workers in this field, for example
Wiesnet (1961).

_ Roundness was estimated by studying 50 grains per
slidg and classifying them visually into four roundness grades -
angular, subangular, subrounded gnd rounded, The degree of

roundness was estimated from the visual roundness images
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provided by Williams and others (195%, p. 282). A very
general estimate of sphericity ﬁas obtained by studying 50
grains per slideland-013351fying thém visually into the
different grades of sphericity using, the visual spericity
iﬁages profided by Krumbein and Sloss (1951, p. 81). Rock
colour was determined by using the "Rock-colour Chart"
prepared under the chairmanship of E.N. Goddard (1948).

Colour matehing was performed in bright indirect sunlight,

and final designation of colour was decided upon using dry
specimens, but the épecimens were moistened while being
studied as this merely decreased the wvalue (i.e, makes the
specimen darker) bul does not change the chroma; and it was
found that in some cases thé wetting of the specimens ﬁade
the chroma and hue more readily determinable, The same rock-
colour chart was used in determining the colour of the igneous
and metamorphic rocks of the area, and it was also used in
determining the colour of coloured minerals, |

All refractive indices were determined by standard
irmersion method technigue using sodium light and a Leitz~Jelley
refractometer, = Axial angles and extinction angles were
measured on criented sections using a fburAcircle universal.
stage. = At least one specimen of each major rock group was
crushed and a heavy residue separated, Particular attention
was given to the size, roundness and sphericity of the zircons
found in the heavy residues, A1l minerals present in the
heavy residue, but not found in the thin-sections were
recorded as traces (tr.) in the modes. In naming the various
members of the alkali-felspar group, Tuttle (1952A) and
MacKenzie and Smith's (1956) curves showing optic angle vs.
composition were used. In obtaining the composition of the
plagioclase crystals from their refractive indices Chayes

(1952B) and Tsubois curves were used. When possible Wright's

| B
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and MicheluLevy s curves were also used as a further eheck
 on the composition of. the plagloclase. ~In naming ‘the varieus
B members of the amphibole and epldote groups: the nomenclature :
‘°empleyed by Winchell and Wlnchell {4th Ed., 1951) was edopted.
(h) Chemistrz In all, 25 chemical analyses were
J used in the present studya' Eleven were taken from the -
f.Rﬁchtersveld Memoir (de-V1lliers and S8hnge, ‘1959)5" Three
| Were analysed for the writer by E, C. Haumann of the vaisﬁon
- of Ghemlcal Serv1ces, Preteria, S.Afr.;' and the remaining
 eleven were analyeed by Hr. AlJe Erlank {of the Department '
| -of Geochemlstry of the ﬁnlversity of Cape Town) and the writer.
' QFor detalls ef the analytleal methods employed in these
. latter analyses refer te Appendix 1. | |

' ‘ ' As a principal point 1ay-down
-of the south and eastern parts of fhe area was not available,
the flrst oPeration unaertaken was to establlsh ground control
»in thls part of the area¢ ‘ After thls had been done a

e} principal polnt 1ay-down of this area was canstructed using

the “hand templet method“(&merlean Soc. Photogrammetry, 1952, ,

DeDe 419-423) Once a prineipal point 1ay-down for the ‘
'whele area had been established, eenteurlng and the trans-A
- ference of geolegleal fieid data proceeded as capot;helghts

vand field data necame avallable. As relatively Small areas"

Were mapped at any particular time it was found more convenient_

Qto use a radial 1ntersector than a plottlng machine in the L |
i transference of data from the aerial phetographs to the base
map. | Contours were cen31dered essentlal in decipherlng the
' relationshlps existing between the different members of the
Y‘Bicntersveld Sulte, as previous Workers (de Villiers and

Sehnge 1959 p. p. 4~75} belleve the dark syenitic rocks to
_be reof remnant of a 1arger mass of granite.  The contour
| Ainterval selectea for the final map was 250 feet (English).

' Smaller lntervals wWere found to obscure geological detail as

they tended to ‘be too clese together in the area of ~ -
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rugged relief bordering the Crange River.
The area proved to be well suited to photogeological

interpretation, because (1) the vegetal cover was sparse

except for the narrow strip of vegetation which grows on

the alluvium on both sides of the Orange River, (2) the only

man-made features that showed up on the aerial photographs

were the old and new Klein Helgskloof passes, and (3) superficial

deposits were generally small in area and few in number.
These three factors, together with the marked colour contrast
that exists between the major rock units of the area, enable
an observer to trace rock unit boundaries between traverses |
{sce plates 4 and 7). | The coherent aerial perspective
cbtained from the stereoscopic study of aerial photographs

of the area, proved particularly useful in mapping fault and

fracture traces (Lattmann and Nickelsen 1958).

{1ii) Rock Classification:

{a) Igpeous: It was decided to employ the
A,G.I. descriptive model classificatlon of ignecus rocks»
compiled by Peterson (1961), and in those parts where this
system is ambigucus {(i.e. on grain-size), it was decided
to follow the recommendations of the 1936 B,A. committee
on petrographic nomenclature, In using this classification
it seems important to state explicitly at the outset that
{a) all references to mineral percentages refer to volume
percentages; {(b) the term alkalic is taken to include
K-felspar, all types of perthite and albite (Anoulo); (c)
Colour Index is defined in the Shand (1950.B, p.233) manner,

and (d) when mention is made of grain-size, the ferromagnesians

in rocks with colour indices of 1less than 20, and the
phenocrysts of porphyritic rocks with less than 50% phyric

components, were dlsregarded.



The wide ﬁajar“dYKes’Of theiafea belong to Peterson's

f_(1961, p.33) “chrlte Class" although their plagloclase tends |
i:to be sllghtly more sodic than hls normal dlorite. These . 
livdyke rocks also fall Within Pemerson 'S (1961, De 31) deflnltion
,Gf Lamprophyre partimarly his Spessartite and Odinite groups.

’ 'It was decided to call ‘the major dyke rocks “hornblende

1dior1te dykes“ and to rec@ll their lamprophyrie afllnities
_When discussing thelr genesis.-

The nther prominent dyke rocks af the area straddle

o 'Peterson‘s (1961, pa32) trachyte and rhyolite classes and

grade in grain. 51ze into the mlcro-syenltes and mzcre-granites.
’ It was found that any'attempt to fit this swarm of pradational
‘-dykes into four rlgid classes based on graln size aﬂd the |
:'.percentage of modal quartz present was more misleadlng than
- ugeful, particuldrly as the nodal quartz content of the finer -
f'Adyke rocks cculd not be_determined'yith'the‘same precision_ -
" as that fovnd in the coarser dykes. 1t was decided to call
 these dykes quartz bostonltes, as the magorlty of them fall
-within Peterson's {1961 p. 34) deflnitlon of bosteqlte a."aplltie
_ alkalie-syenite with sugary to trachytle texture“" Hatch,
. Wells amd Wells {1949 p.246) define bostonzte as belng a dyke
-:;rock that mineralsgieally and texturally includes both
~microsyenite and intrusive trachyte. : :
| © The ultramafie rocks of the area are of twb main
'jtypes - the serpentzneurlch and the hornblende«rich rocks.
.. Both groupp are belleved to have ‘been f@rmed orlglnally by
dgneous processes.though their present-day mineral assemblage
has probably been 51gn1ficantly 1nf1uenced by metamorphlc '
 . actlon, : As tnese rocks have bcth igneous and metamorphlc -
: eharaeterlstics it has been decided- to call them serpentlnites
(Lodcchnzke, 1933) and hornblen&ites and to deflne these two
{ terms 1n ‘such a way thau neither an 1gneous nor a metamorphic

genesis is implied. ;userpentinltes andmhornblendltesv.;<
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are thus defined as rocks containing less than 5% quartz

and alkalie felspar, and less than 10% plagioclase (An 10-100),
pyroxene, and olivine, Their colour index is greater than

90, In the serpentinites minérals of the serpentine group
make up more than 50% of the rock, and in the hornblendites,
hornblende constitutes more than 50% of the rock,

{b) Sandstone,Clasgification:v Since the publication
in 1948 of Krynine's classification utilizing ternary diagrams
there has been a renaissance in thought on this subject, and
a number of useful and interesting innovations hgve been
introducéd., The schemes that have attracted the most
atiention are those of Pettijohn (1.949), Packham (1954),

Folk (1956), Gilbert (i.e, in Williams, Turner and Gilbert

1955) and Crooke (1960). The relative merits and demerits
of these classifications have been disecussed by Crooke (1960)
who advocates the use of Packham's classification in a

modified form,

Packham's (1954) classificatioh is important iﬁ
that he is able to khow that other eclassifications based
| entirely upon mineralogical and textural characteristies
are unable to distinguish between the sediments deposited
by (1) traction currents and {(2) turbidity currents. By
using sedimentary structures he divides sandstones into
"shallow water sandstones®™ (or the érkoseﬁquartzosev sandstone
suite) which are normally deposited by traction currents,
and "deep water sandstones®™ (or the greywacke suite), which
are usually deposited by turbidity currents. Barlier
mineralogical and textural classifications failed because
they did not take Into account the overlap that oceurs when
one plots the matrix percentages of sediments from typieal |
shallow and deep water environments on the same diagram,
According to Packham (1954 p.473) the matrix percentage

of the sandstones of the arkose-quartzose sandstone suite



._.varies frém BG%rto'zerG:With a maximun in the region of 5%,

while fhe greywacﬁes range from 10 to 70% matrix with a
_pronouneed max1mum aboat 35ﬁ. These aata on matrix
percentages are of particular 1nterest as all the Hama
.SYStEE'SandSbOEES’Qdeiﬂed Jn-tﬂe present study contained

. less than 30% matrlx, and thus belong to ?ackham's arkose—
quartzose sandstone SUavEG In the present study Pdckham s

classlflcation has been nseé and those parts of it which

_are relevant to the present qtudy are reproduced in figure 6.

{c) Metamor‘hic ’lass*:icat o

| ‘ s There is no
generally aecepteﬁ metamorphic rock class;fication. Thls
is partieularly true of hybrld rocks,as they are of duhlous
_3systemat1c posmtlon in bcth 1gne0us and metamorphze
classmfications. Whlle mapplng metamorphie rocks in the
.'field it was found convenient to use well known terms such
Jas slate, schist and gﬁﬁiss, and to qmali;y these terms with :
iadgectives describing the colour, grain size and texture.
.)_Later when. the specimen had been studied in thinsection
. _the field rock name was moéified so as to lnaorperate the
.-:lname of the dominant mineral specles fcnnd in the rock |
;(1e. chlorlte—schist).; If the thin—geet1on stuay of thﬁse
. rocks revealed relict textures and mlnerals which vlearly
 indi¢ated the charaeter of the earller unmetamorphesed roek
“__ (partlcularly when the fermer roek was 1gneous) the prefix
}l meta- was added to the former roek name (1@. metaw

j'rhyolite). 
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II. GEOMORPHOLOGY

Most of the land area of south and central
Africa has been subjected to sub~aerial denudation since
early Jurassic times and this long period of erosion has
left its imprint on the present day landscape of the
subcontinent. In recent years research by Cahen, Dixey,
Fair, King (L.C), Lepersonne, Mabbutt, Pallister and
Wellington has made it possible to correlate the major
events iIn the denudational evolution of the subecontinent.
These workers have established that the African landscape is
characterized by the presence of a number of more or less
well defined erosion surfaces, often of continental extent,
separated by scarps at various heights. Thus if one wishes
to understand the geomorphology of any particular region in
Southern Africa it is important to see how it fits into the
broader continental picture.

At present some six major erosion surfaces of
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continental extent are recognized (Dixey 1956, p.4.). They
are: (1) the Gondwana cyclic landscape (Jurassic and early
Cretaceous), (2) the Post-Gondwana cyele {(late Cretaceous),
(3) the African Cycle (mid-Tertiary ie. Mioccene), (4) the

. Vietoria Falls cycle (end-Tertiary), (5) the Congo Cycle
(end-Tertiary), and (6) the Latest Cycle {present day).
Cahen and Lepersonne {(1952) regard the Congo Cycle, as
developed in the Congo basin as being but slightly younger
than the Vietoria Falls cycle and place both within a
group of end-Tertiary cycles. _ |

L.C. King (1951) and Mabbutt (1955B) have indicated
that they believe that most of Namagualand belongs to the
African Cycle of erosion with later cycles béing found along
the coastal belt and as a narrow strip along the Orange
River up to the Aughrabies Falls.

The major relief features of Little Namaqualand
and the Richtersveld fall into three broad zones as shown
by Mabbutt (1955. A., p.77.). The western zonme is a low
coastal desert plain with ill-defined water courses. This
first zone extends approximately 25 miles inland from the
coast. The second zone is the dissected rim of the interior
plateau and is approximately 30 miles wide. As this zone
occurs at greater altitude than the first it tends to have
more precipitation and this increased precipitation is
reflected in the closer texture of the drainage systems
and the greater relative, as well as absolute, relief.

East of this zone the landscape opens out to merge into

the monotonous Bushmanland Plateau, with its pans and broad
sand-filled valleys. The area lies within the belt of
rugged relief found along the edge of the interior plateau,
but it is not typical of thils zone as it adjoins the through-

flowing Orange River. The arid nature of the area, and the
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fact that it is traversed by a through—flowing (or
allbchthonous river) rising in an area of much higher
pfecipitation, are the two most significant féctors in
the denudational histefy of the area studied.

A comprehensive study of the evolution of the
Orange River drainage system has beéﬁ made by Wellington
(1958}. He regards the last greét bend of the river (the
Richtersveld bend) as being primarily due to the height and
resistance of thé Richtersveld rocks and he calls the north-
south trending Stinkfontein range the “backbone of the
Richtersveld” {(p.23). It seems likely that in earlier times
the pre-Nama rocks, now exposed in the Xaminxaip (6A8) area,
were co?ered by Nama and possibly also Karroo beds.  However,
with regard to the Karroo beds, Haughﬁon‘and Frommurze
{1936 p.34) state that some of the present day topography
of the Orange River valley bhetween Vioolsdrif and Kwabs Drift
is formed of pre-Karroo featureé particularly the prominent
¢liff Nama limestone which forms the eastern and northern
limits of the Neint Nababeep platesu. This indicates that
the present Orange River gorge through the Neint Nababeep
plateau existed in pre-Dwyka times (f‘ 300 milllcn years. )

As can be seen from the map accompanying this
report the Orange River in the area mapped, first flows west
southe-west and then at Xaminxzaip (6A8) - Nama for "water-
bend" - executes a rightaangled turn to flow northwards
through a steep sided gorge cub in the hard rocks of the
Richtersveld Compiex (See plate 2.). VWhen éonsidered on a
regional scale this gorge tract is of considerable interest.
At a relatively short distance to the east of the gorgé one
of the minor tributaries of the Orange River has cut through
approximately 1,500 feet of sediments., Thus the present day
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a pro;eeted profile of the hlghest p01nts in the strip in

|  'the normal way, and in addition to conetruct a proaected _'

‘praflle of “the. lowest pelnts in the strip, so that a comparison

betweeﬂ the two proflles would provide an estlmate of the
relatlve relief of the strip StUdLeﬂ. The Iow po;nt proflle
would also givé a generalized 1dea of the grade attained by
the trlbutarles 1n the strip. : The prajected p?@files
revealed {1) & -slight planar element in the landscape at and

just above Drange River level, (2) a more substantial bevel

“at: appr031mate1y 1 750 feet, {3) a vapue accord of summits

at ¢,300 feet and (4) a more steeply inellned plane between

t 29890~- 3,0@0 feet .on the northern 51de of Booibprg 2 as

illustrated in plate 6. : The progeeted proflles alwo showed

tne exnremely rugged nature in the terrain bordering the

, Oraﬁge Rlveri. The sllght bevel at, and rlsing to slightly
~above, the level of the Orange River is the floeé plaln of

the present day r1Ver.’ The 1,750 foot bevel 1s a part of

'-de Villiers and SBhnge’s 2,@6@ foot Wlndvlakte‘Ankam surfaee.‘

The wague 2,300 £t bevel might ‘be correlated with de Villlers _
and Sohnges Orange River mountain land surface or Hahbutt'
24,000 or 2,600 ft, surfaces. The 2,800 ~ 3,000 foot Rooi~
berg 2 (3F2) bevel (if it is in fact a feature of regional '
sxgnlflcance), mlght be part of Mabbutt’s 24 600 foot surface
though this is uncertalnhr No new evidence as to the age of
these surfaces was found In the area studied, and it seems
likely that the'uﬁraveling of;the full.denudational history

of ﬁamédﬁaland and Eushﬁaﬁlanﬂ‘Will*haveftc»await_the
pﬁblication qf,acétrate large seale topographic maps of

these areas.




o hybrld rocks in v@rlcus qtageﬂ of avsimllatlan and

C area they state. that it tends te be a severely sheared

~ that the “grey gneissic granite"'is'a‘valid rock tnit

| .30{ '
Thé memoir‘authﬁrs‘includefwi hln this rock group both

| transformatlon apd t?uly intrus.ve granlte (p.64), and

in their descrlption af the grey, gneissic granite of the
(p.71. y angen—gnelss (p. 68 ), Whilst itfis‘netgdeubted

outside thﬁ area, it has been found that w¢thin fhe area“ 
' the separation of thef grey, gnelssie granlte“ from the
""hybrid rocks m&gmatites etc.“ is more confu51ng than

'ase‘f‘ul9 ‘as it tends to h;de thﬂ nnder)ying unlty exlsting o
 'between these two rack groups.. Wxth regard to both composition
) ang . texture, 1t was found that samples cclleeted from the
areas mapped by de Vill:ers ‘and Sbhnge as grey gae*ssic :
f‘granite and fromw the arEaS of hybrld rocxs, mlgmatlte etc.,.a

iwwere in most cases identlcal {See Tahle I1I, ),, It has

' alse been found that by combining the two rock units the
‘_structure of the area ¢an be much more readily interpreted.v'
Thus in the present study the metamorphased,‘metasomatised

and ultrametamorphosed Khels rocks and the centra) gne;ssic _: 
body, have been divided into. ‘three major roek groups, the '
d1v151on being prlmarily based en field appearance and
;texturesb The three mnits will henceforward be known as .
(1) the Kheis Supracrustal Rocks (Kh), (2) the Tran51tlona1‘*
' Aeid Hybrid Bocks (Hy) and (3) the Adamellitic Gneiss (Gn);;
®) | B

The Kheis Supraerustal

1‘Rocks outcrOp dlscontlnuoasly along all but the northern

- horders of the area. The largest continnous outcrop is

in the.northgeast; This outcrap contlnues until 1t is ;

~ unconformably covered by rocks. of the Kuibis Series which
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form outliers of the Neint Hababeep Plateau. In the

,south auly a small tongue of the Khels Supracrustal Rocks

is found, but these rocks are p%rt of a much, more extensive
outcrop lﬂcated outSIde the area, In the west, as in the

‘east, the Kheis Supracrastal Rocks cecur along the border

of the area, but 11utle of thls material outerops within the
:area.‘ Many isolated outcrops, fco small to ‘be shown 0n a

map of thé seale employed in the presenﬁ study, occur wnthin:»- '
‘.the zone of hybrlds.-'{ |

(ii) PetrO'ra‘w-z‘ The mlneral composition of the

*:'Kheis Supraerustal Rocks varies greatly, but quantztatively
'quartz hearing types are mich more abnndant thmﬁ mlght be
'expeetpd from previous descriptions. Amongst the more important

sub-groups recognized are the fbllowing. {1) brownish grey |

(5YR4/1) meta»rnyolites (ie. specimen 39) whlch have a

‘characteristic appearance both in the field and -on aer1al

photographs (See Photomicrograph 1.). (2) serlclte and biotitef‘

sckilsts (See Photomic¢ographp 2 and 3) which have 1ep¢dob1astic
7texcures and occasionally contain reliet felspar phenocrysts- |

'(3) amphibole schists (1e. Speclmen 139) '4n which the dominant

| amphlbole is probably actlnolice (2= 1.@25, Znc = 20°
= light blue green {5BG 7/6), Y= moderahe yelloW1sh green

'(1092 6/4) and X = pale greenlsh yellow (102 8/2)

'(4} meta-siltstones (1e. specimen: 44) whlcn consist mainly of |
 alterrating quartanrlch (¢ 70% of total rock) 1ayers»of |
varying grain size.and thin arregular bands‘and lens = shapegi;
aggregﬁteéch epidctej'amphiﬁoleg‘albitefaﬁd ehiorites - '

(“) quartz - chlorlte " epidote schists (xe. specimen 118) that
~ show evidence of segregation 1ayer1ng (viz.: in the light .'_’- ‘
grey (HB) vands QUurtZ is dominano, and unuwinned albite, .

:”:'chlorltc and epidote are found in lesser amounts- in the i

'dusky green (5G 3/2) bands chiorite is domlnant, with epidote -

: and-an_aven smaller percentagg of quartz being founds amd in
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the greyish yellow green (5GY 7/2) bands epidote is ﬁamﬁnAnt,'
“and chlorite and quartz are miﬁor eonstitnents)z and
'_ (6) Meta«Sandstones that range in colour from greenish.

'grey (5G 6/1) specimsn 481 to mwderate‘greyish red (SR 4/3)
sPeeimen 482, and have the follcwing range in mnéal , |

compositions: - : E
| 481 462
Quartz - a. 72
Seriaite c 42 20
- Alkali-felspar 9. 4
. Caleite - 7 o
" Blotite and Chlarite -1 3
Haavy Minerals e T —
| 0 - a0

The quartz grains in apeeimen 481 have a mean diameter of

0.48 m¢Ms and are set in a 1ep1doblastic groundmass of sericite,'

vand the grains in spee&men 482 have a mean diameter of 0.83 m.m.
- The above rock types which sre generally quartz

rich anﬁ of sedimantary origin, are ‘thus seen ta have more |

ll in common with the “quartzites and associated schists" of

the XKaaien Series than the "amygdaloidal and highly altered

asSﬁeiated lavas" of the Wilgénhoutd?ift 6erieéz(ﬁeveré and

others 1937, pps26-27.). They clearly do not fall into the

"mafic lava, ﬁsualiy'sheareﬁ‘ éggiamerate" roeck unit af-the_

‘Wilgenhoutarift Series as suggested by de Villiers and Shnge

- €1959+). Prof. H, Martin (1963) has stated that he doubts

1whether the division of the Kheis rocks of the Richtersveld

~ into the three major units found in Griqualand West is valid,

as signifiecant lithﬂlogical changes would be expected over ‘the

'graa% distances that separate these areas. The present writer .

believes that a detailed study of the Kheis System rocks of the -

Rlehtersveld will prove Prof. H‘ Martin tn be cnrrect.
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(i11) Chemigtry: The chemistry of the Kheis
Supracrustal Rocks has not been specifically studied as their
composition is highly variable and many of the rocks contain
some form of segregation layering. It is believed from
the petrographic data that some idea of the bulk chemical
composition of these rocks can be obtained by adding together
two parts graywacke (Pettijohn 1949, p.250.) and one part
- rhyolite (Nockolds 1954). An analysis of a lava, considered
by de Villiers and S8hnge (1959, p,lOl.) to be similar in
compogition to the Khels supracrustal material of the south-
eastern Richterveld before it was metamorphosed, was included
in the Richtersﬁeld Memoir. Although it is believed that
no single analysis can represent the heterogeneous Kheis
supracrustal material, this analysis is included in table I
as it is found that (1) its norm indicates that it belongs
to Johannsen's (1932) Rhyodacite (227) family, and {(2) when
it is compared with Daly's (1933) average quartz latite and
average andesite {see table I) it is found to be of |
intermediate chemiecal composition; and thus.the chemical
composition of this lava is in accord with fhe present
writer's belief that the Kheis Supracrustal Rocks of the
south-eastern Richtersveld are richer 1g silica than previously
realized. | |

(iv) Petrogenesis: A cursory review of the
mineral assemblagevand texture of the Kheis Supracrustal Rocks
studied suggests that these rocks may belong to the Greenschist
Facles as defined by Fyfe and others (1958,pp. 217-224.), but
more detailed study shows that the total sum of evidence is
more consistent with their inclusion in the Almandine-
Amphibolite Facies. The absence of minerals such as almandine,
staurolite, kyanife and sillimanite which are the usual
harbingers of higher metamorphic grade, is probably due to
.presence of a relatively high K20/A1203 ratio, under which



- Composition, weight peér cent:

| Siqz: M
: A1203

Fegf3

Mg o
'ca_o
Na 0-
K50
BT
- HOT
- C0s

P205
Mo
80,
c1

Bgo'
Sro

~(C14F)=0
' leOi28_'

. "

(1)

60,77

16,14

LomaL

0.80
0.39

" ni1 '

',o;o7ﬁl

o5
0,04

vTri

100,32

‘0, -04

373
2,22
2.81

:5.08-f'
339
3473
0,95
0.08

L@

6243

16.15

4.04
1.20
178
.'4;24 -
,  3.34>'
3,75
S 190

0.85

0.27

"f O;le

100,00

(3)

59.59 -
| 17.31.* '
333

313
2475
5.80

13.58

| ‘2;04‘
1.26

30.77'

0,26

0,18

100,00

.

or
ab
An
En (MgSi 03)
”(Mg.Si Ogé

Di (

"~ {Ca 81 03)
oMy
. <
"
'_31'

minor
constltuents

- Norms:

14,04

- 22,24

28.30
17.79
5.30 -
1.70
1.97
5e34-
1.52
1.01
0.12
1.03

100 36

(1)v Amygdaloidal lava from the Wilgenhoutdrlft Series southeast
, of Vioolsdrif - de Villiers and Sbhnge (1959, p.lOl). E

(2) Quartz latite (Number of analyses 12) = Daly (1933, p.l3).
i (3)f3A11 andesites (Number of analyses 87) - Daly (1933, P-16)-

{4) Norm of analysis one.
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conditions potassiﬁm felspar'{ﬁicrecline) occurs and the
formation of highly aluminous minerals is precluded (Fyfe
and others, 1958, p.229). |

Turner and Vérhoogen'(1960,_p.553) state that
metamerphism in the almandine ~ amphibolite facies normally
covers a temperature range of from 550° to 750° C. and a
range of pressures between 4,000 and 8,000 bars. These
temperature-pressure conditions are however regarded as
tentative as Poldervaart (1953, p.262) has noted that many
@etrologists have been unable to explain the lack of response
shown by some basaltic rocks to metamorphiec conditions. From
this observation he has argued that the failure of reaction
was mainly the result of a low water content in the basalt
concerned, Yoder (1955, p.509) and Wilcox and Poldervaart
(1958, pp 1323-1368) have expanded this concept and Yoder
{1955, p.505) for example, believes that mineralogy may be
dependent solely on the water content, and that high.water

contents can produce all the minerals of the gréenschist

faecies without relevancy to temperature. Recent experi-
mental work by Yoder and Tilley (1962, p.469) "for the most part"
supports the conecept that basalt metamorphism is dependent
on water content rather than changes of total pressure and
temperature, .

Prior to metamorphism the Kheis Supracrustal
Rocks studled appear to have been mainly impure siltstones,
impure sandstones, and lavas that ranged in composition from
basic to acid, but were predominanfly acid. It is, however,
possible that the silt-sized quartz grains so characteristie
. of the Kheis metasediment of the area studied, were originally
depogited as sand;size particles and were later reduced in

size by intense mechanical granulation. Such a process is
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'['thought t@ rave operated in the formation of the schists
‘=of fhe Gtggo Province, New Zealand (Turner 1941, § o 1 - 16).
| The 1aminated rocks are considered o be the
"'produétsﬁof metamorphle differentzatlon'(furner and I
*-QHVErhaogen5'1§60; ;.:SBi}; In snpport of this hypmtnesis
1”1t was foungd that 1) in most of the 1am1nated Kheis EE La- .
supracrus»al rocks studled tﬂe same vineral assemblage is
- nreseﬂt in the dlfferent 1aminae even though the relative
'lproportlons of the differenﬁlmxnerals 1n»these laminae B

~ change radically; this clearly implies that chemical equili-

- brlnm was attalned thraughoui the rock and that mate?ials

' were free to: dif¢use mom only Wlthln 1nﬁ1v1dua1 laminae but

E also befween adgacent Lamlnae' aﬂd (2) 1n many. rocks ene |
i finds aearly pure 1am1nae of. epldote and chlorite whlch seem
o beé 1ﬂcomnat1ble with any hypotheqis pcstulatlna thelr

.deﬁlvation from magmatlv seurces* Turner (1041, p.4) has
nglven & summary of the many processes that have been

- proposed ts account for»these laminateﬁ schists, and he

- céneludes that the“éoarsé;gréineﬁ Iaminatéd'SChisté'of"if
»Ctago (which are 31milar to the Khels rocks found in the

‘  area) are. blastophylionitee that have deve]oped from grey—

5'vwaekes by a process of intensive mechanlcal granulation

acaompanied in -the later stages by mlneraloglcal reconstltu-
fﬁtion under the influence of slowly increasing temperathre.
The scbi“tmsity of the Kheis m@taasu“racrustal

rocks 1is belleved to . result from the stresses generated and
the revultant shearing prnuuced bv 1ncreases iﬁ volume con—
sequent upon the development of fhe Adamellltic Gnelss and -
the introduotion of granitlzing fluids {Read, 1957, p.+42).
Kranck {1957, p,267) in his study of foldingamevements in
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his observatlon that between the unmetamorphosed sedlments

_ the basement zone has glven strong support to thls view by ‘

’~iand the gnelsses there is generally a zone Wlth strong

-fshearing.
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Piate 4 Narth of Xamlnxalp 1eaiing 56uthwards
‘showing the Kheis meta-supracrustal rocks intruded
by the Alaskitle Granite. :

(v) Regumé« The petrography of the Khels
 _Supracrusta1 rocks of the ‘area indicates that prior to .
metamorphism these recks c0ﬂ51sted mainly of impure silt-
stoneg, impﬁre qandstones dﬂd 1dvas of predomlnantly acid

composi ion. These rocﬁs appear to be more akin in compo~

- sition to the rocks of the Kaa Len Series than th@ Wilgen-

'ﬂoutdrlff Serles with which fhev were previouqlv correlated.
JMetamorphlsm attalned the almandlneaampnnbolite grade, and
'_some metamorphic differantiatlon toolk place._}- The schlso
' t0si»yvo1 the Xheis Supracrustal Rocks-lm belﬁé?ed‘tb ‘have
. resulted from the stress geﬁeratﬂd and the shearlng produced .

vby 1ncreases in volume censequent npon the ~enev15 of the

_ Adamellitic Gneiss







. the main criterion used in recognizing this rcck type as

'_ié ia@ks fhe’sehis%@éity‘@f thé KheiévSupra@rﬁstai Rocksy

;%he broader banding of ‘the banded gneiss, and the granitie

0o gneissese fevture of the nore h@m@geneeus “eore gneisses“
?These hybrid rocks are in faetg eharacterized by the N '
A’appearance of algalic felspar porphyrablasts set in & matrix
that has retained part at 1east of its 1aminatea or
SChlSu@o@ texture, Tn@ occurrence of relspar p@rphyrobiasts'
s consmﬂere& %6 be of particular signifieance as it indicates
-tbah these racks a4w pfonably nbt ‘only the products 0f meta-' ’
morpnlsm aut alsgo of metasomatism, . In the area tc ﬁhe

nor h, narinawesﬁ of R@@iaerg 2 (352) the rocks of this

fu'gvoup are- frequantly more ¢ntensply sheared uhmn ‘the normal

| hybrid raekg of the area§ and tney tend %o have a pseudo« |
'asch&,tose appearanceg but a stuéy of fheir mineral camposition_
'inﬁiwates that they tod bel@ng to the. hybrld group as they are

| fuuﬁd ta have been permeatod by granitic aolutions.

The aoiawr of the TT&ﬁSi-

ﬁtional Aezd ﬂvhrzd Rockv is generaliv ar99n3§h g?ev (SGY 6/1)

' to greyish green (10& %/2) and the rocks often contain very

light grey {N8) fei par yﬁrphyreblasts. When e@mpareﬁ wiﬁhti
“ ,th@ ‘Kheis $upracrns?a1 Rocks the composﬁﬁimn of these hybrid "
- rocks 15 found to be much more unlform ac can be seen from

: ﬁhe fcl&@wﬁng mean mode (Vols%)y and thn standard ﬂeviations'
of the ma jor uonstituent mineral speeies, of 11 specimens |
of this rock type' ' '

Quartz Alkalic Plagioclase White Epido%e Biotite
, Fexspar | ,Miga - Group .

% 363 153 10 115 7.6 7.0
s ‘6@5 85 59 128 6.6 8.6
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Chlorite Caleite Opaque Ore Minerals Apatite Zircon
X L,2 1.8 0,2 TP, Tr.
s 7.8 2.k - - -

If the above mean hybrid rock is classified as
though it were an igneous rock, it is found to fall within
Johannsent's {1932) Adamellite subdivision of the Cranite
(226") family, or Peterson's (1961, p.32) Adamellite or
Quartz Monzonite class, The true systematic position of
these hybrid rocks is difficult to ascertain »ut it is clear
that they have much in common with Dietrich's (1960B, p.101)
perm=zation gneiss which he defines as a gneiss, commonly
banded, thzat consists in part of materials Introduced by
percolating hydrous sclutions, gases, molecules, or icns,

The grain size of this rock group is variable, but as the
mean thin-gection graln ares is 0.43 sq.m.m., the rock group
is considered to be coarse grained.

- The quartz found in these hybrid rccks tends to
be clear, anhedral, and is frequently strained. Most of the
guartz occurs in lenses, laminae and patches of less régular
shape, Microcline is the dominant alkalic felspar precsent.
The microcline crystals are generally subhedral and fresh,
and in some specimens they can be seen to have replaced
earlier altered felspathic material, In contraet tc the
microcline the plagioclase ervstals are generally altered.
Epidote, zoisite and sericite are the main alteration
products, The plagioclase has a mean composition of An 30,
The chlorite tends to occur in anhedral plates that go to
form.irregﬁlar bands. The mineral is pleochrdic from
colourless {Z) to light green (5G 7/4) (X and Y) and 1t tends
to be found associated with epidote, bioltite and the opaque

ore minerals, The biotite ocecurs in similar ragged
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anhedral crystals and 1s frequently closely associated
with the chlorite. Its pleochroism is variable, but is
generally X = very pale orange (1O0YR 8/2) Z = moderate
brown (rYR W/i), Epidote (pistacite and eclinozoisite)
allanite and zoisite are all found in this rock group.
Apatite and rounded to sub-rounded zircon crystals occur
in accessory amounts xxsubiradwakxemxxkxkx, and they are
generally assocliated with the irregular bands of ferromag-
nesian minerals. Magnetite is the principél ore mineral
foundy, Some specimens contain patehes of leucoxene thus
indicating that the original ore minerals contained some
titanium mineral = probahly ilmenite., The calcite found

appears to be secondary.

(iii)VChemistrz: The chemical composition
of the Hybrid Rocks (column 1, table II) is found to be
similar to Nockolds' (195%, p.1014) "average adamellite"
(Column 2, table II), to which it is petrographically akin,
The Hybrid Rocks do however contain more Fe203, Mgl and
Ca0 and less K,0 than the average adamellite. While 1t is
not possible to contrast the chemical composition of the
Hybrid Rocks with the bulk chemical composition of the Kheis
Supracrustal Rocks, the chemical composition of the unaltered
Kheis lava (column 1, table I) can be compared with that of
the Hybrid Rock (column 1, table II) . In order to
facilitate this latter comparison the Barth (1948, p.54)
standard cells of both rock types were caleulated and found
to be as follows:

(1) the fresh Kheis (Rhyodacite) lava =

.33 M85 95 Cay oo M3 gy Foy 5oMN5 0ghl39 22T30,50 Po.30
Bag, g Slgy 0 [O1u8.52 (%H)qy ug ]| 160
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100,28 100,00

Table II -~ Chemical Data (Hybrid Rock)
Composition, weight per cent: Norm:
(1) - (2) - (3)
810, 67.80 69.15 Q 29,76
Ti0, 0,56 0.56 Or 13.90
A1203 : ik,51 - 14,63 Ab 25,68
- Fey0, 2,08 1.22 An 17.2%
FeO 2,00 2,27 c 0.61
Mg 2,27 0.99  (MgS104 5.70
- Hy( '
ca0 3.7 2.4% (FeS1i0q 1.19
K,0 2.34 .58 I1 1.06
H,0* 1,33 0, 5% Ap 0,67
H,0" 0.04 H1 0.47
Py0g 0,26 0,207, Minor 1.42
’ , - Constituents
MnO 0.08 © 0,06 100,72
o ]

C0s Nil

803 Nil

c1 0.29

F 0.0k

BaOl 0.05

Sro T‘I‘.

100,32
=(CL+F)=0 0,04

(1) "Granitized Wilgenhoutdrift lava south of Rooiberg i
- de Villiers and S&hnge (1959, p.102),

(2) Average Adamellite (Av. of 121) - Nockolds, 195%,p.l01hk

(3) Norm of specimen (1)



(2) the Hybrid Rock =

Ks.617%5.53%%3 50182982, 83M%0, 06 M 14, 92710, 3850, 21
Bag_ 028159, 25 [?144 146 (OH) 15 54:] 160

Thus to eonvert the fresh lava into the granitized lava (Hybrid .
~ Rock) there must be additions of 4.2% lons of Si, and 4,06

ions of (0H), and the removal of the other major elements in
the following proport1ons, _ |

K3 .72-880 12,5087 12,MEp 83,Fe) hcaMno 022412 3071 0,129% Po,09.
It seems, however, extremely unlikely that prior to meta-
somatism specimen 2 was identicai to specimen 1, as there

is approximately 20 miles separating the localities from whieh
these two samples were collected; and as we have seen the

Kheis Supracrustal Rocks are very varlable in composition,

(iv) Resumé: The Transitional Acid Hybrid
Recks are more uniform in composition than the Kheis
Supracrustal Rocks, and their petrography and chemistry
is very similar to that of a normal adamellite, The
petrogengsis of this rock type will be discussed in the next

section.,

(D) The Adamellitic Gneiss (Gn):

(1) Field Description: The Adamellitic Gneiss
is not a homogeneous rock but rather the dominant rock type
in a group of gradationallgneissic rocks having the bulk
composition of adamellite. Many of these rocks fall within
Turner and Verhoogen's (1960, P,371) definition of a
migmatite, viz. "those mixed rocks in which a granitic com-

ponent (in the broad sense of the rhrase) is clearly recog-
nizable", These rocks are, however, the oldest granitic |



(once again used in the broad sense of the phrase) vocks

found in the area and they go to form pari of what Gevers

and others (1937,p.36) have called the great granite-gnelss
massif of Namaqualand and Bushmanland., As to 1ts age, it

is clear that the Adamellitic Gneiss is younger than the
supracrustal materlal of the Kheis System which it invades, and.
older than the rocks of the Richtersveld Suite which were 4
emplaced inte it, De Villiers and Sthnge (1959, p.64) state
that these rocks (the Adamellitie Gneiss) form part of "the
méjor magmatic cycle loosely known as the "Qlder granites"
which probably denote the end of the Archaean era", Recently
Nicolaysén (19628 and C) has indicated that new absoclute

age determinations on the Namaqualand Gneiss and its associated
pegmatites show that this rock type has an absolute age of

980

X

100 million years, An age but slightly in excess of
980 ¥ 100 million years 1s suggested for part at least of
the Kheis System (Nicolaysen 1962C, p.586). While the
Adamellitic Gneiss as found in the area studied ocecurs in
¢lose association with the.Kheis Supracrustal Rocks and this
propinquity is believed to be cf assistance in investigating
the origin of the Adamellitic Gneiss, this very factor has
resulted in the Adamellitic Gneiss of the area being hetero-
geneous, It is thus suggested that the area is not the
most suitable place for collecting specimens of the Adamellitie
Gnelss for absclute age determinations; Further comments

on thig topic are to be fcund in Chapter 6, Section E.

(ii) Petrography: The Adamellitic Gneiss
includes de Villiers and Sehnge's (1999) "hybrid rocks,

migmatites ete.", and their "grey, gneissic granite". In
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the more strongly banded Gnl (migmatite). The large
standard deviations of the individual minerals shoun
in table III are not considered particularly significant,
as 1t is clear from an examinaticn of the hand specimené"
from which the thin-sections were cut, that as a result
of the banded nature of the rock some thin-sections are
richer in minerals from the light bands, and others are
richer in material from the dark bands of these rocks,
The mean modal value of 41 specimens quoted in table TII
is however, considered significant as it is believed to
represent the bulk mineral composition of the Adamellitie
Gneiss as it is found in the area, _

The texture of these adamellitie rocks ranges
from gneissie to banded, and their colour ranges from
very light grey (N8) to moderate pink (5R 7/&) for the
leucocratic felsic bands, to dark greenish grey (5GY 3/1)
or greenish blaek (5 GY 2/1) for the dark mafic bands.
Grain size is variable but the mean thin-section grain area
of these rocks was found to be 2,04 sq. m.nm, When the
banding and/or foliation of these rocks is considered on a
regional scale it is found that the adamellitic bodies tend
to have cores of augen-gneiss, which grade into bénded gneiss
which in turn pass into the Tfansitional Acid Hybrid Rocks.
In most parts of the area the banding tends to be parallel
with the foliation found in the transitional rocks and the
- laminations found in the Kheis schists, but in a Tew
localities, particularly in the south-east of the area,
complicated "wild" or ptygmatic folding is found and the
individual bands and veins are highly convoluted. Plate 5
is of a particularly interesting banded gnelss found to the

immedidate southewest of Rooiberg 2,
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The composition of fresh specimehs of plagioclase was
found to vary from acid oligoclaée te middle-andesine
(An'HO). The mean value obtained was &n3l (X = 1,545,
Y= 1.548, 2 = 1.552). Some of the "fresh" plagioclase
crystals are so much freshsr than other plagicclase
crystals in the same thin-~section that they appear to have
developed later than the bulk of the plagioclase,

The white mica is mainly sericite and occurs
in small scaly aggregates and shreds associated with
altered felspar. In some of the more strongly banded
rocks the white mica is found associated with other micaceous
minerals in irregular bands in which the long axes of the
crystals tend to lie parallel to the banding. Biotite
occurs in anhedr:-l plates and laths that tend to cluster
together to form irregular bands. Its optical properties
are as follows: X = 1,595 - greyish yellow (5 Y 8/4),

7 = 1.637 = moderate olive brown (5 ¥ W/'4) to light olive
(10 Y 5/4): 2Vx = 30 (Siderophyllite).

Minerals of the epidote group oceur both as
small granules replacing rlagioelase and bhiotite, and in
clusters of larger cfystals within the dark hands of the
Adamelliltie Gneisé. .. Pistacite, zolsite, amd allanite and
¢linozoisite are all found in this rock group. The
-allanite is mainly pleochroic from X and ¥ = yellowish grey
5 Y 7/2) to Z = moderatc orange pink (5¥r 8/%), but in a
few specimens (i.e. specimen 468) it is pieochroic from X
and Y = greyish orange (10 Yr 7/4) to Z = dark yellowish
orange (10 YR 6/6). |

Chlorite is mainly found associated with
biotite, particularly in the dark bands of the banded
specimens of the Adamellitic Gneiss. Patches of chlorite
with indistinct borders are found within some of the biotite -
plates. The interference colours of many of the erystals

is an anomalous "Berlin blue", thus suggestion that much

| e e S ——
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of the chlorite is penninite.

Accessory minerals inelude apatite, magnetite,
zircon, ilmenite,flucrite,sphene, rutile,lleucoxene and
hornblende /X = pale yellowish orange (10 YR 8/6),

Y = moderate yellow green (5 GY 7/4) and Z = dark yellowish
green (10 GY W/k4)_7/

(iii) Chemistry: In table IV the chemical
composition of thé_Adamellitic Gneiss is compared with
Nockolds' (195%, p.101%) average adamellite, Poldervaart's
(1955, p.135) average quartzo-felspathic gneiss and
Turekian and Wedepohl's (1961) average high,Ca granite,
The Adamellitic Gneiss is found to be normal with regard
to 8i0p, TiOs, F9203, Ca0, Nay0, K,0 and MnO slightly high
in Mg0, slightly low in A1203 and significantly low in ¥eO
and P205° When compared with Turekian and Wedepbhl's (1961)
average high Ca granite the trace element content of the
Adamellitic Gneiss 1s found to be significantly high ir C1
and Cs, moderately high in Li, Rb, Sn, Cu, Pb, Ga, and T1
and slightly low in Sr.

As'the modal apatite and hornblende content of the

Adamellitic Gneiss is low it seems probable that the high Cl
content is to be found within the micaceous minerals. The
high C1 content of the rock is considered significant as a
trend towards high Cl values is found in the rocks of the
Richtersveld Suite, The rubidium content is high, but the
K/Rb ratio is 163 and thus within the limits of scatter of
normal K/Rb ratios (Taylor 1960B, p.318) as ean be seen in
figure 12 (Appendik 2). The Cs content of the Adamellitic
Gneliss is significantly higher than both of Turekian and
Wedepohl's (1961) granite averages. In atteﬁptingvto
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de Villiers and Sﬁhnge {19594 p.69) Grey Ghe;ssic Granite:

de. Villlers and Sbhnge (1959,5ﬁ 69) Grey Gneissic )
Granites “Sample collected northwest of Great Bend (A 2) "

(i.e. A2 their. grld‘ Ref., flgure 1)
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an area of local Cs enrichment resulting from the granitiza-
tion of shaly‘materiél@ It would.thus seem that a great
many more Cs determinations will have to be made on the
Adamellitic Gneiss before a,significant stateméntvéan be made
on its average Cs content. |

~ The Barth (1948, p.54) standard cell of the mean of
analyses 1, 2 and 3 of Table IV was found to be as follows:
Ky.10 ¥a5 92 G2y 33 Bao,02 Mey 33 Fe2,03 Mo, 05 Alyy pp Mo.ko
814y o8 20,02 {0157.0¢ (OH)g. 9{}}160. If this standard eell
is compared with that of the Hybrid Rock which was given
earlier in this chapter, it is found that additions of 1.49 K
jons, 0.39 Na ions, 0,02 Ti fons and 2.73 Si ions, and
subtractions of 1.17 Ca ions, 0,65 Mg ions, 0,80 Fe ions, 0.01
Mn ions, 0,70 Al ions, 0,19 P ions and 6.60 (OH) are‘réquired to
| convert the hybrid rock into Adamellitic Gneiss,

Figure 9 (see Appendiz‘Z) is a modified Simpson

{19544) diagram, on which Green and Poldervaart (1958, p.96.)
have plotted and eontoured the concentrations of 201 averages
of igneous rocks, and by so doing indicate the main or normal
differentiation trend of igneous rocks, The mean values of"
the principal rock types of the area were plotted on this
modified diagram and it was found that the rocks of the
‘Richtersveld Suite (Tables IX and X), and ths Khels Lava
{Table 1) fell within the normal igneous trend, but that
the Adamellitic Gneiss plotted off the trend as did the Hybrid
Rock (Table II), which plotted in an intermediate position
between the unmetamorphosed Khels Lava and the Adamellitice
Gneiss. Thesm data are considered to indicate that the

Adamellitic Gneiss is not a normal igneous rock,

(1v) Petrogenesig: It is considered important when
discussing the ewlution and emplacement of granitic rocks

to have a ¢lear picture of the temperature~depth, or intensity




 gone, #a'whieh the rocks developed, and into which they were
' emplaced. - The Aﬁamellitic'GneiSS'is believed tO«haﬁe‘been :
-emplaced into the lower “Nesozene" or upper "Catazone"

for- the fellow1ng reasons = (1) the grade of metamorphism .

*.;found in the Kheis Supracrustal Rocks of the areay (i.e.

Buddlngton 195Q,p 676, states that the amphlbelite facies]
sﬁarts,at the tep of the "Catazone".), (2} the eecurrenee .
- of migmatites, (3) the absence of any signs of chilling,

(%) the'presenee of gﬁeissie-folietien, ana’(ﬁ)‘the'gra&ual

'e,and generally concordant eontacts of the Adamellitic Gneixs.

'The wrlter wishes to stress the deepbseated enV1ronment |

- in vhich this granite developed as. 1t is de31red, at a 1ater

étage, to eontrast the physical enV1ronment into whlch it

, was emplaced (i e. an enV1ronment in whﬁch the invaded

. country rocks would tend to yield by flow or. piastic
’dlstentieﬁ)with the epizonal environment into which the later -
iRaehtersveld Granite was. emplaced {;@e,kan_eHV1ronmen£big-v
vlwhieh.the‘invaded countryirocks}wouiﬁ:yieid_by/?faetgre.)f,e

. In reviewing the ofiginsﬂpro@eeedufor-graﬁitie:ﬁoeke_emplaeed.

‘into %he‘Cetazonej Buddington (1959¢1pp;:71%-?15))s%atesfthat

- in tﬁe-majeri%y ef-eases‘“the meehaniee offemplacemen%~ie

at present indetermlnate, problematieal or ‘the subject of
;controversy o | |

| . Wegmann. (1935) has estimated the minimum depth

of the migmatite front to he 10 ¥m (6% miles)' cand
Buddlngton (1959$ p.676) believes that eresion has rarelj
eXposed rocks that were ever at a depth greater than 12-15
miles {19-24 Km,)\, - thud it would. seem 1ikely, that the
 Adamellitic Gneiss was emplaced at some 1nﬁermeﬁiaﬁe depth
between these $wo llmits. | EV1dence from the - grade of ‘
metamorphism of the Khels supraerustal material studied
'suggests a szmllar depth of emplacement for the Adamellitic |
" Gneissy because accerdlng to Buddlngten (1959,p 676.) |
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n__. the top of the catazone where the amphibolite facies

starts...” ranges ..."from as shallow as 4 miles to as;ﬁeep

L

|
!
k;

temperature et which the Adamellitic Gneiss formed, the

~as 10 miles."

!

In an attempt to establish the approximate

Barth (1956, pp.3-16) distribution-between-solvents fellpar
geothermometer method was used, While 1t is not certail
that the felspars in the Adamellitie Gneiss had “simple“v
(Dietrich, 1960B, p.46) thermal histories, the temperature
of ¥ 450°C, (12% Ab in Alkali-felspar, 69% Ab in Plagioclase;
k = 0,174), that this method educed, is believed to be of
the correct relative magnitude, as it is approximatehy half-
way between the formation temperatures Barth (1956, p.lk)
proposed for granocdiorites and granitic gneisses, It must,

however be stressed that this is an approximate temperature
as the Adamellitic Cneiss probably cooled relatively slowly,

and the tempe:ature.measured may represent any intermediate
temperature between the consolidation temperature and the
minimom temperature measurable by the geothermometer
(Dietzich, 1960B, p&5.).

Many petrologists believe that the "majority of
the medium sized and larger zircons" of intrusive granites
are ecuhedral, and that zircons of autochthonous and
paraautochthonous grénites and migmatites are "frequently
hot euhedral” (Poldervaart, 1956, p.530). Taking this
 statement as their premise, Coetzee {19%2, Pp.91-112) and
Poldervaart and von Backstrdm (1949, pp. ¥33-495) have studied
the zircons of the Kheis System supracrustal rocks and the
rocks emplaced into them in the Goodhouse-Pella and Kakamas
areas of the N,W. Cape; The Kheis supracrustal roecks of
the southe-eastern Richtersveld are mainly siltstones and
lavas, and thus the zircons they contain tend to be small

and difficult %o study; nevertheless those zircons found
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support Poldervaart and von Backstrdm's (1949, p,héh)
statement that "the zircons of the Kaaien beds are generally
rounded, and have a prevalent elongation index 1.6 « 1,8",
The majority of the zircons found in the Hybrid Rocks and
the Adamellitic Gneiss are similar in shape and size %o
those found in the Kheis Supracrustal Rocks. The gmall
size and rarity of zircons in the Adamellitic Gneiss is
well displayed in thin-sections as biotiteis a common mineral
but pleochroic haloes are rare and when found they generally
inclose minute zircon crystals, 1t appears that loecally
in the south-eastern Richtersveld fine grained supracrustal
rocks dcminate and this has resulted in small zircon erystals
being found in both.the‘supracrustal material, and in the
later hybrid and granitic rocks that replaced them. In
contrast to these findings the zireons found in the rocks
‘of the later Richtersveld Suite are generally larger and
euhedral, The evidence gleaned from an examination of the
shape and size of zircons in the rocks of the south~-eastern
Richtersveld suggests a non-magnetic origin for the
Adamellitic Gneiss and the Hybrid Roeks, |

The metamorphism of the Kheis supraerustal Rocks,
the development of the Transitional Aecid Hybrid Rocks, and
the evoiution of the Adamellitic Bneiss, are alltelieved to
be part of a single general process. The process that
produced these three rock groups Wwas probably analogous to
that proposed by Read (1957, p.40) in his description of a
typical area that had been subjected to granitization; viz.
"out from the ecentral theatre of granitization there pass
waves of metasomatic solutions, changing in composition
and in temperature as they become more distant from the

core and promoting thereby the formation of zones of
metamorphism about it."

The Khels Meta-Supracrustal Rocks are situated furthest from
the central theatre of granitization and are considered to
be primarily the products of increased temperature-pressure
conditions. Nearer the gneissic core tﬁese rocks were

permeated by granitic sdmtions, as evidenced by the




56,

‘appearance of large porphyroblasts of K=felspar of up to

an inch in diameter (specimen 312), and the Transitional
Acid Hybrid Recks developed. This is thus a zone of
permeation and static granitization (Jaﬁsen; 1956, p.172)L
Thése‘hyﬁrid'rocks in their tu:n grade into banded gneisses
in which at least part Of‘the rock was moblle during its
formation, 'The core of the gﬁeissic zone contains a more
homogeneous gneiss, in which only the ﬁebuloué&femnants of
older Pormations occur. 'At the time of its origin this.core
gneiss probably begame more mobile than that of‘the rocké of
the outer zones; and by some process,.perhaps'kneading, |
developed its present homogeneity. - If, asis suggested
above, the Adamellitic Gneiss owes its genesis to a granitiza-
tion process, then it might be asked whether.fhe Khels Supra-
crustal Rocks'Studie&hre sufficiently basic in bulk eomposition
to have produeed the Adémellitic Gneiss. It is the writer's
belief that the rocks studied are probably not sufficiently
basic, but that in the production of the Adamellitic Gneiss
as found in the south-eastern Richtersveld large volumes

of material froxm the more mafic Marydale Series, and possibly
also quantities of the unknown material upon which the
:Marydale Series rested, were granitizeﬁ; and that the bulk
composition of all this material was_sufficiently basie to
vield the Adamellitic Gneiss as a granitizétion-pro&uet;

In somelocalities; as for example in the area to
the west of Rooiberg 2, and more particularly north and
south of the areé where the Adamellitic Cneiss outcrops
more extensively, the more homogeneous core gneiss was clearly
mobile at some stage during its evolutioné and these .
‘mobile parts appear fo‘have'beén empiaced by syntectonic
permissive injection, in thdse areas where the core gneiss
‘has become mobile it has tended té rroduce extremely complex

field relationships between the Adamellitic Gneiss, the
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Hybrid Rocks and the Kheis Supracrustal Rocks because
metamorphic and metasomatic effects have tended to overlap,
In terms of Read's (1949, P.i%3»151) Granite Series most of
these gneissic rocks are autochthonous granites, and they
were formed essentiaily in situy but the central core is
believed to have become mobile and developed some of the
characteristies of the second member of Read's Granite Series -
the parautochthonous granites, Read (1957, p.364.) has in
fact stated that | '
"the old granite of the African continent, displayed so
magnificently in Namaqualand, the Eastern Transvaal and
the Rhodesias is in my view an autochthonous granite.”
He also stated that many of these older granites or gneisses
were produced (p.36%) by felspathization and permeation with
the "blowing-out" of the schistose textures into the gneissose,
The banding found in some of the banded gneisses
ﬁeparts ffom the north-squth foliation so typical of wmost
of the metamorphoséd and ultrametamorphosed Kheis Supracrustal
Roeks of the area, These aberrant gneisses are found to be
folded in a complicéted plastic styke that has resulted in
ptygmatic folding, and this glves the rock the overall
appearance of a small folded gneiss'(Bertheisen, 1960, p,.%70.
in Sorensen ed. Symposium on migmatite nomenclature.). It
is helieved that as in the classic migmatlte areas of the
southern Fennoscandian Precambrian Shield, this wild folding
was produced by a large scale swelling of the gneissic and
migmatitic rocks due to the introduction of K,Na and Si from
activated deeper parts of the crust (Ref. Barth standard eell
calculations for these rocks), This inctease in volume was
vprobably'magnified by volumetrie increased produced by
fusion (Rich 1951, 1.1209).
The banding in the banded gneiss is believed to
be mainly the result of the permeating material being




prefeérentially channelled along certain layers - generally
parallel to earlier foliation and lamination - in response
to favourable chemical and/or physical conditions éxiéting
in these layers, - This process frequently results in the
deVeloping erystals growing so that their.direction of
greatest crystai grouwth agrees with old ﬁlanas of weakness.
Differential melting and localized "1it par 1it" injection
is also béiievea to have assisted in producing the banding
so characteristic of many of the gneissic rocks. Read (1957,
p.353) stated, after his visit to Namaqualand, that the
biotiﬁe—richAétreaks‘aﬁd bands found in the‘Namaqualand(gneiss
are "reasonably interpreted as basic behinds, the Quartzo-
felspathic ingredients of the original country rocks have
becone incorporated in the granitlie layers, leaving the

residual country-rock relatively enriched in ferromagnesian
gomponents®, ‘ o - ,

(v) Resumé: The Adamellitic Gneiss is the oldest

. granitic'rock found in the area, and it forms part of the
Namagualand Bushmanland hgraniteﬁgneiss méssif". ~Both
petrographic and chemical features indicate thatiit falls
within the adamellite roek group, If it and the Transifional
Acid Hybrid Rocks are'plotted on a Green and Poldervaart
diagram they are both found to fall outside the "normal |
igneous trend". The Adamellitic Gneiss has a normal K/Rb

ratio. This is of interest for eomparisén with the rocks of
the Eiehtersveld Suite which are thought to have been derived
- from the Adamellitic Gneiss by partial fusion,‘iln most parts
of the area the banding in the Adamellitie Gneiss is parallel
to the_foliation found in the hybrid rocks and the schistosity
of the Kheis schists, but in a few';ocaliti953 particularly
in the south-east of the area, ptyghatic folding occurs.. The
banding found in much of the Adamellitic Gneiss resulted from
granitizing fluids being preferentially'channelled along

layers in which favourable chemical and/or physical conditions
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- existed. The ptygmatlc foldlng was. produced by an 1rregu1ar :

d’”-swellin of the gneissic and migmatitic rocks. upon the

'-__introductlon of granmtizingaflﬂidsi ‘Thepmetamérphismiaf‘the 
_.KhéiévSupracfﬁstal Rocks, thévdGVelopmént'Qf the hybrid rocks
y and the eﬁ&lﬁiion:of?theAdaﬁelliticGneiss,haré all pért of _

a»singlelgeneral”pfcéeés;thét'nperéte& in %he-Uppér Catézone.hf'

The Kheis Supracrustal Rocks of the outer zone were subjected -

to 1ncreased temperatureapressure conditions, the hybrld rocks

fvwere permeated,by granltiersalut;ons,vand thevAdamellitic ' “,{v

Gneiss developed in thelcentral théatre of granitizaﬁion

by the hlowingtmltof the schistese texture of the Kheis rocks .

"lnto the gneissose.' In some areas the 1oca1 mobillzation " .

“of the central gn91331c eore, aided by variauicns in the

suseeptability of the country rocks to granitlzation, produced

‘an overlapping dfﬁmetamorphieuand wmétasomatiﬁ effects which

resulted 1n variatlons in the normal seguence of changes found

.as one moves out from the central theatre of granitlzatlon.

e POST—KHEIS ULTRAMAFICS AND GRAPHIC GRANITE »

(A) Introdu tio
There are 23 Post-Khels ultramafic bodies in the

’southern half of the area, and 17 of these bodies were

"dlscovered during the present investigation. These ultramafic ‘1
ji;boales, called mafic 1ntru51ves by de Villiers -and Séhnge

‘ f(1959, pp MSQRV), are alsa found to the immediate south and
'east of the areaj; and simﬂlar rocks have been discovered by
JHaughton and Frommurze (1936, p 1#—15) in the Warmbad dlstrict,
- and by Gevers and others (1937, p.29) in the Vioolsdrif- |
.'Goodhouse area to the east of the Neint Na ababeep Plateau. _
They tend %o be elliptlcal in outcrop pattern and those found
;'fin the area range in méan diaméfef from under'20 yards
'V; (18 3 m.) to over half a mile (0 8 Kilometres)

Among the ultramafics and associated rocks found
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4o the easé af’the Neiﬂ*ﬂﬂababeep Pla*eau,-Gevérs-an& bthers
'7(1937, 1e259) mention fihdﬁng peridotites, hornhlendites,
guartsz hornbleﬁ&e dicrites and a very dar& and. highly
mafic hornbanﬁe ﬁiarite‘uhich 1is often quartzabearing‘_
 'This liqﬁ of roﬁk types ineludes all the main rock types
 found in the post - Khels ultramarie bodies of %he areay. :
except that the peridotiﬁea 0f the area have heam converted. .
- into serpentinites. Gevers and athers {1937, p.Eﬁ) al&a
sfaéglg%heve rocks are nastly found as remnants of varying |
gize and irregnlar shape floating in and lntrudea hy the -

. mare: widely distributed_bictite granites.and,biotmtawharnblénde.3
. ‘granites and asseclated granediéritee and Quarté diorites", ‘
 This stafement is also true of the 9auth«eagtern chhtersveld
as these ulkramafies are seen ﬁo eut across the Kheis supra~
epustal rocksy but"the hybrid rocks andvthe,éﬁameliitim Gnelss
appear to ha#e'formed'aftEr fﬁei? amplaeemeﬁt Wiﬁh'régard
 to the distribution of these. ultramafic boaies, de: Villiers |
| and S&hnge (1959, p.hB) state taat | ' '
"there is some vuggestion of an eastewest line immediatély
north of Booiberg 2 dome and again from the south-eastern
~edge of thils dome edsTwards uawards Cone trignnometrieal

station”,

T'The wr*tﬁr agrees with this sﬁatemeﬂt, as (1) mcst of the '

_nevly mapued ultramafic boéies oeeur ElOﬂg an extensiﬁn of
:'Athe aeuthernmast line, and.(2) the 10&? axis of some af
. these bodies 13 approximately eastauesta “Gevers and athers
© (1937) and de Villlers and Sthnge (1959, p.46.) believe that
 -:these ultramafics xere emplaced 1nﬁo the Khelv supracrustal
| rocks before the ﬁmplacement of the Aﬁameilitic Gneias, '
‘end that the vague alignment in the dis tribution of these
‘bodies prohably indicates that the ultramafic magma workad
its way up in ueakened zones of ﬁhe earthﬁs erust in

irregular ﬂyhe like fashion.
Field and petrographic stuﬂies reveal that the :
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ultramafic rocks of the area can be divided into two main
groups - viz, Serpentinites and Hornblendltes. The horn-
blendites are more numerous than the serpentinites but as
both types outerop along botin the northern. and southern.
lines, one is unable to find'ahy definite separate trend in
‘their distfibutions, and it would thus seem that both rock
typés were emplaced broadly contemporaneously along the
same lines of weakness within the crust.

The large ultramafic body to the imrediate sofith
of the area 1s aberrant and hasz the following mean modal
composition:~ hornblende = 36.6%, chlorite = 20,3%3
.plagioelase = 13.5%, epidote = 12.0%; white mica = 11.2%;
quartz « 2,7%; serpentine = 1,6%; zoisite = 1.5%3 apatite =
0.2%3 augite = 0,273 calcite « 0.2%3 biotite = Tr., and
opaque ore minerals = Tr, This ultramafic body also éontains
a faw irﬁﬁgular patches and segregations that differ consider-
ably from/"normal™ rock type : viz, (1) medium grained horn-
blendite patches (specimen 436), (2) irregular lenses of a
zoisite-hornblende rock, and (3) segregations containing large

(2% cms. long) euhedral hormblende crystals,

Another ihteresting ultramafic body that lies just
outside the area is the small hornblendite occurrence
situated below and to the west of Coﬁe beacon (see Map 2).
Most of this body is composed of normal Bornblendite with a
mean hornblende content of over 90% (ie. specimens 483 and 488),
- but located within this material afe veins of c¢ross - and
mass-2ibre asbestos (specimen 499), When viewed under the
microscope the asbestos bands are found to be composed of
calcite, asbestiform-amphibole and a 1ittle serpentine, and
the asbestiform amphiboles are seen to grade into the more
tabular amphiboles of the host roek. The asbestos fibres
were found to be up to 10 ems, long, elastic and variable
in colour from c®lourless to light yellow brown. Each of
the thin strands of asbestiform amphibole was found to consist

of aggregates of smaller fibres, each of which was
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elongated‘ﬁarallel to the general fibre axis. There was
no preferred orientation of the individual fibres in the
bundles, thus the optical properties of individual crystals
could not be determined, Vermaas (1952, p.199) has statéd
that because of this aggregate structure distinetion is
difficult or impossible opticallyy between the different
varieties of asbestiform minerals, éspecially between varieties
of amphibole asbestos. The mean refractive index for
vibratlons parallel to the fibre axis of the ashbestiform
amphibole from the Cone ultramafie body (see Map 2) was
found to be in the tremoiite range. As much of the rock
of the Cone ultramafic body is sheared, it seems likely that
in those areas where the shearing vas imost pronounced the
tabular amphiboles became unstable and the asbestiform
variety‘developed. Vermaas (1952, p.229) has stated that
such changes can tgke piace without any change in chemieal
ecomposition as the doubie silicon~oxygen chains of the
amphibole structure lend themselves to *deformation', and
long fibres are formed without a collapse of the siructure.
(B) Ihe Hornblendites:

{i) Petrography: The mean mode and the standard
deviations of the major constituent minerals of 1k fresh
specimens of the hornblendite taken from all over the area
are given bélow:-

Amphibole  Chlarite Epidte Plagicclase White Mica Quartz Biotite

X 92,9 2.9 1.6 1.1 0.9 0.5 0.1
s 4,2 1.9 2.4 1.1 - - -
Opquelre

Minerals Zoisite Sepentite Calcite Apatite Clino-pyroxene
X Tr Tp Tp Tr Tr Tr

The colour of these freshvspecimens is generally mediunm

dark grey (N4) %o dark greenish grey (5¢ W/1), but on
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weathered surfaces the rock is a moderaté reddish brown
(10R 4/6), The texture of the hornmblendite varies from
granitic to poikilitic. Grain—size is also variable as
some large skeletal oikoerysts have a thin-section area of
45 sq.mm, but the mean thin-seetion area appears to be
approximately 0.18 sg. mm, The dominant amphibole occurs in
short anhedral to subhedral laths and has the following
optical propertiss:i-

Z = 1,680, Dusky yellow green (5Y 5/2) to moderate blue

green (5 BG 6/6)

Y = 1,628, Greyish yellow green (5 GY/ 7/2)

X = 1,615, Pale yellow green (5 GY &/k4)

2vx (X of 12) = 81°

Zac = 16°.

H

Twinning and alteration to chlorite and epidote is common.

The chlorite found in the hornblendites tends to
occur in elongated plates which are closely associated with
‘the amphibole, Minerals of the epidofe group, mainly pista-
eite, zoisite and clinozoisite, have an irregular distribution
throughout this rcek group. They appear to be mainly the
result of the alteration of amphibole and plagioclase in
those few specimeﬁs that contain this latier mineral.

In some rock specimens, however5 aggregates of fairly large
epidote erystals are found which are unrelated in crigin to
any alteration process in their immediate vicinity. Many
of the Fornblendite bodies are crossed by veins of late
epidote., The plagioclase found in the hornblendites is
invariably highly altered to epidote, soisite and sericite,
and some of the plagioclase laths are found to be rimmed by
large epidote erystals. Crystalsof clear quartz are found
in some specimens, This mineral tends to occur elther
interstitiélly or as late cross-cutting veins, In some
specimens quartz is found to occur as minute grains assoclated

with chlorite, epidote and caleite, all of which appear to
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be the alteration products of amphibole, Small irregular
granules of opaque ore minefals are found scattered throughout
most of the specimens studied. A little blotite is found in
a feu specimens (i.e. specimen 544) and it is pleochroic
fromX« pale yellowish orange (10 YR &/%) to 2 = moderate
yellouish brown (10 YR 5/%). A few rock specimens contain
small quantitios of a clino-pyroxene, probably angite, which
is found to be altering to amphibole. The calcite found

in the hornblendites occurs mainly in minute irregular grains
associated with secondary minerals such as epidote and zoisite,
but it 1s also found interstitially between the amphibole
ecrystals. It 1s of interest to note that within the screa
on and about the hornblendite bodies, nodules (often ten

centimetres across) of vhite calcite are frequently found.,

(11) Chemistry: A partial chemical analysis was
made of specimen 33% (from 1 E 6.) which is a hornblendite
that contains virtually only amphibole, and it was found to
contain 7.59% total iron as Fe0, 15.5% MgO, 0.15% MnO, 0.61%
Na,0, 0,11% K0y 155 p.p.m Fi and 69 p.p.,m. Co, This partial
analysis clearly éhows (1) that the amphibole found in the
hornblendite 1s not a soda amphibole, (2) that both Mg and
Fe are present in the amphibole and that Mg is dominant, and
(3) that the amphibole is not actinolite as it would require
approximately 5% more (Fe, Mg) O %o produce this mineral

phase, The choemical evidence thus indicates that the
amphibole in specimen 334 is intermediate in composition
betueen actinolite Cap (Mg, Fe)y (OH)p SigCop and tschermakite
Ca, Mgy A1, (0H), Sig Al; Opp. If the above partial analysis
is compared with Nockold's (195%) average hornblendite it is
found to have a high Mg0 content, and to be low in total Fe,
MnO0, Na,0 and K;,0. The Co and Ni content of specimen 33%

is much less than the amount found in Turekian and Wedepohl's




>4l

>l

65.

(1961) average ultrabasic rock but the values are of the same
order of magnitude as their average basalt, (i.,e. Turekian
and Wedepohl's (1961) ultrabasic contains 2000 p.p.m. Ni and
150 p.p.m. Co, and their basalt contains 130 p.p.m. Ki and

48 p.p.m. Co.). As can be seen from column 4, of Table VI
the major element content of Nockolds' (1954) average
Tholeiitic Olivine Basalt 1s also very similar to that of

the Hornblendite analysed. This approximate equivalence

of hornblendite with basalt has been known for a long time -
viz. Lacroix, 1917, P.974 - and will be considered in detail

in the section on petrogenesis.

(C) The Serpentinites:

(1) Field Desc:iption: Six serpentinite bodies
are found in the area; <four outerop to the north-west of Rooi-
berg 2 (1D9, 1E3 and 1E5), and the other two occur in the
south-east of the area (7G3) near the old disused Klein Hels-
kloof track. These bodies, which are eircular or eliptical
in outline, tend to be more regular in shape than the
hornblendite bodies.

(11i) Petrography: The mean mode and the standard
deviations of the major constituent minerals of 11 specimens
of the serpentinites (taken from all six serpentinite outerops)

was found to be as follows:-
Serpentine Amphibole Chlorite Opaque Ore Minerals White Mica

64.0 11.8 7.8 6.7 5.1
11.7 12.3 7.1 3.3 5e¢5
Carbonate Minerals Altered felspar Brucite Apatite
4,6 Tr. Tr. Ir,
4.3 - - -

The colour of the specimens is dark grey (N3) with
a lustre-mottled appearance on freshly broken surfaces.
Weathered surfaces tend to be reddish brown (IOR 4/4). The
serpentinites have a mesh texture that probably indicate that
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the serpentine is derived fraﬁﬂoiivine (see;Photomiérograph'
4, 5' vTheWmean thin—secﬁibn'area 6f*the'thidimensiona1
serpentlne patches that are belleved to be pseudomorphs after
‘olivine is 2,57 sq.m.m. R |
The serpentlnekls malnly antlgorite and oceurs as
"fine”fibrolamellar aggregates. It varies in colour from
eblouriess~to'pélé_yellowﬁgréen (SGY 8/%); .JSome,of the
 equidimehsi6na1 pséudamorphs hentianed”abcve centéin nérrowgi
2,genefally_areuateg'véinlets of opaqugjore_minerals wh1eh‘5
seem to trace the"ébtrQe‘0f ear1iér'irragu1ar fractures
 ‘w1thin the orig1na1 olivine crystals." The amphibole
'.associated with the serpentineé is mainly c@l@urless to very
pale’ green tremolite and it nccurs between the equidimensional
";patches of serpentine. Speclmen 326 eontains amphihole

Jcrystals that enclose minute granules of ore that oecur

'in thln bands or veinlets tbat intersect one another at

B approximately 87 and look like yhe‘schlller=structure

'characterlstlc of bronzite. . This observatibn'would ééeml
':':to 1nd1cate that at least some of the amphihole 1s an
alteration,product of pyroxene.~_ The chloriﬁe fouﬂd.ln the .
N serpentihites is pfédominant‘ly-penninite and it tends to show
the characteristic anomalous “Berlln blue“ interferenee
: "c01our of this mineral spec1es. Some of the chlorite
'  m1nerals display an anomalous yellew1sh grey. (EX?/Q) to. dark
i'“yellowish orange CIGYR 6/6) interference colour,: and possess'
the unusual pleOChTOISm of x pale green (10G 7/2), Y =
Z = .. moderate: crange pink SYR 8/#) . 'The opaque ore minerais

are mainly magnetlte, chromlte,and 11men1te, and they are

'found abundantly seattered %hroughout these rocks.\







or of serpentine, which was unable to effect significant
contact metamorphism on the surrounding country rocks.
At the present time the majority of petrologists seem to
favour Bowen and Tuttle's (1949) suggestion that the alpine
serpentinites were emplaced as a mush of olivine, or olivine
and enstatite crystals separated by a 1ittle interstitial
fluid; and that serpentinization was essentially a post-
emplacement process, Bailey (1958, p.31) has suggested
that the fluld or flux in the crystal mush may have been
g8tlied to the magma that has given us carbonatites, The
common occurrence of calcite veins and nodules within the
Richtersveld ultramafics would seem to support this
hypothesis. Bowen and Tuttle (1949, p,453) have also made
the Interesting spggestion that olivine aggregates are more
capable of flow when erystalline than other commeir anhydrous
rock-forming minerals because the crystals are buiit up of .
SiO,1L groups without any chain, sheet or space linkage, In
support of the crystal mush hypothesis Thayer (1960, p.256)
has observed that in order to carry up deuse chromite bodies,
which are so often found in these ultramafic rocks, and to
prevent them from sinking back into the depths, the magma
rust have been mushy from the very beginning. Francis
(1956, p.216) believes that the pod-like shape and the
sheared fabriec of ultramafic bodies alsc supports the olivime-
rmish wagma hypothesis.

| The temperature at which the olivine-mush magma
was emplaced appears to depend on its initial temperature
when mobillsed and the rate of its movement as the friction
effects attendant upon its motion will necessarily be a

source of heat (Bowen and Tuttle, 19%9, p.453). When

- movement ceased cooling would Be expected to bring the crystals

and the vapour phase into tiie stability field of serpentine,
and the serpentinization process would commence, The

temperature at which serpentinization began would probably

be below 500°C as serpentine would become stable at about
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thia tﬁm@@?&tﬁ?ﬁ ir. Bil&ca an&/ar carbon dioxide wers
'ursaant in the vapau? phage, As chattezia (195?3 p_lﬁi)

~ has bbﬁé?t;ag opinions were at one time aharply ﬁividﬂﬁ as'

) the origin @f‘serp@ntiuiﬁing swluti@naﬁ sama vritarﬁ
(Bﬁnsmn§ lglﬂg pﬁ693 and Hess, 19334 p.&ﬁﬁa} believeﬁ that
"\ﬁhe salntimns reprasent rasidua& liqnias of tho nltramﬂfﬁﬁ"
| magma - - Hogs! auﬁﬂmetamn&yhic - vhile yot othera &uggesteafi-

| -'tgat the solutiony Ay’ have.béan ﬁ@rivﬂd‘f?ﬂm ynunger~a¢;d,

. in%rmaﬁ#e@ (Eurﬁ@itﬁg 1?35,‘p;233)§ | ﬁuﬁ ;1né§ thé gabiieaﬁicn
of‘waén.aﬁﬁ Tattlets (1949) @xperimentam study m@s% writors,
inaluﬂimg Hoss. {1959), have aﬁeeptaa'aouen and Tuttle'
-3%&%@&@&% that sarpﬁntinizatian,is nﬂt an autﬁmetamﬁrphﬁe

protess but tends €0 be the work of solutions af extr:@éﬁuﬂ',
 origin vhich have probably reheated the peridetite, It
" seems likely that serpentinization vas brought about in the
yltranafics of the arear§§?§1§r§§$§§3§§§€1§§ t6 that which
SQaﬁééﬁ%y%Kafﬁaas {l?é@gﬁﬁaéz) has ealled ”%ransvap@riﬂatian“
. thet 1gy %hé seleetive migraticn of volatiles from the A
. pelatively vet country rocks into the drmobile olivine-rich.
bodyy ﬁmenitheupargial prossure of the mobile compoments in
tﬁe-ﬂmﬁnt?yn?e&kéxééedé&7that of thﬂ.mﬁbiié-ﬁém@@ﬁéﬁtﬁ in
the @m-vﬁm«ri&h body, Hess (1938, 'p,:s:‘sl) ‘suggested s
semeuhat 6imilar praaeés¢ R |
w1§h.?egard to the souree of tha @1ivin9wmush |
_ﬁﬁgma@-ﬁés@;£19§5) balisves that 1t is &erivaﬁ fron & pri sy
-pﬁfiabfité magma . The evidence from 1ayared intrusﬁcas
'flclearly indieates ﬁhat rocks of dunitiﬁ ang p@ridatiti@
eampesitian ean be fb?ﬁ&& Ehyaugﬁ the aetien of th@ praeeaaas _

of sggregﬁtiﬁn and differsntiation, and;wager»EEQSE, De36)
bas stated that under suiﬁaale,teetoninveaaﬂitiﬂms these
antoohthonous olivine cumulates may becons moblle, It is
;wﬁofef’interﬁﬁt‘%@qaﬁte»thatfré&énﬁ&yg“Eﬁvié&anﬁwéﬁhE?s4'
(1956) have studied the 1sotopic eomposition of lead extrasted
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fron olivine nodules found in basalts and have discovered
that the isotoplce retlos were those of young lead which

suggests that the particular olivine nodules investigated
yore forrmed in relatively recent times by dlfferentiation

fror basalt and are not fragments of a primary ocarth shell,

Table VI - Chemical Data (ultramafics)
Composition, weight per cent: Normss _
(1) (2) (3) (%) (5)
8i0,  38.50 38,83 36.59 47.90 or 1.1
A1,0, 2,76 2.,1% 2,10 11,8 An 6.99
Fo,0, 7.9 7.96 .56 232  (ugsiog 30.89
Hy( :
Fe0 5.47 4,31 4,60 9,80 (I-’e()S:I.O3 1.26'
110 32,68 32,03 39.45 14,07 01(2xg03102 35,5% |
Ca0 1.7 1.30 0,66 9.29 §2F608102 1'63i'
Fa,0 0.03 0,00 0,25 1,66 Lt 11.60
K50 0.16 0,17 0.,1% O,%% 11 0.61
H,y0° 7.84 11,62 8,95 0,59 Ap 0.3%
H50 0,12 1,06 0,71 O, 2.89
co, 2.89 0,56 0,4 Hy0* 7.8%
P,05 0,07 0,02 0,19 Hy0. 0.12
710, 0.29 0,06 1,65 100,76
Crog 1.51
¥no 0.20 0,02 0,10 0,15
Ni0 0,09
Cu 0.01

100,54 100,00 1C0.24% 100,00
e
The emplacement of wltramafic bodies also raises a
nunber of problems as it is clear from a study of their
densities that such material could not have risen passively
through the crust as a result of differences in specific
gravity between the ultramafic material and the country rocks.




(1) Specimen 3253 Serpentinite from the cirecular ultramafic
body to the north west of Rooiberg 2. Mode = serpentinite
84,1%, chlorite 7.2%, amphibole 3,0%, Opague ore minerals
3,3%, White mica %.3%, Calcite 1.1%, Altered felspar Tr.
(Anaiyst - E.C. Haumann,)

(2) Composition of the sbove specimen (325) calculated from
its mode, using 1 Fe0, UMgO, Alp05, 3510,. #Hp0 for the
chlorite and Hess! (1960, p.67) “"pure serpentine from a
veln" for serpentine. ' :

(3) Mean of 7 serpentinites taken from Worst (1958, p.292).

(%) Nockold's, 1954, p.1021, No, VIII Average Tholeiitie
0livine Basalt (av, of 28),

(5) Norm of specimen 325 (i,e, Column 1).
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;Bowen and Tuttle (19@9,p. h53) speak of an ellvine-mush
’magma moving slowly under deformatlve forces, and Hess
7(19555p,395) speaks of alpine serpentines helng‘intruded
" during the first great deformation of a given mountain '
rsystem. It is clear that external forces such as those
that«accur dnring orogenesis must be invaked to account
for the upward movement of a dense relatively €o0l, quasiw

- solid ultramafic mass. Most recent writers on the emplace~

""ment of ultramaflc roeks - seem to belleve that the ultramaflc

imagma was probably squeezed up along major fracture zones
éuring the onset of foldlng. In some areasy’ as for example
the ccastal ranges of California (Taliaferra, 19%3, PPe
'159-182) and perhaps also in the Richtersveld,.these lines
'qf ultramafic‘bodies have becomevthe locus of postorogenlc
'faultinga and the ultramafic:hedies-albng_the faults have
been mobilized for é’éecondgii&euahd squeozed up the Fault
planés'as.céid intrﬁsigns\dnfing7thé posﬁwoéogénie phaserf
- thé orogeniec cycle.‘ Thus to apply thls suggestion to the
.'ultramaflcs of the area, these roeks - probably formed at an
early stage in the Kheis orogenic cycle and were later
.emplaced by cold 1ntrusion 1nto their present pesitions.
Read {1957, Pe363)° has stated that serpentinites emplaeed
into sandstones “can.reasonably_be 1nterpreted as tectonie
:pips squeezed vp*ff@m the &epfhs*'aﬁd that " .., these bips
may ,bézigéated".é'“ in spééial mbvéﬁeﬁt-zoﬁeé'rélated to
‘their upward migratipn“. The texture of the serpentinites
of the area would seem tc'indiga%é that solid floﬁ preéédédu
'sérpentiﬁizationgv However, as the change”of“blivine t0
w'»serpemtfme involves a volume inerease of approximately 25%
(Hess, 1955, Do h03), and the texture indicates that the

serpentinization process was a vmlume—for-volume_exchange,;

there appears to have been a removal of a great mass of super=

fiuous_matbrial. ~ The soureé.of the»Serpehtihizingmé@lutions'

Egp
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in the ares is not dlfficult to find as the serpentinite
-hodles are in close proximlty to the Adamellltic Gneiss and
'-its‘associated,migmatltes,\ A4 review of recen%ly postnlated
 origins for-serpentiniteé‘would»be«ineomplete'without some
mention of van Bemmelen's (19&0 p.246) suggestion that fhe
A-GphiOlltlc suite ineluding the alplne serpentlnites are a
lregional lowhlevel basic front representing a geoéhemical
 'cu1m1nation of cafemic constituents in® front of acidlfication

. and migmatlzation of the crustal base. ’ Tyrrell (1955, p.k22) .

. has objected to thls 1nterpretation "for the sufficient reason

_ that§ in all the tectcigneaus cycles yet 1nvestigated, the
ophiolitie phase is separated by a long period of qulescence
from the granitization process®, ‘ |
A " The problem of the genésis of the hornblendites foundv
- in the area studied is in many ways similar to that of the
serpentlnltes as they appear to have been - emplaced eontempor-
*Taneously along the same lines of weakness within the earth's
| »_crust, The situation in the area might have been similar to
| ~ that postulated by:Nbble and Taylar (1960, p.?é),_that is,
| the more mobile magma that formed the hornblendites may havé
“been emplaced first, and thus the passage of the later olivine
;mush magma was assisted by the presenee of . preheated
relatively ﬁnimpeded pipelike channels. ' Becent experimental
investigatlons into the origin of basalt magmas (Yoder and
."Tilley, 1956, pp. 169~171- 1961, pp. 106~113~ and 1962, PP,
.h55~459) have yielded a considerable amount of mew informatlon
vhich is most relevant to any study<of ‘the genesis‘of horn= -
_ blendites. In/théir'report on. the natﬁral tholeiite basalte
water system, Yoder and Tilley (1956, pp. 169-171), state
that the s%ablé phase$ changéd éraétically“and discontinuously
;with changes;i£‘wa%er preésure,‘and”that pn-qﬁeﬁﬁhing‘tha»

melt at 500 bars and 1125QC the:résnit.was;aimasscihat'




?c0951s%ed almost wholly ef an amphibole, with small amaunts

'1_'of magnetlte and some’ glass" (p 169) Quenthlng the melt at

. a pressure of under 500 bars water pressure at 75000 cenverted i
the charge 1nto an assemblage consistlng of amphibole, | ‘
plagioclase, sphene and magnetlte with traees of glass (p.l?@ ).

" They concluded frem their study of tholeiite that when such _

 material crystallized as tholeiitie basalt at the surface or

. gabbro at depth, it must have had a 1ow water content as "if

water had been present and retained, the magma presumably

'-would have crystallized as hofnblende or amphlbolite“ (p 171 e

| 'vIn a morer recent paper (deer and Tilley, 1962, P. h59) they

H'state that 1n their experiments all the major types of basalt

' were’ﬁ@tamorphosed? ﬁc amphibolite at- relatively low temperatureq
min the presence of water‘ This EXperimental study shows that
VFWhiig naonblendite has noitrue voieanic equivalent, uniqne ‘

: processes do not have to he 1nvoke& to account fer 1ts genesis.'

I% thus scems likely that the hornblendites @f the area were

o emplaced as gabbroic bodies (to which they are chemically

"' similar) and were later transformed during the period of

'“'granltizatlon associated with the emplacement of the Adamell—
Atic Gnelss, to. the hornblendites faund at the present time,

 This transformation of gabbra into hornblendite 1nv01ves an

' »addltion of uater and Yoder and Tilley's (1962 ‘D h?O) 1nvesti-
J'gatlon indicates that this results in a volume increase that

‘, ls probably slightly in excess of 27
x,(Eq)MBesumé;," | | S
'Twéh%yathree ul%ramafia b@dies"ef:vérious‘sizes'

" are Pound in the areay and se#eﬁteen were discovered during

'_-the present study., Petrographic and ehemical data indicate

that they all. belong to one ‘of two rock types - the harnblend-

- ites and.the‘serpentinites. The~hornblendites_typlcally earry
" over 90% amphibole in the actinolite - tschermankite range,

~ and they are found to be chemically akin to thobeiitic



,_oiivine“basaiié; ‘Bands within some of the horhblendite
ibodles alcng Whl&h shearing has heen partlcularly strong
‘1conta1n asbestlform instead of ‘the more usual tabular amphiboles#

‘}Six serpentlnlte boﬁies are found in the area. These rocks

| generally have a mesh texTv%

‘60% antlgorlte. The serpentinites are belleved to have been
orlginally emplaced as an cliv1ne~mush magma that originated
“v‘at depth, probably early in the Kheiﬁ or@genle cycle, as a
ﬂifferentiation product of a mafic magma, The hornblendite
is believed to haveJbeen“originalhy-emplacﬁd asigabb;ng As
Jitis'pléartthaflséme external forece mist be invoked to account

for. %hé‘upwafd movement bf-%hese ﬂense~relativé1f cool quasi-

"-vsolid ultramafic magmas, it is suggested that the ultramafic

- bodies were emplaeed along majar fractures during the Khels

" orogeny and that they were dqueezed up 1nto their present

';';pOSItlcns as “%ectonic pips". Later, vith the evolutioh

i

of the Adamellltlc Gneiss, the peridotlte (olivine~mush) and
7"the gabbro plps were COﬂverted 1nto serpentinlte and

,hornblendzte,respectively. -

T B The Post-Kheis ultramafic
- 'bodles frequenﬁlyzédﬁfaiﬂfléﬁsesﬁand dykgslike‘bo&ies“of*

-graphic grani%e. The 1argest 0f %he-ﬁornbiendite bOdies

: uto the north—west of R001berg 2 is of particular note as

'1% ccntalns a eomp051te dykemlike body. composed of a six inch

(15 eme ) vein of whlte milky quartz with bands of graphlc

'~Granlue fannd wlthln

. Hornblendite body
'‘northwest of Rool~ -

berg 2 (1D9), x 13 5,

© Specimen NG. 3J#t,

- Xenicols. T
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o (ii)jPetrographygi The méan moda1 bampesitian,
and the standard deviatidns of the major ¢onstitutent

minerals of 6 of these graphic granltes is as follews'~

Perthite Piagio~ Quartz White - Totir- Calclte Chlorite

elase .. Miea maline
63.2 1.8 w1 ok 03 o1 01

On compositional grounds-thé graphiczgraniﬁes”thns £all into

Peterson's (1961) Alaskite category and Johannsen's (1932)

| Kalialaskite or Runite group. As can ‘be seen from their ’

“standard deviations the percentages of alkallc_felspar and

quarfz present‘ih this_rpckftype are relatively stable. The

. relative abundanée of the minor mineral species is not as

* stable, as tourmaline, for example, is found in only one

specimen (h35), and the white mica content varies greatly,

Perthitic felspar (mainly micrecllne mlcroperthite) is thé

dominant mineral and it generally forms large crystals in

 }wh1ch the quartz occurs as graphic intergrowths. The

3:perthite varies from mlcro-to ve1n~perthite, but in some.

~ specimens the felspar has the chess~board structure

(Anderson, 1937, DP.62) that 4is generally considered to
originate 1n crystals where orthoclase is being replaced by
albite, When stuaied in Polarized light the individual
angﬁlar‘quartz.reds or iehthyelypts within one of these

. large felspar erystals extinguish at the same fimeg thus

v‘%howing that the'ichthyoglypts ali tend to have a.common

orientatlon. Both the felspar crystals and the 1chtryaglypts
in some speclmens are crossed by later gquartz veins, but

these veins can easily be distinguished as most of them

 extinguish at a different position to the host ichthyoglypts.

-~ The tourmallne in specimen 435 1s pleochroic from E - very

t.pale green (10G 8/2) to 0 greyish green (SG 5/2), and it

o
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generally oceurs in irregular anhedral erystals.
(411) Petro enesiss Wahlstrom (1939,p. 682.)v

.has stated that the eceurrenee of graphic granlte %serves

as a well established eriterion for. the determination,qf a

- elrock;as:pegmatitie;h andfiteappears thateHeuy:eriginall& used

the term pegmatite as a name for’e'reck that would today .
'unquestionably be described as a graphic granite. Theee '
statements must clearly receive attention when considering
| the erigin of the graphic granltes.‘ It is also of interest
3ito note that a number of authors {Holmes 1918, Makinen 1917,
Ingt 1931, ahlstrom 1939 and Spencer 1945) have studied the

“ ratio of ‘quartz to felspar in graphie granites, and most of

:.Q‘them have cencluded that the ratio tends to be constant.
. Makinen's (1917) study of the graphic granites of Finland
"‘convinced him that the free quartz content of these rocks 7
- ranged from 23-32%. Holmes (1918) obtained a quartz range of

'24.2 - 27 9% for the graphic granites of szambique. Vogt B

(1930) believed that the. amount of quartz in microcline

' graphic gran1te 1s approximately 26%, and is confined within

limits.renging frem 23% to 28%.‘_He_did, however,*observe-

___thet‘the amount;equueftz inzoligoclese graphic granite

falls within the limits 33% to 38%. Other investigators

>(i.e. Wahlstrom, 1939) have, however, qnestioned'thevlimited
range of composition ascribed to these graphic granites, and

~ in so doing have challenged the belief that this texture is - '

. the product of-eimultaneous crystallization. As ean be:seen
~from the mean mode the gquarta coetent of the graphic’gfanitee

_of the seuth-eastern Richterveld is too high to fall within

the "ideal” 11mits. | | -

An interestlng featnre of the graphie granites of the
area is thelr apparent 1oealization in the nltrabasic bedies, '

' particularly the hornblendites. A reeent paper by Olsen
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(1961,pp.329-347.) on "high temperature acid rocks associated
with serpentinite” has shown that the occurrence of felsic
bodies within ultramafic rocks is much more common than form-
erly believed, The study by Andersen (1931, pp.47-48.)

of the relative number of pegmatite bodies per unit area of
rock in a 2,000 sq. km. area of Precambrian rocks, is also of
great significance as he found that the gabbroic and
amphibolitic rocks contained 87% of the pegmatites, the
quartzites 7#, the gneiss 4% and the granites 2%. To
account for the dominance of pegmatites in gabbroic and
amphibolitic country rocks Andersen (1931) suggested that
their elastic properties differ radically from those of the
other rocks and thus they fracture more readily. Perhaps
the most significant physical property of the amphibolites

is thelr large thermal contraction. This property may well
have played a significant role in localizing the graphic
granites in the ultramafic rocks of the area. It 1s

possible that with the formation of the Adamellitic Gnelss
and its associated hybrid rocks the ultramafic rocks were
transformed into serpentinites and hornblendites, and the
temperature of the whole crustal segment in which these rocks
formed was raised. On ccoling the ultramafic rocks
contracted to a greater extent than the more acid rocks
about them, and this led to the development of fraétures up
which the late phase pegmatitie flulds associated with the
Adamellitic Gneiss could rise and be intruded. The milky
gquartz veins probably represent the final stage of this

process.

v. THE RICHTERSVELD SUITE (PLUTONIC
(4) Introduction: Rogers (1915, p.97) in his
HGeology of part of Namaqualand®” was the first to record

plutonic rocks younger than the "Namaqualand Gneiss™ within
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' the south-eastern Richtersveld. He cbserveé\théé\ "Rooiberg
:(2), east of Stinkfotnteln, is made of massive syenite
.rising from the old schists and gneiss. It is a rather
coarse, pink rock, with many dark patches %f fe%gbmagnesian
minerals~ quartz is present, but one has h&\lookwf or it

'carefully“ (p.97) From Rogers' map it wou d appear that

" he belleved the rocks of Rooiberg 2 to be of\the samenage

7\\ \

as ‘those at Kuboos, whlle the more extensive outcrop of rocks

~of the Richtersveld Suite at, and to the nortg\of Xamn>**

. o \\ii
were mapped as “ancient gneiss and schists of séﬁimentary

and volcanic origin" | o f%}“1} %\v

| Sbhnge and De Villiers (1946, p.266.) intﬁqduced %he )
term "Richtersveld Igneous Compiex" for those Bichtersveld ,
plntonlc rocks younger than their “grey gneissie gr§¢ite“ and -

. its associated metamorphic rocks, yet older than thﬁxroaks,
, i
AN
\

' I
Ay
Riehtersveld and eastern Sperrgebiet S&hnge and de Vilmiers '

’_(1946 Plate 32) show two main eutcrops - Viz. (1) the ghin

*of the Kuboos Igneous Complex. In their map of the

- Richtersveld outcrop that covers an area of approximafély\}lo
 gquare miles and ¢rops out along the Orange River betﬁeen
28° 46' south and 28° 31 south, ‘and (2) the large oﬁtbrop
in the Nudabib - Witputs district (See map 2. ) of the eastern
Sperrgebiet (8. W. Africa) to the north of the Richterpveld.
Smaller outerops of plutonic rocks of the Richtersvelp Suite |
~occur {1) at Roaiberg 2 (Ref. frontispiece) w1thin thé area
studied, {2) astride the Orange River approximately 2‘miles‘
'; north of De Hoop (See map 2), (3) south of Soeties beacon
(See map 2), (%) east of the area approximately 12 miles ‘
1 ,”south east af Vioolsdrif (See map 2.), (5) north—west of |
‘Nudabib and Wltputs i{S. W. AfP. ) in the area about Aurus ,
Waterhole (See map 2), and (6) t6 ‘the immediate west of the
main Richtersveld outcrop. Thus at the present 1evel of
ierpsion the plutonic rocks of the Ricptersveld Suite are
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seen to form a discontinuous north north-west trending belt
that extends for 12@ miles from the sGeties outerop in the
|  south (28° 58“3) to the Aurus outcrop in the north |
s, | | |
o De ?illiers and’ Sﬁhnge {1959, p.72) have suggested
that rocks from the Warmbad {S.W.A.), Aus (S.W.A.), Springbok,
, Kamleskroen and Garies districts may also belang to the same
magmatlc eycle as the Richtersveld Suite. Prof, H, Martin
'(1963) who is at present direeting a mapping project in the
area to the immediate nerth~of the Rlehﬁersveid, has stated ]
“that the only racks that are known to be comagmatic with the ‘
;'Rlchtersveld Suite are confined to the general Riehtersveld N
]area, and that he doubts whether the eutcrops of. Rlehtersveld
~ Suite rocks shown to the north of the Richtersveld in SBhnge
and de\Vi;l;exs’ (1946, plate 32) map, are as extensive;as_'
shown. - : ; - i.i A_ S | o |
The plutonic rocks of the Richtersveld Suite are eleaﬁhy
younger than the Adamellitic Gneiss and ‘older than the Quartz l
Bestcnite and Hornblende Dlgrlte dykes. Further discussion |
of the age of the Richtersveld Suite 1s postponed until after
 these dyke rocks have been described.

© {B) Field Deseri tm*

The plutonzc rocks of the’

Hichtersveld Suite occupy dpproximately half the area studiedf  |
and oceur in two separate outerops. The smaller outerop is in

“ the southywest of the area and is known as Booiberg 2, after

a heaconiof that name situated at 1ts"summitm The second
butcrép is part 65 théwmain mass of plﬁtonie‘rééks'of the'
Richtersveld Suite found in the Richtersveld which commences
| approx1mate1y one mile (1.6 Km.) to the north-east of the )
 Roeiberg ' outcrop. The 3001berg 2 outerop is approximately B
circular in plan (See Frontisplece), and has a north-south .
diameter of 2.3 miles‘(3.?7Km.) and an eastwwest diametervof o
.ggé'miles (3s5 Km). its overall area is 33 sq.'ﬁilesf _
(9.7 sqe Km.). The geological map. shows that.Rppibérg 2 is__ 
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made up of fourvccncentrie rihgs (from theiautsideVinwards)

4, B, C and D, and a central core E. Thééé rings are composed '
v of A= Granular Syenite, B, Parphyritic Syenite, C = Granular
Syenlte, D= ﬁlaskitle,ﬁranite, and E = Porphyritic Mierogranite.
Ié'detailg hnwe#éra'the.picture isjmare complex, as minor fi
variations in texture, grain’ size and even composition are
 fbﬁhd within each'nnit,'éﬁd inelusions are common thréughout
; the cémplex; ~Théfive-main_ﬁnit5'that tagethérnfefm the
Booiberg 2 complex have tended to differ in their individual
| respdnSes to the action of the agents of denudation. Uhitsk:
A and c'which;aré similar coarse to medium grained syenites

and unit E which hé§ a¢ted*asa channel way for the passage -
6f post emplacement fluids; tend to weather more rapidly than -
- the finer grainedfroéksﬁoffﬁnits B,and_D‘b Thus in most
lﬁcaliﬁies the éountry ra&k~un§t A bbﬁndary is fbund'ihi
relatively‘iow‘lyihg areés, and as one prbcgeﬁs inwards there
is an inerease in aititude ‘until the A-B boﬁnd‘ary is 'reachéa. |
Dnit B generally forms the crest of a series of low arcuate
hills which rim Rooiberg 2, and are most charaeteristically
: developed in the north and eastern part of the complex. Unit_
C forms a moat-like depression hetween the arcuate low hills |
'and the main mass of Rcciberg 2. Unit D forms the main mass of
: Rooiberg 2 and the rceks of the summit belong to this nnit.

~ Located at the centre of the complex and of Unit Dy is the

core of the complex, Unit E. The rock of this central uniﬁ , 
is more readily weathered than that of Unit D, but as 1t is o
-enclosed within Unit D it has been buttressed by the more ~
resistant rocks of Unit D, and in this manner it has been

able to retain its present relatively elevated position within
the complex as-a whole, At a 1ate stage in ‘the development “
of the complex Unit B acted as a channel—way for the passage B
of,fluids, These fluids have not oniy aided in the - '
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'ee.readily_;n‘rlngS-A,andvc in,the Roeiherg_z_complexg

'Q“2,‘aﬂd in the‘north and east where it is’ best exposed itsx'
f :mean width is. approximately 300 yards (275m)g The rock )
»'Ll:jtype formlng this ring is an allotrlomerphic granular syenite.
(See photomicrograph 7)e In the field it is seen to eansist
:”iof an aggregate of equidimemsional pale red {5R . 612) to .

.The subhedral, poorly terminated, nornblendeé crystals tend to-_'

L graln area of apprex1mate1y‘2 sq.mm.:" The mean modal
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decomposition of Unit E, but by also perméating'the Tocks

";ad301ning this unit - pertieularly those to the west of it -

'they have made these rocks more susceptible to weathering.

This has resulted 1n a break down in the ~regular pattern

'of concentric morphoIOglcal unlts in the west of the complex |

'where rings B ana D have been successfully breached on a large

_ The relatlanshlp between topography and lithology so
well displayed in parts of the Rooiherg 2 complex, is generally

Lmasked by superimposed drainage --particularly that cf the
- Orange Rlver - in the‘area of the main Bichtersveld Suite

':outcrap. Even along the Orange Rlver however, the rock |

analogous to the main granitic member of the Biehtersveld Suite "

{Ring D of the Roolberg 2. eomplex) forms steeper sided and |
. generally‘hzgher walls in the Grange River canyon than the ‘

'»coarse to medium grained syenite whlch was found to weather

‘;g_

(ce) Petro'ra"‘ o o ,
(1) igg 3 This is the eutermost ring of Roeiberg-

ef R leer'ea.

| moderate red (5B 5/4)efelspar crystals,_w1th occasionaL

greeﬁish black {EfGY 2/1) horﬁblende and other ferremagnesian \

‘crystals which give the rock a speckled appearance.' The mean

lv,thin-sectlon graln area of the anhedral felspars is 5.2 sq.mm.

be smaller than the ‘felspars and have a mean thin-section \
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| Cal- Chlo- Apa- Epi- Leu-  Alla-
Fluorite cite rite tite dote Sphene Coxene nite

b4y

0.1 0.1 Tf. Ty, Tr. Tr. Tr. r.

Microcline‘miéroperthite‘1n which the K-felspar and
plagioclése components are approximately equal in volume, is
the characteristic felspar of ring A, Most of the perthite
is of the film typé, but some patech perthite is found., The
| 2VX?S of a large number of the more homogeneous crﬁstals vere
measured and the mean was found to be 870 (s = 3,2), The
microperthite cerystals generaily’ have a slightly clouded
pale red‘(Sﬁé/é) to moderate pink (5R7/4) colour which eon-
traéts strongiy with the narrov colouriess bands of plagio-
clase that rim, and frequently.groﬁ in optical continuity with
the plégioclasé components of many of’thevﬁieropertﬁite
erystals, The clear plagioclase which was tabulated
separateiy in the mean mode, has a eomposition that ranges

from Amy, to Anlé‘with a mean of approximately An In

10"
some specimens small crystals of amphibole lie bitween the
microperthite host erystal and the plagloclase rim, thus
indicating that the piagioclase rim probably developed late
in the evolution of the rodk. |

The amphiboiergénerally has the following optical
properties: X = 1,674, moderate yellowish green (10GY é/%)
to moderate yellow green (5G 72/%) 3 Y = 1.687, brilliant
green (5G 6/6) to dark yelloﬁish green (10GY»H/M); and
Z = 1,693 dusky yellowish green (10GY 3/2); Z,e = 190 and
X 2V = 529, Thé'optical properties are, however, &ariable -
the refractive indices range from 1. 670 to 1.720, Z ¢ varies
from 5° to 20°, and the 2V measurements are also variable
as the strong colour of the mineral produced anomalous

extinction at high angies of tilt on the universal stage.
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Amphiboles with a bluish hue were found to rim some
of the larger minerals. These rims were found to have
lower maximum extinction angles and thus it appears likely
that they afe more sodic than the core amphiboles, The
- amphibole is found altered to chlorite, biotite, epidote
and minute grains of quartz and calcite, Opaque ore
minerals, zircon and apatite sometimes oceur included
within the amphibolé.

Most of the gquartz occurs in small clear mildly
strained anhedral erystals that typically cccupy interstitial
pogitions between the felspar crystals. Some quartz oecurs
in veinlets and micropegmatitic intergrowths,

Biotite cecurs in anhedral to subhedral plates and
shreds and is generally fouhd associated with the amphibole
crystals. Most of the blotite crys%als are pleochroic
from X= pale orange (10YR 8/4) to Y and Z = dusky yellowish
brown (10YR 2/2).

Accessory amounts of zircony apatite, the ore minerals
(magnetite, ilmenite and leucaxene),.fluorite; the epidote
group (mainly pistacite and a little allanite), and sphene
are found, and they typically occur associated with the
ferromagnesiam minerals, .

In addition to the main roek type deseribed above,
Ring A also contains a number of lenses or vein-like bodies
of finer grained micro-syenite, and innumerable inclusions.
The finer grained rock generally has a similar composition to
its host though some specimens have a slightly higher quartz
content. The quartz oceurs mainly in miero-graphic inter-
growths or veinlets that cut the microperthite erystals.

The felspar in these finer grained patches is usually sub-
hedral prismatic and is thus more idiomorphie than the
felspar found in the host rock. Specimen 620 is a good
example of the normal syenite of Ring A in contact with the

finer material. The mode of the finer material of
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‘Specimen 620 is alkalie felspar 75.2%, amphibole 15.6%,
quartz %.8%, biotite 3.0%, ore minerals 1.2% and miscellan-
eous heavy minerals O.Z%. - At its outer contact particu~
larly where 1%t is in contaet with the adamellitic gnelss the
granular syenite of Ring A becomes confaminated, and is

richer in inclusions and its gquartz percentage tends to rise.

(ii),Ring'B: This is the second outermost ring of"

the Rooiberg 2 annular complex.,  In the north and east of
the complex where this ring is best exposed it has an average
width of 200 yards (185 metres), though this width decreases
as one moves away from this sector to become hardly aiscefnihle
in the south of the complex,. The principal rock type found
in Ring B is a dark sempatic (Johannsen, 1931, Vol. I, p.229)
porphyritic syenite, This rock is greyish red (5R 4/2)
to dark greyish red (5R 3/2) in colour, and usually contains
small greenish black (5G 2/1) speckles of ferromagnesian
minerals, As the rock is porphyritic hiatal, (see Photo=-
micrograph 10 and figure %) the grain size distribution is
bimodal and thus the arithmetic mean and median are not
particularly significant as measures of cehtral tendency.
The means of the two {thin-section grain size area) maxima
were found %o be 10.8 sq. mm, and 0,025 sq, mm, The mean
ncdal compeosition, and the standard deviations of the major
constituent mineral species, of four fresh rock specimens

from Ring B is as follows:

(Hornblende Opaque
Alkali-  Hornhlende Biotite and Quartz Ore
Felspar Biotite) Minerals
X 804 10.7 6.0 (16.7) 1.5 - 0.8

s l}-g 301 ’ )+¢0 ( 505) 103 009
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Plagiow= 'Apa- Epi- Cal- Alla~ Leucox=-
clase Zircon Tite dote Chlorite cite nite ene

0.3 0.1 0.1 0,1 Tr. Tr. Tr., Tr,

B4

s - - ' - - - - - -
As in the Granular Syenite, the characteristic felspar
is microcline microperthite, The felspars fall into two

-size grades and the smaller crystals are more idiomorphic

as most of them are subhedral prismatic, The optical
properties of the microperthite are Similar to those found

in the dominant felspar of the Granular Syenite, The mean
2Vx was found to be 85% (s = 3.3). & 1little clear plagio-
clase which ranges in conposition from An5 - An23 and has a
mean composition of AnlO, is found and it occurs both as

rims to some of the large microperthite crystals and as small
discrete crystals set in the groundmass, Ag might be surmised
- from the colour of the rock the miecroperthite found in the
Porphyritic Syenite is darker than that found in Granular
Syenite. | De Villiers and Sohnge (1959, p;79) mention
finding that anorthoclase was the dominant mineral in the
Tdarkest" specimen of the "darker syenitie rocks". Ancr-
thoclase was not found in the specimens studied. A1l the
alkalicfelspar specimens examined had 2Vx's which were greater
than 80°,

| Most of the amphibole occurs in clusters of subhedral
to anhedral poorliy terminated prisms that ares generally
confined to the groundmass, but some amphiboles occur as
inclusions in the larger alkalic felspars. Their optical
properties are as follows:e X w 1,684, pale yellowish orange
(10 ¥R 8/6), Y = 1,700, moderate yellowish green (10 GY 6é/4)
and 2 = 1.70%, greyish olive (10 Y 4/2) to greyish green
(56 5/2), Z,¢ = 21°; and 2Vx = 56° (s = 5°)., As in the

case of the Granular Syenite, the optical properties of these
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amphiboles are variable and the maximum extinctién angle
in some specimens with light blue green (5 BG 6/6) rims
varies considerably from core to rim, The amphibole is
believed to belong to the "common hornblende™ group (Winchell
and Winchell 1951, pp. 431-l:), The alteration products
of, and the inclusions in, these amphiboles are similar to
thoese found in the amphibole from the Granwlar Syenife. |
The biotite, which is generally pleochroie from
X = moderate yelléw (5 Y 7/6) to Y and Z = olive grey
(5 Y 3/2), occurs in elusters of smail anhedral %o subhedral
plates and shreds associated with the ogher ferromagnesian
minerals, Most of the quartz is found in small, clear,
generally strained, anhedral crystals that occur inter-
stitially and are confined mainly td the groundmass, but a
small pafﬁ'of the quartz occurs in micropegmatitic inter-
grouths, Accessory amounts of opague ore minerals (magne-
tite, ilmenite and leucoxene), zircon, apatite and the

epidote group (pistacite and allanite) occur.

(1ii) Ring G: This is the third outermost ring of the
Rooiberg 2 annular complex, Its average width is approxi-
rately 300 yards (275 m.), and this width is found to be
mach rore constant than that of Ring B. The characteristic
- rock type of Ring C appears identical in hand specimen to
the principal rock type of Ring A with vhich it umerges in
the south of the complex (see Photomicrographs 7 and 8).

The main mineralogical difference between the two rock types
is the higher biotite/hornblende ratio found in Ring C.
While the %texture of most of the rock making up Ring C is
granular some specimens, particularly those near the C - D
'boundary, contain patches of rock which have miecropegmatitic
intergrowth textures. The mean grain size and the grain

size distribution of Rings A and C is very simllar, The
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mean modal composition, and the standard deviations of the
major constituent mineral specieé, of four fresh specimens
" of Ring C 1s as follows:

(1) (Riotite Opaque

Alkali Bio- and ore Plagio-
felspar +tite Amphibole amphibole) Quartz Minerals clase

X 83.9 8.6 2.9 (11.5) 2.5 0.6 0.9
8 8.9 6.6 2. C(7.3) 0.8 0.4 0.8
Leu~- Fluo=
Calcite Zircon Apatite Chlorite Epidote coxene Allanlte rite
X o 0.1 0.1 Tr. Tr.  Tr.  Tr. Tr,

(1) Footnote: Specimen %50, found on the eastern side of
the complex near the C -~ B boundary was found to
contain 96% felspar,
The general appearance, optical properties, and the
mitual relationships existing between adjacent mineral species,

of the minerals found in the rock described above, and

those found. in the Granular Syenite of Ring 4, are identical,

(iv) Ring D: This.is the fourth outermost ring of
the Rooiberg 2 annular complex, It is approximately 1000
yards {0.91 Km) in width and can be divided on textural
grounds into %two narrower rings. The outer Ring Dl is
approximately 400 yards (0.37 Km) wide and the ihner Ring Dy
is 600 yards (0,55 Km) wide. The texture of the rock com-
prising Dy is mainly granitic to seriate, but that of Dy 1is
" e¢haracteristically sub-porphyritic to glomeroporphyritiec and
contains patches of micropegmatite (See Photomicrographs 12
and 13). The textural changes found within Ring D are
generally gradational and many specimens display textural

features that are intermediate in chargeter between the
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extreme types of Dy and D,. A few porphyritic to sub-
porphyritic patches were found in D1 but in each case they
were found to oceur in irregular lens, or vein llke patches
within host material which had a more granitic texture,

In the western sector of Ring D another rock sub-type cén
be distinguished from sub-types Dl and Do, This rock type,
D3, shows up clearly on aerial photographs and is found to.
be more intensely weathered than the remainder of Ring D,
As can be seen from the modal data the main mineralogical
difference bhetween D3 and the other rocks of Ring D is

its higher fluorite and sericite content. The textures
found in D3 are of interest in that the textural feature of
both Dy and D, are retained in the outer and inner parts of
Dy, thus suggesting that D3 represents Dy and Do material -
that has been permeated by solutions that have led to its
more rapid decomposition, and increased fluorite content.
If the Titley and Damon (1962, pp. Wi9l-4495) fluorite
dating technique proves satisfactory it may eventually be
possible to discover when the fluorite was introduced into
unit Dj. | _

In the field specimens from Rings Dy and D, range in
colour from light brown (5 YR 6/4%) to pale red (5 R 6/2),
and the rocks of Ring D3 tend to have a 1ight pinkish grey
(5 YR 7/1) ecolour. With regard to grain size the rocks
of Dy have a median thin - section grain area of 0.3 sg.mm.
and a mode of 0,25 sq. mm, Thus they just fall on the
granite side of the granite-microgranite boumdary (B.A.
Committee, 1936, p.323). Many of the rocks of D, are
similar in median gran size to those of Dy, but in some
extreme cases phenocrysts of 10,99 sq. mm, are found set
in a groundmass which has a mean thinesection grain area
of 0.095 sq. mm.3 and as the groundmﬁss in such cases tends
to occupy a larger volume of the rock than the phenocrysts

do, the rock is thus a microgranite. The majority of
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| the rocks of D2 do, however, fall within the granite range,
but 1t is important when considering tﬁeir genesis to
remember that some belong to the microgranite group. ‘The
mean modal compbsitions, and standard deviations of the
major constituent mineral specles of 19 fresh sﬁeeimens

from rings D

15 Do and Dy are as follows:
Ring ' 3 D1~ . X‘Dz . 3_{31)3 . p%ngogg
Number of | , . ,’ 
Speeimens 3 11 5 19
| Alkalie-felspar.é.‘?.;? 1.1 . 6+.6 3.2 64,0 25 4.8 3,0
Quartz 27.9 2% 30.1 3.0 32.5 3.3 30.% 3.4
Biotite 3.6 0.3 %9 2.0 14 2,0 3.8 2%
Plagioclase 0.8 1.0 0.1 = 01 = 0.2 =
| el ™ o2 - 02 - 0.2 - 0.2 -
Fiuorite 0,2 = 0.1 - 0.9 0.2 0.3 =
White Mica 0.1 - Ir - 0.9 1.0 0.3 =
Zircon Tr - Tr - ‘@r: - Tr -
Apatite Ty - Tr - - Tr - Tr -
Chlorite Tr =~ Ir - Tr - Tr =
Calelte . - Ir - Tr - Ir =
Epidote - - Tr - - - Tr: -
Leucoxene - - Tr - - - Ty -

The charaeteristic felspar of the rocks of ring D is
an egquidimensional, subhedrai to anhedral 1ight'pinkish grey
(5 YR 7/1) microecline migroperthite. Many of the larger
erystals are found to have irregular fretted edges, and in
some specimens in which the perthite crystals have grown in
close contact with one another, a dentate structure as seen
in specimen 122 (Photomicrograph 11) has developed, ~ This
dentate structure is similar to that depicted by Jacobson
and others (1958) in their platesj,No. 11, Most of the
perthite is of the f£ilm type, but string and vein perthite
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is also found. In some specimens, ?articularly those
from D2, clusters of larger than average microperthite
crystals occur and these elusters tend to be devoid of
guartz at their centres but the margins of the clusters
contain quaftz in micropegmatitic intergrowths.  The
mean 2 V X's of a lafge number of the more homogeneous
microperthite erystals were found to be 81° (s = 4,79).
The composition of this felspar will be discussed later
in this chapter. Narrow rims and discrete crystals of
plagioclase were once again found. The plagioclase ranges
from Ang - ANzg. The diserete crystals tend to be the
most anorthitie, v The mean plagioclase composition is
Anyg. De Villiers and Sfhnge (1959, p.8%) state that in
some of the coarser granites at the foot of the gentral
mass of Rooiberg 2 "anorthoclase figures prominently”
and that "on unmixing the anorthoclase changes to orthoclase
and anorthite (Ango- Anygpy". As anorthoclase
(Na, X, 81, Al0g) 1s generally considered tc be a mixture
of albite and orthoclase with the former dominant, the
statement by de Villiers and S8hnge (1959, p.84) is not
understood, unless instead of anorthite they mean albite;
and if this is so then the unmixed anorthoclase 1s very
similar in composition to the majority of the perthite
erystals in this rock type, and the presence of anorthoclase
supports the hypothesis that ‘the Alaskitic Granite
crystallized in the temperéture range of the felspars
of the high femperature group,
| The majority of the guartz grainé are clear,
slightly strained, equidimensional, anhedral erystals
that oceur interstitially and in micropegmatitic
intergrovths. Many of the gquartz grains found in
symplektic ingergrowihs are oval but others have the shape
of ichthyoglypts. In specimen 320 quarts felspar inter-
growths are so common that the rock has a granophyric

texture,



- Bﬁotite occurs in small.clusters or aggregates Qf
,;anhedra] plates Wthh are scattered sparsely throuphout the
roek, In some crystals the biotite iy interlayered wi%h
l'whité mlca and ehlorite. Most specimens are. strengly '__
pleochroic from X ~ moderate yellow (SY 7/6) ‘to ¥ and 7 -
: greylsh.ollve (10Y %/2).1 White mica occurs ‘mostly in small
,irregular shred-like crystals associated with altered felspar;
A el specimens-frOm.DE,:howeverg:occasionglly contaln‘;a:ger .
plates of muscovite that apyearftafbé unassoeiated‘with
”alteréd'félspéﬁ Small anhedral, equldimensional graims of
N fluorlte whlch are generally colourless but often contain
 peddish purple (5 RP'E/EJ to dark Ted (5 R 2/6) patches,oare
found scaftered throughcut the AlaSKitlc Granlte and .are

particularlyjabundanif1n.D3.‘ Accessory amounts of the opaque
. ore minerals, (magneti%e, ilmenite and leueoxene), 21rcon, ‘
‘apatite, and “the . epidote group (mainly pistaclte) also oceur
1n the Alaskltlc Granlte._ The ore manelals of speelmen '
284 are of particular innérest as they are found to occur as

- vermlcules included within quartz grainu.n R | |

| | - The cale;te found in the Alaskltlc Granite ocnurs |
nalnly in arhedral gralns and velnlets and has an 1rregular

dlstributlop.

(V)';ggg;ﬁz Thls, the central uniu of the Roolberg
2 annular eomplex is a nearly circular stock w1th a mean _
dlameter of approx1mate1y 560 yards (510 netres) and an area
of 0. 8 sq. miles (200 hectares ). The the rock, of thls
.unlt is a porphvritin sempatlc hiatal microgranite in which
the groundmass is volume%rlcally only slzghtly more abundant
than the phenocryst generation. In the field this rock type
is found to cors;st of a fine grained 1light grey (N?) ground,

. mass 1n which are set large enhedral very light grey (N8)

felspar phenderysts and smaller <uliedral to. subhedral colour~

tless:quariz‘grains;  The mean thin-seetion éréa of the crystals

of thefgréunamassris O;OBSQHSQ.me;g'Uwheréas the euhedral
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felspar phenocrysts have a mean thin-section area of approxi-
-mately 150 sq. m.m,, and some phenoerysts have a thin-section
area of 330 sq, mm. The great size of the phenocrysts poses
a ‘serious sampling problem in the determination of the mode
of this rock type, as some{thin~section3‘contain*mainly lérge
felspar phenocrysts, others mainly quartz phenocrysts, and yet
4othefs contain only groundmass, In the fleld fractures are .
particularly‘commﬁn’in this rock unit, and the rock is
frequently found to contain\zones with cataclastic textures
and strained quartz gréins@ |

| Beeause of the sampling difficulties introduced
by the large size of thé phenoerysts the modes of all the
thin-sections of this rock unit studied were added together
and the arithmetic mean cbtained, as this figure is belileved
to be the most significant indieator of the mineralogical:
composition of this rock unit, The arithmetic mean of 6
specimens from unit E is as follows: Quartz « 38.87,
= 37.2%, MWhite Mica = 2&.0%,,zigcon’uvwr.,
Fluorite = Tr.s Biotite = Tr. and QOpaque Ore Minerals « Tr.

ATkalic felspa

. The rock is thus a Porphyritic Microgranite,

| - The felspar phenoerysﬁs‘are eunedral to stbhedral
and usually éppear in hénd specimens as large rectangular
prisums vhich have an average length of 17 m.m. and width )
of approximately 9 m;ﬁ. ,Moét of fhe-érystals éhow at least
slight alteration Yo sericite. “Tﬁe QVifs of the phenocryét

felspars were found %o be large, and as it is known from

a chemical study of these rocks that the felspars are extremely

Rerich, it seems clear that they fall into Tuttle's (1952.4.),
and MacKenzie and Smith's (1956), microcline group. This
eonclusion appearéa to be Canirmed'by the presence of
gridiron structure in many of the Specimens@ The_felspars‘
of the grounémass are similar to the phyric generat;on except

that they are usually‘less idiomorphic, and more altered.



fSpeelmen 57# is of particular 1nterest as. lt eontains a -‘
';narrow veinlet of potassic felspar.,- - .,, "
o The quartz phenocrysts are malmlv subhedral broad
: prismatic crystals, and many have a thln-settion dlameter
.of-approximately»Vrmim.‘ vIn ‘some ﬁhlﬂ#ﬁeﬁ%10n§ vhich contain

'basal sections of the quartz phenocrysts each.cfthe»six prism

 faces is found to be equally well developed.. _Many of the

‘qgarmz.crystals ;hcwn.strain shadows and some aréufractured.

>‘The>era§ks in éuéh ffaé?fﬂed quarﬁy grains are sometimes found '
 to be fllled W1th groundmass materiai,thus indicatlng %he
groundmass generation:crystallized after the quartz phena-
~erysts had arystallized amd been fraetured Some of the _
vfu:large quartz crystals eent&in trains of 11quld inclusions.;

:t-:_The small quartz grains of the groundmaes tend io be<dlear,

o  equ1dimens1ona1 and anheﬁral.

A great deal of white mi@a Cé#%} is. found and some
| fof it is a seccndary alteration praduct of the alkalic ‘felspar
“-uhlﬁh 1s found 1n all stages of alteration im thls rock group;
but the larger white mica plates are generally unassociated
with altered<felspar and thus do nou appear to have‘been
uerlved fr@m felspar alteraticn.

| Extremely small amounts of greyish pink (5R 8/2)
21rcon, opaque ore mlneralsg fluerlte and b:otlte are also

- found in the Porphyrltlc Mlcrﬂgranlte.

(ZD ) gttroﬁrawhv of the Xamz.i_‘a:.“ AOutcra -

" '(w) I.tfoéuctio_é Three of %he magor roék types
:Tbuﬁd in the Rooiberg 2 complex are alse foun& 1n the southern
'-paxt of the main eutcrap of Hichﬁersveld Suite rocks. : The'v
three rock types are (1} a rock tvpe that is aimilar to %he ;
R p;inc;pal TOGK materlaB of rlngs 4 and ¢ and whlehAwlll henceu
- forward be called the CGranular Syenite, (1i) a rock similar
' £0 the pflncipal roc? hype of ring B and whichAW111 hence—

 forward be called the Porpbyrltlc Syenlte, and (iii) a granitic
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pattern as is found in the Rooiberg 2 complexj but the
presence of numercus arcuate features suggests that arcuate
fractufes played a significant role in the'emplacement of

the different rock units of the main outerop,

(i1) Alagkitic Granite: In the field fresh
speci mens of the Alaskitic Granite are found to vary consider-
ably in colour, from a moderate orangé pink (LOR 7/4%) as
found at De Hoop (see Map 2) the northern most outcrop visited,
to a 1light grey (N7) as found in some of the granites in
the southern part of the main outerop. In most localities,
however, the Alaskitic Granite varies from greyish orange
pink (1O0R 8/2) to moderate orange pink (I0R 7/4). As these
rocks conbtain less than 5% of dark minerals the colour of the
felspar tends to determine the colour of the rock as a whole,
With regard to grain size, the median thin-section grain
sarea is 0.27 sq. m.m. and the mode is 0,27 sq. m.m, thus

the mode falls on the granite microgranite boundary (B.A.

Committee, 1936) and the median falls within the granite
grain size grade. For the purposes of the present study
the Alaskitic Granites will all be regarded as fine grained
granites even though a fev épecimens were found to fall

within the microgranite size grade. The texture of the

Alaskitic Granite from the main outerop is as variable as
that found in Ring D at Rooiberg 2 In most specimens
the texture is intermediate between granitic and micropeg-
matitic, but some speciﬁens are sub-porphyritic.to porphyritic,
THe mean mode, and the staﬁdard deviations of the individual
minerals, of 20 fresh specimens of the Alaskitic Granite

collected from the main outcrop is as follows:

Alkalil ) Opaque Ore
Felspar Plagioclase Quartz g?%ge Biotite Minerals
X 57.8 1.7 36.5 1.9 1% 0.5
S 6.1 200 3-5 200 206 005




Epidote
Chlorite Calecite Group Zircon Fluorite Apatite
X 0.3 0.3 0.1 0.1 Tr. Tr.
s - - - T - - -

‘8

5N

frd

Fisure 42 A comparison of the mineral composition and

A ——r AP ,
grain size distribution of the syenites of Roolberg 2
and the main outerop at Xaminxaip,

The general appearance, mode of cccurrence and

optical properties of the constituent minerals of the

Leucox
-ene

:TT.

Alaskitic Granite from the main (Xaminxaip) occurrence are

similar to those described for the Alaskitic Granite from

Ring D,
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(ii1) Granular Syenite: The Granular Syenite

from the main (Xaminxaip)‘outcrop is generalliy found to
consist of a framework of pale red (SR (/2) felspar crystals,
speckled with greyish black (N 2) hornblende and other
ferrdmagnesian minerals, The median thin-section grain
area of the felspar crystals is 5.1 sq. mm., and the node
is 5.% sq, mm, The hernblende crystals tend to occur as
smaller crysfals and have a mean thin-section area of
approximately 2 sq, um, Texturally these syenites are
allotriomorphic granular, with the majority of the erystals
being anhedral though many are subhedral (See photomicro-
graph 6). The mean mode, and the standard deviations of
the.individual mineral species, of 11 fresh specimens of

the Granular Syenite, is as follows:

Alkali :
felspar Hornblende Biotite (Hornblende Quartz Opague Ore
: : & Biotite) Minerals
X 8?.14' 6.3 2.3 (806) 105 009
s . 5.2 4,7 3.7 (+.0) 1.7 0.5
. _ ‘ - Epidote

Calcite Plagioclase Chlorite Zircon  Group Apatite

X 0.k 0.6 - 0.3 0.1 0.1 0.1

The general appearance, mode of occurrence and optical
properties of the constituent minerals of tﬁe Granular Syenite
from the main {Xaminxaip) eeccurrence are similar to those
described when discussing the principal rock types of Rings &
and C from Rooiberg 2. |

(iv) Porphyritic Syenite:  The Porphyritic

Syenite from the main (Xaminxaip) outerop is mineralogically

cand texturally very similar to the mailn rock'type described
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‘fron Ring B of Rooiberg 2. It varies from greyish red

(SR %/2) to dark greyish red (SR 3/2) in colour, and its

texture is porphyritic sempatic with maxima at 10,8 sq. mm,
and the standard deviations of the individual mineral

and 0,025 sq. mm, The mean mode,/species, of 1% fresh

spacinens of the Porphyritic Syenite 1s as follows:

Alkali (Biotite & Opaque Or
Felspar Biotite Hornblende Hornblende) Quartz Minerals

X 78.8 12,0 3.5 (15.5) 3% 1.6
5 k.1 8.0 5.3 ( 3.9 1.3 0.8
Epidote ) {

Calcite Plagioclase 2Zircon Apatite Group Chlorite

X 0.7 0,1 0.1l 0.1 Tr. Tr.

X 0.7 - - - - -

Fluorite

X Tr.

8 -

(E) General Petrographic Relationships:
The foregoing petrographic study as summarized

in figures 3 and %, together with chemical data that will
be presented in the next section, are the main reasons for
‘deﬁarting from the correlation of the different units of
Rooiberg 2 and Xaminxaip that was used by de Villiers and
88hnge (1959). These authors correlated Rings A and C
with the Porphyritic Syenite of the main (Xaminxaip) out-
crop, ring D with the Granular Syenite of the main outcrop,
and unit E of Roolberg 2 with the Alasﬁitic Granite of the

main outcrop.

(F) Chemistry: |
(1) Introduction: The chemical compositions of

the different plutonic rock units that comprise the Richters-
veld Suite are presented in Table VII and the overall chemical
tronds are presented in figures 9 and 11 (see Appendix)
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TABLE VII ~ CHEMICAL, DATA (RICHTERSVELD SUITE

Fos. 1 2
8i0, 68,00 69.92
: A1203 1%,01 13,98
Fep03  1.73 1.10

Tel 1.66 0,86
Mgl 0,70 1,06
Cap 2,83 3.64

3

L

67.38 74.45 75.01

(5)

(6)

15.49 13,60
Y 3.80) 1.83
) )

)

NaQO 1{-.6’4- 3.9"" 3069 3.57

)
1.57
3.5%

3.83

K0 4,25 3.75 %.87 5.2% 3,04
Hy0* 0,90 (.67
E,0~  0.1% 0.09
COp 0% 0,15
Ti0,  0.31 0.36 0.57
P50g Tr Tr 0,21
¥r0 0.19 0.39 0.07
803 0.03 0.12
c1 0.65 0,32 0.01
F 0,51 0.10 0.05
BaQ N1l Nil 0.05
S0 Nil Wil 0.05
Rbppm 278 260 110
Lippm Y Y5 24
Csppm <2 <2 2
Cuppm 10 16 30
Gappm | 28 Ap%%ox.17
Snppm Apprax.,5 5 1.5
Tlppu Tr. 1,0 0.72
Pbppm 25 23 15

100,99 100,4%
(CleF) = 0

0.36 Q0.1

Total QOOséi ;OO,}%

0,27
0.71
3.438
5,06

0.20
0,14
0.05

0.02
0.09
0.09
0.01
170
L0
I
10
17
3
2.3
19

Analyses 1 to U4 = Alaskitic Granite

() = Analyses introduced for comparison.

(7) (8)

PLUTONIC ROCKS)

{(9)
72 .08 73.86

13.88 13.86 13.75

0,74 0,86
0,00 1,67
0,09 0,52
1,00 1,33
3.52 3.08
4,89 5S.L6
0,26 0,93
0.1
Nil
0.06 0,37
Tr 0,18
Tr 0.06

0.10
Ty

Tr

22;é§ 100,00 %00500

0.78

1.13
0.26
0.72
3.51
5.13
0.47

0,20
0.1k

0.05
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" TABLE VII - Continued.

Nos. (10) Q1 12 (13) (1% 15
810, 76.52 76,15 73.8% 56.96 59,72
A1,0; 11.93 12.48 14,29 20,24 14.32
Fe,0, 0.83 0,50 0.3% 1.11 2.8%
Fel .50 0,73 0.75 1.18 4,31
Mg0 0.19 0.19 0.21 0,29 1.38
Cal 0.57 0.51 0.69 1.93 2,34
Nao0  3.6% %,06 0,12 3.61 0,18 6.28
K0 5,10 %43 7,91 5.21 14,08 3,46
H0+ 0,52 0,33 0.60 1.25 0.91

CHy0-  0.23  0.20 0,36 0.1k
co, 0.02 1.47  0.36
710,  0.09 0,06 0.16 0.26 1,08
Po0s 0,01 0.25 0,06 Tr
M0 0,02 0.01 0.05 0.07 2,45
80, 0.02 0.26 0,06
c1 0,04 0.65
F 0.25 0,35 ° 0.37 0.08
Bal | 0.13 nil
Sro. 0.01 nil
Rb DD 677
L1 p.pm. 67
Cs p.pm approx. 3.5
Cu p.pau. 5
Ga p.n 27
Sn p.p.m, apprax, 6
T1 p.p.m. 1.7
Pb pepet - 75

100,M+ 100,13 100,21 100,38
-(C1#F)e0__0,11 _ 0,19 0,18

Total 100.335 99.98

(#2r05=0,05)
Analysis 12 =

Analyses 19-17 = Porphyritic Syenite

Analysis 18 = Granular Syenite

16
56.16
15.59

3.2%

2,66

1.01

2,61

6.81

4,48

1.20
0,13

1.32

0.39

D
L4
A
]

Porphyritic Microgranite

4,60
5.78

19
<2

N

100, Bl

E

100,73




Nos,
Si0
A1203
F6203
Fal
Mgl
Cal
.Nazo
Kp0

+
H20

Hy0"

CO2

Ti0,
P50s5

MnO

803

Ccl

F

Bal

870

Rb p.p.m.
Li p.p.m.
Cs p.p.n.
Cu p.p.nm.
Ga p.p.m.
Sn p.p.oe
T p.p.m.
Pb p.p.n.
~(C1L3F)=0

Total

Analyses 19 and 20

19
60,59
14,99

2.4
2.30
c.91
2,55
8.98
3.81
0.87
0,13
0,71
0.58
Tr
1.13
0.07
0,32
0.21
nil

nil

10
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TABLE VII - Continued.

20

5.97
5.93

111

100,59
0,16

100.43

i

<2

(21)  (22)  (23)
62,%3 59,41 61.86
16,63 17.12 16,91

2,19 2,32 .

L, 72 :

2.83 2,63

0.97 2.02 0.9

2.52 4,06 2,%%

545 3,92 5,46 |

5.5 6.53 5.91

0.63 0.53

0,58 0,83 0.58

0.18 0,38 0.19

0,11 ©0.08 0.11

0.0%

0.12

0.18
0.02

110

28
0.6
5
30
X
KRR
12

=
et

(24
61,65
1%.73

k.56

3.68

0.70

1.87

6.69

k.65

0.58

0.52
0.17

0,20

(25)
60.19
16,28

2., 7%

3.28

2.9

4,30

3.98

4,49

1,16

0,67
0.28
0.1%

26
74,86
10.57

1.10
4 146
1.0k%
0.78
3.70
1.78
0.16
0.08
0.78
0,56
0.13
0,08

100 00 100,00 100.00 100 00 100 08

meetaey | CuStpmecsecers  ggmmstomseey  mpeoenman:  SEERTRIUOIREX

Groaular Syvenite

Analysis 26

=- Rhvolitie Veiln

I




" D3 (Mgs10,

(Gaﬁi§3

3

(FesiOy

 (xgs10,

"?y ¢ 3

(FeSi@B
{MgS10),

{
(Fe 810,

W
b
g
Fr
.

Min&r

 Constituents ) 107 .
~ Total

2

i

'2,‘5;@2 22,08 20.57 26.,69 21,13 22.2% 10.56

37.20 32#9 51,35 49,78 4821 52,92 LW
5.8 073 129 - 108 - =
A X £ L
1,51 2,90 3.25 1.51 - 1,36 313 2.60
0.80 2.0 1.00 040 0.6 1.00 647
0.66 0,53 2.38 1.19 0.3 2.2% -
00  0.60 2,50 S~ 4,20 e e
9 0.26 5.8 =~ W22 - =
- e e 2w - 205 -
S - 2,56 =
2,55 1.62 w18 WS 371w 162
0.0 076 2,13 0.7 2.89 1.06  1.06

2,00 0,36 0,80 3.00 1,20 1.60 1.4

0.5 C.1 0.6 0,23 0,16 0,20 =

105 0M7 105 L2 035 07 -

0,88 1,31 1,36 _31.00 1,07 0.37
100,54 mmy@ 1@1‘68 99,81 100, 9‘2 100,51 99 S

-

Indem for tables VII and'VIH

'ﬁ;e from ring D3 Rooiberg 2
1?59’ }3. 6} NGQB-C) .

skitie Cra 1%: from Xaminxaip (ds
3 Sohnge, 1959 p.86; To.2. ] .

"S' 5'§ 223 T?p@ Alaskitle Granite from th@

' ,main nntarap at Xaminxaip: Mode {vol.?) Quartz
3, Sp% Alkalivfelspar 63.0%, plagioclase 0.3%,

 “.&10@1

l.3p%aopaque ore minerals 6.3%, zircon 

Specimen ﬁgg; Tvpe Alaﬁkitic Granite frum Ring

' D Rooiberg

Hode (vol.%) quartz 29.8%,

: alkaiiwfelspamvﬁé 2, plagioclase 0.4%, biotite

.1%3 opaque ore minerals.Tr, fluorite 0.3%.
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12

13

14

15

16

17

21

22

23 .

0.186.) low Ca—Graglt .,

, ohggnseg §L932.794%9 Ja Vol, 2, Alaskite "type"

rock.

1012 ),,Average<g~;c—A1kali

_ {1958, _éesh biotite
\;'a'lte (L 7§6:‘; Mode : quartz 35 s perthite
5.9%, albite = oligolcase %,9%, biotite 3,2%,

fluor;te 0.2%, iron oxides. tr.

Jacobsen et, {3958, p,1k,) - biotite granite from
Liruei (X, , Mode 3 qnartz 37, OE perthite S4.8%,

albite oligoclase 0, 3%, biotite 1 % fluorite O.3%y
iron oxides 0 2%, zircon tr, - .

. men 577 Type Porphyritic Mlcrogranite from
Rooiberg 2 : Mode (vol.p) of unit E : quartz 38.8%,
alkali-felspar 37.2%, white mica 24,0%, opague ore
minerals tr., zircon tr,, fluorite tr,

_Average Muscovite Granite

Von Eckermarin (1960. p,527), Borengite: Mode (W, %)
K~felspar 75.6% ‘OrggAh ), sericitic mica 17.8%
earbonate 3.,14%, iron hy oxides 1,1%, fluorite 6
ilmenite O. +5%, pyrite O 6%, apatite 0,1%,

S ecime',B”

8 ‘ '1_: Porphyritic Svenite from ring B
Rooiberg II (de Villilers and S&hnge 1959, P

1;‘N051)j

' Speeimen 81/% : Porph ritic Syenite from the Southérn

edge of the main outcrop -mile west of the confluence
of the Stinkfontein and T¢ 0sib Rivers (de Villiers
and Sthnge 1959, $.81. Nok,) .

Specimen 43: Type BOrphyritlc Syenites Main Oute
erop ¢ Mode : Quartz 2.,5%, alkali-felspar 81. 2%,

_ hornblende 12, 5%y Opaque ore minerals 3,3%, calcite

0.3%, apatite 0.1%, zircon 0,1%, biotite tr.,

chiorite tr.

Specimen 81/2: Granular Syenite from.rlng A, Rooi-
' (de Villiers and S8hnge 1959, p.Bl. *¥o. 2).

1/3: Granular Syenite from rlné Ay Rooi-
de Villiers and Sdhnge 1959, p 1 No .3).

Specimég 28: Type Granular Syenite, Main Qutcrop:
Mode Alkali-felspar 88 hp hornb]enée 7.2%4 opaque

‘ore minerals 2.1%, plagloclase 1.7%, zircon 0,3%,

guartz 0.,3%.

Average




Specimen 289 : A specimen of the dark rhyolitie
material found in velns and lenses at the contact
between the Alaskitie Granite and the Porphyritie
Syenite (veins can be seen in Plate 8,), =
Analyst E.C. Haumann, '
whichﬂshow graphically the degree to which the chemistry of
‘these rocks departs from the "normal" igneous trend, These
two diagrams are considefed useful as unlike most vériationv
diagrams, silica which tends to give undue emphasis to the
differences between granites:and syeﬁites, is not used as the
abscissa, | ‘

The Thornton and futtle‘(1960, pp.664-68+) diagrams
{figure 11 in Appendix 2) reveal that the only significant
departures from the normal igneous trend found in the
plutonic rocks of the Richtersveld Suite, 1s the low Si0y
content of the syenites, the high Fe0 content of some of the
syenites, and the high K;0 and low Na,0 content of the
Porphyritic Microgranite, The Green and Poldervaart (1958,
Pp. 87-122) diagfam (figure 9 in Appendix 2)is of interest
as it shows (1) that the plutonic rocks of the Richtersveld
Suite fall on the "normal igneous trend® and (2) that the
Alaskitic Granite is 1owef'ddwn the differentiation series
than the syenites. This position.still obtalns if the Ca
associated with F in the Alaskitie Granite 1s removed.
Turekian and Wedepohl's (1961, Table 2) average high and low
Ca granites aﬁd their a&erage syenite were alsoc plotted on
figure 9 and the two average granites were found to plot on

elther side of the average syenite,

(11) Chemistry of the Alaskitic Granite: If the

analyses in the first ele#en columns of table VII are compared

3t 1s found that the Alaskitic Granite tends to have a normal .

Alp03, FeO, Nay0, K0, Ti0,, F, Cs, Cu, Sn and T1 contents
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it is slightly high in Fe203, Mg0, Rb, Ga and Pbj significant-
ly high in Cl, MnO and Ca0j; slightly low in 510,53 and it is
significantly low in Li, While the above statement is true 1t
should be noted that, (1) local cnrichment in Na oecurs in
some specimens, (2) the F content of specimen one is higher than
normal as it comes from the flﬁdrite rieh unit, Dy, of Roolberg
2, and (3) the Ca0 value of specimen one is but slightly higher
than normal 1f the Ca0 that is required to form normative
calcite and fluorite 1is removed, It is repgarded as significant
that Speéimen one which contains 0,51% ¥, also contains over
twiée as much C1 as speeimen two, and specimen two has a F
content of only 6.10%.

If the norms of specimens one and two, as shown
in table VIII are compared with the mean modal value of the
Alaskitic Granite (mean of 39 specimens) which is given in
table IX, it is immediately evident that the normative quartz
tends to be slightly lower than the mean modal valus., = The
modal value does, however, have a standard deviation of §
which indicatés that there tends.to-be:a considerable amount
of variation in the modal quartz percentage., The normative
aﬁd modal felspar wvalues are, however, of the same magnitude,
With regard to the mafic minerals the modal and normative
values are not strictly comparable as we are dealing‘with
different mineral phasesy but 1t is clear that the norms
of the dark minerals of specimens one and two and the mean
mode in weight per cent of the dark minerals, are quantitatively,
broadly similar, The opaque minerals magnetite énd ilmenite
are clearly more abundant in the norms than in the modes,
The presence of over 1% halite in the norm of specimen one
is of particular interest, but this high value is to be
expected as halite is the only normative mineral which contains
chlorine, and as we have seen specimen one, and for that

matter most of the rocks of the Riehtersveld Suite, contain




Alkeli-felspar

Hornblende

Biotite

" {Hornblende
and Biotite)

Quarts

Opaque Ore
Minerals

Plagioclase
Calcite
Chlorite
Zircon
Epidote Group
White Mica
Apatite
Fluorite
Leucoxens

Sphene

Plutonic Rock Types of the Richtersveld

Table IX i1 Mean Modes of the Principal

Granular Syenite
Vol.é% wt.%
I e 3
85,7 5.4 83.08
7.2 4.9 8.82
2.9 4.5 3.21

(210.1) (4.7) (12.03)
z2.0 1.5 1.97

0.7 0.5  1.28
0.6 0.8  0.58

0.3 - 0.32
0.2 - 0.18
0.2 - 0.32
0.1 - 0.12
Tr - Tr
0.1 - 0.12
Tr - Tr
Tr - Tr
Tr Tr

Porphyritic Syenite

Vol.%
X

T8.9

4.9
11.3

(16.1) (4.1) (17.24)

2.6

1.5
0.1
0.5
Tr
0.1
Tr
Tr
0.1
Tr
Tr

8

4.4
5.8
17

1.4

0.8

0.6

Wt.%
X

75.73

4.28
12.96

3.05

2.92
0.07
0.71
Tr
0.16
Tr
r
0.12
Tr
Tr

Suite

Alaskitic Granite

Vol n%
X

61.3

2.6

0.4
0.9

Tr
0.1

Tr

009 '

Tr
0.2
Tr

549

245

4.8

1.7

Wt.%
X

60,46

2.92

33.68

0.75
0.90
Tr
0.09
Tr
Tr
0.97
Tr
0.23
Tr

Porphyritic Microgranite
Yol .%

X

37.2

T

38.8

Tr

Tr

24.0

Wt.%
X

35.74

Tr

38,76

Tr

Tr

25.5

Ty

‘TIT
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significant amounts of chlorine.

As there are only a few quantitatively significant
mineral phases present in the Alaskitle Granite, the sodium
and potassium present in those phases other than the felspars
can be calculated and subtracted from the total alkall cone
tent, and with the value so obtained some idea of the overall
chemical composition of the felspar can be obtained., 1In
specimen three {table VII) the only mineral other than
felspar containing significant amounts of X and Na is biotite,
The weight per cent of bilotite in this specimen is 1.47%.
Using the mean K20 and Na20 values of twelve typlcal biotites
from granites and blotite-granites (taken from Foster,

19608, pp.kl-45) it was found that 1.,47% biotite contains
0.13% K50 and 0,01% Na,0, If these values are subtracted
from 4.87% and 3.69% respectively (the total K50 and Na,0
values of specimen 3) we are left with 4.74% of K0 and 3. 68%
Nas0. As L, 74 Kéo can form 28.1% Or and 3.68% Na,O can form
31.2% Ab we arrive at a total of 59.3% Ab} Or which is 4%
short of the 63.,3% total felspar éontent of specimen three,

If this 4% remainder is taken to be An, the felspar of
specimen 3 is found to consist of 45% Or, 49% Ab and 6% An.

If the game procedure is carfied out on specimen % it is found
to contain 43.7% Or, 45.1% Ah and 11.2% An. The mean of the
total felspar components of specimens 3 and 4 is Ory,y, Abye
An9 or in more conventional form Ory, (AbBM Anlé) 56°

(111) Chemistry of the Granular Syenite:  Analyses

18, 19 and 20 of table VII are of the Granular Syenite,
Analysis 18 is not considered typical of this rock group

as de Villiers and S8hnge (1959, p.82) call it "an akerite
from the outer ring of Rooiberg 2", While it 1s clear from
the analysis that this rock 1s not an akerite, it seems -
evident from the name it was given in the fleld, that it is
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‘probably prudent to regard this specimen as a dark 1oca1
variation 1n the Granular Syenlte.‘ Specimen 19 Whlch

:fgde Villiers and Sﬁhnge (1959, p.82) call a "syenite from

~«:the cuter ring of Rooiberg 2" is- probably mcre repre-:-,,

n sentative-of the granular syenites but-when its alkalies>

are compared with thcse of the “type” speclmen (No. 20, '
table VII) it is seen to be more scdic than the "type“"
"”‘specimen., e
' The mean chemical ccmp051tien of specimens 13 19
and 20 is con51dered to be- representative of the chemistry of

the Granular Syenite, and when these values are’ eompared

 with the "average” syenltes (columns 21 - 25) of table'

o VII, it is found' that the Granular Syenite ‘has a normal “r ‘

| Siﬂa,Al 03, Hg0, Cao0, Fe203, 520 5 Rb and Cs content; it 1is

’ slightly high in Tioa, FeO, Na20 and P3 significantly high

- 4n MnO and 01- slightly low in Kac and it is signifieantly

low in P, 05 and’ Li. : o
If the norms of specimens 18 and 19 as given in
table VI are ccmpared ‘with the mean mode (wt%) of the
1:Granu1ar Syenite as given in table IX, it is immediately seen
}i‘that the’ normative quartz content of specimen 18 is of the
' ‘same magnltude as the mcde, and that specimen 19 is ncrmatively‘
undersaturated. “As no’ mineralogically undersaturated specimens
"cf the Granular Syenlte were found during the present study,
'and the mean quartz content of this rock type was found to be
2.0% (S = 1.5), it is believed that ‘this undersaturated |

specimen is of but Lccal significance. | Specimen 19 is

";:chemically different from the other two Granular Syenite

'_specimens {18 and 20) in that it contains over 3% more

Ha20 and 2% more Na20 + kzo than their mean velue, -It appears -

from the experimental work of Bowen and Tuttle (1950'
Tuttle and ‘Bowen 1952) that there is a thermal barrier that
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V—';lies along the Ab An felspar Join and prevents the o
: transltlon by simple differentiatlon from synthetlc nephallne :
. syenite to’ synthetic quartz syenlte. It mlght thus. be
.supposed that thzs felspar thermal barrier is interposed
‘ _'between Speclmens 19 and 205 In fact, however, both N
'ﬁSp901mens plot very close together on either side of thﬁ ,
| ‘5;'Ab o “or join in the system qz - Ne - -Kp; this, together with
é': the homogeneous field appearanee cf the syeniﬁe, seems to -
J?lfindlcate that the thermal barrzer did not signlfieantly
1 influence the crystallization history of the Granular
°”Q;Syen1te. Slmilar condltlons occurred in the. evoluticn of
"1most of Tllley's (1957, p 332) grcup A alkali complexes

- Which cantain rocks that grade from n@phellne syenite :

through syenite to quartz syenlte and to granlte. The

B “writer agrees with Tllley's (1957, pe332) suggestlon’

 that the thermal barrier found in simple exPerimantal melts

probably does not operate in complex natural melts which ﬂ.'A

’vvcontain mafic materials and varzous volatile constltuents.

The modal- and normatlve felspar values are similar

| 1n the case of sPecimen 18 but the normctive value is low'”

in—sPeciman 19, This is to be expected in Specimen 19 as

Na 0 was used in normative nephaline, acmlte and Ns (sod;um

2

vbsilicate)‘_ ‘The quantitzes of ferromagn631an minerals found

, in the modes and norms is broadly similar, though the

/

‘;magnetite and ilmenite content of specimen 18 is found to be

high. The mean. normative calclte (1.4%) is high when com=
pared with the mean modal value (0 3%). The presence of 0.4%

lnermatlve halite and 0 2% normative fluorite is considered

of interest and will be discussed in a later section on petro- .

.genesis. S . , : -
v' Using the same procedure for determining fGISpar
compé31tions as was employed in the study of Specimens 3 and

,4 in'the section-on Alaskitic Granite, it was found that the

9I-‘total felspar comp031t10n of spec1men 20 was Or (Ab98 An2}60‘
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": This calculation 1gnores the sodium eontent of
'the amphiboles, and 1f it was taken into consideretlon the
An content of the felspar would be slightly increased and .

| the Ab content prOportlonately lowered.

) Chemistry of the Porphyritic § eniite: When the

mean chemical compasition of analyses 15, 16 and 17 of table |
Vil which is cnnsidered to be representative of the chemistry ’
_of the Porphyritic Syenite, is c0mpared with the "ayeragse® -

“-syenites (columns 21-25 of table“VII), it is found that the

i -and Cs cantent, it is. sllghtly high in Fe

. Porphyr1tic Syenite has a normal MgO, CaO, TiOg, Kao, F, Rb"

3 3, Fel and

 Na2‘0' significantly hlgh-ln Ino and Cl* slightly low in

. s;oz,aAIQ 03, Li and BaO- and it 1s 51gnificantly 1om in

‘  ng)g While the mean ca0 content of the Porphyrltlc |
fSyenite is simllar to the value for the_“average“ syenltes,

jthls value would be c@nsiderebly reduced if the COQ content e

",Vof ‘the rock was unlted with the Cal to form calcite,x In -

_iSpecimen 16 for eXample 3. O% normative calcite <can be formed
and this wonld require 1.68% Ca0. ’

| f ‘ When ‘the norms and mean modes of the Porphyritic
Syenite are compared, the normative and modal quartz values
- of Specimen 15 are in good agreement but Spe01men 16 Whlch

‘ is_normatively undersaturated is. 1ike’ specimen 19 very hlgh
in Na 0. The remarks made about Specimen 19 in section e
- 5 F.1ii are conszdered applicable te ‘specimen 16. Tne total
ameunts of normative and modal felSpar is. approxzmately the
 same. The total normatiﬂe and_modal ferromsgnesian |

mlneral content is very similar, althongh the comblned

| normative magnetite and ilmenlte is much greater than the

- modal (wt%) Opaque ore minerals. The normative calclte content

';vef 3pec1men 16 is much higher ‘than the mean modal value, but

'j i

b




116,

~ specimen 15 contains oniy‘%-as much normative calcite as

' specImen 16. The mean norm is found to contain 0. 2% fluarite

' while the mean mode contains ‘only traces of this mmne~a1

These dlfferances probably indicate that fluorine was

"5ncorporated in the structure of the ferromagnesian minerals :
of thﬁ Porphyritic Syenitei The mean normative value of 1.3%
.halite is of interest ag it reflects the high chlorine content

" of these rocks.

‘ Using the same procedura as was employed on Specimens
’ 3,4 and 20, it was found that the total felsPar compositlon |
.fof specimen 17, . the "type“ Porphyritic Syenite was Or 45

G"'{Ab93 An7) 99 . This calculatlon ;gnores the so&zum content_

- of the amphiboles, and if this sodium was taken into consider-
ation the An content of the feISpar would be slightly 1ncreased

and the Adb cantent prOportionately lowered,

,(v§ Chg@istry ofMthejPor~hﬁ'1tic\Mmcrograhite: The

chemical composition of this rock type differs radically
from the_otharvmembérs‘af théjRibhﬁer3§éld Suite and from
'thé:"aﬁeragsﬂ,granites qudfed 1n”téble'VII,-,The rock'isﬁ '
l » Qﬁ,lglightly loﬁ‘in Cﬁ,rnormal in
le, slightly high in Cs, Ga and Sn,'anavsignificantly high

extraordinarily low in Na

 in K,0, Rb, Li and Pb. ‘The K/Na Tatio of the Porphyritic

Hicrogranite differs so considerably frcm that of a "normal"

‘granite that an analysxs of a Borengite (speclmen 14) was
‘included in teble VII, as this is»one of. the few 1gneous'

'  rocks found in the literature that has a similar K/Na ratic.

. The Borengite can, however, hardly be regarded as a normal

igneous rock type as von Eckermann(l?é@, P 528) calls it
 the most potassic rock of magmatic habit known tcday in R
'the world", and he adds that it is “not’ only quite unique
"bnt its genesis 15 vess B challenge to geachemists“f

) As the potassium content of . the Porphyrltlc Mlcrogranite

"was high, a high rubidium content~was tovbe'expected,




17,

but when the K/Rb ré;io of the Porphyritic Microgranite was
| determ;ned it was found to be 97 Which indlcates that there
.was also strong rubldium enrichment relative to pctassium.,.
_ | The K and Na values of ‘the Porphyritic Microgranlte
| clearly indicate that its felspar is a potassium rich variety..
Even if all the Na in the rock went into the formation of

. £615par, albite would form ‘but 3% of the total fGISpar, But

 as most analyses. of muscov;te contain at 1east some, and _many .
v'contain more than 1% Na20 (Ref. Foster, 1960 A,p. 142 table 6), .

‘it 1s evident that the valte of An3 15 a maximum value.u This

'”f 1nd1cates that the felspar of the Porphyritic Microgranlte is

 ”strongly potassic, a characteristlc which is unlque among the
':rocks of the Richtersveld Suite as they generally contain less
than 50% of the Or_ molecule in their total felspar content

(vi) Minor Elements: The stuoy made of the trace

»_'element content of tha dlfferent unlts of the Rlchtersveld

' Suite prcveﬂ most rewarding, bacause as Butler and others :

(1962, p89) hava 1ndicated, strlking major element cOmp031t10n31

'ﬁ} changes are: not to be eXpacted 1n rocks which approach the

'ternary ninimun-in the system 3102 - NaAlSiO4 - KA1510

‘but that a knowledge af minoy element concentratlon can be

 0£ appreclahla signlficance and that a change in the concentra-
: tlon ratio of a closely alliea geochem1cal pair is generally
of petrographic significancai  InAthe‘pluton1c members of
the. Richtefsvei& éuite-fﬁhidium is found tc:inereQSe”from
i103 Pe p.m. in’ the Porphyrltle Syenite to 111 Do pmma in the

'vGranular Syenlte, 269 Pe p me in the Alaskitic Granite, and

H,to 677 PaPalle 4in the late Porphyritlc Micrcgranlte. The Rb

E values of the syenltes are considered 'normal' (Turekian :
_:and Wedepohl, 1961), but the K/Rb ratios are abnormally hlgh '

(466 and 443) being dnuble the ratio (230) now accepted L

as vnormal” (Taylor, 19608, p 318). Figure 12 (in the,':;
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1Append1x 2) shaws that’ Turekian and Wedepohl's (3961) and
_fAﬁorstmaﬂ“s (1957) "average syenites" have similar anomalousl
'{ratlos whlch tend to plot close to the two Richtersvela
’_?Suite "yenites. Thls poses the question of whether syenites,‘
"-?whlch are after all characterized by the unusual comhlnatlon ﬁ(
: of prOperties of alkali enrlchment and stica depletion, are
'normal' igneaus rocks? Before any attempt can be made |

i to answer this quest¢on, however, mnch more information".é‘

"V'w1ll have to be obtained on trace element abundamces in

- syenites, Taylor and Heler-(1958A, PePe 202*203) have
7 dlscussed the questloa of rublﬁlum depletlon in felspars. ‘
They emphasise the - close geochemical coherence of pota531um i'

" and rubidium and state that rubidlum ratlos found Lo 1ie

 beyond the normal limlts of scatter {outer diagonal lines

in flgure 12 ip appenaix 2) 1nd1cate extreme processes

';'capable of fractlonating po*as«1um and rubidlum (p. 202).

They found that specimens with anomalausly lew rubidium

: cantents tend to fall into ares 3 of flgure 123 ‘and as can

"-be sean in tbzs f;gure Lhe Richtersveld ‘syenites and the‘

t Quartz Bostonlte do fall 1nto this area. In figure 2 of
jthelr 19589 paper iaylcr and Heler plottad the compositions of

) avnumber‘of felsparq»with normal and other-wmth anmmalous

~ X/Rb ratios on a bn - Ab - or trianguler aiagram,‘ They also
" included the cotectic curve that separates the fielﬁs in
which OrAb - rich and ﬁbAn - rich felspars cryqtalllze 1n the
'system Ab-Or*An~H 0 at 500 bars water nressure,_ They then
dlscovered that "rubldium is preferentiallv excluded from
 alksli felspars, which although containing substantial amounts
of potassium, have a composition which places them in the

Ab An-rich field....close to a composition from which an
- OrAb-rich felSpar would crystallize as a stable phase" (p.202).
‘They also found that “the Abin-rich felspars impoverished ,
in rubidium lie close to the maximum of the subsolidus curve

- for alkali felspars separating the one and two felspar
reglons, indicating maximum instabilxty for a. sﬁngle felspar

.
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phase._ When an AbAn-rich pnase separates, fhe number o? ~CO-
-ordinated sites available for potassium must be restricted.
In this case. the 104 difference in size is liable to become
eritical, and K+ may preferentially enter the lattice 2t the

expense of Rb4%, If much Ba< (1,348) is present this may
also occupy the high co=ordination sites to the aexclusion of

, rubldiumﬁ (p.202-203). If the above structural eXpJanation

' 'Was the,complete answer,to>thegquestlon gf_rubidium depletion
-one would GXpect:this‘aepletion‘to have.ateurreé in the
Alaskitic'Granité;aS‘welifas.in.the~syeﬁites as'thefoISpars |

 of both rock groﬁps'are very similar, Tayicr'aﬁd‘ﬂeier ,

20(1958A, p.203) do not, however, believe the above. explanation

%o be the complete one “since plagicclase felspurs have

 vnormal potassium 7 rubidium ratias“ B They believe the .!
"addltienal factor" to be related to the concentratlon of

. potassium in the system from mhich the felsyar 1s crystalliz-
ing, and that if K is present in large enough quantlties it
could use its size advantage to "force" itself praferentially"v
_lnto the fGlSpar crystal lattice.. It is also pos ible that
the difference in the K/Rb ratios of th@ syenites ang the .
Alaskitie Granlte is due to their having Tormed- in different
”env1ronments, the syenites being the mobillzed or remeltea

products of a felspathizatlon process Wthh actea on the roof’

rocks of the magm9 reservoir and the Alaskitle Granite having o

crystalllzed from an invading magma. This hypothesia weuld
' be valid, énly if it could ba shown that E is preferentlally
'intr@duced during felspathizatlon. This might prove to be

the case as the ionlc radius of Rb+ (1.473) is ¢O% iarger

*than that of Kj (1, 33A)_ Studies»by horstman (1957).and+-

'Gast (1960, p.1295)9 however, seem to sugges 5t that “1gneous |

‘..and metamorphic proceeses whlch concentrafe pot9551um o

generally concentratse rubidium to‘anvequul Qr,g eater- degree" ‘
"‘ The K/Rb ratio of théﬁﬂléskitiéjaranite_gx‘~ 156) is

' lower than normal but aslwé'haée seen 1t fél]s ﬁithin'acceptable

limits of scattéf;_ This slight Rb enrlchment mlght well.

B result fram the Rb not being readily accepted in the syenites,

I
' {
oy




- thus producing 2 slight enrichment of this element in the
_magma associated with them._“ _ |
| The Porphyritlc Microgranite is found to centain .
I 677 ppm rubidium and to have a K/Rb ratio of 97 This clearly
. shows the strong rubidium enrichment which 1s 50 characteristic\
- of lete dlfferentiates, particularly pegmatites (Goldsehmidt
;-et al.,1933, Ahrens and others 1952 Horstman, 1957, De 13,_,
Nockolds and Allen, 1953, p.136, Taylor et al, 1956, Do 228,¥ 
Taylor et al, 1958 A p.202, Zlobin and Lebedev, 1960, p.105).
fvalkev and Sovinova (1959, ‘.638)-have steted thet the K/Rb
” ratio may serve as a geechemical index of the age sequence of
Vintru31ve phases in magmatlc complexes (ie. the ratio decreases
with age). The K/Rb ratios of the rocks at Booiberg 2 follow
this rule, The~Perphyritic Mierogrenite_is not unique in
having a Ieﬁ”K/Rb‘ratio bqt-is rather.similar'in this.respeet
to the Banks Peﬁinsula>rhyoiites,_and the Mourne and'StQ:Aussell

grenites; 'Taylor and others'(1956,'pf228) sﬁggested that

. these rocks crystallized from magmas ‘which had "undergone

. differentiation to a degree typical of the pegmatite phase

- rather than the less extreme dlfferentiatlon common in normal
acid igneous rocks". ' :

Analyses of these rocks fall Within area 2 of figure 12 in f,'
appenoix 2. Area I of figure 12 represents analyses of alkali |
felspars from some 1arge pegmatites. The Porphyritic o
Mlcrogranite is found te have K/Rb values whlch ere 1ntermediate .
between areas I and 1II. Thls is considered partlcularly
- 31gnificant as this rock type is 1nterpreted as belng the __:
.product of the crystallizatlon of a nighly fractloneted magma
'»whlch efter crystellization was permeated by pegmetitlc o
:solutiens. Recentvwork on ‘the K/Rb. ratios of the»younger'}»f
'gran1tes of northern Nigerla (Butler and etners, 1962, p 9L
r~has shown that the “bietite-granites" have ratios ranging from .
,220 to 42, end the "rlebecklte-granltes" ‘have ratﬂos that |

range from 270 to. 24 ., !
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The lithium content of the plutonic rocks of the
Richtersveld Suite is found to increase from 4 P.p.m. in {
the Alaskitie Granite and Granular Syenite to 18 p.p.m. ‘
in the Porphyritic Syenite and 67 p.p.m. in the Porphyritie
Microgranite, The low Li content of the Alaskitic Granite
and Granular Syenite 1s probably related to their relatively
low ferromagnesian and phyllosilicate contents, as Li* tends
to replace~Mg2*, Fezﬁ‘and A13’ {Strock, 1936 and Horstman
1957, p.h). The Porphyritic Syenite which has a higher 1
ferromagnesian content (X = 11.3 vol,% blotite and 4.9 vol.%
hornblende) has a more formal Li content (see Table VII),

The Porphyritic Microgranlte once agaln proves to be of
interest as it shows strong Li enrichment, and such enriche
ment is once again a characteristic feature of the final
phase of an intrusive cycle (Strock, 19363 Noekolds and

Allen, 1953, p.121j and Horstman, 1957, p.9 ete.). As the

Porphyritic Microgranite is conspicuously free .of biotite
and hornblende it seems evident that the Li is accommodated

in the muscovite. Faster (1960A, p.124) has shown that

the muscovite structure can accommodate up to 3.3% Lis03 and
the muscovite of the Porphyritic Microgranite is required %o
accommodate only 0,06% L120 to ecarry the 67 p.p.m., Li in the
rock,

The Caesiumy lead, thallium and copper values found
in the Porphyritic Microgranite are also significantly
different from the values found in the'Aiaskitic Granite,

As eﬁpected in,a late differentiate the Porphyritic Micro-
granite is enriched in Cs, Pb and T1 (Ref. Shaw, 1957, p.196)
and the Cu content falls to half the value found in the
Alaskitic Granite, The lead content of the Porphyritic
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Microgfahite whichnis %hree'times;gfeater‘thaﬁ thefA1éskit1c:
Granite valueg.andffcur ﬁiméé as large,as‘Tﬁrékian"ahd'Wede-
-~ pohl's (1961)'avéfagé‘high~ andzlow-Ca granites, is particu-
1ar1y 1nterest1ng, as the lead appears to have diadochically
replaced potassium in the potash felspar.' The 1ead does
not. appear to be present in ‘the other minerals as the‘
'muscovite from a "muscOV1te vein“ found within the Porphyritie
Microgranlte contained only a trace of 1ead, and’ this trace
was probably contalned 1n the fluorite whlch the vein is
known to contain. Apatite, a mineral whlch_is known to

- earry lead, is not a common accessory in the Porphyritle

'  Mlcrogranite., The plumbiferous nature of the potash

i.‘fGISpars found in the Porphyritic Microgranite is a further
n 'indication,that thls_rock‘is a 1ate differentiate, as Rankama_‘
and Sahama (1950;'p‘733) étaté that'sﬁch iead enrichment in -
potash felspars is characteristic of late differentlates,
pegmatltes, and the action of 1ate pneumatolytlc and hydr@-
.thermal emanations.
(G)
The tectonic relationships that exist between ‘the

different plutonic memhers of the Richtersveld Suite will
now be considernd in order to establlsh the sequence in
.whlch the rock‘units¢were emplaced. . The Rooiberg 2 outcrop
 wh1ch contains all these units, and whlch also ‘has the
simnlest outcrop pattern at the present level of er051on,>
will be considered first. - Booiberg 2 is an “annular
intrusive body" and is strikingly similar in plan to many
'other compléxes'from'different-parts'of the wor1d which have
I'been 1nterpreted as haV1ng been emplaced by rlng-fracture

stoping or cauldron subsidence. The term~“annular 1ntrusive

'body is here used as a general term for an 1ntrusive bedy of




circular or oval plan (Bllllngs, 19#3, p 131), and thus

"1nc1udes rlng—dykes, circular and oval stocks, and cone .

sheets, Billings‘ (1943, p.131) definitions of these

”1atter unlts are also used in the’ present study. ’

| o The gecloglcal map of the S B, Richtersveld
1“1ndicates that Rooiberg 2 consists of foar rlng-dykes(from -
the outside 1nwards rings A, B, C and D) which are con«

t centricaily arranged about a'eentral stock (unit E) which
is perhaps more in the nature of a plug. , As the composi-
';tlon and texture bl the rock forming ring-dykes A and C .l

ois thersame, and in the South of the compleX'these two

- uﬁits'combihe o fbrm'a'singlé:ﬁpit, ring-dykes A and C

can be thought of as a 51ngle unit,v "Thué we'ﬁave a
'central unit E, and concentricallv arranged about it are
two major ring—dykes D and AC with a minor 1ncomplete ‘
irlng-dyke B enalosed within unit AC. '~ Field observations
1ndicate that unlt E cits across unit D Unit D in‘its
turn. appears to cut acress unit AC and veins of granltic
- ‘mater1a1 from unit D are round to cut across units AC and '.
:2 Bs Thus unit E was emplaced last and unit B second last
Unlt B was either emplaced between units Aramm _‘and 1s
thus younger- than unit Ay or 1t was emplaced first, and it
;xand the fragmental remains of a screen of country roek with
Wthh it is found associated, together formea a composite
sereen withln wnit AC. The second interpretation is
favoured.av (1) the Porphvrltie Syenite of the Xaminxaip
\3 00mp1ex whieh isisimilar»in‘composition_and texture»to_
|  riﬁg'B is{belﬁeved'to-have been emplaced beforeﬁhe Granular
'”Syenlte, (2) the porphyritic‘texture of unit B is in harmony
iw1th the c@ncept that this unit was emplaced first 4into the }'
 relatively cmld country rock-(of the Epizone), and (3) as “
unit B is found asséciated with the,fragmenfal remains of a

screen of older country rock the idea that it too 1s a screen




geons more feasible. Csnsequently unit B is heiie@e& ta
have heﬁn enplaced first fellawed hy units a, c, B and Ea

| | “VWhen traversling over most of‘ﬁoniherg 2 one forms
- the bpiﬁian that the ring-dykes have vertical cantacts,

but in some iacalities whers the ralativﬁ raliaf of the
t@rrain is greatest, and the cantaets ¢an be ahservaﬂ

'in verticai sectien, the ﬁantaets ars frequently fbnnd

to depart fron the vertical and dip steeply mtwards; ‘The
" gireular shape of the Boaiberg 2 riagnﬂykes suggests that
thelr emplacemsnt was closely related ta g set af fractures
“A produchd.by a ﬁownward goint-push (An&er90n 1936, pwlﬁé)._ f
| Fram.uhat ig knﬁwn of the Haoiberg 2 camplex, 1t
is belleved that the ﬁéiiawing saquance cf‘evants, uhiah

s 1llustrated in figure 5, occurred: (1) The formation of

a mapma regervolr beneaﬁh ﬁhere ﬁh@ complax is mew faunﬁs ,
| The'magma reservair shﬁwn in figure 54 can ha thought of
as a.éu;ﬁla of &;1&?3@@ body of magma below and to the
narth ef Raoibsrg 2. In ﬁha reeensﬁrvction uf the
_ structural and emplaeament histary Qf the Rcaiberg 2
- camplex it seenws: 1egitimata %o start with a magma,boﬁy
- as illustrate& in figﬁra 5&; but the raaﬂer is elegarly .
 justified in asking how the magma nede ramm for itself
u,in the erust and how ﬁhe raof uf the magma reservoir
 cane to have the'configuratinn il]astratﬂﬁ in rigura B4,

At this juncture it seems sufficient to state that the mag~
wa is he1ievéﬁ‘td’beVeﬁmpnse&er remolted crustal material
" and that the shape of 'ti:'ae roof of the magma reservoir was
maznly g@va?nad by piecemeal atoping and ﬂaming of the
roct rceks, (ii)Tsegefgiiing aff in the hyﬂrosta%ic
to the

extrusion of lava to the west of the area - See Chapter'gj"

'pressurefaf'the,magma in the Cupoia {probably due
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so that it became less than the lithostatic pressure in
the surrounding rock. This resulted iﬁ the develop-
ment of shear fractures in the roof rocks as shown in
figure 5B. (111)  Piecemeal stoping proceeded from

the bottom upwardé along these fractures, and the creation
of a cavity was probably alded by a "sagging" (King, 19544,
p.83) of the centrai block., As¢the ﬁaterial was removed
by stoping its place was ftaken by the“material of unit B
which, 5ecause it was empléced as a relatively narrovw sheet
into cold céunfry rocks, developed a porphyritic texture
bn‘cooling rapidly. {(1V) A second lowering in the

{ i
" !

+  
|

< D

Figure 9: The formation of the Roolberg 2 rink-dyke complex,
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hydrostatic pressure of the magma led to the development

of further fractures mainly along the outside of unit B.
Plecemeal stoping toock place along these fractures and this
eventually resultéd_in the subsidence of a steep sided
central paraboloidal block as shown in figure 5D, Ring A
was emplaced into the space created by the two complementary
mechanisms_of\piecemeél stoping and block subsidence,

(V) Wwhile ring A was being emplaced fractures also
developed on the inner side of unit B, and pilecemeal stoping
along these fractures assisted by further sinking of the
central parabbloidal block relative to unit B, resulted

in the emplacement of unit C. Unit B became a composite
screen of porphyritic syenite and country rock as shown

in figure 5E. (V1) After a pause, during which time

the sinking of the central block was probably obstructed

by a mass of interlocking crystals in the cupola as suggested
by Shand (19504, p.927), cauldron subsidence occurred and

the central praraboloidal block was replaced by a stock

with the composition of.unit D as 1s shown in figure 5SF,
(Vi1) Later, at the close of the plutonic phase of

igneous activity at Roolberg 2, unit E (the Porphyritic
Microgranite) punched and stoped its way through the

centre of unit D, The removal éf a central plug of

unit D material was a prerequisite for the emplacement

of unit E, The excavation of this material was probably .
assisted by the sand-blast effect of a fluildized system

as the emplacement of unit E is belleved to have been
accompanied by a large volume of through-flowing gas, and
according to Reynolds (1954) the presence of such gas is

the maln requirement for the development of a fluldized

system. Another possibility is that a central plug of
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Alaskitic Granite was removed by jet piercing (McBirney,
1959, p.44#5) which is a process whereby the inténse heating
of the roof rocks at the apex of a rising column of magma
leads to the development of thermal stress within the
intruded roof rock and thence to its disintegration,
McBirney (1959, p.476) states that "growth will tend to
produce eylindrical shapes, since a circular boundary 1s
the most efficieht natural conduction surface". In the
enplacement of unit E as proposed above, and as shown in
figure 5G, the emplacement mechanism is not directly
related to the ring-dyke formation or cauldron subsidence e
that took place earlier in the same general area; thus
one 1is forced to ask why was unit E emplaced at the centre
of the Rooberg 2 ring-dyké complex and not somewhere else?
As the earlier uhits of the Rooiberg 2 complex are believed
to have been associated with a cupola, 1%t is possible that
this cupola may have represented a path of relatively easy
access for the later Porphyritic Microgranite, The Rooi-
berg 2 complex might even represent the plutonic roots of
a volcano, with unit E (with its fine grained groundmass)
its choked conduit. Another solution to this Question
may be found in Grout's (1945, p.278) observation that:
"after a syrup has stood quietly for some hours a globule
of lighter fluid 4in 1t rises rather slowly. If the

first globule is promptly followed by another nearby,

the second 1is "guided' by the path of the first and moves
a little more rapidly. The effect is especially strong
if the liquids are miscible, This is distinetly reminis-
- cent of field examples of batholiths that have risen into
the crust where earlier batholiths must have been".

With the exception of ring-dyke B, the order of emplacement

in the Rooiberg 2 complex has been from the outside inwards,

which is the sequence King and Sutherland (1960, p.316)



regard as normal.

, In turnlng our attention from the ring-dyke

. complex of Rooiberg 2 to the Xaminxaip batholithic complex
we turn from a small corpiex situated well W1th1n the
epizone to a ba*heliuhic complex vhich was- probably

emplaced at the base of the epizone (Buddington 1959,

;, _pp. 6”6-677 and 69%). ﬁrpllow;ng_Daly (1933) and Bud-
‘”: d1ngu0n (1959,‘p‘675) ‘the. dividing iine between a stock

and a batholith is taken in %he present study as belng
an outcrop area of ho square miles. _ - »
lu,The follcw;ng,ls a sunmary of the main charac-
'-teristias of granitiec rocks emplaced into.the epizone

' (After Buddington, 1959, pp;-677f686).  (I) Their con-
: tacts afé'ﬁlafgély‘or whoil¥vdiscof§ant to the country |

rock" (b,677)1 '(II)_-Coﬁtacts\befWeeh»plutonsvand the
bbuﬁtry'rbékvafe generaimh'sharﬁ (9.6?9)@, (I11) Roof

pendaﬂts.are common {p.678). ’(IV) Most plﬁtans are

‘,: "effectlvely homophanous w1thout lineatlon or foliation" '

(p. 678), (V) Most plutons are small in size {(p. 678).
(Vi) _Sm&il early units ef-cgmplex_plutons,.and dykes,
'apophyses or smai1 safellifiﬁ stocks réiate& %q 1argef’
:igneotS’bodiés'cbmﬁonly"éhow chilibﬁ contacﬁs with country
_'rocks or porphyrltic characterlstics {p. 679). : (?II) "There
is. often a set of 1ate—stage apban1tlc or porphyritic dykes"
and "asgoclated lampraphyre dykes are also commor® (p,679).
(VIII) "Distinet. pegmatite veins are typically rare" | |
(p. 679) (X} In some batholiths "aplite or equ1valent |
alaskite‘ﬁay-be well developed” (p.679). (X) Miarolitic
Struc%ure is cémmon:(p;679), . CXI) Granophyfe, in general,
oceurs eiclusively'in,the epizone (p. 679). (XII) All the
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well knouwn stocks and batholiths assoclated with ring-
dykes and cauldron subsidence from New Hampshire, Oslo,
Nigeria and 5.W, Africa are believed to have been emplaced
“into the epizone (p. 680},

"It is clear from the above that the Rooiberg 2
ring-dykevcomplex has most of the characteristiés of an
igneous body emplaced into the eplzone, The main Xaminxzaip
complex, although displaying most of these features, has
some features which are more charqcteristic of the Mesozone.
- For instance, Buddington (1959, p.696), referring to the
work of Hans Cloos, states that the outer parts of granite
plutons emplaced in the mesozone tend to contain localized
areas of subvertical planar foliation, and that such planar
structures are elusive or missing in the core. These
subvertical planar structures, or schlieren, are‘cléarly
displayed in the outer border zone of the Alaskitie Granite
in Donker Kloof (8C3). At the Donker Kloof (8C3) out-
crop one finds an alternation of quartzo-felspathic and
narrow ferromagnesian layers., These sehlleren are inter-
preted as having been produced by an upward welling of
magna, The Xaminxaip complex can thus be regarded as a
body emplaced into the base of the epizone cloge to and in
parts grading 1nto.ther“transitional Epizone - Mesozone
(Buddington 1959, p.69%). This probably represents a
depth of emplacement of some & miles beneath the surface.
The Rooiberg 2 complex, which 1is believed to have been
emplaced into the true epizone, was probably emplaced at
a depth of approximately 3 miles beneath the surface,

Before considering the emplacement of the Xamin-
xalp complex in detail, it is of interest to note that
Precambrian ring-complexes like Roolberg 2, whieh is

clearly Pre-Nama (late-~Proterozoic) have seldom been
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described in the literature, The Scottish comﬁlexes, the
Medicine Lake Highlands Caldera of California, the Silver-
ton Caldera of Colorado and the Quitman Cbmplex of the
Trans-Pecos, Texas,’are all of Tertiary age. The New
Hampshire, Oslo region, and South West African complexes
are all Post-Tertiary to Devonian.  The oldest ring-
complex descrihed in the literature is the Ahvenisto
complex of Finland which was described by Savolahti (1956)
and is believed to have been eﬁplacbd 1650 million years
ago according to Rb-Sr, K~A and U-Th-Pb dating. A further.
two ring-dykes of probabhle Precambrian age have been des-
eribed by Osborne (1934) from Quebec, The paucity of
ring-dyke complexes as one goes back in time 1s to be
expected if they were emplaced into the eplzone and are
thus relatively near~surfacs features whiclh: are soon attacked
by the agents of denudation, The reason for the preser-
vation of the Proterozelic Rooiberg 2 complex is not too
difficult to discover as it was spared from the ravages of
erosion by the onset of deposition (i.e. the laying down
of possibly éome of the Stinkfontein Forhation, the beds
of the Nama System and later the beds of the Karroo System).
As a result of this deposition the crustal segment into
which the Rooiberg 2 complex was emplaced has prohbably
only been exposed to continuous erosion since late- or
post-Karroo times, which 1s the same length'of time as
that to which the Scuth West African complexes have been
subjected to erosion (See Martin, Mathias and Simpson,
1960, pp. 156~174).

The Xaminxaip batholithic complex as it outcrops
at present, was, emplaced at a deeper level in the erust

than the Roolberg 2 complex, and its constituent uhiits
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have more complex outerop patterns., Jacobson and others
(1958, p.6) have observed that depth of erosion exerts a profound
influence on the surface form of the northern Nigerian ring-
dyke complexes, and that many complexes which appear as
eircular bosses at fhefpresent-Ie#el would doubtless appear

as ring-dykes at greater depth. The many different rock
units of the Xaminxaip batholith are frequently found to have
been emplaced along former éurvilinear fractures and/or faults
as can be seen in plate 7 and in the geologiecal map accompany-
ing this report, In the'south eastern part of the bathollth,
between Donkerkloof and the Xaminxaip river (7C), the Alaskitic
Granite is found to have been eﬁplaeed first, and it has been
cut by the Porphyritic Syénite.(see plates 7 and 8). To the
west of this outerop a small stoek of Granular Syenite is
found emplaced into the Porphyritic Syenite (6Ck). Thus in
this south eastern part of the batholith the Alaskitle Granite
is found,fo have been emplaced before the syenitic rock types,
vhich is the reverse of the proposed emplacement sequence

~ found at Rooiberg 2 where the Alaskitic Granite cuts the syenit-
1c units. - The same sequence as found at Roolberg 2 is found
in the roeks to the immediate north of Xaminzaip (6A); but

the reverse sequence in which the Alaskitie Granite is first,
is found once again in the north of the batholith where the
Alaskitic Granite is the domlnant rock type. The field
evidence seems to indicate that the Alaskitic Granite has

been emplaced first over wlde areas in the Xaminxaip batholithjs
but 1t has been emplaced after the syenites at Rooiberg 2

and in some parts of the Xaminxaip batholith. The above
emplacementi seguences are not as enigmatic as they‘seem‘aﬁ
first sight, 1f one remembers that the Alaskitie Granite

(which has by far the largest outerop area of all the units

of the Richtersveld Suite) 1g probably the parent magma
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| f'from which the syenites and Porphyritic Nicrogranlte were
aerived It is pernaps relevant o note ‘that Oftedahl (1953,
0.61) in hlS study of the cauldronﬂ of the Oslo reg;on has
-»nostulaued a "series of magmas changlng infcompesition from
granxte to syenitzc and again’ to grani+1c . ﬁ i",, N -‘
| :_ It seens” c7ear from the evidence gleaned from the -
;;present gtady of the southern part of the Xaminxalp ‘batholith’
that {at the present level of erosion) the hathol;th represents 1
the coaiescence of a number of smaller stoeks and ring-dykes
,which were 1ndiv1dua11y emplaced mainly by means of pieeemeal i
g aucping,.largea cale stoping or cauldron sub31dence, or more C
prebably a combinatien of these mechani Se. In the field
corroboratmng evidence 1in support of the cempeund nature of
' the Xaminxalp complex comes not onlyffrom the’ outcrop pattern
| made by the différeﬂt‘agmpogeﬁt{foék“unitsg-but also from
the many “s@reens“ ofvalaerirégkfoqﬁd.bgﬁwéenthese rock
~ uni%s.f-Mfeetonicallyigonﬁrcilea ”pérmiﬁsive ihtrusion" (Mayo, -
| 1941, p.1081.), "Iateral magmatic wedging” (Piltcher and Read,
1958, p.298 ), doming of the racf rocks {as is suggested in
_Chapter Oy Seetion C) and even diapiric intrusian, a1l probably
played their part in the emplacement of- the Xaminxaip batholith,
particularly at deeper crystal 1evels, as the Suoping
| mechanism is believed capable of explain;ng the rise of magma
for only the last,fewiténs or perhaps hundreds,of feet (King,
195k A,, p;85} Read (19575 P.179¢) 5&3 invface stated
that the use of ring 1n%rusion seems to have 1o¢ered the Toom
problem b; a few thousand feet buu has not solved it |
fBecause of the above consiﬂerations the tvo geological sections
accompanying the map af the area were constructed to a depth 7
of only 500 feet above sea-level, as below this depth the
boundaries hetween‘bhe plutonic-members of the Richtersveld

,;Suite‘ﬁould be purely comjectural, and a conjectured
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interpretation of what happens at depth is given in figure

5. V As the two sectlons do not extend to any great depth

they appear simple, bﬁf thié simplicity is believed to be real
as 1llustrated by the contact shown in plate 7.

When stoping is proposed-as-an emplacement
mechanism it immediately poses the problem of what happens
%o the stcped‘matérial?‘ DaiY‘(1933) suggested that it was -
"incorporated or assimilated" at depth. Such incorporation
or assimilation would have profound affects on the composition
of the invading magma, thus it will be considered in the next
- section which is concerned with the genesis of the Richtersveld
Suite, _

(H) Petrogenesiss

(1) General Statement: The genesis of the

plutonic roeks of the Richtersveld Sulte presents the following
major problems: (1) Are the rocks of the Richtersveld Sulte

- of magmatic origin?

(2) How was the parental magma produced?

(3) How did the syenites originate?

(4) How is it that subsolvus and hypersolvus
granites occur in juxtaposition in the Rooiberg 2 complex?

(9) How did the Porphyritie Microgranite come
to have such a remarkably high K/Na ratio, and %o contain

miscovite veins?

(ii)

The answer to the first of these questions, as to vwhether the

Magmatie Origin of the Richtersveld Suit

rocks of the Richtersveld Suite are of magmatic origin, is
believed to be in the affirmative. First of all it is clear
from the earlier part of this chapter that the granites of
the Richtersveld Suike belong to Raguints (1946, p.25%)
granites of the "limited massifs" (massifs circonscrits)

and such rocks are invariably of magmatie origin; or to put

this statement in another way, most petrQIOgisfs are prepared
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to admit that magma is required for the formation of ring-
dyke complexes, Second, the sharp discordant contacts, the
fine grain size of the groundmass generation of crystals in
the porphyritic units, the even finer grain sizes of %the
crystals from the veins, dykes and apophyses that lead out
from some of the plutonic rock units, the euhedral nature

of the zircons, and the relative homogeneity of the différent
units, all suppert a magmatic origin for the rocks of the
Richtersveld Suite. ‘Third, the Alaskitie Granite, the
Porphyritic Syenite and the Granular Syenite all fall within
Tuttle and Bowen's (1958, p.129.) hypersolvus ciéss (Group 1),
and can thus be considered high femperature rocks which

owe their'origin to magmatic processes. The temperatures

at vhich such rocks are believed to form are “higher than
660°C and perhaps as high as 900°C“ (p.128), The Barth
(1956, pp; 3-16) felspar geothermometer method (see Chapter
3) was also applied to the Alaskitile Granite and the two

syenites; and the relative temperatures educed were all
very similar, with a mean temperature of * 850° (Xk = 52/88),
This temperature accords well with the temperature proposed
above, and it is elearly in the magmatic range; -Buddington
(1948, p.Wl) has also commented on the felspars of magmatic
rocks and he stated that "in all fhe rocks for which field
evidence i3 best interpreted as indieating an origin by
congolidation from agma the overvhelmingly predominant felspar
is microperthite” (i.e. the main felspar found in the
Alaskitic Granite). = Tuttle (1952.B, p.113.) has made a
similar stétement. Fourthly, in recent years the exlistence
of wvast amounts of granitic magma in the crust has come to
seem more probable as studies by Ross (1955, pp.W27-434) and
Larsen and Cross (1956, p.9%) have indicated that volecanic
rocks of rhyolitic, dacitic and guartz latitic compositlons
are present in manﬁ parts of the world in volumes which'

dwarf many batholiths.

I



With regard to the genesls
'of the parental magma of the Richter veld Sulte there is a
»conszderable amount of evidenne to suggevt that it was nct |
the end product of cla351ca1 fract1ona1 crystallization.

For example, Waters (in Gilluley ed., 1948, p.107) following -
a long line of transformists bcth wet and dry has attacked
the Bowen theorj of granite formation by 1ndicating that if
‘we are to sunpese that basalt'results frcm the part ial fusion
of perldotlte, and granlte is the end produet of the
differentiation of basalt, Fthe energy problen is truly
colossal", and it‘would be‘negeusary.to get "r1d of 100 times .
as much périly fusedfperidotife'éhd itgvfrysﬁal differentiéteé
‘as we have granité” "~ This argument is partiaularlv vaiid .
 "1n the Richtersveld where we have 1 large volume of granitic'.i
v‘rock and no outcrops of hasic roeks of similar age.} Chapman |
and others (1935, p.518) showed in their paper on the _‘
' 'evolution of the White Mountain magma series which 1s proadly
similar in comp051tion to the Biehtersveld Suite (i.e. 78%
granlte-and 20% syenite), that: while it was qualltatively
' possible to prodnce the White Mountain magma seriesvhy |

fractional crystallizaticn it was>quantitat1vely 1mpossiblé,-
Aas the ﬁro&uétioﬁ,of"each;éuhiﬁlﬁile cf'Whité Mountain
. grahite would feqﬁire theICrystéliizatioﬁ and}aifférentiation
of 16 cubic miles or original gabbraie maﬁerial. Rastall
(39#7,_;.30} in discussing granites in general hag observed
that the study of ore deposits assbciateﬁ with granites lends

- no support whate?er to the theory of differentiation of

granlte-magma from basalt, but rather the reverse. As there
1s no evidenee to suggest that the Richtersveld Suite is

-Jln any way associated with 1arge quantities of basic material,
and as the field evidence suggests that below the present
level of erosion'the Adamellitic Gneiss is ‘the typmcal-




rock type into which the Richtersveld Suite has been emplaced,
it seems most probable that the Alaskitic Granite is of
_ pallngenetia origin, and has developed mainly ag the result |
of the seléctive fusion of the Adamellitic Gnelss, Such an
"origin-fcr therAIaskitiu Granite ﬁiéht also help to aecount
for the high Cl content found both in the Adamellitic Gneiss
- and in the majority of the members of the Rlchtersveld Suite.
Smullkowski (1950, p.137) has discussed this quéstion of
the remeltlng of old granites to ferm new and states that
-selectiva fusion repeated several times, would inerease
.xgradually the concentration of granitophile elements in the |
younger granites. ; Bowen (19%7, p 27%) is not in favour of ,"
the formation of granjte from earlzer granltic rocks and
gtates that "the derivatlon of granitic magma by rpfusion
- of granite is merely pushing the problem back into ‘the misty
-pastﬂ ~ This criticism is only tvue ifF one believeu that |
there is a general grqnite problem (Read 1958, P. 226), but
in the present case the field evidepce clearly indicates
- that there-was an earlier more exﬁen51ve grsnitie rock out-
| crepping in and beneath the area._ The overall pieture that
emerges is in many ways Qimllar to the Dcnegal Cranite .
Serles (Read 1958, Pitcher and Read 1958, ete.) and.Hunter's
'(1957) interpretation of the Precambrian of SWaziland The_
investigators in- both areas ewplieitly state that while the o
g different granite.unlts arevgenetieally related, this does
not imply that the empiacement of the aifferent granite
: unlts “took place in A short space of time. " In both the
- above areas, and in ‘the Richtersveld, 1t would appear that
-/durlng the emplacement mf the different granite units the
crustal segment was rising.;v Thus to-day the early deepsseated
: and the later hlgh level: phenomena are recorded at, the |

- same crustal 1eve1
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| In Chapter 9, section C an attempt will be made to
reconstruct the full tectogenetic ¢yele of which the
Richtersveld Suite is but a phase, The overall pattern
that emerges from this reconstruction is found to be similar
in broad outline to the eycle postulated by Rich (1951, |
pp. 1179-1222) for the "origin of compressional mountains
and associated phenomena", If Rich's theory is modified
and applied to the genesls of the parental magma of the
Richtersveld Suite, the magma iIs seen as having formed as the
result of heat (probably generated by radicactivity) concentrat-
ing more rapidly than 1t can be conducted away beneath and
to the east of the area, This heat thus tended to concen-
trate in the north, north;west trending Soeties-Aurus belt
thét noy contains the outerops of the plutonie rocks of the
Richtersveld Sulte, At that tiﬁe'this belt 1s belleved to
have formed the margin to a cratonic area that extended to
its east, The concentration of heat along this less stable
marginal belt resulted in anatexls and the genesis of the
parental magma of the Richtersveld“Suite. The new magma

is believed to have‘occupied a volume approximately 8 per
cent greater (Rich, 1951, p. 1209,) than the material it
replaced, thus producing a "magma blister"” that domed and
up-arched the crustal rocks above it., The most interesting
effects of this process on the area bordering the blister
are explored in chapter 9 section C, The changes In magma
pressure required for the emplacement of the ring-dyke
complexes aléng the c¢restal zone of the blister are believed
to have been'produced by the extrusion of lava in the manner

described in chapter 9.

(iv) The Syenites: A perusal of the literature
on syenite occurrences reveals that saturated and oversaturated
syenites seldom occur in lsolated intrusions but tend to

occur as border facies, satellite bodies or apophysal dykes
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related to larger granitic masses; and that the
manner in yhich the Richtersveld syenites occur asso-
ciated with a larger mass of granite is typical of
syenites the world over. . Shand (1951, p.85) states
that "the geological occurrence of syenite is such as
to suggest that speciél conditions are re@uired for 1ts
formatidn, an&'that syenitic magma is not normally pre-
sent ip the earth-crust®, The concept has in fact
developed that saturated and oversaturated syenites
geherally result from the desilicétion of part of a mass
of normal acidic or granitic magma (Daly 1933, pp.W77=-
478).

In order to see how the syenites differ from the
supposed parental magma of the Richtersveld Suite the
mean mode of all the Richtersveld Suite syenites has been
compared with the mean mode of the Alaskitic Granite and
it was found that the éyenites show a marked decrease
in quartz, a 37%‘inbrease in alkalie felspar end a 484
increasevin ferromagnesian minerals, The same picture
emerges if the Barth (1948, p.54) standard cell of the
mean Alaskitic Granite (X 2 and 4%, table VII) is come
pared with the mean standard celllof the syenites

(X 15, 16, 18 and 19 of table VII),

X Na  Ca Ba Mg Fe

]

% Granite %.5% 7.37 3.06 0,00 1.17 1.91

T Syenite 4,60 12.66 2.75 0,01 1.83 %.73

-0.06 -5.29 #0,31 -0.01 =~0.66 =2,82

Mn Al T4 Si P OH

% oOranite 0.23 14,63 0.23 61.24% 0,00 9.20
X

Syenite 1.3% 17,14 0,63 54%,9% 0.01 11.%0

-1,11 -2,51 -0.40 46,30 ~0,01 2,20
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From the above it is clear that to convert the mean
Alaskitic Granite into the mean symnite S1 must be
subtracted K, Na, Fe, Mg, Mn, Al, Ti and water must
be added in the relative amounts shown above., The
most slignificant additions to convert the granite into
syenlte are of total iron (150% increase), manganese
(480% increase), titanium (170% increase) and magnesium
(60% increase),  Shand's (1952, p.82) remarks on the
genesis of the Plauen Syenlte in vhich similar chemical
features are found are particularly relevant. He states
that such features “cannot be explained by settling or
flotation of early crystals in the magma of the Melssen
Granlite, because alkall-felspar, the lightest mineral
formed, would tend to float while diopside or horne
blende would sink, The end product would then be
a variety of granlte enriched with alkali-felspar and
impoverished with respect to dark siliecates, ....In
short, we seem compelled, in this and many other
cases of similar character, to recognize a special
processg of differentiation by which the granitie
nagma was enriched in Ca0, Mgl and Fe0, which com-
bined with some of the available Si0, to form
diopside or hornblende and this reduced the amount
of silica available to form quartz".

The most likely “special process" in the case
- of the Richtersveld syenites would seem %o be assimila-
tion of roof and wall rock materials rich in Fe, Mn, Ti
and Mg, The formation of new ferromagnesian minerals
as a result of the assimilation process proposed above
would also deplete the granitiec magma in silieca and
thus reduce the amount avallable to form quartz. The
abowe proposal poses three guestions, (1) Where
does the heat needed for the assimilation process come
from? (2) what type of material was assimilated?
(3) Is the silica depletion produced by the above
process sufficient to account for the quantities of
syenite currently found associated with the Alaskitie

Granite? With regard to the question of heat Shand's
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{1945, p.498) suggestion that the portion of magma
which enters into'reactién with its wall and/or roof
rocks is but a small fraction of the whole, and that
its temperature may be maintained for a long time by
the outflow of heat from the main body of magma, seems
valld in the present eircumstances,

The secohd gquestion vhich is concerned with the
composition of the material assimilated can be tackled
in two ways, first by an examination of the xencliths
found in the syenltes, and secondly by studying the
rocks into which the Richtersveld Sulte was emplaced.
Many inclusions are found 1h the syenites and they
range in size from large sereens to small inclusions
only a few centimetres écross. Most of the inclusions
exarined were found to be of metamorphosed Khels supra-
erustal material (ﬁ;e. quartz sericlte schists, meta-
lavas (mainly acid to intermediate) and biotite schist%).
Inclusions of hornblendite were however found in ring-
dyke A of Roolberg 2, | The small outcrop of Granular
Syenite in Donker Kloof (8D1) was found to be closely
assoeiated with inclusions that were found to contain
approximately 55% biotite, 32% whife mica, 104 quartz,
3% opaque ore minerals. At Rooiberg 2 and at the
southern end of the Xaminxalp batholith where the syenites
predominate, the rocks of the Richtersveld Sulte were
emplaced into Kheis-supracruétal rocks, the ult?améfic
bodies, the aci& hybrid rocks and, to a lesser extent,
into the Adamellitic Gneiss. In the northern part of
the Xaminxaip batholith vwhere the syenites are absent the
bathollth was malnly emplaced intc the Adamellitic Gneilss.
It thus seems that, as in the case of the Diana Complex

of the Adirondacks (Buddington, 1939, p.105), the develop-



141,

ment of the Richtersveld Suite syenites was confined to
those areas that contain mafic and ultramafic rocks.
The depth to which the different parts of the Xaminiaip
batholith have heen eroded is also belleved to have
influenced the present-day distribution of thé syvenites.
The rocks nov exposed in the southern part of the batho=~
1ith are belleved to have been amplaced very close to
-its roof, and those outecropping in the northern part are
considered to have been emplaced at greater depth within
the batholifh. As the incorporation of rcof rocks
(enriched in mafic materials)in the upper layer of the
parental magma isconsidered to be of lmportance in the
gengsis of (he Richtersveld syenites, erosion‘may thus
be respénsible_for the absence of syenites in the
northern part of the Xaminxaip batholith, |
The answer to the third questicn as %o whether
the silica depletion produced by the assimilation of
country rock is sufficieﬁt to account.for the quantities
of gyenite currently found at Rooiberg 2 and in the
| Xsminxalp batholith, appears to be in the negative.
Assimilation can probably acceunt for part of the in-
crease, at least, in Fe, Mg, Mn and T1 as most (if not
all) the assimilated material is belleved to be higher
in these elements than the Alaskitic Granite. The bulk
chemical compositions of the Kheis supracrustal rocks
and the Adamellitic Gneiss are such that it is believed
that while desilication due to assimilation may be
locally significant (particularly in areas where amphi-
bole and blotite schists, and hornbiendite have been
incorporated) in general desilication is quantitatively

incapable of producing the volume of syenites now found
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asgociated with the Alaskitic Granite. If it is re-
caliled that the syenites were emplaced into the eplzone -
the éone of fracture - then a start cen be made at
solving the desilication problem, as it is clear from
an earlier section of this chapter that the emplacement
of the syenitié-rocks wes preceded by a great deal of
fracturing. This fracturing wés accompénied by an
increase in volume which 1s essentially equal to the
voids created (Emmbns; 1940, pp. 1 - 21), The voids
were then filled by the more mobile portion of the
intruding magma, and experimental datz (Bowen and
Tuttle, 1949, p. 459 and 1950, p. 490: Tuttle and:Bawen
1958, pp. 90 = 91) indicates that this highly mobile
escaping "rest magma" 1is probably richer in silica than
the perent magma beneath it. if this removal of rest
magnra is on a 1arge-enough secale it would probably .
result, as Buddington (1939, p.160) and Emmons (1940 and
1953) have suggested, in silica depletion and syenite
formation in the remaining cxystallizing magma. As"the
ratio in which the components of granlite are transported
in the vapour phase,...."favour silica over the felsgpars
and Or over Ab" - Walton (1960, p. 641), the removal of
nore Or relative to Ab together with the silica is be-
lieved to help account for the lower mean K/Na ratio found
in the syenites as compared to the parental (Alaskitic)
granite.

When an attempt is made to view the genesis of
these syenltes as part of a much larger tectogenetic cycle
(See Chapter 9, Section C), it seems probably that lavas

were extruded contemporanecusly with the emplacement

of the plutonic rocks of the Richtersveld Suite,
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and thus the silica rich rest-magms may have been re-
moved when these lavas were extruded. Recently, Boone
(1962, p. 1470) has used the mechanism of the preferen-

tial transport of Si and K to account for the potassie

felspar enrichment found in the syenites of the Deboullie

district of Maine.

The above explanaticn of the evoluticn of the
Richtersveld syenites is not the only passible one,
and 1ts main wesknesses would seem to be (i) that it
requires two mechanisms, assimilation and silica escape
to account for the main features observed, and (ii) that §
1t does not really tackle the question of the huge increase ‘
in Mn and Ti found as one préceeds from the Alaskitie
Granite to the syenites. With regard to these diffi-
culties the paper by Reynolds (1946, p. 411) is particu~
1arly interesting as she found that at Portronan (Co.
'Donegal) a felspathic quartzite bacomes sirongly
felspathized as the granite contact is approached, and
that in the felspathized fock Na20 reaches a geochemical
culminaﬁion, whilst K20 drops to a geochemical depression,
and in addition T102 and Mn0 reach geochemical culminations.
In this same paper (1946, p.435) she states that many
great batholiths are rimmed by "a zone of enrichment in
alkalig, one or more of the cafemic constituents and

one or more of the minor constituents, Til,, P Og and
Mn0O, which travel ahead of a zone of grani%iza%i n".,

This view has been confirmed by Dennen (1951, p.556)

who made a study of igneous contacts and digcovered that
"s11 the chemical features of Reynolds' scheme have

been Tound reproduced on a minute scale at the contacts
studied when sppropriate rock types are considered".
Thus it is clear that the Reynolds! scheme could be

applied to the rocks of the Richtersveld Suite if it

was postulated that the roof'rocks sbove the reservoir
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of parental granitic magma were subjected to the

processes of granitization and this resulted in the .

formation of a capping or front low in free silica but
enriched in Fe, Mg, Mn and Ti.

During a later episode the syenite capping may
have become mobile and been emplaced in two main cyclesy
the first producing the quickly cooled Porphyritic
Syenite, and the second the Granular Syenite which was
probably mobile_and,subject to the physical and éheﬁical
influences of the magma chamber environment for a longer
time than the rock of the first éycle. In her paper
on the Newry batholith Reynolds (1947C, p.21k) states
that the basic front or zone of molecular desilication
.formed an outer aureole of enrichmént in alkalis, and
an inner one of enrichment in Fe, Mg and Ca; thus if
two similar fronts surrounded the parental magma reser-
volr oflthe Richtersveld Suite, the Porphyritic Syenite
would probably contain more mobilized material from the
éafemic front than the Granular Syenite. The method
of syenite formation postﬁlated_above'has much in common
with King's (1942, p.176) main syenite from the Cnoc Nan
Cuilean area of the Ben Loyal complex which was beligved
to be the rheomorphic'magmatic prcduct in depth of the
action of a successlon of alkelumina emanations on a
dominantly dedimentary series. |

The writer believes that during the genesis of
the Richteraveld Suite syenites all the processes that
- have been mentioned above operated and that the following
generalized sequence of events tock place: (1) prior
to being assimilated the roef and wall rocks of the

Richtersveld Suite magma chamber were subjected to the
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early staées of the granitization process and this re-
. sulted in their becdming rélatively enriched in Fe,'Mn,
Ti and Mgy (2) some of these roof rocks which were
enriched in mafic components were then assimilated,
resulting in a significant local increase in the mafic
content, and a’éecrease in the silica content of the
parental magmay and (3) the escape, along fractures
and faults, of a‘relatively silica-rich and to a lesser
extent potassium—rich rest magma.

The main differences between the Porphyfitic
Syenite -and the Granular Syenite are to be found in their
textures, and in the volume and type of their dark min-
erals. The texture of the Porphyritic Syenite can
probably be accounted for by its early emplacement into
cooler country rocks which reéulted in its rapid cooling
and the production of its characteristic texture. The
larger ferromagnesian content of the Porphyritic Syenite
can also be accounted for by its early position in the
emplacement séquence, as its parentalxmagma was probébly
in more direct contact_with the cbuntry rocks forming
the magma reservoir's roof, andvthué acquired more ferrOa'
magnesian material by assimilation.  The incorporation
of greater quantitiéé of country rock would also tend
 to produce a more rapid cooling in the Pdrphy;itic Syenite.
The fact that the typleal ferromagnesian mineral of the
Granular Syenite is hornhiende and that the Porphyritic
‘Syenite is biotite is alsc considered significant, as
1% probably indicates that the former rock type formed
. under higher pressure, and prohahiy SIightly deeper
crustal conditions (Boyd, 1959, p. 383).

o
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Over most of the area in which they outcrap

the Gravular Syenite and Porphyritic Syenite tend to be"
' relatively homogeneous* and thls prabably indicates

that some mixing or homogenizing process was operative'
-prior to their emplacement. The homogenizatlon pro»,
\‘cess was prabably "mechanical kneading" (Beynalds, 1958,
p. 382). A notable exceptien o the general homogereity
of the syenitic members of the Richtervveld Suite is o
“the 1eucocratic border phase of the Porphyritic Syenlte
.'found along the narthern banks cf the Stlnkfontein River .
- {i.e. specimens 528 and 532). ] Not only is the colour
‘,.index of this border phase 1ow, but its felspar crystals .
tend to occur as- euhedral to subhedral laths, being -
"felongated and generally shGW1ng better erystal- outline -
| than is normally founﬁ ‘in the plutonie members of the
:Richtersveld Suate.} The low ferromagnesian content 7
_of this Leuco-syenite can be accounted for in a number

of ways, but the most prebable appears to be the operas
vtion of a local winnowing process whlch retained the |
platy felspar crystals while the heavier ferromagnesian
| minerals sank - to lower 1evels. - Such a process wonld
.also account for the better crystal outline displayed

| by the accumulated felspar crystals as they would have -
grﬁwn"suSpended ih”é.fluid mediﬁm._ It aléo seem probéb1e 
>,tnat the felspar crystals, like those of the Salem
o (Toulmin, 1960 pp 275 - 286) Syenlte, collected on an
outer lip of the batholith B ‘

_ Before considerlng the evolution of the granitie
'members of the Eichtersveld Sulte, the Alaskitic Granite-
Porphyritlc Syenite contact portrayed in plates 7 and 8



S A

will be Vcii'scuéséa'-as ‘ﬁhis -éo‘ntaét was studied in- ‘détaii ‘
and 4t is belleved to prov1de valuable supplementary |

' evidence on the petrogenesis of the syenites. Plate 7
4shows the sharp curvilinear contact as 1t appeérs from  f
:,a dlstance, and plate 8 sh0ws an 1nterest1ng part of :
the. contact 1n mere detail. : Plate 8 is partlcularly
.1nteresting in that it is similar to figure 18 (p. 56)

in -G‘ftgdahl‘s% (1953) paper on the cauldmns of the _Oslo '
iegion, whichishoﬂs:a céﬁtact betﬁéén,Quarﬁz pdrphyry  ;
and granite.  The similarity is mainly the result of
"hcth‘contacts’heing,éréﬁdédAWith’small,dark;veinﬁliké
‘bodiesf,; In the Oslo regian the ﬁeins are of:féisite

and are believed (pe 56)'to "repfesent crack fiilings
intrcdﬁced:aftef,fhé consﬁliéétion<of the'quartZ'gorphyry";
Invthe.Richtersveid'tﬁe veins are dark gréy{(Né) and are
fbﬁnd ﬁo be coﬁposed.of élternating bands of fine gfained_
~ erystalline and cryptocrystalline material.r‘ In the

o crystalline bands, micrcperthlte, quartz, biotlte and a

1itt1e opague ore were the only minerals to he 1dentified.

. Analysis 26 of table VII is of one of these veins, and 1%

Cis fﬁund to.contain the follow1ng proportions of nermative
| ;mlnerals 42% quartz, the same amount of felspar (kz% 0r25
Abgs Ang) 23% corunﬂum, 9% diopside, 2%% ore minerals,
and 134 caleite, The composition of this specimen is
of particﬁlar’ihterest»as 1f.it,llike'its~Oslo‘counterpart_
represénts a erack fiiling inﬁféducéd after the eonsoii»“
dation of the Porphyritic Syenite at that level in the crust,
the material of whlch it is composed possibly represents
the fluid which_escaged from the magma crystallizing at
.'depth. »ﬁéhé texture of the veins suppérts this inter-
pretation as it typically displays crﬁstification-and‘in;
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'.parts a Vegue comb structure, both features being typical:v
" of cavity or fracture fillings (Bateman, 1950 De 108).

' If,'as suggested sbove, the dark acidic ve1ns are indica~
tive of the composiuion of the fluids escaping from the .
erystalliz;ng magra then their siliea rieh nature is
 similar to that whleh was postulated as escaplng from
«these magmas earlzer 1n this chapter. The demlnance of L
Na over K in this material 1s unexpected, as K 1s believed
'eto be transported in preference to Na in the vapour phase
(Walton, 1960, Ds 6&1), but Orville (1960, pp. 104 - 1@8)
" has shown that the relative movement of K and Na is
governed by thermel gradients if the elkali ions are free :
»4 to diffuse beteeen high and 1oW: temperature parts ef a

- rOCK mass. The eracks which the dark rhyolitic veins
fill tend to run parallel to ‘the contact and- ave believed |
:1Lto reeult from. the tendency of syenite magma, like granite
magma, on crystallizing, to occupy less space than its
vmelt (Johannsen 1932, De 130) L Plate 8 glso shows a
hlock of Alaskltic Granite engulfed withln the Porphyritic

Syenlte. |

| (V) The Grggiteg We now turn to dlseuss the
| granites of the Richtersveld Suite. - This toplc has
'been left until after the discussion on the genesis of
the syenites, hecause (as there is such a vast 1iterature
- on the origln of granites) it was belleved that eur fleld :
- of enquiry could be narrowed con31derably if the associated
‘syenites weTe considered first. “The two main granites
‘differ fundamentally f}om'eﬁe another in fhat the Alaskitic_
"GranLte is a high temperdture "hypersolvus" granite, and
| the Porphyritic Mlcrogranlte is a 1ow temperature (IIC)
" subgolvus! granite (Tuttle and Bewen, 1958, pp. 126 ~
130).  The evolution of the more common Alaskitic
' Granite will be considered first, and figure 10 (in

Appendix‘2)’shews»that 1t falls into the low temperature
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trough of the system Na A1,81308 ~ KA1 S:l.308 - 8102
(petrogeny's residua system). This indicates that
‘ ééuilibrium between liquid silicate melt and erystal-
line phases played a significant-role in the evolution
of this Tock type. This, however, does not imply that
the Alaskitic Granite necessarily crystalllized from
the liguid residues of fractional erystallization, be-
cause as Turner and Vérhoogen,(1960, pe 348) have stated
precisely similar chemical chaiacters may he exﬁected'
in acid melts formed by partial fusion of common sedi-
ments or igneous rocks. Walton (1960, p. 635) has
' expanded on this latter concept and from it he has
developed his anatectic model. Recent experimental’ ‘
studies by Orville (1960, p. 104) have revealed that
there 1s a strong possibility that rocks which have
bulk felspar éompositionsAcorresponding to minimum
’meiting compositions in the synthetic granite and ter-
nary felspar system and are therefore cbmmonly regarded
as late magmatic differentiates, might also be produced
by transfer of felspar compounds in solution through
a vapour phase . The concept of'petrogény's résidua
system 1s still believed to lead to fruitful results
even though the number of paths leading to it have been
increased since Bowen proposed the.concept in 1937.
Recently Thornton and Tuttle (1960, pp. 664~684) have
re-examined the concept in the light of new experimental
data, and they have been able to state (after studying
the results of nine new experimentally investigated sys-
tems) that Bowen's deductions regarding the consequences

of cryétallization hold for all of these systems (p. 669).




In section (iii).of this chapter‘the Alaskitic
- Granite was found to be of palmngenetlc origin, and the
newly forﬁed magma was-considered to have made room for
itself by distending 1ts country-rock envelope, and
1ater’stoping and block subsidence assisted in its em-
placemént'into'higher crustal levels, The loéal
‘uextural variations fbund within the Alaskltie Granite
~are believed to be the result of local differences in its
cooling history. Turner and Verhoogen (1960} p.65)
have shoﬁn that “COntinual slow céoling essential fdr
the development of the plutonic fabric is controlled

- only partly by depth. Of equal or greater importance,
especially in the shallow plutonic masses, are shape .
of the magma body (particularly the ratio of volume

to area of cooling surface) and temperature of hosthock®
The textural differences between Dl (the outer part of
Ring D of ﬁooiberg 2) and Dg-(innef ring) seem to indi- .
cate that D, cooled more rapidly than Dy. It is of
interest to note that Kapp (1961, p.586) has stated that
frequent changes of grain size and texture, porphyritic
and brecciated facies, as well as pegmatitic patches

and sehlieren which are all features of the Alaskitic
Granite, are signs of a near éurface.intrusion. Unit
D3 and the rocks immediately about the Porphyritic
Microgranite are bvelieved to have been modified by
fracturing, crushing, and pneumatolytlc and hydrothermal
effects assoclated with the emplacement of the Porphyritie
Mierogranite. The glomeroporphyritic aggregates that
occur in some of the porphyritic parts of the Alaskitic
Granite are regarded as having been formed "during an
early phase of crystallization afterwards rising or

- sinking through the magma or being broken away by the
latter from their first place of attachment and carried

up or along during a: 1ater stage of magmatic movement™
(HOlmes, 1930’ po JS )t
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he texture, mineralogy and geochemistry uf the

o suhsolvus Porphyritlc Microgranlte clearly sets it apart

L from the Alaska.tic Gram.te., Ag this rock was emplaced |

after the maln phase of Rlchtersveld Suite actlvity, and "
]as its outcrop area is much less than that of the Alas-
- kitie Granlte, it seems. probable that it crystalliaed

' from a late residual liQU1d derlved from the crystal~-
1izing Alaskitic Granlte. - The marked increase in the
: Rb, Ll, Pb and Ti content, the decrease in Cu, and the
 low KYRb ratio (97) of the Porphyrltic Mlcrogranite are
| all geoch@mical trenas that support this hypothe51s
(Nockalds angd Allen, 1953, Taylor anﬂ others, 1956~
Hors tman, 1957, Shdw, 195?~ Taylor and Heier, 1958A* .
| Heier and Taylor, 1959, Volkov, 19593 Zlobin and

1 'fLebeaev, 1960; and Butler &nd others, 1962). The Por

fphyrltic semnatlc texture of ﬁhe Porphyritic Micregraniue

~ is of eonsiderahle 1nterest, as (1) the large and often _

euhedral quartz ‘and K—felspar phenocrysts appear to have
- grown for a considerable while suspended_in a medium that
| - did net inhibit the-develcpménﬁ'oficrystals‘with'gobd
erystal outllne, and (2) the fine grauﬂdmass éﬁggests-,
;rapid cooling. The Porphyrltic Nicrogranite occurs in

a stock with a mean diameter of 560 yards (510 w.) thus
.if uhe-materlal composing the stock wasg @mplaéea into
cold country rock it would- probably have cooled rapidly. j
K As the mean grain dlameter of the grounﬂmass crystals |
;;413 0.07 mm, only Just greater than theio 05 mm. diameter

‘which the B.A. Comni ttee (1930) recommended as. the 'v
‘dividing llne between rhyolites and mlcrogranites, it

- can be seen that with regard to grain size this rock
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type is perhaps more skin to a'porphyritic rhyolite than
~to a-normallgraﬁite. The Porphyritie Microgranite is
in fact similar to mény of the "rhyolites" of the ring
coniplexes from the younger granite pro#ince of northern
Nigeria (Jacobson and others 1958). Jecobson and B
others (1958, p. 13) in discussing these rocks state

that the 1ate rhyolites are invariably porphyritie,and
usually the_proportion df phenbcrysts is of.the order

of 50% and SQmetimes greaterb At the present level of
erosion the Porphyritic Microgranite 6ut¢rops as a stock
thus the desigﬁation mlcrogranite. is probably correct,

' though 1t is certainly within the Tealns of possibility
that the present day stack was a conduit up which magma
once flowed_and erystallized at tha gurface &s rhyolite. |
This sﬁggestion wou1d be in harmony with much of what

is kndﬁn about ring-dyke complexes from other areas, as
many such areas contain subvolcanic plutons which are.
directly 355001ated w1th_Volcanic rocks. The striklng
increase in the fluorine content of the rocks about the
outerop of the Porphyritic Microgranite probably indicates
that volatiles from this source perniea‘bed the rocks about
~ the central stock and this too could be most satisfac- |
 tori1y explained by the conduit hypothesis. 'It thus
seemg likely that the Porphyritic Microgranite eVOlved

in the following ﬁanner. Towards the close of the
crystallization of the Alaskitic Granite, a condult
formed, or was re~opéned, by one of the methods deseribed
earlier in this chapter. This resulted in the‘fracturing
of the . rock about the conduit. As the condult deveioped
it £illed ﬁith a regidual granitic»rhyolitic magma which

was probably Charged_with volatiles and carrled euhedral
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valgaliéfelsﬁafénd’quafﬁzlﬁfysﬁéis., _The.vélatites__<
‘>permeatea;ghelfkagtureslabout the‘ccnauit,_partical#rly,
" on its western sidé wheré the fractures are believed
to have §een more nﬁmefouS:énd thiszpérmeétidn bf the
Alaskitic Gran;te by volatiles prebably 1ad to Lh@ forma~
tion of the dlstlnctive fluerite rich granite of unit Dy
‘Eventually magmat1c activity ceased dﬁd the conﬁult be=
came choked w1th materisal which erystallized rapidly, )
v'_because by_thls stege in thevevo;ution of the Blchtersr:
veld Sui%e'thé<eveﬁﬁg~ﬁéiﬁg~described~prohahzyetook S
place very close to the surface. »70n cry9£allizing the
‘ Porphyrltlc Mieragranlte prabably contracted slightly |
' particularly near its outer centaﬂts,(i.e. crystallized
granite magma tend gris} occupy 1ess space ‘than its melt -

'Johannsen, 1032, p. 130) and thls produced network of

f:,fractureg linklng the Porphyrltlc Mlcrogranite Hlth the

great. bulk of crystallized anﬂ crysta11121ng mdterial
heneath Roolber 2.' These fractures are believed to
have a591sted in the deveIOpment of the unusual mineral- |
ogy and chemistry that characterlzes the Porphyrltic - |
Microgranite, as late solutions are believed to havev

*trdvelled -along: these fractures and permeateﬂ tha Por— :

"  phyritlc Microgranite.

As can be seen from Tanle Ik the mineralegy of
the Porphyrltic Mlcrogranite is very simple, with K«
felspar, quartz and white mica being the only signiflcant

..s phase$_ The mean modal quartz content (wt. %) is 38.8%

and thus falls glthln the limits.set by Qhayes (1950B,,

 ..p« 1%8 énd 1957, p. 58) fqr_ﬂnpfmal"granites; ‘This
':quartz pefcenﬁagé.ié howeveri'slightly‘higher thén fhat

© of the "average" New England Gramite. The 24.0% white
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'mﬁdafiéfalsc cbﬂs1dérbavsignificaﬁt as sucﬁ'high-percen- ,,"
tages are decidedly uncommon in normal granltes. .Chéyés:
'7.(1952A, D 212) has huwever, observed tbat  "tnere does |
seen to be a. relationuhip between mica and quartz vensn _>; ‘
quarts rieh mas"eg being relutively r;cn in miea" V-Thé .
largest amount of modal muscovite gbserved by Chayes , -
"7(1952A) in a single specimen of granlue was 12. 2%,‘ deer 
angd. Eugster (1955, p. 225) in their study of synthetie

:'and natural muscbvitms have notea that muscov1te is
absent in those igneoas rocks thought to have formed at
‘high temperatures, i@ not common in hypabysﬂal Sallc '
1pnemus rocks, and is shgent in extrusive rocks. , Byj
superimp&sing their stability curve of muchV1te on
- Tuttle and Bowen?s minimum meltzng curVe of "granlte“ )
 'they (Fig. 16 ph 267) are ahle to show that above

" approximately 1500 atm. 1t ls p0591ble for muscovite to
form on the liguidus surface of the granite systam, bug
| below that pressure murcovite1nan form only in the SOlld

-state."' As the Porphy itlc Microgranlte is believed to

| have cfystallized in 2 near surface’ env1ronment, thege
" data would seem %o irdicate that the white mica formed in “
: »ﬁhé éolid'stafe}  This evidence accords well with that |

, gleaned from the feISpar (1.9. the felspar shomed that the

' Porphyritic Microgranite was a lothempefatare‘subsolvus,

- 1IC, granife)g.thusfthe pr§sen$,mineré1 assemblagefaf}thef
rock,is;cdnﬁidéréd'ﬁo haVe'&evélopediét'subﬁmagmaﬁig ﬁemperv'
atures.’ Ioaer,and_EugSter~(1955,v§; 26?1’3150 draw |
attention td.the‘facﬁ'that~ncrmaﬁive corunduﬁ éan'be_use& -
to estimate ﬁhe amdﬁnﬁ cf'muscﬁvite o be fbunﬁ.in a
pérticular-granite; By eonstructing-a histogram of the

weight % of normative corundum in théfléko analysed rocks
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.."GL granitic composltlon glven by Washlngton (1917),_ -
r_vthey (p. 267) found that the aVerage normdtlve corundum}”
i of 211l such reckg_ig~lg23%.whlch,amounts to,about_h,éz
muscovite. - ﬁpprXimaﬁely'9% 0f-the'analyzed7gfanites .
,héve'estimatea.nérmativefghﬁyéroﬁs.muscoviﬁé éxceéﬁing_:
the highest vslue found by Chayes (19524), and approxi-.
V mate1y 1%'havé’eétimatedfngxmativeJanhydrous'mnsccﬁite"'
.-conﬁenﬁéfeﬁceéaing-that found in the Porphyritic‘ﬁi@rﬁé
granite. Yoder and Eugétér'(1955,‘p. 269Y élso.f@unﬂ
that " perusal of Washingfom?sfcqmpilatiaﬁ:of chemical -
analyées of ivﬁeous'rocks‘inﬁiéatés that those grahites
in whlch K20 is greater than Naae * Caﬁ, are rieh in
| muscovlte" lhiS observation is certalnly true in
th@ cage of the Parphyrltic Microgranlte,_~ |
The high K/Na ratlo of the Porphyrltic Micro-
granite, and thus of the muvcov1ne it contalns, is of-
; cons1derab1e 1ntbrest in that Na is known to replace K
in most muscovites and this.replacementAincreases at
increased temperature of muscovite formation (Berry and -
Mason, 1959, pe 612).  This indicates that the
muscoviﬁe found in th; rock is prchablj a low temperature
varweuy, though the 10w sodium content mnay indlcate no
more than that the muscovite formed in an enviromment

deficzent in sodium.

';-*t@iMa(mat ¢ _Featuresgs ‘-A hnmber of

mogt interesting lrregular veins, or narrow dykes, were
foun& within the Porphyritzc Microgranlte. The veins‘f
: which are VOlumetrically ;n31gn1ficant, tend %éfhe o

about & inehes (10 cms.) w1de, and arve composed almost -

entirely of white mlca, but carry accessory amounts of
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fluorite and quartsz., The texture of this‘vein'ﬁaterial
is granulér and not at all séhisfose,as can be seen from
specimen 571, A semiquantitatiée partial analysis of
this material was nade and'it was,found_to aontaiﬁ'i 10%'K’,
less than 1% Na, Li ts P«P.HM.4 Rb : 30é p;p.m., Sn 20
Depol,y CU 3 p,p.im. Pbtr., Ga 60 p.pim;., T1 3.7 p.D.m.
~Thé Sn, Ga and.Tl values were all significantly higher than.
those found'in'the_granites of the Richtersveld Suite.
' Descriptioné of similar veins or dykes ére seidcm found in
the literéture but Morozewicz (1899, p. 215) has described
a corundum-orthoclase pegmatite, Yoder ‘and Bugster (1959,
. p. 269) believe that ﬁon the basis of fhis occurrence, it
seems reasonable to expeet, in nature,'dykes consisting
mainly of muscovite":i. 'Schermerhorn (1956, p. 3%7) has
found such muscovite veins in one of the Transconso
.Granites of Portugal,  He believes that these veins
déveloped from "rest fluids of magmatic derivation". A
\ reqt-magma of similar compésition-was proposed by Read |
(1931, pp. 162-163) to account for the muscovite and
sillimanite in the Sutherland Granite. N
Another interestlng rock type is also found
associated with the Porphyritic Microgranite, This rock
" type occurs on the knife~edge ridge to'the immpdiaﬁe west
-of the Rooiberg 2 trlgonometrlcal beacon, and is at the
contact between the Perphyrltic Microgranitn and the
Alaskitic Granite. In this locality a small pateh of
granite is found "with an elementary graphiec structure"
and within which "cassiterite 1s present as an accessory"
(de Villiers and Sohnge,1959, p. 253). The authors of
the Richtersveld Memoir had some of this material spectro=

graphically analysed for tin and it wag found to contain
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0.35% Sn,  De Villiers and Sthng (1959, p. 253) also
state that "further investigations of this loecality ....
indicated that there were nc¢ local conceﬁtrations of
the'miheral (cassiterite) at the surface and that there

was no Justification for further expenditure‘on exploration
for commercial tin ore", The evidence obtained during
the‘present investigation is 1n complete agreement with

the above statement, The tin contents of both the
Porpuyritic Microgranite and the Alaskitic Granite (from
ring D and from the Xaminxaip batholith) were determined,
as 1t was believed that if a significantly higher tin
content was found in the Porphyritic Miercogranite it would
enable any future prospecting to be limited to this roek
type. The‘resuits, however, proved negative as the

tin content of all the granites studled including the much
‘earlier Adamellitic Gneiss, was found to be similar., The
occurrence of 0,354 tin even though in a very localized area
is of considerable geochemical significanée ag Ringwood |
(1955, p. 198}and 244) and Onishi and Sandell (1957, p. 263)
have shown that Sn2* and th* both tend to accumulate in
residual magmas, To summarize, the presence of fluorite,
muscovite veins and the cassiterite bearing micré%gmatite
within the associated with the Porphvritie Microgranite all
support the hypothesis that the Porphyritlic Microgranite
was fractured and permeated by late volatile riech (pegma-
titie) solutionms, The presence of F and OH in the late
solutions is of particular interest as they are both well
known mineralizers (Buerger 1948, p. 746) which increase
the fluidity of the silicate melts by breaking down

(Si-0-8i) oxygen bridges and causing '"the magma to undergo
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N\
a transition.}rom a glassy state to a liguid state".

The genesis of the unusually high K/Na ratior.{66)
of the Porphyritic Microgranite poses a number of questions.
Von Eckermann's (1960, ppj%519~528) Borengite which was
discuséed earller in this chapter is one of the_féw igneous
rocks with a K/Na raioc greater than that found in the
Porphyritic Microgranite, A bostonite from New Haven,
Orkney was found to eontain 11.34%% K50 and 1,66 Nas0 (See
Summary of the Progress of the Geological Survey of Great
Britain, 1928); and Stringham (1953, pp. 945 - 991) has
described a small stock from Bingham, Utah where some of
the granite is sxceptionallv K-rich. Kathove (1949, pp.
467 - 470) Kennedy (1955, p.#99)and‘Schermerhorn (1956;

P. 329—3%8) have shown that many potash-rich rocks,
particularly granites, have acquired some of thelr potassium
from post~erystallization reations (e.g. microclinization),
A perusal of the literature, however, indicates that the
rhyollites of the Permian and Triassic Koipato group of
northeyestern Nevada have the most in eommon with the
Porphyritic Mlcrogranite. Tatlock (1962) in his des~
eription of these rocks states that they were originally
derived from a magma which crystallized as a leucogranite
containing 5.8% K,0 and’ 3.0% Na,0., He then states that
the uppevhalf of the volcanie plle was derived from a later
potassic differentiate (6.8% Kéo, 1.2% Nas0) of the
leucogranite magma. Later "Kurich flulds associated with
the potassic differentiate infiltrated the pile including
previously albitized zones as well as parts of the leuco-~
granite pluton, accomplishing a nearly pervasive replace-
ment of albite by K-felspar. The effect was to greatly
enrich the pile in K at the expense of Naj; an estimated

40 percent of the pile contains 6.0% to 13.0% K,0 and<<
0.5% Nas0". As previously stated, 1t is believed

that broadly similar processes were at work in the formation

of the Porphyritic Microgranite (as it occurs today).
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The second part of the above hypothesis 1s not without
experinmental backing, as recent studies by Orville (1960,
' p. 104) have established that “ion ~ exchange reactions
take place rapidly and reversibly between alkali-bearing
hydrous solutions and alkall felspars at temperatures
greater than 300°C and pressures ranging from a few to
thousands of atmospheres®, His (p. 109), investigations
of the temperature dependence of the alkali felspar -
vapour ion~exchange reaction. indlcates that "in the
simplest instance, alkali-bearing vapour in equilibrium
with two alkall felspars at high temperature will, on
cooling, be capable of replacing a certain amount of
Na felspar by K felspar in accordance with the reaction
Na felspar + K¥ > K felspar « Na¥"
As Orville shows his data are in agreement with observations
made in thermal hot spring areas where Na felspar is
commonly replaced by K;felspar; |

The Porphyritic Miérogranite is thus believed to
be the product of two processest (1) the rapid crystal-
lization of a late granite magma that contalns euhedral
guartz and felspar ecrystals, and (2) the infiltration
into the crystailine Porphyritic Microgranite of K-rich
fluids that generated the XK-felspar and muscovite rich

rock found today.

(I) Resume: Two outcrops of plutonic rocks
belonging to the Richtersveld Sulte are found in the area.

They are the Rooiberg 2 and Xaminxaip outcrops and together

with other cuterops of. the Richtersveld Suite they form

a north, north-west trending belt that extends for 120

miles from Soeties in the south to Aurus in the North.

The Rooiberg 2 outcrop is made up of four concentric ring-
dykes, A, B, C and D, and a central-stock (unit E).

The Precambrilan age of this ring-dyke complex 1is of interest

as similar complexes from other parts of the world are
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generaliy much younger in age. Rings A and C are found

to be composed of Gramular Syenite, Ring B of Porphyritiec
Syenite, Ring D of Alaskitic Granite of three sub-types,
D1, D2 and D3, and unlt E is found to be composed of
Porphyritic Microgranite, Rock types similar to all

the above units, except the Parphyritic"Microgranite,

are found in the Xaminxalp batholith, Petrographic

and geochemical data necessitated a revision of the

earlier correlation of the units of Roéiberg 2 with those
of the Xaminxaip bathollth, Contacts between the
different rock units are sharp and generally curviliner

and thus appear %o iIndicate that arcuate fractures played
a significant role in the emplacement of these rock units,
The Alaskitic Granite, Granular Syenite and Porphyritie
Syenite were 8ll found %to belong %o Tuttle and Bowen's
(1958) hypersolvus salic rock group and are thus interpreted
as being high temperature magmatic rocks. Evidence from'
rock téxtures, grain slzes, mode of emplacement and the
nature of contacts all support the magmatic hypothesis.

The type of felspar and the muécoﬁite content of the
Porphyritic Microgranite indicate that its present}mineral
assemblage developed at low temperatures, The Alaskitle
Granite, Granular Syenite and Porphyritic Syenite were all
found to be significantly high in Cl1 and Mn and low in ILi.
Both syenites are also significantly low in P205 ahd have
abnormally high K/Rb ratios (X = 45%). Thelr ratios are
double those (230) now accepted as normal, The Porphyritic
Microgranite is significantly enriched in XK, Rb, Li, Cs,

Pb and T1 and is depleted in Na and Cu, The emplacement
sequence at Rooiberg 2 is believed to have been Porphyritic
Syenite — Granular Syenite —Alaskitie Granite —Porphyritic
Microgranite, but in the Xaminxaip batholith the Alaskitie
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Granite, which is considered to be similar in composition
to the parent magma from whieh these rocks are derived,

was emplaced first over wide areas. At the present

level of erosion the Xaminxaip batholith 1s believed to
represent the coalescence of a number of shaller stocks

and ring-~dykes. The Alaskitic Granite 1s Interpreted
.as being of palingenetic origin, and as having developed
from the selective fusion of the Adamellitlc Gneiss The
textural variations found in the Alaskltic Granite are
believedvto have resulted from local differences in its
éooling histroy. The development of the syenites from
the granitlc parent magma required the removal of §i,
slight additions of K, Na and Al and significant incresases
of Fe, Mg, Mn agd Ti. Desilication was produced by

both the assimilation of the more basic roof and wall rocks
énd the aescape of silica rich volatiles, Prior to
assimilation the roof and wall rocks are believed to have
been subjected to the early stages of the granitization
process and this has resulted in thelr containing higher
than normal concentrations of Fe, Mn, Ti and Mg, It is
considered significant that the syenites arelconfined to
the southern part of the Xaminxaip batholith as (1) the
rocks exposed in this area are belleved to represent material
emplaced near the roof of the batholith, and (2) ultra-~
mafic and mafic country rock is more common in the south of
the bathelith, The petrography and geochemlstry of the
Porphyritic Microgranite clearly set 1t apart from the
| other rocks of the Richtersveld Suite and they indicate that
it prcbably crystallized from a regidual granite—rhyoiitic
magma that was charged with volatiles and carried alkali-
felspar and gquartz crystals, This magma cooled quickly
in a near surface environment, It then fractured, and the
rock was permeated by Kerich fluids that gave 1t 1ts unique'
| K~rich character and also resulted in the formation of

muscovite rich veins,




VI . QUARTZ BOSTONITE AND HORNBLENDE DIORITE DYKES

(4) Introduction:
Rogers (1915, p. 97) was the first to mention the

numerous dykes found in the Richtersveld. In the éouth-
eastern Richtersveld these dykes can be divided into two
main swarms on a basis of their width, composition, and
orientation. Both of the dyke swarms cut the Alaskitie
Granite and the Porphyritic and Granular Syenites and

were thus emplaced after the main phase of Richtersveld
ignecus activity,  The roeks of the Nama System lie
unconformably above these dykes and thus were lald down
after their emplacement, Haughton and Frommurzts (1936)
map, however, shows bostonitic dykes cutting the "Numees
Beds" at Nabas (or Chamgabmund: See map 2). De Villiers
and Sdhnge (1959, p., 181) believe that sediments similar to
these Numees Beds which are found on the western side of
the Orange River belong to the Nabas Stage of the Kuibis
Series of the Nama System, The bostonitic dykes are thus
seen to eut, and are younger than, the lower beds of the
Nama System, The presgnt writer examined a specimen of
one of these dykes from Nabas (which Prof, H, Martin kindly
supplied) and it was found to differ considerably in
appearance from the quartz bostonites of the area studied.
It is thus suggested that the Nabas bostonites are probably
genetically related to the Tatasberg Pluton (see S8hnge and
de Villiers, 1948) which cuterops very close to them and
that they do not belong to the Riehtersveld Suite,

The majority of the wlde Hornblende Diorite Dykes
strike due north and are most densely clustered about the
central meridian of the area (5A, 5B, 5C, 5D, 5E, 5F, 5G,
YF, 4G), ‘These "wide" dykes were studied throughout the

whole of the Rilchtersveld and all were found to have gsimilar

]
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strikes., The main direction of strike of the narrow
Quartz Bostonite Dykes is found to vary between N 10°B
and N 30%E with a slight maximum at N 3062.' These
dvkes are most common in the south and particulariy the
south-eastern part of the area, The mean width of the
Hornblende Dilorite Dykes, as found in the area, ié
approximately 12 ft, (4 m,), but If the whole Richtersveld
is taken intc consideration they are found to range in
width "from a few feet (or less) to over 1 mile" (de Villiers
and Sthnge, 1959, p. 139}. | The Quartz Bostonite Dykes
are generally less than a yard (1 metre) wide, many are
but a few inches wide, and the mean width of these dykes
is approximately 18 inches (46 ems,). From their
width 1t is clear that many of the Quartz Bostonite Dykes
de not show up on aerial photographs. - Thus while an
attempt has been made to map as many of these dykes as
possible, it has ndt been possible to map them all,
De Villiers and SBhnge {1959, pp. 138 - 14%) include both
of these dyke swarms in thelr "dykes older than the
Kuboos Igneous Complex™ category. The Hornblende Diorite
Dykes were included in their "mafie and ultramafic" dyke
group, and the Quartz Bostonite Dykes in their "diabasie
and felsic dyke group™. The latter group is particularly
large and &ll embracing, and it contains rocks ranging in
composition from aplite tc dolerite and ranging in time
from pre-Stinkfontein forrmation to post-Kuboos. The
Richtersveld Memoir authors {(p,141) state that "there was
neither opportunity nor need to assign the countless dykes
to their respective groups", |

With regard to the relative time of euplacement of
the Quartz Bostonite and Hornblende Diroite Dykes, de

Villiers and Sdhnge (1959, p. 138) stater that the "dlabasie
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and intermediate dykes" .... "cut the mafic dykes",

During the presept study a numper,of locaities at which

the two swarms intersect were visited, In all Ioéalitiés
éxposures were poor, but at none could a Quartz Bostonite |
be found cubting the Hornblende Diorite Dykes, As de
Villiers and Sthngets (1959) "diabasic and intermediate
dykes" included dykes of many different compositions and
ages, 1t seems likely that the examples they found of rocks
of this group cutting the dioritic dykes were taken from
outside the area being studied here in detail, and that

the intersecting rock was not a Quartz Bostonite,

(B) Quartz Bostonites
(i) Field Description: The Quartz Bostonites

(Bo,) are here defined as dyke rocks which mineralogically
and texturally Include both microsyenites and intrusive
trachytes (quartz less than 20%, alkalic felspar greater
than 2/3 total felspar, colour index generally between 0-20
i.e, Hateh, Wells and Wells, 1949, p. 246). De Villiers
and S8hnge (1959, p. 144) did not make a petrographie
study of these dyke rocks but after considéring their
characteristic colour of dark grey (N3), speckled with
pinkish grey (5YR 8/1) and medium dark grey (N4) pheno-
crysts, they concluded that "the vast majority are fine~
grained dark rocks of dlabasic appearance"”, This diabasic
appearance is highly deceptive as petrographic study
invariably reveals the rocks to be Quartz Bostonites.

(It might perhaps be noted that the term dolerite'means,
"a deceptive rock" -~ Tyrrell 1929, p., 120), Most of

the Quartz Bostonite Dykes have a vertical dip, but some
dip steeply %o either east or west as can be seen from

thelr outerop traces on the contoured geological map
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accompanying this report. In contrast e the Hornblende
Diorite Dykes the finer grained Quartz Bostonite Dykes

tend to be more resistant to weathering than their host
rocks. characteristica2lly the Quartz Bostonites break

into flaggy pladed fragments, On weathering.

(ii) - étrographz- The grain slze and texture
of the Quartz Bostonite Dykes va aries considerably and these
yariations have thelr repercussions on the determination
of  the modal composition of these rocks &8 (1) the smaller
sized minerals in the finer grained gpecimens poOsSe€ problens
of identification, and (2) the Holmes and Blliott effects
become significant, particularly when dealing with the
minute ore minerals. Another problem was posed by the
frequent appearance of extremely narrow veinlets of
secondary quartz and caleite, - The mean modal (vol.%)
composition, and the standard deviations of the jndividual
mineral species, of_16 fresh specimens of the Quartz
Bostonite was found to be as followst=

Alkalic Quartz Opaque Ore Biotite caleite Horn-
Felspalr . Minerals blende

N2 W5 3,0 . 13.3 . 2.4

X

S 10.1 3.5 1.8 9.6 2.1
gpidote Wnite Mica Zircon chiorite Plaglo- Apatite
Group clase

X 0.8 0.7 0.1 0.1 Tr. Tr.
Fluorite

X Tr.

e



From the above it can be seen that the Quartz Bostonites
are more variable and tend to.he richer in quartz, the
opaque ore minerals and secondary minerals like calcite,
than the plutonic syenites of the Richteréveld Suite
(i1.e. the mean syenite contains 2,3% quartz, 1.1% opaque
ore minerals and 0,449 caleite). In photomicrographs
1% - 17, which are typical of the different textural types
of Quartz Bostonites diseovered in the area, it is found
that as the minerals in the groundmass increase in size
the texture of the rock changes from porphyritic perpatice
with a pilotaxitie grouhdmass in which the microlites have
a mean thin-section area of 0,0016 sq, mm., to a sinilar

rock with a sub-trachytoid groundmass texture, This

second rock type grades into a rock wlth a granitic ground-

mass texture and finally, in the coarsest grained specimens,

the texture is uwniform and granalar with a mean thin-section

grain area of 0,71 sq., mm, (see Photomicrograph 17), The
rhenocrysts, which are generally euhedral to subhedral
perthite crystals, have a mean thin-section area of 1,89
sqg. ma, Microperthite is both the most c¢ommon pheno-
crysts and the dominant groundmass mineral. In the
coarser specimens the perthite crystals frequently show
simple Carlsbad twinning, The optical properties of
some of the more»homogeneousvmicroperthite crystals were
determined. The mean 2Vx was found to be 83°; and
refractive indices of ¥ = 1,520, Y =1.524 and Z = 1.529
were found to be typical of these c¢rystals, Fractures
found in some of the phenocrysts were observed to con-
tain material similar to that of the groundmass, thus

indicating that the phenocrysts fractured prior to the

completion of crystallization of the groundmass.
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The epldote and calcite found in some specimens appears
to £il11 vesicles, If this interpretation is correct .this
indicates that these particular dykes were emplaced in a
near surface eavironment, _ |

If the grain-slze ofvthe different Quartz Bostohite
Dykes ig consldered in relation to their field distribution
it is found that grain-size tends to be related to proximity
to the plutonic members of the Richtersveld Sulte; that
is, those dykes that are bélieved to have been emplaced
deepest within the Xaminxaip batholith (i.e. Specimen 275)
are the coarsest grained, and those emplaced into earlier
rocks away from contacts with the plutonic rocks of the
Richtersveld Sulte, are the finest grained. These
observations, together with the fact that the coarser
grained Quartz Bostonite Dykes do not decrease in grain
size at their margins, would seem to indicate that the
dykes were emplaced at a time vhen the Richtersveld rocks
were still relatively hot, © The curvilinear outcrop
traces of some of the coarser grained dykes would seem to
indicate that the fracture planes Intc which they were
enplaced developed in embryo before the plutonic units
of the Richtersveld Suite had completely consolidated,
and the dykes were dragged from their initlal position by
the final rovements in the plutonic'rocks of the Richters~
veld Suite. A similar suggestion has recently beeﬁ
made by Pitcher and Read (1960, p. 53) in their study of
the dykes associated with the Donegal granites, but the
idea appears td have been first proposed by Balk‘and
Grout (1934) in their study of the embycnic joints in the
plutonic rocks of Montana. It might be postulated that
the coarser grained Quartz Bostonite Dykes which are

characteristically found emplaced into the Richtersveld
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Suite and the finer grained dyke rocks, are not of the
same age, but this suggestion does not have much to
recommend it as both dyke groups have similar compositions

and orieﬁtations;

(1i1) Chemistrﬁ: By comparing the Quartz
Bostonits (analyses 1 and 2 of Table X) with Turekian and
Wedepohlts (1961) average syenite (analysis 3) and Daly's
(1533, p. 27) average bostonite (analysis %), 1t is |
apparent that the Quartz Bostonite is "normal” with respect
to 8105, T10,, Ca0, Hy0%, Py05 and Cs (Na and X are
variable but normal), The 41503 content 1s slightly low,
Fe203 and ¥z0 are slightly high, and Fel and Mnd are
significantly high, The high iron and manganese content
of these Tocks 1s a feature they share with the syenites
of the Richtersveld Sulte. The Lithium content of the
Quartz Bostonlte 1ls significantly low, but this is to be
expected as the specimen shalysed contained only 5.8%

(vol. %) hornblende and no phyllosilicates. Low Li values
are also characteristic of most plutonic members of the
Richtersveld Suite, Thexrubidium content of the Quariz
Bostonite is also significantly low. Its X/Rb ratioc of
679 is higher than that found in any of the plutonic rocks
of the Richtersveld Suite and it falls without "the 1imits
of normal XK/Rb ratios" (Taylor, 196C,B, p. 318). 1In
Figure 12 (in Appendix 2) the Quartz Bostonite is found

to fall in the centre of “area 3", (Taylor and Heler 19584,
pp. 202-203) and, as we hage already discovered, the syenitic
rocks of the Richtersveld Sulte are also found to be
éssociated with Yarea 3", A11 that was said about the
abnormal K/Rb ratios of the Richtersveld Suite syenites 1is
thus equally applicable to this rock type.
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TABLE X - CHEMICAL DATA (QUARTZ BOSTONITE)

Composition, weight per cent: Norm:

No. 1 2 3 b 5
$105 61.56 62.43  61.32  Q 16.20
Ti0, 0.82 0.58 0,89 or 26,13
A1,04 15.25 16.63 18,43  Ab  3k.58
FepO3 4,29 ) k.72 3.8% An 4,17
FeO 3,89 ) 1,60 c 2,14
MnO 0.25 0,11 0.0l HyEMgSiOS 3.20
Mg0 1,28 0,97 0,46 (FeS105 2.64
Cal 1.68 2.52 1.45 Ce 1.50
a0 410 645 545 5.75  Mb 6.26
Ko0 440 5,80 5,79 W9 11 1,52
Hy0* 1.12 1.31 Ap tr.
Ho0" 0.12 Misc. 24
P0g  0.16 0.18 . Total 99,58
oy 0.63
Li (p.p.m.) 3 p.p.m. 28 p.p.m.

Rb (pep.m.) 71 p.p.m; 110 p.p.m, |

cs )pwpimo) <2 popomo 006 pipo-mvov

Total 99.5% 100,00
f e g ) .

P ]

1. Analysis of Quartz Bostonite Dyke 417: Photomicrograph
15; Mode (Vol,%), Perthite 73.0%, Quartz 8.97, Hornblende
7.9%, Biotie 3.0%, Opaque Ore Minerals 5.1%, Calcite 0.3%
Epidote Grouv 1.7% and Zircon 0.1% - Analyst E.C. Haumann,

o, Partial analysis of Quartz Bostonlte Dyke 275: Photo-
micrograph 173 Mode (Vol,%). Perthite 92.4%, Hornblende 5.8%,
Opaque Ore Minerals 1.6%, Zircon 0.1% and Calcite C,1%.
3, Turekian and Wedepohl's (1961) Average Syenite.

4, Daly (1933, p.27) Bostonite (Average of 5).

5, Norm of specimen 417 (analysis 1).
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From the norm of.specimen:hl7 (Table X,
column 5) %he_compésition of its perthitie felspar was
found to be Oryy (Ab89 Anll)éﬁ. The compesition of
the perthite of specimen 275 was calculated from its
_mode and the partial analysis, and was found to be

Or3g (#bgg Any)62. The mean of the two above values

is Oryg (Ab93 An )61 and 1s a figure that agrees closely
with the mineralogical data presented earlier in this
chapter, ‘

wider Hornblende Diorite Dykeg'were sampled and examined
not only in the area mapped but all over the Richtersveld
- from de Hoop and the Pokkiespramberge in the north to .
Stinkfontein in the south,  As indicated by their
ilinear outerops shown on the accompanying geological map
the dip of these dykes is essentially vertical,  They
 also‘tend to persist over considerable distances in

thelr strike direetion,  De Villiers and Sthnge (1959,
'P.139) traced one of these dykes along strike for a
distance of 36 miles, The mean mode and the standard
deviations of the individual mineral species, of 8
specimens of the Hornblende Diorite is as followst

Plagioclase Alkali  Hornblende Epidote Biotite Chlo-

- Felspar Group rite
X 37.3 3.6 17.0 6.8 -« 8.3 7.6
s . 9.2 - 88 ki . +.1 9.0 3.7
Opaque Ore - Leucoxene Apatite Serpentine Calcite
Minerals
X %5 1.7 0.9 0.6 0.k
s . 2,8 1.8 - - ‘ -
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Quartz White Mica Sphene

'0.3 Tp :Tr

&1

(Titanaugite occurs in a few of the specimens examined
but not in the eight specimens mentioned above)
‘The high ferromagnesian content, the presence of carbonate
minerals and shearing have all assisted in making these
rocks highly susceptible to weathering, The relative
ease with which this rock type weathers has had a
definité effect on the topograph¥ of the area, as these
dykes tend to produce narrow furrow-like depressions in
the areas of subdued topography assoclated with the pre
Richtersveld Suite rocks, and notches in the crestlines
of the hills gnd mountains of the more resistant
Richtersveld Suite plutonié rocks., The mineral composition
of somé of these dyke rocks is found to vary considerably
from the mean mode but & closer examination of such
anomalous rock types generally reveals that they are
closely associated with partly digested xenoliths, The
overall picture obtained is that these dyke rocks are
essentially very similar throughout the Richtersveld,
Specimen 389 from the Pokkiespram hills north of Sendlings-
drif (See Map 2, North of Numees) showed the greatest
variation ffom the meah mode,

An intereéting textural feature observed in the
Hornblende Diurites cutting rocks older than the Richters-
veld Suite, was the variation in grain size as one proceeded
inwards from their margins. This gradation in grain size
is particularly well displayéd‘by the largest dyke in the
Richtersveld which was sampled at De Hoop (See Map 2).
Specimens 358, 359, 360 and 392 were collected in a
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traverse across this dyke, and their mean modal composi-
tion (Vol,%) was found to be:‘ Plagloclase 35.3%, Alkalic
félspar 18.1%,‘H0rnblende 18,94, Chlorite 9.1%, Opague
Ore Minerals 7.8%, Minerals of the Epidote Group 5.1%,
Biotlte 2,54, Apatite 1.7%, Serpentine 0,9%, Calcite 0,3%
White Mica 0‘1%,‘Sphene 0;1%, Leucoxene‘e.i%, Quartz Tr.
The mean thin~section grain area of the felspars in these
specimens was found to vary from 0,179 sq. mm, (Specimen.
358) near the dyke's outer contact tb'k;Z sq. mm, towards
the centre of the dyke (Specimen 392).. This grain size
variation indiéates that chilling tookvplace,band this

in turn suggests that these are dilation dykes that
crystallized from magmatic material. The discovery that
this chilling effect is more e¢learly displayed in dykes
that outerop away from the main masses of Richtersveld
Suite plutonic rocks probably indicates that these dykes
were emplaced before the plutonic rocks were able to cool
' to any appreciable extent,

Further evidence in support of such a magma is
provided by a dyke found near the summit of Klein Helskloof
Pass in which the felspars have a mean thin-section grain
area of 0,095 sq. mm. Another interesting observation
was made by de Villiers and S8hnge (1959, p.1%2) who
discovered that in the Mount Erecbus (See figure 1, de
Villiers and SShnge grid 3B) area the Hornblende Diorite
Dyke which_peréists over the greatest strike disténce
.(the Gannakouriép dyke) grades into "quartz diorite" and
"locally, especially in the western part of the dyke,
‘into quartz syenite over a width of about 100 yards, the
whole dyke measurlng about 300 yards across",

This probably means that the Hornblende Diorite and Quartz
Bostonite dykes formed during approximately the same period,
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w
The origiﬂal texture of the Hornblende Dlorite
: Dykes 15 often found to have been obliterated by the
growth of seCOndary mlnerals but in the fresher specimens'

.the texture varles frcm intergranular to panidlomorphia,

! fthough some specimens are patchily subp01kolitic. , The

;colour cf the rock is charaoterlsticaliy dark greenish

:_'grey (56 k/i) WLth iight green;sh grey (5G 8/1) speckles,,

 and on- weatherlng 1t ten&s 0 develop a moderate ‘brown

i'(10R h/é) crust j The mean thlnnsection area of the

:‘«felspar crystals found in a- typlcal specimen cf this rock’-

. _type is approx1mate1y h 2 sq.vmm., but as we have observed

"ithe berder phase of these dykes is often much finer. grained
-The dominant felspar 1n the Hbrnhlende Dlorites is plagio—
| clase whlch occurs in subhedral 1aths w1th a comnositlon
that ranges between An2# and An38, with a mean at approx~
" imate1y An30'.‘ The plagioclaSe laths are often al%ered
to sericlte-and ep1dote. . Most of the aikalic felspar .
'appears to be mlcrocline as ﬁan he seen from 1ts grid-
'-1fon structure, but. the crystals are generally oo _
1 altered and clouded to yield useful optical data. ~In
: eontrast to the prlsmatic shape of the plagioclase crys—
 ‘ts1s the alkallc felspars tend to be. morp equldlmensional
in form.._i N | | |
- B Amﬁhlhole occurs in a number of &1fferenu ways
- Wlthiﬂ thp e dyke rocks, 1t oceurs I(l) 1ntersi1tla11y
;between the fe]spar crvstals, (il) ih largé§fysﬁalsv-
that tgnd;to_have.felspar lathsvincluded_within them, -
(111) some éfy*étaB s are euhedral to subhedral and oceur
as discrete indlvlduals that. appear to have formed early
’.in the crystallization sequence, and  (iv) the amphi~

. boles in some specimens occur in patches of randomly
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orientated acicular crystals, Many of the amphibole
crystals are twinned. The amphibole characteristic
of the Hornblende Diorite has the following optical
properties:t X = greyish yellow {5Y 8/4),- Y = moderate
yellow green (5GY 7/4) and Z = 1,667 = moderate greén
(56 5/6)3 % 2Vx = 78%; and Z.c = 16°,

Minerals of the epidote group occur'maihly'in one
of two ways, elther as mlnute erystals scattered throughe
out altered plagioclase crystals, or in larger crystals
that form clusters, In the more altered and sheared
rocks these patc¢hes grade into veins, Many of the
larger crystals are patchily pleochroic from moderate
yellow (5Y 7/6) to greylsh yellow (5Y 8/4), and are
believed to be pistacite, Some rock speeimens carry -
nonferriferous zoisite which shows itS'characteristic
anomalous interference colours, Clino-zoisite also occurs
in some rocks, |

‘Minerals of the chlorite group occur in plates
and shreds throughout most of the epecimens examined and
are believed to‘be mainly secondary alteration products
of hornblende, Many of the c¢rystals have the anomalous
"Berlin blue™ interferénce colours characteristic of
penninite, Biotite has a similar mode of occurrence
and distribution to the chlorite. Specimens 455 and
278 are parfticularly interesting in that they contain
compositevcrystals composed of titanaugite cores rimmed
with hornblende. 4 1little antigorite is found in some
specimens and it is generally assoclated with chlorite,

It prohably formed as an alteratlon product of hornblende,
though it is possible that a 1little olivine was originally
present in some of the quartz free dykes, In many dykes

apatite exceeds 1% (by volume) and in these rocks it tends

to oceur in long acicular, euhedral crystals, Calcite
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is a common constituent of many specimens, particularly
those that are sheared, and it is mainly found in veinlets
that appear to be of secondary origin. Sphene and
leucoxene are both found associated with the opaque ore
minerals. The leuncoxene is mainly an alteration product
of ilmenite; and the ilmenite is often found forming
symplektic intergrowths with magnetite, In the fresh
rocks the proportion of sphene and leucoxene tends to be
low but inereases with increased alteration, The opaque
ore minerals consist mainly of magnetite and ilmenite, and
the ilmenite often oecurs in the form of "skeleton crystéls".
Accessory amounts of anhedral quartz occurs interstitially
in many specimens., In a few specimens 1t exceeds 1%,

bﬁt in most of these specimens the rock aﬁpears t¢ have

been contaminated by quartzose xenoliths,

(11) Chemistry: A partial chemical analysis was
made of Specimen 360 (Table XI, column 1) which was eonw
sidered a typical specimen of the Gannakouriep Dyke -
the dyke which outcrops over the greatest distance in the
Richtersveld, The specimen was collected at De Hoop
{See ﬂap 2). - An attempt would have been made to obtain
a conplete chemicél analysis of thié rock type if it had
been realized at an early date that the "analysis of mafie
dyke~material®™, Table 1%, p. 1%3 (de Villiers and Sdhnge,
1959) was not of dyke material at all., Itvappears that
the analysis of the dyke material was mislaid and thle
analysis quoted on page 143 is a repeat of the syenite
analysis quoted on page 81, column ¥, As this Hornblende
Diorite falls into Nockolds' (1954) mangerite class and is
also gimilar to the hornblende lamprophyres, Nockold!s



*Total Fe as Fel

1. Specimen 360, Hornblende Diorite from De Hoop., Mode
(vol,%): Plagioclase (Anpsg) 50.9%, alkalic felspar 13.6%,

Composition weight per cent norms

Nos. 1 2 3 L 5

510, 52,85 50,00 or
T10, | 1,03 22,29 Ab
41,04 1507 16,31 An

Fe 03 30 3.99 e
Fel ( 8.71 .81 6.26 gCaSio3
Mno 0.21  0.06  0.20 DiEMgSio3
Mg0 2,88 6.2k L k6 (FeSiO3
ca0 | 7.58  8.33 01%Mg2310lf
Na,0 W% 3,58 4,27 (Fe, 810y,
K50 2.53 2,39 2.3 Mt

Hy0 2.05 0,83 11

P05 0,07  0.63 Ap

COp 0.12

Li(p.p.m.)13p.p.m. 17 ppm 28 ppm
Rb(p;p.ma)67 p;p.m. 30 ppm lld ppm
Cs{p.p.m.)<2 p.p.m. 1.1 ppm 0.6 ppm
Ni(p.,p.m.)17 p.p.m. 130 ppm & ppm
Co(p.p.m.)29 p.p.m. 4“8 ppm 1 ppm

Total 99,58 100,00

144
29.9
18.1
3.4
8.2
5.3
x
4.0
1.8
5.8

N

1.5

hornblende 16.0%, opaque ofe minerals 6.,4%, epldote group 4,3%,
Chlorite 4,2%, biotite 3.0%, apatite 1.6%, guartz tr,,

white mica tr.

2, Johannsen (1937), Vol, III, p. 192 - Average chemical

composition of 14 rocks called Spessartite.

3. Noekolds' (195%) p. 1018 - Average alggli mangerite,

average of 53 analyses.

%, The Li, BRb, Cs, Wi and Co content of Turekian and

Wedepohl’s,(l9él) average bagaltic rock.

5. The Li, Rb
Wedepohlts (1961) average svenite.

6., Norm of Noeckold's (1954) - Average alkali mangerite

(i.e. column 3).

Cs, Ni, and Co content of Turekian and
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averégé'alkali mangerite (colugn 3) and Johanﬁsen;s
average'spessartite‘(column‘2)Lhave been included in
f . 3 in.Tahle X1 fdr’purposes of?éomparison. " The norm of
the average alkaii mangérite (co1nmn 6) -1s. observed to
be breadly similar to the mode of S@ecimen 360, As
Nockolds and Johannsen do not include trace element
abundance data in their tables, seleeted elementv from
- Turekian and Wedepohl's (1961) average basalt and syenite
are also included in Table XI; ' Inspection:pf Table XI
‘reveals that thé.Hornblende'Diqrite is horﬁal‘with regard
to total Fe, Nas0, K;0, Cs, Ni and Co, slightly high in
MnO, low in Rb and significantly 1ow.in Mg0 and 1i, The
occurrence of high Mn0 and low Rb and 1Li values is of
particular interest as the same trend vas observed in the
Quartz Bostonites, and high ¥MnO and low Li was the
~ characteristic geochemical feature of the bulk of the
Richtersveld Suite plutonic rocks. The Mg content of
the Hornblende Diorite is clearly 10Wer than'the value
found in the average alkali mangerite and average
spessartite, but the concentration of this element appears
- 0 be sufficient to construct the (modal) minerals found »
in it. The K/Rb fatiﬁ_of the Hornblende Diorite is 314
which is a little high, but this ratio does, however, fall
within the accepted 1imits of scatter (See Figure 12 in
‘ Appendix 2 and Taylor 1960B, p. 318). - It is of interest
- to note that if all the Na,0 of Specimen 360 was used to -
form plagioélase, it can be calculated from the weight
pef ceht mode of thisrspecimen that the plagloelase would
have the composition of Ab76 Ansy, , which.is very close to
the value determined by optical study. It does, however

seem likely that a small part of the Nazo found in the

-
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rock was incorporated in the K-felspar and/or.amphibole.
The K,0 content of the rock 1s of the right order of
magnitude to satisfy the modal biotite and modal
alkalice felspar;

(D) Petrogenesis:

In the foregoing discussion of fhe Quartz
Bostonite and the Hornblende Diorite dykes, the geochemi-
cal, textural and structural evidence presented (particu~
larly in the case of the Quartz, Bostonite) suggests
that these dyke rocks are compositiohally akin to the
plutonic rocks of the Richtersveld Sulte and that they
were possibly emplaced inté the Richtersveld plutonic
rocks before these bodies had completed their cooling and,
in the case of the Quartz Bostonites, before they had
become immoblle, Circumstantial evidence in support of
the hypothesis that both the dykes and the Richtersveld
Suite plutonic rock are comagmatig i1s found in the fre-
quent association of bostonites and lamprophyres with
the "granites of the limited massifs“(Baguin; 19%6) .
The occurrénce of both bostonitic and dioritic material
together in the same dyke at the foot of Mount Erebus
would also seem to indicate that both dyke swarms were
emplaced broadly contemporaneously, though the syenitic
border zone at Mount Erebus may have resulted from con-
tamination., There does, however, appear to have been =&
break in time between the emplacement of the Quartz
Bostonites and the Hornblende Diorites as both swarms have
their own characteristic orientations, and the Hornblends
Diorites appear %o have:a wider dlistribution.

It would seem that with the erystallization of
the Richtersveld batholith, particularly its upper and
outer parts, there was a slighf decrease in volume

{(Johannsen, 1932, p.130.) which resulted in the formation
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ofgembryﬁnié“fraeturee in-fhe plntcnie-ﬁeeksg and probably

‘“more definite fractures in- the 1ess fleX1b1e envelope :

| of c@untry rock. As fractures can only ferm in fairly

esolid rock, the emhryﬂnic fractures within the batholith
- weu1d tend to reaeh down 1nte a zene where the reek o
was 1}00 mo’bile, mder the temperature-pressure condltions,
- prevailing, to fracture. | It is believed that when the
.V/flrst of these fractures opened the grEat bulk ef the -

’:plutonic materiai of the Riehtersvelﬁ Sulte haa already

crystallized though mueh of it was still relatively hat,
and that:ﬁhe‘fragtures thus tepped the tpp}fraetion of the

Iremainﬁng_petenﬁielly.mobileymeterial in the ﬁagme chamber.
, The“mohile-ma%eriai is“heliéve& to havefceneisied of two
’fractlens' (1) an upper syenitie Iayer, and (2) a lower.

. nore baszc layer censisting of highly cmntaminated material

that formea.%hrough the settling, accnmulatlen and assimila-
tlon of xenﬁliths during the flnal stoping phase in the

:. emplacement of the plumonic‘recke af-the Rmehter‘veld Suite.

The upper syenitic 1aycr 1s helleveﬁ to have resulted from |
tae parental ﬁlaskltic Grenite magma being contaminated and

de51llcated by contaet and reactien with the lower more

‘basicylayer@ ' The~eomp051tion of the nagma 1njected into

the freetufee probably emfferea_slightly from area to area

as eoeliﬁg in the'plm%enie reeke was @robabi?*unequelg thus

resulting in the iractures tapping slightly dlfferent levels

in the magma reserv01r The escape of sillca-rich velatiles’

'alse yrobably assisted in producing the extremelyﬁlow

percentages of free quartz found 1n some dykes (as proposed

by Emmons 19&0, p.12.). In those areas where the magma was

1n3ected into relatively hot plutonic rocks the dykes

cooled slowly to become medivm grained and in other parts,
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where the magma was injected into cooler host rocks,

the magma crystallized rapidly and gave rise to finer
grainéd dykes.  Later movements within the plutonie

mass dragged scme of the dykes emplaced within the
_plutonic rocks of the Richtersveld Suite from thelr ori-
ginal positions prcducing their present day curvilinear
outcrop traces,

After a further period of cooling and concomi-

tant shrinkage a second group of fraetures may have formed,
-but most probably the event was more spectacular and the
magma chamber that vrcebably extended from Scetles in the
south to Aurus in the north (See chapter 5 Section A) collapsed
forming large north t;ending>vertica1 tension cracks

which developed parallel td the long axis of the magma
chamber., As there had been further crystallization of
the plutonic rocks since the last fracturing episode,

the magma, tapped by the second set of.fractures, was

at greater depth in the magma chamber and its composition
was that of the more basic contaminated material which
probably existed at the base of‘thé magma chamber, The
release of pressure caused by the Opening up of these
fractures probebly made the contaminated magma more mobile
and it welled up the fractures and crystallized to form
the Hornblende Diorite Dykes., When intruded into cold
country rock these wide dykes developed finer grained
border phases.  Later the dykes became sheared and a
fluid probably rich in C02 parcolzated through the dykes
resulting in their present altered appearance and the
ubiquitous presence of calcite, The above interpretation
of the genesis of the lamprophyric Hornblende Diorite is
supported by Grout's (1937, p. 1549) observation that

there is a great similarity in the texture and/cr composition
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of lamprorhyres and the inclusions found in plutonie
bodies. 1In fact he (1937, p. 1549) stated that

"early inciusions may be compleitely assigilated or dis-
integrated and mixed into the host; later ones may be

so altered as to form unrecognizable inclusions or
lamprophyres; and very late ones remain recognizable
xenoliths”.

As these dyke swarms are believed to represent two closely
related phases of,the same igneous cycle, and as the
Hornblende Diorites are found fto intrude the Stinkfontein
Tormation, i1t seems credible tc correlate the Quartz
Bostonite with the "many 1énticular veins consisting of
pegratitic quartz and subordinate pinkish to white felspar®
(de Villiers and SBhnge, 1959,.p. 116) that occur "over the
entire S%inkfontein M0untain land”, .The veins possibly
represent the most fluid fraction of the crystallizing
Quartz Bostonite magma which moved the greatest distance
from the uagma source, The higher quartz content of
these veins would be in keeping with the hypothesis be~
cause, as we have noted before, silica tends to be prefer-

entially transported in the vapour phase (Bowen and Tuttle

1949, p. 459; and Walton 1960, p. 641).

(B) Age and Correlations:

If the above interpretations are correct, it is
found that the Stinkfontein Formation which 1s cut by
both the Hornblende Diorite Dykes and the veins that are
correlated with the Quartz Bostonites, is older than both
dyke swarms. As the dykes bélong to the closing stages
of the Richtersveld igneous cyéle, the Stinkfontein Formation
is either older than, or was laid down contemporaneously
with, the emplacement of the plutohic phase of the Richters-
veld Suite. It would also seem likely that if the

Stinkfontein Formation was laid down contemporaneously
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with the emplacement of the plutonie members of the
Richtersveld Suite, then the andesitiec and/or trachytie
lavas found intercalated with the arenaceous sediments

of this formation might be genetically related to the
Richﬁersveld Suite. A comparative geochémical study

of the Stinkfontein lavas and the Richtersveld Suite
material would probably be most rewarding, as would a
study cf the pebbles found in the conglomeritic horizons
of the Stirkfontein Formation, These problems were not
tackled during the present investigation bhecause af the
time when the area was being studied in the field, de
Villiers and S®hnge's(1959, p. 26) view that the Stinkfone-
tein Formation was younger than the YRichtersveld Igneous
Complex" was accepted, and thus the Stinkfontein Formation
was considered to have no bearing on the investigation
being made, .

The above statements on the relative age of the
Stinkfontein Formation open up a wide field for speculation
on the age of thls formalion and the possibilities of
correiating 1t with other formations occurring outside the
Richtersveld, As the rocks of the Richtersveld Suite
intrude, and those of the Stinkfontein Formation overlie,
the Adamellitic Cneiss, both of the former rock groups
are younger than the Adamellitic Gneiss and thus younger
than 980 % 100 million years (Nieolaysen 1962C) - the
age now generally attributed to the Namaqualand Granite-
Gneiss, It is thus seen that the correlation of the
2100 million vear old Witwatersrand System with the younger
than 980 million year Stinkfontein Formation, as proposed
by de Villiers and Sthnge (1959) and Truter (19592), is
most unlikely.

o o
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De Villiers and Sthnge (1999, p. 88) claim to
have identified inclusions of "Richtersveld Granitc”
within both the Mumses and Kalgas Formafionsf As the
Rumeas and Kalgas Formations overlle the Stinkfonteln
Formation along the western flank of the Stinkfonteln
Mountains, these two formations are thus both younger
than the Richtersveld Sﬁite and the Stinkfontein Formation.
The Nama System which is younger than the Richtersveld
Suite and Stinkfontein Formatlon,isas will be seen in
Chapter VII, * of Late Proterozoic age and 1s thus approxi-
mately 600 million years old (Holmes, 1960, p. 20%), Thus
there 4s an uppor age limit of 98C million years, and a
lover limit of 600 million years, for thc age of the Riche
tersveld Suite and the Stinkfentein Formation,

As tentative circumstantial evidence of the age
of the Richtersveld Suite it shoulé be noted that ring-dyke
complexes are near-surface eplzonal featurcs that soon
succumb to denudation and thus (as was shown in Chapter V)
they are vory seldom of Precambrian age, hence by analogy
it would seem that the age of the Richtersveld Suite is
unlikély to be greatly in cxcess of the 600 million year
date quoted for the commencement of thc Palaeozolc.

The question of the age of the Richtersveld
Suite and the Stinkfontein Formation can be approached
from yet another directioq if a search 1s made for rock
units outside the Richtersveld with which the Stinkfontelin
Formation can be correlated, though as will be seen In
Chapter IX, 1t is possible that the Stinkfenteln Formation
developed under special conditicns and is of limited dis-
tribution. The formztion that is most suited to fill
this role on both lithological and relctive age grounds,




185,

is the Tsumls Formation of South West Africa, If attempts
are made to correlate the Richtersveld rocks with rock
units to their south it is soon discovered that the

Cape Granite and the Richtersveld Suite appear to be of
broadly similar age, and the small Klein Xogelfontein
Complex of the Bitterfonteln area (Jansén, 1960, pp. 34=55)
and the plutonic rocks of'thé Springbok, Kamieskroon and
Garies districts mentioned by de Villiers and Sthnge (1959,
p. 72) may represent the link between these two igneous

- bodies. As the Cape Granite and the Malmesbury System
that it intrudes, are believed to belong to the same
tectogenetic cycle (Sholtz, 19%6), the relative age of the
ialmesbury as compared to the Cape Granite, and of the |
Stinkfontein Formation as éompared to the Richtersveld
Suite, appear to be similar; thus the Mélmesbury and
Stinkfontein Formations may be equivalent to one another,
If, however, 1lithology 1s taken into consideration the
correlation of the Malmesbury beds and the Kaigas Forma-
tion seems more probable, though it must be noted that
Jansen (1960, p., 12) has divided the Malmesbury Formation
of the Bitterfontein area (to the south of NamaQualand)
into three suites, the uppermost of which, his quartzite
suite, i1s lithologically simllar to the rocks of the
Stinkfontein Formation,

Ih a recen® synthesis of the Upper Proterozoie
geology of South West Africa, Martin (1962) has proposed
that the Otavi, Damara and Nama Formations of South West
Africa are miogeosynclinal, eugeosynclinal and cratonie
platform facies respectively, of a single great geosyn=-

¢1inal belt which formed the western fringe of the



186.

older cratonic nucleus of the Southern African subconti-
nent, Martin (1962) has also suggested that the
Stinkfontein, Kaigas, Numees, Grootderm and Bogenfels
Formations were deposited in the "tectonically active
zone betweén the main geosyncline and the cratonic fore-
land" and that theses formations belong to the "same
tectogenetic cycle" as the Damara-0tavi System of South
West Africa, All the data gleaned during the present
study supports Martin's hypothesis and it 1s felt that the
Richtersveld must in future be viewed, not as being peri«
pheral %o both South West Africa and South Afrieca, but
rather as being a bridge between the two areas, If the
Richtersveld is used as a bridge in this way it might en-
able future stratigraphers to establish a West Coast
System embracing the Malmesbury, Stinkfontein, Raigas,
Numees, Nama, Otavi, Damara, and Katanga Formations and
Systems,

| If the rocks of the Richtersveld are to play a
significant role in disentangling the ravelled strati-
graphic and igneous history of the Late Proterczoic of
South and Central Africa, the absolute age of a number of
rock units of different relative ages muét be established.
It is suggested that the absolute ages of the following
rock types should be obtained: (1) the Adamellitie
Gnelss from the area below the Stinkfontein beacon where
the Stinkfontein Formation 1s seen to overlie the Adamel-
litic Gneiss, '(2} the lavas from the Stinkfontein
Formation, (3) the main Alaskitic Granite of the Richters-
veld Suite, (4) the Hornblende Diorite Dykes from a
locality where they are found to cut the Stinkfontein

Formation, and (95) the Kaboos Granite which is younger
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than the Numees Formation. If geochronologlsts need
targets to shoot at it 1ls proposed that the age of the
Adamellitic Cneiss is approximately 1000 million years,

the Stinkfontein lavas and the Alaskltic Granite approxi-
ﬁately 650 milliocn years, and the Hornbleﬁde Diorite

Dykes approximately 630 million years. The Kuboos Granite
is believed to be unrelated to and younger than the Stink-
fontein-Richtarsveld-Nama toctogenetic cyele (Chapter IX).
A1l that can be'said about 1fs age is that 1t 1s younger
than 600 million years - possibly a great deal younger.

Type specimens of the Alaskitic Granite and the
high Rb Porphyritic Microgranite have heen supplied to
Dr. L.0. Nicolaysen of the Bernard Price Institute of
»Geophysical Research, Johannesburg., Work on determining
the absolute ages of these rocks has commenced,

(F') Resumé:

The Quartz Bostonites have a mean width of 18
inches (46 cms.) and they tend to dip vertically and strike
between N 10° F and N 30° § with a slight maximum at
N 30°E., Thelr grain size and texture varies considerably.
If these grain size varlations are consldered in relation
to the field distribution of the dykes, it is found that
grain size tends to increase as one moves away from the pre-
Richtersveld Suite rocks and into the heart of the Richtersveld
plutonic rocks. This observation together with others such
as the absence of cooling at the margins of the coarser dykes
vhich cut the Richtersveld Suilte plutonie rocks, and the
curvilinzar outcrop traces of some of the dykes emplaced
into the plutonic rocks, ail suggest that the dykes were
emplaced before the complete consolidation and cooling of
the plutonic rocks of the Richtersveld Suite. The Quartz
Bostonites, which were formerly regarded és dolerites, are
petrographically and chemically normal bostonites. Chemilcally
they are of interest in that they have high total Fe and Mn
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contents, 10w Li and Rb contents, and abnarmally high K/Rb
,ratlos, which are all features they share with the syenltes
- of the Richtersveld smte. o
| ’.Y_L - The Hornblende Diorite Dykes whieh persist over
censiderable disi:ances in their strike direetion, strike
'approximatew due nerth, have a dip that is essentially
vertical, wvary greatly in width, and have 2 mean width of
'12 feet (s, m.). They are generally altered and often sheared.
Some of the dvxesg particularly those infruﬁed 1nto rocks -
.volder thar the Riehtersveld Snite, begone finer gralned
towards their margins, and thus appear to be dilation dykes'
v that crystallized from magmatic material.. The texture
of the HOrnblende Dlorite Varies from 1ntergranular to
‘ panldiomorphic and some specamens are partly subpelkelitic.
Petrographically these rocks fall ‘into Peterson's diorite
. and 1ampr0phyre rotk groups.f Chemically thé ﬁornblende
Diorlte/high in Mn, low in BRb and smgnificantly low in Mg
and;Ll. The high.Mn and 1ow Rb and Li values are gf ‘
partlcular interest as the same trend was observed in the
- Quartz Bostonites. o | ’ |
|  The Hornhlende Diorite and Quartz Bostcnite dykes
.';are believed to fepresent the final phase in the Rlchtersveld
igneous cyele. It is suggested that tewards the close of
. this ¢yele the base of the. magma chamber in which the
uplutonlc rocks had been generated, contained two. layers -
of magnmal, (1) a basal layer of highly contaminated dioritic
'magma, and (2) an npper layer of bostonitic magma whiech
“had formed as the result of the desilieation of the parental
‘alaskitic magma by contact with the basal contaminated '
" magma. With the crystallization of the ‘plutonie. rocks aboﬁe
 these 1ayers, contraction fraetures develoPea, and material
:from the upper bostonltic magma layer was injected into
. themn, After further cooling the plutonxe mass collapsed
and long wide fraetures with strikes parallel to the long

axis of the magma chamber and extending from ‘at least
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.‘ s:oet'-iéa' in the sotith (2895818.) to Aurus Waterhole in
the North (27034'5 ), opened UP. The contamlnated dlorltlc 
magma whlch.had been produeed by the settling and accumuia-

- tion of xenollths during the final phase 1n the emplacement

of the piutonlc rocKs of Ehe Rlchtersveld Sulte, was
emplaced into them, Later he Hornolende Dlorltes were

fractared and percolateu by flulds r;ch in 002. |
As the Hornblende llorltes are cons;dered to be
o the‘final phase 1n-the Richbersveld ;gneous cycle, the

.'Stlnkxonbeln Formatlon wnlch uhey guu is regarded as being

. either older than, or af simllar age to,y the plunonic*

rocks of the Rlchtersveld Sulte. It is also tentatlvely
' suggested nhat the chhtersveld uulte, the Stlnkfonteln, |
jKalgas énd Numees Formatlons and the Nama System all
"belong to a 31ngle Late Proter0201¢ tectogenetlc cycle
:(The West Caast Systemﬁ) that is equlvalent o the Katanga,

Damara-OtaV1 and Malmesbury Systems. .
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VII THE NAMA SYSTEN

(A) Introduction:

The Nama System sediments of the Richtersveld
were first mentioned by Atherstone in 1855. He correlated
them with the Table I'ountain Series of the Cape System.

A year later in 18% (published in 1857) Wyley studied

these same rocks and stated that he "scarcely knew whether

to refer them to the age of the Table Mountaln strata or not",
but when he constructed his map the beds were shown as
belonging to the Table lMountaln Series. In Dunn's famous
maps of the geology of South Africa the beds of the Nama
System of Namaqualand south of the Orange River, first'
appeared as belonging to the Table Liountain Series (1875),
but later (1887), they were considered to belong to the
Witteberg Series. The term "Namaformation" was introduced by
Schenk in 1885, and in his paper of 1888 he employed the

Hama beds of Namagualand south of the Orange as a connecting
link between the Table Mountain Series of the southern Cape
and the Nama beds of South West Africa, and all these
sediments were collectively called the "Cape Formation". In
1912 Range divided the Nama System of South West Africa into
the following divisionss

Fish River Series

)
Schwarzrand Series ) Upper Hama
Schwarzkalk Series )
Knibis Series ) Lower Nama

Basal Beds )
Haughton and Frommurze (1936 p.21) recognized the same
divisions in the Nama of the Warmbad district, but they found
it convenient to group the Baéal and Kuiblis beds together.
The same procedure was followed by de Villiers and SbGhnge
(1959, p181). _
Beds of the Nama System are the youngeﬁt consolldated

rocks in the area and they rest unconformably over all the
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other consolidated rocks thay come into contact with,

'-;includlng the dyke rocks mentiened 1n the previous chapter_
VV A number of primative fessils have been found in the Knib1s
| 1 beds (Gurich 1930 and 1933 Hanghton 1929, Haughton and

: Frcmmurze 1936‘and Richter-l955 Haughton 1960) but theirg :

systematic position and value in dating of these ‘beds

'_remalned dubious until 1arge numbers of similar fossils were
~ found in the Pound Quartzite of the Adelaide Series of South

Australia (Glaessner, 1958 and 1961) and in Charmwood Forest,

»ifteiéesteraiFor&; 1962); Glaessner (1958, p.526) found that

pssides large'ninbers of meéusae‘and Dickensonia the South

Australian fossil fauna “includes specimens elosely resembling
Pteridinium si
. by Richter 195°¢

plex Gurich (particularly the nesotype figured -
s plsl, but not so much the other specimens
figured by him) and Rangea schneiderhthi Gurich {(pl.7, fig.12)
from the Kuibis quartz;te of the Nama Serxes of Soath Waest
Africa"

Richter (1955) considars Pteridinium and Eangea tc be ‘impresse

1ons of gorgmnarian caelenterates but Glaessner {1958, D+ 526 )

N considers the frond—like Rangea to be similar %o the modern
,Pennatullds (sea-pens). Ford (1962, ps 194) has warned that

g it is "dangercus +t0 compare Pre«Cambrian fossils wzth modern

animals (or plants) when there are no intervenlng f0551ls"
| The late Precambrian fossil remains that have been

fonnd to date ‘and they include "a dozen or so different jellyw"

fish, a segmented Annelid-Arthropod Spriggina, several frond-

like organisms such as Charnia and Rangea, a number of
impressions of uncertain nature x.... numerous worm-trails,
algal 1imestones, spore-like bodies, and a few shells such as
Lingulella mcntana“ (Ford 1962, e 194.), are cemposed mainly

of fragile soft ﬁissaes whlch.require "nnusual" (Glgessnerg

| 1961, Da73) conditions for their’ preservation.' This\is

: believed to account for their 1nfrequent occurren;@ugh beds
”lof the Nama Systema Recently, Haughton {1960, Pp-$%459) hasv

restadied some of the Nama fossils from the Kuibistbeds of the

'"_Ham River, South West Africa, and he now believeg th§$ he

}can recognize doubleﬁwalled Archaeocgathids of lpwer Qambrian

i

1
b

" In South Australia the p051tion of the lower\limlt
S , e | \
P 1

'_.,__,
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f 6f_thevcémb§ian is problematic in that it appears that
isédiﬁéhtafioni¢On%inuédlnnihterrnptéﬁ?from'definite:_w'
‘Precaﬁbfiah-tofdefinite'Cambéian times; :In 1955 GlaesSner“"'
‘discussed this questlon in his paper on the "Time~
stratigraphy of the Late Pre-Cambrian" and he proposed the
tarm tLate Proterozoicl for thezﬁo mlllion_years preceding ,
 the7beginning of.thevcambriana ,He was not in favpnr~of the

terms !Eo-or Infracambrian’JOr:'Late higbﬁkian' thoﬁgh'he"

'_1 é1s0 favours the ternm 'Riphaean?; He (1961 p. 73) also seems

‘to favour the characterization of the Late Proterozelc as the |
"age of the jallyflsh"‘ Korn and Martin (1959) believe
that statigraphic as well as fossil evidence favonrs a

'Late Proterozoic age for the Nama System. They state that

- field evidence from the Vanrhynsdorp district indicates that

the Nama sediments are older than the Cape System and thus

- ‘older than the Upper Silurian, whlle in the Wltpﬁtz area the
Nama beds . overlie the highest membars of the Kaigas System

. which (as we saw in chapter 6E) they consiéer to be an

equivalent of the Damara-otavi System, Recently martin

(1962) has suggested that the Nama beds are the neritic

deposits of the cratonic shelf (platform) which formed the

southern and egstern foreland of the Otavi=Damarai: - 0.

| geosyncline, and that the Nama beds of the Naukluft area f

{8.W.A,) were involved in the latest phase of the Damara

_orogeny., . : =_f-7_ _ o S q

The strata of the Kuibis ueries of the Namg System
’jare approximately 380 feet thick in the area along the

iﬁ_'western flank of the Neint Nababeep Plateau (de Villiers and

- Sbhnge'l959 p.183), but only the ‘beds of the lowerzlﬁovfeet
- fall w1thin the area mappeds: In plate 9 beds of the lower

Kuibis Series can be seen resting unconformably on Kheis







Unit 4

Unit 5

Unit 6
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Unit 8
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Unit 10
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Faet Inchssa,

Olive gray {5Y 3/2) milty zhale. Bedd- 0 - 3
ing shaly to flaggy.

Felspathle Sandstone 2 - 3
Klneral Composition: Quartz 81.8%, K-
felspar-16.4% Flagioclase 0.1%, White
Mica O.78, Ore Minerals 0.1%, Rock frag-
ments 016 9 clﬂj’ 5.35-

Gross Character : Very light grey

{§2) 1n colomwr, compact, bedding
irregular to massive,

Teaxtures Borting gensrally good, Bo =
1.65, but occasional spherical mllky
guartz psbbles are found. The

gorracted median grain diametsr is

O.46 m.m. Particles are predominently
sub-engular, baot the felspar gralns arse
mainly sub-rounded.

Eoderate red (5R 5/5) fractured =hale a -

Felspathic Sandstone 2 -
Mineral Composition: Quartz 80.0%,
Kefalspar 17.9% Plagioclase 0,1%,

Rock fragmenis 0.2%, Clay 2.2% -

Grogs Character s Light grey (N7)

in ¢olour, ceompact, bedding massive,
Taxture : Sorting good, So = 1,20, The
corrected medlan grain diamoter is
0,37 m«sm Particles are predominantly
snb-angular, bot the felspar groins are
moinly snb-romnded.

Felspathic Sandatone ) 4 =« 4
Mineral Compositlon 3 Quartz *9.4%,
K-felspar 20,.1%, Plagloclace 0.1%,

Cley U:ﬁ‘& "

Gross Charagter 3 Light grey (A7) in
colour, compact, bedding massive with
vartical joints. )
Taxture ¢ Sorting good, 5o w 1.16. The
corrected medlan graln dismeter 18 0.44
m., Particles are predominantly spb=-
angular, bnt the felspar graeins are
malnly sob-romnded.

+
Degply wezthered greenigh grey (50Y 5/1)-12 <« &
modarate red (SR 5/5) =pd light gray (N7)
shales, malnly covared by scree; soma of
the shales have changsd to m pwwdery mmdj
patches of ochre occur.

Felapathlc Sandatone - 1 -
Nineral Compositlon: Quartz-v2,.5%, K-
falapar 17.9% White Mica 0.,7%, Ora

Hig;rali 2. 5131rcnn 0.1%, Rock fragrmenis

u' , c ay [ ] ‘!

Gross Character 3 Pnle red (SR &/2) in
colour, compact, iron stsined with o few
platea of white mica belng visable in the
band specimen.

Texture 1 ESorting tends to bae good, Ho «1.71;
particles are predominantly sub-angulesr, but
the felapar grains tend to be# snb-rounded,
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Unit 12

Unit 13
Unlt 1a

Unit 15

Unlt 15

Uolt 17

195,

Foet Inches.

Olive grey(SY 3/2) Ohale conteining am=ll 3 - 3
silty~sandstcne lenses, bedding irregoler,
shaly to flaggy.

Falspatble Sandstons . 1 -« 4
Minersl Cnnzu:j.tion t Quartz 74.5%, K--
felspor-21,6%, FPlagioclese 2.3%, White
:ig; 0.74, Ore Ninerals 0.8% Hornblsnde
Gross Character s Pale Red {5R &/2)
in colouwr, compact, Bedding irregular,
;;ﬂthis rock occurs in lensc shaped

e
Texture 3 Sorting good, So = 1,243 the
majority of tha particles are sub-
angular, but tha felspar grains tend
to e sub=roumded.

Dark groy (N3) finely leminnted shale, 1 « &

Limastone 1 - 4
Twn varieties are prasent which lense
one into the other, Varlety A is
g sondy limestone and is Oreyish red
{5R 4/2)} in colour on fresh surfaces.
Varieiy E 15 a {rue limestones 2od 1s
dark blulsh groy (5B 4/1) in colour
and breaks with a concoldal fracture,
Mineral Composition:s (A) Quarts 36.2%,
Kefelapar 7,0%, White Kica 0,18
Calclite 56.3%, Ore Kinerals n.ai
Rock Fragments 0,2%

{B) Carbonate

minersls 9%.8¢ GQuartz 0.2%, X-falspar
Tr., #hite Mica Tr, The corrocted
pedian grain sizs of %he quartz and
falzpar particles of 144 15 (.44 M.M.y
and thet of 148 1s 0,06 m.m.

Falszpathic Gandstone -
Mineral Compositicn: Quarts 87.6
Gross Cheracter : Greyish Pink

(5R &/2) in colour, compacht, with
maasive bedding.,

Texture : %ell sorted, So » 1,1B;
particles aro mainly sub-engular with
the folspar being sub-roumded,

Shales and finé slltstones, mninly scree
covaraed, w22 -~ 0
Tha shales are moderate rod (5R 4/4)

in colonr and finely laxmizcated and

contain hematite pelloats, The fine—

slltstones are mainly light grey (K7)

in colouar.

Arkosa P & - 0

. ¥ineral Composition 3 Quartz 46,.1%,

K-felspar 44,7 FPlagloclese 4.2,
Whits Mica 2,8%, Blotite 1.4%, Ore
Eiocrals 0.6%, Zircon 0.2%.

¥ A5 thls rock was found to have guch a high

felspar content, 1t wos deoclided to detercine
its alkall contant to see if the high modal
falspar content wes gcorract. The results of
this chamical onalyslis will boe dlscusaed later.,
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Faet Inchas
Gross Character : Pinkish-~gray (5YR 8/1)} in
colour, compact, thickly bedded, though the
beddling thins towards the top of this unilt.
Textura s Bortlng Good, So = 1,09, particles
are malnly sub-angular but the felspars tend
to be sub~rounded.

Unlt 18 Limestone , 0 - §
Mineral Composltlon: - )
Carbongte minerals 91,0%, Qmnartz 7.24 E-falspar
1.6%, Plagloclase G,1%, Zireon a,1%, Ore
Minerals Tr.
Brownlsh grey (5¥R 4/1) in colonor. The corr=-
ected medlsn graln dlametsr of the quartr
particles found in this unit 1s 0,18 m.nm.

Upit 19 Moderate red (5R 4/4) and lght grey (A7) shales 0~ 4

Unit 20 limestone 1l - 0
Carbonate minerals 99.0%, Quartz 0.5%, Ore
0.3% Plagioclase 0.1%, Waite Mica 0,18,
Greyish red (5R 4/2) in colour. The Corrs
gcted medlan greln dismeter of the gnartz
particles found in this unit 1s 0.05 mm,

Unit 21 Moderate red (5R 4/4) and light grey (H7) B - 0
Interbedded shales and mudstones.

Unit 22 Quartzose Sandstone. 44 -~ 0
Mean Mineral Composition: Quartz 92.2%
K-falspsr 5.0%, Plagioclase (.22, White
Mica 0,4% Biotite aiég ore 1.0%, Zircon
0.1%, Hornblende 0, ﬁuck fragnents 0,9%.
Gross Character s Mainly light grey (H7)
in colour 25 in specimen 224, bui there ars
some lenses of posrser grained moderate rod
(PR 4/4) sandstone (le, specimen 22B), As
a whele this unlt 15 a thickly bedded,
scarp forming sandstune which contain in
some localltles a thin dlscontlnuous shaly
horizon, -

Textnre: Sorting good, So z 1.72, though a
few pebble 31zed particles are found in
the lensea of 22B meterlal. Particles

ara malnly snb-angnlar with the felsper
belng sub=rounded.

141 - 4

As "fine gediments are difflcnlt fo study ln thin-section
wlth ordinary eqoalpment and texﬁral and compositlonal para-
meters of fine s1lt snd cley ralse many unresolved problams
of interpretation® (Cadigan 1959, p.530.), 1t was bellieved thet
the greatest mmocunt of pertinent date conld be obtained in the
timﬁ avellable from a petrographlie¢ study of the sandstone hori-

zons. Fonr textursl concepts waere usad in thls lovestlgatlon -




197.

slaThiE Pl Wit b cLaY]

Packheo 1954, p. 475%). (The nombers
rofer to the sedipontary units
described in table XII.
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Figure §: Bandstono Classificontion (After
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modian grain size, sorting, skewness, snd kurtosis. The

properties of the differant sandstones which may be said to

define their grain-aize distribution are summarissd in
Table IIIT and Figuare B.
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Table KIII Orain Slze Distribution of Kulbis Sandstonss.

Specimen ¥d. (Medisn)  Md. riedmm Mo. So. SKE. K.
Nnmber m.m. X1.27 (1958} (Mode) Cofflec~ Skewnsas Furtosis
; 3 ) carrected m.m lent of
Md. m.m. sorting.
1{a b} 0.50 0.63 0.44 0.5 1,51 0.94 0.199
g 0.53 0.67 0.46 0,61 1.65 0.88 0.265
" 0,44 0.5 0.37 0,38 1.20 0.90 0,234
8 0,50 0.63 0.44 0.54 1.16 1.60 0,197
10 0,33 0.42 n.zg _0.38 1.7 0. B 0,278
12 0.19 0.24 0,17 0,18 1.24 0,96 0,235
15 0.50 0.63 0.44 0.54 1.18 0.99 0.167
1» 0.13 0,16 0,12 0.15 1.09 0.8% 0.133

22(a+h) 0.47 0,60 0.39 0.42 1,72 1,13 0.269

Arithmetic
maan ﬂ‘ﬂﬂ U.51 D¢34 0-42 1-38 - U.EEU

®uedian of the apparant lcong axdls of the grains
in thin sectloen,

rjH‘aﬁian cf the sstimated maximum long axls
{or dlameter) of the gralns.

The medlan values of theae sandstanes atfter applylng
the Friedman (195B8) correction range from 0,12 m,m to 0,46 m.m.
with an arithmetic meen of 0,34 pw.,m., Thus they &ll fzll withln
Wentworth’s (1922) medium and fine sands (ie, betwean % end
Bm.m). Bpecimens 1,5,7,8,10,15 and 22 fall withln the medium
sand siza grade, and speclmens 12 and 17 are fine sands. As the
largoest corrected medlan grain glametar was only 0.46 m.m. 1t
rould appear from thig data that tha sirength of the tramsport-
ing current which moved this materlal to the slte of deposition,
was probably not vory groat., uWodes, or the slze value (or
values) aroand which grains tend to concentrete, were also
ecalenlated acd the aandstones, which are all unimodal as cen be
seen from figaro 8, wsra all found to have very simllar modal

and median values thos indleating that their slee distributions
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are llkely to be normal, It 1 of interest to note that
Erynine (1948,p,154) states that the avaerage grain size
of a typiecal arkose 18 1,0-0,18 m.m. | |

The porting coaffiecients {So gj"ﬁj?ﬁif of the
sandstones which are considered to be indices of the range of
conditlionz present in the transparting fluld renge from 1.09
in speciman 17 to 1.72 in specimsn 22, thaos indicating thet
the sandstones are all within Trask's {19231} well sorted
category which includes all! sodiments with an So valos of leas
than 2,5, The arithmetic maan of thess 5o vwalmes io 1.318
which indicates that the sandstonas are botter sorted than
tha majorlty of *near<shors marine gediments of the sand
grada® {Pottijohn 1949, p.24) which have an average So value
of 1.45. It mist, however, be remembered when uslng thasa
sorting coeafficlants in recoostrocting the environment in
which the sediments were deposlited and in deteromining the
solectiva aetion of the transporting mediom, that this
mothod of asgessing size sorting igrorea tho occaslaoal
pebbles which are fomnd in units 1, 3 and 5 thongh it 1=
clear thnt they are significant e¢rliterisa 1n determining
past conditions of transport amd depesiticn.

The skewnaess (or ths tendency of the size
distribution of the sandatones to depart from the theorstieal
symmetrical normal form) was maasured by auslng QJ_.Q3!I]H2}.
It wos found that tho size distribntions of opeeimens 8,12
pod 15 ware extremely symmetrlcal, while the cther ppeclmens
with the excaption of speclimon 22 show e slight negative
skewness (ic, poorer gorting in the coarser size grades),
Speclmen 22 shows a slight positive skewnsss (le, poorer
' sortlng in the finer cize gradso).

Eartosis or peakednesg maaéuras the relative degrea

of surting that the cantrs of a distribmtion bears to the
two ands. The kurtosis K = (g - (3)/ 2(Pgp- F%Q) af the

size distribution of the Kulbis sediments ranged from 0,133
2
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to 0,278 with an arithmetic mean of 0,220.
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Figure 8: gﬁiégsséggdg%ggzt?ution of the
The shape as well as the size of the sandstone grains
was studied, but as will be seen in tihe discussion of texture,
it was not always possible to determine the original or
primary shape of the grains. With regard to roundness it was
found that the quartz grains tend to be sub-angular while the

folspar grain tend to be more rounded end tend to fall into

the sub-rounded category. A rough estimate was made.of the
second main geometrical aspect of particle shape, sphericity,
and it was found that the rmedian sphericities of the sandstones
renged from 0.5 %o 0.7 with an arithmetic méan of 0.56 :
(@e. On this scale (after Krumbeln and Sloss 1951, p.81)

a sphere has a sphericity of 1.0 and a tnin, nbedle- !
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shaped partlcle a sphericity of 0.0. . ,
4s can be seen from table III sPeclmens 14B, 18 and

20 are classifled as limsstOﬁes as they cantaln over 90%

{by volume) of carbonata M¢narals, while speclmem 144 is

o 'con31dered o be a:sandy lmmastone as ¢tvcontalns betwaen

- 504 and 90%»df-cafbonate minefals ,<?ef; Pétﬁigohﬁ;(l949‘ﬁ
- P+290) for hls nomenclature and cla& 1fi¢atioh of éand&
E'limestone m;xfuresi}. The 1ime tones appear %0 have a
.' hatarogeneous texture‘(Car0321, 1960, p. 207) belng malnly
. cnmposed of small diffuaely bordered, llght-absorbing '
carbonata clois associafed with oeca31onal claarer and - |
' brighter calcite aggregates. In this carbcnate material

-aa few small 1rregnlar shaped quartz and felspar gralns

T gceura opeoimen 144 contains. 36, Eﬁ quartz and 7.0%

-felspar, and the quartz and fGISpar particles of this y
l:'bpecimen are much largar than those ;ound in tne 1imestones
v_ -§l4B, 18.and.20).asvth§1r corrscted median size 1330?44 MMy

' as:ccmpéred t6 0»09 m.m which is thé-meah @f~£he'correctad7'
medlanSaof the quartz and feISpar grains of the other

limestones‘ Thﬁ quartz and felspar grains af the limestonas'

- and sandy limestone are Qf particular intarest in/that they

have the scalloped ana serrated shapes of grains which have
'-”undergone partial replacement by ‘carbonate minerals. _(See_
.Photomicrographs 21 and 22a)’ No‘organic'remains'were found.
 ‘1n these limesfone hOIlZOﬂS, but thls ‘does not in any way
rule out the possibALity tnat tnese deposits are the prcduct
’ofAsome-organic process. Theae thin limestone horizons when
_:ﬁieweé infrélétion to the full,Namagguccession,are:geen as
the harﬁingers of the thick 1imes£oné horizons lying
conformably above them and Whlch contaln»"well preserved"
_algal remains. (Haughﬁon anﬁ Maruln 1956, p. 324 D, In
fact algal domes can. be seen ln the llmeatone'horizons

- of the Neint Nababeep Plageau to the easn\oj.the area.j
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A detailled study of the many limestons horizons
of the Nama System appears td be a frultful field for
further study as these beds are believed to be broadly
contemporaneous with the Archaseccyathus limestones of
Australia which are the most extensive Paleozoic reefs
discovered (Gignoux, 1955, p.46.).

As was shown in section IG iii b all the sandstones
studied fall into Packham's (1954) arkose-quartzose sandstone
suite. A closer examination.of the composition of these
Kuibis Sandstones, reveals that'they form a fairly closely
related group of rocks which tend to grade one into another,
and that they all have a low "matrizh percentage (under 10%).
Specimen 17 is an arkose, and all of the remainder of the
sandstones but for the specimens from unit 22, are felspathic-
sandstones, The occurrence of a relatively high proportion
of detrital felspar in this suite of Kulbis Sandstones is
considered a most significant fact, as Pettijohn (1949, p.94)
has indicated that "detrital felspar is an index of the
intensity of diastrophism", and appreciable amounts of
felspar are likely to occur "where the erosion 1s vigorous
and sedimentation rapid". The occurrence of over 10%
alkaliec felspar, malnly microcline, in all the sandstones
below unit 22 is also probably indicative of & granitic or
gnelsslie source area for these sediments, The freshness of
the felspar 1s also of interest in that 1t seems to indicate
that the decomposed mantle rock in the source area had
been removed prior to the erosion of the material}now found
in the Kuibis Sediments. This decomposed mantle ?ock might
have been deposited closer to the source area, orihave been
removed by ice during the Nabas glaciation. Packham (1954)
states that sandstones belonging to hls arkose-guartzose
sandstone suite are invariably deposited by‘tractién currents

e\,\
in shallow water environments. The occurrence of «ore minerals

\
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in most of the sandstones (the percentage increases to over
2% in specimen 10) and the presence of a little detrital
biotite and hornblende in some of the sediments is also of
mineralogical and genetic significance. The occurrence of
ferromagnesians is of particular interest as their presence
is also 1ndicat1vé of conditions of rapid erosion and
deposition. |

The almost complete absence of matrix in the lower
Kuibis sandstones 1s reflected in thelr textures that tend
to cohsist of a mosalc of interlocking quarfz and felspar
grains (See Photomicrographs 18, 19, 20 and 23), Dust-
rings (Carozzi, 1960, p.21l.) which usually indicate the
boundaries between overgrowths of sedimentary silica and
the original detrital grains are not common in these
specimens, but this does not rule out the possibility of
secondary overgrowth having 6ccurred. Upon closer inspection
the texture of the sandstones appears to have formed as a
result of a combination of secondary overgrowth around
detrital cores, and a reciprocal interlocking of grains (mainly
quartz) produced hy dissolution at their margins, probably
during compaction, When considering the origin of this
interlocking mosaic texture one begins to wonder if the
original sorting of these rocks was as good as it seems today,
and whether smaller particleé once existed in the voids
between the original grains, and being small with relatively
large surface areas were dissolved and now form part of the
secondary overgrowths, Carozzi (1960, p.56.) does, however,
state in his discussion on the felspathic sandstbpn series
that the quartz and felspar grains are often closely packed

so that an original matrix is not necessarily reqﬁired.
i

\
\
\
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(C) Chemistry:
The identification of the felspar as being mainly

potash felspar was verified by the partial chemical analysis
of unit 17 - the arkose. The alkali metal compnents of this
rock are given in column 3 of table XIV., An interesting
feature found in the analyses guoted in table XIV is the
dominance of K with respect to Na. The K/Na ratio of the
arkose from unit 17 4is 9.4(s1), Pettijohn's average arkose
{column 1) has a K/Na ratio of 3,0 and the Torridon sandstone
(colum 2) has a K/Na ratio of 11.,5. The K/Na ratio of the
"average" granite is 1,24 (Turekian and Wedepohl, 1961,
p.186, Table 2) and that of an “"average" gneiss has a similar
ratio 1.33 (ie. averagse guartzo-felspathic gneiss -
Poldervaart, 1955, p.1l35). Ramberg's (1951,p.31l.) average
Greenland gnesiss has a K/Na ratioc of 0.63. From the above
data it can be seen that arkosic sandstones differ greatly
with regard to their K/Na ratios from their supposed granitic
parent rocks, The depletion of Na relative to K in the
Kuibis sandstanes is clearly not unique but 1t is of interest
that this fractionation process should have been so efficient
while the potassic felspars have remained fresh and clear,

As can be seen from table X1V cplamn 3, unit 17 of
the Knibis Series contains 248 p.p.m, rubidium, and has a
K/Rb ratio of 242 (See figure 12 in app. 2) which falls well
within the limits of scatter of "normal K/Rb ratios"
(Taylor, 1960 . B,, p.318). The K/Rb ratio of unit 17 is also
very close to the value of 230 which is now taken as represent-
ing the average K/Rb ratio "for igneous and sedimentary rocks
and minerals and meteorites® (Taylor 1960 B, p. 318.). The
absolute rubidium content of unit 17 is high when compared to
Turekian and Wedepohl's (1961, Table 2.) value of 60 p.p.m.
for thelr average sandstone, but this high value is to be
expected when it is noted that the K value of unit 17 is



206.

5.99%, and Turekian and Wedepohl's average sandstone has
a K value of only 1.074. The Ii value of wnit 17 (7 p.p.m.)
is low in compérison to Turekian and Wedepohl's (1961,
Table 2,) average sandstone value (15 p.p.m.) and the 33 PeDolle
vélne of its postulated source rock the Adamellitie Gneiss,
This discrepancy is easily explained when 1t is recalled
that lithium tends to accumulate in the micas, pyroxenesvand
amphiboles of igneous rocks and that these minerals are less
abundant in wnit 17, than in the Adamellitic CGneiss, and
ara probably also less abundant in this unit than in Turekian
and Wedepohl's average sandstone which includes many sandstones
with relatively high, phyllosilicate contents.

Table XIV - Chemical Data (Kuibis Sandstone)

1 2 3 4
51 0, 76,37  B2.14 79446
A1203 10.63  9.75 10,50
Fe 2,12 o 0.78
2% 2 2% 1.23 ?+7
Fa0 1.22) 5 - 0.57
Mno 0.25 - ' -
MgO 0.23 0,19 | © 0,09
ca0 1.30  0.15 ‘ 0.25
Nay0 1.84  0.50 0.86 0.75 - C.44
H,0 | 0.83  0.64 0.18
P2°5 0.21  0.12
002 0.54 0.19 ,
zro, - - o 0.23
Li (p.p.m.) - - 7--p.pcﬂh 15 PDsMe
Rb (pt‘pdmc) - - 248 PeDellls 60 P+Pele
Cs (p.pema) - - <2 p.psl. 0.X Dpepame
100,94 100.18 100.00

(1) Pettijohn (1957, p.324). Average Arkose (Mean of 5).

(2) Mackie (190%, p.58.) Torridon Sandstons from Scotland
(quoted by Pettijohn, 1957, p.324.).
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(3) Unit 17: Arkose from Modderdrif Suid.
'{4) Unit 17: Arkose from hadderdrif Suid: - chemical composition

-_aetermined from the moda] composition taking the alkalic
 felspar composition to be Org, Abg, the plagioclase to be
Abgg &n30 and the ore minera%s £0 all be of magnetite

":compositiﬁn.

(5) Turekian and - Wedepohl (1961, Tabie ?). Averaga alkali«metal
: content of aaﬁdstonas.

Table XV = Yodes of Nama Sandstones andApassible |
» - Source Rocks Compared

X Ad Gnelss - X Nama Sandstone : Unit 1‘7 X Mask
: . . : :  Arkose -~itic

'+ Mierocline © 7 .20.8 . . .. 18, 9' L 44a7' -
~ Hornblende ' Tr i i_ Tr P - -

" ‘Biotite . 6.5 C042 0 1.4 2.6
Ore Mins. 0.3 - 0.6 06 0.4
Calcite ' 0.5 - - Tr
Chlorite 1.8 - - 0.1
‘Epidote 5.3 R T . Ir
White Mica - - B.2 crlel o 2.8 0 0.9

~ Apatite 0,1 R T
Orthite - 0.1 - - e e
Zircon TIr 0,1 02 . 1Ir

- . Fluorite . Tr . CT e T 0.2
- Rock fragments '~ Co T 042 B - \
~ Clay R Y1 - - -

- {No. of spees.) <41}"ﬂ Ty ) (39

{D). Source Rogkst - . 0 . - »__‘
Table XV whlch shows the moan modal composztlons of the (

ﬁ;Adamellitic Gneiss, the Kuibis Sandstomes, and the Alaskitic ‘
’Granite, reveals that on mineralogical grounds the Adamellitic
'Gneiss with its high microcllne content seens the most likely
source rock of the Kuibis sandstones of the area. If thxs is.
- indeed soy it is clear that most of the plagioclase and the
ferromagnesian minerals were removed from the sediments before
depositian. Column 3 of table XV shows that the arkose from
wnit 17 is unique among the sandstones of thﬁ area in that

its MlCTQClaﬁG contant is so high relative to the.its_quartz v
‘éontént as tofindicate that some special éedimentary Process,
‘perhaps winnowing, operated during4its,formation,"1t is also

- possible that its source rock or rocks‘were s1ight1y mors



'microclzne rich than the average Adamellltlc Gnelss.v Aé tha'.
| _processes of mlcrocline enrichment would tend to ‘be of limited .
-'magnltude, it is clear that the importance of unit 17 must not
be over—expnaSLZQQ.mhen,attempts_are made atwrecanstructing ,f
 ‘the paiebgéograph§ of early Nama'tiﬁés;"Table'XVI sh0ws the
ratio of the mean modal leuea of the magor phasgs found in the
Kuibis sandstcnes over the means moaal values of the same '
minerals foun& in’ the ﬁdamellltic GnﬁlSS’ thas valaas greater
thun one shcw that sedimentary proeessev have tended 0 concen—
trate that particular mineral whlle values less than unity show
‘relabive depletion in that miﬂeral These flgures again show "_
"the greater stability of microcline relative to plagioclase 1n
the sedimentary enviranment in whicn the early Nama beds formad.
~ The occurrence of 0.2% of ‘fine gralned rock fragments -

in the Kuibis sandstones studied is also of considerable
,‘significance‘as 1t clearly indlcates that granitlc rocks {the
Adamellitic Gneiss) were not tne only TOCka cutcropplng ‘in the
source area of these sediments. These rock fragments are ‘
. probably fragments 0f Kheis System meta-supracrusual materlal.

Table XVI ~f§ Kuibis Sandstone and Y &aamellitic
‘ Gneiss LOmQare&

'VQuartz;: Gre Einerals Microcllne Wh.te MLC& Plagioclase Biotite
2,22 2.0 - . 091 .13 0,04 0.03

1 In %he forepoing dascrlption of the sediments. fouﬂd
iin the lower 150 feet of the mama System_at Mbdderarif~8uid,:
number of deductions were made concernﬁ.ng their source, mode
of transport and depositien. Thgse‘lnferences will now,be‘, 
' 1¢nked together in an attemptlfa-reconskruct the paleageaﬁi
njgraphlc environment, but 1t must be stressed that many more
stratigraphic sections in different localities, and a

'statlstzcal study of sedimentary structures Wlll be neaded o
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- before a balanced pictufe of the Nama 6éﬁbsitiona1 environment
can be 6bteineﬂ._ Thus the presant 1nvesiigatlon éoes not .
pretend to be a comprshen31ve study af the Nama seﬁiments of
. 5Namaqualand bnt rather it 1is seen as a pointer to further study
as it has now been establighed that the Kuibis sandstones are
ideal for petregféphié~stuﬂyvand.are capable of yielding a |
great deal of éignificant;qaantitative data. It is also clear
that a détéiled pétragraﬁhié'ana:structnrai"sﬁﬁdy'¢f the Nama
sediments of Namaqaaland would be & major projec in‘itself‘and
that sdch an investigation wauld take a number of years to
 00mp1ete.» e
Ro direct ev1dence pertainlng to climate prevalling :
B during Nama times was. found in the sediments studle&, though '
ffrigid condltions Gurlng at 1east part of Lcwer Nama times
‘would seem likely as Schwellnus (1942) has founﬁ evidence of
‘glacial condltions in the lomer Schwarzkalk beds of the Klein
Kharas mountain area (s. W £, )5 Sbhnge end de Villiers (1946),
and de Villiers and S&hnge {1959) have found ev;ﬁcnce of
glacial conditions in the ﬁahas Stage of the Kuibis Series'in-
the north eastern Richtersvald_(ie,flé_miles'nofth_c: Nahas,
iSée»Map 2);Iandlﬁaﬁgnton (1961;,p,?3)'nas.stated %ﬁat dnring‘J
fﬁs»Laté Precambrian, Central and Weéﬁ{&fﬁiﬁa eﬁperieneéa'a |
ﬁidéspfead'glaciatibn_oﬁ ﬁsemieéﬁtinental,dimensioﬁs and
-éﬁisting_for a,iong‘ﬁerici with fluctuatingﬂdegrees_df'inteasity%
- The fréshvécﬁdition'of ﬁhe K;fe1épar found iﬁ"the.Kuibis_
- sediments might also be taken as indicative of glacmal
'conditions though Krynine (1941 A,, De 1918) has stated that "a
rrestuﬁy gf arkoses in tna geological column would assign mogt
'of them to ultrahnmza climates operatlng on very steep {not
o necessarily hign) relief" The pebbles found scattered through—
| out the lower sandstone horizonu, in particular the first unit,
might be taken as’ furnher evidence 1n suppart of tha oceurrence

" of gla01al ccndltions during Lower Nama times, but Martin (1962)

:;'has zndicated that the presence of such pebbles in S.9. African
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. formations is}ﬁrobabiy-iﬁéicative of aﬁ”éff-sﬁo?é'dépositianal
_environment, as he,staté# that'aiéy'from:ﬁﬁe shqre'conéiomefateé
nhange,nuﬁ by a_uniform-decreaée in’pebble-size'bat rather'thai
the pebbles retain their size and decrease in fréqueﬂcy.of -
adcurrenée. ThiS'lattér»gropbﬁal seems the more likely in_fhe
__‘aréa sthdied és thé,pehbles arg g¢nar$11j*foﬂnd to héve been
r&ﬁnded. 'Ef, however, at some futurefdaﬁe'it is found that‘ 
the Nama and Numees beds {See Chapter 6, Section E) are of
"Vthe same age it will be clear that glacial conditlons wore
1,prevaient during Nama t;mes, partﬂcularly to ‘the wesL and

- north west cf kne area. . | A
The' presence in the Kuibis sandstones of freeh ,
"K-fGISpar, indicates a “ource a?ee rich in relatlvely
unweathered granitic or gneisszc.rcck, _Krynime (194&.&;
§s19193 in his paper~en the paleogebgta@hic and %écﬁonie
- significance of arkose etateﬂ that “tactonlcally arkoses are
- steep youthful topography, This places thsm at the very

ond of the geosynclinal stage after mogumatic intrusion,
: uplift and block faulting, and befors peﬂeplanation"r
- It is also 31gnif1cant that of fha 22 mits studied

over half (13) are whelly or part)y red or plnk ln ccloura '
"Altnough widely divergent views have been e?p*essod abcut the
origln of the S0 called "rad beds", the  statement by Dunbar SRR

}f»and Rodgers (1957o p.209) that with minor eXcepﬁlan the

 red beds ccnsist of non—marine tarrzgenous, fragmental
'~sed1ments, is probably a faiﬁ summary of current 0p1nAon ,

on;the redbed problem. ‘As Weller (1960. .324) has emphasised.' 

e colour more than any other rock feature, prOVldES quormation 2

about the oxidizing or reducing condltﬁons of a sedlmeatary
i'environment, and strang red nolours are sure aigns ﬁg
, ox1dation. The pigment in the red beds of the Kuibis Series
| appears fo be mainly flnely divaded hematAte, whlch frpm
tne foregoing statement can be taken as 1na1catlve of %n

oxidizing senzmentary environment. Interbeddea ana alternating




":-itha Kuibis red beds might well have been dep051ted sufficiently
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with the red beds of the Kuibis Series, one finds mainlyilight

) gréy-ﬁeﬁsfwhich Qre'iﬁdetermihate»as indicétbféJQf-deﬁositionéiv
f.énvironﬁent- but which toéether-with the red beds seem to
indicate alternations in the conditions of saﬂimentation.

Most authors who have wrltten.oﬁ the red beé problem have _
»stressed fhat an oxidizing envnronment is seldom found at the
site of marine depositiony but they nsually quallfy this » ‘
statement as Weller (1960,p.35) has done by stating that an
axidizing enV1ronment could be found in some very . shallow

coastal.areas"and.in:tha,deepest parts nf tha ocean where

sedimentation is slow and bottom 1ife scent. In areas of .
‘present ﬁay‘marinéésedimentéﬁioh reduéing-cOndiﬁiﬁns are

| generally created by the presence of decaying erganic matter ,
which tends o axhaust the env;ronment of its free oxygen.i_‘
If, hawever, in early Hama tlmes the primatlve life forms

were unable to surv1ve 1n the ccndltions of rapid sedimentation,
indicated’by the abundant fresh felgpar,vox1dizing,conditlang

- might'have been able to prevail in.fhb depoéitional anvifonment~

: bﬂt even if the environment was sllghtly reducing in character

'—rapidly for some of tha hematite to havs survived and given
the Kuibis beds their present colour._f 1 e |
Grain~size distribution data seems to 1ndicate that the

: constituent particles of the sandstones were tranSported by |
- medium strength traction currents, and dEposited in a shallow |
 water»envir0nment.. The alternatlon of fine and coarse |

.sedlments might be considered to represent oscillations in .

water depth during dSpDSition, thcugh this in only one |

- possibility as changes in any of the other variables in the
depositional environment mighx lead to like results.' While

‘the felspar percentages of ‘the sandstones seem indicative of

Acondltions of rapld eroglon and depositlon, the gooﬁ sorting -

IS

. ok

: of ths‘sandstqnesvand_thelr grain shapes, 7" oo
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to Peckhamfe’arkose L'Quaffé@ée eendstéﬁe's&iee. petéographie{
“data seems to 1ndicate that (l) the sandstones are products

;of vigorous er031en in a source area ;n which the Adamellitic

' Gneiss was uhe main rock type, (2) tranSpertation was by | '
‘means of medium strength tractlon currents and - (3) deposition -
took place in a slightly oxidizing shallow water environment.,
:A'The limestone horizons part;culerly the thick llmestone
_herizons abeve the Kulbls sandstones, probably represent a :N
period of quiescence after the tectenic activity that

produced the felspathic sendstenes. All the evidence obtained
nas considered to be in agreement with Martin's (1962) |
statement that~the Nama sediments are cratonie platform
deposits, though as wiil’be seen in'ﬁhap%er 9, the Nama

. sediments offthe'ereahave sehe uhiqhefeatﬁres as they

-probebly-develeped on the very edge of this platform,_'

vIiir ]:_ SURFACE DEPGSITS

These surface deposits which are believed to range

'=1n age from early Tertiary to the present, can be divided -

" into three main greups : (l) deposits associated with

remnants of river terraces, (2) unconselldateﬁ sand and rock
»weste and (3) flood-plain elluv1um. In the area the only
.significent remnant of a river terrace is feund at Xaminxalp_
where a 1ayer of rounded to sub=-rounded pebbles and boulders
is fcund cemented by calcereous materisl on a truncated
surface some 30 feet (9 lm ) above the approximate mean level
of the Qrange River.' No fossil remains or diamonds were
found in this terrace deposit. To the-immediafe east efv_"
the area, at the confluence of the Te Cow1ep and Orange _4
rivers a numher of boulﬂer strewn terraces are to be foundw
‘The orange celoured tent in Plate 9 is pitched on one of xa\
- these terracea. Lerger terraces which are usually in a o

- better state of preservation than those feund in the area,
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.are‘to 5é=seeh both op and down the Orango_River from. the
férea,q Magﬁificeﬂﬁ terracés,rthat‘generally_contain many watér
bolished somi—pbooioué stones (agate;'jasoerg égate ﬁésper and
x(other varieties of. chalcedony), are found at Rooiwal (+ 50 feet.
1644 me), 5 miles -upstream from the area, and at De Hoop,
'145‘miles downvsoreao from the.area. 'The_uneonsolldated\sand
;‘_io'maioiyioonfined to ﬁhévdr§ofivernbeds ofithé‘tributary
~ streams of the area, and 1£ graoeé,ihto rock~debrio and scree
. as the incliﬁation’of~slope ihoreases-away from the river beds. .
The sand is found to'be composed mainly of quartz, felspar
1grains and rock fragments which have been produced by ‘the -
mechanical breakdown of-the surroundingvcountry rocks, The
alluvium occurs as a narrow ribbon along both banks of the
'Brange River, and consists mainly of a fine, generally dark,
'Sllt. At those localitles where tributary streams have cut
thiough\thelsilt exposing afvertical profilo, the_si@tvis >
found éo bé bedded and sometimesocross-bedﬂed, and a few |
| thin 1rregu1ar gravel 1ayers are occasionally found. 1In
those parts of the,flood plain which’ are devoid of vegetation |
| the silt is often. blown into. small dnnes, and - as can be seen

“in Plate 9, wind ripples are a common feature.

> S smmxmmmn
(A) Introduction:

The key to an understanding of de Villiers and

Sthnge's 1nterpretation of the structure of the Richtersveld
is found in their (1959, p 197) statement that ‘the "structures
of the Richtersveld are remarkable not” so much for their
intensity, except in the oldest rocks, as for the exceptional

‘parallelism axhibited by structures of W1dely different ages",
~This parallelism of structures of diffarent ages is clearly to

‘be seen in the area, but it is not considered to be as re-
) fmarkable as de Villiers and SBhnge believe, as the account -

" of the stratigraphy of the chhtersveld proposed in
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Chapter 6 suggests, that most of the rock unlts that ﬁiSplay
this parallelism belong to the same tectcgenetie cycle.r’

(B) Kheis-Adamellitic Gneiss Cycle.

In the. Kheis. Supracrustal Rccks of the area the most
characteristic structural feature 1s the presence of consider~
able shearing, foliatian and schistosity. Most ortthesej
§tructural features((the trends.of whlch_are shéwn on the
ugetlogical.maptactdmpagyiggfthié'répoft)'whiie}ﬁét beingl
ﬁniform in'integsity or distributibn, tend to striké'hértha
south an& run approximately parallel with the border af the S
‘”Adamellitic Gneiss,‘ Early faults and folds within this
, material have for the ost part been obliterated by later
shearing and matamorphism. The Adamellitlc Gneiss and 1ts o
- associated hybrid rocks, wh;le displaying "wild folding" -
'-in some parts, frequently contains foliation and banding
which has a north-south trend similar 1n orientation to that
- found in the Kheis meta-supracrustal rocks.4_1n contrast
to the later plutonic rocks of the Bichtersveld Suite, the
"Adamellitlc Gneiss-has gradual and generally concordant
-cantacts that support the view that 1t was emplaced at
'greater depth than the Richtersveld Suite plntonlc rocks.
| “The Post Kheis Ultramafics are believed to have
1been emplaced ‘along two east-west trendlng zones of crustal
<vweakness that probably deve10ped during,the Kheis orogeny
')ésvit is elear that some extérnal'force mnst-be~1ﬁvoked to

account for the upward movement of dense relatively cool quasxs

13

solid ultramafic magma, o o ”,1:‘}:.i:“
' (C) Richtersveld Snite and Nama Cyele: ‘

r In Chapter 6 it was suggested that the Stinkfontein,
Kaigas,'ﬂumees and Nama Formations together with the
'tRichtersveld'Sﬁiterall,belohgltqsa single tectogenetic cycle.
if thisthypothesié is;abcépteé then therstruétuxétof\élltthése
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rock units and their correlates (that probably extend from
the South Western Cape to Angola) must be viewed as a single
unit., In relation to the huge area mentioned'above the

area studied is very small indeed, hence the following
descriptions of the structure of the Richtersveld Suite and
the Nama sediments of the area must be seen as descriptions of
a small part of a very much larger whole,

As was stated in Chapter 5 the known outcrops of
the plutonic rocks of the Richtersveld Suite fall withln a
gently curved north, north west trending crescent that
extends for at least 120 miles from Soeties in the south
to Aurus Waterhole in the north, To the west of these rocks
the outcrop of the Stinkfontein Formation and its boundary
faults (SShnge and de Villiers 1946, plate 32) trace a trend
that runs parallel to the outecrops of the plutonic rocks.
East of the plutonic Richtersveld Suite rocks of the area lie
the younger Nama sediments of the Neint Nababeep Plateau.

If an attempt is made to reconstruct the sequence
of events that occurred at the time of the development of the
Stinkfontein Formation and the Richtersveld Suite, Rich's
(1957,pp.1179 - 1222.) "magma blister" theory (Chapter 5
section H.) is found to be a most useful guide to the
possible sequence of events, Recast in terms of Rich's theory
the Richtersveld Suite magma is seen to have formed by
palingenesis in the zone of relative weakness found along
the western edge of a craton; where because of the increase
in volume produced by the melting of the preexisting rocks
during palingenesis, a "magma blister" or geanticline formed.
The surface rocks above the magma blister which probably
consisted mainly of quartzites and schists, (Kaaien) on
being elevated began to be eroded thus lightening th raised
central mass., As a result of thils isostatic equiliﬁ?ium was
disturbed and further uplift followed (Rich, l95l,p.£l§2,

\

Vo

/\ y’
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figs., 1 and 2.). Subcrustal matter flowed inward from bensath
the western marginal zone and crustal sinking started along
the blisters western flank., The Stinkfontein sediments
accumulated along this western flank first as piedmont deposits
and later as the geosyncline developed as lacustrine and then
deeper water deposits (de Villiers and SShnge 1959,p.204.).
The Stinkfontein lavas were probably extruded from the magma
blister during times of isostatic uplift when faulting and
fracturing occurred along the inner edge of the developing
geosyncline, Lava was possibly also extruded through the
tensional fractures and faults that probably developed in

the stretched surface that occurred over the top off the magma
blister, Later when the plutonic rocks were emplaced into
their present positions and they had crystallized, the blister
contracted resulting first in the emplacement of the Quartz

- Bostonites in the manner explained in Chapter 6; and later
further cooling and shrinkage i1s believed to have resulted in
the collapse of the Richtersveld Suite magma chamber (ie. the
blister) that lay beneath the 120 mile long Soeties - Aurus
outcrop crescent. As a result of the collapse large vertical
tension cracks developed parallel to the outcrop crescent

and the Hornblende Diorites were emplaced into some of

them. The north-south boundary faults of the Stinkfontein
Formation are also belleved to have been active at this time,
and the Stinkfontein beds may have acquired their present
westerly dip as the result of the block between the boundary
faults tilting westwards. After a period of erosion,
deposition appears once again to have taken place and the
Kaigas and later the Numees and Nama beds were laid down,

The folding of the Nama sediments is believed by
de Villiers and SBhnge (1959,p.208) to be the result of the
already consolidated sediments being pinched in the sinking
trough and deformed along the edges of the gently pltching

syncline produced., Not much can be said about the structure
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- of the Neint Nababeep plqteau as the area contains but the
.“outliers of these rocks along its eastern border, buﬁ'one

fact that does emerge, ‘and can be seen on the map accompanying

 this report, is that the Nama beds that are found dip east-

~ warda_or inwards towards the centre_of the main mass of

‘Nama sediments of the Neint Nababeep plateau. The Nelnt

'V-Nahaheep plateau when considered as a single unit, appears

- to form a ‘broad shallow syncline with a north-south axis,:
:and contained wzthin this magor structural unit there are a

- number of smaller local folds which though small in size are
often strongly folded and evenﬂoverfolded‘ An example of

Nama sediments overfolded towards ‘the east is found at
Modderdrlf-Suid (Sea Map 2.). 1 S

' | As was stated’ earller it is believed that the Nama

‘”,sedlments of the Neint Nababeep Plateau represent a late

stage in the St1nkfontein - Richtersveld Suite tectogenetic

eycle. It would seem that while the Stlnkfontein geosyncline

- was developing the Nelnt Nababeep area was part of the "magma

'bllster" (1e. two very small outcrops of Rlchtersveld Suite
vplutonic rocks are found east of ‘the Neint Nababeep Plateau. DY
 Sbhnge and de Villiars, 1946, plata 32.) and thus<na de-

posxtion occurred. Later as the blister eontracted a depression

"1;formed in the Nelnt Nababeep area and the Kuibis sandstones

.developed Durlng the’next stage an eplcontinental sea covered

imuch of the westarn part of southern Africa, and in the Neint

’ f'Nababeegrarea the deprassion, that_had now become,a,basin,'

 Aébﬂ£inued'fb~subside and fill»witﬁ"a‘greét thicknessxof
‘limestones. Eventually the rocks of the basins margizm .
fpslumped and flowed. plastically under the 1nf1uence of gravity

%o pr@duee most of the folds found today. This lS, however

besy

‘area, as the pre-Nama surface on which the Nama sediments lme

a 31mplification of the structure found in the Neint Naba

is itself folded in ; some localities, and this leads one to \\k

_suggest that.the Nama sediments_of thlS'area,-like those of T \

t
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the Naukleft area, may have been ceught up in the final ‘
' phase of the Damara orogeny. o L n -

o f ‘ The movements associated with the deposition and l.v
folding of the Nama. beds probably also left their imprint oﬁ .
-the elder rocks of the area, but the fracturing and faulting
'produced appears to have been parallel to the ax:s of the Neint
Nababeep syncline and thus parallel to earlier fractures,j_ |
| faults and snearinga _ | ‘_ | B
.AD) Post—Nama Events..‘?

- The majority of the faults of the area ‘have 51milar

'trends to faults that have Post-Nama displacements.. The

~ commonest strike direction 1s ‘north-west, and faults with a

"'51milar general trend are found cuttlng the rocks ef the

‘ ‘Dwyka Series in the vloolsdrif area (to the east of the area -

See Map 2): It thus seems likely that these faults came into
being, or that large displacements occurred aleng them, éurlng
Pest«Dwyka, Karree-times.“ In the area some of the northrwest
'trending faults are diSplaced by faults with a strike that isi;}
l“approximately due north. These nerth trending faults ere o
:elther post-Karree, or as. this trend is ‘common in many earller'v'
'fractures and faults, fnrther movements toek place along these
l' fault planes in post-Karroo times.£ The principal dlrection
~of displacement found along many ef the faults of the area .
~is in the strike direetlena As most- of .the dykes and plutonlc
'centacts found in the area are essentially vertlcal, ‘the v.
dominance’ of the strike-slip component might be more.apparent o
than realy, but it does seem thet the faults of the area are

primarily wrench faults with the deminanﬁ relative moVement

-~ of one bleek to the other being horizontal. Most of the

.vfault plenes are essentlally vertical as would be expected of

_‘wrench faults (Moody and’Hlll, l956,p.:1208 ).n-,'
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As can be seen from the geological map accompanying
this report milky quartz and to a lesser extent calcite and
greyish yellow (5Y 8/4) fluorite are frequently found along
the fault and fracture planes of the area, Less frequently
deposits of siderite and galena are found secreted along

fractures. The siderite is dark yellow brown (10YR 3/2) and

3
A

[

occurs associated with milky quartz velins, in a small
lenticular body in fractured hybrid rocks found to the north
-west of Rooiberg 2 (at 1D6). On the western side of the

Tc Cowlep valley at its confluence with the Orange River

and approximately half a mile up the Orange River from the
area, and also along the south eastern border of the area,

a number of galena~-bearing quartz veins are found associated
with minor faults and fractures. These veins are of no
commercial value, but the Tc Cowlep veins ars of geological
interest as they are found emplaced within the shales found
at the top of the Kulbis Series of the Nama System. The
veins occur along fractures, minor faults and the bedding'
planes in the Nama sediments. The main galena vein at the
Te Cowiep - Orange confluence, reaches 12 inches (30.5 cms.)
in width}and strikes in a north easterly 5irection and has

a variable dip.
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POSTSCRIPT: )
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Dr. L.O. Nicolaysen (Private Communication 17th April,

1963) states that in addition to determining the absolute

age of the plutonic rocks of the Richtersveld Suite he now

plans to determine the absolute ages of (1) the Pre~-Nama

dykes of the S.E. Richtersveld and (2) the dykes that cut

the Numeesl(or Nabas Stage, Nama) Beds at Nabas. He hopes

that this geochronological program will provide "unequivocal 4
‘maximum and minimum limits for the time of deposition of the
.N;tma.f"
SR
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' Appendlx I Chemlcal analytlcal methods employed.

o 1) S'dium,"d Potassium: These elements vere
determined by Eel (model A) flame and photometer. & full
description of the procedure employed is found in Taylor
{1960.4.) The following stanaards were used to establmsh
the worklng curves- ' _

. Ne% - K%
G=1* = @ranite 246 4,51
R L Diabase 1.54% 0453
- T.8.B.5: 89*‘ Lead-Barium Glass  &,299 6.97
‘U.S.B.S. 89 ~ Plastie Clay 0,193 2.6&
75'96 0.3

U.8.B.5.,99% Soda Felspar

~%® . Stevens et al (1960} :
t U.s. ‘Bureau of Standards Samples.

These silicate standards were used in order to minimize
possible matrix effects, Precision was found to be good -
in the case of both elements, and the relative deviation
‘of theianalytical method. is balieved to be 1% (Coeffleient
..of Variation)a_ : . ‘

: " 2) Lithium an _R‘hidiumn Thase elements were
determlned by optieal Spectrography using the variable

- internal standard procedure for the slkall elements (Ahrens
“and Taylor Seection 13~ 3). Operating conditions

"~ were as I ilows e “Hjlger" large niartz angd glass ’
‘spectrograph (B, %78), ‘wavelength 4600-9600 & glass- cptics'

- slit width 103 sevenustep sector (2:1 ratio); "Kodak" IN’
‘plate; current g" amps d.c. (short-circuit setting) anode

: exeltation- lower electrode (znode); "National. Carhan :

Co.® electrodes-- internal diameter of crater 2% mms, ,

depth 2.5 mms.3 and the upper electrode (cathode) was

of "ship. Carbon“ The unmixed sample powders werse arced

. %ill the end of the alkali metal distillation period. Plates

were developed for 4 mins,. in Kodak De<l9,b.developer and

the lines read with a Hilger non-recording microphotomster,

Intensities were determined using the self calibration |

_ procedure of Ahrens and Taylor (1960). Sodium was used \

~as the internal standard in all but specimen 577, and the

following lines were used Na 5688, Li 6707, Rb 7800 and.

Rb 7947. Natural silicate standards were again used and

. produced satisfactory worklng CUTVES.: - The followimg values

Were used.-
: S Li (p,p m_) Rb (p.p.m\)
39“1* Granite =~ .. o 2 220

I
3 W+1* Diabase Lot 9 | \ﬁ“
0.6.19+ Grenite e 67 K
. o : ‘i
| - Stevens et al (1966) o
+ Nicholaysen (1062.A ) - : ; ;,§>

A relative deviation of 5% is generally obtained forAxhés

. elemsnts usirng this method. While reading the ab@vé plates

~ for Rb and Li, the Cs 8521 line was also eXamined, 4hd in
most cases the amount present was below the llmits OF) "ﬁi\v
detection (2 p.p.m.), but in specimens 577 and h68f@403 !

. eontent of > 2 p. p.m. vas detected ' o ‘ |

3




,Lhase elements are all relatlvely volatlle in th@ d.e. arc, -

' the principle of alkali metal distillation was once again
.- .employed. A semi-quantitative method, employing no internal -
~ standards, was used, as the main purpose of the study was

to estahlish the presence or absencs of significant quanti-
ties of tin in the granite specimens. . To reduce excessive
background due o cyanogen bandheads all samples were mixed.
with 5¢ Johnson-Mathey “@pecpure™ NaCl, to act as a buffer,
Operating cgnditions were as follows: anGlength range
2750-. go quartz optiesy slit width 104y seven~-step
sector (2:1 ratio), "Kodak® 103<0 plates; current Yamps d.c.
{short cirevit setting); Ilower electrode {anode) with :

" erater of % mms.,internal diameter and 5 mms. in depthj

- and upper electrode {cathode) of “Ship Carbon®, 411 samples

-were exposed for exactly 60 seconds. Plates weré developed

. and read as deseribed above, The following lines were
read Sn 3175, Cu 32%%, T1 3775, Ph h057? Ca 4172, S yanthetic

. standards were emplnyed for the estimation of tin as the

‘dstection of tin in G-1 and W-l is not possible with the
methods used; The standards were preparad by diluting
Cassiterite with quartz and NaCl to give samples with
coneentrations of 300, 100, 30, and 10 ppm tin (Sn.). The
working curve for’ thallium was derivad from G<1 and two. .
other granites that had previously been determined,
VAlthough internal standards were not used, the working
“curves and the duplicate values for the samples analysed

7  were found to be mo«t satisfactory.

~ The value of_the‘stagdards~usedfﬁere:_,

‘1’1 ‘p' Dol ﬁ?a Pop.m. Pb pop.m. Ga 'pfp‘-;m-f :

o G-1 Gramite-  1.30 Q) 13® 5@) 2@
W<l Digbase 110 (2) 1o @ 18 @)
0, Ge16 Graniter = 1 33
thahanevgranite¢ - 1.63
1l = Stevens and Fleischer { in press )
-2 = Stevens gt al (1960} TR :
4 o= Kaye (1962) L ,'1*1;;;5. )

) '"h) Tgb 1L N séium,. Man ,'z;
and Nickele : Fellowing nhrens and Taylor (19 0)
‘was used as internal $tandard for the determinat
these elements. One part of sample was ‘mixed- wlth tro \parts
‘of Naticnal Cawhon Co, grade SP~2 graphite powder whikhé
-contained 17 [(NH,)yPb} (NO3), by weight, Operating cou
ditions wore as éekora. %he lines used were Pd 3258 \F% 2929,
Mg 2783% Mn 2593, Ni 341% and Co 3453, Plate callbrati\gn }

al%adium

?as hy the self calibratlng method of Ahrens and Taylgr
- {1960). | . | |
S | Gel  Mel L _,&,g,;;s \\
| Standards Used G-l _ Wl _ 2 | Plastic g1 98,
Total Fs % 1.37%°9, 763‘ B h 56§§ _ 1.k ¢ ay
‘Mg % o, 2ssx 3.99% 2417 | o.>+3 24
Hn popems 230 1320x o gg5% - N
" HL Papems “8o% o Rx - ,\
GO PaDema 2. 5% 27,2 \16;-5’5_;




. X utevens and others (‘196(3)
. 4 U.B5.B.5. Standard Sample -
£ Carr, H.M. and Tvrekian, K.K. (1961)

' althouﬂh hackground correetions vere necessary for co’balt

a ' and nickel, the working curves thained for all the above o

elemen‘ts were most satisfac’cory.
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