B> tne Deds must have Wen stronglyv

corffaed ty the preeeur. of the overlyitg sediment,, end their be-

havlour nes sIM 1,, to that of a plastic substance. As discussed

belou, under "Joints and Cleavage'" the couple formed by the pressure

g ting against the drag of the decollement produced rotations

stress™ The resulting shears took the form of a system of joints, or,

depending on the degree of shearing, of cleavage.

3) WaLFaiiStruptureg.

Major antlcllnori. and syncllnorla, with a wavelength measuring

between eight and ten kilometres, wre seen in the area where marble is
exposed, but owing to the absence of marker heritors In the Unper Schist

-e . to the east, these structures could not be followed as closely .»

A the IreSt' IC” Pr°babllity & structure of the whole area follows

the pattern of the folded marble bands described, except for We varia-
tion mentioned, of a northwesterly dip near the Brendberg. The line

of this change of dip possibly marks the position of the axis of a

tlolincrium. his possibility is supported by the fact that

syncllnee of ouartsite make their first appearance in the area east of

this axis.

If this line of change in din-direction is the crest of an
anticllnorium, then folds are incon”ous with respect to the anticline-
rium. If the folds are congruous however the structure must be a syn-

clinorium, and the presence of quartsite in the southeast limb only,

suggest, either a change in facies towards the southeast or an infolded
unconformj.ty,

s-he abnormal dip may however be a result of the granite in-

trusbon knc*m to occur to the east,

with a few exceptions, the structures mentioned above follow
a pattern normal for this part of S.V.A., i.e. folding ostensibly due

to pressure from the southeast. (Cavers, 1929, p. 50).

*» Tha.Zm.of.Sohat.gqnajjKbla Intrude,, hv Granite.

™'S Zne Cn3tltut”' 65 km of granite-schist contact.

About 10 km of this contact is covered by younger formations.

1! ma& m.of th*chj?*-Cr”*it, Contact,
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out exception, the Upper Marble horizon dips beneath the Upner Schlet

Serlea a abort distance, about 100 metres to 800 metres, from the

-ranite-schlst contact. In a few places tongues of granite are seen

to He along syucllne, of Upper Schist. Generally the folded schist

and marble beds start plunging downwards the granite, at a distance be-
tween If ,nd 3 Kilometres from the granite-schlat contact, or in other
words, there is a line of warping of the folded beds, transverse or

oblique to the strike of the schist, and roughly parallel with the pre-

sent schiat-gr.nlte contact. This line is shown on plan, Fig. 46.

The tinner -orMe (see above) is seen in direct contact with
granite at only a few places in the western part of the area, and at only

one place there does granite cut across the marble, in this case across

the nose of a marble anticline. (See map, Fig. 40). A further peculiar

ity cf the contact zone is that Sbre the granite-schiat contact strikes

across toe general strike ,f the folded sediments, the fold axes have

been bent towards the southweste

The contact is rarely well-defined, as it usually lies in

a-ens of low relief. West of the Gemsbok River, about 5 km from the

Ugab River, a sharp contact of granite against schist dip at 50° to the

east. At the extreme eastern end of the granite area, several outcrops

of granite occur in the schist. These outcrops are possibly the upper

parts of small dome—shaped granite masses.

Along the granite-schist contact between the Brak and Zebra

Rivers bodies of granite are found in the schist rCmning parallel with

the contact. The width of these bodies varies from five metres to one

of about 300 metres. They may be interpreted as sills separating a

long xenolith of whist, one Kilometre wide, from the main schist body,
or as concordant bodies of granite lying within a schist anticline or
syncline, the '"xenolith" of schist representing either a roof pendant
or a ridge of the schist flc - of the granite.

The Probqble form of the .Intrusion”

The above features au-gest that the granite was intruded in

the form of a composite phacolith. The probable extent of the original

body is shown on the plan (Fig. 46¢6).



The edge of the phacolith did not lie in the horizontal plane, but was
partly beneath and partly above the nlane of the present land surface,
3) Granite beneath the exposed .Sohig”

Eveidence for the granite lying below schist is 's follows.
At the eastern end of the main granite area, the schist forms a low
scarp above the level of the granite country. The isolated outcrops
of granite in schist represent windows in the schist. The Elongated
area of tourmalinised schist and quartz veins which lies about 3 km
to the northeast probably originated in a tongue of granite lying be-
low surface, and represents the limit of intrusion of granite in that
direction. In the area between Sohllfputz and the Amis River mouth
numerous thin bands of marble in the schist indicated that the Upper
Marble Series is not far below surface. The Blne Marble actually
outcrops in one place to the east of the Karroo outlier, (See map, Fig,
27). Thus, an eastward extension of the phacolith would be confined
to a small, possibly elongated area in between the two eastern-most
outcrops of Upper marble. The indications are that this is the case.

Vest of the Gemsbok River, the evidence is not so clear.
A scarp of schist lying above the level of the granite surface follows
the contact northwards to a point about 5 km south-east of the place
where the Gemsbok River crosses the granite. North and west of this
point, granite forms high ground relative to the schist. The granite-
schist contact shows a well defined dip, towards the northeast, at only
one point. The presence of acid pegmatite dykes in the upper schist,
near the southwestern corner of the schist country, is an indication of
underlying granite in this area, and would be strong evidence if it
were not for the fact that pegmatites occur near by in horizons strati-
graphically as far down as the Lower Schist Series. The probable

original position of the phacolith in this area is shown on the map.

U) Granite .above the expqged Schiat.

Evidence that the granite in the remainder of the contact

area once lay above part of the exposed Damara beds, is as follows.

Frcan the southwestern corner of the schist of the schist

and marble country, to a point 16 km to the east, the folded Damara
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Surface exposures indicate that the vertical distance through which
the sediments were depressed was at least 1,000 metres, and it may be
assumed that the rhacolith was of a greater t.iickness# The overlying
sCi.ists must have been thousands of metres thick. Thus, the minimum
amo’int of material removed by erosion since granite intrusion can be
roughly gauged.

The locality of the opening through which the granite wasin-
truded is not known, but it was probably in an areaweakened by the
original folding. The south-west corner of the schist country is
possibly on the line of the break-through. (See map, Fig. 40),

The main objection to the above theory of the manner of emnlace—
ment of the granite is that the pressure of the intruding granite
found relief downward, whereas in similar intrusions the pressure is
normally relieved in an upward direction. It must therefore be assumed
that space became available below the sediments. This snace was pos-
sibly provided by the removal of granite from below. Asimple exchange
of space, motivated by the lower specific gravity of the granite re-
lative to the sediments, could have occur&d, in which caue high pressure
in the granite would not have been necessary. (Billings, 1962, pages
277 and 311).

The absence of high pressure during intrusion is indicated by
the absence of faulting or other structures that could be caused by pres-
sure.

It is imorobable that the sediments had been warped down
during the original folding. No similar structure exists away from the
granite.

The east-west hinpe—Hne about which the folds are warned co-

incide aonroximately with the line of the edge of the phaoolith. This
line possibly formed a venue for pegmatite intrusion, and it Is perhaps
significant that the rare pseudo-diorites were found best developed in
the area of down-warping. (See also under Petrology).

A small portion of older granite manned north of the Brand-

berg belongs to a large mass of granite lying to the east and north.



Where shown on the plan it has the form of a tongue lying within a

schist syncline pitching towards the east. This intrusion is at a higher

stratigranhic horizon than the main granite body lying to the west.
6)

Apart from the one example of a small acid lava pipe north of
the Brandberg West Mine, all the acid pegmatite intrusions take the form
of dykes and sills within & km. of granite contacts,

Sins are the more common form and varv in strike length from
3 metres to 1,700 metres. The thickness varies between 0.6 metres and
3 metres®

£ peculiarity of these intrusions in the western part of the
area, not repeated by the later basic nlutons, is that several acid dykes
follow the crests of marble anticlines. Much evidence, as shown above,
points to the emplacement of the main granite body above the schist, and
it is possible that the source of the dykes lay above their nresent
positions and that they represent apophyses lying along the channels
of weakness of the anticlinal axial nlanes. However, an instance of
granite cutting across an anticline of marble, in the southwestern corner
of the schist and marble area, indicates that granite could have been
intruded along bedding planes within the folded marble, and could then
have risen along lines of weakness to the crests of anticlines.

The scarcity of pegmatites ind4cates a state of comoregsi.cn
of the folded sediments at the time of granite Kk trrslon, and possible
pTenes of pegmatite intrusion resulted from the force of the granite
intrusion. The line of weakness along the hinge-line in the folds
has been intruded by pegmatites, which probably originated in a granite
body at depth.

O General Structural Features.

1) Cleavage.

Cleavage is not well marked in most of the marble components
of the two marble series, but it is usually present in the schistose
components, and in the rocks of the schist series.

The usual attitude of the cleavage is in planes parallel with

the bedding planes of the sediments, where it is particularly well de-

veloped along the lower limbs of overturned synclines



The cleavage is formed generally by the parallel alignment of biotite
flakes. More rarely, the quartz grains are elongated parallel with
the cleavage. All gradations are found, from non-aligned grains,
through elongated grains, to elongated end optically aligned grains.

In rare cases, a secondary cleavage can be seen forming at an
angle to the true cleavage, through the growth of biotite flakes orien-
ted in a different plane, (Nos. 63, 265),

The direction of the false cleavage is apnroximetely oarmliel
with the axial planes of the folds. In the area to the northwest of
Brandberg West Mine, this cleavage becomes sufficiently well developed
to be called e true cleavage, and the bedding nlanes are almost obliter-
ated, remaining only as a ghost structure.

Similarly, in the Sesob River area, a nearly horizontal clea-
vage is developed, with a low dip towards the southeast. This cleavage

is usually somewhat crumpled and in places almost obliterates the bed-

ding planes.
Both of the above subsidary cleavage directions grade into
false cleavage,

2) Ellipsoidal Structures,

Intimately connected with the cleavage directions are the el-
lipsoidal structures, mentioned under "Geology", which are found in the
western part of the area. These aooear to have originated in lenses
of material slightly different in composition from the surrounding sedi-
ments, During the formation of the cleavage, movement along bedding
planes rolled the lenses, resulting in a rounding of the edges. A simul-
taneous effect was the relative elongation of the lenses, in the direc-
tion of the fold axes. This effect is strongly marked in the pseudo-
dioritic ellipsoids described under "Petrology'". Thus the ellipsoids

were possibly formed by the forces that caused the folding.

3) Joijiti.
yoAes
The false cleavage mentioned above/into e close-joints cleavage

lying in a near-horizontal plane.
A second direction of close-joints cleavage, that is univer-

sal] v develonpd in the sediments, lies at right angles to the fold axes.



(See photo, Fig, 51)e The combined effects of these two sets of
joints and the beddinp cleavage is to split the surface rock into re-
gular angular bloc's. As a result the Yellow Marble shows mural
jointing where exrosed as a cliff face, (See Photo, Fig, 16). A
close—joints cleavers parallel with the axial planes of the folds is rare-
ly developed in the schists. In nieces the horizontal and vertical
joints are 8 to 10 metres apart. (See Photos, Figs, 51 4 52).

Radial joints occur in anticlinal structures in the Blue
Marble, (See photo, Fig, 14), due to tension during folding, but nor-
mally joints are rare in the Blue Marble band.

Folding was the major cause of most of the cloavares and joint
systems. The bedding cleavage was rrobably the earliest to form,
during the early stages of folding. The vertical joints were then
formed, apparently as tension fractures related to pressure perpendicular
to the lines of the folding.

The axis's nlane jointing followed, after the folds had become
closed end were bein overturned. This jointing probably represents
an early stage of shearing due to rotational stress. The horizontal
joints were possibly formed during the same stage of the folding. They
develon into a true cleavage in the Sesob River area, where, perhaps
significantly there seems to be anhumpnin the floor of the folds. They
are possibly due to the same forces that overturned the folds and produced
the thicVening of overturned limbs of anticlines, i.e. they are shears
formed by rotational stress.
4) Drflg, Folcjg.

Minor drag folds are common throughout the area, and are seen
on almost any exposed face of schist. The axes of the drag folds are
mostly parallel with the major fold axes, but rarely a second oblique

set of drag folds is superimnosed. (See photo, Fig, 16 )

The drag folds take the form of evenly spaced smooth ridges,
with a wavelength between a few centimetres and two metres. The smaller
drag folds resemble ripple marks, from which they can be distinguished

by their consistent parallelism in successive layers.



Dra? folding is strongly developed in bands in the Upper Marble series

where it takes the forn: of Granulations and contortions. (See Photos,

Flg«. 38, 47).

Most of the drap folds are minor features caused by the initial.
major folding, and the drag folds in the schist were aU found to be con-
gruous with the major folds.

S) Faulting.
"here are no major faults in the area, but within the area of

the marble outcrops are many near-vertical faults which exercise a

strong control over the physiography. Almost invariably they strike

transverse to the axes of the folds, in a direction within twenty degrees

of northwest.  Although the fault zones are up to 7 metres in width

and are filled with breccia the maximum vertical displacement observed

was only about 30 metres. Commonly there is evidence of a downthrow to

the northeast, the amount of throw decreasing towards the ends of the

faults. In the area south of Brakputz, such faults run en echelon,

suggesting as a cause a couple formed by forces acting northwards on

the eastern side of the faulted zone and southwards on the western side.

S+rike faults are not easily detected in the strong folding,

although they are known to occur in the area. Some minor strike

faults of small chrow occur at the galena occurrences discussed under
"Economic Geology". (See map, Fig. 85).
A£e_0f_%he. Faults,

The largest fault found running between and parallel with the

Gemsbck and Sesob Rivers, can be traced for thirteen km, and runs

parallel with a swarm of Karroo dolerite dykes. Had the fault preceded

the dykes intrusions it would surely have been filled with dolerite,

but no dolerite has been found in the fault planes. Therefore this

fault and most of the other transverse faults are probably nost-Karroo
in age, and are possibly connected with the earth movements which ac-
companied the Brerdberg intrusions.
6' Structure of the Quartz Veins.

Ouartz veins are very common, especially within the schist

area. All are pre-Karroo and many seem vo be older than the old grani te.
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The oldest period of quartz Intrusion usually takes the form of bedded
veins, nov somewhat contorted. Some run at a small angle to the bedding.
Younger sets of quartz veins are of at least three ages, and
and ere probably later than the old granite. Their origin is probably
a granite underlying the schists, or possibly the granite body which
is cut by the course of the Goantagab River, north of the Ugab River.
The quartz veins occur in a well-defined fracture pattern.
They form in plan a criss-cross arrangement, at angles between 50° and
and 90 to the axes of the folds, their planes intersecting along a line
more or less parallel with the axial planes. (See Fig. 86). They
are almost entirely confined to anticlines. A further set of quartz
veins is interbedded in the schist and is probably younger than the
bedded wins mentioned above. The structure of these veins at the Sesob
River galena occurrences has been described under "Economic Geology".
Structure of the Basic Intrusion?).
The majority of the dykes in the area are Karroo age, but
there are a few that may be considerably older. The possibly older

dykes are usually associated with swarms of Karroo dolerites, and follow
similar directions.

A The Karroo Dykep,

These dykes have two main trends - parallel with the strike,
and roughly at right angles to the strike. The letter trend is common

in the western part of the area, and the former is most commor near
the Rrandbery. The central area, from the Zerlesenes Mountains to the
Amis River, is comparatively free from intrusions. Possible exnlanation
for the nresence of dyke swarms in certain areas have already been given.
1) Zbfl. dykeg of the Wstern Area.
These belong to at least three different ages#

a) The porphyritic or amygdaloicUl diabases, which follow a
more or less sinuous course, roughly at right angles to the general
strike. They are older than

OTivine dolerites of Karroo type, which are usually vertical,
striking at right angles to the bedding, and repeatedly pinching out

and continuing an echelon. They cut diagonally across the strata in

a slg-zag Mraer, as alternate a*es =m .. A _cut ”



) Dolerites of Karroo type, which are usually thicker than the
older dykes, and which run in a fairly straight course across the
strike of the sediments. Some of these dykes are Kilometres in length.

Exceptions to the above relationships occur, because of the
somewhat variable composition of the dykes#

Except for the sills, all these intrusions are usually within
10° of vertical, A fourth set of intrusives occur as flat sheets
dipping at angles between 30° and horizontal# These sheets are common
in the western area, but are rare towards the Brandberg, They are pro-
bably of Karroo age, younger than (b) above, and appear to follow clea-
vage joint planes#  The thick sills lyinv in the lower Karroo sediments
or at the base of the Karroo rocks, are possibly younger t>nn the other
basic Karroo intrusives, A few thick dykes (up to 20 metres thick)
of short strike length (up to 400 metres) are possibly feeders of the
thick sills,

2) The Area near the Brandberg,

The normal strike direction of these dykes is northeast,
parallel with the folded schist. They do not invariably lie along the
bedding, but tend more towards the vertical than to parallelism with
the bedding. In their thickness end persistence they resemble the
younger Karroo dykes of the western area. Where they cut obliquely
to the strata, they resume their original course within a short distance.

As mentioned above flat sheets are rare in this area. One
such sheet lies to the west of the Amis River, 13 km from the Ucoib

River, and is about 250 metres below the level of the base of the near-

est Karroo rocks.

3) General.

The manner of intrusion of Karroo dykes appears to follow a
pattern similar to that which has been described in the Union 'Du Toit, etc)
Primary feeder dykes supplied material to the areas of least resistance,
such as bedding planes in the Karroo sediments and possibly horizontal
and vertical joints in the Damara beds. After all these possible
avenues of intrusion had been filled, the d”lerite magma was forced to

occupy planes of weakness, mostly vertical, lower down in the Damara beds.



Rarely, the vertical dykes forced their way up into Karroo lavas. It
is possible that, much later, erosion of the upper portion of the Kar-
roo rocks permitted further emplacement of flat sb ts and sills, main-
ly at the basj.1 contact of the Karroo rocks with t1 older rocks.

It is possibly significant that the dykes of the eastern and
western areas, and some of the faults, strike roughly towards the I-tes-
sm Alkali complex,

E) TheJLtoT Qo.se”Tients..and-Lay”"g.

These rocks all show flat bedding and a low dip, except near

faults, where drag has caused the dip to be as steep as 60 , Faulting

in the Karroo rocks is rare except near the Brandberg, but a system of
joints is common in material such as quartz!tic sandstone. There are

usually two sets of joints at about 90° to each other, one running 50°

west of north, and a weaker set at 4-0° east of north. These joints
are repeated higher up in the lavas, where the vertical fracture is pro-
nounced.

F) The Brandberg Intrusion,

The mode of intrusion of the Brandberg has been fully dealt
with by Cloos (Ref, 1931 ). to whose work nothing can be added.
G Structural History of the Area.

The earliest known event in this area is the folding of the
schists and their movement towards the northwest over a decollenent.
The folding was probably due to isostatic adjustment in a large and deep

geosyncline, and this area probably occupied a position near the centre

of the geosyncline«

The folding was accompanied by some shearing and the formation

of drag folds, ellipsoidal structures, joints, and cleavage. Limited

strike faulting may have occured in the folded schists, due to thrustine.

"owards the end of the folding gone quartz veins were formed.

The next major event was the granite intrusion, as a composite

phacollth above the Upper Marble horizon. Probably, other granite

phaeolithe were intruded at deeper levels.



Accompanying the granite intrusions or irnmediately after them, acid
dykes and sills were emplaced near or at the granite—schist contact,
and quartz veins later invaded the whole area, mostly in anticlinal
structures, either as typical anticlinal cross—veins, or as bedded
veinse

Little further movement took place up to Karroo times#

Karroo sediments were deposited, followed by intensive out-
pourings of lavas and by at least three ages 0" dyke intrusions along
fractures following well-defined directions in the schist# The pattern
was less regular in the granite#  Then followed, after a comparatively
short interval, the Brandberg intrusion which was accompanied by minor

earth-movenents in the form of gravity faults#
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CHAPTER V.

PETR PERAPHY.

(A) Methods;

Axml ancles, extinction ancles, birefringence, and refract-
ive indices were measured on » five-axis universal stage, using the

graphs of dmmons. (Ref. 1943). Sodium light was used for the refractive

index determinations, and the indioes of the immersion liquids were
checked with a Leitz-Jelley refractometer.

In the refractive index determinations, a modification of the

method described by Emmons was used. The grains were mounted on a uni-

versal stage and immersed in a liquid of refractive index within the « -

range of the mineral. The grain was oriented and then rotated in one of

the optic planes until the index of the liquid corresponded with the in-

dex of the grain. The birefringence and axial angle being known, it was

then possible to find the three major indices, with an accuracy of %
.003. Checks were made on different grains from the same rock, and rc-
suits were averaged.

Optic axial angles were measured with an accuracy of + 2°,

liodal compositions, where measured with a Leitz integration

stage, are accurate to 1 2>. Where estimated, the modal compositions

are accurate to 1 10,4, and are shown graphically on the tables.
ihe mineralogy and modal composition of each group of rocks
will be tabulated before the description of the rocks.
All the rocks are described in approximate order of age,
starting with the oldest.
ocks of the Dar.iara System:
1. Tne.Wr Schist Series. (See Table No.VII).

Macroscopic.

ihe mwer Schist weathers to a dark brown colour and is brown-

isn grey on fresh surfaces. Weathering produces either typical foliated

schist or angular blocks, bounded by cleavage and joint planes. The rock

is fine grained and the schistosity is usually well,developed.
Tiie more highly metamorphosed varieties of the Lower Schist
contain bands and patches of speckled and spotted schist or mottled

hornfels.



Typical examples of these rock types, as seen In thin section,
are given below.

-jo. 4”™.. Biotite Schist.

Texture: fine-grained schistose.

- Qrock consists of roughly equal proportions of biotite and
quartz. The schistose texture is due to the parallelism of the biotite
flakes, and to a lesser extent, of the elongated quartz grains. Many of
the biotite flakes contain dark pleochroic spots. The quartz grains
snow no optical parallelism. Altered feldspar grains and muscovite flakes
are present in small amounts. Anhedral fluorite, apatite, and ore, and
subjedra.l tourmaline are accessory minerals.

413+ Tourmaline-muscovite schist, (dee photo, Fig. 53).

Texture: coarse grained schistose.

-lagged poikilitic flakes of muscovite constitute about 40, of
the rock, and contain rounded inclusions of quartz and ore.

Greenish-brown elongated crystals of tourmaline containing ore
inclusions, constitute about 25> of the rock, and an equal amount of
quartz grains, of average size 0.1 mm., is mostly interstitial. Generally,
the tourmaline is elongated parallel with the schistosity, and the mus-
covite cleavages lie at 45° to the schistosity.

Ore and -ight brown biotite flakes, in proportions of about
7 to 3, constitute the remainder of the rock. The ore occurs mostly as
ragged grains arranged along the boundaries of the tourmaline and mus-
covite, and marks out the direction of schistosity.

g 277—Jiopside—erthoclape—quartz granulite:

Texture: poikiloblastic.

About one half of this rock consists of poikilitic growths of
diopside, altering to almost colourless, skeletal uralite. The remainder
of the rock consists of large poikilitic growths of microcline and ortho-
clase, containing quartz inclusions, in a mass of rounaed quartz grains.
oome of the microcline twinning appears to spring from inclusions.
irregular grains of epiUote and subjedral grains of sphene and apatite
are accessories.

There are some scattered patches of calcite.



Texture: medium grained poikiloblastic.

This roc.< contains well-developed oikocrysts of actinolite
up to 2.5 mm., in length, and scattered grains of epidote associated
with ore, 1n a ground-mass of interlocking quartz and plagiociase grains.

There are some rare grains of calcite and sphene.

279. .1ictinolite schist.

Texture: medium grained poikiloblastic.

almost half of this rock i1s composed of oikocrysts of actino-

lite averaging 1.0 mm., in length, and containing 1nclusions with

pieochroic halos, “he actinolite occurs in sheaf-like and radiating

forms showing no preferred orientation, and 1s not altered.

The groundmass consists of a mosaic of angular grains and an

altered mineral which 1s probably cordierite. There 1s about 3> sphene

in scattered subhedral grains, and some small scattered apatite grains,
dpidote 1s present in rare irregular grains, and there are some scarce
rounded or irregular grains of zircon which cause pleochroic spots where
present as inclusions in the actinolite.

lourmaline is rare, in rounded grains.
dp. 230. .ictinolite-biotite schist.

Texture: porphyroblastic schistose.

The prophyroblasts consists of euhedral to suhedral elongated

ciystals of actinolite up to 1.0 mm in length, and containing pleochroic

spots and inclusions of biotite, quartz and sphene. The actinolite

crystals show a poorly marked preferred orientation, parallel with the

schistosity.

oubhedral grains of sphene constitute about one percent of the

section.

The schistose groundmass consists of biotite flakes averaging

1.0 mm in length, and showing marked parallelism. The biotite 1s set in

a groundmass of somewhat elongated quartz and altered cordierite grains,

and contains rare pleochroic spots around inclusions. The quartz grains

show parallel optical orientation. There are a few scattered grains of

apatite and calcite.



No.281 ~ctinolite .Tanulite (See photo, Fi1j. 54).

Texturej porpliyroblastic granular.

This TOOK is similar to !io. 280, but contains scattered needles
of tourmaline and some i1interstitial orthoclase. There 1s no general pre-
ferred orientation of the grains, but a slightly banded effect * caused
by concentrations of biotite and roughly parallel grovths of actinolite.
a2 : =" yoptact of biotite”actinolite schist and sctinolite schist
The Biotite-actlnolite schist.

Texture: porphyrohlastic schistose.

This section consists of numerous flakes of biotite, altering
to chlorite, and showing marked parallelism. The groundmass consists if
a mosaic of minute (up to 0.05 mm) quartz and cordierite grains, with
some 1nterstitial calcite. Much of the cordierite 1s altered to sericite,
-eere re a few grains of apatite and sphene and rare tourmaline needles.

A few scattered porphyroblasts of actinolite, containing dark
pleochroic spots, and some poikilitic growths of orthoclase also occur.

The actinolite schist.

Texture: porphyrohlastic, partly poikilitic,

Actinolite occurs 1in sheafike bunches, or in laths with
ragged ends, snowing a roughly parallel arrangement. Some of the actino-
lite shows simple twinning, and dark pleochroic spots are common, there
is no biotite in the actinolite schist, but the groundmass is similar* to
that of the biotite-actinolite schist. There are poikilitic patches of
orthoclase, and rarely of diopside, and scattered grains of epidote. There

are a few grains of sphene.

dOc 23,?. nctlnollte-microcline uranullte.

Texture: medium grained prophyroblastic.
&
Most of the porphyroblasts consist of actinolite, arranged
haphazardly, <¢here are some rare oikocrysts of diopside.

kicrocline, partly untwinned and similar to orthoclase 1n

appearance, occurs in poikilitic growths, containing quartz inclusions.

There 1s a smaller amount of orthoclase, showing similar poikilitic

growth. snparts of the secd >p, the feldspar

uninterrupted mosaic.



100,

Yw t2, in small and generally rounded grains, makes up most

of the remainder of the rook, and calcite, sphone, apatite, and biotite

are found in small quantities, dpidote and cordierite are rare.

— = loPs1de-ort hpelasej®ornfels® (Irregular

found in the schist similar to 231.

This rock is sjjnilar to No. 233, but the growth of the porpty -

roblasts is not so well developed. Diopside altering to amphibole and

calcite is more common. The orthoclase shows microcline twinning at

the contacts of poikilitically enclosed grains.
There are some patches of haematite with which are associated
irregular grains of zoisite.

—— Inlr lower Marbje Series. (§e¢e Table No. VITI).

i*croscopic. The i*wer Marble Series consists of a band of bluish-grey

medium grained marble, underlain by alternating brownish-black and

ye Howsih-white marble tends. The alternating marble tends are somewhat

schistose.

description of typical examples of these rocks are given below.

No». 263. Fine-grained light grey translucent marble. fWeatter®

brown.

This rock consists of a mosaic of calcite grains, averaging
0.05 mm in diameter, with about 2>' quartz grains.
-1% 'Ot — Jchistose brownish black marble.

Texture: schistose.

This section consists of a mosaic of elongated calcite grains,

with about 4/. irregular quartz and orthoclase grains. The calcite grain

average about 0.2 mm by 0.1 mm in size.
There are sane rare biotite flakes.

[0. Bluish .zrev marble.

Texture: granular.

This section consists of a mosaic of calcite grains, with a

roughly para>lei arrangement of the more elongated grains. Most of the

calcite grains are twinned. There are some grains of quartz, and a few

laths of mica, probably muscovite. Ore occurs as small scattered specks.
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LOCALITY

Brak River

Brnk River

[ South of

Eerrissenes luts.

INorth of Brandberg
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73
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13
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AMCHIBOLE
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3 Colour end
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X 1ele green
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TABLE V III

1.722

BIOTIT

060

SERIES
EBIDOTE
- f
T XV
1.615
1.628
80+ (Eoisite)
1.595 Rare'clino-zoisita

fELDScAR

Tyre

Orthoclase

Orthoclase

EXIRAS AND RHIAR(B

Mostly caloite, with a
little quartz

Mostly caloite, with a
little quartz.

Srhene. No caloite.

Cordierite.

Mostly caloite, with
quartz, muscovite and ore

Mostly calcite with a
little quartz, muscovite
and ore.
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iJo. 235. Biotite-actinolite-quartz schist. (See photo, Fig. 55)»

Texture; porph*Toblastic.

The biotite occurs in two sizes. The smaller flakes average
0,1 mm by 0.2 ram in size, and are oriented parallel with each other in
the direction of the plane of schistosity. i#he larger biotite flakes
average 0.2 ram by 0.15 ram in size, and although their direction of
elongation is parallel with that of the smaller flakes, their S-directions
are oriented roughly by right angles to the common direction of elongation.

Some porphyroblasts of actinolite penetrate the large biotite
flakes, and some are oriented continuously with the biotite. Sheaf-
linke bunches of actinolite crystals are common. The actinolite shows no
preferred orientation.

The rock contains over 40/® quartz and probably no feldspar.

There are some rare minute tourmaline and apatite crystals,
oriented parallel with the schistosity, and some sphene.

No. 339. Jiopside-actinolite-ortl oclase Rranulite.

Texture; poikiloblastic.

The porphyroblasts consist of growths of diopside, actinolite
and orthoclase. Some of the actinolite is twinned, and some grains show
undulose extinction. Frayed ends and edges to actinolite grains are
common, actinolite is idiomorphic against diopside and orthoclase, and
commonly contains a row of inclusions along the centre of a grain.

In part of the section orthoclase, poikilitically enclosing
numerous inclusions, forms a mosaic, and in other parts orthoclase occurs
as rare oikocrysts, and the remainder of the light minerals consists of
a mosaic of minute interlocking grains of altered cordierite.

Non-ferrian zoisite occurs in numerous small euhedral to
subhedral grains, commonly associated with diopside, and penetrated by
actinolite laths.

There are some rare apatite and sphene grains.

quartz is probably absent.

3. The Middle Schist Series. (See Table No.IX).

ilacroscopically, the Middle Schist is similar to the lower
Schist, except that the colour of the weathered schist is more a reddish

brown than a dark brown.



NO.

59

60
61

63
71
1A
71B

72

73

298

All the above rocks contain quartz.

LOCALITY

Sesob

Sesob

Sesob

Sesob
Sesob
Sesob
Sesob
Sesob

Sesob

Near granite

River

River

River

River

River

River

River

River

River

S.W. of

Gemsbok River

Brak River

South

of

2iKk k > X -o<

88 ,12

82 15

Zerrissenes Mts 76 .23

76 119

76 20

76 112

AMPHIBOLE

Colour and
Pleochroiso

Pale green

1.660 <*Pale green to
Ylight green

o”Pale green to
Ylight green

1.659 Pale green
Wgreenish blue
1.656 YPale green =

"(Pale brown-green
toYgreen

1.652 <*:Pale brown-gree
mypale green

39

hocks
YROXKENE
02A 1.734

TABLE IX.

OF THE MDDLE

BIOTITE

i .040

043

1.630

1.642

'1.631

1.628

1.622

1.632
1.630

1.637

1.636

1.633

1.641

SCHIST SERIES.

EPIDOTE FELDSPAR

21/ Type

Orthoclase and
Plagioclase

Altered

Altered

Altered

Orthoclase

Altered

85- .016 Orthoclase

79- .012 1.723

80- 58- Orthoclase

EXTRAS AND REMARKS

Calcite and Biotite
partly alt. to chlorite.

Apatite

Sphene, ore, altered feldspar
and calcite.

Calcite and sphere.

Sphene. Quartz
recrystallised.

Much cordlerite; ore
and garnet.

Apatite, sphere,calcite,ore.

Cordierite and sphene.

Much cordierite, 2V77Q-
Sphene and ore.

Cordierite, tourmaline and ore.

Apatite and sphene °

Garnet,RI= 1.771, Tourmaline
Scapolite, 0= 1,592, E =1.559

Calcite and rare amjhioole
and cordierite.

Much cordierite. Sphene.

Q - Quartz. S - Sphene.

F - Feldspar. 0 - Ore.

B - Biotite. C - Cordierite.
A - Amphibole. G - Garnet.

Cec - Calcite. Ap - Apatite.
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OO-? of t e roc™-s have a quartzitic appearance. The more highly

metamorphosed varieties are identical in appearance with the corres-
ponding rocks of the Lower Schist Series.
The microscopic feature of typical specimens taken from the

i.id-'le ocuist Series, are as follows $

ml P Schistose biotite “anulite.

Texture: Schistose.

i:ost of the biotite is this section is altered to chlorite.

The mica flakes are oriented in thin layers parallel with the
schistosity.
Quartz and feldspar grains form a mosaic, and show banding but

n<r Pronounced optical parallelism. The feldspar consists of oligoclase

and orthoclase in about equal amounts, and is rather altered. Scattered

subhedral grains of apatite are found throughout the rock, and inter-

stitial calcite is fairly common. There are some flakes of muscovite.

ho”61. Calcareous biotite schist. (In contact with conglomerate).

.his is a scmstose biotite granulite, similar to No. 59, but

containing much interstitial calcite. The biotite is unaltered.

There are small amounts of sphene and ore.
No. 63. Biotite schist.

This section, cut across the cleavage, shows biotite of two

sizes aligned at an angle to each other. The smaller, and apparently

older generation of biotite occurs as minute parallel laths in a matrix

composed of a mosaic of fine quartz grains. The younger generation of

oiotite is seen as basal flakes oriented with their Z-axes lying at about

60 to the direction of linestion of the older biotite. The larger
tlakes conbaln rare pleochroic spots#
Much of the lineation is due to lines of black dust, possibly

composed of carbon#

There are numerous scattered subhedral grains of sphene.

A2M i_,Biotite_chlprite _actinolite »~ ,1 ~ , (Rbble from coelom .,.,.).

me biotite is partly altered to pale greenish grey chlorite
m nests ana flakes, and poikilitically encloses chloritised araphibole.

The chlorite is not pleochroic, but contains pale grey pleochroic spots

around inclusions.



under crossed Jicols, the chlorite is dirty greenish grey, and the
pleochroic spots are violet, with dark greenish rims.

i'he actinolite occurs as spray-shaped arrangements of pale
greenish needles in the quartz and feldspar groundmass.

Rare laths of clinochlore are found optically continuous with
the chlorite, and in similar patterns.

Jphene is fairly plentiful, and occurs as irregular masses.

Apatite, calcite, and epidote are accessories. Galcite replace®
quartz at contacts between quartz grains.

Hp.t, biotite-chlorite—actinolite quartzite. Pebble from Conglomerate
(See photo. Fig. 56).

lhis section is similar to No. VIA, except that the groundmass
is a quartzite composed of interlocking grains of quartz. The quartz
grains contain inclusions, many of which are arranged peripherally and
apparently delineate the original outlines of the grains, (dee photo.Fig. 56
The quartz is partly replaced ty calcite along the contacts of grains.

Most of the biotite is altered to chlorite. There are a few
grains of apatite.

No. 710. Biotlte-chlorite-actinolite quartzite. (Pebble from
Conglomerate).

This rock is similar to No. 7IB, but the actinolite is better
developed. There are rare grains of apatite and epidote, and of sub-
hedral to euhedral garnet. Sane of the chlorite plates formed by alter-
ation of biotite, show a poikilitic structure. There is some interstitial
calcite.

No. 72. Actinolite eranulite.

There were apparently two generations of actinolite in this
rocK.-he earlier has been completely replaced by calcite which appears
in the form of optically continuous poikilitic pseudomorphs. The later
actinolite occurs as feathery aggregates containing sane dark pleochroic
spots.

There are a few similar feathery aggregates of pale greenish
chlorite similar to that acscribed in No. 71A, The inclusions that

cause the pleochroic spots are here identified as rounded zircon grains.

. here are a few flakes of muscovite and some rare pale brown

biotite flakes.



ifo> 73» Actinolite-biotite granulite ¢

Texture: Fine grained porphyroblastic.

The actinolite is unusually dark, being pleochroic from X
pale brownish green through Y apple green to Z bluish green. It occurs
as poikilitic grains, which penetrate biotite flakes.

The biotite appears in a more or less banded pattern, and is
partly altered to chlorite.

The groundmass consists of a mosaic of re-crystallised quartz
grains and a minor amount of orthoclase grains which are at an early
stage of poikilitic growth.

Apatite and sphene, the latter usually associated with ore,
are accessory minerals.

No. 261. Biotite schist.

The texture of this rock is markedly schistose, but the quartz
grains show no optical parallelism, although they are elongated parallel
with the schistosity.

The light coloured groundmass consists mostly of elongated quartz
grains, with a small amount of plagioclase and orthoclase grains.

Apatite, sphene and ore, are accessory minerals.

There are a few interstitial patches of calcite.

Bo. 271. Acbinollte—dlopside-epidote rock.

Texture: poikiloblastic.

The dark minerals in this rouk consist of poikilitic growths
ob actinolite, diopside, and epidote, with a small amount of subhedral
sphene.

The epidote occurs as inclusions in oikocrysts of diopside.
Actinolite penetrates both diopside and epidote.

The light minerals consist of a mosaic of subrounded quartz
grains, with interstitial altered cordierite, and some patches of calcite
ana scattered small apatite grains. The calcite here is an alteration
product of actinolite. There are some clear orthoclase grains, younger
than the altered cordierite.

No. 236. Biotite chlorite schist.
Macroscopic. This rock weathers to a rounded surface, rather

like a quartzite. The weathered rock is greyish brown in colour.



Microscopic.

Textures medium grained schistose.

The bio+ito flakes are arranged roughly parallel with each
other and some are altered to chlorite.

The quartz is in Meaiim—sized recrystallised polygon grains,
and contains little interstitial matter. There are a few patches of
calcite, and some apatite and sphene grains.

237«— fseudo-diorite nodule. (In schist similar to No.2861.
(See photo. Fig. 57).

..acrqscopic. This rock, which occurs in elongated ellipsoidal
bones up to 2 meteres in length, has a spotted appearance. The spots
appeal- partly in concentric zones, in one or more outside rings, and
partly as haphazard groups of dark green amphibole spots up to 1 cm.
diameter, within the central area of the nodule. In the nodule from which
specimen No. 2S7 was taken, the spots are larger and more closely grouped
near the bottom than near the top. The rock between the dark amphibole
spots is mottled pink, due to the presence of garnet, with a pale greenish
matrix probably due to the presence of epidote.

..icroscopic (Spotted portion of rock).
Texture: porphyroblastic.
wark 'linera us. Green amphibole, containing pleochroic spots,

occurs in ragged poikititle growths and is partly altered to chlorite

and calcite. xhe amphibole is pleochroic from X pale brown through Y

pale apple green to Z pale bluish green.

Garnet occurs in small quantities, in poikilitic patches.

bTgnt i. mera.'s. Scapolite occurs in radiating poikilitic clust-
ers, intergrown with unoriented euhedral epidote crystals, and containing
inclusions of sphene. The scapolite is much altered to a dirty fibrous
mineral, possibly sericite.

Spidote is also found in poikilitic growths, sometimes inter—
grown with calcite. The groundmass consists mostly of rounded quartz
grains with rare minute apatite grains and some patches of calcite.

There are numerous anhedral grains of sphene and about 10,= interstitial
altered scapolite.

There is no iron ore.



Texture: Schistosee

Thed*rk minerals consists of biotite, partly altered to almost
i1sotropic green chlorite and pennine, and scattered subhedral grams of
sphene. The biotite 1s pleochroic from pale greenish brown to brown,
and the flakes show a small degree of parallelism.

The light minerals consists of calcite in poikilltic growths
pseudomorphic after amphibole, and clear quarts grains with little inter-
stitial matter. Rarely, patches of amphibole remain unaltered.

There are some rare small apatite grains.

No. 293. Aotinolite granullte.

Macroscopic. This rock has the appearance of a fine grained
slightly schistose quartzite.

Microscopic. Texture$ porphyroblr.stic schistose.

The dark minerals consists of poikilitic growths of actinolite,
containing pleochroic spots around minute inclusions, and arranged 1n a
roughly banded pattern. There 1s much sphene and about 1> epidote, and
a little biotite.

The light coloured groundmass consists of well rounded quai tz
grains with interstitial altered cordierite, and calcite.

Rare bands of quartz grains show optical parallelism.

There 1s about 5%0rthoclase.

Apatite 1s an accessory.

4. The Upper Marble Series. (See Table X.)

1s the Upper Marble Series Includes many rock types, macroscopic
descriptions will be given individually with each microscopic description.

The Yellow Marble Zone.
No. 233. Grey narble.

Macroscopic*®

Light grey fine-grained marble, with fain+ dark lines.

Kicroscopic:

Texture: fine grained granular.

This sections consists almost entirely of interlocking poly-
gonal grains of calcite. 'quartz grains constitute about 1> of the total

and there are rare grains of plagioclase.



I'D. LOCALITY

43 Sesob R ., near
Lead occurrences

46
46A

47 Kk
48

49 tf
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51 ft
56

57 ft
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69 ft

77 3.K. of Brak R.

79 Near granite

80 ft

81

85 Between Sesob &
Brak rivers.

1IC1  Western schist-
garnet contact
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113 ft

114 ft
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8C 16
70 17
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65 13
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BIOTIT:
X

1.603

041 1.602

1.604

1.614

1.630

SERIES.

&a IDOTE etc

Glino-zoisite

82-

,014

012

T'ldote

Epiaote

&Tidote

E~1dote

wolsite

urtno-
clase

/j1desine

Labra-
dorite

Anorthite

53% Anorthite

F 1.705,

bSTJAIATED LOOE

11IEMARKS :
Shown graphically

EXIRAS AID

Actches of calcite, and bands of
quartz. Rare clinochlore

Mostly calcite, with clinochlore

(2V 30%)
Mostly calcite

Lost y calcitee Rare carbon.

Cc

Mostly calcite. *oikilitic clino-

chlore.

Mostly elongated calcite grains.

Scattered clinochlore.
[.ostly calcite, with rare quartz
and ore.
Mostly calcite, with rare quartz. C<r
Mostly altered feldspar and quartz, A
Biotite altering to chlorite.

Some calcite.

Mostly calcite, with rare quartz.

Yesuvianite O - 1.707. Rare cal-

cite ONU quartz.

Cordierite, calcite, srhene, (0
apatite and nllenite

llanite and srhene. O
Cordierite, 2V78 -. SPhene, garnet Ts
and allanite.

Mostly garnet “nd fluorite. Grossul- ~*7
arite, R.I. 1.753. Yesuvianite,

irossularite R.I. 1.750.

012

Wollastonite 2/43 “F ]

Grossultrite R.I. 1.742. Wollastonite”]" <7

27380-, = .013, & 1.630
Yesuvianite N 0l6 e« Some calcite.

llanite, snhene, garnet and calcite

Cordierite end snhene
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JJALE 7 (Contd.)
Page 2.
ROCKS CF THE [1ItfER JKRIiS.
AYRCXI.,1 BIITITE £+IDUTE etec. ELLES-t AR
LOCALITY :0”our and

leochroism EXTRAS (XD RitiJiRix L3TL*N\TED) U)UE

(Shown graThicn]4

stly calcite, with interstitial Cec

Mricite and scattered oree

l.ostly calcite, with interstitial Q —sv»,0
sericite and scattered ore- ’

LAstly calcite, with some quartz 7
containing numerous inclusions.

Anns R., near
Ugab R. | |
l.ostly elongated calcite grains.
I' to/ calcite, with rare quartz
and magnetite grains.

Enclave in gran-
1ite east of _
Zebra R, Tourmallne, 0 =1.666 E = 1.632
n Apatite, s"hene and enidote.
ome eTiidote Nearly all andradite, R.I. >1.832
022 1.710 7 oisite <
end eridote L.ostly andradite R.I. >1.832.
Jrak River
1.608 _ _
Rare LiOstly calcite and quartz, rare
clinochlore end feldspar. 11-.7 f
049 1.604 .
Lucu calcite, rare quartz and
clinochlore.
1610 1.03 1 'ilei b d biotit
. y c'ilei be an iotite, rare
quartz and clinochlore. e wa-Th* <
1.593
a
Ljostly calcite, some quartz and c
040 1.602 clinochlorg ¢
Lostly calcite, some quartz C 3
036 1.600 , ,
Ljostly calcite, some quartze o r

Mostly calcite. Some clinoonlore

and muscovite.
Mostly calcite, some quartz and

feldsBar.
mostly calcite, some quartz and Ce
LQ1l 1
043 11.605 feldspar. 2.
Mostly calcite, some quartz,
042 1.602 feldspar agd a little muscovite.
Mostly calcite, some quartz,
feldspar and a little clinochlore. Ce 3
Mostly quartz, some ehert end
calcite. G.
Alternating calcite and quartz -
rich bands.
1,625 Rare garnet. 1 Ce —L a _
Mostly calcite, some quartz and C
graphite.
Mostly calcite, rare quartz and
044 1595 graphite. lh+<z>
| ' Much calcite, some grenhite. nare Ce. Vo

quartz, muscovite end ore.

Mostly calcite, some quartz and
raThite. Rare biotite.
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TABLE X (Contd)

riCCiuS CF THE Ue*ER [.JiHJLE SERIES

3
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E3TL»AfED 1JODE

LOCALITY
Colour and
cA _ .CTRAd -AD HSIAHK3 ,
z *Teochroism A2 Y y~~ X 21f 57 & ene (Jhown graphically)
yp
258 Brek Hlver
L.o17 Liostly calcite, some graphite, 7
rare quartz and biotite.
259
051 T.614 Mostly calcite, some graphite,
rare quartz and biotite.
260
046 1.635 Calcite and quartz, with some 0.
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lhe dark lines * =tyloiU1.3 i,, Sha”, and are due to the

presence of minute particle, of colourless mica, and numerous specks

of carbon dust. The calc: r- grains along the dark lines are smaller

than the grains in the groundless.
a°* 240.—yjjartzitic r.arhlm.

ilacroscoEio; A fine grained surgary pale brown marble. Shou

banding on weathered surface.

nicroscopi

Texture: granulose.

Most of toe section consists of a mosaic of calcite grains

averaging 0.03 » . in sice, and showing a slight elongation.

Hounded quarts grains averaging 0.2 mm in site constitute

about 20* of the slide, and plagioclase about 5*. Some of the plagio-

clase encloses calcite grains poikilitically.

-here are some rare minute species of ore.

— "' 232>— Thlocopite Marhia.

Acroscopic. Black schistose marble with minute specks of

phlogopite. Weathers brown.

Microscopic+

Texture: schistose.

The phlogopite flakes show a preferred special and optical
orientation, and average 0.03 mm ty 0.01 mm in else.

Ore is found in elongated patches up to 1.0 mm in length,
probably pseudomorphic after phlogopite. The pseudomorphs contain
transverse inclusions of clinochlore. CHnochlore is scattered through

the section, associated with and penetrated by phlogopite flakes.

Calcite constitutes most of the slide, as grains averaging

0.® mm in site. Quarts occurs interstitial® between the calcite grain

and averages 0.01 mm in size.

A Md P°331b* (Oarton- in of fine dust is discminat
ed tlirough the section.

iP» — dchistose biotite Mrble.

Weathered spotted brown marble.

Microscopic!

Texture: schistose.



mhis section is similar to No, 232 except that there is less
quartz. The clinochlore occupies almost 2”* of the section. The spots
are due to patches of ore.
No. 230. Uwuartzitic phlo®opite marble.

maci'oscopic: Brownish grey, very fine grained marble. Weathers
brown and shows banding on weathered surface.

Microscopic:

Texture:granular, slightly elongated.

lhe calci e grains commonly have ragged outlines, and average
0.1 mm by 00> mm yuartz fills tne interstices in the calcite grainse

There are rare grains of altered plagioclase.

Dark brown biotite flakes lie parallel with the elongation,
and are associated with pale to colourless phlogopite, and long laths
of haematite. Clinochlore occurs as scattered thin laths, many of which
are associated with the haematite.
-'Q. 2.1. Actinolite-diopside-orthoclase nranulite.

Macroscopic: A coarse to medium grained pale green mottled rock.

Microscopic: Texture: poikiloblastic.

Porphyroblasts of poikilitic light green actinolite, up to 2.0
mm in length, constitute about half of the section. Similar growths
of orthoclase (average size 0.3 mm.) and colourless diopside (up to 1.5
im in s”";sj maxe up the reeuriinder of the rock. There are numerous
rounued inclusions oi quartz, scxile patches of calcite, and scattered an—
hedral grains of sphene.

Rare patches consisting of a mosaic of quartz and altered felds-
par grains occur in the section.
No. 213. actinolite-blotite schist.

Macroscopic: A compact dark grey fine-grained rock, containing
much biotite. Weatheis greenish grey.

Microscopic:

Texture: porphyroblastic schistose.

about one ha.if of this rock consists of biotite laths (average
size o.1 mm by v.02mm.) arranged parallel, with many scattered larger

biotite flakes (averagd size 0.25 mm.) which are not penetrated by the

small flakes, and which are-without parallel orientation.



-ome of the larger flakes contain dark pleochroic spots, and
a few are altered to chlorite.

There are a few scattered poorly formed poikilitic grains of
actinolite, and some large (up to 0.5 mm by 0.25 ran) grains of ortho-
clase, grouped in contact with grains of ore and calcite. Isolated
orthoclase grains occur containing minute inclusions of euhedral tour-
maline .

ine groundmass consists of elongated quartz grains, averaging
0.0 mm in length, and an altered mineral, probably cordierite. The
groundmass shows no optical parallelism.

There 1s some chlorite, mostly 1n contact with ore. Calcite
occurs 1n scattered patches and laths, some of the patches being associat-
ed with the ore.

No. 29H4+. actinolite-orthoclase >rranulite.

mmacroscopic: Greenish crystalline band in yellow marble.

Microscopic: Texture: poikiloblastic.

Green acuinoiite, containing dark pleochroic spots, occurs
in ragged poikilitic laths, and occupies about one half of the section.

About 3/e of the section 1s composed of epidote, mostly inter-
grown with the actinolite.

There are a few flakes of biotite, some altered to chlorite,
and numerous small grains of sphene.

The groundmass consists of minute grains of altered feldspar
at least half of which are orthoclase. quartz is absent.

Some apatite occurs, as small scattered grains.

SLi— — Actinolite—diopside—erthoclase g/ranulite.

Macroscopic; Compact light grey crystalline rock,

i.icroscopic: Texture: porphyroblastic.

About one half of this section consists of poikilitic growths
of diopside. Ragged poikilitic laths of actinolite cut and probably
replace the diopside.

There are a few patches of calcite, probably an alteration pro-
duct o1 actinolite, and one crystal of tourmaline associated with ore.
apidote, apatite and sphene are rare.

lhe groundmass consists of a mosaic of microcline and ortho—

clase grains. There is a small amount of fine-grained mineral possibly

cordierite.



US.
The Brown =@blq ZonA.

'

"3.—rhlojppite marhlp.

The fresh rock is dark brownish grey, and fine

. grained, with a conchoidal fractore. The weathered surface is light

or dark chocolate brown, with a rough surface caused ty minute projectin,

phlogopite grains. Banding is evident in weathered s.u-faces.

MlicrosooEic, Texture: granular and somewhat schistose.
Variable grain size.

The phlogopite occurs as pale brown scattered flakes, showing
a preferred direction of elongation and optical parallelism. The averare

grain site is 0.2 mm., coarser than the grounds. The phlogopite con-

tains rare pleochroic haloes around minute inclusions.

The groundraass consists almost entirely of caloite as irregul-

ar shaped grains averaging 0.03 mm in site. There is a small amount

Of quartz, in grains averaging 0.02 mm

Clinochlor, occurs rarely, mostly as minute laths seme of which

for.” cores to phlogopite flakes. Ore is rare.

—2'" 24L — Calcareous auartzitp,.

IteoscoEic: Similar in appearance to No. 2/j

Mcroscopic: Texture: granular.

Most of this slide consists of a mosaic of polygonal quartz

grains averaging 0.0, rm. in size. Caloite occ.s in scattered patches ,

;average size 0.2 mm.)

There is a slight banded structure due to the concentration of

calcite in bandse

The Intermediate ilarble /nn¥,

A 247- BandM calcareou3 qua’tzite and auartzitio

AcroscoEic: Fresh brownish white sugary fine grained marble.

Licrosco2icj. Texture: granular.

This section consists of alternating knds containing 7, calcite

to 93, quartz, and 25> quartz to 75% calcite.

The quarts is in polygonal and rounded recrystallised grains

The calcite grains vary in shape from polygons and minute

rhombehedra to ragged interstitial grains.

There are some rare muscovite flakes.



i,o. 4.6. ,-tOtinolite ohlo/orite marble.

Macroscopic: Grey marble containing elongated crystals of
actinolite.

Microscopic: Texture: poikiloblastic.

Actinolite occurs as colourless large, (up to 40 mm long)
subhedral poikilitic crystals, some partly replaced by clinochlore.

Some of the actinolite is twinned. Glinochore also occurs as individual
laths, and in radiating nests.

The groundmass consists of a mosaic of calcite grains, average
size 0.05 mm., containing scattered pale brown phlogopite flakes, averag-
ing 0.15 mm in size.

There are patches of ore, associated with phlogopite.

No. 46A. Actinolite-phlopopite marble. (See photo. Fig. 58).

Macroscopic: Fine grained sugary yellowish marble, with
rounded greenish brown actinolite crystals averaging S0 mm in length.

Microscopic:Texture: poikiloblastic.

The oikocrysts consist of large ragged growths of pale green
actinolite. Male brown phlogopite occurs as inclusions in the actinolite
and is present throughout the section in a parallel arrangement.

The groundmass is an even grained mosaic of quartz and calcite
grains.

There are a few medium to large grains of clinochlore, and
sane rare subhedral light brown tourmaline grains..

The Bottom part of the Blue Marble hand.

0. 47. Bluish-grey marble.

Macroscopic: Fine grained marble.

Microscopic: Texture: fine grained granular.

This section consists almost entirely of an even grained mosaic
of calcite grains, with an average grain size of 0.1 mm There are a
few thin calcite veins, and numerous minute specks of carbon.

Middle Black Line in Blue Marble Band.
No. 249. Schistose biotite marble.
Macroscopic. Spotted fine grained brownish black schistose rock.
Microscopic:Texture: fine grained schistose, with porphyroblasts.

The porphyroblasts consist of laths of graphite up to 0.75 mm

in length, surrounded by rims of garnet.



116 (a).

There are also groups of quartz and calcite grains coarser than
the groundless, and numerous small poikilitic subhedral garnet grains.
The groundmass consists of very fine grained calcite g xns
and biotite flakes with rare sericite and chlorite flakes, al. oriented

more or less parallel. There are a few scattered apatite grains.

lop part of the ”"Iu6 Marble Band.
No,.117. Grey marble.

i.acr,;3copic: Coarse grained light grey marble. Weathers brown-
ish grey.

_icro3copic; Texture: medium to coarse grained granular.

“be rock consists of a mosaic of calcite grains, averaging
0.3 mm In diameter. Some of the grains show slight elongation and

strain, -here are a feu interstitial grains of quartz and sericite, and

minute scattered specks of ore.

No. 252 Grey marble.
Macroscopic”® Fresh medium grained marble.

§-cr-isoopic: Texture: even grained granular.

The rock consists of a mosaic of polygonal calcite grains
averaging 0.5 mm in diameter. The grains show a slight elongation, in
a common direction. The calcite is slightly discoloured, being a pale

brown.

Quartz occurs rarely, as interstitial grains.

mere are minute scattered haematite grains, and rare mossy

growths of graphite.
m? TIJ. Actinolite-diooside rock.

riacros”ppic: Compact greenish grey mottled rock.

Microscopic; Texture: poikilo-blastic.

most of the section consists of actinolite and diopside, partly
intergrown, with minor amounts of quartz, plagioclase and calcite.

There are numerous scattered rounded grains of slightly pleochroic

sphene, and scattered epidote grains. The epidote is partly intergrown
with amphibole.
IThe actinolite contains numerous inclusions Slll'(lllkdby dark

pleochroic haloes. Sane of the larger inclusions were identified as

allanite.



117.

The actinolite is pleochroio as follows: X pale green, Y Green, Z blue

green. Much of the actinolite is altered to calcite. There is a small

amount of ore.

Along one side of the section is a vein of cytownite and caleite

with some ore associated with grains of diopside. Muscovite symmetri-

cally replaces the large (up to 2.5 ram grains of plagioclasv. The

feldspar is also replaced by calcite.

iio. 11%. Actinolite nranulite.

macroscopic: riven grained dark speckled rock.

dcroscopic: Texturei poikiloblastic.

actinolite occurs as ragged growths, some intergrown with
epidote as in No. 113, and containing inclusions of allanite surrounded
by dark pleochroio haloes. Some of the actinolite is altered to calcite
chlorite, 1ihe actinolite is similar in colour and absorption to

that of No. 113.

The feldsoar is anorthite, occurring in large grains, and as

small rounded grains enclosed in quarts and having a common optical

orientation.

-phene occurs as euhedral to subhedral grains.
wO. A9. Orthoclase marble.

imacroscopici line grained schistose marble,

croscopic: Texture: granular.

Most of this rock consists of a mosaic of elongated calcite

grains, averaging 0.02 mm in length.

Qrthoclase occurs as large clear grains. There are some scatter-

ed laths of muscovite
—actlnoliteranorthite grannli

macroscopic: A greenish grey speckled rock, with slight

copper staining.
__.mjcroscopic; exture: poikiloblastic.

Much or the section consists of partially chloritised bluish
green actinolite, pleochroio as follows, X pale.green,Y pale brownish

green, Z bluish green. There are rare pleochroio spots in the actinolite

caused by the presence of allanite.

Anorthite occurs in amounts about the same as the amphibole,

and s ows rare albite twinning. It is partly altered to serite along
twin-planes.



Ca.cite fonu» auoul 15/ of the rock, and quartz is present in
smaller amounts.

Pleochroic sphene constitutes about 2/e of the section, and
apatite about 1/e.

There are rare grains of epidote and allanite, and specks of
chalchopyrite.

AMP.79.  mdiopside-olinoc.lase-vesuvianite: rock.

r*scopic: Smiliar to No. 69. Brown crystals of vesuvianite
up to S cm. in length in a fine grained pale green matrix. Shows a
roughly columnar structure.

Microscopic: Texture; poikiloblastic.

The groundmass consists mostly of diopside and olijoclase.

The diopside occurs in well developed subhedral grains up to 0.1 nmm in
diameter. Some of the grains have a poikilitic structure and some show
undulose extinction. One corner of the section is almost entirely a
cluster of diopside grains.

About one half of the section consists of a mosaic of clear
plagioclase grains, with some quartz. The plagioclase is of oligoclase-
andesine composition, and rarely contains inclusions of diopside.

ihere are some scattered grains of sphene, and rare subhedral
pyrite grains, some surrounded by a thin layer of clino-zoisite.

For a description of the vesuvianite see No. 69.

No. 69. _ piopside-ve3uvianite rock. (see photo. Fig. 59).

..acroscopic: kale brown corroded crystals of vesuvianite, up
to 22 cm. in length, set parallel in a matrix of pale greenish fine-
grained diopside.

~licroscopic: i-.ost of this slide consists of a near—basal
section of a single vesuvianite crystal, poikilitically enclosing a
number of anhedral grains of diopside, oriented at random.

Some calcite and rare quartz occurs in cleavage interstices in
the vesuvianite.

For a description of the groundmass see No.79.

No. 217. Tourmaline-amphibole rock.
macroscopic: A black compact medium grained crystalline rock.
Sicruscpple: Ine main dark minerals in this rock are tourmaline

and amphibole.



The tourmaline is in the form of a mush of greyish green to greyish-blue
crystals penetrated by green amphibole and calcite. The tourmaline is
pleochroic as followsi- 0 slate blue, d pale pinkish grey. The tunphi-
bole occurs in poikilitic growths, partly or wholly altered to light
green chlorite and calcite, and is pleochroic as follows: X pale green to
colourless, 1 pale green, Z pale bluish green.

mhere tire some subhedral grains of epidote, usually in contact
with calcite, and about 3)» sphene. The sphene is present as large
subhedral grains up to 2.0 mm in length. Diopside is rare.

JxL,Tight minerals, consist of a mosaic of quartz grains up to
3.0 mm j.n size, and altered feldspar grains. Apatite occurs in scattered
rounded grains.
-jo. Fluorite-garnet rock, (see photo, Fig. 60).

macroscopic: A pale brownish rock with streaks of pink and
pale green, flare brown vesuvianite crystals.

microscopic: This rock consists of about equal quantities of
subhedral garnet and fluorite. The fluorite contains minute rounded
inclusions of apatite, and inclusions of epidote some of which show a
common optical orientation. Some of the epidote grains are partly
altered to length—slow pennine and limonite.

There is a small amount of quartz and calcite and a little

vesuvianite.

do. 85A.

This section is similar to Jo.35, but contains more vesuvianite
and some diopside.

— s;”uartz-labradorite-amphibole rock, (see photo, Fig. 61).

Acroscopic: A light grey medium granular qllal'tZitic-looking
rock.

Microscopic: Texture: granular.

ine dark mincrajs consjsc of rare amphibole, reddish brown
biotite, epidote and euhedral to subhedral allanite and sphene. The allan-
ite is generally surrounded by a rim of zoisite.

lhe amphibole is partly altered to calcite and pennine.

i I¢ -+i.. 1. m-inerals constitute about 95» of the section, and
consist of a mosaic of clear quartz with crenulated contacts and labra-

dorite altering to sericite.



"Pf 81* Actinollte-diopside rociy
eraseopic; grey fine grained speckled rock.
MSXO0sr>0fipe* Texture: fine grained poikiloblastice
A :rlconsist of Clopside and actinolite intimate]yr

mterjrown, and in poikilitic growths. Some of the actinolite replaces

diopside, and some is partly replaced by pennine.

jnere are numerous subhedral grains of sphene, and a few clusters

of epidote grains. Ore is scarce, and there are rare grains of alianite.
"1 consist of a mosaic of somewhat rounded quartz

grains, with sericitised cordierite. There is about 1> colourless garnet

m poikilitic patches, and apatite occurs as numerous minute subhedral

gr-.ins.
Tof of the Blue liarbio Innd.
Calcareous b.i.otite yranullte.
;"aoros_ c<u'ic. A fine—grained compact grey rock.

Kicroscopic: Texture: Granular.

Most of this section consists of quartz and feldspar grains,

with patches of calcite.

Biotite, partly altered to chlorite, occurs in bands and shreds.

muscovite is present in a few ragged, partly altered flakes.

>¢ is fairly plentiful. There is one large grain of greenish

brown tourmaline.

Top I'lack Line of Blue Marble Band.

No. 50. Biotite schist.

iiitdJif ce¢ ->ark fine grained schistose rock.
_ucrosoopic: Texturei banded schistose.

Light brown biotite, averaging 0.4 mm., occurs in bands with

quartz and a little calcite, the biotite flakes having no regular

orientation.

scattered flakes of clinochlore are found oriented parallel

with the banding, some rarely having cores of biotite with similar
orientation.
The grains adjoining the biotite bands consist mostly of quartz,
¢ °f - imll* !arther away, there is more calcite than quartz,
both averaging 0.04 mm., in size. This zone also contains numerous

sea tered clinochlore laths, averaging 0.3 mm in length, and smaller

flakes of biotite.
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Ore occurs in interstitial patches, usually together with
'“he nochiore, and in cleavage cracks in the clinochlore.
: arui-e hclo\, Jar/ and above .aln Blue Marble Band.

—  2F—Schistose quartzitlc biotite marbl?.

macroscopic; Dark grey fresh fine grained schistose marble.

Microscopic: Texture; schistose.
euch of this section consists of ragged grains of calcite in a

groundmass of quartz and feldspar grains. Muscovite is rare.

oiotite occurs in small amounts as chestnut brown flakes.

There are numerous scattered magnetite grains, and rare rounded

grains of sphene.

black and Dark hiup Marble Bands immediately above the Blue
Marble Band.

vQ. 251. Black marble.

Microscopic; line grained black marble, weathering to a

wrinkled surface.

Microscopic; Texture; granular.

This ”ock is a graphitic marble, similar to No. 253, but con-
taining less graphite, and more calcite and quartz. There are patches
of coarser calcite (up to 0.5 mm.) in a fine grained calcite groundmass.

Eiotite occurs as scattered bright chestnut brown flakes.

bo. 51. Black Marble.

Kaccoscopic; A fine grained black marble, weathering dark grey.

— -roscopic: A mosaic of calcite grains averaging 0.05 mm., with

rare strings of quartz grains to 0.1 mm diameter.

Haematite occurs in patches. The dark colour is due to carbon

oust, o'.sseminated throughout the section.

ijo. 307 Jerk Bine Marble.

Mac/'oicopic; A dark bluish black medium grained marble.

viccoscopiC} texture; mediumgrained granular.

This section consists of a mosaic of interlocking elongated
calcite grains with some interstitial laths of muscovite and sericite.
Most of the calcite grains show a parallel optical orientation. There

are some interstitial grains of quartz, and Bare orthoclase grains.

Numerous minute scattered grains of ore and carbon occur through-

out the section.
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- 2*m’:-2 i— Kenolith in granite. Garnet Rork-.
roseepic; jark brown resinous crystals#

microscopic: Most of this section consists of jarnet, brownish
to yellowish, with quartz, calcite and epidote in cavities and veins.
No. 224. Garnet—diouside rock.

Macroscopic« Dark brown resinous rock.

~---0oscopic; Garnet comprises 30/. of this rock. The remainder
consists of grains of pale green diopside and some calcite and quartz.
apidote occupies cavities and veins in the garnet, and green chlorite
is found in cracks.

Marble Bands above the oain Blue Marble Band.
-0. 134. Bluish Frev marble.

texture: Medium grained granular.

This thin section shows a mosaic of elongated grains of cal-
NMite, average size 0.5 mm by 0.2 mm The grains have a parallel optical
orientation.

lhere are rare minute grains * quartz, and specks and small
clots of carbon.
No. 251. J.ootted Black Marble.

i.acroscop.c; weathers olive brown, and shows banding and
raised knots on weathered surface.

icroscopio; he thin section shows mostly calcite, with

scattered quartz grains. The average grain size is 0.01 mm There is

much disseminated carbon dust, some of which is gathered into moss-like
growths and clots.
No. 253. Ochistose .rachitic MarhiA.

Macroscopic: A fine grained dark grey schistose phlogopite
marble, weathering dark olive-brown, with a pitted surface.

.m-croscopic: The graphite occurs as cloudy and mossy patches

of minute particles. The calcite grains average 0.03 mm., and the rare

quartz grains are of similar size.
hale brewn phlogopite occurs r.B strung-out lines of thin shreds

and !la.<es, or as f Lazes associated with patches of haematite up to 1.0 nm

in diameter.
No. 101. Altered ioarble band at too of Upper Marble Series.

Plopsi@e-garnet rock.



ho* 223. Aenolith in .Tauite. Garnet Rock.

macroscopic: Dai'k tarown resinous crystals.

.-icroscogxc: Most of this section consists of garnet, brownish
to yellowish, with quartz, calcite and “pidote in cavities and veins.

22/.. Garnet-diouside rock.

Macroscopic: Dark brown resinous rock.

microscopic: Garnet comprises 30/. of this rock. The remainder
consists of grains of pale green diopside and some calcite and quartz,
hpidote occupies cavities and veins in the garnet, and green chlorite
is found in cracks.

Marble Bands above the Main Blue Marble Band.

Mo. 134.. Bluish frrey marble.

Texture: Medium grained granular.

This thin section shows a mosaic of elongated grains of cal-
cite, average size 0.5 mm by 0.2 mm 1lhe grains have a parallel optical
orientation.

There are rare minute grains of quartz, and specks and small
clots of carbon.

Mo. 251. Spotted Black Marble.
Macroscopic: Weathers olive brown, and shows banding and
raised knots on weathered surface.

icroscopic: The thin section shows mostly calcite, with
scattered quartz grains. The average grain size is 0.01 mm There is
much disseminated carbon dust, some of which is gathered into moss-like
growths and clots.
No. 253. Schistose >Taphitic Marble.

Macroscopic: A fine grained dark grey schistose phlogopite
marble, weatherin() dark olive-brown, with a pitted surface.

r. croscopic: The graphite occurs as cloudy and mossy patches
of minute particles. The calcite grains average 0.03 mm., and the rare
quartz grains are of similar size.

Pale brown phlogopite occurs as strung-out lines of thin shreds
and flakes, or as flakes associated with patches of haematite up to 1.0 nmm
in diameter.

No. 101. Altered marble band at top of Upper Marble Meries.

Diopsifle-garnet rock.



macroscopic: The rock is rougi ly handed in pale brown, pink and
Areen colourse On weathering a pitted surface is produced, but there is
no appreciable colour change*

—L.crosc®P1Q)* iexture: poikilitic, with a roughly banded struct-
ure®

The diopside occurs as grains up to C.I mm., diameter, some in
a form o. poi” Llitic intergrowth with the garnet, which is of grossul—
arite composition.

quartz occurs with a more or less banded structure, and
scattered grains of sphene lie parallel with the banding.

There are rare grains of calcite and altered feldspar, and
thin laths of woliastonite associated with the garnet.
ii-la— ¢ alLlLereJ nicjrble band Garnet-diopslde-vesuvianite rocke
(See photo, Fig. 62).

macroscopic* Similar in appearance to No. 101.

i "2 To: his section consists entirely of light mineralse

About 20/c consists of Jtopside, which occurs in poikilitic inter—
growths with quartz, in a more or less banded pattern.

About 10/, consists of vesuvianite, which is slightly biaxial
and is in parvs replaced by calcitee The vesuvianite has probably re-
placed diopside, as it is pound poiki Litically enclosing optically continu-
ous grains of diopsidee wuolumnar aggregates of vesuvianite occur pro-
jecting into patches of quartz.

A band pf matted acicular woliastonite crystals runs through
the section. There are also patches of a matted "mush" of woliastonite
and diopsice laths. Borme ol the woliastonite is twinned. large grains
ol grossularite garnet, containing numerous wollastonie needles, are
found infergrown with quartz anu diopsidee Poikilitic enclosures of
garnet grains in vesuvianite suggests replacement by the l/itter mineral*,

however, in parts of the section, garnet appears to be replacing
vesuvianitee Small vugs in the garnet, showing euhedral garnet out-
lines, are filled with calcite or quartz.

There are numerous large grains of crystalline calcite, which

have partly replaced some of the diopsifle.



Se The Upper Schist Series.

ine ufper Schist series includes those sediments lying above
the Blue Marble zone. Rocks lying above the Blue Mrble, but below the
topmost marble band are as follows;- (See Table XI).

ochist between the top of the Blue 1-arble 2one and the Unner-
most over Ivin.: marble band.
<0 52. Spotted biotite schist.

Macroscopic: Dark brownish grey spotted schist.

. icroscopic: Texture: prophyroblastic.

me spots, which average 1,0 mm in size, are composed of inter-
locking grains of calcite, pale green chlorite, and quartz, with sane ore,
and rare muscovite flakes. They are generally surrounded by a concen-
tration of biotite flakes.

The groun unass consists of orown biotite flakes, averaging
u.01 mm in length, in a more or less banded pattern, and small quartz
grains, averaging 0.02 mm in size.

There are rare minute grains of apatite, and some small patches
of calcite.

Jdo. 2f5. Biotite schist.

—.acroscopic: vne to medium grr.ined dark grey schisi

brown.

i.icroscopic: Texture: schistose.

Thirty percent of the section consists of olive brown biotite,
as elongated flakes orientated parallel with the schistosity. There are
some rare elongated flakes of muscovite.

The remainder of the section is composed of elongated quartz and
plagioclase grains, showing no optical parallelism.

There are a few sub-rounded grains of tourmaline. About 1>
3 the section consists of scattered grains of ore.

No. 103. ihotted biotite schist.

Macroscopic: Dark knotted schist.

54 "it: ext me: mar Kkedly schistose, with elongated
prophyroblasts.

The knots consist of lenticular ooikilitic growths of sericite,

with inclusions of ore and subhedral garnet, and appear to have forced

sc e of the oiotite to their sides during growth.
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52

53
54

S5

76

83

103

104

105

108

109
11

112

116

119
255

256

257

LOCALITY

Sesob River near
lead occurrences

Near granite west
of Gemsbok River 78 19

75 14#
66 12
n 70 15

BrsJc River

it

016

.022

022

019

ROOKS OF THE UPPER

AMPHIBOLE

1.664 Pale

1.664 <Pale

1.659  Pale

1.652 Pale

Colour and
Pleochroisk. Svr

green

green tokgreen 58 41

green

green 62 45
58 45
59 40

SCHIST

TABLE XI.

TOPMOST MARBIE BAND.

PYROXENE BIOTITE
T— ~ T
054 1.642
1.639
1.639
1.632
040! 1.628
1.625
026
037 1.620
047 1.621
1.624
029 1.719
027 1.727
028 1.737
.048; 1.633
1.641
1.637

EPIDOTE

SERIES ABOVE THE BIUE MARBIE BAND AND BEFIOW THE

FELUSPAR
Type
87- >Qz ?Anorthite
44 7* >Qz Bytownite

86 = (B Andesine

EXTRAS AND REVARKS

Muscovite and clinochlore

Apatite, sphere and ore
Apatite,sphene,ore and calcite

Apatite,sphene,ore and clinochlore

Cordierite, allanite and calcite

Cordierite 2V 76-- «1.548,
1.549, r 1.554

Allanite and altered cordierite
2V 77-. Calcite

Allanite, sphere and garnet

Feldspar ranch altered

Cordierite, much altered to
sericite. Garnet.

Grossularite, R.I. 1.753
Apatite
Grossularite, R.I. 1.768

Feldspar and tourmaline
Feldspar

Calcite

01 - Glinchlure -
E - E”i1dote Foo
[i - Muscovite B

- Apatite A
G - Garnet x

Al - Allanite
T - Tounnaline Vv
0

ESTIMATED MIE
(Shown graphically)

S > A4,5,0
LIZ /< *
At, O K
is: >
AIS'GK,
a
L Z
a.—-1 LZI1>.>
Olo 1
AN T B K 7-
<3 SL Z)
qejB -i
Auartz
Eolds”™ar
uiotite
Arinhibole
*yroxent
JPhene
Cordierite
Ore
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i N ore is llinonite, pseudomorphic after pyrite.

About 40,; of the section consists of well defined biotite
flakes, arranged in marked parallel fashion, and rarely containing dark
pleochroic spots around inclusions.

The light minerals of the groundmass consist of a mosaic of

polygonal quarts grains and orthoclase grains.

ihese minerals show no preferred optical orientation.

rJI°tted biotite-cnrulerite schist. (See photo, Fg. 63).

-~crosconic: Strongly knotted, dark biotite schist. Knots

average about 7.0 mm., by 4.0 mm., in size, and tend to weather out

from the schist.

Licrosconic. lexture markedly banded porphyroblastic, consistj

Of approximately equal amounts oi lignt and dark minerals.

m tr Quarts and cordierite, in about equal amounts,

form a mosaic of angular grains.
.-~arallel with the schlstoslty run numerous bands of cordierite,
UP to 0.3 mm wide, all the bands in each knot having a similar optical

orientation. These bands contain minute flakes of prochlorite, mostly

arranged transversely to the bands, and some forming a type of comb
suucture, extending inwards from the edges of the bands.

-orpryroblastsi Roughly elliptical patches, about 7.0 mm by

4.0 me. in sice, contain small grains of quarts and feldspar up to 0.1 mm

diameter, in a groundmass of cordierite, which is optically oriented

parallel with the bands running through the patches, dach patch has its

own optical orientation in spite of the fact that the bands in both

-cues ire parallel with 'he general direction of schlstoslty. The

prophyroblasts are almost free of dark minerals.
va 'fe occurs in scattered small rounded grains.

"minerals: Biotite flakes, up to 1.5 mm long, form

‘he dark bands. In general the lengths of the falkes are transvers. or

ique to the trend of the bands. Sane flakes show bending and t

is a slight concentration of biotite around the [Il[ilyl‘oblasts.

Rare, small tourmaline laths are scattered through the section
-here are a few small rounded grains of ore, mostly pyrite.

Actlnolite i

— =-C1L: lale # rOck # "krk green and greyish pink

specks.



127.
mn"ossxmzi Texture, poiklloUaetic.

The actino'ite consiete of ra,-Sed eubhedrel polkiliti. meee,

Partl7 alter9d t0 1SOtr°PIC and containing rare

P‘*Cenr~ C h41j“ rOmxi Inclusicne of alianite.
e jroundm&ss consists of a mosaic; of recrystallised qim-tz

gr.,ne containing minute rotmded incluaione of apatite. dM 1l ina

- altered mineral, "obebl, cordierite, are nmercu, in parte of
tne section.

1 - ¢ numerous scattered romd grains of sphene, and a few

A ; Irre'"Ular EraiM- Cl1— isite and scattered caicite appea,
rarely

tuartz-dioD;ifiP-ra”**rltr |0,

3COEI1C. n fine-framed greenish grey siliceous rock.

A r 1sconic; “ex-ture; granular.

The diopside occurs as subhedral grains, partly uralitised a

c-eavage cracks, and partly chloritised.

16 oT°linai“ESS COnsists of a mosaic of recrystallised quartz

:1r;,2nS and COrdierlte Partly Eltered to sericite. Caicite occurs as
interstitial grains.

ithere numerous rounded grains of sphene and apatite , and

a few anhedral grains of garnet.

1j]-QPSide—spn-not r* ;r

acroscopic: Dark brownish black rock with resinous lustre.
ciicroscopi Ce
J 2

odllnet, ptowl ly grossularite, constitutes about one half

f. tMS 390U°n' ~ 13 — “ A~ -"ednal to euhednsl aggregates,
being euliedral against quartz.

' feK 3Ubhedral EralnS Of 'fene up to 2.5 mm in length are

attered througn the section. Clear quartz and highly altered p.lklli-
uo growths of greenish dioFside, with sme caicite, occ,, the rest of
the sect,on. .here are some flakes of permine and a few small grains

Of IdUronite.

The quartz contains rounded inclusion, of epidcte, and of

apatite up to 0.20 mm. diameter.



i2e.
-the uuarl.%i,t,g
- (dee Table XII).

-dli—77+ Biotite “anulite.

m""gseopici A ccnpact dark grey fine-grained hornfels can-
taining rare tol'1te grains. Breaks with cenchoidal fracture. Weathers

reddish brown*

Microscopic: Texture: granular.

biotit. i= 3-rty greenish brown, and shows no preferred
P cal orientation. .t 2/. of the rock consists of rounded grains

ore, and there are a few minute needles of tourmaline.

1'he light minerals consist of a mosaic of clear quartz grains,
0.2 mm “n size, and albite and microcline grains. There are a

few patches of calcite, scattered minute apatite grains, and flakes of

muscovite.

A vein consisting of albite grains with elongated laths of

calcite runs through the section.
~0* 1 — Kknotted biotitp schist.

Macroscopic: fine grained dark grey knotted schist.

hicros

CpiC’ Isxturee fine grained porphyroblastic schi ¢, e,

- ornhvrohl.q.qt.g.

These consist of a core of cnall quarts grains and rare apatite
grains, all surrounded by olive brown biotite flakes, arranged parallel
with the schistoaity. There are numerous scattered laths of pale green

almost isotropic chlorite with a similar orientation.

The groundnass is a somewhat banded fine grained biotite-quartz

sc. ist, containing rare minute tourmaline crystals oriented .arallel

with the schistosity and rare laths of calcite up to 0.5 mm in length,

lying oblique to the schistosity. These laths are possible pseudo-,.orphic

after amphibole.
— Calcareous .knotted biotite

uacroscopicj Altered fine grained knotted schist,

p eruseepic.: exture: porphyroblastic schistose.
horciiroblafftcj.

These are composed of mosaiueof fine quarts grains. The

groundnass consists of about equal proportion, of calcite grains and a

mosaic of quartz and plagioclase.



The rock is somewhat sheared, and laths of biotite altering

to green chlorite and limonite occur along the lines of shearing, dome

of the biotite cuts through the knots.

3lie Chlorite schist>

cruscopics j& rs.brownish black schistose rock.

Microscopic: TexturelL schistose.
ihis rock consists of sub-rounded grains of quartz in a ground-
mass of chlorite and ore.
There are rare grains of tourmaline.
-'0. 219. PBletite muscovite honfféls.
—-r 2Kkli.-P-)' vompact brownish black finely crystalline rock.
.Jeroscopic:  Texture: granular.

This rock consists of an intergrowth of muscovite, biotite and

quartz grains, with some plagioclase. Needle-like bodies of limonite

are scatteredthrough the section, usually penetrating biotite flakes.

*h° biotite contains dark pleochroic spots around inclusions, probably
O ailanite and zircon, and is rarely altered to pale green chlorite.
There is one grain of tourmaline, 0.5 mm in size.

There are some rare rounded apatite grains and minute rutile
needles.

-fo. L14.. netinolite .'Tannlite.

.Jacroscopic: ?ale grey rock, speckled with dark green and pale

pink oikocrysts.

microscopic: Texture, poikilobl&stic.

The actinolite occurs as scattered poikilitic growths up to
2.0 mm diameter, some in sheaf-like forms, and mostly altered to calcite
adn almost isotropic pale green chlorite.

toikiljtic arhedral growths of garnet are present in smaller

amounts than the actinolite.

The groundmass consists of rounded clo&r quartz grains, up to
0.3 mm diameter, in a matrix of .fine quartz grains, decomposed cor-

dierite, small muscovite flakes and calcite.

I lare are rare scattereu grains of altered labradorlte.

apidote is scarce, and scattered grains of ore occ’jr throughout

the section.

ji&- 313* /iCtinolite-epidote rock.



NO.

156

137

144

197

199
200

204

219

311

319

320

376

377

NO.

US

191

TABLE XII.

ROKS OF THE UPPER SCHIST SERIES

ABOVE THE TOP MARBIE BARD
AND BAOW THE QUARTZITE.

LOCALITY AMPHIBOLE BIOTITE OIHER MINERALS.
L
........ 1
Colour and i
2VoC c A z Pleochroism Vv '
I - _
i
Brandberg-Amis R. Area ' ' 1.633
'
n 82- 18 .019 1.652 Pale green | i Plagioclase”)17°, 2V 30& = Anorthitef Rare epidote, 2V 75-
Garnet and calcite.
* -
n 70-! 17 .015 1.661 Pale brownish green Rare labradorite. 38 , 2V 82% Cordierlte. Rare epidote.
green Andradite, R.I. 1.815.
1
n 1 1.636 Muscovite, mlerocllne, tourmaline, apatite and ore.
n - 05C 1.647 Apatite and quartz form porphyroblasta.
i
" 1 | j 1.639 Ore and apatite.
it 1 1.629 Quartz porphyroblasts. Ore, tourmaline and apatite.
West of Gemsbok R. |,: 1.637 Muscovite. tourmaline and ilmenite.
Near granite between Brak
and Gemsbok Rivers Chlorite and ore.
Xenolith Mlight part 71 19 .019 1.645 Pale green
Xenolith Mdark part 68 14 .017 Deep green Much epidote, 2V 79s, = .019, Is = 1.735. Cordierlte
;i Rare garnet.
Xenolith near granite betvireen
Brak & Gemsbok Rivers. 1.629
Near granite contact on
road to Omaruru . 1 { 1.641
J
H 1.641 Cordierlte 2V 35%-to 55-— /S = 1.555
-] ’
Mx. £1x/7 ir> " ctrNe Zir
TABLE XIII.
QUARTZITIC ROOSS IN THE UPPER SCHIST SERIES.
LOCALITY AMPH IBOLE PYROXENE FEL.DSPAR IPIDOIEI EXTRAS ESTIMATED MIK
* Showrj graphically)
Colour and £ Type
cd) Pleochruism cA * 21V 2.
JI.010
Near Brandberg 74. 20 .014 1.652 Pale green 39 .026 67 - Orthoclase Rare Mostly quartz. Some cordierlte 0
green I and garnet.
Near Brandberg 18 78+ zQz Alblte and
»(B Orthoclasir Mostly quartz

ESTIMATED MIE
(Shown graphically)

0 \Fl 0
O
0 C IF 4 ”H
0 A
0 49 J-./4
(), |f-| h*"' Q
01 A o T sl
O 1 w
O q
— — A ,.45
0 C. S ]
Q —Quartz.
F - Feldspar (h - Chlorite
B - Biotite
A - Amphibole.
E - Epidote.
G - Garnet
C - Cordjerite.
M- Muscovite
0 - Ore
T - Tourmaline
Ap - Apatite.
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« 131.

Macroscoric: Grey compact rock jnowin”slight layering.

Microscopic; Texture; poikiloblastic.

ipidote occurs as poikxlitic grains in a roughly banded pattern
and occupies about 40,» of the section. Amphibole occurs in two varieties,
one pale green and deep green. Both varieties are probably ti -molite-
actinolite.

Biotite flakes, partly altered to pennine are scattered through
the section. The groundmss consists of a mosaic of quartz grains and
cordierite altered to sericite.

No. 377. Biotite-cordierite hornfels.

Macroscopic: A dark brown compact fine to medium-grained horn-
felsic rock.

Microscopic; Texture: poikiloblastic.

dark minerals. About one third of this rock consists of brown
biotite, containing dark pleochroic spots. The biotite flakes are arranged
in haphazard fashion. xhere are rare scattered grains of ore.

Light minerals. Cordierite forms an almost complete mosaic of
poikilitic grains, containing inclusions of biotite and quartz. The cor-
dierite grains are slightly elongated in one direction, and are altered
at the edges. They contain rare pale yellow pleochroic patches.

There are rare minute apatite grains.

uuartzitic bands in the Upper Schist Series near the Brandbern.
(dee Table XIII).

No. 191. wuuartzite.

Macroscopic: rale pinkish brown fine tomedium-grained quanzite,
slightly sheared.

Microscopic: Texture: granular.

Most of this rock is composed of sub-rounded grains of quartz,
some of which are more or less lenticular due to the shearing. There
are a few grains of feldspar, mostly albite, some of the feldspar
altering to sericite.

The interstices between the grains are filled with fine quartz
grains, rare epidote, muscovite and chlorite and rounded zircon.

No. 145. Actinolite quartzite.

Macroscopic: The rock has the appearance of a fine-grained pa

brownish q artzite, weathering to light brown.



132.

Microscopic: Texture: poikiloblastic.

Host of the rock consists of a mosaic of recrystallised quartz
;rains with a fine-grained matrix between some of the Grains.
Ragt.ed poikilitic actinolite laths are scattered sparsely

through the slide and are sometimes enclosed by the qttaJ'ts grains.

Diopside and garnet are also present in rare poikilitic growths

Orthoclase is found poikilitically replacing quartz,

i’here are numerous apatite and calcite grains, some

and rare interstitial epidote and anhedral sphene.

(C,) Post~h)anara Tntruaives.

The granitic rocks will be described in approximate order of

age.
-nsrt.z dtorites and zranodioritej. (dee Taile tit/)

o- Iwxp. Ji«rtz dlorite.
ttar.rosconici Medium grained dark grey granular roc a, with

noierous black biotite flakes, averts size P.5 - , and hornblende grai o

Little quartz appears to be present.

inroscopic: Texture: . .. .. iomorphic-granular.

,,Fyt minerals, bale green amphibole, some of which is twinned,

occupies about 30.8; of the section, and is apparently partly altered to

pale green chlorite along cleavages, dote of this chlorite is possibly

, tiered biotite, which is comonly in continuous crystallographic growth

with the amphibole. There is 12.6, of biotite, partly altered to pale

-reen pleochroic chlorite alory cleava-es.

The amphibole appears to be moulded on biotUe drams
chlorite is biaxial -ve with 2 V moderate, the fibres are length-slow,

and the index less than 1.64. It is probably aphrosiderite.

dubhedral grains of sphene, up to 0.75 mm in size, are plan- ,

ful, and there are a few grains of epidote and pyrite.

nin” U, Plagioclase constitues 47.3,. of the section
and is of andesine composition. Much of the plagioclase is partly sh-

ed to sericite. There is less than 1,. orthoclase.

The remainder of the section consists of q # tz, and there are

a few grains of apatite.
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BI-DAXKARA GRAGITIC ROTS.

- LAOIOCLASE K-/ ~v..*HILOLE BIVIITE i ' ALU-iI q SSTIi.SATED 1DDE
hiUSCOVITE xx. X V] -ilITE KXTiil Jh e.rB"hlo8l11
Colour and (Jhown e,r o8lly)
NO LOCALITY In « Out In Out arow ths W Tyre ( 1C .o, . ORE DOTE
. . leochrosiiL ,¢ '
1 i 31 Z >
W. of Oemsbok ale green- 70 15 019 1.659 1.647 rite [ zZ X
199 i brown toy'green
River. . 7z Z 771 kj M
46 31 68- Lucrocline {1.645 Rare flakes (Z
12 and ortho-
clase S, Z Q .
[ joisite 2V 86 - p ELA
19° 78r 88+ 50 37 Andesine 62- Mcroline ale green toy" 80 20 .0215 1.643 1-638
130 2&1. 3
quartz 58- orthoclase green
a Z F
o _ nw 80- 4 ~CB 36/44/30 otYellow green /
216 E 3b Of#Branl(\i/I. 1362/24r /« 83 47 toY"dark green 80 17 .015 1.665 1.625 y/ Z
O erg #est ine Tv | I Zb. N y —
308 ITS . S.W. of Oenn- 20 66* >(3 37 72- Orthoclase 19 045 1.643 Magnetite n biotite \4 177177¥7.1B
. _0
'(‘)1 bok River /a. In biotite Q[ P 4 a
365 944 S.E. of Brand1 23 344- >"z 43 Andesine 64 Herodine = ale green to 08 .022 fazs 1,028 B;llnze'te z
E. - 1
berg ifest Mine FEoned quartz - and rare 'tfgreen 7 '
’H late orth. Z z r
_ 20 .024 1.629 “yrite . .
- i 1 *ale green 72 Zoisite Calcite
374 " Dark Part 19 88 864- Htl)gchB low 7 15 )) 0. Orthoclase Krale areem to 107 2 018 1.658 058 1629
A Light Part 38 42 ) y'green
! U 37
106 W. of lembok 15 84- >C3 18 Oligoclase 65- Microdine 1.635 Rare
River quartz
Z
107 18 O3 74- i.lcrocline 1.634
.% 64- Rare orth-
u clase . o
a i p —a
. . 1.657 R flak
126 fg 18 83- >CB 23 andesine 64- Microcline are flakes
PU-a = quartz iircon HZ6 1
222 a3 Near Zebra R 18 90 >CB 37 Mcrocline 1.637 ]
g ,
301 O 3... of OemS' 13 86 88. Mcrocline 1.642
ﬂ‘a bok River Rare ortno-
clase
1 i// 3ireon | ran
375 E. of Zebra R. 13 854- :C3 10 Albite- 66- Microcline .639 Rare flakes
auartz
tfr m7oje. /¥
% xuaj'tz
jB ... * *lagioolase
A K-feldspar
A tx
B Bioti te
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TAJLE XIV (Conbd) are 2.
*03T-JALAHA dHA.IT1C dDCtS.
LAJIOCLASE I-5*ELBS* /OIS AVE. HI BOLE BIuTIT.
LoCAx-ITY . MUSCOVITE vin nAQE Ei IDOTE AILLANITE I HXTitAS uSTILiiATtl) K(I)E
In Out In Out In ; Out in Out Inter- (Shown graphically)
AN 0:An Arowths 2V % r
99 «*.. of Gemabok 17 3vt 62.  Microcline rew *rains 1.647 Some flakes Eoisite [] t~Q ...l
] xtiver
4@ 10 90 27 Oligo- t7Z,
306 S.i?. I 4 84-| 84> High Low 251 23 clase 68- Microclino 1.650 A
© ruartz
5 ti * : : Ll n
312 3.E 1 9 Albi te- Llcrocline 1.617 v/ n 74°,
TE) quartz
P
313 ft * 17 =03 Albite- Microcline 0
quartz and ~erthijte 1.610 Tourmaline
12 >03
M 373 | Near Sebra R. 14 80 f > 48/42/36  :.yrrekite 70- Mcrocline 1.648 vVZ Rare ;ninety— —
at micro-j
dine
contact
* 326 1%_% Zebra River 15 >03 8 Albite- 90 Lncrocline
N quartz Rare ortho- Rare Rare Haematite
d o clase
S * 10
386 Between Zebra 10 12 TAl- >03 13 86— Ilcrocline Rare a
and Srak Rivers
In - inner zone.
m = Analysed Out - outer zone.
4z *uartz i - “uartz
.3. s Canada Balsam *1lagioclose
s Max. extinction iC - K-feldsPar
A - Anfnibole
B - iiiotite



No. 125. -iranodiorite.

Macroscopic. Fine-jrained dark jranular roc :, weathers
dark brownish grey.

Microscopic. Texture: 'odium grained allotrimorphic-granular.

Dark minerals. About 20, of the section consists of dark
minerals, mostly biotite, partly or totally altered to light green pleo-
chroic length-slow pennine, and containing minute inclusions”™ so: e of
light tn-ovn ,'leochroic allanite, surrounded by dark pleochroic haloes.
The biotite 1s partially or even totally enclosed by quartz and feldspar
Tains. 1lhere are some euliedral to subhedral grains of sphene® and a f *
irregular patches of ore. Some epidote 1s found, usually i1in the rims of
the patches of ore.

Light minerals. Olio”oclasg® much altered to serioite, occupies
about 40,. of the section, and i1s i1n the form of grains interlocking with
quartz grains. Some of the plagioclase 1s zoned, tue inner zones being
more calcic than the outer.

Small amounts of microcline and orthoclase are present in
about equal quantities. The microcline encloses rounded grains of biotite
and quartz. In some of the microcline grains, the twinning and strain
ceffects appear to originate from the inclusions.

Small rounded Orains of apatite are scattered through the
section. There 1s one grain of pale brown pleochroic allanite, whicl
1s surrounded by a dark pleochroic halo where 1t is in con'/act with
biotite.

Mo. 130. unartz diorita.

Macroscopic. Medium grained dark grey granular rock.

Microscopic. Texture: medium-grained allotriomorphic granular.

Dark minerals. These consist of pale green amphibole, and
biotite flakes rarely altered to chlorite, dome of the amphibole 1s
twinned. Both the amphibole and the biotite contain dark pleochroic
spots and haloes around inclusions of allanite. -he allanite 1s pleo-
chroic as follows:- X pale pinkish brown, Y greyish brown, Z brown, and
1s probably magnesium orthite. Commonly the biotite and amphibole
cleavages are continuous.

Zoisite 1s present 1n cleavage cracks 1n the biotite, and

appears to have caused the biotite to swell out.



M.aht. r.inerals. Clear quartz grains occupy about of the

section. Flagioclase constitues 30,., and is in the form of twinned

andesine. Some of the plagioclase is zoned, with interiors more calcic

than the outsides.

There are small amounts of albite, orthoclase, and microcline.

Sane of the potash felspar shows twinning only on and near contacts of

enclosed biotite and amphibole grains, the feldspar away from the grains

is untwinned. There are rare patches of an intergrowth of quartz and

andesine. One such intergrowth is enclosed in microcline. There are

some rare grains of sphene, in large subhedral grains, and apatite, io ,e

of the sphene is interstitial to biotite grains.
,0. 216. -uartz diorite.

Macroscopic. Fine to medium grained dark granular rock.

Microscopic: Texture: coarse-grained allotriomorphic-granular.

Ark minerals. About one third of this rock consists of biotite,

much altered to chlorite and calcite. The chlorite is rarely a pale

Oreer pleochroic length-slow pennine, and mostly a length-fast iaxial

+ ve pale green pleochroic mineral, with 2 V £ 20° it is probably

prochlorite. Basal plates of biotite commonly shows a rim of prochlonte,

and ma”netita grains. Pleochroic spots are absent, and .elusions are

rare.

roikilitic growths of hornblende, some altered to prochlonte

and calcite, occupy about 15> mr the section.

Sphene is common, totalling about 2/. of the section and
epidote is found as growths in biotite cleavage craCKS.

Fyrite and magnetite are fairly common.

T.itrht minerals, almost one half of the

section IS composed
4

of a mosaic or andesine laths, averaging 1.0 mm by C.i -i. anu partly

altered to sericite. Some of the plagioclase is zoned, with interiors

more calcic than the outside, " rtz occupies about 2/e of the soct'oo,

and apatite in scattered grains and laths constitutes 1/.. totasn
feldspar is absent.
;n- m h dranoiiorite porprarry.

Macroscopic. Grey medium grained granular rock, with

scattered phenocrysts



f.ipht. minerals. Clear quartz grains occupy about 21> of the

section. Plagioclase constitues 30,., and 1s in the form of twiur.od

andesine. Some of the plagioclase 1s zoned, with interiors more calcic

than the outsides#

There are small amounts of albite, orthoclase, and microc lane.

Some of the potash felspar shows twinning only on and near contacts  of

enclosed biotite and amphibole grains, the feldspar away from the grains

is untwinned. There are rare patches of an intergrowth of quartz and

andesine. One such intergrowth 1s enclosed in microcline. There are

some rare grains of sphene, in large subhedral grains, and apatite. Some
of the sphene is interstitial to biotite grains.

,,0. 216. Quartz diorite.

Macroscopic. Fine to medium grained dark granular rock.

Microscopic; Texture; coarse-grained allotriomorphic-granular.

oark minerals. About one third of this rock consists of biotite,

much altered to chlorite and calcite. The chlorite 1s rarely a pale

jreen pleochroic length-slow pennine, and mostly a length-fast . Ul

+ ve pale green pleochroic mineral, with 2 V1 20°. It is probably

prochlorite. Basal plates of biotite commonly shows a rim of prochlonte,

and majnetita grains. Pleochroic spots are absent, and inclusions are

rare

Poikilitic growths of hornblende, some altered to prochlonte
and calcite, occupjr about 15> of the section.

Sphene 1s common, totalling about 2/. of the section and
epidote 1s found as growths in biotite cleavage cracks.

lyrite and magnetite are fairly con.ion#

Li-ht minerals, almost one half of the section is composed

of a mosaic or andesine laths, averaging 1.0 mm by 0.5 &nd 1tirtly

altered to sericite. Some of the plagioclase is zoned, with interiors

more calcic than the outside, quartz occupies about 2/. of the section,

and apatite 1n scattered grains and laths constitutes 1/.. ott: -

feldspar 1s absent.
.0. 301. Oranojiorite oprphyry.
Macroscopic. Grey medium grained granular rock with

scattered phenocrysts



Microscpjc; Texture: coarse-grained hypidiomorphic - granulare
Dark minerals conaitute about 5> of this section, 1i1ost OL
these consist of dark greenish brown biotite containing pleochroic spots
and inclusions of sphene. Some of the sphene i1s lormed inside biouite
cleavages. Some of the biotite 1s partly altered to chloT ite, and rarely

biotite flakes are enclosed in quartz grains.

accessory dark minerals sire hornblende # sphenf, epidote and
magnetite.

Lipht minerals, “uartz constitutes atout 4d/« of vne section#
and 1s found rarely 1n intergrowth with andesine.

Andesine# partly altered to sericite, and orthoclase constitutes
about one half of the section. Calcite is rare and occurs as an alter-
ation product.

No. 366. quartz diorite porphyry.

Macroscopic: Coarse grained dark porphyritic rock.

Microscopic: Texture: coarse grained hypidiomorphic granulLar.

jark minerals. Dark olive green biotite laths constitute
about one third of the section, and average 0.75 mm* by 0.4 mm 1in size.
They contain rare inclusions and some are lined with sphene on the edges.
There are no pleochroic spots. The biotite 1s rarely altered to green
chlorite or calcite along the cleavages.

Hornblende occurs in aggregates of short (Average 0.3 mmy laths,
and 1s pleochroic: X colourless# Y green, L bluish green.

dpidote 1s found as scattered grains, euhedral against biotLte,
and 1s associated with ore.

Lipsht mipﬂeralw Andesine laths, snowing alt ite twinning, and
averaging 0.75 mm 1n length, occupy 30/. of the section, and are mostly
altered to calcite and sericite 1n their centres.

There are rare intergrowths of quartz with andesine.

The quartz 1s mostly clear and i1s sub-rounded.

Orthoclase 1s found enclosing grains of andesine, and contains
minute sericite flakes.

Apatite 1s found as scattered grains.

dr,. XIL. Oranodiorite.
Macroscopic: This rock consists of a grey, fine grained granular

rock, containing a darker fine grained nodular inclusion.



Microscopic; Textures fine grained to medium grained
alJotriamorphic granular.

Light portion. The predominant dark mineral here i1s amphi-
bole, rarely altered to length-slow, pennine. There is a small amount
of light brown biotite, partly altered to pennine. Scattered grains of
pleochroic sphene occur as an accessory. There are also a few grains of
epidote and some cubic pyrite.

The light minerals consist of a little quartz, 'S« orthoclase
and microcline, and 40,- andesine. Some of the plagioclase 1s zoned, the
interior being more sodic than the exterior. Galcite occurs rarely as
an altered product.

dark portion. The predominant dark mineral here is light
brown biotite, rarely altered to, green chlorite. Amphibole is rare.
The biotite contains inclusions of pinkish brown pleochroic allanite
surrounded by dark pleochroic haloes. The allanite has usually a rim of
zoisite.

Rare epidote occurs at the contact between the light and dark
portions.

The light minerals in the dark portion consist of a little
quartz, about 20/= orthoclase and microcline, and 30/. oligoclase. The
plagioclase 1s zoned, with the interiors more calcic than the exteriors.

2. Younger Quartz Diorltes and Granodiorites. (dee Table

Ho. 106. yoartz diorite.

Microscopic: Texture; allotrimorphic-granular.

Macroscopic: fine grained light grey granular rock.

Dark brown biotite constitutes about 4/° of this section, and
i1s partly altered to colourless chlorite along cleavage planes.

The remainder of the section consists of about equal amounts
of qruartz and feldspar, most of the feldspar being oligoclase, partly
altered internally, and zoned with calcic interiors, 1here 1s a small
amount of orthoclase and microcline. Seme of the microcaine contaxns
rounded quarts grains in optical continuity. There are rare intergrowths
of oligoclase in orthoclase.

A few small grains of apatite and rare flakes of muscovite are

scattered through the section.



Mo. 107. gdiorite porrhyrz.

Mfloroscopic» Medium grained light grey granular rock, with

large phenocrysts of feldspar.

Microscopic: Texture medium grained allotriomorphic-.granu.lar.

This rock is similar to No. 106, except that the plagioclase

is albite, and there is more muscovite and albite. ironed plagioclase is

rare. lhere are a few interstitial grains of calcite.

Some of the potash feldspar appears to be slightly strained

orthoclase when viewed with the section lying perpendicular to the micro-

scope tube. On tilting the section by means of the universal stage, the

feldspar takes on the appearance of microcline, with typical taper mg

linea/twinning. It is inferred that the mineral is orthoclase which is

being altered to microcline by pressure phenomena. (Ref. Roseubusch and

Iddings, page 320).
Mo. 126. Granodiorite.

Macroscopic. Fine grained pink granular roc...

Microscopic. Texture: fine grained allotriomorphic-granular.

minerals. Reddish brown biotite flakes, some altered to

limonite, occupy 5« of the section.

T.ictht minerals, quartz, cligoclase and microcline, are present

in roughly equal proportions. The oligoclase grains are partly altered

to sericite internally, and some are zoned, with the centres more catcie

than the outsides. There i1s a small amount of albite showing simple

twinning Some of the plagioclase i1s intergrown with quartz.

There are some well marked examples of partial replacement of
quartz by microcline.

Muscovite occurs as rare flakes.
No. 222. juartz diorite porphyry.

Macroscopic. Medium grained grey porphyritic rock. About 5>
of the rock consists of tabular feldspar phenocrysts, up to 2.0 on.
length, and pinkish grey in colour.

Microscopic: mTexture: Allotriomorphic-granular.

nark minerals. Biotite, some altered to pale greenisr. ¢ lor

along cleavage planes, and some containing minute inclusions of -uiie tra.

to sub-rounded zircon, occupies 20/. of the section.



The inclusions are surrounded by dark pleochroic haloes. The bi-otite
is pleochroic: X pale greenish brown, Y yellowish brown, Z brown.

Light minerals. Clear quartz occupies 30,« of the section. At
one contact between microcline and biotite, quartz partially replaces the
biotite at the contact, where numerous fragments of biotite are conta:. ied
in the quartz, and are still oriented parallel with the main biotite grain.
The replacing body of quartz joins and 1s optically parallel with an
adjacent quartz grain.

Oligoclase, altering along cleavage cracks to sericite, occupies
about 45/0 of the section.

About 5,0 of the section consists of microcline, some grains en-
closing optically parallel quartz grains.

There are rare round grains of apatite, some occuring as
inclusions 1n biotite.

Mo. 375. Granciiorite.

Macroscopic: Medium grained dark grey rocr, with a P4 1 ;
Contains phenocrysts of feldspar up to 1,2 cm. in length. Dark
grains of feldspar make up most of the rock, -the weathered surface 1is
greyish pink.

Microscopic: Texture; Allotriomorphic-granular.

Dark minerals. Olive brown biotite, part ly or * bk
chlorite occupies 20> of this section. rhe chlorite 1s uniaxial + ve and
length-slow. It 1s probably a variety of pennine. -no biotite contains
rare minute subhedral zircon grains, surrounded by pleochroic haloes.

ilight minerals. The plagioclase 1s albite, some gr'ilns siovi g
zoning, with the centres more calcic then the outsides.

Potash feldspars constitute 25=of ' * 't iot!, 1-
the grains appear to be somewhat strained orthoclase, the remainder bang
typical microcline.

More or less radiating intergrowths of quartz and plagioclase
are fairly common, quartz occupies 15~ of the section.

Replacement of quartz by microcline 1s common.

There are rare museovite andapatite grains.

3. Biotite Granites. (Lee Table XIV.)

mo. 89, Biotite cranite, intrusive into do.100.

mm



Macroscopic: Medium grained light grey granular rock.
Mcroscopic; Texture: medium grained allotrionorphic-granular.
iterk minerals. Greyish brcvn biotite partly altered to a green
chlorite, probably pennine, constitutes 7/« of the section. There are
some rare grains of,epidote and oret and a few grains of amphibole.
There is one grain of allanite which forms a dark halo where it is in
contact with biotite.

Litdit minerals. These consist of a mosaic of quartz, potash
feldspar and albite grains. Some of the albite shows twinning. Most
of the feldspar grains are somewhat altered. There are some intergrowths
of twinned oligoclase with quartz. The potash feldspar consists of
strained orthoclase or microcline.

Flakes of muscovite and subhedral apatite grains are rare.

Ho. 306. Biotite granite.

i-lacroscoric. Pink medium grained granular rock.

Microscopic: Texture: medium grained hypidiomorphic-granular.

Sark minerals. Only 1/» of this slide consists of dark minerals,
in the form of dark brown biotite, and a little ore. The biotite is
pleochroic as follows:- X pale yellowish brown, Y olive green, X brownish
black.

mLirht minerals, 'quartz, containing lines of inclusions, makes
up 30,0 of the section. The plagioclase is twinned and zoned, with centres
altering to sericite. The rims are more sodic than the centres. quartz
is intergrown in the plagioclase, some intergrowths being arborescent in
shape, #%he plagioclase is of oligoclase composition.

Some of the microcline appears to grade into orthoclase, with
decrease in the intensity of twinning, quartz inclusions are found in
the microcline.

There are rare grains of apatite, and rare flakes of muscovite
associated with the biotite.

No. 312A. Biotite .rranite.

Macroscopic. Coarse grey granular rock.

Microscopic: Texture: coarse-grained hypidiomorphic-granular.
Jark minerals. Biotite constitutes 4> of the section, and

sjhene epidote, allanite, and ore together constitute 1/«



The biotite is pleochroic &s follows:- X pale brown, Y olive
tpreen, Zdark greenish brown. Some of the biotite is partly altered to
clilorite. The sphene is mostly subhedral. The epidote is partly deeply
coloured, and pleochroic from pale yellow to greenish ye low. The brown
plrochroic allanite, which occurs as subhedral grains altered towards the
edges, is commonly surrounded by subhedral masses of epidote.

A second section of this rock (No. 312B), shows large subhedral
tourmaline grains»

Light minerals, quartz occupies about 70/° of this section,

albite altering to sericite, and rarely intergrown with quartz
constitutes 15/°

Microcline and stained orthoclase make up 10.°.

Elongated apatite grains are found in section No. 3-126.

No. 373. rprphyr tic biotite /tranite.

macroscopic, uoarse grained granular rock, speckled with black
biotite flakes, and containing scattered tabular feldspar phenocrysts up
to 2.5 cm., in length.

Microscopic; Texture: nypidiomorphic-granular.

dark minerals. Biotite, containing dark pleochroic spots around
minute inclusions, and averaging 1.5 mm by 0.5 mm in size, constitutes
10.6/= of the section. Some of the biotite is partly or completely altered
to chlorite. The biotite is pleochroic as follows:- X pale brown, Y brown,
Z, chestnut brown.

Sphene occurs as euhedral to subhedral grains.

Light minerals, quartz constitutes 30/° of the section. There
is 13= potash feldspar and 42,° plagioclase.

The orthoclase is probably all microcline, with a few grains
that appear to be strained orthoclase. The plagioclase is andesine and
is somewhat altered to calcite and sericite, internally. It shows albite
twinning, and is zoned, with two distilet zones outside a core, the com-
position becoming increasingly calcic outwards.

Hyrnekitic intergrowth of plagioclase with wuartz is covnon on
the rims of plagioclase grains, where in contact with microcline. lyreme-

kite is also found in selvages betweei microcline grains.



The intergrowths are usually at right angles to the line of contact

of the microoline on plagioclase grains.

There are some rare euhedral grains of apatite and coned garnet
and some minute laths and patches of calcite. The apatite occurs

commonly as inclusions in the biotite.

— lounger Granites. (See Table XIV)

~r26. aplitle biotite » ni +A.

macroscopic: Fine grained even textured pinkish granular rock.

Weathers brownish pink.

microscopic; Texture: fine grained allotriomorphic-granular.

Apart from the presence of a little haematite, there are no
dark minerals in this section®

Quartz occupies 34.5> of the section, and is found in inter-
srowths with albite on a comparatively large scale. Muscovite and seri-

cite present probably as decomposition products of the albite.

rotash feldspar constitutes 39.3/. of the total, and is mostly
microoline, although some appears to grade into orthoclase. The micro-
cline contains rounded inclusions of plagioclase and quartz, apparently
relicts after replacement. Albite has possibly replaced some of the
quartz, as is shown ty the presence of numerous quartz inclusions, optically

parallel, in the rims of some albite grains, near the contact between

albite and microoline.
-0. 311. Alkali granite.

macroscopic: Host of this rock consists of coarse salmon pink
feldspar crystals.

mcroscopic: Texture: coarse allotricmorphic-granular.

elost of this section consists of microoline, in large grains.
There is a little quartz and some twinned oligocL se which is zoned with
sO JIC nns. oencxte is present as an alteration product of feldspar.

— acjpL~yl<e3 and icnm atites. Table XV)

As shown on the table the acid dykes and pegmatites are all of
similar composition, in that they contain quartz with usually a lesser
amount of microoline and albite. Muscovite and biotite are usually

present. Accessories such as garnet, tourmaline and topaz are rare.
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Ng. -M. AplitP.

Jac.  o\pic™. A pa:e pink medium grained granular rock.
_igroscopic: -exture: medium grained allotriomorphic-granular
mosaic oi quartz and feldspar grains makes up aix)ut 95,. of

this rock. Quartz consitutes about 25>. The quartz is clear and the

feldspar rather cloudy or discoloured.

ihe plagioclase has the composition of albite-oligoclase.

Potash jpaldspar is present in the form of orthooJase and altered micro.

dine containing rounded quarts inclusions. Potash feldspar and plagio-

clase each constitute about 35/. of the section.
ihe remainder of the slide is composed of colourless plates of
muscovite, and a few small subhedral garnet grains.

Wo. 226. Aolite.

Kacr:.sGopic: rale pink fine-grained granular rock, intruding

granite. (No. 222).
microscopic: i'exture: granulare

Jarr minerals. There are some rare patches of biotite alter-

ing to green chlorite.

iAf'llnpral]s. liicroclme, replacing and enclosing quartz>

occ ipies about one—third of the section.
aloite-oligoclase, mostly altering to sericite, occurs in similar
amounts, tnere is about 30/0 quartze

lhere are a i ew “lakes of muscovite ¢

AQf 1-33+  he.nuati t

Aeroscopict A medium to coarse grained crystalline rock,

sucrobcopic: Texture: poikilitic.
fhe whole section consists of one crystal of miorocline,

enclosing quarts as lengthened and rounded grains, groups of which are
in optical continuity.

-here are a few flakes of biotite, and some rare minute

apatite grains.

See under "Economic Geology,” - The Kubugabis Tin Occurrence.

5. Pegmatite.Near iTanite. fNn. ?m).

NemeMscopic: 'ale coarse grained granular rock, with rare

crystaw-s ot lack tourmaline and flakes of muscovite.

r,icroscjpic. lexturej coarse grained hypldmmorphlc-granular.



146.

m"TA Miners Is* There are a few euhedral to anhedral jrains of

greenish grey tourmaline.
r:iinorals. These consist of quartz, strained orthoolase
and albit3 wihh a little muscovite.

There are a few small grains of garnet,
lie. 307. Pegmatite, intrusive into pink rranite. (No. 306.)

s.acroscopic: Pink coarse grained granular rock.

rlicroscopic: Texture partly fine and partly coarse-grained
allotriomorphic-granular.

The mineralogical composition of this rock is similar to that
of the granite it intrudes. (No0.306).

The section shows a good example of intergrowth of quartz in
albite. The quartz is corroded by microcline.

Dark minerals consist of biotite, partly altered to chlorite,
and some ore and limonite.

(D) Karroo .cocks.

-he ilarroo rocks will be described from the base upwards. as
many of tae rocks were not suitable for microscopic examination, most
of the descriptions are macroscopic.

1. The farroo Sediments.

(a) Basal Beds:

No. 90. Pebble from basal conglomerate, between Brak and Demisbok
Rivers. (Dee photo, Fig. 4.1).

tacroscopic: This pebble is of quartz, 15 cm. long by 10 cm.
wide and has a well developed sole on one side, with incised grooves
running along the length of the pebble, both on the sole and along the
sides.

No. 332. Basal .-rrit. (Dection 4 Fig, 39)

mlacroscopic: Compact greyish brown rock, consisting of small
scattered grains in a fine grained groundmass.

Dlcroscopic: Texture: granular.

Sub-rounded to angular grains of quartz, up to 1.0 mm in size,
and rare altered feldspar grains up to 2.0 mm in size, are set in a
matrix of fine grained material and haematite, There is one grain of

fine grained biotite schist and one of sheared quartzite.



A "ew patches of 'ealoite appear interstit.ially and have replaced
some of the quartz.
ho. 32?. Basal breccia. South of Qnaruru Road.

Macroscopict Reddish bro'vn rock composed of angular to sub-
angular cherty yellowish fragments averaging 0.5 cm. in a fine-grained
reddish brown matrix. The fragments commonly have brown centres.

. Ic'oacopic: This section consists of numerous minute rounded
to angular quartz grains in an extremely fine grained isotropic ground-
mass. The structure is that of a breccia, but under crossed Hieols the
matrix cannot be distinguished from the fragments.

Ho. 363. Yellow weatherl:x: basal beds.

macroscopic: iterk brownish red, very fine grained rock with
darker patches. Breaks with a conchoidal fracture, interrupted by numer-
ous curved cracks and fracture planes. dome of these cracks are filled
with white material including some carbonate matter, and stilbite. The
rock has an appearance similar to jasper, but is less vitreous, and
weathers a bright orange yellow with a surface similar in form to that
of a siliceous limestone.

Microscopic: Thin section shows only an extremely fine-grained
yellowish brown aggregate of minute anisotropic grains, having an index
of about 1.602. Positive identification of the gre,ns was not possible.

Ib] Sandstones and Grits.

Ho. 154.. Altered uuartzite. Brandberg foothill, south of Kubuimbis

..acroscopic: Fine grained greenish grey cherty rock, dhows
banding on weathered surface.

No. 17k.”ua”tzite from the same locality as Ho. liA.

Macroscopic: Fine grained light greycherty quartzitic rock.
No. 175..uartzite from a point near No. 17A.

Macroscopic: Coarse grained pale brown quartzite with uneven
grain. Grains mostly quartz with some feldspar.

No. 330. Quartzite from a point near Ho. 327.
Macroscopic: Reddish brown fine to medium grained quartzite.

Microscopic: Texture: even grained granular.

Most of this rock consists of even grained partly recrystallised

quartz grains, with about 5« altered feldspar, and rare sub-rounded

grains of tourmaline.



Haemalite is comon in interstitial patches, and there is

same rare sericite.

— A zite”™ (oee section No.4, Fij. 39),

ilacroscom”, Paxe fine grained quartzite containing brownish

weathered specks, probably of feldspar.

lcJ—Shales and Mudstnnp.g.

il*Jiarvad.dhaie. F-cn a M n t p h o t o , Fi,,. 64)

ANSSASOEU: Greenish grey indurated, layered fine grained roc

showing dark and light hands and mmrous small spherical pellets

scattered through the rock. The shale splits into layers each a few
cento metres thick, and some of the layers show what appear to te worm
trails on their upper surfaces with casts of these markings on the

bottom of the overlying layers. (See photo. Fig. 42).

ihe rock weathers a yellowish brown.

microscopic: Texture, fine gained “anular, showing handing .

The rock consists mostly of quarts grains, with much interstit-

ial chlorite., especially in the coarser portion
! e pecially P ihere is a marked

banded structure caused by rythmic decrease in grain site upwards, from

8§ °Ut C'1 *+ at the 1)836 of w * ., to about 0.01 mm at the top

of each layer. The grains are notably angular. There is a small degree

of preferred optical orientation in the chloritic groundmass of the

f iner-grained bandse

traCe CUU be seen of the pellet-like structures visible
macroscopically.

mInnurated mudst.ojii,., Prom brandterg foothill, south of k,h.rnn,,

I1"aaaaelo. Very fine-grained compact dark grey rock. Breaks

with conchoical fracture.
A —liltered siiale. Same | 14ty

Jonipact H2ht greenish grey banded rock. Very

fine-grained, breaks with a conchoidal fracture.

.1
bo >6 daitie locality.

— r03C0|'le- A fine-grained subvitreous dark purple

rock with pinkish stripes and patches.
~0* 169< A ltered tlon :to. 4, v-iff qg

ilacroscopic. Mottled purplish black rock similar to No. [56.



14°.
JP.r-170. Altered mudstone. Section No.-,. Fi.
r.acroscopic; Mottled rock as above.
No. r Altered mudstone. Section No.% Fi*r. 30.
macroscopic: Very fine grained rock showing grey, yellowish
and pinkish brown mottles. Gonchoidal fracture.

-1°%e 12 h Altered s’ale, section No. 5. Fig. 309.

racruoconici Very fine grained pinkish grey rock. Gonchoidal

fracture.
fjV.  Mudstone. Jection No.". Fii

macroscopic: Very fine grained brownish red rock. Breaks to
a dull surface with conchoidal fracture.
do. 329. Shale. Section o00.Q. Fi-r. IQ.

nf'ccosconic: Very fine grained grey rock, with a platy fracture

(d) Calcareous Band.
No, jjellow-brown 1l:nestone, lection No.4., Fie. ?o.

Macroscopic, .'ale brown fine grained limestone, containing
veins, and lenses of coarsely crystalline calcite. Weathers yellow-brown.
No. 342. Pink sandstone, 1iection No. A. Fir.

Macroscopic: ine grained pinkish brown rock, with numerous
v/hite specks composed of altered feldspar. The brown colour 1s due to
the material composing the matrix.
do. 335. Brown Shale. Section No.A. Fir. 1 .

iNIffoscopic; Very fine grained purplish brown rock. Breaks
into rounded chips, with sub-conchoidal fracture.

_ 11— Brown limestone nodule, Near 'ost-Karroo fault.

;  "ine grained somewhat glassy reddish brown
quartsite, containing an elongated nodule of calcareous and ferruginous
material showing a concentric structure.

No. 16-1. Indurated shale. Section No. Ml . 'a.

macroscopic: Bark grey cherty rock, slightly banded v/ith
lighter grey.

.1-ccoscops.c:  Texture: line grained granular.

This section consists of line grained angular quarts fragments

in ar extremely fine grained isotropic groundmass.



ie). Shales. Mudstones, Sandstones and Grits overlying thi Calcareous band.
No. 167. Indurated mmlstone. Section No. 5 FIH. 39.

Macroscopic: Very fine grained jrey rock, breaks with rough
surface on conchoidal fracture.

Microscopic: Texture: fine grained granular.

This section consists of a very fine-grained aggregate of
interlocking quartz and altered feldspar grains. There are numerous
flakes and shreds of pale brown phlogopite, rarely containing minute
inclusions of subhedral tourmaline.

No. 330. Altered sandstone. Section No.7. Fir. 17 (See'Fig. 43).

Macroscopic: Light coloured purplish hard medium grained
sandstone, with numerous white chalky inclusions, up to 1.0 cm. in size,
in rounded, curved and hollowed shapes. These inclusions give a positive
reaction for phosphate, using the Ammonium Molybdate test.

Microscopic: Most of this rock consists of rounded and corroded
quartz grains, with fine grained quartzitic interstitial material. Many
of the quartz grains exhibit undulose extinction. There are rare grains
of chalcedony, sphene, tourmaline, and altered feldspar.

The white chalky material shows up as dirty white amorphous
substance similar to chert, but with the remains of a possibly cellular
structure. It 1s probably bone-matter.

No. 331. Altered sandstone. Section No. 7. Fin. 39.

r.acroscopic; Sandstone similar to No. 3% above, but without
white 1nclusions. There are scattered dark ringsin the rock, up to 2.0cro
in diameter, with cores of sandstone 1dentical to thesandstone outside
the rings. The dark material forming the rings 1s composed of extremely
fine-grained specks of ferruginous or carbonaceous material.

No. 337. Bedded sediment. Section To.4. Fi*. 3.1

Macroscopic. Reddish brown slightly layered fine-grained rock,
containing scattered rounded particles of fine-grained brown material.

Microscopic: This section consists of?fine grained angular
quartz fragments in a very fine grained matrix containing such calcite and
ferruginous matter.

No. 333. Altered shale, dection No.4. Fig. 3?.

Macroscopic: Fine grained compact light brown rock, breaks

with eubconchoidal fracture.
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'tz grit. 3setinn Pi
b

Aa 'aClpl-1 1:edlum <r« consisting of rounded quarts

partides, avers-ing 2.0 m. in dimeter, 1in a reddish fro™ fine grained

matrix. The rock 1s strongly layered.

40, vuartzitm. Section Nn.j. Fi.*. 10

tiaci oscooic; A fine to medium grained somewhat gritty
qlartsite, containing very fine grained olive fro™ layers.
— ' A ejection -n./,. TH

A.acroscopic: : .. :
a coarse grit, consisting of rounded quarts grai

averaging 2.5 mm 1n diameter, In a greenish grey matrix

12— i-.'ndst.nn” =m \0

"rsscoejc. A finely banded pinkish grey rock. Weathers

brownish grey.

-iroccogicit Texture: fine grained.

'"he section shoos small (up to 0.05 mm.) angular particles of

quarts, rare plagioclase, (profrbly andesine) and sericite, all showing

marked parallelism. The matrix consists of optically continuous chloritic

material.

Luartzite. Jectinn No,y.

w rcogic: Afine-grained reddish fro™ quartsite, breaking

with a sub-conchoidal fracture.
p.ottled one. Jection P;

tiacroscogdej  Purplish black fine g. alned rock with pale pink—

ish patches. Similar to No. 176.

Microscopic: This is a fine grained quartzitic rock, with an

average grain size of 0.05 mm The grains consist of angular to sub-
rounded quartz, and some feldspar, in a very fine grained groundmass con-

taimn,, oaicite, sericite and carton dust. The feldspar grains are partly

altered to chlorite and calcite.

There are some rare grains of apatite and sphene.

Tke Plnk Pat°h C°ntains 1633 “bon dust, and more interstitial

°a 0:11 and alS0 3mie grains of tourmaline and sphene.
- 1-V-m .lartz rit. .ectlom ,o./.. I:
dacroscopic: This rock consists of rounded, poorly sorted

-rains ani pebbles of quartz, and dark cherty material, up to 1.0 c,,.

in diameter , in a fine grained greenish grey m trix.



NO.

358

357

356

3535

354

353

352

351

350

3%9

348

347

360

164

— n -
OLIVINE
LOCALITY
Ciroundmess  *henocrysts
See Fi®.39 Alteied
I
Altered
I Altered
I
Altered
T
W Rare grains
Altered
it

"YROXEKE

Croundmass *henocrysts

Yellow-brown
augite laths

Orenulltic augite Hare augite

and Pigeonite - to 1.0 ran
2V220 + X1.704

Granulit'C to
oPh. augitj.

sub'

Sub-oPh. to grain
aug. 2V 54A

Granulitic augite

TABLE XVI

KARROO LAVAS.

dirty brown, calcite.

/ELDS-CAR
; GLASS
Groundmss *henocrysts
. - ->=- ] m ———
I

mHat of altered Altered, to 2.0mm

laths. Av. 0.2mm -

Highly altered Altered, to 2.5ram Altered

mat.

Highly altered Altered, to E.Onim Altered to
brown
opaque
material.

lieX of altered Large - altered Altered

laths and chlo

rite

Much altered Rare-altered [ Abundant

Highly altered Altered to S.urnm

Altered

Mat of nlagio - Altered Abundant

clase laths

Altered Dark - In
“etches

*lagioclase alt-

ering to sericite

Small and large Altering to

laths, to ID mm Sericite

Medium to fine-

grained altered

lathse

*lagioclase laths Abundant

Av. 0.2mm
Small matted Rare altered Abundant

laths Av.G.ISnm

1 AI‘Y(;I).“ ]4S & o
Large
grains

Rare chalce- Magnetite
dony (small)

Chalcedony
and quartz,
some Wwith
calcite.

Much Lit.

Abundant

Chalcedony
quartz and
calcite with
chlorite rims

Mt. 1n
gro undmass

quartz and

Calcite and
magnetite

Zeolite and
green chlorite

Bright green
chlorite, with
chalcedony rims

Chalcedony
quartz and green
chlorite.

Cnlorite and
groups of augite
feldsPar chlorite
and calcite
grains.

EXTRAS AND KL.ARW .

AFatite, associated with magnetite.

Vliole groundmass altered to
nass.

shotted brown

Jiltered green lava, similar to

)55,

Ireen lava.

Brown lava.
bowlingite,
olivine.

Contains T3eudomornh3 of
antigorite and limonite after

Maty lava.

Bark brown amygdaloidal lava, Iroundmass

oPaque, dark brown.

Dark brown amygdaloidal lava,

Dark grey amygdaloidal lava.

Dark grey lava. Fine to mod Lora grained

Altered amygdaloidal lava

Sroundmass d tered, dark browne

Dark grey amygdaloidal lava.

153.



Table XVII shows graphically the estimated modes of most of
the dykes that were examined, together with the optical constants of the
constituent minerals.

Soxj on the table, most of the dykes medium to fine:
grained opnitic olivine dolerites, with variable amounts of olivine,
and no >opyroxene or pigeonite. They thus correspond more closely
wit!: the tierdekloof type than with any of the other well-known types.
1 - 3» 37, 39 and 122 are apparently coarse varieties of the
-er.iekloof type dykes, although ferriferous pigeonite is absent.

Picrite dolerites were found at five localities (Nos. 1, 3,

10, 192 and 394) Pour of these localities fall roughly along a line
about 1C kn. long, running north-east. The rock occurs in irregular
masses, rather than in dyke-like bodies. No. 192 is from a long strike
dyke near the Brandberg.

-'0s. 1 and 10 are similar and consist of coarse rounded olivine
grains, with little interstitial matter. Nos. 394, 192 and 3 (photo,
Pig* 65.) appear to represent three stages in the growth of the crystall-
ine jioundmass, w. cn i3 respectively fine, medium and coarse grained in
the three specimens. In Nos. 3 and 192 the olivine forms elongated

-« - 2 i by 0.3 mm thick. 1In io. 3 M, some of the olivine
grains are broken, and the plagioclase groundmass fills the spaces between
the fragments.

The Han”nest type was found at only one locality (No.13), in
an  <eguxar plug—Hke body about 60 metres in diameter. The rock is a
oron.-te aolerite containing augite and a little pigeonite, more than
30/0 paagioclase and some rare bxotite. Seme of the bronzite shows grapiiic
intergrowt,h.. Olivine is absent.

Noe. 97and 323, taken from horizontal sheets in the schist
and granite, cannot be correlated with any of the known types. The augite
in tnese two thin sect20ns is exceptiona y welu”ieveloped, forming an
almost complete mosaic of grains, ophitically enclosing plagioclase laths,
apart from this peculiarity of texture the rock is similar to the Nerde-
kloof type.

No. 73, taken from a thick sill in the south western part of

the ,-rea, shows a well marked directive texture of the coarse plagioclase

laths.



10

192

394

13

11

12

14

20

26

27

29

30

31

35

36

38

TYPE .

Hemg-
Nest

LOCALITY

Near granite between

OLIVINE

2V

'90 18

Zebra R and S of Brak Crystal* to 5.0

River

Amis River

West of Zebra River

At S-bend in Brak R

Near Wgate of Brak
R.(near granite)

" E "

E of 6 in Marble
Ridge

S.E. of 6

Brak River

Wof Brak River in
Marble

Lead Occurrence "A"

88+ 5
Long crystals
87+ S
81— 46
Long crystals
83- 41
Altered
In. Bry* 5
Rim. 82- !'AS

Long crystals

Long crystals

In. 83— 41

Rim 82— 45

Long crystals
81— 46
81— 46
80— 48

Zoned

? Altered

Altered

Little altered

2vy TGrain anc Texture

51

49

1.702

1.722

47 11.718

49

48

:1.703

1.734

19& Pige-
onite j

A

49

45

49

47

50

54

48

49

4 A

46

45

47

47

46

Augite

1.713

1.713

1.722

1.722

1.720

1.720

1.723

1.725

1.722

1.718

1.721

1.722

1.722

1.719

TABLE XVII

THE KARROO DYKES

PYROXENE

Oph.

. Poikilitic

Oph.

Poikilitic

Sub. Oph.

FELDSPAR GASS ETC.

% SfAv.Size

n

62

35

to 3.0

56 32 0.5

54 31 0.4

Too small <0.1]

Sub. Oph. to gran*53 i30

Sub. Oph. to
Oph.

Oph. to Sub-
i Oph.

Gran.

Oph.

Gran, to Sub.-

10ph.

Fine grained oph,

to gran.

Coarse sub-oph.&
fine grained.

Sub-o ph.

Granulilitic

Sub—eph. to gran.

Granulitic

Granulitic

Granuiitic

64

61

53

50

56

53

56

60

53
66

02

64
62

;36

34

30

28

32

30

32

33

30

37

35

36

35

Xr -

1 1

0.5

0.3 Altered

0.3

0.5 1 Altered to
chlorite

0.4 Little

0.5

0.25 s/

0.4

0.5

0.35 Altered

0.4 Z

0.5 Z

0.8 z

0.4 z

0.4 z

M om.

PHENOCRYSIS AND
AMY(DALES

Bronzite to 3.0 mm
2Vx71 (inside) 66 (rim)
n.690

Amygdales-calcite
and chlorite

Long Olivine phenocrysts

‘Plagioclase and long

J

/

olivine phenocrysts
Olivine and much
plagiocalse phenoerysts

Olivine phenocrysts

Plagioclase phenocrysts

Felted plagioclase

Amygdales-calcite with
chlorite edges

| Z.

/

1/

17

f'
EXIRAS AND REMARKS

<Iddingsite V 1.628

Viddingsite y 1.622 and
rare Bowling!te.

Rare ? Iddingsite

Rare ? Iddingsite

Rare Biotite >1.630

Antigorite and Magnetite
from Olivine

Biotite X 1,635. Rare green
bowling!te

Long green bowlingite grains.
2V48°—

Brown bowlingite

Greenish brown bowlingite
2V 15°-

Antigorite and green
bowlingite

Rare green bowlingite

Antigorite

Rare green bowlingite

Green bowlingite 2V 10°-ve

NOJ

ESTIMATED MIE =

(Shown graphically)

10. 7IT

192 £ 757

394 0/ -75

5T

11 1ZZL L

12 *I577 rl

20

26 a

27 0/ /O

29
30

35 r

38 | ||

1Z H Z

0 Ip,



N°.

40

389

95

96

127

129

359
419

421

423

22

32

37
39

122

78

97

323

<YPE i

a0 £ ooa

I

TABLE XVII (continued)

THE

KARROO DYKES.

FELDSPAR GLASS ETC.

N Av.Size
mm

Fine grained sub- 60 33! 0.3

LOCALITY OLI/IKE PYROXENE
I 1 Grain and Texture
S.E. of Brandberg W 1.722
Mine, near granite I Long crystals oph. to gran.
East of large salt 186+ 1 51 1.730
pan Long crystals
Near large fault E ! ! 49 1.712
of Brak River
North of 95 . 48 1.720 Sub-oph. to gran.
1
See Map No. F«g/40 Altered 48 1.717 Fine grained sub-
' oph.
1 km. N.W Altered 47 1.709! Fine grained sub-
oph.
i
See Fig.39 Altered 45 1.725 Sub-oph. to oph,
. 41AM
Brandberg West Mine 80- 48 4% 1.724 Sub-oph.
n 88 25 49 1.705 Sub-oph,
Altered 51 1.7121 Sub-oph to gran.
42
Near 21 and 23 NW 5 45 1.7181 Coarse oph.
of Brandberg WMine I Altered
Lead Occurrence "A" 85+ N1 49 1.720 Coarse ooh.
87+BN5
Altered
85+ 1 48 p..728 'Sub-och. coarse
'
85- 35 50 1.715 ,Coarse oph.
See Map No. Fig-4-O , Altered 47 1.721 1Coarse oph.
See Map No. FigZ O 77- 55 58 1.728
t
Near No. 96 Altered 46 1.708 Coarse oph.
Near Karroo South
of Zebra River 49 1.717
HiA

9" Maximum extinction angle in zone L 01 o

Oph. = Ophitic,

Gran.

= tiranulitic.

54 31 0.4 tz.
I

54 :31 0.5

60 33 9.3 v/

Altered 0.5 Altered
|

60 33 0.15

60 33{ 0.25

54 31! 0.5

54 31 0.4 7z

51 29! 0.4 7

60 33 1.0 a
160 33 0.5 Z
56 32 0.4 Z

44 31 0.9 £

53 30 ! 1.1 Z.

60 33 2.0 Abundant

63 35} 0.35 A

PHENOCRYSIS AND
AMY(DALES

Plagioclase and long
olivine grains

Augite to 0.7 mm

ORE

I

Plagioclase to 1.7mm I

Rare altered olivine
IEuhedral augite.Much

Rare
Ipyrite
Rare
pyrite

i

Plagioclase to 1.5 nmij Alt. to

Plagioclase

Few plagioclase
phenocrysts

] Leucoxene

! Abundant

Z

Z

1Z

N

N N

156.

EXTRAS AND REMARKS NO. ESTIMATED MIDDE
(Shown graphically)

40
89 fo' I
9 C O
Green bowlingite 96|
BiotiteV1.630. Antigorite 127 a
129 f~ 7
Analysed 359
0,
419! I-
0!
421 if
0!
423{ Tr
Pleochroic augite
32
37it"
390
?IddIngsiteifl.631 (* red-brown
Jilotlte ?J Green bowllni-rite 122) P
Rare Jddingsite yi.635. Rare 1
green pleocliroic Bowlingite 78 |*'| P
Rare green bowlingite 97 HZ
323 n
01 - Olivine
-/ yroxene
- /eldsPar

I%[— H aas

><

lo

W-a

hO

~£fo

G*V7



The specimen was taken from about 12 metres above the base of the sill.

The sill is at least 20 metres thick, and the top part has been removed
by erosion.
Forphyritic basic dykes (Sos. 62, 74, 92, 129, see Table T vttt)

are farrly abundant In the area, and are generally older than the rtrde-

kloof type dykes. They usually show small (up to 2.0 mm.) phenocrysts

of augite, olivine or plagioclase in a dense api an-tic purplish brown or

greenish brown matrix. They resemble strongly some of the Karro lavas

found in the area, but are usually less altered than the lavas.

Amygdaloidal basic dykes (Nos. 21, 23, 28, 37, 123, 146, 206

and 337) (see Table No. XVIII), are widespread, and some are possibly

varieties of the normal Perdekloof type. The amygdalae consist of

calcite and chalcedony, with chlorite rims. Zeolite is present in No. 123,

which also contains plagioclase phenocrysts. All these amygdaloidal rocks

are more altered than the dolerites.

' The Sroundmas3 is usually of felted or variclitic feldspar,

rarely together with augite laths. Glass or mesostasis is present in

small amounts.



21 N.W. of urandberg iVeat

23

28

62

74

87

92

123

128

146

206

215

387

LOCALITY

Mine

Seaob R. Lead occurr-

ence "A"

Hear Lead of Sesob R.

N. of Oeinabok R.

In granite (See laag)
S5

Same aa 74, Farther
to 3.E.

See MaP, Piy *o

[ 16*%, S.

W. of -irandberg

Amia “iver

In granite near
head of Zebra R.

Near fault, east of

, Zebra River

OLIVINE

Altered

2VE86*
Altered
T'heno-
crysts.

A ltered
2V67*

“henocrysts'
to 1.0nm
Altered

Altered

YRCXENE

All Altered to
chlorite

All alteretyto
chlorite

Fine-grained
gran.

Zoned Augifre
2V4T*- Y 1.728

2V50f,X1.729

Fine-grained o-nh*32" Av.

2VA42*,

Fine-grained
altered augite.
Rare Phenocrysts

2V50+ ~1.726

A..YaDALGIPAL AlID

LAGIOCLASE

Crouadniass

Altered felted

TAJLE

J

whenocr\rsts I

Much A ltered

X VIII

OLA3S

laths Av. 0 .3mm
Altered. Av.0.3mm Some
Feathery aggre-
gates. Av.0.ISmm
Felted needles
Altered. Av. 0.5mnS Altered
1.5 mm
itve sve3nn
0.25 m Altered i
r1.723
Zoned labra-
Felted laths dorite to
Av. 0.2 mm 2.0 mm
Altered Av.0.5mm \
Altered Av.C .2&m Altered
Highly Altered
Av. v.2 run
Ni<sx. &lo

"uR-HYRITIC  BASIC DYKiS.

ATMOPNLA3

Calcite end anti Ilacinatite
gorite.
Calcite and chal- Leucoxene
cedony. Chlorite
at edges.
Calcite and
l'chlorite
limenite
*yrite and
ilmenite
Chlorite, chalce- Leucoxene
dony and calcite.
[Imenite
Calcite, chlorite agnetite
and zeolite.
Chalcedony, calcite Limonite
and chlorite edges.
Calcite
Abundant calcite Magnetite
and chalcedony, with

citlorite edges.

EXTRAS R AIViS

Similar to Leva No.351. f a

Olivine nornh;,ry.

Rare Picotite. Green fine-
grained amygdaloidal rock.

Same dyke as i.0.74, 2 Km
away.

Clivine-"lagioclase
Porphyry.

Olivine mostly altered to
antigorite and ma, netite.

Highly altered brown
amygdaloidal rock.

Highly altered.

Highly altered greenish brown
amygdaloidal rock.

S =UQ ™=

DILKML LjuDL
(Shown graphically)

Olivino
"yroxane
gelds™or
Glass

- 0re

["o
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CHAPTER VT.

PET ROLO GY.

A- Pooka of the Daraqra Sygtem.

Th© probable orlpin of theg® gediment.g has been discussed
under "Jeolopy4l* The probable causes and processes of their metamor-
phism will be discussed below.

The nomenclature used in the subdivision of the metamorphic
grades in the following discussion is as follows:

Grade Grubenman and Niggli Marker
LOW Epizone Chlorite zone
Biotite zone

MEDIUM Mesozone Garnet zone
Stavrolfte zone

HIGH Katazone Sillimanite zone
Map No 66 shows the distrib-ition of the four main types of

metamor”ic rocks in the Damare sediments« Referred to metamornMc

Trades, they are as follows, in order of decreasing grade:

Old Granite Contact Zone High grade
Amphibole Zone )

Knotted Cordierite Schist Zone Medium grade
Biotite Zone )

Only two well-defineo grades of metamorphism were seen in the

“arroo rocks, namely the high grade rocks of the Brandberg Contact Zone
and the low grade rocks of the Karroo system elsewhere.
Metamorphism of the Damara Sediments,

These rocks have been subjected to both dynamic and contact
metamornhism,
1) Dynamic Metamornhl sm

The effects of dynamic metamorphism are present throughout the
whole area of Damara Rocks, except where obliterated by later thermal
metamorphism, The major cause of this metamorphism is thought to have
been folding. During the folding, movement between adjacent layers in

the strongly 1a“red rocVs, combined with onessure due to the w ’oht
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of the overlying -edimert,, rrodueed enough heat for the formation

of blotlte. The blottte flekea were formed parallel with the gliding

"nes, which were also the bedding planes.

The relationship between the stratlgraphto position of the
sediments and the composition of the blotlte Is shown in Figure 67.
The more calcareous rocks, which were nrobably Impure doloml-

tio limestones, contain mice, probably phlogoplte, that is low in Iron

content. The blotlte of the schist, is richer in iron, and probably

reflects the original composition of the rocks, which were slightly

ferruginous arenaceous shales.

The Intensity of the dynamic metemornhlsm appears to be

proportional to the degree of overturning of the folds. For example,

vest of the lerlaaene. Mountain, the fold, ,re appreciably more over-

turned than they are to the east of the mountains, and the more cal-

careous layers show a slightly higher degree of metemornhlsm than similar

reck in areas that are less strong]y overfolded. (See Fig, 66)

Actino] 1the schist and granullte, and rarely, actlnojite-diopside

-rock , are developed.

There rotational stress has produced . cleavage, blotlte flakes

are formed In the cleavage plane. The amrhlbol. and pyroxene grains

seldom show any preferred orientation, end their presence may possiblyfcs
exr],ir,d by thermal metamorphism and metasomatism due to a granite
intrusion after the folding had ceased.

Strongly knotted cordierite-biotite schists, which are common
west or the Zerlssenee Mountains immediately above and below the Upper

Marble Series are also more indicative of thermal than of dynamic
metamorphism, although a directive texture exists In the porphyrohlasta.
A Kstf-pngl. Metfimorphlsm and Zoning”

Fxamlnetion of amphihole from representative sections through
the three series of schists, shows that there is a progressive Increase

in the iron content of the amphihole upwards from the Iover Schist Series

to the Unper Schist Series.
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