
  ■,“B» tne Deds must have Wen stronglv
corffaed ty  the preeeur. of the o v er ly itg  sedim ent,, end th e ir  be-

havlour nes s l M l „  to  that of a p la s tic  substance. A s discussed

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

g tin g  against the drag of the decollement produced ro ta tio n s  

stress*  The resu ltin g  shears took the form of a system of jo in t s ,  or, 

depending on the degree of shearing, o f cleavage.

3) W a L F a iiS tr u p tu r e g .

Major a n t lc l ln o r i .  and syn clln orla , with a wavelength measuring 

between e ig h t and ten k ilom etres, w re  seen in the area where marble i s  

exposed, but owing to  the absence of marker h er itors In the Unper S ch ist  

- e .  to  the e a s t , these structures could not be followed as c lo s e ly  .»

^  the lreSt' IC ^  Pr° b a b lllty  ^  structure of the whole area fo llow s
the pattern o f the folded  marble bands described, except for We varia­

tion  mentioned, of a northw esterly dip near the Brendberg. The lin e  

of th is  change of dip p o ssib ly  marks the p o sitio n  of the axis of a

tlo lin criu m . h is  p o s s ib i l i ty  i s  supported by the fa c t  that 

syncllnee o f ou artsite  make th e ir  f i r s t  appearance in the area ea st of
t h i s  a x i s .

I f  th is  lin e  of change in d in -d irection  i s  the c re st  of an 

anticllnorium , then fo ld s  are in c o n ^ o u s  with respect to  the a n t ic lin e -  

rium. I f  the fo lds are congruous however the structure must be a syn- 

clinorium , and the presence o f quartsite in the southeast limb only, 

su ggest, e ith er  a change in fa c ie s  towards the southeast or an infolded
unc onf ormj. ty ,

s-he abnormal dip may however be a r e su lt  of the grani te  in -  

trusbon knc*m to  occur to  the e a s t ,

with a few exceptions, the structures mentioned above fo llow

a pattern normal for th is  part of S .V .A ., i . e .  fo ld ing  o sten s ib ly  due

to  pressure from the southeast. (Cavers, 1929, p. 5 0 ) .

*» I h a .Z m .o f .S o h a t .q n a jjK b la  Intrude,, hv Granite.

™ 'S Z°ne C°n 3 tltu t” ' 65 km o f g ra n ite -sch ist contact.
About 10 km of th is  contact i s  covered by younger form ations.

l !  m a & m . o f  t h ^ c h j ^ - C r ^ i t ,  C on ta c t ,
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out exception , the Upper Marble horizon dips beneath the Upner S ch let  

Serlea a abort d istan ce , about 1 0 0  metres to  800 metres, from the 

-r a n ite -s c h ls t  contact. In a few p laces tongues of granite are seen 

to  H e  along sy u c lln e , of Upper S ch ist. Generally the folded sc h is t  

and marble beds s ta r t plunging downwards the granite, at a d istance be­

tween I f  ,nd 3 kilom etres from the g ra n ite -sch la t contact, or in other 

words, there i s  a lin e  of warping of the folded beds, transverse or 

oblique to  the str ik e o f the s c h is t , and roughly p a ra lle l with the pre­

sent s c h ia t-g r .n lte  con tact. This lin e  i s  shown on plan, F ig . 46.

The tinner -orM e (see above) i s  seen in d irect contact with 

granite at only a few places in  the western part of the area, and at only  

one place there does gran ite cut across the marble, in th is  case across 

the nose of a marble a n t ic l in e . (See map, F ig . 4 0 ) .  A further p e c u lia r  

i t y  c f  the contact zone i s  that S b re  the g ran ite-sch ia t contact s tr ik es

across toe general str ik e  ,f  the folded sedim ents, the fo ld  axes have 

been bent towards the southweste

The contact i s  ra re ly  w ell-d efin ed , as i t  u su ally  l i e s  in

a-ens of low r e l i e f .  West of the Gemsbok R iver, about 5 km from the

Ugab River, a sharp contact of granite against sc h is t  dip at 5 0°  to  the

e a s t . At the extreme eastern end of the granite area, several outcrops

of granite occur in  the s c h is t .  These outcrops are p o ssib ly  the upper 

parts of small dome—shaped granite masses.

Along the g ra n ite -sc h is t contact between the Brak and Zebra 

Rivers bodies of granite are found in the sc h is t  rCmning p a r a lle l with 

the con tact. The width of these bodies varies from f iv e  metres to  one 

of about 300 metres. They may be interpreted as s i l l s  separating a 

long xen o lith  of w h is t ,  one kilometre wide, from the main sc h is t  body, 

or as concordant bodies of granite ly ing  within a. sc h is t  a n tic lin e  or 

syn clin e , the "xenolith" of sc h is t  representing e ith er a roof pendant 

or a ridge of the sc h is t  f l c -  o f the gran ite .

The Probqble form of  t he .Intrusion^

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

the form o f a composite phacolith . The probable extent of the or ig in a l 

body i s  shown on the plan (F ig . 4 6 ) .



The edge of the phacolith did not l i e  in  the horizontal plane, but was 

p artly  beneath and p artly  above the nlane of the present land surface,

3) Granite beneath the exposed .Sohig^

Eveidence for the granite ly in g  below sch is t  i s  '.s fo llo w s.

At the eastern end of the main granite area, the sch ist forms a low 

scarp above the le v e l of the granite country. The iso la ted  outcrops 

of granite in  sch is t  represent windows in the s c h is t . The Elongated 

area of tourm alinised sc h is t  and quartz veins which l i e s  about 3 kra 

to the northeast probably originated in  a tongue of granite ly in g  be­

low surface, and represents the lim it  o f in trusion  of granite in  that 

d irec tio n . In the area between Sohllfputz and the Amis River mouth 

numerous th in  bands of marble in the sc h is t  indicated  that the Upper 

Marble S er ies  i s  not far below surface. The BLne Marble actu a lly  

outcrops in  one place to  the east of the Karroo o u tlie r , (See map, F ig , 

27). Thus, an eastward extension of the phacolith  would be confined  

to a sm all, possib ly  elongated area in between the two eastern-m ost 

outcrops of Upper marble. The ind ications are that th is  i s  the case.

Vest of the Gemsbok River, the evidence i s  not so c le a r .

A scarp of sc h is t  ly in g  above the le v e l of the granite surface follow s  

the contact northwards to  a point about 5 km south-east of the place 

where the Gemsbok River crosses the gran ite . North and west of th is  

point, gran ite forms high ground r e la t iv e  to  the sc h is t . The gran ite-  

sc h is t  contact shows a w ell defined dip, towards the northeast, at only 

one p o in t. The presence of acid pegmatite dykes in the upper s c h is t ,  

near the southwestern corner of the sch is t  country, i s  an ind ication  of 

underlying granite in th is  area, and would be strong evidence i f  i t  

were not for the fa c t  that pegmatites occur near by in  horizons s t r a t i -  

graphically  as far down as the Lower S ch ist S e r ie s . The probable 

o r ig in a l p osition  of the phacolith in th is  area i s  shown on the map.

U )  Gran ite  .above the expqged_Schiat.

Evidence that the granite in the remainder of the contact 

area once la y  above part of the exposed Damara beds, i s  as fo llo w s.

Frcan the southwestern corner of the sc h is t  of the sc h is t  

and marble country, to a point 16 km to the e a s t , the folded Damara
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Surface exposures in d ica te  th at the v e r t ic a l d istance through which

the sediments were depressed was at le a s t  1 ,0 0 0  metres, and i t  may be

assumed t h a t  t h e  rhacolith  was of a greater t.iickness# The overlying

sC i.ists must have been thousands of metres th ick . Thus, the minimum

amo’int of m aterial removed by erosion s i n c e  gran ite in trusion  can be 

roughly gauged.

The lo c a l i ty  of the opening through which the granite was in­

truded i s  not known, but i t  was probably in  an area weakened by the

o r ig in a l fo ld in g . The south-west corner of the sc h is t  country i s  

p o ssib ly  on the l in e  of the break-through. (See map, F ig . 4.0 ) ,

The main objection  to  the above theory of the manner o f emnlace— 

ment of the granite i s  that the pressure of the intruding gran ite  

found r e l i e f  downward, whereas in  sim ilar in tru sions the pressure i s  

normally re liev ed  in an upward d irectio n . I t  must therefore be assumed 

that space became ava ilab le  below the sedim ents. This snace was pos­

s ib ly  provided by the removal of granite from below. A simple exchange

of space, motivated by the lower sp e c if ic  gravity  of the granite re­

la t iv e  to  the sediments, could have occur&d, in  which caue high pressure 

in the granite would not have been necessary. (B illin g s , 1 9 6 2 , pages

277 and 311).

The absence of high pressure during in trusion  i s  ind icated  by

the absence of fa u ltin g  or other structures that could be caused by pres­

sure.

I t  i s  imorobable that the sediments had been warped down 

during the orig in a l fo ld in g . No sim ilar structure e x is ts  away from the 

gran ite .

The east-w est hinpe—lin e  about which the fo ld s are warned co­

incide aonroximately with the lin e  of the edge of the phaoolith . This

l in e  p o ss ib ly  formed a venue for pegmatite in tru sion , and i t  Is  perhaps 

s ig n if ic a n t  that the rare pseudo-diorites were found best developed in  

the area of down-warping. (See a lso  under P etrology).

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

berg belongs to  a large mass o f granite ly in g  to  the ea st and north.



Where shown on the plan i t  has the form of a tongue ly in g  w ithin a 

sc h is t  syncline p itch ing towards the e a s t . This in trusion  i s  a t a higher 

stratigran h ic  horizon than the main granite body ly in g  to  the w est.

6)

Apart from the one example of a small acid lava pipe north of 

the Brandberg West Mine, a l l  the acid pegmatite in trusions take the form 

of dykes and s i l l s  within & km. o f granite con tacts,

S i n s  are the more common form and v a r v  in  str ik e  length from 

3 metres to  1,700 m etres. The thickness varies between 0 .6  metres and

3 metres*

£ p ecu lia r ity  of these in trusions in the western part of the

area, not repeated by the la te r  basic n lutons, i s  that several acid  dykes 

fo llow  the cre sts  of marble a n t ic lin e s . Much evidence, as shown above, 

points to the emplacement of the main granite body above the s c h is t ,  and 

i t  i s  p o ssib le  that the source of the dykes la y  above th e ir  nresent 

p o sitio n s and that they represent apophyses ly in g  along the channels 

of weakness of the a n t ic lin a l ax ia l n lanes. However, an instance o f  

granite cu ttin g  across an a n tic lin e  of marble, in the southwestern corner 

of the s c h is t  and marble area, in d icates that granite could have been 

intruded along bedding planes within the folded marble, and could then 

have r isen  along lin e s  of weakness to the c re sts  of a n t ic lin e s .

The sca rc ity  of pegmatites ind -1 ca tes a s ta te  of comoregsi.cn

of the folded sediments at the time of granite k trrs lo n , and p o ssib le

pTenes o f pegmatite in trusion  resu lted  from the force of the granite

in tru sio n . The lin e  of weakness along the h in g e-lin e  in the fo ld s

has been intruded by pegm atites, which probably originated in a granite  

body at depth.

C)

1 )

General Structural Featu res . 

Cleavage.

Cleavage i s  not well marked in most of the marble components 

of the two marble s e r ie s , but i t  i s  u su a lly  present in the sch isto se  

components, and in the rocks of the sc h is t  s e r ie s .

The usual a ttitu d e  of the cleavage i s  in planes p a r a lle l with 

the bedding planes of the sediments, where i t  i s  p a rticu la r ly  w ell de­

veloped along the lower limbs o f overturned synclines
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The cleavage i s  formed gen era lly  by the p a r a lle l alignment of b io t i t e  

f la k e s . More ra re ly , the quartz grains are elongated p a r a lle l with 

the cleavage. A ll gradations are found, from non-aligned gra in s, 

through elongated grains, to elongated end o p t ic a lly  aligned gra in s.

In rare cases, a secondary cleavage can be seen forming a t an 

angle to the true cleavage, through the growth of b io t ite  fla k es  orien­

ted in  a. d iffe re n t plane, (Nos. 63, 265),

The d irection  of the fa ls e  cleavage i s  apnroxlmetely oarml 1 e l 

with the axial planes of the fo ld s . In the area to the northwest of 

Brandberg West Mine, th is  cleavage becomes s u f f ic ie n t ly  well developed 

to  be ca lled  e true cleavage, and the bedding nlanes are almost o b lite r ­

ated , remaining only as a ghost structure.

S im ilar ly , in the Sesob River area, a nearly horizontal c lea ­

vage i s  developed, with a low dip towards the southeast. This cleavage 

i s  u su a lly  somewhat crumpled and in places almost o b litera te s  the bed­

ding p lanes.

Both of the above subsidary cleavage d irection s grade in to  

fa ls e  cleavage,

2) E llip so i dal Structures,

Intim ately connected with the cleavage d irection s are the e l ­

l ip so id a l structures, mentioned under "Geology", which are found in  the 

western part of the area. These aooear to have originated in  len ses  

of m aterial s l ig h t ly  d iffe r e n t in composition from the surrounding sed i­

ments, During the formation of the cleavage, movement along bedding 

planes r o lle d  the len se s , re su ltin g  in a rounding of the edges. A simul­

taneous e f f e c t  was the r e la t iv e  elongation of the le n se s , in the d irec­

tio n  of the fo ld  axes. This e f f e c t  i s  strongly  marked in the pseudo- 

d io r it ic  e l l ip s o id s  described under "Petrology". Thus the e l l ip s o id s  

were p o ssib ly  formed by the forces that caused the fo ld in g .

3) J o ijiti.
y o A e s

The fa ls e  cleavage mentioned above/into e c lo s e -jo in ts  cleavage 

ly in g  in  a near-horizontal plane.

A second d irection  of c lo se -jo in ts  cleavage, that i s  univer­

s a l ]  v develonpd in the sediments, l i e s  at r ig h t angles to  the fo ld  axes.



(See photo, F ig , 51)• The combined e f f e c t s  of these two se ts  of 

jo in ts  and the beddinp cleavage i s  to  s p l i t  the surface rock in to  re ­

gular angular b lo c 's . As a r e su lt  the Yellow Marble shows mural 

jo in tin g  where exrosed as a c l i f f  fa ce , (See Photo, F ig , 1 6 ) . A 

c lo se—jo in ts  cleavers p a r a lle l with the ax ia l planes of the fo ld s  i s  rare­

l y  developed in the s c h is t s .  In n ieces the horizontal and v e r t ic a l

jo in ts  are 8  to  10 metres apart. (See Photos, F ig s , 51 4 52 ).

Radial jo in ts  occur in a n tic lin a l structures in the Blue 

Marble, (See photo, F ig , 1 4 ), due to  tension  during fo ld in g , but nor­

m ally jo in ts  are rare in the Blue M@rble band.

Folding was the major cause of most of the cloavares and jo in t  

system s. The bedding cleavage was rrobably the e a r lie s t  to  form, 

during the early  stages of fo ld in g . The v e r t ic a l jo in ts  were then 

formed, apparently as tension  fractures re la ted  to  pressure perpendicular 

to  the l in e s  of the fo ld in g .

The a x is"5 nlane jo in tin g  fo llow ed , a fter  the fo ld s  had become

closed  end were bein overturned. This jo in tin g  probably represents

an ear ly  stage of shearing due to  ro ta tion a l s tr e s s . The horizontal

jo in ts  were p ossib ly  formed during the same stage of the fo ld in g . They

develon in to  a true cleavage in the Sesob River area, where, perhaps
n n

s ig n if ic a n t ly  there seems to  be a hump in the flo o r  of the fo ld s . They 

are p o ssib ly  due to  the same forces that overturned the fo ld s  and produced 

the thicVening of overturned limbs of a n t ic lin e s , i . e .  they are shears 

formed by ro ta tio n a l s tr e s s .

4) Drflg, Folcjg.

Minor drag fo ld s  are common throughout the area, and are seen 

on almost any exposed face of s c h is t . The axes of the drag fo ld s  are 

m ostly p a r a lle l with the major fo ld  axes, but rare ly  a second oblique 

se t of drag fo ld s  i s  superimnosed. (See photo, F ig , 16  )

The drag fo ld s  take the form of evenly spaced smooth r id g es , 

with a wavelength between a few centim etres and two m etres. The smaller 

drag fo ld s  resemble ripple marks, from which they can be d istingu ished  

by th e ir  co n sisten t p ara lle lism  in successive la y ers .



Dra? fo ld in g  i s  strongly developed in bands in the Upper Marble se r ie s  

where i t  takes the forn: of Granulations and con tortion s. (See Photos,

F lg« . 38, 4 7 ) .

Most of the drap fo ld s  are minor features caused by the in it ia l .

major fo ld in g , and the drag fo ld s  in the s c h is t  were aU found to be con­

gruous with the major fo ld s .

5) F au ltin g .

"here are no major fa u lts  in the area, but within the area of

the marble outcrops are many n ear-vertica l fa u lts  which ex erc ise  a

strong control over the physiography. Almost invariably they str ik e

transverse to the axes o f the fo ld s , in a d irectio n  within twenty degrees

o f northwest. Although the fa u lt  zones are up to 7  metres in width

and are f i l l e d  with breccia the maximum v e r t ic a l displacement observed

was only about 30 m etres. Commonly there i s  evidence of a downthrow to

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

fa u lt s .  In the area south of Brakputz, such fa u lts  run en echelon,

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

the eastern side of the fa u lted  zone and southwards on the western s id e .

S+rike fa u lts  are not e a s ily  detected  in the strong fo ld in g ,

although they are known to  occur in  the area. Some minor str ik e

fa u lts  of small chrow occur at the galena occurrences d iscussed under 

"Economic Geology". (See map, F ig . 8 5 ) .

A£e_of_the. F au lts,
#

The la rg est fa u lt  found running between and p a ra lle l with the 

Gemsbck and Sesob R ivers, can be traced for th ir teen  km, and runs 

p a r a lle l with a swarm of Karroo d o ler ite  dykes. Had the fa u lt  preceded 

the dykes in trusions i t  would surely have been f i l l e d  with d o le r ite ,  

but no d o le r ite  has been found in the fa u lt  p lanes. Therefore th is  

fa u lt  and most of the other transverse fa u lts  are probably nost-Karroo

in age, and are p ossib ly  connected with the earth movements which ac­

companied the Brerdberg in tru sio n s.

6 ' Structure of the Quartz Veins.

Ouartz veins are very common, e sp e c ia lly  within the sc h is t  

area. All are pre-Karroo and many seem vo be older than the old grani te .
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The o ld est period of quartz Intrusion u su a lly  takes the form of bedded 

v ein s, nov somewhat contorted . Some run at a small angle to  the bedding.

Younger se ts  o f quartz veins are of at le a s t  three ages, and 

and ere probably la te r  than the old gran ite . Their origin  i s  probably 

a granite underlying the s c h is ts ,  or p o ssib ly  the granite body which 

i s  cut by the course of the Goantagab R iver, north of the Ugab R iver.

The quartz veins occur in a w ell-defined  fracture pattern .

They form in plan a c r is s -c r o ss  arrangement, at angles between 50° and 

and 9 0  to the axes of the fo ld s , th eir  planes in tersec tin g  along a lin e  

more or le s s  p a ra lle l with the ax ia l p lanes. (See F ig . 8 6 ) .  They 

are almost e n t ir e ly  confined to  a n t ic lin e s . A further se t  of quartz 

veins i s  interbedded in  the sc h is t  and i s  probably younger than the 

bedded w in s  mentioned above. The structure o f these veins at the Sesob 

River galena occurrences has been described under "Economic Geology".

Structure of the Basic Intrusion)?.

The m ajority of the dykes in the area are  Karroo age, but 

there are a few that may be considerably o lder. The p o ssib ly  older

dykes are u su a lly  associated  with swarms of Karroo d o le r ite s , and fo llow  

sim ilar d irec tio n s .

^  The_Karroo Dykep,

These dykes have two main trends -  p a r a lle l with the s tr ik e ,  

and roughly at r ig h t angles to  the s tr ik e . The le t t e r  trend i s  common 

in the western part of the area, and the former i s  most commor near 

the Rrandber». The central area, from the Zerlesenes Mountains to  the 

Amis R iver, i s  comparatively free  from in tru sio n s. P ossib le exnlanation  

for the nresence of dyke swarms in certa in  areas have already been given.

1) ZbfL_dykeg_ of the We ste rn Area .

These belong to  at le a s t  three d iffe r e n t ages# 

a) The porphyritic or amygdaloicUl d iabases, which fo llow  a

more or le s s  sinuous course, roughly at r ig h t angles to  the general 

s tr ik e . They are older than

OTivine d o le r ite s  of Karroo type, which are u su a lly  v e r t ic a l ,  

str ik in g  at r igh t angles to  the bedding, and repeatedly pinching out 

and continuing an echelon. They cut d iagonally  across the strata  in 

a s lg -z a g  M raer , as a ltern a te  a * e s  = m . .  ^  _  cut ^



c) D olerites of Karroo type, which are u su a lly  th icker than the

older dykes, and which run in a fa ir ly  s tra ig h t course across the 

s tr ik e  of the sediments. Some of these dykes are kilom etres in  len gth .

Exceptions to  the above re la tio n sh ip s occur, because of the 

somewhat variab le composition of the dykes#

Except for the s i l l s ,  a ll these in tru sions are u su a lly  within  

10° of v e r t ic a l ,  A fourth se t  of in tru siv es  occur as f l a t  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  fo llow  c lea ­

vage jo in t  planes# The th ick  s i l l s  ly in v  in the lower Karroo sediments 

or a t the base of the Karroo rocks, are p o ssib ly  younger t>nn the other 

basic Karroo in tr u s iv e s , A few thick dykes (up to  20  metres th ick) 

o f short str ik e  length (up to  4 0 0  metres) are p ossib ly  feeders of the 

th ick  s i l l s ,

2) The Area near the Brandberg,

The normal str ik e  d irection  of these dykes i s  northeast, 

p a r a lle l with the folded s c h is t .  They do not invariably l i e  along the 

bedding, but tend more towards the v e r t ic a l than to  p arallelism  with 

the bedding. In th e ir  th ickness end p ersisten ce they resemble the 

younger Karroo dykes of the western area. Where they cut ob liquely  

to  the s tra ta , they resume th e ir  or ig in a l course within a short d istan ce.

As mentioned above f l a t  sheets are rare in th is  area. One 

such sheet l i e s  to  the west of the Amis R iver, 13 km from the Ucoib 

R iver, and i s  about 250 metres below the le v e l  of the base of the near­

e s t  Karroo rocks.

3) Genera l .

The manner of in trusion  of Karroo dykes appears to fo llow  a 

pattern sim ilar to  that which has been described in the Union 'Du T o it, e tc )  

Primary feeder dykes supplied m aterial to  the areas of le a s t  r e s is ta n c e , 

such as bedding planes in  the Karroo sediments and p ossib ly  horizontal 

and v e r t ic a l jo in ts  in the Damara beds. After a l l  these p ossib le  

avenues of intrusion  had been f i l l e d ,  the d ^ ler ite  magma was forced to  

occupy planes of weakness, m ostly v e r t ic a l , lower down in  the Damara beds.



Rarely, the v e r t ic a l dykes forced th eir  way up in to  Karroo la v a s . I t  

i s  p o ssib le  th a t, much la t e r ,  erosion of the upper portion of the Kar­

roo rocks permitted further emplacement of f l a t  sb t s  and s i l l s ,  main­

ly  at the basj.1 contact of the Karroo rocks with t 1 older rocks.

I t  i s  p ossib ly  s ig n if ic a n t  that the dykes of the eastern  and 

western areas, and some of the fa u lt s ,  s tr ik e  roughly towards the l-tes- 

sm  A lk ali complex,

E) IheJLtoT Qo. se^Tients..and-Lay^g.

These rocks a l l  show f l a t  bedding and a low dip, except near 

fa u lt s ,  where drag has caused the dip to  be as steep as 60 , Faulting

in  the Karroo rocks i s  rare except near the Brandberg, but a system of  

jo in ts  i s  common in m aterial such as q u a rtz !tic  sandstone. There are 

u su a lly  two se ts  of jo in ts  at about 9 0 ° to  each other, one running 5 0 °  

west of north, and a weaker se t  at 4-0° ea st of north. These jo in ts  

are repeated higher up in  the lavas, where the v e r tic a l fracture i s  pro­

nounced.

F) The Brandberg Intrus io n ,

The mode of in trusion  of the Brandberg has been f u l ly  d ea lt  

with by Cloos (Ref, 1931 ) .  to  whose work nothing can be added.

G) Structural History  of t h e  Area.

The e a r lie s t  known event in t h i s  area i s  t h e  fo ld in g  of the 

sc h is ts  and th eir  movement towards the northwest over a d eco llen en t.

The fo ld in g  was probably due to  is o s ta t ic  adjustment in a large and deep 

geosyncline, and th is  area probably occupied a p osition  near the centre 

of the geosyncline«

The fo ld ing  was accompanied by some shearing and the formation 

of drag fo ld s , e l l ip s o id a l stru ctu res, jo in ts ,  and cleavage. Limited 

str ik e  fa u ltin g  may have occured in the folded s c h is ts , due to  th ru stin e . 

^owards the end of the fo ld in g  gone quartz veins were formed.

The next major event was the granite in tru sion , as a composite 

phacollth  above the Upper Marble horizon. Probably, other granite  

phaeolithe were intruded at deeper le v e ls .



Accompanying the granite in tru sions or irnmediately a fter  them, acid  

dykes and s i l l s  were emplaced near or at the g r a n i t e —sc h is t  con tact, 

and quartz veins la ter  invaded the whole area, m ostly in a n t ic l in a l  

stru ctu res, e ith er as ty p ica l a n tic lin a l cross—v ein s, or as bedded

v e in s•

L it t le  further movement took place up to  Karroo times#

Karroo sediments were deposited, follow ed by in ten sive  out­

pourings of lavas and by at le a s t  three ages o  ̂ dyke in tru sions along 

fractures fo llow ing w ell-d efin ed  d irection s in the sch ist#  The pattern  

was le s s  regular in  the granite# Then follow ed, a fter  a comparatively 

short in te r v a l, the Brandberg intrusion which was accompanied by minor 

earth-movenents in  the form of gravity  fau lts#

O
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THE LOV.'ER SC H IST  S E R IE S .

NO

265

2 7 7

279

2 8 0

2 8 1

2 8 2

2 8 3

2 8 4

LOCALITY 2V<< kr/lZ

3 r a k  R i v e r

S o u t h  o f

2 7 8  L e r r i s s e a e s  M ta

4 2 9

n

tt

” L i g h t  ' " a r t  

** Dark " a r t

3 9 1  | S o u t h  o f  S o a n t a g a b
R .  m o u t h .

4 0 4  | B r a n d  b e r g  <Vest M in e

4 0 9

4 1 3

4 1 4  

4 1 7  

4 2 0  

4 2 2  

4 2 4

82

72

72

78

72

76

75

75

16

14

15

11
15

18
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17

"19• V

.022

.026

.0265

.025

.028

.019

023

1 B 0  L E *YRGXLS

1 .6 4 9

Cio l o u r  and 
r l e o c h r o i s m

1 r

1 .6 3 5

P a l e  g r e e n  
✓

r a l e  g r e e n
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1 .6 5 0  ' ( r a l e  g r e e n  t o  
f l i g h t  g r e e n  

L i g h t  g r e e n1 .6 4 8

1 .6 5 1

1 .6 6 0

r  a l e  g r e e n  

r a l e  g r e e n

r a l e  g r e e n

1 .6 5 6  (jcPale g r e e n  to  
"green

64

48 .028 1 .725

z

B I G H T S n r _1A, i a

39 1 .707

A l l  t h e  above  r o c k s  c o n t a i n  q u a r t z
4
a

Cc
F
▲
A
E
nV
oO
T

M
FI

.048

r

1 .6 3 4

1 .6 4 0

1 .6 2 7

FLLl'brAR

O l i n o - z o i s i t e

y

E T id o te

.035

R are

69-

R.%

Low

Tyne

.026

.026

R are  z o i s i t e

1 .6 3 1

1 .6 1 2

70— * Cv •. j

78-

68— * CO. B

L ie  r e ­
c l i n e

I Ortho- 
c l a s e

1 .6 1 6

1 .6 1 5

1 .6 1 5

1 .6 1 4

1 .6 1 5

o r th o -
c l a s e
Micro-
c l i n e
u r th o -
c l a s e

q u a r tz
B i o t i t e
C a l c i t e
Feldspar
* yroxene
AmPhibole
S ^ i d o t e ,  z o i s i t e  e t c
C o r d i e r i t e
S^hene
Tourm al ine
A T a t i t e
M uscov i te
F l u o r i t e .

SXTm S AIxD RH.J-xtxS

Rare tourmaline

Well d e v e lo n e d  m nnh ibo le  

Much c o r d i e r i t e  

C o r d i e r i t e  and c a l c i t e .

vo r d i c r i t e , 2V8& - • J ^ h e n e  and 
c a l c i t e .
Much c o r d i e r i t e
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Q ) '•Cc

Q r Z> >1 - r r

O A

Q c A _

Q c /3 ^ ...
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L i t t l e  m u s c o v i t e .
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ASf BE
O As? i z.a

T o u r m a l i n e ,  e r a t i t e ,  F l u o r i t e ,  
m u s c o v i t e  a.id o r e .

R a r e  f l u o r i t e .

© ]

«r A s?

©

Q
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CHAPTER V.

P E T R  P E R A P H Y.

(A) Methods;

Axml a n c le s ,  e x t in c t io n  a n c le s ,  b i re f r in g e n c e , and r e f r a c t ­

ive ind ices  were measured on » f iv e - a x is  u n iv e rsa l  s ta g e ,  using the

graphs of dmmons. (Ref. 1943). Sodium lig h t  was used for the re fra c tiv e  

index determ inations, and the ind ioes of the immersion liq u id s were 

checked with a L e itz -J e lley  refractom eter.

In the re fra ctiv e  index determ inations, a m odification of the 

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

versa l stage and immersed in  a liqu id  of re fra ctiv e  index within the «  - 

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

the optic planes u n t il  the index of the liq u id  corresponded with the in ­

dex of the grain. The birefringence and a x ia l angle being known, i t  was 

then p ossib le  to  find  the three major in d ice s , with an accuracy of ±

.003. Checks were made on d iffe r e n t grains from the same rock, and r c -  

s u its  were averaged.

Optic a x ia l angles were measured with an accuracy of + 2 ° .

liodal com positions, where measured with a Leitz in tegration  

sta g e , are accurate to  1 2>. Where estim ated, the modal compositions 

are accurate to  1  10,4, and are shown graphically  on the ta b les .

ihe mineralogy and modal composition of each group of rocks 

w ill  be tabulated before the d escrip tion  of the rocks.

A ll the rocks are described in  approximate order of age, 

sta rtin g  with the o ld est.

ocks of the Dar.iara System:

1. T n e .W r  Schi s t  S e r ie s . (See Table No.VII).

Macroscopic.

ihe mwer S ch ist weathers to  a dark brown colour and i s  brown- 

isn  grey on fresh surfaces. Weathering produces e ith er  ty p ica l fo lia te d  

sc h is t  or angular b locks, bounded by cleavage and jo in t  planes. The rock 

i s  fin e  grained and the sc h is to s ity  i s  usually  well,developed.

Tiie more highly metamorphosed v a r ie t ie s  of the Lower S ch ist

contain  bands and patches of speckled and spotted sc h is t  or mottled  

h orn fels.



Typical examples of these rock types, as seen In th in  sec tio n , 

are given below.

-,i’o. 4/̂ 4.. B io tite  S c h is t .

Texture: fine-grained  sch isto se .

- Q rock co n sis ts  o f roughly equal proportions of b io t ite  and 

quartz. The sch isto se  texture i s  due to  the p ara lle lism  of the b io t ite  

f la k e s , and to  a le sse r  ex ten t, of the elongated quartz grains. Many of 

the b io t ite  fla k es contain dark pleochroic spots. The quartz grains 

snow no o p tica l p ara lle lism . Altered feldspar grains and muscovite fla k es  

are present in  small amounts. Anhedral f lu o r it e ,  a p a tite , and ore, and 

subjedra.l tourmaline are accessory m inerals.

413 • Tourmaline-muscovite s c h is t , (dee photo, F ig . 5 3 ) .

Texture: coarse grained sch is to se .

-lagged p o ik i l i t ic  flak es of muscovite co n stitu te  about 4 0 ,-c of 

the rock, and contain rounded in clu sion s of quartz and ore.

Greenish-brown elongated c ry sta ls  of tourmaline containing ore 

in c lu s io n s , co n stitu te  about 2 5> of the rock, and an equal amount of 

quartz grains, of average s ize  0 .1  mm., i s  mostly in t e r s t i t ia l .  Generally, 

the tourmaline i s  elongated p a r a lle l with the s c h is to s ity , and the mus­

co v ite  cleavages l i e  at 4 5 ° to  the s c h is to s ity .

Ore and -igh t brown b io t ite  f la k e s , in  proportions of about 

7 to 3, co n stitu te  the remainder of the rock. The ore occurs mostly as

ragged grains arranged along the boundaries of the tourmaline and mus-
0

c o v ite , and marks out the d irection  of s c h is to s ity .

:j,°« 2 7 7 —Jiopside—orthoclape—quartz g ra n u lite :

Texture: p o ik ilo b la s t ic .

About one h a lf of th is  rock co n sists  of p o ik i l i t ic  growths of

d iop sid e , a lter in g  to  almost co lo u r le ss , sk e le ta l u r a lite . The remainder

of the rock co n s is ts  of large p o ik i l i t ic  growths of m icrocline and ortho-

c la s e , containing quartz in c lu sio n s , in  a mass of rounaed quartz grains.

oome of the m icrocline twinning appears to  spring from in c lu sio n s.

irregular grains of epiUote and subjedral grains of sphene and a p a tite  

are a ccesso r ies .

There are some scattered  patches of c a lc i t e .



Texture: medium grained  p o ik i lo b la s t ic .

This roc.< co n ta in s  we11 -developed o ik o cry s ts  of a c t i n o l i t e  

up to  2 .5  mm., in  le n g th , and s c a t te re d  g ra in s  of ep ido te  a sso c ia te d  

w ith o re , in  a ground-mass of in te r lo c k in g  quartz  and p la g io c ia se  g ra in s .

There a re  some ra re  g ra in s  of c a lc i t e  and sphene.

279. . i c t in o l i te  s c h i s t .

T ex tu re : medium grained  p o ik i lo b la s t ic .

almost h a lf  of t h i s  rock i s  composed of o ik o c ry s ts  of a c t in o ­

l i t e  averaging 1 .0  mm., in  leng th , and con ta in ing  in c lu s io n s  with 

p ieochro ic  h a lo s , ^he a c t in o l i t e  occurs in  sh e a f - l ik e  and ra d ia t in g  

forms showing no p re fe rre d  o r ie n ta t io n ,  and i s  not a l te r e d .

The groundmass c o n s is ts  of a mosaic of angular g ra in s  and an 

a l t e r e d  m ineral which i s  probably c o r d ie r i t e .  There i s  about 3> sphene 

in  s c a t te re d  subhedral g ra in s ,  and some sm all s c a t te re d  a p a t i te  g ra in s ,  

dp ido te  i s  p resen t in  ra re  i r r e g u la r  g r a in s , and th e re  are  some scarce 

rounded or i r r e g u la r  g ra in s  of z ircon  which cause p leoch ro ic  spots where 

p re se n t as in c lu s io n s  in  the  a c t i n o l i t e .

1ourmaline i s  rare , in  rounded grains. 

dp. 230. . ic t in o lit e -b io t ite  sch ist .

Texture: po rph y ro b las tic  s c h is to se .

The p rophyrob lasts  c o n s is ts  of euhedral to  suhedra l e longated

c iy s t a l s  of a c t i n o l i t e  up to  1 .0  mm. in  len g th , and con ta in ing  p leochro ic

spo ts  and in c lu s io n s  of b i o t i t e ,  quartz  and sphene. The a c t in o l i t e

c r y s ta l s  show a poorly  marked p re fe rre d  o r ie n ta t io n ,  p a r a l l e l  with the 

s c h is to s i ty .

oubhedral g ra in s  of sphene c o n s t i tu te  about one percen t of the

se c t io n .

The sc h is to se  groundmass c o n s is ts  of b io t i t e  f la k e s  averaging

1 .0  mm in  len g th , and showing marked p a ra l le l is m . The b io t i t e  i s  s e t  in  

a groundmass of somewhat e longated  quartz  and a l te r e d  c o rd ie r i te  g ra in s ,  

and con ta in s  ra re  p leochro ic  spots around in c lu s io n s . The quartz  g ra in s  

show p a r a l l e l  o p t ic a l  o r ie n ta t io n .  There are  a few sc a tte re d  g ra in s  of 

a p a t i t e  and c a l c i t e .



No.281 ^ c t in o l i t e  .T a n u li te  (See p h o to , F i j .  54 ) .

Texture j porp liy rob lastic  g ra n u la r .

This took i s  s im ila r  to  !io. 280, but con ta in s  s c a t te re d  needles 

o f tourm aline and some i n t e r s t i t i a l  o r th o c la se . There i s  no g enera l p re ­

fe rred  o r ie n ta t io n  of the g ra in s ,  but a s l ig h t ly  banded e f f e c t  ^  caused 

by co n cen tra tio n s  of b i o t i t e  and roughly p a r a l l e l  grovths of a c t i n o l i t e .

ai2 :_ = ^ _ y op ta c t_of_ bi o t i t e ^ac t i n o l i t e  s c h is t  and s c t i n o l i t e  s c h is t  

The B io t i te - ac t l n o l i t e  s c h i s t .

Texture: p o rphy roh las tic  s c h is to se .

This se c tio n  c o n s is ts  of numerous f la k e s  of b i o t i t e ,  a l t e r in g  

to  c h lo r i t e ,  and showing marked p a ra l le l is m . The groundmass c o n s is ts  i f  

a mosaic of minute (up to  0.05 mm) quartz  and c o rd ie r i te  g ra in s ,  with 

some i n t e r s t i t i a l  c a l c i t e .  Much of the  c o rd ie r i te  i s  a l te r e d  to  s e r i c i t e ,  

-ee re  re  a few g ra in s  of a p a t i te  and sphene and r a re  tourm aline need les.

A few sc a t te re d  porphyrob lasts  of a c t i n o l i t e ,  con ta in ing  dark 

p leoch ro ic  sp o ts , and some p o i k i l i t i c  growths of o rth o c lase  a lso  occur.

The a c t in o l i t e  s c h i s t .

Texture: p o rp h y ro h la s tic , p a r t ly  p o i k i l i t i c ,

A c tin o l i te  occurs in  s h e a f i k e  bunches, or in  la th s  with 

ragged ends, snowing a roughly p a r a l l e l  arrangem ent. Some of the  a c t in o -

l i t e  shows simple tw inning, and dark p leochro ic  spots are common, th e re
*

i s  no b io t i t e  in  the  a c t in o l i t e  s c h i s t ,  but the  groundmass i s  s im ila r  to

t h a t  of the b i o t i t e - a c t i n o l i t e  s c h i s t .  There are p o i k i l i t i c  patches of

o r th o c la se ,  and r a r e ly  of d io p sid e , and sc a tte re d  g ra in s  of ep id o te . There 

a re  a few g ra in s  of sphene.

dOc 2 3,?. nc tl  n o l l te -m ic ro c l in e  u r a n u l l t e .

Texture: medium grained p ro p h y ro b la s tic .
«*

Most of the  porphyrob lasts  c o n s is t  of a c t i n o l i t e ,  arranged 

haphazardly, •‘•here are some ra re  o ik o cry sts  of d iopside .

k ic r o c l in e ,  p a r t ly  untwinned and s im ila r  to  o rth o c lase  in

appearance, occurs in  p o i k i l i t i c  growths, con ta in ing  quartz  in c lu s io n s .

There i s  a sm aller amount of o r th o c la se , showing s im ila r  p o i k i l i t i c

growth. jn p a r ts  of the sec4" >on, the fe ld sp a r  o ik o cry s ts  form an almost 

u n in te rru p ted  mosaic.



100,

'4w t 2 , in  small and generally  rounded g ra in s , makes up most 

o f the remainder of the rook, and c a lc i t e ,  sphone, a p a tite , and b io t ite  

are found in  small q u a n titie s , dpidote and co rd ier ite  are rare.

— ~~ ̂ 1 o P s1 de -  or t  h pe l  asej^ornfels^ (Irregular 

found in  the sc h is t  sim ilar to  231.

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

rob lasts  i s  not so w ell developed. Diopside a lter in g  to  amphibole and 

c a lc it e  i s  more common. The orthoclase shows m icrocline twinning at 

the contacts of p o ik i l i t ic a l ly  enclosed grains.

There are some patches of haematite with which are associated  

irregu lar grains of z o is it e .

—— Ln!r lower Marbje_ S er ie s . ( S e e  Table No. VTTT). 

i^ croscop ic . The i^wer Marble S eries co n sists  of a band of b luish-grey  

medium grained marble, underlain by a ltern atin g  brownish-black and

ye Hows ih-white marble tends. The a ltern atin g  marble tends are somewhat 

sc h is to se .

descrip tion  of ty p ica l examples of these rocks are given below.

No.». 263. Fine-grained lig h t  grey translucent marble. fWeatter* 

brown.

This rock co n sis ts  of a mosaic of c a lc ite  gra in s, averaging 

0 . 0 5  mm. in  diameter, with about 2>' quartz grains.

-1?» '-O4 .— J ch isto se brownish black marble.

Texture: sch is to se .

This section  co n sists  of a mosaic of elongated c a lc ite  grains, 

with about 4 /. irregular quartz and orthoclase g ra in s. The c a lc ite  grain  

average about 0.2 mm. by 0 .1  mm. in  s iz e .

There are sane rare b io t ite  f la k es . 

[0. Bluish .zrev m a r b l e .

Texture: granular.

This section  co n sis ts  of a mosaic of c a lc ite  gra in s, with a 

roughly para>l e i  arrangement of the more elongated gra in s. Most of the 

c a lc i t e  grains are twinned. There are some grains of quartz, and a few 

la th s  of mica, probably muscovite. Ore occurs as sm all scattered  specks.
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TABLE V I I I

HOCKS Of THE LOWER L1ARBLE SERIES

LOCALITY

2 6 3  B r a k  R i v e r

2 6 4  B r n k  R i v e r

[

2fao I S o u t h  o f
E e r r i s s e n e s  l u t s .

3 8 9  I N o r t h  o f  B r a n d b e r g

3 9 0  w e s t  M i n e

A M c H I B O L E

f 3

75  1 3  . 0 3 0

8 2  1 9  . 0 2 4

4 0 8  B r a n d b e r g  W e s t  I.'l n e

1 . 6 4 4

C o lo u r  end 
r l e o c h r o i s m

1 .6 3 7

Li Tht » r e e n

<x i  e l  e g r e e n  
V  Brownish  g r e e n 64

. YROXEHE 
 1--------

c./1z V-X.

4 4 . 0 2 5

BIOTIT EBIDOTE

. 0 6 0

1 .7 2 2

T XV

1 .6 1 5

1 .6 2 8

8 0 +

-  f
fELDScAR

( E o i s i t e )

1 .5 9 5  R a r e ' c l i n o - z o i s i t a

T y re

Orthoclase

Orthoclase

EXTRAS AND REIiARrOS

M o st ly  c a l o i t e ,  w i th  a 
l i t t l e  q u a r t z

M o s t ly  c a l o i t e ,  w i t h  a 
l i t t l e  q u a r t z .

S r h e n e .  No c a l o i t e .

C o r d i e r i t e .

M o s t ly  c a l o i t e ,  w i th  
q u a r t z ,  m u s c o v i t e  and o r e

M o s t ly  c a l c i t e  w i th  a 
l i t t l e  q u a r t z ,  m u s c o v i t e  
and o r e .

ESTIMATED MODE 
(Shown graphically)

C c

Cc &

Q &

r B"

J . . O , A g O

c C alcite
' i ^uartz
i? FeldsFar
B B io tite
A Am̂ h ibole
3 J^hene
r%V Jordiuri t u

X ±yroxcne
E BTidote, z«

% * M i.u a c o v ite
0 Ore

6+•U •



iJo. 235. B io tite -a c tin o lite -q u a r tz  s c h is t . (See photo, F ig. 55)»

Texture; porph^T o b la s t ic .

The b io t ite  occurs in  two s iz e s .  The smaller fla k es average

0 ,1  nun. by 0.2 ram. in  s iz e ,  and are oriented p a r a lle l with each other in

the d irection  of the plane of s c h is to s ity . ■‘•he larger b io t ite  flak es  

average 0.2 ram. by 0.15 ram. in  s iz e ,  and although th eir  d irection  of 

elongation  i s  p a r a lle l with that of the smaller f la k e s , th e ir  S -d irection s  

are oriented roughly by r igh t angles to  the common d irection  of elongation .

Some porphyroblasts of a c t in o lite  penetrate the large b io t ite  

f la k e s , and some are oriented continuously with the b io t i t e .  Sheaf- 

linke bunches of a c t in o lite  c ry sta ls  are common. The a c t in o lite  shows no 

preferred o r ien ta tio n .

The rock contains over 40/® quartz and probably no fe ld sp ar.

There are some rare minute tourmaline and ap atite  c r y s ta ls ,  

oriented p a r a lle l with the s c h is to s ity , and some sphene.

No. 339. J io p s id e -a c tin o lite -o r tl oclase R ranulite.

Texture; p o ik ilo b la s t ic .

The porphyroblasts co n sist  of growths of d iopsid e, a c t in o lite

and orthoclase. Some of the a c t in o lite  i s  twinned, and some grains show

undulose ex tin c tio n . Frayed ends and edges to  a c t in o lite  grains are 

common, a c t in o lite  i s  idiomorphic against diopside and orth oclase, and 

commonly contains a row of in clu sion s along the centre of a grain.

In part of the section  orthoclase, p o ik i l i t ic a l ly  enclosing  

numerous in c lu s io n s , forms a m osaic, and in  other parts orthoclase occurs 

as rare o ik ocrysts, and the remainder of the lig h t minerals co n sists  of 

a mosaic of minute in terlock ing grains of a ltered  co rd ier ite .

Non-ferrian z o is ite  occurs in  numerous small euhedral to  

subhedral gra in s, commonly associated  with d iopside, and penetrated by 

a c t in o lite  la th s .

There are some rare ap atite  and sphene grains.

quartz i s  probably absent.

3. The Middle S ch ist Ser ie s . (See Table No.IX).

ilacroscopica1 ly , the Middle S ch ist i s  sim ilar to  the lower 

S c h is t , except that the colour of the weathered sc h is t  i s  more a reddish  

brown than a dark brown.



TABLE IX.

hocks OF THE MIDDLE SCHIST S E R I E S .

1 0 3 .

NO.

61

LOCALITY A M P H I B O L E YROXENE BIOTITE EPIDOTE

. 2 iK  k  >  X  -•<

59 Sesob River

60 Sesob River

Sesob River

63 Sesob River

71 Sesob River

71A Sesob River

71B Sesob River

72 Sesob River

73 Sesob River

Colour and 
Pleochroiso

1.630

Near granite  
S.W. of 
Gemsbok River

Brak River

South of 
Zerrissenes Mts

88 ,12 Pale green

1.660 <*Pale green to  
Y ligh t green

82 15 o^Pale green to  
Y light green

76 . 23 1.659 Pale green 39 .02A
Wgreenish blue 

1.656 YPale green ■76 119

76 20 "(Pale brown-green 
toYgreen

76 ! 12 1.652 <*:Pale brown-gree 
■ypale green

1.642 

! 1.631

1.628

i .040 1.622

1.632

1.630

298 »

1.734

1.637

1.636

85- .016

1.633

.043 1.641

79- .012 1.723

FELDSPAR

2 1 /

80-

Type

Orthoclase and 
P lagioclase

Altered

Altered

Altered

Orthoclase

Altered

Orthoclase

58- Orthoclase

A ll the above rocks contain quartz.

EXTRAS AND REMARKS

C alcite and B io tite  
partly a l t .  to  c h lo r ite .

Apatite

Sphene, ore, a ltered  feldspar 
and c a lc ite .

Calcite and sphere.

S p h e n e . Q u a r t z  
recrysta llised .

ESTIMATED MODE 
(Shown graphically)

Much co rd ler ite ; ore 
and garnet.

A patite, sphere, c a lc i t e , ore.

Cordierite and sphene.

Much cord ierite, 2V77q - 
Sphene and ore.

Cordierite, tourmaline and ore.

A p a t i t e  a n d  sphene •

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

Calcite and rare amjhioole 
and cord ierite .

Much cord ierite . Sphene.

Q

0 r &  -

0 F  r•< S  - s . o

a

m -

Q f r - Q C

Q |f |  a  11-  /k -s. Cr. 0

S . s . o

Q

a <Sc

A  a

yT

o C o

c  > 1  >  | a;

Q -  Quartz. S -  Sphene. P
F -  Feldspar. 0 -  Ore. T
B -  B io tite . C -  Cordierite. Sc
A -  Amphibole. G -  Garnet. K\

Cc -  Calcite. Ap -  Apatite. E

Pyroxene*
T ourmaline. 
Scapolite* 
Allan!te* 
Epidote*



OO-? of t  e roc^-s have a q u a rtz itic  appearance. The more h ighly  

metamorphosed v a r ie t ie s  are id e n tic a l in  appearance with the corres­

ponding rocks of the Lower S ch ist S er ie s .

I he microscopic feature of ty p ica l specimens taken from the 

i.id-'le o cu ist S er ie s , are as fo llow s $

■LP*  Sch isto se  b io t ite  ^ a n u l i t e .

Texture: S ch isto se .

i:ost of the b io t ite  i s  th is  section  i s  a ltered  to c h lo r ite .

The mica fla k es are oriented in  th in  layers p a r a lle l with the 

s c h is to s ity .

Quartz and feldspar grains form a mosaic, and show banding but 

n<r Pronounced o p tica l p ara lle lism . The feldspar co n sis ts  of o lig o c la se  

and orthoclase in  about equal amounts, and i s  rather a ltered . Scattered  

subhedral grains of a p a tite  are found throughout the rock, and in te r ­

s t i t i a l  c a lc ite  i s  fa ir ly  common. There are some flak es of m uscovite. 

h o ^ 6 l .  Calcareous b io t ite  s c h is t . (In contact with conglomerate).

.h is  i s  a scm stose  b io t ite  gran u lite , sim ilar to  No. 59, but 

containing much in t e r s t i t ia l  c a lc i t e .  The b io tite  i s  unaltered.

There are small amounts of sphene and ore.

No. 63. B io tite  s c h is t .

This sec tio n , cut across the cleavage, shows b io t ite  of two

s iz e s  aligned at an angle to each other. The sm aller, and apparently

older generation of b io t ite  occurs as minute p a r a lle l la th s in  a matrix

composed of a mosaic of f in e  quartz grains. The younger generation of

o io t ite  is  seen as basal fla k es oriented with th eir  Z-axes lying a t about

6 0  to  the d irection  of lin e s t io n  of the older b io t i t e .  The larger 

tlakes conbaIn rare pleochroic spots#

Much of the lin ea tio n  i s  due to  lin e s  of black dust, p ossib ly  

composed of carbon#

There are numerous scattered  subhedral grains of sphene. 

^ 2 M i _ , B iotite_ch l p r ite _ a c t in o lite  ^ , 1 ^ , ( Pebble from c o e l o m . , . , . ).

me b io t ite  i s  partly  a ltered  to pale greenish grey ch lo r ite  

m  nests ana f la k e s , and p o ik i l i t ic a l ly  encloses c h lo r it ise d  araphibole.

The ch lo r ite  i s  not p leochroic, but contains pale grey pleochroic spots 

around in c lu sio n s.



under crossed .’J ico ls, the ch lo r ite  i s  d irty  greenish grey, and the 

pleochroic spots are v io le t ,  with dark greenish rim s.

i'he a c t in o lite  occurs as spray-shaped arrangements of pale 

greenish needles in  the quartz and feldspar groundmass.

Rare la th s of clinoch lore are found o p tic a lly  continuous with 

the c h lo r ite , and in  sim ilar patterns.

Jphene i s  fa ir ly  p le n t ifu l ,  and occurs as irregular masses.

A p atite , c a lc i t e ,  and epidote are a ccesso r ies . G alcite replace*  

quartz at contacts between quartz grains.

H p .t,  b io t ite -c h lo r i t e —a c t in o lite  q u a rtz ite . P e b b le  f ro m  C o n g lo m e r a te

(See photo. F ig . 56).

1 h is  section  i s  sim ilar to No. VIA, except that the groundmass 

i s  a quartzite composed of in terlock ing  grains of quartz. The quartz 

grains contain in c lu sio n s , many of which are arranged peripherally  and 

apparently d elineate the o r ig in a l ou tlin es of the grains, (dee photo .F ig . 56  

The quartz i s  partly  replaced ty c a lc ite  along the contacts of grains.

Most of the b io t ite  i s  a ltered  to c h lo r ite . There are a few 

grains of a p a tite .

No. 710. B io t lte -c h lo r ite -a c t in o lite  q u a rtz ite . (Pebble from 

Conglomerate).

This rock i s  sim ilar to  No. 7IB, but the a c t in o lite  i s  better  

developed. There are rare grains of ap atite  and ep idote, and of sub- 

hedral to  euhedral garnet. Sane of the ch lo r ite  p la tes formed by a lte r ­

ation  of b io t i t e ,  show a p o ik i l i t ic  stru cture. There i s  some in t e r s t i t ia l  

c a lc i t e .

No. 72. A ctin o lite  era n u lite .

There were apparently two generations of a c t in o lite  in  th is

rocK. -he e a r lie r  has been com pletely replaced by c a lc ite  which appears

in  the form of o p tica lly  continuous p o ik i l i t ic  pseudomorphs. The la ter  

a c t in o lite  occurs as feathery aggregates containing sane dark pleochroic  

sp ots.

There are a few sim ilar feathery aggregates of pale greenish  

ch lo r ite  sim ilar to  that acscribed in  No. 71A, The in clu sion s that 

cause the pleochroic spots are here id e n tif ie d  as rounded zircon grains.

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

b io t ite  f la k e s .



ifo» 73» A c t in o lite -b io t ite  gra.nu.1.i t e  ♦

Texture: Fine grained porphyroblastic.

The a c t in o lite  i s  unusually dark, being pleochroic from X 

pale brownish green through Y apple green to  Z b lu ish  green. I t  occurs 

as p o ik i l i t ic  gra in s, which penetrate b io t ite  f la k es .

The b io t ite  appears in  a more or le s s  banded pattern , and is  

p artly  a ltered  to  c h lo r ite .

The groundmass co n sists  of a mosaic of r e -c r y s ta llis e d  quartz 

grains and a minor amount of orthoclase grains which are at an early  

stage of p o ik i l i t ic  growth.

Apatite and sphene, the la tte r  usually  associated  with ore, 

are accessory m inerals.

No. 261. B io tite  s c h is t .

The texture of th is  rock i s  markedly sch is to se , but the quartz 

grains show no o p tica l p ara lle lism , although they are elongated p a r a lle l  

with the s c h is to s ity .

The lig h t coloured groundmass co n sists  mostly of elongated quartz 

gra in s, with a small amount of p lag ioc lase  and orthoclase gra in s.

A p atite , sphene and ore, are accessory m inerals.

There are a few in t e r s t i t ia l  patches of c a lc it e .

Bo. 271. A cbinollte—dlopside-epidote rock.

Texture: p o ik ilo b la s t ic .

The dark minerals in  th is  rouk co n sist  of p o ik i l i t ic  growths
%

ob a c t in o l it e ,  d iopside, and ep idote, with a small amount of subhedral 

sphene.

The epidote occurs as in clu sion s in  oikocrysts of d iopside. 

A ctin o lite  penetrates both diopside and epidote.

The lig h t minerals co n sist of a mosaic of subrounded quartz 

gra in s, with in t e r s t i t ia l  a ltered  c o r d ie r ite , and some patches of c a lc ite  

ana scattered  small ap atite  grains. The c a lc ite  here i s  an a ltera tio n  

product of a c t in o lite .  There are some clear orthoclase gra in s, younger 

than the a ltered  co rd ier ite .

No. 236. B io tite  ch lo r ite  s c h is t .

Macroscopic. This rock weathers to  a rounded surface, rather|
lik e  a q u artz ite . The weathered rock i s  greyish brown in  colour.



M icroscopic.

Textures medium grained sc h is to se .

The bio+ito f lakes are arranged r o u g h l y  p a r a lle l with each 

other and some are a ltered  to  c h lo r ite .

The quartz i s  in  Meaiim—sized  r e c r y s ta llise d  polygon g ra in s,

and contains l i t t l e  in t e r s t i t ia l  m atter. There are a few patches of 

c a lc i t e ,  and some ap atite  and sphene grains.

237«— fseu d o-d iorite  nodule. (In sc h is t  sim ilar to  No.2861.

(See photo. F ig. 57).

..acrqscopic. This rock, which occurs in  elongated e l l ip s o id a l  

b o n es  up to 2 meteres in  length , has a spotted appearance. The spots 

appeal- partly  in  concentric zones, in  one or more outside r in gs, and 

p a rtly  as haphazard groups of dark green amphibole spots up to  1 cm. 

diameter, w ithin the central area of the nodule. In the nodule from which 

specimen No. 2S7 was taken, the spots are larger and more c lo se ly  grouped 

near the bottom than near the top. The rock between the dark amphibole 

spots i s  mottled pink, due to the presence of garnet, with a pale greenish  

matrix probably due to  the presence of ep id ote .

. .icroscopic (Spotted portion of rock).

Texture: porphyroblastic.

wark 'l i nera us. Green amphibole, containing pleochroic sp o ts , 

occurs in  ragged p o ik i t i t le  growths and i s  partly  a ltered  to  ch lo r ite  

and c a lc it e .  x he amphibole i s  pleochroic from X pale brown through Y 

pale apple green to  Z pale b lu ish  green.

Garnet occurs in  small q u a n tit ie s , in  p o ik i l i t ic  patches.

•bTgnt i . m e r a . ' s .  Scapolite occurs in  radiating p o ik i l i t ic  c lu s t -  

e r s , intergrown with unoriented euhedral epidote c r y s ta ls , and containing  

in c lu sion s of sphene. The scap o lite  i s  much a ltered  to  a d ir ty  fibrous 

m ineral, possib ly  s e r ic i t e .

Spidote i s  a lso  found in p o ik i l i t ic  growths, sometimes in te r —

grown with c a lc i t e .  The groundmass co n sists  mostly of rounded quartz

grains with rare minute ap atite  grains and some patches of c a lc i te .

There are numerous anhedral grains of sphene and about 10,= in t e r s t i t ia l  

a ltered  sca p o lite .

There i s  no iron ore.



T ex tu re : S c h is to se •

T h e  d*rk m inerals  c o n s is ts  of b i o t i t e ,  p a r t ly  a l te r e d  to  almost

is o t ro p ic  green c h lo r i te  and pennine, and s c a t te re d  subhedral g ra m s  of 

sphene. The b i o t i t e  i s  p leochro ic  from pale  g reen ish  brown to  brown,

and the  f la k e s  show a sm all degree of p a ra l le l is m .

The l ig h t  m inerals  c o n s is ts  of c a lc i t e  in  p o i k i l l t i c  growths

pseudomorphic a f t e r  amphibole, and c le a r  q u a rts  g ra in s  w ith l i t t l e  i n t e r ­

s t i t i a l  m a tte r . R are ly , patches of amphibole remain u n a lte red .

There a re  some ra re  sm all a p a t i te  g ra in s .

No. 293. A o t in o l i t e  g r a n u l l t e .

M acroscopic. This rock  has the  appearance of a f in e  grained

s l ig h t ly  sch is to se  q u a r tz i te .

M icroscopic. Texture $ p o r p h y r o b lr . s t i c  sc h is to s e .

The dark m inerals  c o n s is ts  of p o i k i l i t i c  growths of a c t i n o l i t e ,  

con ta in ing  p leochro ic  spo ts  around minute in c lu s io n s , and arranged in  a 

roughly banded p a t te rn .  There i s  much sphene and about 1> e p id o te , and

a l i t t l e  b i o t i t e .

The l ig h t  coloured groundmass c o n s is ts  of w ell rounded quai tz

g ra in s  w ith i n t e r s t i t i a l  a l te r e d  c o r d ie r i t e ,  and c a l c i t e .

Rare bands of quartz  g ra in s  show o p t ic a l  p a ra l le l ism .

There i s  about 5% o r th o c la se .

A patite  i s  an accessory .

4 . The Upper Marble S e r ie s . (See Table X .)

.is the  Upper Marble S e r ie s  Includes many rock ty p e s , macroscopic 

d e s c r ip t io n s  w i l l  be given in d iv id u a lly  w ith each m icroscopic d e sc r ip t io n .

The Y el low  M arb le  Z o n e .

No. 233. Grey narble.

Macroscopic*

Light grey f in e -g ra in e d  m arble, w ith f a in + dark l in e s .

Ki croscop ic:

T extu re : f in e  grained  g ra n u la r .

This sec tio n s  c o n s is ts  almost e n t i r e ly  of in te r lo c k in g  poly­

gonal g ra in s  of c a l c i t e .  'quartz g ra in s  c o n s t i tu te  about 1> of the  t o t a l

and th e re  are ra re  g ra in s  of p la g io c la se .



TABLE X 1 0 9 .

nuCrS OF THE UrfEB LIARBLE SERIES.

I'D.

4 3

4 6

LOCALITY

S e s o b  R . , near 
L e a d  o c c u r r e n c e s

A M F H I B O L K •tYRoxzm:

46A

4 7

4 8

4 9

It

tf

5 0

5 1

56

5 7

5 8

69

ft

ft

ft

7 7

7 9

80

8 1

8 5

3.K. o f  B r a k  R .

N e a r  g r a n i t e

ft

B e t w e e n  S e s o b  & 
B r a k  r i v e r s .

1C1 W e s t e r n  s c h i s t -  
g a r n e t  c o n t a c t

102

1 1 3

1 1 4

ft

ft

1 1 5

8C 1 6 -*0255

C o l o u r  a n d  I 
* 1 e o c h r o i  s : \ 2 k y

1 . 6 2 6 * a l e  g r e e n

70

68
65

17

20

1 3

. 0 2 3

.020

. 0 2 4

72

68

74

1 . 6 6 5

1 . 6 3 9

1 . 6 6 5

<V Y a l e  b r o w n
y  L i g h t  .^reen

60 4 5

df i  s l e  g r e e n  
'y  C r e e n  

=< r a l e  g r e e n

17

1 5

1 4

. 0 2 3

. 0 2 3

. 0 1 9

1 . 6 7 1

1 . 6 7 0

1 . 6 5 4

d B l u e - ^ r e e n  
7 B row n -g reen

e< B r o m u - g r e e n  
^  B r e e n

r a l e  g r e e n

60

5 7

5 8

4 2

4 3

60

58 .

4 0

4 5

52

b i o t i t :

•_ <x

. 0 4 1

. 0 1 5  1 . 7 2 7

• 030

.026

.029

4 1

1 . 7 0 8

1 . 7 1 7

1 . 7 1 9

1 . 7 0 4

.034

.023

1 . 7 2 1

1 . 7 1 1

1 . 6 0 3

1 . 6 0 2

1 . 6 0 4

1 . 6 1 4

1 . 6 3 0

&■ IDOTE e t c if a H

u r t n o -  
c l a s e

G l i n o - z o i s i t e / j i d e s i n e

T 'ldote L a b r a -
d o r i t e

8 2 -  , 0 1 4 E p i a o t e

&T)ido t e A n o r t h i t e

•012 E ^ i d o t e  53* A n o r t h i t e

w o i s i t e

EXTRAS AID iiEMARKS

▲ e tc h e s  o f  c a l c i t e ,  and bands  o f  
q u a r t z .  Rare  c l i n o c h l o r e

M ost ly  c a l c i t e ,  w i th  c l i n o c h l o r e  
(2V 30%)

M ostly  c a l c i t e

L o s t  y c a l c i t e • R are  c a r b o n .

M o s t ly  c a l c i t e .  * o i k i l i t i c  c l i n o ­
c h l o r e .

M ost ly  e l o n g a t e d  c a l c i t e  g r a i n s .

S c a t t e r e d  c l i n o c h l o r e .

I . o s t l y  c a l c i t e ,  w i th  r a r e  q u a r t z  
and o r e .

M os t ly  c a l c i t e ,  w i t h  r a r e  q u a r t z .

M os t ly  c a l c i t e ,  w i th  r a r e  q u a r t z .

Y e s u v i a n i t e  0 - 1 . 7 0 7 .  R are  c a l ­
c i t e  onu q u a r t z .

C o r d i e r i t e ,  c a l c i t e ,  s r h e n e ,
a p a t i t e  and n l l e n i t e

1 1 a n i t e  and s r h e n e .

C o r d i e r i t e ,  2V78 - .  S P h e n e , g a r n e t  
and a l l a n i t e .

M ost ly  g a r n e t  ^nd f l u o r i t e .  G rossu l -  
a r i t e ,  R . I .  1 .7 5 3 .  Y e s u v i a n i t e ,

F 1 .7 0 5 ,  i r o s s u l a r i t e  R . I .  1 . 7 5 0 .

bSTJdlATED LOOE 
Shown g r a p h i c a l l y

Cc

C<r

M ost ly  a l t e r e d  f e l d s p a r  and q u a r t z ,  
B i o t i t e  a l t e r i n g  t o  c h l o r i t e .
Some c a l c i t e .

W o l l a s t o n i t e  2 /4 3 .012
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* E 1

G r o s s u l t  r i t e  R . I .  1 . 7 4 2 .  W o l l a s t o n i t e ^ ] ^  
2 7 3 8 0 - ,  = .0 1 3 ,  & 1 .6 3 0
Y e s u v i a n i t e   ̂ . 0 1 6  • Some c a l c i t e .
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ROCKS CF THE 11-t.f ER S K R l i S .

A YRCX1. ,1 B I j T I T E £+ IDUTE e t c .
LOCALITY :o^our and 

leochroism

Anns R ., near 
Ugab R.

E n c l a v e  i n  g r a n ­
i t e  e a s t  o f  
Z e b r a  R,

n
ome e T ' i d o t e

. 0 2 2  1 . 7 1 0 Z o isite  
end e ^ id o t e

J r a k  R i v e r
1 . 6 0 8

. 0 4 9  1 . 6 0 4

1 . 6 1 0

1 . 5 9 3

. 0 4 0  1 . 6 0 2

0 3 6  1 . 6 0 0

. 0 4 3  I 1 . 6 0 5

. 0 4 2  1 . 6 0 2

1 . 6 2 5

. 0 4 4 1 . 5 9 5

ELLES-t AR

R a r e

EXTRAS .uXD Rti.JiRix

J.U'o s t l y  c a l c i t e ,  w i t h  i n t e r s t i t i a l  
>u r i c i t e  a n d  s c a t t e r e d  o r e •

1 . o s t l y  c a l c i t e ,  w i t h  i n t e r s t i t i a l  
s e r i c i t e  a n d  s c a t t e r e d  o r e •

La s t l y  c a l c i t e ,  w i t h  som e  q u a r t z  
c o n t a i n i n g  n u m e r o u s  i n c l u s i o n s .

l . o s t l y  e l o n g a t e d  c a l c i t e  g r a i n s .

1 '  t o /  c a l c i t e ,  w i t h  r a r e  q u a r t z  
an d  m a g n e t i t e  g r a i n s .

T o u r m a l i n e ,  0 = 1 . 6 6 6  E = 1 . 6 3 2  
A p a t i t e ,  s ^ h e n e  a n d  e n i d o t e .

N e a r l y  a l l  a n d r a d i t e ,  R . I .  > 1 . 8 3 2

L . o s t l y  a n d r a d i t e  R . I .  > 1 . 8 3 2 .

L iO s t ly  c a l c i t e  a n d  q u a r t z , r a r e  
c l i n o c h l o r e  e n d  f e l d s p a r .

L.ucu c a l c i t e ,  r a r e  q u a r t z  a n d  
c l i n o c h l o r e .

1.0 3 l y  c ' i l e i  be  and  b i o t i t e ,  r a r e
q u a r t z  a n d  c l i n o c h l o r e .

L j o s t l y  c a l c i t e ,  som e  q u a r t z  a n d  
c l i n o c h l o r e  

L o s t l y  c a l c i t e ,  som e  q u a r t z

L j o s t l y  c a l c i t e ,  s o m e  q u a r t z •

M o s t l y  c a l c i t e .  S o m e  c l i n o o n l o r e  
and  m u s c o v i t e .

M o s t l y  c a l c i t e ,  som e q u a r t z  a n d  
f  e l d s B a r .
m o s t l y  c a l c i t e ,  som e  q u a r t z  a n d  
f e l d s p a r .

M o s t l y  c a l c i t e ,  som e  q u a r t z ,  
f e l d s p a r  a n d  a l i t t l e  m u s c o v i t e .  

M o s t l y  c a l c i t e ,  so m e  q u a r t z ,  
f e l d s p a r  a n d  a  l i t t l e  c l i n o c h l o r e .  

M o s t l y  q u a r t z ,  s o m e  e h e r t  e n d  
c a l c i t e .

A l t e r n a t i n g  c a l c i t e  a n d  q u a r t z  -  
r i c h  b a n d s .

R a r e  g a r n e t .

M o s t l y  c a l c i t e ,  so m e  q u a r t z  a n d  
g r a p h i t e .

M o s t l y  c a l c i t e ,  r a r e  q u a r t z  a n d  
g r a p h i t e .

Much c a l c i t e ,  som e  g r e n h i t e .  n a r e  
q u a r t z ,  m u s c o v i t e  e n d  o r e .

M o s t l y  c a l c i t e ,  so m e  q u a r t z  a n d  
r a T h i t e .  R a r e  b i o t i t e .

L3TL*J\TEl) U)UE 
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riCCiiS CF THE Ue*ER I.JiHJLE S E R IE S

LOCALITY

2 5 8  B r e k  H l v e r

2 5 9

A M *  H I 3 0 L E

cAz

2 6 0

2 9 1 A j  3 .  o f  Z e r r i s s -  
e n e s  M t s .

2 9 2 A  

2 9 3

80 12

C o l o u r  a n d
* ' l e o c h r o i s m

.022

2 9 4

2 9 5

7 8  10

7 5  1 8

78  20

1 . 6 4 1

. 0 2 4

. 0 2 8 1 . 6 5 8

r a l e  g r e e n

. 0 3 8

2 9 9

3 0 0

3 9 5  p . ' .Y .  o f  B r a n d -  
b e r g  W est  M i n e

1 . 6 4 7

-  YRuMM.E

A 2  Y

4 3

L i g h t  g r e e n

r a l e  g r e e n  t o  
y  l i g h t  g r e e n

r a l e  g r e e n  60  I 5 2

.028

BIuTITE

y ~ ~  x

1 . 7 1 9

. 0 3 6 1 . 7 1 8

. 0 5 1

1 . 6 1 7

1 . 6 1 4

. 0 4 6

2 \ f

. 0 5 3

1 . 6 3 5

1 . 6 2 2

84+

6 2 -

1 .6 0 8 |

IDOTE

E r i d o t e

E P i d o t e

2.1/

6 5 -

& T y p e

D r t h o -
o l a s e

1 . 5 2 2

.CTRAd -AD HSl AHK3 E3TL»AfED I.jODE 
( J h o w n  g r a p h i c a l l y )

L i o s t l y  c a l c i t e ,  s o m e  g r a p h i t e ,  
r a r e  q u a r t z  a n d  b i o t i t e .

M o s t l y  c a l c i t e , so m e  g r a p h i t e ,  
r a r e  q u a r t z  a n d  b i o t i t e .

C a l c i t e  a n d  q u a r t z ,  w i t h  so m e  
f e l u s P a r  a n d  b i o t i t e .

3 P h e n e  a n d  c a l c i t e .

7-:

o . H I

O r t h o -  
c l a a e

D r t h o -  
dase

F i n e  g r a i n e d  c o r d i e r i t e ,  
2V 70°-

3 P h e n e  a n d  a p a t i t e .

C l i n o c h l o r e  P a t c h e s  a n d  f i n e ­
g r a i n e d  c a ' d i e r i t e .  i o  q u a r t z

L i o s t l y  c a l c i t e ,  som e i n t e r ­
s t i t i a l  m u s c o v i t e  a n d  s e r i c i t e .

L i o s t l y  c a l c i t e .  L i t t l e  q u a r t z .

/)/»

<r*/

<r.

V - Jord ierite
Cc C alcite

xvirî hi bole
i  ̂yroxene
B - B io tite

Cl - Clinochlore
Cb - GraPhite

F Feldspar
0 - Ore
4 - .^uartz
V - Veauvianite

Ar'a tite
s J T)hene
£ F^idote

Al Allani te
vjr Garnet

F I F luorite
V/ . ♦ o l l a a t o n i t e

J e - J e r i c i t e
U i . l u a c o v i t e .



lhe dark lin e s  ^  = tyloiU 1.3 i„  S h a^ , and are due to  the 

presence of minute p a r t ic le , of co lou rless mica, and numerous specks

o f carbon dust. The calc: r- grains along the dark lin e s  are smaller 

than the grains in  the groundless.

-■°* 240.— yjja r tz i t ic  r.arhlm.

iiacroscoEio; A fin e  grained surgary pale brown marble. Shou 
banding on weathered surface.

n icroscopi

Texture: granulose.

Most of toe section  co n sists  of a mosaic of c a lc ite  grains 

averaging 0.03 » .  in  s ic e ,  and showing a s lig h t  elongation .

Hounded quarts grains averaging 0.2 mm. in  s i t e  con stitu te  

about 20* of the s l id e ,  and p lag ioc lase  about 5*. Some of the p la g io -  

c la se  encloses c a lc ite  grains p o ik i l i t ic a l ly .

-here are some rare minute species of ore.

— ' 2 32 ’-— Thlocopite Mar hi a .

^ cr o sco p ic . Black sch istose  marble with minute specks o f  
phlogopite. Weathers brown.

M icroscopic♦

Texture: sch isto se .

The phlogopite flak es show a preferred sp ec ia l and o p tica l 

orien ta tion , and average 0.03 mm. ty 0.01 mm. in  e ls e .

Ore i s  found in  elongated patches up to  1 .0  mm. in length, 

probably pseudomorphic a fter  phlogopite. The pseudomorphs contain  

transverse in clu sion s of c lin och lore. CHnochlore i s  scattered  through 

the sec tio n , associated  with and penetrated by phlogopite f la k e s .

C alcite  co n stitu tes  most of the s l id e ,  as grains averaging

0 .®  mm. in  s i t e .  Quarts occurs i n t e r s t i t i a l *  between the c a lc ite  grain 
and averages 0.01 mm. i n s iz e .

^  Md P° 33lb*  0arton- in  of f in e  dust i s  d iscm in a t
ed tlirough the sec tio n .

i P» — dchistose b io t ite  Marb le .

Weathered spotted brown marble.

M icroscopic!

Texture: sch isto se .



■‘■his sectio n  i s  sim ilar to  No, 232 except that there i s  le s s

quartz. The clinoch lore occupies almost 2^ of the sec tio n . The spots 

are due to  patches of ore.

No. 230. U uartzitic phlo^opite marble.

■^aci'oscopic: Brownish grey, very fin e  grained marble. Weathers

brown and shows banding on weathered surface.

M icroscopic:

Texture: granular, s l ig h t ly  elongated.

1 he c a lc i  e grains commonly have ragged o u tlin e s , and average 

0 .1  mm. by 0.0̂ > mm. yuartz f i l l s  tne in te r s t ic e s  in  the ca lc i t  e grains •

There are rare grains of a ltered  p la g io c la se .

Dark brown b io t ite  flak es l i e  p a r a lle l with the elongation , 

and are associated  with pale to co lou rless phlogopite, and long la th s  

of haematite. Clinochlore occurs as scattered  th in  la th s , many of which 

are associated  with the haematite.

-'Q. 2 .1 . A ctin o lite-d iop sid e-orth oclase  n ran u lite .

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

M icroscopic: Texture: p o ik ilo b la s t ic .

Porphyroblasts of p o ik i l i t ic  lig h t  green a c t in o l it e ,  up to 2 .0  

mm. in  length, co n stitu te  about h a lf of the section . Sim ilar growths 

of orthoclase (average s iz e  0 .3  mm.) and co lou rless diopside (up to 1 .5  

•im. in  s ^ z s j  maxe up the reeuriinder of the rock. There are numerous 

rounued in clusion s oi quartz, scxiie patches of c a lc i t e ,  and scattered an— 

hedral grains of sphene.

Rare patches con sistin g  of a mosaic of quartz and a ltered  fe ld s ­

par grains occur in  the sectio n .

No. 2 f3 . a c t in o l it e -b lo t it e  s c h is t .

Macroscopic: A compact dark grey fine-grained  rock, containing

much b io t i t e .  Weatheis greenish grey.

M icroscopic:

Texture: porphyroblastic sch isto se .

about one ha .if of th is  rock co n sists  of b io t ite  la ths (average 

s ize  0 . 1  mm. by v . 02mm.) arranged p a r a lle l, with many scattered  larger 

b io t ite  flak es (averagd s iz e  0 . 2 5  mm.) which are not penetrated by the 

sm all f la k e s , and which are-without p a r a lle l orien tation .



-ome of the la rg e r  f l a k e s  con ta in  dark p l e o c h r o i c  s p o t s ,  and 

a few are a l te r e d  to  c h lo r i t e .

There are  a few sc a t te re d  poorly  formed p o i k i l i t i c  g ra in s  of

a c t i n o l i t e ,  and some la rge  (up to  0.5 mm. by 0.25 ran) g ra in s  of o rth o -

c la s e ,  grouped in  co n tac t with g ra in s  of ore and c a l c i t e .  I so la te d

o rth o c la se  g ra in s  occur con ta in ing  minute in c lu s io n s  of euhedral to u r­

maline .

ine groundmass c o n s is ts  of elongated quartz  g ra in s , averaging 

0.01 mm. in  len g th , and an a l te r e d  m inera l, probably c o r d ie r i t e .  The 

groundmass shows no o p t ic a l  p a ra l le l is m .

There i s  some c h lo r i t e ,  m ostly in  co n tac t with o re . C a lc ite

occurs in  s c a t te re d  patches and l a t h s , some of the patches being a s s o c ia t ­

ed with the  o re .

No. 29/+. a c t in o l i te -o r th o c la s e  > rranulite .

■macroscopic: Greenish c r y s ta l l in e  band in  yellow  marble.

M icroscopic: Texture: p o ik i lo b la s t ic .

Green a c u in o i i te ,  con ta in ing  dark p leochro ic  sp o ts ,  occurs 

in  ragged p o i k i l i t i c  l a th s ,  and occupies about one h a lf  of the s e c t io n .

About 3/e of the  sec tio n  i s  composed of e p id o te , m ostly i n t e r ­

grown with the  a c t i n o l i t e .

There are  a few f lak es  of b i o t i t e ,  some a l te r e d  to  c h lo r i t e ,  

and numerous sm all g ra in s  of sphene.

The groundmass c o n s is ts  of minute g ra in s  of a l te r e d  fe ld sp a r  

a t  l e a s t  h a lf  of which are  o r th o c la se . quartz  i s  absen t.

Some ap atite  occurs, as small scattered  grains.

S L i— — A c t i n o l i t e —diopside—o r th o c la se  g/ranulite.

M acroscopic; Compact l i g h t  grey c r y s ta l l in e  rock, 

i . ic ro sc o p ic : Texture: p o rp h y ro b la s tic .

About one half of th is  section  co n sists  of p o ik i l i t ic  growths

of d io p sid e . Ragged p o i k i l i t i c  la th s  of a c t in o l i t e  cu t and probably 

rep lace  the d io p s id e .

There are a few patches of c a l c i t e ,  probably an a l t e r a t i o n  p ro -  

duct oi a c t i n o l i t e ,  and one c r y s ta l  of tourm aline a sso c ia ted  with o re . 

a p id o te , a p a t i te  and sphene are r a r e .

1 he groundmass c o n s is ts  of a mosaic of m icrocline and o rtho—

c la se  g ra in s .  There i s  a sm all amount of f in e -g ra in e d  m ineral possib ly  
c o r d ie r i t e .



U 5 .
The Brown ;'-:«rbIq ZonA.

'  ^43.— r h l o j p p i t e  m arh lp .

The fresh  rock i s  dark brownish grey, and fin e  

. grained, with a conchoidal fra cto re . The weathered surface i s  l ig h t

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

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

MlcrosooEic, Texture: granular and somewhat sc h is to se .
Variable grain s iz e .

The phlogopite occurs as pale brown scattered  f la k e s , showing 

a preferred d irectio n  of elongation and o p tica l p ara lle lism . The averare 

grain  s i t e  i s  0.2 mm., coarser than the g r o u n d s .  The phlogopite con­

ta in s  rare pleochroic haloes around minute in clu sion s.

The groundraass co n sists  almost e n tir e ly  of c a lo ite  as irregu l­

ar shaped grains averaging 0.03 mm. in  s i t e .  There i s  a small amount 

Of quartz, in  grains averaging 0.02 mm.

C linochlor, occurs ra re ly , mostly as minute la ths seme of which 

fo r .’ cores to phlogopite f la k es . Ore i s  rare.

—° ' 2 4 L — Calcareous auartzitp,.

I te o s c o E ic :  Sim ilar in  appearance to  No. 2 / j

Microscop ic: Texture: granular.

Most of th is  s lid e  co n sists  of a mosaic of polygonal quartz

grains averaging 0 .0 , rm. in  s iz e . C aloite o c c . s  in  scattered patches ,
;average s iz e  0.2 mm.)

There i s  a s lig h t  banded structure due to  the concentration of 
c a lc ite  in  b a n d s •

The Intermedia te  ilarble /.nn*,

^  247- BandM_ ca lcar e ou3  qua ^ tz ite_ and au a rtz itio

^ croscoE ic: Fresh brownish white sugary fin e  grained marble.

Licrosco2 icj. Texture: granular.

This section  co n sists  of a ltern atin g  k n d s containing 7 ,  c a lc ite  

to  93,-’ quartz, and 25> quartz to  75* c a lc ite .

The quarts i s  in  polygonal and rounded r e c r y s ta llise d  grains

The c a lc ite  grains vary in  shape from polygons and minute 

rhombehedra to  ragged in t e r s t i t ia l  grains.

There are some rare muscovite f la k es .



i,o. 4.6. ,-tOtinolite o h lo /o r ite  marble.

Macroscopic: Grey marble containing elongated cry sta ls  of

a c t in o l i t e .

M icroscopic: Texture: p o ik ilo b la s t ic .

A ctin o lite  occurs as co lou rless large, (up to  4*0 mm. long) 

subhedral p o ik i l i t ic  c r y s ta ls , some partly  replaced by c lin och lore .

Some of the a c t in o lite  i s  twinned. Glinochore a lso  occurs as individual 

la th s , and in  radiating n ests .

The groundmass co n sis ts  of a mosaic of c a lc ite  gra in s, average 

s iz e  0.05 mm., containing scattered  pale brown phlogopite f la k e s , averag­

ing 0 . 1 5  mm. in  s iz e .

There are patches of ore, associated  with phlogopite.

No. 46a. A c tin o lite -phlopopite marble. (See photo. F ig. 58).

Macroscopic: Fine grained sugary yellow ish  marble, with

rounded greenish brown a c t in o lite  cry sta ls  averaging 5j0 mm. in  length.

M icroscopic: Texture: p o ik ilo b la s t ic .

The oikocrysts co n sist of large ragged growths of pale green 

a c t in o l i t e .  Male brown phlogopite occurs as in clusion s in  the a c t in o lite  

and i s  present throughout the section  in  a p a r a lle l arrangement.

The groundmass i s  an even grained mosaic of quartz and c a lc ite

grains.

There are a few medium to  large grains of c lin och lore , and 

sane rare subhedral l ig h t  brown tourmaline grains. .

The Bottom part of the Blue Marble hand. 

o. 47. B lu ish-grey marble.

Macroscopic: Fine grained marble.

M icroscopic: Texture: fin e  grained granular.

This section  co n sists  almost en tire ly  of an even grained mosaic 

of c a lc ite  gra in s, with an average grain s ize  of 0 .1  mm. There are a 

few th in  c a lc ite  v e in s , and numerous minute specks of carbon.

Middle Black Line in  Blue Marble Band.

No. 249. Schistose b io t ite  marble.

Macroscopic. Spotted fin e  grained brownish black sch istose  rock. 

M icroscopic: Texture: fin e  grained sc h is to se , with porphyroblasts.

The porphyroblasts co n sist of la ths of graphite up to 0.75 mm. 

in  length, surrounded by rims of garnet.



116 (a ) .

There are a lso  groups of quartz and c a lc ite  grains coarser than 

the groundless, and numerous small p o ik i l i t ic  subhedral garnet grains.

The groundmass co n sists  of very fin e  grained c a lc ite  g _ x n s  

and b io t ite  flak es with rare s e r ic ite  and ch lo r ite  f la k e s , a l . oriented  

more or le ss  p a r a lle l . There are a few scattered ap atite  grains.

lop part of the ^Iu6 Marble Band.

No,.117. Grey marble.

i_.acr,;3copic: Coarse grained lig h t  grey marble. Weathers brown­
ish  grey.

_ i_cro3copic; Texture: medium to  coarse grained granular.

^be rock co n sists  of a mosaic of c a lc ite  gra in s, averaging

0 .3  mm. In diameter. Some of the grains show s lig h t  elongation and

stra in , -here are a feu  in t e r s t i t ia l  grains of quartz and s e r ic i t e ,  and 

minute scattered specks of ore.

No. 252 Grey m arble.

Macroscopic^ Fresh medium grained marble.

■j-cr-isoopic: Texture: even grained granular.

The rock co n sists  of a mosaic of polygonal c a lc ite  grains

averaging 0 .5 mm. in  diameter. The grains show a s lig h t  elongation , in

a common d irectio n . The c a lc ite  i s  s l ig h t ly  d iscoloured, being a pale 

brown.

Quartz occurs rare ly , as in t e r s t i t ia l  grains.

m ere are minute scattered haematite gra in s, and rare mossy 

growths of graphite.

■i ? TTJ. A ctin o lite -d ioosid e  rock.

riacros^ppic: Compact greenish grey mottled rock.

Microscopic; Texture: po ik ilo -b lastic .

most of the section  co n s is ts  of a c t in o lite  and d iopside, partly  

intergrown, with minor amounts of quartz, p lag ioclase and c a lc ite .

There are numerous scattered rounded grains of s l ig h t ly  pleochroic

sphene, and scattered  epidote grains. The epidote i s  partly intergrown 

with amphibole.

I he a c t in o lite  contains numerous inclusions surrounded by dark

pleochroic haloes. Sane of the larger in clusion s were id en tified  as 

a lla n ite .
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The a c t in o lite  i s  pleochroio as follow s: X pale green, Y Green, Z blue

green. Much of the a c t in o lite  i s  a ltered  to  c a lc i t e .  There i s  a small 

*  amount of ore.

Along one side of the section  i s  a vein of cytownite and c a le i t e  

with some ore associated  with grains of d iopside. Muscovite symmetri­

c a lly  replaces the large (up to 2 .5  ram) grains of p lag ioc lasv . The 

feldspar i s  a lso  replaced by c a lc it e .

iio. 11%.. Actin o lit e  n ran u lite .

macroscopic: riven grained dark speckled rock.

.1 c r o s c o p i c : Texture i p o ik ilob las t i c .

a c t in o lite  occurs as ragged growths, some intergrown with 

epidote as in  No. 113, and containing in clusion s of a lla n ite  surrounded 

by dark pleochroio haloes. Some of the a c t in o lite  i s  a ltered  to  c a lc ite

c h lo r ite , ihe a c t in o lite  i s  sim ilar in  colour and absorption to  
th a t of No. 113.

The feldsoar i s  an orth ite , occurring in  large grains, and as

sm all rounded grains enclosed in  quarts and having a common o p tica l 

orien ta tion .

-phene occurs as euhedral to  subhedral grains.

■no. A9. Qrthoclase marble.

imacroscopici l in e  grained sch istose  marble, 

croscop ic: Texture: granular.

Most of th is  rock co n sists  of a mosaic of elongated c a lc ite  

grain s, averaging 0.02 mm. in  length.

Qrthoclase occurs as large clear gra in s. There are some sc a tte r -  

ed la th s of muscovite •

— a c t ln o lite ranorthite grannl i

macroscop ic: A greenish grey speckled rock, with s lig h t
copper sta in in g .

_ .■jcroscopic; exture: p o ik ilo b la s tic .

Much or the section  co n sis ts  of p a r tia lly  c h lo r it ise d  b luish  

green a c t in o l i t e ,  pleochroio as fo llow s, X pale.green,Y pale brownish

green, Z bluish green. There are rare pleochroio spots in the actinolite 
caused b y  the presence of a l la n ite .

Anorthite occurs in amounts about the same as the amphibole,

and s ows rare a lb ite  twinning. I t  i s  p artly  a ltered  to  se r ite  along 
tw in-planes.



Ca .c i t e  fonu» auoul 15/e of the rock, and quartz i s  present in  

smaller amounts.

Pleochroic sphene co n stitu tes  about 2/e of the sec tio n , and 

a p a tite  about 1/e.

There are rare grains of epidote and a l la n ite ,  and specks of

chalchopyrite.

^iP.79. ■diopsid e-o lin o c .la se -v esu v ia n ite : rock.

r^sc op ic: Sm iliar to No. 69. Brown cry sta ls  of vesuvian ite

up to  5 cm. in length in  a fin e  grained pale green matrix. Shows a 

roughly columnar structure.

M icroscopic: Texture; p o ik ilo b la s t ic .

The groundmass co n sis ts  mostly of diopside and o l ijo c la s e .

The diopside occurs in  w ell developed subhedral grains up to 0 .1  mm. in  

diameter. Some of the grains have a p o ik i l i t ic  structure and some show 

undulose ex tin c tio n . One corner of the section  i s  almost e n tir e ly  a 

c lu ste r  of diopside grains.

About one h a lf of the section  co n sists  of a mosaic of c lear  

p la g io c la se  gra in s, with some quartz. The p lag ioc lase  i s  of o lig o c la se -  

andesine composition, and rarely  contains inclusions of d iopside.

ihere are some scattered grains of sphene, and rare subhedral 

p yrite  grains, some surrounded by a th in  layer of c l in o -z o is i t e .

For a descrip tion  of the vesuvian ite see No. 69.

No. 69. __piopside-ve3uvianite rock. (see photo. F ig. 59).

. .acroscop ic: kale brown corroded cry sta ls  of vesu v ian ite , up

to  22 cm. in length , se t  p a r a lle l in  a matrix of pale greenish f in e ­

grained d iopside.

.-Iicroscopic: i-.ost of th is  s lid e  co n sis ts  of a near—basal

sectio n  of a sin g le  vesuvianite c r y s ta l, p o ik i l i t i c a l ly  enclosing a 

number of anhedral grains of d iop sid e, oriented a t random.

Some c a lc ite  and rare quartz occurs in  cleavage in te r s t ic e s  in  

the vesu vian ite .

For a descrip tion  of the groundmass see No.79.

No. 217. Tourmaline-amphibole rock.

■acroscopic: A black compact medium grained c r y s ta llin e  rock.

..i,; cruscpplc: I ne main dark minerals in  th is  rock are tourmaline 

and amphibole.



The tourmaline i s  in  the form of a mush of greyish  green to  greyish-blue  

c r y s ta ls  penetrated by green amphibole and c a lc i t e .  The tourmaline is  

pleochroic as fo llo w s i-  0 s la te  b lue, d pale pinkish grey. The tunphi-

bole occurs in  p o ik i l i t i c  growths, p artly  or wholly a ltered  to l ig h t  

green ch lo r ite  and c a lc i t e ,  and is  pleochroic as fo llow s: X pale green to  

c o lo u r le ss , 1 pale green, Z pale b lu ish  green.

■‘■here tire some subhedral grains of ep idote, usually  in  contact 

with c a lc i t e ,  and about 3/» sphene. The sphene i s  present as large 

subhedral grains up to  2 .0  mm. in  length . Diopside i s  rare.

JxL,Tight m inerals, co n sis t  of a mosaic of quartz grains up to

3 .0  mm. j.n s iz e ,  and a ltered  feldspar grains. Apatite occurs in  scattered  

rounded grains.

-jo. F lu o r ite-garnet rock, (see photo, Fig. 60).

macroscopic: A pale brownish rock with streaks of pink and

pale green, flare brown vesuvianite c r y s ta ls .

m icroscopic: This rock co n sists  of about equal q u an tities of

subhedral garnet and f lu o r ite .  The f lu o r ite  contains minute rounded 

in c lu sion s of a p a tite , and in clu sion s of epidote some of which show a 

common o p tica l or ien ta tion . Some of the epidote grains are partly  

a ltered  to length—slow pennine and lim on ite .

There i s  a small amount of quartz and c a lc ite  and a l i t t l e  

v esu v ia n ite .

do. 85A.

This sectio n  is  sim ilar to  Jo.35, but contains more vesuvianite  

and some d iopsid e.

— ;^uartz-labradorite-amphibole rock, (see photo, F ig. 61).

.^ cro sco p ic: A lig h t  grey medium granular quartzitic -lo o k in g

rock.

M icroscopic: Texture: granular.

ine dark mincrajs consj sc of rare amphibole, reddish brown 

b io t i t e , epidote and euhedral to  subhedral a lla n ite  and sphene. The a lla n -  

i t e  i s  generally  surrounded by a rim of z o is i t e .

1 he amphibole is  partly  a ltered  to  c a lc ite  and pennine.

i,_L(-_.-i-i.. 1. m-inerals co n stitu te  about 95/» of the sec tio n , and

c o n s is t  of a mosaic of clear quartz with crenulated contacts and labra- 

d orite  a lter in g  to  s e r ic i t e .



^ P f  81* A c t i n o l l t e - d i o p s i d e  r o c i y

eraseop ic; grey fin e  grained speckled rock.

^j.SX0sr>0f ip • Texture: fin e  grained p o ik ilo b la s t ic •

 ̂ :.r1 co n sist of Clopside and a c t in o lite  intim ate]yr

m terjrown, and in  p o ik i l i t ic  growths. Some of the a c t in o lite  replaces  

diopsid e, and some i s  partly  replaced by pennine.

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

of epidote gra in s. Ore i s  scarce, and there are rare grains of a l ia n ite .

"-'i. 1 co n sist of a mosaic of somewhat rounded quartz

gra in s, with s e r ic it is e d  c o r d ie r ite . There i s  about 1> co lou rless garnet

m  p o ik i l i t ic  patches, and _ap atite  occurs as numerous minute subhedral

gr-.ins.

To£ of the Blue liar bio Innd.

Calcareous b.i.otite y ra n u llte .

;"aoros_c<.u.'ic. A f in e —grained compact grey rock.

Kicroscopic: Texture: Granular.

Most of th is  section  co n sists  of quartz and feldspar grains, 

with patches of c a lc it e .

B io t ite , partly  a ltered  to c h lo r ite , occurs in  bands and shreds. 

muscovite is  present in  a few ragged, partly  a ltered  f la k e s .

•>e is  fa ir ly  p le n t ifu l. There is  one large grain of greenish  

brown tourmaline.

Top I'lack Line of Blue Marble Band.

No. 50. B io tite  s c h is t .

iiit d J i .f c • ->ark fin e  grained sch istose  rock.

_ucrosoopic: Texturei banded sch isto se .

Light brown b io t it e ,  averaging 0 .4  mm., occurs in  bands with 

quartz and a l i t t l e  c a lc i t e ,  the b io t ite  flak es having no regular 

o rien ta tio n .

sca ttered  flak es of c linoch lore are found oriented p a r a lle l  

with the banding, some rarely  having cores of b io t ite  with sim ilar  

o r ien ta tio n .

The grains adjoining the b io t ite  bands co n s is t  mostly of quartz,

‘ °f - imT1* ! art her away, there i s  more c a lc ite  than quartz,

both averaging 0.04 mm., in  s iz e . This zone a lso  contains numerous 

sea tered c lin och lore la th s , averaging 0.3 mm. in  length , and smaller 

fla k es  of b io t i t e .
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Ore occurs in in t e r s t i t ia l  patches, usually  together with 

'-he nochi ore, and in  cleavage cracks in  the c lin o ch lo re .

; arui-e  hclo\,  J a r /  and above ,-.a:Ln Blue Marble Band.

— 2 >̂QI*— S ch istose q u a rtz itlc  b io t ite  marbl?.

macroscopic; Dark grey fresh  fin e  grained sch isto se  marble. 

Microscopic: Texture; sch is to se .

•uch of th is  section  co n sists  of ragged grains of c a lc ite  in  a 

groundmass of quartz and feldspar grains. Muscovite i s  rare.

o io t i t e  occurs in  small amounts as chestnut brown fla k es .

Ihere are numerous scattered  magnetite g ra in s, and rare rounded 

grains of sphene.

black and Dark hiup Marble Bands immediately above the Blue 

Marble Band.

m'q . 251. Black m arble.

Macroscopic; lin e  grained black marble, weathering to a 

wrinkled surface.

Microscopic; Texture; granular.

This ”ock i s  a graphitic marble, sim ilar to  No. 253, but con­

ta in in g  le s s  graphite, and more c a lc ite  and quartz. There are patches

of coarser c a lc ite  (up to  0.5 mm.) in  a fin e  grained c a lc ite  groundmass.

E io tite  occurs as scattered  bright chestnut brown fla k es . 

bo. 51. Black Marble.

Kaccoscopic; A fin e  grained black marble, weathering dark grey.

— -roscopic: A mosaic of c a lc ite  grains averaging 0 . 0 5  mm., with

rare str in gs of quartz grains to  0 .1  mm. diameter.

Haematite occurs in patches. The dark colour i s  due to carbon 

o u st , o '.sseminated throughout the sec tio n . 

ijo. 3 0 j  J e r k  Bine Marble.

^ac/'o icop ic; A dark bluish  black medium grained marble.

.viccoscopiC} texture; medium grained granular.

This sectio n  co n sists  of a mosaic of in terlock ing elongated  

c a lc ite  grains with some in t e r s t i t ia l  laths of muscovite and s e r ic i t e .

Most of the c a lc ite  grains show a p a r a lle l o p tica l or ien ta tion . There 

are some in t e r s t i t ia l  grains of quartz, and Bare orthoclase grains.

Numerous minute scattered  grains of ore and carbon occur through­
out the sec tio n .
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- ?-*■ ?:- 2 i— Kenolith in gran ite . Garnet Rnrk-.

rose e p ic ; j a r k brown resinous crystals#  

m icroscopic: Most of th is  section  co n sists  of ja rn et, brownish 

to  y e llo w ish , with quartz, c a lc ite  and epidote in  c a v it ie s  and vein s.

No. 2 2 A . Garnet—diouside rock.

Macroscopic« Dark brown resinous rock.

~ - - - osco p ic; Garnet comprises 30/. of th is  rock. The remainder 

c o n s is ts  of grains of pale green diopside and some c a lc ite  and quartz.

apidote occupies c a v it ie s  and veins in  the garnet, and green ch lo r ite  

i s  found in  cracks.

Marble Bands above the oain Blue Marble B and .

- o. 134. Bluish Frev marble.

tex tu re: Medium grained granular.

This th in  sectio n  shows a mosaic of elongated grains of c a l-

^ ite ,  average s ize 0.5 mm. b̂ r 0.2 mm. The grains have a p a r a lle l o p tica l  

o r ien ta tio n .

1 here are rare minute grains “ quartz, and specks and sm all 

c lo ts  of carbon.

No. 251. J.ootted Black Marble.

i.acroscop .c; weathers o liv e  brown, and shows banding and 

ra ised  knots on weathered surface.

icroscopio; he th in  sectio n  shows mostly c a lc i t e ,  with

scattered  quartz grains. The average grain s iz e  i s  0.01 mm. There i s

much disseminated carbon dust, some of which i s  gathered in to  m oss-like  

growths and c lo t s .

No. 253. Ochistose .r a c h it ic  MarhiA.

Macroscopic: A fin e  grained dark grey sch isto se  phlogopite

marble, weathering dark olive-brown, with a p itted  surface.

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

o f minute p a r t ic le s . The c a lc ite  grains average 0.03 mm., and the rare 

quartz grains are of sim ilar s iz e .

hale brewn phlogopite occurs r .B strung-out lin e s  of th in  shreds 

and ! la.<es, or as f Lazes associated  with patches of haematite up to  1 .0  mm 

in  diameter.

No. 101. Altered ioarble band a t too of Upper Marble S e r ie s .

Plopsi@e-garnet rock.



h o *  2 2 3 .  Aenolith in .T au ite . Garnet Rock.

■ iacroscopic: Dai'k tar own resinous c r y s ta ls .

. -icroscogxc: Most of th is  section  co n sists  of garnet, brownish

to  y e llo w ish , with quartz, c a lc ite  and ^pidote in  c a v it ie s  and vein s.

2 2 / . .  Garnet-diouside rock.

Macroscopic: Dark brown resinous rock.

m icroscopic: Garnet comprises 30/. of th is  rock. The remainder

c o n s is ts  of grains of pale green diopside and some c a lc ite  and quartz, 

hpidote occupies c a v it ie s  and veins in  the garnet, and green ch lo r ite  

i s  found in  cracks.

Marble Bands above the Main Blue Marble Band.

Mo. 134.. Bluish frrey marble.

Texture: Medium grained granular.

This th in  section  shows a mosaic of elongated grains of c a l­

c i t e ,  average s iz e  0.5 mm. by 0.2 mm. 1he grains have a p a r a lle l o p tica l  

o rien ta tio n .

There are rare minute grains of quartz, and specks and sm all 

c lo ts  of carbon.

Mo. 251. Spotted Black Marble.

Macroscopic: Weathers o liv e  brown, and shows banding and

ra ised  knots on weathered surface.

icro sco p ic: The th in  sectio n  shows mostly c a lc i t e ,  with

scattered  quartz grains. The average grain s ize  i s  0.01 mm. There i s  

much disseminated carbon dust, some of which i s  gathered in to  m oss-like  

growths and c lo t s .

No. 253. Sch istose >Taphitic Marble.

Macroscopic: A fin e  grained dark grey sch isto se  phlogopite

marble, weatherin0 dark olive-brown, with a p itted  surface.

r. croscop ic: The graphite occurs as cloudy and mossy patches

of minute p a r t ic le s . The c a lc ite  grains average 0.03 mm., and the rare 

quartz grains are of sim ilar s iz e .

Pale brown phlogopite occurs as strung-out lin e s  of th in  shreds 

and fla k es , or as fla k es associated  with patches of haematite up to 1 .0  mm 

in  diameter.

No. 101. Altered marble band at top of Upper Marble M eries.

Diopsifle-garnet rock.



macrosco p ic : The rock i s  rougi ly  handed in pale brown, pink and

^reen co lou rs• On weathering a p itted  surface is  produced, but there i s  

no appreciable colour change*

---‘Lcrosc°P1Q* iextu re: p o ik i l i t i c ,  with a roughly banded stru ct­

ure*

The diopside occurs as grains up to  C .l mm., diameter, some in  

a form o. poi^ L litic  intergrowth with the garnet, which is  of grossu l— 

a r ite  composition.

quartz occurs with a more or le s s  banded stru cture, and 

scattered  grains of sphene l i e  p a r a lle l with the banding.

There are rare grains of c a lc ite  and a ltered  fe ld sp ar , and 

th in  laths of w oliaston ite  associa ted  with the garnet.

ii-La— ♦ a l LereJ nicjrble band Garnet—diopslde-vesuvian ite rock•

(See photo, F ig. 62).

macroscopic* Sim ilar in  appearance to  No. 101.

j^ ^ ^ T o : h is section  co n sis ts  e n tir e ly  of l ig h t  m inerals•

About 20/c co n sists  of J top sid e, which occurs in  p o ik i l i t i c  in te r — 

growths with quartz, in  a more or le s s  banded pattern.

About 10/, co n sists  of vesu v ian ite , which i s  s l ig h t ly  b ia x ia l 

and i s  in  par vs replaced by c a lc i t e • The vesuvianite has probably re ­

placed d iopside, as i t  i s  pound poiki L itica lly  enclosing o p tica lly  continu­

ous grains of d iopsid e• uolumnar aggregates of vesuvianite occur pro­

je c tin g  in to  patches of quartz.

A band pf matted acicu lar w oliaston ite  cry sta ls  runs through 

the sec tio n . There are a lso  patches of a matted "mush" of w oliaston ite  

and d iopsice la th s . Borne ol the w oliaston ite  i s  twinned. large grains 

ol grossu lar ite  garnet, containing numerous w ollastonie need les, are 

found infergrown with quartz anu diops id e • P o ik il i t ic  enclosures of 

garnet grains in vesuvianite suggests replacement by the l/itter  mineral*,

however, in  parts of the sec tio n , garnet appears to  be rep lacing  

v esu v ia n ite • Small vugs in the garnet, showing euhedral garnet out­

l in e s ,  are f i l l e d  with c a lc ite  or quartz.

There are numerous large grains of c r y s ta llin e  c a lc i t e ,  which 

have partly  replaced some of the diopsifle.



5• The Upper S ch ist S e r ie s .

ine ufper S ch ist ser ie s  includes those sediments lying above 

the Blue Marble zone. Rocks ly ing above the Blue M rb le , but below the 

topmost marble band are as fo llo w s; -  (See Table XI).

o ch ist between the t op of the Blue 1-arble 2one and the Unner- 

most over Ivin.: marble band.

■<o. 52. Spotted b io t ite  s c h is t .

Macroscopic: Dark brownish grey spotted s c h is t .

. icroscop ic: Texture: prophyroblastic.

me sp ots, which average 1 ,0  mm. in  s iz e ,  are composed of in te r ­

locking grains of c a lc i t e ,  pale green c h lo r ite , and quartz, with sane ore, 

and rare muscovite f la k e s . They are generally  surrounded by a concen­

tra tio n  of b io t ite  f la k es .

The groun unass co n sists  of orown b io t ite  f la k e s , averaging

u.01 mm. in  length , in  a more or le s s  banded pattern , and sm all quartz 

g ra in s, averaging 0.02 mm. in  s iz e .

There are rare minute grains of a p a tite , and some small patches 

of c a lc it e .

.io. 2 f5 . B io tite  s c h is t .

.-.acroscopic: vine to medium grr.ined dark grey sc h is t , vteathers

brown.

i.icroscop ic: Texture: sch isto se .

Thirty percent of the sectio n  co n sists  of o liv e  brown b io t i t e ,  

as elongated flakes orientated p a r a lle l with the s c h is to s ity . There are 

some rare elongated flak es of muscovite.

The remainder of the sectio n  is  composed of elongated quartz and 

p la g io c la se  gra in s, showing no o p tica l p ara lle lism .

There are a few sub-rounded grains of tourmaline. About 1>

Oj the sect ion co n sis ts  of scattered grains of ore.

No. 103. i hotted  b io t ite  s c h is t .

Macroscopic: Dark knotted sc h is t .

i';. ĵ ' i 1- : ext me: mar kedly sc h is to se , with elongated

prophyroblasts.

The knots co n s is t  of len ticu la r  o o ik i l i t ic  growths of s e r ic i t e ,  

with in clusion s of ore and subhedral garnet, and appear to  have forced  

s c  e of the o io t ite  to  th e ir  sid es during growth.



TABLE X I.

ROCKS OF THE UPPER SCHIST SERIES ABOVE THE BLUE MARBLE BAND AND BELOW THE
TOPMOST MARBLE BAND.__________________

NO. LOCALITY A M P H I B O L E

52

53

54

55 

76

83

103

104

105

108

109

11:

112

116

119

255

256

257

Sesob River near 
lead occurrences

M

Near granite west 
of Gemsbok River 78

n

BrsJc River

it

75

66

70

19

1 #

12

15

.016 1.664

Colour and 
PleochroisK.

PYROXENE

s v r

Pale green

.022

.022

.019

1.664

1.659

1.652

t< Pale green tokgreen

Pale green

Pale green

58 41

62

58

59

45

45

40

.026

.029

.027

.028

BIOTITE

r--< ~ r

.054 1.642

1.639

EPIDOTE

.040!

1.639

1.632

1.719

1.727

1.737

1.628

1.625

.037

.047

1.620

1.621

1.624

.048; 1.633

1.641

1.637

80+

76+

72-

82-

FELUSPAR

- 0(0

87-

44

018

Type

>Qz

7 *

86+

>Qz

= QB.

?Anorthite

EXTRAS AND REMARKS ESTIMATED MODE 
(Shown graphically)

Muscovite and clinoch lore

A patite, sphere a n d  ore 

A patite , sphene, ore and c a lc ite  

A patite , sphene, ore and clinoch lore

C ordierite, a lla n ite  and c a lc ite  

C o r d i e r i t e  2V 76-- «1 .548 ,
1.549, r  1.554

Bytownite

Andesine

A llan ite  and altered  co rd ier ite  
2V 77-. C alcite

A lla n ite , sphere and garnet

Feldspar ranch altered

C ordierite, much a ltered  to  
s e r ic i t e .  Garnet.

G rossularite, R .I. 1.753  
Apatite

G rossularite, R .I. 1.768  

Feldspar and tourmaline 

Feldspar 

C alcite

LIZ

S _ >  A, 5 , 0  

/< ■' *

A t ,  O K

is: *r>

A I S ' G K ,
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. ■L<ro» 
i  ̂ ore i s  llm onite, pseudomorphic a fter  p y r ite .

About 40,; of the section  co n sists  of w ell defined b io t ite

f la k e s , arranged in  marked p a r a lle l fash ion , and rarely  containing dark 

pleochroic spots around in clu sion s.

The lig h t  minerals of the groundmass co n sist of a mosaic of 

polygonal quarts grains and orthoclase grains.

ihese minerals show no preferred o p tica l or ien ta tion .

rJ1° tted  b io tite -c n r u le r it e s c h is t . (See photo, Fg. 6 3 ).

-^crosconic: Strongly knotted, dark b io t ite  s c h is t . Knots

average about 7 .0  mm., by 4 .0  mm., in s iz e , and tend to  weather out 

from the sc h is t .

L icrosconic. lexture markedly banded porphyroblas t i c , con sistj  

Of approximately equal amounts oi l ig n t  and dark minerals.

m t r  Quarts and c o r d ie r ite , in  about equal amounts,
form a mosaic of angular grains.

.-a ra lle l with the s c h ls to s lty  run numerous bands of c o r d ier ite , 

UP to  0 . 3  mm. wide, a l l  the bands in  each knot having a sim ilar o p tica l 

o r ien ta tio n . These bands contain minute flak es of p roch lorite , mostly 

arranged transversely  to  the bands, and some forming a type of comb 

s u u ctu re , extending inwards from the edges of the bands.

-orpryroblastsi Roughly e l l ip t i c a l  patches, about 7 .0  mm. by

4 .0  me. in s ic e ,  contain small grains of q u a r t s  and feldspar up to  0 . 1  mm

diameter, in a groundmass of co rd ier ite , which i s  o p tic a lly  oriented

p a r a lle l with the bands running through the patches, dach patch has i t s

own o p tica l orien tation  in sp ite  of the fa c t  that the bands in  both

..  -.cues ire p a r a lle l with 'he general d irection  of s c h ls to s lty . The 

prophyroblasts are almost free of dark m inerals.

v a 'fe occurs in scattered  small rounded grains.

^ m i n e r a l s :  B io tite  f la k e s , up to  1 . 5 mm. long, form

‘ he dark bands. In general the lengths of the fa lk es are transvers. or 

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

i s  a s l ig h t  concentration of b io t ite  around the porphyro b la sts .

Rare, small tourmaline la th s are scattered through the section  

-here are a few small rounded grains o f ore, mostly p y r ite .

A ctln o lite  i .

— :- - C° 'j l£ : , 'a le  ^  r0ck ^  "krk green and greyish pink
specks.



127.
■ ■ ^ o s s x m z i  Texture, p o ik llo U a e t ic .

The a c t in o 'ite  con siete  of ra„-Sed eubhedrel p o l k i l i t i .  m e e e ,

Partl7 alter9d  t0  1SOtr°PlC and containing rare

P‘ *Cenr~ C h 4 lj“  r0mxi Inclusicne of a lia n ite .

e jroundm&ss co n sists  of a mosaic; of recrystallised qim-tz 

g r .,n e  containing minute rotmded incluaione of a p a tite . dM l l  _ i n a

-  a ltered  m ineral, ^ o b e b l, c o r d ie r ite , are nm ercu, in  parte of 
tne sectio n .

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

^  , lrre"Ular EraiM - C11— i s i t e  and scattered c a ic ite  appea,
r a r e l y

tuartz-dioD;;if iP -r a ^ ^ r .!tr | n| ,

3COE1C. n f i n e - f r a m e d  g r e e n i s h  g r e y  s i l i c e o u s  r o c k .  

^ .r  i s c o n ic ;   ̂ e x - tu re ; g r a n u l a r .

The d i o p s i d e  o c c u r s  a s  s u b h e d r a l  g r a i n s ,  p a r t l y  u r a l i t i s e d  a  

c - e a v a g e  c r a c k s ,  and  p a r t l y  c h l o r i t i s e d .

16 oT° linai“ESS C O n s is t s  o f  a  m o sa ic  o f  r e c r y s t a l l i s e d  q u a r t z

: r ;,2nS and  C O r d i e r l t e  P a r t l y  E l t e r e d  t o  s e r i c i t e .  C a i c i t e  o c c u r s  a s  
i n t e r s t i t i a l  g r a i n s .

i h e r e  numerous ro u n d e d  g r a i n s  o f  sphene  and a p a t i t e  , and  

a  few  a n h e d r a l  g r a i n s  o f  g a r n e t .

 ijj-QPSide—rpn-not r ^ ; r

a c r o s c o p i c :  D ark  b ro w n ish  b l a c k  r o c k  w i th  r e s i n o u s  l u s t r e .

c i ic ro sc o p i  c•

P<
0  an n e t ,  pi o w l  ly  g r o s s u l a r i t e ,  c o n s t i t u t e s  a b o u t  one h a l f

f .  tM S  3 9 0 U ° n '  ^  13 — ‘  ^  - ^ e d n a l  t o  e u h e d n s l  a g g r e g a t e s ,  
b e in g  euliedral a g a i n s t  q u a r t z .

'  feK  3 U b h ed ra l  E r a ln S  0 f  ' f e n e  up  t o  2.5  mm. i n  l e n g t h  a r e  

a t t e r e d  th r o u g n  th e  s e c t i o n .  C l e a r  q u a r t z  and  h i g h l y  a l t e r e d  p . l k l l i -

u o  g ro w th s  o f  g r e e n i s h  d i o Fs i d e ,  w i th  sm e c a i c i t e ,  o c c „ „  t h e  r e s t  o f

the sect,o n . .here are some fla k es of permine and a few small grains 
Of IdUronite.

The q u a r t z  c o n t a i n s  ro u n d e d  i n c l u s i o n ,  o f  e p i d c t e ,  and  o f  

a p a t i t e  up t o  0 . 2 0  mm. d i a m e t e r .



i2 e .

-the uuarl.%i,t,g 
- (dee Table X II).

-dli—± 7 7 •  B io tite  ^ a n u li t e .

^■"-"gseopici A ccnpact dark grey fine-grained hornfels can-

ta in ing  rare toTite gra in s. Breaks with cenchoidal fractu re. Weathers 
reddish brown*

Microscopic: Texture: granular.

b io t i t .  i-> 3-rty greenish brown, and shows no preferred  

P c a l orien tation . ,t 2/. of the rock co n sists  of rounded grains 

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

1'he lig h t minerals co n sist of a mosaic of c lear quartz grains,

0.2 mm. n̂ s iz e ,  and a lb ite  and m icrocline grains. There are a

few patches of c a lc i t e ,  scattered minute ap atite  grains, and flak es of 
muscovite.

A vein co n sistin g  o f a lb ite  grains with elongated laths of 

c a lc ite  runs through the section .

~ 0-* 1 — knotted b io titp  s c h is t .

Macroscopic: fin e  grained dark grey knotted sc h is t .

h icros C°piC’ 1sx tu re• fin e  grained porphyroblastic schi s to se .
- ornhvrohl.q.qt.g.

These co n sist of a core of cn a ll quarts grains and rare ap atite  

gra in s, a l l  surrounded by o liv e  brown b io t ite  f la k e s , arranged p a r a lle l

with the sc h is to a ity . There are numerous scattered laths of pale green

almost iso trop ic  ch lo r ite  with a sim ilar orien tation .

The groundnass is  a somewhat banded fin e  grained b io tite-q u artz  

sc. i s t ,  containing rare minute tourmaline cry sta ls  oriented . a r a lle l  

with the sc h is to s ity  and rare la th s of c a lc ite  up to 0.5 mm. i n  length,

ly in g  oblique to  the s c h is to s ity . These la ths are p ossib le  pseudo-,.orphic 
a fte r  amphibole.

— Calcareous .knotted b i o t i t e

.uacroscopicj Altered fin e  grained knotted sc h is t ,  

p eruse epic.: exture: porphyroblastic sch is to se .

horciiroblafftcj.

These are composed of mosaiueof f in e  quarts grains. The

groundnass co n sists  of about equal proportion, of c a lc ite  grains and a 

mosaic of quartz and p la g io c la se .



The rock i s  somewhat sheared, and la th s  o f b io t i t e  a lte r in g

to green ch lo r ite  and lim onite occur along the lin e s  of shearing, dome 

of the b io t ite  cuts through the knots.

3 l ie Chlorite s c h is t>

quartz grains, with some p la g io c la se . N eedle-like bodies of lim onite 

are scatteredthrough the sec tio n , usually  penetrating b io t ite  f la k e s .

*h° b io t ite  contains dark pleochroic spots around in c lu sio n s, probably 

O' a ila n ite  and zircon, and i s  rarely  a ltered  to  pale green c h lo r ite .

There i s  one grain of tourmaline, 0.5 mm. in  s iz e .

There are some rare rounded ap atite  grains and minute r u t i le

n eed les.

-fo. L14.. net in o lite  .'Tannlite.

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

pink oikocrysts.

2 .0  mm. diameter, some in  sh ea f-lik e  forms, and mostly a ltered  to c a lc ite  

adn almost iso trop ic  pale green c h lo r ite .

: o ik i l j t i c  arhedral growths of garnet are present in smaller 

amounts than the a c t in o lite .

The groundmass co n sists  of rounded clo&r quartz grains, up to

0 .3  mm. diameter, in a matrix of .fin e quartz grains, decomposed cor- 

d ie r i t e ,  small muscovite flak es and c a lc i t e .

cruscopic s j & r s .brownish black sch isto se  rock.

M icroscopic: TextureL sch is to se .

ih is  rock co n sists  of sub-rounded grains of quartz in  a ground-

p lo t ite  muscovite h orfels

mass of ch lo r ite  and ore.

There are rare grains of tourmaline. 

-'0. 219. B io tite  muscovite h o r f e l . q .

—-'r ~’kli.-’P-1-0 ' vompact brownish black f in e ly  c r y sta llin e  rock. 

..j crosco p ic : Texture: granular.

This rock co n sists  of an intergrowth of m uscovite, b io t ite  and

microscopic: Texture, p o ik ilob l& stic .

The a c t in o lite  occurs as scattered  p o ik i l i t ic  growths up to

j. .i-are are rare scattereu  grains of a ltered  la  brad or 1 t e . 

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

the section .

ji&j- 313* /iC tin o lite-ep idote  rock.



table XII.

ROCKS OF THE UPPER SCHIST SERIES ABOVE THE TOP MARBLE BARD 
_________________  AND BELOW THE QUARTZITE.______________________

NO. LOCALITY A M P H I B O L E

----------

BIOTITE
L

OTHER MINERALS. ESTIMATED MODE 
(Shown graphically)

2VoC c A z
Colour and 

Pleochroism
I - —

........1
i

V ' '

-------
156 Brandberg-Amis R. Area 'i ! 1.633

!
o  \F\ 0

P lagioclase^)1^°, 2V 30&, = Anorthite f Rare ep idote, 2V 75- 
Garnet and c a lc i t e .

*. -

137 n 82- 18 .019 1.652 Pale green O| i \

144 n 70- ! 17 .015 1.661 Pale brownish green Rare labradorite. 38 , 2V 802% C ordierlte. Rare epidote. Q  C  \f  A  aJ—/T
green Andradite, R .I. 1 .815.

4

197 n 1 1 1.636 Muscovite, m leroclln e, tourmaline, ap atite  and ore. Q  A

199 n - .05C 1.647 Apatite and quartz form porphyroblasta. 

Ore and ap atite .

O  49 J-./4
i

200 n 1.639 CO |f-| h*" Ql I j

204 it 1 1.629 Quartz porphyroblasts. Ore, tourmaline and a p a tite . O  1 A j— to, T, s \

219 West o f Gemsbok R. | 1.637 Muscovite. tourmaline and ilm en ite. CO 1 w/

311 Near granite between Brak

<i

and Gemsbok Rivers C hlorite and ore. O C]

319 Xenolith M lig h t  part 
X enolith M dark part

71 19 .019
.017

1.645 Pale green 
Deep green68

*
14 Much epidote, 2V 79s , = .019, I s  = 1 .735. Cordierlte 

Rare garnet.

0 0 > ! A 01

i

320 Xenolith near granite betvi 
Brak & Gemsbok R ivers.

reen
1.629

376 Near granite contact on 
road to  Omaruru

j 1 ii
1.641

377 H 1.641 C ordierlte 2V 35^-to  55-— /S = 1.555 o  c. s ]

i------1 ----------------------------------- ;
MoX. £ T x /7  ir-> ^ c t r ^ e  _Z r

TABLE XIII.

QUARTZITIC ROCKS IN THE UPPER SCHIST SERIES.

NO.

U 5

191

LOCALITY

Near Brandberg 

Near Brandberg

A MP H  I B O L E PYROXENE

c 4 2

74. • 20 .014

Colour and 
Pleochruism

1.652 Pale green 
green

c A ^ £*S.
,1 .0 1 0

39 .026

FE1.DSPAR

18

J2. 1/

67-

78+

/ ? . /
Type

IPIDOTE I
*

EXTRAS

zQz 
■» CB

Orthoclase Rare
I

A lblte and 
Orthoclasi

T

4

ESTIMATED MODE 
Showrj graphically)

Q — Quartz.
F -  Feldspar 
B -  B io tite  
A -  Amphibole.

  E -  Epidote.
G -  Garnet 
C -  C ordjerite. 
M -  Muscovite 
0 -  Ore
T -  Tourmaline 

 Ap -  A patite.

Ch -  Chlorite

Mostly quartz. Some co rd ier lte  
and garnet.

Mostly quartz

o



« \

• 131.

Macroscoric: Grey compact rock jnowin^ s lig h t  layering.

M icroscopic; Texture; p o ik ilo b la s t ic .

ip idote occurs as p o ik x lit ic  grains in  a roughly banded pattern  

and occupies about 40,» of the sec tio n . Amphibole occurs in  two v a r ie t ie s ,  

one pale green and deep green. Both v a r ie tie s  are probably ti -m olite- 

a c t in o lite .

B io tite  f la k e s , partly a ltered  to pennine are scattered through 

the section . The groundmss co n sists  of a mosaic of quartz grains and 

co rd ier ite  a ltered  to  s e r ic i t e .

No. 377. B io tite -co rd ier ite  h o rn fe ls .

Macroscop ic: A dark brown compact fin e  to medium-grained horn-

f e l s i c  rock.

M icroscopic; Texture: p o ik ilo b la s t ic .

dark m inerals. About one th ird  of th is  rock co n sis ts  of brown 

b io t i t e ,  containing dark pleochroic spots. The b io t ite  flak es are arranged 

in  haphazard fash ion . xhere are rare scattered grains of ore.

Light m inerals. C ordierite forms an almost complete mosaic of 

p o ik i l i t ic  grains, containing in clu sion s of b io t ite  and quartz. The cor­

d ie r ite  grains are s l ig h t ly  elongated in  one d irectio n , and are a ltered  

at the edges. They contain rare pale yellow  pleochroic patches.

There are rare minute ap atite  grains.

u u a rtz itic  bands in  the Upper S ch ist Series near the Brandbern. 

(dee Table X III).

No. 191. u u artzite .

Macroscopic: rale pinkish brown fin e  to medium-grained q u a n z ite ,

s l ig h t ly  sheared.

M icroscopic: Texture: g ra n u la r .

Most of th is  rock i s  composed of sub-rounded grains of quartz, 

some of which are more or le s s  len ticu la r  due to  the shearing. There 

are a few grains of fe ld sp ar, mostly a lb ite , some of the feldspar

a lter in g  to  s e r ic i t e .

The in te r s t ic e s  between the grains are f i l l e d  with fin e  quartz 

grain s, rare ep id ote , muscovite and ch lo r ite  and rounded zircon.

No. 145. A ctin o lite  q u a rtz ite .

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

brownish q a r tz it e ,  weathering to l ig h t  brown.

L - •

HR



132.

M icroscopic: Texture: p o ik ilo b la s t ic .

Host of th e  rock co n sis ts  of a mosaic of r e c r y s t a l l i s e d  q u a rtz

;rains with a f in e - g r a in e d  matrix between some of the G r a in s .

Ragt.ed p o ik i l i t i c  a c t in o lite  la ths are scattered  sparsely

through the s lid e  and are sometimes enclosed by the qttaJ'ts grains.

Diopside and garnet are a lso  present in  rare p o ik i l i t ic  growths

Orthoclase i s  found p o ik i l i t ic a l ly  replacing quartz, 

i’here are numerous ap atite  and c a lc ite  grains, some

and rare in t e r s t i t ia l  epidote and anhedral sphene.

( C , )  P o s t ~ h ) a n a r a  Tn t r u a i v e s .

The g ra n itic  rocks w il l  be described in  approximate order of

age.
-nsrt.z d to r ites  and zranodio r it e j .  (dee Tai le  tit/)

o -  IwXD. J i«rtz d lo r ite .
ttar.rosconic i Medium grained dark grey granular roc a, with

noierous black b io t ite  f la k e s , a v e r t s  s ize  P.5 - ,  and hornblende grai o

L itt le  quartz appears to  be present.

in roscop ic: Texture: a l l o t r iomorphic-granular.

, , r t  m inerals, bale green amphibole, some of which i s  twinned,

occupies about 3 0 .8 ;  of the sec tio n , and i s  a p p a r e n t l y  partly  a ltered  to 

pale green ch lo r ite  along cleavages, dote of th is  ch lo r ite  i s  possib ly  

, tiered  b io t i t e , which i s  com only in  continuous c r y s t a l l o g r a p h i c  growth 

with the amphibole. There i s  1 2 .6 , of b io t i t e ,  partly  a ltered  to pale

-reen p l e o c h r o i c  ch lo r ite  alory c lea v a -es .

The amphibole appears to  be moulded on b io tU e  drams

ch lo r ite  i s  b ia x ia l -ve with 2 V moderate, the fib res are length-slow , 

and the index le s s  than 1.64. I t  i s  probably aphrosiderite.

dubhedral grains of sphene, up to  0.75 mm. in s iz e , are plan- ,

f u l ,  and there are a few grains of epidote and p y r ite .

n i n ^ U ,  P lagioclase con stitu es 47.3,. of the section

and i s  of andesine composition. Much of the p lag ioc lase  i s  partly  s h ­

ed to s e r ic i t e .  There i s  le s s  than 1,. orthoclase.

The remainder of the section  co n sists  of q ^ t z ,  and there are

few grains of a p a t i t e .a lew



. k *
•  •

x

\

*C6T-DAIxlARA GRAIilTIC ROf rS.

NO.

- laoioclase

LOCALITY

% 100 W. o f  Oemsbok 
R iver .

125

In OutIn « Out

K -/ / V .

growths. 2V Tyre
Colour and . , .
* leochrosiiL , c '

.^HILOLE

I
a le  green -  70 15

brown toy'green

BIvTITE

1.647

hiUSCOVITE ORE XX. x±rj

.019 1 .659 r i t e ✓

46 31 68- L u croc lin e  
and o r th o -  
c la s e

130 2&l 19° 78r 88+

216
01
<D
-P

O
050)4->

3 .  o f  Brand- 1 3 6 /24r /̂« 
berg # e s t  Mine 27v

50 37 Andesine
quartz

62-
58-

M c r o l in e  a le  green toy" 80 
o r th o c la s e  green

308
TJ

365
do4

DTl

S ;

-do

11

S.W. o f  Oenn- 
bok River

20

80-  824- >CB 36/44/30  
83 47

{1.645 Rare f la k e s (Z

20 .0215 1 .643 1-638
✓

otYellow green  
toY"dark green 80 17 .015 1 .665

66* >03 
-- %z

37 72- O rthoclase 19

1 .625  

.045 1 .643

z

M agnetite

z

S .E .  o f  Brand-1 23
berg ifest Mine Eoned

344- >^z 43 Andesine 64-
quartz 69-

H e r o d i n e  a l e  green to
and rare 'tfgreen 
l a t e  o r t h .

68-  .022 .0425 1 .628 Rare 
* y r i t e

Z

374

—

" Dark Part 

 ̂ L ight Part

19 88- 864- High low
?C.B.

17 15

38 42

)
) 70-
)

* a le  green  
O rthoclase  K ra le  green to

y'green

72-
70*

20 .024 1 .629
22 .018 1 .658  .058 1 .629

* y r i t e

106 W. o f  le m b o k  
River

15 84- >C .3. 18 O l ig o c la s e  65- Micro d i n e  
quartz

1 .635  Rare ✓

107 0)0)•p
18 ^03

126

222

uo _-H 01T5 0) p
N -H 
P  Ph U O 
CO -Hd -8

M <d 0 N
rv) h0

74- i . lcro  c l i n e  
64- Rare o r th -  

c la s e

1 .634 z

18 83- >CB
=r

23 andesine
quartz

64- M icroc line 1 .657 Rare f la k e s

Near Zebra R 18 90 >CB 37 M c r o c l in e 1 .637 ✓

301 d  fO
o 2>4 0

3 . . / .  o f  OemS' 
bok R iver

13 86— 88 - M cro c l i n e  
Rare ortno- 
c la s e

1 .642

375 E. o f  Zebra R. 13 854- :C3 10 A lb ite -
auartz

66- M icroc lin e 1 .639  Rare f la k e s i//

F

133.

I DOTE ALU- ilTE KXTiilS
SSTli.SATED 1DDE 

(Jhown •,rB"hlo8lly)

z 3 1 Z > x

Z Z Z Z Z I kj M

z Z  Q
j o i s i t e  2V 86 - p E LA K

<3

Z z F
z y

In b i o t i t e  v C a lc i t e ZZZIZZEZTB

In b i o t i t e Q [ P

A C

41 a

Z z
Z o is i t e

Z r'

C a lc i te

3 Z

a  i p 1—7^—a

i ir c o n H Z 6  1

3ireon I r a n

tfr m-/+7oje. /*

j B . . . . .
%
*
A
A
B

xuaj't z 
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No. 125. -iranodiorite.

Macroscopic. F in e - j ra in e d  dark j r a n u la r  roc :, weathers

dark  brownish grey.

M icroscopic. Texture: ' odium grained a l lo t r im o rp h ic -g ra n u la r .

Dark m in e ra ls . About 20,.' of the se c t io n  c o n s is ts  of dark

m inera ls ,  mostly b i o t i t e , p a r t ly  or t o t a l l y  a l te r e d  to  l ig h t  green p le o -

ch ro ic  length-slow  pennine, and con ta in ing  minute inclusions^  so: e of

l i g h t  tn-ovn , 'leochro ic  a l l a n i t e ,  surrounded by dark p leochro ic  ha loes .

The b io t i t e  i s  p a r t i a l l y  or even t o t a l l y  enclosed by quartz  and fe ld sp a r

T a i n s .  1 here are some euliedral to  subhedral g ra in s  of sphene^ and a f  ^

i r r e g u la r  patches of o re . Some epidote  i s  found, usually  in  the rims of

the  patches of ore .

Light m in e ra ls . Olio^oclasg* much a l te r e d  to  s e r i o i t e ,  occupies

about 40,. of the s e c t io n ,  and i s  in  the form of g ra ins  in te r lo ck in g  with

quartz  g ra in s .  Some of the  p lag io c lase  i s  zoned, tue inner zones being

more c a lc ic  than the o u te r .

Small amounts of m icrocline and o rthoc lase  are p resen t in  

about equal q u a n t i t i e s .  The m icrocline encloses rounded g ra in s  of b i o t i t e  

and q u a r tz . In some of the m icrocline g ra in s , the twinning and s t r a i n  

e f f e c t s  appear to  o r ig in a te  from the in c lu s io n s .

Small rounded 0ra in s  of a p a t i t e  are s c a t te re d  through the 

s e c t io n .  There i s  one g ra in  of pale brown pleochro ic  a l l a n i t e ,  whicl 

i s  surrounded by a dark p leochro ic  halo  where i t  i s  in  con'/act with

b i o t i t e .

Mo. 130. unartz d i o r i t a .

Macroscopic. Medium grained dark grey granular rock. 

M icroscopic. Texture: medium-grained a llo tr iom orph ic  g ranu la r .  

Dark m in e ra ls . These c o n s is t  of pale green amphibole, and 

b io t i t e  f lak es  r a r e ly  a l te r e d  to  c h lo r i t e ,  dome of the amphibole i s  

twinned. Both the amphibole and the b io t i t e  con ta in  dark p leochroic  

spo ts  and haloes around inc lus ions  of a l l a n i t e .  - he a l l a n i t e  i s  p leo ­

ch ro ic  as fo llo w s:-  X pale  p ink ish  brown, Y grey ish  brown, Z brown, and 

i s  probably magnesium o r t h i t e . Commonly the  b i o t i t e  and amphibole

cleavages are continuous.

Z o is i te  i s  p resen t in  cleavage cracks in  the b i o t i t e ,  and

appears to  have caused the b io t i t e  to  sw ell ou t.



M .rht. r .in era ls. Clear quartz grains o c c u p y  about of the

se c tio n . F lagioclase con stitu es 30,., and is  in the form of twinned 

andesine. Some of the p lag ioclase  i s  zoned, with in ter io rs  more c a lc ic

than the ou tsid es.

There are small amounts of a lb it e ,  orthoclase, and m icrocline.

Sane of the potash fe lsp ar shows twinning only on and near contacts of 

enclosed b io t ite  and amphibole grains, the feldspar away from the grains 

i s  untwinned. There are rare patches of an intergrowth of quartz and 

andesine. One such intergrowth i s  enclosed in  m icrocline. There are 

some rare grains of sphene, in  large subhedral gra in s, and a p a t i t e ,  i o  ,e 

of the sphene i s  in t e r s t i t ia l  to  b io t ite  grains.

,o. 216. -uartz d io r ite .

M acroscopic. Fine to  medium grained dark granular rock .

M icroscopic: Texture: coarse-grained allotriom orphic-granular.

^ rk  m inerals. About one th ird  of th is  rock co n sists  of b io t i t e ,  

much a ltered  to ch lo r ite  and c a lc i t e .  The ch lo r ite  i s  rarely  a pale 

0reer pleochroic length-slow  pennine, and mostly a len g th -fa st ia x ia l 

+ ve pale green pleochroic mineral, with 2 V ± 20°. i t  i s  probably 

p roch lorite . Basal p la tes of b io t ite  commonly shows a rim of p ro ch lo n te , 

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

rare.
r o i k i l i t i c  g r o w t h s  o f  h o r n b l e n d e , some a l t e r e d  t o  p r o c h l o n t e

and c a lc i t e ,  occupy about 15/> ■ r the sec tio n .

Sphene is  common, to ta ll in g  about 2/. of the section  and

ep idote i s  found as growths in  b io t i t e  cleavage craCKS.

Fyrite and magnetite are fa ir ly  common.

T.itrht m inerals, a l m o s t  one h a l f  o f  t h e  s e c t i o n  is  com posed
i   —

of a mosaic or andesine la th s , averaging 1 .0  mm. by C.i -i. anu partly  

altered  to  s e r ic i t e .  Some of the p lagioclase i s  zoned, with in ter io rs  

more ca lc ic  than the outside, ^ r t z  occupies about 2/e of the so c t'o o , 

and apatite in  scattered  grains and laths con stitu tes 1/.. totasn

feldspar i s  absent.

;n- m h  d r a n o i i o r i t e  p o r p ra r r y .

M a c r o s c o p i c .  Grey m e d iu m  g r a i n e d  g r a n u l a r  r o c k ,  w i t h

scattered  phenocrysts .



f.ipht. m in e ra ls . Clear quartz  g ra ins  occupy about 2 l>  of the 

s e c t io n .  P lag io c lase  c o n s ti tu e s  30,., and is  in  the form of twiur.od 

andesine. Some of the  p lag io c la se  i s  zoned, with in te r io r s  more c a lc ic

than  the o u ts id e s #

There are sm all amounts of a l b i t e ,  o r th o c la se , and microc lane .

Some of the potash fe ls p a r  shows twinning only on and near co n tac ts  of 

enclosed b io t i t e  and amphibole g ra in s ,  the  fe ld sp a r  away from the g ra in s  

i s  untwinned. There are ra re  patches of an in tergrow th  of quartz  and 

andesine. One such in tergrow th  i s  enclosed in  m icroc line . There are  

some ra re  g ra in s  of sphene, in  large  subhedral g ra in s ,  and a p a t i t e .  Some 

of the  sphene i s  i n t e r s t i t i a l  to  b io t i t e  g ra in s .

,,o. 216. Quartz d i o r i t e .

Macroscopic. Fine to  medium grained dark g ranu lar rock.

M icroscopic; T ex tu re ; coarse-g ra ined  a llo tr io m o rp h ic -g ra n u la r . 

□ark m in e ra ls . About one th i r d  of th i s  rock c o n s is ts  of b i o t i t e ,  

much a l te re d  to  c h lo r i te  and c a l c i t e .  The c h lo r i te  i s  r a r e ly  a pale 

j r e e n  p leochroic  length-slow  pennine, and mostly a le n g th - fa s t  . U1 

+ ve pale green p leochro ic  m inera l, w ith 2 V 1 20°. I t  i s  probably 

p ro c h lo r i te .  Basal p la te s  of b io t i t e  commonly shows a rim of p r o c h lo n te ,  

and m ajne tita  g ra in s .  Pleochroic spots are absen t, and in c lu s io n s  are

ra re
P o ik i l i t i c  growths of hornblende, some a l te re d  to  p ro c h lo n te

and c a lc it e ,  occupjr about 15> of the sectio n .

Sphene i s  common, t o t a l l i n g  about 2/. of the sec tio n  and

ep ido te  i s  found as growths in  b io t i t e  cleavage cracks.

l y r i t e  and m agnetite are f a i r l y  con.ion#

L i-h t m inera ls , almost one h a lf  of the  se c tio n  i s  composed

of a mosaic or andesine la th s ,  averaging 1.0 mm. by 0.5 &nd i t i r t ly

a l te re d  to  s e r i c i t e .  Some of the p lag io c lase  i s  zoned, with in te r io r s  

more c a lc ic  than the  ou ts ide , quartz  occupies about 2/. of the se c tio n , 

and a p a t i te  in  s c a t te re d  g ra in s  and la th s  c o n s ti tu te s  1/.. o t t: -

fe ld sp a r  i s  absen t.

.o. 301. O ranojio r i te  oprphyry.

Macroscopic. Grey medium grained granular rock with

s c a t te re d  phenocrysts .



M icroscpjc; T exture : coarse-gra ined  hyp id iomorphic -  g ra n u la r •

Dark m inerals co n a itu te  about 5> of t h i s  s e c t io n ,  iiost ol 

these  c o n s is t  of dark greenish  brown b io t i t e  conta in ing  p leochroic  spots  

and inc lus ions  of sphene. Some of the  sphene i s  1ormed ins ide  b io u ite  

c leavages. Some of the b io t i t e  is  p a r t ly  a l te re d  to  chloT i t e ,  and ra re ly

b i o t i t e  f l a k e s  a r e  e n c l o s e d  i n  q u a r t z  g r a i n s .

accessory  dark m inerals sire hornblende # sphenf, epidote and

m a g n e t i t e .

L i p h t  m i n e r a l s , ^ u a r  t z  c o n s t i t u t e s  a t  o u t  4d/« o f  vne  s e c t i o n #

and i s  found r a r e ly  in  in tergrow th with andesine.

Andesine# p a r t ly  a l te re d  to  s e r i c i t e ,  and orthoclase  c o n s t i tu te s

about one h a l f  of the sec t io n . C a lc i te  i s  r a re  and occurs as an a l t e r ­

a t io n  product.

No. 366. quartz d io r i t e  porphyry.

M a c r o s c o p i c : C o a r s e  g r a i n e d  d a r k  p o r p h y r i t i c  r o c k .

Microscopic: Texture: coarse grained hypidiomorphic granuLar.

ja rk  m in e ra ls . Dark o live  green b i o t i t e  la th s  c o n s t i tu te  

about one th i r d  of the se c t io n ,  and average 0.75 mm*, by 0 .4  mm. in  s ize .  

They con ta in  r a r e  inc lu s io n s  and some are lined  with sphene on the edges. 

There are no p leochroic  spo ts . The b io t i t e  i s  r a r e ly  a l te re d  to  green

c h lo r i t e  or c a l c i t e  along the c leavages .

Hornblende occurs in  aggregates of short (Average 0.3 mm; la th s ,

and i s  p leochro ic : X co lourless#  Y green, L b lu ish  green.

dpidote i s  found as sc a t te re d  g ra in s ,  euhedral ag a in s t  b io tL te ,

and i s  a ssoc ia ted  with ore.

L i p 'h t  m i n e r a l s • A n d e s i n e  l a t h s , s n o w i n g  a l t  i t e  t w i n n i n g , a n d  *    ...
averaging 0.75 mm. in  length , occupy 30/. of the se c t io n ,  and are mostly

a l t e r e d  to  c a l c i t e  and s e r i c i t e  in  t h e i r  c en tre s .

T h e r e  a r e  r a r e  i n t e r g r o w t h s  o f  q u a r t z  w i t h  a n d e s i n e .

The quartz  i s  mostly c le a r  and i s  sub-rounded.

Orthoclase i s  found enclosing  g ra ins  of andesine, and con ta ins

minute s e r i c i t e  f la k e s .

A patite  i s  found as s c a t te re d  g ra in s .

dr,. XIL. O ranod io rite .

Macroscopic: This rock c o n s is ts  of a grey, f in e  grained granular

rock , containing a darker f in e  grained nodular in c lu s io n .



M icroscopic; Texture s fin e  grained to  medium grained

aJJotriam orphic g ran u la r .

Light p o r t io n . The predominant dark m ineral  here is  amphi-

b o le , r a r e ly  a l te r e d  to  length-slow , pennine. There i s  a sm all amount

of l ig h t  brown b i o t i t e ,  p a r t ly  a l te re d  to  pennine. S ca tte red  g ra in s  of

p leochro ic  sphene occur as an accessory . There are  a lso  a few g ra in s  of

ep ido te  and some cubic p y r i te .

The l ig h t  m inerals c o n s is t  of a l i t t l e  q u a r tz , '5,« o rthoc lase

and m icro c lin e , and 40,- andesine. Some of the p lag io c la se  i s  zoned, the

in te r io r  being more sodic than the e x te r io r . G alc ite  occurs r a r e ly  as

an a l te r e d  product.

dark p o r tio n. The predominant dark m ineral here i s  l ig h t

brown b i o t i t e ,  r a r e ly  a l te r e d  t o ,  green c h lo r i t e .  Amphibole is  r a r e .

The b io t i t e  con ta in s  in c lu s io n s  of p ink ish  brown pleochro ic  a l l a n i t e

surrounded by dark p leochro ic  ha loes . The a l l a n i t e  has u su a lly  a rim of

z o i s i t e .

Rare epidote occurs a t  the  co n tac t between the  l ig h t  and dark

p o r t io n s .

The l ig h t  m inerals in  the dark p o rtio n  c o n s is t  of a l i t t l e  

q u a r tz ,  about 20/= o rthoc lase  and m ic ro c lin e , and 30/. o lig o c la se . The 

p lag io c la se  i s  zoned, with the in te r io r s  more c a lc ic  than the e x te r io r s .

2 . Younger Quartz D io rlte s  and G ran o d io rite s . (dee Table

Ho. 106. yoartz d i o r i t e .

M icroscopic: T ex tu re; a l l o t r im orph ic-g ranu lar.

M acroscopic: f in e  grained l ig h t  grey granular rock.

Dark brown b io t i t e  c o n s t i tu te s  about 4/° of t h i s  s e c tio n , and 

i s  p a r t ly  a l te r e d  to  co lo u rle ss  c h lo r i te  along cleavage p lanes .

The remainder of the  sec tio n  c o n s is ts  of about equal amounts 

of qruartz and f e ld s p a r , most of the fe ld sp a r  being o l ig o c la se ,  p a r t ly  

a l te r e d  in te r n a l ly ,  and zoned with c a lc ic  in t e r io r s ,  ihere  i s  a sm all 

amount of o rthoclase  and m ic ro c lin e . Seme of the microcaine contaxns 

rounded q u arts  g ra ins in  o p t ic a l  c o n tin u ity . There are ra re  in tergrow ths

of o lig o c lase  in  o rth o c lase .

A few sm all g ra in s  of a p a t i te  and ra re  f la k e s  of muscovite are

sc a t te re d  through the sec tio n .



Mo. 107. ârtzdio r ite  porrhyrz.

Mfloroscopic» Medium grained lig h t grey granular rock, with

large phenocrysts of fe ld sp ar.

M icroscopic: Texture medium grained allo triom orphic-.granu.lar.

This rock is  sim ilar to  No. 106, except that the p lag ioclase

i s  a lb i t e , and there is  more muscovite and a lb ite . ironed p lagioclase i s

rare. 1here are a few in t e r s t i t ia l  grains of c a lc ite .

Some of the potash feldspar appears to  be s l ig h t ly  strained

orthoclase when viewed with the section  lying perpendicular to  the micro­

scope tube. On t i l t in g  the section  by means of the universal stage , the 

feldspar takes on the appearance of m icrocline, with typ ica l taper mg 

linea/tw inning. I t  i s  inferred that the mineral i s  orthoclase which i s  

being a ltered  to  m icrocline by pressure phenomena. (Ref. Roseubusch and

Idd ings, page 320).

Mo. 126. Granodiorite.

M a c r o s c o p i c . F i n e  g r a i n e d  pink g r a n u l a r  r o c . . .

M icroscopic. T ex tu re: f in e  grained a llo tr io m o rp h ic -g ra n u la r . 

m in e ra ls . Reddish brown b io t i t e  f la k e s ,  some a l te re d  to

lim o n ite , occupy 5/« of the se c tio n .

T.icrht m in e ra ls , q u a rtz , c lig o c la se  and m icroc line , a r e  p r e s e n t  
 ...

in  roughly equal p ropo rtions . The o lig o c lase  g ra ins are p a r t ly  a l te re d  

to  s e r i c i t e  in te r n a l ly ,  and some are zoned, w ith the cen tres  more c a tc ie  

than  the o u ts id e s . There i s  a sm all amount of a lb i t e  showing s i m p l e  

tw in n in g  Some of the p lag io c lase  i s  intergrown with q u a rtz .

There are some w ell marked examples of p a r t i a l  replacement of

quartz by m icrocline.

Muscovite occurs as ra re  f la k e s .

No. 222. ju a r tz  d io r i t e  porphyry.

Macroscopic. Medium grained grey p o rp h y rit ic  rock . About 5>

of the rock co n sists  of tabular feldspar phenocrysts, up to  2 .0  on.

length , and pinkish grey in  colour.

M icroscopic: ■ Texture: A llotriom orphic-granular.

nark m inerals. B io t ite , some altered  to  pale greenisr. c lor 

along cleavage p lanes, and some contain ing minute in clusion s of -uiie tra. 

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



The inclusions are surrounded by dark pleochroic haloes. The bi-otite 

i s  p leoch roic: X pale greenish brown, Y yellow ish  brown, Z brown.

Light m inerals. Clear quartz occupies 30,« of the section . At 

one contact between m icrocline and b io t it e ,  quartz p a r tia lly  replaces the 

b io t ite  at the contact, where numerous fragments of b ioti+e are conta:. ied 

in  the quartz, and are s t i l l  oriented p a ra lle l with the main b io t ite  g ra in .  

The replacing body of quartz jo in s and i s  o p tica lly  p a r a lle l with an

adjacent quartz grain.

O lig o c lase , a l t e r in g  along cleavage cracks to  s e r i c i t e ,  occupies

about 45 /o of the  section .

About 5,0 of the sec t io n  c o n s is ts  of m icroc line , some g ra ins  en­

c lo s ing  o p t ic a l ly  p a r a l l e l  quartz  g r a in s .

There are ra re  round g ra in s  of a p a t i t e , some occuring as

inc lu s io n s  in  b i o t i t e .

Mo. 3 7 5 .  G ra n c i io r i te .

Macroscop ic : Medium grained dark grey roc r., with a P---i 1 ;

Contains phenocrysts of fe ld sp a r  up to  1,2  cm. in  length . Dark 

g ra in s  of fe ld sp a r  make up most of the rock, -the weathered surface is

g rey ish  pink.

Microscopic: T ex ture ; A llo tr iom orph ic -g ranu lar .

Dark mi n e r a l s . Olive brown b i o t i t e ,  part ly or * ' <_.*

c h lo r i t e  occupies 20> of t h i s  se c t io n .  r he c h lo r i te  i s  u n ia x ia l  + ve and 

length-slow . I t  i s  probably a v a r ie ty  of pennine. - no b io t i t e  contains

r a r e  minute subhedral z ircon  g ra in s ,  surrounded by p leochro ic  haloes.

ilight m in e ra ls . The p lag ioc lase  i s  a l b i t e ,  some gr'ilns si ov. i  g

zoning, with the cen tres  more c a lc ic  then the  o u ts id e s .

Potash fe ld sp a rs  c o n s t i tu te  25,= of ' * ' t iot', 1 -

the  g ra ins  appear to  be somewhat s t ra in e d  o r th o c la se , the remainder b a n g

ty p ic a l  m icroc line .

More or le s s  r a d ia t in g  intergrow ths of quartz and p lag ioc lase

are  f a i r l y  common, quartz occupies 15/= of the sec tio n .

Replacement of quartz  by m icrocline i s  common.

There are r a r e  muse ov i t e  andapatite g ra in s .

3. B io t i te  G ran ites . (Lee Table XIV.)

■o. 99. B io t i te  c r a n i t e , i n t r u s ive in to  d o .100.. ■ -* —--— ■! II M. 1 m m



Macroscopic: Medium grained lig h t grey granular rock.

Micro sco p ic ; Texture: medium grained a llotrionorphic-granular.

iterk m inerals. Greyish brcvn b io t ite  partly  a ltered  to  a green 

c h lo r ite , probably pennine, co n stitu tes  7/« of the section . There are 

some rare grains o f,ep id ote  and ore t  and a few grains of amphibole.

There i s  one grain of a lla n ite  which forms a dark halo where i t  i s  in  

contact with b io t i t e .

Litdit m inerals. These co n sist of a mosaic of quartz, potash  

feldspar and a lb ite  grains. Some of the a lb ite  shows twinning. Most 

of the feldspar grains are somewhat a ltered . There are some intergrowths 

of twinned o lig o c la se  with quartz. The potash feldspar co n sists  of 

strained orthoclase or m icrocline.

Flakes of muscovite and subhedral ap atite  grains are rare.

Ho. 306. B io tite  gran ite .

i-iacroscoric. Pink medium grained granular rock.

M icroscopic: Texture: medium grained hypidiomorphic-granular.

Sark m inerals. Only l/» of th is  s lid e  co n sists  of dark m inerals, 

in  the form of dark brown b io t i t e , and a l i t t l e  ore. The b io t ite  i s  

pleochroic as fo llo w s:-  X pale yellow ish  brown, Y o liv e  green, X brownish 

black.

■Lirht m inerals, 'quartz, containing lin e s  of in c lu s io n s , makes 

up 30,o of the sec tio n . The p lag ioclase i s  twinned and zoned, with centres 

a lter in g  to s e r ic i t e .  The rims are more sodic than the centres. quartz 

i s  intergrown in  the p la g io c la se , some intergrowths being arborescent in  

shape, •‘•he p lag ioclase i s  of o lig o c la se  composition.

Some of the m icrocline appears to  grade in to  orth oclase, with 

decrease in  the in ten sity  of twinning, quartz inclusions are found in  

the m icrocline.

There are rare grains of a p a tite , and rare flakes of muscovite 

associa ted  with the b io t ite .

No. 312A. B io tite  .rranite.

Macroscop ic . Coarse grey granular rock.

Microscopic: Texture: coarse-grained hypidiomorphic-granular.

Jark m inerals. B io tite  co n stitu tes  4> of the sec tio n , and

sjhene ep idote, a l la n ite , and ore together co n stitu te  l/«.



The b io t ite  i s  pleochroic &s fo llo w s:-  X pale brown, Y o liv e

tpreen, Z dark greenish brown. Some of the b io t ite  i s  partly  a ltered  to

c lilo r ite . The sphene i s  mostly subhedral. The epidote i s  partly  deeply 

coloured, and pleochroic from pale yellow  to greenish ye low. The brown 

plrochroic a l la n i t e , which occurs as subhedral grains a ltered  towards the 

ed ges, is  commonly surrounded by subhedral masses of epidote.

A second section  of th is  rock (No. 312B), shows large subhedral

tourmaline g ra in s»

Light m inerals, quartz occupies about 70/° of th is  sec tio n , 

a lb ite  a lter in g  to s e r ic i t e ,  and rarely  intergrown with quartz 

co n stitu tes  15 /°.

M icrocline and stained orthoclase make up 10,°.

Elongated ap atite  grains are found in  section  No. 3-126.

No. 373. rprphyr t ic  b io t ite  /tranite.

macroscopic, uoarse grained granular rock, speckled with black 

b io t ite  f la k e s , and containing scattered  tabular feldspar phenocrysts up 

to  2 .5  cm., in  length.

M icroscopic; Texture: nypidiomorphic-granular. 

dark m inerals. B io t ite , containing dark pleochroic spots around 

minute in c lu sio n s, and averaging 1.5 mm. by 0.5 mm. in  s iz e , co n stitu tes  

10.6/= of the sectio n . Some of the b io t ite  i s  partly  or completely a ltered  

to  c h lo r ite . The b io t ite  i s  pleochroic as fo llo w s:-  X pale brown, Y brown, 

Z chestnut brown.

Sphene occurs as euhedral to  subhedral grains.

Light m inerals, quartz co n stitu tes  30/° of the section . There 

i s  13,= potash feldspar and 42,° p la g io c la se .

The orthoclase i s  probably a l l  m icrocline, with a few grains 

that appear to  be strained orthoclase. The p lag ioclase  i s  andesine and 

i s  somewhat a ltered  to  c a lc ite  and s e r ic i t e ,  in tern a lly . I t  shows a1bite  

twinning, and i s  zoned, with two d istile t zones outside a core, the com­

p o sitio n  becoming increasingly  c a lc ic  outwards.

Hyrnekitic intergrowth of p lagioclase with uartz i s  covnon on 

the rims of p lag ioclase grains, where in  contact with m icrocline. 1 yreme-  

k ite  i s  a lso  found in  selvages betweei m icrocline grains.



The in ter growths are usually at r ig h t angles to  the lin e  of contact 

Of the m icrooline on p lag ioclase  gra in s.

There are some rare euhedral grains of apatite  and coned garnet 

and some minute la ths and patches of c a lc i t e .  The ap atite  occurs 

commonly as inclusions in  the b io t it e .

— lounger Granites. (See Table XIV)

^26 . a p l it lc  b i o t i t e  » ni +.A.

macroscop ic: Fine grained even textured pinkish granular rock. 

Weathers brownish pink.

microscop ic; Texture: f in e  grained allotriom orphic-granular.

Apart from the presence of a l i t t l e  haem atite, there are no 

dark minerals in  th is  section*

Quartz occupies 3 4 .5> of the sectio n , and i s  found in  in te r -  

growths with a lb ite  on a comparatively large sca le . Muscovite and s e r i-  

c it e  present probably as decomposition products of the a lb ite .

rotash feldspar co n stitu tes  39.3/. of the to ta l ,  and i s  mostly 

m icrooline, although some appears to grade in to  orthoclase. The micro- 

c lin e  contains rounded inclusions of p lag ioclase  and quartz, apparently 

r e l i c t s  a fter  replacement. A lbite has p ossib ly  replaced some of the 

quartz, as is  shown ty the presence of numerous quartz in c lu sion s, o p tica lly

p a r a lle l , in  the rims of some a lb ite  grains, near the contact between 

a lb ite  and m icrooline.

- o. 3 1 1 .  A lkali gran ite .

macroscop ic: Host of th is  rock co n sists  of coarse salmon pink
feldspar c r y s ta ls .

micro sco p ic : Texture: coarse allotricm orphic-granular.

•lost of th is  section  co n sists  of m icrooline, in  large grains.

There is  a l i t t l e  quartz and some twinned oligocL  se which i s  zoned with 

so jic n n s .  o en cx te  i s  present as an a ltera tio n  product of feldspar.

— acjpL~yl<e3_and icnm atites. Table XV)

As shown on the table the acid dykes and pegmatites are a l l  of 

sim ilar composition, in  that they contain quartz with usually a lesser  

amount of m icrooline and a lb ite . Muscovite and b io tite  are usually  

present. A ccessories such as garnet, tourmaline and topaz are rare.
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.^ac. o.^pic .̂ a pa :e pink medium grained granular rock.

_ igroscop ic: -’exture: medium grained allotriom orphic-granular

mosaic oi quartz and feldspar grains makes up aix)ut 95,. of 

th is  rock. Quartz con situ tes about 2 5 > .  T h e  quartz i s  clear a n d  the 

feldspar rather cloudy or discoloured.

ihe p lag ioclase  has the composition of a lb ite -o lig o c la s e .

Potash j’aIdspar i s  present in  the form of orthooJase and altered  m icro. 

d in e  containing rounded quarts in c lu sio n s. Potash feldspar and p la g io -  

c la se  each co n stitu te  about 35/. of the section .

ihe remainder of the s lid e  i s  composed of co lou rless p la tes  of 

m uscovite, and a few sm all subhedral garnet grains.

Wo.. 226. A o lite .

Kacr:.sGopic: rale pink fine-grained granular rock, intruding
g ra n ite . (No. 222).

m icroscopic: i'exture: granular •

Jarr m inerals. There are some rare patches of b io t ite  a lt e r -  

ing to  green c h lo r ite .

i A f ' l l n p r a ] s . liic ro c lm e , replacing and enclosing quartz> 

occ ipies about one—third of the sectio n .

a lo ite -o l ig o c la s e , mostly a lter in g  to  s e r ic i t e ,  occurs in  sim ilar  

amounts, tnere i s  about 3 0 / o  quartz•

1 here are a i  ew ^lakes of muscovite •

^Qf 1-33 • he. nuat i  t

^ e r o sc o p ict A medium to  coarse grained c r y sta llin e  rock, 

gu crobcopic: Texture: p o ik i l i t i c .

fhe whole section  co n sis ts  of one cry sta l of m iorocline,

enclosing quarts as lengthened and rounded grains, groups of which are 

in  o p tica l con tin u ity .

-here are a few flakes of b io t it e ,  and some rare minute 

a p a tite  gra in s.

— 5ee under "Economic Geology,” - The Kubugabis Tin Occurrence.

££-«,.  Pegmatite. Near iT anite. fNn. ? m ) .

^•■•Mscopic: 'ale coarse grained granular rock, with rare

crystaw-s ot lack tourmaline and flak es of muscovite.

r,icro sc jp ic . iexturej coarse grained hypidiomorphic-granular.



146.

■̂ ta Miners I s * There are a few euhedral to  anhedral jra in s of 

greenish grey tourmaline.

r :_i norals. These co n sist of quartz, strained orthoolase

and a 1b it 3 wihh a l i t t l e  muscovite.

There are a few small grains of garnet, 

lie. 307. Pegmatite, in trusive in to  pink rran ite . (No. 306.)

: .acroscopic: Pink coarse grained granular rock.

rlicroscopic: Texture partly  fin e  and partly  coarse-grained  

a1lotriom orphic-granular.

The m ineralogical composition of th is  rock i s  sim ilar to  that 

of the granite i t  intrudes. (No.306).

The section  shows a good example of intergrowth of quartz in  

a lb it e .  The quartz i s  corroded by m icrocline.

Dark minerals co n sist of b io t i t e , partly  a ltered  to  c h lo r ite , 

and some ore and lim on ite.

(D) Karroo .cocks.

-he ilarroo rocks w ill  be described from the base upwards. as 

many of tae rocks were not su itab le  for microscopic examination, most 

of the descrip tions are macroscopic.

1. The farroo Sediments.

(a) Basal Beds:

No. 90. _Pebble from basal conglomerate, between Brak and Demisbok 

R ivers. (Dee photo, F ig. 4.1).

:a cro sco p ic : This pebble i s  of quartz, 15 cm. long by 10 cm.

wide and has a w ell developed so le  on one s id e , with in cised  grooves 

running along the length of the pebble, both on the so le  and along the 

s id e s .

No. 332. Basal .-rrit. (Dection 4> F ig , 39) •

■lacroscopic: Compact greyish brown rock, con sistin g  of small 

scattered  grains in  a fin e  grained groundmass.

D lcroscopic: Texture: granular.

Sub-rounded to  angular grains of quartz, up to  1 .0  mm. in s iz e ,  

and rare a ltered  feldspar grains up to  2 .0  mm. in  s iz e ,  are se t  in  a 

matrix of fin e  grained m aterial and haem atite, There i s  one grain of 

f in e  grained b io t ite  sc h is t  and one of sheared q u artzite .



A ''ew patches of '•aloite appear in te r s t it .ia l ly  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 yellow ish  fragments averaging 0.5 cm. in  a fine-grained  

reddish brown matrix. The fragments commonly have brown centres.

. I c 'oacop ic: This section  co n sists  of numerous minute rounded

to  angular quartz grains in  an extremely fin e  grained iso trop ic  ground- 

mass. The structure i s  that of a breccia , but under crossed HieoIs the 

matrix cannot be d istinguished  from the fragments.

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

macroscopic: iterk brownish red, very fin e  grained rock with

darker patches. Breaks with a conchoidal fractu re, interrupted by numer­

ous curved cracks and fracture p lanes. dome of these cracks are f i l l e d  

with white m aterial including some carbonate matter, and s t i lb i t e .  The 

rock has an appearance sim ilar to  jasper, but i s  le s s  v itreo u s, and 

weathers a bright orange yellow  with a surface sim ilar in  form to  that 

of a s ilic e o u s  lim estone.

M icroscopic: Thin section  shows only an extremely fine-grained

yellow ish  brown aggregate of minute anisotropic grains, having an index 

of about 1.602. P ositive  id e n tif ic a tio n  of the gre,ns was not p o ssib le .

lb] Sandstones and G rits.

Ho. 154.. Altered uuartzite. Brandberg f o o t h i l l ,  south of Kubuimbis

. .acroscopic: Fine grained greenish grey cherty rock, dhows

banding on weathered surface.

No. 17k. ^ua^tzite from the same lo c a lity  as Ho. liA .

Macroscopic: Fine grained lig h t grey cherty q u a rtz itic  rock.

No. 175. .u a r tz ite  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 fin e  to  medium grained q u artzite .

M icroscopic: Texture: even grained granular.

Most of th is  rock co n sists  of even grained partly r e c r y s ta llise d

quartz grains, with about 5,« a ltered  fe ld sp ar, and rare sub-rounded 

grains of tourmaline.



same rare s e r ic i t e .
Haema1 1 te is  comon in  in t e r s t i t ia l  patches, and there i s

—- ^  z ite ^ (oee section  No.4 , F ij .  3 9 ) ,

iiacroscom ^, Paxe fin e  grained quartzite containing brownish 

weathered specks, probably of feldspar.

l cJ— Shales and Mudstnnp.g.

i l ^ J i a r v a d. dhaie. F-cn a M n t p h o t o ,  F i„. 6 4 )

^ S S ^ S O E U :  Greenish grey indurated, layered fin e  grained roc

showing dark and lig h t  hands and m m rous sm all spherical p e lle ts

s c a t t e r e d  t h r o u g h  the r o c k .  The shale s p l i t s  in to  layers each a few 

cento metres th ick , a n d  some o f  the layers show what appear to  te worm 

tr a iI s  on th eir  upper surfaces with casts of these markings on the 

bottom o f  the overlying la y e rs .  (See photo. F ig. 4 2 ) .

ihe rock weathers a yellow ish  brown.

microscopic: Texture, f in e  g a in e d  ^ a n u la r , showing handing .

The rock co n sis ts  mostly of quarts grains, with much in t e r s t i t ­

i a l  c h lo r ite , e sp ec ia lly  in  the coarser portion

banded structure caused by rythmic decrease in  grain s i t e  upwards, from

8 ° Ut C' 1 * •  at the 1)836 of w * .  to  about 0 . 0 1  mm. a t the top

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

of preferred o p tica l orien tation  in  the c h lo r it ic  groundmass of the 

f 1ner-grained bands e

traCe C° UU be seen of the p e l le t - l ik e  structures v is ib le  
m acroscopically.

i here is  a marked

■ Innurated mudst.ojii,.. Prom brandterg fo o th il l ,  south of k„h.r n n „

l^ a a a a e lo .  Very fine-grained  compact dark grey rock. Breaks 
with conchoical fractu re .

^  — i i  1 tered  siia le . Same ] 1 -i t y

Jonipact H 2 ht greenish grey banded rock. Very 
fin e-gra in ed , breaks with a conchoidal fracture.

bo. 156 daitie l o c a l i t y .

— r'03C0|'1-c-- A fine-grained  subvitreous dark purple 
rock with pinkish str ip es and patches.

~ o* 169< A l t e r e d t lo n  :to. 4 , v-if, qg

ilacroscopic. Mottled purplish black rock sim ilar to  No. I 5 6 .



14°.
JP.r-170. Altered mudstone. Section  N o.-,. F i .

No. r

r.acrosco p ic ; Mottled rock as above. 

Altered mudstone. Section  No.% Fi^r. 3 0 .

macroscopic: Very fin e  grained rock showing grey, yellow ish

and pinkish brown m ottles. Gonchoidal fractu re.

-i°• 12 h A ltered s ’ a l e ,  se c t io n  No. 5. F ig . 39.

r-acruoconici Very fin e  grained pinkish grey rock. Gonchoidal

fracture.

No,

fjV. Mudstone. J e c t io n  N o . " .  Fi i

macro sco p ic : Very f in e  grained brownish red  rock. Breaks to

a d u l l  surface with conchoidal f r a c tu r e .

d o .  3 2 9 .  S h a l e .  S e c t i o n  o o .Q .  Fij-r. IQ .

m̂ ccosconic : Very f in e  grained grey rock , with a p la ty  f ra c tu re

(d) Calcareous Band.

j j e l  lo w -b ro w n  11: n e s t  o n e ,  l e c t i o n  No. 4., F i e .  ? o .

Macroscopic, .'ale brown f in e  grained lim estone, conta in ing  

v e in s ,  and lenses of coarsely  c r y s t a l l i n e  c a l c i t e .  Weathers yellow-brown. 

No. 342. Pink sandstone, i e c t io n  No. A. F i r .

Macroscopic: ine grained p inkish  brown rock , with numerous

v/hite specks composed of a l te r e d  fe ld sp a r .  The brown colour i s  due to  

the  m a te r ia l  composing the m atrix .

do. 335. Brown Shale. Section  No.A. F i r .  1 .

iNLffo sc o p ic; Very f in e  grained p u rp lish  brown rock. Breaks 

in to  rounded c h ip s , with sub-conchoida1 f r a c tu r e .

_ii— Brown l i mestone nodule, Near 'ost-K arroo f a u l t .

; "ine grained somewhat g lassy  redd ish  brown 

q u a r t s i t e ,  con ta in ing  an elongated nodule of calcareous and ferruginous 

m a te r ia l  showing a concentric  s t ru c tu re .

No. 16-1. Indurated shale . S ec tion  No. Ml . ' a .

macroscopic: Bark grey cherty  rock , s l ig h t ly  banded v/ith

l i g h t e r  grey.

. i-ccoscops.c: Texture: l ine grained g ra n u la r .

This sec tio n  co n s is ts  of l in e  grained angular q u a r ts  fragments 

in  ar extremely f in e  grained i s o t ro p ic  groundmass.



i e) .  S h a le s . Mudstones, Sandstones and G rits  overly ing  th i  Calcareous band. 

No. 167. Indurated  mmlstone. S ec tion  No. 5 F1h. 39.

Macroscopic: Very f in e  grained jre y  rock , breaks with rough
%

su rface  on conchoidal f r a c tu re .

M icroscopic: Texture: f in e  grained g ra n u la r .

This se c t io n  c o n s is ts  of a very f in e -g ra in ed  aggregate of 

in te r lo c k in g  quartz  and a l te re d  fe ld sp a r  g ra in s .  There are numerous 

f la k e s  and shreds of pale  brown ph logop ite , r a r e ly  con ta in ing  minute 

in c lu s io n s  of subhedral tourm aline .

No. 330. Altered sandstone. Section  No.7. F i r .  I 71. (See'Fig. 43).

Macroscopic: Light coloured p u rp lish  hard medium grained

sandstone, with numerous white chalky in c lu s io n s ,  up to  1.0 cm. in  s iz e ,  

in  rounded, curved and hollowed shapes. These in c lu s io n s  give a p o s i t iv e  

r e a c t io n  fo r  phosphate, using the Ammonium Molybdate t e s t .

M icroscopic: Most of t h i s  rock c o n s is ts  of rounded and corroded

q u artz  g r a in s , with f in e  grained q u a r t z i t i c  i n t e r s t i t i a l  m a te r ia l .  Many 

of the quartz  g ra in s  e x h ib i t  undulose e x t in c t io n .  There are ra re  g ra in s  

of chalcedony, sphene, tourm aline , and a l te re d  f e ld s p a r .

The white chalky m a te r ia l  shows up as d i r ty  white amorphous 

substance s im ila r  to  c h e r t ,  but with the remains of a poss ib ly  c e l lu l a r  

s t r u c tu r e .  I t  i s  probably bone-m atter.

No. 331. A ltered  sandstone. Section  No. 7. F in . 39.

r.acroscopic; Sandstone s im ila r  to  No. 3%  above, but without

white in c lu s io n s .  There are s c a t te re d  dark r in g s  in  the  rock , up to  2.0cro

in  d iam eter, with cores of sandstone id e n t i c a l  to  the sandstone outside

th e  r in g s .  The dark m a te r ia l  forming the r in g s  is  composed of extremely 

f in e -g ra in e d  specks of ferrug inous or carbonaceous m a te r ia l .

No. 337. Bedded sediment. Sec tion  To.4. F i^ . 3.1.

Macroscopic. Reddish brown s l ig h t ly  layered f in e -g ra in ed  rock, 

con ta in ing  sc a t te re d  rounded p a r t i c l e s  of f in e -g ra in ed  brown m a te r ia l .

M icroscopic: This sec tion  c o n s is ts  o f^fine  grained angular

q u ar tz  fragments in  a very f in e  grained m atrix  contain ing  such c a l c i t e  and 

fe rrug inous  m a t te r .

No. 333. A ltered sha le , dec tion  No.4. F ig . 3?.

Macroscopic: Fine grained compact l ig h t  brown rock , breaks

with eubconchoidal f r a c tu re .



151.

' t z  g r i t .  3 s e t inn Pi,

^ a ' aC Jp l-i i:edlum < r «  c o n s is t in g  of rounded q u a r ts
p a r t i d e s ,  av e rs - in g  2 .0  m .  in  d i m e t e r ,  in  a redd ish  fro™  f in e  grained 

m a tr ix .  The rock i s  s trong ly  layered .

■340, vuartz itm . Section  Nn.j. Fi.^. 10

tiaci o scoo ic ; a f ine  to  medium grained somewhat g r i t t y  

a r t s i t e ,  con ta in ing  very f in e  gra ined  o liv e  fro™  la y e rs .

— ' ^  ejection -n./,. T?4

q1

^.acroscopic: a coarse g r i t ,  c o n s is t in g  of rounded quarts  g ra i

averaging 2.5 mm. in  d iam eter, In  a greenish  grey m atrix

12— i - . ' n d s t . n n ^  ■ \o

brownish grey.
^ r s s c o e j c .  A f in e ly  banded p ink ish  grey rock . Weathers

- i r o c c o g i c i  Texture: f in e  grained .

'-"he se c t io n  shoos small (up to  0.05 mm.) angular p a r t i c l e s  of 

q u a r t s ,  r a re  p la g io c la s e ,  (p rofrb ly  andesine) and s e r i c i t e ,  a l l  showing 

marked p a ra l le l i s m .  The m atrix  c o n s is ts  of o p t ic a l ly  continuous c h l o r i t i c
m a te r ia l .

Luartzite. Je c t in n  No• H. •

w ^ c o g i c :  A f in e -g ra in e d  redd ish  fro™  q u a r t s i t e ,  breaking
with a sub-conchoidal f r a c t u r e .

p.ottled one. Jection

iiacroscogdcj Purplish  black f in e  

i s h  patches. S im ilar to  No. 1 ,̂6.

Pi,

gt. alned rock with pale pink—

Microscopic: This is  a f in e  grained q u a rtz itic  rock, with an

average grain s iz e  of 0.05 mm. The grains co n sist of angular to  sub- 

rounded quartz, and some feld sp ar, in  a v e ry  fin e  grained groundmass con-

taim n„ o a ic ite , s e r ic ite  and carton dust. T he f e l d s p a r  grains a r e  p a r t l y  

a ltered  to  ch lo r ite  and c a lc ite .

There are some rare grains of ap atite  and sphene.

Tke Plnk Pat°h C°ntains 1633  ^ b o n  dust, and more in t e r s t i t ia l  

°a 0:11 ^  and a lS 0  3mie grains of tourmaline and sphene.

- ■?: 1-V- ■ . ’lartz r i t .  .ectlom , , o . / . .  I :

■ lacroscopic: This rock co n sis ts  of rounded, poorly sorted

-ra in s  ani pebbles of quartz, and dark cherty m aterial, up to  1 .0  c„. 

in  diameter , in  a f in e  grained greenish grey m tr ix .



TABLE XVI 1 5 3 .

KARROO LAVAS.

LOCALITY

;—  ■ -  r
0LIVINE ŶROXEKE /ELDS-CAR

; GLASS AI.YGDiiLES c § EXTRAS AND K L .A R vS  .
NO.

Ciroundmess * henocrysts Croundmass
1

* h e n o c r y s t s Groundmss
. ------  -----

* h e n o c r y s t s
> ---------  ■ m -----

1

I

3 5 8

3 5 7

3 5 6

3 5 5

3 5 4

3 5 3

3 5 2

3 5 1

3 5 0

3 * 9

3 4 8

3 4 7

3 6 0

1 6 4

See F i^ .3 9 Alteied

II

Altered

II Altered

II

Altered

Tl

W R a r e  g r a i n s

it

Yellow-brown 
a u g i t e  la th s

O r e  n u l l t i c  a u g i t e  
a n d  P i g e o n i t e  -  
2 V 220  +, X1 . 7 0 4

G r a n u l i t ' C  t o  s u b '  
o P h .  a u g i t j .

A l t e r e d  S u ’o - o P h .  t o  g r a i n
a u g .  2V 5 4 a

G r a n u l i t i c  a u g i t e

H a r e  a u g i t e  
t o  1 . 0  ran

■Hat o f  a l t e r e d  A l t e r e d ,  t o  2 .0 m m
l a t h s .  A v . 0 .2 m m  •

H i g h l y  a l t e r e d  A l t e r e d ,  t o  2 .5ram
m a t .

H i g h l y  a l t e r e d  A l t e r e d ,  t o  E.Onim

A l t e r e d R a r e  c h a l c e ­
d o n y  ( s m a l l )

Large
g r a i n s

M a g n e t i t e

A l t e r e d  t o  
b ro w n  
o p a q u e  
m a t e r i a l .

A F a t i t e ,  a s s o c i a t e d  w i t h  m a g n e t i t e .

.Vliole g r o u n d m a s s  a l t e r e d  t o  s h o t t e d  b ro w n  
n a s s .

J i l t e r e d  g r e e n  l a v a ,  s i m i l a r  t o  . / ) 5 5 .

I'jeX o f  a l t e r e d  
l a t h s  a n d  c h l o  
r i t e

L a r g e  -  a l t e r e d  A l t e r e d C h a l c e d o n y  
a n d  q u a r t z , 
som e w i t h  
c a l c i t e .

I r e e n  l a v a .

Much a l t e r e d R a r e - a l t e r e d A b u n d a n tI M uch L i t . B row n l a v a .  C o n t a i n s  T>3 e u d o m o r n h 3 o f  
b o w l i n g i t e ,  a n t i g o r i t e  a n d  l i m o n i t e  a f t e r  
o l i v i n e .

H i g h l y  a l t e r e d  

A l t e r e d

A l t e r e d  t o  S.urnm A b u n d a n t  ^ l a t y  l a v a .

M at o f  n l a g i o -  
c l a s e  l a t h s

A l t e r e d

C h a l c e d o n y  
q u a r t z  a n d  
c a l c i t e  w i t h  
c h l o r i t e  r i m s

A b u n d a n t  q u a r t z  an d  
d i r t y  brown, c a l c i t e .

B a rk  b ro w n  a m y g d a l o i d a l  l a v a ,  I r o u n d m a s s  
o P a q u e ,  d a r k  b r o w n .

M t .  i n  D a rk  b r o w n  a m y g d a l o i d a l  l a v a ,  
g r o  u n d m a s s

A l t e r e d D a r k  -  I n  
^ e t c h e s

C a l c i t e  a n d  
m a g n e t i t e

* l a g i o c l a s e  a l t ­
e r i n g  t o  s e r i c i t e

D a rk  g r e y  a m y g d a l o i d a l  l a v a .

D a rk  g r e y  l a v a .  F i n e  t o  mod Lora g r a i n e d

A l t e r i n g  t o
s e r i c i t e

S m a l l  a n d  l a r g e  
l a t h s ,  t o  ID mm

M edium  t o  f i n e ­
g r a i n e d  a l t e r e d  
l a t h s •

* l a g i o c l a s e  l a t h s  
A v . 0 .2 m m

S m a l l  m a t t e d  R a r e  a l t e r e d
l a t h s  A v .G . l S n m

A b u n d a n t

A b u n d a n t

Z e o l i t e  a n d  
g r e e n  c h l o r i t e

B r i g h t  g r e e n  
c h l o r i t e ,  w i t h  
c h a l c e d o n y  r i m s

C h a l c e d o n y  
q u a r t z  a n d  g r e e n  
c h l o r i t e .

C n l o r i t e  a n d  
g r o u p s  o f  a u g i t e  
f e l d s P a r  c h l o r i t e  
a n d  c a l c i t e  
g r a i n s .

A l t e r e d  a m y g d a lo id a l  l a v a

S ro u n d m a ss  d  t e r e d , d a r k  b ro w n •

D a rk  g r e y  a m y g d a l o i d a l  l a v a .

1



Table XVII shows graphically  the estimated modes of most of

the dykes that were examined, together with the op tica l constants of the 

con stitu en t m inerals.

S:owrj on the ta b le , most of the dykes medium to  f in e -  

grained opnitic o liv in e  d o le r ite s , with variable amounts of o liv in e ,  

and no ’ opyroxene or p igeon ite . They thus correspond more c lo se ly

wit!: the tierdekloof type than with any of the other well-known types.

1 • - t3-1» 37, 39 and 122 are apparently coarse v a r ie t ie s  of the

-er.iekloof type dykes, although ferr iferou s p igeonite i s  absent.

P icr ite  d o ler ite s  were found a t f iv e  lo c a l i t ie s  (Nos. 1, 3,

10, 192 and 394)• Pour of these lo c a l i t ie s  f a l l  roughly along a lin e  

about 1C kn. long, running north-east. The rock occurs in  irregular  

masses, rather than in  dyke-like bodies. No. 192 i s  from a long str ik e  

dyke near the Brandberg.

-.'os. 1 and 10  are sim ilar and co n sist of coarse rounded o liv in e  

gra in s, with l i t t l e  in t e r s t i t ia l  m atter. Nos. 394, 192 and 3  (photo,

Pig* 6 5 . )  appear to  represent three stages in  the growth of the c r y s ta l l -  

ine jioundmass, w. cn i 3 resp ectiv e ly  f in e , medium and coarse grained in  

the three specimens. In Nos. 3 and 192 the o liv in e  forms elongated

-« - 2 i  by 0.3 mm. th ick . In i o. 3 J4 , some of the o liv in e

grains are broken, and the p lag ioclase groundmass f i l l s  the spaces between 

the fragments.

The Han^ne st  type was found at only one lo c a lity  (No.13), in

an - eguxar plug—lik e  body about 60 metres in  diameter. The rock i s  a

oron .-te ao lerite  containing augite and a l i t t l e  p igeon ite , more than

3 0 /o paagioclase and some rare b x o tite . Seme of the bronzite shows grapiiic 

intergrowt,h.. O livine i s  absent.

Noe. 9 7  and 323, taken from horizontal sheets in  the sc h is t  

and g ra n ite , cannot be correlated with any of the known typ es. The augite  

in  tnese two th in  s e c t2.0ns i s  exceptiona y welu^ieveloped, forming an 

almost complete mosaic of grains, o p h itica lly  enclosing p lag ioclase la th s, 

apart from th is  p ecu lia r ity  of texture the rock i s  sim ilar to the Nerde- 

kloof type.

No. 73, taken from a th ick  s i l l  in  the south western part of 

the ,-rea, shows a w ell marked d irective  texture of the coarse p lag ioclase

la th s .



TABLE XVII

THE KARROO DYKES
1 5 5 .

TYPE .

10

192

394

13

11

12

14

20

26

27

29

30

31

35

36

38

LOCALITY

a, 8

Hemg-
Nest

Near granite between 
Zebra R and S of Brak 
River

OLIVINE

-2 V

'90

pyroxene

2V y

18
Crystal* to 5 .0

88+ 5
Long cry sta ls

87+ 5

51

r T Grain anc  Texture

1.702 Oph.

i

49 1.722 . P o ik il it ic

FELDSPAR

%  
A n

GLASS ETC.

SfA v.Size

PHENOCRYSTS AND 
AMYGDALES

I f"ORE

56 ; 32
1------------

0.5

62 35 to  3 .0

47 11.718

Amis River

West of Zebra River

At S-bend in  Brak R

Near W gate of Brak 
R.(near granite)

" E "

81— 4 6
Long cry sta ls

83- 41

56 32 0 .5

49 :1.703 Oph.

48 1.734 P o ik ilit ic

54 31 0 .4

Too small <0.1|
 .......   1 i

19& P ige- Sub. Oph. 
onite j

^  Augite
34 0.5

Bronzite to  3 .0  mm 
2Vx71 (in sid e) 66 (rim) 
n . 6 9 0

Altered

o
o
1-4
bd

Q
«

(X,

In. 88-»* 5
Rim. 82- ! A5
Long cry sta ls

49 1.713
 !-----------
Sub. Oph. to gran*53 i 30

-

0 .3  Altered Amygdales-calcite
and ch lo r ite

E of 6 in  Marble 
Ridge

S.E. of 6

45 1.713
Sub. Oph. to 
Oph.

Brak River

Long cry sta ls

In . |83— 41
Rim 82— 45
Long cry sta ls

49 1.722 Oph. to  Sub-
i Oph.

47 1.722 Gran.

64 ; 36 0 .3

61 34 0.5 I Altered to

53 30 0 .4

ch lo r ite

L it t le

W of Brak River in  
Marble

Lead Occurrence "A"

81— 46

50 1.720 Oph.

54 1.720 Gran, to Sub.- 
. I Oph.

50 28 0 .5

56 32 0.25 s/

81— 4 6 48 1.723 Fine grained oph, 53 30
to  gran.

0 .4

‘ P lagioclase and long 
o liv in e  phenocrystsj

| O livine and much 
p lagiocalse phenoerysts

O livine phenocrysts

80— 48
Zoned

? Altered

49 1.725 Coarse sub-oph.&
fin e  grained.

4 ^  1.722 Sub-o ph.

4 6  1.718 Granuiitic

56 32 0 .5 P lagioclase phenocrysts
!

60 33 0.35 Altered

Altered 45 1.721 Sub—oph. to gran. 66 37

47 1.722 Granuiitic

L it t le  altered

47 1.722 Granuiitic 

4 6  1.719 Granuiitic

53 30 0.4 z

66 37 0.5 z

62 35 0.8 z

64 36 0.4 z

62 35 0.4 z
Xr - M o m .

Felted p lag ioclase

Am ygdales-calcite with 
ch lo r ite  edges

|Z

/

/

z

Long O livine phenocrysts l//

iZ

z

z

z

z

z

z

z
z

z'

z
z'

EXTRAS AND REMARKS N0J ESTIMATED MODE ■  
(Shown graph ica lly )

< Iddingsite V  1.628

V Iddingsite y  1.622 and 
rare Bowling!te.

Rare ? Iddingsite

Rare ? Iddingsite

Rare B io tite  > 1 .6 3 0

Antigorite and Magnetite 
from Olivine

B io tite  X 1,635. Rare green 
bowling!te

Long green bowlingite grains. 
2V48°—

Brown bowlingite

G r e e n i s h  brown bowlingite
2V 15°-

A n t i g o r i t e  and green 
b o w l i n g i t e

Rare green bowlingite 

A n t i g o r i t e

R a r e  green bowlingite 

G re e n  bowlingite 2V 10°-ve

1 0 / I Z H Z

1

10.

192 f

7TT

7 5 7

394 0 / -7 5 B

o

5 T M M

O/

D-o

1 1  IZZL_L 0  Ip,

12 rT577 r 1

20 r

26  a

27 0  / /O ^  Is0

29

30

$

H o

35 r r —

38 [ I



TABLE XVII ( c o n t in u e d )

THE KARROO DYKES. 1 5 6 .

N° .  «’YPE i

40

89

95

96

127

129

359

419

421

423

r

Ct,
O
O

Ud

Q
CEi

LOCALITY OLI/IKE PYROXENE FELDSPAR

12 Vr Grain and Texture

S.E. of Brandberg W 
Mine, near granite I Long cry sta ls

^  A v.Size
m m

GLASS ETC. PHENOCRYSTS AND 
AMYGDALES

ORE EXTRAS AND REMARKS

East of large s a l t  
pan

Near large fa u lt  E 
of Brak River

North of 95

186+ 1 
Long cry sta ls

I I

51

i
See Map No. F«g/40 Altered

1 km. N.W Altered

See F ig . 3 9

Brandberg West Mine 

n

49

48

48

1.722

1.730

Fine grained sub- 60 33! 0 .3  
oph. to gran.

54 31 0 .4 tZ

Plagioclase and long 
o liv in e  grains

NO. ESTIMATED MODE 
(Shown graphically)

I

1.712

1.720 Sub-oph. to gran.

47

A ltered

1.717 Fine grained sub- 
' oph.

1.709! Fine grained sub-
oph.

i

80-

88-

A ltered

48

25

45 1.725
41am

4% 1.724

49 1.705

Sub-oph. to oph, 

Sub-oph. 

Sub-oph,

I

54 : 31 0 .5

60 33 0 . 3

A ltered 0 .5
I

60 33 0.15

60 33{

54 31! 

54 31

0.25

0.5

0 .4

Augite to  0 .7  mm 
Plagioclase to  1.7mm I

v /

Altered

40 ><

89 f o' I

95 C O
Rare 

I pyrite  
Rare
pyrite

Rare altered o liv in e  
lEuhedral augite.Much i 
Plagioclase to  1 .5  rum i A lt. to

Green bowlingite 

B io tite V l.6 3 0 . A ntigorite

9 6 [ m

127  a

P lagioclase

j Leucoxene 

! Abundant

129 f~ 7*' |

Analysed 359 f l o

Z Few p lagioclase  
phenocrysts

51 1 .7 1 2 1 Sub-oph to gran. 
42

51 29! 0 .4 Z

z
z

o ,
419! r-

421 if
O!

z 423 {
O!

Tr W-a

-
2 2

3 2

3 7

39

1 2 2

78

97

323

g

a.

Near 21 and 23 NW 
of Brandberg W Mine I Altered 5 45 1.7181 Coarse oph. 60 33 1.0

Lead Occurrence "A"

A ltered

85+ In 1 
87+Bn5

49 1.720 Coarse ooh. 1 60 33 0.5

✓

Z

z

iz

Pleochroic augite r z o

32 h °

85+ 1 48 p..728 'Sub-och. coarse 56
!

See Map No. Fig-4-O , A ltered

85- 35 50 1.715 , Coarse oph.

47 1.721 1 Coarse oph.

32 0.4  

31 0 .944

53 30 ! 1.1

Z
Z

Z

See Map No. F ig Z O
-

z
z

z

37 i f '  1

39 0 ~ £ o

?Id d ln gsiteif1.631 (* red-brown 
]ilo t l t e ?J Green bowllni-rite 122) p

77- 55 58 1.728 60 33 2 .0 Abundant Z
t

Rare Jddingsite y i .6 3 5 .  Rare I
green pleocliroic Bowlingite 78 |*'| P

Near No. 96

Near Karroo South 
of Zebra River

A ltered 4 6  1.708 Coarse oph. 63 35} 0.35 ^

49 1.717

Z

Z

R are green bowlingite 97 HZ

Gj*V7

I
3 2 3  n

#mn "A

9)  ̂ Maximum extin ction  angle in  zone _L 0 1  o

Oph. = Ophitic,
Gran. = tiran u litic .

01

r%M

-  O l iv in e
-  / y ro x e n e
- / e l d s P a r
-  H a a s



The specimen was taken from about 12 metres above the base of the s i l l .

The s i l l  i s  at lea st 2 0  metres th ick , and the top part has been removed 
by erosion.

Forphyritic basic dykes (Sos. 62, 74, 92, 129, see Table T vttt) 

are fa rr ly  abundant In the area, and are generally  older than the rtrde-  

kloof type dykes. They usually  show small (up to 2 .0  mm.) phenocrysts 

o f au g ite , o liv in e  or p lag ioclase in  a dense api an -tic purplish brown or 

greenish brown m atrix. They resemble strongly some of the Karro lavas 

found in  the area, but are usually  le s s  a ltered  than the lavas.

Amygdaloidal basic dykes (Nos. 21, 23 , 28 , 37, 123, 1 4 6 , 206 

and 337) (see Table No. XVIII), are widespread, and some are possib ly  

v a r ie t ie s  of the normal Perdekloof type. The amygdalae co n sist of 

c a lc ite  and chalcedony, with ch lo r ite  rims. Z eolite i s  present in  No. 123,

which a lso  contains p lag ioc la se  phenocrysts. A ll these amygdaloidal rocks 

are more altered  than the d o le r ite s .

' Ihe Sroundmas3 i s  usually of fe lte d  or v a r ic l i t ic  fe ld sp ar,

rarely  together with augite la th s. Glass or m esostasis i s  present in  

sm all amounts.
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TAJLE X V III

'
A..YaDAL GIPAL A11D ^ u R -H Y R IT IC  BAS IC  D Y K iS.

A■

LOCALITY O LIV IN E YRCXENE
LAGIOCLASE J

C r o u a d n i a s s » h e n o c r \ rs t s  I 0LA35 ALYfOP̂ iL ̂ 3 ORE EXTRAS u~.DRti-AiViS

21

2 3

N .W . o f  u r a n d b e r g  iVeat 
M in e

A l t e r e d

n

2 8  S e a o b  R .  L e a d  o c c u r r ­
e n c e  "A"

6 2  H e a r  L e a d  o f  S e s o b  R .

7 4  N .  o f  O einabok  R .

8 7  I n  g r a n i t e  ( S e e  laag)
-5*k>

9 2  S a m e  a a  7 4 ,  F a r t h e r  
t o  3 . E .

1 2 3  S e e  MaP, P'iy *o

1 2 8  /  /6**. S.

1 4 6  .W. o f  - i r a n d b e r g

2 0 6  Am ia ^ i v e r

2 1 5  I n  g r a n i t e  n e a r  
h e a d  o f  Z e b r a  R .

3 8 7  N e a r  f a u l t , e a s t  o f  
, Z e b r a  R i v e r

A l l  A l t e r e d  t o  
c h l o r i t e

A l l  a l t e r e t y t o  
c h l o r i t e

A l t e r e d  f e l t e d  
l a t h s  A v . 0 .3mm

A l t e r e d .  A v .0 .3 m m

M uch A l t e r e d  C a l c i t e  e n d  a n t i
g o r i t e .

S o m e

2V 86*
A l t e r e d
T 'h e n o -
c r y s t s .

F i n e - g r a i n e d
g r a n .

F e a t h e r y  a g g r e ­
g a t e s .  A v . 0 .ISmm

F e l t e d  n e e d l e s

Z o n e d  A u g if re  
2V47*- Y  1 . 7 2 8

A l t e r e d .  A v .  0.5mnS A l t e r e d
1 . 5  mm

itv • sv • 3 njn

2 V 5 0 f , X l . 7 2 9

A l t e r e d
2V67*

F i n e - g r a i n e d  o - n h * 3 2 "  A v .  0 . 2 5  m  
2 V 4 2 * , t  1 . 7 2 3

^ h e n o c r y s t s '  F i n e - g r a i n e d  F e l t e d  l a t h s
t o  l .O n m  a l t e r e d  a u g i t e .  A v .  0 . 2  mm 
A l t e r e d  R a r e  P h e n o c r y s t s

A l t e r e d  A v .0 .5 m m

A l t e r e d  i

Z o n e d  l a b r a -  
d o r i t e  t o
2.0 mm

y

A l t e r e d  A v.C  . 2 & m

2V 50+  ^ 1 . 7 2 6

A l t e r e d

A l t e r e d H i g h l y  A l t e r e d  
A v .  v . 2  run

Ni<sx. & 1 o

I l a e i n a t i t e  S i m i l a r  t o  L e v a  No . 3 5 1 .

C a l c i t e  a n d  c h a l ­
c e d o n y .  C h l o r i t e  
a t  e d g e s .

C a l c i t e  a n d  
! c h l o r i t e  •

L e u c o x e n e

l i m e  n i t  e

* y r i t e  a n d  
i l m e n i t e

C h l o r i t e ,  c h a l c e -  L e u c o x e n e  
d o n y  a n d  c a l c i t e .

I l m e n i t e

C a l c i t e ,  c h l o r i t e  
a n d  z e o l i t e .

a g n e t i t e

C h a l c e d o n y ,  c a l c i t e  
a n d  c h l o r i t e  e d g e s .

C a l c i t e

L i m o n i t e

A b u n d a n t  c a l c i t e  M a g n e t i t e  
a n d  c h a l c e d o n y ,  w i t h  
c i i l o r i t e  e d g e s .

O l i v i n e  'no r n h;, r y .

R a r e  P i c o t i t e .  G r e e n  f i n e ­
g r a i n e d  a m y g d a l o i d a l  r o c k .

S a m e  d y k e  a s  i.o .7 4 , 2 Km 
a w a y .

C l i v i n e - ^ l a g i o c l a s e
P o r p h y r y .
O l i v i n e  m o s t l y  a l t e r e d  t o  

a n t i g o r i t e  and ma, n e t i t e .

H i g h l y  a l t e r e d  brown 
a m y g d a l o i d a l  rock .

H i g h l y  a l t e r e d .

H i g h l y  a l t e r e d  g r e e n i s h  b r o w n  
a m y g d a l o i d a l  r o c k .

*1) I Lk̂ tT. -Jj LjuDL 
(S h o w n  g r a p h i c a l l y )

f a

&
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CHAPTER VT.

P E T  R 0 L 0 G Y.

A - Pooka of the Daraqra Sygtem.

Th© probable or 1 pin of theg® gediment.g has been discussed  

under " Jeolopy41* The probable causes and processes of th e ir  metamor­

phism w il l  be discussed below.

The nomenclature used in the subdivision of the metamorphic 

grades in the follow ing d iscussion  i s  as fo llow s:

Grade Grubenman and N iggli Marker

LOW Epizone Chlorite zone

B io tite  zone
MEDIUM Mesozone Garnet zone

S tavro lfte  zone

HIGH Katazone S illim an ite  zone

Map No 66 shows the d istrib -ition  of the four main types of 

metamor^ic rocks in the Damare sediments« Referred to metamornMc 

Trades, they are as fo llo w s, in order of decreasing grade:

Old Granite Contact Zone High grade

Amphibole Zone )
)

Knotted Cordierite S ch ist Zone Medium grade

B io tite  Zone )

Only two w ell-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 Metamornh1sm

The e f fe c ts  of dynamic metamorphism are present throughout the 

whole area of Damara Rocks, except where ob litera ted  by la te r  thermal 

metamorphism, The major cause of th is  metamorphism is  thought to  have 

been fo ld in g . During the fo ld in g , movement between adjacent layers in 

the strongly  1 a^red rocVs, combined with onessure due to the w ’oht



1

I

<

<

t h -

5

o

CD
1

<
vj

N

I

' ^ # 1 ,

/t
I

h qu
fz

\

A

■q

m #.n



t

161

$  *

v

of the overlying -ed im ert,, rrodueed enough heat for the formation

of b lo t l t e .  The b lo tt te  flek ea  were formed p a ra lle l with the g lid in g  

^ n e s ,  which were a lso  the bedding planes.

The re la tion sh ip  between the stratlgraphto p osition  o f the 

sediments and the composition of the b lo t lte  I s  shown in Figure 67.

The more calcareous rocks, which were nrobably Impure doloml- 

t io  lim estones, contain mice, probably phlogoplte, that i s  low in  Iron 

content. The b lo t lte  of the s c h is t ,  i s  r ich er in iron, and probably

r e f le c t s  the orig in a l composition of the rocks, which were s l ig h t ly  

ferruginous arenaceous sh a les .

The In ten sity  of the dynamic metemornhlsm appears to  be 

proportional to  the degree of overturning of the fo ld s . For example, 

v est o f the ler laaen e . Mountain, the fo ld , „re appreciably more over­

turned than they are to  the east of the mountains, and the more c a l­

careous layers show a s l ig h t ly  higher degree of metemornhlsm than sim ilar  

reck  in areas that are le s s  strong]y overfolded. (See F ig , 66)

Actino] 1 he sc h is t  and g ra n u llte , and ra re ly , actlnojite-diopside 
- rock , are developed.

There ro ta tion a l s tr e ss  has produced .  cleavage, b lo t lt e  flak es  

are formed In the cleavage plane. The amrhlbol. and pyroxene grains 

seldom show any preferred orien tation , end th e ir  presence may possiblyfcs

exr]„ ir ,d  by thermal metamorphism and metasomatism due to a gran ite  

in trusion  a fter  the fo ld in g  had ceased.

Strongly knotted c o r d ie r ite -b io t ite  s c h is ts , which are common 

west or the Zerlssenee Mountains immediately above and below the Upper 

Marble S er ies are a lso  more in d ica tive  of thermal than of dynamic

metamorphism, although a d irec tiv e  texture e x is t s  In the porphyrohlasta.

^  Kstf-pngl. Metfimorphlsm and Zoning^

Fxamlnetion of amphihole from representative sectio n s through

the three se r ie s  of s c h is t s ,  shows that there i s  a progressive Increase

in the iron content of the amphihole upwards from the I over S ch is t  S er ies  

to  the Unper S ch ist S e r ie s .
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