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ABSTRACT. 

Tin-deposits in the Bushveld granophyre are typically 

developed on the farm Stavoren 470 in the Potgietersrus 

District of Transvaal. 

A study on zircons suggests a similar origin for the 

Bushveld granite and the Bushveld granophyre, and the 

evidence is in favour of a magmatic origin for both these 

rock-types. 

The deposits on Stavoren occur characteristically in 

groups. 1rhis study is mainly concerned with the Western 

group of pipes of the "B" Line workings on Stavoren. 

This group comprises thirteen pipe-like bodies of albitised 

granophyre. Recent exploratory work exposed four of these 

pipes to a vertical depth of approximately 250 feet and 

the others, except for two, to a vertical depth of abonr 

170 feet. The pipe-exposures made by the exploratory 

work are described in detail. 

The ore occurs as disconnected shoots or ore-bodies 

erratically disposed through the masses of albitised 

granophyre. Three types of ore-bodies are recognised viz. 

A. Zonal ore-bodies characterised by a zonal 

arrangement of the component minerals: 

B. Breccia ore-bodies in which fragments of 

granophyre, in various stages of alteration, 

are cemented by ore- and gangue-minerals, and 

c. Replacement ore-bodies characterised by the 

replacement of highly altered granophyre by 

irregular stringers, pockets, and blebs of 

ore- and gangue-minerals. 
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The occurrences are remarkable for their large and 

varied mineral associations. The primary minerals are 

native bismuth, joseite 7 sphalerite, chalcopyrite, galena, 

bismuthinite, pyrite, loell1ngite 7 arsenopyrite, 

molybdenite, magnetite, cassiterite, scheelite, ilvaite, 

quartz, chalcedony, calcite, fluorite, thuringite, 

stilpnomelane, adularia, tourmaline and fluorapatite. 

Optical, physical, X-ray, and spectrographic data of most 

of these minerals are given. Cassiterite and scheelite 

are economically the most important ore-minerals. 

Loellingite (identified by aid of X-ray powder patterns 

and a chemical analysis) is up to the present not reported 

from any of the South African tin deposits. This appears 

to be partially due to its macroscopic and microscopic 

similarity to arsenopyrite rather than to its absence in 

all the deposits. Joseite (identified by X-ray powder 

patterns and etch tests after detecting tellurium 

spectrographically) is intimately associated with native 

bismuth, bismuthinite and galena. Thuringite was de-

scribed by Wagner (1921 p. 70) as 11 raven-mica 11 but X-ray 

powder data and differential thermal analysis indicate 

that this mineral is a true chlorite and its chemical 

analysis is in agreement with that of other thuringites. 

The order of crystallisation of the minerals is 

discussed. It is suggested that the deposits are of 

composite origin: the adularia and early quartz are 

hypothermal whereas cassiterite and the accompanying 

sulphides and gangue-minerals are mesothermal. The 

decrepitation method to determine the temperature of 

formation of minerals was applied to some of the minerals 

of Stavoren but the results are regarded as of doubtful 

value. 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022

- 5 -

The deposits are epigmEl:ic and the ore-fluids were 

derived from some deep-seated source, possibly from a 

magma with affinities to the Bobbejaankop granite phase 

of the Bushveld Complex. The metas~rnatic alteration of 

the granophyre is discussed in detail and it is postulated 

that the granophyre was, in order, albitised, desilicified, 

and chloritised by rising solutions which leached sodium 

and potassium from granitic rocks along their (the solution's) 

channel-ways during processes of silification and tourma-

lln1sation. The potassium was re-deposited as a potash 

feldspar in the ore-bodies. 
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1. IN'I'R0DUCTI0N. 

Practically all the tin-occurrences in the Transvaal 

are genetically related to the granite of the Bushveld 

Igneous Complex and classified according to the type of 

rock in which the tin ore occurs 1 they are ( ·iagner, 1921 

p. 60) :-

a) Deposits in red granite. 

b) Deposits in granophyric granite. 

c) Deposits in granophyre. 

d) Deposits in felsite. 

e) Deposits in sedimentary rocks of the upper 

portion of the Magaliesberg Stage of the 

Pretoria Series (this portion was formerly 

known as the Rooiberg .Series). 

The deposits in granophyre are typically developed 

on the farm Stavoren 470 situated in the Potgietersrus 

District, about 55 miles southeast of Potgietersrus (see 

fig. 1). The granophyre occurs here in the form of a 

thick sheet dipping at a low angle to the south. It is 

underlain by granophyrlc granite and is intrusive into 

the overlying quartzite of the IIagaliesberg Stage of the 

Pretoria Series. 

1912. 

'I'he first occurrence in t~1is area was discovered in 

In that year oassiterite was found near the 

0lifants River in the bed of a water-course by which 

Stavoren 470 is drained, and the following up of this 

alluvial cassiterite led to the discovery of what are 

known as the "A" workings on Stavoren (Wagner, 1921 p. 12). 

This first discovery in that area gave an impetus to 

prospecting and Wagner (1921, p. 115) points out that 

when prospecting was suspended. at about 1919 some fifty 
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distinct occurrences had been opened up in the eastern 

portion of Stavoren. They occur characteristically in 

groups and Wagner (1921, p. 115) describes them under 

the following headings (see fig. 2): 

1) The occurrences of the "B" line. 

2) The "A" group of workings. 

3) The Camp Line workings. 

4) The Auret's Baby - Hillside Qua~ry group. 

5) The deposits of the Morning Sun Area. 

6) 1rhe 11c11 workings. 

7) 'rhe Parallels. 

8) 'rhe "D" pipe. 

9) 'The "71 Yards Fissure". 

Most of them are pipe-like in form and the occur­

rence of the "B'' line is remarkable for its large and 

varied mineral association. 

During the period 1915 to 1919 considerable amounts 

of cassiterite, scheelite and chalcopyrite, and also a 

few tons of "white arsenic" were recovered from these 

deposits. Ow1·ng mainly to the drop in the price of 

scheelite in 1919, operations were suspended in that 

year (Wagner, 1927 p. 85), and, except for some 

exploration work in 1921, the deposits have lain fallow 

until about 25 years later when !tr J .T. Wessels, at 

that time a geologist of the Union Geological Survey, 

investigated the abandoned mines and prospects at 

Stavoren and decided (unpublished report dated 1 July, 

1947) that the "B" line of pipes is the most promising 

for further exploration. Most of the other occurrences 

are small and the excavations, if any, in a dilapidated 
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state so that they were not considered of any consequence 

for the present study. 

The "B" line of pipes can be subdivided into a 

Western Group in which the pip~s are arranged in a line 

striking approximately from east to west, and an Eastern 

Group in which the pipes are arranged in a line striking 

about northeast to southwest. The total distance 

occupied by the former is about 700 feet and that by the 

latter about 850 feet. There is a gap of about 500 

feet between the two lines. 

The Western Group comprises thirteen pipes. 

Recent exploratory work, which was carried out by the 

Mineral Development Branch of the Hines Department, 

exposed the eastern four of these pipes to a vertical 

depth of 250 feet and the others, except the most 

westerly two, to a vertical depth of about 170 feet, 

both depths being measured from the collar of the Inclined 

Shaft (folder 1). The Eastern Group comprises seven 

pipes of which five are intersected by the drive on 

the first level of the mine (folder 2). The aim of 

the present investigation was to collect data on the 

mineralisation of these newly exposed portions of the 

pipes. 
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during visits to the mine. 

III. PREVIOUS WORK. 

In a short paper published in 1914 McDonald (1914) 

discusses the habit of the red feldspar, one of the 

common gangue-minerals in the pipes on Stavoren, and 

concludes that the feldspar variety is adularia, the 

prism faces being strongly developed whereas the 

clinopinacoidal ones are absent or only very poorly 

developed. 

The general geology, the nature of the outcrops 

of the pipes, and the nature of exposures made by mining 

operations during 1915 to 1919 are recorded by Wagner 

(1921) in a Memoir of the Union Geological Survey. 

The mode of occurrence of a wide range of minerals is 

given by him but very little information is provided on 

their chemical and physical properties. In the same 

publication he discusses the paragenesis of the ore­

and gangue-m1nerals and also the metasomatic processes 

involved in the formation of the deposits. He regards 

these deposits as replacements in bodies of pegmatite 

in granophyre, and is of opinion that they owe their 

origin to Gt long and involved succession of chemical 

and. mineralogical changes. He suggests that the 

bodies of pegmatite probably occupy contraction 

cavities and th8t the cassiterite ha3 developed mainly 

in these pegrnatites at the expense of the pegmatitic 

quartz, which it replaces selectively, whereas scheelite 

and arsenopyrite developed mainly at the expense of 

the pegmatitic feldspar. According to him the later 
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sulphide minerals such as chalcopyrite, galena, sphalerite, 

etc. replaced the earlier formed ore- and gangue-minerals 
F 

but the late gangue-minerals like 11uorite and calcite 

made room for themselves by pushing asid.e older minerals. 

:.i,.L. Hess (192.3 pp. 97 - 100) gives a review of 

Wagner's Memoir and draws attention to a few of the 

statements with which he does not agree. He hesitates 

to accept that cassiterite replaces quartz more readily 

than feldspar. To him the "contraction" cavities seem 

much more likely to be solution cavities and the 

pegm2, ti te s products of replacement of the country-rock. 

He is of opinion that the same solutions from which the 

pegmatites formed, subsequently partially dissolved 

them and deposited the ore- and other minerals. Hess 

also criticizes Wagner for not clearly indicating the 

relationship of the pegmatite bodies to the pipes. 

Wagner (192.3 pp. 697 - 699) in his reply to Hess' 

criticism points out that the replacement of quartz (in 

preference to feldspar) by cassiterite is a common 

phenomenon in the area under review and that, according 

to Kynaston and Eellor (1909), it is a rule in the 

Wa terberg 1rin-fields. Wagner finds it difficult to 

follow Hess when he suggests that cavities lined with 

crystals of quartz and fresh feld.spar are of twnature 

of solution cavities. Furthermore he protests against 

the statement that he did not clearly recognise the 

relationship of tl1e pegmati te bodies to the pipe's, and 

states that it ought to be obvious from the memoir that 

the term pipe is used by him in its morphological sense. 
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In subsequent publications the data presented on 
,. 

the Stavoren tin-deposits is merely a resume of that 

given by Wagner in 1921. Amongst these are the 

Explanation of sheet 17 of the Union Geological Survey 

(Wagner, 1927 p. 85), rrThe Mineral Resources of the 

* Union of South Africa (p. 297) ", wagner's (1929 

p. 197) contribution to the section on tin in the "Hand­

buch der Regionalen Geologie", and the Memoir of Hall 

(1932, pp. 490 - 491) on the Bushveld Igneous Complex. 

IV. THE GRANOPHYRE. 

A. Petrographz of the grnnophyre. 

'I1he granphyre forming tl:e country-rock of the 

cassiterite-bearing pipes on Stavoren is the typical 

red granophyre of the Bushveld Igneous Complex. It is 

a fine-grained rock in which the principal constituents 

have an average grain-size of approximately 1 mm. in 

diameter. The bulk of the rock consists of micro-

pegmatite composed of differently orientated interlocking 

grains of potash feldspar holding quartz individuals of 

almost any shape. ;1uartz as isolated grains, plagioclase 

as idiomorphic crystals, and potash feldspar not inter­

grown wlth quartz, are present in small quantities and 

are scattered as phenocrysts through the micropegmatite 

framework. 

The quartz of the micropegmatite is oriented in such 

a way that all the quartz rods intergrown with the same 

grain of feldspar extinguish simultaneously • 

.J~ 

'The first edition entitled 11 Hineral deposits of South 
Africa" was edited and large written by the late drs. 
P.A. Wagner and L. Reinecke and was published in 1930. 
Revised editions bearing the abovementioned title 
appeared in 1936 and 1940. -
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In some micropegmatite grains the quartz rods 

are elongated and radiate outwards from the centre of 

a feldspar grain. Some earlier feldspar crystals, 

not intergrown with quartz, are surrounded by several 

grains of micropegmatite 1n which elongated wedge­

shaped quartz rods radiate outwards from the earlier 

feldspar. Both, potash and·plagioclase feldspar, 

serve as nuclei for such "spherulites". In other 

micropegmatite grains the quartz individuals are only 

elongated in one direction throughout the feldspar, 

or may show no sign of elongation in any direction. 

In still other cases, as is also described by Kuschke 

(1950 p. 23) and Strauss (1954 p. 29), "'rhe feldspar 

grains in many instances contain euhedral cores of 

another feldspar, and, although the quartz netwo:"."'k is 

then optically continuous throughout such a feldspar unit:i 

the shape and the arrangement of the quartz rods vary 

in the different sectors of the unit (Strauss 1954, p.29). 

'rhe shape of the quartz grains as they appear in 

thin section, is largely determined by the orientation 

of the section; a section cut normal to one in which 

the quartz grains are not rodlike will reveal the 

elongation. The size of the grains varies in width 

from 0.01 mm. or even less up to about o.4 mm. and some 

elongated individuals measure up to about 1 mm. in 

length. 

The potash feldspars are orthoolase ( 2Vc(::::; Q-8'0 ± 2°) 

and subordinate microcline (~V({ = 820 '! 20). They are 

red and almost opaque and are both intergrown with 

quartz. It is the colour of these feldspars that 
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determines the colour of the rock. Rankama and 

Sahama (1950 p. 660) conclude that the red colour, 

which is characteristic of potash feldspar, has 

originated through unmixing and subsequent disintegration 

of the !'erriferous component accompanied by the formation 

of hemE~ ti te. Poldervaart and Gilkey ( 19 54) , however, 

sponsored another view with regard to the origin of the 

particles producing· clouding in plagioclase and other 

minerals. According to them the material was 

introduced into the crystal some time after its formation. 

They believe that slight clouding in plagioclase is 

probably caused by exsolution of foreign ions but that 

the intense cloudlng of plagioclase is the result of 

the migration of iron and other elements into the 

crystal aft3r its formation. 

The plagioclase feldspar is albite-oligoclase 

(Ab89Anll). In contrast to the potash feldspars it 

is usually colourless in thin section and exhibits 

characteristic polysynthetic twinning, that according 

to the albite law being the most common. 

phenocrysts are microperthite, 

Some of the 

'I'he ferro-magnesian miner:::tl is strongly pleochroic 

hornblende ( ._V = deep green, nearly opaque; .fl = green; 

(:{_= reddish-brown). It constitutes only about 8 peT 

cent. of the typical rock 2J1d occurs in la th- shaped 

individuals which qre interstitial to the micropegmatite 

grains. 

The normal accesories are zircon, sphene, apatite, 

fluorite, and magnetites In contact with the pipes 

the replacement of hornblende by chalcopyrite and 
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occasionally by molybdenite is by no means rare. 

In the neighbourhood of some of the pipes the 

granophyre is much fractured and traversed by numerous 

dark-coloured stringers mainly composed of dark-green 

chlorite; the ordinary constituents of the granophyre 
~ 

being subordi::n2 .. te. 'l1hese stringers are dipping and 

striking in almost any direction and vary in width from 

a thin black line up to about 2 inches. 

carry blebs of chalcopyrite. 

B. The origin of the granophyre, 

They often 

Prior to 1944 the granoph:,lt"e of the Bushveld 

Igneous Complex was generally accepted as an igneous 

rock g~netically related to the quartzose facies of the 

pluton. 

In 1944 Strauss and Truter (1944) published a paper 

dealing with the Bushveld granites in the Zaaiplaats 

Tin Mining Area and describe granophyres which from 

field and microscopic evidence are nothing else than 

reconstituted sediments. To distinguish these rocks 

from the typical Bushveld granophyre the term 11 pseudo­

granophyre" was suggested. 

According to Strauss and Truter there is no 

suggestion of the replacement of quartz by feldspar in 

the Bushveld granophyre and the graphic texture seems 

to be due to simultaneous crystallisation of the two 

minerals whereas, for the 11 pseudo-granophyre" the out­

standing texture in thin section is the replacement of 
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quartz by feldspar. They do, however, suggest (p. 76) 

that the typical Bushveld granophyre may represent the 

end-point of such replacement and that this rock-type 

itself therefore may be a completely reconstituted 

sediment. Owing to lack of information on this problem 

they preferred to regard the Bushveld granophyre as a 

facies of the Main type of Bushveld granite. 

In a recent publication Strauss (1954 p. 28) 

compares the Bushveld granophyre and the "pseudo-

granophyre" in more detail. He points out firstly that 

it is impossible to base any petrogenetic theory on the 

Bushveld granophyre on chemical composition alone, 

secondly that the distribution of the Bushveld granophyre 

does not form positive evidence in favour of any theory 

of origin, and thirdly that neither the intrusive nature 

of the granophyre nor the transitional relationship 

between the granophyre and felsite precludes the 

possibility of a metamorphic origin for the granophyre. 

He argued that "Long-continued interaction between 

granite magma and quartzo-feldspathic xenoliths may give 

rise to a transitional contact, and rheomorphism may 

make the metamorphosed rock intrusive into overlying 

f e 1 sites 11 ( p. 31 •. ) • 

In the Stavoren area the Bushveld granophyre rests 

on granophyric granite and is overlain by quartzites 

of the Upper Magaliesberg Stage of the Pretoria Series 

l (formerly regarded as Rooiberg quartzites). Near the 

contact the granophyre holds quartzite xenoliths which 

measure up to a few feet in diameter. 

In order to obtain additional information on the 
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origin of the Bushveld granophyre a comparative study 

of the zircons of this rock-type on Stavoren and of the 

accompanying granitic and sedimentary rocks was made. 

The results of grain counts carried out on zircon 

concentrates from the Bushveld Main granite 1 the 

granophyric granite, the granophyre, and the quartzite 

are presented diagrammatically in figure J. At least 

five hundred zircon grains were counted in each of the 

concentrates and, following Koen (1955, p. 127), all 

the values in figure 3 are given in terms of a thousand 

zircon grains. 

The colour of the zircons of the granitic rocks 

(including the granophyre) is greatly masked by a thin 

coating of iron oxide. It was therefore necessary to 

treat the zircon concentrates with hydrochloric acid. 

After such treatment the bulk of the zircons of the 

quartzite is clear, whether slightly coloured or not, 

whereas about 90 per cent. of those of the granitic 

rocks are gray to almost opaque and are characterised 

by a dirty, altered appearance. The marked contrast 

in colour between the zircons f·rom the qunrtzi tes and 

those from the granitic rocks and the similarity of 

the granitic rock3 (i.e. Bushveld granite and grano­

phyre) in this respect are clearly shown on figure J. 

The zircons in these concentrates can also readily 

be classified according to the following recognised 

colour varieties (Norgan & Auer, 1941 p. 306): 

1. Normal variety being clear (i.e. colourless 

and slightly yellowish). 
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2. Hyacinth variety being pink (i.e. clear 

pink and purple). 

3. Malacon variety being gray (i.e. grayish, 

some with a yellowish, brownish, or 

reddish tinge, to almost opaque). 

X-ray studies by Chudoba and .Stackelburg (1936 & 

1937) suggest th~t malacon is in the metamict state. 

These workers also contend that the metamict state is 

due to radioactive elements present in the zircon. 

Hadioactivity measurements by Horgan and Auer (1941, 

p. 306) confirm that t~1e malacon variety is more 

radioactive than the hyacinth ~·.md normal varieties of 

zircon. 

To test the la.ttice perfection and radioactivity 

of the zircon grains from the rocks under discussion, 

x-ray powder diffraction patterns and autoradiographs 

were taken. The x-ray diffraction lines produced by 

the gray zircon of the granitic rocks are diffuse 

whereas the clear zircons exhibit a normal diffraction 

pattern (see plate 1). Autoradiographs, prepared by 

exposing the zircon concentrates to Kodak no-screen 

x-ray safety film for 30 days, show that the gray 

grains which are typical of the granitic rocks are 

radioactive whereas radioactivity is not perceptible 

in the clear grains characterising the quartzites. 

'ro describe the shape of the grains the terms 

idiomorphic, rounded, and angular are used. The term 

idiomorphic is here reserved for euhedral grains only 

and the term rounded designates all the rounded (used 

in the strict sense of the term) grains and other 
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roundish grains with no recognisable crystal faces. 

It does not seem correct to refer to rounded grains 

in granitic rocks if these rocks are cf magmatic 

origin, but it was experienced that a large number of 

the grains from the gr~nite, the granophyric granite, 

and the granophyre are oval-shaped and show no 

recognisable crystal faces. It is striking however, 

that only the gray zircons exhibit that shape whereas 

the clear ones from the same rocks are all sharply 

euhedral. 

Idiomorphic zircons of which the crystal faces 

were formed by secondary growth and in which a rounded 

core is still visible, have been described by various 

authors inter alia Vermaas (1949 p. 6J) 7 Kuschke (1950 

p. J2), and Poldervaart (195511 p. 947). Such 

secondary crystals were not noticed ~mong the zircons 

from the quartzite and although some of the zircons 

from the granitic rocks under discussion do exhibit 

outgrowths similar to those described by Butterfield 

(1936 p. 511) none seems to have a rounded core as is 

the case with secondary crystals. 

In shape the zircons of the Stavoren granophyre and 

the other granitic rocks correspond remarkably closely 

and they contrast strongly in this respect with the 

zircons of the quartzites (see figure J). 

'rhe zoning does not show much V9.riat1,on in the 

zircons from the different rock-types examined but it 

should be mentj_oned that it was impossible to determine 

whether the numerous almost opaque grains from the 
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granitic rocks are zoned or not. 

In conclusion then the similarity of the zircons 

of the granophyre to those of the other granitic rocks 

as regards colour and shape (fig. J), and radioactivity_ 

is in favour of a similar origin for these rock-types 

but that does not completely preclude the possibility 

of a metasomatic origin for the granophyre, unless it 

is assumed that a magmatic origin for the granite is 

proved. 

Elongation-frequency curves (fig. 4) also favour 

a similar origin for the three types of granitic rocks 

but the curves show, as that of the zircon from the 

quartzite, maximums at elongation ratios less than 2 

which is, according to Fb.ldervaart (1950 Po 574 and 

19551 p. 441), not normally the case for zircons from 

rocks of magma tic origin. 1rhe applicability of 

Poldervaart 1 s rule to zircons of all magmatic rocks 

needs to be proved. 

Evidence in favour of a magmatic origin for the 

granitic rocks including the granophyre from the 

Stavoren area is, however, provided by the high 

percentage of malacon in the zircon concentrates" 

The stability of malacon is lower than that of clenr 

zirc©n. Consequently the former is relatively rare 

in arenites (Poldervaart 19551 p. 44J). 1rhis wou]d 

presumably also be the case in autocthonous granites 

formed by metasomatism of quartzites~ 
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V. 'rH:2 EOS'r IMPOR'rANT 'rIN-BEARING PIPES OF 1rHE "B" LI~. 

This study is mainly concerned with the Western 

Group of pipes of the "B" line, owing firstly to the 

fact that the exposures of the Eastern Group ar.e poor 

in ore-minerals and, secondly, that they show very little 

variation as far as composition and internal structure 

of the pipes are concerned. 

A. Distribution. 

In Wagner's Memoir (1921) the Western Group of 

pipes is referred to as B5 East to BB pipes, numbers 

being given only to the more important ones. For the 

purpose of this study a name or number is given to each 

pipe. To avoid confusion the names and numbers u:~ed 

by Wagner are retained as far as possible (see table 1). 

'rABLE 1. Names and numbers of pines from east to west. 

Present paper. 

B5 East 

:::} 
B5c 

B5d 

B6a 

B6b 

B6c 

B6d 

Seelig 

B7 

Quarry 

BB 

~3.gner 1 s Memoir. 

B.5 East 

B5 

not numbered 

B6 

not numbered 

not numbered 

not numbered 

Seelig 

B7 

Quarry 

B8 
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The distribution of the pipes on the surface and 

on the various levels of the mine is indicated on 

folder 1 A, B, C and D whereas folder 1 Eis a projected 

vertical section along the strike of the pipes. 

Very little doubt exists about the correlation of 

the exposures on different levels of pipes B5 East, 

B5a, B5b and B5c but the position of the other pipes 

on the various levels has still to be proved. 

The B5 East, the Seelig, end the pipes in between 

are arranged in a line striking approximately W 7° N, 

and the B7, Seelig, and BB pipe are situated W 6° S of 

the Seelig pipe. 

The linear arrangement of t~1e pipes suggests that 

they are situated along potential lines of weakness in 

the granophyre. On the two lower levels of the mine 

they show, however, no relation to any visible fissure 

or fissure system whereas on the first level the B5 

East, the 3eelig, and the pipes in between are traversed 

by a well-defined fissure A-A' in folder 1 B, and B7 a:nd 

the pipes to the west of it by a similar fissure (B-B 1 

in folder 1 B). These fissures intersect at an angle 

of about 13° in the vicinity of the B6b and B6c pipes. 

B. Form. 

For descriptive purpos~s the direction along which 

the pipes are scattered will be referred to as the 

strike of the pipes and the inclin~tion of the pipes 

in that direction as the plunge. 
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1rhe shape and size of the pipes are subject to 

considerable variation. In plan they are usually 

elliptical or roughly so and are elongated in the 

direction of their strike. The B5 East is the largest 

individual pipe and measures JO feet along the strike 

and 10 feet across on the first level, and on the second 

level a drive, 7 feet wide, cuts through 40 feet of it. 

On the third level it measures about JO feet by 8 feetc 

'l'he vertical extent of the pipes is not yet knowno 

1rhe greatest depth to which any of the pipes on 

Stavoren are exposed is that of the third level (about 

300 feet). 

All the pipes are steeply inclined, the dip being 

steeply towards the north (see figure 5). Along the 

strike the p1pes unite and split causing a variation in 

the angle of plunge; accordingly for the same pipe the 

plunge might vary from steeply to the east through 

vertical to steeply to the west. 1rhis anastornosing 

character of the pipes is·best illustrated by the 

behaviour of the B7 and Seelig pipes, the B5a and B5b 

pipes, and the B6b and B6c pipes (see folder lE). 

On the surface the B7 and the Seelig pipes form 

two distinct outcrops whilst nt a depth of 100 feet 

they have merged into an exceptionally 13rge elliptical 

mass measuring 70 feet in length and about 20 feet across, 

On the second level they are again separated from one 

another by several feet of apparently unaltered 

granophyre. 

The exposure of the B5a and B5b pipes is most 

interesting on the first level. On the surface and 
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on the second level the two pipes are separated from 

each other by several feet of apparently unaltered 

granophyre, whereas on the first level they coalesce. 

The complete outline of this coalescence is exposed 

in a horizontal section on this level so that the form 

of the pipe could be studied in detail. The form 

suggests the merging of two pipes; in plan it is 

roughly elliptical but the central part is narrower 

than the slightly bulged ends ( see fig. 11). 'The 

western bulge is smaller than the eastern one1 this 

is in agreement with the fact that on the surface and 

on the second level the western pipe is the smaller of 

the two. 

The behaviour of the B6b and B6c pipes is similar 

to that of the B5a and B5b pipes, except that they are 

very poorly mineralised on the first level. 

In general the pipes show the tendency to plunge 

to a common point of origin, the eastern pipes plunge 

to the west and the western ones to the east. 

c. Composition and internal structure. 

The 'term "pipe" in this treatise refers to pipe-

like masses of gray, altered granophyre. They are 

not ore-bearing throughout but the ore occurs as 

irregularly shaped bodies sporadically distributed 

through such masses of altered granophyre (see fig. 6). 

These ore-concentrations are referred to as ore-bodies; 

Wagner (1921) describes them as pegmatite bodies. 
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The gray-coloured "altered!! granophyre varies from 

an albite-rich granophyre to an albitite. The contact 

between the normal red granophyre and the gray, altered 

product is usually sharp and often visible in a single 

slide (PLATE Xll, fig 1 and 2) but the albite-rich 

granophyre and the albitite grades gradually into each 

other and are so similar in colour that it is difficult 

to distinguish them from each other with the naked eye. 

By means of a magnifying glass it is possible to tell 

the extreme varieties from each other and the author 

concluded that the albite-rich gra:nophyre usually occurs 

in contact with normal granophyre whereas the albitite 

surrounds the ore-bodies (fig. 6). This conclusion was 

confirmed by microscopic study of thin sections of a 

number of samples collected from various parts of the 

pipes. 1rhe grain-size of the granophyre was not 

effected to any great extent by the alteration, 

In the detailed description of the pipes (cf. 

figures 9 - 18) altered granophyre includes both 

albite-rich granophyre and albitite. 

VI. CONPOSITION AND 'I1EX1rUHE OF 1rHE ORE-BODIES. 

Generally the ore-bodies can be classified into 

three types, viz. zonal ore-bodies, breccia ore-bodies, 

and replacement ore-bodies. 

A. Zonal Ore-bodies. 

In these ore-bodies a concentric arrangement of the 

minerals, according to their order of crystallisation, 

gives rise to a zonal structure. The following zones 
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could be recognised: 

1. A wall zone consisting of thuringite. 

2. A feldspar zone consisting mainly of a 

red potash feldspar and a little quartz. 

J. An ore-bearing zone composed mainly of 
1(' 

ore .... minerals. 

4. A core composed of gangue-minerals of late 

formation. 

1rhe wall zone consisting of thuringi te is usually 

continuous right round the ore-bodies and grades 

gradually into the albitite which it replaces. The 

feldspar zone is often to a large extent replaced by 

later minerals; in some bo~ies only remnants of the 

feldspar are left whilst in others this mineral is 

completely absent. The ore-zone is very seldOfil 

continuous right round the ore-bodies and carries, in 

addition to the ore-minerals which form massive patches 

and irregularly shaped crystal aggregates of varying 

size, also quartz and ohloritic material. 'rhe most 

abundant ore-minerals are scheelite, arsenopyrite, 

chalcopyrite and cassiterite. Cassiterite usually 

occurs along the inner contact of the zone whilst 

scheelite is scattered along the outer contact. 

The gangue-mi:nerals forming the core are quartz, 

calcite and fluorite. They 1sually occur together 

in most of the ore-bodies but exceptionally the core 

* The termg3.ngue-minerals designates all the non-opaque 
minerals with the exception of cassiterite and scheelite~ 
These two, together with the opaque minerals, are 
referred to as the ore-minerals. 
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is composed of only one of them. Inclusions of 

quartz crystals of an earlier generation and of the 

earlier ore-minerals are common in the core. In 

some places a late generation chalcopyrite occurs as 

massive patches replacing the minerals forming the 

core. 

In size the zonal ore-bodies vary from small 

pockets a few inches in diameter, up to bodies 

measurable in feet. The largest one encountered 

occurs in the B5a pipe on the first level of the mine 

and measures 12 feet by J feet. 

The width of the various zones varies greatly. 

The thuringite zone and the feldspar zone seldom 

exceeds 2 inches. The ore-zone may be as wide as 15 

inches, as in the B5d pipe on the second level (see 

figure 15), but such a width is exceptional and is only 

measurable over a distance of 12 inches, whereafter it 

decreases to about 1 inch and then pinches out to 

appear again a few inches further on. The core of 

gangue-minerals usually occupies three-quarters or even 

more of the ore-bodies. An exception is an ore-body 

of the B5b pipe on the second level where most of the 

gangue-minerals are replaced by chalcopyrite of late 

formation. 

Replacement of older minerals by later ones is 

responsible for the fact that the contact between the 

zones is often ill-defined. Tl1e nature of the 

replacement is discussed in the section dealing with 

the paragenesis of the minerals. 
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1rhe zones in the Stavoren ore-bodies cannot be 

correlated with those of sulphide-pocr pegmatites dis­

cussed by Cameron, Jahns, McNair and Page (1949). 

Yet some of the characteristics of the zoned pegmatites 

( Cameron, Jahns, McNair and Page - 19~-9 p. 98) are al so 

displayed by the zonal ore-bodies in the Stavoren 

deposits viz. 

a. The presence of succesive shells, 

complete or incomplete, concentric 

about an innermost zone or core. 

b. "The material composing an inner zone 

may transect an outer zone or replace 

any part of the outer zone". 

c. Zoned ore-bodies "show definite sequences 

of mineral assemblages from the walls 

inward to the cores". 

B Breccia Ore-bodies. 

Wagner (1921, p. 111) points out that different 

periods of brecciation can be distinguished, and that 

brecciation is largely caused by the force of crystal­

lisation of the late minerals. 

The hrecci::.tion in the ore-bodies designated here 

as breccia ore-bodies, is prior to the introduction of 

the ore-minerals, in most cases prior to mineralisation, 

and is certainly not a crystallisation phenomenon. 

The breccia ore-bodies consist of angular fragments 

of altered granophyre cemented by gangue- and ore-minerals. 

The average size of the fragments is about 12 inches in 

diameter. The degree of alteration of the fragments 
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varies greatly: in some ore-bodies they are only 

slightly altered whereas in others they are completely 

changed to a greenish mass of chlorite. 

The minerals occupying the interstices between the 

fragments are often zonally arranged in the same way as 

in the zonal ore-bodies. In such instances the zoning 

is occasionally just as complete as in the zonal ore­

bodies. 

The ore-minerals, and to a lesser extent the gangue­

minerals, are not only confined to the interstices but 

often impregnate the chloritised fragments. 

C. Replacement Ore-bodies. 

This type of ore-body is typical of the B5c pipe on 

the first level of the mine, and of the B5a pipe on the 

second level. Such a replacement ore-1:ody consists of a 

highly chloritised mass which is irregularly replaced 

by pockets, stringers, and blebs of ore- and gangue-

minerals. Here again, as in the breccia ore-bodies, 

the largest pockets often show a zonal arra11gement of 

the minerals. 

It might be that these ore-bodies were originally 

of the breccia type and that the fragments have been 

chloritised and replaced to such an extent that their 

fragmental nature is no longer recognisable. 
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TABLE 2e Summary of characteristics of each type of 

ore-body, Bnd. of the pipe-exposures exhibiting 

these characteristics. 

Type of Chare.cteriotics. Pipe-exposure. 
Ore-body. First level. Second le 

i 
I 

Zonal I Concentric B5 East, B5b and 
I 

arrange-

ment of minerals. B5a, B5b, B5d 

Seelig, 

and B?. 

vel 

·---... --

Breccia 

j 

I 

Replace-

ment. 
I 

Angular fragments 

of granophyre, in 

various stages of 

alteration, cement-

ed by ore- and 

gangue-minerals. 

I'~inerals occupying 

interstices are 

often zonally ar-

ranged. 

I-figh degree of 

al ter2~ tion of the 

granophyre an~. the 

irregular replace-

ment of t~:e altered 

product by stringers, 

pockets, and blebs 

of ore- and gangue­

minerals. 

BS East, B5 East 

-=5a and and B6c. 

B5b. 

B5c. B5a and 

B5d. 

I I 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022

- 31 -

VII. MINSHALOGY OF THE ORE-BODIES. 

A. Technique and Apparatus. 

1. X-ray Analysis. 

X-ray powder diffraction patterns were obtained by 

using Debye-Sherrer type of cameras with diameters of 

114.59 mm. and 57.3 mm. i~e films were mounted 

according tot.he Straumanis method (Straumanis 1949) 

and unfiltered Co and Cu radiation was used. The 

wave-length values used were : - Cuf o<.,= 1. 54050 A and 

Co:Kd.,,= l.78890 A. 

The variation in temperature for different exposures 

of the same mineral (not same sample) did not exceed 

3oc and the variation in temperature during exposures 

never exceeded 1°c. 

The films were allowed to dry for at least one week 

oefore being measured. The measuring and shrinkage 

correction was carried out as described by Wasserstein 

(1951 7 p. 106). The diffraction angles were con­

verted into interplanar spacingsby using suitable 

tables (Tables for Conversion of X-ray diffraction 

angles to interplanar spacings. Applied Mathematics 

Series 10, National Bureau of Stand.a.rds of the U.S. 

Department of Commerce.) 

'rhe cube-edges of the cubic minerals were derived 

from the higher angles by the extrapolation method of 

Bradley and Jay (1932). 
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2. Spectrographic Analysis. 

The spectrographic analyses were carried out on a 

large Hilger Littrow type of spectrograph. 

For qualitative analysis the material was arced 

between copper electrodes (hollowed anode and slightly 

pointed cathode) for 20 seconds at 5 amps, carbon 

electrodes were used for Cu determinations. 

The spectrograph was usually set for the range 

2750 - 4700 A; only for detecting Ge, Te, P and B 

was the setting changed to the range 2260 - 3000 A~ 

'rhe elements analysed for are: Fe, Mg, Mo, In, 

Ga, Be, Cd, Ca, Sr, Ba, Al, Ge, Na, K, Li, Rb, Cs, 

Si, Sb, Pb, Bi, Hg, V, Mn, Zn, Co, Ni, Cr, As, Sn, 

Zr, Ti, Nb, Pt, Os, U, W. Th, Te, P and B. No 

element is reported unless its presence was definitely 

established; conversely failure to report an element 

means that it was not present in quantity above the 

limit of detection for the particular method used~ 

For sem1-quantitive analysis and analysis where 

a higher sensitivity was required the technique was 

changed. The method used for such analyses are 

pointed out where the results are given. 

3. Decrepitation Determinationso 

The apparatus and method used is in principle 

the same as that described by Scott (1948, p. 647)0 

1rhe mineral was crushed in a mortar to particles 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022

- JJ -

ranging from about 2 mm. in diameter down to a coarse 

powder. About 2 cubic centimeters of the crushed 

mat-erial was placed in a pyrex glass tube of which one 

end is closed. The tube containing the material was 

heated in an electric furnace at a rate of about 15° 

per minute. To pick up the bursts of the mineral 

fragments the open end of the tube was connected with 

a doctor's stethoscope from which the diaphragm was 

removed. 

The thermocouple measuring the furnace temperature 

was placed next to the glass tube holding the sample 

and the temperature was recorded on a pyrometer. 

4. Specific Gravity Determinations. 

Determinations were carried out with quartz 

specific gravity bottles of about 7 cc. capacity. 

Distilled water which was freed from air was used. 

Air bubbles adhering to the mineral particles were 

removed by heating the bottle with the particles and 

about¾ of its volume of water to about 70°c under 

diminished pressure. Determinations were carried 

out in duplicate. A close check was kept on the 

temperature of the distilled water during determina­

tions and the results corrected for the density of 

pure water at 4°c. 

B. Ore-minerals. 

The minerals are described in the order set out 

by Ramdohr (1950). 
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1. Native Bismuth. 

No bismuth minerals were detected in macroscopic 

amounts in any of the pipe exposures made by present 

mining operations, but Wagner collected some specimens 

from the upper portions of the B5b, B6a and B7 pipesn 

In these specimens, numbers 3502 and 3503 in the 

museum of the Union Geological Survey, native bismuth 

occurs in microscopic amounts intergrown with 

bismuthinite and joseite. 

In polished section (742) the bism~th is creamish 

white and moderately anisotropic in bluish-gray to 

brownish. 

and joseite. 

It appears to be replaced by bismut~inite 

2. Joseite. 

In wagner r s I-:emoir ( 1921, p. 6 5) this mineral 1 s 

referred to as galenobis.muti te but spectrograph~~c 

analyses revealed a relatively large quantity of 

tellurium and the mineral was thereafter identified 

as joseite. Polished sections (742) of the material 

showed it to be intimately associated with native 

bismuth, bismuthinite, chalcopyrite and galenc,o 

Wagner detected this mineral in the upper port~ons 

of the B7 pipe where it occurs in patches, up to 2 

inches across, in narrow veins of bismuthinite cutting 

the earlier minerals. "In one specimen it is seen to 

have been deposited on an aggregate of pris~Rtic 

crystals of arsenopyri te and bismuth-glance 11 
( w4Jagne:-

1921, p. 129). 
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The specimen investigated is the one of which 

~agner published a photo. (Plate II figure 1 is a 

reprint of this photo.) The joseite occurs in 

foliated masses and has a perfect cleavage. The 

curious corrugated appearance of the cleavage faces 

has been mentioned by Wagner and is visible in the 

plate. The laminae are flexible but inelastic. 

The lustre is metallic and is splendid on fresh 

cleavages but tarnishes dull. The mineral is almost 

isotropic in sections parallel to the cleavage plane 

but in sections normal to the cleavage it is moderately 

anisotropic in light-gray to yellowish-gray. The 

results of etch tests on this mineral are: HNOJ 

etches dark-gray, ECl stains light-gray, and Fec13 
bluish-gray. 

The specific gravity was determined as 7.90± O.Olo 

It should be mentioned, however, that accurate results 

are difficult to obtain owing to the ready cleavage of 

the mineral and to the fact that it is intimately 

associated with native bismuth, bismuthinite 1 and 

galena; enclosures of arsenopyrite grains with corroded 

edges were also detected in polished sections. 

The x-ray powder pattern of this telluride is 

similar to that of joseite published by Peacock (1941, 

p. 94) and Thompson (1949, p. 366) but markedly ex­

panded indicating a structure similar to that of other 

joseite but with smaller cell dimensions (see table J). 
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Tt\BLE 3. X-ray diffractions spacings of ,1ose1 te. 

1 2 

Int. d A Int. (est.) d A 

2 4.38 2 4.30 

2 3.61 2 3 • .54 

½ 3.09 

1 3.30 2 3.27 

10 3.07 10 3.01 

2 2.57 1 2.43 

5 2.2lJ. 6 2.19 

.5 2.11 6 2.07 

1 2.0.5 

1 1.967 ]_ 1.93 ·:;y 

2 1.894 3 9.86 
1 1.819 1 1.78 ·-;,; 
~ 

:t 1.779 1 1.74 ~ 

3 1.744 3 1.70 

1 1.654 2 1.63 
1 1.616 ·2 

3 1 • .537 3 1.50 

2 1.409 3 1.38 

3 1.345 3 1.316 

1 1.302 3 1.298 

2 1.246 2 1.219 
1. 1.221 -,r 

2 1.210 2 1.188 

½ 1.176 ½ 1.1.54 
.1. 1.044 2 

1 1.026 1 1.006 

2 1. 00.5 2 0.973 
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TABL2 J continued. 

1 2 

Int • d A Int. (est.) d A 

. 1. 0.982 ·2 

1 0.956 

1 J.$43 
1 

2 0.907 

2 0.836 

2 0.816 

1. Joseite from British Columbia (Peacock 1941, p. 94; 

intensities after Thompson 1949, p. 366). 

2. Joseite from Stavoren. 

radius= 57.3 mm • 

Cu rac5.ia ti on. Camera 

.3. ,3phaleri te. 

S~Jhaleri te is present throughout t:1e mine in 

microsco~ic qmounts only. It is patchy and usually 

associated wi~h first generation cl1alcopyrite but was 

never detected as a contamin2.nt of the later gener2.tion 

c~1alcopyri te. It is replaced by chalcopyrite end 

gale:ri...a (Plate II, figure 2) and is often crowded with ~ .. ,u~ 

inclusions of the former (polished sections numbers 

741 and 736). 
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4. Chalcopyrite. 

Chalcopyrite is abunde,nt throughout the mine and 

in some pipe exposures it is in excess of cassiterite, 

scheelite,and arsenopyrite. It is the only primary 

copper mineral identified in the pipes under discussion. 

Chalcopyrite, admittedly, has long been known to 

h.:.ve a wide temperature range of deposition, and at 

3tavoren at least two generations of this mineral 

could be distinguished. 

In the zonal ore-bodies, in which the sequence of 

deposition of the minerals can best be studied, the 

earliest generation of chalcopyrite occurs in the ore­

zone replacing arsenopyrite and being itself replaced 

by quartz which constitutes the core of the ore-bodies. 

'rhe late, or second gener.2tion of chalcopyri te occurs 

as massive patches and veins in the core of the ore­

bodies. Polished sections suggest that this 

generation of chalcopyrite replaces the gangue-minerals 

(quartz, calcite and fluorit~ forming the core of the 

ore-bodies (plate III, figure 1) and is accordingly a 

later arrival than these minerals. 

A further mode of occurrence of chalcopyrite is as 

impregnations in thuringite-rich parts of the 

albitised granophyre. In such cases it occurs with, 

and replaces pyrite. 1rhis is especially the case in 

the composite B7 and Seelig pipes on the first level 

of the mine. 
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The impregnation of ore-minerals in albitised 

rock is always accom9anied by the development of 

thuringiteJ chalcopyrite or any of the other ore­

minerals was never detected in thuringite-free 

portions of the albitite. Presumably the solutions 

from which the ore-minerals formed also gave rise to 

thuri:ngite. 

In the vicinity of some of the pipes, such as the 

B5 East on the first and second levels and the B5a and 

b on the first level, chalcopyrite also occurs as fine 

specks in the apparently unaltered granophyre. 

The minor elements detected spectrographically in 

the chalcopyrite are: In, Pb, Bi, Zn, Sn,and W. Of 

these only In and Bi do not vary in q 1J.anti ty in the 

different generations of chalcopyrite. The others 

are more abundant in the early generation of 

chalcopyri te and m·rn their presence to contaminating 

minerals. This is in agreement with the fact that 

the early generation chalcopyrite is in closer 

association with galena, sp~1aleri te, scheelite and 

cassiterite, than is the late chalcopyrite. 

Although arsenopyrite is replaced by first 

generation chalcopyrite, As was detected in only one 

sample of this mineral. 'I1he presence of arsenopyri te 

impurities in this sample also causes an increase in• 

the intensity of Bi lines and the appearance of Sb 

lines in the spectrum. These two elements occur as 

impurities in arsenopyrite, the former substitutes for 

Pe in part and the latter for As. 
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Although sphalerite is the most important ore­

mineral of indium ( Etankama and. Ss.ha-:-:1a., 19 50, p. 7 26) 

this element c1oes not show a sympathetic variation in 

quantity with Zn in the spectrographic analysis of 

chalcopyrite anC.. part of the indium :1.s thus probably 

substituting for Fe in the chalcopyrite structure. 

The specific gravity is, within the limits of 

error, the same for both generations of c~alcopyrite, 

( ""I G 24 = 
.J. • 4 

spacings listed in tabls 4. 

are the interplanar 

1rABLE 4. X-ray diffraction spacings of cl1alcopyri te 

from Stavoren. Camera radius = 57.J m:.n • 

Cobalt radiation. 

; No. Int. (est.) d A No. Int. (est.) d A~ 
i 
I 
I 

i 
!1 10 J.OJ 5 1 1.32 
j 

!2 
, 

2.62 6 J 1.202 ·IJ 

13 8 1.85 4 1.075 
I 

7 I I 
I 

l4 
I 

5 1.59 8 2 l.014_j 

5. Galena. 

Although galena is abundant in some of the pipes 

on Stavoren C1vc: .. gner, 1921, p. 65) only one patch 

measuring approximately an inch or so in diameter, was 

encountered during the present investigation. 1rhis 

patch occurred in the composite B5a - B5b pipe on the 

first level. ::ere the galena is associated with 

first generation chalcopyr·i te, cassi teri te and 
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sphalerite. It r•eplaces the sphalerite (plate II, 

fig. 2) but appears to be contemporaneous with 

chalcopyrite. 

The minor elements detected spectrographically in 

the galena are Sn, Bi, Cd, Zn, and Ag. Wasserstein 

(1951) did spectrographic and precision x-ray work on 

galena and concludes that only :Si substitutes for 

lead to any appreciable extent in this mineral. His 

cube-edge for galena with 0.01 per cent. or less 31 

ranges from 5.9230 to 5.9240 kX units at 25°c, whereas 

galena containing about 1 per cent. Bi has a cube-edge 

of 5.922.3 kX units at 25°c. The unit-cell dimension 

for the Stavoren galena, using the same method and 

apparatus as Wasserstein, is 5.9.359 ± .0005 A (5.9241 

kX units) at 25°c. This value is comparable -

within the limits of error - with that of bismuth­

poor galena. 

Ag is known to be common in galena in the form of 

minute inclusions of a mineral bearing that element. 

'I1he presence of Zn, Cd and :Sn is due to the con tami­

na tion of sphalerite and cassiterite. 

6. Bismuthinite. 

Wagner reported bismuthinite from the upper 

portions of the B5b, B6a and B? pipes. On the mode 

of occurrence of the bismuth-bearing minerals in the 

B7 pipe he writes: "These occur as narrow veins 

cutting earlier minerals. One such vein, three 

quarters of an inch wide, was found to be made up of 
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lamellar anhea_rons of bi smuthini te arranged at right 

angles to the vein walls. 1rhese (meaning the vein 

walls) consist in this instance of arsenical tin ore 

composed of crystals of cassiterite and arsenopyrite 

in a matrix of quartz and red feldspar 11 
( W2.6ner 1921, 

p. 129). 

In the samples collected by ~·hgner from the pipes 

at Stavoren bismuthinite occurs in striated prismatic 

crystals associated with arsen-0pyrite, cassiterite 

and thuri:ngite. In some of the specimens it is 

accompanied by joseite and native bismuth. In 

polished sections (742) it is distinguished from 

joseite by a whiter colour, stronger anisotropism 

(bluish-gray to yellowish) and a weak pleochroism. 

It replaces the native bismuth. 

During the present investigation bismuthinite was 

merely detected in microsco_ic amounts in samples 

collected from the 25b pipe on the first level. In 

these samples it occurs as thin veins cutting 

arsenopyrite (polished section No. 741). 

7. Pyrite. 

This mineral occurs sparingly in the Western 

Group of pipes and was detected only on the first 

level and higher up. On the first level it does not 

occur as a constitu2nt of the typical ore-bodies but 

as impregnations in thuringite-rich portionsof the 

albitised granophyre. It is most abundant in the 

B7 and Seelig pipes where it occurs as aggregates, 
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and is pa,rtially replaced by chalcopyrite (plate III 

fig. 2). 

Wagner (1921, pp. 120 and 129) mentions the 

presence of pyrite in some of the ore-boa.le s in ~-he 

upper portions of the pipes and in polished sections 

of material collected by him from these localities it 

was found associated with C-'.:.ssiterite. 

irhe pyrite tends to be strongly ma6net1c a11.d. is 

easily attracted by a s..tee-1 magnet. Microscopic 

investigation reveals, however, that the pyrite crystals 

and grains are fractured and that these fractures and 

the interstices between the grains are filled by 

magnetite, ilvaite, sphalerite, chalcopyrite and gangue. 

Owing to t~1e fractured nature of the pyrite no 

pure material could be extracted for spectrographic 

analysis. The material analysed shows the following 

minor elements: - Ca, ~~n, Cu, In, Pb, Bi, Zn, Sn and 

W, all occurring presumably as constituents of con­

taminating minerals. 

'The absence of Ni in this pyrite 1s confirmed by 

x-ray diffraction data. Peacock and Smith (1941, pp. 

107 - 117) did precision mea~urements on the cube-edge 

of pyrite and confirmed Bann1ster 1 s (1940 pp. 609 -

614) findings that the replacement of Fe by Ni causes 

an increase in the unit-cell of pyrite. The cube-

edge for pure pyrite (FeiS2) from Leadville, Colorado 

is given by Peacock and Smith as 5.4079:!:.0005 A, 

while Kerr, Holmes and Knox (1945) published a value 
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of 5.40667± .00007 A for pyrite from the same locality. 

These rather divergent results for pyrite from the 

same locality have been discussed by ',Jasserstein 

( 1949) in a paper in which he indicates that the 

differences are apparent rather than real. He 

points out that although Kerr and his colleagues give 

their results in Angstroms there are sufficient data 

to prove t~at kX units have in fact been used. 

Peacock and Smith on the other hand used a wavelength 

of ?eKct.= 1.93239 A whereas in more recent tables 

issued by the U.S. Depe.rtment of Commerce in 1950 the 

wavelenght of 5eKoc 1 is given as 1.93597 A. If the 

cube-edge given by Kerr et al is recalculated to 

Angstroms it becomes 5.4176±.00007 A and that of 

Peacock and Smith, if corrected for wavelength, 

5 .4180 ± • 0005 A. 

The x-ray data for the Stavoren pyrite is given 

in table 4 .. The cube-edge of 5.417 ± .001 A is in good 

agreement with the more accurate existing values for 

pure pyrite and therefore supports the absence of Ni 

as ind.i ca ted by spec trograp:1ic analy-si s. 

TABLE 4. X-ray data of nyrite from Stavoren. 

No. Int. (Est.) d A hkl No. Int. (est.) d A hkl 

1 2 3.12 111 11 3 1.208 420 

·2 10 2.70 200 12 3 1.180 421 

3 9 2.42 210 13 2 1.151 332 

4 9 2.20 211 14 2 1.105 422 
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TABLE 4 continued. 

No. Int. (est.) d A hkl No. Int. (est.) d A hkl 

5 7 1.91 220 15 10 1.04 333, 511 

6 9 1.63 311 16 6 1.006 520, 432 

7 3 1.56 222 17 6 0.989 521 

8 5 1.50 J20 18 8 0.957 440 

9 6 1.4.5 321 19 6 0.903 600 

10 2 1.24 331 

a == 
0 

5.417 ~ .001 A. 

Cobalt radi9tion. Camera radius = 57.J mm. 

In a hand-specimen collected on the old dumps of 

the BJ pipe, this mineral occurs as perfect cubes, 

measuring up to J mm. across, in a slightly chloritised, 

quartz-rich albitite. 

8. Loellin&d te. 

Loellingi te, the a_iarsenide of iron, is a less 

common arsenic mineral than arsenopyrite and up to the 

present has not been reported from any of the South 

African tin deposits. 

At Stavoren this mineral is much less abundant 

than arseno9yrite and was found only in the exposures 

of the B7 and 3eelig pipes on the second level of 

the mine. Unfortunately the mineralised parts of 

these pipes were removed on t11e first level and there­

fore not available for examination, and the pipes are 

not yet exposed on the third level. Consequently no 
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conclusion could be drawn as to the vertical distribu­

tion of this r11ineral. The samples which were original­

ly collected by Wagner from the upper portions of these 

pipes were examined by the present author without 

detecting any loellingite in them. 

'rhe loellingi te occurs in large massive patches 

(see fig. 18) which under the microscope is seen to be 

composed mainly of lenticular crystals of loellingite, 

some quartz and chlorite. Occasionally these lenti-

cular crystals are grouped together in radiating 

aggregates. 

'rhe loellingi te is much more cracked than the 

arsenopyrite which accompanies it, and shows abundant 

fractures -v.;hich are filled in by quartz. ~iuartz re­

places loellingite along cracks and arsenopyrite re­

places it in the form of feathery veinlets (polished 

section No. 743). 

Macroscopically and microscopically the colour of 

the arsenopyrite and loellingite is so much the same 

that it can by no means serve to distinguish the one 

from the other. ·vJhen occurring next to each other 

in a polished section loellingite may be distinguished 

by being more anisotropic than arsenopyrite and by a 

faint pleochroism. The hardness of the two minerals 

differ slightly but not enough to be diagnostic. 

In hand-specimen the lanticular form of the 

loellingite crystals (plate IV fig. 1) offers a fairly 

reliable method by which the mineral can be distinguished 
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from the fine-grained masses of arsenopyrite. 

Concerning the effect of etch-tests on these two 

minerals there seems to be a disagreement in the 

literature (see table 5). 1rhe writer 1 s findings on 

material that was first identified by means of x-ray 

methods support Short: 

TABLE 5. Etch tests on arsenopyri te a:nd loellinp;i te .. 

iReagent. Short (1940, p. 161)1 Uytenbogaardt (1951, PP~ I I -·1 
! 156 and 190). 

HN0.3 Arsenopyrite stains 

I differentially iri-
1 

descent and loel­

lingite gray. 

Negative for both 

minerals. 

Arsenopyrite tarnishes 

through iridescent to 

deep-brown and loel­

lingite stains brown to 

iridescent. 

No effect on arsenopyrite, 
I 

but tarnishes loellingitei 

permanently brown after 

one minute. 

Tests with 20~ FeCl.3 are negative on both minerals where­

as concentrated HN03 after one minute stains arsenopy-rite 

brown to iridescent and loellingite gray. This HN0.3 test 

is the most useful to distinguish between arsenopyrite and. 

loellingite in polished section. 

The most reliable method for the idencification of 

loellingite is probably by means of x-rays. 'rhe powder 

diffraction pattern differs distinctly from that of 
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arsenopyrite (see plate V). De Jong (1926, p. 325) 

claims that Debye x-ray patterns of loellingite, 

rammelsbergite, and safflorite are indistinguishable. 

Holmes (1935, p. 198) however, points out that Debye 

patterns of these minerals show sufficient variation 

to permit recosnition by x-ray methods. The powder 

data listed by Harcourt (1942) confirms Holmes' state­

ment as far as rammelsbergite and safflorite is con­

cerned but the spacings given by him for loellingite 

are in better agreement with those of arsenopyrite 

than with those of loellirJgi te which are listed in 

table 6. 

Owing to the replacement by arsenopyrite an 

absolutely pure sample oould not be obtained for 

chemical analysis and most, if not all the S given 

in the analysis (table 7 column 2) is probably due 

to arsenopyrite impurities. To isolate quartz and 

chloritic impurities the loellingite was crushed to 

-100 +200 Tyler mesh. From this coarse powder the 

quartz was removed with bromoform and the chlorite 

by means of a :5'ranz-Isodynamic Separator; the chlorite 

is attracted more easily by the magnet than the 

loellingite. 
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TABLE 6. Diffraction-s2acings of loelli~ite. 

Cobalt radiation, Camera radius= 57,3 

1 2 

t 
i No. Int. (est.) d A Int. (est.) d A ' ! 
r· 
! 1 J J.29 
I 

2 10 2.57 10 2.57"" 

3 4 2.37 4 2.39 

4 8 2.33 10 2 .32 -r 

5 10 1.85 10 1.84 Ir 

j6 4 1.67 4 1.67 
I 

1.63 1.63 

1: 9 10 

1 1.56 1 1.55 

9 2 1.50 2 1.49 

10 2 1.45 2 1.45 

11 4 1.24 

12 1 1.168 1 1.167 

lJ 1 1.142 1 1.140 

14 2 1.108 3 1.109 
; 

1.096 115 4 1.099 3 

l 16 2 1.077 1 1.077 

117 5 1.058 5 1.05.5 
I 

118 5 0.974 5 0.974 

19 2 0.967 2 0.966 

20 2 0.962 1 0.961 

1. Stavoren 470, Potgietersrus District. 

2. Frankenstein, Silesia (Union Geological Survey 

Museum No. 959). 

mm. 
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TABLE 7. Chemical analyses of loellingite. 

Fe 

Bi 

Co 

Ni 

As 

s 

Total 

S. G. fr4 

1 

27.15 

72.85 

100.00 

2 3 

28.08 26.91 

1.97 1.75 

1.62 2.01 

trace trace 

65.00 69.33 

2.92 

99.59 100.00 

7 .14± .03 7.32. 

1. ~eAs 2 (Palache, Berman and Frondel, 1944, p. 305, 

analysis 1). 

2. Loellingite, B7 pipe, second level, Stavoren. 

3ample Ho. JGS 7. Analyst: Abraham Kruger, 

Division of Chemical Services, Pretoria. 

3. Analysis 2 after correcting for arsenopyrite ou 

the assumption that all the S forms arsenopyrite 

and that the composition of the arsenopyrite is 

that given in table 8. The specific gravity was 

recalculated correspondingly. 

Spectrographic analysis reveals, in addition to 

the elements determined chemically, traces of Si, Mo, 

Pb, Sb, Wand Sn. Except for Sb which may substitute 

for As in part, all these elements are presumably 

present as contaminating minerals such as quartz, 

molybdenite, galena, scheelite and cassiterite. 
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The fact that loellingite has not yet been reported 

from any of the other cassiterite deposits associated 

with the granite of the Bushveld Igneous Complex 

appears to be partially due to its macroscopic and 

microscopic similarity to arsenopyrite rather than 

to its absence. It was for instance detected by the 

writer in samples of the Groenvlei 610 cassiterite 

deposits. These samples (numbers J849 and J851) were 

obtained from the museum of the Union Geological Survey. 

In hand-specimen the Groenvlei loellingite resembles 

that of Stavoren; it occurs as lenticular crystals. 

Etch tests on this mineral and also its x-ray inter­

planar spacings are in exact agreement with that of 

the Stavoren mineral. 

Strauss (1954 p. 154) claims that in the deposits 

examined by him two generations of arsenopyrite are 

present; the one being an early hypothermal mineral 

and the other an early mesotllermal one. He points 

out that the former type is invariably cracked and 

granulated and that it is present in the quartz­

tourmaline bodies of Groenvlei 6106 The fracturing 

is characteristic of the loellingite examined by the 

writer and it may be that the early generation of 

arsenopyrite described by Strauss is loellingiteo 

9. Arsenonyrite. 

Arsenopyrite is a common mineral in high tempera­

ture tin veins and Stavoren is no exception. Being 

the principal constituent of the ore-zones in the 
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zonal ore-bodies it is by far the most abundant of 

the ore-minerals at Stavoren. 

v:f1nen present in the ore-zone it occurs as fine­

grained massive patches somewhat brecciated and re­

placed by quartz (plate IV fig. 2) and to a lesser 

extent by chalcopyrite. In some places arsenopyrite 

is the only constituent of the ore-zone whereas in 

others it may occur as fairly broad zones, up to 12 

inches in width, with scheelite scattered along the 

outer contact and cassiterite and chalcopyr1te along 

the inner contact of the zone. 

In the brecc1a ore-bodies arsenopyrite very rarely 

occurs in large masses but more commonly as blebs 

ranging up to about 2 inches in diameter, and even as 

small prismatic crystals scattered along the contacts 

of the fragments with the gangue-minerals. Isolated 

grains enclosed by quartz are also common but 

inclusions in calcite and fluorite are rare. 

The arsenopyri te is sil ver-wl1i te, being more so 

than normal arsenopyrite. 'rhis is most probably 

caused by the partial replacement of Fe by Co and Bi 

and that of S by As. Compared with the analysis of 

PeAsS(table 8 column 1) this arsenopyrite shows, in 

addition to the presence of Co and Bi, a decrease in 

Fe and Sand an increase in As. The sum total of Fe 

+Co+ Bi is in good agreement with the total Fe 

content of FeAsS, and As+ Sis more or less the same 

for both analyses. when expressed in atomic 
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proportions Fe:As + S = 1:2 in FeAsS whereas for 

Stavoren arsenopyrite Fe+ Co+ Bi : As+ S = 1:2. 

The decrease of Fe and S together with the in­

crease of As may also indicate the presence of loel­

lingite as an impurity in the analysed sample. 

Polished sections of the arsenopyrite chemically 

analysed, were examined after etching with HN03 without, 

however, detecting any loellingite. This etch-test 

may fail to reveal the presence of small quantities 

of loellingite but certainly not 10.29 per cent which 

remains, as is shown in table 8, after the analysis 

of the arsenopyrite is recalculated to correspond to 

the formula (Fe, Co, Bi) AsS. For this calculation 

all the 3 was assumed to occur in the arsenopyrite and 

the atomic proportions of As and of Fe+ Co+ Bi was 

decreased so as to correspond to the atomic proportion 

of s. It is therefore concluded that loellingite is 

not present as an impurity but that part of the Sis 

replaced by As, and part of the Fe by Co and Bi in 

the arsenopyrite. 

In order to determine whether the minor element 

content of the arsenopyrite varies with increase in 

depth or in the various pipes spectrographic analyses 

were carried out on seventeen samples collected from 

the various pipe exposures on the different levels. 

In addition to the elements given in the chemical 

analysis W, I-10, Pb, Zn, Sn and Sb were detected. 

Sb is present in comparable quantities in all 

the samples and most probably substitutes for As in 
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Ti BLE 8. Chemical analyses of nrsenopyrite. 

---.. --, , 
2 3 4 ..I. 

,c; by ~-1eignt. Atomic pro- ;-a by weight. Atomic pro- 1o by weight. Atomic pro- ;o by weight. Atomic pro-
..,___.. uortions. portions. portions. portions • 

34.30 .6142 31. 84"! 
...... 

29.18 ~ 

2.66 
·--,--·---Fe .5702; • 52271 .0476: 

I i . 
.0143~.5923 I Co - 0.84'.,J4. Jl. 0.78 .OlJJ•54JO 0.06 • 00llr0494 , 

i 

I 
. 007sJ Bi - 1.6); 1.49 .007 0.14 • 0007_i 

Ni i - trace 

As 46 .017 .0142 48.12'; .6422i 40.69 .5430 7.43 .0992 J65-70 \65.53 J1.1s52 
s 19.69 • 6J.. :}2 17 .4JJ .543 17.41 .5430 

i I -------
i 

1rotal 100.00 99.84 89.55 10.29 
I 

24 S.G.4 6.24 ± .OJ 
-

1. FeAsS (Pala.cllc, .t?ermPn anl :-1rondel, 1944, p. 319, ~nalysis 1.) 

2. ~rsenopyrite, [eelig ~110, second level, Stavoren. Analyst:- Abraham Kruger, Division of Chemical 
Services, Pretoria. S2TI"9le !:To. JGS 21. 

J •• \nalysis 2 reca.:.culated to correspond to the formula (Fe, Co, Bi) Ass. 

4. B~lance after recalculating 2. Can be expressed as (Fe, Co, Bi) As 2= loellingite. 

V\ 
.f=" 
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part. The quantities of the other elements, which 

are due to mineral impurities, vary in the different 

samples. Pb, Sn and Ware present in all the 

samples whereas, Mo was detected in only about half 

and Zn in only four. Pb is the only element that 

reveals a relationship between the quantity present 

and the depth from which the samples were collected. 

It is present in greater quantity, although still in 

traces, in the samples from the first level. This 

is in agreement with the distribution of galena. 

Zn was detected only in samples from the B6a pipe on 

the first and second levels, and from the B5a and B5c 

pipes on the first level. Mo is present in several 

samples from the first and second levels and is not 

necessarily confined to certain pipes or depth­

horizons. 

TABLE 9. Diff~action spacings of arsenopyrite from 

St::tvoren. Cobalt radiation. Camera 

radius= 57.3 mm. 

l No. Int. (est.) a_ A No. Int. (est.) d A 

I 
!1 7 2.64 9 5 lo59 

2 10 2.41-< 10 4 lo54 

13 2 2.20 11 4 1.3.3 

4 2 2.08 12 .3 1.222 

5 2 1.94 13 2 1.108 

6 7 1.81 ~ 14 2 1.072 

7 3 1.75 115 5 1.046 

8 4 1.63 5 1.009 16 
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10. Eolybdenite. 

This mineral was fairly common in the upper, now 

inaccessible portions of some of the pipes where it 

occurred in small flakes and scales scattered through 

the thuringite zone, and also in compact lamellar 

masses. From the B6a pipe several tons of molybdenite 

were recovered (Wagner 1921, p. 129). 

In the portions of the pipes examined by the writer 

molybdenite is scarce. It occurs ocnasionally as 

flakes of microscopic size in the thuri.ngite zone. 

In the vicinity of some of the pipes it is also present 

as blebs in the granophyre surrounding the pipes. 

11. Magnetite. 

Magnetite occurs in microscopic amounts only and 

was merely detected as filling fractures in pyrite 

and interstices between pyrite grains. 

By aid of a sharp needle enough material could be 

removed from polished sections to obtain ax-ray powder 

diffraction pattern from which the cube-edge was cal­

culated as 8 • .385: .005 A. 

12. Cassiterite. 

Although not being the most abundant, cassiterite 

is 1 from an economical s tandpoint-1 one of the two 

most important ore-minerals. The other one is 

scheelite. 
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Owing to its strong force of crystallisation 

cassiterite occurs as idiomorphic crystals and crystal 

aggregates, rarely as irregularly sha9ed masses. 

The habit of the crystals &re pyramidal and they range 

in size from microscopic dimensions up to a diameter 

of l½ inch. Twins, with the second order pyramid as 

twinning plane, are common and often repeated, pro­

ducing complex forms. 

Cassiterite suffered much brecciation during or 

prior to the crystallisation of the l~te gangue­

minerals which occupy the fractures (plate VI fig. 1). 

This mineral is much more abundant in the breecia-

than in the zonal ore-bodies. In the former it is not 

only confined to the interstices between the fragments 

but more commonly occurs disseminated through the 

highly chloritised fragments. In the zonal ore-bodies 

it is present along the inner contact of the ore-zone 

and is often enclosed by the gangue-minerals forming 

the core of the ore-bodies, inclusions of cassiterite 

in quartz are abundant whereas in calcite it is less 

common and in fluorite exceptional. 

Cassiterite shows no visible variation in abundance 

from the first to the second level but on the third 

level it is very poorly present. 

In hand-specimen the colour of the cassiterite 

varies from light-yellow to brownish-black, whereas 

under the microscope the colour of the same grain 

varies from colourless through lemon-yellow to reddish-
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brown. The yellow and lighter colours are the most 

common. 

'rhis type of colour variation is common in the 

Bushveld cassiterite; Strauss (1945, p. lxxxv) de­

scribes the same phenomena in the cassiterite from 

the Zaaiplaats - Groenfontein tin mining area, and it 

was also observed by the writer in thin sections of 

Mutue Fides cassiterite. 

In a single crystal the reddish-brown variety 

usually occurs as disconnected patches in a yellowish 

to colourless groundmass. In some crystals the 

arrangement of the colours is completely irregular 

whereas in others they are zonally arranged. Such 

crystals show a core of reddish-brown followed outwards 

by yellow or by alternating zones of yellow and colour-

less varieties. The contact between the reddish-

brovm and yellow zones or areas is usually fairly sharp 

whereas the yellow and colourless zones or areas fade 

into each other. In still other crystals reddish­

brown patches cut across zonally arranged yellow and 

colourless areas. Strauss (1945, p. lxxxv) also 

observed that in twinned crystals the zones or areas 

may pass undisturbed across the twinning plane. 

The cassiterite is pleochroic, the pleochroism 

being dark reddish-brown to reddish-brown for the 

dark coloured patches, and lemon-yellow to light­

yellow for the light coloured areas. Strauss (1945, 

p. lxxxv) also describes non-pleochroic reddish-brown 

and pleochroic, colourless to deep wine-red varieties. 

None of these were observed in the cassiterite from 
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Stavoren. Liebenberg (1945, p. lxxxix) points out 

that the pleochroism exhibited by the Bushveld cas­

siterite can be regarded as very weak when compared 

with that of cassiterite from pegrnatites. 

In order to determine whether there is any variation 

in the minor element content of the differently coloured 

varieties of the Stavoren cassiterite, a single crystal 

was crushed to -32 + 50 Tyler mesh and the most in­

tensely coloured as well as the slightly coloured 

particles separated from this crush by means of a 

binocular microscope. 

For the spectrographic analysis 10 mg. of each of 

these separations was mixed with 100 mg. graphite so as 

to eliminate selective volatilization. In order to 

obtain greater sensitivity carbon electrodes were used. 

The arcing time was 100 seconds 2.t 10 amps., allowing 

exposures of 100, 50, 25, 12½, 6¼ and J seconds by 

using a step sector. For the determination of Nb, 7 

mg. of the csssiterite separ~tions was mixed with 15 

mg, sodium carbonate and JO mg. graphite. This 

mixture was arced on carbon electrodes using cathode 

layer excitstion. The spectrograph was set on glass. 

The minor elements detected in the cassiterite are 

Bi, Mn, Cr, W, Fe and cu, Mg, Ca,e.nd Al were nlso 

present but there presence is entirely due to impuri­

ties in the electrodes used. The only elements that 

are not present in more or less similar quantities in 

the differently coloured varieties of cassiterite are 
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vJ and Mn 1 and to a lesser extent Cu. W is present 

in detectable amounts only in the dark-coloured 

specimen whereas Mn and Cu are more abundant in the 

light-coloured material (see plate VII fig. 1), 

According to Schrocke (1955 p. 438 and table 10) 

spectrographic analysis of cassi teri te from the zr:i.".2.­

plaats tin-mine yields, in addition to the above­

mentioned trace elements, also traces of Nb, Ta, Sc 7 

Si and Ti. Sc was not looked for in the Stavoren 

mineral by the present author and, although special 

care was exercised no Nb, 1ra or Ti could be detec tedo 

Si, as is ad.mi tted by Schrocke, occurs as impuri·ti es 

in the samples analysed by him. His data on the 

Zaaiplaats cassiterite (table 10) is 7 however, in 

agreement that Cu is mo.re abundant in the light-­

coloured variety and Win the dark-coloured variety. 

There still exists considerable uncertainty in 

regard to the nature of the pigmentary agent in 

cassiterite. Gotman (1938) suggests that the colour 

variation of the cassiterite is not caused by 

pigmentary impurities but rather by changes in the 

crystal lattice of cassiterite, caused partially by 

various impurities in the lattice. Noll (Schrocke 

1955, p. 452) on the otDer hand, ascribes the colour 

variation to t1:e quantity and dispersion grade of 

submicroscopic exsolusion particles of foreign 

minerals in cnssiterite, but also suggests that the 

pigmentation may be caused by unoccupied oxygen 

positions in the crystal lattice of cassiterite. 
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Schrocke (1955, p. 452) experienced that the variation 

in minor element content from dark-brown to light-

bro~m cassiterite is very small. Accordingly he is 

not convinced that the colouring is caused by pigmen­

tary impurities and states that Noll 1 s second suggestion 

is a probability but points out the possibility that 

the opposite may be the case viz., thn. t the colour 

intensity is inversely proportional to the vacant 

oxygen positions. 

The datQ on the St~voren cassiterite is also not in 

favour of pigmentary impurities; the fact that Fe is 

present in equal quantities in both coloured varieties, 

together with the behStviour of Vin (less abundant in 

the W-rich variety) clenrly suggests that Wis not 

present in the cassiterite as an impurity in the form 

of any of the common tungsten minerals., furthermore, 

if Mn is present as n mineral pigment one would r9.ther 

expect the gre0.ter amount of Mn in the dark-coloured 

material. 

X-ray studies reveal that the vari~tion in minor 

element content does not effect the interpla:nar 

spacings to any measurable extent (table 10). 

Determin~tion of the specific gravity of the 

differently coloured vs.rieties was also attempted. 

The small 3mount of material 2vailable (cbout 100 mg.) 

together with the appar.:..,.tus on hand (ordinary 

specific gravity bottles of 7 cc capacity, etc.) made 

such determinations not accur~te enough to arrive at 

any conclusion. The average for several determina-
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tions are: al4 = 6.85t .02. 

A comparison of minor element content of cassite­

rite collected from v2rious pipes on the different 

levels, has also been carried out. The only element 

that shows any v2.ria tion is Cr. ; c..11 the s0.mple s of 

cassiterite from the first level of the mine give strong 

Cr-lines whereas those from the lower levels show only 

weak or no Cr-lines (see plate VII fig. 2). 

TABLE 10. X-rai data of cassiterite. 

No. Int. (est.) dA (Cu rad1at1on) 

1 10 3.34 

2 10 2.64 

3 4 2 • .36 

4 .5 2.10 

5 10 1.76 

6 6 1.67 

7 1 1.58 

8 6 1.49 

9 2 1.43 

10 4 1.41 

11 1 1 • .32 

12 5 1.213 

13 1 nm. 

14 2 nm 

15 2 nm 

16 .3 nm 

17 3 1.075 

18 1 1.056 I 
I 
I" 
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TABLE 10 continued 

No. Int. (est.) dA (Cu radiation) 

19 1 1.031 

20 8 0.948 

21 .3 0.928 

22 3 0.912 

23 9 0.907 

24 9 0.879 

2.5 9 0.847 

26 2 0.836 

27 7 0.82.5 

28 3 0.811 

29 4 0.802 

30 5 0.797 

31 9 0.780 

32 9 0.778 

.33 5 0.775 

nm observed but not measured. C2mera radius= .57.3 mm. 

13. Scheelite. 

Next to cassiterite scheelite is economically 

the most important ore-mineral. It is fairly abundant 

right down to the third level of the mine where it is 

more abundant than cassiterite. 

It occurs in large massive patches ranging in size 

up to approxiraa tely .5 inches in diameter, and also in 

pyramidal crystals. It generally occupies the outer 

portions of the ore-zones and replaces the red feldspar 

of which remnants were found in scheelite patches. 
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It also occurs as crystals and pat~hes in the 

thuringite zone and occasionally as isolated blebs in 

the albitite. In the latter inste.nce it is, however, 

always bordered by a rim of thuringite. The associa­

tion of the thuringite with scheelite is in this 

deposit just as char~cteristic as the association of 

a light-green, fine-gr~ined chlorite with cassiterite. 

In the breccia ore-bodies scheelite is, in contrast 

to cessiterite, usually confined to the interstices 

between the fragments of ~ltered rock. 

Scheelite is replaced by the younger minerals 

(such as arse~opyrite). Inclusions of it in the late 

gangue-minerals do occur but are usually less common 

than those of cassiterite in these minerals. An 

exception is on the third level where much scheelite 

was found enclosed by fluorite. Typical of the in­

clusions in fluorite are th~t they are much less 

brecciated than those in quartz. The fractures in 

such brecciated scheelite grains are usually filled 

by quartz, calcite 1 nnd fluorite. 

veined by stringers of chlorite. 

Scheelite is also 

Wagner (1921, p. 62) points out thc~t scheelite 

taken from near the outcrops of the ore-bodies at 

places shows alter3.tion to tungstite. 

No v~riation in the minor element content of this 

mineral was detected. The elements present are Mg, 

Ho, Al, 3r, Si, K, I-In and Fe. Vermaas (1952, p. 

720) reported 3lso Cr and V. He used copper electrodes 

s.nd the Cr 427 5 A and V 3184 A lines. 'rhe presence of 
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these two elements could not be confirmed by the present 

analysis. As to the Cr it should be mentioned that 

both the Cu 4275.1 A and the W 4274.6 A lines interfere 

with the 4274.8 A Cr-line making it unreliable for 

detecting Cr in scheelites by using copper electrodeso 

Apart from the spectrographical analysis the 

following d8-ta on this scheelite are given by Vermaas 

Chemicnl Com12osition. A1Jalyst: C.J. Liebenberg. 

CaO 19.6 

WO 3 78.84 

Moo3 0.0004 

Total 98.4404 

:s'luorescence. 

Pnle-blue. 

Specific gravity. 

at5 = 6.09 

Refractive indices for Na-light c1t 22°c. 

W = 1. 921 ± • 003 E === 1 • 9 38 ± • 00 3 

14. ILVAITE (LIEVRI'rE). 

This mineral was detected only in a sample of 

pyritic-orefrom the exposure of the B5d pipe on the 

first level of the mine. Here it occurs merely in 

microscopic 2mounts and is associnted with magnetite~ 

It replaces the i*~gnetite and fills, as the latter, 

interstices between pyrite grains, and also fractures 

in the grains (plate VI fig. 2). 
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In trans~itted light the mineral is almost opaque; 

a strong pleochroisQ (yellowish-brown to opaque) is 

noticeable in very thin section only. In reflected 

light it 1s, in contr2st to magnetite, strongly 

pleochroic and 2nisotropic. The reflection pleochroism 

is from bluish-gray to gro.y with a brownish tinge, and 

the polarization colours are yellowish-brown and reddish-

brown. 'rhe reflectivity is also lower than tmt of 

m2.gneti te. The ilvaite is a~gnetic, but only moder2te-

ly so, being only slightly 3.ttracted by a steel rns.gnet. 

'I1ABLE 11. X-ray diffrQction spacings and estimated 

in tensi tie ,s of ilvaite from Ste.voren. 

Co rci.dis.tion, Canero. radius = 57.3 mm. 

No. dAo Int. No. dAo Int. 

1 4.52 4 16 1.62 9 

2 3.85 4 17 1.52 1 

3 3.23 4 18 1.49 4 

4 2.84 10 19 1.46 9 

5 2.70 10 20 1.42 5 

6 2.55 2 21 1.37 3 

7 2.41 6d 22 1 • .30 1 

8 2.34 6d 23 1.28 5 

9 2.17 8 24 1.246 1 

10 2.10 9 25 1.099 2 

11 1.95 1 26 1.069 5 

12 1.89 5 27 1.028 4 

13 1.73 3 28 0.999 5 

14 1.70 3 29 0.947 1 

15 1.67 4 
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The author experienced difficulty in identifying 

this mineral, and a polished section w~s forwarded to 

Prof. P3.ul R?.mdohr, University of Heidelberg, Garmany, 

who kindly carried out the identification. The dif-

ficulty to identify this mineral was not merely due to 

its occurrence in microscopic amounts, but r~ther to 

the f~ct that ilvaite is not mentioned in 3hort 1 s (1940) 

nor in Uytenbogaardt 1 s (1951) tables for the microscopic 

identification of ore-minerals. Schneiderhohn and 

Ramdohr (19311 p. 610) and ~lso Ramdohr (1950 p, 761) 

do give a detailed description of th~ optical properties 

of ilv.;.ite but in their tables for t~1e microscopic 

identificn .. tion of opaque minerals (Schneiderhohn and 

Ramdohr 193111 ) the characteristic bluish-gray re­

flection pleochroism, and distinct polarization colour~ 

are not given, making it hardly possible to identify 

this r'".ther scarce mineral by using these t.~bles. 

Rurt~:.ermore, no x-r2.y d2.. ta for comparison occur in the 

first three sets of cards, of the American 3ociety for 

Testing E~terials, that were available to the 2.uthor; 

the x-ray powder diffraction spacings (table 11) could 

not be interpreted by comparison with any of those 

given in the c:-.. rds mentioned. 

CLemically 11 V'":.1 te shows some correspondence to 

lombaardite a mineral from Zaaiplaats tin-deposits 
~ 

(Nel, 3trnuss and Wickman 1949, p, 45; also Strauss 

1954, p. 169). The former is essentially~ calcium-

iron silic~te 2.11.d the lotter a calcium-iron-aluminium 

silicate. However, according to Strauss (1954 folder 

12) lombaardite WQS the last mineral to form in the 
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Zaaiple,nts deposits whereas ilv3.ite occupies a much 

higher position in the pnragenetic sequence of the 

minerals in the Stavoren deposits (see Figure 8). 

This mineral was first found on the Elba island 

where it occurs as lo,rge solitary crystals, and in 

aggregates in dolomite. i~ereafter it was reported 

fr·::rn1 near Her born in Hes serr-Na s sau; Mte. Mula t in 

Italy; Cap Bougaroun in Algeria; South nountnins 

mine, Owyhee Co., Idaho; v~rious points in Jnpan; 

and from the sod~tli te-s;yeni te in the Julianeh?!.ab 

District of Southern Greenland (?Jrd 1932 p. 631). 

Bars2nov (1941) reports the mineral from sulphide 

skarns in limestone near a granite contact 2t Maly 

I·!Ukulan in the Kabardin Bc:.lkar Republic 1 Caucasus. 

Here 1 t occurs toget'1er with chlori te 1 actinoli te, 

hastingsite 1 pyrrhotite 1 m3gnetite 1 sphalerite, end 

small 0_mount s of s t,'.?.~_111.i te and cas si teri te. Another 

occurrence in skarn is t~.t in pneumatolitic skarns 

at the cont~ct ~f Palaeozoic limestone and n pipe of 

Tertiary volcanic breccia Lt the Stantig lead-zinc 

mine in Yugoslavia where it occurs associe.ted with 

silicates and m::.gnetite (Forgan 1950). It is also 

associ~ted with magnetite on the island of Serifos, 

Greece (M3.rinos 1951). Broirm (1936) describes 

secondary 11 ve.1 te from &:tlmD. t 1 New York, where 1 t 

occurs with supergene spb~1lerite 1 G·2.lena, and 

wille• i te. ..~ .. mangsmifer.:.:us variety occurs in 

Tusc....,_ny :.:-t Campiglia i:ari t tirr.a ( Grnmling-Mende 1942). 

In South Africa up to t:1e present 1 t has been re­

ported only from a beryllium-bec:.ring pegmnti te ne2.r 

Klein 3pitzkoppie, South West Africa (Ramd5hr 1940). 
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C. Gangue-f.'Iineral s. 

The minerals are described in the order set out by 

Ramdohr (1950). 

1. ·s2,uartz. 

Quartz is by far the most abundant of the minerals 

in tho Western B group of pipes on Stavoren, and occurs 

as crystals and as aggregates of interlocking grains. 

At least three generations of quartz were distin­

guished, The earliest of these occur as well-formed 

crystals which are enclosed by later quartz, calcite and 

fluorite. 'rhese prismatic crystals measure up to 5 

inches in length and 1 inch across, and are usually 

encrusted by a thin film of stilpnomelane. This en­

crustation is the most prominent on crystals that are 

enclosed by calcite. 

Microscopic examin2,tion suggests a secondary en­

largement of the crystals. In such cases t:1e original 

outline of the crystals is marked by a thin band of 

inclusions (see plate VIII fig. 1 and 2). The crystal­

lographic orientation of the added material is the 

same as that of the original crystal. This secondary 

development is 9rior to the stilpnomelane encrustation. 

The second and also main period of quartz de­

position is represented by aggregates of quartz which 

occur as a filling of the interior of the zonal ore­

bodies, as a cementing material in the breccia ore­

bodies, and also as replacement veins and stringers 

in the older minerals cmd chloritised country-rock. 
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In thin section this massive quartz is seen to consist 

of interlocking anhedrons with no suggestion of 

·prismatic development or any other crystal form. 

Generally this quartz shows very little variation in 

texture but where it encloses crystals of the first 

generation quartz some striking textures are developed. 

In such cases the crystals acted as nuclei from which 

the later quartz had grown outwards to form micro­

crystalline comb quartz in peripheral development 

about the crystals. The combs are normal to the prism 

faces. Macroscopically the quartz combs appear as a 

light-greenish zone 3.11d under the microscope, with 

ordinary light, the combs are characterised by a tur­

bidity resulting from numerous inclusions of minute 

shreds and dust-like particles, too sm3ll to identify 

but probably representing remnants of the stilpnomelane 

that originnlly encrusted the crystals. Plate VIII 

fig. 1 and 2 serves to illustr2te the above. The 

large amount of inclusions in the comb quartz is 

prominent in figure 2. 

Combs of second gener~tion quartz also occupy 

fractures in the crystals of first generation quartz 

(thin section Ho. 18038). Of interest here is that 

these combs are not marked by inclusions, This 

probably indicates that the fracturing of the crystals 

is later than the stilpnomelane development. 

Plate IX figure 1 shows that not only crystals 

of first gener~tion qu8rtz ~cted as nuclei around which 

the later quartz grew but th~t fragments of scheelite 

also served th2t purpose. 
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The deposition of the third generation quartz 

w~s probably the closing event in the formation of the 
~ 11, 

ore-bodies ~nd this quartz is as~ whole very sparsely 

present. It usually occurs in small stringers 

cutting the older minerals but wc.,s also found as small 

pyramidal crystals encrusted on calcite ~nd fluorite 

cleavage-fragments. Wegner (1921, p.113) also de-

scribed t~e replqcement of large calcite crystals by 

this quartz "giving rise to hollow pseudomorphs in 

which the minutest details of the structure of the 

origin2.l calcite crystal .'J,re preserved". 

W').gner regarded the quartz accompcnying the feld­

spar in the peripher~l portions of the ore-bodies as 

the earliest quartz and thus claimed th~t four genera-

t1ons of quartz could be distinguished. No irrefutable 

evidence to su port wagner could be collected; the 

quartz accompanying the feldsp-3.r repl?.ces it and was 

most probably deposited contemporaneous with the 

second gener~tion quartz. 

2. Chalcedony, 

Chalcedony w~s encountered in three exposures 

only, viz., in th~t of the B5 East pipe on the first 

and second levels, ~nd in the B6b pipe on the 

second level. 

It is f?.irly J.bund.i:-mt in these three exposures 

'3.nd occurs in t11e brecci?. type of ore-body as a 

cementing material for the fr2 6ments. The chs.lcedony 

was deposited contemporaneous with second gener~tion 

quartz. 
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3. C.:.lci te. 

Calcite is one of the commonest gangue-minerals in 

the mine 2nd qu~ntitivdly it is second only to quartz, 

Two periods of calcite deposition were observed. 

1rhe e:-i.rliest calcite is the most 2.bundant and occurs 

2s a constituent of the ore-bodies. It generally 

occupies, together with fluorite n.:nd quartz, the in­

terior of the zon2l ore-bodies and in the breccia ore­

bodies serves ~s ~ cement for the fragments of country­

rock and older minerals. It frequently veins the 

older miner~ls or encloses them; the commonest in­

clusions are crystals of first gener~.tion quartz and 

less 2:.bund8.nt so:ne of the ore-minerals. 

This calcite is creamish-white, cosrsely crystal­

line and. often occurs :ts well...,formed rhombohedral 

crystals, the rhombohedron being the (1011) form. 

The crystals ~re occ~sionally coated by n film of 

chlorite. This chlorite, being younger than the 

calcite, is also introduced along the cleavage planes 

of this miner3.l. 

In some exposures of the B60 pipe on the first 

level, the c~lcite is dark-red in colour. This colour 

divergence is a second8ry phenomenon caused by the 

infil tr::t tion of hematite ?.long the cle2. vs.ge planes of 

the calcite; the identification of the hemntite was 

carried out on 9. residue th: t remains after dissolving 

the calcite in dilute HCl. Thct none of the iron has 

entered the CQlcite structure is indicated by the fact 

th~t the refractive indices and the x-r~y diffraction 
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spacings of the red calcite is in agreement with that 

of the normal creamish calcite. 

The second generation calcite is a very late 

arrival and occupies fissures which cut t.1rough the 

granophyre, the altered rocks, and the ore-bodies. 

'rhe thickness of these calcite veins ranges from a 

thin film up to about 2 inches. 

The refractive indices (table 12) and the inter­

planar spacings (table 13) of the two generations of 

calcite are not in agreement and also differ from that 

of pure calcite. 

'rABLE 12. Refractive indices of calcite. 

E w 
Pure calcite 1 1.486 1.658 

Coarse crystalline 

calcite (Stavoren) 1,490 + .00211 1.663 + .00111 
-

Late vein calcite 

(3tavoren) l. l}88 + .002ii 1.661 + .001 1 i -

1) Palache, Berman and Frondel (1951, p. 151). 

11) For sodium light at 23°c. 

The spectrographic analyses listed in table 14 

suggest that tl:e high refractive indices and small 

interplanar spacings of the .Stavoren calcite 2.re due 

to the partial replace ent of Ca' 1 (Radius= 1.06 kX) 

mainly by ~e 11 (radius= 0.83 kX) and Mn 1 t (radius= 

0.91 kX) and to a lesser extent Mg' 1 (radius 0.66 kX) 
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'r BLE 13. Diffraction spacings and estimated 

intensities of c~lcites. 

1 I 2 I 3 4 r 
I 
t 
I 

No. d A 
l d A Int. d A Int. d A Int. j 

l 
1 I 3. 834 .3 i 3. 834 3 3.835 3 

l 
I 

2 3.075 3.015 10 j 3.010 10 3.032 10 

3 2.522 2.483 4 ! 
j 2. 478 4 2.504 3 

I 
4 2.300 2.275 5 2.275 5 2.284 5 

5 2.110 2.084 5 2.086 5 2.094 5 

6 1.935 1.902 6 1.901 6 1.918 6 

7 1.880 1.864 5 1.86.3 4 l.874 4 

8 1.613 1.591 3 1.595 2 1.602 2 

9 1.525 1.513 4 1.510 3 1.521 3 

10 1.450 1.431 1 1.433 1 1.439 1 

11 1.347 

12 1.306 

13 1.242 

14 1.190 1.175 1 1.175 1 1.177 1 
2 

15 1.156 1.149 2 1.149 2 1.150 ½ 

16 1.045 1.042 3 1.041 3 1.044 2 

17 1.017 ! 1. 009 2 1.008 2 1.013 1 
I 

il8 0.988 

19 0.970 0.961 3 0.961 2 0.965 2 

20 0.945 0.941 2 0.941 2 0.943 1 

21 0.895 

22 0.854 

23 0.8.36 

24 0.799 

25 0.790 

1. Pure c2lcite (Kreiger 1930). 
2. Co2rse~ystalline cclcite - Stavoren. 
3, Red mod1fic8tion of co~rse crystalline calcite -

Stavoren. 

4. Late or vein calcite - Stavoren. 
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These div:J.lent c·---tions are known to substitute for Ca 

in calcite; Fe' ' and Eg' 1 substitutes for Ca 1 1 at 

least up to Fe: Ca, etc. = 1:4.5 and I•:g: Ca, etc.= 

1:45, and a complete series extends to rhodochrosite 

through the substitution of I-In' 1 (Palache, Berman 

and Frondel 1951, pp. 153 - 154). 

T~iBLE 14. Spectrographic analysis of calcites. 

1. 2. "\ 
i 

I 
I 

Ca 10 10 

Mg 4 5 

,3r 5 .5 I 
'> Qualitative; estimated intensi-

Si 
1 

1 ";i 

ties using an e.rbi trary scale 
Ba ½ 8 

0 - 10. 
Iln 7 7 

I Fe 7 7 ! .., 

MgO trace 

l Si02 0. JJ;-i Quantitative; carried out by Mr 

r,:no o.66Jb Russel of the Union Geological 

FeO 1. 25;~ Survey. 

1. Co~rse, crystalline calcite - Stavoren. 

2. L::.te vein calcite - Stavoren. 

1rhe small differences in the properties of the two 

gener-tions of calcite are caused by a difference in 

Ba content. The spectrographic analyses of these 

c_,lci tes indicate that Ba is the only element that 

is not prese11.t in more or less equal quantities in 

both; this ele~ent is more abundant in the late vein 
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calcite. The larger interplanar spacings of this 

calcite suggest that it must contain a higher per­

centage of an element with lQrger ionic size than 

tn~.t of Ca' 1 • 'rhe radius of Bar 1 ( 1.43 kX) fulfils 

this condition and it therefore seems that the Ba 

detected spectrographically in the late vein calcite 

substitutes partially for Ca 11 • This is supported 

by the fact that no other Ba-bearing mineral could 

be detected microscopically. Calcite which contains 

small amounts of Ba in substitution for Ca is known 

to occur in nature (Palache, Berman and Frondel, 1951, 

p. 154). 

4. Fluorite. 

Fluorite is common throughout the mine and is most 

abundant in the zonal ore-bodies where it, together 

with calcite and quartz, forms the core of these ore-

bodies. 'rt~.e most 3.bundant is a pale-greenish to 

colourless variety qnd much less common a violet 

variety. 

The refr&ctive index, determined by the method of 

minimum deviation using sodium light, is 1.4343± .0002 

3t 22°c for the pale-greenish variety whereas for 

the violet fluorite it is 1.4337: .0002 at 22°c. 

The premise th .. t refractive index v2:.ri~ .. tions 8,ccomp3.:ny 

colour variations in fluorite is sup~orted by several 

publications. In one of the latest ~llen (1952 p. 

917) claims th~~t violet fluorites have indices below 

normal and th2.t in general green fluorites '1e..ve 

indices which r re either consi~er?.bly above or con-
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siderably below normal. The value given by him for 

optical fluorite is 1.43385 (20°0) and he points out 

that it is in exact agreement with findings of Gifford 

(1902) and Merwin (1911). 

Both varieti~s show a bluish fluorescence when ex­

posed to long-wave (3660A), ultra-violet light but are 

not effected by short-wave (2540A), ultra-violet light. 

The minor element content as revealed by spectro­

graphic analyses, is listed in table 15 and the x-ray 

data in table 16. Previously the present auth~r 

(1954, p.330) claimed that some impurities in fluorites 

such as :Pb, Cu, Fe, etc .. are due to contaminating 

minerals and that owing to aimilarity in ionic size 

soma elements may partially replace Ca'' in the fluorite 

structure without affecting the cube-adge to any 

measurable extent, but that an increase in the cube­

~dge is caused by the replacement of Ca'' (radius= 

1.06 kX) by Sr'' (radius= 1.27 kX). 

Allen's (1952, p. 930) cuba-edge for synthetic 

fluorite of optical grade is 5.46295 A at 28°C.. If 

this value is corrected to correspond to the temperature 

of 25°c it becomes 5.4626 A which is identical to the 

value given by the present author (1954, p. 330) for 

optical fluorit~ from tha Marice District in the 

Transvaal. The cube-edge of the violet fluorite from 

Stavoren is in close agreement ~ith that cf optical 

fluorite but that of the pale-greenish fluorite is a 

little larger, although within the limits of error. 

This larger cube-edge is, however, most pr~bably due 

to the pertial substitution of Ca' 1 by Sr'' in the 

greenish fluorite. 
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TABLE 15. Spectrographic analyses of fluorite, minor 

elements only. 

(Estim2tad intensities using an arbitrary scale 0 - 10) 

Fe Mg Be Sr Al Pb Hn Cu Sb 31 

Pale-greenish 4 2 2 3 

Violet 5 1 

2 1 

3 6 3 

2 

2 2 

TABLE 16. X-ray data of fluorites from Stavoren. 

!Pale-greenish Violet 

No. hkl Wavelength Int. (est.) d A Int. (est.) d A 

1 111 K 3 l 5 3.150 5 3.150 

2 111 K:·.<., 10 3.151 10 3.149 

3 220 K,B 5 1.930 6 1.928 

4 220 K ,\ I 10 1.929 10 1.928 

5 311 K.:, 1 1.644 2 1.641 ,., 
6 311 K ,<,.' 9 1.646 9 1.643 

7 400 Kl'.(, 4 1.366 4 1.364 

8 331 K,='.' 5 1.252 5 1.251 

9 422 K~1!..1 8 1.114 8 1.114 

10 511 Kot, 3 1.049 3 1.050 

11 -440 KJ~; 3 0.965 3 0.9b4 

12 531 K,.:\., 4 0.922 6 0.922 

13 620 K~, 6 0.864 5 0.864 

14 533 Kee_, 5 0.833 5 0.833 

1~ 
~ 642 K ,'3 3 0.730 3 0.730 

I 

16 444 K&,, 5 0.789 5 0.789 
-· I 

I 
-·-----

1----·----... ---~-----~-

5.4632 ±-0005 Al 5.4628± .0005 A 

I 1Cu-r~di ~tion. C~mera radius~ 114.59 mm. 
1---------------------------
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5. Thuringite. 

This mineral wets described by vJagner (1921 1 p. 70) 

as "raven-mica", the term being deriv~d from raben­

glimmer, a variety of zinnwaldite occurring in the tin 

deposits of Altenberg in Saxony. Wagner based his 

identification mainly on the mode of occurrence of this 

mineral and on its lithium content which was established 
D 

spec troscopic:-..lly by tr. B. de C. MEtrchard. 

X-ray d.:~ta and differential thermal analyses in­

dicate th~t the miner2l from 3tavoren is a true chlorite 

and its chemical cmalysis is in good agreement with th~t 

of thuringite; this Q:nalysis shows only 0.04 per cent. 

Li 20. 

The t:1uringi te is one of the most ch2.racteristic 

minerals in the pipe-like deposits on Stavoren. The 

zonal ore-bodies :-:.re invc.ri:;~bly surrounded by a no.rrow 

zone composed of hexagonal flakes of this chlorite. 

The thurL.:gi te zones are usually continuous right round 

the ore-bodies ~lthough they seldom exceed two inches 

in width. In the breccie type of ore-body this mineral 

usually occurs on the contacts between the fragments 

and the interstitial m~teri2l. Occ9.sionally it 

occupies the entire sp~ce between the fragments. 

The diameter of the flakes are usually less than 

5 mm. but s.re occ.~sionally 9.lmost twice that size. 

Often these flakes are grouped together in such a way 

as to form prismatic crystals. 

The thuringite has developed m~inly by replacing 

the red feldspar of the feldsp~r zone an~ the feldsp~rs 
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of the surrounding qltered granophyre. Owing to this 

phenomenon the contact between the thuri:ngite zone and 

the altared granophyre is a transitional one and the 

contact with the red feldspar zone is very irregular 

due to replacement of the feldsp3r slong fractures. 

Occasiono.lly the solutions from which the chlorite was 

deposited gE~ined -:1ccess to the interior of the zonal 

ore-bodies and then replo..ced the red feldspar c.long 

its (meaning the feldsp rts) inner contact. 

'rhe opticc:,l and physical properties of the 

thuringi te are 11 s ted in t.:-~ble 17. The refractive 
,t 

index, n!, was determined on thin slices that were cut 

norm3l to the basal cleavage by aid of a safety razor 

blade. 

T .. ~ ... BLE 17. Physicc.l ei.nd optical pro-perties of thuri:ngi te 

from .St3,voren. 

-------------------------·---------.... ·-. 

I colour in hand-specimen: d~rk-greenish to almost black, 

l~leochroism: strong; ;':\".'.. = brownish, JI= /3 = 

deep-green. 
- -~--------------------·------

,c1eav9,ge: distinct b~sal 
---------.. ------··------,------------t 

Optic angle: w-2V =±0. 
nq_ = l.657 :!: .005 ( N:-.. light at 

24°c) 
Refractive indices 

i rl,./==· np = 1. 669 :!: • OOJ ( Na-light 
I 
L _____________ et_t_2_4_0_c_) ---------t 

3ections normal to the cleavage shows the presence 

of qu~rtz lenses interbedded in parallel srr~ngement 

with the cleav~ge fl~kes (pl~te IX fig. 2). This 

quartz has crystallised l2ter than the thuringite and 
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its crystallisation in places led to the brecciation 

of the thurir..gite. 

vhgner (1921, p. 71) points out thr~t the flakes 

Often present a curious mottled 2ppe2rance under the 

microscope. He ~scribes this pheno~emon to alteration 

which proceeds irregul~rly from the cleavsge planes 

2nd claims th2t the alter~tion product is a dark-green 

chlorite of the chamosite-fi::uringite group. In addition 

the present author also observed th~t in places the 

thuringite ::long the inner contact of the feldspar 

zone, hQs disintegr2ted into n much finer-grained 

mRss which microscopically could not be distinguished 

from the chlorite into which the fragments of the 

brecci2 ore-bodies ~re altered. In view of Winchell 1 s 

conclusions thst the chlorites are probably all 

strictly ferrous minerals as originally formed but 

liable to 9,n oxid~.tion of the type Fe 1 1 OH~Fe 1 ' 1 0 

(Hey 1954, p. 278), it seems likely th.t the 

"alteration" of the thurjngite is due to oxidation 

whereby so• e of the origino.l ferrous iron is changed 

into ferric iron. 

Wagner (1$21 7 p. 71) publishes an :::1,nalysis of 

"highly chlori ti sed mic~"'" 2.:nalysed by I{oir. Unfortunate-

ly in this analysis no prec::~utions were t~~ken 2..gainst 

the presence of free quartz so that it presumably does 

not represent the truecomposition of the mineral. In 

order to isolqte the miner2.l for -'.J.nother chemical 

analysis the most dark-coloured flakes, which are 

app~r~ntly the least altered, were selected and crushed 

to -100,+ 200 mesh. To sepnr 0 te the ~ree quartz from 
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this coarse powder a Frantz-Isodynamic-Separator and 

thereafter bromoform was employed. 

1rhe average volumetric content of free quartz in 

the thur~ngite is about 15 per cent; this value becomes 

12.4 per cent. by weight if the s~ecific gravity of the 

quartz is ~ssumed as 2.65 end that of the thuringite 

as 3.3. The new chemical analysis (table 18 column 1) 

"A' 
still shows th~ presence of 2.82 per cent. free quartz 

which indicates that all the quartz could not be re-

moved by physical methods. In the analysis of vJagner 

(table 18 column 3) the total Si02 content is 30.65 

per cent. If this value is corrected to correspond 

to ti.1e true 3102 content as given in column 2 of 

table 16, the original free quartz content 1s found to 

be 10.63 per cent. 

TABLE 18. Chemical analyses of thuringites. 

1 2 3 4 5 

Si02 24.49X 22.4 30.65X 22.4 23.7 

Al 2°J 16.31 16.85 11.3 12.64 16.54 

:?e203 9.82 10.15 4.15 4.65 12.13 

~eo 34.77 35.93 40.8 45.65 JJ.14 

MgO 0.87 0.90 1.6 1.79 1.85 

CaO 1.22 1.26 0.1 0.11 

i:· 
The procedure followed by mr. Abraham Kruger, Division 

of Chemical Services, Pretoria, to determine the free 
qw:rtz is as follows:- 11 0.5 gm. of the finely powdered 
mineral was treated with 25 ml. of 80/o ort:10-phosphoric 
acid in a Phillips beaker containing a funnel in the neck. 
The acid L'lc s heated on a flame and regularly stirred 
during heating. Twelve minutes after boiling has sub­
sided the beaker was removed from the flame, cooled, and 
the acid ~iluted with 125 ml. hot water. 

The upper part of the beaker was rinsed with 10 ml. 
fluoboric acid (prepared by ~dding 180 ml. hydrofluoric 
acid to 200 ml. saturated solution of boric acid) and 25 
ml. water. The quartz was filtered off through a No. 
42 Whatman filterpaper, washed with diluted hydrochloric 
acid and determined as usual." 
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Table 18 continued. 

1 2 3 4 5 

Na20 0.30 0.31 0.19 0.21 
.. 
! 
r 0.32 

K20 0.55 0.57 1.48 1.64 
✓ 

L1 20 0.04 0.04 absent absent 

1r10 2 0.40 o.41 o.4o o.45 

VinO 0.49 0.-51 . - 1.16 

H2o + 9.19 9.50 
... 
I 

? 9.35* 10.46 10.90 
H20- 1.13 1.17 ) 

Total 99.58 100.00 100.02 100.00 99.74 

Free 
quartz 2.82 2.82 10.63 

x 3102 from free quartz included. 

,(" Ignition water corrected for oxygen. 

1. 1rhuri11gi te, B5a pipe, second level Stavoren, Pot­
gietersrus District, Analyst, Abraham Kruger, 
Division of Chemical Services, Pretoria. 

2. Analysis (1) after de~uctir.ig free quartz from total 
S102 and recalculating to 100. 

J. "Highly chloritised raven-mica", Stavoren, Pot­
gietersrus District. Analyst, Dr J. Moir. 
~agner (1921, p. 71) 

4. Analysis 3 after correcting S102 to correspond with 
the. t in column 2, and recalculating to 100. 

5. Thuringite, Arkansas. Analyst, J.L. Smith. Dana's 
System of Mineralogy, 6th edition p. 657, analysis 7. 

Column 5 of table 18 gives an analysis of thuringite 

from Arkansas. 'I'he Stavoren thuringi te differs from 

this one in containing less Fe203 but comparatively more 

FeO. 

Holzner (1938, p. 389) recalculated v_.rious chemical 

analyses of chlorites and found thst in the chlorites 

low in water content the summ2tion of the mstal ions is 
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40 per 56 oxygen ions when all the iron is reckoned as 

ferrous, whereas the chlorites with normal water content 

(4H20 per unit cell of 0 = 14) yield 40 metal ions per 

56 oxygen ions when the ferric content is counted as 

such. He concludes thst in the former type of chlorite 

the ferric content is due to oxid~tion of the ferrous 

ions subsequent to t:1e formation of tl1e mineral, where­

as the latter type of c:1lori te contained ferric ions 

at the time of formation. T ble 19 shows that the 

2tomic content of th~ unit cell of the Stavoren 

thuringite (3.67 H20 per unit cell of 0 = 14) also 

yields a low summation of met~l ions if the ferric iron 

is calcul~ted '",s such, whereas, if all the iron is 

c0lculated as ferrous the summation of metal ions is 

slightly too high but closer to the ideal value of 40 

per 56 oxygen ions. It thus seems that the thuringite 

originally contained less ferric iron -nd that the 

11 -:-.lter~.tion" of the mineral is due to oxid2tion of the 

bi v::~lent iron. 

Hey (1954, p. 278) proposes a revised classifica­

tion in which the division of chlorites is made into 

the unoxL' i sed norm2.l series of orthochlori te s and 

the oxidised chlorites. He sug6ests that an ~rbitrary 

figure of 4 per cent. Fe 20J b3 ta.ken ~s the dividing 

line; c.my chlori te with more than 4 per cent. 

Fe 2o3 being reg:..'rded s.s oxidised. liqcording to this 

cl'lssification the tl·uringi te of St:1voren is the 

oxidised equi v~lent of dcrphni te ( see fig. 7). 

The most dark-coloured flakes which 2re considered 

as the least ~lt0red, the greenish flskes, and the fine-
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grained mas3es yield similar x-ray p9.tterns in which 

no line shifts could be detected. It should be 

mentioned, however, that the diffraction lines are 

bro3d which :-1)J.kes the detection of small line shifts, 

if present, impossible. 

TABLE 19. Atomic content of the unit cell of Stavoren 

thuringite. 

Si 

Al 

Al 

~e', r 

Fe' 1 

Mg 

Ca 

Na 

K 

Li 

Ti 

Hri 

H 

Eetal ions 

1 

10.4 ··: 
~6.o 

5 .6 , 

3. 621 
I 

3.54j 
I 

13. 94j 
I 

0.62! 
0.631 

>23.42 
o. 281 

t 
I 

o. 34~ 
l 

0.07 

0.181 
I 

0.20) 

29.39 
39.42 

2 

11.09'1 
• ... 16.0 

4. 9].J 

4,921 

16. 771 

o.66i 
I 

0.67' 
~24.14 

0.30 

0.36 

0.07! 
I 
t 

0.191 
I 

o.2oj 

31.83 
40.14 

1. Calcul0t ted from the c~1emical analysis in column 2 

of table 18, assuming 56 oxygen ions per unit cell. 

Ferric iron calcul~ted as such. 

2. Ditto but assuming that all the iron was original­

ly ferrous. 
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Dschang (1931, p. 410). claims that iron-rich ortho­

chlorites can be oxidised by careful heating in air 

without change in crystal structure. Brindley and 

Youell (1953, pp. 57 - 70) show that ferrous chamosite 

(with kaolinite structure) is oxidised to ferric 

chamosite by heating it in air for 2 hours at 4oo0 c. 

'rhe ferrous and ferric char.iosi te have an essentially 

similar structure but the unit-cell dimensions are 

somewhat smaller for the ferric form. 

An examination of the effects of heat treatment on 

the 3tavoren thuringite was carried out by heating 

powdered material in 2ir for periods of 2 hours at 

temper3tures of 500, 600, 700, 800 and 1100°c. X-ray 

powder photographs were taken after each heat treatment; 

the diffraction spacings obtained from these photo­

.::'raphs 2~re listed in t::::.ble 20. 

The m?..terisl he:.~ted to 500°c yielded, as is shown 

in the photogr~phs depicted in pl~te X, somewhat 

weaker diffraction lines ~nd smaller diffr~ction 

spacings thnn the unheated material. In view of 

Brindley 1 s and Youell 1 s findings on chamosit~ it seems 

likely toot the decrease in the interplanar spacings 

is due to more or less complete oxidation of the ferrous 

ions to ferric ions. The lines at 4.25, 3.35 and 

1.81 A are entirely due to quartz impurities and show 

a slight increase in intensity at 500°c. The broad 

and diffuse line at 2.52 A is caused by the inter­

ference of nuartz and chlorite lines. 
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TABLE 20. X-ray diffractivL spacings and estimated intensities of thuringite from Stavoren, before and 

p_,f~er heat t::i. eat.rent. Co radiation. Camera radius = 114. 59 mm. 

,-~ntreated. · 1:'.eated to 50J0 

---------- -------~----- ---- ---· 

---·------- --· 

_Int_. .9:.. 11 
5 14.37 

10 7.07 
6 l} • 70 
1 4.25q 
1 3.87 
7 3 • .54 
4 3.35q 
3 2.83 

3 2.69 
.5b 2.52 
1 2.28 
2 2.12 
½ 1. 2q 
1 1.77 
4 1.56 
1 1 • .52 
1 1.42 
1 1.37q 

Int_. _d A 

5 13.8 
,; 

?, 

3 

4 
6 

4 

1 

1 

<.9 
4.4 
4.2 

3.4 
1.3 

2.5 

1.8 

l.5 

' . 
. ··--·-

~ 

~ 

6 
6q 

.5 
5g 

1 

2q 

4 

Heated to 6oo0 c. Heated to 700°c Heated to 8oo0 c. 
---· .. - ------- ----------

1.11-t. d A I:q._t_. d A JJ.1 . .:t_. d A 

3 lJ.84 
3 6.95 

1 4.25g 1 4.2_5q 2 4.2_5q 

2 3.45 
3 3. 35q 3 3.35q 6 3.3.5q 

1 2.51 1 2.44q 
1 2.30q 
1 2.05q 

1 1. 82~ 1 l.8lq 2 

b = broad and diffuse. q = quartz. 

_.,. __________ ---- ----

Heated to 1100°c. 
~ ---- -

Il~i t. d A 

5 3.66 
6 3.36 
3 2.93 

10 2.69 
8 2 • .51 
4 2.44 
3 2.21 
3 2.lE 

.5 l.831 
7 1.688 
1 1 • .590 
1 1 • .544 
3 1.481 
4 1.449 

1 

co 
--.J 
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At 6oo0 c the photograph is the same as at 500°c 

except for a further ~ecrease in line intensity. 

At 700°c the thuri11gi te lines do not show up on the 

photograph and the only lines that do occur are those 

of quartz at 4.25 and 3.35 A. iit soo0 c these lines 

show an increase in intensity and additional quartz 

lines 2.ppe.?~r at 2. 44, 2. JO, 2. 05 and 1. 81 A. 'rhe 

lines at 2.44 and 2.05 A m~y also indicate the 

formation of spinel. 'Jihuringi te heated to 1100°c 

yields a hemctite spectrum with ndditional lines 

which are presumably due to mulllte. 

Differential th..,rmal analysis indic:::.tes that the 

dehydr~tion of the thuringite proceeds, as is typical 

for chlorites, in two st~ges. The first stage reaches 

its maximum .?,t 2,bout 5so0 c and the second at about 810°c. 

6. Other Chlorites. 

In 8-ddition to the crystallisation of thuringite 

~.t least two other periods of chlori te form:-i. tion were 

distinguished. 'rhe earliest of these chlorites de­

veloped prior to the introduction of second gener:'. tion 

qu:1rtz by which it is enclosed but later than some of 

the ore-miner:=tls, such as scheelite, in which the 

chlori te occurs '°'..3 stringers. 1rhi s chlori te occurs 

mainly dS the principal constituent of the chloritised 

grc.nophyre ,1,nd as fine-grained massive 3,ggrega tes that 

have replaced the red feldspar remnants in the ore­

zone of some of the ore-bodies. 

The more or less constant association of this 

fine-grained chlorite with cassiterite probably suggests 
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thct the chlorite form.tion wns brought about by 

reagents that accompanied the sta:nniferous solutions. 

In almost every instance the degree of chloritisation 

of the gr'~nophyre frngments of the brecci?.. ore-bodies 

depends on the abundance of cassiterite; the higher 

the cassiterite content the intenser the chloritisa­

tion. This is best illustr~ted on the second level 

of the mine where some of the gre.nophyre fr.':~gment s of 

the c~ssiterite-poor ore-body in the B6c pipe are so 

slightly altered the:. t it still exhibits 2 red colour 

whereas the fr~gments of the highly stanniferous ore­

body in the B5 East pipe ~re completely changed to a 

greenish chlorite rock. 

The rel a ti on of tr.Lis chlori te to the thuringi te 

fl~kes is not clear. In some places it seems as if 

the thuringite flakes had disintegrated into fine­

gr~ined m~sses th2t resemble, in grain-size nnd colour~ 

the masses of this chlorite. In other places t~e 

thuringi te flc~kes occur in direct cont3.ct with the 

highly chloritised fragments without showing any signs 

of disintegration. 1rlle x-ray diffraction spacings 

.-~re al so in exact agreement for both chlori tes and 

the refr~ctive index (nm= 1.660 + .005) of the fine­

~rained chlorite is also in close ~greement to that 

of the thuringite flakes. 

No chemicc~,l analysis of this fine-grained chlori te 

is available but t~B analysis of the chloritised 

granophyre (table 27 column 4) cle2.rly shows that the 

chlorite is an iron-rich one. All the ferrous and 

ferric iron in this analysis are presumably derived 
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from the chlorite and the ratio Fe2o3 : FeO = 1:3.1 

whilst for the thuringite flakes the ratio is Fe203 : 

FeO = 1:3.5. It thus appe~rs as if the fine-grained 

chlori te is also 2 .. thuringi te but with more of its 

ferrous ions oxidised to ferric ions. 

The third chlorite is clearly a very late arrival 

~nd occurs in aggreg~tes of light-green flakes which 

are most commonly introduced along the cleavage-planes 

of the coarse, crystalline calcite. 

This chlorite is also an iron-rich one. It has a 

refr2ctive index of I1in = 1.663 ± .005 (sodium light) 

and 2V = + O. Its pleochroi sm is Ci...= yellowish, 

ft = 't = light green. 

7. StilpnomeLme. 

This is by far the rarest ga:ngue-mineral in the 

western group of pipes of the ":S" line, and occurs as 

microcrystalline fibrous pl~tes forming spherical 

radial s.ggregn te s. nos t commonly these aggregates 

form n thin coating 2round crystals of first genera-

tion quartz. These encrustations are very seldofil 

composed of stilpnomel8.ne alone. The stilpnomelane 

aggregates are usually enclosed by calcite 2:.nd often 

accompanied by minute specks of arsenopyrite. 

The encrustations are more or less always present 

around quartz crystals that are enclosed by calcite 

but are less common around crystals that are enclosed 

by second gener2tion quartz. It thus seems as if 
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the conditions during the deposition of calcite around 

the quartz crystals were favour~ble for the survival of 

stilpnomelane flakes of recognis2ble size, whereas, 

during the deposition of the later quartz that has 

grown outwnrds from the crystals, the stilpnomelane 

was broken up into cryptoscopic flakes now occurring 

as dustlike inclusions in the later quartz (plate VIII). 

A second mode of occurrence of stilpnomelnne is 

as inclusions in veinlets of second generation quartz 

in arsenopyrite. In such cases the flakes are of 

recognisable size and cause the gre~nish colour of 

these veinlets. 

1rABLE 21. Physical and optical properties of stilpno­

melane from the 37 pipe, second level, 

3tc.voren. 

-------------------·-
Colour in hand-specimen; almost black. 

Pleochroism: strong;~= yellowish-bro~m 

Optic nngle: 

Refractive indices: 

j:i = Y = very dark­

brown. 

-2V = + 5° (determined by the 

Mnlle.ra_ r:ethod). 

nc:x. = 1.554 ± .005 Na-light at 
np = n j' = 1. 611 24° C 

:!: .005 

'rl1.e physical mid optical properties of stilpnomelane 

from St2voren are given in t~ble 21. 

resemblance of stilpnomelane with biotite has been 

emphasized by v~rious authors and except for chemical 

:malyses, the distinct difference in x-ray diffraction 
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TABLE 22. X-ray diffraction spacings and estimated 

intensities of stilpnomelane. 

1 't 2 3 i ... , .. ,R ______ ........ 

No. Int. d A Int. d A Int, d A _______ .. _ 

1 7 12.9 6 13.0 4 13 • 5 Kee, 
(=12.18Kfo ) 

2 10 11.9 10 11.9 10 12.09 

3 l:. 6.03 
., 

6.06 1 6.07 2 -2 

4 1:. 4.74 -;.;;· 4.74 2 

5 1 4.476 1 4.446 

6 
-= 

4.138 

7 5 4.045 5 4.035 6 4.04 

8 lb 3.566 lb 3.555 lb 3.541 

9 1 3.349 1 3.339 1 3. 343K11. 
(=2.720 Kp) 

10 4 3.036 4 3.026 4 3.021 

11 1 2.831 1 2.818 z 2.80 

12 2 2.693 2 2.702 2 2.721 

13 4 2.549 4 2.560 4 2.583 

14 1 2.481 i 2.508 

15 
.:,_ 2.418 l. 2.421 ff 2 

16 3 2.341 3 2,341 3 2.356 

17 .l. 2.188 .l. 2.187 2 2 

18 2 2.109 2 2.105 1 2.117 

19 .l. 1.964 1 1,955 2 2 

20 2 1.888 1 1.886 1 1.876 If 

21 1.739 1 1.732 ~ -2 

22 2 1.686 1 1.686 

23 3 1.576 3 1.577 1 1.568 

24 3 1.561 3 1.563 1 1.560 
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Table 22 continued 

1 
No. Int. d A 

- 9.3 -

Int. 
2 3 

d A Int. d A ----------!--•---------+--------

25 

26 

27 

28 

29 

JO 

.31 

32 

33 

34 

35 

Average 
dOOl 

2 

1 

1 
2 

1 .... 
2 

1 

1. 
2 

.+-. 
2 

1.519 

1.416 

1.397 

1.359 

1.339 

1 • .322 

1.305 

1.287 

1.151 

12.13 

2 

1 

½ 

1 
2 

½ 

½ 
1. 
2 

1 
2 

1.517 

1.416 

1.399 

1,351 

1.341 

1.323 

1.309 

1.229 

1.150 

1.093 

12.11 12.10 
..... ----·-----------·-·----- ....... ----·--------____.-----
b = broetd i = indistinct. 

1. From Baern, ( Sternberg-Benni sh), :-Ioravia. Unfiltere~ 

Fe radiation. Camera radius=57.3 mm (Gruner 19.37, 

p. 919). 

2. From Genoa Mine, Mesabi Range. Unfiltered l1'e 

radiation. Camera radius 57.3 mm (Gruner 1937, 

p. 919 ) • 

3. From Stavoren tin-mine, Potgietersrus District. 

Unfiltered Co radiation. Camera radius 114.59 mm. 
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spacings is the most conclusive method of identification 

of the two minerals. 

The intensities and spacings of the strongest, and 

most diagnostic, x-ray reflections of the mineral from 

St~voren are in good agree• ent with those of other 

stilpnomelanes (te.ble 22) but a large range of weak re­

flections does not show up on the x-ray photograph of 

the St2voren stilpnomel2ne; this is presumably due to 

the difference in target used. 

The number 1 ~nd 9 reflections of the Stavoren 

s·:i..mple ( te..ble 22, J) :-.re Kµ reflections corresponding 

re spec ti vely with the number 2 and 12 K d,", reflections. 

Gruner reported (number 1 and 9 reflections of Be:.er:n 

and Genoa Nine samples ( table 22 1 1 and 2) as Kp re­

flections but calculcted the spacings as for K.:KJ re­

flections. For comparative purposes the writer did 

the s2rne but included in brackets the figures obt~.ined 

by calcuL~ ting them as K~ refl 2c ti ons. 

8. Pot~sh ~eldspe..r. 

It appears as if the first event in the formation 

of the ore-bodies was the deposjtion of a feldspar. 

'~Chis is a red potash feldspar, the colour being due to 

minute inclusions of iron oxide. 

This feldspar is replaced by later minerals such 

~-s thuringi te r,nd qu:i.rtz to such LUl extent thL:. t in the 

zonal ore-bodies it occurs only as 8. narrow dis0ontinuous 

zone which in this treatise is referred to as the feld-

sp2.r zone. In some of the ore-bodies this zone is re-
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presented only by remnants enclosed in the le..ter 

minerals w~ereas in still others it is completely re­

placed. In the breccia type of ore-body this feld­

spar occurs either as small fragments in the later 

qu~rtz or as a thin discontinuous zone near the contact 

of the cementing mg, terL'..l and the rock fragments. 

In hand-specimen the feldspar appeers fresh but in 

almost every thin section parti~"Ll 2lter2.tion to 

chlorite is visible. This alter2tion starts from 

numerous isol 0 ted points. 

It was noticed by f'IcDonald (1914, pp. 57 - 59) 

and by Wa~ner (1921, p. 69) that, where the feldsp~~ 

developed freely in druses, the habit of the crystals 

is th:t of e.duL-'.ria, the prisr.1 fa.ces being vary 

strongly developed where2s the clinopinacoidal feces 

qre entirely absent or only very poorly developed. 

Vugs, which seem to h~ve been fairly abundant in the 

upper portions of the pipes, are scarce in the areas 

examined by the writer :n1.d the few tht"') t exist do not 

conte.in any cryst'" ... ls of this feldspar so tho.t the 

findings ,)f I-IcDonald and vl'".gner could not be confirmed. 

Al though II true II ortt.ocl--" se c..nd ,.-~dularia is 

optically simil~r some writers, for example Spencer 

(1937, p. 488), report that 11 true 11 'Jrthocl2.se has a 

smaller axir:l angle thnn o.dul2ria. ChaLrnon ( 1950, p. 

538) modified Spencer 1 s classific~tion and shows that 

the axial mig le of "true II or thocln se v;., ri es from 2 5° 

to 50° ~nd th~ t of :-¥dulci,ria from 50° to 70°. The 

axir:~1 2:ngle f Jr the st- voren f eldsl)c'l.r, being 68 ~ 2°, 
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is well within the range of that of E~dul&ria and thus 

supports the findings of EcDonald and \'ia~;ner. 

'rl'-.ie spectrographic analyses (table 23) indicate 

that t,_-ie potash feldspar from the ore-bodies has a 

much lower Ga and Ti content than the feldspars of 

the albitite and granophyre, and further that no Mn 

was detected in it whereas traces of this element 

occur in the other feldspars. 

T.A:aL:,.;,, 23. 3pectrographic analyses of feldspars 

(Estimated intensities us.ing an arbitrary 

scale 0 - 10). 

Ga Ca Ba Na K 31 Mn Cr "i'e Al 

Feldspar of ore-bodies .1 3 2 5 10 8 - 2 C: 9 -' 

Feldspar of granophyre.6 7 2 7 10 8 2 1 5 9 

Feldspar of albitite. I' 2 10 1 8 1 - 1 9 0 -

Ti 

5 

3 

The spectrographic sensitivity of the elements differ 

greatly and the intensities of the lines should 

therefore be used only comparatively for eac~ separate 

element. 

9. 1rourmaline. 

Tourmaline is a. common g?,ngue-mineral in the 

Potgietersrus tin-fields examined by .Strauss (19.54, 

p. 152) but at Stavoren it is conspicuous by its 

rarity. In the Western group of pipes of the "B" 

line it occurs only in the B5a pipe at a depth of 

about 220 feet (second level) and although an increase 
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of this mineral with increase in depth was expected 

it could not be detected in the B5a or any other pipe 

on the third level of the mine. 

It does not occur :i.n all the exposed ore-bodies of 

the B5a pipe on the second level but is confined to 

only one which measures approximately 3 feet by 5 feet. 

In this ore-body it occurs as rosettes which are about 

half-an-inch in diameter. The tourmaline replaced 

the red feldspar of which numerous remnants occur 

interstitially among the rosettes. 'rhese remnants are 

partially replaced by quartz of the second generation, 

calcite, and fluorite. In almost every hand-specimen 

the preferenoe given by calcite and fluorite to replace 

red feldspar rather than to replace tourmaline, is 

striking. 

Macroscopically the tourmaline is almost black 

while under the microscope it is strongly pleochroic; 

lN= bluish-green,E = pale-brown. Its refractive 

indices for sodium light at room temperature (24°c) 

are w= 1.668 ± .001 and ~ = 1.640 ± .005. 'rhese 

indices indic2te 80 mol. per cent schorlite (Winchell 

1933, p. 303) and are in close agreement with those 

obtained by Strauss (1954 p. 152) for tourmaline from 

the Zaaiplaats-Groenfontein tinfield, but higher 

than the hj_ghest values (nW= 1.655, n t. = 1.629) for 

pegmatitic tourmaline from the Quartz Creek pegmatite 

area, Gunnison County, Colorado (Staatz, Murata and 

Glass 1955, p. 794) 

The tourmaline is partially altered to sericite. 
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10. Fluor-Apatite. 

Prism~tic crystals of this mineral were noticed by 

Wagner (1921, p. 72) in the upper portions of one of 

the B5 pirJes. According to him they were up to one 

inch in length and of a greenish~gray colour. He 

claims that they are of very early development although 

they enclose patches of red feldspar. None of these 

crystals were noticed in the lower portions of the pipeso 

D. Secondary TTinersls. 

A wide range of secondary minerals was observed by 

Wagner (1921, p. :<~_6) in the oxidised upper portions of 

the pipe-like deposits on Stavoren. T~1ey are tun.gs ti te, 

cupro-tungstite, scorodite, bismutite, chalcocite, 

covellite, bornite, native copper, malachite, azurite, 

cuprite, chalcotrichite, chrysocolla, olivinite, 

cerussite, martite and limonite. 

Of these only bismutite and native copper are 

reported by Wagner from the "B" group of pipes. 

Scorod.ite, chalcocite, malachite, azurite and limonite 

are reported by him as common in all the deposits in 

the granophyre ·Hhilst the rest were noticed in some 

of the other pipes on 3tavoren but apparently not in 

the "B" group of pipes. 

E. Pa.ragenesis. 

The order of crystallisation of the minerals as 

set out below was derived from the position occupied 
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by these minerals in the ore-bodies, t~e interrelation­

ships of the minerals in situ and in hand-specimens, 

ancl from a study of t:1e mineral textures as revealed 

in polished and thin sections under the microscope. 

r.rhe sequence of formation of the :ninerals is given in 

condensed form in the paragenetic chart (fig. 8). 

The zonal arr~ngement of the minerals in some of 

the ore-bodies is considered on the basis that deposi­

tion was from the rim inwards, i.e. the late minerals 

form the core of the ore-bodies whereas the minerals of 

early formation occupy the outer zones. The relation-

ship is, however, not always as simple as that; the 

position occupied by thuringite and molybdenite is 

contrary to this rule. ·rhuringi te usually forms the 

outermost rim of the ore-bod.ies although it is clearly 

younger than the red potash feldspar. Molybdenite, 

which also crystallised_ later than t:1e f·~·,ldspar, occurs 

with the thuringi te. These phenomena are appaI·ently 

due to selective repl~cement. 

'I'he opening event in the formation of the ore­

bodies was the development of the red feldspar. After 

the formation of the feldspar and before the crystal­

lisation of eny ore-mineral, quartz crystallised. 

This quartz occurs as well-developed pris~atic crystals. 

The cryst::::..llisa.tion of the quartz was succeeded by 

the deposition of metalliferous minerals such as 

molyba_eni te, scheeli te, loellingi te, '1rsenopyri te, 

pyrite, cassiterite, sphalerite, chalcopyrite and 

galena. 
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The zonal arrangement of these minerals suggests 

a sequence in order of age of molybdenite-scheelite­

arsenopyrite-cassiterite-chalcopyrite but the 

paragenetic relationship as revealed by microscopic 

study of the mineral textures is less conclusive. 

Plate XI figure 1 shows arsenopyrite filling a 

.fracture in scheelite whereas Wagner (1921, plate XXIV) 

shows scheelite moulded on to arsenopyrite. The 

former which is presumably the more reliable texture 

clearly suggests that scheelite crystallised before 

arsenopyrite. 'l·he contact of cassiterite with scheelite 

and arsenopyrite is usually of such a nature that the 

relationship of cassiterite to these two minerals could 

not be established with certainty. 'rhe contact is 

el ther smooth and r·egular suggesting a simultaneous 

crystallisation for cassiterite and the other two 

minerals, or it is occupied by later gangue-minerals. 

In some thin sections (plate XI fig. 2) cassiterite 

was found moulded on to scheelite whereas in others 

W~gner (1921, p. 112) observed scheelite moulded on 

to cassiterite. 

It thus appears as if the general sequence of 

deposition was apparently scheelite-arsenopyrite-

cassi teri te, but th.c.~ t there was considere.ble overlapping~ 

Molybdenite occurs sparingly in the portions of 

the pipes examined by the author and was never en­

countered ·in contact with any of the other ore-minerals" 

'rhe fact t:1a t 1 t usually occurs in, and replaces 

thuringite, probably indicates an early formation for 

this mineral. 
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Loellingite is replaced by arsenopyrite and is 

thus an earlier minersl than the arsenopyri te. 1rhe 

fact that it is more fractured than the arsenopyrite 

probably also suggests tl1.at it is older than the 

arsenopyrite, a•3suming of course that their resistance 

to fragmentation is approximately the same. 

Pyrite crystallised earlier than the first 

generation chalcopyrite by which it is replaced. Its 

relationship to the other ore-minerals, except of magne­

tite and ilvaite, could not be established. In figure 

8 cassiterite has been placed earlier in the sequence 

than pyrite and magnetite but it could just as well be 

later. 

'rhe occurrence of magnetite and ilvaite in the 

interstices between pyrite grains, and in fractures in 

these grains, provides sufficient evidence that pyrite 

crystallised prior to these minerals. Ilagnetite is 

replaced by ilvaite and thus precedes this mineral, 

The exolution-intergrowth of sphalerite and 

chalcopyrite and the replacement of the former by the 

latter (plate II fig. 2) indicates that chalcopyrite 

is later than sphalerite. 

Galei-ia was encountered in one specimen only. 

Polished sections show that here galena replaces 

sphalerite but appears to be contemporaneous with early 

chalcopyrite. 

The latest arrivals among the ore-minerals are 

the bismuth compounds ai.~d second generation chalcopyrite 
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The only contamin2.ting minerals in the available 

specimens of bismuth minerals are arsenopyrite, 

chalcopyri te and galena. 1rhe s.rsenopyri te 1 s en­

closed and corroded by the bismuth minerals and 

chalcopyrite and galen9. are replaced by them. The 

sequence of deposition of the bismuth minerals is native 

bismuth-bisrnuthinite-joseite. 

The second generation cl~.alcopyrite appears to be 

the last ore-mineral deposited in the ore-bodies. It 

occupies microscopic fractures in fluorite (plate III 

fig. 1) and one hand-specimen was collected which shows 

chalcopyrite crystals moul~ed on to calcite. 

Reverting to the gangue-minerals the formation of 

the thuringite flakes precedes that of the fine-grainec. 

chlori te. T1he former 0rystalli sed 1)efore scheeli te 

~~1ereas the latter succeeded cassiterite. 

rrourmaline appears to be earlier t,_3.n the ore­

minerals but later than the reel feldspar which is re­

placed by it. 

:aefore the crystallisation of second generation 

quartz, which is later than first generation chalcopyrite, 

stilpnomelane was deposited as encrustations on the 

crystals of early ~uartz, and also in fractures in 

arsenopyrite. 

'rhe crystallisation of second generation quartz 

was aJparently accompanied by tha.t of chalcedony but 

was succeeded by that of fluorite and first gener2Gion 

calcite. 
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The last formed gangue-rninerals are third genera­

tion quartz, a light-green chlorite, and second 

generation calcite. 'rhe quartz occurs as veins cut­

ting the older minerals, and also as encrustations on 

fluorite and first generation calcite. The ch1orite 

occupies the cleavage planes of this calcite. 1rhe 

second generation calcite is the latest arrival and 

occurs in fractures and fissures which cut through the 

ore-bodies. 

'rhe paragenesi s can be represented as having taken 

place in the following stages : 

(1) Formation of feldspar zones and crystallisation 

of early quartz. 

(2) Main stage of metallisation during which the 

following minerals crystallised in the order: 

tourmaline, thuringi te, inolybdeni te, scheeli te, 

loellingite, arsenopyrite, cassiterite, pyrite, 

magnetite 1 ilvaite, stilpnomelane, chlorite, 

sphalerite, chalcopyrite and galena. 

(J) Deposition of bismuth minerals, quartz, 

chalcedony, early calcite, fluorite and late 

chalcopyrite. 

(4) Deposition of late chlorite and third generation 

quartz, and development of fissures in which the 

late calcite is deposited. 

The paragenesis as set out above shows an agreement 

with the paragenesis of the minerals in the pipes of 

Eastern Australia. Blanchard (1947, p. 265) published 
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data on some pipe deposits of Eastern Australia and 

claims that in these pipes the depositional sequence 

is molybdenite - wolfram - cassiterite. :le discusses 

the order of arrival of these minerals in some detail 

and mentions numerous publications in which wolfram has 

been listed as following cassiterite, and molybdenite 

as following wolfram. He points, however, to a few 

authors such as Dunn (1938, p. 209), Ke-Chin Hsu 

(1934, p. 431), and Ahlfeld (1945, p. 394), who reported 

wolfram as preceding cassiterite. One of them Ke-Chin 

Hsu, basing his conclusions upon microscopic evidence, 

reports a molybdenite - wolfram - cassiterite sequence. 

To su{nmarise Blanchard points out that at Cornwall, 

Zeehan, :.Srzgiberge and various other localities cassite­

rite preceded wolfram whereas in the deposits of Burma, 

China, Bolivia and Ea.stern Australia the sequence is 

reversed and he concludes (p. 291) "The only con­

clusion which at present seems justified is that in the 

deposition of molybdenite, wolfram and cassiterite, 

nature employs controls of a broader range and 6reater 

degree of flexibilitr than those with which man has 

sought for expla:na tion". 

In a recent memoir on tin deposits associated with 

the Bushveld Igneous Complex in the Potgietersrus District, 

3trauss (1954, p. 161) concludes that in the Zaaiplaats 

and Groenfontein deposits t~1e crystallisation of the 

wolfrnrc.ite was evidently complete before tha.t of 

cassiterite commenced, but that the paragenetic re­

lationship between the cassiterite and scheelite is 
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difficult to establish and suggests that "apparently the 

crystallisation of scheelite commenced before and 

continued after that of cassiterite". Von Backstrom 

(1950 pp. 44 - 46) decides that in the tungsten-tin 

deposits near Upington arsenopyrite is earlier than both 

scheelite and cassiterite and that cassiterite precedes 

scheelite. He does not express his opinion on the 

position occupied by the molybdenite of the deposits. 

Strauss, as Blanchard, is of opinion that molybdenite 

crystallised before the tungsten minerals and cassite­

rite. The early crystallisation of molybdenite is 

also supported by Sohnge (1950 p. 939). 

The abovementioned conclusions of Strauss fit the 

Stavoren deposits perfectly and it thus appears that 

Blanchard could add the deposits related to the Bushveld 

Igneous Complex to those where wolfram precedes 

cassiterite. 

F. Classification of the deposits. 

The classification of the deposits at Stavoren 

according to temperature of for"G.~ation raises some 

interesting points. Most cassiterite deposits are 

considered by Lindgren (1933, p. 643) as of hypothermal 

origin. 'rhose at Stavoren are, however, characterised 

by the rarity of high temperature minerals such as 

tourmE~line, apatite, etc., and the sulphides accompanying 

the cassiterite mineralisation are typically those of 

the intermediate or mesothermal stage. 

The hypothesis that the cassiterite mineralisation 
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at Stavoren is of mesot~ermal origin is supported by 

the findings of Strauss (1954). In the deposits of 

ti1e Potgietersrus tin-fields examined by him, tourmaline 

is prominent and it was always considered that tr:1.ose 

deposits were formed at a higher temperature than the 

tourmaline-poor ones at Stavoren. Strauss, however, 

concludes (p. 164) that the cassiterite is mostly 

sep2rated from the hi6h temperature minerals 3Uch ~s 

tourrru .. line, and occurs in a typico.l mesothermal 

assemblage of minerals. 

The abunds,nce of 2dulnria in the Stavoren deposits 

raiaes another interesting noint. Here adularia is 

replaced by tourmaline and thus appe.3.rs to be of hypo­

thermal origin wheree.s, a.ccording to Lindgren ( 1933, 

p. 446), adularia is one of tle most widespread and 

characteristic gangue-minerals of epithermal deposits. 

He, however, groups (p. 566) the adularia-bearing veins 

of the Premier ::ine, ~ri ti '311 Columbia with t~1e meso :~her>­

mal deposits. ?arker (1923, p. 298) on the other hand 

places the adularia of the Alpine veins as preceding 

tourmaline and 8patite. Eypothermal adularia also 

occurs in the molybdenite deposits of Shakon., ... .c .. 1aska 

(Buddington 19JO, p. 200). 

'I1he tin de::>osi ts under discussion are most likely 

of composite origin. The formation o:E' the feldspar 

zones and the crystallisation of early quartz appear 

to be as of hypothermal origin, following Lindgren 1 s 

classification, whereas t 1 :i_e cassi teri te and accompany­

ing sulphides and gangue-miner'l.l s are mesot~ 1ermal. 
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The study of liquid inclusions in order to 

determine the temperature of formation of minerals has 

received considerable attention in recent years. 

The methods which cre in general use are based on the 

assumption th-9.t at the time of its formation each 

vacuole was completely filled wi t·:1 a single fluid 

phase, and that the volume of the liquid decreased with 

a drop in temperature. Two methods of study h&ve 

been employed to determine the temperature at which 

the vs,cuoles are completely filled with the liquid. 

In the first and older method frEi.gment s of the • ineral 

are heated on a heating-stage and the filling tempera­

ture recorded. In the second method, call3d the 

decrepitation method, the filling temperature is de­

termined by the effects of tempercture-pressure re­

lations in the inclusions upon the enclosing mineral. 

'r~_is method is based upon the principle that at the 

filling temperature, pressure suddenly becomes so 

great that heated chi
0
~s of the mineral containing the 

inclusions will fly ap.;·~rt.. For tl~e purpose of 

detecting the bursts e, suitable pick-up is attE,.ched 

to the container in which the c~1ips are heated. 1.T..1he 

theory relative to eact of the methods has been 

thoroughly described by Ingerson (1947, p. 375), Scott 

(1948, p. 637), and Bailey rmd Cameron (1951, ~. 626). 

'rhe decrepi te. tion method was applied to some of 

the minerals from Stavoren. 

which bursts, whiCil were considered to be due to 

primary inclusions, were detected, are listed in table 

24. Except for calcite and fluorite the bursts occur 

at temperetures well above J00°c which is the upper 
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limit ~or mesothermal deposits (Lindgren 1933, p. 529). 

TABLE 24, Decrepitation t~mperature of minerals. 

:uneral Temper~turc oc. 

First generation quartz. 360 

Scheelite 360 

Loellingite 375 

Arsenopyrite 360 

3econd generation quartz 330 

First generation calcite 170 

Fluorite 170 

Third generation quartz 330 

The decrepitation temperature of calcite and 

fluorite is much lower than that of third generation 

quartz nhicl~ definitely crystallised later than the 

calcite an1 fluorite. This indicates, if the method 

of det9rmination is reliable, a rise in tem;eraturc 

subsequent to the formation of calcite and fluoriteo 

Apparently sound criticisns and cautions regarding 

the results given by liquid inclusions as geologic 

thermometer have, however, been suggested by various 

investigators such as Kennedy (1950, p. 533), Ealley 

and Cameron (1951, p. 626), and Skinner (1953, p. 541). 

It is thus felt that the data listed in table 24 can 

not be considered serio~?ly as indicative of the 

formation temperature of the minerals involved. 
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VTII. THE Iif)IVIDUAL PIPES. 

The following brief description of the various 

pipes will serve to 1llustr~te the variation in their 

form and composition. The data concerning the upper 

portions of the pipes (above the first level) were 

obtained from ~agner's memoir (1921). 

BS East Pipe. 

"At the surface there was exposed a pipe-shaped 

body of feldspar-rich pe~·ma.ti te carrying fluorspar but 

no ore-minerals. At a depth of 6 feet cassiterite 

and scheelite made an appearance, but it was only at 

a depth of 30 feet that the pipe became profitable, 

bulging out into a large body of ore rich in copper 

pyrites. At a depth of 40 feet it narrowed down 

until E depth of 60 feet was attained, when it once 

more bulged out. The lower enler~ement, howe~er, 

was son.ewhat smaller than the upper one. Below it 

to a deJth of 80 feet t~e pipe, which is oval in 

transverse section, measured 6 feet ~y 30 feet. The 

princ.1pal ore-mineral in tt1i s lower section is 

scheelite, c~alcopyrite having given out, and 

cassi teri te being l)resent in very small quantity only" 

(page 123). 

On the first level of the mine the pipe still 

measures about 6 feet by 30 feet and contains both 

zonal ~nd treccia ore-bodies. A few large ore-bodies, 

with die.·neter ranging from a~.:out 6 inches to a ":ew 

feet, and numerous small ones scattered at random 

through the albitised granophyre, constitute the 

western part of the pipe, whereas the eastern part 
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is composed of fragments of slightly to highly altered 

granophyre cemented by gangue- and ore-minerals. 

'rhe largsst of the zonal ore-bodies in the 

western part t~easures about 8 feet by .3 feet (fig. 9). 

It has a central part composed of calcite and fluorite 

in which large patches of late chalcopyrite occur. 

Around this follows a discontinuous ore-zone composed 

of arsenopyrite, early chalcopyrite, cassiterite, 

scheelite and quartz. Here, as in all the other ore-

bodies of this type, cassiterite occurs along the inner 

contact of the zone whereas scheelite is sca~~ered A.long 

the outer margin. A narrow and poorly developed 

thuringite zone borders the ore-body. ;rhe zonal 

arrangement and the mineral content in the amaJ.l ore­

bodies, accompanying this large one,are the same in 

each one. They are also characterlsed by t~1e absence 

of the feldspar zone. 

'rl1e gangue-minerals cementing the fregmen~s in 

the eastern part of the pipe 2.re ma inly quartz a~~d 

chalcedony, accompanied by some calcite, fl,wri te, 

red feldspar, and chlorite. In contrast to the 

western part cassiterite is here the most abunaant 

ore-mineral and does not only occur in the ce!Ilenting 

material between the fragments, but also as impregnatio:r:.s 

in the highly altered fragments. Large crystals (1 - 2 

inches in diameter) of scheelite, some of which are 

complete~Ysurrounded by cassiterite, are fajrly ab1,mdant .. 

Arsenopyrite and chalcopyrite are preseLt in small 

quantity only. 
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The difference in mineral content of the zonal and 

the breccia ore-bodies is obvious in this exposure of 

one and the same pipe, viz., 

Zonal Ore-bodies. 

1. Ca3siterite subordinate. 

2. Scheelite subordinate. 

3. Arsenopyrite and chal­

copyrite abundant. 

4. Calcite and fluorite most 

abundant gangue-minerals 

Breccia Ore-bodies. 

1. Cassiterite most abundant 

ore-mineral. 

2. Scheelite abundant. 

3. Arsenopyrite and 

chalcopyrite subordinate. 

4. -:~uartz and chalcedony 

most abundant gangue­

minerals. 

The most striking exposure made by present mining 

oper8.tions is that of this pipe on the second level. 

Here the pipe measures about 40 feet along the strike of 

the drive, is exposed on both v--r:111 s and in the hanging, 

is rich in ore-minerals, and is ::;1ost interesting in 

composition. 

Whereas in the other exposures of the pipes, the 

phenomenDn that numerous ore-bodies are Gcattered at 

random t:1rougl1 the al bi ti sed granophyre is more or less 

the rule, in this intersection only one large breccia 

ore-body was encountered. It occupies the bulk of the 

pipe aniexhibits a general i::1crease, in alteration and 

replacement of the granophyre fragments, towards the 

centre. 

~igure 10 is a block diagram showing the pipe as 

exposed on the north wall ~nd in the han~ing-wall of 

the drive. 1rhe red granophyre is the normal type 
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except for impregnations of chalcopyrite and 

molybdenite in the vicinity of the pipe. The 

granophyre has been albitised only at the upper contact 

of the ore-body which here plunges steeply to1'lards the 

east. The footwall of the ore-body is in direct 

contact with apparently unaltered red granophy:·--.~. 

This fact ~robably suggests that the alteration of 

the granophyre was brought about by solutions 

ascending from the ore-body. It further seems as if 

the agents th&t caused the alteration has attacked 

the granophyre at numerous isolated points having as 

a result a variegated rock varying from red, slightly 

altered granophyr~, to a gray albite-rich rock~ 

At some points the change from the red to the gray 

rock is transitional whereas at others sharp contacts 

exist. 

The ore-body itself can be described as composed 

of two zones which will be referred to as the outer 

and the inner zones. The outer zone is built u~ of 

large fragments of partially to highly altered 

granophyre with gan[:ue- and ore-minerals occupying 

the spaces in between. Thuringite is fairly abundant 

and usually occurs along the contacts of the fragments. 

,~uartz calcite and fluorite are more or less equal in 

abundance and c'·.mlcedony and red feldspar subordinate. 

Scheelite, occurring as irregularly shaped crystals 

ranging in size from small microscopic specks to 1~} 

inches in diameter, is the predomin3.tin_: ore-mineral. 

Chalcopyri te is seco1-;d in abundance whilst 

arsenopyrite and cassiterite are scarcely present. 
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In the inner zone replaceJent and alters.tion are 

much more prominent so that very little of the original 

granophyre fragments remains. The bulk of this zone 

consists of gangue- and ore-minerals and some 

irregularly replaced remnants of highly chloritised 

fragments. ~uartz of different generations and calcite 

are the most common ga:ngue-minerals, whereas feldsp9..r 

and thuringite are scarce. Cassiterite crystals, up 

to half-an-inch L.1. di::-.meter, are very abundant and occur 

as inclusions in the later gangue-minera.ls and as 

impregn2. tions in the ~1ighly c:1lori ti sed fragment rernnan ts. 

Large massive patches =:..nd irregular crystals of scheelite 

are also fairly bund'3,nt. ~rsenopyri te and chalcop;vri te 

e,re present in small quantities only; t:1e former is the 

most abundant near the cont ~-ct wit 1 the outer zone. 

1rhe exposure of the B5 :'.: st pi )8 on t:~ = t'·1ird level 

is 2uch less impressive t~an th~t on the oth~r levels. 

The area covered by the ~ray albitised ~ranophyre still 

measures .. bout 20 feet by 8 feet but it is poorly 

mi:neralised. 'rhe ore-bodies are widelr spaced, 

irregular stri:ricers and small pockets composed mainly 

of ga11gue-minerals. Of the ore-~inerals chalcopyrite, 

most of which impregnates the rocl( in 6.irect contact 

with th3 ore-bodies, seems to predominate. Scheelite, 

some of which occurs as perfect pyra~idE~l crystals 

enclosed in tne gangue-minerals, is second in abundance, 

i·.faereas cassi teri te and arseno2yri te is present in 

relatively small quantities only. 

B5a and B5b Pipes. 

When mini:n.g oper~.tions were suspended at about 1919 
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the B5a pipe was explored to a depth of approximately 

JO feet. ~\Tagner (1921) does not give any information 

about this occurrence and when the writer visited the 

mine in 1952 the original pit was partly filled in,, 

:rhe B5d pipe, situated about 25 feet from B5a, was 

marked by an inconspicuous outcrop of red feldspar, 

quartz, and cassiterite. On being opened up, in 

Wagner's time, this pipe was found to be practically 

vertical and the ore-body surrounded by a thin zone of 

thuringite. From a depth of 10 to 27 fe3t the pipe 

matter was heavily charged with chlorite and barren of 

ore-minerals. At this point the B5b and B5c pipes 

were probably in contact with each other so that by 

following a bulge of the B5b pipe towe,rds t'1e west, 

mining operations struck the 35c pipe. 

On the first level the B5a and B5b pipes have 

merged into one large pipe measuring approximately 35 

feet in an east-west direction and a.bout 13 feet acro2c::::. 

'I1he form of trie pi "9e in plan and the di stri butio11 of 

the ore-bodies t~.1rough it suggest the merging of two 

pipes. The form is roughly elliptical in plan, and 

the central part is narrower than the slightly bulged 

ends (see figure 11). The eastern bulge represents 

the B5a pipe and t~e western bulge the B5b pipe. 

'rhe bulk of this composite pipe consists of albitised 

granophyre through wl1ich numerous ore-bodieo, varying 

widely in size and form, are scattered at random,, 

Except for numerous small ones the bulged ends harbour 

relatively large ore-bodies, wliereas in the ce2"tral 

pe.rt there are only a few small ones. Of all these 
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only one, a breccia ore-body, is highly stanniferous. 

The others are all zoned and have arsenopyrite and 

chalcopyrite as the princi~al ore-minerals. 

Owing to the fact that the composition of the 

ore-boQies and the distribution of the minerals 

composing them differ somewhat, each of the principal 

ore-bo~ies of the merged portions of pipes B5a and B5b 

on the first level are described separately. (For 

numbers of ore-bodies see fig. 11). 

No. 1 ore-body is largely exposed on the side wall 

of the drive. It is composed mainly of arsenopyrite 

and chalcopyri te accompanied by rel8,ti vely small 

quantities of gangue-minerals. In contrast to ~ost 

other ore-bodies it is not bordered by a pure thuringite 

zone, but by a zone of ti1uringi te-enriched al bi ti sed 

granop'hyre. 

No. 2 ore-body, measuring about 12 f~et by 3 feet, 

is t~1.e largest c,.f t:1e ore-bodies in t:1is exposure. 

It is zonally built and has a core of calcite and 

fluorite in which occur large patches of late chalcopyrite. 

A discontinuous ore-zone surrounds the interior. 

'rhis zone is separated from the albi tised granophyre 

by a thin rim of thuringite and a few occasional 

remnants of red feldspar. The principal ore-minerals 

are &gain arsenopyrite and chalcopyrite, but in this 

ore-body they are accompanied by so~e cassiterite, 

scheelite, galena, and microscopic amounts of 

sphalerite. This is the only ore-body in which galena 

is present. 
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:io • .3 ore-body mea~mres r bout 6 feet in length and 

12 inches across. It has a core of calcite followed 

outwards by a discontinuous arsenopyrite-rich ore-zone, 

and finally by a thuringite zone. 

No. 4 ore-body differs from the others in being 

highly sta:nniferous and of the breccia type. 

Cassiterite, the predominating ore-mineral, is not only 

associated with the other minerals in the spaces 

between the fragments but is also present 9.S impregna­

tions in the altered fragments. Arsenopyrite and 

chalcopyri te occur mainly ne2,r the contact of t'1e ore­

body with the altered host-rock. This is also true 

of calcite and fluorite. ~uartz is the principal 

cementing material '?snd also the most abundant gangue­

mineral. A vug lined with quartz crystals of the 

third generr•.tion has repl2,ced some of the ca.lei te. 

No. 5 ore-bodies are a series of small pockets 

composed :~1.::~inly of chalcopyri te. 

The interior of the Po. 6 ore-body consists 

essentially of fluorite, a little calcite, and a few 

patches of late chelcopyri te. 1rhe ore-zone consists 

mainly of chalcopyrite replacing and enclosing 

arsenopyrite. The red feldspar zone is discontinuous, 

and the thuringi te zone well cleveloped. 

No. 7 ore-body differs from No. 6 in that it 

contains less :rsenopyrite and more scheelite. 

~scan be seen from the accompanying sketch 

(fig. 12) about 90 per cent of the No. 8 ore-body is 

composed of quartz, fluorite and calcite around which 
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occurs a discontinuous zone of arsenopyrite 1 chalcopyrite 

and scheelite. In some areas scheelite alone occupies 

the position of the ore-zone. 1rhe thuri:ngi te zone is 

fairly continuous. 

According to the features of the eight ore-bodies 

summarised in table 25, the various zones are 

characteristically present in most of the ore-bodies, 

excluding the feldspar zone which is very erratic and 

often absent. 

On the second level t~e B5a pipe is separated from 

the B5b pipe by approximately 20 feet of apparently 

unaltered red granophyre. 1rhe former, measuring about 

18 feet along the strike of the drive, harbours two 

large ore-bodies of the replacement type. These ore­

bodies consist of a greenish, highly chloritised rock 

through which E.re sco.ttered numerous repl~.cement 

veinlets, pockets, blebs, and crystals of ore- and 

gangue-minerals. Some of the largest pockets s110w 

a zon3.l arrangement of minerals; the largest one 

measures about 2 feet by 2} feet. In contrast to the 

exposure on the first level, cassiterite is here very 

abundant. Arsenopyrite and scheelite are present in 

fair quantities, and c~~alcopyri te is subordinate. 

Adjoining one of t:·1ese replacement ore-bodies 

occurs an ore-body differing from all the other in 

tl1i s mine in that it carries tourmaline (fig. 13). 

'rl'1e principal constituents ~.re tourmaline, calcite, 

quartz, and remn~mts of the red feldspar; a purplish 

fluorite, scheelite, and cassiterite are subordinate. 
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TABLE 25. .,..., 

SUErit;.RY uF VARL'VrIONS i:; 'X'l'l ?O~ ITION OF Dil"?l7EaENT ORE-BODIES IN THE B5a AND B5b PIPES m,r 'I'HE FIRST LEVEL 

No. o:f I 
Ore-body. 

:!OK::. ORE-ZONE FELDSPAR ZONE. 'rHURINGITE ZONE. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

None ~xi=,o~e~. Arsenopyrite and chalcopyrite None. Thin, impur~. 

Fluorite, lit ~le Much arsenopyrite and Occasional Thin, continuous. 
C'J.lc~ ~e, 111uch late chalcopyrite, a little remnants. 
chalcopyrl ·t;e. cassiterite, scheelite 

and galena. 

Calcite. Arsenopyrite. :Jone. I 1rbin, continuous. 
I 

Breccia ore-'1ody rich in cassiterite and quartz. 

None. Chalcopyrite. None. Very poor. 

Mainly :fl11orH~a and Chalcopyrite and arseno- Discontinuous vJide, continuous. 
~~ .. little C.k:.-lc~ +:e and pyrite. 
late chalcu~yrite. 

I-Iainl;" fluo ... "lj te ,.n{. Chalco:!')yrite, arsenopyrite, Discontinuous. Thin, continuous. 
~ lit~le ~a7ojte ard and scheelite. 
l:::.~ t;e ui1alc )f•Tri +.e. 

Calcite, f J.uori te and Arsenopyrite, a little None. Thin, continuous. 
quartz. scheelite and chalcopyrite. 

•;i-C.s.ssiter-ite, ES Ft.ny of th~ other minerals, is not mentioned in this table if present in small 
quantities. 

1-1 
1-1 
OJ 
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Recent mining oper~tions on the second level 

intersected only the northern p~rt of the B5b pipe, 

thus exposing a wide aureole of gray albitised 

granophyre. Owing to partial re~lacement by 

thuringite the Jray rock takes on a dark colour towards 

the centre of t~:i.e pipe where a thin rim of thuringi te 

borders two ore-bodies and occupies a fissure connecting 

the ore-bodies (fig. 14). 

'l'he thuringi te-enriched. rock carries a 11 ttle 

chalcopyri te, occasional blebs of scheeli te ar1.d 

arsenopyrite, and very rarely specks of molybdenite. 

The scheelite blebs are bordered by a thin zone con­

sisting of thuringite only. 

'I'he two small ore-holies ths. t are ex:;_)osed are bot~~ 

of the zonal type and are barren in cr.ssiterite. 

'rhe upper one has a core of calcite and fluorite, both 

enclosing crystals of first generation quartz. In 

the lower ore-body much of t~e core of fluorite, 

calcite, and quartz, has been replaced by late 

chalcopyrite. Here the ore-zone is composed of arseno­

pyrite, chalcopyrite, quartz, and scheelite. In both 

ore-bodies red feldspar 1s ~.bsent and t~1.e thuringi te 

zone distinct. 

On the third level the B5a pipe measures a.bout 13 

feet, and the B5b _)ipe a'Jout 10 feet, along the strike 

of the drive. In t:1e former the altered granophyre 

harbours only a few small ore-bodies som8 of which 

consist en ti rely of :: rsenopyri te, chalco:pyri te, 2.nd a 

prominent thuringite zone. Others contain in addition 
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some other ;l..--mgue-minerals in which sch•aeli te crystals 

are enclosed, but very little cassiterite is present. 

On the third level the B5b pipe is somewhat more 

impressive than t~e B5a one, in that the small ore-bodies 

are more numerous and stanniferous. 'i1he largest of 

these measures 18 inches by 6 incl1es, and has a core of 

calcite, fluorite, and quartz. In Jlnces the dis-

continuous ore-zone is entirely composed of arsenopyrite; 

elsewhere small crystals, either of cassiterite or of 

scheeli te, prec1omin& te. Inclusions of scheeli te in tl1e 

gangue-minerals are more abundant than on the ot~1er 

levels. In contrast to the B5a pipe the thuringite rim 

around the ore-bodies E~re poorly developed. 

B5c Pipe. 

r11his must have been the most promising of the 11 B11 

group of pipes on 3tavoren. In Wagnerrs time (1921) 

the workings on this :ripe were the deepest on Stavoren, 

having ~ttained a vertical depth of about 185 feet. 

During present development the pipe was removed to a 

depth of about 200 feet with the result that at the 

time of the author's visit to the mine only the outer 

portions of the pipe were left on the first and second 

level;s. wt;,~gner (1921, p. 123) describes this pipe in 

considerable detail, 

At a depth of 32 fc,et the pipe expanded into a 

large body of stanniferous chloritic rock below which 

occurred an ore-body, rich in red feldspar, containing 

e hu6e vug lined with crystals of cassiterite, 
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arsenopyrite, and scheelite. Beyond this the pipe 

was fairly well-defined, dipping with a steep angle 

towards t' ,e west. 

Cassiterite was tr.e main ore-mineral in the upper 

portions of the pipe whereas, from a depth of 95 feet 

down to about 170 feet, scheelite and arsenopyrite 

predominate, cassiterite being present in small 

quantities only. 

The ore-bodies in the scheelite-rich portions have 

been of the zonal and replacement types. Wagner (1921, 

p. 125) writes: "The section of the pipe carrying 

scheelite-ore showed a border of raven-mica (thuringite) 

sharply defined from the surrounding granophyre, and 

succeeded inward by a more or less continuous zone of 

red pegmati tic feldspar. 'rhis in turn was succeeded 

by the ore-zone, tte interior of the pipe (ore-body) 

being occupied by calcite-quartz breccias already 

described, or by massive fluorspar and calcite, or 

finally by L.A,r._e vugs lined with crystals of quartz, 

calcite, and chlorite''. The portions of the pipe still 

remaining on the first level consist of irregularly 

outlined pockets and stringers of ore- and gangue­

minerals scattered through a green chlorite mass which 

is separated from the red granophyre by gray albitised 

granophyre. 

In the lowest portion of the pipe actually exposed 

in Wagner's time, the scheelite-ore was again replaced 

by cupriferous tin ore. 111rhis (meaning the cupriferous 

tin ore) is composed of irregular patches of c:·:ialcopyri te 
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and pyrite enclosing ·vvell-.:ormed ~::>yramidal crystals of 

dark-brown cassi teri te up to half-an-inch ),cross, in a 

~-3. trix of quartz, calcite, green fluorsr:ar, and chlori te" 

Cvagner 1921, p. 127). 

On the seconi level cassiterite and arsenopyrite 

are abundant but v~ry little scheelite ·1s noticeable. 

Un the third level t:1e d.ri ve cu ts through this 

pipe exposing it on both i·,alls rn.d in t!"'e hanging. 

Here the pipe measu.re,3 s-ibout JO feet in an east-west 

direction r-~.:nd 5 fe9t across. On the whole ore-minerals 

are very poorly re;reaented. Those present are, in 

order of abuniance, c~alcopyrite, scheelite, arsenopyrite 

and cassiterite. 

In t}1e same way as all t':e oth0r pipes e:;:posed on 

this level this one cons13ts ~ainly of albitised 

granophyre containing numerous s:-.~~~ill ope-bodies 

scattered through 1 t. 'fhe two 1-rgest of these have 

a diameter of 18 inches; both ~re of the zonal type. 

1rhe core of t 1~e one is composed r.1ainly of calcite 

enclosing· frag.i.ents o.f :;.,l tered granophyre and prismc.tic 

qus,rtz crystals measuri~g up to 5 inches in lengt~.1. 

In t~e other one fluorite occupies the core. The ore-

zone is poorly developed in both and is composed of 

chalcopyrite, scheelite, arsenopyrite, and cassiterite. 

1rhe red feldspar zone is c.bsent, leaving the ore-zone 

in direct contact with an rrow but continuous rim of 

thuringi te. ~~l t~101.gh L,,ost of the other ore-bodies 

can al so be grouped vJi th the zonal type there are d. t 

least a few th t more closely rese• ble the breccia type. 
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B5d Pipe. 

The evidence for the existence of a pipe between 

the B5c o.nd :S6a pipes 1s very poor on the first level 

and no such outcrop has been reported by Wagner. 

Wessels on an unpublished map, however, shows a 

prospecting 9it 1 5 feet deep, si.bout half way between 

the B5c and B6a pipes. 

On the first level ore-bearing albitised granophyre 

occurs next to the fissure connecting the B5c and B6a 

pipes, but no clearly outlined pipe could be located. 

On the secona_ level there occurs a strongly 

r.1ineralised ex?_Josure betwe~~n those of the B5c and B6a 

pipes. This may be a branch of ti1e latter from which 

it is separ~ted by only ~bout 10 feet of red granophyre. 

The writer, however, prefers to refer to this exposure 

e..s B5d. 

It occurs in the south wall of the drive and 

measures 12 feet at the hangi:n.r-· a 1c_ 18 feet at the foot-

wall of t'.1e drive. Sxcept for q narrow aureole of 

albitised granophyre this pipe is mineralised throughout, 

being very rich in cassi teri te -·md scheeli te. It 

contains two zonal ore-bodies sep8r .tcd from one another 

by a replacersnt ty~e of ore-body (see fig. 15). 

The ore-zone, composed of cr enopyrite, scheelite, 

cassi teri te, 1uc·.rt~ and clllori tic 111':?.tter, and the 

thuri11gi te zone 2..re fairly co1~tinuous in both zonal 

ore-bodies. ~1e former v~ries muc~ in width. 

feldspar zone is discontinuous. 
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Scheelite usually occurs as large massive patches 

~.nd sr!1all crystals along tl1e outer portions of the ore­

zone; in places it is completely isolated by a rim of 

thurin6.i te. Cassi teri te on the other hand oc~urs along 

the inner portions; very little is, however, in contact 

with fluorite whereas large crystals occur on the 

calcite contact. Some of these are enclosed in t~e 

calcite. 

A portion of tLe replace::1ent ore-body accommodates 

remns.nts of red feldspar whilst in the other :Jortion 

this mineral is 1bsent. T~e principal ore-minerals in 

t'1i s ore-body are sc~.i.eeli te, arsenopyri te, and 

cassiterite. 

and fluorite. 

'rhe .~·angue-minerals are quartz, calcite, 

B6a Pipe. 

In the upper portion of this pipe cassiterite was 

the principal ore-mineral .·:·md scheeli te was absent. 

·rhe thuringite bordering the ore-bodies was heavily 

charged with molybdenite which occurred as small flakes 

and scales seat tered tl 1.rough the t:.Luringite, and al so 

in compact mas s~s. In ·wa ~:ner rs time the ~ipe was 

worked to Q de~th of 60 feet and several tons of 

molybdenite were recovered. The interiors of t:1e ore-

boiies 6.m·m to t,1is level were ls,r;;ely occupied by 

calcite some of i~1ich wss repl2ced by later quartz. 

On the first level the ?ipe is mineralised 

throughout, the minerals occurring in irregularly-~nqped 

bodies scattered all over the pipe-zone. The type of 
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mineralisation is very much the same as that of the 

other pipes on the third level except that here the 

ore-bo :lies are much more closely spaced .=:md are very 

rich in ore-minerals. In contrast to the upper 
. 

portions the ore-minerals ar.e, in order of 2,bund.ance, 

arsenopyrite, c~ssiterite, and scheelite. Eolybdenite 

has rnore or less disappeared being present only as 

microscopic flakes in the thuri:ngite zone. 

Scheelite occurs in fairly well-developed crystals, 

the largest h9.ving o. diameter of '?.bout 2 inches. 

Cassiterite is present mostly 3S massive patches qnd 

stringers, often bordering scheelite crystals or being 

moulded on to the crystals. Arsenopyrite occurs in 

mass.tve patches. The gangue-minerals are red feldspar, 

quartz, thuringite, calcite and fluorite and they are 

present in more or less equal quantities. 

This exposure differs from all the othersin the 

mine in that it accommodates the dark-red calcite. 

bt first sight this mineral c~n easily be mistaken 

for red feldspEr but if more closely examined a darker 

red colour and a distinct cleavage becomes obvious. 

On the second level t:_e B6a pipe, measuring about 

20 feet by 5 feet, is slightly bent in an east-west 

direction so the t two expo:'.!ures are made on t:1e south 

wall of t~e drive (see fig. 16). This would probr'.bly 

have been mistaken for two branches of a pipe if the 

drive had been a few feet to t11e south so that the 

outline of the pipe was not exposed in the hanging­

wall. 
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The pipe here is very poor in ore-bodies. 'Ille 

few tl~-:-.., t are present are of the zon3.l type, all with 

a 1,•1ell-defi.ned thuringi te zone which in places is 

composed of relatively l?rge flakes. rL'he most abundant 

ore-mineral is chalcopyrite which replaced the older 

ore- ~nd gangue-min0rals to such an extent that it 

constitutes tl1e largest :.:>art of the ore-bodies. In 

some ore-bodies (fig. 16a) a zone of arsenopyrite, 

which is the second Y'i1ost abund.ant of the ore-minerals, 

is continuous right round 1,1:1ereas in others it is 

scarce. Scl1eeli te is present in small au2.nti ties but 

no cassiterite was noticed. 

Figure 16 illustrates t~1,::.t a calcite-lined fissure 

cuts t:1rough the pipe and t~e ore-bodies1 a p .. enomenon 

which clearly suggests the.t the fissure is younger than 

both. 

B6b and B6c Pipes. 

On t 1·.,e surface t~:.ese tuo ~ipes i:~re about 70 feet 

apart. Old mining operJ.tions explored .i36b to a depth 

of 7 feet and 86c to 8. de~t--1 of about 20 feet. 

Nothing has been reported about the m2terial removed 

but the fact th t the pipes were not explored to a 

gren ter depth is prob2.bly enough :-i;>roof the.t tl1e 

mineralisation was :oor. 

On the first level the two pipes .::l'."e connected and 

still poorly mineralised. 'l1he few ore-bodies scattered 

through the al bi ti sed granophyre are of t:.e zonal type. 

Of the minerals forming the core of these ore-bodies 

fluorite is the most abundant, calcite is second in 
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abundance and quartz is scc.rce. 'rhe fluorite encloses 

some fragments of the red feldspar. Tae ore-bodies 

are further chc•.racterised by muc~1 red feldspar. 

Some 2re composed almost entirely of this mineral. 

'Thuringi te ci.oes not only border t~1e ore-bodies but 

has gained access to the interior of some of them being 

deposited 2long the inner cont~ct of the feldspar zone. 

Of the ore-t!inerals c:.alcopyri te predominates and 

cassiterite, scheelite, and ~rsenopyrite are present 

in stall quf'.ntities only. 

On the second level t:-1e two pipes are separated 

from each other by a)proxirn'J,tely 20 feet of apparently 

unaltered granophyre. Here the B6b pipe differs from 

the exposure on the first level in that no chalcopyrite 

is present and arsenopyrite is abw1dant. 'rhe entire 

exposure of tae B6c pipe is composed of a breccia built 

up of Virge frag·nents of granophyre in a matrix of 

quartz, chalcedony, and calcite. Some of the fragments 

are only slightly ~ltered and still red in colour 

w~ereas others are highly chloritised and green. The 

matrix carries some cassi teri te, r .. rsenopyri te F,nd 

sc~eelite. Most of the cassiterite occurs as impreG­

n~tions in the chloritised fragments. 

In places t~e interstices between the frag ents are 

occupied by vugs measurin~ up to 2 feet in diameter. 

'rhese vugs e.re lined i·;i t:1 quartz crystals some of w~1ich 

s.re coated by 8, thin film of iron oxide leaving the 

impression that it is ferruginous qunrtz. 
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B6d Pipe. 

In his description of the "?7 - .Seelig group of 

pipes" Wagner only mentions the existence of a small 

pipe 10 yards east of the Seelig pipe and points out 

that it yielded arsenic~l tin ore composed of coarse 

crystals of casaiterite and arsenopyrite in a matrix of 

quartz and calcite. 

The locality where this pipe is expected to be on 

the first level is, as is indicated on the plan (folder 1) 

a feH feet to the north of the drive and therefore not 

exposed. 

On the south wall of the second level drive the 

pipe measures about 15 feet along the i'3trike. It has, 

as is shown in figure 17, a central portion of 

chloritised granophyre which is partially replaced by 

ore- and gangue-minerals. Around this occurs an ore­

bearing quartz-chlorite rock in which occurs remnants 

of red feldspE~r. This is again bordered by gray 

albitised granophyre which finally grades into the 

normal red granophyre. Small quantities of thuringite 

occur between the al bi ti sed rocl{ and. the ore-bearing 

material but t~is mineral is on the whole poorly repre­

sented. 

The exposure is probably th.1t of a breccia ore-body. 

Tne central part represent3 s large fragment partially 

replaced by veinlets 3nd patches of gangue- and ore­

minerals. The quartz-rich ore-bearing zone is typical 

of the m~terial that usually occupies the interstices 

between the frs.grnents in the breccia ore-bodies. 
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Cassiterite and scheelite are both fairly a.bundant 

whereas arsenopyrite is present in relatively small 

amounts and chalcopyrite is absent. Of the gangue­

minerals second generation quartz predominates. 'rhe 

less abundant calcite and fluorite are more or less 

confined to the replacement stringers in the large 

frg,gment. 

Seelig and B7 Pipes. 

TheEe two pipes are discussed together for t:1ey 

provide another example of t~e merging of two pipes. 

They outcrop ~bout 50 feet from each other but &re 

connected on the first level where a large c.rea of 

albitised granophyre, measuring about 70 feet by 20 

feet, is exposed. On the second level the intersections 

are of such a natur(i th!:::.t it is not possible to arrive 

at a definite conclusion as to whether the pipes are 

connected or not. All the other pipes that are com­

posite on the first level are apart on the second level 

and this pre.sumably also holds good for t~1e Seeli~ and 

B7 pipes. 

The outcrop of the Seelig pipe was a feldspar­

rich one carrying n good deal of chlorite but no ore­

minerals. A large body carrying much cassiterite 

and scheelite was intersected at a depth of 30 feet 

ar.:d another one at abo'.,i_t 60 feet. The le. tter yielded 

magnificent speciments of cassiterite e~bedded in 

coarse white calcite. One of these, ko. 3407 in the 

collection of the Geological 3urvey Euseum, "consists 

of a solid mass of blackish-brown cassi teri te 5 incl1es 
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across in a matrix of coarsely crystalline white calcite, 

through which are scattered long prismatic crystals of 

quartz coated with chlorite (i.e. stilpnomelane) and 

small patches of red fela_spar. 1rhe cassi teri te mass 

is m2de up of differently orientated interlocking 

crystals and encloses irregular patches of scheelite" 

(Wagner 1921, p. 128). 

'11he B7 is a small pipe originally worked to a 

depth of 60 feet for cassiterite and scheelite. In 

addition it yielded a small quantity of bismuthinite, 

native bismuth and joseite. 

The large area of albitised granophyre representing 

the Seelig and B7 pipes on the first level, is poorly 

mineralised. Except for a few small eyes, only three 

ore-bodies with diameters exceeding 6 inches and two 

with diameters exceeding 3 feet are exposed. These ore-

bod.ies are all of the zonal type; the core 1 s composed 

of fluorite and calcite enclosing quartz crystals, and 

the ore-zone carries arsenopyrite, scheelite, and 

cassiterite. 

In places the gray albitised rock takes on a darker 

colour due to replacement by thuringite. These parts 

usually carry small amounts of ore-minerals of which 

chalcopyrite ~nd pyrite :tre the most abundant. 

Numerous small fis.·mres lined with calcite and 

striking northwest-southeast, traverse tr1e gray rock. 

These fissures cut through, and are clearly younger 

than, the ore-bodies. 
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1rhe exposures of the Seelig and 37 pipes on the 

second level are of special interest in that they are 

t:1e only ones in which loellingi te was detected. 

I-iere the drive intersects only the nort~1ern 

portion of t'ae Seelig pipe thus exposing only a part 

of a lr.:·.r,:::e ore-body and a w-ide zone of albitised 

granophyre (figure 18). 'iL~:e ore-body ~1as :1 central 

pr.rt of :1ighly chlori ti sed grnnophyre •,1r:i ch 1 s 

irregularly replaced and completely isolated ~rom the 

~lbi tL_;ed rock by ore- and r::a.ngue-nim2rals. Alow_:; 1 ts 

western cont'J.,ct a thin zone of t~mringite se:parates 

massive loellingite from t!-ie gray rock. 

this massive loellingi te 1 s replC'-.ced by qunrtz and 

fluorite, both enclosing ~rsenopyrite, cassiterite, 

scheeli te :J.nd loellingi te. .2he e2.stern half of the 

chlori te mass is surrounded by qu,..;i.rtz ~~nd calcite, 

both enclosing q~artz crystals ~nd ore-miner~ls. 

It shoul ~- be uentioned t:r t inclusions of t:1e ore­

minerals 111. the gangue are 11ore ~bundant near t:1e 

contact of the gangue ivi th the altered :tP. terial t:1e.n 

in t-::1e centr·:~1- ~!-,rts of the .'_;angue. 1rhese con tac ts 

are usually lined wi t:1 thuri:ngi te. 

Only~ small portion of the B? pipe is exposed 

on the second level ancJ that in the face of a short 

crosscut lealing from the c:ri ve to the south. In 

this exposure ~-;:11ch me ,.,sures about 4 feet by 4 feet, 

a few ore-bodies are scattered through gray albitised 

rock which is traversed by numerous stringers of 

thuringite. These ore-bo~ies carry essentially loel-

lingite, quartz, and scheelite. Occasional patches 

of fluorite, c,..~lcite and red feldspar are also present 
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but no cassiterite ~as visible. The ore-bodies are 

all bordered by a thin rim of thuringite. 

,~,uarry Pipe. 

This pipe is situated about 45 feet to the west 

of B7 pipe. Ir .:J'agner I s tin:e it was mined to a depth 

of 98 feet yielding· hi _·h-grade tin ancl scheeli te ore. 

In t 11e u::-:per ~)ortions there we::-:-e -pa tc~1es o.C: cupriferous 

tin ore compo·3ed of cassi teri te, c:·:~-._lco:..:,,yri te and 

pyrite. irhe ~.:nterio:...--· of t'.1e or·e-bodie::.. i.-ms for t:1e 

18.rgest part occu·)ie_~ by coarsely crystalline, white 

calcite. 

'-~
1.1e seco~-:d and t~1ird level drives W·3re ::not carried 

far enous;h to t:--.e v ✓ est to intersect this _)ipe. 

B~, Pipe. 

None of the ~resei1t worlcings were cc~rried far 

enough to the weJt to intersect t:1is pi~)e. In Wagner 1 s 

time it wa3 removed to a dept·1 of about JO to 40 feet 

and he describes it in considerabl3 detail. (p. lJO). 

According to ~.\]a_:;ner a gre:l t c.eal of ~1ig:1-,:rade 

tin ore :1aa been recovered fr<:c a "succes -:1ion II of 

felds~ar-rich ore-bodies. ~1ese ure-bodies were mostly 

of the zonal type a:rJ.d were only occasiol1a 7. ly bordered 

by a ti:~uri:.~i te zone. ~~e ore-zones c~nsist of 

cassiterite, sc:ie'"'lite, arsenopyrite, qu:,.rtz, and 

c~1lori te and t~1e interior of the ore-bod_ies were 

generally occupied by ~reen fluorit~ or by a mixture 

of fluorite ~~· .. :nd calcite, or by the latter alone. 
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Occ~sionally patches of late generation chalcopyrite 

were found in the calcite and fluorite. Fine-grained 

masses o:'.:' chlori te :mre nore abundant in t;1is pipe t:1an 

in any of the others on Stavoren. 

Other pipe-like exposure~. 

--~xcept for t:1e )-ipes described so far there occur a 

few mineralised expoJures that s~ould be ~entioned. 

·~ihe western 50 feet of the drive ,Jn t·-1e first level 

is in iray albiti~ed granophyre. ·1.J11is rock is slightly 

mineralised, the visible ore-minsrals being chalcopyrite 

and pyrite and with t~ ~ ""•.irl o~ a ultra-violet larur.: small 

specks of scheelite were detected. 

albi tised rocl( coincides wit~~ the numerous small 

prospecting pits between t e !,llarry and B8 ~ipes on the 

surface. 

·I111e 6 r~~=~ophyre in t·he l.5C feat east of tt.e B5 East 

pipe is altered and i,'.iner:.li sed in some localities next 

to tl1e fi s :rnre which cuts t~1rough some of t:1e pipes on 

the first level. •~;~~,e miner2.lisation in these '-3Xposures 

is similar to that of the other ~ipes. ~Jo outcrops of 

pipes in th~t vicinity coul~ be detected a:1d unfortunately 

the second level drive was stopped after cutting through 

the B5 East pipe so that any pipe to the east of it is 

not exposed. On t 1•.e t·_:i.ird level, however, pipe-lilrn 

matter WE s intersected to t:_e east of l35 .2:ast, and the 

section (folc1.er lE) Ghows that t:1ese e;:~Josures link up 

fairly well with t·1ose on t:1e first level. 
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The Eastern Group of Pipes. 

During rece:1t explorE tion the Eastern Group of 

pipes were exposed only on the first level of the 

mine (see folder 2). ·=.1:.1ese exposures are all poor 

in ore-minerals ·md t~1ey show very 11 ":tle variation 

~s far as the composition and the internal structure 

of t,-_e pipes are concerned. 1rl'iey are all 

characterised by tl1.e "bundance of red potash feldspar 

(adularia), wlUch occurs as irregular stringers in 

the pipe material of altered granoph;yre, and by t~e 

scarcity of ore-mine1.--als a: d. t"_e ty )ical z0113.l and 

breccie ore-bodies. 

Chalcopyri te 1s t:~3 .nost abund0>,nt ore-.!.ineral 

and was detected in ri_ue,nti ty in tl,e B4 and -~le pipes 

only. rlrsenopyrite is second in abundance, scheelite 

a:1 d cassi teri te 2.re prese.1.1t in very small quantity 

only, and none of the other ore-minerals ir..-,,s noticed. 

IX. 'rt-IE ORIGIN O? 1I1H~ PIPE-:3 AhD 'fi-lE A330CL4.TED OB.E­
BODIES. 

(L) I-Iode of formation. 

Some of the deposits on -=>t,woren, such as the 

"71 Yards Fis2ure" appear to be typical fl.sure-lodes 

according to the 2i,c ~oun t of it by Wagner ( 1921, p. 14 3) 

but t~1e "~II ~roll_:) of _ ... _e::-osits a.re :)ipe-like bodies 

w11ich, on the surf::ce a:-.d on t~1e first level of the 

1dne, do occur elon.=, clearly -:.e-~ined fissures but on 

the lower levels t:1ey are 11ot localised along any 

visible fracture or Rny intersection or 2 fracture 
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system. As a matter of fact the joints of the granophyre 

appear almost invariably to .have developed subsequent to 

the formation of the pipes; th~y usually cut through 

the pipes and the ore-bodies. Even the clearly 

defined fissures along which the pipes occur in the 

upper pe~rts of the mine seem to have developed subse­

QUent to the formation of the pipes. 

The linear arrangenent of the pipes is presumably 

due to their development along potential zones of 

weakness which, subsequent to the formation of the pipes, 

cleveloped into fissures creating the impression that 

the deposits are Genetically related to the fissures. 

1rhere thus appears to exist a close analogy with 

the cassiterite-bearing pipes which occur in the granite 

in the Zaaiplaats are~ (Strauss 1954) and with the 

molybdenum pipes in granite of Eastern Australia 

(Blanchared 1947, p. 270). Botl1 these authors con-

clude that the formation of these pipes are independent 

of t~e joints in the granite. 

'l1he pipe-like . .:,eposits in the granop~1yre at 

3t~voren 8re bodies of albitised granophyre in which 

the ore occurs in disconnected shoots or ore-bodies 

erratically disposed. In t~is respect the pipes differ 

remarkably from those in ttie granite of t"i.1e Zaaiplaa ts 

area. AccorQing to Strauss (1954, p. 64) the most 

characteristic structure of t~1e 13.tter is an outer 

casing of quartz and tourmaline (luxullianite) inside 

which is a core of granite in v~rious stages of 

alteration and studQed with crystals of cassiterite. 
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'rhe 11 :2 11 group of deposits differs further from 

those in the granite in so fs.r t:1at at Stavoren 

cavi ty-fillin;::· appears to :1ave been tl1e predominating 

proces3 during deposition of the minerals, whereas, 

accordin6 to 3trauss, the pipes in the Zaaiplaats area 

are repl~.:.cernent a_eposits.✓ 

'..Lhe r:1etasomatic alteration of the granophyre and. 

the replacement of earlier minerals by later ones 

clearly suggest t}~.'~-t rei:,lacement pl .yed an important 

role c:..' . .lring the for1i~'.3..tion of the pipes but that cavity 

filling predominated during the fortn2.tion of the ore­

bodies is indicated by some criteria that are charac­

teristic of cnvity-filled deposits: 

Crustification, such e.s ex:11 bi ted by the zonal ore­

bodies distinguish c~vity-filled deposits and are 

s..bsent from replace ent deposits (Bateman 1942, p. 109). 

Although special attention was paid to the presence 

of double terminated que.rtz crystals d.uring the in­

vestig2tion of the ore-bo~ies underground, none could 

be found. 'rhe crystal in tbephoto (plate L: fig. 1) 

is almost certainly exceptional. 11he absence of such 

crystals is characteristic of cavity-filled deposits 

in whic'!:-i crys~:.als have grown in open s:~aces from the 

wall. r.rhe interior of the cavities were probably at 

one stage lined ~1th crystals of quartz and the ore­

minerals qnd ls. ter gangue-minerala were n.e;,osi ted 

subsequently. 

'rhe numerous vugs alGo indicate t~·1e existence of 

cavities. Some er them formed subsequent to t:1e ore 
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deposition by solution of calcite. 

are lined wi t1--: e~,.rly minerals, such as t~1e red potash 

feldspar, and ~re t~us pre-mineralis~tion vugs. 

The origin of t1:-.e cri.vi ties is, however, -:-i,n 

enigma. iJ~-gner (1~21, p. 119) sugge~ts that t:1.ey 

mi~•ht be contraction 0r s 1 1rinka6e cavities s.nd :points 

(p. 23) to simils.r c'"'.vi ties in granite. ~r .. ,bner :ioes 
~ 

not clearly st~ .. te whAt~1er t~1e 02.vi ties are caused by 

shrink~-.ge durinrs coolin3 of t:te granite or whether he 

uses t:~,e ter."': in t:·.:.e sa~i1e sense as !rving (1911, :p. 667) 

6-oes. The lE tter noted cavities at Lee,dville, 

Solorado, a::.:d in siliceous ;__ old ores of the :·lack Hills, 

and considered them as s'-:rinkn~e c~~vi ties due to re-

placement. This, of course, is in disagreement with 

the law of e:..'..u2.l volumes according to w!1ich replace,t1ent 

in rigi.l roc::s is not ·:,ttended by cl ange in volume. 

A ::10re acce1"'t~ble expla112. tion for the origin of 

the cavi •::.ies is pro~x.:bly th: t t~1e:, :- re ~elution 

cavities, a t~·eor? based on an exr,lana tion offered by 

Locke (1920, p. 431) for tl1e origin o~ breccia. pipes. 

He suggests th:it such pipes may have formed by the 

solution of rocL ·.:::.lon.:_: trunk chnnnels by rising 

solutions 1..:uring an earl;? sta2,e of their activity. 

··Chis was follo:·-.ec_ ·oy ,:: collapse '}.nd breech tion of the 

rock t~us le~t unsuJported. 

In t~e :t2voren type or ~eposit these solutions 

h~ve presumably attacked t~e rock at numerous isolated 

points thus converting the wall-rocL. into albi ti te :-:1.nd 

forming cavities in which t1.·e ore- and gangue-minerals 
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were subsequently deposited to form zonal ore-bodies. 

Nhere the rock collapsed prior to the crystallisation 

of the minerals, breccia ore-bolies resulted. The 

brecciation may have resulted from the collapse of 

unsupported rock or from the explosive release of 

pressure during coalescence of ttwo cavities in which 

the internal pressure differed greatly. 1l1e latter 

is an explanation offered lJy 3trauss (1954 p. ll;l) 

for the origin of breccias in the ZaQiplaats deposits. 

The replace!nent ore-bodies may originally have 

been breccia ore-bodies ~n which the fra~~ents have 

been chloritised and replaced to such an extent that 

their fragmental nature is not recognisable any more. 

(B) Vietasomatic alter~tion of the r:;ranophyre~ 

(1) £lb1tisat1on. 

In pa-3s1:ns from the a::;parently normal granophyre 

to tL.e :tl.bititE; a series of interesting steps can be 

tre.ce-~, viz. : 

1. A change in the colour of the potash feldspar 

and consequently of t!1e rock 3 s a whole. 

11. A change in t:--e compos1 tion of the feldspar. 

111. First a slight increase and t·1ereafter a 

marked ~ecrease in quQrtz. 

iv. A c~ ... ange in the texture of the rock. 

1rhe change in colour of t:1e potash feldspar 1 s 

from red to slig~tly grayis~. Und.er the microscope 
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the gray feldspar is almost colourless but contains 

numerous inclusions of black dustlike p~.rticles. 

Not only the newly ~arm9d albite but also the r 0 maining 

potash feldspar take on this colour. 

It seems as if the temperature the.t existed r·:_uring 

the mineralisation coui..::i have ,1e.1. an influence on the 

red colour of the fel~sJars. Anderson (1915) made a 

study of aventurine feldspar and found that after 

heating a cleavage piece with numerous 1.1.ernati te 

lamellae for 25 :1ours at 1050°c the feldspar becomes 

white and full of very fine dust. It appears, l1owever, 

to be fairly certain that the temper9.ture prevailing 

during the formation of the Stavoren type of ore deJosit 

or the alter ... ttion of the granophyre, did not exceed 575°c 

which is a much lower temperature than that a1Jplied by 

Anderson. This lower temperature may probably prove 

sufficient to cause the change in colour if the time 

factor is taken in consideration. 

In ~ddi tion to t:1e c~1ange in colour the alteration 

of t~1e feldspar resulted in the formation of albi te. 

Both, t~e potash and the pl~gioclase feldspar, are 

albitised. In this secondary albite the twinning 

lamellae are usually not ~ersistent through the grains 

but are s:1ort and broad. 1rhis type of texture was 

described by Becke (1906) who considered it to have 

originated by the re~lacement of orthoclase by albite. 

Anderson (1937, p. ~2) observed similar textures in 

the albi tised Pellisier granite of 1;ort:1ern Inyo Range, 

Cali::ornia-Nev.::td2 7 and used the term "chess-board" 

texture to describe it. 'l1he term is derived from the 
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fact that the appearance of the albite grains resembles 

that of a chess-board. 

In the early stages of replacement the albitised 

rock is characterised by the abundance of perthite that 

has formed by replacement of potash feldspar at numerous 

isolated points along the cleavage planes. In later 

stages the patches of albite c~~lesce to such an extent 

that the original feldspar becomes completely replaced. 

It is t:1is development of alb~te from numerous isolated 

points that gives rise to tLe formation of the chess­

board texture. In some instances the potash feldspar 

was attacked from one side resulting in a feldspar grain 

of which one portion 1s albite and the other potash 

feldspar (see plate XII). In such cases the twinning 

lamellae are continuous through the albite portion. 

The process of albitisation was succeeded by one 

of desilication. In the al~ered specimens collected 

from near the contact with the normal red granop~yre 

quartz is, as is confirmed by the volumetric pro­

portions of the component minerals (table 26), even 

more abundant than in the red granophyre itself, but 

in specimens taken from near the contact with t½e ore­

bodies very little qu~rtz could be traced in thin 

sections. 

Al thoug~1 the intergrowth of quartz and feldspar 

is still prominent in the quartz-rich albitised 

granophyre the texture is no longer that of the 

typical granophyre. It differs from the typical 

granophyric texture in that the small wedge-shaped 
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qus.rtz 1n--11viduals of t:.e micropegmatite seem to have 

coagulated, during replacement, and to have formed 

large quartz grains which are more or less oval-shaped; 

and the feldspar component of the intergrowths is 

::.1 bite and s.ntipert~11 te. This dif~erence in texture 

1 s illustrated in _.)late :crrr fi 611res 1 and 2. In both 

textures the orientation of the quartz is such that 

all t:J.e quart 2. individuals intergrown with one and 

the same felds::>ar gra1n, extinguish simultaneously. 

'L.iBLE 26. Volumetric -oro-0ortions of the component 

minerals in the granophyre and the altered 

products. 

-

1. 2. 3 11 

---.. - .. ,----... ~ .. 

Juartzi 30.8 44.3 3.5 

Feld.sp2 r 58.6 43.7 79.5 

:--iest 10.6 12 17 

1 1rhe q_uo.rtz intergrown with feldspar is included. 

ii Almost any r:~le. tion from norlnal granophyre to 

&lbitite exists an~ t~erefore only the most extreme 

vol~metric ~roportions are given. 

is the 2verage of 4 thin sections. 

1. Granophyre. 

2. ~u~rtz-rich albitised granophyre. 

3 • .:Ubi ti te. 

2. Chloritisation. 

Ee .. ch analys1 s 

The process of chloritis?tion succeeds that of 
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albitisation. It initiates with the development of 

t:1uringi te w·:1ich 1 in places, shows a gradual increase 

at the expense Qf t:1e secondary albi te resulting in 

the thuringite zone which usually co:nmenced along the 

contacts of adjacent albite grains; less common is 

replacement along cleavage planes in the feldspar. 

·rhe main period of chlori tise.tion is post­

cassi teri te a:nd in e.n advanced degree yields a fine­

grained Greenish mass composed ·c'l.ainly of chlorite!t 

Except for the development of t·_·: in t~1Uringi te zones 

around t::.e ore-bodies this :1lt.eration is confined to 

the fragments in the breccia ore-bodies and to highly 

sta1miferous replacem~nt ore-bodies. 

The de,;ree of chlorit~_Jation is reli,ted to t'i1e 

cassi teri te mineralisation; the l1igher the cassi teri te 

content of the ore-bo(~ies, the intenser the chlori ti­

sation. 

J. ~1-:iemical changes resulting from albitisation and 

chloritisation, 

In order to establish the nature of the c~ernical 

changes broug::t about by the metasomatic al~er:,tion of 

tl1e granophyre the writer had analyses ~.Q8.de of the 

altered rock-types. These analyses, together with an 

existing analysis of 6 rano:)hyre, are listed in table 

27, their C. I. P. ;-; . Norms in table 28, and their Niggli 

Values in table 29. For the rough calculation of the 

mineralogical composition of albitite (table 28 

column Ja) the approximate weight percentage of 
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thuringite in the rock waa determined from its modal 

composition; a figure of 15 per cent was thus obtained. 

The composition of 15 per cent by weight of thuringite, 

calculated according to the analysis of the mineral 

(table 19 column 2) was subtracted from that oi the 

al bi ti te (table 27 column .3) and t:1e norm for the 

remaining constituents c~lculated as usual. 

According to the rule of equal volumes metasomatic 

replacement takes place volume by volume. The weight 

analyses as such are therefore .inadequate to determine 

the chemical c·:1anges during metasomatism. B,rth 

(1948, p. 50) points out thst in most rocks oxygen 

mikes up about 92 per cent by volume with t~e result 

that the number of oxygen ions is of the utmost 

importance for the volume rel~tions in rocks. He 

therefore introduced~ ~ethod of calculation in which 

the volume rel~tio~s are automatically satisfied by 

recalculating the rock an.?.lysis to a standard cell of 

160 oxy~en atoms. For this calcul~tion he uses the 

total 2v~ilable oxy~en. 

~o determine the variation in the chemical 

composition of t~1e Bushveld granophyre, seven chemical 

analyses of t~is rock-type, from various parts of the 

Bushveld Igneous Complex, were obtained from the 

literature and recalculated to the Ba.rth 1 s standard 

cell. The variation in the standard cell composition 

of Bushveld granophyre is given diagrammatically in 

figure 19 column 1, and the variation in the norm of 

their standard cell in figure 20 column 1. From these 

diagra• s 1 t is clear ths t the Ct1emical composition of 
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the hornblend.e granophyre from ;Stc.voren ( column 2 in 
figures 19 and 20) is in good agreement with t:1::.t of 
this rock-type from oth~r parts of the Bushveld 
Igneous Complex. 

A study of the results obtained from the standard 
oell C6lculations (see figure 19 and table JO) confirms 
the deductions drawn from the microscopic investigation. 
In passing from ~he grunophyre to the quartz-rich 
albi t1sed granophyre t'·.:::rc i-::-. a laT•g..., increase in 
sodium -~11d c .. C::ecrease in potassiui.n, as is demanded by 
the re~lac81ent of potash feldspar by albite. The re-
pl2ce~ent of the ~lbite-oligoclase of t~a Lrenophyre by 
albite is not so obvio~s from the cation content of 
the standard cells but t>e nor~r;s (figure 20 and table .31) 

clearly 1n,licate a r"'.ecrea -:e in anorthi t~ in t~:e ·iuartz­
rich al bi ti sed gr8nop:1yre J.11d th~ t t~1e calcium in the 
quartz-ricl: roe~~ is mainly present as calcite. 'I1he 

fact that quartz is more 9..bundant in the albitised rock 
is also obvious in the norms. ~erric iron is sub-
tracted and prob2.bly released and leac:ied du.rint: t:1e 
discolouration of the red feldspar. EnO was not de-
termined sep2.r.:: tel:~ for tte zranophyre and was probably 
taken as FeO so t~2t the decrease in ferrous iron, 
in passing from the granophyre to quartz-rich albitised 
granophyre, is not only negligibly small but is also 
apparent rather than real. ~he decrease in ~l is 
mainly due to the addition of quartz at the expense of 
aluminium-bearing minerals such as feldspars. 
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TABLE 27. Analyses of granohyre and altered products. 

1 2 3 4 

Si02 70.40 74.21 .59.83 34.19 

Al 2o3 12.50 11.11 17.81 19.89 

CaO 1.4.5 1.32 2.36 0.20 

HgO 0.0.5 0.14 0.19 0.56 

Fe2o
3 

2.7.5 1.21 2.10 7,,90 

FeO 3.75 3.59 5.68 24.81 

MnO n.d. 0.17 0.19 0.41 

1riO 2 0.35 0.36 o.49 0.38 

P20.5 n.d. 0.08 0.11 0.05 

K20 4.78 o.42 0.48 3.40 

Na20 2.73 4.70 7.40 0.18 

H20+ 1.83 2.63 8.25 
1.02 

H20- 0.07 0.06 0.11 

CO2 0.67 0.77 nil 

F 0.03 0.04 0.03 

Total 99.78 99.91 100.14 100.36 

S.G. 2.66 2.68 2.71 

1. 1rypical hornblende granophyre - Stavoren. 

Analyst, Dr. J. Moir (Wagner 1921, p. 28). 

2. ~uartz-rich albitised granophyre - B.5 East pipe, 

second level, Stavoren. Analyst, P.R.B. Heymann. 

Division of Chemical Services, Pretoria. 

Sample 1;0. JGDS 49. 

3. Desilicified albitised granophyre (albitite) - B6a 

pipe, second:level, Stavoren. Analyst, P.R.B. 

Heymann, Division of Chemical 3ervices, Pretoria. 

Sample No. JGDS 2.5. 
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4. Chloritised granophyre - B5 East pipe, second level, 

Stavoren. Analyst, P.R.B. Heymann 7 Division of 

Chemical Services, Pretoria. Sample No. JGDS 56. 

TABL~ 28. C.I.P.W. Norms of granophyre and altered 

products. 

Quartz 

0rthoclase 

Albite 

Anorthite 

Hypersthene 

Thuringite 

Magnetite 

Ilmenite 

Corundum 

Apatite 

Calcite 

Fluorite 

Water 

Total 

1 

31.26 

28.21 

23.07 

7.22 

4.26 

J.98 

o.66 

0.20 

1.02 

2 

42.04 

2.50 

39.74 

1.54 

5.67 

1.74 

o.68 

2.36 

0.2 

1 • .52 

0.12 

1.90 

3 

8.50 10.0 

2.8J 2.J 

62.60 67.0 
C"l.b9J 

_5.84 An7) 

8.52 

,3.08 

1_.15 

2.98 

0.27 

1.7.5 

0.14 

2.69 

15.0 

2.0 

.8 

0.8 

2.0 

0.1 

99.88 100.01 100.35 100.0 

4 

1.26 

20.09 

1.52 

o.42 

40.57 

11.46 

0.73 

15.75 

0.16 

0.12 

8.36 

100.44 

Numbers 1, 2, J and 4 refer to samples in table 2?. 

1Approxirnate mineralogical composition of albite, cal­

culated from the chemical analysis 3 and the 

mineralogical composition. 
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TABL~ 29. Niggli Values of grano·0hyre and ~l_t~re(\ 

products. 

1 2 3 4 

si 354.2 435.5 219.4 81011 

al 37.03 38.39 38.45 27 80 

fm 26.53 25.04 24.86 66 .. 13 

C 7.83 8.29 9.28 0.51 

alk 28.61 28.28 27.41 5.56 

ti 1.34 1.59 1.69 0.07 

p 0.21 0.18 0.01 

h 17.10 37.16 32.87 66.12 

co 2 5.32 3.,85 

mg 0.02 O.Ob o .. 0.5 0, (,•t~ 

k 0.53 0.06 0. 04 o. ·~13 

Numbers 1, 2, J and 4 refer to sam_:_)les jn tab]~ 27. 

TA3L:2 30. Analyses of_g:anQQhyr~ _ancl._?-l~tered :)roduq_ t.~ 

recalculateci. to Barth's standard cell of 

160 Oxygen atoms. 

l 2 3 4 

Si 62.50 63.,2 52.9 33 .. J 

~\l 13.1 11 .. 2 18 .. 6 22 .. 7 

Ca 1.4 1.2 2.3 0 .. 2 

Mg 0.1 0.2 O.J 0 .. 8 

?e' 1 r 1.8 0.8 1.4 5.7 

Fe 1 r 2.8 2r-6 4.2 20.0 

l\'In 0.1 .) .1 0 . .3 

1r1 0.2 0.2 o.4 0~3 

p 0.1 0.1 0.1 

K 5.4 0.5 0.:.:. 4 .. 2 
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'rable JO c011tinued. 

1 2 J 4 

Na 4.7 7.8 12.7 O.J 

C 0.8 o.s 
H 6.o 10.8 15.9 53.8 

Total 98.0 99.5 110.4 141.4 

less H 92.0 88] 94.5 87.6 
--~Z,'1' 2.. ! Z."•~ 

:\Jumbers 1 - 4 refer to sam~1les in table 27, 

TABLE Jl. l'~orm of t:1e standard cell of granophyre and 

altered products. 

'I -.., 

Or 

An 

En 

Fs 

Vit 

Il 

C 

Ap 

Cal 

Total 

26.2 

27.0 

23.5 

?.0 

0.2 

J.4 

2.7 

C.4 

1.6 

92 .o 

35.6 

2.5 

39.0 

1.0 

0.4 

4.2 

1.2 

o.4 

? ,., 
,_ • :J 

O.J 

1.6 

7.1 

J.O 

63.5 

6.0 

0.6 

6.4 

2.1 

2.9 

O.J 

1.8 

!Iumbers 1 - 4 refer to samples in table 27. 

1.5 

21.0 

1.5 

0.2 

1.6 

J4.J 

8.5 

o.6 

18.1 

0.3 
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Si 
Al 

Ca 

Ng 

Ions 

Fe 1 1 r 

Fe ts 

En 

Ti 
p 

K 

Na 
C 

H 

I 
'rotal I 

I 

TABLE 32. Additions and subtractions. 

Granop~ passed into quartz- jl Quartz-rich alb1t1sed granophyrelj Albitite passes into chlorite 
rich albit1sed r,;ranophyre..hj i passes 1nto alb1t1te by I rock by 

Add1P~ 

No. 

0.7 

6 .. 1 

o.i 

0.1 

J.l. 
o.a 
4.8 

9.7 

val. 

2.£ 

0.2 

0.2 

0.5 

3.1 
3.2 

-· 
4.f: 

l-4..3 

subtracting 

Ao. 

1 • 3 
0.2 

1.0 
0.G 

4.9 

I 8. 2 

val. 

5.7 
o.JJ. 

3.0 
o .. 4 

4.9 

14.4 

add.1ng 

No. 

7.4 
1.1 

0.1 

o.6 
1.6 

0.2 'I, 

0.1 

4.9 
0.1 

5.1 

21.2 
I 
I 

val. 

22.2 
2.2 

0.2 

1.8 
3.2 

0.8 

0.1 

4.9 
o.4 
5.1 

40.9 I 

subtracting 

No. 

10.3 

10.3 
I 
I 
I 
J 

val. 

41.2 

41.2 

adding 

No. i val. 
i 

i 

i 
4.1 I 12.J I 

I! 0,5 
l 

l 4.J 
li5.s 
I 
I I 0.2 
f 

I 
I J.6 
d 
II 1, 

ii 
i!J7.9 
,: 
r 

1.0 

12.9 
31.6 
o.4 

3.6 

37.9 

subtracting 

No. 

19.9 

2.1 

0.1 

12.4 

0.9 

val. 

79.6 

4.2 

o.4 

12.4 
3.6 I 

j 

p66.4 I 99.7 ! 35.4 
: I ! I 

100.2 I 
I 

..... 
+=" 
'° 
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The alteration of quartz-ric~ albitised granophyre 

to albitite was mainly but not purely a process of 

desilication. Figure 21 indicates that the increase 

in Al, Ca and Na is larger, and that in K, C and H 

smaller, than what is required for a proportional in­

crease as demanded by a pure process of desilication. 

'rhis graph was compiled from the cation values in table 

JO columns 2 and J. The proportional additions were 

obtained by recalculating the cation values of the 

quartz-rich albitised granophyre in terms of a Si 

content of 52.9 and a total cation content of 110.4 

(the Si and cation content of the albitite). 

Chemically the process of chloritisation differs 

greatly from that of albitisation. During c:1lori tisa-

tion of albitite sodium, calcium and ailicon were 

largely subtracted whereas ferrous and ferricions, 

potassium and aluminium were adcied in large quantities 

(compare table 32). The addition of iron indicates 

that the chlorite which.formed is an iron-rich one. 

'rhe altered material is not homogeneous but varies 

considerably within a few inches. The analyses should 

therefore not be regarded as representing t~1e final 

products of the various processes of alteration. 

The granophyre passes into qu2rtz-rich albitised 

granophyre by adding and subtracting more or less equal 

amounts of ions (see table 32). In the process of 

desilication and chlori tisation t:1e total ions added 

is about twice that subtracted. In all these pro-

cesses the total charge of the ions 21.dded and those 
lhc <J M·l-1' 

subtracted are more or less in agreement indicating 
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that the electrostatic equilibrium is maintained during 

these processes of metasomatism. The difference in 

the amounts of ions added and subtracted but agreement 

in the total charge of t:1e se ions is due to the fact 

that tetravalent ions of Si count among those subtracted, 

whereas inter alia, monovalent ions are added. 

Spectrographic analyses reveal slight variations 

in some of the minor elements. B, Li, Ga and I Io tend 

to be more abundant in the albitised and chloritised 

rocks than in the granophyre. Sn and W show no 

variation from granophyre to albitised rock but are 

more abundant in the chloritised products. Traces 0f 

Cr occur in the granophyre and albitised rocks. 

Chemically and mineralogically the alteration 

products of the granophyre differ remarkably from 

greisen which is a characteristic metasomatic product 

of granitic rocks in contact with hypot:1ermal tin 

veins. The association of cassiterite with albite is, 

however, by no means uncommon and led Barsukov (1953, 

pp. 1065 - 1068) to the conclusion that in hydro­

thermal solutions tin is transported as Na2Sn(0H,F)6 

which on hydration passes into Sn(0H) 4 and eventuallyt 

into Sn02 • 

(C) The source and nature of the metasomatisi:ng agents 

and the ore-solutions. 

The genetic relation between quartz-bearing rocks, 

such as granites, an~ tin deposits was realized at an 

early date by Daubree and de Beaumont (Lindgren 1933, 

p. 650). 'rhis conclusion has been :::~dopted by almost 
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all geologists who have studied such deposits. 

Brown (1948), how2ver, proposes a revolutionary 

hypothesis as al terne.ti ve to the hydrothermal t 11eory 

and as regards the relation of types of intrusives to 

types of ore he concludes (p. 73) "granites constitute 

more than 95 per cent of all visible intrusives 

according to Daly, and are associated with more than 95 

per cent of all lode ores according to Emmons. The 

occurrence of ores is, therefore, related more closely 

to the relative abundance of rock-types than to 

differences between these types". A genetic association 

between 8ran1 tic rocks c..·md tin deposits is, however 1 not 

only supported by the world-wide association of tin 

deposits with granites but also by the fact that t:1e 

average tin-content of granites is in t~e vicinity of 

.56 - 80 grams per ton whereas in gabbro the average is 

only 8 grams per ton (Rankama and Saharna 1950, p. 732). 

The tin deposits of the Transvaal were until 

recently considered genetically related to the intrusion 

of the main mass of Bushveld granite. In the Zaaiplaats 

tin-mining area, about 50 miles northwest of Stavoren, 

splendid exposures enabled Strauss and Truter to make 

a detail study of the Bushveld granite. They conclude 

(Strauss and 'rruter 1944, p. 48; also Strauss 1954, 

p. 23) that there are Bushveld granites of three 

different ages, each with its own variational or 

derivative facies. In chronological order they are; 

(1) Main granite which includes coarse-grained, gray, 

leucocratic and mesotype granites, granopn,yric granite, 

granophyre, and contact microgranite; (2) Foot-hills 

granite; and (3) Bobbejaankqpgranite and its roof facie~ 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022

- 153 -

the Lease microgranite and ~egmatite. According to 

these authors (Strauss and Truter 1944, p. 74 and 

Strauss 1954, p. 2J) all the tin deposits in the 

Bushveld Igneous Complex are genetically related to 

the Bobbejaankop granite and its roof facies, the 

Lease microgranite. 

Not much evidence bearing on the conclusions of 

Strauss and Truter could be gathered on Stavorene 

The scarcity of typical high temperature minerals in 

the Stavoren deposits, and (as will be discussed sub­

sequently) the type of wall-rock <::ilters..tion favour, 

however, an epigenetic origin for these deposits~ 

The author thus postulates the existence of Bobh~jRRYJ. 

kop granite at depth in the Stavoren area. The 

mineralising solutions -presumably migrated from a.rc11es 

in the roof of this granite upwards along potential 

zones of weakness and subsequently gave rise to the 

formation of ore-bodies in the granophyreo 

There still exists considerable uncertainty in 

regard to the nature of the transporting agent of tin 

The frequent association of ca,::-;siterite with halogen­

and boron-bearing minerals led early investigators to 

the theory that tin was transported in t~1e form of 

volatile compounds consi sti:ng of tin, l1alo3:ens and 

boron. It was, however, thereafter realized that 

there are many tin deposits where evidence of associ,q.l~·;d. 

halogen- and boron-bearing mineral3 is lacking" '11he 

hydrothermal theory developed afterwards, :10lds thr t 

mineral deposits , .re foru1ed by the de_ osi tion from 

aqueous solutions, either acid or alkaline. Ls an 
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alternative to the hydrothermal theory Brown (1948) 

proposes his metallurgical theory according to which 

ore is vaporised chiefly as simple mineral substances. 

Whatever the nature of the transporting agent it 

appears to be quite clear that its composition changed 

considerably during upward migration from the source 

magma into the overlying rocks. !f derived from the 

same or similar source magma, as is postulated, one 

would at least expect that the ore-solutions and 

metasomatising agents t~1a t formed the pipes on Stavoren 

were originally similar in composition to those 

responsible for the Zaaiplaats deposits. The ore 

assemblage of the two tin-bearing areas is roughly 

similar but the alteration product of the granophyre at 

Stavoren differs markedly from that of the granites in 

the Zaaiplaats area. In the lRtter area the granitic 

rocks are silicified, tourmalinised, and sericitised, 

whereas, at Stavoren the gra:nophyre is albitised, 

desilicified, and chloritised. 

Strauss illustrates(l954, p. 14.5) that in the 

Zaaiplaats area silification and tourrnalinisation 

commenced in deep-seated portions of the pipes where 

the temperature was too high for ore-deposition. 

He furthermore points out that the deposition of 

cassiterite was preceded by tourmalinisation and 

succeeded by sericitisation. Similarly at Stavoren 

albitisation preceded, and the main period of 

chloritis~tion succeeded, cassiterite crystallisation. 

Gevers and Frommurze (1929, p. 142) also conclude that 

in the tin-bearing pegmati tes of t 11e Erongo area in 
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South-Jest Africa, albitisation preceded and 

sericitisation succeeded cassiterite depositiono 

Von Backstrom (1950, p.44) on the other hand inferred 

that sericite largely preceded metallisation in the 

tungsten-tin deposits near Upington~ Similarly 

Sohnge (1950 Pc ;39) listed sericite as preceding the 

ore-minerals in the Nababeep near West Tungsten-mine 

in the northwestern Ca~e Province, 

In order to elucidate the difference in metasornatic 

alteration at Zaaiplaats and at 3tavoren it seems 

advisable to distinguish bet.~een pre-c8 R Ri t.sri te and 

post-ce~siterite altercttion, and to assume the 

paragenetic sequence set out by .3traus s ~ Fur ~~!er-~1:8re 

it must be kept in mind that in the ZaaiplaatG area 

the pipes occur mainly in the :Sob be .iaankop and over­

lying Main granite, whereas, at Stavoren they occur ln 

a stratigraphically higher horizon than the I-Iain granj_teo 

The author offers the following hypothes~s: 

During its upward mi~ration from the source magm::t the 

ore-solutions reacted with the granitic rocks along 

the channel-ways and converted the rocks into s:i.licif..:. ~rJ 

and. tourmalini sed 6rani tes.. This alteration would be 

accompanied by strong leaching of potassium and sodium 

from the wall-rocks. In the Zaaiplaats area the 

physical conditions were such that ore-deposition 

commenced at, or shortly above :10rizons w11ere the pro('.ess 

of tourmalinisation was activeo This is not far away 

from the source magma; consequently the sodium and 

potassium content of the solutions was such that onl:,­

relati vely Rmall 0uant:ties of soda and ~otash feldspar 
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could form. 'I'he formation of t 11ese feldsparnare 

actually recorded by Strauss. In the Stavoren area, 

on the other band, the physical conditions were such 

that the ore-solutions migrated upwards into the 

granophyre. Consequently during the migration of these 

solutions through the underlying granitic rocks 

tourmalinisation, silicification and concomitant leaching 

of al:113. li presumably took place. Eventually the 

alkalinity of the solutions was high enough to return 

alkali to the- wall rock higher up the passage. 

commenced with albitisation and desilication of the 

granophyre. During these processes potassium and 

silicon were leached from the granophyre and were 

eventually incorporated in the formation of red potash 

feldspar (&dularia) and quartz, both being characterisbj~ 

gangue-minera.ls in the ore-bodies at Stavoreno 

Turning to the post-cassiterite alteration we find 

that the sericite from the za~iplaats area differs 

chemically mainly from the Stavoren chlorite in 

containing more silica, potash and alumina, and much 

less ferric and ferrous iron (table 33). 

'rABLE 33. Chemical analyses of chlori te and serici te C' 

1 2 3 

Si Or) 50.74 22.4 34.19 t:, 

Al2o3 28.79 16.85 19.89 

Ca0 0.73 1.26 0.20 

Mg0 0.96 0.90 0.56 

Fe2o3 3 .. 12 10.15 7.90 
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Table 33 continued. 
1 2 3 

FeO 0.93 35.93 24.81 

MnO 0.05 0.51 o.41 

Ti02 n.d. o.41 0.38 

P20.5 0.12 n. d. 0.05 

K20 8.19 0.57 3.40 

Na2o ~· • .,;:s 0.31 0.18 

H20- 9.50 8.2.5 
5.22 

H20- 1.17 0.11 

CO2 tr. nil 

F 0.18 0.03 

Total ('9. 61 100.00 100.36 

1. Yellow-:reen sericite, Groenfontein 871. Analyst; 

C.J. Liebenberg, Division of Chemical Services, 

Pretori3,(Sfr,JUss 1'151, P•l65), 

2. 'rhuringite, Stavoren (see table 18 analysis 2). 

3. Chloritised granophyre, Stavoren (see table 27 

analysis 4). 

It c2n therefore be argued that at Stavoren there 

was a deficiency in potassium in the albitised rocks 

with the result th·~t chlorite, and not sericite, formed. 

In conflict to this 3.r ·umen.t, hoNever, is the fact that 

even the :;:iot.·: .. sh feld3par of the ore-bodies was 

chlori ti 3ed and not. serici ti sed. It can be inferred, 

in fJ.vour of t:1e contention of TJon Backstrom (1950, p. 

44), t~at sericitisation precedes the crystallisation 

of t~e ~otash feldspar but, even then the potassium which 

was finally incorporated in the potash feldspar, must 
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have been available in the ore-solutions~ It ap~ears 

that the formation of chlorite instead of sericite was 

rather due to excess iron in the ore-solutions. In 

the deposits of the Zaaiplaats area hem~tite crystal­

lised prior to the form2tion of sericite, w:IBreas, 

during the formation of the 3tavoren deposits conditions 

were probably unf~vourable for hematite deposition, 

perhaps owing to a deficiency in oAygen. Consequently 

the iron was still available in the ore-solutions at a 

l~te stage and was incorporated in an iron-rich chlorit~, 
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PLATE I. 

( -.~~-)·· b -·-c·. -1<•: , ·''·. 

' --· j , 

. . -----)-- l ---- --(iv -~ . 1· 11 I . . . ..-_ . . · , 
, . , C :l r I ' . ~ ~ • . . \ (, - . : '. \OJ· i) ' 

.J I , ' , - . I ' Ill: j.T· - ...,' ~ . . . . •1' 

X-ray cLlff:raction patterns of mc:.ils.con and zircon. 
C"l:>alt radiation. Camera radius= 57.3 mm. 

(a) r-ts.lacmi, macroscopic crystal, Hittero, Norway. (Geol. Surv. Museum 
00:lection Ho. 394). 

lb) Ha]a~01, ex :'ushveld granop:1yre, Stavoren 470, Potgietersrus District. 

(c;) Zjroon, ex quartzite, Stavoren 470, Potgietersrus District. 

f--l 
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PL A 'TE 11. 

·o I 3 4 /NCHES. 

Fig. 1 Joseite from the E7 pipe on ~tavoren. The 
lower portion of the speci~en is composed 
mainly of ornall flaKes of t~'1uringi te. 
Reprinted ±'rom :~agner ( 1721, pl -.te XVI) . 
Sample Ito. 350.3 in the :-~us~um of ·1-',e Union 
Geological 3urvey. 

Fig. 2 Galena, G, C;rayi sh-white) and c:1alcopyri te, 
C, ( li2ht-gray) replecing sphaleri te, 3, ( dark-
gray). Reflected li~:1t using wra tten fil t8rs 
D No • .35 and H No. 45. 
Iiagnification .;(lJO.. F ·1oto by 3.;_. Eiemstra. 
Polished section ~D. 7.36. 
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PLA 1rE 111. 

~ig. 1 Chalcopyrite, s, along a microscopically fine 
fracture in fluorite,~,. Q = quartz. 
•.i.eflected light. r\'~agnifica.tion X245. 

Fig. 2 Chalcopyrite (gray) replacing pyrite (grayish­
white). 3eflected li~ht. 
·~gnifiCPtion XlJO. 
Photo by S. A. ~~iems tra. 
Polished section No. 736. 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022

- 173 -

:? LATE IV. 

Fig. 1 Fractured lenticular crystals of loellingite 
(white) with quartz (dark) filling the 
fractures and the interstices between the 
crystals. Reflected licht. 
Magnification X 12. 
Polished section No. 737. 

9ig. 2 Quartz (white) replacing arsenopyrite (black)~ 
Transmitted light. 1-Iagnification x175. 
Thin section No. 18038. 
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PLA'rE V. 

·i\) j ; 'i t !:'·~ ' 1 ( ~ ' ---J , '--•,fl r, _ / 
' • ! 

J-ray diffraction pRtterns. Cobalt radiation. 

(a) ~irseno·:;1yri te, Stavoren. 
(b) Loell1ngite, 3tnvoren. 

-~" 'v ' ·~~ 
·, 

Camera radius= 57.3 mm. 

I-' 
-._J 

+:" 
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p L A '11 E VI. 

A' 

, 

Fig. 1 ~uartz filling fractures in brecciated, twinned 
cassiterite crystal. A-A 1 is the twinning plane. 
Transmitted light. Magnification x56. 
Thin section Ne. 18039-

. . .. . ~ 
.. ·~ .. 

Fig. 2 Ilvaite (gray) fillirig the inter~tices between 
idiomorphic ~rains of pyrite. 

Magnification X 35. 
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PLATE VII. 

1 

2896.45 

2913.54 

e 2936.90 
e 2941.34 

2944.39 
W 2946.98 
Fe 2947.88 

2 
Fig. 1 P2~rt of a spectrum showing that W is present in 

detectable quantity only in the dark-coloured 
cassiterite (spectrum 1) whereas Mn and Cu are 
more abundant in the light-coloured cassiterite 
(spectrum 2). 

a b 

Cr 4289·7 

Cr 425"4 ·3 

Fig. 2 Part of a s~ectrum to show tlillt Cr is more 
abundant in cassi teri te from t:1e first level 
of the mine. 

(a) :Samples from the second level. 
(b) Samples from the first level. 
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PLATE VIII. 

Fig. 1 Combs of second generation quartz moulded on 
to a crystal of first gener-_tion quartz. 
The original outline (A-A') of the quartz 
crystal is marked by inclusions. 
Crossed nicols. Magnification x175. 
Thin section Ho. 180J8. 

A' 

'· " 

3'ig. 2 Same as fig. 1 but without analyser. The 
comb quartz is marked by numerous inclusions. 
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PLATE IX. 

Fig. 1 Brecciated scheelite-cassiterite ore from the 
B5b pipe. In the centre is a crystal of first 
6eneration quartz from vrhich second generation 
quartz has L;rown outwards, and at the bottom 
irregular grains of scheelite (black) acted as 
nuclei ~.round which second generation quartz grew -
Reprint of plate ~Cl, fig. 2 in Wagner (1921). 

Fig. 2 -~uartz lenses (white lerticular) in thuringite. 
1rhin section Ko. 18040. Magnification Xj6. 

 
 
 



D
igitised by the D

epartm
ent of Library Services in support of open access to inform

ation, U
niversity of Pretoria, 2022

P L A 'l1 E X. 

. ( ( I a~) ) 
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er' 

X-r2.y diffraction patterns ( front reflections only) of t~mringi te from 
S~a.vO.i..'"'en. Co r0..diation. Camera radius = 114.59 mm. 

r~rked lines; q = quartz. 

(E) Untreated mineral. 
(1) Mineral heated to 500°c. 
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PLATE XI. 

Arsenopyrite (white; :.-'illjng fr~c~11ras in 
schealite (gray with nittei .curface). 
Heflected light. - 1Iagnificat1on :45. 
p·_J.otograpl1 by G. r,:. Koeno 
Polished section Ko. 738 . 

.. 

Big. 2 Cassiterite, C, moulded on to scheelite, 3o 
I-Iagnific::-. tion Xl20. 

Reprinted trol.L vvagner ( 1921, :plate XXIV, fi 6 • 1) ~ 
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p L A 'I1 E XI I • 

Pig. 1 A single grain of potash teldspar ( rig:1t half) 
of red granophyre replaced by albite (left 
half) . 1rl1e light-coloured spots in the 
potash feldspar are due to discolouration. 
'Ihin section :Ho. 18016. Nagnification Xl 7 5 r. 

Fig. 2 Same as figurA 1 but with nicols crossed. 
Ma~nific~tion x175. 
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P L A T E XIII. 

Figure 1. Typical granophyric texture. Crosse~ nicols­
Thin section Ho. 18032. Magnification x175. 

Figure 2. Intergrowth of oval-shaped quartz gra.ins and 
replacement antiperthite in slightly albitised 
~ock. Crossed nicols. 
Thin section Ko. 18023. Magnification Xl75~ 
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ABS'l~RACT. 

Tysonite from the tin deposits on Mutue Fides 422 

has the following optical properties: niD = 1.608 ± .002, 

n~D = 1.614 + .002; n""n - nED = .006; nW:E, - nWc = .011; and 

S.G. 2t = 5.995 + .005. Microscopically polysynthetic 

twinning with the first order pyramid (1012) as compos­

ition and twinning-plane is prominent, and 

00011,1012 = 45°36'. 

X-ray powder diffraction data are given: a= 4.122 

+ .005 A, c = 7.304 + .005 A, c/a = 1.772. The mineral 

alters to bastnaesite and the chemical analysis suggests 

also partial oxidation. The chemical analysis, specific 

gravity, refractive indices and X-ray data of the 

bastnaesite agree with those of this mineral from other 

localities. Other minerals associated with the tysonite 

are fluorite, hellandite?, and quartz. 

It is also suggested that fluocerite and tysonite 

are two different minerals, and that the forme.r is an 

oxidation product of the latt~r. 

INTRODUCTION. 

The fluoride of the rare earth metals, (Ce,La,Di)F3 , 

an exceedingly rare mineral, was first described by 

Berzelius in 1818. Originally the mineral was called 

fluocerite by Haidinger. This mineral was obtained from t 

a pegmatite at Finbo and Broddbo in Dalarne, Sweden, and 

was subsequently found in the same group of pegmatites 

at Osterby in Dalarne, Sweden (Geijer 1921 p. 19). A 

fluoride of Ce, La, and Di, from granite pegmatite in the 

Pike's Peak region in Colorado, was described in 1880 by 
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Allen and Comstock (1880 p. 390) who called it tysonite. 

Geijer (1920 p. 9) encountered microscopical grains 

of fluocerite in the Bastnas mine at Riddarhyttan. In 

a subsequent publication (Geijer 1921 Po 19) he points 

out that fluocerite and tysonite are one and the same 

mineral ~dth the formula (Ce,La,Di)F
3

, and on a basis of 

priority prefers the name fluocerite. 

In 1945 fluocerite was discovered in a pegmatite at 

Mpuye Hill near Mubende in the Protectorate of Uganda 

(Robertsl945 p. 37 and 1946 p. 31). This mineral was 

analysed by Bennett who calculated its formula as 

(Ce,La,Di) 2o0 _4F
5

_2 (Roberts 1946 p. 32). 

The present author agrees with Geijer that the 

fluocerite from Broddbo and the tysonite from Colorado 

is one and the same mineral species but the study of the 

data listed in table 1 reveals that the specimens from 

Osterby and Uganda differ from the optically uniaxial 

negative material from Broddbo and Colorado in being 

positive and in having a lower s~ecific gravity. 

Furthermore the material from Colorado is a fluoride with 

the formula RF3 
(E = rare earth metals) Nhereas the 

minerals from Osterby and Uganda appe1r to be 

oxyfluorides with formulae respectively R201F4 and 

Owing to an incomplete analysis the exact 

composition of the Broddbo material (table 1 column 1) 

is somewhat in doubt but it is at once a~parent that the 

an lysis is almost identical to the original analysis of 

Colorado tysonite (table 1 column 2). Accordingly 

th~re is hardly any reason to doubt that the Broddbo 

material, as is indicated by its optical character, is 

the same mineral species as that from Colorado, namely 

tysonite. 
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TABLE 1. Compilation of chewical analyses, and optical 
and physical properties of tysonite and 
fluoceriteo 

1 2 3 4 5 

Ce 2o
3 182.64 \s2. 64 

42.89 46.03 41.58 

La2o3 group ) ' 39.31 36.00 39.26 .,, 

Y203 group 1.12 3.96 0.13 

F (28.05) (29.98) 28.71 19.49 24.46 

CaO 0.18 0.42 

CO 2 0.53 0.98 

H20 1.78 0.71 

Rem. 0.41 1.50 3.08 

111.81 112.62 112.03 1Q8.76 110.62 

-F=O 11.81 12.62 12.08 8.21 10.30 

Total 100.00 100.00 99.95 100055 100.3;2 

nlJ l.618ii l.613ii l.613ii 1.615 
}1.6185iv 

ne l.6llii l.607ii l.607ii 
~ 

n<J - ne .007 .006 .006 

n€ - nw .002iii lowiv 

S.G. 5.93i 6.14i 6.14i 5.7iii 5.8iv 
I 

Optical - - - + + character 

i. Palache, Berman and Frondel (1951 p. 49). 

ii. Geijer (1921 pp. 20 and 21). 

iii. Hintze (1915 pp. 2567 and 2568). 

i V O RO be rt s ( 19 4 5 p . 3 7 ) . 

1. Fluocerite (tysonite), Broddbo. Analyst, Berzelius 
(Geijer 1921 p. 19). Fluorine calculated from 
R2o

3
+F-(F=0)=100. 
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2. Tysonite, Colorado, mean of two analyses by Allen 
and Comstock (Geijer 1921 p. 19). Fluorine 
calculated as for 1. 

3. Tysonite, Colorado. Analyst Hillebrand (Amer. 
J. Sci., 1899, 7, p. 52). Rem. is Fe 2o3 0. 11 and 
Na 2o 0.30. 

4. Fluocerite, Osterby. 
(Geijer 1921 p. 19). 

Average of four analyses 

5o Fluocerite, Ugandao Analyst, W.H. Bennett. Rem. 
is Th02 1.88, Si02 0.12, Al20~ 0.48, Fe 20j 0.32, 

TiO~ 0.0: and MgO 0.27 (Roberts 1946 p. 32). 

It is, therefore 1 suggested that the name tysonite 

is retainea for the uniaxial nagative fluoride (Colorado 

type)j and fluocerite applied to the uniaxial positiva 

material which appears to be an oxyfluoride tOsterby 

type) .. These names are used in this sense in the 

textbooks on mineralogy Nhich were published prior to 

Geijer's work (Dana 1914 pp. 166 and 175; Hintze 1915 

pp .. 2559 and 2567) and they are also used in the same 

sense in this paper. 

The mineral from Mutue Fides Nhich is described here 

is regarjed as tysonite; its chemical analysis is not 

convincing but its optical and physical properties, and 

its X-ray data are in agree~ent with those of tysonite. 

The occurrence of fluoceri·te (tysonite) in the tin­

fialds of the Potgietersrus District of Transvaal, is 

known since 1921 as is indicated by a record of a chemica: 

analysis of fluocerite (tysonite) from the Springbok 

Flats (Hall 1938 p. 307). The exact source of the 

analysed sample is not reported but it most probably come 

from the Mutue Fides tin-deposits. From this locality 

the mineral came to the notice of Prof. J. Willemse of 

the university of Pretoria in 1942. At that time he 

was doing field-work in that area as a member of the 
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staff of the Union Geological Survey. He sent the 

mineral in for identification and it was identified as 

fluocerite in the Union Geological Survey Laboratory by 

Dr. B. Wasserstein (verbal communicstion). Subs'3quent-

ly Strauss (1954 pp. 84, 98 and 116) reported this mineral 

from the Zaaiplaats and Groenvlei tin-mines, some 60 

miles north-northeast of Mutue Fides. 

The crystal structure of fluorides of the tysonite 

type was first investigated by Oftedal (1929 p. 272) by 

means of Laue and powder photographs. He determined the 

cell constants for tysonite a8 c=7.280 k.X, a=4.112 kX and 

c/a::::1.771, but regards this as a "pseudocell", the "real 

cell" being a tripple hexagonal cell with dimensions 

c=7.280 kX, a=7.124 k:X, and c/a=l.022. The structure 

was reinvestigated by Schlyter (1952ii p. 73) in 1952. 

He found no reflections in Weissenberg rotation photo­

graphs that would necessitate a larger cell than Oftedal's 

"pseudocell". In a parallel study (Schlyter 1952i p. 61) 

he shows that tripositive ions of radii close to that of 

La3+, namely Ce 3+, Pr3+, Nd3+, Y3+, etc., gave fluoriies 

of of the tysonite type and that the ratio c/a is 

practically constant (=1.772) for all these fluorides. 

This ratio is in agreement with the axial ratio 

a: c = 1: 1. 7736 which •ias arrived at by Flink ( 1910 p. 30) 

from measurements on tysonite from Broddbo. 

The unit cell an~ orientation of Schlyter is 

accepted throughout in this study. 

SOURCE AND DESCRIPTION OF MATERIAL. 

The sample investi~ated Nas kindly contributed by 

Prof. Willemse of the University of Pretoria. He collect 
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ed the material from th~ tin de~osits on the farm Mutue 

Fides 422 in the Potgietersrus District of Transvaal. 

Tne farm is aituatad in the Springbok Flats approximately 

40 mil~s southeast of Potgietersrus. Th'3 deposits are 

of hydrothermal origin ani occur in, and are related 

genetically to, granite of the Bushveld Igneous Complex. 

TLe sample, measuring about 2 x li inches, consists 

of massive tysonite penetrated by veinlets of bastnaesite 

ani fluorite. Microscopically quartz and hellandite? 

was also obs9rved. 

PHYSICAL AND OPTICAL PROPERTIES. 

In hand-specimen the tyaonite is dull, yelloNish­

brown, changing to reddish-brown iue to alteration to 

bastnaesite. In transmitted light it is almost 

colourless. 

MacroJcopically cleavage is hardly visible but thin 

s~ctions show twos-ts of cleavage: the one parallel to 

the basal pinacoid (0001) and the other to the first 

order ;,ri3~ (1010). 

No pycno:!:let 0 -.:-c:i 0-f 1311.ttBhl~ size ,-vere available for 

s~ecific gravity determinations but sufficient accuracy 

could be obtained by using the apparatus and method 

described by Hiemstra (1955 p. 276). Air bubbles ad­

hering to the particles ,vere removed by :p.eating the 

container with the particles and about¾ of its volume of 

water under diminished pressure. A close check was kept 

on the temperature of the distilled water during the 

determination, and the results were corrected for the 

density of pure water at 4°c. 
The average of three determinations on different 
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portions of materi~l is S.G.¾4 = 5.943 + .005. This 

value is in agreement ~ith that of the Broddbo material 

(table 2) but, owing to the partial alteration to 

bastnaesite and probably also to an oxide or oxyfluoride, 

certainly does not represent the true specific gravity of 

the tysoni te. From a thin section of material similar 

in colour to that used for specific gravity determination, 

the amount of alteration product was roughly estimated 

at 5 per cent by volume. The corrected value for 

tysonite is S.G.i4= 5.995 + .005 1 assuming the specific 

gravity of the alteration product to be 4.97 (S.G. of 

bastnaesite). 

TABLE 2. Ph;y:sical and 012tical ErOEer-ties of tisonite. 

Mutue Fides Colorado Broddbo 

S.G. 5-995 + .005 6.14i 5.93i 

nc 1.608 + .002 l.607ii l.6lliii 
D 

l.613ii l.618iii n~'~n 1.614 + .002 

nWD - n~ D 
.006 .006 .007 

nWF - nWC .. 011 

i. Palache, Berman and Frondel (1951 p. 49). 

ii. As quoted by Geijer (1921 p. 21). Sodium light. 

iii. Geijer (1921 p. 20). Sodium light. 

The min~ral is uniaxial negative. Its refractive 

indices were determined according to a single variation 

method at room temperature (23°c). The indices were 

matched in monochromatic light with those of immersion 

liquids. For the determination of nl the grains were 

brought to the desired orientation on a universal stage. 

The results obtained are listed in table 2. 
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TWINNING. 

The latest textbooks on mineralogy (Winchell 1951 

p. 31 and Palache, Berman and Frondel 1951 p. 48) do not 

report any evidence on twinning in fluocerite (tysonite). 

Koechlin, however, report.::3 "Schalenbildung" on the first 

order pyramid in tysonite from Pike's Peak, Colorado 

(Hintze 1915 p. 2561) and Weibull polysyntnetic twinning 

in fluocerite from ~st~rby (Hintze 1915 p. 2568). 

Polysynthetic tvdnning is common in the Mutue Fides 

mineral (see plate 1 fig. 1). A study of thin sections 

on the Fedoroff Universal Stage reveals the following 

(see fig. 1): 

a. The composition-plane occurs in the same zone as the 

basal pinacoid (i.e. ~ dir~ction) and the first 

order prism (1010). Accordingly the composition-

plane corresponds to a pyramid of the first order. 

bo The interfacial angle betNeen (0001) and the 

composition-~l~ne is 46°0. This value is the 

avera6 e of a series of determinations some of ~hich 

-1vere carried out .ith a set of Fedoroff hemispheres 

havin6 a refractive index (n = 1.648) above those 

of the mineral, and others ith hemispheres having 

a refractive index (n = 1.554) below those of the 

mineral. The variation of the measured interfacial 

a.ngle due to the different hemispheres used is .~ithin 

the limits of experimental error, and the value of 

46° is considered to be correct to+ 1°. 

From figure 1 it is ~lso obvious that two adjacent 

lamella can be brought into ~imilar orientation by revolv­

in~ the one through 180° about the pole to the compoaition 

plane. Consequently the pole to the composition-plane 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022

i 
I 
I 
i 

I 
I 

\ 
\ 
\ 

.,....,-"" 
.,.,-/

~------- ~~ 

/ 
... ~,,~' 

,,.,.,' 

.,..,.' 

I 
I 

I 
I 

I , 
I 
I 

I 
I 

I 

I 
I 

I 
I 

,/ 
/ 

., 
,/ 

,;" ,, 

,, ,, 
/ 

, 
14-e..S:-(0001) or ( /nd,viduol I 
,r....._(,oTo) Individual JI 

/ ~(0001., /nd,vidual I 
/ 'fl:.) {1010) /ndiv/duol 7T 

I 
I 
I 

I 
I 

~ 
I 
I 
I 

' I 

' I 
I 
I 
I 
I 

' ' I 
\ 
I 
I 
I 
I 
\ 
I 
I 
I 
I 
I 

t fo7o) /r,d,v,duaf I 
·...._ (0001) /ndividuul 7T 

\ - . 
j£'-(io10) lnd,v,dtJal I 
· ~(oooO or ( Individual "IT 

\ 
\ 

\ 
\ 

\ 

' \ \ 
' \ \ 

' ' ' \ 
' ' \ 

-
Figure I. Slereog_roP._hic P..rojecl1on of f!__o/y_sy_nlhet,c -twms of ty_sonile 

\ 

I 

R~d · Onglnal plot 8/aclc: Projecf,on on compo.s,hon-plar,e * = Pole to cleavage 0 =- Pole to compcsihon-p/one 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022

- 192 -

and the twinning-axis coincide making the composition-

plane also the twinning-plane. The Miller indices of the 

twinning-plane, determined according to the equation: 

tan (0001Ah0hl) X -~ J3 = h/1 X c (Ford 1932 p. 132), are 

(1012). The true interfacial angle would be 45°39'. 

DETERMINATION OF UNIT-CELL ~IMENSIONS. 

The X-ray examination of the tysonite was carried 

out on a Seifert X-ray unit. Powder diffraction 

photographs were taken ... ,i th 0ameras of the De bye-Scherrer 

type in which the films is mounted according to the 

me\hod of Straumanis (1949). Unfiltered cobalt-radiation 

produced at 32 K.V. and 10 ma. was used. The measuring 

was done and the shrinkage correction determin~d as 

described by Wasserstein (1951 p. 106). 

The values of Gas listed in table 3 ia the average 

of two photographs. These values were converted to 

interplanar spacings by using suitable tables. The 

hkl for each refleccion ~as derived from the indexed 

Sin29 values for (i) tysonite fro ... .1 W. Cheyenne Canon, 

ColoraQo (Oftedal 1929 p. 273) and (ii) artificial LaF
3 

(Schlyter 1952ii p. 74). Both, Schlyter and Oftedal, 

usei copper-radiation and it was therefore necessary to 

convert their diffraction angles into interplanar spacings 

so as to allow comparison ~ith the Mutue Fides tysonite. 

Th~ cell dimensions listed in table 3 were determined 

from the higher G values ana were corrected for absorption 

by the extrapolation method according to which the 

calculated cell dimensions are plotted against 

2 (Cos 2G/Sin G.Cos2G/G). The unit-cell determinations 

were facilitated by the fact tnat the ratio c/a is 
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TABLE 3. X-ra
1
r data of fluocerite. 

1 2 

hkl Int. (est.) Q Co rad. d A Int. Q Cu rad. d A. 

101 8 16.34 3.19 s 13.96 3.19 

102 1 20.97 2 .. 50 2 

1039 1 23.46 w 20.32 

110 5 25.99 2.04 m 22.01 2.06 

103 10 26.55 2.00 s 22.61 2.00 

112, 200 5 30.14 1.78 ID 25.64 1.78 

201 5 31.27 1.73 ID 26.43 1.73 

203 4 3o.60 1.43 s 32.60 1.51 

114 3 41.04 1.38 m 34.48 1.36 

105 3 41,.59 1.35 m+ 34,.93 1 .. 35 

211 2 42. 54 1.32 s 35.73 1 .. 32 

213,G 3 42.70 vw 36.52 

006 vw 39.50 1.21 

213 7 49.50 1.177 s 41.04 1.173 

106 1 51.21 1.164 w 42.14 1.148 

205 7 52.39 1.129 s 43.13 1.127 

214 1 55.86 1.08 

116 6 58.81 1.046 m+ 47.5 1.045 

220 1 60.30 1.030 w 48.65 1.026 

2157 
64.77 0.989 51.28 0.987 310 J 7 s 

222 

311 6 65.85 0.980 m+ 52.03 0.977 

313 4 77.29 0.917 

216 1 77.84 0.915 

203 2 81.76 0.904 

a 4.122 + .005 .A 4.120 ± .003 A 

C 7. 304 ± .005 A 7.295 ± .007 A 

c/a 1.772 1.771 
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1. Tyaonite from Mutue Fides. 
Camera rad.= 114.59 mm. 

Co radiation. 

2. Tysonite from W. Cheyenne Canon, Pike's Peak, 
Colorado. Cu radiation. Camara radius 57.65 mm. 
(Oftedal 1929 p. 273) Cell dimensions (Oftedal's 
"paeudocell") from precision measurements on p. 276. 
These values have been corrected for wavelengths. 

practically constant (1.772) for fluorides of the tysonitE 

type (Schlyter 1952i p. 63). 

CHEMICAL COMPOSITION. 

In contrast to the optical properties of the Mutue 

Fides mineral the analysis in table 4 column 1 is not in 

exact agreement with that of tysonite from Colorado and 

Broddbo (table 1 analyses 1 1 2 and 3). It differs in 

having app~oximately 2.5 per cent less fluorine and 

correspondingly more rare earths oxide. Accordingly the 

analysis corres~onds to the formula R2o0 _
4

F
5

_2 which is 

in exact agreement vvith the formula sug6ested by Bennett 

for the fluocerite from Uganda. It thus appears that 

there is chemically no difference between the optically 

uniaxial negative mineral from Mut~e Fides and the 

uniaxial positive mineral from Uganda. 

rather than real. 

This is apparent 

The degree of alteration of the Uganda mineral is not 

given in the literature but the Mutue Fides mineral is 

partially altered to bastnaesite, the fluocarbonate of 

the rare earths, ana an earthy product. These alter-

ation products made it impossible to obtain pure tysonite 

for a chemical analysis and the material that was 

analysed contained at least 5 per cent of this impurity. 

This conclusion is based on a study of thin section3 of 

material similar to that analysed. 
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TABLE 4. Chemical analysis of tysonite from Mutue 

1 2 3 

Ce 2o
3 36.31 32.50 35.80 

La2o
3 

group 47.50 31.29 34-46 

Y203 group 1.12 12.0 13.22 

cao nil 6.18 

Fe 2o3 1.05 1.16 

Al2o3 0.55 0.61 

Ti02 1.20 1.32 

Si02 0.33 0.36 

CO2 trace 

F 26.00 24.66 22.55 

110.93 109.76 109.48 

-F=O 10.93 10.36 9.48 

100.00 99-40 100.00 

Analysis 1 = 87 (ce0 _42La0 _56Y0 _02 )F
3 

(tysonite) + 

13 (Ce0.42La0.56Y0.02)2~3 

Fides. 

1. Tysonite (partially altered), Mutue Fides 422, 
Potgietersrus District, Transvaal. Analyst, 
Abraham Kruger, Division of Chemical Services, 
Pretoria. HCl used for CO2 determination. For 
the interpretation the following atomic weights 
were used: Ce= 140.13, La= 138.92, Y = 88.92. 

2. Fluocerite (tysonite) and fluorite intergrowth from 
the Springbok Flats, Transvaal. Analysed in 1921 
(Hall 1938 p. 307). 

3. Analysis 2 after correcting for fluorite and 
recalculated to 100. 

The analysis listed in table 4 i~ therefore, not 

regarded as being the true composition of the tysonite 

which is believed to corres~ond to the formula EF3 . 

In the analysis, only traces of CO., are recorded 
C. 
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meaning that only a portion of the alteration product 

can be bastnaesite. The analyst agreed that the CO2 
content could be as much as 0.5 percent ·.vhich is approx-

imately equivalent to 2.5 per cent bastnaesite. This 

leads to the conclusion that the earthy material is 

probably an oxyfluoride or oxide of the rare earth 

metals involved (see discussion on the alteration). 

The uncertain nature of the earthy alteration 

product made it impossible to calculate the true compos­

ition of the tysonite. 

The analysis that Nas carried out in 1921 on an 

intergrowth of fluocerite (tysonite) and fluorite from 

the Springbok Flats in Transvaal is listed in column 2 

of table 4. The exact localitJ of the material submitted 

for thi3 analysis is unfortunately not known but it is 

fairly cert~in that the mineral came from Mutue Fides; 

this depo~it is situated in the Springbok Flats and is the 

only deposit in that area in which tysonite is known to 

occur. Moreover a geological report on the Mutue Fides 

de~osits waa published in 1921 su~gesting that a geologic­

al investi~ation of the deposits was carried out at 

about the same time as this analy3is was made. 

This analysis, after correctlng for fluorite and 

neglecting the small amounts of Al2o3 , Ti02 , Fe 2o
3 

and 

Si02 , reflects less fluorine than the new analysis of the 

Mutue Fides material and corresponds to the formula 

The deficiency of fluorine in the corrected 

analysis can be due tp the fact that in making the 

correction for fluorite impurities, all the CaO was 

relegated to fluorite (CaF2 ) whereas part of it, and even 

a part of the rare earth metals, may be derived, as the 

A12o3 , Ti02 , etco from other mineral impurities, such as 
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titano-silicates of Ca and the rare earths. On the 

other hand it can be an analysis of a true oxyfluoride 

from another locality than Mutue Fides, or it is also 

poasible that bot~the oxyfluori~e ~ni th~ fluoride, occur 

in th~ same deposit, thd former being an oxid~tion 

product of the latter. 

A further point of intarest in the 1921 analysia is 

the high percentage of Y2o
3 

(12.0 per cent). This oxide 

is not reported in the analysiB of tysonite from Colorado. 

T.nat from Broddbo and Mutue Fides contains 1.12 per cent 

Y203, the fluocerite from t}sterby 3.96 per cent and that 

from Uganda 0.13 per cent. 

For comparative purpose3 the various chemicg_l 

analyses of fluocerite -nu. tysonit~ ... ere recalculated in 

terms of CeF
3

, LaF
3 

and YF
3

. The results are given 

diagrammatically in figure 2. It is obvious that the 

relative proportions of CeF3 , LaF3 and YF3are approximate­

ly the same in the tysonite from Color~do and the 

fluocerite from Uganda (analysis 2 and 3 in fi~ure 2). 

The Osterby mineral (analysis 1) has a CeF
3 

content more 

or less similar to that of tne mineralc from Ugani~ and 

Colorado but a lower LaF
3 

and correspondingly a higher 

YF
3 

content. The CeF
3 

contclnt of the Mutue Fidcls and the 

Springbok Flats material (analysis 4 and 5) is almost 

identical but are much lower than that of the Coloradu, 

Uganda anu asterby material, and LaF3 + n 3 correspond­

ingly higher. 

Tl1e cerium content is thus also in favour of the 

suggestion that the S~ringbok Flats mineral was collected 

at Mutue Fides, but the high per~entage of yttrium in 

the Springbok Flats miner~l suggests the opposite. The 

determination of Y2o
3 , hoNever, involves a series of 
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prici~itations so ~s to obtain the yttrium earths free 

fro~44 t.c.1.e lanthanum earths 3.nJ the c.1.uthor is of opinion 

that the abnorm~l Y2o
3 

content of the Springbok Flats 

miner~l is due to an incompleta separation of Y2o3 and 

La
2
o

3
• 

The substitution of on~ tripositive rare eirth ion 

by another is also prominent in the analyses of bastnaesite 

(see figure 3), and the fact that the optical and physical 

properties of the miner~ls concerne~ are not effected 

markedly is explained by the close similarity in the ionic 

r~dii of the tripositive rare earth ions (ce 3+ = l.18kX, 

La3+ = 1 22k.X d y3+ 1 06kX~ • , an = • ~ / • Furthermore the atomic 

weigat of La (138.92) and Ce (140.13) is very much the 

same. That of Y (88.92) is much lower but the only 

mineral of the group u:n.der iiscussion in .vhich this element 

ap.t-ears to be present in quantity, is one of ·,\hich the 

optical properties are not 1'".110 m, viz. the mineral from 

the Springbok Flats (1921 analy~i~). 

Schlyter (1952i po 61) 3ho,vd e-A-perim~ntally that a 

complete ran:::,e can exist from CeF3 t.o La-&, without a change 

in~he~cryst~l structure, and that y3+ can replace La3+ up 

to Y/Y ± La = 0.65, loo .ithout --~ chan6e in -th8 crystal 

structure. 

ALTERATION. 

The characteristic re~lacement of tysonite by 

baatnaesite and an opaque earthy product is visible in 

every thin section of the Mutue Fides mineral. Even 

portions that ap~ear macroscopically unaltered ire 

microscopically seen to be altered. The replacement 

often proceeds along cleavage cracks and twinning-planeo 
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and in an advanJed stage of dltaration the tysonite occurs 

as island3 in bastn~esite (plate 1 figure 2). 

The optical orientation of th9 bastnaesite replac­

ing the tysoni t e is usually, but not alv:ays, identical to 

th_c of the host mineral. In some sections bastnaesite 

cuts across the tvvinning lamellae of tyaonite ithout 

bein6 influenced by the tNinning. In such cases the 

optical orient~tion of the bastnaeaite corresponds to 

that of one set of lamallae. 

This optically orientated pseudomor~hs of bastnaesite 

after tysonite has b~en described by Oftedal (1931 p. 466) 

who ascribes the phenomenon to a similarity in the crystal 

structure of the t~o minerals. 

Hidden sug6ests that the earthy product contains some 

lanthanite, (La,Ce) 2(co
3

)3 .sH20, and Geijer that it is a 

hydrate of cerium (Geijer 1921 p. 21). Some of this 

earthy matter from mat~rial from Mutue Fides was removed 

from thin sections for an X-ray examination. The 

mg,terial p.coduced a ,,,eaker but ex:i.ctly similar pattern to 

that of bastnaesite 1 ~ithout any additional reflec·tion 

(plate II fig. 1). Thi8 weak~r pattern may indicate a 

lower crystallinity for the earthy material and it can 

thus be argued that the material is bastnaesite in a 

metamict state but Geiger counter tests and outoradio­

graphs prove that r~dio-active material is abaent in the 

sample investigated. Furthermore, the sample submittad 

for a chemical analysis contained at least 5 per cent 

alt3ration products but the analysis indicates onl; traces 

of CO2 meaning th~t only a portion of the alteration 

product is in fact baatnaesite. This leads to the con-

clusion that the earthy product consists of bastnaesite, 

which is responsible for the X-ray pattern, and an oxide 
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or oxyfluoride of the rire earth metAls and that the 

oxidised material do3s not yield X-ray diffraction lines 

owin; to it being in a cryptocrystalline or even ,·Lmorphous 

state. 

In thin sections of tne most altered portions of the 

sample investigatad, cl1ar colourleJs bastnaesite is seen 

to be t::e principal alteration product .vh1areas the eirthy 

matter predomin:;..tes in th·3 lea::it 3.ltered portion.-:,. 

Furthermore it vnB noticed thJ.t the earthy material occur.:i 

along the contact bet,:.een baBtn~esite and tysonite. This 

led tl1e author to the conclusion that th~ earthy m-:1.t ter 

ia an intermediate state between tysonite anu bastnaesite 

suggesting that the fernier is first oxidised and there­

after carbonatisad. 

The alteration of tysonite is due to the higher 

affinity of fluorine for calcium than for the rare earth 

motals, and the formation of bastnaeaite is probably 

brought about by a ~3action betw~en tysonite ~nd hydrc-

thermal solutions rich in CO2 , CaO, etc. Accordingly 

the oaidation of tysonite into fluocerite may result if 

there is a deficiency of CO 2 ~nd an excess of oxygen. 

Tne oxyfluorides from Ug~nia and 6st3rby are possiblJ 

p~oducts of oxi:ation. 

MINERALS ASSOCIATEt WITH TYSONITE. 

Bastnaesite. 

ln hand-sp8cimen th~ bastnaesite occurs as veinlets 

penetrating the tysonite. The colour of this mineral is 

brown and its lustre greasy. It exhibits a perfect 

parting on (OOQl). 

1,early. 

The luatrg on the parting-pl~ne is 
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Under the microscope it id s~an to repl~ce tysonite 

(plate 1 fig. 2), the t .vo min~r:1ls being optically orient-

ated in parallel position. The 1 rgest gr~ins of the 

baatnaesite are often composed of slightly diverging basal 

cleava~a plates, a pnenomenon also noticed by GeiJer (19~0 

p. 11) in bastnaesite from Bastn1s. 

The optical and physical properti~s of the b~atnaeaite 

from Mu tue Fide s agree closely vd th thoae of bast nae site 

from other locilities (table 5) and its X-ray diffraction 

spacings are almost in exact a.grdernent .d th thos~ of 

bastnaesita from W. Cneyenne Canon, Pike's PBak, Colorado 

(tabla 6). 

TABLE 5o Optical an-.i physical properties of bastnaesite 
from Mutue Fides and other localities. 

1 2 3 4 5 

n(J 1.717 1.716 1.717 1.718 1.716 
,.. 

l.ol8 1.617 1.818 1.819 1.816 nc.. 

nt - nW .101 .101 .101 .101 .100 

S.G. 

1. 

2. 

3. 

4. 

5. 

5.12-5.20 4.948 4-99 4.965±.005 

Localiti. Reference. 

Pike's Peak, Colorado. Glass ana Smalley (1945). 

Jamestown, Colorado. Glass and Smalley (1945). 

Madagascar. Glass and Smalley (1945). 

Gallina s Mt s. , Nevi Mexico. Glass and Smalley (1945). 

Mutue Fides. Refractive indices for Na light at 

.- zOC 
L:) • For the datermination of the specific gravity 

the same method and apparatus as for the determin­

ation of the specific gravity of tysonita were usad. 
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TABLE 6. X-ra:1: pov~fl~- di:£:frac t ion s12acings of 
b stn1.clsita. 

1 2 

Int .. (est . ) d A Int .. d A 

1 4.73 

8 3.49 6 3.54 

9 2.83 9 2.85 
1 2.41 2n 2.39 2 

8 2.04 9 2.04 

5 2.00 8 2.00 

8 1.88 9 1.88 

3 1.77 7n 1.76 

7 1.66 9 1.66 

4 1.56 7 1.56 

3 1.47 7 1.47 

5 1.43 8 1.44 

5 1.34 6 1.34 

10 1.30 10 1.29 

4 1. 28 7 1.27 

8 1.178 7n 1.19 

7b 1.17 

8 1.153 7 1.15 

7 1.067 

7 1.038 

8 1.007 

6 0.988 

8 0.968 

5 0.960 

6 0.947 

7 0.917 

1. Bastnaesite from Mutue Fides. Co radiation. 

2. Bastnaesite from W. Cheyenne Canon, Colorado. Cu 
radiation. Oftedal (1930 pp. 240 and 241). 
A.S.T.M. carG.s No. 2-4010. 
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•19ure 3. Van·at1on~ m the c/,em1c111/ compo.sd,on oF h..stnaesite 

N~ Localdv • 
Reference 

I. Bo.,t na3, S w~den GI.a~~ and Smalley ( 1945 p. ,11 -1n-1lysis 

z. B.1sf nos, S 1Neden ,, II II ( If II ,, 

3. Chey~nne Ill., P,Je~ Pet1k, Color./Jdo n ,, . ( ,, ,, // 

4. llmbosdra, Mada9as car, ,, ,, ,, (, " ,, 

2) 

3) 

5) 

&) 
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~,gure 3. Var/at,on.5 ,n the 
Nf' Localdv . 
I. 84,3f hos, Swed en 

2. B.1slnos, Sweden 

Ce~03 
I 

c/,em1c.1/ c.ompo.sit,on oF h.st n.1esite. 

Re/ere nee 

G/c1~1J and Smalley ( 1945 p. ,11 11naly.si~ 
,, II ,, ( ,, ,, ,, 

3. Chey~nnt: Aft, /JJJe'.s Peak, ColorcKio n II , ( ,, ,, ,, 
4. Amho.sitra, Madaga.s car, II 

,, ,, ( ,, ,, ,, 

2) 

3) 

5) 

&) 
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The chemic~l analysis of thi~ mineral is listed in 

t-.i.bl • 7. A spectroJraphic an.lysis on a portion of thd 

material that 1as submitted for the chemical analysis, 

shows, in addition tot~~ element3 determined chemic~lly, 

so me Ca and t r ::... 8 ) s of Ge , Mg , Si 9 and Fe . The remains of 

4.91 per cent (tabld 7 column 1) are, therefore, considered 

to be mainly CaO derived from fluorit~ impurities in the 

bastnaesite. Releg3.tin~ the CttO to fluorita the sample 

analysed had the following mineral composition: 

B=1.s tn~e site 

Fluorite 

93.16% 

6.84% 

The composition of ths bastnaesite after ded~cting 

for fluorita ~nd recalculating to 100, is shown in column 

2 of table 7. 

From the work of Gl~as and Smalley (1945) on 

bastnaasite it follow3 that in various ch8mical analyses 

of thi.:;;; mineral "The coni.binad percenta6es of the cerium 

groups, where the greatest difference might occur, vary 

from 73 -59% to 76.80%, with a difference of 3.21%; CO2 
from 19.11% to 20.20%, ,,~i th a difference of 1.09%; and 

F from 5.23%to 7.83%, with 3. diff3.cence of 2. 60%" (p. 612), 

In the ..3.nalyses compiled by Glass and Smalley the ratio 

Ce 2o
3
/(La,Di) 2o3 varies from 0.622 to 1.116 (fig. 3). 

Thd flunrine content find the rt.::tio Ce 2o3/(La,Di) 2o3 
of tha Mutue Fides min8ral fall within the limits of 

variation given by Glaas and Smalley but the CO2 content 

ia 3.4% higher than the highest value given by thclm for 

CO2 d.nd the total p;rc,:3ntage of rare earths correapond-

ingly lower. The most probable explanation for this high 

CO2 content is that the loss on ignition (method used for 

CO2 determination) consisted of CO2 and some fluorine. 

The remains of 4.91% should, therefore, in fact be higher 

in the original analysis (table 7 column 1) thus indicating 
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a higher percentage of fluorite impurities in the analJaad 

sample ~nd accordingly a higher perc,3ntage of rare earths 

in the recalculated analysis of the bastnaesite (table 7 

column 2). Another explanation is that tha bastnaesite 

of Mutue Fides might be accomfanied by small quantities of 

synchisite, (Ce,La)(co3 )F.CaC0
3

, or parisite, 2(Ce,La) 

(co3 )F.Caco3 . This could not be confirmed by a study of 

thin sections because the colour and birefring~nce of 

these three minerals (bastnaeaite, synchisite, and 

parisite) are so much tha sama th.at synchisite and p:3.rasite 

can easily be missad when present in small quantitids in 

bastnaesite. 

Parisite has been identified by Sohnge (1945 p. 176) 

in the tin-deposits of Zaaiplaats which are genetically 

related to th~t of Mutue Fides. According to Palache, 

Berman, and Frondel (1951 p. 288) the mineral from 

Zaaiplaats is in fact synchisite. 

TA.SLE 7. Analysis of ba.stno.-3site. 

Interpretation 
i 1 2 

Fluoritd Bastnadsi te ! 

Ce 2o3 30.52 3"'· • 52 32.76 

(Sa,:Ci) 2o3+ 
Y2o3 group 37.20 37.20 39.93 

F 9.31 3.33 5.98 6.42 

CO2 (ignition loss) 21.98 21.98 23.59 

H20- nil nil nil 

P205 nil nil nil 

Rem .. = CaO ? 4.91 4.91 

103.92 8.24 ,5.,s 102.70 

-F=O 3.92 1.40 2.52 2.70 

100.00 6.84% 93.16% 100.00 
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1. Bastnaesite, Mutue Fiaes 422, Potgietersrus District, 
Transvaal. Analyst, C.J. Liebenbarg, Division of 
Chemical Services, Pretoria. Analysed in 1944. 
Remains are considered as CaO derived from fluorite 
impurities in the analysed sample. 

2. 1 corrected for fluorite and rec1lculated to 100. 

Fluorite. 

This mineral, as the bastnaesit~, occurs as veinlets 

in ty3onite. Microacopically it Nas found to be more 

abundant in and near bastnaesite tlian in tysonite. It 

appears to be young~r than both bestnaesite and tysonite, 

and occasionally occurs as thin lamellae interbedded with 

bastnaesite along the basal cleavag8 planes of the latter 

(plate II fig. 2). 

The colour of the fluorite varies from purplish to 

greenish and colourless. On account of its association 

this mineral was first thought to be an yttrian or cerian 

variety but the followin5 proparties indicate a normal 

fluorite: 22 S.G. 
4 

= 3.17 + .01. 

n = 1.4351 (Na light at 23°0 - M3thod of minimum deviation)o 
0 a

0 
= 5.4630 t.. .0005 A at 25 C. 

A spectrographic analysis revaal3 traces of Fe, Mg, 

Sr, Al, La, Y?, Ce, ~ni Si. 

con®on in most fluorites. 

Hellandite? 

These impurities 3re, however, 

.A few minute grains, at places veinlike, of a 

brownish-red miner~l were noticed in thin sections of the 

tysonite. The largest ~rain encountered in eight thin 

sections has a diameter of 0.1 mm. only, and an attempt to 

lift some of the grain3 from a thin section for refractiv~ 

index determination or for X-ray investigation was 
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unsucceasful. The identification is, therefore, only 

based on the colour, the ~nisotro~ic character, the 

absence of pleochroism, the biaxial (2V large) positive 

character of the grains, and on the mineral association. 

The ref.ractiV8 indic~s are slightly high3r than those of 

tysonite. 

Hellandite is a silicate chi~fly of calcium, rare 

earths, aluminium, and iron and was originally reported 

from a pegmatite near Kragero in NorNay (Winchell 1951 p. 

518). This mineral was ~lso tentitively identified by 

Strauss (1954 p. 157) in the tin-bearing breccia lodes 

on Welgelegen 357, in the Zaaiplaats Tin Mining Area. 
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PLATE 1. 

Polysynthetic twinning in tysonite from Mutue 
Fides (1012 composition-plane - in this ca3e two dir9ctions intersect a,lmost at right angles). Crossed nicols. Magnification X42. Thin section No. 20048. 

Remnants of tysonite (light) in bastnaesite (dark) .. 
Magnification X42. 

Thin section No. 20047. 
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P L A ,r E II. 

~~, 
I - - - --

X-ray diffraction patterns, front reflections 
only. 
Co radiation. Camera radius= 57.3 mm. 

a. Bastnaesite. 
b. Earthy alteration product of tysonite, 

Mutue Fides. 

Fluorite (F) replacing bastnaesite (B), along the 
basal cleavage planeso 
Thin section No. 20048. Magnification X64. 

Photo~raph by S.A. Hiemstra. 
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