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1. 

e obj cta of t he t h is ar t o pr ts 
wh ich were ga d dur an explor a tion pro smm of 
the carbonate ber of e Pal bora I eoua Complex, d 

thus to att pt to dispel t he sceptisi ith i oh 
geologist still r g d t he idea of magmatic carbonate 
rock. 

The C plex is situated at l a titude 230 58' south 
and 1 titude 31- 8' east in t he Nort ern Tr sv • It 
is set in ani te of the B nt C lex consists 
ess entially of r oughly oiroular oor e of carbonate rock 
s epar t d from the surro"U...'"ld1ng ani t e by ne ly conoentric 

on of d s ilicat d rooks . These desllic t ed r ocks e:-
1. A bod7 oompos d B enti 1.y of magn t i te, olivine 

and patite, and referred to ' pho corite', lying jQoent 
to the carbonate ber; 

2. a. suite grading from a pe t i tic zone rich in 
va culi te and diopsid pyroxene to pyroxenite, consisting 
essentially of d10pside pyroxene, wh ich 1n t urn p s as 

gr dat ionally into shonkinit e a p oxenite with potash­
f el spa.r; 

3. and syenite c os d of potassium-rich miorocline 
with subordina t e pyroxene and amphi bole. 

Bumerous oarbonate ve i ns arranged radially with 
respect to t he carbo te m ber out the ot h er members of 
the Complex. A of dolerite dykes not relat d to 

e ign OUB activity of the Complex occur. 

The oarbonate member is i n p cont t wi th th 

pho corite and contains inclusions of the l atter in its 
peripher al portion. Tho phoscorite is in turn in sharp 
cont t with the p gmatitic zone of t h e pyrox ite suite. 



.. 
I 

• 

rela tion of t he onkinite to t y nite i 

t i o ,but i s aloo ocoas ionally fair l y 
gr t - yeni te con t act is intrus ive. 

Surv s show t hat r dioactivity, except for t hat du 

to transported mat er i ,1. con:tin d to the c bo te 
m bel'. Radioactive terial i s best con e ntrated in 

irr egular zon in the central part of t h i body. Thee 

zon Show t cy to be elongated in - SE direction. 
If rmy differenc of r dioactlve no exist between t he 
ot her m bel's of' t he co lex t he instruments u ed were not 

iei tly sensitive to how t his. 

e oarbonat e m ber is e- to m ained 
magn - rich calcium oarbo te r ock. follow! 

inel'al are maoro copic ly reco is ble in it:- magnetite, 
ap t ite, chondrodite and olivine,d various copper 
ph i ,d • At surface, ite, ite, ohrysocolla and 

covelli t e e s e n. Serpent1n occurs frequently. 

It is 0 cteri cd by a distinct vertical neral 
banding. It is gen ally massive but h s joints and 
fracture tiv of t en ion. Jointing and brecciation 

reach t heir development to ards the c tre of the 
carbonate member. Copper sulph1des and serpentine ax 
t he c ent ing ma::tari of the br ccia . A contour d1 
shows t h dominant directio of joint ing to be north- st. 
!he j oints all dip s t eeply. AI tho the copper minerali-
zation s te enrichment along 81'11er formed joint 
planes a contour dt am of t he copp l' bands ow tb. to 
dip steeply, but only an insi gn1fic t number follow the 
trike of t h joints which e:re often f orm d on planes of 

w akn ss now represent ed by copper miner i z tion. 

• 
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carbo veins n ot r 0 tl t 
o i e i d ntic to t h c bonat ear 

ss ti 17 t sam miner e. 

In etion th magn siam- ricb calc i c 

i s 0 0 s e-gr in holocrys ine hyp i di 

t ~tur . I t c an ts of a compl t e l l cry-st l in 

bo 
orphic 

inter-
o~ dolomit 1o-o cite . 

. '. 
Ap t1 t occurs I -formed ear pri t i c 

and t bular cryst 1 . 1b. s are oft en bent and s train d . 
!fhe ap t i ts app s to be an early f armed cons tituent. 

cry-st 
mor 

ondrodi t e and 011 ne are observe as subhedral 
ing ol y onal outl1n s . Chon odit i s t 

t and is e il dist ish d fro olivin by' 

its c t eristic pol 10 
It 1s a t·ad t hat ey arly f o 

ap ti t e but b fore t he bulk recryst alll 

pl eocbroi 
d era1s ter 
tion of c c ite . 

Pblogopite and biotite ar r pl e by oopp r 
phid s occur as ~olusions i n magnetit • 

B d 1. yit i s tir 17 subordinat blac k :n t t 
d prismat ic cry t als o~ damant in l ustr • Th e 

• 

of t n inned . ~ pr nc e of badd I ite in th carbon-

Sll88 eta temp r tur of f orm tion b OY 6000 e. 

Pleonaste sp 1 , ow i oal r h b ic outlin a , 

occurs inclusions magneti te d calcite. It is an 
e 1y formed miner al . M±nor amount of fluorite r epl 

o cite . ~ 0 vari ti s of expentine r ecognized. 

A:.J.QL"'>'ueti te 1s the most abun ' t op ue neral 

occurs pr dom1.nantly 1 ge coarse- a ined ses h 1l. 
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spec and ains, showing cubic outline , o on . 
It i repl ced by th ph1 e . R ~~t1t 

repl 0 s t h t r er . B , but in th c 
Sp calcite overlappi crystallization is ob erved. tro-

graphic d oh 1e ely t h 
at depth in t he c bonate memb to be 1 
content . 1s 1s in cont? ist1nction to 
in th j cent phoscorit her th 

OCC1U."r1 

in tit 
the magnet1 t 

t1tani 
ond content i 8 of or d r 4. 48 per c' t. e l rag 

. ount of magneti 1;e pre nt an or mineral 1n the 0 bo-

nate m lndi.e t high t P tux of fo rma ion :tor 
e 1 tt r, It i aug t t t he pr magn t1t e 

cry :talliz t i Oll f ollowed that 0 the g&.llgIl mine~ , but 

prec ad that of uranothorianite and copper • 

otJlor ianite 1 pr n t dral 

c aver 0.3 r oe • l usi ons o~ oaJ.-
cit p t it cry 0 011 . I t occur pr -

domin tly in the o81oit gangu.e ut also in soc tion 
with the oth r e and at1 t 8 , ut not th 

t h e c o p r ul.ph 1d 8 . It s a ked pr op rty o~ 
c t&llini • The t ite, ~err sian 1110at d 
t h e n i a tion and magnet! t precede t t 

o urano orian1te. 

sulphi des form and occur 

i rr guJ.ar massive p tch • schlieren' • . crosoopi-
oally t iny spooks and streaks are B • Ttl. e oft 

ssmn a vein-l 

Pyrrh otite 

Inclusions 0 

r te 

f orm . 

i s Olle of th l e 

and caloi t e are 
entlandi·e residu 

bundant Iphi e • 

oommon in it. S b-
lch PU' re 81lt 
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in the pyrrhoti te, sugg s t u.mD.ix 0 of solid solut io 
t t per tures fr 425 to 4500 C. TIl pr es nee o:f 

hotite i s i ndicati e of a high t per tare 0 fo ti 
It replaces the gangue r s d inf r nc e wi 0 

magnet it sulphi d suit is cons idred to be arly in 

sulphide suite. 

bun nt sulphi de . It 

-
• 

C copyrite is t he most 
contains r e iduals of cubanite d P ntl dlte and occur s 
in associa tion ith bornite, c &lcocite d v leriit • 
Ch eJ.copy:r ite heals the brecciat ed portions of t he c 
m b r without evident signs of replac nt . It r aplao s 
magnet i te. It i s BBoci ted ith pyr rhotite B la in 

and s anular Intergrowth t t e margins of pyrrhotite. 
Thi s indio tea fo t i on of olid sol ut i on b tween t h s 
two min rals at t of bout 6008 C. associ -
tion o£ cubanite 
cryst Ii tion of th 

cop ite 

o. 

gg ts cont por ous 

Bornit 1 usuall y SBoci t d i t h c copy-rite as 
an int er 

r eplace 
8 chalcopyrite. 

bornite w form d 

Bah 

I t i s 
t t 

reI t i ona. Born it 
s and magn t i te in th sam 11 

t , that e bu of t he 

5000 C. 

Chalcocite is far 1 B S bundant t an chalcopyri t e 
. and born1 t e e Its mod of occur:renc ia similar to th t 
of t h oth BUlphi s but the t end ncy to occur as irr 

1ar veins is far more pr ono' c d . It r pl a c bornite. 
Etohing e t it 1s hypogen c coc1te fo rmed abov 
105°C. 

V 1eriite is of widespr ead distribution Only as 
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f ine 1 n t ed aggreg t eB i n v i n-l fa • It 
t g<;W..l,~ "' 'O' inez S t ti t d t h ot r • 

Ttl textural r l a tions sugg st that t he suI h i d s 
w r the 1 t nerals to cry t allize. parag "tic 
order in this Bui te is as folIo s:- pyrrhoti te, p ntl d1 te, 
cubanite t chalcopyrite, bornite, c cocit d v 1 r i ite. 
A certain ount of overl ppi ng cryst alliza tion is evident. 
The t p s tur of f ormati on r anged fro bov 6000 C in 

t h 0 & of pyrrhotite to b 10 225°C when vall~riit wae 
form d . 

The p 
carbonate m 

miner 
in turn folIo 

ar d of t h min r Buit in tb. 

i.rJ. t hat arlier fo g 
d by t h m t allic oxid s ich 

the ulp ides. 

!he d i tri bution of t he econ ic con tituents in th 

carbonate m ber sho s t hat a sympathtic r 1 t ion ip 
exists be n t he copper and uranot hori te in t hat t h 
h i gh r ades of copper ore Shower r adioactivity . The 
ap t ite on the other hand diminish s i n content as copp r 
gr e incr s . This relationship i s not a close on 
but the same boundaries confine both the copper 8lld ur 0-

t horis.nite. 

It is possible to subdivide ch i nclined bore-hoI 
and the adi t into an 'inner' and 'outer' zone. e in 

concentrations of copper and ur othori te occur in t he 
'inner' or oentral irr ar zone. n,.is zone is kidn 
Bh, ped and elongated in an st-~ est direction. 

The dis tribution of phosphate values pr ovid 
cleares t p i etur • e ch e from comparatively ood to 
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poor pho phat miner i a tion is cl -ou t. ~ o:f 
good valu pass s over into ground sh c 1s t tly 
law valu s relieved oec s ionally by s of sporadic i 
mente Copper is distributed throughOut the oarbo te 
m mber, but i b at concentrat d in t he c t r . Ur 
t horianit is 010 y confined to t his part of t h s. 
The dlstributio d s W occ lonal enrichment of 
ur othor i ani t e in t he outer portions of t he carbo t 
m bar but not to the am extent as c opper. !he dis­

tribution of magn ti te b s no relationship to either 
apatite, ur othorianite or copp • 

The high s t cone tration of copper d ur othor i -
ni t a is found h r jointing and brecciat ion is pr ent~ 

A vertioal bor e- hole drill d into 
miner ised one provided evidenoe of t h 
mineral i zat "on thro hout t h total Ie 
of 1893 f t. 

the more stro 1y 
continuation of 
of the bor hole 

Inclined drilling indicates that the oarbonate 
m ber is prOD bly a pI like body the aIls of ch are 
praotioally v rt ical. 

a p t t n of mineral. i zation can be exp at d to b 
vertically dispos an to follow at d pth the distribution 

·of radio c tivity an i s obtained at surfaoe. 

A statistic s tudy of the distribution of ap t ite, 
copper and uranothoriani te indioat es tha t the s ame condi­
tions ere favour ble for t he cone ntr tion of copper and 
urano or i anite, but not ap t ite. 

The results of chemical and r 



show t h pr opor tio of ur on 
thor ianite to b q te ble. Thori , s 
pred t ov ur lim . A statistical cal 
giv a r t io of 1 : 2.81 fair pprox tiOD. 

The parag i of e Co I x h in th p t 
explained on th b is of a at orphic t ory or 
1 tion of 1 The evi dence pr B ted sn t 
th theori are unt ble. 

That t h carbo - te m bex is of ma t ic ori g in 
f i rst suggest ed by Br t 

of e compl to be pyrox 
ho deduo d t h 
ita. y t e 

order of intrusion 

and carbo t . 
He cot:.Cl d , t 

rel ted dir ctly t 

it ansi 

pyroxenl te i s men-a 
dif ferentiation 
phosccr ite t 
constltu t 

1 tion of he complex .1 

l acem nt of syeni t fr CtiOl1 . 

t t t h m ar i z tion o~ t he 

cry talJ.1ne 

ent . The el t s in th 

eon entr t d 
i n se f r t i n di fferent iation proae B S . 

At P abo - it i probable t hat tion of 
crus r t oo pI der t 1nfiuenc of i - er 
c bonatit ic magma or i-rich tio . Prob bly 
bot h ere ctlv • e enoe sugg ats t t 

p::- 10 magma aft 87' 0 sible ohm. t by 

lation of crust al roc d fferenti t ed a t dep into 
syenite, pyroxen1te, phosoori t carbonat e :fraction 
and that th s fra.ctio .., re empl aced sap tel ,. in t hi 
order . Tit um and phosphor ous r eached t h ir 
concentration in t he p oscorite ~raction. The empl nt 
of t he carb natite of a f oroefUl t ype . 

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



cone tratioD 0 tlt e , sul. .-. 
rare e1 0 b t ite io t he r 
cone al liq o-:r t h proce o~ 

differ tiation. 

It is SUlJO{t .ut d t t carbonate-ri fr ction 
was able to t up and ry al ong , t not all" t 
copper and rare el ent s th 

carbon t i t e core. d by the 
deposition of copp r, ur um and thor1 fro a stronglT 

g d g eoua phase causi ng 'iahment in consol i-
dated carbonatite. 

c omplex ociated 
Africa shows t hat :-

or a I gn 0 Compl 1th ~AA. 
carbonati t ee i n other p ts of 

bonat1t aT 1nt ve , calc i ' - and/or e-
sium- ri.ch, carbonat 1'0 of vole 1c orig1.n . They e 
normal.ly ociat ed with r al typ of undersaturat 
Bod - or pot sh- rich rocks . The,y commonly 1'0 well­
develop ring- s truc tux , in hich the c-arbonati te is 
normally circular in out crop and 1'0 t h oore or c tral. 

part. vole ie pll s 0 t l y b en we t h ered-down 
to the 1 er p t of th orig inal volcan ic rock. I ntru­
sive carbonat e roc a1 0 occur as cone s h ts, k d 
breccia zones . Ttl. c aetar i a d by flow structux s . 

type oan be lst~ished. These are:-
a. os e in h ieh 0 bon tite, phoscorite, mixed roc 

of 1jolitic or pyroxeni t type and nepheline syenite and/or 
sy - it occur; 

b. e mixed roo B are a ba nt and c bon t i te i s 
, as oolat ed 1 th n phell ne y ni te and! or ni te. Th-

Ug ,Southern odesia, Phal berw and Spitz op occur-
r n cas e t yp ical o~ e first type . ~o of t h Chilw 



10. 

Seri • Gl ov 
of cond. 
where carbo ti t 

d pos i bly South 
:x:ception i 

only i s devel op • 

t Af:ri 

in 

t i a 

~e princ1pl acc ssary min sembI e is ~~~I!;r-
tite, apatite and ca. ~ pres of pyroohlor 

bary-te i s a common f ture of the c bo t i tea of t h 
Chilwa Series, Ug 4 TangaIl1' • Common constitu 
of most are fluo-rite, rutile, zircon and pyrite. Pyrrho-
tite is sparingly develop d a t and et Hei ts. 
Spec of chalcopyri te occur at Gl or hil copp 
sulph i des e pr inent at Phal bo • 

st e bo 
tit 
to 

• 
ori 

oaotivi 
Wher ur 

• Only 

, i a common f atur of 
um. 1 present it i aJ.1f~ 

t Fhalab 1s u:r 1um of 
bar inB.te 

signifioanoe. 

e pro et programm sho a high k idn 

shp d body o~ r bly un1£o_ gr of oopp , 0 t 

order of one I )" wi t h carboll8.t i t • e 
o,r r s rv o~ 50 to 6 0 lion t p r 

1000 feet. Ace S ory 
for exploit tioD aft 
ur 0 ori 
I ti 

t , i 

t 

products whi wil.l b avail ble 

t r etion of c opper incl 
turaJ.. 1 stan , gn tit wi th 

d cer peroent e of patit • 

~ eratu.r ts on 0 th vertical bor 

hole th t rock t atures ar ups t u Uling 
and that c ons i able must s befor u11i bri um 

1s restor d . A m geoth er mic at p f or c bonnt it o~ 

160 it / l-e ab in e t mon t th bar hal 
w c ;plet d. 

-
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For carbonatite r ad carbonate mb • 



Plate I. - ~ or io view of Loole Kop, 
looking north. 
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Palabor Complex, i surround d by ArC.u.aA:Ja.LI 

i t 

b 

o 

c o i ets of a central oa~bon t core wi t h cone 

ts of pho corite, p Qxenite and sy enite. S er al 
associat d wi the pyroxenit • 

and a of yo r dolerite dyk 

tric 

int -
~in 

cut 
c lex. 

bonate memb is a magn ium-rich calcium 

c bo in hich msgn ti to, coppe r sul phides, f r ro-

_Qf~"'D.io.n silicates, ap tite uranothorianite occur. 

C cop ite, bOrnite, valleriite and chalcocite are e 
~phid s pr s t. The ner association indicat 

a t r ture of fa ti on bove 600°C. Th parSBen t ie 
or normal on in h ich t he gangue minerals were 

fo~low d by e m 

by phidee. 
lie oxide ,which ere in turn follow d 

Th carbonate manber is radioactive. Radi oact ivity 

ps prov-I de an 1.rJ.diea t i on of the distribution of ur otho­

r ianite a t d pt h . 

er e is a sympa th tic r el ationShi p b twe n cop p 

d 8J10 oriani te, b ieh are cone tra ted in central 

c bonat m bar. The pati t d imini s in 

cont t he copper gr d incre and is iDly c on-

o ntrnted in the peripher portion of th carbonate ember. 

e distribution of magnetite Shows no r tion to the 0 er 

............. ~r, a1 and occurs evenly throughout t he carbonate m ber. 

Statistics s est that t h copper sulphid s and 

ur 0 orianite w re deposit d un er the e oonditio , 
11 d1ff r n t con 1tion re uit bl to ap t ite. 

J 
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proport · ons of urani and thor i um in the ur 0-

ori ani t e found in t he carbonat e memb r e quit var i able , 
t s t ati s t ic assessment suggest s a t a r a t i o of 

1 : 2 . 81 i s a fai r aver age . 

avail ble i nf'ormation support tlle conclus i on 
t t e compl ex marks Q r oot s of an 8llo i ent volcano 

t th c bonate member i s of magmatic ori g in. It i 
~~~a8ted t hat a pr y magma aft er possi ble enri cbment 

iDt 
s l a t i on of crust al rocks differentiat ed at depth 
a syeni t e , pyroxenit , ph osoorlt e and c bonate fraot ion. 

re amp aced s eparat el y i n t or der . The aha 

r esult d from met somatism of t syenite b P1Toxenit. 
various dif f er enti t ee in t he pyroxenite Buite r epr s t 
produc t s of no di fferantiation aft er amplac em nt. 

e concentration of mi neral in t he carbonate 
i t he r esuJ. t of t h em becc . ng ooncentrat ed as 

ent i a tion proceeded . the carbonate-rich frac tion 
c d some of t e c opper and r ar 81 ents h ich cry t 
1 ith the carbo t e core . the activity was t e nat­

e d posi tion of t he maj or portion of copper, urium 

thorium present in the ori g magma from s tro 
g gaseous phs e . 

!h Complex is of s il typ e to t ose occurring 
in U , ou t hern od s ia and at Gl enover . It i s mos t 

of Jur s sic age. di oac tivity is a co on 

o teri tic of carbo tit B . The main di fference 
ound in t he cC 9ssory ner al s emblage wh ich it i s 

c o 1 r d r e ect s the dept h of er os ion of t he vol o c 

li . 

It i s co i dered t hat t he carbo t its is a f i ble 
I co p r pro osition of 1 reserves . 

I 
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&Ott v:l ty • ih1 r d1.llg i s kIlo 

~ true read1Dg e then the d.:lf'f r -
b ound 8ll. t ob rved count. 

oount obt~d by tr ~ers 
BaoJcgrOlm crl 1 3 1 50 OUIlt 

mDYO obtained for the r t eter and s~til1o-

"Wnl:n'\iI:I~t1. vel,.. 0 a drift of th o1ntillometu-
observed th variations in plat au vo1t­

nl"l"'~ant r efer to b 0 stations , 8e1 t d on 
, n () Beary. 

.trQlll a BOur of ra.di 0 -

o aotors : 

:formed betwe n the instrament at th 
boundaries of the surface of the radio-

auroe. In other wor , the pons to 
souro t in mine workings r e 

or the ourae 
v1l.1 r th 



obt 

au 

1 8 . 

1. • 1.ns t response to the solid 
B th of the d1 tanoe. In 

oondi tio fallillg wi t hin thee erlr 
• Fiel d r esults are therefore regarded 

t t1v rath r than quanti tat1 v • 

• 

tiOll of gmlDDB r diatiollS by ai.r 11 ts 
of the ins nt , but oan b 

rn'''~~8 . or oonsist nay, r &ding 

d h i ght bove grotmd- l vel. :for 

no~a1Jy at wa1 t - h 19ht. It i s 
readings with the ins 

oand. fbi magn1fi di or panoies 
our 0 and r duces th radio cti vi ty oover 

tiOD by a d IlS dium such 

ider tian . rington (1950) 
of r ook r duo t h 

f etar of 0 and a I r 2 f t thi 

w111 r cQtl.B9 it by a f tor of 1000. fbe r sults fr~ 

acti 

1. 
radio 

l'i'!"tID'tt'In 0 fl l d , repr Be!J.t only' 

th rtunately , t 

content ot the overlying soil Is gen rall.y 

of the under~ rook ormation if u al.lo ­
tor oil-mav ant . 

r sults of the r oollDS.1s ane e ey r 
by oonstruot ing i or I p . cause of 

of tray rs s and th 1.nf'1u :n of radio-
ce mat erial , only gen rali 

ora 
vi 

b d f1n d 

ty. 

d concl ions 

l:1ll of 

the 

http:isora.d1
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~8 t 1 p 

'h t e r co.m::La1ssanoe 

plott.1ng radio otivity tr er B 
di tio geologic lOllS 

d1 tr1bution of radio 
..-.. ......... d ., of thee 
3. ~ appro:J:1mat traverse as 

o tiona re fi-e._ a.r shown 

BOncl asions can 

8ll1rl. t vi ty of the oin1i1.llo,­

to 81 t in i.ng CU~~"IW~ 

T"?PI'1ftI<IlJYI t oul. not d1 tiDguish b tween 
t of the () 1 x 4 t he -

'~CI ........... t , nor oould a:ny diff reno of d.1o ti va 
11 sh tween the grani t and syen1 • 

, oacH vi. ty tr d to tho carbonat 

z tioll ouJ.d. die-e no zan B of min r 
o:t rea t:1 vely 1 

.w.o.LWJ.::Pr BUgge t d that 
ti v1. ty 0 b erved on 

di ttv 
1y distribut d. 

obta:t.ned i n the vicinity 

250 

wro t~. 

to at oarbonat • 
r obtained to th ast of the Lool 

ton provod the anamal1 to 
ter1a.l , rich in magneti t • 

good. 

-
uaeu.;:ULI.. 

ed by the 

t o-r 1. : 10 



c . p . oS . 
§§§@Fi 

cps 
~ 

f 
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, o oonsi d r b~ 

extr in tio 0 1:4 
to 1:27 ~o 0 1ar e variation fram t 

obtained a t point 0 low radio ott vi ty • 
......... ..,.0..,. 0 tio 1 t 1s p ant t hat the P . tioular 

8 t1S d had a s si ti vi ty onl 10 time 
th r at at r . 

o:p 

the r adio 1 vi ty 80 i at th the 
i t e obvious 1-

cf and surrOlIIlding area nee 

~g.,lL..ol..l.lIoS.l th of the dio ti vi ty at Burf .eo an 
zone . It alaa 

i f tm7 radio ti mlltori was 
ooi th the v 1llB of bonate. 

o v.L.I..IL. ..L.LIloU'd t 0 area ao r d by 

fl done runn1 ng 0108 17 pac t:r vera 
......... 4Ga ·J:U'!,.-nCIA. i t. C tro1 was ma.1nt&1n by of 

s to th 1in - p g b ana. At 
at ti faJ] ''18 on a tr ~ re a f 

t1 r tout. Th 

8 t1 25 fa t . 
• on the fa 
not t ing out of 

tid t ar. 'lhi m hod 

t1 vi ty ma piDg. 

of oond.a.ry 

could 
don "th 

ao er ;for 

i SOJtua. (fig. 5 ) oonfi ad th praJ. ................. ~.:I 
r 

r 

from surface con tion 

ub t t:r t h 

, 



. . 
one 1.n e 

..... \.O&.....,vr . zo 
aotLv1 irregular dl~tribution t 

s011-

vel 
ru.l 

of 
in 

on of th grou 111 .W.-.. r tion 
fo ~on t dept h b 1 0 

o 

Fa 
po sibil! 

found assooi te 
• ~ do 

ins t h 

t h the 
he ver, 

oaotive 
is s ociated do ooour. 

urfao distribut i on of r adio-
s aho by 

t factor . 
the 

• 
t fr 

tht 
I t 

ion of J!.ovl1HnA1'l 

th.ering, i s 

en t ior 
pat t ern. "end in 

ot1an of mo ent ! to t h south of th 

:t"o"2'!!1Od by t ~~ ground of Loole op , in hiOO 
eDiigger; t ed r dioacti b xpect d . 

rm:rvey 
tri 

dio t that the balk cd r adio t ivc 
00 the 1 lying ground 

Loo1 Xo and QV 

pyro · t to th e t . 
r e1ati? large of 
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A. Petrolotg" 

The carbo te core covers ax o~ appr ox telT 
1000 by 400 y ardD and is elo in st-w t 
direction (fig . 4). It co ists of bot co s 

i · - grained crys t line calc:! e ian oubo t e , 
~"'LQ..L11 h i te in colour, t oco ion 11' vary to .s 

dirty y lio • 

xoscopically magnetite, ap tite, mica d sub-
ordi te amounts of 
cove11ite c be r 

achite, chrysocoll aDd 
at 

fb.e carbonate is not 0 a c t eri d by a zone 
of 0%1d tion h ich . i n copper d posits , is g ner ally 
ob rved do to til water-t ble. Drill shows that 
th e i s no 1f t -t ble as 3Uch d pth of 
oxidation is normally l e s t Oxid tion 

S ociated with jointing i s , h o d l oped t o 
gr ter dept hs . 

r al banding, t larly noti abl e in the 
c of etite. i s quite istinct d t surface 
Rn<T~~'Rt an apparent par e1 arr nt with re pect 
to t h el.ong tion of the co. e of t 1 ta, 
h r e empha i s ed by t h r ov of oarbo t ather-

, pp to b stand ing at vory h h I e g iv 
th re oion of being v er tical or near-vert i al ( 1 . VI, 
fi • A and B). 



---~-

g. "-• 

• B. 

VI 



to th e.xt 

~o d . 

ontaot to b 

LL .... -'L~.1.I""" of phoSGorit 

contaot . 

and t 

Prosp 
sharp 

or v th 
carbonate i 

t±ng and drilling, h r , 
d n ar- rt1cal. (p1 . VII ) . 

in the arbonat are on 

• - Photo aph ot a polish d 
Bp.'OJ.melll 0 oor f rom bar hole 8 , 

t 60 d s fr vert1 al. ,. 
th ntaat af the b<mat 

. t ) with pho or:1 t (ottled) • 
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o bonat veil'ls t tho pho ort t , pyroxen e­
aalite-ol.ivine pogmatoid and adj 0 n t pyroxenit e. 

distribut i on of thee v i ns , 88 observed in pr ospeot­
pi ts and tr ch B, is shown on t he geo1 0 cal p 

(fig . 4). TIl s e ve are pr ent in th phosoori te 
have a rdial distribution around the stern flanks 

of Lool Kop. Beo8tls o of the nature of the OUll the 
v ins aha are pr ob bly only a portiou of tho e hich 

;v intruded the c omplox. 111eir dip is usWlll y ate p . 
are i ndenti o to t oarbonat e core . They c'arry 

o nt iBl.ly the o:5 B.:m :miner al 8emb , pr do nant ly 
_~ .......... ti te, pa. t i te and serpent ine . In plaa s they show 
copp r ry ooe i onally ,. smaJ J spooks o~ 

00 

Under ound, a b tter oon oeption of t h nature 
d dis ibution. o~ the i ous minerals wi t hin the 

o t mamber i s obtained. I t ia ean to be 
o c l y com 1 x and consi sta of cry t all ina 

~~rg.:i8.Il lime ly pure white . l?redomi.IlB.D.t1y 

oo s e to medi d 1 t pass 8 looa.l.ly into f iner-
typ. S tter d in it are p t i te, ohon drodi t e , 

ali vine , p ogopi te, and bioti t . Serpenti no 1 of 
.fr t ooourreno . The ore min rBl.s which Ci b 

8Copioall y reoogni e are magneti te and copper 
__ _ r-_d s . A br onz t a.rn1s c sed by valler1i te can 

b observe~ on f r e magnetit surfaooB . 

ore minerals, f rrnmagne i an silicates d 

t i ocour co a-~ ad gr gates often sev r al 
f t , and vertiaal bands vary1..ng f rom a f r a.cti·on 
of inch to averal :fa t in . dth. 

eout · 
s arti 

t driven . 
ban e J.1 %po cd in the 

rther.nly diree tion fr th 
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of Lool Kop (fig . 17). er 
are d along r VLUlLU..Ly. parnllel 

ge tlve of lin parall Ii (pl . VIII, 

cl :8). Dri a t east and est , do not ow t hi 

a.rly • 

b ar gener a11y mon ero.J.i c and 

d o:f m88Ilet1 t oh, in 

to be fo d of a r1 of 1rrt1~I~cur 

d verti . !b.e ofter su1phid 

t ban treaks 

B1" blebs of su1phides in carbonate (pl. IX, 

, pl. X, f i g . A). 00 0 th 

ow rud bandi.ng du to th vertical. al.lgn-

180 te 1 s. band are not oontinuo 
t o p oh out ov r ary1ng di t ano . Of t on 

a d v elop ct band on on t "faoe cannot bo d t eat e 
t o o i te 00. 

of 

fram banded struotur to 00 B-

8 i s brupt (pl. VIII, :tl • B). 
z one of v rl1o~ b i n t o a.r 

a alum 0 bonat e. 

avidanoo of 
it oontaot with 

of th oarbonate 

phosoorite ~ t s 
poor at t h oont ct. lio cl or e 

of t ooar sn aa af t h ory talline t~M'" 

oarb 
how.rn,.~ , 

1"t 

1 

the 0 ntro. ~ r e is, 
a 01 

p gmatitio 
e ntr portion of t ho bo. , 

i oocur in 1 ti vely 
d br 0 1 tioD Is 0 on. or oopie ly 
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opp r d s rp tin b en to r oCUU::J.L.Lt 

L~wcmlents • 

Th 0 

~o1nt 

r o bly due 

Sl1\OiA.'~" 
11 

onat bar i s generally mas iv but 
d f r aoture gasti of t ion joints 

cry- t alllz ticm of t 

ac at D18Z1Y of t h jo t to be 
(pl. XI , fig . A B) . r t h 

l opm t t th body .. 

a t t i tud of the- joints 
point d1 am u 

tudied by oonstruot­
proj tiOD and 

(Hafi , 1 938; B1.,L....L...j~ , 
oontour di am (fig . 

Q oted. Th oonto1lZ dlagr aho that of 
t 162 j oint 

they" 

~~.gilred th J orl ty trtke r.orth- e t 
st p1y. 

Al. t hough JD8ll7 of j oints a:r d 

o::d.,&&-,.LUo..L. bands of 0 pp r min raJ.i .. tion . 

pI s of , am of 
g""l'~g t enr1abment of copp r sulphj.des a1. 

!'O~f!Iotl joint pl.an '. Copper sulphl. s a.r 

op d on 
ch avid tly 

erali a ti 
earl .i r 

t o enr1ol:m1ent in dj :t boIlat rook by d elop-
th se joint p1a.nes . Fartb.ermor , v ins 0 

co ul 6 

r j oints have 0 

ly seen t o b 

of f >?rO&lll.Ollf!!rU' 

fill cI h op n1.ngs (pl . , 19 . 

e joint s s.U.cnred t 
8 oondary P 

with th a ci t ill th 

of 

( 

oond crop 
Bar 

• ) . 



18 Q 

00 

j o 
1 

41 

8 

tio 

• 

• 

27. 

o ti vi ty' ooaurs , 
~proved over t e tiaQ 

d lOr--_t of join t1ng and br ao fa.tion 

der to st&bll if t r 1 cwnnectl 

......-........ trend o~ j ointiDg no ob rved and 
rr eo per min ali tlon a conto diagram wa.a 

of 1 52 bands in the sam way for th 

!he d l (fig . 5 ) sh that hila there 
four direotio 
8 B 

63 • 0nl7 

pr om1nate. 
hil 

:tolloy t 

11. 

.ill. the bClWoU;JLg , ho ever. 

1 joint 11 d th erp n are 
t e:r1s.l in these joint hows 0 

parall.e1 0 i des . 11 al. g l 

th mat to consl t of a .whit 

ty o~ 9rp911tine t rna t1ng with a pale 
vorl (pl . XII ) . 

In tb. ad.1 t. t 416 f et om th entraIls , th r 
n l.y vertloaJ. faul.t striki.D8 Ii 63- E. Th f t-

il d th 1 to 2 eA o:t soft gouge . On 

t of the faul. t the oarbolll1t 1 fi.n r -
ere s on t h north 1 cd 1 t there 1s zon.e 

of i.atlon P to 2 fe t de that p s iDto 
o . intense jointing. Th joints., and olos 17 
_ ... ~._d, in turn d out llBlJ.y (pl. nn, fig • J. 

d ). 
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Fig . B. 

o s 
right . 
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P1n.t IX 



Fig. A. 

g . B. 

.Plate I X 

of ohal.coPYTit 
ax;w.L\&P of carb t e 

r epr ant 



Mg. A. . 

Fig . B. 

Plat IX. 





Fig • .L. button ot opyri 
87) cloo y as 0 t d with 

~!I-'4'1ifti t (bla.ok) in arbonat ( te) . 

Fig. B. 

cop r su1phide 
t o 



al. : 1 = 1 ft . 

g. A. 

• • 

Pl t X 





• 

• • 



fig. A.. 

g . B. 

p lI e 



Plat n I. - S rpent1.ne :f1 J li ng a 
v t1 fraatw:e in oarbcmat • 
Crust i:f1 t i on oan b 
p tioularly t th em ts . 
Th dar are to a frO n-
ish ma 1 variety aJ. mating 
wi th 11gh t bands of a hit fibro­

allar var1 ty. 
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g . A. 

Fig . B. 
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B. 

1. 

The d1 tr1but-ioll of tho mineral 

bonat m bar i axtr 
oh comprise 

Extra B 

fr b ren oarbonat to hishl3' min ral1 ed 8 otiOll8 
oocur . 

Infozmat1on on t he i dentifio t lan and t %tural 
rel.3tloneh1.ps of' th OUB er als pr ant obtain d 

tudy of thin and poli sh d s tio • In the 

of th 0 que mineraL th prooedur Ollt1:i.n d by Short 
(1.940) folIo d. Etch r nt re a.llo d to 
r in aont t with P oimens for a p rio of one 

• 

Study'il:lg a rock carapo 
o alum oarbonat al.ong the lines 
pr eri OllS d1 ffioul. ty • 

d l argely f magnosi 

sugg at d by Short 
Both n1 tri o and hydro-

- orio &oi d r t vigorously' , in the oold , with th 

o oit thus ob ur1ng at r a t i ans obt on th 
or ~er s . In cas s of doubtful etch r otione it 

n oessary t o obtain eoDfim.atlan by x-r ay • 

s on t o 
, in g ner of a ho1oory t&ll1.n.e 

hyp1d1Q 0 0 t ertur , fig . A). !he non-
q rals and the and a DlEU"k 

OQeur crystals . The suJ.ph1d 8 on the ot o.r 

si v . In general. oopper sulphide are macroaoop1oa.l.ly' 
vi 1 bl in ri er COllO trat10 ot th or and 

i1y b 1 ~if1 d in hand- spec • ~e urnnothorLa-
ory :t e tiDy and i n hBnd.- sp oannot b 
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dis tingui h d :from small pea of magnetit e . In or d 
t o 1 t th n: ber of spec:1Jnens se1 cted f or polis ng 

ge - -count er wa used to select ampl e rich in 
ur othor1anite . 

!lhe f ol Io i ng er alB Ii t 
bandanae hav e been r c ogni sed: 

an-opaque miner als. 

in or der of r t iv 

Calcite and dolomite , ondrodite, ol i vine . ap t i t e , 
pblogopite, biotit , bad4el eyite, spi nel and fluor ite. 

Opaque e. 
Magnetite, chalcopyrite, b m ite, chalcocite,. 

v l er1ite , pyrrhotite, pentlandite , cubanite d urano­
thorian1t e . 

In vi ew of t h brief an i escription of 
th eralogy of t he carbonate member given by Bussell 

oth .rs (1954) it is nec e a:ry to enl ge t her eon. 
1r work concerns its el f almos t entirely ith the 

est ion of i dentif ication and negl eots t he t extural 
r ati ons pe . In addition it mus t be s t at ed t hat the 
f ct present ed her e wer e obt a ined independently by t he 
v~iter. The mdner alogical inves t i gations having pallel-

in t ime t hose of Rus s 11. 

For conveni ence af description t he non-op .ue and 
op ue miner al are dealt wi t h under s eparate he dings . 
The min 8 e di s crussed in order of their probable 
paragenesis. 

!he optical properties of t h e non- opaque mi n alB 



have been det ed by Ru Bel ot ers (1954). 
uee given are t hose etermined by t h • 

2. The on-opaque era.ls 

Under the micros cope the dolomitic-calcite is 
n to be compl etely crystalline with co se anhedral 

crysto.ls varying from 1 BEl t han 0.1 mm to as much as 2 
centimetres . 

On etching with nitric acid the crystals are 

30. 

r solved to shO\'1 intergrowth of cal ci te and dolomi t • 
The dolomite crys tals e r i ed in r el i f 0 iug to 
t h 1r lower s olubility. They occupy a er iate arrange­
ent in t he calcite (Bussell 1954, pl. XXXI, f i g . I). 

The intergrcmth of c cite and dolomite au eets an origin 
b;y exsolutj on for the dolo te. 

Alteration occurs as limonitic stains , r eplace­
ent by copper oxides and green, sl i ghtly pleochroic, 

cbite. In t he vicinity of dyke contacts it is 
generally turbid and stained. It is often brecciated 
and i s then healed by copp r sulphides (pl. XXXV, fig. B, 
pl. XXXVI. fig . A) or rp ntine . 

Secondary calcite 1s developed in veins and jOints 
L..ich tl."ansgr B the carbo t ember. This calc! te 

shows growth l aycrs due to succes sive d osition and 
crystallization of c bonate- turated solutions. Pyrite 
occurring well-developed , s triated cubes, on an averag 
1 in size, is as sociated with it (pl. XIV). 

available che cal analyses of the carbo tc 
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are g iv in t abl e II. 

Spectrographio El is ( Rus II 1954) shows t he 

K 0 content to vary trom 3 to per c nt 1t h a m 
Talue of 4'.A 11 - cent. about 2 p ex cent 0, O~ 4 per 0 t 
SrO, and 0.03 per centOBaO. 

o au sell (1954) on t h e basis of h i and H1gaz7 's 
(1954) war has t d t t e exsolut1on-texture 

in oalc1 te t oget her w1 th til high Sr a nd B 

co t be erit ri f or t b at 10n of t he c bon-
o 

at m b a t high t e pOBsi I T be di 
nostio f or carbG> t rooks of volo io origin . ' 

it 
apatite is 117 r 

light eeniBh oolour . 
han4- sp n 

Colourl as i n t h in section 

i t oceur dr pri d t bular 
er t ale . Cryst als Bh 1 ,irr eguler l i ne e Ie s 

c on h ila c ry t aggr g t occur fairly f r quent-
ly. 

e crys t als y in i ze fr om l ees t 1 mm to 
1 ge oryst s of more t 4 cent etr B in l ength. 

s l arg r oryst s are of t n craoked and s tra in • 

r su1 ti fractures are fill ed wi t oite nd I eee oft 
wi etita . Ocoasionally the p ti te ha inclus ion 

in it o:f oalcite. Inolus i o of i t ha been B n in 

c cit t ohondrodito,t JDagn ti t s , uranothorlanit and 
in 1. 

i'he cry-at f o- suggest the spat i te i ly 
orm d oonst i tue-nt whioh h 9 stra in p ossibly ns to 

tr s s s t up ~r1Dg cryst allizat i on of the r i n er 
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T.A:BL O. I 

CAL ALYSES 0]' THE CARBO .llE ~.n:a1i~ 

1. 2. 3. 4. 5. 6. 7. 

51°2 0.5 2 .3 1.0 0. 29 
C 0 51. 75 43.2 46.9 34.50 42.07 49 .07 38 .64 

2.85 5.15 3.9 3.40 11.08 5.11 9 .90 
304 0.4 8 . 15 5.7 

2°3 0. 35 0. 5 0.84-
in 
C03 0.65 0.65 0 . 6 -

Al203 0. 2 0.5 0. 8 
P205 0 . 45 3.15 3.2 1.00 0.19 

0 2.70 0.43 0.63 

5rS04 - 0. 25 
CO2 45.25 43. 90 42.12 
C02 + H2O 
tr . 42 . 9 36.3 37.1 

00 1 0. 25 0.3 

• - 32.00 
o - D1.ff 5.82 
H2O 0.31 1.20 
!neol Si02 - 3.25 0.15 

, . 25 
en 1.52 tr 
( e Mn) 0 0 . 93 

0 ... 0 . 09 

Tot B 99 . 100.0 100.0 100.0 100.24 100. 36 91 . 29 



of the m 1 t . I t 00""'­ incl i in t 
era.le su port. th1.s vi jon ty of th oth r 

V, f i g _ B). 
( 1 . 

~ optical prop rtf s re: 
~ = 1.633 : 0.003. 

_ 
1. 6 ':l6 +. 0 003· J • t 

V. - Clust r s of cubio pyrite 
op d as penetr tion -

os.lci t • 

33. 

Ord1 light Z 15. 

bro 
r ounded 
scatter 

i ne 
t hroughout t h 

o 

se to 
cit e . 

ddish­

mor or 1 ss 

Int soot i o it vari in colour ~r oolourl 



34. 

t light "7 1.10 • cry a.l ar pI 0 ~ 01.0 f~ 

to pal. Y li01l' . 

pI oahroi 1 intollS . 

On d p er ool ouro B t10na th 
olysynth tic twinn i ng 1 s \.iO ............... ' 

o:t patlt • 

~e chandra . t 1.no1p1 t r tlon to 
rp tine wit h th dov lop 

g06Q~, ho IV' r , 1 t 1 re'-... .... lr-n 

~ ttl te t1on. It oocasionally aho osi 
ta.lli d rims round 1 ts crystals , (pl . 

d B, pl. XXVI , fig . B) . 
, g . 

~ following opti properti :v been dater-

. die , a a 1.611 ± 0. 003 , ~ ~ 1.624 Z 0. 0 3, 
y =- 1.644 .± 0. 0,03 ; ort t1on : XAa = 27° ; ax1 

2Vy = 78° ed, 2Vy = 73 oulated. 

Ollvin i far I e 8 bundant than ahondrodite 
em 1 t i as1ly distiDgu1.sb.ed i n hand- p 

1TY"'OC~"""'_y lio en colour. In thin eotion 1 t 10 

to chondrod.1 t but the pI ohroj, , ol.ysynth tic 
tw1 nn1 ng and th 10 er r fr -cti ve ~ of ahondrodi t 

ro d B llS fu1 meaJUJ of di 1oinotion. 

It oocare pred t colourl 88 fin in 

g t oement d by oalo1 t • e Indi vid c 
no Bholf pol ygonal oulin • (pl . nvI , fig. A). 

Bimila.r mann to ahcmdro te , i t sho a.1 teration t 
th tho d 10 t of seoondar,y t it • 

!h oli 1s 0 r bl.y frosh. It mosaio 
c ry taJ..ll ed:Ln do s chondrodi t • 
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It has the f ollowing optic prope%ti : 
act ive i ndio ,m m 1 . 660 * 0.003 , ~ s 1.677 t o. 03, 

1 = 1 . 694 t 0.003; axi angl : 2Vd = 88- (measured) , 
2Va 9 0D (oalcula t ed) . opti oal proper t i es in c t e 

c pceition of 087 - Fa 1 3 . 

The neralogi cal evidenc e ~gesta t hat olivine 
d choncirodi te lire e 1y miner&.1s f tar t he ap t i 
t be~ore the ~k r ecrystalliza t ion of caloite. 

Ther e e two m bers o:f the mi oa family , namely 

__ ~~_i~t~e and biotite. 

!he phlogopita i s predomi nant and in thin s ctton 
i s v f1r'7 pale yello t o colourle s and forms irr egular pI t;y 

cry tala . Hexagonal bas sections are seen 000 i o • 
i oker S otions ar p e ochroio from neutral. to pale ell 

It i 88117 diet i shed from biotite by t he gener 

ab enoe of pI chroi and by the int erfer eno f l e 
obta ined 

n gative 
t hat of 

on ba al seetio • The figure i s biaxi al. 
and as the i angl e i s very smal it appr o oh 
1l.Diax1a1. cr,rst al . 

Biot i t e occurs in the:fo of t abular pla t e whi 
are r ddish- brown in t hin sect ion and int s al7 pleochroic 
i n Mades of br • 

e mioa pl a t e 
t hen Show wavy t i nction. 
co ur su1 hides and ooeur 

(pl . XXVII I , :f1g . A, pl . 

o tet'. en in d and b an t, and 

The micaB are r epl aoed by 

c l ua io in magnet it 
I , f • B). 

Hi tra (1955) hu i dent 1f'ied the co paratively 
r are Ddneral ba dde1e:yite (natural ziroolrl.a) in t h 

• 
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c bonat memb ~ . It 18 entira~ BUb r 
peo~on 0 oc~asianal1y b e recogni d b l 

r i t ic crystal. of adamantine ustrs . 

In thin S otien it 1 asily' reoognia by it 
char oteristi o habit. high r fracti ve 1lld :z: and bro 

ool.our . It i s pl ocll.roio in shade ~ brown. The high 

bUefr:i.ngenc i s masked by tho body- aoloux . Czystal. . e 

g er y be sen 0 . 05 mm. and 1 mIn in longth. Polysynt -

tic ~B aho vertio stria are common and t r -
enetrattng tw1l1ned orystal ooaur (pl. . lXVII , fig . B). 

I t 1s not s crystal l i ne but s dev_lop d i n t r-
oti tiD.l.1y in ohondrodi te r..nd en t a , ch mineral. 1 t 

It is in turn rep oe by magnet! te an ooours 
therein. 

Hi stra det ermined tho f ollowing optic properti 

f r act1v indio : (1::: 2. 1 )6 ;t 0 . 005 . f3 = 2 .236 ;: 0 . 008 , 

l' ::: 2.242 t O.008 ~ 2 a. =- 300 :t 0. 5° , ,XAc ::: 1 3° . 

Mauri ce (1949) stated that , a1th~, zl raoni 
rus ar apparently not found :in hy"drothermal v eills 

they are typi oal. pegms. ti ti m.:Ulera.1.s . proecnc o·f 
baddel.eyi. te in th os.rboDAte member 1 therefore usa 

geol 0 oal the e t r , sting fO:rmat1.011 t t e \p ra-

9a of bo 600 0 0. 

PI B a subor d1na.t oonsti tu 
It is found olusions magneti t . Th i llClu s io 

sho the typieaJ. rh b1o-ou lines of ootahedral crystal. 
and som 1.nstance th spin 1 i se n ul.ded on 

ca.1.ait inclusions (pl . XXVIII , fig . B) . Spi nel also 

• • 

• 

http:a.lvro.ys
http:bire~ringen.ce
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ocour ~ ions in oit . but 
~"~l.Dt msgnat te the rystal:rae d . !he 

tale aro c1l1ourl B 1r0 &6il Wld il3otrop1e . 

loal. propertle a:re follows : 

n = 1.73 ao :::I 8 . 103 ! O. OOll. 

-spin 1. !.at ns ugg at pinel to 
b the &rI ier f o ad minerBl. . 

~~ __ ~ 1 pre t in minor amount purple l so-

tr pic crystals repl aoing cite . 

fhere two vart ti ~~==~==. e i 
f ibrous , th other massiv • s slightlJ" i.ron-

ri as 0 pare wi th t fo rme1·. oop1 ally 1 t 
vaxi s from dark green to olouded p e een d hi t • 
I t is somet im va d d mottl • Occasionally redd:1eh 

p oks an veins , oh e be at tributed to ezo S 8 i r on, 

o noti oed. In t seot ion it i pal. groan t o oo l our­
l ess . 

!he 1 brous varl ty (pl. . llVII , fig. ) occur 
mainly an alt r tion produot of ohondrodi te and olivi 

and 1 0 pr sent , in so 1nst s , as th t1.l:!g 

teri healing breooiated bonate . 

a:t'ter oli. v1n and chondrodi te i s 

Serp ntine , r 0 ooours 
and it is doubtful. i f all the s 

a 
fr'e­
pentf.n 

erp . tine 

oommon f ture. 
quentJ.y at d th, 

~ fo:rmed 88 th 

ohondrodi t • 
ult of altera.tion of olivino or 

--
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~c.:::~=..::.===. i s th moat abundant or -uu.. ........ r al 
i bout 25 per n t of the carbonate r . It 
di trl but10n i s , ho v r , rr vari bl • 

l arge ooar grain d mass 8 

i rregular outlines . of't en show1.ng br 

It ooau:r 

th rounde t o 
tarni • 

, . 

and ains , om of which aho 

QOlIIIIIlOD. The magnati t riah aroas vary 

, are 
BS thaJ:a. 

0. 1 mm t l arge 8 s . On 
tr cross but 000 s10nally a mnoh 

P rfeotly formed 0 tahedra e een t surfac 
they hav been r e d by w thering (pl . XV) . 

wher 

Small 

ootah dr , dveloped in a j oint plan , war observ d 
ergroun • 

• - Cl 
by 

t r of magneti t 
ath ring. 

octa-

ti.-

• 
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WA~uetite generally t akes b d polish, hav ing 
dull.- grey appearance of 1 0 

light (pl. XXXI, i g . B). 
r eflectivity by r eflected 

It is isotropic and negative 
to t he s t andard etch r eagents. 

Polish d sections aha t he gnati te to be travers­
ed by numerous irregul f r ac tur s h ich oarry calcite 
und COPPel:' sulphides. The calcite merely h eals tho 

frQctures but t he early ~t of replacement by chalco-
pyrite and velleriite c =n be. observed. Inclusions of 
pati te, calcite, spinel , chondrodi te t oli.vine, phlogo­

pita and baddel eyit are common. 

Replacement by valleriite and chalcopyrfte io pro­
nounced a t the edges of magnetite masses adj acent to 
chalcopyrite. This is s een a s res i dual:.; of magnetite ut 
the gins of magnetite SBe (pl. XXIX, fig. A), in an 

e.g egate of chal.copyri te and vallerii te. Veinlets of 
chalcopyrite d vall er ii te spr e into the main body of 

et ite and r eplace t he l atter (pl . XXXIV, f ig . A). 
i s i s primarily due t o vallerii te with ieh chalco-

pyrite is ~ssooiated as tinT i nclusions but, in a f 
t ances chaloopyrite not s aoc t ed with vall riite w 

aeen to repl ace ~f'Y-Leti te in this manner . 

Chaloocite replaces magnetite by irregular veins 
often as lmloh s 2 mm in i dth. Occs.s ionally valleriite 
is developed between t he chalcocite and magnetit bound ­
r ies (pl. XXXIX, f i g . A). 

Overlapping crystallization is Been when the 

textural rel ationships of magnetite to calcite are 
considered. 117 magnetite repla ces all the trans-



• 

hi oh ooeur ther in. 

o~ th r emnants sho t fo~. Th magnetit 
an i nt r at! t1 r 1 tlonsh1 to i ta , oft n 

ain- boundaries of th l atter . aotures 
th t i t re he ad by 1 t ar e ci te . 

Altho h VB11eriit gensr all r epl 8 tite 
in on I nstano oant poran 0 cry t 1 n on 
observed (pl. XXIX, fig . BI• pl. XXX~ fig . A). Veinl. t 

consi in P8.l."t of magn t1 t and in part of vall e rii t 
fill fracture s i n ohondrodi t thout r pI ant . 

v inl.et s sho mat ohing wall and originate from 
jaoent f r ara of t ite . 

I t has b n suggest d (Sell tz and Ronbeek 1940 ) 
that one formed magneti te is table 

dance of r pl a c ment 1s obs rv • 

01 t l on i n t rgro 
e r e 0 bserv in p oim 

he of magneti t and · t 

oe (Russ 11 1954) . 

In t h cas , ho e art Q:f pI es from pth th 
t h respect to 1 W'&B found to be homogeneous 

:z:sol ut on growths of 1Iman! t or ssen in it . 

ma t i t 
nit ; no 

Tn ohemio ~yse of magnetite from 
the carbonate m ber are g1.ven in t able II. 

se analys t i i t r 

non- t i taniferous or i e%tremely l ow i n t his r speot. 
Gev (1948), ho ev r" r ports that thre ye8s by the 

e tle I ron orks i ndi t a Ti02 e ntent varyiDg tram 
3. 8 t o 4. 3 p re n t . Brandt (1948)s d eor1b d th 
ma.gnet1 t e of Laal e op a. t i tan1f aro th ul tr ero oopl e 

s t&:ff of s pin 1 an e ol ution l amella o'f 1 lman1 t o . A 

http:Veinl.ot
http:instan.ce
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_-........;rsis of ropr s n t ativ ~l. of tit 
t fram th Pho oor Dev l opment orpor Hem toakpil 

v a Ti 02 content of 4 . 9 p r cent (r esu1 of enaJy i 

ppl i d by Pho oor ). Th material oames ~ram a quarry 

phoscorit situated on the we s tern- f l anks of Lool e Kop . 

B i ther Gev r nor Bran t s parat th tl ston ' 

fram the magn t i t ap t i tc- erpentine ana . Therefore , 
this apparent par Q% may b due to diff r nee o"f 
ti tanium oontent of tho magneti t o-ocurrlng in the bon­

t me bar and in the phoscorite r spectlve ly . 

In ord r to ol&rl.fy thls , 53 magnetite ampl s r 
the carbonate mb r r ubmi tt d for Bp otrographio 
anal as of the tJ. tanium oontent . 111 se pIes r epres nt 
f irs tly ~ th hor1 zontal. di trl bution of ti tani um ox! 
by t aking pIes at 50 fa t i nterval. in the aUt , and 
s condly , the vertical stri bution by taking am 1 of 

oore from bore- hole 7. I n addi tian, n1n 

magnetite associated with pho oorit r seleoted. Thr 
fr the Fha oor quarry , and thr aoh from prospect-

tr ncb: s on th outhern slopes of Lool KQP . 

the s pI s er fi r st orush to min 115 m 
&nd the ma.gn ti to extracted i th bar magnet . Thi 

msgneti t f r action was th n heats wi th dil ut hydro­

chloric acid to remove the carbonat impurity . Sampl s 
ere 0 n- dried at 80°C f or 24 hours . The r esults 

obt~.LL~d ar v n in tabl e I I I. 

The magnetlt obtained fram ocaurrence o~ phaaoo­

r i t gav e the f olIo 1.ng perc ntage of titanium and! :-

4. 25 , 5.1, 5. 65. 5. 05 , 3. 70, 3.10, 4. 35 , 4. 80 and 4. 30. 
A m an valuo of 4. 48 pro nt t itanium oxide waG obt ain d. 

http:5.1,5.65
http:follo'H:1.ng
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relati 11' high ti tnnium ontent r4 ti 
f r the phosoor1 te as oompared to that fr the carbo 

r i B 1nd! 0 tad by the re t s . A f e%8D1pl 

XVI ) of peotrographs obtnined on fiv standArds th 

progres 1 ely dear a tng titSDium content and two sampl 
ah of th 0 var1. ties of mag:net:1 te are in I ud d . ~ 

t ita.u1.mn lin ar k d by crOB . !h d.iffereno in 
ti tan1mn COllteu.t can b een t a. el.a.n.c • 

'lher 1 general amant t hat magnet1t 
, as opposed t o rook miner , 1 cba.ra.oteri ­

t ic of high tamper tore d post t . 1!h pr esenoe ~ 
magnetit ~ abundance indl t that depo 1tion b gan t 

a high t emp r ture of the order of 600°C (Ed dB 1947 ) . 
warts and Hanback (1940) haV tf shown that magnetit e 1 s 

g ra.lJ.y t he first m tullic minoral to form . ther-
more , in magn t1 te - :1l.phide suits 1 t pr 09 tho 

sulphide :in the paragen tic or r . 

In the suit undar ons1d r ation the vidence 
gest that the primazy magnet1t orystallization took 

pl a.oe aft er the gangue minera.l.s and before uranothorie.n1 t; 

d copper sulphide ory talliz • 

http:mGtall.ic
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AJ.203 
cao , MgO 

P205 
O(difi) 
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F 203 
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1. 2. 

4. 65 
3. 20 
4. 60 

2. 53 
1.67 

23 . 7 
62 .10 

23. 49 
73. 40 
0. 54 
0.01 

0. 55 

100. 0 100. 52 

Lab. Gaol . Su:r . Sauro : A.L. Ball (1912) 

• Krager. oure : B. D. Russ II (195 ) 
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(1) Horizontal. tr1bution -

S H 02 pI e T102 - -
1 0.35 7 0.13 0.29 
2 0.43 8 0.07 1 . 60 
3 0. 50 9 1.90 3. 10 
4 0. 36 10 1.40 1.70 
5 1.20 11 2.10 
6 0.12 12 0.58 

(2) V ~tioal D1 tributi(l)n - o . 7 

pIe Ti02 pI e De~th in O2 at 

1 20 0.06 19 953 0. 03 
2 79 0.10 20 1028 0.07 
3 1 09 0.12 21 1053 0 . 06 
4 140 0.13 22 1113 O. 6 
5 190 0.51 23 1164 0. 62 
6 240 0. 66 24 1218 0. 60 
7 302 0. 60 25 1255 0.07 
8 354 0.34 26 12 9 0.52 
9 396 0.18 27 1350 0.76 

10 456 0. 49 28 1394 0. 90 
1.1 497 0. 28 29 1466 0.9 2 
12 554 0. 70 30 1507 0 . 15 
13 609 0 . 05 3J. 1551 o. 
14 659 0.10 32 16 5 O.ll 
15 722 0 . 29 33 1649 0 .17 
16 754 0. 02 34 1700 0.18 
17 807 0.10 35 1757 0. 07 
18 836 0. 51 36 1905 0.20 

u ~ 0.32 per cant Ti02 

Ana.1.yst: H.D. salle 
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A- E a..L.Kl ..... ,Y' ed standards 

8. 23 , B 4.16, C 1. 9, D 0. 6, and O. ~5. 

- G Sp otro aphs of ~~ 
r1 t and haviD8 th 

4. 25, G 5.1. 

H-I 

H 0.60, I 0 . 20 . 

pIe mixed with b se 
1.n proportion of I 

Bilg r L n'PlI!l'a (Li ttro typ ) • 

A.nod. 

purl:ti d gra . te SllDde. pth f 0 n~ 

tar :=II 3 • I!1lls 0.5 • 

C - pointed, 3/16 ch pur1fi d oarbon. 

time . ; 80 eos. 

P1 t Ilford Halftone No . 50 • 

.=.~~=~t ID 13 for ~ m1nut 

ADaly t : H. D. Rus 
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w ll- fo d 

euhoclr a1 e 1 B9 than 0 . 1 
to mu.oh as 2 cro. On BV r e th y ar 
across. In thin B ction th y sho oubio or tri ang11l.. 

outlines (pl. , fig . ::a). I nt rati t i :fragment and 
v inlet are observed. Embayed ou t e are f r eq nt . 

It r esambles magnetite in bysio and opti cal 
properti s . It approximatel y the s hardness and 

t s bout the polish. Gr Y' by :fleet ed l ight , 
the r e activity i s only lightly l ow r than that of 

magnetite . It is compl t l y i sotropic. 

Ie magn tit does 00 aional ly sho cubic out­

lines the sub raJ. form of uranot hori te i , ho ev r , 

distinctiv . Th 1.0 er r fie tl ty i s useful. hen 
uranothori t e i visibl e th magneti to in the mar-o­
sco e fiel but , otherwi i too slight to be of mnoh 
help in i ntifi c tiona 

rano tho rl eta prove n gati ve to the standard 

t ch ent • 

I nclusions of calcit and p t i t 
f rly cammon. ~ patit ino Ius i 0 

1 the and basal sections t h h 
f i g . ). 

of the l.U" othoriani t cry 
by r e otion-r • Th r eaotion- rims 

ry tals are 
occur slend r 
outline { I . 

e are surroun d 

not evelo. d 
wh r s cryetaJ. flank pa' t ory tal. . Th Y 
r eddiSh polari zed l ight and I po itiv i denti- , 
fl catlon not pos ibl i t i Dl to same that 
th Y e oompos d of J7'7TImlii te-l e matertal . 

I , 

http:ficat1.on
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in speaks of metall.1e substano of high r fleoti -

vi a.r 
o o our 

cry tsJ. • 

ociat d with the reaotion- rims and 000 ion­
a i noJ. vet in urano tho rlan:1 t 

The pecks are pal.e ellow i n r efleot d 

llght i sotrop1c . . ey could not b i d tift. 
by x- rays as tho speaks are too mimlt to of 01 an 

ter! b i ng obt ain d (pl. , f i g . A). 

oubic out~ 8 of uranothorianite aryet ax 

l' served ag ' nst magnetite (pl. XII , fig. B) . 00 i on -
ally dral crys t ale a.r seen develop i n tt t 
(pl . nXI , fig. E). of the ery tals shoW' an int r -
tit! relationship t o magn tite . 

Tb. uranothorian1 te repl.a.ces osl01 t and 0 r 
minerals. Cry a out acroBs grain boundar1 

pparent1.y 00 oded orystal. ar &ot"!w J J y tnt r t1 ti 

d are mould d on ouoit and apati te (pl . XXXI , fig. 

1 . XI:II~ , fig .. A) . 

Autoradiographs of ael ot d - grade radioaeti 
clmena (pl . XVII - xnII) show t hat wh r urano-

thon te oocurs pr domj nantl y in t he cuoi t " 

• 

• 

it can be xpected to ooour in ssoo~ t 10n with th other 
...... r1.&T ... 8 min rals and t 1 t . In no iJl. ho ever, 
i it found sooi t wi th th su1ph1d . b t 

onoentr tiOD of ursnothori e brooc1 S oimeDa . 

mill ra1.ogio videno suggests that uranoth 
maZk d prop rty of ery tnll1n1ty and that 

i t e, f rromagn ian s II 0 t s and th oalm t 

orr ion and tit prec ded that of uranotho-
ris.ni t . !b. uranothoriam. t t de to be &seooi.at 

th the mor r plao d 0 cite (pl . fig. B). 
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!h OOClUrr8IlO O~ 1n. the earbanat 
mmllDor , not prev1.o 7 been r ported. It i ODe of 

-

the 1 B8 abtmdant sul.pbj.d8s and 1 pr ent as irregular 

&n.U1 ega t mann r eiJll1lar to that of th 

other sul.pbid • 

Ina1us1ollS ~ ga.ngu mineral teD'ID'~".rl"" with 

numer o f ractures use 1 t t o take a bad oil • I t 

010 from are - yelJ.o t o p1nk:i - brown and 
str y anisotropi C f rom blu ish- flY t o br own. !h 
f ollowing t re r obta1ne : 

Hl03 . tarni othe e negat1v • 
HCl. . turno br t oth r -

I:OH. P rtphery of drop slo 1y tn.1 n B 

bro • Porman nt stain. 
013- B gat1v • 
8t ns brown. Rube off . Doubtful. . 

e th thoa g1 n by Short (1940). 

Inalu.sions of apat1 te and 01. te th t 
CommOll. It r plac th gangu us and 1 in turn 

plae d by valler11 t ( 1 . XXXII , fig.). Ii plao n 

by vall rii te d vel op from fracture Lnto th pyrr hot1t . 

twinn1ng abs rved i n on polish d 

otton of p;yrrhotit (p . DXIII . fig . A) . ~e . na 
&r b at observed in polarized ht they do not ow 
s1mul ta.neou.s rtj.nction th the main pyn-hoti t mass . 

ohing thee twin- l..am liD. gs; th om r actio 
tor yrrhotit . 

On s portio of py-rrhot1 te par el ort t ated 
vy 1 a r e obe rv d . 000 siona] 1 y they 

.. -rro-Lru ...... d to 1'0%1:1 a herr1ugbone stru ture. !h 



"'~(jI( ..-:st e:xsolution intergr of g 
hotlte (Scholtz 1936; R Ohr 1950). 

d bet yrr-

Subordinate pentlandite is a n irregular 

• 

granul r eaid a in pyrrhotite. The re1atio obs erv d 

do not represent typic %.Solution textures nor could 
a:D.Y evidenoe s t r epl c ement be obt ained. 

Originally Scbneiderh~hn (1 922) d van dar Veen 
(1925) were of t he opinion t t pent1 dite form in 

pyrrhotite entirely by t he ~ixi of ao1id olut ien. 
ho e (1927) and Se oltz (1936), indep ndently, r ed 

th oonclusion t hat t h as oeiation c b eith r dn to 
xaolutlon or t he gation of t he er in e 

liquid p e . 

Sch1f tz 1937) 8 t t 
is c ammon i thout v i s i e p 

found wi t hout pyrrhotlt cop i t e . 
two mi ner S ar 0 01 0 1,. r el a t ed 
o ant or ly ox vary n l y 
r a tloDBh1p 1 as of pent 1 dit 

1 pyrr hotit e 
lAtt i R not 

Sine th 

t ha formed 

ith pyrrhot1te lex a ins d s tr 
ong the border of pyrrhotit e i ns. 

H itt (1938) 
1 ge mas s es of pentl 

11ization of 

, a%per nt: 

dlte in pyrrhotite 
d , 1 of cry , 

r e Id 
mixing . 

thin pyl."r hotite ains e 

, t while 

e the products 
s or 

r suIt of un-

The pent! dite-pyrrhotita r l a tio , in e c . bon-
ate ber, there£ore, s ug est ng of a s olid 
solution. That solid olution occur t t eratur s 
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fr 425 to 450°0 has beon 0 b Bgn" .... v""~ (1927) d 

H tt (1938) . 

Ch&l. y-ri t is assooiated as laths in the pyrrho-
t1.t and granular intergrowths at the margins of 

pyrrhotlt egates . B i 0 d sins of pyrrhct1t 
enclos d by a ~ of ahalcopyr1t • 

fh paragen sis of pyrrhotit and ohalcopyrit 
i an established one . Various investi tors 

t at d that th rela tionsb1 is Glose and fit to 
o rtain ant aryet~zat10n 1 p 11 oant poran 0 

the bulk of the ohalaopyri t is sam t 1at r tban t 

pyrrhotia ( BOhwartz 1937) . 

H tt (1938 ) ha shown er1J:lentally that chal-
it &nd pyn-hoti t are pable of r omi ng typ 

of oild olutions dependi.Dg on the t P ratur of 
:fa t ,lOll: 

, 

( ) Py'rrhot1 te di s I v s ill ohal 0 i te t t per tur 
ot about 300D O. when the act to form 

hot! te oh fo v ;ry fino oa-
t in B.1Ir ol e about rrhot~te . dt , 

1951 , gested that ohaleopyrrhotJ.te 1 super -

f'luOUfJ and that the m1.neral i.e an 1 otropia fo of 
t , Bamdohr ' oub . tIl ) . 

(b ) bov 600 0 0 , own t <U.~801v in pyr:rhoti 

and upon nmlix:ing fo orlen ted laths in py:rrhotj. t ee 

~ .... uo~lt - pyrrhotJ.. t r tions observ ci 

the oarbonat 
form d t 

probablJ' ello 

of p 

t , ther for , that solld 01utiol1 

o about 600 C. 510 oo11ng 
oopyri t to th 

tes, wher nnmj xi ng gav 
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rl e to 1aths and 8JU11 a.r in rgrowths • 

I t 1 1m that the Ollly 0 on minor 1 ant 
t sub t i tate for iron in the pyrrhotite tru.oturo 

cob t and nick 1 . V me other (195 ) hav at d 
that i~ either the cob t or n1 1. ont t ~ pyrrhot1t 

i s great r than 1 per 0 ~an inclu ~r of cobalt 
o 1 m1 t present . ti e sp tro­
gz phio ana l ys1 o:f pyrrhotite sho d the relative pro­

portions of niakel to oobalt to be 4: 3. ra.1o, .. ..L. __ 

oxamination :rails to disolose the r seno of & oobalt 
or n1 ok 1 mineral. . 

fhe 11 tara.ttlra SU8 eta that high tam erl'ltur and 

pr s ax n oass&r,f in th formation 0 pyrrhot t • 

r triotLng it ooaurr c t magmat10, pyromet tic 
and hydrothe depo 1 t . It is r gar ad as d fiJ:Li t 

rid no of high t ratuze of formation and as such 1 

eful geolo therm rt r indi ting t P tur / 

of f O%m8.tion bav 6000 0 . 

Pyrrhotite into repl the ga.rJgU miner •• 
bu it r l ation to the ore minaral , 
ooul not be e tabllsh d to 

pt ohalcopy it • 
t bl trial . 

g qu911 o:f ps.rageJ'18S t ob erved norma] 1 i n 

high t per tare magneti t - su.lphide ui t , sugg s t e 
pyrrhoti t to b early" the sulph!. sui te . ( SchmS1l"~17. 
and Ron ok 1940) . 

antir 17 ubord1nat . but 1 t di -

tribu ion i d . I t only 0 a ill ooiation 
· t h chaloopyrite and pyrrhotit granular r idnalB . 

It :ia i 0 u! d b d1 tl 



p t by it light r y oolour and l ightly hi ~ 

reflecti vi ty • I t i s sOl!l8Wbat bar r than oh4l. opyri t 
(pl . , :fig. B) . en o1ud d in pyrrhoti t it 

t in oontrast . On etohing th nitrio acid , 

it t arnish and al0 1y ts.1.Ds br , . doubtful. r e -

observed th hydrochlorio id. All oth 
r e ne,gati results . e 1d ttfioatlon 
con:fi d by x-rays . 

fh rolation of pentl dit t o pyrrhotit e 

previously bo n diso scd. Th abal.oopyri t . ' 
1"9 tiona will be dis se under th seat10n d ng 

th C oopyrl te . 

~~~~~~ 1 the most abunonnt copp r aulphid 
r oogni ad in hand- eo:i.men. It 

d ocours 

sand · eabl1 er • • Und r e ro cop tilly 
sp ok and are observed, the tter often owing 
a vein- fa 

It i ea.sily reeogni ed by i t b~ a - yellow colour , 

high r fl tivity an th oh it be or t d 
by" neoeD. . I t 1 s1.i ght:!.y ani otrop:1o f~ greyish-

bl u to yello . I t tarnish s et d th ni trio 
a.cid ., but i oth rwis ne ti e to the standard r 

copyri te i s assooiat&d th the othe% 

sulphides and con r s1 ua:Ls o:f eubani t and 

dit . It occur Ln a ociation with bornite . Th 

tertur&! el at10 p vari s from mu. r lations , we 
th two min r ow mutlla1 boundari s (pl . llllV, fie . B) , 

th of bornite ooour.r1ng in e oOPYTit and via 
versa, to th lopmant of ol ution lsmel1a ~ th 

http:boundarl.GS


of born! (pl. • lllVI .f fig. :a) . 
G ti.Dg textures 0 born! t in chn.l opyri teo, 
po sibl r t of nnm1xing, n (pl . 
ig. A) . I t is ound ooiated th aho.lco · 

1 ss r d gree . Th abalooei t mq pUBS! bly have formed 

t the xp of borni t di t ~ tiona I t OOOlU' 

t1..ny B in vall 1."11 t (pl . XXI ., fig. A) . 

I t r epl aoea au. the gangue min rale gen rally' al.ong 
plan 9 of akn as , uch as fra.oture and c.l avage , fr 

hiGh planes it s re de into the body of th re 18 d 

era!. (pl . XXXVI , fig . :a, 1. . lOllylI, fig. A) . Th 

oarbonate m b ~ 1 f r equ ntl breooiated and ahalaopyr1 t 
then heals th br oo1at d fragment without evid nt si 
o:f r plae ant (pl . l:X!:V.,. fig. B, pl . XXXvI , fig . A) . 

rni te , ohaloGoi t , pentland.1 te and magneti t are a sooi t -
d th th1 ohalcopyri t . I t r plao magnet! t ong 

grain boundaries to a 1 a r extent by eries of 
ramifyj..Dg veinl t :tollowing fra.cture . R sidu.al of 
magnet1t grains i n chaloopyrit ar obs rved. ~ r 

ains of magnotite are of ten enolosed by r of Qha1oo­
pyrite. 

1!h 6D.t1 SZld1 t -chale-o rl ta reIa tiolLS are 1mi J ar 

to tho ob erve in the sooiBtion pyrrhotlt p 

I.n oms instances , howeY r , or ok in th P911t1and1 t , 

i ll d with ehal.eopyrl te . 

1 some of the pentland! to i oontemporan ou.a 
th ahaleoP,1rlte a oontinuation of de osition of co-

~1t boyond that 0 pentlandite is aug ted. 

aociated with ahalcopyrite as 
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a.nular 1noluI!io , arylng in 1 fr tilV 
SlJf:)CW::S to ar as all 2 mm aoro88 , in a im1 

lIIA':.u.I.vZ to pentland1 t . I t not obs rv d a. s oeiat 
th pyrrhot~te or other sulphid • I n on inst 

oubani t r a1dual wa een in obDJ.oopyri t sooi t d with 

born1t (pl . , ig . B, pl . , fig . A). 

!I!b. bani t i s trong1y pI cobral from or 

ye110 to brownish- yellow; anieotropi from pinki -
brown to broVlli h- y lio . I ts gh r r fl.e oti vi t7 Ii 

k d anisotr o 1 di t1.ngu.ish it from yr1 t • It 
1 s.1ly" distiJ:lgo.:l.sh d from P t di t • oacurr 
cXlal opyn. t I by it otrop! " in:f ior bardn e 

'th good r eli f own by pentlandit in poll d seotio 

~ folio tab. r e t iona er obtain d : 

Hegatlv on th major portion of the ,&,U"I,."I .... C.I. 

ill. pI Gee stain l ight brown. 

ROl , CI, 
Cl3, KOB. 

gativ • 

BgCl2 · K1neral sta.1nn Y lio sh- brown. 
Ru.be 0 f . Doubtful . 

Tho e t Oh reactions to ther with the opt1 

prop r ot1 oonfirm th i n t1.f1oa.tion of oub te . 

It is known that chaleopyri t - oubani t oUd 

olution forms above 450°C" a.ud on nmn1x1ng give ri 
to th devel opment of parallel the of oubani t in the 

ory tallograpbi 0 plan 8 of ahAloopyri te . 

TIl observ r latia 
not typ10 of exsolut1on, but 

ent t ortur , oontemporanoous 
ohal op~te 1s sug ete. 

in e bonat memb r c 
in the ab enco of plaa ­

cry taJ.l.1 tion of ouba.n1 t 

• 
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A1 thOU8h borui te i s bordinat c to 00 yrit , 

it i s fr quantly gen. It i s s i n ilar t o ohalcopyr1t 

i ts mode o~ oocurreno . It i s as11y distingui d 

i ts ohAr oteri ati c ool our" pinkish- bro when fro h " 
and purple on tarnished sur£' s . It i s i sotropi c. 

The etch r eacti ons obtained are IlOt in ot e -
t with those given by Short (1940) . The reactions 

e par as follo • • 

agent 

HCl 

KCB 

FeCl3 

KOH 

HgC12 

Etch obtained 

Eft'erv s c e ; 
e raJ.. ts.ins 

br own. 

Negativo 

gati 
Br 8 out briak:-
lik e ol Elvage 

Negat iv 

Negat ive 

Etch r eaotions aooording 
to Short . 

Effervesc s ; miner 
s t ain y llotrlah- bro ; 
sam t s devel ops etah-
ol ea: e oh tends to 
f orm a bri Ok-l1ke ttern. 
Negative 

1'1 gativ 
st ns or ange 

Negative 

Negative . 

Bornite is usually assooiated t h chaloopyrite 
s granular i n ter owths owing mutuel r elat ions (pl . XXXIV, 

f • B). It occurs as the h os t t o chalcopyrl t l ath 

dev~loped i n i ts orystallographio planes (pl . XXXvII, 

f i g . B) and as l aths and grating t extures 1.n t he orysiia.l.lo-

apbio planes of chalcoJ>yri t (pl . XXXVIII, . g . A). 

Chalcooit e i s samet e aSBoo i ated i t h these inter owt • 
It occurs as graphic intergrowths 1 t h chalcoCJ:l. te (f i gured 
by Russell 1 95 4, pl . XXXIII, f i g . 1). I t oooasi o.nall y 

i lls oraoks in cuban! te. 



( 1 . 

It replaoes t gBllgU 

chaloopyri t . 

I , fie. B) , i 

55. 

or B and magnet! t in 

t r eplace ohalcopyrit 
in turn r 8.0 d by chal. 01 t • 

Borni t an t are kl1 to ozm Bolid 
olutions at t a.bov 475°C 1.n solid 
olution either mB¥ act It has 0 b an 

o 

th 

that 
two y repr Btmt 8 break:doll!l of a 9011d solution 

ted at higher t perature . (Sahwartz 1931 ). 

t extur d rang :from Or:! ta1.1ographi 
1,ntargro 

tual. r 

, 

that born1 tQ" obaraoteristi. inte:rm.ad.1 to t I 

~ d po 1ted b 0 500°C in d posit of r 
hydrothermal. origin (Edtm.rds 1947) , 1 P cant 0-

anaaus th, and in part l ater than eo'pyri t • 

G.11b rt (1925 ) has ~ge8ted that bor.n1t oeours 
in high- t ratur d posit only wh r iron i t . 

(1 937) find. that 1 magn t:1. t an b rni ta 
int1mateJ;y and abundantly EL8 oo1a d OOPP r ore , 
h i s of th OpiniOll that GlIb • B generallz tion 1 
good an sino the sooiation i s v ry r Ea . Th ooPP 
min ral.ization at Phal.abo , ther for , r presents ana r 
1nstan of this unuaual assooiation . 

....... ---...... ~- i s far 1 B unCla.nt than ahalcopyrit 
d born1t . Its mo of oocur? nco 1 ~laz t o that 

of oOpy2'i t , but the tend nay t o 0 our as irre~w..IU:U; 

veins i far more prol1ounc d . 

UDd r the mi 0 op 1 t i t r1 ad by i t 



ah- wh1 t to b1l1i - gr 7 colour , 
Boftn • GenaraJ..ly isotropio , 
anomalous an1sotroplsm prob bly 

pre ure xerted d~ po1isb 1 ng . 

56 . 

~ ..... ran ct1vi"t7 
om sp 0 s.h 

due to xc s 

Tn ahalooolte oocur 00 to Itr l y fin -
a1nQd eg; t s . Th l att r usus"7 occur as veiDs 

(pl . YXYTX, fig . A). On etoh1ng th nitri c aoid, both 
th fin and coarse- grain d varieties shoy t e ct ris-

tl parall 1 etoh-ol vag of h onal hypog ohaloooit 
(pl . XXXIX, fig . B) form d abov 105°C (Buerger 1941) . 
I t oooura as r siduals ~ . t roof ahaloopyrit and 
bornite , possi bly as the result of dl Lnt gratlon of 
borni t o. Chaloopyrit and bornit are assooiated ith 
i t granular gr gates sho mutual. boundary r lati 

Chaloooite is en to r p1ao bornite along fr 0 

Rim r p1 ant i s al 0 0 Sarro zone of ohaloo-
01 t v,rolmd bornite are s para.te th fram th gaDgll 

min r 8 . ( !h vein · ooeito i s no not as ooi 
th born! t ). I t r places aLl the g minors 

~~etito. 

ch o£ tho ohalo.oci t associated with borm. t 

pp ars eli t1.J1otly b1u . Thi ms.y be due to a CWC:&..L..1.. 

o of dis olved born1 t , or alt ernatively 

f t the rat of 0 dation, or, as ha bn t d 
by andk: (1953 ), u to draggi:lg and ing during 

Borni t - ohalooci t oUd solutions ar.mo to 
fo at t p ratur s from 175 - 225°C (Soh z 1928) and 
ttl r oan f1gar the host . Various inv t:1 

t ors ha at te-d that gr phio intergrowths and 

• 

• 
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ar not de:fin1 t rl t r i of i th r olutl0 

or replac ant . Tho textural. r l atlonships ob erv d , 
at that wh1l. 80 of the cha.looait 1 

tempo th born! t , the bulk i s I t r than 

. omit . 

o~ de pr ad di tribution main'Y 
fine lsm1nst gates fo • Th 

:fr I ss t han 0.1 to 2 mm in dth and oeo 10D -

ell out into r 01IIld d to irregular as of t 2 

o t? B aoross . 1!he l.att r are mainly in oale1 t • 

Th val.1er1i t i s responsl bl f or th bronz tarnish 

on 0 e of th magnet! t • 

It i mass1v and in polished S ott on is n 0 

flbr ous habi t. I ts physio pr operties ax s i milar 

to t hose of r aphite and i n hand- sp lt i s bro -

bronz in colour 1ar to that of pyrrhotlt , but dark r . 
It polish B th di fi c ty on oount of 1 t s s o tILes . 

In polish d ottons i t 1 or am to broWIli - yello 

and i s pI ochroic i n th se col ours . It i s trongly ani-

s otropic from y llorlBh- groy t o r d " • 

e miner i n ot list d by ort and the too 

re tions gi v by Uytenboogaardt (1951 ) ax not i n oeord 
. th t hose obtained on mat r i from .u,Q~borwQ. 
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He1 N gatlv gativ 

J:Cli' Negative gati 

Cl.3 gH ens Bl.1g.h t17 
brillg out 
boundar1e • 

KOH Beg t1v B ga:tiv 

BgC12 t1v 

The 1 dentif1 ti on oon:tirmsd br %- rqa . Sp atr -
gr ph10 Anal ;Y818 (Russell 1954) aho s 0\1 1 and to be 

th .m.a1.n const1. tu.enta w1. th subord1na t and .u. A. 

ahem.1o.al. BZ1&ly 1s for thes e1 t i g1 van in b1 
o. IV. 

J.nal.l'Bt : 

au 
B 

r oent 

18 . 91 
21. . 65 
10. 80 

0 . 25 
28. 10 

8 . 00 

braham Krager , D1 vi on of Ch Servi • 



59. 

vall rifte oontains tin1 sp of' aopyri t • 

lusiol1B of gangtl8 m.1neral.s are oommon. It r pla09l!!1 

th ga.nga.e min rUB. magnet! te d the phi de , 
""ft~1""H oularly chal.oopyri te and born:1. t • plBOtlDl8tnt 1 

rally by a system of ram1fyillg in1 t (pl . , 
) whi out the mutual. boundari B of adjaoent 

rals . It 1s u.sua.l1y develop d at th 0 on boundary 
ohaloopyr'i te and magnet! t . There ar re 1dual. of 

aOpyT1 te an magnet! t in th vall rl1 t which shOWB 

ref' reno to replao magneti t (pl . lXU, fig . A.) . 
COnt poraneous crystallization of magnetlt and vallerlit 

ractures ill ohondrodi t th only 
JIl:1nor signs of replac 
f • A) . 

t (pl . XXIX, fig . B, pl. XXX, 

Vall. r1l te ha bean reported fr a ntmlb of bigh­

t perature oopper d posits . Edwards has tated that 
mineral 1s stabl at temperatures of 410°0 , 

valien1 t i cl.uded in ahal.oopyrl t 1 oonverted to pyrrho­
tit and chalcopyrite ~ heated abov 225 C. 

~e r lations observed indio to that th al 

the last aulph1d to orystallize and the assoei tion 
of it dth ahaloopyrite suggests that it forme at 
t perature b low 225°C. 

our sulphide samples were examined p tro phi-
or the pre ana o:f ail r , nick 1 and Th 

B -quantltativ results gav the following r lativ 
proportions : 
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Ag . i. Co. 

Chalcopyrite +++ + 

Bornite ++ -
Chalcocite +++ 

Valleriite +++ + 

Analyst: R.D. Bus s ell. 

Bornite d ohalcocite ere exami ned microsoopi­

cally for the presence of a silver mineral with negative 
results. 

C. 

The ineralogic i nfo tion hows 01 ar1y that 
we are concerned ith miner i z tion t h ~amperatures . 

The mineral s sociatioD and t h observed t xtural rel at i ons 
are, hO",1ever, not conclu s iva enough toes t blish if' the 
mineralization is magmatic, pyrom t s omat ic or hydrothe 

in origin. t t he earlier fo ad gangae minerals VOTer 

folIo ed by t h e metallic oxid es h ioh w re in turn foll a d 
by the su.1.phides is el. ar . This par net 10 ord does 
not r epresent any not ble d parture from th p agenesis 
oommon to deposit with t he e affinities. 

The t ime rel t ien i ps b en the OUB nar · s 
which could be established , h e alr eady b en di s cussed. 

The foll owi ng parag net i c stageB are indicated: 

1. p tite, dol itic-c cite (cont inuing) 
olivine and cbondrodite. pblogopi te and biotite. 



2. Spinol. badd ley! t , maeneti t , uranothori t , 
fiuorit • 

3. Pyrrhot1 to , pentland! t , bani t • ahaloopyri t , 
bornit , ohalooo1te , valleriite, Barp tine. 

61. 

4. S rpenttn , pyr t , 8 oondarf oalo1te and QOPP r 
ond 

. th th 8%0 ptian of the minera1 list d u.LU~ 

oup :tourt no interruption of depo 1t1on is indi t d 

eol lyon th b ei of th mineralogioal ev1denc • 



v. - TS 

A. Gon raJ. 

Th m1.neraJ. rights of the ground oooupiod by th 

bonate me:!llber are held bY' the Crown, Transvaal Ore 
C pa.:rry and the Phosaor Devolopment Corpora.tion. !b. 

10 holding a:re shown in f1gur 6. 

The oarbcmate prospect d by dri ll.ng vortioal 

bor - holes to prov dapth and inolin bOT holea to fix 

outer limits of tho zan s of h1.gh rad1oac't:1v1ty i n 

t olid ro • Sino tho information fram bor I 

ould not Give a suffic1ently clear p10tur ar oonditl0 

:t d pth an adi t was dr von :from the pho8oori te into th 

carbollClts member. 

PLAN OF CARBQNATITE SHOWING COMPANY HOLDINGS, 
CROWN LANDS. BORE- HOLES AND ADIT ... .. . 

! .. "II " .. 
... , 

Fig . 6 

T 

..... ~ .- ... ' 

. ~} 

! 
/ / 

i 
,.:' 

"' .... 
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j, diagr tics representa.tion of tho re1atl p 
nn ... :.roon the prospeat1.ng as at ]I bruary, 1956 and the 
i or d plan is mown in figur 7. 

ot say for ooppar and phosphat .or do b,y 

Gove:rtml t Iletallurgi.oal laboratory and physioal. a.c;,c~ 

for uzanothorls.n1 te by th Geo1oglaal Un! t , Atomia En gr 
&rd. The r sul ts of t la.tter stqs are axpr B d 
1cs per ton equivalent uranimn ondal. 

Al though the magnet! t of Lool Kop had been 

r garded as tl tanif rous and therefor r fr otory , m.1 

cople tudios of polished otions and sp otrograph1a 
analys s ~d1 t , as has a1r ady been pointed out, t t 

th tl tanium cant nt i 10 . For thJ.a r on:magn ti to 
estimatod by visual as~. Control obtained by 

ana of a measuri ng t p • 

!!!he detail d B.S ay r sul ts are not lnolud d . fh 

, how ar , :va.:11abl on th fil of the Geologiaal 
Unit , Atomic EirJ.grgy Board. For purposes of oomparison 
the ay r sul ts ar presented gra.phioally in th form 
o~ dietrtbut10n diagrame , :figs . 8 to 1 and 18. 

1 . It 1s oustamary to %press th results of pbysi 
r diamotric analyses done aga.1nst uranium standards in 

terms of tho quivalant urazdlm oxide a lba per ton. 
That is , although the activity of a B8l!lPle ms.y be du 

to both uranium and thor llDl, the analy 1s is eiv n in 

lbs per ton uranium oxide which is equivalent to th 

total. radioaotlv1 ty of the part1eu1ar sample. 
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1. Vert1oaJ.. Bar holes 

o v 10 bar hoI , 1 and 7 , drill d to 

'n"f"f''I'U'A the oontinui ty at depth of oarbonat . Th bar -

s were sel at d at points r high urfaoe ti vi 't.r 
found. 'lhay are spac d 870 f et apart . Th 

tiona are ahcnm in fig . 6 . 

Bad1.oaoti vi ty log wer made 0 that the dietri bD.­

on of uranothortan1t 8.S indicated by logg1.ng 8lld 

phys:1"al asBB\Y oould be oomparod. The results ar g1 

in figures 8 and 9 in .Mob. copper a.nd pho phate val s 

al.so she • 

topped at 743 t t in dol t 

ter ha~ interseot d 717 f t of minoraliz d aarbonat • 
radioaotiv1.ty log (fig. 8) aha s a ohADgO in lav 1 t 

pprorl mat ly 310 teat below whl.oh d pth th mean aoti vi ty' 

drop . No importano ttaah s to this chADge in radio-
t1Vit,y lev I as the bor hole doe not giv a r pre 

tiv plature ~ the whol ody beoaus of tho vertietal 

alignment of tho m.1nera.U.zat1on. ~ log ommot, th 

fore , be taken as indi oating a decrease of t1 vi ty th 
depth. 

Several oorrespond.ing points lllld zones of p 

rwlioaoti ty marked A. Il , C and D aro shol1ll by both th 

log and the plot of uranothoriani to aasay values , but 
no syst tio vnriat10n B apparent. The plot ot oopp 

values Shows tendenoy for the b at copper mineralization 

to ooour over the seotion.,. do\fII. to 310 feet , war th 

ma:rlmmn ra4:l.o otiv1ty was obtained. Lower pho t 

= 



us tare obt~ed over thia seotion. 

:r e t of minerali z 
bonate , at topped.. ~ 

mineraliz d throughout tho 1 o"r th bo 

hol.e . nwre ore no 1nd1.cat1.ons that th mineral.1zation 

8 not continue beyond 1893 feet . 

The rad1.oaot1v1ty log (fig . 9 ) Bh th pr sana 
of severa.l gh" ClOt! vi ty tllloma.l1. s . ~e agreem 1; 

tween the log and equ1 val.ont uranium values by as Eq 

1a only fair . Sinoe radioaotivity logging 1s of quan -

t tive sign.1f108Iloe only 11" th active J:latorial 1s evenl.y 
d1 s-tri buted through the host rook 1 t f oll , from th 

or agreement , that uranothar1ani te tdll prov to b 
orad1ca1J y distributed in the carbonate memb r . 

~ vertical distribut10n of copper , phosphate and 
..aIi~oti t bear no apparent r l.ation to the ones, mark 

, B, C, D and E wh re the Im1n oonoenb'ations of ur 
thor1ani te wore fotmd. 

All. the evidence points to m1n.eral.izat1on followiJ:1g 
near-vert1oal trend. The cross- sootion inters eoted 

vertioa.l. bor hole under th sa oondi tions io 
gi v1Jlg II ttl 0 no 1 a of t he tru.oturo tmd t he gel'll 

distribution of value . A serios of clined bor hol. 
ere , thero::'oro , drilled m\'lUl."de to ro.rdo the oentre of 

the carbonat member . 
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fhe posl tlcme , 1n~ilIation and dir otian of those 
oles ~ relation to the oarbonate-pho carita oontact 

e aha in f1ga.re 6 . Th s1. tea \'1 re seleoted to tnt r -
sect s muah &8 pose! bl of the ground 0 r which high 

mdioaotiv1ty anomalies erc fotmd (fig. 5) . 

For purposes of comparison sample lengths have 
been oorreoted to tho horizontal and the SSBS3 resulto 

p ented diagrammatloally on a horizontal plane. an 
8 :s- vaJ.ues caloulated over various 10ZJgths are pl ott d 

in a oirole on the respeotive distribution diagrams . th 

oal of value 1s plotted on the vertioal axis and oozreot­
horizontal diatanoe on the horizontal axis (figs. 10 - 15) .. 

~9 value distribution diacram for Dore- 0 Bo, 2 
(fig . 10) shows that there are no significant u:rano-
thor1an1 to or oopper va.1n at the phOBoort te - oarbollat 
ontaot . the oontact 1fS.S Bha:rp and near vert1.oal . 

VALUE. DISTRIBUTION DIAGRAM 

BOREHOLE N'<!-30' 

laO -
Horizontal di"t"nc~ in ftrl 

F19 ' 10 
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The gr ph o£ equivalent uranium. as aye sho low 

aluee throughout the ground intersected. Exoeptions 

e sporadio highs t 55 and 230 feet . .A. slight tendenay' 
for values to inore se towarda tho oentra of the oarbonat 

ber oan be diso mad. 

Copp~r values vary tti thin wide li.mi ts . o fin! te 

tendenoy for oopper content to inorease with increasing 
distanoe from tho phosoori to .. oarbonat oontact OWl be 

sen. 

The graph of phosphate values BhO\rre a distinct 
drop on passing into carbonate. A faLrly oonstant con­
entration of apatite ocours over the length of the bore­

hole . 

The value distribution diagram for Bar -hole No , , 

(fig . ll) a.:uo e two Bubdivisions to bo made , :Por 
aonvenianoe these divisions are referred to as th ' ilmer ' 
and I outer t zono . In this and subsoquent distribution 

diaerams the ones are s parated by a vertical broken li.ne . 

Apatite is oonoentrated over the first 370 f t 
of oarbonate. At 370 foot from the dyke - oarbonat 
oont ot , the abrupt deorease in apatite oontent is str1 k1ng. 

Oranothorianit sho minimum oonoentration ov 

the first 275 fee t of oa:rbona t , from ell point onwards 

there is a higher oonoentration. From. 355 to 570 f et 
zona carrying high r uranothoriani t values , ooinoid 

closely with the low phosphat zone . 

Copp r mineralization is distributed throughout th 
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carbonate int rseotod. Values show a ta.:tr17 111 e 

808.tter from tho ov ra.1l mean value, but g 
noreas i observed with illareasiDg distan til 

dolertt - carbonat oontaot. Th beet oOPP r ~nerali­
z tion, 1. 45 per oent , ooinoid B proximat ly th t 
10 apatite seotion from 355 to 570 fe t . 

VALUE DISTRIBUTION OIAGR,aM 
BORE.- HOLE. N!3 - 30 ' . -

8 : 8 

• I .-.. c-- -=-- ~{I,hLrJ 

~:~L,--,-!. ~. r:!\-¥.(>,,~~8 ~~i --=---:u

8 ~.lJ-lJ-\J~j 
e 

• ~-~~~~: ====I~,v."Q"oF.:n~""""""= 

rore 2 sho 
through a zon 
entered a zone 
of 160 feet. 

of maximum apatit oonoentration and 
of 10 er values t a horizontal distano 
Indi vi dunl. val s from 160 feet on dB 

show Ii tt1e variation :from the mean value . 

Although oopper nLneralization 1s a.i.n di tribut d 

http:ovoro.11


.IUIlIo~ 00 entrat10n oo1nc1da almo 

1011' ap tl t zon . Uranothorlan1 t 
ar oonosntrated over the seot1on here jor 

c ar and ~r apatite m1nera11zation ooaur • 

VALUE. DISTRIBUTION DIAGRA.M 

BORE.HOLE. N"4-4o" 

)00 

HorlZon'./ dd/.nce In ,~~t 

F'g 12 
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Th phosphat distribution graph o~ Bor o . 5 
(f • 13) shows an abrupt drop in values at 80 foot . 1h 

of 10 values bey-ond this point does , ho evor , 
V 11 B sam811bB.t higher than the av rage . The presenoe 

tho e oan perhaps be attributed to localised pho phat 
enrichment in ground where, in general , l ow valuos are 

• 

Thsre is t ndenoy for 10 or uranothoriani te aDd 
per values to oocur in th zone here apatite i b at 

CODC6n:tr ted. 
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Th1 was the first illstano where rlll1l8l. 

of magneti to oontent mad . Results are availabl. 
ov the last 360 f t . JlaBnet1 ta is s en d1 tr1buted 

throughout . ~ value show wide va.riatioIlS from th 

an of 19 per oent . 

V A L U E 0 1ST RI B U ' 0 'I ~.L 0. ~ q ->. t\. 

~
: BORE-H CL~ "' 2 

,.. .. ~ .a ., "JlJI.U4', • : .. ~, ~ 
~ 0 " 8 I e .. 
, 0 ' 4 ' 

~. ::.....L.L:.....--=:-==.:...:.::...-=..=..:-==---==--==-=._ "" 
I 

... ~' ~ : ~: 8 : e 
~I~: I fWV 

~ - -, 

.... ~' 
~ ;: 8 : 
t::S .-0 I 
~ 4 ·0 I . 

: '~~ .. I ' O· M ~L-[ __ /Vol.---e~_" _m._te_" _ _ ~-",==~,---,=--,-= _ _ _ 

1"18. 13 

I n the cas of Bar - hole Bo . 6 , the value di tri bu­

tion diagram (fig . l4) do s not give as olear a pioture 
in previous instanoes . The zone of low phosphat 

values i s obeour d, but th distribution of uranothorianit 
sha that the bor hoI pas ad throu.gh a zone of lo 

valuos ::.ud izlto a zone of h1.gher adioaoti vi ty at a 
horiaontal distance of 406 feat . This zone parai t d 

for l47 feet , beyond which the bore- hole disclosed 156 

http:tI$"m.te


z 
t of oarbonate oarryiDg II ttl. uranothorian1 t • 

of low radioaotivity' show spora.d1o enr10hm 
uranothorian1te. 

~I " r ~ . 
~I " 

~E DISTRIBUTION DIAGRAM 
§OREHOLE N"G 

8 o ~ ::f 
b-__ ~~~~~~~ ______ ~~~~~, ______ ~ 
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~ "~ G : (0 :8 
~ .. ~. 

M... • Q I r 
, , 
, , 

~ __ ~_~' ____ ~----~_=r ----~~~. ~ I ~ 

1'1g. 14 

Phosphate values do not shol" an abrupt drop ov r 
the zone indicated by concentratio!:. of urano tho ri ani t • 
The values do, ho ever , sho a general lower lavel . 
Beyond 555 feet high phosphate valu.es coincide '11. th low 
uranothorianite ooncentration. 

Copper mineralization is fairly evenly distrlbut d 
throuehout the bore-hole. It is best concentrated 
throughout the zone where the rna;r1 mum conoentra tion of 

u:ranothor anita found. 



!he magnet! te oontent varie 1fi thin wi l.1m1t 

and its distribution shows no relationship to that of 
phosphate or oopper and uranothori te. 

72. 

~~ ____ ~~B~o~! __ 8 oammano d in phoscor1te 
into oarbonate at cline depth of 73 feet . 

and pass d 

'nl.o 

contaot was aga1.n sharp and n.ear vertioal. 

gible oonoentr tio of uranothorian1te and 

oopper are found in th phosoorite inters oted. Pho p 
values ere , ho v r , high. 

Relatively high phosphate valu s (fig. 15) 
found throughout th oarbonate interseoted. Contrar,y 
to azpeotations uranothorianit and oopper va1u B 

not 10 . A general tendency for the higher oopper ~ 
to ooinoido with 10 phosphate values Is , however , ev1 111; 

from .tho distribution diagram. The distribution of .waj~'" 

ti to is similar to that found in other inolined bore- hol 

~ :: 
dl ' ·6 

, 

V .... Lu!: DISTRIBUTION DI .... GR .... M 

BORE-HOLE N'6 

•. ~ .. '~ ~ ~. i, .. 
'" .. 

• I _ 
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nw portion of ground av r wh1 

Y.e!!!~~ hold tho mineral rights (fig . 6) 

by the oomPBDY. eari s of ino' ined bore- hoI ... re 
drill d from th 1r north rn boundary' , s outh towards th 

o on boundary with Crown lands (:fig. 22). 

Assay r sul ts are :va:l.labJ. for u:rsnothortan1 t. 
and oopper from th ir bo hol T. O. C. 1 , 2, , and 5 ., 
!he results are presented ~ figur 16. wher aopp 

quival.ont uranium onde valu I!I ar plotted for bor 

h 1 • r no assay valu r return d the graphs 
not oompleted. 

7 • 

~igure 16 sha B that on the basis of the d1 tribu­
t on of uranothorian1 te zones oan be tabU shed in 

the oas of all four bor holes . The northern part j! 

the carbonate member is aharacterised b7 a POO% con 
tration of radioaotive material . The usual s,y,mpatheti 
relation be oen oopper and uranothor1an1t 1 ppar t • 

• 
fh:i.s do not al; B apply in the case of 1DdJ.v1~1o.&-

les , but enets in the broader saDSe. 

3. South A.d1 t 

The information obtain d fram the south adlt 
Stlpplemanted for eonomio reasons , Wil th ad1 t 

b illg advano d t by probing th oarbonate lIIemb :r with a 

series of crOSB drives Bet-ot~ at right angl s to t 
ad! t . T.h po i t10n of tho a.d1 t and ground open b7 
F bruary , 1956 ar ahoWll ~ figur 17 . 

As the oros dr1 ves are d eloped alcmg the trik 

of t- at trend1Dg mineral! ation stu~ of tha 
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values d1 010 od is lln) 1 koly to prov:1de BJ:J.Y videD 
1B.t1.Dg to the general dish but1on. The information 

obtained from them bes acoordingly been xoluded and only 
th a~it value are oonsidered. 

The assay r su1ts ooD:form to thoa obtained bY' 
linJ , 1 ng in so fsr as the oopper- 1ll'&nothoriani te- pho phat 

d1strib~tion is oono d (fig . 18) . The following 
po1llt s are worthy of ntion: -

1 . Phosphate i predom' nantl 
fir t 307 and the last 410 foot 

ooncentrated OVBr the 

8!!lpled. I n other orda 
in the poriphery of the ourbcma.te member . 

2 . Copper is d1stri buted throughout the bonate 
member. The bost valu ere found from 307 to 566 f t 

over which seotion phosphate val.U9S were 10 • 

3. Tho higher uranothorianite values wore obtain d 
over that aeotion showing the b at oopper and tho poor 
phOsphate vnlues . This seotion 1s oharaoterised by 

prominent jointing and br eociation . 

4. tit 1s distributed throughout and aha s 
wid variation in values . Its distribution abo no 
re tion to that of the other possible eoonomio oon­
tituente . 
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c. Co~tiDuitz at Miner 

VarHoal. dr1] l1ng bas ahown that the oarbollB.t 
oore extends in pth to at I aat 1893 f t and that 0 

ohang i n Din82"al oontent 0 0'11.T8 down to th1 depth. 
Some idea. of the 8tH tude of min rallzaticm can be 
gained by comparing ValUi d1 tributlon dia.gr 

plotted for bor holes 3 and 4. 

The assay results are c pared in figure 19, 20 
and 2l,t wtdClh th di tr1bution of phospbate , 
and uranothoris.n1t 1D tho bar hol. S t resp otively. 
'th bor holes are ehOWIl in 12' correot r tic p 
to the topography . The ~ phs ar plotted oorrect d 
to tho horizontal and tha touter t and 1 illner • zon • 
indioated by the pho phat values " pro eated on to th 
line of the bor - holes . 

!he bar holes were drilled in t T rtf 
plan ; bore-hole 3 passod 229 feet v rtioally below th 

oollar of bore-hoI 4. botte of the bor hole 

ar B parated by a. v rtloal. d:i.stllllO o:! 78 fa t. 

Th.a d:1 am.s are very similar, partlDu1.ar~ in 

th can of tho phosphate di tribution (fig . 19) , 
t he abrupt drop in vn.l S 01 ly mark the 

the ' outer ' to 11nner t zo .. Th ' 1.nn.er t zone her 

ooi.noides ol.ose17 th ground over oh high r&dio-
acti vi ty &noma] 1 es _ re found by radi oacti vi ty surf () 

mapping ( fig. 5) . 

i'ilo distribution of copper values ( fig. 20) do 

not folloy tly" the cmt- off be en tho • outer ' and 
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' inner ' zone 1IIl by tho oompar1son o~ phosphate valu • 
11 orth ss 1 t 1 very cl 08 . In both bor bol.ee 

ctOpp r 1s diBtribut d throughout , but the ma.:1n aonoentra-

tiOllS coino1d "n with low phD phate value . Th 

remarks made in t " of copp r diatr1.butlon aan b 

qua1 1 y appl1 d for uranothorlan1te . 

~e eampari ons sugg at that mineralization " 
be exp oted to show similar trends th depth and to b 
verti oally disposed. A. orth- whll. oompar1 on of th 

aSBST values return d from both inolined drilling and 

ad! tine should thus be 0 bta1.n d 1~ pho phat , copper 
nrano thor iEmi to values arc proj oted to a horizontal. plan 

t the Btmle 1.evel as the adi t . Th resul ts of such 
j eotiona ar presonted diagrammatioally on 00 poal 
plans , figures 22" 23 and 24. The infozmatlan depiot d 

on these assay plans ropresents only the ~ features 
replotted fram the distr1bution diagrams. 

The diagrams support the oontentlOll that th c b -

a.te mQI:lber oan be subdivided into two zones . ' outer ' 
zon ohnraoterisod by the b st oonoentration of p tit 
with 10 oonoentratiODB of oopper and uranothorian1t , 

and an ' i..lmor t zone here tho latter oonstituents ar 
mn,i nl y oonoentrs. tad wi th 10 or nagllgi ble apa ti t valn 8 . , 

The outllne 0 th t i.nner I zone is drawn to fi t 
tho distribution 0 uranothorillIli te , oopper a.nd phosp te 
and is ropea.ted on al.1. three diagrams . 

no information, exoept the surfaoe distribution of 

ltranothori8.!'.1 te as indieated by tho iaora.d map (fig . 5) 
is va11able for th eround t of line p g 3057 and 

3058 (fig. 6) . 'J!he boundary 1 shown dott d over this 



S otion 1l'l oonfo%mi ty" with anomalies indioated b7 tbs 

isorad map . 

TI. 

The ou.t1.1ne bas been drawn through ground north of 

llnc P 3057 , 3060 and 3059 ( fig. 6) on the basi of 
information obtained fr bor holes drilled by the 
fransva.al Or C llany (T. O. C. 1 , 2, :3 and 5) . Bo pho 

phate values are avai1abl e and i n f i gure 24 the lin has 

been dra; through this a otton on the indioations obtain d 

from uranothorianite and oopper distribution. 

It must be emphasised ~t tho outline shown, do s 
not define the ' innor ' zone at any particular level. It 

merely repres nts a ~ampoB1te pioture inferred fram the 
availabl e ~ormation obtained at ~ious dept and pr 

jeotad to the same level as tho a.d! t . The ' inner ' em 
repros nt that part of the oarbonate member ohara.cter18 d 

by the best ooncentra tion of uranothorl ani te and oopp 
sulphides. The oarbonate e most likely r adily replaa 
by late mineraliz1Qg solutions , 80 that the shape of t 
' inner ' zone will probably be found to oosnge a.t cliff rant 
l ovels . The goneral. Bhape. however , should oonf'orm to 

tho outline shown. It forms , broadly apeaking, a. k1cmo7-
shaped area following a eo..st- wost trend t.h1.n the oarboll­

ate met1ber . 
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D. The statistical ReLationship 

Deta1..led l.1ng was dona to &ssess th eOOllam:1 

potent1.a1i ties of tb8 bonate mb r . Sever th d 
ip::L &8 S are available for phosphat , copp r and 

othorlanit in the form o~ P20s por oent, CU per 0 t 

d U308 IbB per ton. 

Using a large number of assays it is pOBs1bl 
oamparo the valuo distribution pattorns of the mine 

to 

• 
!his comparil3on Mould elva usofu1. oonfirmation in support 

of other geologioal facts boaring on the problem of th8 
modo of or1g1..n of tho carbonate member . 

Cocparing distribution patterns (Cousins 1956) 
oonsists in essenoe of tho following proaeduxo: ~ 

total. number of sampleD asea,yod , are diVided into valu.e 

groupe ! . g . 0 - 0. 2, 0 . 21 -0.30 per oent etc. 
total. number of lee falllr:g into eaoh valu.e croup 
added and express ed ().S percentagos of the total . To 

find tho (JIJMlll ative f'roquenoy of OQOl.I!'renao of valuas , 

belo aoh predetermined upper limit of a value group, 
the peroentages are added progressively to g1 va the 
mnnu1ativf) froqu.enoy . The f1g1l.rcs so obtained ar plott 
on speoial logarithmio probability graph pap r - with t 

upper I 1m1 t of value on the vertio and the oamul.ative 

frequenoy on the horizontal axos rospeotively. 

Ln a normal distribution ourve, the values are di -

tributed ~etr~cally about the mean value. If plott 4 
on B. l.1near soal th aurve is asymmotri.cal rl th a at p 
slopo on th 10 value side of the mean value, and flatt 

on tho h;1gh val. Bid . use ~ log probabill ty' 

http:rollm'11.ng


r perD1. t th ordin&r7 cmmu.lativ :rr quBl107 ourv 
o plott d as straight line. 

or tiaally the pat torn of distribution ~ollo d 
b,. all mineral. deposi ts will fa.ll on a straight line. 
!h1 dopends in practia on having an 1n:!1n1 te numb r of 

• 1 in eo.oh value group . 1!h1s oonditiOIl. oannot , 
ho ever, be reaahed. As rosult , tho pOints wi.ll so tter 

sp cial1y for the highest value groups . To r dUDe thi 

llloatter , although values as high as 20 . 96 per oant P2OS, 
19 . 96 per oent Cu and 12. 1 lbe per ton - U,Oa \'fer obta1.n-

d , no valu group ere used cer the mDIlber of pl • 

r 1 sa than 30 . Va.r1a tiona due to B8ZDpl1zag may 

sumed to hay oanoelled aah other s1noe tripl assays 

r don on the sme sampl • 

!he aamul tive frequenoies obtain d for pr det r-
min d valn groups where the ' population ' of les i8 
suffioient for statistioal purposes are given in t ble V. 
!hese figure t basod on approximately 1500 sampI 8, hay 
been pl ott d on log prob bility paper ( f~. 25) , to ow 

the valuo distribution ourves . Value group ahov 1 . 0 

are avail bl for copper saye e !has have , how v r , 
not been plotted as the rosu1 to oannot bo oompared to 
corr spondizlg value groups for equivalent uranium and 
phosphate . 

!h vortioal position of the distribution ourv 
determines the r lsti va rlohnes o:r the dopoBi t i ll a.r:I:3" 
of th oonsti tuent oonsider d . Sinoe , th mineral ar 
present throughout th oarbonate m bar ~ the :rollo~ 

approximate proportions : P205 : CU : U30S : : 15 : 5 : 1 , 
valu grouping s roduood by a f otor of 10 in the oas 

of P20S and inor Beed lp' 20 in th oaB of U308, for 
ease of oompari on. 
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the u.e d1 tr1bu.tlon pat"t rna find 

all 1 t:r&1ght line for aopp r and quiva.l.ent uranium; 
1rl41 tiIlg Q S lar patt :m of distribution al.though, 

m:Lneral. ho: vary1.Dg m an valu 8. If value group 
fo oopp r abov 1 . 0 ar plotted, th points fall b 

straight line drawn for value group 1 than 1 . 0 . 

di:rf r of slop of the phosphate mmn11 atlv :fre-
enay ourv indioat s a cl:l1ferent value distribution 

p ttern for this const1 tuent . 

CARBONATITE 

CUMULATIVE FREQUENCY DIST~IBUTION CURVE 

20 ~ 40 110 60 70 &0 

Tho at per slopes obtained for oopp r and qui 

1. nt \U'fl.Ilium. lnd1 c t that the pr ad from the an val 

1s wid for th 80 oonetl tuents 1 the fIa.tt r phosp 

CJIl.rV SU88 ate a narro er pread :from the m vaJ.ue. 
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On t i o~ thes r snlts & dna that 
onditlans favourabl for the oonoentr tlon of 

thorian1. t and oopper aul.ph1d s ere th or 010 l.y 

wher 
patlt d po 

:vallabil1 ty 
patlt • 

,thes conditions war unfavourab1 for 
1 tion. This indicates a proportlcma1 
~or copper and uranothorian1te, but not 



VaJ.ue group No . o~ o~ 
samp1 total. 

Co er 

0 0. 20 354 24. 8 
0 . 21. - 0 . 40 319 22. 5 
0 . 41 - 0 . 60 254 17 . 9 
0 . 61 - 0 . 80 172 12. 1 
0. 81 - 1 . 00 138 9.7 
1 . 10 - 1 . 20 84 5. 9 
1.21 - 1 . 40 56 4. 0 
1. 41 - 1 . 60 40 2 . 8 

Total 1411 

qui valent UrazLimn 

o - 0 . 20 
0 . 21 - 0 . 40 
0. 41 - 0 . 60 
0 . 61 - 0. 80 
0 . 81 - 1 . 00 

1030 
262 

87 
44 
35 

~tals 1458 

o - 0 . 20 
0 . 21 - 0 . 40 
0. 41 - 0 . 60 
0 . 61 - 0 . 80 
0 . 81 - 1.00 

Phosphate 

727 
485 
187 

71 
39 

!rot 1534 

10. 6 
18. 0 

6 . 0 
3. 0 
2. 4 

48 . 2 
32. l. 
12. 4 

4. 7 
2.6 

Cumulative 
frequency ~ 

24. 8 
47. 3 
65 . 2 
77.3 
87 . 0 
92 .9 
96 . 9 
99 .7 

70 . 6 
88 . 6 
94. 6 
7. 6 

100. 0 

48. 2 
80. 3 
92.7 
97.4 

100 . 0 

2. 



B. - !he Uranium ; Thorium Batio 

A.dams (Faul , 1954) has prov1d d sub 
for artier oonolUB1ona in th 11 t rature that the 
uran1 : thorium r tio 1s fairly oonstant. Data CD 

the ratio :In the &oid voloam.os from th Las VolcaD1 
ational Park, California. indio t no large shift in 

ratio and aho that thorium is about three tim ra 
abundant than uraniTllD in unwea.thered vola 0 rooks , i ••. 

thos ill ch equil.1br1am 1s not di turbed. It 1 

tated that the r tio probably rema.1ne oonetant during 
~f rentiation. 

To stabllsh the ura.n:1.um : t hortmn r tio. thr 

sampl B wero submitt d to the Government t&1.lurgioal. 
laboratory and to the United states Atomio Energy 
Commission for ohemiaal analyses . Th samples er 
portiOns of oru.shed core from bore- hoI 1 , taken a.t 

epths of 106, 113 and 198 teet respeotively. In 

add! tion a cleaned sample of uranothoriOlli t sub-

mitted to th DiVision of Cbem10al S moos. The 

r sults ar tabulat d in table VI . In the tabl d 
figures there is fair agreement between the laborator1e 
·cono rn d; tho r, tio are fairly oonsistont and the.1.1' 
averag close to that obtained by the Division of 
Chemioal Servioes. 

~bs qciant ork on conoentrates raised doubt 
to th oonstanoy of th ratio. A peclally seleoted 
suit of samploB s , therefore. Bub tt d to th 
Go ernmant ets.U.urgioal laboratory. Thea sample 

ere el oted from bore-oor B and from the ad! t 80 that 
they :rep:re 8Ilt a lar part of the oarbonat mer. 
fh resul ts . g1 von in tab1 VII , at that the 
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proportions o£ uranium and thorium in urano tho rian1 t 
. are quit variabl. 

If 8llY J!olat1onsbip exists between uranium snd 

thorium 1.n uranothor1anit it should amerg if f1. s1lf'fi ­

aient nUI!lber of ur llID. and thorium ass83's , obta.i.nod by 

quil1br1um. metho 1 011 the sample , aro grouped 

into equivalent uranium oxide groups of l1m1ted val.u 

range ( . g. 0 . 020 to 0 . 0)0 to 0.040 etc. ,Os pro ) 
and oal.oulatillg the mean uran1:am. and thorium valu 
fall 1 ng wi thin each V&1u group . .ll though u.ran1 

thorium. vaJ..u in c sa of one per oent ooour , th 

numb r of samples :in each 0 . 010 quivaJ. t uram. on 

per aent group above 0 . 1 all 1 as than thirty; 
oonsequently no figures are given tor th . 1!h.e t 

obtained are givEm in table VIll . 

a.l ternat1. va method, g i v1ng some 1d of the 

variation of the ratio wi thin group, 1 to 
urs.n:1u:m- thorium ratio for eaoh sample· to gro 

ratios and to oaloulate th peroentag ot pI 

eaah equivalent uranitmJ. oxide group that f Is 1nto 

aerio of ratio group . ftle results obtain d by this 

method are given in table IX. 

termination of ura.n1um &nd. thorium, phya1-1 . !he d 

cally in the 

siDmJ. tan ous oW.uaUS 

ore by the equ1llbrimn methodl. inTOl 

ement ~ the b ta 6114 gamma ra41 t1 
ami tt d by the va:r1ous deo&7 produots of the urani d 
thorium. seri • 



1'abl VIII aho the uranium. : thorium ratio to 
~ fairly oonstant tor ~or sing quivalent uranium 

%ide values. A. value of 1 : 2 . 81 wa obtain d . 

s figure obtain d fram analysis of 346 samples , 
egatod into value groups rangiIlg :trom 0 . 020 to 0 . 1 

T cent equ1.valent uranium oxide . The ratio for 1.n.d1vi-

dual groups was found to var"3' from 2. 47 to 3. 13. 

Tabla I X illustrates the spread of the ratio 
yielded by th individual samples within equivalent 
uranium oxide value groups . ~ table inctl.clltes that 

whereas the ratio 1s vnrlabl , 73 per oant of the sampl 
con idered havo r atios falling between 1 : 1 and 1 : 3. 



1 . 

.2. 

4. 

T.ABLE O. VI 

UBABIlJK ; !BO 5 IlmICATED 

0.50 

0.475 

1 . 00 

0. 998 

0. 30 

0. 34 

BY CAL .l1lALYBES 

0. 26 
0.277 

0.64 
0. 628 

0.18 

1 . 01 
1. 03 

2.31 
2.11 

0. 28 
0.203 0. 80 

16. 6 59 . 9 

3. 99 
3. 72 

4. 33 
3. 94 

3. 61 

A.B. C. UIrl. ted stat s • .A.tomio ED. rgy Commission. 

96. 

. :8. C. 
G •• L. 
G. ll'. 

. 0. 

G • • L. 
G.n. 

. B. C .. 
G. lIl. L . 

G.U. 

c. 

G • • L Government ta.ll.urgioal Laboratory, South .A.frla • 
G. U. alogio Uni t. Atomio Energy Board. 
c. Chem1 0al Servioes ,. Dopartment of .Agr1ou1tuz .. 

Sample 1 to 3 are cores taken:tram rl1aal bor 
hole o . 1 t the following d pths: 107., ll3 and 199 fat. 

Sample 4 1s a 01 anod sample o-r uranothorian1 te. 
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fABLE 0, TIl 

mE UB.ABl TID AS IBDlC.ll!ED BI 

CAL ABALY S 

p1e Phyaioal. Chemioal ~n8J 1'9 8 
as U308 lb02 U308 

1. 0. 293 0. 1.61 0. 607 3 71 
2 0. 2l9 0. 142 0. 453 3.19 
3 0.181 0.069 0. 453 6. 57 
4 0. 204 0. 117 0. 365 3. 
5 0. 362 0 . 157 0. 90.3 5 . 15 
6 0 . 830 0. 520 0. 885 1. 71 
7 0.361 0.234 0. 567 2. 
8 0. 198 0. 148 0 . 191 1 . 
9 0 . 197 0, 157 0. 234 1.. 9 

10 0. 304 0, 1.29 0.411 3.19 
II 0. 221 0. 094 0.582 6. 19 
12 0. 952 0.736 1 . 28 1 . 74 



• 

VIII 

UJ08 ,f. 
o p Th021t1,O 

. 020 - 0. 030 50 0 . 027 0 . 01.8 0. 051 2. 85 
53 0. 0)5 0 . 02) 0 . 071 3.13 

. 041 - 0. 050 0. 046 0. 029 0 . 080 2. 2 

. 051 - 0 . 060 52 0. 055 0. 036 0.10' 2 . 8.3 

. 061 - 0. 070 39 0 . 065 0 ,. 042 0.129 3. 0 

. 071 - 0 . 080 33 0. 076 0.05' 0. 138 2. 61. 

. 081 - 0 . 090 35 0. 087 0. 054 0 . 150 2 . 81. 

. 091 - 0 . 100 30 0 . 096 0. 068 0. 167 2. 47 

346 

an ratio 2. 81. 



e-U308 per 0- ~ . 1-
!cent ,;trOUTJ 1-1 . 0 -2. 0 

0 . 021-0 . 0]0 2. 0 30 . 0 
0 . 031-0 . 040 - 18 . 9 
0 . 041- 0 . 050 4. 4- 1 7 . 4 
0 . 051-0 . 060 3. 9 25 . 0 
0 . 061-0 . 070 - 28 . 2 

0 . 071- 0 . 080 4. 9 29 ·. 3 
0 . 081-0 . 090 8 . 6 14. 3 
0 . 091-0 . 100 4. 2 1 6. 7 

Total 
Averages ) . 5 22 . 5 

TABLE n: 
THE VARIATION OF THE UlWfI UK.THORIUM. RATIO 

WITHlI ~yUIVALDT URANIUM OXIDi GROUPS 

Ratio Grou~8 !hO~U308 • 
2. 1- 3.1- 4.1- 5.1- 6 . 1- 7 .1- S.l-
- 3. 0 - 4. 0 5. 0 - 6 . 0 - 7. 0 - S. O -~_. O 

20 . 0 22 . 0 12. 0 10 . 0 2. 0 2 . 0 -
26. 4 24 . 5 9 . 4- 7 . 6 5.7 3.8 1 . 9 
41 . 3 23 . 9 4. 4- 6 . 5 - 2. 2 -
26. 9 25 . 0 5. 8 5. 8 1. 9 1 . 9 -
15. 4 23. 1 20 . 5 2. 6 5. 1 5.1 -
24 . 4- 22 . 0 1 2. 2 2.4 4 . 9 - -
40 . 0 1l . 4 5.7 11 . 4 8. 6 - -
37 .5 20 . 8 1 2. 5 - - 4. 2 -

29 . 0 21 . 6 10. ) 5. 8 3 .5 2.A 0 . 2 

9 . 1- 11 .1- 13.1-
- 10.0 -12. 0 -14 . 0 

- - -
- 1.9 -
- - -

1 . 9 - 1 . 9 

- - -
- - -
- - -

4. 2 - -

0 . 8 0 . 2 I 0 . 2 

Ratio groups 10.1 - 11. 0 and 12 . 1 - 13. 0 have been omi tted f rom the above tabl e 
s no values tall withi n them. 

10 

of IJ 
sam:tlle 

50 
5) 
46 
52 

39 
41 

35 
)0 

' 346 

<» 
\D 

I 

II 
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... ConoJ.u ions 

.A. sympath t1.o r 1ationshi p e.xi t b tween th 
aoppor and llranothoria.ni te that the hlghor grades o~ 
copper or show higher rad1oaot1v1ty. !h apatito on 
t ot.her hand di mi n1 sh 8 in oontent as oopper grade 

incroase . ~s ro:lation p is not a. cloGe one but 

t s boun S oonfine both the oopper and uran.o-
thoriani. te . 

It is possible to subdivide each ~olined bor -
hole and the adi t into an ' 1.J:mer t an.d • cuter ' zono. 
m&i.n ooncentrations of aoppor and uranothorlani ta o-c 
in th ' inner ' or ocmnal irregu.lar zan . Thia zone 18 
kidney- pad and elongated in ast- t direotion. 

The distribut10n of phosphat vo.1u s provides the 

01 ar at piotu.r . The OhSDg from 0 pa.%atively good to 
poor phosphat min ralizatian is 01 out . The zcme o~ 
good values passes into ground showi:cg 00 • stontly" l.ow 

values relieved ocoas1ona.ll.y by areas of sporadic enrlah 
ment e Copp r 1s distributed throughout tho ourbcma.t 
mamb r but is best oonoGntrated in tho centre . U 0-

thoriani t is alosely QO~1n d to this part of the mass . 
Tho distribution aho 00 aional. enr1ahment in the aut r 

portions of the oarbonate member, but not to t 
xtant as copper . The distribution at magn tite b 

no rela.tionship to a1 ther apa.t1 t , uranothorlan1 t or 
oopper . 

gh st oono ntra.tion of oOPP r and uranothori -
ni t 1s found whero jo1.nting and broooia.t1on ls pram:1.neD.t • 

.A. rt1.oa1 bor hoI drill d into the more trongly 
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ral..1zed zone prond d ovidenoa of the OOIltim1atiOll 

of m11leral..1z tion throughout the total. length of the bore­
hoI of 1893 fat .. 

Inolined drilllDg shows that the oarbonate-phosoori t 
oontact 1s aharp and that the oar bonate member i8 probabl.y 

plug-like body the wa.l.ls of whiah axe praotioally vert1 

Th pattern of nineraJ..ization oan. be xpeoted to b 

vertioally disposed and to folIo at depth the distribution 
of radioa.oti vi ty anomsJ.1. 8 obta:i..ned at surface • 

.! statistioal study of the distribution of ap tit, 
oopper and uranothorl&n1to indioates that similar condit! 

were favourable for the oonoantratlon of copper and uran 
tho rlanite, but not apatite . 

The resul. ts of oh oal. and radiometrio Mal y 1 

show that the proport on of uranium and thorltm ill urano­

thorlanite varl B. Thorium, however , al~ predominates 
over uranium. A statistioal oaloulation giv s a ratio of 
1 : 2 . 81 as fair approximation. 

• 
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• Gonoral 

In oommon rl th aJ kall oomple s erywher , th 

siD of the rooks at PhalaborN&. bas been the BUbj at 
f muoh controversy. Tho main po1.nts whioh lead to 

oontl.1at are the relation of the frY t to th pyro 
d that of the carbonaro ma:nb r to the pyroxenit • 

lost of the differ1zJg ooncUusions are J.a:rge1.y th 
reoul t of i.noorreot mapping. 'l!h:le is not unexpeoted 1n 

a.r a whore tho surfaee eoo106Y i s obsoured by a. thiok 
ov r of oa.laret. Ov r groat portion of the oampl 

ormation can only b obts1n from a.rt1f'1o:1al exposur 
mad for prosp ot1.ng purposes . th 1nar asillg eomu::mu.o 

intGr st fooussed on hi theno negleeted portions , uoh 
tho o:J.rbonate ber , information has b en obtained 

hioh allow & revision of artier work. 

The theori B prev1ous1.y a.dvanoed to aocount for 
the bonate m ber in G%p]a.1Ding the g ologloal histo 
of the oamplta inolude metamorpbio origj.n., as i m11ati 

of linestone by a erani tic mngz:lIl , and a magma tio ongin. 

There 1s no fundamental r ason to distinguish 
between metamorphism or assim1lation of limestone 

bas taken plAoe ill situ. Whil th expan.ente of' both 

th or! s that the syeni t has b n farm d as the 
r au.l t of inter tion b tw en g:r te magm and llm stan , 

orig~ of the PTroXD- te fozms the basi a differenco 
b tween the 0 1d • Con oquan tly the py-roxon1 t 
oarbonate oontaot zone 1s ot fUndam ntal support to 

i ther theory in that both stand or &11 by' virtue of thi.s 
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l a t lon h l p . 

Shand , th 1 d ing %ponant of e s imlla t lon 
t he ~y, has applled a iont of Daly ' s by:poth S B to 

1.a1n the origin of t he roo t Pu.......L ...... bo a . H piotux 
• front o:f t gr it lc' dvano i ng into t he I st OJ1l 
r act ing wi th it, end preclpit t di opsi de as it ad c • 
(reply to d iscussion, Trans. G 1 . Soo. S . ., LI , 1948 ). 
Sinc this po ible U at ion appar ntly t ook pl ao 

=..;;;;.;;;i ..... tu.-· snd without c ompl ete digestion of t he 1 ton , it 
ana observed t t he oarboIlBt 

oon t ot Should be t he s e 1rr speotive of hether met -
mor'phiBDl or B im1lation a the dCID1.nant rooes . Is 
oont ntion is support ed by d ' s t t t h is w r k 
1s not irreconcllabl wi th t he m orphic orr of du oi t. 
H r dB the 0 id as uppl emen y ot contra-

dictory (reply to d ss i on , Trftn • G 01. Soc. s. ., 
34 , 1931). 

The two tbeor1 can b a t be d i ous d toga r 

under the headillg ' 1 estone nt ectlc or igin', in t he 
sense that t t erm syntex1 olu as bot h t e ~ r p 
and as 1m1l tion of f or 19n t ter . 

B. Synt ectio Orlg~ 

The 1 ding exponent of the 1 eatone ynt ectio 

t heory are du Tolt. (1931) , Shand (1931) and Gevers (1948). 
Their i deas haTe b e n d up by Shand (1949) f oIl :-

-The intru i on of granite into t he ancient sch1 ts of this 
r g ion took place in ere.l stage . The produots of 

r etlon th modera t ly magn i 1 eat ane are:-
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a. diopside- arfvedsonite syenites, cont ining micro­
cline and only a little quartz; 

b. shonkinites (melanocratic syenites) consisting 
roughly of one third microcline, tl-IO thirds 
diopside with some apatite; 

c. pyrox nites, almost h olly c omposed of diopside 
or diopside nd apatite; also apatite rocksR. 

Shand (1949) has made t he following st~t ents:-

"All these rooks are cut by younger gr "tee 
the l imestones, ho ever, no granite voin.s were observ 
but only veins of syenite and shonkinite-. (pg. 82) 

In , 

ftThe oentral limestone mass wh ich has been oharged 
with magnetite d sp tite a.1so developed die> s ide 
and olivine by thermal metamorphism-. (pg. 84) 

There is no evidenoe, whatsoever, of younger granite 
cutting the pyroxenite nor veins of syenite or shonkinite 
in the carbonate member. Furthermore no d iopside is 
developed in the carbonate m ber and it tl!us becomes 
necessary to have a closer look at the basic prinoiples of 
met orph1sm of l im stone by granite. 

Exponents of the w,rntectic t he ory, have in sugg ti 
sedimentary origin for t he oarbonate m ber, bee f ore d 

to indica te possible ou:rce f or an i solated bo dy of edi­
ment ary l imestone enveloped in a ' s ea t of anita of such 
orj.ginal dime i ons that a l arge r ant still exists. 

at supporters have sugges t ed a block o:f dolo ite belong-
ing to t h Tr aa1 System, while du Toi t and Gever 
favour t h carbonate roc of t he MIlrch ison Bange . 

The original eh cal c omposi ti on of dolomite i 

of b 10 importanoe in e:rJ.7 explanation f avouring ass1milation 
or met orphism by an acidic ma • 



Toit (1954) giv B tho following analyst of dol t 

CaC03 • • • • • • • • • • 48 . 
MgC03 • • • • • • • • • • • 4O. B,' 

e003 • • • • • • • a a a • l .~ 

lfnC03 • • • • • • • • • • • 2 . 

81°2 • • • • • • • • • • • 5 . ~ 

the oarbonat roaks of the Murchison Rarlg have 

been d Boribed by Hall. (1912 , .em. 6) as dol te and 

95. 

:-

ank ritio or in other words magnesi an- caloium-iron oarb 

It is kno that when dolomite is metacorpho d 

silloa shows an a.ffini ty for .me.gnoBilm in tho proseno o~ ~ 
oaloium and that 11me tends to un1 te with tho foroign 

material in the dolom1 to 1 th tho l.1ber tlon of C02-

Aseum1 ng that tho syntectio theory is applloabl and t t 
the complex fo:m.ed as he rosult of into~ otlon bew. 
an a.o d magma and dolon to the produots of metamorphl.am. 
will dep nd on the proportion of silioa avai abl e . ~ 

r acti on 11 proceed aocordLQg to the following aquatio : -

3C 
dol 

C 

20 

( C03)2+ 48102 == 
ita 

( 003)2 + 25102 = 

CaD , 3MgO, 45d02 + 2CaCO, + 4002 
tremolit 

CaMg ( S10,)2 + 2002 
dlopsi 0 

~e carbonate cember (tabl II ) conta1nD les t 
2 . 3:' 5102 so that the total ab enoe of h oli te is not 

u.n.expected. Al though Brandt (1 948 ) m tions diopa1 in 

the oarbonate, t 1 t r was uns.ble to find 8IJ3 . 1h 

saara! ty of diops1de i n tho oarboIUlto is aon:f1rmed b7 t 

invostigations of du Toit and Shand (r ply to disoussio , 
Trans. Gaol. Soo. S. lir. , 1948). Magnesian silioate 



1 p%' ent oli vine s.nd ond:rocti te and the t t. o~ 
tamorph.1 a thus not oppo ad by th basi a trt 

~ th marbl side ot the proo BS. It i not ol 

110. d:1op ide would :form on such a. large scale a.c a me -

mOrphia produot in the pyro:mnite and y t not at th oarb 

te contaot . 

!J!h rocks most oong n1 to the forma:tion ot aon t 
otasomatio min ral doposit sr limestone and dol t. 

t8ll1O:rphi will of neoessity glvo ria to great quantitl 

of C02, ~ ot which will bring about a rel1 t of pr • 

in the invading ma,gma in the direction of the dolomi t • 
1!b.is would allow tho transportation 01 the gas oua ooneti-

tuants the dirootion of relief of pressllr • re t , 
intens oontact metasomatiBIl1 gould bo expeoted in ddi t1 

to the noDlal h at ef'foot .. suoh as the r orysta.J....ll.zatlOll 
of the 08.101 t thout oons1derable ohango in ohomioal COID.1)()-

s.1 t1on. This metasomatism oul.d be man1:fosted by marked 

obanges in the periphery of the dolom1t th far less p 
nounoed :tfects in the • front • of the invM 1 og ~9"C'" 

It 1s r onabl to sum that tho re ul tiDg met -
morphio aureole vou1d b oharaotorieed by a gradaticmal.. 

passage f'rom gran! te through 8. zone of intense m tas t1 
to normal. dolomite, with the extont of the motaBamati 
being dependent on the temperature of the 1nvading WQ~~ 
and the proportions of the dolomite Oriff1ns]]y va1Labl . 

!Jh fact that no met orphio aur 01 exists in 

carbonat and that the phosoor1. te 1s in sharp oontact with 

the form r does not make a syntect10 origin sound ry' 

plausible. ~e sharp oontact proves that the carbonat 

arri d in 1 to pr sent poei tion in th same as 5Z.I1' 
intrus1v would have done. lfurthermor, tho spat! d:1 

tribut10n o~ ap tlto, uranothorianite and copper sulpbid 

, 
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111 the oarbonate member is maggastiva of a magmatj,o origin. 

Th miner assemblage in the oarbonat member do 

not offer oonolusiv support to tho ~tootiQ theory. 
minerals present hiah are charaoteristio of oontaot m ta­

omatia doposits are: - ollvine, chondrodi t ,. the mioas Ii 

fluori t ; th metalll (3 on de B of iron and t1. tBDiam an the 
o on base mineral sulphides , oha:tcopyrite , born! ta , pyrft 

pyrrhotl t . !h m:ln.eralogioal evideno sho that 
pyrite s s condary , after magnetite . 
are also all oommon :in high temper tur 
magmatio affiliutions . 

nte others" ho,-'U"D'r, 
deposits th 

Brandt (1948) bae raisod the :rellowing add! tiona1. 

objootions to tho ~atamorphia explanation.-
1 . Tho rook of tho complex intruded tha Archaean gz t. 
on II large aaale but fragcenta of oarbonat are not found 

in tho breccias and S1ll3 and dykes of the Y'C1llIl6or per ... 
line gran1 te . 
2 . Isolated syeni tee intrusivo into roots of the Pr1m1 tiv 
System, in whioh thero is no seoondary oarbonato. oocur 1.n 

tho vioini ty of tho Olifants ri var. The absanoe of f 

~ants of carbonates in tho broociaa of th 6e 61 t t 
to Bho that the mngm!l. wae not in oontaot .Ii th oarbonat 
of ood1men tary origin 

3. ~estone 1s susooptibl to any changes and a&i17 
loosoe its individual. aharactor han an i c;n90US rook 
intrudes 1 t In this caso the struotur of the ign 

rook w1l1. bo rcfiooted in tho ll.m.estone. The map of 

Murchison Bango (S . Mr. Gool. SUrv.) sho\llS olearly the 

property of adjus t of tho ~e6tone ~ this ar • 
they are dra..m-out into long lcnl30s ahow1.ng a strong t 
to be elODga ted parallel. to t he flo\v Dtruoture of th 

gran! to gn is . On co pari 011 i th the form of the 

oa:rbonate macbor , a strfr d.1fiereno OWl be seen. 
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r an exponent of a ootamorphio origin (r pl¥ 
to dis alon , h"ans. Geol. Soc. S. Ur. , LI, 1948) haa 

ted the. t • should 1 t be proved that the entire l1mestona 
body, together th its outer fringe of Barp ntin t1 te-
patite rooks , pOBsess8 tr rrreselve oontaots with 

r arenas to the pyroxenite, of oour e du Tott ' e hyp -
theses favourod by me w1.11 fall a.way". 'nli13 Bt:lt t 
1 e~y applioable to partial assimilation of 1imeeton , 
i n situ, by a gr tio magma. 

Dot~e mapping and the results of prospeoting 
show that tho aerponttn magnctit -apatite body (1 •• the 
pho oorita) ia a sap ate ant ty oonto1nJng ~olusians o~ 
pyro%eni to and foming sharp oontaots \'11 th both tho pyro 
n1 to phase and oarbonate. On this basis we must oanolud 
that tho oarbonat mec.ber is 1nt?U.Slve . 

That tho oarbonate member is of magmatI0 origin 
as fir t ugeest d b7 Brandt (1948 ) Ili9 idea that 

Lool Kop r pr ants a voloan1c oonduit dIffers r ~ 
from thoe of arlier investigators . 

Brandt has visual zed a baric magma different! ttng 
1 depth Lnto basi a or pyre nit1a fraotion , a 8y t1 

fraotion , a oarbonate fraotion snd a silloa and sulph1d 

fraction. lie is of the op1.n1on that the pyromni te 
emp1aoed fir t and a:ftor consolidation s intruded by 

syanit . Lastly, tho intrusion of th carbonate m 
oarrying the iron and oopp r ores took pace. Th 
spread distribution of biotite, ap tite , phlogopit , 
ou.li t , ahlori t s rpontino in tho py-rozoni. t i 

http:t;llB.li
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1 but d to & pnuBr:!la tolytio phase of the ayan1 t magma 
ooding the pyro:mn1 te with a.oid end-stage mCBl1b rs. !h 

tru.sion of the ay-ani tio me.ema 1s rogarded as only slight­

later than this pnuematolyt1c stage. 

In tabulat d form the prooeSS9S rosulting from or 
Booiated th the aye to Lntrusion, held responsible 

tor the min rali atlan of the eomplex by Brandt, 0:-

• Intrusion of the 011 

b. pnuamatolytic aotion charaoterisod by ecrpen 
sat ion , and carboniti ation of tho basic fraction 
aocompanied by the formation of phosphate , phlo 
pita and magnt.tito Thioh pre;oeded the syenite 
intrusion; 

c . syeni to intrusion and tho formation o~ syon1 t1 

pogmati te; 
d . further oarbo tisation together with sillcif1c tieD 

and hydration of ph1ogopi te whiah ohnnged to 
vormiouli tee This final stase taki ng plaoo t an 
advnnood period of the sycni to intrusion \1han & 

renewal of mineralization. aooampani d by breootatt 
c~used the perclp1tatlan of oarbonate with iron 
oopper . 

Brandt has d duoed th ordor of intrusion, pyro 
ta ,. 8yeni te and oarbonato , frOI:l e struotural rolatlou 

aD observed by him. .A.e this b s direotly on tho pzo-
008609 of cincralization it 1s n cessary that 
bo considered in greater detail . 

As a prelim1 nazy at p 1 t woul.d b of ad 

set out thD 1nfo~tlon whioh has been obtained 
Brandt ' s f'ieldYOu: done. The folIo Iill,g :r 
taken as oonol 1vely tabl1ahed! -

s OTiden 

tag 
sino 
ts 

t 

b 

, 
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1. ~ ontaot b WOOI1 th pho oort te and the surroUl'ld-
p gmatitio ro 1s sharp and inolusions ~ pyrO%8n1t 

oour th r in. 
2. The oarbonate member aontains ~olusians of phosoo-

r1 to in 1 ts peripheral. portion. Its eontaot with the 

phoeoorl t 1s sba.rp . 

3. Dr1 J J 1ug has proved tha.t tho oarbo te m b r 

vertieally at least to 1893 fa t , the bottom of the d epe t 
bar hole . Thora i nothing to ind10ate that it will not 
oontinue to greater depths. 

4. V ins of oarbonate out all the oth r rook: type 
inoludine granite. 

5. A. tudy of the distribution of apatite points to 
i te maDmmn conoentration 1.n tho phosoori t . In g ral 
the outer portion of the carbo te m bra d or 8 

in phosphate oontent wh n oompared th the pho corit • 
Ole a negligibl ooncentration occrurs in the 0 ntr • 

6 . A notablo differenoe in titanium content of mag-
neti te in the phosoorl t and the magnet1 te in the oarbonat 
m b r has been established speotrographioal.l.1 and oham1oa1ly. 

7 . Diopdde ctr asee in oonoentration from pyra% 

to phosoori tee In the oarbonato member 1 t is absent. 
8. The mineraeraphio , statist! and other avid 

suggest that:-
&. Uranothorianito and copper mineralization 

represent a late crystallisation at high 

t peratur j 

b . they are genetioa.l.ly conneotod; 

o. there are two staeee of m.i.ner!l.l.izat1on , on 
direotly assooiated \r.Lth the emplaoomant of 
th carbona t mamb r, and tho sooond represent d 
by a late emplacement along planes o~ 
after partial or complete orystall1s tiona 

http:Uranothorie.ni.t0
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Acoording to Br dt the intrusion of the syenit le 

JJ.K&1!JWA took plaoe as rep ted injecti ons over l ong p x i od 
of t ime .. These i nj otions ere. in order of age , as 
fol.lo s :-

a. A P s ive infiltration of per aJ kaJin granite 
and syenite ong joints in the Arohaean granite. 

b. A violent intrusion of the main eyeni te mas 
h ieh gave rise to t he tor-shaped hil.ls (pl. II) 

and t he associated brecoi tion. 

c. The third period. again one of passive infil­

tration , t aking pl nce along cooling cracks in 

the earlier formed syenite. 

The wri tar has no ori ti i to offer to th est-
ad manner of intrus ion of t he sy nite. There are, howey r , 
several r ason for ob ject ing to t he suggested order of 
intrus ion of the successive phases of the magma , and the 
conolusion tha t the mineral ization of the oomplex is 

r e l a t ed diI~ctly to t he pl.ac ement of the synite f r action. 

It 18 no generally eed that the compl ex 

intrud d into Archaean granite and t hat i eous ctivit.y 

ill the ares. as terminated by t he intrusion of doler ite 
dykes of 00 age . lhese dykes are in n0 ay OOllIJ.l ot 

to the i gneous cycle which r esulted in the empl 0 ant of 

the c ompl ex . 

The position on t he syenite-shonkinite Icontaot is 

not lUI cl • The hole probl of the time of intrusion 

of the yani te in relation to the oth er intrusive phasee 
of the complex i rela t ed to th f'i.eld and ch ieal reI tiona 

of the shonkini tee The exponents of t he synt ec tic theory, 
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d Brandt, :va brought mIlOh ah oal ev1den in BUPPO 

ot th 1r vi • Ther 1s, ho r , v ry llttl ri-

m tal rtdenoe on tho chemioal asp at and th 1d 

advano d ar to larg erlent spooulaUv . Th 
approaoh oan qual 17 II xpl.a:ln th shonki ni t m t -
B t1m of the ISY n1 t by the pyre ni t 07' a1 ternati v. .,. 
a rep amant of pyroxen1 te by syeni t. Th wr1 r is 

thus of the opinion that; mor or dena should b p1a ed 

on the fIeld r 1 tlonah1ps and P tial d1 tribution of t 

rook b r expos at t pr sont rosion 1 , than 

on speaulat1 v xp..LCW.I~tlons bas d largely on laborato17 
ohem! try. 

In d1 OllBSillg the relatlonshi.p of the shouldn1 

to th t and pyromni t, vers at (1948) , -fh 
is no gradational i t10n b n th pyrex t d 

aurround.1z:ig BY t s d grs.n1 t . Bv rywh r OOl1t 

ar intrust va in natur . Xanoll ths of pyro:mni t B in 

var1.oUB stag [; of asa1m11atlon ar abun t in syeni t 8 , 

quartz- BJ'Emi t B and ' per-oJ ka] 1 n ' gra.ni t and usu.al.l 

the tt r rocks n ,ar tho eont ote h1gh.l.y" Mop 1Mct , 
a baIt of ssim11at1on ame~a8 dozons of yard wid 
b iIlg v ry ccmm.on·. Gev r has conoluded that tho aho ... 
ni te ia m r 11' f lspathi ad pyrO% it , a vi th whioh 
Brandt agree and ovid nce oan be SUIml9d up fall : -

1 . Ve1.ns of miaroolln out th pyro~en.1 t ; 

2. along th oontaot th pyroxani t i s highly f 1 

i n a zon up t o 50 f t wid ; 

3. to de tho oentr of th pyroxoni t the fol.p 

d or &8 rapidly th a. OO:l':l' sponding increase o-r 
and ap tit ; 

4. P gmati tio ~ t containing large % 011 tha of 
pyroxen1 t are ob rv d ; 

5. t and B th- t of Lool :top eyoni tee p tr te 
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the pyro%enite and posaib17 connect with the t of 
anite whioh occurs on the western side , south of Laole p . 

Bussell (1954), although :r emain1ng silent on the 
Byen1t probl ,has deBorjbed th B1enit shonk1nite 
contact as, ftusua1ly gradational over a distance o~ a f 

yardS , but is oeca ionally fairly sharp ; it s almost 
vertically disposed . ~t many places irregular veiDl ta 
of potash- rich felspar occur in the sho~lte near the 

contact . !he s.yenite adjacent to the shonk1n1te i 

extremely coarse-grained and in plao s pegmati tic· • 

The following objections to the uggestlon that th 

field relations of the shonkinite support th amplao ent 
of t he pyroxenite as the !nitial fraotion can be raised:-

a . There is no field i dence that s7enite dyk and 
rela ted pegmatites cut the pyroxenite nor the s.onkinite 
or carbo:nnte member . '" f8.ct hleb is not easily laine 
hen the explosive nature of' the main syeni to intrusion 1 

conSidered , partioularly as related syenite sills and dyk 
have intruded the granite on a large scale . 

b . The shonk:ini te is developed practical1Jr along th 

entire periphery of the pyroxenite . This i s partioularl,-

marked her the rocks in contact i th the shonldni te are 
By-eni te , but over fairly extensive areas the shonki.n1 te 

is in contact ith Archaean granite (fig . 1 ). The qenit 

cannot b held responsible for the development of felspa­

t h ised pyroxenite where t he latter abuts against granite. 
That the grani t as already cooled and conso11datGd when 
t he oomplex as intruded is suggested by t he brecciated 
nature of the grani te-syeni to contact . 

c . If Brandt 's interpretation of the syenite-pyroxeDite 
contact phenomena is correct , the position the syenit 
occupie around the periphe77 of the complex and that of 
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1 tor p e o-r intru&iOll (1 • • tho pho conte and bOll-

at ber) in the "anu of the oomplex roquire a 
d a1 of expl.s.Da. tian. 

d . At ::fir t sight tho Otlourreno9 of irregular v 1nl.et 
of potash-nab. fslspar in the ahonk1111 I1 ar the OOD 

or veins ~ oroaline in th pyrozani te , pp a.r to b 

irrof'utabl evidence in f our of tel.sp th1 tian o-t 'D'V"':f"C.:]rB-

Jli t b7 01 • It is , ho v r , not unusual. for a _"..t!lIIl'l 

Bet of natural phon to be given d 1y different in -

pr tat1.ons . As the veine are en cml.7 one p 
interpre ta.tion of th ir tntruslv natu%' is diffiau.lt. Il'1 

the wr1 t r t o opinion Ie oms of thea voinlets pp 
to b intrust vo into the pyraxen1 t in just 1l1B1i8Itla£tB 

they suggest exactly th opposi t. !hay DlIq repr :t 
aso1m:1lation of syen1 to by pyroxem. t durillg r 1 t1J:Ig ~ 

form.or and subs quent differen tiation. 'lhe 
Eaplazw.t ion (Jan b appll d to appa.:ront %8lloli ths o'f p.~"l'r~'" 

ni te in ey-ani te . 
e . The d scription of a ' tOJl8U t of BY nita pre-suppo 

the intrusion of the ffY" n1 t into t pyroxen1 te. p 
(fig . 1) shows that thi suppo tcmgu.o 1 aotua11;y -

posed of grant te to oh yon! t 1s intru.si v . Dl 
wr1 t r did n.ot find any syon1 to penetrating the PYTv..&I;N.L.&. 
south and south- at of Lool Kop . OVer this antae 
seotion Bhonkjnit 18 pr sent b tween theSQ rook typ • 

The 0%18t os of IlUD1 rous bOll8.t veins of 
81 mil nr m.neral assemblag and arranged radially 1 th 

respeot to the carbonat memb r 1s Qf :tundsmental support 
in favour of magmatl0 origin for la.tter . 
desoriptions of the veins and th ir relation to 

oomplu are of tnt rest . 

1. 17anal.at d tram the or1g;t llal byt •. 
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r v iDa of sill and earbonat 0\11; 

o~ r carbonate and s rp tin rocks of h1ah Lool Xop 1 • 

............ ~ up . These v ins a.r of 8 v ral. typ B. On t 
ontact they 8.l" f grain d and branch along horizontal. 

joints . In the veins t n streake of magn t1 te 
arr ad parall 1 to the contacts d opp stairdllg 1 

present . Similar oarbanat. veins erie - orOBS th 

body of bonate 111 pro at on the outh- t m 810 
of the bll.l, just abov th shaf't 81 tua.t d n ar t ppoz­
nita-marble oontact. Breooiation som tim s took place 
along thes v ins . but also a1.cmg joints in an 1rregul..ar 
way BS ia shown by the m.a.JJy formless bodies of il.iea 1.D. 

the marble. The details point to the fact that tho opp r 
8 late period of mineralization took place during 

oarbonatisation and breooia.tion. 

the carbonate intrusion toak placo 

It 1s also olear that 

aftor serpent1n1 ticm- . 

Brandt ' 8 failure to distinguish the pho oorl t as 
a pr1mary rook typ makes his desoription of 11 ttl 
He ref re to it as folIo : - wIn oontaot with tho A1oUI~ 

body of I!l8rble a hal fmoon subdivision of th marbl , with 

iron and phosphate , ooourS . Following thi. outh- t 
and west , ther is a zona riGh in b1ot1te-vermioul1t -. 
Br t states furtbsr , that uoeptional. serpent-'....n1s Hon, 
around th marbl , 1s a notable aharaaterietio of tb 

rooks in this Viain1 ty • Also that oopp 1" minerallzati 
took place in the marbl.e 0108 to and in the s11101£1 d 
oarbonat1t1o- serpent1ne. 

These tat ant e inoorreot on veraJ.. oint. 

• 

A.t no place 1s the main mass of oarbonate in oonta.ot th 
pyroxenite . The shaft rof rred to is ounk ~ p aoor1t. 

Thoro i no 1d , B obse d in 001"9 from bo 

and un rground prospeoting, that yo r carbonate Vi 

out the main mass . His stat ant that oopper mnerall ti 
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took place in t he g inal sarpentinised p ortion of t 
carbonat e m ber is. judging by the distribution t h eof , 
obviously incorre t . 

Without the realiz tion of t he true relationship 
of t he phosoori te to the pyroxenite and c arbo te member 

it is not surprising t t Br dt seams unconvino d of the 
correctne s of his argument. In support he m . tiona the 

work of Spurr (1923) a nd von Eokermann (1938) th t carbon­
ate can be expected in the l a te magmatic phase of ba ic 
magmas s t he r esult of a reversal of the normal or er of 
crystalli sation; also Shand ' (1947) conclusion t hat a 
d ap-sea ted g bbroic can leave a residue rich 1.n 

f<3rro-iron and t hat, dux hydr tion" ox i dat i on i s to-
matic i t h the r eI s e of wat er vapour and the f or tton 
of magnetite. Brandt c om!)ro as in footnote to the 

effect that Ton Ecke ann ' s conclus ion i s based on insuffi-

cient evidence and that d' s is more in keep \'11 th 
the established ideas of a s edimentary origin for t he 

Loole Kop ma:rble with mobilisation t hereof. 

Then again h e oomm~nts "The met amorphic ori in as 

propounded by A.L. du Toit is certainly a feasible one , 
but r quir B readjus t in t he 1 t o'f n i de e . 
( Tr a. G 010 Soo. S. A:f:r .. LI, r eply to discus ion). 

nte wri tar di eea , on t he b 1s of the above 

arguments , t hat the pp-oxenite as tbe first h to be 
emplao ed and t hat t.he shonk1n1 te r eprosents pyroxen1 t e 
1'91 pathised b7 t he syen1 te. Nor 1s the mineraliza.tion 
o'f t he co plex conn c t ed ~dth th syenite intrusi on. 

The mineraJ. i z tioD o:f the pyroxenite is not the 

type h 1ch would be expect ed to r e u1 t from a. yen! te 
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cause. e gr ational contacts of localised areas o~ 
conc tration of apatite and veTIDiculite and t he virtual 
absence of free iron; the overall incr ase of silica 
towards t he centre of t his body; th change to pegmati tic 
t ypes with incre ing dist ance f'r01l1 the B7eni te d th 

sharp contact of the py:roxenite phase i th t he phoDcorite 
are more in keeping ~11 t h normal crystalline differentiati on 
after emplac ent. 

The s estion is offered that t he p t itic 
phases in the pyroxenite, which include t he vermiculite 
deposits, are most likely the r esult of normal differen­
tiation of t pyroxenite after emplacement, into m bers 
showing an iner e of s11ioa as differentia ti.on proceeded, 
the various differenti tes being c se taria d by gradation-
al cont cta with other. 

Th el ents ng up t he predomi nant mineral 
assemblage in both t he phoscorite and c bonate m ber 
mnst all have b en original co -ti tuents of t he primary 
m • They most prob bly bec e concentr t ed in th e 
fractions by the process of ifferentlation. 

The applicability of Holmes ' ideas on the petro­
genesis of alkali roc, to t he P abora complex,. as 
suggested by Russell, remains f'0l." consideration. 

Holmes and Ha ood have be n r esponsible for several 
hypotheses advanced to explain the p agenesis of' the 
a J 'k8~i rock sui tea in Ugand . One of these, suggested 
in 1932, is that the rocks of the Tora-Ankola field 
r sul ted from the crystal dif ferenttation o:f a pr~7 
peridotite magma under condi tiona of h igh pr essure. This 

http:Tora-Anko.la
http:differentiati.on
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theory discard d in 1936, in ~ our o~ the st! 
t hat t he ~e1spathold roo o~ t e bira vol o c 
area repr s ent "the ' under turated ' end-products of 
syntexis be een pre-existing s ialic rocks (including 
granite) d highly r gised alkali-rich emanations, t he 
l a t ter bei t he des ilicatlng agent". 

Ho es (1950) B rever s ed 1 estone yntectic 
theory to agenesis of katungite from t 
volcanic field near R DSori on t he lines that tic 
carbonatite, pres bly derived fro the substratum, 
ascend d into th sialic lay r h ere it reacted. with 
gr to to fo t he rooks o£ t he olivine-biotite-pyroxene 

• Gr ani te 1s re ded the so 0 of 
ous material, Al203, 8i02 and 1:20 th G , :ab. 

Ba 8D Zr. It i :uggest d t hat the od c mat t 

, CaO, iron oxid s . Ti02 d P205 with Cr and i ., c 
from t he tic c bo t t ee 

Ho (1950) in proposi tb. interaction of 
c bo t i tic wi th ani te of t h s 1 io la;yer ,. 
s t a t t t he too t i on o~ gh pot with 0 0 

constituent is t h g OC oal peculiarit,y hioh especially 
c l eng s xpl t ion '. 

The fel par of t he gran 1 te in the Phal.abo r gion 
is ner y microcl e - pot sh TB.1" iety cont 1nlng up 
to 5 perc nt 120. (8 d 1931). Sino any deriv 
fr t h ubstratum, on P Being through t h gran! tic 
shell of the th , Y have done e t d 1mil -

tion it obvious t t t he ite can be r s 
source of t h potash in t he syenites .. 

It can, neverthel s , be 
1 tion of 1 eston ,. of Bui t able c 

ad that complete assimi­
o I tion, b1 i gh 



t perature anite and r elocation of t he c onst itu nts 
oan al 0 account for t he h potaSh c ont ent. 
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Daly's theory of l imestone sim.ilation by b oJ. tic 
or granitic is still the sub j at of active discussion. 
The modus op r and! required for t he limes tone syntectic 
t heor,y is f ollows:-

1. Solution of 1 est one by magma with the fo tion 
of f el spathoids by desilication at the expense o:f potential 
f lspar. 

2. Fractionation in responBe to 
sinking of heavy 1 e Bilicates and ris 
fractions. 

vi ty resulting in 

of lighter alline 

3. ormation and r ise of al i ne e bon t e s to the 
upp portions of t h chamber where silica is sub-
stitut d for carbon dioxide ( ahlstr 1950). 

db critisi has been l evelled a t Daly's t heory 
,as the result of many investigations o:f al ine complex 
made dur ing r e nt years . From these invest iga tio it 
seems probable that, het her or not oarb o: ti t ee are 
exposed a t surface , t hey are t he r esult of cIa ely similar 
conditions. 

In many of t hes e complexes an easily available 
SOUl."ce o:f carbonate does not exist. ere it is r dily 

avail ble the carbonate roc are generally o:f inadequate 
composition. To a tisfy the geoche cal r l ations the 
rooks h ich must be assimilated have to be a. mixture of 
dolo ita, siderite and magnesite ith Ti02t H20 and 1>205 
and notable amounts of other minor ingredients (Ho es, 1950). 

either at enzori (Rolmes y 1950) or t:Ph abo 



1 there 8Zr3 ev:1d os to augg st that gra.n1. tio .llWf:piUIo 

available to ass1m1lat oarbonate rock . Bor 1 
pri.mary P ridoti to or tho t rial of tho subatr tam 
e~t souroe of pot 

BigsBy (1954) , on t basis ~ the traoe 1 

content of the ~f rent volaania u.1"trab 1 potas 
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ro of Southwo t rn Ug and th BeJ.gj..an C , pro­
vide aonvincnng support of the petrogen tia eviden o-l 
Holme . He r gaz basal t10 parentag for thes roalal 

praotioally ~posBib18 sino th y are ultrabasi 
potassia and enriched 1.11. 0% , Bb , Sr , and zr, 1. 

are normally absent in basaltio rook an Bedim ntary 11m 

tone . Sr and Zr btmdance is al 0 a:t tur of th 

arbonate mom r at PbeJabo • l'urthermore , b alti 

magma.s nonnal J Y' ttifferenti te into resi wi th 1nor 

1ng 11108 as differenti tion proooeds . 

th ref ranoe to the first pOLot of Daly ' s hypo­
theses Turner and Vorhoogen (1951) oonclu4Bd: -

• r is no oonolusi v erimental ev1deno QJ'l 

thi s sub j at. eral. Q os hav b en recorded. r 
n ph ll.ne fJ7 t s ppaar to have formed as 10061 variant 
of granit i n tho vlcnntty of lim ston . But in vi o~ 

th wi apr ad d.i tri button of both gra.ni t and 11m ton 
and of the gre t 1llt r st arous d amollgst geol.ogi -t b:r 
the peoul.a t 0 of Daly and Shand. mu.oh mor ro 
inst8J1Q would b exp cted if this re nor.mal. p -
g e prooess • 

It 1 not int d d to Bugge t that gran! tio JIat9lll& 

do B not ~er d ilia tion by r 
but merel y that 1 t did not take pI c 
ia erlrama1y doubt:tul U a 1 t s1m1Jat!on :roll 

• 
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41ff t1.atiOJ1 ru.l.d gi ria to 

but ra1;har hybrid typ • 

or tiaally th r tion boD_~n gra.n1 tio roaka 
and tma.smatlc oarbonatl t as suoh off ra p08sibl 

tion of the g&oahemi oal. r latio t Phal.abo • H re 
the unusual J '1 high pot oont nt of th By (15 . 

I20, Shand, 1931) and the h1.gh potassi oc:U %&1010 ill 

th pyroDni te oan ha r sul ted fram suah int t1. 

rhe aco ptanoe o:f a oarbona ti t1 0 magma, aotaaJ..17 
tho raveranJ. of Da.l:y" B l.1mestOlle s1m:llation th ory , do 
not , ho ever, provid ~ oxpltmation of th d1fi rant t:l. 
proo ss involved at depth, separate anplao ent of the 

various fractions and t con ntrat1 of oapper su1ph1 
uranothorla.n1 te and other e1 t of onginal voJ.atll 

natur in th carbonat m b r . All. that thi aone pt 

ooomplishes is to provide a seoondary magma wh1.oh 

, 

re t of ass1m1l.at1.on of gran1 ta , go.1:tled ill c po 1.oD 

tha 1 nts , notably silica and potash, requ1r d 0 ao :t 
for the rook- type %po ad at PhaJAbo • The bJ. 
t different:!. tion of +.ha magma into bars howillg 

:lnar of 10i ty to tho 0 t d the 

t:Lo BOoessory mill raJ. as emblage 1n th carbonat. ~UIIW'&: 

rema1 DS unsol d . 

!he proo sa of diff rent1ation a b 

t tioIJ&l ory tal J lzation, r garded by ma.ny authori t1 • 

to be tho prime oause of d.1fi rentiatlon, proo ds 

follOW! :-

!h n t Bo1.1d to form are gen ra.1.l.y the :rr 
basia l!li.n ral BUM m.sgn t1 t • whioh depl t the 
re ldnaI. liquid portion in the e1em ts eh go to :to 

fbi h n r fr tlon e:f DO ill 
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1 trtuall7 all liar-

aa-t aDd th r 14IIal 1BII4!~ 

• l1e t inoral.e ar ltp 
t h r 1n1ng el ta t in oartaiD b 10 me_a, 

th87 would riB to tb top , glviDg HOD o~ 

liquid 4 B01.1d . the ord. o~ 

CD'7_talllsatlOJl 1e r be t nr_t 
to O%'7"tal..ll& iron bee cone nat d 1D th r 411&1 
II8Icma. (Bot 1955) . 

Barth (1954 ) prov14 8'.q)1 ticm for the 

8U~OlO·D10 19D roo 01 th 0 0 r lOB a t 
of 4 81Dg ot th earth . 1Ih1ah app • to otter 1 

up of th proe • D ellA~''''''' to BOO omrt tar the 

Phal ult • 

wrot • -nma th l?era1aD Oalo 
of d a1ng. BDarg1 eel hot 

b ow up1fflZ'da • e4 d:tll ad the pr • 
BJ' p t1al r :f'Ual0D a l1qu1 portion ot B7 1. H gran1 tlo 
c po 1 t10D "t J crog C mg".lOII e , 
th liqui4 th stor p col t d upward OIl lta 0If'D oar4. 

1 ,.bIg a basio resld • and it 414 80 , I-t-

8 f 41fter t1atiq undar th 1nflu oe of grav1V. 
Tertloal. differ "ti "ticm 1D th whole pri • 
r erg mar YB.pour rloh in e11m'1 

difier tlatloa and produoed fr the pr arl.stiDC o:t")'.tal-
1 roOD large vol. of 8Jl1 tlo-l17ani tlo t 

tUI t upper parte ~ pri • • e:r til 

lower l.w of the pri " e till b7 b t10 ma.JpIIlloD 

orig1D.at 4 bJ Q'Dtaxi of th eo11d r sis d th 

Yaw:~tl0 ter1a1 of th l. • th 0 lo .IIICIII!PIIII" 

war bo1"Jl 1D 1 fre d tr 8lV tU1al b to 
tic thar ~5JIIa- . 
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the Oslo prov:i...no ar ar1 

By diori t , ani t and gran! te oonts1 n1 ng QUJIOLU\ .... IIOV 

f 1 sp s and 1.nsign:Lfioant Bm01lllt of nro , ho:r'l1bl 

blot! t . They ar r gard d by Barlh t1Dg 
th top part 0 the or1g1na1 magma 
ar thus 1m1lar to tha syen1 to phas at Phlllabo * 

m ohan1 1S1D r qui d to account for tho s p 

empl ao nt of the various fr tiona of di,ff r t1atlon:1. 
t hat the magma, f r om 1Ih1oh tho arious fractlema diU r 
tl t , pass BS d a marked rgy surplus , and that tho 

fractions gained t s enorgy in the for.m of a.soand1Dg 
rgy rich tiona a:tter diffcrenti tion, ood 

thus ble to move into th ir prosent post tioD b of 

this surplus. 

'l!l Palabora Complex 1s , aompara ti v ly , of v ry 

small dilncnslona and it 1s possibl that the roaks ;p 

all the oomponents of the oompletoly differentiated ~~ 

nhsmh r . On these lines the &yon! te represent th p 
portion of the or! JIl88m8. obambor; the py?O:18 t and 

phosoorl te tho more baaio 10 er portion hil the ban-
ta member r pres nts the residual. primary magma po fJVDI~16 

a. great deal of surplus anergy. 

The oontention that the high conoentration of .. 

lies , t t °um. fluorine , phosphorous and zircani th 

Oslo sui to were already present in the pr en tillg arast 
and n o t supplied by juvon11 tiona 1 not 1.n 

accord with the evidence at Phalabo • Here it 
as if potash and A1203' as BUgge t d by' Holmes, 

maiD 00 ti tu.ent den v d fr the oru. tal rook 
th maj or! ty of th rar al ts er orlg1.nal 0 

of po sible - rich tiona . J"urth rmor , 

vid n at Phalab ahowa that an 1nd p t =.:~..:= 
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of the different m bars took place . Barth' 
uggest ion does, howover, provide a feasible explanation 

of the modus op rand1 required to &rZ'8ll8e the various 
differentiates in the magma reservoir in the order of 
eventual emplacement . 

Basse~ (1954) has offered a third expl.anation. 
He suggests that the universal assooiation of 0 bonate 
rooks and nepheline Bysnit rssu1 t fro the separation of 

an under aturated magma of nephel.ine-s,yen1tio oamposition 
ith ater and carbonio acid into two 1. quid phases . fb 

lightly denaer carbonate one Bettling out and 1 ving a 

~ore acidic Byenitic mecma above . Bot~ those phas 8 

eventually soli ified . Volcanic activity was preced d by 
t oe ~ob1l1zation of the eyer-ita and carbonatlte . Th 
ooncentration of the c aracterist1c Boce sory min rale 1 
expla1ned as the rosul t of t}'leir erCf.!ter solubility in th 

carb tite than in t e syenite. The roo a at Fha1abo a 
cannot be accounted for a~ the derivatives of a neph lin 
rich syerlte ~agme . It is unlikely that separation of 
such e. magma would gl e rise to t e cODpoxatively large 
volume of PYToxenl te. 

Tho ideac of bot)- Lol1!'es e nd Eerth ere based equal J 1 
on hypothetio llosumpt1ons ; conjuring trlckD acoord.1.!Jg to 

Shand (19451 . It seems clear. r.O"ilever ," thnt llse1m.i.lati 

of orustal rOC:8 did tnke p ace under the influence of 
either oarbonatitio magma or alknli-r1ch emanations and 
solutions derived !rOIn +he primary magma .. 1h1ch of the 

o as the most probable re:!!l.ains uncertain. P rhaps both 

agenoies ere equally active . In th 8 connection Pecora 
(1956) sugeests t hat in the formation o~ carbonutit s, es 
ere the moot active and that gas transfer could contrlbut 

signlficant17 to their formation .. 



She ro k type at Phalaborw ve:ry fr pot 
aluminium. silioates through oalcium- magnesium silio t · s 
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to magn s i'um-c ci ' c bonates. No doubt a close genetic 
relationship exists, and t he evidence suggests t t pr 
alkalic , a£ter possible enr ichment by assimila.tion of 
granitic roc differ entiated at depth. Four distinot 
phases of differentiation an emplao ent, as indicated by 

the sharp oont ets, appear to have been involved. The 

magmatio fractions must have been disoharged intermittently 
from the magma r eservoir. The By , i te was evidently 
placed first, and s folIo ad by the pyroxenite and in 
turn by t he phoscorite. Titanium and phosphQrous reached 
their 1mum concentration in t h ' phoscorite fr tion. 
The phoscorite w ~oll by the i ntrusi on ot t h c bo 
tite into alr e dy consolidat d phoscorite. 

Dlat t he oarbonati te 1s t he young t ber i 

supported by Lars n and Phau's ( F • 1954) eneralization 
that the maximum concentration of uranium and thorium is 
found in t he young a t ' er of a seri es " r egardless of 
the part i oul liquid line of dent th t t he may ,I 

haVG foll ed. 

The it,er is not in sgr e:ment with th au etion 
(Brandt. 1948 ) tha.t t he ampl c t of the carbonati te 
was p eeive and in t he nature of gmatic stoping of rocks. 
AI though pyro,xeni te rich in gn s i'um is likno to be 
highly susceptible to t he aotiou of oarbonate rich solutions, 
the obviously brecciated nature of the phoscorite shows 
that the 0 bonate empl aoem t was of a forceful type. 

As ha already been suggested t pyroxenite under­
went further differentiation, after arriving in its present 
pOSition, into members showing an incr e of silica as 
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different1 t10l1 procee • 

The concentration of magnetite , aulph1des and rar 
aments 1D the oarbonatlte , needs some O%pIanation. Th 
at that iron was continuously rlthdr fr the magma 

reservoir follows from its widespread distribution in the 

pho carite and oarbonat1te . In the pyroxenite tags the 

tendency for iron to fo~ silicates was suffioiently 
to bsorb all the iron as ~erro-magnesian silicates . 

troD8 
With 

the continued withdrawal. of iron , Q.Ocompanied by ti tan1 

which ory tallized Ith the phoscorlt e , the residual 
eventuaJ.ly b came deficient in the l atter element . It i 
1.n£erred that much iron r !ned in the residual mor 
oarbonat1t1c m~B and f i nsJJy separated out at I t 
tags of consolid tion. W1 th progressing orystall! tiOll 

there auld be an increasing conoentration of th volatUe 
in t he diminish r esidual liquid ; th abundanoe o~ phIog -
ite indicating a h1gh concentration of the hydro%yl mol 

aule in t~ olstils fraction . these 1 tiles t ~ded to 
act 8.B mineralizer • 

1he copper and the reel ents such as urani , 
thorium, nickel and zirconium appear to have beoome con-
e ntrated during the prooess of dl:t'ferentiation in re i&lal 

liquors by the minera.1i~ers " whioh also oarried large 

quantitle of iron. 

Peoora oonsiders that the necessary carbon dioxid 
for oarbonatite formation is derived by a prooess of con­
oentration f r sidual ingredients during or,ystalliz tioD 
of the sUie te eral . the minor " but characteristio 
constituents " becom conoentrated during the silioate 

crysta.lli tion. 
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(1914), baa tated that th Bo1 bUlt7 
o~ sulphides is muoh gre tar in basic silicates , tho 
rich in O. 0 and CaD , than in thoe 1eb are aold . 
It :fOllOWB , that as differenHation proceeded with d 
crea 1Dg oontent of sUioa there 1m. a l' pld iDcr a e 111 
th amount of sulphide in the residual. lIlel t . Th 1d 
apr ad distribution of th se elements in the c8%'bonatlt 
sugge ta that the oarbonat - rich fraotion a ble to take 
up d oBrr7 ong some , but not all e oopper and l' 
element . ThiEl portion ev ntuall;y crystal iae with th 

oarbon tl te oore . 

If hl.gh t eratures ar maintained long eno • 
Uica free mineral associations app al" ; the volatll 

become ooncentrated and oaus shattering of th alr 

oon6011d ted roof (Baoklund , 1932). Th m.1neralog1.oal. 

evidenoe Beets that the bul.k of the sulphide er 
introduced at temperatures exoess of GOO-C . Di tribu1i1011 

dIagrams show that they are best cOl1centrat d in a near17 
central zone character1 ed by' shattering and brecc! tiOD . 

It follows that the activity was term±nated by the d oait! 
of copper , urBl.dUDl and thorilDll -rr a strongly' arge 
g &aU8 phase in solidifIed oarbonatite, causing enrio t 
of th s el ents . 

D. CODcluoioILS 

1118 paragen 1 of the Complex bas in the past b 
axpla1ned as t orphl of, or assimilation of 1~e8to 
~ese 1d s are .fundamentall;y the same as the or in o~ 

PJTo%enlte i the basia d~ferance . An explanation b 

on the abOTs theories is untenable . 

t the carbonate member 1 of lMgINlt10 origin, " 

• 

d 
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first suggest ed by andt who deduced t he ord r of intrusion 
of t he Compl ex to be pyroxenite, ayard te d oarbona tee He 
concluded t hat t he miner al i zation is r elated dir ctl,. to 
the emplacement of the syenite fraction. In t he l~t of 
new information it i s considered t hat neither the order of 
empla oement nor e cause o£ the mineral ization as suggest ed 

by r andt is correct. 

The mineralization of the pyroxenite 1s more in keep­
ing with normal crystalline differentiation after ampl ce­
ment. The various diff er entia tes in this suite are 
characteris ed by gradational contacts with each other. 

It is considered t hat t he el ements in the phoscorite 
and the carbonnte member 
t he primary alkalic ma 
fractions by di£ferent 

ere 1 original constituents of 
which became concentrated in th se 

tion procea es . 

The interaction of c bonati tic magma with granite 
of t he s ialic layer offers an explanation of the geochemical 
relatione a t Phalaborw ) but thI s i dea t hat degas sing of 
t he e th results in fusion of pre-existing crustal rocks 
and ef fect a vertical dlff rentiation in the magma r eser­
voir s eems more pplicable to Fhalabo a . 

It is probable that a s1milation of crustal roe 
took place under the influ nce of either carbonati tic 
or alkali-rich emanations and solutions derived from the 
primary magma . The evid nee suggests t hat a pr i.nlB.xy .u.g.'~~ 

after possible enrichment by assimila t ion of crustal rocks 
differentia ted at depth into a syenite, pyroxenite,. phosco-
rite and carbonate fraction and t at 
sepsrately in t s order. The empl 
fraction w s of a ~orceful type. 

th s e were emplaced 
ement of the carbonate 

http:mineralizati.on
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The concentr tlon of magnetite , sulphides and the 

rar e1 ent in e c bonati te i s e result of th 

b o ng concentrated 1n r s i dual 11 u ors dux ing t he 
proo B of dif f erent i a t ion. 

In the pyroxenl te s t e t he t endency for iron to 

f orm s Ul0 t s was f io1ently stro . to bsorbl the 

iron U ble in this fr t i on as f erro- esian s 121-

oat • Wi th t he oontinued wi thdr of iron eeoc pani ed 
by tlt 1um t he r es i dual beoame def icient in the 
lat t r el ement. t have r emained in th 

r esi dual magma ly 9 ra ted out th the earbo 

tite. It i s suggested t t the carbonat rich otion 
was hI to t ake up and oa:rr7 along ome , but not all , t 

copper and r e elam ts which portion cryst Ii ed with 

the os rbonatlte oor • 

The aot i vity W B t erm t ed by the deposition of 

c opper , uranium and thorium from strongly oharged S OUD 

phase h i ah a aused e i obm nt of t il se el aments in a1r ady 

consQlidated oarbonatito. 

http:orysta.J.li
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VII . - CO m ALKALTBE C 

!I!ES , I 0 

It 1s genera.lJ.y accept that in a regional. wtq th 
e struotural. features and assooiated rook type ar 

o on to al.kal1 complexes .. th associated carbonat! te in 

Afr1ca. If they are coneid red in d tall a number o~ 
differenoes are apparent . Th se are in the ms.i.D great 

iat10D in the range of rook typ with whioh tb 
soo1ated , accessor" !!linoral assemblag ,. d pth of eroslcm 

and perhaps ag • 

to emp 
111e obj ct of the follow1.ng comparisons 1 

iae thes e differenoes . 

The Voloanio C 

Your voloanic o8J1tre , Sulmlu, Torora , Bulm.su. and 

Se]ml:alo , of' probable po ° and pr !ar ary 
ocour ithin 20 miles ot the souta-estern f'oot of t 

gon on the tlganda-KeJ:I7& bard • !here is a p sibil1 V 
ot ::ru-th be1Dg pres nt but its ex1 tance, owing to 0 , 

i 1 g on of inference . 

Da ies (1947) , has 9sor1b the general geological. 

features as f'ollow :-

rb. are ohar ter1sad by a oentr oarbonati t oor, 
and assooiated magneti t t1t serpentin SOD . Th 

l.at ter 1 evidentl the oounterpart of the pho or! te t 
Fhalaborw . There are fiv c one ntrlc zones which , fr 

th granite inwards. are follow :-

a . gr8J11t 
b . t 

• , 
• nephe11n eyen1 te d fenite ; 



c . m1% rocks predominantly ijolit • but 
including other nepheline varietie , 
pyroxenltee and dunite ; 

d . a magnetite- pat! t - erpentine (phlogopi t ) 
band and 

e . oarbonat!tes. 

121 .. 

The oup has flare oonsiderable ~oslon an e 

considered to r epresent onl,. the stumps of volcanie cent%' 8 . 

The carbonat! t s are fairl,. pure 1 

wide pread magneti te, apatit , phlogopl te , 

barytes wIth subordinate pyroxene , pyr te , 

flollrepar. 

ston th 

serpentin and 

haematite and 

Ttl. contacts between the carbonati te and th 

magnetite-apat1te-phlogoplte zones are covered , but ~ 

ot carbonate intrude t e other members . 

In oommon with the majority of a.lkaline complexos , 

in whioh carbonat1 tes are d eloped . rad10activi ty 1 

found assooiated with the central cores . !he r dioactl 

phas B at Sukulu are described by Campbe1l (1952) . 

The cor of this complex is of a oomposi te natur 
and 1s considered to be made up of a series of intersect 

cone sheets taken to indicate successive phase of eruptive 
aotivity . The carbonatite aries from fa.ir17 pur lime tone , 

in whleh radioactiv py?oQh1ore occurs, to h i ghl7 ferrugi-

nous limestone s owing the highe t activity . The 1 tt 
are the souroe rocks of the radio cti ve sol1 depoe! ts o~ 

Sulmlu. 

Th following have been recognised in the rs.dioact1'9"e 

8011 :-
quartz , rutlle. baryte .. zircon, pyrochlore , garnet , 
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epldot , 

ol18.JSite . 
......... _ .... t t Hop 1d1e-pyr , tin , 

In addition to the bove , S1ncla1r (1955) 

ent10ns petite, ap tit , badde1 ita , anat 
tr cas of 0 pper and gold. 

In the pyroc ore of the r utiv 17 pure 11m stOll 
th Betiv'! ty 1s confiD d to grains of radioaotive mineral 

,,1 th thorium BIld ur8J1ium aff1n1 ties . The former pr 

om1 na te . !he radioactive tar1al in the f iDous 
carbonati te 1 out of equilibrium and the act! vi V is not 

due to d1aarGt partial B, but to an exoess of' daughter 

elements other than uranium and thorium. 

Bowl (Campbell , 1952) GOnsid til t the f . . 
and br ooiated carbonati t JIlBIJ haTe orig ad 

ea-or rich c bonat1te. Later hydrothermal 
perhaps assooiat with the brecciation, ~ h 
oertain radioactive el nt t ell as iron and bar1 , 

h lah e been absorbed in the ferrugtnaus gronnrlmsAs . 

• 

I t 
thus appears as if the red oactlviV of th 1rcm-ri h 

carboDRt1ta corresponds to the uranothor1anit phase a t 
Phalabo a where the ma±n ooncentration 1s associated with 

the breociation. !he aranothorlan1te s , h ev r , 

highly re istant to al. t91"stion and has Dot su.:ff'erad a 
down with subsequent le8.0hing to give the daughter 

of the principle c ponants . At Pha1.aborwa thor1 ala 

predom1Dates over uranium . 

No products of vulo8ll1c1 ty , except perhaps the 

brecciation of the pboBoorlte and thin con sheet o~ ph -

carl te in the pyroIeni te rocks and gl immer 1 te on the w t­
ern flanks of Loole :top oan be found (RuB ell, 1954) . 

though d:lff'erenc sind tall exist , the zonal struotar 
of the Ug8.llda ooetn"'r8nc s and the main mineral ass bl 

in the oarbonati tas • how er, 1mUar to tho e t 



123 . 

Ph8l.abo a . 

The "R1D.!:" Depo i ts o~ the Chilwa S 

DuST (1955) ba desorlb a seri s of volcanio 
ants intrusive into rocks of either the B&B4:J11lt~t Comple:z: 

or la'rroo sediments and has auggested that the igneous 

actin ty took place a:1'ter t he St ormberg l o8D10 1eod 

t en of Karroo t imes . 

n:te vents ar d l.op dover ' an ar a of 9000 

mlles south and 1f st of Lake ChU a in Southern By aland 

and across the bor er in Portt18uese Bast Afrioa. The 

group has been referred to as the Chll a Series . 

The Basement Comple.x rocks are mainly quartzo-
:telepathio granulItes and gn ieses, intruded by later i -
grBnit and quartz- BY nites of pre-Chilwa Series age . !h 

r c1m of the Chll a Serie include carbonati te , nephelin 
syenite and associated dyke-rocks cutting th earlier gr t 
syenite intrusives (Gar OD, 1954) . 

Sirt en vent ue d scribed . Dle larger e Terti-

cal pIpe-like intru 10ne of ciroular or 0 eJ. oro • 

~ sma)] r ones are of irregu.lar ehap and someti e 

as a dyke-Iii form. In at lea t five of the larger 
and a of the smaller vents , crystallin calcium oarbonat 
with ing amounts of iron and lI8l1gane e oarbonate 

evelopad . '!he I 1mestone occurs ill tnt te &ssoclatl 
with ntrusl felep thio roo eonta~ng be een 70 4 
80 par cent orthoclase . The latter normally fo the 
peripheral portion in contaot with the country roc • 

plac t 1dently of a. v i olent m d the 

roundiDg c01Ul1ir)r roc are all a1 tsred to ant . 
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Some of th vents are invaded by nephel1n BY n1 t other 
by Ijolite intrusions or phonolite dykes . In general. 
dykes intersect the neph line sTan1 tes and the latter th 

telepathic and carbonati tic rooks . At Salamb1 a , syen1t , 

vent rocks and nepheline syen:Lte appear d in suc-ces 1.oD. 

fh cores of the three largest vents , ~~~ 
I$land and Ttmdulu consist of grey1sh crystallin carbona-
tit with ODS inolusion of the fe18path1c intrusi , 
iron , mangan carbonate and oxides . Pyrochlore 1. 

ubiquitous and r n- earths ot th c r1mn- Ian amDl group 
are characteristic of oertain vents . S~ 1ta is tre-
quent in the ru..tJdulu carbonati te and monazite at '!:!!:!:!6!~~~ 
Fluorspar oocurs oocasionally . 

Rad1oact1ve BO~ deposit t Chllw d and 
~ulu have been descr1bed by Ostle and .Taylor (1954) . 
t both 10c it1es the main ooncentration of radioactive 

minerals occur in t rra rOSBa type deposit over17ing th 
vent rooks and der1ved direct17 from th • 

Ttl principle minerals in the oarbonati t are 
oarbonates t fe1spar and iron orldes with subordinate pyro­
ohlore . patite, baryte , pytIte , magnetite, fluor1 t e,. 
amphibole, rutile , anatase, zircon, mioa, synohisite , mo -
zl te and rare cerIum- bearing mineral • 

ills radloactivi ty of th soU depo its is attribut 

to thor 1mn and uranium in P17'ochlore , and thori and it 
d nghter element s Mch ha e been ab orbed by goethi t aft r 

the uranIum has been 1eaabed away 111 the BIlle s:y as in 

Uganda ooaurrenoes . Thorium pr domi nates over uranium. 
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Thee 

S eral carbonat! te are n known fro this • 
~8 eya oarbona ti te, situated olos to the ' Rukw Trough • 

t latitude 8° 59 ' south and longitude 33D 14 ' e t , has 

be n described b7 Fa: 107 and Jam (1955) • 

The rooks are intrusive into pre-Cambrian gn i s 
and oonsist of a c Dtral core and outer rIng , both of 

earbonatite . The eore and outer ring are usu.al17 
contact but are som times s &rated bY' gne1 s . Both ar 

oharaoter1 d b7 floW lines wh ich in the core are n 
vertioal and in the outer ring P. at 85 degreos , tow d.a 

the oore . The gn isse are metas tized and breoei ted 
by the oarbonat1to emplaoement . 

'!he carbonati te is coaposed essentially of calci1Dll 
oarbona to with lesser amounts o.f magnesian carbonat • 
accessory :m.1.neral. assemblage i as follow :-

.. _~et1t J, ap tite , amphibole , phlogopite and ermi­
ou.llt , pyrochl.ore, fluorite, zircon , P7Tite , ~otit , 
and ~or amounts of oolumbite, sphene , oasslter1t , 11m t , 
galena , bsrytes, olivine and oblor1 tee 

~e Mb97B oarbonat! te 1s dated as of probable 

Jurassic or early Cl'etaoeoUB &&8 . 

Another 1s mmm at Ngualla , ChUllYa Distriot t but 

except for the statement that ppochlore and columbi t ar 
present in the rock and that 1 t is comparable in s ize to 
the Chilwa Islan.d and Sukulu Complexes ( James, 1954) th 

literature contains no detailed desoription of the ocaurr no • 

Another pJToohlor bearing carbonat! t oocu:r at 
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Oldonyo, Dili, in the orthern Province , 1954). 

of t h e Rhodea ias 

Thre i r 

tit ,occur in t he er 
co . lexes, i t h associated carbona­

dis trict, Southern Rhode • 
ey are, Sbawa and Dor , situated est of Umta1j. in t h 

d Ch is Hill, 12 mil s north a and Dor Hills; 
of Birchenough bridge. (5. Rhod. Geol. Surv. 1952) . 

ose a.t :w and Dar a are described by ell 
(1946). They pel!'for te Arch gr i t and e poor l)'" 
exposed. Th are tentatively dated as of probable 1.y 

Jur . io age. 

tite , 
It has 

a the central. ................ = 
t t er d. , 8lI. 

di s tinct ding 
serp nt in with f 

Thi i s f oll 0 ed by d1mi te 

core i a fine- i n d carbo 
oont a ining gn tit 

-SE • A zon of 
to t h core. 

v in by ]Tox n i te 
ring of 

:t in the syenite 
Q t Ii r, 1 47). A zon 

be een te-i jo1.ite oup 

of 
th syenite. 

At Dor a the core cons ist s of fine- a i n d 1 
carbonate with etit , besti:form iron phibo1.e 

d mi • Outcrops of magneti te-riah rock, cont a1n1 up 
to 69 per cent met 1io iron, apatite d verm1au1ite en 
occur around the corbo t 1te. These roc grade 
into p t i t e roe w1 th onl7 ces ory eti te sub-
ordinate nepheline. pyroxe e, mica and felspar. Pyrox i te 
pen t r a t the apatite rock in places. The outer ring 
o~ the c 1. 1s fo ed of s en1te. 

Tho c bo 1 1 d oribed 
~;;;.:;;;;=;;;a.;;;...;;;;;;;;;;;;;;;;;_ 
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( 5 . Rhod . Gea1 . Surv. 1952) as an irregularly shaped • 
parts of which are h1ghl.;y contam1nated th magnetit an 

pat1te. The I1teratur does Dot contain any deso:riptloJl 
of the g ological settir.lg of thls carbonati te Dor 8.r1.7 

r ferenoe to the d tailed mineralogy or po sible radi 
act1 ity of any of the three . That the first two aze of 

the trgand& type is obvious trom the de oript1ons . 

In Northern Bhodesia there is campoei te carbonati t 
plug in which iron, m.&rJganese , PYTochlor and phosphate 

minerals are present . I t i s associated wi tb syenit 
(Ba8Bet~. 1954) . Besides the ref renee to it as t he 

Nkambwa Hill fe tare (Sinclair, 1956) the locality 1 

uncertain. 

1he South U'rican OocllrTeno S 

Several exlilllPles where limestone occurs in assooiation 

wi th igneous rocks and intrusive veins of oarbonate are 

known from South Afrioa . Onl;y three major occurreno of 

def'1nite carbonatlt1c type are, ltolrever , known . Thea , 

?alabora . Bpi tzkop and Glenover . 

!he .Alkali Complex at Sp1tzkop has been well describ 

(Shand 1921; Strauss and Truter , 1950) . In th more r ee ant 

p aper t h e pha is is laid, to a great extent , on th r ­

sulte of fen1ti stion of the countr,y rooks . 

The complex is si tua.ted in the Northern Tr811 
near the Pokw Plateau, three ~eB east of Malait a a t 

latitude 240 58 ' south and long1tude 290 50 ' east . 

It is intruded into Btlshveld granit and > anoplqr ; 

fen i t 1ae.t1on of w ieb has given rise to irr gul out 

• 



Bone ot a l JraJ 1 gran 1 te , quart syeni te an te . 
e :toll owed b7 tayal.1 t 4ior1 t , th ali t , 

git , jaoup1rangIte , P,Jroxenlt , ijollt and oarbo t1 • 

ll1ng dykes ot fay it are intrus1 into the ijollte and 

rItes . Badial dykes of t'07a1te , t1ngt;late and 
dolerite oocur in the oompl9% and surrounding countr.r r 

1he roo of 1lJl.doubted intrusi nature beloDging 

• 

• 

to t he 0 plex are , pyroxenite , red ljolite, 47 of to,7a1t 

and t1nguait , and" bonatl te e It is tentatively suggest d 
(Strauss , 1950) that perldotltl0 magma g e ris to th 

complex and that the a] bI l rooks an carbona t1 te were 

developed b7 differentiation. !h sequence ot' t 
sketch d by Strmss nd Truter are as follow : -

Th eruptive c701e c anced ith B. stock of pp-o 

nit 0 to thr e mil s in diameter . 1h :tollowed the 

intrusion of ijol1tes , emanatIons from whlah teneti d 

pyroxeni t and gran! t . Pyroxeni te oonverts to 
jacupirangi te , fine-grained 1;1011 te and other bloti rich 

rooks . Suocessive surges into the gr t teld.t , 

trq ite diorite and possib~ ther ite hiah ill P t 
oonverted to ijol1 te , mel t Ig1 te and jacupir&!lgl te riah 

magnetIte , biotite and sphen during a third surg f 

ellLlwatlons . li't er met omati and waning pr ring 
dykes of :t07s! te followed by carbonati t clo ed th 1l'1-

trust e oycle . 

The carbonatlte 1 described as a oompo It bodJ" 1.D. 

.hf, the :following type ocour :-

1 . nsrr , complete. outer one o:t mad1 to ooars 
grained, gray caloitic- 1im tone ( te) Ith ap tIt 

and magnetIte and. having a distinctl7 banded structure. 
2 . lP1n gr!ned dol tlo-l eston (b torsit ) with 

bundant ap t~t d magnetit and c a ory pyrit t' 



the oentral. portion . 
structure . 

DUs body has a thin 1am1l1a ad 

Ve1nlets and d1' e of oarboMte out the alv1kit 
a.nd afors1 te and the latter is also out by 1jol.i te ., -rOT -

ites and fayal.ite diorite . The dykes of oarbonatite con-

tain pyrit t amphibole and erpentillous material . Z no-
~i th of 91 kal1 rooks ooeur in the carbonati te . 

Strauss has suggested that the outer ri%Jg of alv1-
ld. te forms a :r>1.ng dyke and the oentral be1'orsi te 1D14 
capi tat ring dyke Which was emplaced slight1.7 later 
conditions of WAn 1ng msgmat c pressure in accordance with 
Anderson' s (1936) and von Eokermann ' (19 ) i • 

~e e of the complex is a matter of aonja tar t 

it 1s most likely of post-Waterberg and pr ag 

(Strauss , 1 950) . 

In generfll. the r adioaetivi ty of the 0 lex is y n 
below that of the adjoining Bushveld granite and gr Ph7%' . 

While e ma.1.n carbonatlte mass is devoid of aot1vi V a 

ciroular 10lle up to 100 feet in width of dark- oolow.-ed 

au al7 carbonatite , within the befO:r'site mass , g ive 
s1gnU'io8.Dt readings in th fl 1d. .4u.toradiographs , of 
this material. t show the activity to be oon:tine4 to sma]] 

e1nlets fUled . i th sea:> ndary material . It is pr 8 t 

in iDsu..f1'icl nt amounts to allow 1dent~ioat.1.on . 

A vein of carbonat! te 011 t he f 

the north- east ( Strauss , 1950) 1s regarded as B tellit10 

to the SJ)1tzkop Complex . 1h oa:rbonatit 

tial.1y of oarbonate mineral with DDlOh oh t d ace 88Dr7 

P71"%'hotl t , sphaJ.erl t and 0 PJ1"i t . 0 radio t1 rl t'7 
is to be oolat w:1 th in. 



er Complex was dl COTer d b7 Dr . B. _ . 

laser of the South U':rlcSD Geologioal Survq. It 18 

ltuated on the farms Gl Dover 43 , Hounds1omr 38 , m4 
St . Jgn stonte1n 59 in the Watarberg distrlc~, at latitud 

23 53 ' south and longitud 27- 10 ' ut . !h complex 1 
d scribed by Verwoerdt (1956) in an unpublished , J.tomio 
~gy Board, interim. report . 

It 1s intrust e into sediments o-t the Loekop S7st 
which are altar d to felspath1c roo • n.te complex con­
slsts essentially of perknits and carbo:oatite . !he.1.att 
has a central core of agglomerat • 

Dle perk:n.i te i exposed along the northerJ1 bound 
be een the telspath i c rooks and the oarbonat! te . It 0 

siats of dlopside , biotit altered to ver.m1aullt 
ti te with acoessory apart te , f lepra and calol t • 

carbonatite is a dolomitic-oalcitio lim ton 1 a e or.r 
magnetite , apatite , dlopsld , phlogopite and f1uorite . It 
contains minor amounts of chondrodi t , hornb1 de , rutil , 

sphen , columblte and spe-eks of sphalerlt , obaloop,.rlt 

and arsenopyrite . 
ti te to perlmi t 

The exaot rela tionship ot the carb 

1s not knawn. Tn aggl or t fo 
oiroular mass , 400 yards across in the oentr ot 

-
tite . It oonslsts essentially of fragm nts ot Lo ~ 

sed±ments with introduced ap tlte and magnet ite . V 0 dt 

has BU&g8 ~ed that the aggl omerate i8 a XEmoll th orm.ght 

in the carbonat! te . 

~e oarbonatlte and agglomerate ar rad1oaotiTe . 
general the activit," inoreases from the oontact inw 

r eaching 1 te peak on the agglomerate . ~e activi t7 1 
to columb1te and i ts alteration product . 
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The South Ocour:renc 

In South est Afr ica a bro 
00 alkali complex s stret ches 

e t, to point near OJrorusu. 
with alkali roo at i enberg 

d b el t of repeated 1 te 
fr Cape ero s , north-

C bo t i t 1s oc iate 
9.Il.d Bt enG t in 

ern half of t h volcanic belt, and Oka 

half. 

u in the orthern 

bonati te per p s At all three 100 iti s c 
foyaite have perfor a t ed granite 
tites have d i s tinot ferrugino 
aotive material is present. 

ble. 
portions in .. 

c bona­
oh r dio-

%h oocurrenoe on the i d 

at 1at i tu.d 200 50' s outh :ti v 
miles north- t of the vill of 
ore i.s desoribed by stahl (Dixey, 1955) as oocurr in 

crystalline 1 . e t one with n phelin sye t t t h c tre 
of cr a t er-f r ing orm d by granIte tly b 

crys t all ine 1 s t one . 

The writer visited ~senberg during 1956 fo 
the occurrence to be e sent i a foIl :-

The outer r 1ng, h.1ch has a pr onounced g e orphologi­

cal expression, cons i ts of Arohae9.II. granit , a. d "1'0 er 
lJmllB.ra granite and bl e . Th outer ring O'f 0 un"tr7 rooks 
1 separated fr t he central carbonat ite hill y P orly 
expos d zone of f Q7ai te 00 upyi ng t he int erv ly 

ground. The c bonatit e c ont ns xenolit of t e e 
It is charac terised by a oentral portion , f ohe in d1 -

seminat ed iron and r 
in dat io · c ontact 

o ctive mat er • 
ith t he in carbo 

Carbonat e kes cut the c ountr,y rock. 

Th.1 port on 1s 
tit • 
csrb onatite, 
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it el f , is out b:r n ar-vertloal. dykes . 

sample of the ferruginous oarbonatlte as sub­
mitt ed by the Tsameb Corporation to the Geologi cal Surv , 
Pretor ia. 
nite . Th 

The r adioactive miner was ident ifi d a thori 
following el ements ere i entifl sp trogr phi -

0&1.1y:- , Ca , Sr, 13a, Si ,. Ba , li , 8n, , I , Pb, and t h 
r a- earths Y, d and Ce . ( Analyst R. D. Russell) . 

fhe breooiated nature of the outer ring suggest that 
the csrbonatlte intrusion was violent. The pronounoed 

geomorphologi o expression of the out er ring 1 al g 
gestlve of this . The intrusion bav1ng breoolted 
folded the countr;y rooks to g i e th their pr B nt • 
~ere · s bundant ev eno that the Damara ble 

ob1l i zed and now appears to have intruded the actus]' 7 
younger Dsmara grani te . The central iro - r leh radio ot1 

oarbonatlte is probably the result of metasomat1 b.7 1 t8 
mineralizing at ions . 

TIl second oecurr noe on the farm .::::.:.==0:.., . ..;;:44;;::; , 1s 

latitude 20· 45 t south and l ongitude 16° 17 ' t , t o 

nor - est of Eisenberg . SimiJ. geologioal. t1 0 

t 

prevail here . erruginous and fairly iron- fr oarbcmati t 
sooiated with foya1te oocur in a frRm9Wor k of D 
ble and grani t . A. zone of fenet1 d- grani 1; Ii 

between the foya! te and UJ18l. tared gran! te . tal. cl7ke 
of carbonat out the oounn, roc • Radioactivity i 
~Roelated with both types of oarbonatite but h 
maximum aotivi ty is found in a dirty-look::1.ng 0 

the 
bonatit 

oontaining only small soattered orystal of iron . fhe 
radioactive mater1 is finely dissem i na t e throughout t 

ferruginous carbonatite and not as discrete particles . Th 

m±neral responsible for the activity has not bean 1dentiti • 
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Her t h c· p1ex has a goo geo op ologic 

At Okorusu 88 , in t Otj1w: oDgo district, :t lAti-
tude 200 2· s ou and long i tude 160 50' east ther is 

1 ge depos it of fln-or sp and iron ore. Stahl (D1x83' , 
1955) has d s cribed t he d pos it as fall s :-

.... \t Okorusu a hors sho shaped r i dg or broken r iJJg 

appears, consisting partly of intrusive rooks of the f oyai to 
seri s and partly of alt er d rooks of the B ent C pl ex 
and · tuff t. e roo of the hors Shoe i nclude also 

b ds of l imestone or dol omi t and quartzite . Th. se e 
rich in magnetite and fluorite " . Sl i ght r dio c tivi t7 is 

as eciat d with the ferruginous carb te rock. 

ther e i s no doubt 
t o t hose t Eisenberg and M anen o st 
Stahl ' 1 cat one ~ b e a 0 bonatit . 

co d itio 

t Oko 

!he age of none of the t hree occurreno c 
1y fix but thera is no de-n ce t o ugg a t t 
not belong to t he s epoch as t he oth r al 

in South est A:frica of post- or late- roo B& • 

b 

th 

TIl.a General. tites 

t t 

f 

do 

Carbonat1t s are intrusive , 0 01 and/or s i 
rioh , carbo te r oc of v oloanio origin. y 

ly s o01 t ed with s eral. type of undersatur t or 
potash- r 1ch roo • The c l exss 0 onl,. torm • 

evel oped r -st:ructux , in wh i ch t h oarbon t i te i s 
normall y o iroular in outcrop an fo or tr 
p t. The vol e 0 piles have most ly b n we th rd- d 

t o t he 1 er p t of t he origi o. Intrusive 
c bonat roc al 0 ooour a con and breoei 

http:nOrma.l.ly
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zon s ( 

Two main we oan , broadly speaking , be d1st 
These are : -

1.~ ... ",. 

a . Thos in wMoh carbona t1 te, phasoar1 te , m1:xed 
rooks of ijolite or pyroxenit e typ s and nap a­
lin syenite and/or syenite occur ; 

b . where the m1%ed rooks are absent d oarbonatl t 
1 assoc i ated Ith nepheline 8,Jenfte and/or syani 

The Uganda. Southern 
p oocurrenc B are typIcal 

the Chilwa Series, Glenover 

are typical. of the second . 
Tangatl7ika where oarbonat! t 

Rhode ia , Phal borwa and Spit -

of the first 't7P . 5.!lo of 

and possibly South t Atric 
The oxoep tioD is in 

oDl, 1s d e1 pd . It 1 

possible that the South est Uri an carbonat! te are of 
the Hbays. type and the foyaite fenetised country rock . 
rook types here ue not observed in oontact and it is im­

possible to ay if the foya1te 1s an or~1nal pr1mar.1 
igneou rook. 

~e carbonatite are oharacterised by n truotu:r 

In the Southern '1' &land oourrences thee truotures ar 
regarded as the result 01 upward movement UIld r high pr 

sure ( Garson , 1955) . 

Til pr1no i ple acoessory m1..neral asseablag is gna-

t1 te. a.pa ! te aDd mica . !he presenoe of p)'%oohlor and 
barytes i a oammon f ture of the c bonatit B of the 
ChU a Ser1 s , Uganda. and Tanganyika . C aD oonst1tu 
of mo t are fiour1te , rutll • zircon and pyrite . Pyrrho­
tite is sparingly developed at eya and Magnet He~tB . 

Specks of ohalooPJl"1t occur t Glenover wbU oopper 

sulphides ar prominent at Phalaborwa. 

• 

• 
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Badioactivity. ue t o thorium an 
1 ants ill minerals of the 001 te and tan «t 

ooncentra ted in the ferruginous parts, is a 00 n 
eature of most oarbonat1 teB . ere uranium 1s pres t 

1 t 1s always subordinate t o thorillJll . Only at Phalaborwa 
1s 'tll"anium o~ s1 t:rioanoe . 

nt main differences become apparent en the BUb­

ordinate accessory miner ass blag B , part1eular17 the 

t 

absenoe or prSSEmce of B ph1des , are oontrasted .. .As the 
e amant ere intro uced at a lat e magmatic st e it 
probable t hat the accesoory ner B present re 
d p h of erosion of the orig al volcanic pi1 e . 

no n ido . Stringer (1956 in eBori 
Plate Complex in y& an. c conais B 0 

ring intrusions 0 Bl'eni te , B sugeest that the ab ... • .... ,~-
~f carbonatlte ~ be becsuse denudation has not gon 4 ~ 

enough .. 

D1.%ey (1946) bas pOinted out that from Uganda ou -

arda the degroe of erosion 0 the alkal1 compl xes 

creooe6 . The average elevations at Spit zkop , Gl.cmover 
and Pb.a.laborwe. are 5000 , 3000 and 1200 feet , re eotlTe17. 

The radioactivity and the proportion of sulp ides present 
incrense as the average el.eva.t1on decrcaces . It thus 

seems likely that the Palabora Comple:r: is e:r:po ed at an 

erosion level 10 er th...an that at Dor a, Shawa, GI 
and Sp1 tzkop . If this be true deep drilling may d1so1oB 

inereased rad oact1vi ty and copper miner izat on ill dep 
at t c latter two occurrences . 

ere . s stUl a lot of d1sagre~ent as to t e age 

or aees of the carbonatites . is s large because 0 



in a. f ew c es can geologioal evidenco be f ound 

t • Those in Centr Africa t whi oh are all s oc 
wi t he Rittt valley l ine of a.kn ss and app to b 

genetically conneot ed , e most l ikely of l a t e Jurass io 
or early eret &Qus ag . Ttl Sou t h e t A:frican a ll 

regarded a s l at e or Foet-Jur sic. 

136. 

The South .A:frican exampl es all perfor to roc of 
Pre-Cambrian sg , h ile at Fhalaborwa the o ampl i s in-

tru e by dol erite dyke . ~e8e dolerite dykes e 

generally r egard d as of earl ,.. Jurassic age . IsotJp 
anal s indicate a probable of 1960 % 106 l' B for 
the Palabora oarbonatite (Russel l, 1954) making it of the 
Bags t h uran1nlt in the i t r er d y t i.e: 

( as Bratein, 19~4). 

ile the local oarbonat ltes oannot be reI ted to 
the Central ~ican one s by structur tle- p ith t h 
Ri Valley , th ohar cter l s tlc rock types , er B ­

bl age • and the presence of ba lcally t ho am r diotlve 

• h var J suggest s t hat t hey- are most likely al s o 
of Jur s io age. No g ol og ical evidence to th contrary 
can be f ound. 

http:radioa.ct
http:baoical.ly
http:ura.n.1n1.te
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VIII . - Bea 0 C GEOLOGY 

~e oarbonatite is primarily a copper proposition. 
Sinoe , ho ever , the deposit is 1 grade , oalling ~or 
m1n1ng on a large scale , the product ion- of salaabl b ­
products must be considered . These poss1ble b7-produots 
ar uranium , thorium , magnetit and agricultural lime . I t 
is possible that hen the magnet1 te i s removed the 0 bonat e 
might be treated for pat1te removal . 

Taken in conjunotion with the surfaoe d1 tribution 
of r adioactive material, as indioated by the i or p 

(fig. 5) and accepting the sympath tic uranothorlanit 
copper relati onShip, the aesay plans ( fig . 22, 23 and 24) 

suggest that the most favourable ground is irregul 17 
defined zone of enriohment, th ' inner ' zon , e1cmga.ted in 

an east-west direction. This zone has a pos slb1e idth 
Qf 400 fe t and extends over a stri ke of approximately 

1600 feet . Drilling hae eat bl i shed the oontinuation o"! 
t h is zon to a t l east depth of 18 3 fe t (BQr hole 7) 
at whioh depth the bore-hole as s t opped . 

The mineral i zation , being eoars grained and of 
err ati c nature, gives rise t o a great diversity in the ore 
content of the oarbonati t e . This makes an aver d ter-
mination of specific gravity d1ffi cul t. D t t ions 

ere made on bar hol e cores t aken at approximately ver7 
10 feet . By averaging these figores 8. mean sp eific 

gr :vi ty" of 3 . 13 was found 9 and was ueed in subsoquent oal­
culations of 0%8 reserves . 

Two different mining possiblliti B exi t dep diQg 
on the oale of mining adopted and the b fioiation cos t s . 
S1noe !! such info tiOD i s not yet ail able , it is Dooes ary 
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to consid both possi bU1tl s . These are , firstly , th 

&%plot t tioD of only th ' inner t zone and eco:ad17 , of th 

whol mass of oarbonati t . Three eparat e geolog1oal. 
probable ore r ese.rv est t eo have , therefore , b en de. 
Thee are as follows : -

a . The ' inner ' zone which r epr esents t hs most 
promisiIlg are ; 

b . t h ' outer ' zone , here h i gher aone ntr t10D of 
ap ti te and l ow r concentration of uraDothori t e 
and copper are exp cted; 

c . t he oarbona.tit e ae hole . 
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a . Th ' Inner ' Zan 

In as eesing the mean grade of this one the st1-
mate of geo1ogioal ore r erves 'If s baaed on t he foll D8 
1nf'orma tion:-

I.rd'ormation Length of zon K88l'1 V slu.es 
obtained 1'rom sampled in f at O-UiU8 CU P205 

I b ton " " 
Bor hole 2 126 0 .14 0 . 92 2 . 6 
Bor hole 3 220 0. 43 1 . 45 0. 7 
Ber - hole 4 256 0 . 37 1 . 72 0 . 8 
Bor hole 5 678 0 . 20 0. 99 1 . 5 
Bar hole 6 262 0 . 29 0 . 65 4 .1 
South a41t 259 0 . 34 1 . 20 1 . 3 
2 1lr1v east 250 0 . 27 1 . 43 1 .1 
3 Drive we t 434 0 . 46 1 . 59 0.9 
4 Driv est 433 O. 2 1 .18 1 . 2 
1 • :z: - cut north 90 0 . 37 1 . 35 0 . 7 
T. O. C. Bh . 1 291 0 . 40 0.79 -
T. O. C. Bh . 2 33B 0. 26 0. 72 -
T. O. C. Bh. 3 270 0 . 30 0. 62 -
T. O. C. Bh . 5 330 0 . 35 0 . 85 -
Total footage ampled 4237 

an grad 0.33 1 .11 1 . 45 
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oeptillg th se an grade! figure d :y 

d tendned , by' planimeter, a total. are o~ 582 , )21 aq .~t . 2 
of ore the est ted topDSg 3 p 

5 , 700 , 000 tons in the 'inner ' zen . This g1 ves 
of 63 , 300 t ons copper , 1 , 881 , 000 Ibs of equi alent uranium 

orlde and 82 , 700 tons of P20s per 100 feet in depth . 

Til m Em valu of 0 . 33 Ibslton equ1va.l.ent uran1um 
o~de implies that the oombined radioactivity o~ the urani 

d t horium members of the uranothorianite is ual. to the 
ct1v1ty of 0 . 33 1bs/ton of uranium alone . It ha been 

own that the proportions o~ urs.n:1um and thori ar quit 

variable , but that a ratio of 1 : 2 . 81 should be fau 
approximation if applied to a SU£ficient17 lug 
of ore . On t his basis the t i nner ' zone 0011 urQol,Lj~~ 

t o the order of 490 , 000 Ibs and 1 , 390 , 000 Ib th p 

100 feet. 

1 . In this and subsequent t bulatione the me gr d 

oalo a t ed by' w t1n8 the m yalu ,,1 th 
length of the Bone sampled in feet d dividing 
tot wei ghted values 117 the tot 1 ength sampled . 

2 . Exoludi ng dyke material . 
3 . Tonnage expressed as Short tons . 



I 1 . 

b . Th ' Outer ZOll 

The follawing reBUl ts are avail ble from incll.n d 
bore-hoI s and underground prospecting hich intersected 
the • outer ' zone . 

Lengt o~ zon 
sampled in feet 

~ 

Bor hoI 2 336 0. 10 0 . 47 3.1 
Bor hole 3 412 0.10 0. 59 3. 6 
Bor hole 4 236 O. ll 0 . 5 3 . 4 
Bore- hole 5 119 0 .14 0 . 43 4 .9 
Bor hole 6 704 0 . 12 0 . 44- 5.9 
Bar hole 8 829 0. 21 0 . 75 6 .1 
Sout h adit 687 0 . 04 0. 44 4 . 6 
2 Dr! e ast 236 0. 15 0 . 40 4. 2 
5 Drive east 150 0 . 08 0 . 57 3. 2 
T. O. C. Bh. 1 210 0 . 0 0. 36 
T. O. C. Bh . 2 230 0. 05 0 . 32 
T. O. C. Bh. :3 170 0. 05 0. 44 
T. D. C. Bh . 5 370 0 .12 0. 76 

Total footage 
B 1 d 4689 

ean grade 0 .~2 0 . 51 4 . 7 

The total area in plan, oluding materi&l , 1 
2 , 546 , 297 sq . ft . and the estimated tonnag per 100 fee t 
depth i of the order 24 , 900,000 tons . At th grade 

given in th above tabulation this represents 127,000 tons 
copper, 2 , 99 , 000 Ibs cf equivalent urani oxide and 

1,162 , 800 tons of P205 per 100 feet in d the 
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The lJrani thorium ratio, 2 . 81, tad1 t t the 

' outer ' ZOIle oonta11'1S po s1b1y 780 , 000 Ib ur 
2 ,200,000 Ibs thorium per 100 feet in depth . 

o . The AEirox1mate Grado ~ th 
Car 011B. tite as 8 whol 

In sassing the grade 0 the ole bod,- 1 t DDlst 
b stres ad that tu:rr suoh oaleul t10D is very amch 

approximation as of the oarbons.t1t e haa Dot b en 
s pl d . 

It occuple an area of 3 ,128 ,615 sq . ft . SZld re­
presents a tonnage of 30 ,600 , 000 per 100 ~eet d pth . 

Grades lioab1e to this tormsge are be t calcul. :ted ,. 

• 

the 8vallabl in~ormatloD , by d1v1d1llg th um of the tOD­

nag s obtained for oopper , equival t uranium SIld P205 
respeoti vely' , in the ' inner ' and • outer , zan s by 30 ,600 , 000 . 
On this basis the followiug grades er oaloulat d : -

Copper 0 . 62 per cent , equivalent uranium o::d.de 0 . 16 

Ibs/toD d phosphate , expressed as P205 t 4.1 per oant . 

1h oubonati e at best wtil prove to b 01117 1 ow­
grad oopper proposition in whiQh by-products will of 

necessity bear part o~ th cost structure . B 1d urano­
thorianit an perhaps ap tits, magnetite and agr1oal.tural. 
lime ~ be economically recoverable. 

The :figure derived from vi ass83 of agnet1t 
indioate that the 0 eral.l magnetite content is of th order 
27 per cent . The ti tanlum oontent i8 low an appreoi ly' 

lesa than one per oent . .1 recent chemical ana1.ysis 01 thi 

magn tit (tabl II) suggest that the phosphorous cont ent 

11.1 also prov to b 1 B1.though the gnetite is int1mat 



intergrown Ith same apatite . This 1 tter asp t 0 

be adequately aSBees d until details of th even 

lurgioal prooess are known . 

1 ,. 

i th an :v-erage grade of 27 per cent and at the 

square footage alreadT mentioned available magnetite shaul 

be of the ord r 1 , 500 , 000 the ' i nner ' zon , 6 , 700 , 000 in 

t he ' outer ' ZOlle and 8 ,300 ,,000 tons per 100 feet in the 
whole carbonatlt • 

by'-product, t 

'this msgnet l te shou1d be a~ 11 ble , 

ery little extra co t . 

The carbollAtlt probably contains "Dew en 60 to 70 
per c nt magnes i an limestone containing 69 . 2 per ant 

CaC03 and 22 per cent MgC03 (table II, an817s1 7) . 

suoh the magnesiall limeston lDS.'T be reg d CD:oell t 

agr10ul tural. l imestone supplying magne 1um 1D ad eli ti n to 

the oaloium and 1s superior to the normal eo ero1al lime-

tones whioh e a CaCO) content of 60 to 70 p r cent . 
The tonnages ilIvol ved are normoua and the 1 aton ou1d 

be avail ble to the farm.1Dg areas of ban and Bel.sprw:t 

whIch I lea on rail within a r adius of 100 mile . J.t a 
nominAl price of 2/ 6 per ton ~ . O . B . Phalabo • tn1 agrl-

oul tu::ral lime auld be of considerable eoollomio intere t . 

J.nalysls of a bulk sample from the ad1 t ow the 

pre enc of 0 . 04 per 0 nt zirconia deri ved fr eral 

baddeleyite . When I solated this mineral. 1s :round to be 

:f 1rl,. ooars gr irled and might beoome of ona 0 interes't 

hen large tormages are mined . 

d . Conclu i ons 

1h r asonably detailed drill programme und -

taken by the .t:tomic faD Bo d and the !r Ore C uq 



1 4 . 

h up10red the carbona ti t e to a depth of 600 to 700 fe 

1th one bor hole penetrating to 1893 feet . 

The :r sul ts shaw a higher grade lddne'7-Bhaped bod7 
of r kabl y unifo grade of copper. of t e ord r o~ 0 e 
per cent, lying within the oarbonat1te . nLis body a 

lEmg.th of 1600 -r et and a maximtIm width of 400 f t . 
On th a SSUlIlpt10n that ther is no decrease in grade or 

dimensions in depth the or reserves are o-r the order ot 
50 to 60 million tons per 1000 fa t . 

Ii' a lowering of oopper grade to 0 . 6 per cent 1 
still found to be above the economic l imit the ore re~-~· 

s 

• 

c an be increased to include the whole oarbonatite 

having a length of 1000 yards and a width of 400 • In 

t his oase the or re erves wi.ll be at the order of 300 

million t ous per 000 feet d pth . In practise th t 
of P83'abili ty will most p:roobably be found to 11 beWe 
0 . 6 an 

total a 
one per cent with a corresponding r 

ilabla ore r eserve • 
tiOll of th 

Aeoes a.r.r ~roduot8 hich will be available for 

exploitation a~er the extraction of oopper 1ncl~ ano-
tho:rian1t with 8. grad between 0 . 1 and 0 . 3 uinl. t U30a , 
the magnes1um-oaJ.c1mn carbollB.te which 1 an 
agrioultural Itmeaton ; the magnetite which 

cell t 

t1 tan1um oontent t and a certain perc entage , s ted t o 

be ot the order one to tive par c nt 205 ' of p t lte . 

operations should pr sent no difflcul tl B and 

i n the metallurg ioal process nvisaged the separ tion of th 

ore into the campon nta list d above would pre ant no major 

bstacles . 
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astI:l" em. en ts 

By tar the bulk of the information appertaining to 
t he study of hest now in South li'rlca. has boen obtained 
fr om bar olea drilled to intersect the i tersrand 
syst • Only very limited data are available from bor e­
holes in other areas . fs:r as is moWD no t perature 
measurements have been made in bor holes int rsect~ 
carbonatite . the t:h'ill ing was und the oontrol of 

the writer th opportuni"t7 was used t o att t to tbr 
light on the controversial problem, temperature equUibri • 

Ber hole 7 as drilled to a d pth of 1873 feet , 
reaoh1Dg this depth on th 17th August, 1955 . Temp atur 
measurements ere mad , at intervals of 200 ~eet , on th 

same day, using 6-inoh Zeal clini cal therm etars a 
f more accurate gretti and Zam~a mexi mmn thermomet 
The measurements were r peated eight months l ater , 0 th 

11th AprU , 1956 . 

• 

Use was made of a multi- thermometer ass b17 ( s p, 
1950) to lower the thermometers . This equipment oonsis 
of a number of" metc.l tubes open at one end . open end 
is olosed with ser top sealed 1th a so oopper washer . 
Three thermometers, aeb in th 1r protective tubes , were 
enolosed 1n an outer Qont~1ner split long1tud1nal~ in 

hal. B . !his outer contain9%' WBS clamped to rubh 
1r by screwing the 0 hal e tog ther e Th s~1nB of 

oontainer after lowering to the required depth in th 

bore-hole, ere left -ror one hour . 

Thermometers, after reoovery form. the bor hole, 
were transf'erred i th th delq to an 1oe-oooled. 



11 . 

1f' t r ath . T peratur 1f' r d th th 

po tiOD ot the 1; s . As the the:rJamne1~m~s 
oalibr t ed for total ion an argent st orr 1. 

applied ccordiDg to the following formula (Cart , 1954) :-

oc r: n ( T - t) 

where n = length of emergent column in d grees. 

T = therm etar rea 1JJ.g . 

t = s t am t er tare . 
K = differential expansion ooeffioi t ~or 

the th 0 etric l iqnid and th part i ­
oular gl 8 . 

or ercu:ry- fllled, centigrade BCal , therm.om ter 
( egret t1 and Zambra) X - 0 . 00016 . 

or mer 011r1'-ftlled , tahr enhe 1 t cale ,> 
( Zeal) K = 0 . 00009 . 

Ths resulte t bulsts in table X repr 

ot tbr therm etar readings , atter applying the gent 
stem corr tion , at each partioular dept h . Obv1ousl;y 
anomalous results were disoard d the m sur ente 

ep sted until fair e ent between three r8 dings a t 
e h depth was obta:i.ned . nte r esults are present d aphi-

cally in f'igu:r 25 . J.l though th carbona t1 te is extr el7 
heterogeneous the temperatures lie reasonabl 0108 on a 
straight line and the d pth- temperature curv B a.r rep:re :t-

d by th b s t - fi t strai ght line drawn through th ob erv 
t emperature • 

The datil obtained supports Bull.ard · s con.o1usion (1947) 
that t eratures are up et 117 dr i lling and that a con­
siderable tiMe must elapse before equilibri 1s restored . 
Furthermore , as the time requix d 1s related to the spe 
of drilling , equilibrium will come about more rapidly- at 
t e botto of the bore-~ole 

Comparing t he results obtained on the 11th April " 1955 
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TABLE X TEMPERATURE MEASUREMENTS 
BORF-HOLE No.7 

Drilling started 7-11-54 
• 
Drilling stopped 17- 8-55 

TemperatureoC Temp. Gradient Geothermic Step 
Depth 17-8-55 11-4-56 Difference 17-8-55 11-4-56 17-8-55 11-4-56 

200 24.64 - - - - - -
400 25.94 26 .35 +0.41 1.30 - 154 -
600 27.39 27.79 +0.40 1. 45 1.44 138 139 
BOO 28 .75 2B. 90 +0.15 1.36 1.11 147 I BO 

1000 30.08 30.01 -0.07 1.33 1.11 150 180 
1200 31. 45 31.40 - 0 .05 1.37 1.39 146 144 
1400 32.54 32.70 +0.16 1.09 1.30 184 154 
1600 33. 98 33. 80 -0.18 1.44 1.10 139 192 
1800 35.44 35.20 -0. 24 1.46 1.40 137 143 

Mean values 1.35 1. 26 150 160 

~ 
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The macrophotographs . ere obta ined from poll h d 
specimens o£ carbo te core , specially s elect d £or r 4io­
activity content, to show the distribution of uranothor ia-
ni te in r e pect to the various other i ner present. 

The autor diograph were obta ined by exposi t he 
lected spec ens to x-ra;y f ilm for a period o£ 120 hour • 

A sketch, positioned between the macrophotograph d 
autoradiogr ph, of each spec imen has been provided to 
relate ·rophotographs and autoradiograph . TtL pre­
dominant mineral is outlined EJIld shaded. 0 er points of 
intere t are lettered • . The points at which uranothorianite 
occurs are B own by bl ck pots. 



Pl at e XVIl: 

. The dl stribu1;1on o:f 'tIrano or 1an1 te in 
r el ation to phlogop i t an calcite . 

a . pblogopit e ( shaded) ; 
b . calc ite. 

Ur anothor i ani t e shows no prefer nee for 
i ther miner and i s d1str1but d t random 

throughout the speoimen . 

Natural size . 





Pl ate XVIII 

The d1 tributi on cf ur8110t oriani t in 
relation to chalcocite , magnetite and calcite . 

a . chaloooit e ( haded); 
b . magnet i t in part replaced by 

vall i it ;. 
c. vall eriite at the margins of 

massive magnetite; 
d . a coare grained ~feegat of 

::rc-eti t , chalcoo and apatite 
c cite ; 

e. is t he same s Cd ) i th chondrodit 
and only subordinate apatite . 

Ur anot hori te i s her confined ex­
clusivel y to calcite ( hite). 

Natural size. 

in 
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Pl at n x 

The dis tribution of uranot hor1 
r l ation to magn t1 te d calci t • 

t e in 

b. 

agnat1 t. ( ed ) with inclusions 
o~ c cit e (whi t e) and replaced bf 
r v 1nl. t s of va.1ler1ite; 
c cite replac ed by r p ntine . 

Ur anot hori t e i s seen to occur pr -
dominantly in the magnet 1t, h ile only 
isola t ed crystals oocur in th oalcite. 

Natural size. 
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PI te XX 

~e distribution of m' anot hor i ani t e in 
r elation to chalcopyrite, phlogopite , magnetite 
and calcite. 

a . chalcopyrite ( shad d) ; 
b. ~ tite; 
c. p ogopit~ 1ch c.h oopyrite i s 

r eplacing ; 
d . an egat of phlogopit • chaJ.co-

P it and patit ; 
e . apati te in caloite (w t ) . 

Uranothoriani t is h e confi ned exe1u iva-
1y to the oalcit • 

Natural Bi z • 
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The d l s trl bl1tion of uranothor i ani te i n 
r 1 t ion t o erpentin t chalcopyr i t , apat! t e 
and oalc! te . 

& . serpentine ( shade ) ; 
b . chalc opyr i te ; 
c. ap t ite ; 
d. c alcite . 

Urano or1ani t i s distr i but ed at r and 
throughout the g e miDer als d does not 
occur i n associa t ion with chalcop i te. 

Note t he large crys t al of ura nothori -
ni te visible in the macroph otograph . 

atur size. 



p 



.PI t e XXII 

~ distribution of UZ'8l'lothorianite in 
relation to serpentine , magneti te and c aloit • 

a . massiTe ser entine ( shaded ) r-
I oing 0 oi t e by a sys t em of v ins ; 

b. magnet i te ; 
c . breociated oalo i te wi t b magnet! t and 

v eins of alleri ite; 
d. veins of alleri i t preading :fr 

minor l oc a1 i s d fracture into 0 

Ur anothoriani te is oonfined entir 1y to 
oaloit and i s he 111' oonoentTat e in t he brec­
cia ted portion on the r ight. 

Natural s ize. 
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Pl ate II 

Fig. A. show e distri bu 0 of ur 0 -
thor t in r el ation to chalcopyrite, magn 
t i te, chondro i t and caloite. 

EL. oh cop,.-rite ( shaded) r plB.CiDg m.agn 
tit t marg ; 

b. t it wi t h inclusions of calcit,e ; 
c. cit ; 
d . a cry t i ne of ahondro-

di t ith subor din pat i t e i n cal-
cite and ooiat ed chalcopyrite. 

Uranot ori t e i 8 dis tribut d t r snd 
t hro hout th ganque miner 8 but 'docs not occur 
in aseoe t ion i th chalcopyrite . 

Natural. size. 

Pig. B. di stribut i on of urano-
tborianite in br cu t d carbo t e e Aasociat d 
are m etlte, vall r iite, s rpentine and cal cit • 

a. 

b. 

c. 

magnet ite ( dad ) partly repl ced by 
vall eriite; 
serpentine , vall iite and bord te 
chalcopyrite heall breccia.ted cal­
cite; 
chalc opyrite f illing 8. mdnor joint. 

Uranothorianite occurs almost exclus i vely 
in brecciated calcite. 

tural s iz • 
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Plat e XXIV 

Fig. A.. !!)plod 1Qp141oaorph1o grazml.ar tex-
tar. lIhown 'b7 the . - lI1.Der s . 
Elk is et1te r lao ohondro­
d1te (0); p tite (grey); and c cite 
(oa) • Apparent vei ns are cracks in 
t h e ect1on. 

Thin 8 t 1011 c 
Nicols X 18 . 

Fi • B. Fin - grained ag eg te of ohondrodi t 
enclosing an e 1 rme d patite 
( d k gre ) cryst al . 

n sec t ion. 
ieol s X ~4. 
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Fig . A. 

Plate XXV 

Characteristic ~olysynth0tic twinning 
in ehondrod1 t e (c). The chondr d1 t 

0JfW incipie t alter a tion to earp n­
. e·tlte. Fhlogopi ia 

pr '-tw magnetite (bl k) and 
oJlGIB4J~d1 'te. 
( ote top e e o:f upper chondrodite 
orystal) • 

Thin section. 
Nicols X 22. 

Fig. B. I'1Ile-grained gr gate of cbondrodite 
OZ78tals s owing polysyuthetic twinning . 

Thin section. 
Nicols X 30. 
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Pl ate XXVI 

Fig . A. Pol go 
matrix. 

or yst s of olivine in calcite 

Fig. B. 

Thin section. 
1cols X 22. 

Selective core-al t tion of chondro­
dite (0) to serpenttn (se). - ote in­
cipi nt alteration of portions of the 
oho drodi r to secondary m etite 

ong irr ar fr tures. Ap ti te (oJ 
is visible at the bottom. Blaok is 
mBgnetite. 

Ord 
tiOD . 

light X 34. 
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Fi • A. 

Fig. B. 

}Tate XXVII 

of erpen­
cmmar1041 te. 

Thin section. 
1co1s X 31. 

Inte etrati po s thetic twins 
of baddeleyite bl k } replacing chondro­
d1te (0) 4 caloit. {oa). 

Thin B otion. 
iools X 36. 
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Pl ate XXVIII 

Inclusions o£ phlogopite ( hit ) in 
etite (bl k). pblogopite 

is r place in p t et1te 
alo cleavage traces. 

~, section. 
Ordinary 1 19b t X 18 . 

Fig. B. Euhedral crystals o£ spinel (p1eote) 
with e acter1ztic octah nl form, 
oocurr~ as inclusions in etite 
(black) • S e eJf the spinel crystals 
areulded on c'alcite (ca). 

!.b:1a section. 
Or4tnary light X 35. 
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PI te XXIX 

i g . A. Valler11te (black) replac t ite 
(ma) and c- ~opyr1t ( chp ). e 
vallari1t e contains Bp or ohalco-
pyrite . 

Pol! h B ti0n. 
Ordinary light X 90. 

Fig . B. Cont POT e cr,'stall1zat1on of ag-
net i t (ma) and v l e1"11te (Vi ) r ep! ~ 
ing ch ondrod i t e by a seri es of in . • 
Ch copyrite is pres ent at t op r~t. 

Polished section. 
Or i nary light X 28. 
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Fig . A. 

Fig. B. 

Plate .xxx 

Cont poraneous crystallization of mag­
netite <ma> ua4 . .nIt. ( ... a) repl c-
ilia ohoDdro4ite. aala:r . t of centre 
of plate XXIX :rig. B. 

Polished tion. 
Ordinary light X 72. 

Euhedral crystals of uranothori i te dis­
tributed thro out apatite (a) and calcite 
() e. et1t e ( ) contains in-
clusions of tabular cry t al of tite. 

Poli shed s cction. 
Ordinary light X 16 . 
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Plate XXXI 

Fig . A. '1uhedral. aryB S o:f uranothorianite 
in gangue.. the ' 'tala are moulded 

Fi g . B. 

OD aD.tit • . {a) the grain boun 
o~ calcite ( 0 ). 

ote r eaetion-r of t -I" 
material d veJ:oped around th urano­
t horiani te orysta1s where t but 

a1 t caloite. Spec of unidenti­
f1 ter1a1 of h igh re lectiv1 ty are 
associated with t h se reaction r • 

i 

PoliShed seotion. 
Ordin y light X O. 

Euh dral cryst al of ur ot horianite (gr ) 
in agnetite (l h1te). Note pitted 
appearanoe of etite. 

Polished section. 
Ordinary light X 58. 
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Fig. A. 

Fig . B. 

P1ate II 

of interstitial uranothor1 ite 
o cite. G 1 e cit 

• Note inclusio of apatite. 

Foli ction . 
Ordinary light X 52. 

P,Jrrhot1te ( ph) r ep1 ;ng caloite (c ) . 
Inclusions of pa t it ( a ) occur i n t he 
pyrr ot1t. Th pyrrh otit d angue 
is veined d r eplac d by v leri te 
(bl k). 

Poli hed section. 
Ordinary 11 t X 15. 
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F • B. 
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Fig . A. 

Fig . B. 

:Plate XXXIII 

................. llar i nni in pyrr hotite. 
, ins of v leriite (bI It) c be 

seen r lacing pyrr otite. 

~-.u section. 
018 X 100. 

(chp). 
due 

egul fr­
in calcite 

Polished section. 
Ordinary light X 100. 
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Plate XXXIV 

i g . A. ( ey) 

Poli B etion. 
Ord' a:ry light X 15. 

g. B. oIuaJ.oDPlrri te (chp) d 
relations. 

ncloses a cub ita (cu) 
oite (bl ) r pI . -

ahalcopyrite . etite 
at bottom r ig t. 

Polie section. 
Ordinary light X 40. 

http:Y'8ll.er
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Fig . A. 

Fig . B. 

Elate XXXV 

Cubanite (cu) residual ociated 
with chalcopyrite (chp). Grey is 
bornite, black is calcite. Enlazge­
ment of centre of plate XXXlV, F~ . B. 

Ordinary l ight X 95. 

Brecoi.ated o-ubonate ~F"7) h 
by ohaloopyrlt ( hite}. 

Polished S otiQ . 
Ordinary light X 12. 
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Fig. A. 

Fig . B. 

Plate XXIVI 

Brecciated c bo te ( it) healed 
by cite (bla ). 

in B ti n. 
Ordinary light X 33. 

R . fy~ veinlets of chalcop1%ite 
(blaok) replac i JJg biotite (bJ and 
oaloite (ca ). Not e str Ined appear­
ance of b i otite plate • 

Thin sect i n. 
Ordi l i ght X 35. 
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Fig . A. 

Fig . B. 

I>l te XXXVII 

ChaloopyTite (black) replacing calcite 
( .,.) along ole.Tag. traces.' 

Thin section. 
Ordinary light X 38. 

B 1t • . (bo) r8plae,1Dg pDp.8 (dark). 
Jlot. axaol ' ,18 1"'11a o:r oh&1ao­
pyrite (white) in 'th orys tall graphio 
planes of bornite . Magn t i t e (m) is 
visible t o e 1 ~t. 

Poli ad 8 e tion. 
Ordinary light X 17. 
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Plate XXXVIII 

Fig. A. Grating texture o f bornite ( dark-grey) 
d velop d in t h crystallogr ph i o 
pI s o~ C co lTite (light grey). 

19 . B. 

n d1splao , t I l l ar 
prob bly du to. or s u t to, 
loc ised t nsion set-up during unmix­
i • 

. tion. 
t X 100. 

BODJ.t. <P'87) r laciDg eI1&loop71"i te r It.e) from a fraoture aDd ~ 
alo e l ea: ag pl811 . :t.radtur 
1s f ill d i th eti t (), ler~ite 
and c cite. V r litc and calcite 
both appear black. Bote pitted appear'­
ance o£ magnetite. 

Polish d ection. 
Ordinary light X 100. 
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Fig . B. 

II 



Fig . A. 

Fig . B. 

Plate XXXIX 

Repl oement veins o~ chaloooi~e (white) 
in etite ( ey). ~ etite 
an g e (.1 't-.grey ) is r pI ced by 
valleriite (bl k). 

POli otion. 
OrIl'SDarJ' light X 15. 

Etch , i t h HlII03 on bove chaloooite ve in 
t reve t h &rall eJ. etch-cle:vag of 
very fine- a i ned hypog ne chalcocite. 

Polished section. 
Ord l~t X 2000. 
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