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1 lttG a cabro to.ibatone e f f e c t  (S et 
1 toe  2 and % page e le v e n ) . This 

e c h iv t  was e ls e  probably fenced from the 
metmmorpbie* o f o r l  in a l  h ^ a l t i c  lavma.

° 8 i t lo n  v a r la t lo n e ,  which a re  comma 
a re  accounted f o r  by e change o f ch a ra c te r  
d u rin g  vu lcan issi, r e s u l t in g  in  b a s ic  tu f t s  
ii4JU '■‘'u'L1o..:ermtee b a in -  formed. The s c h is t  
o i te n  c o n ta in s  a l te r a t io n  p roducts o f 
o r ig in ^1 p o l i t i c  sedim ents which might 
have been absorbed by the  la v a s .

Layers of I aded  iro n s to n e  are 
coasicn, p a r t i c u la r ly  n ea r the  c o n tac t o f green­
s to n e  w ith  q u a r t s - s c h l s t .  ue to  th e  lo c a l 
v a r ie ty  contain ing , more c h e r t  than  iro n  m inorals 

o th e r  ahodesian  banded iro n s to n e s « chase 
ro ck s  n re  termed j a s p i l i t e e .  n account o f  
t h e i r  b r i t t l e  c h a ra c te r  they  a re  g re a tly  d is ­
ru p te d  and sheared  and consequently  \>hey are  
n o t as p e r  l a t e n t  so tb  o th e r  f o r  a t u n s  *1ong 
tii« r  s t r i k e ,  presum ably sv ing  been dragged 
*P«u. i, do r ag fo ld in g . Gold m in e ra lis a tio n  in  
th e  d i s t r i c t  i s  g e n e ra lly  a s so c ia te d  w ith these  
ro c k s .

;„uart*  c h l s t » The q u art*  s c h i s t  H e r  w ith in  the 
t re en e to n e  and c n s i s t e  o f  le u c o c ra t ic  s tro n g ly  
c leav ed  rocks forming prom inent o u tc ro p s . I t  
i s  dom inan tly  a n ic a -q u a r t*  s c h i s t ,  probably of 
sed im en tary  o r ig in .

The te x tu re  and com position 
v a r ie s  g r e a t ly  from a s c h is t  c o n s is t in g  o f

q u a r ts  s e r i c i t i c  mica . . /



AB^TiUOf (C on t.)

«i6h fo ld s  and O f ..b o o t ,  o r  a , .b o o ts  p ito n ln g  
nortnw eet a t  a to u t 60 ° .

a lR e r* l i« * t i6 a  c o c s ia ta  of a a o i te  of
a in e r a le  c b a ra c to r ls s d  by d i a t i a c t  , auo ity  in  
su lp h u r . o l l i a  ic a  i»  the a a ln  areenic& l aulphida 
ireaan t ia e ta a d  o f a raan o p y n ita . y r r h o t i t e  i s  
a h u n Ja c tt w h ils t  p y r l ta  i s  l a c k i a , con l e t a l y .  
oxj i f t an t in  economic q u a n t i t ie s  and i*  eh 

ac t® ti» ad  by o c c u rrin g  in  extrem ely f in e  d is c re e t  
p a r t i c l e s  c lo s e ly  a s so c ia te d  w ith f in e  ^ re ined  
a r s e n ic *1 su lp h id e . The hydrotherm al f lu id s  whiuh 
p r e c ip i ta te d  ia e r a le  in  s u i ta b le  a reas  and boat 
rocks in  the  Vubachikwe a re a , say nave e Benated 
f r a s  th e  c e n tr e s  o f m agnetic a c t iv i ty  such as the 
lu slA d i and ix e sa  cu p o la s , i s  i s  a lso  p o ss ib le  
th a t  th e se  f l u id s  were formed by a type o f high 
tem pera tu re  l a t e r a l  s e c re t io n  o f m igrating, m inerals 
caused by ^ r a n i t i s a t i o n  p ro cesses  beyond th e  edges 
of th e  g o ld - b e l t .

The Vubachikwe d e p o s it  ay be considered  
as a a e a o th e ra a l  replacem ent o r im pregnation along 
s system  o f  p r e - e x is t  m g  f re e  tu  ro e . There i s  a 
very i ln o r  amoiuit o f open space f i l l i n g ,  bu t most
o f th e  su lp h id e s  were in tro d u ced  by w allrock  
re* lac*  e n t .



i*ge h i r t y  , la

ind S ,:VV » !ue to  a in o r ,i«a tU  f c ld ln , .
’ 1 1 f t  aJe:- on a i l  between the tiurfrcee jmd
the tw e lf th  l e v e l ,  .ad I t*  th lc n a e s r  i s  ol the order 
o f t h i r t y  fit# t*

vherever observed i t  i s  s c h is to se  U  tex tu re  
aIl(- i*  a weak lin es ti< m  on cleave,,;* faces which
; i tehee nortaw ardc between €>** and ( ee tru c tu ra l
a c t i o n ) *

:v« rock  i-* , a le  g tey  t > g reen iah  in  co lo u r, 
Cleave* w ell . ; red l e i  to  the e o fa ls te s ity , and hence 
foreu * very bad hanging in  »nl& . i t  I s  fin e  
..ruined >» id c o n ta in s  t a l e ,  o&rbcr ..t;e, c h lo r i te  und

c h lo r i t e  1 i th t  u n d o  a i r ,  i a r t i c l e s  oi ta lc  and c^rbon- 
wtea* i - very  * raM aatphlbele n eed ie r are , r e s e n t . 
The re nee 4.1e a ire  loo t & *11 f  o ic i t iv e  Id e n ti f ic a t io n ,  
but have the p le o c h ro lr  , o f hornblende. ■•. nuzsber cf 
t "* need, es a re  develo . -#4 ., - i r a l le l  t > the  « h i s to s i ty .

oc# -.tinor oiat^ue m ineral +> a lso  . re se a t -  .robably
^& ^netite , .. J  i t  d i ts a  d x -,’.loo  oi su lp tildes i s  
found ucwu r io a a l lv-t u r t i c u la r ly  * sec a rs  on c lea rs ,.es  

nd ; a r t iiifcS •

This rock we* probably fo rced  through the .r«et»-

p a r t  oi the  lo c a l  >nd t 11th e l* e le a l  e#qu#ac#
and la  a l  te s t undoubtedly olae,i than  t ■ :*.■ in  r u l l s a t io a

aad 1 :tes  ou. I .j «nd 4 ».)

.1. . 1

inoe t.h q u a r ts  ch i  t  . • /  **
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excep t or i ,]9' i i l i t e  md s l a t e s ,  a l l  these 
,.e 1 ’• n t a r y  rock a r s  ..vocally c a l le d  q u a r t z i t e : While
these rock, bear Lktle reserob 1 iixvce to  a l te r e d  sand­
s to n e s ,  ’ u rtC i.te" in  no1 n unreasonable lay -te rm .
They are  a c tu a l ly  an a l t e r e d  sediment of v a r ia b le  
g ra in  s i z e .  Those p o rtio n s  of them which have 
•  ijgiB irleant ano a t s  oi ixca  in e r a l ; vwd have teen  
iin o ra lix e d  form ths  ore to d ie s  of the oiine. This 

" q u a r ts i te "  ro c a i s  no to ixvucly  hard to  d r i l l  b reak .

g e n e ra lly  .a s s iv e , th ese  aed iaen ta  are sometimes 
G llb h tlj  s c h ia to t  e and i re cu t by j o i n t s ,  fre -c to res  and 
sh e a rs , There sh ea rs  are  v try  n ea rly  t i r a l l e l  to  
the bedd ing , and ere  a: soci ited  w ith the o re -b o d ie s .

In  c o lo u r , th e  rocks range from p a le  rrey through 
b u ff t'. t very t a r t  b lo ck ish  g rey . ' ;y are vary 
f in e  g ra in e d , and i t  ic  probably th la  flo an ees  which 
renders th e a  to  to \ *h one V rd . he roc are o ften  
i r r e g u la r ly  b .deu \ i r a l l e l  to  the d ip .  G enerally  
the t  l i t  i s  ,u i t e  narrow e but «; Vo u j to  two to  
tbr .e centim e ores w id e . .v banding i s  robubly due 
to  the udVitlOj e a t  o; eu hibole® in  c e r ta in  b nds 
ihich a lte r n a te  wit :i bands o: com paratively  clean  
iU ttr tz ite .

O rig in a lly  a o i t  o f the  rockz were t ro tab ly  
au^ ;toneo and s i l t c to n e e ,  , OLSlbly ca lce ro u s  in  la c e s , 
one l a  o ta e r  l o c a l i t i e s  d e f in i t e ly  fe rru g in o u s . The
m a te r ia l comt o iin t  these  sedim ents was , robably derived 
from a landaos# ol ^ r a a l te  and b a s a l t i c  la v a s . g a th e r­
ing  c o n d itio n s  seem to  hsve bee* such th a t  : a lcpare  
were decoaj oced -  r in c e  f e ls p a r s  are  a l l  but absent

in  tk ■ e rock: , » /  -
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™  - r x c i t l c  Bilca to  o f . i . pa tltie

^ l o m e x - . t e ,  o f  e l l l e e o u .  e o n . p o . l t l w .  a

t / H d  expoouro o f t h l .  , u « t ,  .o h le t  ie  
Vub.tiHkw. HU1 which la  co,'3; oa« l . „ t l „ l ,  of 
Irown Bilonceous q u a r ta - a c h l t t  o f varvlm r 
t e x t u r e .  b

^ w*ck£ The greywaeke groujj i s  only
found In the no rth w este rn  eeetor o f  the 

oM . t : -h e l t  (Eoe h ap 2) and con elete  of strongly  
bended p arsgne io*  and greyt.ac e .

These a re  o f te n  s tro n g ly  
c leav ed  and c o n ta in  many bands o f very  dark 
h o m tle n d e —s c h i s t t p o ss ib ly  re p re se n tin g  n e t* -  
atorphosed b a s ic  dykes. These rocks bear * 
e tro rx  r a s e  b iance  to  partis o f  th  Shaava G rits  
o f tuc see d i s t r i  c t ,  «ind hence were te n ta t iv e ­
ly  Inc 1 l led w ith in  th e  * hamvlan ; ystem by 
T y n d a le -Iiseo o  (1940 ).

Q pelas and ; . r a p l te » urrounding the  s c h is t  
s i t ,  and a t  p la c e s  w ith in  i t ,  i s  a ness o f 

heterogeneous s i l ic e o u s  rook conforming
dom inantly  to  th e  co aposition  of g r e n i t e -  
;n e ie e .  iiere o cc u rr in g  in  c o n ta c t  w ith , 

and c lo se  t o ,  the s c h i s t ,  th e re  I s  developed 
a marked g n e is s lc  f o l i a t i o n  which i s  p a r a l le l  
t  th e  f o l i a t i o n  of „he ad jac en t s c h i s t .  This 
f o l i a t i o n  becomes l e s s  apparen t and f i n a l l y

d ie s  away • .



m il ': .% v e n

luce  t:.@ . i r ta  s c h is t  1b i r r a le v a a t  to
i . • -ifl#« uo le tiilled  work haa been fiont on 
I t .

■ 1 •'atiS<* con sinuous ou tero  or .u e r ts  s c h is tc
x i^i; •• «.u I Bet * .is t v : t.'to ilne♦ % le  of
r t- ,io o  .1 .»;i38.«r.uloc, an4 f t r lk s *  .-• oj 11cwe»t - bo:itbe*»t • 
uCcwlly the  c >nt to t w ith the  ee:,*c l o t  n ea res t to 
the atiue e tv is e s  N 1 0 W. i t  upyoretttl^  l i e s  con­
form ably In th e  aynfo ra  p rev io u sly  described  (see 
e ls e  t r u c tu r u l  a c t io n ) ,  and forms a remote footw all 
to  th e  rocks d i r e c t ly  r e la te d  to  the r i n e ,  dipping 
a out 7 Q .

I t  i s  esae  . t im l l j  an i  .tpu e c and a to n e , very 
r a s ld e r a b l)  eta-':or -hoee.i, \y 'a le-ci& coe described

i,t so a ww:,ite e t f  ong l> c leaved  »ic«cec is  q u a r ts -  
t-cb iat p robably  of eed* centaury o r ig in .” ^ juh 
h ig h ly  s i l i c e o u s ,  i t  i i  J e ss  a f fe c te d  by west!*: tag 
rad e ro s io n  s ,c i ts  then tc-i eneelopia . re en a t 
■and forms prom inent o u tc ro p s . be d.v-.hia^ttik. *&*# 

of Vubschikwo i l l  i s  ec s .u sed  e n t i r e ly  o f th is  quarts  
d i i e t .

in ce  the te x tu re  end com position of t  ic  
s c h is t  v =ri< s w lu e iy , sev e ra l la d ie s  re  Apparent.
'Che f i n e r  prained v a r ie t i e s  co n ta in  as aiain eeeosaory 
, icetlp  e e r ie  to , me one v a rie ty  i s  u brown ml ea­
se h i .it* <■- :<»erser ; o r t lo a e  are  T i t ty  **-
ccon,5a syaose*# bee-e bends ol v a r ia b le  te x tu re  
.aid cos O K itiou a l l  fox * ‘>t t* ; r a l l e l  to  th e  reg ional

rw rer bands in  sc s c h is t  d esc rib ed  us ' f e l s i e  t c - i  -t 
are  probably  th e  a l t e r a t i o n  p roducts of o r i  in u lly

tiil ic e u u s  . # /  -
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»t l e f t *



• ***£• Fourteen

7  , ln to  y x « n ltic  aaeo. 0r

—  ' 8113 ° f  ‘ h le  e0b i8 ‘ n u r .ro u .
x e n o li .h e  o, g reeoetone  l i e  In  the  granite,.

The , r c n i t i  e o r l .  e e o n e ia e re b lj 
in  te x tu  e and t o ^ o s l t l o n ,  being In  . leoes 
p o n h j  ritlo i a t  elsew here even -g ra ined , 
la rg e  p ro p o rtio n  o f the ro o t  l a  «. b l o t l t e  
g i a a l t e  01 h igh  n le ro c l ln e  c o n te n t. In  no .e 
v a r l e t l e a  i t  ap; roaches a q u a r ts  ao aso n ite  and 
i-jranod io rlt*  In  coatpoaition*

J j^ y ta j^ o n s o n l ta; In  th e  northw est Gwaadn 
ac i l s t - b e l t ,  t  o very  i n t e r e s t t ^  bod ies * f 
grsrJLts o cc u r. Tbmj h«ve the s t ru c tu re  o f  
ty j i ic a l  « t c k s , bavin in tru d ed  th ro  45b the  
Lrc oust ones e^id ca s ln ^  updo.vin.;. o f the  
su rro u n d in g rocks* ach occurrence forms a 
i c r ie s  o f rugged h i l l s  r i s in g  a b ru p tly  from 
th e  su rround ing  p la in ,  o m iag  the  In s ln d i 
and .:,lzese h i l l s t they  appear to  be ty p ic a l  
c u p o la s , a lth o u g h  in s u f f i c i e n t  i s  known of 
th e  r e g io n a l  o c ru c tu re  to  in d ic a te  th e  presence 
o f  an underlyoag t a t h o l i t h .  Jowever, the  
s c h i s t  b e l t  i f  p a r t ly  surrounded by in tru s iv e  
g r a n i te  rook., t a r t  of vh ich  i s  s im ila r  in  
com position  to  th e se  tu o  b o d ie s , fhus the 
two b o d ies  say be regarded  as p o ss ib ly  forming 
a :«11 cupo las o f  the la rg e  g ra n ite  g n e iss  body, 
i f  t h l ’t i s  the  c a se , then  i t  i s  .o s e ib le  th a t  
th e se  s to c k - l in e  occu rrences a re  p a r t  o f the  
p a re n t body which gave r i s e  to  m in e ra lis in g  
s o lu t io n s  which perm eated p a r ts  of the  d i s t r i c t  
in c lu d in g  th e  Vubaehikwe a re a .

>?ger*l t r u c tu r e : . . /  -



• »B e w e n ty  i .Xx

in  th ese  ro c k s . :bt f# rro -m aeae*1 an a im sre le  were 
p robab l. formed from the o r ig in a l  d e ,o B itlo n  of cisye 
while tn e  m ajor c o n s t i tu e n t  was q u a r tz , U e ,esited  over 
» c o n s id e ra b le  range in  ;ra in  s iz e .  ba tever the 
imcambrimxi. a ta o sp h e r ic  c o n d itio n s  were when those 
rocks were d e ,w e lte d , i t  i e  p o se ih le  i t  was: under 
cond ition ., which su $ . o rted  soarn vur,y r lm itiv e  i . i fe ,
/h i p rim aeval l i f e  lay h. ve boen the  o r ig in  o. the
g ra p h ite  which 1: commonly seen  associated  w ith the
t lv te y  ro c k s . (:.oe e l a t e s ,  and l a t e  2 2 .)

In  : u rfa ce  .*.>apj i n  , theme eeoim eats a r e  d is -  
t i n  u ielied from the ...r-eentchist b j th e i r  ap p e a ra n c e ,  
although  the d i s t in c t i o n  between irhe jyc »ensch ie t and 
t \ e  more p h y l l i t i c  p a r t s  o f the sedim ent# i s  very 
a rb i t r a ry *  In  underground mag pint,* the  d is t in c t io n  
between t  ; ue r o c k  ty p es  i s  w r j  mefc lot e » . i l y  
re c o g n is a b le . .c ice, un f a r  ground - was based
more on th e  i r o n - n in e r a l  co n ten t m e decree of m ineral­
iz a t io n  o f the ro c k . 11 b a rre n  m a te r ia l of sch is to se  
* r e  on-ttone* n a tu re  i t  r^.jped as " a ; ; h l b e l l t e " .

The e nude tone® and siltm tou cs ar# now composed 
c h ie f l  y o f »»i h ih o le s ,  t i o t l t e  and c h lo r ite  arranged
in  roughly  p a r a l l e l  o ry s ta le  up t o three m illim etres  
Ion- in  a u i c r o c r - t t a i l n e  m atrix  of quart*  and carbonate 
:rv n s . I'he q u a rtz  p o r tio n  v a r ie s  very appreciab ly

in g ra in  e l s e ,  te. re# oi in te r lo c k in g  and proportion 
of the  rock  -  but Is  generally  about X-%« l‘be 
a mount o f ca rbonate  v a r ie s ,  mti th e re  a_re alf.o very 
minor m ints o f j r o t i t e  u v, .‘11 t s ty r r h o t i t e  and 
o h a lc o p y r ite .

, n e r a l  t e s c r i i  t io n  o f soa* t j  : io s l  sp eo ia W

fo llow ® ., .  /  -



-  t j  i .  i , t

i. i i tc i .ite* &uj t e <wav *6,4laeaiByatse»

lo vtie ao* t « «ut.*c;tlkw# -amlt ##c<tn
■̂ ceur -- fa l ®: %fo*a .wit# f wr lach*+

s n ic i  *e , -rfclioi t ; e< 1 atosit ♦ •
* t  *s t-tli- V i c i s i t y  IS <V * t asa j *3^1%

v#ia». - : w s e  tu a n «  v $ ia &  t». . r w t . t i j  a ©t e& r io & lj
j jd rc tc # *  i ,  bu t «aaj r**re»«at , a&
t*ra*d tiitiTAJBi -ttjtodf. is*e

"k-: V-iafiiS vet 'U t i ‘ t:U.j Is t  V-vt«6hikve
l8 #; 1® tU tt *t fo fw  th t l&, ti.vOzyrs$.fc,le

S JatU£*| t i  e •• . I: .„.• C vti ••-«■ i l l *

  * L - '

• i « ,  ti. tz-s v i  c {. ,*t •« ■*« Us
t:,v o»ti>«$S' s i • oi th* sjrs-s i wa la  ;. ■>$: j$ *r« tsw© 
l*fd* W  tl*#» ai leitrlt*. '•:. •*.» for* i«rt » t s 
i n i .  v t  m»<5> af cubra^itaal aimamti*##* I at be-v Is
« S*«SX¥ at « » 4 a is t ls s  <111 «-»sa» ;1«* # t»r„.
lar^t are* t  tbs a s t  $&%##% > art la s  .•f t&» ..>ts . •- ea&lst 
Wit*  . t 1$ latti-re*ats<i 1» 4.11 *&<• 4##p#z s&^ft# ©f
tW  % tss ulliw . la s  m A , :ro  U* uytcroj, .';sat fcfei

#a%loR$ ?u*.»  t< w  di^pJU, a t s w a t  l  0 -« •«
S3 s;: .it Us tw  vSSvlVS O&ft «»..aOSt 5»c ,w IWL Of
its. . «aa datera>-« It ws-s mtt-rstetw.l Irk*### tW 
sisifa 4 .&d iiisveatr* levels* I* i ;* - vft i  l ie
fastweea tt»< fasrta :*i., *» fti levels* >* c “fa W #**#& 
fro* ii6  ifiter oleteC oeitiou i t  tM or; iSaaiasl

oetseafc . t t  ? "aa* . m  a Jt eeo itea t, but the

f c ^ t w e a  ; - I X  f e e i *  / a . e v n r s  , e »  ufader w *

» u s«re f e e t .

l a  le v e l i  t  s 7* •«'* 1 . * /  •



PLATS 80 . 1 i Looking Eastwards iro» th e
jraeautem e H i l i t  toward# 
Vubachikws Hill with Vubaohikwe 
aia# at foo t the hill.
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lag© loea ty  even

fo llo w * .

u a r tz  vru&nrit© c h i* t j

'b i i t  a m o ttled  ar* j-& reen  rock w ith patches 
o f a p ia r e n t l )  c h e r ty  q u a rtz  and ,iostiy  composed of 

ine i-ee^lee up to  two m illim e tre#  in  len g th . Micro- 
* copivbll^r t h i s  rocrk i s  a t> a rt» -^ ru n srite  s c h is t
c o n s is t in g  oi* « maae of fjn© f e l te d  n eed les of ^ ru n e rite
w ith  a fiu&trix o f extreme ly f in e  Trained i n t e r  grown 

u a rt*  a r t i c l e s .  In th o te  p o rtio n s  where th e re  i s  
le s s  auph ibo le  urd the  ^ufirtz i s  dom inant, the ^ ru n e rite  
forme >lumes and h o r s e t1 t a i l s  in  the q u a r ta . ihere  
i s  a minor amount o f  opaque iro n  ore (presumably ma -  
n e t i t e )  o c c u rrin g  as sm all subhedra . ee specimens 

.1  and K46, uno la te #  o s . ), 14, 1 lb .

A lte red  11ta to n e s

n is  1 a is-oy i ine pi tined rock with some losey
quartz and -tin % sp arse ly  .uceeminateu su lphides. icro—
u c o , ic a l ly  i t  co n sis t*  oi Icrgw prowtb* of fe lte d  a c i-  
c u l ir  ;runcrite ad hornblende. 11 band© of mag­
n e t i t e  occur. I'here are band# o. sorted quarts 
yraln*, some extremely f in e  and a l l  with a pave uent- 
lik© aosa^c tex tu re . I’hiu rock was probably o r ig in a lly  
a sub p .; i l e .  u  ̂k ici ten £ ?# uc la te  1 ,.

I tc r e d  d a l e ;

'here i t  e roc*t of dark  grey colour which e x h i b i t s  

a o c u l iu r  r a in  on f r a c tu re d  s u r f a c e s .  I t  b e  »
leaKly fccbifc tor-e cle avage* iicrosco* i c a l ly  th i s  

r o c .  co n ta in#  a cry^ r o c ry c ta l ln e  m atrix  of q u a rtz  with

jrowthe . . . /  -



(eg* F lf ta e a

I t  U  T.o*Kai8.4 th a t  the 
e tra c tu r©  o r the  Gwaade S c h is t B elt io
Fhere were p ro b a h lj  th re e  s ta g e s  o f fo ld in g  cep . 
a ra te d  tv .md follow ed by te ry  eoeeidereb le
p e r io io  o f e ro s io n  to  produce the p re se n t outcrop 
p r t t c n u  towevor, i t  i s  considered  beyond the
acope or t h i s  paper to  e lu c id a te  the  s tru c tu re  o f 
th e  Oweadn c h i a t  b o l t .  o f f ic e  i t  to  consider 
only  b ro ad ly  th e  n o rth w este rn  p o r tio n  o f the b e lt 
In  which th e  Vuhachtkw® Kin© l i e s .

In  th in  a re a  th e  rocks a re  considered  to  
h a re  W en a lre a d y  fo ld ed  befo re  th e  development 
o f  th e  main sync l in e  by e a r l i e r  s ta g e s  o f  te c to n ic  
d is tu rb a n c e  ( f o r  d e ta i le d  d e s c r ip tio n , see 
I t r u e tu r e  l e c t io n ,  C hapter o u r ) .  I ubeelueat to  
t h i s  e a r l i e r  Movement the  malm fe a tu re  o f the 
d i s t r i c t ,  e synolincr, was developed with an a r ia  
tre n d in g  l a  a g en e ra l northw est d ire c tio n  and 
p i tc h in g  s te e p ly  to  the n o rth w e st. The nose of 
t h i s  a y n o liae  r e l a t i v e  to  the  q u a r ts - a c h ie t-  

w e n s  tone c o n ta c t I l e a  about a m ile wust o f 
Gwanda tow nsh ip . : >ls sync l in e  i s  not a simple 
s t r u c tu r e  and i s  h<mc« term ed a "sy rifom ". I t  
was c o n s id e ra b ly  d i s to r te d  ’..ya l a t e r ,  com paratively 
m inor, f l e x u r e .  The two quc»rtz-monno n ite  stocks 
were In tru d e d  j u s t  to  th e  n o rth  o f each limb of 
t h i s  eynform . Many ore bod ies a re  found along 
i t s  lim bs and in  i t s  n o se . The Vubtwhikwe ine  
a re a  f a l l s  abou t n a i f  way along  th e  n o rth e rn  limb 
o f the  eynform , and i t  w i l l  be shown how the o re -  
b o d ies  in  t h i s  v i c in i ty  a l l  appear to  have had t h e i r

emplacement c o n tro lle d  . • /  -



fag* VhXrty «m e

la  le v e ls  and 10,  a more or l**$
V r t t e . l l  0 . «  about th i r t . .  f e a t  t  i e .  h, b e . ,  l o t w .

ced in  e c u tb a tn  ead®. . w  to  i t .  ,ji»U e ,
N trearanoe to  the malm B i n  and, elnce no tra c e  of 
it®  » u te re t  hu® b. eo f  und on the , u rfoee t0 u.b 0f 
the -on, John q u a r r le e . I t  le  be lieved  shat th is  dyke 

& feed-fxtiBure o th  a,.in t i l l .

rhc' t i l l  i t s e l f  hod vt r j  l i t t l e  e f f e c t  on the 
e ta c ie s  c r  on the  count rock*. . i t  ai t l

uatruoeu i: ion^ a p lane of we. mesB more o r JU.es 
p a r a l l e l  to  the  p re se n t surf&ce* i t t  only major 
s t r u c tu r a l  3 i» p ieeeu # n t i t  v e r t i c a l . I t  cauees a

.
th ro a jh  a l l  th e  rocks In  the v ic in i ty ,  i t  a«Pt re 
rounder th an  11 tX t s »,a. re  1« no evidence .v a li~
able* a i t  o r  < t i  $ : m ,U or . i $ t cw
wnst icr . t i;. „e o ..•* t  ••,

•he i n t e r i o r  o f  the .$111 1$ t  coarse 51 med
0 -ive  co loured  ^akbro ie  ro c k • ter® in te r s e c te d
In  the -heque . -.ft Velov t t ,<tii le v e l  s t a t i o n ,  i t  
i s  a course  g ra in ed  vera f r e s h  rock , ( l id s  &2A, l a t e  
*%). 't in n ed  l e t  .» o f 1 ab rsd o rIS s-by 10 n i t s  are 
••• -'UB -anL, . a l t  .roeo x ■ tittler c : t i t l e  au ^ ite  i s
coat!;.on, also co • ten ire 1 dev i t  &h .thedral cry. t l . £
of o l i v . e e  wit .  .inut * . .in oS i ro n  ores ; enact

tb-. i ro n  o re  a r t ic le ® , a re  flak e#  o f b i o t i t e  of 
p p a r e r t l  Cent r i  r i  ,in . roe 18 a ty p ic a l

coarse  g ra ined  o l iv in e  o o l e r i t e .

b bott- o» c.iiill-aone of t i e  s i l l  n aa r  the  
seventh  re v e l  vt t lo n  in  the vheque h a f t  c o n s is ts  of

a b l  ek lsh  >zi<? ?• oc ry :t  .«lline
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B b l s O i l tk  % l c r o c . , . : t . l l lA .  reek with l a b ru io r i te
yhBnoc:->s' 8 u ;. to 1 sm lon&. ( H  e K2%; later,
‘‘° 6* 4 ' Ad 4,3> ^ c o  n lzab le  c l lc o  : >io.xc.;e
c r j - . i . l  ui.. v i tlb le  • h i s  roox e a rs  t  coat s in  
voi‘j  "UC.. >o- : opaque m a te r ia l  tr  a the co a rse r ^rained 
v a r ie t i e s  rou tU h in  the s i l l . m i  *a due e i th e r
to  vLo l i l a c i o a  cussed h> the i inenes* o f te x tu re , or 
e ls e  to  thy s e t t l i n g  oa of ore tdne ..als a t  th< base 
ox th  e . li e  ijriilc i l l  o * v e r , • i.i. c h i l l  sone i$ 
n o tlceah l.) aorv a. -.netle th n the I n te r io r  or |fct s i l l ;  
so the former j,retsfolv a p p l ie s •

.’'he ta k ia ,  e f f e c t  of lo c a l iu«ttamorphiva on the 
country  caused oj the  in tru s io n  oi the  © ill rocks Is  
ex trem eIj u l i i h t  ~ presast .hly hecaure previous

: t ^ .a 'phic e f fe c t  $ a re  ot a n i l-.’-r v.r: t':» t ‘n >o those 
i .uuc#; t Gh«: l a t r t  ioa  of - a i l i  • ,eB*a * .1 though
- .a v ia  . v id  < i l l  % m t  i t  s e l f  § 1 ' f'ttedut 4 o n ly  &
V'-rj lo c a l  e f f e c t  in  ttc  country ro c k s .

m is  t y , 0 : i i l l  i a  a  r a t  -er sou on fe a tu re
>i ^jbecesl-' » . c l .  t —b e l t  mines*



s ix teen

contiio iie i

p e r a e a b l l l t ,  a re  u o . t l j r  eon /ioad  »  t h .
r i t t l e  r o e  ice .  eueh  os the J a a y lU te e .
la r e fo r e , th is  folding ac ted  ea .  aajor
tructural c o n tro l  on th e  c ln e r c l lz . t lo o  o t  

the  a r e a .

ubeeqweat to th e ir  forxa- 
a tlo n , th. orehedies here been tmbjt ted to  
•  c e r ta in  ,mount o f d ie to r t le a  due to  a 
la te r  sta g e  o f  fo ld in g .



* fo u r
C H * p T s a  o j s b

F F — S -

'  **: r t6 h t  6 f  o ^ T o h l p  and n . i t* .
boum * (A y r le o le ) .

e E h I P

I T T T  <1C>e a  p # o p l e )  tr* * * !* * !"*  o r  TW*.WLmk»
w h ic h  t h e  W q w i » 6  i - la tn b e le  c o r r u p t e d  t o  

V tth e c h lk w e . * a c e ,  V u fc a c h ik w  h i l l  g i v e s  i t s  

aaa# t o  t h e  l a r g e  Zara os w h ic h  i t  l i e n ,  and t o  
t h e  a i * e  i m m o d i s t e l y  to _ts a>*t.

Vubs'ihikwo lino lie©  approx im ately  ©even 
u l l e m  nox h -u # s t o f  Rwanda a t  m e l e v a t i o n  o f  
rotigh1^ ! t *io%0 f e e t  above sea  l e v e l .  I t  i a  
im m ediately to  th e  w e s t  o f the prom inent 
Yebachlkkfi h i l l ,  th e  e le v a t io n  o f which i s  3,911 
f e e t  above ««« l e v e l ,  l e  28° 53*S and 2C° $3*%. 
Gwanda i s  a a& all mining and c a t t l e  town ap p ro x i- 
a a ta !^  e ig h ty  m iles  s o u th -s o u th e a s t o f Bulawayo 
l a  ou thern  P hodeaia . ihe hint, i s  reached from 
Gwanda by & &ood m otor-road  which paeeec through 
th e  i^ u p e r ty .  The n e a re s t  ra ilw ay  s ta t io n  le  a t  
Gwanda. ( ee Map So. 1)
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ag* Twenty liiae

"  " L ' c a W  l t e  h o r n l l .M e  b l e t i t .  :,nd , ^It  rOL « l» l, r  I - . , ,  a hot . a  , b« l e .
G. eciuiea SC>a.

‘h *x " “ 166 o i  tb€  E u d e to a e -e il tG to tie  f a c ie c  
oi tbsew uix U T  -e n t ia te d  eedimentB *r* to  be ceen 
in  , e i  rnc  1 . . , / ,  , 6 ,  ; 9 ,  ^ " 4^

Ja.%,. H i t  o r  I ro a s to a e :

I'he** rocftit a re  ^ o o e re l ly  p * rt of the and i f  f a r -  
8;.t luted e-.ijst* a t s ry  ^roup, but %re Im portant m& di»«

.

u tin ru rface  tb e r*  occur lon;> r*arrow continuous 
c u te ;  jj s t rad  % b a r te r  o tra c e d  iro n s to n e ,

rock 1 r , s c u l le r  jaepory  brown spgeersauNi
 t  01 la.se roguli r  bonds of re c d ie a  brown Jaa^e.t

u *- o k ii i i  b c; a r t*  in  f a t h e r  r a r e  e x a m p le s t son*  
l l n o n l t i o  boj re I jm.d on t h s  s u r f a c e .  ore
u & u e lly t t h i s  r o ck  I s  v t  ry  hard .uac c c s a x c t .

On o u t c r o p ,  j& sp er  and c h a r t  ap p ear  t o  be th e  
at&Aft c o n s t i t u e n t  a ln o r & ie  o i t h i s  I'ock , and hence i t  
i s  aa&ed j a t p i l i t e .  / o r  th e  aoct . a r t ,  the contin­
ue aw o u t c r o , t o f  j a s p lJ i l t #  l i e  in  th e  to n g u e  o f  s e d i -  

c n t£  e en r ib -sd  above.  o v e r a l  l e n s e s  o f  jam lllte, 
w a v e r , ire  X tund i s o l a t e d  in  th e  j r e e a e c b i s t ,  and 

l i e  g e n e r a l ly  t r a i l e l  t o  th e  r e g io n a l  c le a v a g e .
A eec were p robab ly  f a i r l y  b r i t t l e  bed© of j a e p i l l t e  
i n t e r c o l l a t e d  w ith  t  t* j r e o n c c h i s te .  hen the rocks 
were f o l  ed th ese  bed©, or horisons  of j a e p l l l t e ,  were 
fo rced  a a r t  nd became * macro-bou a in  1 ^ .

hand S iec l^ene  o f  t b l  rock suow grey cherty  
fc ncifc I t e m  . t i n  w ith  Luff coloured braids. he

bro».ni. h b nd©
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r«e» Five

illlL 1C > OkOGii.ri , I Y ,

# W 0 # :

• > " * “ •  • " • “ t

b i l l  is a f af 4.v« ...................... Thle
The

. . . .  ,  .  - — V vx VU«
h i l l  le  » p ortion  o r t b .  e t e .  lM g .  „ ,n c llo r;. ^

= r z - J n r r i z z -
o r ie n U t io o . This o r ien ts*  qb i8  accounted for bv 
the  presence o f  hard j a e p i l l t e  in te r c a lla t io n s  in  
the green ton e . These herd bodies are orientated  
north-swUth and fora  th e  backbones o f ««ny of ^  
h i l i a .

In com para tive ly  re c e n t g e o lo g ic a l tim es, t h e  
w a t e r s h e d  i r  t h i s  d i s t r i c t  between th e  T a li .m d  

c h a h e s i  i r e r s ,  was formed by th e  main Vubachikwe 
q u s r t ^ i t e .  H o w e v e r , due to  the  q u a rt s i t e ' s  o p e n  

jo irH 'c g  and f r i a b i l i t y  when w eathered , (excep t on 
v aiachikwe H i l l  i t s e l f )  th e  w atershed has m igrated 
w etw orde o f f  th e  q u a r t  s i t e . ,  i t  cow  l i e s  in  a m ugs 
0'f l6w' tsreeostone h i l l s  a m ile from th e  q u art s i t e ,  
i t  i s  pecu ll& i to  f in d  a w atershed d is e c c i  ted  from  
the m ajor h i l l  in  th e  v i c i n i t y .

The r e s u l t a n t  topography i s  a  p o r t i o n  o f the 
vae t I re k a rro o  l e n e p i a l n  of R h o d e s ia ,  w h ic h  i n  t h i s  
v ic in i ty  h a s  b e e n  m o d e r a t e ly  r e j u v e n a t e d .  Because

o f  the sy n c lin a l . .  /



I * #  fo r ty  »e

C ri^ ’iu au  u a r t s  fou n d  In  . 
e'tid & i t  e r e  i  ,,1 t o : i e .  I # t e  te n d # * # ?  towards «urtlr. luor
n e e d l e s  p r e s e n t »

X nleclB  a 62

v.;rl ^ w a r t *  as- found In lt«  red 
i  i .. '-onetf anu a c t*  / ' r >

X nicolf x 62
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T h i r t y

b r o w n is h  c a r r y  ab.ua a n t  ^ lib o le  z i a c r & i s .
t 1; r e g u la r  i a t  :rv c is  t  ,©re are  c& all ba^ds or 

a a ^ a e t i to ,  an d  iron, t h e s e  bands f e l t e u  u ip h ib o le  
aaeulee ra d ia te  cu t u i t o  th e  q u s p t z .

deiovf th e  rone of o x id a tio n  th i s  rock ie  an 
i ix e g u la r iy  band*, q u a r ts  i r o n - r ic h  saph ibo le  rock.

he ru e  . 1 con, »sed mostly o f  q u a r t* , approximately 
fcx , (Lee 11. ib ;xa end b , end . 1 tea 10 ad 11).
Thi; q u a r ts  is  composed o f g ra in s  o f approxim ately 
equal . a in  s i r e  w ith  a p iv e n e n t- llk e  mosaic e f i e c t .  

e a t t s r e d  sp a rso iy  through the  q u a r ts  i s  a f in e  blank 
:uLt* 3x$: u.. t l^  a ^ c e t i t# ,  which al&o occurs in  
la r g e r  g r a in s ,  n so c ia ted  w ith the f in e r  bands of 
q u a r ts  a re  . t e l l a t e  a t,re g a te s  of g ru n e r i te  n ee d le s .

he needleg  a re  g e n e ra lly  very  sm all and are approxi­
m ately t h i r t y  tim es as Ion- us they are  wide. base 
n e e d ie r , because of t h e i r  p e c u lia r  wavy e x tin c tio n  
under c ro ssed  n ic o la  are  t. cob ab ly  ag .reb a tes  c r  
bun a le c  ol n e e d ie r .  < ee la te c  1>, 17, 1

The rock  w iuld thu i appear to  have been an
iro n  r i c h ,  ♦ini- aimed qua ts.Lte w ith c n n id srab le  
clay  c o n te n t .  t  i  c e r ta in  e tc  « o f th e  e ta  n r ,  h is a , 
re a c t io n  between th e  c la y s  and isa.ynetite formed '-jrunerif$
aii a met a uor.ihic con . t i t u e n t ,  which grew from iro n  r ic h
c e n tn .s  in to  i  'cn f r e e  a re a s .

Thi Jae i i i u a  tru  been the h o s t reck fo r  uoet 
o f the  o- m in e ra ls , c; iv ir  ri&e to  the economic ft old 
da o s l t s  o thtii a re a . >u.>, where the svlpbive
co n ten t o f t h i s  rocr i s  lo c a l ly  co n cen tra ted  I t  i s  
acco-c n ied  by ,<>1 u, und hence fqX-ms o re . in  a 
ty p ic a l  j a s p i l i t e  t? ec i <m havin,; a hi h iro n  co n ten t

the ©ul . x  :oe . . / -
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a , .

e l f  e to  » o o te ,  = lT td e . t h .  di-ai , « g.

UJTBI BlUrf*M«1A w af 4 ____Ufa! e u r i ace w #t#r I s  nbssiit •

I r r e t i c  annual r a i n f a l l  r s ry in , between nine 
and fo r ty  f iv e  in ch es  p e r  annus, and averaging about 
tm n ty  in ch es  p r  ^nnua i«  the dominant c i in a t i c  
f e n te r# .  With th e  absence o f alm ost a l l  su rface  
w ater fo r  most o f  th e  y e a r , th e re  i s  l i t t l e  m alaria  
and th e  d i s t r i c t  i s  h e a lth y . In  e a r ly  summer and, 
oce . io ir l l y , ijb m id -w in te r, th e re  a re  in f lu x e s  of 
m aritim e a i r .  These cause s p e l l t. o f c o ld , m isty , 
cloudy w e» tner, lo c a l ly  termed " g u ti* . Regarding 
tem p era tu re , no sy s te m a tic  re c o rd s  have been kept 
on th e  - In e . row has sen  no .n in  lew—ly in g  
p la n e s , but i s  e x c e p tio n a l ,  fe n p s ra tu re e  described  
as "w ell o v er one h ndred" a re  n o t uncommon in  the 
p re - ra in  h e a t s p e l l s  o f O ctober and Nove .bar.

V b G irA ri^ i

The ^o ld —b e l t  f a l l s  Im ost e n t i r e ly  w ith in  
the c l a s s i f i c a t i o n  o f m opaai-veld , i . e .  8 &vanah 
country  1 th  Colophoapermum mop ace ai> to e  douinant 
wree. ov, v e r ,  c o n s id e ra b le  t r a c t s  have bewn c le a r ­
ed o f v i rg in  bush b e fo re  tfce march o f c i v i l i s a t i o n .

Around • • /  -
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t,ion i

,r e , „ stone  form , by f a r  the  bulk  o f the rock* 
in  „ht a re a  ( Map ) . )  ^  v a r ie .  g r . a t l j
in  com position  and te x tu r e ,  b u t la  g e n e ra lly  r e r j  
ty p ic a l  04 fex-eenatcnca eonmm in  the gold  b elt*  of 
o u th ern  ^ o d e e i e .  Although th is  rook would m p .w  

to be M n f w  e w ith  th e  ^ g i o n a l  bedding o f the 
sedim ents in  .4 a r e a ,  very  l i t t l e  tra c e  of o r ig in a l 
bedding i s  feunde In s te a d , i t  i s  w ell c lea red  
and, 3n lo d e s , m arkedly sh ea red . The sh ear d i r -  
eotlM i i s  o b liq u e  to  th e  re g io n a l s t r i k e  by about 
20°, T h is sh e a r c leavage i s  the s c h is to se  f o l i ­
a t io n  o f  th e  rock  and i s  a s t r u c tu r a l  fe a tu re  r e la te d  
to the ay o f  ora. (See S tru c tu re ,  C hapter Jour.)

fae  g re en s to n es  in  th e  a rea  have been d iv ided  
in to  two typ es which d i f f e r  in  appearance on ou tcrop , 
and could  be napped in  se p a ra te  u n i te ,  v i s .  Green- 
s c h is t  ana G reenstone (, p i d i o r i t e ) .

Green s c h i s t  o r  C b lo ri te -tio rnb lende c h is t  i s  
by fa r  th e  commonest v a r ie ty  o f rock  found in  the  
v ic in i ty  o f Vubachikwe p ro p e r ty . i t  fo ra*  the low 
h i l l s  to  th e  west o f  th e  mine and la  a ls o  ex ten siv e ly  
developed to  th e  e a s t  o f the  p ro p e r ty . Go the  flanks 
o f th e se  h i l l s  a re  rooks o f  tom b-stone l ik e  s la b s of 
g re e n sc h is t  ou tc ro p p in g  in  a r e th e r  sombre ru ined 
cem etery manner, (Lee p la te s  2 * 5 ,  J age K levea)•

On a p e tro lo g ic a l  b a s is  . • /  -



2 age even

LeeXa
%13 OU 

O .* 9  1



M M H N M M M M

F'ftge T hirty  oam

c t in o '. i  te ro e n se h ie t xhowieg very 
vc XI developed f e l t e d  orym tal* of

c e # e  x t n e r e l •
I lam* p e l &

c t l t to l i t e  r ayohlBt-calorltl8<* •



o r t y  F a r e s
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I t  h&c been s ta te d  W fore th a t  a complete e lu c i-  
d u t lc r  01 th e  b ru c tu re  of the  ,wanda c.h lst B elt Is  
teyoad the sec e oi t h i s  t r e a t i s e -  However, to  
e> p rec l ;te the c ^ a e e p tr  of the lo c a l  s tru c tu re  of 
VubaobiXw l in e ,  sc:ao explw eatlon  o i the re g io e a i

ro& a study o f tymdeie Bi c o e 's  %eolo&ical map 
of the d i s t r i c t  and f ro a  lu c t -  >• v*» map of the obiwa 
a rea  -  as w ell as e<m eidereblt i«ppia^ done 
Lei ;o.nvllys an,* v is it ."  to  may . t r t e  o f th e  s c h is t
b e l t ,  the f o l lo w is g  em erg es:-

a  :fOMOAI. uSOUMlX AI , : UCTUAl 01 f*.

 ̂ . ; •* * r k i * *• » * • * * » f <.♦*#'♦** * * * *

l a  o l  jOtiv_y 'us t in*# ( l « e • v >rj.y • r<-o- •:•!• i h h ) ,  .S 
: ucc«6 s io i c f sodlaw iita d e riv ed  from the w oathcrlac
o f !.nfcic igu< sou rocks was l a id  down. 'h i-

slWrdWLf l̂ &t'OUi activity, In ft
occom; an ted  by te c to n ic  ao m -e n te  • ad int. ?rspcreed
w ith p eriods of r e la t iv e  e t a «-1 If <• f  #  r i a ^
e r o s io n  o f  the t  her ,roun.. took ,  ̂ -«• VL; 16 u  
no t e a l  ev id en ce  a v a i la b le  to  ia> ic a t e  w i e t n * : o: a c - 
-he s u c c e s s io n  o f  la v a s  ad sedim ents wss fora.- 1
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wa - Lfule& icttl W&l# i.,o i a
di»lvi*4 in to  a type w l  th*«# v ^ i a t l w ,  aW i e f
inm biend* C re e n a o h is ti i ie A-H0 3nbleB.de reeoeeh iA t, * 

l e t i n e l i t e  ^xeeascM et and i i i o i f i e d  3*$*a#e&l#t.

The exdinary y r e e n e A ie t  ie  by fnr t#ie e>e»«wet 
t e r le ty  o f  g reen stw e  in  the eeea . i t  la  of « ^ n e r . i ly  
eetn ser  tex tu re  th«w tW  e p id ie r lte ,  ,m$ «t«gelly hue 
eosij,arstively l&vge bl&ded o$r,ystale o f aepblbole e r le a t-  
•ted  pernXlei to  the e o M s te e ity . B*nd e>eeia»ss shew 
w ell devele ed e lesve^ e along the eoruetesit,) end have 
xma&b broken ends* vhe rock hej us^er^oae sonsidermble 
ir s p y l i t t s a t io a  and very aueerous lea see  and bands e f  
esrbem&t* oeeur in  the reek# These oarbo&ste etmeen- 
t ra tion s very ie  u ieea e io e  fr e e  ^ ieroseeA e len t te le s  
to b&nde sev era l f e e t  se r e s* • They a l l  l i e  p a r a lle l to 
the se h ie te a ity #

The e  n etitw ent#  o f t h i s  reek are auwhibele* 
eh lo r ite#  e*rbe*atee$ qnarts* fe lsp a r  and b lo t i ts *  with 
magnetite me the a* In  eeeeseory w iseral# Generallyt
the m*z ilb o le  In be green seh let Is  hornblende very 
p leoehrolc from p a le  » to  y e llo v -  gieem. The ery s ta le
»f anphibole may be anything up to  eeverall ml I l l s #  tree  
len^ in  & me.** o f  f&n#r cry s t a l e  e f  felspar*  eephlbnls 
amA e a rb o n s te e . one q u art*  ie  a lso  v m m ly  present# 
In hand a e e l sens th is  rock i s  u su a lly  eves t#stared  
bu t a le ro B e o y ie a lly  th e re  i e  often  a suggestion  of * 
p e rp h y re b la a tie  texinare with la rg e r  ragged a s* hi bole 
e fy e ta ls#  The rock  boo as ©11vo b l a s t  co lo u r or 
f re s h  s u r f a c e s ,  * *»• H id es  1)2$ 551 56* 59* to* ***» 
H a te s  'Joe. 6 and ? •

y . r.ica- >nible»ue Greens#hi*t*• /
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T h i r t y  ?w o

th e  eulpkiideB seem to  be #t eo e la ted  w ith  the quart s i  t ic  
r a th e r  thou  the  ^ n m e r t t l e  p o rtio n s  of the rock.
( 11U# W . e@ . lo o  . r e  l a e r o l o ^ . )  i .  a o . e '^ e s  
tha aagnetlL e  e o a te n t li; e o f f lc ie a t* ,  hi th to  render 

the  rock  ma&netic. l iv e s  ex« luea o f th i s  rock 
mcxude -o< . 1-6 -  3 S - l )  and 16* 19 and 20. ( ,9e
r l a t e e  o s . 19 , ;< and 2 6 . )

cn • s u r f a c e , s c r te  ant, nubble iron  the J s s p in te  
bodiec i s  ver; m islead in g  e ince i t  g ives the im pression 
o f having been d eriv ed  iroai to d ie s  oi g re a te r  width 
than  are  a c tu a l ly  | r e s e n t .

jJLatei

lI e roCfv i s  r e la t iv e ly  uaconaon on s u rfa c e , 
probably because i t  occurs as narrow d iso o a tiau see  
t thus. i t  io  ao iced  on the .r fa c e , p a r t ic u la r ly  
in  t f vs i  l c y , sou th  Of the main t a i l i n g s  ciusp' about 
cOC f e e t  sou th  oi the m i l l ,  .jjod a lso  about 4uC fe e t  
south of '/ubit t n a f t • ie s t r ik e  i s  a r a l l a l  to  the
:.‘;rikti o f  the j a . p i l i t e  body and i s  sASocrated w ith 
i t .  t  1 r a le  iv 1 l„ common im-ter round.

fae rock  i s  c a lle d  s l a t e  because i t  i.. very f in e  
g ra in ed  and dax ly  coloured* although i t  o ften  has only 
a poorly developed s la ty  c leav ag e , l a  d i f f e r e n t  
p a r ts  v£ th e  mine se v e ra l  v a r ia tio n #  of s la te  occur 
la  narrow bind between one ana seven iu e t  th ic k , but 
ao v u u a l l  only between one ad two fe e t th ic k .

oo w o ■ i : t  ■- -•., v 'Xj •. in- ined ,
not v r  a-arkandl0 beaded , end w ith a eh e rty  tcen ca id a l 
f r  c tu re  an s 1 a t  to  m oderate m isty  c leav ag e• I t  
o f t  a c o n ta in s  p y r rh o t i te  ana c n s lc o p y r i te ,  sometimes 
a .  sh ea rs  un in g s . hen n ea r orebo le a ,  i t

u su a lly  n • • /  -



o rty  ?1t»

'"u 'le 4  i w  e,'QI L ^ ra b U  <Uf th ,  t t e w  rooks 
»«■* io v c lv o a  !»  a r^ rio d  o f o r o ^ o . s i s  and o s „
•iia iay  fo X tsd . ,e -e  robably sub jec ted  to
c o n s it !r-.t i s  .*»• at the St «e time and io tnnorih lem
ol o a n s t l tu e n t  a . o r a l s ,  w«ll as s r a n l t i t s t i o n  of
th* au rrcu c  to._ s behan . rht di a n l t l s s t lo n

ro b a b lj  took up re r#  » g  period  ol t i n e ,  end nay
nO&resenT -i, ext,: 6 .iu t oj th e  &wt<i»orpkisi6 to
wbich vb» tie d ie t  to I t  wa«. su b je c te d . rld eaee  fo r
tn i ;  g r a a tb ls a t lo e  if I t  ; bj ‘y M e lt  l i s c o e  in  his-
eec t ion on Contact oe%&** .-hil ,.t he considered
uoat o f trw  :;r - a i t t g to  he m agnetic th  ■ evidence a lso
su p p o rts  tho p r a a i t le a t io n  th e o ry .

. or a Ion roe ro aa laed  in  t:,r „
* t » * ,  w hile e ro e io a  r t  ,ved th e ^ r  ro o f in,; m aterial, 
and ;-;L n i t i n a t i o n  ro e e • -e c rroded c&eir ed^ee.

Af> w ti r ws s-i M it t .

■fhet5# co n to rte d  - prcb oly i s e e l in a l ly  folded - 
roekc-; were «ufc.,ected to  an o th er u ro g en es is , &s a 
res-vil t 01 % .itth they were fo ld ed  in  a d i r e c t  ion ver^ 
n e a rly  a t  r ig h t  an g les  to  the  o r ig in a l  d i r e c t io n  of 
fo l  i s g ,  h i . f le x u re  wcr. no t as severe  as th a t  
= rod .cett by tu e  f i r s t  defo rm ation .

period  o f i  .atiouc a c t iv i ty  sti h t h,-»w followed 
t  1 o ro g e n e s is  r e i t  1 t i c  ; in t  f o r  .at* on of bo sees of

g u a rt sw eonseaite . /  -

. * i,.. 11. > 1 • i « I ■' * V -i » •



J i S C L A f i A T l o a

I hereby declr^re th a t  th ie  th e s is  e n t it le d  

llfh^ £ t  i uctu e and m in era lisa tion  o f  

'Ubachlkwe Mine, Ownnda, louthern Rhodesia" 

1« ay own w rr , and th a t  I t  has not been 

subm itted elsewhere fo r  another degree by 
& y»sIf.

h . K. KLEIBOT.
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& #

•see t iu ll j  e ia l la r  to  the Hornblende reen.ehtat 
i s  e e n r le t ,  which te n  .  n o t lo e .b l .  Mo « ,t  , f
b i o t l t e . Herd • ie c in e n . here a d la t ln e t l ,  brown shten 
eonp,r«d  with the d u ll o i l , ,  colour of the couuoa to „ 
h h l. brown co lou r 1 .  due to  the p ree .n e . o f .  o o n e id .r-  
e b l .  .n o ,a t  o f  b io t l t e  In the rock. The u l c  o ften  
Eurrounde em ail m agnetite g ra in , which occur aa an 
eoeeeeorr a la e r a l i s  the rook. The b i o t l t e  f la k e ,  
are l a r i ,  but r e r j  regged and a a , be a d e n te r le  a la e ra l  
developed from , a  In teraction  o f  a l l le a  w ith a a g a e tlte  
oil c -in, 'ale* Tble rock type grade a In to  the

COM.,IOR j- v*3t i l i s t  Without 8 0  ObViOQfc C3 Rttie to 388 
H id e s  £J0«

5* A,ctiaoXite  r t a a e c h l s t :

A le v  o l le v  to  the north of VuL chikwe propertye 
p ctlm o llte  s c h is t  i s  w ry  common. On the .liae a re s  

>ever| i t  has only been observed in  a em ail quarry
some two hundred fe e t  ea st e f  the I iddle-eh«f% % and 
fcloo In the v a l le y  to  the e a s t  o f  the l.ageno a c tio n . 
This rock c o n s is ts  o f  t r e a o U te -e o t in o l it e  needles up 
to four m illim etres  In length* and, apart from carbon- 
a t e ,  i s  composed almoi t  e re  * n a iv e ly  o f amphibclss.
Fo sharp  confcsct w ith  surrounding hornblende ; re e n ssh ie t 
i s  a p p a re n t, th e  c o n ta c t being  g ra d a t io n a l .  In pl*aes 
t h i s  rock ha# been la rg e ly  a l te r e d  in to  a c h lo r i te  
s c h i s t ,  p o s s ib ly  as a r e s u l t  o f  weathering#, ( ee 
h iid e  and P la te s  3 and 9 ) .

In  severa l p la c e s  . . /  -
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G s a a 'll OTLMt; 0 i  m .  o totoaY  up tbs kobtb u *£ T

  ......................

ThiB K. c t i ( »  1* Iv fe e iy  cocdenced Proa the 
d tiu e r ip tto n  o f th e  iiwende Geld P e l t  Bel , t i n  36 
( Tyndale -B ieco* 19* 0 ) .  b u t bee W o  . l i g h t l y  
e o d i l te d  by p e rso n a l o b ae rv e tio n  (Sue K«p t o .  2 )

t ib l -  v i - ••i. jtiC A i PoaiuT ioir. > m l  m  ra z  v i c m n
____________  o r  r j B A c a i r . - E  h i m ;

ArcLsen  ̂

S c h is ts  ^

/  
/  
/

/  - h ea rIan  ZyBtea

/

y Bulawa^aa . s t e ^

y In t ru s iv e
/

^  ___________

(Grs./wacke
( ie r a s a e ls a

(q u a r ts  ; c h le t
( J a s p i l l t e
(G reenstones.

onaon ite
Gneiss and Grenit

fhe n o rth w est Gwandc I c u lc t  B elt c o n s is ts  of 
e h ig h ly  metamorphosed and fo ld ed  ;zase o f c c h ls te  
surrounded by g n e ls s ic  ro ck b . ?he com position o f 
the s c h i s t s  v a r ie s  from u ltra b & sic  to  h ighly  
s i l ic e o u s ,  rbe o ld e s t  ro ck s p re se n t a re  |re e n s to n e s  
w ith  in te rb ed d e d  q u a r ts  s c h i s t s  and banded j s s p i -  
l* te a .  These r e e l s  form p a r t  o f the  Eulawayan 
bystem .

somewhat y umger • . /



S’o r ty  S i x

q u a r tz .^ o a a c & it . .  Jher# aa. ,v . been t* 6  o thcr«a l 
* ,r* o e l . te 4  w ith these  in tru s io n ^ . w ,*
"a> *r‘ ve ' '‘il in tru d ed  liito  the recks alen.,, . U aee of 
weajmees c re a te d  fcj the le ld la g  and Accoxpa&jln,. 
f r a c tu r in g ,  which d e> u sited  various a la e s a la  in  the 
ro c k 3 thxm fo ra la g  01 -b o d ie s .

i, i* *i (

»b is  t s ta y e  o£ r<T :.ional d is to r t io n  re su lte d  
in  the developm ent of a t iy  u ad u l:.tla^  oro&d fo ld s  
s u p e r le . osed on the preview s fo ld in g .

t  ii ,-ut t a l i  s ta g e , a la rg e  o l e r i t e  s i l l  was 
in tru d e d . I t  I s  not known* ho e v e r , woe trie r t i *  
s i l l  was i.£4d tro ...e i horiu-unlall^* and was deformed by 
the t  JLrd deform ation  to  i t -  p re se n t r o l l in g  a t t i tu d e ;  
or m bether i t  was In tru d ed  oien *i  ae of weakness
xarmed b. the  th i rd  de orme.tlen and bonce a»so. :d
i  u n d u ly . in  , a t t i tu d e  i  v e tl  •

ut-se .cent e ro s io n  led  to  . re se n t outcrop
jMi t rn o * oe in  . -r «s.

:  .? i . . . . * c #  :.-ro • w

h;- '.-re a in  which t.-.e vubschDme : re body

1 b o r ls v n tn l  su ccessio n  of v o lccn lc f snd ^ed i- 
a t  ae riv ed  fro.--i b j.c i c , no coiLtaiilsg •

sandetone box ia tm , /  -



• *  T h i r t y  r a r e *

he a s ig a i i i c o a t   ̂ cp o rtio n  of p y r rn o t i te .
,i,nce: i t  i : cosi^ouJLy a&£,..»ci.-ited with Ja sp e r , ^b4 i t  

" • n * ^  th e  ftediat*ats and J#sj i l i t e s  beyond 
tut? . a a i t s  oi o rttbau iee t i t  has been used a t *■ *ou,-■ 
ic  i c a t i o a  of th t •. esenee o f oze in  the v5 etn:' t; 
however, th e se  s la ty  beada axe n >t s u f f i c ie n t ’̂  
e r e i e t e c t , n o r a re  tUaj uni fo r  t enough fo r  then to 

be v .. .uab le  s u rk a r  h o rizo n s , bu t only va .,u* in  le n t ions,

m) .c  on f l a t * ; 
b) (y^rnetijer</us s l a t e .

i )  Coaaaen e la te :

be ooaaotteet type of e lu te  in  a daf,. ey»blr ek, 
very cocup a c t u a i i  .a roc., with a f a in t  tra c e  of 
b j.ndia... The s l id e  shows i t  to  co n ta in  a 
douin ,nt p ro p o rtio n  of q u a r ts ,  very f in e  g re lasd  
sad so we what ia ter.prow n. la  I t  a re  £ a r a l l e l  
bands o r  le n se s  of opaque ra p h it*  a t e r i s l  
pi v ia  r i t ie  tc  schiefcoee te x tu r e .  a r a l l e l  to 
th e  s e h la to s i ty  a re  growths of b io t i t#  c ry s ta ls
i.vryuunu s n a i l  a ^ a e t i t#  g ra in s . he b io t i t e  would 
appear tc  be a secondary m ineral formed from s i l i c a  
cl&y re a c t io n  w ith  m a g n e tite • ( ec iaen  £22 and 26

11) G arnet l a t e :

owe v r i ' v ies < t  1 £ s l a t e  bveir 6j ecxol cuvnt.i 
•...nv v a r ie ty  occurs &s a a la ty  band on 9 lev e l 
so u th , i.oag JTcrua a c t io n , and i s  a garnet 
•’K n o fe n sch ie ie r” . Under the m icroscope i t  has 
an alm ost opaque sa trlx  due, a p p a re n tly , to a 
ccosi e ra b le  h it#  content#  in  t h i s  black 
a a t r i x ,  which i s  probably  la rg e ly  q u a rts  from

i t s  hardness . . /  -
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in  sev era l p la c e s , greenstones con’calnin# large 
eaounte o f  quart* are found. The quart* Is  present 
as le n se s  and le n t l c l e s  which are orientated  p a ra lle l 
to  the so h ie to e lty  o f the greenstone. The ferro  

agneslan m ineral present i s  la rg e ly  hornblende. In 
eoae In stan ce* , the quart* forme part o f the aajor part 
of the roc* and may be developed to  such a decree as to 
form vein# or stocitwork# with inclustonB of country 
rock. These In clu sion s are o cca sio n a lly  recry sta llised
g iv in g  r is e  to  trem oiite  needles up to three csas. lon„ . 
The quarts i s  u su a lly  milky in  colour with a pronounced 
v itreo u s appearance. These aonea of quarts with asso­
c ia ted  anphlboles are o ften  up to  severa l hunured fe e t  
long. They r e s i s t  erosion  more than the ordinary
greenstone and hence gen era lly  form the c r e s ts  of 
small r id g e s , l e e  e lid e  So. K37 and P la te  12.

OklGIS Of TK ■ -^ iC h lk T i

In  m in era l com position a t observed under the 
m icroscope, tut' greennchiet i e  s im ila r  to the pro- 
p y lit ls e d  a ltered  p h y l l i t e s  occurring in  the sed i­
ments. (See below) Since the o v era ll chemical 
com position o f  n p o l i t ic  sediuent and a b a sa lt ic  
lava a re  s im i la r ,  c e r ta in  conditions o f met amorphic* 
ol the area was the p o ss ib le  r e s u lt  in  s im ilar  rook 
types being  fo rced . The reg ion a l aetaaorphism of 
the area was probably of » retrograde nature with 
s tr e s s  rather th an  leaporature as the m ajor in flu en ce . 
(See s t r u c tu r a l  l e c t io n ) .  Thus, a lthough  the green- 
s e h ie t  was o r ig in a lly ,  most l ik e ly ,  a b a sa lt ic  
v o lcan ic  la v a ,  with the a c t in o l l t i c  and mi .aoeous

v a r ia tio n s • • . /  *
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SWW,* a t  - ua«e r  i s  t t e  K r.yw«eke-i, „ a ^ e l ee
group waich i t  p a r t  o t th e  hamelan : /s te m , and ta  
se , s r a te d  iroa, th e  Bui a way an E ystea  by an uncontona- 
I t y .

The g n e le e le  roe'-.a surrouadlm g th e  a e h la t b e lt  
eoaipriee m ainly  g ra n i te  g a e la a , v a ry ing  g re a t ly  In 
te x tu re  f o l i a t i o n  lad c o n p o s ltio n .

The s c h i s t  b e l t  i e  r a th e r  complex, con ta in ing  
& l e r  © n; iber o f  d jk e s  end e i l U  o f various eo&po- 
i I t i o m  in  a d d it io n  to  q u a r ts  v e in s , l a  m m j  p laces  
th e re  e re  g r e a t  en c lav es o f g n c ies  w ith in  the s c h is t .  
At this c o n ta c t  o f  th a  s c h i s t  nnd t)n e le s  th e re  i»  
often  d ev e le te  1 a complex son® o f a ig a a t i t e s ,

The fo llo w in g  i s  a summarised d e s c r ip tio n  of 
th e  fo rm a tio n s  .uentioned,

BPlAWAlAg ■ i

G re en s to n es : The re en e to n es  a re  th e  common­
e s t  ro ck s  in  the a re a  and a re  c h a ra c te r is e d
b j two dom inant t j e s .
(a )  G reenstone , T h is rocic i® e laseive e p i-  

d l o r l t e  which i s  a f in e  g ra in ed  dark rock 
com; oped .a in ly  o f hornblende cad fe lsp a r . 
I t  uKuSklly stow s sp h e ro id a l w eathering .
I t  was p robab ly  f . aed irom th e  a l t  r a t i o  
o f o r ig in a l  b a s a l t i c  la v a s .

(h ) Green sc h i s t .  C h io ritc -h v rn L len d e  oblast. 
This rock  i s  an am phibo lite  s c h is t  which 
w ea th ers  in to  p e c u lia r  s la b - l ik e  boulders

iv in b  a iSCtibre • . /
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m m m

: r x t " T  J r le  ;t : t «  • »  . ( „  , ?rec r M S ,
' ,e  ^  1 to 1  •" U "  i »  n .  a a r t i  a c M .t  .b o u t  I t  )

tb »e tb ie  u  very H a l te d  zMkmce,
(Ut 1 ". d o e s  cu=. a r t  u . o h : -  t  .

- u e ,  n x  xu < s i . f o n l y  #%### a so w a ea ts
yre 16 <ulreo t 0  ^ v e  produced th  complex DoUroj 
i fctern ox fehe r o c k 3 ,

fixe e x a c t  mature o f the f i r s t  dsfor& aU or

;fcore 18 uC f i e l d  ev iu e a c e  30 ; r c v id t  a -..oxe

r4 ti© i ,ove -eat,,:,; was(w*ra) con sid ersb l,y  ao: e co* i« z
.

,vB aj.e .:,£• cc 3 £. p ( x ..ijjc / ,  -h r© i© » suggestion  
- a t  the  u s r t s  e h i s t  fo radn  Vubsehikwe i l l  m y  be



I  a g e  T h i r t y  o u r

i U aardnese  nd f r a c tu r e ,  the re i s  „re se n t a 
•.i c t l e  i uoui t e  and f a i r ly  numerous growths of 
. a rn e t  up to  f iv e  i l l lm e t r e s  In  d iam eter.
( -6 11 e 2 , . l a t e  22 . )

i l l )  hear j 111b $

F a ll in g  in to  a s im ila r  ca teg o ry  ac the  s la ty  
rock© a re  the  sh ee r f i l l s ,  b cause of th e i r  sim i­
l a r  ap ;.-aranee un e rg r .u n c , /be © .ear f t l l e  
fcre u .-ua lly  ay Ionite©  o r i l i c l f i e d  tay Io n i te .

here  th e  sh ee rs  pass ta reu g h  . h y l l l t i e  ©ediments 
and g reeasch i© t, thuy a re  g en e ra lly  c losed  cracks 
tijnu c o n t' in  no gouge a a te r i  1 o any consequence.
: owever, where they paee th  ou&h the hijhl com-
1 ev en t rocks ( i . e .  l a t e  end j e e p l l i t e ) ,  they 
fo re  x y lo n itlz c d  ©ones up to  twelve laches v ide .

h siv lo n i t e  i s  u su a lly  v le ty  suad shews 
e l ic k e n s ia e e  due to  the l a s t  ovement. I t  1© 
o f te n  lu s tro u o  b lack  la  co lo u r due to  a consider­
ab le  a ..- la tte , o f rap  b i t e . owever, by f a r  
th e  g r e a te s t  p ro p o rtio n  of the ©hear rock Is  
q u a r ts .  l iv e s  out f ro a  th is  rock are v i r tu a l ly  
op* u and no v e to jrap b s  are  a v a ila b le .

CxT ( p h l te :

f  in te n s e ly  b lack  opaque ©ubBtance o ten  fcund
e 1 te  i-oc 1 1*0s t  co: i. n ly  . r e  b i t e .

*b vly o r ig in a te d  fro a  some e a r ly  £ rm o f l i f e ,  
t .00 b a t  o sp b e ric  c o n d itio n s  may w ell have teen  
r .̂ d i f f e r e n t  in  . r*co ibriam  tim e s« t.. o s e lb il lv y  

e a r ly  typos o f  r o te r o s o ic  l i f e  e x is t in g  in  favour— 
I t  swamps, in  ishic * would accum ulate t ‘*e vuds and

1 on r i c h  • • .
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V cbachiikve Gold la e  i s  s i t w t e d  ceven a lle e  
northwest o f  Gwmda la  oat horn BhodoBla. i t  l i e s  
a t the fo o t  o f Yubachlkw h i l l  about two th ird *  
aloag tha  s tr ik e  len gth  o f  the northwest Gvsada 
gold—b e l t . This gold—b e lt  i s  s  great s ja fo r sa l  
stru cture composed o f  Balowayaa grecastc### and 
a ltered  mixed sed ia en tc . I t  has bees in truded  by 
the In sin d i &ad l i s e s e  aon sco ite  stock* as w ell 
as by numerous dykes and s i l l s  o f  dole r i t e .  The 
whole g o ld -b e lt  l i e s  as a roof pendant in  gaeimsie 
g r a n ite , o f which a large proper sr i s  b elieved  
to  haw# been formed by g r a n it isa t io a  processes.
This p rocess a lso  resu lted  in  considerable sdgaa- 
t is a t io n  o f the go ld b elt**  contact zones.

The p resent outcrop pattern o f tho g o ld -b e lt  
i s  apparently the r e su lt  o f  three stages o f fo ld in g . 
The second s ta g e , which fo lded  the northwest por­
t io n  in to  a complex s y n d ic s  or s.vnform, produced 
ae a cons# ,^s.ee, th e  fo ld s  and shears which pro­
vided cbaxm*iiways fo r  m in era lisin g  so lu tio n s . The 
channelways are fo ld  a x ia l p lanes and sh ea rs  which 
are show** stereo g ra p h ica lly  to  bo re la ted  to th e  
second deform ation or fo ld  p eriod . Tha th ird  
deform stion or f in a l  fo ld  period was of sinor  
magnitude and served only to  com plicate and d is­
a lign *  the constant p.wtern produced etructur& lly  
to  the second deform ation. G enerally , i t  can be 
a ts te d  th at a l l  m in era lisa tion  at t ubachikwe nine 
im found in  competent J iaap llitea  s tr ik in g  ju st  

s e t  o f north  and dipping westwards at about 65°

with fo ld s  . . *



: * € •  T w e a ty  # # # #

” r U t l o a £  0 Of O i-telao i w ic o o io  t r n u .
r e r i o t  to n ,  i t  a a j  h«re W ee a p e l t t i e  eodieer.t of
*@a#what v& riablo  f a c i e s .

U th c a tTh t h i s  rocjt i s  * * ,?  immom i s  the s c h is t  
h e i t ,  i t  i s  e o H a r s t i w l y  r a re  l a  the a re a  o f Vvsbachikwe 
y r e v e r t ) « i t  i s  * darie e l i t e  oeioured  fi&e ^xaiaed 
rock which w ea thers  l a t e  c p h e rse id a l bou lders aad, 
g s a e r s l l j f s form s low lyiofc e a v n tr j  w ith  deep re d d ish - 
browa s o i l  c o v e r . I t  i s  composed o f  horab leade, 
sod ie f e i e ^ r  in  very  i a e i p i i f  le a n t s q u a t s ,  «»d c a r  hem* 
a te # . The ro e h  i s  n o t a s  w e ll c leaved  ss  th e  g reen - 
s c h is t  v a r ie ty  and &ay ba th e  a l t e r a t i o n  product o f 
b as ic  la v a # , dykes end s i l l s .  ince t h i s  ro o t  t jp e  
I s  in e ig n i f l e a n t  on \ ubaehikwe p ro p e rty  and has mwhere 
been observed  in  th e  ^ ia e  aorU ne^^ t h i s  d e sc r ip tio n  i s  
based la rg e ly  os ijue.nl*  U eese** o b se rv a tio n s .

m g f l , , -

S t r ik in g  shou t S . 20^ W, 4nc d ipp ing  a t  70* V, 
i s  e tongue o f  met amor rhoeed sedim entary  rock* occupying 
the c e n t r a l  p o r t i im  o f % abuohllr* > property• V irtually  
a l l  the  mine w orcin^a o : say l e w r t s n :#  a re  contained 
w ith in  th e s e  sed im en ts .

I t h i n  the  group o f  V n d iffe re & tis te i Sediments 
are v a r i e t i e s  o f q u a rt#  j r u a e r i te  s c h i s t ,  a l te re d  
s-U tfttoa* and eh 1c and e l a t e  jn a ; H i t e .  Tbeee s la te s  
and j a s p i l l t e s  a re  however described  a e p c re te ly  s ince  
they a re  i u p e r t e a t  aav* d i s t in c t i v e  enough in  e a s r e e te r  
to  be cupped ,*s s#, f ir s ts  e n t i t i e s .

•.vceot fo r  • * /  -
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a W O p-v ^ u r a e a  f o l d .  i t  n t e r ^ t e d  fro*
t-n 'f. tch  Obowe .nox fo ld s on the northw est eon-
ta c t  %$t <:■'& he quanrfcs«eohist iGn g re e n s to n e .41 (:«# 

'* * 2 ;. ne - tee oi th e s e  fo ld s  re  so o rie n ta te d  
as t© cu>-jgnst he q u a r ts  s c h is t  i s  ovetturned  ort thii- 
c o n ta c t .

i t  i s  r e c c  a l s e d  t h a t  i f  t h i s  q u art*  e e h l s t  i t  
a s  w  r ta r n e d  f o l d ,  th e n  an e n r i r e l j  d i f f e r e n t  In t. r -  
^ r o ta t io n , aun t be g iv e n  to  th e  i n i t i a l  m ovem ents, 
.owever, o th e r  f i e l d  e v ld o c c v  d oee  n o t su p p ort t h i s  

'U f o a l t l o n ,  s i u r t  c im o r e , tb  i n i t i a l  d e lo r f f ia t io a (s )  
ay p a r e n t  1.Y ; i i  r .o t i n .  ^uence development o f  vr#~
bodies be $ ay e x t a n t .

‘he n s t u i  o f th e  seco n d  deform timn i s ,

the  whole o f the re le v a n t p o rtio n  of tn ie  s c h is t  
b e l t  to  bs p u fo rsa l about an a x is  ,.lun lag  e t  % 0 in  

d i r e c t io n  7 ^  w. rt  a t t i tu d e  o. th-: ■.■my
j * s p i l l t e  tjim as, p a r t ic u la r ly  in  the areu  o f p a r a s i t ic  
fo ld in g , re a d i ly  revem ie t b i t  £ ru c tu ie .

i f ,  hov-jver, th e  f © la ic ; x-ducin ; the  s jn fo rs  
th e  l a s t  deform .ttiiw  to  b tty  tKcm p lace ,  t  en 

th e  o u tc ro p s  of th e  lim bs i> the  ay s»or&. w o ld  tend 
to  b - •• t r u i  h t  rov l ad th e re  * no irked & l i e f .

out e ra ; of t  :m n o rth e rn  l i s b  tre n d s  '5° »t
.1.. t u e  • <sii. i O-f '-.it •cilKwe i l l .  i  > •’

•v ia  , co .1 onl.v ! iv@ m *.ed ’re » :< u-t: "r : le  sure •
•?5 co p a r i  son w ith the  f i r  at and eoccad deform ation

• • /  **

’ o f .  , i l l .  > -» i .  >rv. » u



* « € •  E l e v e n

Green s c h is t  uu tcrop . Bote slahM ke 
PLATS, .10*2 ! h o u ld e rs  g iv in g  macabre ru ined

ceaietery  e i r e c t*  B oulders a re  up 
to  fo u r f e e t  t a l l .

O reeneoh lst s la b  on o u tc ro p . Sots 
FuAI : NO.5 : ru in ed  tom bstone e f f e c t .  Approximate­

ly  th re e  f e e t  t a l l .



T h i r t y  r i v e

TOu r  :.«• U : li-c i:  I t  .Hies which to  4lu  r r.-- tke&* tiiait<ist 
iE <v;. r o t  ,b i s .  T» &r# d e / l a i t e  o r .a a ic  res tins
la  rhs ro ck f c : tbe  Suieweysa y&tem ( a lg a l M&alme 
t»  tbe ^uaLseian 4 ^eetoiae*) anc . s in ce  these roeitg 
..re o f u l wa;as e*e, the g ra p h ite  rank# in  them proh* 
s b l j  con ’ ..in »ri In a l e r ^ s a le  e a rt on# Grephite in  
the ro ck s of th e  Bnlawajnm y s t t a  Is  f a r  too common 
fo r  I t  a i l  tv  t  tve o r ig in a te d  from vole ante gases,

l ,.L j „ ,1 . C,.iX * $

x t s e v e ra l  l o c a l i t i e s  in  the a rea  shown in  hap
•s. 5, bodies of t  lie -ca rbon  .it# :. t  occur. fke

roc i s  M b i.-=-tort in  te u tn . 'y , so^v./ t /  I a Io n ite
f e e l ,  and i s  c c iderr % I; c arbon itrd* Ito i-rgv-st o f  
these bod ies o u tc ro p s abont 1»$* fe e t  .■ ou th~ rou theast 
of the eaim  xr t f t .  I t  >. zatt .•-itn & b re  n colour 
s ince the- c a r b o n b e c o m e  & decided b rsu n , b ile  the 
t r - lc  ro tttlm - an e l lv e  c o lo u r . > o r t  t., of
t& lc to  caston& te v a r ie s  considerab ly  from ...'lace to 

la c e .  In the t .re f a a t  t: =. n o rth  end of th e  ou tcrop ,
•3n a i l  v e in s  of c o l e i t e  and #; - le r ite  were fo.jad c u tt in g  
t.hroi^b th e  roc d .

,vo : i la rg e  . - r t  of the southern  a e c tie a  of the
aine, a body o f ts lc o e e  roe is: occurs imi* sdiat? ly In tb?
fo o tw s il of the  o re  $one; one « s im ila r  s i tu  tio n  wee
found in  the line* Jacx S e c t io n .  The te le o se  boa>
in the outb  la  t : acenh le  fo r  f -0  f e a t  snc y .a re n tly

d i j  i t  a p p ro x im a te  1) 71°  ad  i t t  s '  i'** v n r la e  tv • e a r

, o .a i ?• 1 ~



pase Pcrtx  .:?ne

•r . . . .

p a r a l l e l  to  t, t  o f t N  f l r r t  d o f o ^ . t lo o ,  th ,  
w‘u>lrr ” ch l< 't  &$Rt lOKBwetde abou t 15° la  the
io m  01 bow 8bout • a  **le approxim ately  a mile enet 
m  >waadA. ubeequent e ro a ie a  ^  7, the ,,regen t ou t- 
croj p e t t i r n .  ( »e ,

,li;.ct .^ tlo u : oub tleee  * stroe^, cl<-.uve^e
# /a t# a  wm ; a-lucad bs as pv-^ounced a move&aat 
i *. ti a l i t  s t  4 e f t i o n  # a xrer, du-. to  mob-
eoquaut fctowkent.-f the o r ig in a l  cU iv a ^ e  1* not 
Observe4 in  the  f i e l d .  >vln . 1 ten sub jected  to 
r e .e t . te d  d e : armmtien, i t  hat \ rob-xbl/ coao to  l i e  
w r.y  nearly  : a x a l le i  to  tin  o r ig in a l  bedding 
p la n e * t mi I t  henee not e v id e n t.

econo . *1 jr?., t i c c : Tbit ,rc4ucoa a v e rv marked
dlonvflki e in  : u  rock* . I t  It reaeejisb ly  c le a r  
f r t  1 ,.jt i *>000*1 , l t  it t . t  lea  the
an; v. n  : ( ;  " , ) ,  no o le e r  dl i i  a c tio n  vac
.8* a e b e t w e t  1 yddlr. and e loavagn . B ile 1* due 
l e r g e i /  t  the beddln. v ir  bean ©featured by 
e l e c t  -Kt -i -  i r t ic v  iB ria , t . . e  r c e n e O h i ^ t

a r e a s .

in t in  vl@lr.it of Vub&ofelkve .im  th i s  
i  .fe tv6 a t . bran @6 .."efelly % -pod. I t  occurs
as S' ec tio oj a tro n .4 f r a c tu r e  plane* p a r a l le l

a t

to  the s t  -.x’to. I tv  * « /  -

mailto:vl@lr.it


m t y

u tL e  .v h la to K l ty  th e  4 r e .a e c U » t .  isd**e 
%Lo o. t  ._ ,« .a s c b i,t  Is  a %**!_
fe&Cktlom J t a ^  Cl. ;,V^ e .  a  c le av , » f 8ces 
%t i i t l o i ;  o r l in e  axiom, po in t in,, s teep ly  
o ,n ,a r a -  in  a northw eate.ny  d i r ^ c t tm  Jr* iouide 

v,ivVvece ... * xjoowa fe e  a re  produced by fo ld in g ,
 ̂ i -- o r ie n t  i t  io n  is  very 6ei n i te ly  con tro lled  

-ty thu t f o ld in g ,  f h ls  la  a r t ic u  j.nrly n o ticea b le  
in  the t a l c - e  rbonate  in  tne io o tu a l l  of the Q&is  
t1 ULrcalkwe ore bodies •

i i o l c  evivenc* enowe th a t  th is  cleavage i s  
js ll n . r l j  p a r a l l e l ,  eed , ben p lo tte d  on & 
stereo,.;r.;«  < s* fcereo^ras 1, lype lo re s  a
cIom enough c -.•leter 3 ; o lec  to  suggest # coaaioa

o leavc pe neer N'ubachikwe lee  1* stou t 9 40° -■« 
d ipp in , a t  ?i " to the sou thw est, in  the f ie ld
• cleavage suggests  a r e la t io n s h ip  to the la rg e  
lo c a l  folds-, foubcI in  the \  meed j& tp l l l te  ou tcrops, 
ih e se  l o c a l  fo ld s  a re  q u ite  oottuou to the sou theast 
t  Vv oaci ikyo ro p e r ty . n ...lotting the axes of 
th e s e  l o c a l  fold*;, i t  i s  nppaurwat th a t  they  a re
<Sei io l t  a ly  5 > tied  to  ti.t c leav ag e . ( ee e to reo^res 2#
• -i$e 5 4 ). t .i exs- »isti.tiott o f the re g io n a l a*p, 
o o a f ii  . c bjr f  ie ld  ev id en ce , i t  s seen Ib a t these 
lo c a l fo l is a re  cor.aon on th e  l la b c  of the reg iona l 
s ynfo t ,, . t i e u l a r l y  near ice  nose , ay in  out on
1 ...i l i e t  .. aay I t , r e .  i '  i s  the, reasonably  
yp. a ren t t it e lea v  and lo c a l  fo ld s  are r e la te d  
to m e re,, i t  >1 ayn: ox ,, an; th a t  they were in  f a c t  

rod need by the ©awe s c r e s s . On p lo t t in g  the fo ld  
a, it* o ■ - . S ) H  re, io n s  . ( te  v»o ram i age 55) •
i t  i s  found th a t  th e a x is  plunge© at >2° in  a

d ir  c t io n  . . /  -



1 f t :  - ae

f * 9 t W  '5 rM  U «» *« c lo  e . , toe p lao ,  e f
*• • • 1 i  o ta  tl e H a lt ,  9 t

t i e ;  a e -v ta c  an v t l l a b le  4 ,-ta , the cie-.-vt,;,.
‘ m  eo* - * *  ' ' I -  , »  re la te * ,

l f  t h ' lo e  1 o r  - t n c r  f o ld *  « re  r e l a t e d  to  the  .eln

4 * i‘  ̂ V;- ©<?-.«•» uwevsy, tb*a#
f e l l  &x*e. r e l  it*  In  th  t  tn * j are  a l l  contained 
i.;: c ie a v a -s  p lane although plunging ia  d if f e re n t
d i r e c t i o n s , (, ee te reo g m n  i eg# ->4) This
jeeu r*  tiimn a s e t  of r  la  ted  fo ld s  a*# «ubj@et*u to 

t r e s s  M alcb  svy  riiuposns & d if f e r e n t  «et of 
l o l - 6 1° ' t- * ir .  . t ,  on. .K"t« l c •' # i i  tne
de> endent fo ld  sx- * ta in t ; aural l e i  i t  tb i major 
fo ld  a jtiti, t h e S p r e a d  out on t%# ^naat c i r c le  
trx n e  of the cieav t ze ; th a t  la  to  ;ey th a t ,  although
s t i l l  in i coam«m tune, they are  m  longer p a r a l le l

» » * * *■ * * * # *e»

a  U ii M ,i « Y* «* $ V * 4 > *' ♦

I f  tb# e f f e c t s  os' t xs t ind t lo n  are removed,
th e n : -

1> ibe u u t t r o p r  c t i r  i inb i-  o f  th e  eyn fons  
be coins b r a i , ; h t  r e l a t i v e  " ■ t  he tv , o r a  h ie  s u r f a c e  -vhlcfc 
i- m  tiirl : . t. w- $ 1 « . r t  i cxxh ,
at; r  VubacUik ■# h i l l  u iv  W  o r i e n t a t e d  ab o u t  south 
of i t s  i.eet i i c t  ton .

; e , , .



1*3* F if ty  Two

2) The Cleavage 
: ine  s im i la r ly  ro ta te #  
ob the c leavage  ,/lun e 
th e  r e s e n t  aao u o t.

5) he axes o f the lo c a l o r minor fold* would 
if 11 be n e a r ly  p a r a l l e l .

in  f a c t ,  a l l  th e  ;  ine attorn, wuul then  l i e  in  
th e  c lo av » t e ; lane  w ith  t h e i r  axe* , a r * l l* l  to  the  a x is  
of the eecond d e fo rn  t io n .

I t  would s e e r  th a t  the a c tu a l e f fe c t  of the t h i r d  
.a fo ru  t io n  ws@ to  I r r e g u la r ly  dep ress the  no rthern  
s e c tio n  o : th e  s c h i s t  h e I t  about the -xis described 
above* 'Lis hs • the  e f f e c t  of i- c l l y  st6-e>.#nittg the 
cleave-,© l i a s e t i e a e  t k r e n #  .bout 15° and "rotating''' 
x « o u te r  op a of th e  n o rth e rn  limb no r t .  ward* by about

e f f e c t s  le av e s  a c le a r  ic tu r e  e l a syn fo rs  with e strong 
a x ia l  , lan e  cleavage*  Various l i n e a t ions and fo ld s  

1 :n i t s  lim bs a re  p a r a l l e l  to  th<- major i old axle 
and tend approx i»  te ly  i  ' /C ° « plunging northwest at

Pi-, o la  tel,.- 0 .

in  vne v ic in i ty  of Vubtichikve 
southward© and the U nev tloas 

av. an angle about 15° le e*  than



■ • .

Page F i f t y  Three.

-•t^reorg, ■ ]

CL̂VAGc IN THE V '.IK ir, vjbAJH:,^ VINE

10 10
3 0 -w

.A6C

I

./ -.7/80

Stereographic piot o f  Poles of 7leavages along a three mile 
strike from Cheque ection southwards.
The cyclographic trace is the average plane of cleavage in 
the district, and is the axial plane of the stage of 
deformation producing that cleavage.

*• .  ' ' ;•’ -
■. .

■
■

' - A



Pa ;e Fifty Four

tf rgocratn ,

AXES Of ;r FOLDS in VICINITY )F vu BA chi kwh mine 
Shown with *•vage Trace Superimposed

10 N

4

3 0

Stereograp: ic plot of Holes of Fold Axes of minor folds within 
one mile soutr of Magano ection.

iperimposed >n >ld axes is the cyclouraphic trace of the 
cleavage plane.
Axes 3f : nc :■ folds lie in the axial plane ieavage and hence
were produced by the same deformation.



 ̂ ’* rAtri
plunging . t  52 In I o n nort h, producrt

Page F if ty  Five

iiter eo'

AXIS OF :HE REGIf :MAL YNF r;,-

10 N

40

*780

V S  .. .760

Stereographlc plot of the limbs of the regional synform to 
show the a t t i tu d e  of the axis of folding.
This axis  is shewn to lie very close to the cleavage derived 
on Stereogram 1 which is the axial plane cleavage of this  
synform. The discrepancy irises through the third  
deformation ( see text), and the limits of field observations.



■vtereooram 4

CONJUGATE i 'F THL THIRD DEFORMATION 

With proDable axis jf fold about 55° East

10 N

)ne mile west of Gwanda.
fhe d i rec t io n  of the ^xinrjm s ' l a l -  Pr - ced

^age F if ty  Six



tag* . 1 f t?  even



i V

Vi

follow  ro u te t  o f fe r in g  l e a s t  re tle ta n c a  to th e i r  n o « .
.. ijr co-aaoa.' f  : a llow  opening s ; roducec &iong fa u lt  

£ la a e s  ad e l tu ila r  l in e ;  c weakness* I t  v raid au . ear 
th a t  th e  Line* o f  weekasss follow ed b. the a ia e ra liz in ,
fcOiutlo®.! in tfce c.orth-w ei.t fwaadft a re a  .ere fo e ta re s

■

»’ i t  oz .. i .—-n?.-, t l i . t tli'-i ch .inelwoys followed by the

t lane oj tb*  j d j lc n a l  jn fo r isy  rand from  th e s e  eheBH el*  
at . i.ost„ v-idj- |  laoef? • j r e o v e r  * thy  sc

and w r e  b est developed i t  ta e  cos, e te n t  r o d s  which 
co n ta in  open <$1 o t rt lu re s .  ; ,# open fre t.'..re -
are in  © oiurast to  the  c r . t& llln e  I tn e a tle n s  of flow 
clo ses .. .", i  ora# m  t 1;.  ̂ ; io  ocka . ’•irthenao ie*  
i ln e r s ls  fv ;.ld only U. . ol^ltat& .x f r c s  lae --oluiione

.

fe rru g in o u s  rocks of th e  u n - l l f f e re r t la to d  sedim ents 
soezc to  b rye ; rovldod .1 t c a n d it ic a is .

- o.ssibi,- the s o lu tio n s  were derived  from the 
-isgaAtic source waich gsve r i s e  to  th e  in tru s io n  of 
the q u a r t a -  :-u»n s on l t  e oeke ( -we .ap ) snu * e rses ted  
the whole s : cc - . o l t i , 10 0 2  -a>
i.re c lp lts te c i Itje.. .1 .are tza o s t s u i ta b le  locel
concision '"  o x is  tod,* e c n . i  -on* v&r confildnm b 14
-,Ion. th t  i m b’ o f th  $*„• n ' or«:- * ne t . or ,; cure of
the ore bo- le  ch • t$* - e f-va* < i • *klt? nor Ison

*

I u . i. i . .



1*8* l i t ;  :;!&&

With • .isix..j w t id i t ie e s  e l l  a on tue no rth  lt&,t of

mimer .I !e # . -  . ro b e b lj  v e r j  low jr* c#  -  ^old le p o t i t  
would hsve r e s u l t e d ,

Howevert the  h o s t horizon wa o t tm lfcn  , 
tber<‘( vT® . in *?7 I.j were r e c ip i ta te d  In i c o li te d  <ires#
oaljr’ :.nd l e f t  o th e r  arc s coa; % ratlvely  b; r re n . uenoe

,

eaiS) 2 c. ; ... »• ;oo*r vr tat , j* hms
-*• > 1 ■- - v. »

rhti fo llo w s*  it, a b r ie f  dv s c r i p t  le a  of v rsbedies
.

?Se evu thern  l i « ? o th  » nfor:, i s  aimer fe a & irro r- 
imetge e i the  n o rth e rn  iiefib* eevei >1 o rebod ie t being 
seso e ii-ted  >it,h  i t *  o e v e r ,  Ir. i s  a  t  re lev an t to  
a ir  e rne  i t  n-. r e .

In  th e  noe© : thr- s : ,n f o r a ,  .-bout two tiles? 
o f  nnd&, any . a r & s i t t c  f o i e  a iv #  r i s e  to sa d d le  
re e f  d e* # S iti w i t h  &• o r t  s . r i k e  m  co , a r a t lw ly  g reat 
l e ,. t, >tx .en t • ( e • • ; ■ a t  mo.■ , < tr ik e #
'QO* . @e{. , • owevcr, ...ue to thti oocurrt-see o.t •> 

aim h e r  o f  H i t e  b . n s -  in  the  a r e a ,  t,-.; re  was *

in e m l  pr- e i x it& tew are »o e a roe ly  dl*a#i.ln*tea th m

■ard;-. 1;roi' tt-e nose * ?«ioa_ • hc northern



1 1 ,1 , o ire b c jtx  ar , ^ u i e  r t . i t  m  the noeec
c? ' ' " lv ' e ; t... . a le  •  well developed
* v'*v 1 r ^ ' v<j > iSj.-ilit* becjf, aeeoapuAled by the 
devil lojrs..$;at! . . fx  xc-tv e leavs^e  in  wu-.. rock , 
t tWv i.y I'j-C-. ... -sit > t . old s a t be.a ousd. , rlag  
%& t h e i r  r e l r a e te r y  mature oi t t ,  ore La tbe sulphide 
aoae, n*#t o f th e se  o vs shoots are a t p re se n t not being 
.lined: altisou, &oae o i the r ic h e r  shoots have been

S-itv-f- ...)£ the iiort l i n t  *re t u .  ::,v ll ic n , 

liSc... *. * . a t -< - t  h ui, .ilVt, • i t  1 . n o ticed  thi-t

-i" ’ v o»:.vi..-ue ©c >1 .o ld .
I s  the cao la®. aee v e . ...8 t .«? fsolce die
sway nnd t uojb it- o f uc i f  van: i^ ts d  **d%aemt# becomes
U ! . r* ... i ,.£ - : a r4 i. .... t  tif .0. . d»

e c tio n  o ;ut:A0;tikv6 ine* r  t the „■., »© : ia e
north*.ut«:*rd.s to  the le t  t  in e  Ion to. i s  lin e  of 
line , i s e t i o r  ( th e  Uklex Um ) $;o i@ four r i l e s  awey, 

she re a tio o ,.-: sre  a. ra re s tly  con d i e  by very gentile 
to l  e av •. a r ..♦ . - e t i  ■Ir.w vein t ■ aal;. t ig h tly
fa I  &. ex<ep io n .

,u th e  e# s te rn  ore shoo ts or ore bodies on the 
h a r tn e m  i ir t i  tween i.c aoE<i o ti yn or® ■ s« the 
.£i, .no .he  • d i e  b> ‘ ht o l 1 ad have

vLort s t r i k e s ,  whi. $ the a rebod in s  we e t  wards from the 
♦‘•S& 880  "vine are c o n tro lle d  by /entile 2 old in s  Kseam
.in eorz ' , . ...n '.ve -o.u ■ t t  Ik  ? i ^1^0 ut ■■
c s . - it -ozi 1 ' • ev n . 1*
te n  a t no j o r  & • • ere  eye in  the t-xede sou theast to



1 %.« S ix ty  Oa«

a lu trc c u c tlo , of tb b , zotberKul uolutloa 
i t  i»  e« x . ld .« id  tu a t  .C M , o r 6 ,  a t e r  p e m .ti . lU y -
'™  *° 1 8 ''e a te r  "* » f  f a c t o r  1 ^ ,  U m m  th« tore
fsvou: tb le  e r .a u  fo r  m inera l a e jo u l t lo n .  ;jas,  tile
ooee 0 1  the s jm fo r*  eo o d ltlo o s  . r e  feeo-ars'ol. fo r a
cuaceatratod depoeition of s ia e r  Is  fyoa solution*

AĈ  or juk a 11, CO : . r a t lv . ly  rich  w e b o n ,^

<m eooe fch &.ouat of gold d ep o sitio n  wea 
i-, I. low ret-ea eeoaoeic  , ra tiee . fM i i s  borne
out fey tb e  fo l io  in*, f ig u re s  of the a a w a ts  of ore 

Uod fro, c-- i t *  iti vt*  so rtlu  sn tsa rd i fro*  t w
w . u tto r  Lit , t 't lc b  cost- in, ? a i  or®shoot la  a 

Mn$U; 11.9 fc u rbc i  are  a ;

♦ v t/to s .

' ue«6MB in e  

/  J$>»6bikve Him* 

iil*a.ket in*

X:,OOC-

1, ./UtvxX,

■ , . . . . %

* * * »**«#. * * * u »-»***»■;* . * * « a w *«.>-»* *

e*Deiye y o t# # ti# l&  oc th . ubAChikw sn  j 1, a ’&et 
in .r . r.a ,. t , .• nr l o t ,  beeyuee

tew o res  oot.'. o f tii fo r  yer ere not coat ro lle d  by 
in t- g e lo  L r , a c u-e of th e  l e t t e r ,
th u e  th e  ^ub^odlk^e snd 1 n k « t o ro rh o o te  a re  uei
i a r  e r  tb*ua th o s e  Of to  « an  *

l a  botwoen th e  V ubsoh ikw  and Blamiet d in e s

j . . 1 a Lae . . /  -



1*%* Ixfiy fwo

u  lae  8Mv* i ,  ,ia , W v t i a e...
* « ld le  re e f  bed tee  e .e e e te te d  « ith  ie s te e e  fo l. to  ad 
the eecoo. a jrte t widoh « 0 f:U..d te  t  .
i r e . ,  e i  th U  jw o je r ty .  [h i, i ,  i a  a o a t r a . t  to  th- 
aoetXe foidt'sc. deM loped ia  t L: „ t  or the o ^ f o r a .
l-eia, in  a -one prov id ing  tevou reb t*  et anelw *,- for" 
a o lu t l e n t ,  tin  e re c . i t  . u a e « l /  h i .her th t

iL_Jr.J t V &_ * ...X ,

.

1%. o m  l i t .. uosj ft  . re&s on iteij  # e |  ; -

I) e s.- g/' ii ir LS«SS.< .i/>l»tlonc

2; J# ;w a ltle a  froa  th i i  a l u t i ) ;  i t iu l t e d  in
fe lu * ti*  ewaesatrution »j estii ^bi4##

. ly  . 3>* ,-:u >r.r. a ia e r a la ,  «hi«h
<;»peBiuat on ! ohyiilanl condition#

oi tin ai o 4a»a*#l#*y* . le t  .f#rw #on%. o llsd
by f e l t in g  nAi 6h< seowi$Miji.ti.; fr&eturing

i , . > . r  t  i n ootG -ere d ev e loped
in  -a ;i .11)# w ith  ifi :TE aid 8#n$l#  fo ld #



**6* Bistyr ,.hre©

.
6 ) * .* , ciano to  t k i ,  t .E a .r t i  p a t t tm  «« oeeur,

»ner© Boise 1 urge low rad* orw^tioote l i e  
a c a r  the  ao t*  @i tb* *»d **&, r ic h

: o r t  ?,a le  xa«fs occur ecae di: tw e e  eytt>.

. n t .v. hole i t  I k t ru e  th a t eoaae c f sulphide 
co n cen tra ted  beco •• la rg e r  and o l*wer grade proceed-
la . awej iro& the  nc«e oi th  j n f e r s .





"'I":' &.%* ^ I\;, I
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*■»£• t& tj Lx

TUu C,.1K .. L -    ,  r ;

Vubncfeikxe iie«> or; boa ies  » a laa  ta i le d  
>• -v ' md ..re shoo ts •• l i e  on the nortttere. l i s t
o f  tU* r« io a u l  about .^evea a41o»  jfroa i t s
noae i a  -m ar*e oo&^AZ a u iv e lj  f re e  or latew se W eal

rov^gblj ; a l i a ]  -n4 fo lic  •< t*b« tc sn d  o f lo c a l z c h la t-
esitjf*  u outic«-v, the** ^hor-i ^oa-,r occur ae beaded

: - l l l t e  w r u l l i  -ition ..Lou,, th e i r  wnole

fhess two otti acn** are lo c a lly  nuaee the John aad
w ever, e .. ir

..vt i n o t  • *.ce2'»jLi5.=itioa i s
coBo«attx-.f;«6 jato ei.j.bt or-ssbsote o--currin^ « t ia t-ervale

|*WR le a se  th e se  e l^ a t  o re s  boot •« a u a t;  red  1 to  ft'Oe
aoutn  to  s w t h  (;* *  e a g itu d la s l  e c tlo n  ap au.b^r&
5  H wd 5 i.«:> s t r ik e  Jv ;t v e s t of a o r ta  a.: dip

’■ /a :., j c ;.:. > ^ i

Jo.'.n t f   ̂ . a, y" to o n  c c u r . ia r o u

"
oww 1* coca , of the r ^ e f ,  the j e . p l l l t e  %od a c c c -

psnv l*H, aiaer»ila.*tl<M i t h lm  tu t  an- ow n  tv.-.- ■. > 
to n .l» i ,to a . ••: a bbe sa rfaco  the r e e f  e c a a is tc  ->• 
a in r :  U%ed, b ^ la d , j a i . U i W  ro ta  m d , e*c*pt 
uoerc- i t  le  obKcurcd b; K lae-dw  ». i t  i t  r e a d io



•« “;!• txty even

vii '-ii€ surfAOe ta e  bod. appeals to  be eontinuoua and 
o i con. i i  teA t ch^r& ctsr* owever, unclest r  und the  
bodj' is n o t boao^enouis, but &r&&*n from a J a s j i l i t e  
in o t an u n ^ in e ra liz e a  f a r  a of a l te re d  e i l t s tu n e  s im ila r 
50 the coun try  ro c k . :bl&, occurs alon< the s tr ik e
anu on the  namglmg w all co n tac t w ith tnc u n d i f f e r e n t i ­
ated  i:e LtofcAtt. # acre  ie  a w ell defined footw&ll 
c o n ta c t wi th  ta lc -C arb o n a te  ro c s  along the c e n tra l  
. c r tio tii o f tbv orebod;>• t t l t l  ou ,1 th is  o a i j  become# 
at p a re n t underground owing to  a lack  of ta lc  carbonate 
ou tem po  on the s u rfa c e .

of t . r. 
.'.eetion 
ire  f iv

it ; :*

t> o re sh o o ts  *re mown to occur along the  s t r ik e
■■*&i • .se e  a r e  rhoum LB th e  or , 1 tw a in . 1 

iihs tr.e arklm^s { ee io« 5 •)♦ -here 
frs•boe t>  in  th i e vttu m  c e c t lo i  o£ the nine 

boot -  c a lle d  i he : ihC& ac •* e c tlo a
or th e m  s e c tio n . This f  leck  Jn e i or#shoot

>wfi on eoetic-i l a  'io tte  l in e  a (Haf 5 S . )

•.••utllnri oj t« oreahoots* nv. .bored % to  6 
fre .t >utb to  n o r th , as statO d b e fo re , were iietcr-xlaed 
' re.v. tlMM re co rd s  uni A # td ie d  ■■ ispllA g v# ®■ t/.-.on In 
j , t. r  , > t  - l ie d  v iu cU-n oi i t  r j y r t y .

auat be sdsaittc 1 th a t  :he o resuoot o u tlin e  a in  the  
u | 1 « r  le v e ls  a re  sot.-owbat- i r b i t r e r j , u ol^ ai.t
r e c o r d  a e r e  scant";- m
le v e l#  are now 1aocc<

iost v.-orkin 
e .

?l«cea in tbv upper

u tb e m -  aos-: ^reahoot w>* never * rwced on
tlM -i-j ,c< buc W<v . l,cov«£«Ht .»■ .a ider ;1,:unt. :«w )ofr-

■

}• a t t o - haf t



i x t j  tg b t

,

'*vl »i ftr& ltin^ : la  tit i s  acr»‘«,t ^21

■"‘-•• t -fA o.: t .» *11 te  I- $  ‘z .u &  hc> hot s&ota
tr.v : estajoeei c . ;; .ir^SiWO gs.

bvut 5 f- e t  to  tb s  west c f the  .oa, JeUa i®ei
i  f. . . 1.V -ii'h: Y j f .  Y' t t ,

t'ul - hO'-v H r^iure e H e r  sad .e i s e ^ a t  d&###Rtiaao*# 
com.'- r;>Z to  tie* .in ■ ; i t  o&yt ia. f f i t , ,  b< >  eon t in -
v M . . : c - V : no . - Jl» # heu} t ose

to  t>a#e k on tits  o v- „,  v  tier:. aetweeo
the uk :»sl jJB th  aorvr-* x-z. - y v -nterep t*-, •..>;-no

;'0 .:-»ibl*v s te z  in  the rf  . t t lo n  b i bttween these two
, urtione.* he aoztt.nrm e tc  o th  vs. inerelised t 

i l i t e  c o n ta in s  two creel nt®: the Tr-hh and the
,ue .ue (/ - .& nd u js  ineu f c le a t  prospecting
h; s keen done in the  n o a t hem  sec:-ion o f th i s  re e f  t®
prove th  re: @aee e l  aay ore* t  t  t/vafe • re  is< icv-tion" 
from i u rfccc  t. .-.plla,. ohat th e re  a re  rob hi)' ore sheets 
t re se a t*

u „• . ; 1:1 1 v. i r r  u it, bn.u.c . i:. ,*

in  : t r ik e  -n -o r tio n t o f % # > oo- y - t ia e e  g iv in g  x'*s><

to. two i t l n c t  # • /  *



« Ix ty  -ine

a 9 m e t r i c a l  
■’t  o l38st t-ht;. ore shoot & 

h&v« x: • -& :.oi i0^iB.s . i»;. 1 cc=. ,:.cn f e a t a x s i t )

’• O a l l  ac-nt -in , d tn lt  @ Waded

{. CO 4-- • ,  ̂ a«fl -)

. «

wi. 4 - Jv- 1 C t m chsp . h i*t$W ton

;>oc "
4
4' it « »

4 ?{ 4 40 7*f

5 17:) ' f t 7*0
$

t I X  " 7v
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'
6o:' t 15
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+

on a V'. cj Li -#d L 1 ■■ be 8s id  thnt

ONthOOt i~ t s i  n o * " *  «-“» the  l ^ , e t  
.



X e& e © v e n ty

*#d

eXX«ii» 
oocj «id^ a i 
1 X&U9->Ei**

.  ̂ . . r l ,  . f ,© t b© on t o o l* ,
C. t  if: . ,: LC ' t \e r o  b e e t l e * . .  .,. '
^ 1 1  be o ^ e u o o t ,  w i,n lA  t U  L a ^ L  w .lvb  ^

.

doe: nor _ 'V lcrc ,. :.i. i .  ^  e c lU l , ,  t r w  ,-ita

**f« wlai'f \*r, l l t t l i :  i t  kao m
afeowt i t  so e th  o f Qvev c o t  r u .ber 6 (* *v ;  ̂ % \

Job* **re re  Incoc la t e l ,  e c t i o s e  of ts©

• *  " u  * '  . . ^ i C  t < 5 V ,  :1 © T C '  t i  £  t i l e  a a S ' ^ ' i a S

9- - I: o t:. * .'V (.:. urvt , ; ou t but
:' o r ‘- 1 tpe#Bitl@ &  to a e  o v e r i ^ v c r ^ i  t te l  i s  t-hlefc th e  
..tt-::.;.: t t y  aj kb 6$BSJBf l l t s e io i t  fapopt. vojpy eosallw is*
■ ^vt -K V c .*C3 --. r< > *.. I- u l r  ®c oaaoele

1.. *va 1 e : e e , • , o i t low »nt ren. o«vv*:.r,
at ret. I t  h i .  valwea eo wqxlx -ir.. tfce^e sure ml# lea., ia^  
.i2*i use e **asj i t  m  I- *e ove e-yixzilag*

ia.ee o a l ,  M Lai f e ly  *1 -' c t l o a s  of th e  ;..<oag 
X< 4i at -.h .; •> * n>uh t 1:.
d i f f l c n i  y vu e i  tic i s  at* tb* loc--i vre c v s t r o le  ^ r e o lse ij

. 4



* aS® e v e n ty  Cne

i-here r e ,  however, t r i lc a t to a e  which 
t h - t  t  e fo llow ing  f^ c to rc  may bt re le v a n t .

The ja y *  i l i t o  boalet; do no t l i e  in  & plane but 
are  eo m e tn a t c o n to r te d , t h e o r e t i c a l l y ,  a x i a l  ,iajue 
cleavage hoea l i e  in  a . l a n e .  e la t iv e  to  surround In,. 
roCKe fch d»$v; H i t#  beds are  com petent. In are 
where, th io u  o B ll* b t fo ld in g  01 bonding, tae  j ,  M ite  
l i e s  p a r a l l e l  to  the ax ia l plane e isav ag e , preaiBent

u. at lopec a sea iry to s ity  i a r a l le l  to  the a x ia l  plane 

• «v , q i >

- ? - . .  .

IBs it- -aig'-ot tx said  that o^eeaoots ausy tv fetiwl 
wherever the ja e p l l l te  is p a ra lle l to  the ax ial L=ne

\t. is  oo&j. fjr. .in im porta»s fe a tu re  th a t 11s- 
e>-vioms on t ie e lea vs. ,-y lame# o . tb t^le~Oarbo»r ve
; ott$ « t ‘ootViUl t j i of, .To m e f  *re ,11 p a ra l le l

;13 ' v t . , t aa- Os the r-s^noets a *  «
•;• c o v . r , : 1 v . to ld  a - .if  t  re- on

defer nation i f  the ec fo o ts  o th t  -ird deivrtf.'Aion

c o l l  a t i e r . . ;

in c , i i  .,in,. ■ .. i.vrs-w « iuu-. ocuaeh is t t  the

e t  - it  L( . t
ro u te r volaa s ■...• *• -luiion we re ah I, to uave -iner^lfe

V |



• * e eventy Xv q

.01 ̂  m  tb t  rocks w ith the s *al@at ^ v u n t  of 
r  c t u r ^ .  he o r e .  co ta  th, ^ o lv .c  are not r  u l , r  

.v .n - t .x tu r e d  L o u ie .. b«, 3 0 . ^ . d  of
Vl "'1U' 1 a e e ti  j** i l l t .  which, in  tu rn , a re  a re  a t e b 
.1  ore . i n e r a l  conce t r a t i o a s  an., Lan6u e . The whole 
ote soA6 U  an e i .o o ia t lo n  of sulpnide and
m in era l  ^ t v l a s  x le h  t o g e t h e r  f o r#  ..in  . t e  "o i  uo.-.r",
1%&£* in  th r* xrc the u n i t  of r ic h  and poox patches 
v; ten  to: e th e r  form a ia a b le  ore shoot s .  c a  auy leea
^cale  -  aero o r ic ro  -  th e  a t te rn  would be 
s im ila r .

p o ss ib le  reason  fo r  ttva ^ap . between tue ore—
• , i i  what mij a t o therw ise  have been su ita b le
rocks fo r  ? in* i \ , . i z a t io n ,  maj be a t t r ib u te d  to  &n 
uneveanoee in  te x tu re  o r com position of th s  o c t 
j  s .s p i l l  t e .  • a«. roc it i  no t u n ito r  t ,r ou Lout, 
and e ifiera  . i z a t io n  probably had an a f f in i t y  fo r  the 
ore iro n  r i c ;  t e ;tie a i. of the iu& i l l  e .

fbe eyetesi of sh ee rs  end f r a c tu re s  wliich follow s
the banded j a s p i l l t e s ,  i s  not uni for®. ;.e. e a shear 
iC tu o lly  occ r r  *.n ja* i l i t e ,  i t  tak e s  the fo ra  nf a 
w e ll-a a r  i#d f a u l t ,  tip t o  two f e e t  wide, &ou has p r in c l-  
, i l l  a gou^e r i l . i n p .  Jhsee X ractu s occasionally  
co n cs lr  p ta r t s  v e in s , but .tore u su a lly  ju ; t  f a u lt  
, iu0’e . n the a .ip h lb o lit ic  q a a r t s i t e s ,  t  it s tru c tu re  
i s  t i is o e m ib le  only as a sca rce ly  tra c e a b le  h a ir l in e  
1 r  pasture •

.he iaain jo in t  system i s  o r i  u te te d  in  a plane 
w ich  .iec- approxim ately  a t  rV n t  a n f 'e e  to  the ax ia l 
p i  ,ne cieuv'%, ,e -  th a t  i s ,  i t  i - t t  ik in  about



venty art*

5 ;<* ’ '* • a l  t; ■- M  > ‘L o u t h .  Thi e v iv e n c e  i t
iv ?  , th*  ^  , o o r l y  o l s t e d .  i t

i s  t  ic* t  . t the e  j o i n t s  ay be r e l a t e d  to  thy
f i r s t  o r  v b ir d  d e l  »r i S t i c n s  which f o ld e d  th e  r t  ion  
(««« U tr u c tu r o  -  t e r  o u r ) .  a# olnt®  hew
no a p p a r e n t  i n  .u e n c t  on th e  l o c a l i s a t i o n  o l  ore  
( ®« ups  * I# 4 , i r t i c u i o r l y  j o i n t s  in  it , *ve] ,
Kiiio. d r i v e . ;

v k f , HIP C ■ »£> „v ' ’• tujB • 5

'he in d iv id u a l or»-saoot8 -  o r lode© -  are a l l
very fe ijiila r  to  one another* , v^r & reasonable period ,
ore a lned  fro  a  anj one fit ope la  In d i t in .u ix  hable from 
th a t  o b ta in ed  fro o  the o thers*  I t  i; tru e  t: .. r.t ourlii^
sh o rt period  v , ore from a p a r t ic u la r  at ope . ay be recog-
hi. e- by tfcu;tii,. , c ’a c te r i .  t i c  by .cinc e ;-.lo y e e t. 
however, in  any one atope the  te x tu ra l  ch r a c te ra s t ic s  
n i e r  e ra if i t*

.Le c .e te x ts  . v a r ie s  and, -t a r u l e ,  - igher 
old va lues  a re  a sso c ia te d  with f in e  grained s r ten opy rite  

,ni r e l i s a t i o n .  /sic. 1: a co on fe a tu rS  in  say mine# 
in ou thern  :noceeia and w il l  be t i l t  cursed fu r th e r  in 
t  e s e c t io n  d e a l in .  with m in e ra lisa t io n *  the oreshouts 
have been a iaed  to  a v e r t i c a l  depth of about 1#2 » fe e t ,
( A# tope a c t i o n ' . s p a  6B nd 6 « eau 1 1 ua. ; ^ >
and m



touvK-.ane h aw  l e e a  noted in  a n e t  to  the couth c;: 
lufcaclilXwe ..in* hy PyB-.:ale islseoe a *
Ut.iv.v , ln e  it . 8 - I n o r  c o n s t i tu e n t  tfa« or. . ( e* 
i l u t e s  .c . *ue 21 md 2 5 .)

y .U a'-. - I'l t (j j   . , t l  i  . o )

verbcm occur, In the e la t e ,  rocks nd a lso  In the 
few it tJugem ( * . .  L te  -  locsJ Oeele^y). Lace the 
cx&t« l i  u su a llj  th in , i t  i s  o ften  mined together with 
th-i ore d*4 hence carbon ie  included ufi 8 6aa:Sue mineral. 

uatu- 80,3 o r ig in  oi the  carbon has e l reedy been

oeceeeary to  Jd th a t , clthou .h resent in  onlv k&all 
auaouat .;, the carbon in the ore does tend to % set tht 
f lo ta t io n  unc c n i ition proce.saes in u iillin  th v  ore, 
nec» s i t a t in  ; rather larger  amounta o f conditioning  

ante th n i .  usual la the trea taeo t o f each an ore.
( eo lu te  . o 0 2  ̂.

.5’ '.u'i • j

c c u r r i a  as s aetamorphic mimerwl in  the s la ty  
in c lu s io n s  in  toe  or# iv- a v a r ie ty  of j ,t im et. "here

only ,■ very, i in o r  smoiint o.. tb i*  ^ e rn e t .  I t  i s  %

brown if. . .- re d , . . /



r ie e ty  <>vwa

fJrain7i Iced  Iro^  the eoaeea tre te i h-.ve tee a  d i s -  
tor^ed  u r la  i l  i s  e i  »,e . \  ) ,  * _
o r l t  o a l  t e l l  h e i  ore* e a l l  g r a lsa  of ^oid v&r- lug  
tctw eoa  1 n<$ u •alorons In e l s e ,  bov- been p o s it iv e ly
id e a t 11. t e d | -^»oc a te#  w ith  araen op yrite  aad ,angue.
( ee - 1 " te s  nos, 4d -md 4 ) .  ihee# sea l  I  & ra ise  were 
foaad a f t e r  c e r e fu l  e*e i s a t i o n  of polished i.ections 
oi r ic i  e re  c r r vln t. ujwarda of )  o»s. g o ld / te a .  
v*htir em ail cai»« of a yellow ;rin«r 1 have K en  seen 
enclosed in  a r e e a e p y r i te ,  tu t  th ese  are too small fo r 
idev .ti ic  t  loa* > be c . l e e s / r i t e ,  >old, with
ia e le s le n e  o f t .n y  fe in t;  of , ,y r rh o t l te ,  b«,s tot

-

■ : Vu' «-• i -» in s  i t  ;•. -; K - f  ttii t  %eje?
part of t <. o l : i s  exueew siy  J ia e l j  liv id ® <1 nuv i t  
held  in  t  .«■ f in e r  . aimed a?, o e a o ^ r i t # ,  .U- saying  
dttrie . ^ e ta l lm . , ie » l  ex, e r l^ e n ts  on the :.lae .eve chvwa 
tL t  uv r  a ' t  ■- f in e  *>11 1 - s:-. ocLut,»4 with %w

coarse  o l was f i r s t  re .eved fr o  th e se  es-..; ie s  by 
pasnin hefor a ray •

I f  ;• vua.>l-;:tf o* cos. 9%tiL.te@ of -  ®e*b s ie e  iroa  
the 3* i l l  a rt gunned $ <,8ee a i l l  f  lew * eh eet) * a la e c i uo 
j t l  . i  j eeo n . ,;w e v « | i f  e ia l lw r  •.uouats of cuacen- 
..v t^ es f r e e  t:i '• if. p fii e iren & t, N.esh (sea  ( ;v>w 
^■heetj are , «mmed* then » co n sid era b le  aieoxmt of 
redd ish  t in g e d  ;«i i s  seen -  oo ; m e , that »

very s i  a il r ret i l l s *  j e t  grsic l l y  t ‘ .-old i s  on,.y
,een i s  the f in e ly  r un , , r t  on. j-fc i? concLw c ,
that th e ..old i s  e n e s ie a l iy  f r e e ,  tu t  i t  > . j s l c a l l y

f i n o l j  'ividied • • y -



«S® i event? x our

r i t e  ( . ^ p h i b c l e )  &rowlnv from 
' ? » ) 14 , ' a o e t l t a  to  q u a r t z .  T# l e a l  in  q u a r tz

r i c b  -run, r i t e  c &ft a n :  in  v.. .
X n l c o l s  x $0 .

r felted .rviuorlt® needle a in  -«• . iXite ,  
1, T 0* 15 : Iso  found s im ila r  in  quarts, &ruaorlt*

s o v ie t .  l>ae jo ln r ie e d  x *‘yi •
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brow ni;ib-redt i ;  o t r o ^ lc ,  v i t re o u s  cdLneral in -o o rl;  
formei e t r e ; a t a r  o r  cr.vnt&i „rowtb» up to )  a i m -
****** i t s  ai$Koci.ition ta» mime m i i s
p reU b l) AlBamdias, althou^ii no an a ly tica l work nag 
b«en tono on i t  nines apeeistens of reasonable purity  
are not v a l la t l* .  S e  garaet U  of no 3*t* llu r0i« * l 
l a t e r e e t  (see  la te  ;o« .. .*).

* * *s # ess

i"l0 ,.ptotlte occurs «h an o r i,Lia a l constituent In 
t r*l.. iep o c it#  I t  was :-ost l i k e ly  formed by the reduction 
of e r i itta l sodl.^satnry iro n  oxides under wtaetorpMc 
conditions# IL.us the .^ o stite  i s  an orig in a l con­
s t itu e n t  of the bo t roc eau not an iafrodaeed mineral*

I d e a l ly ,  the  handed ja & p ll l t#  would cane 1st of 
e i i ic e .  b«a s and Iro n  oxide b ode. ew essr, the rook 
has been con idered  •sstauor hosed.# rfee s i l ic e o u s  portion  
of the rock was probably not very u re ,  and vhen the 
area  was carbon t e d ,  probably so sue agneeiuis and aa lc iua  
k re  la trod  ;ced in to  t h ; i ro n s to n e • rhe re a c t io n  
between c a l c iu s ,  va n on iu s , i ro n  and i l i c a  eeeultc-d in 
the  form ation  o f a . phibolce* fhus •. i t #  i s  ra re ly  
seen as d i s c r e e t  evhedra l c r y s t a l s ,  but a Iso  a t  invariab ly  
«« & c J t te r rd ,  i i r e g u l s r  r a in s  p a r t i  l l y  rep laced  by

a- , hi boles . . / -



a":® : i l̂it

1 0 * 1 / cllv ideti and :ont &iafea in  th 

f r e e  i t .  ’ " La ; 1 d‘-»»a<Lpy to
r - s h c r  a%t ■* 1f , >e# ' 6: ^enepjfrite.

*. - IS no. u» n S law  f. t o t a l  t in la o n  

l' - " r l s - " ^ 1 1  »*r. t i i . l v  U  4 . . t c o .  p..?#

I s 
* - *

>-tei . . cin, toiutioz; s t  co.^.iiretivel,, hi^b 
u e  wo a ,ac ted  :on a f ate,, of .



aga tiventy f iv e

* * 1 s • • * * * *

* • 0 * * * * * * * * * *

•’■• & a A A i; I  4 1* I  0  I

O'

c a a  i  a t .. i  c
• **•***♦•« #♦«'* '»**■. « | i t »# e e

v ilL I  J '-.v, « -V-J i l .  . A . v . i

* ,  l  a  a  'T A * 

v rlG IZ i,i |, .V..:. : i  * IIS I .)DUC£S ,UA ,?Z

* CA»<SOSv.Zb., * .V. iilBCL * 1‘CWlALSP «

f (o . .

i  m ac'fir .: * c. u s o F Y a m  • GOLi

****«' «** i . i  .*«***« •*«**«■*<**#**

: vx*a :.s;'r:c C( .t 
FiiA Ti-  l>. c >: .Africa

a a i i t  oi XL- iin J4 ii iv  . ■ n . s

a)  CLl’OLA w i :A 8

b) ;  tios



l 'ag< s i .  h t y  e v e n

a u ,p M t» l„  ( g v u a e r l t . ) .  t9 e t ; l jn  on , „ , U U e
•OCtil Creolit ,

I g a a t i u  f r . w s t  U , 1,  M g n s t lc .
l a d . r  the  . i c r o ic o p e ,  th in  se e tle n a  show i t  to be . s i t e  
«p»quo. < -ev e r ,  I t s  e t  j o l s t l o n  n t h  gsngue n ln e r s l .  
booos.es spparen t In  t h a t ,  ( » ,  noted a b o v e )  i t  i„  o ften  
:ft^n p a r t  l a  11 / re; lae*d by <BCW»rlt»* i o l l t  bed 
e t c t i a n c  eonb«.lainj .^ .n e tlv e  eao* i t  to be & du ll 
i e b  a l w r e  1, e t e n i i a  o , t  in  r e l i e f  above the 
m in e ra l«, I t  i t  i s o t ro p ic  under r e f le c te d  po lnrised  
l i ^ h t .  the tex t  u*'® ui u a l ly  teen  i t  e i t h e r  of very

" ** i s o l a t e d  g ra in s  of m agnetite in geagsw, or of 
I s r ^ e r  * fg rege t«e  o i  grain* rev ea lin g  » ty p ic a l  rep lace- 
•aent f-tent# Xr c kfe#$ a icd if led  fora; ox the "ex ioded 
bonfc’* te x tu re  ir, n o t ic e d .  The ..ra le  s i s e  v a r ie s  from 
eub- U croeec; ic  to bout «5 m illim etre? ac ro ss , w hilst 
the agg rega tes  may have b##L gr dne or c r y s ta l s  of over 
1 m illim etre . . >ar . le e  of Vtibacid.Hue fSJLM are show 
&:;.L.r$w&te8 oi ' ig n e ti te  . a r t l o l l y  rep laced  by eapbibole 
while f t i l  g ra in s  oi s re ttnopyrite  were enclosed, 
fhle i s  i n tn r  -'eted is en e a r ly  s tage  of the replacement 

of > n e tite  1 /  e a r ly  su lp h l ee* n :a ny ins tances  of 
the ore exa. lined , eul hide# a .e  c one matrated in the i ro n -  
r ic h  s sy h ib c l;  t i c  p o r t io n s  oi' the rock r a th e r  than In 
the sj, . ice  .vu* cJPtiOBS, win ., to  the chemical coej o- 
y l t i o n ,  th e  i r e n - r t c h  p o r t io n  oi. the rock i s  more reac tiv e  
to  . in v r a l l s in  so lu tlo rm , and be ace the concen tra tion  
of hydrotherm al l u e r a l s  -  such as arw eaepyrite  
tend to  be co n io n tra tsd  in  the i ro n - r ic h  bands, fbut 
no n e - ti te  i :  n im o r ie n t  c o n s t i tu e n t ,  s ince i t  acted
as & fo r  o f  c e xc 1 c o a i r o l ,  in? lu -ncin^  tht. emplace­
ment of su lp h id es  and r.ence at f e e t  lag  the lu c a l ie a t io n  of 
o t* in r  l e .  ( » 1 t e  o* ♦ 1 , IV» Id i-u*- * )*)



P»S»

i n t o  th »  r o o k *  o f  Y u b aeh ik w e l a * .  T h ere  
c ^ r t o l n  l a u r e l s  o r y s t a i l i s e d  f r o *  th t  eo iu tiou  m  *
[cvoju sru , s u l l t l * . .  losM lblj co% te.i*r,m .o*. ^ t b  
t uU  Ltd on, but move l i k e l j  a f t e r  i t ,  tbo rock*
**'* to  t e t t o n u  vovcmmto* fhl? »ovemer.»s

c vibod La tho c o e tle a  d#aXia& with P trv e tu x " m#
i  Thii-d 1:«.* orrsiac-1 on'*, had no appreciab le  e f f e c t  on 
tVe ore p a ra^o n es ie .

fhc iTt t  3.IB02 <1 to  c r y s t a l l i s e  vae quart* •  
ein-.se the UK cl m inera l, e r e e a o r y r i te # le  seen in  quarts  
a* t r e , l a c y t  i a t • . ^e F la t#  o. &) , uaxtz c r y s ta l l i s e d  
cv'-r  8 T 3  f t  * range; Tseaopyrite we® f rmed, next -  
a t  f i r s t  slowly In , ,rfeo$ cry t a l e  (eeo le t*  8o» 29) 
%n«5t sis th e  c r i t i c a l  tem perature wa* reached, core 
Quickly -  ho nee the aw&tuaJ growth in te rfe ren ce  of 
e r jre te le  (see  P la te  Ho. 2 ? ) .  At the lower range of 
the  #Mry*t a l i i  sk i  ion o i  eream epyrite , to u ra - 'l iae  wee 
foneeV *nd p y r r h o t i t e  bs n  t c ry e ts ll lfo e  out of the 
s o lu t io n  conteaporanvously  with & considerab le  amount 
of q u a r ts  (see  l a t e s  Hoe. *‘5 and Jh}. . ae reim&nts 
followed -  vn«»e % re minor aaounta o$ ch a le o p y ri te ,  
wM h rep laced  o r t l e  ne of tb s  e x tre m it ie s  of p y r rb e t i te  
v > in le t s ,  and gold which warn very f in e ly  disseminated 
in  f in *  . ra in e d  » r» e n o p y r i te , and occur® as the usual 
v e I n le te  In itinu te  f r  c tu ree  In *'e< ,̂.ue.

The runge of temperature® of cr;/e>- a i l i a a t io n  of 
tu ese  in  r a l e  i^  so grr-at and overlapping chat an acc­
u ra te  oh -rt  GbowiDc the te  ,p»rature of form ation of 
m in era ls  io  n o t p o s s ib le .  However, so&o attem pt has

a t  c o r r e l a t in g  tb  teo p e ra lu res  of formation 
with the  pftnraqenesie. (See a re# # ee tie  Ah u rt)
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& V & M

fhtj 40a* o oxidie& tion extends down to a depth 
aX approxim ately  13. f e e t  below the surface ov .r  a l l '  
th© u rea  - i s e d . he payable rubble and oxidised ore 
h ve lozt., f ine* Wea lined  ou t. n V0r  ̂ H eited  
a r t e r i a l  ie. a v a i la b le  f  r  exam ination. ..’he oxidised 
ore wax, a ver; weathered and leached banded J a s ^ i l i t e ,  
co n ta in in g  a h i t .a p roportion  of iro n  in e r a i s ,  and wm-

to re c o rd s ,  tue average grade of the ore mined before 
19CC ae above 12 dw te/ton. .••here go seen was prominent 
favours t i e  . Id values were found* her# the weathered 
bunded iron*, tone peered in to  a more auaaive cherty 
j a e p i l i t a  3ion,, i t s  s tr id e , the valuer, decree ed.

i,o d e t a i l e d  eas.tin  i t l a a  of the oxide minerals 
l® hoen .sde . . .ej appear to  be yusrt*  and hycrated

iro n  oxide a* ,u& weathered outcrop* ateow only .inor
xagBetie e f f e c t .  cue uncommon m ineral occurs , however, 
which h as  been id e n t i f i e d  as v iv ian lfce-v>uxite . I t s  
occurrence and f e a tu re s  -ire as follows*

In any p lace#  a Ion t.ie J a s p i l i t e  outcrops, 
but ben t developed in  the v i c in i ty  oi the agano sec tio n , 
a ^ reea it  h yellow m ineral i t  r e c e n t .  i t  occurs ae 
small dltocontinuoua f i t  len ses  up to  1C a l l l l& e tr e a  
tnicK w fch a foox'imental a t t i t u d e  Independent of the 
loc 1 ro c k . These len  es occur f;>r the f i r s t  f iv e
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L ' °  eyh,," r s l  »y to  lb  a l l l lM tW K  lMfi«
■° ‘ 1; *i U  * " «  * '•* « .  b« ,k .«

.-.yn » • t a l l i e  l u s t r e  .b lc h  t u a l t b e a  ru p U l .  to
s viui i  ̂r*/jr-wnit#e

ati*r  thti a lc roao op* , th* areenopyrlte  i s  op*,a* 
xa t r a n t f i t t e d  11 ,h t ,  «md b r ig u t  wbite in r e f le c te d

act ice,, le lR g  a * l i g h t  v r i& tlo s  In the in te n s i ty  of 
soloui Cvi jpo 't j j i  tu s  $• Sfc^ue »• s i  cro sc d u lc o ls  I t  
if: weakly dll o t ro p le ,  ohangint f ro *  s t e e l  blue-. rey 
to <•'. crow:.is h- >ey#

:«nuln.itloB o: the a rsen o p y ri te  in  pollehed flection* 
fho«» th a t  I t  occurs with ,, f a i r l y  wide ran e 01 te x tu re s .

1 i<r«*sioa gained  i  t h a t  i t  w&c t i e  e a r l i e s t  of the 
sulphidee to  c r y s t a l l i s e ,  aft.l t h a t  t h i s  c r y s t a l l i s a t i o n  
■> » ted  thrcuyh a con. i  t r e b l e  t i n e ,  and robsbly over 
Uuitc a wide te a ,  o r r tu r e  ran e .  on the ed£.ee of ore*

•  I . e . *  f t  t  e l im i t s  o; impregnation of the

so lu t io n s  . . /
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Pag* eventj .even

or s i x  f t  t e l o .  Che urface und do uoi continue below  
th le  e ch . ,ue to  the g reen ish  co lou r c o n t ra s t ia b 
w ith the re d iah  brown of th e l ln o n i t l c  e o i l  and banded 
ironfotone, tuc .itn er *1 wee I n i t i a l l y  examined fo r  the 
p resen ce  o f  ra d io  a c t iv e  m a te r ia l. hr occurrence ia s  
been n oted  by th e  G e o lo g ic a l urvey o f  Louthern ahoaesia  
a™ d e sc r ib ed  by ih anp * . The m ineral wae id e n t i­
f ie d  by the G e o lo g ic a l urvey o f outhera ithodeeia as 
v iv l a n i t e ,  an obscure hydrated iro n  phosphate with the 
f o r a u l i  r'e  ̂ i p Qq : .gC* in  the presen t in v e s t ig a t io n ,
however, i t  has been found th t to s  m ineral le  almost 
amorphous. I t  hay a sa e e iv e  c la y ey  te x tu r e , unlike 
the f ib r o u s  f l e x i b l e  tex tu i'e  o f  v iv la n i t e .  .n a ly g is  
by Xray d i f f r a c t io n  shows the m ineral to  to  long to  the 
V&uxite tyroup, another s e r ie s  of hydrous Iron \b esi h a te s .

v a r ie ty  exe dncd corree- onde a o r t  clone ly  to  the 
semi-amorphous m ineral delav&uxlte with the formula 
2 f # 2  Oj Ig vs>* 9 -2 I t  is  a secondary mineral
reaultin ,. from s e l l  water a c t io n ,  the formation being 
s i a i l  r to th a t o f c a l c r e t e .  fbe o r i  in of the phosphate 
content i s  obscure, a.nee no phos hate - i s e r a l s  are 
no  a to  be p re sen t in  lo ca l  ro c k s . I t  lb oaeib le ,

however, that phosph ate i  one may be assoc ia ted  with 
carbonatee which are  uo p re v a len t  in  the roctu- of th is  
a rea .

in  th e  i»uli>hiv’e zone, extending below the 
ox id ized  zone, the  ore i& founc to  cont in  the 
f o l io  in  ; m in e ra ls ,  eao o which i s  d e se r i t  - c vv<..z
pagei-



4 I c h t y  , m e

r a e n o p j r i tu  occurs in  i t s  commonest fo ra  in well 
toniR.*. c r v i t a l a .  be ao s t  coaaon form observed i s  ©f 
the peeuu# o r tb o rb o eb ic  prism 11. . u© coomen ere 
v e r t i c a l l y  f la tten ed : er„ s t e l e  ## well es columnar,

anc ooi L- int.-.. cryi? t e l  form s e r e  n o t tm eo m o n .

l a  the e a r l ;  e*,%#G o: c r y s t a l l i s  .tion  of the

.itfe ia  the e e a p a r s t i v e r  w ite j  mge of te  , , 'r a tu re  of 
forvu t io n  of e r e e n e p j r i t e , toiuu& line a le c  c r y s ie l l ie e d  
in  d o  <: at oc it lio n  w ith the arsezaopyri.te. The la rg e r  
or sen o f ,/»l i e  t a l e  :»6e to  have su ffe red  dis% Lecesent’
'.'jad f r a c tu r in g  &M th is  in u ic a te s  th a t  a t  le a n t some 
of t i e  iu lph iif i i t  o l i e r  -.1 n  t-a to . j ... Lia<% . hlcb 
probably c ry  s t  a l l  i s  #4 t  iau lta iteo u e ly  w ith  the l e s t  of 
the a re o n o p y rito . eo l a t e s  ok. . . . . 2 , , 2? and 29.

8 ■ wroun o- ;re>,.ate* of sm ell a rrtsaopy rite  c ry s ta ls  
occur. .They' a l l  o rh ib i t  a muti.ai growth in te rfe re n c e  
and eu ;:geet an ic c reo . a in the ra te  of d ep o s itio n  as 
the tecpeyatu**  f e l l .  Xyrrhafeite i s  seen in  ac tu a l 
re le tio am h ip  w ith th e se  js,_ re g a te s  and a t  tap. jroxiaatcxy 
th is  sfcaje ba.,aa to  c r y s t a l l i s e  t o o t h e r  with the 
a r s e n o p o r i te .  ee l a t e s  o k .  2  ,  > -ni 53*

fc* a reen ic  Lv .rii . . /  «
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P*c* eventy ltht

Kte».d of 6 i te d  h lb o li t e  (G rua^rlte )
n e e d ie r  i s  J a & p llite ;  Sete opaque 

>'2#AX% :.l . 16 * a ln e r a l  c e n tre  to  baud Is  &e&Betlt#i
a* found in  a l te re d  e i l t e to a i e ,  sh&lee 
a o d  j M U X l t e s .  x  n i c { , l 6  ,  5 2

#

e e lla te  growth* of Jrunerite arewed 
,j • • 1 1 r i a « n e t i t e  g ra in s  in  Jan x lite #

1 «te p o larise*  :: 62
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^  -  ; e ld  v a l w .  1c the t e l U e i B,z i.o . . . l u ,  i » t l .

* - ' j XH t i llabuB i;
Xiwi-. :Us.w.: i ll  a j

aj- #  ■* -Xi« , Jkiittd#.

yfengr i l l j ,  ̂uie Qulpbldec rs th**  tb'-.-n c@*r#*
su lph ides  are a s so c ia te d  with h i h ^ol.I v a lu e , on the 
ie ile w ia ^  htodesian in e s i -

- IXL'i 1W3 , ut- ue |

\ l XU 1 set iicholaoc;

>f .'lb 6.

11 t  ;i©sa it;.taees tvtvt) been, no ted by the w rite r  
- • cour :« u ■•. e .; a- • .  t  etit sc led
fch't th e  reason  fo r t  l e  a saco la tiee t on V'tibttohlkwe h in t 

l*o in  - p o s s ib i l i ty  t  t  the coarse a id  f in e  
tTttinr. v r l e t i e s  ay r# p re se n t mineral$t o f scry ing  
oo © s il ic a .  :.u. y s e r ie s  of ..ray analysei wst. c a rried  
Ou... on L,i' in  o f v ry in  i s e .

.> u l t  • » /  -
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Xl^ur«« kavo w »n a*ed

W i r u A . , ; \ ; ....

Lwi.-^L.V.^i'rd$ :-' 1 " t

> -  . . . .  l  o yrea ( 1%1)

*. - * * <*'. . . . . .  ..it ( i  .  ,

* ’, • i :M/t i t e  •» •••♦  *1 . ̂  '■ -  . . . . . r  • j.ma;-- ( 1 y )

:n l%  6 . . .  , f -  ......... . , ; ( 1Q?5 ,

.•'■aere .re *$?*% u  ..0 1 * .1 f  alpxrea a i  th t
- tu t i stli ;i£ a .a  a tic ..,., L, % t e te  . ,  from the
-at $ )jace o i p y r i te  .nc ti.e fc. . e of &ln#r#lL eceStalawS 
La t te o re , c . s t , $ i  itiv e  : t . >v 111c ton

ftoie &  : c ' i oa  c c . 1 cop. i te ( .  ooco a In very
e 11 a.; yuata) ufco . s ,. - tmu to  or® *rc of
tfcu viaipaur ,'oox V 1 . ur ta  ore co m ta ia e t-

rt»e«iopjrl t e - l e  * 1 im glfcm, .&-te r o .xreeoopyrlte

aHed

 ̂j r t h o t r  LA,, a s te a d  o f > r l t e ,  

ae cnv< e t  1 c o 1 fc’-. ’t raowa.

r'-r.he.r f  8%t t *, i  o l t  ■ 01 -»

?4cd o»tiee/ the  KOlut-kOa ' ro i€ ‘ me ro le  vTid
^an^ue r t la t r ^ le  *»a <x?is t a l l l  *d . 1 i  tru e  t.1 a t
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t i i i l

m ; ».a* j

,u artz

ap h ib o lo

Carbonate

Toum&ljUie

Carbon

■Jarnet

i^ n e t lte

A rsenopyrite-
L o l l in ^ it e

I y r r b o t i t e

Q balcopyrite

io ld

7%

ICA

ra re

rare

ra re

1/fc

7r
4.

ra re

r&rt

tim sted  proportion

* $ $ # *  *

L'k e s t i a a t e d  percen tages o f  m inerals cowprlaiag
6be ore- are based on v is u a l  examinations of waehef 
■£tiiiplec o f  th e  s i l l  f e e d .

Bant ppeciseztiB o f  the  o re  were found t o  c o n ta in  
a v e ry  v a r i a b l e  »x o p o r t io n  oi su lp C ld e  alnar--.'.Ia ̂  and 
i n  h ig h ly  m i n e r a l i s e d  e ^ e c ia e n s ,  th e  exceeded
>j, by volume on v i s u a l  e x a m in a t io n .  An th e  m i l l in g
of the o r e , an ever*#* amount oi 12, ©1 su lph ides i- 
aaauned.

,o ex; bin.,' t lo n  • • /
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1 IsX#* .. .jree

" b i  ab-.c Ik  ro p rr \y  h z i - e i  
ct.11 v-'■ * v f t ,  . owevtir»
i-uX tli ® ' OJ&p* to  til© bol toit ©j.

any -lae r# ! to s in  .

■ px& rent wher the i u *  reaober

acorditii to Lonlgm n'f :| 
i.jdUrotheriB^* i e p e c i t e ,  -he ad 
/u b a c b ik . i in.# i.u c t» i t  ix  t l  
- ypvtber .a: e i  ; >. <: aucb,
Probab ly  aeB & 1 l ue e o . a r a t  iimlj
v 1# , f:.t
t-'he ?xi? tencc of 6 $1 • .ifcle - tro t
a," tb# :
t r- .:##%&

t ; MM )« t  i

b yA r  otrJUe p»i«I so l u t 1 m  
type l#pr«bR4.te<. the lla b t of 
synj r-sat m ' f i - .a  i t  iiwbodioi;
f: ' >UI ii»2f iv ■ It I i- . . r ^ m
p a r t  i f  i l a r  ar*  (T w t^cblkv* : t i  i 
f ie ld  w#ta fvOfcc to  ooatalB A%%. 
iron u&'i copi f  y e l l  u  qozj;
nc tiv% .:•:<*,I d .  t eovi ■ la te *  4 i

s t r i c t  y®re •: > ite  con: :.aeral 
a re  a t  l e a s t  tv© o a e ib l*  thee

iwc to i*o &e*at 
to to p  oi th e  
xne there  le  no 

•-.-J becoise 
■er depth.

i f ic a t io n  of 
-s e ietie®  of  
- r . r  *...# 

i f p e s l t  w i l l  
mg## f o r  a 

iad , aub; ;;t tv 
cond ition®  such 
: foak Wid

.'1C&
*  *  >

b iaeaothc neal i 
irt: -w is t  ;

v oa ltcd  In 
«?x - •• In e ’X ir. ©at 

©. ir* th a t  l im ite d  
©« oi a r s e n ic ,

• nias&jyUte a id  
roe.it: in  th e  

m. ted* %*r*
tin o rl in of

th i s .lag /
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can., i j ,  no to  a r s .n o p y r l te ,  p r # ^ ^  w rk
lb  i n w  i  bavin , t**n occluded due to  u n re iia b l l .  

•w* i n s r s l e  of aoca c o p o s i t i o n  were not
. l i a b l e ,  nor were fun e o r f a c i l i t i e s  fo r  s ce to lled

c b e u lc a l  be e r ^ e n lc l ro n .e u lp h id e e  fo re
s c ..< -ic-t e lj ' 1 o&crphou& e e r ie  & between arseno LyrJ te 
te  i j  e • , 2  ad lo liln *  i t e  /e  . $2. lr#v r e s u l te ,  
ob ta ined  f o r  th» v-. beehikwe t l n e r e l ,  were very c lo re
t ’> tb o e e  itfOted f r  re fe rence  by a.rcourt (1942) as 
I c i i l a i  - ®, ...-4 on,-, vajcatly r»ee abita tfee e fo r
i n m u  I t * .  i j » # v e r t bine* ;b e  f i  .ui .» o# aot 
e o r r e t .. r *..ci i .  ..id ,a a ;  t a t i v e  to e ts  , roved the 

• • c ;:‘*<s su lphur $ tb«' m ineral has been accepted &e
bt. ion, ia ,  tc  the tsetiorphoxis c a r le s  a raen ep y r lte -  
lo l l in g  i te*  and o f cok, o s i t io n  c leee  to lo i l in ,  i t o ,

f l e e t  ton  by rej i f  £ r t c t i o n .)

f h o t l t e  c o n s t i tu te s  tboui 4 oX the or# by 
vo»xae« 3 t i t  e s ta b l is h # i  a* Vein the  .In e ra l 
p y n h c t lv e  ( a r> rox ls tlr ; to  the com, o e i t lo a  -  
i#n  n * l)  by a n a ly se r ucla,> Xiay d i f f r a c t io n ,  ( a# 
sec ion on .*i«. 1 . a t i f l c  - %lea fc. r a y  l i f r a c t i o n ) • 
i*isuit& o t t ilae< c a rre sp o t e x a c tly  i th  those obtained 

fo r  s im ila r ly  anal} ed e t.-ndards, ine s. * te l lu r ,  ic a l

t e x t s  • * / •

epe****!
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It. tbe  ore  bw.i d i f f e r e n t  t j . .e a  of quart*  occur.

C rim inal u a r ta s

C o n s id e r a b ly  mo th a n  h a l f  thv t o ta l  
vo u se  o f  th e  o r e  #*ouelE tB  o f  o r i  I n a l  q u a r t* , hence  
th e  l o c a l  term  • q u a r t r i t e • f o r  th e  o r e .  This quartz la  
v e ry  f la # • .g r a in e d f  in d  c o n s i s t s  o f  (.ark grey -b lu e  ch er ty 
q u a r tz  g r s .n a *  n  f r a c t u r e d  s u r fa c e *  i t  h s i a s l i g h t l y  
su g a ry  t e x t u r e . I#  b lu e  v a r i e t i e s  are  t r a n s lu c e n t

i r  fc In f la k e s  . • /
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%:)it a l ^ r e l i s t a B  s o lu t io n  i -

*) O-fOi: :

' t! ’fr 80 rth -* # # t 0wa»4* are&, there  are two 
cupole,^ » o r 8 :o e )e  of ti^artz-^onifconite. Fnese 
&r>i the  In s ia d i  ami i*e&* s to ck s . i t  i s  suggeeted 
t r ^ t  th e re  cu-.olac w*e evicmac* oi igneous a c tiv ity  
"n *’• * the a in e re lli.i.a^  eo lu tione  ay
hsv* e^ean ted  *rc. the cen tre#  oi auch a c t iv i ty  sna 
bi've . o: ..?a = .: ?.o le t  in  t  j i t  able ^-Isees. I t  has
been ^ , in  t) . s e c tio n  or tru e tu re  th a t  the 
f r a c tu re  # --.ttern to i le te d  by ;.:he so lu tion  wee

he re f  :■ e , bhe ly,.- .1,1 ac t ivi ty  have followed
■- v: 1   . ../■ ♦ - , i-. not
t e e s  . o e s lb le  to  len e riiin t ;h* r e la t iv e  m$# of the 
^uartz-~io.i so u ite  . I r  f ie ld  m l  .it ions hips

'-o c le a r  t o a t a o t x s v e  W#6 Met., and although ao 
seco n d  iefoieaotlon* a> il p lese  c iesve.se has been 
foixiu. in  :-. i i  eennc ;e IM te ly  be s ta ted
th i.t thf Aupolii» s. ve >rt necocci i« ora; t lo n .

ccAix-e i;c. < ibedies h^ve been f  und ,'•. raetly  
.-.si u a ie ted  w ith the. t #  eupolae* i t  does u s t 

1 e« 0 s .irily  :-m tk& t no duts -flitsin . s o lu tio n  was 
.
... >ni :e if  ".-• xie ac vl y , d 4 e a c tiv ity

i t fe.-tooi- tec  In  my crt t  worl-z =■ th  aid



- -iwBty Thr$#

have rev ea led  uo a lc k e l  in  the o re , ^ d  ao 
t a n t i a n d i t e  has teen  observed in te r^ e w n  with the 
p y r r - i e t i t a .  . j r r f c o t i te  occurs in  i r r e g u la r  g ra in s 
and v e in l e t s  throughout th, ore f ro  suhaicroscopie 
up to  lo u r  inches a c ro s s , and i s  a lso  noted in  the 
e la ty  bands where i t  occurs in  g ra in s  end as sneers 
w-o - j '- . iu a  oi the s l a t e • I t  i s  of the usual t y j le a l  

:t11 a© >wn c o lo u r  when f r e s h ,  ana ta rn ish e s  rap id ly
on ox ida tion*  'a ra iehvd  su rfaces  sometimes eho\ a 
b r i l l i a n t  * :*eoc-i ir r id e e c e n e e  not un like b o m i te ,  but 
a:oi<5 t;  if a y -c o lo u r ta • ubedral or s t a l s  o f 3 y r rh e t l te  
were not observed. In l im ited  Ic -a a l i t ie s ,  SBSoeieteu 
w ith  in troduced  q u a r ts ,  cv ncen tra ticn -  o f y r rh o t j te  
as  i :rge s@ fo u r inches ac ro ss h. ve been see s . Josh 
I'ored w ith  the a a ^ n e ti te  la  the o re , tm  •.•yrrbotite 
ie  only   ̂ ... ;ly  .. no t ic *

.& o r  the  r e ;  le c tin ., ic ro i cope, the p y rrtto tite  
2,>1 e a rs  o p la id  ah creaoi co lou r and c o n tra s ts  sharply  
w ith  the b r ig h t  white oi the a r te n o p y r ite . I t  is; a lso  
eoa, u ra t ..velj s o f t .  W in e a s i ly  ... rauehea s it.I  a 
d te e l  needle# ha -oleri&ed 11 va t ,  the |nrrt.«>cite 
i  i q u ite  d is c e rn ib le  a e n ie e tro p is  c:;waging from &
..ark grey-brown to  a l e r  » ace 0  tne a at" so lo u r .

,e .. rh L ite  be .a -1 to or. . t s l l i - s  with the l a s t  
fra c t io n  oi the s ra sn o iy r i t e ,  an,. 1 f r r  ueuCly 
aKauci ted with i t  in Co.,. la te ly  utusl re la tion -

.
to  e f a i r ly  la r g e  e x te n t and, to  a l i a i fc<xc e x te n t ,  
corro  .ed an-, rep la ced  ar ■ eriopyrite • f id e  nee lo r  tae  
con tin u ed  e r y s t a l l i s ^ t t o n  o? p y r fb e t it e  la t e r  than the  
.ra en o p y r ite  i s  seen  in the . •. ra of in le t  s of

y r r  o t i t e  » • /  -



is t h i n  f l a k e s .  *

‘ eeiJ ^  6vnB l3 t ° f  * I , r e a * a t - l l k e  o . . l .  o f  ^ . r a t e l j  
I c t e .  l o c n i a ^  q u a r t z  . . r a in a  .1 1  o t . « u  , 07.u<1 a l la l l j ir
s l . e .  ucoaB loca lly  vary am 11 ^ a i n s  o t  u a ^ e t U e  are 
i-reewat. r. ere  i s  a tendeney f o r  the t.ave...eot ac sa ic , 
as e whole, to  lo llow  a htinuec s t r u c to r e .  h ia  i s
noaetiuiet, accen tu a ted  the r e g u la r  o r ie n ta t io n  of 
a ph ibo le  and c h l o r i t e  c r y s t a l s  which are occasionally  
p re se n t .  r  ie  c h a r t?  q u a r ts  i t  verv hard end, with i t s  
Ice in f  o re  ing'* o f aapbibole n e e d le s ,  new become a p a r t ic u -

toui h roc .. ce dark*,. reyl*& colour say be due 
to a a s a i l  -to a t  o; ca rton  contained  in  the rock . ( ee 
; l a t e s  £es. ic ,  11, 17 and i s . )

In troduced  u a r t z :

i l l  the -uarts  observed of th ie  n a tu re  i s  of 
vein , u s r t s $’ ty p e . e vel&: are  seen f i l l i n  a l l  

manner oi f r a c tu r e s  in  tbv rockc , f ro s  c^z^arn tive ly  
la rge  f a u l t —f i l l  in  ;s , :»uc l a. the two foo t wide vein on 
11 Level fo o tw a ll  d r iv e ,  to  tin y  -aicroycopic veins
h. i l in  c rack s  ic  the  u-reive o re .  hrou uout the 
/ u b a - le e -Jo h .n  section® of t  e June i t  i s  a pal# ,&r#y 
;laasy looking qu i t s ,  showing pronounced •bsttejr.Uag# 
t  o f te n  c o n ta in s  wispy : rowthe of t r e u o l i t e .  The 
n t e r i c r  of the  la rg e  ve^ns ( i . e .  those g re a te r  than 

four Inches th ic k )  c a n ,1 s t  o f  com paratively  pure q u a r ts .

w hile  th e  .a r  i n  . . / -



o r ^ b o d le s  wtr* Poraad

"  or , e c r e t i o a , L
« ta « ^  o *at*r*  , propounded i a  the e a i l ¥ 

t cori*& .au tre*  u  ,?) but r^ tr r r  envisaged
» i t  be

J ' •  fauact in th t  .ub&chlkw*
v ‘ " " x xee>* » ^  au) ere , zeeeat to  *

: s r  . r  1 * . o r % a t ,  eoae t, ia c r  o o n ttltu aa ti,
iju 31 '  , j

11 " 10 - ^  i a  -••-At: up t:i . .ix , md axKie&le
v * ^ * L^:J' w roc: m lysee are a v a il-

r u eui . io a t bt sic X .g ic .,1 

• 1 : -■•-' kk' a rea  St- b* :-m sxcepcioa
i.-ode&t & ^olv-o*.. v . eeiuie ,Lus i t  i< euggee&ed 

ta  f 1 1  t.n< rr , ir#L < i* „*at* to  fo ra  crebc.xiea 
v.-ex̂ . . rx-.u. . pci b tuc r e f lo a t  ro c* * . a . e r

- %' ' kiu coac i t io a i. * rabjtb lj it coo i  erab l*
1#,, th* - O' 4. u-ui . i. t i e a e  oi tae greea." toaes
'• t- *« -vbi- ted  to  „rtu . • 4 lr .v conditiOtiK. roeesses 

2sr<'alM::.*tl©u #*r# i i  ready advance# la  the rocks 
-a «dlcti 'vise .. leeac toa*  complex## ley  t thu* tb e  ere
i a a r a l t  fci cher ». t* eerjboaatee oai w ilie*  were

■ ob-j i • 2 at.-;* y-olv s j >* «.;t il» lib* roc a# oxlKj..
t ? «t ty .oi . , it..: ,. ti.«. so lu tions i  * ted  in to
IrtO ty ro s  .kOc. o . cn , @#d were t reed  eway fro a

0 t t< 1m nydi'Ot. ; to lu tlo a e #  be s in e  r a le
•o kktyr.K: „ .

4 ai , >:« w , . ?£ 1.



og# invty rour

i-y .l a ^ . t e  io i  . j  In j r a e n o p y r l t .  ano o H t i aBl q11ertl
,C- 31510 afl t l , r t l a l  r i ”a to  a rn .n o p jr l te  o ry e ta la , , £ 
w ell »» f U l ln _  in t- .i  t n i a  c ra c k , an6 oceurrl= t a , 

iic  t  cow t i l t  l a  nua t z .  Th p y rrbo '-lte  wa, p e r t-  
1 a i j r  rep la e td  b , l a t e r  ,a« rt*  In la *  ( luteE
•‘c' • v..' t >41 red 5b.

«. *  4

v ry  t *1 m*w%  o l c u a lc o p y rite  was found i s  
tht; o i o  • t ; ■ te e n i  o f  th e  stag.# of  c ry  a t  a l l i e s  t  Ion
v. yy; r t i » t i t # |  ci. .lco> y r i t c  cr., $ p artly
oc.-.6e...voranvoualy witr* the p y rrh o ttte *  «aa j * rtly  
re * la c in g  p y r r h o t i te .  ( .e I t #  o. 57 .) The 
o h a lco i-y rlte  I s  a yei'lo.. s o f t  su lp h id e , pe I tlv e ly  
i d e ^ t i : *e<a by r^y < iif fr# c tlo n  e s e ly ie s ,  ( i# f . m e t Ice 
on t  ;e I d e n t i f ic a t io n  oi -ert&ln inersle . b> > r a y  

i f  j. m e t  io n . ) >'he la rg e a t  g ra in s  seen are asGoclated 
t i t a  y r r n o t i t e  .»nd are  up to  12 s a ll l ln e tre e  acrosst 
however, u su a lly  the c h a lc o p y rite  forms m very ir .s ig -
n i f i e s  p o rtio n  of the  o re .

tatdfe-x the r e f  1 e t io  m icroscope, the cha lcopyrite  
i s  see a to  bu e y . llo u  co lour whic , In  very fin e ly
.ivi-iev .In s , c be  1 $*&#* or- o ld . ae la rg e r

o i.is  ..ve i l ,  '1. t in  v,i had by 1 1 Ir  I r i t t l e n e e e ,  
e a red  w ith th e a l l e e b i l i t y  sfco n by the o ld . Ico  
when th e  two re seen  to g e th e r , thr old i i> damper 
yellow c o lo u r  end a ueit n i bar r e f l e c t i v i t y .  *%§ 
en l c o ;. „ i  e :iot e x h ib i t  p iece, m ie n . Wider
r e f le c t e d  o . u-i: ed 11 t i t  1 s l i ,  hfcly u i is o tr o p ic ,
v rvin. in  a:.ado o f  y e llo w —Biown on r o ta t io n  Oi tbe

m ic r o ;  o i e  s t  - »-. >



i*S* ishty i%o

te'hiI© Cii© m argins amy coat .,la c o a e iu e r a b le  aaouotfe o f  
s a l p u i  e e .  Xher© l a  a v e r j  c l o s e  aefcocisfc ion  between 
t b i e  cii>&n u a r t e  anu 11 the  " v i s i b l e "  n a t i v e  g o ld  
s e e n  on th e  & in e .

In th e  .1 .-uy.iuo s e c t io n  the quanta has a dense white 
ml  Iky c o lo u r . -Vhls -&ay be due to  & f a s t e r  ra te  of 
c o o lln  J% foravln, s o i l e r  c r ; ,s ta le  thaa the quanta of 
the n orth ern  p a r ts  o f  the r o p er ty . owever, i t  i s  
thou h t t-»iu e f f e c t  s*..y be >iue to  a carbonate concent 
In th e  q u a r ts , g e n t le  grad ation  from the h igh ly
v itr e o u s  and bla 6 ey  quartz in  th f north  to  the milky 
w hite v a r ie t y  in  th e so u th , i s  b e lie v e d  to  e x i s t .
-here i s  i n s u f f i c i e n t  a ta  a v a ila b le  on the 2,500  fo o t 
space between the . .auaao and hong John se c tio n s  to  prove 
th i s  c o n te n tio n , a lth o u ,h  su rface  in d ic a tio n s  are th a t 

e n e rs l ly  the  re i s  an in c re a se  in  the carbonate pro­
p o rtion  o f the  rock southw ards. (Gee - la te e  Sos. 12 
and 4 > ),

w h ils t  a p o r tio n  of the u n d if fe re n t ia te d  sed ia> n ts  
was p roba . i ca lca reo u  , th e  ^ a jo r  p o rtio n  of the carbon­
a te  a tsre bt liev ed . to  have a r is e n  t  .rou b c a . b o n ltie a tio a  
of the  country  ro c k s . ;s euch, mo: t  of the carbonates 
have been in tro d u ced  in to  th  .. urrv/undin, ■ rw one tones  
ad r  i  t lv e ly  l i t t l e  occurs in  tbv a c tu a l  o re . The 

ore i s ,  however, tran av e rsed  bv nany carbonate  v e in le t a . 
.hey  f i l l  ctoCz.fi ana e s s l l  f r a c tu re s  which cu t across  
a l l  t  e o th e r  in e r a ls  «nd s t r u c tu r e s .  I t  i s  considered 
th a t  e l a r  @ p ro p o rtio n  of th ese  v* i n l e t s  (up to  two

In c  & t h i c k  y . . /  -
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' *‘-1 ti s le  vnvlrorB. kc , e a e re l

"'e i;r t 'a l l f e  3»1-fl«M  ol tb* :.;«th-

"C " i4c d e  ̂ 0<?itR * **» ^ r e  fa r ted  b. t  tc ^  ;>e 
y  / '  ***1 * * * r e t l* n r  -  I t  i .  w l_*v .d  , _ t '  
t l i * 601 ve % tbe ..0 u.e of v i t t. i a  o f she
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.

.

i :  v J of the u z r s o t i t * ,  i t
i r v & a t l j  m i  i n i r o t  ced s t  r. l i t e r  s t a g e  of p y rrh o tite

  1 "ijjipr  kl of sc.-Boawlc i* , o#(Wka#& i»
t*’- - < 3 W y . ilea  ;.■>; e*i@#a# r is ib le  gold
are z irelg $ ;«aa on Vubsehikwe iiitte. Xb order to 
exa^ltte the old tor# c lo s e ly t eoiBples of c e seea tra te  
obt dL&eo from the st l l le ^ a  Ja.&e* ta b le  In lihe s i l l  
were t mne d » t  • ; rodect $ eturlehed in  .;o!4t was

4 0 id  1 i knoxn so occur on t  ,s -xiee s ince  nofc^ete oi
several a iU ia e tie .<  in  s i t e  are recovered fro  a the

ictu . . 1  -een 1 f i tu  w s r  teh ee  f r o , ,  the  m e  action*
\ 1 v ti IO • ' * y • /

liftacd  op tion  uJ t -.6 old under the n  f le e tin g  
lie  co co t s h« i . t be a v.. r  . < i i-v - y-" ^1 bw $ * 0  uziuer

B cicriee*  a* fleo ta4  ll.gnt i t  shews & d i s t in c t  cwt ****
.

n ectloe  - a ; s  / x .eve t  .i i t  1 » po) idbln/.
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i & h t j  T h r e e

la ch es  th ick ) was a e ,.o tltec  by percolating ground 
,a :o r5 , mLicL -L Bolved c  rboaates iron  the feenLtoae.

r e d . p o . i t e d  th em  i n  crack, i n  t h e  o r e b o d l c a .  o e v l r  
s ia c e  so a ie  01 th e se  v e i n l e t e  c o n t a i n  carbonates o f  
hi a ly  c r y s t a l l i a a  n a t u r e ,  i t  i s  th o u ,  h t  th a t t h e s e  
hare been p r e c ip ita te d  iro n  hydrotherm al so lu t io n  at 
the end o f  th e  K ia e r a l is ln g  p h a s e .  no a n a ly t ic a l work 
hi-s 1 e n  done o n  t h e  ca rb o n a tes , but h a r d  specimen  
exam ination  su g g e s ts  t h a t  t h e  bulk of tfat m ineral i s  
c a l c i t e ,  w h i l e  some v e r y  b ro w n  a n d  w e l l  c r y s t a l l i s e d  
p o rtio n s  o r e  t h o u  ht t o  be s i d e r i t e .  The o r e  o f  the 
aganc -C tion c o n ta in s  & very  much g re a te r  proportion  

Cl carbon i t e r  t h a n  th e  o r e  o f  t h e  m a le  s e c t io n s .  t h i s  
is  act s u r p r is in g  s i n c e  the lo c a l  r o c k s  a r o u n d  th e  agano 
r',in€ i r e  -sue h ac •..» e a lc - e r e o n a  t h a n  t h o s e  f o r t  e r  north*

I t  i s  in te r e s t in g  tc  n ote  th a t although the ore 
co n ta in s  carbonates, these are , re se a t  in  in s u f f ic i e n t  
q a a n tity  -  or in so lu b le  form -  to  p reserve the  
p r o te c t iv e  a lk a l in i t y  necessary fo r  the e y sn id st io n  
p rocess used by the mine; and considerable iijse has to  
b- added tc the r i l l , ( %*$ P late o . 15) •

ik i'H xBis- lu. .A *

The clay  k in e r a ls , iron mineral* and the fine  
grained quarts o r ig in a lly  present in  the banded iron- 
etones probed)ly reacted  under .-eteuaorplilc conditions 
to form ir o n -r ic h  aa, h i boles# ome of tce'se a&p l i  boles
have subsequently beer, a ltered  t o  c h lo r ite s .  xceptlon- 
a l ly ,  the amphibolys fora as much as hv of the rock

by volume; • • /  -
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-  Ifchty /ou r

by 'O liu te; but ut w u iy  -,ni, about 1C . a»phlbole8
ere  i .en- le a  by 6aup and are  d iseuased  la  a is  

ani.dbU .he* . e j o r t  u = l  ; U .X 9 JS  Q r u u r l te  is  “the 
eota lonest s» p b ltx ,le , and secure a .  f in e ly  d iv id e d ,  th in  
f e l te d  or. . t a l t .  rhsa* ox. c t a l a  o ften  ra d ia te  iro n
aag R e tIte  bands inco q u a r ts  b xack jun the j a s p i l i t e .
• acre th e  iro n  co n ten t w a s  low, h o r n b le n d e

has formed ^ t h e r  than  ^ x u c e r lte ;  enc in  the la *  a la te  
vi , i n l t )  ol qu&i'i.* v e in s ,  tre u io lite  o c c u r s ,  o c c a s i o n a l l y  
i n  c ry ^ ra lii ov . an inch  l o n g ,  (Sea a lso  the d esc rip tio n

r a sp lilt# $ uncer 
i . c o l o n y . ;  i s  i i e t s e  l o t .  >, 7 ,  , ,  U ,  1 ^ ,  16 ,  1 7  and 19

i t  i- only tourt. i l i a c  < sen on the nine occurs 
»deocl;ted  w ith  very co a rse  a reen cp y rlte  In  jnd near 
iu :»rt z v e iase  I t  i s  # ometi %es essn  to ; one t r o t s  the 
rock th rough  which the q u a r ts  vein  ,-asses, ge e ra l ly  
with c r y s ta l#  o r ie n ta te d  a t  about r ig h t  angles to  the
1 lane o: the  v e in , in  sose ca res  a band co n e is tin g  
a lso  a t e n t i r e ly  of tc  i r s a l in e  i s  formed on the edge of 
quart a v e in s . Tbo #„-.»• c  ucn occurrences average* 
about one inch  0 o a is a l in e  on each side enclosing  
a t  i;it tr .re e  inchec o f  :uurfcr» .y p ic o lly , cbe tc im eeline  
f o r s . vu-sses o f combined c r y s t a l s ,  u su a lly  about 0*5 
m illim etre*  th ick*  and up to  19 n i l l i a o t r e *  long, rbey 
are 11 in t.a s®  b lack  in  co lo u r. ic roeco  ic a lly *  
the c r y s ta l s  show v ery  ty p ic a l  c ro ss  f ra c tu r in g  along 
th e i r  le n g th . hey are  coloured a very deep brown 
and are  ver lu c c h ro ic . In# , leo eh ro ic  form ila  ic  
fv « tra n s ;  a r e a t  ,.«!© b u ff ;  -  dark  re e n iih  bro^n, 
kroB th e  u soc a clou w ith  arseno y r i t e ,  th e  toum & llne 
it. c nc ldered  to  have c r y s ta l l i s e d  a t  an e a r ly  s tag e  
in the u in e r .v lis e tio n •





• : -

1 hirty : v o

.##  a la s  > r l s  #  a«*ll 
; v-: t- i l l l a a  c*RC' Lr • d;okit t .  •

-  ■* « >  . , .  ; j . A  | W  ; i » ‘i a p  l ‘ « t  5 L i . - , $ V t e ' . x  b y

‘ /?»«•

' i \  U-: : % i l i i f f  - . . .Ice-
vj. L. .- i srf <j >w»

'■;• # /• '1 . ..

r



I  L U

loau ;

iu,. cx «6 So
:, A  , >,7V?

Iv/fvv elb*4
<»: .

A - t  33,111 
• ut:, i l lJ,90C 1,894

75
v-Jt , #13 14,484

,  15
4i , l  3 ,

y  ,
,  - 1  '■

1 ,7  0
t

1 7 ,/  
7.4 ;?

■.
-, ? 1

w ith  m ill

3  a

1-321 ,.i
9 .5 (0

4*2 ,3c
. ,3  0 2J-.lt

lo.%>
11,

*  •:
06, CC 3 ,7 /*
;2 .>  . v, >
j -/.o  V 1 ‘  . :

_______ ______



.. sSsroettu'tf o/ Vel;o.ehikwe 2.u* CiV* *
' ■': •  ̂ «* Laeeeseioa of .eo lo ^ ic^ l ;
thes< ir-rooest,» have been eut-dlvided la te  . w * lv . >f 
i.ur e toc*wu-: tileturb*ncee seea s , aaleti hj eoatiitier^Me

^ - v c  v.'vr-f. the di': tvrL&ja#
wWcA Is- a.ltita in  >.* >«•, tiozi of a ra,, ioa-.! r» e
• a&achik «* 4m l ie s  %m # $  a o r th  lt**V •?! t, ..Ij s.̂ aS*>t .ij 
tac  itioSi the ye of erefcoo lee  i t  4t:. ec,: • t ©*. a
cca#i. iar t ia e  ai -are a , the rocks being
iii on -y c tt / f ,!  i tu .‘es •-.#..enoent <m - e r  tax-an&tie

& i »t< > vj ;: lwtisln&. fo is t  u l m g  t  ie ll&'tB e: the syn-
fOJ'.i, < •• i f Vvl ? •-i . [ttitc lot ace* thoti vej ■ „«b i.e

y-u* ioc c l ie n t  ion o /tlm .ta le  in  «e weqweae# of 
,lttx /it... rit«it i f  a bostisen oeeuriMtetoe in * eev.atrlea
u Lt ijpee« si t .e -rorl..,

•tiiac U len o e in ti a t sen la the ores <31 
$ubr,3 hl-.„ #  ne is !0&r :.4#re4 & ■ ■ /I  evide-<t?e :•■; its  high

I tact it  it  j t x ii.il*  thst. .•.o, in '- •: e*: .•:*•
«?hea t  ...■■■*"5>ei* v%t •■ ,>es4 2 •.-■ c ' ion '* — - 1 * *  ti -- -f . ■■’■■ > t
... .j . j faa teen  v-- -.*> os .fo; ■• in t:-e - x*i 1 $ t? :ne• 
a n e r t l  svlttt > . 0 * are y e r t lm l rl,v ^r:sra«t-., ue=2 i‘̂ 1  
b e r lr  1 •.• :*:i of low i 1 .wr c • « ..-.io - ■ -■ ts rg . ^le







Pag* XOLrtto



66® lO + T h irty  ‘our









i  -  195? .

i s o + r t s i t ;  hre*

’ u ,:U ' '  lv n « Ui9 folio#im ; om wa## h,v* Wen 
r.: r*d f '* p a ra \e !y ,  ̂ ^La,, .,.)r:.ec t r i b u t e : -

«Uy 3&%. >',.' avt/tot*

i» t  fct . i t# *  ;v-ini u-3 <af 1» J l , 1.Cv ftcaie b a v t
t r e r  »i# 4  15%'.. t'.w . ro .e rty *  #'l$CCO otmeer of

iv . . v t» o ; •;: , v on#

i 6 * *

& 0 r: X

I t  isi 8«4ii ■ b --uieiest • .fu \ixi.i* led to  til* 
rcdiS'Oov^ry or go ld  i*  the  aorbh—wofct ,,#%&&& so ld  b o lt 
net u t  1. v . In tbo e - r ly  lc )0 * s & bort, of “p ioneer 
v.ork-tJBt ■• -;ore : t  r tud# r l o r  to 1890, . m e t i c  -11 j  
jj . t . ‘Ln ifi known o i fc e Vubso. Ik  >6 If . s r e s  i in  I- ' ^  
tii€* .'Vro* w*% uo-^uirod by the .loo ..a& lltos ixjtloretioB. 

ya 16;-.to .  ho t th i s  a .o  n  et-nture fa ile d  a ieezab ly  
.1 ^  o le a c j •■.. ■* ‘ sent, .)

ub® :;yadlcst« '4 9 v bonftmpt jod the ,ro i  ? rty  «oa take#
-

a t r i s . of clelsi< ley  dor a» t frou  1912, axcei t  for -j 
?inert rlo d  l»  1916, won passed tc toe i.ov-.-vn -r.u

,c 2 , 's  v ribu ted  out o rtlo o e  of the *r*a md
t .e ■ i n 1 : ov . # /



*  5 3 ®  I 1. ,  w * w t i l v e





i ■■■ € Xv'C *• rv-eat)’ , our

' ' ^  1 "tr -  r.t: . . ,,,)

' ;  *

.-3 ,-arc &*c

incv th # a , , ■"‘ov- h t  n >$,„
" ■••u; - -if. .»ti #1% : t  -3 %&.: tiS}.. rove/ a

;of : /  . re,-?* . t lo a .  . - .Ha t  tor; , ,.-.i.owt
*;..; ior ? : -••. m % %  ( i  . ?l) ,

; v -K ; ,n C' U Piftivci ti. i i iu€  t -■ ui - 1  i'i 
U >R a $0# , 'kr&Li#

''U > 4 -.OC , .,JU. X ..*1.,,. Ilk?# M 'J*«sctsric 
Lor ti z,im  :••■• "-iXl <;r t t v . v. ‘ 1 *$*$##
.,>r e c t l * *  i f  163 t- : ,  . . .  'a&Bfl ax*, i *  j s t  t :

t w  <#itu 4 l i t s t l t  . *1 1 .a  ... i«
/rtlfd* oi'# '11 --/i 1 .^-u  . .n r '.L j f
) ■ 1 #■* V -3 It. ' il« t t -V . u t f  ••:;#. V. , .• :"t
i r  the rthui- i'htiyt>&oc. v - r t lc ^ l  ab a ft C «e . la te  .'-o. *)
/ M  in  w e l l  »= i i l i » p e 4  s c  th e  b o t t e e  o f  t;-. i a » *

;" 1 1 i

,1-raoti b BOXtln #%, • r ia t r o t e  c a r r ie d  out on the

aaa a c t  le s s  e v rtsd  out* &lM« ta< d l l  0 *5 a c i t j  *e.
re e ■. a t . tus t  & - t  jeui - ,,s .-.l îsd#
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