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-14 pm.te 11114 lftlli• ...... flt n,m, .,,,... and the Purl 8114 011pa 

J!Mdn.Nle IIWli• aft noll'llcl. 'Dia .U. ---• I.a Olllftlate41dth the 

'1\11 mt IIWd,te flll 8'lalk Afz-:1.oa. l:t m-t•lll' ._ the etteota el • ...., 
, 

----ti.Ill_. Nd ldMti.ca .... lbat.a eee!Swm~ 91a 1llillll4'llllu IIWli• 

-- la Cllllftla-4 with 11118 Qape ,nld.tl d iatdbl~ a mn ..W. Jlll'PDl,l 

,.._ - tlae fuia ....,.. I. GI yat'l• .., U ... f/1 thlt ..... ~ 

laaqus.la4 q,uartatea .a tlla tae4• ., n laitN, 'llat ta affl.dl.al .,.S«11n01 

ia aw1 lable t.- cld'lm. 111 OlllftlaU.. 
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Jll1'J polC8i,e+.a wt ,...,.._. haft ._ attnoW to -qaallllt1 Id.nae 

thll t.lnt cUaoo-, ot OOJl»«I' la 1685, bd, with m ~ --,liau, their 

inwnat bu 'bNll atnl:, ~.a With thl eo111 ,.s.o NIIOUIW or the oan-,,. 
I : 

'!be,.. ... ,. ........... ~ Sa ........... to a&1. .. the 
~ 

~ ...,,... flt h ..,.,.,. 'NIOk~. A l'...-tauw u-. -.. 

..,......,. ll91eote4 tw a.ta1lad ~ an4 tld.a .. tt. UN4 u & bu1a 

tor a w1awr ~U• nu,, lllllrNina the aiwd,tu ..a. qull"'bltea fftll 

ft1"ioua Jmowa t .. ticna outaS.68 H-.qual.u4. 

After T.lllltina lalV' pe:rta .r .._11wlena cin dz -,.rate oooall.1cma the 

wri.ter aei.oted the fllftl Agero,a and part ot the ~ tana lwl'water to, 

anas.le4 dNarlpUan -1 Da:PP1111• Bu.Uta thl ftllNNllt&t:1w aharacter ot tht 

rock.a en .._ tw tw• ZUUraw hu the a61lticlul a4nntaae ot ocnta5n:fna: 

an eztt1111l.', 1nWl'Nt:1na and Wllque a.,po..i.t ot 1l"Cll .-. uaooia.tec\ wlth barita, 

An ----' t.a giwn in tbl t.u.c.traa ,.,,.. ot b 111!oe, anct ~ 

ot the area auz ..,.a, s..e. ~ an4 ,_... ot Zllunawr, A oa u;aratlw 

ft.111\1 ot tbt paltea Gt 1fl•,palNMl, «IIIJ11MQ& th-, l'ullooe ktbolit:b1 ia a.alt 

with 1n a ~ ..,_. With the olt31ot flit• (a) at.T.laa aut ~ 

aata or • • aa. --.1e ..... , (1>) obNn'SQa ~DP1wtdna featu.Na flt 

the• annltffJ (a) aftll'IUng a GClllpd.aca -1 poe•~ a waa ot oar­

relaU., 1Nltw1an thll lfullqualan4 ananS,-■ an4 1iba cape Jllaaln•l• a4 Purl 

taos.ea et the Olpe ......,. •• 

QU&rtm.tea tram 'ftl"iaua plaoe■ in Xuaqualan4 and. tNa t.be !be1a end 

Rall& av•t:alll haw 'beta ..-..1JMll4 with a "f'iff to eata'bl.111dna a poaitiw ooi­

Nlatian with - JcnOlln NM.lllatu,' Nl"1ee, 

ocrrelaW the ~ (lllllZ"'Ud.tN 'With tm KMSen l8rie8 mt aa th1a 

WUlll)ti.Gll WU ~~ bue4 GD fteld. Z'l■ld.lanoM anl1', it Wll8 hGpea. t.hat 

DION &ttaile4 nut\, wau1d tum1ah &tf'inite proof ot their i&mtit.',e 



LOQl'£N1 NW mwg a, ARM-

..,_._.1a aitu&W in tha ll .............. ,....,_ ot ~ 

(...--w latituaa 19°1,, SllutJl M4 1-gttualt 1So,, ~ :But)• It 1a ablu\ 

75 .U.a Nwllla 1aat ot ~, 2't. lld.lea South f//t tblt an_. ri..-r an4 25 

•1l• tt. Palla ...s.ca nat:lc. The 4iz'eoUm r.r. :PGt&adc- 1a 7'i° -...t 
flt Soda an4 tlwa Pella mtMS.a •taticln ,,. \feat ,,, a.th. 1ha ..s.n 1"lllld. A-al 

SprlagbGk to PotaMlrl- pea=•• throqp the tam ~• 

'1hl 8Z"M ti. 1lld.oh tbe CGlloatd.cm ot &ftlld,te tpeOiMll8 waa ..a. ateac1a 

flWl ..,_ Id.lea IIOllth of V1oolalrUt ,Gil tbe Olwlp riftr to tWD ml.lea aouth 

ot ClrSea. It 1a 'bom4ll4 en t.blt ...t 'tr tlMt tam A8fll:tl• and. Oil the •at 1v' 

the nmp ot Hua 'bec!la l'ID1ina ""9t Wat ot ~. 1bl ap,roil•te 

PoaS,tiaaa .t.rca 1lld.ah. eaGb aria• ot apea.iWM-.. oollao"4 an Jllzbc1 an the 

w !PMw:m& tbtcih lllp ot ~ Dd.a ap baa -- ...,s.w ,_. the 

~-.1. -,. t1 the t.lld.al, nr. A.t. au. Mt'• po1os1o-1 ap ., ,Sollth 

~ ad Dr• 111P M'"dl~ • 31 ot tll9 Olal--l Stll!-., 

pub.\ioaU.., wt ._ the 111.1n ~oal tet.turea of ~ but the 

eoale &,ea - peld.t tM lnolutd• ot ftl&Uwl.r -11 --• aaab u thl 
' 

~- ot tba Bm m..t hf,Jla, eto. b ...... .,...,_,. el the cal4 

Plld,tlt 1a AO\ at prNlllt lmMl, .a t:lw oontaot llllrb4 an the lbteh -.p la 

punl, u'ld:t.n.17• :r. ti.cm ~ the -tam lilllta ot tha ol4 

pud.te I • i.D&1ebto4 to •• C.I. Coetw 1'bo bu IIIP,Pl4 thia area. 

Ol1'ta1&t the ~ U"N. ~-• t.. Ollllplftlllll _.. oo1leot.a. at 

Purl and the Olpe Pwtineale aD4 quartld.tea at tJid,nalca and ~. 

1ba fU'IIIII A a and ZWrw-• 'belAng to a relS,an ot 1111111 t. i'he 

IOllloel'¥ ia v,pioal •:tue,,_...• pro~ 1:1'- a floor or rwa. ..a, ._.., ADI 

~ ~ tl&ta, tl.l\l'IDA en tM lfcrih 1:v a tla~ -.taS:A ridal• 

1hl •x .. u.,g.• ooald at Ill DIJl>S.• and 11,11a, w.zlr' an ot 1lb1ch _.. aawe4 

'b7 Ml'4 nad.ataat W. ~ &Nli,llll qualaltla. 
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A view of Aggenys tdken from the 

edstern boundary. 
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'11111 W lbil'll aoantdn 1"111111 f4 qartaltea fw & •ter IM4 ,,,.tHSID 

nca lbw4 4'l"l1M8' to the Orazwt r1wr ad tha aouttmn inJ.anCS 41-:1 ... , 

!bl •--- Wa ot AaeaP -1 ZWL-a.- ere W'IIIIIUF 4111• 417 ,ama to a 1U'II 

extent fill.a with anA an4 4nrlwa, ~ an.- a111p\lc1Ml'.1-, i.n, n.Saa 

4o tblf.r tul u4 9'11n.tllll1~ 1-- 'tblllllelft8 in lllllll talaa4 .ies.a • 

._. ........... lldafall 111 tJpioa1 flf thie UN 'Wltb ~ an 

0001-'0llal llhrt ..,_. .- ..,. in the w.lntw. 111111'9 aN no aaot: ftaina 

ddla~ tor the total J"&intall, 1llit th1a Pl~ aoe. -' _,.,4 5 :1aoh1a 

pw JMI'• !be olillate 1• thua ~...: ~ tbat ti ,-ua. Petaallr. r.nbarti 

.. ~ ~.Sthe eoutbilm,...flt , .. ,.thltotbtlr-

..., _._._.,.,... 1'111Jll'ftllWaitdll41a~lll4~Sa 

ew.-~ witll Bu\ to 80llea llut. Ia w.lnw the 111-4 ~ MinlT fl'la 

f 

'Die......,. 1aa4 ..,._ ia ~ ~ felt ....... laNl, .. 

,__ pD.'t or thl ....... , ... p ..... et.. .... 1a .i. ~ tJI a pl'ffi.ellll 

p111Wpl-tian IA th1a --. 'Die flat ~ qlm'Ulte ~ a-

tenMaa s._...,twatq tna AG_,.. to t11e OIIIDal r1wr 11114 ~ 

a2Gltl !atel 111'8 _,. w••~ 1118 - ._.,, 11114 thla la "1411ltq Mt 

&le to horlaclltal M4tUna u all t11111• qlllll'bltee asp at ,.,. betuec m0 

ml IIJO 1a & ~ ~ 

PJ!K!IOUS !91 Nm LI!!Bil'QJI. 

Jfo ~ •o.loaloel 1IIDlk haa bNa a.. in the area ot Suul:w.ter w1 

-'l'&tlV•• .lti the,._ ot tbt Jdll, a.rtlslp, SA ZWrate- (- -,) an 

•banc'laaef wll an4 Jll"OIIPNUIII '"-ah .... tOUD4. !MN lie & t• _,.,,.. 

__,. ,.,_ t1tie .a. ~ iNn _.. -.a 4ieol••• tnioe• ol oep,- l11riaa 

.....:La, • that the ~•..-U.C-, law,.._ tw either aoppet" _. 1:Nn. 

•• aaaer, .. Ollllat' ot the ,__, watiaail4 1:llat pl4 W ona. bNn 

tOUIIA IA tb9 Tiolal\T bllt ilbat la._ NL« ha4 ,. te ...,.~ it. aao\ 

1re111.-. lfw fll 1M flllllP1ell ~ ..a or .....-,. haw yiel.111114 aol4 m 
, ......,1,.i,1e quaa.Ut., an4 it la JINIAllll4 *'• 11' tJd.a ........ baa ~ 

Uca, b &014 111at 1- f\a"thez" at1el4 _. that ohalCMIIO':ri.te, w Jlll",Lte 1laa bec 



Ho 1111 .. eaJ WNJ apa .,.,. U J9I ,._ ~ f/1 tbla W 11114 Gil tha 

1111p ot 8Guth Atlioa -.u-t V ~. du. !Glt, it 18 ~ autal4 u e14 anni•• 

IA~~ tld.a i..it ~ data it bear• MOIIIU,- to a,- to eatab'.11eb • 

Olmtlati.ca ~• • the IM,1111 ot .._._,. -4 a.a-•, el the parta of 
t 

'DWI ~t 11_..ture m tb• lllld.tee ·flt JI: qal_, ia u tollolfsa• .. 

. , 
lhPP I , .. ..a tie Nll-1• tat f.\ ill iatNalW into t1111t lllllltilt Nld.ata fll 

tlMt w. DI.- .I al.at .,,._.. • h&ft ••1 M tbu. nla....._. 

' 
It -.a JIIII, hlaN&, lldU 1~1• ,._ Dr, ._.,. am ,ac,414 a ,-tia ol . . 

-.....i.a, tllat a 11,11.n 111111..,.... 1--..t f//1 tt. ,._.., --1,te .,..S.u 

wu awtlabl• 11 • ~ i.. R8811 • ....-0- it aa a 'ld.u.te -1• 1lh1AII 

1a flw.i'•~ Pll'f,lil1r1U.• tlall ,._.., • .,. ~ Ill wMIOGl11ai • 

J•lhlte, 1114 the.._. ....S. ..... 1-1111 . ' Ill.a•~-._•, ~ 

ct1&N1 "-tlte, apt.Ute, ,.,...s.te, · at.Na, al OCMMtlllM•IJ,- ...._, ... 

tr. Claw.a ' waa tba ft.rat to rcpwl thll .«•__,. f/1 • el.aw an,d.te 

..-lb tit Jedcal,__. a4 to ~ S.t I.Na the ~ pmite-.. 

-- W'W\Y IINli.W _, i.. •• .. Jn ~ to tia ol4 ll'fUd.te 

Dr. CllfWII ata11ea •tt.. ~ ..-u. ti. tbia ~ ~ 

pa1d.te "flll'iea. lta 1mlk NJIP ..... & typ&al ld.oU,te ....... witb 

~ ad wtllGO:l•• ll, fw 11.._•tiiaa ...- ..W. pi.gsoo.l1• .a with 

11"'1.e w 1110 ~ ~ tbt ld.etlte paid.ta Jrld• , ....... ._.. 

1111•• • 'lie an ,..._t:lw tier at ..,. • ••- to 811D11t,Gd• -. 

q\llll'lllas.t.tia.,_ •• 

~. an.■ ~• tha fndal ar sq11al,.. pant.• u a 1111Mi--...S.., 
' 

-4 bll ....._.d.,_ f.t fNII tbl9 al4 ..,.S.te "1' 1:1119 a'b■_,. _,~.a 
• I 

tbl,... that ... ~ ---- ........... ibtlo 4li.erl.Uo ~ 



Bl &tt.ri__. 1M hip ld.otite OClltlrlt ot o.-ta1n a:reu, ••8• Elrak.daw1 to .. 

a-a1Pdl•+.s.& flt biotlte aabf.ata an4 otlm- a:raf 11..,.. 1"0Clka ot tb1 Ehna 

....... and--· to "tbt f.Nqtant pl'UIDOlt ot ablndlnt aiJ11111Di ... aa4 

.. a1 .. n.r or oa,■••• aa f\lrolbue ~ tld.a fl.AIW". 

!be 4,lllll'Ul ... et ~ .. ~u..4 1:lr x.. a.., ....... fa~ 

tbouabt t.o w ot Spteaa -1.sSA anA ......_,. Sa 1928 tint pcdaW out thlu­

~ ..... tar., tricln, anl ......... that ..., NJC••·" --.1.itha Oil 

ftal)"'8llt-« ~-••3 '/; .Dr. a. .. a ....... tb1a rift ot ~•• 

ad ac1da 'fllluel,la ffi&llnle, (SN M 111' )I ot tbl GM118,1Ml 1w ftU 

JUlaJJ•tt..a, p..- 2' 11114 27). lfo ~ '111ft Cll ~ quartld.11N, 

(a) ta tha J'1el4. 

Tllo ... 11114a:r.r ~ bNocu .haw bNa. enot.4 on 1ha hip 

quartld.te renat• to the 1IIUt u4 ·~ ot the tam bwlea en AIPIP, but 

.. the• ba4 not been .......,_a. an4 U the llG"II ~ CIDII 1IU onll' v:1Jd.'bla 

fNa paria at the tllt.t==_,,.a. ~- IIOUlltaina in h JMlrih, it waa a.a14e4 

that t.be beat IIND8 ~ Dlllpp1zla 1IOUl4 ,,. tr t.ht lletb4il4 or ~u.. 'lhl 

'bue lJm wu ...irea ha the eaatem tam. hcRaN to the tam~ on a 

...U hill 'befliaa tbl ne4 to Nalea. t ._. aAa 1V' mau f/t a ftD81 

tJ.nam:t .a C!bedclt4 ,v ll"OOM!li'ft ., .. en sw ftad1np tn tbe oar. 1ra the• 

baa po.lats lbota .._.. tabln with the plaDI table u4 al14Mt to the otMr tum 

,,_..._. anl all ~ hS.]la, '!he aaale a&lpted. fir h 111p .... 1 I ,0,000. 

OnMpe• J"Nalnp .... qui.• \llll'911a1tl8 elld.na - the lup quaa.tit., ot 

41:n.alcnal llllp8 ot Jinn..,_.,, 

Odna 11D -- ltnc ~tmaoea ........ .lullquaW OUS.• ...... 

,... collNtie4 at :l.nterftla tit app.Nad.llatel, 15 Pd]M.,, tlraa 2 1111 .. MU.th .r 
a.r:IAta to 15 Id.lee aouth ot Steinll'.q,t. P1el4 .._'ftticlaa ._., -.vv, made 

aa om,ttnnou aa the nature ot the oomu, pend.tied. 
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!RPI« IIMI II AYIP MP D!I SI !B!lfld& 

.. IIJ.,.._tl& 1t' n.,-:ila.1ll•l ....-S.taa, 8llld.na, . . 

flillf)d)o1ltee • .._.. 01llg1, •-. fllllf' hll9 all ,._ •t anJ,b■■r& Ir 
aaia'll:Nlt.111tip].1&11ad.te. 

tbl ---• la & fl---lal!ldlllil.-. -2,itie ....._, JSVSI I fa•~J, IJlflfl D 

ee1tair1 1Mt 'td.tb plat WII t,le• 1114 lli.e'IIU ltd.te • 

...... ....... ,._ .. ...,, a..-, "" ia pr.lacdrJJ,- ----~ .. 

.ad.au• t1llt N 111ml All fl tbl ••t•I-- tt• lld.te 1'11111t ta the.--.. 

11114 tlail M]la to tbe ·lllllltb -1 aou:lta •n .r ·tlda ...... h ~ 111th tlaa 

aabiata Sa llfl 1111.t oll1Mw4 1ir hlz. wl•lerlt, ,._ .............. ia ~ . 
__. lt 1a a.tftolllt to -, ~ ,._. tbt palte .S. 11114 tbll ldd.al• 

· bed•• ~ la • diillM1 Ill a:,w, .-t the Sntrualw •tuN ot thl ~ 

aa tbll ..-,t.te-.aa...., 1ato the __.JaiDI aa1d.8ta at~ lftltla an4 

q,l:llnllwtndpe • ta,._bllllllf.t11•••teh....,..111ftl 

tllie eeeHeen..,- tw.u.a. Min ot tbll llllllf.• 1a ~ "lllatblrecl lll&t 

t,ielh a,,lfr IU .... ..UMtel tl'IIII • •11--U. ,_ a -U Wu ■m thlt ~ 

,.__..•>a 11.. It ia H"'2,· JCII 1aJf -.t tile._.,.~ the 

........ -·-· .. ---~ ttl .. --., Sa tJI ....... 

1111.11111••--- ............ - ... , ....... ,.,.. ...... 

• h -, u the . ..i. -• _. e ••I tht1r fMJMI•• All .. blplluat 

1ortt.1aa ..,..r • ._ -,. DIii P98111lti• 1llda ~ ta • ....-• _,,,.. 

• 1M ...... llel-.ka7 f/1 lullrwater oaataiu FF Pl: .... , 1-t b ...... .,. 

'lllilrl'a fl _, .....ia flt ....,9,0 ...-. 1, la ..... _,IT 1,1.e to 

.... 111111 • 11adU. fNII pud.te ....._ ,a• ti.tit• CJ.IIU'U ,.._ 

' A. lea]~ .. -~ ot....,. OOJl&;ll ,~- __.. beL nm .. aald.at• 

. 
al.all tllllt Mt.a qullll'tm.te ,..._. It la f/11 ,._,. lild.W a'2rrl, the .... 

baa& GD1' ,0 i.t Sn 1-gth 1', 4 feet in tldotnaM., ' '1bt pe'bblN an a111p,aal 
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Thf' northern qua.rtzite mountain 

ranges on Aggenys. 
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Ill qaN . .i haw aa ......,.. aSlllt f/1 ....,,.-teJ, 4,• a 1•. ._- baw lNllll 

~ to tiNotl.w1 P"••· llbSa ........... - ·- .i..,.a .. 
e1,u,..,,1a1--. n. atlu Sa 01 s••• fll nar rtaet qulftld.Uo •talldll 

~ tll■ I 111 ----•• !bl~._ 1111b ... ~ • .. ...,_ 

_.,., .... -.taa to tbl tan ill&t the at::fl:& u aaw w111l a tidal ftllJ ti 1ll.Mt 

U.--•--l!lpetlte. 

9le fta4in& flt 1lda ..., fl ni• f.a fl -»•rd~ iatweat U ~ IDI ...... 

~ II rsna? r 11 •" tbat • tlle tana - fttr •• hu 1llllt. n 1 ■W a.t tllia 

..... fl .............. -1 ...... ., ... ,..., ... 

~• aald.ata ....u. ..,_ .. -.1.w 111111 ._ ...-... 

OldDI to tb1t 011c,rn.Uw ..... '111th 1llda ._,, 1111&tllar, tt. llald.ata ,~ 

_,.,. the ...u.a bll,tc IB qllllfta.1.tt --• an4 the ~-- aUIIPI• el b htlle. 

!llllr .._ wit,' aU )d&t,~ ,..ttaaa.4 DI atctafr,_.,te CID '""e\Un&e 'lblJ .....,. 

.._ oelalft4 ,.,._ _. N4 1W' IND••• 

1"t1Pllllilft JMoctdllg .. ._thwJaa f//1 61 iNII W Olla 1- ■-- ia - fll 

thln.r-paSMIIC!ld.na. la ...... ,...~ia111d.teaa4tl.-!ftll 

~ l•n4 wt, 1bt IIIIMle i.,_ ill ...WMI 19d. 1'r ,-, Ute at tba __.. 

~ • ..._ Ir ,~rrtd.te. .. aald.ata..,. ~ Sa 11111 ftlati.w 

......... ,,, the1z-...... !la 8llda --~ ........ ..,. t!Na tllia 

............... - .......... ' lid.a Mt.1Aa ti .. ,-ad.ia -- lie, &t .,,, 

ate~, ~--~ tw tbe N•iateJ>te.,_ ill 1M addata Salta 

"ficdait, • 

.,.,,,.,. .. 
1ht q,aftllltaa ,_,. a lmt, ftld.ataat ....... to tt. •~• 1lld.ah 

CIMl'IIOtlr.l.l thia .... IID4 ill ..... _ lad.14 ft&~ ... tam zwapa 

~ f:Nill wt flt Aatul• to ... '"° 1lll'U blfml t:taie .....,_,. WS.th ,.._... 

••• U..,, are a OCUpioUlllall ~ ffldla.le floCII ---~ Z Idle• to the IIOUlb. 

fld.a illin. ftlDP fill qUIU"bl.tea 19 di.'IS.694 1:c, inla'-Me4. IIOhiet• Into two Ilda 

J)ll"td,esa• (a) h ldatl tla~ JllllataiDtl, -1 (b) a bltlt ot ti:fsll• mtez•o•I 

,,,. ri,w W., i M,+.li, to the Nlllh. !hi qartat.tee tip at -., .. bets Ill 



I 

i' 

Swartkop 

The bedded iron ore at the base of 

Swartkop. 



'!he aaJa-lV .t the q\lllft&lte la eitlm- .,., blrd.• -,:,q, .- 11b1te. It la 

ath •~' il'pea.41,J. ••at1ta1"1rioataotlr~ia 

IIINOri.te OID.WD.'t lat. ~- IIOb:l.at. Pale pint al nae ....... 

...-. in ~ patdlea at ~teJ,- 50• 11114 bl*._,. thl plateau lArNl. 

ia the lllia ~te l'lmp G4 ~ be1w tbllt ....-t1te llilrlte cll,pold.t Cll 

tlle WJ.a ', -4 'J• &lJMt _. the -...it flt .. Nll• 't, ~• IJ• _. \• a..., 

~- 1a & ND~ hatt.n Cll the northrlm A6t of 1lbe bill 'z- It 

ftl'iea m ooi.ur ta. allJJOAt ....a &l"IMll to pale pw. 4 dark quariaite. 

IIDttW :pint -4 ~ oooura • tba .... bill. !bl pink lld.Dara1 1a qana, 

1lbUe tba c1azk ool.olr 1a 4m to ,fl'btm4tm 1ac,.s .. ot ,....Ute. 

Dae u.. .. _._.. 1n. • ..._.l.T ~ ~ awr•••tell' J .uu A-. 

Sarik:lp. It OOOlft la h ..,._._ •l-- • rup flt h:JlJ•~ \ • 1,, 1111A a1aio 

iaflbe'tual.~•ott:ballllin,.... • .. 

<a> ....... .,w111ta,lM\e 

With 1lllt ....,U. et s.:rtlr.tp, 1lld4b 1a NIP~ o:lrmlal" ia plaa, the b1:l3• 

_.. e1._w, But te l'Nt, la 0111:t•n•:L• 'td.11l ~ atrlb fl the ..,.., .... 

11w ewe la il4......,.. With .. ~- .a NOUN at IH4'ltdM1elf' thl .... 

bai.Mn 6-a ~ to a;• !be 'Id.4th - .... 'be4 't'8riM tr. ,.. fNt to 

10 f'MI. 

' 
a.u-tiltGp, ao ...a. • ---.t ot ita bladt ~. 1a an ~ 

Jana.rt, -4 it w, at tint Id.pt, to be ••••4 ea.tiftl1' al i:rcl\ .... In 

poS,nt ot taot the irca Cft 1a el limltec1 awat, an4 the IIUl'hoe t•ture• are 4\111 
. ' 

to fallen •Lia.. aa4 tna-lta 1ltd.ch litt:w tlilt Jdl1&1.ale• 'l'hlt a1a OGMl!llt:ratlcm. 

tit.._ S.. in a lied 8 fwet ,thidc ln--1&W with-. ........ 11114 41pJdac at 

J~ Sa ~a~~ It la 11111 GIil pl •n:lw .....U,te ad 
I 

ha r , ~- 'Id.th ~ a .:IJ,pt ~ (ti q,\IU'b. .Aa o14 1lll1daa ~ a wll are 



.. 

The iron ore depos~t on the hill Z 3. 
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\ ... ,. ...-~ , --~ • ';._! . 

\ :~,~-)~ ~-. (· ~\~:.ia!-,,1.-:~t/,/ ' .. . -

Cryst~I s of magnetite and martite protruding 

from a matrix of quartz and barite. 



.. 

at.tuaW UOllt J) ,.. Weft at ti.- IIIWl arie ,-,,, A pll'l&tlte au.ta 'the 

qarutte at th1a peilatJ it 08ft"1ea .,....Ute, ~-• ••a:mte, .,_l NSVl'lte, 

.1'11'1•, ....a.ta, 1111111 lllladd•, 'bead.4N ... tit. an4 bl111Ute. 

,.,_ .._. ~ ,,, '- llrfNlt CNta .... the Wc\tna ., thll q&lll'Ultea, 

,._ iba '1DJ> t4 ~~to tbe laue. It oooun u an 

iqlNpit.U.. at the q&lll'Uite an4 ONT.I.N a tar .,._. ,-..tap ot silt• thin 

the 'bec1de4 ... in. 4q riNl'-W. ~ ot ~ ..a the ._ tlata tar 

... ti.atalloe fJ'lom the bue are litt:en4 _with bouldm.-a ot -..lite. 1ht root 

ha-. ._ a wr.r tine ,ol1ehe4 ...taoe cb.111 to~ 

0ll the ~ ... ol thtl hill '-a the ~- bt4 ft8lJPl&ft, wt .... 

u wll:u al-,',, it .-rr:Le• 111d.te MA pa1- pi.at llar.t.te u tbt ab1et PDP' 

....i. !be W14tll flt -.. 1-4. la .....-S-telir 6 left, .a. thlt ....-ts ... attdma 

a •tz1.kia& ~t. J.Wteot. ~ or ...-U• 11114 1•••:.tr apha ... 
's,n IIU'tite ftS'7lna in -- ttell ~ Cllllti:lllt,aec t:o a ft,, .Ult ...... , ~ 

tz... a witw ot ....:a,~ bllrlte 8114 l'_.., __,... . .. , 

At \ the -..Ute hOri.aan OOOUN on the NUtlmn a1.epaa ot tbl bW.. 

!'hll,t 1a no "P'Sldhl• blr.lte hll"f, ml 1h11 .,. hu .. ,.. 'bet• r waelw. 'lhe 

.....-tt.• w ocaat.1.mlla .,._ the tip tit the hill ',• t.111 en ~ 'beensnc 

_. dj•n• da+.ela at h -..tern .a flt the hill it r... wialata lftaatdna 

thNiuah .. be4 ot quartat,:t,e ' feet tld.dt. 

Ro~ mtGNp ot ~te -.a tOIDl .... tot y 

lll&'llllti• anl hllealaUte oaour Sa ._ belt oil b2 Jla ,...,..~ to the eou.th 

ot tbs aln ranp al ~--. 8114 -=tm4 Sa the t.. ot a ,..,.,_ dlpold,t hr 

eppNlll:l.atel-, 2 -,,-. 'lhl .,. ia mulw and hu auMrs..a e.xtimatw Mll'hoe 

1111&theriaa to ha11aUte. !he th1o1c, ru ftl"J.ea be..-. 6 ft. Mlil. 12 ft. No 

....... ,.. barlta .... touna. 



I 

I 

The bedded amphibolite. D. 3. 



• .:J) . .3. 

11114 ,..._.._.. TM 'ftnt ~ ,._ooam,a a a bill jut~ tllll -...tezia 

'baan-,, ol ~ .a ·ll••ll' i llllll wat fl the NIA to ~. It 

11N wr t.he bue ot the qllU"lld.tea, With 1lldm lt la SaterWfe&, 11114 alMlu.t ~ 

JVda flrGII the l,Nld.te omtaot. IA hwl epecd11M lt la a &Is boloar:,aWli• 

~ roat ocmautina -ial.r et C17Btala tit hamb1enal haflna -

bprfeot aab1atoN ~t, ad ~•17 :1111&N1ta ot teia,.. • 

.D. Lj 

'Jlle .... ~"rm ,u __. ~ the 'b1lttba ot the IIGhiate 

and qllU"lld.tN to the Zlllrih .a north ,an rll the ~•• It 1a a duk 

~ l'Nk 'With no 'bW et aald.atoll11r aa4 Sa henl lpNdMll reWlbla• a 

bllrate1a. 

h faliR 1a ..,,._tll' a •t:s1 H)il ... .at I ~ aa4 the latter An al...a 

i....«•·roet. 

\T1JIIH,loln Nn4 ....... flt ........ - 1-lh tu.. la .. IIOllth ... 

•at 1, ,._ ............. , but u t.bllllt an OIUtantl., llllftlll, thlV' ha'ft DOt 

'bNn lllppe4. !bl aa4 1a ateiraecl nlM. ....... \\,' um tadAu an4 ibl &ftina 

are w2" all ~, Mt ,......,. u ~ 'be t.he .,.. with ._ a..rt 

..a.. Tldrte9ll lll!PlN ,... W.. f:faa a a.pth ot a.ppn,de~ _. re., at 

~ ,1 1 .u. tr-ca 1:blt tana haUIII■ eouthwar« 1a 111111 ~ or SpriQat,ak. 

HJ'PMLOCI'. 0, 'Jffl Ni9IP qwm;z. 

'Jbl a1u flt the quirts pdna YllriAa fra 2e21a X t .... to t001a. '!be 

awraae ad.a ia ap,PNlldateJI' •- X •- About'°"~ h pw.lna _.. ftftdaa4. 

!ba .aaJcritJ' tit -- qllU"ta ~ ;prJ.al- to ....u- ..... la ....... 

olber m:S.Mn.la. Slla1l. ...,..ta ot 411n-11D :taalmdma ue to 'be NIil iD the 

4'111"11 e.lbr in 1ftUas _. ~2' 45.n:1.W. !MJ' ~ to be --••4 

ot apatite, 1rm ... , Uqu:U. ana aJ,au. ~su ta:ture rm Sn 

plaae .. 
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1-&th .021a. Inolnahma Sa the 1:ull.1ie OCIIP'lae a;atitet aapa1:lte, an4 ld.roc:D. 

Zlrocu 111'9 ~ lr wll wdrea pl.Nabrcd.o heloa. 
' •• 1.6') •• &Ilic: 1:IINlll 

lllftutiw inm.. PlAloahz,d,a 
X • 1.i>t X • pale ....,, JeU., 

M9!1!!!1e• 

~ oooun in 1111111 qumtl\r• It 1a Sw•alel ta qlalU, wU-.la• 

Pr.t.alatio IINtiAIM .... pea 'bt.la1 ml gift 

avaipt ~ A bull NOt1c w1th low ill-.,.w ooi... pw a _.a. 

MaieJ --ti.w iutel~ n.,..,.. ' f .... .,, 
Rlltnotd.w W1•• 7 • 1.,,., 

• • 1.,a. 

91Ute u pla1d.N.. Jlatrl, Jaiae •~ pn.w ~in..,_ tl'aa 

.1-. s .a,.. to .O'-, a .os-. are prewt u Will u thin pdalll •• an 

a....,. at.. ot .1,-. a .o,-. IID4 an elmptia ratio ot h4. .Apatiw 1a 

enol•••4 1w' all thlt otblr ld.nlral.l in the aeoticma eaoept nmoorite an4 aroan. 

Z1F9m -,wtala ooc,m- ..,,.,_,_t111 the l.a.rpn waure• .11-. z .11-. 

Dia ool.o.ar 'fU'S.ea frall .__. to ool.Olll-leu. '1'be awnp elAlaptim ot the 

-,.tala 1a 1 al. 

I£99 -, la ~•11a'\ in ..a.ate --•• • Jflpts.te 1a the JllliA _.., bu.t a 

little SlP&Nliill ........ ~ al~ te i.a.1111• alllo GOCNN. 

-- 'R. ff NRID iWfm• 

t 

wlth t.be..., .a. IID4 ape,.dfto p&'fiQ' are &1wn ~. 



wmv lJaa !!II. 
at.Oa 7'.22 Quarta JJJ.D Quarts "·' ~ 11." OrthNla• ~.01 ,,.s 
:r.,.o, ·" Alld.• 2'.72 Plaaloel•• 25.1 

:r.() 1.0, 
Aalrlld. -

2.,:, BS.ati.te 1., _, .,... 
~' 

1,'1 

OIO 1.2' .75 1nn .. ,rA:I m.e,a1.lallg,"d.0' 
' 

'tfa-J' J.18 ~, .72 

i..o ,.1, ~- ,14P1tD .,, 
•ti Tl 1 (: ' 

MIO .... 
l'eM.o' 

.,, . 

Pj'5 -- llllpnS.te . ,, s,eos.t1o &NfJ.ir • 2. 70 

"°2 .1a Jl"""1·'9 .J) 

¥+ .rr -- w:i· 
Y-1d-

fbarll 1a ... lJ.lnt q,1:6 ••:t .... , SID the ~ the m 11114 the ... , 

aAtbl•atllOtpNNatarq' ..... lfatuNa. 

(a) §!N1IJ5!R 

• 'Dia :lral .,. bin appears auaiw Sa bw1 apeot- an4 ocaatsta prfaatp,111.r 

fll.....Ute111d.ahiaottellooaW.with tbe1"'84.S..., h■ I ·•• 

MYP!WI• 

Dia th1D ..um lbon -.,.w.. ana -,i-tallirw -..preptea or 111Ptite 1lldClb 

haw in part bNn raplmrl 1" p11111h•pu ot bMllatite, l.e, ..Uw. 'lbtae 11N 

aetjaapoa eot(lllllria. 

!he~ ol 1rcll.,. to qQlll'ta 'fUiN !A~ 111111a 1-1. tram ..-1-tel., 

m to~ !ha qllU'Utte .... am4 below a1IIO OU'ri.N a~ c1:ill1niehina 

qullldi.\y ol .....U•· 



Photomicrogr~ph of the mdgn·etite ·_ - barite rock 

f ram the hill Z 2 showing the elongation of 

the magnetite crystals along plane~ of 

wedkness between quartz grains. 

Ordinary I ight x 32. 



.... ftl 61 ,,_ .....Ute ...,._ia _.. •lMPtea al.1111 tbt ....u.1. 

aa:la. 1!d.a 1.a .. , ~ ............... ~ --· u .. .,..u.. 
~ ..,_. el-..: os••n ta tbl < r II ··•........,_ '8ltasa ....,.. .,,.... 

. 
Seal~ haft --~ NplMl4 •,-...Utt, 11114 _.. ihlll 

tiri:1Jllld"111Ne 1'r blr zre&Ulb lnla -1...- ta~~. Jllriite llu 

~,. ... .....a thl .._. it .,.w ..., ..... fll ..... ~... 9111 

id.ile ot tba ....-n1• ...,._ia ftl'lea baa 1.1,-. • o.o,,-., the..,..... 

a1.lle la 0.2,-. 

i'M■ tw a •Ilda f/1 ~ ,..._. ..t ttit 1lbW1 ._ naia -..,,,, •• 

!be ......... as. fl ....... &NU ia app.edlate1-, o.,,-. .. ....,_,.,. 
--~ iA ld.N a4 ..... Die lal'al•t &nb in tibl ..U. ....... 1.--., 

.... tbl -lleat 0.01-. 

All ....., t-.tuN la h ~ UOlltlt fl btlilat taolatd••• 1lld.ab are 

~ irflll ..... Ooauieal ..U priW cl a,att..tl are alN ta0.lcre4 1', tibl 

(lllll'UI .._ .. pe4 NlW, 11114 a tw ,S.w llldn:Sal --'1• t:1atna ill..-

!P:\1! U & ..... OIUtltta\t1 it N01IN U ..U Cllll.twlw ~ 

....,_ 1lb1ah aa ~ • • ~•• ..,. ••-- 'betaua 0.1,-.. aJII 

. 
amlpU ....... ~ .. il'lllloaa.-.t.11114-.lM,...W.A-Olltba ................. ~ .......... 

1hl ~anallS.o 1rm oratent oaloala-1 A'G11 thlMN ftalaNa ia u Ml.Olfa,­

.... , ''-" 
C'lllatN, u.,, 
!o.P, 41.U 



· Photomicrograph showing the interstitial 

nature of the barite. 

•• Ordindry light x 32 . . . 



Mtl:m\!· 

SS02 a..1.,,.. 
Fe() .87 
...,, '7.'8 

fl02 .1, 

DaO 11.8' 

ao, ,.,a 
)6:() ml., or traoea 

PtJ, • ft • 

ZrO " " .. 
OJi> NU 

I 
·••- Iii • 

I ••tia.W. tba -- ___ , t.Na a .... i. tu. ti.. the MIIII 1eoaliV, 

an4 toun4 it - 'be o.,,,... !Id.a lriap tbl tna1 - "·""' 

!I.be- CGlfi-.t.U& ot the JIOfllk ~ • t1da w2,m.a 1-a• 

Q\111'111 4.1.lft: 

Ban• 18.<>' 

Illllnite .28, 

Mt.ptite 2 •• , 

Haelatito '°·'° 
Li•uite ,.se 

(e) iY1tm S4 ot .. A!RSst E 115• 

!Iha aeotian rneala clN.r nidmaoe ot ~ •taaaq,ld.aa. n. 
qm.rtalte hu been aul>jeoted to gl'9&t abNriD& atrau, 'tllld.oh bu aawcl ~ 

quuib to beoame elcmpW. 1A a cUrectiGD at riah~• to the atreu .. 



A ..-tam laDUllt ot .--1,aU-. baa Wea pl.Me, ml tbe ....._ &1.111 

"' tt. ll"&iu 1a ..u, qpl"ldill"Jl' 0.1-. 1a ~ ..a o.oi.-. 1a -....a.th. 

i-, ........ n.o1a IIINl'l.r' all .. qaaila ... ,nh] .. ~. 

aa4 the ...uan eppe&r9 to haw .. aob1atoee tut.ure. 

1!118 .... ti.te _la not Wl"l., ao wll -,.ialli.., u in othet- parta ot the 

61po&it and beN t_.. ~ winlArte raplacdA& the quart& al.tag the 

plaDllaotaoh1nellt.r. 

Jlllrtite OOOVN in J11bG1- ---'• 

9!mf'• !hi ■lqaM• llilMl1 .IJllnr'd.t.1 OOClUN p~ in tba 

• ~-• I~ 1a .. u, -1.ourleu 1n 1llda ~. mt Nllllt ol the laraa­

gniu haft a taint ,-~. Unae. 

b J..uipsl Pl"D1" .....-.cl o.1a... a 0.11-., u4 b • l)•.t 0.01--. 

ao.01,-. 

'Die ret.raotiw inlex -. """'•111114 'Ir Smr.!1111,d,an Sn a p!perin,e ana 1ocua. 

•lta RI• 1,80 (,i.01). la ............... te 'bNA the JIIW ·- a . .._..,,.,. ... ~ 
ZiJIOClll ara4 'b1otite ooour u lllnlr ocmatltulllta Sn the qllllriat.te. 

n. ore-. la ldm11er to that~ at Slllrt:kG!P, ew,pt that no 

'tlar:1..te-.a toaa4. 

91:f!n tt tb! P!l•IU· 

Xa ......_ -- qUNt2a., .. ..sasa flt .. ~-4-rlte ,.._ 

.. M.lAlldna teaturu tllMu1d. 'be tum late ........ 





A ..,,11;,11140 a11■S.U. ol tbt.a ...u .. fl'IIS b _.. W JIW that 

In tlle.,.. ti a • ....,._,.,~-......__ at&1111'1'-, 'lldzta 

biaf1 SA the -,wtaltf41nie ...s.., ....ia 11••41"17 haw • ...,,a "7M&l tana ... 

aJ14 the (Qlll'la 'IIDll1.4 be fOllld tl.1U.qs tllit ta .......... belt lllll ~- Cll:,lftala. 

~ at '1'd.a .. ftn4a ttat • a.wi.-m ~---tt1• bu bite 

a,d.'184 \r pi.... all ---- -· ·-the .... ans. -1 - .. ill .. 

~ 1tea1t. 

h JIB t.Mli\f f/l lllrlte ·,-.. ..... ._.,. l ·• ~ 

enl ..... ti. ..iats.11111' W17 1a_,,.1e ill &'fl TI ....... 

W.A. faft-1, .. ,,1C11&1llaaai ... O.O,C WS.IIIII011Dtlll&tta_.-.. 

-4 lha2ea. 

x, s.a 41.ffl.ailt to - ...... ,-1,. ~ .. .,. -»••lka llllllr 
-,atld HM•ta:ate ~ ...,.,. ..:I.S ar,11tt tlllllir ..._._ wit.Ida a 

qtlll'Ulte W, _. _. ... 1••••W.• a,.._._..., ... Sato...,._. 

'Id.th ... i.. ,...s. .. rca-u-. ·-

A..._ eatiJl&te f4 tllll ndleble ...... ,f/1 inn._.. ..._ bt 

.,,.,,d.M__. lt&.ooo ,._. u,e -.0114 at ta. · • 9da ,_. not an. 

t• the 1~ fl the C11'ia -1 ia ....... 

1U o-11 ,,, 1.11.e Cll"IIII 1a aligbU,, lee.a ... that ~ thlt 1Nl .. fNI 

.. 1- aa.,.rur ...,_ --- acatda .,._...._. - - ~ ., u.. 

At lltuwe. the 6lplalt ....... 4Jel' ....u.t. Ina. 9da ia wll 'td.tilda 

ttwwlal ......... s... ......... .. ~, (s.... -,, ,_. .. 

~t 4lltlntt lie oilldla'l4 • ••••:d.o Pll ■lll-- • 1suat #JI 1• _.. 

Wl■t:DdU_., _,_ ..U N..,... It Sa al ....... '2 lllJ .. ~ the ,.._, 

an.., atatiia at o•-. ..a 118 •U• 6- PWt lf.uetll 'llb1Glb la tbe ............ 



~ OP TfJE N!fflX1'0JefBS • 

..... Allpld)olit. ot .. , .. tal7 Ol'i&Sn· .D . .:O . 

S'"9 '-"'" 1a ~io ot .. roGk and !.a aholll lr --~ all 

the .,....ia ot llll"dbole. or 1lh1oh ONr ~ ot thll root: 1a OGlll)Olll4e 'iht 

other llf.nml1a pl'9Nllt aN plaai,ool•• ~- ...-,ta, -..u.te, 1:d.oU.te, 

ap1.tlteand.a1.Nen. 

1nNtp.1ar SA_..titial gniU ol q:arta ooour betnsen the 9'ber ld.nera1a 

aD4 u 1.nol\ud•• 1n tbe ~i. ~• ffl8 nwage lP,'lda m.ae 1a 

~-~.,--

The pJa,liN'le• bu the -- .a. ot NOIIII-- Uthe q1lll'U. A 

m.._ ot the pJ"liooJ•• pdaa are atw:lwct, 1m ou ••U.7 'be iclmUfted 

1', thdr Nfnotiw 1D41.Gea, 'llbioh an ~ abon thole ot q.llUU. 
I 

Alld.te an4 Oarlaba4 ~ are oa z, 1lbUe -,atlla twiml4 aoooNU.na to 

th• Jlane'lllldl an4 Bawae Jan ooour NNl;,. h awrage as. ot the 

plaat,•l•• _,.tali t.a ~~ .Is-. s .1,-., an4 the •x1wa a1se 

.,a... s .,,-. 

1
. • 1.575 

n.t.Noti.w ImH•• F • 1,570 

• • 1.,c, 
2Yz • 8(/lt, 

'1'he ftfaotiw 1.naiOH toptber with tJIIII nJd•• ~ Sn the 

~ NM l.•• 4', -4 the ffl!Mtim lalla cm the taoe (010], .1••• 

-~, ..,.._ with a a y.S.U• flt A,.,,.,,, l.e, -~•• 

'1'lle DC1Metl1DSO apd.bole 1a the wt:~ Oll'&atituent ~ the roalc 

an4 tw 'b7 hr the laJ.-&Nt .,..W., flll• ha'N aftNp d1MUSODII ot 

appnadateJ.T 1.S-. X .»-. mc1 •rlWI dSIIM•i- ot ,..,.,... x 1.aa.. 

ill the large atpibola C117Stala abow' "itieft• texwre and the :Snclnc1ea 



111.nanla are -~•• qarb, ~te an4 a little apatite. M.mSna 

pual1ll1 to the •tbopf.nao014 ( 100), ta fair~ ooaaan. Scll9 uphibole 

..,-.tala are ooloarleu w nw-11' ao,· an4 ~ othenl the oolourleu ~ 

oooun toaetber with the --1 ~ oo.'l.ouN4 upd.bole 1a _. -.,.W. 

The nbaotiw ~~-• and the ezU.ncti.cn ai,clN are thB • .... tor ~ ooleur­

leu an4 &"Nm ..,-.tala an4 lt 1a tblrefGl'9 OGD4lucte4 tbat the totw·. ia a 

'bl.Mclhe4. 'fV1et, ot .. latter. 

·r· ~ 1."8 
RlltlraoU.• lnM•" F• 1,4'0 

X • 1.QB 

~::=,.~ 
ls• •tara 19U.,. 

Z "C • m• 
rr. • .,.-. 

Platea '11 biotltie, ~ -altenct to ahlarite oocnr l'U'e~. !hlG' 

an pJ..eoahftd.a fl-a 19U.., 'browA to pale a'baw yellow. !he b1ot1te 1a 

MC!!!P!ZM\PSJ:lf!• 

Ulptli9 18 l1, tar the wt ....... ~ M.::eN-■, ld.nllftl. It OOO\ll"8 u 

..u -.,.1ala &n4 1ffeplar ....- Matt.rel ~ the roak. '!be 

•x1-- ai.911a .211111. Z .1-. a:a4 tllll ........ a:1.1111 .O,.. S eOS-. PriW 

ot apaU.w haw aa awrap 1eagth el .oa.. an4 are IIOCllra1:ell' ,.,...ant. 

ZlrGlll or.,,atala are "'117 ...U 1••• .o)la. uA 1Na 8114 are OQ1oic-leu. Thli, 

aft flt l'&N oooar-1 ... 

'n. NClt ta OOIL\••4 ewtS•l~ at llllpbi'blle and plq;S.oola• tel..epar. 

'1'he ai:rUcnure ~• 4NuN.1Je but 1a not t.,pSoa1. 



nnpa in ld.ae fl"CII llimlte paina in tba pounda.lla to laths 1a. X .15rl'a. 

'J.'be a.....,. Illa S.. apJlftd•tell' ,121111. x .rn-. 'tbt ratio t/11lagth to 

bNa4th 1a ~-~ 211 in the ---~ l&tba an! l"llll&U 'W to 10,1 Sn . 

8C11111 ti the Jaraezt _,.1a1a. Both 0arla\d aa4 Albite '.M.mdn& an ffl7' 

OGlldlll. Per1olinll !W1ml1Da oooun l'al9l1'. 1.fimlte ut-Ulr.a ino.'hvdaaa are 

l
•· 1.571 

lWNot,t,w tnaiou F • 1,'87 
•• • 1.5'1., 

'!hi• ftlw 1n41.•• au ....W.te oontea.t el '71)%, t.•~ 'buio l.abn61r.lte 

an4 W.. nwlt ill wrUle4 1\r tba ~ -.:a,.. ......-d cm oceMnec\ 

Quolabeil-Alld.te twina. 

Anl>h1bola· 

n. lllp)dlMt1a ia ~ ll"9lll Sn oolour, fldm1na 1a not Wl7 oomnan but 
. 

dots ooaur ~ to thlt hoe (100). h awrace 1-ath ot the .,....ia 1a 

.....-tell'·12m. anl the a-..rap bna41h approdatel.J' .a.a. 

f 
• 1,660 

Blt.raotiw Inclioe• • 1,&51 

a • 1.&\.1 

I • • 'bl!dala ... 

., • ,-n•• PW1 

Z• nnair,.U..,. 

ZOlaite 1a ~ platitlll m the ........ .,_. ana ia ~ on 

...... ~ ita ultn.-talm !a_,__ oo1.oun. 

t. 
• 1.106 

Det.raoti.W In41 ON • 1, 7()4. 

a • 1.700 



.-ts.ti ooaaa-. ill JIii.Dao IIIOll'lt. Ita pre-- ,.. wr.lfte4 ,V the 

....tt• ~- ten, CljMM11dw w.a toun4 5A h be&'f7'. ftAi4ue 

-,a.raw 'tr ~ io4ial. 

r.t:l'MU.w Ina!•• ·7 • 1. 720 

z. 1.714 

ffl'1'S9L9S er m N!fflD(Ult§. 

A). n,. 

Dia ftelA eeoun.__, 'at.aw' ~ ad a:IMnl •••••lap all 

i.JM1S•te that tblt .NGk ia a 4J·•• tllulll1 ~ p:rodmt ot a ~ 

..... , ••••• ...i. 

flit updbole bu~ Sn~t. 'bltt■1111 pu'IMd.te mil hcnblanll, 

mt u tbt o,Uoa1 atp la ,-S.t:lw it J4dbtN.,, OCIITUpGn4a m MU"~ to 

JU'IPIA•• nu Wl'ieV ot ...,adM'l• s.a ~ him in oantaot .... , 

w\ the wr 't"lcdnf.t;r fl ._ anid,te oantaot ._.. that the intruaiw 

snmite ... the..,. ot t.be ~ aot1m. 

... 
uph~ 51.5 ~- 29.9 

Qlllrtll 11.lt, 

Jllpet,t.te ,., 
m.tite ,1 

100,0, 

B). (D,4) • . 

DMa Mrm -,. tl:ae apNltio sra-t'iV ot thl NOk are aa tolloa1-, 



,,.s 
Plaatodl•• L ,., 

a,o 

8,plmfto..-,J.\y' ■ 2., 

1'be t1el4 OOCNl"NDOI "' .. ...,ad.MU•, 1. •• ill t\,b tCll'll ~ · ..... 

the~ f/1 the qllll'tal'- 8114 Nd.Ra, pN01allN 1:bl ptc■S.Ml1\r flt ita 

bellla ~ ...U...'-7 tl."'i&IA, -.,. it 1a in all a an• 11sa,rsl 

Die .... Dele b lrrk•li.e• Sa er :,Nd.14Aln na4 ~ ~UN 

•--- ,....S.te aa4 hGmW.a.11 but i.l nNl'V tba Pll"PC,te IDC1 ot b ...s.a. 
Dae --,ld'hei.,.. ..,._.,.ala es 1oel ~ ..... nd.a ia alwn 

lael.ew, tcipthltr With .. ~~ 

• lf.Oa ~, 
h/'J 
M 

:I&() 

CaO 

-..,0 

It!' 
"°a 

&eb!belt Hcpbw41 Ml 

~ --- (A). 

""·'° 49.1, 

12.a 11.ae 

·"' .02 

10.9' 14.'8 

12.55 12.01 

11.eo 10.57 

1.15 .,a 

·" 1.12 

.2' .18 

Ipt.U.. .,,., .,a 
JW) nna.lenl4-« .1.a. 

°'JO, • • .ot 
~ • " -

ffefZ 12Pe:Z, a l 1 

ftnrle1W &a 

ar·uN11& <I>• u.,., 
12.72 

1.72 ,..,., 
17.44, ,.,. 
1.1, 

.,, 
-

.29 

-.. 
ell 

D,1-Ja 

~ J. an4 B wre talDln tram tablaa ot ~ S,n 'Roalc ~• 

Ir 3.~. JW:np 6 PP• ''1 11114 "2• 

. 2_.,s:::....,.,a.11 .. < .. :; . ,'! _• -



!he atrb: oandata ot a tint &l"d-4 lftl&lllar -10 ot qllll'U, bu1o 

plq:Sool•• M.,_, -.,1,._, ...S.te, Gl'lld.te, Jllll'lllltite, ~. ~-• . . 

GNirul fl qlal'la Aft ... •blalln't thaa alV" ethezo ld.Da'al a4 ftplNlllt 

a,pra:ldatel,-.,. ol tha atr:tx. '1h17' MW• ..... a1lle flt e1a. IIIM1. AN 

MU']l'all•~ 

After qa:rta1 plqieolt• telaJ,ar :La the wt tt.buntJant IIIIMnl la the 

aeot~• It ia ~ mah ~ la t'requlll~ tw1w4 ......una to tbe 

Qarla'blA wt Alld.trt l&wa 1114 eoainlid-llif ......una to tb1t llmebMb an4 

Bawao ia.. Sat --,.taia, !alau,w,_.. •~ but tba• ae.n be nedSli, 

~ trm flUJlftll en aocemt tit tblir Jd.,,_ Nt.nlotS.w Wi,,,.._ 

The Alb:U• tw1rt. 1-llM are OOC11Hdmall7 bln'l. n. plag1oo1a• ..,_. .,._ 

goo4 or.,atl.l ,-. bid OOCNN U ~ pdna the ~- ot wbioh haw 

&'f91"IP a.a le .,,....._._~.2'illn, a .1,-. ._,., the luprp1aciool•• 

·,....... ll&4"r •---• kdare, the tao'haeS.•• OCIIUdaUD& wtlif ot qllll"b. 

kll7 ot the otbal- llllnnal.• ~--· fa thl .... .._,. al80 ,. inaluatil ill 

r- . t.,sJ 

1' . 1.,-,, 

S II ·•"' 

n.ee ftblea, -...- w.\tb tbl ~ All• ........,_ on oaH.ne4 

OarlJll,d Uld.'9 twJu, Sall•• that tlll9 M.,.. u a ~• bst1aa a 

oapoaitt.an ot •atAa.n• 

Grein ~ OOOUft u nep4 and ,r+o,.a -,,.tala tba Jarga- fl 



---
. . 

oraat1""-' tlll4 hu • •XS- ad.lllt el 1."-a. x .,-. 

......... u •• .._tite, .... , .......... -~-

' 

r•. 1.a, 
lli6MU.ft l'.nll.1- ·7 • 1.'7J 

l x • 1M1 

Z I\ 0 • ,,.. 

■ •bltdm...-

7 • ,-n•• II"•• 
" •• _.-.,.u.,. 

ia ., ... pJatf.N. .-m•••ZI• It rm .u •~•••A...,_ -.,.-.i. 
aa4 ._.... wt imtpJalt .,.S. brtlx;e•~ 11POG11W w1tb 1rm en ab4 

.,.u.. ~ ..,. ,. ,_.,.,In ....... ld.Dlnla...,.. tbw ~ the 
I 

..... ..... It ... ..,._,~ 4Q01011a iNll ... b •zl•• .S... 

atlas.cl 'r .,.w. ot lpllDI la .-. a .2'al. ID4 the ......- at.. 1a 

.,.......i.,-.1-. •• o,-. 

. 
...... , tba ....... anl HI tdo,a)l.7 alq are_,. la t:ba ,-1,b.laa. It 

:baa - ..... -- ot a,rr••••teJ¥ .o&.a. z .oa... wt la~ ~OM, 

f.Na 2-- ,.n., - ....... ,.... "."""in& ~ ~---,~ .... 

• • 1.770 

~w InMw1 y • 1,.7'0 

(It) Or\ld.te la, f/1 IIUabtll' i.u ~ OODUl'NalN Sn .. l'OCllt .. 

e.,t.aele. It ,__ ......,.._ -,.tala an4 patu ibiGb u. ~ IICIW4 

Md 1lldab llaW an...,.._ ld.N ot IPlftXS••l.7 .O!flm. :a: ,o,._ 'Jha 

orrtld.te la~ pll4d ,..._ Sn abac\N. ot 1niln1 .a ,-Uw, It oooem.an-



a1l;r IAln"OUllc1.II a oa:w or epidot;e, tl"Om ~ it om be as.a~ ,v- ita 

obNptr oolear, 1.olm- ref:raoti.w Sn41oa• and ld~. Ho uaot 

ret.NGUw S..Uoea -44. 'be eMaf.Dl4 u thl Gl"lantati.On ot the &ftdu waa 

__.... 1Mt the two ftlule ~ ,_..,_ At • 1. 7J' an4 Ila • 1. 748. 

tftle• ftlma OOl'l'NpCDl1 moat ~ to tbl alteft4 artld.te &iWA 1v' LU"lllll ·1 · 
wh1oh -. a wn. Nf:rut.t.w 1nae:s at 1. 71.. 

(o)faal.lf.te ooaura Sa 1'11.na- racrat. !be larpet cr,atala aallUft on:i_r 

.OS.. X .o,-. flMt Cll'p~ ue oolaurlaM -4 lbW the aharaoter.latio 

ulva-'bl• bwrtennoe ool.ouN. 

pM,t.& 1a IIOilftte1' abtmdaat 11114 oooura wt plan~ 1n the wlolnlf;J' ot 

....Ute, .,_. 11114 ~. It tor,aa ar.,atala ba'Ving a mxhmm a1N 

of e1&.. X .12111n. all4 a awn.p Id.a ~ apprmda~ ,OS-. X .OS-. 

ma,J.p ooaura in Iii.ma- .....,,t 1n tbe blaV Naiaua, but doea not appeu- 1n 

the NOtiAna • 

.._U\e 1a 1r tar thl wt a1Mlc1an:t iran are, Il,.Ste OOC\11"8 1D 
I 

wll ...,_t fA 1al bea'f7 ffedh. ~- oooun aa n.SP4 an1na an4 

OOl':r'CM1e4 017Btala 1llb:lah at.t&SD. a ,_.,.,.., ldJMt cl t • .32aa. x 1.0..,__ It 1a 

..,. plaaUful ·1n the atru. .Approdate~ "°" ot the M&'f7 rea14ue 1a 

OODpOlle4 ot -..Uta. 

Z:S,ross 1a relaid.wli" IIOU"OI. !ha ar.,a'tal.a are wl.7 all oolourleu, ~ 

1-tba and. brN4tb.a fl onr 100 droGna in the hea7 reaidult wre auured 

and t.he :NJaul.ta plottle4. TM.a 41...- la inolude4 tor «11p1ntiw pm:poaea 



_,,_ 

w:lth otbaza ldldlar leagt.hs .....ath 4S.-,pw terr the~ at ftri.ou kDolln 

eeaam+.u:, ,.,.u .. aa 1a to 'be ~ • ,- T6 • 

II ~ 11 ¥ IIAAii? ~-

.,..,,,,. • • ~ fln4 ld.naNl. u■ fllap, the. r!Nk ,.. or.lg1nel1-,-. ' 

a oaaaJ.••ate 'Id.th a 111P~ •trt.x. ·11td.oh bu Id.Doe ,._ ~ m&a-

.-.... '1be q'IIU'ta pe1»b1a haw beaD •l-.W. ~ ea£I. in plwa 

.,..iaw, 1lldla t.be •tri:& bu,._ 01 ;i.t.1', NGi)a'1illSN4. Galcd.o 

,.,....,,. pre ...... , •• 1. •• ..._., .... 1 ... , lg,towaite, apatite and the 

ep1c1ne &NUP• Die lMlk cl .,.W. ,-., wptber wJ.t.h i.ba ~ 

or ,...,., tutuN u4 oor:TN1w .ttMta S111Hoete lllllb4. ~ ..UC 

and w1•tall1•U.. undar ....... n. lAD&th• lnadth ~ or the 

nw with ita 'broa4 baae en the 111 bc-nd1nc lint prow1-. COft"'Obcwlltiw . 
eY'.S.ctlMe tbat .. Ndt la t/lt ~ anas.a. 

~ ti 1'@§ uwn,. 

All the l.ara,lr &Niu 8114 1110i1 fit the -1iez. ll'l'1u ahow andRl­

~, .s.J.e ... el ....... u etcsrca1N at dpt.,, .. te .. 

4il"NtSAll .t •Ir••• Dd.a ia ~ c1lle to ltl1tl. INIJaU• at pGdata ol 

w1d • ■ f1••~ ad nm7j11MJJl,e._ f/1 ailllrW...,. tbt JftllllUN -.. 

~ • IaolMMDe sa the ~ oaulat et apatite, 'ft&Mltd.• ana Id.Nia. 

'ftle awage ain et tbe C(lllll"U paiu :la ~ 1-. X 1.6S-. Sa tlw 

OGU"N add.at ad .,-.. X .1,am. 1n tb-. ftntr Nld,at• 

Blll!!J.w. 

' 
aaea 'bending. '1be large prilllllatio -,,.irala haft All a,..... a1R ia the 

oarae acldat of 2-. z.,.__ and. .,-.. z .2-. 1n the f1M aah1at. 

RetNotiw I.illti oo• I.• 1.'°2 

7 • 1.,_,., 

•• 1.561,. 

\ 



.. ,.. 
aa4 ,...., Saot_.--. ta tM ~- orroiatect w.l'th tbil llll(Plttw­

barlte c1lpold.t ._. ia an amanal. IIIIOl1nt fl lllnu.te inltlulcu ot ban ... 

TM 11blte .. , w11vlt., 1a pr111at SA all h ,,..._,..., W 'fU"iea 

~ 'IMl'lb. ta a1.IIII am4 qlllllti.V• It 1a wt abaraaant ia the 1ua1 

....... tea, 1tiah are ..,_.n,. td.tllw 1dd.te • pelAi J91J,od.a ii&• la Olllolll-. 

JIUl1""111it ~ ,._ Ullllnloas ......U•• 

Blf.liaot.t.wtmH-

Prlw.Uo IINl1cma 8114 ~ tlua• ~ -~ ..... ldotite 

NOUi" all' ill the qlllll'tdtt eNNtaW with +.he 1ren en cJe.poalt. ~ 't'U7 

ill Id.lie fNa 1.,.... 'to .o&.. IID4 haw an .,.... a1ae ot .41-. 'fbe ool.oar 

1a eitbff .... OI" .....-n, an4 the latter ..S..V 1a Jl!'dbt.bll' en alten.ticn 
. 

~ t.ntel•Mllte bet::11n the brorll. IIIGII anA chlar.lte. It hu aim1lar 

'1'bl tllla-lte, 1lld.ch hlla ..._ ta•4 at tbt ..-• flt tbe w.t;tte haa the 

~ ~- S.D!ioua-

flda clWftJ. ..... N.rJ,-~ ia .. &me quu1al• (A.Q.,). 

x, 1a 1n-•'1'1&1 to the ... ~ • ...a .. • ••• alllLt ., ... appeuuoe 

-,. an a1::J o •• ot Slllolmd-.a. '!lie l"llfrMUw :1nM 11• an4 aauna ~ 

_.. ldPIW io tlw aiWD tor the 1-rit. ~ tM iND Gl'9 ..,._t. (IN~ 16) 
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(Ju ....,. .... ~ U 111111 ~ pdaa aE■lld.&W. 

wlth ---.tite SA 1llie q1nrblll ,a tb11 Jd.11 la• lbl .... ia ....,_., 

,-u..Llll pelll Sa..,,_. 11114 la~ pl.,....... !ht ............ .. 

. 1•• 1.$ 
~ !nlllfta , • , .. ,,, 

• JI • 1 .7.,,. 

(i) a,..,, (,). ~ ,,,. ~.,a ... , •• -~ ~ .... 1a tM 
'!: 

__, nllllll1a. It ..... ___. iNll!tplM, 1a w-... U. 8114 Ollltaiaa 

QO ,.,,mt... < ~ 

(~) 11■ ...,.. Tw .-- or w.. -......1. ooour 1n tbt aou. flt ._ . , 

c1uitc Cl'IU'lld.• (A Q C) ,.._ 1h11 ldll Ir. It Ma a 'l'iftel ool.c,,ar atallar to 
, •• "i" 

a.,..•. 'b.1m int aa4 1a pl,Nablllo tNI bl.- to -,..i... ' 'DIii ~ 

ot _,,.. •••'f;J'1cn 1a ,-,.1lel. to tbat ~ tbe ei... 119' z. Tw Ntaotlw 

in4t.ON ............ 

b ~ n.,.. aa lnll•~ W ~•~ to 1- U'lblr wdNdel 

,-lUw, ar "9Jd•l With a ...U ..,-. USa1 -,la. Die ldnlln1 18 pou1"11, 

e11blr b1- .--,,• _. a east• •ltmtnt• e111•M• 
. ~ 

)JDlllW5t Cl m NPIJ8 HD• 

!ldftla •n•lN ol --4 ...._ Cl ....... 11114 ..,._.. Sato Uaht anA 

1111a.,., •••• '1'be ftlatiw ~ et bea-q ■d.niaJ:iala pNlllld ._. 

.. u.w ...-s-~ 11, --- p,daa fNa .......... - ... ...,i.1 take 

-, ••n• Oft h ...... ...-:iLt:ttar. 'l'ha Upt •• ._.. be.t.W wJ.th 4Ulute JID. 

to :r-•• Iba oau.na fll t.rm tldclN fl'III the 8l'UU- '!be MDl1a,... all 

NJUllW. illto thl'M ,&NUJ)al a) paiM too lazip to,... thNU&h tbll Q) ... 

._, 11) patu reet• '° ..._ llllt mt ,o ..., and •>· ara1na JUlli.Qa 

'° ... ~ U&ht ....... t.anriab~ .....,.. ot ..... mS.arao11nlt 811&1. 
. ' 

IUl"OCl1J.D9 Ill epa l:d.te, ■IMHile IID4 pl~ool.•• ..taidl ia am dMr i 0114. 



!!Mt 1N&t ~V f/1 the qaana pdu are ~. ~ ......,u,y 

OClltain ablmdant 1M]JUd .. , ~ Mi~ ol apatite, iJ"Ol1 GN an4 Cl'OCID• 
. . 

Bloti • and tom.,alim an aleo preMDt aa inolua1.cma iA tbl qllU'b ot the 

three Mn4a oo1.J.NW. DIIU'ht tha taa ... , s. ••• st, Ila 8114 .,. 

!ha ratio ot \Wlftll • M..- awnpa ..,..,.-,,. ,,1, 

JllaNalilllt, .. ~. ~ 'lllld.ah 1a ... .,. Ud.tio Olnlltitllte• about . 
- ot the ~ pnamt. 'Glr1H.nll' atN,tuN ia obu'aoter1at1o and the 

puna en tnl.J' aU&htli" ..... ,.,.,4. This ,_.\td.tio inoluatcna ar.e ~ 

"fC7 ftM ftia-W. bo&Uea, Ori.-1•• u4 ,:J,-poole• are ~ 

aaah II• ; 1111, 11114 &-1.lir om ~ be ~ _, tha 'I• 11sp1ne• 

!est, anA in oer1ain OUN nm tb1a oamot be ,;,pl.W. ilb11all ~ la•lJM 
. . . 

oan ~ 'be ~ but in the 1111114 816 a tltff &Niu ,... tOID1 

IIUffS.aSaQtl., fftah t• tbll dnmd.nati.an ol tbai.r nftaotiw inaioea. <m 

ll'IW& ill tb1a ..a lhow4 anti: t1o ...,. .... 

flit 111d.te IILaa 1a ~ praant 1n 'both the 1S&ht and •v aropa. . 

It ooaara u bual tlaba lln4 ,S.YN a 800c' 1d.a:r1e) -.uw ft&uN 1n 

oounr911lt l.S&ht. 



918 -.tcta flt tm bM.V rNUuN are at oat below in talMlar t--. 

JCimSM,T. S.1 .. , .. , a.7 a., S.10 a.11 S.12 S.13 s.1~- a.1, a.1, S.17 

Jll&Mtitl II .l • A .A JI • • JI A. A. A A 

Brn11Ute 11114 R 1l Jt I • • A A I. • • II • I 
I4111m• 

DNld- • JI • .l • J( I J( It I J( • • 
ChNld.te 11 

-.U.te •• a I Jl ll B. I R • Jt ... R 

lllltn:L• • • • • • • I a • • • Jl • 
Jlenl1l1-lt • ll R R I • Jl • JI • • JI • 
Qaalt • • K • • • • J( • a a R a 

fl.Jh- I Jl I R 'd 

ljp1aMe R a I Jt a I ll I ll R R :a 

ZOlaitit I 
.. 

PJe«'eonM.tl .. .. ~ 
.-t 

_Jd,._ .a 

~ ll • I a I ll R 

S1J11 .. 1ta R a a B R a R ll 

,..u. -. - .,. I 

Rut:11e R I ]l a R I 1l R R R R .. R 

' . ZU'OIID 11 Jl ll R ll 1l I R ll R l1 a • 
1"1m'olite ... 

,. ....... .,a,,: 

• • --•te:Jf' •••at 10 • 251' 

a • l"U"8 1 - ,-

-•Wl7'nl'e c=. ,,_. 

tbt aan4a ,_.. .U.OW at w at.la inter.la in a Nldlh t 

diftotiati...illlltam:bM1-at....,._ !1111 follodn& tabl8e &iW the 

eotaalti.nanoNINlltblbna1a1• 
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I nselberge of granite at Geselskapbank. 

Dome weathering of the Namaqualand 

granite- gneiss. 



.. 

r 

The Old granite ,n the . contact zone near 

Jackalswater showing the ··. platy weathering. 
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ha roaa ha•~ bNQ. ~ .t,llll)latelltM1' w1 the quar1a t .. 

a --.S.C wllh tbe olMr lllmrale ~ iatlrJoctdzw a,N;l.na 'llldd1 oe nlatiwl3 

hN tiwa lMlv•l•s. n. -,,-,u.ucm pcu4 ot qtt11n1 ~ ~ 
. 

h'aa 3uat blfGN the t1m1 C,wtelltM~ flt 'but1te to ~t attez- tbat ot 

the potallh 115.arool.iiw. !ftila ot 111:mte Sno.lulll,.. ot ~ .. , -.11 

-,.atala ot apatite, -4 li4,ul4 an4 peeoua 1nolmdou an M■~l.y pNNDt e:n4 

'fU7' aal., 111 q11111.Ut.7'. '11118 q1.llrb ot 012 ocataina .t1Dt aOS.ou]er 1.nnluatme 'Ill 

aa CIJl&q1II llf.neft1 'll1d.ah ta pr-••l>lT irOn crrw. '!bl gram a1a ftr1ea tr. a 

M:dllll f//l i..10111&. Z ,J.4fwa. and an aarap ot 1m. Z 1m. Sn the •clilm oa1,ml 

a;naitu to a •:d.11• al 2.62a. z 2.,,-. and 1111 a.....,... ot .-. z .-. 1n 

the tine gra.Snt4 arani,ta.. ~ intm."&iWlhll betw9m. quuta an4 

plqioolaee 000\II" Sn NWn wt ot the ten ai,mitu • 

.folyh te;m,: !111!e!l,t■• 

n. wmoolinf.o tel'PU' Gll'thNla• ia )N8lllt !A m1" .._ ...,iea, t;f, 

G5, u4 012. Ia t:'/ it 1a .. a1 h•t ~-.-. ~ , 'but 1n 05 an4 G12 lt 

OOOUl'II 1n IIILMr quant1U. .a IA tbl lat.-~ 1A the tana ot ~•ta 

14d.Gh haw & MJd.■W .S... of z,-. X 1M; ■U. • '1'be __... ldM of t!llt 

crihool•• -,.tal.a 1a 1-. :1t .,-. 

t .. 1.52' 

RetftoUft tnalota 'I• 1'.,.. 

. s • 1.,1, 

!he erthoa1aN la ~ti.a. The pert.Id.tie 1a 1n the tars ot ..u 
win-lib 'bocU.ea 11hioh. baw an • .,.... JAaath ot .01-. Ort:boal•• ~ 

' ' 
after bioti.te ..a. the ......,, ~. and bld'm,e .~. !he cr,,t1ala 

an fftlh lm4 ahow ta'.b' 1"U'9 wt.mdna ~ to the O&rlllbad law. 

J.l.oroglj9!, 

Jl1aroo1:1m ~- 1a the daaraoteriati.e tebplr. It 1a iaftr1ablJ 

ffteh aa4 av aliaht o1om1SMM -,peen a, en «111111•♦-S.., to tba a.1111 poaitlan 

ot b ]Mtribitia iatara;rcMIM. 'Die• ft17 Sn .,,._,.nae ana. 11181 anA an 

o: 1 aaed ot aat..a plA&1H1•• ha"fia& an anorthite omtlrlt JW>&iPC t:Na 5'& to 1~ 
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Photomicrograph of biotite 
. 
tn the 

# " . 
gneiss showing sdgenite webs of 

Ordinary Ii ght. 

.• 

Granite 

rut ii e. 

X 100. 
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I• 

lWJMtin M5PI 

!!stk .I & 

aa.. 1,Qo 1_ • .5,G ) 

G5 .1.Q2 1.Soo 

GG 1.6)) t .S!kl • 

r;r 1.&.J 1_.601 I 
G8 1.QJ 1.600 c1uk •Llw 

Q:1) .1.su 1.60o 

G11 1."'5 1.&>1 

ot1 1.~ 1.m 

03 1.6,> 1,&:>a 

a., 1.as 1_.m 

IIIIJ.!bW!!!• 

Die ..,..,snt.o ~ OOCUl'II IA toar tlllt ot tba ta ana1• enm1nea 

au4 1ta ala~ in tbae ill vuy ~ lfalV' NO'UJm.a ot the roalal 

011, CC, G,, -4. Gt 5 OGntaSA no Mm'blAll1&t11 1'11le .ta 9thm' IIOOU.GDA& it 1a 

nlatl"ftJ., ~ (;11 OGl&taS.U CIQft'O&t4 ~ -.,.taia with a 

Md■e 11.ae of 2.,..... X 1.1 ... and an &Nl'll&8 -- of .-,.,.. X •.5Qla. 

Iaaluat..- an • ......,., an4 CJGIP'iN a 'IU'ieq ot ll1Dmll.a. apatite, --tite, 

qaru, llUlite, olSa-1•• an4 ....... In the .NOIL'1•tel11ee4 t"OGk 015 ~ 

bl.a. ooa..n aa ...ii ~ graSna •flnl • •&1 .. ma or .OGia. z .Ollila. 

Hornblen&t eppnl-11 to be ot a Nlmllfa7 abanct.- ia thS.e 1"GGk an4 ap,pe.Nlltlif 

hu -- laraell' nplaoec1 ,., 'bietite, In c, ~ ia ~ 'b;r 

1-- .....,.,,efd.O m,stela waur.111& l1p to 2,-. in. 1tapk. 

f: • 4ut: bbd ah 8l"NA 

P'lAlioallro1.I • ,-llOld.lh .... 

,. peent.111 ,..u.. 

IAO • 1P 



~ -06the~,...i,,notioe41n t.be beav rea1&&e .1A 1'lwril it oooura 

in JllDcl" 'i.t1Mllllt. Ita pt'Gplr'U. are quite d.1tte7.,a.t ~ the plft1.ol'lll hml­

bl·..,. wt are tMNtGL-e ;i'flll aepm,.~ below. 

(· • 1.,,0 

~ft Ina.1. .. -.~ • 1.'77 

(x • 1.,,5 

~ ..,_ta ot ••Hm4u,- .-. ooour 1A a1a ,D'llrd..tea. lt 1a tazacl b,a • 

._ a1terat1• .r itna.i• m t11e arw.tea c;11, ua er.. . In ms and Ql1 111 bu . ' 
~ a1ona .___ p1anN m u- biotl._, ~ :1.n Qt), ao ana. o, s.u 

I 

od.gb1. 1a ~ .. it -3;,' ...... u -.ll gn1na la 1M ,._,.,. :Naidlalt. 

'fha pleoabN4.aa 1a lr,ca oalouri.. to~• Weclp •taped .,..W. m4 

.,.1a.1 ..,.. •• f!lft ~4 --~ ....... m4 :I~ 

~ behllc atoaae4 1Uoa1a. b wn Nt.r&ot4.ft 1n6es 9bta1nlld ,., the 

1uaeralCII\ ot ci,,atala la a ~ 11114 i~ llltlt 1a 1.9'. 

PJ.eoc:!bro1o ~ pwn ard,na ·of l!ld,aote OOC\11" .1A ~ IIIIDUDt in all i:blt 

pwaltu ....,,, Ol3, CS, aDd G15. ~ Nplwa btotite u¥1 1a all altefttim 

proa»ot at pl,c1t,CJa• ~• 

F. 
• 1-768 

Ret.Notiw 1.n41oee. p11r 1, 7!1J 

. -.1.729 

Aee!517"1!mlt• 
(a) A'e!,\\.111• ~ flt •tite _,,. iJl alJle 1).-aa leN tJle. .001a. ilo 

eU-. X .,,-_ Dia &Winge aiN ilt .OS.. .JC .o,-.. Apltlte ia ~ & 

ftlir]1' almdant aace■e.a, and ~ be Sa -, ot the othu- lldMrale 

••IJJ'I a1rata. ~ ~t:b' omtua w17 mimne eipa.q1a1t ina.lnateu111 
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su,2 /1:21, 
Q.12 
~ -h.12 '·" ,.,, l.1s 

Ali', 1,. 7' 13.82 1,.&.> 1,.&> 1,.e, 14.47 

hi', 1.56 1.02 1.&, .,r.. .rt 1.57 

Pea 1.09 1.07 .65 1.42 2.91 1.78 

YeJ .u • .51 .,9 .,.s .74 .sa 
0.0 1.a, 1.,., .,., ·"- "·" 1.,, 

t 'llai' ,.,, 2-U ,.10 2.61 , • .\B 3.48 

y ,..,, '·" 5.78 5.1,· 4.80 4.11 

)110 tzue .02 .oJ .~ .12 

P,J'5 ·" true .1, .12 .. .1, 

tiOz ,,., .14 • 46 .22 .u ·" ¥+ .Cl .,, .1, ... • 91 • • .. - ~ .. 

¥- ·· .18 • 01 .oi. 

(X)2 .07 .o, 

1102 .oz 
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100.11 ;,.~ ff.H d- ff.§§ 100.00 ... 
(1f. Penqwal_, p,mite trca 2B ldlN wth at Ollrlaa, (~, X. Jlatb1u) 

Ot2. ~ ...,_. traa a1xteln Id.lea 1lllat ar lpdagbak. (~. 
,.~) I 

. A. ~ltio pud.te traa ltliboo8 JIOUlrtdn, Nart.hem ?twqualan4 17 

(~, a.J. ~ 
Bt Yeuna (?) Aftld.~ t.lwa a.._, Capl ProT1w 4,. (~. f.7. Qlrw.t) · 

c. A._.... ot ld.z ~ ,.,,.Ori,tio 1faml. --,__. ma Xa-.qalMA 1J 

<~. n.L. 8'holta) 

Da ......._. 111 ,-s out tee er ...-14-wiae a.a~ , . 
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!ii. .mJ. A 1 a. J! 
Quaria 28.20 ,1.56 24.60 ,s.24, 25.oe 28.2' 

Orthool•• 29.4,7 ''·" ,.. .... 7 .J).OI 28.'6 2lt.4' 

Albite '°·" a:,.96 J1.4'J. 22.01 2' • .Jlt, a,.,.r. 

.Aurth1te 5.18 ,.M '·°' ,.oc 7.78 ,.17 

Oonndlll .41 .10 1.8' .,a 

Dioplda.t r=j 
.4' .!SB 

1.10 .18 
hSi0.3 

.,.,, 
Jtr.per-o 

{~ 
1.10 1.,0 1.sm 1.'8 .. ., 

ltblaw .21 1.1, 1.,e '·" 1~ 

... +.ite 2.0, 1.,, 1.1, .4' .4' 2.,J2 
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Ilalld.te, • ,1 .1, .7' -4' .76 -~ 
na .. ute .96 

Apatit. 1.,,.. .,,.. .,,.. .,r. ·"" Oaloite .!C 

Water 
' 11! .a1&s a&. -.Tl 12& .-!I 

"·" "•M "·" 99.t;o '9.&I 1eo.~ 

~ 

.SL ~ !I. Jil. .IL _gu m it!. it .snl 

~ 21., ~.4 28.1 2'.l,. 1,.1 ,,., 
"-' ,.,., ,.,., "·' Potalh tel.egar ,;.2 21..2 ,:;.2 %'1.9 '8.4. 28.o "•7 ... , 27.1 22., 

1'1.aaleo.ta .. tel.lJpc- ,1., -"·' 2'.8 33.7 ,..,., rr., 2,.1 21., 1,., 27.5 

N.ot1te ,.a ,,.e 11., 6-.J ,.o a., 1.s 2.J s.1 11.7 

~ 2.7 

~ 1., 

a,lllflll ., 
I:l'aCll'9 1.0 ,.a ,.,. 1.1 1.0 2.2 1.1 1., 2.2 
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T.ta1 100.0 "·' 100.0 100.0 100.0 100.0 100.0 100.1 "·' 99~9 
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(\) - t ~--, .... 1hl ~ "• Ill latobS•' 1114 

llllaNpwth1tie ~. t.a ~ .. &ef!MIM,.... • ~ 

rmdee pda .S... la -. a 4.,-. (OCMO) ·-4 the &Wftill ia ippNdM-W, 

.,-. a .,-. It la ~ fftlb &114 ooaun latieNU.fdal]T. Oarlaba4 

tw111'1111 la fairJr' ~ •• '1'11 ret'n.o1:.lw W,ON fl tbll 1arpl- ,etlld.te• 

lhoJr tlMlll to 'be 11 ifDll4 tlfl ..U a1J.aNl,ue h-◄illl • llllill'tld.te oateat of ~ 

'!'hl7 __. prinat.r)-,,. in the ,__ ot ~. wt ti llb1ah are Cll"Mlnted 

,...u.i to [100], bat ..:U &ltfN.1• .a 1n-.1•r bolSAt• an a1ao· Jl'Ulllt• 

'!bl ,_,_ ·-·-- f/1 b ,-11111 .. _.. .1,-. a .ot ... 11114 tbt • .,.... 

1-tla i& ---·---- .o1-. 

f •1.52' 

Bltlullw lDIS.ou F •-1.52J 

a • 1.,11 

!Ila UIINll ol ,:l•a;lec,le• t.llplll Sa .U. thl .id &INDitu m11la that ~ 

tbe ,_.. te~ 918 ._.... nts. ti ._ p.1a,;ler,Je• te ,.._. ia 

appN!ldateJ, 111 • W ew'ee1M .1a tlllt wt t,pMa1 tellpar fa ._ WU... 

!ha Lil ysaitlcm, hozsw, napa t.rll!t our,!• c...,...,> to ,..__ ( ). 

a..eUl'iU.Uclll fl 1he te1llpuw ia 01 It, -1 epSAotle la • OCPMp1cwve pNC1uol 

ef ttd..a altlrratia. 'DIii ptdA4 ol a,&1r•J11Mti& ot pJagieoJAM f'ttlaplr ia 

Mn&L. It1e rn11146euttlla ... tblluqllll'tlltaa4.a.4,_,_.thl 

-.1Wl1r f/1 .. Jlllaieo.UM. 'J!le ar.,nal8 twin ~ to .. AJW.te. Clll"l.6a4, 

IID4 Pal"1o1Snl Jal, and haw a MX1we ... ot J.Jf-. a 2.,-. an4 an awnae 

alae ol .ea-. z .'10ilia. '!ht &dost• ~ Oftf t_... ~Uo ~ 

With .....u.. ~ iateraa•llla w1tb ..... llllw ~ ,._ 

..,_... •• 9111 .,.1 INd.tiaaa Ill 1llie ~ haw~~ 1',- .....-J.Da 

tM1i- nffteliw illM ... 1114...,. #s.., 1r .-en, ot tlle ~ ...,. • 

01 N_, O.~te wSu _. tbs •d- eatSaoUAlll aqla• ta the 

~-. 
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OC1 1.,s, 
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OGJ 1.,,,. 

OQ\. 1.,,, 
00, 1.sse 
OC6 1.,.,.. 

0'11 1.,,,.. 

oce t.55' 

OC, 1.,,, 

OC10 1.,,,.. 

119!S.te. 

BPtnnA;•!' vm 
z. a . 

1.5.55 1 • .552-

1 • .51.& 1.,u 
1,550 1.51.6· 

1.s,.a 1.51,6 

1.s,, 1.,,, 

1.,,, 1.,,, 

1.,so 1.547 

1.552 1."'8 

1.s., 1."" 

1,550 1.51t.7 

~ 

m 
»% ,~ 
~ 

1S,C 

"'" 
lti& 

'"' -. 

~ ~ ld.otite NCNN Sa al•--- GI' U aa&twftd tlakN 

~ t11tt lfllld.t.. 1n ~, OQIIJ, 0010 ..a par1a at oar t. bioti.te 1a 
. . 

ariaW at r:lgllt _.,. to atnotlaaa ot atz.au .a tu NGk bu .....a a 

piuiAI teztuN. Pn.llatia -,aWa ot ld.otite ...,.. a -11111- a1.IIII of ,.,om.. 

X 1,"-8. and the ....... aiN 1a llpJINlda~ ,,.__ X .21111. DNDl!l)Odtian to 

ahla-1te oooura ill lldnol- ... t. '!be dllarite 1• p :'Cd.a tr.. grem to 

atraw ,-u. and baa a wn ~w Wa tit 1.,1a. Ser.S.o;lte s.a l8ocm4lr:, 
. 
atlal' blotite 1D OOI an4 002. Iu Nti-aotiw indioea ares • • 1.6121 7 • 1.606, 

z • 1.'7'. ~t o, 1:d.etd.te ,v -,wta1a ana _,..w11. aar'9P•• ~ 

epMlote 1• of fftquml ~. Inoluaicm• 1n the 'bioUte OOllp."ille apatite, 

.... , -..ttte, ld.:Nca, ad ... ...-ell' qllU"ta and JIJ•d.Nla• tel.llpar. 

TM refnot1w 1.nat- aa1. plNallNlla .r 'lllle ld.otlta are giwa below. 



Photomicrograph of a crystal of hornblende 

in the Old grdnite showing sieve texture . 

Ordinary light x 100. 
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Ba w,;,gu.w IDHC?!! 

I. .I 

oot 1.,,z 1.,~ 

om ,.,~ 1.591 

OG' 1.,,, 1.590 

om,. . 1.,,0 1.m •• c1utt ,.,,_ 

005 1.,,a 1.590 

006 1.,J1 1."2 

Ot:I 1.,,, 1.5'0 

OG8 1.,)2 1.s,, 

oat ... ,,a 1.5'0 

octo 1.,,, t.'98 

-~· 
. 

fl.-~ f/1 ~ ia ilwariabli, llpOfttie. It 1a preamt 1a all 

bm .._ II the ,pecdMIA ~ t..•• OCI, ~, an4 OCHO. The Cll7'l'tala 

are .......U., -~ ti.Wll' 1-- -4 • 1W to S-. x i..t)III. In all the 

aeotiana ... ot ._ ~ pn81Dta & OOITO&t4 &ppeu,m.ae an4 la I I~ 

1v ~ and ooaaldAmll7 pla&,iool••• Sine MXtuN la fa1rla' 0C111DCD. 

:t.Ml.utllGDa OCIIPUit (lUU'U, plAsteol•• M■ . P"r, IIPbml and ap.tite. BS.otite and 
' 

-,1fote haw 0Clllai .. 1l7 an.tlAl,p.a at the u;,enae ot the Ml'll'blea&J. Prilllll.tso . . 
~ an4 M•:t.na plftllel to [ 100] are wn ia .,. fll the _,.tala. Tbl 

~.,. inlUoe• &114 p~ an lbollA in thl ta'ble belAllr. 

.RB. ~~ IDM.oea Meerebm!. 
OOI •. t,, 1.II., 1."9 
00., 1.,,, 1.'80 1."9 

oar.. 1.'9, 1.'80 1·"' l oc, 1.6', 1.'80 1."' 

O(r/ 1-"' 1.&ao f."9 

OC8 1.,,,.. 1.Qk> t.'10 

OC9 1.,,, 1.680 1."8 X • 6Np atzwr yellelr 

XAQ•22° • ffx • 80 
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Im. 9£!• 1M abanoter1at1o 1rm on 1a ...-U.te wh1oh oooura u or.,na1a 

and C1171'-talJSM aae;reaatea SD ftl7ina quaaU'7. !he a...-.p &ft1n as.. 1a 

approxlatell' .as-. X .o,-. nn111rdte an4 JVT!.I• 000W." Sn Ill.Ml- wt ill O<:t. 

~ oi..r oo.1.ourlaaa m-ocna pNtmla+,t. . 1':lnk ~ oocur in OOI, 

OG6, 008, and ooto, wb1la a wr., lmll1 almrit:, in OOI and OG--' an ooloured 

pale 1"l.l8w m- ....,- 'bzwm.. ~ SO% flt h -,.taJ.a are ,&••l\thiil• 

1'!ut otben .. ,..,,.., Sn ftl'1inl ~ The ld.zroan -,.ta1a Sa ,OGJ atlCl. 00,., 

·-- IIDCli.t1.a tendaa1 r..... lMlu~•• SA the s1Ncna are M\ tW111mNa bllt 
. 

1lbu8 in .. t ..- Wq' ..., a IICIWl U'l"IIJIPIIIIA'• !bl __..,. el.tllptim. raU. 

1a 111. 

l'Otrle]ipp. '!he brllla 11114 'b1ul ~ ot ~ 000\ll" ia Id.nor amomt 

in ._ hen¥. reait1rlll ~ OGS. 

1111fJ'aatiw Wi•• ot r.· • w • 1.65' 

--~ •••• 1.a, 

Betlwstlw iadiaea ot ~• • w • 1."51 

bl.a i:ourlllliJ:ti l. • • • 1.,.,, 

J'lugrit., A r.. pdna ot tl.uarit. ~ in tba aeoUGna and i..v., na14ue 

at oaB. 1bl tluarite s.. oo1our1eu 111th patobu or "d.olAtt. 

~ °' m qw 

.l abeadaa1 ~ ot b ,:raid.ti& oot ._. -.a. 'Ir the 6'11:Mr. n.. relul.ta 

et this are a;S.ftD below teptblr 111th two ~ ~• or old ...-S.tea ha 

other parts tit 8811th ur.s... and tin> &ftN4II wl.T'IIN e,t pw..U.orltea an4 ~ 

IIOnW1 tea tw ~ '1be nana .a IIOdlle are &lN tablal aacl be1-. 

!hwe 1a --ll•t a&I tll Ut't 'bebWllla the ~. llQl'JI and JIDC1- ol OOI • 



-,,.... 

2it gml) • csll A l 

8102 66.a:> 11.os 70.01 ,,.01 '6.64. 

Ali'J 1,.01 10tt'8 1,..20 tS.,... 1,.'1 

r.,.o, 1.,a 1.10 .u 1.74 1.'1 

J'eO 2.0.\. 1,71 , ... 2.6, 1.,,., 

lfaO 1. 74- ,,.. .,s 1,'1 1-4,1 

Ol0 .3 • .52 .,, a.°' 4.42 ,.,:, 

ry 2.75 2.52 ,.1 ... ,.10 3.4-1 

¥ ..02 ,...,, ,..,., Z.7' ,.12 

1li:) .os .OJ ·°' .07 ·°' 
'"' ·°' . ., .20 .20 .1, 

"°2 ·'10 .28 .48 .57 .so 

¥--' .1, ·" .,., 
1.04. 1.1, 

¥- .12 .o, .02 

CX>2 .22 .1s 

lr02 .02 -
s .02 .02 

1110 ••• I , ,2,, II 

100«12 99.9' 99.74 100.00 100.00 

OG1 • ()14 gnnite fl:itlll MU- .l'Mlltal ■•W• ~ (J.ulpt, JI. lfatldu) 

OC{l) • Olct paalte pdN fl'on Blati1ml.ll, lwltdJ. (~, f • .._.) • 

OG(z) • 01A &l"ftD1111 flall .... t ot IUJJ.eftn• Os ..... l■L» 5a.W, .. , (~, 

(a.:a.m.aw). 

A. • A ....... flt,_...,. pwls.ltq1, 

B • Awnge flt t1'1n\f ............... 1 • 



l'tfllM 

a ·2§1 .2i1 A -1 
Q\IM'M as.o 44-1 ,.,., z.J a,.7 . 
Ortboo.1•• 2,., e., 2'.1 1C.1 21.7 

Alld.te 2,.1 11.0 26.7 ,1.4 ·aa.e 
..-thite 1,.1 1.4 e.,. ,a., 14,.7 

o.anma 1.1 1.4, ., ., 
,OaSIO, 1.0 

DJ.opaS.6t =~ ., ., 
_,.... Jf&SIOJ 4.J .a 1.4 4.2 J., .... J'elSD' 1~ 1.7 '"' 2.J 1., 

.... tS.te 2.1 1., .7 2.5 2.8 

D-1• 1.4 ., ., 1.1 ., 
Oalalte ., .) 

Apatite .J .7 ., .J 1.0 

ztNtln •• ...... .a .... .7 1.0 1.1 

100.1 100.1 "•7 "·' 100., 

b toll8W1na table• pw tbl 1111&1• ot 1bt e14 ~-•• 
,l 

M!IH· 
9.9!. • ·· w 2it s ~ m .211. .291 ~ 

Qua$ . ae., ""' 1,., 2'.1 rr.o u., 23.5 11., 21., 21., 

J4cna11Dt 1,., 22., u.1 1a.1 1,., 18.a 1,.0 22.2 ,., ,,., . ' 
.l'l•&lool•• 1'1·0 11.4 4'.0 ,, .. .,.., ,,.2 36.2 ,, ... lt4.7 ,a., 

Biotite 10.1 ,.o 11.s 1,.1 ,,., 10., 1,.1 - 11., 1,.0 a., 
~ 1.7 '-97 . ,.2 

lpiclole 1., 2., 1.a 4.J ,., a., 2., ... ., ., 
--- 1.4 1., ., 1.2 ., ., 
INa.Gl'9 .1 

Jbloo'f'ita hZ - - - -
fota1 • 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

• 





Die .a. 4o not ._ an.,- tea♦•••• ~t wltb a pllllitio mpa 1lbtAh 

,1-a ~-1 ,-t:Sa1 CMP\twn:1M+.ia,.. '- telAlpan la 00, _.., pw.t altera.tian. 

w'l it s.a quite peeelble that the n.tio ol ~tel..T "' at ,ota.a. Mlpll" to 

~ ot plae;S,Mlue tellpw 1a not aoaun.te. 8,ptw u ~ an Sapottan, 

aaoe....,. 1lh11e Mile hu not 'bee 

In ~ it 18 b author'• Clpildcin that tbe 614 8Nld,te ot Kalaqua­

lat la pnntoeJ'.17 related to the 'ba..,.t _. old pwd.te ot SOuth AtrJ.oa and. 
tb..e. 

that the t1itterenaea are beat aeoountect tor 1', wat.na that ~ roalc 
• I\ 

hi.a, in 1Jeoea, 1uhdlaW. _. ..tuw.tillec1 olAtr roab ..,.. u ~ 

sobiata ...,, ...i. ... IU!at:GDN. 

JIDfflRAlPG! er n J'AAflL ga.gm 

9UIOI· 

'n. ajerlt, ot the quarts pd.na are~ 'lblrr'h&W an-...... aillll 

ol 1.,-. X 1.,-. and a axle- a1ae of ).Qaa. X 2."-a. 'l'ba ~Ucn 

period 1a nona1 tor p,ud.tea. 

h potub t.1...,.r t.a Jlll.arioo.Une whWl 1a ~tio• '!bl ......... m.ae 

ot the 111_..tiUal alaroolJ.nl 1a 1.C..,. X t • .lla. 'tlh:Ue tlle 3.arllat 017■\al 

Jl8UUNa J.311•, X 4,.10.. '1!118 pertbt.tiAI lntacpowlha up te .21-. :I: 

f
- ·1.526 

Rllt'ft,aUw 1%l41oe,-. = 1.524 

• 1.,1, 

Cl'yatala ot olJ.polue measure up to 2.31-. x 1.&,-. all4 haw an &ftl"l&8 
' . . 

a1ae ~ 1,2111. x •-,... ,,_ oll,po"lw OOOUS.«Nlll' llbowa in~ el1 

miaroolini anU.pWtld.ta. 



i
. • 1.5,:, 

~- Inlioe■ 7 • 1."" 

•• 1.s,.., 

F.xtiD.ot1ca ual• • aombS.nil4 Oarhbad-Albite tw.t.u are 4,o anA ,0 and the• 

1D41oata an aaorth.1.te oanteat ot ~ 1lld1e the retreatiw indioea agree with a 

'flllue ot KJt.rJ"t'T:t• n. oliSIOl•• la tairq helh and. not ~~ ...a.. • 
. 

ExtincUon ancJ.-• on aeotiqus ahow1ng OL'lllblned Albite ad FWioliae tw.lan.1ag 

ind1oate an anortb1te con.tent ot 32J' tO!l' the core ~~tor tm Jlllll"g1na. 

8~ pleoohro1o biotite tlaba haw a aximum prillaUo aille at 1.)2m. . 
x 1.1,-. ~ an &"Nft,S9 aiN ot .fJOan. x .40m. A aliaht amouQt ot altera:ticm. 

to ablorl..te bu taken plaoe, ;priaa1pall.y' along the olaflae pl.ant•• Ooaa&dAlaal1" 

epiaote Nplaoea blotf.te. s.pn,.te WN ot Ntile WIN obN:rw4 i1l a few bual 

aeotiCWl8e InoluaiOM in tho biot1te -...priM -,aU.te, .IUOClll1 ... tite, 

<J.UQ'U and •11,po] ••• 

Aooe!!!!ri:•• 

llMR! OOOUN1 U ~ -,.r;.taJ.a ~ up to 1.1.5a. X .a,-. 
It 1noluc1iH apa.Ut., 11:-..,. an4 ol1.pft11N an4 ia arited 1:r irreav,l.u' <ftGka. 

'1ht pl.eoabJ:oola 1• frcll oolourl.e•• to hclneT bnwa and the JllN1l ntn.otift index 

~- oocun ill liill1l quu.tit., u a ~ ocmt1tuct. It ia 

pn.aoipall.y' inoluaect 1n. (1UJ:'b. h Ja3or:l:ty ot tlw nmoatite ia ~ 

after pla&1,oola• ~el,Jpar • 

.A.Ja!il&• 1a not abundant. It tcna ..:l.l Ol7tJt.ala with a ~•• Id.a ol 

.oea.n. x .~ an4 a.a &'ft1."II&• 81N at .O!iar&. z .o,-. 

~ ii eoaroe. ax,,.tal.9 ana. ..,-atal ~•• together with a 

little 1Jnwnite OOOUl'" 1n aesccdat1Clll with the other aooeaaor.l.ea and haw~ 



Photomicrograph of the 
. . 

z, rcons 1n the 

heavy residue from the Paarl grdnite . 

Ordinary l ight x 32. 
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-,.netite, apatite, and llirocn, ~inctJ.cn angle• Gn oaml:dnM C&rlablu.\­

Alblte tw1na 1ndioa.to an ~te cmten.t of ~ and. t!d.a 1a ~ 'tv the 

f 
• 1.s,1 

RltaoUW Iu5 ciea , • 1 • .51.' 
• • • 1 • .51,J 

B.r uti.tim.al Ught the biotite appea:1"11 ..., ried&tr than Sn pJ."ffioua 

8ftld.tea. !be__,_., priaa\i.o Id.lie 1a 6.94,a. X J.,.15mn. and the Aft!'llge 

81N 1a 1.'1ma. X 1•'-'• lntenlle pl.eoc:ilro1o haloe 8'll'TCIUD4 airocn :lnol.\JIW'ala• 

Other 1nol.uai.ma are or apaU.te, quarts and aaa-tite. Alteratic to ahlorite 

and aerio1te oooura oooalliclaall.1'• Sa,pnite wba in t.he biotite were notioec1 

1a \Wo inatanoa•· 

Ae9!uor.lea 

M1n1U7' IIWIOIWite oocura 1Zl lldaor quantit,. It haa an ...-.ge auie ot 

.!Im,. X .1-. and a lll&XS:a• Ilise GE 2.1,-. X 1.1,-. 

Ap&Ut. la a platU'ul AOOOUC11"7• It 'bai1da ~ .ba.YJ.na an awrage e1u 

ot .1,-. X .OS-. It 1a (J~ inolu4e4 1a biotite. tllpatite ia tail"Ja' 

abundaat. Thi •.S•• Mmma1.oa.a et a ldlld,e Cll7'atal. ue .9'1a. z .,-.. 

• !ounaUae oacwa 1a three dittereat "81"iet1-, 'bNlrn, blua &114 gretm. A. 

IWllhr at the ~. pr1 ... haw a patdQ" &tzi.but1Gll ot blue and ......_ 

OOlOUI". 



Photomicrogrdph of the • zircons in the 

hedvy residue from the Cdpe Peninsuld 

granite. 

Ordindry ·· light x 32 . 
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l• • • .1,"4. 

llltlrlunlw In4iON (" • W • 1."2 

ot.,.. toumaUae l • • , •• 1.641 
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lirocn ~ an •tal.1 •lllurlna 1M pinld* \'nla an4 ,.u.s.llh _... 

_,..tala &l"9 ~ • ••• ~ ---tlclul ooaur 1"" ..,. DOI 10 

~ ot ._ aw ot tbt Peid■mla ... tit u Ill h Purl araat.te. 

!be awip e1..,,tt. ntio la 11). Lram ,.U. wtilllll ~ oocur 

i.u ~~ .. ...... !blJ' haw the 1f'pioa2. wall an.J..,.a MJZ'Ud,4 

taoe• 11114 ..:U lfllll ,.... 

Pl\'B9JRS a, • '9.@ gwq.p 

Dia ~. tbl D.Cll'II an4 h _. ti 1he Olpe o-tte are giwn belolr. 

Wl!!\I ma !a. 
It.OJ '°•" Qlllrla ,1.oe Qlarta ,1 ... 

, - AlfP, 1,..'8 r, ... Pnl.t&M...- 28.J. 
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1110 2.'2 Anlrthiw ,.45 BS.otlte ,.,.. 
)(g0 1.• 

~, 
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,.10 ~" 11Mawite 111 
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a,.s.n. pst'J.v • a. 10 

¥ '""" n I Ste ·"' ' _, .o, ·-- ,a 
Pi', -- ,,.87 

BD2 .,a 
y+ . .,,. 
¥- ,11, ,,.a, 



I :
 ~ 

! 1
 I 
f ~

 
f 

I ;
 I 

I I
 I~ 

~ 
; •

 1
 r 

I !
 

5 
~ 

~ 
l 

r 

I 
' •

 I
 •

 
~ 

s 
~ 

i 
i 

r 
( 

f 
f 

I 
I 

I 
8 

! 
f 

11 
f 

t 
• 

1 
-&

. 

, '
 

.. 
( 

~ I
 
i I 

I !
 

-~ 
J i

 f 
~ I 

I !
 

i
i
J

t
 

£
1

 
.
,
,
 

.. 
, 

...
...

 

I }
 ~ !

 • 
f 
I I

 
I 1

 -
J f

 I 
~ 

l 
I 

! 
~ 

t 
t 

~ 
~ 

f 
f 

t 

I 
. 

I ' 
~ ' 

I r
 

, 
f 

~ 
11 

' 

ii
 I 
l f

t'
 r 

ii
 l 

1 '
·, 

i 
~ 

• 
• 



Length : Breadth Diagrams 

of Zircons. 
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the _..zd-.1 ~ that a ~ -,a.i 'WIUl4 ma-:117 fAlffw.> 4ar1n& 

tbe'proo1u ot VIIJlllpOrta.U. llnA Md1Ml•U., tilal1a to roun4 tbll -,alial an4 

~ ._ 1-lth ot tm pr:1.a1. Z1NC1U ,._ iaa, .. .._., • the othar Mal, 

Ntdn to a PMt met their~ Wa 11,tdd ocntcNn. 'l'hl• rellUlta 

...... faWtftllJ, WS..th tbOH ot Smit.ta--, bat it 1a to,. ....,,w. that Smith-

.. d14 aot lllcla tba poiata l'OJ.ll"M••tiaa 11M aotuaJ. a.sea fl the a:l.w 
' 

~ in 1:hl t... 4:1.apw ft,pNl01114. 

'1ba ~ ot -. 4:1.apw 1n bl.a.- ltlff8 ..._ • u to :mo'.bm all t11a 

peiata. It, bONeNL1
, t1Mt -~ pt:Snta an ~, the out11 ... --,. '8 

,._ t'latten.4 bu.t ao not 1olle --~ SA wJ.Mll. 'fh1a oaa be win fl"Clll tM 

IJIOGlld 8llll.iaa in l,l"ND. ns.tt--.t tao.lea f//t tba MDII ...... , ••&• Capt an4 

PM&t., lbow' cUNhd.lar out.Ji..- both in IJ"Nll and. 'blaat, ancl it 1a tbt.ret'cn 

ocnclua.4 th&t t:h1a artho4 cannot be uaed tor OllrftlattCI\. 

oqg.-a§la 

!he fCft&01n& c1ata an ~ ~ below. 1'ba o14 and 1'MII 

1faaqual..ld. pam.tea are ..-...a, an4 ff1c111Doe ia IS,"fllll: tor the OClft'elatim 

of the JWDa lfwq1•lNa4 &IWd,....-W ,r.S.~ tbl Olpe pam.te, aa Npl'U8Ate4 
.. 
'Ir the Capt ?adnRl• and ,._.l ....,_.._ 11111 IIWl:11'9 at ill aeen to be 

c aola. aargS.mJ. ,_.. el the 11aaaqualana gnai ........ 

!be ~ 4S.t'tez__. •tc:s• tbt o.1.A ant J'OUl'I ~ gnmitea are • 

ta'balaW. belAw. 



9H JJM\11 
(a) Chlllloel Gl"iWria fJwU.Mw that thl 

lfLWllte 1'aa ..n..e. OMtndm♦.ien or 
• 

•••• rU., b'1I la ~ adatlar 

to the 'lml I II t'\ O'llllite 9f 8-dh 

AtrJ.a. 

(a) a..t•l el.Wia ._ tM pmite .. 

ta) Claft~ ....._.. la ~ JftWi .... {lJ) bi.NU ~ 1a GI ■3. ........ 

the oantaot ..... Oft .. lahl.11:b. 

<•> 1218 ......... ....W.te _... flt tbt <•> 9- ..,.... anitnbit. acinteat Ill the 

pJa~oolaa. 1a •1,c, i.e. 

aa acd.4..ataw. 

(a) 9-ntiofll,..te • to 

i>l-1oal•• r-:a..,. 1a .,..._.~ 

1 I 2. 

<•> 8pbw 1a ~ -~ 

(f) !be ldati.te Cllntailla IIO ...-rl.iM W'N. 

w Ruw.a :La .-.nt. 

(h) BJ>1'1nl 1a • ..,,. - .... "11' 
GIil.SU ~ ~ ..tld.te. 

(1) Pellldtla tat-wp•lba an an~ . 

(J) Dlllldte 1a wr:, eoazioe, 

ooloar1-M, Pink ~ are Cl a 

pla&1eol•9!t te . 19 29,-r,., t..•• 
a'bulooli.pol.Me, 

(4) -n. ""o ., ,otam to 

p]a&foo.1••,. la awNd•~ 

1 1 1. 

<•> BJ,13 w 1a ~ pNlllln ill apprMlabl• 

.. ... t Sa .,_ .-,aitee 011 aa4 01, 

1lhiGh at -' eenlaSn ntt.i. inolne:S_. 

Sa the 'ld.oti .... 

(t) &pd._ ,... f//1 NU.la an ~ 

bu. ot the 1wn11-. 

(a) &iui. la ~ i-111nt. 

(Ju~u ..... im4ao.MI 

SM1,. .-tblte. 

(l) Plrthiti.O Sa 6N ..... t. 

(J) Il.mMd ~ oocun Sa the --.v of 

..,.,,.,. 
(k) in. Ja3cd\,' ol 1h11 ll1NaDa an 

791lolv' ,...__ Ro pink TU'ietiN 

• ~, an4 1..,..,..,. ve •~t. 



Old FM,1,11 :res PMiP:fMLH 
gm_ !I ct2 

II02 "·80 11.ac 72.8' 

Ali', 16.07 1,.1, 13.11 

'let', 1,.52 1.5' 1.02 

1eO 2.04 1.0, 1.<>7 

1f&O 1.?A. .u .,z 

0110 ,.,, 1.a, 1.,0 

9tf¥J 2.1, ,~,, 2.49 

y 4.02 .... ,, '·" }ti) .o, tnoe .01 

PiJ, -°' ·" ---
BOa .70 .,o ., ... 
y+ . -,, •• .,, 
y-

' 
,ti .21 I ill. 

100.12 100.11 "·~ 
Die fe1l.otug an the ...,.... .._ .t t.hl o14 anntte an4 annitl &M'• 

Nll,PMU.~. 
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Diot11:.t 

ffeWDh°Jde 

Bp14otit 

SphaMI 

lluloftite 

IND are 

!14!! 

914 R'!Nr• 
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n..ta ,.. the Gilllftlatlcn ot the ...... , .......... _, .. With .. 

..._..., Purl u4 Olpe :Pednl!Pla put.tea, 1a giwa in the foll.oidzta tal,le• 

¥nm l:'!Mlt\ Q!I! E!!dPffl! 
.,..u, IR!W Bl!MM ,41!Pell! --Cllftioal lfanal •lblS• 1fcnlll elbli• N.--l elbl!- Jfonal. •lJce11• 

...,oaitim arani'- gnnite pwd.ta ..... 
'1'atuN Cranitio an4 ~ ~ 

..., .. ....u.- &'flGd.Uo pmitia ,-,,,n.u. -~ 
fttio ot 

topl-CS--

Cllue telapa:r 1 s 1 1 I 1 1 I 1 1 t 1 

~-

oan"8at ot 29.~ 1tc -' ,,..,., .. 
fttlapar 

'lqerd.• wt,at 

ot rut:U. in ..... ~ ,... .. ,, 111d; PN1aat, wt Pt-.1-.t,mt 

the bloti te raft rare l'lll'W 

UJIIIA1._ Ooolaw in the PN111nt ?nalnt Pn11nt 

~--., 

,-ll.olr1lh 'brcMn yallowiah 1a-ollb oolollrlNaJ 

'broln. ?nal,aaicna are IDol111d.ma are ~ bNm 

tnolmtima &bun&11iat. .,,....:1. ~ are 

Jlpu.te D■1nt. 



Dir • 111-.l ..:a:,.a an4 .a.a are gt.WA belolr. !hi .. fl/l the 

~ ll"llllill --- la the ....._ f/1 .. tan ... ~ quoW. 

l'ulgge,lg. ~ 5&9lt! lW1 • 9!Rt "918!\IJ• 

pam.te:-JliMJs•• ID9U!::m!ia! -- &E!M!!! ,ngite 

!I G1! 

ISD2 71.2' 72.8' 7'.22 7'.!I) 70.,& 

4/'J 1,. 73 1).82 11,5' 1).78 tlt,.68 

-i', 1.5' 1.01 ·" ·"" ·" 1eO 1,09 1.07 1.0, 1.,1 2.,a 

)I&() .~ .,52 ...... ..52 1.a 

0.0 1.eo 1,to 1,2' 1,8' 1.,a 
. ...., ,.,, 2.u ,.11 l.ol 2.35 

y ... ,, '·" ,.1, ~7J 4-'l-.., ..... .01 tnee .o,. ,OJ 

¥, ·-" ..... ttMe -- ... 
!101 . .,, .1~ • 18 .25 .,a 

¥+- ·" .JJ .rr .22 . .,,.. 
¥- .18 .01 .10 .1, .18 

100,11 "•'° 100,08 100.1, ,,.a, 
M94!• 

1fW1'!!lal .... fMd 2!R! 8!P3e•Q• 

SF!Rift:"8PBII!. IDP1SI --- l'PPAA! 
Quuita "·' "-' ,a., J1,J 

~.7 ,,.a t4.0 .... 
Pladool•• ~ ' 21., 25.1 31., 28.3 

Biotit. 7.J 1., s.1 , ... 
~ ., 
Jp!Aote . .1 

SpMM ~, .J 
.1 2., 

Innara , 1.1 S,J 
U22a1 1~ao,. J9Ra0 n,, 

~anm.. 1.7 2.7 z.7 2.7 
• 



I 
Part of the Een Riet hills. The 

mountains bordering the Orange 
. 

river 

are visible in the distance. 
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tail• or 1ftll .. , ai,a.Ute, liquid tm4 pa. Z1rOCll and ahlcll"J.te an ot i.u 

~q\llllt OOIM'l llhOI, 1lb1le wotite an4 ..,..ts.te tGl'lll J..u-ger 1no.1na10lA, 

J'laba ot JIIMIOO'ri.w ooour bet au.a. wt enolole4 1r ,p.rta ..,.s,.. flMt 

llUGh .... oanWu nuaroua inoluaiOM ot qlllll'ta ftndn& •atew• tmr:tun. 

It OOGln u Cll'J'lltala, ~ aa,egldea and 1:ftd1a ot a\mlte inol11a.i .. 

.la the ~ I\ 1a ~ eaeocdetad with DIIIIDffit•• 

M9!!!V Jl5ln!nlt mnw &a !!! bla,z mM!!~ 
(a) I4moa.i te wt huMtite pl1u are ._....,,._. 

(\) hW.• C117Btala aN ~ ,-11- '° cnnae ,-11-1n oolAd' aa ._ 
llll1bc1 'Nr-tioal atr.l,atim.11 and. atrJ&tiGU ol41Q.IW ,_ tb&t pri.aa ec1p aaJt to 

JOll'lp.tbat1o ~~to 1:he tw (101). Gem.olll•te t,,Jmdna 

,-..U.l to (101) oooun ftdrla' t.Nqpe~. ~ ia tDli,' ~ 

1a. .. r.. cr,atala ana. u Wl.t. A tw r-, ~ mtil.N ooou:a:- ana. ... ot 

t.heN haw a patatv ~ ot oeloul', 

(e) Ana--~ u opaq111 ~ 8114 ~ ,-U. 8114 bl\111 a,.,daa. 

(4) SS1l1Mld,te 1a a ft1'J' rue omatitUlln.t. 

(e) Z1.Nln e&79tala are wtl, ~ aD4 fair~ wll rem.cite!., n. 
a'IWl'llge eltlQptl& au.o ot 100 -.,atala la 1 1 1.,1. ~ atrocma ooom-

Mat ill~ to .. NJ..-1-a Gll'7lltal&. '.l'tllV' ... \he ooleur., 

alli..arlte in arUfioial. li&ht• Yellolrillb to NM1ah 1ND-etaim4 ld.roon.ll 

_.:a, all the m.roana ocntata iMlnld•• 8114 

.. a1aa1]f' the• ..... .....u. ......... ,. 
(f') Bt.etlte .a ahl.Gl"111e are ot ""17' ran oooun.-enoe. 



.., 

Plake•· ot b white nd.oa oaaur moet ~ 1l'l the bual quartat.••• 

1llh1ah araat int~ q~te aabiata. 

[

• • 1.10, 

lll'tneti,e In41ol,■ , • 1."' 

• • 1.,a. 

Qfyatal.a MA in'qvlar ardU of 111&1»tite •uure up to ~•1" 

e4a. X e2-. J.ilpeUte 1a not plAa~• 

M9!!!m M\1Pl'!l! 1p the hMV m!du:8• 
(a) lil&'-,bMllatite tOll'mll an a'luldant IIOcSez•tell' apeUo Gl'O.P• 

(b) Apatite oocura nzw~ aa rount\14 ,p'&inla. 

(o) Gamet ot tll9 pink •lMM:f.M w.rieV 1a fair~ a.bmdant. 

( 4) Ru.tile CD711.U are WJ7 rare. ~ are ali&btll- pleoohroio an4 ~ 

in oolour tram ,-llow1llh wanp to N6UJlh Ol'llnge. 

(e) Z1l'OQD aL7Stala an ~ .,,,...,_ with inclwd.ma. Clear and 
I 

oolGl11"3-M airocma U"O in the .s.n.:i.V • 

(t) <lllarite 1a ot l'IIN ODOl.11"1'8110. It ~tll' oantaina -amt• weba 

ot nrtile. 

(g} Anatue ooaura -tl.r ia the tom et ~ .,..W.. .a. ~ o,du. 

In han4 .,......_ tlw Up~ quertslte 1a pfts!J ~ mauTillh in oolour 

due to the clSelMIPd~~• ot tmtite. No ac:N.ata,... seen lhlffl1'1D& the 

quarild.te. 

M1neraleR:· 

fl,.e quarta graw are ffr7 ~ in lblpe.and. sholf ~ lft1.uloa 

extinotilJn. ~ cluat-Ulat :l.nolwdClna are aaeptiGnal3-, abundant and~ 



h .......... Aft • rlba'L tdlldlar la~ to tt. Ben RS.et 

· ..,.._but white~ ue not•~ e4 .. ,...,.i-.t oaloir u 
lll&'Ul'1alh and~ 'Dll te:dln u tht -•-- .... .,.. 

•• i...,,. nridnl4 paiM ot q..u _,. & •:dma -- of 10.. X 7 • .,,.. 

-4 • &'l'ftlllll alllt f//1 ...,...,,,-,., ,-. XL,-.._ ,.,_. la DOI • ,._. 

uuadaw fl Ill.ate illO'IMI&••• 'butt .... pNIMt1 tbMe _.. N&ttlize4 . 

~ or oocnu- AA tbSa vai._ in tba ~ DlilC,' OIIIA1r fll ldftaa., 

.,..uw, ldellte• irca _.. an4 1iqld.l ..Wldng ba1ablaa el pa 1ilwlh ._, 

"JIU It.I•'_,., 7 ,t. ,.... a.lveteaa .....-U- ldAnlte, a1..-rit., llilgneUte 

• ....._, aA SA tt. ~- ll"fa the MU• tin ltiewll' to tbt •Ntls. 11at 

~ad~ --- f/1 pink,, ..... OOOUI" ~ in 1ibll 

J.ca1a bariiCIM, , fll the ......... The 1argNt 8 .,-.. X .,-. 

11114 the ...... as. la -,pr :al•~ 111111.. X .0S.. CUnna tocUI' Mtnl;r at 

ihl 3uuUcaa 'belHllll quarts &ftiu, but_.a1lloiaol,alo41', qllllrb • 
.. 

•, 

~ . 
A ldrMll' s 1zat.t flt 'bit.ftite tooUN Sa b 1lual. ........... Mal&Uo 

paiM 1wft a am.-aae l.aQath ti ~-.i,- .1 ... .a. br1•4t.h ~ .o.,.... 

J1 ... fl CUJCN1te alM _,_. la lld.na- l■P:at t..lt .... & ~ pun 
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•, Inegular ~ and urall a,.yetale of J.'lll,SMtite ha1'& an &wn.ge ~tero 

t4 appJIOld.ratel3 .o)lm.. : lt ia a aoderawl.r abun.&ult aocea1017, 

~!!SZ !l!Y!!la -~ !!¼! h!,!.V; .1"!Ull!• 

(a) Cca\POaite ~ Of ~tit&• ~tite and_ ~te .-. V'tJr'3' abunaal\t. 

(b) Huaoovite tlakea ~ ne~ 1n abun&m.ce- 1n the hea-O- CNJ!>, 

(o) .An&t.ue, in the t'OJ!'m ot opgqwt e~ and bftaul,ar blua ~, 1a 

coapn,ti-.elQ l'\aft ♦ 

(4) ZiroQll ar.v•tal.e ere nearly .ri '•ll ~ anl1 the lD!)Joriey have. a· 

79l1odeh 01" brolmtlh colour. 4 fe,, m.rccna an oolburl"e ana· one t1r • two 

relat1ve].y ~e tna:1Y.t.au..l$. are purple. • 

(e) Olorite 1B a. n.re constituent. 

Len,th • 1.a.-eaAth ~, .,td.ldlar ta tho119 ot th$ s;Ntd:~•, • ,._.. . 

p~ fl'Olll a~ ot_ the·~ ot the qiaartnte• ma. the ahelNA 

oanglmDera.w, ,, Slrd.thaon'a ~ ·are aaam ~ tor ~ •. 

• flae rod &>ta· zd.~ the oo.inoidenoil ot as.a ar llm'e riroan ~ta, ~ 
. . . . . 

~en from three- to five., and the ~llow two, 

" ' . . 

h ~tic 'broad 'bue on the 1 ·i 1 i,a.tio line ·ana the tact that 
. . . 

the outlinee ·do not onrlap the 1 t ·s line give ~ticnal proof that the 

quanatte• an4 the ~a ccnsl,Olel'e.te are or ~ntar, ori.g!n. 'nlia 

result is 111 &4~ with the ~tioal caloulations bued Q1 Sf:oke'e 

law and reter.Nkl to ey- &n1tbaon1S. 

M in the 1tmgth : ~tb. ~. of the ,:ranltff, A peen outline bu 

been an.a· ao an to ()ld.t the ~- IS.rocna, ..a in the .. a.~­

a1"41&r:Lty .·can be ·nen 'betwNn all the ClU'W.nea of ~ troa tlie lTmaqual.en.d 
. . 

quartnte■• Th•·.two Kaaien. quart.zite•, hOW'Nt"1 from. Upf.ngton atlA ~• 

reapective~ •. Bhcw COl'lai&n:-able c11fference j,n their .... outl!ne•, atld it u 
-again eoncl.ua.4 that the method ill unreliable tr# eeta'.bU.ebin& CQl'l'elation•• 
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~ ~ q\lafflltea -~. til,kM.'IJ:r al,uq~ ·hSabl, l"90lf&Wl5,ee4 
·.' . • . . . 

nn4·1.1• t. •• cmi.\1t tmure.. ..,, ditfer :Ln ~ reaptat tram. tbt -

Jfadea q\laffllie 'lhlob is ·JIOrO Mftll81. in~ ana. bu-a ftner-ga1n. 
~ • • I • • ' " ' • 

_!bi Jf--.quald q1111rid,te1_ g~ ~_Into• ~-- aold.lte, 

1'hUe thla la Mt often the -. "'1th the 1.aden tQU"tld.te•~ 
' .. . . . 

' ~ . , .ANOmft • .uc:mmr ARClllRl! :tW.mN'. JWilll' 

llt&gnet11:G ' 

--.U+.· an&· 
Lt't!LOOlte 

Pyd;t.e ~­
lluoov'ite. 

81oUte 

Chlorlte ---~t 

Jla'd.te •. 

~:-­
Sf.llbmd.te 

Apatlte· .• 

lp14ot$ 

IUtUe 

ZSrooA 

Q~ Qlll1tfUB ... Q~ Q~ZifB . ~ • • 

(~) (am ltt!tt) = (~) (~ 
• • • • • ·, 

• ,, • • • 
• raft 

• • • • 
' . . 

. •• an • . • l"a.ft' • • 

........ , .. ftff ·-. __ . ' . ' .. • ... 
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• •• 

, •. 
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~ . . 

·'Dle ~ •~ ot .,._. 1n d1 tbae ~-'8 ~ btlt no 

a,eoui -~~be at~ Ane,td& bu ..iao becm. ~ .5'1 tho· banbt a., 
.a·~~ ·iro1-.,~ flt. 9le.11aaYT •...i. &,. not~-~t ~ ftr 

a aotWte ~~ at ~ • • • .~tee wtth tbe X.Sm wiea, 81'4 the 
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in~ n;oz;,etal.Ua.:--.UM 'llbich the fl¥l'fJi/!II: hATe undorgQne mtbe Po1nts to 

• tbGir beU\S a11 <>l.&w ~tic ~. ot the !hei.a S.,8t'1mj ,m.tch mq'·"' of 

local~ kt.~a.. It j.t, atUl poBLlible, bowevor, that~ 

wart. OA theee groups of quartaitets 'will bdng to Uaht 001\0112&1"'8 m.&mee_ tar 

th"1.r snol.UB.1.Cll '4th the ltaailM. ~e•• 

. . . 

I ab,ould like to ~GS lll1' tn&;btebtm to· lb:". F •• Walker, Proteeeor ot 

Kineral.O&v' Md Geolog· at ·th4t Oni~ty, tit Cape ~; tw hifJ ~ tUl4 

. Ul~ aB&letan.Qe in OYft11!3 ~ ot 111' work. I BJll nlDO intlabted to 

~- A.R.E. WolkQJ, Senior tee~ in Coology, tor a4n.cc nnd. tar the loan ot 

sli&i•• . lQ a&U.ti04 J2L1 th.an1m a.re die to th1, tollord.ngt Proteaaor w. J, T&J.bot. 

tot!~ loan ot mapping J.nstrumtnta, lll:t, w. PuaAt tor, alt~ :me taoUitiea 

t~ ohend.cal ~, and ?IAJcr J,. G. w. Le1pol4t tor tireoting l!6" attention 

to tho ircJI QN) aep-.it, for thc_collt,oticl1. of sand DZ!ples. and 'tor h1a 

untaU!ng Jdnltnesa to me .St\, the &14 •. 
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