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111 tho h11..ls an.'\ 1n the pln'in of the ·hAlo rea 
a.ro 8Xp080d tWO ahoeto of quartz-:1?1 rlte, tho :.l'D'ti}Gl' 
ahaat .,.,~.n .... locally mushroom- Glut od. i'ho !"e'ck ccrl"es-
ponao looaoly t o t he Down a ~untnin typ o~ dolori to, 
oni co!11,tLlrw numeroua noriz";)na of co r o- ··.rained dolori te­
po~o. ti i,o . 

r ,o plo. j1.ocltUle t'el~'7'J.B.ra nre doncl"ib d w1th s oclal 
rofo. 'nee t~ t e vnrlat1~n of rn1n- !ze. the f turcs 
of £oned cry tnls, ana tho poes1blo caus s of n pe~ulinr 
br~;wn elotulin!; 111 tho bao ~<- zm• o of t~ha cry tala . 
Phonoc s to or a.u'¢ to nnd l ecmi he , o well aa pl 1-:::clnae 
nro ,..oco~1.oo in t, ' o chlllo!i eontac t roek. 

Tho ·o1crometrie data indicate th~t the tne~al 
oo oslti~n of t o various a pecimenu 1s l~r~oly ~?vorned 
by t.h ':"!Xldll:tlon otnte of tbo iron, Gnd that t ho or-et 
effect ho.n oaunOd t.ho m "'.r ':it.na..l l"'nlt to ho anr·tah d in 
b nic lemonte . 

ydl~the~~l velnlots composed ln~~oly or chlo~ito 
octJur in oth t , t} dcler1 t& ona. t~he ecuntcy reel,., ar1d 
evld.onco ou-; •eota that vo1r. ot' ·ooth !""OAlduo.l [1,\n tertnl 
an1 mob'i.liocd -~rani te occur 1n tna uppor f.lnor- :rt~.1nod 
d.olorlte . 

. ... ·--.. .. 
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'i!ho purpose or the pretHmt 1nvontigation wan to 

9'6l11V aor e o~ tho o.a octa of tho ~lnera.lo'3Y a.nd potrol-

o:;y of t!'le uvpor del r1 ta sheet exnoatYl tn the ""l!ale H11l!l. 

T hi ~-e a oortein mcunt ot flold ev1denne in proo.ontej 1 

1. t in 'W1 t'h a Vi f.%' to a.oqtlAintin.., t.h r•oP.-l.al" wi tL tho 

.encral 1mtu1"'o or the goologtc9.l setting, rntr:>er tha11 to 

aurnty detn.ilo~l :tn:fomr.ti.on ror::arding tho· otrvott,ro.l 

\f1 t~ r-r)Pot ~a!'o tn the :t"iold at a1~n1 r1c~1t oint, ; ,f .. ile 

at ethers the autho!.' hno t1on:t'1n ~1 bl.moelf' to merely 

in 1cat1n • u :o co-nt1.nuit,y or tho cuto:-r;-- ,. 

T e Ol'OStmt wort 1 1 t lo ~ 1o .... lld, will tlaliO a B all 

t~ontPlbuM on t~1 t. e aav·e. .olll,3 l·nowle:1 o Clf Ke.rrco 1< 1-

or.i toe o.nd. simil~r r ·.,('fka, a:1r1 evort !.:1 t ho n'·uonc 1 ot' 

mucl r~aw ta:r:.a.l, tho data ml·;ht h or S(.me uao tn tl· c 

oxproa e1. by nr vious wo,r·~~nrr,. 

Thi_t:J noconnnr:lly or•io~ paper w3 ll at loe.rst on:t"Vc to poi!lt 

out G.:, o of th~ ao ·ecto 1"' th potrolo · y or tho hn.le 

h ot. w ::!.c • nr' or int.eroot. 

he ntn bul' or thn 110r 1··ne boen cu.r.1·· o..._t OPt 

pGl"lQ of ''.told ~ rok VtlO of nOCt':l ,1 ty limi te1 t . f! tote.l 

of four wo a, \': d,le n ucrt.ai,.l a: t~tl~'l.t of field uork lma 

!')eon d 'f!{ • n t.ho nater.n l"ovlnco oxa.minin1 cr. pamillo 

• • • • • • • • -



rt 1 - itfieult to ox ron•· ln brt f tormo tbo 

debt. ~wtnJ to ref . ~.D.Mounto.1n, fer h'te ulC\nnco o..na 

lively inter nt flur.ng the proe0nt. inv otl o.t1o!l. In 

f'i ldo rruJglng f:r.:.m tho 1oM of el i.dec t.ht. .. ~od fo~ hie 

own ,.-orlc., t t.• :lnoJ. OJ.'itio 1 r•olld1ng or t.bo nanuscript, 

'he has aecu:rulated t1l< J~.1!0ero gratl. tude. c! t ho wr1. ter. 

Tc ·r . .~'!. :'ayla.nd, .,1roctor of Goolc-;.i.cal "urvey, 

oc ~ ~ ~ ~.a.ln..nd, ~bo.nkn ro duo for tho 1nl t ln~ ou tlon 

that tho hal hoot would hG r. t '\. "1t rc t • nr:ld. :fol' ·tho 

lo .n of inntrun to nnt'l aez·lnl p' oto rn't)hs . 

l.1h: rt ter w ~ fortunate 1r. n vi nrr nr. . Poldet~­

vna.rt, now or Columbla. Untvarolty, 1ntro1uco him t: t.ho 

rao., n ou tlin vhnt apaolf' c atH11os mi.c;ht ·,oo.!' r aulte. 

Certain of hie f'ol low-utudents eo F.fe tho t hunk.a 

of tho Wt'1t r for.t..bol.r hel p on ocoo.n1onn, o.nd i n part­

lculu..r ~oonra. D • • Toorion, ~ . Jo •• and o. f nilold, . ~ c., 

for ot~.rr.y1Il3 out n l ysis of n .')tt ttte, and nlno 

r. J. • ~ogorn , who aecompan:\.ej, hlm 1n thG f.l.eld for• a 

for ... nlght . 

or t olr ~"indr1ons rmd ·'JoOpi vn 11 ty, r. n.n~. l r s. 

0 . onum01J.t, of t o l'ale , a "o t hanked . · 

. he a.c onts Wt1~.1ld. nvt bo ct:>m;plote without 

ny1n, trtbuta t o t· o pa.port ' Karr o Doler'. tea of t ··o 

oldorve.o.!"t . rn"' ~ot ct ·1 r t·li&1""B, t1~1o uol" ~ han au pl.1oc1 

tc t e \fri tor, o.n dcu'btlesa z:n ) 'B 11 e bim, me.tot"1al 

wh:to~ wou11 otr ant uo not bav bo n a.va1lnbla • 

.. . . ·-.... 
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A Sketch Map of 

THE OOLERITES OF THE KHALE AREA 
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' )a 

one nix m1J. s tc tho eouth of G h ron s • in tho 

o hu alnni rot ctor to, li n the s all sottl~ent of 

h 1 , oo pr, o1n:· 1on ta.tion, t vo "'i.ocrutt1 

Cor o~tio~ oat, ator an~ n few bouoca. 

ttnlo 11 n on th 

to t.h n1. n, nd lao Oll tl,o ... ")O.' '"erving the oame 

~ llr'I)O e, tho twr- run 1n h ro ar llel ooco for hun1rcd 

'e low hilln round. h~-o p ovid plot), t 

rol1 : 1'rom t o .onotonou j f.l t l 

hie te tu.rea l"icin · a f ~ btmdred 'feet nbovo tno 

·on I'!! 1 lovol or un ul tL country, both be in~ clad in 

mimosa, crub a. . C"" tty 1' o tu .... t..~n l:tlls , 

wl th t 1!' e.toU .. ! tao • ere r 1 to out oro a ly1.ng to th 

wo t n1 nort"'!- • nt of tho t 1eal'"'n ,tat, on, nd ro mont 

,.onvanlontly ea1 t d th South nn orth .illls up-

oot1v l ·• ocnt in th O"ttra e woat, wh -~o tt~ey ar 

c n ete~ by low h ock , tho b lllo r sop rc.tcd by 

the rm ml lw.t of tne plaln . o ~ t1 the id1le 

h 1~ ·ts or th rth l!111 n.nd nt v .. JX' ou J. co on tho 

plain, nro 11nb of · intro ion cf .. a • d doled to, th 

6t 1 y or which is tbo pur o of th nt .in-v t,i o.tior.1 .. 

0~ \1 11 s d ou th st r hilla~de , th 1 wer 

slo f fl ·1ch ar tr wn wl th rou t:ia~ bo1.l 
' 

tly 

or l'D.l'li to, acm beir of n CUB aiz • fortuit -

ou porch'n·~ or bl .cJ~ 1')_ n f .shi ned ru o o bor and 

cave2 OtJ. tl)C hl.lll11d Tl a ff<'lct . vo bJ..tm' ot:tn of' 

the low r alo on by d .>!lis h o ob cu · ~ much o. ti:.1 out-

ero s 1 \J'hila th thte .. cov of sandy soil. on tho lain 

(4) 





1n d tail flct urf·anc. 

u • on tho h\11 1 o f- c n north• th u or eont ot 

y bo on t o elicb fl' clo to t b lain floor ln 

t ,o t, to u1 th1n o. h.:.rt d1nt c t.a;• t h · o · or 

th hill n~ 1 r lJ. y 1.t.h qual 1t to 

tho t. 0 1. pro nion ot t omed natu. 

rt •)f t. intrn 1on 1 rurth r t!' t th , 1n te tT ' t af t as 
ovo th ·1 ly d1. 1n1ah . ·l r1to out a n tho 

n flY .. !d. cover . th ye .. fi in on th1~ 

o:M.-1-) . ·1 th t a lam bnl1 s t ua.rry bt\n 

Junt n t of tbe co p~un1 hou.e1 t· que.rz· 

l hour 1 th pro once cf lo 

o , t o t o'b O''V h ~ p1d · th intru 1 n a 

1t . tu1t o, . r t or ou . 

b 

1 .... in 

rtof', th 

r, 

nl in h.11 , 

only 

r ch.-

.oo .~ 

It at t,h bo nou:toi thnt north or ~ · n t out-

or o 1n t q ··I"r ~ , t h ir1tru1'JJ.o· e,. t,'lar di a c~ut 

pidlf, or too.. a rp turn to h 

l.a.t;t r l. t ho i ntorprot ti 1 

und tb 

th ·lorito 1 

a wi t:> •• e t • ou t ~ 

t 1 in ·.ru 1 OltC 

na lov r 0 t ts 1 n-

1ni~ aid G - t· hill wb. ro 

'CO t t t th 1.nt 

t. In no place, po h&JG ~ 

ra t in th1o n B , :.n 

t: lo or cont ct ill o.lw ., ol.l ovo th lev 1 or t h 

pl .n. 

A r vl ·u ly ont1o • • uc · r th - 11111 1c1 1 

• a+ .v l 'bl nl '"' blo 1.n 

s t c1 .... th 1 o1on • t/ n, 1t 1 0 iJ1'bi 

to loeato w1t ny nceu~ c· .ow t c L· c~ l .y 

( ) 



the wbolt.~ if r-ttaa.l ooction m y be obocu:t•Gd by rubble · 

\11 t h :-,nrtly · ur1oa. b:::rul:ier.a of ouch ·rre t, a1zo t b.et n 

fo.lse 1mpreea1on :1a 1 vor.t or their belr1 1n a1 ttl .• 

Th· up~or contact ohoto loo in detail connid­

orablo dov1atto fro~ plnno urr ce, requehtly beij 

w1 t t~.1 

ro.n1t .• In n.:t.l C0.19 0B the contact 1 s kn1 fo- nhnrp 

ant.'! t ho l!Ulrginn.l dolo~"l tc 1a o. chilled v rlety .. l l 

shoots r n n1 1~ t h\cknosu r~on p rtn or an l~ch to 

) oc:t . 

lthough nt;t xp~s&d n n oont1nuau::J ohoot, 1.t 

t hBt t he v. l.oua outc:re o of dol 1'1. t in t ho 

plain are ncrely · .. h.J exnoeoa ort 1onn o a eln lG 11..rt> . 

Th ae CvUld be cl.t\D.!J1.f1. d a StU"faee outcropa 1:Hmeo.t.h 

ex -:1 o...1 a.t tbo vurfa~o, it b'-~1.\r on it!l ·back 

not ltnually mer t hnn thirty foet 1n heS.~ . tt . 

l ow d.o o, 

~hio 1a 
r.r u.ma.bly a. natural crms quenco of . ts iru!u.rct tnr eff"o<"!t 

on the ran1to. '1h ll"et\' t h.> uppor conta.nta ms.y be 

plctt [ Bn atudi~ t~ nroclo detatl, tho l)wor oontaote 

are sv .rvr ,hero obaeur ~ b,. ovo1 .. hUr ·ton . l t c n bo' aeon 

from th a1·etchmc.p t.h t dolor! ta oro 'll out ili tho -plc.1n 

1n throo ain O.l"'\.;i.C 10twoen the hil la ar! l t110 river , two 

ly1n... oout.h-enot · "' th Ol'tL lilll o.n1 tho thtrJ. ~urthor 

Sout,h, in the ll l .· ·llcrurb-;o, of n G' all 0 nge Ol"Ch.e . .-· .. 

A
~ , ;.._ ro ann ~~tot d with lo~ :'nnit tn .,.,._,c· a ar~und t no1 r 

t t h . . • .r· • offlooo :1 r'~ WO .l Wt\0 sure· for t ho 

pu.rpc e or ro.iol~ ..,.te.r, nr~1 s.lthou,....h 110 roco1 lo or 

l"'occlloct1ona ro~n.r.ii%15 l t s conetructt"::m r.w.n:tn, 1 t nan 

be ooe thc.t l o 1 or1. te wo.o one t:"ter .i , ard o.;ppetu-s to l10 

(7) 



scm thirty f ot b !ow t h urfncc. Thl can oe to.kon 

t" 1n Lcr to tbat much o:'>i' halo la un:torlt'.1n at a r· · .1 t -

ively ohallow ao~th by ol r: te, wh:l.ch now outct"o~ n t 

th su1., face wh r 1 'cal upw ri o·Joliins or tha b~dy 

too r plaa ur1n~ amplac~)r.t . 

.rloi'ly, the matn f~ l.d. i~elnt1onsh1· o,~- tho 

dolerite s.y bo sot f'.-.rth: 

(1) The U Jper sh~et tr~ 'B a~y to nothiltg tow~rdn 

the western fc.ce of t h ert! 111. Th north faco 

of t bo s e hlll ind1oo.to locnl ,.~woll1nga of tt-lo 1nt-

l!.:'J soon on t h ur- 'tv ... ·n . d. ocutholT. tullslopoo, show J 

that, O.!t.' .. t fl~om t hin, t h up 1, ·aoet, ! more or looa 

unifora iu tt1tu<tt • 

( 11 J "uoh of tha arov. a.p,Pear!.'l t;·l 'bo undorlaln bf e. 

... ·--.... 
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Explanation of Plate II. 

Fig.l. 

A small sheet of dolerite, about two feet 

thick, in granite. 

• 
Xenolith of granite in the chil l ed dolerite 

of the u~per contact zone. Note the rude 

columnar jointi ng of the xenolith, which contrasts 

with the ill-jointed nature of the enclosing 

dolerite. 
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Explanation of Plate III. 

Fig.l. 

Well-developed slickensided joint in the 

upper part of the western quarry face. The 

scale is indicated by the remains of a tree, 

about eight feet hi~h, blasted. by dynamite. 

Fig.2. 

Quarrying operations in progress. Notice 

the well-defined horizontal jointing of the 

medium-grained dolerite. 
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.To1nt i ' ~ . 

ay b cl an d ~a: 

(1} Contrnctlcn jo~nta 1n ol .~t • 

(11 ) o -ne.l jointin o_ .. granito. 

( 111} Columnar jointln of .;ran1 te ind.uoe:l b;r tho 

d.olol'i t • 

nc.;ur ~ent of th d1 .. nrrl ntrtko or jvinta 

tor carri .• out uoi . t1e ru~ton r.o pass. 

rol nee ooul -. b 1 cei on th com nn ro d.l1. o , 1:t 

utL.na wo 'C no· o' oarvoo. e.a th dol 1 to h. w 

o t · ·n.. n: n t 1 m. 

to clofl ct th co 

'"'he 1nfluanco y bo .. t r~n~ v.•tou .lh 

n cal th .Jll 1. 18' o, but 1t t.ho 

1notl'um nt bo hold .. oro tl o.n fi vo root .... rc tll ol·1 1 

r•ook, t' o r din··s re conal tont and .1 L".r..Y r.olJ blo . 

·h. ·•e t, e ou t:.cr:J i.. c.ovot:>od hy bro' :. 5ebrlu . 1!\ o 

Jo1!~ in 1o~nr'to. 

Col\.'U nnr J :t1nt,1u ~ 1 t f.- ·bly .GV lop&:\ 1not 

c~l.,e -n ~cod. l-tc ... z nto.l .1oint1n .rallel 

t~ th . ~ont ct boin h 0 conn icu-us . 

or t. ' .1ointo 1n t'~o 

quarry, ~ wh rev r po alble th attltu1e of j0inta in 

~1 otLor <.iutcro r rtl ur d. Just bort or cl ·hty 

no r-v ~--t1 .... ..:: . .3 into ro oaeur t, 1 th e ha.v 

plctt, m n .... c..,uoncy ~1 ra."'!l. ( 00 1 .• 2) ,.,.01:1 tb1o 

it. 4 0 en t t e.t t 1, ·.u t or 1 ccnal . r98.d 

1n th st-rl'~::o cf thoau .1 1-nt.a, tber, t ntl. to ~ o t o 

inn..nt Llet , trilr~n · ,t , 3 o...jf o.na , s . tJ ; . 

nor. zc.tal jo1nto 

hown by tb i- . 2. or late TII . 

wl th.1 n a fow dey on of t 

towo.rdo th no!'tn . 

(~) 

l~~ ovel ·p :1, o. 1 wo1l 

.~loAe m urod llo 



Contour Diagram of the Dolerite Joints. 

w 

N 

s 

1111 High frequency of joints . 

Moderate frequency of joints. 

c==J Low frequency of joints . 

E 

Contoured diagram tm illustrate t he major dip 

and strike directions of the steeply dinping joints 

in the dolerite. Normals to the joint surfaces have 

been plotted on an equal area projection . Plotting 

is on the upper hemisphere. 

. . . . . 



The .~.. 'l.ets of s1 n1f1 cnnct; » r l"'din ~ the o.r101n 

of the jointc, re cone1 orod to b t 

(1) " tltoric m1nornl:.t:.O tl..m h o 1ntro tood n wido, 

if c-.-l!~ont -:. G embl ... o of m\n rol alo the verticn.l 

jolnt , far up ll.!) tho uppor· cont~nct. 'fhl mln ro.l· 

~t.io) may t.n o th f .. l"f.\ ot oroly t'" 1 n f11m or 

eh1C~r1t ... o ~o • the f ctur a, Ol", !lth A. "..ranc1n -,.rnd. , 

v 1nn of p.t.~_r;t , a.ctlnoll te nn c ln~ to u · t~ th.t~eo 

1ne,.~.cn .,h., c··. Co n~a.hlo m1r. 'n:!.ie~ .ti::;n W1r.q not 

.h 

colUJ:!nar .. ,ol""lt'i..r • o~ tho ch1._i ·1 VA!'i ty a ·.enr 

have onaou_ th evolo nt or thin verttcnl 

rud 

to 

oi' p 1 ti.ti r lol rito ,. cv n 1n th p;:.\ ll d ·-c ·• 

( :11) Sltn' eno1d1.l . alon ~ tho vortico..l f'rnctUJ.'o pl i.'lea 

"J'l' '7"1 iffcr ntlnl ,..1.nremontn t h .v occurrol. and 

a!.thou h tho xua itu.de or ;v ent is n(>t know, it, .1o 

c rta1nly ·oldorvnart. ( l£>52) ovnsld.ora it to 

b moaourabl c , n , r f mill t ott" s. 1 ~- c :en-

.etd1.n • 1 b ,t d v lo .a1, t.ha vo'~ • n ~:.lo bocomo 

r•· dly "1b!'Ouo cr o. b t1form. ro ln nt al.i.c~ en-

oid1n~ o a not o.p onr t;, nan f'ent,ur. cf t·1o h rlz.ntf'.l 

jo .~~t • 

( _11 J Tho 1o1nta rc not st.r ctiy pl ,.c 1n1r O.t 

but t,..11 t >0 PrnS o(' \'1 !U:O. 1iG 1 

A.· parent 1n the bat tor - ,r.po ed jolnto of th qw r1.->y. 

( i v) h quar-;? f co rovoo.l.G t p;t ov r nr.ort ,11Bto.noea 

m au:.: 1.!1 r et, the .1o1ntn· may ult1ply in ntmb l' 

to f'o ~ ctu. e z:--r,es with ext n 1v mlner .d.onti~n 

o.nd el, r;,l,. 1: 11 Un:t.. 

n tho vliona of t,t·a m1ne lio t1on follow1n) 

th Joint plnt.tee, 1 t, 1 cJ.oa.l."' "tl"..e.t th n r-vortic 1 

.1' 1.nto w re 1n1 tlnted bofore the body b j b c , e oo -
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c-mplotoly c-o'Jl, nnd owo their t.1l'll')in e' .i ti..~oly to the 

otL.1~ that IJol'e 

l11ct ons1d1n ~ i u b.lot :1evolo_: , th otnoml that u.ro 

1-t1o need 

a qun.nt to1lof of lQad.,. 

at.:tll under a t•1.~ ck ra·t1t,.e t~·,.va.r11 it must ncvo.rtholoae 

be :veo .. '}t . 1-that c('l.Jt,!. r.Pt.l-r rJtreo ea hava o.ls~; p.le.ycd 

t hclr o.rt .. 

\' -~.t ':;1 nl • .r ·:!ntin . or ;ra l, tg" 

1'h-o p~otnlUOl'lt j(,_~.t "lta o"" th~t t~t"Anl t trore 11vt 

exa:rni 1"1 ~•1 , 1 th th a .me aero nn thoae or the l ~ 1 ..... ! to, 

a:" .. r-eB · ord .. AB b foro t "-'··-'(; !A c, s1 .arol;)l& o · rfJ d 

1 , ·tr'o strike cf' the most .'·(J lnonts .1 · intc. nnd c.s JUt .. h 

tl"u~ .. e M't tht be locfl.l co;;•. oo -;n·lenoe in tt;o joint 11:r.~ ct ... 

lo:r l or tho two .(' "'d· r . .anoa' ~")ut the most fr ~'t10''!tly 

'":'lCC"UnterQd tr1 C (liroct l/ n, ('f the tl.C"i 'i l''~CJr WOr 

?;1"'0 , with 
!JI-Otir. 

-:, ')E, t.' .Q ·i·' .. oction of th') ~o-i~P!1,l -J s~rM.n i• 

The atrl.k'ec r- 1: or rod to o.re 
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thoso O.&. nat\r· vert1ca.l .1 oi!1tu, but in o.~.d1tt<Jn, t'hcr 

ie ew ::wt imoa :iO"velopod a lon promnent p;.ar.o dipp~ng 

at e.J.>out Z"l0 to t ho oa.ot, w1"~;;.h the SMO ntriko ae 

those .til· rt, n ."'ticnO<l. 

Oo1u nc.r Joint.in o; ·.ranlto. 

Fo!' n !l.n.t.•t dirstai::co :>ovo th ur::. : .. o,.. 'lt£ ct, 

thor, 1B u~Welc.,0G1 a l"l.td.o ·f .m of columnu:- ,1otntln, 1n 

th rnn:ttG. This, w1thout doubt, is tho result of 

1ndurn.v1on by th youn er 1ntru !.:m, ns th<:J atr~·ctul ... e 

io confine':\ to tl'l 1 ·o11a1.c t; ~tlt.eot horl.~: •. /t 1 and rioo. 

an1. fnl 1.~ with the u" 101 ... ·SUr>fo.ce or tho d.olor1tG. A 

nioil 1 .. fo ..... o i' c ;:umnni" joln t1n..,. ho.a boon 1n~uce1. ·in 

cmo.ll rnn1ta :Koncl~thn itt the d6lor1to, ao tHlo'.m ir. 

1·.2 "lJ.., lfito II. 
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Th( ;otro ,rt\ph y or the ·hul lntt~a!cn 1e most 

conveniently d.oa.lt w1 th by · o cH'ib•:.n; eopar~ tcly t ho 

t.yp:tcal, moo1ur:n-,-;t~a.tn d <1olo.t"l t..o, the chlllod contnot 

r'-IBllG, an, thr• J:·aer•1 te pe~tl teQ • 

ho nale doJ.orltu. !\ monber of thl tholcttt1o 

l!lagmn type, co!'r-=ispcn'=l . loosely t.o tne Downe ountaln 

tyo of doloPito, o 'eflnc1 by ~alkor and fooltlQrvaa.rt 

Th1a 1ot 

'' \ medium- to coarsa-2p."atnotl , ouboph1 t~.a 
p1·~oov'l. t~ do..Lor·l ta. 

rolu ~n~, a~e tan p1~oon1to occura 1n 
t\d11 ti"'l.~ t e. ; ·t tc. • :rbe twc ··yroxene~ o.rtan rom 
l'1lt:: ed, O~l )0~ 11 tlc prl ama with mn~ -ed elongation 
o.n!.l c'..lrv~ttt~.~· 'Rot!'!. cLtv:lne ar.1. orthopyroxe •• u • r 
:t'1oent. ln. ioclc=le foroo zonal la.tha .iJ-1.2 mm. 
~.on~ . 

C!hio!" nho.ractor1otico aro t.h 
textu·tte , abs nee af both ol ~.v1n1.1 and 
n: 1n 1a.nco -,r mt cr-ope · t1 to, ar..ct 1. to 
'+11 th th a I angnoa t type. n 

uubophl t.ic 
ortilo yroxono , 
BOf3'::clat:lon 

'i'ho n!cromot11c nalyF.i s a~ou th t, 1n the tLn 

b lk of tilo r·ccl~ • the '.fOt ht -;er·oonte. ... os ,,. ..... thn various 

m.'i.nol"C.ln d:.. not ve.ry -roBtly J in tAte po~~'11o.t1 tio epeci ono 

·and tb~Jao wtthtn about twelvo root of t1 uppor contact, 

ho evor, tho w 1: t parcont .;oo of nll tho 1n rnlB 

vary constderabl y , even in et.tcccoa1 vo ope<1imooo ta.1·on 

t .., nter.va.ln or n. f.'t~i4 lncl 0 • In ~abl 1 ic ivon t o 

bull of tho lntrunl:~n, c.nd. tho modo of s1nllar r.: oko 

d.o~~rihc:xl 1u t 11 tez ture .. 

It wi 11 bo tl-r' .. lcoJ. t.h t the o.vero. o t!iinonll 

pcrcortte. oa ror tho tYTJicnl l"'C of tho Yhn1 o 1ntrw11cn 

fall between trwao 1n tr~o f1.rot ~n:l tb~.l'd. colurrns in 
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I 
I ., 

a.ll cas , oxcept w th ro rn t,... tne o. nhlbo1(.A an~ 

1rcn or • It s fonturo or th1o int.~."Uslc.n tbnt tho 

1t-on ore · y oompr1 e up t o ~~,.,.., o.· d. not 1 os thru1 9, 

or t'1e rock by wel bt in op e!mene which ~..... not 

a nt1ttc, 1e.a. c~n t 170 or ti phtb<.:-1 o, by 

w l :ht, r i''nlJ dr'J n a.o low as 3 1
• · n 11 a .man::Jor t!~ 

atl Le v: r·: n in ~ .f!'or ont 

np c1mena , th lli ho :t boln l" cor~oo ro 14.7 ". n no 

thin l1co cxam1n cl-::Je.:J the l"OP 'he low 7. 2 · 

hi a.ssoclat .. on ot l-li :. amouni.t o ... oro , micro-

ttt nl 

bo1y, nn in a nor detail in ti·n of t h ~icro-

:not l"'l(! .lata, t no un1e'~'·l~1n;r. cnuso in o e!l ttJ be an 

ant1 th t!c! r-el tlcn b tuc~n1 the oro pluo ao:ld oc oa-

t~nia on th or.o h , m11 r~rr-c a .,n a'!. .n min .ra.le on 

T bl.e 1. 

1 .. 1':'1 .• ·-. ..,.~. 

livine 

Pl ~0<!~ aG 
• 43· <J AO .. ~5 

yroxena 4P.l 34 -~ 2 

Il~~n ro 4 ·3 6.8 8 

.a 5-5 .I 4 

9· 11.5 ~s 

·--

1. •.oun s ounbntn ty e. 
2. "hal t.ypo . 
3 . Dol&rit a, t1te ty o. 

Tho 10 ty 1nally 

suoo hi tic ~uartz-:lol ri to, 1n · · 1 ch tb r·o 1o evo1--y 

1nd1ca.t c:n o:f' t · Qarl1or inl t1nt1 , of cryat 11 Von 

of t e fo:..s &L"'S, e ov:tdanc · by t ho 1ndelltnl~ ·, n of the 
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ocm leto po1kll!M.c elosura of all fela ·a~ lath 

by y r. xe c. Tho rn1n- .1ze 1a aubJoct to v r ti'n 

11th h th d \ "lt;A.cc . ., ~·' Jro t·· cont cts a· locn.tion lo~g 

a articuJ.ar r· rt?; n t t eonst nt 11ot nc rom t.h 

c nta.cta. 1 thin th c all cv•o 'h o. aln 1 t 111 

s c+.ton. t.· ro mny 1 m 11 ) tche , r m1111 etre 

in diumet , w.lch 

pla 1oc1 . e o a 10~0 bn 1e ch ract r . 

1ee, o.nft conttlin 

·h ir e;t lar 

1ncr• aao ., r r 1n- a1 zo of the fela ro w1 th 1no na1n . 

d1 t :~on fr in SO · C 

toto.llt~· d t•.. renultn aro ·es 1tod in t' o d1S()UO 1on 

•alor.;y oi~ th t ino:nu . hl.lo two c11no-

pyr.'x n ' t ~oc'.J. te nn1 u 1 te, e.t'4. renent, tn latter 

1.1 •ito, diocr t cry ta.l n • 
rninn of l r G :\r .a 

beln rot'1c1~ I'B. :'0 • ll t.l t X'tt .. ...a..~.- ... d c !s 1 
0~ cry 3 /'t<llt So holt 

fa.v Ul"" 0 th oa~l1er i.n .. t1 .. , ' ~1'J -" tt e 1 ontto .. 
" 

In s O{~ir.Jen c "l1ta~n lr.i , t• e.vore. run unt of 

1cro o . t1to 1 U1 h bit r th inter rnwt1 1 1nva.r-

1t:)>ly 1nteratit1nl, w~th t'1, r u~t tl~~t it io wn,ally 

bourlded by nearly t~ .... ht d es, d finod.. by t.Lo m .• ~ ., ne 

of tho earlier m1ne~als . As noto'i by num roua w.r1 tern, 

t.h fols. •'lth!c co ·on nt of ti m1or".i e tite nd the 

Ot..•tf'" z·.n s of tho 'ln. iccl ae crrystPll app rently r ·ie 

vl t ·. o tical c _,nti '~ ty. ho tl . ount o,~, r.11ero-

o ;7natt t i .G ' lly ht h, r lo.corn nt toxtu GS 

'boou!!'!.G ~vid . t. !n t!··o enult. 1 l:l.tO ta oa, th 

lno1c. .. '10 m ~ S\H'Vi VC 0 , '7 n.o a r nm tt r r uo.l 

J')atbcea 1thtn the inter !:" wt•.,, t. c only ~r L) • of tl"!.Olr 

t Jr r c nttnul. ty lJoin o.) lity t 1nt r J. t twtn 

.. anoo. 

o t of tho hlbol 1 Se!'·on ry aft t' t ... e 
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yro7 n,, except in th lntGrstltlal m ooataa1o, 

chn.rfl c't ··l.aM.c o · tho ore r'O. )11ly cooled reek. Hol"o 

t.'10 :!tphi hol .. , of s t.t•lki .., blue-r~ .. r col··mr, .. , ot:LrB 

to 'o or r1. ~ry cr-Jat11 ~11 . Li :m. .ho i.r .. :o ore, o 

a.bund r~tly roaont, may oho a va.ri aty of h .hi to, fr . 

1 ~ .. ·o o eJ et.al cryato.ln, t-:.\xanr.morpl1o ·:-o.i r .. n mould d 

. o · d. tn1lotl :lortor1 tlon of 1n11 v1d'l.lnl 

1 oral h b1t roll,we 1n the min~ lo • 

~h B , ei.flc .ron vi ty of th roc , ba.eed. 0n 

two1v d.ote inntl.ons by n.orJurnto hydro tnt• c we1 h1rl[)J 

va.rla bet 1een 3. 7 ,.ld 3. 4l,tho ma.tn bulk of th · 

int:ru~')l yieldin .... t, value of 3.029. 

la a a bo n pr iuuel. tho 

rook 1 , for r inc '1os rrom tt• contact, t~ o. • .v.n 1. t t c 

t. ,c cont ln:tn n om 11 1l'f nc r:~t on of phenocr .. ·ct • The 

a·::>oc" r·v rr. v1 t, -.r t' 1. .l. ook ill "11 ·r,t 1 v h1 her thnn 

tt-ra t. vr the m - rain i roc 1 ylold1n m nn v luo 

of 3· 59 . 

in:romatr:l.c au.t• ent.a sbo\of tn() avera t') typ 

Ahlc 2. 

la ocla. e 

/ r tio 

ct~on ottl r 

a. ~.rnrwa ca.uf.l d l>y trmun ra.blc nr, ~ atchoe onvelopod. 

1n a ~eticula.to p ttorn o · ('t cr ,tic tor al. Tho 
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t ~xtu~a pro Jably r '3u1 ta from tl e r -1d cr-y t. lllaat1on 

about 'Jo·Jarate nualei of n ;r t,()r pl'o ort:\. on of t · •t 

tl r· 1" m teria.l, f o :lowed by th i ·nto!"ati t1o.l orys t­

alltl~tton of a al1;btlr leo mrr1c rao1du~t. 

Tt le 1ntore t1n3 t o noto that tho phe'1"C.!']ate 

a.ro ouae~v •. lly n1ntt1ar i n oo on! ti r.m to tr·. t'Jo (1r the 

med1um- ~ra1n dol rlt ' the r la· r bo1~~ littlo 

d.1 ffQt•t=.nt i n no_•thl te co tul t, w~11e both 1 eon1 to 

at,d u ·i te are p.rona.t.t. 1 nd.!lr p le. tocln ,o :. tLs may 

roa~l:t len :ths of l mm., 1-)nt th py.roxenee ar 

umnller, m .l 1t co monly aa oqu1d1mon Lr.>nal - r i be·t~t n 

~ .1 a.nd · . 5 m. Tl_os phenocryots 't nd t o be rou-

to· t.h6r as glomorop~r ~yrlt1c c ~r tea. ·he co t ct 

bnsnl t thus 1' ... or-J:> nteraoting evid. nc < -~ tho nt•ly 

orvsta.lliaat tun or p1 cni ta UJ" nr n r -1ntrot e1 1.ur1c 

cond1tiona. 

Ooal~s - 3r•ained .,ck. 

The hoot 1o a111 ru. ~toriood by th a'bund. -nco (,f 

coa.ra - ·r lt1ed c1111o. • n, mostly in t he up !." he.lf, the.t 

1 ' tha upper r foet ill tne tbi ck r pnrt& . Th eotH''89 

' ,...mo.t1 te ma.y :')& cxe,mlnod ln t h u·:>p r qu rry f',. co, but~ 

ia rela.t t voly r re in t h _owel~ . r'ta of Vi , 1nco. 

The ajor r61e n num i by the egmat1ten 1a alo plnin 

by t,ho t'!if'floul ty er.cou'~'.tOt>€",d in coJ le11tins au.t. t ble 

op c1 e o~ t h n·.:tw 1 rook in rta or t ho u r 

h~l"1Z{. ns of tl ohoct: the r .undo au~feco or t r.o 

roe noco ~1 tat,e t he uti· ten.t1on or an ulo.r bloc s 

ohc.p ~1 by jo1nte, for o m line, ~n.l ' 1 r t ho 1 :NJao. oa 

1a ~in d that the vortia l tt1tuu of t~1n pe tito 

vo12:10 i relat d. t c; t'·.e f oro -tlon of t ·e f.t"a.ctures . 

"'o t co ,,mly t'l c tit ro ho.riz:mtnl or 

a.1.1 tl ' incltnOd. bodi n whl.u.h aw 11 and hrinl· alon 
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their length, eventually tapot~1n awny to nothing. 

One small boiy could bo traced :rr- ac. e po1nt along 

itn length, w re tt e ot• .. od fro~ un1er ~urrnco rubblo, 

i'or a d1Ate.nc of oom f!fty foet, althottt;h only a i' w 

!nche thlok. •fuero lt ta orad out ovontually, :t t. was 

nc "tOr than '- stro~ at1 tr.J.ok na a noncil 111 ..If out 

n vortho1. oa clearly vi· 1blo on t ho wo .. th .i'G:\ suri~a.ce . 

The m(,re or• le~H~ hor>:1'to 1ta.l chlioren v cy 1r~ t h1cl"n< ns 

fro:n ·'arta or an 1nc,1 to eve~ o.1x t'eot, an1 e.ro ct1 r et­

o.rlao<l ln tba fiold by co~ "fl<moss ~r 7.rG.1n, althou;h 

not mo.r: -Qd.ly di .ffo~ent in colour from tho J!lo·11um-

gnd.i1t1d dolor1 te. On a ootb , woath~H·~ auri'o.cea of 

nutr:1~pa • thoy do o.p .:m r da. ,..ar, , t heir ourto.ces a~o 

aomwhat pitt and raleed o.boVf! the surface of t,V;.o other. 

~ .e contnct bot ·een thE> t,,lw ~-B not shnrp in handop o1mans 

as e~ 1ntermud1at~ zon about ho.lt- .ltmh wid ln 

uautuJ.y presout . In tr.c c~aa whcro tho lon~ pyroxeno 

bla lea lie par llol · to t ho contn.ct, tb ro ~tn eJ.nod o.n 

lmpreauton of rapid chancte. 

i'"'~o rn1c·romotr1c dato. 1ruH cat .. o tont 'n all cnaoo 

tho forramo.5l1egtan mlno.rs.le aro preaant in oimt1.nr, 

or even l'l:~oat~er r•or:o ... ""tl tm.o than in tlla me-.11 U·"- (•t'nined 

rock, a.n£1. t hnt trH~ iron. ore l?.tld a.oid mcnosto.a1a. me.y bo 

p:rnA ent 1n e1 tner roa tor c r 1 oRa r ru!hlunt. The 

fon ... l·!"a w1il be d1scusao·1 rttrther in fl. oro compro._on-

Si V SUl"'V&y CU.' t H> da:ta • ~'wo mod Go rc · 1 von hel ,..., , 

111 T hle 3., o.11a f•o7' compariB<m 1 the mo!!o o~ tho defined. 

ol~r1to avnat!to tyne ( .nlkm• and ·olderVB.F.trt, 194Q). 

~,,ontranto1 dth tho modi1J""~- ro1nc:t dolorlta. 

whore t ne 'textures fr;llov na a rooult or the early Cl''YBt­

ull1s:l.tlon o1' n. 1 rgo px•o·--;o.rtion of . the 1 ,..,.tt cln.s(t, 

the tloxt\H"oo of tbo lole.t'1·t.. po1f,.rmt1 te r·o ouc; oet tye or 

n C(mt ~ ot'A.noouo nopa.~t 1.CTL of the py r.oj(t noa and the 
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od.oa of Dolo-rlt 1m.a.t1 tot'. 

l. ~ . :;. 

lss1 · _,1 ee 35 ;i5 ~2 

V ... 'J ... l"lO 2 44 34 

Iron · re 8 6 16 

B1otlt a.'Yld 4 6 5 
Amohlbole 

1cropo,m tite and 25 B 13 
tz. oo~Jtall·~o 

1. nolorito ·o~o.tlte typo. 
~.. - e:;ca.t1te fr~m halo. 
3. o ntito fro halo . 

ot. - he moe ~ an1 3 a~ove, nr a~ iol 4lte 
t\ te :tn ' , tch t'o ... "cor.ont ··,rcces eta ..:fr; 

not ~P a.r to have b un ot1ve • 

. . . ·--.... 



.lac·! ;:1cl se f'elFv;ero,. i\l V1Cu 11 gra.ph1o lntcrgrc.wtl n 

':)ct'i .. een t.~ ntl t.m l"lnern.le aro 1.evelopctl 11 the oolunnar 

r l'l:l en te t 1 on 

of the plo.,.,.i~clntJ , tl.r~1 evan co~:~pletcJ ')qiki 11 t tc one ... 

lonure of l~r:;e gra1ntt of i)J!'f.xono by tho ft:.ir'tlel:' c.ro 

texturoa, lt'1ic·~l 'by tbe sol vos, u . .:m::!.l dlntltwuiah 

1m"' c.l t qtel v the conrsf'r-~.rn.1n J-!1 rock from tho fl'3n-

po ~ :t~tlc ve..r1ety., 

The non- Dnir-.-,rol ty or t'•o r(. cl"' la nhown by a 

rlcev\i'('t\t1. ·:n or tht.. t;lln olt.oes lnto arona, save.r'R.l milll ­

rnet.!"es 1n dtameter. connint.!.ng of wroxeno, ~>1 .... 1.c~cln.av, 

o..n:i oro t a.n1 ln the axtro'lt& aaso on t,l'\) t.Jtbur ta.~.~J, 

nreca without ~ny or thece minorale, aomr~s&~ or nu rtz, 

nmrih.lbol,:,)S 1 ':>totlte~ an1 aUnll fe1apo._a . To tr·t~-:. aroas, 

''iiC1"'0'·er "l.tlta io co .cn.(1'01il a1err.1h 11)29, extoncte-i 

tt-.""' U.)O of th·l ter:m 'to.x!.tlct to d acr•lbo tll:tG form of' 

n JI -U11'!.~~~')rMit:V 1'1. B .oc1ra~ns ·::Jf drl.~!'ito ·~..,' r .t1to.} 

i'h19 n~"'n-unj,form taxtui"O 1s l"'Jt '1uffin1ontl·~ c·")al" e tc 

nlln~,~ tho two vnrioti.e. to ·:1e mocha.n· c&1ly so;o.mtr'i. 

?fn.nv of th~ n }eci~c:>o .... o n<.;t nhc-w "lUch a.n obvlouo oop­

nrntir.m lnto ,.m~ll 8.!'6t\3 of l1 f:('e-ront.. m.trerc~ COI!"p OSi t1on.~ 

rua~ a.ro moro uni. for-m 114 appaarnnee . 

Tn 1:..10 cuti'!H' .nr .l?.1t, of t.h > (lUa,..t~-rl.eh f.ractlOtlO 

the olif'linat1 n or ·r:~lC" h:cla.so, pyr•oxona and ore ~)rovldas 

a fino l. Lluntr•nt1o!'l or a<- vc.:al ro:plnce ont toY.tm··on .. 

J..n:ii v!dual. pyrr .. ncono coltt no nay bo ooon to 'bf. pro()rons­

ivo,.y e.ltorod t:, nc;ph.tboles Ot' rich ro~;n nnl 'b!'\);.n;. 

O'>lour'a, bv pra.ocin"' ti~~t tl-:row;h a zone c.;. f" s.:u·,- nti:i.:Jus 

ehare.cto~ ulth lo\'r b1ro1'r1n- fico . I'n t''!~ outer. '01.'1..-

her.y Of thODO Dame 0 ""f'O -:':l.tlOr.t!3 t t~H) 0!"0 h1)..'J 'heen 

subjo~tad tc.• Vi~ol~U~l ~.tta.ck nn'1 <:h)nv~rto:J. partlnl1.y Ol.' 

wboily to neote of &qul~\men1lonal ;rains of b~\m b:ot-

1 t.c. , nc ~ n. ·a in, tf.1o p.t"C><Hi'~!:J 1 s vL~ually u':'\folde-..i. by 

(19} 



tr cin th sequence r m sl ol Jta l and r "\.J.l r cro 

:moul1ed on py!"ox .o, throu h e. e whore tho nryatnls 

lo co t d wit~ ftlm cf y l lv eil1cctao . 

Ju t rcecdi t h f!nn.l. li 1n tion <:>f t:.h ol"o, 5. t 1 

foun:l oa 'buc shot- 11ke r nuJ.oc onf> d.d.od 1n U. , b\ ti to 

nests, Tho - re 7 a.t1ona co t.a• n no IJla.~l.:>olas fel. p r , 

S Gvtd.or COI.l b r the bS nee of felg . r 1 th pol;;oy.nthot.! C 

twinni~. ':'h.!G a.b tcnca ()£ 

ae r ticno la pr bl ttcal. 

-11. 1c .. olap r- tro:o t 1'.tO 

her · t"1 low o l 

vo.luo ·~om t:!.mo encovntere:i in the jyroxon -

ore-m1c r.•op t1 t e p toheo 1 d.utl tn rt to ti'H) re "':l.tl~ e-

mont by 1orop. vi t o, 1t .t qu stio "Jl.l not b. l" tl>o 

e r~r.:>c o w uld op at to t.he complet oli !nation 

or pla 1ool 2 • An intoroat1n tMJotu. h 0 be n 

Jov lope1 by th :-o .1 c o 11. of n.l all- .:o .or by r 

.nd o11 vo- een amphib.,lco . rA tr nt t ho E;\lkal1· 

tol llr 'lfll. \.1' hJta.blo .tn 1 t.a env"lronm nt , for c;*nt1nuo\'O 

.... a.de may b follo· Od. frc micro · :ttto to a q1.1, rtz·-

.nm .J.1bol 1nt rowth, t.Lo int 1 cdi te at r:r.e bnt oan 

tho twc Xt l.. 011 be OS t' 0 int r ·roowt' or qu rtsr. M 

h1 J1y Tltcre3. al ali-f la r with tnd.<iy a.-, rnne . 

t·~o qunrtz C• >0!10 t Of t n t]UQ.!'~Z -t. hibole 

i"l~ .r •.J:'"'!Wtb in O itlcnllr CC\Httl'1WUOt t hO BG') t" to O.t" ~-tR 

or n.mp' ihJle a.r. rdt. ...c oriertation o tue n otion 

tJt r:rinos wbot~ -r it ro e:mblou f ,o~- nt or ,oometric 

t ype • 

,.n tl;o oentr c1f thoa segre~nt >t<l patohe ~, qu.nrt,z 

io t ~ ol'ler m .noral, oncl,..Js1r: · 4" , od. lntbu o:r zonal 

,re b1ct-1t 'tr~.tt:. bro .n C"J..:' a, e hcru1t t on or oh ... orita, 

n1 ac1c·l'te.!' eet1nol1te . r'hG b1ot1t s ahow !'1 noh.to1c 

hnlo a rr in tiny zi.t•cons. ·O a or t l:cl roc~~ -s· eot na 

an a \f • :- .:: re 1 col by vu1.nleta of 1 roon chlor1 to 

~..rl· ·-tch 0ut tt·rm1 :h a.Ll tho 1n t\l ::>ll!. nuartz. 

( 2L} 



nothor int(.' retJt 't.n:.:, atructt.lra is the curvature 

vf t ho ; y.i."c.xan\l bl~..,_(lJ. Tho 1' t ·heat ang,lo of curvn.tu ~e 

.r'!JOOJ:>dod \fan 7 4°, l1:~ a. c:r'yatnl ul th t ho (I!"" j twln 

plane nenr the v 3-."t.tcc.l. Tr.1r-J r;ra. ~ YJ nhmm no ~-1. ·ms of 

fra.cturo, and. t he oxt'l·:1ct1Gr.. pon:i.ti.:m movos vlth the 

curvature. 

In t h . .- hc.n1n c.tmon 

tho CU.~o .. VatU,"'O Of tho !)~rtln; plu.no :tn li',.n tl~ ... t o;(' 0. 

t h".'n fJ'-'l'·l:,i.o Ahl"t tr\.z.h b o . be~n rmbjecton. t ... t()f·atonv..l 

'3tr~s$en . 

• • *' ·-" ••• 
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int' rest in'~ t tur"es, ~nd of tihene, th Vfl rlationA in 

ra.:l" ~· "l.i.Ze, t he znn1n.._~, l.\nd i.ht dovelor-:te,+, of a b!'r m 

clr~u U.ng h9.VO been · ... u Uc1. . 

a OEH loc of orl,er.:.te1 Bpeolmsnn tc'-en tA.t r.1ennured intnrvalo 

rro l. .,a up .. or oo"1tact. Thos~ sp c.lrnons woro oect1oncd~ 

tb. slices b ing cut ln the hor•izOl.tal -.lv.n , po.rn.ll 1 

attem~tod aceo1~1~- t) two mothode. The tire~ uno thnt 

ua:tn c. ')o] .tar Inte ro.t~n · 5tn o 1n conjuncM.on w1 th a. 

ccunt, tn ~.6VJ.oo. 

la.r o nu.o::> n" c t c.~..··v tala in t ho ol!d.c ,.rere roeco:rd. , 

1h11c t1o rooultJ rero fai'l' c onolnt,( t wlth 

tho 1" no- >mined a· oeimons, it w n fow.d thnt t ho mot""',..·'-" 

io not ot • toi. to t hoae lif: i.,O(-\rs r ·rain. A more antla-

fnctorv motbn~t "-Tao d.cv\.ead by us in a cuccr luctcla 

attac!lrn&nt iP conJunction with a pJ.o.n\.metnr. ~he 

w cronoc ,o wa.a ~·lncf.\1 on a rawing- bonrd co-vor wlth 

n ~oo' que.lity c rtr"idgc J;a.por , n·i t~_c pl.an1notor sot 

Ol" this 1n nuch a po ! t,ion t hat tho pointor coul:..i oove-r 

'1u.lb woo , .. tt<;ohAtl vorttcally abovo tl-t., pointor, nl"ld 

conneetod t o a iry cell, a 

w1 tl'· tho c&!:Oer luct • Ual~ thin a l"at-:.Js, th~ out-

.line of 1r..1lv1lunt ·ro.lno ct:mld bo tro.ced out, t ho 

f'ianf!ent or th ·bulb au. ,ly\.a~ a. pln ... roint ac::>Ure ot' 

l1~ht 1n tb f'ie~ "'., o.nt.l the ar of o ch t'! 1n dctorm.1ncd . 
• 



by reforonco tc tl·o st· , 1E' .t:•d 

0. . . ll. t'&. t us • 

·n f'i co.tion 0 r th -

1n f) c~· olido~ nd in do:for"'E;mc to tho . tate:. :at hy 

.. um , quot 

so,. t:.:on.a o.ro cllcr.co aootir) • tba la.r~c "aina in a thin 

ae~t1cn are tn '"'G.Jt n1gn'lf1ce;nt in pai? - 'llZ atudi rt 1 

t~nao of mall nr • tn~ l1Jt ph no-

oryat~ w oxclude , d aach cryat,e.l fir ·t e;carn1ne't 

betw E:I'l eros ~1 nico'ln t:· d ,•en. to on n blo !nter·;rovths . 

dulnt 1 to t'ho d snotor or cl. ole ba.vu,.. t '. e o 

ru'"On, n. l t n lr.Lttec· fi u UIJ t1 a roJr e nto.ttvo or 

th ~elntlve s1zea of cr s~nle. 

~ho r~~ulta obt ain 

t o b . "UCh • or CJJl latent V·H ' by t.2 ether·, n.l tho 1. 

n n1n, wlt h S.VGNJ.; r Ct.i.lClll te~l 11. :t:l tcro •l"Oa,t, r' t an 
r.., ,n. • ... 

0 aure':!lenta ro n.:-t met t d'e t + 0 ·- I.< I• ,, 

l'1 nllur numl)or of' suit·, blv cry ta.lB 1n < ch ol a , nnf!. 

i1etcrt1cn towards th &.: ~0 
~ .. t~ u f'iold in tl 08. of .. 

elon~ate::l orvotcla . 

C/ltl '!;,.4 
~ho CU.C'VU ( r ·1 . 3 J bo 

incre e n r :.,1-aizo :\': crc.os to tr t 1' feet fro tho 

o1• :furti wr !" u_ incr a t. 

t r· VOl"" o from .. lc~ t: e "'::1 )to w ':"'O tn'kero~, tho r tn-

n tza 1 n ,t in". t.t J..ly o·Jnuts..nt. l r t\~e tri e t oqun.l 

1119"' r1c a rr-.m t! e up er crntr;.~.ct. but th t-r~ nor.ten of 

)lot~ c> vor~ nt o t 1:~ f· et. 

l 'h i r.a ll:cr t not cont .• mouo, but 1'oli.OWt\ 

s c n b 

n orth i t c ·. 1tont o t.htl 1"e: 

(23} 
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au ~oat 01:l that more detatlGd t;t ~~ m·· ,t.t show c.. cloeo 

cor.t•o non1. nee batt,., n tb ,.._,.a. .. eJn-o. \.zo A.n' m~no.·nl c~rn-

posl t1on, if th vcluu,otrtc ,ronortion. o!' "'h~ zonal 

nh ll'l of dtrrorcnt coo.··cntt·irn be uant.ltettlvoly lot r ... 

m1n 1. . 

It wac h~ ;od th~t. tbe rn n- 1z me Aur .., ntn 

co•Jld o u!l t~ dete~ !.no tbe t "\perntur run~ '1th1n 

w~tcr t1 e felopnr hai crvnt~l11sed, by th othod 

au eotQ-i by •1nklor (194()) , but tho r. sult w ro not 

t.ermi.ned YJ mo uro Otit th- 'VfU"i atl'1n 

or ~~ tn-o1za 111 th 1ot.e.nce frto tt~o , .. n t act' ln tho 

Olov lan,.,. t.holoil t d1~ y com t: . .,ln t to curve to 

a serlen or o !put cur·vo· , d.rtlwn 1 y c 101 ning cal -

cule.t Ol'\~ of tK' :)1 tng-vel·~cl tl n wl tb ~~porlm ntnl 

o~Jr. rvationtJ of n.rttflcla.l molta • l'e as s.bl t o det r:ntne 

th tom r· t•.tre ro.n ·o lfi trLJ. \fh' C1 fol p r, "yroxeno nn 

Cet•to.in ba .. c n.nsu pt1ona 

matto dlaro""o.r~ tho c ·r ctn o:r convect~on, u:l 1 t l'!t 

heat of c~rota.lli .n.ti"'tr • 

. he avo·~ o curvo obt 1n .d for' t.h brJ.la hcet 
3. 

{ 1''•~) do , rot .tall tith1n lY of ltL .• t.r·a , xce..,t in 

ono ca 1 vhich ls that or a d1 ~ 12 fo t thlc'-) whc:n"'' 

tho "··nn~e of' crytn,!t.lll ntl0n t mp r·atw•or, 1a pnroxto-

a.tely 6:,. - S0 O~ 
'' . Tb lmplJ.ott.t~')n ohviounly ha\r no 

ociat n rrom th 

off' ro::l thooret 1 cal curvao lu px ;)'l)'l.1:)_y t~h 1 7.fl.Y dUt3 to 

tt · fallowtn: ~acts: 

(i) t th t1~ o-r puhlica.t1 1n. ·in~l r h. r1 r!Onf":\n d 

hi. tt 1tlon t~ r lat1vol· t ·in d1' ~, t' wbloh the 

halo ·hG t 1o not c-- 't':>f.U' .. 1 , bein or h\)'!'i~ ·.,t 1 

att.:-..tude, aa aoout. 14 "'ect t-rlc}t 1.'1.£. t~ v sl to from 1.r'- 1ch 

( 'U!) 



t e l·•ocl ten ··eY' colloct • 

( . ~ . -· ) In 1 _, ·cr, norl2.o ,t .. :.. 1'Y11 e, t o effecta or 

cr,nv ct~.on currant-· .ahoul b- )""l" ci .. blc, all wt.n: B 

lo ViPCO J4.ty • n::l latent ··~oat of O'f"1 .. ·tr..lll.Be.tiorJ 7.11 ,1·1t 

".lt y e. alt:;rrl. ~~ c?.nt _·01 in tho rotar·la.tl. ll o;: oooi. ~ 1'1 .. ~-

lo~it1en. 

(ill; 1h pr · .1c -: .. r num "''US hor-.;.zor:~ of u.c: l"lto 

pe :. /vito in~l c' too :\,0ca.l ccncG~t.t"'ll.tt~n cr volatile~, 

fr ctoL w'1ich would otl"Oll",lv influ nco erysttl-oi~·o , 

~d .!'Ot r-:1. tt ln-..tl.a iu'l'l o · eryntaLi.ia. tl .n. jt 1 

thio latt r fr.ct">r r:1..cl~ iO tliC chief Ct!.U 

nto 1 ie mnr· o:lly o. ... ova tho V".:.."8. 

U9uu.lly Lav stro..,...,. ·.c at1t"tc a.r.flnlti a, a-:l ilVen t··a 

n. ked y c . comrort.. bly o serve the fluotue.t' · na fl" ~m 

on t'lin 'lltc tc~ !".lJth ,.,_ 1l"r J. .r r locat i.nn or 
4. 

thn plota in tllC :· i. ". "' l.B !'<} 1lty' O.i:rl ·a~.:.t sol ly -
th~ .t'nult Ctf t.l1 r c~lur .. 

o d.t 1ot "'ootl !)OJ.0'\<1 1 unio.1." t l·o to '1c or z~mln.·, 

the ·lr 3tocl o 1s sub,l c t 

com cattlon. 

hOWCV J.", chn.n ' 

nh at_. nd 1 t a 1'~'_t'lr ot1 to 7!0t that, 1n acme o "0:3, 

th r 1- , re1 tL n hotwocr. n t 11 fluc:t\ltlt1onn in oo ,p-

h chtsf ~e tur · of tho Cg 11 t.t:m-Va.I'1 tl·m 

Curve ur 

{ t, ho pla iocl e i. mor h a• o 11 ch. ~ ctor £':t. 

.tho "'rg;1ne of t o L.tr 1 1 n, r::.nd > co as 1 tls b .. c 

nway fror. t .e 1 11ate ch~ll ron • 

h'V th co s1tt·n a th 

(25) 



l)\.lt t• .o · are 1 ~:1 CtJn.'3ptl'\u,...nolj'" ~onei. 

(it) !n a row ln'1t., rcoa, the opeo!meno whoa '!"olsr· ra 

havo nv o reoD.lculatetl !.li at 1' 1aLlln · belorl t.ho 

tu&on. 

t,h 1r i o•..ia.te ne1ghbcura ~ ar'e 0f sllgl· 'tl r l!!vl'O baaie 

mcftal cc:m oaitl .. m.. !'heir bD.';1c1ty 1n reflect .1. chio~ly 

in tho hl ·b .... ancrt.hl te c"ntcnt cf the "'.Jr~n of tho 

·.":o·~ r.t1te 1n cor ~sponiln ·ly dofic!. nt, ud ny!'oxen 

rolativoly mora a un~r.t. 

( 111} The oorcu of tl'lo cryataJ.a 1nvo.r1ably :fo.J..l botw~on 

tho 1 . ·::11 t or .n61 001d. An()g , e t'l -nly a e all p !~!)O l"t 1 on 

1ou not lie in the riold tnr,: - ~n6~ · 

{ :1. v 1 Groat v rintl t/1 ~ n corn··csi tlo:n ic ,.,2 ent 1n the 

outer.' mnntloa or tt ~ crystals. ·:rhin i!!l iiscuaocd. bel o r 

~~nin .,f the Falaparo. 

·.rho fe.J..apnrs (Sf t.Lo 1ntruston n.efl un1 v ra£ .. ly 

Cl :t.:t'nCtOl"'!.S l by tho d_Vel.: .ont cf' iJ. h l t_ tiO,'"O£ Cf 

zon1t13.: not a sill .l ti11J, sl1co oxo.ml.nad aho·Rof:! felap rn 

W~'OlHl ccrn .. osltto~ :l·~ the nrun 1n both th: o<"'~er\ ani the 

out r- · r·lnn. cce.s1 ·nally 1n1.1vi:lu-l n11 o, or !>"'-tC 

of' s,.1doa,. co.:~tnt f lsp~r- w•!oao C'l)ii ;ooit1-n v.r1ae by 

a. litti as 10~ or W101''th1.te, ·ut. theBe cryatal ar 

rou eJ. ln c t<E- 0 , Ol"' c> _ rt.oter:Ln. cert6.1i1 hol"' .}"on , anti 

o.ro not.. diaacml.rm.tod aroorJ. ot t.~o .moro ot1 or• ~"Ly zc.HlOd 

Tho ·~ · .. t trequot:.t va.r'ta.tion 1n co p .. s l t1on 

rom t· ta va.s\c c..oro tc th.e ot•tor~ o.c1d :.Ja.rtio 1s of th 

01 del" of 3C- · or ancrt~l'-~"• and oecanl.~:nally va.nntion9 

or a.a muc 1 a.!l ~. · of a.n~-rt~11 to may b" o11oervod, th!.o 

tlno ~n. t ly w:rlC:m ··at :::"oln ar·s of lnl ·or t ho.r1 av 1~ ·o ~,..r \n• 

s1ee 1 or· woll beyontl. tho inf'lllenco Qf tbe u per "' ~-

lc:· or. c .... lv eta. 



mo:ntq wera ov.t"rt~d n.ut accc~rdt!'lt,~ t·, the ·:-onal -·ot1-g)d '>f 

i-t,iJm:\1111 (';hu,loba and.. er.nedy" .1933 ) ., The method iB 

rea.nonPl::>J.y e.coe.~.-ate, an1 sui tod t.- tho .:let • ~,1!1 ''-tl ---n or 

rapl .i cha~)OU ln exr..inction an ,1 a. 

:number of. 

pl:-o,ctlcn.l o·b£Hiryt~,t.1 ~ns ror...y '1'-' noted, n_ uogc,..,1 ~t:l.vc of 

the chn.ra.ateY" ef t,h ~ .zan n · ln all partn of thn shoot. 

( 1) :rn mc~t ce.nen th9 zonoa 01~ vn.ry11'1f~ oc· i..,.,':)9!. t ~ ..,n 

nro aymmotctcf.!..l "b<alt to ("'Ontral (Ot v ) twin p1ane ~ .o ln 

tha cnae C'i' r.nrlsba.l or tom 1lax f.~r1.al.,o/t-A:'!--)ii. t; t,HlnA, 

tl·e r.on<!'!ll of h• hoct anort :.to co'1t&nt boi.n 7 not"'!'O!~t the 

Cry 1tnlo W\-iCh hnvc t uo 7Pcat banlc zone 

US'.l8. 1 ~y a.symr't1tr1cal 1.n 4~Htpe or tU"'a ab-c·ut t:H' t;t1.n 

;la.neJ r .. n" th moet part tiH:) ( O"! 1 twin. p :.ana 1'J cqu1.­

diotllrlt, apprtoxh :\toly, from t·la op Joa1 to c!'Yntnl 

mar;~lna €'ut by the plan of th{} slido. 

zon1n , and t1...u outc7' _ '\.r-ino <.)f' such eryetala s't~ow, n.t 

ormos l to allos; dt ffer•erwos il..., e;n •rthl t{f aontl.;nt or aa 

·~n ai11tton , thf: coro of bar•te 

pln--;loo lao a in t·t-~oae t.ypen 'Wt\S founl t'1 b~ si tun.t-o..1. 

(}l<"'ner t:) t 1e mnro b!l"' ·.e nn::- tl'1..a than t'..:- t'-;ti <.Hmtz•o of 

the oryntal.. 1ucn r.mrl··o1 aa:vmmotry ill r.,rc. 

(11) "'n the bn.~lB of the a..-,cve ob c~.a.tton, tho avorn.··o 

ah.n-o of t! C'rystnl uit.h (""~"('} nn~ (· ·ri) vort.lc~l, mnv bo 

(27) 



contoured ,,. th ll.noa oi' oqual compoa1 tlon, to illuat.:- to 

the tY::>'· mvc t '£rnqumJtly Ol'lO ')Ul1tO:t·otH 3 oe ''1 •• 5J . 

From tt ~a 1t is appa.ron~. thnt the chLU') ·o ln cornposi ttcn 

in tho 1i.roction pe.t'P nt 1 r:ult"" t~~ ( ... r ) 1:) .H"o o.i." loa 

.... 'n.d.ua.l and unl foro until tho more o.c1d zo.!ea of cot::rn­

on t tion 1 s than All.t:" aru ro ch&J.• f.'to.i. .. r1hi<!h M1o 

cha.nge : ... '(1·~1t. lnrw the utrt:ot1 m por onil.i cull\r to 

(;:_.~!) tbo fA11il'l annrthl.to content 1s rnucll m~ .... e gmd.unl, 

until ll cr1tiaal po1nt clr, ,, to 'th · mn~'""in is rcan~.cd. 

after wbicll tho ohanr'o ta. ~os fll-or in t!- vol"'Y ner.r<lW ~one. 

l • .)ro t he zona ls not too no. .. ·r">ll to d6fy ac:ournto d.at(?r-

:"Jine..t!.on, 'It ct ·1 'to ahown that the <W 1t!.on 1a aa 

aodle a. thnt •l0r, tho perpond1culnr to ( OJ.~, • 

. ho n1 ..;l .. ntlon o'f t'h txtlr-ction nha•k ;3 , occ!'d-

in~ t~ a !!o-f .ui te plrul 1'P {:.tJ • }r-jo.l typo· of' zon1n ~ 

y1oll.o v.n on11y mothr.>:i of detormin:l.n: whother> tho c.rys~l 

uudo!" O,Jservat1cm ia out th.rou ;:1 tt·c >v .. :.lc co£•o, or 

throu.~h a section dtspl <; .1 'fr·) · th col"e. In tb:t c J 

or the l"'tt.tw,. tho xttnction shadoua move otlt rr.) .. a. 

co,...tral cora wl1tch ~'; squa.ro .ln sto.po, ratuor than 

·ro of' o.lb1 to 1rl.c!:un ... .., of the outt r 

y partie• laP dirootlon. on.cQ tho 

most :d.:t~ zc.!Hls ttro to bo fr,.~uni rurtheet .from "tho c.oro. 

Th1e ia part.LOU1tt .. r1J apparo"'lt rhen the \fholo c'!'y ta.l is 

o:Ja.tc 1 · 1 tr, o.'1 outer mnnt la ''~f so,11c pla 1. elena or 
a.~jp~·o:.11atuJ.v conoto.nt com~ca1 tton! o.Jnll cnv ycants in 

tb() nc,lo.nin i:nv "n.l ;. , such o pyrcxunc, 'fl~.:ch allou 

.ntol"' ,.,,_ tr. .. orpon-

d1cu1n:t' to ( I"" ,, · . l"'C occu:Jie-l 1".ly pla :. ~cl1.ae of p!lrt-

1cu1u.r1.y hi ·1: r:lbl t co ttll"'t .. u "l'U' n embayment, 

t"1llc:l wl th --lt;. ·lo(·laa n16, fo.rna e.n e~ tr~ .a cu t,or 
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1' not osn1. 'Jl ~ t · , ofino wy abool,.lt t he 

baalc C'?! t. which woul coPreapond t.o certain eom1onit1on, 

for thl d.~st co ve.r1 o as t: ro.ir-s-t.f."t v~rlo • 

t1v) It in 

micro~_ -::.~nti t e. . fbon th1a is thu o oo .. t~10 au tel" n ntlo 

pr nee o! pyr xon • Conti ,u:'. ty b .tH·a 1. :1n.., ,_ )clnoe 

I 1 :t t' ~vays p tJC' .uc~o c d v l?, ent or 
hl hly s :;lie outeP z-:1nou, .: -r- t.h s a.r. c co '""ltl in 

uelty 

of mlcr~Jpe 1&.tl to, a •1 t 1!"ta 1s x-..llfl cto. tn a orlos of 

felspo.rc whoRe outer c.ntleu o.l"'e vory rn.1ct1 le a .... cii 

t,h#\n a 't cinona rrou bove or b .1 ow thn t b ··rl2on .. 

~:utual~:tllt rror 'l"!.c b .. ~t een relo"tL" cryat l n 1a usuo.lly 

roflQct i ir t~e rolr~ivolr hi h ~northite c~nttnt of 

the outo_ .. zoneo. 

{vj ala a.rr. rtt cc.:ros of bi h. An C~"~lt.( t PO 

cnor. 11 · 1c ~ corwr1.cuvusly zon than thon or. ave~; 

t t :tn ono s 1 1ce oy..a.mtr-,1, p., amnll ~l"nu' or f.,la~aro h 

co.!'e rton·'~'1n...,. 1n connoo1 ticn u to 69 · e .'<"9!\t of n;n:irt>t to, 

-..~!1lo mly P mattar t:"f one ·n• tv;:. crvt:v"'l l n.-tho n.w y 

tho rtlJre co mon trios. o.re encou lto_ .... ed., abc tn zon 1 

!t i~ not tmpooaible thnt 

th£1 .~ow d.aP.:!"Oe of z,~a1n.r 1'1 :1uo to ch ti"'Uct~ c ·""';! tal 

!'()'\'rt.L l:t'l tl-j plru.1e of t ltdc, but it e_ s mn~t 

1 .nl flna.nt that theuo Ci .. ySt ln •· '11J1.i .avo th · reost 
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csoil l. t orz zonlns. 

~ ton b shown th~ v 
., 
.... lo~l .o 

exhibi ttn ..... c cill to""~· z · 'lin~ a.r O~Jnftnad to the rel -
5 tl vel y :nnrr ·)w mcr~ln . whlcb c e t'.thin tho cool!na: 

i.aoa n o 

zor.dn 1 nl occur vlth c. f r q•tency of on or• t .. c p(u~ 

'rn nll Ellice cut f •t~u tho o elm nll t-r~l c~ ~re 'O 

t.a.l a 1 V·1.;:, r ~ th u 1 ·e r~ t fro t he u .p r cc.-::rt aot , oscil -

1 t or z:ntn · "'O !lOt obe rvc:~, oxc ·t 1n t h c ::JO o~. 

a!'o coa.ta. w1tb J over·~rovt 1"1 o tlca' co.nt1nuity . 

u.t t h n.i v ... r_c l n 

Thin, 1n of.~.. c1 , 1 l ~ os th t tt .. ccnii t 1ons ()f 

r pl ~rilling wa ·e a.:1 ne.blc tl') t&~o :fo a.ti'm , o r 

p r aar·v ti ~~1 ot t· 1e st:t'9uct tr • n1 th .t th :-tlc ra£• ruto 

of cool1r ·• in t b.e mt11n body of t ho ah at h th o o 1to 

'hero a.npe !"'8 to o no rtxod 111,....l:l r or north,.te-

rich w~.t· l n t h c:-v.ta.la, vv.ri .. ttonr bin~ obs r -

vad frcr: c.-)QJ'flonl r t\· -: up t o n tx. 

crmt.ent ':1: t. 

often con tnt, net it·l t~. Hn that the U.<'C iHlivo 

a bells r - of var c..'bl c. t ' lc noo e • Thla la !Ot th 

ut"J1.1;; c . .~. 

whl t r ay bo t H"i.lOd the ' zon of ' 1 t rn t ln~· maY.ima. nd 

1ni at 1 ~or 1 ur~ ranelvo r.on1n; lo e~n t ho ano~thtto 

contrnt a tn tr~o common t ypoa. 'he <:Jt J..' nnt la <h 
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r~.n"· "'t.~l te C""'Ti<; t. io r;ftr. n g rudll tiona...t, 11h. .·o ttHJ aholln 

c.ro ~j.r)1y a.~. a.rcr-t.od, t!'<'Y are Rl"'a.l1.el to tl:o cl:no­

n1. 'ba.J~ .. ,_ · 1no.coHls, ar1·1 ~:J.~' rarerly t ~C prl ~rn "':-c--fe. 

:1o:r do n0t np·~., • r to be "'?"' .ra.l 1.el to t!l<J o·· t~~ooin.R.c•;,i.d., 

a.l th'?~l h th' r•ari ty of ::;ba. ... nl · o .c.~t>.toi obol"tn dnea not 

allow tht.-1 1a.tt.e!' at tomoht t '3 'be rn 1e 1th c rtr .nty. 

A!! 1 r·re·,.ula.r> 1n lont::\~·~on of tbo clinbpin "'.~ 1 1-z:"ne 

surfn.ooo 1n11ca.te~ 1noi 1. nt rog.,,_t-.;.;tlcn 1.: . thoao folopPrA 

ot the l:niCl' ~1or1zc·r:us . t hat c"lr-ta1n ru :nr ... t. <..Jf ran -

o r·;ti.'on ll.no 'bo n a gonoro.J. ront .J~ .. a h ro .to ind"ca:t". "JY 

r:U1Eu•onc it"!'c:tgular otr.o ks of 11ff'ca"i~ xt"Lction in 

mJet cf tb ~lru .1oal 1 0J . 

~he tt. tc (\ll t t,bat folo ar!1 of tho nin bulk or 
t.h mciiiur-,.,.r:"Jt.n ·· J. 1 c'k '1u 1 "'~(> ..)Sci llatorw1 • zon' n ~ 'r:.tf).Y 

bo mb1:U'ied b:r notJ..n .. t 11tt, i n noout 3: ll i. · oa, m~.ly 

O!l. erya ... a1 m. geen "lhi'Wln; vn ':U-017 o :'tn ~ lt"l_'7"Ult.tn 

hells , 1n wb .. ch the po35. t ·1 orm of .xtl rsotL n di f:for b.f 

only a fraction of n de~ree . 

f!~mmo.ry of s l cvant rJ/l.tc. 

Tho p l -=>iorlt. .10 _ Q}..o .nro of thl;} ho.lo 1nt !'UO, on 

v.re u1 .. 1 v,. .--sa.lJ y zoY,~1. oma: o:t• pro .reoo t vo zcnlng 

1e the ty e r:o<Jt c :nnnonly oncountored, Y?"t tt 1s v1dent 

t.h .t thoa;s or-yotalu wh., cl'! w :--e perm~ tte-~ to .ro 1 un­

h1n,tor&d. by Ct yqtal i Jturf!·r()onao , dgvolo~o1 tbe ont 

l m .odu:l 'by cr·;etal 1nt.err~n·o7'ce h a r eeult•Ji i!l lea~ 

.11 c outer oantle~ .. 

CI at.a.1n w·i.th tho thlrmest, ncu1 t baa' n outer 

tltl. tJ.\}n c.ro fvurd .1.rr tl'e horlzrms u:nde.l. .. t ho 1m eii · L 

c.Joltn influanc~ 01 thfl con-tnct • 'hcne hcrlz""nD 

..><H;c.nicr·r\lly 00"'1tnln .' J f.~ rn wh'!.ch i:ihmr o2c tllutory n:r'd. 

rh .. rth"'~l. c zonl n -: , lriho!" o.e t h' cor(} lnwly c oole:l borl zcnA 
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do not, exc~1 Jt tc.r l~s tr. haBo or tl-1 irl't rualon, 

IriCo plot~ r.·o::s::;rption of e ~ly-au ren ful p:.ro 1a evid-

ent in t · 1 tter hr.H:'izone. TL r., 1R nG f1.:i~ d. nu,.,bor 

of nne .... vnl t(}-~"t.ch .... ax..L a ln t'h va.r1<H.A3 cr···:.tn.ls ohoYlng 

oacU.l ... very z~'ni.r , a.td t he compoD:t t..i. · •• qt' t he succ:assl vo 

o.olla 1o nl ny lEJsr; anorthit1c than .tn69 • 

. he cQmpositt.Jr. 01 tho C')l"e!l ct pla.t;it)Clr .. e 

~1. ·y tr 1.:1 s .lOWf! Cf.) tL...,u~o.'~U'l v. r:i.ntl ··n wit· !lUC<.eaa1 ve 

VO.l~i n,M. c.n 1.:!1 com OS 1 tlon of b0t1.:. cores Clll1 01! l.Ol' cant las 

wit '· r~atn-a1 zo. 

Cono1.uc1· .... l , • 

t..:!Hi ll:Ol'ital' p J.'O ·res il v z.onin; cr t ho fol~ --~rn 

1e qu1ta in !l.cc··r1 'rith ttw n •o.tuct.-t·;I of a reo1dtmm 

.rich r in .a.l1::1.1i(.lt' , '\'11 tt_ cont,_n.:te· (nyat . · ll v..t~ un, 

when tno l": te of heat lcoa ta ouch t.htt.t ccnt1 mouo 

re· dju t cmt botvme 1 t ;t. sol :til and J.1.qu16 hco· .a '-e not 

P t'Tfi1. t IJ"'•.._ " 

rourd. 1n 't 

..!hue tho ··o~t oc~l-.. pl ~1oal e 1o t ... be 

o•uter- ~on a o£ th cry ~tala, no.r t1culo.rly 

in a n.ll Ol!lba n en to tn ccntlf3Uoua mln,.,,.. lo . Thoro 1:1 

l'lo evhlar.ee tc au 'J!ost t H. t t~v hl .. rhly al'b1tt.,-r1<'h 

fractlt:ma did r .. ·}t dovC!( ~· i..~ tt·t~ itnncd1atO d.?m&1n BUr-

ell trr.yotc'J. . 

1 t ia t~bvlouo that the n&me c-ont. 'LDuou Pl' JCO 1e 

cou L. net :1-cc>~ · nt ror- t.l~e ":'honomenon c.f rhytb.."l1c z~n1nrr, , 

and th t orvat"" 1 ~ ohowi n- thlc Jtruct.'Ji: h v~ • ~d a more 

c o:m.p.l lCtltM r ... lat,ocy- th n thoa-e nhowln namal r,oning . 

hot"!iflttJr (19.)4) !".ltli c;urcu:>.riaed t'•o v r1~.PUl ..L\"~ .... aao 

1nvot..~·1 to account. for 1nter-ru ·t i u of tho etc[A.{ly docllno 

i n ''"1() t~t t. c 'rt mt frcm ~- r' · t o : r ~in : 



( 1 ; ove: or:tnt of cryot. 1 in tho ma , • · ..... tr er by 
rcv1 t n.t'"l.ve ~ottlin or by c nv etten cur nts. 

( 11 ) ov" .e. t vf t,_ c: ! ..F ' n.~ n 'h0lt.. in ) c '031 ... .n 
whero dl; f'C!.=-tnt. c0n l1 tt,)nfl or t mn r"l.turo and pres ur 
·revall. 

(111 } Irru?tt ... n of n.l~U t·:o1.•l mn.gma into t:Hl 
c.r 9t ll~el ,, llqut l. 

f'v) o or volat11 c~notituonto. 

homieter b'lllav a trnt tL chi f cauao of 

oaclll tol""J zcn1n: is t.Le pe.~; 1rr" .. :te o.cC'eso1on ot hot 

meeho.1tam lo ossont1ally bo Uerl in { 111) nb:v • 

This 

Ho 

znnoo of" ... ora ca. ~o1 c pla oC' lea re du t; nn ntto onouo 

. .'liY;ceso ..reaul tl.n , ft>om a. h!.ck of' ba.J.nnoe botweort tne 

t ho rh;vt t ~ Jf} vo·)ta as: 

(1) do .Jit Oh o: )la !onlnce witr n much hi her 
Ar:11'\b rntto t ' l '1 ~n thrJ trc rna, r1 (~O.lco it,a.nt ooncon­
tl"~tlr'n nf u.lbl to in tho liquor w1 tt ... ~1 tlH• ~o ain 1f 
cr•:rta~_l t'l"'ti(llH 

(it) ren~tl m of t b. crystal ,·<'Z''1"')h ry vi~;.rt tl" more 
o.rJi"".:..c 11.qu.r- "'''form n .!os, c'llcic ,.1 loc_ ... oo, n.n..i. 
oc'1c l:r:-·ont rloe or tho An: \b re.t1.r\ 111 tho l1quo.t' botl-l 
thr:J'' -:\ rc~ ct t. :1 an l t1 t' u~h .11 fun 1 ..,., • 

(111) t1er,)s~.t ~.on of calcic pl[W;loc aso once m··re. 

o,tortnin on tn(.. grourdR tr. · t:. wo m1 .,.t ~ ox _;.act ta find 

oec1llat ory zonin~ on a flne acalo tv ct~raete~_,o th 

1r te i of' bcin r- otrlct. 

raln~ d~~sec.n t in the rouni!oa.ns , wh ict·, rrom the 

11tern.tur • <'~ e·.rs to J ~ nornll~ t.. c no. 

m1o.Loa.d1n 1m 11cnti<m:;o, of t':o tcr."tn, the \10M X<lnocryot 

wou111 'best dan:;t a tha.t P1oo problo tic- 1 cryo•c.l had 

1 tv ~ a. mcro co;" 1 x r i t >ry tha.n thoP. w1 'ttl wh!nh the}' 

finally ret1rod .. 'l'he,, nre accl. · nto.l 1noluo:t M 
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"''lt or J u. oy t1-o na.sc.u 1n th "";r...,cel'l of O:J.)l"'coo.ent, 

0.1~1 t,_e ""r Gfl!lt 'rli'ltf:YI· balieVOG th t t hl') 0 Of tr10 ~.lo 

intrus.i. n owe tho1r atru~tu 1.1 t ·. "jh cycllc ro tl ti .')~ ('f 

ov nt il -.lu .rln ; the .tu ·e w't-:.en t1··o :rn 

to its ur ant position . 

<;• c·' 1 c ..... , :1 .. over lblc, muc t, be inferL"e.J fl'fJ·' t. e ''act 

·t.b:"t t '1. most c oen tho o n·ea o: t1· oaci llatoJ."'Y 011 

cryntfl.lu .. r (J littl :liff r nt ~. co~ ... lt:V.i.1 fr-om th·;s 

of tho .. _ o .~·c i v ly zonod fels AH's of the l'O'Undmasc • 

Thu .hal ~,hoot is ne ~.l~LG t1o t c. Vf 11d tectt P- :,Pound 

for t hfJ hy.-;othenit quot Y-1 !lbovo;, the ovLlence of n 

a.b\.n~1~·1t volnt.ilc cont.,lt irv'lc til:JG t.c.t. a hl h v1no~s1ty 

wou:...~ not bo r a. turo of t : t..t m.c.gma.. 

pre!Jenco 01.' t tlbbtru( turo etlll roqui r-~m e:x-.. lro-1 ti .m • 

"!' t 1 ~i lli fie= nt th<~.t t11e vr. r·i tto:1 ill t.1.e 

succ n l ve Dholla ie o..Lwaye to P <~ n0cUc end , a:n:l n;dt.\y 

from the /1 n b 9 value wr lch cho.racterloes the corea 0f 

tho m~1et banic folspr- rs. · huo, h(Jn tre Pl'"!Yaical nd 

chc.rm1.ce.l c..on U tlona were uch the.t th(.) m~- .. n vaa at­

ur~ ted t.flU~ pla.-~i·.Jcln.a of tl,'1.t o· e:s ttil:n, it wan in 

ny caua 

of' d.e;-1 .. raturo from this normal sta.to r.m t b( lr.>oko't for 

in torna of a oparat ·.on ol' s.loea c lei c J!-ltJ. 1.oclnoe, and 

vsc~ llaticn a.o Jue t- a /EH 1od.1c i~etur.n t·; t.ha uormnl 

otntG. 

A a tho l1oui lus ... aolldu tc t m_; 1·atnr relati · .r•­

ahl ~ 1~ F.l'- b1 ft d. a.o to ca.tmo m;;..1t cr. .c1 'l p la -1 ~ o l"' tHt 

tc 'h :'tenos i teJ tn tl. •. pro. nco of bi h V• .... ll""t ~1 con­

t nt, at a oon':itrnt ta::Jpe:rat\:u~ 1 th .... normal 3ttl..te or thia 

a."" ~ rnt h t bn co 1 .. ~i Joro:l a ono ln w~ ic'! thoi·o :.. 1 

hi ,h concootr!~ t ~ ".:>n •)f vo: ati lo.:. 

au..'" o .• :t th1.a bell..,f: 

( i) Tho mo-lul CD oP.ttl•\n oE tL typlca.l roc• -tvpe 
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1)') non ~·otmtaln t.r,e, and the Dolor·lto .iegr •. t.tte typo. 

the .l&.tte.r tl r-c.>ok wbich ow }Q ucl'l '.:>f 1t.a oh~ r•not ::rriotios 

( ll.; Thor<~ rH'U proaent numer:)UB bar d.n or :lol~ r te 

p 5JD£'.ti tc t up tn s 1x feet tLlclf', ar i o.hunrlant hy1.ro-

therrua.l volr:J.crca i r. ~nth th tloJ..J.,..11;,o nn1 t l: e cwvnt.t-y 

(1ifj tTn1nvorted plgeou1tc t n fJl"eo nt bot h no phon:;-

alk r nnd 

oJ. O.t"V r t. ( 1 '9 ' # l} I ecnetdor vo1at1len t o act an cPtalyntn 

:l.n t~ho l)L'O:JOrva.tlC;,;. of' ~~i :oontte. 

(ly) ~t'!J" J.1bol lo ::c'OBOUt in mtho.: " r·o t llnn unuo.l 

ounto t r1 all pal'"ta of t, .1} heet . 

ccoot tl.u lo. t c: tr_e .t'ou.r r.a1n _,r-o c.aaaell outlinod by 

1: /.iv1.J.s v 01" aS t h t\OI3t l l k ly tc t t.Vf.i OVOl''.ne:i. t .!.e 

-cro1uc'.:.i. ·,u of oacllla.t(n•y za,led fol op t.rn . 1 t wau1~1 

not h o w·tsG o.t thl.o Junctm:" t et llXprsss a. nroc1.flc 

Opini on 8lJ t • th.e c.nuao Of t l rO r•opo toa.. d.ra.1n1n.,. ani 

re-inf1ltrt..t lon or t he vol,.ttl cor.:'1tltuento. 'iv'' 
!t...ct · J."S oh-:.uld 1 hO\fGVt~r, be b·Jrne :tu mind.. 

iu t h· t lc)Ba of volatile content ta th orotlcall ccp -

o.blo or caus1n.~ r.wr s-:uc ... ln _ .. locla:r:l t:.. wu depoalto;l 

u.t th narn t.e ''0" tu.ro . ,acondl;r t t he sheot, in 1 ts 

proo .:·.t p co \ ti ~- n , a how t rL.t ~ ,wa, ... d r:1i ~rL tl v71 of the 

voln.t.'i.lau subucquout t o 1 vtr·us1-vn vptml'B t. h..} ~-

natur'a.l >hon~I!l&rJul! . 

n.l.s !> pa!'tlally xp1u.:.no t bo 1nconmlot. rosorlJti,:m of 

.o.rl1or :rolopa.L" c-·.vato.J.a 1n tho low .r ho.r'l :6~no , o t ho 
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o~n"ly lc .e r:;T vole.t1len would aauae t ho MaQ,rr.n. t.o be 

o.'tn.L!\t.nJ. 1lt~ mot"'e !.Jv'lio . J.a!'t,1ocla~e ~ 't.h.u~ ,.n~··-~lng :to 

E\. rJAl t at a!l. ~9.x•11 or a t a ,.o th. ten:J.oncy t(J re.'J:>rb bseic 

~la.g~ r..'l cl::dle. 

. ... ·-· ... 



Ex~lanati0n of F1g.5. 

The skot ches a.re of different t y:)es of felspa.r 

crystals as seen betl-Jeen crossed n1cols, t he zoning 

beln-; indicated by t he varying dens ities of shading. 

The accompanyin~ ~ranhs indi cate t he chan~es in C0F -

position across t he crystals . Interce~ts alon~ XY 

are in all cases proportional t o dist ances alon~ A3 . 

!£· 

1 . Normal nro~ressive zoning of crystal from basic 

core to acid m~ntle . Zonin~ symmetrical about cent ral 

(OIO) t wln plane. Type most common. 

2. Of ty·?e s1m1lai." to No .1 ., but 1n \'thich the basic 

core is asymmet rically situated. Ty-oe uncommon . 

3 . "Pro~ros~ive zon1ng , where t he successive shells 

tend to 0e sh"rnly jemarcated, othenrlse t y .... ;e s imilar 

to No .1.. Type not common . 

4. Tyne in which the baslc core is close t o the 

crystal mf.'l.r~in , and o "Jnosl te ma.r")ins are of vastly 

different -ao·rpos1tions . Type rare . 

5 . Crvstal showin~ osc1lla.t or•r zon:ln~ , in whlch 

the increase in anort hite content in successive shells 

is 3rada.t1onal. Type exceedingly rare, and confined 

t o contact zone. 

6. Crystal showtn3 rhyt hmic zoning , ~rlth the 

chan~e in successive shells normally sharp . Type 

not uncommon in the c0ntact zone . 

7 and 8. Sketches of felsoars crystals t o illustrate 

locati ·;)n of C')ntours of equal COmposi t i '"m in sections 

passin~ throu~h t he basic cores, and secttons s l1~htly 

displaced. from tl!e basic cores, resoect1vely . 

. . . . . ... 



Fig.5 

'I 

Types of Zonin~ in Plag,ioclase Crystals. 
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•.!f th~J . 
Pt•ov1oun or· • 

.a.bo p •(mom non or olou.din·.; ill talaQar·s has been 

fl(.mttonel in pa.nt:l l ng ny varloun uth ~ :"9 aa t'a.r ooc nn 

l.n77, n.,·.a bAs boon connont l wlbh tho c teet of contr,ct 

m t orph1am by ao~ oi~oo lnSR . 

tn 1923, .• n~ly mad~ r ~orer~ to clou1o1 

i'ela..,nrs 1:r. rolao th1sod qun~tzl te x nol' tha lf1 thin the 

ranc hy.rl c qunrtz-oy n. too a.'bJV th o.1n not":tt · zono 

of tho B~lahv ld. 1 ~eo,Js C~n ·lex, 0 ·rnnnvnal. "'t is n~t, 

h~wovor , c1 o.r whott· r t h c"'ou11.n rnontiorJo I ' f<"'lS to 

o.ltor t.l .... 1 by f\or•1cttior..t1cn, or t hE) tyl,). in question. 

'tn vle\!1 or t:· natu.ro cYr the folo n.rn, t:)an ... o :th·.;cln lO 

l1 ol1 ocl o-alblto, lL pro>ably ooa n~t . 

A ool1nt lon of t}le t•e.ct WUI:\ made hy rac1::-o:-;~H" 

n.nd his fln:lln·s PU)ll.al· din 1'31 .. 

wl tl·: 

' ••••••• a ohnrnct. )J:\ tic etfect tl'.at 1n cftetl · t•o:.'!uc 
1 n the ,.rash 1lP ! oc:~noc foln o ~u of 1 n oua roc s by 
thermal rnetnmorpbl m, namely, tho dov· lo mo-r1t of' 
op c lo.l ty o of clcutH.r;ogo cnuaati b..,. t ho n.p •oorn.t'l~ af 
mlnuto 1ncluo1 na . orcronce 1s nls rule to cortn1n 
W01.1-known 1"onko 1n P1ct· th.G cluu!l tn of pla.~l C In 0 
role r ha!l 'becm deac . .: l)(, ~ wit out , ny G\l:) eatlon ttta.t 
the ponu~ i'\.r'it;v oft,,. 1clo •a.ffi :to connentod 'f"~tb 
tharmnl t or hin ~ . ( l)BtrnotJ 

' ••••••• 1 t 01 oul(l bo und :roto~"t c t t Lo outoot thnt t he 
~cul~r~ cloudlnes or the rola · ra(or nontact mot -

1'!10r'r) lOSOO l~ne•JUfl z· c\ .. J} in in tl}')"')ea,ro.tlC',O QUi tO d ~ frel·ont 
f'ro e.·t:r turhtd i ty ~LH'> to L\ecorn-ryos t M .. cm.' 

he aar.eot.A or the clotJdin?. oalt w'.tb by 

·ao'ro~or ml ht be u ~ rtsed n fo11uwn: 

( 1 J In the t to rom 1°'1nto an"i lnnor zoneo ''f contal.t.-

nur oleo thc.n""tuo.l r: t!l!!lorrh 0 

· nbly , -pr ~uo rl 1n t, e fronh p~ oc_aoo rolo rn of 

or nl.u1ln uo t.. 

( 37 J 



th d v lo nt of minute inclus na . 

( ~ 1) .em th . f lu nr h v ''' 11 en oo p:&.eta.Ly • cryst-

-~1 od, thy re unclouded . 

( :U.1) ~ clou 1 ... la ·ro often than 1ot oq .r.l ot d 

to th or orti · or zon d or~et l • 

( 1 v) h cloud~ (f. i th U"'l t to ho due t,, e. hi~ 

tl ... r-o or ho t 1 durl tb .rm 1 ot or l 1 • h 

p~ · 1b1 it of ,., ou.mo.toJ.;rttc or o.ut. · nou o.tolyt:tc a.ction 

1 but. ne· tr.J .., 11 eve 1 tb 

r or pro~o e . 

... ve a.l ret' r nco , to cloud fo.!. 

d.int1nct1 v ty' 1' vo u rn11d ~~ Dor1a oy'M.olda, 

note d.urotrl" hUt- 07 1 nt1 '1 or (,} Ccl!l l x, n 

them .tn~o t1am or qunrtz1t at y, Col'nSCY • 

of rene will \)e me.do t tb l t r, but ror tho n ont 

a:l'fi c 1 t to a y t .. abv (p.mt v1 o o of. C.i.OU 1. s 

b 1n ro!l.uuod. b! ohnrJ1 L'l:D ot.1 or ttun ho ttng. 

. loners or hoet . 

fu11 no cul1a.ri 1.y can be oooarv 

ep c1 on, due to the ~ r ~,l~ur or th rock 

on o t1e ,o t dlntinctlvo fo turoa 01 tb 

an o on botw an al1d ~1~o 1 covor lip. 1 

dov lnp ot"Jt within t" rela ro ,f whnt 1 

' n th ha.nl­

o vhol , 

sam<~ olmon 

tao 

t.ennod 

clou~.tin )• On1 r 1 w po er obje~tl v -n, th oth rr.r' sa 

cole>urleas 11 e to 'boco a b.r n1oh , or huff 1n c lout". 

lt must be ndm1tted th t l1ttl as -O~o~ 

'l' ., tho (:0 11 .. oo1 t1 1 nature or th clout'ty .~.·roct 

urln O.t' c reru.L oxa.mi t~1on . icr.och io l 

r e:odur cccr!li .. to the !'.letb , o rm 11, (o 

•· ol r • , 1 )">l) yleld o' thcr no r. f!ot~. n for iron. 

or at oat, an uneonv1 'lOin yellow eLAoolor t.ton. 
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pt1c L o 1n tior. 1 J h ot car.t>i.Gd out uslr No. l 

I.. ltz ob.1 attv , o wlth 1/1" 1nch 11 1 m ralon l enn 

th. .av·e ·1 ~'·pin l ir e } the 

:ftald. Cle r·ly tl:.e (.l~"'• 11 

eko tt ct d~~ln t the 

t duo to opaque 

incluol t1 , lthough a very am 11 r 'f'O~'tlon ot" th 

lnut·o lnolualons 1a oo ot1m . oc.- ' oo' 0 • o uo p cko 

which are in all p1~ btl1ty iron ~ro . ' ol" ov x•, 1 t 

· found t·:'l t th gr s. t jox•t ty that 

ranul, of 

~.nor· 1, which th n.uth ::>r su ,.. st.D 1 cc .. a~d rt;; o.n h1 -

olo~ or posn1biy e 1 eta. Thos 

r fr ct1 vo in ex C'mf.'id.orably hi or t hu.n thct of tho 

h, t. ""~. ··iccl ae, 'tmt Ol'\l data-tle e· m 1 r'tl\:t i · or 
their o tloal ·roport1o is :rul . c.mt h:r tl\ tr m1nuto 

oi~e. L yru .n 1 y r of tho , rnm1l can nca a1vely 

bo llrou ht 1nt 1 " CU S Wl th.ln tb t, ... ~o1 n a of tha 

cryatal 1n tho 1.ta • n1:. 1 her,co, tor all pr.flot n 1 

Jr on s, t.h y :r.ti, ·n1oh with tha'tr ho~t-. 1 .ghtlT7 

b ycnd th ~ 1t1:m or xt:tnc-tt n, t'h o t~ J.Oc'Ue cn.n bo 

o c t o be n1uotr.o 1o. It 1a porh p si 1f1c nt that 

loo llsod arena of he :vy cl' ud1, within 

ory~t .. aro r &.n of 1tr 1.n, .bout l.'l"~"·oh 

extinction ahnf.tow ot• t:P zo.n ~ r lspn.r bend ! n m~ rroo 
mann r. 

Tb. latribut:\.on or th ar 

olvu,ct · r 1 prohleoat1c 1. Ai•ter n :t!rat ox m1.n t,.on 

th obgerv r 1e to· "'~t :1 t~ coopt, .1. ply~ tr nt w~tJ 

tel p ra tro oloud..od, w. 1 "e oth r ar net, rul tbo.t tho 

!atribution of the :oo or clou'i1n wlt,.l:tn a o1ncr,l 

cryatal fc 1llo r tb m .rul • T t o , h ··: vel", well 

knmm (a ·e u ·r :,o ·) tr t tn zon d cr'J " ln th 

pheno non 1e n1 ~itlr re tr.1ctcl t •) th c lotc core or 
tt re, wh1le t h 0iic n r i nn ar cl r . Tb1 
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1.n vory ol nrly il'l untro.tea 1r~ the F"hele 1nt.rualon. o 

observe~ by f 1-C""~ (H~ an~l Dorio Oyl · l1r, tho.t•o 1s 

ralatlon botween the lens! ty of o , u 1, 3 .ni mu.ltipl 

twinning, tho r, nul n tru1~U .. ng to group tbc!laol voa GO 

to rulo 11noo p rc.llol to th oo ·o 1 t1otl pln.noa. In 

addi t1on. 80I!l9 cry t 1 e lnO'i by ·l,;h!J c. utbol" oho..-rod 

only tt.lt:orne:te t win l a.Llolls.e to he clou<lod • th 1nter­

v n1n area belng only lizbtly uot • 

Uht.t i cona1<'terea to b t~JO most 1 ntrtotmt 

e tur c r all, 1D t1 fant tbnt en HJ l1louj1n·· 1. foun' 

only in tl!O hor zona 1'. o lnt ly Jo1ti1ng th contacts, 

th~t 1G, w1th1n 12-14 fe.t of th nit ~nto rhlch tho 

ol rlto to 1ntrun1vo. Tho ~honoorysto r p ~r ctly 

clon.:r.. Cl~ud.tng ie no 11 t.~ bo ora!etent .1n ull pnr~~o 

of f;h 1 ntl"Us1on, but in tho rua111 body ta'·tu\ th for 

only· of r~ l' ~ht. d.ueting \f1 tllin ar oc '!ns5.ono.1 cryst.al . 

Th tolep rn of' th ~mat1 too orton • of qui tn a.rke:l 

brown tints. nor1o ,oyu )ldn refo'!"· to a pn or (not 

avn1lab1e t o tllo wrltorj by o.·>. olyanki n, in hicL :ls 

de(lcrtbc1. e. a.b •ro-d1a'ba.oo cl1l~e 1nt1'1lG'! ve 1.nt'l rani. ta 

at Cape · odvozhy, 1hito , uaala. . Here tho young r 

1ntrualon 1n chru. .. o.c t r!oed by clouiy i'olo r 1n t.l.• 

mar ina.:. ·tLrta. 

'Tn th hnl int.ruaion, tb o.uthol' intorp;-t ts tr·B 

dono1 ty of nl .:mdinror aa boim_; .. lnted t o ·the diffcr-

ont tate:1 de_;ro o'!' zon1nr;, · tho r9-n11l p rta or t.ho 

9hoot t:U'G t hol'te ccnta.in1nf): fcla nz•o ho· outor rn tlo 

:u·e tot hi ;hly at;d.lc, and. uro c.t t'b.o o o tim vocy 

narr>Olf• OW8rd8 tho !7.l in body of tho 1nt rue1on tho 

out e.,.. zon s ot the felopa.rc b oomo ore odic • to othot' 

w1th sn increase 1n nbaolutc th1ckneaa. 

Furt her ov.1donc oomoe rr. m th t.h1n sl1c s 

ol•ou1ng t he very conmon foo.tnr o of both cloudo~ :1 

unolouaod r ln~nre close tA ono enotlor. 

(A 1 



iil&ntioncd. that tho co· pon.~~tr~_n ot ~ha rmter f'\&ntlo 1n 

hl hly va.rl able within o. A ill l o thin ~1ct.:, -m'l i n tho e 

c n n ~ . cron 19 4 ~tr~ng su ~ ution th t t h fnla a~a 

llt.licl· aro mr.st dor.~.noly cl·~ud.e.J; • o.re t'h:,o w'b.lc""?. bo.v tho 

len t oodJ.o ~utcr ce.ntloo, or "1 vo tho tb1nno,1t "utor 

m:?llt.!. e:; * uch a. re1~M.on ol.Jviousl~ oa.nnot ho oT"OV ""· 

, ptr1 ,, 11 j by thin avC' t 1. n m1oro co.-1, the 'Pll&'"l of 

t.hin nc.ct'-on rv "lr- sont1ng ot'lly a thin crooo- ( c tlr,,n 

Qf art of t he er-y::~tnl, b·t t E.. c;')nsj_ t~ e of 

ro1.t nco mt y bo plo.e d 011 th a:ppoaJ noo in t n n o t.ion 

whan 1 t 1o roolinod th t tho cloutiir. ·· 1n in 1 tnol:£ a 

loonl fCt·~.t.,u ." wbieh r~l"'oly f!'ccta the ntll'· o ·ysta.!.. • 

. ho 1 pl1co.t1on ~ ;llow·a th t the cut:"''r. od.1c z•:Jno p le.y 

·t,ho !"51 , not onl of aroan unouso pti.ble t"' olc•Jdi.nr;, 

but 'c Ln lly rl'f protocti vo c;mvalo.,no. An tho aryAt-

114. satlcm of pyroxoo., ani !'olspc.r ~o a on n1.fto by sld.o 

\P. ln tl~o 1 :'J.lo eta ·on of nn. , a. nonncl'! t.1or1, many or 

th pyroxene cn•yat la aro d1r ctl·r 1n ('!OntE4ct .. with th 

bn1:tc z!.'non c'f t1·o f lep ra. , hi f'c.c t n aumo import-

ee lt'1Em the role or tho not~. :ntloo .10 roco n.1eed , 

for 1 t w o foutl1. , 1n tho nbo~to o o • tho.t t'be olou :ln'? 

1s v~ton d .oost .. ~t'l'' t: .. ~ py .·o~ eno oQt:--uetcn • In 

a.d 1 tt0n, th oe i"O a.l c r.rc'c~t! w'b r ntruln 1 

zmn.ront, the xt1TJct1 tm oh · 6~ 1a L j l~. · 1n ceuoor1tr1o 

:f'.o.nhion nbout tJw muz!lon of tho py,.r:.xonas • w lo 1 

fr '"•uantly ohow n.lto.~a.ti!'>n to s con ry 

at, r.!'G r.ro 1nc 1 pi enoy to the cnm··1 to . 

1n al1 

In ehort, tbo 

pyrr.;xon~ p n..rs t.o have pla·,ad tho part of n "'r1t1··e or 

chn.nnelway t.l ~ot, ll the c1d .attl , t o t btLG1c pl • . -

lc<'.L oo cor fl ., 

In moro tl '!'l one onoc, LThor two pl 1 :1cl no 

crystals h. vo .ro n 1cle by n~do, in ouch a. r n!~ion tl"!at 

no ~~ c btl l on ellowod for tho dovelo r.·o~~t of oo1.1c 

outc~ r.r:moa, a bro d Btt•ip nf cloudlr.\·t oan bo cem: to 
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eros t.h mar ln nd. oo .t.tnuo unal. , .ad in 1ir cti. n 

ilt o tho dj G nt ory tal. 

AlLther Glue i o!'fored. by the ~CoM.1onal .)hGm"'-

v nee or the socondc.l"7 '11b J.e ra.dln · in tr c.m.ot•a or 

r .nul oa of v " -c'f ore st . s . ze intc th fols er t ·more 

tho Trlont t1on i s ouoh t~ t th 'rule:1 11ne' nn.t~1r of 

the clou 1 pe.rall.cl t'> the compoait,i n planos of 

r e· tod twl~~ln~ i a d onst t l~ 

Conoluni•·) . • 

It la nown tbrt, in aplto ~f the cl~ alm11aP-

1 ~~ of ,h cry t 1-st~lCtu~ G of lbit anll anorth1 t o, 

M.1 th co bl 1ctll c r · 1-ii of th • o.nd C .. 1f n.a • 

tt. er 1o a d1f r. co in t ba d1mana1ena of t he unl t eell 

or t llo tlf ..> tructu--·o • ccordin tc Taylor' ( oeo 

.r.. . lra.ss- 1937), t h 11m nal~nll of' t un1 t c l.l tU' : 

lbit 

nn,rth1t o 

- . 1.4 

r. 21 

,.., 

12. 6 

12.95 

1-1*'! 

14.16 

t;t u:'l 1 e ""tl of th c a~ i S: ia hown t.o ba .l<iiubled l .rt t ' 

Ct\ , of tbe n.nort nl t t~lCtUl' , but, !.t in Ull06t't in 

wbet hor th ;.•e 1s oont1nu~ua 1 

of t bo lo.tt1 .. ce w1 t h :tncr ao in nortbJ te ol oul , <"l."' 

\ hothor thore av two ltern t1vo etructtu•o ;rh1oh 

nbn e bru tlj. 1' ~ , on'- t c tl• r ... t~r .,. i th a cri tteal 

o la1um content in the inter.me~1ato fels are . 

1ncl1nos to t ho latter vtow, nnd lnf ~, t 1t tively 

that t T •La oh · ·e 1mpl.: ll a furthor d.iatort1cr.~. of th 

tatrah ra.l fro .e 101' fro vh alb1 tc fom, . uo to the 

differ n t 0 . - rrUnato nu.., I k"'r. cf ca.lc1u l godiUI:l. 

It t.bin d1nt,n\.,t1on of t .G ! ttice ini.'reao a tt·a 

"le.f'oot wi t hir, t ~ eryat. 1 l tt1 c , 1 t 1 tl'Oll ·· HJsiblo 

th .t t ho albite structur~ o fore o. roator P9ili ta.nco to 
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than d:les tY:!a s.norttlit str·nctur • This procooo 0f 

l1ifi"ue!.on over am~ll i atancon wl thin the re11 !"O 

wouJ.d pL•en\ bl v oocttr wbil tho bo:l.y W£\O atill l1ot, f.o~-­

th diaor<ier w.1 tbln th lattice ia doDendunt on t,llf!!p -

or tu.ro. feature d1neu1HIOd bv uer ctr (194"' 1. A 

t.hrosbol,ll v~ lve ot o .... • 9 or th s: olutc nelt .nt·-no1nt 

t pera.turo 1 holow wh1.oh d1ff'us1 n will 11ot ccc•tr 1n 

s111cntoa, iu ivon by E1 to1 (eee ·owon, 1r~7~. l t 10 

pointed o~1t by owen tbat t •o th~ ahold ve.iue 1a otron: ly 

ini'luoncod by d.ofento duo t c otl"a.tn aml !•a.D1d ory t. 11-

1aation, ani'! d1ffuat·r: u1ll thus l:)_ pem1.ns1.ble at n 

much lo or t 

A tnti t!ca.l :xamin tion of chGm1oa.J. lye on 

by cn·.r'G or howa that tho saM. eo oli eel oo-t n rt 1 to 

r•aa an .iron c ... ntent v .ry ofton much hi jlor t.bnn tho.t of 

lot t , ani t ~ "Ls 1 o c.ocrlb,ls to ,l hlgh 'r or1 lnal iron 

co:a.tont rr.-ft r cry t 11.1satl n . It ln, how vcz·, alno 

po ot ~!. 'th t : hi h :tr n content in n.n1c '1 ' 1ocJ.a•Je 

!a pro '~tH)t 1 by t h eo.aio;:> 

lntt1ce ~cllcwinr on 1nlt1 

o of i .,r· 1 t.. t h 

orynt lll nt'lon. urthor-

:::>re , th~ c':.P1C&p ti fail 

Cl"'Ystnl.G vl.l t bJ.n t'_e s \... 

l.o oxn I.e 1 why t1ll plc -·~ f>C 1 oo 

th-in ru~ct1on not oqu ll;y 

olou~o· , why only t ho fo Lepe.ro of t ho c :)'l'l'ta.ct zone and 

t.hn P03!Mti t a ·-.o cloud d, r· t.i~ role.t!on bet,\'!aGn tho 

eno~.ty o.~. clo\Ad.h r'.n p~!osonoe or ub-"''"'i'''11t.1cally 

noloaod pyr~xone • 

.1. b vldanco of tho tr1tn socti•Jno , t C) wbicl1 1 .c~B 

on lon1c 1groa.t1on r.:'O n.:Jt vox•ao, 1 the vn:·tt 1" to 

bali eve th t the c:1 cu1in , of tho fels o.ra ls duo t ('r ~ te-

1!'1 or deut rlc-stn•a m1gr~tton or t~a n ces ary 

.rn.a.torlal lnto t o f l n ro .. 1'110 ' J.oud.tn,z of t he i'ole-

ar or th do11)rlto pe at~to 13 than ey·1a.1n d by t 0 

(43) 



r:; sentie.lly cant , or.·l'lOOlli! cr.yete.111ant11'J' of tbo 

pyrox noa ucl. fol~ :.azs, thun ~rtoct1voly '').• chin()' the 

tllo b 1 u o.oroo . i'bol" follow-

· ' d. t' e '"{.t'o·;th :, _ .. ,. 1.nu.t.e .~u:..cs of tl crJndnry ""hibol 

o1· opiclote, · hlch t t •!e o e tiHw sot up condit.1ono or 
~t.m! . .,., L ,be ·.o ~ e.t rial. 

th<H''l ia a lr.u ...... o nu hoY' or rocoa ' 1 c 1 l'act rl tio of 

tl:~ lu.tor, cov11n...,. ot· es or conoo:i1dat1-on, ny on of 

lfhicl.:. octn>.J.d hn v b ru1 eti Vth Chief runo~"' Dt t.hoso ml :ht 

ote. e . 

. 
1 r::atsmorphio , the c1.oi.ld.1n,g of t ho folup re of 

t ho ha.l 

oaunG. 

h o t may b. .. r·•' 'ba u C'"1bod t o a dl.f!'ol .. cmt 

rt 1 ht. bo tront1o 10~ that oyr.o1~!'.1 (J 936 ; 

dcscr1b~a an ol1vln -monzon1t fr 

irJ which tl:: • p.l.a:;icelaa 1B c~.ou 

d.uot, nu )c t !j to o 1ro1: ore. 

by a. f1n o quo 

Th s~ all -( ln m~, 

no ~ -crthoola u, 1o Ao elou ~l, but tb1 ~loudln is 

of e. s11 htly t'Uft'orcnt chtlmct. .r. bn V. OG t'J t:.a 

conc::.uaion, :tn t he cas of the roek:J concorr 1: 

1 
••••••• th clou~1n~ in due to tho i rnt1on of m~torlal 

nftd:r tr· o :"r' .... n '~ .l~s, qu,•..,tz ... fele- l"' aymplect1 te rwi 
bt ·ti to hllr'l. c ..)llCh.'\dod co· .-1 ted t. c1r ~r·)wth . 

o.nd 

' ~t is, hovover, 1 nonRiblG to ccrl'nle.to olou1in~ 
{in tbi caso) with cont~ct mot orpbla .' 

... ·-· ... 
_21,_- In n 'Poraorm.l com;nunicat1on tc. ~!"' write~ . Dr • .l . 

o 1 , .rvua.rt bes in ca.tod th t his c •rt' ''orl· ha " loo hlm 
tc be11ova that the f tura ol' cl ultiw; 1 duo t o tho 
1ntr :luotlcn ,f mc.t r1 l by ml..,~ .t~-on . o i'urth r 
'i::.ttailn are ~1 von. II announc u U t e. p er aoa'l1~ 
~~· i,l\ t'J to .. 1o '1·\ 1 Bhot•tlv bo in rint . 
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Explanation of Plate IV . 

Fig.l. 

Clouded felspars in a specimen taken at 

five feet from the u~per contact. Ordinary 

light (X 36). 

Fig . 2. 

Same as Fig.l. 

F1g.3. 

Photomicrograph illustratin~ nature of the 

clouding, as seen under high power objectives. 

r.rotice the area of darkest clouding is adjacent 

to pyroxene. Ordinary li~ht (X 130). 
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Explanation of Plate v. 

wigs.l and 2. 

F els~ar crystal showing the relation 

between normal progressive zoning and the 

density of clouding. Crossed nicols and 

ordinary li3ht ( X 165). 

Figs.3 and 4. 

S~ecimen near basal contact i llustrating 

the l i near character of clouding paral lel to 

the composition planes of polysynthetic t wins. 

Crossed nicols and ordinary light (X 43). 
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Tntrodu~t'" <m . 

1. t'l'ld h tho pyr x nen ebo·-1 n. l'1U"''b r of i nter­

oatin> r tureo , thoy do 20t offer t hu selv sf r 

t1aract~rv e t uay. ns tho err eta of hyd~tbo~ 1 ction 

ton.1 t-:; iom1 to oort in l o l" zonn, 

1m r n ot 1nc1 '1 nt alto ~ t'on. cury enocl on not 

ni'fectod ,)y a.t a 1ho:M..c ca.theriog, such o.a t ho e fr 

t ho ·u r .. y , ro so hi h ly altar d. t o a con ry m toi•ial 

uro u oi en for ntudy. 

etlo rolatt~no, nd B uch ­

CI!1t Jasal•cont a.c. t •· ec1 011 

lln.v the pyrox ne en· o!' J esa co let ly psoud.omor hod 

by am hibol and 

tto l . •1.Ylll.t ton WflO ('l!.\r,rted OUt U iti the 

unlverslr.. st.n e , n '~d l"' f.t'act v 1nd1ce dotcr'rnlne:l by 
~ 

1 orslon methods. h oterm1 t 1 .·na , o o onrr t:...~ 

out chl.ef.Ly ,ri th v1 w t o flndln· oo~.ns1tione, athor 

:.ew cll.no yrox no, are present 1 :1 eon1te, n1d 

to ot r~thc · l ow 2V ~ • 

f't"cm t~ main 1'od or tn sill. 

curvi:r ~ ooros to th u·""i t , tho han, t bein nu ativo 

of n e rl" tH, ons t ~ • Cf>'{'lt lll t 1.on. ccatdCintl.lly 

the pt;) )nit is sot in t· a marginal z,nes of t' o u~1t 

a.l'ld mny even ex1st d.l .c}~ te ralna nclo·1 1 by the 

plo. ~. ''Ol oo, but t h fl.rP..t. -montio ~ hr.\b1t ts do :\r . .a..11t. 

1here di or te •1"&1TIB OX1At, 11 •h ~l.e r o of 1:l:tc-

r Ol"' h i y be ho .n . 'hi-'- some of th rlle t 

:r-1·· nt to e.y hRve re~ , a. t .o nl3 ,1oc.l a a in lru.t-

(4~) 
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1atlon of cryst~ l.d.M tlon, th nubo,.,h1 t1c ~e1~ .tlon 

bet e .n th pi ~eon1te ~Jtr•Jdin beycT the o. 1 te 

m ntloo, e. , th felup r, is 1nd1c tive of a lat r 

cesno.t! n of cr·y talli tion .. Tbu pl -;iocl o O""~h1t.-

1eo.lly p net ... at n nu • te .:looa Pot nann lly 1n1ent the 

• 1~erm1 t in the contr of th C' 'J'-ur.i c~y tnle, but 

t he 1'01 .t-:on betw on thom in ~w"!:>o lJi.ti c towrr tl 

tn arlng o~dn of tlo crystalo. 

In t.l·t main :>ody of' tb.o '3r:~<;t, tLla r-ly 

pig onitc 1~ qu\tEt d1nt~nct1vo 1n a.p e ranee , a.nd erh 

b tter J,Jic 1 out in la.n 11 1t. o the 1J""1to 

1G p lo 'tn- iWll in colc;u!' , the n1 --:oon.i to 1s c, lourl o o 

and c .ttr ~tor!eoo. 'by curved fmctur a w 1.o .• aro emp .. -

as1.o 1 by their bein fillc1. w1 th dar M..r..ula!' tor nl . 

'l'h ro io rooe ' lnnco t o o. ~rub rrt t ln n nut. Toward a 

t 1e roo. th :p1 ·eonl to tlri ~r-oach tt, u 1 t ore no~ rly 

in colour. Tl • p t ·oon to ie a'X'kod.ly elon 

th .. c ax1o cr th a. 1 .1 to, arJ,l th cle va oo 

t alon 

nd ·at-tin . 

. poa.r o:-~nt1 nu )UO. -ttrc c.:t~ vo herrlr"b no truotu.r 

r•oault:t.nn; rr r.1 a eombl'~'la.tt o!l of t,he bu.oe: -r:>urtin n-:'l 

I r\o) twlnt:!:.n 6. "G oxt n1od into t·· 0 C11cloal}lfl au 1 t . 

Twlnn1 ... 1 aor·iov&:t b r alr:1 le ayz:unotrta 1 n, .. 1t 

the (r· ) 1· ne, i it 1~ int re ti :t:o not tl'l..at t.l:e 

enolostn n.u 1 to :f'ollt~wo on t' .1 fl twin :?1 no, which ls 

m rel xtend o.s plane e>f oy:tru otry lnto .t t. 

In all ens a examined. there 1o an uneho.!l 111..'!. 

rol t ·1 r 1"1 ':>ctwe ;') t'10 optl 0 vect .. ra ot• 1>1 eonl t.o ll.l>.'i t:~ 

enoloo:lnr.o u 1 to, exr:or t wher tho ou t11no of tl: e t r 

shows ecp or tn cruaoly ar t d ln ouch 

ca s t l.l .re 1 r.o !."el tio.o iOtweon the o .t1r· voctG:ro. 

n t o comm n ca. e, th z v1brn.ticm-d.ir.er.tit:m of both is 

c~ntinuoun, • hi 1 e.ui are into ron n e • n1mult-

on ou so ~ ti cm or n row do r-e !s rm1 !31ble to 

(46} 



o.llow for tmull oh.an~ · s 1n e:xt1nct1on an los. 

rna.y b founl enclo ~ 1n t1~ aama augite eryntal, noth 

columnar p1goon1. te 'rl th the Ol)tic v ctcra f1x~1 in tho 

nner doacribcd. o.bovo1 and. pi ecmite ~f 1rro~~u1 rt 

rounded ahe.oos bonrln r:<) rCtcn nl.se::l rrrtonta. tic:n l"elat1 vo 

t') th t c r th_, 'l1·1nt. Between oro ;od n4Jcola, in 

ctiona with e.n o· tic ax1a n r vor-tt ca.l, arnall i!'fer-

01.( (a 1.n ''i:r•et'rln • nc( are niorc e, ai ly aeon t ani t ne 

c :>ros nora Ol~sily plckod out. 'i'he low 2\f l.\i1 :;.llo fo.~ 

much of tho pt .oonlt 1 l"~i'l~eted. in B V&t"', ClOtG 

apnr >ach t total oxtL ... ctlo.n on rotation about X ( or Y 

of tto C.U ·tt'l), a.B Z ifl 'br>uunht to th vertlce.~ t'JOS1 tl<m • 

Tt!e bounda.cy botv.roen pls;e~n1 to ani nu.~J- to 1o 

uncloubtaaly a1w.Fr.; an..'l v.ell-:lof1nod in moAt 'Jll""O cnoe, 

·out 1 t. i 1 c~rn-non tc fin:l app~rm.1tly ~radationnl c 11"\.to.cta 

..rh r, tL hont shc-vra s1 ~ns ot ur-al '.t1aattcn. In ·meL 

caa !3, th loss of gb.l\rp a.rgtna 1e duo. to 'Joecndar~ 

ma.teMal 13Gklng tho -i1sc."'l.tnlna.t1c.n, for th~ e.ug.l.to 

ohow an lll- d.er1ned clm.ifJ1n an:i a shimmer effect tn. 

p lano 1. 'l .ht. 

In gan r"\l, tho pl. ~eon•_ to seo~n to h'lVe off'o.rod 

S\.""oe.tor r 1etanoe to t '\} ;ronoss whtah off~ct d tbo 

tH"f' 1.1 tlsation of th nu""l te. but, whoro a.lt.or d., boo!;m&n 

n tro..nolucont to reyinh-br·)wn mc.os , the ocr:-:mvosi tion 

being most cono ..... ;1cu()US alonll tho curv~ ~ r otu "'00. 

p rn.llel witt! t ho dooponin· or colour or tho unnlter 

Pi ·eoni t tcwo.rda t~JO roof, tr ~ 1 tera.tlcn-:r>L~duot 

chan ea toward.n the greonl 1t, sacondnry &l!li;h1bolo unually 

nssccj,.a.tod. vi. th the ugi te. 

u ·.u~o. 

The au ·1 to 1 a tho donllW.nt pyroxono . hon :f'reAh , 

1t io "')alo 'bl."Own in col~'!ur , and. 'rlon-·)leochr'oic, lthcugh 

hyclrot.\:lor ... 1 :..~oct1.· n i n the in~tt i at.a. oo mny turn 1.t, 

(47) 



elther reon or ear th u ar 

oc ut ct, th ;>yrcxone ~ranu 1.oa oi. an 1r~ ·ular 

ur ~ ~ottlin , w 1ch i3 asGoc1 t 

d cltn in o~'tio xial a; ,1 -

lth oh .r·p local 

'.t ·1 to nl tot-a ol1 tly r.~·o ono 

~ori .. n t · ""l··oth ~ ,.,,. r• _ll'<t "-e~·~.... · t'i10 subo '-~tic G.l~'l IJ . ~· I '-" • • "' , ,,., " v \HI v < 

i 
J.~vtlo .hltlc of v ry:1.Uf3 'hO 

1 1 l, t, .. •cl'"·"'ur o: po --- ~C •• Vr.> ma.ll n d. w ll-ah · pl" · toe :.a.ee 

ls.t1:l 113 oo , n, 11ut, t.he 1 '·" r pJ.s. oclnsa cryotr ld 

hav l...r.-lt onctr.o. tl n .. . . ~t p c1~ na iave 

l."o.1n-niz thn :wont. n CO'!Ml~·m with Tl'J 1olc!'l t • 
ly 01~ t..~.c E~I'O Gncountorod. 

e with pi nite, t .r1 nning 1:, .. tho f~m of 

elmr.:l ( . ) t 1ll 1 ut irl o.:ldlti.n, t~u.~ 0 ay ocnauton-

tod. ~ and unc~1m · :"~.1. .. tw1n r atin on tho 

as 1 pl. 1e y n aeon. orr111\ be :r1c truntur 

&11 1ovo1o a , ·· l art~.llr- o.rn.ll Jl to {rr: ·; a1t1 ( .1 j 

lJl) acc0t11, n1eo tho rlsm· ·tic clo v , ·o, 

a c a . ooarsu art~.n._. a.T'o.lle.:'.. t J ( -r 1 • 

ptlc \xle.l .n ~\c. 

~ rt in or tl 0 ·tic l nr0 art\ao 

not by virtue of th lr va.rl .a"Jl '.1 ty. 'lthou ·h p, veral 

1C01"(} of er su.r· onto or 2V nngle wor 0 rried t-ut 1yf 

1ll"'eot. rot t.ion abvut t.!re 0 1•i 0. nol 1, t'ro on o -t1o 

xte t• th ctn r, tho·~ n· - ~ .... t 11ttl conalntency .... 

o ... value e'.th r 1n sin , le thin rH (!( t or \t tr.tn a 

-1:1 .lo ra.tn, exco t w1 thin wide r n ~ • }bio ls t e 

outo'jno of tho:tr zu l na.tur J. 
In 11 pi ontte tL ~V 1s ht .ly va~tnb~e, 

t:.e ~ vorse 1 al ~ ul no. ~l th th o t1c ... tnl p1 a.ne 



oor , n:Uc ln.r to ( r ) , 2V anglea er otod vnryln 

)otueen 9L· and ~4 °1 but usually .nonror t·-.e mo n in tho 

s ·all 

ount of no r-uniax::•.al, :~onnibly lo.\. .,1-;oonl. t rna.y 

b (li_)('J i., ·l ot thor 1n t 1"' r uto1~ rlmn of tho vu ~1 te 11 or 

ll diac!"et , x n~ orp ·11c cry te.lo. I 1 a e r>n.rH:e tt'e e 

ru.-o Vllr:' a1milnr to t JC ~;o.le-browrl U""'. to ut •'1.ve low 

2V an·1ea 1~ t ·o l n ~er·eniicular to ( - ),. 

lb. re t ho au ";i te do £J not o-r.c ·~.os r.1 ··eoni t , or 

em~lo o f)!. ooni ta i tl· tbe ~ -tl" axial pl na ·- e cn­

d1cu~ar t~ ( T ), tlo 2V au lo ln t1a m t co .0n cane 

1nc1.,e <m ~M-"t1llUCUBly tcwr:.r:ls tha ms.r ..... 1ns of the u.c;1 te, 

o"(9 OilY p .os ftl"" t tbrou..,.h :l m.; ntmum. .....ooa i'roquent ly, 

th '2V nn~le .ow a. <:·onttnuouo elc clocl' 

tl c ~r :ts n fairly 1.1 l ~ 1 .1iold d finin· 

th n"' ... t froquent1.y enonunt rod low r l...mt ta of' 2V a ... 1 , 

) · .. ;wocn 38° and 4~"'>, bu~~ zonal Vt rlntton c.v lift th\.r. 

.n ,len ,s h1 h c.a 0 

'"or noted, but t"' tn 1o e.oocclnt d wt th h t h -lo .r. a or 

1 ydrv' th r· al nl tetuti m . ~rh louo t 2 nn-1 ... .aocur~-

tored :-~·r nu~Y.l to 1n t.- Ol"' alo l/-<'ko1o~1 ~oleri to ue.o 

34°. 1.:n o.ll c on, ·t,t o dta o 1.::n ia alw y voo ly 

'ra.ri t1cn3 of 2V in u 1 ten o.nl pig or/ tnP t 1~c 

illu t.t· t :i in T ole 4. 

In vi ow of r cent J 1 cus .1c•r-o lteb~.. tin~ 1 -

o1b111 ty a.., 10tue n calcium-'"'~'J{ r and c-.. .n1c1nm- rloh 

cl:l no ~yr-)xor: s, n a .tin~ · 1 e ni to r,"' 1 n.u --:1. t of' <..ovr 2V 

nn~le into t·o oct&«tlc ph o~ ( ~a, 1941; ol~ rvGnrt 

nd cue • 1951J 'mo, 19"'' } , 1 t 1a 1nt reat111 , t ~ nota 

hero M ve.ri·1.tt·)n of 2V n. o i '1 ,y~1zonoa Tl tl•~ 1 tt c 

zen wh.;.:ro th{• d...t•c :t.n l'£\1n-Bis r.,c.. rr rd. th u . .,.,.,er 

C;l 1tnot 'bocomos roc1,.hle. Tl~ e yrox(men de' ~~ntain 

corar; of 1 · oni to lt ~ t o tic axi 1 plano or>-

(4)) 



1 ;,o:mlte Cort ouceo oivo ma.ntloa. 

1. ~;,0 340. 

2. 14J 440. 

}. smnll • 0 4SO. 4ot ' 
4· ~40 ~ 

2 0 no 'ltlo 

5. nCJ core 3;;,0 J 34° ; 38o. 
,. 
o. 3./.J , )4' , 44°· 

7. tt A1~ 3-30 4 -1- ' 
" tl 380 47°· • 

on.11nular to (O! ), .lX~tblt'n~ r,uo~\ the rune 2V va.luoo 

.a nbove • but 110rt} :-omm nly tho 2V e.n lo of th ~1 to 

· ncrc a as oono ntr:tac.l.ly a ">OU"tt o. numb r of :u f J. ~rC'tnt 

nuclo1 within the sa,e oryotal. Tbe nuelo1, !.n nunber 

up t.o U .. re a .d i'!.">ur, are oon t') be m1nut'' ,,n nul P. of 

1 oon .. to of lo-vi 2'1 o.n 1 ,. wr.1c···, d.iftor !'x•on th.oe 

prevlously le ct"ibod in that the o t.1.c x1a.l plano 1s 

Tho ceres o.y .. ) ttn!. xiA-1, or von 

bi xlnl 1!1 t·~; la.no at _i h t n.n le to tb1s. In the 

zona urround1nr tboo.o minute .l· onlta~, ·t.ho oot1c 

axial n~l of the nt 1 to falls ,., .11 below the '>rov_oua..Ly 

notel vv.lu a, 11 .ay qual 32°, t':e 11 it d.ef1neL1 f r 

u .1 te by t'h~ first or tho a.bove author • A ! 11, but 

ai.,~n1£".co.nt nwnber OJ. moa urcments showod the.t indeeC tb0 

optic rucl l n.Mle of tl e au·,ite may be on dc~re lens 

th n the detin lir 1 t. rt is oan1ble to rnoanu~ a 

t the onme tll'!i the i ·eon1 te 

va •.u J re .. i~her, a.n~ o~me t.p )oo.r a..L~twat to brld o tho 

he r. ll ;W'ir ~n aura nto .Tcro on th, 

unl v i€\1 sta e, 1.~1 " n ah.rou t1c 11 ht, ap~ lyin the 

(5 ) 



rablc !i· 

1 2"'0 3 1">0 :7" 4410. ...... . 
' "' 

2. ~·-10 29° 39° .1510 '--..-J.! J ., .... ' . 
. 'V') .l 0 .31() 3'30 39°. ..-J• ' , 
4- 1 9° "220 -:tt•O z•,.(' 49°. ,.,_ . .I'? ' 

..;j ; 

nJ cor· 33° :59° t: -':.1 ~ ;') _,., .. 
' 

, ,:;; 
' -· 

It t:tny bn I ( v t> t h t t' ' z .16 ', f low ~ value 1ll 

S · 1- 1~ l ti VO t':' t.hr') Cjraater Vol \11'1 of th 

c~ystal shor1n~ b: _or. value~. 

·fh~ thor or not t~hore 1il an unbT' ,_ v· rl~tion 

throu ·h pi~e·:m!li to U"~'it o is dcJh f'ul., A 1r. 11 oo.a s 

:rt. o n 

con?idontly 'bo t t. :i th t not ln 

OY"OD.d ZSJ.a.o, :;!" a~ n1ficrmt r a of a. ·r in croos-noctl n 

Gne~untot• 1 iofhich howod n lo 1 cr;nttnuoua dO<.~r me 1t 

ac,r .. ss tt• 32° 11 it t il Vl\lue in t .. a -~:t ~ on1t& r1e11. 

nor o or t r "" 2V values for , U""; l t.o ay lJo a low ea 31° .. 

uno (19.5':') i oecr1boa completely '"l"'ndu l z n·n· bot wetm 

r..d nu .. !to) h ch aro comp rativeJ.y rich in 

iron,and a.oo pta complete .rada.t:ton bot vo n t u twc• Ullfler 

both t ., , 1, .. tra.tellurlc and effus1v c..-nr11thmo . ao 

polnta cut. t'~nt t )e t"e.J'l ty, 0 -. c ' • t.~<.t .bn co., or 
y rOXGn.Q With 2r l' loa -H tho ;;... 1 n Of . 0 r.-,e.y b 

due t '"' h · f:.nt ohn~ of tho l'}WE!~" po.rv or Ua7 o~11 u 

cux-·v 1u a Cl{.-l\1.-aolu.t.~ n rJyster.t i.Ll> 1 u mini""U"" . a 

uch t .yrr.1x no- wl th 2V an~loa 1::-.!. t 1i11 fiold mi t•t be 

x ootod. to be round n o cocd.l r.~.r·ly narrow z·moa in 

zono 1 c x-y te.l • 
(51) 



n .:"O 1s ::.. tendency for 2V a .._.lou botvrcon 3SO 
and 3S0 to be mere frequently oncounto~ d t.wa~la th 

u er r't of the t· oot t.h 1n t'.:o 1 :~w r. 

!n e~i&o or sltc a fro iifreront h 1 hts ln 

the 1ntru l.on. c/ ~ e.r:~gl n o.f ug1 te ·epa re ·urad. an 

Ci"t r t.ely 1:- e 1bl • wl'l (I' ) twine, cc. ~ill~ to a 

by He ( .l.949 j. 1 .a 1 at" (" c · thle, 

zone: c1: Jl3t .111 re re,1ect , a!!.tl tho moat c.-: .. miutont 

.. ~uoo, nur d. in nu ~l t corea n0t nc Locln~ ·- --;eon1 to, 

r accoptoi. 

-r ttHmty nino mea \U'O Ol'ltO f"rcn di 1 "to!"ont 

h' '!"!. ·on a, fi rt 1.. oh~1i _., c/Z . ,lo batw on 4?P an1 44°, 

or ,. ich t 

he hi...,.haet 

nrt J. m·t ...., t V 1 UOB, dcvla. tin'" f~m t· 

·ere a.n!J .ci tel wl th .c... mcmo.l LOn1n · or oi .. a or hydro ­

t t e l"''lll t..l t .. ~at:~ on • 

In .. cneral. tho valucn r~ mo t c(mat r·t in the 

u~ ar na.rta or t~·~o sh et, . .., th ee '-n th L:vrol~ h lf 

~avo li · 1tly low rw va.lu ~elntlv to th6 10an. 

1 o ot1 a a t n1oncy for th extinc1tton n.n .1 , to 

rgins or the zon~l c~ atala, 

• :1 ur:J fo 
a ndatf9ile 

XtinctiGn o: Ct:.JI'NOUllcl Cl";/ t lS Of 

· i ~e. nl :-o , t:Jt:lc t t n }arallol to ( ! } 1n1lcntoo a1miln~ 

v11lu o.~. oxM.nct v'!l D. ·le 'or- tho former. 

t f·"· ctlvo in.l x 

roye a fr·on d.1 f. rent 

· ow •1. : rl t'! an 'Jnly wl t' _in 

do~ucln~ tho eoDpotltion, tho 

( 32) 
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\.nd.o:x- of' the tJ~1 te wa.a 



detort:t1netl en ( r ' art :tng :f'ragm nta ah ·4wirw. n oot.tc 

axis noar tr.e eentr o: th f~ ld of vluw, thus t l low1nj 

y t~io ~ot~od tho 

Y v1brli\tion dirJct1•Jn could bo or1e:rrted. - by cxo.otly 

11 tt1n ~ the ri ld 1 t~l the JZ ... if 1601' !' • 

y 1.699 

1.7~1 

Dev1at1~n fr-, the lowest r !ractiva indices 

monaur d 1n11c~tG o~~n ot' refr· oti vo L~·lcx 1n zonod 

cr-:rst la. 

The folloWill 1n nn !lVOl go or v 1 ~ll&X v luoa 

·!')r tho low 2V w.1 to (cor .B) t dlff<)rent h~r .zons: 

.ei·~ht below Ol)ntaet . Y. Index .. 

3 feet 1. "(t 2 

lf I 1 . 7r, 

20 •t 1 .. 69~ 

4(') It 1.697 

7 
,, 

1.69~· 

11 f 1.698 

tho &tOmiO ·q l."O nta. 6 Of 1ron. yrox n of ba al 

npec1t~el'ls r- too hi 1ly al torod t a.llot,' or ecurnto 

d.et t n~ t1on. 

Tho oo•"tcoa1t1on, an 'lod.uc- a. from the curve. or 
·Iooo (1949}, var1e in t~ cores of the it crystals 

b in~ exnran od H ato ~o crcon~a 'or t h1a , 

eongtAnt 2V an ~le or 39° wa.e tr. ·on, no it would. bo 

me nln 1 aa to do o th.;rw1se with its va.r1a.bl n.Ll.ture 

(53) 



trom th 

m.1 

··. in1.ox 

in 1m m1 

~ of t~o o mpoaltion of ill pi«oon1te 

t' 11 b. • 1t 1 rt lly 1r 

by no .l ~oohru11 o l nothod.a . In t.bo 

for oru 'h r 
tl 

t • th extr o 

ran•or t' doter-

1 ox 1 netic 1o. or t l1o r-

tho colour ~ rom if 

d1et1~ct" he 

OUt'od 

1 • Thu t h 

1 th tth o t.1o 

r or- . :ln or p1got.m1 'to 

"'on~ioul r to ( I ) ro.n e 

p Ox.l 

aa auc by r r c 'o curve of tural y oceurr1n 

\ •o n1 

p 0 

( 1 1949) . Tho • .t tho o tic 

l o ( I ) will nhrtou ly cent in r!! 

11 

or ·,n · rox 

f ot. th1 1 

··e t o 

on t· e un:tv 

by 

1nut , 

of 

fro 

a t tbi o· 

to 'b ox ct 
I 

t 'l.n .... t 

J:"3'Pt O ph!c th 

ho~, t 

xt1net1on. 

yro,t-n ( 

1n:'11o t t, e non. ·~n 

ture 

ph1o or l ellar cxo lut1 . 

ot he 

s 1 
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Plate VI. 

Zoned augite crystal with an embayed inclusion 

of pi~eonite (black) in the core. The separate areas 

of pigeonite are in o~tical continuity, au~ite of low 

2V angle occurring between them. · Crossed nicols (X 33). 



ft1 ro tho r~tJans of the hac lt1o contact 

roc 1s ca{nble of be1ng reoolvod, tho h bit of the 

a ~1 to 1a een to vacy b t eon that of st·urnpy ~nn~lleo 

o.nd :f'ea.tbory or ro.dla.t1n.g lnter~rowthn w1 th plngioo·la~o. 

At tro.ntivo OX!U!lploo of g.ra hie 1ntor.3rowtbs bott~oen th 

two m1n rol 

:rhe ahlof intoreot attncl es to th micror,honv-

cryuts of th nlnost 'las y c~ tact rook . A aerlen ot 

sliceo botwotln one qun.rt(H' of nn 1ncb o.nd. two 

1nch .rrorn t. a up:p r eontact hows th t t h r oundmae 

h~a an 111-cryotallioed• mottled Qppeu~anoo , t1 latter 

foa.turo i1UO to thu ac ,.regnt1on of dnr' Cil:"eula.r pn.tchco 

~ot 1n th1o 

ln!lofin1to sa are nbundant microphouoc~et of 

pyro OD.e an.:i pl 1ocl, o. Thooo ~ay show· c. ht h 

do jroo of 1.d1omorp£·1m.'\ a nepnra.to cr•yota.la , but when 

they fcrm pn; .·t nf 1omoroporphyr1t1o ag~re·ato, crystal 

f c ar poorlJ dovol oped. rhlla the bladod pl ~1ocln o 

1"'tha v:y l:'ench len ~th'1 or one rn11limotf'o, t llo pyro~enoo 

e.re onornll one tenth t o on half of thiB a1~c. 

Two ollnopyroxenea ro procont m1crop eno-

nryeto. p1;eon1 t nn1 o.ugitct th fom~·r b 1n mo!'e 

abundant. Tho ut•( 11rrar.ot or p1e;oon.t t e 1n t h1ll form 

1e wo:rvhy of attention. ao 1 t 1s coparont l1 very un-

a1n J.e colourloas crynto.l. 

o .. pyroxeno enclosed oy n.ugl te showed a nognt,.vo or.;t1c 

o..Xinl an ·lo of 70° ~ an1 lo nrnbnbly orthop,vrol\o ~h 

T.h.e pl;eonl te occur!:\ b;;)th as a.nhc ra «Jnclo• oft 

by o.us1 te, e.. ne e:J£~.rato ounodr J. aryatl\ln . Tn tho 

r~H'mer onao t ho I!Ul.r .,. .n betwoan t ·o twc mineral appears 

1:oe :1:11 toa wl thtne o ttc rorte.l plnne 

bot h rallel and porpen11oul r to ( ! . ) 10 e examined , 

but t.ho , attor 1s as!ly the o t froquent,ly ncoun­
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t r • h f.oll 11ll{) f1fl>u_r .s 1n 1ce.t the ran ,o in 

c ticnl .xi L ~nel e: 

Tabl fl. 

ig&oni to Co roe 

1. 40- 200 ( • in (11( }) 3f30- 4 0. 

34°- 43°. 
) tUlCQ rnon . 

2. 30 ( » tt 

3. "50 (0 . • • porn.( I ) j 33~0 • 
0 

) 
4· 2;0 ( It tf •• 34 ) • , ... (h) )n. 
5· 2"0 { It " 11 \ no antlo I 

) 
6. 17~ 0 ( " II H ) no _ a>)t.lo 

.efrnctiv 1nd1ces were d t~rm'nod 

"i : l.fl95 
) 2V : 15°- 2 °. z 1 .717 

Th~l co nt tion • no d :h.tcH: 1 from tho curv a of 

Ofl, 1o C 7 ~57F03()• 

u':\"1 to :->conrn n tUno t"Ot crysto.la; in o. oamnoo 

s1m1lnr t J .the p1 oonito. Th o .tic propel"t, JO 1nd1oato 

1 t 1n l:t ttlo 1 ff.'et•on"' froro t e early o.u 1 t of tho main 

b y of t' c eh et. Tho Y. 1 n·l ox of 1 . (i~· 3 • bo 

com nlt1 n iAn r c 35"~5 en • 
In vlcw or t!' lr Sl"".aJ 1 a1ze, . light dlffor-

nee~ 1n c mpos1 tlon from the ·yroxcn: o of the moiiu. -

re.~.no-d. 1 ler1.to, th. microph nocrystB e.ra robnbly not 

t rue oarly 1ntrat llur1c 1hon.')cryato . 

o.n int rost1n . .n1.lc t1on tbn.t on1 to o tr.Ll"too. 1 ta 

couro or or;r~t.lll11aat on 1n the o rl 

S(')ltd.a.tlou. 

{56) 
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xonea o~ tho Doler1to 
' 

, o.t1te ar 

ch r c.tor1otically root~ ~"-11 o 1n ha ·ot o.nd .:Jry 1 ch 

lon ·tl a of ee'Ve 1 cent. et:ros, wh"~. "l ha.vin n · r t h 

of only w m1111metree: otu,.,..py, cohun .. l'lllJ."' c ... ,2talo B.l'o 

al o co on. rul.~ ti:ng, ) fu.ttca.tir a .r•E te of 

or-y tale y s'h \t 5 und.er t ilo micro oo o, that tllE~ (T } 

twin :1lo.no is rk ly curv , fl.m'i t'1a xt:tn~tlon of 

arty on0 ir:Hvi1oo t ."tUl\ n.n-u~"l form. 

u ite 111 0 nit. r both pr oont, try latter 

be1n ore obV1t')UD th n ln th no l dolorlt • 

it ocma•s both · cores t o tho o.U$1t , o.n1 d:tsacmtintlcun 

out r · ntlee to 1t , ~ 11 e .1ocroto cryatnls. The 

P.u 1 to a he; :'1\lnt pleoohro1 r~ 1n al e of 

Jhil bydrotl 

'\yroxono 1 '1' ·1 to f~ ob • 

uro ~nta o f/ol'tic axic:tl nn lo sho l1ttlo 

dl f'f r 'tlOe rro th v lues for PY!''.)X(t e cr tb l10t o.l 

Ol rite, w:l.th a po DlblO OX00jt1on that ll ef'O::tOr> )r:Jp­

o:rtion of t l.G crynt l corea bBo values lyin . be·t oen 

..~.h fluctuation of 2V tt" ju t a.a rnpld 

~ nd o:no oun, v luo oftan ch conocnt!"icallv 

'l.b0ut n nuro t' of' d tforant nunle1 in tho a o oryn~.~al. 

Dotcrmln~ t1onn of ret"rn.cM.va 1ndic s ot yroxe oa in 

... er;maM.t, with nn unuaunll) h1--h o ·lour r~t,.o showed the 

follo 1 valu '"(. )0 mo t fr qu ntly encount d: 

Au )lt t 1.7 l 
} cra36 37."027• z • 1.724 • 

ho o tlc xl 1 le of t ho 1 onn·.t 1~ •} t 

c rnmonly e ,fhidlcu lnr t u mall valuo~ 1n the 

::>1 ne rn.llel to ( ~ !· ) wor-o 1' oordod. Th varlat:lcn 

in trom tl· l:" 1on of -15° 1n the eor , t o n<mr utliaxla.l 

Th h.1 c-·h4 t rot's cti v in lee 
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meanurod w rer 

1goon1to v : 1.7 ~ 
) 

z t 1.733 

It will be eon that th. pi~eonite 1a tl'e moat 

orri fer-.ovB yot en<>ounterod. 1n the L1truslon t whil t.ho 

aug1 to ia oro rerr11'et'Ouo t r t 1'1 noot or the material . 

• • • • • ••• -



;Iitan1.. f'or.,uo · £.Sn£rt:1to. 

Tho iron or-e or amy of the apocimens a.ch1eveo 

the ioportanc Of a. major c..,nBti tu.ont, IJR'a.lly at th 

oxponco of tho pyroxeno. ~his 1& pnrtlculurly true 

of tho finer-~ inod npeo1mens. 

'l'ho hnbi t la hi hly ve.rinblG, fr. minuto to 

lar a anr&J.r 1 rt\ lne, ani s h·ravrlino; s elnt \l as a on 

over 3 mn . 1n -:1.1amoter i:n the mooilm- r, 1ne~1 dol r1 t ~. 

In. ant te C r tho hnb1 t !\111 t he relntic:no ElhOtm towario 

the oarl ~. or-fcrt:lod l!lineroln , tl' o W"ri t el" ca11 0'1ly 00 "~C:\lt­

t<lith uhann,n (192t:1} that. it ts am:>n~ot t'"~ 1 1t to 

orystallla~. Thua llmba of tho srulotnl ~row~h may 

pierce, ur.lioflocted, botr -Jroxeno tmd aont.tguous fol­

epn.r avcn in tho aboonoo or any fra.< tureo 1n e1 thal"· 

trsu&lly th re is a nem1 - o ~que, duoty zen 'hetV~aen t ho 

ore e.r~d. yroxeno w!t ro th1 n.pparent roplo.eometlt rao 

occur.' d.. 11 a ecll:!:>ene Qt''oW th 1 a.eticm of ron:tdua.l 

fraction on t ha ore, for it h a oft n boon rGplac~ 

oncloae1. 

The matorlnl in oas1ly l ifted by oar 0 ~not • 

but 1 t 10 all but 1r.t,~·::>tHl\ 1la to &xtrnct D. pure BGmJ'lO 

t,he m1neral inca. able of boln p1 vkod up by t he sttJne 

Tho ti to.nlurn content. of nucij. e. ttnt'lplo wn.o 

d.otomlned bJ evaporatln a welghod quu.tlti ty almost to 

rlrynean o. few t1meo w1 th concentrated. hyd ::-· >Chl{ .~.~lc r,cld, 

fllterlltf~' orr tl a 1naoluhlc roo1duo. o.n1 c;o.rl"'y!n"' out 

a. color1Jtotr1c ~lotonnlnatJ.on on tri o til tro.te .. 

o~t1 atlon Qhcw d. t u.\t t h min ro.l contains 16, 

ba 

of T1G~ • .. 
:>i' the pur pos o of CGmpa.r1son, ;e .ml· ht ncto 
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Explanation of Plate VII. 

Fig.l. 

Photomicrograph of chilled fine-grained 

dolerite showing granular nature of the iron 

ore. Ordinary light (X 33). 

~ig.2. 

Skeletal habit of iron ore in the medium­

grained dolerite. Ordinary li5ht (X 17). 

Fig .3. 

Photomicrogranh showing renlacement, in the 

centre of the field, of skeletal iron ore by 

biotite ( grey). Ordinary li ~ht ( X 42). 
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tb t tho titan1fc ·ous r. tl tos o1' ma · t1 c r;r1 ... 1l 

in tb . I .c. ooutc.in i"l·:>m 16 ' to 19, · ot' 1··· '1-t 

t.i. ttAniforou m 

t tho outtaot. ~.t sl:' ""Uld. b olnt ~ out th t 

tho torm c1c~v ,egmat1to 1s u~od to deflno the into -

rowth of quartz c..r.d. a.l li-t 'ono.r trtthout 1m-.l!ettt 

of :>oon t rlc ht1b1 t. !t wno foun that tr i!ltor rowth 

ometr1c - rrectlon tc tho 1 na 

de!'1n1to ~Yt', "'itlc intorgr(')l-Jtho.. The term "1o o-

pe nmtite 1o h ~· used to lnclvd s mynnel·1to , for lt 

·as not found oss1b1 t(': lntin ""U \ ah abe.'t"ply bGtwoen 

thorn. 

The 'nru.rr 10e of ill1oro., , o.tl ta ln b nlt:tc 

tutcl tr·olo~ltiC' ocl in ao common o to r n er lo ~thy 
IJ/1,~~'S$c:.l'¥ 

da cr1ptton. 1 t l o.. b on su·, ;e':ltod (H tel', ell n d ,. 

1ella, 1949), th t t'h .tntor t't t nl rnoul .ln. of 1cro­

. e )mt'.t1 to OJ') rol pe,r lf1 thout 1 o a of r..ry :;tr l s a e os 

t4c latter, in ovld~nco thAt th inter~rowth ~o~ultB 

n1 ,ly from th cry tn111~~t1 'n of r c1dual 

11!}u1d in th 1nt ratlce botwe n m1noral rn1ns . 

This 1nter~titl 1 o.nd coul et habit is co on 1n th 

~halo dol rl t o, whore the inter rowth 1 ll(';!"nt".l:v '~"lllal 

&bout the feln-ar lnth outl1no , ~1vin 1t n fl boyant 

p ··oa.ranoe. r;reguontly th r 1. J)'r of tr 0 !nter _·'tfth 

1o 1n o ) .!. "~a.l (!Onti nutty wl th th~ outer E:'.t.ltl a o thG 

pl. 1ocl e, .metimoo irlth o. vory thin olve~,.. Qf 

alf'al1-tele .nr w.t t' -ut t. uo.rtz between th tuo. ch 

co; Jonant of the int l" rowt.h is o )tlcnlly contl'nU<.ruo 

for Sll!a.ll ro , b·1t n n. W'hola 1 t reaomhles o t\lc o.r 

s ~11 areas 1rr ~1~ in orlcntat1on by , ~ow do rooa . 
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Gr(jo5 - soet1ono of" tbese 1.nt. r r )Wths al~(} ' tho ounx•tz 

cuw:?onont an polygonal rods nr 'an:;;od. in >oomet.r·lo forme. 

! oro rar ly, true :f\l. lc Pattor•ne. ~nn be oocn. '!~he 1ntor-

rowtb of tho typo so re.r :looerlbod ahowa .U. ttlo twd-
. ' 

1fi aation or t he cryete.l-oha.) )'3 or ~he telr:vr . .ra or· ,~htch 

1t is roul<'tod., ani 1mtor1o act:1 'm r·pryeo.rs to havo boen 

It aeomo tr!.o.t o. n con~l sta. e or 1ntor ~owth-

f:'ll':no.tlon w o su~·or1:oposed. ot thlo, for \>!hOl"O latc-ot!\ o 

a.l toro.tlona or t h rJ1no ':J.le have oecurrod, roT.>l 1.c · ent 

Tho rocl nil t?. llh~'>lo los 

1 t'l f'raab a.) ,e ranee, n:n~i tbo~o lo clotH' evld.ent'!o that 

que.'l'>tz '1aa repl£.1.c a pla":1ocla.oo, ov n th t o:f ba.n1c 

cornpoe1t1~n. All atn .oa or ra lacoment wore obo~rvcd, 

ran 1n:1' from a. dot rlor t1on of t l10 clean-out otnl ht 

11no dorno..rc'\tlJ g mlcra )0''" ;.tlto from plf• 1(,cla.fle, 

through losa or nubhod..ra.l. crystal outl1no, to vorro1form 

panot~·nt1'1D of t~e coro by qua~z 1n Ot- t1cnl eontlnu1 ty 

w1 th tb t of the main into ":rowth. TC1c f'1no.l sta .e !a 

ocnaiderod to ba tho tho ccoplet replacoment of plc. -

1oc Ic~oe by T!licrope titer thia is hollovud. to bo the 

oxplarw.t1on of the p c~tl1o.r ohn.racteriot) CC'\ or on iO 

hol"lzorHJ vlth.in th 1 aho t, po.rt~.culnrly the p e titeo. 

Tha o latt&r roeks, o. ox -:.nod 1n t hin oecth :'! 1 nro 

c0"''10 a. of 1~ ft granopbyrtc ~ntchos of qua~tz n.nd 

alhl.l1-folspa.r. oh~lWint~ ahnclo;q rei.los of h1~hly sauss­

u1J1tloec:1 pl 1oclaoo, 9.11'1 alen n.tod aun.rtz ,.ra:tno, ultb . 
I'tlggod ribbcmo or wh1 t() !!!leo. up tr> 1 r.m. 1n length. 

ortiona C"t thit:J reel· a.ro uo 11at1nc:t1 ve 1.tr..d r t h.o 

1croseopo that they m15ht have be~n call&i ~ranopby~oA. 

Tho o.lkal1-.fol '?C."' of tho 1nterrr ,. nth is vory 

ofton al tcrOd to a muitiy maoo or 1ndof1n1 ta oompoa1 tior', 

rendorlng it a.lmoRt opnquo 1n thin nuct"ton, but ·1 ,oh1onn 
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Explanation of Plate VIII. 

Fig.l. 

Moulding of micropegmatite on plagioclase, 

with only slight su~~estion of replace~ent. 

Crossed nicols. 

Fig.2. 

~eplacement of plagioclase by micropegmatite, 

with severe modification of the sha~e of the 

crystal. Crossed nicols. 

Fig.3. 

Replacement of plagioclase by micropegmatite, 

with residual patches in the microp egma tite not 

entirely consumed. Plagioclase outlined in ink. 

Ordinary li~ht. 
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of a r vou1~bl ~r1 ntation and 1ov,ree of rrenhneso 

aboJG~ a no~attv ont1c nxial •lo of 7~, as -i t t"-

mined on tho universal st~~e, and lt is aug~oste1 it 1o 

socla - o.cthccln.a • l o cot1alstent relation wa.s found 

bt:.t-;r )eJ1 tho o tic orientation of tT ,e quo.rtz ana tha t .:>f 

thA a l kali -f le-:-.> l" in the o.1aon studied . 

It 1a int resting to noto that th .t tho micl~o­

o m tit& in ch.D.ractl'H"1 ~ by tho lno:t~anoo, fl~om th 

ba.ao U"'~l:ra.rd.rJ• 1n tho I'J:Jount o·f c~t'>ular. o.nd moro r rt>ly 

columnar JPX\t1 to. 'In tho ba 1 1 .. -, Lloimono apatt t 1s 

Ion'!, 1 o.n ne:l.'t' t~o roof t!.e micro o ~ tl ta 1 o erose-

h tchetl by a r.mmowork o:f' nht,rt a. ""tito neodlan. Tho 

apatite ia not oonr1nGd tn t \e intor ·rowth , for those 

cryatnl of t\ci cular ho.b1 t ponntr'l.te both tho lr.ttor and 

th pln·iocl e u 1:·oll, a.lthcu3h elor.:rly 1 tor than it. 

"ountnln (~9!'7) obaervoo, t.ho.t in op1t of the ou~ <..1Ml 

ahapea of n.atitos, they may be o.raon:t;ot thG la.rst t() 

crvstnllio • 

lntPh ~ boles • 

ph1bolos are u'>1( ui tm1 ly ~rosent in th 

1ntr-Je1on at all levels • a.l th :.1u t- thay Ol"O l!l<;: 1'.\t '"bun1A.rt 

ln th dole~tto ·o~ titcn nnd altere~ specim no. 

Althou..;h a ernall a.l!lount <>f tho amph1b:;le mn· bo 

or ·r1m ry oryr.tall1nt~.t1on, it is cle r that mont 18 

Thus, ost cf tho 

t:\J?ID'blbole 1e O.EJf'lOCiO.tOO with pyroxon.e ahrmlng Rl :nA Of 

Pading ~~on tho 1n1L1 l mottlin~, 

throun-h partial to eo~plete Cl')nversion tc th vp.r1et1 t\13 

of roon amph1bol • Cor 'Pl~ tha vyroxonc la O")mf.)let­
{6'2) 



c"' .. plnt.ely rirJned by ooc~1ndary amphibole , or nay ba 

aJ. tGrod on one ai do on 1 y , t he d a t"oe l)f al torn t 1on 

h ''rin·; ~. d1 ~ et t'G.tl"l t.·' tho amcunt of lnte foleic 

atc"'ial 1n t.tc SI cimen; oxcll'ding those: shc~n-; 

s:! ) Lo ot obvlc}ua ntroc:~r her1~ v8( t' .-~t·'tn~ . 

Two mo.1n varletloa or nm -ht'bvlo uore ot'c"'unt"."'oCJ., 

,r-n.de rr . .)J or-e t 1 t he ( th 'lt' . '.rl-1l~ chi or ropertt as CJ.ro: 

ro-wn 1iornolondo 

X : '}ol:ion-·' llow a/ >:. : 14° 

'Y : rot.rn-brQWn to d eo1 br(J\fP- 'd.V 74° 

! : Deop olive- ;.reen 

Blue-:;roen Att ;hlh~)l o 

: ~-olden-YellO\f 

Y : YolloJ-~roon 

·;. • 1 . 6~1 ~ .. 

c/ .. : 12° 

2V : 6 ° 
z : 1 .. 7~ 3 

Th t '.of-:.. lno~.aJ.n nb vc nro ihtemed1t..t<. ln 

:propor•ti a betwoon t h hro· n lnmprt::>'hc · .1 te an1 blufl-'_!;roon 

h--:rnblonlt.. doscrio"'l by Ta.l or a.n.(l Pold.&"'Vtlr.rt (lq4~), 

oxcopt t hat the z 1ndex of th brmm hoNiblLr·1e ic rnthor 

lower . 

1e b lu~- ..,.r·een hcn·nb2on1o roat e outer rima t o 

tho otLor variety , _oner~lly as a zo:no wid ot nt tho 

t crm1r ' t ton or t he o ax1o. Tho latter f'nct w n f iJ." t, 

ryolnt&J out t o tue wr-1 tor by ror . fount ain, ani n_p oa.1"9 

t o 'he qui-ee a. common t turo. Th~ eoloura QOComo 

deeper t owt:.rda the l"OOf o! t ho 1nt rusi·m. Wl t.h tho 

d velopl!lont 0.1· -lc. p t>rOl't~ and o.lmoat ...,t.:I~ lue varieties. 

'rbe !ti.etinctior... brt-weon the brow hornblon 1~ e.•11 b1!)t1 te 

aacomoa 1ncroAs!.n111 loa obv:t·ua 1n thln n~)oct . 

fharerw both hC)rnblond.oa are £' 1socintod. 1fl tl: 
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reaiclucl !:"'a.~nt1o llqu.id.Jl, muol~ of tho pl.H"'e blue v~riety 

occu~g us probn.oly :;.M.nury a.r:r_o"t.i'b~la 1n the moooot''l.01B, 

whiJ.e tho ~r :nm f..n.l .trotm-bt"'..J~ b Mt}}lend.on tor"'l to be 

Jlltll'",)i nn.J. t O t he met}OStnS:l. a 1 f'.!l W&ll 1\!l b0r'10r:\.n~ thO 

a.ltere:l. pyroxer.:o~. ToP-at· m'" -r;lt'. tr1'!.a nlt,;.:~t di.ffflrer ce 

in nn ociatM ro1norn.lu, the t.w..) 1\l"-ow sl1'!)lt 1.lffornncoo 

1n h.cbit . In c("mtra.st with tho wu11 - eloavc1, sor:'lotLnes 

subhcdrnl :.;;reen t~.l'ld. bro\:m hornblen.1o, tho '">luo is 

;~eperally fibr·::m.a or r lted, or m'Jl~ rarely ra-tint1r·~, 

le.e11-i1" ~ d1nt1nct cloe.va .. oo, and ubo 111 ~troe..'!J:.v t'>r 

n·~-~l'e-·~pta -poln.rinat.i "'n • 

''heJ•e tho hot"':r.blend.e ennloaea ··rtt..'1Ul~~ or iron 

ore, or 1~ o.:ppe,.ro;stly mould.~ on late iron oro, 1t 1s 

oNmgc in ~olout", 'bu:::, ~t'P:1C'l oontinu 1-usly 1nto ~:1e normal 

£1;rOal.l fl.nrph1."')0lO . Ir!{;lllS.10l.~ or brtlli.tLntly pola.rlei'1;; 

~trcona w1. tl~ he~<.msl :,a~fll coati one e.ro rram~vi 1n 

~..1ark b.l."'.lW!l pleochro l.c haloes. 

B1 ··;t,1 te occuM ea bot.h br wn and. groon Vt\r'totloa, 

a1. t.hougl, t~·2o latter la pren~l"!t 1t :..nl.r auo..,r:J:tr't c.!Jount . 

Tho ·;1\'C'Ol~.,.,olsr. is -strik1r ; , fr;.-;JI. ralo :·:~l"lon-vcllO"'l t') 

ai tho.~.~ de}'ltle; opaque brown or riel"' -.~. ... con .. :a: he t wo t y-yon 

-:md.e cont1nu..Jusly rron '1n tc1 tile ot!1er thr"'u~i1 a zone 

or 1ntorl0liv1n·~ 1.n.m1na.e. 

The hi~ ti to 10 CO'!.'Jl"!0C1.l:f O.SilOC'~ nt.e-1 '171 +~h tl;e 

a.mphib<lo. etG subho.irnl r1hborya C".;ntl"'-ucu~ w1tl: 1t, o1• 

a.s --:I·ou, rl or eryata.Is of -J.ifr'orent. O.t"13ntr.t.i"';)iJ aet in 

it. The occutai''Ot:ce 1~ su;~ ~antivo t~tr.t •. t.c:'l of 1t is 

an ~:~.torr1o.ti~n-·l-rnduct or t,'i·w \ tton ore , -pa~t1cul rly in 

t!1 ~lcl rite ,e .... patites. ·a~""1Y nn 1.d1omu~·pf>1.'! ·1nhlt is 

shown i.:n pneulc-be~ac;ono.l based. nectt."~::"~S • 

1?ho o 'tlC' >I';JpertioJ toni t.(; be ooaeure:t by t,h..e 
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inteMe oleochroia , vh~_ch l"Or.1a.: .. s tb m1noral almost 

0 .arrun 1n ~ rta.1n or1ent ,tiona Ott '3tC)J) G.l1..;,1CD of tlJ.t 

on t1'' e un1 verso.l f.J t e. . G."" BUl"C:ncnt , he ,.,....veP., n "10 • 

thn t tha rnif'lf'!'Pl 1 vL~ual1y Ul1nx1al . 

·~.a ln t··1o oa o 1 t.""1 hort'111J de , )lc-oc~role 

hn, .., s r roun.1 ,"trr'\lJ zil"co~·uJ aro c rnnop .. 

·ua~tz, :not 1ntnl" rt"!_or w1 th D.l .ali -fela.pnt• nn 

m1C'~'"'Or'G6:tat1to, is J•ootrlctod. tv tho lol~rlte nt.,na.tlten . 

Hoi"«> t! a hnb1 t i.a in~lably nhoora.l • 

. . . · ....... .... 





lcro~etric Data. 

wn earr.tod. ot..t on aolccteu tl' n n~ctl~ns %"". >!' aentir 

!l vertical section i'rom t .. h o U"~",""~er cnntn.ct to a point 

,....,.,co.J rro.::.. tl-"' cont ct, ovon :ln t.ho e..bsor:co of nny 

ro·:u la.r tron:l . ...:ho n68.our onto v aro oarl"'ied. out n~~ng 

t he ti:~J.n t1 "Ctl :t::'.! i/or·o r.t&d.e a.t cor.Btant L~to~f"'t.l • , t ho 

+ "t· J. 1f""1'~tL ,,e~r : fr· 1 u-15 tinor- t lle reat 1t 

pooet1blo lnte~coPt acros.o: &ny l"nin 1n t' o nouu..- a.inod 

thua pl'obtthl y o ·tall• :c.n or h • omor or l - 2 t tho 

mogt. 

volumet ""1~ ~ompo!!1t1cn of t!h) co;.~flt)-'";r' tnod .. eg.mn.ti to 

\llll be nr r<>ci "ltc'i by all who ha.vo ~.tt().mptC"l 1 t, o.s 

the int r oopts t:t.CX''1!:W an ono ).~. 1.n a1•~· ,t bo r.1 cu1~{ :Ole 

in t~~e 0 r cor!.timetre • 

co4.roe- t-J"-turod :roc1:3 t·j le u n! 1fle~"lt proportlono , 

t'!evo.~.·a.l a Lleou cut o.t 1nte• vnla ot a .fcm contlt tr<:'.o 

11th 'tho 

-to bQ t;~ • )llr't'' t tr. tlln noction to tho n~ ~oo 

~o.r"J ai ~!.tio~~· ae th& m1ne"tft l beco on mc-:rc '!'1r,ely-

11 vidod and disu«.ilna.ted. 1n tho ... ·oc·~, tho r .::.ul t~Z , ?)ro.ph­

ico.lly xp~tHlod , 1n~c!:!.te tb.• t thia "vurco ~,r orror· 1s 

~ot serious . 
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·1xt1o Lt. J.q •"~bvloua th'1.t th'('l nm 11 volu c of 

rcclr in a Me rtoet!o:n nn.y no t bv ropro~o·t-tlve o:r a 

ln.l'" er volu c of t,ho ~am spacimon, lt in Jr'GC:tsoly th, ~t 

var1at1c · ~ or lacir of net 11"'1..'\UC t J o. !t n. Hblel::' now 

Bxam~~ati n or ~ablo 

7 w1.ll ~1 c: th vn.rt~.t1on 1n t. mn of t>tOtlnl eompositio!l. 

and., of ,roata!' \nterent,. thJ '"'tumor ~f' vtt.rintion. The 

ro~ul te aro ;1~ph't cally o:r.presnad 1n •·:t r.. t5. mho abf! .. 

ClP n. , ·lntt:"d on o.r1 n-iapto-:1 scc..le ro ~ l" .... OrJtlt~l 1~t3nco 

from the r,p_1er c . .n'tn.ct, f\L'a )f no import a: .ce whn.tev .. ·r, 

a. eonat nt hor!?.OYlta.l lnter,al' thla "'e.nr !" or !'en-

m~re oomnlct J. 

"ho f1 v-o oeta of ~)o',ntn p .... otted. ro .rooo~t the 

mo·lal 1 erccmtt\.'~os or thb colcurt; .. " ferror<te.~;n s1nn s11-

1Ct~to'3, tho p :!. .--;1.ot~.l.ntie ~~.ls:aro, a('ld rlOBO>Gt::u.t10 an.t1 

ro1t1r·o· e v.ti te_ i ~on 01'e 1 o.nd tb.o sum of tl o ore an1 

me ostt gis. i'he fcrromr -~noa't.o.uo ccnpr1so eh1a.fly tl"-o 

:py.t'oxen e, pi ~o ni to o.nd ·17.1 to, vi t h mal· or nmot: 1tfi 

of n.'l1phlbo .o and. bl0ti te, and r~l'O chL)J:"i t.e . 1:-,o :acid. 

~f'tnortanlJ:J 1nalud.oa anv 1ntt)!'?;r· ··tt ~~t,,tlon Q!JP-rtz o.t'ltl 

n r.lt'\"'11J...,r of' tho folt.r:)Qr grou.-, rn'tt.bly uoda-orthocln.!lc. 

w1 t'·~ n h l ~l.ar• e,.,lour ratio th n the cain bull!: of t he 

roc' , caused by a hl~h pror~rtion of rerromagne~inn 

rnt~ora.J.g ani iron ore, and a cor[•aa~.ond'ingly lo.r reln m.r 

contont . 

t 'n·.t th~ fol1J ":·tl.rs of the finol"-graL·t.~l mn!'t;lnn o.re 

sl '.ghtly more anortilit.e-..-icll, e.nd tho ·-he-::om non 1e 

a.p arently an 1.1 ~ustt t' 011 or the G1Jrot ori~oct. 

oet lllun1nat.ing 1 a very o,.Jv1ot.m aym 1f.l.t~etie 

va.I'l3.tton bet\ofGWl tha runounta of o.r a:ccl of tho acid 

l"'l!)tF ~t t:J18 il.t t:.-1<' n m- .>&f.N,,t.ltlc rock. 

("7} 
1tr '11ut a few 



n1 nt '1•1ce 
,o. rrol"l cont ct yrox. 

1 . L1 i nc'.es 47 . 

2. 12 tt 3~ .2 

:;. 23 II 47.] 

4 · 29 H 44 •. '3 

~. 41 35. ) 

6 . Sl H ;6 . 5 

-,. 62 rt ~~ . 
;:;~· 

71 It 4,; . ~ • 

9 . qs rt 3:;.1 

1. • 124 34 . '1 

u .. 15" ./) . (~ 

1~ . 1 ) feet 37.1 

13. 1.2~ 
., 3h. ) 

14. 39 il 41 . 3 

l"' :.:>· 6'1 tf ... ,.r.. . 5 

.16. l ? 
,, 

34 . ":;! 

re"'no.tl t os . -
1 • 

II . 

II r • 

L'abl e 7. 

,.•elep . · re 

1(' .1 1.0 . 3 

2~ • ? ~- .. ~ 

2~ . " 15.9 

211 . A. 17.9 

27 .2 2 \ . 
~ 
·" · 3 14 .7 , .. 1!:) . 7 

-·4 .,. ... • ..1 1~ •. 

33~ 1,3. ~~ 

3/t.~ 1~.1 

35. 11 1 ' .8 

3~ · 4 9 .. '2 

35. ~ 11 .7 

37 . ) 8 . 2 

39 · 5 lt . ? 

4 • .a 

32.1 

. . -. . . . . -

A.t"'Ph .. ·~tz . i c ronv . 

n. d . n .d . 14.f) 

5· 3 n .. d . 15 . 4 

n .d . n .d . 8 . 
~ 

n.d. n . ~ • q . 9 

5 .;· n . 1. 11 . 9 

2 . I' n . i . 1~) . 7 

7 ~ . ,._ n . li . 1.3 . 2 

n.d . n •. ~ . 7. 2. 

5.5 n • J , 14 .6 

3. 9 n . '1• 14 •' 

6.3 .::) 11. ? -~ · • 

'"'( 7 ., . n.d . l4. fi 

1. 'l n.cl . 14-7 

4 · 3 n .d. 9.2 

3. 11 n •. 1 . 1._ .• 2 

5·5 YJ . :I • 11.5 

1 .,. ._, 

1. 2 
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oxeonti >ns, the obn lOB of t. o two ctH'Von n.re airn118.r•, 

exr-o·'t thrt th(; amount of ore tg a"'t t (, f1 uctuato mcl''O 

\rl1.oly tr'a:n that of the 10S·"'Bt~'3is . 

·:qunll r tli ;nificn..lt ia tho po:r roct f>.llt1-a.thotie 

'bohrw.:ollr t.ownrd.3 ea.ch at1.1er of the Tilf>t.twi po~nts 

.rocro!J '1ntin·:; t 10 ferrcm~ ~n'lsiane, an:1 V1E=t sn!l'l of tho 

rn a ll ~~~os Put cnu, ~VO~f 

t'or 1 o~t 0f th J ""Oin.ts th0t"' l '1 &lrlOiT\, !J. pl~1· e of aym­

metry od:.~1eoll'l tte two eurvnn, the 10 er :-no tend..1 to 

no.turG or th tu r~la.tion rm.y be :llluat ... ""o.i,fld by t 1e fn.{"t, 

t.l: t t bc volumotr:tc e!}t trra.t:l·Jn o'f iron o:t ... e and. aoi~t 

mo<:Jn~·ttt.~J1o alone ena'::llos ono t r' oot imnt.o t:-.~ totG.1 

co:r.~_;ovttton of tho t--oo·t, t la CA't• ut.~ vn.luea .i11~ra-rtng 

fr.~ t \t''10 ex)ectmentall ,r det rMlne-.1 l:>y only n to~~ 

rnrcent .• l'ho av~n·a~o mo1 1 CY'lpositlon of the dcf:lnel 

Dmmon , "ou'~' t31n t ypo, pl.;ttad o .... t ' .n ;i1a..--"rs.:i , st-1'~"<1 the 

sa..,e rclutlon • 

.. otwi thatrn1tn:_" t hat the r-o o.ti ton sh >W th<;~­

aolven t "' bo t'at.ho .. ~ mora 11 rrorentL tei than tho medlurn ... 

. ;m1nc~l 1.o1er1to,they ~a:,r nh10 ex1:1lbit the c.nt.tnn.t~:oti c 

t .. elation hetwfAU'\ pyroxene nlus ampl;lthole on the ono hand, 

Table 1· 

bot h oro nnd. n.~rohl'bvlo. 1 t 1d 11 ba rooombe.r.c:l t h* t 

this ty ...... a lw.s had 1 t.a ortr o:.n.agmntie .rels.tiona ooncured 

'by novol:'O.l net"-; of rOtllaee. ont proc~gn~ ,. such •J ore by 

1J1ctito, o.r. i a.LlrA.ll-f'"~ls . r or t he original 1crope:;rttt1tc 

b;r • • >t '·1•1"bole tmd: ehl;)r1 tet . 

rr; vle ~ of t ho nature or the 1ron n.t"'e, a at.r"'or.)ly 
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ma:~n t.lc tl.tanif Pou~ l!UJ.~Jdtl t.e ,. .u.. boco~ a c loa1• t'hnt 

t l:o und. '!)!'ly1n~ c uae of the a·Pti "" thetic l .. Ol'l.tlon ln 

ono conoe •n1n·4 th t.)Xtd.ati ·.n at ta ot tne tron 1 n l oc, l 

CJ c,_ _i! (: n been eh wn t c vary within ~olt t1ve~y et ,rt 

d.lot 1Cf'11 t E:lOf\nUr bh. in t ":'m . uf i nc~'!-· 13 , lt .!J ,earn 

t nr t tl· .l o a l n whlC''-~ ave l"i.~ t o t'1t~ n-oel on 1 ::w 

ox l.ncl 111 e •in soct1or wn.s equally t tJ ctt~ n e i tG 

o' - r ct ~~ over nho~·t 1f3ta c ~ . ?he su • ~ t.l on t "h t 

t re s tc.\te ~e oxid.'lt~on of tho iron play.~ n. 1 in')crt ... nt 

role> ir:. t ho hot.oro or hl m of f'OC1".J of t.h ·1 o "lt t y-ro 

Jcc:urn r~ u ntly tn t h) 11 tor. tl.l.~a , a ·ar · y( p rtlct.tlar 

int H'SOt ) 6'\.11 Wl'"itten by- (Omkeiof"' ( 192") lU!.1 ··a1l;o:t' 

(19l,' } • ~he l~9t-nnmo observ e: 

' Th '.r ssonc& of V~)l til"' h::;. ....... entirely char:; d 
th t .tno.l"t 1 c om'7'-:>al tion ")y .)l"'Ovcntinv, t :1 lr•m o:r.J.·lo 
from ~oit:"; !nt o cl'emi c'll e '"'.b11"\ t icr1 1 t h nil1c t..B 
"">yM:u:roe . ' 

1n 11 "! u trntel b•.r t ho s e c i · erw· from 

ferric iron n tit~n! ·erou rea natito . stl·'n la 

r'ie belo 1 t .o t. t h o f'1rct. iart or t 10 quot 1 , t t,c ant 

may reau1r mod1ftc~t1orc . 

n.new r t o t he l"O )1 1 of the 1~ro'~(ule.\~ lr croano 11 ?.V 

an .le to~T£H' s t he ecyst.aL tn 't' e nyroxen&s c"f' 

octl n nn tro 

1 due to the 11 hllit~ 1. t· u forr1c oxide t c c nblne 

~.,.ttJ.'1 !~.1 .. a, w'!.t.1 t~~ 0 ld tt ·,n of th 1rc-t .. roo:.re sing 

t 8.'1tly b J t. C'lo t o:He ot e6 o~ cryntnl.~1fl<...t.1ln, we 

n.,gtr ... l11 t e mtr 1 111 t h out or zone· or zon~ c!"yot.:l.la . 
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... ctol', etr t ho limo co tl~ e.l Jo hal ln tho t"('l,.. ........ tl ~n. or 

1nt er ~tin~ to note th~t 

~n thi9 aolr~ct1Jn. it is 

ct~ltte and prehnito aro 

IJult c .ll!:l~nly :f.:>uni !.n d.clarl~..a ~::e ·~t too . 

t.ra t lD· vi' m no:.1ia. ·0u.l occur, 1'or i.t b~~ bo9n shown 

ia osoarti•lly of GtJ~.:rlv c ry9t allis~ t1r;n. 

o~.''nesta \f') 111d lao bo necoo nr-y r or t: r. f('l'·"· ,:tl')"'l of 

t ... c cutor z :"nen of the :iio ... ~1~1c ~1 • nopy.roxcno. How."'VCJ:', 

t t.h:t.:s atu ;o , t ne sugsoot~lon u.at, bo ro ··G.r~'!. ·! rn·:J 

t ... nt ativo. 

In connocti..:>n ul th the etate or oxido.tl . n ()"f the 

1 ~m, grsat ivt re,.,~t ntt t., 101!1 to the m:Jdal ccPpoai tl.on 

of tte ··e • t1te, ien1 no.tcrl o . I 1 of' rabL- 7. Acco~,tln·r 

Q.O " critorion f'or d-:Jleri t pe ~ ~~1 t~B th'" t thO,y b of 

D rt1oul rly coer o · "tll . , ni cler.rrly do't'"t vt..~ :rrtJ tho 

~e .-tito which han a 

hl _:her ~odal pc.r·cer.t ;e nr ferro!!!~? ~uoi<:. n mlncrnl tl nn 

any or t· o nol'Inu.l med.it.J- -rnlnod .t.1 ·eol no, nd the 

Cl rl7 a e~1me~ of 

tt::.lu t ~ 'o dv&a not su --p:>rt the c"~nco t the,t th " c ,· ... un .a 

l ooaoly clnsce~ ao vol~ttl~~ , cnn 

or bot h co r enoue or . ain . s.n{l th hi .,.1-J.e!' oxi .latl n 

'lfx'\t;l of . ~rentOI" _,ro "Jrt1:.m or t ho totr,!. ir.':)n. .. Tho 

fcrco or t hl6 c.. ~Ptradlct1cn is t t) nome xtent t"!'on~t"'l-

m · :141 va.t•!a.t.it')n . an 1 t1 ) vno.·io.tion !J:f ¥r> in-a~ zo or tht? 

f'olnpo.r 

'l'l;.\1 chai _et r or the 03f"-Rtl to ool '! ted c .. :r:ri 

o f Trh 

t vrc ha.a bean d.(;J~or1h 

~bow the 'ti.r.'ot o~s rv a de .&rture f.r01a t ho ar.ti. • tt eti~ 
(7 ~ ) 



rela.t1·m S('i -:iell 1lluntt nt~1. bv all other a ci ' 11a ~ 

lar o oxtont aLlfts t~1 odal v lues ~Qr theo llt'"'erant 

m'l nerolo :L1 uch wc.y that t .. IJ e artur fr _, ~ Mn anti -

tbetlc cclati.: n 1 much lo!l mc.rlrcd .. 

I u ... t L ere ay for 

1~r~e aroea.o be litr•nnted oy :t"O"'et on it..h rest uel 

llqu1~, tC> fcr"l' blot1t ti.t'l oof'laibly fil""rJ~.tlbcl • Tho 

wlndlin'? o.r ·the f.olo··· .r- c ntont co.nN)t be eo +,c et·bcr 

a~.t1nraetorlly eY.·:::la.lned b7 roplncomont, , n~ th cauae 

qu.:..:rt.z and flU:: '11b<.,.~l~ ar· ee .t"'e;3a.tcd.. 1nto (ief'ltlite ai•era 

ourr.,..:-ur.i.cl by a rim of reant ort !)rou.tct.o , ratbar thr·n 

.~~,q~om1na.t.cd throu·h~'lt tho l"'ock wl t h nl·nl1 - 1'els ar , it 

ic svhlont th t tre il1co. ... and 1 ·Q.ll - rlc'tr t'oGltluum ttl.'a 

v"lu""'ct~.-tcally oro :;4. n~ t"1c~-t t.hs.a 1r, tl!, l'flowlv-c•:-.,1. f.i. 

r-elation•· hnvs ,_ oct)• e obsct r d by tr1 act i · 1 ty or tilc'lo 

rr~cti-n • 

,·o cDncludo, we rni,.,. __ t brlf.l #, ly consider t he 

orr.rst"\:11 utt. n - p eJ·lr l t r t ho trcn o .re. In t: o rnodlu -

O.n'l fin a - rained l' >Ck 1 t · f.P th t n very e 11 .ro -

cl,tim~ hail scna.rot&1 bofol" tn.J r.·y.,.'f' Yf.me, !J ovL.lence"., 

b~r ,ran·uleB 01~ ~n-ula.r eh po erolc ao:l :tn t !."o nu lto* 

In npt tc of tho m'>ll- tofln :1 ak.o1Gtt 1 :,u::>~t the !llat:u 

buJ1 en 1r-ot but hnv~ so'Z'In.Mt 'l nftOl' t·-~~ pyl"'~on.. . ..hun 

in the f:tne- ·r· ~ned olert te \18 n.JI . r.'!HlUlt ~f' iron 

o!"O 1n tho ctd nesostns\ , el owhera t1 ,_. m· uld.t!'no; 

of lro on P. rcxenc . 1 nnon (1924) considers tho 

s'-el tAl habl t y J< n ttr 1 ned by tr;) r ,.,1- c -.., 1t n.f 

a rl J. !" m1:r. vr>e.lo . The 3r "'t va1"1ab1li ty in t t·e ,po~··-

crtton of iron n:ra, ev~11 t Et·t, ~rt~ :ii.atanons , 1n t he 
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n.tl toe r lch 1n quPrt.z , ·h~r: t ho "'rov1ou. ly-noted 

nt!r t::. t -t.c reJ tlov. i'ol:' t.1e L 1~"''t t1. lO dcos no1. tAnr.ly , 

1a ln:iic .t '! v or tbe ab.!.li t:~ ...-f the er~ .. ic -,x1dco 

tc n.;vo 1 ~t . 'fro d~m in the l'l ·rly ooll.d ro<'J' ·. Thua 

opecimon ~t1..oncd t wice , a.t V.i.l int . ~·t.::.. or ~~out tbr 0 

lrc i ~F.Jt' 11 sbowea. n v .r•lation from 17 .. 3. tc 1 . 1 ;,)'(' the 

ir.o r.~r·o. i: t t ho t1t.l"!O.L1 o"tito ha.s eo r11to :'\t•lor 

to t h n11.tr:a-.r1cl rr-t ction 1o · cl L 1 v Bl'lt:.:Wn 'b~ 1 t 

crmv :r· ivtl to brown l oti te .. 

'he aou p tL.n t h t th com (:ai t ior o · tho 

o iuo-·r.ntn 1 roc 

iz ITI t o t 0 Gxt 1fi 

t ':-. ·. 1.u obvi uslv 

Thus tho 

c'h n os only !l I i ~ ·t·I '7 trc:-;-i cno h or­

robcbl sub t n t'l lly vnltd; l t h.ougb. 

~t thr o over t oo lnr3 n ~n in 

. tl athctlc r•ol t1 '-'il c1. ted r Y"VO 1. 

rout h n tho din t anee <ProL t .,. ccrJt,~ .<"t "'uffor· 

s t "!f , nero .. 1h n, he, 1evor, t he varJ.oun col · JOnent.8 

arQ plottod tlch t hat th pyroxenes form a oontlnunus 

deer ortoo , ~n 1~m1 nnt lp thet1e ro,_ t ion 

tv:rp nrn 'j :t :wn t h ,~'.4. ~1col e a~ the iJ:'O"l org. The 

ex_p J t · n is 1 !iat ely a ·p r nt whon J.t is f our.d 

thr t thln rol.-..t.Lm 1G ll\.r~wh t.o4 'l-:Jy poc1 ena lon t han 

1 'f t. .tl~om t ho cont. ct , and is -:.mce r1or· o.n 1lll.1Bt-

ration of tho orot (lf'fect. otw1 t•·~tl.'\t iin . tlv ..... t r e 

shoot is t htn, n l probnbly coole-tl ra_.id..ly • tho axiotl ,.,. 

a :mr\1 tic·r1n uore probo~J y iu., 1 fo'l' th1s !nr.· .t ">f :,1 1--gin- 1 

difierent1at1~n tv cooe into rr ct, aa 1t h a boa~ 

nholm tht\.t the m a hml an o. )Ul~.dtl.nt vel t 1lc- Cl) ~ t nt , 

which w :mld lol'!er 1 te Vi"'-1-:·'"':. ' t :r . !Jm:Joth ... radatlon 

or tho Utl· Cl.,nt ea or t.he varlono minoml b boon 

oh~'".cur d. by the a cona&.ry hotoromorph1c otfoct , do: fY·~1 > 

on t.ha oxir.1a.t1on at.n.te ot" th 1Mn. o t hus co ('I to 

t ;...e ~oneJ.uo:ton t ll t th Sor·et effect ha.n h str ~ng 

1r1'f'l~Jeuc~~ ou t h cmnpoo,. tl . r o f t ho a." for ·· t l(;f!Ut 
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el ht ro t from tn contact, ru1 eondly, that t h amner 

:>.f raph1cal roQre .ont t'i ~n of t h l.a.t n la v lid.. ln 

.,hort, ubilo t .ere ny he s1gr i fie nt cha ·o ln tho 

th ,t"eaent. e.nn 1 of: ap r a nt "ti )n l.tt'.s th err·oct of 

c rcmly .. lgtribut1 ~ the error. 

ta .. 

hrec n~wr · nalys e. a .. e pree nto • hooe 1nelu:1e 

th o.ve. ·e typ o. msdiu -·'rained olerl t J, o.nd two 

tl tea, ~Jno o'f h1ot. is t~o e 

the hi t pro -ort1on OJ. ferro ,nae:to.n · n rale • ·1d. low 

be ,~eord variety 1s ~r~ ln~lar 

in m ihl con ''.> iticn to n • .Lrl oi' :rnbl .. 
I • 

"""t 111 b ocn that the rn diu - ra3. 1od dolel'~i to 

,. y a L1 ";h -::,...o ~:<.>rti on cf iror an n -

nc 1a, a.rj, low ~11:1ca, <reletiv to ·t.h~ T?o' 93 nuY~t tn 

t.ype: it is. 1n r ct. olon r t o (tol rites or t). lJ~"' aci ~ 

t.y: • h m f"lc 1"1' A.t1te ia ntx•ilt:1n ,ly s1m1lo.r t"J 

tbtn . XC t t_at ti19 total tl"on 1ncrc a n u.t, tho exponce 

o(' th. nlumtna .. Tbu t.!l~. e.nv.. .t.y 1 CJ , of tho mor co 

p tito ty~e, is ore 1r keo~ln3 wi t h t~ )rGlUction 

cr ali .htlv m re silia. -, iron- and alko11-1~ch reo-

1d.uum .. The last- e.nt1~n d thuo fall into lin w1th 

th cr c c. r c • tit rent rock3 1n Tnblo 9 . 

TJ 

,.,...o the '1 • 36 1u the pa.pe.. ' rro('. "'":c 1 rl toa of 

has be n ad ie~. tho plot or t t ly 1 n ra "'r r.ont1n:; 

the Lunl Of' { 2 roc. lcula .od. t.c 

J ' . (so. F11'!' . 7) !t will be ceen thD.t t~~ oner 1 

t r nn. a u 'hel~. al thou b tr· dl1•oct!.on of o '&.r~ or tho 

:;111 tit o .ntn to o. m6ro rorrir r:.ua d.1 rreront-

to.t w\th l.lttlc cnan.,. i n t:e. · 3lttloig, cont~.1t .. 
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ll1P.blo nn~ orns . 

1. 2. 3· 4- s. 
>1t ~ c-· t o 

£. 
:::t • .) 5 1

• ~>4 51.?.4 s:;. :JB 52• (\P 

'l~ 1 2 2.15 2 • .) 2.)2 1.42 1 . 9'"( 

1.12(.'3 14.22 11.6· ln. 1 16. ''4 1).12 

""c , 2 :; ;?..61) 2.33 1.4:=! tr. 2 .. 14 

~oc.'\ 11.1 ' 1).31 1..?..~4 A. ()3 1 .62 

m ... ( .1<· .13 ~ .1 t( .26 . ·.23 

-~,-, 
..... ~ .. 5.3? ~. 6 3.24 6 • .-·.2 5.13 

Cal' 9 . 3n 9.26 ' 7·53 3.74 9.44 

•4?.., 2 .:,>9 2. 7 ' 3·'n ":.27 2.f;ii 

v. '• 
' 2' - . ~ll . 91 1. • .• ~"3 ". ~9 

H2,.- ~ .• 47 • "3 ( • 9fi 1.03 ( . 11 

1-12' - .12 . 1, ' . • 24 ~ .sfi • ,.A 

2' 5 .• 20 .?7 .1"'( ,- ~2'? " ()() \,.. • .:.::.t •. 

Totnl 99 . 93 1 · 34 lt -.• 44 99.75 1.~._ .17 

u. l.4Q - . r."' 1.s· t:' 5 :.>• 4 ·5 

. r. 5·56 s.s6 ').12 f\.1 s .. h 

~b . ~~2. ~-1 2::;. tfi ~7.25 1'1.? ~3.1 

. n . 24 -10 11).61 26.13 3 . 6 2 . . f) 

. ·o 8 .51 11 . 3"r 4.4:!. s. : 1'· .6 

~i . ~ en: 4 · .~ s. :·0 1 .4 2 . ') 4-9 

~a • 4 . 49 6.3A 3-17 2.? ?-5 

~ ~fh 9 . 4' 9.6r h "{' 12.5 7.9 . ' 
Ily "l {'f . l C' .16 12.41 15. 14 ll.f 9.2 

I l. 4.10 4-71 4 -41 2.7 3.8 
rt o 3-94 3·25 '?. . ·9 3.f 

AP • . • f17 " 1 . 67 · 34 0 .3 . ,3 

H ')(' ( .. 59 \~ -9) 1 . ? 1.6 1 .1 

1 99 .17 99 . 8 

"').Cmo.l m\ nu-n-""ra1n t e .. Anal 
afin n&r,metite, 
or t yn1cnl ,n-m 

4· 1ownoe l' tv. ty l"e .. f lkor n.r ·1 
5 .. tol~H'lte o· t lt • Alewljn!3 



Fig. 7 . 

(Taken in part from ··lal~rer and. Pold.ervaart, 1949.) 
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Differentiati on of dolerites and. dolerite pe~matites. 
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'rable ~ 

o. ~i ? 12''"'3 .. 02 .. 3 ~? 2-: 

1 . 5l .. 46 1·'1 . 24 3· "4 o.sa 3· 47 3· _). ~1 .. 
2 . ' 52 .~ 1 , . 2q 1 . 97 7 . 61 :~. :J,.., ) . 7J 1 • .. , 

3· 51 . 56 1 ~. ~ l · . • 96 11 .. :32 7 · 4) ?. • . ~ ) 
, . 96 

t.l .. ~2 . '"4 14. <)' .. 16 1 ? . · s.4'") 1 . 9 1 .. 5-

5· s .. 59 14.~2 2.(6 11 . 1.- 5. 35 1 . :JS' . 91 

~ - .;l . ~4 1 '> . "'1 1 .4~ 12. 94 "'i "'~4 _,.!h. 3 . 21 1.· ' 

1. )it'br 1e, al1aa-i lG {.all r ., 194c· j 
2 . rn. bt:l c ~ s t .. te, lin d<.?'l ( . J'·a.~:•:rl91!1 j . 

;, ._ A ab fH" , ooN~ r; reelr { 1 nm ..;l" , 1,.. 24 ) • 
4 • 'lab GO pe_,.. tltc, ' "'~::'M f.r'G l• ( 1 tu'.,?l1,l:)24j . 

5.. r··ol l"1 tG, 
5 .. · la..:."lt • e · .n.tttf., he.le . 

J t 1 or Bt)J'!l lnt ra'lt., ·.-,c:r u\ s , to co n, r>e t.hc 

ch . ~c l ~o noel tlor 0f the a cru. o ud.1u - -·t~ l Letl dol-

ori 1..0 rl t·: that of tl·;e fie po ,, -:.ti to in w _te'h th 

cul4t Lon, boJn tnero sed y ap· rox1mftt ly or~c t bi.I 1. 

The com_p,mltLm of th' ol" ~1ocl!l.ao usod. 111 tLo co.lcul -

at1on is ~.~f\ t wh.:t <: l! la thti corn. oei tl,·n of t."10 cry t 1 

corea in tl'H -1 u.. - :t·e.1ne r. c·~, tln~ tt~ ' n.r t 1nera1 

t~ n rJS..(' t.e. ty\' t!'>,~.oal 1ron ia :reckon l "'IJ • • 

rn.blo .l . .. 

o .. , 1, 2 Al2 3 ('c." :·a2 v. t 2 

1 . 5 .s ll . C 1:; . 4, 5 q .. 9 .. 3 ~ - 1 . o 

2 . 51 . 1..>. 1 13-9 .J * ! 9.7 2 . ~ • I 

3· 50 . 6 14. 2 13. 5 5 ·4 9 .4 r~ . 6 . 9 
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1 .. · 'af1 e ~a~fl.ti to . 
?. ::Lfic ,~ rtt~te, recs.lc-ulnted. 
3. ~1iv=-~~a·n41 d~1er1to . 

1s far from OJ.?ct , tho cl'":tm,.,.fl 1 the porccnt ·os of tl:e 

ox1~1ca rr 1 t1.:o mo. fie :PU6Jll~t1 ta t.o the hy ctb ~t1 c 1 r~)c1: 

1'1, :JXclud.ln~ t1 r, alkr.:.l1os, t.,,,. rd::; t to vr,lur: a f::u.~ tho 

ma:Uu - - --: no1 ~cck: oven 1 r the vnluea ··r · t!ot c<.rrroot, 

the --or·oent ,.~ee of th. sed. 1 to bo exroctc.l , thto 

in th£ ·og.'1s.tl tlc. tJ os, n t.~.-.. .ro"~"'c.:Oticr.;. 11 ~a u. 

rt)~ult ittit-~ll;,r hl hor ovon 1n tr. ~afic r:- ..,. titc . ·-o 

un1e.r di <,.;JJ.lnion my oue ito ebn;ru· .... l cl:.r:>~1c&.1 comvoo1t1on 

Ul part r..t lo st . to 1t£ ae · ret :~n o.s o. 11qu1d~ · t m 

bnatc "?lr.P·lcclaae hc..:l orya.talliao ..... . r.J. mo::'te :-a.to form 

or f1lt("'t'-_rana1 

s1 ·ni fi ntnt proportions of :rerr~mo. neAia.n nin . mla, 

leo.vin", n residuum richer 1n 1ron., agno£\in, a!l nU nJ.lcn, 

l:lut not a.l t'ltflcc. ;tly or. 1.n eil.tou, . 

bo later· lnod prlne1c"ll y b:V t•,,.. atatti or oxlrl .tt m. r 
t · 1 !.ron • 

' a.l.l t~e T1'o.:rroo ilolerite ... ot:;~ t'ltos ho.vo a h1 hor Fe2 3: 
:-e· ro.tin then thelr pnre1 .. t rcc~ s' 

f· c . .J:"er nn~l oldorv.a.al"'t, 194')1} 

'lr>C'· not. ep -er·,l .. to find un . f'l sup·· rt out of thln 
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~,r vlnce. 

th rel t1cn aJ. ~"i doon nr.1-. a J.y t " all'ar!•o) :iol r1 te .. 

:.t~b1 11 i based '?n nalyso!l q_u( toi i.t wol:i. - own ap .r , 

nd fl Ul"Cl fo;."' t he lo dolorlt~ hav boen :dd ~ 

11. 

'e 2 3 
-, 

c 2' 3: 

.11 di b ~ • .1 • 4 9 . 5 ~ -~/17 

all i h e tit .. l .. t)7" ?.1':1 ? ... ~-... _ .,_ 

~in 11 " J D1aba. • 3 · 50 .. -5" · 395" 
·hi n ~1114 ll;tl) .. titc.. ~.42 11 . 35 . 213' 

oca (. !:>e 
f '\..nb O~o , , .96 11 . 32 .. 

:n e 0 1"00 , Uabn 9 'T')G t1. to I . 16 12.'" • 13 

hC1c , J.ol rlt • 2 .156 11. 1•" . 239 

h le, :lol rlte ·o o.t.te . •') ~-... 
t~ • .,~.., 13.;1 .175 

'hn.lo, dol rite ~m tite. . 4"l 
""~ . '- l;? . 94 . lf 9 

The f(norr , • 

}OO of t r~rm ha 

ti,soretl c ll:v whether the pyroox nos or th~ !'ol.~ ara 

Gh · ul 1 vo C' ry '\.. ll' c. !'1 rst 1;") tLe thr 

G ec:l.m na . C""'Jrd'i.~"l~ t c 'arth (19::>2), 1r thc.1 no.1."m tive 

vnl1.1o or An, · b, 1 nnd y a ·e , BY•.. r cnlcH.l ted 

to l , nnJ th n tb rollow_n, rel a tion 1s tro ·: 

b' + 2 di' + 2. 3 Ly' c 1~3 

tbon t: f r!'O ~c ,1 a1~ 11 ht mtn rnls ~ con id r 

to h&ve ao nto cont. · )Or~n"'-'CUsly .. It' tt e Sll. , lf icl 

e.rtb ha 1 ce..llo·1 t~ f(no.r.m; , 1 ·.r to.· or 1 11 ·r than 

t hin !'1 re, pyro.x e or pl loct. a, r npect1v ly , 

(76) 



ah::mld have sopa.na.tad. first .. 

Th c t Lcuht.tl'·,ne sh.owe.l th,1 f(!Jo r -.- ) t o 11 ve tho 

follo.¥iu~ va.luoas 

Uot~ral po tite 

- a. f'l c 141.1 

he · ..;ultn n.rJ oro or lean in :'!ccrl ~it.ll 'the 

t oxtur::Ll ov).d. lC~, oxc . · t. th t. tho v~1us f er t!1o mo1 i ,,, -

·;rnJ:nod r~ck ltJ rnth£-r higher th4'1n t1e nbo1h'.tic l~Gl-

ntlO'l won t ~ au ot . · ct·'!'D cth\; • th'" n the co:n .ooi ticn 

CcncluJlC~o.ta. 

!r<.•.r.o 1.eta.lle:l ch ·~l.c 1 " -t~. that th ch.eui co.l c.:,mpoe! t1on 

of t te nomal dolerlte 11 ubject to little vari·1.tl01! 

rr~ on·, " .. o."' .... zr.m to tho u~xt , th& g:- at mor!l.al vr..rtation 

a"f"fnr"1tl an iTJtereJLln'.!; 111uotrntlon of het ro o ,,hie 

'trowtl"l w~. tttln r: oil!o.J.l 1ntruo1~n . 

d .. 9t .rm1nlnt the o"\(tl ~om..,onlti<m o. pearn t0 he the 

ox!.dnti n atato ot' the 1l~l)r., wh ~roby forr1c oxides a1 d. 

the r~r :n.mt of pyroxon., 1o r-elo.tivoly low. 

t o be n 1 ck cf enoral s~ .. L .. pOl"'t fc:tr the concept t11Pt 

~Emld.ual CG'1co __ tn..ti t:;n of tho voL.M le will alwt-tyD 

ca.u:la 1.hc .tron to ) :tn a mor-o h1r7)lly cxld.l ed str. te, 

alt'•t>u ,h tbls is often t ho c· S (~. It 1u 11':ely th: t th 

B · oet u.c loes.l cor.··poal tlon or tho 0 1:•ou , 01 volo.t.i.loo may 

be o.n im_p.n~to.nt ft;.ct _r • an 1 t hs.n ~ eon ~hown tha''. co..~rs -

rf' tlo al"e not lncor -

ne..tiblo. ho oct efi' ot 1 b,.L eveJ. eo be r.:Jsponalble 

for t• o hi hor co.: our rnt:'"~ o!' t h t""Jlorl t" at the 
(77 ) 



rnur;1ns or t h intru 1~n~ 

ithout wiDbin) t o anernl~'io, lt :1 su::;l e1ted 

thnt m.flc v ~toty ~r co~ro -~ral 1cd ~ol rite eg-

fl. or:rotnl ueh 111 which a fnir ~).r-cport.i· ':1 ,'Jr p1M.1vcla~e 

ue tc ~n~1~.1 ropl c~enta • 

• • • • il ••• • • -

'h. ore 
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inerala Ar. 30c1 ~toJ. • ·1 th tr .. olnts .. 

~ w 9 orierly r:Hut~ cnod. 1tr tho d.'.sc,,a ion of 

tl-)e Jclr}ts .tn th ':lo1 erl te, there ia a vi d varl<lltV o.f 

1nor 1.n ansocl. te-1. w tli tr sc rracturco , ,..-r- tc!J have 

clf..ta.L"ly 1) _. "'n utillne:l aa cba.n-'1'1 hr yn by the 1 te-t:ltll ,o 

mh raliain.~ .J;:-lut i.ons . 

( 1952), :.\ !lUI:Tb r I f t':l r' lB 0.-'C : istcft CCOr'li.n: to 

tt.< tr· do .r e of nb .. m, mco . 

e~t'loto 

chlor.l.to 

,.,ct1 r:eli t o 

zeolites 

I)yx-t te 

crl\lc ... ) ::rrl te 

t1tan1te 

t\UJ · 1na.t.., .la not, m ·~t i. Gnoct. 

tJ.ny · ~cc.:l ons . 

The minot" 1 '1 enc .... ll ter 

11unlly. 

o onw.o1 ~1.t i a. : 

G.r'e -
hem ti te 

'h wrl ter r:) ··· s tc =!:; furt .~e.:." ''orl. on the 

yal1 ow 3.n~ ·:reen nx1a.l c-clo'U'"e, an1 occur r.1l !'a..1lat i 

e. ,r' -. te of et"y~t .. ls .o~vornl 1nch oE> 'in ~.1 eter. e 

(.. r 1 es::l , c 1 m.~ n.o :I iron , 

c; '!ra.ltv, a woll - d.ofini'Yl spherol'tlc ha">it. ta 

0r a bl:.r.e' C.l"jS£ ~ tho 8!')'11G o~' whlch 't'G P<~t·q,llol U t e 

(7')J 



tracon of th n.1o~lo. 

'1 ., 111-d.ofh 1):} intorforonee rt t:re 1 "l1.to t 8 t ho nlnej 1 

1o c ·ticnl ... y ne~s..tivo,. -pronu.bly "Jia:-ta.l ith 2V v ry 

l\'"1 roxlr tely • 

11S1.n ; mot.bylonG 10-ilde 4111' ted 'W'i t h X rlol , gaV< t he. j . rr . 

o.r 2 .. ~9 .. 

Tho o.~Jove ro · r·tlo f Jrr.t fero\1, 

r c tinf"jll t.o. 

{i) n .- felt l a ... r.J~ to or lust.rcus , ~lvnder rlsrna 

ot n ja,r·· green C<:;l 'Ur, 1t t1 v:1. ihlAl rln ,s hut1"1 up t o 

aovaml m1ll1m~trau 1n lcT'.gt h . 

> : 1 . ~)8 (ya11ow-gr an 1 

1.(~5 fbluc-· roan) 

The nrnr>o.r·t.i. en nrc: 

~/ -'· : 18° 

2'vx : 74" 

(11 ; In t he ~o.r- ~~.· sE>:"~ms ot flbr ..... un , ron-fl~1.ble 

~ll'.J.' ,,,. J t.o · ch ena, 1-,...1t ere c..o .::mly br orr bru·,.~tly; 

I· tb hand -

, -.,'$'lt..1 ~-.l.. sl.et:n , ar l un '!or t!:e· r 1 C.L'r>sc J !A t h1e va.rtoty 

1 4-.ltto loaD tr. n l:r c.Jlour .d t hc.n t h t t ac lhod o.bove • 

.. . . . . . . 
r.ho o s ~~n re f oun"l 01 t hot• ern1>o~1eil. i •. t h --~1.1 t;t-,- or 

1tt dol t"1 te ~:ia.t"t,l lly epi l0tl e · , and t.h ... t~o,_verJ colltat n 



• ll"lute "~"cmul 

t ~ t tl:OB 

h nf.te eeL .... a •m1ch show lick nnllln""; . 

( 1111 's n !l.neive, ;r-nuln.r v r1oty, 11 te u:, or 

n1fe. 

'P ranee some·hnt ~rthy . 

orttfb ar nl-:zLl r to tho of i~ bcv t y,o . .A. lo 1 

.r V!\.l.UO of' ~ 5 t'lay 'b scrl )0:1. t t.l) 0 wha1# e<~ . ~ · 

and '""ON>U£1 n ture >f t 110 a ~.1"1)' te. 

bodd.eii in t ni v rtnty a.r 0 . 11, ., :.eri ae.l 

a·· ~roo nt, 01' oft ·re ·n c'hloritc, g~c1' ')f' tll f" ,..,.,..,, ... 
' ( . a···i 

pea , hut mc.:ie u; of 1ntur oc' 1 n 

<'>f a !D.ll ·ho-rulitoo. 

•ro h]ll' tc, .. 

7'lla 1 1YJ.'l. 1 occ;l.U:'S viti", and .o17 1l1tic~ Jly 

enclo~o tho fo1 t or a.ctinnll te ceysta 1.n, nil f'll ttv.n.n"h 

+,7.'c 1!'1tvHlunl cry-qta1 ··:ut!.•~ee of tl o t ... ~r or are quit 

o r\"'1cus , tte voltme .. o ew;l.>aed. m J ~,..., .... : ~r ore f 

t.b ~~ rtc t! r·. tn coh.urlo ! n tcri 1. 

cuoo"' cf I'J!fle one ee t1 atre. 

. perruct banal 

Thr: :r.e"fra.etlv tr e or th) orl1.':ary ray ,. r, 

c re,_1n · erlt:·nTJet1a, a 1 . 54·, 

Zho o tic s1 n la ln-

c..L vr ~o ... elcoe . 
( ~J J 



!:_lei ta. 

Cr rot a.ll 'lne t:tG!H!~ u p to three 1 !H'l1e~~ scrc'l av 

bu f·)und., the rr oat cO!!.tmon coL,ttl"tl bo1n ') 1·' ;l to, l"oon · nd 

J' y. 

'' 11 'QO.S& B 

t.t; t l.n inch 1n w.Lit~·, ::. .n~ a.ovor- 1 :tno· .. nn l ot-·,. 1·1 tl_ 

voin~. 

bfJ~le.1 w~t~:l: t ' () ~ctt.nolitc r '1,t. r y be so~' 

. . a.l.L, cul,c!ral cr·v·rJtaltJ o-f t1tnnit,:;, ~uff'1c1or>t::v w .11 ... 

1evnlope:l t · 111")\'T •on.l omctrle me auremo'"~t .. 

1 .. cona.tatent~y palo brovm . 

ruhr-t t. ;J . 

hia otnerol oc' ura in ttnv ve1t. w1. t"}. calel.te 

.er. 1"6 colourleo t 

tlr.t , o~t. in h ndnr e<,:l'!lonn 19 whito. 

ro:iial 8bO'i.t t\ r,1cl ~ua,. ,.1 v! '1 ~ t he r 11- · !10 .... .a. .:>o· -t1 c 

'lt::,·Jcture, f'IEH'ha')S bct.t,cn· oonflllve·J "ltHe t.1 crP nofl. nicolo. 

1 . ():;,f) 

v 2~T varl ble ( y)O 1 • 

,. : 1 . 6~7 

'J 1 ~- ., ~·nrul as w1 t h 

....... _ •• 4 .... 
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os1~ual lnJqct1ona. 

Tr tl•t'~ fc:rm of thin ve1ns,. · ener~lly in tr..e 

U')v r tl.l."'ts of the J.nt.rus ton, ln to-otr.~o .r 1'1idUA1 inj oet­

!ons JfJ.Y br• stud-. eJ. in tt;,.t) f1t' 11 . typ1oa1. v lr. of 

ti: s ty-e ean l)o 90otl to rrt.nrt aomo t hll:-ty r t. ·n: l<m 

t h., u ,ner· cr.m~ct fl..S 3 light r.olourn~ streatr Orl t"~-.a bnx-o 

~ock surra~e, nwelline ~pwar to n r '"X • um of tnc inches 

:tn wtdth, n.nd ly1r · ::mt ·:mco m-:> .1: ~ w~. th~.n a. rcw f"aet of 

'tho up ':·cr contact. 

t~..; chief cho.rnot.or1nt1cs, d1ocerna",.ne '1 thout 

roaort to 1 bo:x. tory tochn1.que, nrc: 

( .1 1 Tho al.nuous outcrop , nd .i. cl-- of: oor e1 <Jt. .... rt dip 

an· ot.r1t <h 

(11) The bl hl v-~rl•'b:.~ colour 1nd.ex, vo.ry!.r · 

betwe n t hG li ~to of lSUl 1Crnt1c an~ hypormel ale typen. 

(111} 'hllo tn the rnn.in vc1n .. .tko in F'J tta.rr c.c, e..t.ot. 

ar.d o oll t ·: a OJ. • nci lmonominoroU c mat orla.l t"n p reaont. 

Th.aso cloto re.uy ba o~ e1 t,htH' c·oal"'Scly crryat. lli :10 

nm·hl'bolc or albito. 

( 1 v 1 •oat C·-:> .J only, dnc,.,,.,mov; 1 t1 m by •eo.thm•~ n · ln 

woll a 1v!ln,~edt n.1 t~··lng thtJ r-oek t-~~ n frla le .wdor, 

evan wher-e 1 t is in cJ>?ltRot wl t b t~e rrenh ho ~t roc' • 

Tho ,lf.Uld. oci ,<ma of th., . .laue a··''Ptlc vnrloty are 

crmmy- wld .. to ln c:;lc U", rJ.crjkOd dtl.: lat'l~ aoph1b··lo and 

ro(.n ttp11vto.. In.ll.vtdllll ecy tn.ls ronoh len ths or 

5 .• O:t:l C" Lor w: -o f•c· ', ani t ho rol •. t: vc1y hi h :le• ro 

of ~.diomo:t." · ht s~ 1a reflected by tho s ·~leimen bPooktnz 

so an t ·) lrov · (\.&V .... tit of' ~~otr1c nh - e or. t l' . 

:.>r'oken surft~.ct.t . 

w 11-cryatnll t od hornblon e .irl o u · to 2 etr.s . 1n 

1e1• ·tb. Ther·o t.,o l ntorreoolnt9 v riaV.o r p 9ontad 

by t1 :eo'{' led ."'oc ·s . 



l t 1 nore moAt c"mv ,nlent t ;l . cl""tba th t · ree 

v rt tietl 8 !" t ly, n ch 1n tt,rn . 

t oueocra t1 c '' a.1•1 et:v. 

i't t nc. nsiet.s t xolu 1voly of hl hlv ncJ1c 

<m ceca 

o .au;, ,. h c -m B '!. t · . n .. lanen o l.. th c tl'l.t.r: , nd. 

r ·lnn a.r-o cl "'r'ly outltno:!i by tb 1· .. b 1n 

>o~ of tlc 1 ~ -

1 "C 1 ~ o .. h.cwa fl. e l"1ou ~ ool•led oxttnct.~..on, w 1.ioh 

np o rg tc e duo to £:. ac. b1t~D.t ! on of lr.ter owti and. 

twtnnlnr1: n t.ructu "OO. 

l'">tz i roo c t. an an edr 1 irlte·~ tl tial 

r·:.111n. , no., th nn r 1n wl 1ch t.heoo a:nt· ro arc _, t-

1c lly e:. tinucus lt':~u f' 1 n 1t J .irlod 1n th olane 0f 

ongot the lf!St to cry~t-

a.J. ilo ' " he c:~rat ls how no a1 n or atrc i n . 

lntbs of 

homblend.o~ n:r b& founsl sc tt<tr 1 thr~~uzhout tl·_e roc~ . 

roc 1. r: 't.cl'~e m .... v aont.P1n atrl ··ine; cwlu tno or oorl -

clon.v d. prohnl to , s~tbpo1k1ll tlcally er..clontn ttno pl 

1ocla.s • Th ro ort!OS r'Jt tho rohn1 tG ro: 

. 1 .1)17 " 
2Vz 0 

'f • 1 .. 62,4 .. 
¢/Z • 0 

• • z • 1 . .... 43 . 
Th1 a .1 oucocrr·.t. ~ e V<'r.t ety f'o .. f'J tao nln bul 

fll1 on L c1u11ns both t na o ·r·o', t 1vn . 1 h•'\st. 

r_,ck or. th vo~n ~ !1~ .no 'W ot.r!ld.n 

r:wr hls or the h mb 1. ')n :t , :r·i.n s, or1 m to1 

1 volo ed. eo ')-'1t -ucturo ·ui t. :tt<P·a.r·l to th ve1.,.; .Dr 1 



The eonti "ttouo eou:Ott~ NHl iB highly ch 1.or1 t.i sed n.nd. 

auonurltta • 

In n·il1t1on to tl~c11~ bein~ almont univo:rue.lly 

twinn~ on t he (! ·; plnno , th o tic proport 'los of the 

hornblando nro: 

X ~ 1.t;72 ( nle ,oldro·-yollow) 

y 

h : 1 . 690 ( ~~wn) 

f 1e 30r. 1n~~rt nco r nwoer of int rnt!tial 

mlnom.la, chiefly 111-eryct 111e d a d f*lbr.-.u blue- f'Oat) 

a.mpl?1hc-le of' h1 h but nt.renky bir frin~enco . Concen­

tMcally .. 2ono! n harui.1 t ~ of chl:)rl te aro pl och1--n!.c 

.fr•.'l r l '/ttllm-t t{l bri ht !'eer t v1th birorr~.n ,orc-o ln 

tl e coro · ro eh1n R1 t.l VO tint, 0\lt f, llln off to 

't1le ~re connncn lo · v.~luo ln t.b outot• rima . 'ua-:md·u•;v 

a'f"t r t:. brown. hornbl rut is r. varl ty of t.m. intone 

rod <.~olour, tLo 11·-· toat nrta.l eolour baln o.mbor . :.t.hc 

l tto-r occurn · a nn.~ro\1 ~~nes botw n ~ar quartz 1hod.rn 

nd hornbloml , 1r1 t e intc .:•a tS. co bct~e.:.~n hornb.1 ond s, 

or n.lo cle~.v &o . 

ctr.t 11 nm ·unt or h rln , pro a.llly r .1.c t.. l to 

t ho contr>a.et em u 1n..,. cooll ,.. , ha remtl v l 1n tl' 

t•ro..cttU'( 1 ·ar ~llel -to t h . 

tho~ 1 olut1ons . ~ 1'lOSe Bolutl.:ru~, in , astr: · thro t;:b 

1ntena b1ua- reen vari.aty for 

less tban one mlllimot~o. 

Those c1 e cant in pla t)c.la a n·l 

lbtd,(', ln vrr.cx:t taly equ 1 ro ort, maa .. Tba 

in ('}('lntr< . t t o ... 
\.1 t of tho reo lo crib ~ bov& • 

th r ·m. or l"O. n :;ret~n.t n nhow.,.n"': n. co plet. 

( 85} 
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or crystal r. oeo. 

t G :1 "'J, ~~oor .. . 

o l tlon • but s .hone , bot£: r ou e-:.1rnl cry~ta.la ·ru.l 

tl hof;:\rr •• 

osa vlv or al·n t c reo l·:J t h fr>ct t l't t wi t "tn 

nre concpieu .)us l- ar.r\.t..l "ll , thua n1··"1Hln. a orulo flolt 

e t.ruetura. • q t l-11 nt ructu ro 1a not chal't'.cter•in t ic or. 
tho voln ll9 a. l.f.:o..£. , 1 t ' ~uld. wo. !" ti:. t t ho a~o' 1~1 

vnl:'letJ lmll tho first tr~ n.ch1av e. rol M vely. 0·31 icl 

st t , .nl t he subaaquof•t c ntr-. cti :z'\s cf t he lntruston 

orlo.1teJ. t h nr:vRta :. latha 1n t' r, .wr. ir ch wn ~,, 

~1lt~ify nn th~ loucucr tie r' e • . ou ng t hut th~ 

v oin, tbe &bl'lM1C::> or flo\'r s t.ructu"'{)S parall e l t1 tl!o 

voin ~r··"t 

explai.no~ . 

in oth~l" artu or t~1e vein coul bo 

• • • • • • • • • • -
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Plate IX. 

Residual injection of albite, clearly 

showin~ the parallel ali gnment of crystals. 

Crossed nicols (approx. X 30). 



in t.ho 'lr.'l.n1 to. 

Above t he u pel"' cont ~t • tho cc"roo-gm1ned 

, ni t,o c"}untry rook h s 1ncumo.r'e.hlc tlny ve1 11ot a or 

trtngern of' dark ~.tarlc>.l which l f'V. eoo.!Ult od fro tho 

·loleri te .. .:ven a.t hoignt of oornu f~rty foet o.bovo 

tt ~-' er1te. they may 'be i~oui"'l1 1n tn·•ofur.:lon, alth~1..1"'h 

they f'1 ntl t _oi~ (;::r-eat.~.~nt frequency l n t ho horizor, 

1 ,..,odtatoly e.bovo t 1 c~.1tnot. 

In thG l1an n e01t'enn, ti~e velnlotn r.esenblo 

bln.clt ,..,o11c11 11~30 ln t 11o rett country rock, and l t \VO a 

dul1 appea.rat) co. 

tn locnl owe.'i.lL~"G, an:-1 aro ·onor.nl ly lo~n t! l1 l r.u. . 

'1ha.t ma1r:en th 1 VQrthy o1' not o 1.G t hctr- tUJton1tJh1n · 

ne.ra1 ter!co f.or many font ln a 1 to of their oxt r·ema th1.rJ-

In t ho ba or t( o . ~otwnni u. vor, t he JI:Oothly 

ro~md.o'l olaba of ani to t re on a rootlcul'lto ap c· .t•nnc<.; 

wh-cro tho vetnlota 1ntero ct 1n a · ti.. m s1ra1 l rw to 

111 · " 111hed tmrfoccB of t he >l"tmi t o , t he voir..n 

n.ppen~" t~'i cut throw~ all of th) •.nomlo, oxco Jt t-IhOt"e 

t hero 'l.re oxcor;t.1cnll11y lar c rtunrtz _,r•ainn . 

cf:\.''I O, t he voi ns nre cont inuouo O!' O' tt1 a11.o~ of. t he 

. 
!n thln o ot1nn t trw volns nro 13 ~on t r.; b co -

·~o eif. eh1ofly of three m!.n m l • Thcro :t~ no nu st lon 

I sol t 0<1 cic t.r 

ln t he !'·:)Ck , and th.cno t:J.Y t>o c.onr1ecte1 t :o the vetnlots 

o ly by ch nnolwayn of nmn~l , :f'r'l ttod. quart? 1rnnu1os . 

~he whole ... l ctux· · au~ nts ut1 1..1oatlct"l of !'rncturo-pla.~ca 

in the grnni te for the move ent of' 'Cti ve fl u ... da or.· u -

ntin~ r~ t: - dolor1to. 



Tho volns { r"o mlneral:'),c;.1c lJ.y c om"'PtHltd. of fibrous, 

i>tllo r on chloJ•t t.a, ah\mln ~ anorualcue . uvo 1ntc;,rtercnce 

colours. 'l'l!o p laochro ln 1 J fr,..., ooJ.ourlcnn, to :sralo 

:r:r en '19 r-allol t) t b."l clot vr ·e, ,., .. d t ,o oxtineti.:m 1a 

'ar . .llei.. rtlnllv 

·here chlor1tq 1o presont. ln orl) 

cellul:\: ... bt?.~l t . A whlto c .:tir on tho 

or t'l.tanl.uE!. A varletv C1f :h1bnlo t·i'l t h Ollll c:x.t1nct-

l~Hl an .le , nd. plooohro i on from pnle yollov-- oen, to 

An un!dontl.flnd. t)J:'li.e.xial 

BCt"ttor 1 cry1;talo i n ene n all a--n~tlt,-crlcrit<t negt. 

1 t 11 c ~naidered. tha t t ese velnJ otu hava a 

h.yJ.rott.ormnl oz-slt;.in , r 11.1 l tlu1an hnv·t..n • made uo t::r 

m1.crooco 1<"' i"r• cturea 1n tt'e :ra t too, :ln thoi t> u m .rJ. 

Jcrcolrtt .;n . 

fY ~yr.umts 1n t he mlnernlo of t ho host ~ock, i t 1 11to1y 

t hat a ool:"ta.ln m unt of rep1 nc r lit e:r!d. ro ct1cn hNl 

oonurrod . 

Thts opir.i~1n can to oomo oxtont b? cmhntanti ted 

by an OX<c"UninP.t1f"' _ or t he tl··i "'l oll ooa ot t crG ch.i l lod. 

dolerlto at'""in . rter c ~oful seloetlon of n lr of 

h.andt.1 -oei.neufl of t.tis 1 c· · ln the "1o.td, noet1ons ttere 

orgence po1nt or some or the 

vetnleta. T~ e tLtn B· ot h..,nn 11 t1Jl"r'l. ohow, qttl t" clcr- rly , 

thin 'ltrtla.l .. , 2-3 "'B . wido , 1n uhLcf; tl., J rr )Sl 

pyr:)x na- p l9. '"1.->clnsc-ora reck han he t1 · 1 t') "e l to one-

o f e.roc.u of q mrtz • m El . lo 

pcnat "Ptirm of tLe chlll~l c·mt~ct I';Clr hy lntc-nta)o 

( rB} 



flu1do . 

two V£1rietiea or ar:l':ihtbolo, with oli ve-~rean and r, ;1-

bro\>m l ·a.x1al col. ur!J rosnoottvely, the lcttGr var1oty 

fo:r ;s 1:)flut Y. of th totn.l. 

• • • • • • • • • • -

(P-9) 



Explanation of Plate X. 

Fig.l. 

Pattern of hydrothermal veinlets emanating 

from the dolerite, as seen in the weathered 

surface of granite exposed in the river bed. 

Figs.2 and 3. 

Photomicrographs of chlorite veinlets 

cutting through quartz grains in the granite. 

Ordinary light (X 42). 





Veins ot ~l .. arl1 te. 

":loar the u ~;:ex· cont eta, \lhoro t} e ctolorl ta 

crop'!! 011t · n the "~orth ill, and in t·_e pla.:tn, noa.r th~ 

thin VQLno, w"lioh n'!)pea.r to o~re their orl.=>ln t o th 

rhe::mtok ph1o of: the grGn1 te . ol-ter•va.a!'"t ( 1952 j ~sort A 

that no rhoomo~~h1c veins uavo boan r ound s oei\tei 

with {1.0l~Jri to ln tho oouth-eastum BooboouAla.nd. rot.­

octomt , but t t ah: ula bo n1entiono~l h~re that tho u ·per 

partn of th ~he.le 1ntrof'lonn ~arc u \1 ·lll• well exnor-;el . 

\ThE)r;}no the above writs;r not.es tb,!\t neat ..-'J f tlH'J 1Ptruo1cn9 

h'? baa stu:llcd. 11 t• to eroo. hn.ve the u.ppor e nt~cts 

.... O~}.t-ly ex~:-;a ad . 

Thane veins n:r 11-. o.ll ca.oeo SUiall, not exceod-

1nz fJ. x1mum width or tv~) ·rdi n. half inc!1 s, ar.:d of 

veY"tico.l ·ttitu·lo '11th al1ort vortlonl extension . tn 

nlt or the s •a.r~ely oute.rop..,ln veine, th y Faro four!d 

to d.1o out bofcr ~>enot~t '.n~ tho oioler1 to by more than 

3- rwt. The ve1no a' 1e::u" to l ... e rol~ted. to the "'9Ch-

an is of contr ct1cn,. for tl oy aro llel to the .1cinto 

devolope<-1 thorc.. -: vnoli ths a.ro ovnn ·'->!'(. r(v•tr>1ctoo 

tc a oci f.l c hor1 znns , not b tin ~ f<1un~l more tnan ~ tx fOt't 

fr,)m the u_ ·-:er con teet. Thus • ~ret'o 1 t. not for tho 

favourable ex .caure of the up~c.r contli ct. 1 t mi.;r.ht h4'\rO 

r)eEm oeoptod that :no ~heozn,)r:'hiam cf the ~mn1to had 

t nlren pl~ C(" . 

Unfo.rtur".ltCl)' ~ 11 n"' c JO e.:R 1t roo.ihlo to 

'trnce tht) vo·.nn ln nn unb~oken Of,tucnce from tho (l.olal'1 t.c 

lnt") t ho gro.n.l te, d.u tl') a pnroly fortu1 to ..to pro;.~ once of 

ruhhla OV~1rlytn•; th~l oontactn whore thoy nre exr ·;1ned • 

rowevor,. tbo reatrict.ion ':Jf the~ voina t~.; t he vi cin:t ty 

of tho u. ·,per cont ctt their v rtionl &.tt.1t ldc cm~'i tho 

ma.nnor• 1n w~:lch tboy die out v rtlcall d.ownwar.'i. , nnd 

{~) ) 



s tr')"l~l.'f s t nobilisation 1s res na1bl foP t ho.lr 

pr eaonce. .rn r' , .. oa·.,nnca t hey nro oul t c 
d.iffer ng..e .from 

tho 1 t e - Ltnge injoctlonn of !"' Sid.ll 1 fr c t iono . 'J.hC 

rheornu-r hlc vo1n • and th ve, ns cf "osi.lttlll i'l."'acti0ns 

mn.r ocnur aide by Bid.o. 

~ho v 1nn w ~o atud1c~ in tho f1old in two 

loc£ !.1 tlcs, fir tlJ ncar thu rt vcr, tmor th u cr 

contnct is ox ose;d. b non t h lo\ .3· tt"1l te huwttoclm, a.ud in 

tho v1c1~:tv of t ho all st quar~. Zho therod. nur--

fa.coB rl.l'•O of 0. l"efld1sh-brown C 'lC·U!' 1 ' nd t e1r lligt'~Ol" 

t"o~lnt,1v1ty to woa.tL. rln~ ls reflccta1 1, their f0rm!n~ 

r11 en nl t ~-tly re1 tit a.bcve t :_e oatbc~:•a1 uurraco or 

It in 1nt rostl:n~ t,o note t he o .. ;to rel "ttioushi ··s 

or t he vetnn 1ndtc t~1 by the fl~l~ cvi ~ee. 

the r:umorvut"J hor1 zont 1. sch.l.lcron or dol ri to p 

·r 1 y cut 

t1to 

nnl art 1n turn older th n t ho chlor1t \" 1!!1 ttl wl·1eh 

fl-ure so nromlnently in th lntl"tl len , for the latto-r 

aro cut, or aro 1efl.etei by th~ chiliood m~ter1al . 

,..,'he fnct tl ""t thero n n b een no t.echanicttl mixln--; or 
t ~ roc~o, or tent!eney of the velns to ~aru.ta .:nto n 

strlnr of xenol1 t llG t uu ~ ·eats t h t the tlol rl tn w a 

al oat co >l~tely ol1d before th ~lcat1e lat erlal wan 

drawn lnto 1 t. Th a ot r;f: hi ii~ tion tl:us robfl'>ly 

too' 'll~cc t the closing of t he orth(.. a •.r.,tle str ro;a, 

:nd. prior t~ tl.,& hydrot r.en:.lnl &ta. .;e. 

, ot rrll""l'"a"Jh;y:. 

I o..'1J.s"1oc1 ona ar charQ ctePtaert rlm~rlly by 

thoir betn . of a :r: 1& ,roy colour ; others o.y shClT a 

ntroa.k1ne[JG u.ra.llGl to t ho r~idG13 , in the a.l tor>tw.tit:m of 

(9l.J 



are shown 1n hn.ndol,leci :ona of the vc1Ll reel-.: wl th 1ncroas-

1n~ ·UotM~e fron the eontact, the a. vntJeo1 ~t· -:oo 

be 1"1 ng 1J ttl t-o eublanco to the s:arer t. rani t.e. 1hus 

1s !1rat produc nola to~orphyrltic 23 -rognte or quartz 

n·'i n.l ~11 -tela '"'ar •IIi th su'">ordlr. "to for!".;, .;.ngnosia:n 

mlne.r•nlu , wh1cr~ cl'JlllSea to n paety-1 o,·;JtJ.n , .c-ock 'f1i t•· 
ntren s o~ light nn1 dark mntarlnl. In the latter rook, 

tho palo atroo.ks c. nttl1n ruo 1nsets of qu rtz and a.U a.ll­

folo 'Jn!' in a :{'1. 1ty ~rcun~nn aL"~'ost w1 thvut dar' m1n­

era.1o, tt'h:tlo tl.e d~.rL ntrca'ke are r :lund. corm1ntently 

ma.r in 1 to tho boat doler1to Lnd. lens 'f'!•oouerrtl·. nB 

d1acr.mtll uou 'ltroakn 1n the core cf t h o va:tn . The 

dnrl\ ,tro · 3 ro ore or lea' oqt l,:;rarulPr ... oeally 

thla reck may nhnw tchoa a few cont1metres acrona W\1oh 

t"e ~ r..te ... .~. 111ate in colcur, or e oo.rao.;." i n ~rain tha."'l the 

va.rlt..nts outlino i ab?v~. tfuoi>e tho volnn have com 1n 

contnot wl th m~. ne!'B.ll::dn , solut1ox1S, sa lena., zool1 tos 

and .a he '10 bnvo boo, intr 1-..luc d., n.lcnc; :rmcturos 1n tho 

nnturo of jo1ntn. 

"i croaH::> .... ie Gvid nee. 

tinder tho r..lerosco ~o, the voir:& a how an. 1ntox·­

a ting ;:.lrado.tion ot textures a.nd c1nem: c...>znpool tl :YJ. 

In t ho 1\bf.Er.:,ce of ap&c1mena o~ tho velna t\t tho 1mmod1a.to 

oont.n.ets bot .. o()n ~olox-1. te m..d ;rPnl to., t ho u · oolm nn 

olor;s"t t o t,l~"' grar ..... to aro firot stu 1~'l. 

;Juoh op.ec1 onn how an lucqu1 ;.rnnula.r :t'ic'k wl th 

1 n~Jots of qual"t7 t' Jd t.lka.ll-folD ··al" u n to a. oent- motrc 

in d.lN:!oter, sot 11~ a fine-textured mosf)1c of ch1efJ.y 

qunrtz an1 rr ali-t'ala !.1"• vJ. th nubord.n to rn ·- cJ. lt~.tbB 

ot a.mp'ti.bole. ho crw.rtr. ., noets c .~·1t t n rcuo of lnc-

lunlono 11 fl .... ~. t.a.n·l to be rop n.terlly f.rtlcturo.i, m.u-~:1 rac-

turou lylng more or letH1 ... ~·u · ol u1 tb1 n the a1:i.d~ v. 

(92) 



whole. . .:'La orystn.l Gd'-"':OS reo scallonoo ~·n partially 

r cry~t l:,oed t ~ a mosa1o with al 11-felo r, o~ 

r~en"ltrat -1 by atrtn·~ero of the oamo nfl t O.t"lal • until tl ·o 

-quartz c.ryoto.ln may evontut>lly bcco e mei"'cly tl\olnte1 

patch no o.ll 1n o:)t1oe.l contlnu1 ty. ear oxtlnctton_, 

Tho qun.rt?J of · 

the ~;r;ur•dmasl:i c(ms1nt.fl ( f U!lntratne:i equidimonsionnl 

~rat ns , anrl tht_ja.lmos t unl v:amal fal.i. in b1re1'rll1'';0 •O 

!'h :t'olc ar 1n.1eta at rtrot st·~ht ronomble 

nerthite, hut 1' v.,urt\blc.. r-:c-lontation n.chtovel on th 

tiD 1 vo a 1 ntc .. o nho c them tr> lHl t,w1nnod \tl th ~ceed ... 

in )~V r1no t r~tbor 1rro .,.Ull'~ 1 nlb1 te i.amellao . .e u:tth 

tho qua.~z, th y arc rcrid.aro.1 s& to.ta by Btrina.ora of 

the ..,.r mnd aao. Tho cry tala a.r conpletely nnhed.ral_, 

w1tt1 numerous 1ndonta.t1~r.m ny the ma.t.er1 1 or th~ ·rourld.-

a.oa. 'l'h.e com 'OB _t,1on, s g:tv n by tho ·;ooo.orov ~oth)d, 

1s An5. Tho oompoa~ tt n of tl o feln nr or tho ·r~una-

rne.as is tho tl r , and al thou ~h r.: lCh C•1' 1 t 1:.1 untwi.nno1, 

fJhO\'IQ (l OO"rl1taut ?\; anglo or 7t10- ir O. 

l t 1s t"JUY'>ria1ng that potiinh folnnar la all but 

nbtHmt, ro r• £~\"ot~ ctod eet!.roh ahowad. only small 

pr~~ortton 1n1oGd of untwtnned felg .nr wlth a neg tlve 

o""'.t1c l xl .l n 11e 1n ti1o ro '1on or 7 °, wi tb rotmcti vo 

1ud c o , esa t h n the.t of qllt'rtt. 

or ,ot nlj roln· ar ln t hin sect '.on B"''l.>orr to be mer 

re""'~na.nts. wt•leh esco. >od tho proeoao of raplaeemont "hy 

.ne rly ur a.lb1 to. All fola~•t\!"8 are doneolp clouc;to~. 

1d th 1nclus1ons of t'od-11 e an~l irre .ua.ar Ul--lo.,..o, wb1oh 

n.r nt"obe.bly e.m·hlbole. 

lltbol;a of v-orl blo pro· ortios 1.a ront:Jnt a.s 
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ence, r~u to ~Jtl.~tit\1 chlcri t 1ao.t1on o.1.on~ t hfl cl~a.v~en. 

The leochroia... is 

X ' , alu yellow 

y : ... reony -bt>own 

lut'-".:;roen 

\ ~soc1t tc1 i th t'~i'1 is n ro.re minor&.l cr 
atr1kl:n· p l oohl"~1sm , which le probnbly un ox.!dlsed 

vnr:tety of the mo..~."o em mon bluo- "r n e.m,1hi':)ole. 

t'l-1eao rnrc cryAtnlP tr~e follow1.n.-;; "'!''O . rtieJ WQ.c'e 

obtalnod: 

~, . 
• Fo.le Y"lJ.ov 

~oldon brown ~c roldish 

Z : Sli -ht 1 v 11 .htOl" tl nn 

From 

The rnlne c·a.l showa nt loaat thro {"'oo t c 1.oavc .,as, ar.rn.n.,~od 

mora 1n the n'ltu .. •o of eo o:1to tho.n a lnternoctlng sets, 

--;i v:tn· .. a dl stortod pcoud.o-hexa ,ona l sha. e, ~n .... l. 1a 

atront~ly zonoi from n. rad. 'ish-orcwn cor., t o tlnttJ closer 

to thoso o th~ blue- :roen hornb1t,.nd.o tn the outor f'l B. 

Bi r·of'ringenco grades ur .. to t l1lrd. or.ler in aomo n ction'l, 

nnl uxt.1nct1Ln 1a nro.ll l tJ on oet of olee..va.~os, nnd 

up to 36° rroM a ctter equall~ well-~efin ~ aot. Tho 

mlnoro.l ia ..,.robabLy an am ..... ·~1b -,lo elo· o t J ~-:: tAI"'hor>i te. 

Tiny crsGtnls of cl ar roon hornblende uro 

ant'loclated wl th a "''f11.n .. nli tos or ~leoct ro1c ahlorl to 

howinq a wo11- d.efine1 eJ~tlnctitm cr,HHl hot,·., $n creased 

nicoln. 

eentr:tc ~>out ti~a centro of th s her"'.tli too, in the 

[)rer onco of " C1.tl"V0d ~a~ circular zono of coloul"'l ono 

but r':2.Vl~; also na.ra.llol extinct-ton. 

nt;n-:;l&~ohrt,lc a.nd a .ps.rontly 1a:otrop1c, wboroe.a the 

a.oct1 ,na ellow1 ., ehru'- alet..VI eo hn.vo a b1rofrlu .. nee 

of about •.. 4 .. 



streaJrod •oetrs. 

rho a 'ec1t en w1 th a. stroolred. } .... ca.rarce, un laX' 

tho m1crooc<Y! o, BNiW t 11n to 'bo Ju~ t~1 the a1torn~ t1on 

of bands )f m:-h1bol - riel! r l'l(1 a.nr:)h1bole- noc.r C')J. ">COition. 

ar ~ine.l t") tho 1clorl" i.n hrayc:~ ~1ovelor;.od u. 2'.or1e 

about lr mos. wide. where bornblonde is ~rootnt in n 

t>o .or'ttlon vo.rie.blo a,_ ..... ~.A.m~1 3 'f, , the reot of t··o roc· 

cona1st1!\; of fels -ar too hi-;hly alt "'a t o allo~~ of 

dot t", luat1on, but o ow.:tn ~ a 1.b1 t tu1nnln , n 1 'nter-

at tll\1 Olll rtz. "c1CU.l r u.p tl te nen ti'~tea tLe _ua..rttz, 

t'olo ~s.r o.n hor'If)J.nt 1o 1n ll!l lrro·.:ulr"' n tHc•rl.. . Tho 

h·. t>nble:J·1c n:lJn.cont t' til dolor:tte 1hmro ahed 1 baot\1 

Df'Ctl ns~ and ia ro.thf'Jl" dea .. er 1Y.l ool<;ur than thono in 

thn c .. ro :::.t t· a voin, n.'" '~r aohin~ d. e, ro :m.-br .wn 

r ther than blu1'3r _.,.tef'. n.. Thin zol"e r•rf." e into anothel" 

of s1 111H~ .. ch~r~ct,er, 'tJut in which the hnl'"1"0lvnd.o 1s 

bJuot• 1n colcur, and . l''<'l1J:>ed t.H> o,ot of ·~f)!"'~r..llcl laths 

at low anglo~ to tho vo1.1 mnr"':lna. 

The .11 .ht colourcl atroaJ.a ot tho bo.rJ.dA ec1mens 

S.l"O f.lbown tv be ,rlmO hy.rlo 11'11:, ,..~rC ..rth of l 1:JitO and 

qua.r"t7J, t~e fororer 'f1th fl.. cotJTjoaiticn e1m11 r t o thrt 

or tho al•li to 01~ th\3 tl 12 l' _,orphyrocl ~1t1c a :oci on • 

TLo oho. o of tho cnw.l"tz o rJnent in the intory;rowth is 

not •·oly~onc:.l o.a 1t o·mmonJ.y ia in m.Lc.r·o a e.M. to, but 

r"'t~~ld., ;:,VJ11 or 1 rro t;ular ir c •(JAB nact1on. · · oth co -

P"nentt\ e.re o -tically c .. t1ttnuoua ovor smnll areao, and 

'olye;vntl,utic twl.P~1n , of tl~e e. hl to ocm cne'l"lt 1 nhmm 

1n f'nv .... ur bly o.t:'lentoo soctiono . 

Dc.r, .:JtrcftJ~e in thu cor·s .,f tl,e voin a.r•o clmllnr 

t -:> tLo e mc1.r 1no.1 tr the <lolE~rlto, &X( c. "'t, that the ~ro.1n 

1n CO'l-.1:'301" £~n t •, ohlb leo r }-~. n~rn.n ·ad ·· ,:t"8.1 lel 

t') ·jho ,.,lJaA ,)f the v ln. Th Cvlour of t t o m ;hibole 

t nda rather t . ·tnrda 
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brown or th~ mc,t>glu 1_ vnrl~tv- '1r"!'i.lltll"!\.r n:~hono o.:1d 

e.lterod ilrnoni te ln il1t1I.lr'.te a.EHl( o'.""'.ti•m e.:ro '"'l ent1ful'..y 

s o~tt tort.l ab0ut. 

3omo thhl scctl ma al o"tl the obviow1 of'f'oct of 

m. vo,;aut .. ,f tho roc!~ aHb£~-oq\Jont to tho r"wth or tnn 

-~rr-1"1~~ ~r1y !'1c! at r-uctures, ff.;.ro thene h~ Vtr bootJ !."'I:'J l l od t o a 

fina- g rn.inoo a.nro-~t t() 'Jf ro'Ji:;.dOO. qtmrtz ~ 
1
t•o.l.lm Pn3 nlh1 t o 

Wl'. i ch may e.go.in. oncl~ae lonticu..~.ar stret'1 of ("r,q,NJer 

or ~inar :;rotn . fi. socond. ,'\tt.:.~ptei rocrvlt:l.l1nat1. nl 

of t :i1S fino- ·ra.lnl.">d. rr c~ is flL;')w·c 'hy a fow JC"' t .. t.A)l··oa 

nuc"!..IJi a~)out wbicl·~ .:;ranoph.yrl r:. 'nt<.l."' rowt;1s ::vv otat*'ted 

t-:- fnr m. 

Thin soctl<:mn of t"ht. volna te.1 on rr-,r. t?·1o !.owor:t 

h.;.;rJ..~T1~, b!lforo they c~. ··pu~ontly lc:::tc tr- r lr so )J'.mto 

id.ontlty, show mlnomlisn.t:l .. :n by hy.-lrcthor:w.L <Jrlatt :m!.l 

'!Jy trm :rcso.r.ce o:· .atrl1 ' E.H~? c'"'nte.1ntt;·~ ca ... c- ~ te, 1t\l<ma 

an:i s--nene. 'l~h~ cv J. cit<."~ hun ve ... 'y c:lenr•ly ~ - l1ac:ol t 1~ 

<W¥\rtz c1. JOt-nla in :• ny pl!·coa , eo mtnute gt.x~t!'ge:rn w1.th 

o. :,iV')X mn.r_~, no. r t io .!.nterest1~ g tc note thfl t aomo 

or tlH clrm·io<"l n.lhi to h".n now l'.>Ootl I'ir:tl!letl by an ovol·­

f"'"'Ovrth ot• parf\:lctly clea.~.· a."l")1to L1 o_,ticwl Cv.t1t1nu1ty. 

It t~ Cto ... ai:'tore:~ th1.t. th(\ t.exturos oJ:·ltih'ttetJ 

aro t·,c l"e~ulto of' trroc ...,rncoanee: 

( 1J apln~emvnt. 

{ ii) ,ocryntnlllsatlon. 

{ li l, ('lruahin '": hy roo~·amGnt .. 

·.rho attac~,. on pr-e- ex! st":.n!; Mlno!"rr lo bv al"t ...._ t 'Lc .lag-

1vcln.t.H.~ la · erha1 a orw or tho 1 iat at rik1n~ tonturea or 
tho a· oci uns. In the hi7her olnuto .JO l':'>~lyl"1 tic r )Ohl, 

t,he lna ts of quArt? ehcv v1go.t'nue scalloptn3 of tht: tr 

mu.rtj1nn, !'o·· ltH!.CtH.rnt U) f'ltr·'.n"'e.ro cf nl~)t to, a.!Kl tho 

replnoouant of tLclr cor<.tn by twtnn~ nlbl t.o, whor-~ 



r.r-o.otur-en ul tLi.l• tL 0 rtX"o . .!.nB bcve allcrwod. onay o.c ce1:3o 

or tho ro·llac1no: moUu • J .u .,:.ia.."'le 1i ht thv mn.tor'lal 

1P.lmOd.lf,.tl.lly su:r·roundlng oome o1' t~10 quartz ...t.l'lrJOta ia 

mo.;le of olouc.1e-I f lln ... o.r -vrlth~ut the ~leC'r wlr.d. .... t.B 01 

quartz llt'l in the l"'etna1ooor of t>a ground. aBn; t1 1a ?-1m, 

bat"Hlon C'",'laf1od nteols 1s ilCJU1 t'1 ho mn.Je u -, of an 

a.r. · re ':'\to of ~t...thor a .. 'tl.:. twlnnt>d cr ... ata.ln ct 911Ji. to. 

•'11.0 aha once of I>Ota&h tel :fl.r, l11. til t:~ · _ ... l'OSt 

OXC 1 :.-tlt::-1.9 Cf !,. f 1\1 l'OE'Ii·iu_a1_ :,~retillS tf'a!lB ('t Xi by 

t~Tj nnad FY _bi to must certa.ir..ly bo ~ ecrll>e-!'1 to tl!e na.ne 

:mett.so ,_tic roplncemo't1t. 

"tt) La ccnnider ~ tb t tlUCh o'f th& ll.nphi' dlo o'f 

t!'•.o c~r of "t'1c vo1.n w s 1ntr!l1ucc :i lo.to 111 the sequence 

or ever·tn . 

:lkolotal 

l1hG re ·Ucns f or th.1.s a...t'e t:1 P!' : o1 '.ld. 

r.f rony of th hr.:.,:r>rll~.lcndaa i '>': t'"'.O core, 

t'Lo tru.nnactl115 of t ho vatn by VOL"'J..oto of ~-)luo-~roen 

horn·)lon:lo o.nd &'l;)h n ,. o.n~ s. tro~~ ou· -:ost1rm t h·· t 

1m· orfc<~tly :'to-vclt1ped. ' gra.no 'hyric' .1. 1te1"6rt.)lrths ·betwe n 

qul\rtz and horn''}len.1.a aroe d.u to tho l'(Y>lc.ac.,.. ont of tl.,o 

al 11 to by the h1b~l • '!'her i no evld • co :'Ji" th 

horn'blor.do -rc coo: 11..~ t~l) ou.artz, n. .t!'t ~r:l t1lu io.rg1nel 

moh1bcl z~ne, r~r the for-met' in 1nvar e.bly mo1Jldod. o, 
tho q11a.rtz g re.tnB :horr> t'Poy o.re 1 ~1 V.;zJt..1.ct. 7.n this 

cn"lneat1.on 1 t is lntQ. ~cmtln • to note thn t a 1m llr~r irrte-r­

grc ·ths bot·nc. 11 qua~z en:'l. .raon Gm;.'"'h1b.,lo wero .lo~crihed. 

.ln tho 1~lo.tl to po~ t.t te by the pre~umt wri tor-. 

·1h&'('eaa rnuoh of the e .i..h1 tu-quurtz 1 '1t'' ~ ,r 1:th 

io no <.l<,.o"'t duo to rop1a.ee el"'lt in t'l; 1 upper ror1~o, 

tb.o lov;e~ ntr.G!1l~ea r..,cko hr vo prcba.bly 1 ~1 tilolr fpbric 

~o11 f1o1 tv a ~reator or loener extent by recrystall1s: t-

io.1, 'Tlhc ovl:lenco f~.;r ttls l19fl in tl ,e t'ltr , 1~tr')Sfl of 

tt.r .t ,_,c-~ , and t!··o cvelop!!l 1nt or inte.L rowt'L, , 'P .Jroaoh1ng 

m":>re :no rly the pr:~ttorns aoen in mtor'Jp '"~mnt.ito. In 
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·t r1n1 1 

of rc·H.md. e l 

cual"tz J."':rl\lns ont 1n M. n1.1~",1 11 - fe'!g r rn t.rl~ , l th 

1& t 1ct;1 r stP "",n of cct\..rsor '.rnl?~- ,_ .. e . 1't he.9 ulrODily 

be ~ 1 . \to~t d. t!:"'t _nc1 :1. nt r ~~cyst 1 . ~. 1 t ... !: hrot 

ooc.ttc:u'(l i nu<.lel r •' · p . due 1. au , •o t.~ ns Gt ~~ o b..vr1 c 

b!c:· L 

tr: rl··r ... • ~t ._. "'>Y a ·· ~"'C$. a oi' 

r nc L.:;. t.,o fi li a. ct und r th. rnic• 

t h t ~n:v, 110 r·at 

~ h · :t n:1D o.t lc rc l c 

a iCt .t 

'\~ ich tf'l' r~to tt o obll~ :J tir.m . 

1cru. 

• 

(,... :l ' 
J 
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Explanation of Plate XI. 

Fig.l. 

Vein of mobilised granite in dolerite. 

outcrop near the river. 

Fig.2. 

Mosaic of quartz and alkali-felspar with 

subordinate ferromagnesian minerals, forming 

part of the vein. Crossed nicola (approx. X 25). 

Fig.3. 

Pale streak composed of a granophyric inter­

growth of quartz and alkali-felspar, practically 

without ferromagnesian minerals. In the hand­

specimen the streak is about 5 mm. wide. 

Crossed nicols (Approx. X 25). 

Fig.4. 

Concentric zoning about several nuclei 

of chlorite spherulites in the vein. 

Ordinary light (X 37). 
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