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The Granvj.lle La,ke Ga-bbro i s a strongl]' d,iffe:'entia--
ted tabu-l-a.r l a.verec. intru-sion, a-pproxi-rna"-Lel-y iive iailes tong
ancl one mile r¿ide, The i4tr.rrqinrr r¡y¡rretallized_ in a neafllr
h^-ni ,^h+^'r -^^;;;:* :;; ;:."'af,ur¿'\)rrú<j-J, r..,usitíon ancl ha,s since been tíf ted on edge bv
fold-Íng of the encl osing sed-iments. rt consists of''a Èäsar
gabbro zane j a transition zan.e, and. a-n uplter granite zofie.
The specific gravit;r of roclcs of ihe intru"sion is closel¡¡
related- to the j r silica content 1 artc). provides an easily
detennined index of d.ifferentiation"

The differeirtiation trend of the irarent magma closely
follor,¡ed the trend. of the ce*lc-alka-line Èeries of i.qneou.s
rocks: âs ill-ustrated by the sta.ncla_rd FeO-il¡1O-(i{a.O- + K^0)
iri.angula.r d-ia3,rarn. rn this regard the Granvirr"'Lnk" ir-
tru-sion is dissimila,r to the Skaerga,ard anci" rnost other d-iffer*entiated intrusi ons " The unusu,al d.iff erentiati on 'i;.rend of tireGranville L,ake Ga.bbro i5 ati;ributed io the relativeJ-y high
va"ter content of the untr,i_fferentiateiL Tnagma^
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The Balla.o-

(O¿e to a Blor,¡ha.rd)

by G.D" Scoit Brist¡in
Augu_st I96L
Tune: trThe Bal_lad of John llenryrr

t{gff , thg }"íÍnes Bra_nch thel' tell a story,Of a party long âgor
ldho decid-ed to d_o sotne blastin', boys,
Bu-t they blew a mighty hole in tneii óanoe"

Lord God!
They bl-er'¡ a míghty hole in their carroe"

ï*lf , Don Cranstoner_ he l^ras the party chief ,Ano- a d.a,nm fine one hetd beenu
Y"!i} t4ç da;r ¡6 spotted_ that"gabbro ptu_sc
And he figu-red that a bla"st r¡oùlo be ieàf keen.

Lord Godå
lles he figu.red tha"t a blast t¡ou-ld be real keen"

\{el-l," some dyna"mite and some blastinr caÐs"
fn e prospector's shack he founclq
p_o he pil-fered. them and the very'next da;',
I{e headed forbhat gabbro ground,

Lord Godå
He heacled for that gabbro ground 

"

1,je{1, i4g _senlor, he r,¡ent with him,
A:rd so did the juniors three,
For the 'bhor-rght of seeing tha.t Gabbro
i¡ias somethlng that they all r+anted. to

Lord God_ 3

It r^¡as so mething that they a_ll wanted.
'Wel-l. the d¡mamlte l.ras 1n the stern of

h] ^¡.rv¿v vv q

côâ

.J- ÛLJ ¡ tjtt 6

+h^ h^^+uf¡ç v(Jd- U g

And the caps lrere in the bol¡u
Tullhen the senior, he lÍt up an Export-A,
And then there l¡as a hel-l of a KA-Pow,

Lord Go0.l
Ancl then there was a hel-'l of a KA-porv"

/-b" tlel-l, they fou_nd the remains of' the motor,
And a piece of ihe senior's jau",
And'bhe bodies of i;he part)¡ fler,¡ all over the pt¿ss,
'Ilpan Qn¡¡ri¡ni æ^l- -i ^'1^+ +^ mL^ ll^^: i L/rrr LJ cr.ù d.¿ ¿¿¡r rL Ao.r\ r r ðlt " tO The FaS o

Lord Godå
From Sa-sa"ginniga.k righ.t to The Pas "



7, tiel-l the;' took our senior to the grayeyard,
But the¡r r,¡ou-ld¿-ttt let him in:
$¿riir I rrThi-s here place is holy buryinr gt'ou-nd,
And ihat bo;r ¡r"t led a life of sin,

Lord Gooå
That boy has led a lif e of sintr "

B, i,,re11, the juniors t,irey r,¡ent tr-p to heaven,
Their job on earth oone vrell,
But the senior and the party chief,
i{1ll rot doi¡n in the depths of hell,

Lord Godl
They r^¡iIl- rot dor,m in the depths of hell *

9" So if ¡'611v boyts joiníng the Mines Branch,
You should- sip on your beer ancl- crY s

For the iviines Branch is ju-st like the G"S.C'e
They girre you 5O-5O od.Cs ¡rou¡re fonna. die,

Lord- God å

Ther. give you- 5o-5o ocds you-Îre tonna die"
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]I.ITRODUCTTO}I

The Gra.nville Lalçe Gabbro is a preclominantly Jrasie

intru,slon at Granville Lake in northern ï',lanitoba, 30 rnil-es

southeast of the niclcel mining tor¿r of L¡mn Lake (figure l) "

Ti:e intru-sion, appro:rimately six miles long and- one mile

r'¡ideu is located along the central narrows of the northi^¡est

arm of Granvill-e Lakeu abou-t 15OO feet inland- fron the

sou-th-r¡¡est shore,

The intrtr-si-on '¡râs fi1âFFed- by the i,¡riter during the

su-mmer of 1961u while preparing the t{att Lake (east half)
aap sheet (longitu-de lOoÓ308lt to 1ooÖ45']d? latitu"de 56"L5tll

to 5óo3OrN) for the l'{anitoba Departrnent cf }4ines and

Natural Resources,

Ëlet eqg;1!._q:f p r_o þ]._eJq

l¡ihile traversing the Granvi"l le Lake Gabbro, it soo,n

became evident that the intrusion is apparently a st:'ongl y

differentiated- tabu-la:' body, presumably the resu.lt of con-

siderable fractj-onation during t}:e period of cooling and

ei.r¡qtnl I i z¡f.i on r",,Èr j- ch follor,¡ed its i ntrUSion. I'r; str j-lçeSV:JU

northi+est, and ihe sequ-ence observed in the fiel-d is a

massj-ve medium*dark grey gabbroic zane along the northeast
qi ¿la cr-nqrlino tlrrnrrah I mqcqirrr¡ ni'nl¡i clr or¡ê\¡ dinr"i tì nÐ-LU-Gg SJd.urlrÈ; UIIILJL¿5i-l d llld.ùò-LV'J tJ;rllL¿r)rr ó¿UJ uJ-uJ-!-U-LU

transition zane, uhich changes conps-rativel y sirarply to a
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massi-ve pinle gra:rite zone along the southr,rest sÍd-e of the
iniru-s i on "

several possible origins cai.i be postu-la-ted" for such

a sequence@ The object of the present study is to previd.e

a satisfactory interp:'etaiion of the geology, petrology,
and petrogenesi s of ihe Granville Lake Gabbro. Resul_ts a.Te

-oresented for netrographic studiess i-nctuding mod-a.l ¿¡2tyses1

plagioclase composition determina'r,ions l¡ith the universal
stager Ðd also stud-ies of ehemical- variation,, rock sireci-
fic grarrity variaiÍon, a:rd other topics.

ït is conclu.ded that the cjrserved sequence of rocks

represents a strongly differentiated- I a)'ered intru-sion,
which cr-vstallized in a nearly horizonta.L position, bu_t i,¡ith
a tilt of several degrees, the presen'b southeast end having

been stru-ctu-rally higher than the norill+esi end_ at the time

of cr)¡stallization. Later regional folding of the enclos-

1ng .sedimenis 'bilted the intrusion so that it is noi+ lyine
on edge* trlrosion to the present topographic su-r'face has re-
sulted in exÐosu.re of a compl çf,s cross-sectlon of Lhe Gran-
.---, I -vi=lle Lake Gabbro 

"

The intrusion is compared to ancl contrasted r¡ith a

numb'er of other intrusions which are kno¡¡¡n to be ciifferen-
tia"teds a¡d an attemnt is made to expl-ain the símir arities



L.

a:ld differencese ,{ possible com-oositÍon is Froþosed. for
the prima-ry magma. Finalry, an attempt Ís made to predict
the possibilit;r 6¡ occurrences of eeonornic mineral__" in the
i nirr-rsion 

"

4 1 
r p. t lq--q !p gigå-qt *ryc q Þrj- q ? { }-c _ i n t r,: s i o n s

A considerable mrmber of small- to med-iu_m-si.zed gab*
broic íntru-sion.s are fou-nct in the Llatn Lake dístrict of
norther"n lufanitoba, The Lynn Lake Gabbro: at Llmn talce, has
been stu-died by Allan (1948), Hu_nter (1950), ancl Dornia:r

JgSo) ^ Recsrtl-y: bobh i,he Lynn Lake cal:bro and the nearìry
Fraser Lake Gabbro have been stu.died in cl.etaif by Enslie
(1961)3 i,¡ho conctud,ed that both a.re strongly d_ifferentiated
layered intrusions, r.,¡hich crysta.llized in a hor.izontal posi_
tion* The Lynn Lake Íntrr-:-sion ij¡as subsequently tilted to a

vertical position: ffid shol¡s a" seCI,uence grading; from uLtra*
mafic rocks near the base, through pyroxenites and norites,
to normal gabbro in the upper part of the intrusion, The

rocks are compl_etely uralitized_. j,tricket *copper bearing
sulphide mlnerals ha.ve accu-mulated, by magmatic segregation,
and- form orebodies near the base of the Lynn La_ke Gabbro,,

]'{illigan (1960) considers formation of the orebodies by

magmatic segregation to be ou_estionabl-e"

Hunter (Lg5+? L95B) studied- the Tor^¡ Lake Gabbrou
about 35 ¡ailes north*northeast o'f the Granville Laice Gabbro:"
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He found thai the lntru-sion is zoned, nith three mapþabr-e

zones, the trArl,,Btte and rtctt zaness respectlvely, The rrArl

and trctr zones ere sinilar, and the rrBrå zone differs only
in having 5*tofr apatite a¡d a more sod-ic plagioclase, pre-
sumabtry a result o'f the calci-un of the magma having been

taken up by apatite. Al1 rocks ha.ve been subsequ_ently meta-
morphosed, l,¡ith alteration of pyroxene to deuteric blue-
green amphibole. The intrusion cr¡rsf ¿t lized ]rorizontally,
and has since been tilted on edge* i-iu¡ter concl_u_des that
on the basis o.f his postulated petrogenesis for the intru-
sion: DO concentrations of nickel_-bearing sutphides will- be

found.

Previous work

Little gælogical r¡¡ork has been cond.u.cted i_n the im*
medÍate a.ï'ea of the Gra:rvil-re Lake Gabi:ro. Norman (1933) ,
and- Dolmie (L935) ma-oped the Granvitle Lake Area on a scale
of four miles to one inch. Norman gives a brief d.escriptj_on

of the Gra*nvill,e Lake Gabbro, but makes no mention of the
granitic and transitíonal portions of the intrr:_sion, nor
d-oes he o"ffer anl¡ suggestion that it could. be d"ifferentiated_,

A large amount of geologica.l mapping has been conduc-

ted a f er,¡ miles to the north o,f the Granville Lalce Gabbro,

by geologists o.f the i'4anitoba Delrartrnent of l,íines and.



Natural Resou-rces 
"

is ihat of I'íilligan

Present r,¡ork

The latesi ancL nost conþrehensive stud.¡r

(1960) 
"

The Grai:r¡irre Lake Gabbro r,ras rnapped by the l¡riter
during the rnonth of Au-gust 1 Lg6L" l4ost of the intru.sion
lras covered first by traverses snaced at intervals o'f
ap.proxinately 15oo feet. l-/hen it becarne evident that a.

study of the petrorogy of the int:rusÍon i¿ou-ld provide a

suitable thesÍs probrem, it ",^ras trave::sed again at interr¡als
of one quarter mile; this interval r+as increased. to l5oo
feet at the northi,,rest end", because of a shortage of time.
Ti:is second set of tra.verses i{as run chiefl}r for the purposes

of locating contacts accu-rate1y, ancl collecting a large suite
of accuratel)' focated snecimens,

ïraverses lJere run b)' pace anrj- compass rnethods, with
the u-se of vertical air photogranhs on a scale of one ha.rf
mile to the inch, rt r,¿as found. possíble to pick out accu-
rate reference points on these photogra.phs along the tra:
verse rines ' These ref erence points r,Jere generat ly Ð_t inter-
vals of rooo feet or less, and seldom at intervats of greater
than 2OO0 feet. l¿ith su_ch rroints, it r,uas possibl_e Lo lo*
cate all specimens accurately"
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A base nao on a scare of one half rnile to the incrr
llas lrre¡ared by the Provi.ncial Ai:r photo Libra:,,,r, from the
ai:' photographsu ruith a sketchmaster and a sl-otted ternnlate
photograph la¡'dor,,rn. The r,¡riter made a tracing of the ori-
ginal map,e r^¡hich r,¡as photographicalry enlarged to a scale
of one quarter mire to the inch" Traverses ancl specimen

locations r.rere carefully plotted- on this r{rÐ.T).

specimens l^rere colrected at 2oo-foot intervals alu^ng

all tz'averses " This interval- was frequ_ently decreased_ to
5o or loo feet in ihe viclnity of contacts of the ve.rious
zones r^¡ithin the intrr;sion" The exposu_re of the intrusion
is excellent, a¡c1 it i¡as rare that specimens could not be

obta"ined at the desired 2OO-foot intervals, Appr.oxinatel¡r

4lo'specimens of ihe rocks of the intrusÍon were collected
i-n a. period of ten liorking days. ln the opinion of the
wrÍter, nearly all these specimens have been plotted on the
base map (l inch = L/4 mile) r¡ithin 5O to LOO feet of their
true grou:rd l-ocation.

Fetrographic a:rd other studj-es on the intrusiot-r rÃrere

carried out at the Department of Geology arrd l,{ineralogy of
The universi-ty of l4anitoba d.u_ring tlrc L96L-62 termu u,nder

the guidance of Dr" II*D"B" I,Jilson"
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Acknor,¡led-grnents

The r,¡riter conducted his field stud;r 6.¡ the Gran_

ville Lake Ga.bbro l,¡hile mapping the l¡Jatt Lake area (east
half ), for the l"Íanitoba Departrnent cf l,lines and ltratu.ral Re-

sources, fiines Branch, Geologica_l Division, The Department

a"lso provicled approxirnately ninety thin sections and eisht
rock analyses"

ï-he l¡z'iter is indebted to Dr. J"F. Davies, chief Geo-

logist of the l'4ines Branch, a:rd to Dr" H.D.B, ldilson of the
university of i'{anitoba, Dr. Davies made the orig:l-nal sugges-
tion of the thesis 'rrroblem ancj_ pr.ovidecl the o,pt¡ortunity to
map the intrusion" Dr" rvdilson acted. as ad.viso.r: d"uring the
study" Botlr contributed. mariy valu-abl-e d-iscussions atld help-
fil'l crr ccocii n,v_L)bv, -*-i1s ø

I¡ellor^¡ graclu,a.te students a.t The Universi'by of ¡{a¡i-
toba contribu-ted ser¡era.l su-ggestions r+hich lrere greatl;r
appreciated.

l,fessrs. scott Brisbin, Kenneth. Day, and lnJalter Gibbiirs,
fi-eld assístants, helired the r^¡riter at variou-s t.imes during
mapping, and 1n collecting and carrying the many roclc specj--

lilçl¿ò ø

1'4r. ldilfred ( ttBÐbrt) La.mbo, senior assistant, carried
on r+ith the mapping of the area r,¡hile the l+riter ïras
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engaged- in na-pping the intrusion. His r,¡orle r.¡a_s mu_ch appre-
ciated, "

l'fy lrife Fatrlcia, a, gra-duate geologist, provided mu,ch

u-seful argument, ad-vicer axd constru.ctive criticism, r,¡hich

r.Iere particuf art:y helpfu_l.*

The 'u¡riter also r¿¡ishes to e]æress his appreciation to
Miss Gr'.renyth springharn, t."zho, spent many hou-rs typing the
thesis for presentation"

Financial assístance r'¡as p.rovided d_u"z'ing tne Lg6t*62
term by a. fell-o',+ship from The Universit;r of jla¡iioba,



GEOLOGY OF' TT{E GRAI.{VTLLE LAKE AREA

9erç,æ1"*a*les¿*eå*!ås_s9e

The roclcs of the ]¡Jatt Lake area (east half) are of
Precambrian ageo l'lorman (1933) an¿ Dor^mie (193il manped

and named the *siclsle series t àA extensive serj-es of grey*
¡,,¡ackes or arkoses, r','hich lies unconformably al:ove an ol-der
pre-'sickle series of volcanic and sed_imentary rocks" The
'berrn Ir/aseki^¡a:r series r¡,iâs Fr.oposed. by tsateman tlg\5) for
pre*sickle volcanic and sed-imenta::y rocks in the lrtcveigh

Lake area. The I'Jaseki,¡an has since been extended by various
geologísts, mapping fo:: the I'lanitoba Dep:artrnent of },íines

and Natural lìesources, to inclu-d-e sirni lar rocks mapned b]t

Norman a:rd Dor,¡nie ihroughout the L¡rrn Lafee area, includ-jng
the 'r¡Iatt Lake map area ( east half ) "

Figu-re 2 1s a generalized- geologicar malr of the r¡Jatt

Lake area (east half). Rocks of Wasekr,¡an age ctosest to
the Granvill e Lake Gabb::o are located. a.bout five miles to.

the northeast of the intrusion, covering arr a.rea of a- fel¡
square rniles inurediately east of Beaucage Lake. There the

I'Iaselcwan roclçs are a series of sediments (greyv,rackee ê_rlio-

sic gre¡rn',iaclce, qua-rtzite, conglomerate, i ron-forrnation) and_

Íntermediaie 'bo basic amphibol"itic vol-canic roclcsç this
series is cornol exl-y interbed.dedu foldedq âr'ìd faulted.,
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The sickl-e series is a rema:.lca.b1y unlforrn series,
consisting oredoninantl y of r,¡ell--bedded grer: to ninkish oz,

b::or,inish grey: fine*gra.ined gr.e¡n,rackes o and- their sl-ightly
recrystallized equivalents. The latter consist rnainLy of
nlagioelase, ou-artz, a-nd biotiteT anrl in manl¡ sjrecimens

microc'l ine? rnu-scovi-ter Ðd nagneti te" They are granular

and coarser grained than the original non-recr¡¡stalr ized
greSn'racke, but are still fine grained and. l¡et1 bedded"

The u-nconformabl,e conta-ct bet''¡¡een si.ckr-e and l,/asek-

,¿an ::ocks is narked by the Sickle ba.sa"l conglcmerate. '",¡,hich

has e" thÍckness rangíng from a fe'¡,' tens of f eet to a maxi -
inum of about 1000 feet, The unconformitv is also marlced by

e- notable j-nc;:ea"se in fold"ing, faul_ting: p-rid rnetarnorphic

gra.det Ð.s r.¡ell- as a pronou_nced_ ch.ange in lithologyr r,¡hen

passing frotn the ;r6u-ngs¡ Sj-ckle to the old.er Ir/asekwan"

For ten io fÍfteen miles south arrd ïrest of Beau,cage

L,:-}<e^ t]ne rocks eonsist almost exclusive]v of tyoical *sickle

gre¡,+racke" 0n the southwest side of ihe northr,;est arm of
Granville Lalee, Sickle greyr.iaclce has been intru-ded- b"-¡ the

Granville Lake Gabbro.

ldasekr'¡an a:rd Sickle rocks ha.ve both been invaded brr

meiny types of i gneorts rntru.sive rocks " These a.re chiefl¡r
granit:-c tc ¿ra.nodi-aritic i-ntrusi.ons, l¡hich are found i;o
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the east ancl sor:theast of Beav_eege Lake: ts çell es .Lhe

Black T::out Îi-n::ite , anò, ihe G::a_¡rr¡it le Lake Gabb::c.

!}rmmcnr¡ nfl
./ J -L Ë.1:"u.* egg.lg"*: q p, {- "F,¡,, e !ç_r_t:::L "!þ e_ + q ç e,

The old.est exocsed_ ::ocks in the r¡icini.ty sf Gra,n*

vilfe Lake a-Te sedÍmet:ta:'y s-nç1 ¡¡oJca:iic rocks of the ldasek=

T"'Ien seriesr of possi.blc Archaean age6 Deposi.tion of this
series was foll-ai,¡ed by foldj"ng, fau"ltlng, ancl regi6¡3.1

::netamoi:phi sm .

After a pe:'i.od of u"plift, a_nc1 er.osion, the rocks o,f

the sickl-e serj.es l,rere laid d-ci,.m. The order" of deposition

r,¡ithin this series, from oldest to yr:u-ngest, iss basal ccn-

glornera.te; an extensive and thick sequ-ence of r^¡ell bedded

ç-r.øt-',¡" o1rø" rr-1.¡nco' l¡cqi n .rclcanic rocks: q?e'\¡f,Iåeke: intre.:
' Ó!v':l v¿avlLvg r'

forma.tiona.l conglome::ate ! Ê3:e;n¡¿,cke.

!,/a.seki.^¡a:r a¡d SÍckle rocks liere then folded, faulted,,

:'egionally meta'norphosed-, anC intruded- by the Granville

Lake Ga.bbro, Bla.clc Trau-t Díorite, ând some of the granitic

intru-sions" Ages of the othe:: gr.anitÍc intrrrsions rel,a-

tive to the ,Sickle a:rc1 i,lìasekr¿ran series j-s u.ncertaín" The

ages of the Granville lake Gabbrc, Black Trout Diorite,
and- the granitic inin:sions rel-atj"r¡e to each other are not

knor.m, Th"e internal structure of the Gran¡¡:-lle Lake Gabbro
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i"ndicates that it i,¡a-s intru-deC in a neelî hori zantal Ðosi-

ticn, üd til-ted into a:t almost vertical posiiion by fold*
ing. Uplift, erosion? and Plelstocene ßlacia.tion ha,ve com-

bined to form the present topographic surface ø



cECILOGy Otr Tm CRAÌiIVIILE LAKÏ GABBRO

Field- observaticns

The Gra"nvil-le Lake Gabbro is six miles r ong and one

nil-e r¡ide" Tt is intruded concor.darrtly along the core of
ir.rha-t appears to be an overturned isoclinal anticline in
r¡¡eIl-bedded greln^racke of the siekl_e series: ând consi-sts of,

six or more contem-ooT'aneous j-ntru-sive n1â.sses, The mainr

bod-y is almost five miles in length, a:rd.4OOO to 5OOO feet
in uidth" Five t er possibly rnoreu satellite intrusi.ons
surround. the main one; these range in. size approximately
from Sooo feet ny 4ooo feet to 4ooo feet by 5oo reet. ft
is possÍble that both the la.:rgest and the smallest sate'l -
lite intrusions may actually consist of tr¡¡o or molre sma.ller

bod-ies, bu-t lhis could not be establishecl clue to poor expo-(in pocket)
su-re" Map lnis a. geologicaL man o"f the Granr¡itle Lake

Gabbf o and the pn r''l n q'i n o ' n cks "

The rocks of the in-cru-si,on are more resistant tc,

erosian than the sedimentarlr ¡6ç¡r" As a result, gabbro-

sedirnent contacts are generallJ' markecl by steep scaz'"os, the

rocks of the Íntrusion standing a.s high as z1a feet a'bo,ve

the su-rrounding sedj.mentâr¡r ¡o"Lr " The ccntacts coul_d.

therefore be located accurately b¡r stereosco:oic exa.mina.tion

of aj-:: photos r¡¡herever it r.¡as not possible to d.o sor by

examina.tion of outcro,ors *
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The main intru-sion is a tabular bod_y, striking
north 4O degrees r¡est and_ clipping TO degrees to Bf clegrees

to the sou-thhrest. The rocks of the Granvil_te Lake Gab.lrro

I,¡ere clivided into three uni ts during the field stu_o.y and

from later examínation of s'oecimens collected in the field_,
as folf or.¡s c

A. Gabbro zone

B. Transition zo{re

C. GranÍte zane

vertical geological sections across the i_ntrusion
are shor,,m in figure 3. Figu:.e 4 is an ind_ex maÞ of the in-
tru-s j-on shor^ring the location of traverses,

Rocks of the gabbro zane ares in general, medium to:

dark grey massive gabbro, composed of approxima-tely 6i pey

cent Eresr pla.gioclase, and- 35 per cent brack hornblende"
slight va-riations in cor-our and composition are common"

The gabbro zone comprises about T5 per cent of, the main in-
trusion, grad.ing into the trarrsi.tion zane to the southr.r,est.

The contact betrn¡een ilrese tr,¡o zones i.s completely gra_da:

tiona"le across a_ dista-nce of 2OO to jOO feet,

Transition :rocks are mediu-m grained, and_ pinkishr gre¡r

in col-o:r.:"r' They contain more ferd-spar and qua_rtz, have e

l-or¿er mafic content than those of th.e gabbro zoneu and are
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ï:ighly variable in texture and compositÍon. The transition
zone comprises about ten per cent of the r:rain intrusion"

The granite zane consists of medium-grained, pale to
medjum orange-nlnk granj te comnosed of pinkish fetd.spâr:

etta.t:tz, and a sma.ll- percentage of mafic minerals " The con-

tact between the granite zane a:rd the adjacent transition
zone is rel-ativery sharp, bu-t the d.egree of sharpness is
variable " Tn general, this contact is gradational over a

dlstance of fi-ve to fifty feet. fn one place the contact is
almost knife-sharp: and dips steeply to the sou,thr,.¡est,

parallel to the plane of the intrusion, Transitíon rocks

irnmediatel¡r r¿¡a.cent to the granite zone are cut b]'a- fel¡
sm¡l I rir¡kes nf E'r"¡ni ti e rnptp'r"i ¡l r,¡h-i nln her¡e l¡ê'r'\r nnnr"'l r¡ rìa-v¿v rrrquv!ra!? uttr¿elt f¿O-Vç VgJ-J ]:,UL,¡¿lJ uÇ_

fined grada"tiona-l contacts ruith the enclosinp: transition
rocKs "

In general, the l¡idth of the granite zone is slightJ_y

greater than that of the transition zone. Eoth zones are

l¡idest a"t the southeast end. of the main intrusion, r,¡here the

granite has a maxiinum r,¡idth of approxi_mately 15OO feet, and

the transition zane a maximum r¡¡idth of l_200 feet. Both

zones ta"per irregu-larly to the northwest, rvhere they are

each apprcximately 100 Íeet l¡ide,

In the gabbro zone, gabbro immed-ia.tely adjacent to
and t¡ithin, as mu-ch a"s 2OO feet or more of the northeast
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gabbro-sediment contact has a. lighter grey colour ihan
+"r^"'^^'ì *^,1-i".r,ylrrca¿ meqr-um-grey gabbro " This is due to the l_ower horn-
blende and- higher plagioclase content of this rock, Little
or no evidence of chil-led- contacts was ol¡served along the
edge of the main intrusion. IIor,¡ever, the precise contact
is nearl-y always covered by a feir¡ feet of over.burd,en.

I'linor assir¡j-lation of greyvracke by the hot gabbro magma

apparently took place along the contact.

The granite-sediment contact a.lcng the southr¡¡est

ed-ge of the intrusion is not exposed. on traverse cG l 7 ãrtr,

outcrop of greyr+acke is exposed less than lOO feet from the

last outcrop of granite. This fine-grained greyl,racke con-

tains phenocrysts of dirty orange albiter L1þ to abou-t one

eighth inch across, r,rhich comprise a-bout ten per cent of
tlne rock. The phenocryst content of the greyr,racke progres-

sively d-ecreases to zera r,,'ithj_n anorther hu_ndred feet.

Small- ou.tcrops of ivhat appears to be a shatter
breccia 1úere observed at six separate locations a.long the
ga.bbro-sediment contacts of the variou.s intrusions. Thís

brecej-a consists of angular greytracke fragments as mu-ch a.s

tr^¡o inches across, cemented in one place b)' a highly bio-
titic matrix, in others by pulverízed rock flour, and in at
least one outcrop by probable chilled rù,a.gma"
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Unlike the ma"in intr.u_sion, the sa-tel I i te intrusions
of the Granvil-le Lake Gabbro have knife-sharp chille i con-

tac-r,s r,'¡ith the enclosing sediments, r,¡ith gra.in size Ín-
creasing towards the centre of each intrusion"

Rocks of the gabbro, transition, and granite zorres j

as r+ell as enclosing sediprents are all cut by dykes, sil}s,
lenses, ancl irregular. bodíes of a variety of pegmati-tes"

fn the maln intrusion, a ferr' short dykes of a fine-gra-ined
r.'¡hite to pinkish aplite occur in the gabbro, r¡ithin l-OO or

200 feet of the northeast gabbro-sediment contact"

Rh:¡thmic la¡rsying and igneou-s la¡ina.tion r¡ere not ob-

served in the int¡-:-sion,

Þof rnl n otrv+vbJ

A" Gabbro za'ne

Gabbro is typically massive, u.ni-form i-n compositiolr

anci texturee mediurn-to coerse-grained, and medium grey to

ð.ayk grey in colou.r. It appears in ha.nd specinen to' con-

sist oî 6O to 6J per cent medium-g;rey plegioclase, a:l,ð 35

to ¿rO per cent black amphibole. Pla.gioclase commonly shows

I ath-shaped" clea.vage f aces, but laths a-re not r,,¡e11 cievelcped

an"d, have no preferred or'ienta-ti.on" Arnphibole grains are

irregu-lar in shape and equrd-imensiona"l " Examination of
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specínens r.'ith a. hand lens reveals smal_l oua:rti-ties of
dark brol.mish black biotlte essociated r¡¡ith amnhibol_e.

snal I Era.in-q of nagnetíte or i'l menite are comrnon in sorne

specirnens" Tiny specks of pyr.ite are 3ra.rel¡r present.

Grain size of gabbro zÕn.e rocks is genera.ll). three

to five millÍmetres, "¡ith many plagioclase laths as long as

eight to ten millj.metres " Colour. of the r,,¡eathered su_rf a.ce

i s p rer¡ f.n hll ff "a)L v J

fn the gabbro zone, variations in comnosi.tion,

cclour, ano. texture from the typical gabbro ar.e not cornmon?

ancl u-sually consist of small variations in proportions of

;olagioclase and amphibol-e " In the extreme cases the mafie,

content of the rock is approximatel]'20 and 55 pex cent,

the remaincler of the rock being prÍmar.ily pla.giocl_ase"

A slightly pink ve.ïiet;r 1r fou.ncl in sma.ll- local-

Ð-reas of the gabbro zor\e. The pin-ie colour is calrsed by

pinhish grey plagioclase" Thin secti-on examination indi-
cates tha.t the pink col-ora-tion accompalies strong sa"u-ssuri-

tizai"íon of plagioclase in these rocksr l,^ríth oo, âFparerrt

chanse i n ehemi eal enmnosi tion -verr¡iJv u* !

Rocks of the gabbro zone are a hypíciionaorpl:ic granv.*

lar intergror,,ith of moderatel;' 'v¡ell d"evel-oped plagioela-se



laths and a varj-ety of coa-rse to fine granutar:? e,j-jd. l_ess

commonly fibrcu-s, a-mnhiboles of the hornbfende troup. Bio-
tite la"ths a"nd gra.ins are comaon in most sections" small
quantities of o_ua.rtz and ooaqu-e oxicies in the form of ir-
regrr-rar grains ave al most u-biqu-itor-rs " Remnants of c]-ino.-

,oyroxene partla.l ly alte::ed to gr.anu-lar a¡d ura.li-t,ic horn*

bl-ende lrer.e observed in a. f er+ sections. Apati-te anci sphene

a.re common acce-esoriesy vith scattered o;ryite grains, rare
zivcon, an<l rare primary clinozoísÍte" saussu_ritic ar tera_*

tion of p1a.gi-ocl-a.se 1s well developed in some sections, bu-t

absent in most, rn oth"er sections, patch and- vein scapolite
has forrned a-s an alteration of plagioclase" chtori.te anrj_

leucoxene ere ra-re alteratíon products 
"

l'{a"jor ma.fic constituents of the gabbroic rocks tend

to occur as irregular clu-sters or cru-mps, surrounded by a:r

intergrol¡th of pl agiocl-ase and the same mafic minerals.
Such clusters a_re not welt d.eveloped"

Figu-re 5 is a photomicrograph of typical gabbro 
"

,4n ophitic textu_re j-s commonly ciispla¡red in r.ocks

from the centra.l portion of the gabbro za:ne, in the north-
l/e;qt ha-lf of the rnain intrrrsion. i'la:ry thin sections frorn

ihis aree have irregular plagi-ocl-ase l-aths encl-osed- -",¡ithin

large gra.ins cf hornblenlre"
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Thin sections cf cl:i1l-ed gabb::c f::on the edges *f
sa-te"l-1.i.'l,e i-nt::usions sho'r¡ a ::a¿ged- inte.r'grc'¡¡tir cf .Li.rry ir-
regular plagiccl a-se ancl hornbt ende gratns (fieu_re 6),

0n the basis of the Grout classification, roclcs af
the gabbro zane are gradationar from gabbro to dioriteu
tuith rel-a.tiveJ-y nino:: qu-artz gabbro a,nd qs"a,:tnz díorite.
Frecise distinctíon betr¡¡een gabbro a.nd d.iorite is impo,s*

sibl.e beca-u-se o'f strong zoning in thre pla-gioclase" A

gabbro r'^¡hich is c.l-ose to, diarite in ccmnasitinn nrnbnbtr¡r

predom.:i-na.tes .

Ul{L9ref9s"v_*o@
l'{Íneralogy of the rocics of the intrusi o1-r. rrIÐ.s

stu.died r¡Jith the petrographic mi_croscope" l.,lineral percent-
ages l,rere d-etermined by nreans of a mo:dal_ anal;rsi5 o,f one

stand-ard--sizd,thin section of each specimen, coinpar.ison of
modan analyses r,,¡ith corresponding hand soecÍmens inr1icates
tirat the modal axal¡rses are representative of the actual
compositions of the rocks. outc;.oïr areas o,f the intru.sion
are uniform in iexture a.nd cornposi-tion; changes l,,ithin a-

zane are generally gradational- across a. d.Ísiance cf at
least one hund-red feet. Therefore r.ock compositions ob*

taíned by inodal analysis are proi¡a"bly retlresentative of
l-oca.l ou-tcrop, areas,
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Fígure 5" Photomi_crograph of typi.cal gabbr:o,, sr,edÍmen ÇG
9^?L (e,rossed nieols), biameteþ- of fiõLc of 

-viãr¿ is z mil.-limetres "

Fågure. 6. FhotomåcroEra:n,h of
men CG L1*t (crossed, nicols) "! míllimetres.

typåca} chil-led gabbro * speci--
Ðåameter cf field of vi-er.,' is
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Plagioclase

. Pl-agioclase is the r,rost abundant mlneral in the eab-

bro zÕnee anc oceurs both as large a:rhedral 'but deflni'terv
lath-snaoed grains, and as snalJ-ez' equidimensiona,l a-rrliedra-,

rt is gene::a.1ly r,iell ti,,¡innedu clear ancl u-naltered. in thin
section. In a fer,.¡ sections, plagiocl,ase is rnod-eratel;r io
strongly sau.ssuritÍzeri-, This sau-ssuritization is best de-
'reloped- in the core zones of pl-agioclase ta.ths.

I'foderate norma-l zoní-ng. is invariably nresent"

Pla.gioclase coïltlosition determínations t¡ere nad.e blr measure-

rnent: oh a universal stage: of maximum extinction angle in
the zane þerpendicr:.] ar to (OfO) . Cornposltion dia_grams from

l"iÍnchell (1951) lrere used-. com0osÍtion ruas determined for
the centres and ed-ges cf sj-x or mot:e grains in each thin
seetion' Plagiocla"se d-eterminations are f.isted. in ta,ble I.
The mosi; calcic plagioclase noted. in the ga,bbro zone ranged

from ,Art.r-, a.t the core to An <), at the outer edge of the/l
Jl

rnnín rilra 'm¡(tì qnC]i n nl rCinr.'ì qq,c nnì:orl r"qr¡ooÄ f-onm ÂnlLct-J-!r o I.!fU lll(/Ð v L)vu.!v lJ¿eL-¿vure.ru rrv uuu .r arÉÇu f,JUII *453

to Än^o. f't, jo nnccihìo iha'ì: more calcie nleøinel¡se
¿O 

!Ð .VUrÐ¿ v-Lç ullâL mOf'e CAJ.CI u ..Jr-¿Ë¿vvro..:u Ílâ$

be preseni in ar'r.,v section, but not noted becarr-se the plane

of Sectistr did not tra.nsect a t::u-e era.in coTe"

{a/
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Pla-gioclase content of gabbro

from \l to TB per cent. The average

þer cent "

zone rocks ranges

of twenty nod_es is

Amphiboles

Á-rnphibole minerat og,v in the gabbro zane is .relative_
1y complex" All the a_mpl.riboles are r¡a-rieti6s of hornblende,
generallÏ finel¡' gra-rlular and- intimately intermixed_" This
comnle:iit;' cliscou-raged a- "0rogrÐm of r¡ineral seÞaration and-

optical study of the årnphj:.boles,

llost if not ar-l a-m,ohi'bore appears to he.ve formecr by
o-eute:'ic alteration of primar)¡ pyro,xenes, and_ a nu_nber of
thin seciions, prj-mar.itrr frorn the northr,¡est half of the
main intrusion, contain small remnants of partially altered
cl inopyroltene,

The pr.edominant variet;r 6¡ amphibole j-s a relatively
coarse eclu-igranular hornblend.e, .pleochroic from light broi,,¡n

to green to blu-e*green, and. ress comnonly or ive shacj.es of
these colou-rs . The blue-g::een cot our of ilrÍs hornblencle

suggests that it is a. sodic variety" Birefrinrîei1ce is
moderate, and la-rgely ma.skeci- by ihe col_our of the mineral"
This variet;r commonly contains a parallel netr,¡ork of ¡iag*

netite larnellae resernbling schílrer stru_cture. Although
fhese lamella.e ArF. eommnnl -r nresent in ma:ry or all- gra.ins

5B
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fo a g:reaier or l-essei. exteni, they may be compl-etel], ab*
sent: or present in onllr ¿ feru g¡ains in a"ny one thin Sec-
iion" The quan'bity of the ramerlae in any one grain
ranges from a trace, to the extreme case seen in a- fer,¡.bhin
sectionsu where rranlr grains arlpear arnost irlack due to ail
a"burrdance of ma"gneiite lamella.e. rt is probable that the
lamellae are a schiller-tike exsolution featu_r"e formed
d-u-r'ing alteratlon of a rer atively iron-ri ch nyroxene to &

rel-a-tivel;r iron-poor hornblende. ff so,: the tame_l_la_e rna.y

be ghost-like rernnants cf the original Ðyroxene ct eavage or
parting. iJol,rever, Ín il.le one ca.se l¡here rernnant ctino-
pyroxene tras present in rtschil-leril hornbtend_e, there t,ras no

obr¡ion" relationship be'br,,¡een the orientation of nschillern
incluslons in hornblend.e and cleavages or parting of the
cl inopyroxene.

A fei^¡ non-Élarel-lel lanellae appea-r to have formed
along cracks or fractures during a_lteration of ,oyroxene.

Figu-re 7 Ís a photomicrograph of a gra,i_n of hor-nT¡lende,

pleochroic fron lÍght brorm to green ta blue*green, and

shor,'ring particut a.rfy i+ell dei¡eloped magieetite lamellae 
"

The r'¡ell *developecr prisinatic creavage of the rrornbtend_e is
visible. some lamellae aÐpeaï. to have formed in cracks ar
fractu-res ruhich transect the plane of ilschj-lleril la-mel_lae"

These appear to have forrned. in nreference to ilschill_errl
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larael-lae, the latter being less e¡¡idenb 1n the imned.iate

vicinity of the f:'actu-res "

Figure B is a photomicr.ograph of diopsicle partially
altered to hornbl,ende r.,'hích is Þleochroic from bror,m to
rT'eer1 i-,o hl ile:c"r-oan - Thr¡ di nnq'i do ( +ho 'ì i c:ìnf mi rrar¡"1e ¿¡jv v_¿u,vüruu \ vtrç ¿¿6tr9 ttllf IEI_ d.J

u:rder ihe crosshairs) is surround-ed b:¡ an alteration rim

of : and a"ltered along fra.ctures to, hornblende (dark

rninera] ) "

A possible second variet;¡ of amphibole, almost as

col'nnon as ihe fi.rst: is a rrleocirroÍc green to blue*El:een

hornblende in a fj-ne irre¿lular granuiar intergrol¡th" This

variet¡r is lighter in colour, rnu_ch finer gra:i_ned, and does

not shol'¡ as pronounced a" bror.'¡nish and/or olÍve pleochro,ism.

l'iagnetite inclusions, rrschillerrt or otherwrlssl â.r€ not pre-

sent. Birefringence is relativel)' low and- is masked- by the

colour of the hornblende, This fine sranuler hornblencle

g:'ades to the uralÍtic va.riety described belor+, and is ap-

_oa,rently sirnil-ar to the coarser grainerl hornblend-e.

Uralitic amphibole is common i-n some sectj_ons. Jt
varies from fine fibrous u-ralite to blad.ed- uralite massese

and is gradational to the fine granular hornblende. Ura-

litic amphibole is generally colourless to pale green and

blue*Ereen, It is most commonly in the forrn of bl ad-ed
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Figure t" F.hotomicrograph of magneti.te ramerïae in horn-
blend-ee specimen Cß^6-6 (plane po,larlzed_ light) " Ðiameter
mf field vie¡¡ is 2"& mil].lmetreè*

Figure B. Fhotomierograph o,f gabbro shor*rång diop,sid.e(f:ight grey mine-ra1 unde,r crosshairs) partial1ts altered tç,
hornblende (clark grey t*' black)r specimen çG 1I-11 (pl-ane
po:lariøed light). Siameter cf, field of vier,¡ is 2-8 milli*
metres 

"



rather tlnan flne l,¡el_l:devetopecl flbr.es, and_ is apparenthr
a- sodic 'rariety, Plagloclase grains âre slightly corroded

or inva.ded by the more fib.rous ura.lite in sorne thin see-

tions.

rn some thin sections r¡hich conta-jn grai-ns of n;rs63-

ene, alteration of clinonyroxeile to the fine fibrou_s and

colou"rless to greenisìr uralite is evident. Tn one section
the l¡riter noted remnants of clinopyroxene surrounded by

su-ccessive kelyphitic rims of mixed Ereen anpl:ri_bol_e anrj

broi.m j¡Íotíte, granu-la.r pl eochroÍc btue-green a-mphibole,

and- colourless fibrous uralite* However, the texture of
this specimen i-s atyni-cal of norma-l gabbro zone rocks,

The content of ind-ividual varieties of amphibole ha_s

not been recorded in rnodar analyses. The range in amphi-

bole content of ga.bbro zone rocks is 12 per cent 'bo JL per

cent. The average of trrrenty modal analyses is 3l per cent"

In general" those uocks unu-sua.ll¡r low in amphibole contain
considerable quantities of biotíte a-rrð_lor pyroxene.

The three varieties of amphj-bole (coa-rse pteochroic

hornblend-e commonly r¡ith schil ler-tike magnetíte inclu.-
sions r fine granu-lar pl-eochroic hornblencle r,¡1th no magne-

tite inclusions, and uralitíc hornblend"e) are øene-e:ìfy

similar in apnearance a¡d colou.r" It is probable that bhe-1t
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a-re al-l of related origin and- similar cheniical coinposition,
The;r ¿11 a.ppear to l:e the resu.rt of cleu_teric a_ttera_tÍon of
nri rti n¡l nri mr-r¡r¡ nlr-n^vôha,.- _...3_.f'y lll/roxene .

Biotíte

Biotite is inva"riably present in snecimens from the
gabbro zone" rt is pJ-eochroic from light l¡roi,rn to d.ar.k

htn¡.m nn rlu.r"-uv!,rl 7 d-rlu gt'al_n size rarl-ges from coa.rse tO very fine" Arl*

hedral- gralns ancl granular intergrowths Ð-re e-lmost as coaaon

as su-bhed-ral laths" ,scme sections contain onl;r laths,
others only a-nhedral grains, bu_t u_sua.lly both occu_r together.
Pleochroic olive*bror,m and_ olir¡e-green biotites are not un_
r¡^rnm^n hr * . rê n-ai n ni r- ^-l 1 .ucllrunon.? ur..tu a;- ¡,-*,,--vorr¿r confined to r.ochs near the tra_r:r_

sition zone" Clive biotite a.lmost invaria.bl¡r o,ccu_rs as ir-
regular grains " Although most biotite is intersro,"^rn r¡ith
¡mnhi hnl o i n nl rraf oi"c l]^ar.a,LtJrlLvvrv rrr u**u -*,.-.'e is no reason to betrier¡e that

it ha"s forrned by alteration of ampJribole"

Biotite content of gabbro zone rocks ranges from

tra"ce to s j-xteeir per cent. The avera.ge of tr,¡enty mod.es

\*7 per cent.

Quartz

Qu-artz content o,f the rocks of the ga-bbro zone ranges

betr'¡een zera a-nd il¡elve per cent, and. is generally less tha-n

CL
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The everage of tr,¡entlr mod_a.l ¿ur¿tyses is 3.1fi ¡ra hô? mar#

?ìêz¡ O.ai¡*
v v.L

Tl^¡o associations CIf quartz Ð-re Ðresent. The chief
one is of irregular interstitial- qr-artz grajns, The other
a-ssociation is tin;r irre¿u-lar rounded gra-ins of qu_artz con-

tained in coarse granu-lar hornb-ì ende, An average of per-
haps one third of the clr-a.xtz in the gabbro zone is of the
connnrl fr¡^ovJ]Jvo

Pyroxen.es

P¡rroxene is oresent in seven of the fiÍ't¡r tirin sec-

trons of gabbro zane roclgs; all seven sections are from the

norfhnest half of the ma-in intru.sion. The p]¡roxene content

of these seven thin sectj-ons ranges betr,¡een a trace a-nd. sj_x

- ôF na'nl- -¡Ä p\¡e-nâ F êc th'noc nêïr nanf. - Pwr"nvêhê 1^rr q '(/ç! çç¿lÞ? dllu GVçJo6ÇJ þfrJ-Lv yv¿ è _ ù pOSl-

tirrel;r identified i¡ e¡ç section as the crinopyroxene diop*

side. rn sone thin sections it shoi^¡s a r,¡el1-developed-

dialla"ge or malacolite pa"rting: apioê.rently paral1el to
(oor). rn other sections th:l-s is not er¡ident, either be-

cause t]ne section is parallel to (oof ) r or else -beca_u-se the
pa.rting j,s not present. 1,,;ell_*<j.eveloped ir,,rj.nning a.long (lOO)

is evident in several thin secti-ons.

One thin section conte-ins a -qma-ll a*mount of hypers-

thene, a.long wiih a. Iarger ou_antit¡r of cliopside,
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Aj-l grains of pyroxeire a.!e in va_:.iotrs stages of af-
teratian to granula-.r: and, 'less cornmonly* u-ra]ític horn*

blencle.

epaou"e oxid"es

The opacru-e oxides rna.gnetite, tiianifeï.ou.s ma¡netite
anð,./ar ilmenite are u-biquitous in ge.bbro zone rocks. i.,Íag-

netite occl-lrs as schilf er*like l_anella"r incl_u-slr:;ns in
hornblend"e, Titanif erou-s magnetite and/or j_l_meni te is in-
i¡ariably þr'esent as sma-l-l i-rregu-J-a.-r' gra-J-ns ? apparently un-

s'elated to ihe la-mel-.1-ar inclusions i.n hornbl-ende, The

t-i-ta-niferous natu-re of these grains is infer.red frorn ilreir
tynica.l essociation ".+ith granula,r: snhenee gâne.i""ll;r crus-

tered a-bout the opaque oxide g_::'ains: ffid- from alteration of
some opaque oxid.e gre"ins to I euco,xene *

The content cf opacrue oxide g:'ains i-n ga-bbro zone

rocks, exclusive of the la"nell-a,r inclusions in hornbl enrler

varies frorn Ð, Lra.ee to four per cent. rt r¡as i:ot feasibl e

to oeterl:li ne the qu-antit;' of o1ra.cu.e o:li d-es lrr.eseut ê.s Le:
nel 1a"r incl r-:-si6¡s .

Apatite

l'{cst ,sectÍons cr:ntain frorn zero to tvro per cent apa*

tite, in the form of r'¡el-l d-eve-l-oped. ^hexa-gonar rods a:rri.



rou-nded- grains" The a"verage apa-tite content froin ti.rent;,

inoda-l- analyses is O.J1 .ger. cent.

Jo

'Sphene

tHo .rer

Snh a-n a

Sphene is the ot^rl¡r oj;her cornmon accessory.

content of the gabbro zone vari es bet.¡een zers a.lrd.

ceni* The a"verage is 0"4 per cent.

Plrrite, zi:ceon, a_nd clinozoisite

F)'rite, zircon, a,nd clinozoisite a.r'e minor primar;r

eccesso::ies, Py::ite and cl.inozoisite occur a.s tin;' g::ajns,

and zj-rcon as extremel¡r tin;r j-nclu"síons in bro',^¡r: 'bi-ctite.

zlrcon gra.i-n-s câ-n be :l.d,e:::.tifj.ed only h;r the nl-eoch::cic -hal-c

zones i.rhich sLi-:rï'cuncl theni.

b) $eccnciar.l¡ i:rinerals

The secondar;r alteration
sernr:l ite- nhlorite- nl.nnir-rìf.o

^u 
!r-,-Lt¿J.,J- UÇi .

ninerals ere sar_ssur.it,e,

and l-eu-cÕl:ene -

si-ight sa.Lr,ssuritiza.tian of plaEiocla.se i s evid,ent in
a number o'f th.in secticns, fn a fel^¡ sections, nlagioclasa
]:a.s been a.lmost comnl-etel¡r sau-ssuritized, the pla"giocl_ase

¡i::ains consist.ing alnost entir"e1.¡r 6f a fj ne-grained tra¡u-
I a.r i ntergro,'rth of a.lbite " cl inozol site, eni cìote. serj-ci-r,e,

a-nd" ca::bonate. Sau-ssuriti.za"tjan is nost int,ense in the



37

nore calci-c ccres cf zon.ed plagiocla.se g:ra.ins, rn hand,

snecinen, such rocks ha-¡e a pjnk cast, clue to the plnk
cclour of the siron¿ly sa.u-ssr-r.rítized- nle-6iocl_ase.

scapol.ite is a, commoi'Ì secondary a_lteration pr"odu.ct

cf pla,gioclaser and occu,ï.-q in the fcr"m of patches 1n ntagÍo-
aòclase, and-4veinlets alon¿; fra-ctu-res in L'ne rack. scanoj_ite

is nreseni in about one-crl-r_a_z'ter of the thjn secticns f:.om

the gabbro zone, in p*rnounts::angingr from a- trace to tr+o ner
cent " Tt is rel atir¡el y rinj foi'm in composj.trlon, ha.s a. ma"xi*

lr.U-rû bi-refringen.ce of o.01ó, and is Dj-nyre* l4e-.,,,Ì,,ia¿. (v¡in*" sl a1
chell a:rd lvinchell , L95L, page 353).

Leuccxene is not conmone

vsl sþed. r,;,hitish to r.u.st;r-r".ihite

opaqu-e o:ri d_es 
"

a¡.C- occurs âs pcorl]r cie-

alteration rims a.i:ounol

of bi.otite
At1 al-travn a'l rr

Chl spl¡s occurs as a. la.Te a,l tera.tion
along (OOf ) clear¡age Ìrlanes, penninl.le is
Taye aliera.tion produ_ct of hornblend-e.

R TransitÍon zone

tional
br,: and

c'ï ii nnÐ¿ v)-\¿LLg

The tr.ansítion zor\e

betr,¡een the gabbro

granit,e zone rocks

a:rd to some extent

incorporates a.l1 rocks g:rada_*

zone and. the graniie zorre" Gab-

a.re diffe::ent in colou::3 conpo*

in textu-re " Hae]n zone is
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remärkebl"r. u"n"i.form j.n texture and. conpositÍon* As might
be exnected, rocks cf the transition ?.one varl, i+id.ely in
coinno*qitionu col_ou.r a¡.d textu_I.e. 0n this basis the tran_
sition zone has been manped- in the fiel_d anci its bound-arÍes

plotted on the r113.p" Rocks l¿-hich d.o not resemJ:le typicar
gabbro: or typical granite, have been classed as transition
rocks o

Tra,nsition ::ocks ca-i'r he :cou,ghry classified, into tr¿o

na,'in tyoes, grai-ationa,l into one another. The rnost comrnorl

type i-q a nassive fine* to meciiu,m-grained_ u.neven-tertu-r,ed
porphyriiic va::iety: grey to mediurn pinleish gre;r in coleu.r.
It contains L5 to 20 per cent poo:'ly formed pin.hish orange

feld,spar phenocr¡rsts uo to four mil_limetres in length" The

grou-ndmass is a fine-grained- intergror,.¡th of the same feld-
spar .'.vith I esser hornblende a.nd. biotite; grain size varj_es

fron one to tr^¡o nil-lirnetres 
"

The other variety is a massive medium*grained inter-
gror,ith of pinkish pj-agioclase and. bt aek hornblende " The

texture and appearance of this type, r,rith the exception of
the pink pl-a-gioclase, is io.entical to that of typica.l gabbro

zane rocks.

sna"ll quantities of quartz can u-sually be d_iscerned_

'¡ith a" hand lens, particu-lartlr in ihe pornhyriiic variety"



39

All- varía.tionc betr,¡een the tr¡¡o rna.in (transition)
types are conlmon, The porpiryritic variet;r is grea_tly pï.e-

dominantr particularl;r ii', the sou-theast hatf of ihe me.in

intrusion" The pinkish gabbroic va-r.iety is preclominant in
the northruest half of -r,he ma-in inì,ru-sions r¡¡here the transi-
tion and granite zones a.re thin. rt is chemÍcally in¡er*
mecliate between the 'oorphyritic transi ti-on rocks and rocks

of the gabbro zorre *

ïn hand specimen, transltion rocks are generally

distlnctive. They a.::e almost inva"riably lighier. i.n col-our

than gabbro: Ðd considerabl-y ci-arker than granite, due to
their intermecliate content of mafic minerals. They are dis-
tingnishec-l from gabbro b]¡ their pinker col_our and normally
different texture; fron granite by their higher mafic

rnineral content^ Tn øonor2], little difficult¡r 1,¡-¿s eX-

perienced in cl-assifying any partlcril ar specimen" Iiowever,

becai-rse of the gradationa.l and somer+hat arbitrar.-¡ na.ture of
contacts betr.¡een these zones, slight errors in the olacernent

of boundaries have u-ndou"btedli¡ occu_rred 
"

Rocks of the transi'bion z.ane are a hypidiomor.phic to
al lotriornorphic granu.lar Íntergror'¡th of plagioclase r,¡ith a:r-

hedral pleochroic green arrrphibole, varying from a com'pact

and granular texture to a highly irregu-lar serate inter*
gror,rth, Subhedral- to anhedral- grains of biotite are
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invariably present " Qu.axLz reïlâes frorn one to ten per

centi it occurs commonly a_s hlghi_y irregular gL:ains inter-
grol\rn r,¡ith feldspar. The intergrol,rth nlght be described. as

e:ranophyric. l,Íicrocline is present in soae sections, and

may constitute as much as eleven'oer cent of the rock,

Sphenee opaque oxides," md apatite are common accessories*

I,linor saussu-ritlc alteraiion of plasioclase r,¡as observed- in
some sec¡ions " Alteration of plagiocl ase to scapolite is
¡.ral'l Äarralanaq] in One thin cani-ìan ì-nr-l- absent in a,]_1uvvvrvÌJUv Iat vtfv ufl¿¡¿ ÐçUV¿UII 9 VUU

cthers" Traces of chlorite, ca"rbonates, leu_cotene? herna*

titee and mu-scovite occur rarely"

Figu.re p is a photomicrograph of a specinren from the

base of the transition zane, It contains I "1 per cent

cr_ua.rtz but the field of viel¡ of the photomicrograph shor.¡s

considera-bly more quartz (clear r+hite) ttran this" It v¡as

chosen to show the peculiar highly irregu_lar olî grano-

phyric (?) qu-artz*feldspar in-uergror,¡th r,¡hich is comrnon in
the transition zolre ø

0n the basis of the Grout classificatione rocks of
the tra:rsi.bion zone ra-Tr.ge from diorite to quaytz dioriteu
t^¡ith minor granod-iorite " l)iorite predominates 

"

Minqral-ggy oL the- tr_ansi'bion zon_e

Transition zone mineralogy is similar to that of the

gabbro: zerre,
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ö-) Frlmary mi neral_s

Pl agioclase

Plagì-oclase is the major constÍiuent" Normar

zaning j-s invariably preseni, but is not as strons as in
the gabbro zone" some grains are lath shaped, but these

are not as nu_merous or å.s r^¡el l developed, as in the gabbro

zone r Ðd inva_ria.bly have serate edges " plagiocl ase com-

position in the transitron zone ranges frorn hrr to Anao."
-)/

TransitÍon zorre plagioclase is consi cìerably more sod.j-c than

that of ihe gabbro zorre, and composi tiona_l variation is less
pronou-nced" Al-bite ti^rinni-ng is no-u as r¡ell d.eveloped_, and

ti,^¡ins tend to be somer.¡hat irregu.lar and. ciiscontinuou_s. pla-
gioclase content of transition zcne rocks ranges from h5 to
89 per cent" The average of tr^¡erve modar- ana-lr/ses is 66

per cent.

Amphibole

one or possibly tr,,ro varieties of amphibole, bo'th va*

:rieties of hornblend.e ? aTe present in the transition zor\e 
"

luiost hornblende is pleochroic fro¡r light bror+n to intense
shades of green and bl-ue-green. rt is commonl.v in tÌre form

of ecìuidimensional grains. rn sorne specimens hornblende

¿fains 2T'e iertcprl . hiohlr¡ ir.i.ocrrlrr. in <'rrona ¡nÄ'lielÞr u¿r.,L' Gr v J GÊråEu? rt-L¿ItJ"y J_, * -¿--** -ttAIJe 5 äfJ.U_ Ilgntef

Æä-Þ:\
ç*"u**^*o*oÌqyrg/



col-cured than the norrnal variet;¡.
a hornblend,e of slightt Sr d_iff er.en.b

l'Õ-r !-

These proba,bl;r reÌtresent

composition,

Hornblende clea-vage i*s r^rell develor:ed " i.{o .amellar
magnetite incl_usions are present, and lry¡çxene r.,¡as not o,b_
served" Hor,rever, if the intrusiorl is differeniiated, horn*
blende shouror have cï;-rstalr-ized- directry from the magrna at
this stage, ra-iher tha:i formed by deuteric al-teraiion of
Plinary pyroxene"

ï{ornbr-encl-e content of tra'sition zone roclcs ranges
from L2 to JB per cent: arrd. avere.ges ZI per cent,

Biotite

Biotite conten.b ï:anges from one to fifteen per cent;
the avera-ge of tr+elve modes is five per cent" juíost of the
biotite i-s pleochroic in shades o,f orive:brorvn, olive*greene
and' olive; in some specimens the biotite is the pleochroic
brolra'r variet¡' t;rpica-I of the ga-bbro zone. Both va.rieties
ma'y be present in one specimen, but in these specimens, the
brot'nt biotite ha.s a slightly olir¡e cast. lJrorrryr l:iotite j s
commonr y in the form of subhedral laths, bu.t the or_ive shad*
ed- va.rj.etj.es a.re invariably in the fo,rm of highl)¡ i rregu_la_r
g:'a-ins. ,sinlilar orive shad-ed biotites occur near the top
of the gabbro zone" Otive biotite is pecu_Iiar .bo the vicj*
nity of the transition zone" It probably reþresents Ð.
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compositiona-l varia-tÍon) related to residu-a.I magma ccmposi*

tion a.t the tine of crr¡stalliza.tion

Qu-artz

Quartz content of the trans j tion zone ra-nÉ,es f::om one

to nj-ne per cent, and averages J.4 per cent" This avel:a,ge

is only slightty greater than tha.t of the gabbro zone "

Qu-arLz grains are highly irreg:,lar, ancì in a fer,' sections

the interg:roi'¡th of qtrartz and feldspê.r coul o oe:chaos be des-

cribed as somer.¡ha-t Eranonhyr.ic (flgu-r'e 9),

I'fi cro cl-íne

As mu-ch as eleven 'Oer ceni micr.ocline is present in
the rocks o'f the tra.nsition zane, but many specimens contaln

little or none of this mineral " It occurs in the form of
ì-ìnrr l-n nn¡l^-.:tpltf -l ¡fç.o j¡*nz.oti4-i ^'t a-n¡ìne .nrl ^'ì e,u-Ll.r.y r/u lilu LruJ.

intergror,¡n r+ith plagiocla,-se to form a patch nerthite. Some

grains e>lhibit t)'nical grj.cliron -bi'rirrning, bu-t nost ="re onl;r

¡663'ly oJr a.pparentJ-y not a"t all tv¡inneC.. The averege micro-

cline conteat of the zote is 2"8 per cent"

Snhone- 
^7râñ11e nyi deo ^ ¡npf.i ta- rnrl nrrr.i io

} urrøuuu uJ-¿uuJ ô aliJAUL vv g (4iv_ rJuv j.r. UÇ

Snhene conteni of tra:tsition rocks ranges betl¡een 0.L

and th::ee per cent, The ave.rage coi'1.-r,êût is 1.J per cent as

op"Ðosed to 0.4 per cent for ihe gabbro zane, In the
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transition zafiê, sohene is
of anhedral rou-ncl_ed grai ns

tlre gabbro zane it is often
hedral- sphene is råree and

the transition zone*

alnost i_nvari a"bi_y in ihe form

and gra-riu,la-r masses) r.¡hile in
sulthedra-f to eu_hedral* Sub-

eu-hedral grains are a-ì¡sent j_n

Opaqu-e oxi des, either titaniferous magnetite or ir-
nenite occur in the form of di.ssenina,ted irregularly r.ou.n-

ded grains' They typi ca.jLy constitu.te ap'oroxlmaterl, o"B
per cent of iransition rochs,

Apatite occurs as 
'ou-nded- 

to hexa.gona.r rods and

grains identÍca,l to those in the gabb::o zone: alld consti-
tu-tes o'3 per cent of the everage transition rcck"

Traces of pyrite l,rere noted in soae specimens _

b) S e.c on darll _r4j n eg al_q

sau-ssuri te, scapoli te, epi dote, leucoxeneg chlorite,
a:rd hematite r,ùere obser'¡¡ed as minor secondar..¡ at teraiion
p::od-uci,s in scltÊ speei-r:ç¡s, â.s rJesci.:l-hec_l- fc:: ihe p:abbr.*

: -)\-t - .

ç" l]::.=.n:.1ie z,Õ¡e

Gya,nrte zÕn.e rcclcs ilre invariablJr rnassive and, gener_

ally u,niforn Ín conpos-ttj-on a¡rd iextu.Í'e" The¡., 3-y" fine-ro
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med-iurÍi-grained and- du_ll orange-plnk in cotcu.r, r,+ith scat_
ter:ed- black specirs aî grai-ns of the rnafic constitu.ents " fr1

hand- s-i:ecj-men the;r consist cf TO to T5 per cen.i: orange_pink
to dirt¡r orange-rlink fel_dsÞa.r and 25 -co 30 ;:er cent glass;.
grey ouavtz, i,riih zero to five per. cen.b black hornblende
or biotite as dissernina_ted. silall_ g;rai-ns" A fer¡ silesrmens

contain -r-iitle or no quartz, anð_ consist al_rnost entiretv of
f el-ds;ra.r. 'lini' speclcs of pyrite are ï.are 

"

Grain size of the granite is generat l)¡ one to three
rnil-limetres, Gol ou"r. of the r*eaihered su_rfa_ce is r.usty
broi,¡n to oraJtge" Varía"tions in composi-r,icne colour, aird.

texture a-re nct conmon" colour may vary fro.,n orange and_

ora*'rge*pink to a-lmost ,oink; orange*,oink pr.edoninates, The

rela'Livel;'ninor. variations in texture tha.t d.o occur are
l.a::.qely due to varÍation in d-j,stribu.tion and- grain size of
the ila-fic tninerals, ruhich occir-ï as 'bhree o:c four rnitli¡ret¡e
clcts or clusiersr o,r as one iritlirnetre grains evenl"-,, d_is-

semÍnated throu-ghout the rock.

llocks of ihe granite zarre are a. highl¡r irregula::
all ot::ior¡orrrhic aranu-la-r inte:.gro'o¡ih of r¡la-gioclase? quarï2, 

-u

ancl mícrocline, r,^rith lesser hornblend_e anÕ_/or biotite* A

pa.tch pe:'thite consisii_ng of a. highly i::regula:: intergror,,ith
of plagioclase and mic::ocline is common in some thin sec-

tions" sphene, opa-ou-e oxides, and apatite a.re lninor
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accessories - Traces of chl orita a:rcl leu_coxeite ere pi.esent

in sone thln secti ons as al'bera.tion nrod-ucts of biotite
and si:hene, respectivell/" ¡licr.ocline content of p:ra"ni-Le i s

highJ-¡r varÍable, ranging from a trace to armost thlr.t;. per
FÕ-ñf

Figure L0 is a nhotoinicrogranh of typical granite.
Tìris spec'imen consists of en intergror,¡ilr of nlagioclase and

a-u.artzu r..lith accessor;r nic::ocline, ho;'n'o1end.e9 opao-ue o]:-

id-es o â-lrd- s ohene "

Uiag{åLe-qï" e^f-*!lle rì{ari!€ -

a) !r+:s.ary*tg1_4elelq

Plag;ioclase

Pla.gloclase content of sr'.ririto z^ne rocrrs ranges

fxam L'r7 to 9l per cent: ilre average of tr+el-ve mod-al arraly-

ses is 7o per cent, Albite tr,rinning is r,¿e1l-cevel-oped,

The tr'¡ins are fine, irregul ar: a:rd dj-scontinu.ou-s, rather
than broad, straightu and sÌrarp as in the gabbro zone,

Grain boundaríes aL:e highly iri'egu.tar: d.ue to the jagged in*
tergror+th of adjacent grains.

Zoning is rare and veL:¡r r,¡eal<" Thre na.xímum composi-

tion r¡ariatícn observeil j-n a slngle graJ_n is Sol_O to *f3.
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Figure g" Photomierogra.ph e,f a basal transition
I'ri.ng grano,phyrie, ( ?) quartz*feLdspar i_nterErqwth*
appears l¡hite,. Slrecirnen, GG 6-Iþ îerossed ñiccls)
meter' of fieLd r¡ísr,¡ ls 7 mitlimetïes *

r*ck sh*-
lJrr *rt z

. Sia*

FÍ-gure 10 " Photomicrograph
ÇG 6-22 (crossed nicols).-
mil].lruettesì "

of fypical grani.te, specimen
Ðiameter of field. u-f vi-ew is 7
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Pl agiocl a_se is t;rpical ly a s"'.1 cic a.lbite"
n] rctì nn] nqo i c .An f 1^a 

-^-l- r.ol ni o L'nuIa¿¿uu!(i;Jv Lr .=JtT3 u-lc IlllJùr b ULiIU-l,t *4413 n

The rnost sodic

Qu-ar1z

Qr-ra.r'tz is cl-es-r and free from incl-u-sjons" It nor-

inal'l1r exhibits u-nr'1u-lating extinction or sirain shad,or,rs

und-er crossed" nÍcols" Ouarbz co:rtent is variable frorn zeya

to 31 per cent, and avereges L7 ner cent. Qu.arLz does not

occrlr in sllecÍmens CG 11*1 and. CG l1-2e from the norbirt¡est

half of the intru-sion, r'¡]:ere the granite zone is very nar-

ror.,r. Both specimens carne fron wiihin 5O to lOO feet of -uhe

rra:ri-te-serlime-+ ^^-+^^+ 1nä consisi of ân irrtereror,¡th ofr-.*----- ------.--=LLv u\J:1 vcauUô clllll UUIIò!Ðu ¡Jf

a-tbite (90 per cent) and- hornblende (1O per cent) . The sig-

nifica:rce of this lack of quartz is unce::tai.n. Snecimens

containing norrnal ¿mou-rts of quartz r,rere collected both to

the northr,¡est and southeast "

Qu-artz in the granlte zofle is cornmonl;r ela.boratel¡r

iniergrorr.n r,rith plagioclase Ðd-: to a lesser extent, micro-

cline" This iextu::e might be described a.s ¡çranonh;,rric in

some cases, but is not '¡ell-developed in all- sl:ecirnens. Its
d.erreloprnent in any particu-lart'hin section is variable from

þ'ìace to nlace" A simila-r bu.t less \rell-developed texiure

is preseni in the 'bra-nsition zoûe. and j-s verJ¡ Ðoor1;r flç-

rrelnnori in the r'¡hbrn z.c\ne. This intenErorrth is not thev v¿v vvv- Á:f i)ÇL'r p4.r
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normal Arrphic or patch¡r granhi-c inte::¡ror¡th r.rhicir is
prevalent in ihe late [ranitic portions of nan;' differen*

tiated, intru.sionss a¡rd it is qu-estiona-bl e r^¡hether it sl:ou.ld

i:e descri'bed- a-s Branophyric. Figures 11 and, L2 are photo,-

inicrographs selected- to siror,¡ the nost extreme clevelopn:ent

of r,ranonhyri c ( ?) oL:-a.Tiz "

i'{icrocl-ine

G:"anite zone ro,cles have

tent of ten per cent, bui ',¡ide

minimum a¡d maxi-mu-m rnicrocline

27 per cent.

an average ni crocline con*

variations a"re normal. The

content no-ued are zerÕ a:rd-

Gridiroir t',,¡inning is general ly noorl.v* developedr anð-

virtuall]¡ noneäistent in many grainsE so that sodium cobal*

tinitrite staining was necessary to permit the determina-

tion of rnj-neral relationships and mod-al analyses 
"

lrfost microcline occurs in the form of i-rregu-lar

grai-ns intergror,,ryl v¡ith other ninera.ls. A patch pertirite,

conslsting of albi.be r..¡ith ragged irre¿ul ar patches of nicro-

cline, is comrnon Ín some specimens.

Anphibole

The aml:hibole is hornblende, alrnost invariably an

int,enselr¡ col-ou-red- oleochroic green to blu-e-green and less
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Fi,gure 11". Pronc'uneed. development of granophyråc (?) quartzin granite. Quarta appears l,¡híte. s,oacir*en dç e*e (ef.ossed
nicoLs)" Dia.meter of field of view iè Z millimetres*

Figur:er 12. Hxtreme' development of granophyr.ie (?) o,¡rartø ingranite" Q_uartz aþItrears v¡hite" ßpecimen CG 6-ZZ (cressed
nicols) " This is the same speei.men as figrrre 10. Ðiameter'
of field: o,f vier+ is 7 milLimet:ies *



hfl

connonl]r '[rror,.mis]r l'reen variet;r, ]t occurs no-,^malty as jag*

Eed irregu-lar g::ains in'l.ei:gro.+n r¡ith the other constitrrtents"

bu--r, in some thin sections occll-rs as small rou-nd.ed. Êrains* A

paler pleochroic g,reen hornbl-end-e is Þresent in a fer,¡ speci-

mens' Amph:lbole content of granite zorle roclcs ranges from

zera to nÍne per cent, and averages 4,2 per ce::tt,

Bio,tite

Biotiie is invariabl-y a.bror,,ry-l pleochroic .¡ariety.

sJ-ight alteration to ch]orite is common" Bio,tite content of
specirnens from -uhe granlte zone ranges from zero io four ner

centu ancl- ar/erages I .2 per cent,

Spl:ene

Sphene al-most inva-riably occurs as rounded grarrules

or fine granul ar aggregates " Rare eu-hedral and anhedral

grains \,Iere noted-. Sphene is coinmonly associated r¿ith the

opaque oxides, anð constitu-'bes from a tra,ce to l.B þer cent

nf {-h¿ na nl, tlre â\¡ê-r.â,f ê þei n ç Õ "7 ner cei-j.t .va ur4u rvv,a!: v:ru avçr aúv vE¿a¿€) v ø [ ]wuf, v

CIpaque oxi-c1es

Tin¡r irregular ancl rou-nded grains of tiianiferous mag-

n-eti'be anð-/or ilmenite constitu'l,e from a trace to L"f per

cent of the grasttte, with a-n average of O.7 per cent"
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Apatite

i"Íinu"te ou"antities of apatjte occur a.s rounded gra.ins

ano- less cornaon hexa-gonal rods,

b) Secondary minerals

Secondar;r leucoxene, chlorite? satlssurite, se3icite,
epidote, carbonates, and. du-sty hematiie are present in
trace quantities in some thin sections.

llç_terq,o_rp4:Fg

Late d-eu-ue:'ic alte::atÍon Ïrâs an _lmnortant fpctor rn
the crystallizatíon af the Gra"nville Lake intrusion. This

is particularly evident ín the gabbro zoue" The signifi*
cant resul t is the almost complete alteration of primary

pyroxenes to hornblend-e and minor ur.alite by late magmatic

sol-utlons " The bl-ue-s:reen colou-r o,f the hornblend-es indi-
cates that they are sodj-c varieties, Thj-s is consistent

t¡ith the alterat.ion of pyroxelles by late sodic flu.ids from

d-tfferentiation. The intru-sion shor'¡s iro evid,ence of sis-
nificani reSiiona"l meta,'norphi.snr. l'.{ost of tkre calcic plagi.6-

clase shor'¡s little evid-ence of any rnetamo::phic effects z er-

cept for a fe:u¡ pl aces r,¡here :'elative'ly minor sau-ssu,::itrza:

tion a:rcl sca.politic alteration has occurred-" These can be

a-ttributed to late deuteric reactioÍtse Tire uralite rr¡as
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-."^ ^ +r:rLf Ð þ ur(JUc¿urJ ¿v:llrvs rru_rr-:fÍ) u,'.),s ud-l tlzàuttttL ul L,ltu JiL¿iamag

and Ís not du-e io regional metamorohis¡r, beeau-se it is co-

e:cisiing i\'ith a.nd has not invacled- the ca.lcic plagiocla-se,

Sicktre r:ocks of the tdatt Lake area (east ha_lf) are

of upper greenschist or lol¡er almandine amnhibolite facies"
s:l-ckl-e greSr+acke ha.s an u-nlrsu.a1J-y r+ell developed arignment

of fine biotite fl akes, It i 5 finel;r sch-i_stose in soae

places in the inrnediate vicinit¡r 6f and in a zone perhaps

1,1)+ rnile r;¡ide surrou-nding the intru-sion, ,slight assimila-
tion a"nd possibl¡r fu-sion of these sediments has occu-rred

aÌong '¿he northeast sid-e of the main intru.sion, bu_i is con*
fined to a zÐ.'e three or four feet r,,,icle, co't¿-ct meta-
rnorphj c effects rra.ve been confined to r¿ithin a fel¡ feet of
the variou_s intrusions " l¡ilrere contacts of satettite in_
trusion.s r+ith sed.iments are exllosed-? gabbro is seen to be

clrilled against bal<ed fine:g;rained- gre;rr,racke, The L/Lr*miLe

folia.ted zone l¡hich surround-s the intrusj_on l¡ras formed by

stresses Íncu-cerl in the sediments by I ater fold.i;eg " At
this time, the solid- a-nd u-nyielding intrusiorl r¡fÐ.s til_ted_

froil its original horizontal to its present nea-rly rreriicaL
^+-+-'+..,r^<i. b VJ- UL¿L1U ø

The fei.^¡ sinal-l- a.reas of brecciated- siclcle gre-¡tracke

along gabbro-sediment contacts nal/ represent remnants o,f a

catacla-stÍc br.eceia zoner r,,¡hich a_cted- as a zone of r^¡ea]<ness
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å"long i¿hich the nagmå, r:râs iniru-d-ed" Tt js nore _Liltel;, tjrat
the breccia ua.s forrned- b-v l-imited shattering of enclcsin.q

sedimentary rocks by forcibIe injection of magma"

iij-neralogical va.rj_atrcn across the intr.usi-on

l'{odal- anal¡rs65 cf single stand-ard*si.zed thin sec*.

tions of Granville l-,ake Gabbro specimens are I isted in
ta-ble Z" I{od"al s¡¿¡t;rses and specific g:.a-vities of specl_

mens collectbd on trar¿erses cG 27 cG 6e cG lr are plotted-
in figur:es tr3: l4u e,ncl 15. Vertical tines inclica_te ilre
relatii¡e pc,siiíon of ea-ch srecinen alonl- the tra.r¡erse: a:rd

variation in ro'ck type is inilica'bed" at the top of each d.ia-

3,ram. specific gra.vity is pl-otted in these figu-res cnly tc
fa.cll ite-ie co:nparison r..¡i th moclal analyses, and is ciiscussed

sepa:ratel)' in a later section" ,s}¡ecific gravities of the

-epecjmens of l,rhích moda'l analyses \dere made a_re ptot'bed- as

circless ancl joined b¡r a light dot'bed line. Figu-:.e 4 in*
d-i,cates the location of each tyâ_verse,

Plagioclase and, A",nphibole

P1.a.gio,c1ase and amphibote constitute the najor lra.ri

of most rslcks of the intz'usion. It follo','¡s that in genera-L,

increase in ami:hibole content is accorn'panied hlf a- clecrease

in plagiecla-se, "A- general coirïe-cpondence betr^¡een si:ecific
gravit¡r a:i.d- amphi,bole content of each snecimen i-s obvi-au-s
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from ihe d.iagra-rns " This is d.li.e

is -uhe dominant mineral of hip:h

to the fact that arrlphibole

specific gra.rrity,

Qua,rtz

In the eê_se of traverses

tent is highest near the top of
on traverse CG tI, the maxirnu_m

the ga-bbro zane: the transition
I i -l-f I a at¡ n'nl. o:: v uJu L¡ qG! A¿ ê

lliotite

T.h_- gabb:,o

tite content the-n

CG 2 end. CG 6 3 qu.a-ríz con-

the granite zane. However"

qu-artz content is fou.nd in
anð Eranite zones conta.in

trarrsitj-on zones have a. higher bi-c-

arrni to 2..\'r1 ã ^

and-

+1^ ^UIlC

l"ii_ cro cline

l'Í:l-crocli-ne first p.ppeârs near the inid-d.le of the ga.b*

brc zcne, ree-elnes i.ts highest concentration i.n" tire transi-
ticn and g;rani.te r-*nes" l.hen ::a.picìJ-.v d-ec::ea,ses to al-rnost

zera near the top cf the int::rr.síon. The highest nic-rocline

content rr,¡as fcrr-ncl on ira.""¡erse CG 2 near the e:cireme soLll;h=

east end of the ma-in int;.u"siono .,,¡here the mari-mun accurnu-l_a_-

tion of l¿1e diffe::entj-ates has occurred" The granite and.

transit,ion zo:n-ôs beccm.e thinner tor¡¡ard" the no:lthr,lest, a:rcl

maxinrr-n ni-croeline content decree"ses rani dl-/.



,/-OI

Opaqu_e oxides

cr';istal-r-ilzation of the opa-CIu.e c>rides Tirâs a.npare't"ry
z'hythmíc or ir::egu-lar, a¡cr tr¡o cr thr.ee crJ¡sta.l_lization
peaJçs appeâ-r on each traverse" rn genera_l cne peaJc epprear_q

in the ga-bbro zarre: and anothe:r nea.r orr a"t the transi tion
zon'e * granite zone bou,ndary, concentratíons of opaciu-e

iron o,xioles ri¡hich apparenttr¡, correst:oncl to tha-t at the rra¡_
sition zane * g,ranite zone bou.nclar]r ele founcr. in the tjudbur.¡r ,,

intrusj.on (CollÍn*s, 193þ). the L;,zrn Lake Ca.l:bro (En*sfie.
L96rE F"35): and ilre Toi¡ La-rce Gabbro (l-Iu.nte::, 1958, p"lB).

/ti:atite

Ma:r:-mu-m apatite content is forr,ncl neer the top of the
ga-bb'o zane" A. si-milar rna.ximu-m i.n FrCIo. content may be no-
ted Ín the silica variation olia.gram, figure t:ó.

concentra.tions of a"patite are conmon to many ciiffer_
entia-ted gabbroic intrusions. Jn i;he i,velt-k-nor,,tr su_c1bu-r_r.

intru-sion, a si¡ri-lar concentra-tion of apatite occur.s near
the top of ihe noriie z,an.e. Iìunter (W5a: Þ.IOr þ.f9)u in
his stud-y of the Torn¡ Lake Gahbr.o, folrnd e. sha_rp peak in
a"patite content in the 'Brr or interr¡edÍa.1;e ge-bbro. A

simila_r concentra.tion of a.patite occurs in ilr.e u_p:oer zene
of the Lynn Lal<e Gal:bro (trnsl_ie 1 I96L j p.35) 

"
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Sphene

A pronou-nced. concentration of sph.ene occu_rs in the
tra¡sit'ion zane, and a *qirni-lar rnaxirnun Ti02 content is evi-
dent in the silica variation di-a,gram. rn his study of the
t;,nn Lafle Gabbro, Enslie {L96I, g.46) sta"tes that sphene is
l-irnited alrnost entirel¡,' to the upper zone* .

Discussion of rnine:.alogical varia_tion a¡.d o eiro 2enesi s

l4ineral-cgica,1" variation across the intrusir:n and 0ar-
l-.i nrrl o11 ¡¡ ,r-l¡a d_i*.t::ibUtj.On ^f nrr o¡*? ^nâr_ìlle nvi rlae -urvu-¿Gr!J uirç u-¿L-\tJJ¿uLrL¡J-u.lt'J-L ltvè-L'uzx o,!*-:*- ? l1l1 C:fO-

cline, apa.tite, and sphene shcrç rerna-rka.bre simirarit-yr ro

the distribrition found" itr cther clifferentiated intru-sions.

Plagioclase, clinonlrroxene, orthonyroxene, mi.nor hio-
tite: md possibly some arnphÍbol€ trr'êlrê the fiz'st minerals to
er¡rstallize frorn the primary unciifferentiated ma.gme. As ilre
r¡¡ater content of orogressive liouid diff erenti a-tes became

higher and temperature decreased, the pyroxenes rv'ere altered
io variou-s hornbleni-rle anphibolese a:.id hor.nblende began to
cr¡rs¡u11t=" dir.ectly fron the na.gma.. Forma.tion of r¡1agio-

cl-ase continued- u-ntil crysta"llization of the intru-sion r,,ras

comirlete " Crystal_l-i za,tjon of ol:a-ou,e oxid,es !¡as irre,qula,r in
the gabbro zaneo reaching one or more peaks. Fo.rma.tion of
a-pa'Lite becarne pronounced l^¡hen about ha.lf the magma had

crystallj-zeö-. The ma.ximrr-m aceu.mulation of apatite occurred



/^
o-1

near the top of the gabbro zone" Anaiite then d"ecr.eased

tradually to al¡rost zevo in the granitic rocks du,e to im-

poverishmeni of ihe residual- clifferentia.te in proç. As

apatiie crystallization reached its maximum3 the :.a.be of
crlrstalll za.tion of sphene inc:.ea.sed rapidly: reachec a pro-
nounced- neak in the transiti on zone, then d.ecreased.

ll)' ihe time forma"tion of the transition ::ocks r,¡a_s

r¡i rtlr n'l I rr nn-mn] r¡f a l l-r a ?ôrq.y uv,r¡/*vvv? *-naining magma mu-st have becone

depleted in magnesium and Ím'¡roverished in carciu-m a¡.d- to a

lesser exient Ín iron" As a result, the forme-tion of horn-
blencie became a,lnost negliglble. plagioclase comr¡ositron
¡hs-nøori cJ¡r.rrn*'l rr f ¡^r. onnnnvi ã^+^'ì -' 

^- 
+^ 

^.^ 
rnr^ .urrrurõEU- d"rrL¿jru-r-vv r-r'u]il d.{JpIoxl_na-teI¡r ,*23 to kt3. This re-

sulted in the i:ela.'bively sharr¡ bourrd_ar;. betr+een hornblende-

rich transition rocks a¡d. hornblende-poor grani-be. l.iost of
the remaining opaque minerals crystallj-zeð. at about this
timee âDd a. pronounced peaic in oT¡actue oxid.e content is evi-
d-ent "

Qu-artz is fou-ncl in smat l qu-antities throughou-t the
gabbro and transition zon.es, With the e:<cetrtion of traverse
cG l-l- , qu,artz conteni is highest nea.r' or at the top of the
granite zone: r;rher:e it becomes as gr"eat as thirtl,, per cent,
liot'¡errer: ofl traverse cG 11, the ma.ximum qu-ar'uz content is
found in the gabbro zone, a.nd the t:ransition and Eranite
zones contain little qu_artz, This ina)¡ be due to floating of
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rl-bite crysta.rs io the top of the magma chamber, r+here ilre¡r
tiere trapped_ b¡r irregu_larities in the upper surface, r+hieh

prevented their rnigration to the unnerrnost southea,st por-
tion of the intrusion " A more prau-sible explanation i.s

fil-ter pressing and mig::ation of ihe late silica-rich dif-
ferenfiate from i1:s albite crystal mush before cr:ys ta.Llj za-

tion of qu.artz began. such filter pressing v,'ould be the

resul t of dor,mslope settling of crystal rnush and consequ.enr

clisplacement of the remainins fluid to the hisher sontheasi

encl of the main intru.sion. This is confirmed. by the pro,g::e-

ssive j-ncrease in quarLz and. rnicrocline content of rocks of
traverses CG 11, CG 6: ffid CG Z? l:espectivel;;.

Crystallization of nj-çrocline began in the upper þor,-

tion of the gabbro z,oner alld reached i ts naximu_m in the tran-
sitíon or lorver grani-te zone" ]¡iicrocline is a.bsent or
present in negligible qu-antities at the top of the granite
LUL!ç 6

Chernical analyses and related _da3a.

tright specÍmens consrd-ered to be re-presen'Lative of
normal vari ation in th.e int::u.sion t^iere chosen for che¡:1cal

analysis * unforiunately, ii l¡a-s necessary to choose these

specimens before a-n]¡ thl'n sections r,,reue availableu ancl as a
-''^^"'l + +x'^ ^lelt¡qeq dn nnf- inn-lllrlo cnor.imâr,ìc n-1 nrrnn.IçÞU-IUg titç all¿e,rJJçù v-u rt(JL ___ ì,"t--Xene
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ga.ìrbro, chilled gabbro, or of Sranite forneo, by cr)¡siafli*
zation o'f the latest rna.gmatic differentiate. Tt, is il:ere-
fore unlilcely that the available ¿¡-1¿t yses represent the

maximu-m compositional variation" From figu.re 14 it is ob:

vious tha.t the analyzed sÞeci"men highest in sio? (cG 6-25)

is not the mos-u silicic rock found- in the intrr.lrorr.

Chemical- analyses, rnolecular norms, enö. rnodes of
chernically ¿yy¿1yzed specimens are listed in tabte 3. Aver-

et.e comnositions of i8neou_s rocks, after Dal¡' (1933), ere

Siven in table 4" chen:ical ccnposjtion of the ilrree gabb::o

zone sÞecirnens is iniermediate bet'.'¿een Dalyrs aveï.a.g;e gab-

bro and average diorj-te. The iransition zone rocl',s vary

betr,¡een dioríte and granodiorite: md those frorn the gra:

niie zone are similar to Dal;rrs averege granite" All three
zones are relativel;r rich in alumina. and soda, poor ín mag-

nesia and potash, and slightl;r deficient 1n lirne as coxl-

pared to Dalyrs average rocks,

*.{. SiJic?.-_varie.tê_o_q diagq?rn

Figure 1ó is a silica variation di agra-rn for the Gran-

ville Lake lntrusion, The trend-s of the ma-jor o>:id.es are

consistent r^¡ith r,¡hai r,¡oulci be extrected in a cLifferentiated

intru.sÍon" Alu-mina., lime, magnesia, fe::r.ous iron, and to,taf

iron shol¡ a- genelral ly consistent d.ecrea.se i^¡iih increasj-np:
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silica content. Soda and- po'ùash shor+ a general incr.ease.

The o-r"op in sod-a and corresponding increase Ín potash in
specimen CG 6-25 is clue to the high mic::ccline content of

this roek" The trend, of ferric oxid-e is irresu.lar. Titania

-h^ D r\ ^1.^., neaks r,ihich mev be similar io the maXima OfCLltv L 
)v q ÐJLV v/ Ì/uq¿!, !!fr¿vr¿ rrtsøv/

apatite and sphene in the noda.l ana-lysi-s dia.¿rams 
"

n Àlkali-lime index

Figu-re l,f is a. ploi of CaO and- (Nar0 + K2Ð) against

Si02" These cu-rves cro,ss at a silica content of approxi-

matelrr 5l ner cent" The valu.e of the alkali*lirne ind-ex is/J

f.hor"efnrc 5? ^ :nd enrresnonds to a"l-kal j.*calcic i n 'r,he Pea-vfrurvfv!v ./J3

cock classi fication (Peacoclc? 1931) ,

G " ISre!:*o:iç3ip_lgþfeg-"?lllgq go_q!99! and spe ci{i_c
8sa.YiÏy

Figure 18 is a pl of of percentage silica a-gainst spe-

cifj-c graviiy for the chemi-cally analyzed roclt specirnens"

The relationship betr+een these tr,¡o var:iables is remarlcabl-e "

Alt a.nal¡rsss f all on or a.fmost on a, smooth cu"rve.

,Silica conient of a roctrc is a direct measu"re of its
acid. or basic na.turer fld- should increase from base to top

sf a differentiated lntrusion' llencer the close rel ation*

shi-p betr,¡een silica content a:r.rl- specific gravitl' of
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snecimens frorn the Granvil le Lake intn:.sion 'oror¿ides a

rralu-able lndex to the dif'ferentiaticn of the intrri-sion"

Snecific gravity of an]¡ snecimen i s closellr .r:el-aied. to its

silica content and- provid-es therefore an easily determined.

index of d.ifferentiaiion" Ap.orot:imatel)' 450 snecinens

r./ere collected in the field. Specific gravi'r,}r 1¿¿-e deter*

rrrineC for each. of these specimens, ancl specific gravit;r

prcfil.es plotted. for each traverse. Figu-res L9 to 27 are

sneeifie srnr¡it'¡ nrofiles across the Granville Lake intru-¡J! \j v + !'/ È- s +

sicn " The various zones of the intrusion have been Índi-

ca-ted at 'bhe tor, of each profile to permit cornnari"scn of

snecj-fj-c grÐ.vity profì1es to variation in rock iype"

A typical traver*se shoi^¡s a rel e.tiveli. consta-nt spe*

^.i+-;^ -*^.,i+-" in f.ho p.:hhr-n ,,.i+r,. ^ q-ìiFhl:l .r 1nr,rgrU-,t--L-L\r ITJ-CAVJ-v,'/ I11 Ullç tiauulU LV!!Ç 9 lJ¿ vII G Òr¿UJruJJ lLru,

value near the base of the intru.sion" Commencinq either in
the upper Fart of ihe gabbro zone or in ihe transition zofiêe

there is a rela.tir¡ely rapid but contin¡-ous d-ecrease in spe-

cific gr:avity frorn pe:r:haps 2"9O or 2"85, to about 2.70 or

?-,65 a-t the pla.ce r+here the gra.niie zone is reached. The

rianr.os qa i n qnani f i a r¡rntri trr f.hon hor.nmoq môrê errrJll:¡"i -r¡lv-ÇutvGÐu ar! Ð----**- cr**"*JJ (,llULi lJg\-Lrlllvu ¿.+u,---uu,Ig d.r¿rr-

sneei f i n sr¡r¡i f.rr heenrnes rcr ^+.i -"^'l -' 'r"aj}t ai a va-hreÐ1./uvrr ¿ç 6r cLvJ uJ uçuurllvÐ J çJ(1 uLvÇ!J ulJtlù

^ /^cj-ose lo ¿.o2"

Differ:entiation. of ihe satel-lite intru-slon at the

southeast end of the main intrusion r'ras not reccenized in





















ô^
¿1 .?

the field-" i'iolvever, the specific g::a_vj.ty profiles for tra.-
verses c ó1-l-l-23 and c 6r*Log6 ind-icate tha-t the base of
this intrusion has Ð. si:ecífic grarrity of aboui; 2,85, r¿hÍch

gra-d-t-ra11y decreases to a valLi-e of 2,72 at the top* Differ*
entiation of the otlier satellite intrr:sion-q is not r,¡ell de-

veloped: presumabl;r becau.se cf thejr re-t:hey ::a.pj_d l-css of
h,eat to tjre surrouncjr-ng colci-er -eed-ime:rts, and conse.luent

rapid- crystal.,] ízaLian "

}'{ap 2 (in pccket) is a specific grarrii;r contou-r rnap

for the Gra:rville La-ke intru.sÍon and should, inc,ica,te va.ri,a*

tion in silica content. The üþ!ra?d- tilt of the present

sou-theast end of the intrusion d.uring cooling is evid_ent

fron this map. P,ocks of highest s'oecific gravity are con-

centrated near the northr,¡est end. of the intrusíon.

Along the lor¡er ga-bbro-sedinent contact of the main

intru-sion, a. zone of lor,+er specific gravit)' is evi,C.ent.

This zone Ís irelier¡ecl to r"el:resent a 'rchilltl zone l¡hich

either c::ysialli-zed- relatively rapidl_y: or else cooled- to

an extrernely vi-scous tltagma before the processes of differ-
entiation be.-.:an. l,ittle er¡idence of chil-li.ng is visiT:le in,

rocks fron the base of ihe gabb::o z-ane, riith the exception

of e possibl r¡ slightl¡.r sna.l ler ¡:ra.in si ze. There i s no

evi dence of cjrilli-ng along ihe unner contact of the main

intru-sion- ilor¡ever, it is probabl e that if a. chil-led zorLe



UT

l'rere originalJ-y forrned,* it i,ras soon remerted by u.pr,,¡s1.d d,i-s*

s-lpation of hea-t f:'on the intru_sion or clisa,rpearec b.v re-
actron l¡ithr la.ie"r ¡;ra"nitic liq¿1¿. Emslie fou-nd. a si¡rilar
'rchjflt' zane along t.ne base of the Lynn Lake Gabbro, and.

th"ls iniz"usion also lacked. a chilled zorre along its roof 
"

The specific gravit;r of the gabbro zone is .rema.rka_b_

ly r,rniforn" 'l'his u.niformit)r ind.icates that crystallization
of plagioclase, þyroxene, and- possibry amnhjbole began a.t-

most simu-"1-taneousl"rr, r.;ith the rel-atlve proportion of feld,*
spar to the ti,¡o fe::romagnesia:r minera.l s remaining mcre or
'l ess conste,-nt until c::ysia.lliza-tion of the gabbro zarfe rras

almost com'olete. If one of these ininera_ls ha-cl begun to
crystallize before the other, then the specific gravit;r 6¡
the gabbrc zone would- noi be so u-niform, a:rd a, conposi tional-
banoÍng r'¡ould- be evident in the field" There is e possi-
bility that the rocks of '1s1,¿ç¡ specific gravity along the
base of the in'bru-sion indicate that cr:ystall-ization of
p] agioclase \.res rnore rapid- than c::ysta.llization of amnhibole

in the earliest stages of differ"entia.tíon" The l_or^¡er. sþe-

cific gravity of these roclcs is in part due to a stightl;r
high nlagioclase a-nd Ð, sligtrtly loi¡ a.mphibole content. This

could be a.t'tributed either to cJrill-ing a.nd crysta"llization
t+ithout dj fferentiation of primar)¡ magnag or else to enrich-
menf of pla.giocla-se in the earliest cr:fstal d,ifferentiate



fo form" Fì:.rthe.r er¡idence on the natu-re of this zone of
I or.'/ specific gra.rrí'f;y is provided by olagiocl-a.se conoosition

d.eterrninations e.s Ðresented in flgr,r_res 3Lt and 35"

If ,olagioclase r/iere ihe firsi rnineral to crystallize
and settled'bo the base of the inirusion, it r,¡ould- be eirec-
ted that the outer rims of zoned grains !.roülcl har¡e a rela-
tivel¡' higir conten'b of the arorthite mol ecut e in the imme-

diate basal zorte of the intru-sion. A grad-ual decrease in
anorthite content of the rÍms l¡oul d be expected from base to

top of the gabbro zone.

CIn the other hanci, if u_ndifferentiated- primary magma

tr'/ere cool-ed relatively qui_cki-y near the base of the intrrr--

sion, and as e. resu-lt became viscou.s enou-gh so that _t_ittle

or no crysta.l settling r'¡ith resultant separation of a more

sodic d"ifferentia-te cou-l-d occur, it r+ould be expected tha.1:

rims of zoned plagioclase grains in this chilled. zane r,vould-

be more sod-ic than those formed b¡r differentiation involvinp
sepa-ration of a more sod"ic differentiate from r.ocks imrne-

ci.iately al¡ove the cl:il-l-ed zone" Plagioclase composition d-e-

ternlinp.tions from traverses CC 6 alld- CG 11, the only traver-
ses !¿ith su.fficient dete::minations near the base of the in-
trusjon, su-ggesf tiiat anorth:-te content of g,rai.n cores is
identica"l- near th.e base of the intru,sion and higirer tlp, but

tha.t grain rims nea-t the ba"se are more sod.ic 'l,han those
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somelrhat hi-¿:her in the intrusion" This i^¡ou-tC indicate that
ihe zorre of lor,¡er specÍfic gravi by along the base has for*
rned by relativelir rapio cooling ancr crlrs-ta]-l-j-zaLion of nr.i-

mary maSmar rather than by differentiation and a-ccurnu-lation

of earl-¡r nlagioclase cr;v-stals" This irnplles that the basaL

ga.bbro zor\e rocks are indicative of ihe Þrjmar¡r rnagma corn-

position " ft j-s of interest to note that the average spe-

cific gravity of -r,his ba,sal zone is a.pproximately 2.85 or

2.86, rthe:'ea.s the e1¡era-åe specific gra-vity of the +48 spe-

cjmens collected- from the Gra-nvill-e Lalie Gabbro :ì-s 2"84, It
is probable that the zane of lower specific gravity repre-

sents a chill-ed zone.

u" Differentiation in the satel lite intru-sions

Differentiati on in the satell-ite intrusions is evi-
dent snl y in the satell-ite at the souiheast end o,f the main

intrusion" Satellite intru-si"ons are all chilled and finer
grained- than bhe main intrrlsíon, and the southeast satellj-te
ì c n^ avnanf i¡11. AS a reSu_l'c, differentiatiOn in ihis Sa.t-v v¿ vrr

ellite is not as nronou-nced a.s that of the rnain bocly, The

u-ppermost roclcs a.te fine graineo., and- intermediate betr,¡een

those of the transition anC- srarrite zones of ihe ma-in in-
tru-si on.
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r Indices of d.i fferentia,tion

rFha r¡-'l rr a¿IIç V CLI.L¿ç

rr ¡ nÄ i -,1 ^-'uJçu d_Ð (aL! JIIUÇ^

Y;za
+r^^ --J-i^ *-*-*åUIIE J CL þJU r'ñr r +VGV KZO + lia.20

cliffer"entiation, a:rd is knor,m

i e enrnmnn'l rr

å.s the fel=
FeO + Ï'erOa

l"lgCI+I¡eO*Fe-O"¿J
knor,¡n as the rna-

as a maflc in*

+ lla20
of

of

sic index" Sirnila.rl:¡" the valu-e of the ratio

is commonly used for the same pur.pose, and is
I'lg0

fic índex " The ¡p 1-.i n 
-

- "*" '1.'lofl - ,SiCI2
is also used

d-e:c of differentia-tion.

Figu.res 28, 29¡ and lO illustrate ihe relationship be-

tl^¡een specÍfic gravit;r and the respective clifferentia-tion in-
dices for th-e Granville Lake intru-sion, These diagrams con-

firn the usefulness of specific gravity in deiermining the d-e-

gree of fractionation or ind-ex of d,ifferentiation of a.n¡r sp""t-
men "

Col our index r,va-s determlned. from rnodal analyses " Be-

cause of the cornolete lack of rhyth-mic banding in the Gran-

ville Lake inirursion, colou,r inde:r can tlrobably be used as ã.

rou-gh ind-ex of d-ifferentiation" Figu.re 31 shor.,¡s the rela-
tionship betr¡¡een colour index a"nd rock specific Aravity for

the intrusion"

tr-ic'lrr.a 1,9 ic q n-lrtf- nl" tha ïìâ.¡rêê?1 Èqna nf n-l¡r:-inn'l-¡aL LLU.L v .Jâ JÈ 4 UlU u UJ UIIç }JvJ vçal vGbv Ul PrG¿)¿UUIC1Þç t

^*-ì..+]-^'l ^ li,-^--^Ì.1 ^*^^\ ^^^ ^rr.¡.l.ry -lrr- mi nrnr.-l ine_ fOfAtl-yaIIUUIU \f¿\JIr¿uJçf¿Uç/ 9 cLLLs LiU-CLL uL U¿UÐ illlvf \JvlJaIç, f (
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nhariri r.rl l\r ^r,21 \r?Þå qhê.'imens Of the GfanVil_le Lake GabbfO,u,Jvú¿Mv¿rÐ vt ef¿u v¿ c

Arnnhibole decreases regu-larly, ancl cl:uartz pl-u-s mi.crocl-ine

increase regularly tlith increasing felsic j_ndex" Plagio-

clase content increases at first, but decreases shar.nly in
the ti'¡o granite specimens; this corresponds to the sud-den

increase in quartz plu-s microcline"

{aqla!¡ q-e '*l-p,p I +e_t q g ! q-s. e _ 
e q mpq g_r 

_t- lqp

Pla.gioiclase composition r,¡as determineci. for t¡,,¡entv-sj-x

specimens u-sing the u-niver.sa,l stage, by determination of the

mazimu.m extÍnction angle on (Ol0) " Cornnositions are lis'bed_

in ta.bl e l" Because of the strong zoning, it is possible

that more ca"lcic plagiocl-ase nay exlst in arly specimen of
the tra-nsitÍon zone and 'oarticularl¡r f,þ6 gabbro zone" It is
d-oubtful, hot,ieve:r, that anlr major e:rror has been incu_rred"

The loca.tion of each sþecimen for r.rhích a determination -,,¡as

mad.e is shoi,'rn in fig.ure 33. Figures 3\-and Jf illu-strate the

variatj-on in plagiocla.se composition on traverses GG 23t 11,
1/2? anC 6. It -t¡as not possible to determine the composition

of the pla.giocl ase in ea-ch thin section for these trar¡erses,

Ïn some specimens sa.ussuritize-tion prevenf.ed comËosition de-

terminatj-on" It r+as impossible 'Lo deterrnine the maxírnum corn-

positional range of the zoneÒ. plagiocla"se in nany sections

t+ith a.ny degree of assurancee because the sections contained"

an insu-fficient number of su-iiable nla_gioclase gra-ins.
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Doubtfu-l C,eterminations a-re not inclu_ded in the iable or

illr:-stra"iions "

Fla.gi 6clase cornposiiion is relatively constant on

an-v one tra-verse in the I or^.rer one-hal f to t',,¡o-ihird"s of the

gabbro zai:re ' Anorthite content gra.d.u-all y d.ecrea-ses th:'ough

the u-pper portion of the gabbr.o zone and- the transition
zonee .;.rith a sharp decrease a-t the boundar;r between -uhe

iransition and granite zones . A g,a-p in the nlagi oclase con-

nosition r:ange Ís evideni at'this bou-ndar¡r; plagiclclases be-

tr,¡een AI-,r and Á:r..,. t",rere not found. This ner¡ be ân ,qctual'/< | - -

Ba.F: or i'b marr be due to lack of å, srlfficient number of
cl osely spaced thin sections from the t:'rn.sition and granite

zones imnedia,iely ad-jacent 'bo the bounda,rlr" Optical. clata, on

plagioel a.ses present.ed- b;r' Coll ins (193h) iird-ica.tes tha.t a
mayconnosiiional .qaþ of 4n,-.,r t^ tr'^ ;--'r ^+1_) ;o jm12Áexlst betr¡¡een the tra¡*

sition. a:rd micropegmatite zones of the ,Si.r-dbrr-r'y intru"sion"
Simì I ¡rl w- fn- +l,r^ cr-^^îÆ^ard int.rlrrcì n.n l,/roor. q-nd lloo.i. f l O?q\tJ!!!I)-LaLLJ ? rlJl u.!1Ç u^d-ÇJ l.ó.ê-L\L -!-llþI U->.r.LtIlg .-._¿ðv¿ curL¿ uuri._L' \!7)7 )

:reparL a- nornative nlagÍoclase co,'n-oosition of M>n in speci:
7ïren ?O4? lhect elrberai ie ar":rn6¡þ1rrel . and nf Irn - i ¡ qt-'eCínen:r:v:¡ .jv ¡ I \jfvqv¡¡uv:7)Lvv L..Lt..t_\J:JLTJ L\¿/ g arru ur 

"rttg 
-Lr.t r)uç\

3058 (tra,nsgressive a-ciri gra-nonh¡rre) the next d-ifferentrl ate

to har¡e forrned, wi-th no plagi-ocla-qe Jretr,,¡een these compos-i--

t-ions " These are norûrati-ve ra-ther than ontical connositions.
t-- /ñ /^\Table III (i'iager e.nrj Dee:r: ]:! "6ö-69) sho-,ts that norma.tive

plagioclase compositions fo:' the Skaergaard. rocks are close-

Ly re1 z.ted to the e.etua-1 camnositions " The ncrma-Live a"nd
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rnoda-l a.na.l l¡ses cr:;:.res cond closel r¡ in th-e leeden'bergite gra-

irophyre, anC it j-s therefol:e proba.irle that the a.ctual

ill agiocl ase colrposition is viL:tua-ll]' the se-ne ?s tire nor-

mative cornposition. Pla¿1iocl-ase is the onl;r rninei:al in the

acid granonh¡rre to incorpora.te the srrda- a:rd lime ind-icated-

br' the ana l-.¡si s: therefore the normatir¡e 'rl rri oel ¡se corn-_/¿ L'.Þ J- v v,! qp u

posi'Lion musi represent actu-al pl agioclase ccmnosi-tion.

The sharn change i.n nlagioel e-se composil;ion observed be-

tween the transition a.nd granite zanes a,f the Gren¡¡ille
T,,ake in-trusion i-s a,rrr¡-rent-l-lt not unioue.

I:-roz'thite content cf nl-agi celase gene:ralJ_;r increã_ses

in the ga-bhro zone of the Gr"an¡¡i,lle L.-:ke Ce.'bbr.o: !:rrlceeding

f::orii souiheast tc ncrthr:iest lfj i.ur.e 33) " Tlris corresl:c.aC,s

ic the gene:ral increase in -<peci_fic g::avit¡,' rihich is evi-
dent in the sirecifi-e gr"a.vii;y ccntour mâ"p ( map 2).

Tne rela-tionship bet,,¡een pla.gi.oclase compcsition alel

rock specific g::avity j.s ill¡"strated in fj-gu.re 36. An a.b-

rupt cha,n¿e in ¡.no::thite ccn'i;ent of pla.gloclase fror: a_ppro>:i-

nr:rtel;r Mn, to Ar-r 
" 

is evident c\¡er the sma-ll. snecific gra*- ¿J l-_1

.¡ity :range of 2"7f to 2.68: ihis change is the ccnpcsitional

Zap forr"nd- at. the transition zane granite zone bou"nda,r:y.

It na-]r be c1etermineci. frcm the curve il-lu-s'c:ea.ting ihe rel a-

ticnsì:ip beì,r,¡een silice* ccntent and speci-fic Aravit¡r (fip;u"re

18) tha.t snecific gra'rrlties of 2.7L and, 2,68 cot"re-qpÐnd to
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tl¡pe v¡åth specif$.c gravitY,
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SiO, contenì:s of ó3 a-nð, 66 l)er cent rresÐec'bivelr¡. In o,t,hej:
za

r+o:'dsr s-t this bou,nd,a.r';r ¿ che-n¡e in sÍl-ica, con-uent frorn ó3

per cent i-n ihe tran*eition zone 'bo 66 per cent in ilre gren-

ite zone is e.cconna.nied- b-r' ?.î. aJrnorrnal-1¡. sJrn"rn C.ecL:ease 1n

ano::thite content of p1e-gioclase froin anpro:r.im.tel-' hZ3
to /hr." The cat-r,se is unknc.r.tr.

OrÍ¡-:in of the ¡':'anitic anrL t::ensitj-onat nhases of the 1n-
;:*'æ*-*'+t::u.sion

Differentiation in place r:f a.n or.i i:inp.l Eabbroj"c

nai:na. seeìns to be the rnost proba.bl e e::¡lanation of ¿"11 the

featu.re-c of the Gra_nr¡ill e La.ke Gabbro. j{or,¡e\rerr consi rj_e::a-

-uion mr*ct be i,iven to al_t possible 6yi r:ins îar j;he va.ricr_:_s

zones of the in.Lrusion" These âr'e as fol loi,¡q.

(1) Upr¿ard flor¡¡ of hea.t from gabb:ro nagma cau.seC fu_sion

of enclosiní, Sj.cirle rccks to forrn the granite z,onea

the 'Lransition zone recresen'bs a r¡ixtr_rl'e of the t.rto

l-icuid"s,

(2) C;';,rsf,¿lliza-tion of the g.abbro zone ga"ve rise to l.e.te

g:"a,ni Li zing fl-uj_cls. r¡hi.eh escaþec1 u_nv,¡a:i:.is, a-l te::eC

th.e top norhion of the gabbi:o zoû.e 'bo forn i;he tran-
sition zon.ee Ð.rd. g;::anitiz.eC the Sick-t_e ::ccks intr.ecl_i-

atel-y abcr¡e the inti:u-sicn t,c fc::ro tire Í:.ranite zÕne*

(3) Tlhe intru-sj-cn" j.s nul'binle; ihe ea::,1_j-e.r foi:mecl. ::oclls

(eiiher 3ranite o:: gabh,::o) Jrar.re been altereci af1.er
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conso:Lid-ation b¡f inte::actjon ,;:-j_th the later. itrie.iiri:â_

to fo¡'m the tra_Ti.cition zcr\eø

{4) The in.i:rusicn i-q nu,l-tipl-e; ¡lr.anire T.re.s int::.uded

a.long the ga-'bl--'ro-sedine:rt conta.ct i,.rhile the ga_ir'bro

t!'as sti-l-l- a. c::¡rstal ml_r-.gli: the .i,ransirion zan.e is
the 'esult of ni>ring of g,ra-n¡,te magme- ÐJrcr- ga.bbrc

crys';a"l mu-s]:. Conver-qefy," ¿abbro mÐ.tma- may ha_ve

been i-nt::u.d,ed alcng a ccntact be'úr,¡een sickl-e roclr_c

ano pariiall¡,' conscl-i c]_aiect grani_te 
"

(il The intrusicn is d.iffe::eniia_red_, the ihr.ee zones

ì:e-1ng fo::med b;r f:ra.ctiona.l_ cr.;;.stal_1izatj-on of a

ga.bb::oíc na:.ent Tß¿.-gme.

Ea"ch theor;r i s Ci_scu.ssed belc¡r¡"

(1) The first theor¡r, that granite nas pr.odrr-ced by fu-sion

cf gre.fvracke " j.s su.bj ect tc sel"¡lous critici sm. Fiel d sir_r-d";,

i:evealed. l-iitle evjdence cf a-n;r melting of the greyrrracke"

:l1sc, the sickle g::e1n'iacke i,.¡hich ha-s been i.ntr.ucled b,r. the
Granvil.le Lake Gabb"rc is ccnsi der¡bl rr pooz'er in ¿.lke-]ies anc].

si'l íca-p and- ::i ch"er i.n I ime, ma-gnesr'-a, a:rd j ron o:rj cles 1;hen

is tne granite" sinnle jlu-sion cf greylra-cl{e cou.l-d_ not^ there-
fore, have þ.roCru-ced. a su"ita.l¡le g:r.arri_tic nett, ,$elective

fu-sion cf ihe sil-ica- e.nd alka,li r.ich rninera_ts prior to the

nore ba-sic rnin.erals coi;.l-d, ha-.¡-e n:.oiluced a- suitable liqu_icl,

bu-i it i"s u-n.l-ikcl¡r f.h¡i: this h.¡nni-,hei-,i c¡l -ì_i.qu.1d i,¡ou.l d" ba-ve
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ini.gr:a-tec1 out of t?re greyr+aclie to fo::ni a la;rei. a.lcng one

side of the gab'bro intrusion" sel-ectíve fu"sion on a scale

srr.fficÍent to p:roclu-ce the la"r'ge arnou-nt of gra:-ii'cic rna-te¡jal

Ðresent r'¡ou-l d- necessarily Ltar¡e re-"ul ted in a Cortres-ooncìing-

l'¡ la-rge arnount of ba-qic re*eid-u,e" t\lone was observedr md

althou-âh erÐosu.re of the $ickle ser'j.es is poor in the irn-

mediate vicini'cy of the intru-sion, there is su.fficlent oi:-i-

croe tc per¡lit the conclusi-on that there is no srr_ch resjdue.

ïn ihose fer,r pl aces r,¡here the ¡;-i:ey-r,racke is exposed_

',,rithin a very short d.istence of the F.re,nj,te-3reln",ra.cke cotl*

tact there is no indication of melting or pari;ia.l nelting.
.i\lsou heai flor¡ from e ma-g,ma body mu.st racìls-j;s ou-tr,,rard_s in
al-l direc'üions. Tirerefore fnsion, i-f er\yt r+ouro. be elillec-

ted. to occur on a.11 sides cf ihe intru-sÍon, not onl;r along

the top" l,ittle evidence of fu-sion rdas fou-nd" trì-:-rthernoree

ge.bbro-sedinent contacts along the ecl¡;es of the srna-rteL: in-
trUSion-q Shor¿ no evjdenCe of firqinn f.ha contaCtS being

hnife sharp 
"

It is concluded iha.t sedirnent fu-sion, if ax)-: was

nj-norx a.rro that the g-r:ani be r,+as not nrodurcecl b¡' ¡rt_*ton of
sedimeniar¡' roclcs along the u-noer su-rfa.ce of ho'b gabbro

me_gr1ra..

iz) The second, theor¡r prolloses ßraniti ze'cían of sickre
gre;'ruraeke a:rd alteration o,f gabbro to transition rocks by
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1a.-ue fl-u-ids escaplng ürÐr¡a:'d from the cî]rstall-izj-n¿ ga.bbro

n¡gma" 1'he.se fluicls r'¡oul ct repr.esent a I a.te grani'cic resi-
du-e con'bained- in 'Ljre cr¡r5fu1 rnu-sh, r.rith the basic consti-
tu-en'Ls of the gaìrb-r:o being incorpo.rated in the crysial-q.

Su-ch a late resio-u-al fluid- coul-d- not have reacted- '¡¡ith
gabbro to forn iransj-tion roclcs because the flu"id" r.¡ou-Ld-

ha"r¡e been in ecruilíbríum l¡ith the basic coTlstitu-ents of
the cr¡rstal s.

A graniti-zing fluid rvhich coulC T:r'oo'¡-ce granlte b].

rea.ction r¡ith the []iclcle Breyr.'r¿çL" a.bove the gabbro intru*
sion rvou"ld har,'e io J:e considerabl-y::icher in sil_ica and al*
kalies than the re-elrl'cing granite" because the ac'r,u-a_l gra:r-

ite zone rocks aT'e ricirer i-n these constituents tha.n the
r-norrr,rn nlra f nni¡ r.¡h'í nlr l-?ra¡' t,/OUl Ci Of eSUmablf. hAVe f Ormed, " If.+¿ :fs-vv rvJttru

such a highl-y silicic and alkalic fluid. had formed it could

equ-al-l y r.rel-l- ha-ve a.ccu-mu-l,a,ted above the gabbro a.s a g.r"ani-

.bÍc differentiate.

l[o Ínoice.ilon of e::iensive granitization of ¡re¡,iacke

l^Ia.s seen in the field" One obviou.slr. eranitized a-r'eâ cccu-rs

ne:ì.r the southeast end of the g:ra-rrite zar\eu but this i s stil-l
Ð þôô^-lii -¡l¡'l r- 9T¡êIn\¡pol'aê^ h.9r¡inø : 'iine rr-'¡irrarì qarli¡¡o"j-oæ-¡A .L Çu\-rf,fIJ¿CLUI\J I,LÇJ tvClu.rLçt 9 I--,. ---c - ¿)f, G¿rrvv_ ÐÇv-ft:JúL.t þci,I J

te::tu-re r,iith pÌrenocrysts or norphyroblasts clf pink a.lbíteu

qllite distinct frorn the apoearance of the ¿ranite. 'Jhis

a";'ea of granitizecl ¡:'e;+ia-ci<e appears to be smal-l , al thou-¿h
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iire g::anite*glani-bi zed ¡r'e;-,''ac1ce contacts are covered bv

or¡erbLr_rd.enr e.nc1 it 1s connle'r,ety engu.lfed Ì:y granibe" It
is probable that this gre¡'rrrache l{as enclcsed in grenitic
magaa r.¡itli r.,'hich it rea.cted uithou_i; nelting, u.ntil it
rea"ched equilib.r:i.um 

"

ïhe contac-b betr,¡een the granite zan.e and. the Sickle

series is not exposed." Outcrons of g::anite and sedimen-

tar.v rocks occu-r l.¡ithin 40 feet i+here exÐosure is best" In

one place nea-r the sou.theast end of the 5ranlte zor\e (ap;oror:i-

nately 500 feet south of the l ocation of specimen CG Z-4), a

crnrl I nrrl'arnn nf I ì olrt .17^\T ør,arrr.¡¡nl¡a 
^-î imnrrr.a nrror.t2il,çvv_vvrvt/

abou-t 6O feet r,¡est of the I ast granite outcrop conta.ins

scattered lrz8-inch nhenocrysts o.r ,oorphyroblasts of pink

pla.gioclase. 'Ìhese are identical to the ilphenocryststr in
the more extensive area of granitized- gre¡.lracke r:lentioned

a"bove. The.next outcr.op, abou.t 5O fee'b fu-:.ther l,¡est from

the g:raniie, is normal gre¡n.'acke" üo other. evidence of gran-

itiza'r,ion r^¡as observed"

Su.ch minor granit.,.zatÍon of g,:'e;nraclee is probably the

resu-l-t of interaciion be-tr.¡een ¿ranite magm?," ¿,rrd the grey*

r+acke i+ith i,,rhi-ch it l¡as in iinmediate conta.ctu and, o,oes not

represen.f; the exiensir¡e granitiza¿ion i+hÍch i,¡oulcl har¡e teJ<en

nlace if the g,r'anite zone r.,'ere formed. by graniiization of

overh¡i np stîel/1.,¡a_clce "Õ)- -¿
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cant part
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u-nl-ikel y thai granitize"ti-on pla.yed a signifi*
forrnati-on of ihe rocks of the eren1te zor\e.

colL*

the first nul-tinle injection hynotiiesis nroposes in-
i peti nn nf oi -i-.hAr. t;-î1¡'ñ'i i.O nr ø..rhhr"o m5Ç.m. -'l an r- {-1no ^.1 øa nf
cJ uu u¿U¿r Ur ç¿ uf¿ç¿ 5I OfrI uç U: Z,apvr v tuc6trld- d.Jutf6 UIIU cuti u Ur

an earlier Srani'l,e or ga-bbro intrusi.on l'.,hich had colnpl-e'uely

crystallizerl,. fnjection of gabbro na¿ne alon¡ a 6ranite-
sediment conta.ct might cause refu.sion of granite, rrith rnix-
ìø.. ^.î e^]-lr.-^ aeplna. and. z.elr^r +^^ ..-^-;-r-^ resu-l tinE jn theLL|L (JJ !.cLUL'r Lr -,.1çJ UçU- Ê1J cXjr¿ UU

iransi ii on ro cks . There a.re tr^,'o obi ections to this , If
ì,þe sat;brn 1,rp¡a hn'l- onntroi.r tO CAUSe SUCh eXtenSiVe ::etnel*U]IU

'i;in¡', j-t is u-ntj.kely that ihe Erârire-trans'ìtion zone con-

tac't r,'¡ou-lcj be es r'ela-tively sha-r'n es it i-qr r.,¡ith no â-pparent

metanornhism o-î the u.nmel-teci granite,

Soecific gra.vity studies ind.icate epparent incornplete

d.íffe:rentiation of the snra.ll- sou,'rhea-st satell.ite intrrr"sion*

¡ret there is no granite along 'bhe top contact of this satel-

l-iteu ancl no evid-ence that 'ch.ere ever Ïras ary. Hence re-

fr-r-sion of earlier flranite by later ga.bbroic n¿ì-Ana cloes not

seern to e>:olain at least the soutireast satelli'ce intrusion"

The foregoing objections may be raisecl to the

verSe theory that gra:ritic magma r^ras injected- along e

sed-j-ment contact. In addi-t,ionu a- granitic ne.grnp* i'"'ou-ld

hot enouglt to cause remelting of gabbro " Forliratíon of

tion roclçs b;r metasona.tisrn or grani-vizatj-on oí gabbro

o ¡ hhz-n-

not be

lraj1s-

I-
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u.nliitel¡r" The gabbro-seoiment ancl ¡r'ani'be-secrinent con*

tacis of the in i;ru-sion are conpletely conco:rCia:rt in the

nlane of exÐoslr-lre (t:re tonogr:a.phic su-rface), It is likel¡r
that the concordance ccntinues to a.t least a. :reasonable

depih" Jn the one place r¿here the g:rani-te zone tra.nsition

zane contac'b is a"lmost linlfe-sharo, it dips si¿s¡ly to the

^^,,.]-1^,,^^+ ^-.'l i s n¡rel I el +^ +1^^ *1 ^. ^ of the iniru_sion"i)LJU- Ulr',-,/CÐ U g cal-lU- 4Ë lJqr a¿!u! UL, t/1lt' ru-l-c¿f lt;

There is no evj.dence to inciicate a. significantly la::ger

volurne of g:r:ani-te at depth than that i::ld-icated e"t su-rfa.ce,

Therefore i'L is unliliel;r tha.t su-ch a .rel-atj-ve1y srn¿rll anount

o,'l g::a¡itic nagnÐ- cor-r-lcl have cal-lseC ¡ra:ritiza.tion or neta-

scnatic alteration of gabbr"o fo:: dj-sta¡,ces a.s grea.t as Ll\

,nj-l e* the rna:eimu-m r'¡idth of the transi'bion z,one"

(\) Tnt"ilsion of ,.'r-¡nii-,e alonq a rrbbro-sedirnent contact¿¿ L'¡¿r+ vv

r..'hil-ethe gabbro I'ras in the form of a cr;rstal musli is iitr-

proba"ble. Fo.rnatj-on of the int::u-si.re bocl;r in this mallner

reou-irrcs that Ð-n ex-,,rernel;r delicate: md ther"efore unJ ikel,¡,

relaiion.ship must have existeil; the gabbro r,¡oul-cl have to

he."re been ho'i, enou¡h a,-ncl Íluic1 enou"girto react a.ncl n¿rtia.l-

1)' ninp'le i,¡iih the Srar'liii c ma.grna. z ,reL fi-rrn sn61rg1l -e6 th¡t.

extensir¡e or complete -Ìntermixing or cro;cscr:,tting b-¡ lar'ge

bod-ies of ¡lranlte did noi occur:" Injection of the f::anite
t'rol-r-lcL: of necessj-';y, ha,ve to ]rave been extr'etncl.r gentl e"

tltlro fpi,¡ qhn"rt - 1¡ítEl:te f:T';1ni t-i ^ ¡:ì¡¡Ìroc fnrrnCl in tf anSitiOn¿a¡u r u ?/ tf tvl. u 1 v a-.oçLv -r 4,,-lr¿ er u
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rocirs i,;ithin a fev¡ feet of the erenite-tra.nsÍticn contact,

',r¡nile consi stent l¡ii;h such a mocle of fornatlon? ce-n eou"al -

1;r 1¡çlf be a.scrj.bed to i¡ino.r: in jec'bion of eÐ.rll/ cl-ifferen-

tiated cr']rstal nush by later a¡d more granitic cl-ifferen-
.t-ì ^J-^^U-l. cj- UltÒ è

Fina,lly, there is the possij¡iliti' of dii'ferentiationr(\

in place of Ðr-1 o:':iginal ga.bb"r:oi-c mÐ.gma" Differeritia"tion is

common to ma.n;t c'bhe:: Sabbroic anri- d.oleribrc intru-sions

'cl:rou,ghout the r.,,¡orfdg atrcl the:refore l¡ou"Ld seern to be a- prob-

able exnlana_tion of the fea_t1r.es cf ihe e¡¿,p1¡i t_t e Lake in*

i::u-si on.

ijifferentiation in ol ace llotll-d exol a-i"n a-11 the fea"-

iu.res of the inirrr-sion r,¡hicn i,¡ere noted in the fiel-C" The

relaiivel). sha.rrp contact betrreen the 'bra.nsitiona-l ancl gra-n-

itic phases is not inconsÍstent i'¡ith this theor¡;-; må]]lr

aLhey d-iffereniiated- Íntrusions hat¡e relati-ve1-y sha.rp phase

bounc].ari"es.

Differentiation is strc'ngl ;r su-pp:rted"'b;r pet::og::aphj-c

stuOies u min.e::e"logical a"ncl chemical Ce.ta., ancl the varie-tion

8-cross the intrusi-on of specific grarrit-1r and" plagiocla'se

collllposÍtion " Diff e::entiation is the onl'¡r adeoua-te expla'na'-

¡ion of i,he specific grar.rity va.riar.ion a-cross t.ne sclr-tileå.st,

satell i"te in.hru-sion,
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It is con.cl-u.ded that the G;:anr,'il 1e Lake in'i;rusion

orig1natecl 1¡.r Liffe.rentia-tlon in. f,lace cf a"n cr'1Eina.l gâ,b-

broic na-grla.

Genl or.i e hÍ sto-rrr 6f the Gi"anville l,ake Gabbro

llne Gr.enr¡::-l1e Lalce Ga-bJr::o ll¡å.s iniri,rded. as a concor-

da.nt almost horizontal sil-l*llke mass in t,¡ell--bedd-ed arko-

si e pre\n'râe]reg of ihe ,Sickle set'i.es " It .r:ema-i.ned, j-n a.

aore or less ho:rizonlaL posítion unti.l c::¡rstall.iza.tion r¡as

conlrlete, Pronou.irced dif f eren'biati on toch pla.ce d-u::ì-n¡.

cool.inâ, resu-lting in the fo-.rma.',"ion cf a i;hick l-o',.¡er ga.bbrc

f ¿rrÇr, a t::.',lsj tional dior:1te I a]'e::e ancì- a"if rr"nper ,g:'a:iite

J-a¡re.r: . The graniie a-nC 't,:i:ensi'Ì:ion a-l 1 ¡rrçr'g 8.1Ê "rr'j ci e st , anå

the 3abb:ro 1a-;'c.r-llf-r-ro"i'rÊsf, nea.:: tite soLr'clleast encr, cf the in-

t::rrsion" This indica-ues tjra.t i.he int.ru-sion ¡¡as not e:ractl;,'

jro::i zonLal a'L the time of crystallize+..van' bu-t ha.d- a sJ-ight

upr,¡l.rd iil-t .bor,¡aros the p-rese:rt southea"st end" n,s c::ystal-

Lrzation proceeded fron ihe bottoi"n up, tnere ¡.^;as presunab]y

en accr:-nulation of i¡a.sic c::¡rsia-l mlrsh dolr-n slone, nnd of

su-ccessive cliorit:l-c and tiren gr'anitj"c differen'i;Íates u.F

sl-ope. T.¡.te.r folclin¡; of ';he enclosiirg Siclc-l-e rocks i;j-lied

th.e intz'u-sion to its rrresent nearl-;r r¡s¡¡1ca-l nosition.
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Di ff e.rentiation a,ncl ir'on enrichment in basaltic magmÐ-

Drfferentia.tion and the "resr:-lts of differentia.ti-on

of ¡as¿l ti-c nagma h.a¡¡e been the su-Lrject of a great ri.eal of

disaEreenent aaong geo1.o¿ists fo:r nrany yeers" 'Ihe rnajc:t:

point of controvers)r ha.s been r.¡hether o:: not the no,rnaL eaLe*

alkaline seri-es of igneou.s rocics ea-lL be d-e:rir¡ed- from a" nri*

wry ba.salt ma"gna b)' fr"actional cr]¡stelli.zation: oi sone

otheL: proce*qs of d j"fferentj ati-on "

ilor^¡en (fgZB) contended that the ::esu-lt of the process

of differentiaiÍon. of a basa.ltic magma r'¡ou-Id- be the p::od.u"c-

tion of the norma.l calc-alkaline series of igneou_s rocks.

He reached- this conclusion by e;:peritnen'ba1 investigation of

si mnl e .q-ì'l i e¿-rc ewqtems i n the labol:atof.' ntrrl ft'nrn or¡ideneeÞr¿r¡ll:rJç L-!!¿uØev JJ o uvr:rr vv¡ J 7

obtained by field stli-díes of rocks.

Bot¡en bel ieved tha,t normP-"l L'ìrocesses of di ff erent'ia--

tion r,,roül,d- resu.lt, in a continuou-s rlecrease* in sltccessive

rocks of a- d.iffereniiated" series, of magnesia-, line, #"d- iron

o;:ides, and a. continu-cus inc-¡ease in sil-ica" and alkalies,

¡ç5rrl ting in the prod-u.ctÍon of Í::on-poor dioritic a:rd" gta*

nitic resiclual na"gma-s "

Borr,'en¡-q vi-el,' have been questioned. by !'enne:: (l-9297,

r,¡hc, considers tha.t the norma"l calc-alhaline series of ilgneous
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l:ocks is n"ot p::oduced- by f::a-eiional er;r5tal-l,iza_tion of ba-

salt* Fenner favours enrichment of i::on oxides in the

final resi dual- l-io-uid producect by f::actional c::)rstal--r ization,
e"nd bel ieves tha"t residual liqu-ids :"ema.ín highl-¡' f erri f erou.s

right un io the time of connlete crysta"ltization" FIe con-

clud.es tha"t the resu.l-i of fractiona-l crystatlization of a.

ba*caltic magm.a is to produ-ce a final tiouid rich in iron o:c-

id-es ancì a"llcal ies 3 and- poor in silica, ma.gnesi a,. a:'r.d r ime "

Bowen* ,Scha.irer, and- I¡Ji llems (1930) agree that i::on

o:.ides shorr-ld be enriched relative to magnesia- 1n a se:ries

of rocks formed by fractional crystall-i zation, a:rd state
thaf alroost al-l calc-alkaline serjes of rocks l,ril.l- shor¡ this
enrichment' usimil arly a.lkali, feldsne,-r shou-ld be en::iched

relatir¡e to cal-ci-c fel_dsnar.

Fenner (1931) claims tha.t the enriclunent of iron
oxi des shcu,ld predomina-te over the enrichment of alkalíes
anrJ si I i ea: Rot.¡en held iþ6 nn-nncì f o rrì ar.'v_v_vvrJ¿ uv v4uvJ ê

Wager a:rd Deer (1939), in their r,¡ell*knoi,,ur stud.¡r 6¡
the differentiated- Skae::gaard intrusion, shol^; that in. the

ska-ergaa.r'd nagrna" the differentiation trend i,¡as strongly to-

'"'¡ard- iron enrichrnent, l.'hich continued_ unti.l -uhe magma. was

95 per cent cr;'stallized" At this point there r,.¡as a sharl:

change in the differentiation trend: ffid the renaíning 5 pey
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cent of the magme cr.lrstallized to produce a residual lio-uid

rich 1n silica and alka-Lies, b'u-i poor in iron.

i,lager and Deer have constructed a nu-mber of ingeni*

ous d-iagrams to demonst:'ate the d-j-fferentiati on trend of

the Skeerea í1.7.Ã *ôdff^ onÄ #.6 ner"rnif. enmn¿1,fgOn tr,ith the5 v-** U- llrú-6l.llcl g dl¿u t,L, _U çI 1:1J U ULrllllJ

rocks of the ca.lc*ai-kaline seriesu as i^¡ell as i+ith the dif*

ferentiation trends of other presumably differentiated.

series. The differentiation irend i s best il lu-strated by a

r-nl ^hñ11 | ô-a ^i ntrFñn r.'i J-l¡ .'-liab]-eS Fe0, I.fgCe Alld_ (lrla.rfl + K.fl) "Ut J-O)!t)uL<1L uJd-¿;¿ dlll rJJ Uat V d.J f d. uJsì) f çu , J'J_ , ¿ ¿

Figure 37a is a plot of the d-ifferentiation trend,s of the

Skaergaard intrusion and the Gra-nvil-le Lake Gabb::o, and a-lso

of ihe cal c-alkaline series of igneoì-rs rocks, after Daly

(1933) " This diagram and its implica.tì6¡s i,¡ill be more

fully discussed-"

0n the basis of their diagra.ms, lda.ger and Deer cl-aim

that iron enrichment, shor,¡n by the cU-fferen-ui-ation trend of
+1^^ ar-^^- ^.^^-4 intrrrqinn- ic f.rrni¿rel nf the ârrerârrê r1 iffef-Uf,fç UÂd,g¿ 6ó.d.L U IIIUIUDIUIf I ¿Ð UJU¿UAI UJ ullç AVçIAóv u-

entia'Led basaltlc masmao

llor+ever, differentiation of the Skaergaarcl- mÐ.gma- has

::esulted in the produ-ction of u-nusual f errogabbros, contain-

ins âs hì gh âs- +r^;-+-' *^- rent iron oxides. Similar ferro-L!!{) o-!J fl+¿jrr sÐ UlfIL UJ !ç-L L

gabbros are rare elser,¡here* These lilorkers (p,313) consider

that
o e e @ @ the rarity of f er"rogabbros j-s not Cue to
thelr production from a iragma of unu-su-a1 compo-
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siiion bui 'oecause uninterirtnt,eri- si,ronç f-rso-
tionation or basi" ;;il;;-;Ëh-;É i"åi-'ãrååä"i"
ihe Skaergaard lntrtr_sion, is raue" The normal
calc-alka.line series of igneous rocksu r,rhich is
often regarcì-ed as resu.liing from fra"ctional- crys-
tallizetíon of basalt, is no-t, the seouence shoi¡,rn
by the Skaergaard d"ifferenti-ation; thus \,¡e con-
sider some other process as r^¡ell âs: or in place
of ¡ fractlona"l- crystallization has been respon-
sibl e for it.

The¡r also suggest (pp"3l4-3L5) that the linear re-
lationship of the calc-alkaline series shown on the FeO

I'isO : (i"la.^O + K^O) d.iasram-¿¿
@ o @ e e nlã.y be inte:cpreted as dl-r-e to mixture of
granite and- ba.salt 1n various n::oportions

a-l-thou-gh ihe;r clo admi t that su-ch a I inear relationshi'o
might, by chance, have been the result of cr;rstal fractiona-
tion, and does not in itself indicate that the rocks a-re mix*

tu-res" Ilowever, the fact that the crystatlization of basal-

tic rnagmas from other exam"ples considered by lrtage:r a.nd. Deer

appea.rs io foll-or¡ the Skaergaard trencl, is.taken b)' them to

sup'oort the theory that the calc*alkaline series is essen-

tiall¡r f,þs result of mi ¡ing and hybridiza.tion t¡etr¡een the

tÏ*'o end materials u granite and- basalt,

It is concluded. by t,iager and Ðeer (p.335) that
The trend. of the Skaergaard magma during dif-
ferentiation is believed io l¡e essentiall y the
trencl i.¡hich i^¡ould- be fol lor,,red- by avera.ge basalt
lt---rn-l r'f arrhi nnJ-nÃ +^ +t ^ l^-.-^^\lrrd.órlrdl f f, )t-¿urJ çv uu!! u\-, ui¿c ùc.t:lÇ u-çáJ =r= of
crystal fra.ctionation øoêøo Frorn the evid-ence
of the Skaerga¿rd intrusion it appea:r*s that
crysta.l fra.ctionation of þsee1 f- m>ç-c l oad-s to
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the ferroga"bbros and not io intermed.ia-te
rocks of the calc-alkal ine seri es,

I{or^¡ever, ii appears tha.t ilager anct- Deer have not

consio-ered all the factors governing the d.ifferentiation

of basal'r;ic magme, This subject t,¡111 be discussed later.

lld.l,vard-s (J9trr, in his study of the Tasmania¡ dolez'-

ites u states tha"t the trend torria.rd the enrichment of íron

relatlr¡e to ma-gnesia is strongl;r marked. in those rocks.

This is shor..,in by the FeO - i-ígO (Na.,O + K,-,0) plot for-¿¿
a-na.l;rses of the 'fasrnani.an d.ol erites: figure 38c1.

I{or,rever, a study of Udr,¡ard-s' analyses soon indicates

that there r'¡as little, if ¡.flV: absolu-te enrichment of iron

orides in the magma as differentiation proceed,ed-. The iron

o:cide enrj-chment is only relative to magnesi-a", and actual

percenta.ge of i ron oxid.es changes ver)¡ little from base to

ton of the di ff erentiated- Tasmani-an d-oLeri tes,

This relatively constant i::on oxid"e content across

the ind-ividual doleri te sills should- be contrasted- to the

variati on in iron oxid,e content across the Skaergaa-rd ln-
tru-sionr å.s sh.oi,"n b-¡ the analyses of t:lager and Deer eL939t

Tabl-e .t'j..)il), The Ska-ergaa-rd analyses inoicate a gradu-al

increase in total iron o:rides (peO ancl trer0a behave simj,.lar-

ly) from 11 Jrer cent at the lol,'est exposurer up to a r¡a>:ì-

mu.m of over 30 per cen.t a.boi-r-t ttr;o*thircls of the i'ray from
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thÍs point to the top: then a gra"C,-i-:-al clecÍ'ease to lO ner

cent in the rocks neelr the top of the serr'es. This varia-
tion represents an absolu,te en:richment of iron during the

majority of the crystallization of the magrna.

iidi.¡ards Ø,6O5) also bel-ieves Lhe,t enrichment of ir.on

o>:id-es reLative to magnesi a-

êøôeo is so cha:ra.cieri.stic of basalts in genera-l
that i'b ma¡r þs regarded es tþe norma.l- trend in
di:flferentiation of basaltic ma-smas "

T{e considers ii possible tha-t differentía-tion of ba-

sal ti c rnâEmp takinp nl iee _l_n ô hôñ.ññ _h^.mbef Of bathOli.ì;hiCL)c+¿ e¿v rrrqt)rr:L! uølJlJõ lJ!(1vÇ Ial C- lllC-FJ:11c1 Uf{A

nroportÍons,* cou.ld result in the produ.ction of rochs of the

calc-a-lkaline series, b)' sinlting of heavier iron silicate

cr¡,rstals f aster than J-ighter alical-i silicates * iiol,¡ever": he

concurs t¡ith l,'jager ancl Deer tha.t the grea.t majoríty of the

ca-lc-alk¿-fi"ne series of igneous rocks cÐJr be only the re-

sult of miring of a-cid a:rd basic materi al.

r¡Jal-ker and. Pol.derva,art (1949: ÞF ^657*66I) have con-

stru"cted- ni-ne FeO - i'igO -(NarO + I<2A) diagrams. r'¡ith i;he ob:

ìanf nf ^^hh^r.'inc iho rìiffor-ol¡fi qJ-'inn tr.o-ndc nf rrqr-inr
eJ Çu ç uf, uurlruú-& Ã!,(a *r- - a""ttiation trencls of rrarj oLrs Ln.

trusions to ths.t of the ,Skaergaard intrusj-on, and to the

calc-a-l kal-ine se::ies of igneous rocks " Th.ey find the.t iron

enri-chment j-s the normal trend of differentia;tion du-ríns the

greater part of the crllstallizatj on of basal tic magmå ø
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l{ot'¡ever, the;' consider it likell¡ iha.t the ce_,Ic*a'lkaline

suite might be nrcdu_ced b;r fractionation of ba-sic magma,

l¡r examina,tion of a.nalyses of fou-r of these nine

examoles, fcr the Falisade clia-ba-se (Waltçere 19\Ð), the Kar-

roo dolerites (ldalker ancL Pold.ervaart, 1949), the Insìzr,¡a-

intrusi.on (Schol-tz, Lg36), and inctu-ding the Tasmanian

doterítes (Iìdruards, 19\-2) also índ-icates a- relativel¡r con-

stant iron oxide content for each of threse di fferentia.ted

intru-sJ-ons, r,,'i-th iron oxide enri chment onl y rel-ative to mag*

nesìa, There is no absolute enrichment in iron. These in-
tru-sions shoul cl al so be contrasted to the nronou.nced- abso*

lu-te iron enrichment of the Ska-ergaard rocks. It r'¡ould, i-n

fact? eppeer tha.t the Skaergaa.rd intrusion is rather unu-su-al

in this regard-.,

Nevertheless, it should. be noted that al-l- the above

intru.sions do shor¡ e pronol-rnced decrease ín ma.gnesia. from

bottom tc top of each. and Ìrence an enri-*h¡rent cf i":rcn ox*

'i cler rel a*-r-i-ve t,c ira.3ne si-¿ i-n plrog-ressive diffe.rentiates "

It wa.s nct possible tc check the otl:le:: five ca-ses fo::

iron enrj-chment in su.ccessi-¡e d-j-fferentia.tes, ìrecause the

original anal ]rses had not been classified- a-s to their rel a.-

tive i:ositions in the Íntrusici:s,

ïn vier.¡ of fhe fact that su-ccessive rocks of the

Sltaersaard inirusion shoi+ Ð, Ìlronounced- a.bsolute increase in
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tota-] iron oxide content* r'.,hich none of tlr.e other differ-
entiated series d.oo the ,¡riter d-oes not believe tha.t the

Skaergaa.rd iniru-sion represents tynica.J- d.ifferenti ation of
basaltic magma, contra-r;r to the opinion of r/ager and Deer.

Gonsrd-er again figu:re 37a., l.,hich
/\- ^\(lfarO + K?0) diagram, the t;rpe pronosed-

anrJ llserl tl¡¡ m¡nv r,'nrkers si.nce tha-t tirne" This di_a.gram-!; u-¡ri L

shoi,+s the diffe:'e¡rtiation trends of the Skaergaa::d magma,

e"nd- the Granvil]-e Lake Gabbro " It e.l,sc shcr,.¡s the ntrot of

t.he cal c-alka-line seri es of i¿,neou.s rocks (a.ver.age ba-sal t,

andesite, rlacite, a.nd. ::hyol i te of Dal.v, 19-?3) .

trlraâer and Deer, a;rd- nany other" geologi-sts, ha-ve com-

pared- -urends of ana-l;rses of various d-ifferentia.ted series

to tl:.e di-ffereniiation trend- of the Ska,ergaard magma.e and

to the i:lot of the calc-alkaline setries 
"

The.re is a possible fa.llacy in su-ch compari sons. The

differentia.-r,ion trend sh.olrn for the ,Skae::gaard intrusion i.s

the treno of h¡rpothetical m-agmå comÐositions rthj-ch 1^iere c,â1-

culated by i;iager and- Deer. ft is not the differentiation

trend fol lor,¡ed- b;'r the aciua"l rock a-nalyses, -.".¡hich need not

rrecessa-rily be id-entica.l- io tha-t of the hypothetical TßÐ.gtflaø

rlnr.¡ar¡or ì-ha r,¡¡ifef haS foU_trd tha.t the a.CtUal rOck ¿11¿lySeS:rv.rvvv¿ q tLaÐ

in fa.ct follor,¿ed. the d-ifferentiaiion trend of ';.iager and

is
hr¡

eìl i',¡O - 
'l.¿of)'-ô-

\'laper pnd lleer-
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lleerss hvnntheti e¡l aÊsnâ f ¡i rl v el csêì rr" It is cf inte restr j¿.r ¡/ J

that su"ccessive anal}r5ss front bottom io tap of the Skaer-

ga-ard. j-n'bru,sion do not follor+ this trend in order" In othe.r:

r.rnr.rlq- ' -.r(lelr m¡v fell elose-n tn tho lr,ir-O end Of the tfendivu¡ v-Ð g c¿ r u vi! irlqJ I a!¿

than another ta.ken from lor'¡er in the i-ntru,sion. Thls ma.J¡ be

a resu-lt of the I ¿r¡sred na"tulîe of the intrusion.

Similarly, the calc:alka.l-ine trend- Ís for average ba--

--"1 * -nIa^ì in ¿ì^nì l-n ^-,ì i-hrrn-l i ì-.a- i.rhi nh 1^an1"pcant :lf6ZenÞrLItrg clrIL{Çb-LUU3 UõLUAaE? üIu ¿}rJvr+uu3 Lrt¿¿vr¡ !vPrvJerrv

magma compositions' The;r a.re3 hov¡ever, 'bhe most su-itabl-e

beca-u.se the a¡"¡erafe r.n¿l¡rss5 Of gabbro, dioriter ¡r'a-nodior*

ite, Ðnd- grailite r,^¡ou"ld- include anal)¡ses of rocks pr"ocLu-cec] b;r

gz'anitiza.tíon and simiLar processes" In spite of this pos-

sible cornplication, it is found that the average gabbro,

d-iorite, granodlsriie, Ðd granite ana.lyses follow closellr

the trend of the irozen maglna compositions.

Strictl¡r speekings rock compositj-ons should noi be

comTrared to magtna compositions, In the case o,f the Skaer-

gaaï'd intru-sion a.nd ihe calc-alkaline series ? the close

correspondence r^.rould inOica.te that no grea-t error ha"S been

i ncurred t hereb]t "

Figure 37a- shor,¡s tha,t ttre differentiation trend of

the Granr,'ille Lake Ga"bb:ro is a"lmost iden'bica-l to the trend

of the calc-alkaline seri es , The Granvil-le La.ke intrtr-sion
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cloes not shor'¡ al¡solute or rela-tive I'eO enrichmentr âs is
chara.cteristic of the Ska,erga.a.rd rocks, bu-t ins'cead, both

FeO and I'igO decrea-se r+ith a sip¡-] taneou.s incl'ease in
/i\T^ n J.'r¿ 

^\\rra2v , t\)v/ &

.Anal ]rses of the Granville take Gabbr"o indicate a" com-

*^*^+'" -"^-ì '- r'''i c¡ir Eo ô nn:rf eni. rt t,¡as though'u that any ironycL!cL UrvçJJ/ llr¿)fr a v2\/3 ulJrruç

enrichnent mighi not be evident in the standard FeO - lttgO

/rrr^ ^ .t. 11 r\\ ,li.ôTiñ haa-r1gç Of thiS" F|g¡_¡e 37b iS a tfj-\r\d?u I Lt2v / uJé-ó¿ 4iilt uÇud.L

angula:r plot of (total iron as FeO) - i'{gO -(}iar0 + ïi20) for

the Siraergaard. intrusion., the 6y¿p1rille Lake Gabbro, and the

calc*al-kaline series, lÏo such iron enrichment is present,

and the Granvil-le Lalee d.ifferentiation trend still corres:

ponds closely to that of the calc-alkaline serles*

Figu.res l8a to l8h are cornpari sons of d-ifferentiation

t:'ends of several r.^¡ell kno'",¡n differentiated. intrusions to

th.e Skaerga-ard d-iff erentiation trend, and to the trend of

the calc*alkaline serles" These have been taken, tríth ad-d.i-

tion of a f er.^¡ ner,¡ afia-l)/ses, from Walker and. Pold-erva-art

(1949)" The analyses represented on these diagrams Ð:re froms

a." Ins:î-zr,¡a intru.sion (Scholtz, 193ó)

b, Irrâr1'oo dolerites (a"l-l available analyses

as listed b;r lJalker and Pol derr¡aartr 1949)

c* Pal-isad.e sill (idnl¡"", 1940)

ci" Tasma:rian dolerÍtes (Edr,¡ard.s, L9+2; t'fcDougall,

1 q62\
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insJ-e¿d.ån¡l tkæ Red HååL &*L*'*it**
øranophyre as soeåatåor: 
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g" l.he Garaba1- Fiåll-Glen I'ynç
cornple:1 , (29 analyses)
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( after Da,l-1,')
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"

I,íe20 + KZO ir{90

h. The Bushvel-d igneous cor¡ip1ex,
{ 98 e.na"3yse s )

Feû
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€" tdhin sÍll artd ret ated_ rocks (Da;ø, Lj2Bz

llolmes and l{an¡ood, L}ZBz LgZgî Tomkejeff ,

L929; Smythe¡ 1930;, I,jalker, ,_g35)

f . IJa.uai-ia-n lavas (r,,Iashington, l-g23 I to IV;
Washington and Keyes e L926, Lg2B)

g, Garabar- i{irr - Gr-en tr}øre complex (}rockolds, r9+l)
h" Bushveld igneous complex (uatt, r93B; Iriele 19+o)

Figu,res JBa to 3Bd_ (Insizv¡a intrusion, Karroo o-oler_

ites, Falisade sill, and rasmanian dolerites, respectively)
all- shor,¡ e pronou"nced- enri chrnent of j-ron rel-ative to mag-

nesia d,u,r'ing the majority of the ,oer:iorj. of crystatlization,
fol lor,'¡ed by later depletion in iron and- enrichment in
alkalies.

Figures 3Be and, JBf (r,Jriin sill and Har,¡aiian lavas,
restrectivel¡r) shor,¿ a less pronou_nced enrichment of iron re-
lative to magnesia, followed by a more pronounced. longer
period of enrichment in alkalies" These lntrusions a,pparent-

Ly represent a iransition to trre calc*alka]ine series "

Figure 3Be (Tire Garabar I-ïill Gren Fr¡re cornolex)

shorus only minor enrichment of iron relative to magnesia_ in
the earLy stages o,f crrystalli z-aLion, then follows the ca.lc-

alkaline trend.'uoward, increasing allca.lies " lrloclcold,s (r94r,
p,508) conclucles that differentia-tion is the only process
t¡¡hich caïr. exr:fain the rock associations fourrd in the complex,
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Fig.ure l8h {tne.Blrshveld igneou-s conplex) e_pnears to

shov tr,¡o trend.s of differentiaiione one d.isnla;ring en:rich-

nent :'-n iron, the oì;her follor.¡ing ihe trend of the ca-lc-

alkaline series *

Iìr appears that differentj_ation of basaltic magna

ca-n result in a-ny gra-dation betr¿een tr^¡o main trends, r,rhich

ó.LVè

åylg_lc A d-ifferentiatjon trend. consisting of
pronouirced enrichment of iron rel ative to ma-gnesi-a

until late sta.ges of crysta.llizaLian, follor,ied b;¡

a" decL:ease in iron a:-rd, enrichment of a.lkal_ies"

IypC_-J_I_s A differentiatlon trend r^rhich essentially
follol¡s the trend of the calc:a"1ka"l1ne seri-es of
lgneous rocks, uith continuous enricirment ín aI-
ka.lies "

It also appears that type I is general ly rrredominant,

rrnl aac f ha s7^^'{- 'rr.'r 1. ^¡ i .neôl.ts rneks eOmOf iSi ng the Ca]-C-UlIf ÇÐJ Ullç óJ Cd-U UL¿If! (JI J.õjrvvuJ ¿vurLÐ uv¡rr!¿ ¿u¿:rb

allçal-ine serrl. es is considered" to have formed b¡¡ differentia-
tìon, Ín r,¡hich cese type I is d,efiniteJ-y subordinaie" The

Ska.ergaard in.tru-sion il-iu-stra"tes the best development of
type I " The Granvj-l1-e Lake Gabbro is ai1 excellent example

of type f I, and its diff eren-bia"tion trend- follovs closely
the i,rend of the norma-l calc-alkaline set:ies of iqneous

rocks.
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ïhe ca-lc-a.lka_line series trend folloived b¡r ihe dif*
ferentla,'r,ion of the Granville T,ake Gabbro r,¡or:1d- ind_icate

that' d.ifferentia'bion of basaltic magma of the tholeitic
t¡rpe calt resuli in the forma"tion of normal rocks of the

calc*alka.line type. I{ence, it is at least conceivable that
contra.ry to the conclu-sions of 1¡Jager and Ðeer, Ed-r,rards,

Fennerr ffid others, differentiation of ba,sattic magrila cou-ld

have produced the grea-t bulk of 'bhe rocks of ihe calc:

alkaline serj-es: lrovìded that it r,¡a.s possible fCIr the ¡ro::e

basi c d-ifferentiates to accu.inulate a.L great depths i^¡here

ì;he;r are not exposecl. This might be the case if crystatli-
zation C-ifferentia-tion has taken place in l- atge bodies of
be-thof ithic size "

The infþence of tþe partiqJ,*pleÊqgåg gi_o:ggg*Sf gg¿g!+1:
l- i-z. a ticr-n- dj'if-e r en!-i-a--!-i o-n

Çsbo::n ft959) ha.s shor',rn that the partial pressure of
A.*¡ñâñ f-rì I ectino rllrrjns the fra"ctional_ crr¡sf,a11i-zqtion\.lj.ror ue uqa!:r¿] u:rv !Ie-vv¿u.lla¿ v¿.:l * v'¿rLLL!).

o,f a sj-licate licir.rícl -,+hichr cont¿.ins iron oxide can ha.¡e a

profou-nd effee'c on the course of crystallizatj-on. The lìlaJ1-

nel' of clra:rge af or-;rg,en nressu-ire du¡:inl fractiona-l c.cysta-l*

liza.tion and d.Ífferentia"tion of ba"sa-ltic l:ns-gmss is the ch.1ef

control d.eterminin.g r¡.rþç¡her f-iquids move 'bo.r.¡ard higher

si.lica- a,nd- lor'¡er iron oxrlde conient (calc-al-kalj,ne trend).

or. to"r¡ard_ hiaher, íron oXid.e content .,.rlith I i ttl e elranse inv vL:v:--ì
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sil.ica" content (tholeitic irend.) " The former occu-rs i;here

n0 - renpi ns ¡lrnnl-. .ônqJ-.'irt - O:rt j-nereaSeS. ¡¡O this en'Laj-1S!'"'D

ad-dition of o>qlgen to the slrstem. Tkie latier occurs in a

nl nqerl qr¡sf,ern r.¡hor-e nO- r'l ecrepscc dlrrinø er"rrsl:¡l 1i z.ntì_on.ú¿LjJvv:r-9

A higln .tn-.Ler content in basaliic rlâømâq drrrinr-' dj-f-

ferentiati-on is nrobably ihe principa.l factor car.rsj"ng eon*

stant or increisjng !02. The ecuation 3overning the Cis-co-

cia-iicn of l¿a.te:: is s

ÕLr^\a.lj-L^.:.2',.i -<- ,t:?_ ' t2

At tenipe::atures a:ld" lrL:essu-res nrei¡a-j--l-1nf, e.t the su"rfe.ce of

the ea.rthu the tC, prorluceri by this reactÍon is negligible.
lTn,.¡orra-^ r,¡i'i-1" in¡r"ocqino f.emne1. atU-fe anrJ n:.eSS11fe" the 

' 
0ff -v rru v v: ) rrr \J! vu'r:J.!t) ? "*-'

d"u"e to this rea.cti"on inc::eases u.ntil it becomes s. signifi-

cant factor in contribr-:-ting to the total pÐp in the rûagma-"

Afier consid,eration of the factors r.'.'hich r'¡ould- control the

proportíon of n0, contribu-ted to ihe total pÐ, by lra.ter in

the ma.grna, 0sborn concJ-udes that j-f l¡ater pressu"re j-s appre-

ciable, the total p0, in tlle ma.gma. r,.¡il-l- ::erna-in a-bou-'h con-

sta::t oF i¡ii-ll increase âs a ïna8me. crysta-llizes ' Proba.bl;r

cnly e. fev pe:: cent of uater i/apoull is reqrr:l-red" in the

original magna a"t the ste"::t cf cr¡rsta-llizatÍon'

In e. c-'l-osecl s¡rstem i","¡he::e the rnagna is essentia,lly

dr'¡r, tkr.en p0" r.riJ-l decrease ra-pidly s-,s crlrsta-llization pro-

ceeds, The Skaergaa.:'d- inirusion is consj-d-ered. to ::ei:resent
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e, c-l-osec'i sl'stern 'uiith l-ittl-e or :lo v¡a-'ber conte-ined" i.n the

n?gns." Th:ls ha-s I ed, to eiì jncr.ea.se in the iL:on cx:l-cle con-

t"ent, anC Lj.tt-"1-e ch-.n5'e in the silica ccnten.b, r'intj,_-1. th+

ïerJ¡ I¿.e'1; s'ta,te.q cf c::¡rsfs-llizet'ien, r.iith the resu-l-i;ani nrc-
cl-uction af ihe uncolnacn ferroga-bb:'cs plus ¡- sma-ll anount nf
fel.eic resíd-r:e, tynica-J, cf this tyee.

r,.,lhere n0, rerrains r.ela.tiveJ-¡r consta¡'b," or even in*
cr:ea.SeS Ð-S cl;r5ial-l-ization n1.oceed.s, a ccntinUcqs incr.ea.se

in the sil:-ca ccnient ::esu-l'hs, r.liih a con'L:inu"or,r"s d.ecrease in
i:'cn o;lj-d.e. I{enee, i-n thÍs cÐ.se, the nci'ma-l ca.lc*a.l ka_l.ine

series of i3neou"s rocks Cevelops blr fr"acticn¡.1 ci:)¡stal.l ízs.*

tion of ba,sa-l.ti c magnia-" sl-r-s¡ rocl.çs are noz'e t)rnÍcal- of the

differentj-e.tes fou.nd in the c.rc,genic belts* -,.rhere the neces-

s3l'v r,i¡tÊ? i s nrovi rlecì þr¡ 1-h^ inl--.ilÄ¡Ä -eOSr.mcl inel sedi-*.t Irf, vI uv-uu óvvu!/rrrv!4r.rLLI

nents. Osborn consi*ders th.e olivine basa-lt to daci_te ser:l-es

of la.i¡a-s af th.e Cascad.e orogenic belt to he en erarnple of
thls t;rne ú

The effect of the pa:'tia,l -oressure of o>rygen on

- 
tizä{rcn cr f;tre m;ffifrrJîa"k;:Eiñro ** tkre crr¡stal-
lizaticn c'f the Gra.nr¡ille Lake Gabb:i:o

Let u_s

Granrrill e Lake

f.ho f ri pir r¡rr'l q--

anð, (total Fe

nol,,¡ recon"side.r the d."l'-fferenti a.tion irenci of the

Gabbror âs j-llu-stra,tecl by fi-gu-r.e-e 37a. a-nC l1b.
plots of the o::id-es FeO I'rgC -(l'IarO + ä20)

as FeO) * ivigO *{}üa-rO +' }lr0): r.espectj-r¡sl;¡"
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Ðifferentiation'b:'ends for the,,Sl<ae t:F'e.e::d int:ru-sj"on il-lu_st-

:r:a-tec1 in these cj-iag:r:a.rns shor,¡ a pronou-nced continuous in-
cí'ea,se in i:r:on o>;id.e content uni-i-l the -l-ate sta,¡,.es of crys*

ta.ll-iza,tion: l¡hen enricirrnent in the fel síc ccnstitu-en-us be-

ceme nredonine,nt. Florn¡er¡er" the tt'end iirdicated fo:: the

Granville La-ke Cabbro is sj-rnile.r to that o¡ -l]3,];rrs ca]c-

alkaline seri es in l:roth. crì.iagrans" Tiris ís particu"la":rl}r s6

in -fligu..r:e 37e"t the FeO iigO - (ita."O + KrO) d-iagrarn, r^rhich j--q

the type comrnonly used to cl.eterrnine sJld- corloare different-1a-*

fion trends, In boih dia.gr.a.ms the G;'a:rvill-e La_lçe Gabbrc

shows no increase j-n .rela--r,ive iron oxlde content, but rather
a contini-rou,s clecrease ín. iron oxicles throu.ghou-i cr-r's'balliza-
tion.

Rocks of ihe C.ranville Lake Gabbro appear to be fa.i.r-
ly norire-l, and- ::el-ativel_¡r tynical of those of the calc-
alka"line se::ies. both in hand st-recimen a.nd in thÍn section.
Thor¡ cra nn* ihe 'Ferrorahb-rn-sr"nnnnhrri"e ASSOCiatiOn trtni ea'irvf-¡v53:uuJV-L.,.rut!,UffJJE J ljruu-r

of differentia.ted basic intrusions such a-s the Ska_ez.gaa.::d

i niru-sion.

The relative ra-rit;, of iryrorene? a¡d- the high ho::n*

bl.ende content of the gabbroic po::tion of the Granvil-l e l-,ake

intrusiorl ma¡r þs a result of cleu-ieric altera-ii on of magmatic

pyroxener or possibl¡r 6¡ direct crystall-ir,atj-on of magmaiic

hor:nbtrencIe, Either case r,¡ou-ld su-ggest e. ::elativeJ-y high
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I'Iâter content in the prirna-r¡r Tnagtßê.. Sinilar.l¡r" sc'rpoljie
i-q a comnon alteration product of pleg'iocl-ase in the r"¡hhr-.n

a-nd" 'bra¿rsj-tion zones, l'{oorhouse (L959) considers sca"pol ite
ín ba"sÍc rocks to har¡e fornied by hyd-rothernial altera.tion of

^^1 ^i^ -'r-^{^clase" rn the case of the Gra.nville Lake in-ual ur v lJréóru

f.r:u-sion, scapolite alteratiorl wes probably ce.u-sed- h¡r Nþs

actlon of deu-teric flu-ids resulting fron a l¡et magma"

It appears that the Granrrille Lake intr:u-sion crys-

i-allized uncle:: a h:-gh pa.i:tial Ðressu_re of oxygen, oerha.l:s

cprlqer'l h¡' ¡ hi rh ',i¡f.or cnnlg¡f . Afte:: Consi rlerins the COn*(¿ rr¿L¿J, vvr:L::v_\'¿rJrtl

clusions of 0sborn, ihe calc-alkaline trend fol loneil bjr the

Granvill-e Lake Gabbro" enci. the na-ture of the rocks comn:ris*

ing the intrusionu the l¡riter believes that the magma. i..¡hich

d-Ífferentiated Ín nlace to form the Granvllle Lake Gabbro

-^+ Ä--' bu-t contained Ðrt ennreciabl.e amount of r¡¡ater.!?C1ù tl\J v w-r J 9 UU- U U(Jll UcLIf IÇU *f j-- -

This r'¡aier Íia,;r ¡tv" been d-issolved in the magma, pz'i-or to its

enplacemente oï nal./ have been in'r.rocluced from nea-r"by sedi.-

ments. The simil arit:¡ of the d-iffe::entiation trend of the

intru-sioi'l -r,o the trend- of the cal c-allcaline series u rather

than the enrichment in iron oxides -c1-loi",-r.r. by the Skaei'gaa_rd

intrusion ånd so merry other. differentiated intru.sionsr ma.y

be related to its high r+ater ccntent.

Tl: ":,ll::l :i r:l:1 :i :l:__rtl: 1"3.1Iî:9; l"_ I l::-i'
Iienned-y (fg+g) states tha-u the ratio of ,ferrous to

ferrj-c oxid-e (tfre ratio of FeO -i;o FerOa) rn a rock melt
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depends uoon the oe.rijal pressu-re of o>rygen (pOr) r,¡ith
t¡hich the magma is in eouiliÌ¡riu,¡r.. The reaction involved

ise
aT.¡^ n ), r.^n J ^á-J'U¡Ua -S- -T.L ç\J , Wn 6 6 ø 6 ø ø € è 6 o " I//a¿. J

Tt h-rs ¡l rearìr,r been shor,,m tL^+ *^¿ u ¿rc.r u..Ltvuv¿t UeeIl SIIOV/Il L-flaU pr2 a 
= l-il..-'w-vrrvv* vJ *lY

r,¡ater conta-ineo in the mel t accor.din8 to the reaction gÕv-

erning the dissociation of r.raterå

ôTl- 
^ 

\ ôT--T -L 
^litru ...=-- ¿n2 'r U 

2
êøoe12

If the magrna contains r,iater', tnen the r¿ate:: con-uri-

butes io the pariia.l Ðressu-.re of oxygen according to eqlra-

+-'^.^ . ^*r - naarr] .l- in ACCO¡ dâj:lce llith the laW Of tnaSSUJ(Jll -É d,Il\J- dò (:L lgÞU-It,g J1.

a"ction, eouation I is driven to the l-eft: that is, ferrous

iron (t¡eO) ís converted. to ferric i::on (Fe..O.) until the

equ-a"tion

),(¡'eo)-o^-¿
^ rrr' n 7\: v2v?r

is satisfied,. I{ence" the effect of r,¡ater on a silicate

msflmâ is to increase ihe conieni of ferrie irnn (trc-n-1 otr:ru-ùrrrs +¡¡uIvq'f,v eilv uvrluul¡u vI :urlrv ¿J(/II O. "2-3/ C-ú

the e)ipense of ferrous'iron (FeO).

Tirerefore, in dry tnagmas it 'vou-l-cL be eitpecied. that

the FeO to FerOa ratio r,¡oulcl be high: ffid in r'¡e'b nâ8mes it

l,/ould be l-or,,¿, ãon..r""ue1)'r magma.s in l¡hich the ratio of FeO

to Fer0. r,ras high must ha-ve been relativel;r d¡¡r, and those

in r,¡hich the ratio was lot^¡ mu-st have been rela.tively wet'
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These conclusions shou"ld hold for ::ocl<s nrooi-rced by crys-

tal-lization of su.ch maflmas"

Significance of ihe FeCItFe,.,O, ratj-o for the Granville La.he_*ffi*_1*:___ -___ _

Table 6 gi ves the r¡alu.e of FeO/FerOa for a repi'esen-

tative selection of rock arral;rsss for the Skaergaard intru-
sion (ever;' second. a:re,lysis from tr'/ager and. Deer, L939, table

,Ut{m) " In generalu the value of Fe0,/FerCI? :rarìges from

aporo::i'rîately four to thi::teen. Oni-y in the u-aper 'r:order

group" the latest rocks to crystall-ize, does this :i:aiio

-rea.ch a. va.lu"e as lorr, as tr¿o" In contrast, the ma>lirnum t'alu-e

nf l¡eo/r¡e^Õ^ for the Granr¡ille Lake Gabbro is 2.L (ta.nle 7) "4vv/¿"?-?

This valu-e is considerabl;r erceeded i-n the g:rea.t majo:rity of

the Ska-erga.ard rocks. The contrast suggests that the Skaer-

gaard- megma f.ias proha.bl;' drY: and the Granville Lake magme

r¡et 
"

The valu-e of Fe0/F€^0" for l:he Gra-nr¡ille Lalce Ga-bbro¿3
i-nol-q ?ânsêq from a hiÉ.h of 2"L to, a lorv of 0,I- It is of¡vv¿Lr r-Lu:¿-vu

intere-qt to cornpu-'ce the average va-lue of FeO/F"pOt for: the

int.rusion. This l,JÐ,s done by ta.king numerical averaSes of

ihe availa-ble Fea/TerÐa ratios ('Uanfe 7) of chemically ana:

1vz,eð sneeimene- fnr e:eh of the three zones of the main in*!¿v auu Èrllvvrlilvr:L, ?

trusj-on" A planime'ber measurernent of the surface area of

each. zone iras nresumed to give an a-pproxirna'bion of the
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Va}:e of FeO/F"zOr_ ra.tios fo:: ihe Slcaerga.ard inirusion
(ever]¡ second. ana.lysis, !iage:: and. Deer t L939, ta.ble lOrcil)

specrmen '/, YeA %Fe ra, Tn^ aì¿'cu 4o-ql! lreg

I lf)
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TABT,E 1

[a]ue cf FeO/F*pCIq ratias fcr the Granvi-"I-'l e Lake Gabbro

Qn a n i .r¡ an ohree tlFe ^Ì . Fe$r1Fe,.,CI _, Zene
¿ 1 L J

cG 6*25 t "3g 3 .8 O ,1 Gra:rite
cG 6-22 o"3g 5,V o"r- zÕrre

ÇG 1_2^2L 2 "23 3 "76 O "6

cG 10^23 4.BB 2"73 1.8 t'î:å:t*'

cG 2-r+ 5.L2 \"51 1.1

cG L5*L7 6 "O ? .g 2 "t
cG r - 5 5"8 3.5 t"? o;låå-

ÇG g*25 4.7 4.9 1 .CI



| <,/

::elative volune percentage that each zone ccrnþ:rìses of the

entire ¡rain intrusion" The 
""1¿live 

å-reas of gabbro, tra-n-

sit.ion, and granit,e zone rocks at the preseni erosion su-r*

face do not necessarily represent ihe actu-al relative

vohr-rnes of the three t)'nes r'¡hich forrned by diffe::entiation;

hor^rever"* a good- cross seciion of ihe inirusion is e¡cosed-"

-ati ve åreâ.s are fa-i r'l-.¡ r"or"="r.*anditisprobab1etha.tre].aiivearea-sa--+l¡-J¿ùJ

tative of the relaiive volumes of each 7,a:ne" Allowance l,JaS

ma-de for the lott'er speci.fic gravities of the granite arrd

'b::ansition zo{\e rocks as ccrnÐared- to the averege specj-fic

g,rarri'by oí 'uhe gabb.r:o zone" The averaSe snecj.fic gra.tri-ty

cf the granite zone is 2"64, the tr¿nsition zone 2'79, a-nC-

the gabbro zone 2.88, The area of the g,ra¡ite zone trvas

rnrr-ttipfied- T:y 2164/Z"88, and. of the transition zone 2"79/

p ^BB,- hefnre a valle of FeQ/Fe^fl. r,'/3.S comnuted. fof the en-L Évv -?.- 3

ti.r:e rna-in intru-sion. The calcu-lation follol'r'sË

Ârror.¡c'o rr¡lrrp nf Ii'pO/-qe-O^ Ifr v vr qt)v v LL!uav Ul !.çvl r 
"2"-? "

gabbro zane

transition zan"e

gra-nite zone

Arroz"r <;o cno¡i f i n ryrrrri ì-¡¡IAVç: (i.iE Ð,LJçç¿]JU ¡JI C.V¿ T'¿V

ga-bbro zone

2"L+T.7+I.O
'l
.-)

0.6+l-"8+t.l**3*

a*Ll-E¿
a
I

I.O

'lô
-L ø rl,

^l

of each zone (maj"n intrusj.on)

2.BB tZTt specimens)
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tr"ansition zone 2"79 ( \7 specinens)

g::a-nite zone 2"6+ t 57 snecimens)

Surf a-ce a,reas , mai n intrrr -qion (plani nteter measurernents ) c

ga.bbro zarre 3,13 mil es2 = 76,J1à of ma-in intru-sion

tra-nsition zone O"40 mi't es2 = g.5,¡I of na.in j-ntru-sion

gra.nÍte zane O,5B ¡qiles2 = f4,0?í of ma"in intru.sion

lTanr,a, el¡ê?ece Valu-e of Fe0./Fer0f for the main intru-sion iS9 u- v v-. sf)v

(converting al-t zones to eouir¡alent arees of gabbro);

(4#"*ffixr.6) + Ê+E " 4."f*9" x 1.2)' oloo " 2.öö

xo.t) = 1"3+ rf4-"4 - 2*&'\foo^2.88

The validlty of thi*q cal culated vahr-e is oÐen to a.1-

gu-nent" The average Fe0rzFerCI, r¡alu,es for the inc]ivídu-al- zones

a-re onl¡¡ a-pproxirnate" Iìela.tive surface areas do not necessa-

rily reþresent actual relatí¡¡e volu-mes. llor'rever, it j-s be-

lieved tha.t the va-lu.e obtainecl (1"3) is an apprcr;i.ma-ijon of

ihe tr'u-e r¡alu-e of FeO/F"2O-a for the intru.siona and- hence the

uncrysì;all-ized Granvill e Lake l-nagma"

I-r, is af fuL:iher jnterest to calcuilate the valu-e of

Fe0,/FerCI, .rior some cf tire va-rì ou,s intru-sions illus-r"ra,ted in

figu_::e 38. Conpos j.ti ons for the uncliff erentia.teC- magmas

l¿hich formed. the Karroo doler1tes, the Tasma-nj.an dole.rj.tes,

';he '!,ihin [1i]1 cloleriteo the Palisacle dia.base, a:rd the Sha'er-

gaard intruslon har¡e been proposed" b;r the 'uorlcers studyi-ng
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these inii:r-rsicns" The vatrr.es of Feo/Fupa., for these inir:r-i-

si.ons at:e shor.m in tabl e B "

trn fou-r of ihe fi"ve e);amnr es: the varu,e of l-eo/F"za.,

is cans j-derabl r' le.::ger than the-'L of the tìranvil le talce Ca¡-

b::o, In the fifth examnle" the l,,ilrin Sill oolerite, ihe

averef;e is 2"2, l¡hich is also gr.eater then the l.J of the

G"ra-nr¡ill e l,ake intnlsion.

These exarnples were the onJ_;r stu,dies su-fficientl_y com-

plete for this pu-rpose founcl in the g,eol ogica-J- litera_ture;
othe:: stud-ies d-id. not include a. pt'oposeci originat unciffer*
entiateC rnegìnâ. colrþosj- tion.

rn none of the BB Ïiarroo d-ol-erite anaryses of i,/a.l-ker

and Poldervaart oloes the pe::ceniage of tr"203 exceec or equal

that of FeO (tValker. and Poldervaa-rt, L94g, table lf, p,6\6) 
"

The Palisad-e diabase ana.1-;rsgs (',rjal-ker", tgLlO) ¿r-re sj.nj_lar in
th.1s ï'espec'r; to those of the Ka,rroo d.ole:'ites. In the 36

e"vailable a:rallrses of the Ska.erga.ar:d ::oc1cs, F"203 e>:ceeds

FeO in cnly cne sa"mnle (iria,ger a.nC. lJee::: 1939, ta.hte )ilil|}il;
'ti:.3e:r " l-960: ,rr. .37C, p,,.3Bgr\ " Tnj-s is a* I ate t::ansiires sir¡e

rocx, that is, a" vel']¡ ls-ce diffeL:entiate cf the o::i:;ina.l r.nag*

Íte: and. night be exnecteC 'tc ha-¡e a -,rel_a.iiveh¡ hiCh i,¡ater

content ai su-ch a late stage of clif f erentia"tion " In the

Ta.sma-nia:r c-ole;:ites, onl;r tjne rare l-a"'best il-ifferen-r,iates
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TAELE B

value of Fe0/Fueo3 ratios for original_ u-nd,ifferentiated-
magrnas of various dÍfferenti ated i_ntrusions

fy: {ï:!: Feo,/Fero,

Ar¡erage Karroo d_olerite (l^jal-ker
and- Poldervaart r Lg4g, p,.66?) g "3 L "2 7 .?

Ave::age undiffe::entiated_ Tas-
manian d-olerite (rld_wards ) Lg+Z,p.465) / ' ', 8"3 0"5 16"5

Average 'ldhln Si11 ri.ol-e::ite
(Hof.mes and I{an¡ood", L}ZBe
p "539) 8.7 h"0 z"?
Average undifferentiated. pali-
sad-e d-iabase (Walker, l9kO,
p "loBI) 9 .3 f .o g "3
0ri ginal u-ndi ff er.enti ated
Skaer:gaard- magma (l¡,lager, I960,p"375) B.++ L"zz 6"\
Frobable undiffez'entiated_ magma
of the Granville Lake intru.sion 11
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rnorra ôh 11¿ n Content eq¡-al to or e-ïCeeoling that Of fe$.)!:."2"?_

(Edr¡e.r"C-s , LlLrZ: i'icDou,gall3 )-962) .

ï{oru.retr'e.r, in the case of the Cranville Laj,ee Gabbroo

Lhe content of Fer0, Ís g::eater tha.n or essen'biall¡r equa"l

to iha-r, of FeO in five a:ral¡.ses ou"t of eight" 1'he ma.xinum

va-lu"e of FeCI/tre"O. i= 2"Lr, ',,,'hich is conside::abl.,' lor,rer than

ì-,hei; of n"^"f y ¿i the a.vajl ¡hl e rn¡'lr¡qÊq of the S}cae:'ga.a::d-y *ii the a.vai =*--- v..-v.-r pv

rocks" Slmiler'l;', -bhe ca.l culated value of FeÐ/Fer}a fo:r

'hhe unrlifferentia.tect Gr"anvill e La^ite ma-grna- i s invar:-at1;,

lol¡er than that of ihe u-nd-iffereniiated. megma-s for l;he fir¡e

examnles of di"fferentia.ted intrusicns wirich a".re readily

ai¡ai-1 able from the litera,tu.re. P,econsidering l(ennedyss re*

sul'ì;s (Iienned.;., l-948)" 1'L i-s a.ppa::ent th.ai e.ll- f:'-ve ex-a;nntres

ha-ve probabl ¡r formecl b;,"r cz'ystall ization of rela'Lír¡el;r clry

^-^ hence have a- high FeO a:Ìd- a. lo-i'¡ FerO, content"illl-11.1:to.> ) diru .Lrsf rvÇ l¿a v v o- !!L ¿rl r uv 4¿v- ().

The Granvil-l-e Lake Ga.bbro * vith. a rele-tivel l¡ high content of

l'e"01 es conpa-red to FeO, r¡ias apna.rentl.¡¡ formecl by crystal-

Jization of â. U€t ma"flna-. This is fu.rther evi-cl-once for â- r¡'et

Tfra.Zn1à-" i,¡hich he.cl- been infer::eä previ<li;.sJ-y fron oihe:' evi*

dence "

Silica content of the prinagl;ga-Apg

Tlhe sil ica- content of -r,he nri::ne.ry und.i"fferenti-ateC-

GIa-nville Lake magrnÐ' \^Ia-s coinpu-ted- in a rnånnell similar to



'1 '\ f-7

1,hat b.¡ uhich the FeO./I¡e^O- r/alil-e l,¡as ccnpu,ted" The cal cu.-"2- 3
lation follo-'¡s s

lr¡er-ÊÊe llei" eent ,çi0^

ø:hh'n zcne = 5¡I'z "!- .tt?-'6 t 5Z"g = 5._"z?t,
3 

JLê

transition zane = 'çe-Z = 5? " _?%
¿

/n ñ^ .¡

,ran) l'.s zo¡¡,e = o'l-'-q 1 '¿u-.'á 
= 68 ^2"1,è.¿qJl4(¡*2

Al¡er¡ ¡'e .qneei f i c qrer¡i t-¡ of each z,onez

gabbro zane 2.BB

transition zÕne 2 "79

g:ranite zone 2"6Lr

Qrrmf^a¡Lru_J I d,ç¡; É.I E<,ù,

gabbro zone = J.13 lliles2 = 76"Ji6 oî main intrusion
-r,ra:rsition zone = O"\C mites2 = g"5f,/, of ma.in in.b:usion

granite zone - O.fB rnilesz = L4"O'!1, of main intrusion
Averaîe SiO^ content of the main lnt::u-siona''I

d 76,5 2"BB* ,/ a É . nÕ(5L"2/' 
" 'ffié " ájË") 

Jr {57 "3/' x ffi " f"ffi)
+ (68 -zít " 

L+*7 -' 2"6\-' ci

,r,J. x 7;ágl = 53 "g/'

.lhe :resu.lt is su-bjeci, to the same c::iiicìs::ns as tne

tr: I rl e r¡f }i'ofl lflo n ^^n- rr +-4 in 't he pf.eViOU-S SeCtiOn " j{Of,¡-L9vJL"2-*3vvl:I.:./v-vv\

ever average silj-ca. conteni ma"y be calcu.l-ated 'b¡,' a d,ifferent

method." A. total of H+B snecimens t¡a-s collected from the

intrusíon, and these ha.ve Ðn a-vera"ige specific gravít]' of
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^ ôì r ô f -2"ö+. From figu-re l-ö (relatj-onsh.lp bet',,reen Si02 content

ancl snecific gravj.ty), it ma-1r be deterrrrined- tha.i a sþecific
gï'avity of 2,BLr cor:'esponds to a silica content of 53.8 per

cent " This is alrnost id-enti cal tc the valu-e 53.9 per cent

calculated bv the .first rnethode a"nd tencl.s to veri fy -t"hal,

value 
"

lhe validi';y of comnaring resul ts obta-ined b]' these

ir.¡o me'tìrods is open to ou-estion, becau-se the sar"/1e eisht Ð,11a-

l;rses l,rere u-sed in both cå.ses . If one or nore of these ena-

I rrqeq i c lrnt f.rrni r.:rl nf f.ho i ni nrr ci nn - ,'-.hen both .resu_lts af' e

inco::'::ect. llo,+ever, the excepiional reEula:'ity of the cu-r\re

in figu:re lB viou"lo- j-nd"icate tha'u none of the anal)'ses is þar-
+i ^"1 ^hrr'Z ^+.'n1ca1" It is reasonable tc assu-me that thev¿uu!ú.JIJ .'-'.uj 

_

avere.ge silica content of the presently e>n:oseC sr:-rface of

the intrusion is close to f4 per cent" If the 'present su.r-

fa"ce is assumed to be representative of the en'Lire intru-sionr

ina'lrrrlinc; f.hst nortion alread-;r r"emoved by erosion a¡d. tha-i
-*--ù -J

concealed at denth, the rind-ifferentiated. må.grna had a silica

con-,.ent of 54 pex cent, and l,ias intermediate betl,'een Dal¡r1s

averale gabbro a.nd avere.qe dlo::ite ('cable 4). This is only

slighily more silicic than the average of -bhe gabbro zane

â:ral¡rsss " The average specifi c gravi t)' of the 'be.sal trchillrl

zone in the main intrusion is ?-.85 ox 2.86, almosi id"entica-J.

*^ *ha ôrrôF.ñô snr=ei -îi c ør¡r¡i trr nf ç -Bl+ fOf the enti f eu(J þ11ü Õ,vvLúLw 0'Jçv¿r¿v 
^L.)vLU 

¡ uJ LÈv f
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Granville Lake int:rusion, Su-ch a close corresjtond-ence in-
d-ica-tes ihat the present e::osion surface is essentia.ll¡r

:representative of the entire intru-sion, and" confi-::r'¡s ihe

valu-es ca-1cu-lateC- for the avera.[:e FeOaFer0, raiio a-nd-

cl; ^ content of the prime-ry magmavu¿Güu '¿Lu). conient of the orinery mp..gna"
<-

A comparison betl¡een the sjlica, conteni oí a speci*

men of chilled sabb:ro from one of the satellite in'bru"sions

anc'l- that calcu-Iated for the original mÐ-gma l,¡ou-ld be of con-

siCera"bl e interest " Unfortunatel¡r, su_ch an analysis is not

available to the ¡,¡rite:: a"t the n:'eseni time.



iiCOI'ÍO]'fIC FOSSIRILITIES OF TI{E G}ìAJ'IVIIT]I LAÏ..E GÄtsBF.O

The a"ssociation of coprre:r-nickel su-l;ohi d.es r.¡itn basic

and u-l-trai¡asic roclcs i-s '¡,'ê11 irnolr'n" Dlfferen-r,i ated. ba"sic

intru.sions present a pa.riicu,l a.r'ly favouralole entrironment for

the accu-mula-r,ion of copper and. nickel su-lphides in the form

of chalconyriie and nentlandite, in associatj-on ..,¡ith plrrrho-

tite" Tl:e ,Sudbu-ry, Ontarjo intrusion and its a-ssocj-ated

orebodies is probably the best knot,rn intru-sion of this type"

Tr¡o o'Lhers are the ul'brabasic sill at Rankjn fnlet, liforth-

ri€si Terri-tories u a-nd the l,ynn La.ke Ge,.bbrc . The apparent

origin of the orebodi es in these j-ntru"sions t.Ias iiratr at

the same time âs: or soon after the comrnencement of cr]¡sta.l-

l-ízation of ihe parent gabbroic magma3 a su.l.phlde J-iqu-iCr

phase separated to fortn irnmiscible d.roplets in the magma-.

Becau-se cf their nigh specific Cravit;r, these cl.r'oplets sank

+-L--^i1ñ1î i-r¡n m +^ +t.^ fr_O6f Of the intfgsion. i;jhere SU-f-tJ-ill UU-11I1 Uti.ç rlICrLJIIlol ULJ uIlE l- J

fiqien-u inmiscil¡le srr-lphide liquid separated fsom the parent

megaa? the su.lphicle content becarne grea-t enou-gh to fo::n ore-

bod-ies at the base of the int.r:u-sion. l,'ihere the base of the

intr.usion sloped- dot,,'n,,¡ard, the su"lphid.e liqu"id flo',^¡ed do"Ill

slope, e,frd, pools accu-ntu.lated in d-en::essions to forni massive

su-lphicle orebod,i es " Sr-rlphide drople'bs fiere a.lso trappecl in
-t,he c::ystal nnuSh, to form cl"issernine-ted- grains of prr¡rhotifet

n1¡n-l annr¡-ei f.r, . hôh.l-l nnÄi ta e-lf d Othef minef a-l S "U-tl¿lIçUf)Jl I U\; ) t)EtLULÖJ!w-.L uç 
?
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In vi el¡ of -r,he f avou-rable snr.ri ¡onrrleni ,r:rovided" by

ciifferentia-'bion of basic mairna, and- arso the econonic sig-
nificance of ihe nickel-coìl'oer orel¡oclies of the Llmn Lake

int.r:usion, i-b r,¡ou-ld seel-n possible that sinilar. su_lphid_e

e,ccumu"l ations mi¡;hi be forind. in the Ç¡s-pyil I e l,alce Gabb:ro.

In the fielcìe rare tin.' specks of pirrite l¡ere ob-

served in the gabbro a"nd transÍtion zones of the ma.in in-
tru-sion " In add-ition, rni nor copÐer sul nhióes \'relre obserr¡ed

iir the sa.-t,ellite intrusion r¡hÍch is located a1; 'i,he north-

r,¡est end of ihe inain intru-sionr iretr.¡een ihe granite zor\e

and, the east sh.ore of the na"r'ror,¡ mile-anc1-a"*ha1í I ont in-
let of' Gra¡vi-i-le Lake" Thi-s i-s the same inir.r-r,sion from

rtlricir scecimens CG L5-l- a.ncl- CG L5^3 \.r€re obtained. The one

cojlller si-rlniride occu"rrence noted 1:y the au-ì;hoi: is a--b tl:e

no.rthr^¡est end of this intru,sion. It consists of a- fer,¡ 1,/B

inch r¡ein-l-ets of ni>led borni te and, cl.ralcopyrite al onÉ_

chl-orj-tic fractures in gabbrc, irnrnediatel:l'adjaceirt to the

r.,¡estern ga.bbro-sedirnent contact. Ä similar" occlr.rrence?

noi seen b¡r 'uhe r,,'r'iter', is reported near the southeasi end

cf '¡his sane sa.tell-i'ce intrusion" I'i; is the oninion of i;he

1a¡iter tha-t tÌre veinlets e-re of h;,rdrothe::na1 o::igin, d.e-

po.citeol at some ii-me a-fter the consolide"tion of the in*

trusÍon, The¡r' Ð.re of no economic valu-e.

l;ot cne ¡'rain of chalcoÐ)rriLc, nentl anC"ite t c! gll-

rriro'l,i.i;e r.,'ð-s noted. in the rnain ini;ru-sionç ei'i;her in the
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fielcl, or in ¡" later cár-refu,l ere,rline.ticn of sll- rocl( speci-

l'tens " The r-gain intrrr-sion is e,-í'Lrenel )¡ l,iel-l ex,ooseo " pa.r-

tícu-l arl l¡ al oi-rii i'bs base !,¡i:lere su-1nhid-e a.ccr-r-lru-l e-iicns üright

be ernected,, In con1,ra-st to this, the L;'nn Lalce Cabb.ro con-

tain*" disserrii naied ¡ ::ains of -oyrrho';tte înrl chel.coì1.-;-tîite

throughout the intru"sion,

The ercel'l ent expositre of the intru-sionr ancl the

eÐÐaren'u col:nl ete I ¡ck of conper o:' nickel 'bea.rin¿ sulnJrides,

r,¡ould seem 1,o Ð::eclude 'bire nossibilit;r of occu-Trence of åi'U¡

econornic coÐjler-nlcrcel sul nhide accumula-tions i-n the r¡ici*

nitv of tire nresent er-oosed su.rface of the intru-sio;r, Fie-i-d

e.nd net::o-l oE,ic evi cience ha-s inclicateC that tire in.bru-si-on r..Ip,.-q

slightly t,if tecl et 'uhe iime of cr:'\rs'calli zaju-i on. Tnere is a

possibilít-1r lhat more basic L:oclts ei:ist at deptì:, bu-t thj-s

i c rrn-l il¡al:¡ In View Of ihe a-bSenCe Of cônÌ1 e'i"-ì.tj ckel beaf.-v-rrr-!r!\-rJ Lrpùerru\/

inc sirlnhioes nlcnç ihe fir.re -rile len-J:Ìr of the ile.in intrU_-¿:ac e +v:r i...

sionr â-il)' sulnltide bod-ies t¡¡hich nifht ezist r¡ou-ld be expec-

'beil to oceu-r1 a.t cr-eÞths i.¡hich ¡riou.l d- i-na-he ex-ploration ancl de-

vcl onnent p¡:ohiìti.bivel;r el:Þejlsive " if rot j-nnoss j bl e "
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ifhe Gra¡ville -Lalte Gabb::o is Ð- si:rongl'¡ d:'-fferen-

ti ¡terl l,er¡ererL intru-sion t¡*rich consists of a- la.rge ma"in
v- -!!}.I v-! ¿ -

bo'c-;r and a. number of snaller apparenil]r u-nd'iff erenti ateil

satell ites. The rnain intru.sion o.r:i Í;ina.ted Ð-s a hornogeneous

gabbroiC rnegma" ir¡-hicl::. ci:]rste,.llized in a nee-rllr ho::izonL-'al.

positlon r,¡ith th.e present southeast encl bei.ng slightl-¡r

higher" Differentiation v¡a-s effected- b;¡ c"r)rstpl settling.

The zones of the main in.iri-rsioh: ccrnmencin¡,; from the base,

d-1 Çê

l* L ga-bb::o zane r.dricjl is 'predo¡nínan'u1;r gaìrbro

close to diorite :-n comnosítj,on, r'ri th I esser

cLiorite s-nd rela.J:ively miiror c1u-attz gabbro a-nd

c;ua.rtz dioríte. Specific gravity studies in-

ii.icaie a. chil-led r-one a.t the base of the gabbL:o

zorLe, but ihere i s no e-¡idence of chil-lin¿ a"l ong

tire upner contacl: of the rnain intru"si"on"

A i,r'ansition zon.e r¡¡hich varies in. com,oosition

f.rom rjiorite to cirr-artz dicr:ife a¡cl nino:: g:ra-no-

diorite.

3, "f. g:ra-nite zarre consistíng of a-l'oi ie*rni cjrocl ine

rra:rite, a.lbite 3r'a-ni'ce, and minor ¿-l bite syeni-t'e.

2,
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i,ii ne¡alogical a¡c'l- cheio:'_cal r¡e-L:i Ð"-r.ion ac:itoSs tjre j-n*

.bru"sion is consi sient t,¡iì;h differeni;i.a.bion of a ga.bb.r:oic

tnegaae anrl- silr,ila.r: in ill..rrry I'espe c'bs io otner cl-1ffe¡:enNiated

intrnsj-ons, The specific gravi.i,;r oi rocks of the ìntru"sion

is closçl11 1.¿l ¿terj 'bo their sili-ca content, and pz'cvi.d-es en

easil;,' d-ece::mined ind.ex of dif f e::en'biatj-on " Th,e unfLiff er*

en'i,i ated Granvill e Lake tnagina is inf erred- tc have haC- a

sll i ca conien-i; of *r per cent . Il:lis val u-e i s confirned- bl¡

tlre aver:ege si:ecific grarrit-v of the basal chillecl zonel

r,¡hich r,¡ou.lC, ln.d-ica-te tha.'i; the p:ceseni e.r:osj-on surface is

esseilLi ally rep:r:esenta-Li r¡e of ihe enti re Íntru"sion'

'Ihe intru-sion does not sltor,¡ evictence of si.¡nífica.nt

reøi on¡l rnetâr^---Lì â- n¡¡i- late d_eUteric a-1tera_tion haS....- -,".:!(JI ¡)lj-!Jl-l j Pu-w

resu.lted in almost compJ-ete alte::ation of prirnar¡' Dl¡::olieneS

to amphiboles" Contact neta,norphism of the enclosing SÍcltle

secjlments ì s minoj: a.nCL j-s confinecl to Ð" zane a- fer,'¡ feet ln

r+idth. A one*quarter mile r.¡ide folia-teo. zone in these sedi-

tnen-r,s -,,¡a,s forned bt. stresses indu-ced- in the sedinients iLuring

I ¡ter fotclj,ns. r,¡'i f.h f.ho in';rU-Sion e,cting aS a rigicì and un-JLU9J !U!vJ-rr.rL)3 trf-vrf

;rie-ì-d-ing. Írâss 
"

,S-pecific gra,vity stu.clies indica.te ih.ai 'i;ire sor-r-iheast

saielli'be intrusion is pa"rtial l;r Ciffe::en'i,iated. 'l-'hel'e is

no evid.ence of sirrnificenl' differen'l'ia.i;j-on of Ðjr-;r e¡1t""

^^l-^'l 
-l; +^
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Ii is u-nl ikel;i -bhat enJr econom.i c mineral cleposits

v¡ill be fou,nci in ihe Granvil le Laxe Cabbro "

Tr¡o rrra-in trends ío:: o.iffere¡:rtiarion of basal'bic na-g*

rnas å-re evid.ent. Differentiation can result in ,a-rr;r g::aC-a,-

tion betr+een tire tr,¡o tynes, ïire i;rpes aTeE

TYPE I: A d.iffe::entiation trenrl cons'is-,,ing of pro-

nounced enrichrnent of iron rela'bive to ma-gnesia u.n-

til late stages of ct';/stallizatj-on3 fol-lorrrerJ- b;r ¿-

d-ecrea.se in iron a-nd en::ichlent of a,llca-lies.

TTi?irl II: A d.ifferentia-tion trenci- i+hich esseirtially

fol lor,¡s the trend. of t?re calc-a.l-lca"l ine sei:i es of ig-

necus roclcs" r¡ith conti-nuoLr"s enricl:rinent in a.lkal ies "

The partial pressu-re of o>'4rgen (pOr) actlng in Ð" nag*

ma affects the col-r-rse of cli-fferentiation" i"'lagmas in t+hích

p0, is I or¡ follc'i,¡ the type I o.iff erentia"tion t:rend, lrherea"s

those ira-ving a- krj-gh pCIZ follo-l¡ the i]'pe II or calc-alka-ljne

'¡rend. Ihe principal fa,cior cau-Sing const3nt or increasing

nCI^ Ín a, basa.l-tic Íiegma du-ring Cifferenti¡"tion is its t'rate::-¿
conten.L, onl;r a, small- pe.rcentage of r,¡a-ter va-nour in tire orj*
gin¡l mpç.rnz beinrl recui reiì-. The Grani¡ille Lake Galrbro fol -¡,¿1rL¿! ::rÇ.L,'¡re-

]or,¡s the iype II diffe¡eniiai;i-on -urend, a:rd- nineralogical

ancl chenical eviclence indicates tha,t fhe rnagma \'ias wet.

The effect of r+atei: on a, silica,te magma is 'ho j-n-

cr:ea.Se 'l;he coni;ent of fe::ric iron e,L .i;he elllense of fei:rou-s



t+b

iron. In ::ocks produ-ced b)' crystal I izat:l-on of dr;' na"g,rnas

the .ratio of ferrous iron to ferric iron r.rilf i:e iri gi-t,

rrrheïea-S in those roclis produ-ced by c.r:;r5ia.l-l-iza.tíon of r¡et

Ítagl:nas it r.¡ill be lor,,¡" The Ka"r::oo doleriies, Tasma-nian

dolerites , r¡/hin S1l l- d.olerite, Pa-l isa-c1e dial¡ase, anri" the

S1<ae::¿1aa:rd Ín'bru-síon all have rel¡.tj-vely higÌ:r treOtFet0,

ratios? ano- are therefo::e presumed- to hrave been d.ir;r. The

63s1yìlle La-ire Gabbro has a relativel.;. lol,¡ lle0rtrnZO3 ratio

and 'bhe nazma Ìra'cl a correspond-ingl;r ]n-'t:h '¡ater contenf .
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