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ABSTRACT

‘ A , N 5 A u‘
Wh le rock samples oﬂ*t‘% 1

Pb Pb wh |e rock data obtalned on analyses from two dykes lndlcate emplacement " B

comp vnent mixture of: leads from both the primary basaltlc magma and extracted from
the ost rocks through par‘tlal anatexns during emplacement Rb Sr data are lnconclbsnve ‘
conflrmatlon of the ~age of emplacement The wudespread scatter in the data suggests ‘
deuteruc alteratlon mlgratlon of alkalls later (Prpterozosc) metamorphlsm and -

' contamlnatlon of the prlmary magma by ass:mllatlon of older crust. The data are

- cgnsrstent W|th models of prlmary magma contamlnatlon masklng orugmal lSOtOpIC

-
-

" composmons S e R :
’ A " Rb~ Sr and Pb |sotop|c anaJys:s of. samples of a "Proterozonc" Isua dyke mdlcated
) geochemlcal characterlstlcs and |$0top|c varlab/hty This dyke was agparently not '
.' “sub jected to snmular degrees of alteratlon and metamorphlsm found m the. Amerahk dykes.
. Mnneraloglcal and’ strontlum data-suggest open system chemlcal behavvour durmg and
after emplacememt Pb data ylelds an anomalous growth curve mtercept age of 3233 ¢
131 Ma, suggestlng thls partlcular dyke has dngested snzeable quantltles of older crustal

materlal durmg emplacement
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“LLINTRODUCTION - .~ .

' . Dyke swarms'are useful in th} mvestlgatlon of lgneous\ terranes |n that they

represent short llved magmatlc events These short Ilved events prowde a record in ’

geologlc tnme of a moment WhICh is preserved and can be Iater studled Emplacement

~

\ and subsequent geploglcal processes may however lnltlate changes wrthln the parent '

S *the Amltsoq gnelss and the lsua supracrustals k =

i -'meta anorthosxte the Flskenaesset anorthosxte complex The Nuk gnelsses are known to

magma or crystalhzed rock Wthh obscure concnse mterpretatlons Thls is especnally true R

‘ 1

' ln the study of very old dykes

Durlng 1968 small bodle‘sfof\tb‘mogeneous ﬁne to medlum gralned black

amphlbollte were descrlbed as abundant mclusnons ln the gnelsses around Godthaab and '
: the coast of the outer pSH of Amerallk The |nclu5|ons had been— deformed broken up

: and mngmatlzed by granlte veins. Where undeformed the amphlbolltes took on the

appearance of dykes and were noted to be dlscordant to the country rocks These
amphlbollte bodles were later named Amerallk after thelr place of orlglnal dlscovery\

llVIcGregor 1968) ‘.:- S

cp

Wlth contmued mappmg in the Godthaabsf )ord area lt was apparent that many

llthologlcal umtspresent were lntercalated some of whlch contalned abundant Amerallk

A composed of quartzo—feldspathlc gnelsses and enclaves of more basnc materlal named

i .

AR The Ilthologlcal unlts in and around Godthaab Wthh do not contaln any Amerallk

e lnclusnons mclude a second maJor quartzo feldspathlc gnelss the Nuk gnelss another

e meta basuc unnt the Malene supracrustals and tthk sheets of very calcnc

N

o

~ Lo to lsotope studles of the gnelssuc complexes the sole crlterla ldentlfymg the separate

- The nature of the mtrus;ve relatlonshlp between the Amerallk dykes the Amltsoq]:

-

. mclusmns others none at aII The unlts Wthh contaln abundant Amerallk fragments are ~ f‘

) mtrude and mlgmatlze the Amltsoq gnelss the IVlalene supracrustals and the Flskenaesset i

fand Nuk gnelsses ald in the stratlgraphlc mterpretatlon of the Godthaabsflord area Prror :

'-'Eorthognersses was the presence or the absence of Amerahk dyke lnclusnons Subsequent :
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: . ,@ B ‘i R S : ‘. . s
 studies (Black et a/ 19’71 1973 Baadsgaard 1973 1976 Baadsgaard and McGregor

- 1980 Moorbath et a/ 1972 1973) have shown the’ age of the. Amutsoq gnelsses to be’
approxnmately 3 700 lVla and 3 050 Ma for the Nuk gnensses To date, there has been no -

.

: "SUCCessfuI direct measurement of the‘exac?age of the Amerahk dykes The only

constramts placed upon thEIF age are those outllned l:j)y the ages of the rocks they mtrude

. Ry
' and the rocks they do not mtrude IR .l .

The prlmary purpose of thls study was to eslabhsh the. age of emplacement of
',the Amerallk dykes and examme any pre or post emplacement geologlcal alteratlon Wthh

fmay have occurred _ e ST o T / o ‘
. s i R o
. lnutsal sampllng was done on a raqdom basns assumlng rsotop|c homogenelty

i between 1nd:vndual dykes The prellmlnary |sotope results lndlcated wrdespread

v . heterogeneous behawour of the 1sotopes concerned and posslble mhomogenelty wnthln

[

mdnwdual dykes Subsequent collectlons vx';ere made on a twofold premlse to lnvestlgate

;Lthe orlglnal- goal of thls study and to examme pre and post emplacement ef‘f/cts’v—v?ch\

N

may have altered the lsotope systematlcs of the dykes An effort was made to avoid-

.collectnon of samples whnch showed any 5|gns of metamorphlc alteratlon stram velmng :

'-'or lntense weathermg - AN o ‘

It was also apparent that other problems unlque to early Archaean rocks would

' also have to be dealt Wlth such as hngh crustal level of emplacement mto poss:bly stlll :

o warm country rocks hlgher heat flux present in the thln Archaean crust and uncertalntles .

S dykes in order to examme all the possuble combmatldns whlch mlght alter the lSOtOpIC /

pertaumng to possnble tectomsm actlve dunng the Archaean Also to be exammed was the /

B possnblllty of assrmllatnon of pre exlstlng crustal materlal durmg emplacement of the

.' 'composltlon of the rocks in any manner ‘a carefully deﬁned collectlon program was //' '

' ', stabllshed Samples would be taken -across and along vanous dykes hosted by the two ;

.‘ 'imajor lltholognc umts as a control for examlnmg the parameters detanled above /
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o ll._GEQLOGY &)F‘THE lsuA'.AREA - \ R
"’_AGeneralGeology L ‘ ' SR N :
The Archaean gnelss complex of Greenland lFlgure 1) extendmg from Ituvdleq to ,,, |
| ‘ lwgtut on the west coast and from: Gyldenloves F]Ol‘d to Mogens Hemesen F;ord on the |

v east coast has remalned unaffected by major geologlc events from 2, 600 Ma to the ‘
y:present (Brldgwater et a/ 1974 1976 Myers 1976) It is bounded to the north and the a
' south by S|m|lar;ocks of the Nagssugtoqldlan and Ketllldlan moblle belts both extenswely
: reworked durlng the Proterozom (Allaart 1976a§5$cher et a/ 1976 Myers 1976) ,
Approxlmatery 75 percent of the complex lS covered by the mland ice: sheet onIy_ -
sectlons nearer the coast are ice free Of the rock exposed 80 to 90 percent conSIsts l
of gramto:d quartzo felspéthlc gnelss a\pp rently derlved from acid to mtermedlate ‘ _b ‘
_;lgneous rocks (McGregor 1973 Brndgwat%&ls74 Nutman et a/ 1982) These in j:,

C turn are mtercalated W|th units of amphlbollte deruvedp&edomunantly from metavolcanlcs. o

. <
and a minor. paragnelss component (Brsdgwater and McGrego "

1974 Brldgwater et a/
. ‘ 1976 Allaart 1976a 'b; McGregor and Mason 1977) » . -
The amphlbolltes dlsplay a Iayered nature Subunlts may vary in: thlckn", from‘ o i
‘several centlmetres to several k:lometres lBrldgwater et a/ 1976) The layered natur' C
"_the rock is attrlbuted to large scale lnjectlon of sheet llke |gneous rocks coupled wuth
'b _lntense deformatlon of the entlre package at Wthh tlme lt is beheved mterleavmg and
" ‘~-\fold|ng of rocks of wndespread provenance and Ilthologles occurred (Brldgwater et a/
__‘:'1974 McGregor 1979) S ff' el B '
- " "Most of the rocks in the complex are characterlzed by mlneral assemblages ,
B commonly representmg amphlbollte to granullte fac:es metamorphlsm WhICh occurred at -
' depths of 25 16 35 kllometres (Wells 1976 Boak and Dymek 1982) The pré(sent level
~of exposure presents a moderately deep sectlon of the Archaean crust (McGregor
' 1979) locally preservmg mclusn:ms of #e\emstmg crustal materlal The best exposures :
ke | of both anment supracrustal rocks and gnelsses are found at Isua approxnmately 150 km.:' 3

v

north east of Godthaab (Hqure ).
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- 1) Depos:t'Bn of the Isua supracrustals Basm and ultrabasm lavas co >3,75Cl Ma.
and mtrusnons basm tuffs quartutes siltstones, pelltes ) -
|ronstones and calcareous rocks. Ac:d volcamc fragments ina
conglomerate / " ' |
2) lntrusnon of syntectomc and late tectonlc gramtes (parents of . : " ca. ‘3,750‘ Maw
the Amntsoq gnelsses) posS|bly contemporaneous thh upper acid
volcamc part of the lsua supracrustals
3) Deformatlon and. metamorphlsm of the Isua supracrustals and
the Amstsoq~gne|sses : : ' .
4) lntrusvon of abundant swarms of basnc dykes (Amerallk dykes)
durmg reglonal stress s ‘ o k
| 5) Extrus:on of basnc and. lntermedlate volcanut:s mtrusnon of LS ’3,,.0.40-l\/la.
| ."“- uItrabaslc bodles and layered ba51c |gneous bodles deposmon of R v‘ |
| sednments lncludmg pelltes alummous quart2|tes and minor. S
o calcareous unlts (Malene supracrustals) , ' ‘ _ .
6) lntruslon of maJor swtes of syntectomc and Iate tectomc o e 3',104'0 Ma v
calc alkallne rocks as subconcordant sheets (Nuk gnelsses) ' e h
°7) lntense deformatvon wnth formatlon of major nappes followed o . to 2800 lVla.-
by less lntense deformatlon produc:lng uprlght folds o %i o “ | _ N
8) Emplacement of potash granltes assocuated wuth NE SW - 2;600 Ma. ‘
flexures i the Godthaabsf;ord area (Qorqut gramte) Wldespread _ T . o
post tectonlc pegmatlte swarms ’ _ | '
' 9) Emplacement of at least three reglonal swarms of basuc dykes v. - to;l,75OV'Ma.'
‘ transcurrent movement along NE and SW faults Plutonxc act|V|ty FEL R
“in. area fo nor’th and south of cratqn el v »
: 1 O) Shght Iocal metamorphnsm throughout Archaean block B & ”‘,ﬂ-"ca“.v 1600 M’a;‘" o
| After Brldgwater etal, 1976, p22"
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. Geochronology j _ ‘
Numerous geologlc and ISOtOpIC studies in thje lsua area (McGregor, 1968, 1969
1973 Black et a/ 1971, 1973; Baadsgaard 1973, 1976; Moorbath et a/., 1972, 1973

o 1975 1977 Pankhurst et al., 1973a b; Brudgwater and McGregor 1%74a b; Baadsgaard'
" et-al, 1976) have dehneated the presence of six major I:thostratrgraphlc and .

chronostmhgraphra units rangmg in age from >3, 750 Ma to 2 600 Ma. Table- 1 lists the .
A
major geologlc arid tectomc events recorded'in the Godthaabsfjord Isua area during this

tlme span, which are d(rectly related to the present study

B Geology at Isua : S ‘ - P

A

Wlthm the. confrnes of the Isua area. 1tse|f three major Ilthologlc units are present
“the Isua supracrustals the Amltsoq gnelsses and the Amerahk dykes. Flgure 2.ghows’ the

general fleld relatlons between each of the unlts The geology of the -area has been

1%
extenslvely descrlbed in the l|terature (cf references listed in prnor sectton) and the

reader is referred to. these pubhcatlons for the detarled descrlptlon However to acquaint

those readers unfamlllar with the geoJogy of the Isua area, a brief descrlptron and E

L
drscussnon of the rocks a\e presented herem . _
: LY . : B B o BN - e

N

Isua Supracrustals “ ‘ » L
The Isua supracrustal belt forms an arcuate belt ‘lO to-20 kilometres in' dxameter
surroundlng a dome of Armtsoq gnelss The belt presents ltself wnth varlable thlckness
reachmg a maxrmum wxdth of nearly two kllometres near the margln of the mland ice -
sheet  thinning to approxnmately one kllometre across-.qear Lake Imarssuaq (Allaart

o 1976b; Brldgwater et a/ 1976) Contacts of the var:ous ‘units. wnthrn the belt foHow the |
overall general structural trend dlsplaymg lntermedlate to hlgh angle dlps to the
s\c;utheast ' L " I . o

- To the west the belt is truncated agamst the gnersses by the Ataneq fault and to

@

the east by» the mland |ce sheet Near the rce sheet a banded rronstone f rmatlpn ynelded S

a Pb Pb whole rock |soohron age of 3 760 * 60 Ma (Moorbath et a/ 1 72 1975)
Recent. work has ylelded a Sm= Nd csochron age of 3, 770 Ma (O NIOF\S 1979) for the

garbenschlefer unlt and srmnar U 'jh Pb ages on zrrcons from the acud volcanlcs

N
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$ediments in the upper part of the succ‘esslon at Isua (l\/lichard-—Vltrac et al., 1977l)g
Work by Allaart (1976a) and Nuthan et a/. (1982) has done much to elucrda&e the.
geology within the supracrustal succession. Seven Mmajor Ilthologles are described; | )
'l amphlbolltes cherts (quartzutes wnth no evidence of detrital orlgm) ironstones, felsic
detrital rocks, banded calcareous rocks, ultramaflc rocks (and their metamorphic
-equivalents) and the garbenschlefer umt a chloritic Ieucoamphlbollte with high Mg-Al
contents. ,

‘ Two sedlmentary sequences wnthln the successmn have been recogmzed (Nutman
et al., 1982) Sequence A.is composed of the layered amphlbollte chert, banded :
|ronstone banded calcareous and felsic detrltal units. The sequence is lnterpreted as
representmg a cycle of basic volcanlc actuvnty wnth assoc:lated formatlon of chemlcal
sedlments (komatutlc assocuatnon’) to felsic detrltal sedimentation resultlng from the
breakdown and’ weatherlng of acid volcanic deposnts T .

o Sequence B, composed- of a layered felsnc detntal component and a two mica

(blome chiorite) garnet staurolite schist, represents a transmon in deposmon from fels:c

"detl"ltal sediments to’ pelltes derived from the decomposmon of more baslc volcanics.

)

2 < :

|

- Amitsoq Gneiss = A, . io Y -

| The Amltsoq gnelss defmed by Black et al. ‘(1971) and McGregor (1973) is the
-older of two major occurrences of quartzo feldspathlc gnelss WhICh crop out m the .
'Godthaabsf jOl’d Isua area. The major feature whnch serves to dlstlngwsh the Amltsoq
" from the younger Nuk gnelsses is the presence in the Amltsoq gneisses, of abundant
| amphlbolnte bodies derlved from basuc dykes named Ameralik by McGregor (1968 I
»1969) The Nuk gnelsses are not cut by the Amerallk dykes ’

Extens:ve work on these gnelsses based on geology {McGregor, 1968 1969

_1973 1979 McGregor and Brldgwater 1973 Brldgwater and McGregor -1974;
' 'ChadW|ck and Coe, 1976; Myers 1976 Brldgwater etal., 1979) geochemlstry and
geochronology. {(Moorbath et. a/ 1872, 1977 Baadsgaard, 1973 1976;. Moorbath
19.75' Baadsgaard: et al., 1976 Lambert and Holland 1976 Moorbath and
- Papkhurst, 1976; Kalsbeek, 1981) have revealed much of the early hlstory of the area

» 'and its later development e



Metamorphism outsnde the supracrustal belt at Isua has reworked the gnelsses to, |
such an extent that prlmary structures and characterustlcs are often no Ionger
Arecognlzable The gneisses appear as large unlts of inhomogeheous rocks with well
‘developed thln pegmatite layering (Brndgwater et a/ 1976), and contain numerous N\‘\\
.metabasaltlc bodles mostly reworked Ameraluk dykes (McGregor, 1973; Gill and
Bridgwater, 1975). The rocks are predomlnantly quartz-— ollgoclase biotite gnelsses
belleved dErlved from parents with tonalitic— trondhjemltlc affmmes (McGregor 1973..
1979 Y = |

' The Amitsoq gneiss at Isua, shown to be_ polygenetic in nature (Bridgwater et a/'.',
1976) often preserve primary igneous te’xtUres They“are composed of two distinct
phases dlfferlng in mafic content, feldspar type and relative c010ur lndex The lughter
phase mtrudes the darker Subsequent mapplng by Nutman et al. (1982) wnthln the’ ‘e

gnenssnc dome has further subdmded the twe major unlts of the gneiss as follows

b R :
o ° P . . N

| ) Grey QHEISSBS (oldest) Grey, weakly banded polyphase plagloclase flecked '
. tonalitic to granodlormc gnenss wnth sparse pegmatlte bandmg Makes up

: . approximately 60 percent of the complex A “ . "
I Thin grey' gnelss shee‘ts Rare thin, fine grained’tonalitic sheets cutting ’(l)
lll) Early dykes (named Tarssartoq by Nutman 1982) Blotlte afnphlbollte and
mafic d|or|t|c dykes Iess t‘han 2 metres wnde cuttlng both (l) and (1.

B IV) Whlte gnelsses Granmc and pegmatmc homogeneous to schlelntlc pale '
gnelsses forms the bulk of the remalnder of the complex lntrudes =,

V) Late thm grey sheets Homogeneous grey tonalmc sheets mtrudlng I)—(lV)

’ Toward the outer margln of the gnenssuc dome the relatlvely undeformed nature
of the gneisses, and the mdlwdual nature of the llthologles present change and gradually

become Iess dlstlnct ‘Just beyond tge arc of the supracrustal belt the gnelsses assume * -

’

the appearance of 5|m|lar rocks found outsnde Godthaab. (McGregor 1973 Nutman etal.,

1982) and have been dlrectly correlated with these rocks on thls basis.

0

Deformatlon and attenuatlon of the gnetsses to- conform to the arcuate structure

' bof the supracrustals near the contact is postulated by Moorbath et a/ (1975) to have :

. ¢



ocwrred soon after emplacement of the original parent magrha since there was (at that
time) no geological or geochronological evidence supportlng tectonlc or thermal
- alteration of the rocks later than 3,600 Ma (Baadsgaard, 1873, 1976).
TAmeral‘lk Dykes ' ' . o o "y | |
The prlmary concern of thls study the Ameralik dykes are/ some of the youngest

rocks which crop out in the Isua area (McGregor, 1968, 1969 G|Il and ‘

Brldgwater 1976). Their age (cf geochronology references £ited pre\ﬁous section), -
: although not estabhshed |s belleved to lie between 3.600 Ma and 3, 100 Ma, based on
datlng of the Amltsoq and Nuk gnersses P ’ — _ s ]
Wlthm the gneussnc dome at. Isua relatively. (physma!ly) well preserved dykes are
' 'abundant They lntrude the country roclgm two distinct swarms One trends nearly

East- West and the other: North South They are known to lntersect each other, but no-
‘age relatnonshup between them has been estabhshed (McGregor and Brndgwater 1974)
. The east- west dykes are short podiform structures whlle dykes from the. other swarm -
| are elongate and narrow’ (cf flgure 18, Bndgwater et al., 1976, p. 33). The physical
appearance of the dykes has been attrnbuted to emplacement of the dykes lnto plastlc
' ‘country rocks durmg deformatnon (Brtdgwater et al...1976). | _ d
| ‘ Follow up work by Nutman et a/ (1982) has shown there to be three prlnclpal ’
swarms o \ ‘
. . 5

: ’t) NNE SSW dykes wrth uitramafuc afftnmes Some relict olivine: and pyroxene
’ present in the undeformed dykes, altering to talc—schists with progresslve

~‘ deformatton ke B ]
Sy Intersectmg dyke" sets Vertlcal to southerly dipping, . possnbly conjugate

Gradual mcrease in: the amount of deformatron wnth approach to and intrusion
' ‘of the supracrustal belt '

i

i) N S trendlng metadoler:te dykes locally with plagnoclase megacrysts S
' nghly duscordant ang/e of intersection with, host deformed gnelsses near )
" supracrustals and seemlngly little deformed Proximal (2—-3 ktlometres) to the

'supracrustals shght mmeraloglcal Imeatlon W|th1n the dykes has been noted.



1

. Further from.tf}ew contact of the gneisses With the supracrustals, the dykes appe‘anlf -
to retain their primary igneoqs texture. General petrography of thé dykes has been
'previohsly described (Gill and Bridgwater, 1975; Bridgwater et a/., 1976). The
‘petrography of specific dykés sampled for this study will be described and discussed in

the next chapter. U ,



1. SAMPLING AND PETROGRAPHIC DESCRIPTIONS OF ISUA DYKES

A. Introduction

The study by Gill and Bridgwater (18979) showed the dykes at Isua form a very
cohesive geochemical and petrocl‘mmical group They were judged to be similar to
v_»prnmmve oceamc tholeirtes and/or basic island arc volcanics characterized by meteoritic

Rare—-Earth Elemem patterns and low K,Q cortoents

In the field, macroscopic, local alteration of the dykes 15 visible along the margins,
but does not penetrate to the dyke centres, suggesting that post crystallization aliéraiion '
has had limited chemical effect on the dykes. It was hoped, based on chemical similarity -
of the dykes at Isua (Gill aod Bridgwater, 1979), t‘hat 1sotopic homogenmty would also be
majntained. Petrographic examination has revealed marked di parnty in the tectonic style
of deformatnorﬁ degree of recrystallization, mineral assemblages and degree of alteration
present both within and bet\\/v’een the dykes.

The initial collection of samples for dating, made duri% the simmer of 1978,
was random. Single hand specimen sized qaf;ples we‘re‘tél.(en from the centres of various
dykes (Fig. 3, random samples). Preliminafy petrographic and isotopic work on these
samples showed mineralogic and isotopic heterogeneity, and further collection was

required. \

During August 11981, specimens were collected from separate dykes from three
widespreadalo’cations within the study area with a view toward éxamin_atior_w of isotooic
and petrologic homogeneity of single dyk‘es~ Sambles were taken across margin to :
margin transects and also Iongutudnna!ly A smgle dyke antrudmg both gnelss and
'supracrustal rocks was sampled as a control in examining possible d:fferentnal
contamlnathn contributed to the _dyk,esby the different host lithologies.

° . . %

_B Mlneralogy and Petrology . N
l The initial mmeralogy of the dykes is changed; original compositiohs may be
directly mfen;{ed from textures pseudomorphlc replacement’of pre— exnstmg mmerals
and alteration product assocuatlons in. many cases, prlmary textures and crystal habit have

been preserved and the ensuing changes.have amounted to little more than -degradation

12
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of the hlgher temperature ferro magnesuan mlnerals ln other lnstances complete
recrystalllzatlon of the component mlnerals has occurred but orlgmal composutlons may

be estlmated from Iess severely altered samples from Wlthlh the same area.

C , Ve
Samples taken from a dyke wnthln the Isua supracrustal belt (225952A F

_'292234A Pl Iylng along the west S|de of the gnexsslc dome (see F(gure 3) dxsplay a
‘dlstlnctlve mlneral assemblage West to east sectlons throLJgh the' dyke show prq,gressnve
o mcrease in the degree of scapolmzatuon toward the dyke centre whlle preservnng the

' .orlglnal plagloclase feldspars nearer the contact of the host garbenschlefer unlt The " -

vscapollte dlsplays chemlcal and mmeraloglcal changes as well Scapollte at the dyke '

: :;; "margm found in assoclatlon w1th andesme feldspar |s prédom(nantly marnallte

: l3NaAl S| O NaCI) but grades lnward toward the melonlte (3CaAl SI O CaCO,) end member

a (possxbly reachlng as calcnc a composmon as mlzzonlte (Mes,,)l

Scapolltlzatlon is belleved to mvolve the comPlete recrystalllzatlon of the dyke :
- :Thls lS shown by strongly pIeochronc green amphlbole (dlsplaylng true amphlbole crystal
<'hab|t) coexnstlng wuth the scapollte Contacts are sharp and no graln corrosnon is vnsnble

Pale green hornblende pseudomorphlc after cllnopyroxene was noted |n the core of the

o bldyke Masslve in appearance in plane polarlzed hght the amphlboles (as weII as the

U scapollte) appear to be quute granular under crossed nicols (Plates 1 4) Vlgorous

' 'recrystalllzatlon of the orlgmal mmerals has occurred and in some cases; clnnozousxte e

- ‘:'cores are surrounded by Iarge aggregates of scapollte poss:bly lndlcatmg decomposmon

-7 ofan orlgmal more calc:um rlch plagnoclase ln several mstances plagloclase feldspar has

'>‘.recrystalllzed (Plates ¥ and 2) though to a much lower anorthlte content than orlglnally _

’ fpresent (Kruplcka pers. comm) o , L
' Skeletal |Imen|te magnetlte fragments are found assocxated wuth the amphlbole
:suggestlng formatlon durlng the recrystalllzatlon at the expense of the parent pyroxenes ~
. (Deer et a/ 1966 lnC|p|ent blotlte is sporad(cally found rlmmmg the |lmen|te magnetlte ¥
".gralns and mdxcates retrogressuve processes were weakly actvve after the ma)or

g
"recrystalllzatlon perlod



&

Plate 1 Dyke ! (top) Recrystalllzed hornblende and feldspar wzth scapollte and".

_clinozoisite, x40, plane polarized light

. ~Plate 2: Dyke 1. Recry,stalllzed hornblende and feldspar wrth scapollte and ClanZOlSIte
L ,x40 crossed nlcols R Y A S . .

715



16

fard

' Plate 3 Dyke [ (topl Recrystalllzed hornblende WIth cllnozms:te/ep:dote clot no evndence

of feldspar, x40, plane polarized light. . :

. Plate 4: Dyke |- Recrysatallized hornblende with' cImozmsﬁe/epndote clot no ewdence of
feldspar x4O crossed nlcols FE _
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lelted appearance of allanlte was noted in several specnmens from the western
‘margln of the 292234 serles accompanylng the epldote group replacement of the o
feldspars Allanlte formatlon is possnbly assoc:ated wuth late stage hydrothermal actnvxty

' -along the dyke margln as the recrystalllzatlon event wanedv

.’Dyke n Y |

The- samples WhICh were of the most lnterest were. taken from a dyke (292229
series) sutuated along the. southern margnn of ‘the gne|SS|c dome extendlng lnto the

: "supracrustal belt and mtersectmg several dlfferent llthologles wnthln the supracrustals
o z-

o -"‘;Elgure 4), Two margun to margm traverses of the dyke were made -one where the dyke“‘, )

mtruded the gnelss and one where it lntruded the supracrustals A longltudlnal sampllng

o ":traverse was made along the dyke between the two margm to margm traverses The

-

‘ F prlmary purpose ln such a collectron was to examlne \the posslblhtles of dlfferentxal e “
5 lSOtOplC and chemlcal contammatlon lr?m\arted to the dyke v:a assnmllatlon of pre exlstlngf
crustal materlal durlng emplacement or subsequent reglonal metamorphlsm . _: \'J B

A Textural and mmeraloglc examlnatlon mdlcate thls partlcular dyke has not suffered '
: v,_-any apprecnable metamorphnsm slnce emplacement Thln sectlons show retentlon of e
iprlmary ophltlc tex res \{Nlth laths of plagloclase and aggregates of. pale green R

acmg clmopyroxene (Gill and Brldgwater 1979) In sOme dyke core

-.hornblende reg

' ’samples hornblende replacement of the cllnopyroxenes is mcomplete (Plate 5). and some o

: 'samples show llttle effect of any retrograde alteratlon lron I’lCh ollvme IS assocnated w:th :
B »these Iess altered samples The presence of fresh cllnopyroxene and ollvme suggests

that low grade hydrothermal alteratuon processes were not pervaslve enough to effect i

1

R
Samples numbered 292229A =L, correspond to the west to east traverse across

;',',total alteratlon throughout the dyke : ; .' i A

o the dyke where hosted by the Amltsoq gnelss (Flgure 3) As WIth samples from the

i prewous dyke there is-no: mlCI"OSCOplC ewdence mdlcatmg onset of dynatmc

’metamorphlc processeszlthough Jomtlng |s vustble N a small percentage of the hand
. specumens |t has no apparent affect on the mncrofabrlc of the rocks '
v In Dyke Il statlc retrogresslon of the cllnopyroxene to poorly developed

’ ; amphlbole aggregates appears to be the ma;or alteratlon process Formataon of skeletal

-






..

e . . v
N

Plate 5 Dyke II (top) Chnopyroxene alter;ng to hornblende sllght uralgtlc alteratnon of the
“clinopyroxenes:is also visible, x40, plane. polarized light. - . v @

- Plate 6: Dyke ll; Olivine altering to serpéntme -group mmerals (antlgorlte hzardnte7)

' f‘enclosTd in chnopyroxene x40 plane polarlzed I:ght

. : (R

5. - . ~ - v
‘
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vamphlbole x410 plane polarazed hght L . N

e

‘ ‘Plate 7: Dyke Il {top); Ilmenlte magneme altermg to sphene in turn to blotlte x40 planc
“polarized light.

Plate 8. Dyke Il; Development of uralmc and alkah alteratlon in chnopyroxene and



Plate 9 Dyke i} {top), Development of urahtlc and alkah alteratson in cllnopyroxene and
amphibole, x 40, crossed nicols. ‘

Plate 10: Dyke lll; Prlmary mlcropegmatlte zoned plaglqclase and clmopyroxene x40,
crossed nicols.

S
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llmemte magnetnte grains agam accompanles cllnopyroxene degradation. The amphibole
content of Dyke Il is much greater than Dyke l, attalnmg almost 75 percent in certain
samples. '

Other lines of evudence mdrcatmg low— grade post— magmatlc hydrothermal
alteration mclude limited presence of serpentine group mlnerals {(antigorite—lizardite?) -
assomated with the breakdown of oliving (Plate 6). rims of sodic amphibole -
{ar fvedsonite?) encrustlng patches of. green amphlbole aggregate, Fe—-Ti oxides alterlng to .
'sphene and in turn into biotite (Plate 7), and most lmportantly, the presence of uralitic
pyroXene (Plates 8 and 9). The presence‘of _ur'alite ma'y.be ascribed to the attion of _
hydrothermal solutions Which may be associated with the late s’tage crystallizatlon .
sequence of'igneous rodks, or to post consolidation processes unrelated to the igneous
activity from which the rocks were derived. In the latter case, the uralitization may be
associated with regional, thermal or metasomatlc metamorphlsm {Deer et al., 1966]. Also
supportlve of the case for Ilmlted metasomatxc metamorphlsm is the sporadlc
appearance of scapolite lmalnly dlpyre (Me,oll Epidote group- munerallzatlon is not as

' pervasnve as descrlbed for Dyke I, and the presen?e of free carbonate is hoted
' throughout samples from this particular transect Radiating clusters of chlorlte .‘
(cllnochlore7) partlally replace amphlbole aggregates and are not assomated with any
mucrofractures or veﬁnlng ' / : R o
_ Erratlc appearance of scapolite arfvedsonite(?), “chiorite and biotite indicate the - -
.dyke also suffered mcomplete Iow grade hydrothermal alteratlon which appears to have

been more mtense in certaln places. Here also are the flrst mdlcatlons of true tectonlc

. deformatlon of 'the rocks. Along most of its length the long axis of the dyke strlkes

, approx1mately obllquely to the reglonal geolognc structure but’ as it approaches the -

™

southern margm ‘of ‘the gne:ssuc dome near the contact with the supracrustal belt, the
.dyke curves to allgn partly with the arcuate form of the supracrustals Once penetratlng
the supracrustals the obllque trend of the dyke returns Sample 2922298 details marked
- shearmg and follatlon accompan[ed by more lntense recrystalllzatlon and alteratlon more _'
» clearly representatlve of samples found w1thm the 292234 suite.

‘ Samples taken from the dyke where hosted by the supracrustal sequence i
(2822290~ Z AA AE) dlsplay mlneraloglc, textural and alteratlon/ patterns similar Wlth

A LT
X . ) : ) )
. . . \ - - '
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samples, from the opposlte end of the dyke hosted by the gnelsses The major d:stlnctlon
is the absence of scapollte coupled with’ an lncrease in the percentage of epldote group

minerals present.

Dyke I
At the ‘eastern‘ margin of the study area, a maj‘.or "Proterozoic“.dyke was sampled
in-a n:anner similar to the prewous dykes (Samples 292289A~- R) Figure 5 shows the
‘. location of the samples taken laterally and along the dyke centre Two SpECIflC features
‘\of thls dyke serve to dlstmgwsh it from the others lt is the thlckest and most. extensnve
dyke, sampled entlrely within the supracrustals and it |s the only dyke sampled Wthh
‘extends far enough to the south to exit the supracrustal belt and intrude the hlghly |
deformed gnelSS|c complex beyond 4
Dnstlnctlve features of these samples lnclude true dolerltlc texture cOmprlsed of .
'very coarse clxnopyroxene crystals often completely surrounded by porphyrltlc andesnne‘
feldspars The feldspars however are heavily saussurrtlzed Thls is the only sngn of any
epldote group mmerallzatuon throughout the dyke The ciinopyroxenes, WhICh comprlse
up to 40 percent of each sample, are found in various stages of mild to extreme
| uralmzatlon and’ show little evidence’ for the degradatlon to green amphlbole common .
~-among the Ameral:k dykes The most strlklng feature of these samples |s the presence of "
.'up to 15 percent lnterstltlal prlmary mlcropegmatlte often surround:ng the feldspar .
phenocrysts The feldspar mtergrowths within the mlcrOpegmatlte show sugns of . - '_ ;
serlcmzatnon (Plate 10). The sarhe: plate also shows contacts at the graln boundary '
, Ibetween the feldspar and the mlcropegmatlte are sharp and planar lndlcatnng that no |
‘feldspar exolutnon has occurred and -that the two components grew in thermal - '
equmbrlum v \ - 2 ' ' L ‘ T !
Presence of arfvedsomte(’/‘) rims surroundmg the cllnopyroxene intense

uralltlzatlon of the chnopyroxenes minor. serlcmzatlon of the mlcropegmatlte feldspar '

and saussurmzatlon of the feldspar phenocrysts again indicates that post magmatic

v

, metasomatlc and/or hydrothermal lteratlon processes were actlve durmg or.soon after

emplacement There is very little evndence of retrograde metamorphrsm '
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Unhke the previous dyke samples the texture(and mmeralogy of these dyke
samples are fairly unlform throughout The presence of cllnopyroxene afidesine
phenocrysts and primary mlcropegmatlte mdlcate the dyke enjoyed an extended cooling
period compared to the other dykes studied. It i |s apparent that felsic mlnerals had a

\
Ionger coohng history than did the ferro- magnesuan mmerals With the exceptnon of one-

sample (292289L) collected' ffom the eastern dyke margm all samples are essentially’

.

muneraloglcally homogeneous. "
| Random Samples‘

' Ihterpretption of data from separate locations is a difficult task, esp_eci,allgl when
wide divs?Co_rdanoe exists among the isotopiedata. The original collection.cons,lsted of
samples from 24 individual dt/kes which intrude both major .Iitholpgies, some of which
are found to exte‘nd beyond the undeformed enclave (McGregor, 1973l‘ Samples used
for the»earlier analyses were chosen.on their positions relative to the undisturbed .

3, 7OO Ma,enclave Samples taken from 0uts|de th|s regnon were rejected and those
which remaaned can be described relatlve to the different dykes prewously descrlbed
MlCl’OSCOplC charactenstlcs of the samples appear to be randomly dlstrlbuted AII

K features descrlbed from earlier dykes have been found in these mdependent samples the
locatlons of Wthh (Flgure 3) are close enough that spatual dlfferentlatlon or classification

\

based on locatlon and physrcal appearence is’ lmposmble There is snmply toomuch -

'

overiap of textures, alteratnon and mineral components to establish any specific divisions.
v . : B . . i /

R

L
i

‘.C.Summa‘ry_ S - /

It has been shown that the Ameralik dykes at Isua possess variable mineralogy and 'é*
textures. Although it has been proven that dykes collected from the‘general logation
~ within the unmetamorphosed enclave defmed by the belt of Isua supracrustals are’

chemncally similar based on trace and REE dxstnbutaon patterns (Gill and Bri ,dgwater

1979), there is little S|m|lar:ty in mnneraloglc compOsmon Metamorphxc processes Wthh

have been active ln thé Isua area have dlfferentlally affected each mdlvxdual dyke
Consrstency in alteratlon is lacklng and clear cut relatnons between dyke rock, host

Ilthology and sample Iocatlon can not be establlshed

\ : ro,
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Scapolitization predominates over uralitization in some ldcations, yot the
processes leading to the different alterénon products are not mutually exclusive. Some
dykes display pervasive and thorough alteration and no evidence of recrystallization,
others present exactly the opposite. One factor in common with all samples is the
positive evidence f"or“ limited migration of alkalis associated with one of two processes;
either hydrothermal activity in conjur)ction with late stage cryStaliization of igneous Eocks,
or metasomatic metamorphism on a regional scale indicated by the ;":reser;cee of alkali
amphibole in each sample. “

Clearly, conclusions regarding the history, identity and classification or grouping
of the Ameralik dykes can not be based solely on petrographic means. It is therefore

necessary to utilize addmonal parameters before arriving at any conclusnons
a ‘



0+ ... o IV. ANALYTICAL
Durlng the course of thls study 101 samples were analyzed for thenr Rb and Sr
e ‘lSOtOplC composmons and 100 for thelr Pb lsotoplc composmon ' | »

Samples were prepared by- HF HNO, det’:omposntlon Ba(NO 3 coprecnpltation qf

Sr and Pb (l-l+ catvon and Cl— anlon exchange purlflcatlon of . each respectlvely) and H. SO,,
RS

i treatment lgnltlon and extractlon for Rb. Complete sample chemlcal and analytlcal
O

: lfprocedures are dlscussed by Chaplm (1981) and are brlefly descrlbed in Appendlx lI

: ;"Rb/Sr St

A smgle analysls on the NBS 607 standard reference feldspar ylelded the _ .

3

'followung results; v , L T R FRRSE

: ﬁ ”Sr/"Sr = 1 20088 + 0 00005 Srppm 67 O Rb ppm 52l 2
m good agreement w1th the certlfled values of

: ”Sr/“Sr =1 20039 + oooooz Sr. ppm 655 +Q 3 Rb ppm 5240 £10° f

P

epeated analyses on the SRM 387 Bureau of Standards strontlum standard gave :

T

’-j».the following results L

e

E '_"-”Sr/"Sr-— 071035+ oooooe 071022+ ooooo4 071018+000003

i ’These agree varlably wuth the accepted value of O 71014 + O 00002 ln most cases a . "". 2

\

s ‘-'normallzatlon correctlon factor would be applled to the data to brlng |t them in. llne wnth '

'an SRM 987 normallzed value of 0. 7 1 O 14, but due to sporadlc technlcal and equlpment
:-."problems wnth the analytlcal faculmes no normallzmg f.actor was calculated or apphed to
the raw data Had |t been done the resul dnt Iowerlng of the measured l”Sr/“Sr ratlos by
0’0 0 1 7% would not s|gn|f|cantly alter the pos:tlon of any of the data pomts e
v Repllcate analyses of samples for Rb and Sr lsee Table l) |nd|cate analytlcal
‘ precnslon for Sr lsotoplc analyses of approxnmately + O 04% of the measured ”Sr/“Sr
':‘Rubldlum lsotoplc ratlos cannot be exactly corrected for fractudnatnon and are therefore

.”'accurate to W|th|n only % O 3%. Repllcate analyses mdlcate precnslon for Rb analyses is |

-O 25M/g—ect|ng fract:onatlon effects

:vv«'..



' 'agreement wuth each other The data lndlcate analytlcal prec43|on of O 02% to O 32%

Rb and Sr blanks determxned by the author and other workers from thus
‘. laboratory have establlshed average blank levels of approx1mately 2 7 ng Rb and 1 1 ng
Sr. These blank Ievels (comblned thh analytlcal accuracy determlned) have no sngnlfncant

R effect on the raw. data therefore no blank correctlon has been applled

"Pb/Pb SRR TN I S

upllcate analyses on 8ix Pb samples (see Table 2) are 1n falr to excellent

'dlfference ln results is mamly attrlbuted to technlcal dlfflcultles entountered with the e

analytlcal facnlmes durmg thcs study

Lead results have been corrected for fractuonatlon effects by utlhzmg the

."‘_followmg normallzatlon constants determlned by repetltlve analyses on a Natlonal Bureau '

of Standards SRIVI 981 lead standard by D. Krstic - (1981

» 2°‘Pb/2°“Pb X 1. 002918 :: : { . . ‘,‘v‘jf :@; ; . g

207Pb/1°4Pb x 1 004414
" zoapb/zoAPb X ‘l 006224

o, LT

- '-:Analytlcal prec:smn on xndnvndual lead analyses also determmed by Krstic (1981) are. glven . .

' here

g 206Pb/"“Pb +0. 05% 2‘”Pb/”“Pb + O 07%, 2’"Pb/me + O 10% at the 1 sngma Ievel

G

Total Iead blank determlned in the Iaboratory by the author and other workers .

: T
-jranged from 3 0 ng Pb to 4 0 ng Pb&'l\’otal whole rock Iead concentrat:ons although not
s ‘y'.determlned durlng thls study are esttmated to range from 3 ‘lO ppm Lead blanks of Iess
I N than one part per m|I have no slgnlflcant effect on the measured lsotoplc ratlos If. they

are applled the varlatlon mtroduced in the measured ratnos would stall lie wnthln analytlcal

o .

- error; glven the range ln measurements dlsplayed by the replxcate analyses Therefore no.

: overall blank: correctlon has been applled to the data

a
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; the other group of samples from Dyke ll

~ V.RESULTS AND DISCUSSION

For the purpose of thls study it was felt that both Rubldlum Strontlum and
Lead Lead whole rock’ lsotope studnes should be undertaken with the. hope that together

the lsotoplc systematlcs of the two methods would shed some llght on the age of

emplacement of the Amerallk dykes U- Th Pb was not attempted due to the naturally low"

, - Th/Pb ratlos characterlstlc of tholentlc basalts The aphanltlc nature of the. basalts

mcrease the dlfflculty |n obtalmng clean mlneral separates for mlneraloglcal lsotope
studles Sm ~Nd' methodology in lnltlal development stages in thls laboratory was not

avallable for use

S Orlglnally it was hoped that through use of the Rb Sr method the age of these |

Archaean dykes could be obtalned in a fashlon sumllar to that for pre Kenoran dykes B

whlch lntrude the Canadlan Shleld (Gates 1971) Unfortunately the data presented here

_ exhlblt wndespread scatter s:mllar to that reported by Davrs (1978) at Saglek Bay

g A Amerallk Dykes Rubldlum Strontsum Results

The Rb Sr analytlcal results obtamed on the whole rock samples are llsted ln

Table 2 (Appendrx l) and the data are plotted on Flgures 6 8 For, ease of presentatlon U

the data are cons:dered ln two groups one representlng samples taken from Dyke | and ‘

‘u;

' Prellmlnary lnspectlon of Flgure 6 shows the true scatter of the data Flve

e samples have been omrtted from the flgure based on. petrographlc crlterla lncludlng

folxated texture, excess blotlte growth %
- ‘««’E

t

, from the random dykes showgd marked dlverslty ln thelr lsotoplc composltlon whlle B ,b

samples taken from traverses along and across various dykes dlsplay clusterlng of pornts S

&- ’

(Flgures 6 8) wnth occasmnal wrdely varxant results Sublelslon of the data pornts based -

on several crlterla may ald in ratlonallzmg the lsotoplc behgnour of the rocks

E T

Flgure 9 represents elemental Sr concentratlon varlatlons thhln Dyke l as the N ;

dyke was sampled from western to the eastern margln Flgure 10. is sumllar except the

data presented ls for samples taken across Dyke 1t is® lnterestlng to note that dyke

I‘@-# '

extreme epldote group velnlng Samples taken I

)
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hosted: W-E traverse; crosses, garbenschiefer hosted traverse; plusses, axial traverse ~ -

. through both lithologies.



~ Figure 9: Sr concentrations in W-E traverses across Dyke I: open circles represent -

&

. samples from thg 292234 suite; closed circles, the_'225_952 suite. -
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Flgure 10 Sr concentratuons in W- E traverses across Dyke H open cnrcles represent
, samples hosted by the gnetsses closed curcles the garbenschnefer
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'samples Wthh mtrude the garbenschlefer unit of the supracrustals are on average only
* slightly enriched in total Sr Compared to samples Wthh mtrude the Amitsoq gnelsses
| However, three samples analyzed from the. garbenschlefer unit are mark'edly depleted in
’total Srin comparlson to the dykes themselves (Table 2). Within Dyke lI Iateral varlatlon is
as promlnent as the varlatlon found along the dyke axxs indicating varlable Sr lSOtOpIC
»‘dIStl”IbUtIOﬂ throughout the dyke Although. there is sporadic ep|dote group mlneral
| microveining of some of the samples the presence of the mlcrovelnmg is not governed
by the particular host lrthology intruded by the dykes
ln chapter 3 it was noted that samples from Dyke | have been completely

recrystalllzed and 5|gn|f|cant mlneraloglcal changes have been mtroduced most
noticeably the presence of scapollte Scapolite, as shown by Shaw (1960a, _b), may ‘
contain up to 0. 15 welght percent Sr Introductlon of upwards of 35 percent scapollte in
some of the recrystalhzed samples may well serve as the source for the addltlonal Sr
present Samples which have been scapolltlzed show on average slughtly elevated Sr
concentratnons over samples Wthh are dev0|d of ‘the mineral.’ . ‘
/ Rubldlum concentratlons are graphlcally dlsplayed, in the same manner as the Sr
= data in Figures 1 l and 12.Rb shows a-more regular be—hM rarely exce dmg 5 ppm
whole rock concentratlon Those 'samples whi¢h have high Rb concentratlc7ns contaln :
elevated amounts of biotite. D|splaymg a pattern similar to the Sr, those portlons of the
dykes whnch intrude the supracrustals are enr//ched in Rb in relatnon to those hosted by
the gnelsses The supracrustals for the most part are enrlched above the dykes in Bb and
depleted in Sr. The axial traverse along Dyke i dlsplays slxghtly erratlc behaviour in
contrast to both margm ‘to margln traverses across the dyke, thrs may in part correlate
= wlth the visible ewdence of tectomc deformatlon of the dykes in certaln Iocalltles e
| l Relative proportlons of biotite lncrease in the sheared and foliated samples
mdncatmg movement of an alkali rich fluid through the rock elther durnng or after

»_deformatlon had occurred This |s confrrmed by the presence of elevated Rb values for

samples dlsplaylng a tectonlc fabric and mcreased amounts of blotlte No appremable or '

, comparatlve lncrease in Sr has been noted in these samples S

Scapollte agam may assume a role in concentratmg Rhb: Shaw {19604, b) calculated

the average Rb concentratlon of 60 scapollte samples from around the world to be

K
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approxlmately 20 ppm, with concentrations ranging from 3 to 130 ppm. The average

-whole rock Rb concentratlons Qf the Ameralik dykes is 2.51 ppm for dykes hosted. by

the Amltsoq gnelsses and 322 ppm for samples showmg no slgn of scapollte and hosted

by the garbenschlefer The Rb concentratlon of those samples Wthh ‘have been

'scapolltlzed is nearly 5 ppm, representlng nearly 100 percent enrlchment of the dykes in
Rb as compared to the unscapolltlzed dykes.

Clearly the dlstrlbutlon of whole rock Rb and Sr concentratlons scatter in
measured isotopic ratios and calculated ”Sr/”Rb ratios demonstrate either. lncomplete .

homogenlzatlon of the dykes durlng the last metamorphlc event, partlal open system

&

_ behavnour of the dykes or partial assimilation of pre- exnstmg crustal materia) durmg

emplacement.

B. Ameralik Dykes, Lead-Lead Results |

Analytlcal results obtained on 100 whole rock samples are listed'in Table 3 e
'lAppendlx } and are presented in Flgure 13 As wuth the Sr data results from and within
the dykes scatter too widely to produce an lsochron it |s again necessary {e} examlne the

dykes mduvndually and the trends which are presented by each. Samples which are

‘ characterlzed by highly radiogemc ratios are. excluded from Flgure 13 Only lead

composmons believed to be more representatlve of primitive basalts have been utlllzed
Itis dlfflcult to qualltatlvely dlscuss results obtauned from the random dyke
samples: Rb=Sr., results have shpwn that these dykes are isotopically lnhomogeneous asa -

group, desplte apparent geochemlcal snmllarlty (Gill and Brldgwater 1979 p. 700) Lead

[

results-are no dlfferent The scatter s wude and. thereis no apparent possnble correlation
- with elther dyke dlrectlon or degree of alteratlon Data from Dykes | and lI show
: somewhat more coherent behav;our WJth few notable exceptlons Dyke | leads appear to

‘be more radlogenlc than Dyke \

The Pb- Pb results for Dyke 1l may be subduvnded two distinct populatlons

- correspondlng to the host rock llthology Samples from the dyke hosted by the

'garbenschlefer unlt haVe the hlgher z°7Pb/""Pb ratlos while samples hosted by the

g Amltsoq gnelsses have a lower ratio (Flgure 14); Pb—Pb data pomts for samples from

Dyke Il dlsplay a weak, fan shaped dlstrlbutlon If the system dlsplayed linear data two

! P ‘ ' '
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207Ph /206Phy. versl;s dyke posmo g g@ Galculated and plotted (Figure 14) to determtne ‘which

o

.40

interpretations are possible. First, the magma has experienced no postwemplacement
dlsturbance up to the present time, or the rock has been subjected to metamorphic
condmons for a brief period of tims, durmg wh:ch the rocks behaved as a closed system
and were able to reach chemical and.isotopic equilibrium If the dyke rocks have been
chemical open systems, lead and urahnium\ are free to migrate into or away from the

dykes. The resultant data will rarely display linear behaviour, since equilibrium in open

chemical systems is difficult to obtain. Slope ages, alculated from the lower poundary ‘

‘

of the scatter, may approach the age’of ‘the last metamorphic event gi\nn%;ﬁé scattered
distribution of the data points. Dnstrlbutnon of the data pomts about the ' apex of the fan
occasionally may indicate the timg of the orlglnal formatlon

Samples contammg hlghly raduogemc 209Pp/206Ph ratios were eliminated from the

tematlcs with presumably primitive samples. %

.)

gt radlogemc values. In the recrystalllzed

scapplltlzed dyke samples the margms show an mcreased radlogemc lead enrlchmeht

\

k' becoming more primitive toward the dyke centre. The presence of allanlte aV, Th, REE

'bearlng mmeral of the epidote group has been noted along the western margln The dyke

rocks reflect the presence of allanite by showing hlgher 2"“F’b/""l’b ratno% (Table 3)

" Though no allanlte has been descrlbed from the eastern margin of the dyke itis assumed

to be’ present smce the eastern margln leads also have hlgh wip/204pp ratlos If the
2°7Pb/2°°F’b for Dyke I cross—section is plotted versus posmdn in the dyke, the centre
portlon of the dyke shows a very consistent ratlo This is likely an griginal feature of the
dyke since secondary metamorphlsm would tend to act from the edge of the dyke
toward the centre and would be variable. If the Dyke I samples WIth the same 2°7l=’b/2°"’l"‘b
'ratios (Flgure 14) are selected for'an isochron plot, a line is not obtained. This could
slmply be a result of widely scattered 207Pp/204Ph versus 10Pb/24Pb rat:os This may be af
feature mhernted from the initial dyke wftrusuon because of Pb contammatlon Therefore
_the isotopic effect of the scapohtlzatlon on the Pb may be much less than that for Rb-Sr.
Isotope ratios calCUIated from Dyke Il also show a dlstmctlve pattern on a plot of -
207Pb/’“Pb ve\r/sus dyke posntlon (F:gure 14)., The overall 2°7Pb/2°5Pb ratnos are almost 10°

percent higher. Dyke i dlsplays 2"’P/b/"‘F’b values of up to 1.1, compared to 1.0 and less -

[P
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‘ for samples from Dyke I Leads from Dyke I samples hosted by the’ supracrustals are.
margmally Iess radlogeruc than/leads from gnelss hosted dykes ThlS is possnble ev1dence
. for limited assmllatlon of pre exustmg crustal materlal durmg er‘hplacement Fratta and
‘ _Shaw (1974) have exammed mcompatlble element K, Rb Ls ™. concentratlons in dykes
E from the Canaduan shleld to estlmate amounts of res»dence contamlnatlon poss:ble by
- tntrusnon of basaltlc magma into varylng country rock Thelr results are consnstent w:th
I ,. those obtalned by Gates (1971) Wthh mdlcate host rock contamlnatlon of prlmmve '\‘_
basaltlc magma durlng emplacement |s varlable _' s gt e v.' -
Three garbenschlefer samples analyzed (292229 V, W AE Table 3k have less
radlogenlc 2"7Pb/2°“Pb and 2°6F>b/2°“Pb ratlos If the source of varlance in the lead ratlos of
the dykes was caused by sxmple reSIdence contamlnatlon one would expect the -
.garbenschlefer samples to contrlbute older less radlogenlc lead to the dykes The A
e ’dlfference m the ‘apparent age of the two host’ llthologles of the Amerallk dykes is Iess
‘than 200 mllllon years The resultant change in the 2°7Pb/1"5Pb ratlo ls expected to be _
| mlnlmal (calculated ‘to be O 038) and any assvmllatlon of leads from the host rocks would

be expected to make llttle dlfference in the radxogenlc nature of the Ieads Results o

'obtalned from measurements on Dyke I are plotted |n Flgure 15. It lS of lnterest to note

: ,that samples from the same dyke collected no more than lOO metres apart have such
- varymg lead composmons and actually plot as two separate populatlons Data are plotted

- on conventlona

I b°7Pb/2°“Pb versus 2"‘F’b/m“Pb dlagrams w;th the model lead growth curve .

L of Stacey and Kramers (1975) used for reference In the generatlon of thenr growth -

bl

: curve Stacey and Kramers (1975) postulated that lead in the mantle grew from 4, 570 Ma

“to approxlmately 3, 700 Ma as a system WIth an |nlt|al mu (13‘U/1°‘Pb) value of 7. 18 At

: ,3 700 Ma there‘wasl(a catastrophlc change in the mantle mu value as it moved upwards

o - t0'9.74. Thls model l$ in dlre/ct c‘ontrast to the mantle evolutlon model of Cummlng aqd
B ::v-Rlchards (1975l Wthh postulates contlnual evolutlon of the mantle thh a prlmordlal mu
-‘ Jvalueof8327 r/'/ S \ : u v, , L R v |

P Use of th7tacey and Kramers (1975) growth curve serves only as" a fll’S‘t

“7;,,: 5 -Weré

._a-

o approxlmatloﬁ to’the true mu value of the source from whlch the Amerahkﬁ@ )

- generated Smc/e uramum aa’\nd thorxu’m were not measured for thls study no dlrect %{\
BR

S o
i measurement o‘f the Amerallk mu is- possnble but by maklng a serles of assumptlons e@h
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approxmate mu value for the dykes may be calculated _
It is known that the Amerallk dykes lie between 3,100 and 3. 600 Ma based on
field relatlonshlps (see Table 2) Utlllzmg the Holmes Houtermans (1946) model! lead age

- ‘calculatlon equatl‘\ons 3 600 Ma as the older age llmlt and 3, lOO Ma as the younger age: -

) limit in the general equatlon o /&Q \ _ '
. 4
’ (2°6Pb/2°‘Pb) = (2°6Pb/2°4Pb)o + u((exp) \T- lexp)xtl where ,
x is the 238LJ iy nstant (1.55125 x 10-1 yr ) tJaffey ‘et a/ 1971)

‘ e (’“F’b/“"Pb) -b.30-‘/ﬁatsumoto et al., 7'973 :
_ Usmg these values itis. calculated that mu values for the Amerallk dyke system average
iapprommatel/y 7. 52 assumlng smgle stage growth of the parent system ' ‘

Utlllzmg the mu values calculated for the dykes to generate a common lead

v, growth CUrve lntersectlon ages of the dykes have been computed as follows

-":Dykel initial sample collectlon 3011 10 Ma, MSWD = 21 93 ‘
S |

-Dyke l, follow up collectlon 3 192+ 53 lVla lVISWD 987 g
g :Dyke I E-w traversepgnelssm: host, 315757 Ma, MSWD = 7.96
‘ f‘\’Dyke Il E- W traverse garbenschlefer host 3 306 *: 63 Ma MSWD 6 18-
. Dykelf dyke centre samples 3; 044 + 228 Ma, MSWD = 256 03
‘ \'Dyke I, compOSlte 3209 +: 77 Ma MSWD 35 05 ‘ '
s These are ln varlable agreement with’ the correspondlng calculated slope ages of
' Dyke I, lnltlal sample collectlon 3 222 + 39 Ma, MSWD =13, 92
o vDykeI fc:'llow ~up collectlon 3,248 + 69 Ma MSWD = 897 B s 3
" Dyke I, E- Wtraverse gnelSSIC host, 3, 823 22, MSWD'= 7.86 o
’Dyke ll E~wW traverse garbenschlefer host 3, 938 +118, MSWD =12 36.
K Dyke Il clyke centre samples 3, 860 * 18 Ma MSWD = 199 36 _ o F
,' {.,Dyke Il, composite, 3 929 + 16.Ma, MSWD = 71 75 . _'
| Examlnatlon of data obtalned suggest that the very old slope ages are due to :
addltlon of- varlable quantltles of Iess radlogenlc Iead supplled by the host rocks whlch
have 5lgnlflcantly altered the prlmary lead lsotoplc composmon of the dykes If the i
: results obtalned from the orlglnal collectlon of samples from Dyke I are ellmlnated the S

calculated and computed ages lle Wlthln error of each other pOSSlbly lndlcatlng the true

age of emplacement of the Amerallk dyke swarm.
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C Proterozow Dyke llI Rubidium- Strontlum and Lead~ Lead results ' _‘ |

' Results obtained from both Rb -Sr and Pb- Pb analyses for a large Proterozoic .
'dyke (Dyke i are listed in Tables 4 and 5 (Appendlx ) and shown in Figures 17 and 1‘8
‘Data ponnts from Rb Sr and Pb analyses again exhlblt wndespread scattering on data plots
and varlable lsotoplc values across and along the dyke. This |s graphlcally dlsplayed in -
~ Figure 19 Wthh treats the data for Dyke i in the same manner as that for the Amerahk
“dykes I'and Il . '

Nelther Rb Sr hor Pb dlsplay systematlc behavnour wrthln the dyke Dyke liiis S the

. only dyke Wthh does not conform to the geolog’c structure of the host garbenschlefer
' It partly lntrudes rocks of the calc- scllcate and upper lronstone formatnons (Flgure 6),

r\plncgmng and swelllng along its length (H Baadsgaard pers. comm) and mtrudlng the o ,
| ,tectonlcally deformed gnelssu: terrane to the south of the Isua’ supracrustal belt o |

: "_ o Although the sampled portlon of the dyke lles entlrely W|th|n the garbenschlefer '

yunlt of the supracrustals n: certaln sample locatlons along the line of traverse the dyke is.

in contact W|th the |ronstone formatlon ThlS apparently does not: affect the lSOtOplC
| composxtlon of(the rocks e A S ‘

| , Erratlc Rb, Sr and 207Pb/’°"’Pb dlstrlbutlon patterns mdlcate p05|ble |sotoplc
' “_contamlnatlon from one or more sources Behawour of Rb and Sr show that chemlcal ‘

: dlfferentlatuon durnng coollng of the parent magma lS ‘not solely responssble for the A -
observed patterns If |t were Flb should systematlcally lncrease toward the dyke centre
‘v'and remaln essentlally constant along its length Sr mlght be expected to concentrate ‘
| closer toward the dyke margm (cf. Gill and Brldgwater 1979) Nelther pattern dlsplayed
suggests th|s ‘type of chemlcal behav10ur lS present in Dyke lll _ '

Deuterrc alteratlon |s present in the form of saussurltlc feldspars and uralltlc
_ .-pyroaenes Varlable amounts of alteratlon seen from sample to sample may serve as one
'cause of‘ 1sotop|c varlablllty wnthln the dyke AT - Ll o -
: Comparlson of- data from Dyke |Il WIth that for Dykes I and lI reveals dlfferences

i behavvour of the lthopes chemlcal composntlon mlneralogy and style of lntrusuon ~(the o
| “ -'cross cuttmg of aII loq)al features) lt is of mterest to hote the results obtamed from

‘_lSOtOpIC analyses espemally Pb- -Pb results lndlcate contmuuty of development and

‘ ,extenswn of lsotoplc patterns dlsplayed by the Amerallk dykes (Flgures 15 16 and 18)
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Flgure 18: Piot of 2°’Pb/""‘F‘b versus. ’“Pb/’“Pb ratnos for the Proterozom dyke squares
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It data from Pb~ Pb analyses obtained from Dyke lll are treated in sumllar fashion *
to that. from Dykes I and Il the following results are obtained from growth curve’
. intercept ages; | |
' Dyke Il E-W traverse, 3,356 + 189 Ma, MSWD = 73.62
B Dyke lll dyke centre samples 3 101 +217 Ma, MSWD 26. 97
Dyke lll, composite, 3323 + 131 Ma MSWD = 71.13
and the calculated slope\ages _ ' \
"~ Dyke I, E W traverse 3, 670 + 20 Ma, MSWD = 92.02 ‘
Dyke I, dyke centre samples 3, 726 + 13 Ma, MSWD = 37.71
Dyke lll, composite, 3 669 + 126. Ma, MSWD 80 81
lAs with Dyke i, the calculated slope age is much older than the computed growth curve ‘
snterfcept age again suggestmg the likelihood of assimilation of contammant lead from the,
host rock altermg the orlglnal lead lSOtOplC composntlon of the’ magma. S |
Slnce there are no geological features Wthh place oider and younger age limits
= upon Dyke llI it'is dlfflcult not to assOmate it with the Ameralik dykes solely based upon
Rb—Sr and Pb- Pb data obtained here. | '
Samples taken from anng the axis of Dyke III do not dlsplay uniform lsotoplc
“behaviour, though there lS more regularity in“the values Scatter among the data, though
- not variable to the same degree as those taken across the dyke is present and cannot be
" explalned in the context of chemlcal dlfferentnatlon Possrble reasons for the varsance of
~ elemental concentratlons and lsotoplc ratios are snmllar to those dlscussed for the
Ameralik dykes, except here petrolog:cal analysrs reveals no evndence for
.recrystalllzatlon for the dyke nor for the mlgratxon of any alkali bearlng fluids. Clearly

geologlcal processes’ assomated with emplacement and deuterlc alteration are lmphcated

here as the major source of the varlatlons found wnthln Dyke lII

/

Yo
y
|



VL. I\NTERPRETATION AND CONCLUSIONS

A, Interpretation of the Results .
Data presented in the prevuous chapter show clearly that certain element/
dlstrlbutlon patterns within the |nd|v1dual dykes developed as a result of the modlflcatlon
. of the primary magmatlc composition: These processes could ’have occurred during or’
after emplacement. It is possible that combined ef‘fects of several processes may help to
+ 'exglain the -scattered results. .l - : o _ ' P
. Studies of Chemical (Fratta and Shaw, '1973- D‘ostal‘and Fratta, 1977) and isotopic
(Patchett et a/., 1879; Patchett, 1980) modlflcatlon (durlng emplacement) of doleritic
' dykes have br0ught attention to the effects of post magmatlc hydrothermal fiuids and
the possibility of contamlnatlon by related processes ‘The recognltlon of these alteration
effects and the dlstlnctlon between prlmary (durlng emplacement) and secondary
(metamorphlc, metasornatic) chemical and isotopic patterns are. of utmost importance in
the mterpretatlon of the geochronology of dolerltlc bodles such as the Amerallk dykes
Models to be. exammed here lnclude res:dence contammatlon« alkall metasomatlsm
: and assnmllatlon of pre- exnstmg crustal material. ‘ ' S _ “ RE
- The phenomenon of residence contamination is a process vvhereby magma'
' mteracts with wall rocks durmg emplacement The interattion is in response to the
presence of chemlcal potentlal gradlents The process occurs. either. through fluid
. induced graln boundary dlffusmn or in the case of still molten magma, through volume
dlffusxon along composutlonal gradients between wall rock and magma (Fisher and Lasaga
1881). Gates (1871) and Fratta and Shaw (1973) have illustrated that selective ‘
contamination by.K and Rb m Proterozoxc dykes from the Canadian Shleld occurred prlor
to final crystalllzatnon of the magma Some questlon remains as to whether alteratlon of
and elemental enrlchment of the dykes are primary or secondary Element dlstrlbutlon '
patterns presented in both studles suggest prlmary emplacement contammatlon with the ,
possublllty of some deuterlc alteration. . ‘ _ ' ‘ /“
Data patterns obtalned from Amerallk clyke samples devuate from those presented
by Gates (197 1, more closely approximating those of Fratta and Shavw(1973) The -

,,,erratlc behaviour of alkalis here.ls attrulbuiced to diffusion and dnfferentlatlo_nlprocesses '

DY

-
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\ active during crystallization of the magma. One outstanding differenca which may lassen
the overall importance of residence contamination as a p‘ossible slngle source model for’
isotopic varlatlon is the response of the dykes to intrusion through dlfferent host rocks
The Ontarlo samples (Gates 197 1; Fratta and Shaw 1873) show that dykes have hlgher

" Rb when intruding' granitic country rocks than when they oceur in basic volcanics: Atlsua

\the'opposite is apparently tfué.. Sa’mples intruding the Amitsoq' gneisses appear depleted

in Rb in relation to samples hosted by the garbenschiefer. When surrounded by the

garbenschnefer the dyke momentarlly conforms to the local structure of the-host rock

These rocks may be slightly more defbrmed than their’ gheissic counterparts, thus

allowing easier migration of hydrothermal fluids. Enrichme‘nt of radiogenic Sr is variable

i

and is possibly a function of the amount of epidote group mineralization present.

FEadiogenic Sr tends to accumulate in Ca rich alteration phases associated with deuteric

.
e

hydrothermal fluid migration
Scapolltlzed samples are not mcluded in thls discussicn due to the obvuous

aIteratlon which serves to mask effects of prlmary contammatlon Work by Gill and .

Bridgwater (1976 1979) has demonstrated residence contamlnatlon is present in the -
Amerallk dykes though the effects of such contamination. appear to be restrlcted

’ prlmarlly to the dyke margms Such a claim is not easuly established on whole rock Rb and
* Sr concentrations obtained durlng thlS study Gates (197 1) has suggested a possnble '
reason for the discord is selectlve cation leachlng from the country rock by late stage
deuterlc fluids from the mtrudmg dolerite. Thus while there may have been some limited
exchange of, moblle catlons (resndenca contammatlon) the results presented herem do not
allow this to be the sole cause of the lsotoplc varlatlons found in the dykes. |

Alkall metasomatlsm entalls a change in whole rock mlneralogy and chemlstry

. caused by mlgratlon of alkali—- bearmg flulds Alteratlon mechanlsms are SImllar in nature to

' - those caused by skarn formation, Wthh may be either local or wudespread Petrographlc
and geochemlcal evudence ‘from the Ameralik dykes suggest Ilmlted post- emplacement
mlgratlon of alkalis. Vanable K/Rb. ratios measured in the dykes (Gill and Bndgwaté‘ '

1979) and the presence of alkalr amphlbole (arfvedsonite?) encrustlng granular aggregates |

of amphlboles (Plate 8) are the strongest evidence avallable lexted appearance of biotite

replacmg either amphlbole or sphene (Plate 6) also suggests some alkall dif fusion. Host
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rock Ilthology may be |mportant Mlneralogncal and textura! changes caused in the dykes
by metasomatic processes are likely to be minimal at the dyke centre Gill and Brldgwater
{1979, Table 5) have demonstrated a dependence of elemental migration on host rock
lithology and sample position within the respective dykes. éupracrustal hosted samples
show increase m CO,. toward the dyke margm while'Ca and K remain dssentially
unchanged Thus Rb seems.likely also to be unaffected. For those dyke sarﬁples which
are unscapolmzed this apparently holds true (cf. Fugure 14), CO, and Ca show depletlon
nearer the dyke margins whereas K and Rb increase. Positive proof of alkaln mlgratlon and
associated alteratlon muxst be derived from petrographnc exammat:on of the dykes inall
but a‘few s_amples, biotite is completely absent from the‘dykes Whole ropk Rb
concen’qretions averageilles’s than 5 ppm, but are asvhigh as 105 ppm. Assocjavted

ihcreases in ”Sr/“Sr are present in the high Rb samples. Not all dykes examined show

-'traces of biotite or alkall amphlbole Recrystalhzed dykes (Dyke i mcluded) show no

: mdncatlon of alkah mlgratnon Alteratlon is very limited, and absent in most instances. It is

suggested here without benefit of microprobe data on the feldspars or mafic mlnerals e

the presence of alkah amphlbole results from degradat:on of the plagloclase feldspars

gfy?y'th the model of




35 kilometres of overlying rock. Emplacement of the magma into warm country rock
may easily have facilitated varying degrees of assimilation. Partial anatexis and *
remobilization of the host rock is possible at these elevated temperatures
Variations in the degree of assimilation of crustal material have been recorded
from many locations. A noteworthy example of isotopic contamination is displayed in
© Tertiary intrusives from the Isle of Skye, Northwest Scotland (Moorbath and Bell, 1965,
Moorbath and Welke, 1969 Dickin, 1981). Pb and Sr isotopit inves tigations from Skye
have shown that from 10 to 80 percent of the contained isotopes are derived from
ﬂe_;exist‘lng crustal materials (in this case, chiefly-Lewisian basement). Acidic rocks from\__
- Skye contain the largest component of remobilized crust. The maflc and ultramafic
mtrusvves whule deflnltely contaminated, have assimilated a much smaller proportion of
the basement complex durlng intrusion. The results from Skye point out the importance
of the presence of underlymg older crust with relatlvely low U/Pb and high Rb/Sr ratios '
compared to values obtained from the upper mantie. The degree of assimilation is l( k
_outlined on a model lead growth curve (Moorbath and Welke, 1969 Figure 3). All lead
angyses Ile;on a secondary |sochron lntersectmg the growth curve at 2 800 Ma and 60
'Ma respectively. The lead line represents cIassucal two component mlxmg allowing the
- authors to estlmate relatlve amounts ol‘ czntamlnatlon gncountered in the rocks
Recen_t investigations into the geochemlstry of basalts from Skye (Moorbath and
Thomp'son‘ 1980; Dickin. 198'1' Thompson, 1'982) suggest that variance in thé isotopic
composntlons of th magmas resulted: from one of several processes magmatic .o
equullbratlon in various parts of the upper crust comcudent with fractlonal crystalllzatlon
and sialic contamlnatlon‘ selective Pb equnllbratlon in a.vapour or non—smcate phase
‘ 'between the magma and the Archaean sial, or in which the mantle derlved magr‘ha l» ]
| contalned %Iy constant Pb and the mcreasmg degree of isotopic contamlnatlon was -
caused by greater addmons of crustal Pb to the magma (selectlve magma crust
mteractlon) Sr data accumulated by Moorbath and Thompson (1980) lndncate
contammatlon of the basuc magmas resulted from mteractlon between the melt and a :
Sr rich, ¥Sr rich crust as the magma fractlonated in near surface magma reservoirs.

The obvious complex1ty in the gene3|s and emplacement of rocks at Skye serves

to point _out that extensive isotopic and geochemlcal invesitgations are required to



E o unscapolmzed may be treated as a result of a mlxmg contammatlon process ThlS is f, :

. _'.icompletely understand the generatlon and subsequent hlstory of the generatlon of

basaltxc magmas in the Archaean specuflcally at lsua 'O R o

. \@ates (1971) has also reported effects of crustal contammatlon on lsotope ratnos

in. late Archaean early F’roterozo:c dykes from Ontarlo Canada |

v Two studles of large granltlc -and quartzo feldspathlc gnelss cq‘;nplexes near the
,‘ lsua Godthaabsf]ord have been reported (Taylor et a/ 1980 Moorbath et al., 1981) : _
_\The ca. 3 050 Ma Nuk gnelss and the: ca 2 500 Ma Qorqut Granlte have revealed marked :

enrlchment of older Iess radlogenlc lead@ brought in thh the magma durmg emplacement

‘ ',by\anatems of underlylng gramtsc crust

= .
4

The varlable lead data obtalned from the Amerallk dykes both scapolttxzed and _ ../

ke schematlcally represented in Flgure 20 Fleld constramts place the younger llmlt for age

L 'of emplacement of the Ameralnk dykes at the age of the Nuk gnelsses Wthh has been

)

o 'measured at approxnmately 3. lOO Ma The older llmms set at the last. recorde/rchaean -

o *‘ 'event to affect the Amltsoq gnelsses approxlmately 600 Ma The Stacey a Kramers

,‘ (1975) model lead growth curve ls used here as .an approxlmatlon of mu at the tlme of

; .emplacement of the. Nuk gnﬂese’s (approx mu = 7. 5) Several trends al;é lmmedlately |
’ ‘, apparent upon examlnat“ on of the. data Wnth the exceptlon of someéata from the
- r)gneuss—hbsted portsbn of Dyke ll,lnone of the data lle on the 3. 100 Ma secondary

e lsochron but well below The lower secondary lsochron lS taken to represent :

"composutlon of leads removed from the Amltsoq gnelss at approx:mately 3 lOO Ma

" L,vdeveloplng undlsturbed smce that tlme Data from the garbenschlefer h sted

2

‘ unscapolltlzed dykes lle near’ the Amltsoq-Nuk mlxmg ‘line, the least radlogenlc Jeads here

. ‘may approxlmate the Pb lsotopnc composmon of the prlmary magma glven that three :
-analyses on the garbenschlefer ltself lie w1th|n the lower cluster of pomts & B

If assumllatlon of pre exlstlng crustal materlal lS the ma;or cause of |sotop|c | o

heter ogenelty ln the unrecrystalllzed Amerahk dykes the lead data suggests asslmxlatuon .

‘-of 10to" 15 percent older crustal materlal durlng emplacement The dufference m the

o '.'-,nature of the leads assnmllated from thelr dlfferent host/ocks are. dlfflcult to explaln but :

v ‘ ﬁrst approx:matlons mdlcate Pb evolutlon occurred |n/reglons of sllghtly dlfferent mu

values for the garbenschelefer and the gnelsses Data from the Amltsoq gnelss studles »‘ e
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”(Baadsgaard 1973 1976) indicate the gnelsses evolved in a uranium depleted reglon
Evndence for slmllar development of the garbenschlefer umt is con3|stent Wlth this model
- | -
» Certam Amerallk dyke samples have shown strong depletlon ‘of uranlum and have not-

- been mcluded in ‘thlS portion of the dISCUSSld\n

Data from the scapolltlzed samples (Dyke S lndlcate mput of a sllghtly more-

: :”radlogenlc lead component durlng recrystalllzatlon The dyke was not: completely

- rehomogenlzed durlng the event (shown by the lead data. obtalned from the separate dyke

traverses) lncomplete homogenlzatlpn of the lsotopes wnthln thls dyke is exempllfned by '_ , .

Rb/Sr data obtalned on the orlglnal six samples (225952A F) yleldlng an apparent Rb/Sr
-.‘lsochron slope age of 1,575 29 Ma MSWD = “o 79 and (”St/“Srl =070512. ;\-f -
_+ O 00008 whereas samples 100 metres dlstant falled to yleld a. snmllar lsochron for

""”Sr/“Sr versus “Rb/“Sr ratlos The data here lead to the suggestlon that scapohtlzatlon

and recrystalllzatlon of: thls partlcular dyke assoc:ated thh the part|a| rehomogenlzatlon‘ .' s

of the Rb/Sr lsotope systematlcs occurred at approxlmately 1, 575 Ma Thls date is not

' 'unknown from work on the Amxtsoq gnelsses outS|de the lsua area (Brldgwater ez a/

o 1976) Itis concelvable that the: supracrustal belt; on the western margm of the gnenssncv'f E

)

e dome at lsua has been partlally overprmted by al, 575 lVla metamorphlc event and Iocal" -

o mdlcatlons of the oVerprmt have been pr%erved in the recrystalllzed dyke

v

The lsotoplc data obtalned on the Proteroz&t%dyke presents a s:mllar hlstory
"‘Scatter of: both Pb and Sr lsotopes is attrlbuted to”wsslmllatlon of varymg amounts of

»_,'pre exlstlng crustal materlal lf an upper ||m|t for the age of emplacement of the dyke is. '

) "'ivtaken to be pre Qorqut (approx:mately 2,600 Mal the Pb data are cons:stent wnth

' f--assrmllatlon of 5 to 15 “ercent of. older less radlogemc Iead from’ the host rocks S
: Obvrous deuterlc alterat on of the constxtuent mlneralogy (Plates 7 10) serves as the .
3 .jmechanlsm by whlch v rlatlon in the Sr data is: produced Several samples of Dyke lll

: dlsplay markedly Iow ,_b and: Sr lsotoplc ratlos lalso Rb and Sr concentratnons) Durlng

_— approxlmately 2 600 f

'emplacemen"of the m gma lt lS poss:ble that portlons of the wall rock Were rafted off_y.‘. e

’ -|nto the ascendzng ma ma and completely assnmllated on-.a. local scale prlor to. fmal

crystalllzatlon of the : elt The two samples in questlon here lle on a lead growth llne of o

a generated from older less radlogemc lead However thls data“

is not sufﬁcuent to A ' arrant formulatlon of: an entlre model for emplacement and

o . . : N



/ : ‘ B ' .
s subsequent contamlnatlpn of the prlmary magma ) S ', o
o Studles have been conduc‘ted deallng with the re= moblllzatlon of Rb ‘and’ Sr on o
' L
mlneral systems under metamorphlc condmons (Baadsgaard‘and van Breemen 1970

4
susceptable to the mlgratlon of Rb and Sr plus other alkall elements lf the whole rock B

' Kesmarky 1977 Banks 1980) l\/llcaceous mlnerals are shown to be the most - ' \\

- system is to’ be lsotopncally dlsturbed the range of mlgratlon of these elements |s
lmporta/rlt Results from the studles have' shown llmlted moblllty however other studles
(Hoffman 1971 Brooks 1980) have demonstrated the partial- open system behav:our of
whole rock surtes Complete resettlng of the whole rock system durlng metamorphlsm

| has been demonstrated by Taylor l1975) and Weber et a/ (1975) ' |

B Conclusnons _ _
. Ituhas been shown that Rb Sr and Pb contents of dolerrte dykes show element
varlatlons that reflect the nature of the env1ronment lntruded and therefore are not B
representatl\;e of the composmon of the prlmary magma Observed varlatlons in the

ratlos of "Sr/“Sr to "Rb/“Sr reflect contammatlon of the pr;mary magma by asslmllatuon

OMK later llmlteo‘ mlgratlon of- alkalrs mcludmg Rb and possnble overprmtlng

. e caused by metamorphlsm of gnelsses surrouqdlng the study area approxumately 1 575

Ma -ago. Pb results are entnrely conslstent w:th the crustal contamlnatlon model but yleld

e no evudence for metamorphlsm havmg occurred at 1 575 Ma - T ; f s ~ Lo

All data presented comcude w1th crustal contammatuon models brought forth for

rocks of the Archaean Gnelss:c Complex of Greenland (Taylor et al., 1980 Moorbath et e

1981 ; A S S

| e
The data obtalned present an argument for assnmllatlon of older crust The very
nature of the results dlctate dlrectlons m whlch follow up research may be orlented

Further |sot0p|c mvestlgatlons perhaps‘ U Th Pb and Sm= Nd are. clearly reqwred |n

addltlon to further trace and rare earth element geochemlcal lnvestlgatuons By obtalnlng

. 8 mor\e complete understandmg of the nature and absolute degree of alteratlon and

contammatlon of the prlmary magma it may then lge posszble to formulate models based; e

. on lsotoplc research Wthh lead to corroboratlon of the age(s) of emplacement for the

Amerallk dykes and further deflmtlon of thelr metamorphtc hlstory

+



Based on results obtalned durlng this study several conclus:ons regardlng the o

,orlgln and hlstory of the Amerallk dykes are glven

B

RO || The Pb Pb results lndlcate the Amerallk, dykes as represented by Dykes |
o and lI are approxnmately 3, 197 x 45 Ma old and. possnbly represent a mlnor
' c' magmatnc event precedlng emplacement of the Nuk gneiss. protollths
2 Wlde varlablllty in Rb~Sr data mdlcate the dykes have been subjected to.
possnbly multn eplsodlc metamorphlc events Wthh have upset and partlally ’

', ‘ reset certaln |sotope clocks of the dykes . ' - e

!
i

3) Post—emplacement mngratlon of alkalls and recrystalllzatlon of some of the o

dykes wath the lntroductlon of scapolxte have had varxable afﬁect on the -

sotope systems exammed Pb Pb lS apparently less affected by the chemlcal '

: .cg./' ‘L and mlneréloglcal changes whlle Flb Sr shows a much greater response to the;‘
| changes It is suggested here that metamorphlsm around l 575 Ma has o
partlally affected the Rb Sr clock but the Pb system has remalned essentlally
' closed smce 3 197 Ma R : '
4) Scatter in the Rb Sr data is attrlbuted to. the followmg : g
_al assumllatson of up to 15 percent pre exlstmg crustal materlal durlng
: ' N ,emplacement B e S %
| ‘fb) Iocal mlgratlon of alkalls across the dyke margm (resldence -
contammatson) durlng metamorphlsm EE IR ' " v
- c) recrystallxgatlon of Dyke l wuth the mtroduct:on of scapollte
| :5) Scatter in the Pb~ Pb data is. attrlbuted to Ean . |
Toe o a | a) assnmllatuon of pre exlstmg crustal materral durmg emplacement
b) growth of U Th bearrng epldote group mlnerals durang deuterlc ,
- alteration; - ‘ﬁ et S N

o 6) The growth curve mtercept age of 3 233 * 131 Ma obtamed for the

'Proterozouc Dyke lIl may not be lndlcatlve of the true tlme of emplacement o

: The MSWD of 71 13 mdlcates varuatlon in the measured lSOtOplC ratnos is
| .OUtSlde analytlcal error and that the scatter in the data is statlstucally .
. .‘gsrgnlflcant The age of the dyke is: wnthln error of ‘those obtalned for Dykes l o

__' "-'and A ahd does not preclude the possnblllty that the. dyke is. also of the
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: Ameralnk swarm:

7) Dyke Ill displays Yarlablllty in |sotop|c behavnour comparable with that of the‘
Amerahk dykes. Erratlc Rb and Sr behavuour is attrlbuted to the comblned '

_ effects of chemical dlfferentlatlon during coollng raftmg off and complete
dlgestnon of xenollths of the host rock durmg emplacement and varymg
degrees of post- emplacement deuteric alteratron : ' : _
8) Chemlcally Dyke Mis dlstnnct from the others studled Snmllar Pb Pb trends P
suggest the magma has asslmllated sumllar amounts of ldentlcal though older,

-

crustalmatenal B R SRR e

B e L - ’!
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Teble 2. Ro/Sr Isotope Results. lsua Dykes

‘Sarmle Number  nggmg vmuwss - Bbpem
117947 . 070727 61391 - . 480
158401 070626 . 01133 . ‘303
158440 . | 070958 : 00797  13Q
171754 . 071509 00690 2.92
S17iver 0.70826 01233 354
17332 osses2 . 40766 . 9882
173235 . 070901 01280 . 419
173237 | - 072680 04928 16.22
173238 070546 00657 219
173277 .. 071013 00214 . 092
. 248209 T 0.71254 00471, 106
248210 . . o708e7 . 00736 . 199
248222 070678 01318 367
'248223‘_ : iw o © 070928 01697 519
248224 o 070680 - ' 0.1347° 359
248225 o : 070381 00556 - 171
248230 ‘072343 03158 1099 .
’248232 o 072193 0.1863 . 624
248233 | ' 07049 . 0.0869 o 2.31
248239 . - - »,»d80030f"' 24504 7882
248243 L 051215'.' 02212 . 5.18
248263 - 071359 7,;,\q3454l'_' 860
248253¥_ . o7is29 10.3405 . 862
248255 N f*’,j'a70926 _61889 . 504
248256 . 070589 00758, 204
248257 . ¢ 070881 00724 . 213

Sr ppm
§574
77.27

I

|
/

. 5146 .

12268
83:11

7115

94.71
9544

9650

12397

65.02

7802
8052

8846

8

.7698

89.11
1 100.85

97.05 -
7674

9356

6774 .

7224

7310

7714
7773

86.00
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Somple Number  uSyMSt  vBu . Bopem St pbm
248260 o 0.70633 01107 321 83.74
248261 | 071230 00958 ' 249 7521
225901A | 075802 09952 5368 4156.&30 \_
2289018 . 673323. 03913  21.03 14664
© 225901C - 075040 08712 4426 = 14759
2269010 072120 02107 - 728 10016
22590 1E" , o 071236 - 01294 361 | 8075
© 2259524 o 070763 01120 .° 229 . 5919
‘2259528 . .. 0708117 0.1683 499 8691
228862c . . 070935 ~ 0iga7 - B28- 8266
2259520 P ‘070875 01459 445 - - 8825
205952€ | . 070953° 01800, , 515 8272
B 225952F : 071453 . 04103 = 1680 119.24
292229A , 070350° ' 00738 - 203 = 7949 5
2922298 | 070474 oo0ss8 216 7026
292229C S " 070439 00g88: | 230 . 7489
292229D ... 070307 00512 141, 7939
292229k 070342 0.0600 165 7951
292220+ - 070531 01082 ° 283 . 7658
2922286 o ozosi2 0.1089 281 7471
2922294 . 070308 ~Goess . 166 75.37
2s22281 - . . 70278 oobas - 183 Y072
292229y 070485 0.1080 ’_ ‘268 7386
C202229k . 070495 01131 299 7649
292229l 071803 02346 615 7592,
292220M  ozoa21 00753 e~ 7891
© 2@2220N . . 070534 - 0.1088 247, 6572
2e22280 070659 " 0.1261 - 308 7063
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. 3 o .
. ‘ ’ Tahle 2 cont.
@ | .
. Sample Number “StMSc . vRoMSr © Bopem  Sepem
292229P - 0.70664 0.1282 . 351 79.13
2922200 ) 0.70524 011015 254 7226
292229R . Q72737 28718 1016 412
292228 090779 4.0925 10527 . 7587
2922297 - 070796 01294 386 7702
2922390 . 071252 01839 585 ' 9208
”292229v 072656 04049 754 . 5400
292229w - ., 073482 . 08102 1450 5191
292228x Cs. . 071163 0.0651 182 80.84
f_zgzzzev' 2. 070630 - o1t1s - 284 7351
. ’2922292‘ < 071487 - o118 735 . 751
L .292229AB S | 072048 - 02158 ° _585 7846
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\-’»,; 292229ADP D 't 070838 - 01615 e.ie . 6736
? 292.229'AE“;\"; . 073210 04784 . 784 . 4753
¥ 292234A T .. 074843 .. 12133 286 . 709
f | 2922348 . ozo7is 0.1236 © s . 8921
N 5292234c IR -~ 7070709 0.1085 . 397 ¢ 10587
41‘29223403 .+ o7oms 0.1566 485 - 9197
29223 . 070867 - 0.1575 456 83.82
“oiogzas4F LT 070698 - 01082 370 9792
292234(3 o 070713 01213 396 94.49
| 29223aH ~ — 070751 ° 01281 382 8854
f{f?.észzsb;l ... 070886  °0.1802 .. 509  _818
2922340, . o 0.709.36 " 01860  ‘ '7“‘5'.‘1:5 - _73.7'3'_1 »
292234 B 0.7Q8_121 01546 - .4.7,3 . 8891
‘29223N | 070822 01336 410 88.72
2922340 .. 070835 . 01145 . 381 ~ se2s
> ,



o

29223‘”" it 07_1118 ’,,;“:0.08717‘%“ 188 - B326

: *Dupllcatesaample 3 s L e vj‘. " / A
. ot 292229F values averaged from duphcate analyses,oglvmg results
S ”Sr/"Sr
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o1o79+ooooz o1oe4+oooo1 o

"’Sr/”Rb‘ = _ T
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“"A.Rb-Sr. Analytical Procedures

' fmally reduced to powder in a TEMA swnng mlll

‘ sp:kes used in this study were callbrated by Dr. H Baadsgaard : , . A

IX. APPENDIX 1
During the course of this project, all samples were directiy prepared from hand.

specmen To mmumlze any p055|ble surface alteratlon effects on the whole rock |sotop|c

composmon each sample waS‘completely skinned by removmg the entire outer surface

w1th a hngh speed 6 lnch ‘water cool‘bd diamond saw. The rocks in turn were washed with”

.1xd|stllled water-to Iessen any pgsslble contammatnon by surface adsorptlon durung

cutting. Followmg cuttlng the rocks were reduced to’ pebble size with a jaw crusher and

b

Rb and Sr concentrat:ons were determlned by X~ Ray Fluorescence Spectrometry
/""5\

utlllzmg the methods described by Pankhurst and O Nuons (1973) Samples were then

| welghed out such that approxnmat'ely 20 ug total Sr*would be present and then splked
_with: an equal aliquot of a mixed Rb/Sr spike 4. 2268 ug/ml Rb, 2. 00295 ug/ml Sr) -All

4 &

Decomposmon and equmbrataon of sample and spike were achleved by overnlght
subboiling refluxung ina mrxture of 10. mi. concentrated HF and 5 ml. concentrated HNO3
The samples were evaporated to dr\ ness, monstened wuth several drops 3x dlstllled H, O |
and"redlssolved\m 5 ml HNO,, in order that resnudal fluorldes were converted to nitrates.

ThlS step was completed twice to ensure complete fluorlde COI’\VGI’SIOH Final sample

equnllbratlon was obtamed by addlng 15 ml. 3x distilled H,0 and 5 mi. HNO3 to the resudue o

E . and evaporatmg tﬁe solution down until an approxnmately 1 1 amd to water mlxture

remalned ThlS solutnon was decanted intoa 15 mi. teflon test tube and centrlfuged to

-remove any residue remamlng The supernate was transferred to a 15 ml. smca centrlfuge

v

tube to which 5 drops of a supersaturated Ba(NO;;)2 solutuon had been added. ln most

cases gentle agltatlon of the test tube produced prempltatlon of Be, Sr)(NO h Incases

where no precapltate was evident, it could be mduced by gently rubbmg the test tube

' walls wlth a teflon rod and addlng addltlonal HNO3 Once precnpltatlon was evndent the

v

test tubes were allowed to stand overmght

e & The suspenslon was then centrlfuged and the Rb bearing supernate was

; transferred into platmum dlshes to which 0. 5 mi. concentrated H, SO was added ‘and the
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) S ,
© mixture, 'ev'aporated on a hotplate. The residual sulphosalts were then ignited to drive off =
v the so; and the Rb was leached from the oxidic ash in a minimum amount of H,0. Thls
solutnon could then be directly loaded onto the side filament of an outgassed rhenium -
double filament. Due to the low concentrations of K in the samples, standard perchlorate
co—precipitation of the Rb was. not done,
- The centrlfuge tube.containing the (Ba, Sr)(NO )2 precipitate was carefully rinsed
‘_out with H,0, belné careful not to disturb the precipitate, whlch was then allowed to dry.
The preeap tate was further purn‘led by redlssolvmg in a drop of H,0, transferrmg the

J‘]‘ B ';'

V_drop to a 3 ml slllca centrlfuge tube and reprecnpltatlng by addlng 1-2 ml. HNO;. The

@

supernate was d|scarded and the precipitate allowed to dry once more. The prec;prtate

was dlssolved in 0.5 ml 2.3N HCl-and. carefully loaded into teflon columns contammg 16

centlmetr e{‘DOWEX 50W-X 12 100 200 mesh cation exchange resln The columns

8 ‘were flrst equmbrated with' 20 ml. 1x dlstl\llid' HCl, 4 mI vapour —distilied 6N HCI, 4-8 ml.
3xH O and 4 ml. vapour dlstllled 2.3N HCl. The column was eluted with vapour—dlstllled-
' '2.3N HCI and the stronttum was collected in the eluted fr'action between 7.5 ’and 115 ml.
“ The eluate was evaporated to. dryness and the, res:due exammed If bladed BaCl,
. crystals were present, the entnre column purnﬂcatlon procedure was repeated if not the 1
Sr was taken upgln a drop of vapour distilled 2. 5N HCI and evaporated on‘the side . |
fllament of a rhenium double fllament : ‘

4 ‘ Sr sample loads were analyzed ut|||z|ng an ALDERMASTON MICROMASS 30 mass
: spectrometer wrth an online HP 9825A mmlcomputer Individual masses were measured
by peak swutchlng between preset electromagnet current posutlons and rer‘or.:ung the % .,
dlgctal voltmeter’ output. AlI Rb analyses were performed ona homebulrt 12: |nch 900
magnet sector SOlld source mass spectrometer with an onllne Tl 980A mmlcomputer :
‘Data was collected using a 5.5kv accelerating voltage, peak sw1tch|ng mode and Faraday

cup collectlon system Reductlon of Rb- and Sr data was accomphshed utnhg;hg computer

programmes wntten bV Dr. GL: Cummlng of the Department of Phys|cs o

o
e
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B. Pb-Pb Anal,ytical Procedures
For the purpose of this study, one gram of finely ground whole rock powder was
placed in a teflon beaker to which 10 ml. vapour-distilled HF and 5 ml. vapour- dlstllled

" HNO, were added ln most ses, complete sample decomposmon was achieved with one

- such treatment nf not a seconyd identical dlssolutnon was made. The solutlon was
' evaporated to dryness, the residle moistened with a drop of 3x distilled H,0 and
redissolved in 5 ml. HNO,. This step was done twice to ensure complete‘fluoridel—nitrate

conversion. —
. T

After the second evaporation the residue was dissolved in 4 ml H,0 and heated
for several minutes, at wh|ch time 4 mi. HNO, was added This mlxture was agam heated
for several mlnutes bemg allowed to partially evaporate in this manner a >1: l HNO, to

. H,0 mlxtureremalned. The solutlon was centrifuged to remove-any resndual gelatlnous
.materlal The superffgte was' tran‘sferred toa 15 ml silica c.entrifuge tube to which. 10
drops supersaturated BaiNO,), had been added. If (Pb, Ba)lNO,)2 precnp;tatlon was not-
-evident after gentle agltatlon it could be initiated by gentle rubbmg of the centnfuge tube
. ‘walls Once flocculatlon of the premp:tate had begun the centrlfuge tube\was‘allowed to

G
stand a mnmmum of two hours

The precnpltate was centrlfuged and gently washed with Xvater wlthout dlsturblng

' the precrpltate and then dlSSO|VBd in a drop of H, O and transferred to-a 3 mk silica
centrlfuge tube and reprempxtated by addlng HNOJ The centrifuge tube was allowed to /
‘stand a: mmumum of another 2 hours After. centrufuglng and washmg once more ‘the.

precupltate was aIIowed to dry The teflon columns used for the anion exchange

T purlflcat:on of the Iead were filled with approx;mately tmi of BIO- RAD AG l—X8

100-200 mesh chioride anion exchange resin and equilibrated wuth\4 mi. 6N HCI, 4 ml '
'HOand4mI15NHCl S Pf\\ A |
 The sample was’ dlssolved in 0.5 ml, 1.5N HCI eluted to 2. 0 ml and carefully
) loaded onto the columns Ba Pb. separatlon was achleved by passnng an addmonal 4 ml
1 5N HCI through the columns then strupplng the lead frornthe columns in.6 mI H, O
Durlng the latter stage of .this study several centlhtres of the BalNOll, used in the
Sr chemustry was electrolyzed for 4'days in a teflon beaker wnth platmum electrodes to

' remove any contammant Iead ThlS procedure faculltated combmatlon of the Ph and Sr

i
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chemnstry Sr sample sizes were mcreased flve fold to one gram and spiked wuth 2
grams mixed Rb/Sr spike. The only change in-the chemistry which occurred was that the
preliminary eluate from the Pb columns now contained the (Ba,Sr|Cl,. It was collected and
prepared for passage through the H* cation‘ exchange columns.
The lead eluate was evaporated to dryness and prepared for analysis in the
following manner. First, a drop of silica gel slurry was evaporated on to the rhenium
filament, to whichathe lead, dissolved in a smali drop of>2.4‘N H,PQ,, was added. The |
- current being passed through the filament was incrementally increased to 1.5 amperes
e 43When the drop on the&lament began to turn amber |n colour, the load was gently mlxed
- to ensure’ complete equilibration of the ssilica gel and the lead phosphate At 1.6- 1 8
amps Iead phosphosnlncate;began tb\prec:pxtate and at 2.0-2. 2 amps the remammg H,PO,

“ was fumed off The fnlament was brlefly brought to 'dull red’ to ensure complete

evaporatlon of the phosphorlc acid, by raising the fllament current to 2 5 amps. The

, sample was loaded m the ALDERMASTON MICROMASS ource mass

. . N
"spectrometer and the filament temperatgre was slowly ra 1250°C (as measured

by optlcal pyrometer) The beam was allowed to stabnlnze prnor to data acqussnt:on The... .

AAAAA

mass spectrometer was operated in the peak switching mode wnth Faraday cup collectaon
system. The acceleratlng VOItage used was 8.7kv (same for Sr) Data collectlon and
reduction was performed usnng an online HP 9825A mlnlcomputer The measurlng error
‘of the mstrument was less than 0.15 per mil (standard error of the weighted mebn ratlo)
as ca!culated by D. Krstic (1981) from repetitive measurements on an NBS 981 common

lead standard C B -



