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ABSTRACT

The early Proterozo1c “Akaitcho Group cons1sts of 6 to 8
km of metasedimentary and metavolcan1c rocks 1ocated in. the
centra] metamQrphic core zone of the Nopmay,Orogen (Bear
Province).. In the northern part of the orogen,  the. follow-
1ng genera11zed strat1graph1c sequence has beenirecogn1zed
1) a lower mainly hasa1t1c sequence, 2) 1-2 km of arkos1c ,
turb1d1tes 1ntruded by sills of rhyo]1te porphyry, 3) basﬁlt
“and rhyol1te vo1canic complexes, and 4) 1 to 2 km of pe11te‘
Cand tuffaceous sed1mentary rocks; 1oca11y, intruded by
gabbro si]]s The Akaitcho Group is conformably over]a1n
by the 0dJ1Ck Format1on, part of an inferred pass1ve—
cont1nenta1 margin sequence (the Epworth Group) .«

- Two types of chondr1te norma11zed REE patterns are -
present in the Aka1tcho Group basa]ts a slop1ng pattern
‘similar to recent continental tholelltes, and a flat
pattern s1m11ar to type II ocean tholeiites. The basa]t
geochem1stry in the Akaitcho Group evolves from older,
evolved cont1nenta1 tho]e11tes, through continental
tho]eiites, to younger'ocean1c tho1e11tes. "The Aka1tcho
Group rhyolites are probab]y crusta]]y der1ved REE
patterns of the Akaitcho Group sedlmentary rocks 1nd1cate,
that the arkosic turbidites were derived from a grano-
d1or1te source terrane (1 e. average cont1nenta1 crust)
whereas the upper pelites were derived from a. volcan1c
source terrane s1m11ar to the Akatlcho Group vo]can1c

comp]exes and a granod1or1te source terrane.
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assoc1at10n w1th cont1nent der1ve

'1.9 Ga.

i

"Bimodal vo1can1sm (subalka11ne basa1t and rhyo]1te) in

d sediments,. the temporal

evo]ut1on ‘'of the basa]t geochemistry, and ‘the 51m11ar1ty

of ‘the Aka1tcho Group to recent r1ft sequences 1nd1cate

The
s1t1on of the Aka1tcho Group beneath the

that ithe Akaitcho Group was depos1ted 1n a- r1ft.

stratlgraph1c po

Epworth Group suggests that the Akaltcho Group is reTated

to cont1nenta1 break-up along the western Slave Craton about

Z1rcon dates- from centra1 Wopmay Orogen 1nd1cate
that seaff]oqr'spread1ng,assocmeted with cont1nental

break-
up was short-lived.
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CHAPTER 1

INTRODUCTION

1.1 INTRODUCTION

. The Akaitchquroup is a'sequencq of metasedimentary
and metavolcanic rocks located in the Bear Structural
Province, Northwest Territories, Canada (Figure 1.1).. The °
Akaitcho Group is part of the Wopmay Orogen, an early
Prqterozoic mobile belt (Hoffman gg_gl;; 1970; Hoffman,
1980¢c¢). ’Thé stratigﬁhpﬁy, geocheﬂi}try, and.gebchronology
. of the Akaitchq.Groub weré studied in order to understand
the teqtoéic significance of the Akaitcho Group. This goal .

&

is of interest for the following reasons:

-i) Hoffman et al. (1978) and Hoffman (1979) have inter-

preted the Akaitcho Group as a sequence formed during initial
‘rjfting in the Wopmay Orogen. Hbffhén (]980c) has suggested.
.that the Qopmay Qr;gen preserves a complete Wilson Cycle.‘
Tgsting of the hypothesis that tﬁe Akaitcho Group is an
inftia]-rift sequence is criticaj, ﬁoﬁ only to the under-
standing of the geelogical development:of .the Nopﬁqy Qrogén;
butialso to the question of whether plate tectdn;g pfécessés
operated during this period in t;e Precambrian. |

i) Pre§ént hnderstanding of the'earldeevelopmeﬁt of

rifted continental'ﬁ;rgins is poor, becausé rift stfﬁctures'
of modern‘continentalvmargins,are commonly covered by thick
sedjmeﬁtary sequences. This difficulty can be bveYcomé by

studying sedimentsstarved continenta1‘margins'or/very young

o
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rifts. Alternafiveﬁy, one cen examine deformed continental
‘margins, suéh as the one pre;erved in the Wopmay Orogen.

If thebAkaitchQ Group is indeed an initial-rift sequence,
then we have a unique opportunity tq study the deve1opmentl
of such a rifted marginiin'order to reach generall(ie.Jagex
independent) conclusions. -

1.2 PREVIOUS WORK )

Most previous work in central Wopmay Orogen (Zone 3)
(Figure 1.1) was done soutb;of 65°N. The first 'systematic -
‘mapping was that of J.T. Wilson and C.S. Lord who mapped fhe
.Ingray Lake and the Snare River map areas at a scale of one
1nch to four miles- {Lord 1942) Lord (1942) introduced thf
term Snare Group for metased1mentary and metavolcanic rocks_
preserved west~of the Bear-S]ave‘boundary ;o_the vicinity of
;wopmay.Fault Zone (Figurexl.l). .The Snare Group did,

L

lone, because the Fault was not recogn1zed at that t1me

however, include rocks on botq\iides of the Wopmay Fau]t

Lord and Parsons (1952) mapped the lder River map area
(NfT.S: éGFf,‘which ing]udes the Ca]der River volcanic be]t ~
(Figﬁre 1.2).  The Calder River map area w remapped.by

J.C. McGlynn (1971 1975, 1976) Frith et al.~(1974, 1977)
remapped the eastern half of. the Ingray.Lake area ich
Vstraddles the Bear-Slave boundary, but focused on the:
geo]ogy of the‘51nve Prov1nce. In,add1t1on{ 1% 50, 000 scal
mapping was conducted in several areas in south central

Wopmay Orogen (Fr1th and Leatherbarrow, 1975; HcGIynn, 1964;
Mgélynn and Ross, 1962,-1963; oss,;1959,.19§6; Sp1th. 1963).
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Figure 1.1

i

"shown by the stippled pattern.
Basin and the Athapuscow Aulacogen are
“lithotogicatly correlative with the Wopmay -

Northweste?n Canadian Shield. The Copsermine
Homocline and the Wopmay Orogen constitute the
Bear Province. Lower Pro;erozo{c rocks are

The Kilohigok

Orogen (Hoffman, 198la).
are present within Zone 3 of the Wopmay Orogen.
Rectangle outlines area shown in Figure 1.2.

Akaitcho Group strata




ARCTIC OCEAN

. Coronation ° Bathurst:
o e R Gulf Inlet
e COPPERMINE * < o .
~ HOMOCLINE =77\’ ,
*- \zone
Szone )
. '.:' 2 :'- .'.'

o
o, Nt

/Kilohigok X'
A"/ (Basin N[

SN AR @.
7/ T-WOPMAY - OROGEN; |

zone 5/ - -

)
- . .
. R .
- .
et LY, . - . .
. *, . : .
of v . 0r, P .
.. e -
. P LRI .
. . ' L .
'.'u' R __i- . . . s
. PRAEN ¥ RN
' S N §
.. SO

wopmay  \o I SLAVE PROVINCE
Fault Zone \'M. -/ , T
/7 - , s .‘s s
100 km '
. ]

N - | o
v / . el Aulacogen - .

PALEOZOIC A ¢ LA .,

7 ROCKS N N—Z" CHURCHILL

~ PROVINCE

Gregot Slaéeo
Lake




5

Several topical stud1es, mainly on metamorphic and’ structura]
themes, have also been undertaken in south- central Hopmay
. ‘Orogen ﬁFrlth, 1978; Frith et al., 1974, 1975; Helmstaedt,
\\\\ ‘ unpublished msf;-qei1sen, 19783 Neilsegxand Ghosh,a1981a,
\\ ]981b Ross and Mcﬁlynn, 1965). The area between 64°30'N
and 66 N was covered by a:regional lake-sediment geochem1stry
survey of the Bear- S]ave Prov1nCe (A]]an and Cameron, 1973;
Allan et\al , 1973).
' The nonth central part of the Wopmay Orogen, by con-
wtrast, was vtrtua1ly unstud1ed The Hepburn and Redrock Lake
’ areas were flrst mapped at a scale of one 1nch to eight m11es
during the course o% reg1ona1 he11copter mapp1ng of the
northwest Canad1an .Shield (Fraser et al al R 1960) Geo]og1sts
of Eldorado Nuclear L1m1 ed mapped the Hepburn and Redrock
Lake areas at a sca]e of one 1nch to four- m1les by hel1com¢er
(Mursky et al ak., 1970), in the\early sixties, but d1d1not
'1mprove great]y on ear11er work Fraser (1974) mapped the
Epworth Group east of the Hepburn Bathol1th at-a sca]e of
one inch to four miles. Hoffman (1972, 1973) and Hoffman\
et al. (1971) mapped. a cross-section’across northern Wopmay
Orogen Hoffman (1972, ]973) spent a few weeks mapping
volcanic rocks of what is now termed the Aka1tcho Group

near “Kapvik and Belleau Lakes.

Systematic mapping of the Hepburn’ Lake area (N.TLS. 86J)

was begun at 1:100,000 scale in 1977.by Dr} P.F. Hoffman of.
the Geological Survey of Canada (GSC) (Hoffman et al., 1978).

During the course of the 1977 .season 1t\w}s recegnized that‘

N
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metavolcanic and metasedimentary rocks west of the Hepburm
Batholith were not corre]ativé with the Epworth Group; and
.the name "Aﬁaitcho Group" was estéb]ished for these rocks.
The author began'mapping the Akaitcho Group in'June, 1978. .

1.3 PRESENT STUDY

The most effeciive way to fully understand the teo&onic
signifiEance of the Akajtcho Group is through an integrated
approach - detailed mapp{ng followed by geochemistry and
geochronology on samples~co]]ected'during‘mappi%g. Thus, the/
results of the laboratory studieé can Be direcg]yrre1ateg to
. the field work, and properly interpreted.
| The Aﬁaitcho Groug was mapped at 1:50,000 scale By th;
'aytho} while employed as a senior assistant with the Geo- ’
logical Survey of Canada'(GSC) during the éummer of 1978,
ang ynder Eﬁergy Mines and Resources (EMR)‘fesearch agree-
menfs during the summers of 1979 and 1980. Mapping of the
Akaitcho Grouﬁ was'parp of a GSC 1:100,000 scale mapping
ptoject in the Hepburn Lake area (N.T.S. 86J) under the

éupghvisjon‘of Dr.’Paul F. Hoffman. - Dr. M.R. St-Onge

conducted a metamorphic study of pelitic rocks -in .the Hepburn.

- lLake map area, including the Akaitcho'Grpup, as part'of the

ey,

GSC project and_workgE*c]ose]y with thé author. - The author |
mapbednBO td'852 of 511 Akaitcho Grbup optcrop: hot

affeated by migmatization, and about 40 to 50% of'al1

Akagitcho Group outcrops at higher metamorphic grade.-»Dr.
Hoffman and Dr. st-Onge were responsible for most of the

other mapping. Mapping was done on»foot using 1:60,000

A N R




scale air photographs for navigation and plotting, and
1:20,060 scale enlargements of these photographs in areas
of ¢omplex geology. '
~The author mapped the Akaitcho Group in three main
/,/éreas of thF Wopmay Orogen: the Hepburn Lake map‘a:eay
parts of the Calder River Belt, and the Grant Lake area
(Figure 1.2). The -Akaitcho Groub is best preserved in the}
Hepburn Lake area,'whkch contains the wost'exteﬁsive expo-
sures of 10Q¥gra&e Akaitcho Group rocks. For this reason,
much of the stratigraphy of the Akaitcho Group was éstab115h~
ed in the Hepburn Lake area and extfapo]ated e]g;here. The.-
Calder River Belt has a fairly mopotonous, and continuous
'stratigraphy which can bé-traced to the Grant Lake area. .

Altogether, these‘three areas include about 60% of all low-

grade Akaitcho Group outcrops. /

Due to the contractual nature of the GSC field support,

several papers concerning the Akaitcho Group have been .
Y .

published (Table 1.1): Although the thesis can be read

without these papers, they do contain much fiﬁ]& data. Many

of these papers are preliminary Eeports. If any contradic-
tion ar%ses befween the thesis and these reports, the thesis
results should be regarded as more current. |
The thesis is divided into two main parts. The-first
part (Chapters 2 to 6) presents the evidence that the
Akaitcho Group is a probable initia]-rift,sequence.in the
wOpmay‘Orogen. The ﬁecond part (Chépter 7) comqafes the

Akaitcho Group with other rift sequences and draws general

[
‘
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Figure 1.2

o

e o

Location of areas studied by the author in

‘central Wopmay Orogen, May 1978 to September
-~ 1981. Akafitcho Group strata betwéen the Four

Corners and Grant Lake map areas .are mainly
preserved at upper amphibolite metamorphic
grade, and are commonly migmatized. “The
Akaitcho Gfoup-is preserved at lower greenSchisE

to upper amphibolite metamorphic grade in the

~areds studied by the author. More detailed

maps showing the distribution of the Akaitcho

. Group are presented in Figures 2.3 and 2.4.

Abbreviations: "AL - ‘Akaitcho Lake; BL--Belleau

Lake; CR - Coppermine River; DL - Dumas Lake:

o

HL - Hepburn Lake; IL - Ingray Lake; ML -

v

Mattberry Lake; RD - Redrock Lake; RL - ‘Rebesca
Lake; SL - Stanbridge Lake; VL - Vaillant Lake.

[¥]

. LEGEND

Akaitcho Group strata, a11'metamorphit grades

P «
. . '

areas mapped solely by the author

areas mapped jointly by R.M. &aston,
P.F. Hoffman, and M.R. St-Onge,
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conclusions about the.dgvelopment' of rifted c‘ont‘inental '

~margins.

1.4 'NOYMENCLATURE, .METHODS AND MATERIALS
!
Nomenclature for sedimentary rocks follows Pettuohn

(1975); for basalt1c rocks; Basaltit Vo]canism Study PrOJect
(1981) for rhyohtes, Barker (1981); and for granitoid
ro’cks, Streckeisen (1976). Metamorphic terminology“follows
the usage of St-Onge (.1981).. "Analytical methods an.d
precision for maj'or, trace and RE (rare-earth) elements are
_g—iven" in Appendix A. Rubidlium-strontium dating procedures
and results are given in Appendix B. Unless indicated
otherwise, diagrams using major-element analyses have been
plotted using 100% anhydroﬁg values. REE (rére-earth o .
element) dlagrams are normahzed to the chondritic values
of Masuda et al. (1973), unless indicated otherwise.
References gi;len in the Appendices are incorporate& into

the main reference 1ist.
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"Easton, R.M. (T980a) 'Strvatigraphy.of the\Akai'tcho Group and

Easton, R.M. (1980b) Stratigraphy and Geochemistry of the ﬂ

Easton, R.ﬁ', (1‘981b') REE', U'and Th contents of Proterozoic
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Table 1.1 Publications Related to Thesis |
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Province, N.W.T.; Geological Association of Canada,

Abstracts wgth Programs, 5, 50.
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CHAPTER 2
GENERAL GEOLOGY

2.1 -NOPMAY OROGEN - REGIONAL GEOLOGY

The Nopmay Orogen (Fraser ggwgl , 1972, Hoffmin, 1980c¢) -
153. norther]y trend1ng ear‘ry Proterozo1c orogenic be1t in '
the northwestern Canadian Sh1e1d (Figure 2.]). The peak of
orogenlc act1v1ty, as determ1ned by U-Pb zircon dates wasl.
between 1900 and 1860 Ma (Van Schmus’ and Bowring, 1980).

The ddjatent Slave Structural Province east of the Orogen
is an Archean craton partly covered by a‘cratonic basin anq”.'
dn au]acogenvcorrelative with the Wopmay Orogen - the
‘Ki]ohiook'Basin'southwest'of Bathurst Inlet (Caﬁpbell and
Ceci]%, 1975, 1976, 1981). and the Athapuscow Aulacogen 'n“
the east arm of Great Slave Lake (Hoffmam; 1968, 1969 1981b
Hoffman gt_gl -1977).‘ The Wopmay Orogen 1s covered in the
north By post-orogenic Middle Protero;o1c (1.6 to 0.9 Ga) A
rocks of the Coppermine Homocline (Baragar and Donaldson,
1973; Kearns et al., 1981). Flat-lying Phanerozoic
sedimentary rocks epver’the westward and SOuthwerd exten-
sione.of the Wopmay Orogen. | .
The Wopmay Orogen can be divided into five tectonic
‘zones (F1gure 2.1) (Hoftman, 1980c; Hoffman and St-Ohge,
1981)._ Zone 1 compr1ses thin, autochthonous platformal

sedimentary rocks.of the Epworth Group overlain by distal

flysch and molasse of the Recluse Group and Takiyuak

~ Formations respehtively. The Kikerk Thrust Fault separates




Figure 2.1 Tectonic'subdivisions of the Wopmay Oragen.
See text for details. The Akaitcho Greup is
’ 0
~Tocated mainly within western Zone 3 and along

~the Zone 2/3 boundary.’ After.Hoffman (1980c);

Hoffman and St-Onge (1981).
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lone 1 from Igne 2, and marks the.eaatern limit of ~thrust-
ing lone 2 éentafns thicker, platforma] (miogeoclinal)
rocks of the Epworth GrOUp, aga1n over1a1n by flysch of the
" Recluse Group. N1th1n Zones g and 3, both groups have been
fhrust tohgrds the S]aye‘Craﬁonl The C]oos ant1c11ne ar
.nabae separates Zone 3 fromDane 2, and roughly marks an
important”facies change in the Epworth Group between plat-
'forma1 rocks in the egst (fnferred outer cohtinehtal Saeff).‘
and deePer water equ1va1ents (inferred cont1nental rise ana
slope depos1ts) to the west Zone ‘3, also referred to as

the internal Zdne, 'is a metamprphic~ahd batholithic terrane.

Supracrdsfa%‘rocksfin Zone 3 belong to.the Akaitcho, Ephprth,

‘and Recluse Groups. The Akaitcho Group is present maihly

Nip the western half of Zone 3 Peraluminous or é type
gran1to1ds of the Hepburn and Nentzel Batho11ths (Hoffman ;
et al., 1980) intruded and metamorphosed.the supracrusta]
rocks preéent‘withia Zone 3.” Together, Zones 1 through 3
comprise thre_classlic "Cp,r:o_n.ation,, Geesyn_cHne" (HAoffmai"n,‘1973;
Hoffman gg_él.[ 1978). Supracrustal rocks in iones | thraugh
3 are aSSIQHGd to the Coronat1on Supergroup (Hoffman, 1981a)
and have been subdivided into a number of groups and
formations as listed in Tab]e 2.11.

/’ The fwbpmay Fault Zone' (Easton, 1981c) separates Zone

3 frem Zone 4. - Zggg;g contains weakly metamorphosed calc-
alkaline volcanic and sedimentary rocks and'epizgnaf

>

gran{tgid plutons of the Great Bear volcano-plutonic be]t

. (Hoffman and McGlynn, 1977; Hildebrand, 1981 ),;} Zone 5, also

»
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Table 2.1

Stratigraphic nomenclature and, regional correlation chart: .

Foreland Wop’m_fay ‘.

Orogen and associated basins (after Hoffman, 198]a). . Corretations are
based on lithology, and depositionatl and-d-e"Format'iona'l history (Hoffman, 1973,

1981a; Fraser and Tremblay, 1969). _ o

Athapdscpw Aulécogen

‘

Foreland Wopmay Orogen. ‘

‘Kilohigok Basin

)

unnaméd‘fw; Amagok Fm. o
>
= |Pearson Fm.
‘ Eg Portage Inlet Fm. Brown Sound Fm.
: Tak'iydak Fm. . Eg Tochatwi Fm. ° e ’
a | x - -
unnamed breccia S| < ‘|stark breccia Omingmaktook breccia
O 2 . A 2
Cowles Lake Fm. I~ PETHE! GROUP S| kuuvik Fm.
> a = - =
Sla {Asiak Fm, . 2 : L 1<l ‘
Tl E) : : : . KAHOCHELLA GROUP =| Peacock Hills Fm, |.
{ &S| 2 |Fontano-Fm. W - = B o
; ‘-"- - - - j - " . 3 - 'A 4
| w . . . n - funnamed member S| Quadyuk Fm, T
=|Z | Tree River Fm. - | S " T - :
sz R =1 2 |Akaitcho River Fm. © | Mara Fm,
=] w x |- o} - , —— ‘ -
== - “1 = [Kluziai Fm, Burnside River Fm.
= . = : .
[e 4 . -
S| EPWORTH.| Rocknest Fm, S |Duhamel Fm. ,
< - v — ' Western River Fm,
GROUP O0djick Fm. Hornby Channel Fm. : ‘ :
'AKALTCHO GROUP UNION ISLAND GROUP. - i

L

. w-m.‘m.<.ﬁm‘f..rw;- .

EROLL T B -
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known as the Hottah Terrane, consists.of a metamorphic

.into thrust faults during rotation,ﬂprddueing hexagonal- ' : . o

“"Coronathn Geosync11ne s that has~many featukes in conimon

features 1n common w1th recent cont1nenta] magmat1c arcs
.(H1]debrand 11981) The éomb1natron of these features has

‘allowed a conv1nqLPg case to be made that plate- tectonlc

e L emmm e o s, L oot 1t o mesm——— i mp wawrs - e ; - —
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.complex and a variety of foliated granitoids older than
"the epizonal plutods of Zone 4 (McGlynn, 1976, Hildebrand,’

-1981). Zone 5 has not yet been mapped in detail.

A1l five-tettohfc zones, and f{oa limited extent the :,' ' ‘

.Slave Craton, are affected by\a system of conJugate trans- .

current faults (Hoffman, 1980¢; Hoffman and St-Onge, 1981).

These faults are interpreted by Hoffman and St- -Onge (198]) . -;
to be the 1ast compressiQna] event in the'wopmay Orogen. '

TheseAtranspur?ent,fauTts‘are also believed to have evolved.

shaped, fault-bounded, 'crustal hlocks' in the central part

ofthe Orogen (Hoffman and-St-Onge, 1981). :
There-are three s1gn1f1cant features of the Wopmay

Qrogen. First, a complete sectioh'acrOSS the progen is

present in the well-exposed northern half of the.orogenﬁ

This section has now been mapped at 1:100,000 scale. SecondY

Zones 1 to 3 preserve a sedlmentary pr1sm, the classic

withesedfmentary'prisms associated with recent "Atlantic-
type" cont1nenta1 marglns (Hoffman, 1973 1980c). Third,

the Great Bear volcano- p]utonic belt (Zone 4) has many

-

processes were. instrumental in the format1on of the WOpmayf

Orogen {Badham, 1978; Hoffman, 1973, 1980c).




2.1.1 _Sedimentary Prism - S
The first plate tectonic mode] for the development of

the Wopmay OrogeQ (Hoffman,t1973) was based on the study.of
the sed1mentary pr1sm present in Zones 1 to 3, and the
au]acogen The’ argument made in favour of the operation of
plate tectonics dur1ng the deve]opment of the Wopmay Orogen
‘was? and is, the similarity between the Hopmay Orogen, and
Phaherozoic orogens and modern continental -margins.
_ (Hoffman, 1973, 1980c; Hoffman et al., 1970). .
The 1ower Coronatlon Supergroup conta1ns the Epworth
Group (Table 2.1), which conta1ns a lower, mature prtho-‘
,quartgite sequence.that thickens to the west and'is,overlain
by an upper, carbonate seduence (Hoffman, 1973? Grotzinger,
1982). Paleocurrent stud1es (Hoffman, 1973) 1nd1cate that
the orthoquartz1te waS»derwved from the’ Archean Craton_to
the east. MNear. the boundary between Zones 2 and 3a marked>
fac1es*change occurs. The orthoquart11te sequence becomes
more pelitic,randrthelca[bonate platform sequence thins
abrupt]yrand disappears to the west (Grotzinger;‘19§2L.
This faeies thange is interpreted to mark the edge of a
continental shelf (Hoffman, 1973, 1980c; Hoffman et al.,
1978) A marked change also occurs-between.the Epworth
Group and‘'the overlylng Rec]use Group and Taklyuak Formation.
Recluse Group depos1t1on began with depq51tlon of a black

shale, wh1ch grades upward into & thick sequenceé of grey-

wacke turbidites_derdved from the north dnd the'west

~(prfman, 1973, 1980c). The source terrane for the grey-
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.Mackes was of metamorph1c and plutonic character (Je]etzky,

el

;»1974 Hoffman, 1973). Molasse (Tak1yuak Format1on) was also

derived from a westerly source region (Hoffman, 1973), and

'may be-reldated to onroof1ng of the Great Bear volcano-

\

plutonic belt (Zone 4) (Hoffman, 1973). The sudden reversal. -
of Seoiment transport,. from early oceanward transport to

later cratonward transport is common in many Phanerozoic

R . - )
orogens(and usually reflects uplift in the core of the

orogen.

In-addition to the similarity of sedimentary facies
and MNgtoyy of sedimenta{jon to that found-in many modern

orogens, the deformational history of Zones 1 to 3 is also

similar to that found in more recent orogens. In particu-

.Targ'folding and thrusting within Zones 2 and 3 is very

P

'§im11ar in style to the fold and thrust belt in the Canadian
Rookies, part of the Cordi]]eran'Orogen (Hoffman, 1980c; -
Tirrul, 1982). '

The_Kilohigok Basin and the Athapuscow Aulacooen'record
the same sed1mentolog1ca1 and deformational h1story as the
orogen (Hoffman, 1973 1981b; Campbell and Cec11e, 1981).

The Kilohigok Basin is an intracratonic baSIn related to
the wester]y—trend1ng Taktu aulacogen, or fai]ed arm,
believed to underlie the Coronation’ﬁulf (Campbell and
Cecile, 19§1) The Athapuscow Au]acogen has been 1nter-
preted to represent 4§ fa11ed arm of a triple. Junct1on 7
related to cont1nenta1 separat1on (Hoffman, 1973, 1980c,

Hoffman et al , 1974).- Features similar to the Kilohigok
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~

Basin and Athapuscow Aulacogen are present in Phanerozoic

orogens (for examp]e, the southern Oklahoma au]acogen in R

the Ouachita Orogen)

S 2.1.2 Great Bear Arc ' ; .

Slnce 1973, 1t has been recogn1zed that Zones 4 and 5

play an important role in any mode] of the deve]opment of

the NOpmay Orogen. Zone 4 has simi]arities.;o,modern

continental magmatic arcs. The volcanic history, physical
volcanology and chemistry df’Zone 4‘v01canic rocks (Hilde-
brand, 1981) are similar to those found in recent arcs. In

~ addition,'cong]omerate in easternmost Zpne 4 contains clasts

I}
l

apparently derived from the wentzel Batrolith; and; locally,
i

sed1mentary and volcan1c rocks o? Zone ]ie unconfdrmably

on metanorphosed Akaitcho Group rocks and the Wentzel . :
Batho]1th (Hoffman and Bell, ]%75; Hoffman and McGlynn,

1977). Thus, at least by the later stages of volcanism in i

[ 4

eastern Zgne 4, Zone 3 rocks had been deformed, metamor- . ' ' \

“phosed, ub]ifted, and exposed. ‘ ‘ ' ) &

- apgm——

o 2.1.3 Development of the Wopmay Orogen - The Two Collision

Model of Hoffman " ' ' g

The current model for the development of the Wopmay . -4

Orogen (Hoffman, 1980c) is illustrated in Figures 2.2a; b, S R

¢, d, and e, This model is an amended version of an earlier

model (Hoffman, 1973) and is based on detailed mapping

C ”~ . o ' , .
across all of northern wopmay Orogen. Mapping in Zones 3 ] i
and 4 has requ1red many mod1f1catlons to the 1973 madel. : !

.

The model of Btham (1978) 1is not considered here, because

a - ) ) Ty
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it does not take into account the recent work performed in

Zones 3 and 4 of the wqpmay Orogen, and is thus, at best,

<o
incompfgtgrv// , 3 - e -

i \
The essence of the current model 'is that two cont{pent— .

Cycle is preserved'in the first cycle.
' was deposited on the edge of the Slave Cratoh5f011ow1ng ;
Ar1ft1ng event which led to the generat1on of an ocean basin
(Figure 2.2a), and two plates - the Bear P]ate and the Slave
Plate. The Hottah Terrane may represent the other margin of

the originé]ly riftedocontinent. It is not kann if the

¢

Bear Plate was large, or if it was a micro—z}ntﬁ; Rifting

was followed by west-dipping subduction undér the Hottah

Terrane (Bear Plate) resulting’in closure of the ocean

between the_ﬁear and Slave Plates (Figure‘Z.Zb) and

cbntinent—continent'cqllision (Figure Z.EC). Folding and
thrustjng of the Coronation Supergroup, Ret]use Grohp i .
sedimentation, and intrusion and metamorphism.of the

Coronatioh Supergroup by the Hepburn Batholith resulted

from this collisional event (F1gure 2. 2c) Following this

. /-
col1151on, east-dipping subduction of ocean1c crust west of

the Hottah Terrane {Mackenzie Plate) begdn (Figure 2. 2d)

Subduct1on of the MackenZie Plate Jsesulted in the formation

of the Great Bear continental arc (Zone 4)1 A second

coilisiona1 eveht occurred at some 1ater time, terminating .
. magmatism 1n the Great Bear. terrane, and form1ng the con-

jugate transcurrent faults present in the Bear Prov1nce.

./_/"
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Fi'gure 2.‘2“ Model for the development of the Wopmay Orogen.

-

Modified from Hoffman (1}980c).

A) Rifting leads to splitting of the Archean

crust and the formation of two plates - the

v

Bear and the Slave. The Odjick and Rocknest
Formation; are deposited on the Slave Ft’Tate
as the ocean basifh™ widens. ’

".B) Subduction of‘thé Slave Plate benéath the.
Bear.leéds- to th‘e formation of the Hottah =
Terr:‘ane. Epworth Group deposition continues
while the ocean basin d‘,e;rea'ses in size,

“C) Sub'duct’ion resul‘ts in cont,inent-conti_nent
collision between the Bear 'and/$1ave- Plates.
The Coronatiton Supergroup is fo].ded, .thrusted,
intruded, and,metam(l)rphos"ed. The Bear Plate

-

has been accreted to the Slave Plate,

D) Subduétioﬁ renews Westwaf:d of the Bear
Plate resulting in a continental magme;tic arc
(Grea.t_.Bear afc). The Wopmay fault Zo}we

_ develops. |

E) Subduction again’ leMMs to continent-

| continent croHisiorn. Th_e sécon-d collision
resuit_s in the formation of NE-NW trending .

transcurrent fault systems and the crustal

B]ock structure in central Wopmay Orogen.

@ »
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"Timing of these events is still not precisely known, but

preliminary work by van Schmus and Bowring (1980) indicate

. that the deve-lobment‘of the v;lopmay Orogen may have. occurred

within a span of fifty mi]’]%on"years. |
Th1s thesis is .concerned pr1mar11y with events occur-

ring prior to the f1rst colhswn event, i.e., the develop—

ment of the continental margin and the relation to the

. Akaitcho Group to it. Later events, although important to’

‘the model as a whole, serve mainly- to obscure relationship

preserved by the earl‘ier units.

F1nal1y, 1t shou]d be noted that the - wopmay Orogen
could be d1v1ded into a north half and a south ha1f at 65°N.
North of 65° N all, tectonic zones are present. In Zones 3

and 4 we f1nd the largest exposed areas of low-grade,

o supracrusta] rocks, and w1th1n Zones 3 and 4 gran1t1,c

. rocks, although abundant, sare.not dommant South of 65°N,

Zones 1 and 2 ‘are absent, the proportion of low grade meta-
morph1c-< rocks in Zone 3 is small, and in Zones 3_and 4
granitic rocks 'prédominatv\.

' whether the ‘history of the wopmay Orogen cou]d:' have
'.been eluc1dated w1thout the critical preservat1on of Zones

1 and 2 (whlch serve to estabhsh an autochthonous strati-
graphy that can be.carried westwa‘rd, and which preserve the
cont1netha1 -shelf sequence) is problematic. It is possible,

however, that many othe'r Prot-erozoic belts are similar to

‘the southern wopmay in the1r level of exposure, and this

-
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“may account 1n part for the d1ff1cu1ty in estab11sh1ng the
the role of p]ate tectonics in the1r deveTopment

2.2 .GEOLOGY 0f ZONE 3

2.2.1 Querview

Figures 2 3 and 2 4 are»geolog1ca1 comp1]at1on maps
for-Zone 3 of the wopmay'Orogen. F1gure 2 3 covers northern>
Nopmay drdgen (above 65°N) and Figure 2.4 covers southern
Wopmay Orogen (helow 65°N). The rorth half is better
‘preserved, and has rece1ved greater study than the south
espec1a11y in the last decade In addition, the author has
.conducted the maJor1ty of his study in the north ha]f of
_the wopmay Orogen. Thus, for ease of presentat1on, the”

geology of Zone 3 will be cons1dered in.two parts. Note

that 65°N is not a fundamental geolog1cal boundary. .

2.2.2 Northern Zone 3 (north of 65°N)

Hof finan dnd St-Onge (T981).recognized.that'nonthern
Zone 3 can be divided fnto.a serieslof heiaéona]-shﬁped.
féu]tfbouhded,.'crustal‘hTocks' or 'shing]es':(Figure 2{5)4
These 'crusta]Iblocks‘ a;e separated from each other by

northeast-, northwest trend1ng transcurrent faults and

north-trending reverse fau]ts. Hoffman “and St Onge (1981)

relatedfthe develophent of these 'crustal blocks to the
second collision in the wopmay Orogen. The most 1mportant
| aspect of the b]ocks, to th1s study, 1s that the blocks have :“
lboth d1st1nct1ve strat1graphy, and metamorph1c and structur-

. al character1st1cs.: These are summar1zed below.

Block A - This;bloch'contains_mostly shelf-facies Epworth;
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Figure 2.3

ma,me,m

Mursky et al. (1970). NOTE: A larger scajle

_Hepburn and Wentzel Batho11tns
’ EPNORTH and RELLUSE GROUPS
CSNARE GROUP S

T

Geological map of the central metamorphic core R U\

zone (Zone 3) of northern Wopmay Orogen. Sources
used in the compilation: Easton (1980, 198la,
1981¢c); Fraser (1974), Fraser et -al. (1960)

Hoffman et al. (1978. 1980. 1981); ‘Lord (1942),,
McG]ynn (1964, 1974, 1975, 1976 1977);

ver51on ‘of tbis figure is present in a pocket - x
at the. back of the thesis ' : s

LEGEND_'

granitic intrusions of the

A,

AKAITCHO GROUP
mainly sedimentary rocks
mainly volcanic rocks

1bn-grade rocks of the Grant Subgroup

fault

migmatite; derived from the Akaitcho Group;.
derived from the Epworth Group; parent’
undetermined . '

\)

VBEARfSLAVE Boundary

thrust fault, teeth on the upper p1ate_}

T




WOPMAY'
FAULT ZONE

WOPMAY'
OROGEN | -




Geological compilation of Zoné 3 in southern
Wopmay Orogen. For detail of dykes in the
Indin—Ghost:Lake aréa consult Tremblay et al.
(1953, 1954) and Wright (1954). Apparent
_absence of.dykes in otherYareas of the Slave
Province may reflect lack df Qetailed'mapping..vA
" sources: Douglas et al: (1974); Easton (1981¢);
- Prith (1973, 19785; Frith and Leatherbarrow
(1975); Frith et al. (1974); Lord (1942):
McGlynn and-Ross (1962, 1963) ;" Ross (1959, 1966);
Tremblay et al. (1953, 1954); Wright (1954). '
NOTE: A larger scale version of this figure is
present ‘in a pocket'St the back df the thesis.

LEGEND - B

Paleozoic rocks

granitic -rocks of the Hepburn Batholith,
may include some remobilized Archean crust

gneiss domes, with Archean age cores,’ . °

remobilized during the Proterozoic

R *
Snare Group S , :
mainly metasediments, minor dolomite, gabbro

 #Akaitch'o’ Group' . , ‘
mainly metasediments, minor. basaltic flows

;VoLcanic rocks, mainly pillowed basalt flows;
at Grant Lake, these rocks are assigned .to the
Grant Subgroup : ' .

migmatite; derived from the Akaitcho Groups
derived from the "Snare Group; parent undetermined

alkaline igneous complex; nephélinite,
‘carbonatite ‘ e . -

&

,I“dig diabase dykes

‘fault
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and Recluse Group rocks exposed at chlorite metamorph1c

7

grade. In northern b]ock A, Aka1tcho Group rocks are found

,]n'tloos Nappe. In northern Cloos Nappe a broad recumbent

fold is. present The rema1nder of the block appears to be.

dom1nate$ by upr1ght folds related to the first ep1sode of

»thrust1hg. ’ - . - v

Block B - Th1s block underl1es much’ of the Hepburn Lake

7
area, and most of the Aka1tcho Group stratlgraphy Wwas

developed within this block Strat1graphy is cont1nuous
within this h]ock Metamorph1c grade ranges from chlor1te

to b1ot1te grade. except near the Heoburn and Hentzel

v

'oBath011ths, where.1t 1ncreases to s1111man1te mlcroc11ne

assemb]ages North trending upr1ght folds are dom1nant,

and no recumbent folds have yet been found. "

Block C - Th1s b]ock is ma1nly covered by Hornby Bay
sandstone The Akaltcho Group rocks ‘in th1s block are
generaliy at high metamorph1c grade (upper amph1b011te), ahd
no recumbent structures have been reported An outlier of
Dumas Group rocks rests’ unconformably on rocks of the
Nentzel Bathol1th and metamorphosed‘Akaitcho Group rocks.
Block D - This block cons1sts ma1n1y of upper amph1bo]1te

7

grade metamorphic rocks. Kyan1te-bear1ng rocks are present

" in the southern part of the block (St-Onge et al. ; 1982}.

Many recumbent folds of foljation and nappe structures are
present (St-Onge-et al., 1982). The recumbent folds have

been refolded about nOrtheriyxtrend1ng_axes. Strat1graphy

¢

is distinctive within this block, and complicated by.the two

<

\\
\
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Figure 2.5

2

Major faults ‘and structdra1 blocks (A-G) in the

northerh_part of the Wopmay Orogen. ‘Coppermine

Homocline consists of Helikian post-orogenic

cover. 'Abbréviations: G.B.L.,—-Great Bear Lake;

W.F.Z. - Wopmay Fault Zone; G - Grant Block.

Modified from Hoffman‘and St-Onge (1981).
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%
.sets .of folds and the high metamorphic grade. |
Block F - Block F(ie located mainly in the Redrock Lake  F ;
area. It may not be completely separated from plpck C;‘and

its boundaries are poorTy known aE this time.-

Grant Block - This block jis.entirely fault bounded, and

contains the‘low-grade metamorphic rocks of the Grant Sub-
group. In QAGt,'the bdundary faults ﬁay be vertical, but at
"Grant Lake, ohe of the boundafy faults dips shallowly
" (Easton, ®981c).. This block may not have formed in the
same manner as.the others, but it does contain a continuous;
fault-bounded distinctive. strat1graph1c sequence o
R The areas mapped by the author, include the Akaitcho
Group rocks in nﬂock B and C, the northern part of block D,
and the nmorth and south ends of the Grant block. In addi-
) tion, Akaiteho Grpup rocks near the boundery between btocks
é fh’h and B were also studied (Fiqure l .2). An outline o% the
geology of these areas follows. Emphasis is placed on the
Hepburn:take apea because the Akaitcho Group is best exposed;
in Ehis block. The other areae.are referred to bnief]y.

Hepburn Lake map area (N.T.S. 864) ' o

“The geo]ogy of the Hepburn Lake map area has been des—
cribed by Hoffman et al. (1978, 1980, 1981) and Easton
(1980). Figure 2.6 is a geological map -of the western half

- aof the Hepburn Lake area showing the distribution of

4

3

Aka1tcho Group rocks. '
The Hepburn Lake area stradd]es four crustal blocks -

crustal blocks A, B, C and D. The characteristics of each

ren ot st b
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Figure 2.6 Simplified geological mSp of the Hepburn Lake

Do

'GREAT BEAR VOLCANO-PLUTONIC BELT (ZONE 4)

map area (N.T.S. B6J/W%), showing distribution
of the Akaitcho Group. This map is an updated
.version of Figure 6.1 of Easton (1980). The ..
main modifications to the original figure are

in the southwest corner of the map, and were
based on mapping during the 1980 field season
(Easton, 1981¢). NOTE: A larger scale version of
this figure is in a pocket at the back of the

thesis. ‘
e LEGEND

L]

MUSEOX INTRUSION . . ' .

-
o

HORNBY BAY GROUP sandstone A
- . o . . / . B

a) granitoid intrusions of Hepburn Batholith; : .
b) syenogranite and garnet granite of Wentzel Batholith;
c;.younger, mafic intrusions of Hepburn Batholith;

d

Sitiyok Igneous Complex, may.be younger than Unit 1.

EPWORTH GROUP a) 0djick Formation o
. . - ' . \\/‘-\‘ . .
AKAITCHO GROUP. S

a) basalt flows; b) gabbro sills; C) siliceous siltstone
olive pelites and volcaniclastic sediments - Ag1erok Fm.

Nasittok Subgroup volcanic complexes

a) aphanatic rhyolite; b) .gabbro sills; c) massive and

Ipiutak Subgroup amphibolite a) pelite ™

hOkrark Thrust fau}t o KL

pillowed basalt;-d) basalt tuff; e) porphyritic rhyolite
flows; f) plagioclase-porphyritic rhyolite sills;

"g) orthoclase-porphyritic rhyolite sills; h) cong]omeraté;

i) siliceous siltstone; j) marble, orthoquartzite

subarkosic and arkosié turbidites of the lephyr Fm.

L 4

fo1q, of. bedding, of f011at1qn- AL mxkaitchb Lake s
o . , - - . BL .Belleau Lake-
fault «  _ HL Hepburn Lake
KA Kapvik Lake.
Kingarok Lake
0L Okrark Lake

. - . .

.SA Samandre Lake

biotite~isograd, ' \ amanar

. Yo S Sinister Lake
mark ?n hxgh'T side _ TL Tuertok hake
migmatite (over 30% L gt Wentzel Nake

granitic material) Zephyr Lake

I
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of these bl‘pc_l_<s hdvg already been described. The Hepbur:'n
Lake area is dominated by crustal block B, Crustal Bjock B
can be_divided into three subzones by the Marceau and
Okrark Thrust Faults (Figure 2.7), A cross-section at
' 66°25' N across crustal block B also shows these structural
subzones (Figure 2..8). The eastern. subzone cpnt‘ains con-
fineﬁté] slope and rise deposits of the Epworth Gr}-oup,"and
flysc_h.and hemipelagic shales of the Recluse Group. The
;:entrai subzone (Marceau‘Thrust Slice) cgntains intrusive
rocks of the Hepburn Batholith (Hoffman et al., 1980),
volcanic Qnd' sedimentary rocks of the upper Akaitcho Group,
a{ co_ntine‘ntal rise pelites of the Epiuorth Group which
conformably overlie the Akaitého"GrBup (Easton, 1980).
Structure in the central subzon,e ls dbminét'ed by a syn-
clinorium(-anticHnoriﬂ‘m pairu(Figu're" 2.‘8'). The( anticlin-

; orium-isl truncated Aagainst the Okra‘rk'Thrl‘Jst, b'ixt e;tposes
theA upper .Akaitcho Group. The syrm‘c11;uor1',um ﬁerved :as the =
1ochxs"of in'zrus_ion' gf the‘He'pbur“n"B"amthol-.'lth‘(Figure 2.‘_7)\‘
(Hoffman M. . 1980).' T‘h‘e western subzone (Okrark Thrust
Sli(;.e') 90mpris_es S‘gdiryienfﬁarj a’h;l‘volca,n_ic rocks of the
1o§er ;\ka‘i'tc,hq ‘G'roup,' and intrusive’ rocks of the He.ntzel‘
"Batholith (Hoffman e_'ng 1980).. ThAeJO_krark Thrust Slice

also contains a syncliﬂorium—'anti_clinorium pair. " In the .

\

Okrarlg'Th.rust Slice, the anticlinorium is truncated by the

edge of crustal block E and served as ‘the Yocus for

intrusion of t,he" Wentzel Bat‘ho.lith (Hoffman et al., '[980)";:'

7
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The synclin-orium has a hinge roughiy‘para)le] to the Okrark.
Thrust, and expose's.-the lower Akaitcho Group'. |
Metamorphic gradé ijn the three .s.ubz'ones of block B
 ranges from chlorit’e (1ower greenschist facies) to a'bove‘
muscov1te breakdown (upper amphiBolite to g.ranulite‘ fac1'"es).
and 1s spatially related to the Hepburn and Nentze] Bath-
"oliths _(st-Onge, 1981; Hoffman et al., 1980) (Figure 2.9).
i?dldjng and thr_usting in the Nopmay‘()rogen occdrréd before
metamorphism and batholith=fMtrusion because metam‘orbhic
isograds transect Marceau Thrust (St-Onge, 1981). Folding
also occurred during and after metamor'ph%sm because the

-isograds and thrusts are themselves folded (St-Onge, 1981).

-

Four Corners map area

The geology of this area is dominated by crustal block
_DI(F1gur~es 1.2, 2.4). The geology of the area ~has been out-
lined 1in Easton (1981c) and ‘is not repeated here. The only
’s1gn1f1cant‘change from the orlgma] report is that work to
“the south of the Four Corners map area by St- Onge et al.
(1982) indicates th-at the S1t1yok Igneaus Comp]ex 15 part
of a nappe. '

»

Wopmay-Grant Lake map -area

~ The geology of this area (Figures 1.2, 2.3, 2.4) is

outlined in Easton (1981c).

2.2.3 Southern Zone 3 (south of 65°N)

" The geo]ogy of southern Nopmay'OrdgenI (Fig,ureA2.4~) is
less well understood than the geology: in the north, in part :

because mapping in southern-Wopmay Orogen occurred sporad-
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Figure 2.7 ..Major tectonic elements of the Hepburn Lake map

area (N.7.S. 86J). Revised from Easton (1980).
Abbreviatiohs Ba - eastern subzone of crustal
block B; Bb - centra] subzone (Marceau Thrust

SHte) of crustal block B: Bc - western subzone.

N

.(Okrark Thrust Shce) of crustal block B;
CN - Cloos Nappe, BF - Bel]eau Fault System,

0T - Okrark Thrust, MG - Mouse Valley Graben;

MT - Marceau Thrust; ZF - lephyr Fault;

WF - wop‘may‘_F"a'ult Zone; -W--axis of we‘;n'tzel

Bathalith; -H-.axis of Hepburn Batholith,
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Figure 2.8 Generalized cross-éection-aéfoss the HepBurn
Lake map area at 66°25'N, showing synclinoria-.
antfclinoria pairs and thrusts within thé“ -

. . o | )
Akaitcho ‘and Epworth.Groups. Section lies

within crustal bTock’Bﬁ Thé Wopmay Fault in

this area is faulted margin of crustal block E.

Modified from Hoffman et al. (1980); Easton

_(]980).~—Le§énd as in Figure 2.6,
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Figure.2;9' Metamorphic m1nera1 assemb]ages and d1str1but1on
' of 1sograds in the Hepburn Lake map area - e,
v(N.T.S. 86J/Wk). F1gure'covers fhe same area as
. gFioure 2.6. Modified from St-Onge (1981). .
Y . S - '
L . : LEGEND
T : - : | S 1
- Muskox Intrusion
1 'Hornby Bay'Group sandstone
/81 intrusive rocks of the Hepburn and
vo Wentzel Batholiths
Minera1 Assemblages
@ d'hlorite-p]'agioc]ase—quartz
' C]_ muscovite-biotite-ch]orité-p]agioc1ase-quartz T
= staurolite-muscovite-biotite-plagioclase-
- quartz+cordierite+anda1usTte
2{ A s1]11man1te muscov1te b1ot1te plag1oc1ase—
- - quartz- l1qu1d ' .
g A sillimanite-K- feldspar-bmt'lte plag'loclase-
quartz-11qu1d . v
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(f1rst appearance, mark on high T s1de)
— bioti_te ’ _ ‘ _
‘ ) ~A..  staurolite’ o .‘ S ' - L‘
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ically, and uas performed by'several workersffrom the mid-‘
thirties to the early seventies. In contrast, most work ‘in
northern Wopmay Orogen has been done by a close-kntt §roup
since the earl} seventies. One result has been the estab-
j]ishment of two"systems of.strattgraphic nomenclature
(Table 2‘2)7 In northern Zone 3, rocks of‘the Akaitcho
- Group, Epworth, and Recluse Groups are present In southern
Hopmay Orogen, the Snare Group (Lord 1942) cons1sts of .
three 11tholdg1es. volcanics, clastic sediments, and
»dolomite.‘ The relationship betueen the Snare Group and the
. other groups of the Coronat1on Supergroup 1s not well known,
.and will not be unrave]]ed unt1l mapp1ng links the north and
south parts of’ Zone 3. As an examp1e of the problem,'
.dolomlte in the ﬁettberry Lake area could belong either~to
the Stanbr1dge Formation (Aka1tcho Group) or-%he Rocknest
Formation (Epworth Group), or to a unit not presentvin the
north. Any attempteJ correlation of the Snare Group and
other,groups to the north 1s.suspect. AFor the ourpose of.
this report, the Snare Group is defined as metasedihentdry
and metayolcanie rocks west of the.Bear—Slave boundery, and
east of the Hopnay‘Fault Zone. which“cannot; or have not‘
been ass1gned to the Aka1tcho or Epworth Groups This u::;Y
differs from Lord' s,(1942) ysage in that it excludes rocks
wes t of the Nopmay Fault Zone -

Southern Zone 3. differs from northern Hopmay Orogen 'in

three maJor‘respects. F1rst,-the zone s much th1nner to

the south;:second, areas of’ 1owfgrade supracrusta] rocks are
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TaBJe\ZlZ Comparison between stratigraphic nomenclature
‘ in northern (above 65°N) and south;er‘n (below
.65°N) Wopmay Orogen. The Snare Group may
include elements of the Akaitcho, Eowgrth.
and Recluse Groups. No correlation of units. R
is implied. . .
NORTHERN:WOPMAY OROGEN . SOUTHERN WOPMAY
, . ' . OROGEN
41| Tokivuak Fm.
B \ Cowles Lake Fm, |
. 3 . N ﬁ -
o | M - |
o | = : . .
S| & . T~
g-v p : .
3| 4 | -
= | , 5 ~~Jvolcanic
= | 2 Tree Rlver Fm. o \:ﬁﬁe\
S : S : -
— . o
Z = . dolomite
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less common, and aceally resticted; and third, ﬁhanjtic
rocks anqvhigh-orade metamorphic rocks are areally\more

extensive: There are, however, several important aspects

of southern;lone 3 geology relevant to-thjs thesis.
. < : .
Férst, recumbent folds are pyesent in moderate- to

high-grade metamorphosed Snare Group strata in the IngrayF

~Arsena Lake area {(Helmstaedt, unpublished). The reoumbent

folds pre-date 1aterAupright'f%1ds. Thus, the strugtures
observed in cruStal block D‘in northern Zone 3 are not ;

unique to that b]ock The recumbent folds are only observ-

ed in high- grade metamorphlc rocks; and similar observations

_have been made at Grant Lake‘(Easton, 1981c). The relation’

of metamorphic Qrade'to the recumbent folds is not known.
Second}'several gneiss domes'with\Archean cores are
present,in southern Zone 3 (Frith et al., 1974, 1977)

(Figure 2.4).. The presence of these gneiss domes suggests

that we see a change in structural’style from north to south

in Zone 3. Gran1to1d rocks in southern Zone 3 also show

more 1nvo1vement of Archean basement (Fr1th et aIV, 1977

N

Fr1th,-1978) perhaps 1nd1cat1ve of a deeper level of

exposure in the south

Th1rd, severa] north trending faults para]]e] ‘the
Bear Slave boundary near ‘the Basler-Mattberry Lake area in
southern Zone 3 (Flgure 2.4). One of these north-trend1ng
ults extends south of Basler Lake and is cut by the |

B1gspruce alka11ne comp]ex The B1gspruce complex may be

r%Iated to riftingvof3the Slave. Craton prior to, or during,

© e . . ~
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Akaitcho Group depdsition (Frith, 1978; Hoffman, 1980c2.
North- and‘northwesterly-trending faults near Indin Lake,
about 40 km east of Zone 3 (Figure‘2.4). were the loci of
emplacement of many dykes of the Indin dyke éwérm (McGlyﬁn

and Irving, 1975). The Ihdin, olivine-tholeiite, diabase

dykes may be related to rifting associated with Akaitcho

Group depos1tlon (Hoffman, 1980c).
, Fourth amygdaloidal, mafic volcanic rocks (McGlynn and,
Ross, 1962) and gabbro s11ls and dykes (McGlynn and ROSS,
‘l1963) are present a]ong the Bear~-Slave boundary in the |
Bas1er Mattberry Lake areas. These mafic vo]can1c rocks may
be assoc1ated with r\ft1ng of the Slave Craton, although, as
stated prev10us1y, corre]at1oqs‘between these rocks and the

Akaitcho Group are equivocal at this time.

3
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CHAPTER 3

STRATIGRAPHY

3.1 INTRODUCT[ON _

- The d1str1but10n of theuma1n groups of supracrustal
rocks in Zones 2 and 3 of‘the Wopmay Orogenpare shown in
'F;ghhes 2.3 and 2.4. The Akaitcho Group is preserved at
upper greenschist to 1ower'amphib01ite ﬁetamorphihpgréde in
six main arees in the Nepmay‘Orogen} the“Hepburn Lake area,
“the Calder River belt, Clobs: Nappe, the Grant Lake area, the'
Rebesca Lake area and the Redrock Lake area (ngu}es 1.2}).
‘The author has mapped in the first four Belts. The Akaitcho
Grohp is best preéerved in the Hepburn LakE'area,'and-the
stratlgraphy bresented here was or1g1nally estab]1shed for
that area (Easton, ]980). The’ Calder River BeTt (Lord and
_Parsons, 19525 McGlynn, 1974, 1975,-1976; Easton, 1981c),
the Grant.Lake area (McGlynn, 1964 Easton, 1981c) and the
Rebesca lLake area (Lord, 1942) are a cont1nuat10n of the
Hepburn' Lake area (Easton, 1981d) . Pre11m1nary mapping in
the Redrock Lake area (St- Onge et -al al . 1982) indicates that
_ the Aka1tcho Group strat1graphy can be cont1nued southward
1nto_the Redrock kae sheet. .

This, chapter isMconcerned-with the following supra;
crustaltuhjts: those'uhits which possibly underlie the
Akaitcho Group,‘th;’Akai{eho Grhup,‘and the Epworth\Group.
The Epworth-Group consitutes the inferred‘paSSive continen-

tal-margin sequence of the wopmay Orogen. Hence, the

relationship of the Aka1tcho Group to the Epworth Group has
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‘ and 3 of the wopmay Orogen (Tab]e 2. I) are not descmbed

‘ Descr1pt1ons of these units can be found in Hoffman (1973)

.recognlzed and mapped w1th1n the Aka1tcho Group and the
. descr1bes the Epworth Group rocks, and d1scusses the nature.

- FinaI'Iy, th1s chapter descr1bes rocks e]sewhere 1n Athe

AkaItChO Group Much of the mater1a1 on the Akaitcho Group

tonaHj;e gnelss (Un‘:t 1)y with enclaves of garnet1ferous "T

"amp_hhlb,ohte., anthophyIHte schist, and pe11t1c and quartz-

L AR - 7 s
. T

importantlimpﬁcations -regarding, the tectonic settvino of the

Akaitcho Group' The other supracrusta] un1ts .0f Zones I, 2,, |

0

Fraser-(1974), and Hoffman (1981a). : ““
This. chapter br1ef1y descr1bes _the Slt]yok Igneous
Comp‘lex which may, be oIder than the Aka1tcho Group It a]so |

brfefly descr1bes the vartous rock umts the author has

strat1graphic relat1onsh1ps between these units, It aIso
of the Aka1tcho/Epworth Group contacts 1n severa] areas

Hopmay Orogen that may be 11tho]og1ca]ly corre]atW'e w1th
the Akaltcho Group. It concludes w1th-a br1ef‘ statement -

on the strat1graph1c constra1nts on the deve'lopment of the

1n this chapter has aIready been pub’hshed by, the. author

' (Easton, 1980, 1981a, 1981c, 1981d). '
3.2 -SATIYOK coMpLex’ - - SN

‘.

The Sltlyok Igneous Metamorph1c Comp]ex (Easton, 1981c)

is Iocated near 66°N, 116°W (Figqure 3. 1) It cons1sts of a

?

it.i‘c, metasediments. The garnet1ferous amph1bo]1te is

geochemitally distinct from Akaftcho Group Tetavolcamc

roéks- (Chap,ge'r 4). The tonal_ite.-gneiss is cut by p»ink-,,'.




prdtomylonitic biotite monzogranite (Un‘itl,z).' The monzo-

-

gramte is cut by dykes of basalt, 30 to 100 m wide, now

amphlbollte (Umt 3) A1t three units are cut by late

granltlc pegmatxte vems aare . foha"teeL, and haVe undergone

¥

two stages of foldmg Outcrop- scale recumbent folds with‘

»

east west trendmg axes have been refolded about north- to

. northwest tr‘endmg reg1onal fold axes. The later folding.

affects amph1bol1te dykes in the northern part of the

S1t1yok Complex (Figure 3.1). -~ T

"~ The S1 tiyok Complex may repiﬂesent basement- to the
Akaitcho‘ Group. The granite was emplaced into gneiss, and
then cut by basalt iykes brior to metamorph1sm and deform-
at1on of thHe S1t1yok Complex and the Aka1tcho Group. The-
basalt.—dykes have s1m1lar geochem1stry to the basalts of. the

- l'ow’er Aka i tcho Group (Chapter 4). The Sitiyok Complex is.in

| fault contact with. all adjacent un1ts. St-Onge et al. | _
(1982) have 1nterpreted the Si tlyok Complex as a nappe based
‘on mapping south of the ar'ea mapped by the author. St-Onge
et al al. (l982) conf1r‘med the observation of Easton (l98lc)

.' that the Slt1_yok Complex is pre- metamorphic, -and,

~addition, they suggest that the Sitiyok Nappe wgs 'emplaced_
priol‘ to -the metamOrphic culmination. However, s1mply )
because the Sitiyok Complex is allochthonous and pre-
metamorphic does not establlslh the Complex as basement.

“Geochronology of the Sitiyok Complex‘ {Chapter §) is .1ncon—
clusiye regarding {its age. Thuc, although the’Sitn‘yok

'C.omplex appears to be basement. ‘to the Akaitcho Group on the
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'Figu}e 3.1

‘Geo]ogy of the northern ha]f of the S1t1yok

Igneous Complex. The Sitiyok Complex consists
of Units 1, 2, and 3. See text for further

detailg,

LEGEND
granltes near fau]ts felsite dykes _
a) ‘younger granlte ; b) porphyritic syenograni,te

 DUMAS GROUP.

granodiorite with patches of syenogran1te :
WENTZEL BATHOLITH

amph1bo]1te syenogramte gneiss .

garnet gramte

AKAITCHO GROUP

GRANT SUBGROUP

N

‘a) siltstone and pelite; b) gabbro sills;

c) basalt; °d) ‘conglomerate; e) orthoquartute and
s1ltstone

~ IPIUTAK SUBGROUP

a) pelite; b) arkose; ¢) amph1boHte, d) basa1t
tuff; e). basalt flows; f) orthoquartzite,
siltstone, and pelite : '

SITIYOK [GNEQUS COMPLEX

amphibolite. dykes
pink‘plrofomylbonitic-'monzo’granite

grey tonalite gneiss .
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basis of field redations, this interpretatioh has;hot yet
been indepehdehtIy ver{fied. :
3.3 AKALTCHO GROUP. - o K

The term Akaitcho Groap, was introducted by Hofffan

et al. (1978) for metavolcanic and meétasedimentary rocks

A

‘east of the Wopmay Fault Zone and west-of the Hepburn'

Batholith which could not be corre]ated with Epworth or
Recluse Group strata. The Aka1tcho Group can be regarded
most simply as cons1st1ng of 1ower, middle, and upper

volcanic sequences separated by a 1ower coarse c]ast1c-and

_an upper pelite unit (Figure 3.2).

The Aka1tcho Group presently 1s divided into three
subgroups and seven formatﬂons (Easton, 1980, ]98]c, 1981d

Hoffman and Pe]letier, 1982). The subgroups can be divided

‘into severa] formations, but forma] subdivision is not yet

warranted. These strat1graph1c units are descr1bed briefly
below. A generalized stratigraphic co]umn ‘for the Akaitcho
Group, wh1ch.e]s0’shows the tithological types and the,
facies relatiohsﬁbetween the main Akaittho Group units,riS‘
presented in F1gure 3.3. The central'stratigraphic co]umh
in Figure 3.3 is based ma1n1y on observat1ons within ’
crustal block B, wh1chrconta1ns the most continuous, least

deformed, and least metamorphoSed,stratigraphic section of

the Akaitcho Group.

. \ .
The oldest exposed rocks of the Akaitcho Group belong

to the Ipiutak Subgroup (Easton, 1981c, 1981d), a diverse
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Figure 3.3 Stratigraphic column fok"ihe Akaitcho Group in
o block B and suggested 11tho]og1ca1 correlations
with -the volcan1c and sedimentary rocks in C]oos
Nappe and the Grant block. The Akaitcho Group
in b10£k»D consists of Units 1 and 2.

.

Key to Akaitcho Group Formations
(not in stratigraphic sequence)

‘Grant Subgroup

Stanbridge Formation

Vaillant Formation

Drill Formation

' -Ta]lerk $Si11s and McGregor amph1bo]1te

.Ag1erok Formation
‘Nasittok Subgroyp

Okrark Sills

Zephyr Formation

Ipiutak.Subgroup

LITHOLOGIES

pe11te with quartz1te —
-interbeds :

L.

gabbro sii]s

porphyrit1c rhyolite
f]ows and sills

S si]icedus siltstone

“
¥

olive pel1te and . 'h1gh-Zr rhyolite
vo]can1c1ast1c sed1ments : flows and tuffs ..

‘ptagioclase porphyr1t1c

marblg. & ~rhyolite sills
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assemblaoe of metasedimentery and metavolcanlc rocks
preserved.mainfi at h1gh metamorphic‘grade.‘ The base of the
Subgroup has not been observed.

N1th1n crustal block B, about 300 to 500 mof locally f»

, pillowed amph1bol1te is present on the west 1imb of the

' major syncl1ne that runs through Aka1tcho Lake (Frgure 2. 7
2.8, 3.4).. The Nentzel Bathol1th has intruded the Ipiutak

‘ Subgroup in”th1s area. Locally,'a thin horizon of pel1te
is associateu with the amph1bol1tes. Both are overla1n by

arkosic turbidites of the Zephyr Formation. '

" The Ipiutak gubgroup‘js exposed;mainly'ln crustal
block D, a’bldck'with complex stratigraphic relat1onships
due to the presence of recumbent folds of fol1ation which
have been refolded about northerly axes (McGlynn, 1976,
Easton, 1981c; St‘enge et al., 1982) and thrust nappes ‘
{St- Onge et al., 1982).. As a result, although there is a

-Nlower volcan1c sequence ‘below and 1nterfingering with the
,Zephyr Format1on in crustal block D, the extént and sign-. .
1f1cance of the stratlgraphy of this terrane is poorly

ot

‘understood

lnvspite'of the complex geology,'éeverél stratiggaphic

ounits can'be récognized within crustal block D. -However, it
;s not always possible to relate these sequences to one
another because of complications caused by the th phases -

.of - folding, the high metamorph1c grade 1n the area. and the

complex faulting present within the block (Figure 3.5, 3. 6).

s




North and east of the Wentzel Fault (Figure 3.5) is a

%equence of mainly arkosic'turbidjtes,,Joea11y with some
pelite and auph}bolite horizons {Unit 2). ‘ Northeast of
Wentzel Lake, these arkosic turbidites are intruded by
garnet- bearing gran1tes of the Wentzel Batho]1th (Un1t 2b).

A band of coarse- and f1ne grained amph1bo]1te, interbedded 5
with pelite (Un1t 4a), . is present south of the Be11eau Fau1t
and runs through the centre of Nentzel Lake (Figure 3.5).
Unit 4a is also present south of the Wentzel Fault-

Pillowed basalt and basa]tic tuffs, preserved at
greenschist to‘lower amphiboiite grade, occur in two areas
‘(Unit 3). North of Hentzel Fault, the basa]ts are inter- .-
"~ bedded with arkos1c turb1dites, aﬁ\\ based on facing direc-
‘t1ons in .the upper greenschist- grade turb1d1tes. the basa]ts
underl1e the arkoses. South of Nentze] Fau]t. the basalts
are more abundant. and are in fault contact with adjacent
Un1ts. However. it is not known' if the basa1ts south of .
Hentze] Fault are remnants’ of the Grant Subgroup preserved
in a graben, or if they are a k]lppe or window of Nasittok

Subgroup‘?o1can1c rocks.

South of Wentzel Lake, Unit 4a isitbe'post-common»unit.
It consists o% 1 to 5 m thick bands of fine-grained amphi-
bolite and garnet amphibolite interbedded with pelites.
. . ke ,

These amphibolites are‘interpreted'to'be ﬁafic'tuffs inter-,

' bedded. in a sedimentary sequence.. Hest of Four Carners Lake,

pelite becomes less abundant, and th1cker, med{um- to coarse=4

gra1ned amphlbo]1te units (posgible flows or- s1115) become

.
.

Y
-
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Figure 3.4 Geolugical sketch map showing distribution of
volcanic rocks interbedded with the lower Zephyr
Formation: in crustal block B. Amph1bol1te near
the .contact with the Wentzel Batholith may be
" part ofsthe volcanic succession. Field relations
between the volcanics and the sediments are

similar to those present between Units 2 and 3 | 'ii;'

north of the Wentzel Fault in Figure 3.5.
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F1§ure 3.5 Stratigraphic sequences present in crustal block
D. Data south of 65°50'N from St-Onge et a}t.®
(19823, Mursky et al. (1970), McGlynn (1976).

v

LEGEND

s
.8

L

-

a

Hornby Bay sandstone

Dumas-Grdup : 53

>weak1y fo1iétgd monzogranite,
some late granitoid plutons

garnet granite

-3

Grgnt Subgroup -

a

"felsic tuffs, pe11tes, volcaniclastic sed1ments,
gabbro s111s of .the Nasittok Subgroup

Okrark rhyolite sills ‘“

“Ipiutak Subgroup

" 5a amphibolite interbedded with orthoquartzite
5b amphibolite interbedded with pelite .
4a amphibolite interpedded with pelite

4b amphibolite, medium and coarse grained

4c amphibolite interbedded with arey orthoquartz1te

pillowed and massive basalt flows and tuffs
low metamorphic grade

arkose and minor pelite, uenera]]y\above migmatite
grade, probably correlative with the Zephyr
Formation, 2b arkoses, intruded by aarnet granites
. 1 , .
?. gneisses, migmatites, correlation unknown

Sitiyok Igneous Cohplex

)—'\fault; : 7( )( fold of foliation; synform, antiform

.._ mylonite




| GREAT BEAR

——

'VOLCANIC

A

. - *
L PLUTONIC f+Q/2

TZEL LAKE
2

 KAPVIK

VOLCANIC

AMANDRE
' LAKE

HAVANT

. HAVANT
LAKE

%LCANIC

COMPLEX

COMPLEX

6548’

30'

nseIs'w -




R

S e S S Ay Y - r—— R Wy A NS TS T A e =

. 4 ’
Fﬁﬂre-3.6 Distribution of metamorphic mineral assemblages

/\\

\ -

gl

o <

EREEE

in crustal block D. . Data from Easton (1981c),
St-Onge et al. (1982). !

LEGEND
' P
granitoid rocks ' - , - )
mylonite .
fault .
Mineral assemblages ‘ e . ‘

muscovite-biotite-chlorite-plagioclase-quartz

anda1usite-muscovite-biotite-plagioc]ase-quartz

sillimanite-muscovite-biotite-plagioclase-quartz-liquid

si]limanite-K-fe]dspar-biotite-p1agibc]ase—quartz-]iquid

kyanitermuscovite;biotite-p1agioc1ase-quartz-]iquid

kyanite—K—fe]dSpar-biotite-plagioc]ase-quar;z-l1quid

Mineral Isograd (mark on the high T side)

staurolite
andalusite
graﬁitic pods'
K-fe]dsp.?rj,,MZO5

kyanite




ADAM LAKE

4

GREAT

BEAR

VOLCANIC

KAPVIK:

VOLCANIC

COMPLE X

HAVANT

HAVANT
LAKE

65°45'

30! 1518w




67
more common (Unit 4b). Unit 4b may be a remnant of a
volcanic edifice. If this is the case, then it is possible

that the amphibolite, layers in Un1t 4a were tuffs deposited

rdista1 to the volcanic edifice. South of Four Corners Lake,

1 to 100 m thick bands of medium- gra1ned amph1bo11te are

found inferbedded with grey orthoquartz1te and siltstone

(Unit 5a). These amph1bo]1tes could be flows or s111s inter- ¢

bedded with clastic sediments. The orthoquartz1tes 1h Unit

N ba are different in appearance-frqg the.arkos1; turbiditeé

(Unif 2)'even_af similar metamorphic grades. Similar
1itho]ogie§ (Unit 4c) are found east of the Sitiyok [gneous
Comp]exi(Nappe) and may be the same unit.

;The prdb]em'in blogk D is that, because of recumbent
folding and thrust1ng, there.is no way to determ1ne the ‘
importance of 1atera1 facies var1at1on (i.e. do Units 4a, 4b,
and ba repreéent a volcanic oomp1ex>formed.in a.rift, with
Units 4b and 5a representing sediments adjacent to the
voleanic complex and the‘rift_margin'resoectivefy) and

' verticé] facies variation (i.e. is Unit 5a a southward

facies of the Zephyr Formation that overlies a volcanic

sequence (Unios 4a .and 4b)). Qnti] the structural como1exi-
ties within crustal block D can be"uhreve]]ed, or_uhfi] a
less. deformed section is observed at lower metamorph1c
grade, one can do little else except note that there. are
several 11tho]og1c4i .groupings within the Ip1utak Subgroup.
There are, however, three important character1st1cs of

the Ipiutak Subgroup that have a bearing on the overall




development of the Aka1tcho Group. First,.there is a
volcanic sequence . beneath the Zephyr Formation, at least in
crustal_b1ock B. Second “rhyolite has not been found in

" the Ipiutek Subgroup F1na11y, as d15cussed in deta11 in
Chapter 4, the Ip1utak Subgroup vo]can1c rocks are
.contjnental tholeiites; and the pe11t1c sediments have REE
patterns indicating derivation from a contjnental, not a
vo]canic, source terrane. - |

3.3.2 __Zephyr Formation ' .

Up to three kilometres of subarkosic to arkosic
flyschoid strata overlie the Ipiutak Subgroup. Turbidite

beds typ1ca11y range from 10 to 100 cm thick, and typically

have arkos1c, medium-sand ba‘ij w1th green or grey pe11te

tops (Figure 3.7, 3.8).» Currdnt structures are rarely
observed in the turbidites.' Complete Bouma sequences have :
been observed in Zephyr Formation turbidites in the vicinity
of Akaitcho Lake. Rounded grains of epidote, tourma11ne,
and zircon are common in the basal turbidite beds. Upper

and 1ower contacts of .the format1on are sharp. There is
some reg1ona1 var1at1on in the Zephyr Format1on _ In the
north,»1t consists of turbidite beds with wel] developed
&elite fayers.' Near Kapvik Lake, pelite is a minorvcomponent
of- the iephyr Formation. Pelite again becomes_more aoundant

to the south.

3.3.3 Okrark Sills
P]agioclase—porphyrﬁtic and orthoctase- and plagioclase-

porphyritic, 300 to 600m thick rhyo]ite-porphyry sills,
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Figure 3.7 Bedding in typical lephyr Formation turbidites

north of Akaitcho Lake. Lichen cover is typical

of the region.

Figure 3.8 Deta11 of base of a sandy turbidite bed. Note

sharp contact between underly1ng pe11te and -

qver]ying sand,bed.
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bintrusive into.the Zephyr FQrmatipn,bare termed .the Okrark
si]Ts_(Figures'B.Q, 3fiQ). ’Thé p]agiocTasé-porphxritic and
>orth0clase?porppyritic si11§~are phemical]y indistipguish;
. ~able (Chapter 4). Contaktts betweéh the sills and turbidites
V- ‘are-géperally sharp, énd the sills have metamorphoééd the
» | adjacent, sedimentaryArocks néar'the intrusive cpntacts fhe
Okrark sills are geochem1ca11y correlat1ve w1th lbw S102, '>" ‘v'f". .
h1gh ir porphyr1t1c rhyolite found in the upper parts of the
Tuertok, S1nlster, and Belleau vo]can1c complexes of the
Na;ittok Subgroup (Easton, ]980).

3.3.4 Nasittok Subgroup

The Nasittok Subgroup consists of three volcanic com-
plexes: the Sinister, Tuertok, and Kppvik complexes (Figure

©3.11). A fourth comple® may be present in- the vicinity of

-Havant Lake (Figuré 3.11). The Sinister, Tuertok, Kapvik,

and Havapt volcanic cqmplexes;aré cqrrelatéd on the basis of
marker horﬁzops that can be’traced between 1nd1v1dua1 A |
volcanic ‘complexes.- ‘The Zephyr and .Belleau vo]can1c com- T
~p]exes»(Figure.'3.1]) are TSolated-frqm the other volgan1c‘

éomp]exes, but are lithologically similar to ;héuSinister;

vTuertok,'Kapvik; and Havant volcanic comp]exes (Easton, 1980,_,
1981c). Both the Zephyr and Belleau valcanic complexes con;
taln rhyolite, which is absent from the Ipiutak Subgroup
7 - The vo]can1c comp]exes typ1ca11y have a 2 km th1ck

' basal basa1t1c un1t conta1n1ng pillowed flows (F1gure 3az)

'and vary1ng ‘amounts of basaltic tuffs (F1gure 3.13), overlain

'by porphyritic rhyolite domes and flows (Fjgure 3.14}).




Figupe 3.10

Okrark.sill bver}xidg Zephyr Formation v 
turbidifesihear.Akaitcho Lake.' Silt-Zephyr
Formation contact is immediately above ta1usv\.

slope in centre of photograph.

_Typical outcrop surface of a plagibc]asé— )
’ -

porphyritic- si11 showing strong deformation of

grains. Sil1l lpcated two km west.of Kingarok

Lake.
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Figure 3.11 a) Distributidn of volcanic focks and location

/

of volcanic complexes in the Hepburn lake map
area. Abbreviations:  AG - Aglerdk Lake;
AL - Akaitcho Lake; HL - Hepburn Lake;

~ HV - Havant Lake; KL - Kapvik Lake:
OL - Okrark Lake; SL - Samandre Lake;

ST - Stanbridge Lake; TL - Tallerk Lake;
WL - wehtze1 Lake; ZL - nghyr Lake.

\ , e

b) Distribution of volcanic facies within the
Akaitcho Group volcanic complexes in the
Hepburn Lake mép area. .

"LEGEND (Figure b)
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Figure 3.12 *Pillowéd basalt flows in the Nasittok ‘Subgroup,

~

AN

fTuerfok3volcanic‘comb?éx.

W

Figure 3.13 Bedded mafic tuffs in the Nasittok Subgroup,

bKapv%k volcanic complex.







- @

78

.

~° Figure 3.14 Generalized facies relationships between the

- - Tuertok and Kapvik volcanic complexes. ‘
. {

Symbals as in Figure 3.3.
';-‘ t B

Tos

Figure 3.15 Generalized facies relationships in rhyolite

centres overlying the Sinister, Tuertok, and

Kapvik- volcanic complexes.
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Abundance ratios of felsic to mafic rocks are 0.2 to 0.3;
The only exception to the typical stratigraphy (Figure 3.14)
is the K.apvik volcanic complex where high-SiOz, low-2r
rhyolite is present below the basal basalt sequence and
which consigts predominar.\tly of basaltic tuff in the basalt
unit (Figure 3.15). The Tuertok and Kapvik complexes are
compared in Figure 3.14. The stratigraphy of individu:ﬂ
volcanic compliexes is given in more detail in Easton (1980,
1981a). The Tuertok volcanic complex (Easton, 1981a) is
considered to be typical (Figures 3.14, 3.15). .
The contact of the Tuertok vo1c_an1'c_comp1'ex with the
lephyr Formation 1is sha'rp. in the few places where it has
_been observed. Thé contact ‘with the Kapvik volcanic comb]ex
is obscure, because a gabbro sili s.warm intrusive into the
lephyr Formation underlies the basal rhyoh’tes and basalts
of the Kapvik complex {Figure 3.15). The bases of the other
volcanic complexes a’rg not exposed. The volcanic complexes
are overlain, and interfinger with, the pelites of the‘ov,er—
1y1ng Aglerok Formatmn Vo]canism 1n the‘Nas1ttok SubgrOUp
was mainly subaqueou%. with: pH]owed basalt and basalt tuff
being predpmnant. The rhyolltes were deposited as water-
- lain tuffs, flows, and domes. A few‘possi‘b'ie welded ash-

flow tuffs are present in the upper parts of the volcanic.

complexe$ indicating that, locally, volcanic complexes were

|
swbaerial. To the south, the proportion of tuff in the

volcanic complexes fincreases (Figure 3.11b) One interpreta-

tion is that thg phange from pi’llowed‘.to tuffaceous volcanism

\
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reflects a decrease. in water depth to the south. There is
no evidenée from the chemgstry of the basalts to suggest
that the change 1s due to d1ffereﬁt€s in lava compos1t1on
A recurr1ng strat1graph1c sequence occurs in the
rhyolite volcanic domes that overlie the basalt centres

(Figures 3.15). Sandstone wedges consisting of detritus

.shed from the domes are present on the north side of the

domes. Volcanic breccias (Figure 3.16), cong]omerqtes con-
taining granite, granite gneiss, and orfhoquartzite é]asts
(Figure 3.17), marbles (Figure 3.18), and orthoquartzites
occur oﬁ the south side of the domes. Because these.]itho]bj
gies are closely re]afed to the rhyolite domes, they are
conSideredvto be part of the Nasittok Subgroup. '

3.3.5 Ag]erbk Formation

Olive pelites, 1 to 2 km thick, overlie and interfinger

with the Nasittok Subgroup. )Beddingvin the pelites is on a

millimetre to cenFimetre scale (Figures.3.19). ‘Included

with the pelites are volcaniclastic sedimentafy rocks, minor
basaltic and rhyglitic tuffs, and reworked basaltic and |
rhyolitic tuffs. <4n addition to the norma] pelites (Figures

[
3.19), two other brbad c]asses of sedimentary rocks can be

distinguished in the Aglerok Formation. One type, the mafic

tuffaceous pelites, is_chlorite rich, and at appropriate

- metamorphic grade is garnet-bearing. The mafic tuffaceous

pelites are distinct from the basalt tuffs in hand specimen,

thin section, and major- and trace-element chemistry

»

(Figures 3.20, 3.13) (Chapter 4). The second type is gquartz

Ay
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Fiqure 3.16 Volcanic breccia derived from a rhyolite

-8

Figure 3.17

Conglomerate.

Note granite

clasts.in the cen&re of the

conglomerate is imterbedded

Aglerok Formation above the

complex.

. in the Tuertok volcanic complex.

and orthoquartzite
photograph. The
with pelite of the

Tuertok volcanic
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Figure 3.19 Typical Aglerok Formation pelites, biotite

metamorphic grade,

e s i e, o e e ety Lt g <







Figure 3.20 Mafic tuffaceous mudstone from the Kap?ik

volcanic complex, biotite metamorphic -grade.
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and muscovite rich, and is c1ose1y associated with rhyolite

eruptive centres (Figure.3.21). Tﬂe fe]sic,tu?faceous
pe]ifes are distinct from fe{sic tuffs in the Aglerok
Formation (Figure 3.22). . : -

The Aglerok Form;tion was derived primarily from
eroSi;n of volcanic rocks fike the Nasittok'Subgroupf
'volcénié comp]exeé, with a minor contribution from an ad-
jacent source area (Eéston, 1980, 1981b). Geocﬁemical
studies on the Aglerok Formation pelites (Chapter 4) support
the above conclusion regarding source terrane. Contacts
with the sills gnd volcanics of Fhe overlying Tallerk Form-
ation are sharp. A titaniferous siliceous siltstone under—
Ties the 0djick Formation 8 km northwest of Hepburn Lake.
This unusual member was previously included in the‘Ta11erk
Formation (Eafton, 1981d). Because it is metasediment, and
the rest offthe Tallerk Formation is igneous, the siitstone

is bes{ included in the Ag]efok Formation.

3.3.6 Tallerk Formation

.

McGregor Amphibolite Member

On the north shore of the Coppermiﬁe‘R1ver. about 200 m
of pif]owéd basalts, now amphibolite, overlie pelites of the '
Aglerok Formatfon. The thickness of these_amphibolites is
not known, Becahke the upper part of the section is intruded
by granitic'plutons of the Hepburn Batholith (Figure 3.23).
Tallerk Sills |

Fift} to two hundred metre thick gabbro sills .intrude

the upper part of the Aglerok Formation above the Kapvik and
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Hévant volcanic COmplexes. No extrusive volcanic rocks are

assoc1ated with these sills, a]though the McGregor amphi -

bolite member is probably contemporaneous ‘

. The McGregor amph1bo11te and the Tallerk sills comprise,
the Tallerk Formation which includes the late igneous
products of the Akaitcho Group. The extent of .the Tal]efk
Formation is not known:because, in many areas, the upper
Aglerok and Ta]]erk Formations are iotroded by tona]ikic,
granitic, and gabbroic intrusions.oﬁ the Hepburn Batholith.
Near Hepburn Lake, pelites of the Odjick.Formation overlie
the Aglerok Formation. Thus, in some areas, the Tallerk"
Formation is thin or absent. The absence of abundant
amphibolite xenoliths or windows of Tallerk Formation rocks
in the Hepburn Batholith, and the presence of many windows
of Ag]erok} bdjick, Fontano, and Asiak Formation'étrata in
the>Hopburn Batho]ioh indicates that the Tallerk Formation
was not extensive. -

3.3.7. Grant Subgroup

The Grant Subgroup (Figure 3.3) (Easton, 1981c)
consists of 1000 m or more of metasilitstone, dolomite, and
mafic volcanic rocks. The lowest part of the Grant Sub-
group consists of 500 m or more of finely interbedded,

grey- to buff-weathering metasiltstone and slate (Figures

3. 24 3.25). Beds of subarkosic to quartz arenite f1ne

sand are rarely interbedded with the siltstones and slates.

Locally, volcaniclastic sediments are present in the

upper part of the sedimentary sequence. A 2 to 15 m dolo-
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Figure. 3,21 Felsic tuffaceous mudstone, Kapvik volcanic

complex.

-
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‘Figure 3.23 Geological map of the southern half of the
McGregor Lake area (N.T.S. 86J/14).
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mite horizon overlies the metasiltstones and sThtes in most
areas (Figure 3.5_6). Metavolcanic rocks, mainly basalt
flows and tuffs (Figure 3.27), overlie tuhe sedimentary
rocks. Rhyolite flows are interbedded with the mafic
volcanics in a few areas. Gabbro sills are common along;
the dolomite-volcanic contact. The Grant Subgroup exvte‘nds
from the southgrn part of the Hepburn Lake area, through
._ the Calder River belt, to Grant and Rebesca.Lal‘(iA'eis (Figure
3.28).. I‘t is always in fault contact with other rocks, has
the monotonous stratigraphy outlined above, and is usually’
found at ch]_orite .to andalusite grade. For tﬁe'se reasons,
it was isolated as‘ a separate subgroup. T':ﬁe meta"sed‘i'mentary
rocks have.been .correla'ated with the upper Zephyr Formation,
and the volcanic rocks with the Tower Nasittok S_ubgr.c)ﬁp
'(Ea;ton, 1981c) on the basis of lithological and strati-
graphic similarities (Figures 3.3, 3.29). Although
correlative, the Grant‘Subgroup'is distinctive. The meta-
sedimentary rocks are generally finer grained than in the
Zephyr "Format,ioﬁ to the nort‘h.\ Hénce, ‘the Grant Subgroup
metasédimentqry 'roéks may be distal facies of the upper
Zephyr Formation. The Grant Subgroup may be a-more west-
‘grly‘deri‘ved thryst slice dissected by later faul.ting-alon_g
the Wopmay Fault Zone.
3.3.8 Zone 2/3 Boundary

Three additional Akaitcho Group formations, occurj’ east
of the Hepburn Batholith (Figure 3.30). The thickest accu-

mulations of these formations are near Zone 2/3 boundary.

-,
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Finely laminated mudstone of the Grant

-

Subgroup.

Figure 3.25 Si1tstone interbed in Grant Subgroup mudstone.

Andalusite is presént’ fn .the muditone beds.
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Figure 3.28 Distribution of the Grant Subgroup in western
Zone 3. Grant Subgroup rocks are commonly
found adjacent’to the Wopmay Fault Zone.
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Figure 3.29 Comparative stratigraphic sections of the Grént
Subgroup. . Note the difference between the
Dumas Group (Zone 4) and the Grant and Nasittok
Subgroups. No correlat1on‘1s‘1mplied between

) the Dumas Group and either the Grant or
Nasittok Subgroups. _ '
B - K | LEGEND,
AKAITCHO GROUP LITHOLOGIES - "DUMAS GROUP LI@HOLOGtES“'
, ) (absent from Akaitcho Group) .
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The units thin, and eventna11y die out to the east. The
oldest of these formations is the Drill Formation.' It is
overlain by the Vaillant Formation, which in turn is
overlain by the Stanbridge Formation (Figure 3.3).

Drill Format1on

Medium- to thick-bedded, a;kosic and nebb]y sandstone
‘turbidites inferbedded with quartz- or granite-pebble
conglomerates and minoﬁ'b1aék carbonaceous pelite are
presgnt in northern Cloos Nappe below volcanic rocks of the
Vaillant qumation (Hoffman and Pelletier, 1982) (Figures
3.3,.3 30). Rhyolites and mafic tuffs, flows, and sills
are locally 1nterbedded with the sed1ments

Mudstone and arkose in Zone 1 beneath the OdJ1ck
Formation (Hoffman. 1973) may be a distal facies of the
Drill Formation. Hoffman and Pelletier (1982) have suggest- .
ed that the Drill Formation is lithologically correlative
with the Zephyr‘Formation. ‘

Vaillant Formation

"Metavolcanic rocks of the Vaillant Formation are'found
in Cloos Nappe and Carousel Massif (Hoffman et al., 1978).
The Vaillant Formation between Vaillant Lake and 67°30'N
consists§main1y %f calcite-filled amygdaloidal, pillowed .
basalt (Figure 3.31), pillow breccia, and monolithologic
basalt lapflli tuff and breccia (Figure 3.32). Around

Vaillant Lake, massive basalt flows are common, as are

" some proQable subaerial flows. The probable subaerial

flows have 3 to 6 m thick cores containing calcite-filled

f e
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vesicles (Figure 3.33), and 1 to.2 m thick breccia zones
between adjacent cores. The breccia zones contain blocks
and slightly rounded fragments of basalt‘similar to the
-underlying core, but more vesicular. The blocks are |
strong]y'hematized and more altered than the core zones.
- {hé;e core and breccia zbnes resémb]e typical aa flows
(Macdonald and-Wentworth, 1953). At Vaii]énE Lake, the
sequence of massive (aa) flows is capped by 5 to 10 m of
volcanic conglomerate Eontaining clasts of basalt, silt-
stone, and’sandétone. The cénglomerate is overlain by
dolomite of the 5§anbridge Formation; Massive and pil]&wed
basalt flows occur south of Vaillant Lake to 66°N where the

©

yb]canic rocks cease to crop out. Aphanatic rhyoTite flows

are present locally withﬁn the vVajllant Formation. “In all

outcrops,” the Formation has a strong north-trending
cleavage, Alﬁératfon of the Basalts is extensiVeg even
though adjagtnk and intgrca]ated mudstones are at Fh]orite
grade (lower greeqschigt); In thin section, the Yaillant =
basalts have a well-developed trachytic. to ophitic texture;
a texture observed by Frqsef (1974) fn Vaf11anthForﬁation
basé1ts frop Carousel Massif (Figure 3.30). .The.Vaillant
Fohmation extends as far west as Kikerk Thrust. It thins
abruptly east of Cloos Néppe and is pres%nt only as a thin
Iayer of basaltic tuff to Kikerk Thrust (Hoffman, 1973).
The Vaillant Formation has been correlated on the basis of

lTithology with thé Nasittok Subgroup (Easton, 1981d; Hoffman ”
and Pelletier, 1982) (Figure 3.3).
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. Nasittok Subgroup particularly probable, P
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Stanbridge Formation

Massive to finely-laminated, cherty, commonly stro-
matolitic dolomite is intercalated with, and overlies, the

[ai]]ant Formation (Figure 3.3). These dolomites are

‘characterized by layers and lenses of quartz grit (Hoffman

et al., 1978) (Figure 3.34). ‘The Stanbridge dolomite does .

not resemble dolomites of Rocknest Faormation. The Stan-

bridge dolomite is, however, lithologically identical to

“carbonate present in the Nasittdk Subgroup, particularly

in the Zephyr and the Tuertok vb]canig complexes. The
stratigraphic sequence of the Drill Formation arkoses, the
Vaillant Formation basalts,  and the Stanbridge Formation
dolomite is similiar to the sequence Zephyr'FormStion,

. | .
Nasittok Subgroup, and local carbonates present ip block B

(Figure 3.3). The similarity of the lithologies, and the -

sfgatigraphjc sequence makes the lithological correlation

v

of the Stanbridge Formation with carbonates in fhe upﬁer

3.4 EPWORTH GROUP v

) N
Two formations, the Odjick Formation and thexﬁgcknest

" Formation, constitute the Epworth Group (Hoffman,'lghla).

f

The Rbpkneét,Formation is found only ip Zones 1 and é.\ The
/

(1 . )
Epworth Group comprises the Cdronation,continental margin

sequence (Hoffman, 1973, 1980c). Near C]ooélﬂappe, the

go_ancient shelf-slope break, the

-Z‘E d-2.5 km thick (Hof}man and\
1‘\"» “, e

Pelletier, 1982; Tirryl, 1982). . L Lo

-

e e
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"~ Figure 3.30 Distribution of the . Drill, Vaillant, and
Stanbridge Formations near the Zone 2/37
boundary. Data: North ydf 67°N from Hof fman
and Pelletier (1982); 67° to 66°N from
Hoffman et al. (1981); south of 66°N from
St-Onge et al. (1982), Fraser (1974),
Mursky et al. (1970). " '
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Figure 3.31  Pillowed basalt flow in the. Vaillant Formation
."near Stanbridge Lake, ' s
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- Figure 3.33 Vesicles in Vaillant Formation aa basalt flows,

- Vaillant Lake.
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3.4.1 Odjick Formation-

[

External Zone

The 0djick Formation (Hoffman, 1973; Fraser, 1974:

‘Hoffman et al., 1981) in western Zone é consisté of greenish

3

argillite with thin (centimetre scale) graded beds of white

- orthoguartzite. A few quartz-pebb]é conglomerqte beds

o occur at‘various ﬁorizons. Orthoquartzite and pebble-

‘conglomerate beds become moré'abundgnt to. the east. Paleo-

current studies indicate that the 0djick Formation was
derived from the east; i;e. the'S]ave Province (Hoffman,
1970, 1973) The'Odjick Formation is 1 km thick near Kikerk
Thrust, and from 1 to 1.5 km thick near C]oos Nappe (Hoffmah.
and Pelletier, ]982 Tirrul, ]982)

Interna] Zone

West of C]oos ‘Nappe, the Odchk Format1on con51sts of
pelite w1th occas1ona] 2 to 5 cm . thick orthoquartﬁlte .beds
(Hoffman et al., 1978). '

3.4.2  Rocknest Formation:

Arg1]1aceous do]om1te and stromatol1tlc do]omlte
1nterpreted to be shallow- water tidal depos1ts (Hoffman,
1973, 1980; Grotzinger, 1982), form the bulk of the Rocknesi.
Formation. The formation has a maximum thickness of 850 m
near Cloos Nappe (the inferred anc1ent shelf edge)
(Grot11nger, 1982). » ‘ '

3.5 AKAITCHO/EPNORTH GROUP RELATIONSJ

Knowledge of the Kkaitcho—Epwortb.Group stratigraphic

relations are criticaf»in“estgblishing the relative age of

-
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" the Akaitchq_G?oup within the wdpmav_Ordgen.' The reletions
are-seen in‘foﬁr arees,rand all areas.indicate that the
.Akaitcho Group is older than the Epworth Group, and lies
stratigraphicaily below it. ' ‘
3.5.1 Area’l | -

Eight kilometres northwest of Hepburn Lake, metavolcan-
1cs of the Tuertok vo]canic compiex are overlain by 1 km of
biotite- grade, east facrng Agierok Formation metapelites
(Figure 3.35).. The. metapelites grade upward into a 250 to
400 m thick unit of purple- tinged ma551ve, b]ocky-weather-.
Aing si]iceoué siitetone. The. meta511tstone changes upsect:
ion over 100'm 1nto a. greenish Mmetapelite containing the

) distinctive 2 to 5 cm thick orthoquartzite beds diagnostic

. of the 0dJ1Ck Formation west of Cloos Nappe (Hoffman et al.

L

1978) The presence of contorted fine bedding, well-
developed metamorphic minerals; and the distinctive ’
-.cleavage/bedding pattern of the: greenish metapeiite all
indicate that the pelite—+s OdJ1Ck Formation The 0dJTCk>‘
Formation pelités are east fac1ng, as are the underlyﬁng
ﬂglerok Formation pelites ‘ The staurolite and andalu51te u
1sograds transect the contact at a slight ang]e (Figure

- 3. %5) Thus, any movement along this contact would of

»fnecessity be pre-metamorphiC' The two formations appear to

be . cdneordant 1f not conformable However{ a cryptic

,disconformity cannot be ruled out, A
. » . \
352 Area 2. s ' : N
L < ‘ o . \ .
Similar relationshipg were also-found 20 km south-

a
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.- Figure 3. 35 Geological sketch map show1ng Aka1tcho/Epworth
; "Group relat1onsh1ps 10 km NNE of Hepburn Lake.

LEGENd'

/4/ - Squatarola gabbro compliex

+ L‘Rib-granfte (postfmetamorphic'pluton) :

L*. ‘Headnet granite (syn-ﬁetamorphfc'pIUton) 1
Epworth Group - O4jick Formation ' R ;
- pelite with orthoquartzite interbeds * <
Akaitcho Group | .j‘ -i

Yol \ siliceous siltstone (Aglerok Formation] ?
‘olive pelite (Aglerok Formation)

S ) S

1 : . M - -

- marble, arthoquartzite

- p pi]]owed basalt b~ Nasittok Subgroup ’

t basaltic tuffs :

s gabbro sills : S . -

~r  rhyolite’ .
¢ : : : -
’ ',kf/yf bedding, tops'known, unknown = fault

Metamorphic Isoérads (mark on high T side)

o staurolite-anthophyllite - in mafic units only

A staurolite

AH_ —— anda]usité
| " sillimanite
S S 'grénitic pods

“







4 . | -
Figure 3.36 Geological sketch map showind Akaitcho/Epworth
Group re]at1onsh1ps 20 km SSE of Hepburn Lake
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southwest‘of Hepburn Lake, East-facing metapefites‘of the-'
‘Aglerok Formafion, intruded by Tallerk gabbro sills, are
overlain by east-facing metapelites of the bdjick Formation.
QOutérop is poor in this area, the closest outcrops of
Akaitchg and Epworth Groups being 300 m apart (Figure 3.36).
Thevovera;llstratigraphy is simi]ar po the sequence pre-

served northwest of Hepburn Lake.

,in both Areas 1 and 2, it is thought that a thrust
contact between the two groups is unlikely because: . 4
. " , - > - .
i) there is no discordance between any major structures )

along the contactj ii) the relationship in both areas is

Gbserveq at the sdame strétigraphic horizon over several
“kilometres; and ifi) both groups face‘in the same direction.

| &one of these featu?es are fouﬁd associatéd with other
thrusts i% thé area (block B}.

¥

3.5.3 Area 3 : *
"In not;hern Cloos Nappe, conglomerate and arkose of the
Drill ;ormation undekJie the Vai]Tant Formation basalts.
v Hoffman and Pé]]etier (1982) deScribe one area where ‘the
‘0djick Formation disconformably overlies the Vaillant

Formation.

3.5.4 Aréé 4 | ‘ ’ A '
[n Carousel Massif, metanTcanic rocks of the Vaillant
'Formatiop are interbedded wi;h ofthoquartzite of the lower
0diick Formation (Fraser, 1974; St-Onge et al., 1982).
3%5.5 Summary. - S : J

The relationships observed in. Areas 3 and 4 confirm the
: . A ’ : '

L4
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observations made -in Araeas 1 and 2, but 0n1y if the litho-

1og1ca] correlat1on of the Va1llant and Standbr1dge Format-

[

ions with the Akaitcho GrOUp is valid. At present, this

i~

4 . - . . .
correlation seems reasonable. Indaddition, there is some

geochemical ev1dence (Chapter )vtnat is consistent with the
A

Ay

Akaitcho Group be1ng over‘l"c tby the Epworth Group Pelites
.from the upper Ag]erok Formatxon have distinctive REE patt-
erns. To date, th1s distinctive REE pattern has only been
observed in one other unft, the lower Odjtck Formation. The
geochemical evidence is only consigtent with the field ‘
observations, and does not prove‘them.~ Until evidence to
the contrary iS'forthcominb, the Akaitcho Group is most
reasonably interpreted to underlie the Epworth Group. y
3.6 - SNARE GROUP /

The term Snare Group was introduced by Lord (1942) for

,metasedimentary and metavo]can1c rocks preserved west of the

Bear -Slave boundary, and incluydes rocks located on both sides
of the Nopmay Fault. Although he did not designate a type
area, it is evident that Lord (1942} considered metasedi;
mentaryurocks in.the v1c1n1ty of Ingray- and Mattberry Lakes
to represent typical Snare Group lTithologies.

As discussed in Chapter 2, the term Snare Group has -

beén used mainly in §0uthern Wopmay Orogen (Table 2.2). In

the north, a different stratigraphic nomenclature has been
used, with the terms Epworth, Recluse, Akaitcho, and Dumas
Groups being applied to rocks west of the Bear-Slave ﬁgund-

ary‘and adjacent to the Wopmay fault Zone (Table 2.2). It

v

¢

b
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has been established that some rocks previously assigned to

the Snare Group can be correlated with Dumas and Akaitcho

'Groups (Easton, 1981c, d}. However, until the area between

known Epworth Group strata and the type area of the Snare

Group~is mapped, correlat_’ions between the Akaitcho, Recluse,

“

. Epworth, and Dumas Groupsr and the Snare Group cannot be

made.
Near Basler Lake, ,andesit-es_o_r basalts are present in

association with conglomerate and quartzite in the Snare

[y
Y

. Group near the Snare/Archean unconfbrmi_ty (McGlynn, 196'2;)".""

The overall stratigraphic sequence in this. area is similar

in some ways to the VaiHant Formation in the Carousel
Massif and the Dr1]1/Va1Hant Formations at the nerthern

end of Gloos Nappe. . If these volcanic rocks are part of the

/
Akaitcho Group, then they serve to emphasize the complex

—~—

facies rel'ation‘ships Tikely to be present in the. Snare

L)
»

Group.

3.7 REGIONAL CORRELATION -

To date, the evidence indicates that the Akaitcho Group

is older than the Epworth Group, and that the. Akai‘tchq/Ep-
worth contact is probably conformable,  On thfs basi§ él‘one,

the Aka1tcho Group is part of ithe Coronation cont1nenta]
!

margin.

As mentioned in Chapter'Z the strat1graph1c un1ts 1n
- \,
the Wopmay Orogen can be corre]ated with the strat1graph1c

sequences in the Athapuscow Au]acogen ‘and the K1loh1gok

Basin (Tables 2.7, 3?1), Two per1ods of rift-related
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Table 3.1 Lithological correlafion of strata between the Wopmay Or;ogen and the
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&

volcanism are preserved in the Athapuscow Aulacogen (Hoffman
et al., l§77). The older, metamorphosed Wilson Island Group

has been interpreted as an early, failed rifting event in '

the au]acogen (Hoffman et al. 197(7) The Un'ion'Isl‘and

- Group forms the basal part of the Great Slave Supergroup and

underhes the- Sosan ‘Group. The lower Sosan Group fts corre-
lative with the Epworth Group (Hoffm_an, Y973, 1981a)
(Table 3.1). The Union Island Group is presumed to date

from the initial formation of the aulacogen (Hoffman et al.,

’
-

1977). The chemistry of the Union Island basalts differs

from that‘of.the Akaitcho G.r'oup (Eégtom, 1981d), but only

~ limited data are available for the Union Island Group (Goff

and Scarfe, 1978) ., Al.tho’ugh the Unton Is1and Group repre-

sents a rifting event in roughly the same stratigraphic

position as the- Akaitcho“Group, the two groups may not be

contemporaneous, and hence, not time-correlative. Never-

] theless, it is signifi.cant that ; rift'—re]ated sequence
is present'iﬁ-both- areas. No rifth'fng sequence' is-presénf
1n the Kilohigok: Bas1n )
3.8 SUMMARY: STRATIGRAPHIC CONSTRAINTS ON THE DEVELOPMENT

»

OF THE AKAITCHO GROUP

The strat1graphy of the Akaitcho Group, and the facies
relationships between the various lithologies present in
a.the, Akaitcho Group Aid in.the understandih‘g of the deﬁosif-
ional h‘istory"an'd tecfonic sett»in;; of therAkaitcho. Group

~as outlined below. |

N1
.




123

First, there is the poss1b1lity that the Aka1tcho Group
Ty
was underla1n by, and certainly was. adJacent to, a cont1n-
ental terrane Th1s is 1nd1cated by the voluminous arkoses

of the Zephyr Format1on "and the gran1te cobble-bearing

»

conglomerates in the Aglerok Format1on " The S1t1yok Complex

e

may be a remnant of basement to the Aka1tchovGroup.. In add-w

| —

jtien, the vaillant Formation in nortnern Cloos "Nappe and'i/,ﬂ S

Carousel Massif were deposited on Archean granites.

Second, there is a lower volcanic sequence of uncertain

N thickness that 1acks‘rhyolites or'rocks-ofiintermediate

- composition. Abundant garnet 1n these rocks suggests iron-

©

r1ch comp051t1ons, poss1bly 1nd1cat1ng fractionated basalts
,Thas lTower volcan1c sequence 1s separated from the volum-
inous basalts of the Nas1ttok Subgroup by a th1ck sequence

of arkoses. In addrt10n!,theANes1ttok Subgroup volcanic

complexes in block B (Sinister, Tuertok, Kapvik, and Havant)

are or1ented on a northerly trend This'1idear.trend is
pr1mary, becalse the facies can be traced out between com-

‘ plexes (F1gures 3.IL, 3.15). This linearity may be due to
“avift-related fault or basin in. The basalt edifices
are capped by rhyolite volcan1c centres, and tne arkoses
intruded by nhyol1te s1lls. The rhyol1tes were erupted
aftgr the bulk of the basaltic vo]canlsm, with no intermed-
iate composit{on rocks.being present, and with high felsic[
‘mafic ratios. The rHy liges are too voluminous to be due to

fractionation from the basalts, -and can only be crustal

_melts. Vqlcanism waned in the upper Akaitcho Group, and is -
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fepresented by the Tallerk sills. The assoe{ation of
b1moda1 vo]can1cs, which chahge in chemistry with time,
and arkoses suggests a rift sett1ng (Basa1t1c Volcan1sm
Study PrOJect 1981) k

Th1rd the sed1mentary rocks overly1ng the Nas1ttok
Subgroup volcan1c complexes cons1st ef a pe11te sequence
These pelites were derived from a source reg1on s1m1]ar to
the volcan1c rocks, but, gran1te-cobb1e conglomerates

1nterm1xed with the pelltes 1nd1cate a m1xed, continental-

volcan1c, source . terrane The pe11tes, anq the Tallerk

K ~sills, are overlain by pelites, interpreted to be contin-

ental-rise facies, of the Epworfh Group indicating founderL
ing of the area after, or dnring, Aglerok Formation deposit-’

ion. . v : , .

- A11.0f the above-mentioned relationships are consistent::

With the Akaitcho Group being deposited in a continetal

rift. ’

The lack of intermediafefcpmposition volcanic rocks,
and the'pautity of pyroclastic rocks %n the majority‘of'the
Akaitcho Group vblcanic centres argues against the volcanic
rocks being arc;rela;ed. either a continental or oceanic
arc. 'Aﬂthouén the Nasittok Subgroup basaltsacnnld be flood
basalts depdsited.in a continental'aasin, theAbasin was
,ma1n1y subaqueous, and the basin feundered in order to,
accomodate strata of the Aglerok and 0dJ1Ck Formations.

]

Thus, the basin was getting deeper, if not 1arger, with

time. F1na11y, the posut1on ‘of the Akaitcho Group beneath
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the inferred passive-margin rocks of the Epworth Group

suggests that the Akaitcho Group strata were deposited in’

a rift which preceeded development of an Atlantic-type
continentaf margin. |
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" . v CHAPTER-4

GEQCHEMISTRY

4.1 INTRODUCTION _
Three 1mportant observat1ons were. made ear]y in the\

study of the Aka1tchb Group concern1ng the geochemlstry of

the extrusive rocks of the Group (Easton, 1980, 19814d).. .

These observatfons still hold after further work. o
o }

1). The f1rst observation was based ortg1na11y on. f1€1d

work, and was later conf1rmed‘by maJor element analyses,

namely that the Akaitcho.Group'extrusive rocks aretbimodal

(Figure 4.1). Figure 4.1 shows only flow rocks. Some.

tuffaceous rocks, which invpart‘may be renorked Orbvolqan-
iclastic sediments, do fall-in the range of intermediate
rocks; but these rocks are cledrly recogn1zab1e in- the
f1e1d; No flow rock has been found with 1ntermed1ate S102
Values S L '

2) ‘ The second observat1on 1s shown in F1gure 4.2. Namely,

,tWO ypes of rhyo]1tes are present 1n the Aka1tcho Group: ;

2 low-Zr type and a 1ower-Sf02, high-Zr_type
(Figure 4.2). Further work has shown-that this: subd1v1s1on'
is stratlgraph1c rather than a 51mp1e Si/Zr d1fference

Apha#%t1c, commonly tuffaceous rhyolltes from the base of

the Kapvrk complex are-h1gh-S102, low-Zr rocks. - Porphxr1t1c

roCRs from the Okrark sil]s'and the other volcan1c complexes

have lower. S102 and higher. Zr contents HoWever, some

&

'sparsely porphyritic rocks from these complexes do have e

high-S1_02 and high-Zr contents The lower Kapvik rhyo11tes.

2 U L ) u :
* . : B . - . LN

[P -
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are'tufts oh pyroclastic flows, whefeaslthe other'rhyoTites
, are majh]y domes and flows. - With transpoft distanCe from -~ %
"a vent,Ntuffaceous volcanic rocks commonly show an increase
- in Si0, content betause heavier,vnon;glassy:material is
lost by settling. If zircon is con;entrateu in a crystal-
‘1inevphase that‘eettles; thi§ mechaniem would also produce'
' 10weh Ir eontents.v‘Thue, it 1s suspected that the Kapvik
rhyo11tes are chem1ca11y distinct 1n Si and Zr content’
because of their tuffaceous nature. REE patterns er both
types of rhyo}ite are similar (Figure 4.3), suggestihg.a
common or1g1n ] o ‘
3) The thlrd observat1on is that there are two maJo;
basalt types. Ohe type'w1th-aff1n1t1es to recent cont1nen-'
| tal tho]eiites and a second tupe-with affinities to type II
‘ ocean ttheiites (Figures 4.4a, 4. 4b 4‘5) The @asalts are
dastinguished hy their major, trace, and REE characterlst1cs
It was also observed that the oceanic th01e11tes occur high
inh the strat1graph1c section,

The»1mportant p01nt to be‘made.about these;obeervations
"is that not on1y do they have a’ bearwng on the tectonlc
setting of the Aka1tcho Group.- name]y, they are conSIStent
w1th_the Akaitcho Group~be1hg.a,r1ft—related sequence - but

that the geochemistry is corroborated by field data.

Bimodality was originally observed in the field {Hoffman

‘ét al.,‘]978; Easton, 1980). The two types of rhyalite
—_— . A : .
occur at different stratigraphic horizons. And, although

the two types of basalts cannot be distinguishedfby eye in
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fFieure 4.1. P]ot&of S102 versus frequency for flow rocks of
S the. Akaitcho Group (Ip1utak and Nasittok
'Subgroups) Note the.composition gap between
56% and 67% 5102. ‘ )
’TFigure'4.2 Plot of Zr versus Si0, for Akaitcho Group
- rhyolites. Note the lower Zr and generally
higher’ S102 content of the Jower Kapv1k rhyo]ites
Low Ir values are also present in lower Kapv1k
rhyo]ites for- wh1ch major-element ana?yses are
not available, Figure includes both. Okrark sills
and Nas1t%ok Subgroup rhyolites. -
<>. rhyo]ite flows and tuffs, lower Nasittok Subqroup
Y (i.e. lower Kapvik rhyolites)
A porphyr1t1c rhyolite flows, upper Nas1ttok Subqroup
Y - aphanat1c rhyohte flows, upper Nas1ttok Subgroup
C)‘ Grant'Subgroup
' 7 Vaillant Formation
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"Figure 4.3 Chondrite-normalized plot of REE for 1oWer 

‘Kapvik rhyglites. Note overlap with field of
Nasittok Subgrdup rhyolites and 0k;arK‘si11s
(8 porphyritic rhyolite flows and 5111;)?
Okark sills and Nasittok Subgroup rhyolites

- panhot:be distinguished on the basis of REE

abundances.
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F1guue 4.4 a).

b)

T I T R Ty O WU gy

\ -

T1-K205-P205 plot for Ipiutak aqf Nasittok
Subgroup basalts (open triangles and crosses \
respectively), and Tallerk sills (x). Fifty-
two (52) sgmp]es,are represented. ‘fie]dg
after Pearce et al. (1975). |

Ti/100-Zr-¥x3 plot for Ipiutak and Nasittok

- Subgroup basa]ts'(open triangles and c¥05Ses

respectively), and Tallerk sills (x). Fifty-
two (52) samples are represented. Fields” ’

after Pearce.and Cann (1973). Abbreviations:

. W.P.B.-within-plate basalts; 0.F.B.-ocean-

floor basalts. An additional 60 samples for

which Ti, Y, and Zr values are available fall

in the same area as the 52 samples shown.

" Archean mant]e bulk-earth values
of Sun and Nesb1tt (1977)

<> ‘Chondritic va1ues,
Sun and Nesb1tt (1977)




g o b

sl e

XA

ey e e o

"y

u_z/<w\o

oL




134

Figure.4.5 Chon'drite-no.rmalized. REE. p]oj‘;. ‘shbwi'ng REE
| vbattérns of oceanic tholeiites (range of mid-
Atl'én_jc_ic ridge at 22°S; ‘Bryan et al., 1976) and-
a typical contvinental tholeiite (BCR-1, Columbia
. o ~ River Basalt, recommended values of Abbey, 1980).
An oceanic tholeiite from the .Tu_e.rto,k volcanic
cbrﬁp,'lex (Fs11,80, open tri‘aungles) and a
- con.tinent.al tholeiite from'"the,T'uertok volcanic
complex (F484.380', op;en circles) are shown i’ork

comparison.
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o
]




w
E
&
[=]
g
-U
VI-U
w
W
€
w
T
s
q
. N
w
1Y}
@

basatts (22°S)




r

136

the field, the. geochemical changes observed in the basalts

are related to stratigraphic position'. The above inter-

_pretations are supported by the correspondence between field
observations and geochemical data,

The c‘0n<l:1usAions in this chap';er are based on the.
re\sylts‘ of analysis of 496 samples from Zone 3 for trace
e]einents, of which 150 samples were analyzed for the majo'r‘
Aelements, and 175 samples were ana]yzed for the rare- -earth

e.lements. 0f these, 94 ma\]g:re]ement, 336 trace element

and 118 REE analyses are. from vd]canic and.se'dimentar'y rocks

of the Akaitcho Group. Thesevfi'gure'S' exclude duplicate and
test analyses. The other rockg examined fro'ni Zoné'3 were |
analyzed in order to c'h,arafterize the geo‘che‘mist‘ry of the
Akaitch‘o Group, althoug'h not all ana]yses of these other
rocks are d1scus,sed in this chapter

4.2 EXTRUSIVE ROCKS '

4.2.1 Basalts ‘ ) ‘
Thelre are two basalt types present in the Akaitcho

Group: one type .wi-th aff‘inities to recent continental

tholejites and a second type with affinities to type LI

ocean tholeiites (here1n referred to . as oceanic tho]entes)

(Basaltlc Volcan]sm Study Project, 198_1). The d1ffer'ence
between these basalt‘types are seen in the major, trace, and
rare earth elements (Table 4.1), but are t;est‘ seen in'the

REE and some of the 'immobile' trace e]erﬁents.' Var10us trace
element plots give varying results for the tectomc settmg
and discm:min;tion of the Akaitcho Gro.up base;]ts. For

P
»
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example, in Figure 4.4a, therTiOé-KZO-Péos plot.séparatés
the.Akaitcho Group basalts into continental and oceanic
tholeiitic types. The kesu]ts‘froﬁ this plot agree with
the REE data. | | |

Hoﬁever, in a Ti-Y-Zr plot (Eigu}e 4.4b) all the
Akaitcho Graup bdsa{ts plot "in the‘oce&ntfloor basalt field.
This can be'explainedrby.higﬁ degrees of bartial melting in

the source region for the continental and the type Il ocean

‘tholeiites. [f pyroxene was a residual phase, or if

pyroxene fractionatjon had occurred after melting, the .

continental tholeiites would-plot in the within-plate basalt

field. The Ti-Y-Zr abundances in the Akaitcho Group rocks
are simi]ar to those for modern!oceanig_tho]eiites'and
chondfi{es’(Sun and Nesbitt, 1977)and estimates for Archean»,
mantle (Sun and Nesbitt, 1977) (Figure 4.4i1?/és would be

expected if thJ basalts represented mantle-derived partiél ' |-

melts. The imp%%cation of this result is that the diffé(-
. - . . ¢ . .

ences between the continental and oceanic tholeiites in

the Akaitcho broUpris not the result of different mantle
. , ‘ . :
source regions, .

3

No alkaline rocks are present in the Akaitcho Group.

On an alkali-silica diagram all Akaitcho Group basalts plot

in the sub-alkaline field (Figure 4.6). Ratios @f Y /Nb

(Figure 4.7) for Akaitcho Group rocks are greater than 2, =

usually 5 to 7, again indicating a tholejitic character.

In order to look at relations between stratigraphic

positian versus basalt composition, it is best to look at
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Figure 4.6

-ngu?e 4.7

Alkali-silica diagrah-for'the Ipiutak
Nasittok Subgrouphbasa1ts (open triangles and
crosses respectively), and Tallerk sills| (x).
Heavy diagonal line is.the d?visﬁon betwgen
alkaline and tholeiitic rocks of Machna1d and
Katsura (1964). The thin line is the dividing
line of Irvirie and Baragar (1971). samples
that lie between the two lines have e1ther

"abnorma11y high Na, or h1gh K contents

1

Plot. of Y/Nb rat1os for Akaitcho Group 1avas.
Va111ant Format1on lavas from Va111ant Lake (V. L )
are s1m11ar to other. Akaitcho Group basa]ts

Vaillant Formation lavas from the7C0pperm1ne River

(C.R.) may be hawaiites of basaltic andesites’,
hence their low Y/NbD rat1os Basa1t1c rocks from

'other areas are "shown for compar1son Y/Nb for

alkaline basa]ts~1s less than 1 for 'within-plate’
basa]ts ‘and less than 2 for ocean-flToor basalts.

Y/Nb ‘ratios for tholeiitic rocks is greater. .than
2 for 'within-plate’ basalts and. greater-than 3
for ocean-floof basa]ts (OF - ocean- floor

oI - ocean1c istand; C - contlnental) F1gure

- adapted from Pearce and: Cann (1973) '

e
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Table 4.1 Representative chemical analyses of Akaitcho
: "~ Group basalts. Major elements in wt.%, trace and
rare-earth elements in ppm. '

»

Tuertok volcanic compliex

‘ynit 3 Unit 4  Unit 5 Unit 6 Unit 8
F500.80 . F498A.80  F450.80 F412B.80  F512.80

o

Ti0, 1.1 0.56 1,200 1.35 . 1.43
A1,0, 15,6  20.6 13,2 18.2 13.2
Fe,0,t . 10.34 8.49  12.54  12.69 13.62°
MO 0.18 0.12 0,19 -0.20 _ 0.22
MgO 8.69 .17 © 706 . 6.84 .  6.65
ca0 10.00  10.59 . 9.05 11.22 .95

$i0, 46.8 . 46.2 50.4 ¢ 49.7 49.6

’

K0 0.27 0.35 - 0.29 0.48
P,0g . 0.07 ° 0.06 . 10 \B.16 12
3,33 3.45 - 2.18 2.00 .86
99.79 1 98.75 .38 100.49 . 98.95
1 : 2 . 5 6 5
40 . 45 : ' 100
20 Y . T "36 46
129 235 . 159 108
5 -6 . 15 - 8
0 9 9
52 : 04 - 776
, 94 42
186 . -+ 310
. 10 237
6 S,

.00

6
8
Na,0 - 2.76 2.16 A7 . 1.85  ©2.30
1
0
1
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Table 4.1 continded
Tuertok volcanic complex

Unit 9  Unit 11  Unit 11  Sitiyok

o . Gneiss
. F528.80 F486.80 = F488.80 R117.79
510, 50,2 49.0 © S51.6  47.8
Ti0, . 1.54 2.51 . 1.87  3.14
AL,0, 13.1 “13.6 12.3 10.4
‘ , Fe203t 14.58  14.48 - 13.73 22.62
Mn0 0.22 . . 0.20 . 0.19 ° 0.35.
MgO0 * 6.49° 4.64 6.98 . 2.90
Ca0 . 6.41 . 8.95 8.91. 8.68
Na,0 . .3.61 2.19 " 2.45 1.09
Ky0 +0,43 0.7V 0,30 .0.60
) P,0; 0.14. 0.45° T 0.15 . °1.40
SL.0:I. 2.07 1 2.07 1.90 © 0.26
Total 98.79  98.80 100.00 - 99.24
Nb 8 10 , 8 25
Ir 122 216 . 130 - 440
Y 45 - 5] 45 165
Sr 88 254 .- 236 . 45
Rb 11 S b A T
Pb 1 8 4 10 -
In . 123 133 - 104 227-
cr 20 - 82 - 35 0
v 382 - 293 . 35 - .. 66
Ba o119 308 T 140 T 63
Y/Nb 5.6 A 5.6 6.6
La 9.0 23.0 . 10.6 59,90
Ce 22.9 56:6 29.0 150,60
Pr 3.0 6.6 3.5 19.9
Nd - 13.2° . 29.2 7.0 . 94,2
- Sm ; 4.0 . 7.1 4.9 26.8
Eu . - 1.05 . 2.3 1.7 7.5
Gd 4.8 7.1 5.7 30.8°
- Dy’ 4.9 6.6 6.3 - 29.7
"~ JHo 1.0 1.4 1.2 - 5.9
Er 3.3 3.5 3.4 14.3
Yb 3.4 2.5 2.4 10.4 :
IREE 71.4 147.0. 86.0 .. 361.3 , ‘
La/Yb. 2.7 9.2 4.4 5.8 u
Ce/Ybg 6.7 22.6 12,1 14,5




" tTable 4.1 continued

g Sitiyok-
Dyke
F609A.80

S1t1yok k—————w——— Ipiutak Subaroup —|

F697.79

Dyke

*R122.79 F716.79

47,
0.
13,
11.
0.
0.
10,
2.
@
0.
.59 -
99,

1

5
.. 64

105
45
-9
87
© 93

318

5

2

93.

7

18 -

09
95
08
79
16

43

- 103

47.8

- 0.64

15.0

10.37 .

0.17
9.92
9.79
1.81

1.99 -

0.06

2.91

100.46

0

37

21
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197

]
100
357 .
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N
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 F569,80

49.1
0.99
13.6

13.18

0.21
7.51

11.75

2.05
0.42
0.10
0.77
99.68

4
60
271
132
10
37 -

. 104 -

88

294

92
6.8

117

50.6
2.12
12.6
"16.58
0.26
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Table 4.1 continued

J———Belleanv volcanic complex

Lower Lower .  Upper . Upper  Upper’
S _ - Gabbro .
F259.78 ' F262.78 °'F292C.78 ~F301.78 F2898B.78

0 51.3 45.7 . -48.86  46.71
.32 1.86  1.04 . 0.98 0.81

M

.8 13.1 . 16.4 15.85  16.7

.83 14,99 11.63  10.78 ~ 10.27
.23 0722 0.14 0.17 0.14
90 - 5.29 8.06  7.39 *7.94
57 .97 10.89 9.98  10.26
.24 65 . 2.0 2.0 2.2
.48 .66 T 0.44 0.34 ' 0.34
0
3

o O N N

14 .22 0.07 .10 . 0.05
.10 .65 ° 2.59 .48 3.29
.61 .91 98.96 .89 98.71
' 7 &,
78 56
18 - 24
269 ,
17 © . 10
2 . o 0
128 oo
on
84
210
. 2 .
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Table 4.1 continued
¢——Kapvik volcanic complex )
o , Lower
' : Gabbro
_ F397.78 F406.78  F405.78 F402.78  F432.78
sio, - - s2.6  56.2  48.1,
Tio, ' - S 2.26  °2.,06" . 0.9¢4
Alzo3 | 12.8 | 92.4 12.8
Fe,0,% 16. 64 13.71 13.76
~ Mn0 | - 0.22 ©0.26 - 0.21
- Mg0 3.46° 2.67°  7.25
Ca0 6.11 6.37 ¢ 10.00 -
Na,0 - 2:76 3.63 2.5
K0 1.72 0.76 . 0.84
P,0¢ 0.56 0.35 ° 0.05
L.0.1: 0.51 - 0.34 - * 1.37
9.64  98.75 97.82

C
o
o
‘@
. —
w0
Vel

L)

=

o
[=2]
~
-
~N
—
~N
~

184 187 65
Y 23 34 47 . 48 25
. Sr 236 155 135 103 124
Rb 62 7 70 17 20
Pb 24 4 10 20 . 50
Zn 104 - foo S8 - 190 130
Cr 140 83 15.v 4 62
v 265 304 ¢ 310 335 295
Ba . 199 49 385 145 30
Y/Nb 13.8 4.9 3.9 4 3.6
‘La 2.3 - 6.2 15.4 23.7- 3.5
Ce 7.1 16,3 40.8 53.8 10.3.
Pr- 0.9 2.0 4.9 6.2 0.8
“Nd 6.4 9.8 . 21.5 26.4 5.6
Sm 2.3 3.3 5.4 6.4 1.9~
Eu 1.2 1.1 1.7 1.7 0.92
“Gd 2.8 3.7 5.9 6.5 2.7
Dy 3.3 4.5 6.4 . 6.7 3.6
- Ho 0.6 0.7 1.4 1.4 0.9
Er. 1.6 2.6 3.7 3.9 2.2
Yb 1.3 2.7 3.4 3.3 2.9
IREE 29.8 52.9 110.5 1400 36.0
La/Yb 1.8 2.3 4.5 7.2 1.2
5.5 6.1 3.2 16.3. 3.6

—

N > - .

i e PR
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Table 4.1 continued
Kapvik vo]canilc--—-) ¢————— Tallerk Si1‘1s.——-)|‘
complex '
Lower Gabbros - ‘
. F592.79 F464.79  F394.78 F336.79 F379.79
- si0, Y 48.2 - 49.%
Ti0, o ©0.54 - S 1.94
AT,04 3 - 16.9 . , 12.7
Fe,0,° & .. 10.54 - ¥16.5¢4
MnO ' 0.18 S 0.21.
Mgo - - 9.71 o 5.23 .
€30 10.29 7.00
Na,0© = 1.82 3.58
K,0 = = 0.75 0.75
L.0.1. . .o, 1.55 . 0.57
_ . Total . : 100,53 9821
v T R 3 6 2
ir 116 30 80 , 103
y oo 50 21 27 . 44
Sr . 175 135 207 | . . 169
* GRb 31 18 158 .o 23
Pb 38 8 4 _— 9
In 171 78 ‘81 . ' 126 .
- cr 44 0 220° , 0
v 374 0. 223 . . 821
Ba , 128 0 41; , 149
‘ , Y/Nb 50 7 4.5 . 22
BT La 12,2 3.8 8.4 4.2
b . Ce 30.0 - 7.6 . 23.8 12.4
Pr : 2.9 0.6 3.1 1.7
Nd ©16.5 4.0 14.4. 8.8
Sm . .5.0 1.6 4.5 3.2
Eu. - . 1.8 0.82 1.7 1.2
. . 6d 5.7 2.0 5,2 4.0
Dy . 7.0 3.1 6.6 4.8
Ho 1.5 0.6 1.5 0.8
Er 4,2 1.8 3.6 2.7
S _ Yb 4.2 2.5 5.1 2.8
t,i : u IREE . '85.0 26.8 72.3 48,0
o - * La/Yb 2.9 1.5 1.7 ‘1.5
;@f Ce/Yb. 7.1 3.0 4.7 4.4
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the individual vo1canié complexes, and then draw'general
conclusions about the Akaitcho Group as a whole. The
Sinister voicanic complex is not considered here,fp; its
exposed area consists mainly of rhyolite, and only minor
basalt. REE patterne a?e used chiefly in this sectidn,
because they clearly show the differeﬁces between the two
basalt types, and show a. group of elements at a glance.

4.2.2 Ipiutaf‘Subgroug Basalts

No central volcanic complex is recognizable in the
- Ipiutak Subgroup becausé of the complex folding and thrust-
ing present in the Subgroup (Chapter 3). Nevertheless, some

‘generalizations can be made. First, the Ipiutak Subgroup .

basalts are continental tholeiites, and some are relatively
evolved. - For example, the fields of the Ipiutak Subgroup
and the Belleau volcanic coab]éi basalts are compared in
“Figure 4.8, 'The Belleau basalt field includes oceanic and
' continental tholeiites. Note the greater range of Y and Zr
contents.in the Ipiutak Subgroup baialtg. The Ipiutaﬁ
Subgroup basalts show the greatest range of Y and'Zf in the
Akaitcho Group. iﬁ Fiéure 4.5, the high'REE abundances in’
gome Ipiutak Subgroup basalts is apparent. Most continental
tholeiitesijn the Nasittok Subgroup lie to the lower abun-
~ " dance si&e of the field. Although'the Ipiutak Subgroup

contains evolved continental tholeiites, the rocks are

clearly not alkaline in characgter.

_Seéond, the Ipiutak Subgroup basalts and the amphi-
bo]ite'dykes;that cut the Sitiyok Complex granite (Unit 3,

4




Fiqure 4.8 .

Y versus ZIr plot for Ipiutak Subqroup basa]ts
(5011d line), Belleau volcanic comp]ex basa]ts,_
(dot-dash line), and Slt1yok Comp1ex amphibol1te"
(Qnit 1, filled tr1ang]qs). Note hlgh Zr and Y

cantents of Sitiyok Complex amphibolites, and

clear sepaéation from the Akaitcho Group basalts,
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Figure 4.9 Chondrite-normalized REE plot for Ipiutak
Y, : S\ubgroup' basalts and .Sitiyok Complex

.amphibolite dykes (Unit. 3).
)




‘Figure 4.10 Y versus Zr plot showing Ipiutak Subgroup

Figure 4.11

basalts (solid 1ine) and Sitiyok Complex

amphibolite dykes (Unit 3, open triangles):

Note overlap of Ipiutak basalt field and the

: aniphibci.]vite' dykes. Field of Belleau volcanic

‘complex basalts (dot-dash Tine) is shown for

comparison.

basalts (solid line), Sitiyok Complex

amphibolite dykes (Unjt‘ 3, open triangles), and

Sitiygk Complex amphibolite (Unit.1, filled
triang es). Note clear separation of the 'U_m't“1

" ‘amphibolites from the other units and the close

correspondence of the- amphibolite 'dylkes (Unit 3)

to the Ipiytak Subgroup ba_sa]»té.

3
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_ Figure

4,

12.

Chbndrite-norma]ized'REE plot of Sitiyok

Complex amphibolites (Unit 1). Field of

Ip1utak Subgroup basalts is shown for compar1son
Note the sma1] Eu anoma]y in the Un1t 1

amph1bol1:es, and the high total REE abundances.

Unit 1 amphibolites are also higher in Ti0, and:

Fe "than the Ipiutak Subgroup basalts.

Y

o~
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Chapter 3.2) show close correspondence, suggest1ng that they'"
may be cogenet1c (F1gure 4. 9 4.10, 4. ll) The,amph1bol1te |
dykes are somewhat more pr1m1t1ve in character: than the f
lavas, suggesting. that some shallow-level fract1onat1on has_
occurred, or that the dykes sampled -did not dlrectly feed

the lava sequence

Third, the Ip1utak Subgroup basalfs are clearly d1ffer-*
.ent from amph1bollte (Un1t 1, Chapter_S.Z) present 1n
-gneisses of tfie Sitiyok Complex (Unit 1,

4.10, 4. 11 4.12).

‘Chapter 3.2)(Figure
The amph1bolltes present in the gne1sses
are clearly unrelated to any known Aka1tcho Group rocks

In summary, the Ipiutak Subgroup cons1sts of continen-
tal'tholeiites, some-of wh1ch are more. evolved than cont1nen4
tal thole11tes ‘higher -in the Aka1tcho Group. and these tho-
vle11tes were probably fed 1n part by" amph1bol1te dykes

{(Unit 3) that cut the Sitiyok Complex. No rhyo]1tes-are

»

present in the Ipiutak Subgroup.

' 4.2.3 Tuertok Volcanic'complex Easélts

4

The. Tuertok volcanic complex is cons1dered typ1cal of

the Nas1ttok Subgroup volcan1c complexes The Tuertok

complex has been mapped and sampled in deta1l (Easton,

©- 1981a): ERCE o - N~

A

The‘Tuertok uolcan1c complex (F1gure 4, l3) consists of
a lower basalt sequence (Unit 3) (Figure 4.l3)‘1ntruded‘by.
a feldspar phyr1c gabbro (Unit 1), The gabbro unlt'has‘been"
. 1nterpreted to represent a sub-volcanic magma chamber

(Easton. lgsla)

A_thick. mainly pylloweg sequence of

e e e e e e i e et Yottt = = e e+ = s




‘ o »'basalts (Units's to 9)'ou6rlies-the §abbro Mlcroporphy-
i o © ritic and aphanat1c rhyol1te flows (Un1t lO) occur as a 100
- to 150 m th1ck un1t overlying the main basalt Sect1on A

,'Amtxed baSalt rhyol1te un1t (Unit ll)’o;erl1es the rhyol1tes.

Porphyr1t1c rhyollte (Un1ts 12 to l4) caps the Tuertok

-volcan1c complex

)

‘ REE patterns for the basalt1c rocks are shown in"

' F1gures 4.14, 4.l5~and 4.16. - The gabbros have relat1vely
flat REE patterns.at'ten,time chondritic values, with no Eu '
ahomaly'(Flgure 4.14), This type'of pattern.ls typical of
oceanic gabbros. The ma1n part of the basalt pile (Un1ts 5

j to 9) cons1sts domlnantly of oceanTthole11tes, a few of
whtch"show sl1ght LREE depTetion (F511,80, F36. 78 . F38D.78):

i’ ‘: i (Figure 4. lS) A few basalts ‘have a more cont1nental

o ' thole11te character, and occur in the upper part of .the ' .q
sequenCe (F533. 80) (thure 4. lS) ) The late basalts (Un1t »

i ;l . 1) which occur. 1nterbedded with thfn rhyol11e flows have -

' ~ | hlgher REE abundances than the ma1n basalt sequence, and

e resemble continental thole1ttes (F1gures 4.16, 4.5). These

» . .

late cont1nental thole11tes may be the ‘result of decreased

¥ . N .

part1al melt1ng 1n ‘the source redion as. volcan1sm waned. - AN

Alternat1vely, they may be- fract1onated basalts produced

. J-’j" in-a h1gh level magma chamber.

-

In summary, the bulk of the Tuertok volcan1c complex

"‘cons1sts ma1nly of ocean thole1ites, w1th mlnor cont1nental “WL-;'_g

A3 ) thole1ite and fract1onated basalts be1ng erupted dur1ng the 7

)
L} .

late stages of volcantsm.‘

(S . ) \ 5
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Figure 4.13 - Geological map of the Tuertok volcanic complex
| . " LEGEND
HORNBY BAY GROUP sanhdstone ,
H tonalite and-granite of HEPBURN BATHOLITH
' AKATTCHO GROUP
! AGLEROK FORMATION pelites, 15b sandstone )
‘ "NASITTOK SUBGROUP
porphyritic rhyolite flows and tuffs,
LAb mainty:bedded tuff, minor pelite
pelite, carbonate, rhyolite tuffs
crystal-rich porphyritic. rhyo]ite

'p1lfowed massive, tuffaceous dark green basalt, .
‘minor rhy011teﬁ,1lb much 1nterbedded rhyolite

‘dark, fine- gra1ned rhyo]1te ‘

pi]]owed basalt

p1110wed basalt, thin selvages

basalt breccia, tuffs’ thin flows

as Unit 5, but with dark.green basalt dykes
pale green p1110wed and mass1ve basa]ts '
_glomeroporphyr1t1c fe]dspathic gabbro
*:basth. minor black shale

- OKRARK rhyolite s1115, 2a p]ag1oc1ase porphyr1t1c,
v 2b orthoc]ase porphyritic ' '

21 ZEPHYR FORMATION arkoszc turb1d1tes
.AC'.Aklak rhyo]1te cenf?e 'J
K@* Kuno rhyo11te centre ‘
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.

:Figure 4.14

—

Qhondrite-normal&;ed REE p]ot’of the lower =
basalts (Unit 3) and the feldspar-phyritc
gabbros (Unit 4) of the Tuertok volcanic

complex.

%
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Figure 4.15 Chondrite-normalized REE plot for the main

basalt sequence of the Tuertok volcanic

complex (Units 5 to 9).
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Figure 4.16 Chondrite-normal.ized REE plot for the upper

basalt unit_'(Unit 11) of the Tuertok volcanic
- complveXa Field of 13 main basalt lavas
(Figure 4.15) is shown. Note greater total

REE abundances in the Unit 11 lavas.
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4.2.4 Kapvik Volcanic Complex Basalts
. : o v *
Samples from two traverse lines across the Kapvik
volcanit complex were analyzed for RE‘EV (Figqures 4.17, 4.18).

Both continental and oceanic tholeiites are present in the

,nor'th sect1on (Figure 4 17) and there may be a trend from
_cont1nental to oceanic basa]ts up- sect1on Gabbros at the_
" base of the Kapvik volcanic comp]ex are suspected to be

feeders to the complex, and have oceanic compositions.

B Samp]es from the soutH section of the Kapvik vo]‘camc ' -
complex (Figure 4.18) show a def1n1te trend from cont1nenta1
t-ho-1eiit.es to oceanic tholeiites up;sectioh. .Inte_hfingern‘ng
of the two basalt types does occur, and a'g:ontinuum‘ probab]yi
exists‘between the twov hasa]t types. The gabbr_‘os at-the
base of the complex are\vboth"‘oceanic' and continental

cho]eiites, as would be expected if the gab_bhos were

cogenetlc w1th the extruswe rocks.

A plot of Y Versus Zr for all the Kapvfk basa]ts
(F1gure 4.19) shows a clear separatwn between basa]ts wh1ch
have oceanic REE patter"ns, and those with conhnental
p?}t_erxns. The contmenta] basalts have higher Y and ir -

\c'ontents than the oceanic basalts. The gabbros. from the ’ '

base of the comp]ex die in, and between, both fields. A
‘plot of V versus Ir (F1gure 4 20) shows 1ess of a d1st1nct-.
" jon between the two basa]t types, although there is a
tendency for the conti nental basalts to have higher V

contents. Again, the gabbros overlap both ft_e]ds.




165

Figure 4.17

»

Chondrite-normalized REE plot for Kapvik

volcanic compfgx basalts énd'gabbros. rom the

base of the Eomp]ex. Traverse line ackdss the

nofth'end of the complex (66°17'N).
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Figure 4.18

1

, , : )
Chondrite-normalized REE plot for basalts from

the Kapvik volcanic complex and gabbros from
the base of the complex. Traverse line lies
across the central part of the complex

(66°15'R).
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- In summ;ry; the Kapvik volcanic compléx consists mainly .-
of continental basalts, with some oceanic basalts occurring
in the upper portion of the complex. The gabbros at the -
base of the complex are s1m1lar to the Kapvik basalts, and
may have been feeders to the lavas . '

"4 2.5 Tallerk S1lls‘ -

-

~ The Tallerk gabbro s1lls are found above the Kapvzk and
‘Havant volcanic complexes As shown in Flgures 4, 19 and
"4.20, the Tallerk sills'overlap both the fmelds of the
Kapvik basalts and the lower gabbros REE results. for two
Tallerk s1lls overlying the Kapvik complex are shown in
) Flgure}4.2]. These two samples. are oceanic tholeiites,
although total REE abundances in F3Q4 78 are relat1vely high

(about twenty times chondrites). Based on the plots of v

and Y versus Zr (Figures 4.19 4.20), some of_the Tellerk '

.s1lls may have cont1nental thole11te compositions. In//

summary, the Tallerk gabbro sills show the overall trends
present in the Kapv1k volcanic complex.

4.2.6 Belleau Volcanlc Complex Basalts and the Grant

-

Subgroup Basalts

A stratigraphic column and the overall trend& in REE
for the Belleau volcanlc complex ar:‘shown in Figure 4,22.
The lower part of the complex conSjsts of.contlnental
tholeiites (Figures 4.22, 4, Zjl, with the upper part of the -
complex containing ocean1c tholeiites (F1gures 4.22, 4. 23)

There vs a def1n1te change from continental thole11tes to

"‘oceanlc thole11tes up-section, : o -
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Figure‘4.22 StratigraphicAco1uhﬁ fer -the Belleau volcanic

-

complex and representative REE patterns. The

lower kilometre of the complex consists. of

) ~ consists of oceadic tholeiites. REE symbols:
N : ;

; open triangles - porphyritic rhyolite; filled

circkes - Tower basalts; open circles - upper -

continpnta]uthOIeigtes, the‘upper-ki]omefre'q

4
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: bdsa]té} crosses - upper gabbro sills and dykes. !

.

KEY T04LITHOPOG{ES o

/\\ : : o - S , .

< O rhyolite dome

(]
>

.;hyolite py}oclastic flow

2~ basalt flows, pillowed and massive °

3

gaﬁﬁro sills and dykes

4

-l
% pelite, volcanie sandstones

.//)7




13:‘? 17 ) “ o [-3
j . N v
2 175
— . 4
_ - BELLEAU VOLCANIC COMPLEX
— 25 :
~— - |
i
‘ £
-2
* y] g
., 8 m
3 m
! o
— 15 gz z
S¥ o
.2 ~
& o
R
| .
—_ o
. - | I g
: -]
= m 6
S g w
g, TN OSSO S | At dd o A
Lo Ce Pr Nd SmEuGdTbDyHo Er TmYb
g . gg?bm
- .5 9F_ = sills
s ISR
- STNES A
% [ 4 ’
) % .
] \
. QE N
4 — Okm Jr '




Fiqure 4.23

Chondrite-normalized REE plot for the Belleau

volcanic complex basalts. Field of basalts
from the lower part of ‘the compiex is shown -
these rocks are continentdl tholeiites. Samples
of oceanic tholeiites from the upper part of
the complex are shown for comparison. Note the

o

clear separation of the two groups of basalts,
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Figure 4.24 Comparative stratigraphic section for the firant

Subgroup. Note that to the south, only thte

lower, continental tholeiite part of the Belleau

. volcanic complex is likely to be exposed.

LEGEND

r | rhyolite flows and tuffs

E gabbro sills .

v.| pillowed basalt -

mv massive\and pﬂlowed' basalt

-,

T+ "dolemite

ai- porphyritic rhyolite flows and domes

-

e-el siltstone and slates
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Data for the other Grant Subgroup basalts'is sparse.
Samples from Grant Lake are continental tho]éiites; As
shown in Figure 4.24;.on1y the 1owe; section represented by
the lower part of the Belleau volcanic complex is present
elsewhere in the Grant Subgroéoup. “If oceénic tholeiites were
present, they have brobably been .eroded.

4.2.7 Akaitcho Group Basalts - Overall Trends

Figure 4.25 compares the REE patterns of several

“representative Akaitcho Group basalts to stratigraphic

position. The overall trend is from continental and evolied

cont%nenta] tholeiites in the ]oﬁer part of the Akaitcho
‘Group to\oc;anic tho]eiiﬁes in thé upper pért;of the group.
This evolution of basal% composition‘with time, from more
evolved compositions to ocedhic-fho]eiites, is present in
many‘rifts that evolve into continental margins (e.g. Afar;
'Cass, 1970; Ireui1 and Joron, 1975; Barberi and Varet, 1977)
and is consistent with the stratigraphic evidence (Chapter

3.8) that the Akaitcho Group is a rift sequence.

34.2.8 Rhyolites

Thé imporﬁant Question in regard to’tﬁe Akaitcho Group
rhyolites is the question of origin. Are they related to
phe basalts»genetical]y?, or are they derived from prustal
melting? Although two types of rhyolites may be recognize&
by stratigraphic*positibn and Zr and S1'02 values (Figure
4.2), all fhe rhyolites are sufficienfly similar to be

regarded .as one group as far as source .is concerned (Figure

- 4.3).




Figure A;ZS

N

Simplified stratigraphic column for the Akaitcho

Group and representative REE patterns for each

rmajqr basaltic horizon. Symﬁb]s: "large open

circle - Ipiutak ‘Subgroup (F718.79); large -
filled circle - lower Kapvik .volcanic complex
(F402.78); small open circle-- upper Tuertok
volcanic complex (F36.78); small filled circle -
Tallerk sill (F336.79). Note that trend up: -
section is‘frdm‘evolved continental'tho]eiites,

through continental tholeiite to oceanic

thq]eiite.
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-The rhyolites also have hlgh
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The absolute abundances of REE in the rhyoﬁites are-
approximately the same as REE abundances in the most fract-
fonated Akaitcho .Group basaltSw(Ipiutak'Subgroun) More

1mportant1y, Ce/Yb ratios of the rhyo]1tes {20 to 25) are

‘different from the Ce/Yb ratios of the basalts (ocean1c, 5

to 7; continental, 10 to 15)._ Although fractionation could
produce the observed REE patterns in the rhyolites, the lack
of any .intermediate composition rocks, the ahundance'of
rhyolite in the Akaitcho Group (fe]sic/mafic ratio of .2 to
.3) and the absence of any syb-volcanic rhyolite plutons
argues against the rhyolites being dif%erentiates from the
basalte. The rhyolites also have high Fe, Ti, Mn, K and Ba
(Table -4.2) ahundances, abundances that would not be
expected if the rhyolites were der%&ed~from the basalts.
87Sr/ Sr 1n1t1a] ratios

(. 704 to .709) Chapter 5), a]though these rat1os have
probably been affected by a latter resetting event In
add1tlon, gran1t01d xenoliths are present in Okrark sills
near Belleau Lake, conswstent with the rhyol1tes be1ng
crustally der1ved The genera] occurrence of the rhyolites
high in the Aka1tcho Group stratlgraphy 1s also ‘consistent
with the rhy0T1tes being crustal melts, the rhyol1tes
occurring 1ate in the sequence because sufficient heat must

be imparted to the crust by the basaltic magmas in order to

form the rhyo]ites by partial melting.

In summary, it is most probable that the Akaitcho
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Table 4.2 Representative chemical analyses of Akaitcho
: ’ - Group rhyolites. Major elements in wt.%, trace
and rare-earth,elements in ppm.

aphanatic flows

 Tuertok  Tuertok “Grant Lake ~ Vaillant
F504.80 F466A.80 F361.80 C2]7.77_

71.8 7.5 68.0 ¢ 72.0
0.43 0.38 10 0.99
.20 1.8 7 o 11.9

(o]

71 '3.63
.05 .07
4 .53 .
.05 12
.53 .97
.72 .35

.84 .02
R .04
.90 .70
.36 . .66
.69 - '5.90
.40 .54
.16 0%.05 .05 12
.82 1.65 . 2.72 .85
.21 99.05 . 98.87 12,
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‘Table 4.2 continued t

aphanatic flows and tuffs--lower Kapvik volcanic complex

" F410.78  F401.78 F228.78  F226.78 "F462.78

510, 76.6 71.8 77.2 73.5 76.5
Ti0, 0.22 0.45 0.21 .0.40 ~  0.18"
A1,0,. 12.3 12.0 .2 11.7 11

Fe,0," . 26 5.09 .9 .75 2.05
MnO .01 0.06 ' 0.02 .01
MgO .64 0.10 .27 .66 B
. Ca0 .24 1.18 .30 .24 .09
Na,0 .88 1.9 .9 .7 4
K,0 , .28 §5.70  6.53 .50 .89
P,0g - 0.02 . 0.03 .01 .03
L.0.1. 7~ .59 1.3 .69 .85  0.61
' .04 99,61
30
448
126

177
192

© -
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Table 4.2 continued

porphyritic flows and sills

Tuertok  Sinister Okrark Okrark Okrark
: : orthoclase orthoclase plagioclase
F40B.78  F203.78 F420.78 F248.78  F107.78
. 510, 66. 8 68.9 66.6 67.3 67.6
Tio, 0.75 0.75 0.68 0.65 ° 0.64
A1,0, 13.5  ° 13.6 13.8 13.4 13.0
'Fezoat 6.24 4.13 5.79 5.85 6.09
MnO 0.07 0.03 0.08 0.06 " 0.04
MgO 1.51 1.4 . 1.15 0.92 0.81
Cal 2.02 0.66 2.4] 2.32 1.96
Na,0 - 2.1 2.3 2.51 2.15 1.9
Ko0 4.53 4.95 4,38 . 5.01 5.19
P,0g 0.14 0.09 - 0.16 0.12 0.14
L.0.I. 0.55 1.85 1.00 1.05 0.96
Total 98.19  98.66 98.56 98.83 98.32
Nb 15 18 © 22 16 16
Ir 271 281 302 276 280
Y 52 39 71 48 52
Sr 125 58 - 146 128 104
Rb 164 193 . 198 . 211 207.
U . 6
Th ) 26
Pb 40 12 . 34 35 . 23
In 94 64 86 105 79
Cr 24 16 8 12 10
v 60 54 54 50 41
. Ba 760 . 830 828 805 797
La 44,5 ‘ 447 - 31.7 35.3
Ce 114.9 . M °85.7 91.5
Pr 14,7 1372 9.2 11.4
Nd 56.6 | ' 53.1 40.8 46
Sm 12.8 \ 10.3 8.7 10.2
" Eu 2.2 1.5 - 1.7 1.2
6d 11.5 9.7 ‘8.1 9.5
Dy 13.1 10.1 9.7 10
Ho 2.3 1.7 2.4 1.4
Er 6.1 5.6 4.2 5.9
Yb 5.6 5.0 4.4 z%iz
IREE. 285.3 267.3 198.5 . 2
La/Yb 8 8.9 7.2 6.8
22.2 19.5 17.6

Ce/Yb 20.5

B NN L S o s SN O O LS T D I S AR . Sa— o
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3
v

Group rh}olites are crustal-derived, and not differentiated

from the basalts.

4.2.9 Vaillant Formation

.

The Vaillant Fo}matio; is considered sepérate]y for two
reasons. First, it is sepa;ated from the rest of the
Akaitcho Group by the Hepburn Batholith. Second, and more
importantly, the.Vail]an¥ Formation lavas have some unusgal
chemical attributes, and may be much more severely altered
than the Akaitcho Group lavaé discussed so far.

The Vaillant Formation was sampled in three areas:
at Stanbridge Lake; on the north ;nd sbuth shores of the
" Coppermine River at 66°32'N, 114°45'W; and at Vaillant Lake

(Figure 1.2, 3.30). Most of the Vaillant Formation consists
of mafic rocks, but tho1ites are present in a few local-
ities.

The Vaillant aﬁd Stanbridge Lake samples are the mést‘
_simj]ar in trace element characteristics of .the three areas
(Table 4.3, Figure 4.26, 4.27). A1l samples have very low

Sr values, much lower than is typfca] for the Akaitcho ]
Group (Figﬁre 4,.27). In additidn, there is more scatter

in the data:than is typical for samples from one geographic
area in tﬁe,Akaitcho Group (compare Va{l1ent Lake and
Belleau samples, Figure 4;26,'4.27)ﬂ Samples with the
lowest Sr vValues have the highest Rb, Nb, Zr, Y and Ti
contents, and cpntain abundant carbonate in hand specimen.
of the.three samples from Stanbridge Lake, F142B.78 is

_extremely carbonatized and altered, in hind specimen, much

1

!
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more so than the other two 'fresher' samples. : F1428.78 hasi
the highest Sr value of any Vaillant sample, 570 ppm, as

well as higher Nb, Y and ZIr than the other two samples. REE

data for~the three samples from Stanbridge Lake {(Figure

4.28) shows that the two 'fresher' samples have similar
patterns, and tﬁey could bé oceanic tholeiites. Samﬁ]e
F14ZB;78 is LREE-enriched, and. ;robably Had an original REE
pattern similar to F138.78 and F139.78. The REE, and the
‘immobile' trace elements are mobile in carbonate-rich
fiuids {Hynes, 1980; MclLennan, 1981); ~“The high LREE, Nb, Y
and 1Ir valugs in saﬁple F142B.78 which is also carbonate%
rich strongly suggests that these elements.ﬁave beén affect-
ed duriné a]teration. Similar trends in the Va#*]ant Lake
samples indicates that these sémples méy'be similarly
altered. It should be noted that the Vaillant Formation is
overiain by the Stanbridge Formation dolomite, and that
carSonate;rich fluiHS’ma}‘have percolated through the

\aillant Formation shortly after deposition, as well as

_during metamorphism. Thus, the Stanbridge Formation, as a

nearby source of carbonate»may be the major reason for the
Vaillant Formation alteration. |

The samples from_the Coppermine River area are unusual
compared with othef Akaitcho and‘Vaillantvrocks. g]l
samples have high T102; IZr, Y and REE values (Tablé:4.2),
and Y/Nb ratibs cluster at 1.2, transftiona] between alka
line and tholeiitic rocks. Again, there is evidence of

alteration in these samples. For‘ekamp1e, F770.79 has very
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Tow Ng and K contents, as well as very high LOI It also

has the lowest Ti, Ir, Y and Nb values, and the h1ghest Sr

of aH the Coppermine area samples. (arbonate is also .

abundant in this sample. The total REE abunda'nces are lower

in this sample than the others (Figure 4.59). The other
sampges a]éo have unusual alkali contents, plus very-low Ca
and high LOI. Again, al‘teratio‘n of .these sﬁa;mples is
suspected, with F770.79 probably being the most altered
sample. The effects of a]teration/ are diff‘icult to eval-
uate. Most of the Copp.ermvine River ared samp]es,c]us"tert
“together, and perhaps this cluster does reflect the original
rock_'éomposition. If so, it is considerably different from
the other Vaillant, and'_!_'the A,kaitche Group lavas, and may be
a hawaiite, or a bésa]tic andesite.

One rhyolite has been analyzed from the Valirll‘:ant
Formation (Table 4.3). It is similar to’ the oi;hler Akaitcho-
Group rhyolites, and is intericalated with basaTts at
vaillant Lake. |

In summary, there may. be two lava types present in the
Vaillant Formation. One type is similar to the/Akaitcho‘
Group lavas and may be an/oceani'c basalt. . The other type
is unusual, and" may be a basaltic andesite. A1l Vaillant
_For-mat1on samp]es hav\e been affected by some sort of
_carbonat1zation. and a\s a result, firm conclusions about
the or1g1na1 chemistry of these rocks cannot be made.

Corre]atmn of the Akaitcho Group and the Valllant Formation

rehes ent1re1y on 1ithologic.similarities. The 1ack of any

/-
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Table”4.3 Representative-chemical analyses of Vaillant -
Formation mafic rocks. Major elements in wt.%,
trace and rare-earth elements in ppm.

Coppermine River area

F770.79 F771.79 F775.79 £F777.79

45.0 52.9 42.0 45.4
2.42 3.38 3.74 3.55
13.0 2.1 13.6 .7

.0
.36
.52
.35
.88
.86

[ —
w

N O O W ov OV O N

14.12 15.70 _  20.0
0.19  0.18 0.39
6.03 4.00 7.72

.76 12 4.47
.31 .64 2.21
.47 .09 1.42
.22 .33 0.46 .35
.58 .31 3.85  2.95
10 . 99.86 .96
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Table 4.3 continued
‘ -
Stanbridge Lake area.
. F138.78  F139.78 F142B.78
sio, 48.9 456 52.1
Ti0, 1.13 - 1.26 - 1.79
A136s 1315 14,09 13,10
Fe,0, 10. 38 13.91 - 10.38
Mn0 . 0.17 0.19 0.12
Mg0 6.51 7.21 1.39
"Ca0 11.08 11.82 17.50 -
Na,0 2.6 1.7 0.0
K50 0.26 0.49 ~0.18 . °
P,0¢ 0.15 0.08 0.23 .
L.0.1 .18 ,  3.28 3.4 -
Total 98746 99.69  100.19
Nb g T 8 -~ 18
Zr 61 79 170
Y 30 26 36
Sr 139 165 . 570
Rb 7 10 5
Pb 4 4 6
Zn 90 109 43
Cr 110 100 ° 65
v 307 336 290
Ba 177 350 70
Y/Nb 6 ©3.3 2.0
La 6.1 5.4 22.4
. Ce 20.3 16.3 54.3
Pr 2.8 1.9 6.5
b Nd 12.0 10.1 29
Sm 3.7 3.2 7.3
Eu 1.3 1.4 1.7
Gd 4.3 3.8 7.5
Dy 5.4 4,3 6.5
Ho 1.1 0.9 0.9
Er 2.7 2.3 3.3
Yb 3.4 1.6 1.4
IREE 63.4 51.6 147.2 . ;
La/Yb 1.8 3.4 16 - .
Ce/Yb 6 10 39

s K b b
YRR

v




'Fiéure .4.2"6 Y versus Zr plot for Vaillant Formation lavas.
Vaillant samplés are from Sta_r{l;ri"svge.Lake (open
boxes), Yaillant Lake ({crosses), and the
Coppermine River at 66°32'N (open‘ triangles).

" Note difference _,bef:ween.the Coppermine River
and the étﬁer samples. Also note.scatte‘r .

compared to Belleau volcanic complex basalts.

o

Figure 4,27 Rb ver"s'u_‘s Sr plot for vaillant Formation lavas.

Symbols as in Figure 4.26. Note Tow Sr values

of most Vaillant Formation samples. Field of
i \ )
Belleau basalts is shown for compariso'n.
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Figure 4.28 (Left) ‘Chohdrite-ndrmalizedxﬁEE patterns for
' Vaillant Formation samples from Stanbridge Lake.
F142B.78 is sevére]y altered in‘compari§on to -

samples F138.78 and F139.78.

" Figure_4.29 (Right) Cﬁondr1te5norma1ized REE patterns for
| ' “Vaillant Formation samples from the Coppermine
River at_66°421ﬁ. ‘Sample F770.79 is’the most
: altefed of ghe three samp]esi{.Samp]es»F772.79,
F776A.79, F77GB‘.79, and F777.79 (not shown)
have REE patte;ns and abundances similar to
samples F771.79 and F775.79. Note that the

| REE pattgrhs_fof‘the VaiTlané'Lake samples are

different from those shown in Figure 4.28.
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noticable glferatipn effects in the remainder of the
Akaitcho Group indicates tﬁai the conclusions based on the

gedchemistry of the bulk of the AkaftCho GroUb'samblés are
valid.

4.3 SEDIMENTARY ROCKS N

4.3.1 Introduction

Fine geained sedimentary rocks are relativelyrébundgnt

in the Akaitcho Group, mainly in the Ipiutak and Grant

a . . - ”~
Subgroups, and the Aglerok Formation., These rocks are

excellent indicators of metamorphic conditions; but provide

~little visible evidence of their source region. Knowledge

of the Source-region for.theée;sedimentary‘rocks would’
provide=furtﬁer constkainfs onjthe devélopment of the
Akaitcho Group. . . | ‘ |

One way of'tagkling the problem of source region_for.

thése rockslis'torlook at bulk rock geocheﬁistry. Unfort-

. unately, many factors affect xhe'chemiEaT coqposition'of

clastic sedimentary rocks. Some of these factors include:

“~

i) the average’ composition of the source rocks,
ii} weathering processes,

~iii) .transportation processes and sorting,

iv) .diagenesis, and

3

v) métamorph{sm .

Some elements”are affected by these processes more.than

_ others,  For instance, elements such as the alkalies and the
galkdline edrths.go'easily into solution during weathering

. and djagenesis. "Thus, their abundances in - clastic sediment-
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ary rdcks do not reflect the composition of their source
’ . M . .
rocks in any simple manner. On the other hand,_elemeq;s

with'the lowest concentrdtions in seawater relative td .

crustal abundances, such.as REE, Th, Sn, Ir, Hf, Nb, Fe and

Al are transferred more directly into clastic sediments and

preserve a record of the source rock composition (McLennan,

]98])‘(Figure 4.30). Most common sgdimentary and meta-
morphic proéesses'do not'affect the REE=distribﬁtion in
sediﬁentary rocké (McLennan, 1981). MclLennan (]581)
provides a-detailed review of the:béhavior of the REE in
the sedimentary cycle. | |
 Mudstones are the best choice after tii]ﬁtgs when
atfempting‘to<e5timafe the chemiéal compdsitibn of the
sohrce,region.' This is due to the fine graiﬂ size and
hombgenedus‘condition of Mudstonés. The use of.mudstonés
. in examining the chemical composition of the.sburce reéion
has been‘wefl documenfed over the past several years .
(Haskin and Ha%kin; 1966; Haskin et al., 1966; McLennan,
19815 McLennan| and Taylor, 1980a,b; Mclennan et al., 1979,
11980; Mclennan and Taylor, 1980a,b,c; Nance and Taylor,
1976, 1977; Téylor.ayd McLennan, 1981b; Taylor, 1964, 1977,
‘1979; Wildeman an& Haskin, f973) and it has becomejwidely
,;ccepted that the average'REE pattern in'sediméntary rocks
feflects,tHefﬁﬁE aﬁundances-of the exposed'éontinentalg
cru;ﬁ (Qﬁ:agig.). In addition,. it hés been recognized thgf

post-AEéhean sedimentary. rocks woridwide~have similar REE -

b

patterns (McLennan, 1981) (Figure 4.31). 1In.the light of ..

o




198

28

Figure 4.30

Figure 4.3

(1976},

_shale (Cretaceous), McLennah and -Taylor (1980).

v

Plot for several elements. of log residence time
in seawater (iod7lk,0)'vgfsu§ log [concentration
in seawater/concentration in ﬁppér continental
crust]!' Adépted from McLennan (1981). Elements
Wwith the lowest conceﬁtration in seawater,
re]afive to their .crustal abundances (REE; Th,
Sn, Ir, Hf, Nb, A1, Fe, Ti) have the greatest
potential for bging transferred directly into
clastic sediments énd preserving a récqrd of - .

s

upper crustal composition.

Chondrite-normalized REE patterns of some post-

Archean shales. N.A.S.C. -“North American shale

composite, Haskin et al. (1966); P.A.A.S. - - _ .
Post-Archean Australian Shale, Nance and Taylor ' ‘
Lennan (1981); SCo-1, United States .

Geological Survey standard rock, Cody Forma;ion' (
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these studies, sedimentary rocks from thé Akaitcho Group
were analyzed for REE concentrations in order to place
further constraints on their provenance.

4.3.2 Lower Akaitcho Group Sedimentary Rocks

The sediments of the Ipiutak Subgroub and the Zephyr
Formation and its correlative units constitute the lower
sedimentary'seqyence qf'the‘Akaitcho Group. The arkosic
sediments iﬁ.the Zephyr Formation and Qrthoqugrﬁzite -
Tocally bresent in the Ipiutak and Grant Subgroups suggest

derivation of the sedimentary rocks from an adjacent

cont1nenta1 terrane. ‘ | i'v ‘ e

) The REE contents of ‘the Ip1utak and Grant Subgroups.
and the Zephyr Formation sed1mentary rocks confirm what is
known about_the provenance of these rocks (Figure 4.32,
4,33, Table 4.4). Figure 4.32 shows pelitic‘rocks from the
Ipiutak Subgroup and the lower Zephyr Formationlq The patt-
erns are typical of post-Archean sedimentafyArocks (é.g. |
Figure 4.31, 4.34). Samﬁ]e RYOA.79 is a mafic tuff in the
Ipiutak Subgroup, and aithough quartz-riéh in thin-section
it has distinctly different REE and other trace element |
-abundances from the chef samples (Ipb]e 4.4, Figure‘4.34).'
Rocks of the Zephyr Formation are shown in Figure 4.33.
Sample F28.78 is an arkosic turbidite. The.high total REE

abundances are consistent with the arkosic nature of this

- sample. Sample F319A.79 is an orthoquartzite from the

Zephyr Formation_near Képvik Lake. The‘dbundance of quartz

in this sample lowers the total REE abundances; and apatite
N e

N\
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Table 4.4 Representative chemical analyses of Akaitcho
Group sedimentary rocks. Major elements in wt.%,
trace and rare-earth elements in ppm. .

Zephyr Formation ' Ipiutak Subgroup

arkose arkose arkose pelite mafic tuff
F443.80 F28.78 - F521.79 F70%.79 R90A.79

S40, " 70.4 1 74.3  66.7 65.4
Ti0, 0.77 .50 '0.18 .66 0.69

A1203 12,3 ; .0 13.4 .2 14.3

Fe,05° 6.10 70 1.69 .49 0.8
MnO 0.06 .05 - 0.03 .08 0.08

Mg0 2.85 .36 ©0.99 .37 2.80
Ca0 -~ 0.40 .61 ‘ 1.66 0.38
Na,0 1.49 .59 .98 . 1.96
K50 , 3.14 1.91. 5.34 . 3.42
P,0; 0.16 13 . 0.01 0.12°
L.0.1.. 2.72 .46 .50 ; 3.01°
100.39 .4, .42 - 100.01

11
169
33°
6
140
7
10
*6
84
54
126
469

[aAS Ve No-]

.
F-N

™ ' :
CONN—=NOINBOHEYD
.

~n

— — -
ORAN—OWWO WL

N
- W
O WNW—NNO m

O~ O U1 © O WY WD
OO HEOO D WD

o
~ 7




. 202 !
‘Table 4.4 continued - |
Aglerok Formation
S S '
: pelite pelite pelite pelite pelite
F454.80 F359.79 F785.79  F791.79  F793.79 .
. . Si0, 74.1 61.2 60.8 61.9 .. 62.2
Tio, 0.49 0.78 0.89 0.7 0.69 |
A1,0, 2.7 19.0 17.0 ~17.4 18.0 |
. Fe,0,° 2.1 1 6.86 6.79 7.16 7.28 i
MnO 0.05 0.12 0.16 0.10 0.10
- MgO 2.24 2.45 3.23 3.14 2.64
Ca0 0.34 0,43 1.71 0.80 0.53
Na,0 2.61 - 1.55 1.31 2.00 1.98
K50 2.55 4.07 4.68 3.83 4.50
, P,0g 0.10 0.09 0.09 - 0.Q7 0.08
L.0.1 2.38 2.87 2.59 2.61 2.57
‘Total - 99.67 99.42  99.25 99.72 100.53
Nb 14 20 16 16 18
Ir 136 166 161 166 149
Y 33 43 37 27 44
. Sr 22 67 62 51 92
Rb 118 165 232 134 207
U 0 7 12 3 4
Th 14 27 - “21 15 19
Pb 0 25 22 9 36
Zn . 75 91 112 88 136
Cr 56 84 82 102 92
A 72 124 128 130 13
Ba 372 760 572 707 800
La 17.9 28.1 14.1 13.3 16.4
Ce 41.8 70.7 38.6 38.6 45.1
Pr 5.2 . 8.4 4.6 4.4 5.2
Nd 20.7 33.2 18.7 17.2 21.8
sm 4.2 6.9 3.9 3.5 4.7
Eq 0.73 1.3 0.71 0.91 0.94
- Gd 3.6 5.3 4.0 2.8 4.0
Dy 3.6 5.8 3.6 3.0 3.8
Ho 0.7 0.8 0.6 0.5 0.5
Er 1.9 2.1 2.4 1 dh 1.4
Yb- 1.7 1.7 1.8 16 1.7
LREE 101.7 165 93.5 87.gH 106.2°"
La/Yb 10.5 16.5 7.8 10 9.7
Eu/Eu* 0.57 . 0.62 0.55 0.88 0.65




Table 4.4 continued

Aglerok Formation "® .Grant Subgroup

siltstone felsic pelites ‘pelite pelite
F182.79 F408.78. F482.80 F6.80 . F283.80

Si0, - 1 66.2 76.1 . 61.3 57.9 . 62.1
Ti0, -0.69 0.16. 0.64 0.78 0.78
Al,05 15.°2 m.2 14.9 18.7  18.1.

Fe,0,° 5.66 . 2.54 .21 '8.86 .08 -
MnO 0.05 0.02 . 0.09 .06
“Mg0 T 2.49 3.22 . 3.05 .34
Ca0 1.42 . 0= 0. 0.91 .57
Na,0 - 2.73 1 0.20 E 1.85 .00
K,0 3.64 - 3.29 4.68 .14
P,0g - . 0.09 0.01 : 0.06 .06
L.0.1. 1.81 2471 3. . 2.20 .34
Total 99,98 99.45 ° 99.08 .57

Nb <. 16 . 21° \ . 19
Ir 190 223 ' 169
Y 23 67 41
Sr 90 181 , 96
Rb* .7 162 ‘ ‘1] > 239
u - ) 5 : 2
Th 17 ’ 15
Pb 1022 29 ‘ 13
Zn 1821 - 95 s 121
Cr - 71 3 95
) 109 ) 4 ’ _ 126
Ba 506 ' 788
La ’ 24.7
Ce 61.1
Pr
Nd
Sm
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- Figure 4,32 Chondrite-normalized REE plot for pelitic

sedimentary rocks of the Ipiutak Subgroup.

Except for RIOAY: , a mafic tuff, the patterns .-

are typ1ca1 of post\Archean sedimentary rocks

~
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Chondrite-normalized REE plot for pelites of

o

theaGrant Subgroup, and Zephyr Formation

- arkoses.
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Figure 4.34

REE abundances in-Akaitcho Group sedimentary
rocks normalized to P.A.A.S. (post-Archean
Australian Shale composite, Nance and Taylor,

1976; McLennan, 1981).

a) Representative Ipiutak Subgroup pelite

- (F708.79), Zephyr arkose (F28.78), and Grant
Subgroup pelite (F283.80) normalized to PAAS.

These samp]es'i]Iustrate'the range in observed

variation in lower.Akaitcho Group sedimentary

rocks. Note that R9OA.79, a mafic tuff, has

much lower LREE abundances than the sedimentary -

rocks .

basalt (F262.78), and oceanic basalt (F292C.78)

normalized td‘PAAS; Samplé F785.79 is a typical -,

Aglerok Formatjon.pe]ite.' Note much lower

abundances than PAAS and sedimentary rocks in

~ the lower figure. Sample F408.78 isa felsic

tuffaceous pelite. Note similarity in pattern

to the rhyolite, and the High HREE abundanées

present in this sample. F408.78 is interpreted

"to have Akaitcho Group rhyolites as a major

(40 to 50%) component of its source region.

3

b) Répresenfative rhyolite (F420§7§), continental -

T W
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. rhyolite(F420.78)
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Al

and zircon in thersample account for the high HREE abun-
dances in this sahple;‘ The Grant Subgroup 'is correlated
with the Zephyr Formation (Figure 3.3). fhe REE patterns of
siTtstones.and.mydstones from the Grant Subgroup are also
shown in F;gure 4>33‘ and areftjpical of post-ArChean ‘
sed1mentary rocks (F1gure 4.34), and indicative of ‘a : :~
squrce terrane - the exposed cont1nenta1 ¢rust - of overaF
granodioritic compos1tron

‘ In summary, the REE data are conSIStent w1th the 11m1tf
ed geolog1ca1 ev1dence (Chapter 3.3. 2) that: the 1ower sed1-,
mentary sequence was derived from an adjacent cont1nenta1
terrane. And,'as we shall see, the REE content of the lower
sedimentary sequence-rocks are d1fferent from those observed
in- the upper sed1mentary sequence.. l

4.3.3 Upper Akajtcho Group Sed1mentary Rocks

" In the upper Akaitcho Group, the maJor1ty of the
sed1mentary rocks are f1ne;gra1ned,vand there s 11ttle

control aon their provenandef——ﬂany of the sediments are .

L]

"_found adJacent to volcanic complexes, and it is suspected

that some of the sed1ments were der1ved from the volcan1c

complexes (Chapter 3.3.5). If the vo]canoes made a s1gn-

" ificant contribution to these sed1ments, it should be

iobserved in the‘REE_abundances_and patterns of the'sedi-,

-

mentary rocks.
F1gure 4.35 and Table 4.5 show the REE content of

typ1ca] Aglerok Format1on pe]1tes The patterns are typ1cal

of post -Archean sedImentary rocks, but total &EE abundances
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are variable, and in some samples, the Eu anomaly. is less
A pronounced than in the sediments ‘examined so far.
.The'range of mafic vq]eanic]astic pe]ites in the

- Aglerok ForMation fthapter 3.3.5)-is shown.in~Figure 4.36.
" The range of the ﬁefi; pe]ites overjaps that of contihental
theJeiites of the Akaitcho Groug; The tlosérsjmilarity
suggests that the continéntal tholeiites may have made-some
,contr1but10n to the sedlmentary rocks of the Ag]erok
Formation. ‘There is a problem though. The continental
,tho]eiites-are_lower‘in'the stretigraphyrthan the oceanic
tholeiites. If basalts made a eontribution‘to the Aglerok
Foertion; the oceanic tholeiites would be a more likely: .
source. However} a mixture of oceanicttholeiite end A
rhyolite wou]d-prdduce a pattern simitar to that observed
in the mafic tuffaceous pe]ites,’and both are rikely’source
, recks Sed1ments der1ved from a source terrane of grano—h
dioritic composition, m1xed w1th oceanic basalts would also

produce the observed REE patterns in the mafic. tuffaceous

pe]1te;. Ni and cr contents of the Akaitcho Group -basalits

are low, and cannot be used to confirm a basaltic contribut-

(Figure 4. 37), and 1ndieate that some contributien from the
‘mafic vo]can1c centres has occurred Thue, the‘geoehemiea1
results are consistent w1th the sed1mento1oglca1 ev1dence

.(Chapter 3.3.5). that basalts from the volcanic centres d1d
. eontribute’detrltus to the Aglerok® Formatjon. ‘but were nqt

_the only source rock.

f

o s

ion. Ti/Al ratios are high in the Aglerok Formation pelites
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Détq for felsic>tuffaceous.pelites is shown in}Figﬁre
4.38. They differ from the normal and mafic pelites in |
hav1ng slightly higher LREE abundances, and much higher HREE
abundances ~ As shown in F1gure 4, 38 the upper range of the

felsic tuffaceous pe]1tes is s1m1]ar to the REE pattern of

the Aka1tcho Group rhyolltes The h1gh HREE content of the

felsic tuffaceOus pe11tes indicates that -the rhyo]1tes made

-a s1gn1f1cagt contr1but1on to the felsic" tuffaceous pe11tes,

as there is no other known source rock containing high
levels of HREE in the érea._ Agéin, the observed REE patt-

erns in the fe]éic pelites could be mixtures of. a) rhydlite

4and cont1nental and oceanic basalts, b) rhyol1te and

continent-derived sediments, or c) a and b Neverthe]ess.
the Akaitcho Group rhyol1tes did contr1bute mater1al to the
Ag]erok Format1on

* In summary, the REE results for the Aglerok Formation

. indicate that vqlcan1c.rocks in tne-Aka1tcno Grouprdld \

contribute to the Aglerok Formation, aithough the} were not
the dominant source rock. The REE results are consistent .
with the field observations on the Aglerok Formation that -

indicate a similar conclusion (Chapter-3 8).

4.3;4 Upper Akaitcho/Lower Epworth Groups -

Three samp]es obtained from the lower Od31ck Format1on

and the uppermost"Aka1tcho Group have Unusual REE-patterns

(Figure 4.39). .The' low total REE abundances of the rocks
| # . - o . '
could be due to the siltyvnature of the samples, although

samples $68.79 and F36.79 are not nqtfqeably*richer in
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Table 4.5 Comparison of Zeveral post-Archean shale. composites

LREE/HREE - Eu/Eu* . . IREE
- ' ' - (in ppm)

(0djick, Fontano, Asiak, Takiyuak)n=9 o

e (Upper‘Akaitcho shéle)n=8

(Lower Akaitcho shale)n=8

(post-Ancheah Australian shaﬁes)
(McLennan, 1981) '

~(North American shale composite)
(Haskin et al., 1966)

SCo-1 (Cody shale; Cretaceous)

-
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Figure 4.35 Chondrite-nofmali;ed REE plot for eight

Aglerok . Formation pelites,
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Figure'4.36
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~ Figure 4.37

-

- 1

/

!

'Tioz vérsus A1203' for Akaitcho Group sedimentary
rocks. Symbols: Aglerok For.mation pelites (+ };
Aglerok Formation felsic pelite (4); Zephyr
Formation arkose>(A);- Zephyr Formatfon

;ua_rtzite (A). Values for average pasalt,
granite, and continental crust from Taylor (1964).
Note: felsic pelite has Ti/Al ratio similar to
grani"cic rocks, Arkoses have Tj/Al ratios.

similar to average continental crust. Aglerok

. /
Formation pelites have Ti/Al ratios simﬂag to

a mixture of 3 parts g'ranite to 1 part average
: P |

Akaitcho continénta] basalt; or, to a mixtu\r\e

-of 1 part gfanite and 1 part average Akaitchb

oceanic basalt. The 1atter;'mixtur'e is more
Tikely because of the location of oceanic

basalts high in the stratigraphic section.
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Chondrite-normalized REE plot for felsic

volcaniclastic pelites of the Aglerok Formation.
Note high.H'RE'E content of the fe]s‘ic tuffaceous
.‘peHFes and the close correspaondence of the
.uppe_r-‘ range of thel felsic tuffaceous .pelites

with the average Akaitcho Group rhyolite.
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Figure 4.39

3%

-

,Chondr1te norma11zed REE plot of 0dJ1Ck

Format1on pe11tes Samp]es F182.79, F36.79,

568, 79 are from the base of the lower 0djick

Format1on and the uppermost Aaitcho Group

They have only s]1ght Eu anoma11es angd haVe"

relatively low total REE abundances. The, two =

Gajick Formation samples (F36.79, 568.79) are

more similar to the Aglerok Formation.siliceous

siltstone (F182.79) than the typical 0djick,

_‘Formation samples. This may indicate that

samples F36.79 and $68.79 had a source region
somewhat in common with the upper Akaitcho

Group.

*




: ~/ “’ - 4:
. . ."a‘l.! )
, , . 223
] . .’ l’
O Y ' '
O ‘ !
’ ) ;
100 |- .
. o - o e
- \ “ i
-‘ i
. ' . '
50 § |
W y |
E D
Q
>4
@ 20 F -
I
w . .
. ~ 8,
~ O p ° *
W F °
% T . ‘ i ® O J
. -O FiB279 Aglerok Fm. ‘
st siliceous  siltstone - 0 rsoeB79 o)
w . A F36.79 Odjick Fm. Q F906A 79,SI07A77
: . . typical Odijick Fm.
A S68.79 Odjick Fm.
A o - -
- » : ‘
. AT | L 'l A e A I ‘7 - A A l' ’
Lo Ce Pr. Nd Sm Eu G4 Tb Dy Ho Er Tm Yb K
L
_f_ff.* A - ,_ ~




. 224

quartz'than F906A.79, which has a more typical post-Archean

sedimentary rock REE pattern’and'abundances. .fhus,’these
samp]eS'record.some effect‘of.the Akaitcho Group vo}canicv
complexes which results in lower total REE abundances and

. 1ower{Eu/Eu* This effect may ‘be loca11zed as the 0dJ1Ck.
"Formation typically has post- Archean sed1mentary rock REE
abundances con51stent with derivation of this unit from thef

Slave Craton to the east (Figure 2. 4).

4.3.5 Effects of Metamorph1c Grade ‘
No effect of metamorph1c grade on the REE pattern or
' abundances could be observed in samples from a traverse

across‘closely‘spaced isograds (Figure 4.40). Sinilar

results were obtained by'Cullers.et al. {1974) and McLennan:

(1981).

4.3.6 LComparison nith Other Gost;Archean:Sédimehtary Rocks
Figure 4. 4l-compares the REE patterns and abﬁndances of
the lower Akaitcho Group sed1mentary rocks, the upper .
Aka1tcho .Group- sed1mentarx rocks, a compos1te of Epworth-
and Rec]use Group and Tak1yuak Format10n shales, and the
post ~Archean Austra11an sha]e compos1te (PAAS - Nance and>
Taylor, 19765 McLennan, 1981). All four compos1tes are
similar, although the Upper Akaitcho Group shales are
d1st1nct1y lower 1n.tota1 REE The ]atter, as d1scussed
indicates a contr1but10n of the Nas1ttok Suhoroup volcanic
_rocks to thg Aglerok Format1on '
4.4 SUMMARY

" The geochem1cal studies. reveal three ‘main facts
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Figure 4.40 &) Chondrite-normalized REE plot for three. i
v'AgTerdk Formatidn»pélites sampled across o
{ closely spaced “isogradss No noticeable 8
5 effect of metamorphism can'be observed in
these samples. .J
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Figure 4.4
L 4

Chondrixe-normaliieﬂ REE plot for sedimentary,

rocks of the Wopmay -Orogen. AbbreViations:

“UAS (average Aglerok Formation'pe1fte“- uopér

Akaitého~Group); LAS (average Ipiutgk Subgroup

: and Zephyr Formation - lower Akaitcho Group); -

ERTS (averageAOdjick Eormation; Recluse firoup,

“‘and Takiyuak Formation shales); PAAS (average

posf-Archean.Austra1ién Shale,; ‘Nance and Taylor,

o ] N .
1976, McLennan, 1981).

\
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Firét, the chemist?y of the‘Basa1t1c‘rotks,eVo]ves.up-sect- -
i . i . ]

ion from continental to type II ocean tholeiites."Secbnd, a

the rhyolites are~of crustal-origin, and‘are high in the

stratigraphic section. And, third, the sedimentary rocks

indicate that~a continental "source area was present through-
out Aka1tcho Group depos1t10n, a]though‘ln the upper
Akaytcho Group, the Nas1ttok Subgroup volcanoes were also*

an 1hportant{§ed1mentary 'source. ¢ All of these observationsg
are cons1stent Wwith sed1mentolog1cal and strat1graph1c
evidence 1nd1cat1ng that the Akaitcho Group was depos1ted

-

~in a r1ft h :

.9
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2
-
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5.1 INTRODUCTION

i
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" CHAPTER 5
1SOTOPE GEOCHEMISTRY AND THE AGE OF

THE AKAITCHO GROUP

)

The S1t1yok Igneous Complex, Vaillant Format1on

.by salts, a Belleau vo]can1c complex basalt, a mylon1te from

the Wopmay Fault Zone, an Okrark rhy011te sill, a Tuertok
T
volcan1c camplex rhyol1te,.and a post- metamorph1c granite

_of the Hepburn Batho]1th were selected for Rb-Sr whole rock

dating. A11 of these units had good geo]og1ca1 control andv

reliable age determinations on these units would place
constréints on the evo]utjon of the Akaitcho Group. Except
for the basaltic rocks and thehmy]ohite zone, all units were
also dated by the U-Pb zircon.method by W.R. Van Schmus and

S.A. Bowring at the University of Kansas. The U-Pb samples

were collected by, or with, the author from the same out-

crops as the ﬁbASr samples. )

. The Rb-Sr results from a]l the units 1nd1cate that a
major disturbange of the Rb Sr 1sotop1c system’ occurred
uithin Zone 3 of the Wopmay Orogen. ‘The U-Pb results,
presumab]y more re11ab1e, indicate that the first Wilson
cyc]e in the Nopmay Orogen occurred over a very short time
1nterval - on the order of 10 Ma, Th1s chapter discusses
the Rb-Sr results, the d1str1but16n and significance
of the 1sotop1c d1sturbance, and the effect, if any, of

th1sAevent on the geochemistry of the AkaltcthGroup

F1na11y, the various age constra1nts on the. Akditcho Group

-
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are reviewed. as are some of the 1mp11cat1ons ar1sing from -

the U-Pb zircon dates.
5.2 Rb-Sr DATING

Details of the analy’t‘icaT procedures®, sémple 1ocations;
and"ana]ytica] results are presented in Appendix B. |
Isochrons are celculated using a s]uightl'_y modified version
of the program of Brooks et al. (1972). All errors are
reported at 2 sigma (95%,confidence level) un.less otherwise
indicated. Decay constants used are_those .rec0mmended by

Sfeiger and Jdger (1977). Rb-Sr dates from thevlite‘ratur‘e

have been recalculated to these constants, and K-Ar dates

determined prior to 1977 ha\)e'\t?eEn corrected using the
tab"les of Da'l‘f'xmplev(1979)._ The term errorchron is used
in the sense of Brdoks et al. (1972). |
5.3 SITIYOK COMPLEX |

A11'threé units of the Sitiydk Complex - the tonalite

-gneiss. the monzogranlte and the ’amph1bohte/dy,kes - were

samp]ed and analyzed for Rb and Sr lResults of isochron

regre§s1orr_s ‘of the samples are given in Table 5.1 and

Figure §.1.
* [}

Ten samples of various ph'ases of the gneiss were

'colle'cted from one outcrop and analyzed for Rb and.Sr. The

s1x fels1c phases def1ne an errorchron date of 1880 + 160

‘Ma (Table 5.1). Ehmination of the high pcnnt (F610 80) and

a s]ightly weathered sample (F612 80) gives an errorchron

o

date of 1885 + 34 Ma fTable 5.1). The four mafic samples of

r
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the gneiss define an 1sochron date of 1597 + 142 Ma '(Taele
S.l), which, although not statistically different from the
errorchron date for the six fels1c samples, doeg suggest
some disturbance of the Sr 'isotopie system in the gneiss.
Evidence for resettmg of Sr 1sotopes is provided in the
plots of Rb and Sr versus model age (F1gure 5.2a, 5. 2b)
There 1_s a’ positive correlation between Rb and Sr contents
and model age. This is‘a cpmrﬁojn occurrence in reset iso-
topic systems (Bickford‘vand Mose, 1975;' Page, 1976). 1In
addition, high Rb}Sr ratio samples such as F610.80 fall
below the érrorchron line, an indicatien of Sr loss (Page,
1'9\26, 1978) The scatter of the samples on the ie_ochron
plot (F1gure 5.1), the high C. S. D F. (Chi squafed/
degrees of freedom = M.S.W. D. (mean square of the weighted
deviates)), and. the correlation between. Rb and Sr and model
age indicates t,hat either there was incomplete homogeni-
: zation of Sr i'sotopes during formation of the gheiss, or
that the Sr disotopic system'wlas reset-by a later event.
' The.lafeter interpretation.is favoured beca_ﬁse-ail the

Sitiyok units show evidence for Sr isotopic disturbance.

Monzogranite .

The monzogrjanite was sampled at two outcro;;s.T Outcrop
1 is 100 m west of the outcrop from wmch the gneiss samples
were collected, and is near: the marg1n of the Complex. The
si,x samples from outcrop 1 give an isochron date of 1716 + 92

=

Ma (Table 5.1). Elimination of the high point which falls

below the. isochren has little effect, giving a date of '




R

38

g

. -

T :

233

1745 + 106 Ma.‘ These dates are close to the average K-Ar‘l
biotite dates of metamorphic and plutonic rocks in Zone 3,
and does not ‘agrge'w‘ith the field evidence (Chapter 3.2)
iﬁdjcating that the Sitiyok Complex is pre-metamorph'ic.‘
Samp]e_s from outcrop 1 show a correlgtion be tween Sr and Rb
and model age (Figure 5.2a, 5.2b), .indicatiné'th'at resetting
of the isotopic system has probably occurred. | '
Samples from' outi:r?;&*z show no ;orre]atior{ between Rb

and Sr and model age, but when regressed give errorchron
dates with Sry (Sr inftial ratio) below 0.690, the value for
VBABI (basaltic achondrite at.4.6 Ga) (Basaltic Volcanism
StUd'y Project, 1981), c.]ear1y ar; Un]ikel_;'resi.llt.\ Again,
re,setiing of isotopic systems is suggested. The points do,
however, fall on an 1840 ‘r&ia' reference line Qith‘sfi of
0.700. A zircon'sam_p;]e collected bj the author from the
monzogr'*anite‘.at outcrop 2 gives a date of abodt 1885 Ma '(H._R.
,-Vah Schmus and S.A. Bo'wr'ing,v-'personal rc_ommunicat'ifon, 1981).

_ ‘Allllo monzogranite samples ,g'ivé' an errorchron date of
1862 + 80 Ma (Table 5.1). The-high Rb/Sr ratio samples piot-
_.b'e1ow the errorchron. -AlAthougr.\ thevsamp1es frc;m outcrop 2 .

give an Rb-Sr date close to the zircon date, both ére-'

’ ,a'nomaIOusb. In addition, without knowledge of the geological

relations in the area, or. the zircon -dates,uit would be

difficult to interpret the Rb-Sr data obtained from the

‘monzogranite samples.

'Am‘phiboh't.e Dykes

Only three samples of the amphibolite dykes were
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Table 5;1 ‘Isochron regfegsibns for sampies from the Sitiyok
: Appendix B. ] : o .

ISOCHRON REGRESSION

number of (CSDF* ,~—Bate (Ma) Initial
-samples : ] . ’
.Sitiyok"Gnéisé ‘ ',f. L *
mafic , 4 1.5 1597 * 142 0.7066 -
Cfelsic .6 171 , 1880 £ 160  0.7050
felsic o -4 5.2 1885 ¢ 34  0.7030
' _ e T o ,
Sitiyok Grénite .
SpTC 1 ‘ . 6 3.6 1716 ¢ 92 0.7185
S 5 3.4 TMgE 106 0.7130
0TC 2 .. & < 4.0 1984 £132  0.6610
-0TC' 1 and 2 .10 8.8 - 1862 + 80 . 0.6900
' ) 9 . 5.9 " 1883t "68 0.6860
Gneiss aﬁq Granite 20 . 87 .- 1825 * 38 0.7048
Amphibolite Dykes '3 19 1710 = 200 0.7036
(Unit 3) , : : . ;

*Chi Squared/Degrees of Freedom = M.S.W.D.
. - R ."‘ . . R

Igneous Complex. Data in .

87. .86

+ I+

1+

H M4

-+ 1

i+

I+

Sr/""Sr .

,040014_‘

0.0080

0.0016

0.018
0.02 .
0.032

0.0180
0.0150

0.0009

0.0036.

- errorchron

- --errorchron

Comment

- isochron‘
- errorchron

- errorchron;. high
point (F610.80)
and weathered
sample {F612.80)

removed

- F608A.80 removed

- errorchron;
F608A.80 removed

v€2

--errorchron
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:‘ “;
Figure 5.1 Isochron plot for all analyzed samp]es{of the Coe
. ' Sitiyok Igneous Complex. - Isochron_regreésiqns : : A%

for the various_phases 6F the Complex are 1isfed

in Table 5.1. The 1895 Ma reference 1ine and

the 1770 ﬁa reference line represent the zircbhr ‘

date of the older phases of the Hepburn Batholith
'And'the mean K-Ar dates from Zone 3 resﬁectfve]y;/

Most Rb-S}'isotopi@“sy#&ems‘ih_lone 3 haye been

reset to about 1770 Ma.

font
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Figure'Sﬁz. §)1P1ot of Sr versus model age for Sitiyok

Complex rocks. . S

b): Plot of Rb versus model age for -Sitiyok

Complex rocks. .
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analyzed because of the poor results obtained from the two;
older units of-the Sitiyok Complex. The amphibolite dxﬁes,‘
which were sampled cut the‘monzogranjte at outcrop l, The;
three samples define an errorchron of 1710 t 200 Ma'(Table

5.1).

In summary, it appears that the Sitiyok Complex has

been disturbed by a later event, an event which has reset

Sr lsotopié systems to varying degrees-in all units. In.
general, the mafic rocks have been affected to a greater
extent than the granitoids. As ‘shown in Flgure 5.1, the

S1t1yok samples generally fall between a 1900 Ma and a l770

- Ma reference 1ine, with Sry of 0.701. The upper l1ne is the

average zircon date for the Hepburn Bathol1th (Van Schmus

and Bowring, 1980)..the lower line the average K-Ar b1ot1te

. date in Zone 3

5.4 VAILLANT BASALTS

” Seven samples from two outcrop areas were chOSen for
Rb Sr analysis. All seven po1nts deflne an 1sochron of
1758 + 46 Ma.(Table-Sllp Figure 5.3). ,The.tour samples from
outcrop 2~deflne an lsochrOn of 1687 + 52 Ma (Table 5.2).

The three samples from outcrop 1 def1ne .an fsochron of

1779 + 30 Ma (Table 5, 2), although thlS line is dependent

on the h1gh.point (Figure 5.3). - There is a correlation
between Rb and model age for all the samples, and possibly
for Sr and model age for the samples from outcrop 2 (1nset

1n F1gu?e 5. 1). Carbonate, probably of secondary or1g1n.

;s abundant in all samples, even in the;fresher materjal
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selected for dating. Sr contents in these rocks,qte low for
rocks with the trace e]ement characteristics of the Vatj]ant
basalts, and Sr may have been leached from these basalts
Two samp]es of Vaillant basa1t col]ected near the CarouseJ
Massif gave K-Ar biotite dates of 1700 1‘200 MaL(GSC-64-47,
Wanless'et al., 1965) and 1600 : 135 Ma (CSC- 65-67 wanless'
et al. . t966) Archean basement in the Carousel MaSSlf
adJacent to the Vaillant K-Ar samples gave a K Ar biot1te
- date 1770 + 135 Ma (GSC-64-46, Nanless gt*gl., 1965).\“The
c]ose‘correspondence 6f the Rh-Sr.and the K-Ar dates, in
add1t1on to the correlation between Rb and mode] age and the
presence of secondary carbonate 1n the samp]es indicates -
that -the.Rb-Sr 1sotop1c system for the Va111ant basa]ts has
‘been d1sturbed by a later event ' ' -

5.5 BELLEAU BASALTS ' ‘ ..t

Five samp]es from one outcrop of the Belleau vo]can1c
complex were selected for Rb-Sr dat1ng The f1ve samples
define an 1sochron date of 1378 2 245 Ma (Tab]e 5. 2, Figure
5.4). The error is Iarge because of the high ana]ytica]
error in sample F448.78, and the smal] spread 1n the Rb/Sr
ratio'of the samples. However, the three best points g1ve
a similar result of 1390 + 98 Ma (Table 5.2). ‘There is
a corre1ation betweener.and Sr and model-age in‘the}samp1es
.(1nset in Figure 5.4). The 1sochron is. clearly too young
‘to be an age of emplacement . or an age of metamorphism of the

~ Akattcho Group. The date may reflect late-movement a]ong ‘

.the nenthwest—trendtng faults‘bounding_the Belleau volcanic




Table 5.2 Isochron regressions for samples from the Vaillant Formation and the Belleau
- volcanic complex. ‘Data in Appendix;B. ' ' ’

y

ISOCHRONVREGRESSION :
: 86

* " Limber of CSDF*  Date (Ma) Initial °’sr/°®sr - Comment
samples . : o - '
_Vaillant Formatioﬁ T _
K11 samples 7 2.2 1758 & 46 0.7028 & 0,0002
- otc2 - 4 0.89 1687 * 52  0.7036 - 0.0005
| C 0TC 1 L 3 1.0 1779°%+ 30 0.7027 + 0.0010 - line dependent
; ' S S ~ . ~ On,high point
Belleau Basalt . . o . . . .
A1l samples 5 . 0.3 1378 ¢ 245 0.7048 & 0.0005 - high error in
- ' B v _ L Fa48.78, small
+ spread in Rb/Sr -
; _ _ , ' for 5 samples
. . Best samples L3 0.5 1390 + 98 0.7047 + 0.0002 - points F449,
’ ' , 5 : " F450, TF453

[

- *Chi Squared/Degrees of Freedom = M.S.W.D.

~
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Figure,533&;lsochron plot for seven samp]es of the Vaillant"

®

Formation. Samples were obtained from two

'oufcrop'éréaé.' Inset shows a plot pftRb and Sr- - '
“ versus model agef; A1l samples show a.correlation;
between Rb contenf and model age, although the
Atwo outcrops.are dfﬁtiﬁct. ‘Sampfes‘frbm
cv . - outcrop 2 may show a correlation betweén Sr and
{ model age.. ¢ ‘ V o
¥ e . .
i
:
: .
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complex (Figure 3.28). Late movement along'these faults

was essociated‘nith extension during deposition of the

Hornby Bay sandstone. (Hoffman, 1980a,b; Hoffman and $t-Onge, ?'
1981), and a Hornby Bay senéstone outlier is found adjaceng |
.Ito the Belleau votcanic complex. The age‘qf Hornby Bay

sandstone deposition has been estimated to be between 1600

and 1250-Ma (Hoffman, 1980¢),. The isochron obtained from

the Belleau basalts is in rough agreement with this
estimate.

5.6 EDJUViT MYLONITE 20NE

Q

The date determined for the Belleau basa]ts 1ndicatedv"
that it may be possible to date fault movement in the
region. Resetting of Rb-Sr end K-Ar 1sot“ ic systems a]onq/’*P
major fault' systems has been documented elsewhere (e.qg.
Scholz, 1980; Scholz g;_gl.,'1939)}

Semples were co]lected from, and adjacent to, the‘ -
Edjuvit mylonite zone between Grant and Wopmay Lakes. The V
myloniﬁe zone is a branch of thelﬁopmay Fault System
‘(Easton, 1981c}. There is a wide spread in the data (Figure
S 5). Samp]es of granite'gneiss collected betweeh 3 and 100
m. from the fault g1ve a three-point errorchron of 1548 £ 246
Ma; C.$.D.F..= 21, Sri = 0.7406 *+ 0.0150. The other’ p01nts
“are scattered. Rogks from the myaonite zone itself (2 only)
define & line of 1952 Ma. No significance can be attached
to either of these dates. The 1548 date is, however, close

to K-Ar biotite, hornblende and who]e—rock dates obtained

from samples co]]ected near other branches of the Wopmay

-

<
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Fault System in the area (Easton, 1981c). 1t fs suspected

‘that if the 1548 date ist' _signif'ica‘nt,.ther'j, it may record
fluid movementa]ong the fault system essoc.iated with.,
extensmn related to Hornby Bay sandstone depos1t1on

5. 7 OKRARK SILLS

A six<point. isochron aée o'f 1881 120 Ma, from samples ~.
‘of the Okrark sill1s, was repo;‘ted in Easton (1980). A
tyopgraph1ca1 error resu]ted in the error be1ng reported as
12 Mat,=n,ot 120 Ma. . Redetermnatmn of the. origma] sample -
with 1&1pro-yed precismn g1yes an er-rorchron date of‘_,]766 +
105 Ma (Tab]ev‘5.3','-F1'-gu‘re 5.6).‘, This ;_r'ror'chron inclqdes |
-_t,h"ree _p'l'agioclaée—f;and three prthbc]ase-.pp‘rphyritic sills
. frfom threeo_u‘t_crop areas. Additio’n.of a sample 6fl‘h1‘-gh—Si_02
r"hyollite -from" the 1ov;'er Kapv'fk volcanic complex 'results “in
'11tt1e change in the regress1on (Table 5.3). U-Pb zircon
dates fr‘om the Okrark s11ls are in the range of ]900 Ma
(W.R. Van Schmus and S.A. Bowmng, personal commumcatwn,. .
1'981)., There is considerable scatter .on the Rb and Sr
versus model age plots. It is conclluded-th_at the errorchr.on,
date records-a resetti'n.g e'v‘ent. |

5.8 JUERTOK RHYOLITES

F‘ive_'samples' from a s1ng'le outcrop def'lne an er‘rorchron
of 1736 £ 62 Ma (Table 5.3, Figuré 5.7). There is a prob-
able éorre]etion' between Rb'and- Sr_‘and model age. ‘_‘A U-Pb
zircon date from the-«same outcrop 1'-."5,;,.ab<_)ut 1900 Ma, similar
tol the OkEark 5111 zircon &ate.;, (\;I-R Vah Schmus and S>A |

Bowrmg, personal commumcation, 1982) The Okrark 51115
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iand the Tuertok rhyol1te-are suspected to be coeval (Easton,
1980), hence the c0rrespondence of the z1rcon dates is not
surpr1s1ng It 15 apparent ‘that the Sr 1sotop1c system has
"been reset, resu1t1ng in an Rb-Sr date about 100 Ma younger .
“than the z1rcon date. 3
5.9 RIS GRANITE L - |
7 'The R1b Gran1te is a post metamorph1c p1uton of the
Hepburn Bathohth (Hoffman et _al., 1980). Sam ‘
collected fram three localities. A preliminaﬂ :ffve—pointa
isochron date was reported in Easton (1980) as [1750 r'Sé Ma.
F1ve add1tlona1 samples have been ana]yzed sin e. The ten]
samples give an jsochron date of 1771 '+ 36 Ma. (Table 5.3,
- Figure 5.8), stat1st1ca11y 1nd1st1ngu1shab]e “from .the .
.earl1er resu]t.‘ The ten po1nt isochron 1nc1udes one slight-
1y weathered sample (F88. 79),'wh1ch cannot be d1st1ngu1shed
from the other samples. "™ There 1s no correlat1on between Rb
or Sr and - mode] age (inset in Figure 5. 8) The five samp]es

from ‘one outcrop do not: def1ne a line different from the

‘ten-point 1sochron;' The u- Pb 21rcon date of the Rib Granite

“is about 1885 Ma (W.R. van Schmus and S.A. Bowring, .personal o

communication, 1982), rough]y-]OO Ma older ‘than the Rb-Sr
date. - The absence of any correlation between Rb andlSr'and'
model age {inset in Figure '5.8). and the low ana]ytaca1
Ascatter compared with other dated un1ts suggest that the.Rib

o

Gran1te date may be the age of emp]acement _ if 50, then why
is the z1rcon date 100 Ma older? A]though the Rb-Sr date

c0uld be the age of. emplacement of the Rib Granlte, th1s is.
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Table 5.3° Isochrdnjregressions for samples from the Okrafk si11s, the Tuertdk‘Rhyolifes;'”
and the Rib Gnanité. ’Data'in'Appéndix B. ‘ ‘ : ‘

"ISOCHRON REGRESSION = *

number of CSPF*  Date (Ma)  Initia) ®'sr/%
. N ~samples c - N '
Okrark sills. . -~ 6 19 1766 % 105 0.7043.% 0.0070 - errorchron; 3
- L - S . : T plagioclase por-
LT . I ST - . phyritic, 3 ortho- !
s A . ) . ’ clase porphyritic, .° n
- % C L - o . ' - from 3 outcrop ) :
' ' areas ' o
0.7046 % 0.0060 - errorchron; lower ° -] L
: - . Kapvik velcanic /@ ‘
. L complex rhyolite - -
S - . .included o

sro ~ Comment

S O S U

i .6 - 1772 ¢ 102

Tuertok Rhyolite . s "7 T 4.9 1736 + 62 ° 0.7090 % 0.006 -.errorchrony .
B ‘ - . el samples from ane
.outerop T

Rib Granite 1o © 2.9 1771 36  0.7074 £.0:0018 - includes F88.79, i |
e g : ‘ , S R a weathered sample —— ——f—~

e~ ‘ ‘vn. ‘ . ’I.v-‘ . . . 5 V o |
| Rib and Tuertok . 15 . 3,5 1750 : 26 . 0.7083 £ 0.0016 |
. Rib, Tuertok, Okrark *21 . 0.9 1747 % 38  0.7079 & 0.0032. - errorchron
s e , o . ) i : i . ~ .
@ . R . . | : 2
*Chi Sguared/Degrees of Freedom = M,S,H.D.; ; . . ’ ) _ . N
; 5P ]
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Figure 5.6  Isochron regression . for

"

Figure 5.7 Isochron regression for .five samples of ‘the .

. Tuertok Rhyolite.."
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Figure 5.8 -

LI

Isbchron regfeesion3fdf ten'semb1e§ bf the Rib..

Gran1te. Inset shows “a plot of'Rb and Sr.versus

mode1 age for the Rib Granlte samp]es. There is .

"no corre]atlon between Sr or Rb and model age.

ThlS 1ndicates that the -Sr 1sotope system in the

R1b has not been reset or that resettlng ",
,‘Ja. )

‘resulted 1n comp1ete homogen1zat1an of Sr f




-




254

.unlikely because of the large d1screpancy between the Rb Sr.
and the zircon dates of the Rib Gran1te

S.10 OTHER AGE CONTROLS ON THE AKAITCHO GROUP . B

Table 5. 4 is a summary of the relatlve age controls on
the Akaitcho Group The Akaltcho Group is pre -Epworth :
Group, and pre- orogen1c« The minimum age of the Aka1tcho
Group is about 1900 Ma, the average zircon date of the
Aka1tcho Group rhyol1tes 4

The maximim age of the Akaitcho Group 1s determ1ned
by several intrusions wh1ch may be assoc1ated w1th rlftlng
along the Coronat1on marg1n (F1gure 5. 9) A Rb-Sr whole-
rock \sochron age on the Indin conJugate diabase’ dyke swarm
1s 2049 ¢ 86 Ma (Gates and Hurle/, 1973, McGlynn and - Irvxng,q
.1975). The Ind1n dyke swarm is assoc1ated w1th possible:

rift- related faultlng (Frith 1978; McGlynn and Irv1ng,~

1975) "Two alkal1ne complexes possibly assoc1ated with'

rlfting give s1mllar ages The Bigspruce Complex was

emplaced»at 2066 + 40 Ma (Martineau and .Lambert, l975) and

“.the Blachford Complex at.-2081 + 42 Ma- (Nanless et al.
l979)- A3 three dates represent a max1mum age for the
Akaitcho Group If these rocks are related to the rifting
event that produced the Coronat1on marg1n then these dates
’ ind}cate protracted rifting, i.e. about 100 to 150 Ma.

" (Dates of rltting in the Appalachian Orogen'ln the late
Proter|z1c cover’a t1me span of 200 Ma, wlll1ams. J979) ..
Alternat1vely. the alkallne complexes and the Indin dyke

'swarm could be related to_an earlier r1ft1ng event. possibly‘

-




Age controls on the Akaitcho Group and re]ated events and units in the Nopmay
Orogen. All z1rcan dates reported in th1s table courtesy o* S.A. Bowrlng,

,Un1vers1ty of Kansas

" EVENT. OR UNIT * "AGE CONTROL =~ - © COMMENTS

AKAITCHO GROUP . maximum age of 2050 to 2070 Ma . . based on Indin dyke
' S o swarm and alkaline
complexes )
overlain by 0djick Format1on, apparently could be disconformity
“conformably Lo - T
rhyolite tuffs interbedded with Ag1erok
Formation pelites, pelites derived in part
- from Nasittok Subgroup volcanic complexes.
Rhyolites dated at 1900 + 24 Ma by zircon

EPHORTH‘GROUP maximum age of 2350 Ma (late plutons at Rb-Sr whole-rock and’
" Point Lake) mineral
+ 144 Ma (Rb-Sr whole- Rb-Sr whole- rock no
, McGlynn, 1980), K-Ar - correlation between Rb
70,-1835 ¢ 70 Ma or Sr and model age

minimum age of 1816

rock on Takijug Si11

biotite ages of 1815.
196

*
(Wanless. et a1.,‘ 5)

METAMORPHISM affects Akaitcho, Epworth, and Recluse. 2
IN ZONE 3 Groups (St-Onge, 1981) ro
' ~ post-thrusting, isograds cut thrusts (St- Onge, 1981)
related to early phases of Hepburn Batholith (St Onge, 1981)

“

P-T . conditions indicate emplacement-at .
10 km depth (St-Onge, 1981) . -
"Rib pluton cuts isograds, Rb-Sr who1e rock -
date of 1771 ¢ 36 Ma

minimum age same as Epworth Group, maximum’

"age of 1895 + 24 Ma (Hepbprn Batholith

zircon dates)
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Table 5.4 continued

EVENT OR UNIT
DEFORMATION IN

" ZONE 3

HEPBURN AND
WENTZEL - =

BATHOLITHS

.

UPLIFT OF GREAT

BEAR TERRANE
(ZoNE 4)

HOTTAH TERRANE

FAULTING

" COMMENTS

’ .

'AGE_CONTROL

syn- to post-metamorphic, affects Akaitcho, - Rib unaffected
Epworth, and Recluse Groups and early '
plutons of Hepburn Batholith, post-thrusting-

and fo]d1ng

- intrude Akaitcho, Epworth. and Recluse Groups
- emplaced at 10 km depth, source region about.

minimum -age of 1771 % 36.Ma (RB-Sr on Rib
pluton)

zircon dates on a]] plutons cluster
between 1880 and 1895 Ma

Dumas Group rocks rest conformably on - Dumas Group z1rcon
Wentzel Batholith and metamorphosed . dYates abogt '
Akaitcho Group rocks; allows about 10 Ma 1875 + 10 Ma

for batholith emp*icement, cooling, ’ . :

uplift and erosion

25 km depth (Pattison, ]981 S&\izfe, 1981)

- includes Rib'p1uton

between 1875 to 1860 Ma, 1875 Ma zircon date
on Dumas, Takiyuak Formatlon sediments -
1860 to- 1850 Ma (youngest Great Bear dates)

z1rcon date of 1920 Ma, basement to Zone 47

'Nopmay Fault Zone affects Dumas Group, hence

younger -than 1875 Ma,.last movement could be
about 1540 Ma (reset K-Ar and Rb Sr systems
adjacent the Fault Zone) -

NE--and NW-trending faults cut the Wopmay.
NE- and NW-trending faults. predate the : :
Western Channel diabase (Rb Sr whole-rock date ‘ e
of 1392 + 48 Ma (Wanless and Loveridge, 1977)). ‘

.1'_.

962
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Figure 5.9 Lbcation and dates of other magmatic ebentq
related to the Akaitcho Group and devglopment
~of the Coronatjoh contfnenta] margin..
Abbreviations: PD - Point Lake Dykes (Easton
.et al., 1981); MP -"muscovite. pegmatite dyke, -

Hepburn Batholith intrusion-in the Stave

‘

Province? (Frith et al., 1977); SP - Strachan

- granodiorite pluton (Frith et al., 1977),

1
il

Hepburn Batholith intrusion’ in the-Slave
'Prdvince?; ID - Indin diaﬁase dyke swarm

(Gates and Hurley, 1973); BS - Bigspruce

A1ka1iné'tomp1ex (Martiﬁeéu and Lambert, 1975);

BC- - Blachford Alkaline Complex (Wanless et al.,
1979); HD - Hearne Dykes, post-Butte Aranite,
' post-Wilson Is1and.~pre¢UniongIsland Group, -

(Hoffman et al., 1977). 3
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associated with the Wilson Island Group in the Athapuscow

~

Aulacogen. In either case, these dates are a maximum age /

for the Akaitcho Group.
The tighteSt age control is prgvided by the Butte
Island Granite in Afhapuscow Aulacogen. The granite cuts

.

the Wilsom Island Group, is overlain”by the Union Island

VGroup,,. and cut by the Hearne dykes related'to rifting in -

Athapuscow- Aulacogen (Hoffman et al., 1977). The Butte
Granite has been dated at 2005 Ma by W.R. Van Schmus and
S.A. Bowring of the Uninvers'it’y of Kansas. If the Uni?n
Island Group ar'ld the Akaitcho Group are lithologically '
correiatiye as suggeste'd in Chapter 3, then the Akaitcho
Group is between 2000 and 1900 Ma oid.

5.11 U-Pb ZIRCON DATES FROM THE WOPMAY OROGEN

U-Pb zircon dates from various units from Zones 3 and
4 are presented in Table 55 Daté- is courtesy of W.R. Van
Schmus‘énd S.A. Bowring, both o‘f Univer'sity of Kansas.
Zircons from ‘Akaitcho Group rhyolites and the Okrark sills
give dates of 1900 Ma. Most of the rhyolite samples were
from porphyritic-rhyolite flows and domes overlying the
Nasittok Subgroup volcanic complexes. <Zircons from the ‘
majority of the syn-metamorphic plutons of.jche 'Hepburn "and

Wentzel Batholiths give dates of 1885 Ma. Zircon dates

.from Zone 4, the Great Bear magmatic arc, range from

1'875 to 1850 Ma, only marginally older than those from
ZLone 3.. . In the 5 to 10 miliion year time span that may be

e
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Table 5.5 U-Pb zircon dates from the ﬁ0pmay Orogen, Dafa

courtesy of S.A. Bowring

University of Kansas.

AKATTCHO GROUP .-

Okrark rhyolite_silTs, Nasittok
Subgroup porphyritic rhyolite fl
Grant Subgroup rhyolite flows -

HEPBURN BATHOLITH

Headnet Pluton (syn;metdmorphic)
, . ~ -

Rib Granite (post-metamorphic)

WENTZEL BATHOLITH

foliated granite phase

GREAT BEAR MAGMATIC ARC

volcanic and plutonic rocks

BASEMENT T0 DRILL FOQRMATION

SITIYOK IGNEOUS COMPLEX

monzogranite phase

and W.R. Van Schmus,

owSs, ) .
circa 1900 Ma

circa 1885 Ma

circa 1885 Ma
circa 1885 Ma

range from
circa 1850 to 1875 Ma

circa 2585 Ma

circa 1885 Ma
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bresent between the ‘Akaitcho Group rhyohtes and the Hepburn
Bathohth the Epworth Group must be depos1ted fo]ded and
thrusted, and intruded by S- type granitoids presumably
derived from melting of sedimentary rocks or the lower
crast (Hoffmln et al., 1980; Pattison, 1981; St-Onge, 1981).
Clearly, the zircon ages impose severe timerconst_raints‘on
the deve]opment of the Nopmay Orogen

5.12 DISCUSSION

5.12.1 Zircon Da.tes' . ¥

There are three main exp]vanations:that can.be consider-

ed regarding the zircon dates _ _

1) the strat1graphy in the Akaitcho Group, and the
Aka1tcho/Epworth Group age relations have been lnterpreted
torrectly. The zircon dates are in er:ror', -

ii) the stratigraphy in.the Akaitcho Group, or the
Akaitcho/‘Etpworth Group age relations, or both, have not been
1'nter‘pret_ed-.correctly._ The zi‘rcon datevs are qorrect.

iii) the str‘atigrap‘hy is correct, as are the zi_r;co;) dates.

The first explanation is not satisfactory. First, the

zircon dates are in agreement with known geological relat-

‘ionships. Although errors overlap, the ﬁkaitcho Group

rhyolites are marginally older than the syn-rﬁetam‘o-r.‘phic

Hepburn plutons, and both are older than the Great Bear

rocks present in Zone 4, .Secon,d, the reason for suggesting

that the zircon ages are incorrect is the fact that they

_impose ‘severe time constraints on the current model of the

" development of the Wopmay Orogen  (P.F. Hoffman, persona]

.




‘incorrect, this exp1anationr1s not tenable.
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communication, 1981). " Another 10 to 20 Ma gap between the
Akaitcho Group rhyoaite and syn-metamorphic Hepburn pluton
dates'and the prob]em wou]d not exist. Third, the zircans

from the Akaitcho Group, the Hepburn and Nentze] Batholiths,

and from the_Great Bear magmatic arc Sshow no features such

"as. relict cores or high discordancy that would make the“

zircon dates suspect (W.R. Van Schmus and S.A. Bowring,
personal commun1cat1on, 1982) Until concrete evidence can
be presented that all or some of the zircon dates are

The second explanation is not entirely satisfactory
either. First, _the Akaitcho/épworth Group relations have

been estab11shed in several areas. T Ev if the relations

in Areas 1 and 2 (Chapter 3) are not 1nterpreted correct]y,

. the presence of Va1]1ant Format1on basa]ts lnterbedded with

0djick Format1on orthoquartz1tes cannot be ignored, and
1nd1cate that a volcanic sequence was present beneath the -
0djick Formation. second, even if .the AkaltchovGroup was

younger than the 0djick Format1on, the Akaitcho Group would

still be pre metamorph1c ‘and pre batho]1th intrusion.

Third, 71f we assume that the. Aka1tch0/Epworth Group re]at-
ions are correct, then the only way to make the Akaitcho
Group o]der than ]900 Ma is to 1nterpret the rhyo11tes and
the Okrark sills as a magmat1c ep1sode later than the )

basaltic vo1can1sm of the Aka1tcho Group (P.F. Hoffman,

‘personal communicat1on, 1981).‘ However, the rhyolites and

Dkrark sills are pre-metamorphic and‘pre-thrusting. If they
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were younger than the other Akaitcho Group units, an

explanation for their,fofmation would still be needed.

-

This.explanation, as yet fon}hcaming, would have to explain
" the restriction of the sills to a specific stratigraphic

-horizon, and to crustal block B. In addition, the rhyolltes

present in the Kapavik and Havant volcanic comp]exes'are

- bedded tuffs and crystal tuffs, clearly interbedded with the

volcanic and sedimentary rocks of the Akeitcho Group. Thus;

_ apart‘from the Okrark sills, and some of the porphyritic

'rhyol1tes 0ver1y1ng the Sinister and Tuertok volcanic

complexes, the Akaitcho Group strat1graphy as outlined in

Chapter 3 would remain much the same. In-addition,

rhyo11tes were present in the upper Tuertok volcanic comp]ex‘

‘as indicated by the REE evidence (Chapter 4. Thus, we can

only separate from the Akaitcho Group those rhyol1tes that-
have been dated. The Tuertok rhyolite dated by Rb-Sr was
also dated by U-Pb. This -rhyolite is aphanatic, and cieerly

intercalated with Tuertok volcanic comp1ex’basa1ts.‘ The

'z1rcon date of this rhyol1te does not - differ from the zircon
dates of the Okrark sills or the porphyr1t1c rhyol1te domes.

"A rhyolite crysta] tuff from the base of the Kapvik vqlcan1c

complex ‘also has a zircon date similar to the other dated;
rhyolites (W.R. Van Schmus and S.A. Bowring, personal

communication, 1982). Thus, until evidence can.be presented
that the bedded rhyolite tuffs at the base of the Kapvik and
Havant vo]can1c complexes are s1gn1f1cant1y older than the

porphyritic rhyol1tes, the suggest1on that the strat1graphy'
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' is in errbr andtthe iirton Jﬁtesicorrect; is not entirely
statisfactory. ‘ ’ .

The fhird explanation thus wérrants, by default,
further considération. #There is no evidence to suggest that
‘fhe'zjrcon“dates-are'in error,_orlthaf the obséfvedAstrati-
graphic‘re]atioﬁShjp§ are noé interpreted correctly. Thé
zircon datgs haQe been questioned (P.F. Hoffman, personal

- communication,f1981,31582)'becduée they-p]§ce severe
coﬁstraihts oﬁ‘the current collision mpde] of thé Wopmay
Orogen (Hoffman, 1980c¢). )Djscu§sion of the third explan-
ation,wi}], however,. be deferred until Chahter S - sfnce
such a discussion involves consideration of q]fernate models

of the development of the Wopmay Orogeh;

5.12l2' Regfdnal Resgttfng of Rb-Sr Isotopic Systems

. Theinfo isochron dates for the analyzed unit; appear
to have been reset. But what 1s“the sighifiéance of this
.regetting? First, is‘it fe]éfed to‘regiopal metamofpﬁism,'
or to large-scale hydrotherma]szsfems? Second,'doe§ the
recurf{ng date‘pf roughly 1770 Mé have any geo]ogica]

significance.

Rb-Sr and K-Ar dates for the Wopmay Orogen and the

:adjaceht Slave Craton are plotteqrin Figures 5.10 and 5.11.
Rb-Sr’and'K—Ar,dates from Zone 3 cluster at 1770 Ma (F%gufé -
5.11); It is significant that the Rb-Sr and K-Ar dates are
ih'roLgh agreement, indicating that bofh the Rb-Sr and K-Ar
systems becamé closed to isotopic exchange;at roughly the

 same time, i.e. about 1770 Ma in Zone 3.
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Resetting of isotopic dates is not restricted to Zone 3
_ L

\ (Figure 5.11). For example, KZAr dating has been. extensive

|

\ in the Basler Lake area near. the Bear- Slave boundary (Flgure

(NN

\5 12) -The Basler Lake granijte has .an Archean Rb Sr who]e-

' \rock date of 2510 + 106 Ma (McGlynn, 1972) A Rb-Sr mineral.

%;te from this granite is 1932 = 24 Ma -; 600 Ma younger
t

an the whole-rock date (McGlynn, 1972). K-Ar b1ot1te
d; es from the Basler Lake granite range from 1743 to 1993

\aga1n ab0ut 600 Ma younger than the Rb Sr.whole- rock
‘date. K- Ar muscov1te dates range from 2101 to 2410 Ma, -
younSer than the Rb Sr whole-~ rock date bt older than the

b1ot1é€ dates. It seems probable that the K-Ar and the.

Rb-Sr nnneral dates are the result of resettin§ of these twe
1sotop1c systems by an event thayg occurred in the adJacent
Bear Province; the d1fference between the K-Ar biotite and
muscov1te ates is due to the d1fferent response of these
two m1nera1s to resett1ng Frith (1978) and Frith et al.
(1977) lnterpreted the Rb-Sr and K-Ar dates in the region as
1nd1cat1ng severa] thermal events, one at 2200 Ma, another |

at 1950 Ma, and ‘a third at 1800 Ma. The ex15tence of

pervasiue Rb-Sr iSOtopic'disturbance in Zone 3 was not .
recognfzed at that time. A]though-it is concetyable that
"the‘K-Ar muScovite dates'recdrd a different event than the
K-Ar biotite dates, lt 1s more likely that. they record . ‘

d1fferent responses to a w1despread alterat1on event
Resetting of Rb- Sr systems on a reglonal scale by 10w~

temperature hydrothermal systems has been documented in




Comp11at10n of selected Rb- Sr and K-Ar. dates
from the Bear-Slave region. A1l dates in Ma)
*Inset shows the East:-Arm of Qreat Slave Lake

(Athapuscow Aulacogen). 3

KEY TO ABBREVIATIONS

AB - Akaitcho froup, Belleau basa]i:“‘JﬁEG - peamatite
AG ‘Archean granites ' . : F:?F - Pearson Formation
" AR ' Aka1tcho Group, Tuertok rhyol1te RG - R1b gran1te
:AV Akaitcho Group, - Vaiil@ﬂgxpasalt RP rhyo]1te porphyry:
BS Blgspruce alka11ne complex - SC Slt1yok Complex
BC - B]achford Lake atkaline complex - Snare Group .
DD - Diabase dykes - 'SP - Strachan pluton
EAL - East Arm Laccoliths ' S Seton Formation
E6 - Epworth Group ' : .' WI - Wilson Island: Grouo'
GBG - Great Bear gran1to1ds . b - biotite
., GBY - Great Bear volcanics o m - muscovite
HB 4@g¥epburn Batholith ‘ - riebeckite
MS ig% |
MYL - mylonite , whole-rock

igration sills ' hornblende

‘QS - Akaitcho Group, Okrark sills i mineral

s : » ) N\

- KEY TO SOURCES -
_ Rb-&r,vtg:z study D

Rb-Sr, GSC, McGlynn (1972, 1980); Frith (1980)

Rb-Sr, Frith et al. (1977) . ~ =

ﬁb-Sr, Neilson and Ghosh (1981a, 1981b)

Rb-Sr, Robinson and -Morton (1972)

_Rb;Sr; Martineau and Lambert (1975)
Rb-Sr,'Baangéard,gi_gl. (1973); Pb-Pb; Cumming (1980)
_Rb-Sr, G6ff et al. (lgsé) ‘
k-Ar, 6SC, Lowdoﬁ'(1950 1961); Lowdon et al.-(1963);

)3
Wanless et al. (1965, 1966 1967, 1968, 1970, 1972,
1973, 1974,°1978, 1979). .
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Figure 5.11 Radiometric age determinations in'tectonjc

zones of the Hopmay Orogen, using information
presented in Figure 5.10. 4Diagona1 lTine is
drawn through the Rb- Sr determ1nat1ons from
>Zones 3 and 4. and the East Arm of Great Slave
Lake. Rb-Sr dates have an average error of
30 Ma K-Ar dates have an average error of’
80 Ma, and show qreater scatter than the Rb Sr_

dates.

LEGEND

K-Ar biotite dates, GSC,'references:as in
' Figure 5.10. . .

K-Ar muscovlte dates, GSC, references as in
F1gure 5. 10‘ '_ a T

Rb-Sr whole rock dates, this study, except
S1t1yok Igneous Complex

"Rb-Sr whole-rock dates, this study, S1t1yok
Igneous Complex

Rb-Sr whole-rock dates, various lahoratories,
‘ references.as in F1qure 5.10 '
Rb-$r mineral dates, various, laboratories,
.references as in F1gure 5.10
'range ‘of zircon dates, -as determ1ned by W.R. Van '~
' Schmus and S A Bowr1ng, Un1vers1ty oF Kansas

.
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other Proterozoic orogens (Taylor, 1978; Page, 1976, 1978;
Bickford and Mose, 1975). Taylor (1978) noted that reset-
ting of Rb-Sr isotqpic .systems cdmmon]y occurs in two
stages., First; a hydrothermal system is established and
causes some alteration to the rocks, particularly the
feldspar minerals. ’T‘he second event causes further.a]ter-'

ation, "and is respops}ib1e for the major resetting of the
ot

" =~ Rb-Sr system. 1f the'Y-Pb zircon dated obtained by van

“r

Schmus and Bowring are reasonable indicators of the age of
p]utonwism in Hepburn Batholith, then small-scale hydro'-
thermal systems associated wvith batho]ithic emplacement
could have made the rocks susceptible to later alteration.
At some later time, a second period of hy¢rothermal alter-
dtion occurred, causing the pervasive isotopic fesetting
observed in Zone 3. It is not known to what tectonic event
_th_is second hydrothermal event is related, but it may be
related to second collision.

Th‘us, the Rb-Sr dates proba‘b.]l_y record the cessation
of a hydrothermal event (closure of Sr isotopes in feldspar,
etc.), with the K-Ar dates recording cooling below the
blocking temperature of Ar in micas. This event ended
about 1770 Ma, about 100 Ma after the first collisibna]
ev.ent in -the Wopma)./ Orogen. .

5.12.3,° Rb-Sr Mobility - Implications for Other Elements?

- In the preceeding chapter on geochemistry, definite
?

con'c1’us1'ons are drawn about the development of the Akaitcho

Group on the basis of the geochemistry of the Akaitcho Group
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rocks. However, in this chapter, evidence 1‘5 presented
showing resétting of Rb-Sr and K-Ar isotopic systems by
"later regional events. One may rightfully ask that if Rb,
Sr, and K have been mobile, what about other; elements,
particularly the "immobile" elements on which the conclus-
ions in Chapter -4 weigh heavi]y upon. In this section, I
~will demonstrate that the “immobile" elements have remaimed
immobile.

Belleau Basalt

The Belleau volcanic complex basalts were reset twice,

once at about 1770 Ma, and a second reseiting at about 1400

Ma.. Thus, it might be expected that-the Belleau basalts

should show effects of one, or both, of th-e‘resetting

events. The Belleau basalts:show a change from continental **

tholeiites near the base of the complex to oceanic ' 7

ppisenghafapin dpcnimstig

tho]entes in the upper part of the complex. These chemical
changes can be related to changes within the strat1graph1c
section. Second, the change from continenta] to oceanic
tholeiites is observed not only in the REE patterns, but
also in the immobile trace elem‘ents and in the major
elements. Although some, if not all, of the major elefent
abundances are probably not the original abundances (e.g.

K 0), distinct d1fferences between the two rock types do
persist. The change from continental to oceanic tholeiites
is also observed in other volcanic complexes, which were:
only reset at 1770 Ma. Thus, there is no evidence that the
fmmobile element abundances within the "Belleau basalts have

been altered.

[ IR e < ) et it + e S . s
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Tuertok Rhyolite

Eight samples of Tuertok‘rhyoli_te from one outcrop area .
50 m by 100 m were ana]yied for trace element abundances.
Mobile elements such as Rb, Sr, Ba, Pb, and Zn show much
vah’ation on the outcrop scale. Immobile elements such as
Ti, Ir, V, Y and Nb show almost no outcrop scale variation
(Table 5.6). This could be due to the fact?that these
immobile elements have been immobile, or that‘th:‘y were very
mobile and wérg completely  homogenized. If the latter were
the case‘, then the hobi]e elem?nts might be expe‘cted‘to
show closer coherence. Similar results have been found for

other units where individual flows were samp1ed.

Vaillant Basalt

As discussed in C‘hapter 4, the Vaillant Formation
basalts have undergone varying degrees of carbonate-related
alteratic;n. The effects of this alteration are shown by
considerable scatter on trace element plots (e.g. Figure
4.26, 4,27): In addition, REE mobility can .be documented
between relatively 'fresh' and extremely a]te.r'e'd samples
from a single flow unit (Figure 4.28).

MclLennan {1981) surveyed the literature pertaining to

REE 'mobjh'ty. Only in cases where high water fluxes, and/or

high 002 activity occur;'ed \;Je're the REE demonstrably mobile.
Hynes (1980) has reported evidence for mobilty of Ti, Y and
Zr during carbonate metasomatism. In' the case of the
Vaillant Formation basalts, Ti, Y, Zr and the REE can be

shown to have been mobile, but the Vaillant basalts have
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Table 5.6 OQutcrop scale variation in eight samples of a Tuertok volcanic complex rhyolite
"flow. A1l units in ppm., except T1'02 which is in weight percent.
_ | |
Element F466A.80 F466B.80 F466(.80 F466D.80 F466E.80 F466F.80 F466G.80 F466H.80 error* o
Nb 18 20 19 21 20 22 20 20 1 3
! i . Zr . 3se8 . 400 395 . 400 399 389 ' 405 398 12
i -2 115 115 ¢ 106 106 107 11 117 5 )
Sr - 86 42 40 47 42 38 37 35 2
. Rb - 151 - 148 182 167 136 163 149 134 5
b u - 5 9 9 9 7 13 9 8 2
S Th 28 29 27 26 23 21 28 24 2
Pb . 26 27 32 - 29 36 27 21 19 1
In 77 87 - 97 82 80 87 84 95 4
Cu 14 9 16 11 ;13 117 8 11 B —
P v 6 3 10 8 3 1 6 7 ] \\\\
v La 50 a8 60 62 61 61 61 60 3 -
cu7}‘ 1T 102 106 102 114 115102 106 5 '
Ba¥. 735 705 801 816 684 777 717 715 30
) Tio, 0.38 0.41 0.42 0.4} 0.40 0.38 0.40 0.4 0.02
: *estimated ‘analytical error, in ppm, 5% or 1 ppm, whichever is greater. -
1 o " See Appendix A for further details. :
[~ . . bt
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undergone greater ca}bonatizatidn than other Akait;ho Group
basalts. The more important point is that the-major and
trasg element contents of the Vaillant basalts indicates
that they have undergone'significant a]teration.> Sign-
ificant alteration ‘is not evident in the major and trace

‘element contents of other Akaitcho Group rocks.

Summary

In the Akaitcho Group, there was mobility of isotopes,
and the more mobi]e e]ementé,Abuf theré is littfe evVidence
that the 'immobile' elements were mobile. The consistency
of results oﬁtained between'different element groups, énd
the relation between Fhese changes and stratigraphy gthests
that the REE and other 'immobile" é]ements were essentially
immobile, i.e. such effects were insignificant with respect
_to primary variations and/or analytical uncertéinty. In
the case where immobilty of the trace and“REE é]ements can .
be demonstrated, i.e. the Vaillant Formgt%on, the rocks have
,undergoné a unique alteration not observed in other Akaitcho
Gfoup units, and the rocks are easily recognized as altered.

In additﬁon, it should be'noted that sedimentary rocks
_in the Akaitcho, Epworth‘*and R;c1use Groups.have REE
pattérns similar td/post-Archean s?dimentary rocks world-
_wide. If the REE aere mdbileqin;igneous systems, original]y
porous sediments would not be expected to retain their .

charécteristic REE patterns,-patferns that are not affected'

by metamorphic grade (Figure 4.39). Thus, REE mobility in

the bulk.of the Akaitcho Group_straga is unlikely.




277

5.13 SUMMARY |

ijSr and K-Ar dates in thé Wopmay - Orogen were reset by
a rEgidna]-scale'hydrothermql alteration evenf. In Zone '3,
Rb-Sr and K-Ar isotopic systems re-equilibrated about 1770
Ma. fhe K-Ar dates from central Wopmay Orogen cannot be '
regarded as ages of up}ift, 0(~of metamorphism, but rather
are, ages of closure of minera‘s to Ar loss following Fﬁis
alteration event. The alteration event ended about 100 to
150 Mé after the peak of orogenic activity as determined by
d-Pb zircon dates ‘(van Schmusﬂ?nd Bowriﬁg, 1980). Although
resetfing of Rb-Sr and K-Ar isotopic systems 6ccurred
tﬁroughout Zone 3, there is no evidence indicating that the
‘immobile' trace and rare-earth é]ements in the Akaitcho
Group were significantly affected. .

U-Pb zircon dates from the Akaitcho Group rhyolites
a;Z about 1900 Ma (H;R. Van Schmus and S.A. Bowring,,
personal communication, 1982). The zircon dates from Zone
3 of ihe Wopmay Orogen indicate that only a 5 tollo Ma gap
was present between extrusion of the Akaitcho Group

rhyolites and the Hepburn Bgtholith‘plutons-that meta-

morphosed and intruded the rhyolites.
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CHAPTER e//ﬁ

HISTORY AND TECTONIC SIGNIFICANCE OF THE

AKAITCHO GROUP

6.1 INTRODUCTION

.

In the préceeding chapter, an overview of the geolqu,
stratigrdphy, geochemigEry and'geochronology of the Akaitcho
Group has been’given; A11‘ these aspects indicate, or are
consistent with, the interpretation that the Akaitcho Group
is a rift succession, and that the Akaitcho Group is in some
way related to fhé development of the Coronation continenta]x

margin about 1.9 to 2.0 Ga ago. i {

_This chapter has three main aspects. First, it .
presents additional material related to the Akaitcho rift.
This material is 'derived' or ‘'dinterpreted' information, and
is best separated from the descriptive evidence presented in
the preceeding three‘chapferé. Second, the tectonic setting
of the Akaitcho rift is examined. Is the Akaitcho rift
'rélated to the initial-deve10pment of the Coronation
continental margin? Do the U-Pb zircon dates reported in.
éhapter,s require médification of the current model
M(Hoffman,'1980c) for the devé]opment qf the wOpmdy Orogen?r
Fingljy, gll the preceeding information 1s synthesized, and
presented as a probable developmental history of the
Akaitcho Group. This synthesis attests to the important
role that the Rkaitcho E/GUp has in any model of the
development of the Wopmay Orogen, &nd addresses the first

aim of the thesis as stated on page 1; namely, is the
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Akaitcho Group're1ated to initial r{fting of the Corbnation

continental margin'in the early Proterozoic. \EK
GROUP

6.2 THICKNESS OF THE CRUST DURING NASfTTOK SuB

DEPOSITION ‘ |

Mohr and Wood (1976) foﬁndvthat there is a relatNonship
between crustal thickneés, lithospheric thickness and
volcano spaciﬁg along rift systems in East Africa. For
older rift systems, if volcano spacing is known, then
'crustal thickness cén be estihated’(e.g., Windley and
‘Davies, 1976).. |

The Kapvik, Sinister, Tuertok and Havant vo]csnic
coﬁp]exes, are all located in the Marceau Thrust Slice in
crustal block B, have a linear trend (Figure 6.1) and are
stratigraphically continuous. As shown in Figure 6.1, thé
spacing between the four vo]éanié complexes is regular,
especially when compared to the variation noted by Mohr and
’onq,(1976). The spacfhgs illustrated in Figure 6.1 are
based on the sites of the major part of the volcanic
edifices and represent maximum values.

The mean ;pacing between the volcanic comp1ekes is 37.5
km, corresponding to a crustal thickness of 28 km and a

: Q
Tithospheric thickness of 41 km (Figure 6.2). Present

crustal thicknegs of the Slave Craton fs 33.9 2.0.9 km f
(Barr, 1971), as determined by seismic refraction studies.
This is 6 km thicker than the 28 km estimated for the crust
underlying the Akaitcho Group about 1.9 Ga ago. Twenty- |

eight kilometyes is a maximum estimate of crusta1 thickness

.




Figure G.f

Spacing between volcanic complexes present in
the Marceau Thrust Stice, erustal Q]ock B,
northern Wopmay Orogen. de1ting has resulted
in a.s1ight1y higher spacing betﬁeen the

Kapvik and Havant volcanic complexes.
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Figure 6.2

Plot of volcano spacing versus crustal/litho-

spheric thickness (after Mohr and Wood, 1976).

Dotted lines (1ithospheric thickness for.
corrected and uncorrected Ak;ifcho Group
volcanoes); dashed lines {crustal thickness for
corrected and uncorrected Akaitcho G}oup

volcanoks); heavy dashed line (crustal thickness

of Slave Cfaton (Bafr, 1971)). Corrected column

‘shown is for the first method discussed in the

text. Width of bars indicates #2 km error in
' 5 .
measured spacings. Height of bars has no

&
&

significance.
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+ .during Akaitcho Group deposition, becau$e it does not

consider effects of deformatton. .

Two methods of correct1ng for deformation wére attempt-
ed. Both methods use strain 1nd1cators of known original
shape - granite and orthoqqprtZIte cobblesvln conglomerates
- in the hpper part of thé %uertok volcanic complex.
Measured ratios of axes, ie now e]lipt%cal c]asts, range
from 171.2/1.7 to 1/1.1/2, averaging 1N 15/1 . These
stra1n rat1os are similar to those expected for-simple or
un1f0rm-extens1on (Hobbs et al., 1976). JIn both calculat-
ions, it is assumed that deformation caUSe& no volume
change.

The first ca]cujation is simplistic, but provides an
estimate of,the maximum chahgé in vo]cano(spaeing. In tye
field, it was observed that the short axis (Z) is eormal to
the cleavage, and that the long (X) and intermediate (V)
axes ere parallel to the cleavage., It is assumed that the
clasts were ofigina]ly spherfca]. Then, for'a.represeat-
ative clast Qith measured axes of 4.5 cm x 4.5 cm «x 7 cm,
the originally spherical clast would have'been shoFtened
O.Z cm normal té the cleavage, 0.7 cmAalong the Y axes, and
lengthened by 1.8 cm (40%) (in th%s case, in'a northerly
‘direction) (Appendix C). This cglculation is consistent
with observations on deformed pillows in the Tuertok
voHcan1c complex, which show.stretching 1n a norther]y

d1rection If lengthening of the vo1can1c complexes by 40%

has occurred, then the oKiginal volcano spacing was 27 km.

A}

<
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‘probably were not originally spherical.
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This would give a crustal thickness of 24 km, and a
L - ’ :

lithosbheric?thickness of 30 km (Figure 6.2). vThis is a

minimum value for crustal thickness, because the clasts

The second méthod does not assume that the cobbles were
originally spherical. It was obsérved that the shoft axes
(Z) are normal to the regiona1'c1ehva§e, and that the X and
Y axes are parallel to the fold axes and are in. the plane of
the éieavage. The Y axes ére assumed to be parallel to the
strike of the regional cleavage. If we asshme that the bulk
of the observed strain is plane strain; not an unreasonhb]el

assumption in fold and thrust belts (Hobbs et al., 1976;

-Reis and Shackleton, 1976; T.J. Calon, personal commun-

ication; 1981); then by defjnition, no extension has
occurred along the Y axes. As the volcanic compTese§ are
oriented paraliel fo the strike of the regipna] cleavage,
then under the cbnditioh of plane strain, no extension has
occurred in this direction, and nb éorrectioﬁ’of the
volcano spaciﬁgslis required.

. In aﬁy case, the estimated'trusyal thickness beneath
the Nasittok Subgroup during dgposition is 6‘to’10 km
thinner than the present Slave Craton.  MWindley and Davies
(1976) estimated crustal thickness for the Archean Superior
Province, using volcano spacings, at 35 to 40 km. Condie
(1976) estimated that the crust undernééth the Yellowknife

greenstone belt (Slave Province) during the Archean was 31

.
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km. These estimates for crustal thickness in the Archean
are similar to the present thic'kness of 33.9 = 0.9 km (Barr,
1971). Hence, the estimates of crustal thickness béngath
the Akaitcho Group during deposition indicate tha't the
crust beneath the Akaitcho Group was probab‘r_y “thinner than
that berath the craton. Crustal thicknesses in the Gulf
of Caﬁfornia and benea:.h the stratoid eeries in southern
Afar are bath about 26 km (Moore, 1973; Mohr, 1978),
including sedimentary and. volcanic .cover (Figure 6.3).

These two modern rifts have several other similarities

with the Akaitcho Group (Chapter 7).

6.3 PHYSICAL VOLCANOLOGY OF THE AKAITCHO GROUP }

< I
6.3.1 Basalts

This sectibrn is cancerned with the Nasittok Subgrioup
volcanic complexes and 1ithologically correlative units
(Figures 6.1 and 6.4). The basic shape of the Nasittok
Subgroup volcanoes is shield-like (Figure 3.15). The
lithologically correlative Tuertok and Grant Subg‘roup-.
baéa]ts_consist n‘lé‘inly 6f m'as'sive and pillowed flows and
~show the same textures and features described by Dimroth

’

et al. (1978) for: A?chean'submarine tavas from Noranda,

and modern swbmamne 1;vas (Ba]lard and Moore, 1977;

Basaltic Vo’?camsm Study Project, 1981). The lithologically
corre'latwe Kapv1k and Havant basalts are mainly tuffaceous,
although pillowed 9nd mass1ve flows are present locally

_ (Figure 3.11). The mafic tuffs Jin-the Havant and Kapvik
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Figure 6.3 Crustal sections based on p-wave Sseismic
velocities (k‘m/sec)‘ for the Afar rift, ocean
crust, Gulf of C“ah'fornia, the A;(aitcho §roup
estimate, and the present (and ancient) Slave
Craton. Note the greater thickness of oceanic'

crust in the developing rifts, particularly

north. and central Gulf of California and southern

Afar, Layer with 4 tv 6 km/‘sec velocities in

the Gulf of California is a mixed layer of basalt

and sediment (Moore, 1973; Einsele et al., 1980).

Dotted pattern is estimaf.ed ‘thickness of Akaitcho
~Group sedimentary and volcanic cover at ‘the end

of Nasittok Subgroup deposition. References:

1 - Mohr (1978);°2 - Salisbury et al. (1979);

3 - Mgore (1973); 4 - Barr {1971).
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volcanic comp.leXe's are associfated with local basalt and
_rhyolite centres, and thin to the no’r“th and south bdetween
adjacent vdlca_nic complexes. Thus, it is suspected that the
tuffs are proximal, although maﬁy are probably water-lain
air-fall tuffs. .

Water depth is a factor.in controlling the nature of
basaltfc ‘volcanism at Ehe.volcanic' vent (McBirney, 1963;
Moore, 1965; Moore and Fiske, 1969, Jones, 1969; McBirney
.and Hi]]iarﬁs_, 1979). Submﬂi‘nr'i.né fl'ows, usual® pillowed,
occur below 100 to 4b0 m depth, and pyroclastic vg]canism
‘.occurs between l>00 to 400 m" depth and the surface. Because
of tﬁe simi]arit‘y in c‘hemist.ry betwe.en the Nasittok Sub-
group basalts, the chénge in style of volcanism from north
to south in the Nasittok Subgroub is interpreted to 1nd1cafe
shallower water conditions. to the south. The pi]]owedﬁ and
massive Grant Subgroup rocks indicate that deeper water
cond‘itions existed to tr;e west as well (Figure 6.4). The'v
Vaillant Formation to the east contains subaverial, pillowed
a'nd tuffaceo‘us basalts, a'nd‘was probably deposited on land
and in shall‘ow'water.' 'Pinwéq flows are more abund.a‘nt to
the north in th'e-Vai_'Hant For'rriationl, possitﬁy indicating
deeper water‘ conditions in the north. Figure 6.4 'relates
the location of the Nasiftok volcanic centf%:s and watep

~——""

depth, and'how_ this information can\be related to rifting.a
- of the Slave Craton in the Proterozo

C.

'6.3.2 Rhyolites o ,
The rhyolites suggest the same water depth conditions

-

o

* A
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Figure 6.4

v
‘.

Inferred distribution of Nasittok Subgroup

volcan1c rocks and thEIP correlatives and water

‘depth durjng depos1t1on Some of the Vajl]ant

Formation lavas (V) are subaerial. The'xha11ow-
deep water transition correspo#ds'to a water
gepfh‘of about 100 m. Below this depth
tuffaceous volcanism is minor (McBirney, 1963;

Fiske and Moore, 1969) 6eeper water to the

north may be the resultsof greater subsidence

at the triple Jun§f1on with the Taktu au]acogen.
A recent analogy would be, the Eth10p1an Rift-
Afar-Red Sea Gulf of Aden reg1on

Abbrev1atlons: S -\§1n)§ter Volcano; T - Tuertok

Volcano; K - Kapvik Volcano; H - Havant Volcano;

vV - Vai]]aht ?brmation lavas (probably several
centres);.G - Grant Subgroup lavas {probably

several centres). o
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as the basalts. Figure 6.5 compares Akaitcho Group

rkyblitic;centres associated with tne Tuertok and Sintster
volcanic c%mp]exes with volcanic islands tn the Caribbean.
Although fhe scale of the volcanoes, and the tectqnic
setting are different, the same physical features are
present. In the Caribbean, volcanic sands and debris. fﬁows
accumulate on the deeper side of the is]ands{ and air-fa]]_
_tuffs, carbonates-and volcanic cong]omerates accumulatlng
Jon- the shallow side of the islands (F1gure 6.5). In the .
Akaitcho Group, volcan1c sande are presentibh the north .
51de of the rhyolite centres, w1th quartzite, marb]e,
conglomerate and air-fall tuff present on the south s1de.
Because of the similarity between the Akaitche and:the
Caribbean vo]canqes, deeper water conditions'are inferred
to have been present on the north side of tHeAA}aitcho
‘Gr0up.rhyolite centreS[ In'the'Carinbeen, the dfstrﬁbution
of the a1r fa]] tuffs is 1nf1uenced by strong westerly '
winds. Alr fall tuffs are most abundant on the south s1def
of tne Aka1tcho ‘Group rnyo11te centres; and a dom1nant wind
direction May.have.been influentia]'in,controfling the_’"
distribution of the rhyolitic air-fall tuffs in the
‘Akaitcho Group . |

- In the Kapv1k and Havant vo]can1c complexes, rhyolites
~are ma1n1y tuffaceous, and occur low in the strat1graph1c
",sect1on. Although the effect of: water depth on rhyo]1t1c
‘magmae is less-proneunced (McBirney, ]963 H1111ams and

McB1bney, 1979), the occurrence of more tuffaceous rocks to

.
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ngure 6.5 Inferred depositional conditions for rhyolites

in the upper Sinister and Tuertok Vo]tanic
\

complexes. : ‘ .
a) Plan view of Caribbgan volcanic arc showing
fnf]uence of currenf and wind directions,

~and water dgpth ‘(from Sigurdsson et al.,
1980}, I i

>b) Cross-section of:Caribbean volcanic arc. .

Note air-fall tuf%s to the east,-énd volcanic

sands and debris flow déﬁosits to the west

’

(from $igurdsson et al., 1980). o

"¢) . Cross-section (left-north; right-south) of

sedimghtary rocks. Note similarity with
" , oo Caribbean acc.crpss-Sgcfion"Bbt also the
diffgfence in sc?1é. These figures compare
gross_ volcanic features, not chemicé],

composition or tectoniq‘setting.

Ed

~ "' .,
by . N

an Akaitcho Group rhyolite‘céntre and related

piionaogtid
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the south‘is-similar to the:trend observed for the basaltic

rocks. o o
Rhyolites in the Grant Subgroup consists of small fTows'

5

and domes, The "absence of tuffaceous rocks in the Grant
Subgroup, either rhyol1t1c or basa1t1c, is interpreted to °
* indicate that deeper water conditions existed west of the
volcanic complexes presently exposed in crustal block B.

.

6.3.3 Tallerk Sills | | ©

The Nasittok Subgroup volcanic complexes are over1a1n'
by a thick pelite sequence (1 to 2 ki) 1ntruded py the
Tallerk gabbro sills. Basaltic magma 1ntruded 1nto thick
(over SOOIm)_ f1ne gra1ned water-saturated sedimentary
sequences,common1y forms sill complexes- rather than erupting
ondthe surface (McBirney, 1963; Frid]eifsson, 1977, McB1rney
and Williams, 1979; Einsele et al., 1980). Deep water -
condicions (over 400 m) are more prone tq the format1on o%
sill complexes (McBirney, 1963)

" The Ta]lerk sills in the Aglerok Format1on~above the
Kapvik and Havant vol ic complexes suggests that moderate
water depchs were présent during accumulation of the pelite
Seqoence.' Water depth Wwas also deep dur1ng accumulation of

the Odjick Format1on,slope-fac1es depos1ts (Hoffman, 1980c) .

o Th1s sed1mentat1on h1story is consistent with the inter-

pretation that-the Aka1tcho r1ft deepened with t1me.
65} 4 »Summarz .
Aspects of the physical volcanology of the Akaitcho -

‘ Group are cons1stent with the 1nterpretat1on that the
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Akaltcho Group was depos1ted in a basin that deepened to the

north and the west, and that deepened with time. As shown

in Figure 6.4, the inférred-distribution of water depth

during volcanism can be accomodated by a rift model.

6.4 ORIGJN AND SIGNIFICANCQ OF THE AKAITCHO GRQUP RHYOLITES

As discdssed in Chapter 4, the geochemical signature
and volumes of the Akaitcho Group.rh}b]ites are consisfent
with the rhyolites being cfdstally-derived.‘.Models of |
r1ft1ng such as those advocated by Burke and co-workers
(Burke and‘Dewey. 1973; Basaltic Vo1canlsm Study PrOJect
1981) generally assume only minor basaltic vo1¢an1sm,
vusua]ly of pera]kallne aff1n1t1es Many older rift
‘sequences such as the Pecos greenstoee belt (Rober;son and

‘Moehch 1979; J.M, Robertson; written communication, ]981),
the Oklahoma au]acogen (Hanson and Al-Shaieb, 1979), the \
Cape Smith Foldbe1t (Hynes and Franc1s, 1982a. 1982b) and
the Karoo (Tankard et al., 1982) have-abundant rhyo]1tes of
'suba1ka]1ne affinity chemically similar to the Akaitcho
Group rhyolites. ~Many of fhese o1def rift sequences may'
have formed in §ettings diffe}ent from the Eas; African
Rift, and hence may have different magmatic.signatu}es.'

" At ppesent; there is no characteristic magma §ignature for

| riftzéeddences (Ba]dridgea_1981).

Reeent mode}s of'rhyoligic magma‘genesis acknowledge
tae presence Qf crusta]]y—derived magmas (Hildfeth, 198]£

Eichleberger, 1978) (Figure 6.6). These modéls require that

sufficient amounts of heat be transferred to the lower crust
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Figure 6.6 Conditions for the generation of basaltic and .
w rhyolitic magmas. (After Hildreth, 1981; ,;
Eichleberger, 1978), ’
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to induce melting (usually by intrusion of large volumes of'
basaltic magma), and that the granitic melts reach the
surface, in order to get rhyolitic volcanism. Extensional

regimes such as rifts are commonly associated with 1argé

. volumes of basaltic magma, and the combination of extension,

heating of the crust by the asthenosphere, and trustal
thinning all . aid in generating granitic magmas and allowing
them to reach the surface. The above factors also inf1uénce

the amount of rhyq]itic volcanism (see Hildreth, 1981, his

“figure 15). Short-Tived, basalt-poor rifts are unlikely to

have significaﬁt rhyolitic yolcanism. Longer-lived, rifts
with‘;bundant.basaltic magmatism are likely to have abundant
rhydlit}c volcanism. A hotter 1ithosﬁhéfe jn the Proter-
ozoic (e.g. Sleep, 1979; McKenzie and Weiss, 1980) would

aid in transferring heat to the lower crust, and aid in
crustal melting. '

D Several of the conditions for rhjblitic magma genesis
and subsequent eruption are present in the Akaitcho Group.
i'BaSa_]tic volcanism is voluminous as indicated by the Ipiutak
and Nasittok Subgroups.’ The amount of basaltic magma that
did not reach the surface cannot be determined, but may'haGg
been sign{ficant. Estimates of crustal thickness indicate
thaf crustal thinning had occurred, a?d that the/lithosphere
was relatively thin. The position of the Akaitcho G}oup
rhyo]ftes_high in the strat1graphy'is consistent with the

rhyolites being crustal melts, qnd:““*'e;’fequiring time to

be generated and reach the surface. us, the models of

S TS T S e
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“

rhyolitic magma genesis suggested by Hildreth (1981) and

: Eich]eberge__r (]978) are considered applicable to thev
,Ake;itcho Group‘ rhyolites.

If the Akaitcho Group rhyolites were derived by the
abo‘ye Means, then basaltic volcanism may have migrated
wesktward by the time the rhyol%tes were erupte'd, as the -
inferred new plate boundary migréted away fromlthe locus of
i'ni_tia] rifting. Thus, sea-floor ‘spreadivng may have been

occurring contemporaneously with rhyolitic volcanism at the
rift margin. . | '. _ , |

6.5 U-Pb ZIRCON DATES AND MODELS OF "THE DEVELOPMENT OF THE.

WOPMAY OROGEN

' 6.5.1 Introductiog |

The U-Pb zircon dates indicate that about 10 Ma
elapsed between extrusion of the Akaitcho Group rhyolites
~and 1'ntrh'sion of the oldest phases of t\e Hepburn Batholith
(Table 5.5). The time interval between the rhyolites and
'the batholithic rocks may be as Htf]e as 1 Ma, or as great
as 30 Ma on the basis of the analytical errors Qf the zircon
dates. More precise zircon aatés {(i.e. with 20 errors of‘
' :r 2 Ma) are needed tc; further constrain' the time span
involved., -For the sak{ of discussion, it is ass:ymed that
the ‘time gap between the rhyo]yites and the granifoids is
5 to 10 Ma.- _ - | ,

The zirc‘ocn dates place severe 'con'straints on-any model
for the dev’elopment of the Wopmay Orbgeh. Two important

questions with respect to the zircon dates are: i).Can the
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Akaticho and Ep(worth Groups be deposited im 10 Ma or less? ,
and, ii) Can the Hepburn Batholith be empléced in 5 Ma or
‘1es;\?. 1f the_answérs to either of these questions is noy
then serious doubt is cast on either Ehe zircon ages, or the
: stratigraphic re]atio.nships as ‘interpreted herein. [If both
answers are yes, then the zircon dates, i’gwe assu'me them
to be valid, can be used to constrain models of the develop-
ment of the Wopmay Orogen

6.5.2 Subsidence Rates and the Deposition of the Aka1tchol

and Epworth Groups

About 3 km 0f'se>d’imentary rock:ovérlies the Akaitcho
.Group rhyolites [about 1.km of Aglerok Formation; about 1km
of 0djick Format\i\BQ (Tirrul, 1982; Hoffman and Pelletier,
1982); and 850 m of"_“i\?ocknest Foirmatio‘n (6Grotzinger, 1982)].

Lithologically correlative units in the Athapuscow Aulacogen

(Union Island and Sosan Groups) -(Hoffman, 1981b) and the
Kilaohigok Basin (Western River Formatio-n)' (Campbell and
Cecﬂe, 1981) are of equivalent thickness, i.e. 2 to 3 km.
The tota] Aka1tcho and Epworth Group success1on is about
8 km thick half of which Consists of volcamc rocks.

)

Long term rates of sediment depos1t1on afre controlled

dominantly by the rate of suibsidence (Blatt _e_t_a]_.,' 1980) ..
McKenzie (19]'8) has shown that the subsiden.c;e his‘tory of '
many sedimentary basins can be modelled in terms of an .
initja] phase of stretching of the lithosphere, followed by

¢

a period of e.xpohentiaHy declining thermal subsidence.

Royden ‘and Keen (1980), Keen and Cordsen (1981) and
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“

LePichon and Sibuet (1981) have applied McKenzie's mode 1 to

[y

sebsidence’ studies ot passive margins. ~
In the modé]_, the 1ithosphere is‘stretched and thinned
by a facton: B during rifting..' Extension of the’l_ithosphere
o may be uniform, where the crust and the sublrustal 11"tho-.
sphere.are stretched equal amounts; or non-uniform, where
the crust and the subcrustal lithosphere are stretched bj
different amounts.  Extension in either case is-accompanigd
by pessive upv}elling of hot material from the asthenos'phere,"
which increases the geothermal gradient and heat flow.
During extension, the crust,‘ subsides rapidly in response to
changels in density whicﬂ‘mdst be isostatically balanced
(Keen and Cordsen, 1981). The initial stretching phase
~results in what is termed initial subsidence. The effects
of e'xteknsion' terminate 10 tp 15 Ma after -riftl;ng. “Then the
lithosphere _cools‘ and contracts, causing further subs.idence
(t}ermed thermal s_ubsidence;). ‘ | ‘
| Measured thermal Subsidence rates along the North
American, North Atlantic margin for the first 80 Ma foHow-
ing rifting fit a-relationship y = 300(t 80) tT m {Keen, .
1979) where y = ythermai subsidence and t = time. Using this
re]ationship, it would take about 100 Ma to deposit the
Aglerok Format'lon and the Epworth Group. - Even using sub-_r'_
sidence rates from the Mlss1ss1ﬁp1 Embayment, which, at 200 ‘
m/Ma, are among the most rapid /at present (Blatt et al.,
1980),.1t would require 15 Ma for deposition of the Aglerok

. ~ o, .
Formation and the Epworth Group. A hotter lithosphere in

v
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‘the Proterozoic (e.g. Sleep, 1979; McKenzie and Weiss, 1980)

would result in lower thermal subsidence rates {McKenzie

et al., +980). . ' | | .

Thermal subsidence is however only part of the tetal
subsidence. McKenzie's (1978) model predicts 2 to 3 km of
initial subsidence (no sediment loading) in the first 10 Ma

following rifting of the North American Atlantic margin

(Ro}den and Keen, 1980) and ‘the Galicia margin {(LePichon and

Sibuet, 1981). ‘Keen and Cordsen (1981) compared measured

N

‘thermal subsi'dence rates and ‘sei'smicv refraction resu]ts from

the Sauk wel'l off .of Nova Scotia ‘with the extension model

(McKenz1e, 1978),. The se1sm1c results 1nd1cate that 1n1t1a1
subsjidence of 2.5 to 3 km occurred 1n_tﬂh.e first 10 Ma after
r1ft1ng Thus, fnitia}v subsidence could account for
dep031t1on of the Aglerok Formation and the Epworth Group .
in a per1od of about 10 Ma after r1ft1ng began

A hotter, and thinner 11thosphere 1n the Proterozo1c

'(e g. Sleep, 1979; McKenz1e and Weiss, 1980) results in

. more rapid, and greater subsidence (McKenzie et al., 1980).

For example, s1ng the equat1ons and data of LeP1chon and
Sibuet (1981), 1n1t1a1 subs1dence (unloaded) for the Ga11c1a
margm is 2.5 km w1th g of 3.24. However, T we on]y change
the 11thosphere th1ckness (from 125 km to 80 km), initial
subs1d£ce (un]oaded) 1ncreases to 3.5 km with 8 of 3.24.
Sediment loading commonly result_s in doubling of the total
subsidence (e.g. McKenzie et al., 19'80;‘ Royden and Keen,

1980; Sclater et al., 1980, LePichon and Sibuet, 1981).

iyt cfciipinfca metei o
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In fact, initial subsidence in the Vienna Basin of 6.5 km

“(sediment loaded) has occurred in less than 10 Ma (Sclater

et al., 198Q).

Subsidence of 7 to 8 km (sediment loaded) can occur in

the ®nitial subsidence phase following Eifting, and does

" . occur in some recent tectonic settings (e.g. the Vienna

Basin, Sclater-et al., 1980). A thinner lithosphere in

the Proterozoic would result in greater initial subsidence

than 1in thé Recent. Thus, deposition of the 7 to 8 km of

- Akaitého and Epworth Group strata could occur in 10 Ma or

less, Rocknest Formation carbonate deposition causes no

'sigﬁificant problems. Paleomqgnetic results (McGlynn and

Irving.'3978, 1981) indicate that Rocknest Formation
deposition\probap1y ocgurred at a paleo]atftﬂde of 15°,t6
259'5; présumably under semi-tropical conditions. Mbdern
carbonateLsedimentatibn rates are conservativély estimated
at 1 km7ha (Sch]ager,_1981). . Using this estimate, Rocknest
Formafionldeposition could have taken place fn}850,00b>
years, pr'léss, as long as subsidence was rough]y equal to

the rate of carbonate deposition.’

It is difficult to estimate s&bsidenqe rates for

 periods less than 10 Ma - the length of the initial §ub—

sidence phase. Under such cdqdifions, the length of the
éxtension phase c;n no longer be regarded as roughly
instantaneous (Jarvis and Mackenzie, 1980), and there is
insufficient data from modern areas’for:comparisdn. Hencé,

10 Ma for debosition of 8 km of Akaitcho and Epworth Groﬁg
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Stratq.may be closeAto a minimum period for Akaitcho/Epworthl

Grbup»depositioh. '

°

6.5.3 Emplacemént of the Hepburn Batholith

I1f,about 10 ﬁa is a‘mfnimum time for Akaitcho and

Epworth Group depoSitiop; then, the Heﬁburn Batho]1fh must

be emplaced in only 1 or 2 Ma if the zircon dates are valid.
e ¢ A f e !
Pitcher (1979)discusses the longevity of plutonism. In

-

North American caldera compleiés, which are regarded as the

surficial expression of batholiths {Smith and Bailey, 1968;
‘Christiansen and McKee, 1978; Hildreth, T981), individual

cycles of volcanism are interpreted to represent the time-

spans- of crystalliiation and differentiation in individual
sub-vo]canié p1u£dns: Individua] vo]can{c compleieé‘fange
in aée from 1.5 to 4 Ma (e.g. §feven ﬁnd Lipman,‘f976), and
are inferred to repfesent«nested plutonic complexes.
“Estimates df magma-rise range from 0.3 to 0;63 m per year 
jn cool c}ust,_to a. hundred times this after heaiing of fthe
crust (Pitcher; 1979). |
: The source regioﬁrfor the Hepbufn Batholith is at

“about 25 km depth on the basis of §eobarometry measurements

on garhets in_Hepbufn Batho]ifh'intrusions (Pattison, WQBQ;
Pattison gg_gl.,‘1981). The Hepburﬁ Batﬁolith was emplaced
at 10 'km depth_(§f-0nge, 1981).‘AUsiﬁg>the 1owér'rate of
magma rise Qf 0.03 m per year, 1t'would take 500,000'years
tovémpla;e the batholith. In heated crust, magma generf

ation'qnd batholith emplacement could be more ‘rapid

“(Fitcher, 1979), certainly on the scale of North American




caldera compiexes. In the Archean, Davis et'al.‘(1982)

report t1me 1ntervals of 1ess than 5 Ma between cessat1on

of vo]can1sm and 1ntrus1on of post-orogenic gran1tes. Thus,

rapid format1qn and 1ntrus1on of gran1t1c magmas is reason-

able on the basis of studies of Recent and‘Archean terranes.

6.5.4 Discussion _ - » ’ '
It is possib1e to deposit the Akaitcho and Epworth

Groups and intrude them with granitoids in a pekiod‘of

abou; 10 Ma using Phanenozojc and Recent_sedimentation

o

rates; The model for the development of the Wopmay Onogen

proposed by Hoffman (1980c) assumed a s1gn1f1cant time

interval betyeen the Akaitcho G;EEj/r1ft sequence and flrst

collision. The zircon dates.in te that this is not the

case, and requifes a rethinking of the events which may have
occurred prior. to the'first collision.’
There are 3 tectonic reg1mes that may be applicable to

Akaitcho Group depos1t1on and mode]s of "the deve]opment Df

_the Wopmay Orogen up to the first collision. These settings <

o

are discussed below.

rike-S1ip (Pul] Apart) Bas1n

. ::‘
. 3

Th1s tecton1c reg1me is con51dered unlikely because of
the abundance of vo]canlc rocks in the Akaitcho Group, and
the absence of a homoclinal succession, 'Pull-abart basins

1

such as the CarbonIferous basins in the Appalac1ans

. (Bradley, 1982) are character1zed by rap1d subs1dence, but

~are dominated by clastic sed1mentat1on with minor volcanism.

Volcanism can occur in pull-apart basins if significant

u
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- extension‘occurs (Crowe]it 1974). However, it is-difficult

to resolve..the geochemical trends observed in the Akaitcho’

Group with such a setting. in'addition the Athapuecow and :

the postulated Taktu Au]acogens are more. cons1stent with an

1ntracont1nenta] r1ft setting than a strlke s!1p mode]

.Marg1na1 Bas1n ) ' o

<

The Aka1tcho Group cou]d -be the resu]t of back -arc

* spreading behlnd a continental magmat1c arc that ex1sted

rior to the Great Bear magmat1c arc. Back—arc spreading
would have reached the marg1na1 ocean-basin stage in order
to account for the abundant ocean thole11tes in the ‘
Aka1tcho Group, and the Epworth Group 1nferred pass1ve-- '
margin sequence. The arC«would have to be west of the o
present Hopnay Fau]t'Zone, and is“n0‘1onger;expose¢...

This'interpretatﬁon-is conéidered'unlikely becauee}'

i) there is no evidence of arc~&etritue in the Akaitcho
Group; ii) there is no evidence ofivo1canic'rocks, e.g. air-
fall tuffs,, wh1ch could have been derived from a vo]can1c
arc west of the present wopmay Fau]t Zone; iii) the Aka1tcho

Group volcanic rocks.1ack‘the h1gh chondr1te—norma1lzedrBa

Characteristic of 1sland arc. tho]e11tes in marg1na1 basins

'(Basalt1c Vo]can1sm Studey Project, 1981) However, some

recent marginal basin ‘basalts cannot be d1st1ngu1shed from
mid- ocean r1dge basatts on, the basis of chem1stry (Basa1t1c
Volcanism Study,Proaect, 1981), 1v) the Hepburn Bathollth is
granﬁtic in overall cbmpd}ition: and it has been.argued by

N
[ N o

,
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Hoffman et al. (1980) that the Hepburn intrusive suite is
similar to batholiths found in continental collision zones,
rather than subduction zones; v) rifting in_marginal,basins‘

usually begins with rapid clasziz‘sedfmentation and:

rhyolitic ash-flow sheets “(Karig and Jensky, 1972; Tarney -

et al., 1976)}' In the Akaitcho Group,.rhyolitic volcanism
is lete. not eafiy, in the development pf the basfn.
Although possib1e; there is no evidence at present to
support the margina] basin hypothes1s |

Cont1nenta1 R1ft1ng Leading to. L1m1ted Sea- f]oor Spread1ng

- Th1s is the interpretation. favoured by’ the author,
Crust;\ extensfon causes.formation of a rift,'and'rapdd
subSidence of the rift fol]ons Crustal extension wiih B

greater than 3 is needed in order. to get the tholeiitic

;vo]canlsm observed in the Akaitcho Group {LePichon and

‘ Sibuet,_1981). Rifting probably led to ‘the genenation,of

some ocean-crust, e.g. 4 Red Sea size ocean, and a well- .

~defined cdhtfnenfa],margin on which the Epworth Group wae

deposited. Sea-floor spreading. was short-lived,.possibly -

~due to a Spreading-ridge Jump (e,g;'Figure 6;7; National

Research Council, T979).' Closure of the basin occurred

due to compressive fprces‘actfng on both the Bear and Slave

‘Plates (e.g. Figure 6.7); and resulted in. folding and

thrust1ng Because tne cruét wastthin; and still. hot from
r1ft1ng, gran1t1c magmas - formed qu1ck1y and rose to form the
Nentzel-and Hepburn Batho11ths;‘ No ophiolites are observed

because of the lack of a sizable ocean. The model outlined

o
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Figure 6.7 Schematic didéram illustrating the prefgrred'
4IqueT for the deyeIopment'éf thg‘Akaitého;and
_Epwqfth Groups. Time interval between Figures

A and D is about 10 Ma. -
regional extgnsion re;ﬁ1té }n crustal '
th{nﬁ%ng] sstidenceuand accuﬁb]a;ion#of
volcanic and‘seAjmentary rock:z 7

limited sea-floor: spreading (heavy black
1ine) occuks 1n'thé éastprn part of the
zone.of extenéioh.‘ A |
sbyéadiﬁg-ridge jumps to the Qestern part
of the zone of extension. Bear Plate is
én iso]qted'contfnental remnant.. 7
col]fsion'of Bea} anJ éla&g Plates causes
deformation and intrusién in the Wopmay
Orogen.  Note that the'Slave Plate is

moving westward. Ocean-spreading continues

west of the Bear Plate.

Figures A, B, and C are adapted fromWhe National

* Research Council (1979; their Figure 5.3).
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above resolves the geology and the zircon dates. This
i;terpretatiom differs from th;t of Hoffm;h (1980c) in the
size of the ocean formed after rifting. The only coﬁstreint
on the size of the ocean is the zircon dates:

The presence of a small ocean basin does not repudiate

‘the importance of plate interactions in the Proterozoic.

C1osure'of the»AkaitCho rift and ocean i§ the result of
other forces acting on the Bear and S]ave plates, presumably
the result of other plate 1nteract1ons In addition, the
Great Bear ‘magmatic arc pers1sted for at least 15 Ma, and
would req‘\f subduction of several hundred kilometres of
ocean crust during its beriod of activity (Hildebrend;

1981)

6.6 DEPOSITIONAL HISTORY OF THE AKAITCHO GROUP

e .
~ Between 1.9 and 2.05 Ga ago r1ft1ng began in the .

western part of the S]ave Craton A]ka11ne peralka11ne

’1gneous complexes and tho]e11t1c dyke swarms were 1ntruded

1nto the Slave Craton ‘starting about 2050 Ma. Block-
faulting of the western margin of the present Bear-Slave

boundary at about 115°30'W also began at this time. The

’Sitquk Igneous Complex and the crustally-derived rhyolites

suggest that the Rkaitcho Group has origina]]y deposited on

cbntinenta] crust. Th1e//rust had th1nned from about 34 km
to 26 km by the time of Nasittok Subgroup deposition. By
ana]ogy with recent rifts this crust probably th1nned'to
the west towards’ the centre of the rﬂft, eIther by rotat1on

aTong fault blocks in the upper crust- (Morton and Black,

,.
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1975; Zanettin and Justin-Visentin, 1975) oryby ductile-
spreading of the lower crust (Bott, 1976; Montadert et al.
1979{; Aéain, by analogy to recent rifts, this perfod of
"crustal thiﬁhfng may have lasted:for SQ to éb Ma (Cochran,

1981). Alternative]y,,thé alkaline complexes could be

_related to an earlier period of rifting at 2.05 Ga, and the
Akaitcho Group re1atedAto ;%fting Ehat began between 1.9

and 1.95 Ga ago.

I‘"

The oldest rocks~observed in the Akaitcho Group in
northern Wopmay Orogen are continental tholeiitic bésalts,
hence rifting may have been well advanced by the time of

"Ipiutak Subgroup,depositid&. Continental terranes were

\ still near by,‘and'éhed ar}ose'in large volumes into the

Akaitcho rift. As rifting‘coﬁtinued,'1éfge basalt volcanoes
were'constructed.ftrhe’tholeii;ic chemistry of ‘the Akgi cho
Group basalts in these volcanoes suggests significamt
degrees of partial melting in the manp]é source aréa, and
considerab]e‘crhsta1 thinning. ‘While ocean tholeiites

weré being erupted from these volcanoes,- ocean-floor spread- '’

’

ing may have started to the west. The onset of ocean-floor

spreading is rapid once extensive crustal thinning has ‘
océurred (Cochran;‘1981). The.]argé{volumes of basaPtig
magma injected into and through the crust caqsed crustal 7
melting leading to erubtioh of thé\QkaitthvGroup rhyo]ites.a
Wdater depth qﬁcreaséd to the north Jbﬁ:west aé'rifting

-

, progressed®(Figure 6.4). The rift basin deepened with time

and accomodated large volumes of sédimentary and vdlcanic
~ .

)
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material. ~Volcanism waned with 1ntru510n of the Tallerk
sills, poss1b1y due to westward m1grat1on of the r1ft ax1s,
or termination of magmatism with the onset of sea-floor

spread1ng : ' ' \\, )

of the Odjick Format)on burled thelu Etcho Group (Campbell

and Cecile,'1981) and formet1on of the Coronat1on passuye
continental-margin sequence began. The tectonic evolut1on
of the Akaitcho Group is shown sshematital1y in Figure 5.?.
~The subsequent history of Epworth and Recluse Grouh.
deposition'is unclear. OIf the eiréon dates are valid, then
ocean-floor spreading was limited, and Qeformation'rapid]y
followed rifting (e.g. Figure 6.7).' If the zircon dates
are 1gnored, or 4re shown to be suspect, then the model of
the development of the Wopmay Orogen proposed by Hoffman
1980c¢) may be a realistic explanation. In e1ther case,
(ioffman s (1980c) 1nterpretat10n of events following the

first collision in the Wopmay Orogen may be tenable.




" Figure 6.8 Schematic dia‘gram illustrating the evo"lution‘ of
= the Coronation continental margin during the
ear]y Proterozoic. Diagram may represent a ‘time
span of as little as 10 Ma.
I - post-Ipiutak Subgroup deposition and syn- Zephyr
. Formation deposition. Akaitcho: Grjou‘,p units
older than the I;‘Jiutak Subgroup, if they exist,
" are considered as part of the basement. .
I1 - late Nasittok Subgroup deposifion. . Rift-type
ocean crust, s%milar{—o that found in the Gulf
of California and the Afar, has deve]oped on the

thinned continental. crust underlying the Nasittok .

e

Subgroup. -

IIT - late Aq]erok Formation deposi t1on The centre
of volcanism has miqrated westward, and develop-
ment of normal ocean-crust-is inferred. to have .-

begun to the west.

IV - late Rockhest Formatjon depos1t1on. The |
Aka1tcho ‘Group is buried beneath Epworth Group..

; ‘s

passive-margin seglence.
‘ ‘ %
L]

LEGEND

! Ipiutak Sut{grogp _I . rift- type ocean crust

Zephyr formgtion
AKAITCHN

Nasittok Subgroup o
’ ‘ : GROUP normal ocean crust
‘Aglerok Formation :

a 1 2zones of magma

X

Vai]’]ant Formation * X _generation

Stanbr1dge Formatwn

‘ ‘ " basalt feederé and

0dJ1Ck Formatwn - sills
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CHAPTER 7

THE AKAITCHO GROUP. AND THE DEVELOPMENT QF

CONTINENTAL MARGINS

7.1 INTRODUCTION (

| . The first aim of't.h_e thesis - to determine the tectomic
significance ',of the Akaitcho Group with respegt to the'
Wopmay Orogen - has. been addr'evssed,in'Chapter 6 .'In this
Chapter, the second aimlof the thesis is examined‘; name]'y,’
what can the Akaitcho Group teld us about the deve]opment
of cont1nenta1 margins and rifting processes in general,
with respect- to both the Proterozo1c and younger plate

boundaries.

7.2 CLASSIFICATION OF PROTEROZOIC RIFT SEQUENCES

In the ,R_ece_nt, rifts are fqund in a var1ety of tectomc
'éettings. Fo;' exaimp']en: tontinental collision zones (Ba1ka1
rift) (Molnar and Tapponier, 1945), left-ldteral slip along
| transform faults (Dead Sea Tift) (Hatcher gt___g_l__ . 1981),.

pr spreadmg centres (Red Sea). Thus, in the anc1ent rock

fecord, one must.assume that any .r1ft may have forrned in one ‘

of several porssible te'Ctonic"s‘ettings - settings that‘

common]y form r'1fts with s1m11ar geolog1cal character1st1cs

One d1ff1cu1ty in working with older rift sequences is that s

recognition’ Of"q:”t is a significant, first step. The
- second, more difficult s_tep', is determining the. tectonic

~setting of that rift..

For the purp‘o'se of discussion, Proterozoic rifts in the

Canadian Shield have been divided into two broad classes

¢

¢
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(Figure 7.1). The first class of rlfts are associated with

orogenic belts. - The r1fts genera]]y par‘a]le] the trend of

the belt, and are affect‘ed by deformatmn and metamor‘ph1sm
assoc1ated with the orogenic belt Aulacogens, which
stmke at high ang]e into orogemc belts, can be cons1dered
‘as a subcFtass of the first class of rifts. It is. from the
. ' . first ¢class of rifts that we gam insight into r1ft1ng
' ﬂprocesses related to the development of cont1nenta1 marg1ns ‘ |
Subsequent discussion will focus on thls f1rst class of ‘

r1fts

' The second class of rIfts are less clearly assoc1ated
with any mQJOY‘ fold belt, or are post-orogenic. Some
se’/ences such as the Borden and Thule basins (F1gure 7. 1) A l
are magma-poon. Others, such as the Keweenawan, are magma-

rich. " Discussion of the c‘lass two rifts is beyond the ‘scope

.

¢ . of th1s theSis.

7.3 THE AKATICHO GROUP

The Akaticho Group stratlgrapmc sect1on 1s s1m11ar to

sections .drilled fn ‘the Guwﬁﬁorma on DSDP Leg 64
('Cu'r'ray et al el 1979 Emsele et al., 1980)1(F1gure 7.2) and

'the strato1d semes in southern Afar (Chessex et al., 1975)

- The presence of the gran1t1c rocks of the Sitiyok-

Complex, which may be basement to the Akaitcho Group, and

‘ ‘. ‘ the abundance/p*—-wﬁg;ble crustaHy der1ved rhyolites 1in ‘the
. Ly
. Aka1tcho Group po1nt ‘o the .gontmental character of the

crust underlylng the Akaitcho Group. As d?scussed in

Chapter 6.2, estlmates of Akaticho Group crustal thickness
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Figure 7.1

-

o .
o
.

Locat1on of Proterozo1c’r1fts of the Canad1an

Shie]d and adJacent areas. Class one r1fts -r;

Class two rifts - b. St1pp1ed pattern -

Phanerozoic rocks. Abbrev1aﬁ1ons T

T

A

AA - Athapuscow Aulacogen; BR -.Bruce River

Group; DG - Dubwant Group; SL - Seal Lake Group.

Stratigraphic sections for the Gulf of California

and the Akaitcho Group. Note gross similarity

between the upper part of the two-sections. Gulf

of Ca11forn1a sect10n constructed from data in
CCurray et al. (1979), Einsele et al. (1980). "
Symbo]é: éfosses - basement rocks. hachures -
basaltic f]ow§ and si]]s, heavy dots - coafse
c]astfcs; fine dots - mudﬁtohes; no pattern -

» rhyolite flows and sills.
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dur1ng Na51ttok Subgroup volcan1sm are 8 to 10 km 1ess than
the present (and late Archean) th1ckness of the S]ave Craton
(33.9 ¢ 0.9 Km, (1971)). "Also, as discussed in Chapter
6.2, the crustal th1ckness dur1ng Akaitcho Group depos1t10n
A

was 1ntermed1ate in th1ckness between ocean1c and cont1nent-

al'crust, and s1m11ar.to crustal th1cknesses in present day

rifts such as the Gulf ofiéaliforn1a‘and sourthern Afar

:(F1gure 6.3).

The evo1ut10n of basalt geochemistry from contlnenta}
to type [I ocean tho]e11tes 1nd1cates high degrees of
part1a1 me1t1ng 1n the source reg1on for the Akaitcho Group _
basaltsr In add1t1on, 1n3ect1on of basa1t1c magmas into "’
”the crust in: suff1c1ent quant1ty to cause generat1on of
'large .volumes of crustal]y -derived rhyol1t1c magmas must
have caused substant1a1 changes to the orlglnal cont1nenta]~
character ‘of the crust beneath ‘the Aka1tcho Group.

"~ As d1scussed in Chapter 6 “the zircon dates from Zone
3 1nd1cate that 1itt1e ocean crust formed west of the r1fted
Slave Craton priar.to the, f1rst c0111sion However, the
Aka1tcho Group probably ;:eserves part of .the crust that
lay between ocean crust to the west and cont1nental crust
of the S]ave Craton to the east. '

The major conc1u510n deduced from study of_ the Aka1tcho
Group 1is that the crust beneath ‘the Aka1tcho Group was
1ntermed1ate between contlnental and oceanic crust and

d1ffers from .ophiolite sequences The crustal structure of

r1fted cont1nental margins therefore may be unlque, as. has

’
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yoeen suggested by recent Qorkers'(ejo; Moore, 1975;
Talwani gt_gl.; 1979) | U4 .
,7;4 CLASS ONE RIFTS - COMPARISON WITH THE AKAITCHO GROUP

7:.4.1 Labrador Trough
 The southern part of. the Proteroonc (1.75 to 1.9 Ga)
Circum- Ungava Foldbelt or Geosync11ne (D1mroth et al al., 1970)
'.1s termed . the Labrador Trough (F1gure 7.1). The Labrador
Trough i bounded to the east and west by ‘the stable
‘Archean cratons of the Na1n and Super1or structura]
prov1nces. The geology of the Labrador Trough has been
extensively described by Dimroth (1968, 1971a, 1971b 1972
1978), Dfmrothigg;gl (1970) Frarey (1961, 1967), Baragar

(1967); Fahrig (1967) Mardle (1979), and Hard]e and Bailey

(1981)' The fo]]ow1ng descr1pt1on is condensed from Nardle-
and Bailey (1981). A e o
The Labrador Trough'compr1ses a succession of sed1men-

tary and maf1c vo]canzc rocks (Kan1ap1skau Supergroup) whlch
is lntruded by a sequence of gabbro and u]tramaf1c 51115
‘(Montagna1s Group).' The Kan1ap1skau Supergroup is d1vvded'
into two distinct lithic assemb]ages. a western, pref
dominately-sedimentary sucCession (the,Knob Lake Grbup -
6500 + m) and a eastern, predomlnantly mafic vo1can1c unit
(the Doublet Group - 5000 + m).. The Doublet Group 1oca11y
conformab]x overlles.the Knob;Lake Group on -the eastern
margin.of the grough. A thick succession opre1itic and
- semi-pelitic schist and amphibolite (thé'Laoorte Group).

is an eastern lateral equivalent to the bulk of:the Knob

i o g o e
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. Lake Group: (Dinroth, 1978; Wardle and Bailey; 1981). The .
Knob. Lake and the Doubtet Groups were prev1ously considered
to be a m1ogeoc11nal-eugeoc]1nal-pa1r (Harr1son,gt_al.

1972) Recognit1on of the Laporte Group as the lateral

equ1va]ent of the Knob Lake Group has requlred mod1f1cat1on'

of this concept (see NardTe and Bailey, 1981). o ‘ l

Two rift: assemblages are present in the trough In the

west, the lower Seward Subgroup restS\uncdnformably on the

Super1or Craton and cons1sts of coarse c]ast1c sed1ments and

s

'alka11ne volcantc focks The 10wer Seward Subgroup is- over-

: ]a1n by the Knob Lake Group shelf sequence The lower
'Seward Subgroup- ha9 been’ 1nterpretated to represent r1ft1ng
near the marg1n of the Knob Lake Group dep051t10na1 basin
(Hard]e and Bailey, 1981) ' ’

The second rift assemblage is represented by the

.Doublet Group, which has a m1n1mum thickness of 5000 m and’
ouer]ies'the‘Laporte Group'pelitic and‘semT-peTitic schists,
"TheJDoublet Group is divided inta three formations. - The .

10west 'the MUrdochTFormation consdsts of mafic pyro- :4

clastics, tuffaceous siltstones, pillow lava and minor
conglomerate. The Murdoch Formation represents a per1od of s

, expTosive volcan1sm and 1n1t1ated rift1ng (Nardle and ’

‘ Balley; ]98]) It is- overlaln by 500 to 700 m of rhythm—

ica]]y bedded s1ltstone, slate. and arg1111te of the Thompson

Lake Format1on The Thompson Lake Format1on is over]a1n by

over 3000 m of mass1ve and p1llowed low-K ocean1c tho]e11tes

of the N1llbob Formatlon (Wardle and Bailey, 1981) The ,

L3
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"Murdoch and Thompson Lake Formations are 1ntruded by
numerous_gabbro and per1dot1te gﬁ]]s of the Montagna1s

~Group. The Montagnaxs Group sills are comagmat1c with the

‘ﬁ1llbob Format1on basaTts (Baragar, 1967; Dimroth et al. .,

1970) Hardle and Ba1]ey. 1981). ,

' Nardle (198f? and Hardle and Ba11ey (1981) have com-.
pared the Doublet Group to the Gu]f of Callfornia, where
qcean floor spread1ng assoc1ated w1th'rap1d nyscho1d
sed1mentat1on produces an oceanic crust very d1fferent from
that present in normal spread1ng r1dges. The-concTusxons
reached by wardle (1981) and Wardle and Ba1ley (198]) are
‘51m11ar to those reached by Easton (]981d) for the. Akaitcho
Group Do o - .

The amount of ocean- spreadlng .which was assoc1ated ‘with
the Doublet Group is not known. Deve]opment of Jcean crust:
“in the Labrador Trough may have been Tess extens1ve than inﬁ
the H0pm¢y Orogen, becausé a shelf- sequence does not post-'

date the Doub]et Group r1ft1ng
7.4.2 Cape Smith Foldbe]t

The Cape Smith Fonbe]t is a1$o part of the C1rcum~‘
Ungava Foldbelt or GeOsync11ne The Cape Sm1th FonbeTt
separates. Archean gneTSses of the Superlor Prov1nce .to the:
south from Chruch1ll Prov1nce gneisses of uncertain age to-
the north (F]gure 7. 1) Supracrustal rocks of the Cape
Sm1th Foldbelt l1e unconformably on Archean gne1ses to the

south (Dlmroth et al,, 1970; Taylor, 1974). In the north-
£}

. east, the supracrustal rocks T1e unconformably on Churchill

P
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Province gneise'(Schimann, 1978).\'The»supracrustal rocks

are between‘1 75 and 1.9 Ga in age. - Geo1ogy of the Cape

= Smith Fo]dbe]t has been descrlbed by Dimroth et al al (1970),
Tay]or (1974), Hyne: and Francis (1981, 1982a, 1982b) and
Francis et_al. (1982). This account draws heavi]y from
Hynes and hrdneis (1582;, 1982b) . ) ' '

The supracrustal’ rocks can be divided into two groups -h
the lower Povungnltuk Group and the upper Chukotat Group.
The Povungnltuk Group 11es unconformably on Archean basement
and consusts pred0m1nant1y of sedimentary rocks Arg1T]-.
aceous sandstones and s11tstones are common_in the lower

'Povungnltuk Group, with turbidites being more copmom in the . f

.upper paht of the Group. Pil]owed and massive flows of

continental tholedite basalt ihtruded by large sills of

'komatiitic‘basalf, simi]pr chemically to the voIcanics_of

the overlying Chukotat Group, are.preéent near the iop of
the Povungnituk Group. Locally, fragmental acidic rocks are’
v%nfercaiated with hhe‘baealtic flows. “The Chu&pﬁat Group
consists-o#;1a§a f}ows,lsflls and suh-vo]canic intrusions

uthat'rapge in cbmpositﬁon from komatiitic basalt to ocean

"tholeiite. Siltstone horizoné are rarely present in the

Chukotat Group. The naturé of the basement underlying the

Chukotat éropp is Uncertain.

Hynes and Francis (1981, 1982, 1982b) interpret the
.Povungnituk Group as a riftlsequence related to COntinenfal"
breakup They 1nterpret the Chukotat Group s-a possible

remnant of ear]y Proterozorc ocean crust. There are ‘few




i

. : - 325

constraints on the size of the early Proterozoic ocean.

Hynesvand Franci 11981) suspect that only a narrbwloﬁean'

formed. No shelf skquence is present in the Cape Smith
Foldbelt. o -

: The r1ft rocks in the Cape Smith Foldbelt are similar
to those present in the A%g}tcho Group (F1gure 7.3). "Both
have a §tratﬁgraphic sequenie consistingtof'lower5c1astic v

v : rocks and continental tholeiite flows overlain . by a thick

o 1/, sequence of ocean tholeiite flows and gabbro'si]] complexes.

Both stratigraphic sequences haVe.béén‘in;erpretated

.independently'tohbe rift sequences related to continental

n

breakup and odean-floor spreading.

7.4.3 Bur1n Groug -
‘The Burin GrOUp is. re]ated to r1ft1ng

about 760 Ma-ago in the Ava]on Zone of the

.

-

that occurréd
Appa]achian
continental

ways to the rift

The geology of the Burin Group
(1978a, 1978b).

Orogen. A]though not related to any known
.margin, the Burln Group 1s s1m11ar in many
sequences described so far
has.been descr1bed by Strong et al.

lheABur1n Group consists of 4 to 5 km of mainly
volcanic rocks andvﬁub-vdlcanic'intrusiyes with minor
basaltic‘pyroclasfic rocks and fine-grained sediments.
Pillowed '

Epnmation form the. base of the Burin Group.

Island Formation

stromatolitic lfmestones_of the Port“"au Bras Formation.

lavas with alkaline affinities of the Pardy I'sland

‘The Pardy

is overlain by siltstones, mafic tuffs, and ~

The

overlying Path End and Beaver Pond Formations consist dom-
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1nant1y of pillowed basa]ts with some water1a1n mafic pyro—
clast1cs ‘of ocean tho]e11te comp051t1on (Strong and gosta1
1980). The Path End and Beaver Pond Format1ons are qntruded
at the1r contact by the Nandsworth (Gabbro) Formation, a sill
“complex 1.5 ‘'km thick.- The Burin Group was. deformed and
overlain locally by the Rock Harbour Group, a sequence of
cong]omerates, sandstones, and turbidites (Hlscott 1981)

; Tne Burln Group is similar to the other three sequepces
d1scussed (F1gure 7.3). The Burin Group basalts show a
ompos1tlona1 evolution up-section from alkalic basa]ts to .

LREE dep]eted type I ocean tholeiites (Strong and Dostal,

,]980). The vo]can1c sequence is intruded by a thick

gabbro sill complex. Because of 11m1ted exposure, it is

not known if a clastic sequence under11es»the Burin Group.
The tectontc sett1ng of the Burin Group c]ose]y resemb]es
the tecton1c sett1ng of the Gulf of Ca11f0rn1a (H1sc0tt,,
1981).. Evidence for exten51ve rifting is lacking in ‘the
Burin Group (Strong et-al a] , 1978; Hiscott, 1981).

7.5 DISCGSSION: CRUSTAL STRUCTURE (1] CONTINENTAL.MARGINS

Figure 7.3 shows reconstructions of the four
Proterozo1c rift sequences discussed. Fiqure 7.3 is as
fa1thfu1 as p0551b1e to the reconstructions of the original
-authors. Evidence for successfu1 r1ft1ng and formation of"
passive margin seduences dininishes from the Akdtichq to
the Burin Group. o |

Three. of the four seqdences have a recurrent strati-
graphy: :a Tower clastic sequencerverlain by a thick

»
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o .
Figure 7.3'.Reconstructe&eProterozoic margins‘éhowiﬁgd‘  \\\- '
‘ ' inferred setting of rift sequences. " Note comhon \\ X
association uof ocean tholeiites, gabbro sills, \\\'.' 7
and fine-grained sedimentary sequences in.all \\ g
. Proterozoic rift sequences illustrated. }\x f
Sources: =.wopm‘ay Orogen (Easton, 1981d); Southern ;
’ Labrador Trough (warjdle; and Baj]e_y, 1981); Cfpe -
Smi/tih Foldbelt ('Hyneé, 1981; Hynes andsFrancis, ‘
198&??3_, 19.825); Burin ‘Peninsula (Strong g_;__a_i., 3
1978a, 1978b). . IR
’ "
- LEGEND.
+ gra'anitic baSe}nent; )
. coarse, clastics ’ “ -
) _shale, siltstone _ '
o komatiites, ogean crust
x v tho‘ilei‘ites‘,‘ma’in]y.oceanic ‘
W tholeiitic sills -
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- sequence of basaltic rocks. Gabbro sills intrude the

-sedimentar_y and volca.nic rocks: The volcanic rocks show a s

chemical evolutioﬁ up-section from either continental

| "tholeiites or alkaline basalts to type II or-type Il dcean
tho'leiites. The Burin Grogp differ";s on.l_y in the absence of
a ldwer cl‘astic' seq_ueﬁce. .The str’éti'g“raphic sequence ab‘ové
is simi.lar'fo that pre;ent in the Gulf of Ca]Aifor;n_ia,'and
the stratoid series of southérn Afar,

In the 6ulf of California, high sedimentation rates '
associated with ocean-floor spré}vading Create a crustal
structure different from that prfpno'rmal spreading ridges:
_TI\\L&"{crust_is‘-intermedmté in thi‘,cknés.s"and seismic pro-

" perties between cbn_tine‘nt_a] and, oceanic crust ('Fi‘gure 6.3):
Sedimeptary rocks ar‘e"__abun‘dant; and si11 swarms comagmatic
with oceanic rth‘olei‘ite' basa]t; are common, Note that the

" Gulf of Caulifornia comparis:on applies only to 'ghe southern
Gulf, and is a bcompér'iso' of crustal "s‘truct;ure and strati-
graphy, not‘.the tectonléegi’me. | | '

‘ The Pro't.eroz‘oic rift assembia‘ges described above have
been interpreted ‘indepenaentl:y by several autho;‘s to
represent the ons}et of ocean-floor spreading a1oﬁ_§ §
recently rifted cratonic block (,Ea:ston:; 1981d; Wardle, 1981;
Hyhés and lg'rancis, 1981). A]thodgh 'the,eﬁvidehc“e for

generation of typical ocean ¢rust along these continental

margins is scanty, as is knowledge of the size of the

P

resultant oceans, the similarity of stratigraphic sequences

is striking.
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7.6 CONCLUSIONS
Proterozo1c rifts in the Canadian shield assoc1ated
w1th orogemc belts are s1m11ar in stratigraphy and develop-
menta1 history. They ‘are character1zed by a lower c'Iast1c

‘ assemb]age overlain by th1ck piles of tholeiitic basalt,

.‘both of wh1ch are intruded by gabbro sills comagmat1c with
the basalts The basalt1c rocks evolve up -section from
a]kahne basalts or continenta] tho]entes to ocean -
tho]entes The Proterozoic r1fts are s1m11ar in strati-
graphy to some modern rifted marg1ns. 1nd1cat1ng that as
far back as 2.0 Ga, rifting processes were similar to those
at present. Incipient ocean basins in the .Proterdzoic'inl
areas of high sedimentat;}? develop ’-crustalvstructur,es
~similar to the Gu]f of California. These preserved
1nc1pent rifts are an 1nd1cat10n that ocean- floor spreadmg
.probably "did occur in the Proterozmc, even though-

,ophwhtes are rare in the Precambrian
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"CHAPTER 8
SUMMARY AND CONCLUSIONS

The following is a summary of the geological and .

geochemical features of the A‘ka‘ltcr‘lo Group, and the con-

clusions inferred from these features.
1) The Akaitcho .Grro_up consists of 6 to 8 km of meta-
sedime{nt'_ary and metavo]canic:rocks. Volcanic rocké
comprise rougﬁl_y half of the exposed Akaitchg,Group in
northern Wopmay Ordgen {above 65°N). The follo.wing.
generalized stratigraphic' section has be.éri recogniz"ed"in
the ce‘ntral metamdrphic core zone {Zone 3) of nor-thern
"Wopmay Orogen: i) a _1ower'sequence of at least 0.5 km of
bqsalﬁ‘ ,f]ows. and -tuffs 1'nterca1.ated with ‘kpeh’te an‘q ortho-
_‘quartzite (thé Ipiutak Subgrou;;), ii) a lower clastic. .
seq'uence. cohsis]tin,g'of 1 to 2 km 6.f arkosié tur 'di-tes (the
ZLephyr Formatioﬁq,) intruded by J;()fO]ite porphyry sills (the
Okrark sills}; f‘ii) several, 3,_to ;‘i_._,_km thick, volcanic c

complexes consisting of subé'lka]i“ne basalt and rhyolite

mainly erupted subaqueously {the Nasittok Subgroup); iv) 1

to 2 km of olive-coloured pelifes and volcaniclastic

sediments (the A'g'ler:ok Formation), in part derived from -the
volcanic complexes, and locally intruded by gabbro sills
(Tallerk sills). : |
»The lowér Grant Subgroup and the Drill F_prmation are
v 1itho]ogicaHy.c‘orkel‘ated with the Zephyr Formation. The.
upper Grant‘ Suvbg'roqp',' and the il‘a_'iHant and Stanbrid_ge . .

Formations are lithologically correlated with the"N_qsittbk

’ w
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“.and rhyo]nte or high-X rhyol1te (> 69% Sio0 )

'C0nt1nenta1 thole11tes and type II ocean tho1e11tes The -

"chemistry between thole11t1c ehd a1ka11ne basalts. but are

-vo]umetr1ea11y minor. " The Va111ant Formation basa1ts lle

./.
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Subgroup volcan1c rocks The Union Island Grohp. which is
located -at the base of the Great S1ave Supergroup in the '
East‘Arm of'GEeatvS1ave.Lake.may be ]ithologica11y correl-
ative with the Aka1tcho Group. '

o

The 11tho1og1es present in the Aka1tcho Group, and the

\stratigraphic re1at1onsh1ps between these 11tholog1es are

" consistent with the Akaitcho Group being deposited'in a

rift. B » ,
2)-' The Aka1tcho Group 1s probab]y over1a1n by the Epworth
Group»1nferred pass1ye-marg1n sequence,' In two areas-in
Zone 3, the'Akeitcho/Enworth Group contact .is concordhnt,
and‘mayAbe conformable. A disconformable eontaet.éénndtibev/

ruled out. In two areas near théﬂboundary between Zones 2

and 3. the Epworth Group overltes, or is interbedded with

’basalts of the Va111ant Format1on . These basalts have been

]1tholog1ca]1y correlated’ w1th the Akaltcho Group
3) ; The Aka1tcho Group volcan1c rocks are b1moda1

subalkaline basalt (< 56% 5102, Y/Nb ratios genera11y > 3) -
4) Two types of basalt are present in the Aka1tcho Group;

Akaitcho Group basalts change upsectlon from evo]ved

cont1nenta1 th01e11tes to type II ocean tho]e11tes Soﬁe

basaltS'of the Vaillant Formation may be'trans1t1ona1 in
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'cratonward of the Ipfutak‘and Nas{ttok Suhgroup Volcahic__
B ~ .rocks. h ‘
5) The‘Akaitcho Group rhyoliteé have hioh Fe, Ti, Mn, K,
and Ba values, 'high 87Sr/865r_initia1 ratios, ahd REE

abunqancgs and patterns different.from the oceanic -
tholeiites they are associated with in the field. In_
additfon, the rhyolites account for about 25% of the
volcanic rocks in some of the Nas1ttok Subgroup volcan1c
>comp1exes The rhyolites were probably derived by me1t1ng.
of the 1ower (cont1nental) crust

6) Sedimentary rocks from"the'lower AkaitchofGroup (the

2

Zephyr Formation, the Ipiutak and the lower Grant Subgroups) -
have REE patterns sihilar to post—Archean sedimentary rocks'
world;ide, and were derived from a source terrane of overall
granodiorite compoeition (i.e. the exposed‘oonttnentai
crost)f ‘Sedimentary rockstfrom the hpper Akaitcho Group

(the Aglerok Formation) have REE patterns similar to the

. . lower Akaitcho:GrOUp sed{ﬁentary.rocks but"hith much lower ,:

“total REE abundances. The REE results from the Ag]erok

Formation are lnterpreted to 1nd1cate a source terrane

consisting of the cont1nenta1 crust (i.e. the'Slave'Craton):'

s . » and a volcanic terrane similar to the Nasittok Subgroup

;ZK‘ ‘ n7)' AT of the geochemical changes observed 1n the Akaitcho

! époqg~_lp/be correlated w1th changes in strat1graphy or

vchahges in the field appearance of the strata. 'The above -

'1nterpretat1ons (#% through #7) are supported by the
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correspondence between the field observations and the

‘geochem1ca1 data. v

8) Rb- Sr and K Ar, |sotop1c systems in centra] Wopmay

s

Orogen have been reset. Both 1sotop1c systems became closed

to isotopic exchange about 1770 Ma, about 100 Ma after

plutonismgln Wopmay Orogen (based ohdzlrcoh,dates from

granitoidvrbcks) A]though Rb and Sr isotopés have been

mbbiie,'fhere is no‘ev1dence to 1nd1cate that the l1mmob11e
trace or the rare- earth e]ements were mobile.

9) The max1mum age of the Akaitcho Group is unknown, and"

_could range from 1920 to 2050 Ma. = Rhyolites from the

Aka1tcho Group have a 21rc0n age of 1901 +-24 ‘Ma (iircon 7\/”

data courtesy of S.A. Bowrlng and W.R. Van'schmus}. _
UnlverSIty of Kansas), only about 10 Ma older than p1uton1c
rocks of the Hepburn Batho11th that lntrude and metamorphose
the rhyo]ites

10) Crustal thickness dur1ng Nas1ttok Subgroup depos1t10n

.*15 estlmated at 26 km based on vo1cano spac1ng. "This.

B est1mate 15 8 km lower than est1mates of the Slave Craton

thlckness 1n the-Proterozoic Crusta] th1nn1ng is’consist-.

ent w1th a‘rift sett1ng for the Aka1tcho Group, and the‘

"rap1d subs1dence necessary to resolve Aka1tcho and Epworth"

Group depos1t1on and the z1rcon dates. - 1

11) Aspects of the phys1ca1 vo]canology of the Nas1ttok

Subgroup vo]can1cs indicate that the basin deepened _o the

north and west duning Nasittok Subgroup deposition. ~This -

v




335

information can be fitted into a rift model for Akaitcho»i{‘
Group deposition S _

12) - The Akaitcho Group is best mode]]ed as an intra-
.cont1nenta1 rift. | Crusta] extens1on caused rap1d subs1dence-
and volcan1sm,‘result1ng in rap1d filling of the rift.
jL1m1ted sea -floor spread1ng may have occurred, and a
cont1nenta1 marg1n‘formeq on whlch.the Epworth Group
inferred passive margin sequence was deposited, The rift
closed soon~after formation.~ Closure'of‘the.rift re§u1ted
inrdeformation, and was-fo110wedic]osefy by plutonism.
Plutonism occurredlrapid1y because of the predence df thin,
‘heated crust 1n the area a$ an aftermath of the recent
r1ft1ng event.' Th1s mode dlffers from that of Hoffman
(1980c) 1n advocat1ng the format1on of a. sma]] ocean after
initial rifting, and_reso]ves the geo}ogy and~the 21rcon
data. “The extstence‘of,plate interatttons ieltmplicit in
the model presented‘here; H1ldebrqnd (1981)fpresent§
~eV1dence that the Great Bear Arc (Zohe 4 of the Nopmay

Orogen) 1s related to. subductlon of ocean crust, and

a1ndependent]y documents poss1b1e p]ate 1nteract1ons in the’

“early Proterzoic ' A

,]3) The Aka1tcho Group 1is s1m11ar to other Proter0201c r1ft
‘sequences in. the Canad1an Shle]d that are assoc1ated with
orogenic belts (e.g. the Doub]et_Group in the.Labrador_
fTrough; the PoVungnituk and Chukotat Groups in the Cape
,Sm1th Fo]dbe]t, and the Burin Group in the Avalon Zone of

the Appalachlan Orogen) Most of these-r1ft sequences.have

‘N
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an assoc1at10n of fine- and coarse- -grained clastic rocks,
volumlnous sequences of oceanic tho]e11tes. and extensive

gabﬁro 5111 swarms comagmatic with the volcan1c rocks. B

"These sequences are s1m11ar to sequences present 1n the

southern Gu1f of Californ1a and - the southern Afar. These
sequences are 1nterpreted to represent the remnants of crust

that was transit1onal between cont1nenta1 and, oceanic crust

If so. then the crustal structure Of Recent’ rifted cont1n-,

enta] margins may be unique, as suggested by recent workers

(e.gs;Moore,-1973; Talwani et al.. 1979). - !
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APPENDIX A
ANALYTICAL METHODS
A.1 SAMPLE. COLLECTION AND PREPARATION

Representative specimens were collected from all
stratigraphic units in the Hepburn, Four Corners, and Grant
Lake map areas The distribution of analyzed spec1mens
between maJor strat1graph1c units is glyen in Tab]e Al

Sample names in 'th1s report use the fo'l]owing number'—
?g scheme. The first letter refers to the collector, the
numbers before the per1od indicate the station where the
samp1e was col]ected and the numbers after the period
1nd1cate the year the sample was collected; e.g. sampTe
F405.'ﬂ78 was collected by the author at statio'n 405 in 1978,
Sample collectors are: F- the author, G- J.P. Grotzinger,
H- P.R. Hoffman, R- Doug Furey and S- M.R. St-Onge.

Samples were p.repared by crushing tv"o -2 cm chips in the

¢

- field. This procedure eliminated one source of laboratpry

~contamination, and ensured that an adequate amount of fresh

material was obtained. The.chips were pulverized at -200
mesh in a tungsten carbide Siebtechnik "Tema" swing m1H
The resulting rock powders were used in subsequent analyses.

A.2 MAJOR ELEMENT ANALYSES

Major elements were determined by atomic absorption
(AA) spectrometry usving a Perkin-Elmer d1g1t1zed spectro-
meter or b_y ‘X-ray fluoresence (XRF) spectrometry on fused

pellets us‘ing avmod1fjcation of the heavy absorber technique

" of Norrish and Hutton (1969). Agreement between the two

.
’
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~ (Dumas Group,

Migration Sills,
Muskox Intrusion,
Mackenzie dykes)

This list does not

e

.

include duplicate, repeat, or test analyses.

3
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Table A.1 Distribution of analyzed samples between
' stratigraphic units,
Unit tota.l major tface REE
samples element element: analyses
‘ analyses analyses :
AKAITCHO GROUP
lTower volcanics 44 7 44 10
Nasittok volcanics - ’
basalt 134 36 134 55
rhyolite 48 14 48 ‘ 8
Tallerk sills 14 2 14 2
Okrark sills 14 6 14 5
lower sediments ° 29 8 29 14
upper sediments 16 11 16 9
Vaillant Formation _
" basalt 26 . 6 26 thE
rhyolite 1 1 1 1
Total Akaitcho 336 94 336 118
OTHER CORQNATION 16 3 16 g
SUPERGROUP STRATA : .
.PLUTONIQ ROCKS 61 37 61 18
(Sitiyok, Hepburn, '
Wentzel)
" OTHER ROCKS 84 16 84 10

r
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methods is good (Table A.2). Precision.of the methods have
been given in Easton and Garcia (1981)}. Samples collected
in 1978 were analyzed by XRF, subs‘equent samples were
analyzed by AA. A

For the samples ana]yied by XRF, the major elements,
except Na, were determined using fused pellets made of -
4V.'oo_o g of Tithium tetrabcrlrate;‘ 0.500 g of rock powder; and
0.50‘0 g of lanthanum oxide. Na was detected as a thin
film on pressed poner trace pellets. XRF samples were
ana]yzed by the author. Samples were calibrated agafns't
pellets-of 1nlternat1'onal rock standards; using computer
programs prepared .by'D. Press of Memorial ljm'versity.

d 'Samp1es' for major element ana]ysés by atomic absorption
spectrometry were disso}lved in a solution of 5 ml HF, 50 ml

saturated H:%BO3 and 145 ml H20 on a _steam bath overnight.

Pzds was determined by colorimetry (Maxwell, 1968) and

"Loss on Ignition" after heating in porcelain crucibles at
1050°C for 2 hours in a muffle furnace. G. Andrews,

Department of Geb]ogy, Memorial University performed the

~atomic absorption analyses.

'A.3 TRACE ELEMENT ANALYSES

Trace elements were determined with a Phillips }-450'{“
X-ray fluoresence spectrometer calibrated against inter-
national rock Standards. Samples were run as pellets
prepared by subjecting a homogenized mixture of 10 g of rock
powaET/and 1.25" g of phenol formaldehyde to a 50 MPa

pressure in a 40 mm diameter die for 1 minute. The result-
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ing pé]'lets were heated in a muffle furnace for 10 minutes
at‘ 200°C. Estimates of analytical- error for trace element
analyses are + 3% to 5% or 1 pprﬁ, whiche\{er i's-greater.
The effects of deliberate cross-contami'natio_'n of samples is
shown‘in Table_’A.B. For th;z samples in Table A.3, the swing
mill was not cleaned 'between sal_ylples. The effects of this
low-level contamination are within the 1imits of analytical
.uncertainty. The 'effects of inhomogenity between pellets
is shown in Table A.4. In this case, a set of bel'lets was
made from a 60 g jar of rock powder. ‘Again, any variatibn
"is within the h'mit;s of analytical uncertainty. In Tabie ,
A.5, the .effects of sample selection vwere examined. In this
case a ‘sample was split in two, and each half was érushed.
and powdered separately. -Again, any ‘variation is within
analytical untertainty. The effect of outcrop va‘r‘iations
on a sample has been illustrated in Tgblé 5.6. Again,
any ef.fect is in>sign‘if'icant with respect to analytical
uncertainty. |

A.4 RARE-EARTH-ELEMENT ANALYSES

REE were analyzed by the thin-fﬂm X-ray fluoresence
method of Eby (19721\as modified by Fryer (1977). Sampi'es
were calibrated against *i‘hternation}aI rock standards. -
Figure A.1 compares several determinations of the USGS.
standard rock BHVO-1, a hawaiian ba.sa'lt, with published
values. The MUN determinations are within 10% of the
published values. 'i'h.e estimated precision off-@e XRF -REE

method 1s ¢ 10% (Fryer, 1977). Figure A.2 compares the

~
]




‘Table A.2

Ele
Sio0
Ti0
Al

Fe2

MnO-

Mg0
Ca0
Na,
*20
P,0
L.0.
Tot

Compar1son of XRF and AA methods for major
element determinations on sample F405 78 -
a basalt. All values as wt.%.

ment XRF . AA error*
> 52.0 52.6 0.40
2 2.38 ' .26 .03
0 12,16 .8 .20

—
N N

.64
.22
.46
.11
.76
.72

.30
.01

.20
10
.25
.02
.02

o3 . 17.35.
‘ 0.20
3.21
6.23
0 - 2.5
1.87
5 10.46 .56
I. B N .51, '
al 99. 32 99.64 !

OO0 — N OV W o o
O 0O 000 0O O

* estimated analytical error for both methods, expressed as
weight percent oxide {roughly 2%). ‘

Table A.3

Comparison of contaminated and uncontaminated
sample pellets - Note: contamination is due to
unclean procedures during the powdering stage
of sample preparation. Contamination is not
directly quantified, but all other samples were
prepared under 'clean' conditions. A1l values
in ppm. .

RHYOLITE : QUARTIZITE:

Element F195.79  F195.79. error* F365.80 F365.80 error*

Zr
Y
Nb
Sr
u
Rb
Th
Pb
Ga
~In

Cu-’

v
Ba

cl

4
1

1

2

" 60 56

1

contaminated contaminated

ean

by basalt c}ean by basalt

58 442
63 161
21 21
24 123,
04 .

191 200

8- 8
56 56°

0 .0
33 33
4 4
5 3
4 - .2
7 15

10
1 17
1. 13
21~ 24
08 205. 1
81 77
88 180°

SNWWSNMNNND =N —NNW
T

~estimated analytical error in ppm, roughly 5% or 1 ppm,
whichever is greater
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Table A.4 Comparison of .trace element results for four ~
; pellets made from one jar of rdck powder for
E sample F412B - a basalt. ,A11. values in ppm.
Pellet # '
Element . 1 2 3 4 error*
I 99 99 97 101 4
Yo 36 3% . 36 37 2
Nb 5 6 6- 6 1
Sr 159 159 160 157 8
U 3 3 0 8 2
Rb 14 15 12 15 1
‘ Th .0 7 1 5 2
Pb 3 9 0 14 2
In 104 105 103 104 4
Cu 64 67 66 68 3
cr 97 93 " 94 94 4 =
v 308 316 310 306 10
Ba 100 108 104 . 98- 4

% estimated analytical error in ppm, roughly 5% or 1 ppm,
whichever is greater. .
® _

Table A,

Element
" Zr
Y
Sr
v
. Rb
~ Th -
Pb
Ga
Zn
Ni

4 * estimated analytical error in ppm, roughly 5¢ or 1 ppm,
‘ whichever is greater. '

5

Trace element variation in pellets prepared from
two splits of sample F464.79 - gabbro. Al
values in ppm, .

SPLIT 1 , SPLIT 2

F3 F2 F1 S1 S2 error*

35 . 31 30 31 .. 33 2

19 19 . 21 18 19 1

120 120 135 127 125 6
0 1 2 3 0 2

17 18 18 17 16 N ;
1 s 4 3 2 2 !
3 5 8 8 5 1"

15 15 . 15 13 14 | ;

71 74 78 72 70 3

174 © 175 186 172 170 8
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. . repeatability of the method on several Tow tqtaT REE

abundance'samples. Again, the samples all lie within

analytical uncertainty of one another. Figure A.3 shows
a comparison of determination of the REE content of a

hawaiian basalt by XRF at MUN and by Instrumental Neutfpn‘

Activation Analysis (INAANDby F. Frey at MIT. Agaiplthe ,
determinétionsAare within analytical qndertainty.. ngure o

A.4 compares values fbr the USGS standard SCo-1 as deter-

mined by XRF‘at MUN and published values détermined by
-McLennqh and Tay]br (1980c). At the time SCo-1 was.énalyzed
at MUN, no reljable REE defefminations were available for
the sample. Again, -the MUN determination is within
analytical uncertainty of the published value. REE plots
‘). were normalized to the chondritic valyes rgported by Masuda

et al. (l973)_times‘1.2. The chondrite normalizing factors

(in ppm) are: Ba 3.44; La 0.315; Ce 0.813; Pr 0.116;
i . Nd 0.597; Sm 0.192; Eu 6t0722; Gd 0.259; Tb 0.0490;
. Dy 0.325; Ho 0;0730; Er 0.213; Tm 0.0300; Yb 0.208;
Lu 0.0323; and ¥ 1.81.
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Figure A.1

Figure A.2

(Left) Comparison of determinations of -REE

abundances in BHV0-1 by the author (MUN) and

published values for the rock standard (Abbey,'

1980; Flanagan, 1976).

(Right) Variation in analytical results for

4 separate-determinations on samp]é F498.80, a

~basalt. Sample showing the most variation chas

the lowest chemical yield (50%).
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’

_Figure A.3 (Left) Comparison of REE abundances 1n‘samp1e
EH70-77; a hawaiian‘tholeiife‘as determined_qt.
MUN by XRF and at MIT by INAA.

- ) v g\? ;

SR

Figqure A.4 (Right) Comparison'of REE abundances 1in SCo-1,
a USGS rock standard as determined in this study,

and the published values of Mclennan and.-

Taylor (1980c). -

S
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_ APPENDIX B ,
RUBIDIUM-STRONTIUM DATING METHODS AND

'ANALYTICALﬂRESULTS

B.1 SAMPLE PREPARATION

One kilogram of chipped, fresh rock were collected in
the field, and crushed dnder‘clzan conditions. to -1 cm size
in a Bfaun Chipmunk Jaw Crusher. The chips were then coned
and split into four~quarters. One quarter was used to
prime the Siebtecﬁnik swing mill and was diﬁcarded. The
second~sp1it was powdered using the sw%ng mill. The other

two splits were stored for possible future use.

B.2 STRONTIUM SEPARATION

HCL of 2N concentration (S.G. 1.035 £ 0.001) was used

' thiogghout the separation proceduré. Rexyn 101, 100 to 200
mesh cation resin was conditioned in 30 m1 of 2N HC1 and
placed in glass bd]umns 18‘x‘1 cm to a height of 15 cm. One
‘to one-half a gram of powdered sample was weighed into a
teflon beaker, and dissolved qvernight'in a mixture of 10 ml
of HF and 1 m1 of HC10, on a hvt plate ® 150°C. Next, 10 ml
of 2N HC1 and 2 m! HC10, were agded and evapérated to dry-
ness. 5 ml-of 2N HC1 was added to the sample, and after
dissolution of the dry residue in the beaker, ;hé sample
was loaded onto the ion-exch;nge_coluhn. The column was
eluted with 1@6 ml of 2N HC1 to rémove other ions. The
final 20 ﬁ] of acid contained Sr and wés collected. The
final eluant was évaporatedﬁ%githe last drop, whicﬁ was

placed in a vial and dried under a heat lamp for later use.
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Sr from the vial was mounted as a salt on'a single
L . . ) - \
tantalum filament using H3P04. Six filaments ane samples
were.loaded onto a turret barrel and analyzed dn‘a Vacuum

éehera;ors Micromass.30‘mass speé&romete%-.‘Anii§tical data
for the isochron diagramé and tﬁé regression taﬂles'of
bhapter 5 are given in Tableé B.1 to B.5. Sample locatioqs
are shown'im Figures B.1 to B.5. The Tuertok Rhyolite '
samples were collected at 66°40'45"N, 115°33'45"W from Unit
10 of Easton (1981c) (seé also Figure 4.13).> Sample
F462A.79, a rhyolite from the Kapvik vo]éanicﬂcomplex'was‘
collected at 66°09'15"N, 115°37'30"W, and is plotted witﬁ
the Okrark sill samples (?1gure 5.6); ' '

B.3 RUBIDIUM-STRONTIUM ANALYSIS

Rubidium-strontium ratios wére determined by X-ray

a4

fluorescence on pressed powder pellets (see Appendix A.3).
Reported rubidium and strontium values and ratios are based

on a minimum of ten replicate analyses and calibrated

- against international rock standards. Precisioh of

rubidium-strontium ratios is estimated at 1% (20) or better.

Precision of rubidium and strontium conténts is estimated at

.'Q ¥

2% or better. '
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Table B.1 Results of rubidium and strontium analyses for samples from the‘Sitiyok Igneous -

Complex. Estimated precision for rubidium and strontium content is 2%, and;l%

¢8¢E

for rubidium-strontium ratios. Estimated precision -in 87'Sr/BGSr is reported
at lo. . . _ : :
Sample Number Rb St . Rb/Sr 87pn/865y 875p/80s,
GNEISS (Unit 1) . ) '
F610.80 101.8 23.9 4,265 - 12.742 1.03418 + 0.000234 -~
F611.80 ‘ 67.0 44,0 1.521° 4,453 0.823550 + 0.000152
F612.80 57.4 47.0. 1.223 3.575 0.80861 + 0.000207
F613.80 - 68.0 50.8 = 1.340 3.918 0.811007 + 0.000216
F615.80 .- : 66.8 46.6 1.433 " 4.192 0.815975 + 0.000123
F616.80 ' 22.3 53.9 0.414 1.200 0.73%474 + 0.000028
" F618.80 ‘ 18.5 110.0 0.168 0.487 0.717981 + 0.000254
F619.80 - 22.9 88.5 0.259 0.751 0.723759 & 0,000065
F620.80 15.7 . 126.6 °~  0.124 .0.359 0.713968 + 0.000035
F6]9.80 19.1 93.7 0.203 0.589 0.718004 + 0.000077
SR .
MONZOGRANITE .(Unit 2) . . ) )
‘ 0TC 1: F608A.80 ) 190.6 31.0 6.143 18.593 © 1.171225 + 0,000066
F6088B.80 - 184.7 40.7 4.537 13.582 1.055064 + 0.000094
- F608C.80 171.0. 43.0 3.982 11.871 1.01160 <+ 0.000100.
F608D.80 188.5 35.3 5.346 16.100 1.118210 + 0.000176
) F608¢.80 168.2 38.8 - 4 _.340. 12.973 1.040043 + 0.000033
1t ' F608F.80 174.7° 38.8 © 4,507 13.484 1,049153 + 0.000142
" O0TC 2: F666.80 " 249.3 42.4 5.882 17.793 1:165553 + 0.000040
F667.80 . 259.3 43,3 5.992 18.151 1.180236 + 0.000130
F668.80 - 256.6 42.8 .6.005 18.185 1.176700 + 0.000129
F669.80 . 238.6 45.2 ° 5.277 15.888 1.115398 + 0.000450
AMPHIBOLITE (Unit '3) - .
F609A.80 I 44.8 101.1 0.443 . 1.285 0.73415 =+ 0.0002°
F609D.80 32.7 130.4 0.251 ‘ 0.727 0.72139 =+ 0.000044
F609F.80 49,7 73.5 0.676 ° 1.967 0.753000 + 0.40030 -

{

v
o

&




" Table B.2 Results of rubidium an& strontium ana]ysés*for samples from the Belleau

volcanic complex and the Vaj}ianf Formation basalts. Estimated precision

&

for rubidium and:strontium content is 2%, and 1% for rubidium-strontium

87

ratjos. Estimated precision in Sr/865r is regorted at To.

Sample Number Rb Sr Rb/Sr .87§b/86

Sr
. VAILLANT FORMATION . -

oTC 1: F770.79 . 5 ' . . ’ ' . - .706915 . 000067
o F771.79 - .16 . 86. . .705738 . 00014
F772.29°" 2.22 . . | . .729800" & 0.00026
0TC2: F775.79 : 6 a70 .731988 ¢ 0.000]
t FI76A.79 . 59, T 0,617 0.71827 + 0.00053
F776B.79 " 1s. 90,9 . ~'0.715305 + 0.000052
F177.719 0. 83.9 0.370 - .712744 ¢ 0.00005
BELLEAU VOLCANIC C(_)MP‘LEX
F448,78 : .8 0. 0. , . .000316
F449.78 | : 226. . o, . | .000127
F450.78 9.2 ; . 0. . .000156

F452.78 , . : 90 7 0. 0. . .000756
F453.78 12,6 .l : .168 . + 0.00006




fab]e B.3 Results of rubidium and strohtium ana1§§es for samples from the Edjuvit

Sample Number

GRANITE

' /
mylonite zone, Estimated precision for rubidium and strontium content is

2%, and 1% for rubidium-strontium ratios.

is reporfed at leo.

F337€.80

F336B.80°

F337C.80
‘

MYLONITE

GABBRO

3
-F337B.80

3

LY 5

7A.80

-

F367A.80
F337D.80

F336C.80

Rb

136.

208.
.9

178

131.

24,
40.

aq.

4

2

4

Sr

133,
134,
140.9

]qg.
190.

~124.

Rb/Sr

1.019

1.547

1.270

0.860

1:307

0.174

0.211

0.356

Estimated precision -in

8

?Rb/BGSr

i

2.97%

4.53¢
3.716

2.506 -

3.821

0.505
0.612

1.032

87Sr/86

Sr
874,86,

.80748 * 0.002
.8426  t 0.00012
.82155 £ 0.0002
.772424 * 0.0001
.80961 * 0.00015
.7154 * 0.0004
.72227 ¢ . 00025
.72380 * 0.000055

-

t8¢

- A —— - et e 8
.

[z
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; ;f‘ . Table B.4 Results of rubidium and strontium analyses for samples from the Okrark sills e
ﬁ ' and a rhyo]ite from the Tuertok volcanic complex. Estimated precision for

| §f rubidium and strontium content is 2%, and 1% for rubidium-strontium ratios. |

; }; Estimated prec1s1on in Sr/ Sr is reported at lo.

I8

Sample Number Rb Sy Rb/sr - - 87py86g, (fiiT/BGSr
OKRARK SILLS | ‘ ‘ - ‘

f

| |

L ', ORTHOCLASE PORPHYRITIC
|

' .., F458.78 164.9 1851 0.891 2.595 0.772762 + 0.001038
N F460.78 168.0 142.0 1.183 3.452 0.792058 + 0.000155 ~
R | " F420.78 - 199,0" 145.7 1.366 . 8.99) 0.802685 + 0.000640

PLAGIOCLASE PORPHYRITIC . | . : oo
| . F461A.78 - 218.9 "91.6 2.390 7.039 +0,887704 + 0.00045]
t F461B.78 203.5 91.4 2.228 6.552 0.871827 + 0.000185
| FA61C.78 - 228.3 87.4 2.611 . 7.697 0.893866 + 0.000865 .
t KAPVIK RHYOLITE - o - . , -
FAG62A.79 1331 89.2 . 1.496 4.377 .0.8178  + 0.00005 )

’ 3 TUERTOK RHYOLITE A R B : ,

. F466A.80 139.7 91.7 1.524 4.460 - 0.820356 + 0.00004
' ? F466D.80 158.1  56.5  2.799 8,263 0.91017 '+ 0.00005

F466E.80 131<3 51.5 2:549 7.519 0.89841 + 0.0004 -

I F466F.80 157.1 46.7. 3.362 9.972 0.959017 = 0.00005 & °~
LB F466G.80 138.8 46.5 2.985° " 8,830 0.93044 1+ 0.00015
K
o i
I &
&

b .




Results of rubidium and.strontium analyses for samples of the Rib Plyton.

Estimated precision for rubidium and strontihm,content is 2%, and 1% for

T 2 SURE s I
.

rubidium-strontium ratios. Estimated precision in 87Sr/86Sr is reported

at la.

Sample Number - “Rb - Rb/Sr .. S 875y /865y

T e Ay

-

1

OTC:1: F104.79 . 181, .5 1.052 . .782524 + 0.00019
2F105.79 1499 . 1.480 - . .81565 .00029

F106.79° .~ 176.3 .6 1178 : .79330 .0008
F107.79 IR ) .231  3.595_ .. 0.799674 + 0.000095
F88.79(altered} .159.8 - 123 .291 : .804507 + 0.00005 -

F353.79 166.6 4 0.8841 ¢ 2, .772130 + 0.00081

F358.79 173. ] .004 ] .8548 .0.0007"

F66.79 147.4 - 166. .8864 2. 773408 + 0.0001
F67.79 77,9 0. 756 2% .840667 + 0.00003

> . : _
F68:7¢ o 201, . - -3.353 . 9. .96245 -00013
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Figuée\B.]

" .

Figure B.2

‘Rb-Sr sample Tlocation map, Vaillant Formation

‘basalts.

PR Y

Rb-Sr sample location map for the Okrark sills

and the Belleau volcanic complex basa]ts.

'

-
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Figure B.3 Geological sketch map showing the Edjuvit

. mylonite zone and Rb-Sr sample locations.
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Figure B.4 Rb-Sr sample iocation_m&p, Sitiyok Igneous

Complex. B o
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APPENDIX €:

. ~ . ‘
STRAIN MEASUREMENTS ON CONGLOMERATES OVERLYING

THE TUERTOK VOLCANIC COMPLEX
METHOD 1 s |

The equafions used are:
\ .
vspherel ='vellipsoicL

least\axis, and r is the radii of the original sp,eré.
Clast measurements are g{th in Table C.]. ~
METHOD 2 |

%ssumptions and observations. ) s

1)  short axis is normal to the fold axes

2) cieavaée is parallel to fold axes,lint rmediate a§19

is parallel to the fold axes,

‘é). plane strain

'4)  no volume change.

For.pléne'strain, k = 1, where k / a (Flinn,‘]962,
S . ) . 1978);

a = major axis
intermediate axis

intermediate axis
minor axis

regional cleavage. The volcand spacings that were measuted
areia]so parallel to- the sﬁri e of the regional cleavage.
.Under the condition of plane strain the intermediate aiis

7
i




393

remains fixed in length, hence, no correction of the volcana

spacinds is necessary. For cobbles 2, 3 and 9 (Tab1e c.1),
k is close td 1, hence the assumption of plane strain is
probably reasonable.




[

"Table C.1 Measured strain ratios in conglomerate overlying the Tuertok volcanic complex.

METHOD 1

. axis normal axis parallel axis paral]él ratio of original :extension
to cleavage to cleavage to cleavage axes to sphere relative
(x) (cm) (Y) (cm) (Z) (cm) X * radius{cm) to original

GIanite and orthoquartzite cobbles ) . *
17 . a.s5. _ 4.5 .7 1/1/1.6 1.8

a 5 B C1.2501.75 1.8
] . o2, 1/1.5/2.25 - 0.75
3.5 .8 - RVARVAN, 2.15
R B VYA .78
1/1.1/1.8 - 1.5
1/1.17/1.7 1.9
.27z 0 .67
1/1.17/1.8

typical volcanic cobble

9 1.5 2.8 1/1.67/1.35.
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Figure C.1
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re

h_-ao

(a = _mojorguis
intermediate axis)
1.0 1.25 1.5

0
h.-
‘;o Q:g
Q \
-l
575 s s Vo
LOGg b
| (b = intermedicte _gxis)
. minor axis

Loge a versus Loge b plot for conglomerate
co.bb1es f;-om the upper Tuertok volcanic

complex (after Flinn, 1962, 1978).




APPENDIX D
CHEMICAL ANALYSES

This appendix 1s a tabulation of the chemical analyses
h of the Akaitcho G}oup'and réfated rocks that are the basis'
of the geochemical results discussed in Chapter 4.
Ana]ytizal methods are described in Appendix A. This
appendix 1ncludes analyses that are not reported elsewhere
in the thesis (namely, Tables 4.1, 4.2, 4.3, and 5.6).
Major élements é%? reported in_weight percent; trace and
‘rare-earth e1ement§ are reportea in ppm. The analyses are

tabulated in roughly stratigraphic order, from oldest (the

Sitiyok Igneous Complex) to youhgest (Tallerk sills).
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- Chemical analyses of Sitiyok Complex rocks.

F614.80' F618.80' F619.80' F620.80" F703.80° F617.80°

]amphibdlite (Unit 1);

paragneiss (Unit 1)

510, 48.4 o
T'iOz 2.87 2.21  3.30 Z.53 1.15
A1,0, .2

t
Fe203 . 20.36 K
MnO 0.32
Mg0 3.10
Ca0 ' 8.29 -
'Nazo ‘ 1.93
K0  0.86 .
P20‘5 | 1.55. '
L.0.1 0.20 L
Total 99.08 ‘ _
Nb 15 '8 13, 16 .9 13
Ir 318 172 272 3n 107 376
y 139 59 > 93 144 42 67 .
Sr 76 1o 76 - 101 0 56 .
Rb 19 - 17 - 21 15 17 74
Pb 1 1 2 6 4 8
In 197 145 175 . 185 60 70
cr. 0 104 0 0 0 .0
v 57 447 ‘164 37 313 4
Ba 200 76 177 167 246 415
La 16.9 40.8 30.1 20.5 35.6
Ce ° 46,2 108.8. 77.2 52.7 88.6
Pr-. © 6.1 14.2 . 10.3 6.8 10.6
Nd 30.7 69.0 47.5 32.1 438
Sm 8.5 19.2 "13.7 9.4 ° 9.5
Eu 2.5 5,0 ° 4.0 2.6 ‘ 1.5
Gd 10.3 22.5 16.5" 10.4 7.8
Dy 9.4 - 20.4 17.2 9.9 4.3
Ho . . 1.9 4.0 'y 2.9 1.7 0.7 .
Er 4.8 10.7 8.3 5.1 2.1
Yb 3.0 8.3 4.1 2.5 1.4

) ‘




Chemical analyses of Sitiyok Complex rocks.

Nb

Y4

F610.80 F611.80 F612.80
20 23 - 22
307 410 42
78 113 106
15 37 . 40
ne | 72 67
8 2 1
39 24 19
69 76 79
4 3, 4
586 | 172 . 147
27.4 29.4 16.1
69.0 71.0 39.6
8.5 8.7 3.8
33.4 34.3 19.2
7.2 7.8 4.4
0.4 1.3 0.7
6.2 6.3 3.8
3.8 4.1 2.6
0.7 0.5 0.5
2.2 2.3 1.5
1.6 1.9 1.3

F613.80

—_ ) —

/

QD= OO WRW—MN
. . N

RVW—MNAAPPOODAAIN

‘paragneiss (Unit 1)

398

—y

?

F615.80 F616.80

14 25
329 © . 290
80 T 66
40 49
76 23 &
9 10
33 3
0 0
3 : 2
186 102..
17.2 7.6
45.1 16.3
5.6 1.6
21.0 7.4
4.0 1.9
0.5 0.5
3.5 1.9
2.5 1.8
0.5 0.4
1.6 1.6
1.6 1.6 -

. -
E

1




"Chemical analyses of Sitiyok Complex rocks.

7

TTosio,
TiO}
A1,04
Fe203t
MnO
Mg0
Ca0
Na20
K20
P05
L.O.T.
Total

Nb
ir

Fe08A.80' F666.80'  Fe04A.807 F604B.807
75.8

0.10
11.5

2.30 °

S 0.02
0.3
trace
2.69
5.00
0.
0.72

198.44

26

259

128
32
190

18

—
LOWNNN—= NN

“«

70.16

NOODWOW—~BONON D~

-

]

1

.99

0.91

125

38
152
9
235
136
42

399
- F605.80°

1.68

121

103
37
14
141 -

376
145
21

oy
2

et




Chemical analyses of Sitjyok Complex rocks.

Y amphibolite dykes (Unit 3)= -
F705A.80 F7058.80 G45.79 F6098.80 F609C.80 F609D. 80

1.13 1.05 .0.88 0.8  1.16 .

: 0 4 : 5
73 45 65 62 80
30 . 26 26 2 36
167 257 © 103 SiR 112
39. 80 53 39 33
67 24 5 4 9
170 110 . 81 87 © 108
139 251 352 368 202
304 295 260 249 300
154 152 12 68 105
51 15 122 12

e _ amphibolite dykes {Unit 3) -

- F609E.'80 GF'609F.80 F708.80 F712.80 R119.79 - F659.80

0.87 -0.92 0.90 0.74 1.47
1 8 1
59 59 T
25 37 o
101 59 -
39 48 24
8 3 |
92 . 118
371 346
266 256
87 68
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e Chemical ana]y'ses of Ipiutak Spbgroup rocks. .
B R116.79' E20A.78' R112.79' Ri24.79" 087.792 F717.793

si0, 53.5 45.6 '

- Ti0, 1.73 1.12
A120'3t'°_ 13.§  14,5
Fe,0,° . 12.98 13.94

MnO 0.46 0.25 ¢ -

s 4,98 . 6.94
Ca0 4.48 9.00 0
Na ;0 " 0.62 2,5
K0 2.71 1.52
P,0s 0.37 0.14

S L.0.1. © 3.23 1.09
Total 98.56 . . .96.60 : ,
Nb 13 10 . 9 2 12 ‘8
r 206 97 208 136 212 176
Y 69 26 7% . 55 - 68 60
Sr 69 140 19 14 14% 154
Rb - 149 66 . 78 5 44 30
Pb 17 27 12 6 10 1 4
Zn 205 . 494 142 102 259 139
Cr ¢ 206 - 100 44 26 124
v 359 225 467 438 . 399 . 390
Ba 2N 246 314 159 -+ 418 351
Ni 35 83 66« 54 56 62
La 14.5 22.3 20.9 36.9. 19.0
Ce 36.2. - 55.0 49.9 93.4 33.4
Pr 4.6 8.2 6.7 1.2 5.8
Nd 19.8 30.9 28.9 47.2 23.7
Sm 4.8 7.9 7.7 11.4 6.9
Eu 1.1 2.3 1.8 2.5 1.9
-6d 5.3 9.1 8.4 12.1 < 7.6
Dy 6.7 - 11.8 10.0 13.4 9.0
Ho 1.3 , 2.6 2.1 2.8 2.1
Er 3.5 6.6 4.5 5.8 4.9
Yb 3.0 6.8 3.8 3.9 4.0

2gabbm:o; 3basa_lt

]amphibolite;

D TETSLIE SRR LA ot s s i e

—
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Chemical analyses of Ipiutak Subgroup rocks. -

F240A.78" F2408.78' s165.78! s168.78' E208.78' R123.79]

5 7 9 7 12
73 85 96 9 103 188
22 . 22 25 27 .72
232 161 191 . 158 134
76 4] n 75 25

1 6 10 91 10
120 104 - 163 333 137
95 126 252 -3 35

270 249 237 326 406 -
365 128 408 535 188
55 32 52 40 55

R110.79' J8s. F588.80' F£701.80' F702,80" 433.
Ti0, 113

‘Nb 8 ' 10
Zr 145 77 | 181 170,
Y - 49 3 ; 58 ~ 40~
LS N9 ' 200 | 108 -
Rb 100 39 79
Pb 18 22 .16 15
Zn 109 118 134 . 103
cr 205 199 97
Vo 197 . 248 326 '
Ba 358 204 166
NP 95 M7 48 42

]'amphibol ite; 2basalt
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- Chemical analyses of Ipiutak Subgroup rocks.

F6384.80! %80.79° 995797 F593.80' F708.792 e1.792

Ti0, . 0.67 . . 0.73
Nb 17 23 6 - 9 23 - 18
Ir 236 255 238 222 228 149
Y 25 55 41 29 . 46 30:
Sr - 105 157 24 : 84 67
Rb - 13 64 167 83 179 189
Pb 97 - 16 19 27 66
Zn 65 28 62 7 666
cr 63 0 60 32 86
co 68 13 105 T 124
Ba 1401 30 - 695 716 -
Ni . , 28

48.4
111.0

N >

w —

~ i
*

v e s

La 10.6
Ce
Pr
Nd
Sm
Eu
Gd
Dy
Ho
Er
Yb

N

SNOONMNBEBOIT =l
N
NW —= NNy~
. . . . L] .

m-‘or\wuwmmbw\n
. o~
SR NRNRO O N

DN — 2RO
DN NN O WWEOo

Y=

]quartzite; 2metapeh‘te
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Chemi¢al ana]yses of Ipwtak Subgroup rocks

Nb.

ir

Rb
Pb
Zn
Cr

B

Ba

Ni

La
Ce

Nd
Sm
Eu

" Gd

Dy
Ho
Er
Yb

6508, 79‘ F6608. 79 F7is. 792 $130. 792, g35. 792

26 18
212 175
45 28
213 167.
133 ° 138
‘32 - 16
24 14
1 0
24 27
568 583 -
12 4
55.0
127.1
13.1
47,5
'7.8.
0.8
5.1
5.5
1.9
3.0
3.6

]me,tapel it'e; ' 2basa] t

R T R
P

4
142
58

121

3

6
123
22
447

L

P — 00N D

’

CoPwbWLWORN

.
120
50
134.
7
8
110

114

412

R B

51

0
66
31

132
20

‘4
76
17

- 310 -

60
74

S\

/\

404
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. Chemical_analysesrof Ipiutak Subgroup and Zephyr Formation rocks. -

6———4——f—-1piutak Subgroup-——4f——f7* G-Zephyr Formation* = - B

360.79"  089.79"  F637.80° F715A.80° F135.79% F310A.79%

Ti0, : 0.62: ° 0.89 - - .0.09 N
Nb 25 - 16 10 '3 3 39
Zr 200 184 - . 102 - 62 90 - 265 -
Y 40 48 46 27 10 12 , : : ;
Sr - 75 189 . 73 92 18 123 I - i
Rb 214 72 70 10 77 28 L
P 9 24 297 4 47 20. B
In 10 88 - 266 95 - 34 . 58 - |
cr 1, - 69 78 . 334 6 0 i
N 149 120 105 261 7 2 |
Ba 687 - . 585 308 99 457 548 ‘ o
Ni 67 40 o _ 18 . S S
" La , 6.0 . 146
Ce ' : - 16.2 ., 36.0 -
P \ L . 2.1 3.3
Nd . 8.5 - 12.1
Sm 1.7 28
Eu 0.2 . 0.7
Gd N 1.3 3.1
Dy . 0.6 5.6
‘Ho 0.1 1.4
Er 0.5 5.2
Yb 0.2 7.1
] a2 So3 o T :
metapelite; “quartzite; “amphibolite o

* see Table 4.4 for additional analyses.

o, ‘. . 5
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, Chemica’i analyses of Belleau volcanic complex basalts (see also
Table 4.1, page;143). :

; , .
F260.78 F263.78 F266.78 F267.78° F268.78 F271.78
48.2  "50.5 . 49.7 .  50.3 47.4

S1'02

TH0, 1.35 - 1.60 1.02 . 1.42 106 1.2

A0y . - 153 ° 125 137 .12 136 .,
t o

Fe,0, 1217 14.68  11.65

M0  0.16 .19
Mg0 5.82 .83

i)
o

‘.

—_
e

22 .11.35
a9 013
.23 .70
.55 .97

.13 0
7
9
.5 2.6
0
0
4

0 o
8.06
9.94 .39 6.53

Na,0 1.3 2.2 - 3.1

K0 . 1.20 " 0.36 0.14 152 .28
0.1 12 .08
5 12 A

.6 - 98.23

7
84
29

2
PYO; 013, 16

3.6 . .0
99.17 .0 14

6

12

32

193

. 53
-53
115
14
269
247
45

N
o .
@O & O O N OO

J—
w M
oo~

—
[$4)

7
0

o]
(¥
—
o -
N~

Ny
o
~
(=]

130

W 0O
[« )

N

[N
N
-_—~d
»

N —
~NO

OO NOOAODOO N
N2 BNV O~O O~
OEROWNON——wO
. o
— N~ NwD
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WO M = 00 L — Oy ~d
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LR ) . [ [} L] . - - -
N W O0 00 G 00 00~y WOt O
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Chemical analyses of Bel_leéu volc‘anic’comp]ex basalts.

F288.78 F280A.78. F300.78 F321.78 F338.78 F448.78

510, ‘ 47.8°  48.9  49.7
Tio,  1.55 0.8 107, 129 L4
A0, - 15,0 16.2  15.1

. . - 14
- Fe0,t | 1314, . 10.38  .12.75
. ' 0.17 0.11" - 0.21
Mg0 ) : © 6.95  8.84 6.02
Ca0 o S 10.48 ° 3.85 8.57
Na,0 1.8 - 3.75 2.4
' 0.24 0.14 . - 0.44
0.10 0.07 0.09
©2.84 4.2 3.10
99.69 97.73 99.52
6 5 -6
gs 74 90
25 24 . 30
198 105
L7 5 10
53 15 - 20
204 438
151 119 73
249 316
67

39
78 37

SN
QO

i.

N p—y
ODW—WON O
W NPAOWOWO RO

VOO WoOOLMOoOoNMN W
NS WO —= O N
e s & s e e e e s
Ne—OOHON~NOWOo
NNOWW—NO—=0O
M= ~I~NPONOINWD WO
N—=OWRNO—WO H»—
ONNO—=WRHANDN

—_ N
.




Chemical analyses of Belleau volcanic complex basalts..

F449.78 . F450.78 F452.78 F453.78  F454.78

Nb 3 . 4 2 - 3 1
Ir 9% 97 94 94 97
Y 3 37 34 33 35
Sr 228 214 205 215 226
Rb . - 10 9 8 n 13
Pb 7 21 " 20 23 a4
In - 122 127 149 143 138
Cr 156 161 165 161 160
. 295 %296 - 297 293 294
Ba 213 222 238 0253 © 31§
N 47 a5 a4 49 - 47

v

. Chemical analyses of Zephyr‘an& Sinister volcanic complex rocké 4
(see Table 4.2 for additional analyses). -

\ . '
C Zephyr volcanic complex . Sinister volcanic
: . complex

F733.79" F742.79" F7458.79" F755.79" F£183.792 F195.782

Nb 7 8 1 3 16 15
Ir 91 118 127 61 245 . 272
Y -39 47 57 © 35 51 49
Sr .~ 148 124 154 83 - 99 19"
Rb ‘23 . 32 49 43 154 - 232
Pb 16 18 90 3 23 . 18
Zn 134 121 248 - 87 76 76
cr. C 74 8 55 . 49 40 16
v © 428 | 493 422 373 57 54
. Ba’ 233 277 - 208 127 879 830
Ni 64 48 47 43 18 8

3

1amphibo]ite; 2orthoclas,e and plagioclase porphyritic rhyolite flows,

~
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SiOZ

T102

Al,04

; t
- MnO

Mg0
Ca0

Na20 ‘

P20g
L.0.1.
Total

Nb
ir
Y

Sr
Rb

" Pb

in
Cr
v

Ba
Ni

Nb
Ir

‘Sr

Rb
Pb

- In

Cr

. Ba

N "r«‘i.
,{{\

$592,771

44.9
2.47
15,3

15.50
0.21
6.61
6.32
3.12
0.83
0.58
3.48

99,32

22

238
52

153

15
16
141
71
342
154
35

F125.78~ F133,78

71.8
0.63
12.8

3.20
0.05
0.22
1.17
1.2
6.65

0.13

1.26
99.11

17
282
52
73
205
26
76
15
41
1144
10

" 65.9

0.73

13.1

6.15

0,05
1.21

0.63

"2.0
5.41
0.13

2,06

97.37

16
254
42
© 63
164
14
112
22
66

888
11

F121.782 F1228.78%°

15.
278
37
100
102
12
87
22
. 65

. 929

8

16
255
34
48
245
17
76
.16 .
54
1179
18

409

-

- Chemical analyses of rocks from the Sinisteflvolcanic complex.
) 2

F793.79% F122A.78% F122¢:78°

e

20 15 15
148 203 255
a0 18 20

© 99 363 423
195 247 219
.30 25 30
125 37 46

92 7 13

120 30 a8’
775 1988 2121

-

61 12 -15

clbasal} flow

2orthoc]ase and plagioclase'
porphyritic rhyolite flows

e —— . p—————————n -




Chem1ca1 analyses of the Okrark rhyolite por'phyry sﬂls
, (see Table 4,2 for additional analyses). . :

f((-——jjagmc]ase porphyritic sﬂls-—f——-}
9A.78 F69C.78 F461A.78 F461B.78 E§61C.78
16 15 24 23 123
276. © 244 320 323 331
50 43 78 73 77
74 92 90 89 87
208 189 v 215 200 . 225
26 78 30 28 30
93 = - 143 70 68 . - 69
'8 ’ 8 0 0 0
47 35 27 27 . 27
561 1323 842 800 888
11 .10 47 45 45

¢———— orthoclase por.%hyﬂtic sills ———uy

F95.78 F216.78 FA58.78 F217.78 F459.78

16 16 " 24 22 23
264 270 314 302 299
48 48 75 74 73
136 . 129 182 139 150
203 . 198 . 161 158 180
53 .28 33 32 24
105 - 93 87 . 91 . 20
18 15 5 7 ) 6
59 55 45 41 44
- 809 850 943 736 1007
- 19 41 41 43




LA

*
'

PO

T T i adtan
.

S1'02
T102
A1203
Feg0
Mn0
Mg
Ca0
Na20
K20

3

275

-L.0.L.

Total.

308

Okrark sill,

Fa72.781 F460.78°
69,0 '

0.89

13,2
t.'

6.1
0.08
1.73

1.06

2.2
3,33

011
1.9
99.50

16

WWHE OO =N =~ »;
.
SOP@AOONO NG

72,5
0.30

13,4,
4.19
0.08
0.28
0.61
3.5

‘o
1.14

" 99,96

23
412
"
115
190
4
103
3
12 ¢
, 1000
8

orthaclase porphyr1tic'

Q.

S164A.78

4.86

39
- 923

16 -

260
61

31
110

- 56

5

€Chemiqal ana]yse§ of various‘AkaitchQ Group rhyolites.

$1648.78% J40.79

29 -
335
110

20

126
2/
37
o
861 -

5

411

87.79°

.48
43

120,

128 -
14 -
':5 ‘

576
¢ 0 .

orthoc]ase and p]ag1oclase porpnyr1t1c Jlow,: Beﬂleau vo1can1c comp]ex.
3tuff, near Kingarok'l'ake;
Lap1T11 tuff, near Klngarok Lake; ?tuff. south of Kapvik Lakea, a

.

bl

© e et g oyt e e
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*see"Table 4.2 for additionai analyses‘
** see Table 4.1 for a_dditional analyses
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Chemical analyses of Kapyik volcanic complex rhyolites.*
g F236.78 R104.79/ F462A.79 F345.79 F461k.79 ‘ £359.78 , i
Nb ~ 18 25 36 10 37 15
! ir 160 343 229 197 242 197
’., Y 34 108 122 - 29 . 112 58
e . Sr i 121 90 1496 56 75 4
' Rb 85 80 . 134 178 . 201 286 .
Pb o 16 28 16 - 17 42 29 |
in 27 207 72 87 103 66 |
Cr 4 -0 -0 124 0. 23 1
v 4 58 .2 128 0" 42 v !
Ba™ 327 639 573 2479 439 650 /’ ‘
Ni 0 19 45 100 - 56 19 . !
Chemical analyses of Kapvik volcanic complex basalts,** ;
F16.79 F55.79 $174.78 F540,79  F512,79  F453.79 ]
; , ]
Ti0,, .66 i
N> 8 15 10- 3 -2 16 .
ir 131 147 112 148 77 193 : 1
Y 56 - 47 34 58 34 54 i
Sr . 185 219 153 156 149 220 |
" Rb’ 43 35 . 54 7 7 18
Pb 43 7. 15 5 7 38
In 130 90 126 113 78 257
Cr 34 12 70 76 . 261 26
vV - 443 406 238 - 457. 249 382
Ba 438 123 192 . 47 65 196
Ni ‘72 33 58 ., 88 21 N
Chemical- analyses’ of gabbros from the lower Kapvik volcanic complex.
R "F456,79 - F498.79 F227B.78 F317.79 F518A.79
Nb S 15 - 7. 11 -0
“Ir 118 152 65 187 34
Y 38 47 27 - 57 22.
. _Sr 208 141 114 185 203
Rb 45.. 32 13 74 -~ ~-59
Pb 13 16 1 22 18 ;
In 151 100 90 - 118 ¢ 117
Cr 2. 0 62 © 0 292
v 296 - 313 - 268 171 220
Ba 342 . 189 14 376 121
Ni .8 5 45 24 176




§i0,
Ti0,
A]ZO3
Fe,03.
MnO
MgO

= (a0
Na20
K,0
P205

© L.OLI.

" Total

*.Yb

t

48.9
0.87
13.8

12.89
0.19
- 9.08
10.00
1.2 ..
2.18
0.06
1.0
100.17
6

61
25

NN WNONN=O &
L]
ey AR (- R R-R. - RERV- I S

¥

379
151

50,0
1.41
13.1

13.51
0,29
6,61
7.42
2,92
1.18
0.18
2.2
98.89
3
105
46

210
54

-9
© 165

9

47

N

*see Table 4.1 for additiohal;

R

,-

46.0
0.94

_16.8

"11.18-
0.14
6.15

13.11

1,6

- 0.66

0.07
. 2.5
99.15

- L ] - [ ] ] [ ] L ]
=HOTOIN NI O & — 0O

NW— OO = 2w W

7

2
24
"3

analyses

(

10
158
245
112
150

1.1

2

4

Chemical analyses of basalts and gabbros frdh the‘Kapvik '
volcanic complex:*

F227a.78! F318.79Y 394,781 s176.78% M100.787 F398.78

54.6 .
1.13
15.6

" 10.53

0'17 )

4.67
6.35

2.3

" 254

.81

0.10
2.2
99.46

5
108
28

49
11
100 -
60
239
440

- 27

8
90
27

'197
- 17

100
150
. 260 .

"
xR W
[@N o]

P=OWW=NOFE&O

NOLBNRNNNIRDND O




Chemical
] F230,78 F231.78 .F232.78 F517.79 F350.79
;‘ Nb 6 5 7 o1 5
Ir . 102 51 . 126 74 95
o : Y 27 24 .29 31 30
d ' Sr 172 120 . 205 - 174 146
: Rb 18 bo27 66 75 7
Pb 1 7 20 85 - 15
, In 109 99 167 225 - 107
P - Cr 100 290 22 151 0
] 290 330 255 277 443
, Ba 80 105 385 372 66
i Ni 46 155 8 57 7
T olal 10.3 5.1 16.7
Ce 25.6 8.3 38.8
Pr 3.4 1.6 5.0
Nd 16,0 6.1 20.1
smo 5.0 2.5 4.4
Eu 1.4 0.5 0.8
6d . 5.7 2.3 4,9
Dy 6.6 3.4 5.5
Ho 1.4, 0.5 1.0
- Er 2.9 2.5 3.5
Yb 2.2 J 1.5 1

e

ot

T kb o wr

414

analyses of Kapvik volcamic complex basalts.*

*see Table 4.2 f¢+,aaditiona;ﬁ:::¥ygss._
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Ni 31 = .60 68 . 112 105

hand specimen :
* see Table 4.2 and 5.6 for additional analyses
**see Table 4.1 for add1t10na1 analyses
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Chemical analyses of Tuertok volcanic: complex rhyolites.* -
$38.78  H17D.78 F102.78- F784.79 F189.,79 F194.79
Nb 13 C27 23 21 20 21
Ir . 256 188 376 301 315 280
Y - 51 58 87 70 - 71 . 75
Sr 47 43 ¥ . 166 544 . 63
N ‘Rb . 120 133 . 59 153 171 125
. Pb 20 © 66 20 21 - 32 24
In 9 60 51 73 73 47 .54
2 Cr 5 7 ¢ 3 0 0
V. . 38 | 39, 51 .31 21
Ba 761, 572 753 947 1130 766
Ni 10 ) 8 - B 38 48 36
Chemlcal analyses of Tuertok vo]camc comp]ex basalts from sites
-'near, and south of QOkrark Lake,**
F123.79 F124,79 F125,79 F133.79 F153.79 F113A.79
Nb 1n 5 4 4 . 7 3
Ir . 186 104 127 126 149 140 -
Y - 65 44 53 - 49 45 . 48
Sr - 173 - 167 141 . 115 . 149 142
Rb 14 14 8 57 ' 68 16
Pb 12 9 59 8 6 7
In 134 85 ©183 89 - 106, 117
© Cr o4 65 20 12 0 265
v . 418 291 354 - 375 355 426
Ba 262 106 " b4 214 - 197 98
B Ni 30 .48 30 20 12 78
F192.7~91 F195.79 F211.791 F45.79 F8C.792 $48.78
Nb .13 - 21 ‘ 41+ - 0 R | 10
ir 255 458 251 70 79 144
Y - 80 - 163 61 .24 27 .31
Sr - 185 124 -84. 307 136 . 67
Rb - 26 9 -244 72 193 163"
Pb 10 - 11 21 27 ,683 217
In 143 208 170 ‘147 842 111
’ , Cr -0 .0 29 437 . - 402, 56
‘ v t 238 - 2 415 - 273 320 90
Ba 179 187 543 235 138 236
<29 .

tuffs, 2'cuff near contact w1th Rib Gramte. visible galena 1n

PRI e, - T et

o g e 4 &




Chemical analyses of Tuertok volcanic complex bésa]ts from -
Tgertok‘Lake ‘ : ' .

. FA00,78 F406.78 ~ F412C.80 F4120,80 FA138.80 F413C.80

Tio, - 1.l0 0.76 . 1.06  1.09 ° 1.34 - 1.27

" Nb 4 5 7 - 5 :
Zr oo 95. 95.. 106 - 106
Y 29 32 36 43
Sr 165 . 154 143 146
Rb o1 17 8 9
Pb 13 * 8- 9 7
Zn 105 . 90 99 111
Cr 310 89 124 41
v 325 - , 315 308 369
Ba 109 . 133 108 82 . 116
Unit* . 5 | 5 * 5 5

F4130.80 F413E.80 F413F:80 F4208.80 F420C.80 FA46.80

To, L3 L8 L7 133 130 120

Nb 6 o7 ' 6 « 7. . 6
Zr 114 11 112 109 111 - 107
Y 47 48 44 41 - - 4z 45
Sr 105 133 153 147 163 127
“Rb ~ 17 . 19 20 8 8 - 14
Pb 11 2 4 . 6 7 12
In Co112 107 96 113 114 107 .
Cr . 3 14 35 25 . 26 £ 133
v - 372 377 340 386 367 . 368.
Ba 110 157 124 82 89 55
5- 5 5 .8 8 9.,

F4515;80 F4528.80 E452C.86f.F489B.80 F498B.80 F498C,.80

157 094 072 0.83 0.5 0.74

8 . .
120 67 47 47 © . 38 ' 46
46 23 17 %6 . 134 17,
153 220 272 176 212 . 232
8. 7 11 a4 22 8
17 - 10 - 3 29 1 37
133 80 73 . 113 - 79 + 102
0 . 151 124 362 108 119
424 238 194 - 275 155 .- 209
149 73 71 276~ " 89 174
Unit* 5 4 - - 4 11a 4 4

0

. *refers to map units in Figure 4,13 and Easton (19815)

-
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. Chiemical analyses of Tuertok:
"Tuertok Lake. S

- Unit*

Nb

r
Y
“Sr
.Rb
Pb
in
Cr
v
Ba
Ni
-ynit*

1

103

236

| F506B.80 F521.80

1.27
- 6
96
37
91
7
6
89
95
342
109 -
1la:

F530.80
1.36
6

46
116
12

2
116
46

367
130
9

© F510.80

1.19

5
80
32

8
14 -
98

‘145“ 3

343
70

6

LT

F531.80

130 -

1.02 :
73 .
24
238
1
6
95
285

70
5

1.25

F380.78

1.3
7 3

67

18
95

11

K|
185

. 288

120
131
5

volcanic complex basatts from ' }

F524.80 . F525.80  F526.80

6
112

. 41

136
13
14

107

29

. 367

131
5

F532.80

1.38

7
106
42
86

18.
14
112
.30
359
139
6

Fa63,801

¥

. 1.05

1
44
13
0
61
0
159
404
387

. 208

3
2

F1038.78

1.2

9 .
88
27

205

12
15

113-

. 140

260
145 -
90

<214

1,59

9
128
50

T 118
13

130
12
386
124

8

F36.78

0.9

5
77
21

‘16
5 .
76
117
183,
156
5

F105.782

- 1.2

7
91
22

196
27

1
90
61.

282
81
88

- 417

F529.80 -
0.79 .

5
67
24

114
.4

45
142
295

1295 .

78

9

- F37.78

1.2
6

87
25

. 237

10 -
3
84
116
243
97
5

F101.78%-

11
53

40
243
9
393
~ 524
14

alte;ed‘bésa1t, near Okrark Thrusi Fault; 2f10w, near Okrark Lake;

A . . .o
.3gabbro plug, near Qkrark Lake; 4maf1c tuff, garnet bearing

. * refers to map units in Figure 4.13 and Easton (1981a)




Chemical analyses of Tuertok volcanic complex basalts,
Juertok Lake. R ' _

418

" 'F413A.80 F420A,80 FA51A.80 FA52A.80 F492.80  FAB9A.80

T'iOZ' 1.26 " 1,22 1.57 . - 0.72 1,87
b 6 . 9 ' .
Ir 105 106 126 46 . 140
Y - 82 41 46 16 35
Sr 140 158 155 227 395
Rb 10 . 9 9 11 9 -
Pb 9 - 8 7 60 . 5
o In 107 108 133 155 94
Cr 4] - .28 -0 138 130 . .
v 349 . 358 . 424 - 197 229
~ Ba 92 - 94 149 S 115 - 152 .
Ni ., - 7 : 86 63
Unit 5 . 8 -5 4 1la
"la . 12,0 12.9 11.2 - 8.5 10.5
Ce 31,0 - 24,4 28.0 18.4 1 28.9
. Pr 3.7 4.3 - 3.4 - 2.0 3.8
" Nd 18.7 20.5 15.9 11.4 16.4
Sm 5.3 6,2 4.5 3.2 4.5
CEu 1.2 1.9 1.3 1.1 1.7
Gd 6.8 7.5 . 5.2 3.4 5.0
Dy 5.9 1.1 5.4 2,4 9.2
Ho 1.0 1.1 1.1 0.6 1.0
Er 3.3 3.7 3.1 1.8 2.5
Yb 1.5 2.0 2.2 1.7 2.5

*refers to map units in Figu

i

re 4.13 and Easton (1981a)

L M

&

1.55

110
35

167

8 -~
>
89
53

. 367

102

— N
N
o

—- N

RWONN~HUNYAAO
. . - e e o
CTNONONOARRCOO NN

L3




v | | | a9
Chémica1 analyses of Tuertok ‘volcanic cdﬁp]ex basalts, Tuertok Lake.* .'
. FA59.80 . F484.80 F506A,80 F511.80 . F533,80 - 539.78
; Si0,.  47.8 816 49.6  49.2 8.8
3 - Ti0, 0.73 ° -1.67°  1.27  1.43 1.43 7 :1.18
A1,0, 20.6 . 13.5¢ Too13.2 13.2 16.0
Fe,0,5 781 12.88 13.62 14177 . 11.48
MnQ 0.1 0,19 - 10.22 0.21 0.15
MgO 5.92 4,88 6.65 6.08 - 6.57
_ -Ca0 10.32  9.27 8.95 9.41 9.43
; Na,0 3L .22 .-2.30 2.03 1.6
H K,0 0.43  0.49 1.00 0.5 1.06
; P,0g 0.06 0.17 - 0.12 0,15 0.1
N L.0.1. 2.91 . 1.83 1.8 1,93 2.7
| _Total 100.00  98.70 ‘ 98.95 - 98,32 99,08
Nb 2 , N 8 4 7
Zr 39 159 101 .68, M7 100
Y. 14 45 38 " 28 L 27 -
" S 248 254 56 - 183 166 270
Rb 9 12 5 10 8 22
" Pb 68 . 10 3 3 . 37 . 5
In 120 99 98 - . 86 102 . 100
S Cr 104 59° . 85 308 3N N0
v 180 - 344 386 294 362 . 224
Ba 151 119 86 100. 129 . 190 L
Ni : - - 78 . 65
. Unit* 4 11b 1a 6 CI 5
: La 6.1 26.8 6.4 5.1 . 15.1.
. Ce 13.9 58.8 -~ 16.8 13.9 39.3
: pr 1.8 7.6 2.2 1.7 A5
1 Nd 8.8  32.2 9.6 . 8.27 23.5
D - Sm 2.5 . .7.6 2.6 2.6 7.1
; Eu 0.9 L9 0.7 0.9 2.2
: Gd 2.9 8.1 3.2 3.2 8.3
' Dy . 3.8. 6.8 3.4 3.5 9.2..
Ho 0.6 1.1 0.7, 0.7 1.8
Er 1.8 " 3.2 2.1 2.0 5.5
" Yb 1.7 . 1.6 1.9 1.9 - 5.0

a

* see Table 4.1 for additional analyses. °
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420
Chemica] ana]yses of rocks from the Tuertok volcanic comp]ex and the
Ta]]erk 51115

R0, 78! Fas, 782

r35.782, F592.79° F445.793 Fat6.793

510, 49,3
.7102 S 1.23
A0, 159
Fe,04 ©11.54
MnO - 0.26
" Mg0 6.11
a0 ¢~ 9.
K0 | 1.10
P05 9.11
L.0.1, 1.16
Total 98.12

8
91
24
"2
38
188
417
125 -
. 246
247
55
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basalt, near Okrark Lake; 2rhyo]ite'tuff, fuertdk‘vo]canjc complex;

>Tallerk gabbro sill,




Chemical analyses of -Tallerk gabbro sills and basalt
interbedded with the Aglerok Formation,* - '

F381.790 F10.79' F13.79' a9l pra.7el  rsis. 7ol

Nb o . o . R
Zr 133 68 205 78 138
Y 53 30 | 63 -

S 110 273 230

Rb 10 156 38

Pb 11 18 8

Zn 194 70 119

r 0 191 102

V- 428 266 339

Ba 72 332 182

Ni 134 65 57

Faa.790 97,791 F3sa.80! F1a.79! 2" F451.79°

Ti0, " 1.29 1.00 1,99 1.14

Nb T 6 3 8 6 .13 ° " 20

r 73 56 135 . . 80 "279

Y 32 30 70 26 59
eSr 225 169 . 150 - 190 I
Rb 164 3 51 32 .108 1\

2

P 5~ 0 5 5 ;25

In sgff_\\\ 162 171 8. , 17
80

Cr 212 0 88 | 0
v 293 - 308 6 289 - , 6
Ba ‘174 53 173 120 485
Ni Co. IR 27
\ F36.79%  628.79° F115.79° D26.797
Tio, - 0.8 1.70
N 15 9.
Zr - 130 116
Y 32 62
S 83 94
Rb 206 115
Pb . 14 12
In 112 . s
e 103 27

y 139 330
Ba 1151 330

1Tél]erk gabbro sili; 2rnafic tuffaceous pelite, garnet beariﬁg;
?3staurolite bearing, mafic tuffaceous pelite; 4siltstone inclusion in
Hepburn Batholith; 5sih'ceous siltstone; Gmarble, upper Tuertok complex; .

'nafic tuff, Kapvik complex; *.see Table 4.1 and 4.4 for additional
analyses - - - : : -

13
209
75
77
51
4
46
0

. w .
OCO0OQCOrHROANR~O

&

8
247
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Kapvik complex;

5

mafic tuffaceous pelite, Kapvik complex; 4fgisic tuffaceous pelite,

pelite, Kapvik complex.

| | 422
Chemical analyses of Aglerok Formation rocks. _ ‘
F261.78' Fe8Mge® race.78® Fa67.78% F2a.79° Fi21.79°
S0, 668  70.3\ 656 , - N
.Ti0, T 0.65 0.5 0.39 0.92 P
A1,0, 14.7- 13.0 119 - v
Fe,0,° 6.09 5.26  10.00 A
Mn0 0.04 0,03 | 0.Wf ? R |
Mg0 1.95 1s18  2.40 '
Cad 0:58  0.56 0.23 . .
H - . '
. Nay0 2.3 2.2. 0.8 ,
' K0 . 4.65 2.89 '3.85 ) .
C PO ©-0.08 . 0.07  0.08 ! .o
L.0.1, 2,0 - 217 246 )
Total 9984 . - 98.17 * 97.95 -
Nb 16 - 14 15 . 22 9 7
Zr 130 136 21 184 - 559 186
Y 21 25 37 61 20 45
sr 45 52 29 23 .. 24 16
Rb 172 124 161 141 52 193
Pb 27 24 15 12 26 27
In 162 77 - 72 57 36 133 .
Cr 76 48 17 8 22 84
v 94 66 . 2 B8 28 128 .
Ba 853 612 640 1030 101 551
N K| 18 21 5 . 14 : !
La 17.7 . 214 39.3 13.2  22.6 16.4 -
*Ce 47.8 55.8 96,2 35.5 - 54.4 . 47.6
_Pr 5.7 6.0 10.6 4.2 5.6 5.3"
Nd 22,37 22.5 42,1 8.4 1.0 . 21.5
sm 4.4 4.5 - 8. 4.4 3.9 4.9
Eu 1.0 0.9 0.1 0.6 0.7 1.1
. Gd 3.6 . 3.6 5.3 4.6 2.9 4.9
Dy 3.9 3.4 4.3 6.8 2.3 © 6.0
Ho 0.7 0.7 . 1.0 1.2, 0.4 1.0
Er 1.6 . 1.8 2.4 3.7 1.2 3.3
Yb 2.1 1.9 3.1 5.0 0.5 2.5
]mafic tuffaceous pelite, Belleau tomp]ex; 2sandstone, Belleau compLex;
; . |

& v gt >
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'Chémica] analyses of Grant Subgroup sedimentgry rocks at Grant Lake.

- F47,801 Fa9.80° Fe6.80% F75.80° F93.60}  F194.80
$i0,  63.7 -62.7. 59.9-  47.6 = 62.5 61.0
©Ti0,  0.64 0.5  0.72 2.36  0.72 0.72.
A0,  18.0 - 144 0.1 13.4 18.9 19.1
Fe,0,°  6.62 10092 8.3  16.79 6.54 7.47
 Mn0 0.09 0.48  0.09 0.26 0.09 0.07
Mg 273 2,92 2.51 - 6.48 2.16 2.34
a0~ 0.71 , 1.88'  .0.62 8.74 © 0.72-  0.32
Na,,0 0.9 " 14 11 0.7 1.4 0.9
K,0 5,04 . 2,73 4.66 1.81 ~  4.26 4,78
P0¢ 0,11 - 0.09  0.09 0.3 007 0.08
L.0:1. 27 - 1.8 2.7 3.0 3.3 3.4
. Total © 101.24 99,90  100.85 101.47  100.66 100,18 '
Nb 14 4 17 17 14
r 140 131 48 194 142
Y 25 28 - 35 52. 37
sr - 47 79 74 91 85
Rb 220 '98 232 11 208
Pb 36 12 20 .5 10
In 114 136 106 138 101
- Cr . 99 - .85 105 ° 90 101
v 111 117- 134 - 411 - 139
Ba 694 738 <838 175 849
1 .

pelite; 2maf_ic tuffaceous_pe]fte

L
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1quartzite;
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Chemical analyses of Grant Subgroup sedimentary rocks from
Grant Lake. '

2

F3650.80" F281A.80% F2818.80% F304.80° F15.80

10, 93.4
Ti02' 0.04 +0.86 -0.83 0.76 1,37

A'IZO3 - 3.52

ran t
Fe,0, 1.43

MnO ¢ _° 0.02
Mg0 ‘ 0.54
Ca0 trace

Na,0 0.06
K20 : 0.60

PO, . 0.02

L.0.I. 0.75
100.38

2
209
-9
49
-35
2
25

6 .

- 19

365

L] - »
OO BENNNWW~ND
. !

Ot O = Y = 2N

- . L] - [ - [ L] L] . *

NN =N
L]

)
.

N OO

peljte
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Chemical analyses of Grant.SuEgroup volcanic rocks at Grant Lake,

1 2 2

F367A.80 2"

F3678.80! r8.80! . F388C.80° F3880.80% F344.80

Si0, 461 - 484 . 462 48.4.° 484 . 50.0
Ti0, 3,76 0.88  3.43 242 235 1.46
AL 127 140 124 - 12.8 2.4 "13.1
- Fe0t 2106 0 1187 1047 174 1676 15.37 :
CMn0 . 0.26  0.19 032 0.2 0.23  0.22
Mg0 4,05 .9,02 5,14 5.14 5.06  5.41
' Ca0 9,00 °  12.00 8,89 7.7 9.28  8.40
Na0 2,29 1.82 BRCE 1.8 131 3.2,
KO0~ 071 _ 0.28 7 1,05 = 048 05  0.57
PO, 010 - 0,07 - 0.28 0.24 0.3 . 0.13
- L.0.1.  0.61 1.48 . 2.2 3.9 2.69 - 4.2
100.66  100.01  100.88  100.61  99.34°  102.06

6 3 9. 7 4
90 55 . 150 148 " 138 . 100 -
39 22 50 - 47 ‘ 39

‘115 92 105 113 119

23 10 ‘44 16 . 16
4 . 0 7 6 o 6.
156 87 161 135 ' 100
0 - 418 . 7 211 6

637 - 218 nz2 467 353
79 1165 73 188

™

—
-
Y=}

—

—

MNNOPAPLP=WH OO
. 5

NN OWW

.
.

. » L ]
HRNOWWOMN® =W
[ ] .. - .
OWRBONNN T — U

gabbro sill; 2basalt flow




Chenfical anélyses of Grant Subgroup volcanic rocks at Grant
Lake and early Proterozoic dykes at Point Lake.
o :

F390c.80% F361.801 F362.80! £32,81%  Fl65,81°

’ 5102 76.8 68.0 77.3  48.4  4B.4
"Tio, ' 0,37 0.10 0.23 0,96 2.05°
A0, 11.6 9.70 11.1 153 14.1°

Fe,0,° 3,3 2,92 2.9 ¢ 116 . 155
M0 - 0.05  0.11 0.04 0.20 - 0.23
Mgo . 0.64 0.90 1.37 6.95 5.9
Ca0 1.3+ 6,36 1.08  11.8 9.81
Na,0 - 1.8 2.69 2.5 1.7~ 1.6
K,0 4.56 2.40 2.55 0.8t  0.84
P05 0.06 .- 0.05  0.02  0.08 0.19
L.Oo.I. " 2,0 5.84 1.2 2.3 .1
Total = 100.52  98.87 . 100.29  100.10 .72
N S a2 24 3 -
Zr 385 357 408 58

Y 109 188 134 24
Sr 21 .. 152 138 - 146
Rb 119 - 145 79 4l
Pb 15 12 - 28 0
In 63 . 119 171 77
cr 0 0 0 . 203

v 0 - B, 13 262 - 294
Ba 719 377 502 . 185 186

l,rhyol'i te flow; 2east-trend1’ng dyke;_anorth-trend'ing dy'ke' (cuts
east-trending Proterozoic dykes). .

L
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Chemical analyses of Vaillant Formation rocks.*

Coppermine River area - Vaillant Lake area

4 N PRI B84 o it .
R iR IR a6
s

F772.79 F776A.79 F776B.79 C151.77 ' F425A.80 F4258.80

si0, 60.1 463 . 718 |
Tio,, 2.65 " - 3.69 ' 0.73 . 0.74 0.75 -
| A120-3 1.9 13.6 | _ 3.9
f Fe,05F  13.33 17.48 | | 1.7
D HhO . . 0.1 0.33 . 0.06
' MO -» > 1,92  6.15 : 0,75
Ca0 2.65 4.67 o T3
Na,0 3.8 2,5 0
K,0 1.12 .20 . ST 0437
P05 0.36 0.41 S 1.4
“L.0.1. 1. 4.3 R 0.06
Total - 99.5 ~ 100.6 l' 100.2
Nb . 46 . 59 59 4 4 6
Ir 265 279 217 * 1% . 40 45
Yoo 7 7% 67 61 - 19 14
Y “Sr 61 - 6l S92 9 105 95
RO 22 12 14 -58 7 10
Pb 7 3 7 912 5
In 97 195 160 156 18 . 26
cr 0 Q. 0 103 49 70 !
v 4 255 593 610 475 159 124 . !
. . ' Ba =215 790 259 109 43 . 52 T
. Ni C 24 . 46 40 5% . | : .o
: o LT c - ~ ' ‘
; . *see Table 4.3 for additional analyses
H
:.' / '
" / " 1 :
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Chemical analyses of Vaillant Formation rocks from the Vaillant
Lake area, ST ' ' :

F426.80 F428.80 \F429.86_— F430A.80 F4308.80 F431B.80

510?
T102

t
3

Fe20
Mn0
Mg0
Ca0
NaZO
K20

- Pl

L.0. 1. -

Total .

Nb
Ir

Y

Sr
Rb
Pb
in
Cr
v

Ba

i AL g AIANTS S i
S ot ogcs <P e oot s

46.4

1.10

16.3
14,2

0.20

7.58
3.49
4.2
0,06
10.09
7.6
1101,2

5
57
20

- 84

1

0
136

.23

248

35

47.4
1,39
14.3

12.7
0.32
8.29
6.00
3.1

1.39 1.43

0,14

~0.14
5, 7.2

9.
79
126
104
1.
6
117
120
325
.27

101.0 .

356

46.0
1,37
13.9
14,7
0.31
7.16

- 7.09

3.0
0.08
0.13
7.3

101,0

1
76 -
30
128

0

0

“105

110
27

43.4
2.43
14,2

20.6

0.20
. 4.,49
3,52
4.3
0.41
0.27
6.1

- 99.92

.25
171
64 |
94 °
8
9
‘155
34
519
103 .
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Chemical analyses of Vaillant Formation rocks in the vaillant
Lake area, o :

F432A.80 F433A.80 F434,80 H304,80 H308.80 H30C.80
510, 45,5 47.9 ,
Ti0, 2,200 2,46 110~ 1.69 . 1.59 1.69,
A1,04 13.7 15.6 - .

Fe,0,° 10.2.  22.3
M0 - 0.24 0.06
"Mg0 7.10 2.43
a0 .5.82 0.89

Na,0 1.0 0
KO 2.60  5.75-

P 0.4 0.30
L.0.I. 11,9 4.0
Total - -100.5 101.7

N 23 27
“Zr 48 162
Y . 43 a8
SF W 0
Rb . 36 72
Pb 0 . 0
SIn 13 78
cr 108 125
v 419 " 272
Ba - 579 1233
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‘Ché}n‘lcal ‘analyses of Epworth and Recluse Gr'oup‘sedimenta’ry rocis.j_

F906A.79 Fo06B.79° F12.81° F28.81% s68.78° s107.77%

si0, 6197, 531 62.4
Ti0, . 0.72 2.28-  0.71
P 184 181 6. 1

Fe,0,° 5.90 - 10.96 : 6.55
MnO ©0.05 - 0.09 0.08
Mg0 0 2.0 2.98 2,24
.Ca0 0.22 1.46 = 2.48
- Na,0 o 142 1,00 0.2
K,0 . 4.95 499,  4.23
PO ~ 0.3 7 0.7 0,13
L.0.I. : 2,57 5.8 . 5.5
' 98,66 . 100.93  '100.62

22 .. 18 13
316, 183

31 o34 .
113 103 °
167 176
0 - 4

81 36,

28 74

205 - 94

588 710

O
.. L] )
. L] L] [ ] [ ]

et O W W N Ch ™
.
BN =N -

‘.,f:..._.m'-t.-wa- R

N=OWHBONMN
L] »

PDOTUTO W~ ~ O

TN = pe U D Pt = O
[] - . [] l_. [ ] L) . .

10d.;| tck Formahon, quartzite bed; Odjiék Formation, pelite; 0dJ1Ck
. Formatiion, green sﬂtstone' 40dJ'ICk Formahon. red mudst’bne, Odj‘lck
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Chemical analyses of.Epworth and Recluse G}oup sbdimentary"rocks.'
F911.79" F912.79% Fa9s.783 s152.78% Fiee.e1* Hi01.78°

5i0, . 51.2 - 60.8 - 68,6  72.1
Tio, © 0.50 0,52 T 0.67 0.58
A0, . 9.82 o 18.3 .. 18.5  10.6

CFe0t 66 721 N 5.08
Mn0. ° 0.08 . 005 . 0.12 © 0.09
. Mg0 3.52 - 272 . 3.8 3
‘ 10.65° 0,08 -0.76 - 2.09
4.8 - 30 a1
' 0.26 | © 4.09. N a6 2.86
0.08 | 0.06 0.11 0.1
12.55 R T3 I ‘ 3.8 3.2
99.68 . 98.41 100.21  100.92

9 18 . . . 12
100 168 : 185
30 . I 39 . _ 30

- 18 , - 50 S 121
‘) L. 164 ~ 130
16 . ‘ , 21
79 '

116

134

763

—-—-ou?momo\:m_co

0 O~~~ 0Ot
—_—_ O WWOROM— O
WRNRNOR-=NNOWN
. baagihy h
AL NWO VWOV P

L .
N —wWWwO BN

DOV W~ WOONO

]Takiyuak Formation siltstone; 2Téki'yuak Formation séndstone;

3Fontano Formation pelite; 4Dumas_Group"mudstone; 5Rec]use Formation

greywacke,




- Chemical analyses of Epworth and Recluse Group sedinentary rocks. .
F910.78) 031.772  F774,79% -

Nb 5 B 17
Ir. 50 159
Y . 14 27
Sr 15 0
Rb~ - 3 126
Pb ‘ 7 - -4
In 23 43
Cr 6 75
48 - 158
Ba 49 + 482

[N
WO O

v

OO OoOMmMN

n
S

_

NNONWOWRAW
[ ]

. % ® D) .

"

~

LRocknest Formation dolomite;
2Rocknest Formation arglllaceous dolom'lte.-
3Stanbridge Formatwn dolom1 te

SR RN T g
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