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S ABSTRACT

s

. .'.{ .

The \Lomond area dj.splays' all the main tectonic elements

- pr_ésent in west Newfoundland, €rom Grenvillian basement,
» . . * L N -

-

through autochthonous rocks-to sedimentary .and ophiolitic
- slices of the Humber Arm Allochthon. : ) .
Autochthonous rocks-.adjacent to the ~ Humber Arm

Allochthon. include limes;onés of the Table Head Group which-

.

'iarg ovqtlain by chromite-bearing ﬁiyséh of -the Sandbar

- formation.  This passes westward. into the north-south

o € ‘ .
* trending Gadds Point melange, which marks the base of the
. allochthon.  The. melénge is discordant with allochthonous

sedimentary ‘units: .

Rocks of ‘the 'lo-ivle_r structural slices of the Humber - Arm

.
.

Allbch‘;hon . are a's.;signe'd to the Bonne Bay group 'wrhic'h

includes four formations.f From east to west they " are.  the

.Mitchells' (quartzites), Barters (shales and gquartzites),
" McKenzies (shales and - limestones, siltstones); and

0 : e

Sellars’
(gréeywackes) formations. . These . are cor.t:elativg:s.
r.espeétiv'ely; of fthé ‘Summers}de, Ir_ishtown, . .C'cv;oks'
Brook/Middle 'Arm Point, and Blow me Down. Brodk Foma&io'ns of

" the Curling Group at  Humber  Arm. The rbcks are

- L - - - " - . : : :
unfossiliterous "~ "and” " highly  ~deformed, but  ‘relative-

stratigraphic. felationships-among the Mitchells; Barters and

A
>

Hcl(.er‘\zies ‘formations 'appgar s'imilaq to those between their
- lithie ;gduivalents"in ﬂthg Curling Group. 'The Sellars

formation * is - structurally isolated at a nighes level than

.
Q
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‘rocks OF

.of the’

.contains ultramafic

‘ophiolite

-

relaéqﬂ sandstones and now 'occur at an

L4

s;rhctdral'lgvél‘ﬁithin the .allochthon. .
. The.Bonne Bay group is ‘overridden by mafic

'

- L S
thé Crouchers : formation. Relationships b

this unit and bther allochthonous 6%lcanie rocks are

!

.understood._-‘ﬂxgher slices are’ represented.by 1gneous

of the thtle Port and Bay of Islands Complexes-xn the

area.' - The thtle Port Complex consis

polydeformed and metamorphosed ophiolitic and vo

rocks. . I;',tg-adjacent'to the Bay'of Islands-Complex
and gabbr01c- segments of a <

- suite complete

.® I |

with

sole.

_anomalously high

volcanic

etween ,

poorly
rocks

west

ts[ of

lcanic !

. . . ’ . v
‘oeher allochthonous'sedxme;ts._ Petrograbhic"dé&a ‘fpr "tQé
Se}lars fotmat;on ‘suggest that.it hés.been‘derived‘froﬁ a
cra;qnié sourég.  This {s __in‘< contrgdiqtiéh tq. the
interpretation of - the ivalent Bibﬁ me':Dan 'Brppk
Formation hs(}h transdreisi{E{flysch derivéd' in’ ocdovician
tfﬁe@ “from an allochthon to theiéast.' It';s'h;ré suégesréd:!“
that the- Sellara/Blow me Doun ‘Brook sandstdnes 'aré more
.Cclosely .compared ‘with older (Precambrian or Cambrxan) rlft

UhiCh P

la531c

a polydeformed metamorphlc”

-
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Appalachian miogle'ocline of Williams and Hatcher (1982). - The

. " ,* 7. CHAPTER 1

N - INTRODUCTION . T e

1.1 Regional geoloé_ic setting

The - Lomond. area .lies in  the - Humber Zone . of -the

Appalachian- Orogen (Williams, 1979) (see figdre._l) which
R . 2 . -
repfe‘sent_s the Early Pél'ég‘)zoic continental margin of eastern-

North  America  (Williams and Stevens - 1974); ° ‘or  the

Humber Zone is continuous along the length of the orogen and

-

. . N .
/is bounded.to the east in the Canadian Appalachians by -the

ophiolitic Baie verte‘—B’rompton‘ ®line - (Williams and St.
Julien, 1982). Outboard of this are a number. of suspe'ct.- or
allochthonous terranes (Coney et al., 1980; Williams and.

Hatcher 1932. 1983; Williams ,.',19184)' Gllhi_'c:h-were accreted to

' o

the margin during and S&ubsequent to its Ordovician';

destruction. _
~In westerrn Newfoundland-.the main tectonic elements of

the .Hu‘mber lone .are as follows ‘(see figure 2):

1. " Grenvillian paseﬁeht of the Long Range Inlier.

. L t ‘,~

2. Autochthonous Cambro-Ordovician sedimentary rocks-
that record a. history ot r\éng. the development of a

passive Atlantic type continen%al margin, and (its initial

;
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Figufe 1: The Humber Zone in the Appalachian Orogen (sffppled). Oulbogfd of'thfs‘

are a number of suspect terranes, The area of interest to this study is outlined.
Figure after Williams and Hatcher (1983). f L e . S .
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destruct ion,

3. - Allochthonous lerranes’(the Hare Bay andyHumber Arm
Allochthons) which contain deeper Qater‘equivalents'of'Z,

with volcanic and ophiolitic.:ocks;' These were a;sémblea

’

_and - overthrust. onto the autochthonous sequence during

mid-O;dovician margin destruction. The different elements

are stacked in structural slices separated by melanges.

' Sedimentary rocks constitute th¥ lower slices and .the
i ophiolites are structurally highest. Assembly was from east

to west with the hxghest sllces bexng the farthest travelled

i3

(lel;ams, 1975; W1111ams and ‘Stevens, 1974; W1lrxams.1

1980) .
1}

The Lomond region exhibits alI‘A;he above structural

elements from.Grenvilliaﬁﬁfasement of the Lbnq Randé Inlier

‘through the autochthonous carboénate terrane to transported

rocks of the Humbar Arm Allochthon (see figures 2 and 3).

.

The South Arm area displays upper parts of = the
autoghthonous carbonate séque&ce and overijing Elysch“units,

and parts of all structural leveis _of the Humber Arm

Allqchthonm; T e
"Allochthonous sedimentafy rocks at~50uth.'Arm‘ are the

most northerly' examples of rbcks typlcal of ‘the main
oph1011te bearlng part of the Humber Arm A lochthon. Close
lithic correlatives ot the sed1mentary .-rocks ophiolites, or

volcanic rocks are not obacrqu northeast of Bonne Bay.»

¢ .
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‘ Flgure 3: Sketch nap of the Lomond area showmg the main tectonic
elements. Key ' as for figure 2.
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1.2 Location, access, 5{5 geomorphology -.*

.

The. South Arm of Bonne Bay is lotated on the west coast i

of Newfoundland (see'f;gurgs 1l and 2) in Gros®Morne National®

Par¥.~ The area forms bart of the'Lomond (lzﬁys)’ and Gros
Morne (12H/12) topogréphic sheets. The terrain immediately
agbund-Soufh‘Arm-is‘ rugged fana heavilyﬂ wooded, '@lthougﬁ
fgrther west higher fgneous Slices'gre morglbdrren. Much of

the outcrop is along streams, maﬁy.of'which are steep with
high falls towards their headwaters. Trails aldngside some
of these are an aid to access, and woods roads are useful in

places. A helicopter was used pfieffy to inspect the

-

highest peaks east of.Tablé Mountain. The eastern shore of "

South Arm- is only accessible' by boat. .

The area is reached by " gravel road from Wiltondale,

which in turn, is connected to the Trans Canada Highway at

[

Deer Laké by a paved ﬁ?ad.

It .should be noted that sampling in Gros Motrne National

Park regquires a perm{t to be obtained in advance from Parks
Canada. |

}opography in.thé South Arm area is a Eesu;t of glacial
scouring which emphasized the tectonic elements of the area.
The dominant ' feature is Table Mountain, . a- plateiu of
ultrama€ic _roék over 660m high (Tw;nhofel and MacClintock,
1940) which'forms'the highest structural slice of the Humber

Arm allochthon. The high amount of, magnesium and low

calcium content of the peridotitic bedrock render the soil
. > . .




-1.3 Local geologic setting . ‘ _ ' *

essentially. toxic to VEgétation, (Dearden, 1979) resulting

1n a strlklngly barren 1andscape. To.'the north of Table

'Moun;axn is a patchily wooded dlssected plateau. over 460m
high, underlaln by deformed ophlolltlc rocks. Sedlmentary

and volcanxc rocks of the lower slices of the allochthon

-

give tiSe to .a rolling, heavily wooded terrain, with -

" volcanic ‘*blocks' standing out in sharp . relief against the

¢ ' a

iower sedimentary,tocks.  _ -

'U-shabed valleys were scoured by)glaciers that flowed

- [
into_  'the main fjords of Bonne Bay, but?parts of the area.
were probably not affected by the last glacnatxon which. "~ was

S of lxmlted extent (Grant, .1977; Brookes, 1977 Roge:gon,

1981).

N

A8 stated above, the Lomond area contains parts of  all

the major tectonic . elementS' of the Humber Zone in weqt

Newfoundland. ' Thus'it'is apprdpriate here to descrxbe in

more -détail the strathraphxc ‘sequence anp current models

»

for the tectonxc evolution of this zone.’ .
. . SN

1.3.1 Generalised stratigraphy _

"~ + N

{see figure 4) Grenvillian crystalline basement 'is
overlain . by westerly-derived clastic rocks (8.g. Bradore

Formation, :Schuchert and Dunbar 1934; Williams and Smyth,

1983), with associated mafic dykes and flows (Lighthouse’

- o «




-‘3‘ . . " . . -
Figure 4: Generalised stratigraphic succession in west
Newfoundland, according to current interpretation. Left
hand column shows stratigraphy of autochthonous rocks and
stagking ‘order of . transported rocks. Middle two columns :
.show stratigraphy of transported rocks north and south of
Bonne Bay. _ Right hand column shows iriternal configuration
.+, of highest (ophiolitic) slice. Modified from James and
# Stevens (1982{. ' : .
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Cove Formation, Strong'ahdﬂ Williams, 1972; Williams and
smyth; 1983);’ 'deerA Cambrian. deposits are of mixed

. 'sqppgnate/claStic types, ' inclﬁding " the’ limy Forteau
’ '////Foqmation.' (Schuchert. and Dunbar, 1934) and the _clean

quar{zites'of'the-ﬂawke Bay -Formation ' (Schuchert and Dunbar,
. . . . \ 5
1934; James and Stevené 1982: .James et al., 1983) .

- ' .,Overlying these are ‘the Cambrian shallow ‘wateﬁ

~

carbonates of+ the March Point and Petit Jardin Formations,

{Levesque, 1977; James et al., 1983) the Lower Ordovician

.

! St. George'_Group (Séhuéhert and Dunbar, 1934; Kluyver,
» " 1975; ﬁratt. 1979);vand the deeper water Middle_ OrqOVician

-Table "~ Head Group. The Table Head Group has shales (Black
b

,Cove.Formatioh, Klappa et al., 1980) ‘and carbonate breccia

(Capé Cormorant Farmation) towards its ,top. The entire

-

sequence'is'blanketed by a Middle oOrdovician transgressive

s

flysch f containing | ophiolitic detritus (Goose Tickle
Formation in the Hare Bay area (Tuke, -1968; Williams and
Smyth, .1983), Mainland Sandstone ‘oh ‘the Port AU Port

Peninsula (Schillereff and Williams, 1979)).

3
)

' The allochthonous sedimentary sequence is known as the

- * Humber Arm Supergrbup,-represented at . Humber Arm (Stevens,

- [

1965, 1970: williams, 1973) by the; Curling Group. This
coﬁéists of Cambfian.'silicicléstic_unitg (the feldspathic
Summerside and ﬁua;tzitic/shély; irishtan Formations)
overlain ‘by a cbndeﬁsed carbonate. and shale sequence (Cooks

Brook and Middle Arm Point Formations) of:Middle cambBtian to

- : Ordovician age.  The Cooks- Brogk Formation, mainly
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limestones and :shales, is notable for its carbonate
conglomerates whereas the Middle Arm Point Formation has a
higher proporﬁipn of siliciclastic detritus., Overlying this
is Lower Ordovician flysch, previously included in the Blow
me Down Brook Formation, which contains sparse chromite
grains (Stevens, 1970) . .

This sedimentary package cqpstitutes the gtructur&lly
~lowest part .0of the allochthon and has-been overridden by
volcanic slices, such as the alkalic Skinner Cove Formation
‘(Baker, 1978), and other vo;egnic rbéks {Schillereff, 1981;
Godfrey, 1982).

The highest structural slices are’the 6phiolitic Little
Port and Bayiof Islands Complexes (Wfiliams and Malpas 1972;

Williams 1973}).

The Little Port Complex (Williams and Malpas, 1972;

Williams, 1975), contains_foliated'gabbros and amphibolités
cut by granitic roéks which are locally brecciated. all of
these are cut by sheeted, pervasiveiy brecciated mafié dykes
associated with mafic volcaﬁic Eocks which are relatively
undeformed.  Mattinso® (1975, 1976) has dated the Little
Port tonalite at approximately 510my (Latest Cambrian).

The Bay of Islands Complex (Williams and Malpas, 1972)
has a polydeformed mg;amorphic sole which passes into.
peridotite ovérl#in by massive and layered gabbros. These
are succeeded by sheeted dykes, andAthé‘whole is capped by
mafic pillow lavas and minor deep marine sediments. The Bay

.0f Islands Complex has yielded zircon dates of approximately
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‘

500 my (Matt'irison 1975, 1976).
These higher vst-rucr}iral slices are separa{ted from .lower
ones by mel)ange zones, ’rh.e most notable of these is :_a large
chaotic zone whiclh extends along the east margin ‘d%’ the éay
af Islands ophiolite from B<.>nne vBay- to Stephenville
(ijlli_ams_, 1981; Quinn and Williams, 1983). |
- : ' "'The allochthon north of Bonne Bay is worthy of special . o
.- 'menti"on,‘ as it is signif,_icéntly different from the main pat’t |
.~ . ) in t.he Humber Arm area. Sedimentary rocks of ithe Cow Head
\Eroup :(baxlt' of the. Humber zl;rm Supe;’group) include 'thg‘
renpylﬁed Cow Head breccia, a more pr‘oximal facies | of the
' Cooks  Brook Formation, and other’ carbonate . deposits
. ' eqp(ival’?nt to Cooks‘:Brook~'and‘Mid‘dl‘e Arm l.i_Join"t rocks (James
and Stevens, .1982;’). Some of these ur;jits, however, were
".;;_;;;;gggb_, ) asv.signed 'by Gon‘zale‘z—Bonor"ino {1979) to the‘ Curling Group.
The .Cow' Healid Grou‘.p s overlain by. sandstornes whi'ch'w'erev
. thd'u‘ghé to be ,gorrelati‘vés of  the Blow me Down Brook

'quﬁation {James and Ste‘vens, 1982).‘_, This study has shown,

“ ¢

however, that the correlation is in error. These sandstones .

o

l--'q ' ‘are equivaient to unnamed flysch pfeviously -ihcl‘uded in-the s

]

Biqw me Down Brook Formation (see éhap}erslS' and 6).
/ Efquivalent; of the éummegsidé Formétibn are abseht és are

_ @ oéhioliéic . and - volcanic; ‘ ;ocks. ' Ho;u‘ever," ®Irishtown

Y .lithologies ,héye beeﬁ ‘found as blo"c‘ks in‘(,j'rhélange (Williams -«

et }al,‘ in press, 1985).: ‘ |

s ’ 5
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. 1.3.2 Current models

(e.g. williams and Stevens, 197'4,;.“ Williams, 197.5)
(see figure 4) Clastlc rocks of Bradore type and assocmted

volcanic rockski’re' xnterpreted. as related to rifting of

‘. . .
.

Grenvillian basement. to form the Iapetus ocean. This is
. - “thought to have "taken place in the Late Precambrian. .

(approx imately 600my ago by Ar/Ar dating-; . stukes"'a"_nd' .
} . Reynolds, 1974). In’ Cambrian times a wxdespread carb‘or‘]ate

platform adeveloped on . t.he newly formed contlnental margln.'._ -
. This remalned stable'untll the Mlddle Ordov1cxan when minor’

bank 'subsidence was ' reflected in the deposxtxon of deeper
water 1imestones and shales of the upper part of t}_\e -Table
Head Group. Asso¢'1ated warping with con51derable 1ocal .

, " x .
- . v N

‘reali‘ef is indicated by the presence of the breccms of, the .

>

Cape Cormorant E‘ormation ’ (Klapp’a' et, al., 11980). _This
pasmve margln sequence was ultxmately blanketed m Llanvxr:n_'

times vby .easterly demve’d ‘transgresswe flysch‘.of-'Goose“

i T1ck1e type. These rocks contain detrital elements which

W

suggest that they were derxved from an advanc1ng allochthon i -

'(1nclud1ng exposed Opthl 1t1c rocks) to . the east (Steven's,

© 1970; williams, 1975). o ;
The sedxmentary parts  of ,'th,e Humber~ Arm. AllochEhong' ) “ oL

(Stévens, 1970) - ere:: 1nterpreted as a slope/nse sequencej‘
ma'inly' _coe\;al -with theA ‘shallow ) wat.er . autochthpnous'
succes‘s.ion. --Ri.ft» relate&‘ clastl.cs of-‘ Summe::sid.ef and--

Irlshtown type are overlaln by deep water carbonate dep051ts

of the Cooks Broqk and Middle Arm ‘point Formations, These




e

. v
s : v . . >~

are starved basin’ deposn:q which 1nd1cate the development of

a carbonate bank farther to the west. The breccla¥ of the

. Cow Héad Grdup ahd Cooks Brook Formation .are interpreted

. . . . .
respectively as proximal and more distal facies derived’from’

the bank edge. Chromite—bearing flysch previously included

;in  the Blow me pown Brook Formation is thought to have been

. e - . ’ , .
autochthonous Goose Tickle PFormaticn. In the light of this

study, the Blow me Down Brook Formation itself has - been.
re-interpreted as a sequence of older (Ptec‘ambrian or

Cambrian) rift related sandstones, now isolated ,.as a high

structural slice (see Chapters 3, 5,/and 6) .
. c.

The overrldmg volcanxc rocks are poorly understood,

seamounts (Baker, 1980) . - e .

The Littl‘e port Complex was originally interpreted as a’

de formed ‘f.rﬂagment‘ of an island arc, older than the Bay of .

‘Island,s Complex (WilIxams and Malpas. 1972; - W1111ams.

-~

1975). More,'recent,i'n.terpretatio’ns (karsén and Dewey, '1978)

havfe\ quated the thtle Port and Bay of Isl~ands -‘C'orﬁ'ple'x‘e's,"
BS

with the Ll.ctle Port.deformed in an oceanic. transform. -

¢ The Bay of Islands Comp;ex contains - a _-complete-_‘

ophiolfté suite representing _oceanic crust and 'manc'le_‘

relate’ to. transport of a hot ophxoll.te slab over several _

- 4

»dlfferent supracrustal protollths (Malpas, 1979_). ’ ""‘

: Melange zones separatlng the vanous structural’  slices

v
[

- C ) 14

’.deposi,ted in circumstances -similar %o, the more d1sta1

but’ tvh'ose of' alkalic afflnltxes may: represent transported

(Malpas, 1976, 1977). 1Its metamorphlc sole is th'ought' to -




. . . ) : 5 ,

_ : N ! '
ére'. related to assembly and emplacement .oEAilthe al.locht.h'on. .
" The e'ntire package is ilnte"rpreted as an " accriBtionary prism
formed d:ufing_;eastward Asubdt;c‘t‘ioﬁ' ‘(Strong et al., 19'_/}1)
" followed by obduction (;f, dcéanic' crust ‘(uppAer ‘st.'rucr:tu.ral :
slices) ana parts of »th.e’ cén;ingnta'l _éiope/r_ise "( lower
allochthonous silices) 'ai':ross a ,‘QassiQe continental shelf.‘
The allochthon was‘ in place b}'_ﬂid_dle Ordovician time" since
o’its leading edge is preserved under lihe. bla‘n_ke'rting'

'heoautochthopous Caradocién Lo.ng~Poi@nt ‘Formati‘or'\ (Rodgeré.

- . l : .
1965; 'Stevens, 1970). « |- . R

- 1.4 Previous work

;Thé Bon‘r'\q B;ay aréa wéé mapped by Tnbelso,n {1947) .Qho‘j
drew upoﬁ ‘pfevious' work .Dy '=Riéha'1':ds;on ir;.Logan (1863),
S'chucherrt and Dunbar (1934), and Inge‘fson ('19435)._ .The area
was mappéd in reconnaissance fashion by‘Béir.d '(~196'0)‘. as part
" of his Sandy Lake (12H), west half, ~area'5 , 'Th‘e’ " ultran‘nafAic
-r'oc',ks. of | Table Mountain' ‘were-studied by Srr;\it'h' (1958) ta.mc-j |
parts of the area were inlvestigatedvby:- the mining company
Brinex during‘ the mid 1950's. _

All of these workers interi;;retéd the B‘;y' of Isiahdé
ophiblitle comp}ex‘ - aéi, an in-trusic‘on into au"tochth.qnous»

sedimentary rocks, with a surrounding - metamorphic cantact
) \ o o RO

al'.l,re“ole. _ N\ .

Troelson (1947) did not distinguish,the- volcanic rocks
as’ a separate unit, being under the impression-that volcanic
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| . a _ o : : :
‘ ' cks 'in the area were deposited in stra’tigrapﬁic continuity T |

with the ‘Humber Arm Group'. He found it difficult to
cofrelalig the se_dimentary rocl;s at vBtSnne Bay Qith those of
‘the .type section at ﬁum’b'ex; Arm, 5ut noted similariti-ems \;ithl
‘.st:atigra.phic sequenAcevs ét HarAe Bay aﬁd Céngda Bay.

' More modern wbrk }néludes “that. of Stevens - in Neale
(19-727, who suggested corkeiat.ions ‘of the Sedimentary units’
‘with hli.s previously* d.efined alr_l.ochtho-ng)us ‘units '+ at Humber

Arm ' (Stevens 1970). Gonzalez-Bonorino (1979) has recently

-
[

postulated that there are-'no allochthbnousj sedimentary rocks

in west. ﬁebfounﬁland‘, a conclt{sidq b;éqd on e'r:cbheous»-ﬁ .
grépt'oliﬁe ‘identifications (Schillereff, 1980; RK \/
‘ S,tevens., pers comm, 1984). 2 o '. ; S

The most recent \;ro:.rk._(ouihr_n Qndi(illiams, - 198~3,:' abs;

Quinn, 1983; Nyman et al., 1984; Williams et al., 1984)
has been doné in connection with 1:50 000 scale mapping = of
the Lomond area (12H/5). _ S .

.

1.5 Purpose and scope-

S . _Th"is>‘s-tudy Qas, initiated a_s' part of é larger prpject g

“’_ X . k " involving field ~i'nvest:igat'i'ons -of the '-‘enti.r'e ﬁumber Arm
Allochthoﬁ (Williams, 1973:: Schillereff and Williams, 1979;_:‘

‘ Vwiflli.ams and -Godfrey, 1980; . Schillereff, 1980; ‘Go.dfr__éy. '
1982; wil;iar;ls, '1981; Williams et al.; 198.2;1983:, " Nyman

N

J al., 1984; Williams et al., 1984).

".A . ‘_Z-

e » )
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‘4ork at South Arm was-beguh to subdivide sedimentary
[ A e ' i
.and . vdl%?nic. rocks and to ‘assess " current tectonie

interpretations for rocks in alloehthonous terranes in west

Newfoundland. Toward that —.end all unxts of possible

relevance were iﬂcluded in the map area and were studied in

_general (Chapters 2, 3, and 4).° .

. . . The 'study was extended southuard‘to 1nc1ude the lower
. allochthon of the “the. entire Lomond area in an attempt to

‘establish reglonal correlat1ons and .to utilize’ data from ;

earlier studxes 'in the Humber Arm Pro;ect (Chapters 2, 3, . i

R

aud ). Dur1ng the course of the work, localy dxff;culties o .
Concernxng ‘the—clestrc rocks of the-South Arﬁ area required - . .
SpecieL attention. An absenoe,oflstritigrapﬁic contacts anoviv o i
foeeile led’ to ;ambiguity in'tleSEifying sandstonee'on the -
eést:éndeest”ehbres,Of South Arm. In struggling with this ) N «
v'\.‘*' questiOn, the author was drawn toward petrographlc concerns.- o
Chapter 5,,therefore, contaxqs a more detalled account of ‘:.

the sandstdnes, and .a dxscu551on is biven “on “the

1ncompat1b111ty of ‘the resultrng data w1th exxsting mbdels.iﬁf ’ .

‘ .1;5 Methodé of study
1 ' - SR

'Meppﬁﬁg ‘was ‘conducted ueing' air ohotograohs .and f_ .
'Nedtoundlano apd Labrador Forest Inventory maps at 1: 15 8407 |
scale. The £1nal map of South Am was, produced at- 1 25. 000
ecaIe -(mava). Mapplng during 1982 1nc1uded representativeHA
e '." 'sampllng of the varlous llthologzcal unLts. ; Supplementaryf'
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.shmbling of. sandstoﬁes ‘was conduéted in 1983 alphg with

1:50, 000 scale regional mapping elsewhere in the Lomond
‘région (Map 1),'

«In addition to routine petrographlé investigation of

-

approximgteiy 150 thih section$, detailed petrography was
carried ‘out on the Barters*and Sellars Formations .of the
Eonne Bay group at South ‘Arm (Chapter §), utilizing staining

(Appendix 1), cathodé'iuminéscence (Appendi# 2), and 'point

countiné techniques (Appendices 3 and 4):\

" In the courée'of'mapping seyeral’new “unit names were

informally' proposed. These ;ﬁFre defined according to the
ZQUidelines‘of the North-Ameriéan}Commissioh on Stratigfaphic
o : . S S : . ,
Nomenclature (1983). ° Thus,  where rersonable, Superfluous-

terms such as 'Brook', 'Pond', etgc. have been omitted- ffqm
‘thé new nanmes. . - o . . R
Exposdrgfin'bhe éréa is ;dch.”thét good"sec§iéns _are
few._‘Tgué; each unit is‘ééscribea ditﬁ‘reﬁerence'to several
key localities: where cha;aclét;éﬁic  Eeatures may.>v5e.'

observed. - .. - v 2 .

T - . I 4

.

" . <

1.7 Acknowledgements e ;- coe - L . .g-'
. Harold-

' : : - C ) L . .
"I would like to- thank- my "supervisor, Dr

Williams; Epr.spurfing me on . to greater efforts. -

I .acknowledge with thanks .the field assistance of

e Cﬁrlstine Furlong, Alex Pittman and ;a“‘blué Volkswagen.

1 ) 7] oL S Co- \ - ,‘b
Field: advice was pgovided by Drs. H. Williams and -T.
R ) e - N I

- . . g

a




.o

v ~ v A .. | . ‘ . . . 19

-

Calon, and moral support by ‘Ella Manuel and Li?e'Sorenspn.

'Geoft'BuEIer provided much nqededf sanity in the final

-

stages. - , ‘ ' ‘

‘Technical support was provided by« F. OVB?ien,_‘E.

Erdpef, F. Thornhill, L. warqus{ R.. SQperg W.. Marsh and

Y - .
sampleiw'to the cause, and Dr. . _Peter Cawood critically

9
-

reviewed the manuscript,

-

Financial support was provided by a  Rotary

'.ihtérnational ‘Graduate ~Fellowship, a Hembrialépniversity

. épésary and a Viking _Helicépter scholarship. .  Additional

assistance was prov ided ;hrough the research graﬁtsfofior.

H. Williams. .These are all acknowledged with thanks.

", 1 would also like to thank other faculty members and

-

graduate students. too numerous- to mention for their help and..

advice'throughout thé prepéfation,of this work.
‘ . - . rl

This thgsis is dedicated to Dr.- Ron Daniel.

W. Howell. Dr. R. ‘Hiscott -and. M. Coniglio donated.

»

i TN T ———




. 2.1 The Table Head Group

CHAPTER 2

AUTOCHTHONOUS ROCKS ADJACENT TO THE HUMBER

ARM ALLOCHTHON

E . ,
In this chapter autochthonous units in the .immediate

-

vicinity of ‘the South__Afm' Area . are described and their

relationships to the Humber Arm Allochthorr discussed.  This

is included to add to an understanding of the structural

setting of the allochthon and correlation of transported

sediments with in situ examples.

- 3 [y

;-‘ . »

T 2.1.1 Nomenclature and dlstrxbutlon )

Rocks of the Table Head Group (Klappa et ‘él., 1980)

(sge’ Chapter 1) lie in a roughly north- south trendlng band’
east of the base of . the' Humber Arm Allochthon (see fxgure

-5). They are well exposed on ‘the Glenburnxe wxltondale road

4

| at its intersection with Barters Brook and on the coast 0.5

Km east of Gadds‘Harbout.

2.1.2 Description

.

- These rocks consist of recrystallised medium to thick

bedded 11mestone and 'dolostone. Beds ﬁre 10-75 ¢m'thick,'

with the thlcker beds generally farther away from the base

of the allochthon. On the Glenburnxe~W11tondale‘road 0;1 km

-~




21

" SEDIMENTS

———— geologic contact
¥~~~ ~ high angle fault

~—-a— thrust .f.auit N

N ) ) LR u_’

L Lo Figure 5: Sketch map of Lomond area (west half)’
. ~ showing distribution of unlts descrlbed in chapter 2.
See also maps $ ana 2. i
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' collected . between Barters Brook and the

east' of the base of the allochthon, the rocks show a

noticeable pink weathering - ahd consist mainly of coarsely

- a

However, in Barters Brook 50“m below

crystailine dolomite.
t

the base of the allochthon, the unit occurs as thick beds of

"‘ . - . - . .
bluish limestone ranging from 60 cm to ‘1 m thick, and

containing fragmehts ‘of crinoids and gastropods.: Bamp{es_

Lomond

intersection ton;ain‘conodonts of Llanvirn agé (F.” O'Brien,:

s

- pers comm 1983).

"3

Internally, the rocks show few features, but irregular

. . , . s . g ’ :
stylolites are commpn and the rock is more coarsely

(>
" crystalline ‘in their vicinity.

-thick. .

1blue,";féommonly

At Gadds Harbour near the contact with the:* Sandbar
formaticon, . the liméstqne beds are only a few centimetres
They contain recrystallised fragmented fossils.

Southward in  the Lomond area rocks of the ‘Table Head Group

are observed aiong the entire east side of the allochthon,

3

They are medium to chick-lbedded'giey4buff dolostone -and

bioturbated limestoge

‘recrystallised gastroﬁoas and,oﬁher fossil fragments.

. [
4

2.1.3 Deformation and contacdts

Génerally>the unit is not highly deformed in comparison

with allochthonous sedimentary rocks, or with the Sandbar
formation (see j sec¢tion 2.2).

Glenburnie~Wiltondale road. close to the contact with the

allochthqn,vche unit is folded jinto an upright synform, A

ta

-

N

‘road .

containing

However, on the




‘recrystallization. Elsewher® in the area, it can be seen

sandstones.
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fault in the. hinge zone of tNis structure may account for
. ‘

the localized  -pink dolomitization and coarse

that. the Table Head Graup has been subjected to large (10s
of . metres) scale open'foiding. .This is well displayed in
cliffs on the. south side of.Bonne Bay: Little Pond.

Near the Glenburnie-Wiltondale road, on Barters Brook,
.- ) .' ' ¢
west dipping -spaced cleavage (at intervals of a few

centimetres) in thick limestone)is at a high angle to east’

dipping bedding. This, contrasts strongly with-nesierlyndips

of both cleavage and bedding .in shales a few tens of metres

to the wes€, sdggesting faulting of the limestqnes"agqinst'

the Sandbar formation at this loéality (see figuyre 671.

.

At Gadds Harbour the contact with the Sandbar formation

* .

is conformable, with thin beds of limestone overlain by -

strongly 1cleavéd grey shales -1énd " Yhin-medium ~ beddéd
; . . ‘ .

’

2.1.4 Points of interest

Breccias _.typical of the ‘Cape ‘erﬁérant Formation -
(Klappa. gt al., 1980) (see chabéer 1) are absent in the.
Table Head strétigraphy of- the Lombnd area. Llanvirnian
shales in the vicinity of'Barteré'Brook may be correlatives
of the Black qué Formation ‘(Klébpa et al., 1980) (se€
chagtet l); but control 25 poor, and théy-coh}d equéily wal
belong té the Sandbar formation. They arér therefore

described separately from definite Table Head lithologies.

-




Chaotic quartzltes and shales of Barters formatxon
Highly deformed limestone conglomerate
Steeply dipping argillites
Highly deformed shales and minor less deformed llmestone conglomerate

. Grey argillites with cleavage (dotted line) dipping more steeply than beddlng
Thick bedded limestones bast dippxng) with west dipping cleavage. ‘

SN WN
“ e v e v e @

- Fold on road

no exposure . l . 7
Xposu intersection no exposure

of road and
Barters Brook

. ' Figure 6: Schematic cross section across base of Humber Arm Allochthon on
Glenburnie-Wiltondale road and Barters Brook.

P . . -
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-

Elsewhere in the Lomond area, Black Cove equivalents are not

observed.

’

The limestohes described above may be correlatives of
the Llanvirn Table Point Formation (Klappa et al., 1980), ‘as

.

shale content is low.

2.2 Sandbar formation , -

2.2.1 Nomenclature and distribution

The name Sahdbar formation (see also Nyman. et al.,

1984) designates a unit of shales and fine sandstones which

- includes some, but not all of the rocks of the Gadds Point

Slates of Troelson (1947). The }atter term has subsequently

* peen used by Stevens in Neale (1972) ana Gonzaleszonorino

(1979). Thé new name is introducéd because the Gadds Point

Slates are divisible into chaotic (Gadds Point melénge} and

non-chaotic (Sandbar formation) mappable units. Also, the

Gadds_Point Slates of Troelson included rocks, ﬁow.known to

- be allochtnonoué, which are assigned here to thé McKenzies
rformation‘(see chaptef“three).

The. unit outcrops as a‘thin band (map width ranging

from 0;35fl.0 Km) with 'an approximate north-south t}end,

which parallels the base of the Humber Arm Allochthon _(seé

figure 5), and extends to. Sandbar Pond.  For the best

exposed Secid Km east of Gadds Harbour, a

l
e
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The unit conformably overlies the Table Head Group near
Gadds Harbour, and passes westward into the Gadds Point

melange.

2.2.2 Description

The Sandbar formation consists of a sequence of mainly
dark grey - Dbuff shales with thin beds of fine - medium

grained, buff weathering sandstone (plate 1).

Plate 1: Sandbaf formation 0.5 Km east of Gadds
Harbour
At the best exposure of the Sandbar formation east of Gadds
Harbour, sandstone beds range in thickness from 2 - 25.cm
They have sharp bases and are 1locally graded. They also
show small ripples, some parallel lamination and some cross
- lamination. Central parts of some thicker (greater than

0.5 m) beds show steep irregular wavy bedding. Load and



flame + structures are guite :conmmon but - some ‘flame'

structures on closer inspection are small post~lithification

S

fractures related to cleavage.
Sandstone beds are thicker and more common at the base

of. the section. . Some of. the .shales are calcareous or

v

dolomitic, espechally-at the top of the seétidn‘.‘ ‘In places
. " . ) . : . - " .
these carbonate shales weather in a distinctive manner

showinyg p‘illar-l‘)’.ke raised features on -a centiméfre scale.

Thes_é ‘may ‘be sol-utionv features relatéd to'.gsleavage. LOcal-‘
limestone bed§ up to 15 cm- tf.liCk.p(.:.C;Uvr within thé’l'sefquence.

in' t'hin~ section tﬂhe .se;ncl‘sﬁones are ' immature and.
_méderétel.)/ sor_t’éd w.i.th.:angvulal"—$ubro_unded framework grains.
BOth clay matr'i.x~ and carbo‘nate’ c.ernienti are present. The main
,rh‘ine.'ra_ls. ar‘g ‘duartz;' plagidclas‘eh\ -'and : m'icf:oclvin'e. \ ‘Rock
fragments are mari'n'ly’ shale -c'h‘i'psl Awi}trhl chert, - carbonatrz | and
possibly altered  volcanic frlagments. A'cc:eésb-riés include’
chlolrite; .opaqvge"mihe.['.ai-s an)ddistin'ct ive brown translucent
-cl.}rgmite. TyB | fabrics are vi’sibll,e:, bedding, defined by
grain size variations, and a ‘.tectohic tabric, defined | by
deformed ‘and elongate " rock fragments, oriented at a high
angle to.‘bedd-ing‘.. |

" Sh.gi.es., occur on Barters‘A Btc;ék and _ther“ ‘ ‘ad'joi'n ing
'Glénburnig-Wi_ltondale_ road. They are b}:ack’,;grey and green,
'with some bu'ff‘ weathering laminae, are v}ari'a_bly calcareous
-and - yield pooriy p_r:_ese.r-vgd gtaptqli‘;es aof ‘Mi‘ddle Ordovician

age (_J.E‘.‘ Botsford pers: comm 1983, - TrQeISOn 1947). They

contain ‘minor thin beds of '-gr:eén:ish greywacke, For the
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reasons stated above (section 2.1.4) they are included with

- .

the Sandbar fomapion. '

Dark grey shales and' medium bedded sandstones are

observed .in several places near the base of the allochthon,

1

notably on the Goose Arm.road, where there are feldspathic

. ) . . .
sandstones showing strong internal fabric development
defined by matrix. and incompetent sedimentary rock fragments

defoﬁed around angular - subrounded quartz and plagioclaée
feldspar grains;, These rocks contain sparse” grains of .
cﬁromite and are good lithic cofrelatives of those Bbserved_
at Gadds Point.

/

U
K V

-

2.2.3 Deformation and Contécts

East. of Gadds Harbour the Sandbar formation is. cut by a
) o v Y : L
pervasive . southeast dipping cleavage at.a high angle to the

‘beddi_ng. Toward the baSe of the H'umbe‘r Arm Allocht\:h’on', 1t:_he
unit . is more chaotic, with intraformationai clasts ;on;iente.d '
ﬂpa‘r}allel.t>o the cle'avagé; It pas'ses gradationally. upw-ard"'
into mel,a.nge containing exotic r;lo'ck:s. 0.25 km.éast of ({;:ad.ds‘
Harbour. Farther south at Barters Brook,.cleavage in shales
correlated with the aSandBar Eo‘rmation is west dippint_;;.'

. R -

2.2.4 Correlation and significance

‘The Sandbar fof_fnat'ion ,e.xtehds north of' the area ' across
the bay/_ to ‘Norris Point. "I‘here,,. éands;one bed§ are more
common f_owards‘. the top of the section _(.(;onzaleZ'—B‘ono‘fino
1979),. and  the -bed-s ar-e_ st:eep“ to westerly _ovérturned

) : p)
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- The sedlmentologlcal featurEes of beds of ' the Sandbar

" source. These ~ features, combined with a similar.

. . : - Coa . : . |
'strat-igraphic- position make the Sandbar formation a likely B J.
correlative of the Goose Tickle Foration beneath the ‘Hare .

‘chromite bearing sequence of distal turbidites. Thé

“ williams, 1975).- = . -

(Willi‘ams'et al. in press, 1985) .
formatlon -are - conslstent ‘with: dep051t10n ~as distal
turbidiies.’ The presence of easily detectable’ chromite . .,

grains suggests some  input of debris from an ophioclitic

Bay - Allochthan, - (Tuke" -1968; - Williams and Smyth 1983), a
. LI .

latter

is interpreted as beih'g partially derived in Llanvirn times
from an ophiolitic’ source to the .east (Stevens, ‘1970

2.3 Gadds,Point melange ' .

2.3.1 Nomenclature and distribution

- y
i a

This north-south trending .chaotic unit marks the "b:ase.

of the Humber Arm Allochthen. It has an average n;ép width

of 0.25 Km expandihg to 1.75 Km in the extreme south of ‘the [ .

area (see fxgure S). It is well exposed at Gadds Point and-

less promxnently at Barters Brook -It_was' form_é'rl:y part. of

. the Gadds Point Slate_s descrlb'éd by Troellson' ('1'9‘4.7')._"but_

that part of Trdelson's unitv‘wh-ich_ivs chaotic and contains

‘exotic clasts is here regarded separately. _." T

a

'rhe melange grades westward/\d upward from the Sandﬁar

formation. while confomable w1th underlyxng autochthonous

. e !




30

units it is discordant with respect to the formations in the

Humber Arm Allochthon.

2.3.2 Description

At its best exposure near Gadds Point the melange
consists of chaotic Sandbar 1lithologies distributed as
clasts with their long dimensions parallel to a strong south

east dipping cleavage in the shaly matrix.

Plate 2: Elongate clasts of limestone and sandstone in
Gadds Point melange, ‘a few hundred metres east of Gadds

Point.

Farther west, it contains blocks of thin bedded 1limestone
"and dark shale resembling those of the McKenzies formation
(see chapter three) and slabs of buff - pinkish weathering
sandstone (see plate 2). The sandstone blocks are up to 1.5
m in longest dimension.

Zones of argillite containing deformed and elongate



L

- the Cooks Brook Formation.

‘3'1

: argillite pebbles of various colours ate 4lso present.

Near Gadds Polnt. éﬁotié‘claSts and'blocks 'f‘wSandbaf

11thologles occur in a matrxx'of shale resemblxng that found

orn the Sandpar fqrmatlon. At Gadds P01nt, the matrxx\

consists 'of black .shale with some :green horizons. It

‘contpins, 15 cm to -2 m phacoids of tough, . internally

:brecpiated,l yellow' ‘weathering, dolomitic “limestone.
- Sandstone biocks are also part of the melange»_hére, with
long ' dimensions ‘ranglng m 10 om to é ‘m: The most
striking feature is a sljiver of limestone breccxa which _is:
exposed for 50 'm alo g the west - sxde of the point. Thé
breccia contaiﬁé mainly angular clasts 'of blue llmestone,'
:but Vsowe >o1qck shale frqgménts are .algo' present."Tho:
Vbngsda is essentially .clast Supported, bt ;é ';mall

groportion of buff weathering mqtrik is present. lasts are

génerallyiequant and of uniform size (less than <é cm ;n

diameter), but somé are asrlarge'as 10 cm. The brecc1a is.

pérvasively cut by discontinypous veins 6f calcxtef '_Thé

breccia lithology is .soméwhat~'similar‘to b;ecciaé of_the.

Cape Cormorant Formation (Klappa et al., 1980) but .also.

' resembles' some lithologies descr1bed by Stevens (1970) in

. . ‘

o™

the melange has a somewhat dxfferent aspect (f1gure 6). At

-

" ]

~'(¢\<;§ western extrgmxty it consists of . semi- chpotxc
1

thologies 'of_ the Barters tdrmdtioh (see chapter 3) which

are .succeeded gaotwatd by an - approximately 1 Km gap in-

On the Glenburnxe-letondale road and 1n Barters Brook"

1
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exposure. An extremely sheared limestone conglomerate
2 . R -

' occurs on the road where it crosses Barters Brook. "It R

contains both 8111c1c and pure flnely crystalllne 11mestone

1+

as elongate “clasts up to 5 cm in diameter, in a

' .m1crocrystall1ne ealcite matrix. . The conglomerate grades

eastward xnto green argxllxte wlth buff weatherlng lamlnae,
grey shale with minor thin greyuacke beds. and one thin bed

of‘limestone conglomerate. AsS - dlscussed above these are

possible Sandbar equ1valents.gv ' ' s,

' In the brook slightly- to the north of the':roadw,green

argillite and llmy blue. shale are comingled with a l1mestone

-

flat- pebble conglomerate, less deformed and dxfferent in

other, aspects to that on the road; the matrlx tQ thls

”

conglomerate is of dark grey limy shale and clasts are buff

-

or ‘white weatherlng, commonly lamlnated and are up to 15 cm‘

in'dxameter, This is associated - with shales | Lnterspersed

" with greenish argillite cbntaining extremély déformed buff

arglllltxc pebbles, and sandy llmestOne. These7 litholdgles‘

are replaced - laterally eastward by blue-grey,vvarlably 11my'

[shales with buff lamxnat;ons. Cleavage and pedd1ng dipi

E wést, but cleavage is at a steeper angle,than bedding. . This

is followed east by a’ gap in exposure and ”then’ the .first

"occurrence of the Table ‘Head llmestone, ‘dipping east but_

' st111 w1th a promlnent west dlppmng cleavage.- )
The.- rocks to the west are 1nterpreted as part .of'gthe

s

Gadds Point melange.._The»shales to the east are interpreted5

'as egutvalents of the’Sandbar formation (see section 2.1.%

. O




ZGonzalez-Bonbrinb (1979).

LN

and figdre 6). o T s

Eﬁuivalents of the Gadds Point melange‘occuf‘along the

'en;ire base of the allochthon, altfough most examples are
" much less spectacular than at Gadds 'Point,’ consistin@i

‘,generally of sandstone clasts of pebble to boulder size in a

shalg or'qrngllte matrxx.

‘.LAﬁrcéddé ??in;r;.gép in exposure sepafaﬁes the _Gaddé'
foint meiangerfrom_strongly félded s;ﬁdstones oﬁuthg Seliar§
tormation (see chapter .three). The faét ﬁhé{ tﬁe melange

’

continues fqrther south ‘albng the base of the alfochﬁhon,

"and 15 d1s§ordant with respect to sedimentary units of the

allochthon, cpomhined with the ‘strong deformatLon in the
- ‘
melange-suggest that the gap marks a major :ectpnlc 'contact

and -' not ' a, straiigraphic one as ' suggested: Dby

N
»

v
” S

Other occur:ences of the melange are reported to the -

’ north -near .. Norris prnt* qhere jit also conta1ns blocks .

‘ similar to Cape Cormorant . llthologxes (Stevens. in' Neale

L . ' ' .
1972 Gonialez—Bonorlno 1979), dxstal Cow Head fac1es and_,

'.overlylng sandstones ang large blocks “of Irxshtown (Barters)

~lithologies’ jw;llgams. et al. in press, . 1985) . North of

<

Bonne Bay, the 'helandeg continues to Western Brook ﬂPqnd-”

. (Williams et al., in press 1985).

" The general &equence from west to east, is. ‘of 'a limestone

‘s ’/,

{
|

e
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upit, .overlain by a shale/sandstone unit.” These represent’

part of the autochthonous carbonate bank and. its overlying

transgressive flysch and pass upwards into melange with a

discordant tectonic contact against sedimentary rocks of the

. . ’ . . I
‘Humber Arm ‘Allochthon. -t

Differences in lithologies of clasts ,in the melange

from north. to south may be parcly a result of the fact that

the trend of the melange is  discordant . to .strike of .the
‘sedimentary .units within the allochthonous Bonne BayTQEOup
(see. .Chapter 3}.' At Gadds Paint, the_séliars formation (see

chaptér three) is'-adjacent‘to thé melangg},whereas in the

Barters Brook area, the Barters formation 'is - against

mélange; farther south the melange’ is Succeeded by. the

Mitchells formation,

H




GHAPTER 3 L : ' .

o GENERAL GEOLOGY OF ALLOCHTHONOUS' SEDIMENTARY ROCKS

. . . N

‘In _the South  Arm ‘area, -+ three’ sedimentary

. . lithostrétigraphic units ,of “formational * status .aré'

[
~ s

:_’ ’ reéognisédAin the lallochthpn;, Regional - maéping with . H,‘
wWilliams in 1983;has/}esu1ted in the definition of a‘fourtﬁ
unit‘immediatély to .the séuth east. From east fo wégé these

_ units-‘ére .named the :Mitchells, Bar;erb, :McKenzies, and; . __‘
Sellars formations and'tﬁey 9re éssigned to the Bonne Bay |
group‘(gll némes informal) (See figure 7). . . ',.'

T h ' - p The Bonne Bay group is dargely unfossiliéerous wikh .no' | ‘

_sharp stratfgraphic contacts bétﬁeén its formatiqns.

similarities with the Cgrling Group at ‘Humber Arm ‘(Stegehs, ] \

1970) ére strong and thé Bonne Bay group is éonsideréd an

integralbpart.of‘the Humber Arm Supergroup (Stevens 1970). a
:rhe validity of \correlétions _wi;h the Curling Gyouﬁlis

/? ~ discussed in more detﬁir for each individual formation;' ‘_”' - e

| The formations of the Bonne Bay. group ére\ discussed

"from‘ east td west, although this ;Sy.noé be their original

A stratigraphié order in some cases, notably that of the -

¢

-

o . Sellars formation. Thicknesses are not estimated because of
, . . . . :

lack of exposure and complex deformation.

~
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Figure 7: Sketch map of Lomond area (west half)

showing distribution of units described in chapter 3.
See also maps 1 and 2.
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3.1 Mitchells formation .

.

L ’ - <

atyre and distribution
] . '

3.1.1 Nomenci

The name Mitchells formatfon has been assigned to ‘an

‘assemblage of mainly -thick bedded quartzites, which are well

’
. v - ' N

eprsed at Mitchells Pond. .The unit occurs in the southeast

part of the allochthon of the Lomond area Tﬁf has a maximum

.
Al

ﬁap width. of 9.5 km jsee figure 7).

’

Troelson (1947) recognised a distinct lithologic unit

at Mitchells’and Governors Ponds, and tentatively correlated:

outline the unit. further.

3.1.2 Lithology and correlation

The Mitchells formation canists'lof - massive, thick
beddédl quartzites,‘ minér’néreywackes ‘and ;purpie and red
sﬁale§;or slaﬁes. * Beds aré ﬁp ;o Jm'thfck. "Graded bedding

is the'only;sédimentary struCtuéejcommonif 6bserved. grain’
- ‘s}ié ranges from fiﬁe sand to éfénulé grgde,laﬁd. the -rocks
are poorly- sorted.” 1In _contr;st to the Séllaré fo;matioh
(see segfion 3.4) many of the guartz g;a;ns are clear rather .

than milky. The percentége of feldspar is much less. The

S

,.;g;eywackes locally contain bluish.shéie chibs. some of ‘the

rocks near the ‘west end of Goverrors Pond are cemented by
. calcite. There are no?volcanié r&cks associaLed with this
unit. o ' . - | o T
In thin section, the rocks.contain ;60 - 95% quarué.

-

.

it with the 'Humber 'Arm Series® "but did not.define or '

&
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with wvarying amouh;s of untwinned plagioglase (difficult to
N A ‘

estimate) and matrix. The matrix>contains chlorite and very
fine grained opaque  -material, giving it a ‘'dusty'

I s . .
appearance, -Overgrowths are few except in the samples with”

the highest quartz contents. Distinctive nodular shaped

‘micas’ are also present. These consist of chlorite with
charéctériétic ‘Be;iin blue birefringence interlayered with
muscov};e..'Thé.presehce of sdﬁe relict material- suggests
"ﬁhat thé. chlorite is én alﬁerption‘prod £t , probably of
biétite;' These 'micas’ are common in a®#S.samples. Minor
éo%ycrystaliine 'quart? -occurs fané‘cowmonly coh;ains a-few
.ia;ge ~subgrains showing‘ irregular 'subgrain. boundaries.
Zi%cbn is a commdn accéssory mineral; .o ’ .

| Nea; Governors Pohd; east-dipping quartzites'~of the
_Mitéhélls’.fbrmatiqn are. in close proximity to inverted
shales of the Barters formaeion} suggesting an ,ovgrturﬁed

stratigraphic - contagt  with the Barters. on top of the

Mitcheils.

Y

On the basis of this inferred ~stratigraphic position,
and 1lithology, these rocks are correlated with those of the

' Summerside Formation at the base of the Curling. Group at

-
.

Humber Arm, 'fhéwever they are considerably richer in

Quartzites and poorer in greywackes'than the Summerside- ({see

figure 8).

v

N
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Figure 8: Sketch map of main part of Humber Arm

Allochthon showing the distributiongpf the Mitchells
formation and Summerside egquivalents.

After this
work, .Villiams (1973, 1981), and Williams et al., (1983).

/-
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' 3.2 Barters formation

*

o

3,2.1 Nomenclature and distribution

-_ .N'amgd for its Qccur‘rence in the vic,ini.ty_ of Bartéré
Pond, tl'.lé’ Barters formation is a un‘it' <I'E shales and
quartzites which ,occhy a broad belt (ma)_cimum width 5.5 km)
.-in the central part of the [_.dmona area (see figure 7). -It.

is well exposed along the Gleﬁburnie-wiltondale road from:

’

Horseback Brook to Barters Brook, and in the upper parts of’

’ s
McKenzies Brook and Middle Brook.

This Unit .was not recognised by Troelson (1947). Parts
of- it were variously inclyded in his South Arm. Formation,

McKenzies Brook Formation, and Gadds Point Slates. -

3.2.2. Description
5

The Barters formationwxis characterizéd‘ by an assemblage A
of dark grey to greenish shales and v;uhite quar-tzites.ﬂ The
shales predominate and contain bugf .we;fthering micaceous
san;jy laminae. 'Lamina:téd érgillite is also common.

Thin ‘beds' of brown weathelring quartzite with irreglular
muddy.l . lam.i‘nge. and local cross laminae ‘aré commonly
interbedded with th'e.vshales. ' These are up to 10 cm thick.
Medi ur to thick bedded (up to 1.5 m) pihk §r white
Qeathering quartzites are locaily a.bundant'. They °are
generally mono.tonous but 'Ln' places ghow gradiﬁg gﬁd

rippling. One example of a channel with a relief of 0.5 m

is '-present on the south side of the Glenburnie - Wiltondale
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road at Horseback Brook. Petrographic descriptions and
point-count data for these quartzites are given in Chapter

5.
-Mi-nof iitholv;g ies’ include ch_e"rt, >limestone w1th cléar
Aquartz pebbles, | and. greywacke Qit’h ’calgiﬁe _cément, and
' substantlal euhedral dlagenetlc pynte. - This last l'ithelogy

is rather rare, but quLte dlstlnctlve and occurs in beds .po-

thicker than 10 cm. g

' Bedding plane . features 'are common -in ¢ shales .

especially on"‘the/f('_f;ler'iburnie*Wi.ltond.ale roadb from Horseback
Brook eastlfo_t.' 1.,_5\\Km. They anlude rlpples. and at .ll'east
- twp types of t.ub.ui\ar' feature_s.’ One type is. raxsed from,the-
bedding surface, aric;\ is 'elé)ng_a«te, up to 2 cm long, or

approxlmately c1rcu1ar.' .Th'is'_m‘a'y be organic in origin,.or a

' r 4

pos t?le combmatlon of organic. and current markings.
. ‘ . Y .

Another type - is an elongate surficial marking of maximum .
'length 3.5 cm. This 1is probably of drganic origin.

Irregularity of silty and quartzose laminae. 1.nclvuding.t'h'e'

\ - ..

presence. ‘of 'eye étructure»s.‘ (structures sin . which t'het‘
laminae‘ aré é.omp.let‘e’aly -’dé.tached into ell1psé§ teSembiing
'eyés") shgges'ts som.é.slumpir';g has takeﬁ place. Load casts
are seen in shales at bas'es of thin quartzite heds on the .

Middle Branch of Trout River.’ I
. ' N\ . .

A distinctive horizon occurs along the north side Of’

Glenburnie-Wiltondale _roa’d i‘mhediately ‘east’ of Horseback
Brook. -This is'a conglomerate contai_hing .inair'\ly .rounded
clasts of calcareous and non-calcareous  black shale, -

¥
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limestone, quartzite, chert, and foliated\gréy ‘green gneiss -

(PIate ‘3)'. . The average -diamet’er of ‘thése clasts is 1S Cm‘,

but some quartute blocks reach 50 cm or more. " The matrix.

is of\clear and blui_sh quartz pebbles, up tc 3.cm in

diameter. It also contains.some pink guartz and black shale

-

chips up ‘to 7 cm diameter. Some finer material and some

calcite cement are also present.

One odlitic  limestone clast .contains 1.5 cm (long

¢

diameter) elliptical ‘button algae' - a diagnostic feature

.of "the autochthonous ‘Lower Cambrian' Forteau Formation

(Schuch‘ert and Dunbar 1934) and Hlddle Cambrlan March ‘Point

»

Formation (Levesque 1_977;' W1111ams et al. ‘1982; N‘yman et

»

" al. 1984). Some ,fra’gm'entql’ ’ ‘fo_ssil's - found in limestoniev
clastsﬁ_e;e tentat.iveiy identified (D. Boycé pers comm

© 1983) as Salterella, a - Middle Cambrian cephalopod .and
. Waneria; a trilobite typical® of. the Lower _ Cambrian

autochthonous carbonates ,of west Newfoundland. The

quartmte clasts contain coarse, well sdrted, subangular_ to

rounded -grains in  a’ sxl1ceous/ca1careous cement.

Microscopic features of the conglomerate" are described in

-

chapter 5. - A '

A_speétaéular feature of this ‘conglomerate is the
preSence of 1arge c1rcular 6:’ i-rregula‘r black shale pockets
up to 50 cm in diameter contamxng 'the ‘same arr:ay of rounded
clasts as the quartz pebble conglomerate (Plate 4). Some of

these shale pockets are elongate or 1ensoid in shape and may

rqpresent‘ boulder beds in various stages of being ripped up

. ..- V
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Plate 3: Conglomerate of the Barters formation.
Glenburnie - Wiltondale road near Horseback Brook. Scale is
5 cm.

Plate 4: Shale Pocket containing rounded clasts. In
conglomerate of the Barters formation, Glenburnie -
Wiltondale road near Horseback Brook.



and 't\r'ansportédn. Other shalev occuf'r‘ences £i11 cracks in the

conglomerate and are probably 1n_]ect10n feat'ures. \

The thl.ckness of the congl_omprat_e. itself 'is af ;hgf
order of a few metres and 'it‘ is interp€dded with quai‘rtzite. -

and sha‘le‘. beds up to 1.5 m thick. EasSSQf this locality, 1
km "’9?"- alorig .the r.oadl f‘rv‘om the b‘ase' of the allochthon, the
Vc'ong-_l'ome;'ét'e.occurs again al»t:hou.gﬁvheré maxiﬁu"m élasg V size
-i's ' only about ‘3 cm._-' Beds are less than 1 m_etr\é th.i_ck.‘-

-

‘Clasts are maxnly shale cmps.. There is some suggestion "at

»

© this' locality'that-» congl_omerqte beds are grudely gréded' and

'

‘may be o__veriurr_feg;. 4
/‘, !-:_lse-wher.fe'fn the Lomond area, the Barters formation is
-éhatact'e'ri-sed' by shales ' and i;uartzites, but there are no
'ovth'er examples of th'e d'ist.inc:t;v"e. ):onglto'merate'seén 'on‘ the’
(.;:leribur_nie - Wiltondale ’rc;ad, . '

3.2.3 Deformation
As with all the allochthonous sedimentary units, the

- Barters formation shows much internal deformation, whic¢h is -

char;acteéised‘ by * u'prig?xt minor folds whose axes plunge

.

' moderately south or southwest.

Wherg quartzxtes are prese.nt. i the'y have acted as
. competent bodies and are commonly surrounded by strongly
*

foliated and deformed shale (plate S).

[y

Fhe majonty of fac1ng dxrectlons indicate tops to the

south or south east. However, some overturnlng is suggested

both in the s'hale/thin quartzit_es (bottom Eeatures) and in

¥ .
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the conglomerates (grading) near the base of the
allochthonon along the Glenburnie - Wiltondale road. Dip
reversals are common in the more massive quartzites in the

northwest fork of the upper part of McKenzies Brook.

- .- $'\_‘fﬁ "" _: .'-

A e

=% iy

A

Plate 5: Characteristic deformation in the Barters
formation. Dark shale acts as incompetent material
deforming around quartzite. Glenburnie - Wiltondale road
near Horseback Brook.

3.2.4 Contacts with overlying units

In Middle Brook and McKenzies Brook, the Barters
formation 1is succeeded to the northwest by the McKenzies
formation. This is a problematic contact, poorly exposed
and strongly deformed. 1In McKenzies Brook the contact with
the McKenzies formation 1is marked by a chaotic zone
consisting of clasts of tan weathering dolomitic siltstone
up to 15 cm diameter, and 5m blocks of greywacke in a matrix
of green and grey deformed argillite. On Middle Brook

folded thick quartzite (Barters) and thin limestone beds



.

‘(chenZLes) occur in close ptogimity. The contact in the‘

-

_South Arm area is: thus inférred to be tectonlc. .On Mlddlo

ATrout Rlver .the boundary between the Barters and McKenZLes

-,
e’

format1ons is characterlsed by cross. bedded sandy oolxte up

. to ,3 m thxck. . 'Some. of the beds are 1ensoxd 1n appea:ance,n

>

The‘ool1te-conta1ns limestone fragmentsv UP. to 10 cn’ in

diameter, milky quartz, Jshale ¢chips and'miCa. The ooids are

- spherical, with relict. cOncentrxc structure. One or twa are

' 3.
r1mmed by opaque materlal. Some edges are crushed and ooids

'1mp1nge on each other.‘ The rock fragments are ' mostly ~of.

finely crystall1ne‘ llmestone -and -the matr&g is of pétchg"fi

crystalllne ca1c1te and dolomxte.

This occurrence-may be'SIlear; to .that' deécribed Qj
'St?:ens (1965) at the base of the Cooks Brook Formatxon, and -
1t5vpresente suggests a stratxgraphlc 'contact thh " the

-

. McKenZLes on top of the Barters at dedle Trout vaer.‘

3.2.5 Cortelatxon and sxgnifxcance o

The Barters formatlon . is confidently ’cortelatéd

lithologically' uith tho Irishtown formation'at‘ﬁumber Arm
(see figure 9). '.Its dxstxnctive. conglomerates a:é very,
"similar 'to‘ those seen in _the Irxshtown at MclIvers.on. the
North Shore of Humber Arm (Stevens 1965, 1970) and in other
'Aparts of - thé Humbeér . Arm area, although at these southern.

localxtxes large shale pockets are absent.é&A,Lowet Cambr1an‘,

" or younger ‘age’ for the Barters formatlon is based.on the .

‘button algae and Salterella fragments -in conglomeraté and
. . / . :
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Figure 9: Sketch map of main part of Humber Arm
Allochthon showing the distribution of the Barters
formation and Irishtown equivalents. After this work, et
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correlat1on w1th McIvers conglomerate.r

re

‘supports the concept of dep051txon of thls unit by den51ty

current processes. " The AVar1ety of clasts and detrxtal
fragments is indicative of a mixed sedimentary and plutonic

source withJCOmponents matching well with the older elements

.of - the authochthonous stratigraphy. Therefore a westerly

P A}

provenance for the'Iriehtown type rocks (Srevens 1930) is

4.

supported by eVLdence from the Barters formatxon.

‘In the ' allochthon north:+ of Bonne Bey conglomerate .

- similar to ’Irishtown: and Barters lithologies occurs as

isolated.olocks in melange of Gadds Point type {Williams et

-

y

3.3 McKenzies formation .- -

. S

3.3.1 Nonenclature and distribution

s a

The McKenzies'formation‘is named ‘for its occurrence in

)

AMcKenzles Brook. and outcrops in the west: central of the map

area (see flgure 7¥. - It has an average map w1dth of ab0ut

Z.Sv km. l;t '15 well exposed along the shores of South Arm

. from Birchy Head and,Foul Po;nt southvto . the Shead "of the

'bey,' also in the lower reaches of Croochers Gulch, Sellars

Brook and’McKenzies'Brook. ‘

Two shaly units were recognlsed by Troelson €1947) .in

-

,ther South Arm area - the. Gadds Point . slatek, and the’

McKenzles Brook Formation. Troelson failed, -however, to
: . . .r" : M :

The» array of sed1mentary features described abov;>
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e SRR . : C - a
distinguish the two units on hi's map and did not outline the

extent of Gadds Point Slates described”in McKenzies .Brook.

In addition ‘he included Barters lithologies with both of

. : . * .
these units, especially in the vicinity of the rocad from

South Arm to Lomond. 'LithOIOgiés'of-thé_McKehzies formation"

are distinct from':he Gadds Point Slates (now .mainly -the

"sandbar formation), -and they are discordant with the Gadds

Poiﬁt.melange, which separates the Humber Arm Allochthon
from qﬁé autochthonoﬁs Sandbér formation.

- -

.3.3.2 Destriétion

- ‘The McKenzies formation consists of four lithelogical

components: | 45 dark gfey to black shales; b) Buff

‘weathering thin-medium bedded dolomitic siltstone: c¢) buff

‘yéathe:iqg thin bedded limeSténe; “d) grey weathering thin

to medium bedded platy limestone..
" In the map area the two predominant lithologies are-

dark- shales ‘and ‘dolOmitic'siitstones..'Thelsiltstones are

commonly current rippled (plate 6). Ripple laminae commonly

contain more silicic.grains’ and hence are more resistant to

" weathering.. .These:fggturqé and, . less cdhmonly, parallel

laminations ar¢ particulariy well displayed at McKenzies
Brook. Pyrite fodules are also common.
.. " In thin sedtion the'dolobmitic siltstones contain 30 -

40% quarez and apprdximately 5% plagioclase. These are set .

in A.ﬁatchy mainly dolomite cement. Laminations are ‘defined

by - concentrations of heavy minerals and variations in grain
- . "‘ C. . v .

¢
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Plate 6: Dolomitic siltstone of the McKenzies
formation- showing asymmetric ripples. McKenzies Brook
waterfall. ’

Plate 7: Thin bedded platy limestone with interbedded
black shale. West shore of South Arm south of Birchy Head.



size. . Platy limestones of both the buff and grey weéathering

“ -

‘ types are very much in the minority,f In many places they

display a- discontinuous lensoid . habit probably .- of
{?} . . . ' ' T ' : . - . -
concretionary origin (plate 7). Cross bedding is commonly

preserved in . these 'lensés. The' limestones'_ cbntain
appfoximately - 90% carbonate, mosfly calcite. Somé cioﬁdy
carbonate gra1g§ are anhedral and. probably detrltal These—
'rocks contain up to -10%¥ quartz 'and trace quantltles of
‘plagioclase feldspar and mica. |

Farther south in ~the‘ Lomond area the McKenzies‘

formation is of somewhat different aspect w1th grey and buff
':weatherxng 11mestones predomxnat1ng. Some' of the grey
llmestone' beds ,agé up to 60 cm thick« 'Thé proportion‘of
-déldmific siltstone 1is correspondingly less. “:Flaﬁ pebble

limestone breccias, so prominent 1in. the Cooks Brook

[y
‘ - ]
e

Formation (Stevens 1965, 19703. are absent.

3.3.3 Deformation and contacts

The McKenzies fo:mation'is.highly deformed into open to
tight and isoclinal, commonly 1ntrafolxal folds with axes
generally plunglng moderately to the west *~ or southwest

s

(plate 8). . Attltudes of axxal planes vary from horxzontal
tq-ﬁertical.'. FolQ1ng with assocxated shear}ng is well
Aisplayed in, a’ cdmb}ei section on the west shore of South
Arm from Bikﬁhy Head té Glenburnie. At the mouth of Sé;iars

Brook and on -the <coast at ‘Birchy Head, éxrata of ihis
! . - _ -

format}on are internally brecciated-(plate 9).
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Plate 8: Rootless fold in limestone of the McKenzies
formation. West shore of South Arm south of Birchy Head.

Plate 9: Brecciation and folding in thin bedded
limestones and shales of the McKenzies formation. Near
contact with the Sellars formation, west shore of Birchy
Head.



_into parailelism‘ wq‘.thn the contact. At « Foul Paint the

“Formations at Foul Point, and may have been caught up alohg

53

- ,
Contacts with the Sellars. formation are everywhere

charactergsgdlby chaos. -Thié is particulariy welL dispiayed

at Crouchers Guléh#Qhere the gontact is ;arked by a zone of -
deformed black éna green argillite. This contains clasts of
p;?f-weathering limy siltstone and pebbles of sandstone
;Hich become larger and more. slab like near the Sellars
formation. At Birchy Head the cqptactLis‘shque;l with the
MCKeniies formation‘ ﬁainiy displaying intérnal chaos and

strbng folding. Here.axial planes of -tight to 1isoclinal

minor folds dip - steeply to the south, having been rotated

.

contagt 1is .characterised by 12 cm. to 2 m slabs of buff
weathering sandstone and limy siltstone in deformed black

and green shale. A large volcanie¢ block is associated with

Y Al

the tectonic contact bhetween the Sellars and McKenzies

4

-

the fault. Farther south - the contact between _these two
units is everywhere | tectonic, and marked by melange. A

small volcanic block occurs at the contact on Trout River.

, '

v

3.3.4 Correlation and significance

j P ‘
(\ The McKen21es formation is correlated with the Cooks

Brook and Mlddle Arm Point Formatlons at Humber Arm (Stevens

11965, 1970) (see figure 10) but details differ. The 'Cooks

Brook Formation is notable for the common occurrence of
limestone breccias (Stevens, 1970), which arg absent in the

map area. The relatively low prdportion of platy limestones

-

e o _ : 4
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. . . i .
is also not characteristic of the Cooks Brook.

Neither is the unit typical of the younger " Middle Arm

Point Formation:  as it contains few sandstone beds and the
black and green shale association described by Stevens
(1965) . is largely absent. - Correlation with uni't_s no?t_h of.
Bonne Bay is also in. doubt =~ Gonzalez'-Bonorino.'s {1979)

Yellow Point formation contains dark shales, cherts, platy

limestones', limestone brech‘as and distihctiv'é ‘medium-thick

beddgd' yellow dolomites. . However, although lack of ‘fossil
control makes bl‘ostr‘atigr.a’phic correlation impossible, 'the

- .

~McKenzies - formation ,could be an approximate facies

equivalent of the Cooks Brook and Middle Arm Point

Formations. .This is also suggested by the fact that known
Cooks Brook Lithologies occur" in close proximity farther

south in the Pasadena area.:.

" The absence of limestorié breccias¢could be because the

unit 1is a more dist.al Looks Br‘ook‘ équivalenl;. or perhaps
occurrence of bank edge deposits along strike 5f '.the margin
i's spo'r_fadic. Altei'.hativ‘ely; the C‘boks Brop,k equiv,alent‘ may
be missing in the map are‘a. and all the r‘ogk‘s. rﬁay be Middle
Arm Point correlatives. This q-uesti'on is unlikely to be
furi:her resol_ve‘,d h'r.it-hou't better age coht;rol on' the McXenzies

formation,
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. . e . ) : .
. - 1.4 Sellars formation

- 3.4.1 Nomenclature and distribution . =
R ..} - )

The Sellars formation is named for its occurrence at

sellars Brook (see 'map 2) in the west of.t-ne map area (see'
Eigure 7). Iﬁ has a maximum structural wi.‘dth‘ of 6 km. The
best exposures are 1in the . coastal ,§ectio'n f'rom. so.uth of
Gadds Harbour - to North of = Fouls Point a_ﬁd - along .the'.
shoreline and road from Winterhouse Brook to Bllrchy ;iead.
¢ Although the Sellars formation is apprbximately v
equivalent to the. South Arm Formation of Troelson (1947},
\ ‘ there are several notable differences, All volcanic rocks -
1n ché larea_ were included by ’Tr-pelson as stratigraphic
members within the " South A‘rm‘ F'o-rrﬁatidn. Th'ey..‘ar’e he‘re
regarde_d' as discrete blocks as -all contacts aré tectonic.
’
Sandstones on Middie Br:)ok. McKenzies Brook and the Middle
Branch of Trout River, referred by Troels;on to the Squth Arm

Formation, are lithclogically distinct and are assigned to

the Barters formation.

3.4.2 Description

The Sellars formation consists of grey-green, pink

weathering feldspathic greywackes occurring in beds up to 3

m thick (plate 10). Grain size is variable but is mainly in
e . _the. . coarse.-to. - very -coarse : sand-range.- Pebble and minor S
b{oul.der ijglomerates are also present (plate 11) and are

especialfy promginent on the east side of South Arm. - The
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Plate 10: Thick bedded massive sandstones of the
Sellars formation. West shore of South Arm immediately
south of wWinterhouse Brook.

L . L3 I = 4.-:
Plate 11: Pebble conglomerate showing distinctive pink
feldspar, Sellars formation, west shore of South Arm

immediately south of Winterhouse Brook.



58

grains tend to be poorly sorted (plate 12) and range from

subangular to rounded.

Plate 12: Poorly sorted feldspathic sandstone, Sellars
formation. West shore of South Arm immediately south of
Winterhouse Brook.

Detritus includes milky qguartz, pink feldspar which varies
in content from bed to beé, shale chips of various colours,
micas and minor red chert. Where sections of red shales
occur, adjacent green sandstones contain red shale chips,
suggesting that much of the shale <chip component 1is of
intraformational origin and that the red colour is a primary
depositional feature. 1In addition to red and green shales,
other minor 1lithologies associated with the greywackes
include medium bedded grey sandstones, and micaceous red
sandstones which commonly occur 1in association with red

shales.

Sedimentary structures are virtually confined to graded
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bedding (plate ‘llj. Bottoms of graded beds are'commo$1y

marked by sharp erosional scour. surfaces with a relief of up

-to 30 cm. - Very minor meéoscopic cross bedding, parallel
laminations {in thinner sand%gone beds), ‘and,<$pectachar.
1nad casts are_axsp‘ptesent (Pléte‘14). ‘

fhe boulder‘conqiomératesZon the east side of South Arm
~occur a ttoms Vof thick graded béds. They éoﬁsist of

round clasts o véry coécsélgandgtoné.ih a matrix of poorly:
sor ted pebble cohgiﬁmerate. Many of the sandstone.ciqsts,

.whiéb are up to 25 cm in_diamgtér, contain cdres 'éf' black
shale up to 6 cm in diamefer suggésﬁiné that they méy Pé
reworked concretions (M. ~Coniglio pers comm 1983[.> They
may -be similar to c1:éts reported in. the Tourelle Formation
by‘H;sébtt acd,Hiddleton (1979), but ‘lqu‘ thé carbonate

component. o ‘

1€ large scale >f sedimentary structures seen suggests

that some may not be observable in small exposures. Thus-®

the coarser beds and boulder conglomerate beds on . the ' east

.~ -

side of South Arm may be segmeﬁts‘of large écalé‘ghannel

bottoms.

3.4.3 Deformation and contacts

. . . - . )
on the west side of South Arm, the Sellars formation is

almost ‘evérywhere chaotic.  “ The complexity . is caused by

comingling of local melanges associated with rearby contacts.

between lower sedimentary andnuﬁiqher igneou§7§licés. At

least four different contact melanges are observed which are
N -, L DOV

r o
ot
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Plate 13: Over turned graded bed with pebble
conglomerate base. Sellars formation, east shore of South
Arm, mouth of Rattling Brook. .

Plate 14: Spectacular load casts in overturned bed of
the Sellars formation. Northwest fork of upper Sellars
Brook.
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here 1included within the Seilérs fprmétiqn (see also map 2)

and are described separately as follows: -~ '

1. Melange at the contact wlth the Bay of Islands Complex:
This is best dxsplayed in brooks south of winterhouse Brook,

especxally Shoal Brook. It consists essentxally of deformed

N

Sellars lithologies, with some phacoidally c¢leaved black and
greei shale. The melange contains lumps . of interbedded

black shale and dolomitic siltstone'similar to those of'thef

MCKenzies fdrmation;” C&ast size 1is about 20 cm, but some of
) A

the -bedded HcKen21es type slabs are up to 1 m‘in long -

'diameter. Cleavage tends to wrap around some of the clasts.

At~ the mouth of Shoal Brook there is a large elongate block

-

of ultramafic rock (0.5 Km across) consiétind of rounded
‘biﬁcks of altgfed harzburglte up’  td 75cm in dxameter in a

g waxy green serpentinite'hatrix.. Tpis block is sjmilar to
'the.vlithology seen in the‘ma{n Tabie Mountain ul;raﬁafic
body __nea? its cont‘ar_cr. with lower . structural slices {see
ch;pte‘r, our). - - |

4

2. Shale melange at‘/;pe contact with the -Little Port

. Complex-.l Thpse rocksfare best displayed on the Trout River
. Road, in W1nterhouse Brook and on the shore North of Woody
Point. Qn the Trout vae; road “the melangg,xs exposed at a

locality 0.7 Km east along the road from the incerséction

Detween—"Oidw—and~ﬂew—Trout Rrver"Roads;~and meiange—extendsa —_—

<

for 1 Km east of this poxnt, outcroppxng sporadxcaL> . The

/
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~'sédiménts"éfé chaotic grapﬂitic. slickensided. phacoidally

cleaved black shales,'cedlshales and greerm argillitg.. These
lithologieé are closeLQ intermingled with pillow basalts and -~

‘brecciated volcanicS’of the Little Port Complex. These

rocks are rich in ‘disseminated pyrite. R. K. stevens

(pers comm, 1983) and P. Cawood (gers comm, ‘1984) report

that. .radiolarian cherts, voelcanogenic sandstones, and
coﬁglomerates,alsd occur in ° this zone. ‘It.'is therefore

".possxble that some'of the sedimentary, rocks invthis chaotic

.
-

zone are exotic to the Bonne Bay group

t

A sharp contact ‘between red- shale and 'voLcahic and

gabbroxc rocks of the thtle Port Complex is -well d1splayed )

1.2 Km - southwest .along the Trout‘ River . Road from '1ts<~
‘intersection with " the wOody POlnt Road. This expo%ure was

xnterpreted bylchurch (1976) as showLngl an vunconformable
relat}onshxp with sedlmentary rocks on top.of the Littlé‘

Port Complex. However, the contact is so extremely smeared

and tectoniseq that it is .impossible to establish original

-
»

rélationsﬁips.
The chaotxc zone extends soutﬂ&ards into ‘wintethouse
"Brook where black and mxnbr green shale ccts as a matrxx for
_a.mel;nge;'contalnlng clasts of saqutqne andv‘i1mestone
betéeen ‘10 cm,.ana ,2f m in diametef (ﬁlate 15}.’:[t also
contaLns slabs of cross lamxnated dolomxtlc siltstone ahd‘
shale simflar to 11thologxes, seeﬁ ;in‘ the .Mckenzieé

. fi‘iA'fomat_ion_',l_, e e e
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Plat; 15:- Sa;dstone clast in deformed black shale of
melange. Lower Winterhouse Brook.

Also present in Winterhouse Brook are two much larger
blocks, one of volcanic breccia with a great deal of
associated calcite, and one 300 m long of gabbro and
brecciated gabbro containing numerous small pods with
pyrrhotite/pentlandite mineralisation (Brinex unpub. data
1957), and disseminated sulphides throughout the rest of the
outcrop. These resemble lithologies seen in the Little Port
Complex (see chapter four) and are interpreted as blocks in
the melange since the contact between gabbro and argillite
is sharp, lacking any evidence of intrusion. In addition,
the argillite contains at least one small gabbro clast (D.
Reusch pers comm 1982) as well as cobbles of limy siltstone.

North of Woody Point, sandstone slabs 3-5 m in diameter

and dark shales are exposed in association with pillow lava,
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pillow breccia, and serpentinized ultramafic rocks. - )
3. Narrow melange zones at tﬁe contacts between Sellars
formatlon and volcanxc rocks of the Crouchers formatlon. At
Foul Po1nt, the northern contact between sandstones ,and
volcanic blocks is a 3 m melange zone containing. cobbles of
vesicular volcanic rock, McKenzies type dolomitic. siltstone
and boulders of sandstone in a dark shale matrix. - The

.t [ . .
southern contact is not exposed but south of an expasure

gap, chaotic black.and green shaleé with sa dstoqé dlabs and

McKenzxes 'L{thokogies occurs for

suggesting that similar, relations: hold for this.contact. '

. S : & -
At Crouchers Gulch the eastern margin of a  ‘large

volcanic block is sheared. Adjacent to it, cleaved red

_shale contains slabs oE sandstone, boulders of volcanicArookL
up. to 3m dxameter and 10cm rounded or subrounded cobbles of

~dolomitic sxltstone. All blocks,here are rotated parallel

‘to cleavage in the shales which: - in turn paraLleLs the

approximate trend of this elongate wvolcanitc block . and dips.

yést underneath it. ) - &
At Seilars Btodk the~c0ntact zghe is ' not ekposed But-

-

‘downgtreémy 3'm slabs of sandstone are seen rotated parallel'

- .

‘to the cleavage in a red and green shale matrlx._

. . [ 4
e Chaotlc rocks of, the sellars Eormatlon adjacent to

volcanlc rocks["ni the north side of Trout‘River Pond are

nt +

AﬁJntrudedA by coarse ..QhﬁitiCA maEiC,_‘dyKeg.g, tﬁez, Only:

relatxonshlp‘oﬁ,thls tybe‘in the.tomondtarea.

-
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4. Melange at the contact with the McKenzZies formation:
This 1is seén best on the coast near Birchy Head and Foul

Point. On the west shore near Birchy Head, the sandstones
\ .

are internally brecciated _with angular fragments a few

. centimetres 1n- diameter separated by~ shaly material.

Bedding is commonly difficult to define and the sandstone

\‘

has a 'lumpy’ appea}ance, caused by differential erosion

betweéen - irrégulafly distributed frlabie and ndn—f;iablef-

]
-

sandstone. Argillitic horizons are .seen with thin dolomitic

: . - \ . *
laminae but in ‘the main the melange at, this locality
involves only Sellars lithologies. = Near' Foul Point the .

sitUatioh‘fS complicated by the presence gf'a large volcanic

.
PR !

block, but poorly bedded sandstone,and sandstone. slabs in

.‘dark',shgle are characterlétics of the contact zone here.
- : ‘ - . - S 1 .
Elsewhere, e.g. _on Crouchers Gulch/ (see alsao section 3.3)

-

both Sellars and McKenzies litholobies are  involved in
melange. formation. Since melange.is éverywhefe assocliated

with the boundary between the ‘Sellars and McKenzies
. : - - 1

formations, the kK contact between these two units - 1is
interpreted as tectonic. - .7 :

The melanges related to ‘the four _diffefent contacts

' . -

described above are similar in many respects. The following
L . . . ’ N

B

4
features are worthy of note:

.
o

1. 'Ihe'matriu is generally blagk; and ..green shale - a
lithology present but uncommon in the Sellars and McKenzies

v -

° ‘
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Farmations.

2.V'The predominant C1%Ft type is Sellags sandstone " but

,

s
McKenzies lithclogijes ‘occur in all examples.
/
3. ‘Blocks of igneous rock§ occur only in the immediate
vicinities of overlying igneous -slices.. .
The extent of deformation in the "Sellars formation o -

other <than that related locally taq, contacts is hard to

assess because of poor exposure and very thick monotozggp
. . ) i i

bedding. Where the sandstones contain a higher proportion

. . - ‘ ' . oW

of mica and’ are more triable, they display*®a. cleavage which

. parallels bedding.

a

However, the frequency of overturned beds in homoclinal

sections indicates isoclinal internal folding. \//
3.4.4 Local and regional. correlation problems , a

a

Sandstones 'on the' west side of South Arm have
'tréditioﬁally béen regarded} as equivalents of ﬁhe Blow me
pown Broék_Formation, but Stevens in Neale (1972), Quinﬁ'aﬁd_
williéms {1983a,b), gnd Ouinﬁ (1983) assigned thefrdcks on
the east side.éf South Arm io ﬁhevSummerside formation. ,

-The.sahdstoneé on both east and west sides of the bay

possible 1lithologic

~have a similar strike. The onl
distinction between them is the a higher proportion

of clarser beds on : the east side. Both sections are
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deformed, and different proportions of cqarse.graiﬁed rocks

may be aue»to a combina;ion of repetifion and local lateral

variation, e.g. formation of large scalei channels (see

above). If the two sections are different, a major fault or

. : mglaqge zone thld hige té " be postulated crossing strike

along -‘the 1line of the Dbay. Stevens, (kn Nealg_(1972))

. stated that erosion a;ong -A melange zoné controlled the

- formation of the Bay oE.South Arm. As i§ evident from the

discu;sion of me&angés given ébove,_(and in- chapter 2) chaos

at South Afm is ‘the result of juxtaposition of several local

melanges. The melange described by Stéveﬂgﬁ (in Neale,

1972), which outcrops in Sellars Brook, [is one associated

, withJ thé. contact between ‘the Sellars and ' Mckenzies

..FQrmatidns, and ~is therefore .uniikely to extend north of-

Foui Pqint and Birchy Head (see‘abovek. Thus there is no

necessity to ‘postulate'"a major line of displacemeht'along

L~ g the length of South Arm. Glacial s;ouring and a ‘glacial

fiord model . is as :eésonable altérnative, as ﬁibrds are

co@mon .along the west :Newfoundland shoreline and ice
movement was from‘east to wést.'

S#hce the work of EQuin.r.l and Williams (19313) a

Summerside equivalent has been distinguished to the south

. . east of the South Arm area, (Mitchells formation), which

,

shows neither1 continuity, nor lithological' simiParity with-
. { .

the sandstones on the east shore of South Arm.

>

.

The Sellars formation is virtually cont inuous along the

east margin of the Bay of Islands Complex from Wintérhouse

.

‘ B
-,

yri
+
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i . o -

o ) 'Brook through the Pasadena map area to Blow me Down  Brook
(see figure 23, - p. 135). Sellars sandstones - have

traditionally been regarded as equivalents of the Blow me
P S « .

A

-Down ‘érook Formation, which thé author has briefly ,gxami‘ned
‘at its type area. ->.'I‘he Blow rﬁe Down "‘Brook Foz;mat_ion .is the
.only s.edimentary. unit associated with discrete volcanic
vi:"r‘h.egabrlc-)cks' of thé‘A‘Cr.ouchers t;(pe (Williams, 1981,  1984;
» ," . o Willia"ms ~o.='.v_t: al., 1983; Williams et al., 1984; see also
_ m‘aréin‘of the B;ay_ of Iélah{is cc;mplex. ‘
- o If thev°sartd_stonés on the east side gf South Armm were
§ummerside correlatives; a chiiffe'r:ent‘ s'ettihg might be argued

% R fo:rl.ths' volcanic- rocks at Foul ,Point.\ These . are .more

e

. ' ‘closely associated - with the contact .between  the

S

controversial sandstones and the McKenzies ' formation, “and

e

.are not in close lateral proximity to the ophiolite.

d

However, felange zones between the volcanic rocks and - the

c Sellars formation are similar in aspect to that at Crouchers

- - *

PR Gulch. . In addition, volcanic rocks occur in the Main Branch
. of Trout River (i.e. on the undi_sbuted west side of South

Arm) at the contact between undoubted Blow me Down

- equivalents ‘and - the "McKenzies formation. These facts
) A . - x .

.

strongly suggest that the association of volcanic rocks with

. sandstones at Faul Point; is not*an anomalous one.

Combinming the above facts, there is little evidence to
- ‘ " : N B

Suggest' that sandstones on the east side of: South Arm are

\ . ;

B - . - . -
- 8

Chapter 4) which generally occgr in glose proxjmity to  the

different from those on the west. It .is con’clum"
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,‘ ‘ ; vt !
~.-that the Sellars . formation extends e_eastward-'across So?th
' ',Atm. A . |
| 'I‘hé -litholégices at. Blow Me-ADov‘m B‘rvo'og.'are vex;y‘ é.imilar
IS to' those of 1the'ae'llars formatiori.'. .They'are massive thick
b‘eddea gfey-gréen gr:ey‘wackes with quar‘tz ‘and binlg“ or. w.hite.
. ‘ feldspa?»,bei‘mj _the predominarié framewark .grains. Lithic
| 'f,ragm.entsV are fey. ’ T.he mbnotonous . an‘d non-polymictie
character of ".Sellars ~an;:1' Blow f]ne Do.'\;lr} lit’holOgies, is
" cnr:iou.s'.-J:The"sé‘l‘rocvks are interpreted in existing ‘mode.ls“ as
l having been derived in Ordovician 'tir‘ne_:s‘, fr‘om"an' oncoming“
, “allochthon to . the east (Stevens,- 1970) -which would be
@\ o - expe';teé to -havg ébntr-i?but.ed ‘a‘!variety of -detritusrr

_"(“Di‘cklxinson and Su-zcek,_.1979;, Dickinson et al., 1983).
Stevers. (1983) . and~ Waldron (1984) have alluded to .this
problem, and it is furthef addressed in chapter 5.

-

3.5 The Weasel Slice o

A

In the vicinity of Weasel' Pond, and westward, the

sandbar formation. is missing, and limestones of the Table
‘Head Group. are separated from Gadds Point. melange. by " a
d'istinctive' sequence -of thin bedded 'shales‘ and  ribbon

limestones, dark gréy shale and flat pebble limestone
T . R . h . . ’
conglcomerate ,- and sandy limestone eonglomerate.

"f‘he. latter lithology contains scattered ooids and - fine

grained limestone fragmeénts up to a few cm diameter. Quartz

g

. grains form 3 - 5% of the rock and the matrix  is of very

.

BN




.al 1982, 1983).

fine crystalline calcite.

Some ‘of these rocks resemble rocks of the autochthonous

Cambrian Reluctant Head Formation (Williams et al."_ 1982) .-

They have previously been referred to as the Weasel Grdup,
and they are part of a separate structural slice £ the
Weasel slice 4s defined by Nyn‘a‘gi’)"aet al. (1984). The slice

has a variable map width of between | and 2.5 Km (see figure

9.

'

Rocks of the Weasel slice are intruded by a 3 m thick

mafic. dyke composed® of saussuritised phenocrysts of

.plagioclase in an’ intergranular textured groundmass of

» v

L

brownish. cl inopKroxene and saussuritized plagioclase laths.
Examples of Adykes-iv.'ntruding allochtho'n;)us sedéi‘ments in the
Lomond area are very rare. S o

_The ex'istence ot diversé struc'tural“_ | slices of
sedimenta‘py rocks . is ‘less typical of rthe Lomond area, than

of the Pasadena area fmmediately to the south . (Williams et

3.6 Structural considerations

3

Contoured stereonet ,plots_ of bedd'ing‘, cléa'vége, and nminor
fold axes for the four formations of the B_o’nné Bay group are
sho‘wn i‘n f_igures'll",' 12, and 13. They' indicate th.ar_ folding
took place about axes plunging to the southwest. Minor
foldsv are well displayed in ‘;he shaly Barters and McKenzies,

Formations, especially in the Barters where axial planes are




.

. -Figure 1l: - Contoured equal area - sterographic
projection -showing poles to bedding planes for the four
formations ¢f the Bonne Bay group. The numbers on the 1left
of each plot refer to the percentage per 1% unit area, the

points in

number to the right gives the actual numbers of

the original plot.




MITCHELLS

4,8,16

. BARTERS .-




.

Figﬁre 12: Contoured ‘equal area sterographic
projection showing poles tc cleavage planes plotted for the
Mitchells, Barters, and Sellars formations. .Cleavage is

Numbers on

less well developed in the McKenzies formation.
figure as for figure 11.

‘
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Figure 13: Contoured equal area stereographic
projection showing minor fold axes for the Barters.
and McKenzies formations. The more massive Mitchells.
and Sellars formatijons do not commonly show minor
folds.  Numbers as for figure 11.

(
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v

N

predominanély upkigh;. The scattered distribution of—points

.in  figure 13, 'especiaily for the more westeiiy. units.
suggescs'reﬁolding. A

In the west bnd norﬁhuest of the ~area, cleavage ih
lower vglkCesvfof the ‘allochthon Appears to be parallel to
)bedqing and generally dips moderately southeast. This
§ara11elism ‘of bedding anﬁ ,cleavége ‘may be a'compéction
éfée;t opAit may reflect an ear}ie; phaée of deformation.
.Thé style qf this earlier éeformation might be. as shown in
figure 14. Tight sinistral verging foids may have a related
axial planar cléAvage which is parallel or sﬁbparailel to
bedging. ' ‘

Iﬁe‘ grosér.stratiéraﬁﬁicuﬁsequence as v'implieﬁv iby
;ighologic correlations with ;he CJfling Gfoup, is that the
v;;dest,rdbks are. in thé east and ..south easE{ anaA the
_;oﬁndest- to the west and northwest. However, the rocgsvdip‘
Tpfédominantly to the southeast, and within',units soﬁthéast
?Quhéing. dire;tions are appareatly in the'm;jorigy. This
Qquld qét be coq%letely explained by ‘the ﬂwdel showq( in
;Eiguré 14. This fea;ure might be explained by major

i . . , )
6yert¥rusting‘in the same senﬁé és that described in figure
A14”v(g$utheést _to northwest). It éhould be emphasized that
‘there igflitéle direct évidence for th}s. HoweverJ‘intgrnal-
éhaopié ;zones occur- in ‘these structurally cdmpléx units,
particularly -the Barters and McKenzies . Formati&@s}
:sﬁggés;ihg thét'interﬁal_imbrication.has takeh place-in the .

Bonne Bay group. The presence of melange “‘internal to  the
. . . N . - “ B




’

Back limb’
thrust

NW

SE *

Figure 14: Schematic diagram showing pqssiblé-early internal
structural configuration for the western parts of the Bonne Bay group.
Tight sinistral verging- folding of, the type shown may have a related.
axial planar tleavage parallel to bedding.. Thé seeming predominance

_of South East facing beds would be explained by the existence of long
‘limbs to the folds. . Shearing or thrusting could have taken place in
the short limbs as shown. R * ‘

~

<
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. “ N
. - e e
3 .

—_— McKenzies formation in Barters Brook which contains exotic
s . [ . 4 . ’

) - N T T "‘——‘_-_—_-'; .' -" - . ,V
hlocks -of MWAchromite-bearing sandstone,  suggests ‘that-.

sﬁbgtantiél _ﬁovgménts have taken place within the'BonnévBay
group. . Coptac§$ (sbme"of them pectohic) betweén these
sgratrgraphic ‘unitg arev truncatéd at ‘the ba§ev'bf, the
.alLOthﬁdﬁ indi%ating,a‘pre émb1qcement imbri&atlon .within

lower slices of the alleachthon.

2

<« ,.In the immediqte'vicinitiés of contacts- with higher

.

- slices, paftigulgrlyr at contacts with volcanic trocks(
cleavage and péQding dip west. ‘ In general ‘in the west,
cleavqgé and;begdihg'd{p‘east. Towards the sguﬁheast ot the

k rggién,“thé cleavage'-éiés' more steeply southgast and a

'revérsa1‘ in dip .occurs along a- line trénding nértheast
through Governors Pond (ggeffigure 15). A similar pattern

of dip‘revérsal is Q{;O displayed:by'a&tochthonous rocks at
Bonne‘Bay'(ﬁyman et al., i984). _The cleavage fan is one of

“tthe ''most prominent structural features in the Lomond area.

Cleavage fans also occur in the Pasadena 'and Corner Brook
"areas-to the south (H. "w;liiams, pers comm, 1984).

It‘isrpuiziing that the distribution of -the .major
stratigraphic wunits 1is rather® simple, in ~iew of their

internal complexity,  Map patterns fail to reflect . complex

deformation ;stfies‘ some of which apparently affected

. allochthon and autochthon -alike. -However, there is nothing

tb refutq westerly transport of the allochthon.

"
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Figure 15: Sketch map of the Lomond area showing trend and’
approximate location (dashed line) of cleavage dip reversal. Cleavage
symbol as for maps 1 and 2. . . o .
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341 summary.’
. : : . ' . I

Theusedimqntaryhroékshéf the Bonne Bay group are c?nvinc;ngf
corgelatives _df'thnguriing Group,'élthough the deformatien
qualléchéhdnous sedimenta?y/rQCKS'in the Lomond area 1is
Tcompléx, in situ"fogéils are absent, and stratigraphic
-conpaéts are -feﬁl | A ‘strong " point  in favéur of these
;correlétibné is the .1atera1:.broximity' of these units to
. quling Group uni;s férthér south. ;Howevef new names have
lbeed intrqauced here'“bec;uéé significéﬁz differencés are
pgeéent: fhéée names'hay:bér ultimately drdpbed if broad
régiqnal ~studies . show \ﬁhét the Bonne Bay units are merely
.simple;Laﬁgrglgfééies'varjants of Curiing units.

" The Mitcheil;:fc;matidh is correlated' lithblogihally

v . ' - ’

with the Summerside Formation although it appears to have a R

o
-

«.muéh highéf percentagé of quartzite beds. .

The Barteps formation is équivalent to the Irishtown

Formation.' _ However . no-conglémerateé in thé Irishiown area
.céntain'shale pockets ‘similar to those ’in tﬁe' Barters
'cqhglomeratei B . \ | "

.Thg McKenziés formation .is a probgble,equivalent of'the
Cooks Brook and)or  Middl§' Arm ﬁoint Foémationé élthough
ythere is much poorer éontrol here than at Humber Arm.

The Selléfsjformation is continuous across - South Arm
becéuée: V
" a) sandstones on the east and west sides §f the bay are

lithologically similar and héve the same strike.

>
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- b) There 1is no evidence to ‘gqggest a ﬁajor lline of
‘displacement uﬁder the intervening %outh Arm.
c) Similar'assodkgtions‘of volcahié\ focks’iand' sands;on?s'
‘o¢cur on east and wgst sides of the bay.

_The.Sellars formation is a good lithic cbfrelative of the
Blow me- Down Brook Formation at Humber ‘Arm%

Relationship% in the southern part of the Loﬁond area
suggest that the stratigraphy for the lower units of the
Bonné B?y\%roup is similar to that in the Curling Group.
(Stevens 1970) It should be empﬁasized, however, that the

contact between the Sellars and McKenzieg formations is

everywhere tectonic.

, The Sellars formation is monotonous, and

- ‘
non-polymictic. It is not in stratigraphic contact with any
other unit and its age is unknown. TIts 1lithic equivalent,

the Blow me Down Brook Formation, is’ described as a
transgressive flysch derivéd in  part from an ophiolitic
éource- {Stevens, 1970)., Sellars lithologiesrand detrital
constituents cast doubt on this model. Surprisingly, this

is true for many of the strata previously mapped as the Blow

me Down - Brook Formation. Therefore this  traditiopal '

investigations of the Sellars formation and discussion o

. P
interpretation of 1its origin is open to question. Further ~
- N . ‘ .‘ ‘ - -
1
\

this problém are given in.chapter 5. SR S




CHAPTER 4

’
’

HIGHER ASLICES OF THE HUMBER‘ ARM ALLOCHTHON - GENERAL GEOLOGY
] .

Assemblages of ignecus rocks 'are restricted to the
upper si ices of‘thev'l{umb'e‘r Arm .l\'lloc;hthon. Three examples
occur in th“e South Arm éréa. 'I;hey' are’ the Crouchers
formation . (Nyman étl al., 1984), the Little .Port Complex

I d .
(Williams and Malpas 1972), and the Bay of  Islands Complex

. (Williams 19,73.)-'(se'é figure 16). . S : ) :
_ | The Crduchers formation is displayed in large discrete
V(e-ronga‘tle vblcahié blocks. These werfe originally interpreted

is interbedded with sedimentary rocks of Trcelson's  (1947) .
South Arm E‘orﬁation (now redefined ai‘s the Selia'rs formation
- see chapter 3)  These rocks are not included in the Bonne -
B.;y gl_'oup.

The. term Little Port Complex (Williams and Halpés 1972, .
w;l'liams 1973) 1is used' here in preference to 'Coastal
Complex’ (i(arson and Dewey 1978) because that term includes,
other-§lice"s such as the Skinﬁer Cove Formatibn (see chapter

1) and is. thus _;oy_ggggpef.a_lised'. ~ This unit consists of
<
deformed igneous and volcanic rocks outéropping on high
barren ground in the northwest of the area. '
The Bay of Islands Complex (Williams and Ma—lpas, 1972;

Williams,. 1973), forms the highest structural slice of the -

Humber Arm Allochthon and is represented by the high plateau

of ‘Table Mountain. This unit is peripheral to the author's
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cROSCHENS
FORMATION |

ROUCNERS
FORMATION

"TRANSPORTED

"SEDIMENTS

BAY ofF "
L ISLANBS . ©

;\ COMPLEX

“geologic ‘&ntact ™ - T o
high angle fault
thrust fault and tectonic contact

round a large olistolith

- Figure 16 Sketch map of- the’ Lomond area (west
. half), showing distribution of units described in
chapter 4. -See also maps 1 and 2.
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interest in lower structural slices of the allochthon and
was not studied in detail.

Stacking relationships between these different slices
were worked out in the Bay of Islands area by Williams
(1973). In the Lomond area they are obscure as no contacts
are exposed, but structural considerations suggest that the
Crouchers formation is structurally lower than the Bay of
Islands Complex. The Table Mountain slice is separated from
the Little Port Complex by rocks of the Sellars formation
(Plate 16), although in the Bay of Islands area the Bay of
Islands Complex overrides the Little Port Complex (Williams,

1973).

Plate 16: Contact zone between Bay of Islands complex
to the 1left (south) and Little Port Complex to the right
(north). The 1low ground between may be wunderlain by
sedimentary rocks. Trout River road looking west.
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.

4.1 Crouchers formation

"~ 4.1.1 pistribution : . L

’ . - M

At least four discrete volcanic 'block3' occur on the

0

‘west side of south Arm .- at the headwaters of Sellars Brook

and Trouchers Gulch, on Crow MouhAtain and northwesé of Shoal

Brook (see figure 16}. The lorigest o©f these genera)iy
elongate ooturrences is about 2 km. There is another

] » . . -
example on the e¢ast side of South Arm just north of Foul
- . : . . .~
Point. Ekamplés also occgur north and south of - Troué River

Pond (up to 47‘km'1ong), and a small occurrence marks the

- \

contact between the McKenzies and Sellars formations on' the

Main Branch of Trout River.® |
’ P T2

s
2

2
5
’ \

N T )
= On Crow Mguntain

4.1.2 Description

(approx. 410 -m  high) exposed
.lithoiogies )éclu%e i;regulaé?y shaped green fine grained

" mafic pillows from S-is cm in diameter and kdbbly geathering
: T C : ; .

- pillow breccias with anguiar fragments up to 20 cm in size,

i a~light green matrix- (although ghe'hreccia is essentially
ctastx*ﬁdpported):" Some pillow 'and intérstitiai'sdkfaces

+

have a raised globular surflcial texture with individual '

"lumps' up .to about b1 cm in'diaméter. The pillows have ..

distinct selvages of a lighter green colour, up to 1 cm

thick, ,.Oné/ or two of the,pillows‘afe vegicular, and.some

vesicles are  infilled by calcite. Interstices between
- . B ."’ V‘
pillows contain small amounts of calcite. Internal contacts

. - .
., . - o B . ; -




-

‘are up-to 60 cm in diameter.

betwesn pillows and breccia are sharp, but irregylar, and

appear to. dip ' southwest. ~Contacts with the Selfars

formation or'the Bay of "Islands Compléi are not exposed.

In thin section these rocks are hypocrystalline. .They

contain pinkish or ‘brownish (probably - Ti rich) clinopy?oxene

and plagioclase. A second ferromagneéian'phase.is -present, -

- now 'altered t6 pseudomorphs Qf.chlotit; and c%lcige‘ These

are euhedral and show a_fracture characteristic of’ olivine.
The plagioélase is saussur{tized<and is arrandéd in sheaves

< 6

or radiating arrays of laths, a possible quench textgre..'

Chlorite is the main alteration mineral, l'*

',At_bhé‘head of Crauchers ‘Gulch, volcanic rocks’ of ghe

formation fstand :oué “in. high relief against the adjacent -

.~

sedimeéntary rocks. . The unit consists of red and green mafic

pii;oﬁs, rtogethér] with more massive units (probably Elows)-

and fragmental rocks. = Very thin lenses of pink crystalline.

limestone are also found within this assemblage. fhey have

~a spheroidal texture in thin 'geciion and their shapes

suggest that they are probabry ef-secondafy origin. * Rocks

~at-the Yase ‘of the north south trending volcanic cWff . are
. ) . - v .

mainly massigg“,and, fragmental__[gdw¢j1ng>gr;ined_iglcanxc.T

» v
.rock. The fragmental rocks

! ’ - .- ) P s i . - .“ o
vesicles and larger -lcm-‘long cavities, some of which are

contain ‘smgll _millimetér—size .

filled by _chlcitp. Greenish pﬁiiows'_with 'biight ‘qgreen

selvages up to 1 cm thick occur higher in thebcliff%"Thej

~
1

.. Some ofhthélpi¥lovq‘show thé,éame.suffic};fﬂféiture as

‘ 1]
. . - - i)

1




vy

< \.
~ St

described for Ctow Hountain.- -On a surface ‘sawn

perpendicular, to the pillov surface these appear as'discrete

, or semx-dxscrete spherical pieces of baaalt_buddxng from the
main pillow and are intgrpreted‘aé microptllbws. i

En thin section the>;ocks contain sheaves of “radiiting

clinopyroxene. Also _present are calcite 'and opaque oxide

pseudomorphs -after another ferromagnesion pﬁase.' Cﬂloxi{e

v " and opaqgue oxide minerals occur in the interstices between’

- '

~ the p}agioclage laths. The. contact with rocks af the

Sellars formation is tectonic (see chapter 3)wvi§h a north -

. .south trend, and dips steeply uestlh

o o L ._On‘SellaEs_Brocg volcanic rocks are exposed in- the

. . " ) L. 'Y . : - L f . .
7. " northeasternmgst ‘thrée forks. F¥ield relations are obscured
’ . ., . 4 - ’

by waterfalls..®-However, rock types include réd and. green

R ‘and gréennmafié rocks are massive \and probably ,représent B

“flow Hhorizonsu (plate 17). Some >of‘ the green unlts are

porphyrmtxc thh plagxoclase phenocrysts. I !

The . pxllou breccia occurs in a band 5 m thick ~and

,mwf__w;-uuauw<,~wconta1ns elongate p&l}ows ~n which chlorlte amygdales " are‘gn

L .. and subradiatlnq plagioclase Eeldspar (plumose texture) .and

: - mafic. units, pillow breccia ahd}a gabbroic dyke. The red

'flattened parallel,touthe cleavaga in nearby shales (Plates

18 . and  19). - In thid section the rocks are alteted basalts

. rw§£h'ciinqpyrpxeno apd_ plaqloclgse. ' %itq:ation minerals

.include cﬁiqti;ey“prehni;éﬁlndtcalcite.f

e B .3
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élate l%: Massive red flow (right) in sharp contact
with porphyritic green flow (left). Extensive calcite
veining 1is seen at the contact. Crouchers formation,
Sellars Brook.

At this locality a gabbroic dyke intrudes a sequence of
sedimentary rocks. These are resistant red shales with some
green epidote-rich materiai, grey shales and one 5cm thick
bed of laminated grey limestone. Cleavage and bedding in
the shales are parallel and dip west or southwest. These
sedimentary rocks are more resistant than any in the Bonne
Bay group. Some of them have a tuffaceous appearance 1in
thin section and these facts combined with their similarity
in attitude to the volcanic rocks suggests that they are 1in
stratigraphic contact and part of the Crouchers formation.
The contact with the Sellars formation is not exposed, but

melange 1in Sellars Brook to the south of its inferred

position implies a tectonic contact (see chapter three).
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Plate 18: Deformed pillow breccia containing angular
red pillow fragments in a green chloritic matrix. Veins are
of calcite. Crouchers formation, Sellars Brook.

Plate 19: Elongate pillows with distinct selvages.
Veins are filled with calcite. Crouchers formation, Sellars
Brook.



‘oxide minerals also occur.

BFXY

At Foul Point there are f}agmental highly altered mafic

ycldaniC\ rocks and medium grained mafic dykéé. Reddish
. o . ‘ . S

. A ) . !
pillow lavas also occur, and are up to 50 cm in diameter.

“Locally, fragments in the agglomerate are surrounded by

carbonate. The dykes are diabases and ‘mainly.'consisf of

_pldgiocIAse_laths now replaced by calcite and ferromagnesian

<,

'minqrafé-altefed to chlorite. Minor relict subhedral oquue'

a

Gonzalez-Bonorino (1979) described the Foul . Point

.occurrence as being in stratigraphic contact with sandstones
of the Sellars ‘formation. However, on the coast the

northern contact is undoubtedly tectonic-as it is marked by

a thin melange containing -cobble-size volcanic clasts (see

chapter 3). Chaotic rocks also  occur at ' the southern °

contact,‘although there is an expo#ure_gap. Thus’rthe Foul
Point volcanic; are in tectonic contact with the Surrodnaing
sediments and there is no evidence .'of “an originéf
‘stratigraphicVregétionship; o | -
‘On .the north siqe of'Upper Irouﬁ River Pond, 'volcanié‘
rocks “are in tectonic contact with the Sellars formation to

the‘south_ahd to the north are in close proximity to the
{ L= ) h

‘-‘-

_rockswa thé'mecaﬁbrphic sole .0f the Bay of Islands Complex.

On the soutﬁ -side' of <the ‘pond ‘south=-dipping ' reddiéh ’

interlayered ' pillow breccia "and  pillow ~lava occur'wiih
lenses of pink crystilline limeS;one. These Eocks are

ﬁahlted agaihét1amphibolites'of'the ﬁet@morphic soL‘ of the

Bay of Islands Complex.




4.1.3 Discussion

'Digcréte élive;s'and megdﬁ}ocks of volcanic rocks are
'commgn"all élong the eastern margzn of ihe Bay of Islands
ophiolite (Quinn and. Williams 1983 .af.b) " (see figure - 17}.
lecinic~ rocks oéCUE.jn a similar geomet:iéal relationship
to';the' ophiolite .at Crou;hers 'Gﬁlch, Se;penﬁine Lake
‘(Hilliaﬁs and Godfrey 1950: Williams 1981), and to the east
"and séath of ' the Lewis ~Hills massif (sSchillereft énd-\
Williams 1979; -Schillereff 1980; wWilliams 1981)%
Gonzaigz—Bonﬁcfnq {1979) has iqclhded . these volcanic
rocks within thé: Curling Group, and has gode\sq f;r as to
VJinfer depd;it;onql depths for Cu;iing Group sedi;ents on the
- basis of their vesicle con;ent.- Iﬁ;'almost all cases,
vblcgniétfocks are in tectonic contact with the Curling .
Group, and aré associated with no sedimentary formations
except the Sellars and its equ;valents. The only éxception
is at “lWOods_' Island, where volcanic ‘rocks are
stratigraphically 6§er1ain by sandstoﬁes wh}ch‘are<map§ed as ’
‘the ABlow . me Down ?rook Porm;tién (Williams 1973; kidé.add-'
Idleman 1982). ~ - . Y

" Although Idleman (pers-cdmm,.1982i has sugggstea that .

" "the Foul Point block. is anomalous, in light of thg evidence -

given in section 3.5, the block is more 3ighificqnt ih terms
of its positionﬂat'azpossible majOt'tectohid cqntact betﬁeek
the Sellafs,and Hcgenzies formations. B

The iSkinner Cové'vFOtmation:'(séb figure'-JB).iisi a
_distinctively.alkaline'suité'ﬁﬁrignbous‘récké Lntprpretéd‘by ‘

e
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. 'Figure 17: Sketch map of main part of Humber Arm

-Allochthon shwing distribution of higher slices. -Arrow =
shows: inferred direction of transport (note the positién
of South Arm with respect to the direction of transport).
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. more similar to volcanic suites from the Bay of Islands

* .
. . . » o -

Baker (1978) as originating at an oceanic' seamount .. There
have been many attempts (Schillereff 1980- Kidd and Idleman’
1982) to correlate Crouchers equxvalents with the volcanic

rocks at Skinner Cove. Both Schlllereff (1980) and Godfrey

'(1982) found thet.Eheif'exanbles were tholeiitic rather than
alkaline. Schillereff -(1980) preferred{'to ignofe the
geochenicel evidence-and'correleted his rocks. with Skinner
Cove-_on» the basis of general morphologlcal sxmxlarxty. s

Godfrey (1982) reserved Judgement but hls figure (see flgure

-

18) shows ‘that the samples of both authors-are geochemically
’ »

Complex. Using lithological and morphological features such

as red colourat1on and calcite filled vesicles, Kidd and’

Idleman (1982) correlated the volcanic rocks ‘on Woods Island

(see fxgure 17) with those at Skinner. Cove.
DU ' ) '

Rocks investigated in the South Arm area do_not tend to

.
’ -

support this general correlation.’_ Only the Crow am:_ain
occurrence (see above) shows sllghtly alkalxne affiny es:oh-
petrographlc 1nvestlgat10n . (as ' they contain brownish
py:oxene wh1ch-may be titanadgice).' Features'cnaracteriseﬁc

*of the Skinnec Cove such as enkaraMites, prachytes, and a
high proportion of" tuffacecus sediments are ' generally
lacking. This' combined eith the hign degree of alteraiion
of che Crouchers format1on tompared with 5k1nner Cer does .
not support.the co;relatlon.‘ In qddltlon, the petrographlc .

~

"differences between Crow Mountain and "the' other Lomond

.

‘occutrences suggests the possibility that even within the

L)




o Figure 18: Trace element diagrams comparing data .from.
the Serpentine Lake area (outlined in black), with other
volcanic suites’ from the Humber Arm Allochthon (stippled
‘areas). o

u

- . BOI = Bay of Islands (Baker, (1978)) -
" SC - Skinner Cove D ’
LP N Little Port ( " )
MC -=.Mine Cove ~ (Schillereff, (1980))-

Diagram after Godfrey (1982)."

b4 L.
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Crouchers unit there may be unrelated blocks.

It sﬁdul_d be noted, however, that Searle et al. (1980)

have documented an assdciation oOf 'rAelated alkalic and
tholeiitic. focké beneath the Upper (Cretaceous | Semail .
‘ophio];‘ite nappe in Oman. i.‘lf‘hese volc.;nics are F’.nr.erpreted as
having.v formed during contir‘nental r4‘1fting.‘ é'nd' then as
margi-nal ocean ,islal;\ds .during the early stages of Q'c.;ea.n
- basin develdpn.\en_t.‘ _’I."hei’ possibility that ,Croucvhe;:s
equivalents’ could be part o’f. an analogous sitqaﬁioﬁ might .be
investigaéed., The unique association of Crouchers volcanics
\.‘rith Sellars sandstones gives fise to‘ possibility ‘that some

'of them are rift{ related- and were originally in

© .

stratigraphif contact with the Sellars formation as for the

‘Woéds Isl&nd occurrence {chapter 6).

Kidd and Tdleman (1982) used relatiohships at Woods
Island to suggest that all 'Skinner Cove' volcanic rocks are
slivers with overlying 'Ogdovigian flysch' on a major thrust
slice near the bas‘e ‘0f the Bay of Islands ophiolite. But
there is only limited data to support their cbrrelations.
Many'_; of the Crouchers volcanic rocks exhibit a large scale
‘knocker' like hap fpat:t-ern, and they are located in at least
two different structural positions - at the base of the
oph{ol ite, and at the Sellars/McKenzies contact.
Sedimentary units in the Humber Arm Allochtholjn are
internally imbricated and any associated volcanics would

probably be in several thrust slices. Therefore a simple ™ -

relationship such as that = proposead by‘Kidd and TIdleman
9 . . :
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(1982) ‘invdlving_ only one thrust slice is unlikely. .It is
also possible that volcanic rocks on _t.he east rt;argin of ' the
ophiclite may represent a different lateral structural
position to the Skinner Cove Formation on the west sid‘e.'
Compare the relative lateral posi(:i"ons of the Bay of Island‘s
(to the east) and Little Port (to the west) Complexes.

From the above discussion it is evident that blocks_» in
the Crouchers formation and 1its e_éuivalents are poorly
understood, both in their relationships to each other and“ in
th:air: structural relationship to the Sellars formation.

.

4.2 Little Port Complex

4.2.1 Distribution

"~ »

The Little Port Complex «consists of deformed and
metamorphosed ophiolitic rocks that extend into the north

_ . €
west of the area (see figure 16). It is best exposed on the

Y

Trout River Road, and on the shore between Woody. Point and

Wwinterhouse Brook.

4.2.2. Description’ o B | . e

The Little Port Complex contains massive to foliated
gabbro, rﬁafic d_ykes, .amph‘_iboliCe, pillow laQas and pillow
breccias, and minor ,plagioglranité Some sedimentary rotks.

in hmelange “on the Trout River road may once have been part

of the Little Port Complex .(P. Cawood, pers comm, 1984);,




;shaped

97

Along the shore from ‘Woody .Psint to’ Winterhouse ’Brook

deformed Eoliated gabbro and amphxbolxte occur with mxnor
defomed black amphibolite dykes. - In the southern part of.
this section some brecciated dyke rock is seen 1ntrud1ng
older, more highly deformed lithologies. . Minor breccxated‘
Eelsic material occurs at the extreme eouthern end of this.
section. 'These ‘rocks (apart from the late dykes) are

extremely deformed with both composxtxonal banding and dykes

locally folded and transposed into  discontinuous lenses.

Minor folds are ‘ti-ght to isoclinal with very steeply’

[ ]

plunging axes. Poss1ble later deformatlon is defined by a

south ' dipping spaced cleavage and related veins cross

cutting the dykes. -

+ On the Trdut River road southwest from its intersection

<y v E. C

with. the Woody Point rocad | lithologies are. ‘mainly'-

afnphibolite, gabbro and rnafic dykes, with pillow lavas and ‘

volcanic breccias, a zone of mainly volcanic rocks occurs
0.5 .km.east of the polnt where old and new Trout River roads
intersect (see map 2). These 1nclude light green vesicular
mafic pillow lavas, pillow b'reccias. _and probable flows.
The rocks are fine - medium gralned and are cut by perva51ve,
veins of calcxte S0, common that locally the rock resembles a
breccia. 7 They are dlsposed in massxve units dipping gently
to the north or northeast. ,Plllow lavas in this unit ‘are

about 1 m 1n dxameter, with a maximum sxze of 2 m, and have

light green selvages up to 4 cm thick. They are irregularly

.

.




In thi_n__se'ctioh these "rocks 'co'n'tain’ g_lomécophen_oc'rysts’

.

L]

. of - saussUriﬁiife'd" .euhe'ciral plagioclase feldspar and brown,

v ’

" tinted cl_ino"pyrdxene. The groundmass has plagioclase laths,.

and gAlass' now devitrified to chlorite and calcite’, "Minor.
N . . . ’ .
chlorite amygdales are present thrbughout the rock.

.

Occurrin‘.gln ' within this - sequence are pods or in'clusions,of‘
‘fra-gment.al maihlfsiiicequs gnater'ia"l_'whhich' ‘contain angular
to 'subrounded'fragmAents up to 5 cm :m diameter wi.th altered
margiﬁs".. 51_'ight1y 'f‘art‘h,_er east,’ agglpmeratiql rocks .are more
common .with ‘ang‘ular, vesicular volcanic clasts (about 10-15

cm in diameter), some showing thin chilled n'\at:din__s. Most of .

the breccias: con;ist of closely packed 'subarpular—s'ﬁbibuﬁded
.ffragmen,ts .of fine grained ' volcanic® '~ rocks _ containing

plagiolclase ' laths, chlorite,  and opague oxide miperals,
Qith minor amygdales of "chlori_te "or calcite Lip to abgut 5 rm
in diameter. .These are circular in oetline suggestdng that

v .
-

they are unstrained. . ' - .
Farther east the rocks are m'ofe, afteréd. pillow§ afe
somewhat smaller and breccia fragments coarser (up to }Oém

diameter).  Melange separates thé - Unit- . from  lower -

"sedimentary units (see chapter 3) exposed alon"gAthé,mid part’
’ * N - : N . . .

of -this road .sect_fxon‘(_Plai:e 20). _ o

.
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Plate 20: Red shales (foreground) in tectonic contact
with the brecciated volcanic rocks and gabbros of the Little
Port Complex. East end of Trout River Road.

At the east end of the exposure (1.2 km along the road
southwest from the intersection with the Woody Point road)
minor pillow lavas occur but the rocks are mainly gabbro,
amphibolite, and mafic dyke rock with minor inclusions and
veins of plagiogranite. Much of this part of the section is

subtly brecciated - rocks which showed pervasive alignment

of mafic minerals now contain only small domains of aligned

minerals. The amphibolites contain green amphibole and
saussuritized plagioclase, and are highly altered. The
plagiogranites in thin section consist of quartz and

plagioclase feldspar commonly showing graphic intergrowth.
They contain small c¢rush 2zones separating fragments.
Disseminated sulphides are common in all 1lithologies and

veins of pyrite occur which are up to 1 cm wide.
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At least three phases of~deforma€ioh must have odcurred ..

»

within the Little Port Complex.. Foliations in gabbros and,

amphibolites were folded and then refolded. _Eﬁ the

" transform _feult -hypothesis of Karebn andioeyey'(1978) is

e

correct, these deformations were -probhbly related - to
movement along the transfonn fault. “These events are not

. recorded in some’ of the more prxstxne volcanlcs on the Trout

Rlver road. Karson (unpub. data 1983) Lnterprerjthese

volcanlc rocks as being in unconformable contact- with the

older, more highly deformed gabbros and amphibolites of the-

3

‘main L1tt1e Port Complex. . ‘-.l'

Many of .the Little ‘Port lfthologxes in this ‘area are

affected by pervasxve brecc1at10n.. 51m11ar breccidﬁion has
{

prev;ously been descrxbed in sheetéd dykes elsewhere in the

Little Port. Complex _(w1111ams' and ~ Malpas, 1972). Otheﬁ

. , # X . .
brecciation in the volcanic rocks is localised.and consists

of angular volcanic f}agmengs in a.matrlx-ef célélteu

. A thqu tjpe of brecelefioni'consiste of anestomoslnq'
ﬁetworke: of. prehnite and othef 'low:grade vein'minerals.
‘ Karson {1983 - unpubliehed data for open file map of 'Little
Port Complex - Trout vaer-Bonne Bay) describes brecciatidn

neat contactsvthh lower sedxmentary ‘units.” However.a the

fact that several. dlffefent' types of brecclation can be

documented §quescs that the'situailqn.iq more complex “than

that pfevlously described. The first two .tybeﬁ may be -

related to primary igne0us processes (Wllliams and Halpas;

1972), and the third type may be related to later tectoniam

-




101 -

-and emplacement. - o . f)“'
4.3 Bay of lslands Complex o v
4. 3 1 Disttibution e LT

P

[N

‘rhe Table Mounta:.n ophxolite slice is well exposed . in ’

‘the western part of the map area (see Eiguke 16). This is
the hlghest structural unxt of the Humber Arm Allochthon.

4.3.2'Descrip£ion','- : e : 9 . -,

In the South Arm area the Table ‘Mountain ophiolite -
slice consists of biownish-weatﬁeting ,_ha:rzb'ur'gli.r.e containing

.dréeniﬁh orthopyroxenes up to 1l cm diameter and;, rless
~commonly, chromite. ’

"Clpse to,contacts with lower structural slices, the

harzburgiféél weatheb a darkLr colour. . Stretched and-
flattened pyroxenes 32Eine a toliation parallei to -the
contact zone and therefore probably related to emplacement.

‘nmnedxately‘\a?jacent to. the’ contact with the Sellars

Eormation ithe rocks. are chao:ic conta;nlng large clasts up‘ _~ - '
to 70 cm in dlametar of altered harzburgite 1n a waxy, light

green serpentinite matrix (Plate 21}. In Hinterhouse Brook
_and'SthiRBrook.the uItrama!ic body is in direct contact

with th;..Sellaté formatlon. In WInterhouse Brook, Q.§‘km ,".
douqstream'f:om the 01d‘Tro;t River Road.brtdgo, the ponté;t

betwoen—hariburgite and shales“is mnrk by a 20 m-wide zone . -

of scrponCinlsation and a1 m-thlck wall of rodlnqlte (Plate
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Plate 21: Serpentinite melange near the contact
between the Table Mountain ophiolite slice and the Sellars
formation. Clasts are of altered harzburgite. Winterhouse

Brook. Scalg is on top of boulder.

Plate 22: Rodingite rock at the contact between
serpentinitic melange of the Table Mountain Ophiolite Slice
and shales of the Sellars formation. The rodingite wall |is
approximately 1 m thick. Winterhouse Brook. .



_L:parallel to . the attitude of the wall (whzch has  a moderate

N 7

22).', The 1atter‘§hows -an xnternal‘closely spaced foliatlonf

- S .

.

dip to‘ the’ south) and is brecciated ‘on a cent1metre scale.

‘Bedding in sediments downstteam from ‘the’ contact is parallel
o the‘.wall. In Shoal Brook, chaotic serpent1n1te and-

* harzburgjite are juxtapdsed with sapdstones in a _notth-sbuth'

trending, plmbst'vertical plane. " S

- 4.3.3 kxgamothermal sole

The dynamothermal sole to the Bay of Islands Complex is .
exposed on high hills southwest of Crov-uount31n.l There 19'

also an 'isolated oqéurrence norgﬁwest 6f Shodl» Brook. In

. "

" the Sodth Arm  area the sole .is disconttnuvué'ahd has a’

variahle map width (up to 0 75 Km) compared' with farEhEr

south -in the. Lomond ‘area .where the wxdth ig more unxform"

(0.25 km) (see figure. 16).

Rocks in thi: unit anlude fine grained, solydétormed'

gﬁphxbol1te, quartzo-fcldspa;hic’ gneiss and greenSchist.'

The\rock&.are arranged in a complex fashion., ..In the main
outcrop west of Crow Hountaip a lens of ultramafic rocks 1
km long and.0.25 km wide occurs within .thq sole ‘zone and

another {8 1in cldse_proximiﬁy to the eastern limit of the

metamorphtc rocks. Within the sole the quartzo-feldspathic

gneiss also appears to be a'dlsgrete sliver. In the area

northwest of Shoal;Brook isolated outcropé"of amphibolites

and greenschists are apparently randomly distributed. In

neith;r case dods. metamorphic grade '1ncrease uniformly
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.t 1y

towards the base of the ophiolite .as observed in other

examples (Williams and Smyth 1973: Halpas‘1979: Spray and

 Williams 1980: Searle- and Malpas, 1980).  These

Ld

refationshibs " suggest overthickeninbr and repetitioﬁ_f_by
‘1hbt1cation._ |

' Samples ::om the fine grained ad}hibq;ite contain greeﬁ
amphibole, pale green'equiqraﬁuiar clinopyroxene, andésine,

and minor quartz, biotite, sphene and opaque minerals. The

foliation is defined by amphibole'rich layers alternailng_
“with duactz/py;oxene rich layera. Much of the feidspar has
‘been altered to sericite and the rocks are veined by

chlorite and prehnite.

The amphibole - plagioclase associjation - is

charactetiqtic of amphibolite facies metamorphism and the

amphibole >QOIQQr suggests that the  rocks - have Beeq'
meE;horphdsed-rto medium amphibolite grade. Some rettogréde
aé:;vjty is suggestéd Sy tﬁe .lowé: tgﬁperature assemblaée.
seen in ;eins and by the sericitisation of the Eeldspars.'.
In the gnéiss. quartz is the most abundané mineral

followed. in"doc:easi;g order by plagioclase,  biotite,
huscovite, opague oxﬁde min;rals, low gr;de QLteratioh‘
products, apatite, and sphene. Quartz 'is anhedral to
euhedral. Where anhedral it has sutured subgrain
boundaries. Some micrographic intergrowths with plagioclhse

occur. Plagioclase is saussuritized in grain  centres and

sericitized round  the édges. Relative proportions of the

two micas vary from sample to sample. Alteration 'ﬁlnérals

v
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and Vmicés are preﬁefentially associstedF with lat; stage
euhedral opaque minerals and are cohmonly'packed with opague
inclusions. ks
Rocks northwest of Shoal Brook are highly. altered.
Amphibolites from this locality contain amphiboies whose
colour varies from coldurles§ to Sroin.- Associated .
pladioclase -is highly saussuritized aﬁd sericitized. Other
minerals present include.?diopside, biotite, musédvitq and
accessory sphene ‘and opagues. Séme of the amphiboles show
seive-like textures with quartz and opagque inciﬁslons.
Quartz is generally' in pods andv veins and is éoﬁmonly

récrystallised with straight subgraid boundéries. .Another’

'lithology seen here is an extremely fine grained dark green

]
3

rock containing epidote, some chlorite and minor chromium

spinel. Some quartz-chlorite greensghist is also present,

: éqpembling a metamorphosed clastic rock.

L/ )
! Farther south the sole’ contains garnetiterous

 amphibolites (Malpas (1979)) and displays ‘the classic

. k) Y
inverse gradation towards the base of the ophiolite.
) .

4.3.4 Discussion - N - ' .
Lithologies -as  described above, . within the
dynamothermal sole, are complexly - distribute&. The‘
AnomSlous ’ dLStfipution of ultramafics, gneiss and
amphibolite, and -grgater width of the sélé~at'SoutH.Arm .
indicates structuralv'repotit;qn or Aaismemberment and:

juxtapositioning 'of'the components. Quartz feldsbar'gneiss




Y

-lLsAnot décuméh;ed infhny’othér examples of soles referred to
hﬁbovq (Williams'_and sﬁyth,;1?73§ ~Halpas;al—S_'Il'Q; Spray and
Willi?msf 1980; Searie.qnd Hilp;s,bl980):!'The presence of
this atypical '}itho}ogy'maydmean that the metamorphic sole

was formed under anomalous conditions at this locality. -

4.4 Summary

Higher assemblages of the Humbér Arm Allochthon in
. Ly .
Lomond area are the Crouchers formation, the Little

Complex and the Bay of Islands Complex.

The lowest structural unit is the Crouchers ﬁorﬁatio)\

This unit of mafic volcanic rocks is poorly understood. and
arguments for a correlation with the Skinner Cove Formation
are weak, The wunit. may -consist of a number of discrete

blocks of different origins, or may be segments representing

differenf- stages of evolution of a sequence of genetically
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related volcanic rocks. Their close association with the -

Sellars formation has yét to be satisfactorily explained, -
- Early deformation in the ophiolitic Littleée Port Complex
may be related to .processes which occurred in an eceanic

transform. Brecciatjon within'thesé rocks may bé attributed

v

TN

~

to e;rly, igneous processes, with late stage brecciation.

caused by emplacement. The relationship of the igneous

Little _Port. Complex to chaotic sedimentary rocks in the
South Arm area is also of interest. [tA.exotié blocks in

melange on the Trout River road were originally part of the
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Little Port, xhiéymay have.a,bearihg on the transform - fault ,g T
hypothesis, "as the nature of .the sediments may be more .’
indicative of an are than a transform fault origin (P.
“Cawood, pers comm, 1984). S L i
“In the Lomond area, - the Bay of Islands Complex is
._sephrated from the Littie Port Complex by sedimentary. rocks., oW .
- although in the Bay of Islands area it overrides the Little
- L] . . o ' -
Port. . S R
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' CHAPTER 5 -

PROVENANCE STUDIES OF THE SELLARS AND BARTERS

FORMATIONS: CLUES TO TECTONIC SETTINGS

As discussed in previous chapters, the Sellars

formation is enigmatic, as it 1is unfossiliferous and

structurally separate from other units in the Lomond area,

but it is a gbod lithologic correlative of the Blow me Down

Brook Formation. The latter is intérpreted as a

transgressive -“flysch sequence,fderived in Ordovician times
. _ ‘. _

from an adVancing allochthon to the east.- To test thig’

hypothesis, provenance data from the Sellars formation are

presented and discussed in this chapter. o .

The Barters formation is a ~good correlative of the

Irishtown Formation, and. its stratigraphic position and

tectonic setting are better established. Provenance data

. from the Barters formation are presented for purposes Of

coﬁparison and contrast with the Sellars formation.

5.1 Method - . ’ o ) , ] '

Representative. samples of these two | units vere
collected from the South Arm area (sSee Map 2 for sample
localities). As complete a'coverége as possible was made of

the Sellars formation on the. west side .of South Arm.

- 3

. Several samples‘we:e also taken from theé east shore of the




¢

"in Appendix 4. ‘ o _ S -
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bay. Both tops and bottoms of beds were sampled. Samples
point counted were mainly of coarse sandstone but

conglomerates were also studied in thln sectlon.
Textural Eeatures such as sorting . and rounding were
estimated v1sua11y. ‘Nmeteen representative samples were

studied under cathole luminescence (see appendix 2). All

samples IWere stained for potassium feldspar ‘and" plagioclase .

(see appendix 1). Three hundred grains per thin section

were point counted for the parameters outl'irie‘d in Appendix
3. JTwenty seven thin sections from the SelIars ‘formation

and nine from the Barters formatlon were studied it this

,mar'me,r‘. The data thus generated {Appendix 3) are plotted on

the diagrams of Dxcklnson et al". (1983) (see Lig-aAl,

Appendix 4), 'I‘he theory behind these dLagrams is dlscussed

’

5.2 Barters Formation .
< g o )

5.2.1, Texture

' Sandstanes Of ' the Barters formation are moderately

e

+

sorted. Framework grains are subangular to rounded. Most

. R c 4
‘a'r‘e equant-and s‘how no preferred =orientation. However some

»

mxcas (see below) are elllptlcal and allgned w1th thexr long
axes p_arallel to bedding. Samples contain vai‘ying “amounts
of matr;ix and cement (see table A7). . Quartz overgrowths
‘coaleSCe to form the cement 'm most cases (Plate 23), ‘ w1th

4 N

: hd
later (at least two) generatxons of calclte and dolomite

.
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cement being common . Matrix where present is
chloritic/sericitic and framework grains are commonly matrix

supported.

Plate 23: Characteristic appearance of quartzites of
the Barters formation. Grains are mainly quartz. Note the
abundance of quartz overgrowths (arrowed). Crossed polars.
Field of view 3mm.

5.2.2 Framework grains

The rocks of the Barters formation are quartz rich
(Plate 24) (for proportions of framework minerals see
Appendix 3, Tables A5 and A7).

Quartz grains contain few inclusions and show undulose
extinction. Some, but not all of the grains show a blue
colour under cathode luminescence suggesting that they are
of high temperature (probably igneous) origin (Zinkernagel,

1978). Others which luminesce faintly brown may be derived
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Plate 24: Typical sandstone of the Barters
Crossed polars. Grains are

Overgrowths visible in arrowed grain.

formation.
predominantly quartz.

Field of view l1l.7mm.

Plate 25: View of above under cathode
showing

luminesce blue, suggesting that they were formed in
temperature regime. Note that

luminesce at all. The bright orange material
carbonate cement.

luminescence
that some of the quartz grains are well rounded and

a high
quartz overgrowths do not
is a 1later
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Plate 26: Polycrystalline quartz pebble in the Barters
conglomerate. Note the sutured subgrain boundaries and the
wide variation in subgrain sizes. Crossed polars. Field of
view 3mm.

Plate 27: Barters sandstone with abundant feldspar
(arrowed) partially altered to calcite. Crossed polars.
Field of view 3mm.
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from a metamorphic source (Plate 25).

Polycrystalline quartz 1is rare, but where present
contains a few large subgrains with irregular sutured or
serrated boundaries (Plate 26). Some of the quartz
subgrains are elongate, again suggesting a metamorphic
source (Young, 1976).

Feldspars are exclusively plagioclase, mostly
untwinned. These are concentrated 1in the finer grain
fractions. Feldspars are locally partially or completely
replaced by calcite and are commonly partly sericitized
(Plate 27).

Other than shale chips, which are ubiquitous, 1lithic
fragments are only present in conglomerates. In addition to
the large clasts described in chapter 3 they include: limy
siltstone with fossil fragments (Plate 28) and quartz -

plagioclase aggregates, some showing graphic intergrowth.

F '. .
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Plate 28: Limy siltstone pebble from the Barters
conglomerate, containing fossil fragments. Plane polarised
light. Field of view 3mm.
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P
»

Glassy vd\canf% Eragments are very minor constituents in

some thln- pyrltiferous greywacke beds (see alsa chapter 3)

(Plates 29 and 30). - . s

A common and not1ceab1e feature is the _ptesence’fof'

nodular 'micas' These 'are elliptical in cross section,

-«

‘ have hxgh relzef, and consxst of- interﬁayered chlor;te (with

strong, Berlln‘ blue interference colours) end‘muscovite;

;Re¥ict"minerals indicate that ‘the - chlorite may' be.. an

.'alteration 'proQuct of biotite. These nodular micas are

EIthet randomly dxstr;buted or concentrated along thh fine .

_gratned opaque meterial. in layers parallel to bedding.

:'1 Relatlve proporttons ot trameuork gralns plotted on the

. dzagrams of chklnson et al l983) are shown in Eigures 19u

»

. and 29.' ThenBerters formatlon plots 1nrthe field of mature,

continentally derived'sandetones. _This agrees well with the’

1nformat10n ngen on the Barters conglomerate 1n chapter *3Q

>

Clasts with;n the conglomerate are qf both sedimentary and

1gneous orlgxn and resemble elements of 1ower autochthonous

stratlgraphy vin‘-west Neufoundland. Study of 1nd1v1dual

Afregment types supports the concept of derlvetlon foI, thxs.

unit fromA a :mlxed plutonxc/metamorphtc-'and eedimentery

source.. Some of the~'sedtmentary ffagments may' bev of -i

L ! Coo 2

‘Lntraformatlonal orlgtn..

The above data is consistent with the Barters tormatLOn,

as. a texturally And composltionally mature unxt derlved from
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Plate 29: Some thin greywacke beds in the Barters
formation contain significant amounts of euhedral diagenetic
pyrite (opague material at top of photo). Plane polarised
light. Field of view 2.2mm.

Plate 30: Same view as above showing possible perthite
(arrowed) partially altered to carbonate with possibly two
generations of cement formation (shown by variations in
luminescence). Cathode luminescence.



Figure -19: 'QFL plot for the Barters formation (B points).
.-a) Individual points. .- b) Mean of points. 4
Fields are: . , e
' craton interior - :
transitional continental
basement uplift :

recycled orogenic
dissected arc
transitional arc
undissected’ arc -
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: '- Figure 20: OmFLt plot for the ' Barters . formation (8B
points). a) Individual points. b) Mean of points, ° -
Pields are: - : _ o
craton interior
transitional continental
basement uplift .
mixed

dissected arc
transitional arc
undissected arc
quartzose recycled
transitionmal recycled
lithic recycled
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Grenvillian basement and its sedimentary cover.
-The 'micas' resemble those found in the Mitchells
formation and in fact the Mitchells formation appears to be
a less mature dJdeposit’ than the Barters derived from a

similar source area. ’ - :

.5.3 Sellars formation

5.3.1 Texturel ©

The Sellars sandstones are poofly to very poorly sorted

with a high variability in grain size, grading from-matrix

- ) F ]
to pebble .size. Framework grains are sub-angular to

rounded. They are generally eguant and show no obvious

preferred orientation (Plate 31). The sandstones have a
very high ‘“matrix content.” The™ matrix consists of

chlorite/sericite and guartz and feldspar gra{ns.

o

- o

5.3.2 Framework grains -

. Y

> (for modal propdrtions see-tables Al and A3, Appendii

3). i -

Quartz grains generally show undulose extinction and

are fairly . free of mineral inclusicns but commonly contain

. . _ . 4
trails of bubbles - giving them a milky appearance in hand

specimen. ,;Overgrowths are not common, and some of those

present appear to be abraded. Under - cathode luminescence
quartz grains are mostly a dﬁp brown, but some oﬁ the well

rounded ones aré4b1ue lupinesciﬁg (Plate 32). This éuggesis'x

“
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Plate 31: Typical sandstone of the Sellars formation.
Q - gquartz, F - feldspar, arrow — matrix. Crossed polars.
Field of view l.7mm.

Plate 32: Same view as above under cathode
luminescence. Most grains luminesce very faintly, but note
the bright blue streaks in the feldspar to the 1left, a
probable perthitic structure.
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a mixed metamorphic/plutonic provenance for the quartz
grains (Zinkernagel, 1978) with a possible additional input
of recycled sedimentary grains.

Polycrystalline quartz is fairly common but tends ¢to

consist of only a few subgrains, and many grains counted as

monocrystalline are semi-composite according to the
definition of Folk (1974). Extinction is almost always
undulose. Subgrains of polycrystalline quartz may be

sutured or simple and vary in size within one grain. Most
of these features are indicative of a metamorphic provenance

for the grains (Young 1976) (Plate 33).

Plate 33: Quartz grain in pebble conglomerate of the
Sellars formation showing extremely elongate subgrains in
varying orientations (centre). To the left is a large shale
chip. Crossed polars. Field of view 2mm.

Feldspars are almost exclusively plagioclase. Pure
albite is rare or absent, as all plagioclases in these rocks

have taken up the amaranth stain (see appendix 1)



Untwinned plagioclases are considerfply more common than .

twinned varieties. Twinned plagiocléses are clearer and
less altered. than untwinned ones. They also tend to be

smaller, Composition based on relative staining colours and
& ) "

-

extinction angles where available is thought to be close to

albite (An 5 - An 20). Of note is the general absence of

3 . . ¢

potassium feldspar .which occurs in only one or two of the
beds sampled. This is mainly microcline showing cross-hatch

‘twinning, but untwinned varieties are also present. Some -

llarge feldspars are perthitic (Plate 34).

Feldspars are genetally sllghtly cloudy _‘and some are
partlally sericitised, _but al.terat1on "is variable. .Pink

plagloclase Ee'ldspérs (Plate 35) are common in rocks of the

Sellars formation, but content yaries from bed té bed. The

pink colour may be an ‘alteration product* caused by tiny

4

1nc1u51ons of hematite, ' . L

-

Lumlnescence of most plagioclases h'i's of vez:y low
in'tensity cand is mainly pinkish brown, although some qqite
brightly luminescing  feldspars also ‘occur which show a range
‘of colours from red to blue and mustard yellow. Ca::hode,

luminescen’ée shows- that many feldépérs contain internal

,structures resembling perthltlc lamellae (Plates 36 and 37).

It is possible that analogxes may be made with quartz

lumlnescence as descrlbed by Zlnkernagel (1978) and that the

predom1nance o} brownxsh luminescing gtains suggests an
L ®

intermediate or = low temperature .pf trace- .element

incorporation for most of the feldspars. Kastner (1971)

. cw
-
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Plate 34: Coarse perthitic microcline in the Sellars

formation. This 1is rare in these rocks. Crossed polars.
Field of view 3mm.

. TN

_ by o

Plate 35: Feldspar in the Sellars formation which has
pink appearance in the field is cloudy in thin section,
probably with minute inclusions of hematite. Feldspars of
this ¢type are plagioclase since they stain pink with
amaranth. Plane polarised light. Field of view 3mm.
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Characteristic appearance of Sellars

Plate 36:
sandstones. F - feldspar. Crossed polars. Field of view
l1.7mm.

Plate 37: Same view as above showing the heterogeneity
of feldspar types with the more brightly luminescing grains
in the top left hand corner all being feldspars. Note that
many other feldspars, twinned under crossed polars, are only
very faintly luminescing.
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also suggests that albites of low temperature origin are non
- luminescent. Many of the feldspars may therefore have
been subjected to diagenetic or later effects and may not be
in their original state. Thus it should not be assumed that
the Sellars formation was derived from a sodic source.
Lithic fragments in the sandstones other than
polycrystalline quartz are restricted to quartz/feldspar
aggregates and myrmekite (Plate 36), feldspar aggregates and

shale chips.

& - .

{'-'l;‘r-
V. '

LR

a

Plate 38: Myrmekitic intergrowths in fragments in the
Sellars formation (centre). Crossed polars. Field of view
2mm .

Micas are common, constituting up to a few percent,
with biotite and muscovite flakes present 1in variable
proportions. These tend to be concentrated, and bent around
framework grains. They do not resemble distinctive 'nodular

micas' described in the Mitchells and Barters formations.

Detrital <chlorite 1is present in a few samples as are



partially chloritised biotites.

* Accessory minerals include 'zirddn,.rgarnét, .ppaqueé,
apq;ice and‘ very minor tourmaline. No chromite hés»been
found,iﬁ this unit. Heavy minerals such as - zircon and
gaFnet are randomly dxstrabuted and easy to observe in thln
section, suggestlng tQ?t even if chromite- is present, it is
“in negligible'prbportions, E ) - ';-

-

* 5.3.3. Discussion

The relative proportions of Eramework "minerals were

plotted on the dxagrams of chk1nson et al. (1983) (gee
Appendix 4) (figures 21 and 22). Many of the Sellars

saﬁples shbuld Have been excluded from the plot because of

¥

- thelir hxgh content of matrix . (see Appendxx 4). These rocks

have a chlorlte/seriolte matrix. The composit@on'of-the
ﬁatrix suggests «hat it ‘was derived ftom the breakdobn of
shale chips It has been establxshed elserere (see Chapter
'3) that most of the shale chips in the Sellars format1on are
of Lntraformatxonal Q%lgln. Therefore: a h1gh content of
this kind of matrix may.not'alter” the conclusions on the
composition' of .the source area. . The: samples with hxgh'
matrix content were fnltlally plotted separately and do not’
appear to dlffer 51gn4£1cantly from those samples satxsfyxng
the matrix criteria (see Appendlx 4) They are included in
the f1na1 plot shown in figures 23 and 24. It should be

noced that po;nts from the east and vest ‘'sides ‘of South Arm

are petrographically i%distinguishfble. Points are.

0
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Figure 21: QFL plot for the Sellars format1on.
(27 samples). a) Individual samples b) Mean of
samples. . Fieldl as for figyre 19. :

LA

Teigen - . . - g




F
. Figure 22: QmFLt plot for the Sellars

formation. (27 samples).. a) Individual samples
‘b) Mean: of samples. Pields as for figure 20
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U ) .

.scattered but almost w1thout exception ?511 within the fleld

desxgnated f rocks derxved from cont1nsntal basement.

5 ?

-They 11e in general thhin the upleted basement category
being composltlonally less mature than continentally derlved

quartzxtes of the Barters type.

> The su1te is confxdently -included within ‘that field

's1née the sampling blas towards coarse sandstones biases the
‘plot towards the/maxlmum proportlon of 11th1c fraqments. ~On

the d1ag/9m of Schweller and Karig (1982) (see Appendlx 4)

. the rocks would again plot 1n the field for derxvation frOm
, \a craton,, since  in the. Sellars formation . Lv (volcanxc
fragmentﬁ) and"Mu (pyroxbne, ol1v1ne, amphxbole, chromxte)

components are lacking.’ , (

Qualitativs'eyaluhtion‘of'the lithic fragment contént,
especiall} ot conglomérstic?‘beds is!qlso suggestiﬁg éf.g.!
metamorphic or pluton}éisautce. o
‘The above -data.dstrongly hsudgest ‘sandstones~ of the

-~ Sellars fqrﬁation are derived ffoﬁ an-uplifted continental
basement. The typerof source ‘area infe?réd for—tﬁe Sellars
:fotmstion-fis therefqré' simiiar to that dedpced for the
Bsrters;-tormstidn. Houeser{' rad;cally different source
areas ‘have béen sugbested for their respective Humber Arm

.
+

g

correlatives.
A rev1ew of 1nformat10n on"other sandstones 1in - the‘

-

aPlochthon follows and theoriés of . their oriqin'.ate

. discussed.




- 5.4 cOmparisons of 'the TSellars fbrmaeion with othér

LA

’ sandstones in the Humber Arm Allochthon

g

4

) : : . . . R

Ouantxtatxve petrographxc ‘data from other parts of the
- - . ,'.

. i ) -_eilochthon are rare,“ but Gonzalez-Bonorlno (1979) studxed’
sandstones of the Cur11ng Group whxch he extended to 1nclude:
. - rocks ae Rogcky " Harbour. ‘He sampled four sectlons.'at Rocky
Harbour, - Nbons ‘I'sland, and two on . the’ Port au '.Port_

. Peninsuia, e » . . : .

_.The author brieflf‘examined‘severéljlsénples collected
near Lobster Head cat '}ocky Harbour during 1983 (See also
Gonzalez—Bonqrino, | 1979). These '-samppes conte1n

T ,SUbengular-eubrounded gearrz eithq etriiéhé; to 'undurogé; .
Aextinction. Polycrystaliine quartz‘snows‘_sugdred “subgrein
boundaries, and ‘large veriations in subgrain size,

. f , : suggescxng a metamorphic provenance in part for these rocks,

Both pota551um and plagxoclase feldspars are present. w1th

graxne of 'm19r0c11ne' appearxng ,less altered . than-

,plegioclase. Some' of the, drains ‘are -berthitic. Rock

&

fragments are mainly of maflc volcanie origin, with some

possible silicic volcanic fragments.w quartz-feldspar

'aggregates, myrmekite, slate, siltstone and‘mﬁnor carbonate-

fragmenre. , Distinctive brown. translncent chromite is

t ., . _ preeenti 'Tne matrix is of cléy minerals and ehloritegdithve
signifreent'proporlion of eerbOnate..

S e . . . : L.

.in=&ddition to the samples studied at _Rocky Harbour,

-
. e

the . author exanined sanples collected by M.  Coniglio from

S . 2

.
R
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sandstones overlying the Cow Head breccia at sMartin Point,

'north of Rocky = Harbour. These sandstones contain quartz
.with minor ovérg}owths, and showing wundulose extinction.
Both - plagioclase and’~ potassium . feldspar are common.

Plhgioclases'are mbrefclouay than ‘microcline gtains. "~ The
. S S . o . -
rock fragments mainly consist of fine or medium grained

mafic vdlcanié clasts with plagioclase laihs. * These are

.commonly®altered .and contain s{gnificant amounts of chlorite
"and opague oxides. Some more silicic examples diéplay a

-spherulitic .- texture. Other fragments  include
: . . . : :

quartz-feldspar aégregates with graphic textdre,:_siltstone,

carbonate siltstone and limestone fragments. Accessory
Am}nerq}s include garneg and thdmitg.' The matrjix is qi’nl}
‘chlqrite/ser§cite ‘but some caicite cement is also present,
‘and  there is btobagly a significant broboriign of
péeudomatrix (Dickinson (1970) defines pseUdomQtrix as cbck§ ‘
fragménﬁs which.have been so altered or défoémed as .QO
appear - almost }ndistinguishab}e. from matrix). Lime;tcné
,'clas;s and matrix from this unit y}eld conodonts - of . late
Aredig’dr early Llanvirn age (D. “Jo?nston;‘pefs comm 1984) .

.

The data from north of Bonne Bay suggest therefore that

sandstones here (which have 'recentiy' been collectively
referred to ‘as the Lower Head fotmatiOn' Jwi11iams et al.

= {in - press 1985)) are

’

A |
\




Gohzalez-aonorinoA (1979) also contain a " variety of- rock

v

. fragments and some ophiolite deeritus‘ and . are ,si@iiar, in
most respeéts to eandstoneé of the Lower ﬁeadfforma;ion.

P However, Gonzalez-Bonorino (£979) found that sandstones
from ﬁbods-Isiend are low in sedimentary rock fragments and

contain no volcanic rock fragments, with almost all detritus
suggesting a ‘plutonic or metamorphic source. No chromite is

- . | B , i s . .
present.. - ' )

In compar1scn wlth results obtaxned from South Arm, the
»

WOods Island sandsEon@s seem to be higher in rock fragments

-

and Iower in- feldspar. However, Gonzalez~Bonorino briefly

examzned‘ the sandstones at South Arm, and concluded that

¢

they are:petrogrdphicqlly similar to rocks at wbods IsLand.

Hiscott’ (pers comm, 1982. 1983) collected samples from -

g L}

the Blow me Down Brook formatlon in its type area, and- these
. were qua11tative1y examined 1n thln sections by the author.
7

4
The sections were staLned Eor potass1um feldspar only. The
L]

sandstones are moderately to .poorly §orted with a wide"

, : .
varlatlon ‘in grain _ size'- Grains are subangular to

subrounded. The framework graxns are general]y floatlng in

a chlorite/ser1c1te matrlx w1ph, gome patchy"carbonate

’cement. Ouartz shows undulose extlnctlon and cdntains'efgw
inclustons. ' Polycrystall1ne quartz ‘gralnSj‘a;e few, Q{Qh.
‘small numBers . of subgra1ns, showing sutured boundaéies.“
'Plagroclaee feldspar; both twinned and uthihneeafs:COMdon.

v

Some- of the twin lamellae are bent or  Kinked. "Potaséium

‘feldspar (mOstly untwinned and possibly;altered-in-peqt-t6

.




plagioclase) reaches a few percemt in several samples. _ No

rock fragments were identified. Both biotite and muscovite
. ( . . . . . -

- e :

are common, occurring concentrated and bent around framework

grains. Accessories -include garpet (very abundant); zircon
. o« . v - .

and opaque minerals. No chromite was noted. Thus, although

'

they contain™ slighti&‘ more 'potassium rjzifspar and more ’
{ , .
P

. ’ ’ -~ - 1 . - s
garnet, the rocks at Blow me Down Brook a etrographically

very similar to the Sellars at South_ Arm.
. ’ - .
Hiscott (pers comm 1983; see also .Hiscott, '1984) made

heavy mineral separates from thése same samples, but did not
find- any chromite, and'as part of ‘a larger study did .whole

‘rock analyses fdr chromium content.- The Blow me Down Brook

Formation was found to be very low in chromium - as compared

- with transgressive -‘flysch deposits from othef/parts.of the

Appalachians.

_Thus two distinct sandstone types are .distinguishable

which have hitherto been grouped -as one: a) Sandstones

north of Bonne Bay and on the Port au Port peninsula which
3 : ) . T

) contain detritus compatible with their having been dérived.’

at least in part, from an ophiolite. b) Sandstones of the
: . 1 o
Sellars and Blow me Down Brook formations which contain

\ 1" .

detritus suggestive of- a <derivation from continental

1 , : . o : -
_basement. The distribution” of the latter is outlined in
figure 23. :




&% Higher igneous .slices

o - Volcanie rocks
. 2 » .

Sellars formation

Allochthonous
sediments

Figure 23: Sketch ma® of main part of Humber Arm
Allochthon showing the distribution of the Sellars "
formation and Blow me sDown eguivalents. After this work, °
Williams (1973, 198l1), and Williams et al., (1983).

A

.
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5.5 Comparisons of the Sellars formation

-

with other Appalachian sandstone units
s ! T

The Sellars formétion:pears little lithic similarity to

Ordovician transgressive, flysch deposits in other parts ?f
. v .

the APPalﬁChyan?f:'

Y .
iﬂcoit,_ 1984) e.g. “the Tourelle
5 " . -

'Formation. -(Hiéﬁb E;f' 1978), the Martfnsburg Formation
. R . <«
(McBride, 1962), as litfic fragments are few, and volcanic

-fragments and dphiolite' detritus are -absent. It does,

° !

however, bear broad similarities to many. units which : have

undoubtedly been derived in ‘Late Precambrian or Cambrian
: ) : 5

times from basemen£ sources, It contains less potassium
feldspar and more plagiocTase™ than uynits such as - the
Chilhowee Group (Whisonant, 1974) or the Mechim River

Formation (Schwab, 1974) - both basement derived sandstone

. »

uits in the “Ysouthern Appalachians, whose stratigraphic

position and.tectonic significance are well established. .

.

The Sellars formation most - resembles the Cambrian
~ . . .

~

Charny Group (Ogunyomi et al., 1981), an allochthonous unit

in the external domain of the Quebec Appalachians. ‘ The
- L] .

Charny sandstones. coﬁtain_sihiiar broportions of framework
constituents id the séllars formation. Potassiﬁm feidspar
is absent and plagioclases are twinned and untwinned with
untwinned varieties‘prédominating.. The untwinned feidspars
are pinkish and ‘showl a lamellar” sfructure’ in cathode,
lumineséence which is interpreted as pé{}hiﬁe. ' These
. feldépars - are intekpfeted as aving, been incompletely
albitized during-‘various'_stages of diagenesis. Their
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. -
‘

‘internal constituents have been relate\d to components
present in parts oOf the Grenville basement. Thus the
« f

.. X s - . . . . .
assemblage, of minerals, their distribution and internal

features resemble to a remarkable degree those seen 'in ,the

.

" . Sellars formation, sugges’ting that- the Sellars ,f‘ormatiqn

’ -

also has been-derived from a Grenvillian source.

5.6 Conclusion and discussion . . f

SN

The Sellars f'ormatiOnA is an j:mﬁure quartz-feldspar

sandstone showing no evidence(’oﬁ‘h} ifig been derived from an.
o : - o ’ .
, advancing allochthon. ° It contains no recognisable, input

from older sedimentary elements of an allochthon, volcanic °

rocks or ophiolites. = On the contrary, -évj.de,nce presented in
the preceding sections implies that it is derived from a
cratonic gource, It 1is part  of ‘a' petr,ogréphic,al'ly

homogeneous unit which extends from Bonne Bay to Woods

‘Island and Blow me _Down" Brook. Sandstones north ‘and south

‘of this unit (ané also east of it at Middle Arm Foint),
which is autlined in figure 23 show features compatible with
their .deposition as easterly derived "transgressive flysch’

M

deposits:
In 'th'e‘Lomon‘d area the unit outlined in éigurg 23 is in *

tectonic contact with .all che“rs. ‘and‘ this is probably the:
case everywhere in the Humber Arm Allochthon. The unit

Q

includes the typm section for the Blow me’ Down Brook

Formatian; which therefore ‘appears to ' have  been
misimterpreted (see also Waldron, 1984) -

v
.
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Altho'ughA the Barters and :se.l.lars vaormatior;s are
distinct, there are notable ;imill.arilt‘:ies with regard to the
»@:ypés of terrane from which the;v- were derived.  If the
fellars formation were in stratigraphic contaét'with the
Barters formation, there would be little difficulty in

interpreting Sellars rocks as older, less mature rift facies

‘clastics overlain by more mdture Barters type deposits.,

.

It is here postulated, 'therefore that the Sellars

.

formation is an ‘older ' (?Precambrian or Cambrian), rift

related unit ‘similar to /the Charny San_dstone's of . Quebec,

which may have been derived from Grenville basement. This
. 2 S -

L

unit is now -a high structural slice 'a)zéve other
ail_ochthonousﬂ ~ sed irpe_n-ta'r;y units and underneath ‘the Bay of '
[slands Ophiolite. - ( ' , T /

._\‘
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CHAPTER 6 .

1

CONCLUSIONS

v

L
4

6.1 Sed iFne.nt‘ary,units.'_c_;_g the Humber Arm Allcchthon

Alldchthonous sedimentary units ip the Lomond area - are
largely unfossiliferous, ’deformed and intérnally complex.

They are 11thologlca11y correlative with fOl‘thlOnS of the

" Curling, Group at"‘ ‘Humber Arm and are in close. proximi.ty to
Curling Group units "in the, Pasadena area farther south.
However, local differenc';!'s are ev@denﬁ 'whi’i'ch'may ultima‘tely
be shown '“to be themnresults of latgrai B facies or ,tec-tohic

-v,'\'/ar‘iation. TheAHi’tchells;.er'mat'ion is a fprob_ab_le equivalent

of the Summerside Formation of the Curling Group but is more

.

quart zose and/ texturally ‘more mature than the Summersxde.
The Barters formatlon is a good llthnc correlatlve of the

Irishtown Formatxon and is probably of H1dd1e Cambrlan age.

. °

The Barters ,contains clasts in unusually . ‘coarse

conglomerates “which suggest that the unit has b'eenAderived

from a westerly source, Petrographlc 1nvestxgation cartied

.

out in th:.s study supports(;the 'vxew that the BaJters

formation has been derived from a westerly, maxrrly cratonic

a

source., Considering their internal gompqnents ‘and by
analogy with the Curling Group, both Mxtchel(ls (older and

less mature) and Barters Formatlons (younger and more

mature) would  be. interpreted as deep water rift facies




clastics derived, in Cambrian times f rom Grenvillian basement
(Stevens, 1970).

«, The McKenzies " formation (shales, limestones .and
. sxltstones) is .an approx1mate facxes equxvalent of the Cooks
Brook and Middle Arm Po1nt E‘ormatxons, although dxfferent

Erom - both. It- could be a more dlstal eguivalent of the

Coqks- Brook -Formation, or a lateral equwalent - either

would explain: tﬁé - lack of limestone brec':c':’ia;" Equivalence
with Middla Arm Point rocks might = best \¢xplain the 'ﬁiéh
‘i)roportion aof -dolomitic s;iltétone. There is l‘ittle'déubt.
however, t’ha,t-the 'Mckéhzies forma;ion represeﬁts ‘a starved
basin deposit reflecting the exist nceﬂo'fA a ca‘rbénaté.bank.
farther we's'»t. Cori;.'a‘ct relationshipj in “thbe Lomond . area
sugé'bst that the above. 7Lhree ‘units are in the same rela
stratigraphic posxtxons as. thelr Curling Group equwalents.

'Thev Sel,lars’formatxon is a good-'lithic correlat;ve ~of

\ . . . - L - .
the Blow me Down Brook Fermation. - It is structurally -
.

<« [
-

sepaz;ate 'frqm otl)er u'pits, howev?t, and itsv s,tcatig.raph'ic
positjio[; is -undefined. -San&s;;nes of the ‘Sgllars formation
are present on both the east and ue‘st sidé‘s ~of south ' Arm.
The Sellars formatxon/ncltenzxes formauon contact is a major

tecr.on ic feature marked in places by melange with volcanic

blocks. - _ -

A

6.1.1 Petrggraphm results and conclusions . oo -

Detaxled uw/estxgalnon'ot‘ the.-Bartérs, and Sey\,rfs"

Formations has shown that they are.reélated in terms of their
. b . . e ) . Y
A

¢
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) K § N ‘ -
‘types_of source area. Plots for both u(qts on th “Owagrams

%n the field for basement

\

¥

of Dickinson et al. (1983) fall

'derxved rocksy wlth .the Sellars belng less mature than the’

. Barters. o

L

< . - The Sellars formétion is part of an almost continuous

unit from Bonne Bay to Bloy me Down Brgdk, and is lithically

[N

.% -and petrographxcally almost identical with rocks at Blow me
et
Down Brook. It thus appears that the type section at Blow

me Down Brook has .been mlslnterpreted ‘as. an Ordovician

transgressijve flysch derived in part trom ophiolite. ) L

Further, the Sellars is petrograph1ca11y ‘similar to

many ‘sandstone units in the Appalachians which have been —

interpreted as-older unjts (Precambrian-Cambrian) related to t-
v : R . ! . !

Egggjng and the early history of the ancient continental o S

. margin.’' In addition, the wunit 1is a discrete structural
' . [
entity with no prlmary age 1ndx3atlons. These faces: have

led the author to postulate that the. Sellars Blow me - Down

Brook unit 1is an older (?Eggpambrlan Cambrian) probably rift

.

related unit isolated as a high structpral slice. in the'

tectonic pile. : . s g . }

' U 8 | .
6.2 Discussion of"various aspects of the Sellars formation

/

. - 6.2.1 stratigraphic considerations within the allochthon

, The currert stEatigraphic nomenclature. (including the .

e _ informal names used in this thesis) for the Humber Arm’ -
\ . . : o ,
Supergfoup i5 shown in figure‘24._¢for purposes of clarity

-
.




' HUMBER ARM 'BONNE BAY : | NORTH OF BONNE.BAY

LOWER HEAD FORMATION

. UNNAMED FLYSCH®
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A

Figure 24- Diagram showing correlhnons wm the Humber Arm Supergroup.
*Formerly part of Blow me Down Bk. Fm.

-~
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no intgfpfetation is - included. Thxs nomentlature

cutrehtly under revisxon, but several points arise, Erom the

’

' flgure. R : .

v

thherto sandstones of both- Sellars type and Lower Head

"type have been assxgned to the Blow me Down Brook Formatlon.b
ance the type sectxon for transgressxve flysch was
thought to' be ' at Blow me' Down Broock, the 'Blow me'bown‘

Brook' nameh.ﬁas ~acqguired a confusxng coqnotation as a .
;vdescript;vé name for transgressxve flysch.e In the lxght of
the hypothesxs presen?ed in -this ~thes1s it .is suggested;
that, for the time belnq, the name’ Sellars .be used for rocks-
in. the Blow me - Doun Brook area to dVOld any qpnfu510n over .
orxg;ns. Thzs does not mean,’ howeveri that ;hé name Blowjme.
Down Brook need necessarlly bé permanently dropped. |
“In rev151ng stratxgraphxﬁ nomenclature - thhin the
differént groups 'qf the Humber Arm Supergroup, 'i; is
) suggested also that as che Lower Head formatxon is outsxde
o the Cow~Head Gnoup, so too should Ordov1c1an ilysch deposits
4.1n the Bay of Islands lana' be removed from'_the Curlxng.'
Group. I’ is cpn;xsteh; ‘that the Sellars formation and
equiﬁalentsAShauld be within the Curiing/ﬁonne Bay Gfodps'as
they ' are lithéiogically similar and probably's;ﬁ§lar i age
cto other units u1th1n those groups aﬂd ‘their isoiation is.

purely a structural feature.

Al
) .

6.2.2. 'Ev'o‘iution‘a‘qy model L é

'~'.v.Figure'25 shows how data from the present . study"fiés
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Figure 25: ' Schematic Qiagram showing evolution '
of the continental margin represented by ‘the -Bonne Bay
group. Letters on left are ages. Bottom sketch is of
a northeast - \southwest cross ‘section in the Lomond -
area showing -the final structural distribution of "
these units. S ‘ : g ‘

.
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into a model - of evolution and subsequent destruction of a
,passxve continental margln. In Late Pre€cambrian and Early

Cambrlan tlmes, rlftxng of the crystalllne basement-produced

‘high relxef and’ er051on to deposit the Sellars and Mxtchellig

'

'Formatxons. The Sellars fOrmatlon in the Lomond area is

less mature than the Mltchells formatLOn and therefore in.
this dlagram is shown as be1ng the older unit., If the

1nterpretatlon -of the Serlars format1on as a rift dep051t is

true, ‘a posszble orxgxn for Crouchers volcanLc rocks exists.

Since they are associated only-w1th Sellars sandstones. some
‘of them may have had an orlginal strat1graph1c relatldnshlp"
with the Sellars formation .and may therefore be related to °

rxftxng and' the openxng of Iapetus. Rxft related volcanlc

‘rocks are present at other parts of the_ margin, e g T at

‘Hare Bay (Wllllams and Smyth, 1983). Relatlonshxps may have

been_ 'almost obscured during suﬁéeqhent cloSLHb of 'Iapetus
andrvassociated_thrusting and~empﬂacement of the allochthon,
< . e :

’ except at WOods”Island, where original relatlonshxps have
'been preserved. 'Oceanic"‘seamOUnts may‘be an alternative

or1g1n for- the Crouchers volcanlc blocks {see Chapter 4)
f It is 1nterest1ng to note that sandstones, north of
I B - . : N .
Bonne Bay (Lower Head :formation). contain' significant:

ﬁrdportione'pf volcanic fragments, desqxte »the~.fact"that

they . are .not associated with‘volcani& units, wherea¢ the o
. Sellars formation.‘ which is so cldseiv- related to the-
] T . . . \_'/
+ Crouchers formation, especially At Woods Island, contains*

va

none ., : - ’
ne- . A 4




t

A \
! -

. . Continued erqsfon résulted in the _depositiod of the

more mature Barters formation, prabably in Middle Cambrian

“

times. W1th the development of the carbonate bank te 'the

west, starved b351n deposits of the McKenzaes format1on were -
depﬁiited between h1dd1e Cambrian and Ordovician times. ”'In_
deer 0rdov1c1an.thmes, assembly 0f the allochthon hegan tp-‘

take place, and the carbonate bank subsided, resulting i

‘the deposition of shales. .As assembly and accretion of the
. o . :

c0ntinued}'the ‘allochthon provided an eastern source of
sedlment for the Sandbar format10n and equxvalents.

The internal detalls of order ef stackxng and assembly,

\

partmcularly of sedlmentary rockS;are not -well. known, and
the thrusts shoyn in figure §5 are schematic only, »probably.

. i " .. . . . .
' representing ' a ‘much more -complex pattern of internal
. «imbrication. ' A greater understandigg of ‘the sequence of
-~ L, . ‘ . , d : {

thrusting:iill result not. only from greater age control} but -
'mbré’contrql on retative prpximal/distal relationships amdng

the sediméntery rocks,/ as the original extent of each of"

these unxts has a bearing on fxnal stacking relatlonshxps. -

The’ fxnal part of figure 25 shows a ..schematic <cross
- . N ) S
Seetion based on relationships observed in the Lomond area.

-

The basal thrust of'the Humber Arm Allochthon-is marked by

¢ o

the gadds Point melange. oIt is_‘discordaht with the

sedimentary unxts ‘of the Humher Arm Allochthon, and 11es on

chromxte-bear1ng flysch of the Sandbar formatxon, whlch ‘in

E:rn 0ver11es the upper part of the gently warped - carbonate

(Table ﬁﬂead Group). ‘sStructural relatxonshlps suggest.




. that imbrication of the Bonne Bay ¢roup has taken place..to

the northwest. - The Sellars formation is the highest

G}‘sediﬁéntary_slicéf and Crouchers volcanic rocks of, either
‘possible origin may have been caught in thrusting as shown.

' The structure of the ophiolihic'higher'siices in the South

. . - : : - —
Arm area is Jore complex than that indicated in figure 25,

as imbrication of the Bay of Islands ' Ophiolite] ",and its

metamorphic sole. hds occurred. ~ ' - y
North of Bonne Bay, thrusting has. also irvolved the
Long! Range ’Inlier, ﬁart of which is thrust over the humber

%:m Allochthon (Williams et al., in press, 1985).

" 6.2.3. Analogies with other allochthons

‘ ' Vv

* In other Tacbn}c allochthons such as that,.in New York

[

(Zép 55972)..str&tigrgphically oldest rocks form the highest
s;rqcturai slices. These high slices consist of Cambrian,’
largely unfossiliferous greywackes, such as t@e*Renssléet

Plateau slice (Zen, 1967). High slices of older sandstones,’

emplaced as a result of out-of-sequence thrusting, have also

3

been found in more recent allochthonous packages in oman (T.

-

Calon, pers comm, 1984). .

* The Humber Arm‘Allbchthonrhqg beén:an éxception to this
géttern since rocks.of Eh;‘high:siice cutlined’in this,;ork
had previously been ﬁnéerpreted a‘s Ordoiiéian' transgréﬁsi&e.
£lysch deposfts. fhe .intetpretation given ih'this sﬁdd},

.however, suggests that structural stackihg id,the Humber Arm

. -
. -

.

Allochthormr is analogous with others both within the Humber
q LT L L, ’ o] '




Zone, ‘and in similar zones elsewhere. The recognition - of

such higﬁv slices bf old sand$tones is iﬁpQrfant, as they

have a bearing on the problem of the seguence of accretion

< . . - N .-
of different slices in these allochthons.
- PS .
Furthermore, studies of sandstones in the Taconic

allochthoné have shown that éever&i so—calléd :tr;nséreésive
flysch deposits’ have few of the-cLassic;ily quoted detrital
compoﬁents such as chromite (D. Rowley; pers‘coﬁm.‘ £984).
The problem of source .areas for the - bulk -of the
quartzo-feldspathic decri;us in these rotké ﬁqs yet to be
fully addresséd (G. Kelling,‘pgrstcomm. 1981} and the full
tectonic'lsiqnificance ofvﬁanj éf thesé units has yei,to be

realised.
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* cobaltinitrite/amaranth procedure recommended. by Norman

~ sections polished with 1200~grit .abrasive.

lase using a substantially modified version of the “sodium : g
(1974) . The method used by the authqr is here described in

detail, as Houghton. (1980) suggééts that methods u'til'izing‘

amaranth prodpce 'pale or.indiscernible tints, even with sa-

~commended ‘by Norman (1974) was:found to be'unsgccessful un-

1, Btch thih’ s'ection for' 30 s .ové”r '52-55,%. Hydrofluoric

‘Acid. A zplas't_ic .ice cube tray with one segment filled al-

166 ' '.1
ST T ‘ o » . _
APPENDIX -1 ' : . .

. 4

, STAINING METHOD

. .

Prior to point counting, all thin sections examined in ot

this study were stained for potassium feldspar and plagioc-
. . s 1 ! N . . N

. £

.-

4

turated reagent .solutions and long reagent times'. Staining . ‘

procégﬂures have c'ommonly'been found to reguire- comment by

1

tﬁose who have attempted to use them, (Houghton (1980),.

Friedman in Carver (1971)) and in fact the procedure as re-

less modified as’ discusseéd e low. : 4 - —
. X ’ "\\\ . . -,

* s

Thé method is fof staining Qf ‘standard ‘uncovered thin-

e

most to the .top with HF was found-to be adequate-  for etch-"

ing. Do. not rinse thin _section ‘'after etching. The HF ‘ v
should be changed every 4'57minutes'or.jso to ensure that’ it - -
remains fresh. . T ¥ - ‘
. . T T ’ | f\..-"‘ " .
o - . /, ‘




s

2. ' Ilmmerse the section in saturated sodium' cobaltinitrite

solutlon for 60 S. Rinse in-a ‘largevbeake.r of tap water.

Rinse again in a‘’second beaker. Allow ta dry.

. " - ,‘ .
3.  Re-etch the section for 10 s over HF. Do not rinse. -

-
-V
-

4.  Immerse section _‘fc;r' 1'5‘5 in saturated barium chloride

solution. Rinse once in a beaker of tap .water.
' * ’ - . .
ALEY ’

5. 'C‘pver‘t_he section with a saturated solution of amaranth

(F.D.. and C. red, no. 2) using a c‘lroppe'r. ‘Leave for 15 s.
Try to\make sure the . solutmn is dlstrlbuted evenl\ Rlnse
in a beaker - of tap water then fun section under a gentle

stream of tap water. Allow to dry and cover section as

.

quickly as possihle. The thin sections in this study were -

_ spray-covered, asscoverslip adhesives may damage or remove
. . . ' o
. the stain.,

[

g Sy

. . v "
Points to note: &7 -

1. K Eeldspar will stam yellow, and plagioclase w111 stain
pink or red accordlng to its calc1um content.~ Pure alblte_
.will not stain (see Norman (1974) for other mi'nerals which

, Stain with amaranth).

’
’

2. The etching step (no. 3., 'origi-nally'. suggested by

Boone and Wheeler (1968) as mér»ely‘an aid to staining, ap-

. : . . L

‘e




pears to be the'cruc,ial »fac"v:o_r“in'ensuring Successful sta‘in—,
;ing‘ with '”amér:an';h. ) Thié '1§.probably” because much of the
etch residue on thé pl’agioc'lase is washed off during 1mmer-
sion in the cobaltxnxtrxte solution and subsequent r1n51ngs.
The heat!.ng and dry1ng steps suggested by Norman .(1974) a‘re.

H

apparently unnecessary.
3. Sohe’ ‘workers m‘ay;find that the- sta‘i.;as produced by the
immersion times suggested above are too deep and will inter-

fere with .aspects, of mineral optics. Thvi's can be easily re-

- medied by shortening the immersion times, -

¢
'» . . . ° ' ,/"l
4, 'Highl_y polished se_ctivon's were found to be more "difficult

to stain, with dye coagulating in 'c'racks..'_and' cleavage

planes. This is"prfibably,b,ecausé tﬁe lack of surface area

for reaction Tenders the etching process less successful.

..
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\ - ° . . APPENDIX 2

+

C ‘ © CATHODE LUMINESCENCE

M

. : : ) e ) ) )
The method of cathode iluminescence works on the principle

that tfansition- elements, when subjected to an electron

beam, emit energy in the visible SQsctEum.. A useful summary
PO . { -

of the metnodﬂis given by Kopp (1981). Sippel (1968) docu-
ments the use.of Cathode Lum1nescence in_ sandstone petrolo-

gy. -Slppel (4968) and Schluger (1976) prov1de comprehensxve
. .

tables of characteristic lum1nescence colours of common min-.

erals. !

-

hY

The method is useful for‘detegtlng heterogeneltles not:

visible Ln‘transmlttednllght. fine structures such as pefth-'

ite in feldspars. and brlghtly luminescing accessory miner-'

" als which may be dlfflcult to see in transmltted 1lght be-

cause of thelr fine grain size, B ' R

. leferent traCe element contents in minerals detected .

by cathode lumlnescence may reflect dlfferent temperatures,

>

of or1gln oE detrltal mlnerals (e.g. 'quartz - Zlnkernagel.‘

1978) or dlfferent generatlons of authlgenlc cements.

<o

‘Rpllshed sections of CIaStic rocks were qualitatively.

studied under the’ Cathode LumlnescenCe microscope using the

c o

Nucllde lumlnoscope at the Department of Earth Sc1encesv~\\fff

Memorxal Un1vers1ty of Newfoundland.: Beam current was .6 -ma

with voltage‘varylng between 12 and 17 Kv  and pressure  ‘in:

the chamber between‘.30' and 50 mtorr;' Slides were takenf




.

using ASA 400 film in the Wild Photoautomat system.

. . .
Pl . . .




APPENDIX 3

'POINT. COUNTING PARAMETERS AND DATA

Twenty seven samples of ‘sandstanes from' the sSellars

- formation and nine samples from the Barters formatiQn were
. : B . 4 : ' -

.counted. -Parameters chosen were: . .

Qm - monocrystalline quartz
"Qp polycrystéiline Qu;rtz
( plagxoclase Eeldspar
potassium feldspar |
‘rock’fragments of uncertaf: orjgin
volcanlc or metavolcan1c rock fragments
sedlmentary or metasedxmentary rock fragments.
lmlcas
%
opague mlnerals
>_matr1x
;ement ‘
‘ ! . S - -
”Pglgcrystalline quartz wasv defined according to 1thé
criteéia- set by Basu (1976):- a graxn is polycrystalllne if
it contalns at least two subgraxns hav1ng lntermedxate dlam—
eter greater"than 4 0 or in whlch Ao 51ngle subgraln com—
prlses over 90% oE the graln area. Th;; is g§senc1ally. a
i}more"r%gorous‘ statgment _of,Folk's (f97;)'critét16n'tha£ af
pol}brygta11ine graip should é?nta;n two or more ~subgrains
of.:significénc{y _aifﬁerent orientation., Dickinsoﬁ;et al

e




R

.

(1983) did not allow for a distinetion bf chert as an3 indi-

vidual parameter, but the OmFLt d1agram is designed to eva-

.

luate the polycryst Iline quarEz content '1nclud1ng chert 5y

1nc1udxng polycrystallxne Quartz -as a lithic. fragment.

172

Prelxmlnary 1nvestlgat10n shows that the. sandstones 1n this’

study contain negllg1b1e amounts of chert; therefore chert
was not 1nc1uded as a parameter. '

o

(‘The Lm category includes’ quartz Eeldspar aggregates of

uncertaxn or1g1n, a category also not spec1f1ed by Dxcklnson

et al’ (1983) L S

. FOllOWlng the procedure established by Dott® (1964) “and

.

chklnson (1970), matrix was deflnedrasfclays *and framework

’

) m1neral§ less than 0.03mm in diameter.

Approximately,BOO points per thin section were  counted
in traverses lmm apart with a'point'spacing'ofrlmm

- For reasonable use-bf the Dickinson methbd (D1ck1nson

and Suczek. 1379; chk1nson et al. 1983) (see Appendix, 4),"

ceunting ecror per sample shquld'be of the ordergof'S% using

the chart of Van dertplee and Tobi (1965). For the:sameles

counted here, thls is generally true for the maxh .framework

_ mlnerals (see f0110d1ng tables). It should- be "noted,

hoﬁever, that for the statlstxcs oE Van der Plas and Tobi

(1965) to ' be valxd, poxnt spacing must exceed the smax fnum

- gra1n size enceSKtered in “the sample. With ‘such poorlyt

sorted rocks as thése 1n the SollziihformatLOn, this:. was not

possxble. but it was felt that the error 1ntroduced in oeca-

51onally landlng on tqe'same.gra1n'twice. was preferable to




173

P that whigh would be generated by. counting 'less points’ per"
thin. sectiion. ) . e
-LOPerator error was not evaluated for the above data,

however it was félt that possible errors in mineral identi f-

ication were offset by the fact’ that rocks were sta1ned

’ «

, both

)1th1c fragments were present the chances of
b

tion were reduced accordlnglyg

L'

Eoi

pota551um feldspar and plag1oc1ase, and. that as so few

m1s1dent1f1ca-
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— fable Al: Point

“*Total Rock

Qm

Qp
-K

P

Lv

Ls

.

matrix -
cement
opaques etc,

micas

sTotal Rock

om s
op

Lv “tﬁ
Ls

Lm

‘matrix

Al
cement
o«

opaques etc.

" micas

- 81

44

o

19 .

Countihé'Data.
s2  s3 54,
47 43.5 38
A 22
0 0 0
26 21 A.zi
o o 0
0 o 0:
0 .0 1
13.5 21 10
3 0 5.
1 2.5 0.
2.5 6 3
s10 si1- si2
.38 49 49
3 6 4
0 0 o
31 115 9
0 0 0
0 0 0
1.5 1. 0
24 27:5 3
0 0 32
2.5 0 1
5 2

-

Sellars Formation

55
51
+ -
0

22

18-
- 0.5
0.5

'S13

"3

S6
28

Il

Sl4

62

, S7  ss.
45 56
. 4
0 "0
24 19
0 0
o 0
0 0
22 17
.. 0 0
2
3 3
s15 _516
40 50
5.6
0 0
. 26. 17
0 0
0 0
0. 0
25 20
20.5- 0
L3
0.5 2
3 5




3Total Rock
QOm-

Op

K .

P

- LV

Ls.

Lm

matrix -
fceﬁeht'
opaques stc.
mica§

- %Total Rock
e ' '

an .
:pr

K’.
P .
Lv
Ls
Lm -
matrix
'.Qemént

od

opéques etc.

»

micas

" —-—Table,Al -{cont)

!
"s17
37
. l.
o
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. _ . | R .
S | o A
— B Table A2: Plotted Parameters, ‘S_e]:la‘rs F‘orm;a'tion.' . ot ; .
*QFL -8 s2  s3° s4 S5 se s ! 58
S0 . 70.5 67 67.5 73.5 69 - 52 67 76 - )
F ©29.5 033 32 25 29 48 33 23.5
L i o0 o 0.s A 2 o o0 | 0.5
iomstc ' ° _ .
om 68 59 62 -"46.5 65 43 61 " .
! : B F ' 29.5 33 32 25.5 29 48 33 )
| e 2.5 8. 6 28 6 . 3 6
$0mPK | ' -‘ v . b
om 70 64 66 65 69 . s1 es ~‘
p 30 36 34 35 31 48 35 25 -
K 0 0 0 o 0 1 0 0
$0FL: $9  S10 *Sl1  s12 s13  sSl4 S5 sl§ L
Q 66 56  82.5 65 45;-’;85 64 75
F S 32 a2 17 . 35 , 55 14 - 36 23
37 2 2 o5 o 0 1 .0 2
omFLL o - .
. . - * . N ‘ .
, ©oom - 61 52 73.5 60 42 8l 57 ' 68 ;
N | ,V F {;f’u42 17 35 ss 14 36 23 '
- Lt ' 7.6 9.5 5 3. s 7 9
$QmPK )
om* 66 56 81 64 43 85 61 75
P 26 44 19 36 57 15 39 ° 25
K 8 o N o o 0 0 0 ¥ ”
Fd
. . —_
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'Tabie A2 (cont)

S17 - s}8 519 :s20

50 50 78, p. 72
50 43 . .21 - 26
L . S 0~ - ;'f B 2
_%OMELt R
om

&

SOmFLt
QOm
F

Le -
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Table A3: Ranges and Means of kgrameters,

-Sellars Formation \

a

27 samples

Ranges‘of Parameters % ° Means (nearest %)

13

62
22
4

39

Ls

Em
matrix
c;ment
opagues

micas




l’ ,
17¢ 1
Table A4: Means of Plotted Parameters with Standard : -
- o . _Deviations, Sellars’ F'omat'ion”. ) B /
’ - - - .
27 samples . - . ‘ . : X .
‘V\._ : . i . ,
{
* Meant Standard Deviation
' 0 66.3 . 10.6
P’ 32.6 10.3 . - . ’ R ‘
L 1.1 1.6
3
om  59.8 10.6 .
F 32.6 10.3 . ’ i ]
. B i .
Le 7.5 €2
Qm 64.7 10.7 -
P - 34.8 10.8
K 0.4 1.6 .
1]
» . ]
B L% —




r .
v -

.Table AS5: Point Counting Data, Barters 'Formaation

]

3 Total lioék Bl.

Ls
Lm

B « .
matrix
cement

opaques etc

micas




-
»

-

L4

Table A6: Plotted Parameters, Bargers Formation -

10
0
*B2-excluded because of high proportion of cement.

v - -

~ . ‘ . »




_"Table A7: Ranges and Means of Parameters,

¢

-~
. ™

9 samp-les

Rarters Formation

L

Ranges of Parameterssg

Means (nearest %)

182

o om « 27 -88 ST )
op . 0 - 6 2
K" | 0 o i
- P . 3:5 - ]'.6_ ) 0 9 _!
Lv 0 0 s .
Ls ,' ’ 0 - 2 o , 1 :
tm .0 o 0
mat‘rixw.‘o.g'-zs e .
cement 0 - 19 ‘ . - 4. .
_opaques"’ 0'-3 L | 1 '
micas 0-1 - <y '
- \
. R R : A
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v ’ % . e
~Table A8: Mears of F‘*Io'ttvedv Péramé;ers with- Standard : .
N ‘ Lo B . o ! 4
' Deviations, Barters Formation ' .
g ' Lo . N L ¢
9, sarnples _ o
¢ . ’ . q \_ )
‘ e S
. Mean +  Standard ‘Deviatidn ) :
' N . . i . : > v -
Q 90.2 4.6 7
. ) F 9.4 4.4
L 0.4 0.4 ' . ‘
o ¢ . .
X om "-88.4 5.3 & ‘
P 9.4 4.4 ‘ , ‘
. Lt- 2‘.2 1.‘ = - ) ‘l
- L] :
’ . : - SEE
Soom- '90.5 4.6 :
P . .+ 9.5 4.6 o " g |
L o - - c
* \r - ] ) ‘
‘ . 3 ! v .
i G
! vy, h ) .
. - 0 ..‘. ) . "
‘ e : y -
’ . T S A L. P




APPENDIX 4 °
THEORY .OF 'EVALUATION OF PETROGRAPHIC DATA
Ty s o
In Ordor'to evaluate\current‘thebriea for tectonié ‘SEttings

H .
ih whxch the Sellars\and Barters formatxons were deposited.-

v ©T .

the petroqraphxc meth&ps ot Dickinson and Suczec (1979). and
Dxcklnson ‘ot al (1983)\were utilised.
S o : .
¢Dxck1nsqn and co—yorkers took suites of.tsandstones

‘yhosé- tectonic 1settingﬁ had preShmably been established by

' other-means and plotted nelativéfrbroportlons ot wdetrgxal

<

trnmeﬁogk -minerals on triangular. dxagrans. ‘lThosé plots
A.utiliza'a varlety of single or compdstte parametars, includ-
ing quartz (mono_nnd polycrystal}xne), feldspar and lithie
ftggnéntﬁ.: bnlthe basfs‘of tne pléts they then - erécted
fields representing a number of dxfferent tectonlc settingsA

for sandstones (see figure AL).

q

-Assumptions (implicit or stated) used in the designazt

‘tion of these fields are: - ' ' e

T

‘1. ‘The sandst@ne tramework components reflect regional . and

‘not local provenance. R !

-
.

~

2. The evaluatxon of tectonlc settings for sandstones in

'. thé, aour;ev llterature (Dickinson et al 1983) was not based
©on thq same petrographic criterig as was uqed to erect the
- fields, i.e. éi:cular argumentq were—gyoidad. o




LY

TRANSITIONAL
IBC\’Y_CL!D :

UNDISSECTED
. “N‘ . ‘.

DISSECTED
ARC

-

— e
- TRANSITIONAL

. _ ")

. f!JQure Xl: OmFLt and7QFL.dia'tami-wf.,, ,
Dickinlbn et al. (19B83) showing fields of tectonic
origin bf sandstones. Q=quartz, Qmemonocrysgtalline
quartz,| ¥=feldspar, L=lithic fragments, Lt=total =
litnic

ragments (inc¢luding polycrystalline quartz).’

|




- L. 3 That 233 aui’é;_s: in;pectod from the literature, ;i',:h all
) . ;rits inhé‘gnt_fnnomoddnsities repfeionts_an'adgﬁu;te §tatistf:
T ' ical.sample on which togdisﬁinguigh:tneqé;ffgld;:J '

FA

N L A numbér‘ot‘criteria-dre bntLt in fc‘ the system such
. that a- sandstone not satlcfytng them ‘should be excluded from .
’ ' 7 ~ the plot: g ) ' ‘ , ":
) 1, No sample should connaxn more th;n 25% matrix or éement
-l'r«.‘or both (1n order to avoid the }nt;oductdon of variations as’ 4 o
' A ¥ - s .

a result of diagenesis). ., o

K4

A‘?;' The suite fshouid be petrbgraphxcally homo§1néod5 to

within 10! for each of che maxn Erameuork components. . ,..')/
. ' *32 The countinq error per sample should be of the order of, -
. . 5% or less (Van der Plas and- Tobt.w1963). " .

e : . . ’
iitnlc Eragments are concentrated ‘ih conrsor' sand- -
' stones.. This . wouldylntroduce .a bla’ in the'datn.used above
8, there is consxderable variatxon in grain ”fractxons ‘st;-
iixed by ditferent authors. 'D;okinsbn ég n1;(1983)'§uggést

- that ihls is probably off3et b} other ope:ator difterpnces.

"

. "but no values for these varlatlons wera.esttmated

T i_ o The value of‘tnese'diagrams is that~t#py»requ1re»11tt1e~>*-~%*<~¥~fw
Lo 4 B \ P - i
Lnformation other than btoad facles and pettoqraphlc data to o s

prov1de a Clue to tectonic setting, and in areas ‘8uch as Lo—'

mond where d’st:mt1graph*i.<: ".and s;ructural relationshipa are

obscure, and _.given that the llmitations of the method 'are

R : _ ‘ set out ia detatl, it may provide c1rcumstantlal evidence as
. . o . 3

. . . ‘. . . ¢ . ' . S -




\'.

‘to deposxtxonal settinga.

L8

Schweuor and Karig (1982) have recently 1ntroduced ‘a
- L 4
new diagram alonq the lines of Dickxnson et al. (1983) for

»

rocks der;ved from. subductuonv coqplexes: (see figure A2).

\

N They use thetir dlajifjs to estimaté levels of erosion«éf
\ ’large ophiolttes (N, .

the Bay Of Islands ophiol ite falls'

\1nto this’ category) from sandstone compositions. The paramf

i »

eters plotted on, thls dxagram are . Q. Lv, as in DLckxnson et .

ala (1983) and Mu,. whxch reptesents ophtolxte fragments/

‘such as pyroxene, amphibole. olivine. and chromite.




_OPHIOLITE

. ~ 4 - - .
Figuré A2: QLvMu diagram of Schweller and
Karig (1982). Q=quartz, Lv=lithic voleanic
fragments, Mu=ophiolitic constituents (e. g.'chronlte,
ol:.vme, pyroxene, amph:.bole). .
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badcs Doy BUL AT TO Lot U OV LIGIan
"BONNE BAY GROUP?
MCKENZIES FORMATION* ' , .

lCO .~ thin to medium bedded grey limestone, buff weathering

S limestone, Cross laminated limy sxltstone and dark grey shale
(locally chaotic with blocks of buff weathering limy 7
siltstone and grov sandstone in shale matrix) /

BARTERS FORMATION *

—C‘- v thin bedded dark grey shale with thin bedded brown weathering
b quartzite, thick white quartzite unlts, local conglomerate

MITCHILLS FORMATION‘ ) -

t E’CC" thick bedded grey to white cuartzite, guartz greywacke,
oo green andé purple slate ‘

STLLARES FORMATION®
Lo shich bedded ¢roy to pink weathering coarse feldspathic

.eanéstone, craded beds with pebbly bases, minor red and
green shale, locally chaotic :

WEASGEL GROUP* - ' . *
}‘COW thin bedded grey limestone and buff shale, dark grey shale

e and limcstOne with local limestone breccia, limestone
conclomerate with sandy limestone matrix -

AUTOCHTHONOUS ROCKS

z
iL

dle Ordovician - ‘ . _ )
GADDS POINT MELANGE*

[,0' grey shale with sandstone biocks, ‘black and greeh shale w1th
_gp limestone and limestone breccia blocks

SANDBAR FORMATIONY

. o ‘
meéium to thin bedded grey shale, grey sandstone, buff
. weathering sandstone, local limy shale and limestone

.

Lowey and Middle Ordovician

TABLE HEAD 'AND S$T. GHORGE GROUPS ' ' ' ' h
. .
Lot med.nrn to thick bedded grev limestone; mlnox shale and

dolomlte .

. . .
~

<
*1nformal names

. .- ) i
- < . . . . .
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: ‘J.o Qraovica

w21 and Middle Qrdovician : : IR - L

TABLE HEAD AND ST.. Gk ORGE GROUPS.

-

formal names

an. ‘ o - * p ‘

GADDS POI NT ME LA'\] GE*

f -
Y

grey shale with sandstone blocks,' black and green shale wlth
11mestone and llmestone brecc:.a blocks - - S

SANDEAR FORMATION* o -

mecdium to thin ‘bedded grey shale, grey sandstone, buf:
weathermg sandstone, ' local llmy shale and l;mestong

medium to thick bedded drey 11mestone, mi‘ndr‘sha.l_e and
dolomite T

- . =

- Key i |
/;_ , )
ROAA wvvvmnenannn. veas e et et es ettt et e e ———— -
Geolm;ical‘ contact (defined, approximaée, assumed) - Tl

Thrust faul

. .t f

t and tectonlc contact bcneath a

. .

. . structural slice or around a large block
(defined, approximate, assumed) ...c.icoecicascens A A A A
High #&ngle fault (deflined, approximate, assumed) Wee e AANRA PR R

ANticlinal aXisS .lveiisersrnosieiieirnoeisaranantsnns mmpmn

'_}

.Synclinal axis ..... e ettt v i ey e

Axes of minor folds, plunging

Bedding, tops known, upright, overturned ........ e P

Bedding, tops unknown, incline'd,.)vertical . / e P
Cleavage, inclined, vertical, dip unknown ........... y(',,r' / .
Tectonic contdct (in Cross .SECtion) ..ii.eeeeecssenss el
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CROUCHERS FORMATION

green and red pillow lava, piliow breecia and fragmental ' ‘
volcanic rocks,’ mass:.vo lava, minor diabase, red and grey - L
shale and limestone

' s
* N -

Late Precambrian to Lower Ordduician

_BONNL BAY GROUR*- ' .

MCKENZIES FORMATION* ’

lc'o thin to medium bedded grey limestone, buff wecatheting
limestone, cross laminated limy siltstone and dark grey shale

" (locally chaotic with blocks of buff weathering. limy

r siltstone and grey sandstone in shale matrix)

- . BARTERS. FORMATION* ' ; 4 o
lfc ' thin bedded dark grey, shale with thin bedded brovn weathering '
NI I Guartzite, thick white quartzite mnits, -local conglomerate

© SCLLARS Fom&mfow* ' ’

Lp'ec "~ thiek bodded crey to omk weathmlng coazse *eld,srathlc
" . sandstonc, gradod beds wixh nebbiv bases, minor rcd and s
careen shale, locally chaotic C ’

¥,

o ’ . M

< : - _
AUTOCHTIHONOUS ROCKS

dile Ordoviciaen ' . ' :

|‘ PR -

<« GADDS POINT MELANGE™*

'ng" <  grey shale with sandstone blocks, hlack and green scaly shale
. W.Lt") llmesrone and 11mestonc breccia blocks .

sA'\'DBAR FORMATION*
g -medium-to thin bedded grev hale, grey sandstone, buff
bidiead weathermq sandstone, local limy shale and limestone

1)

.o ,
wer and Middle Ordevician . - : S 'L

TABLE HEAD AND ST. L,LORGE‘ GROUPS - . . : &
Ao : ' ‘ - ' \ : : L
Qf‘; l mcdlum to thlck bedded grey. limestone,’minoﬁ shale and . 9

R ‘dolomite .. ’ . .

i

“orda’l name . ; ‘ . - - o .
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- ‘l 'pcc | - Lhicy boddiw grc; LO LIDh WOGALLe LG - COdlse fedaftatioo
[_ . 8| ¢ sandstonc, graded beds with pebkly bases, minor red and -
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