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ABSTRACT -~ -

‘s

Manganese rich sedamentary rocks: are. exposed 1nternnttent1y
thrOughout an area of 40,000 km2 in the ‘Avalon Zone in southeastern
NEWfound‘rand Pa]eonto‘logwa] data’ 1nd1cate that the manganese r1ch

. -

’ rocks fbrm a strahform depos1t of basa] M1dd1e Cambr1an age and that

13

the manganese homzon s re]at‘ed to a d1sconform1ty whose duratmn
1ncfeases from south tor north Strahg‘raphic measurements and cheml-. '
cal ana]yses show that the mangarrese h0r1zon becomes thﬁnner (frpm 75t
to 1 m) and progresswely Enrlched m Mn re]atnve to Fe (Mn/Fe from <]
t;; =3, O) touards the north ‘as the magmtude of the d1sconfor1mty
mcreases.. The manganeSe h0r1zon 1s enr1ched m Mn, Fe, Mg, Ba, and P
) re1at1ve to enc]osmg red and green mudrocks v ” ]

Petrographlc study of manganeSe hor1zon samp1es shows’ that the -

hor1zon is. 1“0ss1h1‘erous1 contammg a. fauna which mcludes trﬂothes -

: and a]ga] structures Most of the manganese is. present n carbonate

- mmerais (rhodochros1te and mangamferous ca1c1te),‘a]though seCOndary .

\
)

. manganese ox1de mmera}s also occur. In part the manganese horlzon

' contams anoma]ous c0ncentrat1ons of Fe r1ch ch]omte (chamoslte)

’

Phosphat1c nodu]es and euhedra] Crystals of bar1te and pyrite are a]so"-

present in smne manganese horuon samples Carbonate nodu]es are

. abundant and thesa are. beheved to have been formed durmg dxagene51s

The avaﬂab)e ev1dence suggests that the manganese accumulated

s]ow]y n shaHow mar1ne waters Jin a paf‘t1a11_y restr1cted basy durmg&

2 break in normal sed1mentat1on charactemzed by reduced rates of

. Vo ’ : " P
-~ 117

.




- clastic sedimentation. The manganese wa s omgmaﬂy prec1p1tated

o . in omde form mth subse‘guent a]teratmn dur1ng ear]y dxagenes1s

produang the manganese carbonate wh1ch now charactemzes the horuon

L\\ : The Mn was derwed from the weathermg of Late Precambr1an rock

-

assemblages exposed around the Middle Camb*man bas4n Mn was _~

oo 2

. separated from Fe durmg transportq,twn of the Mn towards the north
(- w1th1n the part1aHy restr1cted bas:n In th15 regard the restr1Cted
ralte of c1ast1c sed1mentat1on lS cr1t1ca1, as 1t permtted the gradual

transportatmn and cancentratmn of manganege at a g1ven s1te over _"

- R 1ong pﬁmods of t1me with-no dllutmnlby clast1c m1nerals. '

The‘ shallow marme or1g1n the stable tectomc env1ronment

the manganese carbonate m1neralogy, and the. pronounced 1nf1uence of
L d1agenes1s upon “the rocks suggest similarities: between the Newfoundland-

C manganese horizon and modern oceanic- ferromanganese depos1ts of. the o

’

d1agenet1c type {Rona et al., 1978 Bonatt1 et al . 1972) and w1th the

- Nicopol' Formation t(pe of ancient depos1t (Varentzov; 1964)
: Manganese r1r.h rocks of basal M1ddle Cambr‘ran age present 1n the e
" .‘ Har]ech Dome region in: NorthANales areisftﬁtwgraphmally, tectomcaﬂy,
: . and chem1ca1ly s1m11ar to the Newfoundland manganese hor1zon (Mohr

{
1966) and may be corre]atwe mth the ]atter

\ o S N
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CHAPTER 1.
INTRODUCT ION

- Na’t‘u‘r‘e' and ’Purpose- of -the Stody

-y

A Strat1form depos1t of manganese rich sedimentary . rocks '

" of basa] M1dd]e Cambr1an age is exposed 1nterm1ttent1y over an area
of at least 40,000 ka m the Ava]on Zone of southeastern Newfound-
SR~ I .
1and “The .manganese hor1zon was formed in a shal 1ow water nfarme

v

,env1ronment ..Most of the manganese present in the hor1zon occurs
in carbonate mme_ra?s (Da]e, 1915) CAt this time, a great dea_]« of
research is. bemg carr1ed out on ferromanqanese deposns - Most is‘_
; concerned w1th recent deep sea mangaheSe depos1ts (Rona, 1978)

and to date depos1ts such as that on the Ava]on Pemnsu]a have

T been ]arge1y,1,gnored.

} Thve.Curren‘t study was undertaken with the 'objec_tiv'es‘ of
.deteﬁmi'n;'ng ‘the .origin' of the Newfoundland mavng'an‘ese horizon and
of assessing. its economic potential. An a‘dd'ivt'ional 'ob.jective. was
to compare-'data obtained f.rom the Newfoundland depost’t with that
avaﬂabTe for recent and other anc1ent manganese depos1ts to

determme 1f it is analogous with any of these.

Current Status of Research on Sedimentary Manganese Deposits

Re(‘_ent Depos1ts

Ferromanganese deposits are wwde]y d1st\r1buted on the ocean
_f]oors (Horn et al., 1972), occurrmg m the form of manganese -

1

./‘;




- .
noduTe concentratlons or as more of Tess cont1nuous ferromanganese
crusts The depos1ts form in severa} ways and each type possesses ‘éA
character1st1c concentrat1ons of manganese angd 1ron (Bonatt1, et
al., 1972, and see dJscuss1on beTow) However, as a group the
depos1ts are - d1st1ngu1shed by high manganeSe concentrat1ons and by
: Mn/Fe ratios wh1ch commonTy reach or exceed un1ty Some depos1ts
contain apprec1abTe contents of trace metaTs such as Cu, Ni, and
-, po, wh1Te others contain or are assoc1ated w1th h1gh Ba and/or P
"concentrat1ons M1neraToq1caTTy, the ocean1c ferromanqanese- |

: depos1ts are dom1nated by 1ron and manganese oxwde and hydrox1de
m1neraTs though manganese carbonate minerals produced durlng

d1agenes1s aTso occur in’ some depos1ts (Bonatt1=et al., 1972;
@CaTTender, 1973) The deposfts occur under a wide range of envir-
onmenta] cond1t1ons. w1th the depth of water vary1ng from abyssal

'to shaTTow mar1ne 1n depos1ts present in epicontinental basins’

= (Manhe1m 1965) Zerromanganese depos1ts aTso occur in fresh water .

‘,Tacustr1ne environfients (e.g.; Croran & Tooms,~1970; Callender, -

- 1973)

The or1g1n of oceanic ferromanganese dep051ts .has- been ‘a
subject of 1nvest1gat10n for more than 100 years _since the1r
d1scovery durlng the exped1t10n of the H. M S, ChaTTenqer (Murray |
& Irv1ne, 1895) The recogn1t1on,v1n recent years, that some A
peTag1c depos1ts contaln econ0m1c concentratwons of Cu, Ni, and
Co {e.q. an average of 2.5%"Cu + Ni-for nodules in the Northp
eastern Equatorlal Pac1f1c, McKeTvey et aT 1979) “has dreat]y

expanded the volume of research on the1r d1str1but1on, character




!

' and orlg1n Oceanlc ferromanganese depos1ts exh1b1t reg1ona1 var1~-' '

at1ons in comp051t10n (Cronan, 1972) and form 1n a varlety of
env1ronmentsv- Depos1ts formed by var1ous methods d1ffer ch1ef1y

_1n the source of the manganese conta1ned though th1s drfference is.

. .in turn ref]ected by d]fferences in. chem1caT “and m1nera]oglcal

» ’

COmpos1t1on
' D1fferent processes wh1ch appear to be respons1ble for the
format1on of oceamc ferromanganese depos1ts are br‘leﬂy d1scussed
be]ow The names glVen the var1ous types are those proposed in the ’
genet1c class1f1cat1on of Bonatti et a1 (1972) The compos1t1ona1
"'and env1ronmenta1 d1fferences between them are more quy d15cussed '

. in. Chapter 7

L

H‘ydrogenous D‘epos-1:t5' thes‘e‘form by the. direct, a']beit :

p slow‘ prec1p1tat1on of . manganese, -iron and other chem1Ca] const1tu—‘
f'ents from norma]' ‘sea water ’Phys1cochem1ca1 cond1t1ons within .,;'
the oeeanS»are‘be]1eyed to favor the prec1p1tationlof aron and
_manganese.oxjdes'as stable species’ (Burns &ABrown,'1972' Crerar‘&
Barnes. 1974). The deposits form over a rangé of water depths, with
, ,deeper water favor1ng the production of nodu]es and sha]lower water"
.ferromanganese crusts (Bonatt g__g_,, 1972). The depos1ts form
very s]ow]y (w1th estimated rates of growth of 1 Lm/10 years,‘
‘Kuenvo1de g__a] , 1979), and the anoma]dus trace meta] contents
present 1n pelag1c deposlts of this nature are be]leved to be due

to a comb1natxon of the low growth rates and the scavenqxng of

trace metals from sea water by the accumu]at1ng iron and manganese

oxides and hydroxides (Goldberg, 1954).




ngrothérma1 DepositS" are formed by the prec1p1tat1on Qf

- f1ron and’ manganese m1nerals from hydrotherma} so]ut1ons The latter

" are produced 1n reg1ons of the oceans 1n wh1ch act1ve vo]can1sm 1s :

A

'

. ~occurr1hg, such as/1n the v1c1n1ty of ocean1c rtdges and 1n r]ft1ng
e ",iv;‘ .j,:ﬁaenv1ronments'(Bonatt1 et al., 1972). Examp1es of th1s type of
| | depos1t are the dep051ts 1n the ne1ghborhood of the East Pac1f1c R1se
. ?1-‘:l‘g1i;(Bostrom & Peterson, 1969) the. 1ron ‘and manganese ox1de rich sed1-~" ‘
o © ments observed 1mmed1ate]y above basa1t1c basement on some of the 1 | "
-'-cores of the Deep Sea Dr1111ng PrOJect (Rex, 1969; Dymond et a] ’
>:1972), and the: TAG area on ‘the mld Atlant1c Ridge (Rona, 1978) wh11e
- the manganese in these depos1ts is presumed\to be largely of. hydro-»

therma] or1g1n, ana]yttca] data suggest that some constituents are

probab]y extracted from sea water (Dymond et;al,,,1973)s

‘QDiagenetic'Deposits: ~are formed by the diagenetic remobi]fza¥

; tion-of manganese in bur1ed sedlments in‘a reduc1ng env1ronment

4

N generated by the decay of organic matter N The manganese mob111zed ﬂ

- in th1s way is prec1p1tated at or near the sedtment/water interface,
| upon entry into an- ox1d1z1ng env1ronment though locally condltlons
- in-the sediment favor the d1agenet1c product1on of. manqanese carbon-
ate m1nera]s (Bonatt1 et al 1972) Diagenetic ferromanganese

deposits are assoc1ated w1th sha]]ow marine env1ronments and with

sed1ments conta1n1ng re1at1ve1y h1gh conceptrat1ons of organ1c
2

matters

Halmyrolytic Deposits::aﬁe formeo by the interaction of

, fine-graid%i\basa]tic glass with Sea water on the ocean floor, with




the Mn freed dur1ng a]terat1on of the volcan1c mater1a] be1ng pre--

’c1p1tated as manganese 0x1des

.PossibieVOrganic Control on'BepositS'

Bacter1a are known to be capab]e of reduc1ng and ox1d1z1ng
1ron and manganese in sed1ments (Berner, 1981' Er11ch, 1972) ’
Er11ch (_E C1t ) has further shown that such bacter1a are. present
in oceanlc ferromanganese dep051ts, and conctudes that the bacter1a
play a role in their product1on, He be]1eves that the concentrat10n

of organic carbon in the sediments determ1nesuwhether Oxmqatfonvor

reduction of manganese ‘and/or ircn will prevail, with'high'concenjav ;

~trations favoring bacterial reduction and low concentrations»bacé
,terial”oxidatiOn The bacter1a may not be essent1a] "to. the | pro-
vductlon of ferromanganese depos1ts, but rather serve as cata]yt1c

: agents speed1ng up the depos1t1on of geochem1ca1]y stab]e manganese
and iron ox1de minerals. The quant1tat1ve importance of such

T bacter1a] act1v1ty in the production of ocean1c ferromanganese

-

‘ dep051ts remains undeterm1ned

encjent Sedimentary)Deposits:

Mere thanEQO%’pf the wor]d's’conventionat (i.ef, land-based)
manganese,ores are of seQ{mentary:ariQin, with other tynes of
manganese dépbsits; such as those formed in direct association with
the intrusion of 1gneous bodies, account1ng for only a smal] pro-

portion of . the tota] reserves (N1ss1nk 1972). The characteristics

-of anc1ent sed1mentary manganese deposits are more fully discussed

in Chapt/f 7.




Wiss{nh (1972) and VérehtsOv‘(1964) héye formulated classi-
vficétions of‘seoimentary manganese'deoosits;‘subdinding them ubon? ’
the basis’ of'd1fferences in compos1t1on, 1n the nature of the

'.’aSSOC1ated sed1mentary rocks, and in the tecton1c sett1ng in which
they occur, éuentltat1ve]y, the most important type of sed1mentary',
manganese deposit formsvin.assoeiation.w1th predominently detrftal
sequences though depos1ts present in carbonate sequences and in
direct assoc1at1on with volcanic rocks a]so occur., Most of . the
sed1mentary manganese depos1ts or1g1nate in shallow-Marnne waters'
in téctonjca]]y.stab1e regions. 'Minera1ogica1ly;fmanganese oxide

“and caroonate.mﬁnera1s are most1abuhoant;-thoughﬂmahganese?sf}tcate'
minerals occur in metamorphosed deposits such es.those‘in Nonth:

- Wales (WOod1end 1939). Chem1ca]1y, the depos1ts are dom1nated by

, which is mych more enr1ched than any other e]ement, though

1esser enrlchments in other e1ements such as P and Ba occur in- some

._depos1ts

The source of the manganese 1n the’ sed1mentary depos1ts 1s

1nterpreted to have been either from the weather1ng of rocks of
v’vnOrmal'.compos1tTon around the marg1ns of the dep051t)ona1 basrns
orlfrom'hydrothermal'solutions proouced during.the extrusion of
‘time-equiValent vo]Canic r0cks A direct vo]canic source of
"manganese cannot be factua]ly sustalned in the case of most of the
shaTTow marine depos1ts “such as those in"the N1copo]' Format1on
in the U.Ss.s. R , as no vo]can1c rocks occur in close association

. w1th the manganefe r1ch rocks

1 3 gpproach to’ Current Study

Samples collected from exposures of the Newfound]and




o ., manganese horizon,nere chemica]]y ana%yzed,'and‘suhjected to‘r-raj'n
| -d1ffract1on for the purpose of obtaining m1neralog1ca1 1nformat10n7r
The chem1ca1 and m1neraTog1caT data obtained in th1s manner were -
used 1in conJunct10n w1th strat1graphic and pa]eonto}ogwcal data to
“formuTate A modeT for the - or1g1n of the manganese hor1zon and to
compare the- hOYTZOﬂ w1th other manganese dep051ts o . -
‘ Descr1pt1ons of the stratrgraph1c sectlons wh1ch were
: exam1ned in deta11 for th1s study .and of the method used to samp]e, .

these sectlons are prov1ded 1n Chapter 3.

1.4 Location and ‘Access

The Cambr1an sequence in wh1ch the manganese hor1zon occurs
is exposed on the Avalon Petiinsula and v1c1n1ty ine southeastern
Newfound]and in.a numberxof discrete eroswona] remnants preserved

E.by downfo]d1ng or downfau]t1ng of the strat1graph1c succession
- C » ~';7"T‘(McCartney, 1967) The 10cat1ons of the strat1graph1c sections
B sampTed for this thesis are shown on Figure 1.1. ‘

The who]e of the Ava]on'PeninsuTa was‘affected by .Wisconsin
glaciation which'direct]onr“indirect1§ shaped much of the present
Atopography (Henderson, 1960, 1972). Inland exposures of bedrock
are restricteduby the presence of‘a‘stany tiTT cover, glacially-
formed 13kes, and.post-g]aciaT peat bogs. This is particularly

. .true of Cambr1an exposures, "as the Cambrian succession consists

pr1nc1pa1]y of soft and eas11y-eroded mudrock In consequence, the

'best Cambrian.bedrock exposures are found in cliff sections along
' the coast of the Avalon Peninsula. Conception Bay. exposures

" (Figure 1.1) are accessible by road and foot, as are the sections

1




~ BAMPLED SECTIONS -
" Topsaw
2 MANUELS RIVER
3 OUFFS
4 SALMON COVE
3 BACON COVE
8 MARYSVALE
T SRIGUS
8 WMHTEWAY BAY
"9 .MOPEALL HEAD'
0 SPREAD EAGLE
_ 1l CHAPEL HEAD
12 MEELS
13 SMITH POINT
14 BRANCH )
13 NEDLAMD COVE
LITTLE DANTIC COVE |
Lone POINT "
CHAPEL ARM

N wn

FIG. 1.1 LOCATION OF SAMPLED CAMBRIAN EXPOSURES IN SOUTHEASTERN NEWFOUNDLAND.
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eXposed at Little Dantzic CoVe-on ‘the Burin Peninsula and.a]Ong the'

horth shore of Sm1th Sound on Tr1n1ty Bay (F1gure 1.1). A>bdat is

necessary to ga1n access to the other samp]e 1oca11t1es shown on -

) FTgure 1. 1




CHAPTER 2

~ GENERAL GEOLOGY

2.1 Infroduction 7
' The island of Newfoundland is part of the Appa]achian
StruEturaI Province (w111iams'et al., 1972) 1ocated along the south-
eastern margin of the North Amer1can continent, runnwng in a north-
easter]y direction along the Atlantic seaboard of the United States,
through the Canadian Maritime prov1nces, and thence into Newfound-
 land:’ The 1s]and constitutes the northeastern term1nat1on of the
Aexposted Appalachian System in North Amer1;a, though it is probable
.tnat the"progen is extended offshore norgheast‘of the island on the
G6rand Banks (Sheridan -& Drnke,'1969). Reconstruction of the Appal-
achianvSystem befone the Mesoidic opening of the Atlantic Ocean
{e: 9., Bul]ard g_ t al., 1965) 1nd1cates that the orogenﬁc belt con-
t1nues 1nto the Ca]edonldes through Britain, Norway and Sweden.

_The reconstruction of Cowie (1971) given in Figure 2.1,
shows tne“relative positions of southeastern Newfoundland and
paleontologically cnrre]ative areas #n North Amerina; Britain and

" Scandinavia which lie along the southeastern or European f]ank of
the Appé]achian-Caledgnﬁan orogen. The LonerfPa1eozoic fri]obiie
faung” of Acado-Baltic affinity’(Hutchinson; 1962; Fletcher, 1972)
pkesent,fn.tnese regions contrasts with_the LowEn’Pa]eozoicw
trilonite fauna of the Paéific Fannal‘Realm'nhich iébpresent in ;

. western Newfoundland and other areas located on’'the northwestern

f]ank ‘of the orogen (F1g 2. l)

o




1. SOUTHEASTERN NEWFOUNDLAND _ : ' R
"2, CAPE BRETON ISLAND : :

4. SCANDINAVIA s T S
. 5. MOROCC(.)" S —HI’AXIS OF APPAlACHlAN CALEDONIAN onocm
3. WALES AND THE nmnsu MIDLANDS 6. SPAIN -

FIGURE: 2'1

PRE- MESOZOIC PALEOGEOGRAPHICAL RECONSTRUCTION OF APPALACHIAN CALEDONIAN OROGEN REG]ON |

, . (AFTER cowu;‘ 197|)
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These paleonto1og1ca1 relatwnsmps ]ed mlson (1966)
propose that durmg the Lower Pa]eozmc, areas conta1n1ﬂg the two
fauna] e]ements were' s1tuated on oppos1te s1des of a. proto Atlant1c,

‘ Ocean,_and that subseQUent c]osu—re of that ocean, fo]]owed by

’ renewed crusta] rlftmg to produce the present Atlant1c Ocean,

,‘ was respon$1ble for‘the ‘prese.nt spatm] dlstr1b_ut10n of~t_he ‘two . '_
- .‘ faun-af realms. : Ni]son“ s c.o‘ncept 'o7fa p'ro'to Atla'ntit Oce.an' 'has'béeh
1ncorporated 1nto a number of plate tectomc mode]s for the evo]utwn '
of the Appa]acman Ca]edoman orogen (e.q. . B1rd & Dewey, 1970 w
Church & Stevens. 1971 Dewey & Blrd 1971 Schenk 1971;, Strong et
gj_., 1974) Thes models suggest that in the Lower Paleozou: the .
strat1graph1c sequences be]ongmg to the two faunal rea]ms were |
. separated by an ocean (Iapetus) wuje enough to prevent fauna]

m1xmg and homogemzati"on Estlmates for the w1dth of Iapetus

durmg the eaHy Paleozow are’ in the or‘der of 2000 km Or more k

R 4
(WI]hams, 1980 McKerrow et al s 1976) Subsequent}y,u the destruct-

lon by subductwn of- Iapetus dur1ng ]ater Pa]eozmc t1me resu]ted in-.
colhsmn -of. the two bordermg contmentaT masses, producmg the

- structures and deformatmn associated w1th the Appalacman— L

Ca]edoman orogen . -
In Newfound]and the Appa1ach1an sttem can be d1v1ded 1nto
three fundamental umts (wnhams, 1964),_v1z a centra] Pa1eozo1c
mobﬂe belt falnked east and west by platforma] sequences composed
pr1mar1l_y of LatesPreoambman and Lower Pa]eozmc sed1mentary rocks
More recent]y, the centra] mobﬂe zoné has been subd1v1ded (Nﬂhams,

1979) 1nto the Dunnage and Gander 20nes (Flgure 2. 2)




<se:2-. BOUNDARIES OF TECTONOSTRATIGRAPHIC

FIG. 2.2 TECTONOSTRATIGRAPHIC ZONES OF NEWFOUNDLAND .- *
T -+ 7 |AFTERWILLIAMS ET AL, 1980} . . ' :
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'The Humber Zone in Figure 2.2 compri‘s’es a:"plathrma'l

sequence wh1ch 1s beheved to represent the eastern contmenta]
-margm of ancqent North Amer1ca, 1ocated to the west of Iape{us
: dur1ng the Lower Paleozo1c ~ The Dunnage Zone contams 1slamd arc

sequences built upon oceanic crust and 1s,be‘11eyed to.contam the '

R

1 I3 ’ "
remnants of lapetus per se' while the'G'ander Zone records the.

-

-_deve10pment and destructmn of a cont'lnenta‘l rnar'gin'on the -€ast .s'1:,de.

of Iapetus (N1]]1ams, 1979) . -_“ : '_ : L ' |
N The Late Precambr1an h1story of the Ava]on Zone is uncer- - ~
\ B "ta1n and may re1ate e1ther to r1ft1ng assoc1ated w1th the 1n1t1at1on ’ . -
of Iapetus (Strong,v 1979 Strong E,E a_1_, 1978b) or to t‘he deve]op-._ L
‘ment’of an- 1s}and arc sequence (hdghe’s"‘andléruecikner' .19‘71) ‘assoycl'- o
ated w1th a pre-Iapetus, Late Precambr1an Subductwn lone (Rast et | .
' 1976) "The Ava]on Zone remamed a s‘tab]e platform durmg the :
Cambr1an and brdov1c1an when constructlo.n and des:tructwon of Iapetu.;.
in the Dunnage Zone wis most mtenswe,,and th1s sUggests that “the - - - .
Avalon Zone was not in dqréct contact W'lth the mam body of o - o ) | .
Iapetus dur1ng this t1me *hlhams, 1979) ‘ﬂ
The manganese horlzon mth wh1ch th]s work 1s concerned 15
deve]oped in- Cambr1an sedmentary rocks of the]Ava1on Zone and the
geology of this” Zone. 15 d1scussed m greater detaﬂ m the remamder

_of thlS chapter

e 2 2 Prewous work e S ]
Introductmn SRR S
o7 ~ ’

The Avalon Zone Ts predommant]y under]am by a tmck series

. ..
. “r




: of Late Precambman volcamc and sedlmentary r0cks These rooks are .

) Cambrlan sequence of sedunent'ary rock's was mvest‘igated by G. F. )

’
'

1oca1]y cut by gran1t1c nntruswes of. severa'l ages Cambrlan and
Ordov1c1an sed1mentary rocks locally overhe the Late Precambr1an

rocks, formlng a sequence up to 2 500 meters th1ck (King et al.

1974). The dlstr1but1on of the Late Precambrlan and Ear]y Paleozo1c""

rocks wh1ch compr1se the Ava]on Zone 1n southeastern Newfoundland is

v

- .
B!
1

" Shown in F1gure 23, P e

Previous Work

The earliest work on the ,geo]ogy of the Ava]on Pemnsula was-' -

: .carr1ed out by J. B Jukes in 1839 and 1840 Other ear]y stud1es in -

thls area mc]ude those,b_,y.vA. Murray and J. P How]e_y (rep'or-ts

’ 'betWeen 1869 an,d 1'883), who Jomt]y pubhshed a geo1oglca‘r map of

the Avalon Pemnsu]a 1n 1881 The tr110b1te fauna _present 1n the

) Matthew and ¢.D. Nalcott Ain the 1880 3 and 1890" S5 These earU

- -

workers recogmzed one group of Precambrwan and another of Pa]eozmc

;sed1mentary rocks, and separatel_y tnapped the 1gneous and vo]camc

. rocks present in the regwn e e Ce e

. 'oohtu: 1ron ores present 1n Ordov1c1an rocks exposed on Beﬂ

~ Van. Ingen (1914) and’ HoweH (1925) stud1ed the paleonto]ogy

. and strat1graphy of the Lower Paleozoxc sequence whﬂe Dale (1915)

‘

- was ‘the f1rst tb examme 1n deta‘l] the manganese rlch sed1mentary

.-

' rocks of : L0wer M1dd1e Cambman age exposed ina number of” 1ocaht1es

_."around Tr1n1ty and Conceptwn Bays Hayes (1915 1929) stud1ed the

4

~Is]and 1n Conceptwn Bay, whﬂe Buddmgton (1916 1919)' 1nvest1gated

“'the petrology of Precambman vo‘lcamc and p]utomc rocks exposed in 0




"'the northern han of the Pen1nsu1a wh1te (1939) and w1dmer (1950)
.stud1ed the geo]ogy of the AvaTon Zone terrace in areas north of
‘,Fortune Bay southwest of the- Ava]on Pen1nsu1a

| The Geologlca] Survey of- Canada conducfed a mapping program

during the -1940' s and 1950 s wh1ch covered about half of the Ava1on

A-Pemnsula. Rose (1952) mapped the Torbay area an the northeastern

a wfpart of the Pen1nsula, mod1fy1ng and extend1ng know]edge of the
Precambman vo]camc rocks of the Harbour Mam Group Hutchmson
‘.-(1953) mapped Precambrian and Pa]eozmc rocks exposed m the Harbour -
"‘_Grace area m the north central part of the Pemnsula, and subse—v

‘quently (1n 1962) pub11shed a report on the Cambr1an strat1graphy and

:-tr1Tob1te faunas of soutﬁeastern Newfoundland In the 1950 s,;“

o McCartney (1959 1967) mapped a ]arge part of the centrat ang -

.western port1ons of the Avalon Pen1n5u1a, propos1ng ]1thostrat1-
‘-'graphlc correlattons between the Precambrlan volcan1c, p]uton1c, and
;ysed1mentary rocks which under11e the. bulk of the Pen1n5u1a
'Henderson (1960 1972) studled the' g]ac1a] depos1ts and structures,
'present on- the Ava]on Pen1nsula Jenness (1963) mapped rocks of )
the Ava]on Zone 1n the Bonav1sta and Terra Nova map areas northwest

‘ of the Avalon Pen1nsu1a proper wh1le wl T1ams (1971) 5tud1ed rocks .

iR the Fortune Bay d1str1ct southwest of . the Pen1nsu1a

’3f vers1ty of. Newfoundland Various aspects of Ava10n Pen1nsu1a

Ve e .7

In recent years much .of. the work .on the Avalon Pen1nsu1a

'-;A has been undertaken by the facuTty and students of Mempr1a1 Un1—

.

'~.geology have been the subJects of reports by Papez1k (1970-'15721l9 '
1973 1980)  Hughes (1970, 1973), Hughes aid Briéckner (1971),-

. Brueckner (196?);'Anderson“(j972),“Brueckner and Anderson (1971) .

)

~ "
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Anderson and- Misra (1968), and King (1971, 1980)' Student theses

and d1ssertat1ons have mainly been concerned- w1th the Precambr1an
geo]ogy of the region (e.g., Keats, 1970; Hsu, 1972; M1sra,-1969'
Maher 1972; and Ma]pas;‘1971), but several have been dlrected

E towards the Lower Pa]eozo1c rocks of the Pentnsu a (Naut1ya1 1956;.

2

Greene, 1962)
Severa] reports concerned w1th the ecanomic geo]ogy of . the )
Avalon Pen1n3u1a have been released by the Newfound]and Department of

M1nes and Energy (But]er & Bartlett 1967; DeGrace, 1974) In recent

years, an 1ncrea51ng amount of work has been done on the geo]ogy of ‘

the - southern part of the Ava]on Pen1nsu1a and on_ the adJacent Burin

Pen1nsu]a (F]etcher, 1972; Greene & w11]1ams, 1974 Williams & King,

o

- 1976; 0'Brien et al., 1977 Stronq et a] s 1978),

.3 General Geo]ogy of the Avalon Peninsula. - . . -

King et al. {1974) separate‘the rocks of the Avalon ione;tnto“-
three'assemb1ages (Figure 2‘3)l Their “Lower Assembtage“ and "Midd]e'j
-Assemblages compr1se Late Precambrtan VO]Cﬁﬂ]C and sed1mentary rocks
whlch underlie most of the Ava]on Peninsula, | The1r "Upper Assemb]age"
1nc1udes quartz1tes of Lower Cambrtan age (e>g., Random Formatton,}f
Anderson 1981) and a series of mudrock T1mestone, and sandstone of_',
tambr1an4and Drdov1c1an age.- ( _ .

: Strong et al. (f378b prov1de a recent rev1ew of the stratt-
graphy, structure and p0551b1e origin of the Late Precambrtan rocks N A
present 1n the Avalon Zone These roeks are: not further dtscussed B

here as they are not directly relevant to the present study

Rocks of the "Upper Assemb]age" are preserved in downe'
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faulted‘or downfolded erosionad remnants in the'AvaPon.ZOne (Figure
2.3). Thejassemblage is Subdivjded into a number of\units which
persist over 1arge areas. The stratigraphic‘sequence in'uarjous
portions'of the Avalon_Zone‘is given{in Table.2.1. The stratf-

graphic success1on developed in-the northern and eastern portlons ‘ ,.:
\ .
of the Avalon Zone is used in the rema1nder of this sect1on as most

- of the study area is s1tuated w1th1n this. reg1on, 'For d]scuss1ons

. of corre]at1ons between thls area.and the Bur1n Pen1nsu1a and
Fortune Bay areas, the reader is referred to recent reportstby,
'Strong e_ﬁa_‘(1978a)and 0'Brien et al. (1977) | L ,

Contact re]at1onsh1ps between format1on members in the .
Lower Pa]eozogc success1on are 1in genera] conformab]e Hutch1nson
.>(1962) and F]etcher (1972) cons1der the contact between the Lower

(Brigus Fm.)- and M1dd1e (Chamber]awn s Brook Fm.) Cambr1an dlscon- o
Aformable. pr1mar1ly on pa]eonto]og1ca1 grounds The manganese-rich
sedimentary rocks with which. th1s study 1s concerned are re]ated to
this d1scomform1ty |

In eastern Ava]on Pen1nsu1a exposures, fossll1ferous Cambrian
: :r0cks overlie Precambr1an volcanic and sedimentary, rocks w1th '

- angular. unconform1ty E1seWhere in A%a]on Peninsula'ekposures{
f055111ferous Cambr1an rocks d1sconformab1y overlie quartzwtes of the
Random Format1on (Tab]e 2.1).” west of the Ava]on Pen1nsu1a, sedi- -
"fmentat1on across the Precambr1an Cambr1an boundary appears to have'

_ contlnued w1thout 1nterrupt1on (Anderson, 1981 Bengston and

'Fletcher Ms) The base of the Cambrzan 1n th1s region- s p]aced R

- w1th1n the green and red 511tstones, arg1111tes. sandstones and ‘fffl"3~:f

f_m1nor 11mestones wh1ch compr1se the Chapel Is]and Format1on (Tab]e Zlf)l




TABLE 2.1 TABLE OF FORMATIONS ,LOWER PALEOZOIC ROCK UNITS, -

* /AVALON 2ONE,NEWFOUNDLAND [AFTER ANDERSON, (98) ; HUTCHINSON; 1962)
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i. The‘upper oortion of the thapel Island Formation contains
,the o]dest foss111ferous Cambr1an rocks of the Ava]on Zohe and . 1t o
fo]]ows that the initial Cambr1an transg ss1on occurred in the
: fFortune Bay reg1on to the west of the Avalon Peninsula“ (AnderSOn,

1981)

.‘ The Random Formatdon'l

| The Random_Formatjonfcomprises.a-eequenceAof'white quart-

: zftee'and intercalated-Qrey”sjltetonee which ranges in thicknessffrom'
O:to 150 meters. It is bresent’OYen_most of the Avalon Peninsula,
but is‘abéent:in Conception:Bay-expo§ucesv ‘Lithologica]Ty'sﬁha]ar‘w
'iquartzwtes in the Bur1n Pen1nsu1a and the.area north of Fortune Bay

‘ (e g. the B]ue P1n10n Format1on of w1dmer u1950) have ‘been corre— rn -

lated w1th the Random Formatfon (Hutch1n§on, 19623 Greene,and;e.
~w11]1ams; 1974 Anderson 1981) The Random'%onmatdondcontaihé no:
'she1ly foss1ls but does’ 10ca11y contain trace Fossils. It has heén'
ulnterpreted as: a sha]]ow water depos1t poss1b]y 1ntert1da1 1n part
(F]etcher, 1972). '

Contact Relat1onsh1ps and Age “

Tt The Age of the Random Format1on has been prob]emat1ca1 s1nce
,_the format1on was first descr1bed (Na]cott 1900) Var1ous authors
, have cons1dered the Random Formatlon Io be of ‘late Precambr1an age

d(Walcott 1900, Hutch1nson, 1962), of Cambr1an age (Rose, 1948 Van

i. A]st1ne 1948), of e1ther late Precambr1an or Cambr1an age- (McCartney,

~

A:"1967) or-as bé1ng markedly dlachranous and rang1ng in age from Late

Ah“Precambrian to Ear]y Mlddle Cambrian (Greene and N1111ams, 1974)

Recent stud1e§ by 5nderson,(l981) and by Bengston and F]etcher (MS)

' 'soggeSt that the;ﬁandom Fbrmation,_though drachronous, is of ear]y o

[
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, Cambrian,age;'this age has been adopted for the purposes of this'l

work.

Contact relat1onsh1ps suggested by the recent studies

referred to'above 1nd1¢ate that in Eastern and Northern Avalon Zone -

7exposures, the Random Format1on disconformably over]1es sedimentary

rocks of Late Precambr1an age and s in turn d1sconformab1y over-

\ ]a1n by foss1]1ferous Lower Cambr1an rocks. (Bonavista Format1bn in

\

o Table.Zrl) In the Burin Peninsula - Fortune Bay region, wh1ch ,

marks the western Timit of the exposed Ava]on Zone the Random

3 Format1on conformab]y over11es fassiliferous Ear]y Cambrian rocks

(Chape] Island Formatlon in Table 2.1) and is dlsconformabLy over—

o

. lain by sed1mentary rocks of Lower to M1ddle Cambr1an age

'_‘2'.3.2‘

PaLeozoic-Rocks

The Cambr1an and Ordovician rocks ‘exposed in the Avalon Zone
comprtse a sequence of red, green, .and black mudrock, w1th minor

11mestone also present _ The Cambrian sequence of sed1mentary

: ~.rock5'1s subd1v1ded 1nto-the Adeyton and'Harcourt GroupS'(Jenness,

.'1963) - The. Adeyton Group cons1sts of a: sequence -of red and green -t

. mudrocks and minor 1nterca]ated 11mestone fanging in age from -

A Lower Cambr1an through Lower M1ddle’Cambrian The manganese hor1zon

w1th wh1ch th1s work dea]s is developed w1th1n the mudrocks bf the

Adeyton Group The Harcourt Group conformab]y over]1es the Adeyton

1Gr0up, and compr1ses b]ack to grey mudrocks wﬁthAHinor intercalated7

.'grey l1mestone and fine- gra1ned sandstone It ranges in age from ’

"’m1dd1e M1dd1e Cambrtan throﬂgh Upper Cambr1an

"The Harcourt Group 1n turn is over]aln probab1y coﬁfornab]y

' ;(Rose, 1952) by sandstone and sha]e of pwer: Ordovician age. ‘Thei




Adeyton and Harcourt Groups varyrin exposed thickness from'BOO to

1200 m (King et al., 1974).  The sed1mentary rocks unconfdrmab]y.

[y

0ver]1e Late Precambr1an volcan1c, sed1mentary, and pTuton1c (vi;,'

the HoTyrood Granite) rocks in the Concept1on Bay region of thef"t
Ava]on Pen1nsu]a e]sewhere the Adeyton Group unconformab]y o
(FTetcher 1972) overT1es quartz1tes of the Random Format1on

- LocaTTy, volcan1c fTows of M1ddTe Cambr1an Age are. present

-

" in the Cambr1an Sequence on the AvaTon Pen1nsuTa The voTcan1c .

rocks are present-in the uppermost port1on of the Chamber1a1n s Br°°k._.,,‘

Format1on (Hay Cove volcanlcs of FTetcher, 1972) and in. the over- €
Ty1ng>ManueT s River Format#on (McCartney, 1967) The voTcan1c rocks;'
“are’ restr1cted to a narrow, north sopth trend1ng zone thCh extends '
from HopeaTT Head Tr1n1ty Bay south to the Cape Dog, St. Mary S Bay ’
area. The voTcan1c rocks 1nc1ude Smear1ne p1110w Tavas and assoc1a~u
: ted. mar1ne pyroEﬁastlcs, these rocks are chem1ca11y a]tered but petro-.
graph1caTTy resemble. th01e1tes or aTka11 basalts (Papez1k 1980) :
SmaTT 1ntrusrve bodxes of dﬁabas1c gabbro cut M1dd1e—Cambr1an sed1-
: .mentary roeks‘w1th1n the  linear bejt in wh1ch~voJc@h1c_rocks~were
~;deposited'end probebly'were.feeders forkthe-MiddTe’Camhrianvlaveé

(McCartney, 1967) Ind1v1dua1 flows appear to be of 11m1ted Tateral'

i
v -.., N

‘extent (Fletcher, 1972) S

-

D1aba51c dykes and 51115 are present throughout the Adeyton

Grodp. Some dre undeformed and therefore postdate Acad1an (Devonian)

' deformat1on. . T T

The stratigraph1c un1ts 1nto wh1ch the Harcourt and Adeyton

~




2.3.2.1

4

‘Theseiunitsfare discussed- individually below.

Adezton.Group'

. Bonavista Formation:' The red -and green mudstones which com-

prise the Bonavistanformation are up to»l50‘meter$ thtck. Lime-

'stone'i5~present in the formation in subordinate amounts, ‘occurring

1n th1n 1nterca1ated llmestone beds and 1n 11mestone nodu]es The

latter are common]y concentrated along spec1f1c hor1zons and define

v

‘t the bedd1ng in the sequence. The Bonav1sta Format1on is tthkest

~alonig an axis runn1ng south through Tr1n1ty Bay, across “the lsthmus o

of Ava]on, and qontxnu1ng south through PTacent]a Bay STt th1ns

'east and west of th1s ax1s, and is absent in eastern Concept1on Bay}

P

. exposures (HUtch1nson,,1962) The Bonav1sta Format1on is aTso

. _m1ss1ng 1n Western Bur\n Penlnsula and Jin Fortune Bay exposures

| , ~(Anderson, 1981) The Bonav1sta Format1on dlsconformably over11es

"Random Format1on quartz1tes on- the Ava]on Pen1nsu1a (ETetcher,41972).

§m1th Po1nt L1mestone Format1on The Sm1th Po1nt L1mestone

';iconformably over]les the Bonav1sta Formatipon, and cons1sts of p1nk

L gr‘eyL and red mass1ve 11mestone up to 15 meters thick. Red argilla-

ceous 1nterbeds occur 1n the }1mestone— wh1ch a]so conta1ns stroma-

‘tol1t1c a]gaT co]on1es (Hutch1nson, 1962 McCartney, 1967) 'The

A:Ab1te fauna recorded 1n southeastern NewfoundTand (FIetcher 1972)

uppermost han meter of the format1on conta1ns the o]dest,tr1lo-.;!“1”

The Smwth Point: L1mestone 11ke the older Bonav1sta Format1on° is -

,absent from eastern Concept1on Bay exposures and’ tn western Burin

Pen1nsula exposures (Hutch1nson, 1962)




Br]gus Formatwn, The Br1gps Formatmn overhes ‘the'. Sm1th

~Po/1nt L1mestone Formatwn, and const1tutes ‘the youngest Lower T
/ .

N Cambman formation on the Avalon Pemnsu]a It 15 composed prmc1— o

pa‘Hy of masswe red and green mudrock/and slate, though lesser
‘ amOunts of hmesto‘ne generaHy present m thm noduLar 11mestone
- beds, a150 octur . The formation ranges between 10 and 210 meters :
,-m thlckness on the Avalon Pemnsu!a thmmng east and west of an

v ax1s runmng south through Tr1mty and P]acentra Bays, as do the

_-precedmg Lower Cambraan formatwns (Hutchmson, 1962) It contams

n"a tr1]ob1te fauna rangmg 1n age from nudd]e to 1ate lower Cambman

' ‘(F'letcher, 1972)

In Conceptmn Bay exposures, the Br1gus Formatwn unton—
formab]y overhes Late Precambrlan volcamc, sednnentary, and
p]utomc rocks Older members of the Adeyton Group are abSent m

A
this area In these exposures the base af the 87‘19US Formatwn 1s

'marked by a thm cong]omerate bed:, Th1s cong]omerate character1st1- o

'ca]]y has a calcareous cement and i rarely more than one meter
th]ck In some of the Conc"g’ptlon Bay exposures (1 e., at Br1gus and
Bacon- CDVe), the ca]careous cong]omerate ﬁ]Ts fractures in under-

Tying Precambrian rocks to. a, depth of one Iheter or more, LocaHy,

. stromatohtes are present in the basal conglomerate at the base of

" . the Br1gus Formatmn m th1s area.

Chainbe'r}a'in’s‘ Brook Formation' The Chambeﬂam S Brook Forma—_ .

[

t1on contams the o]dest M1dd1e Cambman rocks present in south-

- eastern Newfound]and Ihe formatwn d1sconformab]y overhes tki

'precedmg Br1gus Formatmn. mth the dlsconformab]e contact marked




‘

.hy depos:twn of a hOY“lZO’n of manganese rich sed1mentary rocks.
: The character and reg10na] var1at1ans in deve10pment of th1s horlzonl
are conSIdered in; greater detaﬂ in the next chapter/ The base of -
.Vthe Chamber]aln 3 qu\k Formatmn marks the baSe of‘ the M1dd1e
| . _Cambr1an portwn of the strahgrapmc sequence throughou‘t the : :
Ava]on Pemnsu]a regmn (F1etcher 1972 Hutchmson, .1962), whﬂe
“the upper contac)t of the umt const1tutes the boundary between the
E Adeyton and overlymg Harcourt Groups (see Tab]e 2~’1) The Chamber-
1a1n s Brook Formatwn up to 150 ‘meters th1ck, c0ns1sts ma1n1y of K
igreen to grey mudrocks, a]though red. mudrocks occir locaHy Thin
hmestone mterbeds also occur in the formatwn, and m the Hopeaﬂ
Head Tr1mty Bay exposure, an 1nterca]ated volcamc brecc1a unit”
about 5. meters th1ck occurs some’ 60 meters above -the base (McCartney,
__71967) Volcamc rocks of equwa]ent age also occur in the formatmn

’ m the Cape St Mary“s regmn 1n the southern Ava]on Pemnsu]a'

(F]etcher, 1972)

42.3'.’2‘.2‘Harco'urt 'Group?/ ‘ e

'
5

: 4 ‘T s
Manuel's. River F‘ormati'on The Manuel 5. Rwer Formatlon grada- /

.o

S t1onally overhes the Chamberlam s Brook Formatwn, and cons1sts of -

med'num grey to b]aek sha1e and s]ate w1th ]enses of gre_y 11mestone

rThe formatwn, up to 30 meters th1ck, contams a tr1]ob1te fauna

.rang1n9 in age from m1dd]e to late M1dd1e Cambr1an The co]or

) change between the dark shale.s od’ the Manue‘{ s Rwer FormatIon and

‘ . the green sha1es and mudrocks of the under1y1ng Chamber]am s Brook |
Format1on 15 gradatmna] F]etcher (1972) uses a- w1despread ben-"

'tomte bed-to separate the two defmmg the bentomte bed as the ’




base of the Manue] s Rwer Formatmn Dn “the western han “of the

’ Ava]qn Penlnsu]a, around the head of Tr1mty Bay and 0n the .Cape

S . .

‘ St Mary s Pemnsu]a, ande51t1c pﬂlow lavas and brecc1as (the Chapel

'

Arm member of McCartney, ‘1967) are 1nterbedded in the Manue]’s Rwer L

. -

Formatwn Two f]oWs, separated by about 5 meters of s]ate make o

up the Chape] Arm member in most Tr1n1ty Bay T-ocatwns (McCartney,

1967) The ande51t1c flows are pa]e to dark grey in co'lor and

- generaTTy conta‘rn ca1c1te amygdu]es Indw1du&1 flows are -up to 60 -

meters th1ck (F]etcher, 1972) but thin rapidly and ar_e of T1m1ted.- ‘

Tatera] extent -

-

- X . . . ° ) ‘
Ellio0t Cove Formation: The Elhot Cove Format1on cons1sts of

'd'ark grey to bTacl'( lotally pyrltlferous shales, with grey hme-—'

stone concretwns and. greyn m1caceous sandstone beds in the upper
part No comp]ete sectmns are known but the formatmn attaans

‘a max1mum exposed thackness of about 200 meters (Huu:hmson, 1962)

The £111ot Cove Format]on contd’i ns a trTTobzte fauna of Upper
_ Cambman age and 1ts base defmes the M1dd1e Upper Cambrian boundary

' 1n the AvaTon Zone (Hutchmson 1962)." The contacf’between the

forfiation and ‘the underTymg ManueT ‘s R1ver Formatwn is beheved Cmn
- to be dvsconformabTe and TS 10ca11y marked by the presence of a

thm cong'lomerate bed (PouTson and. Anderson 1975) ‘ The EThot

L Cove Formatwn 15 over]am by sed1mentary rocks of Lower Orcfmhczan

age but the contact between the two s not exposed (Hutchlnson, 1962)

‘T

'2.3.3 FossiTs‘ Prese’nt'"in Lov;‘er~ATJ‘€;2t’o‘n'Group,, L

o

" The-Cambrian sequence contains.a trilobite fauna.belonging -

[ ! . . -




<

to the Acado-Baltic realn {Fletcher, 1972"Hutch1'nson,‘19.62) The
o]dest Ade_yton Group rocks on the Avalon Pemnsu]a predate the 4

appearance of trﬂob1tes in the uppermost 0.5 meter of the Sm1th

“ vPo1nt,L-‘1mestone (Fletcher, 1972).: However other 1{5?511 forms are ,
S present in these older sed1mentary rocks, including xohthes, g

Coholmdes, and the gastropod StraparoThna remota Bﬂhng

. (Fletcher 1972) LocaHy, these sheHy fossils are preSent at the -
/

- T -~ base of the Bonav15ta Formatwn where th1s overhes the Random '
- - ‘Formatlon (e. g-.s sect1on exposed at Cus]ett Po1nt on the St. Mary s R
o L _ Pen1nsu1a; F]etcher and Brueckner- in-King.et aT , 1974, p. 38). T - h
4 T . * The Adeyton Group also. contams a]ga] stromatohtes at ‘ B o

1ntervals throughout, as weH as aTgal textures attrwbutable to the

algae. Epmphyton and G1rvane]]a (M M. Anderson pers comm., 1975)_.
Sponge sp1cu1es aTso occur in these sed1mentary rocks (Dale, 1915).._ A

-

T ', R f The s1gn1f1cance of the fauna present in the Adeyton and
Harc0urt Groups asxto the cond1t10ns present durmgs\edﬁtatmn is -
cons1dered be]ow IR R o e

2.3 _Deposv‘itionéjfl-{'i sitOr_? of‘Au'eyton'ahd‘ Harc_ou‘rt Groups. .-

It -

The AvaIOn Zone remamed a stab]e gent]y sub51d1ng tectomc Qe

Ce
4

element th‘”OUSihOut ‘the Lower PaTeoonc (hh]hams et al., 97450 -

i .
.- I “ o - N .
A g . Tt

Lt e wmlams, 1979) P _:',_ o e 3 SR ) Do

-’_;' The Cambr1an sedlmentary rocks are almost exc?uswely f1ne- R .

gramed except for a nthm basal conglomerate and mmor grey sand-,

stone towards the top of the Harcaurt Group The fme-gramed

- . o, C.

nature of the sequence 5uggests that dep051t1on took pTace in a ]ow- .

. energy enVJronment Coarser_‘mater],a.l is V_absen‘t because’ thel baan




4

‘e

. of a]gad remains at intervals throughoUt the’ Adeyton.Group suggest

was in some way restrlcted or because there was 11tt1e erosion of ‘

- s~

’ .
,the source areas” The presence of a tr1lob1te fauna and espec1al1y '

‘“that deposition ’took‘ place in shallow water, in neritic, to inter- .

tlda] envxrenments e L R

- - R B ~

' The o]dest f’oss1hferous Cambr1an sed1mentary rocks in the
Avalon Zone (Chapel Is]and Formatmn) were depos1ted in the Burln

Pemnsula - Fortune Bay area and it would therefore appear that the

- - - -

1mt1a1 Cambrlan transgress1on occurred in th1s reg1on The 1n1t1a'l
transgresswn Was extended eastwards and northwards over. the AvaTon

Penmsu]a and was accompamed by dep051t1on of. the quartutes and

[

’ sandstones ‘of .the Random Formatmn (Anderson, 1981) R

»»

The sea then w1thdrew from the area, resu? t1ng in the part1aT'. .

- eros1on of the R~andom Formatlon (Anderson 1981) A renewed mar-1ne

sy

~

.- A S -

Tt transgresswn from the northeastern part of the Kva]on Zone ('i.'e;"thé

Ava]on Pemnsu]a area) was accompamed by the deposnlon of the 2

. - -
e R

o]dest member of the Adeyton Group, the Bonav1sta F'ormatJon

Isopach maps for members of the Adeyton Gr0up (Hutchmson,

AT 1952) suggest that throughout the rernamder of the Lower and M1dd1e

Cambr1an~ the Cambr1an sed1mentary baszn formed a trough elongated
1n E north south d1rectJon and bounded by poS1t1ve areas east and

Av west of an ax15 runmng south through Trmlty and P]acentla Bays

-
¢

The‘basm waé 1n1t1a]ly re]atwe]y narrow and” the Bonav1sta

'

Format1 on was not depos1ted in the eastern (3. e Conceptmn Bay)

v

part of the: Ava]on Pemnsu]a or in the Fortune Bay regmn to thec west

(Hutchmson, 1962) The basm contmued to w1den throughout the

Lower, C»ambrian and by the,_early M.1dd]e éambmanacovered :the _present—




'day 11m1ts of the. Ava1on Zone 1h southeastern Newfoundland Sed1-

- ey

S mentmon contmued 1n the 'basm throu@h‘dut’ the remamder of the

2‘Cambr1an, though not: withOut 1nterruptxon (see be]ow) \ o

Dur1ng ‘the M1dd'{e Cambr1an 1ncrease%\tecton1é 1nstab111'ey,

R \

_centred a]ong the north south depos1t1ona1 ax1s of the basm ']ed'

L~

\

Lto the depos1t1on of volcamc f]ows and the emp]acement of re]ated
gabbrmc 1ntrus;ves (Papez1k, 1980 McCartney, 1967) The volcamc ‘ co

’act1v1ty d1d hot mtensxfy, however, and had ceased by the c]ose of

.the M1dd1e Cam rlan - A

l

" The Lower-Middle (Hutchinson 1962 FTetcher 1972‘) and .J “
' M]ddle Upper (Pou}son and Anderson, 1975) Cambr1an boundar1e5 -in the C
' Ava]on Zone ar‘e d1sconformab1e and.- mark s1gn1f1cant regresswe events

within the Cambman bas1n Add1t1ona1 m1nor breaks 1n sedunentatwn 4-

.'probably also occur (Fletcher 1972) _
" The manganese hor1zon w1th wh1ch thls study is concerned lS '
assoc1ated w1th and was depos1ted dur1ng the Lower M1dd1e Cambr1an |
regressmn The- homzon 1s charactemzed by manganese carbonate
m1nerals (Chapters q. and 5) and is best deve]oped 1n northern Ava?on -
Pemnsula exposures Pa]eonto]og1ca1 stud1es by Fletcher (1972) show
that the h1atus in sed1mentat1on 1asted 1ongest 1n the northern o S
'_ Ava]on PemnsuTa area where the manganese horizon 1s best deve1oped
L _T-h,e non- sequence becomes progresswely less: s1gn1f1¢ant towards
*. the-south and sedlmentatwn at the Lower M1dd1e Cambrlan boundéry
‘was essent1a11y umnterrupted 1n southernmost AvaTon Pemnsu]ﬁ

5 exposures F'letcher (1972) conc]udes that ‘the: break in sed1mentat1on _

. was caused by dlfferenua] uphft df the northern Avalon Pemnsula., o

,

;.&
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-

P - area at the ¢lose of Lower Cambman t1me Th1s Was foHowed by
"erosmn of Br1gus Formatmn sedlmentar_y rocks in the north and the

depos1~t1on of the manganese hor1zon The manganese hor1zon 1S ’ '

- v

. dlscussed in more detaﬂ in Chapter 3 B o .
2.5 ‘StructUre -
- : P

L. _ . ,' Most of the structures present w1th1n the study area can be '

+

» ‘ relatéd to the compresswe Acad1an Orogeny of Devonian Age (Nﬂhams ‘
S . T N .’ 1 1974) Th1s event has produced open folds and ax1a1 p1anar

3

cl eavage in. the CAmbrmn sed1mentary rocks, though some areas (_e.'g-.' L

ManueT's, Conceptwn Bay) are ]ess affected than others TheA

g .I‘Acad1an Orogeny 1s a]so beheved responsltﬂe for the’ fau]tmg ‘which- '
. o now contro]s the d1str1but1on oF the Lower Pa]eozo‘lc rocks |
-~ LocaHy, Late Precambr'lan rocks were tllted and fo‘Ided pr1or
i to Cambman sed1mentat1on (e g ) Bacon COVe, Conceptmn Bay, K1ng
coet a] 5 19]4) and th1s provmes ev1dence for an o1der perwd of .
de'formatnon Th'ls, however 3s poorly understood at this t1me and
ot s not known whether there was a single. Precambrian orogeny or .
o _‘-‘severai unreTat,ed per1ods of deformatlon m the AValon Zone (S_trong"' -

— P e S . L

. g .. - . . . . . L . 5 -
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Pl e - .- - v » Y . ' . s P - i i . - . . R

R I3 C"orhpar}'soniof A\ié’]orikzlone"to“%feon‘tdiogitaﬂjCorre'l'ati"ue Areas -
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deer' Pal e’o'zoic‘ sedimen‘fary' rocks in. southeastern 'Newfound“-' ' L

~ 1and were deposited 1n a shaH'ow water, maring’ env1ronment 1n a . 1

.V-Nivstab]e gent]y sub51dmg cont1nenta1/ep1contrnenta1 en\nronment

» - [

. (wﬂhams, 1979») Tectomca]]y, the same ho]ds true for pal eonto]og1- -

.', ? A




':"r-of F]etcher. 1972 the Eocambr1an sequence of Scand1nay1a descrnbed

U?by various authors)

ca]ly corre]atave ‘rocks depos1ted in mar1t1me North Amer1ca,
.

Eng]and wa]es. Scand1nav1a, France (Br1ttany), Spa1n, and Morotco )

4

“in Afr1ca (e g , Rast et a] . 1976 Strong, 1979 Schénck 19713 7

Mart1nsson, 1974) . S '.f ' t’ R .

e + -’ -
-~ /
-

,The ]atest Precambr1an Lower Pa1e0201c sedlmentary rocks 0

v

‘

.

-t1ona1 propert1es

[} . A

(1) the Cambr1an/Precambr1an boundary is not c]early def1ned

'“iﬁ e. ,‘1s-marked by cont1nuous sed1mentat1on (the pre tr11ob1te zone

[
i

‘(2) “the- presence of*giacfa] sed1ments in 1atest Precambr1an‘ R

-

'3SedJmentary rocks (Anderson 1972 Bj¢r1ykke 1978)-‘~ f»fi ) . - -

. .L ‘-_ ' (3) orthoquartz1tes present at or near the R}edambrian/j ]

v

1'Cambr1an bnundary (BJériykke, 1978 Strong,,1979) SR ‘u,,:"f o

'1‘f;¢ . (4) transgress1vé Lower Cambr1an sed1ments wh1ch are arena—

Breton Island (Hutch1nson, 1962), and Br1ta1n (Cow1e & RushtonV 1974)

o Arenaceous sequences such as those typ1ca1 of thex Ba1t1c Sh1e1d in

‘1-Scand1nav1a are character1zed by numerous 'breaks 1n sed1mentatlon

.

-.wh1ch are marked by congTomeratwc hor1zons common]y enriched in fri‘

u“/‘.‘ IR

S g]aucon1te phosphorous ar’ pyrjte (Marf1nsson, 1974)

. ' (5) ar d1sconformable tower M1dd1e Cbmbr1an-boundary (see t .
-be1OW), and -'"" . BN _1‘ . ‘—’ e -

. - k) R : - .-'. v
P

"i“f (6) a M1dd]e and Upper Cambr1an sequence dom1nated by b]ack

¥ -and grey mudrocks and sha1e (e,ga‘ the A]um Sha]e present 1"._:”.' ’

'; 'depos1ted dnt thase ‘areas share the fo]10w1ng ]1tho1pg1ca1 and depos1u o

5 Ceous: or, dom1nated by mudrocks, as 1n southeastern Newfdund]and Cape . ~~

e




e

; Scandinavia-Gee, 1972 BJorlykke, 1974)

Volcan1c rocks are in genera] rare.in these sequences where o

present they are. usua]!y of M]ddle Cambr1an age and restrrcted in
area] extent (e g., 1n Cape Breton Is]and Hutch1nson, 1952, and
Newfound]and McCartney, 1(957 F]etcher, 1972); though in Morocco
. vo]can1c rocks of Lower Cambr1an age odcur ‘ '. | A .
PaIeogeograph1ca11y, Lower Pa]eozo1c Sed1mentary rocks in the ;
Acado Ba1t1c rea]m were depos1ted 1n ep1cont1nenta1 stable bas1ns o
“(Gee,- 1972) or in d1screte t1near troughs not in d1rect c0ntact |
© with the main Lower Pa]eozo1c (Cambr1an) ocean basﬂn (e g ) wates-. "
"fCr1mes, 1970 parts of Scand1nav1a BJor]ykke, 1978 and Newfound]and-j S

'Hutch1nson, 1962), e o - ',‘,-‘.L' ." e l‘:

The Lower- M1dd1e Cambr1an dlsconfOrm1ty 1n southeastern /1'-:'
Newfoundiand w1th wh1ch manganese r1ch sed1mentary rocks are assoc1~: -
ated 1s present in many corre]atlve ‘aréas.in the Acado Ba]tlc Faunal

)

'Q'Rea]m, as can be seen in Tab]e 2 2 Ihdeed Newfound]and (and North
Wales) can‘be Seen to be atyp1ca1 in that sed?mentat1on across the ﬂ
'Lower M1dd1e Cambr1an boundary is- much 1ess e'fected by the regress1veﬁ‘~\
eyent than L other reg1ons, such as Scandunav1a, Shropshtre, etc. '
- . Palmer and James (1980)'have recent]y documented a Lower- o
"M1dd]e Cambr1an break 1n sed1mentat1on in western Newfoundland and ;
. corre]at1ve areas, 7. e »- 10 the Pac1f1c Faunal.Realm or on the
;-Amer1can swde of Iapeths (ngure 2. 1) ‘ '_;
Thus, 1t is poss1b]e that the Lower M1dd]e Cambrtan.:
Y'regress1on 1n southeastern Newfoundland is part of a g1oba]' event

effect1ng sed1mentat1on on both s1des of Iapetus, perhaps a eustat1c

]ower1ng of sea 1eveT (Palmer and James, 1980)

.t
X M

Acado Ba1t1c~strata 1n North wales are of part1cu]ar 1nterest

’ e . “ oL -
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: to: th1s study beCause of the -presence there of a- sedmentary man— ot
. : ganese homzon Qf basa] Middle, Cambrﬁan age. (WOodland 1939 Mohr‘, L '
. - Lo
1964 19—66) Mohr and Allen (1965) have suggested that the New\}__»
) - found]and and We]sh depos1ts may be genetlcaHy r‘e]ated Data on “
the two depos1ts are compared m Chapter 7.
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~ CHAPTER 3

GEOLOGY OF SAMPLED CAMBRIAN STRATIGRAPHIC -SECTIONS -

R
o -

“3.1 Introduct1on o _‘ i j_{v X ff DT v i . e

'_'e‘ -In the prev1ous chapter, the geo]og1ca] sett1ng of the _f: L

‘i'Ava]on Zone and the genera1 character of the Lower Pa1eozo1c

_;sequence present 1n southeastern Newfoﬂndland were d1§cussed 'In--f.
' thts chapter,,add1t1ona}-1nformat?on js qaven on the geo]ogy of
.1nd1v1dua] strat1graph1c exposures samp]ed for ‘the present study

+ The 11tho1og:ca1 character of the Lower M1dd1e Cambr1an manganese—

fr»ch rocks 1nc1uded 1n these éxposures is desﬁr1bed ~ahd” the nature
'pof reg10na1 changes -in the hor1zon conta1n1ng the~manganese rich - -

Lrocks eXamlned

i~

: .Locat1on of Rock Samples - R

Cambr1an strat1graph1c eXposures ]ocated on. the Rva]on and )

3

.”.Bun1n Pen1nsu1as 1n southeastern Newfound1and were sampled 1n the -

7

v‘summers of 1971 and 1972 The areas frpm_wh1ch"these-rockAsamples ;

".were collected are 1dentJfﬁedvon-Fﬁgure 1.1 . ;:.‘>‘_ i

~ *
/

L e -

‘.‘Method of Sampling = -, N e o

- Rock samo]es were co]lected from the Bonav1sta, Smwth Po1nt

»

-

;L1mestone Br1gus, and Chamber]a1n s Brook Fornati;ns, wh1ch co11ect-"

"11ve1y form the Lower and Lower Middle -Cambrian-Ad ton Group (Jenness;

1963) In genera] the ca]careous cong]omerate developed at the .J' |

I

base of the Cambr1an success1on marks the ]ower strat1graph1c

)
’

. .36




- . : [

“limit of sampl1ng, and the upper contact of the—Chamber1a1n S Brook

'Format1on w1th dark sha]es of the Haccourt Group the upper samp11ng‘ ?i

}1m1t. A few samples were co]]ected for. comparat1ve purposes fromy‘ <,

&

the Precambr1an rocks under]y1ng the Cambr1an success1on and from

© the black" and dark grey. shales af the Manuel s River Format1on and

e

El]1ot Cove Format1on

Samp11ng was concentrated in ‘key sections exposed fn the
<

'Tr1n1ty—Concept1on Bay area Th1s area’ was seTected for deta1}ed

:exam1nat1on because the manganese hor1zon at‘the‘base of the ,

Charberlawn Brook Form=t1on is’ best doveloped there (1n terms oﬁ

manganese concentrat1on) Other sectlons 1n the Tr1n1ty Concept1on

,Bay region and sect1ons exposed in the St Mary S Bay area on the ,

southern part of the Ava]on’Fen1nsu]a were samp]ed in reconna1ssance

fash1on on]y pr1mar11y to obta1n comparat1ve mater1a1 from the -

‘ manganese hor1zon and the mudrocks 1mmed1ate1y above and be]ow 1t
‘ The sect1on exposed at Little Dant21c CQve on the Bur1n Pen1nsu1a

}“was exam1ned br1efly to obta1n comparatlve manganese hor1zon samp]es

Other sect1ons present 1n the Bur1n Penlnsula Fortune Bay‘area were

‘-not exam1ned due to the 11m1ted amount of t1me ava11ab1e .The L

sectlon 1ocated at Kee] s, Bonav1sta Bay-(F1gure 1 1) was not ’

’ ’examlned in any deta11 as no- manganese hor1zon was found there

2 R
N1th1n the 'key Tr1n1ty Concept1on Bay sect10ns referred to -

"above, samp]es were 1ocated in- the strat1graph1c success1on accord1ng’

.l_to strat1graph1c sect1ons measured by‘Hutch1nson (1962) and F]etcher .

(1972), except for the strat1graph1c sect1ons exposed at Br1gus,3

"Concept1on Bay and Sm1th Point on Sm1th Sound Tr1n1ty Bay, where

";port1ons of the Lower and Lowen-M1dd1e Cambrlan success1on were -

- L e

c_remeasured. In these 'key sect1ons mater1a1 ‘was co]lected from




' ‘aH naJor 11thoTog1caT subd1v1510ns of exposed Adeyton Group forma- T

t1ons Part1cu1ar attent1on was pald to the manganese hor1zon 1n -

‘these sect1ons, where grab samp]es were co]]ected on- a bed to bed

‘bas1s
: ] : :
The strat1graph1c posmon of rock samp]es from the 'key

"sectmns wh1ch are used m Chapter 5 to 1dent1fy chem1ca1 trends in

- the Cambrtan sequence m general and the manganese horuon in.

part1cu]ar is shown 1n F1gures 5 5.1 - 5 5 5 (Adeyton Group

‘sarhples) and F1gures 5.5. 1 a' '5 5 5 (manganese hor.lzon

s‘am;ples)A in that cha_pter."

'GeoTogy of Samp]ed Cambman Stratvgraphie Sectwns ot

y
\

Genera 1 Rema rks ‘

e o

A]] of the 'key sectmns d1scussed be]ow were deformed to_ '

) a greater or lesser extent by’ the Devoman (Acad1an) orogeny wh=.ch, B

-

o Jnﬂuence.d all tectomc stratugraphxc prov1nces 1n Newfound1and

: "hfIn the Ava]on Zone -the deformatmn has produced s1mp1e open folds

,"and both transverse and. thrust fau]ts w1th. a s1ng1e $laty- c]eavage :

'1n the.mudrocks The. secttons exposed in southeastern Conceptmn o

N Bay (e g , ManueT s River sect1on) and along the northern shore of -

: .Sm!th Sound on Tr1mty Bay have not‘been deformed and are exceptmns v

,_"to the above generahlations ‘In. the d1scuss1ons of 1nd1v1dua1

™

.',stratwgrapmc sectxons wh1ch fo]]ow the Bonav1sta and ‘Brigus

_Formations are d1scussed collectwe]y becuase of thelr htho]ogwcaT ) .

s]_mﬂamty.. '

Manuel s R1ver. Conceptmn Bay (No 2 on Flgure 1 l)

The Manuel's Rwer sectlon is. 1ocated on the southeastern




R

"margm of Conceptmn Bay on the Avalon Pemnsu’fa, near the north~ o

' g‘eastern hm1t of Cambman rock exposure The TocaT geoTogy and a:

"’strat1graph1c coTumn for the Cambrlan successwn are shown on C'
_- thure 3 I

The Cambr1an rocks unconformab]y overhe vo]camc rocks of

' -the Harbour Mam Group and gramtes of the Ho]yrood Plutomc Sernes.. :

: .'The basal Cambrlan cong]omerate is. more than 5 meters th1ck much

,th1cker than “in other Cambr1an exposures on the. AvaTcm Pemnsu]a

_ "'The weT] r/punded voTcan1c and gran)tu: cTasts in the congTomerate

. ‘suggest Toca] derwatlon It has been, interpreted as . a beach

,deposﬂ: of TocaT exte-nt (K1ng_' t 1974) Th'e Lower C-ambmanv

o sequence 1s approx1mate1_y 20 meters th1ck at ManueT S Rwer, much

. th1nner than in other exposures of Lower Cambr1an rocks towards the )

" west The two onest formatwns of. the Adeytbn Group, the Bonawsta

-and Smwth Pmnt leestone Formatwns, are unrepresented at Manue] S -

R1ver, and paTeonto]ogmal data 1nd1cate that Carnbman sed1mentat1on .

in th1s reg1on began Tater than 1n sect1ons 10cated further west

P

4t0wards the ax1s of the Cambr'lan basm The Lower Cambman sequence

is dommated by green mudrocks in- whm’h several th1n hmestone ‘
1nterbeds occur ‘ '

The Chamber]am s Brook Formatlon at ManueT s,Rlver the’”

-t_ype sect1on for this umt (Hutcmnson 1962), 1s 75 meters thiék A

and cons1sts prmcwa]]y of green mudrocks, with occas1ona1 thm

'hmestone 1nterbeds The manganese hor1zon Tocated at the 'base of _

e th1s formatmn 1s here about 5. 5 meters th1ck

Dark grey to b’Iack mudrocks of the Harcourt Group 0verhe

' .the Chamber'lam s Brook Formatmn and have an expoSed thmkness of

P

b

M




e
- - aardr
4
no-«  cOve sOMm )
R u-‘-u'u;s .
100 yem -FomE ’

40 -

CHAMBMRLAIN §
BAOOK ~OMM

: X s

* 40 = )

7~ _.” GEOLDGICAL BOUNDARY
> OuUTeAGP h .
UPPER CAMBRIAN m ELIOTT COVE FORN.

- MIDDLE CAMBRIAN . 25 5, 0]* MANUELS RIVER FORM. - .

>

. MIDDLE CAMBRIAN ' . _ CHAMBERLAIN'S BROOK FORM,

R
- LOWER CAMBRIAN SASAL CONGLOMERATE
., PREcAmsman [TTTTT)

. -
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the Harcourt Group The Manue1 s, R1ver seotwn 1s’the type sect1on L

f

‘ ) Manue] S R1ver Formatwn, here sonfe 20 meters th1 ck {Hutchmson,

: sed1mentat1on so that t‘ne basa] Cambr1an beds form a. r1ght ang]e

1R

/ 2F‘O meters Mmor amounts of grey hmestone commonly nodu‘rar; ' . |
are pr&em%n the Harcourt Group, and ]ocaHy the rocks are .

oymtlferous Thm mterbeds of m1cace0us, fme gramed san}stone,

”

common]y cross bedded, are present in the Upper exposed oort1on of

v 1

for the 1QWest strat1graph1c d1v1smn of the Harcourt Group, the " -
N

v

1962)

Ordovtcwan sandstones and sha]es of the BeH Is1and and

Wabana Groups are beheved to conformab]y OVerhe the Harcourt Group

- Al

rocks, though the contact 15 not eXposed (Rose._1952) ’ LT

‘ o ) N - ’ R

Br1gus, Conceptwn Bay (No 7 of F1gure 1 1) e

: The Cambr1an strat1graph1c sect1on exposed near the town of

Br1gus 1s located on the southwestern shore of tbncéptwon Bay MR

Detaﬂs of the ]oca’l geology are shown 1n F1gure 3. 2
B The exposed th1ckness of Cambr1ar1 rocks in the Br1gus sec-. .

t1on (1n part estﬁnated) is. 150 meters The Cambman succession A
| unconformably overhes red sandstones and sﬂtstones of the Harbour
‘ Mam Group The 1atter were tﬂted before the 1n1t1at1on o,f Cambr1an v
- w1th beddmg in. the Precambr1an rocks The Harbour Mam sed1men\\ryi
rotks are 1n f‘au]t contact w1th Harbour Mavao'lcamc rocks 60

meters south of the basa] Cambman cong1omerate exposed on the eastern

- shore of Br1gus Bay Further south the Harbour ‘Main, Group 15 in .

_ fau1t contact w1th s1hc1ou5 green sﬂtstones of the Conceptlon

Group. A S oL
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" ‘The basa] Cambr1an congo]merate varaes 1n th1ckness up ‘to a

..

max1mum of about 1 meter In add‘lt}on, the conglomerate fﬂ]s \

fractures 1n the under]ymg Precambman rocks to.a depth of 1 meter <

. or more. The cong]omerate cons1sts of quartz pebb]es set in a 11my

matrix Most of the quartz c]asts are 1ess than 1 cm in d1ameter

Red. mudrock c]asts a]so occur in the cong]omerate

The Bonavtsta and Brlgus Formatlons cons1sf of red -and green

iy

" mudrocK and slate, with thin, common1y nodu]ar, hmestone 1nterbeds
present at 1ntervals in the sequence " Twd exceptrona,Hy thick

11mesione beds, each between 3 - 4 meters th1ck aceur towards the .

base of the Brigus Formamon ~ The Br1gus sect‘aon is. the type
’roca%‘ity for the Br1gus Format'aon (HutcthOn, 1962) though rece,nt

paleonto]ogma] and strat1graph1c 1nvest1gat1ons suggest the

N

format1on TS more ful]y developed-in the St Mary E Ba_y reg1on on

the southern part of the Avalon Penmsula (F]etcher, 1972)

~

; ' The Sm1th Po1nt L1mestone Formatwn, 10 meters th1ck in .
the Br1gus sectmn co’smts of p1nk to red 11mestone which at

intervals contams thm red argﬂ]aceous 1nterbeds ,LocaH_y, aTgaT

14
1

co]omes are numerous in the 11mestone
The Chamber]am s Brook Formatwn at Br1gus 1§ approx1mate1y
-30 meters th1ck though 'l,t 1s not comp]etely EXposed, as the upper '_

_ port1on has been removed by 'eros1on It C0n~SlStS of green mudrocks .
. ? .

in ‘which occas1ona1 thm hmestone beds are mterca]ated Some of

H]

the mudrocks in the Chamber]am S Brook Formatmn are 1am1nated

“ - -

con51st1ng of alternatlng bands and 1enses of black co]ored

ch]or1te r1ch mater1al and norma'l green mudrock The manganese




‘ h0r1zon at\the‘base of this‘formation.isaaboot-s neters’thick‘at’-"

. . B 1.
~ - R . A .

Br1gu5 T .', - T -'," SR " ' v r- ’

_ . The red and green mudrocks compr1s1ng the Lower Cambr1an
« " - - K ] -

BonaVTsta and Br}gus Format}ons are more 1rregu]ar1y d1str1buted .

.

o thh respect to bedd1ng in. the Br1gus sectlon than in other Lower

e v

Cambrlan exposures in the Tr1n1ty Bay and St Mary S Bay reg1ons
Ciof the Ava]on Pen1nsu1a Though the co]or changes at Br1gus, a;

e]sewhere, commdn]y conform w1th bedd1ng, 1n p]aces 1arge, 1rregu-'

\

lar]y shaped massés of green mudrock occur enclosed in red mudrock

COmpar1son df port1ons of the strat1graph1c succe5510n exposed at

- -

more than one 1oca11ty aldhg ‘the coast11ne demonstrates that the

co]or of the mudrocks in the sequence changes a1ong str1ke Thus

-

for example, numerous green mudrOck'b S are 1nc1uded 1n the succ—.
gy

ess10n exposed a]ong.the Concapt1on B coast11ne wh11e the
. SectIOD exposed anng the eastern shdre of Br1gus Bay cons1sts
-0\.
- a1most ent1ce1y of red mudrocks Aga1n,‘1n p]aces the”’ uppermost 2

meters of the* Brigus Formatlon. 1mmed1ate1y be1ow the manganese

horwzon are green, wh11e e]sewhere the equ1va1ent strata are red

The presence of green mudrock a]ong fractures in red mudrock and

" the ]oca] deve]opment 1n red mudrock of green réductlon spheres .

(R PR ’ .

'g1nd1cate tHat part of’ the green mudropks have been formed by secon—

dary a1terat1on of red mudrocks in the succe551on

-

W The mudrocks in the Brﬁgus sect1on contaln a s1ng]e we11-

'v-:ideve]oped cleavage - ,' o :.'”?\ 's :

HopEall Head Trrn)ty Bay (No 9 on quure 1, 1) T

.

Th1s sect1on is exposed . along the southwestern f1ank of

N ﬁHopea1J Head on the eastern shore of Tr1n1ty Bay Deta1]s(of the’




R arenaceOus and/or T1imy matr1x

,geo]oqy and strat1graphy for th1s sect1on are g1ven in F1gure 3 3

The £ambr1an sequence at Hopea]] Head rests disconformab]y

', . -~ -

upon- mass1ve wh1te quartzate of the Random Formatlon < The cong]om- T

s

"erate at the base of the Cambr1an success1on 1s up to 1 meter th1ck

'.?and cons1sts of: quagwg pebbles td 1 cm 1n d1ameter Set 1n an

oy
-

N 'pf The Bona;mgta/and Br1gus Format1ons, 30 aanlﬁo meters “';.

LN

th1ck réspect1ve1y, cons1st of green and red mudrocks wh1ch oCcur’, ;

in d1screte mass1ve beds At lntervals, the mudrocks conta1n

“
' ] »

many llmestone noduTes, commonly concentrated a}ong bedd1ng p]anes,

.occas1ona11y, th1cker l1mestone beds up'to 0. 5 meters th1ck are

[N
»

present. Loca]]y,'the green mudrocks are 1am1nated, conta1n1ng ..

, th1n lenses (some 1ess than 0. 5 cm th\ck) of dark rock a]ternat1ng

f‘WIth typ1ca1 app]e green mudrock Rare]y pyr1te cubes and concre~

t1ons are present in the green mudstone beds i i: f‘l_,;ff"m-'.
The Smith- P01nt L1mestone ﬁormat1on is 12 meters thick in -

the Hopea]l Head sect:on and, as in other sect1on$, cons1sts of \\\

masswve p1nk to red, 1oca11y a gal. l1mestone '\f: T .- e

~ v

. The Chamber1a1n s Brook Format1on at Hopea\] Head 1s ,7;‘ -
: approxlmate]y 125 meters thick, ahd con$1sts pr1mar11y of green to
-grey mudrock, w1th the 1atter increasingly common towards the top
.of the format10n Severa] 11mestone'beds up to 1 meter th1ck are -
:1nterca1ated with the mudrocks A vo]can1c brecc1a bed, approx1— |
mate]y 5 meters th1ck,‘occurs 1n the Chamberja1n s Brook Format1on '
.about’ 15 meters beilow 1ts top The brecc1a cons1sts of angular

1vo]can1c fragments set in a wh1te, calcare0us matr1x The man-

ganese hor1zon at the base of the Chamberla1n S Brook Formatlon-

’

.
t

I

“-
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at HooeaTl”Head is'between'Igb-B'meters thicku«k

€hape1 ‘Head, Tr1n1ty BAX_(NO 11 on F1gure 1. 1)
. The Chapel Head sect1on 1s a compos1te one,,W1th the two
7_Towest L0wer Cambrﬁan rock un1ts‘(Bonav15ta and Smith Po1nt

AN

_L1mestone Formatlons) sampled where exposed aTong the shore of Long

ijove on Tr1n1ty Bay, and the rema1nder of the Sect}on sampTed along o

~ . ¢

3the western shore of ChapeT Head ]ocated severa] hundred meters .

N . PR

‘ieast of LOng Cove Geolog1ca1 and strat1graph1c aspects of th1s

'",compos1te sect1on are shown in F1gure 3 4 g . ré‘v'

The Canmr1an rocks 1n th1s sect1on d1sc0nformab1y overT1e

»

-~red and green quartz:tes of the Random Format1on~ The basaT )
C Cambr1an conglomerate atop these" quartz1tes 15 Tess than 0 5 meters
“.thxck and cons1sts of quartz pebbTes set 1n a 11my matr1x, ‘
The 8r1gus and Bonav1sta Format1ons in the\ChapeT Head

‘,'sect1on are dom1nated by. ma551ve bedded red and green mudr0cks, o

. which in pTaces conta1n tth nodu]ar T1mestone interbeds up to 0 5 7 o

‘i’meters thlck. The Boravista and Br1gus Fbrmat1ons attain th1ck-
., nesses'ofw2§'and 225 neters respectively. In pTaces, the green e
‘mudrocks contain thin black 1amin55'és in other sect1ons,,and_.;
occas1ona11y they conta1n pyr1te concretions. ‘
The Sm1th Point L1mestone Format1on is 6 5 meters thick 1n
'the Chapel Head sect1cn, and cons1sts of red 11mestone wh1ch "-';
,conta1ns th1n red argt]]aceous 1nterbeds and TocaTTy abundant a]gaT
COTon1es 5'-‘~ : e B |
The Chamber1a1n s Brook Format1on 15 apprOxmeQETy 50 meters

' th1ck but s 1ncomp1ete W1th the upper port1on removed by erosion.
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' - - . - . - v R . M '.A P -
ilttis:compoged of ‘red and green mudrocks ... The manganese: hotizon
) f at- the base of;the"formétionjis about 2 meters thick.

§m1th Po1nt Tr1n1ty Bay ( 43 on F1gure 1.1)

The Smith Po1nt Sect1on s located on the-north ‘shore of .

Sm]th Sound on’ the western side of Tr1n1ty Bay, 1mmed1ate}y north-

west of the Ava]on Pen1nsu1a proper' The sect1on Ties -near the

,; .

nqrthwestern 11m1t of Cambr1an exposures 1nfthe Awa]on Zone -fjgure
3. 5 shows deta11§ of the 1oca1 geo1ogy,and stratlgraphy. v ) :
~ . ; T The d1sc0nf0rmab1e contact of ‘the- Cambrlan rocks w1th T o

quartzites of the Random’ Format1on 15 exposed to the east of Sm1th ' .

~ .

ST o Po1nt proper on‘the north shore of Sm]th Sound. The 11my quartz L B

- -

P ‘if| C':.‘ ‘ pebb]e cong]omerate over]y1ng the Random QUartz1tes s 1ess than !

a méter th1ck and resemb]es the basa] Cambrwan cong]omerate present .

~in other fkey sect1ons
The exposed th1ckness of the Bonav1sta Format1on 15 approx1--
mate]y 135 meteré though the basa] part of the un1t 1s h1dden b .

T 1';_3‘ e Hutch1nson (1962) has e&t1mated that an add1t1ona] 60 meters ‘of

s . ' : -

L Bonav1sts Format1on ére unexposed He proposed that the- 5m1th Lo

s

Po1nt sect1on be. the type, sectlon for the BonaVTsta Formatlon, Hv T

B SR *"g}[Q/th1ch (assum1ng the hidden 60 meters to be. present) As thigker- here :
ST i, . } than anywhere else on the Ava]on or Burrn Pen1nsu1as _ " The Br1gus <o ..f

N - = -
T - . I

Formatlon at Sm1th P01nt is approx1mate1y 100 meters’ th1ck The-, J : o ) R

Bonav1sta and Br]gus format1ons cons1st of mass1ve bedded reu and

_ green mudrock, in wh1ch th1n limestone interbeds (commonly nodular)
e |, occur. e T L o o

* The Smith Point section is the type locality for the Smith
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. 1 ;‘:i,jm': e '51 3

Point Limestone Formation (wa]cott, 1900), which s 7 meters thick

1.and 11tholog1ca11y s1m11ar to prev1ous]y descr1bed exposures of

. q.
the/)ormat1on L .7_ SRR

Thelchamber1a1n s Brook Format1on has an est1mated minimum

. /-
th1ckness of. 100 meters (Hutch1n§on, 1962) though Jenness (1963)

'A,tonc1udes on the bas1s of 11tho1og1ca] correlat1on w1th nearby

‘ exposures that some of the uppermost part of the un1t 1nc1uded 1n

' vthe 100 meters may be]ong to the over1y1ng Harcourt Group

fonnat1on C0nSIStS'0f mass1ve bedded red and green mudrock w1th

red mudrock restrlcted to the 10wer part of the format1on Nodu]ar

._11mestone beds are 1nterca]ated w1th the red and green mudrocks

. The, manganese hor‘ZOH at the base of the Chamber1a1n 's- Brook
Format1on is one meter tthk 'e; \ f' : fe-i7l ’ ’

Dark grey to b1ack sha]es of the Harcourt Group, of unde-

'~term1ned th1ckness, over]1e the mudrocks compr1s1ng the Chamber1a1n S

3.4

Brook Format1on

The Manganese'ﬁprizon'_',.

General Remarks

: f;;.‘;{'- -

The' manganese hor1zon compr13es manganese r1ch sed1mentary

= rbcksApresent 1n the'basa1 part of*the Lower:MJddle pambr1an G

'Chamber1a1n 5. Brook Format1on The horizan . occurs'fn'ail'strati-

. graph1c sect1ons on the Avalon Pen1nsu]a in wh1ch the basa] part -

{'of the Chamber1a1n S Brook Format1on is exposed and also occurs

- It cons1sts of a m1xture-of manganese bear1ng and calc1um~bear1ng

Jin equlvalent strata 1n Cambr1an'exposures on the Burin Penlnsula.

“'carbonate mnnera]s (hereafter referred to as the carbonate frac— a

A




)

: ti'on of the manganese h'orizon)and" a suite of sﬂicate'nﬁnerals

) The mmera]oglcal composition of the manganese hor1zon is further N

'cons1dered m Chapter 4. Tmckness var1&t1ons and htho]oglca]
.changes occur in the manganese horlzon from one sectwn to the

R ,next. and are d1scussed 1n the remamder of th]S sectron
' ’ \

The manganese-mch rocks were depos1ted during a break Hl

norma] cond1t1ons of sed1mentat1on w1th1n the Cambman basm w1th

v

'paTeontologma] and strat1graph1c th1ckhess relatlonsmps over the .

<

CAvalon Pemnsu]a arda 1nd1cat1ng that the manganese hor1zon was »
formed dur1ng a. permd charactemzed by very s]ow. rates of cla[shc ) -
sedlmentatlon The hor1zon may represe\nt a dlsconformty (be.:g s ‘
Hutchinson 1‘562) or a non sequence (e g.,_Fletcher 1972) / As :

there is no. phys1ca‘l ev1dence of, erosmn or dlsruptmn present at

».the base of the, manganese hornon, the 1atter term ( paracon- - o

’r‘ormlty) is. conS1d%red more appHcab]e

.

‘ Contact ReIatlonshIps ;

’

The rlower strat1graph1c hmyt of the manganese hor1zon ,'
comudes w1th the contact between/«the Chamberlam 5. Brook and

-~'Br1gus Formatrons In the. 'key ’fmmty Conceptmn Bay exposures

" on the Ava]on Pem nsula, th1s contact s -abrupt, and the 'Iower o

_boundary of- the manganese ho‘hzon can be accurate]y Dosxtwned .
-
Tpe ]west bed 1n the manganese hor'uon in these exposures cons1sts

'of Mn bearlng, dark b]uwsh black weathered carbonate- Though the R

e

B contact of thts lowest manganese r1ch carbonate bed w1th under1y1 ng

_' Br1gus mudrocks is sharp, 1n no case was an_y phys1cal ev1dence of

i : A ] .
.. N \ ) -

. ‘»d1srupt1on, such as the occurrence of cong1omerate, observed




53

The uoper boundary‘ oif the nianganese horizon w’it’h cWei‘Tying .
manganese poor gr*g;p mudrock of the Chamber]am b Brook Formatmn
s gradatwnal w1th the proportwn of Mn bearmg carbonate |

S becommg progresswe]y less untﬂ the Sequence c0n'51sts ent1re]y

of mudrock' For samphng purposes, the upper contact of the man-’-"-A

ganese homzon was arbltrarﬂy defmed as the uppermost recogmz-'

o -

: ab]e Mn bearmg carbonate bed or 1ayer . o R a
The th1cknesses obtamed for the manganese hor1zon in
Trm1ty Conceptmn Bay SeCtlons usmg the above’grlteﬂa corres-

pond weH w1th other est1mates for the same exposures (e g )

Hutch1nson 1962 Da]e, 1915) A

|

o S = . In Southern Ava'lon Penmsu]a stratlgraphw exposures, the.
' ‘ ) manganese homzon tmcknesses determmed by F]etcher (19727 have _l;

been used Ain the d1scuss1on of regwonal vamat:ons in 1ts C

P

e e character L

3 4 2 Age of Manganese Homzon N kN j‘-i..'_' el

. ' R Pa]eonto’logma] stud‘ies of -the tr1Tob1te fauna oresent i

’

the Cambr1an strat1graph1c succession 1nd1cate that the manganese

homzon s’ everywhere of basa] M1dd1e Cambﬂan a 2 and that the

1ower boundary of the homzon deﬁnes the Lower- 1dd1e Cambman S

. ’ o boundary (F]etcher, 1972 Hutchmson 1962)- “The \hortzon th‘us,-'

occup1es a deﬁmte and restmcted strat‘lgrapm ~--position"through-‘ S

orut the Ava]on and’ Burm Pemnsu]a area

3 4 3 Regwna] Var1atwns in Manganese Hor1zon .

S L1tho1091ca1 and paleontologlcal 1nvest1gatlons have 1den—




‘ 'ti'vfieo a number of regional changes in ‘the character of the mangan- o

ese ’h‘orizon A11 changes 'in the Ava]on Pemnsu1a regmn occur in
a north- south d1rect10n w1th no. apparent changes of any magmtude
; takmg p'(ace in "an east-west direction, . Regwna] trends in the

development of ~ the manganese horizon are 1nd1v1dua11y d1scussed

>

\\ below, and are schemahcaﬂy summar1zed in F1gures 3.6 and 3.7 T

(N S and E-W Cross, sect10ns of the horuon in the Avalon Peninsula

reg1on respect1ve1y)

-

3. 4 3 1 Th1ckness .

«

Y - -

The manganese horuon becomes progresswe]y ,th1cker 1n a /

‘e i A
'

-north‘ to south di rect-yon The th1nnest exp05ures oecur a1ong the
northern shore‘of Smith Soun \on’ -Tr1n1ty Bay, where’ the manganese

o horlzon 1s on1y 1 meter th1ck outhwards, it becomes progresswe- '

v

1y t cker, measurmg 25 meters, 1n thlckness in the southernmost

Ava]on PemnsuTa exposures 1n the St Mary $ Bay .area.”

3 §.3.2 L1tho1og1ca1 Character

A 11thofac1es change from carbonates in the north to a

,.,mudrock fac1es in the southernmost sectlons occurs in a north to"

; _-’,‘.south d-1re¢t’lon “In- the northernmost Tr‘lmty Bay exposures le.g.,

i
/

Smith Pomt sect1on No 13 on F1gure 1 1) the manganese hOl‘"lZOﬂA .
'-.conswts of a s1ng1e masswe, albe1t Tmpur‘é Mn Ca carbonate bed

_ ' In the southernmost Avalon :Pem nsu]a'exposures in the St. Mary s’
\. Bay area, the manganese hor1zon consm.sts pr1marﬂy of red. nd ]
green mudrock Manganese calrbonate in these exposures is Yestricted
to 2 few scattered nodu]ar beds in the muolrocks, and the hor1zon 151 )

not the 11tho]og1caHy d1st1nct een‘tlty 1t is in the north
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. sections. RS o '

strat1graph1c sect1ons 1ocated in 1ntermed1ate pos1t1ons around -

the heads of Tr1n1ty and Conceptwn Ba_ys, the manganese hor'nzon

cons1sts of 1nterbedded carbonate and argiHaceous beds. The’ '

' -'carbonate beds vary 1n thickness - (up. to 0 3 meters) and in 1ength

w7th some th-m 1enses on]y centune_ters in 1ength and others.

exceed'ing~the 1imi'ts"of -outcrop"exoosure Carbonate concretwns,

"1oca11_y concentrated along bedd'lng p]anes, are common in.these .

[

The var1at1on 1n hthologmal character of the manganese

-hor'n zon from north to south on the Ava]on Pen1nsu1a suggests that

the carbonate ‘facies 1n the north grades~ 1atera11y by~ mterﬁnger-' ‘

":mg w1th the th1cker mudrock fac1es in the south o _ "

!

Chem1ca‘| Var1at1on , ‘_ P

The hor1zon is: progresswe]y enr1ched in Mn (re]at'ive to

o Fe) in & -norther]y d1rect1on (Sec. 5. 3 2), in part because the :

2

Aproportmn of carbonate mi nera]s -w1th which the Mn is associated

. (Chapter 4) 1ncreases as the bor1zon becomes th1nner 1n thlS

direction. .‘- - o S

LY Tk

4.Fossils in Manganese-Horﬁzon

-~

~The. mang'anese hor1zon is- fossﬂﬁerous 1n aH strat1graph1c

expdsures contammg a fauna 1nc1ud1ng trﬂomtes, onhthes,

- ,sponge sp1cu1es and severa] k1nds of algal textures (Fletcher.

1972 M ‘M. Anderson, pers comm. , 1975).




,<'- . -: - X ‘ ,‘ : 7-’. :‘:""“." ‘ } .‘ CHAPTER4 , ° . . ‘ | " v .: - . ... -",.
Do T pETROLOGY

, L 4 l Pntroductwn a

) " o po The fo]]owmg pétro]og1ca1 waork, was carr1ed out on samp]es

R . R of the Cambr1an sed1mentary rocks compr1s1ng the Ade_yton Group o

. . LT * K I

S . (l) a tota] of 137 th1n sectlons, more than ha]f from the SRS

- . manganese hor1zon were examined under the m1croscope w1th the R oY

. -

| _a1ms of 1dent1fy1ng the m1nera1 spec1es and fossﬂ forms present S

-~ 1

;‘and the amount of d1agenet1c a]terat:on in the manganese hor1zon

v . .

- and other rock groups, . A } - o
e T (2,) 180 samp]es were exam1ne&i w1th Y-ray d1ffract1on T.he
o T e pr1nc1p'le m1nera1 spec1es present in major rock groups were 1den- ) ] J

':’_ t1f1ed and the dnffractogram m1nera] peak areas used to ca]cu]ate -

-

R o0 . re]atwe mmera] proportmns for. the samples, and L
_ . » - (3) chem1ca] ana]yt1ca] data. obtamed from the Cambr1an e
. R ':.- ;sed1mentary rocks was used to ot;tam normatwe est1mates of the |
| ’ m1neralog1ca1 compos1twon for’them A ‘ _
e I R : 3 Details on samp]e preparatmn methods and the analyt1ca] ‘
) . '-"techmques employed are gwen in Appendu I e '
: 42 Results of Petrographic Exami‘natton' o ' a ._ - h

‘ Thm sectwns prepared from rocks representmg aﬂ ‘Ti tho-’
_1ogles and from aH ’r'ormatwns 1n the Adeyton Group were: exammed

‘w1th a po]ar1z1ng mi croscope w1th the maJor1ty from samp]es of

'the various samp]ed strat1 1c exposures of the mangapese )
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s

horizo‘n." As seen 1n the th1n sectwns the semmentary roCks are f )
: umform]y fme gramed, and contam the same . 1dent1f1ab1e m1neraT
spec1es .throughouf. The rocks can be separated mto two groups

. argﬂlaceous rocks (typ1f1ed by the red. and green mudrocks) and

carbonate r1ch rocks (e.g.,. T1mestones, sampTes from the manganese

B o " hor1zon) The two groups are gradatlonaT

N _ . The Cambr1an rocks are 1n genera] very fme gramed except\- )
v for the basal Cambman congTomerate where cTasts rangmg 1n s1ze " ' '

o i o up to 05 meters' occm' Severa] of the mi: neraTs in the mudrocks . .
| _ ‘ ‘ | fe]dspar and 1111te —/are nowhere coarse enough to 1dent1f_y opt1c- '

A‘ o | SR - aTTy Carbon'ate mT9erLﬂs whev{present conmn]_y occur as m1rc0- l
’ s crysta]hne crysta,'r aggregates ‘ Coarser, mdwldually recOgmzabTe',
carbonate grams /occur but are generale the result of recrysta]h—»:f\ L

zat1on and secghdary growth U I '_ R ‘

The résults obtamed from thm sectmn and hand spec1men

i o L exammatﬂon/of rock - 53"‘9195 from the Adeyton GrOUD are summarlzed o

in Tab‘r.e/l . The data in th1s tab]e are bneﬂy d1scussed beTow.i

. N
W

' 42.1.Red andgGreen Mudrocks R R ‘A‘, L . ‘

~

These rock t_ypes are smﬂar 1n generaT compos1t1on and

“os
N

texWre, ‘the maJor v1sua11y apparent d1fference be1ng the presence

FEEES

of/ hEmat1te in the red mudrocks Th1s mmtiraT occurs as a red- .
oTored m1crocrystaTT1ne component wh1ch 1s dlstr1buted throughout
“ithe m1CrOCr_ystaHme ( clay s1ze ) fractmn of the rocks and ‘common- 5 C

; s
¢ . . v A ~

S Ty -coats and stams Targer crystals Hemat1te was not 1dent1f1ed - Lo )

7

o 4‘1, 7 in any green coTored mudrock Both mudrock types contam Targer

1nd1v1dua11y recogmzable part1c1es of quartz and chTOrlte even]y




SANPLE
. GROUP
‘RED AND
OREEN ~ *
WDDSTONES

e,

-~

MANGLHESE:
..~ MORIZON
SAMPLES .

RN

TABLE l l SGHARV DF ynmmmc DBSER‘IATIC\S on LIMOSICM GRpllPS OF CMBR!AI SEDNENTAR’ ROCKS

-

. . [y N
o MACROSCOPIC FEATURES
Characteristically massive In habft:.
bteth red and green mudstones in places
" contain cirbonrte nodules.: these are
commofly concentrated along bedding
planes and sa aark bedding;

cleavage variably developped:ia wdstonu carbonate interdeds;

and where present intersects b:c’ding at
high anglé;

some greed mudstones ‘contafn tnin black
-lenses and Jaminae p-ral)el to be"ding
pyrite concretions up tq several om ¢
present “{n-jome green mudstones;

in genaral, colour contacts are sharp and material are present;

“paralle] to bedding, but locally EIRTY

. apparent that somwe green mudstone is

secondary efter red.

Fresent in etlipsoidal podules ud to,
_ €. 5 an Yodg and ﬂutened in the
bedding plane;

alse in discrete beds, varying fin,
ghickneSs from less than 1 cm to.—ore
-than 1 'm;}

colour varfes from p‘nk, to red w gre,y,

Comonly syperficially coated with.Ma
oxides;

bedding visible and outllntd by cerbonate in argillaceous samples;

Jdayers,- lenses-and :om:entrauors ok

* podules; - . -

argillaceous material buueen cerbanate-

" rich intervals;

‘nodular struttvres common (espe-iany in
Concept fon Bay exposures);’ .

colour wveries from p\nk to jre
a¥gillaceoirs aterial ‘green an
fossi iferous,

W
‘red;

. sangles

_Cleavage: “varfably

. ‘t_hroughout the rock.

" "Cleavage: not well-

tedture predomipant s

. than microcrystalline
. mteing : 3
" patchy textures produceéd -carbonate congretions,

-yery rare pelletat

B . ~ .

“THIN SECTION FEMTURES .
'E“}lﬂ_[s , N -STR”GTUREVS

developped and defined onate-rich beds, coarser
b{ wineral orientatfon.- lapinae or chlorite-rich
different{ally developped layers

- In samples with resistant samples . >
grain sizes in general
15 unfform throughout
saaples (very fine-
grained), byt in a few
cases thin (1 em) layers
* ‘and/er lepses of cnarser |nterb¢ds

where 'present ocsur as
dispersed shell fraoments
. {carbonate) in argil-
laceous matrix. abundant

quartz and chlorite - R T
“crystals are character- :
istically present (to &

" degree) in larger grains

than the remining . ot
mineral species. the *
larger crystals are
evenly distributed ,

develapped, but can be

seen in some siaples as
shearing at irregular .-
intervals;

in some samples,~aigal

forms present include .
Ltrilobites, hyolithes,
~ sponge spicules and
severa) types of algal
. fores #ncluding .
stromatolites, GIRVAHELLA
. lnd EPIPHYTON.

!Bedding: defined by carb.' -

gh\ & minority of .

in samples v!ith carbonate! - -

Fassﬂ: lugnents common_| .

fossils: rare in mudstone.! ’ N

Cleavage: nriably . » Bedding: thin carbonate
d:velopped most apparent . fnterbeds occur ¥n some
-semples: ‘chlorite~-rich
‘laminae in some argil-
“~laceous samples. colour -
banding parallél to
bedding ¥n some samples.
lenticular nodules”
elongated in bedding -
direction: -

nodutar structdres: ° "

‘minerais, io $haly mat-
T erial of uniforp. very
fine-grafned size; s
as in red and green mud-
-stone, some quartz and -
chlorite crystals larger

by didgenetic alteratfons chloritic nocdules and

of primary sediments; °~  phosphatic nodules ail -
occyr. waximum dianeter
textures; - ] of andules several em +_.
large {up to severq) . they sre generally en-
wn +) authigenic crystals closed in argillacedus
.of pirite, carbonate 3hd matrix and are commodly

barite present i sone elongated fn,the tedding .
plane;
fossils: present n some
i . +samples. shell fragoents
- and 21g3) structures can
- . " - be recognized in sorie
oo hnples‘ .

PN
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TABLE 8.1 SUMMARY OF RETROLOGIC DBSERVATIONS ON LITHOLOGIGAL EROUPS OF CAMBRIAN SEDINENTARY ROCKS . -

*SAMPLE

+ GROUR

RED AND
GREEN

HUDSTONES

STONES

'

. nodules are coronly in

\MORITE
bistributed throughout
sediment ;

grain size varfable;
largest crystal; can be
‘seen-inBividually ..
enclosed within argfl-
Taceous matrix ton—
sisting of & mixture of
. microcrystatling min-.
erals; .
Varger crystals .
typically oval fa. shape
and of (relatively) high X
relfef;

colourless to yreén:
slightly pleochroic;
soxt crystals in

matrix;

sone crystals shaped
Vike mica flakes; -
Yocally, crystals

concentrated in dbands.’

. As fn sudstopes, less

. corrion and restricted to
trgillaceous fraction -
of smples.

g

Individual chlorite. -
crystals pccur dispersed

1 throughout finer matrix

as in nudstones;

,in green sauples. Jerge
fup to 1 cr+ o,
diameter), bulbuus
*podules’ composed
sainly of chlorite are

most vften be seen
within them. the.

graditional contact with'
surrounding matrix;
‘rarely larger crystals
fors ‘incomplete
sphervlites, with
crystals radiating out
from one or several
centres,

2

-graditional contact with X '

L
.

QUART?

crystals evenly sg ead -
out through samples;

‘rarfable grain size, -

largest about equal in
size to largest chloriu
crystals;

tolourless;

generally fresh.in.
ppearance, but local.

.joating corrosdon by

rbonate; .
ndividua} crystals set.
n microcsystalline

Amatrix; . ,
Jlarger crystals (silt)
‘1in rere, coarser bands.

As in mudstones;
293in restricted: to
irg:lhceous fraction
'of semples.

Frys!als generally
dispersed evenly
throughout srgillaceous
“Fraction of samples;
rain size varfes with
Hargest crystals set in.
finer matrix;

ome crystals noated by
Farbonate.

present. these are not, -
. however, ronamiperalic,
© and -other minersdls can

MINERALOGY
_GARBOMATE |

Not comnon f{n red and
green mudstones; )
generally present in
sparse fossil material,
but ina few 'limy' -
wudstone samples, clrb-
onate crystals ocgur
spread throughout the

! sediment.

[P

Domfinant mineral comp-~
ooent;

carbonate dispersad
throughout snmg es;
grain size varies widely:
commonly present in very .
fine-grainéd micritic

+

+ patches, but larger

crystals.also occur {these
are commonly twinfed); .
cwlourless to brown;

some cirborate as fossil -
fragments;

crystals in argillaceous
matriz, . .

+

Co-or'ny bnsen! 4n éicro.-

“crystalline ('msicritic'}-

aggregates, though
trystal size varfes and
nuch larger {sometipes
twinned) crystals occur
in. some samples;

evhedral carbonate
crystals abundant in some
samples and are dissem-
inated through sediment
or copcentrated in carb-
onate concretions;

sowe carbonate also pres-
ent in fossil fragﬂents.
colour varies from trans-
parent to brown to red;
carbonate concretions -
commonly elliptical, with
long axis parallel to
bedding plane;

Some - spherical ‘mdules
occur;

rodules may or pay nat:
possess a recognizable
core.

\-

HEMATIYE

Present in red wuds tone,

only, as utru\ely fine- -

gratned ‘dust’ associatec
with the microcrystalline
argtllaceous matrix;

does not generally coal
‘the Targer quartz and
chlorite crystals; !
responsidle for colour
difference between red
and groen uud}tone. ,

. L

-

Present. in argiYlaceous
mtrix as in mudstanes;
also coats carbonate

_crystals in some spmples.:

,

Present in some samples
and sbsent in others;
1n some saaples, he-
atite ‘bearing materfat
seems -to be replaced by

(#nd §s surroonded by)
‘green materia) with no

hesatite; -

where, present occurs

in microcrystalline forn
in argillaceous portion
of sample; -

“also coats carbohate {n,
some samples,




SALE
. GROUP ,

NED AND
GREEN
WDSTONES

' L{HE—_. '
STORES

PANGANESE
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SAMPLES

N

v
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TABLE 4.1 SUMNARY OF PETROLOGIC OBSERVATIONS OM LITHOLOGICAL GROUPS OF CAMBRIAN SEDIMENTARY ROCKS

\ . -

-6ctagedra sudgest the

OTHER -

Opaque pineral(s) .
typically evely dispersed

throughout red and green _

mudstones

fndiyidual gums very
smll (. [ »m) and for,
this reason not ident- -,

“ifiable optica)ly;

in some green mudstones,
amhlgeqlc pyrite -
crystals can be re-

. cognized by crystal form; -

likewise, occasfonal _
qriing shaped )ike

presence of magnetite.

P
Opaque mineral{s)
disseminated Shroughout

| argillaceous part of -
tazples as in mudstonss.

Large {up to several
m + in‘diameter), -
euhedral cryitals o -
pyrite and barite occur
i some samples. -
phosphatic nodules’

~'brown in colour and
‘opaque, are present A+
‘- some material;--

some black opaque htches
contain magnetite;

- amorghous silica pr:senl

in scme semples (as in-
dicated by eléctron :
probe Anﬂyses).

D!AGEHE“C FEATURES s

¢ S N PEEN

() Chiorite cryss nl: range gr.ndatlooolly from Yarge to !uhmi;rost.opl: in,
T ther argﬂhceaus aalrix;
“ chlorite aisc rims and replaces the carbonate of some of the scattered _
" foisil 'rlg‘\e"s-ln some mudstone sarples;
.- 1o several se=dles from a wolcanic unil'within the sequence, chlorlu
has repliaced ‘|rro:r.qneshn crystals, pveserving the orlghul euhedral
outl ines;
these features suggest a disgenetic origin for much o( the chlorfte, .
12) Ca-bonatetcosting, carroding indiyidual qunru grnns. indicates
rep)acement of, latter, - e
(3) Alignment of some of the microcrystaliine 9rllns 1n the udinenu
pagaliel to top clpavage plane suggests that (st Teast in parv.) the . I
“ gminerals have formed during or subsequent to. the deformation of “the rocks. i
(4) Sprergitic cerbonate crystal aggregates occur {n the above-mentioned ¢ l
volcanic rock samples. these Also are asttributed fo dtagenesis. i
(5) ewredral pyriz e crysuls., A i
¢

{1) Secondiry certonate crystals commnly fringe fossil fragaents; E -
as n rudstones, carbonate coats. 4nd corrodes quart: grains, -
(?) C(Mortte trystals in the argillaceous matrix of. the.limesione samples
Are similar t; those in red and green sudstones. are asstmed to share 5
7 iiaﬂar -dizgenetic orlgin. i X L

(1) Diagenetic formation of chiorite widespread; . ,
in addition to crystals similar to ones in red and green mudstones, -

. chlorite-rich nodater forms {in qradatioml com.act with ldjictﬂl ntrlx
waterial) occur; . .
rare spheru"tic lggregn.es of dﬂorite have: also formed durh\g
diagenesis;

I chlorite cry.tals rephc- e:rlhr wthigenic batite crystals in sohe

+ panples,

(2) Secondary carbonate crysu\s as fn 1iméstone samples,” cumnly fﬂngg '
shell fragments;

5 in some samples, euhedral corbonnte cry:tals are nbundln!. .. A
spherutitic carbonate: crysta! aggrecates rarely observed,

{3) Carbonate concretions, chloritic nodules and phosphatic noduhs are
considered to have formed during diagenesis,

{4) Fractun: rese-bling shrinluge or a.nluuon cracks formed during nrly
diagenesis : .
(s) [vbedrﬂ c|",ysms uf‘pyrne. barite and carbopate have grown th- '

fca

(E) Pmblny’ngnetito has also (on-ed authigenfically, but lhis nlneral h

.. pow partially altered in turn to hesatite.

(7) Late stage veinlets, commonly filled with carbonste and ramly with parite -
and pyrite,. tranject all otl\er testural and structural features qf
u“menls. . . & .

: - N
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L1mestones ,.‘ e o - .- IR

.ferous,_w1th some dom1nated-py a]gatly-producedftexturesl(see 4.2.6}.

d1spersed throughout a m1crocrysta111ne matr1x Red and green

~

mudrocks are on]y rarely Foss111ferous. Lam1nat1ons or other man1- L

>

festat1ons of bedd1ng are:not common]y v1s1b1e though some green

mudrocks do contawn th1n, ch]or1te r1ch lenses 1y1ng in the bed-

i, ! .

dJng p]ane Th1n 1am1nae of coarser graxned mater1a1, cémmonly =

", quartz- r1ch, occur occas1ona11y 1n both red and green mudrocks. -
. - .l P - . ‘4 h

Limestones are usually 1mpure conta1n1ng a variab]e amount -

of arg111aceous material wh1ch occurs d1spersed throughout the rock o

as matr1x tolthe carbonate or concentrated in arg111aceous 1am1nae.

The arg111aceous fraction of the }1mestone samp]es conta1ns the f?ff

N

same 1dent1f1ab1e m1nerals that occir in red and green mudrocks
(e g s quartz, ch1or1te, hemat1te)., leestones containing a h1gh

proportwon of arg111aceous material are gradat1ona1 to ]1my red and

"~

green mudrocks. The d1st1nct1on between the two rock types was -

-

P S
arb1trar11y def1ned,on a chem1ca1 bas1s, with samp]es in wh1ch -Ca0 -

exceeds 510Z c]assed as 11mestones Most 11mestones are foss111—

-~ ~

A

Manganese Rich Rocks R )

SN N

ManganeSe hor1zon samp]es cons1st of 3 m1xture of arg111a-

. ceous mater1a1 and of carbonate m1nerals Some-conta1n euhedra]

crysta]s of pyr1te barite and magnet1te, and phosphat1c nodu]es )
a]so occur in some,samples Ident1f1ab1e m1nera]s in the arg111a-
ceous port1on of these rocks Jnc]ude ch]or1te quartz, and in. some
samples hemat1te.g Some. manganese hor1zon rocks conta1n numerous

1
concret1onary structures, in wh1ch the dom1nant m1nera1s are

.




4 2.4 Genera] Observat10ns‘-‘ v ' 1 -

“
|
C &

ch]orxte and/or carbonate (See Sectxon 4 2, 7) Carbonate m1nera1s»v>

a]so occur d1ssem1nated throughout the argxllaceous fractlon of

S

‘ the rocks and 1nfma551ve beds and 1enses Foss1Ts are common]y

}composed of quartz. though rock fragments of, s1m11ar 11tho1ogy to

[y

assoc1ated w1th the carbonate m1nera]s, with the same. forms

.

’ present as i llmestone samp]es e]sewhere 1n the Lower and Lower

M1dd1e Cambrran port1on of . the succe551on Stromato]1te 11ke _f

4

nodu]es are-present in the manganese hornzon (Da]e, 1915)¢ and' _g'f‘ ﬂl
a]ga]]y produced textures can be. seen in thin’ sect1on v1ew (see

Sect1on 4.2 7) A\ ) '

’

Several of the dark grey to b]ack mudstones typ1ca] of the
Upper M1ddle through Upper Cambrian Harcourt Group were,examIned
in thin sect1on for’ comparat1ve purposes ?heseadudstones5are"
much darker 1n plaln'T1ght than the, red and green mudstones of the .

»

Adeyton Group, due ’ to the presence of very f1ne gra1ned opaque 1ron f“j
ox1des. These rocLs are ‘typically we]]-]amtnated on a.m111}meter

to cent?meter scale, again. in-coftrast to the Adejton GroupirOCks‘. ‘
" The band1ng eonsxsts of a]ternat1ng carbonate r1ch and: arg1T]aceous
bands, some of the carbonate, bands are abundantly fOSs111ferous

C]asts in the ]1my basa] Cambr1an cong]Omerate are mostly

"under1y1ng Erecambr1an,rocks.and\red, Timy mudreck clasts also

. occur. . ‘Thered mudrock»clasts are'identiCal to Lower Cambrfan

sedlments elsewhere and’ are presumed to have been derived from
eros1on of penecontemporaneous mater1a1 Sone of the c]asts are .

concentrwca]]y 1am1nated and resemb]e‘stromatol1tes> The 11my»




_cement iR the canglomerate is also fossiliferous and contains

»v a]gaiiy»produced textures which sqggest'that_the:initfaiftransﬂ’r

~§ressi0h must have taken'p1ace gradUaT]y'infadtow-energy enviran-

‘-hent SeveraT quartz pebbles ih a th1n section of the congWomerate

',_from the Br1gus Concept1on Bay sect1on were composed of aggre-

agates of smal]er quartz crysta]s whose 1ong axes were al1gned T

o para]]el to each other produc1ng a 11neat1on 1n the cTasts This7

suggests that some‘deformed rocks were exposed to eros1on in that o

area durlng the 1n1t1a1 Cambr1an transgress1on, though 1t 1s

emphas1zed that such-c]asts fonh only a m1nor proport1on of the ,

"conglomerate C0rroded alb1te crystals are present in some th1n

3

e ssect1on5 of the basa1 cong]omerate - the»on]y samp1es 1n wh1ch th1s

fmrnera] was pos1t1ve1y 1dent1faed opt1ca11y

‘_.:4fé.5501agenes1s I

vadence of diagenetic a]terat1on 1s present in a11 of the

g above rock groups ‘hlnd1v1dua1 ch]or1te crystals in the mudrocks

‘are much 1arger than the average crysta] 512e ln the adJacent

'matr1x and moreover POSSESS: gradat10na1 contacts wtth th1s matr1x,-" -

'-:-suggest1ng that the m1nera1 has formed dur1ng dragenes1s Larger

>carbonate crysta]s, commonly tw1nned are be11eved to have formed )

‘3by the recrysta]lxzatlon of»orag1na11y m1cr1t1c mater1a],-and:,,, . - _?

' seeondary'carbohate crys_ Is usudlly coat the fossil fragments in"

'~7Ch1or1te has rep]aced who]]y or in part a var1ety of m1nera1s, ‘

C 1nc1ud1ng carbonate (some 1n1t1a11y carbonate bear1ng f05511 frag- .

'the rocks

"ments have been ent1rely repIaced by ch1or1te), and bar1te In,

. Ch]or1te format1on dur1ng d1agenes1s is w1despread

LI




“. B

i - "‘ . Q . L B -
o hmy mudrock samp]és, carbonate crysta]s surround embay, and coat

quartz crysta]s, _features suggestmg that the carbonate has
rep'laced the 1atter rﬁmera] .' L ) ‘{ . A o
The manganese horlzon has been cons1derab1_y a]tered by

dlagenes1s (Tab]e 4 1) MOSt of the d1agenet1c features present

e

1n the horlzon are beheved to have been produced durmg early

d1agenes1s, a]though severaJ 1ater stages can a]so be recogmzed .
Concretmns produced durmg d1agenes1s are present in aH manganese~ o

r

hor1zqn exposure§ and are predomna'ht 1n some (e g. ‘Manue] s R]ver,

¥

- Conceptwn Bay) VThe concretwns are frequently flattened 1n the
beddmg p1ane and hence ma_y have formed before compactmn 1n the

primary sed'}ment had been comp1eted In thin sectlons, the nodules I

v

- often posses? extremely sharp boundaries (F1gure 4 1). nodules are' ‘

" common]y dastmct]y zoned and adJacent nodu?es coa]esce and forrn

.

1emn1scae Gencentrm sets of carbonate Fﬂ]ed dess1cat1on cracks

4 » 5 -

are’ a]so present in some nodu]es. These features are conSTstent :
w1th an ear]y d1agenet1c orrgm for the concretmns *In add1t1on,

dehcate pmmary algal textures have been preserved 1n fanely cry-: S
: osta'lhne carbonate mater1a1 (Flgunes 4 7 4 3) in the manganese

1‘

hornon wh1ch suggests that extenswe secondary d1agenes1s cannot
havetaken plaoe- T L ;,'

. -,_ . ‘,.' . P
Later-stage dlagenetm features 1n the manganese hor1zon )

- PR

- 1nc1ude auth1gen1c crysta]s of' bar1te, pynte, and carbonate

"ﬁ'.wmch transect earlerr textures Some of ‘these crysta]s are -them-AvA..
se1res rep]aced b_y chlom te Th'm carbonate f111ed fractures

‘Awmch cut a]l other textures are the latest daagenetu: feature -

r

- observed in manganese hon zon thm sectwns

‘
[RY




The fact that most of the alteratwn in the manganese horw
“zon' 1n cons1dered to have occurred dur1ng ear]_y d1agenes1s 1s -
1mportant as such ear]y processes may reﬂect on the process by
' wh1ch the horlzon was formed (Chapter 7) Furthermore; the absence
of extenswe Iater d1agenelt1c changes suggests that. the bulk compo-
s1t1on of the hor‘rzon has essent1ally remamed unchanged since:

depos1t1on and that chem1ca1 trends wh1ch may be 1dent1f1ed in 1t

(Chapter 5) reﬂ ect or1 g1na] condi‘twns re]ated to 1ts formatmn

4 2 6 Fossﬂs

: , : A «
' The Cambr1an rocks are foss1hferous, and trilobite {

fragments xohthes, and sponge splcules can be seen in thm

' ‘sectwn Severa] types of algal remams are present in the rocks

Textures attr1buted to G1 rvane]]a and Eplphyton have been 1dent1-

f1ed (M M. Anderson, pers comm 1975) and stromatohtes also

occur The. mat 11ke and- rad1a1 a]gal textures ‘and other fossﬂ

) . L

“forms are 1T1ustrated 1n photom1crographs in. be)ow e
4 2 7 Th1n Sectwn Photomcrographs S -

Informatwn obtamed from thm section study of samples of

the Cambrlan sequence has ‘been summanzed in Table-4.1. In . N

general the rocks are not well= Smted For. th1n sect1on exammatwn X

because of the1r extreme]y f1ne gramed nature Carbonates -.in’

part1cular manganese horuon carbOnatesL - )nelded the most petro~ R

\

graphlc 1nformat10n, Pr1mary and’ espec1a]1y d1agenet1c features

typu‘:a1 of the manganese hori zon and other carbonates in the sequence '

are ﬂlustrated be]ow 1n F1gures 4 l through 4 8
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Sample KE-2. Manganese carbonate nodule (x 80). Plane light.
From massive, banded carbonate bed. Note sharp boundary and
hematite-stained spots in surrounding matrix. The latter
Produces a characteristic speckled or mottled appearance

in many manganese horizon samples.

Figure 4.1. Photomicrograph of Sample KE-2.
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i Sample M-96-C.

Massive Mn-carbonate bed, Manuel's River exposure
% (x 20). Plane light. Euhedral pyrite crystal (opaque) in
\ :g:§1]1ferous carbonate matrix. Darker tones due to hematite
ining.

Section contains 1-2% pyrite.

Figure 4.2 Pphotomicrograph of Sample M-96-C.
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Sample BC-2. Bacon Cove, Conception Bay. From near the
basal Cambrian conglomerate; hence the sub-rounded
quartz grains. Note secondary carbonate crystals
attached to quartz grains. Plane 1ight (x 80).

Figure 4.3. Photomicrograph of Sample BC-2.



Sample HH-44. Manganese horizon, Hopeall Head. Plane 1light
(x 80). Euhedral (rhombic), hematite-stained crystals
in chloritic nodule. Note thin carbonate veins cutting
nodule. Crystals are similar to MnCO, crystals detected
with electron probe in other samples.

Figure 4.4. Photomicrograph of Sample HH-44.
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Sample BE-7. Phosphatic nodule in manganese horizon, Brigus.
Plane 1ight (x 80). Note fossil fragments, including
sponge spicules in center.

Figure 4.5. Photomicrograph of Sample BE-7.
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Sample HH-20. Black mudrock, Manuel's River Fm.,
Hopeall Head. Plane 1light (x 20). Typical of thin,
highly fossilferous layers present in sequence. Note
thin, secondary carbonate vein in center of photo.

Figure 4.6. Photomicrograph of Sample HH-20.
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Plane

Radial, sheaf-1like texture produced by

Manganese horizon, Manuel's River.

light (x 80).
algae (M.M. Anderson, pers. comm., 1975).

Sample M-88A.

Photomicrograph of Sample M-88A.

Figure 4.7



Sample BW-1. Manganese horizon, Brigus. Plane light (x 80).
Secondary carbonate crystals flanking fossil fragment.
Rod-1ike carbonate crystals intermesh to form matlike
texture typical of algal structures.

Figure 4-8. Photomicrograph of Sample BW-1.

73



[y

4 3 Calculat1on of Mineral Proportlons

~

‘ The fine- gralned nature of the sed1mentary rocks compr151ng

.the Adeyton Group preyented dlrect (1 e., petrographlc) measurement

) -

e, C T of- the1r m1neralog1Cal compos1t1on E It was therefore det1ded to - . -
o ‘attempt to obta1n m1neralog1cal comp051t1ons for the various: | _
’ llthotypes occurrlng 1n the Adeyton Group by 1nd1rect means . . '_‘ | .
- Macroscoplc exam1nat1on of the sed1mentary rocks suggested
ro LT . that, in general they were of un1form character throughout the i . . ) -
' study area ' Homogene1ty was also suggested by the results obta1ned
from prel1m1nary m]croscop1c exam1nat1on and X-ray d1ffract1on
‘; analyses of the rocks The number of m1neralog1cal components
.f‘ ", present 1n'the sedImentary rocks of the Adeyton Group is not, great ;_
' only six m1nerals are present in. suff1c1ent quantity to be cons1st-
' ently detected on X ray d1ffractograms i These minerals occur in -
all samples, regardless of: geograph1c or strat1graph1c position.
. The mineralegical s1mpl1c1ty and apparent constancy of the
'sed1mentary rocks madé them, 1deal mater1al to use in evaluat1ng the
cmefflcacy of 1nd1rect methods for obtaining m1neralog1cal compos1-
~t?ons._~Two such methods” were used: X-ray dlffract1on analys1s and

~ the normatlve recalculat1on of whole rock chem1cal data The B

results obta1ned from thxs work are presented below

) 4.3.1 Mlneral Proport1ons Der1ved from X-ray DIffractometry

~ Y
X ray d1ffractograms were obta1ned for 180 of the 375 whole : '
rock powders which had been chemlcally analyzed The 180 samples

1ncluded mater1al from all l1tholog1es and format1ons in the Adeyton

‘Group, and were selected from most of the sampled stratigraph1c

. - » .- . 4 e
. - N




' Brook Format1on D T S -

'morlllonlte or kao]1n1te were present in detectab]e quant1t1es 1n

. .quant1tat1ve work . -for each mineral spec1!1— and the 1ntens1t1es

‘ the second most intense quartz peak (at 4.27 Angstroms) was used

because -of 1nterference from 1111te w1th the 3.33 Angstrom quartz

tive m{neral'proportions for 1ndividua1 samples' The method is

A essent1a11y that app]1ed to cores recovered by the Deep Sea Dr1l]1ng

éxposures in the study area. Sample se]ect1on was welghted in
favor of the 'key strat}graph1c sections exposed around. Tr1n1ty
and Concept1on Bays on the Ava]on Pen1nsu1a w1th add1tiona1 empha-

s1s g1ven the manganese horizon at the’ base of the Chamber1a1n s

The m1nerals.1dent1f1ed on-the X- ray d1ffractograms 1nc1ude
ch10r1te, illite, quartz, fe]dspar, hemat1te, and severa] carbonate ’
m1nerals, 1nc1ud1ng ca1c1te, rhodochros1te Mn- bearTng calc1te, and‘
rarely 51der1te A Standard chemical and X- ray d1ffract1on tests
(e qg., g]ycolatlon heat treatmeht, ac1d treatment —.see Carro]]

1970) 1nd3cated that no additional c]ay m1nerals, such as mont-

the Cambrian rocks One X ray diffractogram péak was selected for
(peak area) of. ‘the spec1f1ed peaks meaSured on each diffractogram.
In general, the most_intense'diffraetion peak was selected for each’

mineral, so as to produce detection limits as Tow as poSsipIe,,but

peak. ‘ The peaks se]ected for area measurements are listed -in
N N
Tab]e 4.2. The measured peak areas yere used to calculate rela-

Project. (Rex, 1969). It 1s further descr1bed in Append1x I.

The relative mineral- proportions. obtained for 106 samples _v‘

.




Table 4.2:

MeNP»PZO@BOPO

Mineral °~ - Peak Used in °
: " Peak Area Measurements
- Chlgrite * 7 angstrdm peak
. ;,,_ R I
CIite 10 angstrom peak
o Quarti S oY) dhg;trom' ‘peak -
Feldspar peak near & 17 angstroms
. (nurzs men)
Hematite ' 2.7 angstrom peak
. : (near~33 25 two-theta)
Calcite 3.03 Angstnﬁﬁ peak
Rhodo- .2.34 angstrom peak
chrosite o
Mangan- ' Variable; between calcite
.iferous and rhodochrogite;
calcite. genérally closer to
- ca]cite
3] .

——

. ment {c. 550
- 7 ang. -pk., enhances 14 ang.
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 SUMMARY OF KRD-DERIVED MINERALOSICAL OBSERVATIONS.

Other Remarks

7 angstrom peak much stronger

“than 12 angstrom peak, suggesting’
. that m1neral is iron-rich. Acid '

and heat treatments indicate that
no kaolinite is present, i.e.
“that al] of 7 Angstrom peak pro-
duced by ch18r1te. Heat treat-
C/ 1 hr.) collapses

pk. Position of 060 reflection .

suggests trioctahedral structure. -

Generally peak is symmetrijcal ’
and sharply centered, suggesting.

- mineral is well-crystallized.

Principal peak at 3.33 angstroms

.. not used because of interfering
" 11lite peak. -

Symmetrical, $harply centered. . '

Peaks always -

Oligoclase composition assigned .

‘on basis of Cal: . Na,0 in
carbonate-free red agd green
mudrock samples.-

" Relative intens1ty in argil~

laceous samples less than for.
quartz, fspar., and generally
chlorite. Peak symmetrical and
sharply -centered.

-Peak intensities vary in relative

sense ~ carbonate peaks in samples
from manganese horizon are not as’,

intense as calcite peaks in samples

from outside this horizon. Peak
shape also varies, in general
limestone carb. peaks (calcite) -
more symmetrizal, sharply centered.

' v

o
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’ are’ﬂisted‘in:Appendix‘ITI The resu]ts obta1ned are compared w1th o

) _normat1ve est1mates of m1nera1og1ca1 compos1t1on obta1ned from

"chem1ca] ana]yses and w1th chem1ca] data in Sect10ns 4. 3 3 and 4 4

' respect1ve1y

L 4.3.22

ANormatIVe Mineral Proportaon Caiculat1ons f

Quant1tat1ve est1mates of the abundances of the m1nera1s L

- defected an. X- ray d1ffractograms (see Tab]e 4 2) were oa?cu]ated

‘for most of the 381 samp]es wh1ch had been chem1ca11y ana]yzed

‘The computat1ona1 procedure used‘ﬁs comparab]e to that emp]oyed by

. .other workers (Shaw & Neaver 1965 Schu1tz 1964 N1cho]1s, 1962)

' except that the method used s1mu1taneous1y reca1cu1ates ‘the 1nput

-bu]k composlt1ons for the mudrocks 1n terms of a number of m1nera1

,specles ‘of prespec1f1ed compos1t10n, whereas the trad1t1ona1 norma-

. t1ve ca!cu]at1on 1nvo1ves the consecut1ve, one at a time tqmputa~

" _tion of the cbncentrat1ons of m1nera1s 1n spec1f1ed sequeﬁ'—/ Thus,

_the method used herein;calcu]ates the mineral proportfons in a rock

in a single step, rather than'in a’series of steps as is generat]y\‘

: the case, a rap1d and t1me sav1ng procedure

The4m1nera1 compos1t1ons used to’ obta1n the normat1ve

>

mineral proportrons are listed in Tab]e 4.3. The cpmposit1ons were .

derived in part from electron probe ana]}Ses_and,in part (e.g.;

_feldspar composition) from X-ray diffraction data. Note that two-

\ '5). For ca1culation purposeé, it was assumed that green-colored

.chlorite compositions were used for most sampiesidone Fe-rich and-

the other'relative1} Mg-rich, becuase of thg:yide variation in

chlorite compositions obtained from etectron:probe analyses (Chapter
A ‘ _ > g

»
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N TABLE 4.3 MEMERAL COMPOSITIONS USED IN QUANTITATIVE ESTIMATION OF HINERAL'T;R(PORTIDNS *
’ N -
MAERA X Fe0, THGD X5I0p RALDL KM BKO TGO YN0 Comments )
: o ’ Two* chlorite co — :
. H I[ron-rich 36.44 3.16 23.85 20.25% . 1.6 wused to sllow for the known RS
i L variation in fe and Mg s S
' 0 content. Compositions R
R . . determined by cosbined consi-
1 Mg-rich 20.59 19.0 23.85 20.25 1.5 deration of whole-rock
T X chemistry and electron probe . .
E analyses.
Niite 450 380 12.0 Assigned the composition of
. N sericite.
Assigned composition of .
Feldspar 68.71 2215 9.9% 3.18 oligoclase on basis of
. diffractogram peak positions.
Quartz " 100.0 " ,
Hemat{te 100.0
‘Excess ' Hn0 - .100.0 Assumed to occur in carbonate
- : minerals.. : a
A . 'ixcess_' ca0 : 100.0 Assumed to occur in carbonate
’ minerals.
* A third chlorite cosposition was used in the computation of the mineralogical composition of 1imestone ~ -~
swles._ This composition differed In that it contains intermediate amounts of fron (25.06% FeZOJ) @ |
and magnesium (11.6% Mg0). Slightly rore MnD was called for (2.81), while the proportions of ~
5i0, and A),0, remain the same.
. e 2]
v
¥ ¢
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Ly

samples contain no hemartite and that Mn0O and Ca0 present in amounts.

greater than required for other minerals in the rocks occur as\‘

~
~ . L

carbonate minerals. A maximum of 7 mineral phases were used in
the normative calculations; however, the computer program used could

be expanhded tb handle a greater number of components if desiréd.

The method used to obtain the m'ineratlo”gical proportions is de-

[ 4

scribed in Appendix I.

"Discussion of Results

Normative mineral proportions were obtainéd for most of the
available whole rock sample poyvders. The results for representative
groups of samples are presented in tabular form in Appendix III.

The normative mineral proportions obtained for those samples which
had also been analyzed by X-ray diffraction are further considered
in sectioun.s 4.3.3 and 4.3.4.

The normative mineral proportions obtained for the ro-cks are
believed to be semi-quanfitative. They cannot_be considered precise
duplications of the actual mineralogical coﬁlpositions of the rocks,
as minefé]s presen£ in.minor amounts (e.g., pyrite, barite, magne-
tite, collophane) are not included in the calculations. The Si0,,
Na20, Mg0, etc., ‘contained in thése.miner‘ﬂs are forced into the
defined mineral componenis by thHe calculation process, lowering the
accuracy of the results. ' : - ' -

:  The normative mineral proportion estimates are for the most '
.part consistent with_information avaj]ab]e from petrographic exami-

nation of the rocks. Thus, mudrock samples contain little calculated

‘excess' Ca0 and Mn0, as should be thé case for these carbonate-poor




rocks, sarﬁp]es containing abundant chlorite as estimated from thin
secti!on examination cqntain higher calculated chlorite proportions,
and’ so on. However, the normative mineral'proporiion estimates are
not as satisfactc')ry for red mudrock samples, where about hé]f of
the calculated results are unacce'ptab1e, producing considerable ('Lo
-10%) negative calculated proportions for one of the iron-bearing
mineral components. The poor results fbr such sambles are thought

to be related to the specified composi;cions for the chlorite

mineral components. When the chlorite component compositions are i\ .
made more magnesian and the mineralogical composition(rjecalculated,

the calculated normative concentrations of other mineral components

do not much vary with only the proportions of the chlorite and hema-
tite components changing. It is assumed that the true chlorite
compositions of the red mudrock samples yielding the poor results

do not correspond as well to the defined compositions as do other

rock samples. Because of this aiscrepancy in chlorite composition,

the calculating program produces solutions with negative mineral

compo'sitions.. The program as written does not reject such

'impossib]e' solutions.

Compar1son of M1nera1 Proportwns Obtained from X- Ray Diffraction
and Normative Recalculations

The relative mineral proportions obtained from X-ray diff-
ractoéram peak area meésurements and the semi-quantitative estimates
of mineralogical composition obtained for the‘same samples by norma-
tive recalculation of their chemical composition were compared by
means of step—wise multiple regression analysis. -

The purpoée of doing this was to determine how well the two
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methods of ol‘jtaining estimates olf mineralogical composifion corre-
'épond. ‘As the two methods are indépendent, a high degree of
correspondence in the two sets of results would indicate that both
were detecting actual changes in the proportions of the minerals in
- the rocks. 'If, howerar, the two sets of mineral proportion esti-
mates are poorly corrélated, it would suggeéf that one or possibly
both methods were not satisfactorily detecting changes in mineral
concentrations. ' »

A secondary objective beh;"nd the combarison of the two .sets
of r‘esults “wWas to use the semi-quantitatiye estimates "of mineral
composition derived from normative recalculation ‘to establish "
.'correction factors’' ¢pegression equations) which would then permit
semi-qt}antitative estimstes of mi‘nera1 c’omposithionvfor the rocks td -
be made directly from the results of X-ray diffraction analysis, a
much more rap1:d and lower 'Cost’ procec]u’re.

The results obtained from the regression analysis, presented
-in Table 4.4, 'show that fhere is a strong positive correélation
between the two sets of mineral estimates, with the X-ray diffraction
relative mineral proportions explaining over 75% of the variance in
the corresponding normétjve mineral proportions for each mineral.
This in turn indicates that both methods of obtaining estimates of
the mineral -propo:r-tions of the Cambrian rocks are effect'ive.. The
regression equation;iprese.ntéd in Table 4.4 can be used to convert
' re]atiave mineral'propgrtions derived from X-ray, diffrac-tiop peak
area n'leasurements\ into sem]'-qua-ntitatiz'e'estimates of the mineral-
ogical composf’tioh of the samples, with the standard error in so

N

doing being less tham 6% for all minerals.’

» 3




o ke

TABLE 4.4 REGRESSI EWATIONS RELATING X-RAY DETERMINED RELATIVE MINERAL PK)!QR'HOHS
\/‘\ T0 CHEMICALLY DERIVED ESTIMATES OF MINERAL PROPORTIONS IN CNBRIAN)SEDIKNTS

REGRESSION EQUATIONS S Percent of
: ] : o Yartance of
Dependent Varlables ‘ Independent Yartables N Left-hand
ESTIMATES OF MINERAL RELATIVE MINERAL PROPORTIONS Side of Eq'n
PROPORTIONS DERIVED DERIVED FROM X-RAY Explained by
FRM‘SWLE CHEMISTRY J DIFFRAC TOGRAMS Regression

PROPORFION OF CHLORITE = 0."596'()XRDchlorite) - 0.735%(XRDillite) ¢ 13.551
Y

PERCENTAGE ILLITE = 1.7884(XRD{}Nite) + 4.937
‘PERCENTAGE FELDSPAR - = 0.513*(XADfeldspar) + 1.969
PERCENTAGE QUARTZ = 0.644*(XRDquartz} + 0.12)*(XRDfeldspar) +.0.137*(XRDchlor.) + 5.362

PERCENTAGE HEMATITE* ’ = 0.357*( XROhematite) +'0.399"

<

*  Red sudstone samples only inlcuded in this regression (30 cases).

** Number of samples used = 106, Includes red mudstones, green mudstones, and manganese horizon samples.

Standard

Error of
Estimate of
Independent

Variable (on

left side of
equation)
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The minera1ogic‘a1 compositions obtained from the chemical
compos1t10ns of the samplis are believed more accurate than those
obtamed from X- ray diffraction, principally becuase of ab'sorptuy\7
errors in the X-ray datai Such errors are believed te be ”conswder-
able in thec case of iron or manganese-enriched samples. Figu're 4.9
shows the- relationship between th€ Fe203 conten't‘ and chlorite peak
area size in the rocks. At low Fe203 concgntrations, the rela-

tionship between the two variab]és is,.appfox1€mate1y linear.
AHowever, as - the Fe203 content increase’s, :;\bsorption errors increase

k

and oniy smaH increases in the chlomte peak area are recorded.

<

The. iron- -rich samp]es p]otted in Figure-4. 9 do not- contam hemat1te
or any other 1dent1f1ab1e jron-bearing minerals, so that the change
in behavio,r ‘between the two vamab]es iss not caused by the presence

of other minerals.’
. 2, -
Mineralogicé] compositions obtained from normative recal-

culation of chemical data are 11m1ted in.accuracy on]y by the
qccuracy of the chemical data and- the compos1t10ns assigned the

/ ]

%’M’ra]s -4n the rocks. ‘The‘fac_t that the ayerage mudrjock composi-

tion obtained fr‘om the normative {ecaku]aﬁons is similar to inde-
pendently-determined estimates of mudrock mineralogical composition
(Table 4.5) indicates that, at least for mudrocks, the composit%’ons

given minerals are close to the'true compositions. -

‘Average Mineralagical Composition of Major Reck Groups |

-

"The average mineralogical compositions of the principal

Fock types present in.the Adeyton Group, as derived from normative

recalculation from themical analyses, are presented in Table 4.5,

LTS




% CHLORTTE (RELATIVE}

-t

v g Y - A v

18 24

[} 12 )
, : * % Fo;0q .
| R .

. 4.9 PLOY OF Fa CONTENT AGAINST RELATIVE CHLORITE MINERAL PROPORTION FOR 52 GREEN MUDSTONES

<




RED
MUDSTDNE

L IMESTONE

LY
.NFLD;
SAMPLES
AVERAGE**
SHALE

v

Chlorite

' lvg,'llo

t

TAGLE 4.5: MEAM MIKERALOGICAL COMPOSITION OF PRINCIPAL ROCK SAMPLE GROUPS*

Qua(iz

27.16%
avg. 92
. spls.

avg. 92
spls.
29.071%

avg. 3
spls.

16.213
avg. X
spls,

7.608
avgf 4 .
spls. -

21.721
avg. 48
spls.

3. 491
avg. 48
spls.

15,983
avg. 47
sp]s.

26.11% 25.631
avg. 169

spls.

27.40%
avg. 170

~spls. spls.

. 60.9% 30.61

29.211

feldspar

Hematite

Cal

"EXCESS”
o

12.523
avg. 92
spls.

15.241
avg. X0
* epls.

5.221
avg. 41
spls.

6.17¢
avg. 46
spls.

n.an
avg. 168
spls.

4.5

s obtained from cheﬁical hdll composition of samples.
L **Shaw WNMeaver, 1965.

'

none

a.551

g, %

spls.

2,561
avg, 41
splsi

.

not cal-
culated *

assyt
avg. 30
spls.

. ¢ 0.51

INOTE: Avg. for red mudrocks only.

0.991

o:ny -

a4

R

1*Jﬁ5

r

- Calculated on the assumption that the green mud-
stones are hematite-free. Two 'end-meaber’ chlori(e

avg. 30 Tavg. 2 compasitions (one rich in jron snd the other rela-

spls.
0.36%

avg. 2}
spls.

3V.661
avg, 41
spls.

5.59%
avg. 48

?bls.b

6.82%
avg. 1
spls.

spls.

not
alcu-
Tated

'} .463
avg. 4L
spls.

9.743
avg. 48
spls.

2.383
149
spls.

avg.

3.63

tively enriched in magnesium) used in the calculations.

Selected mudstone samples - only those red mud-
stone sasples yielding geologically Jogical results
f.e., no large negative mineral proportions calcu-
ated) ware used §n the calculation of the'average'
red sudstone--about half of the total no. of red
sudstone samples that had been chemically analyzed.
Sems winera) comp. used as above.

Limestone samples were calculated on the assunptiun
that both chlorite and hemstite were present in the
samples. One chlorite composition {relatively Mg-rich
used in calculations. .

Excess Ca0 snd Mnd are assumed present n carbonate
minerals; small smounts may be in other minerals
(Ca in fsp; Mn as oxide).

Only samples judged not to contain hematite (i.e.,
only green colored samples) inciuded in the calculations.
The same two chiorite compositions used in green mud-

. stone and red mudstone mineral proportion calculations

were used in these calculations.
in carb.

Excess (a0, Hy0




together with the average shale composition calculated by Shaw and
Weaver (1965). The Cambrian mudrocks in southeastern Newfoundlang

are similar in overall mineralogical composition to the average
[ 4

shale and the rocks comprising the Adeyton Group, .the manganese

horizon excepted, are not mineralogically distinct from mudrock
’ \

successions elsewhere. The red and green mudrocks both contain

appreciably higher feldspar concentrations than thé aQerage shale,
o .

and also contain less carbonate, though the Tatter trend is in
" accord with the geneca] behavior of mudrocks through geologic

time Jith respect to carbonate content, as Paleozoic rocks in X
general tend to conéain less carbonate than younger mudrocks (Garrels
& MacKenzie, 1971). | ,

?

Table 4.5 shows that red and green mudreck contain similar
concentrations of q;artz anz feldspar, and approximately the same
proportion of chlorite + i]]ifé. The.major differences between the
two lithologies .is in the propo;tions of chlorite and i]]ite,.w;th
chiorite relatively more abundant in green and i]%ite’in red mud-

rock samples respectively.

v The X—ray’diffractogrgﬂE:?;;?tﬁte that red mudrockd are

-

also enriched in hematite. Relative to mudrdck samples, the lime-
stones are enriched, as expected, in ca]cité ('excess' Ca0) and, to
a lesser extéqt in Mn—bearing(carbonate minerals ('excess' Mn0).
All- silicate mineral contents and the concentration of hematite are
reduced in limestone samples relative to the_mudrogk samples.

. Samples from the manganese horizoﬁﬁcontain, oﬁ average, more.
chlorite thah do other rock types. These rocks also contain higher

proportions of Mn-bearing carbonate and calcite ('excess' MnO and
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Ca0), as expected on the basis of.the abundance of those minerals

in thin section and on X-ray diffractograms.

Relationship Between Rock Mineralogy and Rock Chemistry
- ~ B

Several different methods (e.g. Pearson-type correlation
matrix,‘scattergrqm plots, etc:) were used to compére the re]ative.
mineral proportfons obtained from X-rdy diffractiqQn to whole.rock:
chemical data for the samé samples. .Ag might be expected, these
two vgriap]es are strongly cdrre]ated. A Pearson-type correlation
matrix re]ating_these two properties is given in Table 4.6,

The numerous highly significant corre]ations‘present in
thermatrix demonstrate the intimate assaciationvbetw%enAthe chem}-
cal and minéraloéica] composition of the sedimentary(rocks as 2
determined by independent techniques. The coriela;ions present in ~ °
‘the matrix indicate that there is a sfrong contr;;—2&erted by the
proportiohs of the minerals presenf in a sample upon the concen-
tration of the major elements in that sample. Each of\she relative
mineral proportions {s highly correiated'(at the 0.001 significance
level) with one or several major elements, indicating that the
mineral in QUestion controls to a significant degree the concen-
tration of thése elements in the rocks. Elements not directly
asﬁociated with the mineral possess lower correlations with it.
This typf of association can be seen in the horizonta] rows of the
matrix presented in Table 4.6. 'The correlations éuggest thatffhe
mineral hematite is associated with the éeZOé content of fhe rocks

in which it occurs, illite with the concentrations of K20 and

A1,0,, quartz with Si0,, feldspar with Na,0 and Al 03, chlorite

. 2




TABLE 4.6 CORRELATION MATRLX RELATIHG RELATIVE MINERAL PROPORTIONS TO MAJOR ELEMENT CHEMISTRY

fe0,, Tio, % (a0 K0 gD A0y, 0 mzo'

S S ’ . ‘

-0.02% 0.7534 -0.3667  0.6844  -0.6004  0.8970 -0.2107 7 0.7983 -0.4670  0.4510
Rt Mt A5 nc M a5 ne 165 ne 68 ne 153t me 165 n - ted n - 165
$7 =0.380 5-0.000 s=0.001 s-000 s =0.00] 0,001 s'-0004 000" s=-0.000 s * 0.00]

- Hifte

. . 0.69%6 0.4106 0.0166 0.4331 | -0.4587 0.2030 0.4769 0.5529 -0, 4( --0.0104
Chlerite n =180 n = 180 n =122 “no= 180 n= 180 n= 177 n= 169 n = 180 n=179 n = 180
[ 0.0014 370000 50428 *0.00) 5 - 0.0010.5 =000 s«0001 s-0.000 g 0pU1 5 = 0,045

0.0745 0.77122 -0.3766  0.9322 -0.7461 . §.6964 -0.1009 0. 7838 -0.6023 ., 0.693
Quartz ntMB n-178 acl0 C nE1® nelI8 neg8 N5 =178 n=127  nss
=0.960 5 -0.000 s =0.00] $=0.000 s=0.000 s=-0000 s-=0.09 $ =0.001 .s=0.00 s =000l

-0.1837 . 0.5735 -0.2841  0.7535 -0.6215  0.5165  -0.2310°  0.5419 -0.463%  0.9In
feldspar, ©oon =160 A~ 160%  n= 4 n = 160 n = 160 n = 160 n = 149 Beds0 A< 199 n = 160 .
' =~ 0.010 s «0.001 s =0.001 . 5 =000 s =0.80) s = 0.000 "5 =0.002 §= 0.001 s = 0.001 s » 0.001

Hematite " 0.7508 0.4640 -0.33713 0.4884 -0.5404 . 0.5M5  -0.2300 0.5406 -0.3421 0.271
L L R N T I
L "0.00F 50001 5=003 s=000) ;- 0.00) s =000 s=0.079 50000 s=0.9012 s -0.038
. -0.6107 -0.8224 0.1832  -0,9429 0.7203  -0.6668 ~  -0.2723 -0.93)8 0.5285  -D.58H
Carbonate*s+ . = 100 n =~ 100 N 45 ne100 - 100 n- 97 ne 87 as 00 ne 99 n <100
"0.00 5=0.000 s=0.914 50001 5= 000 30001 50005 s=000 s=0.60 s-0.00]

n* s number of cases upon which calcuated value of r {s based.
§** = significance of correlation. .

**¥ = total proportion of all carbonate minerals.
i -
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with Fe203, Mg0, andelZOé, and the carbonate fraction with the
concentratipns of Ca0 and MnO. " Some élemepts - Al for one - are
genetically linked in this way with more than one mineral.

Other statistical comparisons yede similar results to

those summarized aboveand so are not included here.

Other Aspects of Petrology
. . 3

1 Magnetic Minerals

The Curie Point of the magnetic fraction of one sample

from the ﬁangane§e horizon in the Conception Bay area was investi-
gated by heatring thé material and recording the'deflectién produced
at various temperatu;es 6; a Curie Balance, with the measurementé‘
made both durin% hgéting and cooling of the sample. The\re;ults

of fhis examination indicated that two magnetic mjnerais were
pfesent in the sahp]e. One of theﬁgzminera]s }s magnetite, and

the second most prgbab1y the manganese-bearing mineral jécobsite,
with pyr}hotite a 1éss likely altgrnative (in view of the low S
content of the Cambriah rocks - see Chapter 5). .Neither of the
magnePic minerals is very abundant in the sample, with less than

% of each pﬁésent (J'PT Hodych, pers. éomm.. 1974). The magne-
“tite is visible in some samples in the thin sections, occasionally
occurring in crystals with characteristic octahedtfl outline.
Larger, irregularly outlined obaque patches visible in the Zhin
sections in same of the manganese horizqn\samp]es probably consist
of a mixture of one or beth magnetic cdmponents. Some of these

patche§ contain fossil fragments. suggesting that the opaque

oxices have been formed during diagenesis. The patches are




-

difficult to examine. due to the presence of a masking coating of

"hemptite.

3

Manganese Oxides =

Manganese oxide minerals ih the manganese horizon occur on
- the surface of the rbcks aﬁd as coatings on cleavage planes and
along fractures. The d}stribution of the manéanese oxide minerals
indicates that they have formed {n place, by superficja] alteration
during weathering of Mn-bearing‘cafﬂﬁnate minerals. The presence
" of these manganese oxides gives the manganese horizon its dark
cofor in field exposures in the Trinity;Concepﬁion.Bayjregion on

the'Avalon Peninsula.

In some'iocaﬁigies, loose blocks of material from the hori-

zon have been almost entire]y'oxidized. X-ray diffraction of’a
saﬁpTe of the oxides showed that boﬁh pyrb}usite and birnessite

(Sabina, 1975) are present.

Phosphatic Nodules

w Some of the ma;erial in the manganese horizon.is enriched
in'phospﬁorus, which is poﬁcentrated in bluish-black nodules visi-"
) E}e in some hand specimens. Nodules collected froh the manganese
horizon exposure at Manuel's River,7ConcEption Bay were analyzed
for phosphorus by X-ray fluorescence, confirming-gheir phosphatic-
nature. Hqgever, Spalysis of the Same material byVX-ray djffraction
did not p}odu;e any peikS'which could be attfibuted to a phosphorus-
bearing mineral. Together, the results of these tests suggests

n

that the phosphorus is present in amorphous form, i.e., as

i . . ¢

‘collophane. °




4.6 Summary of Results

The petrographic data presented in,this chapter show that:

(1) The Cambeian sedimentary yrocks comprising thé Adeyton
Group are yhjform in mineral composition. Only six minerals are
abundant enéQgh to be consistently identified on X-ray diffracto-
grams. Two inveése]y—related‘minera1 groups are present in the
rocks: a silicate mineral group (mudrocks) containing quartz,
i1lite, feldspar, hematite, and chlorite and a carbonate mineral
qroup con.tainin‘g calcite, Mn-bearing calcite, rhodochrosite, and
in some >samp1es chlorite. v

(2) Mineralogical proportions for Yamples of the Adeyton
Group were obtained from X-ray diffraction data and by normatjve
rec'alémation of whole rock analytical data. The results suggestn
that b%)th me thods "can_ be successfully used to obtain data on miner-
alogical composition. The red and green mudrocks which make up
the bul_k of the Adeytpn Group are simi.lar in mineralogical compo-

sition to estimates for the composition of the average shale.

{3) The manganese horizon contains more carbonate {especi-

L)

ally Mn-carbonates) and chlorite than the mudrocks in whic.h it

occurs.
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5.1 Intr.dduction

i
‘\‘
The major and trace element concentratié\ns of 381 rock
samples were determined by means of a combinatior'\\._of X-ray fluor-
, . - .

escence and atomic absorption spectroscopy. The v\}eight percent

loss on ignition was also determined for these samp.\‘es. Almost all

samples were taken from the Lower .and Lower Middle Cambrian sedi-
mentary rocks which comprise the Adeyton Group; about one-third
were from sampled exposures of the basal Middle'Cambrian manganese
“horizon. A few samples of Precambrian vo]&am’c and sedimentary
rocks and 6f Upper Cambrian sedimentary rocks were ana]y;ed fo.r
comparative .pyrpeses. |

In addition, mineral compositions in 10.samples were inves-
tigated by means of electron probe \anélysis. Total C and S contents
were also measured for selected sampie groups. Sample preparation
méthodo]ogy and analytical -prec"ision and accuracy for these analyses

are given in Appendix II.

_The results obtained from whole-rock analyses were subjected

» o

t‘g' statistica]_ analysis in order to determine th.e average chemical
composition of the ph’ncipal rock groups and fo identify regional

and/or stratigr__‘aphica]]y controlled trends in the data. Particular
erﬁphasis was placed on determining the chemical differences charac-

terizing the manganese horizon.

92




, 5.2 Results
~.The analytical results of major and trace element analyses
for individual samples are presented‘in tabular form in Appendix
LI | |

The average concentrations of major and trace elements in
the pﬁncipa1 rock types present in the Adeyton Group are presented
in Tﬂab1e 5.1, together with the standard deviations from the me,anv
concentrations for the analyzed elements in these groups.

The major element concentrations presented in Table 5.1
indicate that:

(i) The manganese H>or1'zon is enriched, relative to the
average mudrock and average limestone, in Fe203, Mn0, and 7190. The
Ca0 content is higher than that of the averag(\e mudrock -but is lower
than tha‘;c of the Timestones elsewhere in the succession. Other
major elements (e.g., Na20, KZO’ etc.) are present-in lesser
concentrations in kthe.manganese horizon. The horizon is enriched
re]a.tive to mudrocks #n Ba and in P205.

(2) Red and green mudrocks are of similar overall chemical
composition.. The green mudrocks are enriched in Mg0 and depleted

in KZO relative to red mudrocks, though the difference is less than

17 for both elements. These changes reflect the changes in pro-

portion of chlorite and illite in the red and green mudrock grf)ups

" (Chapter 4).
The total Yron content of red and green mudrocks (given as
Fe-203) is about equals The latter are believed to contain a higher

_ “proportion of ferrous iron, Though the ferric/ferrous iron con-

/ tents of the samples were not separately analyzed due to time 1imi-
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tations, the results of X-ray diffraction analyses indicate that the,
chlorite in the rocks i; a'ferrous iron vaEiety (i.e., 060 beak
position on diffractograms at about 1.56 Angstroms; see ASTM
cards 7-339, 7-329). The higher Chlorite content and absence of
detectable hematite (see Chapter 4) suggests that the greem mud-
rocks contain a higher proportién of ferrous iron.

Fet? determinations on two anomalously chlorite-rich samples
from the manganese horizon (see below) confirm that most of the iron

in these éreen mudrock samb]es is present in the ferrous state.

. | .
Sample % Fe0 Fe0 as % FeZO3 Total Fe in 'sample as Fe203

Ch-7-1 15.22 16.74 E 18.98

Ch-7-2%  22.27 24.49 C27.12

*Average, two titfations.
(3) Limestones are enriched, relativesto the mudrock samples,
in Ca0, p205’ and Mn0O. The higher MnO content suggests that the

processes which led to the formation of the manganese horizon were

active to some extent.during deposition of other carbonate beds in

the Adeyton Group.

(4) The red and greeri mudrock groups are much more uniform
- in chemical composition than thg limestone and ﬁangangse'horizon
groups, as indicated by the size of tﬁe standard deviations of the
element concent;ations. The greater variability in the latter two

groups s in response to the wide range in carbonate mineral content
. AN

-

in them (see Chapter 4).

The trace element concentrations presented in Table 5.1

—
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indicate that£
;\ o (1) in genéral, the Cambrian rocks are characterized by low
trace element contents, with only Ba preseﬁt in concehtrqfions much
above 100 ppm; . |
f2) red and gréén mudrocks coﬁtain mdre Zr, Rb, Cr, V, and
Ni than the carbonate-mineral bearing 1imestone‘and'manganese

horizon groups ;

* , (3) the limestone samples aré-enriched in Sr and possibly
, also Cu, though this element was not detected in- the majority of ' . .
i ‘ S
samples; _ cE

(4) the manganese horizon contains higher-Ce, Cu, Nb, and
[ S ° J
Sr concentrations than mudrock samples. - . , o

Nb is present in'low concentrations and wds detected in

very few (27).manganese horizon samples, and the enrichment men-

.

tioned above is not consideréd significaﬁt. Cu concentrafions in
mangaaese horizon samples are erratic; thougﬁ concéntrations of . . -
several hunared ppm occut in some samples, it has not been detected
in the majority-of cases. Pyrite is visiblelin hand specimén in“
some of the Cu-rich manganese horion samples and this suggests
the Cu may be present in a sulphide phase. Traceyamouhts of ché17f
copyrite have been recorded from'thé manganése horizon exposure at
Brigus, Conception Bay (Mines Branch Investfgation No. 1249, 1942).
Zn is the least variable tr;ce eiement, averaging about

. L, 4
100 ppm in all but the limestone rock group where its concentration

is Tower.

5.2.1 Statistical Examination of Chemical Data

The chemical data obtained from analysis of the Cambrian




.
sédiménfary rocks was examined statistically to determine: the nature.
of the trends and elemenia] re]étionships présent in the rockos.'
Several methods were used, each of which is discussed below.

Two fé_ctors control the distribution of elements in the
Cambrian vr‘oc'ks (Sec. 4:4). These are: ’. 7

(1) a mineralogical association factor, in which “the con-
centrations of specific eleménts are re]ated to the concentkaﬁions
of specific minerals in the rotks, and

(2) a mineral grouping factér, in~which the e]ements associ-
ated with minerals comprising one of two gradatwna] mineral groups

tend to be mutualTy pos1t1ve1y correlated, and negat1ve1y correIated -

with-elements in the opposing ‘mineral group.

Influence of Mineral Grouping on Correlations

The minerals which comprise the Adeyton Group (Chapter 4)

. form tﬁo grédatibna] and inversely corre]ated'minerél groups: a
silicate minena1 group including duartz, feldspar, il1ite, chlorite
and hematite, and a carbonate miner;I group including calciye and;
rhodochrosité ﬂ

-

The concentrat1ons of Fe203 O » 510 K 0, Al 03, and
Na20 are influenced by the concentration of minerals of the sili-
cate group. Each of these elements is pos1tﬁvel} correlated with

all or most of the others in the.group. and all are ﬁegative1y corre-
lated yith fhe concentrations of CAO and Mn0, which are associated
with the carBonate mineral group. The behavior of MgO is ambiguous,
probably because it occurs (see electron probe data) in minerals

associated with both the silicate (i.e., in chlorite) and carbonate

mineral groups. The correlations are not clear for the concentra-

|




98

tions of Ba and P'O , but average chemical concantratidn data (Table

'511) indicate that these elements are primarily associated w1th the

carbonate- bearing 11mest0ne andlhgnganese horizon groups (part1cu]—

arly the Tatter). The chemical differentiation brought about in the
rocks by the association of the elements with the two gradational
mineral groﬁps is shown in the scattergram plots of elemental con-

centration presented later in this section.

-

Influence of Mineralogy on Correlations

In an attempt to minimize the influence of mjnera1 grouping
upon inter-elemental corréjations, Pearson cohhelation matrices
were caltculated for three mudrock groupings (i}g. carbonate con-
centrations low): (1)'61 red mudrock analyses; (2)'93 green mud-
rock ana]}ses; and. (3) a larger group including the above and si]}-
cious manganese hprizon samples. The results obtained for the
largest grouping are discussed below. Corre]atién matrices for the
other two mudrock groups are included in Appéndix III. Correlations
for Cu, Nb, and La are not included as they possess no significant
correlations.

Major element corretétiOns are given in Table 5.2. The '
data in this table indicates tk{c the influence of mineral grouping,
és 