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« | ABSTRACT L -

¢ The 1i;hologies preseﬁt in, the Rambler Area are described

Qequence of lithofacies units is defined, and a simplistic mode] to

*

< explain.fhe evo 1ut1on of the rocks in the area is proposed ‘As a
‘ . .
general*sat1on the rocks d1p towards the northeast and become younQEr

4

1n that direction, The base of the seqUence cons1sts of basic (Komat1at1c) )

-

. lavas, and thi's 15 over1a1n by. bas1c pyroclastic vo]can1c rocks, -Towardsi
end of the basic pyroc]ast1c s;age a cen;>e of ?c1d vo]can1sm .
déi;?oped, akd the su]pthe dep051ts can be related’ to'exhal1te activity
dur1ng the wan g Stages of acid wvelcanism. The ‘termination of basic .
pyroc]ast1c vo]can1sm was foﬁ]owed by depos1t1on of a sequence of bés1c

-\

vo]canogenqg'sed1ment‘and/or.waterlaln tuff,-andJextrus1on_qf 1pca] ’
*pillow lava units, ASundqnt:pasit intrusions may be'contemporanE9gs with
. tﬁé build-up . the yélcaniﬁ pile. The volcanic §equehce was-
intruded by the Bur[ington-granod}o;ite on the west,and Cape Brute’
Porphyry on t?ﬁ»e?st . L
A]] the rocks n the area- have been subaegted to po]yphase
défﬁrmat1on and to metamorphism in the upper greenschist facies, The'
f}rst Iwo’ deformat1ons involved intense strain with 14; K-< 00, and ‘
large fold structures were recogn1sed relating to the second and th1rd
deformatjon episodes. The shape.and.or1entatmon of the su]ph1de
debosits have~bee6 mod}j&fd'duripg de%ormationé and the ore deposits

are e]ongafe parallel to F2 and F3 fold axes, and‘to the 7 axTs of
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the deformation ellipsoid. ’

[PREE

L \ ot
occurs at the top of the aeid volcanic 'r)o‘ck unit is the ared. The

* e

settfn*gs;of the othe.rj de,pgsiu.in the ardé_aré'-\a]so considered and'i-t .

is concluded that the sygghide deposits are akin,to Archean or Kuroko
type deposits. © | 3 % | ‘
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‘

Page



h N
\ \ ' -1 - -
| CHAPTER I

v

INTRODUCT ION

1,T Location and Access

< The thesis area consists of the mining property of Consolidated

1

Rambler Mines Ltd (henceforth described as the Rambler Area), located

1. ~
six miles east-of Baie Verte, Newfoundland, (Fig. 1). The

-~

' approximaté]y
centre of the area lies-at 49°54° latitude, and 56°05' longitude.

Access is from the La Scie Road whﬁch runs from Route 414 two miles

south of Baie Verte eastwards to La Scie. T
Access within the property is proVided by service roads to thé

) mings, and by trails to drill sites and prospects. Lines have been, cut

over niuch of the aréa, and all sectors of the property are within one
mile of the service roadsf‘?
~Ne¥

1.2 Physiography and OQutcrop

’

The -central part of the Rambler Area islrelativeTy flat lying
averaging 150 metres in élevation; the northern part is characterised by
low lying hills and valleys, while the southern part of the ‘area is
bounded to the south by a large riage which Yises to 250 ﬁetres in
elevation. Forty percent of the area is covered by ponds and bog, the'
vest is heavily forested, mainly by spruce.

A cover of glacial drift averaging 2 metres in thickness occurs
over the entire area and outcrop under natural'conditfons is less than

.0.5%, reaching 5% locally on the high'ground to the south. Development

»

73
I

\
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‘ " .
and exploration on the property has resulted in a considerable amount

" of overburden stripping and trenching in several areas. Road and power

dine construction wiﬁhin the property has provided. several sections with

g ] . ' i £
4ip to 57 outcropg Rock exposures are generally, smaTl, and the -more

resistant rock types are favoured.
t .
-

1.3 Tectonic Setting

Iﬁe Island of Hewfoundland forms the north-eastern margin of the
egposed Appalachian structural province. wi111§m; (1964) and Williams )
et al. (1970) recognize three major Lower Paleozoic tectonic belts in
ewfoundland (Fig. 1); these are- the Western P]aiform (Kay,.1967), the
Central Mobile Bé]t, and the Avalon Platform (Kay and Coisért, 1965).
The Central Mobile Belt.consists predominantly of Eocambrian and.Lower
Paleozoic variably deformed and metamorphosed volcanic ahd sedimentary
sequehces, locally underlain by gneissicbasement,and is flanked on both
sides by less deformed Lower Paleozoic platformal sequences which lie
on Precambrién "basement" rocks.  The basement t6 the Western Platform
consists of the Long Rahge}Compl?x and its equivé%snts (Grenvi]]ian),
“while the basement to the Paleozoic platfornpal sequences in the Avalon

Platform consists of mi]dly‘defofmed Precambriam(met

1canic and

metasédimentary rocks, no.crystalliﬁe basement has been recognized on
the Avalon P]atform.. The Canadian 5ppaLéchians were further subdividgd
on the basis 6f Late Precambrian to Lower Ordovician depositional and
structural hisfories.inib nine tectdnostratigraphié zones (williams

- g}_él,, 1972). Fig.. 1 shows the distribution and local names of the

'y
L
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zones for the Hewfoundland Appalachians, (Williams et al., 1974). The
present siudy area lies in thé Fleur de Lys Zone (Fig. 1) which is
characterised by complexly deformed metasedimeﬁtary and metavolcanic

rocks of probable late Precambrian to Cambro-Ordovician age on the

western margin of the Central Mobile Belt. | . "
. . \
1.4 General Geology of the Burlington Pehinsu]a \\h)

The distribution of the major rock units in the Burlington
Peninsula }s shown in Fig. 2. With the exception of the Snooks A}m Group
(Arenig), Age control from fossils is not available. The contrasting
techniques of using lithological and structural correlation as tools in

datipg th& various rock units by different workers has led to considerable

T controversy with regard to age and géo]ogica] interpretation.

Tabie‘f"éunmariges'the histofiqal development of stratigraphic interpret-
ation in the area and indicates the opinions of current workers. Detailed
dégcriptions of previous work are given by Kennedy (1971) and DeGracé gi_g}.,
1975b).

The Fleur de Lys Supergroup was defined by Church (1969) as being
characterised b& pre-Lower Ofdovician po]ydéformed and polymetamorphosed
rocks. These rocks;overlie a previously deformed Grenvi]le.basement in
the west (M.J. DeWit, 1974). The Fleur de Lys Supergroup is divided
into eaﬁ%ern and western outgrop by a narrow belt of less de%orﬁed meta-
volcanic and associated mafic and ultrama;ic rocks called the Baie Verte
Group (Baird, 1951). The Burlington Granodiorite and the.Capé Bru]e/

Porphyry and the Reddits Cove gabbro are considered by Kennedy et al,
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14, Mic Mac Group and the Rouge Harbour formation.

13. Reddits Cove Gabbro,

V¢, La Scie Granite and the Seal Island Bight Sequence.
11, Dunmagon Granite,

10, Cape Brule Porphyry.

9. Burlington Granodiorite.

8. Snooks Arm Group.

7. Betts Cove Ophiolite; 7(a)

6. Baie Verte Group.

Nippers Harbour Group.

5. Cape St, John Group,

§.  Pacquet Harbour Group,

3 Advocate Group, Birchy Schist and other formations
of the Eastern Sequence.

2. white Bay Sequence, Haroour Sequence, Mings
Bight Group.

V. Undiffereatiated - rocks comprised of Grenvillian
gneissic tasement and Fleur-de-Lys Supergroup
metasediments,

N8 Units 2 to 5 are termed the Fleur de Lys Supergroup.

Figure 2,  Generalised geology of the Burlington Peninsula, Newfound}and, modified
after Kenpedy, 1975b, .
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_(1922), and Kennedy (1975b) to intrude the rocks. of the Eastern Sequence

andfbe deformed aloné with thém. Uppér_gréenschist to lower amphiboiité‘
facies metamgrbhism prevailed over much of-the area, and large scale
fo]éing.has been recognized in the Fiéur de Lys Supergroup (Kennedy,
197?, 1975b; Kennedy et al., 197é; DeGrace_gE;gl., 1975b). Spratigrabhic
re]étionships between the component groups of the F]eur‘de Lys Supergroup
aréégenera1{y obscured by iectonic ;1ides, faults, and intrusions; in
thefaastern obtcrop the cdntact between thé PacquetiHarbour Group and

the 'Ming's Bight Group and the contact between the Pacquet Harbour Group

and!the Cape St. John Group are stratigraphic -and intercalary in

nature,
]

' Church (1969), Kennedy (1971, 1975b), and Kennedy et al.; (1972)
sugéest that deformation and metamorphism of fhe.Fleur de Lys Supergroup

occurred prior to or during the Lowest Ordovician and that deposition

took place in Eocambrian to Cambrian times, This interpretation was

. _ N o : _
. ‘based on the presence of polydeformed, metamorphosed fragments found in

Ehe Snoofs Arm GFoup (Church, 1969), and in the Raie Verte Group (Kidd,
1974). Deéraceignglx, (1975 a,b) and Neale et al., (1975) maintain that
the .Cape St. John Group untonformably.ouerlies rocks éqqiva]ent to the’
Snooks Arm Grouﬁ at Beaver Cove and suggest that the Cape St. John Group

is Silurian, and that the Pacquet Harbour Group, which underlies or is’

.in pért laterally equivalent to the Cape St. John Group is Qrdovician-in

age.

o«

The Cape St. John Group was divided into two Groups (Church, 1969)

- on the basis of an assumed structural and depositional unconformity;
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these subdiQisions.defined a pre-Lower Ordovician Grand Cove Group, and
a Si1uro-Devon%an Cape, St. John Group. This unconforﬁity has not been

' )
found and there is a gradual transition from deformed rocks in ¢the no:zﬁ \\
to undeformed rocks in the south (DeGrace gg_gl;; f975b). Kennddy (1975b)
acknowledged that the rocks overlying the Snooks Arm Group at geaver

" Cove may be Silurian.in age and theréfore implied that the uéz;;fonnity
assumed by Church remains to be discovered. The controversey concern%ng _

~ the age of the rocks of the Fleur de Lys,Supergfoﬁp,.rgmains to be |
‘settled: DeGrace et ‘al., 1975b haye.questiohed the validity of the

. goncept\bf Fleur de Lys;§upergroup IEFh'ch, 1969) and maintain tﬁht there
is a significant &iffefénce in the structulral deve]opment of the eastern ~ —
and wesfern porti&ns of the Fleur dg Lys Supergrouax; . ‘ V

The Baie Verte Grbup (Norman,'}973; Kidd, ]9]4; Norman & Strong,

1975), the Snooks Qﬁm Group (Upadhyay'gg_gl., 1971}, and thé Nippers

e Harbour Groupv(Schroeter, 1971) are all interpreted to represent Lower
Ordovician, qisrupted ophiolite sequences.

~ _The Mic Mac sequence in the wésf (Neale and Kennedy, 1969)

. unconfofmab]y overlies the Burlington Granodiorite and tpe Baie Verte Group
(Kidd, 1974). The Rouge Hé}bourlFormation in the east (Schroeter, 1971).
unconformably ovar]ieé the Nippers Hafbour Group.. Both thé Rouge Harbpur
and the Mic Mac rocks are considered to be Siluro-Devonian in age. ///P

Neale é;_gl:, (1975) and DeGrace et al., (1975b) define the Cape
Brulé Porphyry .as bei'ng}’.'smrian in age. DeGrace et al., (1975b) '
- interpret the Burlington dranodiorite to be Silurian in age. The Dunamagon

Granite is considered by Neale (19589 to be Devonian in age. The Burtons
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: ?ond Gfanjte porphyry intrudes the Rouge ,Harﬁbur Fggmation'(Schréeter,
19}1), and is fhought to be Devonian in agé,_and the Reddits Cove Gabbro,
the La Scie Granite and the Seal Island Bight Syénité;are'cdﬁsidered ‘
- by DeGrace et al, to be Carboniferous(?) . B

Low grade regiondl metamorphism affected Ordov{tian and,Si]ufo-
Devonian rocks, and is a¢tr1buted to the Acad1an Orogeny Late stage
upr1ght fo1d1ng in the . F]eur de Lys Supergroup may also be related to

. . L.t
the Acadian Orogeny. - ) . ' -

-

It is noted that the unconfonnab]e contact between the Mic Mac
Group and _the Bur11ngton Granod1or1te represents not on]y an erosional
episode but also indicates that structures.-of the Fleur de Lys wh1chu
deformrfhe granédiorileypredate deposition .of thé Mitc Méc_Group; the
Burlington Granodiorite intrudes the Pacquéi Harbour Group. If the
Mic Mac Group is’Siiurian in age, it implies that some of'thg de-
formation affect1ng parts of the eastern outcrop of the Fleur de Lys
Su?ergroup is pre-Acad1a; in age. The presence of fragments of Fleur
de Lys schist in the Baie Verte Group also 1nd1cates thé presence of
Ordovician or earlier def&rmation& .

v

1.5 Recent megatectonic interpretationé

R
vt e
R

In recent years therocks in the ﬁurlihgton'Peninsula have

featured in .the development and app]jcétibn.of some Major tectonic

concepts. . o e -

.
- Wid

Church (1965a, b; 1966; 1969); 'bhimp;.-é't?ak (1967); Kennedy
(1968, 1975a) and Kennedy et al. (1972) sydgégted'that the similarities in.

’
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ihe structure ana'stratigraphy between the Burlington Peninsula and
north vest IreTand‘providq geo]ogicé1 evidence in support of continental

. arift, v{z. the geologically recent gpening of the present Atlantic

‘ _Ocean. L
' ?

Plate-tectonic models for the development of the Newfoundland

. Appqlqchiéhs have'geén proposed by Wilson (1966), Déwey (}969), Stévens
(3970), Bird.and Dewey (]9%0),’Church and Stevens (1971), Dewey and
Bi’rd (1971),! Church (1972), Ken;edy (1973, 1975b), Strong g_t_g_]_ (1974)
and Kean and Strong (1975).' It'isigenerally agreed that the.meta~
sédimeqts of';He Fleur de Lys Suqugfqyp represent an eastefly derived
cTastié wedge of éocambrién.tq Cambria#‘age deposited on contfnental

. . *
crust at the'wesqerﬁ-margih of a Proto-Atlantic ocean, and that tEF .

Mid Mac seéuence repre;ehts continental deposition during or after
closfire” of the Protd—At]antic Ohean;Aﬁhe tectonic settings of the other
maior rock groups in the Burlington Peninsula have been variously inﬁ?r-
.- preted by different authors. Early attempts to apply and develop theﬁ'
tpeoronf p]afe tectdnics in the Bu#lingtoh Peninsula By Dewey {1969),
and by Dewey and Bird (1970)'suffer from major stratigraphig inconsisten-
cies; at present, four main ‘tectonic interpretations can be considered.
Church énd Stevens (197f)'suggested that the Baie Verte Group and
- 'thé Betts Cové u!tramafic belt'aré ophiolite, and that these rock groups .
aloﬁg with the oph%q?ite k]iﬁ;: on the Wegfern P]atfbnn form remnants of a
'-siné]é sfeet of oceanic crust obducted over the Fleur de Lys Suﬁergroup .

© " across a S-£ dippiné.subductioh zone in the early Ordovician. They

suggest that the clastic ﬁediments, and the basalt-rhyolite volcanic
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rocks (the Pacquet Harbour Group and the Cape St. Jéhn Group) were
.deposited in a fault bounded basin underlain by sialic-crust, and that

plutonism, deformation, and metamorphism occurred in the Late Cambrian
. R S
prior to ophiolite obduction. oo

Déwey and Bird (1971) have éudgested an
Late Cambrian-Early Ordovician f?mes tﬁe Pacquet Harbour Group and the

Cape St. John Group were férmed as "isl a

»

oceanic crust adjacent to the coﬁtinental.margin clastic wedge above a

deposits on top of -
N-w.dipping subdu;tion zone; p]ufonic'emp1a¢;?ent, hetamorphism, and
deformation relate to femperature,increase above the subduction .zone.
They 5ugges£ thét extenéion of'the'previously deformed Fleur. de Lys
.Supergroup'occuéred in the Lowest Ordovician, that the ophiolite klippe
" on the Western Platform were formea in a marginal'ocegB basin, and that
the Baie Verté Group and Snooks Arm Group Were formed in intra-arc
basjns. Contraction of the marginal basin occurred in the Mfdd]é L
dggivjciéﬁ With.emplacement of the klippe onto the Western Platfotm; .
.and sfruciuraI emplacement of the7Baie_Verte éroup and the.Snook§”Arm

Group took place during continental collision im Mid-Devonian times.

Kennedy and Phillips (1971) assigned mafic and ultramafic rocks

on the west side Bf Baie Verte Peninsula (previouily mapped as Baie Verte

Group) to the'Fieur de Lys Supergroup on the basis of structure and |
metamorphism. Kennedy (1973, 1975b) named these.;ocks.the Advocate

| Sequence and suggested that these and other po1y6eformed ultramafic |
rocks in the PeniﬁsuTa aré ophiolitic in character, and represent

remnants of a marg{nal ocean basin which opened within thé continental

1ternative model; in -

=
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rise sedimentary prism abbve a westerly dippirdg subduction zone.
Deposition of the Pacquet Harbour Group and Cape St..John Group with
sub;équent intrusion took place above the subduction zone, par;ly over-
lapping the eastern section pf the continental rise prism (the Mings
Bight'Group). He.suggesfs‘that divergent obductjdn of ophio]%te from

the marginal ocean basin in the Late-Cambrian to Early-Ordovician (the

Burlingtonian Orogeny) resultéd'in deformation to produce divergent
* structural facing directions, and metamorphism of the whole of the
Fleur de Lys Supergroup. He suggests that the Baie Verte Group and the

Snooks Arm Group may have formed in the main ocean basin to the east

< -

and have been thrust into their present position during later (post

Lower-Ordovician) obduction and preserved iﬁ.the.cores of.Acadian . e
. . , e
synforms, or alternatively they may represent smaller ocean basiqﬁn"

o N
o«

~opened by a procesé.of ob]iﬁue spreéding.'
: -ReceqtlJ Kénnedy (1973, 1975b) has suggested that the repeated
movement during ophiolite obduction has caused fhe series of coaxial
tight recumbent folds observed in the Burlington Peninsula, furthermore
the-haintainé that the facing directions of the isocljnal folds car be

analysed to indicate the direction ‘of ophiolite movement during obduction.

* DeGrace et al. (1975b) have provided a fourth model; on the basis

of their structural, geochemicgl,and age determinations,they suggest that -~

the Cape St. John Group formed aﬁfﬁng the late stages of calc-alkaline

volcanism and early rifting related to the late stages of development of
¢ - .

an Ordovician Island Arc which is represented by rocks 'in central New-
’ .. : . . ’

foundland, and which developed over-an eastward dipping subduction. zone '

K}

(Kean and Strong, 1975).
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In addition to these four'models, Hutchison (1973) suggested that
the Rambler Area deve]qped in the.early stages of formation of anl
island arc at the onsét'of subduction, and Gale (]973i, analysed the
rocks in the Rambler Area, foﬁhd them.to be komatiitic and tholeiitic in com-
posit{on, and sugggsted‘that'they formed at a site of oceanic spreading.

-

1.6 . Previous Work
\

Geological investigation of the Burlington Peninsula was started

in 1864'by Alexander Murray. In 1873 he published the first geological

~map of Newfoundland on which he showed the Burlington Peninsula to be

underlain by Laurentian gneisses. A report by Murray and Howley (1881)
made general reference to the Mings Bight - Baie Verte area. .

Since these early days, publighed c0qtributions-to the geology.

\

of the Burlington Peninsula have beén made'by Murray and Howley (1918),

-Snelgrove (1931, 1935), Watson (1947), Baird (1951), Neale (1957

1958a, b; 1959), Neale and Nash- (1963), Church (1966, 1969), Neale and -
Kennedy (1967), Kennedy (1971), ﬁgwey and Bird (1971), Upadhyay et al.
(1971), Kennedy and Phillips (1971), Kennedy et al (1972), Gale (1973),

’ DeWitt (1974), DeGrace et al. (1975a, b), Né;man and *Strong (1975) and

. z . L
Neale et al. (1975). In addition papers by Dewey»(1969), Bird and
Dewey (1970), Stevens (1970), Dewey and Bird)(1971), Church and Stevens
(1971), and Kennedy (1973, 1975b) have dealt w%th plate tectonic models

for the Burlington Peninsula and for Newfoundland in ‘general, .
- M.Sc. theses on aspects of the geology of the Burlington

Peninsula have. recently been completed by Coates (1970), Schroeter (1971),

- . N -
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Riccio {1972, ang Norﬁan (1973) ; Ph.D. theses;have been cdmp]eted by
Gale (1971), Dewit (1972), Upadhyay (1973) and Kidd (1974).

Direct contributions have been made to the geology of the Rambler
Area by Livingston'(19425, Quinn (1945), Watson (1947), paragar (1954),
De” Jeoffrey (1961), Cockburn (1970), and in particular by Gale (19m,
1973) and Heenan (1973)..

Table 1 shows a“summary of stratigraphic interpretations made
by various authors over the years; the evolution of the presently

accepted nomenclature will not be discussed ip this thesis.

1.7 History of Mining

In 1903 sulphide miheralfsation was>f0und along the banks of
Rambler Brook by Enos England. 1In 1905 a 20 metre shaft was sunk by
"Naylor & Co. of New Y&rk, Tow metal.values-were encountered and work
was stopped; the déposit is known as the Sduth Pyrite Zone. ’

In 1936,’Enos England and his'gon William discovered gold, copper,
zinc miné}alisatioﬁ approximate1y 200 hetres north ofithe South Pyrite
Zoné. This deposit wéS known as the Rambler vein. Between 1938 and

1941 the Geological Survey of Newfoundland examiqed the property anh
cafried.out 1650 mefres of diamond drilling in 18 holes.
In.]944, Rambler Mines Ltd. was formed and fhe company increésed

the known size of the deposit by trenching and drilling. In 1945 Siscoe

Gold Mines optioned the property and carried out 3,500 metres of
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"drilling in 31 holes. In 195] Rambridge Mines Ltd. was formed when the

. property was optioned by Falconbridge Nickel Mines Ltd. and 4,700 metres

ﬁef drilling in 14 holes increased the known size of the debosit, however
the property was allowed to become dormant.

" The Underdeveloped'ﬁinerals‘Act was invoked by the Newfoundland
government in 1960, and the property was. leased to M.J. Boy]en
Engineering Ltd.; Consolidated Rambler Mines Ltd. was formed and brought

_ the "Rambler Vein" into production as the Ramb]en‘Mine (also knowq as
the Main Mine or the Main Zone). In 1967 the.Ramb]er Mine was closed
after production of 440,000 tons of ore w1th average. grades of 1,3% Cu,
2.16% In, O, 15 0z. /ton Au and 0. 85 02, /ton Ag _

Between 1961 and 1964 Consolidated Rambler Mines Ltd; carried
oup'exp]ératory drilling on the Norris Showingllocatgd approximatély
1;6-ki1oﬁeters N-W of fhe;RambTer.Mine; an ore body was outTined and
brought into production as the East Mine -in 1967. Ore-reserves were
exhausted in December 1974; and the mine was abandoned after recovery
of approx1mate1y 2,000,000 tons of ore grad1ng 2% Cu. ’/

A geochem1ca1 soil survey in 1968 1ed to the discovery of the
Bié Rambler Pond Mine lTocated- about 1.6 kilometers S-N‘of the Rambler

* Mine on the sHBres of Big Rambler Pond. About 50,000 tons of ore
grading 2% Cu were mined in 1969. This small deposit was called the .
Big Rambler Pond Mine,

In 1970, airborne and ground geophysical survéys and a follow-
up geochemical soil sampling survey led to initiation of a diamond drill-

ing programme on the Ming Zone located about 2 kitometers N of the-.

\
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Rambler Mine, Massive sulphides were found in bedrock 200%mgtres N-E
of the La §cie Road - Mings Bight Roa& intersection, By June, 1971,
16,000 mefr of diamond driliing had been completed and ore reserves
of 1,000,000 tons gradiqg 2.7% Cu, ,08 oz./ton‘Au and :57 oz./ton Ag
had been proven Present'ore reserves at the Ming Déposif are |

1,000,000 tons grad1ng 3% Cu, and the deposii is.open below a depth of

1.8 ° Present Study and Methods of Investigation -

The present study Was'undérfaken with sevefa] objectives in mind:
(1Y To determine the geo]og1cal sett1ng of the known mineralisation in
the area, in part1cu1ar the sett1ng of thé Ming Ore Deposit.
§2)l To deteﬁm1ne the deformational and metamorph1C;h1st9ry of the
Rambler Area. L o
) (3) To attempt tq map the distribution of large scale fold structures
-in the Rambler Area. = | .
C4)tho descr1be ‘the geo]ogy of the M1ng Deposit for.the purpose of
comparlson w1th other basé metal mass1ve sulphide, depos1ts
' ‘These four obJect1ves are in practice 1nsEparab1e
| | In view of the econ0m1c potential of the area, and in £p1te of
the‘ﬁggy exposure 1tlwas felt that' the resuTts.of the investigations
might provide useful guideﬂinéé'to futu;e éxp]oration.pfog¥émmest
* Minor structures and fébéicg re;ﬁiting‘from &efqrmatidn and
_'metéﬁohphism were:mapﬁed by examination of new outcrop,. ‘and ré—ekémin—-
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. ation of outcrop located by previous.workers. Diamond drill cpkes were

studied, and the upper levels of the Ming ore body were examined under-

gro-ynd' .- . u

A study of the;petrography and textura) relations of the minerals.
in the country rocks and in the ore horizon in the Ming Zone was

performed.
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CHAPTER = Il

LITHOLOGY AlID PETROLOGY

2.1 Introduction

A1l the rocks in thg Rgmb]er Area have beeﬁ subiect‘to poiyphaSe
deformatioa. Upper greenschist faecies metamorphic conditipns were

“ attained gver much of the area and me tamorphic recrysia]Tisatioﬁ was

extensive, no relict primary igneous mjnera]ogy has been preseryéd.

‘Outcrob in the area is commonly‘sma11 and difficult tﬁ.identify.

- Twp maps are 6resented withsthis thesis, Fégu;é 3 is a
LQEO1ogica1 oﬁtcrop,map'of fhe Rambler Area and has been constructed‘
from Bésic field d;ta with a minimum of interpretétion; mdch of the :
work of Ga]g (4971).is.inc1uded in the‘southern pant- of this map.
"Fjgure 4 is a structural and lithofacies map whichiis based on’ data -
presented iﬁ Figure 3,'aﬁd also on information obfained'from drill
core (F%gure S),_from'geophysica] maps of the Rémb1er Area, and fném
structﬁra] mapﬁing fﬁ.the fié]d: The 1iih9féc%és are e;tab]ished on
the re]at{ve'abundaqce of rock types'in the areé."THg'véTcaniE .
sequence in the area is divided into 5 1ithofaqies units;lapd the
lithofacies boundaries are transitional. ~The %nfrquvefrozké in the_
-area “éonstitute another three _ _units. Sgétioﬁs A,B,C,D,EH,
I»énd E,F,G (Fighre é) were constructed from diamond drill ho]e‘data.' o

- THe maps were constructed qéing vertic&] aeriq1‘pho£ographs on
a scale'of 1 inch to 1/4 mile, aid the §rid shown on the mqps-%s the’

~ approximate mine survey in feet. All references to localities are

/
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“Figure 6, Loéation of exp]orafion diamond drii] holes, the

Rambler Area, Baie Verte.
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given to the nearest 100 ft., the easting is written first and the

northing follows in the grid reference. °

=
2.2 Predomtﬁg;t Lithologies (Fiqure 3)

2.2.1 ( Basic Flows 0

A

The term,undifferentiayed refers to outcrops which are too small
to be 1deﬁtified as pi]]owed/ér massive in aspect, and also to fing
graihed vesicular vo1Eanic rocks in which varioué_diamond drill ho]eg%'
were collared.

The pillowed (Plate 1) and massive flows are 1ight to dark green,
very fine to fine grained, and commonly possess ;1ongated amygdales.
The pi]]owsiare e]ongéfe (as a result of deformation) .and average 0.5
by 0.5 b; 1.0 metres, the degree of elongation increasesso the N. fmd
H;N. of thé'grea. Typical pillow textures are usually preserved,
original outlines, récrysta]liseq selvages, amygdale size variation
within pillows and epidétised pillow cores ‘are recognisable. Ub to 20%
?asic interpilTow matrix and minor interpillow chert may be present

_locally. - ' ‘

qusive vesicular flows are readily identified, non-vesicular
massiQe flows are difficult to identify and may be confused with fine
gréined basic intrusive rocks; the massive 'flows are slightly.finef
grafned“and lighter in colour than fine grained dntrusibné;L,ﬁkrrow
epidote and calcite veins a}e commonly. present within the floWs;f'

L to L-S-fabrics are.we1l developed in the pillow margins and in

“the interpillow matrix, they commonly form augen round'the.ﬁi]]ows.

s
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= ?abrihs are alsb déveTqﬁed'within the pi]]gws (Plate 14), and locally
three schistosities can-be.seen..

Actinolite, epidote, and a]gixg aggvthé dominant minera]s,'minof
ch)orite, quartz, calcite, and biotite aré present, sphené, pyrite, and
magnetite are common accessory minerals. | |

#abrics are defined by mineral lineation in the matrix and by
elongation of the amygdales. S5 is defined by a strain slip schistosity
with chlorite growing preferentially in the strain slip planes o; by
overprinting of the main schistosity by a secondary mineral growth %abric
parallel to the st;ain slip planes.

The actinolite is pale green and slightly plegchroic, it occurs
as the dominant mineral in the fine grained matri& (O.i mm) and as
porphyroblasts (0.5 mm}. The actinolite crystals are rarely euhedral

gnd usually exhib{t fibrous and terminations, porphyroblasts are.commonly
| twinned. Actinolite also.occurs as a minor constituent.in veiﬁs and .
qnygda]es. Blue-green hgfnbiende Qas recorded in‘séyeral.pi11ows by
Gale (1971). | | | o
P]agioc1ase (An -A Noo Gale, 1971) occurs as relict phenocrysts;
(0.5 mm), as polycrysta111ne aggregates in amygdales {(Plate 14), and in

'veins- the crystals are partia]]y or completely altered to epigote- and
~common 1y show po]ysynthet1c tw1nn1ng partial rep]acement is controlled
by compos1t1on planes which resu]t in straight tra1ls of granu]ar epidote

within the plagioclase cnystal

Epidote occurs as an alteration product in feldspar crystals and



exact origin of many of these rocks, and they are described in ‘three
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as individual crystals.or aggregates of crystals 0.1 mm) in the matrix;

;4

1v 2ise accurs in veins and amygdales. The minerals epidote and

~ clinozoisite are most common, minor zoisite is present. Epidote minerals

avefage less than 10% in the rock, although locally 75% epidote is

present.

2.2.2 Baéic Volcaniclastic Rocks

[t is comm&h]y impossible to make a definitive decision as to the . .

broad categories, these categories are (a) agglomerate and tuff which

includes possible pillow breccias, and coarse reworked pyroclastics,

-

(b) volcanogemic sediment and/or waterlain tuff, and (c) bésic schists.

(a) Agglomerate and Tuff:- These rocks contain from 5-95%
[¥]

angular to elongate blocks of.basic lava (often vesicular) embedded in

a finer grained bqgic matrix,. fragment size averages 10.cm (Plate 2),

and locally blocks up to 60 éh are present. The intensity of elongation

. increases towards the W. and N.W. At locality182E, "194N angular

fragments of thinly bedded basic sediment 15 cm in size were noted -

(Plate 3). Blocks of acid volcanic material are present in a basic

. matrix in several localities (Plate 4, locality 104E, 231N and at 206E,

205N ).

Penetrative L to L-S fabrics are well developed, and a strong’
mineral lineation is_deve]qped paraliel to the direction of f}agment
e]oﬁéation:' o

The mineralogy {in the matrix) is similar to that in the fragments
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Plate 1. Pillow lavas; locality 185E 178N.

Plate 2. Elongate vesicular basic agglomerate fragments in
basic matrix; locality 170E 227N.
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Plate 3. Volcanogenic conglomerate comprised of unsorted angular
to sub-angular blocks of basic volcanic sediment (quartz
chlorite schist in fresh surface) in a finer grained
matrix. The rusty veins (stockwork ?) crosscut the
fragments and are composed of quartz, pyrite and
chalcopyrite; locality 182E 194N.

Plate 4. Rhyolitic fragments in basic chloritic matrix, picture
looking N.E.; locality 104E 231N.
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actinolite, chlorite, plagfoc]ase, epidote, and'quartz, are the dominant ,
minerals, finely disseminated pyrite is ﬁresént~in most specimens, apd ' . ;5
biotite, hornblende and sphene .. occur lTocally.

fhe main fabric in ch]or;te rich rocks is defined by thin laminar
anastomosing ferromagnes1an rich d&na1ns which are separated by domains
rich in quartz and feldspar ( ,PT‘ﬁE’/G) The mafic minerals are genera11y
orientated paraT]e] or sub-para11e1 to the trend of the domain 3 locally
the Tafic minerals pﬁovide evidence of an earlier fabric which is
preserved at a low angle to the domains or transposjtioﬁ planes w{thin
the'quartzo-feldspathic domains. Crenulation Bf the main foliﬁtion
which vias acéompanied by minor recrysta]l;sation is occasionally present.
In rocks which contain minor quartz and feldspar, and in which actinolite
is the dominant mafic mineral, the main structural feature is a strong
mineral and vesicle lineation.

In the northern part of tﬁgpﬁrea, pale green bleochroic acicular
actinolite is the dominant mafic mineral, and blue-green hornblende is
devg]oped locally. The gmphibo]es‘occﬁr as prqphyrob]asts(U.l mm), as
a fine grained‘mat}fx'©.61 mm), and locally, in the mafic rich domains

"in chlorite-rich rocks. Occasionally, biue green hbrnb?endé is seen to
overgrow the matrix act1no11te | o &

\
Chlorite is the dominant mineral in the rocks in the southern part

-4

of the area, it occurs in mafic rich domains and is orientated parallél

. a s : ) :
or sub-parallel to the orientation of the domains. ' Chiorite is a minor o« ) >

component of the rocks ‘in the'norih.

Quartz (Q05 mm) is present in all the rocks, and tends to occur in

L
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L]
R .

distinct quartz-rich domains.. The common habit.of quartz is of ‘elongated
grains w{lh sutured grain boundaries and showing undulose extinction; it

.can also occur as small po]ygonaI unstra1ned grains.
1]
~Plagioclase { to 0.5 mm) 1s present in the-quartzofe]dspath1c

-

" domains . and commonly shows parti pr complete.alterat1on to ep1dote,

’ Ep{dote‘a1so'occur3 as individual crystals (to 0.5 mm) dissemin-
rated throughodt the rdtk:; A . . o N
-Biotite occurs as an'akteration prodott firom actinolite and as -

interd’owths with chtlorite D sseminated pyr1te is present in most

samp]es, and minor: sphene occurs 1oca11y df

v

{b) Vo]canogen1c Sed1ment and/or Waterlain Tuff:-  These are .

~ fine to,medium gra1ned, medium to dark green, clastic rocks. -Bedding

s géﬁeral]y;é to 7Akn|thitk: but Ioca]]y reeches 1.metre; the th%nneh

‘bads are commonly 1nterna1]y 1am1nated Sorting’ is high]y vari
W1th1n and between beds Graded beds were noted at 1oca1ities 24)E,

‘27ON and 188E 171N Loca11y a granoblastlc texture 1s dsy ed in some
bbeds, presumab]y in response -to metamorph1sm, and ‘the texture is comparab]e

to that af the equ1granu1ar bas1c 1ntrus1ve rocks A conglomerate bed

. is present at 1oca11ty 275E 277N Loca]]y mass1ve med1um grained

}~sed1meqfary rocks conta1n 1so1atEd basic volcanic fragments {(Plate 5)
An S to L-S fabr1c 1§'we11 deve]oped and severa1 exposures exhibit

fon1ng and refo]d1ng of the bedding and the ma1n fo]1at1on (P]ate 6)

‘e

Crenulat1on c1eavages are }oca11y deve]oped on earlier sch1stos1ty

N .

" surfaces. | - . L
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Plate 5. Basic volcanogenic sediment with isolated basic
volcanic fragments; locality 246E 186N.

Plate 6. Folded and refolded basic sediments. The prominent
fold of bedding,S,,and parallel quartz veins,plunges
to the N.W. at approximately 50 degrees; small attenuated
F, fold closures of quartz veins are present and are fold-
ed by the later (F, ?) fold; locality 305E 290N.
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The combosition is highly variable withiﬁ beds, bétween'beds, ana
between- outcrops. Chlorite, quartz, actind]ite, and pTagioc]ase are
ubfquitous, calcite and biotite are common, magnetite, pyrite; and
sphene'are present as accessory minerals, and basic and silicic
fragments and clasts are commonly present.

The main foliaéion is gefined by anastomosjpg ferromégnesian
riéﬁ laminar doméin; which are separated by matrix quartz and/or

calcite rich doﬁains and clasts. The domains are genera11§ less than

1.0 mm thick, and the mine?als within the domains are generally
| orientatéd parallel or sub-parallel to the treng'df the doﬁains.‘ The
clasts are elongated in the plane of the main'sEhistoSity, and are
augened by thfg schistosity. The clasts may show pull-apart texture
and quaﬁfz, chlorite, ca1cifé and biotite are present %n s;rain'shadows,
'_ An earlier schistosity is locally preserved at a Tow angle to the main

: fq]jation 1d'thé dyarti rich domains, and is defined by elongated matrix
quartz grains,;by-péra]1e1 orientation of fine grained disseminated -
mafigxminera]s:“aﬁd by elongated pyrite. .Po;t main fabric creﬁu]ation is
docally accompanigd by recrystallisation of the‘mafic’minerqls.‘

© . The c1ast§ are dominantly ;ihgle‘feldspar and/of quartz grains or

mongmineraljc aggrégqtes or feldspar or quartz; baéaltﬁc clasts with
_ophific texture, and coarse é}ained granitic clasts of interlocking
quartz ané feldspar are present locally. A granitic cjast in the cén-
g}ome;ate bed exhibiis m}rmekitic texture: ‘Clasts¥9f fine grained quartz
" rich materiél'simﬂh;&{tb the matrfx material in thé rhyo]itic pyroclaétic

o

rocks are-present. The feldspar clasts and grains in the clasts -+  ~

»

~
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show minor alteration to epidote, quartz exfibits undulose extinction,
and both qdartz and fedlspar grains have sutured bouﬁdaribs.

The matrix to the clasts is highly variable, The dominant mineral
is fine grained quartz, which is commonly elongated and exhibits |
undulose -extinction; polygonal quartz is present in strain shadows.
Calcite can constitute up to 30% of the matrix - as large

(0.5 mm) grains elongated fn,and augened by the main schistosity.
Epidote occurs as an alteration product'frbm plagioclase, or as small
disseminated ¢grains in the matrix.

“The mafic minerals can constifute’up to 50% of tﬁe rock, and
they average about 20%. Biotite,Jcblorite, actinolite or sericite can

comprise from 0 to 100% of the mafic minerals present, but generaily « -

-\

oné mineral predominates and the others are present as minor constitutents.

The mafic minerals are orientated parailel or su?-paral]el to the

orientation of the mafic rich domains. -

- ‘ Disseminated pyrite occurs in all specimens, it is elongated in
‘.the~p1ane of the main foliation, or in the plane of the ear]ief fabric in

the quartz r%ch~doma1ns. Fine to coarse gfaﬁned hagnetite is present

locally and occurs in octahedral form.

-

(c) Basic Schists:-~ Highly chloritic, schistose green rdcks, in

which the 0riginaf texture is unrecognisable are mapped as basic schist.

Chlorite, quartz and actinolite are the dominant minerals, with minor

disseminated py‘!tﬂ? epidote, calcite and sphene present locally.

o ’ ~ M .
. . .
. -] L.
7 S
[ AN . L . ot : .



The main fabric is an L to L-$ fabric. Ferromagnesian and
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quartzofeldspathic minerals occupy destinct laminar, parallel bands which
define the main fabric. An earlier fabriciis locally present in. the
qua}pi rich Tamellae and is defined by elongate quartz grgins and by
parallel orientated mafié minerals. The main fabric is commonly
grenﬁlafed. )

| 3

2.2.3 Acid Volcaniclastic Rocks

Rhyolitic and dacitic rocks in the Rambler Area are bredominant]y
N | _
fragmental. Metamorphic recrystallisation and deformation has destroyed

- all the jpossible original primary textures (welding, .flow banding, fiamme

textures) with the exception of fragment.outlines. The.rocks are fine

2 :
grained, and cream coloured on weathered surfaces, on fresh surfaces

"the rocks vary from grey to "greén to red to purple in colour. Up to

25% of the rock may be cbmprised of evenly qistributed quartz and feld-
spar eyes. Up to }0% of the rock may consist dof Iehges and.sfringers
of:actiqufté which may?reach 7 mm in length; these lenses give the rock
a mottled -dppearance. . | .
The origin of the quartz and’feldspar eyes is problematic; it {s
likely that they may in some occufrences représentApfimary phehbcryﬂbe,
however, the even distribution of the eyes thrbughout.bcth the fragments
and the matrix in many of the acid‘VO1canic1astic-rocks, the presence
of quartz and-fe]d§5ar eye§ in basic'fraéments infthe agjd rocks and
locally {n chlorite_schiéts; and the'presence of small duartz eyes in

bedded chert bands suggests that the eyes may be metamorphic in origin.
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The author prefers to call the eyes porphyroplasts in view of the prooable

.

‘ recrysta111sat1on, and renucleation of ortg1na1 phenocrysts,. and the

probah‘e nucleation of fresh eyes dur1ng metamorph1sm

THe acid pyroc]ast1c rocks generally possess e]ongate fragments
which are h1gh1y variable in size and in proport1on of;the rock, commonly
the matrix -and the fragments are 1dentica1 in compositdon Fragments
genera]]y average ]5 cm or less 1n diameter, however at ]oca11ty 178E 212N

ck!

.fragments up to Gz cm in size-occur (Plates 7 and 8), these outcrops can

be termed'“MiII R (Sangster, 1972). “Locaf]y, minor baswc-fragments
are present in-a!id fragmental'rocks Ga]e 81971 ) described many of the
ac1d rocks in the centre of the area as mass1ve flows, however exam1nat1on
revea]s thé suggestion of fragment out11nes, suggest1ng that the mass1ve

appearance of many of these outcrops 1s due to recrysta111sat1on dur1ng

metamorphism. Fine grained acid 1ayered tuffs are present notab]y in the
. hangingwall .ef the East Mine, and in the’ footwa?] of the M1ng Mine where
they are 1nterbedded with 1ayers of pyr1&e Severa] ‘outcrops (Un1t.3a)

are fine. gra1ned ma551ve or bedded - 1n appearance no fragments are .apparent.

Loca]]y these massive units are 1nterbedded w1th basic rocks. In th1n -
sect1on they are 51m1lar to' the fragmental’ rocks. It 1s poss1b1e that they
have. or]g1nated as massive flows, however in most cases they are probab]y
s111c1c sediment or fine gra1ned tuffs .

D1srupted and fo]ded band1nd is ev1dent in an exposure. of pre-

dominantly acid agglomerate at ]ocaltty 181E 216N (P]atev19).‘ Several

' outcrops exhihit parallel, Tlight cojdyreﬁ bandswup to 5 cmwide which

\

M111‘Rock - A very coarse pyroc]ast1c brecc1a situated w1th1n hear1ng
distance of a fine mill (within 1/2 mile from a massive volcanogenic
sulphide deposit). oo . . e :



Plate 7. Acid agglomerate, "Mill Rock"4 thin 1light coloured

bands parallel to the bottom of the picture are
alteration zones round hair line fractures; picture
looking N.W.; locality 178E 212N.

Plate 8. Acid agglomerate; same outcrop as above; picture looking

N.E. S3 fracture cleavage well developed on this surface;
locality 178E 212N.
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. cross the. outcrop (Plates 7 and 8) and which can resemb]e‘bédding,
1oca11y these bands are seen to cut across fragments, and to possess
hairline fractures in the centre of the band. The bands are thought to

, *

result from alteration by fluids in the fractures.

.

The most pronounced structural féature.is a strong'partic1e and
m1nera1 lineatjon; a flat strain sl1p surface is commonly developed,
and loca]]y up to three sch1stos1ty surfaces are present in a s1ng]e
outcrop. Schistosities are penetrat1ve through Ehe fragments and form -
“augen round the quartz and feldspar prophyrdb]ésts.
Quartz Snd feldspar prophyrob]astsuto 3 mm comprise up to 25%
. A of the rock but may be absent locally; they are set in a fine grained ‘ot
matriﬂ’(0702 mm) of quartz and feldspar, with minor biotité, actinolite,
?ch]orite, epidéte shd pyrites
- Fab;ics are defined by mineral lineation in the fine grained
matrix, by griéntated porphyrpblssts, and by thg development of narrow
planar. (0.2 mm) ferromagnesian rich aomains which are sepa(ated by wider
(to 2 mm) domains rich”in quartz and‘feldspar (Piate‘g). The - domhins
def}ne the prom1nent sch1stos1ty in the rock, and show better develop-
ment with an 1ncreas1ng‘proport1on of mafic m1nerals s E An ’.
earlier fabric is locally preserved in the quartzofe]dspathic.domains “
and is defined by elongate quartz and by parallel orientation of
disseminated mafic minerals in the quaf?z rich-doméin. The plagioclase
and the quartz porphyroblasts are e]ongéted in the plane of the majn'
; foliation and are augeneE by the main %oliatidn, pull-apart texture is

developed locally, and po]ygoha] quartz is formed in strain shadbws. “

3

.
‘

-,
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The plagioclase porphyroblagts occur as singie subﬁedral to
anhedral grains, or-as aggreéétes of smaller grains. Alteration to
epidofe and sericite is common.

Quartz porphyob]asts‘oécur as sﬁné]é subhedral to anhedral grains
or as aggregatesjof smaller polygonal or -sutured quartz grains. .Very '
. f{ne érained(0:024mm) matrix quartz grains‘are gener$1]yAelongate} and

nave sbiured‘gfain boundaries. -Bdthtpqrphyroblasts'and matrixiquartz

" have undq}bée e:tinc;ioq.”_:;_ o i‘_.f‘

' Bi;tite(d.Z mm) témﬁrises ﬂégs_thgn's%.of the ro;k,-it bccur; in?‘
the mafic rich.domains'éndiigaOffentated parallel q%fsub—pdrélle]ltb
the trend of gpe doméin, é}&éﬂgb'QCCurS és ﬁara]]el,di;séﬁinéted .
'éra}ns in the quartz rich dohainé.'” |

Acicular actjnolj;e 1s‘present in most rocks as a minor
constituent, an& occurs doﬁinant]y ﬁn the mafic rich domgins. Loca]iy '
actinolite can combfﬁse up to 10% of the rockR and occurs as aggfegates
of grdins ( to.2 mm) up to 7 mm by é.mm in size thch may be péeudomorphs
! gfter pyroxéne. Actinolite is the principal mineral . . in the basic
fragmeqts in the gcid fragmental rocks, and commqgly shows Q strong
mineral:finéation. Locally, quartz and feldspar po%phyrob]ésts are
.present in tﬂ% basic fraémentg{

Minqr epidote and se}%éite are present, generally as an é]ter-

d

ation.proquct from plagioclase, chlorite is présenf locally, and minor

dissemipated pyrite is present in a11'samp1es. Garhet was identified
in & single outcrop in the field, however, this was a flat glaciatgd

éxppsure and collection of a sample for thin section was not possible.
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2.2.4 Basic Intrdsive Rocks .

Fine to medium to'coarse grained to porphyritic.metabasite}-.

bodies intrude-all".the other mjnor rock types in the Rambler Area;

.these +ntrusivé rocks compriSé err 70% of known outcrop ip the area.

The 1ntru;10ns were ca[{ed metadolerites by Gale (197]){'The larger
'bbdies show a.widé varieéy.of te*tures, most of which are probably .
b?imary and related to the cooling history of.;he bodies; these texturés
_1nt]ude coarse grained peg&atitic phases (crystals up to 2.5 cm ih size),
qhartz and feldspar rich segrégation in'the.fOrm of émall b]ob§ and
veins, dendritic amphiboles (Plate ]d) up to 7 cm long, and local

" brecciation textures. Numerous.internal chilled margins are present in

‘ﬁétab@;*fe]bo&iesfinterSected in drill core. The attitude of these

1nterna1'contactsa and-tﬁeiéttitudés of'{htrusive contacts with ;ountry
rock are ggne}aily para]fe?-or %ubpéfé]]&]lto sch?stosity and to tuff
and<§ediménFary banding in the drili core. Few of the intrusions can
“be traééd~for any distance in the field, and their trend can seldom be
determired. |

TectoﬁiC'faprick vary frdm intensely schistoée hetabasi;g with
an appareht cpmposite fabrie, to massive metaﬂ!gqte devoid of ahy
tectonic features. The intensity of .the fébric tends to increase toward§
the margin of the int}usion. . | .

- The rocks contain ahphibo]e, p]ag%oclase, and epidote, with,

) 'minor.amount:EBf ch]drife, quartz, biotite, sphene and pyrite.

4 . - C ot . ’ . . I3
In severa)l thin sections a.penetratjve mineral lineation. of

phenocrysts and matrix minerals is apparent; in other sections fracturing

]Metabasite -"a metamorphésed basic rock" (Miyasﬁiro, 1973)- - The term is

here used ,to describe metamorphosed basic intrusive rqcks ?nd ?ossibly
massive basic flows as destintt from vecognisable basiv volcanic pocks.



Plate 9. Anastomosing planar ferromagnesian rich domains separated
by wider quartz and feldspar rich domains in acid
agglomerate. The quartzofeldspathic minerals are elongate
and parallel or subparallel to the domains, locality 176E
218N; crossed polars, (x 30).

Plate 10. Dendritic actinolite crystals in medium grained basic
intrusive rock; locality 195E 190N.
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and bending.of plagioclase and actinolite porphyroblasts are the only
evidence for deformation. A foliation is often developed as the result

of chlorite being preferentially grown in fractures spaced from 0.1 to

several mm apart.

L

Hornblende is'commonly develapeq and is pale green to
green, grain size ranges from 0.1 to 2 mm, and anhedral crystals are
“Fare. The hornbiende is intergrown Wifh plagioclase and in some
instances poikilebﬂasts overgrow pseudomorphs of plagioclase. Actinolite

7} more common in the south of the area and occurs in a similar form

~

to hornblende. Q

A Y

‘Plagioc]ase is present in most of the rocks examined, and -

reaches 4 mm in size in the porphyritic, intrusive rezks: Variable
amounts of alteration to epiéqte along composition planes within the &;
plagioclase 1s‘c0mmon, and total replacement has resui;ed in pseudo-
mofphs of granular epidote after'plggjoclase: -
""Chlorite ig a miﬁor con%tituent in most rocks, it occufglin thin
pare11e1 zones in Zk\\}herw1se massive rock these zones probab1y
represent a fracture cleavage ‘into wh1ch the ch10r1te has preferent1al1y

" grown. .

Biotigéfrepresents less than 1% of the rock, and commonly replaces

hornblende cores. Minor sphene is present in most.of the sections-
N =, .- ” . 4 . -
studied. Disseminated pyrite occurs in small amounts in all specimens

'and fine grained granular quartz is present in some sections.

Fine grained granular epidote is commonly seen tofreplace ..
.plagioclase, and minor calcite ' occurs  locally. g
» ) )

R
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’ser1c1te (1 mm acicular crysta]s)

| averages about 5 mwi. - . e .

.38 -

2.2.5 Granocdiorite

The Burlington Granodforite, o'n the nestern margin of the‘ar‘ea
studled, is-a medium grained, mottled grey-u , weakly fo1iéted rnck.
P1ag1oc1ase_(65%) quartz {15%), b1ot1te and hornblende (15”), potassiun-
feldspar’ ("”); are evident in hand specimen.

In thin section, the m1nera] composwt1on 1s a]b1te ‘quartz,

nornblende- and/or biotite, and microcline, acceSSOry apatite, sphene,

‘zircon, and pyrite are present. Epidote and sericite occur as

alteration products from feldspar, and ch]or1te is present,probably as

an alterat1on product from b1ot1te

The sch1stos1ty is defined by para11e1 orientated individual

crystals or hdﬁ&egaf@s of bio%\&e;xi;oca11y elongated quartngrains with "
serr@ted boundaries help to define the main fa]1at1on ‘ o
. Quartz and feldspar crystals range to 2 mm in size, the pIag1o-

c1aée shows alteration to ep1dote ( 1 mm granular crystals),-and to

B1ot1te 1s p]eochro1c green to green1sh brown, and grawn 51ze

.,.

Up to 1% sphene w1th minor amounts of apatite, z1rcon and pyrite .

ﬂare present the gra1n size of the accessory minerals is genera]ly 1ess

thap 1_mm., R " S

Jil 2.2.6 Quartz—Fe]dsper Porphyry

- The western margin of the Cape Brul& -Porphyry is situated to the

‘;eesizbf xhe arealepudied. Tne porphyry is schistose and+has a gnobb1ed

‘-._,.'< PR
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appearance in hand specimen. .Fifty to seventy per cent-quartz and

feldspar phenocrysts are present in apbroximate]§ equal proportioﬁs, f~r.
. ‘ ‘ V ' 2 .

and average 2 by 2 by 3 mm in size. The rock is mottled pink.to grey.

The'phenocrysts occur in a fine grained (0.05 to 0.10. mm) matrix of

quartz, epidote, ch]or1te, fe]dspar, biotite and ca1c1te

The quartz phcnocrysts show euhedral to anhedrail outlines sand

" are-commonly composed of'aggregates of smalier grains (0.5 mm) which

sﬁow]bo]ygoqa1 to irregular outlines, and which generally exhibit undulfse

. _ 2
extinction; locally single quartz crystals are present. The aggregates

of smaller~quartz,grains probably originated as a result of renucleation

. of quarfz during deForma}ipd ahd,metamorph%s@ of primary quartz pheno-

crySts_i Locally elongate and polygonal quartz grains occér in strain
shadows. . ‘ . b o L S
Orthoclase m1croc]1ne and albite occur in decreasing order of

abundance the -crysta’ls are euhedra] to anhedraT in outhﬁa and commonly

. aggregates of severa1 cWystals are present. Alteration of the feldspars

to sericite, epidote, and ca]cite is common. ' R 4

B1ot1te and ch10r1te can comprise up to 10% ef the rock ana
\ .
common]y occurs as e]ongate aggregates of very -fine grained. crystals o

up to 4 mm in 1ength

Accessory octahedra] magnet1te and- cubic pyr1te gra1ns are common;

. magnetite and pyrite occur as elongate irregular aggregacgs_of smaller

grains. ° Minor zircon, muscovite and locally apatﬁte are’ present.

The main schlstos1ty is defined by paral]e] qriéntatign of théP‘

. i. J . c e ¢, .» | ;.

PN

o P
. .

-



The rocks are light to dark grey .

A N
. touch.
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phenocrysts and by paral]el of1entat1%n of the biotkite and chlorite r1ch

; lenses . The phenocrysts are 1oca11y fractured and show weak pull- apart

-~

.'texture quartz is recrysta]bpseﬂ in the fractures and in the stra1n

‘ shadows ~ . -fgt. o )
O Lpad & 0@ .. . - e
) . Yoo LG, . . .- o
. » Vs o 'txgi )
.7 2.3 \Minor Lithologies - &. 0., z;
. . - R ' 4. ,
- &

2.3.1 "‘%Ltrabas'ic-lntrusfve Rocks~  c T . .- ST

' Severa] conformab]e u]trabas1c 1ntrus1ve 1enses to 3 metres th1ck

-:

" are present in- dr11] core 1n the hang1ngwa1] above the Ming Ore Horizon

(Figure 5) Some of - the qpntad%’“* show f1ne gra1ned ch1]1ed marg1ns,

‘and grade to coarse centres wwth 5 mm crysta] out11nes, in other 1nter-

sect]ons the marg1ns of the 1enses are ch]or1t1c and h1gh1y sch1stose

. and-are so?t and soapx}to
1

. No relict primary minerals are present; ‘the dominant mineralogy

"1s talc, serpent1ne carbonate, and ch10r1te. Pseudoﬁo\phs after oli-

vine (7) can compr1se up to 70% of the rock and are, composed of talc
and/or serpent1ne they are common1y r1mmed by trails of' fine grained
magnet:te w1th 1rregu1ar gra1n out11nes Small euhedra] magnetite
crysta?s are d1ssem1nated through the matrlx to the pseudomorphs The
matrix to the pseudomorphs 1s ta]cose and carbonate and minor ch10r1te

-

is common]y present. -

2.3.¢  Acid Intrusive Rock$

Several fine grained, pink to grey felsic intrusive units averag-

_
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ing ’ metre in thickness were noted in drill core %#Bm ho1es co]]ared'.
in the %fﬁ of the property These un1ts have def1n1te chilled marg1ns Q‘
and -may exh1b1t up to TO% small (0.1 mm) f jEIdspar phenocrysts in’ the

S 4

_centre of the 1ntrus1on The matrix consists of extreme1y fine gra1ned

qyartz and feldspar; 5-]0m'actinolite crystals (0.1 mm) “are disseminated
through the matrix and define an L fabric in the rock.
Coarse grained.(5 mm) granitic intrusive magerial is recorded. in

4

drill logs at localities 140E 150N and 137E 250N. The material is

" comprised of.coarse p]agioclase and K-feldspar crystafé, and finer inter-

crystal quartz,. b1ot1te and act1nQ11te

2.3, 3 Cherts and S111c1c Rocks

i

These are f1ne grained, brown weather1ng rock§ which aré white to

'green-wh1te on fresh'surface- the rock .commonly contains up to 10% pyrite,

and a‘sngary tex;ure is developed as a result of weather1ng of pyrite.
The green co]our is due to the presence of mer1pos1te (Ga]e, 1971).
Quartz eyes to 3.mm_are present localTy.

The.rocks commonly occur in c]ose'gpacial proxim;ty to economic
and.suoeconomic mineralisation in three settinge:
(1')>' In distinct bands up 6 1 metré thick and Tocally with considerable
strike length (300 metres at locality 179E 164N) ‘in the basic )
rpck. s They have sharp contacts with the surrounﬁing rocks, and have
been ‘subject to fo?aing and'boudinage. The bands are-interpreted as
chert horizons. ' 'f_ . _ ..

(ii) In footwall rocks exposed at surface-at the East M1ne;(1ocal1ty

246F 221 N), and ‘at loca11ty 182E 186N an. irregular stockwork of pyr1te
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‘bearing‘si1icic veins which average 2.5 cm in thicknéss and which cut
basic pyrocTastic and Ba;ic sedimentary rocks (Pi;tes.3 and 11), locally
the veins cut fragments in the pyroclastic rocks and are prbabiy
epigenetic in origin, |
(1111' Numerous exposures of highly §i+icic rocks are found throughoEt
the area which-cannot be-ﬁiréctTyv;1assified as 1 or ii aboven Inter—‘
mediate rocks between basic sch%éts, (qggriz-chlorite schists) and the
fine grained silticic rocks are commonly found in‘close'spatial proximity
to the‘;ilicic rocks; and in the East Zéne area a trapsition from basic
through intermediate iﬁto silicic rocgs was noted. The 1éference is that
the silicic rocks in some instances deve]oped‘by si]icffication of basic
volcamiclastic rocks, perhaps as alteration products in relation to
migrating mineral bedgjing fluids. .
A weak to strong L to L;S fabric 43 developed and-formsfaugEn.
round the quaréz eyes. - Fracture p1anés are common.

Thé matrix in the rocks composed of 95 per cent quartz with minor

b]agioc]ase, and locally up to 2 per cent mariposite,minor actinolite,

ch]orité and sericite can occur. The quartz grains (0.03 mm) show sutured

grain boundaries. Quartz porphyroblasts (up to 10 per cent of the rock)

ey

' locally reach 3 mm and consist of single grains which commonly exhibit

. / ’
undulose extinction or of aggregates of polygonal grains which do not,

" show undulose extinction.

The fabric in the rock is defined by parallel, orientation of the
’ r»

elongate matrix quartz grains and the quartz porphyroblasts, and by

wr
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parallel orientation of the miqgr mariposite, chlorite, actinolite, and

-

sericite.

¢ )

2.3.4 Quartz-Sericite Schist

~o .8
These are highly foliated, poorly consolidated,fine grained acid

- *yocks commonly containing up to 25% quartz eyes (p&rphyrob]asts?x
embedded in a fine grained mafrix (0.05\}5 0.10 mm) of quartz and
sericite. The cd]our varies fréﬁ»pa1e green to'mottled.-grey and pale
green to light grey, the‘greén cbﬁour is due fo the presence of'haripbsite.
Q Thé‘sericite schist commonly contains up to 10% fine gra{ned
‘dissemiaated'pyrite and several unit§ are adjacent to economic and sub-¢
_economic sulphide depdsité. . L
The main fabric is defined by alternating quartz rich and
" sericite rich lamelipe (Plate 12) which commonly form augen round.ihe
porphyrob]asfsf‘g strain slip fabric is commonly developed across the
main foliation. '

The pqrphyroblasts are euhedral to anhedral and are dom;rised of ~
sibéle-grains or aggregates of several pb]ygona] grains'of quartz which
exhibit undu1ose.extinétion.~ The graihs\are commonly elongate in out-
1ine, and ﬁui]-apart texture'is 1oca11y d;}éloped.(Plate'13), po]yéonal
unstraﬁngd qurti grains are comﬁan in stra{n\shadows.“

THe matrix quarfz can be polygonal or e}ongate and sutured in
habit. Sericjte grains in the matrix are.orientated parallel or ‘sub-

-

_parallel to the orientation of the sericite rich lamellae.

-



Plate 11.

Plate 12.

Stockwork of pyrite-quartz veins cutting basic
volcanic sediment; footwall of the East Mine
(1ocality 246E 221N).

Quartz-sericite-schist. Main foliation (S,) defined by
composite fabric of alternating quartz ric% and sericite
rich lamellae. Small quartz porphyroblast present in
top right. Weak strain slip fabric parallel to base of
picture (S3). Crossed nicols (x 20).
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muscovite grains. Biotite, chliorite, epidote, and pyrite are minor-

jfacies distribution is compiled from field evidence and from data .

. .;" 45- »
\

Two outcrops of quartz-muscovité schist are present at 1pca?jty
142E 227N, and similar schists are presént.in thin - bands at locality

999E 226N. These rocks have a strong S to L-S fabfic_definéd by

P

planar muscovite-rich and quartz-rich lamellae, the main SCHisfé§ity is
isoclinally folded a;d 1ater stra%n slip surfaces are deveiopngk An
earlier fabric is locally preserved in the qua}tz:rfth lamellae, and

is defined by parallel orientationiof the micaceous'mﬁneral;. The rock
consis£s of approximately 65% polygonal qﬁartz, and about 2b% orientated -
. N
constituents. Grain.size averages 0.1 mm. Muscovite and biotite are

locally recrystallised in thg‘Jatér strain slip planes.

2.4 Lithofacies- (Figure 4)

The 1ithofacies units are-defined on the relative abundance of
rocktypes present in an area. The boundaries between the units of
volcanic rock are transitional and their position is subject to revision

as drawn on Figure 4, when further data-becomes availabie., The litho-

]

- t

aypi]ab]e from drill core.

e

2.4.1 Basic Flow - B

. The southern péF% of the Ra bler Area is predominantly underiain
“ T
by pillow lavas and maseri ve flowy, minor basic- volcaniclastic

rocks, and locally minor thin fdlsic intrusions occur.

-

4
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234l2 Basic Volcaniclastic Rocks

[y . q

Large-poftiohs of the pentraf paft of the Rambler Area ‘are
undgr]aﬁn by rocks représentihg a COm§1ex basic vb]canic environment.
Probab];@,sox of .the area is unc‘i';rTain by small isolated pillow lava’
un}t;; the remainder»of the area is underlain by ba;jc agg]omeréte,
tuffs, and possibly piT]éw breccias, with lesser amounts of reworked
fragmental rocks and volcanogenic sediment. Minor chert, s%]iéic rocks ,
and quartz seriqite schists are present, and locally small felsic,,

intrusions are present in the south-east portion of the unit.

- ’

2.4.3 Mixed Acid and Basic Rocks - :

This unit is comprised.of varying proportions of rhyolitic

pyroclastic beds, and basic pillowed and volcaniclastic rocks. These

rocks are intimately intermixed on a scale varying from alternating acid

~and basic laminae to acid and basic units 100 meﬁres thick. In general,

acid fragments are less obvious, and where present are smaller than in

'-the.acid'vo1canic1astic unit. ‘The outcrops infwhich'écid fragments are

present in a basic matrix are within this unit; several outcrops are

recorded in which the. acid fragﬁents ip the basic matrix reach 30 cm

-

in.size, but generally the fragments are smaller. Chert, silicic rocks

and quartz-sericite schists are a minor constituent in this unit.

LN
-

L 2.4.8 Acid Volcaniclastic Rocks

A

The central part'of.the_RameeF-Area is unqerléin’primafily'by

d -
-
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coarse acid fragmental rdcks, together with a subordinate amount of

finer ggpined acid material. The coarsest material is found in the .

south ce tra]lﬁyt of the area (locality 178E #12N). Minor basic
. . o
tuffaceous n ‘erlel may be present locally, and minor quartz sericite

Y

L

schist units are present.

2.4.5 Basic Sediment

This unit is comprised of bedded and.1aminated volcanogenic
sediment and/or water]ain tuff, minor.reworked tuff is locally
identified in drill eore, and minor basic pillow lavas may be present,
A single conglomerate bed is present at locality 275E 277N. Thinly

bedded'nnd laminated impure grey chert is locally associdted with the

sediments.

2.4.6 Younger Intrusions

Basic intrusive rocks which:are too small to bé recognised as

- individual ]ithofécieS'Unité comprise approximately 25% of tne;volcanjc
sequence, and-lotally they may form 60% of the rocks¥exposed . The
Jbasic intrusive'rocLé intrude all .of the rock types in the Rambler '
Area, the contacts-aré gene}a11y parallel or sub-parallel to the
schistdsity p{anes and bedding. Approximateiy 75% of all oufnrop in
the area is comprised'of basic intrusive material, and Tithofacies F
"'may possibly refle;t the lack"of nufcrop of intervening rock’ types )

‘rather than represent a single large basic intrusive‘unit,'

-
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The Granodiorite ( Unit G ) foems the eastern margin of the
Burlington G:anodiorite and jhtrudés the Vo]can}c:séquence{

The quarfz-fe]dspar porphyry «  Unit H ) is part of the
western margin of the Cape Brulé Porphyry and is thought to intrude the
-vo]canic_éequencé. A]though no intrusive cbntact is exﬁosed ip }me
IRambfer Area an-intrusive contact is reported at Wopdstock (Coatés,

J
k)

1970; DeGrace et al., 1975b).

2.5 Stratigraphic Relationships ' - po

Thé lithofacies ate defined on the-relative abundance oflc0n-
sfituent fock types, aqd the boundaries witéin the Qo]canic sezugnce
are depositional and transitional. The available facing criteria in
the Rambler Area suggests that the sequence becomes younger to the
'northeast, no evidence to suggest the presence of a major unconformity, .
major faulting o} thrustfng.'dr large scale folding has been noted.
The'anaﬁyses reported by GA]e {1971} sugge;ts that the-basic‘rocks in
the central and south of the area are kOmat{itic in cbmpdéitiqn; and
the basic rocks fd the northeast are tholejitic in,c@mpbsition, this
may suégésf that the.mofe differentiated rocks in thE‘ﬁdrthéasE ané
younger in age. . | ‘ o
A belt of ba&ic_vo1¢aﬁiclastic.rocks is.interpreteq'to‘ﬁe.
‘present along the margin of the.Burlington Granodiorite on the basis of
_ total field magnétic surveys, and-isd1atéd outcrop, The re]atfonship

of this unit with the pillow lavas to the €ast and northeast is unknown

a
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(P

and Ehe unit may owe its present po;ition to folding, faulting, thrusts
or tectonic slides, or possibly to a pretectonic unconformity eifher .
overlying or underlying the pi]lo@ilavas. \ '

Table. 2 i]]ustrates~the generalised stra?igkaphic succession in

the Rambler Area.

A tentative age of 460 million years has been obtained from study -

ceg”

of lead isotope compositions in massive sulphide ore from the Ming Mine
and the ﬁambler Miﬁe (Sangstek, pers. comm. 19%4, Sangster ind Thorpe,
1975). No figure for expefimenta] error is given with this data, however,
this may suggest that deposition¢of the gu]phides; and thus the vo]éanic
sequence in the Rambler Area topéjzlace during the Ordovician. Deforma-
tion and metamorphism of the rocks of'the Pacquet Harbour Group may'
ha&e otcurréa after the Ordovician and prior to depositi;n of'the.
-Silurian Mic Mac Group.
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Ordoviciam and Older

3
.’

¢

Stratigraphic Top ?

-——-——————-—-:-—1

Table 2. Generalised Stratigraphic Succession in the Rambler Area.

%

|Centra1 and North Eaét of Area

Volcanogenic sediment

‘Basic volcaniclastic rocks
- ? sulphides-?

Acid votcaniclastic racks =
(Tocalised centre) ’ '

t s . . N .
IBas1c volcaniclastic rocks

l * ' - .
1 T : ? :

Mixed acid and basic

volcaniclastic rock§ .

G

I

Basic pyroclastic rocks

close to granodiorite °

contact (stratigraphic
position uncertain)
’

r
(S3]
[am}

1
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3.1 Introduction ‘ - §

The structural history outlined 1n th1s chapter .was constructed
using the pr1nc1p1es of sma]] scale structure ana]yses as expounded by
Wilson (1961) and as subsequently developed by“many workers in structural
- geology, and by'interpretation of metamorphic recryetallisatidn and :
growtn textures as outlined by Zwart (1960) Rast (1965}, - and Spry (1969)
The major deformat1on episodes are reg1ona11y deve]oped and ‘are assoc1ated
with penetratlve L-S and S tectonic fabr1cs (Flinn, 1962, .1965) or with
"stra1n slwp fabrics. The folds are descunbed after F]euty.(]964)

.Fold1ng and deforma;xan wh1ch does. not appear to be regIOnally deve]oped
_is noted but is not de51gnated as, 1nd1v1dua1 separate deformatxon o
ep1sode§.

Identification and gorrelation-of,ﬁndividua]-fabrtcs.is an .
important aspect of the orésent study.‘ The'probjems'in'oorrélation are
' Dartieularly acute.in tne‘Rambler area due to the.éombined effecte of:
| (a) The absence of‘pntmarylbeddihg features; the generally massive
_naturelof the-rocks,'and the probable compiexity of the initial

stratigraphy. Ehal S ' ..
(b) The scarcity of ootcrop.

-

(c) The pr1mary 11tholog1ca1 var1at10n and its effects on fabric

development dur1ng metamorph1sm

',(d) 'The grade of metamorph1sm ‘the fine grained nature of the rocks.

Wy

§
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.« and the general igﬁence of stat1t growth phases.
The—abbrev1at1ons D], DZ’ D3, etc are used to signify successive

@a1ona1 deformat1ona] events, F], 2 ,-etc refer to folds ' produced

\
dur1ng the suctesslve deformat1ona] events; S]’ 3"53’ etc.” refer_to

' sch1stosrt1es, andjL],‘iz, L3, etc.erefer to stretching and crenulation

Iineqtions produced during the individual regional defdrmation episodes’.

L, oo

Table 3 summarises the. structura higcery in the Rambler Area,

Figure 4 and Figure 7 illustrate theAtructure in the area.

3.2 " The Earliest Recognised Deformation (D)

-

-In most of the 11tho]og1es S], when present is defined by
- e

paral]e] e]ongate qugy{% and fe]dspar (pyrite and sphene) gra1ns and
by small relict or1entated ferromagnes1an m1nerals which are preserved

be tween 52 transgpsition planes, genera]]y at a 1ow angle to the p]anes

-S] is also preserved in and.fo]ded round the noseS of F, folds. S] is

2 2
commonly parallel or sub- para]]e] to bedding in the area. In other
) .
samples t\/,dresence of narrow quartz rwch ]aminar doma1ns between

p]anar anastomos1ng ferromagnes1an rich doﬁaﬁns suggest that the fabric®

is composite, and that’ ?HE S] m1nera1 phases have been recrystallised

A during 02 H1th1n the p111ow 1avas S] 1s def1ned by or1entat1on of

matrix actwno]ute gra\ns although the prom1nant fabric in the field is

definedaby 52 ‘strain slip planes (Plate 14). .
: - , . ¥
S] is a definite L-S tectonic fabric shown by elongated quartz,

feldspar, pvrite, and:sphene.grains which commonly exhibit éerreted

grain daries. 5 iﬂﬁnOt be considered to be a bedding schistosity

,.&
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Figure 7. Geological cross sections through the Rambler Area, Baie Verte, Newfoundland..
(refer to Figures 3 or 4 for location of sections). - :
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Plate 13. Quartz-sericite-schist.

round pulled-apart quartz

S% foliation forming augen
o
x 40

rphyroblast; crossed polars,

Plate 14. Vesicular pillowed lava.
actinolite (S
filled elonga

Transposition planes of
%) forming augen round plagioclase

e vesicles, Lineate actinolite grains
define S1s crossed polars, x 20.
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since it occurs in.massive volcanic rocks, When small particles are

A )
augened by S1 they are lineated and suggegt‘qu.value 1< K< 00 (Flinn,
. g e

.1962) during D] hdwever, this.lineation is subpé?ﬁl]e] to L, and in

2
these cases may be modified by DZ' In the ‘pillows to\thg south 52 is
sometimes weakly .developed and it is p:bbable that e]qngatfodﬂof

[ .

' No minor F] folds were observed and the absence of major

vesicles etc. occurred during D

repetitions of the stratigraphy suggest that possible F] major folds L

‘are either absent or are extremely large scale.

‘3.3 The Second Deformation (DZ)

Over much of the area'32 is dgfihed'by an iniensjve penetrati?e

transposition fabric (platesls bnd 16) which was accoépanied 'y

.~ variable amounts of recry.ﬁa]11sat1on and d1fferent1at1on of the
metamorphTC minerals. Complete d1fferent1at1on notab]y in the Cﬁ?g;?;e
schists, in the quartz sar1c1te sch1sts and the guartz. muscov1te sch1st
resu]ted in the deve]opment of a compos1te fabr1c. S2 planes are
def1ned by laminar or anastomos1ng mafic rich doma}ns which are’
separated by quartz and feldspar- rich- domalns (PIates ]2and 17). In
the- bas1§§rocks,the maf1c domains- (Plate ]6) are predominant and 52
fabr1c var1es from_a comp]ete]y transposed S] to th1rFS .strain slip-

. p]anes-aﬂong wp1ch chlorite has,prefgrent1a]ly grown. The pillow lavgs
in the soutﬁ'of the area are more diffjcult'io interpret.. E1dﬁgdte
veéic]es, mineral lineations, and locally weak sehistos%tiés are.
eiident‘ih the field. 'The‘pillows'are very fiqe grajned and fabrics

. . - - &y



Plate 15. Basic Sediment. Transposition of S, defined by elongate
quartzo-feldspathic and ferromagnes]an minerals into
S, planes in which biotite and chlorite are prefer-
eﬁtia]]y grown; crossed polars, X 30 .
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Plate 16. Basic fragment in agglomerate. S, transposition planes
of S; with actinolite and ch]ori%e growing preferentially
in S, .Actinolite, epidote and pyrite grains elongate in
$.. Eight grey cloudy patches consist of epidote (after
p]agioc]ase);p]ane light, X 30.



Plate 17.

Quartz-chlorite schist. Alternating lamellae of

chlorite (dark) and quartz and feldspar (light)

defining ig. Elongate pyrite grain parallel to S
T1a

The S e are folded by an F3 crenulation;

1 2
a
crossgd polars, X 40

Plate 18.

F, closure in hangingwall basic tuffs above the Ming
Mine, locality 202E 268N.
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cannot be'recognised uith any degree of‘certainty in thin section. In
the field the dominant fissility uas mapped as Sz'on.the basis of its
apparent composite nature. This practice is continued in this thesis,
Within the basic volcanic and the sedin}entegy lithofacies in the Rambler

Area,S2 forms the dominant planar feature and the main schistosity as

measured 1n the field represents 55 ”f—i\"
The prominent structura] feature in the area is defined by ‘
e]ongate fragments (P]ates 2 and 7}, gra1ns, and vesicles which are
para11e] or sub- paral]el to L2 mineral 11neat1ons ‘and to F2 fold axes.
The e]ongat1on suggests a k value >'1 dur1ng DZ’ and the N.E. plunging
: d1rect1on of elongat1on and of m1nera1 11neat1on is constant throughout

the)area F2 folds are 1oca11y extrigely tight (P]ate 6) and suggest

that cons1derab]e stra1n occurred du

-

ng DZ’ it is possible that strain
related to D] may have contr1buted s1gn1f1cant]y to the overal] 02 ‘
-strain pattern for the Ramb]er Arear The Z ex1s of the deformation
ellipsoid is pard]]e]—to:the minor F, fold axis: Narrow.schistose zones
a'veragin‘?o cn.wide are common in ‘the area, they are usueﬁy p]anar,w

and para]ﬁel the main quiation or the bedding. The'zones'are composed

e

of soft ch10r1t1c sch1st in the basic rocks,’ and quartz sericite sch1st‘.'

.ig the acid rocks These may represent zones of 1ntense 02 Sstrain,

; Minor F2 fold axes have been. recorded from several localities'’y

.they are 1dent1f1ed by the presence of 52 ax1a1 p]anar-sch1stos]ty,;and
by folded 5 planes. ~In the 310 erp]oration drift in the Ming Mine the

noses of several‘moderately N;E.'plunging folded quartz: yeins are

[ & ‘9{_ } -

»
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/’\Eresedt;-ih'the ndses‘of the folds the yeins,are'less than 5 cm thick,
and thin rapidly in the limbs. At the entrance to the 310 drift tn the
' Ming‘Miue ap Fé fofd of a massive su]phide lens is'preserved in quartz
sericite schist. rIn'the Ming open pit, the nose of a tight N;E. plunging -
F fo]d;with ﬁﬁif wave length of 60 cm is present (P]ate 18) in the
hanging#all tuffs. In the 1034 exploration drift at the Fast Mine
r:folded‘quartz veins siuilar to those in the Mine Zone are present. At
locality 182é 516N,in the south of the acid pyroclastic terrain small
F2 fo]ds‘iu 5 cm'acfd.tuff baﬁds Eée present, they are upright,-close to
* 'tight and piunge to. the’N*t at a moderate to steep angle (P]ate 19) 2
folds of quartz veins are also present in-this 10ca11ty At ]oca11ty
\999E 228N several upr1ght . N E plung1ng 1soc11nal folds ot)bas1c tuff
bands are present and’ at 1oca]1t¥ 305E 288N -several isoclinal folds of -
quartz veins, aod loea]1y 5 cm waveléngtﬁ'fo1ds:of S, are present as
1ntraf011a1 folds between 52 planes. .

-A def1n1t1ve structura] analysis’ of the Rambler Area cannot be
made due to lack of adequate structura] criteria, Neverthe]ess, a probable
upright F ﬁeﬂd of approx1mate half wavelengta‘of 350 metres is deve]oped
in the south centraL part of the Rambler Area (section E-F-G on F1gure 3,
and F1gure 7) Th1s fold is lnterpreted to be an F2 fold because the S2
fo]1at1on is steep to vert1cal 1n the area, and str1kes to the northeast,
and minor Fy fo]ds at 1oca11ty IBZE 216N.are t1ght and'upr1ght._ Bedding

: c]eauage 1ntersectt0hs on this fd1d'are.present only on the northwest
Timb and a s1ng]e top indication from graded bedd1ng suggests that the

¢

“© fold is a syncline overturned to the S.E.

e



Plate

19.

Plate 20.

F, fold closures of "disrupted acid tuff (?)" bands and
o% syntectonic quartz veins. The folds plunge to the
N.E. at a moderate angle and axial planar S, foliation
dips to the S.E. at approximately 70 degreeg. A flat
lying strain slip cleavage cuts across these fold
closures but is not evident from the photograph;
Tocality 182E 216N.

S, crenulation cleavage in basic sediment. The
rgck is comprised predominantly of chlorite and

biotite, and locally clasts are present; crossed
nicols, x 20.
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3.4 _The Third Deformat'ion (D )

14

Moderate to sha]low northeast d1pp1ng crenu]at1on c]eavages N

!

S3 (Plates 12 and 20) and moderately p]ung1ng crenulat1on 11neat1ons

(L3) are common throughout the area part1cu]ar]y in rocks which possess :

‘a Qood S to L-S 02 fabr1c These fabrics are ]oca]]y accompan1ed by o

recrysta1115at1on of chlor1te biotite, and muscov1te 1n the plane of the
53 fabric. Locally S is axial p]anar to open recumbent to shal]ow
incTined'N.E. p1ung1ng folds of 52 and bedd1ng (Plate 2]) A crenu]at1on

11neat1on is developed para]]e] to the axes of the folds, the fo]d1ng |

-

. is best developed in thHe basic¢ sed1ments in the N. E of the area In

the M1ng Mine comparab]e F3 and S3 structures are deve]oped in the ore
zone and the country rock,and are d1scont1nuous down p]unge and -dis-
harmonic in nature; the folds in the Ming Mine reach 20'metres_1n»ampr,l

Titude. In”the'EastjMine; in the 1034 drift,the nose of a.large shallow.

_north plunging recumbent post 52 fold of an acid tuff-horizon is present

and has an assoc1ated sha]low N.E. dipping crenu]at1on c]eavage

In most of the‘a] acid- pyroc]ast1c terrain, the dommant‘
.fabr1c is a shallow N.E, d1pp1ng stra1n sl1p c]eavage (S ) - (Piate:22),
which has ﬁrnpr associated recrysta111sat1on; thjs fabric commonix
appears Jas a fracture c]eavage in the field. fhe fabr%c cut’s across
_minor F2 fo]d c]osures and aSSoc1ated steep axial. p]anar 52 fabric at
1oca11ty 182E. 216N No assoc1ated m1nor F3 folds are noted in th1s area .

Stra1n related to 03 does not appear to-be a s1gn1ftcant factor
in‘the strain hjstory of the Rameer.Area; the F3'folds;appear to be
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Plate 21. F, fold hinge showing axial planar crenulation cleavage
i% chloritic sediment. S, planes are defined by chlorite
rich and quartz rich 1ame?1ae; chlorite is recrystallized
in the plane of the S3 cleavage. Locality 275E 277N.

Plate 22. S3 strain slip fabric in acid agglomerate; crossed nicols,
X~30.



.:3.6 Local Deformatton Features

3.5. The.Fourth Deformation.(pq)

‘directly related to the major features,
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open and d1sharmon1c )p nature, 10ca11y however D3 strain may be .
s1gn1f1cant in” the rock

. . The 1arge scale variation in the att1tude of 52 ¢an be exp1a1ned

,1f the presenCe of large sca]e open d1sharmon1c F fold structures are

postu]ated The pos1t1on of F3 fo]d ax1a1 p]ane traces are drawn on

.

Figure 4 ahd Figure 7.

.A weak , verticaT to subverticai N.E. striking crenulat1on

'ic]eavage is commonly deveToped on-N E. d1pp1ng S2 surfaces,'and an

associated N.E. p]ung1ng crenulation.i% common in the area. ‘This fabric

is.axial planar to open (1oca11y tight) warpé and -folds of S ang.bedding
Comparab]e warping of S3 is common, but no assoc1ated fabr1cs were noted

The open’ folds have an ampl1tude Ef up to 5-metres -and a wavelength of

up to 30 metres (Plate 23).although the dimensions are comﬁonly much

: J/ . smaller, S 4 . .

.
4 ° «

.
- L

-

g’

[n addttion to the'apparent.regional deformation features ‘described

above, minor pos‘t-D2 deformation features are present which cannot be

. . ) S Co
Open to c]ose recumbent "eross folds" .are present lotally, these

have an amp11tude of up to 5 metres and the axis trends to the N.W.

An assoc1ated N. N striking, f]at to- gent]y N.E. d1pp1ng crenu]at1on



N
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cleavage is present, Notable examples oécur in the Gd~1eve1 drift and .

in the 300 1eve1 #4 SEEDE 1n the Ming Mine, other examples are present
-4in the deeper levels of the Nhng Mine (R Norman, pers. comm.). At
. loca11ty 190E 313N the same type of open folds are noted. These folds
~ are d1sharmon1c and do not appear to sagn1f1cant1y affect the reg1ona]
attitude of 52 in the area. At 1oca11ty'305E 290N close, moderately
to steeply 1nc11ned, moderate W, plung1ng fo]ds of 52 and bedding
are present (Plate 6 ) and FZ fon closures appear to be folded round
the fold axisi a N.W. plunging crenulatjon lineation is developed on
‘52 surfatee para11ei %o the fold axis. Most of.the,f01ds have round
fold hipges but several dre box folds., Locally significant m%neraii
recrysta]iisation is.aasociated with these folds.
The folds have a?gentTe to steep N.E. dipping axial plane and

are probably 03 strucutres.

- . 4]
3.7 Late Deformation Features ' ; MQ‘
% . '
Y370 Faults e
B . . .' ' '_«";‘.-‘

" A small dextral N.W. striking fault-is present %ﬁ the Ming'ore
Zone (Eigure‘?l. The fault dips at about 80 degrees to the S.W., has.

a ]ate:a] stp]acement of approximately 18 metres, and a down-throw to

the S W, of approxlmately 4 metres, A prqmwnent post-S2 breccua ;one‘a'

is deve]opgd, and the fault is a late stage feature in the deformation

[
1

nistory of the Area. ¢

. c,'
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In the rest.of the Rambler Area, a ]ack of detalled strat1graphy

prevents def1n1te identification and eva]uatlon of fault zones.
y.  A-marked linear feature is observed str1k1ng Wl w a]ong
" Ramblei Brook, and through Rambler Pond; the apparent break in the
‘11thofac1es d1str1but1on pattern in the area coup]ed with evidence from
dril] core in the Ramb]er M1ne Anea suggests that the 1inear represents
the outcrop of a low ang]e (30 degrees) N.NLE, d1pp1ng fau]t plang.
- ‘Small dUtcrops of ch]ortte schist are preseht-a]ong the fault zone,
and 1-2 metres of chlonitic-gouge-materia1 are present in dri]lzcore.
o Targe scale hretciation,on variation ih attitude of the main
.foliation was noted in the'vicintty ef'the'fau]t, hbwever, thevapparent
trend of the fault cuts the main fo1iatien'and_apparent fe]d pattern
in the area,and probabty postdates the main detormatidn‘episodes. The\
1ithofacies distribution pattern suggests that the rocks to the N.E.
of the fault have been downthrown (perhaps in the order of 500 metres)

1S

vﬁth respect to the rocks of the S.H. 51de
\f '
the remainder of the faults 1nd1cated on Figure 4 have been
3

assumed tie ba51s ofxtaﬁbgraphﬁc 11nears pos51b1e 11thofac1es breaks,

and from d@ta11e%aﬁpoph¥s1ca1 maps @;?2'*‘ J ‘ . R
A tper#:wy be@%s1ghf1can§.fau1ts or tectomc slides in-
othe area C et e . -

‘.

..

- 3.7.2  Joints and Joint Drags

Vertical to Jub-verticaT anp horizontal to sub-horizontal joints

v

are common in all rock types in the area; chlorite is commonly grown in

[pers

v

2
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the plane af the joints. In the quartz sericite schists'ih the Ming Mine,’
rotation between c]osefy spaced joint planes have produced subvert1ca1 <2
"kink bands" or joint ‘drags (Dewey, 1965) up to 5-cm w1de A 51ngle K

7 cm wide kink band was observed at 1oca11ty 242¢E 270N ~A‘

o
LY

3.8 Strain and Strain Variation

Strain'measuremenfs-Were.performed.by'Gale 1197?) and shows that
bas1 and that 1< K <:OO(F11nn, 1962) he suggesté that theyfabrfcs
throaghout the area approach th0§e of pure L- tectonftes Visual examin-
ation of the deformed obJects in the area™wggest that there is a mihor

f1atten1ng component to'the deformat;on furthermore, weak to modEraUE1y

-

strong sch1stos1ty planes in act1nol1te rich rocks suggest that there is

an S component to the strain.- The present author describes the *rocks

7

as-L-S tectoniteé The Z axis of the deformation e]]ipﬁfjd plunges
constan’t]y () the N.E. throughout the area, . v, R .

G

The maJor ep1sode of stra1h appears to have occurred during DZ’

\
A

.g%however it is possible that cons1derab]e amounts of strain occurafd - I
during‘D].? The re1atiVe1y open nature o?'post 02 folds, and the local t
develophent of Dg;ahd 04 structures ;uggest that the rocks were subjecf | '
to only mﬁhor strain after the second deformation. |
The intenéity of'sErain.varies throughdut.the area, the pi]]owe

in the southlshow Iitt]e or no é%idence'Ef.strain, there isa genera1 R
' increase in e]ongatjph of pillows and paréic?es owards the north of

the area, and in particu]ar'tbward? fﬁé margin AZ the Burlington
pranodierite where extremely elongate fragments with relative dimensigns

-

P
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of 1 to 1.5 to 10 are present. A second notable feature is that ‘strain

intensity'has no relationship to the 1ntensity of the fabric as observed

in the‘field,_highly strained pillows may possess weak fabrics while

'épparent]j unstrained pillows-and fragnents may possess an intense

ch]or1t1c sch1stos1ty, the acid rocks oftan appear mass1ve~to weakly
fol1ated while e]ongated fragments and tight F closures. suggest that
they: have been subject to a con51derab1e amount of strain.

.The acid vd]canic, . the basic yolcanic, !

. J::Snd'thé basic.sedimentary lithofacies:appear to have suffered'roughly

)

¢omparable amounts of strain. The presence of re]at1ve1y unstra1ned
\)- Y 1
p11lows in the south may Suggest that the deformat1on decreases in

intensity in th1s d1rect1on poss1b1y as a- resu]t of e1ther the pillows -
v I
act1ng as a oompetent unit dur1ng deformat1on or the 1ntens1ty of the ..

.tecton1p processes responsible for deformatmon decrea51ngbtowards the

south of the Rambler Area. However, south of: the area, deformation is

’

aga1n xntense ' . T e .

H1th the Bur11ngton Granod1or1te, the Cape Brulé Porpﬁyry,.

and the metabas1te 1ntrustons stra1n markers are absent and tha amount

of stréﬁn suffered cannot be estlmated Fabr1cs are present w1th1n

.'these rocks- In general the metabas1tes are. on]y mildly recrysta111sed

R
ang original textures are commonly pEESent; strong recrysta]lwsat1qn is

-

L

confined to the margins of the intrusions.

R

s i L <

o4
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"7 CHAPTER IV

. = - METAMORPHIC HISTORY

1‘ l‘; .

N

* 4.1 Introduction

The hetamorbhic history'js described in terms of metamqrphjc'

~ growth stages which are identified with reference to period;'of. .
deformation. The deve]opment of'prefe;red orientation during periods

of dyramic or syntecton1c mineral growth (Flipn, 1965)1provides markers
in the netamorph1c history of the area. ' The metamorphic growth stages'
are referred to as MSI”MPI’ MS,, etc., efte: Sturt = and ﬂérris (1961),
.and they probably repreSent_a c0ntinuou§ seduenee of eveﬁ}s. The:

major metamorphic stagesfrecognisable in the:Rambler.Area resuit\frdm

] syntectoeic growth and'recrys;alﬁisation evenie, static metamorphic
gr0wth'ph§se§ are.developed oqu,]bca]]y.y No pretecton%c metamorphic .
mineral assemblages have'geenajdégtified aiihdﬁgh éhei?,origipaf presence
‘may be suspected in relation to either alteration of the basic rocks

, pfior to deformation (Cann 1969 Spooner and Fyfe ]973); or‘to éontaét ’
netpmorphwsm 1n re]at1on to the Bur]wngton Granod1or1te and the Cape

;. Brulé Porphyry., Lo . . ' . oo ~ -

4,2 Syntectbnic Mineral Growth with respecgfto D, (MS])

Syntecton1c mxneral growth dur1ng D ]edf\o the'deve1opment of
a L S to L tectonite fabpric which is. loca11y preserved throughout the
area bE}yeen S, transpos1t1on planes‘|n1th1n the pxllow 1avas S] fabric e

is defined by actinolite and feldspar ‘and is preserved between 52 stratn

‘b.'
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4.4 Syntectonic Mineral Growth with respect to 0, (M52)~
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‘d'l N -

sl1p planes, 1t locally forms the ddHTRENt fabric in the plllows
Elongated quartz and feldspar gra1ns predbm1nantly def1ne S1 in the acxd
rocks and in the basic sed1ments and VOlcan1clast1c rocks' elongate

»

ep1d0te gra1ns locally elongate pyrite: gra1ns, and dlssem1nated ~

or1entated gra1ns of actrnollte chlor1te, sericite anh biotite also

-,

define S] It is poss1ble that recrysiillisat1on of early low gnade

) MS] m1nerals occurred dur1ng progressive' metamorphism to form biotite

.and actinolite. B 'c oL ‘.-” .- - | \\.

L .
’
) K
.

4.3 “Post Téctonic-Mineral Growth with respect to 0 (MP])

No unambiguous MP] phases were recorded trom the area. Straight

inclusion trajls of epidote and sericite-are common in feldspars

. throughout the area, in several cases two.sets of trails form at right

angles and are clearly related to alteration along cleavage planes

within the Crystals;it seems probable-that most.if not all of these trails

S, ¢
¢ 4

formed in this manner. . - y

.

. JN . . . T : : . .
- — . L . . . o i . ~

. Tt Y - :
Varying degrees of metamorphic recrystallisation and oo,
d1fferent1atlon accompanzed crenulat1on of the‘gl/fabrIC In most of

the l1tholog1es S] has been largely obl1terated with the tendency. for

) quartzofeldspath1c and ferromagnes1an m1nerals to occupy separate

lam1nar domalns (Plates 9 and 12) S, “is-preserved locally between

4

these domaxns, and in maqy of the rocks S] has .been completely transposed

—

.. . . .
. e L et ‘ L.
PR

W
. ., .
. @- . -t o
> ‘ . -
: . X ’
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Quartz, -feldspar, chlorite, biotite, sericite, muscov1te actinolite

and ep1dote apparent]y recrysta]11sed or renuc]eated during DZ’ and

Joca]Jy hornblende. L e

- -
~

t.
-

4.5 Post Tectonic Mineral Growth with respect to D, (MPZ)'

o

Garnets with straight inc]usion trai]s of 52 are Jocally present.

in the ac1d vo]can1c rocks, these crystals have been rotated during. the

development of S Strain sl1p planes., Elsewhere 1p the area MP2 b1ot1tes

“(Plate 24 and'25) and 1oca11y MP2 actino]ite ornblende crystals

' (P]ate 26) cut across 52 The age of" these crystals w1th respect to 03

" and D4 was not determlned s1nce S3 and 3 were not observed 1n.re1at1on'

B EQ‘MPZ crystals, but it seems 11ke]y'that they grew‘at,tﬁe same tjme as

K

the.garnet,-perhaps immediate]ylafter the growtn of MS2 minerals.

.
.
. . . 3 N “o. . .
‘ - .ot . AN . » -
. -
v . . .
L . . N '

4.6 Syntettonjc Mineral Growth With respect to Dé (MS3) S

2

Varwab]e amounts af reCrysta111sat1on occurred in relation to

a

. S3 strain s]1p fabrlc&.éPlate 21) _ In the: ac1d rocks, biotite, chii;iii/

and actwnoltte recrystaﬁllsed w1th1n 53 planes, spectacu]ar recrys
115at1on‘of ch]or1te and quartz dur1ng 53 ts demonstrated at 1oca11ty
190E 313N At 1oca]1ty 305E 288N orwentated MS3 b1ot1te and ‘muscovite

crysta]s overprlnt S2 ™

AN

&

.
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Plate 23. F, fold of hangingwall tuffs in the Ming Mine; Locality
282 268N.

Plate 24. MP, biotite crystals overgrowing lineated actinolite
quartz and epidote crystals. Large MP, pyrite grain in
lower left of picture; crossed polars, X 15.



= 8

Plate 25. MP, biotite crystals overérowing lineated actinolite
crystals, the actinolites are cut parallel to the 001
section. White areas are holes in the thin section,

and small grains of epidote are present; plane 1light,
X 20.

Plate 26. MP2 actinolite overgrowing SZ; crossed nicols, X 20
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. R X
4.7 S!ﬂt&ctOllL Mineral u]pﬁ»ﬁ with respect to D4-MS,), .
X .Locallylntnor Jw~,g§v‘¢‘ recry&ta]l1sation‘pf'quartz and ‘chlorite

*occurred during DJ.1

-

: 4£§;. Me tamorphic Grnde'
- -The mmneral nssemblages prcsent in the Rambler Aréa -viere
'descrlbed and d1scussed by Gqle- {1971),, he conc]uded that cond1t1ons of
the quartz -albite- ep1dote a]mandxne subfac1es (N1nk1er -1967) existed °
“in the northern part. and cond1t1ons of the quartz a]blte ep1dote biotite
‘-_subfac1es exlsted in the southern part of the Ramb]er Area dur1ng and
. after ‘the main D2 episode. .The presence .of a1b1te 1nd1cates conditions
of: the upper part of the greensch1st facies were preva]ent in the area.
The widespread presence of d1sequ1]1br1um textures in the rocks

Jin the” Ramb]er Area, and the- poss1b1e controls. of pr1mary 11tho]og1ca1

variation ‘on the metamorph1c m1nera1 asSemb]ages, cast doubt on the.

zusefu]ness of estab11sh1ng subfac1es, and 1ndeed N1nk1er (1970) suggests ’

. R ‘that. subfaches classwf1cat1on is cumbersome and shou]d be abollshed

1

BN Table 4 summar1ses the metamorph1c history 1n the Rambler Area

w1th respect to the 1nd1v1dua1 deformat1on ep1sodes It is ev1dent that

a sequence of prograde metamorph1sm occurrei%)vhe metamorphJc c11max was

A\ 13

atta1ned towards the ehd of and after D2 with-the growth of hornb]ende, .

garnet, and b1ot1te The metamOrph1c c11max was fo]]owed by 1oca1

: retrogress1on aS§3K1ated with D3 and D4,1nd1cated by. replacement of horn-

btende by tite and chlorite, the fe]dspars bysep1dbte and ser1c1te,
and b1ot?‘e by ch]or1te S . e SR
) . \ " - " . ‘ “ . '. . . N ' . )
. - : ,
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CHAPTER
RN
) THE MMNJG™ ZONE

1]

- 5.1 Introduction
:Thq FoI]owiﬁg‘descriptions'qnd'conclusions result from- study
of several®drill cores in the Ming Zone,_f(om personal observations

‘

underground and on the ore §tockp11e.‘and'from discussibﬁs with the.

' geé]dgistgiat.Cbnso]idatéd Ra&&ler'Mi;es; 24 polished ore épeéiﬁeQ§
we?e&exa?ined. The EFCtiO“é in figu}é 5 were constructed‘by R. Nofman] ‘
Mine Geongisf.‘ ‘

. The study.jg_of é reconhéissénce natqée and 1i's &nteﬁ;ed té
provide ;-baéié fbr.comﬁarisbn with other;ﬁassivé’éﬂ1phide depo;ité.

(i.e. Hutdhinson;sﬁd.Searle, 1§7T;'Sangster,:1972; Lambert Snd Sato, '
1974; ‘Ishihara, 1974; and, Vokes and-Gale, 1576)."A.brief'désfniption_ll

of the Ming Zoné has been published by Heenan (1973). >

5.2 - General Description .» - i L

The Ming Ore Déposit is_autabular-é1onga£e:ji:zjd, stratiform .

massive sulphide body producing copper,gold,and silyery chalcopyrite
. A . .

-

is the dominant ore mineral. It is situated in ;he.ﬁorthfdéntra} part ~

of the area studied (Figuré 3). The ore body outc;ops about-200 metres
‘ northeast of the Mings Bight-La Scie road-intérsecfion, it has a northwest

‘.sprike']ength from 100-t6 160 metres, and plunges to the northeast at a

dip of 30 to 40 degrees for a knewn.p1unge length of 1000 metres:
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"Lonéitud{nal and strike sectfbns‘of the. gtng Ore Deposft are
'.presented in'Figure‘S [t shoqu be noted that the diagram is scaled in
R feet because ‘the MTne Survey does not use the metr1c system. The massive

,sulph1de lenses are seen to have a comp]ex fac1es re]at10nsh1p w1th the

adJacent ac1d and bas1c rocks but in the.overa11 l1ithofacies p1cture in

\

the Rambler Area the massive sulphide ‘lens 1s SItuated -at dr near the
northeast contact between the main acid pyroc]astlc un1t and the basic
_bolcan1c1ast1c un1t As a general1sat1on the ore lenses are w1th1n
the acid un1t on the southeast side o? the depos1t and they tend to 11e
in the -basic tuff or volcanogen1cﬂ§§d1ment un1t on- the northwest 51de,
.bedd1ng where present is parallel to the sulph1de lenses, and the’
‘.ore 1enses cross the fac1es boundary between the ac1d and basic rocks.
' In “the mine- term1no]ogy the rocks above the upper ore Jens are termed
ihang1ngwa]1 ‘rocks. and the rocks beneath the Yower. ore lers are termed
footwall rocks. chal1y acjd and basic fuff units are interbedded and
'.inter]aminatedﬂ l - . - Tt .

1 - - .-

5,21 Hangingwall Rocks

The hang1ngwall rocks consist of basic flows and pyroc1ast1c
. rocks. bas1c 1ntrus1ons and m1nor 1enses of 1ntr jve u1trabas1c rocks;

these have been descr1béd in- Chapter IL. . ST

) ‘ A un1t of banded bas1c tuffs or vo]canogen1c sediment (P]ate 29)
- L

generally less than 15 metres thick 1s present thrcuohout the hang1ngwa11

ks, On the northwest side of the depos1t sim11ar basic tuffs are,

present belpw the massxve sulphide horr20n and between the massive

- -
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sulphide lenses. On the southeast side of the deposit up‘td J metres

of acidicAroEks' occur between the'hfghest massive sulphide lens

“and the basic tuffs,

The bas1c tuffs are sch1stose and consist of a]ternat1ng sharply

defined layers (averaging 2.5 cm thick) of actinolite-biotite-rich and

"calcite-epidote~-quartz-rich mateddal. Minor lenses of magnetite-

Y . . - Iy

_ actinolite and magneti;e-chlbrite schist aré'present in the tuffs.

\

'_Sevenal thin ]enses of quartz-garnet-magnetite assemblage occur

in the silicic. rocks in the. hang1ngwa11 these rocks may have. or1g1nated
as iron.and manganese rich cherts B1ot1te prophyrob]asts reach1ng 5 mm
in size are common and can const1tute up to 30 per cent of the basic 1ayers

in the tuffs, actinolite porphyrob]asts are found locally. -Bound1nage

and folding of the Tayers occur locally.

Minorifhin stringers of pyrite and cha]copyrite are present -
w1th1n ‘several cent1metrasvof the upper sulph1de lens, general]y m1nera1-
15at1on in the hand?ngwa]] rocks consist of d1ssem1nated pyrite gya1ns
and pyrite in vein fillings and seldom comprises more than one per cent
of the rock. ' '

5.2.2 Footwall Rocks

The footwall hocks, and the rocks beneath the hangingwall tuffs

—

vary 1n character from quartz-eye sericite’ schxsts (see below) to acid

' tuf facedus and agglomerate rocks, to massive rhyo]ite to quartz fe]ds-
- par porphyry. " The 1atenal distribution of these rock types.appears

. to be irregular, in general, the quartz eye sericite schists occur in

. &
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: crysta]s forming the quartz eye, the white co]our probably relates to

BN
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close .. to the ére horizon- while ac%d pyroclast1c and more
massive rhyo]1t1c rocks become niore ev1dent at a d1stance oﬁ,10 30 metres’
beneath the ore horizon. The Quartz-eye sericite sch1sts appear to be
developed from the acid pyroclastic and more massive rhyolitic rocks.

{ﬁhe quartz-eye sericite schist (Plate 27f is comprised of up

to 20 by volume of augened (single or coarse polygonised crystals)

f:) ~
deep b]ue to white quartz grains up to 4 nm in size; these are set

?
in a mattlg of fine grained (05 mm) eTongated or po]ygon1sed quartz

grains andYbr‘orientated sericite, 1ocal]y minor chrome ‘mica (mariposite?)
is disseminated throughout the sericite schist, The blue co]our of the -

quartz eyes probably relates to s1ng1e¢or severa] 1arge stra1ned quartz

.~

" polygonised unstrained quartz grains Form1ng the quartz eye or to, flu1d

inclusions in the grains. - - ' . I AR

' The acid pyroc]ast1c and rhyo]1t1c porphyr& rocks are §1m1lar
to the rocks descr1bed in Sect1on 2.2.3. _

' M1n£5al1sat1on in the foo;wal] rocké takes'threé form;--
(1) D1S§em1nated pyr1te cﬁn compr1se up to 10% of the footwall rocks

but genera]ly compr1ses less than 2£

(1) A]ternat1ng layers of. pyr1te rich’ and s111ca rich maferia] kP1ate 28&5

(genera]ly less than 5 cm thick) are pﬁbsent the 1ayer1ng para]le]s
- the recogn1sab1e bedd1ng, and is herg 1nterpreted to represent a
©  primary depositional feature. Locally minor cha]copyr1te is present

as mafrix,to-the pyrite in the pyrite’ rich layers, and,severa]

‘- '-\‘.
. . ]
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Plate 27. Quartz -eye sericite schist; footwall, Ming Mine.

Plate 28. Banded, probably bedded, layers comprised of alternating
pyrite rich and chert or silicic tuff; a pyrite-quartz
rich, cross cutting vein is present at the bottom of the
picture; footwall, Ming Mine



- AN the intrusive rocks are recrysta111sed and they commonTy possess N

‘tecton1c fabr1cs~'these fabrics are most 1ntense in 51]15 and in the

"metabds1tes Sma11 fra

and/or ché]copyrite. Larger fractures or gasT/;@wns in the 1ntrus1ons are
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bands were noted with sphalerite as the dominant mineral. The

'acjd layers are predominantly cherty, butﬁoccasiona],acid fragments -

are recognisable, ¢,
(I1I) The third type of footwall minera1iaation consists of irregular
| “thin stringer veins filled with p;rite or with pyrite and. quar¥z.
“.These veins are usually less than 3 ch_thick and are not-ﬂbundant:.
Locally chalcooyrite veins are present but these are not" conmon,
The stringer mineralisation does not appear tp represent a large
scale stockwork under the ore lens and probably originated-ouring

R

4 . : vy e .
“ deformation as a result of mobilisation.

¢

©5.2.3 'Basic‘Intrusions

i

Several large metabas1te intrusions cut across the footwall,

.

the ore hor1zon and the hangingwal] rocks; within the ore horizon these

1ntrus1ons have steep contacts and are in dyke form, several thin_ sill

" dike offshoots intrude the ore horizon. In the hangingwall. rooks observed

in drill core, most of the ‘intrusive contacts are subpara11e] to the

SChistosity and to the tuffaceous 1ayer1ng-present in the country rocks.

a1®

D

'marg1ns of dykes,

ﬁ-' Minor amounts (0 05#) of d1ssem1nated pyr1%e are present in the

res are often filled with pyr1te and/or quartz .

L} -

h
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filled with variable amounts of quartz, carbonate, pyrite, chalcopyrite;
chlorite, sphalerite, and occasionally minor amounts of magnetite.

Mineral zonation is common in.the veips“but was not studied in detail,

- in general chlorite and carbonate occur as anrouter rim, gquartz,

I

chalcopyrite and sphaleyrite occur in the centre; these 9ash<veins are usually
1enticu1ar in forh and can reach 3 hetres in width. Pyrite porphyroblasts

up to 5 cm were noted in the margins of a gash on the 400 level in the

Ming_ Mine, seVeral'ot the porphyrob1asts posSessed-striated and gouged
’crystat-faces and rounded corners. Several of the thin sills may in

fact represent netamorphosed basic tuff units in wh1ch the- or1g1na1

textures have been destroyed by recrysta]]1sat1on, since 1oca11y the

‘s1lls do not possess recogn1sab1e chilled margins, and they

appear to grade up dip and along strike into tuffs.

5.2.4 The Ore Horizon

" The sect1ons on F1gure 5 demonstrate the cont1nu1ty of the ore

‘1enses both down p]unge and across str1ke The 1enses have been cut by'
B4
severaT dykes and 51115, and “have been subJect to disharmonic: fo]dwng .

'(sect1on 12+00 and 15+50 N E.). The contacts between the massive sulphide

- lenses and the host rocks are sharp and para11e1 to tuffaceous bedd1ng

.

(P]ate 29) Four distinct varieties of ore are present, the boundar1es

between the wvarieties are transitional.

A}
x

(1) Massive Pyritic Ore:- The most common ore‘vartitz.constitutesrover;/:,
80% of the ore deposit (visual estihate) and consists Mominantly (70%) "
of fine gratned.pyrite (005 to 5 mm). Continuous or discontinuoyg:

s - o '

:



Plate 29.

Plate 30.

= B3 -

Massive pyritic ore- hangingwall basic tuff contact.
Minor disseminated chalcopyrite is present in the basic
tuff, and a fragment of basic tuff is present within the
massive pyrite; Ming Ore Deposit.

Massive pyritic ore showing banding due to variation in
grain size, (top of block), and to variation in compos-
ition and abundance of the matrix minerals (bottom half
of block); Ming Ore Deposit.
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“layering tto 5-cm thick) is a common feature of the massive, oreA(Plate 30)
and is due to a var1at10n in pyrlte gra1n size between layers, yar1at1on
'1n pyr1te/matr1x rat1o, and - to var1at1on in the compos1t1on and abundance '
of the matrix minerals between ]ayers (cha]copyrtte-1s the dom1nant
matrdx mineraT, sphalerite; quartz,'actino11te, and Chlorite.are also
present);"Graded_pyrite banding was recorded from severat specimeéns
collected tromnthe ore reserve pite,~and resu]ts.from yariation.in pyrite
grain size across the layers; this -feature mdy possibly have.arisen
during metamorphic recrysta1]1sation of the pyrite, and.is probably not
a primary.feature. Nhen observed in_situ the layering is para11e1 to
the bedding in the country rocks, |

Iso]ated fragments of quartz ser1c1te sch1st and of . bas1c tuff
(Plate 29) were- noted w1th1n the massive ore' these fragments are tabular
and ‘have irregular contact with .the sulphides. Fo]1at1on w1th1n the
fragments (where noted)_has the same attitude as the fokiation. in the .
"host rocks. . The fragments were not studied in sufficient.detail to

'determ1ne whether they représent boudins of or1g1na1 cont1nuous layers |

or’ whether they represent primary fragments 1n ‘the su]phlde hor120n

(11) Banded Ore:- The layering in the banded ore (Plate 31) is defined
by variation in the dominant mineral between 1ayers Layering averaQES
_ 3 cmin thickness, and is commonly 1a§era11y continuous over d1stances

~ greater than -3 metres and para]]e] to 1ayer1ng in the country rocks.
Pyrite is the most common const1tuent 1qsthe 1nd1v1dua1 bands and
a1ternates with cha1copyr1te quartz; act1nol1te b1ot1te or carbonate

_rich bands, and locally with sphater1te r1ch bands. A sharp dqst1nct1on
' .o - ) o/



Plate 31. Banded ore consisting of alternate layers of sphalerite
(dark grey), chalcopyrite (deep yellow) and pyrite (light
grey-green) rich material; Ming Ore Deposit.

Plate 32. Chalcopyrite and quartz in fracture along the margin
of a basic intrusive rock cutting massive pyrite ore;
blocks at base of picture are of massive pyrite ore;
Ming Ore Deposit.
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*

* between banded ore and massive pyritic ore is often difficult to make, as

maesive eyritit and bénded are are commonly interlayered.

(111) Chalcopyrite-Pyrrhotite dre:; This vafiety.occurs as individeal

1eﬁses up to 2 metres thick either within massive pyritic ore, or as

individua]_fenses within the hangingwall or .footwall rocks, the lenses

. are.semetihes observed to cut across the main schistosity, and tend to

~occur in the hiege zones of post-matn schistosity isoe]ina] reclined

“folds. - '
o ’

Cheicdpyrite and pyrrhotite are commonly concentrated in a zone

a]bng.the'makéihs,of'the:metabante intrusions (Plate 32) and are

often present in fractures withiﬁ-the'inthSiohs.

_Cha]copyrite is the dominant mineral in the ore veriety, .
comprising up to eighty per eeet' pyrrhotite is always present and occurs ;
in’ th1n cont1nuou§ or discontinuous str1ngers or Tenses (1 cm) which show

,curved boundar1es with the cha]copyr1te Spha]er1te is common Eut seldom
const1tutes mgre than three per cent of-the rock; it can.occur‘1n sma]T
_th1n continuous or d1scont1nuous 1enses, or in’'small’ (3 mm) aggregates
d1ssem1nated through the cha]copyr1te and pyrrhot1te ' |
Pyr1te porphyrob]asts to 1 cm in size occur 1oca11y (Plate 38) in
the chalcopyr1te pyrrhot1te matrix, these porphyrob]asts can const1tute
up to seventy per cent of the rock, but genera]]y comprise less.then f1fteen
per cent, Cha]copyrite-pyrthotite 1én§es containipg pyrite'pdrphyroblasts
.ere usually small (30 cm th1ck) and can occur ¥ roughout the ore.horizon,-
‘the Ienses are not spatwa]]y related to the ross~guttihg dykes ‘and sills

.—e{'e

»
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dnd the porphyroblasts probaply grew during regional metamorbhism: The
porphyfob]ésts often show roupded cornerg and striated dnd goubed.crysta1
faces (duchbewegung textu}e, Vokes, 1969) and are commoh]y fractured,
these textures suggest rolling an 'grinding bf the pyrite po}phyroglasts
during plastic flow of the matfjg.

Chalcopyrite and pyrrhotite canloccur in thin; émall (0.5 cm

Tong) monomineralic lenses with epd terminations; these
define a schistosity in the mafssive ore which locally forms augen round

the pyrite porphyroblasts.

(1v) Breccia Ore:- - Tﬁe breccjia org'va jety consists of massive pyrite
ore (10Eal]y banded ore) fraghents sittifg in a pfatriix of chalcopyrite
and pyrrhot1te with minor sphaJerit 33). ‘T e brecciation
‘varies from fractured massive pyrite ore in which the fragments show
. eviQence of -only minor dilation37po single iso]ated fragmgnts within a .
'cha1copyriteepy?fhotité matrix. It is possible that some of this ore
variety may be primary depositional breccia in origin. however, metamorphié
crysta]]15at10n has destroyed any p0551b1e primary textures
' A d1st1nct1ve variety in which- the ma551ve pyrite fragm!nts
“are well rounded,and oval shaped occurs (P]qte 34);;the long axis of
the- fragments are parallel to-each”othef.. This féature ciﬁibé termed
duchbewegung texture, and is thought to result from roi]jng aﬁd grinding
of the massive pyrite fragments‘durihg deformatidn. FractureS within. the
fragments occur perpend1cu1ar to .the ‘iong ax1s . .

Cha]copyr1te pyrrhot1te 1n the matr1x to the pyr1te fragmentg

'common]y'occurs as th1n monom1neraﬂ1c eJongate 1enses (to } cm 1ong)
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Plate 33. Breccia ore. Fragments of massive pyrite ore (grey-green)
in matrix of chalcopyrite (deep yellow); Ming Ore Deposit.
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Plate 34. Polished surface of breccia ore. Rounded and oval shaped
fragments of massive pyrite ore in a chalcopyrite rich
matrix, fragments exhibit chalcopyrite filled fractures
which tend to form perpendicular to the long axis of the
fragments. Ming Ore Deposit.
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with fibrous end termindtions and serﬁatedrboundnries, these definé a
schistosity in the.matrix which common]y forms augen round the fragments.
The author did not make a detailed study of the re]qtive spatial
distribution befween the ore vhrieties., A study of the relationshib
between the massive pyrite ore, the brecciatéd ore.'and' e massive
ché]qopyrife-pyrﬁhétife ore may be of interest in problems re]ateﬁ to
theimobilisatfon and relative mobilisatioﬁ of su]ﬁhides during deformation
and metamorphism |
Several other 1ess common m1nerals are present. Arsenopyrite
occurs in the massive pyr1tf ‘orey in fractures in the massive pyr1te
ore, énd as porphyroblasts in the massive chalcopyrite- pyrrhot1te ore,
Very minor amounts of galena and tetrahedr1te are common in the massive
pyrite ore, magnefite‘was recorded in a specimen of breccia 6re within_
~ the massive sulphidé lenses. A 1érge monbmineralic pod of tennantite, 3
metrgg in Hiameter was ﬁotéd. Free gold was observed in a sing]e'samp]e
' df-pyfife ofe;'and cubanite occurs ]bcai]y as exsolution ]ame]]ﬁe from
. cHalCopyrite'wighin the méssiye chalédpyrjte-pyrrhotite ore. .
:Bofnité was recorded from specimens obtainéd~in,tﬁe open pit {i.e.
the surfdce exposure of the ore body), and malachite and azurjté are
" found in fhe surface area of thé ore bédy and ‘are presently forming on

[N

exposed surfaces underground.

a,

‘5.3 Microscopic Textures of the Ore .

(1) Pyrfté (FeSZ)EF 'Pyrife'is the gominant-mingfal in the

1 C 1
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maﬁsiﬁb pyrite ore,in the frugmcnt$ in the breccip ore, and in the pyrite
yich lTayers in the banded ore. Thg grain 5?20 is variable within aind
between layers, and ranqﬁs from 0,05 mm to 0.5 mnm, Lhis variation in

grain size often defines the layering in the massive pyrite oré. " The
cryéihi form is variable and appears to depend on the amount, of pyrite

present in the sample, crystals in contact with other sulphides minerals

APlate 35) or with silicates tend to be idiomorphic h outline; when

'bjrite grains are in contact with each other they commonly tcgﬁ towards

afpolygonat outline, the polygonal texture becomes more common with the

. greater the amount of pyrite present and triple junction yrain inter-

actions and slightly curved grain boundaries are developed between

adjacent pyrite grains {Plate 36). Occasionally thin irrégular bands

of relatively coarse anhedral pyrite grains trend across the‘banding.
in the massive pyrité ore, in other\samples thjn irreguTar bands of

fine grained polygona1 pyrite‘are present; both of thesé features are
here interpreted to result from fracfury g.in the massive ore horizon,
in the first case rénuc]eation occurred wi "n the fractd}es, and in’
eé]ed' fracture, |

Along the margin of the bre;cia ore ?qgments (P]ate 37), and

in fractures in the massive ore (Plate

grains, and ihdividug] grains with polygonal outline are present, ‘Jhese

1), aggregates bf polygonal:

polygonal grains or aggregates sit in a matrix of chalcopyrite and/or’
sphalerite and/or pyrrhotité,_and/o} gangue. - The fractures -develop
either across individual pyrite crysfaTé*ér alpng grain boundaries. -

- v

»
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e =

Plate 35. Massive pyrite ore. Idiomorphic pyrite grains in
contact with chalcopyrite (1ight grey), sphalerite
(medium grey) and gangue (dark grey to black), note
inclusions of sphalerite and gangue within the pyrite
grains; plane light, x 24. Ming Ore Deposit.

s

Plate 36. Massive pyritic ore. Pyrite grains show triple junction
grain intersections and curved grain boundaries. Matrix

is comprised of galena (light grey) and silicates (dark
grey); x 20. Ming Ore Deposit.



Plate 37.

Breccia ore. Individual pyrite grains (white) and aggregates
of pyrite grains with a tendency to polygonal grain outlines in
a matrix of chalcopyrite (1ight grey) and gangue (dark grey to
black); Ming Ore Deposit, plane 1light, x 16. Sample from

margin of breccia fragment.
B .. ' \, = - L
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Plate 38.

Pyrite porphyroblasts. A- hand specimen. B -polished section
showing individual pyrite crystal (white) in a chalcopyrite

rich matrix (1ight grey)., Sphalerite (med. grey), and gangue
(black) is present; note inclusions of chalcopyrite, sphalerite
and gangue in the pyrite porphyroblasts, and also the slightly
rounded corners of the porphyroblast; Ming Ore Deposit, x 10.
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‘polished crystal faces‘l(Duchbewegung texture).

- 93 .-

The texture is interpreted to indicate post-polygonisation development

of fractures with mechanical or plastic flow of the softer sulphides

into the fractures. This phnse of deformation is post-dated by later

".LIOS% cutting gangue filled fuacLures

\
\

~ =
Fytltc also occurs as large porphyroblasts Lo Z/Fm in size

- {Plate 38) sitting in-a matrix of cha]gopyr1te and/or pYLbhaﬁlii\j]th
minor sphalerite. Locally porphyroblastic euhedral pyrite occurd~within

the massive pyrite oré but in these cases the grain size does not greatly
ex?e?ﬂ tﬁat of the groundmass pyrité.\ The porphyroblasts occurring in
the'chaICQPYritOj pyrrhotite mgt}ix can be-anvéﬂ;al‘or‘ouhedkhl, they *
are commonly fractured, Matri% sulpﬁideﬁ are /present {n fhe fractures.

[n hand specimen the well rounded crystals oftep-exhibit striated and

Inclusions of chalcopyrite, sphaleritg, and gangue are conmon

in the pyrite porphyroblasts, locally galena and tetrahedrite inclusions

are present, .

Large pyrite crystals (up to 5 cm in size) with rodnded corners

and striated crystal faces ogcur locally in the predominantly'quartz~f{11ed

‘gash veins in the metadolerites and country rocks.

Pyrite also occurs as disseminated euhedral grains in non-pyrite

‘rich bands in the banded.ore, and individual crystals are disseminated

1n the hang1ngwa1] and footwall rocks. In the country rocks the pyrite

crysta]s are sometlmes elongated parallel to the m1neral lTineation in

the s1]1cates,.and strain shadows are deve]oped round the pyrite grains.

7
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(I1) Chalcopyrite (GuFeSz):f | Chalcopyrite is the dominait mineral ,in
the chalcopyrite-pyrrhotite ore, and in the matrix to fragments inntho -
breccia ore. It also occurs in chalcopyrite rich bands in. the banded
“nre and is the most common sulphide minerdl in tﬁe matrix to pyrite
grains in the massive~pyrite‘ore.
In the massive ore and in the matrix to the breccia o;e.thq~
chalcopyrite exhibits allotriomorphic texture with triple junction
grain intersections aand lobate grain boundaries, twin lamellae are
common ( Plate 42). ‘Grain size ranges from 005 wm to 0.5 mm. E]éngated
chalcopyrite.lenses (Plate 39) in-th® schistose cha]copyrjte-pyrrh&tife
ore consists of émall'grains.similar to those des;ribed above for the
massive ore, Exsoiution 1aﬁé]Tae of cubanite from cha]copyriﬁe afe .
present.to 1 cm long. | | -
Chalcopyrite.in the matr%x to the massive pyri te ore occuré in

irregular patches and lenses interstitfa] to the pyrite grains, thé '
shape of thé lenses is determined by surrounding idiomorﬁhié and
polygonised pyrite grains; sevéra] of these lenses coﬁsist of mosaics
of small chalcopyrite grains showfng alquripmorphfc texturés éna triple -
junction intersections. i R ._: . | | ]

" Within the fractures chalcopyrite is usually sjm11ér-to;th$t
described above, sgveral specimens however, sho@ e1ong;tg chaizdpyrite
.grains with serrated grain boundaries within the fraétures; in bne
specimen the fractureé'and the direcfipn of e]ohgafidn of the chalco-

pyrite lenses are axia1'g]anar to an F3 fold of the ore horizon.



Cha]gopyrite shows mutual grain boundaries with sphé]erife,
pyrrhotite, and locally with gangue (although generally the silicates

are more idiomorphic in outline).

C(111) Pyrrhotite (Fe XS):-' Pyrrhotlte compr1se5|up to 20% of. the
maSSICF\dhalcopyr1te pyrrhotite ore; it tends to occur . in monom1nera11c
lenses and layers up to 1 cm thick wh1ch show curved boundar1es w1th the
'surround1ng cha]copyr1te. Pyrrhot1te-also occurs in fractures in the -

' massive pyritic ore and in the“matrix to.fhe'breccié fragméhtg'in thé-
breccia ore. ‘Yery minor amounts of pyrrhotite are bresent in the mat}ix
to pyrite grains in. the massive pyrite ore. | |

The individual grains within the~}ayefs and lenses of pyrrhotite.
comﬁon]y'show polygonal out]ines_wifh.well developed trﬁp]e junctigp
intersectioné. In ogher samples pyrrhotite éréins (to 1 mm) show

. deformation lamellae, twinnihg and undulose extinction. Elongate parallel

ﬂpyrrhotite'gra1ns which are elongate perpendicular to a monomineralic

-pyrrhbtite layer (5 mm.thick) in massfve cha]copyrite-pyrrhotite ore are pres-
ent; the elongation s locally deve]oped throughout the layer, and may °
resu1t by development of 1nd1v;dua1 crysta]s from deformation lamellae
in earlier strained pyrrhot1te,gra1ns. Locally the elongate grains
consist of a ézsaic of péTygdnd] gréins and show the final stage in
annealing or recovery bf'the original strained crystal.

The pyrrhotite'whfch occurs in the matrix to the massive pyritic

t
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-gre and in the 1en$esiwhich define a schistosdty along with chalcopyrite
lenses (P1ate 39) is fine grained and polygonised
Pyrrhotite shows mutual boundaries with chalcopyrite and with

sphalerite; the grain boundaries with-pyrite are determined by the more

3
-

idiomorphic pyrite gra1n outline.

?

. -Exsolution: 1amellae of pyrrh0t1te from cuban1te are present in

-

~cubanite exsolution Tamellae from~cha]copyr1te.' | B

’ (IV) 'Spha1erite (ZnS):- - Sphalerite occurs as a minor constituent and
COmprises 1-2% in most speéimens'studied "It is preSent in the matrix'
to the mass1ve pyr1te ore; it occurs as thin lenses and as d155em1nated

| 1rregu1ar blebs 1n the massive cha]copyr1te pyrrhotite ore, and in the

. chaicopyr1te pyrrhot1te matr1x to the breccia ore. Monomineralic

"bands of. spha]er1te occur. in the banded ore.

"Gra1n boundar1es are 1rregu1ar mutual boundaries with chalco-
pyr1te and pyrrhot1te are common and the more 1d1omorph1c pyrite grains
,‘ contro1 the shape of the spha]er1te pyr1te grain boundar1es

. >
:.- ' Loca]ly exso]ut10n lame]lae of cha]copyr1te are present in the

.

‘ spha1er1te gra1ns i

(VI)" Arsenopyrlte (FeAsS)-; Minor.amounts‘of arsenopyrite‘(P]ate'40)
are present in mass1ve pyr1t1c ore in fractures in the massive pyritic
ore and as 1so1ated (common]y rounded and fractured) porphyrdb]asté in

ﬂ? the massive cha]copyr1te pyrrhot1te ore A . : -
. - . ‘ 3 . . . ) .o p



Plate 39.
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Elongate lenses of chalcopyrite consisting of a mosaic of
grains showing a tendency to polygonal outline; intervening
lenses of pyrrhotite (medium grey) are present; the straight
lines are scratches on the polished surface. Ming Ore Deposit,
crossed polars x 16.
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Porphyroblasts of magnetite in a massive pyrite ore fragment

in breccia ore, note numerous inclusjons of fine grained pyrite
(white), of chalcopyrite (1ight grey), and of gangue (black) in
the porphyroblasts. Large white crystal in the top left of the
picture is arsenopyrite; Ming Ore Deposit, plane light, x 16.
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Within the massive pyr1t1c ore arsenopyrite grains are euﬁedral
and of s1m1]ar size to the surround1ng pyr1te grains. Euhedfa]lh
arsengpyr1te gra1ns are common]y found in narrog cha]copyrite QTEH\
fracture zones in thetmaséive pyritic ore, ihé‘graiﬁ size is similar to Ny
or sma]]ér than in tﬁé host massive'pyfite, . o

.Rounded and.§1igh;1y fraétuYed cfysta]s oécurring in_massive ..

A gha]cop}r%;é—pyrrhétite ore, reach 4 mm in size, inc]usionﬁ‘qf cha]éo—.
-'pykité and.s?halerite‘éke commonly present.
(vI1) Galgna (PbS):- Galéha occurs aS‘a,;ery minor constituenf in 7
“the‘oré'Body [t typiéa]]y ocﬁurs fn the maﬁsive pyritiC’ore along

pyr1te gra1n boundar1es or pyrite tr1p1e Junct1on intersections

(P]ate 36) ' Loca]]y pyrite is presfﬁh as inclusions in the galena

grains.

(VIII)_ Cubanite (CuFe2 3)- CpBanite occurs as exsolqtfqn lamellae
“from chalcopyrite Wiih1n-thg mas§1v§ chaicépyrite—pyrﬁhotite‘ore; the

Tamellae are straight and reach-1 mm in length.

(iX) Magnetite (Fe304) - Euhedral porphyréb]astg of magnétiée (ub
to 1 mm) were noted in a sample of breccia ore (Plate 40), the
, magne§1te occurs in the pyr1t1c fragments and commonly contains'a 1ar§e
~ numbér of pyrife inclusions.

1
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(X} Gold (Aﬁ):- Twoigrains'of.freé gold (graip size approximately
0.005 mm) were observed in a single sample of pyritic ore. The gold
occ@rs-ih_thé margiﬁ of an'arsénopyri{e'gr§in in a eha1copyrite rich .
:%ractpre'zone; Sevéral sma]f fracfures in proximity'fo the gold‘grafns
are also filled with gold. It should be noteﬁ that free gg]d'in the

. Ming Ore Body éan»only account for apbroximate]y 10% of thé.go1d present
in ﬁhe'dEpos{t (Smithéfinga]e, 1974) and Smitheringa]e suggests that

+ most of the go]d occurs in so]id solution with the chalcopyrite.

5.4 Strucfure,'Metambrphiém and Mobilisation fnuthe'Ming'Zone
}he ddminant_fabrjc in the'host rocks to fhe Ming Zoné is a
.modérate N;E;'dipping SZ surface.‘ Sé is axiai planar to several minor‘
F2 fo]ds,.and'locaily.to minor tight.reclined folds in the su}phide '
.hpYizons; 52 and'bedding are genéra]ly paraf]el qf'subparh1le1. 53
is axial planar to open to tight rec]%ned N.E. and pdséibly N.W. p]uhging
' dfshanmonié folds of the ore horizon, bedding and S, (sect{on 12 00 N.E.,
© Fig. 5). Open'N.E.  trending warps and folds (F4) of‘éhe ore horizon 5,
.and bedding (Piate'23) with an éssociated N.E. plunging steep crenulation
' c?eaQaée are developed. ' o
A penetrative schistégity of the-sulphide minera]; is not )
. observed in the-ore horizon, phy]]ob]astjc minerals in silicate rich.
layers Qithin the ore horizon cphhbn]y define S,. Locally a schistosity .
is defined jh the massive pyritic and banded ore by orientation of ‘

thin lenses of sphalerite and chalcopyrite in the matrix. These:

fabr{cs'commbn]y cross the sulphide bandfng at a shallow @nglq; A



Plate 41.

Plate 42.
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F, fold of massive pyrite ore and of hangingwall tuff (sharp
cgntact). Axial planar fractures are developed in the
massive ore and are filled with chalcopyrite, these are
illustrated in detail on Plate 42. Small elongate pyrite
grains help to define 52 in the tuff.

Detail of chalcopyrite filled fracture (white) (axial planar
to F, fold illustrated in Plate 41). Pyrite in massive pyrite
ore &xhibits polygonal grain outlines (MP,); individual grains
of polygonal-pyrite are present in a cha]gopyrite (1ight grey)
matrix. The chalcopyrite exhibits twin lamellae and polygonal
grain outlines. Sphalerite (med grey) and gangue are present
as grains in the chalcopyrite matrix, and a late gangue filled
fracture is present. Ming Ore Deposit, plane light, x 16.
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.crude sch1stos1ty is ]ocally def1ned in the massive cha]copyrlte

pyrrhotlte ore and_in the matrix to the brecc1a ore +by alternat1ng

Tenses and wlsps of cha]copyr1te and pyrrhot1te.
Plate 41 ‘shows an-F3,fold-of the massive pyritic'ore; hadgingwa11 ‘
tuFfs and 52 (the elongate pyrite grains in the tuff'ihdicate that the

pyr1te was deformed dur1ng D ) an S3 fracture schistosity 1s deve]oped

'1n the mass1ve sulphides and is 111ustrated in detail in P]ate 42,
- These fractures deve]oped after po]yon1sat1on (MPZ) of the mass1ve

. pyritic ore and suggest mechanical (plastic flow) 1fferent1at1on of.
.. = ) ) ) .. . . ‘ i —
" the chalcopyrite from the massive ore durihg.DB. The chalcopyrite

exhibjts,polygonal grain outTines‘and twin—laméflae which indicates '
' annea11ng of the cha1copyr1te after m1grat1on The sificate filled

fractures occurred after m1grat1on but may have deve]oped pr1or to

’ annea]1ng of the cha]copyr1te SN

A I

The relat1onsh1p between most of the: fabrwcs 1n the su]ph1des
and the fabr1cs 1n the country rock has- not .been determ1ned Ind1V1dua1
pyrate gra1ns 1n the country rock are commonly'elongate para]Te] to 52
and thin ]enses of chalcopyrite -and 1ocatly sphaler1te help to def1ne ‘
'éé in the host‘rocks to the.sulphides.' No DT‘ﬁeatures were'obserued:

in the su]ph1de ]enses

.

T1ght fold c]osures of minor amp]1tude were: noted in the- banded
~‘ore. Transposition of the limbs of these folds commonly result in the

deveTopment of a pseudo-cross strat1f1cat1on texture 1n "the ore.
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A]] the country’ rocks in the M1ng Zone are comprlsed of métamor-
ph1c mineral -assemblages,: with dynam1c'metamorph1c growth features
‘dominant' Upper greenSch1st fac1es cond1t1ons were atta1ned dUr1ng
and after the masn 02 event,

Ga]e (197]) conc1uded that f1u1d 1nc1us1on f1111ng temperatures
.on quartz gangue and on remob111sed su]ph1de ve1ns in the East Mine
“and in the Ramb]er M1ne 1nd1cated temperatures of crysta}11sat1on of
-]45-330 fegrees ¢ (uncorrected for pressure)showever the veins may .
have formed late 'in’ the deformat1ona1 h1story o;_the depos1ts ACCurate
V.temperature and’ pressure est1mates based on the su]ph1de m1nera]

' assemblages and on the su]ph1de m1nera] compoS1t1ons requ1re further
,'ana1yt1ca1 work and an understand1ng of the re1at1onsh1p of the squhIde
phases to the deformat1ona] history: of the depos1ts

The sulphide textures descr1bed in the. Ming Zone can be
:‘attn1buted to- metamorph1c crysta]11sat1on and to post deformat1ona]
annealing §Vokes, ]969,-Stanton ]972), and are typ1ca] of metamorphosed.
: maasive su]phide déboéits in general The—euhedra] to - suhhedral outline
of many of the pyrite grains ref]ect the greater tendency ‘of the pyr1te .
gra1ns “to 1d1om0rph1sm relative 'to the other softer su]phide m1nera15"‘
The presence of hoth po]ydpnal ‘and fractured pyrite gra1ns around the
: 'fragments jn the hretcia ore, and jn fraétures'which may be'related to
D3 sugdests that the main phaee of- polygonisation tdok pTace prtor'te

D3 and may ‘be M52 or MPZ in or1g1n these and the presence of

' duchbewegung textures suggest that at 1east ‘some of tn? brecc1at1on :

2
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is related to Dé defOrmation The po]ygona] texture of the cha1co-
pyr1te and pyrrhot1te grains. in sch1stose 1enses of cha]copyr1te and
pyrrhot1te suggest that annea11ng took p]ace after the development of
the sch1stoswty In general the re]at1onsh1p between deformation and .
metamorph1sm in the sulphldES can on]y be determ1ned 1oca]1y

g Ihe fol1at10n within the 5111cate Jrocks has -developed by
,‘growth and or1entat1on ‘of the phy]]oblast1c minerals during deformat10n
durﬁng D3 the ma1n fol1at1on was k1nked and crenulated and m1nor
.renucleat;on and growth of phy]]oblast1c m1nerals occurred. Within the
‘ sulphide rocks, the e]ongate'1enses-of'chalcopyrite and pyrrhotite
,suggeSts'that 1arge’(probab¢y anneajed) gratns may have been f]attened ’
- to produce the.schistosity.with~subseguent annea1ing to form’a fmne'
.grained mosaie of po]ygona] gralns These features demonstrate the .
5fundamenta1 d1fferehce in behavior of the s111cate and su]ph1de m1nera1s
. during deformataon . Pyr1te grains deformed by D2 within the s111cate

rocks common]y ma1nta1n the1r defonned shape, and their crystal outl1nes .

©-are determ1ned by the more 1d1omorph1c sildcate m1nerals in the mass1Ve

' sulph1de ore and 1oca11y in the’ 511}ea¢es, the pyr1te gra1ns have
general]y annea]ed after the ma1n{deformat1on

* In general the h!ghest grade ore occurs in the vicinity of the
-D3 recumbent structures, this may be a cause rather than an'effect with
'regard to-the mob1l1sat1on of su]ph1des s1nce the h1ghest strain w1]l
be in .the 1ess competent chalcopyrite, r1ch port1on of the ore body

(Fig. 8), angpit provides no ev1dence to suggest that chalcopyr1te was/’ﬂ }

i
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Figure 8.

R\SfDeformation of pyrite by
buckiing in flowing silicate

‘matrix.
:
_ 3 .
]

‘deformation of chalcopyrite by'plastie
- flow in flowing siticate matrix.

Schematic illustration of poss1ble difference in '
deformational behavior of a Zoned Py-Cpy massive su]ph1de
deposit. I, possible predeformational zonation; II, post-

‘ deformat1ona1 pattern with apparent eririchment of sulph1des

in zones of folding. -(.
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' mbhilised into the tolded area The cha]cdp}rite was Mbbi]tSGd at least
on a small scale, th]S 1s shown by the matr1x to the brecc1a ore 'T
'fragments, by chalcopyr1te rich veins’ cutt1ng SZ’ and by the presence of
Achalcopyr1te in; gash vewns _
A deta11ed study of the, spatlal relat1onsh1p of the main ore.’
types in the Mlng M1ne was’ not undertaken As a genera]1sat1on, theif
-lbrecc1a ore and the ma531ve cha]copyr1te ore occur in the fo]ded and )

d1sturbed areas, and massive pyr1te and banded ore occur towards the,

marg1ns and outside of the economic ore deposit.

"‘5.5' Mineral Zonation

-

Heenan’ (]973) observed that the spha]er1te in the.Mlng M1ne is
"_conéentrated towards_the-bottom of the ore depos1t, and,suggested the
.depnsit may be stratigraphically.overturned.' The Observation is conrect;
howeVer thessituation ts more eomplex than that'deschibed by Héenan;'
“Since there are genena11y three 1enses of. su1phide present tThe
currently ava1lab1e information suggests thatin most cases the assay
‘ values for.copper and zinc increases towards the bottom of each
individua1 ore 1ens, and the highest values fqr-zinc are found in the
Iowest orejlens; Table 5 shbws:assaxﬁyatues over 1 ﬁt:_intekvafs from.
drill hole No. 540 # 16;7the'ho]e_intersected the. ore body-at‘approxj
imately section 9-00 N.W. and.]3 00 N.W.. Three ]enses pf -sulphide . o
were intersected,.fnomidnderground mapping.(R.’Ndrman.pers. comﬁ.) the .
three layers'ate part of a sinjle 1ens which is reéqmbent1y-fo]ded;‘

the central lens is overturned with respect-to the upper and lowér lens:
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The . results (Tab]e 5) indicate that in all three 1enses the highest
'copper and z1nc values occur towards the bottom of the 1ens and the
, hﬁghest 21nc and copper value- occur in- the 1owest lens. In the.central =
“and 1ower'1ens, the hlghest Pb. to-Cu ratios occur at a slightly higher

" elevation than the'highest In/Cu ratios, in the upper lens the highest- o
. ;_Pb)Cu.ratids occur beneath the highest Zn/Cu ratios. The results are

’ conquingylwhich js not surprising with respect to the.possible

'nmbilisatiOn effectSVre1ating to deformation‘ Further detailed work is

required before a def1n1t1ve statement can be made These features may

"~ be worth further 1nvest1gat1on s1nce it is general}y accepted that
| metal zonat1on is" a pr1mary feature in mass1ve su]ph1de depos1ts
’:(Sangster 1972;. Ish1hara 1974) however Govett and wh1tehead (1974)
suggest that 1n some cases metal zon1ng may be a secondary phenomenon
in response to electrical-potentmals developed w1than-the su]ph1de
bodies. o | | |
booper:assay ya]ues.are extremely erratic and can vary frotm 1%
to 20% “in ore broken from aojacent rouhds of hiastihg On average’
the h1ghest grade ore is- found in the centre’ of the depos1t 1n the '

vicinity of the F fo]d .



_Table 5. Assay values fd\ copper,.]eqd and zinc in D. D H, 540 10 M1ng d1ne

+  Assays at 1. ft. intervals in each ore lens

* (DDH footage) - e % age
. o : Cu - " . bb " In
122 ft. 1.00 0.08 0.06
‘ 0.76. 0.08 ~ 001
0.67 0.12 - 0.08 -
0.59 0.04 0.04
Lens 1 G.77 0.08 - 0.05
o 0.79 - 0.08 - . 0.06
2.34 . 0.50 -0.20
L _ 5.00 0,40 . 0.25 -
131 ft, 16.00 o 0.25. 214
Sy E N
139 ft. . 2.53 0,04 7006
T 0.64 - 0.01 0,05
" 0.98. - 0.03 " 0.06.
1.02. + 0.11 0.05
~ Lens 2~ ©1.07 o 0.3 - 0.08°
: (overturned with 0.95 %.23 - 0,08,
respect to: lens: 1,81 +.0.83 . 0.10 .
1 and 3) . 1.78 0.71- -0.30-
' ,148 ft.. . 414 0.24 - 0.63"
! ) B R T
159 ft. 3.29 ©0.38 0.19
| o 1.92 0.33 0.08 -
. Lens 3 ] 3.68 -0.74 0.38 -
s . . o 11,88 . 0.62 2.21.
. 163 ft. ©.4.38 0.14 0.35"

COoCOOOOOO

o000 OoOOCOO

Ratios

Zn/Cu Pb/Cu Pb/Zn
.06 0.08. 1,33
15 0.1 0.73
12 0.17 1.50
.07 0.07 . 1.00
.07 0.06 1.60
08 " 0.10 1.33
09 0.21 . 2.50
.05 0.08 . 1.60
13, -0.01 0.12
03 0.02 b.67
08 0.01 0.20
.06 - 0.03 - 0.50
05 0.1 2.20
07 0.12 1.62
08 1.29 15.38
07 0.54 8.30
17 039 1.01
15 . 0.05. 0.38 °
06 0.11 2.00
.04 0.17 4.12
10 0.20 1.95 -
18 0.05 ©0.28
.07 0.03 . 0.40

o000 |

- (0l -
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CHAPTER VI -

DISCUSSION AND CONCLUSIONS.

61 : Structure . L ' ' | "

' Ear]y structural interpretation in the area by L1v1ngston
(]942),”and,py Nea]e~(1958) suggest the presence of avN E' p]ung1ng
:s}nform in the areaﬁ Gale (fngT recogn1sed three. maJor phases of
défprmatibn'in:addit1on to the later phases;of,br1ttle defonnat1on; he

. recpgnise§ the main:fo1iet}on pnd_]ineatjon ‘ (Sé'and L2 in
cprrent study)“and idenfi?ied two subsequen€ fold styles,:he was unablel E
‘to_identify the relationship between his second and third deformations
nor did he retognise any majpr,folds in the area. The aufhor ddes not
diségree w{£h Gale's work but suggests”that a sequentia1 defernation
history can be recognised in the Rambler Area, that ev1dence to 1nd1cate
an ear11er deformat1on episode than recogn1sed by Ga]e 1s present that -
"maJor and m1nor fo]ds relat1ng to the main deformat1on are present, and |
that 1arge open post main deformat1on fo]ds are also present The
structural history 1nd1cated from the current study 15 descr1bed in
~Chapter 3, and is summarised in. Tab]e 3, and thelgeometry and distribution
of recogriisable folds is dep1cted in F1gure 4 and F1gure 7 The:major
phasesof fold1ng in the area are. co-axial. ‘

. It cannot be def1n1te]y proved that the su]ph1des in ‘the M1ng

" Ore depos1§ were subject to,Dl, they have been subJect_to Dz'and later .

episodes of deformation, The deformational and metamorphic feéatures: in
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the Rambler Deposit and in the East Deposit have been described by
Gale (1971) and can be related to the main deformation episode (DZ)'
It is probab]e that the sulphide deposits are syngenetic and have been
subject to all the deformatjon phases in the Rambler Area.

The plunge of the~1ong axes of the Su]peide deposits in the
area are'subpara11e1 to eéch other and to the direction of particle and
m}neral e]ongation and are also parallel to the axis of the major fold
episodes. In view of the probable complexity of the initial vofcanjc' '
environment it is probab]e‘that considerable modification of the shape
of the ore lenses ;ook p!ace during the main D]/D2 strain episodes, and
that the ore-deposits,were rotated and e]ongatee to paraf]e]\the { axis
of the Deformation ellipsoid. The majn foliation is.paralfe]_ef.sub-
parallel to the stri&e of the known ore deposits; if éhe flattening
componeﬁt was sfgnificant during D /D then the'strike of the deposits
may have been rotated towards para11e11sm with the Z-Y p1ane of the |
deformation ellipsoid. possible su]ph1de zones in the area -in which

‘52 has a steep to vertical attitude may be expected to strike subpara]]e]
to 52, to plunge pafal]e] to_L2 at ‘a moderateiang1e towards the N.E.,
and to Hﬁve.a-subPQeftita] fo vertica] qu",ln conclusion it appears that

_ su}phfde deposition was not contr011ed;by‘defofﬁation, however the

present cdnfiguration of. the deposits re;ult from modification of the

original shape of the deposit during the main D /D event, FrOm a

pract1ca1°poﬁnt of view, the s1ng1e most important structura] feature

is the particle 11neat1on since it is probab]e that the-shape_and

L
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attitude of thé.deférmed frégments in the area reflect the shape‘and
attitude of tﬁé sﬁ{phidéﬁaszsifs.

The fact thét‘massive sd]phide‘deposits in strongly deforméd o
volcanic terrains ére'conmmn1y fight]y folﬁed and are e]ongafe parai]el-
to the fold axes is widely recognised (Vokés, 1969; Stockweli and
Tupper, 1965; Zachrisson; 1971; Sangster, 1972; Ni]son; 1973). Sévéfa]_'
of these authors refer to the fact that the ore deposits-aré elongate
para]]e] to minera],'intersection? and crenulation 1ineatfdns in the.
ent]oéing rocks, and théy_éuggest that the ore deposits WereAe1ongated
_ and/or flattened during deformation, Roscoe (1971} stafes that 'elpngat-’
ion of the rocks'churréd'in'the'vicini}y df the Qariﬁou Deposit in New '
lBéunswick, and'Wi1son'(1973) rgférs to‘stretching,lineatjons being
parallel to.the:ore deposifs in tﬁe Su1itje1ma Eﬁstrict in Norway . 'In
most caseE, stretching lineations are not feférréd tﬁ, in the case of
the Rambler Area‘the stret;hing Tineations provide evidéhce that the
strain regimé é;; be defined by 1< k<:oo and provide further evidence
to sUﬁpbrt the'sﬁdgestion that the shape of the’ ore deposits were
. extensively modified during deformation.

Structural anaTyses.ahd 1nterprefétioh:in othg(wbérts of‘the
‘Eastern Seqﬁencé of the F]éur dé Lys Supefgroup have'been made b&

Kennedy ({Kennedy et al., ]972; Kenhedy? 1973, 1975b) aTOnd.the_north

coast of the Bur]ington Peninsula, and bleéGréce (Deréce.gg;gl,,'1975b)'
"within. the Cape -St. John Group to the east of the Rémb]ér Area (Tab]é 6).:
”'Thé-thnée st(uctural_histories‘ére cgmparab]é, Héwever the inferpfefatibnS'

advanced by Kennedy and DeGrace differ significantly; Kennedy suggested



Table 6.

Comparison of structural sequence in the Eastern part of the Burlington Peninsula.

°

Tuach
Present Study

Kennedy
1972, 1975b

DeGrace
1975b

"1.714

Tectonic slides,

Later faults and - Later faults. @ | Open to locally close.
kinks, . , . E recumbent folds.
Sy strain%h‘p fabric’ S4 strain slip fabric %' | Upright folds.
open upright warps D4 or crenulation. Open =
and F4 folds. F4 folds. o '
. £
. . ] . =
Widespread S, .strain 53 strain slip fabric F3 . 2l — | Sstrafin slip fabric, south
, slip fabrict Minor D isoclinal to open major 3';% facing recumbent .
and possibly major. 3 and minor folds, over- S| major and minor folds.
NE plunging folds, turned-to south, 7. g :
_ e
. . _ +) .
Penetrative L-S fabric ) 52 schistosity or L-S fabric, 'é Penetrative schistosity
locally a strain slip ' Jocally a crenulation. Major 5| g| tight upright to over-
fabric minor and possibly D2 . F, isoclinal folds, southward Ol 2| turned major-and minor
~.major tight upright F2 facing. . Minor isoclinal to folds.
'folds. close F, folds.
Relict penetrative D1b S, schistesity or L-S fabric. ‘| Local bedding plane
L-S fabric. Local major F, folds. - Minor ~ | schistosity.
tight to isociinal Fy folds ‘é '
0

'lle
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thét repeated phéseghof'recumﬁent folding affected the rocks in the
area, and suggests that the majOﬁ_recumbént S.E. facing F2'st;uctures
present along the North coast of the pen%nsula have been qownfoned'in
the central part of fhé'@ru]ington»Pehinsula by later Fy structures,
DeGraée suggests fhat the major sffucturés were upright and that the
limbs of these folds have.been vertically shortened to form soﬁthwafd
facing recumbent folds along the north coast of the peninsula. The
information aQai]ab]e from- the Rambler Area may fit either of these -

interpretati‘ons~ ‘

6.2 Geological Setting RémbTer Area

6.2.1 Depositional model - Rambler Area

The available structura]hinformation does not suggest that Targe
scale repetition of the stratigraphy in the Rambler Area is present. _
The apparent general dip of the rocks {s towards the N.E.'at.approximate]y
30 to 40'degrees, and the-available facing criteria suégests that theJ
sequence i$ younger toWafds the N.E... Contacts between the volcanic
lithofacies units are gradational and no evidence to‘suggest the
possibility of a major uncqnformfty is present in the area, nor is there -
evidence to suggest tﬁe‘presence of major fault or slide.

On the basis of the available information, it is pos;ib]e to construct
a simplistic depositional model: - )
“(a) Deposition of a pillow lava unit. No basement to the pii]oh_1ava

i . : ’) \“\.

..
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sequence is observed in the Rambler Area (1ithofacies A, Figure 4),

- Onset of proximal vent facies explosive basic volcanism, with

' deposition'of agg]omerates; tuffs, waterlain tuffs, and volcano-

genic sediment, and extrusion of localised pillow lava units

(1ithofacies B).

,'Exp1osive'éxtrusion of a predominantly rhyolitic magma to form

a proximal acid pyroclastic pile (lithofacies D}, and a more

~distal mixed acid and basic pyroé]astic'terrain (1ithofacies C).

Deposition of the basic pyroclastic rocks continued during'and

after the extrusion of the acid material.

Deposition of % thick unit of predominantly basic volcanic
sediment and/or Qa;erlain tuff with local extrusion.of pillow
1ava.unit§ {lithofacies E}, th{s unit'represents a more distal
and quieter environment.

The deposition of the volcanic sequence was followed by intrusion

of the Burlington'Granoﬁiorite in the West, and the'Cape Bru]é Porphyry

in the East. The basic intrusive rocks may have been intruded during

build up of the volcanic pile both in the Rambler Area and to thé East, and

"may in part* feed the basic lavas.

T A schematic pre-deformational reconstruction of the stratigraphy

is presented in Figure 9, the continued pregehce of pillow lavas in the

sequence implies that the rocks are marine in origin. The apparent

stratigraphic position of mineralisation in the area is shown in Figures ’

3, 7 and 9.and is further discussed in the following section.
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6.2.2 Mineralisation in the Rambler Area

The Ming Ore Deposit (Chapter 5) is shown to lie on the N.E.
side of the central acid pyroclastic terrain and’ at the top of the acid
pyroc]astfe‘ni1e. ‘Tﬁe,su1pnnde horizons exhjbit a comp1ex fahies .
_reTationship with acid'énd basic tuffaceods.and/or sedimentany rocks,
- and contain very minor gangue m1nerals' -this feature suggests that
'depos1t1on of the su1ph1des occurred rap1d1y, perhaps w1th the sulphides
flowing -into the environment. ‘ |

The;Rambier Ore'Debosit which was a massive Zinc-copper producer;
and which was descr1bed by Gale (1971), shows gross sinilarities to the
Ming Deposit. The ore body lies within the mixed ac1d and basic vo]can1c :
ﬁerrain The sequence beneath the deposit appears to be truncated by a
Tow angle fau1t however, large acid fragments are present in a basic
chloritic matrix in the v1c1n1ty of the mine, acid tuff units
occur  in the hangingwall; and s111c1c rocks and quartz-chlorite schists
are present in the footwall of the mine. These factors suggest that the
ore body was deposited on the margins of the main acid centre in_ the
Rambler Area. The horizon bearing the Ming Deposit and the Rambler
Depesit'ake>probab1y equivalent, howeyer,‘faulting and folding (Fiéure 3,
4 and 7) prevent certain correlation. |

The East Ore Deposit was‘e disseminated and str1ngen>cha]co-
pyrite-pyrrhot1te.body,.deflned by cut off grade,and no massive su]ph1de
horizons were.npeed (Gale, 1971). The deposit is stratiform and

conformable to minon thinly bedded acid tuff horizons in- the hanging-
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wai],land the sulphides occur in a host rock oi_quartz-ch]orite schist,
~On surface a unit of pyrite andvmariposite'bearing siiic'rocks iS' ) -
laterally equivaient to ‘the cha]copyrite pyrrhotite depOSit atrdepth' ﬁ\\\. ,f
locally basic volcanic sediments are recognisable on surface and a
single exposure shows the presence of pyrite;quartz stockwork veins’
cutting the voicanic sediment 'The East Zone Deposit cannot be

directly re]ated to the Ming or to the Ramber Deposit; however its

apparent situation in ba51C sediment the presence of thinly bedded

acid tuffs and the presence of maripOSite bearing pyritic silicic rocks”’
may suggest that the mineraiisation occurred in re]ationship to the
.maSSive sulphide minera]isation, and may represent a distai fac1es
disseminated suiphide deposit; related to the acid céntre. To the south
of the East Deposit,'the acid pyroclastic rocks are more ebundent.

The Big Rambler Rond deposit is.comparable to the East-Ore'ﬁody.
The country rock appears to be comprised of basic sediment, and basic
pillowed rocks and pyrite and mariposite bearing chert beds are present
in the v1c1nity of the deposit.
‘ Numerous other:showings are known in the Rambler Area; they lie
predominantly within irthofaCies B and C. They are a]ways spatially
related to Silic1c rocks ‘and/or quartz sericite schist horizons

In conc1u510n it is probable that the main phase of su]phide
mineralisation in the Rambler Area relates to the submarine. acid
pyroclastic centre,jand took p]ace towards the.end of the acid volcanism,

The massive suiphide mineralisation may represent proximal facies mineral-
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sation wh11e the d1ssem1nated m1nera]1eat1on may represent~more d1stal h
i facies deposition in a basin of basic sediment. The strat1form nature of
.~the ore bodies suggest that the larger deposits may have been depos1ted,
. aﬁ.the ocean floor/sea water 1nterface; ,The sma]ier shonings nay:
repreéent emaller depdéjts'of syngenetic sulphide nine}a1ieation or'may T
erhaps be e”igenefic depos i ts formed from miéhatinq sulphide bearing -
'.f1Uids i fhe vo]can1c pile. The presence of mar1pos1te and pyrite
bear1ng chert beds 1nd1cates that exhalative act1v1ty was def1n1te1y
: tak1ng p1ace during volcan1sm, and. the assoc1at1on of mar1p051te and
pyr1te bear1ng silicic rocks w1th all the economic depos1ts in the area,
_and w1th many of the show1ngs suggest that m1nera]1sat1on was exha1at1ve
in origin, The d1fference in sulph1de compos1t10n of the various ore
-depos1ts may perhaps re]ate to the distance of su]ph1de m1gratJon srem
‘the main source, or to- different: vent sources. To date no def1n1te
_ 1arge stockwork zone of- m1nera11sat1on has been reported in the Ramb]er :
Area in assoc1at1on with the’ su]ph1de deposits; if such a zone is present -
it may be d1sp]aced from ‘the su]ph1de deposits fhemse]ves and poss1b]y
awa1ts d1scoveny If such a zone exists or has not been removed “by-
"eros1on ‘it has still to be 1ocated
Qomplex fault1ng or folding, presently unrecognised, may be”
responfib]e fdr'the juxtaposition of the dffferent gypee ofﬂdeposits;

4

‘,6.2.3 Regional Sett1ng - , '

The geo]og1ca1 and tecton1c setting of massive sulphide depos1ts
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haue received much .attention .in the iiterature within theipast.several
years, and noteable reviews and publications have been made by Sangster
(1972), Constantinou and Govett (1972), Riddler (1973b) Hutchinson (1973),
and Lambert and Sato (1974). Within the-framework-of the tdeas expressed
by these and_many other authors, the roeks in the Rambler Area cah be
consﬁqered‘to'repreoeht the euo]ut{on of‘a sha]1‘voﬂcantc basin.(Fig. 9);
. mineralisation took‘place probab]& as exhaltte towaros the-end_of‘a
phase of rhyolitic vu]can1sm round a rhyo11t1c cbntre the: rocks in
the 1mmed1ate Rambler Area represent proximal facwes materia] while the .
rocks to the N..and N.E. of the area represent more distal facies
' materia1 in the dev opment of'the basin.- It seema.probabie that the |
Pacquet Harbour Group uﬂger]1e5, or may in part be . ]atera]]y equ1va1ent
to the Cape St John Group, the author would I1ke to suggest that acid
rocks are much more abundant in the Pacquet Harbour Group than is |
genera]Ty recogn1sed, and- the exact de11neat1on of the nature of the
'Pacquet Harbour Group must - awa1t deta1]ed stud1es of. the entire
_ Bur]1ngton Pen1nsu1a o . o | T

The nature~of m1nera115at1on in the Ramb]er Area has general]y
been .recognised to be en1gmat1c (Hutchinson, 1973; Strong, 1973) within
“the framework of.the overall p]ate-tectonic setting in -the Newfoundland
| Appa1ath}ans'iﬁ that the.ore deposits in -the area apparently show T:
conf11ct1ng eV1dence of Cyprus type (Gaie, 1973) and Kuroko type
(Heenan 1973) or1g1n Gale (1971, 1973) has analysed the country rocks
in:the area and has shown.the-basic rocks to be'komat1itic and tho]eiitioi

“»
.
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He suggests that the nine. tho]e11t1c ana]yses are comparab]e to ana]yses
of modern oph1o]1t1c p11low lava sequences It is pointed out that no
:ev1dence has been reported to suggest the preSence‘of an ophio]ite
stratigraphy, - or a d1smembered oph1o]1te strat1graphy~1n the Pacquet

" Harbour Group, ocean1c tho1e11t1c rocks are common w1th1n island arcs

-+ and in Archean greenstone beTts, and furthermore, the comp]ex]y deformed
_metamorphosed, and a]tered state of the rocks in the RambTer Area are

_ .11ab1e to 1ead to m1slead1ng 1nterpretat1on w1thout deta1led numerous
.and carefu] chemical ana]yses : Relat1v01y undeformed su]ph1de bodies

of a s1m11ar aspect to the‘East Ore Depos1t are. present 1n the Buchans

‘ d1str1ct (J. Thurlow, pers. comm 1975), and deformed depos1ts are -
present in the Noranda. d1str1ct (D F. Sangster, pers comm, 1973); these
depos1ts are interpreted. to represent stockwork m1neralisa€?on in |
'aesociation with chloritisation and silicification of the country rocks
and are.not immediate]y associated w}th maseive sulphides.. The.deposits
are uneconom1c ‘and” as such have received little attent1pn in the
11terature
. The presence of acid'volcan1C'rocks fn the hapgﬁngwa]] af the
‘East Ore Deposﬁt and the abundance of'acid'roeks in the:Rambler Area,
the lack of oph1o]1te strat1graphy 1n the area, and- the apparent ‘
contemporane1ty of all the sulph1de deposits in-the Rambler Area do not ‘
support the content1on.that thepEast Ore Depos1t has a Cyprns.type‘ .
origin. The conclusion is that the deposits are more akin to Archean

« and/or Kuroko type deposits.
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LIt s interesting to note that komatiitic volcanics are abundant

. in Arehaean Oolcanit terrains, and are thought to result from'unstable-

;crustal cond1t1ons, and 1arge scale part1a1 me1t1ng of mantle mater1a1

. Penirisula.

Hutch1nson (1973}, has po1nted out the metal abundances (Cu- Zn) 1n the

m1neraT1sat1on in the Rambler Area s 1nd1oat1ve of “pr1m1t1ve“ crustal
cond1t1ons as were present in Archaean terrains,. and th1s'observat1on is
in agreement with Gale‘s‘anaiyses | |

If 1t is accepted that the rocks .in the Rambler Area are -

representat1ve of pr1m1t1ve crusta] cond1t1ons, the prob]em exists ‘as -

 _to which ‘particular tecton1c env1ronment produced “these cond1t1ons

*

w1th1n the’ framework of current]y proposed mode]s (Section 1 -5) that of

) Hutch1nson‘(]973) appears to be a front runner.. Hutch1nson suggests that -

the rocks in the Ramb}er Area were depos1ted.dur1ng-the Jnjtwallstages
of'deve]ooment of an island aro.systemﬁ whether the istand arc?wi]ﬁ_r'
prove to.be related EO»inftial development of ajPre-BdrTinéFOnién
msland-arc (Kennédy 1973, v]9756) or whether they reTate to initial.}
deve]opment of a centra] Newfound]and 0rdov1c1an 1sland arc system

(Strong, 1974 DeGrace et al. ]975b) or whether’ the1r origin may

fall w1th1n some other tectonic hypothesiS'must await detailed

structural, §tratigraphic, and chemical studiés of the entire Burlidgion
. . . [ ‘
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6.3 Outstandjgg Problems
: The follow1ng to .'re.suggested for further work within the

: Pacquet Harbour Group

(a) . Deta11ed T1tho]og1ca1 and structural mapping in the Pacquet

Harbour Group‘outs1de the 1mmedjate area of Rambler Mines.
(b)’ ',whofe rock geoehemicaT studies of regional extent and in ﬁhé

| fumedfate'vicinity of the mines. |

(c) "-"Co ordwnat1on of all currently ava11ab]e and future data
0bta1ned from geologzéaT geochem1ca1 and geophysical surveys

-‘and-from,dramond dr1]11ng in order to permit a realistic geological

ana]yses throughout the Pacquet Uarbour Group. R

éd) ‘ Invest1gat1on of the €O- ex1st1ng sulphide phases in the M1ng Mine,

“and a f1e1d study of the re]at1onsh1p between sulph1de and

's111cate m1nera]s dur1ng repeated deformation.
-’
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