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An arca of some 300 sq. m1les, in the SE corner of Great Bear Lake,
has -been mapped and sampled. The predominant llthologles are Aphebtan
(2200- 1700 m.y.) volcanic and plutonic rocks, and tbn area 1s
interpreted as a roof-pendant of volcanic rocks” 1;1nq fn a keeJ‘
be tween p]utonic highs. ThL vnlcnnic rocks are 1ntcrprnted'as
comaqnatic w1th, and der1Vat1ve from the po]yphase plutonic rocks,

and all are 1nterpreted as .the product of ]nte staqe orogenic BRI

maqmatism. -

-Chemical analyses of the igneous rocks show. them to be typfcal ok

of the calcalkaline association. These data ngether‘ with recenély-

-published data covering other parts of the Great Bear lale arca, ]eag

to the postulate that a typical continent marn1n orogen was active on ‘A

the western edge of the Canadfan Sh1e1d in Aphebian time. .

)

The cpmplex re]ationships of post-Apheb1an disbase dykes are '~
described It s shown that thesn'dykes are ‘quartz tholetites and  *
that they are the pffoduct of one extended phase of 1ntrus1on that is

not qbviously related to any of the Mackenzfe swarwm to which thay

have previously been ascribed" B o

Minegal dnpqsit.s in tna arga’, 1nn¥uding thcse .at"'the Term. Norex

ana $11ver Bay, Mines, were emmad. and three dfstinct t,ypﬁs of

miﬁqmmathn were receqnfsed. Tha fmﬁ. mtaamm'a- su]phmn

LR

] \\ -
N

| A mcy af thg mg:mn:him and mmmtism a&mﬁ‘-,g»m atncks sbm

?
+ - L U i Nl P B PL, L .
ERR O —.'v & " Lo Yook ey RN
A ¢ : . L Tt .
¢

’f‘*“s Vi -



\
\

f i
\‘ ‘ . .

\¢ ' !
the sulphides to have boen demved from tm intrusions. This

conclusion is substant,iated by c.u]phur 1sotop9 daﬁ
Secondly, maqnet1te apatite ~actinolite 1ntru910ns, vc1ns and
diffusions are‘ also.common around the ear]y plutons. Optical ‘and
‘ ana]yfica] data are raportéd, ;'md At 1s canclud thaf ‘triese bodjes’
F‘ N represent wﬁi'scib.]gfractions from t‘he'sﬂicatmagmq that was parent
to the early 1r{1tr.'usiqns}. _ ' |
~ Thirdly, po]ym’?ata]'Hg hyfirother'*lﬁa]‘ ve1n§ of the. N‘i ‘C.o arsenide-
| ~silvér ore-type are desc¢ribed. Detadled optical and m1nera1ogical
studfes show these to be s1mi]ar‘n most respects to other deposns of
this type throughout the wqrld. - A long a3d comp]ex paragenesis 1s
‘ proposed ﬁ? the veins - a paragenesis dependent upon both the time of -
depos1t1on and the: dfstance traveﬂed by fhe ore~f1u’rd ' /:'/
A Anq}yses of the stable isotopes of oxyqen and rbon from ye1n-
" carbonates pmvide Httle concluswe ev1dence‘concern1ng the source or
| evolutmn of the mineransmg ﬂuids. Annlyses of -sulphur 1sotopps
. ammsed toproppse a ‘manamc hydmthermal' origw fq,r the sulphur. -
| n 18 proposeﬂ th@t v;ne hyd’rothqmaT yeLns gre the pro’duct of the ‘
. ywpggr 1ptmiom. and t.hat the compléx, povygnehmtc assemblages are
;ﬂ ‘6? 't@lqgcoping qf the hydmthemal sequence._ Lo e ,,.;# :

tha pmdueg ,
frm the mm 'located no new minmls. o \54
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of some’ 200 nhya, and at tepperatures ranging between 100° and 250°C. ,

" -

Other products of the hydruvthermal actfvity include @inera]ised and
ba}ren Giant QuartzAVgins and quartz~carbonaté Qeins.,
| Fina)ly, a modal is proposed wherein the metasomatic and"

v hydrothermal mineralisation are the ineyitable products.of the
polyphase intrusive activity, which, in turn, is the inevitable
prodﬁct of the géétectonic evolution of the area. It is shown that,

‘ withlone notable éxceptio@;:the Ni-, Co arsenide-silver deposits‘oﬁ
thé wqud were'formed-qs a consequence of similar geotectonic

: \ processes in similar geotectonic environments.
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o staked t"he prp;mt.y tha‘tms;f lnter m

1. INTRODUCTION

Great Bear Lake Is the northernmost of the great lakes that
straddle the presently exposed margins of the Canadian cr&ton.

Most of the 1a§e is underlain by Palaeozoic strata, but Aphebian

-

§2100-1700 m.y.) and younger Precambrian rocks outcrop on the

-éastern shores and it is with some of these that this thesis is

concerned. ' ” ‘ \
1
4 a (A

lthou?h the lake was well known- to the white man from -~
trappers reports, from Petitot's cursory mapplng and from the
journa]s of Richardson, Rae, Dease and S1mps0n during their mid ,
19th Century search for Sir John Franklin, it was 'not until. 1900
that Che fixst scient1fic expedition was sent to the lake.

"o B
J.-MacIntosh Bell, accompamted by Charles Camsell and othets, made

)
N
) 4

topographic and geqlogic 1nvastigat10ns of mueh of the ]ake and of |

the Camsell River. On 24th AuguSt 1900, the party reached

Klarondesh Bay (NOW Conjuror Bay) which 15 protected frqnﬁthe m;in

lake by Nduteho (now Richardson)* Island, “and entered the Camsell
River system. Although he noted-the 'granites and greenstones of
thq lake's eastern shores. and 1nt1mated thefr Precambrian age, it
‘was Bell's (]900) description of the mineral erythrite in carbon%te
vgins ‘that proved to’ be, mast signi ficant* :

i In 1929 Labing and :it. Pau] fol]md up Bell‘s report amj

me the Port Rndm Mine

A g

'l

; g.t Ec;ho qu, Thex alsﬁ ,st;ted in m qusgﬂ R‘iver amn, whcre i
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showing is still known as 'St. Paul's Showing'. Reportg of the
mineralisation filtered across to the K]ondike and in the early
thirties prospectors began' to congregate at Gre\at Bear Lake. |

Every n‘linerﬂ showing but one known to the author was investigated

at this time, but silver nqnot an attractive proposition and many

of the prospectors \were looking only for gold. Some small mines ' ‘
were opgned and silver ore was high-graded, but by the mid-~ tvtles

many of the prospectors had moved south to Great Slave Lake where

L]
Y ”

“rumours of a gald strike were rife. ;‘ T ,
In the thfrties t!\egr:o Bay region was 1nvestlgate \ in some

detaﬂ by the Geo]og1cal Survey, but only Kidd (1936) extended these

[

- studqes to map ~ on the broadest of sca\'es ~ the other Apheblan

\

Lol .q.

“and deta

. **Ltuﬂtsd o, mvessisata ;herr Cu-As Propmx . the ’i‘mﬂ' RMF*

L]

areas at Great Bear Lake. = - .
By 1939 interest in the area was dead. A reviva] of the fmt

Radium Mlne in 1942 %rpp]y the Manhattan Pnogeet sparkedﬁeuedu
geologicéj“ﬂork ln the Echo Bay area, but agaiMhe \1 -

b o
er area was ﬂirtually tgnored, It was’not until th&ﬂ .

mid-sixties tnat an 1nterest in s11ver caused some of the o]d m{nes -

a

to be reactivated, and some riew mines - 1nc1ud1ng the Terra/Mjne "' .
to be opened This revivai sparked new research, notaﬁ‘l‘;
Robinson (1971) on’ the by thqn relatively we1l~known Echo Bay

depos1ts, gnd this research proJect was extgnded to tne Camsel1 ", | o
..r’,» . e ‘.‘ o ., R )‘

myer ;rea bx the present stqdy L e

\

In 1970 tbe authnr nns employed by Terra Mininq and Explprgtien1 ‘“‘
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It was quickly realised that the mfneka] controls were structural .
aq? 11tho]Og1cal and it became 1mperit1ve to map the whole area. Ths
funds and interest for this were not available from Terra, so in (™
1971 the author was employed by Vestor Explorations L1m1ted ta.do 'd "
this. The work was continued for a short time in 1972, under the
| aegis of'SaEO Minee Limited, ;nd.Federated Mining Limitediqgnt
“unfortunetE]y not as nnCh time has ‘been spent on the.area as the’
ahthor would have liked. The remotene$s and the expenses 1hvo1ved
" make purely academic research somewhat impractical in this area.
However,. in 1972 the Department of Indian Affalrs and Northern
Development at Yellowknlfe decided:to cont1nue and e]aborate thls )
author's work in the area, and Mr.. J1m‘Hurphy has produced a map
‘which will soon be avallablen Conﬁdnuing col]aboration between the
author and the D, I A.N.D. has been mast benef1c1al T

A1though the original obJect of this thes1s was to study the
geology and genesis of the Terra Mine, the-scope has widened because . ° ;e
‘ of the nature of the geolo .\ CQnsequently. details of the geology '
and a sch e for the geotectonic evolution of the area ane presented |
jn Pert L. Details of the m1nFra1 ‘deposits are reportqg inﬁpan% I, s

A nnfffed ncept for the geelogic and metallogenic evolution of

» . o i

H ‘.‘ “ o .
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~

The 1ocas£?h of the area is showq in Figure 1. Most of the area

cons1sts of r01]1ng hl]]s, with up to 130 m of re11ef in’ those areas *

R

under]a1n by fhe volcanic comp]exe§¥o Areas under1a1n by granitic
rocks are ggnerally high, but with tow

re]iéf The shores of . Great"
Bear Lake (570 m above sea level) are considerably uplifted, with

heights ower 270 m recorded on[R1chardson Island - and the country .

0

is higher»and nore rugged to the north.

t
A

’ Rainﬁ%l] is Tow and the area is classified as a sub- arctic

1, . )
sub deseﬂ@ Snowfa11 rare]j';xceeds 1m. Dralpage is by 1arge «

’rivers th f]o ‘over short and narrow falls’ Qrmectmg sizeable I ,
“/ F

;lakes Iéq\per$1sts from October to June and during break-up the [ ,

Ny
‘ riVers may - rise. by aﬁﬁu; 1 m. The optimum field season 1s from June
l ‘( \ '

\
to August~ whén Ehalweather s« usually hot and sunny, a nd water\**,

==l

T,

L trave] is vnhindére by 1ce. The season is marred by an a]arm1ngly

__/
.\ dense and vame\qk hpui\ation of vgrious b1t1ng 1nse9ts, S ”_ _

N | R .
\‘ The é%qa is;‘_w ll-woqded w1th hlaqk spruce, and Qc(;asional o

Xvands nf gxcell#'n t"lmbgr s;pn ‘be fqundsalqng the Camse]»} River- many

fo N ,.\' s‘ \

-

L j "“%\*‘s !‘m“&nd the ﬂbpuhtion 1§“decﬁning m:zpwrcuyP

e 3!91‘@% Am P}ﬁfh@ﬂ?‘: the mos,t. comnn. qlthough th@y mre. unti]wvgry ;
‘*,gnt.'rﬂmk bear g*'e ‘and are. usually

”‘ A )\”“H_ . rf,‘ Xl

1! i o
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- Smai] game and waterfowl are abundant and appear to‘be incr®8%ing in
number, largely du; to the dec1mation of the 1arger predators.
F1sh are plentiful and include northern pike, lake trout,
?w}grayling and whitefish. The trout, howevert are suffering from
“overfishing and wi1l sdon négdr§tringent protection if the famed
‘ trophy Stock is to survive thecentnry.
gﬁ Outérop is cdmmonly better than, 70% 6f the 1and arens. :The
R best exposures occur along shorel1nes and rocks on the’ hllls,
a]though scraped clean by ice, arp usua]]y altered by the chemlcal
Yf* activity of Tichens. The main P]e1stocene ice transport d1rect1qn
was from the east, although apparent1y o]der striae trend1ng north-
~south are occas1ona1]y found, Eskers -of unsorted sand and’ gravé1 R;rt%,\r;w
often over 30 m high, are’ common ‘and often of coqugerable 1ength
Their courses reflect far more the trends of the underlying bedrock .
'3f'than the ice path* The bou]ders are usually Tocally derived. .. L e

Erratics are scattered throughout the area and a]though most are of PR

]Qcal provenance. maqy are derlved from the high- -grate’ metamorphic ; ...

?7, ‘“lroeks of the Hepburn ma%amgrphio—plutonic belt and some were obquusiﬂ!?

';\ erOQed from gregnstones, granites and gne1sses of the SIave craton;“, L
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~examination, but if the interpretation is correct, this apparent

) !
¢ rate of uplift is similar to those indicated around the margins of

n
1

. N
N ' N 'K
A .
' . "

Wx

it o '
tﬁlhﬂﬁon's Bay (J. Westgate, Pers, Comm., l973)g]$;{
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3. REGTONAL GLOLOGY

The Bear Province was defined by Joliffe (1948) and is
characterised by K—AE aqes around 1700 m.y. 1t has since been
A

shown to be both-a discrete structural province (e.q. Hoffman et al,,
. . s » ‘ , . ’ Al
19703 Fraser et al., 1972) and a discrete metallogenic (U-Ag-Ni,

) 4.

CoAs-Bi-Cu) province {(Joliffe, 1948; Badham et al., 1972). It is

consfidered that the'original deflnitibn of' the province has outlived

[N

, . \
itS usefulness, The radical change in the understanding of the Bear

Province, enggndered principally by Hoffmap.ﬂhas delimited vatious

tectonic unfts and Las demonstrated their iqterdggendence- [t 1s

cons {dered more apprbprjate now to use tﬁé tectonic‘subdiQIsions

Jracently proposed by Fraser et al. (1972) - 1. e. that thb ApheE\an

of the Bear Prevince be ascribed;to the wopmeyq0rugen.and thq@ the
-

younger Precambrian rocks be ascribed to the Amundsen ﬁasin This

chapter outlines the rag1ona}~geolqu of xhe Patl Bear Batholith,
s R s

. ' ) . ! . ]
one of three belts that constitgte the Nppm;x\gigéfzt(Fig. 2). The.
relationships of these’ three belts & fonsidered ‘

A map showing the principle fea:sits of‘ihe Great Bear aatholtth
(Fig. 3) demonstrates the NE- trending. ]fnear nature of the volcanic’
complexes.within the epizonal granitic rocks. Where these complexes
< outcrop on the shores_ of Great Bear Lake ;hey are roof»pendan&s e
composed of andeslte-daclta-myoute sequences aod a;sociated ’
volcanoc]astic sedimts. A more detailed map of two of tﬁase

pendants 1s shoun in Fiqurn 4. The tuo-pendants have&becn stu;ind

-
+

-

i )
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Figure 2. Teetonic subdivisions of the NW Canadian Shield- after
) fraser et al.41972).
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f exposad and. there i no beddfng dii

and described as the Echo Bay Block and the Camsell River Block

(Badham et al., 1972).

| ‘The Echo qu area was first studied by K1dd (1931, 1932 °19§6)
who divided the comp]ex into ah older and domlnantly volcanic group
(the Echo Bay Group) and a younger, dominantly sedimentary group
(the Cameron Bay Group).' Kidd intimated that there was unconformity

between the two groups, represented by a period of granitic intrusion,

‘bu;‘éhowed clearly that both groups were intruded by granite

batholiths, |

Feniak (1947) detailed the stratigraphy of the Echo Bay Group,
dividing it iﬁto a lower seﬁimentary and pyroclastic urit‘(]433 m)
and an upper volcanic unit {1667 mp._. Neither top nor bottom of this
sequence.are exposed. Campbell (1955) furthe} subdivided these
units and Robinson (1971) obtained an Rb-S$r age of.1720130 m.y. for
the Upper Echo Bay Group. Although Mursky (1963) described
Yellowknife (Archaead’ sediments 0ccurr1ng to the northeast 0£ thJ
Echo Bay area, the report has not been substantiated and the Egho
Bay Group are the oldest rocks expOSed 1n the area,

Al _the ahove outhqrs intimated profound unconfonmity between .

f; the Echo-Bay and Cameron Bay Groups, The evidence for this eonclus1qn
- at Echo Bay 1s the prasence af.boulders of Echo Bay Group and granita

within Caneron Bay conqumeratea, Hnmver. the contm 15 not
rdance, 1ndml in%w vrts of

tha cmpmes mck; typml of bothvaram are fmmm«\ m

?m‘ﬂ of the mmmm Wit be mmm Tatary st < m o
*'“}-a;r . Lo e

. ' : b4 . B T s ;}i‘ 3 D ) 3
cd ' ‘_\,;3’ . A [] PRSI Y
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critical exposures have beén described. Suffice it fo‘say that the
/

type strafigraphy tan only be app]ied'to the Echb Bay &rea, and that

-

lithological correlations with other areas cannot be made. Attempts

to apply the Echo Bay stratigraphy elsewhere have re:‘lted in

\\
1

3 !
below o . i
1.\ .
an &

In general however. the western volcanic complexes are typified

confusion. Some suggestions fpr dispellina this confusion are made’

by sequences of andesites- duc1tes rhyol1tes overlain by their Sl
derivative sediments. _These comp]exes were intruded at various times |

by intermediqte stocks and hypabysga] porphyries, many of which are

texturally 1ndistjnguishabie from their volcanic équivalents. The

whole area was finally intruded by coarse—9451ned granite (ée su o
stricto) batho]gtha. k |
AN these Aphebian rocks are unconformably overlain by '

Helikian Hornby Bay Group, which thickens and dips to the n th " This,
” and the decreasing size of the volcanic complexes to the southy
1nd1cutes that the present érosion surface cuts progressively deeper
levels Qf the bathalith to the south, . o

“In the eastern parts’pf ‘the Greqtvaeaf Bathol1th Egg volcaﬁic 4
complexes differ somewhat, Mere vast th knessQS*bf silicic wa1deﬁ
. tuffs. with»ram 1ntq¥cahtions of trac/yiasﬂt pnd volcanochstic o
sgdiment.. are 1ntmded by hypabysnl porphyrleq and by grmmc rocks, ,' '
- «tham bq‘lng L} tpxtural cont‘lnuum betmen ttwse three whtch} are thus R
- f-*nterpmt;d a3 be*tng mmnc (m:ffmn, 1973’ m Pars. Gomn., 1973)
Msg ;o"lfgnj: anaepccs qm appamntly contma?neens uhh thqsa in s

X 1 %H;’::-",;’ T RN

e
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‘the west and the differences may reflect a fundamental polarity of

the batholith belt. However, Smith (l95%):déscribes.simi]ar silicic
tuff sequences which overlie granites coétaining,remnants of rocks
similar to the Echo Bay sequences at Hottah Lake. This evidence may -
reflect a diffeyence in age of thé ‘eastern’ and 'western' type
sequences. Again: this point will be discussed more fully later.

In a1l the comp]exeé,'the'volcanfc rocks are broadly folded and
generaldy dip away from the surround1ng intrusions. _folding increases
in \ptenslty, but decreases in amplitude towards the contacts,
Metamorphism to the hornb]énde—hornfels facies (Turner, 1968) has
been recogn%sed, but rarely extends more than a few hundred metres

perpendicularly from intrusive contacts. In many of the aureoles

“X§rlgys»types of mdgnet1te;apatite—actin01ite,bod1és ane developed

(Kidd, 19%6; Furnival, 1939a; Fendak, 1947; Robinson, 1971; Badham,
1972). The nathe of these {is discussed in éart II.

In the Echo Bay aréa the'depdsit1on of ;he~Cameron Bay Group 1s.
fault-controlled (Mcalymn, Pars, Comn., 1972). In the Cansell River
area the margins of the larger batholiths appear also to be failt-
nontrbllédl A#Tite and quartz«feldspar porphyry dykes both »
related to the granites. a]so commonly 1ntrude plong fau]ts In aTl

these’ cases the faults strike northeast énd have been active since

the Aphebﬂgn. 'The Bear Province ts in fact typified hy rightalateral

R nEntrendina faults that :play nnd coglosca fraquent]y, and~nh1ch were
ms\t active natavean 1700 m.y. md 1400 m.,y. ago. There are

iad1cat19ns nf N» tg Nu-trnndfng faults that were*qsgiva afggr the
o 5

ST L e . ; . . - R
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final period of p]uton%;&;but”befope the mdinﬁactiv%ty,on the
NE-trending faults (Feniak, i949; Badham, 1972); these are not well
documented as yet. Drag—fo]ding adjacent to the primary faults‘is
common, Theée ‘faults have acted as the 1oé1 for a variety of hinor

1ntrus1ons:

'Giant Quartz Veins' (Fﬁrn1va1,'1935) are one such intrusive
type Frequently over 150 m wide, these massive quartz veins.
conta1n1ng scattered patches with hematite and uranium and copper

minerals, f\l]ed d11atant zones in the faults during at least three.

~ distinct per1ods ‘Each period of 1ntrusiou corresponded to a period

of movement that brecciated pre~exist1n9 mater1a1 - The two earTiest
phases of 1ntrus1on preceded the deposition of the Hornby Bay Group,
“but a younger phase has been observed to cut this group (Kidd. 1936)
Diabase dyked occypy many of the primary faufts and their
decondary splays. Thick diabase sheets alsa 1ntnpde “the Aphebian
rocks and can be seen to swing into the faults.in places. Most of
these diabases appear to-be older than 1300 m.y. (e g. Ihhrig and
‘Wanless, 1963) but different periods of 1ntrus1on seem to be present
‘and the complefity of the dyke swarms- in this area wi]l be discqssed

L]

later. .

Quartz carbonate veins oceupy many of the se&ondary splqy-faults

and associqted tens1on fractures. These are minera]ised in certain s

11thologica1 pnd structural facies wtth the, U-Ag-Ni, CQAS-Bi v

; assomtion. gnd it 1s these ‘veins which fom the basis of the mining

ggp1n¢u;;¢y in thg arg‘* nost of the meta1liferous miﬁeraltsétion

.
3 . '-’
. N
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appears to have occubted between 1625 m.y. and 1400 m.y. Thesé ages
will be discussed later. |

Hydrothermal alteration s widespread invtha volcanic complexes -~
and can be related mainly to.the epizonal plutons. Algerf@ion is
common, but.moré_limite&, around a]i;pe Giant Quartz Veins, phe
mineralised veins, and the diabase‘ﬁykes.

Although fﬁe area must havé been covered by Phanerozoic :
sediments, there is no evidence of any geo]ogica1‘process which might }
have affected the area between the 1ntﬁvsion of ‘the youpgest diabase

1

and the Pleistocene g]aciation .

The age re]atlons of the various 11tho1oglca] units aﬁd events

that affected them are shown fn Flgqre 5.

Il
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4,  DETAILED GEOLOGY OF THE CAMSELL RIVER—CbNJUROR BAY AREA
; y ' .

a) Geperal « . S
| The authdr's detailed map of the area is shown both-in FigoVe .

6 and 1n a lange foldout in the back packet. This‘map was oompiled

\
essent1a11y from a four-week mapp1ng season in 1971, but the Terra N

peninsula had peen mapped\ln deta11 in 1970 whi]e the“author was
emp1oyed as mfﬁé geo]ogiét‘at the Terra Mine. Details of the
splaying and movements on the Beach Bull-Alter Fault System were
mapped in 1972, Kidd (1932) mapped the contact;eof the volcan1c o "
comp1ex with the surround1ng granltes, and Furnival (1934) mapped .
parts of the Gunbarrel Gabbro Parsons and Lord\(19 7) covered the
extreme eastern edges of the area, but no maps. of the area were -
. published until Figure 6 was presented.in Badham (1972) fI 'mapplng
is continu]ng under the ausp1pes of the Department of Pndian Affalrs
i and Northern Development Ye]]owkn1fe * The' -only major revision that
‘shou1d be noged*(Murphy, Pers, \973) is that the esker' a
running east from the Gunbarre) Gabbro is underlaln bygthe oontinuatiop o

o of “this gabbro, Areas not mapped in deta1l by he author (1 e, as .

\t L a‘undifferentiated Echo Bay Group on Fig. 6)" hpve been fbund to be - tjl'L}f';o
\ 'essehtially similar to mapped areas (Murphyg Pe s.,cth., ]973) ‘ g
| The voleamc com;flax 1s roughly qircular, but 1s Partly SPI'H; | “ ::;:

i "Hntrending lobes p«f plutonm mqks and 15 transected by s

p kY Ayt E LT
\ o LTI L

*gorrelated‘ with ‘tha Et;ho ﬁay..?r

,.us
'
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1972). Essentially four main sequences are recognised. The first, ‘5

between Terra and Alter Arm, consists of about‘SOO m'of andesite g i
flows and‘tuffs.'agglomerates and breccias (the 'Terra Sequ nte').l
overlain by 3300 m of volcanoclastic sediment. The Terra

Seqéence can be traced.alorg strike to the east where the thfckness
of thg andesite flows increases, around the nose of a ]arge open

3 . :

sync]1ne where a few hundred metrﬁs of. basalt appear, and on up ,
“the side of Jason Bay and to the north °There metamorph1 m is

fairly intense and exposures are lsm1ted and the sequence was not
follOwed further._ Detailed sectlons of this 1ower sequence at Terra

rare shown in Figure 7 and a map of the pen1nsu]a 1n Figure 8.

The second sequence outcrops to the west,of\the Bull Fault
' System It is truncated by gnanites at the base and by gonjuror Bay o
in the north. It cons1sts of at least 5700 m of s1]1q1c pyroclastic. *

rocks, w1th‘rare vo]canoq]ast1c interca]ations 1atera] facles , o a
A \
varlat1ons are rapid Thls seguence underlies the f}rst, wbose ‘

basa] mémbers appear.on the 5quthern shoias of Conjufor Bay (Fig 9) =
g;\ v [he third sequenoe 1& not known 4n detanl but outcrops on the -

[N R )

R : ,1slands 1n ijuror.. Bay *It consists dommant]y of thick welded

4 " RS

o]ite tuffs,ygj th tﬁm intercahtions of.- dolomite.'quartz pebble

R | cth]gmerateg quartz1te and argi]}ite bUt some 1slands consist 7!; Lo
“ enti rﬁy .of metamomhosed; Andesite flo«s a;id Qlffs. Correlatipns e

L , e

' f""?.‘ \" ,-'.mv, 1
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sediments unconformably overlying'a highly altered diorite. The
basal 5 m consists of a breccia of diorite blocks which grades up
Into a conglomerate containing diorite and typical Echo Bay Group
boulders (Fig. 10). These are overlain by fine-bedded grgil]ites and
greywackes and, in the upper parts, silicic tuffs and flows and rare
intercalations of dolomite are present. At Balachey l.ake typical
Echb\hay Group voleanic rdcks .are intruded by the diorite, but at
Pole Bay the Balachey Sequence, though muéh thinner , is interbedded
with typical Echo Bay Group rocks. This apparent di]mnna has been
explained (Badham, 1972) ;;.the result of‘penecbntemporéhedus
vo]canigﬁ in the one area and local unroofing of an early diorite
stock fn the other (Fig. 11). A1l the rocks are intruded by a
younger granod1or1te at Balachey Lake.

The seqyence described above was also described by Kidd (1936)
and Parsons é1948) both of whom correlated 1t with the Cameron Bay
Group, Both duthors also noted that the sequence was intruded by
granitic dykes.\ The correlat1on fs not valid in the liqht of the
evidence presenégd above and until {ts relations to otncr groups are
" more clearly defihed, thik sequence 1s assigned to the Balachey Unit
(Badham, 1972). | h

sequences being given\ local names a3 'units! It 1s suggested that

25
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\.- Early Echo Bay Group

Rising silicic

N magma "
. v ,
"o LY i sediments (Balachey Unit)

£t S

'22r~l.ate Echo Bay Group

Early diorite.

Figure 11. Sketch septions showing the Evolution of the Balachey
Lake Area, ’
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b) Aphebian Lithologies

In this section field and petragraphic descripufons of the rocks
are presented A general summary of the 11tholog1es has been given .

in Badham (1972),

Basalts : | | : .
) Approximately 100 m of bgﬁalt outcrdh in thé c;re of a large open
syncline on both banks of the river at Silver Ba}. The unft extends
to the-north parallel to Jason Bay, becoming fhinner and containing
intercalated intermediate tuff horizons. Within 'the Terra Séquence
near Terra and in a few other horizons, thin trachybasa]ts have been

observed (Plate 2,1). The contact rﬁlations of the 1atter are

obscured and they may in fact be syn~vo1canic bas1g qykes (see Part 1:5),

The Silver Bay basalts: occur withfn the Ab-Ep fac1e$ aureole of
the granites to thg east and are altered by the focal mineralised
veins (Plate 4.7), Nevertheless, the origiqql;mineralogy can be
deduced. In handlsbecimen the rocks are fine-grained and dérk .green
with very dark green chlorite patchas anq small fbl spar phenocrysts,
Loca]ly they are highly vesicu]ar and pbnta1n tﬁﬁnrlenses of
agg]mrate Mln thin sectmn most o# the chﬂorité htches jre.

: clearﬂy pﬁgudomcrphous after amphibole, bu; some arv ‘of dublous oriqin.

’v
& Tl

~ Kidd (1936) noted. relics of olivine, but nonn nere seen by, i author.
The feldspau' phenocrysts are ‘tly andesine and [ a]te | to

.....

v
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. chlorite, carbonate and magnetite. The vesicles are irregularly
shaped and rimmed w1th chlorite and are filled with two generations
of quartz and less commonly with carbonate. The agglomeratic
horfzons consist of angular hlocks of the above basalt contained in
a yellow-weathering matrix that is made up of trachytic andesine
phenocrysts and chlorite, streaked quartz~filled vesicles and
devitrified shards (Plate 2.3), Tﬁese horiions‘are fnterpreted to
be of flow-top devesiculation origin ('froth~lavas' - Tazieff, 1970)
and attest to the highly volatile nature of these basaltic magmas.
Generally flow tops are hard to recognise because of the a]teration.

but three slightly d1fﬁerent flaws have been identified.

Andesites |
Nearly all the andesite flows in the area-are feldspar,
| hornblende bbrphyritfc andesites. They are mineralogically and
texturally 1ndistihguishable‘from‘many of the hypabyssal porphyries
and cdh‘bniy be distinguished frdm the lgtter by their f1gld .
a relationsh1p§. Important criteria for this are: |
| 1. cOnforrr;jt\y of bedding,
2, The lack of chiled tops.

3. The lack of contact metamrphism, ,

‘A, Tr.g presance of rolled pasus. aa blocks and trachytic 2

fhow textu . .
5, ;TM ms.:nce o?\ amygdules’ and scmnceo ﬂ&ps ‘ o \
ﬁng prgsgncg of eroﬁad tops. o LR
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7. The presence of tuffaceous and agglomeratic horizons.

These flows are commonly over 30 m thick, but often change thickness

considerably laterally. Flows on the Terra peninsula were investigated

in detail since they had all been previously described as intrusions,

“prate 1.1 Shows large blocks of porphyritic andesite cracked and

surrounded by smaller blocks in a matrix of dark lava that consists
of microcrystalline trachytic feldspars in a devitrified matrix.
This horizon occurs near the base of a thick floﬁ and is interpreted
as a 'ro]]ed'base', where earlier partly-crystallised lava was
autoclastically fractured by continual flow and the blocks rolled in

still-liquid material. Plate 1.4 shows fhe base of a flow that was

“extruded onto partially consolidated mudcracked silts. The flow base
was chilled and then broken and blocks of silt were incorporated.

'still-molten lava was injected into the cracks and mixed with wet

silt to form an 'emulsion' that was squeezed between the cracks.
Sprouting of 1iquid Java .into erystallised and cracked aa flow toes’
has been described by MacDonald (1553);'the mixture of wet sediment

and lavalto form an emu1sion has been proposed by many au;hors (see

. Snyder and Fraser, 1963). This same flow must have been thi cker than

'the depth of the water inta which 1t flowed, for the top was'weathered

sub-aeriallx before later deepening of the water allowed 1ts own
dwivgti ve qu,osa and cqnglomerate to be deposited upon 1t.
In tMn seemn the p?rphyritic andes 1 tes Tons {5t uR to m of

4 ollgoslase phenoeqysts, ofteh cored by chlor{tehlebs, which repﬂgced

ghss 1nclmons (Pm.q 2. 5), ox of hqrnblendg phenocrysts and are
A

N .
' [ B

i
I
'
L
i



corroded quartz crystalq, in a ?ine~grained groundmass of p]agioé]a?ﬁ
chlorite and opaque oxides. The gpaque oxides are sometimes \\
replaced by pyrite in the metamorphosed examples. The vesiéles are
circular And were filled in two stages - first]y‘by carbonate an
chlorite, and secondly by opaline silica, now recrystallised to jg:rtz
(Plate 2.4). Variations in the relative proportions of’ hornblende o
and plagioclase phenocrysts can be used to distinguish between flows
The andesite tuffs are more variab]e. Most commonly they consist of
well-banded fine crystal tuffs, offen partly resedimented, sémetimesm

with intercalated argillaceous bands (Plate 1.2). Coarser Tithic/
crystal tuffs form thick sequences locally, especially in the Terfa
Sequence, and on the shores of Conjuror Bay. The lithic fragments
are a]ways andesite tuff or 1ava and the crystals are usually cracked
. and abraded o]lgoc]qses or, less commonly, hornb]ende and quartz.
Same fine ash fall and some vitric-crystal andesite tuffs have been
“observed. > o - ) ’

Ereécfas consisting of fragments of local 1ithologies in a-

- porphyritic qqdesite or ﬁﬁﬂfaceous matrix are commmort, These are “
poof}y sorted, chaotic and_unstratified (P]atg 1.3), but often” .
sontain lgnses of'bedded*tuffacedué’%ateriél' Included are phreato;

- magmatic breccias, pyrociast1c flow breccias and reworked. pyrnctastic

brecc1as (F1sher. 19615 Parsons 1968) : :, \ o

Chg . .
R Y v . 1

Fe]sic Volcanie Rocks | o ,' \

Thick sgquences of lsic cyffs arg common throughont the area.

,o
L3 B PRI o L B
’ ’e . ' Cot anY . .
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. of these . fe]sig'ﬂqws and «mffs are suh-aeria‘l. »

but fjows are less so. In the section to the west of the Bull Fault
here are a number of ‘devitrified rhyolite flows, some of which may
have been obsidian. They are 1nterbedded w1th feISIC tuffs and
fragmental lavas. D1st1nct10ns between welded tuffs and devitrified
flows are hard to make in the fleld The flows contain sparse
biotite flecks and rare vugs fi]]ed with. cidrtz‘, possibly
pseudomorphous after tridymite. In thin section those samples
cbntaining cracked and abraded phenocrysts and 1ithic fragments Were‘
considered to be tuffs:'s- '
The tuffs Thd‘lﬁétwelded and aneléed‘vérieties and many should

be classified és sillars. A1l combinations of';itricé, crystal- and

lithic~ varieties have been observed, Crystal fragments include

" plagioclase, embayed quartz, cristobalite (Plate 2.7), hornblende,

K~fé1dspar (after sanidine?) : lithic fragments include apdesite &nd
[ . .

.fe]$1c tuff and lava (Plate 2.6).

" A crystal-rich we]ded tuff (ignimbrite) is exposed on the island

(fiamme)~ lithic fragments and. fractured crystals in a devitrified

-matrix of hemat1te-stained4‘fcrocrysta111ne material (Plate 2. 7)

Parlitic devitrification texfures (Plate 2 8ffare common. lthough

' different parts of the tuff'are walded to different degrees (Ross and

smith 1961), the exposure is not continuous enqugh. nor the mapping
detaileg/gnough to 1d¢ntify 1ndividual flous or eoqling units, A11

ln the Tem'a Sequmce zhere Are 1e§ m thick beds qf 'ﬁm uas

\
[ A Lt S fy;n’
. o P i Lo DR Y .

o B L e
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‘.east of Bloom Island, It contalnsqghards collapsed pummice fragments
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\' mapped as 'chert® (%hese are a]so on near Echo Bay, wﬁere hany
authars refer to the 'cherts ) hey ;;;\inq banded and fa1rly
per51stent latera]]y. They consist of a microcrystalline mesh of ~
sodic plagioclase and quartz with scattered flecks 6f chlorite aﬁd |

. biotite, éﬁd are often 'dusted' with haematite. These are ash-fall
rhyolite tuffs. They Qere probably at least partiaf]y welded and ‘
may be the distal equivalents of the ignimbrites. ‘Some of them show\\
signs Qf partial reworking, but there is no incontravertible evidence

of sub-aqueous deposition. - .

o .
TNy e hY

Vo]canbc]astic Sedimentary Rocks

Cong]omerates and arkoses are commonly lnterbedded w1th thev
Tavas and tuffs, and a sequence of 3300 m of these rocks is exposed
from the Camsell River northwards to Alter Arm. The conglomerates
contain well-rounded boulders (3 cm to 1 m), over 90% ‘of which are
porphyrit1q andesite, in an arkosic matrix. Other bou1der materiaf&
" include rhyolite flows and tuffs, andesite tyffs, jmer and vein
qu@rt! Boulders qf tuff are rare, presumagy because thea tuffs were
pot vcnnsolidated at the ‘time: of emsi’\ No granﬁ;i o Boulders were |
| found 1n these rqcks, The conglomarates common]y’dverlie floWs and
""~ ' grade upwards into an$oses. In this main sequence many of the fions
. aTSQ-vade latera11y 1hto cdnglomerates,x The gonglomarates ane

1ntevn#lly structureles;. but usual]y rest on scoured qu ghanne11ed e

ﬁ«,v‘,', "f{_' ) .
Lo K , - ' A ; Ty

.
.
o ¢ o
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1.6) and cohtdth.numor‘ug channels and,scours, and lag concentrates
. of 1ron oxides. They cons1st of §qlght1y abraded feldspar crystals
1n a matrix ofi finer volcan1c debr1s L1th1c clasts are uncommon.
"These feldspars are 1dent1ca] to those in the porphyritic ahdesites |
but often appear to. be sl1ght1y fresher [t ‘may be that many lavas
L were part1a1]y eroded so rap1d]y after extrusion that the feldSpars

1

were quenched', whereas those rema1n1ng 1n the stil]—warm lava N

underwent eome autometasomatic g]terat1dn.

o S11tstones ‘are less common i '&he séhuence " Where seen,'they

are we]] bedded purpﬂe racks), often 1nters€tdt1f1ed with ftne-grained

arkoses (Plates 1.6 and 1 8). They a;e compos1t1ona11y 1nd1§tinguish~
. ble from the other volcanoclastic sedlméhts and- qre their more-mature R

.“,{ equiva]ents The matrices are often very rﬁch 1n h&ematlte The '

Y }giltétones are poorly- sorted and exhib1t scodhs, rlpple-marks, \

i

» ghading, mudcraCKS, mud- chip cong]omerates, 1oa,
R o g

iq: and water escape
i .l&

' structures (P1ates 3’ and 1. 6) “In general here lx a b1moda1
‘distribution ot* pahticles in both arkoses and si»lts.\ QuartZ\grains. |
dominate the sma\‘ller1 s1ze fractaon and chic fragmen\s the lq,w’ﬂer, N o | .

A .
[ ! o~ YN
] Vet
4.'

Fe]dspar grains are present throughout ih all sizes, ,




% by tuffs wandf'gﬁdimeﬂts* Non °f these 5@5%;

35

,-
'

mati x veﬁy similar to the arkoses, although the breccia fragments
~+include a1l tyﬁes of volcanic rock in the area. These horizons may"

‘be the deposits of‘vo1can1c mudfldws or lahars (Parsons\-i968).

Other'Sedimentary‘RockS", ™

A banded’ meta-~calcargillite oufcraps on the,Terra peninsula; -

R A TR ‘ -

it orjginally consisted of interbedded IiﬁEStone and andesite ash-fall
- L ; ‘ R

tuff. The unit is. found across the Bu]l Fault, where it is offsét’ .

rrlght laterally over ZOOOm and ]S Tess metamorphosed. In both areas .

Q

\\H ‘the bed 1s extens1ve1y brecc1ated and varies in th1ckness from 6-30 m.

The»h[gggna blocks themselyes vary from a few centlmetres to 15 m and

more aCroés. Where smaller, the blocks are rotated and, abréded ‘and '

have a matrlx of granulated calcar91]l1te The 1arger block§ are

uvv-.w

qften cont1guous‘gpd only s]1ght1x§rotated Bands can be traced Cs
between b]ocks\and\incipient breaks can be Iaund The beds below "
are Qnde51tg Eyffs énd those ove are pxroclgstic bnegc1as nvgﬁiﬁin

i R ‘.
\' : o !

1s seconda

v
N

'_, grimes found m Me calc‘argipite hor




.
v
- L
less brecetated banded dolomite and ¢ . T betwoen unbroken

contormable well-banded felsic ash-fall tuffs. All these horizons
appear to have been brecciated soon after deposition.  They were not

deposited as breccias. Tach is considered Lo be the result of a
.

»

scparate volranic~dﬁako.
Extreme lateral tacies varfations and the varying degrees of
brecclation make these calcareous horizons dffficult to {nterpret,
The frquenéy with which the calg¢areous horizons are mineralised
makes thetr understanding gritical. On Bloom Island there are yp to
300 m of banded dolomites with thin siliccous paltjngs but this
sequence thins to.some 10 m on the islands to th soutn (Murphy;, Pers.
Comm., 1973). These are not brecciated. Some of e siliccous
partings mdy have been algal, but si%ce most of the rock fs in the
hornblende-Mornfels facies, such interpretations are uncerﬁéin. No

»
distinctive algal structures were seen,
M‘w '

r

Th1n sequences of white quartzite and qudrtz pebble conglomerate
with»a dolomite matrix are found on the southwestern corner of Bloom
Islnnd and in the islands to the southwest of Nic Island, \Murphy
(Pers. Comm., 1973) reports white quartzites nea;.Slapdaw and Black
Bear Lakes, These rocks are 1nterpreted as littoral, possibly marine.
in a1l cases they are closgly adsociated and conformable n thick

sequences of sub-aerfal (felsic tuffs, .

4

Gorrelations . . N
'me@ mny workess have 'ﬁuatéd the v&lcanic sequences at

e . »
2 . 4 -
. -
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Echo Bay with those in this area (Kidd, 19333 Badham ¢t al., 1972),
divect Tthological correlations have not been made,

Briefly, the lower Echo Bay Group at Fcho Bay consists of 500 m

0f bedded felsfe tuffs and flows with intercalations of quartzite and
dolomite, overlain by 430 m of intermediate pyroclastic rocks, overlain
fn turn by 530 m of porphyritic andesite and well-hedded andosiﬁe
tuffs (sce Robinson,‘kgll).f These rocks are very similnrﬁﬁo the
felsic and lower Terra seduoncvs in the Camsell River Block.
However, the qreat dispariﬁies in thickness aﬁd the lack of detailed
stmi]arities‘of succcssfudlSuGQQst that: the rocks ware not once part
of the same sequence, but are the products of very similar processes
fn ngighbouring areas.

This conclusion is strengthened by the fact that the upper Echo
Béy Group consists of at least 1700 m of porphyritic andesite flows,
- whereas the youngest sequences in the Camsell River area consist of
‘ at’least 3300 m of volcanoclastic sediment. The: fact. that most of
th1§ sediment was derived from porphyritic flows again demonstrates-
the correlations of process but not of litholagy. Indeed, 1n an
attempt to correlate ]ithologies, Kidd (1936) ascribed this volcano-
, Clastic sedimentary sequence to his Cameron Bay Group, dlong with the
breviou;ly—describgd-ﬂalachey Unft. A_ .

Consequently, it is proposed that any attempt to make ﬁore than

very general .chronological correlations in this sequence 1s:ése1ess.

realising thdextreme facies variations charactérising this volcano-

[
~-sedimentary ‘environment,
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Hypabyssal Porphyries

These constitute a group which includes some of the oldest
intrusive rocks rocogni;ed in the arca and which continued to be
emp laced throughout $£$ soquence - Indeed, the Balachey Unit and

_ Cameron Bay Q{oap are intruded by quartz porphyries. A belt of
porphyries, outcrops 1n the southeastern part of the arca and small
stocks outcrop in the island; and on the north shore of Conjuror Bay.
The rocks vary from having dominantly plagioclase and hornblende

' L] L ]
phenocrysts to having dominantly quartz phendgrysts, but in all

T

cases the feldspathic groundmass is red-pink and very fine-grained.

A1l are clearly intrusive, but no metamorphism has been recx
at their contacts. In many places they have been 1n£ruded by
&ounger granites and, because of the recrysta]lisaiion. appear to
.grade into the granites without a break. Elsewhere, where granifes
\\ have 1ntrudgd crystal tuffs and porphyritic andesites, recryslelisation :
has caused these rocks to appearavery similar to the porphyfy intrusions.
Only the presence of palimpsest bedding érevents misinterpretatioﬁs.
The frequency with which these porphyries occur near the edgg; of
, .the complex suggests that they are supraplutonic, and tha1r151m11arity.
*  both compositionally and textura]ly. to the volc&n1c rocks suggests
that they are sub-vojcanic. A continuity of procgss from hypabysial )
to plutonic is suggested. An fnevitable result of this is that’ the
complexes represent original individual basins while the grqnitey

rdresent the sites of vblcanism and erosion to-provide the basinal

Mfﬂlfngs. o | : ,’» _ " )
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The emplacement of the plutons took place over a considerable
period of time and in general a sequence rrom;intermudiate rocks to-
true granite can be recognised. The two NU-trending lobes cutting
the complex are mostly adamellite, with lotal gradations into diorite,
syenfte and even granodiorite. The older intrusion beneath the
Ba]\tpey Unit is an altered)fine-grained hornblende diorite. It is
1ntruded by a hornblende granodiorite. The intrusion to the south of
Terra is Hornb]ende monzonite (Plate 3.2) with syenitic and grano-
dioritic patches -~ these are not separate stocks or composite
intrusions. A kilometre to the east of Terra a small stock of

diorite cuts the contact of the adamellite aﬁd the volcanics. Contact
\ .

metamorphism is 1imited in extent and the effects of metamorphism 1in
the hornblende-hornfels facies extend only a hundred fhetres or so

\\} from the contact. The margins of these fntrusions are strongly

altered and often contai:gr1ghly porphyritic phases, together with
» N
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epidote, carbonate and a tite. These margins weére the site of shearing

and intense hydrothermal act1v1ty: Pyrite and py}rhotite. with lesser
amounts of chalcopyrite, are oft;n developed in these zoﬁes and skarns'
‘of sulphides énd magnetite are common 1ﬁ the higher parts of the
aureoles (Kidd, 1936; Furnival, 1939a; Badham. 1972)

The large 1ntrusions ringing the complex are 411 coarse- gra1ned
biotite-hornblende granites or ,;nodiorites. These often have,
aplitic border phases and apiife and quartz pqrpnyritlc dykes often
é thesq margi ns. Some quartz-porphyry

extend a short distance-fr
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‘ . .
plugs and dykes intrude the edges of the graniteg, but the contacts

Are often poorly defined and it is suggested that the various phases
are penecontemporaneous .

| Contacts with country rock are sharp and again metamorphism fis
restricted.’ Some of the contacts are fault-controlled, although later
movement on some of these faults (e.g. Bloom Fault) often obscures
the contact relations. Near contacts the granites aré often strained
and sheared (P]&te 3.1) and hydrpthermal alteration and sulphides ére
common. Xenoliths of country rdack are often seen near the contacté
and are scarcely resorbed. |

That the intrusions were emplaagd at re]at1vely shallow depths

(~ 3 km) is indicated by much of the aforement1oned data. The
frequency of faulted margins suggests that 1ntruslon took placé by
the upward displacement of country rock, causing rap1d erosion abovv

|

and fast clastic dep051t1on in intervening topograph1c Tows. ?
{
Similar featuresggn the Peruvian Coastal Batholith have been

explained in a similar wayﬁkP1tcher. 1972) .

%meQﬁ%

Porphyritic dykes generally of granodioritic composit1on<9cut
all the vo]can1c rocks in the area, as well as the Balachey Unit.
They ara 9oncentrated near the margins of the.p]utons, byt often
striké northeastward "They predate the maJor transcurrent

movcmen;s on the NE- t#@bding faults, but were 1ntruded along pre-~

tive ngnin later,: It fs these same °

- \ . .
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lineaments that often control the margins of the larqger plutons.
The dykes have not been scen to cut more than the oputer fringes of
the plutons.

The dykes are variable in colour from dark brown Lhrouqh pink
to white, and this change is possibly indicative of progréssive]y
more differentiated rocks. They are strongly porphyritic with
phenocrysts of quartz, plagioclase, K~-feldspar, hornblende and
biotite éontained in a very fine-grained matrix (Plate 3.3). The
dykes.are rarely more than 6 m wide and are usually vertical. The
margins are chilled and the phenocrysts are often aligned in flow
bands parallel to the margins.

These,dykes'are considered to be supraplutonic and to represent

[

late injections of magma into the fractured roof rocks above the

‘ Eoo]ing‘ylutons Detai]ed studies should reveal separate suftes of

such dykes associated with each pluton

c) Aphebian Events .

Folding )
The broad structura] details of the complex are shown in Figure

12, Eskgntidlly the volcanic rocks dip homoclipal]y away from the

>

intrusive cont;cts and a broad open*§§nclfne has developed between
. the Nw-trending‘intrusFMt lTobes. ' ,The dips of the intrusive contact$
often gppaar 10 be’ sim1lar to those of the 1ntruded rocks. The ’
contact; dips cm be mtd'pqhted from the ext:eM of mtamorphism away

*qun tha contacts, At Terra Qrill and outcrop contrql nra good and

ke >

A
1 ’ . - . L ¥
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the contact dips at 70-80° dnd is nearly conformable to the strike
°f‘§hﬁ volcanic rocks.

N Microfo1ding {s common {n the Terra Sequence and is clearly
drag'folding related to the main syncline. A few mesofolds of
similar type have also been noted (Plate 1.7). Fold axes in Conjuror
' Bay parallel the Richardson Island granite contact. In general
folding is quite jintense but of low amplitude close to the intrusive
contacts, an& dies out rapidly into the complex. The structure of
the eastern half of the area {s interpreted on two sketch séctions
(Fig. 13). | \ »

The quesfion that needs answering {is the gsua] one when
considefing folding and high-level intrusion: which came first?
Were the intrusions perﬁitted access by antic]1na1.cores, or did the
intrusions generate the folding? The ‘'evidence of decreasifg degree '
of folding away from the contacts suggésts the latter, The presence
of gfanites where the anticlines might exist suggests the former. |
In the ]ight of the model to be presented for the structural .
‘evolut1on, the caisative ngeﬁt was clearly the process which
| generated the granific magmas. Since, inlthe‘Echo Bay area, the
Camev.*qn Bay Group 1s folded to the same degree as thé Echd Bay .
~ Group, the folding mist have occurred .after Camefon Bay times.
Similarly, t,hg volcanoclastic debris fn the Camsell River area 1s
' folyed, and u\is must have been eroded from Jhighs" over r151n9
‘gnnitas. The first transcurrent mvements on the NEétrending faults
,.offsat ‘the, fold axcs. mnsequ:ntly. it 15 proposed that the early |

e

' ) ‘- A. o . N N o . /’ .
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intrusions inithated the folding which terminated with the final

enplacement of the granites.

Mgggmorghi§m

Ai} the metamorphism recognised from‘petrographic studies can
be ascribed to contact effects around the intrusions, or to hydro-
thermal alteration inducdd by the intrusions, the faults and their
associated veins, or the diabases. Robinson (1971) recognised
zeé]ites in the vo]canig pile at Echo Bay, but these have not been
observed in the Camsell River area. |

Metamorphism up to the hornblende-hornfels facfes (Turner, 1968)
has been recognised around all the plutons, but rarely eﬁtends more
than 100 m from intrusive contacts, except in calcareous rocks.
Recognition of the facies 1 volcanic and volcanaclastic roéks {s not
simﬁ]e. Essehtia]]y, at the H?ghqr grades the feldspars become more
sodic aﬁd overgrowths develop, anq;ma{r1ces get coarser grained. In
the field a totally subjective judgement of grade has to be Wwade from
the 'hardpess' and 'gféenness' of the volcanic rocgs. In the
éa]caredus'horizons albite, quartz,.garnet. calcite, q1ops1de.and a
bluish amphipole afe ciimon 1n this facies (Plgte 4.4). Vény good
sections are exposed on Bloom Island. | . v} |

"Identification of the a]bite-epwoce f'acies»(Turner, 1968) is

[

~ even more subjective. In the andes{tes the plagfbclases become more | |

| ‘sodic and are corroded to epidote and carbonate, while micas can be

ﬂsgen to have grown 1n the matrices of the c]astic sediments. Calcite, )

PR ‘
L ) A * -
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1
tremolite, epidote, quartz, dolomite and ch]orfte, and rarely green
biotite, have been observed in the calcareous rocks (Plate 4.3), and
the first appearance of diopside marks the upper limit of the '
albite-epidote facies, The lower end cannot be defined in ::é field,
Epidote itself has not been recognised more than 1 km from the
intrusive margins, but chlorite {s common throughout the argf.
However, it is impossible at present to separate chlorite produced
by later hydrothermal events from that produced by the plutons.

In general the outer margin of the albite-epidote hornfely, facies
is defined by the first appearance of metacrysts of these minerals,
éven though mucﬁ of the rock may be totally unaffected. Plate 4.5
shows chlorite metac}ysts which have grown 1n(ap andesite tuff and
Plate 4 6 shows an ep1dote ~-chlorjte veln]et praferent1ally replacing
coarser bands in volcanoclastic sediments. Both samples are taken
abgui 700-m from the contact on the Terra peninsula, near the outer
limits of the albite-epidote facies.

The estimated limits of albite-epidote facies metamorphism are
shown 1n(F1gure 12. AThe excessive width of this aureole around the
northernmost of the %lutonic']obes 1s uﬁed to 1nfer a';hallow dip of
the plutans (Fig. 13). |

Temperatuﬁés near the intrusive margins must have been about

44
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600°C with pressurei%pf between T-and 3 kb (Turnev, 1968). Cordierite

~ and: andalusite, whitch might be ‘expected in the metasediments under
. fthgse conditions, have not been observed. It 15 *concludéd that the
sedimmnts contain too muqh cala1um*(1n carbonnte and feldspac) for

. . ) ., ,
» B - ' Lo : . s . b}
. ..

C
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Figure 12, Structutal and Metamorph1c'mip of the Camsve]l River Area,
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 Detailed studies of the metamorphism of the

Thrra are reported in Part I:8.

h

calcargillite at

.
. i
v " ‘ ' -
"
o , .
o
. rl ]
1
> 4 :
‘ !
’\
)
i
.
[ .
L .
‘ P iy
{ A 0
"
-
L
'
iy . N
|
. 4
]
L)
“. “ ¢
' toad
2 h ) \ B
! f 1} e o
b .
' . I‘I
A'rn
L}
.
'
- [
A )
\ .
\ ‘ . .
LN ;
" .
B
. ..\
1 L
8 ‘s .
.
. [ h iy A . ", "
[l \
+ W { LI
. ' . e
* . .
LA ¢ ! .
f
ot N ‘ o
- % '
» T . ‘ . ]
. AR ' . ' i
. B
' . P
St ;
» R
¢ . A 3 L N
et . e s
. . . R - L : N
. ‘ \ K ' 3 X
4 ' . by

47



48

-

PLATE v\( .

1. Rolled boulders of chilled porphyritic andesite with interstices

filled with g]as%y and fragmental andesite. - Base of flow,

W

north side of Terra Penlnsu]a o ;/ £

/ A

2. Sequenqe of banded waterlaln andesite t fis, with th1n calcaheous )

horizons, overlain by ‘cherty’ rhyol1te, %n the r1ght Terra

A

Peninsula.

3. vOlcanic-breccia of anqu]ar, unsorted clasts, inciuding andesite,

»
i

rhyolitey pufes and ca]targ11]1te Térra Peninsula.
R ~\,
4. Base 0fqa porphyr1t1c andesite flow on ton of vo]canoc]aqt1c
A silt, with some -silt:lava ‘emulsion’', Terra Peninsula.

5. '“é?nSs-bedded, weakly calcareous vo]canoc]astic s%g1ment.

Terra Peninsula. o R
, ) \ , \ '
) . 6. . Well-graded, bedded volcanoclastic arkose and silt. ' Terra
v Peninsula. P >

7. Part of a small foid 1n‘water1ain-andesite tuffs. , Terra

PenlnSula, looking east, ' L, $ $\“
B Nater escape structures,, break1ng up vo]canoclastic silts betwéen
gradgd arkose. ‘.pte also shahe chips 1n the coarsa beds.‘ Tefra o

Peninsulat S .,vaw - ’ W
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PLATE 2 I

1.

8.

AndAﬂinv porphyritic tradhybasalt, with later metacrysts of
haematite.,  Terta Peninsula. PLPWL.

Vesicular basalt. Carbopate- and (]ll\l‘l'vix:—"”](‘(l. chlovite-rimmed
vosdcles o Stronaly chlorvttised 'hornblen Jh phenocry .t on left,

»ﬁé‘?
Hiahly altered matrix, “d‘%““kyﬁigﬁh df“gg$

Vesfcular ‘froth- flnw‘ ‘“ﬂb§ﬂ% _ )d\ P llaqlo«llso is

X
wtl1led veudules.  Silver Gav.

andesine,  Quartz- and «a
P.p.L.

Quartz- and cavbonate-filled vugs in porphyritic andesite.

Note feldspar needles in groundmass. Terra Penfnsula, P.PL. .
Miqgociase porphyritic trachyandesite. Thenourysts contain
bfebs of chlorite after glass. Terra Pentnsula. P.P.L.
Rhyolite tuff, fragments of quartz, feldipar and oltered tuff
contained in a devitrified, flow-banded matrix. Nbﬁxh of Black
Bear Lake. P.P.L. )

Ignimbrite. Embayed quartz (note cubic habit of vne - posslély
after cristobalite), altered feldspar, hornblende ahd tuff

fragments and pumnice fiamme in streaked, devitrified matrix.

-*Bloom Island. P.P.L.

[y

Perlitic devitrification texture in 1gniﬁbﬁite. B1oom Istand.
P.P.L. )

»






PLATE 3

1.

P

3.

) d@ Peninsula. Crossed polarisers, r
RV Y

‘q,

Sliahtly cataclastic and altered hornblende btotite granite.
Richardson Island granite, near Bloom fault.,” Crossed nicols.

Pseudomorph of chlorite anq*pavmatite after 'amphibole', in

altered plagioclase. Terra monzonite. PPyl

Central phase of quartz-feldspar porphyritic dyke. Terra

-

'7\

" Contact of diabase (dark, with andesine phenocfyﬂ#s) with \

andesite tuff, Cross-cut by quartz (in tuff), carbonate ?‘n
diabase) Qein. Jason Bay. P.P.L. Gréen filter.
Well-bedded, graded volcanoclastic silt and arkose, the latter
containing andesite lava and tuff fragments. Terra Peninsula.
P.P.L. .
Cataclastic tourmal1ng (grey) overgrowing tuff (om right), cut
by quartz stringers (white) and strongly replaced byVpyrite.
Balachey Lake. P.P.L. -

Sheared chlorite-muscayite vein, around rolled and strained

fragments of quartz on edge of a quartz. vein (white). Terra

Mine. P.P.L.
Progressive vug fi1l, from a centre of amethystine, zoned quartz
(on 1eft) ko finer-grained quartz and finally granular, impure

dolomite, | Si1ver Bay Mine. Crossed

"
’
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PLATE 4

. »

1. Zoned, corvdded andradite over quartz and tf;molite. Meta-
calcargillite., Terra Mine. P.p.L.-

2. . As above, Crossed polarisers. *

3. | Epidote and tremolite vvergrowing a quartz-~carbonate band.
Metacalcargillite, Terra Mine. P.P.L.

4. Quartz, albit:; epi?pt;. dfopside, hornblendé hornfels..
Late metacrysts of haematite replace all but quartz. B]oém

~ Island. P.P.L. Green filter, N |

5.  Anular chlorite metab]asts growing in andesite tJ}f. Albite-
-epidote facies. Terra Penlnsula P.P.L. |

6. VQ!niet of epidote and chidbite cutting .and banded volcanoclastlc
sediments and preferential]y replacing coarser bands Terrg
Peninsula. P.P.L, ‘

J. Highly altered veiscular trachybasalt. Silver Bay Mine. P;PIL.

8. <Nall rock alteratfon around a 20 cm wide carbohate vein, off °
the r1ght of the picture. On.the left, chlarite andﬁsericite‘

| replace matrix and alter feldspar phqnocnysts in andes1te tuff

In centre, the phenocrysts consist of alb1te»ep1dote and

carbonate in a chlorite and carbopate matrix. On right, the

-phenocrysts are destroyed and the rock consists'of chlorite and

carbonate with quartz vefnlets Terra Mine. P.P.L, Green .

'
ﬁlter. L

~
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oo GEOUHEMISTRY OF APHLBIAN ROCKS

Analyses have been pertformed on 39 samples (6 bésalts, 10
andesites, 8 felsic volcanic rocks, 7 plutonic rocks, 6 sediments and
“3 diabases) for up to 25 elements. The analytical techniques are
reported in this section together with a1l the data relevant to a
discussion of the nature of the magmatism in the Camsell River area.
Results more pertinent ;to studies on the source and locatfion of
mineralisation will be reported later. Inevitably there will be |

ovef]ap, in which case data arc presented in both places., Data

’reportéffig/xhﬁs chapter have been presented in Badham (1973).

»

-

a) Analytical Methods

Twenty-five samples (3 Basa]ts, 8 andesites, 2 rhyolites, 6
p]utoni ocks, 2 sedfﬁents; 1 metasediment and 3 diabases) were
kindly analysed for Si, Ti, Al, Fe, Mn, Mg, Ca, Na, K, P, S, Ba, Sr,
Rb, Nb, Zr and Y on compacted powder by Dr. G. Holland at the
University of Durham, using a Phillips 1212 X~ray fluorescence
spectrometer. The results were corrected by him using a computer
technique (Holland and Brindle, 1966),

Thirty-two samples (4 basalts, 9 andesites, 5 felsic volcanic
rocks, 7 plutonic rocks, 4 sediments and 3'diabase5) were ané]ysed'

r N1, Co, Ag, U and Au; using

by Bondar-Clegg and company Linited,

atomic. absorption spectrophotometny Ni, (§ and Ag were extracted

with'HN03,and HC1, U with dN03, and Au by fite-assay. This work was

56 «



most gencrously arranged and financed by Dr. R.W. Boyle of the G.S.C.,
Ottawa.

Thirty-six sampies (5 basalt;, 10 andesites,l8 felsic volcanic
rocks, 6 plutonic rocks, 5 sediments and 2 diabases) were analysed
by the author for Cu, Co, Ni, Zn and Mn, employing a Perkin-Elmer
Model 303 atomic absorption spectrometer Qnder the direction of
Dr. S. quluk, Department of Soil ScienCe,_Universitylof Alberta, and
with the assistance of operator, Mr, Park Yee.

Thelsamp]es for atomic absorption analysis were prepared by
fusing 1 gram of dried rock powderi(< 150 mesh) with 3 grams of
lithium tetraborate in a Pt-Au cruéigle. The g]ass“was que;chéd and
dissolved in disti]led water and HC1 and the resulting sotlution made
up to 100 ml, ensuring that the cbncentration of HC1 remained at
approximately 3%. One sample was prepared twicé from the -same powder
to test the reproduc{bility of the method. Indications from previous
studies KRobinson, 1971) were that these sample proportions would
give measureab}e;conceﬁtrations.of the elements being analysed,

.Five U.S5.G.S. standards (G}, W1, AGV-1,)BCR-1, GSP~1) we}e prepared
for. analysis in exect]y‘thé same way, iogether w1th a hlank sample
~-made up'ﬁith]1th1um tetraborate,‘but no rock powder. A range of
internal” standards at suftable concehtratjons was prepared hy

‘ dis;olvfng metal salts in distilleld water and diluting to required

concehtrdtionk. - HC1 Qﬁs adde& to make acid concentrations'the same ’

as in the sample and external standard solutions. | | .

Calibrat1on curvgs were prepared for each e ement by rﬁnn1ng both



internal and exterpal standardﬁ twice. Accepted values for the
external standards were taken from Flaﬁaqan (1969) (GZ’ GSP-1, AGV-1,
BCR-1); Taylor and Kolbe (1964) (W1 for Co, Cu); and Fleischer and -
Stevens (1962) (W1 for In). | | : - "

Errors and detection 1imits of thn’stud) were: !

Detection Limit /

Error ™ __(ppm)
| /
Ni ot 8% 20
Co + 7% 30
Cu t 8% 20 @
In t 1% 15
Mn* up to 7% 30

. | ,
*Errors for Mn are hard to estimate because
of wide disparities in published values fqr the
U.S.G.S. standards.
There aré published zinc values only for Wl. Consequently, it
s of interest to note the following results for the other standards,
corrected from a standard curve ‘of the interpal standards and a-
-value for, W1 of 82 ppm (Fleischer and Stevens, 1962). Averages of

other pub11shed ana1yses for Zn in W1 range from 62-110 ppm with a

mean of 78 Bpm *
| A Zn ppm £ 1% | S )
AT 62 68 A
| o GSP-1 96
; o Aav-l 78 ‘

ey - .
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Results

~ The results are presented in Table 1. The large scatter in the

values of Na, Ca and K and their associated trace elements are
-

cjedrly demonstrated: these are the result of the alterations

None of the samples analysed was apparently weathered. The two

discussed in the previous chapter.

analyses of.yo]canoc]astic~sedimentary rock show a close similarity

to those Af the andesite lavas from which they were derived. However,
tFeQ is enriched and Ca0 strongly depleted -~ the alkalis are unchanged.‘
It is concluded that palaeoweathering is responsible for thi; Change.
One tuff (SJ 1Q.1) and one basalt (NK 4.1A) show similar anomalies,

but botp have apparently also lost pétash. JQt is suggested that this

a]teraiion is hydrothermal, and concluded thaq none of the analysed

6 "
samples underwent any alteration by pa]aeoweathering. e

From the field relations, petrography and ana]ysés, it is

concluded that most of the alteration effects are hydrothermal and

4

correspond to the dgstruction,of'mafic}mineréls to chlorite and magnetite,

-~ and feldspars to carbonatés epidote and sericite. The effects of

\

contact metamorph1sm per se appear to be neg]1g1ble (compare sample
1oc£t10ns in Appendix 1 with the metamorphic map [Fig. 12]). The .
petrograpﬁy of analysed samples is 0 reported 1n Appendtx I
Because of the altenﬂon effe;tﬁ. any clas‘éiﬁcataon scheme must
be used with- caution. For 1nscance. scheme%'basedeznfnqa.pti“ feldspar
proportions ﬂhcome meaningless. Total alkali valueS are, hawever, -
1edl'har1able (Table 1) and 1nd1cate that p]ots 1nvolv1ng (NaZO t K20)

and .one or two other comppnents ‘may be mare usefu].

5, T
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.

b) ®#Classification of the Volcanic and Plutonic Rocks

" P

The rocks are classifipd using the criferia of Irvine and

.Baragar (1971) where possible. The AFM diag?am (Fig. 14)»df the
suite shows its calca]kq]ine nature and a typical ‘trend of‘al%ali
enrichment to an extreme differentiate ~ the quartz-porphyry dyke.
An a]ka]i;:silicé‘didgram (Eig. 15) demonstrates the'marginally
sub~alkaline nature of the sﬁ?te; although the scatter is large, .
Two of the basalts plot in the alkali field; the alkali values of
the third arefspuriodS. The plot of the avecagcs on this diagram

“shows a typical calcalkaline diffcrehtiafion trend tha@ can be seen

| to be slightly more a]ka1ioe than those presented by Irvine and
Baragar (op: citi) for example. In neither of these diagrams 1is there
any detectab]e difference between the volcanic and p]utonlc rocks and,

“in spite of the alteration, thq suite can readily’ be classified, |

Subdivisions bosed on rock chemistryAare more difficult to make.

‘Attempts to classify the plutonic rocks using the systems of Heitanen
(1963) and Smith (1963) produced results sometimes 1ncons1stent with
the p rographic data, because:of their dependence on. alkali values

‘Co‘asquent1y, the nomenc]ature for the plutdnic rocks from fjeld and -

pg;aphic data 1s retaiped, - ' : “ ," | ,
* Trvine and Baragar (op cit.) recommend the‘uSe of a honnaﬁiye‘ ﬁ
colour. index: normative p]ag1oc]ase compos1txon diagram to subdivide

" the vo]canic rocks. Its principle shortcoming is, as they adm\t. the
dependence on the alkali. anaIyses, and attemp%s to use this method -
gaVe 1nconsisten results. D " f,‘; 'aﬂ Lo .* ‘
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A , - . .
Consequently, the voloanic rocks are subdivided on the hasis of
silica alone,  The samples analysed fall into three natural groups

(basalt: Si0,, - b5, andewfter bHY - %i02 < 655 rhyolite: \iO ~ J0%).

¢

\ N\
The absence ot dacite (65" - Si()2 - 707) is almost certainly an

accident ot sampling. However, the gap between basalts (5102
md;imum 51.19%) aﬁd anﬁfﬁites (5102 minimum 57.40%) is real. Samples
fdentified petrohraphically as ‘basaltic dnaesife' fall into either
‘Hhavalt’ or"nniosite' fields. Although this subdivision is :
unsophisticated, it is justitied both by fts independence of ai\ali
analyses and by the clsse <imilarity of the averaqes of each

subdivision (Table 2) with averages of ather suites from similar

qeotectonic environments. 2y N
'

The hasalts can be scen (from Table 2) to be grossly similar to
the average alﬁali basalt (Mansdn, i967; Prinz, 1967) epart from
.enrichments.in vFe0, KZO and Rb dnd depletions in Ni, QQO‘Fnd Sf.
' Even when thé spurfous results of the altered sample (NK 4.1A) are

omitted, these differencc; persist and are significant "

The andesite tuffs aG: lavas axe closely-similar to an a@&rage

e clpssified as such. This

lv‘

high-K andes1te (Taylor. siﬁ

'Figure 15 .. 'ﬁ,

high K-content L] the cause %‘i’iy alkaline nature on

.
‘;

T’ rhyolites clasoly remme those from mnx suites of similar
mobectqnic position - for exmh thase of the La‘é Taupo region

g

(Tulor et ol., 1968) The close }iu‘!hriu' of the intrusivn mdp L
Qx;min rockt is well depomtratpd {n Table 2.

Al /. .
N B f .
. K N

‘A
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The inlrusive rocks are comparable with many typical oroqgenic
batholith suites, but are pnlthaulnr]v enriched in k 0 and have a high ¢
20/Na20 ratig. Thn nve,similnv in many vespects to the high-K
suite from Yeoval, Australia, discussed by Gul \on et als (1972), -but
differ from other calcalkaline ‘shoshonitic® fuftes (Joplin, 1968)
" in having low Ni, KZO/Nazo + 1 and a higher content of T102 (Smith, '
1972). _ . ,
In qeneral the suite closely resenbles a number of continental
late-orogenic calcalkaline suites. The ;olcanic rocks are c]osely
simi18r to Cenozolc Andé;n suites (Hamilton, 1969; Vergara, 1972),
aléﬁiugh more K-enriched. This K-enrichment is §im1]ar to that in

the Cenozoic\basin.and range suite from the Shoshone Mountains

‘ (Vitaliano and Vitalfano, 1970). The intrusive rocks are more

-

K-enriched than the volcanic rocks.

TNE Peacock Index of the whole Camsell Rives suite (1qnopiﬁq.
*
for a moment. the basalts) 1s around 55 ('alkalic-calcic') and 1s

closely similar to the Yeoval, Andean and Shgshone- suites discusse ed

" previously. The Mow N1~ contents and lTow Ni/Co ratfos are typ1cal of

calcalkaline su1tes (Taylor. 1969@) - : ‘ " .

Jopli,n (1968) 1nt1mated that high-K Tavas and '1ntru51oris were
typtcal os periods . of tectpnic stabil{sation in the waning stagas of -
omgeny. | The Ygomaﬁldean and Shoshone suj tes discuﬁed are all . e
typical of, such nﬂ?ﬂmnu. wheraas the Papuan suite (Jakes and |
_ saith, 1970; ’sma. 1972), while broadly simtlar, differs n detatl
.ho;ﬂ dmfcaﬂy and in t;s gcotectonic”position, ‘ LT .

LY o N ® !

-



Harker variation diagrams for the major (Fig. 16) elements
demonstrate the very close ﬂnnlmnws of the C dm‘] Rlvor and hn
Andean suito The Andean trends are drawn from data axmvmbled by‘(
Hamilton (1969) for tha Cendzoic rocks of the central Andes,  Apart
from certain anomalies in the basalts and the higher kzO values, the
comparisons are remarkable.

The basalts from the Camsell River are& are consistently
anomalous., Basal{s are not common in the Late Tectonic calcalkaline
sJites (for instance, -none are described ihﬂth; Cenozoic Andes), bug
N where they oEcur they are c6nsistent]y similar in containing olivine

and célcic plaaioclase pheno%rysts. Published analyses of such
basalts (Eﬁgrt et al,, ]9§8: New Zealand; Nlpe. 1469: High Cascades;
(> Vergara, 1972: Mesozofc Andes) are grossly §imilar and Tunner and
Verhoogen (1960) conclude that the “chemical [features that tend to
recur in the bas?c members of the andesite association a%e high
:Al 03. low T102 and :fFe0 and very low K‘O " the Camsell Ridé

basalts contain hornblende and 1ntermed1ate plagfoclase phenocrysts

& and‘hre enriched 1nsze0 and KZU' and depleted in T10 ahd Cao They

are alkaline, but the low N1 contemt and Ni/Co ratio suggest a closer

. 3 \
| ]Iﬁ‘ affinity with the calcalkaline suite in the area, as‘does the L LY
| f ATR0, content, . ST e .
'y o ¥ Conﬁderable alberqtion of the psaltk 1s ev1d6nt‘b th in the
' eld and petroyrahically (Appendix » and m@y hgve axa erqtgd o

, camonate
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(and only basalts) showing the same alteration dre low. :
The low Ni contents of the basalts suggest either a pre-
A .
eruptive loss of olivine by fractionation, or a low initial Ni
content (Taylor, 1969). Their hornblende porphyritic nature and )

the tuffaceous; shard-bearing horizons testify to a high water content
of the magmas. Hydrous magmas are typically enriched in alk§11s over
their 1éss hydrous,'pyroxeﬁé~ and o11vine~beaﬁing counterparts, These
dﬁta suggest "that the-basalts may be related to the rest of the
s Ca]c:ifka“].i‘ne suite, but that this relationship 1s\obscured by
alteration. . ' B
The variation diagram for the trace elements’(Fig. 17) shows
that the basalts lie on expected evolutionary curves for many
elements -~ notably Ti? y, Nb, Zr, Y, Zn, Cu% Co and Nt. Th
relationship may be.testgd\b 1poking -at elements whose diqtribution
{5 not greatly affected by alteration. - Nickel is one suuh and fts
content is typically low. Al, Zr and T1 are others, Tha Al, '
and Zr contents "0f Sample SJ 29 8 are suspicious]y similar to, those
of the diabases (Table 2). It was collected near the margin of a
.young diabase. kae in an area of poor exposure on~tha Terra peninsula
It 1s coﬂc]uded thnlithis may be one of the older. altered diabase :
'}Ji. Ti gnd Zrgare notlthpTuded in the RN el

“j~'4ykes. apd its aﬂglyses fniw;
"fonwing discuss(cm. f » e | ,
‘ - A Ti Zr plo’t foy the Cnmsaﬂ River gbite (Fig. ﬁahougla o
; ‘1cont1nugqg trend. fngnﬂbqsalt tn »liteﬁ This dogs nat fnd\cmﬁﬂk

ﬂg;‘ ma;mimtxfme Sosalts and he rest«.,f tm sulfe but wﬁ&n‘ th‘ 4
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figure is compared with a similar plot for other calcalkaline suites

[

(Fig. 19), where consanguineity is proven, the basalts, are closely

similar. The alumina values for, the basalts are also typicat of
‘basic calcalkaline rocks (close to ‘high-alumina’ series).\ It is
concluded that the basalts are part of the calcalkaline sujte, but
that their re]at1onsh1p has been obscured by a]terat1on Nevertheless,
they still)" differ from odhers in the1r hornblende-porphyritic nature

and high water content. B .
\ A -
Ftom the data and arqumenes presented in this and preceding -

R L L L LR Y TUP

. a o . b

~ sectfbns it is condTudéd that the Camsei]vhlver maqmat1c rouks.are

all consanguinequs, and part of an alka]i rich calcalkaline suite, 'l/»,f
having dist1nct qeochem1ca1 petroqraphic and field afflnﬁtiﬁs w1thJﬂK
younger oragenic suites. The Ti:Zr diagrams can be used 1:?I"fur'tmar’¢“N ¥

‘these comparisons and to make hypotheses both of magma origin and off%y’ ‘»;.u
; magma evolut1on. ‘

1

The 1dea 1Eryem°"5trated by the /fract)onation dlagram (Fig. ) #ﬁ' ,%

Essentia]ly Lris restr1cted t"'

minera]s of . crystal1151n9;:

i -.'t"%“‘ ‘ . L
Zr contents b,etween 50 and gﬁ’O ppm l’g,f magmaﬁc amprﬁbo}es (e.g. . , '

f Engel 1959), altheugh data qre soanty. 4The Zr contents\of cﬂino- g;v @;
pyroxene are lbwer. T‘i ma,y substﬂute ’!n early, clin,?pygoxene, |

[ amphtbole ar magnetite, but will enter. the oxide P"éfe"ﬁntmw i o
T.-Z; "Titanign, 9, T14 p substitutes fg‘@ Fe rathemthan -F@ in Pﬂﬂ‘ ‘
%wphiboles and pyﬁ@xenes Thus pmgressively gmater amounts Qf‘ “ »“

'iboias -and "

;- X "J i :,s".:- R
3 , o . P

m‘ightwbe expesmed m p’rogrgsﬂval,y mm,mms@g
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¥ o
‘u;roxeues, unt]] such time as magnetite forms.
‘ Conaequently, Zr fractionatton in magmas must be controlled. by
amph1bo]e.i Ti fractlonatlon is COntﬁQ]]ed.by amphibole, clinopyroxene,
magnetiue and f0, (McReath, In Preparation). On the fractionaaion
. diagram trgnds in the NE quaarant‘ara;therefore controlled by.somex
K " phibole or'.pyroxene fractionation from the magua, and'the staépnesa
% these trends will depeud on the%amo.un/t of Ti bdth in the original -
" melt and in the crystal phases (1. e on fOz)f Trends in the SE
quadrant 1nvo1ve strong ;amphibole’ fract1onatlon, and proqress1Vely
} “‘steeper trends . will invelve more and more maqnetlte F1na11y, a
‘}Qwert1cal trend can involve magnetite alone. Althdugh the amphibole -
may’ carry T1, weak fractionation will nat affect the residual \ »

R cgncentratigu of Ti'inuthe magma: it is too high initfally, L

- Sometime during-the Course of‘crystallisation of a tholeiitic \ - f:
- magma hornb]ende -and, magnet1te will start to fonn Any trehd'inﬂtha 11 o
NE quadrant wi]] ?ow turn into the SE quadrant, If the magma ”\ ” ," \f

evo)ves to such a point that zircons precipitate, and are fﬂactionated,

’,i the. trend wi}l reverSe into: the SW quadrant A 1arge nuwbar of o
tholelltlc suites have a ;tart1qg cpmposition around 50 kS 10 ppm T1 't3n\
ﬂﬂ 50 ppm Zr, ana evo]va 1n1t1a]ly 1nto tha NE quadrant (McRea;h,

% «1972) " The ,d,i‘stance and sifeepness of, tms NE evq?ution wi 11 depend

Lo entamely on the amount uf Ti 1n ,he Fjactifnating phases (1:&. on ﬁhe ~';ffa‘g

N LI X I
cETT b‘ L VA
A . V

~'? ’clcsar tc}_tha E-axis, and” theu inﬁp‘ the SE q




orogens and it has often been. proposed that the suites* are’ﬂgrived AR

s

'\Change in cond1t1ons in a fract1onat1ng,thq]e11te magma,(1.e{ 

1ncrease in fO2 or pH 0). o o ] | RE

_ Zone (McBirney, 1959 Dickinson, 1970)4f011owed by f\\ctxonation of N

L99O109V of. the Camsell River suite are consistent with such a modal
:APPHc%’tdns of mckmson s K-h prots (1970= Fiq 9 to ‘the @‘amse" N

_River s"ite 1nd1cgte that 1f thé smte Qrgmnated b:{ Pﬁrtm "‘em“% B
on the Bev 1off Zone m*a siﬂﬂar manner tﬁ txha't Pmé‘é‘sed’%r ‘?‘“*"‘ ey, )

.
NI
\Jj "

¥
Al ca]ca]kai4n0~sujtes trend either horizontally or into the

SE quadrant from a pareht containing about 100 ppm Zr and 60 x 10° ppm
Ti. The difference in steepness of tﬁis trend between island arc
calcalkaline suites and continental K-rich suifes fs of interest and
would seem to"indicate that magnetite.plays‘a‘more'imporgant role |
tﬁan amphibo]é in the fractionatiqn of fs1and arc magggs. It is
also interésting to note the change of trend of both' the'Decggflon "o:3~
;hd Umnak su1tes as the transition from thole|1t1c to ca]cé]ka]\ne |

” I X ‘~
is made N : * S '

The Camsell River suite plots on the margins between the island
drc and’k-rich types and shows a similar trend. 'The parent of the
calcalkaline suites falts close to the fract1onat1nq tho]e11te 11ne

and may indicatesthat the calcalkal ine su1te may be derived by sudden

By
+

Recent high-K ca1cq1kaliné sultes are deve]oped 1n Andean tyqu ' f

by partia] me1t1ng of a descendTng s1ab of 11th05phere&0n tne‘Benioff

"hqrnbiende (Jakes and\white. 1972)gh.Thegchem1stry, petrography and. Jv‘ ,,7




L

250 km (at K 50) and 150 km (at K 65). '

. Figure 20 shows a plot of the dip of the Benioff Zone again
ntae

the distance from the trench to the Camsell R1vef area for'd1ffe

a

depths of magma derivatlon

[

20° and 30° beneath the two cordll]eras and app]1cat1on of th1s

st

ront

Benloff Zones appear to dip at between

figure to the Hopmay Orogen would imply a trench 450-700 km to the

west qf:the Camsel] River area (i.e. beneath the Mackenzie Mounta1ns)

The areas of maJor continental- -margin Beltian sedlmentation 11e
Al

further to the west.. Coqsequent1y, either: 1) the model is not
? .

~applicable; or 2) the Benioff Zone had a sha110Wer dip (“,15°);$or -

3) the sys tem was not a sfnd?b trench Benloff $ystem, but was a
L, i~
i complex series of such systems (c,f. the North

Indicatlons af a po]arlty of the Great Bea Bathol1th were

discussed in Pant [:3 and nei chefif cai data (Hof fnap, Bérs. £on‘:m\

/

1973) indicath that th1s po]arity may,be a realnty, + Hoffiman !

,-substantiates his field'obserVatiqﬁs of inter1ayered bqsaitsVA

‘\

' Ereferene ¥
.

erican Cord11}pf

.,
AP
-

‘ rhyolites in the eastern part of the 5“\holrth, ‘with, analysef of

VQ]capic and p1utontc rﬁcks show1n? R bamoda{ dastrlbutiv"ﬁ"
" apparent andesnw gap. - The basalts are alkaﬁ m:h »31
. ;and 2,3: Ne 0", The plutoqs cohiaXh 37"77% 570‘!¢"¢ t

he We1ded'.: £ |
,sheets coqﬁain up ?o 80% SiOZ, A pO)afjty in sJ1tes f_~m '51,3;;3 o
| Tite "‘,evwent., nd

L
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basalt-andesite-dacite rhyqlite ﬁfios in the southern Cascades’

(0.q. Mt. Mazama and Lassen Peak) and ghe bi;alt—rhyolite suites on -
the cratonfc margin of the Cascade Ranqe (e.q. Nowbérry and Medicine
Lake Vdicanocs). This variation alsoyoccurs over some éO miles.
Simildr variations occur in the Andes (Verqara, 1972) and in the

Avalon Pnninﬁulg of'Nowfoundland (Papezik, 1972). These polarities

always occur perpendicular to the trend of orogens, with progressively

mFe K-rich suites’lying further from the 'arc'.” It is proposed,

therefore, from purely chemical and petrographic grounds, that the

Great Bear Batholith was ‘an Andean-type continenfa]—margin aroqen

0

in which the original margin was considerably to the west of'the

L4

Cam§e11 River+Echo Bay area.
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6. GEOTLCTONIC EVOLUTION OF THE BEAR PROVINCE

In the past tﬁree_years there has been a radical ohange in the
interpretation of the Bear Province, engendered by Paul Hoffman of
the Geological Survey of‘Canadq. A

Hoffman, from mapping of the Last Amm of Great Slave Lake (1968,
1969),\postu]ated that the Aphebian Goulbhrn. Epworth, anre.and ﬁchb
Bay Groups and the Great Slave Supergro‘h‘(see brg~1965 maps andA
reports of the G.S.C.) were part of a single geotectonic unit ~ the o
Coronation Geosyncl1ne Later mapp1ng to tesl this hypothesis -
showed that 1n essence Hoffmhn was cgrrect,‘hut than the Great Slave
\Supergroup was not actua11y part of the geosyncPine and.was set back
into the Archaean cratop (c.f. Hoffman, 1969, 1970;309 1972) “Further
work revealed’ that the Coranation Geosyncline cons1sts of three maJor
units (Fraser et al . 1972; Hoffman, 1972, T973): ’
1. The Epworth fold and thrust belt, compr1s1ng the’ Epnorth
Group sediments which 11e unconfonnaM_y upon the Archaeqn craton. '
2. The Hepburn Batholith, comprising the high- gmde metamorpMc o }
mcks of the Wopmay and Emile River belts of the Snam GrbUp, amd ' ) ~;"?_

| ﬂﬁgply eroded granites and gneisses. -~ = ° TR ‘.‘w;f
3. The Great Baar Bathonm. comprising epizonal grani tes And

-
Tt )
3 1
A x

derivative volcanics and sediments.,

In mmm. Hoffman (1973) proposed thyt ﬂ\a East Am of. emt b
Slave Lake and Bathurst, ‘Tlet yere aulacogens, pmjcc&mg from :m e LN
geasyncling 'mte t-ha cuum, Heffmn realised the mt!nuuy of ; '-‘n"fg;; 5
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process from the updeformed cratonai cover, through zonéévof;
increasing -deformation and metamorphism to areas of major batholith -
1htrusﬁon and recognised'that the geosyncline had uhdergone erogeny

»remarkably similar to younger continental-margin orogén1es (Dewey
and Bird, 1970) Hofﬁnan consequently proposed that the -units y
involved in the Aphebian Orogeny be ascribed to ‘he 'Nopmay Orogen'.

At the same time as these hypotheses were being formulated, the . J

. author was pondering the palaeogeographic and geotectonic evolution /
of the Camsell River ‘and Echo Bay areas, and rea]ised that his j
1nterpretat1ons were compafjb]o with Hoffman's hypothesis j

Studies of the stratigraphy on the eastern shores of Great Bedr f

« Lake revealed that the Aphebian seditkntary and volcanic rocks were |
1n1t1a1]v deposited in fluviat{le and lacustrine basiné between major
vo]canic ’highs ), and that occasiona] mar4né 1ncursiohs.caused thin \

' _calcareous units to be 1nter1ayered Younger beds became progressively X
more sub-aerfial, A continui&y of process but .not of 11thology was seen |
hﬁtween the various 'bmns thqt are now preserved as roof pendants, | .
Rapm tectonic acti v1 ty. was 1nd1 catgd by the nature of sedimntaﬂon.
by e s rapmity of uhrooﬂng of emy plutons. and by the syn~

. -depositioml fmmng. M anirmnt qf lnrgo vélcanic 1alnnd9
lmng upmtad by block ﬂulﬁnd ;bevé ris*lng mmum was ,' A
Mpscd (Mdhm. 1972) an@ Hmﬂm md mm‘ (1967) madel.of R

grantic. mmum. firanyy mmm thatr hpmmm m;m: aay

"mmwy mck; wi. M tvmmu“ ‘ ‘i;s m;mmmm h}

L]
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Badham (1973). © ~ © . | | § L

his Andean- type bathol1th fits wel] ‘into lloffman's concept of
a continonta] -marqgin qeosynnlino and ‘ensuing orogeny. The evolution
of and time relattons within thls orogenlc belt are not yet clearcut.
Howeyver, the proposed evoluﬁﬁon of this continental margin is
‘discussed below? E o ¥
fhe Arcﬁaean cratons were essentially stabilised by 2§9b'n{y

(e.g. Green and Baadsqaard, 1971) and they must have been sfmifar to
present day continental crust by then, so that similar processes -,

.
could occur@n and around them, There are no dqta for the time of .

initiation of sedimanuation iR tNe Covonation Geosync]ine but the§;'
are 1nd1cat1ons that before this time there wes a 'waer Apheb{an
event which produced the Wilson Island Group in Great Slave Lake s
(see Reinhardt, 1969- Hoffman, 1969) and which may be correlable with ‘5 , .
both the Huronian and the Fay Mine Complex (Sassano et al., 1972)
Hoffman et al. (1970) propose that sedfmentatjgn was initiated a
HQtle befora 2000 m.y. ago Th&«Epworth Group was initially

‘ derived from the east and consists of guartzites (Dd.ﬁck Formaﬂon)

‘ overiain by do]cmites (Rocknest Formaﬂon) which He unconformably

. on Archaeqn basement and which vary m;stward nto basinal sntstone

"Hand mudstbne turbidites, After a pamﬁl of quiescance during which
 blakk mudatoﬁes were deposited (Lwer Rez;lusg Formnoﬂ) the chstic |
seddments oiytq; Uppqr £pworth Gmup (Mﬂwe Femﬁqn, Cmﬂgs Lgm .

Femtion) ﬁ’/ dm%d fmn upnft 1ﬁ tahé
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h . ‘of the lower Epworth sediments and continued uplift and erosian had

-~

eXposed mesozonal granftes by Cowles Lakgytimus. \*uring and after .
the uﬁrobfing of the Hépburn Batho]ith, ;qranites' wére being .
generated and‘émplaced further to the west, and were fn turn geng}ating
the late-orogenic volcanism of the Echo Bay Grt type. The Gre.at
Bear Batholith was emplaced and uplifted by 179 m,y. ago but
.remained separated from the far more uplifted and eroded Hepburn
Batho]ith by the Wopmay Rult. These data»are Summarised in

* Fiqure 21,

"Thus, there is a polarity of the orogen:

|
l .
«\ : A ‘ .

West ‘i C - East
Epizonal granites Mesozonal granites Thrust and folded = * °
Derivative voicaniqs Metamorphic rocks {Eover rocks
and sediments - - p '
: o } ' . on basement
Late orogenic . Intense deformation
' ¥ . 7

1 . .
L] * , —

- a polarm/ remgrhably s1m1'lar to that pﬁ both north and 'swth R
American cordmem, but d1st1nc1: frap’the, bipolaMty of, -

| v

- :conttnental-—comsicn orogens. such as, the AppalacMans (e.gv Dewey -
and Bird. ]970) | gs.\’ B fz" 5." :
.‘ .

- The semmmm 939&‘”%1“1 and seotamnm evidence cmMna L
mhmmm zmt; thg Hopuw Omgen dgvglopad on tha mgrgm of .' -
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“are covered by Palaeozoic §trata‘and a strike length of only a few

=

I aubduc@don anst arugemr (shown schmticmy 10 Figurﬁ Zl)

14

© The polarity oflthis orogen is developed on a simtlar scale to
thosé with whigh it is compared. The wé§tern 1imits gf‘fhe orogen
hundred miles is exposed ‘at present,  Aphebian vo]ghnic”and plutonic
rocks are known from drill-hole data beneath.Normén Hells and fuPthr
to the south on the Tathlina Archi(Doug]as and Priée, 1872), and it
is‘dnferrgd th&t the Great Bgar Batholith extends at léast to the
Rocky Mountain front, making {t of a scale gpmparab]e to thé‘Coast

L4

Range Batholith, for example.

L J

' Plate tectonic models fnvolving subduction of ocean-floor beneath
)
' q continental marq{% haye been deVeloped to explain Cordllleran
geology (e.g. Monger et al., 1972) and it is proposed that. they appty

udquqﬂ1y well to the Hopmay Orogen.  As in the Cordillera, a more

cqmplé%.ger1es of events than just a single perfod of subduction an \

,f§§01tant magmat1sm is evident (see Fig. 20), but the history gf‘the ,

L3

N0pmay Orogen {s far from being worked out yet.

Some Speculations on Continenta] Ma[gins

The CQroaation Geosyncline was developed on the margin oﬁ;the
S]ave Craton.. After tha Nopmay Orogeny, Aphebian rvcks str&tched
from the Epworth Gmup area. to at least Norman wel‘ls. It is 1mp11ed

trat}ing or A}:luntean-gype margin (Hitchen an@ Rgadmg, 1269) and

-«hlr..,,

that‘thq sediments af‘ the gaosyngline were dppgsited 1n1td’any on a

 that Mer cqnprgssim tectonics msulted in rupt;mng of ms mrgin, v

.*| . s
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le]1k1on rod beds (Hornby Bay Group) were deposited on the newly
stabilised craton 1n the Great Bedr Lake area. Beltian sed1ments

were deposited aéﬁﬁbﬁs time in 1ange coastal deltas to the west and
\

' serve to locate the pos t-Aphebian cont1nenta]—margin (Gabrielse,

!

1972). From Lower Boltian to Lower Palaeozdic t1mes sed1mentat10n
cont1nued (with m1nor 1nterupt1on5) on an At]antean type margin

unt1l compréssion again caused rupturlng at this margin and a comp?ex
oroqen developed to form the Cord1l]era Tth continual process 1s
exemp]1f1ed in sketch d1agrams (Fig. 2. and implies that the western
margin of the Canadian Craton has migrated westward cont1nue:;1y
since the Archaean .» Whether this migration was caused by addition

of material from the

by accretion of crustal matetial;

"(island arcs, continental fragm ts, etc.) is not known. Sdch‘a

discuss1on 1s beyond the scope of this work and the theoret1ca1
\

poss1b1]1ties have been discussed at length in the 1iterature (e g

Dewey and HorSfield 1970). Likewise, discussions of the serike e

length of the Aphebian contineutal~mar91n and the relatfon§h1ps oft'
the Wopmay Qregen and the'Churehill Province ?re subjects only fbr
speculation at present: gbbjects that require an: ~immense amount Of.

4
vqu before any of this #peculatioﬁ nay' become meaningfu] .
I - o SR
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- Figure 22. Sketch Cross-secti®ns showing the Evolytion of the )
Western margin of the Canadian ShieM.( Events in _
. 1500700 m.y. range are omitted.). . o "

. '
'
. 2 3 . T T




) ’
7. POST-APHEBIAN LITHOLOGIES AND EVENTA I v
a) 'Faulting ' 7\

Four sets -of air- photogrﬁph ineaments have bééh eeognised in
the area. - Three of these), stri ing@N, N and NE respectively
(Fig 23), are often of. sﬁéstant1a] d1mens1ons (Mursky, 1963) “and
" aré common to much zf the‘Bear Province The fourth set is also «
common throughout the area, but 1nd1v1dua] 11neaments are short
This ]ast set is commonly occupied by the youngest diabase dykes
The Nw trendrhg 1ineament represents a set of faults whose
movement pre deyés the maJor transcurrent movement on the NE trendlng
" 'faults.. Furn}VaI (1935) reaches the same conclusion fbr other areas.
crosé-cutt1 relations are, however-, mt:conmon. -Movements on thase'
fau1ts Haye not. been documented in th1s area, but other workers have
all offsets, aml Mursky (1963) desorf% them alsewhere as
being comp]emegtery td the Nﬁntre 1n9 set At present a]] that can e
be _g1d for 5_&11_ aree 13 that dykz in, the Nw~trqmﬂng set ere |
nts on the NE-trending set " T

LI

5

1th oo obSenved

The ¥ t‘rending b

/ aments are al] Joints.v
‘- offsets. The nscale
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" The NE- trending hneaments r resent the maJon NF trenqu complex

l .
. \

t . .
fault-systems Evidence has been é’rgeented earher ta. nnply that \
these fau1ts were actwe in Aphetnan time, but the mnjor movements

A »!

took p]ace after\the flna1 emp]aeement of qranit'es These faults .

" extend throUghout the NW Canadian Shleld and are often of considemb]e’

L

length They frequen,t]y sp]ay, coalescé and bend s In gt_nera] the

systems can be-ascribed to a NE-trending set of "master faults on which
contmuous right-lateral movement deve]oped secondary‘ sp]ays and 1
. cross—fractures- the number ogsuch splays+is mdlt:atwe of a number1 ,

1

A
" of periods of fault movement ( h1nnery, 1966) g ) .

- Right- ]aterai movement is the rule on. onh primary and secondary

)
' fau]ts, a]though apparent ]eft 'lateral movement\ is sUspected 1n some
éases (e g. the Terra Mine fau1t) No evitlence for vertical ~ D |

. moyements has ‘beel seen in this area, l‘?yt«Mursky (ap. c1t ) documents, an
' ‘ x

Y- N ' ' "

$u"h mvements of a "fevc humired feet" e]seyhere. R '
. The deye’lopment of ﬁ\ese fau]ts appears to be- typma] of ' ‘_ N ;
o Chinnery s (op, c‘lt ) 'Wpe A*, and conpinued movement on tnem has o oo \

caused the coaleseence of Type A secondary ﬁnﬂts with newghbouring N
"pnimar,y faults, The geometric problem$ assom;ed with coalescent o

T
| ,‘ ) 'V‘.: , ) \ g 1 l' ‘, "_I ' i
i TR ki

‘ave bee,n preﬂictecl, but. nwwe]l—exposed example has been L

i x:‘;mappeq 1@53 the "‘reqnired detai I.. L
L '»*_\_Howeven, tne gﬁgmns aa sﬁh’yins_f

o
Wi

m;mn s thg
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(Fig. 24). The offsets of 2067 m and 670 m are ac;urgt%lv
documented, -and the offset on the Beach Fault 1s probébly on the
order of 3500 m. Drag-folaing and dilatancy associated with these
movements 15 shown on Fiqgure 18 and & comparison of this actual case
with some geometric models for the dbvelopment of such features (519. 2q)
allows predictions ot the order of movement of the three sPhays from the
Master Bull Fault. The model implies that the Bull Fault moved first
and that a dilatancy, generated at a s1ight bend in the fault. was filled
| (during or just after this movement) in this céée‘w1th a 'Grant Quartz
Vein'.‘ Subsequent movement on the Alter Fault genérated ditatancy
on botn fuulfs\qnd d1srbbted the rocks netweén the two (Fig. 24,
Model 7). Finaly, movement on the Beach Fault took place, causing
minor draa-folding, but dilatancy only on the Master Fault (Fig. z4,
Models 3 and 4). Lr o«

Minor stru;tures relaied,té the major structures show identical
featuﬁes (e[g._Fig. 24. Uutéapp SJ il.s), and a study of these
features can often lead to an undergtanaing of the major features
where farker hortzoJ& are absent or {the fault~nlanes;are‘not

: ' -
exposed, . Study‘of minor structures 1 ed that all of the

-
elght alternative models in F19ure 18 do “actur, although tne'qnometrv

and history'of the real _case ‘15 often far more complicatad /"The
'dcweloumcnt of dilatanqy on these NE- trendtng faults 1s tne most

1mportant post»thenian eyent {n the area and permitted the

1n£ uction not only of the 81¢nt Quartz Yeins and afabyse dyke

-sunnns. but a]sq of the ninermliscc veins, . In general the 61ant

b
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b) Gfant Quartz Veips

-

uartz Vains occupy major’dilatancies on thu'Master Faults and ;he
éineraljsed veins occupy smaller splays from thuée faults. The
)development of dilatancies will be diseussed méﬁérfhldy in the
descr1pk1on of the controls of mineralisation, ‘ f -
Thest-~striking lineaments are interpreted as joiﬁts and ¢ross-
or tension~fr5ctures related to the NE-trending faults, They
coﬁmoniy run betwaen NE-trending faults, but never through them,
and 1ittle or no movenent 1s assocfated with theﬁ. They are

dilatant and often filled with quartz or carbonate veins and with

‘the youngest set of diabase dykes. In the mineralised areas they

Join the major NE-trending veins and typically contain the later

stages of mi.neralisé/t?bqj

»

Stock%’pkﬁ of quartz, up to 170 m wide, have been secen on the
Smallwood, Heathc1iff, Bull and Bloom Fault Systems. The Bull Fau]t L
itself ts filled with quartz for over 10 miles. Inall cases the
stockwogks exhibit progressive filﬁing of dilatant fault zones,
jnterupted by periads of extens1ve brecciatioA of the earlier fill,

\ " The 5 tockworks cqnsist of an 1nner zone of massive quartz and
s111ciﬂed rock fragments, surrounded by an aureole of silici ﬁcation;
in the 'country rock. which 15 dissected by nunemus quartz stringers,
The siHcaous zone 15 enveloped by zones of sericitic and chloritic
ultqrat1on., : N L |
-The aarnhfst'qgart:. now mostly brom fr’h;}pfents cemgnted by

T -~
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younger infusions, was white and massive, and cogstitutes the major
par: the veins. This phase was brecciated and a finely-banded
chalcedopic quartz was 1n€roduced.“ This was brecciated in turn and
a vuggy clear quartz was deposited witﬁ local concentrations of
copper and uranfum minerals and hematite (e.q. at Echb Lake, Jason
Bay [Plate 5.7] and Uranium Point). ) | |

Furnival (1935) has descffbed these veins in detail. They
occur ihroughout.the NW Shield, alwayfiin NE~trending faults, and
show evidence.of three, an& somat imed four periods of mineralisation,
And hence up to four periods of fau!t movement. Rarely are the
minerals of any economic intepest. -

Generally the Giant Quartz Veins were emplaced after ;Qe granites
and before-the Hornby Bay Group, but theré 1is good evidence to show
that the last phases of quartz mineralisation took placelgftér the
' Hornby Bay Group Sediments had been deposiited (qu 1932)

o ,AL . -
¢) Diabases b ® "//
The geology and age relations of the diabasés of‘the Bear
‘Prox1nce have been 1n an a1arm1n9 stage of confus1on for many years.

There have been a number of phases of diabase emplacement,. each on

* " a nutber of trends, and _reports of - these tagether with some

cqmpletaly arroneous data are resPonsible fbr the confus1on. An
att,ampt 1s made here to mram the Gordian Knot after miev;ing an i
the available lngmturq ‘ |
| Thc dykas of the Camsell Rivgr area Are ﬁs complex as any

. . . _
L ‘ \ ot



(Fig. 25). Early mapping distinguished NN— NE - anJ\E—trending sets
and a thick sheet - the Gunbarrel Gabbr6 Al] these dykes are
two-pyroxene-. quartz-, magnetite-, {lmenite-, plagioclase-bearing
diabase, and all have suffered some alteratfon to assemblages of
hornblende, biotite, chlorite,voligoc1ase, sphene, rutile,
maghaemite and haematite. This altera€1on is controlled by the
grain size, the finer rocks being more altered. In addition, the
quartz occurs as interstitial anhedra in the fine-grained dykes, hut
as micrographic 1ntergrowths'with fe]dsbar ih the coarse; ones.
There is no consistent mineralogic difference between dykes of
different trend. The margins of these dykes are ‘¢hilled (Plate 3.4)

\
and often contain small carbonate and quartz’ veins with iron and

copper sulphides. 1 . >; el

Analyses (Table 2) show that these diabases are typical quartz
tholefites, jnd1s§ﬁngu1shab1e from other epntinenta] dyke—swarme é?_
the Canadian Sh1el‘d."§r v |

N ‘ - Y ‘ N . St
The following field relationships haﬂ been observed:
1. A Ni-trending dyke s cut by an E tranding dyke,
2. Some NW- and E-trending dykes .merge fntés })ne another,

3. E-trending dykes often cut the NE-trending faults and EO

- ) N

"'*Ghﬁt Quartz Veins, 7 ‘ B \)“.
4, Some E»trendmg dyku\s\op at me\ﬂull Fault and cut ©
sheared and quartzsveined rock:. but m; not sheared
",thmelm, T L v . ‘
5. The Gunbarrel mm nms fron . QM@& sheet to m

] i
] ) M
.
" : .
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E-striking dyke (Murphy, Pers. Cbmm.i\b973) tq a
NE—trenging dyke. | \ ‘
6. The E~-trending dykes do nqt cut the Gunﬁarrel q:bbro.and
the gabbro does(not cut the dyﬁes. '
7. One remnaqt‘of an older 'diabase' was found on the Terra
.peh1nsula. [t is extremely altered and its feldspars are
stained red with haematite. It post-dates the intrusioﬁ'
‘and the magnetite body, but is cut by an E-trending
diabase |
From this data it 1s concluded that: .
1. There may be an old set of dykes which are, now pxtreme1y
altered.

. The NN- &E~ and E-trending dyk@s and the gabbro are
penecontanporaneous A major dyking event at’some time
after the last major NE-trending‘fault movements caused
any 'unseated’ fracture to be filled ; ,

Data er’ the rest of the Great Bear Batho]ith is apparently more
confus1n9. mainly because’ of radiometric and pal;abmagnetic studies
without proper geolagic contmls. However. the fo!lmﬂng rglations.

»~

synthesised from the references Jisted, can be seen,

1. rrh'lghly g!tered gabbroic dykes ' 1ntrqdé Aphebian
mcgm meka,\but nre cut, by granites (FurnWal,» 1934 Kidd 1936* ;
. Snith, tssa). d SRR ‘ |

| z mi»Aphabim kacs un;h mt (altered) fe]dspnr p""‘
ﬂm mges Qf atm qum Ve:amg (mdd,,,mz, ms; mm ‘ﬁnd

l?.' ' .t
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Haycock, 1335; Feniak, 194;). These dykes often lie in NE-trending
faults, pre-date the vein-mineralisation qt Echo Bay (Robinson, 1933)
and are éut by younger‘kaes (Feniak, 1949). At Echo Bay these dykes
“may ,be about 1625 m.y. old (Thorpe, 1971). ) .
*’3. A1l authors but two (Kidd, ]936} Furnival, 1939) agree that
events after the earlier dyking were as follows: . |
. a) Giant Quartz Veins ~ Phases 1 and 2 -_—\\\
gb) DepositiQn of Hornby Bay Group
c) Giaﬁt‘Quartz Veins ~ Phase 3 (and 4) and minera]s.
Vein mineralisation is thought to have tékén p1ace thrdﬁahout this
time. Kidd and Furnival tentatively 1dqpt1f( some dykes as older.
than c) above. ' |
4. Relations between the ‘younger' dykes and the sheets are
ambiguous, but when Yjﬁwed as a whole, fndicate»théitwgontemporaﬁéity.
Fbr example, the sheets often turn into dykés of variable trend, or
have dykgs as apophysea (Kidd, 1936; Parsons, ]945 Feniak 1943
Mursky, 1963). These dykes cut the Hornby Bay Group, the Giant Quartz
‘b Veins and the Echo Bay vein mine;:)isation (Kfdd, 1932; Robinson,. 1933
Parscns 19 Feniak. 1949, Muf‘sky, 1963). The sheets are s11ls,1n .

' thg Hornby Baw Gmup. but.. flat+ly1ng sheetan the? Rphebian rocks ‘l

| v Tbny oft.an o’Mginate from the NE-bt\rending faults (Furn‘i val. 1934'

| 85.6, Maps 'sqw\, em, 1224,300:16) . These dykes and sheets pmn
hava carbgnntanrigh mrg’ma cop:ain{’ng qulphide minam]s, and

oceomnmy Nave smal ) mas soﬁ'%pw mobmsea mo arsemdes .
g mm gminsgn. mga, mmtvﬂ, }m) The. qykes m shests *

i ',’
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have been shown to have approximately the same K-Ar (Wanless et al.,
1970) and Rb-Sr (Robinson, ;571) ages (1200~1400 m.y.). Palaeomagnetic
wosk (Irving et al., 1972) shows that the Western Chaﬁnel diabase and
the Port Radium sheets pave reversed but equ%va]ent poles that appear
to fit the 1200-1500 m.y. interval on gbparent polar wandering curves
for the Canadian Shield. The Gunbarrel Gadbro and Bell Islanq Gabbro
(Kidd, 1936) are similaf. Temperatures near these diabase sheetsl

reached at 1eas§ 650°C (Irving et al., 1972) and remobilisatfon off-‘

‘older vein minerals is documented by Thorpe (1971).

It walild seem, therefore, that two periods of diabase intrusion
(~1625 and ~1400 m. y. ) took place in the Proterozoic rocks at Great
”
Bear Lake, There is n¢ evidence that any member of the younger
swarms (Numbers 10 [875 m.y.] and 12 (700 m.y.]: Fahrig and Wanless,
TT—

1963) outcropsin the area. Relatfonships beyond the Great Bear o \\\

Batholith are more compllcatqd and are summarised in Fraser et al.

"(1972)., The work of Fahrig ahd Wanless (1963) does, ﬁbtaﬁpp1y to

_Figures - g

i«
J" 1Y

this area, ' ‘ - \ n*f

L] [ ,_.;N

Agefrelations of ' the dykes and otﬁer features are 9hown\1n

-

' . v
. . T \
N'r\) [
N ’ \

d) Hinera]ised Ve!ns o mE : e R gf

Quartz-carbonate veins containing 1ron and copper snlphides are
associaesg‘(ﬂm tha plutons;. the G}m Q\mmi Neins and the ygpnggr

- diabases. V Minanﬂs observed 1n61ude q(mtz, chloritg. dQ’lomte. |
o ankarits, mme. baﬁte, hmatne pyrite uran'lum ox%des, bomin
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chalcopyrite, chalcocite, covel Tite and aF%enopyrite. The veins are

W

vuggy and the mineraﬁs were'precipitatéd in vugs 1h sequential bands.

Only the éarbonates are ever replaced by other.minerals.
A vein containﬂLg brecciéfed and strained black tourma]iﬁe |

(Platé 3.6) cemen‘tecﬁ by r‘rbonate quartz and pyrite fills a fault

at Balachey Lake. *No other veéins of this type have been seen

The ore-bearing veins are documented in greater detail in Part !!

Suffice it to say here that all the veins are controlled by ‘ﬂts

and related fractur s, and all can be related tdﬁwdrother’mé]

solutions that.were int‘?Aced into these faults, or to es thatg ,
intruded the faults. ® |

A b
4

»
.

e) Alteration

Camsell River area ( ham, *1973) and were, documented furth r‘\-v

S‘ec.t'.,ion' 1:5. They ar&*‘ N !
14 o and rg;:ent weathemng Palaeoweathering u.ﬁ'iqm Q‘i

3N some tuffs can be seen ip the field and «typica'lly take;!tﬂe .
form of. strong ha%natitisation and 1each1ng Recent weatheringis,. |
lﬁi’tuaﬂy 11mfted to sulphijde-rich rocks which decompps:aﬂ}o a crumbly;

orange gossan. Apart from the surface effects of H chens, ather

'rocks are, b@rely focted. ST /, [P ‘
2. .Au;ometa omatism 1n the volcanic pﬂe. Zeontes were
""repf)ﬁqd' tn. andés‘lte; at thg Bay (Rob!nson, 1971) but nnne has

been dchnent;d fmn thé camsell Ri ver area. ‘The urghﬂsmon

x) st

1 B N i
. . . Tt ; . oL :
1';,’.4. - . o v e . : R L A

o L T SR W A . N I L. toa .
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of diabase has already, been discnéshd;'and is c1ear]y autometasomatic..
N 3. Contact,mecamokphism. Again the effects of this have been
‘discussed previously, ‘ | r4.”
4, Hydroihecmal Ch]or1te, ep1dote, quartz, carbonate. P
‘haematite and sulphides have grown at the expense of or1glna;l
" minerals adjacent to a1] the veins, faults and d1abase dykes (Plate |
4.8). The great number of such features minim1ses the chances of ° e
collecting unaffected samples. In gene%a] the rhyolites and sedlmcnts
'appear least affecteg essent1a11y because of their low contents of .

‘mafic minerals. 2 .

S

f) Geochranotogy of Events

Geochronologic studies of the Great. Bear Bathd]1th are, sadly,
feW'and'far betheen' there are no such studfes of the Camsel] River
area. K-Ar éQES from the Hepburn Batho]ith (6. S C . var1ous)

" cluster arqund~1700 ~1760 m,y..-and the Great Bear Batholith is of | »“ J
3.:Slmilar age, F. . ' o - |

The Upper Echb Bay Group gives a Rbiﬁn\aqe of {770&30 m. y l,,'ﬁﬁ'

o "(Rdbinson and Merton. 1972) and is mtruded bx gr’anite g1v%"n9 a U- Pb |
ageic')’f 1820¢'BQ m y, (Jory. 1964) K-Ar ages of andesitest granodior\te _. “

‘% dﬂgranite at Echq Bax (RobinSQn and Morton, Qp, cit ). g1ve ages of . .
1520J7OO m,y The model to be presgnt‘ed' proposeﬁ t,he very. c]ose -
temporal mlatwns nf volcan‘ic apd mtrusive evepts amd the difgar ent

i ages abtg'meq m presum,tv mpmsemfdtffemhc s Catalytical
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’r:.éve taken place in tﬁe 1850-1700 m.y. interyal.

ﬁsheet and‘possib1y assocfated veins have been dated
at 1400475 m y [ (K-Art 6. 5.C.~67- 80) and 1370£60-1435:60 m. y (K-Ar:
Robinson anq'Morton, 1972). Uran1um from the Port Radium Minb hdS o

" been dated . %reququ]y as being about 1450 m. y, old (Cumming et al.
1955; Ecke{man and Ku]p, 1957; Jory s 1964) but Thorpe (1971), using

-‘bo;h Jonyﬁ and new data, 1nd1cates'a mode] 1ead age of 1625 m.y. ﬁor

to updating by .the diabase sheets. - -
Th1§ geochronolog1ca] data has been used in cons tructing Figure 5
’A‘hl‘b ‘,: \:L ‘, , . ) N 0 * "

a 'J-;"
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8. A DIGRESSION ON THE METACALCARGI'IZLUQE AT TERRA

The comprehension of this lithology is of crucial importance -

in understanding the qontro]s\of both vein and skarn mineralisation

~at the Terra Mine. This understanding has been h mpered by the fact

_:banding is very variable and no regular or cyclic sequences can be
o e

wr Wa‘

‘ of d‘%ffusion reactfqms bgtween b@l} Minercﬂs rec09n1sed are

:;; emdote (gsuaﬂ! pisﬁ#@ite b A

that the unit is on]y seen in the aureole of qhe erra 1ntrusion
Nhere it occurs in the a]b1;e ep]dote fac1es pa} mpsest features can
be séen and the or1g1na1 rock is interpreted as having ¢onslsted of
f1ne1y banded 1imestone and tuff. ‘Much of the tuff is f1qe gralned
and of ash-fdll origin, but some beds are coarser cryste] tuffs, - .
compgsed of fragments‘of quartz and feldspar, The nature of the
seen. The ca1carg1‘]]ite‘ is interpre;’i’as havi ng been deposit;ed in
a calm environment where 11mestones were chemlcally precip1tated,
and into wh1ch~distal tuffs fe]] spasmodically : a' L .

- Most exposures’ of the un1t are now on the border of the -?r . *}' "k,
hornb]ende-hornfels and a]bite-epidote fac1es, betw en 150 and 300 m "'gfj
from the jntrusive contact The rock is Still uei] banded, but the - :
present bends do not‘ represent or191nal bands:a{hey ar:e the product f. |

diopswe. hombhnde,r h!sﬁngsibe remo
a‘ndradi gro;.smriﬁe; seggome‘u,(' docrasy

‘\nq
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quartz, ca}bonates‘pnd Ca~Al-Fe silicates.
The paragenesis of these minerals in the hohnblenqe—ho%nfe]n
L Qacies (Fig. 26) shows the retrogression of the suite frnm thg
nw) hornblende to the albite-epidote facies and, 1nhéed; textures séen

in th1n sectlon suggest that | C e

ot

1. The garnets have a]tered to epldote quattz; chlorite !
ya ot

-
LA

calcite assemb]ages
2, The amph1b01es are a1ter1ng 1o chlorite and maqnet1te
3. The diopside has altered to tremollte
Each ‘of these 1is a retrogre551on and‘no remnants of the prograde -

. \
. . , . \ . .
reactions are seen. . I - |

i ”
r ¥ . ! .

In. the albite ep1dote fac1es rock3' or1g1na1 impure carbonate'ﬁﬂ

can be seen, but in the higher grades on]y ‘fresh calcjte ha£ been . h""th

r
» ".n

observed. Prograde reactions to form albite, tremolite and! muscovite
)

" bands rarely contain more than three minera]s and ara oft

*qs‘hqg Monom1neralic bands 1n¢1ude epidotg, garnet hastnngsite, 5[

chlor'Ite. a]bitet«.‘magnetit@ and stnph]des, S ,j-.. S

- ;n m casgs the: magnetite (apatrt from A htﬂe from ‘degradqti@n' I
- of thg amphiiohs") and the qu phides have been 'i‘ntrgduced sdbsequent \
i'hﬂ to thg;penk ; A SR " o

f mgwnqrpmsgm, : : i
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schematically (Fig. 27). Individual bands are seldom thicker than
‘ a few hundréd microns, but thnhﬁymmntric groups of bands are often
over 1 cm wide.  The mineralogy and chemistry of all the bands that
have been studied suggest thﬁu}mainlwmd types:

1. Silicate; low Ca |

2. Tuf%acoous

3. Calcareous ‘ ‘
. From the evidenck presented earlier cpnce;ning the pré—mutdmorphlc
nature of this rock‘41t fs proposed that of these Yands the ‘tuffaceou;'
and calcareous are original and the 'siliccous’ (which-wsually Squratéﬁ
the former twoipére the product of diffusion:reactions betwcén the two.
In other words.‘this rock is predominantly a :diffusion' skarn,

Sample SX '9.14 (Fig. 28) was investigated in some detai] Tha

albite-epidote-quartz assemblage 1s presumed to represnnt:the swte of

a tuff and the various Lantra1 bands are thought to represent the

diffusfon raction products between this and a/4ﬁjbiceous?) 1imestone
AN .

band. ‘ | \'\\A .
The hastingsite waa.analysad by R. Rams ;éjnq the electron

R
migroprobe at the‘pniverstty of A]beggi,(Tab1el3). It can be seen
that the nmph1b01e s a typical ferrohast{ngsite. The aﬁalyé1s is
closely similar to that of a hastings1te from an amphibolita skarn '
in Russia (Leake. 1968 Kﬁalysis 916). -
0pt1ca1ly the garnat 1: a grean/yellow andrhdite/grossuTar ' .
with corroded cores aad some corrcded‘rings. Alteration is to an

ep1do§e. chlorite. quartx:carbonata assemblage (Plate A 1) Unsier
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3102
T10
A1203
Fe0
Mn0

Mg0

- Cal

Na,0
K,0
Total

Table 3. Electron Microprobe Analysis of the Amph1bole in
sample $X9.15,

S

.b98 -
.819
.870
. 265
274
291
.7?2
213
72

~ Structural Formula on the basis of
23 Oxygen Atoms.

N 6.50
m? 1.50
8.00
m® 0.38
T 0.07
Fef 4.08
Mn 0.04.
Mg 0.55
5.09
Ca - [.96
. Na 0.23
K ; 0.66
2,85

»
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crossed nicg]sw(Plate 4.2) the garnet can be seen to be strongly zoned
and fairly sf?bng]y anisotropic ~ both common properties of skarn
garnets, but rarely seen so c]ear]}. One of th¢s@ garnets was
investigated by S.R. Winzer, usi;g the electron microprbbe, and from
qualitative results and X-ray scanning photographs it was found that
the zoﬁing was caused simply by variations ip the andfadfte:grOSsular
ratio, Essentially, the core zoﬂes are grossular and thg'surrounding
rings "become successive]y‘enriched in Fe and dépleted in Al until a
thin outer rim is approximately 80% andradite, 20% &%ossular (a bulk
composition is estimated to be about 50-50). There is virtually no ‘
titanium in the garnet.

Let us consider the reactions, F{?ure 28 shoyéwfomparisons of
the analyses for the ‘'average andesite tuff' in the Camsell River érea.
.the haSt1ngsite; an average grossular/qndradite garnét, and a slightly
siliceoys 1imestone. Each of these com;os1t1ons 1s also shown on an
ACF'diagram-(F1g. 27). B8dth these diag}ams show quite clearly the
feasibility of a limestone:tuff diffusion metasomatic reaction as a
mechanism for the &evelopment of the banding. There 1s a problem,
however, 1n thé iron contents of both garnet and amphibole, The
garnet is vzon'ed essentwﬂy from aluminous at the centre, to iron-rich
at the margins, 1nd1cat1'n§ 8 Progressive increase in the availability |
of {ron o&er aluninfumf. In the model the av'a_ﬂaybﬂi.ty of calcium is
| _ buffered by the presenca of 1imestone and must be a constant.

| chsequengly. u; 1; pmpased that towards the end of the main -
difh}mg reactions. ths ﬁrst 1nfﬂtmﬂons of 1m‘ch solutions

f
rA ‘». LY

3
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1129
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from the magma began to reéct with the earller farmed minera]s
Hastingsite, ep1dote and the rims of the garnets probably grew at
this time. Continuing infiltration and coo]ing produced the ~
retrograde effect§ in these bands.

" At some late stage duriﬂg the cooling of the n‘!ma, after all
the.silicate-forming diffusion and infiltration reactions were |
*frozen', magnetite was introduced, preferentié]]y replacing the

“chlorite and amphibole-rich bands Small lenses and pods of banded
magnetite, epidote garnet, quartz, carbopate rock are conmon in the .
'ca]cargillite horizon. Pegmatitic magnet1te-apat1te-amphibo]e bodies
are also found ‘in the aureoles of the intermédiate plutons and may be
related to this skarn phase (see Part I1). Magnetite metacrysts in
the banded rocks are often colour-zoned (Plate 14.1). Electron

‘ Z;micrOprobe 1nvest1gat1ons showed that this zonation is not them1ca] |

Subsequent to the formation of magnetite, sulphides were -

. 1ntroduced and preferentially replaced the carbonate-rich bands. -

Marcasite, followed by pyrite and tAZn chalcopyrite with minor ‘amounts
of galena and sphalerite. form some econamically interesting
scopper skarns notably in the Terra Mine. The 1ntroduction of these
sulphides seems to corraspond with the lateestage hydrothenmal

o effects of the coonng plutons‘ qffects chh a]so m1neralised thﬁ

. margins of some of the: plutons. o R ,

A schematic modﬂ for the develcpment of the diffusfion-infi \trmon‘
E 'skam 1s shown in’ Figum 27, Skarnigeneratfon mdgh that involve

‘ ﬁ_‘”only the reaction of mgmtle sﬂiqnf fluid& Wd earbcmte rock do E

’\’, ‘ . .‘~ ’ . S i i .
;1591“ R R ;,:‘ PO ' ‘5’; = ‘ .
LI E PN . ’ f C s i R )

U
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A .
not gply in this situation for a number of reasons. \

l: The original banding can be seen to be 'blanketed' by new

‘mineral bands.

"1 2. There is ng 1ign of endoskarn (reaction of the displaced

calcfum from the limestone with the magma) fin the nearby intrusions.

112

3. The zoning of garnets and the whole paragenesis ihdicates & .

, pno?pgssive increase ‘in the Avai]ability of iron.

i

/.

*4. The banding remains bed-parallel.
That the reaction between tuff and 1imestono can produce the abserved.
m1neral assemb]age {s demonstrated on the ACF diagram (Fig. 27).
prck (1972) has shown that similar reactions have occurred to form

skarns in banded 1imestone-pelite sequences close to an intrusive

1

- contact and shows a remarkably sim1]ar evo]utlon from diffusion to

A

B4ty

1nfiltrat10n skarn w1th a progressive increase in the amount of irop
in the formation of these bodies,

Vlda]e (]969) has demonstrated the viability of such reactions
experimentally, and found that the cr1t1cal control tor the

generation of nonom1nena119 bands is the amount of pore-fluid;: too

ttle 1nh1bitéd‘reaCtion and too much resalted in development of

T:"sfhks codld equa]ly we1l have ¢ontrol]ed skarn deve!opment Khere :

cayities - As' a consequence, it is proposed that the infiltration
skarns developed fn the aureo}es of the. p]utons where the porerfluid
wgs somehow~con¢¢ntrated to an amount required for reaction. However,

similar resyits.might ba expected if the ratin of. carbon~bear1n9

' ;:;pgctgs (coz, (;HQ, etc.) to pomw-flmd varied, In other words, coz

. N
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the correct pape-fluid, etc. concentrations were not reached, fhe
skarn reactions did not take place. Pore-fluid 'sinks' might be
faubts, breccias, beds capped by impermeable rock, etc. As yet
mapping has not been detailed enough to show any obvious control
for the loaation of skarns in this area. |

It‘js of interest to note that rémarkably similar calc-
~silicate skarns, which were progressively replaced first by magnetite
and then by sulphides, are developed around the margins of the
Fubilan stock in Papua (Bamford, 1972) - a stock which is the host

of the Mount Fubilan porphyry copper deposit.
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L{'INTRODUCTION . . \

|

The geological evolution of the Chmse]] River area has been

[

documented in some detail. There are many types of potentially

A

tite

economic mineralisation in the area, including iron_gxide=
‘bodies, sulphide skdrns, potential porphyry capper bodies? and
v;ried!hydrbfhermal vein'm1nera]isat10n.

In PargII qach of‘these deposits is deﬁcriqu and attempts are
made to relate them to a\unifiedvgonceét of the tpta],evo]ution of
“the area. As bart of such studies analyﬁical‘gafa hare heen obtaiped
via optical, diffractom;trié and electron microprobe techniques. The
details &f the analyticai procedures and'corregtions applied are
glven 1n Appcndix 11, ‘ .

Oxygen and carban .isotopes were extracted from vein carbonates

 and were analysed at the University of Alberta. The corrected results

are presented as 60! and sC!3 values where:

. clB/cl2 Samp]aaP 4 .
§C*3 per mil = —+ " ~1) x 10° L
M C13/012,§tandard .

k)

i o
and - 6019 per mil = °( ‘ - 1) 4 103 o | ,
L 019/016 standard Lo R

; | o ', 1

. : 6013 is rgpgrted agains; the PDB s&andard. and 6015 against "the- SMOH

| standard ; Details of analyticai procedures. corrections and errurs T
" , y A R o
j; nra reported in Appgndix Ill.-aw IR

» .
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" The sulphur from skarn and vein subphwdes was originally

extracted at ﬁhe Unlvers1ty of’ Alberta A tcmporary lack of ana]ytica]

‘fac1]it1es caused abandonment of the pnbject until Dr. B. w Rob1nspn
~kindly analysgd the samples at the D. S . R., Lower Hutt, New Zealand.
The correctioqs, errors and ana]ytica} procedures are reported in

‘Appendix IV. The resu]ts are presented in, 6S3"values where:

$34/932 sample

6$3* par mil = (—— , -1) x 103
| | $34/S32 standard 3
) N : ' ' . . e o "\”
and are quoted relative to the troilite phase of the Ganoi'Diablo S
meteorite, which, by definition} has a &S3* value of 0 per mil. .
‘Anal§ses for trace elements in the host~ro¢§s\dre reported here,
but"detaiis of analyticél téchﬂiques are given in Appendix I. '

. . \
- " : . .

-
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2. MAGNETITE-APATITE-ACTINOLITE INTRUSIONS AND RELATED BODIES

1
i

’

Many authofs who have worked in the Great Bear Batholith have
. \ '

recognised‘the metasomatic nature of the alteration around the early,

intermediate p]uﬁgns“(seé in particular, Furnival, 1939b). The
elements involved include Fe (A1%) Si; P, B, F, (C]?), T#, S and base

r

metals, and the metasomatism is man1fested in the formation of *
tourma11ne, scapo]1te,[magnet1te apatlte act1n011te ang Su]phldes
These minerals are recognqseq repiacing cquntry rocks (Kidd, 1982) -~
often selectively a]png ceriaia beds (Robinson 1933) - as lenses_
(Kidd, 1936), as veins. (Furni;al 1939a, b; Rob1nson 1971) and ;; .
plugs (Badham, ]972) The metasomatlc m1nerals were deve]oped gfter
the, therma] peak of contact metamorphism, durlnq the waning 'stages
of coo]1ng of .the pluton, and a continuum pf»mlnerals ‘and events
dQFuments th1s coo]ang,'v . | ’

tin

A]though small specks of tourmaline were noted in a numhek of

‘contact aureo]es, ‘the best evidence of boron metasomat#sm ‘comes from

nr

‘ a vein at Bg]achenyake Here al0m w1de Nﬁ—str1k1ng dyke consists -

o
e
i,

'of black tourmaline that has been brecciated by hyﬂrothermal quartz~

-carbonate Ve]nlng, with which cons1derable pyrite was 1ntroduced

(P)ate 3 6) The vein is emplaced 1n a fault whose dextral’ movement"'

dates the taurma]1ne gnd s prcbably coeyal w1th the quartz»

-carbom‘ce ﬂ{imng;v The composition of‘\he tqumaline 1s not: known, | “' - |

p& ﬁs Egﬁﬁum@ﬂ to be schorlitic frum 1ts opt1dd\ chargcteristics

5@"%@1%9 19 nqt ewmn. but is ub1qq1tous 1n zhe‘mmtact ?ureg]esv
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\ ' .
Its composition 1s unknown, 'but may generally be taken to contain F

and C1 (Shaw, 1960) and hence its presence may be taken to |nd1Late

8

‘metasomat1c m1qrat1on of these elements.
There is a plug and replacement zone of magnetite-apatite- - ]
-actino11te close to the Terra M1ne (Fig, 7). In the f1ead both

[

1ntrus1ve and rep]ac1ve relat1ons are c]ear]y v1slb]e It can be
seen (F]g 29) that the plug cons1sts o? a 1ensoad core which 1ntrudes
vo]can1c rocks at 1ts western end but whiuh fades out into a long,

,'replac1ve 'ta11' to the east, Much of the p]ug consists of fine- gra1ned /

1ntergrowths of magnet1te (60-~70%), and apatlte The contacts are - |

snarp and sl]qht]y chilled and there are numerous angular xeno]iths R _/
.(P]ate 12.6), Metamorphism at the contacts cannot bn d1st1nqu1shed | 'n .
", from the hornblende- hornfels facies Aaureole nith1n whfch.Fh1s Plug’ ///,-<T>

outcrops, The p]ug is cut by veinlets of coarser, fractured magnef1te '\

and apat1te (Plate 12 6), and by thin pegmat1£19//eans”of magnetite f

A5 T

'apat1te,and act1nol1te wh1ch post ~date~the. ﬁractured vq1n|ets (P!ates
13, 2 and 13.4). n/(laces’/he p]ug 15 f]nw banded, form1ng apparent
sequentigl,/bea§7/af magnet1te .and apatjte (Plate’ 13 1). The plug
i§ crOSSacut by a quartz»porphyrx‘dyke (P1ate. 3, 3) by. sma11 faqlts i@'
(FlgN 29), and by snal] quartz cafbonate veins cqntqininq haemat1te,
A]l these feifures are cut by a dIabase dyke which 1s~considerab1y .

younggr. The age relat1ons cf the-magnetite and altered dykes

(Fig,,zs) ﬂrﬂ equlvocal | | S h', o
"’., Th@ pNs rintrudes the Gﬂlcargiﬂ’lte :hgrizdn, but {;m; 1; ;p]1t
E | ”’ﬂ, and hy the‘we§tarn end‘Of thg p}ug sveore, most of ‘7

."
RN
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Yo '
the hnﬂ£~rockﬂ are voleanic breceias and tu;fs. The rocks are
contorted into small, open folds by the fntrusion.,

Towards {ts rnpldciJé extremity, the magnetite is arbitrar{ly
divided 1nto zones of strong and weak replacement (Fiq(—?Q). vThe
maqnetite-apatite preferentially replaced first calgargillite fraqments
in a breccia, and then the breccia matrix. This matrix replacement ~
.may‘be S0 st%onq as to make unrgplaced breccia fragments appear to
be xenoliths., In zongs of weak replacament there are magnetite-apatite
veins dutting the rocké. with patches of nebulous replacement cmanating
from them. Even Where the breccia matrix {s scarcely replaced at all,
if fhere is a calcargillite fragment in the breccia it will be at
least pa;tially replaced, At first it was thaught that these fragments
1nd1fated early brecciation of the magnetfte body, bLt careful studies
always revealed minute.veinlets.connecilng the replaced calcargfillite
fragnent to a magnetite ve1n5§.Nhere pegmatitic maqng}ite—apatite-
"~actinolite vains cut the replacenent zones they are always younger

_‘than the mafn replacement phase7 Where kagnetite veining 1s quite
intense, surrounded blocks of countfy rock appear to have ‘floated’
and have 'begf; slightly rotatédf-@heir edges are Sthtlyi déforméd. -~
~ Thin and polished section studfes confim the existence of two
generations of magnetfte (Plates 13,2, 13.5‘. 13.5 and-13.6). Lerge

./ phenocrysts of ,apatite and magnetite are badly fractt{réd and contained |

in a matrix-ef ne"égrained. Intergrown magnetite and apatite. The
phenocrysts make up\m 60X of the rock and 1t 1s concluded that

the rack was intruded to 1ts prasent leval as a crystal mush. $The

* ¢
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remaining Tiquid crv§fal]ised as a matrix, and occasional pulses of
this formed the peqma?itic lenses and veins,

Minerals fdentified in the intrusion fnclude magnetite, apatite
actinolite, quﬁrtz, carbonates, haematite, goethite, chalcopyrite and
chlorite. The hacmatite, chlorite and goethite are alteration
products produced during or after post-crystallisation carbonate-quartz
veining. These;younger veins also contain sparse chalcopyrite, A
paragenesis is shown in Fiqure 30,

‘Studies by unddrgraduate students of Dr. R.D. Morton have
1nh1cated that the maqnetite has a very low content of Ti and V, and
has an 'a'-cell parameter of 8.389R compared with 8.396A for 4 ‘pure’
magnetite. XRF and wet chemical work tndicate an average V content
of 0.12% t 0,033 and an average V1 content of 0.55% + 0.03%. The

apatite has been shown, from X-ray diffraction studies, to be

fluor1ne~}1ch with an average fluorine-to~chlorine ratfo of 0.867 to

0.133 ( on, Pers. Comm., 1972).

he-magnetite and apatite.were investigated qualitatively using

e electron microprobe. It was found that the phenocryst and matrix
minerals were chemically 1dent1c61 The magnetités. as Indicated by
the preliminary studies, contain very low amounts of Ti, V and Mn,

~ with no other elements detected.- The apat1tes cantain considerablé‘
amounts of F, Tittle C1, trace amounts of Y and Ce and even smaller
traces of Rb, Ba, Th and Ir. Such results are analagous to tﬁose of
Parak (1973), who noted that Y, Ce and La are common in apatites from
the Kiruma depasns. and fmmd that t.hey are pften cogeentrated 1n '

Ca
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minute monazite inclusions. The actinolite was identificd optically,
and this was confirmed by XRD work.

The Tfa;nd V contents of the magnetite indicate low temperatures
of cryétal]isation (Buddington and Lindsley, 1964; Lister, 1966), but
absolute éstimates of this temperature are impossible to make.

The fntruston of the magnetite plug has had 1ittle effect on the
country rocks g"}1t must be concluded that these weﬁs at similar , |
temperatures to the.intrusion, In Part I it was estimated that the
country'7ocks at this distance from the monzonite could have rcacked
a maximum of 550° during metamorphism. It is assumed that the'

magnetite was 1nﬁ(;ded during or a 1ittle after this thermal péak.

.and therefore mustlhave been at a temperature of 1€ss than 600°6,

‘monzonite were mani fested. - v
B

£

‘ @ 1. The Mﬁ Ap ratio # Ahout»»aa-Hn the min plug,

Evidence has been cited to show that the 1ntrué10n was 60%

Erystall1ne during emplacement. It 1s presumed, therefore, that the

remaining 1iquid was rich in volatiles, allowing it to remain liquid

at less than 600°C. The extent of replacement around the intrusive

»

core 1s evidence of the high cantent of volatiles. The quartz;
porphyry. dyke, intruded soon after the emplacement of the magnetite,
is strongly chilled at the margins, indicating that the plug had
cooled quickly before the waning effegcts of the crys‘tal.lism? .

+

cOnsequently there existed, very close in ‘time"a'nd '

mnzonite. lt is of 1mportanca to

U : SN
*“ih« '

re
W c
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The monzonite was the source for many of the elcments in
4

™~

the skarn,

3. The monzon1te~is strongly altered near 1ts mérgins, which «

are rich in apatite.

4. The Ap-Act peymatite dykes are associated with the

magnetite intrusfon. -

5. The monzonite is alka]irriéh (Table 2: SX 2.1).

Phillpotts (1967) proposed that a 2:1 magnetite:apatite mixture
forms a eutectic in the system magnetfte-fluérapatite, and‘indic,tea
that such a eutectic is immiscible w¥th alkaline, intermediate
fgneous melts. He concluded that the magnetite-apatite fraction
formed an fmmiscible 1iquid which separated from 3 differentiating »
parent magma, leaving an alkaline intennediate melt. Such an
‘nxﬂpthesis explains the observed time relations at Terra, and it {is .
proposed that such a mechanism opdrated. Indeed, Phillpotts notes

. that “mixtures of magnetite, diorite and apatite containing apatite
in excess of 30% form three immiscible 11quids op melt1ng. an '
apatftear1ch oney a magnetite apat1te melt and a silicate melt“ , H }hf
than, is a possib]e saurce for the apatite in the manj@n of the Terra

. L , : :
‘monzonite. : _ _ . - -

° Y

The magnetite~apat1te-act1no]1te lenses at Jason Bay (Fig. 29)
.Are a little, 41fferent There are essentiglly three lgnses, byt each
is surrnundad by a ;one of haematit1sntion Sug11 1enses of Pyrite
are. very common. The lenses are all parallal to tha bedding and thaerw

MT\M

e

" VoL

'y

B ’. 14 . [ L . ‘ . PR

_are nunerous amphibe]n ‘'veinlets near them, q1so c91§g¢mabla to pedding,f;w ‘{
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lens 4.8 is 60 m by 4 m in size. Actino]ite*;pysta1s up to
15 cm long qrow perpendicularly in from-a very sha}; contact (Plﬁte
12.4), The central zone is made up of pegmat{tic magnetite, apatite
and actinolite with interstitial patches of younﬁer quartz, carbonate
and pyrite. The magnetite is almost completoly‘altered tq‘haematite
The country rocks are in the upper albite epldote facies, but the Tens
has, had no noticeable effect on them. Lens 4.9 is similar but smaller
(10mx 1 m), and is surroundéd by other much smaller %ehsesA The
amphibole veinlets are all pegmatitic and hgve.crystal§ grown at
right angles tgithe walls,

lens 4.12 is more complicated as it pés been cut bjfg diabase
dyke, There are a number of pods, VQinsiandjﬁense; of gegmatitfc
actinolite containing apatite and magnetite, and’ quartz, carbonate
and sulphides. The affected zone is 200 m by 20 m in size. Adjacent N
~ to the diabase the pegmatitic material has been recrysta1]1§ed making\N‘
it appear, perhaps, gs if the d1abase werq the parent.

Thin and polished section gnd electron miqropro Sthdies of the
Jason Bay -lenses reveal a stmilar parggenesis to tﬁgie;;f:erra, but
the proportion of act1no]1te is mu;h greatgr :nd the a1terat10n much
mm 1nten§é ‘Again, the altepation is ponsidered to be related to ¥
‘the quartz-cnrbonamhsulphide event (Fig. %0), | |

l‘he magnetita 15 extregly altered everwhera._ us
formed hmtita, but the large nugbar of exsolvad ]amel'fae of 11men1te
testify ;o on, 1n1mllr Mgh Ti cqntent (Plntes 13.7, 13,8 and M lf)‘
xn phges thrls Hmnne:hcmﬁte mggnqmta mixtum hi\s been fur.thar
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altered by reaction with silica and lime to form ﬁighly complex

intergrowths of rutile and sphene (P]aies 14.2 and 14.3), and this
appears to have been coeval wfth the introduction of pyrite and
éh;]copyrite. . | |
The 633% value for the sulphur in th}s chalcopyrite is 4.210.1%,
(NK 4.12: Appendix 1V) and may be compared with values of 2.1%, anq :
2.2%, for\pyrite from similar amphibo]e:magnet{te veins at Echo Bay
(Robinson, 1971). The value is not distinguishable from those of the,
sulphur in the skarns and disseminations.
‘Other similar bodies not studied fn detail include:
\l. Bi-Mt-Act-Pyt ‘'skarn’, half a kilometre to the east of
the Silver Bay Mjne.
2. Mt-Ap-Act veins on the south shore of the Camsell River,
- due north of the Norex Mine.
3. Mt-Act-Pyt-Cp disseminations in tuffs on the ma1nland
.east of Trish Island. | |
4. Mt-Ap-Act veins and breccia cement (or matrix reblaéement), |
half a kilometre north of Seahorse Lake,
" It 1s concluded.that there {is a continum in these evenés from a
purely magmatic (Terraj”to infiltrative 'sweat' concentratigns. The- ’
Jason Bay lenses may rqpre%ent the top of an {ntrusion s1mﬂar to that

at Terra. Indeed. in the 'y betneen the two lobes of Rlutons, and .

. extending as. far north as Pole Bay. there 1s a strong magnetic: anomaly
athat is consistan;]y greater than SQQO y.aqd oftﬁh greater than 5000 y, -
N comp@red with an average baCkgreuud of 2800-3000 ¥ Qver much of the .

\
. N .
‘. . : . . L
. . ]
. co N B B A ’.:' ' e ; - * . .

,11



127

arca (unpublished information from D.I.A.N.D., Yellowknife).

It is also concluded that these bodies are derived from the parent
magma of the early plutons, and that the continuum above represents the‘
ranne in,derivative process, from imiscibility with, to infiltration
from the magma. Kidd and Haycack (1935) and Furnival (1939a, b) have .
reached similar conclusfons for similar bodies in other areas.

Robinson (1971) also. reached similar concluéions from the finid
relations for magnetite-actinolite veins near Echo Bay, but obtained
K-Ar ages of 1435, 1370 and 1415 n.y. (all 160 m.).) for the amphiboles
in these, Consequentiy, he concluded that the veins were related to, -
nnd derived fram the diabase sill at Echo Bay. Since the diahases
causod updating (U-Pb) of the mineralised veins, it is presumed that
the effects on the K-Ar system in the magnetite actinollte veins may
have been similar. \

These magnetite bodies occur\oniy in the western complexes and
have ‘nat been obseryed anywhere. to the easte(Hoffman, Pers. Comm., 1973).
Park (1972), in an excellent review, noted that magnctite-haematite
bodies of varjous types ware "distributed throughout the highly-deformed '
rocks bordering the Pacific Ocean basin", Inclqded in these bndies‘are"
‘ pyrometasonatic depositS nnd apatite~amphiboie~ma§netite intrusions,
and’ descriptions of these are indistinguishabie froy those of the
Camsell River bodies, Park emphasises the association of these bodies
with . intermediate cal@aikaiine magmatic activity in continent~margin
orogenic belts, and conciudes thas it is typicai of this environment.
nnd possibiy even diagnostic. This data is thus considered further

s
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strong evidence in support of the geotectonic evolution of the

Great Bear Batholith, proposed in Part I,



3. SULPHIDE MINERALISATION

High~level, intermediate, porphyritic stocks in orogenic regions

\

very commonly contain ‘porphyry Cu-Mo' minerakisation. The mode!

presented by Stanton (1972) for the development of porphyry

mineralisation, presumes that the ore-migrals concentrate in the

.;

upper portions of an intrusive and in the adjacent‘hostarocks. When

the ore-fluid is restricted to the intrusion, it forms deposits 1n

hydrotherms1ly altered and fractured, chilled rock. If the post-~

~chilling fractur1qp is intense “enough, the ere-bearing f]u1ds may

migrate completel ®into the pdjacent host-rocks and replace suitable

horizons.

A

Such a model 1is used to explain the almost-ubiquitous- -

: |
presence of skarns-around mineralised porphyry bodies (e.g. Bamford,

1972).

chalcopyrite, with 1esser amounts of bornite, sphalerite, ga]ena and

The mineralisation in these systems consi$ts of pyrite and

-

mo]ybdenite Mineralised country rocks may also contain magnetite,

pyrrhotite and marcasite,

The ear]y plutons of the Camsell ‘River area fu]fil all the ‘

requirements far porphyr{‘igpe mineralisation, 1 e

’l!.
2.

' common

s;'Late~stage fracturing and hydrotherma? alteration were

They range in composition from diorite to granod1or1te,

They were qxtremely hydrous! and were emplaced qt sha]law

- . [ 3
' . . [ wee ¥
[y . N

depths. L . . NN - A

R L

Porphyritic phases are common,‘»v R
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| ' .
5. Many coniain vein]ets rich in Fe and Cu sulphides.

6. They are closely associated with calca1ka]1n& orogen1c
vo]canic rocks. n\
7. They are not deeply eroded. , \\\\\
Similar features have been descr1bed from other parts of the Great
Bear Batholith (see especially: Furnival, 1935, concerning a]terat1on .
of, and quartz and sulphide veining in 1ntru51yq margwn;).

The best candidate for a 'porphyry-~copper’ Body in the Camée]l,

River area is a small, highly-complex porphyritic adamellite- |Jf

| ’ " N . /"‘ [
~granodiorite dyke, close to the Norex silver property. It contains .
pyrite and chalcopyrite, both as lenses at its pontabts‘éhd in
veinlets, and disseminated sphalerite and galena have beén noted My w{

vy
(Plate 11.1). The dimensions of tlie body are toa small for economic

"(

interesf Other intrusions in the area contain su]phlde rich vein]ets, ﬁ
or have chilled bordermphases rich in sulphides. One of these amile
to the southeast of the Terra Mine, has been drll]ed and was found to

' consist of pyrrhotite, pyrite and cha]copzzatg in, g!plyssheared and .

te no even- remotelyneconomic R

v,

‘ hydro;herma]]y a]tered granod1or1te, To
porphyry~c0pper body has been found iﬂ the Great Bear Bafﬁolith
a]thqugh prospectlng 1ntere$t 1s plek1ng up and‘rumours of veinletszq}
moiybdenite and chalcopyrite fn porphyries have been heard In the L

‘author,; op1n1on, 1t is. Wnev1ﬁab1e that a ‘type pqrphyry CuﬁMp body i

. willfbé f&pud in.the area“ Nhether such a body would be mined cannot B
. be,ergtold but the djctates of econpmics at grgsentnmake it ynllkeiy«:f.ﬂf

Hﬁr more coumon than porpnmr-mmerms "timz a,re thq sulphidef 3:,.7
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. . . vl . \ . \\ “\ . .
skarns and 1mpregn:g‘@?s,.andal1 those investigated can be related
directly to the\Waningfstageé of contact metamorphism around the smalley

" intermediaté stocks These have been described from the Ecﬁo Bay

'area (Kidd and Haycock 1935 Robinson, 1971), and Kidd and Haycock | E

-

1nt1mate _that:
. 1.. The 'smaller intrusions are now exposed at a level very
. \ n ;
close to their original tops.

2, Fractuq1ng was initiated duriqg\the post—metmnorphfc |

-
L o

(sensu stricto) rydroth rmal alterat1on S S . "

Y
°

Minerals of metasomat1c origln,have b&gq\recogn1sed in many of
these su]pﬁ\de lodes, and include act\po]ite, scapolite, b1ot1te, iron
‘?xfdes apatlte and sphene, as well as er sulph1qes. In, the<§amse]1 o g
River area rsutphide lenses apd 1mpregnat¥gn& outckep to the ﬁ%st of
Trish Island, on'Nic Island north of Slapdaw Lake, oh E\E\Terra

\
penwnsula, near Seahorse Lak&, Black Bear Lake;\at Nowex and Si]ver

2 Bay. aTbng the we§t side of Jason Bay and on the ,ninsula between

B {.Heath qnd Ba]achey LakeQ\ where they accur in voT‘ n1c r&%ks. oxides,
" biotite and aetinolite are predominant accessarfes. fi\apoliéh and B *““‘;5

ca]csi]icates are. more common in,ﬁ%ﬁ*geqtany rocks. A]l occu?‘within

‘contact qureples. L i{ | iftf;;
\workgd qn in most dgta1l~ w

Y L w !

o at ]east the albiteﬁepidqte facies of

The su]phide skarn at~Terré has bﬂn
| o it,ié'ﬁhg bpsggg‘;é“ch Qf ghg younagn yein mingra11sation. aIthgugh :

'u'\‘
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chalcopyrite occur in many places along: the outcrop of this bed (Figy

6). It is\oﬁly fn the Terra Mine, however, that the sulphides occur_

}“ . »

in ‘economically ﬁnteresiing amounts. o S .
E‘stimplafied geology -of the'mine is shown in Figufe 31,~and‘ita

can pe seen that the sulph1de rlch horlzons occur ma1n1y as two ]enses

rep1ac1ng parts of mataca]cargi]lite beds. .The 1enses are bed—paralle]

) , Mg

N and consist of ‘a core of. cha]copyr1te and comnon1y, a rim of pyrite

The sulph?des selective]y rep]ace certain horizons and the re§&lflzg//~,,.,a——

‘ore-bands are bed para11e1 Bands'vary’from a few millimetres to a .|

A\l

. few-centimetres th1Ck Where-the sulphide iones are transected by '

younger quartz carbonate veins, the su]ph1des are remob)lised inito

3

massive bands ]1n1ng the veins. - S | f S

i
!

Tn‘ _ ‘”’ In po]ished sectﬁon, 7he su]phides can be seen to replace the y\ =
] auartz—carbonate~r1ch beds of the: metacalcarg1111te preferent1a11y . .
(P]ate 5.3), h1though(amp ibo]e~bear1ng beds are o%ten partial]y “g‘“, })“”;.

. reR]aced The mineFETQQy 1s'simp1e anqrconsdsts of marcasxte, pyrjt:; %f \?

% . Chﬂlc;:wmtm SBhaleN&e and galena.. &hﬁ» Paragehﬁm’ 32) shows
‘.",Av‘ ‘ A‘u “A h
‘that the yglphgngg de eloPed after the metasomatig s111661'!.!"d oxides"g_.ﬂ

"
) ittt , | M

1n the order* marcasitq-bynite-cha]copyrite and sphaleri a~ga1

(ll

M but there 15 some °verlap Marcasite ﬁm fome@”as Targe ‘euheliy
zv,:‘ s LY . o ‘M«‘M .
o Icn,YStQ]S’ \!ery CQH["OM,Y C n;@"n"ng mgn; ]ame]]ae Of Carbpnﬂte ? .

amphihom, fbming‘g 'fingemrfnt' textu (Plate; 5 1 and 5 3, i

cr‘ﬁ}ms are bmi devqlﬁped ﬁa Ga"bgnate _l:e'd
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AMPHIROLL  f——o
*  GARNET o
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Figure 32, Paragenesis of the Sulphide Skarn at~Terra. o
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Tatter, and cross-cuts the fingerpriots (Plates 51 and h.o3) .
Subsequent to thisy chalcopyrite and sphalerite wore introduced,
The chalcopyrite replaced the earlioer Fe-sulphides and often
overlapped the original bands, replacing neighbouring silicate bands
as well (Plate 5.2). The sphalerite, which iw only a minor constifuont,
often replaced the "fingerprints' in the marcasite, forming a marcasite-
-sphalerite not (Pfato 5.1). Sphalerite also replaced \i]dete\

« N
minerals on the margins between chalcopyrite and silicate bands

(Plate 5.2). txsolution blebs or chalcopyrtte are commen in the

sphalerite, Galena s f@und only as.very small specks on the marqgins 7

of the silicate bands.

Ramdohr (1969) describes this ‘fingerprint' texture in detail
and notes many cases (p. 597) where it occurs from the dearadation of
pyrrhotite to marcasite, pyrite and magnetite, thus:

6 FeS ¢ 202 = 3 FeSZ + Fg304,

ta

No remnant pyrrhotite has been seen in Terra sanples, but 1t {s
certainly comnon enough in the other skarn sulphide bodies. It {s

concluded that pyrrhotite was probably the first sulphide to.form {n ’

the skarn. . 1 . ' . *
| It was propdSea earlier that the sulphides originated by ’
infiltration from the cooi1ﬁg monzoﬁfte; Qnd that the first element
" 'to be expe from the 1ntrus[on in sign1f1can§JA@ounts was tron,
forming the ¥e-rich silicates and, later, the oxides. As the Fe/S
- - ' ! 5 : N
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ratio decreased, so pyrrhotite, followad by more S-rich sulphides
would be expected to form., By the time the inlrusion had cooled
sufficiently to leave 6n1y hydrothermal solutions as the tvnninal
fraction, copper and sulphur were the main constituents of thnso
solutions, and th“\ﬂupp]y of 1ron was nearly exhausted,

An :EXOIGstinq sequence of remobilisation can be seen {n the
copper zones around the yvunger silver veins., The first noticeable
effect is the recrystallisation of marcasite to form metablasts and
cross-cutting veinlets, and® this may occur® up to some 5 m from the
vein, At about % m, marcasite, pyrite and <halg0pyrite veinlets form,
cross—cuftinq the original bands afid filling in the silicafg-rich
interstices, The chalcopyrite blebs in the sphalerite grow and Join
to form large crystals in the cofrodod host, B8y about 20 cm, the
sulphide zone has become massive and all the sulphides are recryftallised.
Veinlets of one, or up to all five sulphides are Eommon, bgt the
polymine}alic examples cach 1nd1N1ddal sulphide is in a single band
(Plate 5,5). Impregnations of quartz and carbbnqtq from the vein
are intergrown with the sulphide veinlets., The sulphides are,
nevertheless, sharply cross-cut by the veins, whose margiﬁs are always

sheared,

LY

The sulphur 1sotope values for the sk&rn.at Terra, and for other-
sulphide 1mpregnations 1n the area, are remarkably consistent (Table

4) and range between values of 453" of 0.9%, to 5. lﬂ;, with the

< grouping at Terra even tighter, These values compare closely with

hosterock -sulphide values for the Echo Bay area (Table 4), and }t is -

{

: : : » .
. |



Table 4. Sulphur [sotope values for the Terra skarn Sulphides and

Sample

TJ3.3A
TJdbs. 1D

RJIO'. 28

TX3.1

TX7.2
Al.1

Al.5
TM24 .2
TJ11.2D
TX24.7
NK18.178
NK4 .12
S1

52

53

54

S7

S8

A
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comparisons with those of \ulphidn Imnreanations from other

parts of the Camsell River

l.ocation

Terra

Terra

Terra

Terra

Terra K

Terra

Terra
Terra
Terra
Terra
Balachey
Jason Bay
Echo Bay
Echo Bay
Echo Bay
Echo Bay
Echo Bay
Echo Bay

Echo Bay
Echo Bay
Echo Bay
Terra
Terra ‘
Terra
Terra ’

L

Mineral

Primary skarn; Marcasite,
Primary skarn; Marcasite,

Recrystallised marcasfte Im from vein

" chalcopyrite
Chalcopyrite on edqe of vein
Recrystallised chalcopyrfte

Y marcasite
Primary skarn; Chalcopyrite,

" " Marcasite,
Chalcopyrite on vein margin,
Chalcopyrite on vein margin.
Marcasite " " "
Chalcopyrite lm from vetn

Pyrite 1n banded tuffs.

Chalcopyrite in silicified tuff

Pyrite in banded tuffs.
Pyrite tn andesite,

S:ﬂcopyr1te in Mt-Ap- AC§~Paqmat1te

fte in tuff
Pyrite in andesite '1
Pyrite in, tuff
Pyrite ip tuff

-“Pyrite 1in breccia

)

Pyrite in agglomerate

Pyrite in tuff

Pyrite in Mt-Amphibole veins

-’

t-Amphibole veins

ary skarn;,Pyrite
jmary skarnj Chalcqpyritq

A}l 'S samplcs ara from Rohinson (1971).

. -

¥ L
[ i LI

*

BN ™ WD W W oW N WD

3.

Arca, and from the Echo Bay Arca,

s53%

(CDT).

010,
00,
810,
410,
9o,
110,
A0,
710,
910,
210,
.010.
10,
240,
A0,
.010.
510,

b e e ey e s = PO I e = e = PN

1

4.210,2
4.210.1

a.

8

3.0

2

4,
4.

A

2
2

6.2

5,
2l

1
1

2.2

5.
5.
8,
. 5.2

2
8
}



137

suggosted that this is primary magmatic sulphur. lIdeally, magmatic
| sulphurs should have values close to zaro per mil, but Thode and
. Gross (1968) quote values of §S3" around +4%, for ores assoclated .
‘with orogenic plutons, and Schnetder (1970) proposes a iiodel whereby
increasingly positive sulphur isotope values might be expected with
lincroasinq oxidation potential (and PNZO) and increasing alkalinity
'of the magma. Thus, as the Camsell River plutons were wet, sub-alkaline
and orogenic, it is concluded that the above fsotope values indicate
a primary magmatic origin fori the sulphur. Such an origin is ,
compatible with the suggestioﬁ that the components of the skarns were
derived from the plutons. " |
[t is of interest to note that the sulphur isotope valucs remain
unchanged even where the sulphides have heen rem6bili§ed by yogngor
veiﬁs. The 1sétop1c values show that neither the primary ndr the
recrystallised sulphides are in equ111br1dm with ench'othér.
Consequently, “tempts to estimate temperatures qf cfystaTﬁisatjon
fron mineral pairs are fu%i1q.

r

Further attempts to note differences between the primary and

recrystallised sulphides were made with the electron microprobe, It
might be expected that, during recrystallisation, sulphidas cod{d be

'flushed* clean of trace elements and would become morg ‘'{deally

+ .

stoichiometric'. ) . ‘
Primary and .remobii{sed chalcopyrite, pyrite and marcasite were
analysed for Zn, Co.1!1. As ¢ Ag d-Se, and sphalerite was analysed

' fo;ng and Cha'in addition, Z#hc was found in measurgable guantitiés

i .
L3 ! .

+ . . .
. . Cop - ’ ‘)
- e v l ¢ ' ﬁ’ ;
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in the chalcopyrites (Table 5) but no dif ferences between the two
types were seen. The Fe-content of the sphalerites {is high (Table 6)
but again does not vary. The Cu-content of sphalerites was found to
be patchy and to vary sympathetically with iron and antipathetically
with zinc. Since the sphalerites contain visible exso];tion blebs of

~ chalcopyrite, it {s concluded that these small Cu~Fe-rich patches are
sub-microscopic exsolution blebs,. also of chalcopyrite. According

to Park and McDi%rmid {1970), such exso}ution indicates temperatures
of forﬁation in excessmbf 350°C. The total free Fe-content of

the sphalerites was calculated after removing enough iron to balance
the 1.70 mole % of copper. It was found to be 6.64% of feS and this
appears to be uniformly distributed in the sghalerite. Application o?
the sphalerite geothermometer (Barton and Skinneﬁ; 1967) is {mpracticable
" because of the lack of d%ta on the absolute sulphu#’fugac1ty during
~the formation of the sphalerite.

None of" tne other trace elements mentioned was detected in any of
the sulphides. In conclusion, there appears to be no chemical chgnge
accompanyirig the recrystallisation of the primary sulphides, | _

Estimates made by the author in 1970 predicted a total tonnage d+
64,000 short tons of miﬁeralisat1ohlat 2%.Cu to the base-of the second
level, WMinihg ha&‘now‘continued toka thfrd level, but it 1s not known.‘
Af the coppér zones have been found at that depth. The contrels of
' the nﬁneralisation are not certain, other than that the calcargﬂlite
acts as a host, Presmb]y pore-fluid cqncentmt‘lons at the time of s e
 the fmt skarn'formatfon dfe 1mportant. ol was d1scussed in Part 1:8, ;',
ATV | oy e L

TaL it : . R - ., . A
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Table 5 ZINC CONTENTS OF PRIMARY AND RECRYSTALLISLD SULPHIDES

139

Sample Mineral No. Analyses Pl -Bg
: Counts/Scc.
‘,?024.2 Primary Marcasite 5 " 0
o ‘
R " Chalcopyrite 5 61.0
TM20.9 " Marcasite 5 0
" Pyrite 5 3.1
" Chalcopyrite 5 67.6
’
™24 .1 " Pyrite 5 0
C " Chalcanyrite 5 56.7
TM10.18 Recrysta]]ised,Chalcopyrite 5 . 69.5
TuX02.1 " " 5 ~35.0

The.concentrqtions are so low that corrections for Atomic Nunber,
Fluorescence and Absorptioh were nat made.

A

Appafent Zn concentration Primary Chalcopyrite = 0.134 wt.%.
Apparent Zn concentration in recrystallised Chalcopyrite = 0,113 wt.%,

Table 6 ANALYSES OF SPHALERITES
Samples TM20.9,6TU15.1, TU24,2 - .

The values are closely simidar and are fully corrected using
Probedata ( Shith and Tomlinson, 1970).
Totals are corrected to 100%,

Ci= 2.26 Wt.E.  Zn= 6830 wh.%.  Fex 5.52 weg. S 33.92 wt.g.

b
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4. A MODLL QF THF COOLING PLUTONS “

| The porphyry dykes, maénetito—apatite bodiés, tourmaline veins,
and oxide and sulphide skarns are thus seen as part of a continuum
in response to the intrusion of the plutons (Fig. 33). The plutons
were sub-alkaline and wet, and were emplaced at high levels in ‘the |
crust during orogeny. As guch they may have been the sources‘of\‘
inmiscible fractions, which separated at depth and formed indivfidual,
intrusions - suCh‘as the magnetite-apatite-amphibolite bodies.
During their final eﬁp]acement, the plutons began to de-gas. Misfit
elements, such as P, B, Cl and F, were then fixed in apatite, Eourmaline
and scapolite, both in the intr;sive margins and iﬁ the recrystalliising
country rocks. FExcess iron was expelled frop the intrusions. This
was taken up first by the silicates, foming Fé—rich rims and Ehases,
but’, as tempgrature§ declined, the silicate reactions were arrested
anq Fe-qxides were formed. These werg precipitated either as |
replaCeménts of suitabie hosts, or in magnetite-apatite-actionlite
pegmatites. As the cooling continued, the sulphur and base-metal
concentration rose 1h the remnant fluids, At first sulphur combined
with the femnant iron, forming first pyrrhotite and, as [Fe] decreased,

pyrite. ‘F1nally the Fe-sulphides were replaced by chalcopyrite,

sphalerite and galena. These processes were taking place around the

‘early plutons and, while the time involved can gnly be guessed at, ' .

it 1s protable that the;sdﬁph1qes were emplaced prior to, or during
the berié& of ﬂntrusion of the }até granite batholiths.
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5. HYDROTHERMAL VEIN DE:POSITS
)
a) Giant Quartz Veins and As wsociated Mineralisation |

The nature of the Giant Quartz Veins has been discussed
extensively by Furnival (1935) and also in Part I. Mineralisation
was found in three of these veins - at‘Echo Lake, Jason Bay and
Urénium Point,

At écho Léke a 10-20 m wide quartz stockwork cuts the contact
between granite and metamorphosed felsic volcanic rocks, lThe veins
show three phases of quartz introduction separated by periods of
fault-movement. The sense of movement on the fault has ‘not been
documented, but from the geometrical considerations outlined earliér
(Fig. 18), it is probably dextral. A small lens of uranium
mineralisation was foﬁnd in this vein in 1969. The lens was so
small that subsequent trenching destroyed it. However, samples
~co] ecte‘ from the blastinys showe‘ff that the third phase of quartz .

(c]ear and vuggy) contained interstitial rosettes of haematite, which
Cye

in turn contained low amounts of a radioactive element ~~presumab1y" i

uranium. No primary uranium minerals weré'segﬁ. but a fgw graihs of .

a yéllow'!uran1qm bloomt (bequelierite?) were noted, Ponshed,sect1ons

have not been hade due, to a lack of suﬁtéble samples. | |
A 5-10m W1de massive quartz vein outcrops in a NE-trending fault

on both shores of Jason Bay. Two phases of quartz 1ntrusion are'

_ recognised. ~The first js banded and mflky, and the second coarse and

xvuggy, This second generation was depos1ted 1n th?ck bands par&llel

[

~'
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to the vein margins, and in places is interbanded with Fe-rich

dolomite and ankerite. Both quartz and carbonates get coarser towards

‘the centre of the vein, and locally lenses of copper minerals agq

/
haematite are developed, The copper minerals are confined to the

. ' ,
carbonates, which they replace, but are usually located at coptacts

with quartz., The copper mineral was originally bornite but this

has been strongly altered to cha]copyr1te wh1ch occurs both as rims
around, and as exsolutfon tamellae in tﬁu born1te (Plate 5.7). qu]l
ve1n]ets gf chalcocite agq; rarely, covellite are seef in/the
chalcopyrite and occ;sionalty tross-~cut@into the bornite. These
textures are typical of the degradation of bornite, thus:

CucFeS, +S = CuFeSz + 2 CuS + Cu,$

5 774

~ ' : o
L

Haematite, occurring as rosettes in the'quartz and bands of plates
and -needles in the ca}bqnates, cuts all these copper minkrals. No
radioactive minerals were detected.

. | .
East of Uranium Point a 30 m wide quartz stockwork contains

- massive quartz that was brecciated and demented by banded, milky quartz,

and this in turn is locally«repiaced by b]e5§ of pyrite and

chalcopyrite. A thin branch of this vein runs- NW through Uranium .

“

L Point, where it 13 qccup1ed by a ygupger diabase dyke, and the ddges - (“

Pon

of this veln are full of haematite The d1or1te which 1t cuts is

extremely altered up to 20 m from the vein, Heavy 1mpregnat10ns of .

1

hatht1te in tha dlor1te contain rad1oact1ve elements in sma]] ]enses

l»"

e""

[ERY I
1
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No uran1um m1nera]s were recoqnised

‘ ‘; Near Nic Island the Bloom Fault is occupied by a 50~ 100 m wide

.‘;fj ?1ant Quartz Vein that contains all three phases of quartz

i.,‘QLalcopyrlte and pyrite were found in the third phase as blebs, but

Cobo . . _
' PP haematite, carbonates or uranjum m1nera]s were seen,

'
l‘ ! i
‘.gu ,& | ConsequentIy a detailed paragenes1s Qﬁ the Giant Quartz Veins
.: YR !
w'ﬂﬁ:‘ﬁs as follows: | | ’
, ;’\‘?,‘ “"l ! vl} .
il 1 Phase 1. Growth of massive, white,quartz veins in dilatancies

i ‘J"”r I !
\“v in the reg1ona1 NE-trending faults.

! ‘ .
p; Phase 2. Brecciatlon of these veins and introduction of more

ﬁuartz Cement1ng of fragments by new quartz (banded and milky)..

é -
.U i
Jh Stockmorks of quartz veinlets around the main ve1n Silicie and other.

Introduct]on of some iron

Al
ot

! ;1teratloh in the veined country rocks

: l
nd cgpper suiphides,

Lk I
N .
' d!« Vo Phasé 3. Further dilatancy deve]oped in the veips. F1111ngs of

R

[ A

& Mﬂ Hflear, vugay quartz.
N

and uranium minerals and haematite infhoduced with the quartz. "

“Iron-rich carbonates iii‘later stages. Copper

These descr1pt10ns are closely sfm11ar to those of other Giant

: Quartz Veins throughout the Bear Province (Kidd, 1932 Furnival, 1935; ﬂ?MmM/

"vl.'[ ?
i <l
I i smith, 1953). It 15 important to note that the veins cut a1l the:

i

m

*ﬁmqn Aphebian rocks of the Bear Provinee, bul that the 1nit1a1 vein
fﬁfv,ftlllngs were developed relatively sbon after the end. of the Apheblan .

', ﬁra._ D .;“ B C .

vll‘w"" N . K Lo . .
o i/ . " . N .
Yy ‘ T : e N Cae T .
. . N ' L M Rt I L + . e
nﬁ‘ !




b) Barren Quartz- Carbonato Veins . ‘ f;

QQ \Q ‘

Podiform, banded veins of coarse amethystine quattz and plnk

and brown carbonates (caleite, dolomite and;ankeryte) are common
throughout the area. They cnmmon]y Ffi%INW~ and NE-striking jq‘ ts
and micrafau]ts, splaying from the larger faults. They‘éiso occupy
the E-trending tensionafracthres. They cuf all rock types, but their
thickness is lithologically controlled - they are -thin and sinubhéein
“plutonic and massive volcanic rocks,'buf podiform in theatnff; and
sedimentary. rocks. The quarti and carbonafes form thick bands 'with
large crystals of quartz growing perpendicular to the vein mangins.“
The carbonafesfare“fine~graineﬁ and banded on the outside and pecnme'
coarser towards the cengre The vein-centres are often vugqy .Fiakes
and specks of haematita and cha]copyr\te are locally, comoen. The
ledgég of the veing are chlor1t1sed and the surround1ng rocks are

qas

a]tered for a few cent1metres on e1ther S1de. These ve1ns are
AP ] :
crossacut by the younges& d]abases and arg‘probab]y re]ated to the -

youngest phase'of quartz~f1]11ng fn the Giant Quartz Veins. No fault

movement has ‘taken place s1nce the1r formatlon. .' “;
One rather unusual vein that appears to - be]ong to this group fills

an E striking te 1on~frgeture fn tuffs neﬁr the outlet of Ba]achey
s
”aLake‘glﬂﬂwnontaTns, in addltiou to "the typ}ca] quartz and carbonate

o,

S assemblage, poq§ of ba#?te, which in tyrn ¢qntain bornite and " "
, fw * 1’b o .‘_ .l_, e
chaTcopyrite. S B

. . K
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. *4 N 0 v v » + 5
K B . , . . .
. TR E . . . . - e | . s . )
N + . . H - . '



e r——

“y . ]46 ’
' ‘) - o ‘ A

¢

c) Quarterarbonato Vein° Conta1n1ng_€1lverJ_B1JMuth and/or Arscnides

These vetnﬁ occupy second and third-order faults splaylng from -

)

the maJor NE trending faults. Occa>1ona1]y, hawever, they. are -
emp]aced in E- ~striking tension~fractures between ‘the NE-trending faults,

.

These sp]ay fau]ts are usua]]y vert1ca] hut thair or1entat1ons are

,*' extreme]y var1ab]e. In p]utonic and mass1ve volcanlc rocks they are |
single-plane shears, and veins in them aﬁe seldomgnore than 5 cm wide,
. . " :;):\ . . L
These veins are filled with finely-bandéd ‘carbonates and granular .
. . - . \

[

quartz, with rare patches of\chalcopyrite, f]uoéite; haemaﬁite, '

arsenopyrite and cobalt arsenides. The'ﬁa]1~rOCstére.haématitised

A‘and ch10r1t1sed for¢§ few céntlmetres on e1ther side. In bédded |

‘volcan1c rocks the shears splay and horsetail, and thelr trends vary. o
-‘Movoments were’ taken up on 5 number of planes, and as a consgquence , RPN

d11atant zones were deve]oped These d1]atanc1¢s occur on all sca]es,' A

qut ;he1r mode of formatlon is best‘seen on’ the P1crosca]e | -

| Fiqure 34 snaws three ways 1n whlch dilatanc1es may oceur. and

’ these 1dea1 Lases’ are compared w1th eXamp]es The principal de@SEOf 3 \ K
| ,qenerat1on of dilatancy are: ‘ . I f"“ ‘WWA .o
\ 1. 'Bgtween. offset fractures,_ r' - | ‘.‘ ERE _'.'5 

”»*Z.N,Between curved and refracted fnactuYes o . f ‘1i,phﬂ”i o

o 3. As’ ten81on gashes - - . fll.v ? . .; ’ %iﬁﬂ,(lf
“ivl_, v4, *At cross fractures ) - *f . 1 ,?r. “T". ’1;ﬂ;n¢;?“:xf 

v The f1rst pf these requires that faulting be taken up on mo?e S
i than onp p]ane - a,ggjﬁiﬁﬁon that deveTops where thq faults cut bedded R
| volgqhtﬁ ﬁmcks plutonic cantacts and sulphiﬂgelmpregnated rocks, r:,;%3y’

"’,,.‘»eﬂ“ . " :
e A Vo »'- i y . ' . W A e e 5 “~'1-"'v ’
n L T UL PR T RN SR R
D ' .
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“The second and third require inhomogeneftics in the @aulted vocks

~ es bedding, crons-faults or |ntru‘ivv contacts,  The tilﬂt two
require mgee than one perfod of movement B thu fau]t" All these
conditions can be soen to apply in the Cnmuvll River aroa on outcrop

scale and can be deduced as applicable to the vviﬁs in‘tli three

mines.

The "silver' showings usually Cﬂnﬁiﬂf‘Of one sych dilatant pod

“{n a thin carbonate vein and the structural controls of these arp

easily scen (Fig. 35). " These mineralised pods geldom cxceed 10 m in
length and vary between 10 and 50 com in yidth.

The mineralised lenses ar& distinct from those in the barren
veins fn containing numerous brecciated fragmenfs of wa]l~f§ck and in
showing signs of more than one period of fault-movement. In the pods
the carbonates become coarser and vugs may develop. Thelore-minerals
develop as thinasﬁcots and’ replacement zones on brecciated wall-rock
fragments, as blebs in the carbunates, and intsrst1t1a]1y 1n rare,
thin bands of 'sugary' quartz

. The mines are heveloped where thgre are a number of vptns. each
with a number of mineralised pods close together. Again the pods contain
most of the mineralisation, together with numerous fragments of wall-
-rock and earlfer vein material, At least two, and often more ptrjods

of fault-movement can be proven, The area between main veins {s y

| extensiv\1y fractured and contains numerous carbonate strtngtrs

Between pods the veins are narr@w (ty]ﬁ tm) and.rarely mineralised.
Thé pods may be as wide as 5 m, although 10-50 cm 1s more common. In

" o .
" , (
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qeneral the D-trendtng tension -fractures have become. the most dilatant
and the NL-trending faults and shears remain thinnor. but more
richly»mihufulisod.

The qanque minerals are usually quartz and carbonates, with
fluorite common locally. The vein minerals consist of native ;nta]s
and complex salts, mainly of the following elements: U, Ag, Bi, Ni,

Co, Fe, Cu, In, Ph, As, Sb and S.

[t 1s clear that mlpvrdliséd vofnﬁ are localised by: -

I, Intrusive contacts - since the intrusives are domonsgﬁab]yl

older, this must be a structural control, -

2. The host-rock. Cumpetency‘1§ certainly important, but

rock-chemistry may also be a controlling factor.

3.+ The secondary and tertiary NE-striking faui%s and thefr

related E-striking tensfon-fractures. .

The ore-shoots within the veins are contained in dilatant zones and
these are localised by: B .
1. The~Presence of.pre-exist1ng sulphides in Uﬁzhost—rocks.

his 1s certainly a competence control and may also beva ‘
“chemical control, ‘
2, Curves, refrac Tons. and bends 1n.wind offsets between faults
that have ﬁoved_ re than oﬁce. causing dilatancy.
3. Areas where the veins cut contacts or other faults.
4. The rgck-type."ofe-shoots are most common in bedded volcanic
) rOQQs and are never seen in the volcahoclastic sedfments.‘
The nature and controls of the mineralised veins will.be discussed

| further after the mines .and showings have been described in detail.
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6. THE TERRA £

a) Mistory

The property was invostiqqted by Eldorado's Exploration DiVision
in 1960 and a féw holes were drilled to test the copp®r zone at
depth. The silver veins were thought to be too small for exploitation
and the ground was dropped.  Terra Mining and Exploration acquired the
property late in 1966. ‘Iho; drilled 39 holes in 1967 and then began
a programme ot underqrbund development and dritling in 1908,

A mill was constructed carly in 1969 and the mipe was officfally

-
opened in September of that year. Production has since been sporadic

“with both economic and physical factors causing problems. Since the

i
spr1h§ﬂbf.]972, when both the tMird level and the Number 9 vein were

‘

developed, good ore has been mined and production has been continuous., »

b) General
The mine geology and the locatfon of the most fmportant mineralised
veins have been described in the section on sulphide skafns (Fig. 31).
Detailspof_ghe fracture pattern (Fig. 35; show the complex»napurg‘of
" the faulting in the mine. The mine is localised where a §ma11.
second-order fault, sp]éying from the Bull Fault. cuts banded andesite
tuffs'and'the éu\bh1de skarn. The fhult'pan‘be seen as a single plane

in plutonic rocks to the south, and as a 5 m wide set of shears in the

b aens

. andegites and volcdnoglast1c sediments to the north. In the'mine area

the fracture zone widens to about 100 m and fs bounded by two mafri

Ve
»

N
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Figure 36. Carbonate~-filled fractures and the location of Ore-shoots in the
. Terra Mine. , .
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veing, the Numbers 8 and 9 (Fig. 34).I These tw6 veins are, however,
sinuous and do not always remainlparéllel‘to the diréction of =,
faulting. The main veins ére composite and highly complex. Between
them are numerous sub-parallel veins and stringers (e.g. Numbers 1
and 7), and even more numerous cross~ﬁractures. .The complexity of
the mine is greatly simplified by showing only the carbonate-filjed
fréctures in Figufe 36. In reality, chlorite-coyered shears and ‘
joints, which developed before, during and after mineralisétion,
outnuiber the veins and stringers by an order of magnit&de. When it
fs also considered that many‘of the host-rocks were originally brecciag
‘(e.g: metacalcargillite), show extreme lateral facies variation, and
are differently metamorphosed and skarn-mineralised, the problems .
of correlation between, and prediction of veins and ore-shoots aré more
than this writer could deal with, except in the most general manner.
1 is clear that the mine is localised by the host~rocks, which
permitted development of a wide fractufe~zone on the fault. Similar
conditions exist elsewhere on the Terra peqinsu]a (sée Fig. 7) and /
each of the fault-zones widens és it transects the andesite tuff and
calcargillite horizon. Carbonate veins were found in all of these
faults and werg investigated where they cut the andesite flow on the
shorés of the Camsell River. They were found, predictably, to-be
thin and barren. They are not well-gpposed where they cut favourable
~horizons for ore—minera)isat1on and recommendations that the veins be
drilled 1n these areas were not followed, It has: been rumoured,

however. that one of these veins was f1nally drilled in 1973 and

f ™ ' L)
‘. f .



yielded a 'significanty intersection containing arsenides. The

author has been unable to substantiate this rumour.

¢) Wall-Rock Alteration -

The veins in the ﬁine cevidence at least three periods of
.Qovement. Each js shown by the brecciatiop of pre-exiﬁting vein
material and by the ini}vduction of fresh mineralising fluids, The
faults must have existeq prior to the ffrst phase of mineralisation,
for this mineralisation fi}]s the faults, and associated silicic and
haematitichalteratiop are w\de]y eve]opq? ih the wall-gocks, The
massive volcanic rocks are especiplly affdécted and altered to a deep
red 'cherty;-—Fpagments of this dre common in all the veins (Plates
9.4 and 9.5).,

These red fragments are healed by carbonétes, and the wall-~rocks
were altered again at this time, This‘albération extends for-about
twicé the vein thickness on each side and is best deve1opéd in the
’tu?fs and calcargillite. In these rocks an outer zone of white mica
and\qarbénéte'repiaces much of the hgt~rock and gives way inwards to
a zone of éh]orite and darbonafe with or without haematité. and then
to a zone of almosi~complete'carboﬁatisation on the edge of the vein
(Plate 4.8). In the siliceous volcanic rocks this alteration {is seén
onl& as black and green (chlorithic) stringers a}oﬁg“%ractures. .

A further period of fault-movement caused brecciation of all
pre-existing vein'and wa1j~rock mqterial. and p fmit;eq the introduction

o of'quartz.and‘carbonates. Alteration around these véfns‘kas”not |

] ¢
a . :
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observed, but the margins are plated with chlorite and white mica
4 .
(Plate 9.4), and slippage has occurred on these again and again

(Plate 3.7).

d)  Location of Ore-Lenses

The 1ocmjon of rich silver-bismuth ore-lenses is shown in
Figure 36. d§’¥u1be’seen that the ore occurs sporadically and
irreqularly in the veins, but most freﬁuently‘at areas of splaying
and coalescence, of the veins, and particularly whare the veins
intersect the ‘copper zone' (compare with Figure Ql).

Figure 37 shows the agéay results of sump1ing gaong the
Number 8 vein on the first level. Firstly, the podiform nature of
the silver-rich lenses can be secen, Secondly, the location of these
lenses just before and in the pods of ‘copper zone' is well Shown.
The silver lenses always occur on the southern side of the copper
pods -~ {.e. closer .to the monzonite. This may imply that the
s11ver~beaﬁinq fluids were miqrétinq along the veins away from the
intrusion, and that the silver was prec1p1tated in dilatancnes where
the fault began to splay on the.margins of a copper pod. The lack
of si]ygi right through the copper pod suggests that the éhemical
' effect of the copper.sulph1des was not the dominant factor'in
prec$pi£at1pg the silver.

Tﬁése conc]us1ons are substantiated by similar date from the
201 area (F1g 38) which shows the considerable enrichment, of silver o
on and 1n the edges of the main copper zone ~ notably in the edge

. * o
ﬂ}(
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closest to the monzonite. \ Furthernore, ' the recrystallisqtioﬁ and
cbnsequent enrichment of the copper sulphides close to the veins is
well demonstrated in the data from the traverse é~a'.

The ore-lenses in the main veins consist dominantly:of uranium
minerals, arsenides and silver or bismuth. ' lowever, in the Cross-vejns .
most of the ore is of the younger silver-bismuth sulphosalt and
sulphide variety. It is interest{ng that both typgs and ages of
mineralisation show the same relation to ﬁhe copper zones, again
sugge§ting that the control is structurai. Tpe coincidence of the

rich coéper zone and the remarkab]y‘comp1ex and well-~mineralised

\

portion of the Number 1 vein is no acETdont
These data were assembled from res:lté\of samp]1ng to determine
grades and tonnages in the mine. Further data on thP moré vecent - -
deve]opments are’not aval]ab]e to the author. However, from brief
. visits to the mine in 197] and 1972, it is apparent that‘ e two
features (sp]ay1ng of fau}ts and 1ntersect1on of faults and copper

" % zones) control much of the 1mportant m1nera]1sat1on in the mine.

The data ql'lerning a Ross1ble direction of travel of the

: [}

m1nera11s1ng fluids is lnterest1ng It was originally proposed that
the Jocation of silyer lenses on one side of the- copper zZones 1ndiga£ed
that solutions travelling through the copper zones 1eached the BRI
’su1ph1des of tracé contents of Ag, Ni, Co, etc. during their
recrysta]]1sq}f§n. aﬂd deposited these “elements beyond the goppar
. 'zone. However. 1£‘was noted earller that the primary sulphldes “

-_*-~~GQﬁ$&4ﬂ34~¥LP§HﬂTTy none ?f the qlements common in the‘Kounqeﬁfvelns

4 ,A . " . "‘ . P
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and that there was no difference in the trace elehent contents of
' ' 14

ﬁ?imary and recrystallised sulphides (see Table 5). Consequent]y.

the hypothe91s of fluid-transport away from the monzonite is preferred.

[t must be stressed here that there -aan be no genctic connectidn

between the monzonite itself and the veins - the intrusion was one

of the earlier ones 1in the area, and was certainly cooled and, possibly,

1
even unroofed at the time Sf mjnera]isation. The genetic significance
of this proposed direction of fluid migration will be discussed later,

L}

e) Details of the Vein M1nera11sation

Nhen’descr1b1ng complex]qu1nera]1sed veins, hhere is a problem
‘in deciding whether to describe first the separate m1nehajs and their
textures, and then a paragenesis, or vice versa. The cart is always
bhing put before the horse, however it is done. In this section the
groups 6f‘minehals that typjfy the varioh; staqges of thé‘paragenesis
are descrlbed and theln textura] re1at1onsh1ps with other groups

documented. A degnhled summary aof the paragenesis fol]lows'.

-

A-—‘/ B [

. {.v>Carbonates 3 | :“T | o

"ot The carbonates ‘can be divided into five group§ on the basis of

:‘ \ thlmorphology and agewre1at1ons The. first phase {s seen on]y as
bhecciated fragments 1in yqunger veins always assoclated with the
red a]tered fragments§’ The fragments consist_of fine-grained calgite

and do]omlte which ar badlx haematitlsed Since the red fragments

are not veined by this material, it is thought that the red~a1teratlon

o "‘ . ’ .
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‘may be younger, These carbOnate 1raqmonts may havo beon the first

hydrothormdl ve1n materla] in the faults.

. The second group of carbonates consists of granular, fine-qrained

dolomite, with small adm]Xtures of calc1te Thls cements the .

'red fragments and is often banded 0ccas10nally it contains smal]

patches of quartz, maqnetltek haematite and pyrite. The bands are

.
often separated by smears of chlorite, and moss-~like &tryoids of
chlorite have grown from these The do]omite contains much of’the

more masswe silver and arsenide m1nerahsat1on Faulting then

| sheared, and occas1ona11y bxecmated this&o]om]te, and a-coarse white

",

. «dolomi te was emplaced fbf‘mmg thick veins which cement both red and

!

green a]tered fragments, This dolomite contains smears of chlorite

and c'oétings of a fine haematite dust. % is replaced by much of the..

“déndritic and b@ryoida]f arsenide mineralis{tion.

The fourth - group cuts the tmrd which ﬁﬁnot brecclated It s

LS

a coarse, whlte domm te, contammg ch]orlte and hae'natfte in places

Patches of coarse&hér quartz are common, and thin veins of quartz

lie 1n ‘khis dolom1te These velns are usually of clear', euhedral

»Quar‘tz, but one Was scen to he 6‘1he~gra1ned and granu]aq and to

¢

contdin spetks of natwe sﬂver\, The dolomte alsa contains patches

.- of fluorite, green mdscowte pink fe1dspar‘. bismuth .and many sulphides.

and su]phosaﬂts. ,Quartz f‘e]dSpar f]uom te-muscowte velns both cut

and are cyt by the dolomite veins. The dolomite was the ]ast main' .y

:fﬂHng of the vems, and %re are 1arge vugs 1n it, most espec.ia‘lly

in the cross- veins Thtse vugs are often Hngd with pynte and

.
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hacmatite, and tine needley of pavonite were found in one, The
dast carbonate in the veins is calcite, which form elongate

scalenohedra in the vugs and 1y often intergrown with pyrite and
RN
N\ .
)

The results of analysis of tsotopes ot oxygen and carbon are

”

haeiat { te,

shown in Fiqure 39, All the dolomite: plot {n a vory tight group and
there is no evidence of fluid evolution, although the averages of nine
Stage i.and 15 Stnq? 3 dolonites are separate,with thé same Crend as
that shewn: by equivalont stage dolenites in the toho Bay dcposit
(Rnbinﬁon 9711 However, the values are ¢lose to thase of delomite
in thutnotaaalgarqillitv and 1t s suspected that all the dolomites

w)

have eqqilibrntod (Badham et al., 1972).

] .
The calcites show o considerable spread and ft has beowsuqqes ted

that they represent a contInUOu; trend trom the cquilibratedt dolomite
value to equilibration with a late influx of metcoric water (Badham

et d]X 1972) Hnwever. statter Ps rcally too ldrqe tonbgvtnterpreted
simply, In addition, many of the Stage & calcites vere so 1nt1mately
intergrown with dolgmite as to be phys1cally inseparable, and the
analyses mre made on the gasses produced. xﬂer only twe hours of acid

digestion (see Rppendix 111). The analysed carbonates were' all

fdentified using K.ray diffraction methods: only Ca and Mg carbondtes

were 1dentifmd at Tcrra. : .. .

.g! au .!" v ‘I - . ‘7. " .
: . N LS B R

. NG quartz'was seen fn associatfdn with the 'T““"t:m % -
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Terra, but its prosence fs dnplied by the extensive vilicic alteration,
A '
Quartz fs first scen as patches in the second phase carbonates, where

it 15 ¢lear and cuhedral and often dusted pith hacmatito, No quartz

“was seen in the thivd phase carbonate veins, but ft becomes conmon

in the coarse, white dolomites, both as veins of coarse, clear

euhedral crystals and as ‘'dogstooth’ vuq linings. In the latter it

s commonly coated with haematite or pyrite. Small crystals of

quartz very occasionally overqrow thg late caleite scalenohedra,
The quartz crystals contain mmerous fluid inclusions, fnd are
f -

eminently sultable for fluid inclusion work, which ts planned for the

future. \

" Uranium Minerals

" w -

Uranium minqnnls are cbnmmnly a~§ociatv d with the silver- and

arsenide-r1ch lenses 1in the main ve1ux. Jtudies Qith a sc1ntillometer

fp the mine and on hand 5pec5mens revedT“that much ‘of the uranfum Is
assocjated with the ear!y‘red~alteration (haemp£1tfc»lpd silicic).
The urnnium‘minera1s ére présént in black stredk?iin the altered
rocks, but .no uranium mineral could be 1dnnt1f1ed in polished

\
sections of thPs material. However. it seems that later 1nfluxes of

‘ silver and arsenides recrystallised the urgnium. sometimes 1n place,

but more often with mobi\isqtion as well, The urantum ‘minerals were
flushed to tbe-margtns oﬁbthe red-altered fragman;p. and recrystallised
fyer. The autoradiogrpphs (Plates 9.1 and 9.2) show the ”

5
L

\ ofdunaniun minerals on. the edges of, and 1n cracks in

0 n -t '
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the red-altered fragments, and their further concentration as thin
coronas around silver and an@cnide growths., There {s evidence,
) "

however, that some of these coronas of uranium minerals grew before

the other minerals and acted as a nucleationcetentre for precipitation

of the latter. For instance, in Plate 8.2 ‘a corona of banded

uraninite in carbonate was cored by silver and rimwgﬁjby diarssnide
rosettes. ‘These thin bands of wraninite probab]] Correspond to the '
early uraninite dendrite stdge at Echo Bay (Robinson, 1971).

Uraninite also occurs as zoned spéerules betwegn 5 and 10 microns
in diameter. Some of these appear to have precedéd silver and
arsenide minerals (Plate 8.3), but gome crystai]ised with or after
these minerals (Plate 8.1). The zoning consists of a darker annulus

near the core (Plate 8.3) and a pale outer ring. Electron microprobe

a finvestigations showed thisarnulus to be enriched in lead over the

|\ .
'outer‘kiﬁg.}‘Galena Jtself 1s common in the cracks {n and around

the edges gf the spheru]es: and was prasumably formed f}om radibgeﬁ1c

B - ) \

rd

" lead. | S ' :

- Ay Qi’ ¢
. «’:Qr'uintyuil f;“ , ,

'

Although the uranim n]neml in the spherules was 1dent1f1ed

gs:gptu::ﬂ iy as uraninite (this 1s confinnﬁ by the presence of uraninite

Hnes fh an X-ray diffrac;mn pwder photograph of a hem( concennrate
of Snp}e A2 - Plata 9. 3), the ufantum minerals detected both by
scintmomem and w autorad(e’gm.ph. could not be ident f1ed with.

! .
It 1; eoncluded that unnhn was 1ntroduced into m yctns at

S N R

tﬁa mn« time as the sﬂicu: and hmtmc ntehtipn sm&mnt

. . . " {g N
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Y

brecciation and the introduction of new minerals gerved to
recrysta)lise, and sometimes remobilise the m‘.\nilﬁn!inomls. Thj;
conclusion aarces with fsotopic data on the leads, from which Thorpe
(1971) has concluded thnt.ﬁitchhlonde at Port Radfum was deposited
at 1625 m.y. and remohilised.at 1450 m.y. Whether or not these ages

are correct is arquable, but the conclusion of importance is that

two ages are indicated.

Native Silver
Native silver is ecun9m1cally the most fmportant mineral in the
veins, Siluer fs most commonly assaciated with the arsenides, but

does ocﬂ‘ away from arScnide mineralisat#on, as leaves and wires 1in

Cavbonates. as mt;erstitial blebs 1n quartz. and interqrown with .
sulphides. « "\ ; " , i.
‘Native silver has been seen veinfng and replacing an’arly
‘ generatmn of granular, yellow do]omlte in a number of polished . o
‘ s‘ctions The silver first iurrounds grains or areas of dolomit,e |
with thin r1ms, and then gradually replaces the surrounded- car‘bonate
: _ \ (Plate 6 1). The resulting silver .often forms coarse dendrites in

v
ﬁ the carbonate. Thin dendrites are glso, common a\d these havea ¢ -

) cubic symmgtry and cut 1ndiscr1m1nateT,y through the: catmonates. _
AR | a
'l" Ind{ vi@ual silver crystals )ﬂthin he dendritas»bften
e ! ’
'Dseudomormm shape of replaced 'c onate (Plate 6. l) “} ¢
L Y
P

A
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growth of ice dendrites on windshiclds tor the last three years and
tho followinq generalisations can bo made.‘

1. The dendrites always have a hnxnﬁondl symmetry, although
interferences between two dendrite sets in differing arientations
may ohscure‘ﬂﬁz symme@ry. | o

2. The dendrites are longest, thinnns? and ]odst—brnhéhsd when
the afr-temperature has been lowest,

3. Thq dendrites are short, fat and wany-branched, and often
jojn to form massive ice~sheets, when the temperature is daredy below
freezing dnd the humidity is high. '

4. Rbsettés are equélly as Eomnon as dnndéites ané)show simi1qﬁ‘~ e
relations £o temperature and humidity.

5. The dendrite§ obe} only their owh synmetry. 'Denhritus may
§

cross patches ,of dirt or pre-ekistinq Tumps of. ice with no deflection

- .

or‘perturbay(§n~of their regularity,
6. The point of nucleation and 1n1t1at1on of a dendrite appears \

to be random. They do nqt‘neeessarily nucleate from pre-existing fce

/  patches. | .;' | -

It 13 cpncluded that the 1ee dendrites form best when the S

temperature contrast between the mfneralising HFluid! (1n th1s.case ‘ ?;,‘

| the aﬁmosbhere) and the area of depos1t1on 15 greatest and when the
ey goncentrat1on of 'm1neral' (water) 1n Qhe 'fluid' 15 not high Icg

'. genera]f’ accepted that dendr1tiil&extures ape. 1nd1cat1ve oﬁ ”
emth (rmlltas. 983), LT PPt A

'l N f‘ ;A"'}* v : A ““ P : ky‘
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-
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ALl the silvér dendrites and many of the arsenide dendrmtes in

the Terra ores are cubic. They may be short and fat, with massive

v .
. intdrstitial patches, but are predominantly long and thin. They show

the same features as ice dendrites, and it {s concluded that a

mineralising fluid containing silver was intruded into carbonate-bearing

. 'k . . )
carbonate and fluid so contrasted that silver was inmediately
proclp}tated and grew- through the veins as dendrites. Elscwhere, the
silver can be seen to have nuc]eated on uranium minerals or wall-rock

\
fragments in the veinsy or on the colloform chiorite qrowths in the

-~

early carbonates. It often completely replaces these chlorites, but

retains the colloform texture,

Many of these early‘siiver dendrites were rinmed by successive

+ “"bands of arsenides, whié&‘va y from generally nickel-rich near the

n\
54
T

c time sorge, new sﬂver may have baen 11
| .cracks 19 the ameﬁidas (Nate 6.4).c ¥ ‘
oftag replaegby mer canbnnate (whfeh 9mws e pseudnmomho& ms

silver,.to cobalt-rich near the margins-(Plate 6.2). MHowever; there

is clear evidence to show that much of the silver in the cores of

“arsenide rosehbtes and- dendrites'was 1ntroduced after the arsenides

and replaced qarbonates left in the cores (Plate 6.3). Both these

.h types of si]vap were later recrysta]l1sed to gubas (from pseudomorphous

R
rhcmbs) with thewgﬂhultaneous formation of maucherite at the expense

of Tess Ni-rich &rsenideswqpxt to the sijver. The gecryst5111sed

It;ore sﬂvgr can by 7een to cut.the argenides (pr §). At this
'duc@d’. Ss v*!ets fﬂﬁng b '-‘
“’ﬁrl‘ﬁ,f

e grmnme-g;or’e mv,

» . . . '
' lﬁ P Lhe s . ) e *
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velns: the physical (temperature) and chemical (f[Ag]) parameters between

4
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now!), qurtn. fluorite and, Tess conmonly, sulphides (Plate 6.5).
Si]vnr was again introduced during the sulnhide and sulphosalt
phase, and although most is present in the sulphosalts, small specks
of native silver were sometimes exsolved from galena-tetrahedrite’
:mfxns, and tho metal was once observed in a granular quartz vein.
Consequently, we have af least three phaseshof silver
mincralisation. The pre- and post-arsenide silvers may have been
| depoﬁited dssentially synchronously, but the ‘vein' and 'exsolved’
silvers are different,
Silver from hydroﬁhermal veins frequently contains small amounfé.
of antimony and mercury in solid solution (Boyle, 1968), and the
: concentrations of these usu&y decrease with time and falllng
tcmperthre {e.g. Petruk, 1971). In 1971 foup'silver sq.ples (two
pre-arsenide, two recrysga]ljsed post-arsen1de) were ana]ysed for
thein Hg.'Cd' Sb and Ni CQntents, using an electron]microprobe.

» S
.

Ant1mony and cadmium were foqnd to be below detection l1m1t:, and |
4

nickel was detected rarely, and only in patches (found'iater to be

b]ebs of n1ckel arsenides 1n the sjlver). The mercury canf;nts,

howover, showed a pbrfect b1moda1 distr}bution from greater! than 1.5

|}

wt' % {n* the 'earlier’ si1ver, to less than 1% 1in the '&oux
(Tab1e7) ;,, C e .
*’ _ This jgh ) Ly, wa's tast@d 1A 1973 with sample; ‘from all three
1n¢s. N number of thq‘samples se1actqg'conta1nelw :lver of both v

r' silver

~

o

w ii&_} |
)’ ¢ aﬂ:ie.r gemrations. Tt\e results (Table 7) shaw tm there ‘ﬁ stm =

.
* iy
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Table 7. Mercury contents of Native:Silver from lorra, Norex and
Silver Bay, ‘

Sample ’App. wt.? Ay App. wt.h g App. total 7 No. Grains
' Analysed,
TLRRA |
Run 1 '
TH197.3A - 1.o3§1.33; - 5
TM30.6A ° - 2.6/7(3.00 - 5
TUX08.1 3 - 0.31(0.34) - 5
TM19.3C - 0.62go.70) - 3
Run 2 : \
A VR 0) 98.87 0.599 99 A7 10
TX16.11 (0-C2) 95,05 - 1.82 96 .87 3
. A2.12 (0) ... 94.62 2.08 96.76 3
\' Aze7  (0) " 98.43 0.306 98,74 10 .
Run 3 S .
TIT.BA §F/Cl~6)‘ 98.67 1,36 - 100.03 \ 9
A TJ1.8A3 (C1) 99.05 0.60 : © 99 65 5
TJ1.88 (C5-6)  97.11 _J 1.25 ° 98.36 10
A2.8  (0) 95,62 - 2.47 o 198.09 N
NK20.1A ()-Q1)  94.75 1.96 96.71 gk
W24 .30 (C5-8 93.15 2.02 95,17 ©10
MJ24.38 (C3-4)  9A.35 3.28%y: 96.63 5 #
MJ24.7 (0-Al 94,72 2.03 g4 " 96.75 9
"MJ24.3C (C9-10)  +86.65-96.9 2.30-3740 - 3 -
TJ1,8A2 (F3-4)  08.89-94.4 3.06~5.90 - - = - A0
NOREX ' . - | )
Run 3 - . R
NX11.50 - ‘90.03 ZAT . 92.50 g
{ k|

'SILVER BAY

up 2. S o I . “
' 10 (0 88.76 . 0.98 89.74 S I .
Sioaolo] - og . ok - R 1 S
S8X10.88(0 1 : - . 5 ‘

T A

.o ’
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to the optically~defined gengrations of silver. [n addition, some of
the apparent totals are alarmingly far from 100%, indicating the presence
of other componentg. (Ohly background: corrections were made.ou the
.
results of the second and third Eqk§ of data: atomic numhef,\f]ugresccnce
antd absorption correétions, dppifed‘tolthe first set of data, were
apparently so small as to make no’statistical difference to the
. results)., The bimydality still definéd the sane twd groups ds had
‘ v .

the first analyses, [t was concluded 'that the difference between the

. s ) L ¥ ’ )
two groups (1gnorinﬂ, for a moment, U%y;nomdlous,Silver Bay sample)

o \ ) ;
‘was {n the degree of replacement. of thb 91lvor by later carbonate, !
.," LI
quartz or f1u0r1te, . Lo ' -
:A L) .
. P - . _/
Consequently, 11 samples from the|Terra Mine, ahd one from Nore#:
. ) ' - '. ‘% : ) ' -
" were sclected, after arhitrary-degrees 'of replatement’ had been - ¢
, . B ) ' . . ) R ’/5}‘,/
designated from optical work. "The same criteria were applﬁ%d to tnaw
" ; I\‘I//h' ‘ 3(‘ ’ ‘
samples analysed previously, Th@se criteria are denoted Ain Tab]e Y S
‘on the ¢following sxstem: | ' o %ﬁ«ﬂ§ i
: e Cog . ' o .
A, F, C,/Q "% Replagjf ntite, flyorite,, ¢ = |
1 Y ponate or quaru&}[ .
ST, NP [/ IO ¥ Degree of reﬁ?bcement e ‘(rﬁ ~ S
: ' ¢ . . L. .
o 0. m | No ngg]acemgnt. SR R
e | ’ . ' '0 '.‘ ‘ ' ' ) ? ‘F\’n ‘ f. 5.’ i ‘l lﬁv;’i‘ g ’ “ - ’ L
aé‘; 4 From the results of-these WUS‘@S. it- can be seen that the W

' w hygothesis fs q’ot »and Detaﬂed gorre]atwns of Q" the results

P‘ ’Hi th the optfcal d.am show that the mercury qcontent drops in the ey
o . ‘.,: “ o . o . S . é‘\'~‘ﬂ ‘ . "‘:“:;
e ;~ . '-;’Zi L ', ?.‘\:f“»“ ! l;&*:‘- : e "
- (/' o “ R '- . ; z'.!‘. ;\;"’ .,', ; ,ﬁ;‘ \*‘- ?;“{r“*‘,y % . ',‘ ...
L COUT ek . [ AR , . e B T
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*
post ~arsenide silvers as thay dovelop in the arsenides. The mercury

content roache; a m1n1mum as the silver Stqrts to be replaced by other
X ” mlnora]s, but doos not chanqe with contlnu]ng replacoment The s1lver

need not develgp as fully cuhedral crystals in the érsenide, but

cont{nued to ‘be precipitated until {ts supply was exhausted. The

later minerals replace partial1y or fullyldeveloped silver crystals =

with equal faci]ity The silver in the anomalous s amp]e»from‘SiTver

v Bay occurs as tlny spocks exsolved from tetuahodrite, and {is clearly

, not part of the main group of silvers. . S

' The recrystd]lisation of silver in the.arsenides apparént]y had

.
\ B

dﬁ effect on’ the mercury content - at 1east nqne~was indicated by the
analyses. However, éuring the third ana]ysis, twa samples were found
to be zoned (the analyses were carried out in sudh a way that
1nhomogene1t1es would have bétn detected earlier had thex exxﬁted)

The ranges of this zonatiop are cons1derab1e (F1q 40), and fUrther
1nvest1gat1on showed that the mercury was enriched 1n a thln outer

" band and depleted in the core of the'ﬂwer denthﬂs (n these two
samp]es. Thjé is clearly shown by scanning photegraphs for sﬂver and

mercyry (Pra 6.6) . This particular sﬂver dend?“ite *f the corf: of a’ o

thick dendri te. of niccoHte with skutterudite; rims.
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‘ Throughout mqst of the anaLyses the!ﬁh1r¢ channef of the e]ectrah”

C A

Many of the totals of the first two sets of analyses were
reasonably close to 100% (apparent wt % Ag + apparent wt % Hg).

However, when all the ana]yses are plotted (Fig; 40) it can be seen

that there is a regular dcflC10ncy in the apparent total, and that

v

th1s def1c1ency almost exactly equals ‘the apparent toncentration of

mercury in the samp]e (etact equality would produce a best-~fit line
. C ey

w1th a grad1ent of 45°) ‘ .

o .
~ i §
=

Earlier results had 1ndicated that there were on1y Fow -
concentrations of nickel and antimony and no cadmium in tho-samples: )

later qua11tat1ve 1nvest1gat1ons 'showed no détectab]e sulphur or

" uranium, Full- -rangg scans were madeg of the mosq def1c1ent samples

‘ e
from each of the mines, and it was’ found that S1, B} Sb “and Ni

were present in low amounts and that arsenic, was present in the two

w' kis -

mos b def1t1ent Silver Bay samples and the Norex sample. Thi
reported as 1t stands at present and further ana]yses of th Sllvers )
1s~£3re) C e

real, or merely ‘a funct1qn of ana]ysis that w1f] not appear when fu]l ,r .

are,p]anned especially to test %hether the third component(

correctjons are applied . ' | ,i' o f'

»

Other data that have come out of this project are'interesting : 4

mlcrqprobe was tuned to nickel (LA9 to detect mjcrob]ebs of arsqnides.‘ ;' fﬂﬁﬂ

"I ‘e,

1n the silve and- avoid them . during analysjs. \Quatitat1ve tests | Ul
cohtinually shpwed that the arsenides suerund ng the stlver cares of 'ftfvj,
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:"3m“‘enab]ed analyses for mencury and s

:' 'jbelow Hab;ma)
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of n1cco|1fe was found to be hlgher in a thin band up aga1n4t tho si]yer.

Howevex, wherp the s1]VHr.coros are rﬁcrysta1llsed and VOIH]&tS of

~"ox
silver transect the ars enfdes » there is no enr1chment in n1ckel aqaiﬂEt

the silver. Consequently, it was deduced that the araenldes originally
contalned more N1~r1ch central zones, and that this rgprﬂsents the N

. %
Ve

depos1t)ona1 evolution of the arsen1des wh1ch s 1ndcpendent of the

\ \ L
f h:"r s

Sem"d]y’ the cmss—ana]yses 71’ the s‘ilvar and o
/

; silver. The silver may have rep]aced the most N1 rich parts, or the . ~.
+ -~ n“
Ni-rich parts may have precipitated around the si]ver later
' L
recryqta]]isat1on hn, destroyed the original texture relat1onsh1ps ,
. @ !
+However, it does seeny that the maucherlte haS\fonned from n1ccollte o
by loss of arsemc, thusg - Co ’ . PR . .
o . ¥ Vo : R »
Vo N NiAs - NfjAsg + 3RS .o T
f N . ‘ :
e . , ' ) ' \
and that §h1s occurred dur1ng'recnysta111sat1on QF the sllveré 1he " ’
B ‘. }'\
arsenic released may have m1grqted into other arsenides (ariﬁnldes ' /%
are commoqu asto1chiemetr1c) N 'f‘w R | . ;

1ver: ln these to b?

H; is cm\cludg : grosiucgd bamh,';"",‘

R T
L) .
i+ i
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amlaHnrtm‘mHnmmwvnfdrﬂjhh(NNHIUnm but that all were

\tpﬂﬁi@pd from the same (nvnlanq) t luid, and are qnuuh(m1(ally

ximlldr. Later \ilvor, dvpositod with the ﬁulphi:vn, ma; bo‘

remobiTised from earlier silvgr, or may represent a fresh introdyction.
| . }

The odrhivr silvers replace, and are replaced by arsenides, gahqqe

mind-als and sulphides. Yréqueng recrystallisation dnd‘fmnnon

pseudomorphous textures complicate interpretation of the paraqenesis.,
R

r , ' N
Arsenides

Rl T

Studies of the arsenide minerals, espgcially the di~ and tri-

arsenides, have been hampered for many ycars Qy'a prbfus1on of structural
and chemical dJata that not only failed to\6;~g35§?stcnt bufﬂ;erE‘
frqquent]y obvtouslyl1n error. The cause of this'confusion fs that ¢
‘most ar&enide minerals‘ occur {n highly complex 1ntorqrowths. and that
analyses and X-ray difTraction studies were made on mixtures, rather
than on single’phases Although a most detailed paper by Holmes (1947)
and excellent supsequenz‘work by Rosepoom (1962, ]963) sorted out much
of the confusion. errprs were still comnon, even in the sixt1es. A.
‘history of the evolution of 1deas on }n&nwes {s given by Holmes,

and the essence of his class?fication {s adaopted here (Fig. 41). The
higher arsenides consist of two 'seﬂes The first - &n. 1sometrio
triarsenide serfes - is: grouped under the generhl name of ‘skutterydite’.
There appears to be cm solid mlution between NM1-, Co- and Fe-end
megbers, but \Eria ’f 1«: with nnly 2 s1nqle element in the detal :

sites are confined{ Appafxaﬂy;; to the cobaltian member.. In Ni- apd

i iy
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Co et
\ R Fiammol-sbergne
orthorhom bic diarsenide)

Sk Skuttdrudites
isometric friarsenides)

S Safflorites
"~ (manoclinic diarsenides)

L Lollingites
(orthorhomblc dnarsen]des)

N (Holmds 1947) fe

CoAso -

Compasitional fields'of . g
Safflayites, from - '

"Radcliffe & Berry

(1968)

.. 800°% | 200.400"6 o
\ {Ramdohr 1969) « : A
" Figure 41, Stability fields and comnasftiona'l ranges of m- and Tri-
: "\» o Arsoncs. | o
., » - A
\ . ; ,&) » - . » -‘r
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e-rich members the triarsenide structure breaks down to that of the
c;ond series - a group of mono¢linic or orthorhombic diarsenides. ‘
flis series can be subdivided further into three mineral groups - the
- s@fflorites, monoclinic Co-Fe disrsenides; lollingite , an orthorhombic
~-rfich diarsenide; and rammélsbsrgite, and its polymorph
pararammelsbergite (Radcliffe, 1966), a Ni-rich orthorhombic diarsenide.
At high temperatures, experimental data (Ramdohr, 1969) indicate
conplete solid sdlution between cobalt and nickel in the diarsenides,
an the skutterudite field is small., At lower temperatures th1§ _

solid solution brLaks down, and two separate diarsenides result (Fig

1)

doc 1ented 1n the\]1tqrature. and was not found in this study,

However, pr#sence of a pure cobalt dtarsenide has not been

| It was, not un%1l the advent 6f the electron microprobe that small
enodgh aregs could\bg ana]ySed to prove the validity of Holmes' work
'1n the cryptically zoned aﬁd banded samp]es studies by Radcll‘}h
\(1966 1968) ‘and Radc1{t#e 4nd Berry (1968) have been especta¥ly
1mpo%tant. It was foun that the djarsen1des are essentihlhy
Stoichtomgtrfc anqmthacuprav1og§ pbstulates of metnln or arsenic-

' —defi‘;ii;;,nt members are erroneouk There is no dqcunented substitution . .
~ for the nfckel, cobalt and 1mo§‘}and only sulphur has been shown tn ‘
. lam th:'}menic up to a maximyn of about 5 nt L. Rachffa and ]
~ Berry” (op. oft. l proposed s11ghtly different Hafts to the Fa~Co |
dimgnide field [Hg.\n). and distinguished five di ffomnt L
-mﬂogfm vhich, becpuse of asmrtnﬁﬁ.co ratios, have mgnm
diffamt x-m d‘!ffmﬂnn mt&ema. Radcm*fa and qurx !18@ note

1
i ‘ H [}
R i -‘( ,,g L l ' : . R L Cam \
. ! : s . . i 3 : N . .
[ v

K N
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: ’ ; : ] [
# LI . e ' . )H»', P o Y ¢ et




“),;

R4

=

P

that the safflorites are predominantly oxthqrhomh1(, althouqh
monoclinic examplcs thQ been rocorded since (P;truk 1971). .
Skutterudites have fquLvntly been # portvd g~ bu1nq arsentce-
deficient, and tms is woll douxm\ented by P(*trul\ (]‘VI) viho qivus .
an averaqge Fe:As ratio of 1.2.8. £ o
o Eldcetron m}croprobe an ]ySOS‘Oﬁ samples ggrom fhe Cobalt area,
Ontario, havé ;hbstantihte&*tho proéosals presented above (Petruk,
]971)‘ Lonsequent]y, 1t was not eons tdered worthuhlle to exam1no the

exact chemical nauure of thn mineral phasces, Rnthor, it is the ' .

relations between coexistinq‘vhdses\and the trends in mineral zoning
~that dre of interest, and it is-these that were investiqated 'us w19 the
electron micfbprobe. . '

In th?s §tudy. the h1qher arsenLdes were fdentified opt?ca]]y

Qs
and sepagated 1nto tsometric any nqn-1§pmnt3ic gropps. X~ray . " Y,
' N . A, : et ! ‘ - ' .,
diffraction étyﬁfés on‘rare samples that'were 1arqe-onouqh'to ponnit . X

" o
extraction confirned the 1sometl1; series as skutteﬂudites. and the

\nl

second series as eitﬁgr rammelsberqite or saff]orices Further

L )

optical data;}indﬁuning the use of microhardness and ref]ectance o,

‘ ‘
vt

measurements ailuwed clear separation of the rammel¢berqite and
'safflorite’ Broues, SafT]orite (sensu strict could-not be y -
| distinguisnéd ptiaally from 10111’ng1te. . D
Two lower arsa;lwa,*a pere enmur\;;emd during the 1nve§t1gat1on, f;__.’
nmlely; nipcante and mhm;ﬂerifa. Eararcmelsbergtta Was: ngt ab}erved | : /
~The arsenim occur Ha single crysm; U\‘,,thm wannmck or gangue, - s
as dendrites. msettes m tuber“&ﬁg;, om: ns msstga par.chcs fmved B
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by tho coalescence of  finer structures, 1h(* roset tos amj not the ‘%
. . \ “‘1‘
s “:’
cross-sections of doendrites, but are c]oarly spherical, efhu lubovcuie fq
\ ' ) . I Iy
ag morphologically similap to the dendrites, but are straight-stemmed Qﬁ
and unbranched. B ’

A1l three structures aremade up of very fin(i]y—blmd(rd, mined
arsenides. Reglationships in the banded areas are variable, but the ' 4*‘
. ‘.‘
following generalisations can be. made. v . ~
' et o
1. Cores are more coarsely crystalline, and rims woss o
. <L e : ¢
finely-banddd (Plates 6.2, 6.3 and 6.4), “’ . \
. L]
~ 2, Banding may parallel and reflect the shape of the outer
walls of the.structure, may parallel incldsions in thc core, or may 4

- . o f
be highly variable (Plates 6.3 and 6.4). ;

. \ !
3. Niccolite and maucherite generaﬁfy occur in the centre of

s \

structures l )

.

A, Rammelsbergite is most CO"COH near 'the centre of struatures, .
but thin bands occur 1n many of the diarsenide- rich areas

8. Maucherite appears ta have formed at the expenﬁ' of
niccolite and was not deposited 1n1tia]1y (Plates 6.3 and B,5).
| 6, Many of the structures ?&amined in hand specimen show tha§
niccolite with rammelsberqite rids formed initially, and that this
recrystal]ised later and was rimmed further by othEr arsenides.

7 . In banded di~ and qriarﬁenide sequences. the triarsenide
hands are Oft.en preferentially reph;ed ~ e by b1smuth fluorite, -
quartz, carbonate or sulphosalts {Plate 10:'1-5)2, - .

“ 8,_‘ In poHShgd section§ ﬁatnm&ag oh:coHte. diarsgnides,

nc_ !
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qkutrorudllns and silver, silver was seen only in niccolite in 14 and—
¢+ N ‘
“on the adge of raimel: hgrq]te bands in the other five. .’

v 90 In 23 poflshnd‘sections containing :*I;thq arsenides and

bismuth, bismuth was scen only in the triarsenides in 18, and in

N
]

carbonate gangue in the remgining five, Si]ver 1n‘thrce of these
samﬁ]es'was'confined to the nic;olite.

10, There are Ni-As-rich areas in the ere-lenses, and silver
1s generally associated with them. Co- and Fo-As-rich areas are more
.wideépread, genera]1x occur on either side of the Ni-rich areas, and |

\

have Bismuth closely associated.
| 1T, i No zoning of arsenides along 1&2 véins'or:with depth was
. ,'notqd/fay.the author, lbut the mine was}eany too small in 1970 for
: suc?/dgfa$la to be observed cons1steq£1y The preSence of different
assemblages probably indicates that such zoning will be found now that
" more of the vefns are available for study (see ‘special]y, Petruk,~
: ]971 for comparab]e data from the Cobalt area, Ontario).
Electron microprobe. data substantiate .many'of thes,é‘ g‘ene.mlisat_ions'
jand parmit further anes;, ‘/ L b o
. There is no Co rich (Co 4 80%) diarsenide, but ‘aH the . o

skuttﬁrudites are Co~rich (€Co » 80% of metal) L A\ ‘ . ‘

2. The, Ni«-content of sav/lomtes is much lower where ghqs.e Are |
- in contact wim bismuth t’nan in-B{~ free argas, Ce ‘ o

. 34 The Ni«-contemt af grsenidas 15 much higher cdjacent o'silver L |
An arsentde Sones. Htmvar. it 15 ot enrichaq wherg stem S

to‘nnct*bmé@d nrsenjdes (mm 7 ]) v.

‘.k'"

N7 B . -
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! . EAN



181

‘ marq1ns ofrdLn tes (Platé 7.1).

5. ’Co~ aqd Fe-rich arsonldqs are more common in the outer,

margins pf structures (Plate 7.1). .

6. Co- and Fe-rich dlarsenide 9equences are ottgn intimately

interbanded with triarsenides, Ni- rich drsen1des are never seci in

_association with triarsenides, ., o '
\\' ' . The %pvestigations 1:a§amp]e ™ 1§.l] (Plates 6.3 and 6.4) show
' o
. the typ1cal zonation of dtarsenides around a silver core. The silver . ¢

5 .
x has rep]aced carbbuates and has been slightly remobilised to fil] th1n

"cracks in the arseniggs. Close to the silver, the arsenldes are (‘ ' ?}gq‘
nicco]ite, maucher1te and ramme]sberg%ie. and these occur as a |
well- crystal]qsed aggregate. /Around these are botryo1da] bands of
d1ar§eq1des X-ray scannlng photographs (Plate 7.1) show the complexity
‘of these bandﬁ. Compositiona] bands do not necessar(jy coincide w1th
colour bands. To determine the variances in the three metals.

. step- ségg was made, The path Qf th15 scan is shown on both Pldtes 6.3

and 7.1. Peak counts bn star\dards were made..for Ni, Co, Fe and As, "

and the aPmeimate cempositinns of pqint,s on the stepng‘ ,were

TR esﬂ,med from these. No cormctions fare made.. but chen T
. . ‘detaﬂad ana‘lyscas that. a‘\ mquired, The SM!P‘G was ,,ﬁ"““ted n 23

spots. W At 9 p 1nt.erva'ls The/ mﬁ!‘m Are shown Figure 42, v - L
: f- 3pot am}ysgs protmblx 1ntegmte a mmber of cwﬁ‘: W“F"S‘ tonal

: | ! bmdsu bu& g},s mriationa mwgén)m.m and Fe m gf intemt- -l,!; o

u.f;gw,g\w. . e }’qg?
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can he seen from the constancy of the As and total Go + §e + N{i that

all the minerals are diarsenides. Nicke\ ;and coba]t however, vary
antipathetica]ﬁy. FYon shows some sympathetlc vax;atlons with coba]t
but qenera]lyhdecreases from the margin inwards. The trans1t|on zone
between ramelsbergite and safflorite 1s real and is about 20 " wlde.
X-ray scanning Bhotographs 'of Samp]e TJ 1. 2A4 (Plata 7.2) show
similar features although here the original silver core has been
canp]ete]y replaced by fIUOr1te The band %mmediate]y around the
fluorite is a skutterud1te and ayenﬁ‘to contain approx1mate]y equal
amounts of the three metals. The rema1n1ng bands -arem1lydiarsenides.
It is interesting to note @he thin‘brdkeg band of almost-pure.
]ollingite Other examples of mjxed §kutterud1te cords with handed

L}

L
d1arsen1des around them were 1nvest1gated In qeneral they onlyzoccur _

away from Ag~ and Ni- r1cﬁ~TEnses. and many examples were, seen whece

. su]phosa1ts and bismath replaced these skutterudites, hut not the
diarsenides ; & " ‘ ; "\ ,.
One of the most intriguing facets of the arsen\des 1swihe banding.
HQ‘ does it form? Many authors have dismissed the probygm with -~
genaralities sueh 38 that they are co]laidal, or that théy are grnwth
bands From the deschtmné above, however, it is clear that many of

‘the bands, and certaip]y the wel -crystalli ed coras. are not original,

w{n ch wos deposited first;, the omside or the 1nside? It has been
show;( earﬁar that som; dendrites gan grow hy rim r!eplacement and .

graduﬂ infﬂ’ngg. Qx;hers have clearlx 91‘% oumm!s. How can Ny

b

\ ‘
L IR . ' . i .
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’ roseftes, for 1nstance Hﬁve grown 1?wards for they wou]d ‘cut off \

n

“their own supp1y? A number of hypotheses have appeared 1n the “‘TN .
11terature, a1though somi.are )ess plausible than others. Oelsner o
(1961) proposed that native meta]s (Ag, Bi) formed skeletons in an’
arsen1de gel which then coaqulated'1n§o the arsenide asséhblages in

‘success1ve bands This, however, fails to account far the’ common

n

rel1ct ‘cores of carbonate, * Kidd and Haycock (1936) and Stanton, (1972)

A ¥

assume that the arsenldes accreted in successive bands arounq 511Wer, E

%

.bismuth or carbonate cores poth mention the poss1b111ty of - 0 .

a'd

b co]lo1da] prec1p1tat1on Rob1nson (1971 proposes.the,accretiop o

N . .
e - " [ v ," "‘

hypothesis for the-Echo Bay samples. “ i - . 'd L
‘ ln general 1t can be- seen that a paragenesis pf N1 Co+Fe is T “y |
,developed in the arsenides at Terra. Since Ni wacq m1perals gpnerally
L ‘form at cores, it is assumed that the. Cq~ and Fe mch arsenides grew
- ‘ around them. However, the exaot madhan1sm of banding is, ot known. |
‘That suqcess1vg*incred1bly\th1n bands wera able to rap]ace %pq ‘.~'”~du \\*
carhonates with equal factli ty is unHka‘ly. It 1s proposed thaf the"
bands deve]qped from a single phase ckat the most two sepamte .
‘ phasas. The bands may hQVe developed ;yﬁth thm P presant chemistry bx \ ‘

; tempe!“atuﬁ&, may,. hawe fqnnad fim @“d bmken down ’“‘t" ﬂ‘g «b“"ded o
- dt- and, triarsenida saquen;ms As, it banameiA unstabla, Thia %8‘39"" ‘ ’

M«, ,( ‘

mech@nfsn 1; p_: fetrfd* m
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1mp11es that rammelsbetqlte 15*unstab1e and reverts to parar mnels- A
berq1te at 5903410°C under the vapour pressure of the assemblagq |

~ Petruk (1971, 1972} used thls d3ta to propose a h1gh temperature of

-

fbrma¢1on for the velns in the Cobalt district. Other evidence frmn,
/

Y fTu1d>1nc]us1on and isotope wo' Rob1nson, 1971) fmd from the
. preservatdon of pre arsenide assemb1aqes, indicates that temperatures
cannot have bean 1n excess of '360°C. Yund h1mse1f doubts that the : !

/

1pvers1qn occurs at such high temperatures in natura] examp1es, and - e
/ .

-8

‘VjW 1nd1ca§es thaf 1ron, cobalt and sulphur may all 10Wer the 1Q&ersion
' :~ ﬂ" temperature /50 éhat "it 15 not possib]e §3 set a 1ower temperaﬁure»
.o Y limit for/fhe fo;mation of ramme]sberqlte in nature'“ _
. hﬂ& The? sequence of ar;enldes 1s most 1likely to reprv%ent deposition
2 from a,coo?ing and chem1ca11y~evolv1ng f]uid The data ind{cate that

skut/terudites were anppqarent:lyl anable to crysta]hse unti] the Ni content

L

| .afflorites. It is proposed that an oMginal fluid; eontammq n1cke]*

» h‘“

coba]t, iron and grsenic, &a 1nje¢ted inte the veins.,-As 1t qoqﬁ‘tﬁ |
/ )
| 50 Ni- rlch minems precipitated tmm the temgerature ind. N1~contents

were 10:« enoulgh}i“"r QQ*{F& arsemdes to farm, These ett,her exsolved | h»ﬁ

v from the breaquyh bf an ,original qo*ex mineral, or ware depos1ted
-_i_f sequenuaﬂ,v. * Bnoh :
o o8 crxﬂ Hse, thqf‘«“v’ iprigl\‘ cere mmeraw ee y: “

.|l' \} Avu“«‘

) f " Le‘ieb fluid mdeegionsm_r;gd fgk :
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Su]pharsenides ' N

Su]pharecnxﬁes are not cﬁMmon in the Terra Mine. Ansenopyrite‘

' '\ was identified in hand spec1men, cobaltite and g]aucodot in po]1shed

sgctgon ‘and gersdorfflte tentatwvely, from an X~ ray diffraction
)

~»
~

pattern They all occur as small euhedral crystals, e1ther in carbonates
or in areas where. sulphides h‘se ovérgrown ear11er ~formed arsenides.

|
' Cobaltite was-also tentat1ve]y tgent1f1ed in two examp1es, 1ntergrown

'y
: with skutterudite in rosettes. ‘ C
‘ ' u ' . ‘ . . ! ) ) : / ‘ !
B1smuth ‘ Vo vl ~A
” Native b1smuth is gne of the most abundant ore—m1nerals 1n the k ‘

veins of the Terra Mine. Massive pods of bismuth frequent1y replace

ue, m1nera1s in some of the cross fractures,'formlng a most

gctacular ore. The b1smuth was 1n5roduded 1n Stages’§3 and 3b and
' /
ca be seen 1ntergrown Nith c!tbonates, quartz, f]uor\te muscov1te, (j

sulph'ides and su1phosa1ts. Thg metal occurs in f‘our separat\e settings. c

P tn FirStlZ’ b1smqth gpmmonly replaces CQ~ 1ch arsenides. In'thg;; | .
o situat10n5~ bdsmuth and si]ver nevev coexist In1t191 re 1bcements

NOccur as 'speek zongs! of bismuth aloﬂg “h49‘1" t“e~ rsgnides. "ﬁ’ SR
Ha Thes\g mter fm out: and Jom, fomﬂng mﬁsive patches Lle 10 5) (.
n Qt;‘her easeg, Msnma fgmﬁkeaef-al 9r°wth3 ‘N “’Se““‘ﬁs- T““" o




su]phwdes, su]phosalts or. fJuor1te (Plate 10 1). Eflsewherd, bismuth

x overgrows su]phosalts that\giVe replaced the Co- rich arsen1des, and _ ;
here the totem structures are'ﬁeautiful]y deve]oped (Flg 43{ o
S Second]y, b;smuth is common. as veinlets -and b]ebs in the Staje 3
\ - dolomi tes. Some'nes these are rep]acwe, and somemmes ‘they' h*

af : grown 1nterstit1a11y. They are 1ntergrown “with su]ph1des and fluorite
Where there is some quartz in the carbonate, the b]smuth drows all

" around 1t fonning a massive ore with quartz eyes There are :

v N

commdnly thin react1on zones where bismuth is 1n cpntact w1th sulph1des,
and onein particular can be we]] docomented Here,.b1smuth and

v chalcOpyrite have reacted to fonn emplectite, with the excess iron
b ‘ . IRY .

o apparently fonn1ng pyrite and pyrrhotite, peruaps thus:

..'l‘.‘\ . -.‘ ! ’ ’ \ - I L . .
| R N
PR CuFeS tBi 4 s'" Cu&is t FeS \ STy
Wt .«s USRI co -~
;’ ".”

: m“"ﬂ% b‘is th reylace$ chlorﬁised waH—rocks especlal]y ST ‘
Oy around Bi-bearingﬁveins "This mplacement s often extensive. o

(Y -en S f. \ Sl

SORE fonn'rng a r1<:h Qre The bismuth accum‘gs nebulous to massive Pa%Ches et

L
»‘|

Ay Lt

\ - and AS o(rnplex m1cr0-§r.1n: sfockuorlss t.ater shear planes are often }
. ". . . , «I\ . ‘. \ R o N
o .with smeatrs "f ;he meta\ i'" f,,f_ ‘* [T ;; | T
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g&wn M, Ow?ﬂmon of Ejlm:t.mn nicmprobe data showing Sulphonlts

acing zom arsenidn. Sn ulsn lmta 10 7
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In many cnséa it scems tht the metal and sulphide were growing
simultancously from an ore-fluid, cither with a limited ﬂulbhur .
content, or whose sdlphur was preferestially taken up by other
minerals, However, as deposition progressed, so sulphur apparently

;

became mare avallable to the bismuth: consequently, the bi€muthinite

started to overgrow the car]ier-formed bismuth,
L X .

The mercary and silver contnnts of somo arsenide ~replacing “and
some exso]ved bismLths were mpasu:cd using Eng electron microprobe,
during the stlver analyses. The resu]ts are reported in Table 8 -
. (along with va]ues for a Sflver Bay sample)~ No conclusions can be
‘drawn,‘other than that the mercury content {is Qz\ihe same order as

that in the silver,

Sampie Ay app 'wt % ~ Hg app wt % No. grains counted
AT \ N
™ 30.7, 075 1.46 6
T 1.2, 0.09 1.44 | 5
SBX 10,3A 0.01 1,08 ‘ 2

W

v’r“

Table'8: 0perat1ng Conditions as for Byn 2 Table 6

- From_the rnp]ucement texturns it 1s evident that bismuth was
introduced during much of Stage 3 and that {t replac.es. is replaced
by. and grous with the other minera]s of this stage. Therg, is no
/avidence of a pre-arsentde bnmm - the mplncmnt textures are amys
abvinus, nhnh contrasts with the amb{guous textum of sﬂver in thq

8“(3 . ‘ p

argonides,
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Sulphides

Small .unoﬁnts of pyrite are associfated with every staqe, of
mineralisation. However, sulphides are only comon in the veins at
the b}oqlnninq of Stage 3. "Sulph itio.s identified are: pyrite,
chalsopyrite, galena, sphalerite, acanthite, hism&fﬁinite, stMoni te,
chalcocite, pyrrhotite, pentlandite, and mi1lerite, The last three
pre very scarce, Pyrrhotite and pentlandite were seen only as thin
sliygrs at contact§(betweén bismuthf“and iron-bearing sd]phjdes and
are ﬁresumed to be reocﬁion products, Specks of millerite were seen
rep]acinglniccgl1te in the core df a rosette in one spccimen only.

Stibnite was not observed in pofished section, but crystals over
2 cm long, fnter?FBQﬁ with dolomité, fluorite and pyrite, were found
in two‘vuqs The only example of chalcocite was observed in one of

these yugs as a thin l&yer 1nterqrown with Stage 4 pyrite.

Bismuthinite 1s extremely common in the sulphide-and sulphosalt~rich

.lenself"lt commonly repi&ées (Plate 10.5), but is also intergrown

L1

with bismuth, as well as tetrahedrite, calena and mati}dite, Tagge'
five minerals commonly make yp a massive rich ore, Indeed, areas fn,
the 201 stope commonly contained solid pods of’them over 59 cm wide

and 2 m 16ng and highs The b1smuth1ﬂ1te commonly occurs as coarse-

' f
»graiﬂed laths, ntergrown with these other minerals. However. it

alsp often replacas the base~meta] sulphides in fine ‘'net- 11ke'fzones
along cracks (Plata 5. 4) X- rny diffraction data for six p1smuth1n1ta
samplas shau no var1at1on and are typical of pure 81253 with nq '»

{

. Q ' s . 4 . ' ‘ ’ ' f *

-

o . PR -

190

-

[y

~



191

Acanthite is common in the upper levels of the mine, where it
occurs pdtéhilly in Stage 3 carbonates.. It" is commonly smearcd-out
by late fault-movements; In the second-level samples it ts not common
and\occurs only as local ;ep]acoments of massive si]yer in arsenide
cores (Plate 6.5). Acanthite is often scen in thin films on fractures
and working faces in the€ mine a féw months after they werevblasted.
Such 'silver glance' is common in silver mines (Boyle, ]965).

Pyrite and the base-metal sulphides are common in the veins: but
are not vo]unetrical]x important. They ocgur as isolated euhedral
crystals and monomineralic hands' in the Stage\B carbopates, although .
galena and cha]copyrite are also commbn as blebs. and Tenses %n the
sulphosa]ts. Galena has-bften beeﬁ Smeared~out Ry later movements on
the faults (Plate 9 4) Galena, chalcopyrite and tethehedr1te are
commonly intergrawn in blebs in the $tage 3 dolomites. . Pyrite and, very
rarely, chalcopyrite avergrow the Stage 4 calcite $calenohedra in a
thin layer of fine crystals, | ‘

Many of the base-metal sulphides are c]éqr]y remob1lised from{}h
| skarn by the veins, However, there)1s a volume‘proplem in that 9a'tena,
_which 15 the least common in the skarn, {s the most abundant 1q/{he
veins. Consequent\y. there must have been an {ntroduction of Base '
Hnlmetals in Stage 3, along with the b1smuth sflver and sulphosalts

Snlpnur {sotope data from the va1n sulphides are shoyn 1n Table 9,
It prnved possihle to sampl& only one coexisting pair of sulph1des |
‘whose as 3 fractionl‘ion is expgr1mentclly .docwianted - the QhAIQpnxrita

.and galena in TM 25-10. The fractionation of fs.ox. (CpaGn) indicates 'f

.\' . N
, ’ - / i %
” = 'o
t T ! ! . * ‘



Table 9. sulphur Isdtope

in the Terra M]HD

§amp1e

T™21.4C  a.
b

IM?24.1 \

M25.8

TM25.10 a
N A b

TM30. 1A
TJ3.1A
TJ11.2A

1J19.1
TX3.3 a

A2.1
A2.18

\

Mineral
Cha]copyrito in- coarse Dolomite
overgrowing a.

Fine Galena impregnating chloritised
wall-rock

Values of Vein 5u1ph1du, and ¢

¢

Paragenctic
Staqge
3a
ib/47

3a

Massive Matildite on edge of Dolomite ‘vein 3b

.Galena in Sulphide band

Chalcopyrite in a. \
Cha]copyrite in Dolomfte

’Chalcopyr1to on late Calcite fn Vug

Chalcopyrite (With anrahodrlte) in
Fluorite and Dolgmite.

Pyrite on Calcite in Vug

.Chalcopyrite in Dolomite

.Tetrahedrite in a, . .
Bismuthinite with Bismuth R
Matildite in Dolomite - B

]

3a
Ja .
3b
4
3b

4

" 3a
3a

3h
3b

* Samples with more than 20% Cozlin the extracted gasses. .

* Analysis

repeated and confirmed, »

192

Sulphozalts

853%y,
(COT)
2.610.1
B.910.1

21001

4.2'0.1

1.410.1
6.410.1

8.810.1*
4.3+0.1
4.000.1*
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that 1f the minerals are in isotopic Uﬁhi]ibrium, then they formed at
something less than 50°C (Kajiwurd‘and Krouse, 1971). This is '
consideﬁod unreasonably “low, and the conc]usioh is that the sulphides
are not in i@okopic equilibrium,  There is no ?vailab{e datq of
fractionation§\ ctween the other base-metal sulphides, acanthite,:'
bismuthinite on su]bhosa]ts.

The results do indicate, hnwever;lkﬁé small spread of the isotépic
valpes and the very close similarity to thdﬁe of the skarn sulphides,
These low values and the small spread are typical of magmatic '
hydrothermaf deposits (e.q. Jensen, 1967). The only disparate value
is for the very ]a?e-staqg pyrite (TJ 19.1) - the datum was checked‘ ¢
by resampling and apalysing, and the first result was‘auplicqted to
within the 1imits of error. Such highly negative values are not

common and are usually taken to represent biogenic fractionations or -

sulphate-~sulphide reductions at low tempe;atures (Sakat, 1969). This

pyrite was formed after the main mineralisation and represents a

fundamqnta?]y different source of su]phur from that. of the other ,
su]phides in the area. . N | '

Ong samp]e df\pismuth1n1te was'hvalysed usiBéthe electron
micropr?be. The resilts ‘are shown in"Yable 11, Problems with the

analyses are h&scribed 1n the following dection’ on sulphqsalts.

. Essent1a11y, the mineral contains only abot 2% Pb, and sma11 amounts >
» Ofﬁm. Zn, As and Sb. ) e , "
le ‘ ' * “i‘ )
n :. ! R«:‘:: LU
. \ ! s
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Sulphosalts
The sulphosalts ocqur as massive and mixed ore, as complex
repla;cmnnts,of arsenides, or as 1htergrowth§vwith sulphides. In
po]ishéd section and hand spoEimon they "are a‘l c1%sely similar, and
different phases are recognised in; by subﬁle nuances Qf colour in
gp]iéhed éectioﬁ. The comp]ékity of intergrowths often makes X-ray
difffaction work impossible, and certain 1den§ification can only be
‘made after microprobe analysis. , M
Pyrargyrite (Aq3SbS3)/w4B seeniin a number of hdnd'specimehs as
.small flakes ®on shear planes, along with acanthite. It is considered
to be a late-staqe alteration product of other silver sulphosalts, °
Pavonite (AgBt 35) 6ccurs rarely as.rosettes of tiny fibreé grovwing L0
Qietween large dolomite crysta]s at vuq centres. Aqa1n, 1t is presumed
to be thquFOdUCt of a]teratfon of other sulphosalts. - Pavonite has ﬂf;?
been recorded previously only from Bolivia (Ramdohr, 1969),. where its \\~:—
paragenetic pasition is not documented,
Stephanite (A95595 ) was identified from X-ray diffraction data \‘ '
"o*y, in a mixture with matildite. The two,,gccup as hlebs with fluorite
and chalcopyrite 1n Stage 3 dolomi te. Staphanna cou]d not be
distinguishéd from matﬂd1te in PoHshed segtion - Ramdohr‘ admits that er
'the two can be "dangems‘ry s1m11ar". | -_ ;; CoL L Y
| Polybasite (A"lBSbaSH) was tdenti{ied frotn an x~ray df’ ffraction " "
»pattern gnly. The sample was, ‘taken fmm 2 blab of sulphosglts 1n St”p B
3 delomte. Tetrnhedri te and prgentite yibre the onlyw m:lgams |
nposm vely menmﬁed fron ponsned section mne, ﬂthofah small .o
' o g. U

* l N N . !
a0 . . : - . " . 4' .
’ ) O v f
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grains\of other sulphosalt phases were noted.

MatiNdite and tetrahedrite are the ﬁwo most common sulphosalts at
Terra. .Matildigé (AgBiSZ) forms the end member of a solid solution
series with miargyrite (AquSZ) and intemediate members ame gencrally
kﬁo@n as"aramaoité'. The X-ray-diffraction pattern LhdﬂQPS with the
substitution, and a progrq\ ive change is show he (002) line.
ngder photoqraphs were ﬁrepared for 10 mati]d?:::\ghd the data are.
SHwn in Tab]e 10, where they are conpared w\th pub]\shed valaes for*
the membérsvof the solid so]ut1on series: It is c]ear that the Terra
samples aré mostly pure matildite end members. Y* |

Matildite forms in massive patchgs: as intergrowths with bismuth,
tetrahedr1te, b1smuthin1te and qa]ena (contrary to data in Harfis and
Thorpe 1969), as replacements of arsenides’ (Plates 10.2, T0. 3 and
10. 4)--or as minutgjéxsolved hblebs in tetrahedrftea; It 1s-espgci9]ly
common rep]acing Ca-rich arsenides, often’ se]ect1Q;]y,.ih certain
zones, In thesq aones it has grown with, or is rep]aced by TWuorlte
(P1ate 10.3). The matildite shown in Plate 10.2, and another

occurrinq as exsolved blebs in etrahedrite, were ana]ysed using the

electron m1croprobe, and the results are reported’ 1n Table n. It

) can be seqn that thgx are very similar duﬁ are p(re matildites wi'h
¢

no ant1mony or arsemc substitumon in the b1smuth site, tg{s

mnffl mtng the X-ray d1ffraction datq. These data agree well with
1y

ecrliar observmons on mqyr‘ldi te, ?mm the swnﬂme outcrop uf the -

i !

" Number-8 vein (Hnrris qnd Thnrpe, ”]969), hova o

W

M;hqugh galgna‘ Ahd mtndite qammnly occur eogether, the ".' ’

% N
S S : ,- . i . . N ¥
[T s ot
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Table 10. d- -Spacinas of the Principal b1ffract1on lines of ten Matildite
samples from the Terra Mine, compared with data from Rdmdohr
(1969)* and the A.S.T.M. Index (1972).
_ , L

Sample .  dR(002) dA(011)  dA(020) dA(200)

1 2.80 3.30 2.04 1,96

2 2.80 3.28 2.02 .97

3 2 2.80 3.26 2.02 . (97

4 2.81 3.30 2.03, - 1.98

5 2.81 3.30 2,03 ..1.96

6 2.81 3.29 . 2.03. = 1.96

7 2.82 3.30 2.04 1.97

8 2.83 3.30 2.04 1.97 o

9 2.83 3,31 2.04 C1.97 ,

10 2.84 3.29 2,02 1.97 :

L . .

‘Matildite*  2.83 BRI 2.03 1,963

Aramoithr 284 ' 324 - -

Mtargyrite* 2,88 3.42 - -,

matilditet 2,84  3.33 2.03 1.96

Aramaoite 2.82 , 32 2,02 1.9,

- + - A - :
Margyrite’ 2.8 3.4 2.75 - 1.96 \\

~

Operating conditions for samples 1-10;
Radiation; Cuka .Filter: Ni. Exposure: '3 hours af¥: 35 K. vo]ts and -
15m. amps.. . o ,

4 ’ ‘
. o~ ;
‘ - e ;}-M' ¢ '
4 » ‘ o 2 . .
i N { B 'y
/ . ! ’ - [} C e
\ 4 & . oo
. ¢ . .
: L e L

e
-
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e
Sample fuxoz.1dk.  Tuxe2.11t.  TJ10,1B TJ11.20",
wet. | . o
Ag | 12.8 (15.69) 23.1 23.6 . 0.46
Cu 28.9 (26.73) 0.95 0,15 0.41 -
Pb 0.39 (0.46) 0.2 0.20 2.33
S - 193 183)\0 54 0,50 - 0.69
Fe 7 4.8 s V18 0 0
As 0.1 (0.16) 0.4 0.1 0.1 ’ \"’
sk T 23.8 (26.15) 0 o 0.2 4
B 0.6 46.7 476 TME
S 24,6 (23.1{§f/§o.7 20,9 - é3i§ ,
Total  97.60 (94.3) 2.8 . 9315 | 9. 7

'ha
] . L]

4

Table 11. Eleﬁ\ron m1croprobn anaﬂyses of Tetrahedrite, Matildite and
Bismuthinite.Background corrections have. een made on all
the results. Results for sample-TUX02.1dk. were further
_corrected Using Probedata (Smith.and Tomiinson,: 1929), and

are showgln parantheses. ‘Complete scans were maddfop.all
. the sam and no’ other elements were detectec ne
Analyt1c&1f ond1t1ons are shown in Appendix. 2 LI
| u‘llll"“ﬁi B | Y Hi i ‘{WQ
: . - , .
y - TUX02.1dk  Tatrahedrite . BN |
: " TuxoZ 11t Matilditel e ..8' C
v v ' o R ﬂ‘ ’
O - . TJ10.18 Matildite X - |
_ Bisputhinite. TR

K,‘ SR V-4
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* presence 6f the galena Wheveverimptildif& occurs 1sﬁnog\afnré¥féquisite,

”

as appeérs'to be the case in many other occurrencés, and the cghmonl‘~ .
‘wldmanstatten texture interqrowths wele not Seen in Terra samples.
llowever. specks of qa}ena were found 1n one sample during e{;ctron
microprobe studies. Xﬁray.scanning photographs (Plate 10.6) shaw
matildite replacing CO‘rich arsenides, and cgntainiyﬁ)hinuté
éxsolution,Blebs of galena (Fig. 44) . Matildite and galena form a
complete soi1d*solut1on abgve 215° (Craig, 1967), but break dbwn into
exso]ut1on 1ntergrowths be]ow this temperature - If the mfnerafising
fluid is belou 215°C 1nit1a11y, then» qa]ena free matildite may form
~ as appears to be the case in most of the Terra samp]es. R
Tetrphedr1te is common, 1q§ergrown with sulphldes and sh]phosaIts
It has not been observed rep;lacing gny of ghe earlier phasesi 5F v

. 4 \ .
- mineralisation. In~more massiye-patches it common]y contains Ly
N .

éksblution baebs of 51Tver: btsmuth “galena, matildite anpd cha]hopykite.
Qgrqy diffraotion data for five tetrahearites from dlffereq;. AP
i associations showed Httle variatmn, Electron mfcropmbe anames of
'one tetranedri qble 12) gconmmng exsolved chalcopyﬂte ang : B
matﬂditq) show it o contain considerable amagpts @; sjhler wm\, e ‘

i b itt]e fmna hqd an¢= zinc substi t&ted fm*‘ <;0ppan, bdt nq Msinuth and -
,",",J‘i;_:;;lfe}”‘f-.g-rsgqi@-smtis&%}f n 1in- thq qntimony mte v Ca‘leqlamns nf
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PbY /0.14°
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In 1. 82
:\‘
Fe’ ’M‘A., -
. .‘. ’R ,
CAs ) %.41
ohoh ’
Sb /%; 13.94
hu" -'(‘,
| Bitf?i §
\’\"‘ . ‘.l'
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i'l
b
i
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\ Tab1a’12
B i o
\‘\\" , Hl ‘ ’\’ b S
R O A =
Y\* ¢ ey ‘ ’
) ‘N% '.\%gﬁ‘ e
f 1 ;| ",\:‘ . * Lo

TUX02.1dk! b

Atomic %
g | ’ﬂz

This c&rpespondsq510$e1y to the ideal Tetrahedrite formu]a of M,
The defx ‘incy in the M sitecan be. accounted for by Iron, which Was

»

Atomic proportions on the basis of

V259

" 7.51

. 00,04

0.50

10.54

. 0.39
3.84
0
4.23

—_—

13.0

-

/

ana]yspd aﬁer, and for which' carrectiops were not made,

-

213 Sulphur atoms. "
L

.
~t

12 4

h$pmic percentages of elements 1n the' Iﬁtrahedr1te sample. '

A
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The data in Table 11 have nof been correqted and it is pertinent
Q) at this"junctdre to ex ain why Cons1derabae prob1ems arose zi;h o
S ’the m]croprobe ana}y§1§ of the su]phosalts, and it 15 as wgll to° . \

trace some of th’e problems and their solutions here S0 that other &

A}

warkers may‘%void the sage pitfalls .

Tar ]970 tetrahedr1te and an exsolved pliase, thought to be
ga]ena were 1dent1f1ed optica]]y in Samp]e TUX 02.1. A short e]ectron

-

- ~ B microprobe 1nyest19at1on showed that the tetrahedriteoconta1ned Sb, S ‘
Cu and Ag, with traces of Zn, As b and 81 The ‘galena™ wag found '
. : to contain Ag, B], S and traces of Cu, Zn Pb and As, ‘Bi”and ;b were
’~ana1ysed u31nq M l1nes, for wh1ch the correct1on programme 'Probedata
| d‘(Sm1th and Tom”inson, 1970) has no data, The results«were consequent1y
f X ,not corrected for atomjic. numbe“itluorescence and absorptton effects.

'S

l Apparent concentrations’, however, 1nd1cated that these were comp]ex

8"

-

>

, su]phosa]ts, and a comp]ete ana]ysis was proposed ' R
In 1972, flurmg examination of o,yer 200 poﬂshe"d sections; two )

su]phosalts whi ch ‘could’ not be pos1ti vely 1den 1fied were often found.
K Samples (Te10, 18 and TJ 1] ZD) containl@g th seogere seﬂecteﬂ«ior N

K { B Py e ‘ .~,1,¢w
,analyswlsp) L ;. Y n-‘;x‘ *' PR R *‘r

x T Early 1n 19v qomwete i‘;ray sC ns were made of alT’ fOur minerals
5 ! et ‘w{,a ‘4&:N..

| ;.andﬁ.only Ag, Eu‘ Pb, Zn, As Sb, 81,, and’ in one} Fe wgre qei;

[
)
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as ft happendd) to agold espectally fluorescenae effects and
inaccuractes from ‘tail-effects' of ?)Vi‘r‘]dppl'lm peaks. \Cnunt.inq’\
procedures were arranged fn such a way that any sample inhomogepeities
woul(tbn dvtectedi The only inhomoqugﬁgﬁns were in.the bismuth
content of the totrahedn trﬁ"((- 0.1%) dn&ﬁﬁ the bismuth and lead
contents of TlLX 02.1 Lt. In 'me ldttegéase, the apparent variation

“,

was between arains, but not within ﬁ1ng1e grains.
Resu1t5 of this f;rst analxﬁjs 1ndicated that the apparent

pe /enta'qe of lead vAM(}g Mértibﬁat# y with the apparent percentaqe
‘ L of bismuth. It was 1mmedia9ély ﬂjﬁted that' there had been an.errvor

“in setting and that thc effects of overlqp of the Bila and PblLa peaks

had not been fully avoided, Consequently, a scérfw,as ‘made over the

pcaks for standards and samples and it was found tbat thﬂle was far

1955 lead in_ the samples than'the uriginal analyses 'had "Indicated.

The samples were re-analysed for'bismuth and lead. Background

measurements were taken below the Pbla and dbove the BilLa peaks, and

corrections from the peaks were madc¢ us vgraphical extrapolation,

'The results of th1s analys1s show very litfle lead in the samples

(Taﬁ\e 11). It was also now founa chat all grains in TUX 02,1 Lt were
{.gps had been apparent. However,

the seme, and that the 1nhime il
& the appurcnt totals wére: si&)‘ﬁfﬁ excess of 100X and the minerals were
sti!% not identifiable.- \It yps tbought at this time that there might

be new mfneruls, and the rnsults were cgn;ﬁc!@ﬁfaga1n using Probedata.

i

~ )




once more. [t was noted, however, that the fluorescence .correction
for sulphur was small. It was known that bismuth fluoresced sulphur,
and because of the amounts of bismuth in the samples f{t was thought
that this correction should be larger. It was finally rcalised that |
the fluorescing 1ine was BiMa, and that the cbrrectign programme was
not- ‘aware' that this line existed, and couldnqt. therefore, make the
correction. Consequently, the ;esults were corrected again, this time
assuming the percentage of sulphur by difference. These'data showed
Sample TUX‘&Z.IDV&) be a reasaonable stoichlonﬁtﬂc tetrahedrite. The
vemaining samples were sti1l not identiffable (although the data were
not much changed), and were thought to‘be new minerals. ;here were, |
however, still sbme doubts. It was apparent that the amount of

excess in the analyses was approximately proportional to the
percentages of copper and hismuth. In addition, Samples TUX 02.1Lt.

\ pnd TJ 10 1B were remarkgbly simflar in all respgets, except for

‘the perdEntage of copper. To clear all suspicion and confirm three °

new minerals, the samples were checked thair copper content -

complete scans over the copper peak Showdd onlyl trace contents 1n al
x\\ggg‘g;mplesl From where had the g 1g1nai_appar§nt copper counts ;

come? The 1mm'ad1ata suspect w;s 'b1smuth Close fnvestigation, .

however,’ revaaled no b1smuth l1ne of any sort 1n the CuKa ragion;

Consqquently. namalysis for copper was pmp&ed. and on tMs

rui 1ron was also~analysed, to sn if 1ts presence accounted for

the appamt metal d&ﬁcuncy in the tetrahedrite, ’ .
The results.were. ahmipg (Table 13). The fron ‘contentvof the

..
»

e ' ‘
. ) ) . e "
E
[} L N .
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r
|

fi11 the deficiency, and

r Wl of FHahedrite rests. The apparent copper content
of ghe tetrﬁﬂgzri}n was chanqged only in the second decimal place by
this analys}s, which indicated that there could be no setting-up error
in the first run. However, the copper cpntenis of the remaining three
samples were reduced to less fhan 1% and ghe resultant apparent totals
to less &haﬁ 100%. The coants~f0r coppen,on the standard before and
after tﬂ‘ sample analyses were alaost idenéical.,)lt'kould be an
1ncred1b e coincidence if some electronic malfunction were to operate
to give iﬁurious copper.counts during the exact extent of the last

three'anh1yses. There is at present, therefore, no apparent
N -4 .

explanation for this anomaly, and none is offered.

-

P

Subseqqeht proce;sinq of the final results indicates that two of
the samples are matildite and one bismuthinite. Scrapings of the
sulphosalt-arsenide intergrowths were taken, and X-ray diffract1on
patterns of this material revealed that lines of matildite or
) bismuthinite s;ppective]y were present. Consgquently, since these
were not, after all, new"m1nerals, the results were not corrected -

t‘ ™ 1t was thought that the corrected data were not worth the cost iné

. '

computation.

New sources of error in microprobe analysts have been found and

'
, +wmade. The tale is tald as a warning to future analysts of complex

' © mistakes that m1ght havé'beenyavo1ded with a Tittle more care were

f

H

sulphosalts.

4’,



‘uogite, Green Mica and Feldspar-Mica Veins

Fluorite is abundant in the Stage 3 carbonates, intergrown with
su}phides, sulphosalts and green mica. I?t fs usually coarse and
well crystallised, but in p]aEes occurs as thin growth-bands in
dolomite. [t may be pale blué,‘green or deep purple. ‘Often the
three are 1nte} rown. Simple heating experiments did not alter the .
colour of the ﬁjuorites, at least up to the temperature of a bunsen
burner (- 800°C). It is concluded that the colour is simply a |
function of structure or trace-element content, '

Fluorite commonly replaces silver, bjsmuth and arsenides (Plates
10.1, 10.3 and 7.2), and where it does, so it is invariably purple.
There appears to be no mineralogical control on the occurrence of blue
and green fluorite, and purple fluorite is also comnon away from areas
of silver, bi%muth or arsenide mineralisation. In places, the
wall-rocks are impregnated with the mineral and, beyond the limit of
'm1ﬁéra]1sat1qn. the thin-banded carbonate beins often contain streaks
of 1t. *

Véinlets and pods of a pale green mica are d{go common in Stage 3
'cafbonates and 1n the wall- rocké'noarby. Veinlets are thin and tibrous,
wfth the fibres orfented norma] to the veln walls, Pods are made up

of masses of veinlets and bunches of thin s1nuous sheets. The
morpholegy and colour of the mica are such that it was initially

identi fied in hand specmen as a serpentine mineml However, t:Mn
.sect.inn and x-my di ffmction stugjes shoned it to be 2 muscovfte In
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'

mica &xtend into the surrounding do]o%ite (Plate 5.8). Very rarely,
massfve, dense, fine-grained patghés are %ound.

The mica veinlets cross-cqt'bismuth mineralisation (and all
preceding‘ stages) but are coeval with the ;ulphosa1t§; §u1phides and
fluorite. The veins themselves are unminéralised, but are most
commonily associated with blebs of chalcopyrite. The mica contains na Cr.

An electron microprobe analysis of the mica shown in Plate 5.8 was
k#ndly performed by C.R. Raﬁsay, and the results are showg in Table 14,
On an AKF diagram (Fig. 45) it can be seen that the mica {s a fypical
pﬁengitic muscovitgu The colour and morphology rema%n unexplained.

Three pegmatitic veins containfng seams and pbds of this mica have
been found in the mine.- They consist mainly of‘coars& pink K-feldspar

" with interstitial quartz, fluorite and chalcopyrite, The veins are
not long .and the la?best fs just aver 25 cm“wide. "The centres are
vuggy and ft]led with large quartz cryst;is. The veins cut arsénide,
silver and bismuth hineralisatloﬁ, and are‘clearly coeval witir the
sulphosalts, sulphides, dolomite, quart;vahd flqu1te of late Stage 3.
The green mica veins and pods were clearly'der1véd from the same
source as the pegmqtjtic ve1hlets. Neither type of vein has been
observed elsewhere by the author, and there are no reports of §1m11ar

veins in the m1nq§’1n thelﬁcho Bay area. Their origin is not known.

| Haematite . = C
. Haematite 13 "ﬂ\e‘mst ‘ubiqhm«s of -the,va‘in minerals, being
present in one form or another 1n every stage. .umy.. t 15 manifested

PRI
BA. 0w L . R .
LI . B
ChE )
. . . , , .

. % : ..



Oxide .
~510, , 48.9] .

To, . 0.02 - a
A0, 28.91
Fe0, 4.03%
MnO ' 0.11

. +
Mg0 0.89
Ca0 ' 0.04
Na,,0 0.10
K,0 10.77 . |

“ [~

H,0 | 4.J0/ .
Total 98.33 :

* Average value. Grain variation from 1.97; 4.96%.
+"Average value., Grain variation from 0,35~ 1.98%,

Table 14. Analysis of the Green MHuscovite in samqle TX24.4.

%
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- Figure 45, AKF diagram for the Green Muscovite.,
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. -
H& a red dusting of carbonates, especially in the arsenide stage. {
ings

This redness is more extensive in the earliest vein mater1a1 Coati
of haematite’appear on quartz and carbonate crystals in Stage 3 and
again on the youngest carbonates. Necedles in rosettes are cmunon in
vugs, between dolomite crystals, and strongly resemble those of

. Pavonite.

-~

Alteration Minera]s

Annabergite, erythrlte malachite, azurite, goethite, hydroz1ncite
and wad were all identified in surface outcrops of the Number 8 ve1n,
which is extensjve1y weathered. Annabergite‘and erythrite form in a

matter of weeks on massive arsenides left in gre-piles on surface, and
&)

were noted a number of times undergroynd. The veins ar

lem b

below about 2 m beneath surface,

not oxidised

D . “‘_.
f) Paragenetic Sequence and Depositional Conditions -

Thé paragengsis is shown schemat?ca]ly on Figure 46./ Each periqd

of mineralisation was preceded by movement on-the faul which cracked
open the veins that'had‘bgén sealed‘hy the previous p ase; and
permitted-an 1nflﬁx of further are-fluids which again sealed ﬁhe veins,
_ Although it has been proposed that the main faults re active during
the time of batholith emp]acement the mineralised'faults were not
generated until aftar this evcnt First movemnts on the Terra fault

B offs,et the contact and anreo!g of the stock, as well.ps the skamn

smpMdes. The mrphology of the veins thet. fmed dnatancies Caused

L
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By this first movement is not known, foe only breccjated remnants are
found. However, uranfnite, haematite, quartz and dolomite were
1ntroduced soon after, and this phase is probably corre]atab]e wifh thé
lnitial introduction ‘of uhanium into the Giant Quar Veins throughout
the Bear Province. Data from Clayton and Epstein (i@%B) indicate

. temperatures (from 018 fractionation data) of 140°C and 150°C for this .
stagefof mineralisation in the Eldorado Mine, add Robinsod (1971)
reports a temperatute of 150°C (from fluid inclusion data) for tﬁfs
stage af the Eeho Bay ﬁine. \ | .

/ The first phase of.veinmineralisation is different in ehdracter
f;om the others,vahd substantial fault-movements preceded the following
stages. Subsequéntly, a ser{es of multi-element dre-fluids were
introduced into dilatanc1es during small repetet1ve movements on the
faults. The constanqy of oxyqen ‘and carbon, and su hur isotopes

that all these

from dolomites and sulphides, reSpectively. 1ndicat_
fiuids.had the’same,§0urce However, the meta] conten of the veins
cdanges progressiveiy (a fact which may indicate a changing~sourCEJ.
“This paredox ean be eprained in four ways: . o
1. The parent ~fluid acted as an infinite source for carbon,

oxygen and sulphur. but had such Tow metal contents as to be dep]eted
in each metal as its salts were precipitahed in. the veins, o

"}2. Thq parent-fluid remained unchanged, but the physfcq} and
chemicﬂ character of the areas of dg{:osition utered. “sugh tay -
,diffemnt mtﬂs were deposited. but sulphur, ox,ygen and carbon

renatied tmqumbrm with the pamni@lm ;

-

o
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k/’ 3. Each per1od of vein-tilling may represent a d1fferent ore-
# —flu]d but one whose carbon, oxyqen and xulphur were derived from a
similar source. -
4. The ore-fluid was evolving, but the}sulphur, q¥§gen and
carbon coqtinually attained equilibrium w}thkthe host rocks,
In erder to see which explanations are’ the more brobable, it is
1mportdnt to know the depos1t10nal temperatureg of each stage.
In Stage 2a, 511ver and arsen1des were both formed, but there is
a general sequence from Ni-rich to Co- and Fe-~rich 1nvthe arsen1des.
This probably represents a cooling, and‘&}'seems to be general that in
Ni~Cd“ﬁeposits nickel miﬁera]s were the first to precipitate, ‘Chlorite
1was-introduced prior to the arsenides and remained unafﬁected by any
1ater m1nera1isat10n Ch]orite breaks down'at 600°C (Fawcett and Yoder,
.]966) and so the temperature can never hpve exceeded this. Rammels-
bergite ideally 1nverts to pararammelsbergite at 590°C+10° {Yund, 1961).
;- A]thoughvothers have used this as.a minimdm for deposition of | -
ammelsbergite aibne (Petruk. 1971, 1972), it is likely that in a

mixed comp1ex system the 1nver510n ogcurs at much ]ower temperatures,.

1f ‘at al) (YUnd 1961). Pararamme1sbergite was nat, found 1n the Tehrra .
, ' ,»veins ! Robinson (197]) quote; temperatures of, around 200°C fbr the
~ arsenide stage in the. Echo Bay'Mine. R ,; '
‘{ | The temperature of depos1tion throughout Stage 3 can be well
fém - ,documented from the vgr1ous assemblages present, For example. pyrite
R ceexists with s11Ver qt the,start of Stage 3 gng the two eﬁou}e»reegt

‘ 'f,,.., to ﬁnnm nyrrhotite and argenttte at 235°¢25¢c (quton and Sk1nner. 12&7);

: (:.‘ ' .
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thisxkeaction Qas not observed.’ For the latter partlé%vStdge 3a and
g]] of Stage 3b,v€he tempefatdre can never have exceeded 271.5°C, the .

) me]ting'point of bismuth. In Stage 3bl galena was exsolved from
métildiﬁ? in only one examp]e In a1l other cases the two were depos1ted
“individually. Exper]menta] evidence shows that the two form comp]ete
:solid sd;ution above 2}5°x]5° (Cralg 1967) [t is presumed that
the depo&itibﬁal temperature was on thl order of 210°C at the start of |
StageTBbF‘ At the end oﬁlghis stage stephanite was Qonsited,-and this .
1s unstable above ]97;0 (K&ighin and Honé&: 1969) . o

Fluid inc]usién and su]phu} isotopé data from similar stages of’
' mineratisation atvfcho Bay show a temperatyre range from aoné 230°C . -«
~at the start of Stage 3, to about 100°C by ﬁhe\end (Robinson, 1971).
The physica] naturﬁ of m1nera1s in Stage 4 indicates Jow tempexatures
of deposition and pavonite, though stable at h1gher tempen@tures, is '
typlca] 1n the late stages of silver ve1ns, depOSItEd”;R tempenatures
around 100°C (Ramdohr, 1969) o ;{’ B ‘
. ‘From thf//;ata a t1me~temperature curve ‘can be constructed “
(F19 47) The availab111ty of various*!*eggnt& in the ore~-fluid 1s
assumed to be equ1va1ent to the amount of eac e1ement ﬁ%ec1p1tated at
the vaf%ous stages and 1s also represented 1 Figure 47 From this |

At is apparent that the ore-fluid for Stage 2a was geqchemica]ly quite  ,1 ' 1€1

| ,_',dwferent fron the' Tater mum-e'lement flyids.” Stage 2 to 3 could

o gve begn depo.ﬁited from a smgm orq-ﬂudd; ‘or from two §epmts ones

e'smgle f]utd hypoth si; 1s p‘referred negause Of the': s

nmn f el’ements cqmqn mfm the stases.‘"“ L
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Did this sipgle fluid evolve, from being Ni-Co-Ag-As-rich ‘to being - "

Ag-Bi:base metal-rich, or did it contain all the elomenfs,buﬁ only =~ I
preofpitqté'egoh under certain conditions? In one case we require a |
changing source condition, and in themother, changing dgpositfonal ?
qonditions! Sincelnt has a]ready.oéen shown thatjﬁhe depositional -;'
temperatures vary, it is 11ke]y that 1t is these that contro] prec1p1tation,

and that the ore- f1u1d remained falrly constant throughout It is

\

~un]ikely that the paragenes1s represents a s1nq1e sequence of .
P

crystall1sat1on‘beqanse of“the time and’ complex1ty of events 1nvolved

'1n_é number of depositional Stages. ’ R . SR

A d1scusslon of the source and evold%1on of the ores follows the

SO descniptlon Of the other qepos1ts ' ,’ - v .

) Ore Potent1a1 S o

. The controls of mmera]isatmn outhned above make ‘11: unhke]y

i

thk)t ore will be found- 1n thesée veins beyond the conﬂnes of the - ~

- skarned. tuff and ca’lcarg1111te horﬂon. On the Te,ma penirisula there

4’ .

are a few pther sgéondary faults (a]beit sma]ler than that on which | o z

S 'the miné 1s si tuated) cu¢t1ng this homzop, and they are sites‘for ," ‘..‘*‘
i-‘~‘ 4 'o'ﬁpenti}ﬂ reserves' The Hmited horizantal extent of minerahsgtion S "‘r:
,‘ and' thg high costs gf mm‘ng wi]l makg exp1oitation 1mpract]cable be]ow Mﬁ?w
@ { a depth of 200 iln unless ehe ore at depth proves considerably richer. S a ,,

K CEY
t \
‘‘‘‘‘ . :,‘ ail 4+

The. gchp qu Mine connot opgrpgq prqﬂtabljy with silxer va]yes of much
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the s1x months endino‘in'Februnry, 1973, show that 1.76 mitlion oz,
s1lver were.rocovered. At the mil]1ng'rate ot 175't0ns/day, this fis
oquivalept ot a mi1l head valuec of just under /0 oz/ton, and realised
a net profit gf a lityle over $500,000. This ore was'recnve#ed from‘

tne third level, which was consideratily richer than much ot the tirst

‘and second levels. Should these graaes continue at depth, much of tne

net protit will be taken with increased mining costs. Consequently,

1t 1s important that the mine alscover new reserves # shallower

levels.
|

<
Stnce tnis thesis was first written the prices Of/S]]&er and

copoer have jumped from $1.50 to $2.50 and 45 cents to 7Dice ts

3
i

respectively. ‘Rr1cn fluctuations of this nature substantiaily atfect

the economics of ghis mine and 1f the new prices hold, mining over the
. S

Y

next few vears should real)se good profits.
/

/ -
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RLATE 5 -

¥

3.

Marcasite cryatalﬂ with finqerprint texture, being cut by

pyrite (white). Sphalerite (duli qrey) rep]ac9s Lhé‘ffinger~
prints', giving a net texture, Chalcnp?riﬁe (pule qrey) and
sphalerite survound the grains, Terra: Stage 1, P.P.L. *
Trémolite betng replacad by sphalerite (grey) on margins of

. chalcopyrite band. Terra: étage 1. P.P.L.

Marcasite with 'fingerprints' of silicate, overqrown by pyrité
(white). Terra: Stage 1. P.P.L.

Cataclastic ryritelbeinp'ruplnced by.hismbthinfto (arey)

espectally tn cracks, Terra: Stage 3A. P.P.L,

Carbonate fblack) cut by pyrite (whitg), galena (scratched),

- chalcopyrite (pate, i galena), sphalerite (dull grey) and

quartz (on right) vg{n. Terra: Staqe 3. P.P.L.

Fractured arsenapyrite annealed‘Py dolomite, Lypka Vein. P.P.L.
Bornite (grey) exsolving chal¢0pyrit¢ (white) andilater |
chalcocite and some covellite (dark). Jason Vetn. P.P;L.

Grgen muscavite (pale).overgrow1ng,carbonate (dark) on edge

of muscovite vain. Terra: Stage 3. P.P.L.

-
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PLATE 6 : ;

1. Silver replacing dolomite and quartz.v Note the rim-replacement
followed by infilling. Terra: Stage 2. P.P.L, "

2. Tarhished Marienberg crosses of silver in the core of a zoned
niccolite dendrite, with thin skutterudite rims. Terra: Stage 2,
P.P.L.

3. Rhombs of silver thaé have rep]ac%d'do1om1fe in the core of a

zoned niccolite + safflorite dendrite, Dark arsenide around

the silver is maﬁéherite.‘ Noté reéﬁants of cérbonate ifn silver,

and silVer growing 1in interstitial dh\omite. Terrdﬁ Stage 2,

P.P.L. Line indicates micraprobe traverse (Plate 7.1).

4. \Crypt1c zoningvin safﬁlorites around rammelsbergite, round silver
*t fhe end of the dendrite in 3. Note cross-cutting nature of
s}lver. Terra: Stage 2. Normarski phase jnterferencé optics.-

‘ \
6. Silver (white) in zoned skutterudite {pale grey) and niccolite

(méﬁium grey), being replaced by acanthite. Terra. P.P.L,
\ ) R ’

L

‘ 'Gree\f&fﬂter.l , SR
] ,

\

6. Sample current and silver and mercury scanning X-ray baOtographs
to sh ‘2oning of mercury in silver Qandrité. Dendrite surround
| 1s nicc 1ite (g@) and ﬂugrittw(wmw |
. © OS¢ 3 sweeps sk

Ag. 105 counts = F 16 .

Hg B x10%counts x 1

+
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Sample current and Fe, Ni and Co X-ray scanning photographs
for the coned arsenide dendrite in Plate 6.3, Terra.

SC 3 sweeps ' F 16

Fe 7 x 10" counts X 2

Co, Ni - 8 x 10" counts 15 KV
Sample current and Fe, Ni and Co X-ray scanning photographs
for a zoned safflorite whose core has been replaced by \
fluorite (F). Terra, ' y

SC 3 sweeps F 16 x 2
Co, Ni, Fe & x 10" counts 15 KV
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PLATE 8

/y :
L
. l..,.

Fd

~ richer 1in 1e§d. Terra, P.P.L,. 011 4mmersion..

Al

Spherules of uraninite (yrey) around quartz (black) and

* silver (WMite) on margins of a niccolite (pale) rosette,

Terra: Stage 2. P,P.L.
X-ray scanning photograph of uraninite spherules around quértz
for U, showing weak concentration of U in quartz.

U 8 x 10% counts F16 x 4 29 Kv
Uraninite xim around silver (white) surrounded by safflorite
rosettes (grey). Terra: Stage 2. P.PIL.

Sample current and U, Ag and Pb X-ray scannirig photagraphs

- of a simitar feature show the uraninite rimming silver that

~contains uranjum,land the concentrations of rydiogenic lead,

some:of which has recrystallised as galena
V5 x 104 counts 29 KV
‘Pb 8 x 10%codnts F 16
hg 8k 10° counts % 1
" SC 3 sweeps |
Remnant zoned spheruleé of urapinite in dolomite being

replaced by stlver. The dérkér pafches in the uraninite are

*
.
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PLATE 9

»

, veinlets of galena and mat11d1te.

-Hand specimen (x 1) and autoradiograph picthres showing the

concentration of uranium minerals in fragments and stv(aks in
the Stage 2B white dolomite. Terra. _—

Hand specimen (x 1) and autoradiograph pictures showing

concentration of uraniim minerals on the margins-of silyer

and arsenid mineralisation in Stage 28 do]omite ~ Terra.

Hand specimen (x %) and autorad1ograph pictures showing close

‘correlation'bf uranium and silver in Stage 2 dolomite. Terra.

Hand specimen (x %) of Sample TX 7.6, representing half of a
symmetric part of the #8 vein;at Terra, ;

a) Fragments of haematite-quartz-yranium rich rock in Spage 2
dolomite. |

Ny

b) Dendritic arsenides and silver 1n Stage 2 do]omite

.c) Stage 3 dolomite w1th chlorite, haematite and b1smuth

d) Faulted margin of ve1n containing gouge, rock fragments and

C]ose ~up of siiver dendrites “in Stage 2B do]omite over Stage 2A -

’

’dolomite, with ch]orite streaks cementing red fragments ,,‘ ”T_‘! .
‘Terra. X k. e fzﬁ&ﬁ. AR ,Mﬁ“‘
\ . "",y"”“' ' !

v .
N s . 2
. - I . s TREEY N
[ 1 , . . ’
P
[ [ ~ shel
. ‘ . )
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PLATE 10

. Il\

1. IBismuth (§eratched5 overgrowing skutteru&ﬁte (pate) 1& QOlohite
;(grey~b]aek). Fluorite (black) overgtows the bismuth with
' 'teardrop texture Terra:'Stage 3. P.P.L. |
'2. Mat11d1te (gre{) se]ective]y everg%owidg zoned skutterudite
o " (white), around remnant-quartz_ Terrgg Stage 3. P.P.L. |
3. Matildite and other shIphosa]ts (grey) overgrOwing zoned
'safflor1te skutterudite rosettes (white). The originé] carb;néte
“matrix has been replaced by f]uorite (black) which has also |
grown with the sulphosalts on the margins of thHe rpsettest
Terra: Stage 3. Etched by 1 minyte rough-polishing onxgerd;yh'

L

~ P.P.L. R )
4, Matildite {grey) and- fluarite (black) overgrowing %oned . ;rt

| ‘arsenides setectively replacing them, Teﬁra-‘Stagel3 P'P L.
5; . 'Speck zanes' and massive b1smuth rep]acing cobalt skqtterudite . j
: in do]omite, Bismuth is in tur)’meplaceq!?y bismuthinite (grey) |

" _Terra' Stage- 3, P. P L, B .
6. Ag, Bi and.$ X-ray scanninahphotographs of matildite around a.
i safflorite rosette, it fs being réplaced (dark,«on Teft), AR
\4~; ;’ Black 1nc1u31ons in the mat11dite (Ag, B deficient) ate .:1"k'_;13'1f.
t' exsolvect galeng} qu# on. r’lght 1s quartz. Terra» Stage ‘ - o
[ Ag. Bi 'S B 104 conts | 29 kv Hc
L 'l grm square 'n 60 n ; g :
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L PLATE o ‘ !
i. Specks of bpha1er1te and qalena (white) in\'pbéhhyry'.
) Nnrex Stage 1. P.P.L. :

2. Cubes and 'Marienbnrq‘érosses“ of silver'in niccolitEQs‘The“.' .
si1ver overgrows the arsenide 1nto remnant, 1nterst1t1a] | a . ",h\
do]om1te. Norex: Stage 2. P. PL. ‘l.‘ . : :L" - '

y ‘3. S11ver str1ngers cutting lntergfown safflorlte (darker) and:- . .,
ramme]sberglte in ah a;ééﬁ}ée”dendrite Norex: Stagg 2. .,‘u ” - .
‘ Normarski ghase interferénce opt1cs \ " | ‘;
" <&, Zoned, twanned safflorite rosette in dolomite. Note the L | V- }

‘mimetie star -shaped tw1n (upper 1eft) ~Norex: Stage 2 .o A

; . Half crosseq nlcols,

5. Salt-and. pepper pre. Silver in qu;rtz ﬁNorex: Stage g(g”ﬁ‘P.L,"ﬁ . p»‘ .
6.‘ Catgblast1c pyr1te (white Stage 1) with spha1er1te (grey) '\z“ Tfﬁlnzn
fﬂling cracks and oyergrwn by Spnalemte a%d cha]copymte andg g ”
s gaTena (\samnar-meqium grey% Sﬂver Bay , p:‘, P

e 7. Quant:' (b]arf Overgrown by chalcowﬂt&» SPhaT ’ ga'lena, m : ﬁ
g R tetrahadp‘]te and bjsmuth” Possibly empleetite aS a '«“ «
S N  ; zone between bismdfhmgnd Ch&1ﬁ0P¥r1te"%5i]V9” ﬁay' Stagg‘g kﬁf 'l. fiij%
. E &'-' oy Intergmwn qhalcop rite .and:;iﬁe"a Mth %301"3" SP“"S °f i
ﬂ”fiil:»;f. tegrdh%grita andyﬁfgwuth ‘511V§r Bay Stage £ 3 ?4 g

o rr Jf" b

- Yok :
.i. . . : v '
PR . ' .t ‘n,-\







PLATE 17

1. Somple current and=Ni, Co and Fe X-pay scanning phatographs of
a saftlorite rosette with silver in the core, in dolomite.

Morex: Stage 2.

Ni, Co, Fe 8 x 10" counts 17 KV x 2 F 16 i

%\~\ 3 swaeeps

2, Xenoliths of altered tuff i massive magnetite-apatite,

Terra, (o | .
~ ' :

3. Pegmatitic 3pat1fn whth interstitial magnetite-apatite,

Terra., ST

4, Pegmatfitic actinolite growingud\pna1 to vein marain (en laft).
Jason Bay.

5. Cataclastic apatite, in a mesh of magnotite. Terra.

R ”
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PLATE 13

1. Flow banded magnetite-apatite. Terra, |

2. Crushed apatite and actinolite veinlet cutting coarse
apatite (above) and intergrown apatite and actinolite (Be]ow).
Terra. P.P.L. Transmitted.

3.  Fractured apatite crystals with interstitial détino?ite and
magnetite. Terra. P.P.L. Transmifted.

4. Pegmatitic apatite And anphibole with 1nterstitia1 quartz and
late hacmatite, Terra. P.P.L. Trénsmitted.

5.8 Fractured magnetite-apatite band in a ‘crystai—mush‘ of

magnetife and apatite. Terra. P.P.L. Reflected,

' 6. Magnetite (white) end quartz (dull grey) filling cracks in

_ pegmatitic apatité (dull grey). Terra.'thP.L. Reflected,
7. Magnetite (dull) replaced by haematite (pale) with spindles of
ilmenite and iﬁtergrown oxides exsolved on three crystallographic

Pplanes. JasZ? Bay. P.P.L. Reflected.

8. ' Close-up of & complex exsalved spindle in haematite (pale)

replacing magnet1fe (@u11). Spindle consists of intergrown

»magnetite, haematite and {lmenite. Jason Bay. P.P.L.

»

Reflected.



N
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PLATL 14
1. Zoped magnetite in hastingsite skarn,  Terra. PPl Reflected,
2. Sphene (medium groy) and idwenite (Fight grey) exsolved from
and replacing magnetite/hacmatite, Surroundud'hy pyrite (vhite) )
and quartz. Jason Bay, P.P.L. Reflected.
3. Fe, Ti, Ca, and S$i scanning X-ray photographs of intergrowths
. Shown in 2.
Fe 5 x 10" counts
Cu, Ti, S1 10" counts £ 16 x 1 15KV
A.  X-ray scanning phoﬁ%ﬁrnphs for Fo and Ti of ilmenite exsolution
'A1umulTae in haematite arter magnetite (as in Plate 13.8).

Fe 156 x 10% counts Ti 4 x 10" counts

! 5KV FI6 x 1
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7. THE SILVER BAY MINE

.

a) History
The surface outcrops of the Numbers 1 and 6 vains (Fig, 48) were
first worked in 1922 as the Camsell River Silver Mine and.}he AVN |
shaft (Fig. 35), respectively. In these early days the price of silver
was ]6w and, although rich silver ore was mihed, it was qold that the
disillusioned Klondikers wanted. With the first rumours from
‘Yellowknife in 1934, they laft and the‘mine was closed. In 1943
considerable drilling and trenching were performed, and the ihree main
“veins (Numbers 1, 4 and 6) outlined under the aeqis of Khi o Faqle .
Silver Mines Linited. Tt was not until 1963, however, that the rich |
- ore-shoot on the Number 1 vein was stoped out by Silver tay Mines '
Limited. The property was taken over by Federate& Minigg Cnrpo%ation
R 1g Jg]y, 1970; a mil] was installéd, and mining continuced until all of
the ore on the first level of the Number ] vein had been bagged. The

hiéh initial gxpehQiture and high cost of éxploration;work;caused a

-

temporary pessat1bn fn 1972, but new financing is apparently arranged

for further mining in 1973, Lo
b) Geology - - - . : | -

> The mine 1§ Tocated in a series of massive hornblende-plagioclase’

gprﬁhyritic basdlts with' tuffaceous horizons that form the<core.of‘thg

. .o P . :
,*Camsql1 River synclirfe (Fig. 48). These basalts are metamorphosed to
- :%:§ gﬂbiteaepfagieffacies by a granodiorite which outcrops a 1ittle

N
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c) wall rock Alteration

| with‘baematite, but are not silicified, They appear fgr less altered

! 239
over a‘éile to the east, but whose coﬁtact probably dips quile gently
to the weit: The ﬁost rocks are often impregnated with pyrite and
chalcopyrite skarns, or magnetite-actinolite pods and veinlets, all of
which are cut by a thin pérphyritic granod{orite dyke.

The ore-veins fill E-W striking, dilatant tension~fractufes
between major NE-trending faults. There are no offsets on the
fractures and they appear to cross a third-order ‘NE-trending splay
fault which contains a barrep quartz-carbonate vein. %he veins die
out to f@e'west, but pass beneath the ;iver to the east, and outcrop
on the south shore before being covered by overburden.

The veins are g1nuous and highly podiform. On surface the
Numbers 1 and 4 veins seldom exceed 20 cm in wtdth, but widthF of over
3 m were nbted)]Q.m>be]ow surface. The;outcrop is virtually ,
unweathered, and even though erythrite, annabergite and malachite -
stain the‘vein carbonates, primary minerals are little altered. Tiny
patches ;f rad{oéctivq material were detected with a scintillometer
in gke richest pod on'the Number 1 vein, but no uranium mineral has
yet been idertified. |

The veins are re]atively s1mp1e and do not splay very much. The
rocks between the main yedns are ful] of thin carbonate stringers, but

-

these are barren and dlscontinuous

'

- . »

Some of the brecciated rock fragments 1n the veins are reddenned

L)
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h

. ! . '
than the ‘red chert' at Terra. The host rocks are impregnated with

b N

carbonate for a few centimetres, and carbonate and epidote replace the

4

feldspars in particular for a distance about equa] td the ve1n
thickness on either sihe'of th¢ veins. Chlovite is common dn sliear-
~planes in, and near the veins, and also rep]aces maflc m1nera1s in the
host -rock. Nearly all the rock fragments in the veins are ch]or1rlsed
and epidotised, and are interpreted as having been torn frofi the walls
of edri1er veins during development of the major dilatancies. on the
tension-gashes.. The wall-rocks around dre-lenses are often rich in

{

pyrite and chalcopyrite.
.

d) Location of Ore-lenses

o,

The main silver ore occurs in shoots in areas where the véin is
more than lo-éh‘wide. Wheré the veins exceed 1 m in width, only a }ew;;
silphides are found, The two ore-shoots in the Number 1 vein occur at
,ﬁhe eastern en:j of an area where the VE1; widens enormous]y - 1. &. on
the side close t to the intrusive contact. The 1ocat10n of other
ore- shoots is imperfectly knowaﬁ\¥or they. have only been studied 1n
small surface pits. The outline of the main”ore-Tens is shown on

Figure 9. S ‘ ‘ . . -
Ore-lenses can usua]ly be predicted underground by an 1ncrease in
the number of¢ strlnqers close ‘to the vein, ‘and the presence of a R

?
nebulous sulphide halo in the wall-rocks.
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e) - Details of the Vein Mlﬂera]]satgon
“\l Deta1Ts of the S11ver Bay ve1ns are. 11m1ted 6; the fact that on]y
one ore-lens has been samp1ed and that much of th1s Had been mmed§
before the property was examined. Since the mlnera]s are similar to
those at Terrh, descriptions here will be\briefert énd wi]] concentrate
on the relationships berWeen phases. The paragenesis is showp in
Figure 51 and will be documented after the follow1nq desc#iptions
Most of. the carbonates are dolomi te, but Ca]clte is 1ntergrown
"with dolomlte in some parfs of the sequence. Pink and brown carbonates
in banded sequences were thought to be rhodochroslte and anker1te,
respect1ve]y, but X-ray d1ffraction data tdentified them as having a
dolomite structure s I . J/(
| Dolomite in Staqe 2 (F1g 51) is fine- gra1ned and ye]lé(. .
/ﬂccurs 1n very thqn atgingers, cutt1ng the wall-rocks, and a few
fragments have been found in the ye1ns. The dolomite deposited in
., Stage 3a is coarse and wh1te and a numher of sulph1des grow 1in 1t
ahd rePlace ite It was deﬁos1ted on the outer wq]]s‘of the veins, and
was overlam Bydtne rhythmcall /abanded fine- -grained, vari- co]oured
dolomites of Stage 3b, wh1€h conta1n up to - 20% ca]piﬂé These

“'1atter do]omiihf became slight]y coarser towﬁ}ds the vein centre and

\

arg overgrown Y qmartz. Nhere*the ve1n$,w1den-to over 1 m, much of '

"”"the garbonate f11]fﬂ% is coarse. white de]omfte, simllar to that of
- _ﬁStageﬁgq It iey,however, probably equhvalent to all ihe Stqge 3 d

'*:chrbpnateq fbr it is overgrown by qaartil The Stage 3 dﬁlom;te “;,5‘ ;‘1}3

;"'coutains numerous engular frggments pf alteped walleruck .whereas the
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banded dolomites do not. The bands were deposited sequentially in an
A

open space, and reflect beautifully the shape of the vein walls at the

time. - |

Analyses of the oxygen and carbon isotopes in the dolomites revea]
a remarkably similar pattern to that at Terra (Fig. 50), but there 1s
not yet enough data on the _calcites. Samp]es taken from sequontia]
bands in the banded dolomlbes show ho- requ1ar drfferences or trend.

Quartz occurs in three distinct fonns in the veins. Firstly, as
"fine qranules in the Staqe 2 stringers, and usual]y barren‘of m1nérals;
Second]y, it occurs\as coarse, whlte to- Rurp]e crysta]s and overgroWs
the banded carbonates the crysta]s have, grown at r1ght ang]es to the
vein walls and often form gqgstooth growths into yugs. Thirdly, 4

- l

finez qra1ned white,qranu1ar quartz occurs in veiplets up to 10 CW e
A

wide, cutt1ng the banded carbonates and the coarser quartz This

1nvar1ab1y contains -interstitial S1lver in a very rqch ore, knownzby

~the miners as saltaand pepper ore, (Plate 11.5).

*Ch]orite ocpurs as th1n streaks and ve1nlets onfthe margins of
veins, and 1n the Stage 2 stringers Sma11 patches of 9otry01da1 growth >

similar to thbse at Terra, Were observed 1nfrequent1y in the coarse,

ST O

s
et

'wh1te dolom1teiw . - f , ‘7. .

I g
—Base—metal Jnd 1ron Sulphides are common 1n tngmmnll rocks at
Sﬂver Bay. In part. these were mnued by the contact metamorphlsm and
i i' &\ Ty il

: 1~r¢]ated events bu%ﬁthe conmmn mantle of sulphides round §1lver ore- ]enses
: somemere der1ved from the ve:jns.~ lnitial”ly, pyr1te

and cbalcopxrite fonne ’ rep]acing madﬁc minerals jn the basa1ts, and
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it assumed that these arve equivalent to the Stage 1 skarn sulphides

at. Terra.  The Stage 2 carbonate veins effected some recrystallisation

and concentration of these sulphides, and larqe patches of marcasite
o

replace pyrite,  Arsenopyrite was tormed at this time, conmonly

replacing wall-rocks on the edge of the veinlets,

Following a period of brecciathon which sheaved arsenopyrite and
the pyrite/marcasite, sphalerite and qalena were introduced and
overqrow the onrli}r suiphides, often-healing fractures in them

(Plate 11.6). Base-matal sulphides continuéprko be deposited in the

’

: _ ;
banded carbonates, along with bismuth and silver, and reactions

betwcgg these minerals produced emplectite and, perhaps, telrahedrite
(Plate 11.7). Duwring the latter phases of Stag~ 3, bLismuth, gilver.
tetrahedrite and,matildite were apparentl} exsolved from massive
galena.(Plate 11.8).

Chalcopyrite and, rarely, bornite were depoalted with the Stage ¢
4 quartz, and acanthite can be seen replacing the 'salt-ﬁnd-pepper'
silver in places. .Smears and coatings of acanthite are common on
fractures in the veins and wall-rocks close to the silver-rich lenses,

Sulphur isotope‘ratlps f&r the vein sulphides are shown in Table
15. They are significantly different from those of any other sulphides
in the arﬁa,lkoth in their absolute values and in their gréater total

range. The ﬁ1m1lar1ty of the 1satopic values of wall-rock sulphides '
(sBXx 10.6) qhd those in the veins, and their difference from the ’

i
" i !‘-?',’ﬂn.\
!

skarn;squh de values elsewhere (Table 4) suggests that thesd sulphides * -

are derived from the same fluid that deposited the veins.

e
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Sample Mineral  Fode of ocourence sage Sﬁjdﬂ,
(cm)
SHLVER BAY
SBX10.18 Cp Massive salphides in Quarts Dolomite 3b ~3,010,2
Veins.,
~ Gn _As above, 3h -8.010.1
SEXK0.1¢ Cp Massive sulphides in Dolomite, " 3h -0,
Gn As above. i 3b ~0.510,1
- Gn Late Gn. overgrawing above, 17 - Lhon
SBX10.3F Pyt Massive sulphides replacing rock- Ja/b o 1.720001
' tragments in vein,
Gn As above. Ja/b t2.810.1
SBX10.4A  Cp Massive Cp in Dolomfte vein, b -1.010 1
SBX10.6 Pyt Massive Sulphides on odqge of Aq 2 ~8.400.2°
' Ore-shoot,
Cp As® above. 2 ~10.,210.1
Gn Smear on foint-plane in above, 7 A0 60,2
MOREX
MX20.1C  Gn lassive sulphides 1n Dalomtte vein., 3b 105101
- Cp As above. 3b +1.4:0.1
Nx20.1J  Gn Disseminated in rock fragments 3h -2.000.2

. in Dolomite vein.
NXULLAA - Cp In dolomite on edge of Ag-Quawts 3b t2.110.1

vein,
LYPKA VEINS
NJ30.,2 Asp Brecciated fragments in Do]omlte ? t2.710.2
NK1.1A Pyt "In Dolomite vein. _ T t3.8:0.1

I .
N >

Table 15. Sulphur Isotope values for_ vein sulphides.from the Silver Bay
and Norex Mines, and trom the Lypka Veins.
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Cooxikting sulphide pairs vive hactionitions of:
SSN Cp-@h - A 1030, ST CpGn v 42,300,027, and £ Pyt-Cp
1.810.32,. Using the calibra®ion curves of Kfjivara ard Lrouse (1971)
these frdctionatinnﬁsihditdlu formation temporatures of L20°C, 255°C
and 230°C, rospectively. Qincu fﬁu first two t:mpurdturvﬂ are
dorived frnm coexisting sulphides fn samples taken 1o apart, from
the same stage in tho ﬁﬁmg vein, it is unlikely that Lhiso derived
Lomperatures are meangngful: the mincorals may nol have hem in
i%ntnpic oqu1librfﬁm, or may have been dif{uruntiallylallurvdblJtvr.
The pyrite-galena pair in SBX 10,3 is clearly not in equilibrium,

; Niucoiite. ramnelsbergite, safflorite and gkutterudite are the

only arsenides that have been rnZoqniscd. %aff]ora{c a! chuttoradite
Qv as roscties in the wg]]~rocks in Stujoe Ra,'and Tocatiy s
*GeAni1o.m arowths in the‘cnarse,white dolomites. « Uhere they uuuy‘ln
carbonates they are strongly overqrown by sulphides and ‘ulphoco]ts
Niccglite grew as botryo?ds, always Qith thin ramelsboroite snins.
These grow into the banded cartonates, and often overgrew Lasc wetal
sulphides and tetrahedrite, Very occnsiqnall} the ﬁICyullin CONES
gfains‘of a mineral, ﬁéntag:vely tdentified aSHNGUCheritn.‘;hl;vhuﬂﬁ
there is a little niccolite 1n the’Eentres 0f skutterudite Mmasses.
This double period of arsenide deposition differs substnnﬂally from
the paragenes1s at Terra. - o

Si]ver was found 1n four different situatious Firstly, minute
grains are exsolved from tetrahedrite—galena-matilddte mixtures,

. “Secondly, dendrites of pure stlver very occasfonally cut the banded



carbonates, but only in arcas wherve the cavbonates are cut by
granular quartz veins with the interstitial 'salt-and-pepper' silver,
A Lhitv comnonly replaces small amounts of silver of the latter
prpes. The fourth occurrence is :‘a:‘,\ small specks in the niccolite
that lies in the cores of skutterudite,

The apparent mercury contuht of the unrnblaced Saltﬁdnd—pehper
silver is 0,98 wt o, which 1s lower than that for similar silver that
is partly replaced by acanthite (1,77 wt %). In addition, the )
apparent. silver content becomes apprecinb]y‘qrvater (Tahld 7). 1t

- would appear thorufoqc, thot the silver” is enriched by thg replacement,
Specks of silver of thu fourth type have a rolai1vc]x*luﬁ silver '
.coﬁtent and a very high mercury content (6.45 wt ) that ls apparently
ditferent frnm.ihat in any other analysed silver from the area (Fig. a0).

Bismuth occurs in three situations. Firnt]y, as oxsolution blebs
« from‘tetrdhedrite and galena (Plate 11.8). Secondly, as intergrowths
with su]p&idus and sulphosalts of Stage 3b (Plate 11.7), and thirdly, ,
as replacement. of wall-rocks in the fmmediate prioximity of the veins
cnnta1n1ng\bismuth. Bismuth is not a common minéral in the first
level of the.S11Ver Bay Mine, but reports (W. Dollery-Pardy, Pers,
Conm., 1971) and samples from the now-flooded second level {ndicate
that bismuth is more common there (Fig. 49). ‘
Matifﬁi;e and tetrahedrite accur rarely in patclies off massive
sulphides of Stage 3b, and the X-ray d{;fracmion data show that they

are Structurally identical with their counterparts at Terra; no electron

microprobe. analyses have been performed.

'
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Haematite, as staining, is conmon in the Stage 2 carbonates and
quartz, but is absent from Staqe 3. Thin layers of hacmatite sometimes
coat the Stage 4 quartz, and vugs ofton contain dmall rosettes of

haematite needles,

Paragenctic Seruences and Pepobitional Conditions.

f)
The paragenesis (Fig. 51) differs in some important aspects from

that at Terra (Fiq. 46), although the mineralogy is very similar.

.

Five stages of mineralisalion are proposed and numbered to correnbund
as nearly as possible to the Terra Sequence.

The most important differcnces between the ores at Silver Bay'
and those at Terra are the development of arsenides and silver after
the sulphides nnd‘bismuth, and the different sulphur isotope vplu;s.
Clearly, the same elements wereqpresent in the Oré-fﬁuids, but the
c,giiti‘ons at the site of deposition must have been different, These
different conditions are clearly the single-stage deyélopment of
dilatancy at Silver Bay and the very wide opening at tpis’time, and
are fef]ected in the crustification textures of the ganque minerals,

Further discussion follows after the ather veins‘have been described,

g) Patential | . \
The Silver Bay Mine has perhaps the greatg§3wpoten£1al of any
m1ne‘1n the pdmsell River area, but has produced the ‘least ore to date,

It is fnevitable that there ‘are other rich, ore-lenses on the Number 1

&

vein, and the surface outcrop of one is seen in the Number 4 vein

< » ) )
b ' ’ ’ : " /
5 N R ’

7
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(Fig. 48). 0ld workings on the Number 6 vein indicatoe pud§ of
high-grade'silver, but these could not be reached by the author
because of flobdinq tn tha shaft. The lenqth of these three main
veins is considerable, especially if the extrapolations beneath the
river are valid. It is proposed, from a study of the three Camsell
Ri;er mines, and data from the tcho Bay arca mines, that ore-lenses
occupy between 1 agd 10% of thd vein lengths. The Numhefs 1, 4 and

6 veins are 230 ni, 430 m and, possibly, 2000 m lond, respectively,
although extrapolations on the Number 6 vein are tenuous. Taking the
averaqe ore-lens as about 30‘m Tong, it is statisgica1lx probable
that there be belween one And two ore-lenses in veins Number 1 and 4,
on the present working~leye]. | .

The ore-lens an the Number 1 vein yielded aboyt 1,000 Rons of
ore, averagina about 200 oz Ag/ton -~ gltﬁbugh more careful mining
would have decreased dilution considéFab1y. At a price of $2/0z for
silver, this lens produced about $4 x 10 9ross vé]ue. The total cost
of the’operation to mine the lens worked out at around $50/tqn (Terra‘s
costs are about $40/ton) and thé resﬁlting net'profit was som;‘iéé;dOQ,;,p,“

Assuming the ﬁextAoreA]ens t&~be 30 m long, it will most
probably be between.170 m and 330 m awa)\\aﬁ the same level. Costs
for a 3m x 2 m drift are arpund $20/foot; thus befween,l0,000 and
20,000 dollars w111 probabfy be needed to fiﬁd the nekt ore-lens,

Add to this the costs of operat1ng the camp while. no ore is being
produced, the cost of dfamond -drilling, and the costs of other |

exploration, and 1t can pe seen that mining these veins is, at best,

. : , : o
W - 5 - ) e .

% Eakh
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a marginal business.
’
These calculations have considered only hoprizontal exploitation,
over a height of perhaps 20 m, It is*the possibility of rich ore

in the third dimension that makes the mines attractive,
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8. THE NORLX MINE

0Oow

a) History ,
The original surface showing of the Norex vein was discovered in
1932, but until 1968 only minor surface nxph!ration work was perfoimed.
In that year a number of short diamond-deill holes confimed the
presénce of a vein some 200 m long, of variable width, to a depth of
20 m. 'Nithin this, an extremely rich silver ore-lens was found to
be about 30 m long and 20 m decp. A small shaft was sunk in the o
vein to feét this zone. The samples from th1§ shaft were 'salt-and-
pepper' silver ore, and so rich that minipg was started imediately
from‘an open-cut trench. High-grade ore was hand-picked, and the
résu]tinq profits were u§ed to construct a road ta th¢f0¢msel1 River
and an aipstrip at Smajlwood Lake (Figf 6). Unfortunaﬁély,’no other
ore was found and ‘the main 1ens was almost worked out by this time.

Terra acquired a 50% .interest 1n, and the right to minc the C]dlms in

1972, but there has becp no further work of significance.

b) Geology

The véin is vertical and varies between 20 cm and 5 m wide. It
strikes to ‘the east and is about 200 m 1onq. [t 1ies close ta the
cOntact between bedded andes‘ tuffs and massive porphyritic andes1te
flows, which are :;metimes separated by a ‘thin screen of felsic tuffs
(F1g. 52) AH these rocks are cut ﬁy a p\Me—p’rphymtm

"D granodiorite dy'! that strikes to the northeast The vein apparently

-
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cuts this dyke, althoLgh exposure at the contact is poor. Both dyke

and vein are cut‘by'a 2 m wide NNE-trending diabnsé dyke which

contains very thin stringerg'tontaining specks of gaiena, sphalerite,

chalcopyrite and pyrite. “ | '

The rocks are in the upper albite~cpidote and lower hornblende-

hornfels facies in the aureole of a granodiorite that outcrops some

2 km to the eést, bht whose contact dips sha]Iowly to the wast. The

rocks are folded in small drag-folds that ;éem to be.FélAted to the =

axis of the main sync]ine in the area, The structure is LOWP]]Cath

1n that small Jostling movements have occurred on a numbo; of faulvs

and joints, and bed~b¥~bed corrolat1on is difficult,

| Veinlets of carbonates, epidote, quartz and magnetite-actinolite~

»abatixé are common (Fig. 52), and ap;ear to be a p%oduct of the

contact metgmorphism, Sulphide gyossan anes are very common; especially

in the tuffs and on the edges of. the porphyl;y ctyk'eu.‘e‘ trenching

P T ) . '

has revea]ed fresh minerals, pyrite, pyrrhotite and chalcopyrite are

the most common, and the m%nerai{sation appears to be metamorphogenic v

and §1m71ar“ _"otﬁEY“§kaqns throughéut the area. Both the porphyry |
~ dyke and t#!iiorthr{ﬁic andésite flowévcontain‘speqks of base-metal

sulphides that appear to be original and not introduced (Plate 11.1).

. €) Vein Mineralisation .= . .- - .
At o ﬁ“ " ' ‘

Since‘only the 3%@ orelens has been found in’ the vein, 1t can

L)

only be Jaid that the ore-lens ocecurs in the most di]ataq} part of

the vein The edqes of the vein are chloritised aq‘ epadutisea, bu;l, ,

LI “
.na .
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no red altefatisndhas been observed.
R . / - o 3
The codntry rocks around the vein are impregnated with sulphides

'

and contain thin doldmite stringers co?talnlnq qpecks of sulphide.

J

Close to the vein these strike to UK?east and are thouqht to
represent a perlod of veining prior to the main perlod of dilation.
The main viin gs filled with do]om{te and quartz. Thé dolomité veins
are comp691te, and oftgn contain lenSeS and 'streams' of wall- ro%k
fragments., The dolomite 1s usually white, and varies from fairly

massive at the margins, to coarse~gyrained dnd wel]~érysta]line Fuftﬁer

iﬁ; Occasionally weakly—bandéd dolomite overyrows the coarse, white p
dolomite. Carbon and oxygen isotoﬁé data for the dolomite (Fig. 50) |
show a wider spfead than, but grossly simiiaf values to those'fromh '

the other mines. Na evolutionary trend is apparent. )
~The host-rocks, and occasionally thé dolomite veins, are cut by
thin stringérs of bright’red calcite - red because of fine haecmatite .

sting Th 1sot0p1c values for these are similar’ to the values.

"\for 3§10m1tes from all the other mines (Flg 60) . o - R iy

Quartz overgrows the do]om1te and is at first massive, and thqn
)warse ~grained, and often vuggy . then vugs are lined with the 1ater

”ﬂh' ;tages of dolom1te and the initial stages of quartz deposition, The..

'The quartz veins arg not cut by the red calcite’ stringers Frequenﬁly
the quartz veins become f1ne qrained and sugany, and tonques and
 str1ngers of th1s sugary quartz cut the dolomlte, and c0mmon1y contain
the sa]t—and-pepper ore - some of these sxlver—carnying veing are
b over 25’ cm wide, PRI " 5

gt o, R N . . yoo e

e T
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Sulphides commen in the veins are chaicop’yrite, sphalerite and
ga]ena. Tney usually occur in the dq‘lom'i“teiand quartz ‘of "Stage 3b
as ‘massive patc\nes. In addition, 'ga]en:'x often replaces wall-rock
.fragments. Massive intergrbwths of galena and cnalcopyrite/occas'ion—

ally contain small-amounts of tetrahedrite, Matildite was identified
’ }

0

1n‘ one polished secmon

287

A} "
“\
:

The sulphur 1sotope ratios (Table 15) were offy measured on these |

N

coarse~grajned sulphides, and show values that overlap the Silver Bay

and Terr‘a ranges, but whose mean 11es between those of the other two |

mines. A coex1st1ng pa]r of chzﬂcopy@e and galena. gwes a
fractionation of 6AS3" = 0.940. 2%, which 1nd1cates a temperature of
about 600°C ~ somewhat unlikely because-the rock coﬁtmns older
bismuth 'andqtoe ,\1 tetrahedrife, botXf‘which would not survive such

temperaturegp If 18 'c‘onclpded', -once again, that the sul'ph_ides are

© not 1n isotopi equilibrium; a |
Acipthﬂ:e occurs qm te cmmon]y as’ mmor replacements of si]ver

in the sa’lt~aﬁ~pepper ore, and as smears on 301nt:. planes ,near

silver~rich 1enses : SR S ;

‘Skutterudite, safﬂorite ramnelsbergne and n1cc\qhte~are the
only arsenides- thpt have been 1dent1f1ed at Norex.‘ The firstt three
", occur as, comp‘le:( zoned rosettes and dendrites in dolomite,. with ‘
" .ranmelsbergité 1nvar1ab1y present in the cores Niccolﬁe is present
| as coarse crysta'ls 1n the cores. of some dendri tes, and G\:omet mes |

I

appears to have overgmn more. complex at‘senides almost ‘to. t rim of

'the deadrite (Plate ll E)

by

%y
"
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The vosettos show the mimetic twinning cormon to sattlorites

n

(Plate 17.4), and exhiblt a beautitul chemical conation trem a nickel

-rich core to a cobalt-iron-rich outer band, vhich may contain thin

nichel-rich bands (Plate I?.lf. ' . -

N\
Niccolite also qrows as tiny botryoids at (h8 Contacts bétween

the dolomite and quartz. These overyrgw silver in the dendrites, but
¢ A
not the walt -and pepper ore,  Most of the <amples examined were badly ’

weathered, bup thin skins of rammelsbergite were tentatively fdentified

. .

M\méhKWOM& : -

"Silvvr occurs in two complvtoly ;epnrdto environs,  Pirsfly, it
rvp]qce; the ‘cores of ar, «nido dondtheS (Plate 11.2) and rosettes
(Plaﬁe 12.1). The dendrite cores ard mado up of strings of cubes of

I

silver, which frequently overqrow thﬁ arsenides 1ntu the Surrounding
»

dolomite. Cracks {n the arsénides a#e fillvd with silver (Plate 11.3),
which 1s clearly youngyer, Dendritv7 of stlver alone are also very
B

Lqmnon fn the Staqe 3 dolomitesl anf form some of.the richest ore 4n
r! .
-2

the mine. . Thin sect1on studies of mbse show tu\t the surrounding

.

1

do]om1te nas rucrysta]llaed'and.f]ushed clear of impurities and;

1nclusilons during the growth of the dendrite.» |n every case these
' ~

dendrites are cubic. ' e
The apparent mercury.content of silyer in 2 msene core is.

2.47 wt X, with only 90 wt % of silver Jpparently prestnt (Table 6)

Tms constdarablwdofldeﬂc; is Jn part Qw to the pnsence of arscntc

ang s in pm\ mknown . \]
‘Sﬂnr ‘also o§wrs pm:mny in the n'lt-rnd—g@pcr‘m (Puta

)
\ " ' . oo
* Wy ) . . L &4 L
. H . . » g

”

1 I
[L I N L I o, . . < . . \
- . 5 ‘ . 4 '
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all.h), whepe ‘Hv is indistinguishable from that at Silver Bay.

Bismuth was found in one sample only, veplacing fragments of
wall-rocks fn a dolomite vein confaininq galena and chdl(opyr{tn with
intergrowths of tetrahedrite and matildita, %nntacts bhetween bismuth
and the sulphides were not seen, but the minerals are p}ouumvd to be
coeval,

Vugs in Hne<]udrtz veins contair specks of chalcopyrite, and this
and the quartz are ovérqrm1n by thin dustings 01 haematite,

. ‘ L//\

@) Paragenet ¢ $equence_and Depos tional Conditions \
\{pe Norex Mine contains parts of the paragenesis that resemble

that 0%\51]vpr Bay and parts that resenble that of Terra (Fiq. %3).

' [

for example, the arsenide and silver dondrites are indistinquishable

from those at Terra, and.the 'salt-and-pepper' ore and massive

su]pﬁ1des with late niecolite are identical to tuezf at S%]yer Bay.

(The ﬁumberinq of stages attempts to keep the same numbew for the samT/ N

type of deposition in all the mines). T '

At first 1t was tpought (Badham et al.’ 1972) thatkall the mines
\ .

wore mineralised w&h ‘: parts of the same.paragenests - 1.e.

tﬁat much of the avaiﬁ &? Q“ been »dcpn’\‘ad at Terra. and: /
that lesgdr portiong had. bee deposfited in the other mires. The Lt

" .

A

ﬂson offercd for this was that the Nore& and §1jver Bay veins hnd

only opened once and coulj only mceiye nmyvnr om-fluid was

ayailable at thq time of Jihti@n the Terra velrs had opqn“mm

times, and um thu: able to garner a greater part of &Q spntm '

( - )
L " ,",‘ ].‘
.t

Cox ’ . AL R 3
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‘\ ‘
of the ove-fluid, This hypothesis is now thought to be only partly
correct: discussion continues below, in the section on the orlaiy of

. P
the yefns. .

tenperatures of deposition in both Norex and Silver Bay Mines
. A\

are less easy to delimit than those fe \TOFPd hecause of the smaller

assemblaces.  The melting point oftismuth (271.9°C) defines an upper

Timit for Stage 3 in both mines. Matildite i§ so uncommon that its
) \

relationships with galena are uﬁcertain: although the two are often in
close association, netther was seén exsolving from tie other and may
therefore have been deposited below 215°C.

In qeneral it is thought that similar temperatures of deposition
&
prevailed 1n all three mines: i.e. that the curve for Terra (Fiq. 47) .

applies equally to the other mines.

1

e) Potential .

. ]
' A
The potentfal for the Norex vein is not great, The vein is not
L) .o .

long and the main ore-lens «s 'all but stopeg out. DOrilling to 20 m
' ' *

depths in the vein Pavealed no other mineralised pads. Unless ore 1s
found at gre&fbr depth 1t would'appeur'tha: the only potential the

'mine has 1s,in the remdinimgore in the main. lens,

[ ] o v
. » ' ‘. )
4
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9. OTHLR SILVER-, ARSENIDU-BLARING VEINS '

The Lypka veins outcrop on the south shore of the Camnell River,

4

opposite Silver Bay (Fiq: A8). They are vertical and sinmous, and
transect porphyritic basalts. They splay out and stop to t;e east,
where they ryn into andesite tuffs (Fiq. 35). Thére are essontially
only two importanf veins, but also numerous strinqnys with small
dilatant pods.. Thc north veiﬁ contains arsenide minerals and sulphides
and num;fous breccxated wall~rock fragments, all cemented by two
qonerat(ons of do]omite [t ls.only well—exposod in one larye trench
where it widens from 5 cm to 70 cm in a 1 m vertical section. The
folloding séﬁuence of events is observed:

1. Brgchia?ion of wall-rocks on tae marqgins of a tension-racture.®
Dbpositio; of fiﬁe—qrained, white dolmnife "

2. Rep]acement of dolomite and wall-rock fraqment?by arseno-~
pyrite and some skutterudite‘ This1 arsenopyr1te has a: Sulphur hotope
gvaiue of zssa*f +2.7:0.28, (Table 15). o '

3. Further brecciation of wall and vein rocks, and depos1t10n of
dalpmite‘ followed‘by ga]ena and.a,]ittle pyr1t&; Only thin quartz
band;s lwere found iwm the. vein, énd_no sﬁver was ,found in tt;es‘e"(Fiq. 54).

The southernmost vein can be tnaced into tha banded tuﬁfs and for '
aboug 200 m 1n. the basalts. - sts of mostly nded‘dolomita.
with no cock fragments and qpn ins two zones wher small tﬁ:atrendinﬁ

'Q
frmtumf cmss 4; The veins t.hemselveq do not- wid n particularly at
* 4 . g )

Q

!

v,

R ‘
5 Cgkiy
Al



283

\ & ST
| | - \.‘., . - . It -~
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North Woo..o::. te c—Arsenopyrite e == Dolomi{te " Galena
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Jolomite — Chalcopyrite + Pyrite « Pyrrhotite < Sphalerita. . . .
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: Erythrite .- _.
- , . Ny rythi .«
- W/ [ ‘ .
N . “ K -
Figure 54. Deduced Parageneses for the four mineralised Veins. ¥ .
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o

and wall-rock extensively, A sample of pyrite from the westernmost
trench (Fig. 35)‘hgs a sulphur fsotope valuc of a8%" = 4.8:0, 1%,
(Table 15).  Small grains of sphalerite pnd pyrrhotite/weré also scen,
Where thfs vein intersects the tuffs it carries prndominant{y calcite,

A carbon and oxygen isntopn analysis (Fiq. 50) shows this to be

similar to lato~ﬁtage calcites in other veins,

\

The potential of the lypka veins, ospncially Lthe northern one,

.15 as qreat as that for the Silver Bay voins ‘to which they are closely

1

similar. The southern vein is thought to be oqulvalnnt in ayge to the
Stage 1 of the Silver Bay Mine; but its age relations are ndt clear
'R

at present,

The kepub]ic vein is again short dnd sinuous, and lies on the

contact of a grani}e nd a thin aplite screen that separates the
N

granite from metamorp intermed1ute and felsic vo]can1c rocks |

(Fig. 35).. The aplite {is ]oca]]y impreqnated wlth plebs of chalco— Y
pyrﬁte. but these have nat been recrysta]lised or concentrated by. the .\”‘
vein. The VQin is about 100 m long and strikes to the northoast Cy

The south end tails out in the qranite, and the north end splays into j
numerous*thin strinqers before exposune Bnds. Much of the vein is j~,.','

ut this 1pcreases up to-2 m for a 30 n length

- which' contains %he mf era]fsption,“ ' | S ;{1"fﬁﬂ

The vaip 15 filled with do}amite, much, Qf 1ch 1s rep)acingz Al By
gréndte r;ther than filling a d11at1cn 1n a fault Fﬁsre 1s'nu JQ ggk”‘

only eome ) cm u1de.

damgagtraﬁie qffset 1pnnss the vein, The dalomtte 1s~1ntg;“t14
Mnam: %mz. epmomsea feldspgr and, sons ghts '
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i

Oxygen and carbon 1sotope data for the do]omlte show it to be CIOSer
sim11aﬁ to the vein do]omites from all the other mines.

Small patches of pyrite and chalcopyrite rep]ace this dolomite,
aiong with rare masses- of skutterudite. Erythrite coats all the joint -~
) planes, bne speck of native bismuth wés éeen, close to skutterudite,

No effegtive paragenesis can be worked ouf for this vein because of
\\\ the paugity of exposh‘) and mineralisation. Likewise the economic
N potent{él is not know;T ot

Y e u .

The two Gunbarrel veins are 40 m and 180 m long, respectively, and

3

cut a coarse gabbro sheet ciose to iLs cantact with_ Lhchﬁlnnardsonn .-.~¢~*:

Island granite. The west vefn (Fig 35) strikes northerly and
" consists of a'5~ld cm J’!e dolomite stringer containing specks of
,chalpopyéite,'sphalérite and galena. The east ve1n|ftr1kes to the
nq}theqst and is éhe.longer of the two. Iﬁ varies between 5 and.ZO‘cm
in width and is filled with banded.rcoarQe,‘ye11owish dolomite. The
old adit 15~¢o]]apsad*apd the rocks are badly weathered, but
dnnabergite fs COMMON And erythrite was'seén 1n‘places. Some fresh - .
' ;‘vein samples were obtained and were seen to contain patches of massive - b"
- to boqryo1dal n1ccol1te, rep]ac1ng tha dolomfte. No ather minerals -
B were 1dent1fied but sﬂver values were repOrted f'mm’ vein when
T it was warkei in 1932, and funniyal (1934) 1dentif1ed lver and “a ; e
J@ﬁ;léomwm"q}". Agam.il;ha paragenesis 1s nat g
m‘*tha shewing~¢¢nnpt be §A1d to hqva mucﬁ qgon?[fﬁypotential - |
:' ) Thg mqom a]md mm :m discovgrsd 1n 1932, Qnd_m*énsm ‘;. o | ‘

nun in detaf], qnd




|
mineralisation, but has destroyed or covered much of the interesting
exposure, The vein is well-exposed ‘for about 100 h, striking NE,
parallel to the strike of steeply-dipping metamorphosed silicQOgs
dolomites and limestones. Calcite veins have recrystal]igbd in the
hdst-rocks and the calcite s isotopically 51m11ar to that in the
Lypkg?vo1ns (Fig. 509. The vein is not continuous, but is a series
of‘sp]ay1ng stringers, up to 10 cm wide, of calcite And dol&nitel
Occasionally thin quartz stringers cut the dolomite, but are cocval
Qith fﬁg.calcite Erythrite is ub1qu1tous on ]o1nt p]anes ahd'lwo ‘
'“hﬁabS“of skétterud1te ‘were seen tm the quartz. Smal? pyrite crystals
grow over quartz, calcite and dolomite. Furnival (1934) reports leaf
siiver bismuth and }coba]t' from the first:trenchhopened in the ve1n;
A paragenesis of <lo1mute followed by calcite and qn’art;z,
skutterudtto and last1y py‘ﬁke is proposéd. The vein has no economic
significance. " ?
, In general the mﬁnera11sat10n in the ve1ns is closely similar

;to parts of the sequence in the mines; aClearly they: were sma]l and

6 e

onpqaonly events\oompqrqd with the«mines and have only samp]ed part3

o

dféihe paraqenetié&sPéétrum. The uppnox1mate sequence qf events 1n

. \each of these veins, as f&r as 15 known, 1; shqgn 1n Fiqure 54, .

N
n*ii .

N
o
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10, GENESIS OF THID VEIN MINLRALISATION

a) Nature of the Ore-fluid oo
‘ ) )
From the descriptions of the mines and showings, it is concluded

“

that-an ore-~-fluid was available over much of Camsell ,Rivm* areq in

A

post-Aphebian time, Whether cach mineralfisad \min originated from
, the same fluld, or whethier each formed from dif ferent (Tuids, which ~
vere. deri\md by SO 5 indlar. a progess that there Was no «ifference
/I)clween thon depoﬂts. cannot bllold lmwver, all the nnnemllwd )

vains were deponted fmm an identical f]uld. Furthermore, it is.,

) -

clear that this fluid was extremely complex and carried at least the
/

following r*]unentx U, Fe; st, G, Aq, Ni, Co, As,Sb‘{ Bi, § /Z’q Mo,
~7n, Hg, C, Mg, F, Al, K Ca and Mn. In addition, f;)uid inq(lyalo»\ ' '1'

o

5 tudies (Robm an, 19/!) 1nd1<,ate that the f]u]ds ﬁme rurh ’i;n N(ﬁ and (,5;3

¢ - : ,' R 'g,;s;; 1,
/ AL
Isotomc data from the Canwe]l River arca show the c#os&-.mﬂhmty

1
\\;
w

of the nlnwaﬂaing fluid at' ach@ﬁne and showinq Cc‘r*rﬂnly carbon

e f 1ther these ele‘monts hareiin .

Aoand oxygvn "isatope

o~

inﬂlniée supply to 1 J fid; qr,d«tha*t aH da]onims/xme continuaﬂy

r

equi]ibratod after. deposttion, Calcites "show cons1demb Te. scqtaer S

AR g
but genaraﬂy 1ndicq1‘,a a, trend of decreasmg GQ” with time. Itshas

bagn proposed’ that; ‘the 1ate ca’lcites were 1:4 &ui ibration with an -
- " YOI

.

R ',"1nf1ux of meteoMc"wate@ and that thé trend. répresents staqes’ in the

1& M

| equﬂ1br‘a§1bn of older calcites winh tms ]m f]uild (‘gadhw at al,, . ,”
\97Zi The dplom te:s, bemg mora res;m;ent. 0 re»-qquilibraﬁqn? wsm

. ;-Q‘s« : LR S
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not Affncted Thoso data lead toftho cbnclusion that the main mass of
isotopic values for the do]omitns arc original, and that the source
had -an 1nf|n1to supp]y of <arbon and oxyqgen, with a Lonstant Q
~isotopit value. Slnce thore is no sign of isotopic chanqc with t1me .
- there can havk betn no essential change in the parent-fluid or in the
depositional cond1t1ons The aVQrage values for 018 and 6C!3 1in
dolomites in all the samples anafyses are: _ S
Averdqelﬁolﬁ = 4+15,6%4 Range 12.6 -~ 22.0%, ’
Average §C!3 = ~3,97%, Range -2.1 - -7, 9Ao- -
Larbon and oxyqen isotope data from the Echo Bay area show a
qula. “evolutionary trend in -the dn]om1$es from values of §0!8 = +22o¢
to 50187 = +12u,l(Rob1nson, 197]) [t is concluded ‘that there nust be : l

an essent1a1,d|fferenqe in the two arcas. 1This fs discussed below,

fhe sulphur 1sotop3 data also,indicate a homogeneous *source, hoth

H

‘

for the skarn and mecpmorphoqen1c<sulphidns, and for the vein sulphides,

‘In each case the Tow va]ues and the lTow spread are typical of mdgmatic o

'hydrjotherma[ 501““9“53 but thoggli fferences in vaflue are important. !

Again there is no sign of aﬁ evoﬂution in the su]ph1de~system during" : ‘,
vein mf "'alisation Furthennore,. the data from the Terra Mme are e !
- closelx,samtlar to, those from the Ecﬁo Bay Mine (Rohinggn. ]ggh,l \ ' i |

/n’ifferng be due to the mode of depqsitiun' m e

Mﬂ be discyssed below.
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csource, and that, all existed in the ong~fluid at once.  Consequently,

uthe paragenetic sgquences are thn resuit of the stability of the
depositing mincral phaégs,lf}rst]y with respect to the remaining
phqsesiin the ore-fluid, and secondly with respect to the depositional
conditinns. : : N |

'
b) MHode of Deposition o

Inaa]1 the mines it ig obvigbs that the princfpie control . of
ore-dnpositinn was Qilation on faults, Arcas with more.fan1ts and
greater numbers of di]atant znnes have{a qreaternpntential for
‘mineralfsatﬂon The evident host- rock gontrol" 1s dominant]y structural
;~ bedded rogks in contact metamorphlé aureoles are the preferred units
for splaying and dilation of faults. D11a110n dlona is not enouqh |

A

and 1t appears that second or third-order.faults on the NE- trend1ng \

system were preferential]y mineralised over the £n trendlng tens1on~
\

.mfraétures even thougp the Jatter may have opened far wfder,v;, \ 'J

It is also clear ‘that the amount and type of dnpos1t1on~dgpond on

“the pumber of times a vein system has been craﬁked open ta al]ow an'}v,

*tinf1ux of new mineralising f]uid Finai]y. there appears.xo be a ‘gg

" the om-ﬂmds generally seemed to r’ava migrated away”mm araas of o‘ ',xﬁ:i}iijf
N I |

';hemicqi.qontrol on ¢ne 1ocat10n of ora—shqots within d1ﬁqtant zones'L '
'Ev1dence has ‘been- adduced Qd!ause oﬁ\these contro]at to. show that \

.granit*lc‘ ihtrusion, and towards tie Qh‘icl{er‘fmrts‘ o.f“ the'.vbll"c’a.ant;i;10
1@dimentery compfexgs, LN St |
. Tha.nah-nﬁnemla wgm ﬁeposi‘t;ed m &elamm cgﬁﬁﬁﬁét ordér, ‘ ! \
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but there are siqnificant‘differonces, illustrated thus:

PR 4
'

Terra ‘ ' i" ' l
U » arsenides (Ni » Co,Fe) » B, sulph]des, sulphosdlts
Ag

Norex ' R o e,
‘ ~ arsenides (Ni » Co,Fe) -+ Bi, sulphides » Ni drsenmes»ﬁg/
A - Ag . sulphosalts
[ ‘ . . ) . “ A a
Silver Bay ; .
. Co,Fe arsenides » Bi, sulphides -+ N1 anﬂwﬂdes -+ Aq" .
. - ‘ sulphosalts ' : h
| - to ' ‘ L .

.

‘There seems to be a'continuum from the Terra to Silver'Bay~SoquenCes,

‘with the Norex Sequence 1ntennod1ate This is not cause the fact

. A
that at Terra we are seding. the Wlm%t part of a paragenegis whosé
"]qtter part IS shown at SllveriBay, because the final s, qes (ire. 4 , . o

at Térra and Norex, and 5 at Stlver Bay) ﬁre sim11ar 1n each minetf. ; " :

t

and reprqsent the closure of the minera1lsatlon. C]ear]y the‘e 5.4

]
¢ L
, :

'.pﬁoqressive »hange in the mode of depqsitlon. ": ! : \y‘q Lo
~Sucl a change is also sholn by the Sulphqr 1satope data for S poo

. ““"‘. L ,‘ ‘ . “ X ‘ I
13‘ su]ph1des from the veins, 1.€.1 \'u | ¢¢:( A L

T “' \ .w'/
| 553* +3

B ,AVM‘aQQ 5%, ;-ange 5,0%': “
| Averggé §“’€50 5%o . range 4 1%n¢-
K | AVEFQSJ? 65‘ - 5 qu ‘ ra%f! "] 7%05‘, '
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Such a-change may be the rn92;;m;;\:§ffercnt temperature or press?re ‘

on the fluid, or a differont diﬁtqpco of dnposition from the souréf of

the ore~fluid. It has,already been )hown thatqthe temperatures . %;\ .
“te

deposition were similar in all three minhes. ‘The pressyre at the s

aof depos#tion is dependcnt‘both‘on thé depth; and perhaps partially|o

Y

\
the amount of di]ation A flu1d rushlng through a- new1x~0pened fau‘t

may deposit when it reachos a dilatant zone, ﬁnd the release of .

~
|
prossure on tho f1uid is presumab]y proportiona], in part, to the \*

v

sizg of the dllatant zane, It has beeh shown that the width of the 1 9
dilatant zonég“at Sﬂ]vgr Bay and Morcx are. far greater ‘than those!at S

Terra, However, Norex and Silver Bay are s1m11ar in their mode and
‘ [

amount of d11at1on gg wou]d seem unreasona?]e from theSe conSider~ ‘\3
L} .’ v

_atians, to gxpect 2 trend id the paraqnnea14 at the threo mines, and

more “reasgnable to expect a b;modal dlstr1buﬁwon ‘ \ { A ' .
In is conc]uded thereforeg that the predom1nant contrbl on ;he :
paragehes1s hay be the distance the fluid has travelled fr " the squrce "'

This is substant1ated by the sulphut 1socope data If th f1u1ds were

trav¢111n9 Outwards from a ;;:}ﬁe a]png faults, aﬂ‘; -&Aiﬁipat1ng‘ ; .ﬁ;“ ‘;
su]pt\deﬁ‘ on: the way, then, 1f tf\ere Jds a 11m1tegf' " |
~ the ecipitated su]ph1des ui]?/be TSOtQpica]ﬂy .

ﬂUId o 1 e. a tybica] ,reservqir effect wﬂlhopera,t "I‘Coﬁsfsguegt]x o

- ??'*thtev dsotgpic wa]qu. lt 1s pmpqsgd*thﬂt: the &end m isotopi S

4

va!ueéqrom Terra to §ﬂver Bay reprewnts Tn.increasﬁ;g ms%ance
T
'la l‘rmted amqunt ef sulpymn. -Whethe ~”the spu.rcg

5 gy x' t
! B S ‘ g‘ S ‘ Y . AT .
N - , y . . S SV
PR r‘" N !‘;.‘ :,‘.~.'ﬁ,a‘ l" e T N MEE -’q.l \ﬁu:ﬂ np o

I \

L ol

‘,‘}.;‘ : .@frqu@* f‘_s.‘og‘r’*,c‘g’?‘
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was the same one, or o number of chemically i(k;*.lh]ti«f‘cal ones from
diftorent 'IU(;\!KI()H*‘., is irrelevant,  The problem rvnminin(‘ is to,
detexmine whak‘and where this ﬁ6urcn Was . .

The mode .ot deposition in the actual jore-lenses is also inportant,
In the .‘;va‘r Day and Norex Mines Lho't.oxt.urn'& Andicate that the \ ‘
carbonates )nd quant.z v§nvntidl]y amrew by gradual intilling ot the
dilation zones, As soon as the zones were filled th«'\y were (\H'&:tiv«ly
sealed and, apart‘fypm véry minor cracks that al]oWnd'the late quartz ”
and ;ilvo; veins in, they were not reopened., th Tevra, on ghv other

h.m{l. there {5 eﬁdencb of [requent mov«-mu{t'on the mu'ts.' The
‘first iNfFlux of minerals sealed the faults, bus thesa were cracked
open by later movements which allowed fluids to ent.len ‘each tim(: The
strycture control of t.h’e d”ﬂUOTIJIOHOS is well deaonstrated hy‘ the

fact that .&ﬂdtl(m developed in tho sanme places ea(h time
Thore‘ is evidence at Terra-that some of the’ ]t.‘nSuS were scaled
of f from thé main Vm/ by the first minerals to crystallise from an

{ntroduced fluid, and that the later minurah qradually filled*in the

pod, crystal]ising from a sta:ii med{wm, This 15 espec1ally truF of

the latter stages of minaralisation in the cross- weins., ln cach stage

of ﬂlllng. the carbonates appear be, have qrown first, and 1t 1s they

that sea] off a pod of mi(nera] rich fluid (Fig. 55). As minerals start '
to precipitate the carbonates and wall-rocks may be re lacedwo’r t.h¢ .
mingrals may encrust the carbonates Other 1enses were not sealedi

off and rematned in cbntact. via thin ,efackt. Nevertheless, the va{n

&.o wpﬂy of further ﬁqu‘ld bgcause ‘of

’ i

system probably became <!
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local sealing. /l‘

Similar isolat ilon of ore-leases has not been observed at {cho
Ray, where the tault-systoms are far fafqer. it is thoujht that the
minemlﬁ were deposited by fairly (:(.mtinu()ux‘ly~flowinq fluids. This
may explain why there is a trend in the isotopic values of the
dobomites and why the sulphur fsotope value » although a;urnqing'
A8 = 6,560, , vary from §S™ = 26.9%, to ~21.57,: thest variations
are most prohounced between early and late staces (Rohinson 1971).
However, other explanations are pO‘nlbLQ(ﬂnd the llmltedadara are not

1
dnflnitive .

¢} Source of the Ore-fluid

It has been shown that there exist d a mufkt-e]ement oie-soiution,
or a number of identicél solutfons, that had an unlimited supply of
carbon and oxygen, and a homageneised but limt}ed supply: of sulphur,
In addition, it has been adduced that many of the\metals were in

. .
limited supply, ond that the deposition of one was enough to deplete

-‘the'ore-flu1d in that metal. The resultant"chanqe in fluia chemistry #

permitted deposition of otber\phases. Deposition occurred mainily in

‘the 150°-250°C range and had vlrtually ceased by the time the

”*erature had dropped to 100°C, |

The hep;?TT;«xhem;eléés are typical of magmatic hydr&thermal
veips, as are thefr sulp&ur.1sotope values ‘and thé rangés of
depositional temperatures. Most of the elemeﬁik 1h the ora»soluttons
are typical of the ‘felsic’ association (a g Stanton, 1972), but

€

n ¢ 4’ . . \

LN
) r—- ’ ’ «-
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nickel*and cebalt are perhaps more typical of basie rocks, - One of

the mdin problems in diﬁcuSSinq, in general tems, tholﬂnurcn of the
"U-Ni-Co-As-Aq-Bi ore- so]utlon is this appat(nt‘ﬁixturn of associatlons.

Consequnnt}y, thorn has boe a mixturo of hypothescs concerning the
(] * ,
source. - ,

H

-~

Robinson (1971) showod that tuffs and andesites ncar the Echo 4
Bay Mine wére stronqu enriched in all the o]ements‘¥ound in the

ore—bog!us " e congluded that burial metamorphism fn an area of,hlgh

. b
heat-flow had caused saline hrines to scavenge metals from the host-

rocks, andsto deposit them in veins. Sueh an hypothesis fs ‘attractive,

but should be viewed with caqtion fov a nunbvr of reasons:

-

-l; A1 Robinson’ s samples‘here taken within 1400 m of the veins,

- da an arca where it might be auaqed that vutward miqration of ore-

- . . . -‘.‘A
welements had occurred
2. Rohinson 8 samples were co]]euted wi%hin the contact aureole §

0
of 1ntrus1ons in which 1nf1ltration skarns are developod and which

might, therefore, be expected to be enriched in many of the ore—e]ements.'

3. The model would be far more reagpnable 1f every small joint

.qnd f1ssure contatfd ore-veins‘(c f. the rucken in tbe Kupferschiefer).

The fact that only a specific fault system was mineralised militytes

gainst such a widespread origin, *

. The txpical homogenetsed sulphur 1sotope ua\ués and the L
reservoir gffects obseryed 1n the Camsell River area would not be N
e:spect,ed wére the ﬂuids derived by tﬁe above hypothesis. S

Thu}y-erght rock samples. ‘were ana‘lySed far L nunbar pf ‘the

. ’l : 3
Py ~ [} * , fa i i )
LI 1] I3 » N /i ' ; £ ‘ '3
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‘ iy ,
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’{hliignifjcant number of the oreae[ements, The~va}ngs fnr tht moicnno—

ore-clements in ardersto test tQp app]icabildty of Robinson's
hypOthesis to‘the~Camsell River area. The results are shown ind
Table 16X Analytical techniques and sample locations are reportéd
in Appendix i. Some of the data are repeated from Table 2, becau;e
of. their mlovence‘hé‘re. ‘ ‘ N

The results are’fairly consistent, and anomalous values, thag‘;
indicate that the sample cont:alined some sulphide mineral (usuﬂ,l); .

metamorphogenic), are distinct.,‘There is a fairly good correlaﬂiéh
: A

- between copper and zinc, probably indicating the presence of . 'S

metamorpﬁogents su]phide§ Most of the eleménts behaye as might be '

The plutonit rocks are quite distinct in thatr higher gold. and urantium
contents, but not in capper contents. Th1s is tzien as evidedee that
much of the‘cgppér escaped the confines of‘the pTdtons and formed -
§karns, whidh explains why skarns predominate over ‘porphyry-type”

minerajjsat1on in this area. However, ‘the one late granite sample

analysed (NK 14.2A) is distinctly enriched in copper, manganese and

gold over the'earlihr'more basic Intrusions, ‘(The granite sample

RJ 17, 4 .was. collected about T’m from the edge of " the Republic ve1n.

The results indicate the extent to wh1ch the ore—elements gan pervade
’ -~

the country rocks around a mineralised ygin)
Ibg normal Gasic aff1n1t1es of nickql and- cobalt are c)early

. expected in proqress1vely more differentiated rocks (see Fig 23). .

)

demonstrﬂtad by the htghcr valucs in both hgsalts nnd diabusas. No - ‘

sfngle. rock-type {s enrdchnd aver others; aﬂther in 511 "o 1n )

a



: sample
Hil\‘-\ 1t SJ°9.8
: HK1.1b
’ NKA . la
NJ29. 14
* NK8.25
MAdesite
lava SX3.9a
SK7.1f°
MNK7.13
, NK15.8
Rides 1 te
o tuff.™\&J3.3
Sd5.1
©Sd10.1
NK18.8
NK19.6
5x14.3

~ 3 TM24.2a -

“T0-06

T SX7.2f
‘ NK19me

MK16.30F
SX24.1h
SX16.1 ¢
TU-07

Plutonic ]

rocks SX2.1
SX14.18b

NK14.2a .

NK19.7
NK19.10

*

RJ17.4
- Yolcanoclastic

~Rhvolite ' V' .

[

\sed's. SJ27 1
: SX2.2 « -~

o NK18. § - -

. T-12
! . NK9.11
© Piabase
‘ X3.1c

‘ .! . *P'
. T ble 16,

. .
“-~l.rx
Kt

.

v,

NK21.1a
NK15.2a .

*

LIS

SX3.13b

pepom. NI

.

p’b‘ ' o . " ' ' 4" o
‘Whole rock trace element anquﬁgx
Figures 1in parentheses werg.not u

&

"
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N \4. ‘n\‘
“Co  Cuo,Zn Fn AQ M, U
43 4% 1@8 758 30 1.6 5 7 n.d.
28 39 K20 . 74 745 1.6 5 n.d..
53 .40. 133 151 104D 1.6. <5 n.d.
20 ,4m2 31 <1h . 5¢n§B 0.8 5 .20
<20 <30 232 1250 YA500 - - -
26,18 Q0 41 M0 1.0 . 5 2.0 s
7 5 3& A0 5000 0.9 <5 T.d.
3 16 -~ N 1200 . 1.0 5\ £ 0.2
25 0 28 1Y rfn 0.9 5 ' 2.0
6 122 <20 155 8% .o0.9 10 1.0r
20 26 -0 - - 0.9 10+ Q.8 @
16 37 <20 80 1165 1,0 <5 ¢ 0.8
12 18 7 18 125 . 875 0.8, <5° 2.0
16 .13 | 25 121 1645 1.1 - 1.0 .
~ - <0 <100 880 - - -~
<20 <30\ (1053), 4470y, .>3200 -~ - -
<20 88 3 121 L300 - ) SR
8. 13 31 85 o N5 09 5 -
10 62" <20+ 128\ 687 0.6 <5 0.8 -
23 Q3 T (170) 379 3w - =W
<20 <30 %20 13 230~ - -
- <20 <30 37 <1 5600 - - -
8 10 18 - 133 177 0.6 <5 2.5
8 13 30 63 1470 {o.a 15 2.0
2.7 {20 107 50 (0.7 <5 2.0
8 14 115 %8 790, 1.0 -25 3.0
10 42 <20 <10 420 0.6 10 3.0
20 20 o - - ~ .09 10 5.0
4 1 €20 - 13:° 450 074 .10. 6.0
(57) - (830) (92), @38) . (090) (.0) 475 " (3.5)
‘23 28° 49 B9 810 1.0 § 0.8
28 20 (125) 48 580 0.8 '3’ 1.0
82 28 <20 106 © 1098 1.8*'‘10 1.0,
-~ - 37 ;26 445 4 . [ =
35 32 26 .o 1090 1.3 5 -
51 . 44 "~ 38 Boo) >4000 1.6 <5 n.d. -
23 18 £20 9% 1020 0.5 - 10 - 0.5 .
20 26 - ~r -~ 0 0.6 <5 0.6
' v Ta BN

from thb;CamSeil‘Rtvéh Are), L
sed in 4h .

e averages, .
; n " ‘ *

.«
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A
clastic sedimemts are, predictably, close to those of the andesites.

‘ " ) L e . Co
é:/ The average rrace‘?Tﬂmszf contents of the various lithological
[}

qroups in the a(na arc compared with data from e]svwhoro in the Great.

(ﬁear Batho]lth, and with data for other Lal(a]kallno rock suites’

/7 (Table 1%}. The values for manganese (as not being particularly

As

n o

s,"

A\

» . ] "
relevant] angd for-gold (for which therc is no data from other sources)

are‘amittgd..

Rdﬁinsgh\sampled within 1400 m of known veins, the extent and ¢ '

'Jamouht of mineralisation of which is considerably greater than the

W' . ; ) .
' .of all the vo]cap1c, hypabyssal and plutonic rocks. The only si]vep

g

veins in the Camsell Riversarea. Mursky (1963) analysed 284 samples

collected on a grld basis from represcntative lithologies over the , |

wholc bf‘the‘Hunter‘Bay area (120 kmx 100 km, with Echo Bay in the pl
A, a( . . . ,

SH™corner) and used his results to demonstrate the comagmatic natupe

1]

: r .
mineralisation in tHe area he sampled was in the {miediate jpvirons of
i

Echo Bdy. Thus we can cqmpdrevareas both with and w1thobt‘ lver
mip?ralisax1on. , : ; :
It is hpsgrent from Table 17 *that the}Echo Bay arca samples aré.‘
hrtched over both the Hunter Bay area and the Camsef1 River area ¢
samples. It t‘,also obv1ous -that the Hunter Bay and Camsell Rivenn///\
areas are genéraﬂy simﬂar. and it is concluded that these values ’ﬁ'
are typical of the oa]calkahne'}gmas of tha area. of. parttdular .I
1ﬁterest howevg’ nre tha continmlly high zing valuea}n the Hunter ‘
Bny area - especfaﬂy in the' light of recent data (Allah et al.. 1978
shwirkq a 3000 sq mﬂe zinc qnemly amuw the whole Iangf.a of the

3

S'!‘ /' oo z‘.f"" o,

S E

LI "" SN s .
. [ 4 : X N ;
R ' ' ! ' S -
w ot Lt e - A al o ' . ) ‘a



.

BASALT

p.p.m.

Camsell River

Lassen Peak*

High Alumina

ANDESTTE

Camsell River
['cho Bay'
Hunter Bay"

High~K

ARIVOLLTE

t

“Tamse1d River
‘Hunter Bay"

PLUTONIC_ROCKS
] Camsell River . -
Lcho Bay'!

Hunter Bay".

VOLCANOGLASTIC

Comparisons of Trace tl
with that from other pa

(1967)*

- SEDIMINT a
. Camsell River -
DIABASE, -

. Camsell River

fcho Bay'
Hunter Bay"
! oo d
Table 17.

., Taylor (1968) ", anl Robtnson (1971

4

31

63

25

5

2

10
10

10

56

27

217

i

Co Cu

29 119

38 30
AQf‘\ 35

20 20 ,
100 27
300 3%

13 40

12 21

10 20

16.: 37 ..
35 0 117

32 29 .

o

27 10

29 24

73 65

43 122

n Aq
448 1.4
i 0.2
65  0.95
115 0.8
230 ) -

- 0.45
87 0.7

\

55 0.7.
108, 0.6°
188 -

70 1.2,
95 0.9
3940 1.2
326 -

[
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ment data from the' CAmsell River Area“l
ts of the Great Bear Datholith, and
with Calcalkaline averages, Data from Mursk{ (1963)", Prinz

]
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It is also apparent from the Cbmparrsons with other qa]calka]1ne '

suites, that the andesites are enriched in silver, nickel and’ cobalt \

v
»

Taylor (1968) noted that low nickel and cobalt values, and a Ni/Co

ratio of less than one were definitive of ca]ca1kal1no sultes The
oy

ratio> in thb Camsell River and Hunter de areas are lnss than or

“very close to unity for all lithologies. The ratios for the Echo Bay

-

area arc h1qh1y variable, eSpec1a]1y between the. andes1tos and the
i

plutonic rocks, and this is taken as furth!r ﬂVldenSi that the host-
N . L \
rocks have been 'mineralised' by the veins, ¢ &

In discyssion of the‘anomalies of the tcho Bay\reé\on,RoQinson

(Pers. Comm., 1973) has pointed out that the ahdesite tuffs espeecially

may be preferentially mineralised, /dﬁﬂﬂzﬁat the va]ﬁes of nickel,
fﬁn

arsenic, s11ver and uranium increase in samples taPen closer to
. \

mineralised ve1ns

[t 15 concluded that, although the Ectio Bay area s anomalous,
the magmatic rocks of the Greal Bear éathqlith are tfpica]ly'enrichéd(

in nickel, cobalt and silver. The hypothes1s that the ores dre ‘

derived by leaching of the vo]aanic rocks is not sypported by,the o

datg, for the fo]lowing reasons:

L Copper and zinc ace fan more abundant in the host- rock&gﬁhan |

In1cke1, cobalt or silver, and ﬁny Z;avepginq process wou]d garner

5
these with equal or greater proficiency This does not appear to have -

' .@baen thg CQSG- . . o A .

"Z. Arsenic end’sylphur areknot.abundant in the:volcanig rogcks -, »

' 4 ! * f | ' - .
R I < e 7 o e o . T
i : . . . i : )
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Murgky, 1963; Rnb]nson, 10/]), o&cnpt wh&re sulphido skarns are
A A .
dove]opqd, anl thLlOfOPQ are un11ke]y to hnvo been dOIIVOJ from the~
host-rocks, L : o )
. v ) ?“ .fr -
3. . The obvious easc with which h05t~rocks Close 4o the veins
&

are enriched in the ore- m\nerals, and the lack of dnp]et1on ha1oes «

b}

suqgests that the leaching hypothes1s is invé]id | ¢

o 4." Metallogenic prov1ncgs may evoTve for a nuiber of reasons.

They are characteriééq by depositg'of cerpg%ﬁ*e]ements.and higher than.

4

normal contents .of these elements 1n all 11th0169ios This reflects'a

h1qh qonera] content of these elements'throuqhout the provinco, and
hence in the source. Redlatribut:on of elements from tpormal rocks )
does not cause s1m1]ar features, unless the redistribution were due to
a deplet1on at depth and a Cuncentration at the gresenuly exposed le&el
The GreJ& Bear Batholxth is & meta]loqenic province, typified by
deposits of Ag-Ni-,. CoAs 81 U and by h1gh contents of some.of these
elements in the host-rocks Since almogt all of the rocks in the
batho11th are ma%matic, it 1S'Turther implied that the or1gina1 maqmas
. were’ derived from art enr{ched source, or were qgntaminateg by enr1cheq

3

material 'ﬂv\ K T .

i

Thg geology, cﬁem1stry and 1sotope data contig@@lly point towards
a magmatic origin fb¥ the ore-fluids, .Furthymore; it has been ahown
that the three m1nes may 1ie progrﬁgSively-;:%kner away. frqm the-;
souree, This mstance cannqt"be punely vértical fgr thq thhee mines

.h\

bef@xe the minera1tsation,‘ Furtharmore, the ti?bﬁratures of ,T:
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[ ~ depositidn are closely similan. 'Conseqnently} there\must have been a
: horizonta] component to the direction of movement of the ore- flu ds,
and it hes been shown that the fluids were apparent]y m1grating a&ay
from tne plutonic, complexes It is un]ike]y that, the who]e Great
Bear Batholith was underlain. by a potentiil ore- flutd but far more
probable that a similar der1vut1ve process operated in a number‘gf !
areas. What Was this process? ' . '
The carbon and Qxyqeﬁ 1sotope data have been interpreted as showing

an ipfinite sﬁhrce for these e]el‘nents ‘The model often postu]ated ta

eXp]ain minera]isatign assoc1ated with high-Tevel 1ntrusions be ‘it of "
the porphyry. skarn/or. hydgethenmal variety, 1nvolves a large coollng ? *‘"
p]uton wmch 1mt/tes migratfiorf of water fram the rocks alongsme(at T

. fnto the 1ntrusﬁon and‘eventually out through the top, Wodzicki .
(1971) has st}t)wn that certain e]ements _may migmte into intrus fons
from thé cc}dntry rocks,- and Shie% and Taylor (19889) have demons/tmted. .
from oxygén 1satopp, dq‘ta, the feasibil*lty of migration of water dnto ; ',.“
1ntrus1’ s. If the count‘ry rocl{s corpa\n a (relatively) 1nf1n1te coae o

supplv of carbon and oqgén in the: water, then ‘the" circulaﬁon througf\ R x*ﬁp
) \
; 1ntrusion wi ]1 prodquater with, perfect]y hgmpgeneous carbon anq~>‘

Ty " !

’ﬂen 150t0pe values. ‘hﬂ these values are. ained m hydrothemal

érusion, and 1 f these fmg; deposit

ut' -\.




L ; existad prjqr to this time” From timg T 1 ormrds,-

"/’:' o > ‘ ,:tf
supply to the:hydrothefma] fluids, ﬁoth gulphdr 6ﬁh the.metalé may .
be supp]1ed by the- 1ntr;§10n, or mag ba brouqht in Qy the c1rculatlng
'Qﬁter S1n§e they are in 1imited supp]y, fbx the latter to havo-
operated} e1ther the rocks being ]eached Were not riuh in these

elements, or the 1each1nq Pprocess was not dffective under the pxova111ng

.’ )

conditions. ' | : L
Considering‘fhe proéesseé around g?e Qpper parts of this. model. |

inteusion, a contlnuum of events can be’ predicted of the general type
metamorph1sm to metasomatism to progressive]y ]owe“ temperature '
hydrptherma1 events.. This is a continuum both im time- and space (i.ec*
in distance from the contact) The earlier parts of such & continuum
,vae beeh doc ente&raround the\Terra manzonlqg bug the ve1ns ag‘
Terra are c]ear Y much younger than- this’ 1ntrusion Furn1va1 (\939b)

has documqnted a cont1nuum from metamorph1sm to a}teration to quartz-

~ve1n1ng and sulphﬁde~skaru1ng at COntact Lake.

A time-distance plot of a s1ngle pluton (Fig, 56) al1ows

W

P ad!
o

- represented Qy the vertica1 1inerthrough D 1. Some’ of these events

may, be Qna)ble to occu:\- untH a certain 't:1me -~ e 9. hydrothemal veins
camnot: devaibp unt:ﬂ fr'acture‘s hakve Qpened (the fractures, may be “ .
bpenad by an 1ncrea51ng hydmstatie heqd or by externgl mechanisms a
sus;h a.s 1sostetfc aci,justman&s w :l;he mtrumon) | ‘1‘§us:“'
hxd gmal veins‘ unti! time T. ’I, even tpough ‘a hydmthgn;iél fhﬁd

.
‘,‘)) ' 43“ ,~<.;

regulgr panasa'neﬂs

&here may, ba nQ

(

1Ct1ons concerning ve1n minera]isat1on to be made. At any distance .

1from an 1ntrus1ve cgntact a certain sequence of* events- w111 occur \( '

~ e

pran
?
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of thFU(hUFMJ(\:VPHKi occurs tn the fracture unt #1 they hecome

sealed. Thusy close to Terra, there are quarts veios (high
temperature hydrothermal) which post-date the petagorphism, and
pre-date the mvdium«tvmporntur; hydrothemmal-mineralised veins,

Now if we constder another area where gn idﬂnticql intrusfon has
cut fdentical rocks, but here no fracture opens until\time T, the
conditions at time T 2 mav he changed epough for the Same elements
to deposit fo a different order {n the pedium-temperature hydro thermi|
vﬂns. Here then, s another explanation f(.)r the differon(:m; hotween
the Torv*;. Norex and Silver Bay parageneses - i.e. there {s a differ-
ence in the time\gf depushtioq from an identical orve-fluid,

This is obviously ‘an extremely naive model with respect to the
Camsell Rivar arca, becanse the deposits are not ~clated to a sinple
intrusion., Nevertheless, viewing thc(afga a$ a whole, a broad

r spectrum of events can be distinguished ~ from metasomatic deposits,

*to apHﬁe dykés, to high xemper@turo quartz veini\to lower-tenperature

quartz and carbonate veins, to miner ised veins, and so on. It is

concluded that the.or(s are an intimafe pArt of this association and

’
not the prodygct of an exotic ev‘ent.

d) Time and Duration of Mineg:_lisat;.fon‘

If the comtinuum above is applic«}le.‘ the relative ages of each
' avent stiould fit in predictable stages, notwithstanding thé. added
. comqlp 1ties of polyphase plutonism. Figure 57 shows that the
mlatt\va ages of aH thé events fit with a txpical evolutfonary

’ ' ’ '..' . ‘ * »
ne % ‘r N . .
) . .
L} . . . B

N
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. Lf‘
. sequence around cooling plutons.  The mineralised veins fit at the

latter part of a sequence that is continuous from the intrusion of the

\

' Tﬁtb granites, and it is proposed that the ore- f]uidq were derived via

i

these “late granites. Thor(‘ is clearly no qcnotig relation l)etwv(*) the

arly plutons and the mineralised veins, .
Although it has been proposed that the last 1ntrusions were

emplaced by/ﬁ700 m.y. ago, K-Ar cooling ages reqularly range down to

1650 m.y. (Nanless»et al., 1968) with some as low as 1570 m.y.

(Robinson gnd‘Morton. 1972). In other words, hydrothérma].actfvfhy

might be expected.around Lheée granite 1ntrqsions for at leasﬁ 100 m.y.
after‘their fina] emplacement.

Thorpe (1972) has shoxﬁ'f;;t the initial phases of the hydrothenma].
mineraltsation occurred at 1625 m.y..and aboyit 1400 m.y.'qlq diabases
post-date the main mineralisatfon: these data indiﬁ;}e‘that hydrotherﬁw;

events took place for'some 200 m.y. after the fina¥ granitic fntrustons.

Al
»

, | 4 - | N

e) Sumary S

A model 1s prbposed. therefore, where late granites intrude earlier

volcqa1c and plutonic complexes at the close of_an orogenic cycle.

The gran1tes assimilated waters from surrounding rocks at depth and

homogeneiscd them, Thgse waters were then expelled as hydrothermal
“fluids into msums developed above the granitef. At some stage the ""‘g
waters picked up sulphur and a number of metals, .In the final analxgis o
it is unwmy that tha metals were luched from the host rocks because

the distinct N ~CQ-Asa69-u~B1 assocfation ncem in many Mffemnt

5 ) B | [

Y ' .
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goological settings throughout the world. .Consequently, it is
considered that the metals were present in the mdqmas themselves
“Thé\ expelled hydrnthonnal sofutions migrated away from the
granites apd deposited sequentially lower temperature facies at
dif}erent times or distances from the contacts. The initial filling
of the Giant Quartz Veins 1s presumed to be the result of the highest
temperature stage of the hydrothermal deposition. The mineralised
veins were deposfted in a fairly restricted zone, and at fairly
restricted temperatﬁrés In‘other words, for their deposition, a
coincidence of the right structural, chemical and physical
conditions was required. This fis demonstrated in Figure 58, a
schematic model of the Camsell River area. It has already been
shown that the late'gran1tes intrude*'highs', marked by the cher
satellite plutons and ;urrounding 'lows' of volcanic rocks. Thus,
hyd¥othenmaﬁ solutions migrated out from these ‘highs' fnto the
Jnterst1t1a1 keels of wlcanic rock and deposited minerals in veins.
- The coinc1dence of the correct physical, chemica{ and structural
" conditions for deposition occurs where the suitable temperature and
pressure zone meets the fractured and}sulphide-rich rocks 1n the

*contact uureole; of the early plutons/ and it 1s in these locations

)

o that all the mineralisation 4% fo
. The foregoirg model explafns the obsérv;d geoldﬁié“relations; |

xhe parageneses of hydrothernnl evgts, and the 1sotopic dqta.; There _.

15 only on fact thet Jiba¥'With the ngdel - that the nfcoolfte- -,

'-bearinq vein. at Gunbnrral Inlet 1: id gabbro that apparently post-dates

) ’.

) *" N S ‘..
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»

the main hydrothénna] events. It can only be concluded that the
gabbro remobilised a pre-existing vein'Quri;g its intrusioh.

How reasonable is this modéi? “Earlier worke;s have proposed a
gamJt of origins for the vé{ns, from a source in the.granite§ (Kidd
and Héycock, 1935), and a source in the volcanic rocks' (Robinson, 197]3
to a source in’'the diabases (Fufnival, 1934). [t is interesting to
note the temporal sequence of thesg {deas, andgit; similar1ty'to the
sequence of fdeas explaihing the dissimilar:zobait «deposits. The main
objection voiced by many critics of the qranite- or191n hypothesis is t
the time involved. "Veins are observed cutting the granites and |
therefere cannot be relate ta them" is a criticism voiced at the °
fﬁternationq]«Geologica] ng ess 1n 1972. "How can ;ny hydrotherma]
system Jast for 200 m.y.?">fs another. Yet when the deposits are |
considered as part of a contintum of events, t eir relation to the

Qranitég s quite obvious. It is strange that workers will go to -

extraordinary.lengths to justify exotic aoriginswfor th1s o?E-assdEiat1on,

and yet will acéept that other major batholiths &cted as 3 source for

hydrqghermal veins of other metallic associatfons. For example, it
~ has been shown that the’ gnﬂnite in SW England produced avcontinuum
of events as follows ‘
skarns and pegnq,ites, fallowed by porphyry kaes. foHowed by
hydmthemal mineralisation (Sn - Cu-As-N Fb-Zn—Ag - Fe—Mn-:S&)
(Pm and Mcoumm 1964) o ‘
, ) has shown that mngrulisqucm contimd ﬁm the .,
Pamﬁarbon}fggous_ to .the gocemg(an interval gf‘zzo m«.y.’)..,qnd &;?

v . .. . .
e : : [}
La .
L N 'S .
. ‘7 ' 5 . .« LR

r
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chloride-rich hot springs are active in some of the mines at preseht.
t\’T\he comparison with t‘he granite in SW ‘England 15_, 1n\fact, far .

closer. This babQoch is typical of the Hercynian orogenic 1ntrusiqns
and is morphologically .very similar to the Great pear Bath iith. .The|>
ores lie in similarly controlled structural sites. The prjridipal |
difference is that the ores are zoned with successively youmBer anﬁxﬁ

lower temperature ores 1yin.g‘further ﬁ:om the ¢ n\act. This presumalbly
indicates that suitable sites for eros1t1'0h' were. present at all |
distarices from the contact, and contras\s with t e limited distribution

of such sites *h\the Camsell River area.™ If the total assemblage of )

Stages 5 and 6 (Fig. 59) of the English granite {is combingd the

m1neralogy is 1ndist1ngu1shab]e from that' of the Cam ]l River mines, «

except 1n“ Tack of native silver, Certainly all the €

present, and the para’genests is the same The meta]]ogr‘aphy

silver, bismuth, arsenic and uranium are much lower. :
Conseq&ntly, it 15 proposed that the multi-d‘lemqnt Great Bear
Lake assemblage 15 the result of the constriction or‘fe]escoping of C.

& .

separate stagesh of an evolying hydrothemal system into one depos ttional
location The assemblage is retgined in the)source (1.!.'. 'the gmnita)

until a1l the ewnents are contafned in a complex poimhllic ore- . .
‘-ﬂum Where thm haa bw\ no such retent1on. a complex fluid wm (/
- not develop. - ns each metal or $mup of mtm Mcmz able tn bq
pmtpmied Tt 1s 9, mm ﬂmnts m Tost to, and mrcf;i;, ;,;'




3 o ‘ ‘ 292

- AR P N B 8 sy p i sy AT T
[~ Y N jm.‘.;\."g o . T T A b
[T NG T T T T e iy T T e A s s e
3 TN R ey ’g
§ T T T R v T <
O T e SO x
J/:\ R el B et T * :5 '
. ; ’ T T N T el i P, o,
x e intesy S|ty '-Si;,-\mi - [
PTG T d Peuigmdra) T 7 2
. Sy A s . b
. ST s i T o ]
.k : . —— gy
]
3 ‘ 3L« . e
Y NG | A o
ag ) . . 3 3 g i
N %
i T
K Atsd o
< - 489 4 e ‘Q’}
. — - g
g % - .o E E . s 4 “ é
a?.lg‘ ' H~M§§‘§gg - A
W A = . . " & a " o« 4§
- . —_ | S o
g - ——t * wn)
N L € 4 458‘ ' ' 2 4 qr
o THErTTEE & S - 09
. . — e ‘ a
X .
2o a ;
. T 2 — —f- . . o)
" . . > L
. A 33%pu sypenst ) % ; 4 B
: Smdueigiu 10 AyrisusD 4P put 203y 28 B d n
. 149 jomrsyid L0 =Pl o) et Ajraseng fa é Py
: - T pe josssyeiapy WPT] oy »’ O’
\ g < Q
» = -

\

: il’j]guﬁf*sg, Génera'lisgg‘ paragenesis of the mimeral depos

-
- -




w

\ ) o 293

cannot affect, the remaining fluids. .

If the. assemb]ad\ is the pxoduct of te]escopinq‘ in this manner,
then it might be reas, nab]e to expect gradations from completely
telescoped situat1o s{ to com%lete]y unte]escoped examp]es For S
example, the almost 1&ent1c¥“ deposits at Jachymov are proceded by a
period of mo]ybdenum, wolfram, tin, aranopyrnte mineralisation
as. in the SW England case, but at Jachymov, the products af each
stage coinc1de in space, S:;ilaely; the deposits at Kongsberg.

are preceded by ve1ns containing pyrite, pyrrhotite, sphalerlte,
galena and molybdenite. At the lower temperature end deposits 9f

¢ .
silver, coppér and sulphosalts are typical of many of epe mining

provinces in Mexico and the Andes. In many of these, the early g

-XI:tages of pre-vein vo]canogen1c sulphides contain concentrations. of "~

o

g s1m11ar tp those at Graat Begr Lake (BOyle, 1968, Pav]u. ]970 Naumov ‘.l'

arsentdes, Bismuth, si]ver and ipt1mony (Goossens, 1972). In

particular,sthe deposits at*Sorpresa in Bolivia, and Cusco, fn Peru,
show the typical NiaCo etc. assemblage in areas 6therwise characteriﬁed
by the later~evo]ved Ag-Bi su]phosa]t veins (Ramdohr, 1969) Gillerman
(1968) has Shown that silver and sulphosalt niineralisation gives iy

L

to older uraniun;and arsenide mine raqisat1on at depth in the Bul]ard

Peak veins in New Mexico. Qonsequently, there 1s a progress1ye
: . ,

sequence ‘fn the amount of telescoping. Cow .
N . ‘ ‘f . .

o ) '7/- T \ oo ¢ o . o’ [
f) Comwarisons ufth otnerpe, os1ts | |

The deposits at Jachymov Xpd in fhe Erzegeb1rge are remarkably .

‘e
. N

[T .

[l S
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ef al., 1971)', and Pavlu ascribes theitr origin to Late Variscan

/

* granites. ‘They are similar in mineralogy, in paragencsis, in the

\
amount of telescoping, in the controls and mode of deposition, and .

1n.their zoning. Most especially, the distinct antipathy of_bismuth
and silver,-and the dsspciaton of silver with the nickel-rich arsenides,
anvd bismuth with copper—iron~r\1‘ch arsenides was noted by Pavlu (op. cit;:).

The deposits of the Kongsberg district of Norway show a similar “
paragen’es{s and mineralogy, but they are 16talised where‘,'veins ‘oss
pre-existing sulphide-rich fahlbands (Vokes,‘]967). In addition, they
lack uranium and pismutﬁ,‘a}[it has "been pkposed that ':the originated
Sy leaching of‘, metals from t;he su]phicies. ‘ )\

Kroutov (1972), in';j'cé;‘.cribing‘ the, veigs of the Khouv.u#\xy. district
relates them to hydrothermal soMti‘ons“percoMtin»g from t’he ‘fayer
abyssal' up regfonal faults Thé paragenesis, nn‘nera]oqy and m‘orphomgy
of the veins is identicq] to that of the Great Bear‘ Lake veins, &ﬁd ‘the

minerals were emp1aced qﬁ&r §F period of skarnigg and metasom*ﬂ % .

around in ae 1ntr$fislons However, det,aﬂs of the geolog‘am “t
: . L 3
not avaMHbie, and the time relations are not clear. . :‘ t"

gi11erman (1968) re1ates the very similar Hew Mexican veing & !

€arly Tertiary rponzonite intrusions, and Ramdohn {1969) Jxas notthe

suprpp]uton1c~subv01can1c nature’ of the SorpreSa and Cuscos deposits.
The dqposits m the Chalanches, France, area p0$t~dqte sulphiden S g
-carbonate veins, and show the same mineralog,y amd paragenesis as the\ '
Great Bear Lak,Ldep051ts. Ypma (1972) 1mp11es that these veins may |
have thei source n diabase, in which they lie. nd compares fneqq




\
L .

with the Cobalt deposits. He notes that ~depositional temperatures ,

range between 280° C and 150° C

The deposits in Ontabio aret‘agaiﬁ, mineralogically and para~ ,
N ] r ~
genetically simidar to others and the structural cOntro]s and mode of

deposition are s1m11ar to those at Great Bear Lake. Jambor and Petruk -

\

€1971)‘c0ht1nua|]y stress the relatfonships of the ores ana the //KJ .
Nipissing diabase. and suggest that the dlabase'is the parent magma"

for deposits. Halls and Stumpfl (1969) and Boylg and Dass (197])

equal]y f1rmly stress the relat1onsh1os ‘of Archean su]pnides and ore- veins.
ana propose a 1each1ng model f'Tne Ontar;o deposits differ in that there |
appears to be no oranite 1ntrus1on nearpy The va11dity of Teachlng
hyootneses is ev1dent in the Mansfeld dlstr1ct where nicke], coba]t 'f
arsenfic and s1|ver, in particular. haxg been ]eached from the Kupfer-‘ K\
schiefer an::,epos1ted in joints and fractures (rcheﬂ) However, these -
_ ”rdcken remain just that - they are in no way similar to the nydrothermal

g “~

vein deposits. -

\ )

It is shown that many of tne Ni—Co etc. depos1ts have been, and
most mav be related to hyd ermal actlvity around large 1ntrusiops, -

Unless other evidence comes to lignt. the dep051ts at Cobart must‘remain o N
@y .

a un1qpe and special case, Furthermore. the deposits generally occur r .
1n a restriqged structural sitesnand many periods of m1neralisation |
md& qoineide n' space, 1nd1cat1nq that the association 1s the proauct

of a teteecopeq hydrothermal sequence ‘whose elements have bean*unable

£+ * ¢
=

to eeparate jn spaee ana ttme

- ,‘ 7 -, ; L -
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Nickel- cthW{ arsenide deposits throuqhout the world ogcur

typ1ca11y in podﬁform hydrothennal veins, The ofe-association is
complex, both/hbcause of po]ymeta111c d%semb]ages, and a1so because.
of extended séquences of deposition and a resultant host of
accret1onany and replacement textures It has been shown in Part I1
that the Grqat Bear Lake deposits are part of a contlnuum of cvents
around ca]cg]ka11n9 batho11ths, and in Part I it was argued that
these batho“mths ;$e the prodyst of contlnent marg1h\teééhn1cs and ’
part1a1 me1£ ng béneath the edqe of this contlnent It was further
,anqueq that ?he meta]s i the ore-veins were derlved from the batholith
magmas and héﬁbg are tgpmselves the product of continent~margln -
ﬁtecton1cs Thh vb]idity of this hypothesis may be tested by

wcomparison oﬁ the Qreat Bear Lake deposits w1th otheo/(}milar

[l
L .

hepos1ts in xhe w?rPd \ N

'Q:' Table 18 showﬁ'various féatures of\all the deposits known to the
ad*por, and Bemoqsfrates a ‘number of factors common to these deposits.
F1rs‘1y, it 1& clear that the ﬂ?~Co-Ag depos}fé of the w,rld fa11 1nto

‘!

{hreﬂ distincf uge groUps- L e N -

M

',., 176@-4400 m Y. Assoc1ated w1th Aphebian arhgenio eventssa V

!
-

zm «400~25Q ﬁyb Assoc1ated with Hercynian orogenic events.
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: un‘<qunnt]y. FC i proposed that the deposits form an intimate part
‘ ' (

[ cach of these oroaenic o ‘ﬁtﬁ, rogardless @t their apparent origin,

E Farthommore, ecach of thnk\gin\

# ntlnvnt marqin (Andean ty»n, and in each casp the cre~deposits are.
‘1 l |

ns, apart trom thn Alpine, is of a

Y

IJF‘\‘
. vmwl\(od fn the orOQ(nI« hlntcrland o

oK

secondly, the nrn-ﬂvpnﬁita\)rq usually pn|t qi a polymetallic

association that typi(ﬁﬂ]y fncludes: Cu, Pb, In,43 Bi, Sh, As, U,

and, less comwonly, Hg, Mo, Sn, W, as well as Ni Co, Te, As and Ay,

In almost evory ca;elfor‘whimh adqqgale dp;umentgtion codld be (ound
in the litouatnln, the veins ﬂrv f019*x0p0 nd are pre . dated by Sn,
Q . ﬁ‘-d.mineraliﬁation. and post-da vd by’Sj? “idb and Rulphosa]g‘>

ore~

\
mineralisation, Thts implies not only a comon source for

{

1¢

~fluids, but alao a common onvironment of depesition thet cemandy at
teast some telescoping of the dcpoaition This enviromment must
relate in some way to the history of continent-marain oragons .
Thirdly, the environment of dbpositlon is totdlly 1ndepvndnnt of
thet'host rock litholoay, but in 14 of the 17 cascs are nccuratn]y
documented, the veins have been ascribed to deposffﬁﬁh frmn<ﬁydr9thermnl .
flulds tﬁat-originazzé in vafiéus types of 1nterm5d‘ate~to-ac1d1c '

igneous rocks. The environment of dep?;?*gqn is controlled by the

. s?ructures caused by ‘Intrusion of thqsé us rocks, It is of \
1n'terest to note that wherever the 19naqu§‘ rocks have been analysed,
they are caﬂga]kaline to alkaline - 1.6. typical of th’ t!mer parts o \
of contineqf-;uargh orogens, e ;_'_v";’“

/ Lﬁulphwe bodies
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has been proposed for two of the bes t-documented depdsits, and an
origin from diabase magma has been proposed for three others.

Consrquently, it is proposed that the Ni, Co, AS-OQ deposits are
part of a continuum of ores that results from hydrothv}md] activity
around late orogenic calcalkaline~to-alkaline intrusions in the fnner
parts of gontiqpntimdrqin aroqens,  The association is best dove]oped
whern deposition 1s condensed into one structural site, apd fs poorly
developed, and consequently often not recognised, where an abundance
of depositional sites zfs allowed uncondensed mineral zoning to <

\
develop (c.f. Cornwall).

In conclusion, althouqh the.Cruut Bear Lake, Cobalt, or
trzeqebirae areas appear to be metallogenic provinces, and although
the Aphebian, Hercynfan, ctc. periods appear to he metallotienic eras
for these deposits; it 15 arqued that this {s due, not to qn‘unoma]ous

metal content in these areas and at these times, but to the coincidence
. - »

of a number of geotectonic processes. There is buf one thorn fn the
{

side of this argument - and a rather large oneﬁ;ﬁ“t at: the Cobalt~
-Gowganda deposits: It is of {nterest, howevé th:A for all the
deposits that have, at sone time or otﬁ§§\ been ascritbed to a source

in diabase (Coba]t Kongsberg and Chalanches). other’ theories of

origin have glso been advanced (see Table ]8),whereas fn the other
deposits onl/y the one (magmatic hydrothemal) origin Ras been *
proposed, These ‘other .theorfes' include an origin in hidden or

distant granitic ;rocks, or py lateral secretion from older mass1ve e
sulphide goncentraﬁm quport for the lateral. secretion hyppthesis

’ * ' : ' - ‘. f//_\
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has dwindled s i ;-A}ﬁ:_ «¢ gen mlmmitrgU<lth1ttho

sulphides u(tpa’f

A Gamon, 1966) TR&\O ki‘t f;x:bnsfts are anomalous in a number
of ways, [irstly, th gré~provincn s orders of magnitude larger
'than others, Sccondly, bismuth 1s rare, and uranimm is absent in
these veins. Thirdly, there is no temporal relatiohship between the
depostts and any form of orogenfc event, and there are no qrani tes
exposed fn the area. - Bastin (1939)™as pointed out the association
of granites and jdentical ore~vedins.in the Thunder Bay dfstrict, but

/
unless the granites in the Cobalt area ara well-hidden, there 1s no

such assocfation there, ‘
éonanunnﬁ]y, until new data <omes to light, 1t can only be said

(and many authors have similarly shruuged their shouldors and given

this conclusion) that the éoba]t~area deposits arce anomnioqs. but that

the ortgin of .the rewaining depdsits 1s similar and distinct.

J01
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APPENDIX I

Analytical Methods and Sample Descriptions and Locations

Analysesq%or the elements expressed as oxides and for Ba, Rb,
Sry Zr, Nb and Y were performed on compacted powder by Dr. G. Holland
at the University of Durham, England, using a Phillips 1212 X-ray
fluorescence spectrometer. Thé results were corrected by him using
a computer tecnni‘ (Holland and Brindle, 1966). Ni, Co, Ag,lAu
and U were analysed by Bondar Clegg and'Company’L1m%ted. AN
analyses were carried qut us%ng atomic abéorption spec;réscopy.
N1, Co and Ag were extracted from the samples with HNO3 and HCY{, ‘d
was extracfedqyithl{§:3. Au was concentrated by fire-assay. N{, Co,
Cu, Zn and Mn were anblysed at the University of Albefta using a
Perkin Elmer 303 atomic absorption Spectrophotometer. The method
. has been described 1n the text. There follow petrographic
descriptions of the samples upon which whole-rock analysis was
parfogred. Locations of all semples analysed are shewn on Figure 60.
SJ 29.8 Iiachybasa1t¢~ 20% aligned laths of alfgoclase and
| v ’a’ndesi;:e: mgderately sericitised, 10% phenocrysts of
hornblende pértially altered to chlorite and carbonate, -
60-70% mtr.ix of ve?;y fine-grained pl;gioclese laths .. :.';i-- -
.fnte;'qmn with chlorite and opaque oxides. 10% fate

¢

'metablasts’ of opaque oxides. P
. o e
L

. \ .
F . S I}
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NK 1.18  Altered trachybasalt. 20% sericitised plagioclase
phenocrysts. 20% subhedral pseudomorphs of chlorite and
carboﬁate after amphibole. 60% fine-qrained matrix of

7 chlorite and opaque oxides.
NK A.IA Vesicular trachybasalt. 50% small, badly corroded laths
) of oligoclase and andesine showing flow textures around 20% '
large phenocrysts, that are now all chlorite and haematite,
and around 10% asphcrl(al v051ales with strained quartz and
carbonate infillings. Chlorite-rich matrix. .
SX 3.9A Porphyritic andesite. 50% large, altered oliqoclqse and g
. andesine laths, 10% large, subhedral amphidee-phenocrysts,
partially replaced by ch}or1te and magnetite. 4Q% matrix of
l fine-grained plagioclase laths, quartz, chlorite, haematite
\ and rarely, apatite.

SX 7:]6, Porphyritic andesite. A40% large, dusty plagioclase laths
cored with blebs of chlorite after original glass: |
compositions r;nge from A"éO-GO' but average A"ZS'

Scattered 1arge phenocrysts of hornb]ende partially altered
. "to chlor1te. 50% matrix of very fine grained p1ag1oc]ase,
quartz, chlorite and haematite, : FU : N

: ;NK ?;13 Andesite or micro- diorite. 80% interjocking mesh of altered

| | andeslne, with 1ntgrst1tja1 quartz and chlor1§e. Plagioclase

has altered to epidote and carbonate:: 20% large pseudomorphs

. of chlorite and'magnat1té afterfamphiboii; _ | .

N _ o .
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+

SJ°3.3 Banded andesite tuff Fine~grained plagioclase with sparse,
interstitial quartz, carbunate and'chlorite)dn‘pale bands .
Chlorite, hacmatite and epidote constitute %0% of the dark .
bands and have been overgrown by pyrige and chalcopyrite (5%).
SJ 5.1 . Muta~andesite tuff. 60% sma]l, unorientéd laths of o]iqoclase
| vhich has partially altered to chlorite, carbonate, 9p1dote
and sericite. Rare 1ntorst1t1a] patches of quartz and albite,
30% matrix of interlocking carbonate, chlorite, epidote and
apatite. Albite-cpidote facies. \
5d 10.1  Lithic-crystal andesite iuff. Angular unsorted cla;ts of
oligoclase (30%), andesine (10%), K-feldspar (5 (‘%) quartz
30%), fine-grained andesite tuff (as .in Samp]e SJ 3.3) (5%)
and un1dent1f1able volcanic ‘rock (10%), and clas'ts now |

comp]ﬁte]y made up of chlorite, haematite” and pyn1te (15%) .

The clqsts constitute 60% of the k and occur in a matrix |

b
ta
. . Y
N . ‘.4

af f1ne\gra1ned chlorite and -quartz,

.

NK 19.6  Lithic-crystal andesite tak 0% small clasts of fine-gratned

cnysta] tuff 30% fracture;.clasts of qliqoc]ase and
~andesine. 10% clasts of fractyred altéred amphibole.  50% ;
fine-grained matrix of quar}z chlorite haemat1te and
. ‘narﬂahaCe. ‘;ﬂ o . ' @
. NK 18.8“ 'Vitric—crysta] andesite tuff. 40% laths of sericitised

. plagibclase and fractyred subhedral hornblende (.l
| altered to chlorite and magnetite), ina fine-grafned dusny

¥

- devitrified matrfx with ?lawotextures around~the~e+as%sr~w~e»-~nv;w,~;
',hw NN%NMGOfWﬁh]Nﬁ C o T

h&) B ’



NK 13.2

SX 7.2F

SJ 27.1F

\ | 320

Rhyolite ignimbrite. 40% devitrified, rod matrix w1th
prosvrved flow textures, but now mostly very flhe~graanéd

qqartz,*?e]dspar and haematite. 109 pseudomorphed shards.

. Clasts of devijtrified glass, resorbed quartz, altered and

n

broken oligoclase, K-feldspar and tuff. Perlitic devitrific-
ation textures are common., The éhards and vitric fragments
are welded and often bent around each other and around the
clasts. , !

Rhyolite tuff, Pink and green banded. Very fine-qrained
with quartz and feldspar predominant in the pinkhbands, and‘
with intergrown qdartz,‘fe]dspar and chlorite in the green
bands. The‘]eucocratic minerals are often too fine-grained
to '1dentify. These rocks were frequently mapped as 'cherts'
by earller workers |

Vo]canoclastic arkose, Poor]y sorted, well-bedded sediment ,

with angu1ar to Sub-~ rounded clasts af quartz, rhyolite tuff,

'oligoc]ase, trachy asalt, Oliqoclase porphyrftic andesite,

fine andesite tuff nd, rarely, a]tered hornbﬁende -20%

1nterst1t1a1 matrix of chlorite and haematita.

~VoTcahoC}astic siltstonk, Well bedded, graded purple

s1]tstone, with rnunded v lcanic fragments recognisable in

. the coarser beds, The fjnar portions are too fine- grained

to 1dent1fy individual m1nera 5. They are frequently cut
X water~escapq structures from tne goarseﬁvbeds
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‘Sx 2.1 + Monzonite. 60% larye, altered laths of andesine and 20%
large subhedral plates of dusty K-feldspar with a matrix
of quartz; chlorite and fine-grained sericitised feldspar.
Réré phenocrysts of hornblende, partially replaced along

4 c]eavagé planes by magnetite,
SX 14.18B Granodi;rite. 50% laths o} oligoclase and andesine, with
. overgrown rims of K-feldspar, 10% interstitial lobate

Hintergrowths of albite and K-feldspar. 30%.euhedral
-phenocrysts of hornblende, partially altered.to green
biotite and chlorite. 10% interstitial quartz, ep%dote‘
and apatite, |

NK 14.2A Granite. 30% large, subliedral plates of orthoclase with

-t

rare perthite and some patches of granophyric quartz and
K-feldspar. 15% large sericitised laths of oligociase,
40% interstitial?anhedral qué}tz,\“lo-lsx badl} contorted
. b1dt1te. Rare apatite and zircon,
- NK 19.7 "Gran6d1or1te. 30% laths of altered andesine. 20% subhedral
plates of micracline. - 35% intgfstitial anhedrallqgartz.‘
10% laths of bigtite. Sparse epidote, apaf%te, carbonate

)

| 1. and zircon, - o L R
NK l9.10} Meta-diorite. Intrpqed'by NK l§37. 20% b%dly altered laths..
. of (?) sodic p1agioc]ase; 30% euhedral albite tﬁat has -
" overgrown tha'b]agfoclase."20% interstitial, recny?tqi]iséd'

. quartz. '30% chlorite, magnetite and haematite.

. .
' f ! . 4 M

A

LA

"™ e
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SX 3.138

SX 3.1C

NK 21. 1A

NK 15.2A

.~ a slightly ch
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A

Felsic dyke\ Sample taken two feet from ‘the contact, in

1led zone. 35% euhedral phenocrysts of

quartz, 20% laths\of oligoclase and andesine and 10% of
~ o

shredded biotite laths in a groundnass of very fine-qrained

quartz, fe]i()har and biotite, (

Quartz diabase Ophitic texture, 40% subhedral augite
/w1th rims of green biotite, maqnet1to and hornblende, and
with some replacement alona cleavage planes, 35% euhedral
andesite-labradorite. 5% interstitial granophyric quartz

and K-~feldspar. | 10% interstitial magnetite, A]monito and
haematite. Rare ep1dote, carbonate and sphene

Quartz gabbro. Ophitic texture. 50-60% unaltered laths

of andesine~labradorite. 40% subhedral augite that has

partly altered to hornblende, b{otite, chlorite and magnetite.
10% 1nterst1tiaTlgrahopﬁyric qﬁartZAand feldspar, | .
Coarse diabase Ophit%c fexture 40% subhedral

titaniferous augite, 30% una]tered Naths of labradorite.
10-20% &nterstitia\ granophypjc quartz‘and feldspar{ 10%
late skeletons and cubes of pyrite, Rare interstitial

albite, chlorite and opgque~oxides‘
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APPENDIX 11 , | .

~.

Summary of Electron Microprobe Data and Operating Conditions

Electron microprobe: ARL Model EMX '
Take-off angle: 52k

_ N S
. f Y

5) Ferrohastingsite,.  Table 3 ' o
’Standards.l EPS 12-1 Biotite: for Fe, Ti |
EPS 12-2° Biotite: for Si, Al, K, Na
«nganui Kaersutite: for Mg; Ca
A-6  Cummingtonite: for Mn ’

Oper$t1ng»v013aqe = ]S'KV._ A11 elements anaiysed on Ka
with pulse height analysis. Anal}st : C,R. Ramsay., - ///
b) Pheng1t1c muscovite Table 14 ‘. k
Standards. EP$ 12-1 . Biotite: for Fe, Ti
| Kakanui Kaersutite: for Ca, Na
EPS 12-2 'Biotite: for Si gMg, K .
’ Jg '&

, ,Hohenfbls sanidine: for Al R

0perat1ng voltage = + 15 KV. A1l elements analysed on Ka

with'pu]se height analysis, Anglyst: C.R. Ramsay. -

c) Marcury contents of s1]ver. Table 7, 8

Run 1. Operating voltage = 16 KV Line = Hgka. -

¢

'r'; N Beam current = 200 ma. ZAF conrect1ons,‘

4]
i

V_,tﬁf‘;gg; assuming Ag by diffarence, 1n brackets, 1
Background correcbﬁons made. Pu1se heidht gnalysede

o ; . ) Ea
o {. o " v K ".' *, B . : l
T : __‘ o ot T e
Q- t C ;
. » Lo ey D
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Run II and Rup I

Standards. Ag.

Backgrdbnd corve

‘Opérating voltag

"Pulse height ana

Hg. Cinnab

ctions only made,
e = 29.1 KV, Beam current =

iysed.

;qa\tAg and Hg dnalysed (AqLa HgLa).

ar. Assumed stoichiometric,

d) Zinc contents of sulphides, ‘Table 5 T

<
Operating vo]tage = 15

kV. Beam current = 200 ma.

L1ne ana]ysed ZnKa, using pu]s\\helght analysis.

. 200 ma.

Electrolytic silver wire. Ad = 100%

Hg =

Standard EPS 22-6  Sphalerite: (Gedch1q Cosmochim. Acta

. pp. 1667-167

e )@ Anal ysis of spha1eri tes.

6 [1967]) J

Table 6 \\

Operating voltage =1 KV. Beam Curreﬁt o 200 Qg

“Lines ana]ysed CuKa, Zan, FeKq, SKaw O

\ .

\

|

85.2%

L

LR
" Standards. EPS 20-8 Synthetic cha]copyr}te, 'Gu\\fe,‘ﬁ
! \ ‘ -

f) Ana*Ysis of su1phosa1tﬂ Tab]es 11 12, 13
Us1ng pulse height ana]ys\\

. EPS 22-6 -

Probe current = 200 ma.
Elqment Line
" Ag Lo
"S Ka
As | o ke
- Sb T O
In Ko
‘Bi L - ,.‘ Lo ('.A
SR e e
ot ke
' ‘j"E&\fﬁ;:‘ K.

Spha]er1te. As above!'

Operating Voltage
5
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' \
Standards. EPS 20-8 Sinthetic Fhahcopyrite.m Cu, Fe, S ;,
| " EPS 2010 Arsenopyrite. As. Assumed slgiéhiomegrié - ,
EPS 20-2 'Si]vqrmviﬁg; Spec. pure meta{ ) r - :

‘ | EPS 20-9  Stibnite. .Sb. Analysis in Dana #3, p, 273

EPS 22-7  Galena. Pb. Assumed stoichiometric

, . -~
EPS 20-3 Bismuth. Bi. Spec. pure metal A 'ﬂw»»//

e {

L . EPS 22-6  Sphalerite. Zn, As above .

-
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APPENDIX TTI ‘ ¢

Oxyaen_and Carbon_Isotope Analyses (see Fiaures 739 and 50)
Sixty-six carbonates from the three mines and some of the veins
were analysed for fheir carbon and axyqgen isotopic compositions.
Cdfhonatelsamples were identified using ah X-ray diffraction
" procedure, They Lere then reacted with 1007 phosphoric acid at

25°C for one day for pure calcite and 10 days for dolomiﬁej In the
icase of mixed samples the gas produced after two hours of reaction
was extracted and assumed to represent the decompositfon of at least
907 of the calcite (Fritz, Pers. Comm., 1971). In some cases this
was analysed, but more’;ften was discarded.

The COz‘produced was analysed using a 12", 90° mass spectrometer
at the University of Alberta. Corrections were made following Craig
(1957). Samples prefixed SBX come from the 4Silver Bay Mine, and . .
those prefixed R come from the Republic Vein. D = dolomite and

. C = calgfte.i The st;ges refer ta F1gurgs' 46, 51 and 53, The ‘ |
isotopic canbosﬂions are presented as per mil eviation from SMOH‘

for.oxygen and PDB fqr carbon and are reported beldw.
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;ﬁmxlﬁ Mineral Description Aln”\M

) ()
// thl 20r, 3 D Dolomite in metachicareows rock.,  Stage | t13.9
- IJ,;E.IA D Dolomite from metacalcpelite,  Stage 1 H14.1
TJ 8.00a 0 Dolomite from vein, Stage 2a 116.2
13 11.20a 1 bolomite from vein. Stage 2a 7.2
X 8.68b N Dolomite ﬁrnccld tragments of Stage 2a t1H .9
TJ 29.1 D Dolomite ;S&\Ealcito from vein, Stage 2a t1h.3
1J 29.1 C Dn]umjtc and calcite from vein, Staqe ?a t 9.0
A 2.9a C Calcite from ;§\n.,‘3taqo 3a | t 9.7
X 8.6C "C Calcite from vein, \}29v 2a t 7.0
TJ 5.?Ba D DOolomite from vein, Staqe 2a-b t15.0
™ 23.20a D Dolomite from vein, Staqe 2a-b 18,7
M 26.3a D Do;;hilu from vein, Staqe 2a-b t13.5

™ 30.1Aa D Dolomite from vein, Stage 2b +14.1

TJ 10.1A- D Dolomite from vein, Stage 2b-3a t4,

TX 24.6 D Dolomite from vain. Stage 3a 4161
TX 8.6Ba D Banded dolomite. St#ge a +16.3
TX 8.6b D Dojomite from vein. Stage 3a 4.7
}J 11.2Ab D Pinkish dolomite from vein, Stage 3a - +12,6
TM 26.3b .D Dolomite from vein. Stage 3a +14.8
iM 3Q.1Ab D Dalomite ;vergrpwing 2b dolomite. Stage 3a +14.0
TJ 5.28b D DOMomite overgrowing 2a-b dolomite. Stage 3a +14,2
'TX 8.6Bc D Dolomite from vein. -Stage 3a-b +15.9
TX 8.684 D Dolomfte from vein. Stage 3a-b +14.3
p "X 18.2 D Dolomite from vein. Stsqe 3 +13.5

Y T T

1 ¢
ow * “pog

(%)
4.9
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;Smﬁl? Mineral Description
Tx 8.6a D bolomite from vein. Stage 3b
TJ 25018 D Dolomite frowm vein,  Stage 3b
T 3.1Aa D Dolomite from vein. Stage 3b
TJ 3.1la D Dolmnitaﬁkknm vein. Stage 3b
™ 26.3¢ D Doloﬁitn with fluorite and chalcopyrite,
< Stage 3b
™ 2519 C Calcite in vuq c;ntro. Stage 3b-4
T 26.3d € Late calcite with eritu. Stage 1
T3 3.1 C Late calcite with haomatité and QMhrtz.
Staqe 4
TJ 3.1Ab C Late calcite scalenohedra. Staqe 4
Td 8.10b C Late calcite scalenohedra. Stage 4
Td 19.1 C Late calcite with pyrfte. Stage 4
TJ 25.1Ba C Calcite with dolomite. Stage 3b-4
A 2.9 C Calcite overgrowing Sfaue 2a
NK 2.2 C 'Cafcite from calcargillite. Stage 1: Terra
NK 20.1) D Red dolomite vefn in pprphyry. Norex
NX 11.38 D Dolomite from Norex vein., Stage 2a
NX 11.5Cb D° Dolomite from Norex vein. Stage 2b
qui.]l.SL D Dolomite with silver, Norex.vein. Stage 2b
NX 11.38 C Calcité ‘from Norex vein. Stage 2b-3a
NX11.38b C Calcite from Norex vein. Stage 2
" NX :H.SC C Calcite with sulphides from Norex vein. ‘
Stage 2b .. -
. NX IT.OSC D Dolomite with St;lphides from Norex vefn.
Stage Ja. - .
oA

¢

10

SMOW

(%a)

ta.

t10,

4110,

A

I-

.

a

B



angl:l Ninnral Description
RJ 17.1 D Republic vein; early dolomite
R 17.2 D Republic vein; early dolomfte
NK ]9.8 € Jason vein calcite with sulphides
NJ 30.2 C Lypka south vein; calcite with late galena
NK 20.3A C Lypka south vein; barren bluish calcité
SBX 10.21 D Banded dolomite and quartz. Stage Za-b
SBX 10.2Ja D Banded carbgnateﬁ‘ Staqé 2a V
| SBX 10.2Jb 0 Dolomite with silver.‘ Staqge 25
X 10.2J0¢ D Pinkish dolomite. Stage 2a
SBX 10.2Jd 0 Dolomite from vein. Stage 2a
SBX 10.2Ca D Bandecd quartz and dolomite. Stage 3a-b
© 779X 10.2¢b D Banded quartz and dolomite. Stage 3a-De
SBX 10.2Cc D Banded quartz and dolomite. S5tage 3a-b
SBX 10.4Ac D Dolomite from.vein. Stage 2b
SBX 10.1H D Dolomite anq chalcopyrite. Stage 3a-b
SBX 10.4a D Dolomite ang)chalcop{rite. stage 36
SBX 10.18 D Dolomite with sulphides. Stage 3b °
SBX IO.ZPp D Late banded dolomiﬂg. Stage BR
SBX 10.20 D late banded dolomite and ca?cité. Stage 3b
SBX 10.20 C Late banded dolomite and calcite. Stage 3b

A\

A ! HO

ST
(")

t15.5

+15.9

-
ro
—
-
(&g ]

+15.9
+16.7
+15.7
+15.9
115.9

+13.9
+16.9

S g
(ha)
-2.1
2.5
~7.7

-3.9

4.4
4.0
-4.5
-3.1
5.3
-4.3
5.0
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APPENDIX 1V
|
Analyses of Sulphur Isotopes »
v A desceription of the analytical methods 1s given in Robinson ,

and Badham (lq Preparation, 1973). The samples were burnt to SOZ
at 1075”C in a stream of pure tank ox&gen. The results are reported
in per mil deviation fram the Canon Diablo Troilite. The data for\\/
49 samples are presented below. Samples preficed A and T are from |
the Terra Mine, and SB are from th S5ilver Bay Mine.
Minerals -~ - Py = pyrite
| Mé = marcasite
@ - chalcopyrite

tetrahedrite

n

Tet
Mt = matildite

Bm = bismuthinite



Sample
Number

™
TJ

TX
TJ
TJ
TJ
T
TJ
TJ
TJ
X

- TX

X

A
A
™
TX
. TX
™

™

A
A

24,2

5.10b
5.1Dc
5.10d
5.1Df
10.28a

10.28b

1.1a
1.1b

21 .4Ca

©3.3a
3.3

241

25.8
2.18
2.1

IS

Mineral

Py

Mc

. ¢

Mc
Mc

Mc

v

Cp

Cp

Tet |
Gn

Mt

Mt

Bm

NDescription

Scatteved cubes in banded red and qroen tuffs

Scattored and massiva in red chorty brecciated
rock

Cubes tn red and qreen banded tuffs

Banded and massive in calcargillite, Staqé l
Massive banded Cp and Mc. St&ge 1

Massive Cp. Late Stage

Massive Mc. Late Stage’l

Cp and.carbonate in joint plane, Stage 1
Remobilised Cp and Mc banded ore. Stage 1
Remobilised Cp and Mc banded ore.. Stage 1
Banded massiyve Cp and Mc. Stage 1

Banded massive Cp and Mc. Stage 1

From recrystallised bdnded metacalcaryillite,
Stage 1 _ . '

‘Massive Cp and Mc in calcargill{te. Stage 1

Massive Cp and Mc in calcargillite. Stage 1

Banded and massfve Cp with carbonate. Stage 3a

Cp and Ss -intergrown’ in carbonate, Stage 3a

Cp and Ss intergrown in carbonate, Stage 3a

Massive fine-grained gd]eﬁa. Stage 3a

Massive matildite, Stage 3b '
From sylphosalx?§:1n. Stage 3b

Bismuthinite and bismuth vein. Stage '3b
) A .

L} 3 )
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+3.

—

+3.
+3,

O NN S

0.

+3,

~N

+1.0
+2.7
2.6
+3.7
43.7
4.2
+1.9-

. 1.4

*2!7



Sample .
Number Mln@(al
™ 2]:‘£p Cp

™ Zéﬁ}On Gn
™ 25.10b Co
T 3.1A Cp
TJ 11.2A  Cp
TJ'19.1b . Py
SBX 10 4A Cp
SBX 10.6a Cp
SBX 10.6b Py
- SBX 10.6c Py
SBX ]0.3?a Py
SBX 10.3Fb Gn:
SBX 10.1Ba Cp
SBX 1Q.18b Gn
SBX 10.1Ca Cp
S8X 10.1Cb Gn
SBX 10.1Cc Gn
NK T1.1A " Py
NK 18.178 Py
NK 11.4A Cp

N
NK 20.1J  .Gn
NX 20.1Ca 6n

A
NX 20.1Cb Cp

£

Description £ot
“ ' (%)
Late massive Cp in carbonate vein. Stage 3b-4 b5,
Bands of Cp and Gn in late carbonate. Stage 4 tl.
Bands of Cp and Gm in late carbonate. Stage 4 +6.4

Associated with late carbonate rhombs., Stage 4 * +4.3

Massive late Cp 1n'carbonate veip. Stage 4 4.0
Late Py on carbonate. Stage 4 | ~26.0
Massive Cp in brecgiated country rock | -1.0
Massive sulphides in volcanics ‘ ' ;10.2
Massive sulphides in volcanics ' .d 8.4
Massive Sulphides in volcanics _ - -9.6
Massive,\in%ergrOWn Py'and Gn with quartz and -1.2
carbonate\jn,vcing Stage 3a . , ) ~2.8
'Mgssive 1n€qrgfowth of Gn and Cp with banded ~3.9
quartz and cé{bdnate vein.  Stage 3a 8.0
Cp and Ga in myssive carbonate vein. Stage 3a 42

Cp and Gn #n masjve carbonate vein, ~Stage 3a . ~6.5

Coarse late galena in vein. Stage 4 . +1,5
From vein in tuffs. Lypka / +3.8
b1sseminated Py cubes 1in andesi; . Baiachey‘,' +4.2
Massive Cp 1in carbongte vejn.,3$§9ge,3a. Norex +2.1

Disseminated galena in vein. Stage 3a, MNorex  -2.0

'.Intergrown.Gn\ahd Cp in vein, Stage 4. Norex  "+0.5

- Intergrown Gn and Cp in vein. Stage 4§ Norex +1.4

»

L . 0 L] . "



APPENOLIX V

Papers published or presently awaiting publication are
contained in the back-pocket, with the enlarqsd Fiqure 6 and

Figure 31,
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