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ABSTRACT
by

Veins of the (Ag, 3i, Ni, Co, Ast~associatigh\\

are the product

retrograde greenschilst facies

metamorphism fnvolv'ng-brinelmineral exchange in geof
~A\ . -

chemical, stratigraphical, sgfuctural and tectonic

evidence éither studied dipkctly by the writer at the.
Northrim Mine o rough inte ’g;EQ%ibh of the
avallable literature. Areas studied ingensively from
%he.literatufe include the Qamsell River, Echo BQy
(Port Radium) and Cobalt-Gowganda districty. Brief
refe;epces'to-fhe‘Erzegebirge, Kongsberg 3ﬁd Broken
Hill districts have also been made. (1» I
‘ The 'lateral secretion' hypothesis of'Robinsonv'
‘(1971) and Robinson et al. (1972), and the metahydro-
thermal hypothe31s of Halls and Stumpfl (1969, 1972)
appear to be consistent with all the avallaole geo-
logical evidence gathered by the writer. The Cobalt—
Jowgand;hgep031ts, previously considered to be genetlc—
"ally distinct frgm other (Ag, Bi, Ni, Co, As) deposits,
are also prggucts of retrograde greenschist facies
me%amorphism invoiving brine-mineral exchange of

b

elements.

The genesis of (Ag, Bi, Ni, Co, As) vein deposits



i
"

involves the ccincidence of seVeral geological conditions.
At minimum, these conditions include the presence of
partiall confined aquifer systems, high geothermal
gradients, restricted surface water influx,‘waning
geothernal actiVity and fracture generation - A1l of
these conditions were almost certainly present during
.vein and wall rock mineralization in all the districts

studied Magmatic conditions, resulting in plutonic

“intrusion of one kind”or another, are inSignificant

Ad i )v

w1th respect to hydrothermal fluid- provenance, but not
P

with resnec% to hydrothermal fluid migration. Flu1d-

mineral exchange would occur in plutonic rocks in the

L

same manner as. in the volcanic and sedimentary rdc%y

The Salton Sea is a modern-geothermal system with brine

~.

fluids similar to the ones which were: almost certainly\K
responsible for (Ag,‘Bl,le, cdi As). deposit and green-
schist_facies mineralization.

The Northrims deposits, including host rock
volcanogenic masSive‘sulfide deposits, have been studlied
In detail and the followmng points may be of interest.

A poésxbly new mineral, "brederite" (formula: PbAs)
was observed in the veins. & mineral of the alkinite-
rezbanyite series is a common component of the Northrim
veins. The Northrim vein paragenesis is remarkably

similar to the ones of the Norex and Terra veins in the

Camsell River district and of the Zldorado and Zcho Bay
. iﬁ :

. . :
. . 1
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\
Veins in the Fort Radiumhdistrict. The Northrim,

Tamsell River and Port Radium veins are remarkably

similar in details of mineralogy, composition, morph-
ology and paragenesis to the veins of the Cobalf-

~ . ’ . i »
_~“owganda region. ' :
. :
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CHAPTER 1 s

INTRODUCTION

" The nWorthrim liine

The Northrim iliine is situated on the north éhore
of the Rainy Lake reach of the Camsell River 250 miles
north norfhwest of Yellowknife, Northweét Territories
(Fig. 1). The mine is entered via a portal into the
side of a 50 foot high hill wﬁich drops steeply into
the Camsell River. The underground workings consist
of a haulage ramp, exploratory crosscuts and subdrifts,
compressor, mill, machine shop and shipment rooms, -a
winze which drops to the ;25 foot level, a decline
which curls around once in a 10% descent.to the 250

L]

foot level, and several drifts which follow major complex
vein étructures (Fig. 2). h

Ore has been mined out of the 000 composite
veln structure between the land surface and the 210
foot level, out of the O0l4 composite veln structure
between the land surface and the 210 foot level, and
the 056 vein on the 056 level. Two four-wheel drive
scoop.trahs deliver the ore up the haﬁlage ramp where
it is fed directly through a grizzly and into a 75 ton
per day (t.p.d.) jaw crusher on the east wall of the
mill room. H

The jaw crusher comninutes the ore to gravelé

sized fragments which are then fed into a 75 t.p.d.
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ball mill. The ground product is then passed onto a N
coa:sé jig from which the heaviest granules are bagged. |
Phegfemaining,product is then recycled through a
clgssifier and ball mill until sufficiently ground
to sand;size for the gravity table. The,heévy separ%tg
off the table is bagged; the lighter separate is dumﬁéd‘
into one of 9 smgll-flotation cells with a total 75
t.p.d. capacity. Theasulfide-rich float is bagged
and like the jig and table-concentrates is stored in
an adjacent room to await shipment. The tailings are
" pumped above the hill and into a small land-locked
slough. The concentrates are then trucked out (winter)
or barged out (summer) to be smelted at the Cominco-
owned complex at Trail, British Columbia. A flow chart
displaying the milling process in greater detail is
shown in Figure 3.

., The concentrates contain abundant Ag, Cu, Fb,
Zn, Fe, Sb, As and Bi but very little Au (Table 1).

Not included in thévconcentrate assays given but also
féund'in abundance are U, Ni and Co. Minerals identi-
;fiable in the concentrates inclﬁde native silver, native
{bigmufﬁ, acanthitel, galena,‘sphalerite, chalcopyrite, i

%ﬁréninite. various arsenides and some sulfosalts.

Pyrite, marcasite, magnetite, dolomite, calcite,

 }Low temperature poiymorph of argentite.
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plagioclase, quartz and several ferromagnesian minerals
are the identifiable impurities in these concentrates.
All concentrate impurities save the firsf three are
abundant in the tallings which cohtéin little of the
lheavie? metal—beaéing minerglsz.

~The Korthrim concentrates and ores thus contain
the elements and minerals characteristic of the ores
referred to as the "Cobalt-type" (Stanton, 1972), the
" (Ag, Bi, Co, Ni, As) veins" (Hall and Stumpfl, 1972)
ér as the "Ni-Co-Ag ore type" (Bastin, 1939). Concen-
trates and Sres similar to the ones at Northrim have
been or are being proddgéd in the Norex Mine 1% kilo-
metres south, the Terra Mine 6 kilometres west and the
Eldorado, Echo Bay and Contact Lake Mines %p kilometres
‘north of the Northrim minesite. The purpose of this‘
dissertatipn is to describe the minerals, s;ructurg
and geologicai envirorment of the ores which contain
the rare elements produced from the’mines. particularly
with reference to the.ones at Northrim. In addition,
suggestions will be ﬁade concerning the genesis of

these ores.

2On a trial mill-run, millheads assayed 13 ounces
Ag/ton, jig concentrates 660 ounces Ag/ton, table concen-
trates 84 ounces Ag/ton, float concentrates 175 ounces
Ag/ton but tailings less than 1 ounce Ag/ton. All were
fﬁom fire-assays performed by Dr. D. Rebertson on January
24, 1977. '
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CONCENTRATE COMPONENTS

Concentrate

componerrt .

(wt. %) Jig Table Float
Au (oz/ton) 0.01 \o;ou 0.02
Ag (oz/ton) 2733.0 502.1 295.5
Cu | 0.95 1.1 - 5.2
Fb 13,7 »18.9 22.3
Zn - 1.8 2.3 19.4

'. S . - - 25.7, 25.8%
5i0, - 2.0 2.3 3.3
A1,04 1.2 1.4 1.5
Fe ©33.0  29.0 17.7
CaCOq 0.3 0.5 0.2
Sb | 0.1 0.1 0.1
As | 8.5 11.9 3.4
31 ‘2.55 2.5 0.94
Proportion of % ' A
total concen- _ .
trate 23% L2% 33%

: /
All assays performed by Cominco Ltd. on a dry 10 pound
sample concentrate. Values given are those for an
assay settlement (Cominco - Northrim Mines Ltd.) dated
May 16, 1972, save those values marked * which were

. from a similar settlement dated November ll 1975.

Co and Nl were not assayed

~J



Previous Work

The first scientific expedition to the Great
Bear Lake discovered erythrite and annabergite in altered
veins which were to become the mines iﬁ the Fort Radium
vicinity, some 50 kilometres north of .the present Northrim
iMine (Bell, 1900). Staking at Port Rgdium in 1929 dréw
prospectors to th; area and similar deposits were found
in the Camsell River area. Among them were veins dis-
covered by E. B. H¥clellan and W. S. Workman at thé site
of the current Nofthrim Mine and veins discovered by
John Borthwick one-half mile to the northeast. In 1934,
white Zagle Silver iines Limited excavated the presently
employed adit, winze and 000 drift at the mine. A 1,365
pound bulk sample from the 000 drift was sent to the
rines Branch in Ottawa--it assayed 988 ounces Ag/ton,
0.01 ounce Au/ton, 5.27% Pb, 0.55% Co and 1.10% Ni
(Assessment files, Dept. Ind. Aff. North. Dev.). At
the same time, a~60 foot shaft was sunk on the Borthwick
property.

Following discovery of gold- at Yellowknife, work
was discontinued until Camsell River Silver llines took
over.both properties. Driliing commenced in 1947, and
26 holes totalling 1,750 feet in length outlined an ore
shoot aQeraging»Bh ounces Ag/ton across 4% inches for
260 feet west of'the édit (op. cit,). Two radiocactive

highs were discoveréd on the 100 level and samples of



the highs assayed 7.38 ounces Ag/ton and 0.226%

tjcgf .
| The workings lay idle until Fred Lypka restaked
the property in 1967. Silver Bay lines Limited took
over mining operations the following year and Federated
iining Corporation three years later. The pfesenf
owners, Northrim @ines‘Limited. took over in 1972
(Assessment files, Dept. Ind. Aff. North. Dev.). lLost
of the mine development has occurred since then.

Except for mining'assesément and engineering
reports, only J. P. N. Badham (1973b, 1975) and D. F.
Kidd (1936) have.descfibed parts of the Northrim occur-
rences. The nearby Terra and Norex deposits have been
studied in detafa by Badham jl9735) but much of the
academic literature only concerns the ore deposits
near Port Radium (é.g. Robinson and Ohmoto, 1971).

There have been, hogzver. many attempts-ateproposing
geneses for one or-aﬁi}pf the veiln deposits in the Great
Bear Lake area. Among %h;h are the genéses of Robinson

(1971), Robinson et al. (1972), Thorpe (1974), Shegelski

and Scott (1975), Badham (1976) and Gandhi (1978). .

\
The Bear Province

The eas£>shore of Great Bear Lake lies within
the Bear Province defined by Jolliffe (1948) and chara£# 

terized by K-Ar ages at 1700 to 1850 m.y. in the Wopmay



Orogen and 700 to 850‘m;y. in the stratigraphically
younger Amundsen Basin (Wanless et al., 1968). The,
Wbpﬁay Orogeh has been subdivided into ﬁhree parts:
the eastern Epworth fold belf, thegcentral Hepburn
'plutono-metamorphic belé.and the belt of the Great
Bea; Batholith (Fraser et al., 1972). The younger
belt of the Great Bear Batholith is separéted from
the older Hepburn plutono-ietamorphic belt by the
Nopmay‘Fault.

The Great Bear Batholith consists of three
north-trending voicang-sedimentary belts which have
been partially sepabgted by eplzonal plutons and which
have been offset 5y_major northeast-trending dextral
faults (Hoffman et al., 1976). The westernmost
volcano—sedimeﬁtary belt, bordéring the eastern éhore
of Greaﬁ Bear Laké. comprises the geographically separ-
ated Echo Bay and Camsell River "blocks", two volcano-
sedimentary roof pendants draped over Epe Great Beé?
Batholith. Their geographical separation has been
attributed to displacement élong major northeast-
trénding dextral faults kHoffman and Bell, 1975).

‘ Allfoccqfrences of (Ag, Bi, Co, Ni, As) veins in
the Bear Province known to the writer have been found
within or ad jacent to the Camsell River - Echo Bay

volcano-sédimentary belt.

10
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Great Bear Lake Stratigraphy

The Camsell River —AEcho 3ay volcano-sedimentary
belt has been divided into 7 sequences by F. Hoffman and
J. licGlynn (1977). The lowermost Hotfah Lake seguence
(2500 m.) begi;s with interbedded quartzite and silt-
stone (Unit 1, Fig. 4) which is riddled with basalt
dykes that act as feeders to overlying basalt flows
(Unit 2) containing thin interbeds of mudstone laminated
alr-fall tuff and quartz pebble conglomerate. The over-
lying Camsell River sequence (4500 m.).beéins with welded
rhyolitic ignimbrite (Unit 3) which contains small, dis-
continuous horizons of basalt flows, air-fall tuff and
volcanoclastic sandstone. Rhyolitic plug domes (Unit 4)
intrude the ignimbrite and are flanked by wedges of
rhyolite pebble conglomerate within the ignimbrite.

The ignimbrite is overlain by orthoquartzite (Unit 5)
which is in turn succeeded by volcanoclastic sandstones
and tuffaceous mudstones interfingered with rhyolite
flows (Unit 6).. The mudstones are the hosts to the ores
at the Terra lline (Badhaﬁ;§l973b).

Host rocks at the Norex”and the Northriﬁ\mineél o
are the intercalated porphyritic andesite and basalt '{ , -
flows and tuffs (Unit 7) of the overlying Echo Bay
sequence which varies in thickness from 1500 metres
near the Camsell River to 2600 metres near Port Radium

(op. ciﬁ.g 1977). Similar flows and tuffs are the host



rocks for the ores of the Eldorado and Echo Bay ‘iiines
at Port Radium (Robinson et al., 1971; Robinson, 1971).
These rocks are in turn succeecded Dby andesite.pebble
Aconglomerate (Unit 8) and dacitic ignimbrite (Unit 9,
Fig. 4) of the Conjuror Bay‘sequence (0-2200 m.). A
few porphyritic andesite and‘basalt flows are found in
the ignimbrite (Hoffman et al., 1976). g
The next three seguences of the Camsell River -
Zcho Bay volcano-sedimentary belt: the Liﬁdsley Bay
(0-1160 m. of rhyolitic ignimbrites intercalated with
alluvial sediments), the Achook Island (110 m. - 810 m.
of andesite flows) and the Doghead Point (400 m. of
dacitic ignimbrite); resemble the previous three
sequences (Hoffman and NcGlynn, 1977) but do not occur
in the Camsell River ﬁ;eé/g:indo they host any (Ag, Bi,
Ni, Co, As) veins knewn‘to'the writer. These same two
conditions also apply to tﬁe uppermost Elizabeth Lake -
sequence (1200 m.) of ghyolitic.ignimbrites which resemble

ignimbrites of the Lindsley Bay sequence.

e .

S e e

AGreat Bear Lake Plutonlsm'
- The plutonlc basement of the Camsell River - Echo
Bay volcano- sedlmentary belt 1ncludes members of three
suites: a monzonlte-syenlte suite, an adamellite suite
and a granitic suite (Hoffmenn and McGlynn, 1977). Mem-

bers of the monzonite-syenite suite include the Rainy
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Lake and Balachey Lake plutons in the Camsell River
area (Fig. 4) and the Contact Lake and Glacler Laké
plutons in t;é Echo Bay area. The (Ag, Bi, Ki, Co, As)
veins of the Contact Lake liine are found inside and the
veins of the E1 Bonanza line beside the Contact Lake
monzonite (Furnival, 1939; op. cit., 1977). ‘

The Rainy Lake pluton is a differentiated sill
whose lower part consists of coarsely prophyriticwsyeno-
diorite which grades into an upper part composed of finely
crystallin? syenite (Fig. 4). There is a narrow chill
zone of porphyritic monzonite and thérevare satellite
intrusions of finely crystalline hornblende syenodiorité
(Hoffmah et al., 1976). The other plutons of the syenite-
monzonite suite are less differentiated but Badham (1973Db)
notes borders and dykes of aplite and porphyry related
to-thesegplutons.-.The dioritic intrusions and dykes In
“the Camsell Rlver VOlcano sedlmentary sequence manped by
ahegelskl -and Murphy (1972) also belong to this suite.

' The plutons of the syenlte -monzonite sulte have
'Tsharp contacts. are generally concordant with the volcano-
sedlmentary pile and are demonstrably synyvolcanic (op.
cit., 1977). Conglomerates in ignimbrite (Unit 3, Fig.

k) contain pebbles of quartz monzonite; the conglomerate
(Unit 8) near Balachey Lake contains plutonic clasts of
;syenltlc and monzonltlc composition (op. cit., 1976) and

/

pyroclastlc breoc1as at the Northrim Mine contain fragments
/mJ
7
/

J/



15
-~

of plutonic lithology (this study). The conglomerate
near Balachey Lake resﬁs unconformably on the Balachey
Lake pluton which intrﬁdes the lavas'aqd\flows north
of the Northrim liine (Badham, 1973b).

Plutons of the biotite-hornblends adamellite ¢
suite include the Hogarth pluton but even this pluton
occurs north of the (Ag, Bi, Ni, Co, As) occurrences
near fort Radium. Plutons of this suite are also
demonstrably synvolcanic (op. cit., 1977). They ére
slightly discordant with the volcano-sedimentafy pile
and afe surrounded by contact metamorphic aureoles
wider than those of the plutons of the syenite-monzonite
and granite suites (ibid., 1977). |

| Plutons of the biotite granite suite, often
porphyritic, include the Richardson Island pluton.
Thgy are very coarsely crystalline but unlike plutons
df the other two suites, they have chilled borders, are
) highly incordant an& post@gtg)folding of the volcano-
- sedimentary pile (ibié:tw197;). The granite plutons in
the north are preceded by northeast trending alkaline
porphyritic dykes. The porphyri?ic dykes described
by Badham (1973a;b) and mapped as granite dykes by
Shegelski and Murphy (1972) are most likely their
counterparts in the south. The porphyritic granite
dykes truncate the Balachey Lake pluton.

It should be stressed that some members of the
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granite sulte maylgot intfude the volcano-sedimentary
pile. In_ohe instance, the lowermost Hottah Lake
sequence rests unconformably on a granite which has
not been known to intrude any member of the vglcano—
sedimentary pile. The unconformity may represent the
paleotopographical surface of a pre-volcanic granite

(Hoffman and kcGlynn, 1977).

Great Beér Lake Structure

The QEysell River - Echo Bay volcano-sedimentary
belt has been broadly folded. Fold axial planes strike
northwest and fold axes plunge towards the northwest.
Northeast dipping limbs are the more prominent
(Foffman and Bell, 1975)'and folding increases in
intensity but decreases in amplitude towards some
plutonic margins (Badham, 1973a, b).” Thus plutonic
intrusion may have accompanied folding, and folding
may have accompanied volcanism since most plutons, for
example the one which hélped produce ptygmatic folding
in tuff beds near the Echo Bay iMine (Robinson, 1971),
are synvolcanic. Folding was probably accompanied by
faulting which in at least two instances is known to

3

be synvolcanic.

3Bgvidence cited includes minor northeast trending : . ..

faults of small displacement (Hoffman et al., 1376) and ”f?“éf:;‘Jj‘
a tectonically brecclated limestone immediately overiain '~ v

M 4
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The dominant faults of the Camsell River - Echo
- Bay belt, and of the whole of the creat 3ear Bathollth,
are dextral northeast trending faults which generally
' splay towards the Noomay Fault in the east.  llovements
~of up to several kllometres occurred along them and-
.thelr splays but only far lesser movements occurred
along faults of. dlfferent orlentatlon 7 Several kllo—
metre. dlsplacements of all plutonic, sedlmentary ‘and
volcanic lithologies suggest that the major dextral
movement of the northeast tréndlng faults occurred
after all felsice and- 1ntermed1ate 1gneous acthlty N
had ceased. | o

Faults are key features in the Camsell River and
Zcho Bay areas for they are the loci- of porphyritic
dykes, "glant quartz” veims, mineralized (Ag, Bi, Ni,
Co, As) veins and diabasic dykes. Porphyritic dykes
antedate major dextral movements along northeast faults
but "giant quartz" veins, which often occupy major north-
east fault systems (Badham, 1973b), must have been
formed contemporaneously during major fault movements
since they have been repetitively brecciated and in-
filled by later generations of quartz (ibid., 1973b).
Mineralized (Ag, Bi, Ni, Co, As) veins truncate por-

phyritic dykes north of the Northrim Mine (Dollery-Pardy,

T

‘*by a‘non brecc1ated conglomerate dontalnlng angular -
,vfragments of that same, llmestone near  the Terra Mlne
fﬁ(Badham. l973b) IS e SRR

! o -
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'maJor movements on the northeast faults, after the

18

unpub. ) and at the Lorex Mine but the Norex veins are
truncated in turn by\a diabase dykeb(oo. cit., 1973b).
The mineralized veins of the LChO Bay and aldorado
hiines have also been truncated by a diabase dyke
(Robinson, 1971).and diabase dykes truncate both -

#

"gliant quartz" veins and‘major'northeaet faults in

the Camsell River area (op. cit., 1973b). Thus both

the "glant ,quartz" veins and the mineralized (Ag, Bi,

,Nij Co. As) veins were emplaced synchronously with

‘u_intruSion of porphyritic dykes but before the'intru51on

| o? diabase dykes.

Age Relationships

Relative age relationships have been established
for the'Camsell River - Echo Bay volcano-sedimentary
belt and associated intrusive rocks. However, abéolute
ages may only be inferred from radiometric dating of
the rocks concerned. Dating of Echo Bay volcanie and
plutonic rocks yields a cluster of dates within Apheblian
times. A Rb-Sr whole rock isochron date of 177Qi30 m.y.
is accompanied by K-Ar hornblende dates of 1580+60 and

1650440 m.y. (Robinson, 1971; Robinson and Morton, 1972).

Other radiometric-dates from the same authors include .

. K-Ar hofrblénde dates of 1630 and 1690+40 m.y. and
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K-Ar biotite dates of 1650 and 1?00+20 m. y on a_
granodlorlte of the Glacler Lake pluton and 51m11ar
K-Ar dates on a granite-along the shore of Great Bear
lLake. U-Fb zircon dating of the same'granite at Echo
Bay ylelds an age of 1820+#30 m.y. (Thorpe, 1974). A
{-Ar bigti%e date .of 1785 m.y. (GSC 61-55) has been
'idﬁtained‘on~aIé;anodiorite in the Camsell River area
b(Low@on; 1961)

- Radlometrlc dates of Proter0201c age. have also -,
been obtalned from diabase dykes ‘and mlnerallzed .
, ;veins A Rb Sr whole rock 1sochron date of lb25+48 m.y.

_on the dlabase sheet at Port Radlum is accompanled by
a K-Ar bldtlte;hornblende date of lb00+75 m.y. on a
dlabase sheet 25 kllometres northeast of Port Rad#ym
'(Thorpe, 1974). U Pb pltchblende dates averaging

1445+20 m.y. have been determined in the mineralized
1veins at the Zldorado liine but the model Pb age ob-.
tained from ordinary yeip'galehas‘from.ﬁhevEquraq&. o
Echo BgyAahd No%examinés”is i63313u m.y. (idid., 197&)5f
Thus the diabase dykes at Port ﬁadium, and'pfobébly |
throughout the Camsell River - Echo Bay volcano-
sediﬁentary belt, appears to be younger than the
mineralized veins or any other lithological feature.
An exception would be the magnetite-actinolite veins

dated at 1420+60 m.y. applying the K-Ar method to

actinolite (Robinson, 1971). The "skarn" at the
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Terra Mine and a“gaiene'veiﬂvon Ciut Island, shere a ’
model Pb date of about 1780 m.y. (op cit. lQ?h)

The radlometrlc dates are conSIStent with fleld -
'veVldence as to the syrvolcanlc nature, of the plutons,
the Apheblan age of the rocks,‘and “the SUCceSSlon
-of dep051tlonal and tectonic” events. The dates aleo
indicate that there hasvnot been any intense‘regional
scale thermal metamorphism ‘since the ApheblanAo Lore
{speclflcally, reghonal rock temperatures have not .
exceeded 150-200° C”‘31nce 1600 m.y., the 1nferred d
Fmaximﬁm temperatureVat.wh1ch'b;dtite lésesf§0Ar (Hartf

et al., 1958; Noorbath, 1971).
ol



4'L;fhology
(a)_ Flows

»“T“Thé dbminaﬁt host rocklfor.thé sil%ér-bgéri;g
veins of the Northrim.iine is basalt. The basalt is
generally massivé, does not appear porphyritic and
cgnta;nsifeQ“yesicles (Plate I-1).. If varies 1in .
color depending on the predominant hinefalw -gray and
grayish pink basalts contain more albite, yellow green
Eaéa&ts moreeébidofé: dark green basalts more chlorite
and black basalts more magnetite than the more standard
intermediate green variety. The‘béSalt is composed of
a non—alignedsalbite microlite (0.05-0:5 mm.)'matrix”
with interstitial and intersertal chlorite, magnetitel
. caleite;”dblomife{mbiotite. amphiboles, apatite, pyrite,
ilmenite and spheﬁe.‘ Labradorite,and,pyroxéne phenq—
‘cryngAWere.ﬁfeSéﬁf ﬁﬁt‘thé-labradorife has béeﬁ”altéred'”.
‘ tb'e§iddteI-alg;fe{'seriéite, quartz.ahd/of carboﬁaté
and the'pyroxené has been altered- to actinolite, bio-
tifé,'chlérite,sphene,pyrite; ilmenife’and/or mégnetite.
Phenocryst outlineévmay still be observed‘in most speci-
mens (Plate I-2) ahd phendcryst replacement minerals are
idéntical‘to those in the few vesicles found in the

. - common .Northrim basalt.
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PLATE I. Major Rock'Units.

.1-1.  Won-porphyritic basalts. -The-core at the top of
the imaze represents a dark green, chloritic lava which
has been brecclated. - The light rims "adjdcent to the.
chlorite lnterfragmental spaces are carbonate-rich. Two
examples of calcite-mineralized vesicular ‘basalts are
also shown. The one which grades into mottled non-
vesicular material of the same flow contajinss chalco-
pyrite (cp) mineralization, and the other whlch is by
far the most vesicular 1ava found at the Northrim Mine
contains pyrite (py) mineralization. 0.7x actual size.

SErYR Popryrific"léfifé' “Transmitted ‘1ight image.’
X nicols. Albite microlites with interstitial magnetltef
biotite and chlorife. Area: 2.7 x 2.0 mm.

I-3. Pornhyrltlc latites. The core at the top repre-
sents the common green andesine-pbrphyritic variety and -
the core at the bottom represents the marker brick-red
anorthoclase(?)-porphyritic variety found in the Northrim
sequence. Phenocrysts of the latter unit are cloudy in
thin section and contaln appreciable quantities of K. 0.7
¥ actual size. '

I-4, Porphyritic latite. Transmitted llght X nicols.

Two, andesine phenocrysts, whose boundaries h - been cor—."5'“

“roded’ by matrix solutions, occur in an alblte 'ﬂorlte'
V>matr1x. .Area:r 2.7 x 2.0 nmm. - :

I-5. Pyroclastic brecc1as Three examples, one of

them a magmato-pyroclastlc breccia with large plutonic
Hclasts, ‘ahother a’ w&nnowed (¢f. reworked) pyroclastic -
“breccia with smgll basaltic .and plutonic clasts and a  °
-sulfide pyroclastic brecéia are shown on the image. -
Sulfide pyroclast boundaries have been altered sllghtly

by sulfide mlneral flowage.

I-6. Trachybasalt fragments. Transmltted llght ;
Plagioclase phenocrysts have been replaced pseudomor-
phously by carbonate (white). The hexagonal mineral
may have once been apatite. The black mineral is
magnetite. Area 2.7 x 2.0 mm.
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Treﬁolite-actinolite is the cgpmon amﬁhibole
"and there are blué to colorless Na' and Fe+3.rich
amphibole needles whbse composition and .optics change
during crystal growth off vesicle walls and inside
ormer phenocrysts (R.flambert, pers. comm.). 3iotite
is pleochroic in deep greens and replaces both amphi-
boles and is in.return replaced b; chlorite. Much of
the chlorite is a penninite variety with mauve and
Berlin blue interference colors, but there are chlorites
with normal interference colors. Chlorite and biotite
~appear dark brown next to pyrite but not to sphene,
magnetite, ilmenife. and other mafic minerals.
Vesicular basalts, seemlngly ron- porpbyrltlc
Y and resembling the previous basalts in all other charac-
,.terlsﬁlcs (Plate-I—l) have been found in the sofhern
half of the mine. Ve51cles (1 mm. - 2 cm.) are filled
with calcite,'chlgrite, a sodic amphibole, epidote,

pyrite, chalcopyrite pyrrhotite, magnetlte, ilmenite,

.

sphene, apatite. quartz and/or albite. Albite mlcroliﬁes
‘and quartz anhedra occur most often along vesicle walls:
apatite is a sporadic constituent; ilmenite and magne-
tite sometimes rimmed by sphene, occur‘both as skeletal
and euhedral masses with calcite, chlorite, epidote
and/dr amphibole needles; pyrrg%tite, chalcopyrite and
pyrite may fill vesicles combletely. but they may also

occur with other vesicle minerals and in such instances

.
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they often overgrow vesicle-matrix boundaries; epidote
has orly been obseg&ed with calcite, chlorite and quartz
in some vesicles f%om the southern half of the mine; the
sodic amphibole océurs as needles growing off vesicle
walls; chlorite andlcalcitegare by far the most abun-
dant vesicle filling minerals, and either may rim
vesicle walls even when other vesicle filling minerals
are present. All basalts and tuffs have a few veéicles
and the specific vesicle minerals present are those
which replace phenocrysts and matrices in their re-
spective hosts.

Dark green, generally non-vesicular, porphyritic,
andesites and latites (Plate I-3), conformable with
other rocks in the Northrim sequence; are found through-
out the mine. Broken, non-oriented, relict andesine-'J
labradorite phenoérysts (0.5-5 mm.) are characteristi-
cally enveloped by an albite microlite (0.05-1 mm.)
matrix containing intersertal and interétitial chlorite,
amphiboles, biotite, magnetite, ilmenité.:pyrite. sphene
apatite, dolomite and calcite. Phenocryst centers are
sometimes altered to calcite, biotite and epidote and
phenocryst-microlite boundaries have been corroded

(Plate I-4). A sodic alteration rim representing

albite replacement .of labradorite phenocrysts is

common. Phenocryst-microlite boundaries are also, < - .

overgrown by chlorite, amphibole, biotite, calcite,
IS s »
R N - LY -\Pw ﬁ ’ * ’g,
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magnetite, ilmenife-and pyrite crystals and patches
put all these minerals except calcite may be found as
skelefel masses replaced by another generation of
aibite microlites. One such skeletal mass.consisted
of alternatlng pyrlte and magnetlte )

A curious brlck red variety of porphyritle
latite (Plate I-3) occurs on the north end of the
decline at the 060 level. Texturally it resembles the
dark green porphyritic andesite but there are two
important differences. Andesine phenocrysts (0.5-3 mm.)
are more highly altered to epidote, biotite and calcite.
Magnetite is rare and where present has been replaced
by hematite: a fine hematite dust also permeates the
whole rock. Hematite accounts for the brick-red color
of the rock but both the hematite and the red color is
restricted to this ﬁnit. The lithic lapilli pyroclastic
breccia below and the non-porphyritic basalt above are
green and magnetic. The porphyritic latite is locally
magnetic and gray-greeh only within 0.5 metres of the
lower and within 2 centimetres of the upper contacts.
Both chtacts are sharp and the red color does not
occur with high K-feldspar content, unlike the brickf
red altered rocks adjacent to some vein structures.

Therefore, the brick-red coloration of the latite isf

an original magmatic characteristic representing high

bxygen fugacity. Red lavas and tuffs of this nature
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‘are found in island arc volcanic rocks of HNew Zealand

(Coombs in Amstutz, 1974).

(b)  Pyroclastic Breccias
. Lithic lapilli and agglomergtic pyrqclastip

breccias (Plate I-5) are most common in tﬁe northern
half of the mine. The breccias are composed of
angular, blocky, non—ofiented and poorly-sorted.
fragments set in a matrix of non-oriented, non-clastic
biotite, chlorite, magnetite, pyrite and albite. The
coarser agglomerates coﬁtain numerous clasts of finely
crystalline and coarsely crystalline, light-colored
and dark-colored porphyritic and non—porphyfitic,
syenites, syenodiorites and monzonites of various
textures, with or without andesine/labradorite pheno-
crysts (0.5-3 mm.). The finer lapilli pyroclastic
breccias contain more clasts of basalt, especially a
highly magnetic variety particularly éom%fn at the
base of the\pyroclastic breccia-dominated sequence at
the Northrim Mine. Lapilli breccia matrices are more

variable than agglomerate matrices: some lapilli
‘-matrices are composed almost completely of crystal
and lithic fragments but others resemble basalt lavas,
for the ffagments are éffén completely separated by‘

rion-clastic secondary minerals. Plutonic fragments

&



of the granite-granodiorite suite are conspicuously
absent in the breccias. .
Pyroclastic breccias are altered in the same
manner as the other Northrim rocks. liagnetite batches,
prominent in the inter*ragmental matrix, transect
- Pyroclast-matrix boundarles as do biotite- chlorlte'J
Patches, pyrite cupes, chlorite veinlets, epldote
needles and calcite-chlprite-dolomite- etc. masses
and stringefs. Some ﬁyroclast plagioclases have been
irregularly replaced by epidote, aibite. quartz and
carbonate; all hornblendes (?) have been ;eplaced by
biotite, chlorite, sphene, pyrite, ilmenite, ang mag-
netite. The latter three minerals also overgrow
.plagloclase
Volcanoclastic sediments are found within the
pyroclastic breccias of thevnorthern half of the mine.
They are of three kinds: a poorly sorted and poo;ly .
graded variety with oriented, lapllll -sized, sub-
angular to subround and varled—colored volcanic and/
plutonic clasts (cf. reworked pyroclastic brecc1a)
a moderately well- sorted but poorly-graded variety
with many angular plggioclase (to 2 mm.) ang a few
subround magnetic b?salt (to 3 mm.) fragments set in
a chloritic- fragmental matrlx (cf. reworked crystal

tuff) and a moderately well- -sorted, non- graded variety

with round granules, mostly of volcanlc provenance (cf.
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. 'isifgund:.eonly.-as .two -bands less -than’l.centimetre: wide..

volcanoclastic sandstone). The reworked pyroclastic
breccia (Plate I-5) is particularly abundant in the

mine; the reworked crystal tuff occurs 5 metres north

of the 056 level sump; and‘the.volé@ﬁddlasficfsandstone_

apliece and less than 5bcentimetres apart within the
reworked pyroclastic breccia.-

Trachybasalts are uncbhmoﬁ'hésf'rbcké of the
\oqthrlm mine but the& are common elsewhere in the
;;ggell River area (Badham‘ l973a b). Trachybasalt

fragments occur in volcanic flow and pyroclastic

breccias and in such insténces are recognized by their

Jhigh magnetite content. One example, a pyroclastic

“breccia fragment (Plate I-6) contains relict plagio-

clase phenocrysts completely replacéd by carbonate
and set in a matrix almost completely replaced by
magnetite and ilmenite. Another example, a trachy-
basalt flow, has beén intensively carbonatized and
its phenocrysts and matrix are#¢omposed of the alter-
ation assemblages and}fextures_éharacteristic of the

<

non—trachytic‘basaltéj

(c) Plutonic and Hydrothermal Units '
Magnetite-apatite-actinolitethematite bodies

have not been found in the Northrim Miné but there

are several lenses a few kilometres north (Fig. 4).
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All are located 'in brick;red. hematite-dusted, potassic

‘volcanic rocks. In one, pegmatitic magnetite octahedra,.

orthoclase laths and apatite columns intrude'a‘feldspath?
ized andesite; ~In another,ﬁspeéular hematite 1s dis-

semlnated throughout a ser101t1c and chlorltlc matrlx

o>

In another, magnetlte fills fractures w1th1n a brecclated?

andesite which has been highly metamorphosed The
%reccla fraEments contaln chlorlte w1th bronze-yellow
1nterfer”nce/colors, feldspars, epldote, actlnollte,‘”
ilmenite, magnetlte andlﬁyrite" The latter mlnerals.
have been partlally‘altered to sPhene and hematlte .

There were no contact textures (e g. chilled borders)

observed save for local centlmetre scale hematitic -

)'«alteration of the host rock matrix Contact meta-

7

morphic minerals such as scapollte and tourmdaline
were not observed although the occurrences are situ-
ated close to"%the Balacney Lake pluton and well w1th1n
that pluton's feldspathlzed contact aureole (Dollery-
Pardy, unpublished»nine retorts).

reldspathized volcanic rocks also occur at the
Northrim Mine. Theyoccur erratically along vein
structures and xenoliths of these rocks occur within
the veins themselves, especially amongst the earlier
phases of mineralization. These rocks are identified
by their deep brick-red color along vein margins and

their gray green color further away (Plate II-1).

o
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PLATE II Iulnor Rock Units.

II-1. reldspathazed and ‘hematized- lava sequence - The -
most intense feldspathizatlen and hematization occurs

" adjacent to the mineralized dolomite- quartz veins. The.

lighter gray areas are the ones where feldspathization

and hematization occur: the core taken furthest from

the vein is only 'albitized along. three strlngers.

cII—2J Porphyrltlc syenlte dyke. Transmitted light.
image. A relict feldspar.crystal has been- replaced

: pseudomorphously by quartz crystals. Area: 2.7 x 2. O mm. - -

I11- 3 Porphyrltlc syenlte dyke . Transmitted “light.,
Relict hornblende phenggrysts have been replaced pseudo-
morphously by green bidte (gray), sphene (dark gray)
¥ smaller dark gray crystals are
P Other orthoclases in the same
been altered. Area: 2.7 x 2.0

thin section have hig#
mm.

IL-4.  Porphyritic monzonite dyke. Transmltted llght
Quartz (white) 'and carbonate (gray) have pseudomorphously
replaced a-relict plagioclase crystal. Epidote needles
surround the pseudomorphs.’ Some other plagioclases in
the same section have hardly been altered. Area: 2. 7 X
2.0 mm.

ITI-5. Sulfide-oxide lens. Reflected light lmage
liagnetite (dark gray) and chalcopyrite (light gray)
crystals are present in this section. The magnetite
crystals have been fractured. Area: 1.9 x 1.4 mm.

11-6. Brecciated sulfide mass. Reflected light.
Pyrite (gray) has been tectonically brecciated. Some
of the fractures have been filled by sphalerite.

Area: 2.4 x 1.9 mm.
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Tho'rcd color i§" imparted by flne gralred hematlte»:"('w.“~a
" <hJ/, the gra;‘éréen color . 1s lmparted by “_felﬁsnar
and/or albite. In both the brlck—red and gray-green
altered lavas.‘Kjfeldspar laths (1u - 51) are dominant
but albite becomes dominant towards the outside edges
of these altered rocks. Relict_pyroxenerphenocrystS»
have been completely altered to»biotite; chlorite,
sphene, 1lmen1te and/or magnetite; relict plagioclase
phenocrysts have been completely altered to epldote
ser1c1te (?7) and K- feldspar.' The ground mass is
composed of K-feldspar, quartz, albite and the alter—
ation mlnerals Just mentioned. lagnetite and to a °
lesser extent, ilmenite, may be comp%ftely absent from
the most iﬁtensely altered rocks and/replacement tex-
tures aie more regular towards the outside edges of the
fel&spéthized volcanic rocks. The feldspathized rocks:
have the relict textures of the other wall rocks that
'/{hey‘grade into but they are characterized by their more
altered nature and by the presence of abundant K-feldspar
ahd/ér‘albite; Carbonatq may replace all alteration
minerals locally in the feldspathized rocks adjacent
to mineralized veins and stringers but only carbonate
stringers are abundant throughout these rocks;
Porphyritic dyke rocks of the granite.grano—
dlgrlte suite are numerous l kilometre north the

mine %nd two samples were available for study The
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' flrst a grarlte..contalns non orlenfed megacrysts of

PR 3

. serlc1t1zed and silicified orthoclase (2 lq*mm +)

sericitized and epldotlzed ollgoclase (3-15 mm. +) and
-chloritizeqfand-titanltlzedvhornblende (1-5 m.), set
in an aphanitic matrix of‘quartz,.orthbclasecahd albite.
Quartz pcrphyroblasts (3-15 mm.#) may assume the shapes
of feldspar laths (Plate II-2) but replacement of feld-
spar By quarti»is variable'in intensity: the feldspars
may have been replaced completely or hardly at all.
Orthoclase megacryéts have been replacedrb§ chTorite
and albite along fractures; oligoclaseﬂmegacrysts by
biotite, orthoclase and chlorlte along fractures, and
hornblende megacrysts have been replaced dlrectly by
ilmenite, pyrite sphene, biotitevand chlorite (Plate
I1I-3). Sphene may also rim ilmenite and overgrow
feldspar. The quartz borphyroblasts show smooth requ
lar outlines with gae matrix; the oligoclase and ortho-
clase megacrysts corroded outlines. The relict feldspar
and hornblende,megacrysts are. remarkably-fresh compared
to those of the volcanic rocks.

The second sample, a porphyritic granodiorite
(cf. quartz monzonife) is somewhat similar.. It‘consists
of non-oriented epidotized oiigoclase (0.5-6 mfi.) and
chloritized hornblende (0.5-3 mm.) phenocrysts set in
an aphanitic matrix of quartz and albite. Pseudomor-

phous replacement of oligoclase phenocrysts first by



) qﬁértz,.then by calcite, has been beautifully pfe%epved
(Pléte I1-4)) Oncé aéaiﬁ, réplacementjéf plagioclase

, phenocryéts bj quartz (and ih this instance. calcite)1154
| a,variable‘process.i Oligoclase fractures are occupied

by cﬁlorite. calcite and epidote; hornblende phenocrysts
are replaced by ilmenite, sphene, chlorite and calcite.
Calcite and chlorite patches overgrow phenocryst and
matrix minerals.

Alteration of porphyritic granite-granodiorite
dy¥xe rocks resembles alteration of volcanic rocksésince
the secondary mineral assemblages and their respective
replaqemehf featufés’are nearly identical. Differences
are few: quartz is an uncommon secondary mineral in
the highly aluminous but silica-poor volcanic rocks
and tremolite-actinolite and other secohdary amphiboles

have not yet been found in the more felsic dyke rocks.

(d) Volcanogenic Massive Sulfides

Sulfide minerals are abundant’throughqut the )
Nortﬁrim Mine and they occur as disseminated crystals,
irregular masses, vesicle fillings, fracture fillings,
vein mineralization and discrete lenses throughout the
Northrim dine. Pyrite is by far the m;st‘common sul-
fide”and it, chalcopyrite, sphalerite; galena and pyrrho-

tite, occur in wall rocks far removed from mineralized

veins.
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Discrete sulfide lenses have been found in the
Northrim Mine. These“lénses are thin (0.2-1 m.),
narrow (0.5-2 m.)“and short (1-5 m.) and they are
numerous, especialiy near the major/flow to breccia
transition and the OdO and 014 vein structures. Their
long and intermediate axes lie on planesmoriented
parallel to flow and bedding contacts and thérefore
these lenses may be magmatic deposits related to their
host lavas, tuffs and breccias in the Northrim liine.

One small lens, a magnetite-pyrite—éhalcopyrijep"

'silicate mass (Plate 1I-5), occurs on the decline north

of the 210 level drift. Chalcopyrite and pyrité’"ialeb%:
(0.5-3 cm.) are intruded by elongated idiomorphic még—
netite crystals (0.2-2.5 mm.). llagnetite-sulfide con-

tacts are idiomorphic and magnetite inclusions (1-10u)
are abundant inside non-brecciated pyrite crystals and

hence magnetite and the two sulfide minerals are, thought

to be coeval. No exsolution lamellae were observed

in the magnetite and this magnefite most likely contains
low Ti+4, Fe+3, V+u and Mn+4 in solid solution. Two
vesicles (0.5, 1.0 cm. dia.) composed of calcite,;
quartz, actinolite and chalcopyrite embay the magnetite-
sulfide mass. Vesicle actinolite and quartz intrude the
host sulfides but not magneti?é and neither host-magne—‘
tite nor pyrite enter the vesiblés. One vesicle assumeé

.
a shape which pseudomorphs an iééyetric.mineral,’perhaps

: /

/

{
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a zeolite and hence the host lens_is demonstrably pre-
metamorphic and most likely syngenetic with the associated
silicate rocks. 30th mineralogy and texture are sinilar

to samples of the metamorphosed sulfide—magnetite ore

bodyﬂat Balmat, New York seen by the wrlter at the

%%1ver51ty of Western Ontario.

}&ost lenses contain no magnetite and”are'numerous -
near the 000 vein structure. Iilinerals observed include
pyrite, marcasite, chalcopyrite, sphalerite, galena and
ilmenite. All prlmary and secondary sulfide minerals
aﬁd lenses are transected by mlnerallzed gquartz- carbonate

stringers and veins representing all stages of vein min-
eralization. In massive varieties, 1i. e. lenses almost
completely composed of sulfides and having sharp con- Q
tacts with all host rocks, pyrite and sphalerite por--
phyroblast$ (0.1-4 mm. and up) stand out from their
finer crystalline,marcasite-pyrite-chalcOnyrite matrices.
In tectono-brecciated varieties (Plate II-6), by far the
more common, brlttle pyrite and/or marcasite crystals
have been broken into smaller fragments (0.01-1 mm.),
morphologically para%;el to ESE rock cleavages. Inter-
fragmental spaces may then be filled by sphalerite,
‘chalcopyrite, tremolite, chlorite, quartz, feldspar
and/or carbonate and fractures may be filled by later
quartz- carbonate vein mineralization. xarca51te, a

low temperature polymorph of pyrite, often occurs as



masseé réplaced by pyrite. Galena and ilmenite are
only'éccessory minerals of the sulfide lenses.

Two sulfide pyroclastic breccias were found
and both occur iﬁ horizoﬁs,conformable to other beds
of the Nbrthrim Mine. The first, a lapilli pyroclastic
'bréccia at the 000 north drift, consists of slightly
bfoken. non-oriented, subangular pyrite fragments (1-8
mn.) set in a matrix of smaller silicate fragments.
The second, a pyroclastic'breccia of subround to sub-
-anguiar pyrite—chalcopyrite 1apilli and bombs, was
found in core drilled 70 metggs south of the 125 level
drift along the decline. It'is described below.

Thehbottﬁm contact ;f‘the second pyroclastic
breccia is sharp and conformable with otherypontacts
observed in core sections from the same hole. Sulfide
pyroclasts decrease in size upwards from the bottom,
and at 0.4 m. above the bottom contact, all traces of
fragment out}ines disappear. Larger pyroclasts are
more regular than smaller pnes and ;ﬁaller ones become

less regular and less dlscernlble than the larger ones

towards the" top o{vﬁhe unit Chalcopyrltlc and pyritic

R
S

Efly discerned; sphaleritic

G

'“..)-'Mn' 13N

pyroclasts ‘are mdﬁ%Q”
pyroclasts less so15¥3$bgna is a constant but less
' abundant member of some’ pyroclasts « The top of the
pyroclastic breccia is truncated by a 4 centimetre .

thick quartz-carbonate vein and several quar‘z-carbonate
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stringers truncate sulfidé pyroclasts and masses below.
Some of the pyroclasts and masses have been rimmed by
carbonate (TFlate 111:1) and intruded upon by -idieblastic
quaftz (Flate III-2). | "
The larger (0.5-3.5 c@.), more easily discerned
pyroclasts near the-bottom4vathe unit, consist of non-
oriented pyrite fragments (%.65-1 mﬁ.)'set in a chaléo-
pyrite;mafrix (Platé'IiI—l). The pyrite fragmenté occur
as random clusters which;form regular crystals/fragments
upon reconstruction fragment by fragment. The chalcd—
pyrite matrix and pyrite.fragments nevertheless fofm.
~a pyroclast with subangular o¥tlines despite any matrix
replacements (Plateé iIi-l. IIf-Z),and despite possible
sulfide flowage. The pyrite-chalcopyrite pyroclasts
themselves are variable in size and grientation and
hence they wefe emplaced under free-fall conditions.
The py;ite fragment - chalcopyrite matrix texture is
similar fé some breccia textures found in the massive
sulfide ores of Outukumpu, Finland (Ramdohr, 1969).
The texture at Northrim is thought to be the result of
two phreatic explosions: the first, a contained ex-
plosion which brecciated pyrite in place, an event
followed by chalcopyrite infilling in place; and the .
second, a non-contained explosion, which broke and
scattered the sulfide pyroclasts which subsequ 1tly set-

tled into their present positions. The pyri- . fragments



PIATE III. Sulfide Pyroclastic Breccia

III-1. Reflected light image. A sulfide pyroclast,
consisting of pyrite fragments (white) and a chalco-
pyrite matrix (light gray) is enveloped by a carbonate
(black) rim. The pyrite fragments occur in clusters,

each of which may be rearranged into idiomorphic crystals.
Chalcopyrite has filled the interstitial .space between
pyrite fragments and some chalcopyrite has filled inter-
stitial spaces between carbonate rhombs. A relict
sphalerite (gray)-chalcopyrite (light gray) pyroclast
occurs in the upper left corner. .

III-2. Reflected light. Another pyroclast, similar
to the one before, has been extensively replaced by
quartz (qz) and chlorite (ch). Quartz, a mineral un-
common in the Northrim rocks, may have formed during
exhalative activity. Chalcopyrite and sphalerite fill
the spaces between pyrite fragments. !

III-3, III-4. Reflected light. Chalcopyrite-sphalerite-
pyrite flow structure. Pyrite fragments (white) and
sphalerite (dark gray) lamellae align parallel to one
another in a chalcopyrite-dominated field. Note the
changes in alignment: these may correspond to dif-
ferences in present individual chalcopyrite crystal
“orientations-and may indicate relict, melded pyroclasts.
Pyrite fragments maintain their brecciated outlines, the
sphalerite and chalcopyrite material does not.

ITI-5. Reflected light. Relict sphalerite pyroclast
with exsolved chalcopyrite inclusions (white). Numerous
galena inclusions of this size (not photographed) also
occur in this relict sphalerite pyroclast. The dark
gray mineral is calcite and it rims numerous pyroclasts.

111-6. Reflected light. Galena (white)-chalcopyrite
(light gray) eutectoid intergrowth. Sphalerite (gray)
and .quartz (black) slso occur in the image. This tex-
ture results from sulfide recrystallization and triple
junctions are discernible within the chalcopyrite on
the original photograph. The sulfide recrystallization
almost certainly occurred during regional metamorphism.

The white bars of this plate and the ones of succeeding
plates represent 50 v sample distance.
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PILATE IV. Sulfide Mineralization.

Iv-1. Reflected light image. Chalcopyrite (white)
and sphalerite (light gray) has been partially replaced
by felty biotite, fibrous actinolite and by clear feldspar.
A quartz stringer containing chalcopyrite and sphalerite
oceurs within the left side of the image.
. / )
IV-2. Reflected light. \"Pyrite (white) and sphalerite
(1ight gray) has-been enveloped by biotite (felted gray) .
The matrix mineral igxfeldspar.

. S \
IV-3. Reflected light. Pyrite-chalocpyrite pyroclastic
mass veined by sphalerite (dark gray). Galena veins may
also occur and both galena and sphalerite veins are
gspatially continuous with sulfide mineralization inter-
stitially emplaced between carbonate rhombs. Quartz
veins (black)’ occur towards the edges of hest pyroclasts.:

IV-4. Reflected light. Galena (white) and chalco-

pyrite (light gray) mineralization in veln quartz which
truncates the sulfide pyroclastic breccia of previous
images. Idiomorphic hexagonal crystals of quartsz (gray)
and a matrix of dolomite (mottled gray) are also present. .,

IV-5. Reflected light. Pyrite cube (white) whose |
fractures have been filled by chalcopyrite (light gray)
occurs as a xenolith in vein dolomite (black).

Iv-6. Reflected 1light. Black sphalerite (white) vein
crosses brown sphalerite (white)-rich wall rock. A few
chalcopyrite (light gray) blebs also occur in the wall
rock. The sphalerite vein has been truncated by a
felted mass of biotite (bi). The vein sphalerite (v)

" has a slightly different composition than the host
exhalative (?) sphalerite (h)--element concentrations
of these two varieties have been included in Table 7.
One grain of cobaltite (w) occurs in this image.

o
; o~ |
The white bars of this plate represent 50u sample distance.
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were broken in-place and their interfragmental spaces
were filled by chalcopyrite before and not after the .
second explosive event since chalcopyrite and pyrite
Together formed the pyroclasts and the pyroclast
surfaces were nelther broken nor separatqd in the same
manner as the pyrite fragments.  The same observation
precludes a post-depositional, tectonic fragmeﬁtation‘
of pyrite as does the spﬁéroidal shape of the pyrite
fragment clusters themselvés. The large size of some

heavy sulfide
L

lasts (l-3/tg;)ﬁ§3§gest that the ex-
plosion occ ;pééﬁf\_g/went well within 2 kilometres
of the present riine, a suggestion confirmed by the
pfg;;nce of even larger (up to.18 cm. ) monzonitic
pyroclasts in the agglomeratic pyroclast breccias
elseWhere in.fhe Northrim Mine.

Smaller Pyroclasts are discernible near the

"bottom of the unit but become more irregular towards

the top. Chalcopyrite-sphalerite intergrowths, some of
which resemble pyroclasts in shape, may also contain |
pyrite fragments (Plate III-3). Pyrite "rafts" (i.e.
fragments) and sphalerite "islands" have been aligned
parallel to one another and this alignment may change
direction but not form, within fractions of a millimetre.
This alignment cannot be an exsolution feature since

the pyrite still retains its fragmental outlines and

the proportion of sphalerite to chalcopyrite is too



high., The present alignment does not coincgde with
pyroclast outlines and can only be accountéé for by
recrysfallization and "plastic" flowage of chalcopyrite
and sphalerite. Some chalcopyrite-sphalerite inter-
growths and pyrite fragments are found together in raral-
lel alignment; (Plate IV-4) and this indicates some
sulfide flowage occurred undér directional stress.

This siress is thought to b%rxectonlc since any sulfide
mineral alignment dlsplayed is parallel throughout

the breccia but is not parallel to the pyroclastic
breccia contact.

" Sphalerite masses (1-5 mm.) with numérous random
¢halcopyrite (5-50p) and a few random galéna (10-50u)
inclusions (Plate III-5), characteristic-of higher
temperature sphalerites in massive sulfide deposits
in general, and Kuroko deposits in particular (K.
Hattori, pers. comm.), appear to have clastic outlines.
Eutectoid 1ntergrowths of galena and chalc0pyr1te are
common (Plate IV 6) and- are far more 1rregular than
1ntergrowths of other sulfides. Pyrlte fragmeﬂts
are few in chalcOPyrlte-galena and sﬁhaleriteigalenai
chalcopyrite pyroclasts and masses .and this probably
reflects an original bottom (Cu, Fe‘sﬁlfides) to top
(Zn, Cu and then Pb and Zn sulfides) segregation of
minerals of the original non-brecciated source deposit.

All pyroclastic sulfides have been pértially
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replacéd by matrix carbonaﬁg (Plate III—1{< quartz
(Plate III-2) and tremoliﬁé (Plate§\¥Y<}Jf£N-2). If
the space now occupliled by the reﬁléciﬁg minerals was
once occupied by the replaced sulfides wi%hout'aigorf
responding displécement of the sulfide minerals upon
replacement, an extremely likely event indicated by
interpolation of sulfide mineral boundaries, then some
portion of the sulfide minerals mﬁst havg been broken
down to soluble’éomponents and - these components mustx
~have been taken away’by solutions similar to thase
which contributed to the growth of the replacing ‘min-
erals. The presence of corroded and embayed sulfides
on sulfide-quartz and sulfide-carbonate boundaries is
also highly suggestive of metal and sulfur loss and
the.pfeSence of sphalerite and galena-rich séﬁﬁ%gers
truncatiﬁg brecciated mineral structures (?late 1V-3)
indicates that, some of this metal and sulfur may have
precipitated close to the breccia source. Such
stringers are assoéiated within pyroclasté rimmed by
carbonate and chalcopyrite, galena and sphalerite may
f£ill the interstitial-spaces between individual rim , -~
carbonate and quartz crystals (Plate IV-4). The writer

regards the presence-df interstitial chalcopyrite,

galena and sphalerite in cafbonate stringers and the

L centimetre wide vein which crosscut the sulfide pyro-

clastic breccia textures as no coincidence: these



A

mineralsAwere precipitated from the hydrothermal tein'
SOlutions;'most likely the very ones responsible for
the corrosion and Moblllzatlon of the nearby sulflde
mlng%als fdun ld:the“wall rock. The interstitial
sulfide mlnerals are not to be confused with the occas1on-
al xenollths of brecClated pyrlte chalcopyrlte matrlx
pyroclasts and“ suuafirlte cﬁgﬁtal - chalcopyrlte hfjf"'“;
incluslion masses (Plate IV«S) ~found in a mlnerallﬁednxgag?

: “z & % < :
stringer of the 000 vein structure These xenoliths.

{

represent physical, rather than chemical addition of
sulfides to”the mineralized, veins. "ié

The continuum betweé& sulfide bodies havlng
primary cﬂaracteristics and those having secondary
characteristics is not restricted to the example
above. Sulfide laminae, now recrystallized ‘to ewredral
pyrite (0.1-3 mm.) and/or euhedral arsenopyrite and
cobaltite (0.1-2 mm.), may be completely conformable
with bedding contacts or sometimes with the dominant
ESE cleavage, like the more massive, tectono-brecciated
" lenses above. Sulfide flow bands, consisting mainly of
chalcopyrite, sphalerite andvgalena,vare conformable
with the dominant ESE fracture cleavage in the same
manner as these same sulfides in the more massive
bodies. Vesicles may be completely filled with calcite
and/or sulfide minerals, particularly pyrite, chalco-

pyrite and pyrrhotite. Sulfide porphyroblasts and



sulfide-dominated stringers are abundant wherever host

rock sulfide mineralization is found next to fracture

-

systems hosting mineralized veins. In oné ins
black sphalerite-dominated stringers truncaté a brown

4

spha%erite-ddminatéd host Tock (Pl&te IV-6). A fiYrous
mafié silicate (prdbably actinolite) and K-feldspa
feplace the sulfides in the same host rock and stringers.
All secondary suifide textures, except for the sulfide-
rich stringers have been truncated by mineralized
quartz-carbonate véins. The mineralized quartz-carbon-
ate veins are clearly a late-stage post-sulfide minerali-

)

zation feature.
The primary and secondary minerals and textures
observed in volcanogenic massive sulfides at the

Forthrim Mine are common to all Precambrian and most

)
P2

rhanerozolc volcanogenic massive sulfide deposits

(Sangster, 1972).

Deposifional Conditions |

The Northrim wall rocks are volcanogenic. They
consist of pyroxene-porphyritic and labradorite-por—
phyrific basalt flows, andesine—lépilli crystal tuffs,
magmato-pyroclastic flow breccias and 1lithic lapilii
and agglomeratic breccias. Volcanoclastic sedimentary
rocks are few and the only cémmon variety, a reworked

pyroclastic bréccia.’is very poorly gréded and sorted.

7
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“he "orthrim rocks were emplaced in a high relief, RN
high energy surface environment where sediments did
not accumulate.

The great size of lithic fragments in the pyro-

~

clastic breccias indicate that the Northrim rocks were

emplaced within 1 kilometre of a volcanic centér.
Their extremely poorly sorted, non-graded, disordered
and n?n—lamihated nature suggest not only gaseous,
confined and explosive conditions within the magma
cbamber'during voléanic activity but also subaerial,s
free-fall dépositioh. Zven the crystal tuffs have
been poorly sorted and graded'and this also indicateg
a'gggn_energy subaerial accumulation of the volcanic
pile;

The basaltic flows are 2-5 metres in thickness
and have beeﬁ chilled only gf their margins. Pillowed
énd other distinctive chi]l textures (e.g. roﬁey.
spinifex structures) have not been observed at the
Northrim Mine and again, subaerial conditions are in-
dicated. Phreatic breccias:(Plate I-1) occur locally

‘e basalts and explosive volcanicity Qas present
during “eposition of the volcanic pile. The great
thickness of some basalt flows and some free-fall
pyroclasti . breccias (up to 2 m.) and the general

lack of visible weathered horizons'near their contacts

indicate -hat accumulation of the volcanic pile was rapid.

>



The occurrence of quartz-poor plutonic élastsay
in the agglomerates and tuffs suggest not 5%1§;tﬁat»
members of the'syenite—monzgnite (but not the granite-
granodiorite) plutonic suite of the Cams;ll River area
are synvolcanic, but also that the plutonic rocks thém-
selves existed at shallow depths (approx. 3 km.) at
time of eruption. Thus members of bothvthe Balachey
Lake pluton and the Rainy Lake differentiated sill may
Ye ~=2presented in the Northrim breccias, alrelafionship
s ested by pyroclast mineralogical and textural simi-

larity to the descriptions of the various plutonic
£

'‘lithologies found in Hoffman and Bell (1975), Hoffman

et al. (1976) and Hoffman and McGlynn (1977). Plutonic
lithologies apparently present in the Northrim agglomer-
ates are those of the differentiated ;ill and not the
low quaftz hornblende porphyritic monzonite of the
Balachey Lake pluton. Unfortunately samples of the
pluton and the sill were not available to the writer
for comparison.

Alkaline plutonic pyroclasts are accompanied
by basalt pyroclasts in the same breccias’and cumulo(?)
porphyritic Varieties of the two look much alike.
Andesine euhedra are of similar size (0.5-5 mm.) énd
shape (laths) to the labradori%e phenocrjéts of the
basalt, and both may be aligned. The distinguishing

characteristic between the two ﬁorphyritic lithdlogies,
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is the variable but great concentration of magnetite

‘in the matrix of the latter, occasionally up to 100
volume . The plutonic matrices do'containymagnetite
and other mafic minerals, but in far lesserfconcentra—ﬂ
tlons. “agnetlte is also abundant in the matrices of
both porphyritic and non- porphyrltlc basalt Tflows under-
lying the pyroclastic breccia sequence. The high mag-
netite content of some breccia matrices, most basaltic
fragmentsiand.all neighboring basalts suggest a close
nagmatic affinity between magnetite-rich lavas, pyro-
clastic flow‘breccias and pyroclastic free-fall breccias.
The abundance of andesine-labradorite phenocrysts . @
(0.5-5 mm.) in some weakly magnetic monzonite and some ://
highly maénetlc basalt fragments provﬁdes not only

direct evidence for the calcalkaline affinity and

similar origin of both Camsell River plutonic and

volcanlc rocks, but/also indirect evidence for the

=~eparatlon of an FeJrlch magnetlte magma from an

Fe-poor monzonite magma, alluded to by Badham and

horton (1976) in reference to magnetite-actinolite-
apatlte+sulf1de l@nses of the Camsell River area.

a»hn

The magnetite actinolite-apatite lenses may
have been empYeced in the volcanic sequence at depths
sufficient foé actinolite formatien at the same time
as magnetite—fich lavas were being depogited at the .

top of the volcanic pile. One sample, a probable s



phreatically—brecciafed. nmagnetite-filled body may
occﬁ;y a breccia pipe similar in texture to the
breccia pipes underlying some stratabound voiéanogenic
sulfide ,deposits. There are a couple of magnetlte-
éba%ite (?) bands/xenolltbs in the pyroclastic breccias
of thelﬁorthrlm liine and preliminary electron disper-
siwe reconnalssance of general Northrim‘mgghetites
indicate that they have the low concentrations of Ti
and V reported for magnetlte in magnetlte actinolite-
‘-apaulte,lenses (Badham and iortoﬁ\\l976) The proposed
physical and implied magmatic relatlonshlp between
magnetite-rich lavaé gnd.magnetite—rich intrusions is
analogous to ﬁhat between intrué;ve and extrusive“straia-
bound sulfide deposits.

The higﬁ magnetite and low quartz content of
the Northrim rocks suggest an alkaline'association of
the barent volcanic magma. The sporadlc dlstrlbutlon
and the oblong but not elonéated shape of vesicles
lmplles guick cooling of and low vapor pressure con-
ditions within most Northrim basalts at time of'
eruption. The veéicles‘haye been subsequently filled
with the secondary miner . assemblages characteristic
of phenocryst and matri;\replacements and of green- -
schist metamorphism. The dgmanance of labradorite and

not olivine, amphlbole nor orthopyroxene phenocrysts and

lapilli of most Northrim rocks indicate that the volcanic
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magma was of calcalkaline affigi%y.

M The depositionaf conditions implied by petro-
logical and field studies of theANorthrim rocks are
similar to those of other workers in the Great Sear
Laké area and only two ;ggortant differences w%ll be
mentioned here. Firstly,‘there is a volcanic center
within the Camsell River belt{ a feature not reported
by Hoffmann et al. (1975, 1976, 1977). Secondly, the
presence of relict.pyroxene, not amphibole, phenocrysts

in the Northrim lavas counters Badham's (1973a, 1973b)

interpretation of hornblende relibts in Camsell River

basalts but supports Hoffman and McGlynn's (1977)

observations of pyroxene phenocrysts in the wall rocks
at the Northrim and Norex Mines. Hence this writer
does not consider the Camsell River basalts to be the

products of unduly hydrous magmas, since all the HZO

present in the basalts has been incorporated into

5

minerals characteristic of secondary, metamorphic

'assemblages and not of the relict, non-hydrous, volcano-

genic assemblages. Replacement textures indicate that
H,0 must have been added after rock formation. Primary
hornblende occurs in the more siliceous plutons, but
has not been observed by the writer in the Northrim

volcanic rqcks,.even as relicts.

The Northrim basalts, tuffs and breccias form dbut

a small part of the subaerial, calcalkaline Great Bear

volcanié pile.
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CHAPTER 3
HOST ROCK GEOCHEMISTRY,

MAGMATISM AND METAMORPHISM

Introduction
A geochemical study of the volcanic roéks
hosting the Northrim mineralization was started by
R. D. Morton to (1) evaluate various elements as host
rock indicators to the presence\of veiln mineralization
and (2) the thesis-writer has used the geocﬁemical data
to describe and define the magmatic affinities and meta-
morphic nature of the Northrim host rocks, a task only
partially performed by the petrological study of the pre—
vious chapter. Sampleé were taken at 25 foot intervals
along traverses which approach the 000 and Ol4 vein com-
plexes from both the hanging wgll and foot wall sides.
In addition, several samples were taken from the 000
vein cdmplex.én the footwall side (Fig. 5). Sémple
traverses perpendicular to the veiln structureé transect
the volcanic sequence.

i

The 29 samples were analyzed for majot oxides
and trace elements by Dr. J. G. Holland of the Unive;sity
(of Durham using X-ray fluorescence techniques. IMajor
oxide analyses were corrected using a computer technique
developed from Holland and Brindle (1966). Corrected

., Vvalues were then returned to the computer. under the

Normcal program of Dr. R. C. O. Gill, formerly of the

R4
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State University of Kew York at Binghamton. This '
program generates tables of atomic cation, normative
mineral, and residual oxide percentages; coordinates
of the normative Ab- G@z-01-Cpx system; and values for
several petrochemical functions. The program does
this on a “Oz—free and H;b free basis.

The analytical data gained in the manner stated
above are incorporated into this chapter of the thesis
and analytical results for individual samples are .

tabulated in the appendices.

-

(a)  Major Oxide Distributionv

The average Northrim volcanic rock is a basalt
(Table 2), although individual samples may appear more
mafic or more felsie in composition (Table A- l, Appen-
dix I). SlO? concentratlon tends to be hlghest in the
feldspathlzed lavas between the 000 and 010 vein struc-
tures, the only Northrim rocks which generally contain

matrix quartz. Quartz is only a mi\br constltuent of -
the average norm (Table A- L) and the Northrim rock, is
very slightly undergaturated with réspect to SiOZ.
SiO2 is the differentiation index standard employed
in the Harker diagrams (Fig. 6, 7).

The Northrim basalts are highly aluminous and-

sample A1203 concentrations decrease slightly with
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increasing Si0, sample concentrations. The RRorthrim

2
-basalts are also highly ferroan but sample :Fe0 con-

centrations decrease rapidly with increasing SiC, con-

2
centrations. The Northrim rocks are not particularly
rich in ¥g0 but g0 concentrations may be significantly
high in the more mafic samples. Sample concentrations
of the three oxides are highly dependant on the rela-. s
tive abundances of the major minérals’albite. magnetite,
pyrite, blotite, chlorite, and dolomite: sgmples with
extremely low A1203/5i02 ratios are rich in carbonate;
samples 'ith extremely low MgO/Z FeO0 ratios are highly
pyritic or highly magnetic pyroclastic brecclas; samples
with extremely,low ZFeO/A1203 raﬁios are either carbonate-
rich (sample l)-%r feldspathic (samples 15, 16, 19) rocks.
HnOZ. Ti0, and P205 concentrations in-korthrim
basalts are relatively constant. The former two oxides
may decrease slightly and the latter may increase

slightly with greater Si0O, content (Fig. 7). The P.0O

2 275
trend is expected for calcalkaline and/or tholeiitic
differentiation (Pearce and Cann, 1973; Floyd and
Winchester, 1975). Mn-bearing minerals include calcite,
dolomite, magnetite and tremolite; Ti-bearing minerals
include aﬁatase, rutilé. ilménite; sphene and magnetite;
the P205-bearing mineral is apatite. The TiO2 concen-
trations of the Northrim basalts are quite low; the

P205 concentrations somewhat high. The Ti02 concentrations
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suggest a ge%eral primitive condition and the PZCS
concentratioﬁs a slight alkaline affinity of the parent
basaltic mag@a.

The NJ;thrim rocks contain Yariable but
abnormally 10%.Ca0 concentrations. Sample CaC values

4 ‘ ' :

do increase with increasing SiO2 as expected for the
SiO2 L8 wt. %Erange but a0 values are almbst totally
dependant on éhe highly variable secondary carbonate
céntent for thé Si02 L8 wt. % range. All samples -con-
tain some carboéate. mostly in small sfringers, but
samples with higher Ca0 content also contain carbonate
as fillings within vesicleé, as replacements of plagio-
clase and pyrdxene.phenoc}ysts.'or as filliﬁgs between
primary breccia fragménts. Anomalously low Ca0 values
suggesf metamorphic Cal depletién‘as does the low CaO
concentration of thé'Ndrthrim basalts in general. The
apparent breakdown in thé=generai ZFe0 and lMg0 differ-
entiation trends in the Sio, h8”Wt, % range (Fig. 6)
are attributed partly to variébility of secoﬁdary cdr-
bonate content and partly to variability in secondary
feldspar abundance between individual samples.

o The Northrim basalts are highly sodic and sample
NaZOAconcéntrations increase regularly with increasing
8102 concentration. Samples low in NaZO concentration

include two carbonate-rich samples (1, A-2), one pyro-

clastic breccia (24) and one highly potassic rock (16).

t B

a
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The potassic rock is a brick red feldspathized andesite,
a rock almost completely composed of K-feldspar and
almost devoid of mafic minerals.

Some Northrim rocks are highly potassic but sample

ch'concentration is extremely variable. Sample KZO
concentr%gions vary inversely with NaZO concentrations

(Table_A-i). The highly potassic rock of the previous
paragraph has extraordinarily low NaZO/KZO ratios un-
like the anomalously high ones found in the adjacent
samples (15, 14, 13, 19), also-ig}@spathized rocks.

0 and Na, 0 coﬁcéntrations,

2 2
coupled with corresponding low but variable :Fe0 con-

The high but variable K

centrafions in such rocks indicatevthat metamorphic
and not weathering conditions were responsible for their
present chemical and mineral composition.

The sample A1203, Mg0, I'n0, TiO, and I Fe0 (in

2
part) concentrations are thought to represent theibon—
centrations of the primary Northrim basalts despite
theirldependance on secondary mineral abundances.
Firstly, sample concentrations of thééé oxides form
magmatic trends on the. Harker diagrams. Secondly.
sample concentrations are remarkably'éimilar to the
ones found in fresh, subalkaliné basalts. Primary
minerals and teitures may still bé discerned. Further-

more, secondary minerals replacing primary minerals both

contain the same elements. This is almost invariably
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: 2
true of TiOZ—bearing minerals: ilmenite and rutile
are replaced by anatase and sphene; clinopyroxenes‘
and amphiboles arelreplaced by sphene on site. Simi-
lar replacements occur with respect to aluminous, mag-
nesian, manganiferous and ferrous primary mineralé,
but to a lesser extent. 1In extremely feldspathized
rocks, sample IFe0 concentrafions may be particularly
low} liigration of Fe0 must have occurred in such
rocks since relict clinopyroxene outlines may be ob-
served. '
0, ﬁabo and CaC concentrations are

2 2
not representative of the primary concentrations of

The sample K

the fresh Northrim basalts. Sample concentrations

of these oxides do not form the éxpected magmatic

" trends in the Harker diagrams. KZO/Nazo ratios do not
inctease during magmatic differentiation. Na.O concen-

2
trations are much too high, K.C concentrations much too

2

yariable and Ca0 concentrations are much too low for
fresh, unaltered basalfs of any kind. The distribution
of alkaline-bearing‘mineralsggs erratic including the ‘ //
all-pervasive secondary albite. NaZO concentrations
vary systematically with.SiO2 concentrations but this
relationship only represents the alteration and eventual
replacement of labradorite (higher.Ca+2, Al+3) by albite

L

(higher Na', Si” ). a1t3 probably did not migrate

since the Northrim basalts are still highlyﬂabuminous
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but the Ca+2 must have since the Northrim basalts

contain remarkably low conéentration$Fof the element.

4

() Trace Element Distribution

.S, us;ally an accessofy element in volcanic
rocks, is present in major quantities in some Northrim
samples. S values do not correlaté‘with ny other
major oxlide nor‘trace element values and this is attrib-
uted to-the often irregular distribution of sulf;de
minerals in the wall rocks, S concentrations are un-
usually high in samples &, .5, 6, 9, 13, 18, 23 and 25 .' \
but the locations of these samplés are related more 1o
sulfide-beariﬁg hofizons than to mineralized veins x
(Fig. 5). Vall roék S-bearing minerals, in order of \
decféasing occurrence are pyritef chalcopyrite, marca-
site, sphalerite, ‘galena and pyrrhotite.

Individual Rb‘sample concentrations and Rb
distribution correlate almost perfectly with individual
. Kéo sample concentrations and’KZO Histriﬁutiqn (Fig. 6).
This is to be expected for Rb easily substitutes for K
in feldspaf; biotite and other K-bearing minerals and
X/Rb values are known to remain constant up to granulite
facies metamorphism (He;erand Billingsin Wedephol, 1972).
Individual Sr sample concentrations and Sr distribution

correlate with individual Ca0 sample concentrationé and !
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5aO distribution but this correlation is not perfect.
Individual Ba sample concentrations and Ba distribution
generally correlate with K20 and Rb sample concentra-
tions and distributions but anomoﬁously high Ba values
are found in carbonate-rich samples. Za 1s thought to
be éoncentrated in microcline and ;arbonate but verhaps
barite is a constituent of some carbonate-rich wall
rocks. Anomalously high Sr values also correlate with
high carbonate content. Iﬁdividual‘Rb{,Sf and Za con-
centrations are not affected by proxiﬁity to mineralized
velins. | ‘ FR
N1 content is low excebt in sample 25 which
contains abundant sulfide mineralization. Cr content
is highly variable in individual samples and Cr distri-
bution .is puzzling since the expected Cr decrease with
Si0, increase does not occur on the Harkef diagram‘(Fig.
. 7). WTHere is a possibility that Cr migrated upon the
breakdown of olivine, clinopyroxene and magnetite

.’,

i "during metamorphism. Present Ni distribution may
coincide with the distribution of sulfides but the
postulated sulfide Ni content may have originated from
the dissolution of ﬁrimary clinopyroxene aﬁd olivine.

Cu, Pb, aﬁd chontenté(not plotted) are related
to S content and all h;gh values are found in samples

from sulfide-bearing horizons, both near and far from

mineralized veins. Arsenic values also correlate with

g

/
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_Nb and'Y under low grade metamorphic conditions

67

)

S values but zll high As values are found in samples
adjacert *o mineralized vein structures, regardless
of 3 content 1n the respective samples.

Zr, b and Y concentrations (not plofted) are
relatively constant and increase but slightly with

greater Si0O, content. This is to be expected for sub-

2
alkaline magmatic differentiation. Slight departures

of individual sample values from the average are attrib-

A

uted to analytical uncertainties (up to 20%) due to the -

- low concentrations of these elements present.
. . ot

Trace element concentrations and distributions
i
differ from one another. The alkaline trace elements

Rb, Sr and Ba, are distributed in the same irregular

‘manner as two major alkaline elements, K and Ca. Cr

disfribution is also irregular but'ih'a non-correlative
manner with fespect to other elements. Zr, Nb and Y
conceﬁtrations are nearly constant. Ni, Cu, Pb, Zn -
and As concentrations and distributions coincide with
those of S but As distribution is more closely related
to proximity of major mingralized vein structures than
to S‘distributiop.

<~ Trace elémenthdataiareconsistent with major
oxide data for geochemically similar elements and only -
one problem with interpretation"of the data was en-

countgred{‘ Ti0, and P, 5, immobile elements like Zr,

- . [
L]



(Pearce and Cann, 1973; Pearcé{ 1975), were found to
vary in concentration in a manner nof expected frgm
magmatic differentiation. This variation was greater'
than variation from analytic uncertainty  (i5%). There
are two possibilitieSx' either the I‘iO2 and PZOS con-
centrat;on or the SiO2 oonéentration which was used
as the reference index fdr magmatic differentiation
on the Harker diagrams has changed during ﬁetamorphism.
The latter interpretation is preferred with respect to
TiOz'since SiO2 concentration is known to change during
weathering and metamorphism of basalls (op. cit., 1973;
1975) and Si0, redistriﬁution would also account for
some of the irregularities of other element distri-
butions with respect to the magmatic hypothesis pre-
sented. The former interpretation is preferred for
sample PZOS concehtration, since.P.ZO5 concentrations
héve been known to increase during weathering and green-
.schist metamorphism (R. Houghton, pers. comm). Apatite
commoniy.appears as idiomorphic crystals in the North-
rim quartz-carbonate veins and stringers. |

The interpretation problem generéted by using
the SiO2 concentration as the index of magmatic dif-
ferentiation could not have been cirgﬁmvented by using
theudifferentiation index based ‘-on the total of combined

normative quartz, orthoclase and albite percentages

(Table.A-B) since normative feldspar abundances depend

68
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on the highly variable alkaline element analyses.

’

(¢) Geochemical Zxploration
The Northrim host rock major oxide and trace

élements were examined as possible'host‘rock indicators
to vein mineralization. It was found that host rock
concentrations of most elements do not vary with sample
proximity to mineralized veins and only the samgle con-
centrations of some elements which appear to vary to-
wards.known mineraiized veins are plotted with réspect
to sample-vein diStances in Figures 8 and 9.

| The %lkaline elements were found‘to be poor
host rock indicators. Host rock Ca0 concéntrafion;
are rather low.nqar mineralized veins except for the
high concentrations of the carbonate impregnated, pot-
assic rocks associated Wifh'the poorly-mineralized 010
vein structure. Low host rock Cad concenf;ations exist
near the well-mineralized 000 and two other vein' struc-
tures but these concentrations are indistinguishablé@
from those of some wall rocks at éreater distances
- from'thé veins. K,0 concentrations and'KZO/K20+Na2O
ratios are highly variable near some vein structures
but they are not uieful indiéators since their values
" are similar to those of most wall rocks, further away
from mineralized veins. The sample-alkaline elemeht

concentrations and ratios also appear to vary with

{ : .
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Figure 8: Host rock indicators of vein mineralization (1.).
The 010 vein structure occurs between the 000 and 014
veln siructures and is marked by long dashes. H refers
to hanging wall side; F to footwall side of the 000 and
Ol4 vein structure. L

&



rock fype and stratigraphical position (sample valge~
couplets 11-17, 12-18, 13-19, 1-A2). |

Pb, Zn and Cu concentrations (Fig. 9) are
unreliable host rock indicators of vein mineralization.
High concentrations do occur,in ségxles next to minera}Q
ized veins but these concentratioﬁs are extremely vari-
able. The combined Pb, Zn, Cu total indicates the
position of the 000 veln structure but for the one!

sample with high base me%al content, there are 6 samples

also within 3 metres of the 000 vein with base metal

content no higher than those measured in some surrounding

rocks. The Pb, Zn, Cu content ma} be a pseful.host
rock indicator of base metal deposits but a pépr indi-
cator of Ag, Bi, Ni, Co, As et¢. veins. |

Aé is the only reliable host rock indicator. As
coricentrations are high near all mineralized\veins in
the sample. area and mofeover,'the_poorly minegalized ‘
010 vein stfucture dqés not coincide with high wall
rock.As concentrations.. A threshold cpncentratitn of
5 ppm seems to be most useful, but unfortﬁnately re-
liable vein detection is limited to ‘distances of 3
. mgtres from vein‘sfruétures. The high As concentra-
tion of sample_25 indicates mineralization previously

4

unsuspected in a small carbonate vein énd'the high As

-concentrationvbf sample A-3 may be related to mill

dust generafed by the crushér nearby.
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,/// The geochemical results confirm textural evidence
relating to mineral emplacement in the wall focks but
are of little,use in geochemibal prospecting for min-
eralized veins. The.only reliable host rock indicator
of vein mineralization, As; is fully dependable only

in samples iocated within 3 metres (10 ftf) of miner-~
alized vein‘structures. _Rock sampling on a 3 metre'

(10 f1s) intefval is prohibitively expensiﬁe for re-
'cbhnai:zﬁnce exploration purposes bﬁt it is practical

in predicting undiscovered or extending known ore shpots
in existing mines and prospects. The writer suggests

soll and water geochemical, not rock geochemical sur;

veys, in areas with little outcrop and the application

of more direct prospecting techniques to areas with

abund;nt outcrop.

2
Zn and Cu concéntrations in the wallfrocks immediately

The variable but generally low K 0, Ca0," Pb,
adjacent tovmineralized\veins suggest that these ele- -~
ments may have been locally éxt?aéted from the wall
rodks by hydrothermal fluids immediately preceding
vein miniﬂ?lizatidn in the major fracture systems.
The feléspathization ad jacent to the‘poorl§-miﬁeralized
010 vein strﬁcture dbés hbt'appearrto be genetically
related to any alteration which may have ozcﬁrred
fnext'to the Qiner;}ized vein structures during vein .

; ‘ .

‘mineralization.

il
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Co and Hg were not analyzed in the geochemical
survey. The former is.expected to be as useless an
indicator as Ni but the latter may be extremely useful

in vein detection.

h

Magmatic Characteristics ya
(a) Nortnrim Basalts. f
The Northrim basalts are donsidered comagmatic
fof several reasons. These include the general simi-
larity of the chemical analyses, mineral ndrms, mineral
modes and petrochemical functions; the‘existence of
magmatic trends for some elements on varlatlon dia-
grams; and the unlnterrupted nature of the basalt
sequence sampled. In addltlon, sample values'plot
into homogenous groups within the 8102 Al 03-(Na O+
KZO) ternary and tne (Na20+K20)aFeO-MgO ternary dia-
gram (Fig. 10). '
At first glancé the basalts may be dismissed
as "alkaline" (Flg 11). However trere is doubt

that the high NaZO and KZO content of Northrim

basalts 1s an original magmatic and not a metamorphlc
feature. The Northrlm basalts appear "alkaline" with
respect to total alkall content but if the Opx- 01 Cpx
dlscrlmlnant of Chayes (1966) 1s employed, the basalt
values plot w1th1n and be51de the “"subalkaline" but
not the "alkaline" field.. Irvine ard Baragar (1971)

~1

PN
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X

MgO

k3 X,

Na,0- K0 : -

Figure 10: Total alkzline elemen{-.“eo-lﬁgo ternary diagram.
Jorthrim sample points are marked by dots; sample pcints
of Camsell River basal+s znalyzed by Badham (1973za) are
marked Dy crosses. The iorthrim general average (avg),
baszltic average (3) and andesitic average (A) points
have also been ploited onh the diagram. 7

b
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Figure 11: Alumina vs. normative plagioclase plot. The
average Northrim sample point has been indicated by = _
square labelled "Xk».
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’ » !
mention a similar example: a subalkaline tholeiitie

Coprermine basait-sequence is alkaline with respeét

to total alkall content but subalkaline with respect

to normative Opx-Cl-Cpx proportions. i¢ seems that
magmatic discriminants based on major o?ldes, especially
alkaline ones, are subject to vagarltles but the Opx 01l-
Cox ternary seems to be most suitable since it does

not incofporate Na20 and KZO analyses. The subalka-
line Noxthrim rocks may. be termed calcalkdiihe on the

~basis of their‘alkaline element concentrations, Hg0/:

TeC ratios and the normative plagioclase compositions
(Pig. 11, 12).
The majof oxides implied to have migrated during
the metamorphism of t 2 Northrim basalts ére the migré- v\i¥
tory ones compiled by Pearce (1975),

Seafloor Weathering

2 S
“very mobile: +K20 - Cald - lig0 '
mobile: —NaZO - SJ.Q2
g slightly
= mobile: +Fe0 + TiO2

immobile: A1203 : - [ ////

Greenschist letamorphism . o ' /
very mobile: —CaO - A1203
mqblleyi : +Na20 + 3102 + (Mgl + Fe%) - KZO

~ immobile: * Tio,

The wrlter thus doubts that maJor ox1de data, w1th the

exéeptlon of T102 and p0551b1y Mno2 for unweathered
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ok ‘Alkaline’ o B

50 55

Figure 12: Total alkaline element vs. SiC, plot. The
; Northrim Mine sample points have been represented by
. dots; the sample points of 3 other Camsell River
" basalts (Badham, 1¢73z) have been represented by
' crosses. The averaze samzle point for orthrim

analyses is labelled "N". :

g | ,, .13'
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basalts, conclusively defines the original magmatic

condition of any greenschist facies basalt although
it does account for the wide-spread 5102 and some
other oxide wvalues fsr Northrim samples. Instead, the

writer agrees that the relatively immobile major oxide

TiOZ'and the relatively immobile trace elements Y, Zr

and Nb are more reliable geochemical indicators of
original magmatic conditions and primary rock compo-
sitions. : /

The Northrim rocks have been termed bssalts on

“the basis of 5102 concentration, a concentration which -

may not be that of the primary rocks. The Si0, con-
centration may not‘habe changed very much since the
lorthrim rocks resemble modern high-alumina_(calcalk—
allne) basalts w1th respect to TlOZ, Y, Zr and Nb csn-~
centrations and ratios. The average Northrim Zr/TiOZ:‘
ratio of 0.012 and Nb/Y ratio of 0.22 are nearly 1denf1-
cal to Nlnchéster and Floyd's (1977) ra‘tlos of 0.011
and 0.22 for modern high-alumina basalts.

According to Floyd and Winchester (1975)
tholeiitic basalts contain less TiOz. 5. Y, Zr and
Nb than alkallne basalts. They egflude island %}
tholeiites and calcalkallne basalts as mors complex
in their deiiberations'but for every discrimination
pataﬂéter.they provide but one, a P 05 parameter, the’
Northrim basalts are discretély tholeiitiec (Fig.- 13)1

I

-



80 =

N

RLW78

-l A 2 Y _—
° 100 200 300 400 015
Zr{ppm)
‘roo : ar 't :
\ |
- \.... : B
F. o '.‘ -&.- "-‘; r- ‘
- DX : |
z N . ‘; 1
:2# . I ’ " 2k 1
= 00 S : ‘
"o i o, ol Y
- 0.05 . 010 RER
: Zr/P0¢ ,
'G’::' ‘ . U ¢ W . . . ‘ v
A Tnolelltlc»élzallneabasalt discrimination «

)M

5 ams (after Fearce and Cann, 1{72). The Northrin
¥ and/or Camsel;'?ivg;‘sample points occur in the areg
-Tlacked in or as dots and crosses. Solid lines cir-
cunscribe sample point fields commonly cbtained. from
modern oceanic and continental 'tholelitic' bpasalts;
dashed lines circumscribe sample point fields ob-
tained from modern alkaline basalts. The cdotted line
représents a sample ®int field of continental and the
solid line sample point field of oceanic 'tholeiitic’
~basalts in_the Ti0.-Y/A plot. The waywarc sample
polints were obtained Ifrom Camsell River 1. -
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northrim sample‘Y/Nb ratios vary between 2 and 10+ at

relatively constant TiC, concentrations, indicated by

Floyd ahd ﬁinchester (1975) . to differentiatg oceanic
from continental "tholeiites" (subalkaline basalts)
but also indicated‘%o be characteristic of calcalkaliggw
basalts (Fearce and Cann, 1973). o
Pearce and Caﬂn (1973) d;fferentiate tholeiitic
from calcalkaline basg}té and subdivide on the basis
of‘tectonic setting. "Within plate" basalts including
ocean island and continental varieties confain higher
Tio, and Zr but less Y. than "plate ma§gin"‘basalts%.
"Flate margin" basalts include ocean floof i. e.
spreading center tholelitic (higher Ti aﬂa Zr), island
arc ﬁﬁpleiitic (lower Ti and Zr) and calcalkaliﬁe
(lower Ti and higher Zr) varieties. The Northrim
basalté ére plate margin calcalkaline basalts for
both discriminatory parameters employed (Fig. 14; 135).
Therefore, Northrim basalts could only be termed
."Subalkaline" on the basis of immobile trace element
and major oxide data. ,
Several features emefge from themdiscourse

ol
. above. Firstly, Northrim basalts are alkaline only

uThe difference between the two is presumed to
be the same as that between "recycled" and/or "contam-
inated" (cf. within plate) and "primitive" (cf. plate

- magmas,
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FPigzure 1l4: Discrimination diagram for altered basalts
(after Pearce and Zann, 1972). "Within plate" basalt
values plot in field }; ocean floor basalt values in-
field H; low K tholeiite values in fields H and Ii;
and calcalkaline vasalt values plot in fields L and
IM. Northrim basalt and 3 Camsell Xiver Yasalt values
are plotted on the diagram. The square labelled "N"
marks the average position for Northrim Mine basalts.



,garded as immobile components durling diagenesis andiR, f

they are of tholeiitic basalts. ?urthqrmore Tio

o .

with respect to total alkali'content-—otherwise they

are subalkaline. Secondly, TiOz. Y, Zr and b, re-

\ ) i { Y R
low gnéde metamorphism are present in concentrations ™
and proportions uniformly characteristic of calecalk-

aline basalts. Thirdly, AlZOB' g0, FeO, (NaZO +‘H20)

and normative plagioclase.concentratidns and proportions

are more characteristic of calcalkaline basalts than
w

;2!

Y,
Zr, BFb and Péo5 contents change but slightly with .

magmatic differentiation. The low TiO. s Y, Zr, and

2";

- Nb concentrations are features of "primitive" plate

margin basalts.

TMQ inevitable conclusion is that the Northrim
basalts were primitive.‘calcalkaline volcanic rocks
at time of effusion but have since been altered with

respect to the alkaline elements and to a lesser ex-

_;Fnt, moStoother elemenfs, all noted to be prone to

migration&under‘greenschist5metamorphic conditions.

The Northrim bésalts differ from most other calcalkaline
rockg only with respect to high P2b5 concentration, a
distingtion‘yhich is irrelevant because of the most
probabﬁ{“metamorphic P205 migration. The geochemical

evidence suggests that the Northrim basalts are re-

" lated to subduction zone‘magmatisﬁ in either an island

arc or cordilleran setting. The migration of alkaline



> LA Sr/2

Figure 15: Discrimination diagram for unaltered bagalts,

(after Pearce and Cann, 1972). Ocean floor values plot
in field M; low ¥ tholeiite values in field H; “&and calc-
alkaline basalt values plot in field w. Note the gen-
erally low Sr concentrations and the relatively con-
ctant TiC,/Zr ratios in the Northrim samples. ST Tre-,
distribution is suggested by the bimodal distribution

0f Sr concentrations.

3
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v~elements has created the probablv biqodal,dis%ribution

C '
’ ,Aan sample alkallne eleﬂert values
. y 8

P

.(b) . Camsell Rlver ?ochsl
5/,§f The three Camsell River basalts descrlbedsby
Badham (l973a),are similar 1n”comp0s1tlon to the*\orth-'
vprlm ‘basalts (Table b) The'thfeefbasalts were collected”
”:w1t§ln 7 kllometres of the Worthrlm iine (rlg. j)f; The
'4uWO samples (2 3) collected in the horthrlm Sequence
(Unlt 7, Fig. 3) have AIZOB, T102.»ub Y and Zr corf-
_centratlons similar to those of the Northrlm basalts
.. and consequently their values plot w1th horthrlm basalt
values in the Harker and other dlscrlmlnatlon dlagrams

(Flg. 6, 7, lO - 15). The. sample collected 1n the
Terra Sequence has a lower Na O/K 0 ratio,’a lower
_Al?O3 concentratlon and ., hlgher T107, hb X and Zr con—

centratlons than the Northrlm Sequence ‘and Mine. samples.v
' Consequently &hee; values usually plot separately from.
the others in the dlscrlmlnaﬁion diagrams. The,%rlmary
Terra basalt may'be cons1dered as a marglnally alkaline,
non- prlmltlve, ocean floor olivine basalt but- the
primary. quthrlm-rocks are not alkaline '0livine basalts.
Alkaline element’%oncehtrgﬁions aﬁd.natios are

also extremely varlable for Camsell River ande51tlc

and rhyolitic lavas, tuffs and volc oclastlc sedlments
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but these concentratlons and ratlos are less variable
in the syenltlc and granltlc plutons of the area
(Badham, l973a)n Ha C/ﬂ 0 ratios in the plutons are

cenerally less than l and it appears tbat the under—

'lylng Dluton;c basement was, free of"’ much of the al-

J'kallne mlgratlon S0 - prevalent in the overlylng volcano- °

5mater1al derlved from the plle 1tself and the Cam-

'sell Rlverbasaltseenerally gained Na

o

rd

sedimentary plle. e o

"_ The alkallne element mlgratlon w1th1n the

9

.volcano sedlmentary plle almost certalnly 1nvolved

?

2O and,Sloz but

- lost Ca0, Sr0, and A120 (°) in the process, at least

" ang hornblende found iﬁ the metacalcargillites near ‘the

in the v1c1n1ty of the Northrlm, Norex and Terra M1nes.
A. vlmllar condltlon probably eXlSts in the v901n1ty of .

the Port Radlum Mlnes.

[letamorphic Conditions
The Northrim basalts are composed of minerals
[N

which overgrowgprimary minerals and textures and which

are characteristic of regional greenschist facies meta-

a.mprphism. The tourmaline, scapolite, andradite, diopside =

Terra line (Badham, 1973b) and elsewhere in contact
aureoles of the alkaline plutons (Badham and Morton,

1976), are absent at the Northrim iMine. This is to be
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expecied since some of these minerals and idocrase

- \

are-restricted. to cran8blastlc calcareous tuf fs and
othee/rocks within 100 mi of the similar granitic (cf.
syenitic--Hoffman et al., 1976) plutons et Echo Bay
(Robinson,, 1971). Seme of the "contact” minerals have
been replaced by eaxgite, actinolite, albite and epidote
secondery minerals not only ﬁore characfe;istic of re-
gional metémprphism but aiso foﬁnd in rocks further'
removed from the Great Bear plutons. Contact meta-
morphism, and eSpecially contact metasomatism‘has had

a limited effect on the developmenf of metanrpﬁic
textures and minerals away'from the-plufons;

The Northrim rocks, situated 2 kilometres

south of the‘ﬁalachey Lake pluton have neither the
secondary minerels nor the granoblastic textures asso-
ciated with contact metamorphism. In this respect’

they are similar %o the majority of other Camsell

River rocks subjected to "metasomatism" by Badham (1973a).
The Northrim rocks are not considered to‘be ﬁetasomatic
since metasomatism prodﬁ%es rocks of uniform and/or

b4

gradational composition and texture: the Northrim
basalts are heterogeﬂgus in both compesition and texture.
The writer suspects that this condition- applies to other .
rocks of the Great Bear volcano-sedimentary sequence

elsewhere in the Camsell River and Port Radium districts.

The porphyritic dykes of the granite-granodiorite

)



. Suite have also bgen metamorphosed. Primary minerals
and textures have been irregularly replaced by carbonate,

quartz, epicdote, clinozoisite, biotite, chlorite and

N
sphene, the very same meﬁamorphogenic minerals found

in Northrim basalts. IﬁJthese replacements were contact

N At)

metasomatic in_origiﬁ, dne would have expected the higher-

temperature, volatlle rich assemblages found in the contact
J v

aureoles next to major plutons. One wo%ld havevexpected
the obliteration of the primary textgres so well pre-
served in these rocks. Similar "retrograde” metamorpho-
genic minerals replace primary minerals in the syenite—
monzonite and granite-granodiorite sultes of the Camsell
River (Badham, 1973b) and Echo. Bay (Roblnson, 1972)
districts. The distinction between quartz-rich and
euartz-poor rocks of the Contact Lake:pluton in the
Echo Bay district is,uﬁclear (J. Casey, pers. comm.) and
this writer suggests that some "plutonic” quartz may be
oéfmetamorphic origin. |

The ﬁineralized veins at Northfim are undoubtedly

metamorphogenic features. Iliineralized wall rock stfingers
compesed dominantly of dolomite, quartz caicite and albite,
terminate in carbonate-rich patches whieh overgrow pri—
mary minerals and textures (Plate V-1). They also
terminate in larger vein structures (Plate V-2). Small
carbonate-quartz stringers truncate vesicle and breccia

‘carbonate mineralization but in some instances stringer

~~
e
§
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PLATE V. Wall Rock and Vein Mineralization
"V-1.. -Transmitted light image. liineralized vein -
country rock contact. The,dolomite (dt) vein hds béen
truncated by aldbite and pénninite-dominated stringers
which also contain quartz, dolomite amd calcite. The
chloritic and albite wall rocks have been highly meta-
morphosed but not to any greater intensity than wall
rocks further away from this vein. ‘Area: 2.7 x 2.0 mm.

v-2. Transmitted light. Quartz-carbonate vein mineral-
izatlon truncating and merging with country rock vesicle
(?) mineralization. Pyrite (py), actinolite (ac),
chloritized biotite (bi), sphene and albite are the
abundant metamorphogenic minerals. .Area:s 2.7 x 2.0 wm.

-3, Tran
rock contag

itted light: ,Dolomftg,(dt) vein - wall
R Quartz, albite and K-feldspar are the
¥ line veincwalls. Two wall rock quartz-

IPs also occur on the image. Area:
~600 x 450% .

V-4. @ Transmitted light. Wall rock stringers of dolomite
and calcite truncate chlorite-rich stringers and dissemin-
ated chlorite mireralization. Chlorite (ch) envelopes a/"
corroded pyrite mass and one carbonate stringer trunchzxés
it. The stringers occupy a series of parallel joint
fractures. Area: 2.7 x 2.0 mm. -

V-5. Transmitted light. Dolomite vein - wall rock’
contact. The wall rock has been intensely hematized
and feldspathized. A opaque oxide (black) coats relict
pyroxene (white) phenocrysts. The matrix consists of
microcrystalline K-feldspar. Area: 2.7 x 2.0.mm.

V-6. = Transmitted light. .Dolomite stringers (white)

in feldspathized rock. The relict plagioclase and
pyroxene crystals (white) have been replaced by a

series of undetermined micas, amphiboles and chlorites. .
The matrix is composed dominantly of an undetermined
Na-bearing alkaline feldspar. Hematization has- occurred.
Area: 2.7 x 2.0 mm.

—~
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carbonate is visibdbly lndlstlngulshable ?Tom vesicle and
breccia carbonate. Wall rock»sulflde‘nlnerals of varled ' ’
textures have almost always been truncated by -small car-
bonate-rich stringers but some sulfide-rich ;tringers
truncate some carbonate-rich stringers. Wall rock
stringer mineralization occurred synchronously with
both wall rock metamorphogenlc and magor vein minerali-
zatlon. Carbonate and quartz dominated mlnerallzatlon'
was generally preCeded by silicate and sulfide-dominated
mineralization in both wall rock stringers (Plate V-3)
énd in mineralized veins (Flate .V-4). lagnetite and
epidote are abundant in some stringers.

| Regional metamorphism was almost certalnly
accompanied by subsurface hydrothefmai jluids. The
subaerial Northrim basalts contain an estimated 1.6 -
5 wt, % Hzo, chiefly in the metamorphic minerals dhlor—
ite, blotlte, eRSdote, and various amphiboles. The
maximum solublllty of H20 1n a basaltic magma at 1100° c.
and 1 kilobar is only12.5m¢.«ﬂ; magmas extruded at
sﬁrface pressures -would contain eveﬁ iéés water (Scarfe,
1973). Hydrothérmal fluids would also carry the soluble
carbonate necessary for the formatioﬁ of secondary dblo—

mite and calcite. An estimated 1 - 5 wt. % CO, occurs

2
in the Northrim basaltsx only a smaller portion of this
occurs in mineralized stringers. The hydrotﬁermal

brines would have alsq carried Na and Fe: slnce some
. %
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secondary amphlboles grow ng off ve51cle walls chanbe
from blue to colorless “lbhln 1nd1v1dual @rystals (R.
 Lambert, pers. comm. ) Other veslcle minerals include
”nagnetlte. pyrlte.,gyrrhotlte, chalcopyrlte, quartz,
alblte. biotite, chlorlte and epidote; the elements
found 1n these mlnerals were almost ce}talnly contrl—

" buted by hydrothermal/metamorphlc fluids. Hydrous and
»carbonaceous minerals are- concentrated in ve51cles and
along fractures but are also dletrlbuted throughout the
wall rocks.

Preliminary primary fluid inclusion studies of
vesicle mlnerallzatlon 1nd1cate that the metamorphic
fluid was a hot (T>320° C., T ~350° C.), saline (30 -
35 wt. % NaCl equivalent) brine. .The carbonate host
to these 1nclu51ons ocaur in ve31cles far removed (at

least 5 m.) from any major mineralized vein strucmure.

Carbonate strlngers are rare in these vesmles.a Ap

unknown mlneral ,posslbly 3 zeollte, decrepltated at a

temperature of 312 C.--it sent a splash of aqueous
vapor across the miscroscopic field of view. The

fluid incYusion brine appears to be similar to the one
thought responsible for greenschist facies metamorphism
and proto-scale ore fluid generation in the Salton Se&

geothermal area. :
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Spilitization, Diagenesié:and ietamorphism
Notwithsfaﬁding‘the mineralogiéal, textural,
geochemicai and stratigraphical evidence présented above,
the calcalkaline iorthrim and Camsell River basalts may

be considered as spilitic basalts, whatever cgﬁﬁbnly
held definition of the term "spilite" may be @reﬁé;red,
whether mineralogical, textural or geochemical.; |

The origin of some spilites is controversial but
northrim spilitic‘assemblages are cleafly'mefamorphqgenic.
Seawater alteration of basalf would not account for the
northrim spilitic composition and mineral assemblages
for several reasons. Firstly, Northrim basalts are non-
'éillowed and are membefs, along with Northrim subé?yial
free-fall pyroclastic brecéias, of a volcanic sequéﬁce
which includes subaerial free fall tuffs, and in-
tercalated fluviatile and lacustrine s§diments
(Hoffman and McGlynn, 1977). Secondly, seawater-basalt
ibnic"exchange leads to‘K+.enrichmént ih all major
alkaline-bearing, basalt minerals ( pyrbxenes. orthoclases,
piagioclases. amphibgles) and Na' enrichment in4seawater
for surficial and diagenetic temperaturesfand pressures
(Dr. J. Gill, pers. éoﬁm.). Seawater-basalt exchange
of alkal;pe elements before or during Aiagenesis thus
leads to a composition diémetrically opposed to that
of the NaQrich and Cé—poor Northrim‘rocks. Therefore

seawater alteration of non-spilitic basalts to form
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Northrim spilitic basalts is physically and chemically
unlikely, if not impossible,_ either before or durirg
diagenesis{_ |

The hypothesis that Northrim basalts were
originally extruded as hydrous, spilitic rocks may also
be rejected: Not one single, hydrous spilitic basalt -
.has been yet observed on the earth's sdrface during or
immediately after extrusion (e.g. Vuagnat in Amstutz,
1974), and the HZO solubiiity data of basaltic magmatic
mixtures preclude the existence of hydrous, spilitic
magmas. Reaction‘of hydrous vapor within a cooliﬁg
basalt is precluded by textural evidence: the most
vesicular basalts at Northrim are not altered any more
intensively than most non-vesicular rogks and vesicle
minerals are the same as those in both vesicular and’
non-vesicular basalt matrices. The absence of regular
and rhythmic mineral banding at Northrim also counters
protraéted mineral® readjustment to hydrous vaporé
during coo1ing of the basalt. Furthermore, vapors of
modern oceanic and continental basaltic magmas are
particularly deficient in dissolved solid matter.

The Northrim "spilites" are clearly metamorphogenic.

Summary Statement i
. : : |
Petrological and geochemical evidence are con-

sistent with respect to the calcalkaline affinity ofi
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the parent magma, the metamorphogenic compasition of
the secondary yock and to the contribution of subsur-
face brine fluids to metamorphism of the Northrim.
basalts. The geochemical and petrological evidence
indicates .that\secondary lorthrim vein and host rock
mineralization are both spatially and temporally re-
1ated with one another; they are almost certainly pro-
ducts of regional metamorphism. Fluid inclusions indi-
cate that metamorphogenic mineralization was accompanied
by a hot, saline brine.

The Northrim magmatic, "hydrothermal" and meta-
morphic,éonditions appear to be the ones characteristic

of the Camsell River and Echo Bay mining camps.



| CHAPTER 4
REGIONAL STRUCTURE AND VEIN CONTROL

Structural Features

The Caméell River volcano- sedimentary Sequence
is broadly folded and fold axes strike 125° but plunge
20° wNw (Fig. &), NNE-dipping limbs Predominate to
form a part of the overéll.homocline of Great Bear _ y
volcano-s&gimentary rocks against the Wopmay Fault
(Hoffman ang McGlynn, 1977). Concordant plutonic rocks
of the syenite-monzonite sulte, such as the monzonite
3 kilometres north of the Northrim line, are often .
exposed in\anficlinal zones; volcano-sedimentary reof
rocks to the Great Beér Batholith, such as the basalts
at the Northrim Mine, are more often exposed in gyn.
clinal zones. | |

Volcanic rocks at the Northrim Mine strike 120
and dip 65° NNE, an orlentataon similar to that of the
regional trend. However, the brick-red Porphyritic
latite at the north end of the decline (Fig. 3) varieé
in orientation. Its étrike changes from E to N, itg
dip from N to W all within 200 feet of tﬁeNEQrike
length. 1Itsg position at the north end of the decline
may mark the nose of ; syncline plunging nNw, a Syncline
parallel with the one lnterpreted by Badham (£973b)

The syncline trend is approxlmately parallel to the
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monzonite-andesite cbntact 3 kilometres north, and hence
fold orientation is,compatible w{th origin by folding of
the volcano-sedimentary sequence against the concordant
Balachey Lake pluton‘to the north. |
| Folding is a compressional feature and theimajor
compressional axis must have been aligned NNE by NE-SSW
by SW. This ofientation~is similar to that of NE
trending fractures which often form thg-planar loci
of NW side down normal faults, dextral strike-slip
faults, some porphyritic granite diorite dykes, some
giant quartz veins and a few tholelitic diabase dykg?.
-The dextral movements;which offset fold axes (Fig. L)
and tenslonal movements which allow dyke and vein em-
placement along NE fractures would not have accompanied
simple fold compres;ional stress, however, and the fore-
going stateﬁent.would also gbply to tensional and shear
motions which created the diiatancies on ENE and ESE
fractures, also subsequently filled by dyke and vein
mineralization.

N, NE, ENE and ESE trending djilatancies, faults,
veins and dykes must postdate the main period of folding
‘sinae theée features are hardly folded themselves. The
WNW by NW plunge of fold axes indicates uplift to the
SE within the Great Bear Batholith and downdrop to the
'}NW within the Great Bear volcano—sedimentary.seguence,

This uplift and downdrop may be synchreonous with both



e

forceful rise of the granitic plutoﬁs of the batholith
and corresponding depression of %%QDYOJCano-sedimentary
pile. Hoffman and kcGlynn (1977) refer to minor “syn-

volcanic", NW side down, Né'trendinguéii-slip faults
which have been truncated by most plutohig rocks. Dis-
Aplacemént across and strike lengths along these faults
are less than fhose‘of the later but parailgl NE dextral
strike-slip faults which offset major fold éges. Oblique
strike slip is indicéted across most major%ﬁéffadlts.on
the maps of Hoffman e% al. (1976). '

The writer has measured the orientations of

“©
prominent structural fault, dyke and vein features and
this information is presented in Figures 16-19. @ﬁf |
information was found useful in reconstructing the S

tectonic regime of the Great Bear Batholith, the regime.

under. which the mineralized veins were emplaced.

Structural Relatioﬁshipsh

The tectonic hfstory of the Camsell River district
may be deduced not only from fracture, fold and fault
orientation but alséTf;om fhe sequence of intrusional
events which occupy/these fracture, fold and fault
systems. Tholeiitic diabase dykes crosscut all other
host roeck, dyke and vein typeszand'hence are the youngest

‘rocks of the Camsell River and Echo Bay regions. Mineral-

ized quartz-carbonate and giant quartz veins crosscut

»
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‘expected shear fractures and the NNE by NE trending i

100

plutonic basement, volcanic ggof and porphyritic dyke
rocks (Campbell, 1957; Dollery-Pardy, unpbl.). For-
phyritic dykesrbf the granite-granodiorite sulte trun-
cate the volcano-sediméntary sequence including Fe-

ox%@e-apatiteiactinolitg bodies (Badham, 1973b; Badham

. and Morton, 1976) and the synvolcanic dioritic &hd

syenitic~m6nzonitic intrusional suite (Shegelski and

Murphy, 1972). Dextral strike-slip faults crosé plu-

tonic basement-volcanic roof contacts and displacemenfs
of all llthologles except diabase has occurred. along
them (lursky, 1972 _Shegelski and Murphy, 1972)
Porphyritic dykes, the secondly emplgced dyke
rock type in the Camsell River district, sérike N, ENE
and NNE by NE and dip vertically (Fig. 16)', They fill
fractures which were most likely the producfs of the
same stress system which folded the volcano—sédimentary

rocks: the N and ENE trending dykes occupy the two e

~ . o

dykes occupy fractures-parallel to the maximum fold

compressién axis of the strain elipsoid wh;eh/broduced
the foldingé. Fracture generation o;>tﬁé latter orien-

-

tation is not expected from such”é stress system but

a9

must have been created before and/or during porphyritic

s 6I’he predicted host rock sinistral dlsplgcement
of the‘$heoret1cal strain elipsoid occurs along one ENE-

" trending dyke; the predicted host rock dextral dlSplace— 'f e

ment occurs -glong one N- strlklng‘dyke on the map" of
Shegelskl and Murphy (1972)
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Figure 16: Granitic and dioritic dyke orientation.
Compass rosette of stereographic pole strikes. The
23 granitic dyke (black) and 4 dioritic dyke (white)
measurements were determined using the map of Shegelski
and Kurphy (1972). The fold compressional axis (I) and
resultant shear plane stereographic axes have also been
included on the compass rosette.



- ‘ _ 102

dvke emplacement. NE fractures are also the loci of
the NW side down faults described above, The Camsell
River porphyritic dykes are similar in mineralogy, com-
position, structure and orientation to the porphyritic
granite dykes which preceded synvolcanic granitic in-
irusions north of Echo Bay (Hoffman and McGlynn, 1977).
Ereviously'emplaced, synvolcanic diorite dykes of the
Camsell River district have orientations.similar to
Ihosenof the Camsell ﬁiver porphyry dykes but they may
npt'occupy NE orientations (Fig. 16), the loci of later
dip-slip and"strike-slip faults. Porphyritic granite
‘dykes‘were probably emplaced after the onset and dioritic
dykes Were prbbabé& emplaced at the onset of fold com-
vaeSSion and dip—élip NE faulting. |

| NE strike-slip faults and their N to E—striking‘
éplays are similar in orientation to those of mbst por—‘
phyr%tic dykes and almost identical to those of giant
quaﬁ%z veins (Fig. 17, 18, 19); Some NE faﬁits and -
splays are occupied by giént quartz veins and giant
quartz mineralization was contemporaneousa with shearlng. : ¢
and bre001atlon 1nduced by dextral strike-slip movement.
At least 3 periods of shearlng and brecciation, each
followed by introduction of’moreaquértz,and carbonate
have been identified (Kidd, 1932; Fufnival, 1935; Badham, =~ 4
1973b). The abundant, sheared N and ENE fault splays

were deveioped along fractures of orientation parallel
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Figure 17: Ikajor strike-slip fault orientation. Compass

rosette - of stereographic poles. The 40 Camsell River
(black) measurements, 28 of them determined on the map
of Hoffman et al. (1976) and 12 of them on the Terra
liine map of Badham (1973b), are dextral strike-slip

‘faults; the 2 Zcho Ba{ (white) measurements, determined
19

on the map of Mursky 72) are sinistral strike-slip.
faults. A secondary axis of maximum compression (II)
1s also included on the projection. .It may have been
oroduced by interaction between fold compressional
axis (I) and the rigid Hepburn block along the N-S
‘Wopmay Fault.

L} .
A -
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to the previously.formed folo compressional snear'planes
and spiay development would have been expedited by the
lafter's previous existence. Dextral movements offset
fold axes for.several kilometres along NE faults and
splays. The stress system which would account for
dextral movement on ﬁ, NE and ENE faults would be some-
what different than-ghe one which oroduced the observed’
folding and shear fractures. Its maximum compre551onal
stress would not only be - oriented to produce dextral
movement of the N,'NE;and ENE faults and splays but also
sinistraljmovemenf on the two E and ESE splays found in |
the Echo Bay district on the maps of Mursky (1972) and
Hoffman}et al. (1976). The axis of maximum»compression
would be oriented WSW-ENE and would account for all the
strike-slip displacements—observed aiong‘this fauit
system. This compressional axis orientation would
also”account for the compensating sinistral strike-slip
ESE to SE faults‘and splays in the Hepburn metamorphic
‘belt east of the Wopmay Fault (Hoffman and McGlynn 1977).
Mineralized quartz- carbonate strlngers and velns,
believed to be related to glant quartz veins on the
basis of mineralogy, texture and occurrence. also occupy
dextral NE faults but they do not occur commonly in N-
striking fault splays (Fig. 17, 18;. Mineralized veins
occupying NE faulfsfand'parallel fractures in the El-
dorado, Echo Bay, Terra and'Contacf‘Lake mines nave

H
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been repeatedly sheared and brec01ated (Campbell, 1957;
Roblnson 1971; Badham, 1073b J. Casey, pers. comm.).
The same condltlon is dlsplayed by the gouged.miner;ls
ized phases in E’to_ENE—sfriking Northrim veins where
no major dextral faults have yet been—fouhd. 'The E to
ENE véins at Northrim have been more intensely sheared
and occupy ailatancies formed from fractures parallel
to the expected fold shear plane but the more dllatant
non-gouged Aorthrlm ‘ESE veins do not occupy any fracture
plane prev;ously mentioned. The ESE fractures which dip
at varying angles both to the north and south may ﬁave
been first formed upon forceful rise of the synvolcanic
Balachey Lake pluton (R. Folinsbee, pers. comm.). A
somewhat similar situation exists for the less sheared
ESE and mbré sheared E(NE)‘fracture systems adjacent to
the syenite at Contact Lake (J. Caséy;‘pers. comm. ) and
reference has been made to gougé-covered, chloritic
slip planes in the NE shear zones and the brecciated,
highlyudilatént E-ESE fracture zones of the Eldorado-
Echo Bay vein system near the Glac1er Lake pluton
(Campbell 1957) The mlnerallzed veins are post-

. Vvolcanic, syntectonic features which truncate pluténic-
| volcano-sedimentary contacts and porphyritic granlte
dykes and hence the multlple shearing and. dllatancy
generation during vein mlnerallzatlon of the Camsell

River and Echo Bay districts were not the results of

8.,
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Figure 18: Mineralized and ‘giant quartz' vein orienta-
tion. Stereographic projection of poles to mineralized
veins and compass rosette inset of 'glant quartz' vein
poles. The Camsell River (black) ‘giant quartz' mea-
surements, 8 of them determined from the map of
Shegelski and Murphy (1972) and 3 from a map of
Badham (1973a), and the 6 Echo Bay (white) measure-
ments determined from the map of Mursky (1972) differ
in orientation from the dontemporaneous -(?) mineral-
ized veins. ‘Northrim vein/stringer (small dots), 4
Northrim major structure (big dots), 20 Terra major
vein (crosses), 5 Port Radium shear gouge (closed
triangle) agd 4 Port Radium dilatant fracture (open
triangel) measurements ipdicate the presence of
fracture systems different than the ones predicted
by compressional axes I and II. A tertiary axis
of (III) compression may.have been generated during
interaction of E-W compression (II1) with rigid
interfault blocks between strike-slip movemengs
along NE faults. The Terra veln measurements were .
determined from a map im_.Badham (1973b) and Port
Radium vein measurement&-from a map in Campbell (1957).

°
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a stress system arising from forceful rise of synvelcanic
plutons, although such a rise could have first formedl
some part of the fractures hosting later vein mineral-
ization. The tectonic movements which occurred during cus
vein mineralization'may be attributed to secondary ESE-
WNW compression and pronounced secondary NNE;SSW tension,
perhaps secondary stresses related to the release of
ENE-SSW compressional\étrain built up duying inactivity
on the major NE faulf—splay systems. The pronounced
strike-slip movement on the ENE and NE faul%s since
new phases of mineralization (dilatancy fillers) grow
off fault and fracture gouges in the ENE-striking North-
rim fracture systems and off the ENE to NE-striking
Terra fracture systems. Dilatancles in‘both the E-
ENE and ESE fracture systemé at Northrim are filled
by the same phases of mineralization. Dilation on éhe
ESE fracture system was quite substantial at Northrim
but ‘it is not as pronounced at Terra where major NE
and ENE faults and splays predominate (Badham, 1973b;
1975). Shear brecciationiddes occur along the ESE
fracture systems but inteﬁsely ground~gougégzones_“
. do not. o

Tholeiitic diabase dykes, the latest epigenetic
features, occupy fractures of nearly all orientations

but ENE to ESE striking dykes are overwhelmingly
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predominan{ (Fig. 1%). Displacements of dykes along \
NE strike-slip faults or displacements of couhtry rocks |
along ENE-ESE diabase dykes are found neither on the»
Camsell River maps of Shegelski and Murphy (1973), |
Badnam (1973b) and Hoffman et al. (1976), nor on the \
Zcho Bay map of lursky (1972).- Hence movements on the

NE faults preceded diabase emplacement. The orientation
maximum of diabase dykes does not coincide with those of
the earlier dykes, faults and veins.‘ The greéter dyk;
widths, the lack of shearing and the lack of faulting

in the diabase dykes themselves indicate that compres-

sive tectoﬁic stresses similar to the ones responsible

for previous dyke>and vein emplacement were weak and

only tensional conditions coﬁld have opened the frac-

tures which were subsequently filled by diabase magma.
Similar N-S tension may have also been responsibie for

the opening of similarily-oriented fractures now occu-

pied by the later phases of m&neralized'ﬁeins bﬁf the
orientation maximum of the diabase dykes does not co-
incide with the orientationamaxima bf mineralized

veins (Fig 18 19) Some botry01dal arsenlde bearlng

QUY

~quartz -carbonate. veins ocecur in diabase south of- Contact

Lake in the Echo Bay dlstrlct (Mursky, 1972) and at
'Guﬁbarrgl’lhlet:in the Camsell River district (Badham,
1973b; 1975), but the writer cautions the reader that

remobilization of quartz-carbonate material (emplacement



110

. Flgure 19: Diabase dyke orientation. Compass rosette of
’ stereographic poles. Camsell River (black) measure- -~ °

- ments, 27 of them determined from the map of Shegelski
and Liurphy (197 ) and 3 of them determined from a map
in Badhan (1973b), are similar in orientation to the

6 Echo bPay (white) measurements determined from the
map of iursky (1972).



temperature--100 to 350° ¢.) would(be expected upon
intrusion of diabase magma (1200-1400°7C.) and that
precipitation of quartz-carbonate etc. would occur
upon cooling of that same magma. This remobilization
has been observed in the Cobalt-Cowganda diabases by
Jambor (1971b) and in the Blind River diabases by the
present writer. Diabase dykes crosscut major vein
structures at the Eldorado and Echo Bay Mines neaf%
Port Radium (Campbell, 1957; Robinson, 1é7ﬁ) and up-
dating of Pb isotopes in galena from 1625 m.y. to 1450
m.y.« has been reported from the Eldorado Mine (Thorpe,
1971; Robinson and Morton, 1972). | )

Ehe tectonic movements of the Camsell River and
Echo Bay belts and the sequence of depositional, intru-
sional and metamorphic évents is given in Figures 20
and 21.

_Greéf‘Eear StrubturalrFeatureS'
The Camsell Rlver and Echo Bay volcano- sedlmentary
' belts have been folded and faulted in the same manner

as the overlylng belﬁs of the Great, Bear Batholith.

The ESE by SE fold/axial planes, the NW side down NE
faults, and the dextral NE fault systems and their
| dextral ENE and N splays, ‘\are present thropghout the

Great”BeardBatholithi(Hoffman‘et al., 1975; 1976; 1977).

111
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Porphyritic granite and tholeiitic diabase dykes exist
north of tpeéEcho Bay belt. Hence the same tectonic
stresses isferred for the Camsell'River’and Echo Bay
belts above are thought to have determined the present
regional structure of the Great Bear Batholith.
Most of the major structural features appeaf to
d;minish in ‘intensity towards the Wopmay Fault and the
Hepburn Metamorphie Belt to the east. These include
the NE dips of” the overall homocline, the overall
dominance of NE-dipping llmbs, the observed dip-slip
" and strike- slip displacements across NE faults and the
overall-dominance of NE faults over their ENZ and N
splays. NE faults also diminish in number and break
into splays towards the north and the uppermost members
of the north eastern Great Bear volcano-sedimentary
'pile.overstep the Wopmay Fault (Hoffman and McGlynn,
1977). Hence all structural features.’spd‘al; struc-
turally-controlled dykes and veins,'with thevexception
of the universally distributed diabase dykes, were
formed during the accumulation of the upper units of
the Great Bear volcano—sedimentary'pile, an inference
which may also be drswn from evidence preseﬁted in the
previous sectioh;
i‘The transition from the Camsell River-Echo Bay
lavas of.the southwest to the overwhelmingly more
abundant subaerlal tuffs to the northeast may represent

a part of the fore- arc to back arc trans1tlon w1th1n a
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__tonlc condltlons

continental margin. This would have been accompanied
by a chronologlcal shift of volecanism and perhaps of

plutonlsm. to the northeast (Hoffman et al., 1976).

-The volcano plutonlc shlft the arc tran51tlon, the

compressive foldlng and the calcalkallne Camsell River

lavas are highly indicative of .Subduction- plate tec-~ -

Structural Vein Control

- M1nerallzed quartz carbonate velns and veln

't'structures occupy dllatan01es on maaor NE fault EN
‘”;fracture splays and ESE fracture systems in the Camsell

‘:_'Rlver and Echo Bay districts, These fracture systems

may be qulte extensrve and there are 1nd1catlons that

proto vein fluids were allowed easy passage through

some reglonal fracture systems. Several "giant quartz"

_ yelns may be traced for several kilometres along NE

faults (Kidd, 1932; Furnival, 193s, Mursky, 197Z) and
one Camsell River veln has been traceq: on outcrop for

1 kilometre (Shegelski and Murphy, 1973). A few North-
rim mineralized veins have been traced at dlstances up
to 2 kllometres (Dollery- Pardy, unpbl ) ‘and green,

lamlnated cherty xenollths, elther s1llc1f1ed argll-

~ lite or banded tuff both of Whlch have not yet been

‘w.ifound 1n the Northrlm Mlne, have been found in Northrlm

LA
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veins. They may have been plucked from the argillite
and tuff-bearing Terra sequence about 0.5 killometres "
below. | |
Veins at the Northrimbmine and other nines
pinchffrom millimetres and swell to metres in true
thickness. This is important for mining widths and
"‘qulte often mlnlng grades are obtalnable only at swells.
.These swells were dllatanc1es produced by shearing along
«ﬁcurVLplanar fracture surfaces. shearing: along offset
ifractures and dlsplacement at fault.and/or fracture ”¢;,1 ERER
splay Junctlons (see Roblnson, 1971 Badham, l9?3b)

“however these controls are, only 10cal and economlc L

’ ~

.’mlnerallzatlon would have been unllkely without re-

glonal scale ‘access of proto veln flulds to. such dlla—

tanices. Large dllatancles may not have been always

required since economlc mlnerallzatlon occurs very

often in host rock strlngers and hairline. fracturesf

Proto-vein fluid access would be expedlted by the num-

erous fault solays and 101nted fractures Whlch vary in
orientation,. even in 1nd1v1dual mlnes and veln structuresag‘7-'h
(Fig. 18). The access of proto-vein flulds to, and
possible‘fluld derlvatlon from country rocks via
fracturevsystems. are indicated by the presence of
quartz-carbonate etc. mineralized-fillings even in the
smallest of fractures.

Fracturing and dilatancy generation are the



) 'igenerally be

\

'obvicus‘veﬁn controls. ' lnerallzed velns occupylng
'fault and fracture systems truncate almost any host -
rock lltho;ogy,tcvbe found'ln *he camsell Rlver and
;Echc-Baj distriCts? These 1nclude volcanlc flows and.
tuffs (\orex, horthrlm Echo Bay, nldorado, most other‘

occurrences), volcanogenlc massive sulflde dep051ts \f
:(horthrim, Terra, Smallwobd lake, Norex, Republic ?),
Asedlmentary rocks (dolomite--Bloom Island; siltstone--

south shore of Ralny Lake, mudstone--TerraAwlne), syenlte
_ plutons-(E1- Bonariza, Contact Lake), “granitic plutons e
(granlte—apllte‘contacﬁ~near andeslte bofder—aﬁepﬁblic
vproperty),'porphyry;granite’dYkéS‘ahdfubcn‘reﬁcbiliaat;on
diabase dykes (Gunbarrel property; Eldorado and Echo Ba§
*mlngs 1n part) : The mineralized veéins are not restricted
to’any partlcular host rock, although they do occur more
oﬁten 1n the voplcano- sedimentary pile at various dls—'

taAces away from obvious plutons.

..Plutons in the. Camsell River and Echo Bay dlstrlcts

to the synvolcanlc, syenlte—monzonlte
lfsglte,. Thls sﬁlte vedates.themxntrudlng‘porphyrltlc
'gfanite“dykes which ! e in turn truncated by mlneral-

ized»veins._ Hence syenitic magma fluids are not those
responsible for vein mineralization,, although the wide-
spread hematization and (feldspathization in their con-
tact aureoles may be attributed to them. The porphyr- -

itie granite dykes, the only granltlc 1ntru51ons present
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w1th1n the Camsell River: volcano sedlmentary pile;
precede veln mlnerallzatlon and occupy fracture systems

Wthh do not c01nc1de comoletely w1th those of mlneral-‘

'1zed veins (Flg 16, 18), :and they” are not spatlally//“\\ .

, related to mlnerallzed velns throughout the Camsel
: Rlver area Mlnerallzed fracture systems cross granltlc
pluton: volcanlc roof contacts in the Eldorado Mine of
the Echo Bay district and in at least one 1nstance,’_
. velns occupy a hd fault whlch offsets the granltlc :
pluton-volcanic roof contact (Camobell 1957) - Thus; -
granitic intrusions are not likely sources for.the
oroto{geinffluids‘in both the Camsell River and Echo
Bay districts. Diabase dﬁkes truncate the mineralized.W
veins at several locations anolthey occuny"fracture
systems Whlch do not cOlnclde w1th those of the mlner-
vallzed veins nor any. other dyke and vein features.
.They have not been offset by. dextral movement on. the
syn- veinal NE faults. unlike syenltlc and granitic
ffplutons everywhere and hence thelr magmatlcoflulds
3'were 31mply‘not avallable at the time of vein formation.
Host rock llthology and plutonlc magmatlsm do not appear
to be factors 1n vein fluid formation but they may |
affect the later fracture and dilatancy generation
necessary for vein fluid transportation..

M1nerallzed veins of the (Ag, Bl, Ni, Coy As)

type are restricted to the Camsell River and Echo Bay
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,two dlstrlcts.

districts of the Great Bear region. Mineralized veins
\

_ have not yet been found in the NE faults and ESE frac-

- ture ,Systems north of the Lcho Bay dlstrlct and struc-

tural condltlons will not account for this absence

Granltlc plutons and dykes, dlabase sheets and dykes,
G

tonallte 1ntrus1ons and basalts, tuffs and\yolcano-

A\

sedimentary rocks are found in the north (Hoffman et

';aif{ui975€'1976ffl977)ybut-noxddrfespOnﬁiﬁg’referendé L

to (Ag, 34, Ni, Co, As) veihs”havé been foqﬁd»iﬁ the
literature. Hencelmineralized vein emplacement in the
Camsell River and Echo éay distfictsamust be related ‘
to some other regional phenomenum(a) fspnd ohly through-

out” the two mlnlng districts. Advanced hydrothermal

»reglonal zeollte/greenschlst facles metamorphism, co-
’5f51n01dent upon ‘téctonic fracturing and vein- mlnerall- o

Avatlon is’ the only natural factor restrlcted to the

LY

;-nvldence concernlng the spatlal and temporal

'l001n01dence of hydrothermal greenschlst metamorphlsm,

fracture,emplacementVanduveanmlneral;zathn; especially’“

at the Northrim Mine, has already been presented. Struc-

/ tural evidence indicates” that generation of the hydro- .

thermal brines necessary for vein mineralization was

regional in extent.



CHAPTER 5

NORTHRIM MINERALIZED VEINS

‘Introduction

The mlnerallzed ore shoots of the Northrlm Mlne
‘occur in multistage, polyphase velins domlnated by dolo—
mite, quartz and calcite. The ;eins occupy several
fracture systems and consequently mineralized veins
and stringers coalesce éndAsplay to form vein networks; -
‘the larger vein netsorks coalesce to form compositét
polyphase veln structures. Individual phases of véin
mlnerallzatlon may occupy portlons of dlfferent vein

structures and individual phases of vein mlnerallzatlon'

are mlnerslpgiggl;yJidenticalwto and~arenspatially éon—

PRSP

 tinuous with the numerous lightly mineralized dolomite—’“ss

calc1te quartz strlngers of the Northrlm wall rocks.

' MaJor comp051te veln structures of the Northrim
' Iiine include the 000" level OOO level north, Olh leysl.
056 level and’ the 210 level systems.~ The'dominanf
1 w1dest and most dllatant veln phases of the 000 ;nd
OOO north systems. and consequently the 000 and 000
north structures themse@yes, dip 75-80° N.; the dom-
inant vein phases and structures of the other systems .-
dip 70-85° s. A1l major vein phases and iéin.sﬁructures
striks ESE. except for some parts of the 014 level

4 ) .o ' . .
systém which strike ENE. Smaller stringers and veins
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in the Northrim wall rocks also strike ENE and

L
1921
e

they also dip 75-85° N. and S. 1In geherai/the most
-‘dilatant, less brecciated, less sheared phases and
‘structures strike ESZ; the less dilatgnt, more;brgc—
ciated. most sheared phases and struetufes strike ENE.
Narrow (0.1-10 cm. ) ENE-striking gouge zones are par-
tlcularly abundant in the 014 vein system.

Individual composite vein structures are sinuous
ané vary from millimetres to metres in true thickness.
Component mineralized phases also vary from millimetres
to metres in thickness and the wider portions, termed
lensesAor pods, have'beéh emplaced at fracture ana
fault junctions, and between paréllel offset fractures

and faults.’ Individual mineralized phases; often com-.

a

posed of rhythmically banded carbonates, quar.:t:z,al'i».d‘j
other minerals, grow off the vein wall rocks JRHJOff
one another--they are essentially accrétionaryAstruc-
tures. Early mineralization fills smail. dilatant
fracturés which have been brecciated by subsequent
tectonic movement and later mlnerallzatlon envelopes
the resultant breccia fragments. Later phases of min-
eralization generally occupy dilatancies parallel to

and next to the dilatanhcies now occupied b&_earlier ,
phéées of mineralizatioﬁ--the creation of adjacent dil-
Aaiépqieg_promotes‘thé development &F composite polyphase

vein structures‘df copveniently mineable widths.

-



The wall f%éks and vein structures have béeﬁ
repeatedly brecciated and angular fragments. (1 mm. -
1 m.) of both wall rock and veln phéses occur in the
mineralized veins. The wall.rocks themselves have been
fractured and ffégments, termed "xenoliths" in this
treatise, are most abundant in mineralized phases and
adjacent to vein walls. Wall rock xenoliths are gener-
ally larger and more numerous in the earlier phases of
mineralization; vein phase xenoliths are generally
smaller and more numerous in the later phasés of‘min—
eralization. Early breccia zonés occur in the wall
rocks; later breccia zones occur most often within

the vein structures. Many wall rock and vein phase

xenoliths are coated with rhythmically banded carbonate

and quartz--these cockade structures are most common in

the liéhtly sheared, highly dilatant 000 vein ore stope.

Ore and protore are restricted to a few of the
larger veins, polyphase vein structures and to some
parts of the adjacent“wall rocks. Ore and prdtore most
often occur in the wider polyphase vein structures but
this reiationship is only coinéidental. Individual ore
minerals and aggregates occur only within specific

phases, and often within specific zones, of discontin—

uous mineralization.

’ R ! T
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IV

Vein Alteration

Some Northrim veins and stringers are enveloped
by feldépathiZed and hematized alteration zones (Plate
V-5, Yfé) mineralogically idéntical to the much more

extensively feldspathized lavas

TR

described in the pre-

P

~ _-wvlous chapter. Vein alteration zones are only a few

centimetrésﬂwide arid moét of them accompany early-
stage, lightly mineralized'stringers associated with
the 010 and O14 vein systems east of the decline. K-
feldspar occupies the wall rocks closest to and albite
the‘wall rocks furthest from the veins; hematite dust
pervades parts of the potassic and sodic alteration
zones. Later, highly-mineralized veins contain hema-
titié feldspathized wall rock fragments but they are
not accompaniéd by recognizable alteration thoes them-
selves. They truncate earlier mineralized veilns and
theilr attendant alteration zonés.

Feldspafhized and hematized country rocks also .
occur at the Eldbrado, Echo Bay and Terra Mines
-(Campbell, 1957; Robinson, 1971; Badham, 1973b, 1975).
Robinson (1971) associates these rocks with pitchblende
ore shoots but Campbell (195%#) does not. At the North-
rim Mine, country rocks arefneither hematitic nor par-
ticﬁlérly feldspathic adjacent to any known pitchblende
mineralization. The same condition is true of a pitch-

blende-mineralized specimen from a Terra veiln shown to

e
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,ihe wrifer. Reduction of U during p%tchblende mineral-

5

ization or subsequent autoxidation” will not account
for country rock hematization at the Northrim and
Terra, and perhaps‘the Eldorado and Echo Bay mines.

| The feldspathized and hemétized country rocks
“afe thefonly majér vein-related features at the Northrim
Mine. Other alterations: the argillic (biotitic?);
silicic, sulfurous andlchloritic ones not related to
sﬁecifié phases of vein mineraligation at Fort Radium
(Campbell, 1957), exist at Northrim But they are most
often indistinéuishable from secondarijall rock min-
eralization. The vein alterations at Northrim are Agﬂ\\\_
con51dered to be metamorphogenlc and their appargpk
concentratlon along some early vein systems may be
attriuted to a reglonal me tamorphic condition, whereby
deeper-seated, higher-temperature, metamorphic fluids
gain access to shallower levels via fraqture systems
also exploited by the later derivative fluids which °
gave rise to vein mineralization.

Characteristic vein minefals. for example the

various arsenides, are restricf‘d td quartz-cardbonate
veins and stringers at the Nopthrim Mine, unlike the

corresponding minerals of the/Echo Bay Mine, which may

~. e e

‘

: 5Rusty, hematlte dusted dolomite haloes surround
some pitchblende spherules at Northrim. The haloes are
almost certainly autoxidation reaction products and
they are restricted to vein dolomite.

£
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‘ occur in the wall rocks immédiately adjacent .to some

veins. . R

Paragenesis .

- The sequence of Ndfthrim mineralization,itheﬂ;

paragenesis (Fig. 22), has been resolved into 4 stages,

each comprised of seveyal phases of mineralization. A
phase 1is considered here to 'be a distinct assemblage of
vein ﬁinerals deposited penecontemporaneously. A min-
eralized phase may include several distinct bands,

layers or fracture fillings if the mineral assemblages

. are identical and if the mineral aggregates are spa-

tially continuous wiFh one another. Criteria useful
in constructing the paragenesis included truncation,
banding, crustification aﬁd brecciation. Truncation
of some mineralized phases by other phases of mineral-
ization was the most useful. The criteria were ob-
served both in specimen and on site.

The first stage of mineralization, the U-Ag-As

one, consists of carbonate, quartz, uraninite, natf&g

‘silver; sulfide and Ni-rich arsenide assemblages. It

~is an an abundant one in the upper levels of the

Northrim Mine but it does occur as xenoliths in the
later mineralization of the Bi-As-S stage;  The Bi-As-

S stage, an amalgamation of complex assemblages
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ﬁcontalnlng sulfarsenlde, triarsenlde;ASquide,‘sulfoefgf_fj[['i“f“”

salt and native blsmuth mlnerallzatlon is well repre-
: sented at the Northrim Mlne "~ it is the’ domlnant stage
cof all the vein Systems. lhe follow1ng "Ag-As" stage

consists of quartz, natiVe s11ver, trlarsenlde and

,';acanthlte domlnated mlnenal assemblages. The Ag-As

v

stage assemblages are not abundant and they are suc- " -

v

ceeded in turn by the carbonate and sulfide-rich "vug”

stage” assemblages, the latest .ones emplaced in the
- ‘ :
Northrim veins.. The maXLmum intensity” of vein. brec01a—

tlon occurred durlng the early Bl Aé/S/stage of mlner-.
- alization but 1t was preceded by more intensive wall
(rock brecc;atlon. o _
Several'difficulties wereiencountered dﬁéing,_
ﬁconstructfon:offthe"paﬁagenesis. ~Firstly,, there are

2 major'vein structures. 1t was lmp0351ble to correlate

_3all phases in both structures 51nce many mlnerallzed

.,a’ -

‘phases found 1n one have no counterparts ln the other
and reference phases were not avallable for their cor-
relation. This difficulty was circumvented by com-
bining the observations at the intersections of the

ObO and Ol4 structures on the 000 level with inferences
based on mineral assemblages of both vein structures.
éecondly. some pods of mineralization were sealed off =~ -
during vein formation and consequently they have a more‘,

varied mlneral assemblage than their lateral and temporal

Yan L e
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""Vmay have been formed durlng later phases of mlnerall—~f-

“ezatlon.” Thls dlfflculty ls not conSLdered cruclal w1th

' resnect to the overall paragene51s 51nce most mlnerals

"were depos1ted 1n several consecutlve~phases andvsome
' fln nearly all the phases of mlnerallzatlon

Another dlfflculty, thp pOSltlon of dendrltlc

"structures wlthln the paragenesls. is- sqmewhat\per— e

plexing. Denf;'tes form on pre-existing surfaces but

unless th#PEMERcs banding or some other primary de-

Pesitieﬁalw -quref;the mineral affording the surface
may have. been peneconfeﬁporaﬁebﬁsly deposited with

. dendsite ﬁinefelizétidh. Penecontemporaneous depo-
sition appears to-be the rule for arsenlde uranlnlte .
" dendrites of the U-As stage-of mlnerallzatlon since
‘these dendrites are restricted to individual“ﬁlugs and
bands of carbohate-dueftz mineralization.” The same
condition applies to silver-arsenide dendrifes of letef
U-Ag-As assemblages and to dendfiticiand inflorescent
native bismuth-arsenide intergrowths of the Bi-As-S
stage of mineralization. The native bismuth-cobaltite-
dendrites found w1th native silver-cobaltite dehdrites
- were probably formed during the Bi-As-S stage of miner-
alization but the native silver-safflorite dendrites

"which overgrow. carbonate phase contacts adjacent to -

quartz-rich, silver-arseénide assembiages/were probably

e

"uﬂequiveients;'wTheif7assémblages~inc&ude)mineﬁeis'wﬁich“fe :; -
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!formed during tne later Ag-As stage The latter den--

' drites have been included in the Ag-As stage of miner-:--"(~~~

alization onithe paragenetic record A fourth difficulty,

incompleteness of the sample and’ 51te record was ‘not’

considered as important as the third since new . infor-

" mation would only demand the insertion of new assemblages

_into the paragenetic record It would not demand reor-

_ganization of the paragenes15 1tself "
The paragenetic record for the Northrim Mine is.

based on observations of the veins down to the 125 leVel

This record is thought to be nearly complete since samples

from the lower levels shown to the writer by Dr R Morton»~

. are composed of assemblages which fit into the paragene—
Sis-presented above. The Northrim paragenesis is re-

markably similar to the one of the Great Bear veins by

Rojkovic (1973) and to the one of the Terra veins by -

Badham (1975). The Rorthrim paragenesis differs from
the one of Rojkoviec in only two matters: the earliest
quartz-hematite phase, common in the Port Radium veins
(éobinson, 1971) and the latest Cu-Ag-sulfide phase, a
low temperature one (op. cit.,‘l973) have not yet been
identified at.Northrim. The Northrim paragenesis of
this treatise resembles the Northrim and Norex para-
geneses by Badham (1973b, 1975) only with respect to
the double period of silver—arsenide mineralization.
This double period of mineralization.may also occur at

the Terra Mine.
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The mlneralogy of the Northrim: velns is complex:L ;L_1it

»but over 90% of the veln materlal occurs as gangue
carbonates'and quartz.w_AlumanSlchate gangue min-

' efals‘ihclude muscovite, chlorite, albite and K-feldspar
but tﬁese-mineralsvare never abundant and they occur

only in pre-Ag-As stages‘of minefalization ' Albite'

althdugh they are abundant in the chlorlte and carbonate—,h.

rich strlngers Whlch enter the host rocks. Alblte and
K-feldspar form layers (<1 mm.) which accrete directly
fonto vein walls or onto earller mlnerallzed ph?ses
attached to veln walls They are accompanled 'y
Spherulltlc chlorlte w1th Berlln blue lntepfe ence
colors and apatlte, mlnerals which are/aiso found
adjacent to carbonate strlngers ln t'e host rocks.
o The more prominent and‘econ'mically'important

. . o ., ¥
minerals are described below. ‘

(a) Carbonates and Quartz

Dolomite, calcite and quartz are the dominant
vein minerals at Northrim. Dolomite is fhe‘dominant
carbonate but calcite is a constant accessory mineral
in the early stages of mlnerallzatlon and the dominant
carbonate of the last stage of mineralization. Both

=
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"“ddlonit -and.calcitefcbntafn'abﬁfeeiaSie:Mn;andﬁFe3i'Mn‘“h
concentratlons are.hlgher in the late phases, Fe con—x
centrations are hlgher 1n the early stages of vein
vmlnerallzat;on, .Rhodocrosite ‘and SLderlte do not/_\J
‘ééédf in the NorthrimHMine,‘altneughxthey-do occur
at\the Eldorado Mine (Robinson, 1971).

Early U-Ag-As stage dolomites are finely
crystalline, granular in appearance, and yellowish-
white‘in color. Theylare often rhythmicaily banded
(3-15 mm.)NWith tnin laninations‘(i-g mm.)iof quantz.
This dolomite is the most ferroa; of the Northrim
dolomites and 1t 'is the host of uranlnlte arsenide-
sulflde+nat1ve silver mlnerallzatlon These dolomites
are most abundant towards the 51des of and in the wall
‘rocks adJacent to the 000 vein structure The ferroan
dolomite bands may increase to several centimetres in
thickness and in such‘instances uraninite sphernles
and colloform masses? botryoidal arsenlde aggregates
and- sulflde gralns are abundant In smaller strlngers.
’1nd1v1dual bands of this mlnerallzatlon form dlscrete
plug-like bodies. Quartz and calcite grains are inter-_-
grown with the dolomite.

Later U-Ag-As stage dolomites resenmble the earlier
ones but‘are usﬁally less granular, more crystalline in
appearance and are'lighter in color.‘ They are also

rhythmically banded with quartz, and cockade structures
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(dia. 2—15'cm ) composed of earller dolomlte and wall—
rock bre001a fragments, have been enveloned by banded
dolomite and quartz. -These structures are . remarkably ‘ |
abundanﬁjin the'widely d;latant 000 vein stope on th;
uﬁpef’ievels. Arsenide-native silver+uraninite dendrites
and sulfide grains are found in this dolomite. Early
Bi-As-S stage dolomite is identical . to that of the late
U-Ag-As stage but becomes more granular with increasing
ca101te and quartz - concentratlon This- dolomlte 1s the'
host of the later heavy sulflde mlnerallzatlon, especl-
ally abundant as podiform lenses in the upper level 000
vein stope. |

| Quartz is the dominénf mineral of»the‘early
phase of Bi-As-S stage mineralization. Rhythmically
banded (1-15 mm.) milky and transparent quartz, some-
times alternating with banded diarsenide-triarsenide
tubercular grthhs,'ferﬁ parallel rows of euhedral
crystals whose termiﬁi Jut into tensional dilatancies
filleg by later mineralization. These comb structures
grow off vein walls, elongate wall.rock xenoliths, pre-
| Qiously empléeed comb structures and shear fracture
gouges. Comb‘structures occupying ENE-striking stringers
of the Ol@-vein eystem have been fepeatedly sheared and_
brecciated. Shear fracture gouges have been filled by
finely-brecciated wall rock and vein mineral fregmenfs

and a jet-black triarsenide matrix in the thinner (1-15 mm.),
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more'eldngate (up to 10 m.) and more ‘gouged fractpres{
and by an additional green:‘micaceous mineral (probably
muscovite) in the Wider. less elongate, less gouged
fractures. Dilatancy generation of a tensional nature
was* synchronous withlpponounced'shearing since the

bases of comb structures are attached to fracture godges.
Individual gouge zones splay and coalesce; they are only

abundant in ENE-striking mineralized phases. The latest

- bands of the shear-banded sequence are composed of

coarsely crystalline dolomite.

*

- Shear- banded quartz mineralization is succeeded

lby coarsely crystalline. milky, often chalcedonic gquartz,

then dolomite mineralization: the first quartz-rich
phase is associated with native bismuth-skutterudite

dendrites and lenses; the second'dolomite—rich phase
. . Y i

is associated with native bismuth-aikinite-sulfide
mineralization. In the OOO vein stope, these phases
‘are wide and have been only mildly bre001ated in the -

LNE strlking parts of the 014 vein stope and the lower

levels of the 000 vein stope, these phases have been
sheared in'the same manner as the shear-banded quartz
phase of the paragraph above. These sheared bands are
wider, less elohgate and less brecciated than fhe ones
above, and chlorite, instead of muscovite, 1s the abun-

[

aneously emplaced pegmatitlc to‘le cm. ) rhombs of

' /
I
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white dolomite with quartz, alkinite-rezbanyite, native

‘bismuth, galena and chalcopyrite occupying interstitial

surface and cleavage traces have been observed 'in the

000 veiln system. This pegmatitic phase immediately

precedes coarse, crystalline quartz mineralization.
Coarsely crystalline quartz with intefstitial

Vsilver, arsenide and sulfide mineralization is the last

mineral phase of major econoﬁic importénke jet discovered.

It fills dilatancies in fracture systems which occur in |

the 000 vein structure on the middle levels and in the

014 vein structure on the 1Qer,ievels.(R. Morton, pers{

comm. ). Coarsely crystalline, barren, zoned quartz

crystals--first milky, finally transparent in color,

then amethystine and coarsely crystalline white calcite
with sulfide and afgentite mineralization occupy the g
same fracture systems. The coarsely crystalline quartz
occupiés fhosé pdrtions between elongate, individual
plug-like pods of silver—érsenide—quartz minéfalization
and is penecontemporaneous with them. Calcite-argentite-
Sulfide mine}alEzation follows the milky phase, but pre-
cedes the _amethyétine phase of zoned quartz mineraliza-
fion. Vugs are common §n thesé fracture systems and vug-
filling minerals include quartz, calcite, marcasite, chgl-
cdpyrite} galena and hematite. The coarsely crystalline,

{

white dolomite-calcite stringérsj@ith scalenohedral



calcité,hcubd-octahedral galena and a powdery clay
mineral ére the last vein features to form. They
were préceded by hlghly manganlferous yellow orange
‘ dolomlte stringers.

Quantitative electron miéroprobe analyses were
not performéd on either the carbonate or guartz but
were performed on several samples of the more economi-
“calli 1mportant mlnerals which follow; The wavelength
dispersion method“wag employed in th quantitative
analyseg. ‘Qualitativé feéonnaissanCe was performed

using the energy dispersion method.

(5)' ‘Native Ei@ments

Native silver, native bismuth and perhaps native
gold are found in the Northrim veins. Native gold has
been identified in néither hand nor polished section
‘but one anomalously high assay value (0.78 oz. Au/ton)

was determlned in one sample from a vein south of the

‘)

<
4 -

> . _
Native silver is never pure, and although it

mine worklngs

does not dontaln‘ﬁy, Cd Zn, Pb nor Bi in excess of

0.05 wt. %,

g 'F
” ~ét1on 1limit of the wavelength dls-»
persion metho;igg ¥ ed; 1t does contaln appre01able
Sb (0.3-0.5 wt. %) aﬁd Hg (1- lb wt. ﬁ). Hg concen-

tration is particularly variable and 13.8 wt. % Hg

D
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PLATE VI. Ag-As bineralization

VI-1. Backscattered electron image. Ag-As dendrite.
Native silver (Ag) is enveloped by an arsenide (as)

rim. Polybasite, acanthite and a Ag-Hg amalgam are

also present. The gangue minerals are quartz (qz)

and dolomite (dt). C3 marks the position of an ‘analyti-
cal entry in Table 7. - ‘ L K o

VI-2. Agle.100,000 counts. Native silver (Ag) is
the major Ag-bearing mineral. Polybasite (pb) and
acanthite (ac) - also carry the element but in lesser
concentrations. ADP (Ammonium dihydrogen phosphate)
detector. A - '

VI-3.+« SbLa . 677 second exposure. 30,000 counts. Both
native silver and polybasite contain appreciable Sh. The
measured concentration in native silver is 0.4 wt. %.
Acanthite and the Ag-Hg amalgam 'do not contain appreciable
Sb. EDDT (ethylene diamine dextrotartrate) crystal.

VI-4, Hgila. 15,000 counts. Native silver contains
1.7 wt. % Hg and a thin:.sliver of a (Ag ¢s¢ HEZoiv )
amalgam occuples a small fragture ( -~ ) which crosses

the less mecuric grain. The%%oncentration of Hg in

both minerals has bYeen measured by quantitative wave-
length dispersive analysis. Acanthite (ac) and poly- .
basite (pbg do not contain appreciable Hg.EDDT crystal.

VI-5. AsLa . 30,000 counts. Arsenide minerals rim
the native silver dendrite. There are at least three
arsenide minerals in this assemblage but they are in-
distinguishable here. TAP (Thallium acid phthalate)
crystal. L :

VI-6. " 'SkaK. 30,000 counts. Polybasite acanthite and
the arsenide rim but riot the innermost arsenide blebs, .
contain appreciable concentrations of the element.

Apparent concentrations in native silver are atomic
number effects. ADP crystal. _

The white bars of this plate and the ones of succeeding
plates rXpresent 50u sample distance.



PLATE VII. Ag-As lineralization (continued)

VII-1. NiLo image. 15,000 counts. The innermost
arsenide blebs are Ni-rich but are Co-poor. They have
a composition of 2 wt. % Ni, 2 wt. % Co, 70 wt. % As
and 1.6 wt. % S. They are almost certainly rammels-
bergites. The safflorite (sf) rim and. the outer most
arsenide inclusions also contain Ni. ILiF (Lithium
fluoride) crystal.

VIiI-2. Cola image. 40,000 counts. The safflorite

'rim and outer most arsenide inclusions contain appreciable
Co. The outer most inclusions are probably cobaltites.
The most prominent cobaltite is marked by an arrow. The
apparent concentration of dots within native silver and
polybasite is an atomic number effect. Safflorite and
cobaltite also contain appreciable Fe but a FeK image :
was not taken. LiF crystal. .

VII-3. Reflected 1light. Late U-Ag-As stage dendrite.
Native silver (white) enveloped by gersdorffite (light
gray) in dolomite (dark gray) matrix. Note the rhombi¢-.
shape of some parts of the native silver dendrite--this °
may represent pseudomorphic replacement of dolomite.

The following images (Plates VI-4, 5, 6; VII-1, 2) were
obtained on this dendrite in the area marked "X".

VII-4. Agla image. 90,000 counts, 319 second exposure.
Native silver (Ag) also occurs as small inclusions in
gersdorffite (gf). Dolomite (dt) and quartz (qz) are

the gangue minerals. ADP crystal.

VII-5. AsLao image. 80,000 counts, 165 seconds. The
As 1s concentrated in gersdorffite (gf),TAP crystal.

VII-6. SKa image. 60,000 counts, 746 seconds.
Gersdorffite contains the element. ADP crystal.

| The white bars ofithis plate represent 50 u sample distance.
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was found in a thin, optically distinct sliver of
rnative silver lining a hairline fracture which crosses
a Ag-As stage nativé silver dendrite (P{ate VI-3).
Native é%;ver does not contain more than 100 ppm Au,
the maximum concentration p;ssible if all Au in the
4Qoncentraté assays (Table 1) was assumed to be present
in the native silver portion. Native bismuth, unlike
‘ .nafive silver, waé found to be almost completely‘free
of other elements. Spurious, low concentrations of Ni,
Co, Fe and As encountered during microprobe - analysis
of some small (1-5u) native bismuth inclusions is
attributed to contamination of the enveloping aréenide
mass within the excitation sphere of electron beam
impact.

Exsolution of native metals in Ag and Bi-bearing
sulfosalts was foundAonly in one instance. A few native
bismuth droplets (5-25y) weré found in matildite and a
few native silver inclusions (1-5p) were found in
assoclated freibergite of én irregﬁiar hybrid assem-
blage including galena, sphalerite and chalcopyrite
(Plates VIII, IX, X). Matildite and freibergite
observéd in other, more regular phases of Northrim
mineralization do not have native metal inclusions.
This lack of native metal'exsoiution phenomena in mat-
ildite and freibergite suggest low temperatures of

vein mineralization. Native metal exsolution has

P
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not been observed in gélena or other Ag and Bi-bearing
minerals. ,
- Native silver of at least 3 generations occurs
at the Northrim Mine. The first generation of native
siiver occurs as separate grains accompanied by nicco-
lite, rammelsbergité.bgersdorffite andxpifcﬂblende,ﬁ“
‘dendrites and rosettes in isolated, early phase U-Ag-
As stage plugs. This generation of native éilver is

ESes]

not abundant in the Northrim Mine and unlike the early
Ecﬁo 3ay (Robinson, 19715; Terra (3adham, 1973b, 1975)
and Great Bgar Lake (Rojkoviec, 1973) silvers, known
dorthrim silver stringers do not truncate pitchblende
structures. The éecond generation[ accompanying various
arsenide minerals in late U-Ag-As‘stage dendrites, is
much more aPundant and this generation ﬁay be spatiailyf 
associa@?d.with native bismuth-diarsenide:dendrites and
masses. Silver-cored, arsenide-fimmed dendrites and
rosettes (dia. 1-8 cm.) belong to this generation,

which in all respects save the absence of pitchblende,
resembles the first. The third generation of native
silver, oécurrinngithin concentric and oscillatory

gersdorffite,.cobaltite, safflorite, galena and chal-

copyrite intergrowths intersfitially emplaced between

- Ag-As stage "granular" quartz crystals (cf. "salt and

pepper" ore) is the most widespread and abundant phase

of native silver mineralization known at Northrim.
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PLATE VIII. Bi-Ag-As-S MNinerallization

VIII-1. NiKo image. 90,000 counts, 525 second exposure.
- Gersdorffite (gf) is Ni-rich. It contains very little Co
since no CoK o image could be obtained. LiF crystal.

VIII-2. FeKa . 20,000 counts, 670 seconds. Only the
dolomite (dt) contains significant Fe. LIiF crystal.

VIII-3, VIII-&4, Backscattered electron images. Dif-
ferent exposure times and different light intensities.
Ag-As/Bi-As-S stage combined assemblages. WMinerals
include sphalerite (sp), galena (gn), matildite (md),
freibergite (fb) and native silver (Ag). 1Inclusions

(up to 3u) of galena, matildite, sphalerite and an un-
identified mineral (ud) oc%:r in freibergite to the
right of the native gilver ®leb. Sulfide and sulfo-
salt minerals were deposited first; native silver last.
Such assemblages are disequilibriate and they are found -
wherever previously emplaced sulfide-bearing carbonates
are intruded upon by Ag-sulfosalt and "salt and pepper"
native silver-skutterudite phases. The oxidized splotches
(x) should be ignored. L

VIII-S. SKka ,50,000 gounts. Only native silver and
quartz (gz) do not contain the element. ADP crystal.

VIII-6. Agla . 50,000 counts. Native silver, frei-
bergite and matildite carry the element. The native

silver also contains 1.4 wt. % Hg, an element not de-
. tected in the other silver-bearing minerals. ADP Y
crystal. '

‘

The white bars of this and s#cceeding plates represent
50y sample distance. ~ -

4

/
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PLATE IX. Bi-Ag-As-S Hineralization (continued)

IX-1. ZnKo image. 12,000 counts. Sphalerite (sp)
is the major Zn-bearing mineral but freibergite (fb)
also contains Zn. The sphalerite contains 0.6 wt. %
Cd but it was lmpos31b1e to obtain a clear 1mage be-
cause of Agl line“interference. LiF crystal. :

Ixné Cuﬁad§525yooolcounts. Freibergite is the host
mirieral. LiF_crystal

IX-3. ‘FeKa - 20, OOO counts. Undetermined inclusions
(ud) and frelberglte contain the element; sphalerite
(sp) may not. LzEzggastal. : T '

,,,,,,,

IX-4, Sbla . 30 000" couﬁ%e Freibergite is thg. maam‘
Sb-bearing mineral. Natise sllver does carry apprewlab
Sb (0.5wt. %) but not enough to shyow - on this Amage i
2DDT crystal. , o

IX-75. AgLa » 30,000 counts. Frelberglte contains As
but’ the undetermined inclusions (ud) carry higher con-
centrations of the element. These inclusj bhs also con-
tain high toncentrations of S, Fe and Cu ¥Wdt not Sb,

Zn nor Ag. The mineral, most likely a sulfosalt or .

a sulfarsenide, warrants further study. Apparent As
concentrations ‘in other metal-bearing minerals are ‘
atomic number effects. RAP (Rubidium acid phthalate) .
crystal. : ' _

IX-6. SnLa . 10,000 counts. Only trace concen;ratlons
of Sn may be present in any mineral. Dots on the image
represent continuum radiation. :

The white bars on the plate represent 50u sample
distance. .
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(gray). The Bi-bearing arsenide, most probably a saf-
florite, occurs as small (<%.) inclusions within alkinite

PLATE X. Bi-Ag-As-S lfineralization (continued)

X-1. BiMo image. 25,000 counts. latildite is the
Bi-bearing mineral. T“ative bismuth inclusions (ex-

solution) -are found within this mineral a few milli-
metres, away PbM line interference was minimal. ADP

crystal. '

X-2. . PbM¢ . 20,000 counts. Galéna is the Pb-bearing.

" ‘mineral. Note the Widmanstatten-like exsolution of

galena in matildite. The PbS-(Ag, Bi)S exsolution is
almost complete. LiF crystal.

X-3. Reflected 1light image. The image includes the
area found in Plates VII and VIII. The lettered series
indicate locations of corresponding entries in Tables 6
and 7. This image encompasses the area pictured in the
previous plates (VII-3 to 6, VIII, IX-1,2).
X .
X-4, Reflected 1light. Early Bi-As-S stage. Cobaltite
(1ight, low. relief). and dolomite (gray) brecciated and
replaced by native bismuth (light gray, tarnished). Most
of the smaller fractures ( -») .in the cobaltite may have
been created upon native bismuth expansion. Small
fractures of this kind, some of which are radial, are
restricted to early arsenide-bismuth assemblageg. They
are absent in later sulfosalt-bismuth assemblages.

X-5. Reflected light image. Late Bi-As-S stage. .
Native bismuth (Bi, tarnished), galena (gn) and aikinite-
rezbanyite (ak) form aggregate structures in dolomite

next to native bismuth. _ -
X-6. - Reflected light. Early Bi-As-S stage. Banded
chloanthite-skutterudite (gray) of oscillatory compo- -
sition with interstitial bands of quartz (black).

" The whi*s bars on the plate represent 50u sample

distan 2.
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Native silver stringefs, dendrites and fracturé fillings
found with complex sssemblages of native bismuth, ar-
senide and>sulfosalt m{neralization aldng fractures
truncating Bi-As-S sf;ée banded and massive doloﬂifé
withig‘centimetres sf the interstitial silver—quarfz‘
mineralization were almost certainly introduced with
the third generation of silver. Third generation silver
has been overgrown by skutterudite grains (1-4 mm. dia.)
but a.later generation of\silver fills hairline fractures
which truncate skutterudite crystals. This generation
most probably répresents a local remobilization of old
‘third generation silver since oscilllatory growths of.
native silver and skutterudite has been observed by ’
tﬁe writer, The three or four generatloqs of native
silver are always assoc1ated ‘with dlarsenlde, sul far- « 0y
senide and quartz mineralization: gersdorffite in the
first, gersdorfflte and cobaltite in the second and
h_safflorlte gersdofffite, cobaltite and. chloanthlte-
skutterudite in the thlrd generations. Native 31lver
dendrites and rosettes of the first generation areOFn:
often cored by quartz and most often rimmed by diar-
o8

senide mlmggagf. Native silver most often forms the
cores and@sﬁlfarsenide minerals.the rims of second
generation déndr%tes and rosettes. |

Na?i@e‘bismuth.appears in at least 5 different

situations. It occurs gs fracture }ilithgs truncating
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U-Ag-As stage diércenide dendritcs, as interstitial
filiings between Bi—As;S stagé pegmatitic dolomites ‘and
quarfi. as oscillatory lntergrowths with cobaltltes in
31-As-S stage dolomites, as cores of safflorite and
skutterudite dendrltes and masses, as fractore fillings
truncdting visibly banded skutterudites é;d,as exsolved
blebs in hybrid Bi-As-S/Ag-As»stage sulfosalts. Pene- ¢
contemporaneOusly formed mineralé,;n'native bismuth
assemblages include cobaltites, chloanthite—skutterudite;'
aikinite—rezbanyite. galena, chalcopyrlte. sphalerite,
matildite, frelberglte and tetrah%drlte. Native
blsmuth-araenlde aggregates are néarly as abundant
as native silvor arsenide aggregates. Native bismuth
mineralizétion of all textures precedes third generotioh
but follows first and second generation native silver .
mineralization. |

Native bismuth, like water, is oﬁe of the few
'substances which expand upon solldlflcatlon .and radial
fracturlng analagous to frost” cracklng has been observed
for some native bismuth occurrences (Ramdohr, 1969).
Radial fracturing has not been observed in minerals
‘enveloping native blsmuth but locally pronounced ir-
regular cracking of skutterudlte occurs in some early
Bi-As-S stage native blsmuﬁh\arsenlde sulfide assem-
blages (Plote X-4), This cratking may be also attri-

buted to tectonic brecciation but this interpretation

¢
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is not as probable as the first ?ane fracture extensions
1nto gangue carbonates and quartz are not filled with
natlve bismuth. Later nathe‘blsmuth-arsenlde-sulfo-
salt assemblages do not have this tekturéqand it may

be concluded that depositional temperatures of Northrim
mineralization of the late Bi-As-S and la}er Ag-As
aésemblages never exceeded 271.5O C., the solidification
temperature of native bismuth. Maximum temperatures of
Northrim vein mineralization for all late phases would
have been somewhat less than 271.50 C. since native
bismuth may be expected to expand and shatter the
surrounding minerals’ at temperatures lower than its
solidification pdint. Temperatures of early Bi-As-S
stage mineralizatibn would have exceeded 271;50 C.

— It should be ﬁointed out that 1eaf'silver, wire
silver and hair silver varieties quoted in Robinson
(1971) have been found in Northrim.veins but no de-
tailed compositional study of them has been made by
the présent writer. To these textural variet}eé may
be added "tear-drop" silver but precusory study of
Robinson's data and electrbn microprobe analysis and
reconnaissance of Northrim silvers have indicated
that native silver composition does not change sub-
stantially with texturéi type. A seriles of plates
illustrating the pccurrehCe of silver dendrites,,iﬁ;

"clusions and masses has been given to indicate the

150
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complexity of various minéral_assem%lages containing
native silver. Similar complexity may be found in

- assemblages containing native bismuth, which 1s often
found in hybrid secondary assemblages containing native
silver, even though thebtWO metals never touch one

another.

[
H

(c) Arsenides and Sulfarsenides

e

Arsenide minerals identified in Northrim veins
(in order of first appearance in the paragenesis) in-
clude niccoi&te, rammelsbergité. gersdorffite, cobal-
tite, chloanthite-skutterﬁdite, safflorite and glaucodot.- a
Three other arsenides were. also found: a Bi;GQaring
safflorite (?) phase occurring Qith nafive bismuth,
aikinite-rezbanyite and galena (Plate IX-5), an oﬁ}
tically distinct, slighfly anisotropic phase interme-
diate in compositiop between rammelsbergite and gers-
dorffite (Plate X), and a previously undescribed ar-
senide with a formula of PbAs (Plate XI). Arsenide
minerals are found in the first three stages of min-
eralization and there is scarcely a mineralized’vgin
structure at Northrim_whichfdoes not contain them.

Early U-Ag-As stage arsenide plugs contain
niccolite, rammglsbergite and gersdorffite. They

occur as plug-like masses tapefing into "tails" along
. Y ' . . . .

i
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PLATE XI. As-Bi-S Mineralization

XI-1. Backscattered electron image. U-Ag-As stage

accretionary structure. HNiccolite (nc) occupies the
center, rammelsbergite (rm) and gersdorffite (gf) the
flanks and cobaltite (cb) the rims of such masses.

Rim cobaltite mineralization may have been deposited
with native bismuth (Bi) during the early Bi-As-S stage
of mineralization. Al-A5 mark the positions of corres—

- ponding analytlcal entries in Table 5.

XI-2. AsLo . 100 000 counts. The arsenide and sulf-

- arsenide minerals are represented. TAP crystal.

XI-3. NiKoa . 80,000 counts. All the arsenide agd
sulfarsenide mlnerals contain appreclable Ni. Li

crystal.

XI-4, CoKa « 40,000 counts. Only cobaltite (cb)
contains apprec1able concentrations of the element.
The apparent Co concentratlon in native bismuth is an
atomic number effect. 'LiF crystal. :

XI-5. SKa . 7%,000 counts. Arsenian gersdorffite
(dgf), gersdorffite (gf) and cobaltite contain appre-

.clable S. Bismuthinite (bs) specks occur locally with

native bismuth along small fractures truncatlng the
arsenide mass. PAT crystal.

XI-6. BiMa . 30,000 counts. Native blsmuth (Bi)
and bismuthinite contain the element. Both replace
minerals of the accretionary structure. PET (pent-
aerythritol) crystal.

' The white bars on the plate represent 50u sample

distance.

a
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the sides of veinlet walls. Niccolite occupies the

centermost. part of the "plug" and the portion of the

"tall" closest to the veinlet walls. Niccolite was

the first mineral to have been deposited: it was o

followed by rammelsbergite and then gersdorffite de-

position. Skelet#l and/or spherulitic rinds of uran-

inite occur within the three arsenide minerals and

uraninife-rammelsbergite and uraninite-gersdorffite

dendrites ana rosettes (Plates XV-1, 5, 6; XVI) are

abuﬁdant towardé the'plhg centérs. .
Latef_U—Ag;As’stage assemblages include' the

'ﬁﬁree arsenides qf the plugs, cobaltite and an ar-

senide intermediate invcoﬁppsition between rammels-

bergite and gersdorffite (mineral.Aj. Table 5). This &

mineral is»the arsehian gersdogffite variety found in

CObalt—Gowg:ndé ores (P-ea't'ruk et al., 197la). The

séﬁuence of arsenide emplacement is identical to that

of the previous stage except that arsenian gersdorffite

sometimes occurs between gérs&brffite, rammelsbergite

and niccolite (Plate X). Compositional zonation with-

in individual arsenides was encountered during quanti-

tative electron microprobe analysis but the differences

in composition were greater between minerais than with- -

in them. The center niccolite (mineral Al) was found

to be relatively uniform in composition; the rammels-

bergite, aFsenian gersdorffite and gersdorffite (minerals
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PILATE XII. . PbAs Mineralization

XII-1. Reflected light image. Late Bi-As-S stage
assemblage. Iliatildite-galena (md-gn) mass with native
silver (Ag) inclusions and one grain of PbAs, a mineral
previously unreported in the mineralogical journals
scanned by the writer. Its crystallographic features
warrant further study. Proposed name: Brederite, after
a prominent family of the Netherlands. The image lies a
few mllllmetres away from the images of Plates VII and :
VIII, ) :
XII~2 Sample current image. Matildite (md), galena
(gn), quartz (qz) and "brederite" (PbAs) appear in the
1mage \

XII-3. AsLa.. 10,000 counts. 256 second exposure.
Brederite alone contains the element. RAP crystal.

XI1I1-4. SKa'. 80,000 counts. 126 seconds. Matildite
and galena contain the element; brederite does not.
ADP crystal.

XII-5. PbMa- .- 80,000 counts. \256 seconds. "Brederite"
and galena contain high concentrations; matildite con-
talns only low concentrations of the element. There

is no BiM interference. LiF crystal. .

XIT-6. BiMa . 80,000 counts. Matildite contains the
element; galena may not. Brederite appears to contain #
some Bi but this may be attributed to PbM line inter-
ference. The bre&erlte in the image has the. follow1ng
composition: 90 wt. % Pb, 10 wt. % As. This composi-
tion corresponds to a general formula of PbAs

and the major mineral is probably amphoteric. No other
elements were found in brederite by electronic dispersive
analysis, and the elements S, Fe, Co, Ni, Cu, 2n, Ag, Cd,
Sb and Hg weré undetected in quantitative wavelength
dlsper51on analysis. LiF crystal.

The white bars on the plate represent 50p sample
distance.
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A2, A3, A4) envelope somewhat more variable ih compo-
sifion and the oobaltité crust (mineral A5) was found
to be extremely variable in composition. S concentra-
tion was foﬁnd to be inversely proportional to As con-
centration in rammelsberglte, a relatlonshlp which lS
aot pronounced because of the low S concentration in
rammelsbergite; the same relationship 1s,moro pro-
‘noynced for gersdorffite, arsenian gersdorffite fnd' ,
rlm cobaltite whose S concentratlons are higher than
those of" rammelsbarglte 4Ni,Aoo and Fe concentratlons
in rim cobaltite vary inversely w1th one another and
-similar, less pronounced varlatlons in Ni, Co and Fe
(?) concentratlons oceur in arsenian gorsdorffite,
gersdorffite and raﬁoelsbefgite. The arsenian gers-
dorffite may beL;he product of reaction between'rammelsf-
oergite and gérsdorffite‘during a minor thermal bulse.
The ar;ehide mass above is typical of all U-Ag-
As stage arsenide acoretionaiy‘structures observed in
the Northrim mine. _Nicooiite,forms the core, rammeié-»
bergite the inner layers; gérsdorffito the patches and
outer'layers, and cobaltite the rind of‘arsenide masses.
In genéra; a Ni-rich but Co, Fe and S-poor niccolite
and/or rammelsbergite core of generally uniform codpo-
51t10n ylelds to a Ni-poorer, but S-richer gersdorfflte

and arsenian gersdorffite envelope of slightly more

varlable composition, and the latter minerals yleld
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PLATE XIII. Ag-As Mineralization

XIII-1. AsLa image. 100,000 counts. Early Bi-As-S
stage triarsenide assemblage. Oscillatory banded
chloanthite-skutterudite similar to that of Plate IX-6.
the banding is not obvious in this image since -all
triarsenides carry similar concentrations of As.
Oscillatory-banded triarsenides oxidize and carbonatize
very quickly. ADP crystal. ’

XIII-2. SKa . 77,000 counts. Oscillatory banded
zonatign in S. The S-rich mineral is cobaltite (eb).
ADP C 3 i» tai . . -

XIII-3. ~NiKa . 100,000 counts. Oscillatory zonation
in:Ni. Ni-rich bands tend to have lower S concentrations.:
LiF crystal. : '
’ |

AIII-4. CoKa . 100,000 counts. Oscillatory zonation in

.Co. Co-rich bands tend to have higher.S concentrations.

Co concentration is always- inversely proportional to Ni
concentration. The triarsenides also contain minor Fe .
but the FeKa imjge was not taken. ' '

KIII-5. = Backscattered electron image. Ag-As stage »
"salt and pepper" assemblage. Native silver (Ag) and b
gersdorffite inclusions occur in the skutterudite.

The gangue is quartz (qz). Note the absence of pro-

nounced oscillatory banding. '

XIII-6. Aglo 5120.000 counts. Native silver (Ag)

"?éinclusions. ADP crystal.

1
”

The white bars on %the plate represent 50y sample
distance. . ‘
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to a Ni-poorer but Co and Fe-richer gersdorffite, or
cobaltite rim of highly variable compoéition. The
greater maés of U-Ag-As stage diarsen;de accretions is
found as niccblité, rammelsbérgite and gersdorffite,
and very little mass 'is found in the compositionally’
variable cobaltite rims. Thé compositionélly variable
rim represents the formation of later Co and Fe-richer
arsenide miﬁeralization both from contemporaneous and
from iéter mineralizing fluids. The latter interpre-
tation iq’favored where the arsenide rim is safflorite

’

or glaucodot and where the rim is separated from the

. major part of the structure by other minerals, espécially

C-

those of another phase.
Diarsenide assemblages similar to the ones above
but containing less niccolite and rammelsbergite and

correspondingly greater gersdorffite and cobaltite,

- alternate with banded triarsenide sequences of the

Bi-As-S stage of mineralization. Triarsenide assem-
blages of this stage are visibly banded and individual
bands consist of chloanthites and skutterudites of

oscillatory compoéitiodﬁRPlétes X-§. XIV). Indi-

svidual chloanthite bands may contain éﬁpreciable Co

and minor S and skutterudite bands almost always con-

tain appreciable Ni and minor S. Some chloanthite

and skutterudité ban@s remain fresh:; others weather

‘jet blgck’upon ekpoéure to moisture. The cause of

/
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PLATE XIV. Ag-As Mineralization (Con't.)

COXIV-1. NiKe image. 240,000 counts. The gersdorffite

(gf) inclusions are Ni-rich. The host skutterudite (sk)
is also Ni-rich but native silver (Ag) lnclu51ons do not
contain the element. LlF crystal

XIv-2. CoKa . 310,000 counts - Skutterudite but not
gersdorffite contains high concentratlons of Co. The
skutterudite is neither v1s1b1y zoned nor banded with
respect to Co and Ni in the images. LiF crystal

XIv-3. FeKa . 60,000 counts. Some-parts of the skutter-
udite contain 31gn1f1cant Fe and there m.uy be an Fe-rich

rim. The atomic number effect is very pronounced in this
image. LiF crystal.

XIv-4k, AsIa.- 48,000 counts, 45 second exposure. Ag-As
stage "salt and pepper" assemblage. Chloanthite (sk)
grain in quartz (qz) gangue. There are native silver,
gersdorffite and galena inclusions in the grain. TAP .
crystal. ¢ '

XIV-5. SKa . 20,000 counts, 836 seconds. Chloanthite
contains some S but galena (gn) and gersdorffite (gf)

“contain higher concentrations. ilative silver (Ag) does

not contain the element. EDDT crystal.

XIv-6. FeKa . 20,000 counts, 444 seconds. The gers-
dorffite contains 31gn1f1cant ‘and chloanthite minor
concentrations of Fe. " The apparent concentration in
native silver is an atomic number effect. LiF crystal..

The white bars on the plate represent 50p sample
distance.

o
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this variable weathering is not fully 'understood but
it appears to be reiated to S concentration. Banded
éhioanthite~skutterudite structures often include
quartz and sometimes carbonate and they are reﬁlaced
by later native bismuth, cobaltite and safflorite
mineraliiatidn, especially along fractures. Strongly
banded triarsénide sequenées'ére“restricted to the
early Bi-As-S stage of minerali;ation and occur pre-
vious to the main phase of sulf;dg mineralization.
Banded triarsenide structures are not as ébundant,as
accretionary diarsenide structures énd they are more
variable in composition. Trlarsenlde band;hé is not
affected yisibly by 1a£er fracture minefaliZation.
Safflorite (minerals Cl, C2, Table 5) has not
_been observed in Northrimtdiarsenide accretions but
if‘is abundant with native bismuth as fracture fillings
in dendritic, florescent, oscillatory and accretionary
- structures. Safflorife also rims later Ag-As stage
dendrites (Plate V). Safflorites are the m&gt vari-
able in composltlon of all arsenide minerals, both
within and between knd1v1dual grains and structures.
The visibly distinct Bl-bearlng arsgnlde observed with
native bismuth, aikinite—rezbanyite and galena in one
. polished section (Platé IX-5) may be a variety of

safflorite. ' !

Gersdorffite, cobaltite, safflorite, chloanthite

163
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PLATE XV. Ag-As Mineralization (continued)

AV-1.  NiKo . 60,000 counts, 947 second exposure. Both
chloanthite (sk) and gersdorffite (gf) are Ni-rich. LiF
crystal .

XvV-2. CoKa . 10,000 counts, 955 seconds. Unlike the
triarsenides of Plates XII and XIII, the ones of this
plate contain little, if any, Co. The triarsenides of
‘this plate occur at the/edge of a "salt and pepper
veinlet. The image is atomic number. effect. LiF
crystal. : : :

Q

v

XV-3, Agla . 30,000 counts, 372 seconds. Native silver
inclusions and overgrowths are particularly abundant with
(in) chloanthite. ADP crystal.

AV-i, Reflected light image. U-Ag-As stage. Gersdorf-
fite accretionary mass (white) alternates with uraninite
(gray) in dolomite gangue (dt). Niccolite occupies the
centres, rammelsbergite and gersdorffite the flanks of
some. accretions containing uranlnlte spherules a few
mllllmetres away. 4
XvV-5, Reflected light. Cersdorffite-uraninite rosette
within a few millimetres of the accretionary mass of
Plate XIV-4., Such dendritic structures do not carry. .
*significant native silver concentrations but sphalerite,
- galena and chalcopyrite inclusions are abundant. Galena
.inclusions are abundant in these structures, Quartz (qz)
rims most of the structures in the image. Discrete
sulfide mineral grains. occur outside the dendrite
structures.

XvV-6. Reflected llght Gersdorfflte -quartz dendrites

in dolomite gangue. A few drops of native silver (white, -
‘Ag) occur on the edges and termini of gersdorffite (white)-
rich dendrite branches. Uraninite is absent. Unfortun-
ately, most Northrim arsenide dendrites of thls phase do -
not contaln appreclable s1lver.

e The white bars on the plate represent 5Qu sample
dlstance. _ _
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and sktterudite occur with native silver and "granuiar"
éuartz mineraliiation of the Ag-As stage. The first
two arsenides occur as irregular and oscillatory inter-
growths with native silver, galena and sphalerite and
these infergréwths may be rimmed by‘skutterudite (min:
eral D3). These intefgrowths occur in turn by large
chloanthite and skuttérudite grains' (1-4 mm.). The
: resultant texture prompts the mining term "salt and
pepﬁer"‘ore. "Gersdorffite" (mineral D1, Table 5) “
and cobaltite (mineral D2)‘ﬁary in composition with
respec% to Ni, Co, and Fe within individual grainé,
as well as between them. Large chloanthite (Plate
XII) and‘'skutterudite (mineral D4) grains are only
.weakly zoned 1in composiﬁion within individual grains
but extfemely variable in composition between them.
The compositional vafiation between grains is a
function of mineral location:’ chloanthite grains
occur towafds the‘ext?emities, particularly the term-
ini of quartz-silver veins, pods and stringers; skutter-
udite grains occur towards the centers of these'strﬁc—
tures. In one vein section, niccolite occurs toﬁ;rds
theiextremities and cobaltite towards the center, bﬁt
this zonation is not as commoh,as the first. The tri-
arsenidés are not optically banded, unlike most triar-
senides of theéarlyBi—As;S stage of mineralization.

The nature of arsenide miner;liiation,is both

9
>
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spatially and temporally regular with respect to
individual minerals, mineralilgzed phases and mineralized
stages throughout the paragenésis. Earlieét forméd.
niccolite occupies the cores of accretionary sfruéfures,.
the first linings of vein waiwb and the flrst growths of
crustiform structures o}f vein walls in the earliest f‘
and later phases of the early‘U-Ag-As‘stage. It is
compositionally the least variable of the arsénide
minerals and it is nearly S—ffee'and Co-poor in its:
earliest occurrences (mineral Al, Table 5). It is
fepeatedly the first-emplaced mineral of arsenide
structures throughout the par;genesis,_althoﬁgh'it
becomes progressively 1esé gbundant Qithin later phases
of mineralization. Rammelsbergite, the second arsenide
which appears in the paragehésis,;is repeatedly the
second- emplaced mineral of U-Ag-As arsenide structures
where nlccollte is presehnt and the flrsﬁlemplaced
: mlneral‘ln some»later-stage étructures where niccolite’
does not occur. ,Rgmmesibergitelcontains mifor S 'and
is only slightly heterogenous in éomposition. Like
niccoliten~rammelsbergite'beéomes progressively less
abundant within iatér phases of~minerali2ation Gers~
dorfflte,vthe third arsenide mineral Whlch appears in
the paragene51s.‘1s repeatedly the thlrd mineral ‘em-
placed in early polyarsenide g;owth structures. Com-

positionally it is somewhatfmpre variableithanvniccdlite
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PLATE XVI. U-As-S Mineralization

XVI-1. Backscattered electron image. Early U-Ag-As
stage assemblage. Uraninite (u) mass with- primary
gersdorffite and galena 1nclus1ons in dolomite, calc1te
and quartz gangue

XVI-2. CaKa . 100,000 counts " Dolomite (dt) is the
major Ca-bearing mineral. Calcite (cc) rims $he uran-
inite. The decrease of dot intensity on the . upper rlght
corner is only a defocussing effect LlF crystal.

XVI-3,  UMq . 100, OOO counts. Uraninite is respon51b1e
for the image. lee all other Northrim uranlnltes, no
Th was detected in thls sample. "There may be minor
concentrations of U in the dolomite, although Mg satel-
lite lines may be respon31ble for the effect. “PET (¢
crystal g :

XVI-4. PbM& 50,000 counts Galena (gn))lnclu51ons
within dolomlte and uraninite are partlcularly striking

- but Pb is dissemingted with S within the uraninite. The
dolomite-hosted galena is almost certalnly primary; the
disseminated Pb in traninite almost certalnly radlogenlc
In one bleb (- ), a primary galena rim. envelopes gers-
dorffite. PET crystal. A .

XVI-5. SKa - 52,000 counts. Sllghtly offset from the

other 5 images Both gersdorffite and gal®na carry the
. element. S is present within uranlnlte next to gers-
~dorffite inclusions; its distribution in the mineral

coincides with that of radiogenic Pb EDDT crystal.

XVI-6. NiKa . 50,000 counts. -’Gefsdorfflte is c&&mon
both as minute inclusions and fracture fllllngs in
uranln\te. .LiF . crystal '

L

o .\L,_,
K/

— ) o ‘ .
_ . _ U , o .
Phe white bars représent 50u digtances,. just as they do
in Plates III through XV. » o ' - :

4
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and rammelsbergite, but net in the earlier phases'(e.g‘
mineral Alb, Table 5). Gersdorffite is usually the
flrst arsenide mlneral emplaced in the later Bi-As- S

'}and Ag-As stages of mineralization due to the absence

- of nlccollte and rammelsberglte in most, but not all,

later assemblages. Gersdorffite of the later phases

of mineralization lS extremely variable in composition ‘
and 1ts place in arsenide structures is occupled by
cobaltite. At Northrim, Bi-As-S and_Ag-As stage gers-
dorffite.andrcobaltite form a continuous compositional
series. and sulfarsenides of almost all possible Co/Ni
~ratios have been observed. Arsenian gersdorffite has
only been observed in rammelsbergite and.gersdorffite-i
dominated accretionary structures of ' the U-Ag-As stage
but it may appear with the same minerals in the later
'stages. | | “

, Cobaltite first'appears as irregular rims on.
_early stage arsenide structures but 1t is not abundant
untll the early Bi-As-S stage where 1t occurs in 05011-
"latory dlarsenlde and trlarsenlde structures Cobaltlte.
bls very heterogenous in composition and it forms a con~
tinuous compos1tlonal series with alloclas1te in Bi-aAs-S
"stage and early Ag-As assemblages Co/Fe ratlos range
from l to 10 in cobaltltes and alloclas1tes of these'v
”assemblages but Nl/Fe varlatlor correspondlng to

compOSltlonS lntermedlate between gersdorfflte and .
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glaucodotlis not pronoanced. Arsenopyrite, the Fe
end member of the glaucodot-arsenopyrite compositienai
and structural series has not yet.been‘obsefved in the
Horthrim veins bBut it is‘abumdant. like.g;aucodot, in
wall rocks adjacent to the 000 vein structures on the
100 level. Their dePOSltlon in wall rock’ génds and
strlngers predates veln mlnerallzatlon, at least the

. early native blsmuth-alklnltefsulflde phases of the
Bi—As—S stage and deposifion may precede all miner-
alized vein phases now preserved‘an the No thrlm Mine.

.Wall nock glaucodot and arsenopyrite are

and texturally similar to flow banded, wall rock sul-
fide mineralization, in terms of texture, fabtic. and
- dfstribuﬁion .
Safflorlte occurs ‘with natlve blsmuth and natlve

lver assemblages It is the most heterogenous mlneral
Vln comp051t10n and the writer had to direct. the electron
’mlcroprobe beam onto small areas (20u x 20u; 5p x BL) 1n
f order to obtain the heterogeqfus cemp051tlons‘of the/
safflorites inm Table 5! Loelllnglte. the Fe end member
of the safflorlte -loellingite composmtlonal series, has
not yet been found at the Northrlm Mine, but some saf—
florites are remarkably close to it in compos1tlon’(e g.
mineral’ cz) Ind1v1dual safflorltes are zoned with re-
spect to Ni, Co,vFe~and S: Ni is generally most common 

towards the centers, Co in the mlddles and Fe is generally

i - v

il e ke s
o D R e i e



(/

~—_

~

-most common towards the rims of safflorite stfuctuges.~
'S zonation is not so regulaf and oscillating concen-
tratione'of'all these eiements are especially comnon
in Ag-As stage safflorites. |
. Thére areytwo sequences .of triarsenide mineral-
ization: thevfirst; an oscillatery-banded sequence
‘preceding sulfide, sulfosait and bismuth mineralization
of the Bi-As-S stage;‘the second, an oscillatory—banded_
. sequence surroundlng native blsmuth cores 1in dendrltes.
and the third, a non- banded phase of the Ag-As stage of
mineralization. Comp051tlon and zonation 1is most pro-
nounced in the first sequence and the last phase of
.trlarsenlde mlnerallzatlon.
: In summary, the follow1ng general condltlons
.apoly to Northrim arsenlde mlnerallzatlonx
1. Early—emplaced monarsenide (niccolite) di-
| arsenide - (rammelsbergite) and sulfarsenide
.(ger 3orffite,fNi—rich eobaltite, arsenian‘
gersdorffite) mineralization occur with
silver mineralizetiqn‘in,phases of both
‘the U-Ag-As and Ag—As stages.

2. Later triargenide (ehiOanthite, skutter@-
dlte) mlnerallzatlon both precede ‘and follow
blsmuth sulfosalt and sulflde mlnerallzatlon‘
1n phases of the Bi- As S- stage. . e

3.‘v'The_laet.emplaced'diarsenldef(safflqrite)

. : o
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rammelsbergite, arsenian gersdorffite, gers-
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and the last emplaced sulfarsenides (Co-
rich cobaltite, glaucodot) in the paragenesis
acéompany bismuth mineralization of the Bi-

As-S stage and silver mineralization Qf the

‘early Ag-As stagef

Compositional zonation is limited in early-

. formed mlnerals and is more pronounced in -

later -formed minerals. This statement
applies td minerals in individual growth
strupéures, between separate phases gnd
throughout the paragenésis. One exception
to this condition (6) will appear below.
ComppSitional\zonation is more pronounced

in Fe-rich than’in Co-rich arsenides and

N
)

sulfarsenides which in turn, have more pro=-

nounced zonation than in Ni-rich arsenides. >
Compositional zonation of tniarsenide min-

| erals of the late Ag-As stage is less pro-

nounced than that of the eérly BifAs-S

'stage; . | ‘

The mineralogical, succession niccolite,

dorffite, nickelian cobaltite, chloanthite-
skutterudlte. coPaltlte. glaucq%pt saf-

florlte and the corresponding comp031tlonal

' successxpn NlAs. VlAs N12As S, NiAsS, (Ni, o
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Co) AsS, (Ni, Co, Fel+x)A93_ (Co, Ni,-Fe)
AsS, (Co, Fe)AsS, (Co, Ni, Fe)AsZ, represent

\\L/, ‘ " the order of mineral crystallizatien and the

3%

arrangement'of componentsﬁ&ithin individual
arsenide strubtur;s, individual mineral |
phases and throughout the period of N?rthrim’
vein mineralization.’ There is one qualifi-
cation (9) and it is listed below.

8. There aré two successions of arsenide min-

R ' éralihation,vjuét as there a two general
depOSLtlonal periods of natiii silver min-
erallzatlon Saf}lorlte appears to be the
flrst mlneral.Ior?ed during }He second period.

9.  Ag-As stagé chloaﬁthitefskuttefuditevf&iiOWS
| cobaltian cobaltite minerali;gtion‘instead of

. preceding it.

2

(d) Oxides

Uragiﬁite (pifchblehdé) and heﬁatite aqe;thé two
common oxides of the Northrim veins but the fwo'raf%ly
occur together. Rﬁsty-ted haloes 6f dusty Hématite

surround . uraninite spherules and mésses of the AgQAs‘

‘stage but this dusty hematite is thought to be an auto%i—

dation product of the host Fe- rlch dolomlte created upon ' 3

U ddbay in the uraninite. No dlscrete hematlte blebs

- . ) .
- -0 w =



were present. Brick-red, hematitic wall rocks-adjacent;
to mineralized veins are not,associated with uraninite
mineralization at Northrim, just as they are not asso-
_ciated‘with piteﬁblenae,mineralization at the Terra Mine
and in‘the'Porf Radium area (Campbell, 1957).

| Uraninite occurs as spherules, dendrites, sinds,
and‘celloform masses with rammelsﬁefgite and more often
gers_qorffite in U-Ag-As stage plugs (Plates XIV, XV).
The‘araninite may have been deposited originally as
eollqidal pitchblende since "shrinkage" cracks—;now
filled by rammelsbergite, gersdorffite, dolpmite, cal-
cite and quartz have been found 'in the spherulitic
rinds and collofeém masses. Galena, sphalefite, chal-
copyrite and pyrlte inclusions have not only been found

.

in uranlnlte dendrites and masses but also in the gangue

¢

““minerals 1mmed1ately surroundlng it. Therefore not all
Pb in the galenas associated with uraninite miﬁeraliza—

tion was necessarily-radiogenic. These uranlnlte -gers-

dorfflte dendrltes and rosettes are common and.it has

been concluded on textural and structural evidence that n

&

early U-Ag-As stage uranini?e; sulfide, arsenide, car-
bonate ~and silica mineralizatign was cogenet%ﬁ.' Uranin-
ite of later U-Ag-As stage phases has a SLmllar compo-
s1tlon, SLmllar textures and the same mlneral assoclates
T bet its dolomltlc host is more hlghly ferroan. No Th

was detected in electron Mlbroprobe reconnalsSancl of

7
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anyvﬁorthrim uraninite no silver mineralization has
been observed as veinlets within the.. uranlnlte at the
Northrim iine but separate native silver grains do
occur‘ﬁithin the plugs and native silver occurs in
arsenide dendrites of the same stage of mineralization.
' Hematite occurs in caverrous, granular quartz-
carbonate~sul fide pods of the early Bi-As-S stage as
a pronounced'red, dusty\stain on carbonate‘and quartz.
It is never an abundant vein mineral and the writer
has always observed it as a red-browh weathering powder
coatlng ‘erystal surfaces in any phase of mlnerallzatlon
w1th unfilled fractures and cav1t1es. The writer has7
-.never observed discernible hematite crystals in any r
phaseno}'vein mineralizatdon, except for a few crystals
on some open vug surfa%es. ‘;t.is common as microscopic o .

X

1nclus10ns and smearjaon some viug-stage quartz crystal

'ixdﬂﬁnd éalClte crystal surfaces. Hema-
'sgﬂlnterestlgz.oocurrence is in late Ag-As ‘ . ;\\
i?in\guartzglﬁThis quartz occupies the same

fg%,;éé systems as'alt and pepper" ore mineralization =

Pt s VL -‘%

5' ’and grades from a mulk% coarsely crwétalllne to . éﬁ?? .

<;p amethystlne. 'coarsely cryStalllne quartz and flnally

' to a clear. euhedral quartz whose termlnl do not qulte
fill open vug space.:~Hematf%e not only accounts for
‘the' amethystine color of the}lntermedlate quartz but

. also coats surfaces between the 3 thin (1-3 mm.) outer-

N



most quartz layefs deposited bﬁ the termini of soﬁe
euhedral quartz ngstalsl modern, bright red, hgrroan,
bacterial sl}mes (tﬁiobacilli) exist in open vug
spaces‘in Northrim Xeins, especially the ones near

the surface and in one drill ﬁole where surface and
ground waters percolate throhgh‘them. When dry, the
resultant smear appears as a drab red, dusty coating
which gives the brick red hematite streak.. By analogy
the thin outer layers of some vug quartz crystals and
the hematitevcoatings between the quaqtz layers and

on qugrtz crystal\surfaces have'almosf-certainly been
formed by surface to ground watef'inflow. 'This inter-
pretation 1s also confirmed by the.paucitj of Vug“sulQ
fide \Eneralization on layered vug quartz, mineraliza-
tion so aﬁhndgnt-coating non-layered quartsz surfaces_
without hematite smears. The same conditions occur

in other minerals of sealed assemblages, including
scalenohedral calcite.

Magnetite crystals have been found in garly
doloﬁite and quartz but-are not abundant nor widespread
in the Northrim veins. 1Its occurrence, compared with
- that of hematite in later amethystine quartz minerali-
zation, suggest that mineralizing fluid oxygen fugacity
@aS‘low5 Magnetite has only been observed in small car-
bonate stringers of the eariy.Bi-As—S stage of minerali-

zation adjacent to maghetite—rich wall rocks. ~

~
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Quartz, the most abundant oxide, has been -
described with the gangue minerals. It is the dominant
vein mineral of some early and most latter phaSes of

mineraliza¥on.

(e) Sulfides,

Chalcopyrife is the most abundant sulfide and- the
most ébundant economic mineral of the Northrim veins.
It occurs in all phases of mineralization and it -is
particularly abundant with otﬂer sulfide minerals. >
' Véin chalcopyrites, unlike some host rock chalcopyrites,
are generally free of sphalerite and otﬁep inclusions.
~ Chalcopyrite inclusions have been observiijyﬁ\?;éiber—
gite of the hybrid late Bi-As-S/early Bg-As stage of
mineralization, but most chalcopyrixé occurs as 1iso-
lated blebs and masses interérown with granular car-
bonate, quartz, galena and various sulfides of the

, .

early Bi-As-S stage, and as blebs intergrown with car-
bonate, quartz, aikinite, safflorite and various sulfides
of the middle Bi-As-S stage. The wide distribution and
great'aﬂundahce of chalcopyrite within all vein systems
and most vein phases indicate that the proto-vein fluids
were saturated with respect to the proto-CuFe82 molecﬁle(s)
throughout vein.mineralization. Chalcopyrite is a

major constituent of the Northrim wall rocks.



.
Galena is the second most abundant sulfide and

the secdnd most abundant economic mineral. It is the

near-constant associate of chalcopyrite. Vein galenas,‘}‘“y

{ - .
like host #dck galenas contain minor concentrations of

Ag (0.1 wt. %) and it appears thét the galena itself
and not submicroscppic (<1p) inclusions are responsible
for the Ag‘concentrations observed since Ag concentra-
tion is gradationaliy variable within single galena
crystals. Vein galenas also carry Biybut 6nly'tho§e
crfétals associated-with‘mgtilﬁite andvfreibérgite

of the late Bi-As-S stage contain appreciable amounts
(0.6 Wt: %) of the element. It is.thought that Bi

énd Ag concéntration of galena varies with the phase

of mineraliiation and the low concentrations of both
elements coupled with the absence\of matildite.éxsolu-
tion in galena suggest low temperatures of galena
formation. . )
‘ . Vein galena crystalsaére cubo-octahedral eééecially
for galenas of the lattermost phase of mineralization
where octahedral faces have been extremely. well developed.
The lattgrmost cubo-octahedral galenasKOf the wvug étage
have planar face§ and cleavages buf.nearly all faces

“and cleavagis on earlier cubo-octahedral galenas are
‘ggrviplanar. Deformat%pn twinning of most earlier

Bi-As-S stage galena masses have forméd parallel "tails

of lead" structures (cf. Ramdohr, 1969) and it is
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concluded that the last maaor period of teptpnlc\defgfm-
ation, occured before the lattermost st l. o; Qeln miner-‘: 5 }g
allzatlon. The same concluslon may beaigr;ved from ob- )
rse;rvatl’_o’n of fractures: early mlneral_rzed g)hase struc-
tures are often displaced a few centimeires along
fractures; late phase structuree areqherdly diSflaeed, : ‘ )
: ~ V v ‘ .

let albne fractured at all.

Al

Sphelerite is a common but not abundant sulfide © | -
1 . K

in most phases of vein mineralization, particularly Eﬁej
ones of the Bi-As-S stage. Vein sphalerites a;e almost!
always free of minute chalcopyrite'inclusione,‘uhlike -
some host rock sphalerites, but lntergrown aikinite--
pyrlte sﬁhalerlte masses are common 1n Northrlm velné
Sphalerlte compos;t;en can be highly varlable 31ne%
the sphalerite structuf® may accommoda%e Cu, Fe;gnd Mn
~at higher temperaturee (Ramdohr, 1969) but Northéim L
vein sphalerites contain only low concentrations (<O.l
wt. %) of these elements. Host rock séhalerites also
haye‘low concentrations of Cu.and iin but somewhat.
higher concentrations of Fe (Table 6). The vein o
sphalerites may have been formed uﬁder temperatures
lower than the ones of host rock sﬁhalerite formation. i
Preliminary electron microprobi)reconnaissance‘ f" "o
and quantitative analysis indicate that Northrim sphalel . ///’

erites vary systematically in Fe and Zn concentgations..

Host rock sphalerite (mineral E1l, Table 6), coexisting
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Vo
w1thrmarca51te in sulflde bodles of the 100 level
contalns the hlghest Fe and, the lowest Zn concentrations:
of any sphalerite analyzed quaﬁtltat;Vely by the electr@n
microprobe. Primary sphalerite (mineralgFl) with m;%ute;
' chalcopyrite inclusions along intercrystalline boundapiés f '

(Plate III-5) contains more Fe and less Zn than sphaiér4

L4 '
PR

ite (mineral Fé) intefgrown withépﬁalcopyrite in flow
barids (Plafé III-4). Both "priﬁEf?t énd "flowab@ndﬁ_;
sphalerites may- contain Cu near chalcopyrite bounaaries

and both’ form rellct pyroclqsts in breccia descrlbed ih»«f
Chapter 2. Host rock brown sphalerites (mlnerals cl, G2)°
intergrown with chalcopxrite and quartz contain more Fé

and léss Zn than-the black sphaierite (mlneral G13) whlch f i o

Y

occurs in velnlets truncating brown sphalerlte chalco-
pyrlt; 1ntergrowths of sulflde rich wall rocks near the
000 vein- structure on the 100 1evel (Flate IV- 6) e%
vein sphalerites (mlnerals H1l, H2) are distinctively
different than all host rock sphalerites: they contéin%} '
substantially greater Cd and lfsser Fe concenirations.

Host rock "primary", "flow band” and "st%ingef"
sphalerlyes and mineralized vein sphalerites e compo-
51tlonalf&uélstlnct. Sphalerites of the sulfide yro-
ciastic breccias, whether they are primary pyroglasts " CN
or f%ow:bandeﬁ pyroclasts, may be distinguished from !
each other by Fe Soncentrafion but not by Cd concén-

~tration. They cannot be distinguished from "primary"



Gyl - 1.
y - .

sphalerites of the 100 level by Fe concentratlon, al-
though their Cd concentratlons are 31gn1flcantly dif-
ferent "Strlnger" sphalerltes may be dlstlngulshedA
cfrom their parent sphalerltes by lower Fe and hlgh Zn
but not lower:Cd concentrations . The wall’ rock veln |
transatlon between prlmary, secondary host rock and

mlnerallzed vein sphalerltes seems to be: marked by a

: sharp 1ncrease of Cd and a 511ght decrease of Fe con-

oY g9

.centratlon in veln sphalerltes Chemlcal evidence 1s€‘
v compatlble w1th textural ev1ﬁence 1n show1ng that the
 ﬁormat1pn ofxsecondary'host'rock sphalerlte, and by &
inferemce tﬁe:formatdon of coexisting chalcopyrdte, .

pyrite, marcasite and galena, is'‘the result of pre-

vein/syn-vein mineralization by wall rock*hydrothe:%al/ '

~

metamorphic and not vein fluids. The chemical evidence
is compatible.with the writer'sicontentiom‘that green-
schist facies metamorphism of host rock solfides.in—“'
volved primary sulfide material and that secondary‘
host rock amd vein Sulfides in general, and sphalerite
specifically. were d:rived from hydrothermal/metamorphic
wall rock fluids which selectively mobilized Pb, Cd,.
Zn andvéu from sulfides and ojther primary minerals in
the host rocks. 4

| Pyrite and marcasite are found only as accessory

t - [ 3 . . g 3
veln minerals. Vein pyrite is common only in early U-

Ag-As stage plug and in early Bi-As-S stage sulfide

184
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assemblages; vein marca51te is found only in the vug .
stages of sulfide-rich minerallzatlon Alternating

layers of pyrite and marcasite crystals.have been de-

posited along vein walls of fhe late vug-stage yellow

calcite and marcasite is the Fe-suifide deposited on
prismatic quartz and‘séalenohedral calcite/crysésls

in vug cavities. Marcasite fogmation is favored by

’lower teﬁperatures and"pH and the writer concludes
thatjtemperature rather than pH, dropped substantiaily

durlng late vein mlnerallzatlon since the carbonates. 4
were deposited at the end of Northrlm mlnerallzatlon
- as they had been before. Wall rock marca51te may have

formed at lower pH'and/or higﬂer temperatures than 'vein
\marcasite--£he ﬁall rock fluids responsible for second-

ary carbonate mineralization in the wall rocks did not
deposit the amqunts of carbonate found in'the miﬁer-

alized veins and would not have had the carbonate pH

buffer sustained during Northrim vein minerglizatioﬁ.
llarcasite and pyrite -are far more abundant id the hgst

rocks than in the veins. .The pyrite is slightly aniso-
tropic. N
Argentite, now inverted to acanthlte is restrlcted
to sulfosalt rich assemblages of the hybrid Bi-As- S/Ag-As
assemblages and to sulfide-rich assemblages of the late’
Ag-As stage. All minerals with the formulaﬂAgZS ob-

served in hand specimen were deposited as argentite

since all crystal outlines are composed of cubic and \



-

octahedral faces. Thuys the lewest temperature of the

late Ag-As stage exceeded‘l76 30 C., the lowest recorded

'temperature of argentite- acanthlte inversion when native

silver is present (Skinner, 1966) Argentite occurs
with polybasité and pyrargyrlte as a hybrid assemblage
which replaces qhalcopyrlte and other sulfide mlnerals
in Bi-As-S stage assemblages intruded by Ag-As stage
"salt and pepper“ mineralization. Pyrazgyrg;e_and ar-
gentite are only stable together above 197 C. and thisv_
indicates that the depositional temperature of the early
Ag-As stage of mineralization exceeded 197° C. (ibid.,
1966). Argentite also occurs with chalcopyrite a#d un-
identified sulfides in post "salt and pepper"” minerali-
zation assemblages. Pressure-uneorrected fluid inclusion
filling temperatures of the Ag-As stage of mineralization
at Northrlm were estimated at 175 C. Argentite replaces
1nterst1t1al natlve s1lver mineralization along fractures
and one grain of argentite was seen in one fracture which
truncated a‘native silver dendfite Replacement of pre-
v1ously emplaced Bi-As-S stage minerals by argentlte,
polybasite and freibergite 1s particularly common ad-
jacent to "salt'and pepper” mineralized phases.
Bismuthinite is an ‘uncommon mineral in the
Northrlm velns It occués as a replacement of native

blsmuth and assoclatedmarsenlde minerals along fractures:

~n

ob
1
I

(Plaﬁe X-6). Minor sulfide minerals ekpected but not

186
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observed in the Northrlm velns were bornite CuSFeSu.

4

1+xP81 S and mckin- -

S. A1l dut, the first were.éx-

'Chalcoclte CuZS stromeyerite Cu

strylte CuO 8+x gl 2-
pected to be found. in the vug stage of Mlnerallzatlon,
the first was expected in earlier sulfide assemblages
and it has not been posi%ively identified. If thess
minerals are truly super%ene as stated in Rojkovic

(1973), then the "supergene" stage found in vein

systems in other deposits of the Camsell River_end

Port Radium ks is an insubstantial if not an

absent, st mineralization at the Northrlm Mine.
pOn;y the vug-stage clay powder, hematlte powder and
quartz overgrowthvmineralization is considered "super-..

gene" by the writer since late Cu-Ag(?)-S-bearing®—

quartz and carbonate phases occupy unfilled continu- ~
2 , \ FaN

ations of the "salt ana pepper" ore minefélization.
: Veln sulfides, unllke ‘some wall rock sulfldes
and some vein sulfosalts are remarkably free of min-

eral inclusions.

(f) Sulfosalts ‘\ (
Sulfosalt‘minerals identified in 'orfhfim veins-

include a member of the aikinite-rezbanyite group (PbBi,
Cu)SB, freibergite (Ag, Cu,'Fe, Zn)lZ(ib',As)MSIB’ mat-

ildite-schapbachite AgBiS_-Pt i
e-schapbachi e Ag 132 PbS and po% eislte Aglésbzsll‘
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Semi- quantltatlve analytlcal results of the last three
minerals are given in Table 7. ’
: The alkinite- rezbanylte member occurs with

native blsmuth galena, chalcopyrlte and sphalerlte

It is the most abundant’ sulfosalt of the Bi-As-S stage

of mineralization and the most abundant ore mineral of

the sulfosalt group. It often envelopes native blsmuth
mineralization in small fractures witpin strongly |
sheared dolomite, quartz and calcite. It is the
dominant economic mineral ef sulfide assemblages con-
taining native bismuth. Aikinite-rezbanyite, galena,
chalcopyrite and nat;ve bismuth occupy interstitial
spaces, cleavage planes and fracture surfaces inbthe
pegmatitic dolomite‘rbomb mineralized phase. Chalco-
pyrite and galena occur as 8Small, (0.1-0.3 mm.) widely
distributed but separeted patches in aikinite-rezbanyite:
but these patches are not exsolution products which _v "
exploit mineral and struetural'pianes of weaknessL\:The
.exact compos1tlon of aikinite-rezbanyite has not been '
determlnedlmrtthe mineral appears to be comp051tlonally
unzoned and free of Ag and elements other than those of

the general formula, PbCuBJ.S3

| Frelberglte occurs with matlldlté’ln stringers
and masses which truncate previous arsenide, sulflde,
alkinite-rezbanyite and native bismuth mlnerallzatlonl

of the Bi-As-S stage. Northrim freibergite contalns
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‘extremely high Ag concéntrafibds bu%’Ag and other base
: metal concentratlons are comparable to}those‘%f other
freibergites from other Great ear Lake veins (R03k0v1c,
\I§73). Most frelbergltes are free of chalcopyrlte,~
sphalerite and galena L%c1u51ohs but one frelberglte.“
(mlneral H4, Table 7) contains mahy of them (Plates A
VII) VIII, IX). The ;nclu31ons én the frelberglte to
the right of. the 31lver are con51dqred to be rellcts
of previous sulfide mlnerallzaﬁlon. The mineral assem-
blage in the plates is definifely one of disequilibrium .
and such hybrld assemblages 1nvolv1ng frelberglte, mat—A
ildite, "brederlte" (PbAs) and native metals are common
only in banded dolomite adJacent to mlnerallzedvvelns '
of the "salt and peppes"'varietjs | &;
| .Matildite (mineral HS5, Table‘7) contains minor
Cu and Pb and in ose insfanéé was found to contain
native bismuth, native 511ver, galena and PbAsalnclu-
51ons (Plates VII-IX, XI). 0 The patlve blsmuth 1nc1u—_ - F
sions are almost certainly exsolutioh'phenomena and
the galena inclusions form a somewhat‘fegular pattern
within the host matildite. -Adjacent sections of the
matildite contain Pb aﬂd it.is thought that this:pat-

tern represents exsolution of PbS from AgBiS wid-

2'
manstatten-1like structures of»galena (taenite equiva-

lent) and matildite (kama01te equlvalent) have been

reported for matildites from several deposits throughout



the world and it is thought that sucniexsélution
features can only be formed upon cooling of PbS-

AsBiS, mixtures which have previously crystallized

‘above 2150 C., the temperature at which matildite

or £AgBiS, assumes the o -AgBiS, or galena structure

2 2
(Ramdohr, 1969). Thus formational temperatu&esfof?

i o=

this matildite-galena mass of the Northrim Mine would
be greater than 2i50 C., unless galena and «-AgBiS,
were somehow able to crystallize<together. Native
bismuth mineralization without craéking textures both
precede and succeed matildite crystallization and bence
‘matildifé formational temperatures could not héve ex-
ceeded 271.5° C., the melting point of bismuth. Most >
matildites, like most of the’freibergites they are
associated with, are relatively free of galena and‘
other inclusions. |

. Northrim polybasite'(minerai C3, Table 7), a
common mineral of hybrid Bi-As-S/Ag—As_stage assemblages,
i1s remarkably Cu-free and As-poor and must have been
formed at a time when Cu .and As were less available
for mineral formation. Pb and Bi appear to be.present
in the mineral analysed (Table 7) but thesevelemenfs may.
‘be attridbuted to galena and bismuthinite inclusions
since concentrations of these elements were pronounced

to one corner Qf the grain analyzed. Polybasite, pyr-

argyrite and argentite replace sulfide minerals along

191
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the edges of native silver-skutterudite-guartz miner-
alization of the Ag-As stage. 7 Numerous relict nati&e
bismuth, galena, sphalerite and chalcopyrite inclusions
occur in most instances. Pearceite, the_As end member
"of the polybasite-pearceite series was not .observed in
Northrim ores. - f . ’ - ~
Sulfosalt minerals sought bﬁt not found in the
Northrim veins were stephanite AgSSbsu, emplectite
(CuBiSé. proustite Ag4AsS, and pavogite AgBiBSS' Stephan-
ite was expected in late Ag-As stage assemblages; fannf
ite in vug-stage; emplectite in Bi-As{S stage assem-
blages. These minerals, if present Northrim, would
be rather uncommgn‘sinée major‘sulfo alt assemblages
containing the same elements, but in different pro-

portions, have already been identified at Northrim.

(g) 'Other.Minerals

A green, micaceous mineral, tentatively identified
as muscovite and probably a phengitic variety.reported by
Badham (1973b, 1975) in veins of the Terra Mine, fills
fractures which brecciated shear-banded quarfz and car-
bonate mineralization of the 014 vein structure at North-
rim. It was not an abundant mineral and it is thought |
to be . coeval with jet biack triarsenide breccia fillings

and chalcopyrite blebs of the early Bi-As-5 stage.



: *
Chlorite also occurs in shear-banded carbonate and

quartz of the 014 vein structure as smears between

the bands. Pale green fluorite occurs with some ar-
senide dend?ites of the late Bi-As-S stage. A clay
minefal"of undete;ﬁined structure and composition covers
scalenohedral calcite in the lattermost phase of miner-

izati .
alization |

Some weathering products of the underground
mine workings include acanthite AgZS, malachite Cu2
(COB)(OH)Z, annabergite (Ni, Co)j(A804)2 . 8H20.

erythrite (Co, Ni)a(AsObf)2 . 8H20, hydrozincite Zn,

(C03)2(Oh)6, limonite 2Fe203 . 3H20 and wad MnO2
nHZO. These minerals form on wet vein surfaces in a

few months or a few years upon exposure to the atmos-
phere. Vug marcasite. exposed for one year ih a lab-

oratory at the University of Alberta, developed thin

(1-3 mm.) colloform rinds, possibly limonite.

~

Depositional Conditions
: The Northrim mineralized veins are tﬁé,produéts
of hydrothermal brine fluids which carried at least )
the following elements: the alkaline metals H, Na, K,
Rb; the alkaline earths Mg, Ca, Sr, Ba; the transition
elements Mn, Fe, Co, Ni, Cu, Zn,.Mo, Ag, Cd, Au, Hg; |

the metallic and/or amphoteric elements, B, C, Al, Si,

193



F, As, Sb, Pb, Bi; and the non-metallic elements O,
S, F and C1. All of these elements occur in vein S
minerals and fluid inclusions at the Northrim liine;
other elements, especially alkaline metalé and halides,
may be present in traba amounts. Soﬁe of the elements
may occur only in trace amounts within the lNorthrim
veins but this does not imply that they were insig-
‘nificant components of the pafent ore fluid--some
elements (e.g. Na, K,'Cl)‘have hardly been concentrated
in vein mineral assemblages, but have been retained by
the brines entrapped within vein fluid inclusions.

The Northrim veins are not only complex in
composition but also complex in mineralogy. lineral

/

assemblages change throughout the paragenesis (Fig. 22)

but most of their major constituent elements were avail-

able for vein mineral formation throughout the paragénesis.

This is undoubtedly true of C, 0, H, Si. Ca, Mg, Mn, Fe,
S, Cu, Zn, Cd and Pb; other elements such as Hg, As, Ni,
: 3

Co, Ag, Sb and Bi are likely trace constituents of many

vein minerals other than the hosts detected by microprobe

reconnaissance. The distribution of some elements through-

out the paragenesis is shown in Figuré 23 but ifJ;hould
be stressed that the present element distribution like
' b
the present mineral deposition, is dependant on the vein
' \

\
fluid complexes actually precipitated, and not on the

availability of elements in the solution. The Northrim

194



veins, then, are almost certainly the products of one
hydrothermal fluid regiﬁe; a regime do&ina%ed by one
fluid of complex but rélatively constant composition.
‘?he discovery of the latelétage stromeyerite, mckinstry-
ite and pavonite assemblages, so common in the other
Great Bear veins (Robinson and Ohmoto, 1973; Rojkovic,
1973; Badham, 1975) would also supporf this conclusion
for the Northrim veins.

‘ Temperatures of vein mineralization are generally
low. There is limited native metal and sulfide éompon-
ent exsolution in sulfosalt (e.g. matildite, most
freibergites) and sulfide (chalcopyrite, sphalerite,
galena) vein minerals known to accommodate various com-
ponents at high temperatures. The highest possible
temperature accompanying ;ein mineralization is 590° C.,
the lower stabilify limit of'para;ammélsbergite (Yund,
1961), a mineral not yet found in any Great Bear vein.
The presence of K-feldspar in mineralized carbonate
stringers indicates a minimum temperature of about
310° C. for this phase of mineraliiation (Fig. 22);
thevpresence of chlorite and muscovite in the/early
BirAs-S stége indicates a temperatuse rangé of 250-
310° C. for this stage of mineralization (Fig. 22).

Temperatures of Northrim vein deposit;on have

been inferred from mineral: assemblages, isotope data -

and fluid inclusions. The temperature estimates from
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all three sources were found to be .,consistent. Temper-
atures of the middle Bi-As-S stage and ensuing assem-
blages did not exceed 2?1.50 C., the melting point of
native bismuth Since there has been no evidence for
natf%e b}Smuth recrystallization. Depositional temper-
atures o0f the earlier bismuth-cobaltite dendfites were
probably near 271.50 C. since cracking ofscobaltite -
rims may have been caused by bismuth core expansion.

/rExsolution\of galena in matildite of later Bi-As-S
assemblages implies deposi%ion of a mixed AgBiSz-PbS

| phese, "schapbachite" (cf. Ramdohr, 1969), above 215° ¢C.
-The assemblage argentite—pyrargyrite (-polybasite),
one which replaces sulfide mineralization adjacent to
the granular quartz-silver-skutterudite phase, is stable
above 197° C. (Keighin and Honea, 1969); the cubic morph-
ology»of all acanthites, even the ones of the late Ag-As
‘stege,findicates the depgsition of argentite, a phase
stable above 176°. C. (Skinner, 1966). Primary fluid
inclusion filling temperatures for Ag-As stage‘quertz
were estimated to be 150-200° C. and if one applies a
correction factor equivalent to 0.9 kb. maximum pressure,

vailling temperatures of 190- 250° C. are obtained. S

a ?'.' ag
'\1sotope ‘fractionation between sulfide pairs yleld temper-

atures of 255° C.(cp-gn), 230 C. (cp-py) and 120 C.
(cp-gn) ’upon employment of the callbratlon curves of

— Kaglwara and Krouse (1971) These’ temperatures were-

<
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estimated by Badham (1973b) and this writer has been
able to fit‘the.second énd the third teméerature*esti-
mates onto the paragenesis on the basis of Badham's
phase descriptions. The presence of clay in the latter-

o
most assemblage of the vug stage indicates a depodition-

" al temperature maximum of about 210° C., the maximum

=

-
£

étability temperature of any clay in the boreholes of
the Salton Sea4geotﬁerﬁal system.
& A generally steady decrease of ﬁineralization .
temperatures is indicated by the evidence above. The
same conclusion may be derived from the following tex-
tural and geometrlcal ev1dence biinerals of hetéfbgenoué

composition, especially the arsenides and sulfarsenldes,

. are comp031tlonally zoned in a regular manner. They
“generally have not-réaéted to form intermediate phases
of uniform or gradational composition, a reaction favored
. by temperatﬁre increase. The one possible exception,

the formation of arsenian gersdorffite, has already

been mentioned. Vein minerals, layers. crusts and ac-
cretlons have hardly been embayed or otherwise affected
by the passage of hydrothermal fluids’ respon51b1e for
later mineralization. Any mineralogical and textural

changes in earlier vein mineralization have occurred

" within millimetres, and most often with fractions of a

millimetre, removed from later vein mineralization.

_The preservation of heterogenous U-Ag-As stage assembléges
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-indicates that-te@perature‘decrease may have accompanied

mineralization throughout vein deposition.

Tepggrﬁtureudecrease may not have been completely
steady. “Oscillatory banding of chloanthite-skutterudite,
cobaltite and safflorite composition may be attributedf
to fluctuating temperature. The alternation of diarsen-
ide and triarsenide bands ir the eaz;ly Bi-As-S stage
would have been related ‘to tEmpeségpre fluctuation as
would the developmént of hybrid sulfosalt and sulfide
assemblages next to granular quartz-silver-skutterudite
mineralizétion. Such hybrid assemblaées. oscillatory
compositions, and osciliatory banding are insignificant
when compared to major_ass;ﬁblages, gradational mineral
compositions and simple mineral banding with respect
to magnitude, abunaance and'distribution. Theyiare
considered by the writer as‘small-scalé producté of
hot, deeper-seated brine fluids which were permitted
entry to mineralization sites upon tectonically-induced
fracture and dilatancy generation. Such entry would
also accountt for the formation of "téar-drops". den-
drites and rosettes, features which are formed from
quick-cooling supersaturated fluids deposited onto
scooler surfaces.

Another major vein control, fracture and dilatancy
generation, determined the sites available for minerali-

zation. Fracture and dilatancy generation'coincided
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with vein formation: all phases of vein mineralization;
except the lattermost, have been reﬁeatedly fractured,
brecciated and split by tensional and shear movements;
any openings have been subsequently mineralized. During
the first stagés‘éf fracture generation, mineral forma-
tion did not keep pace with dilatangy creation. The .
results of this lag were the development of multiple
plug-like pods of carbonate, quart;,apitchblende, silver
and arsenide mineralization within'single stringers and
the development of wide dilatancies on the 000 and 01k
vein systems which were often filled by single phases
of later_mineralization. In the middle stages of vein
formation, mineral precipitation outstripped dilatancy
creation, and successive bands of similar mineralogy,
sometimes of rhythmic and oscillatqqy composition,
developed in the smaller vein systems. This continued
until the lattermost stages of mineralization and dila-
tancy generation, whenlfirst. mineral precipitation and
thenbfecciatiprldiminiéhéd.and finally ceased in inten-
sity. The pfoducts were seaied, lightly mineralized,
open-space vugs, which act as c?nduits of modern ground
and surface waters, after they have been connected by
-small, non-mineralized fractures.

Pressure conditions during vein fo;mation ére"
not known as precisely'as fémperature conditions but

they must have been very low. Vesicles, comprising uﬁ

I . -



to 35 voiume per cent in the center of one'baéalt, aré
still recognizable. Closed vuggy caﬁit;es, up to 15
centimetres in thickness, exist in the later phases-of-
vein mineralization. Vug assemblage femperatures of
formation weré lesé‘thén.l76° c., a temperatufé attaiﬁed
within 5 kiicmetres depth assuming a ﬁormal modern temp-
erature gradient of 3° C./100 metres. . The lithostatic
pressure would be 1400 bars (rock density -~2.8 g./cc.);
the hydfostatic pressure 550-1400 bars (fluid denisty
~l.l'g./cc.). Thesé‘pressures may be'consideréd as
maximé since the geothermal gradient of the ancient
contiﬁental margin region may have been much greater.
The hydrostatic pressure would have been the effective
pressure of vein formation since dilatant fracture
systems are the hosts df‘vein mineralization}‘.The
pressure probably remained relatively.constaﬁt through-
out vein mineralization since all vapor, all liquigd, .
etc. fluid-incluSiQn mixtures.'éyﬁpt&matic of effer-
vescence indﬁced upoﬁ pressure release, have not been
observed at the Northrim Mine. .
| fhe minefalizing fluid was a satgrated brine
with 3C-35 wt. % NaCl equivalent, a brine like fhe one
responsible for host rock vesicle mineralization. At
elevated temperatures and pressures, the mineralizing.
fluid was probably théldarriér of the elements now con-

centrated into the various vein minerals. The vein

202
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minerals would form as various cémponents became
“ séturated in the brine fluid upon temperature decreasg}:v
Thé‘double periodbof quarfz, arseﬁide, silver and
sulfide deposition may not.involve the influx of new
mineral ébmponents or new hydrothefmal'fluids since
a whole series of molecular/polymeric brine components
could have been responsible for the earlier, high“temper:
ature periods and a whole\sefies of ionic brine compon-
ents would have been réﬁponsiblé for the later, lower
_temperature periods of mineralization. Ionization in-
creases in concentratgd sblvent;solute fluid systems
and polymerization decreases in similar systems under
decreaéing temperature'cohditibns (Fyfekand,Henléy,
1973). Tempefétures similar to the ones responsible for
greenschist facils metamorphifm would be accompanied by
polymeric and molecular fluids (ibid., 1973). The bulk
~of the components now present in the veins would have
been éoncentrated in fi; brine fluids during %he highér-
temperature greénschist?f@cies conditions and would have
been deposited in 1ower-ﬁe;£erature conditions. ‘A
similar condition would gpply to secondary wall rock
mineralization. |
~/i ~ Vein fluid migration, eipediféd by the opening;pf
fracture systems, now the sites of vein mineralization,

would have been accompanied by vein fluid migration in

the wall rocks, even the relatively impenetrable ores



‘at Northrim. Evidence for this assertion inciudesAthe‘
continuity of vein miﬁeraliiation with secondary h;st
rock mineralization and the ﬁresence of-the As geochem-
ic;l halo. Vein fluid migration may have been upwards
in the‘former fracture systéﬁs since vein xenoliths,
-similar in lithology to the wall rocks at Northrim,
océur throughout the veins. Vein fluidvmiératibn may
nof have been-substantialA-?he wall‘rocerenoliths could
have been‘suspéndedlby Qoi%tile fluid component migrafion
or anofher buoyahcy mechanism. Fluid cbmponents would
be;expected to migrate from wall rock to vein during

fluid formation and fzom vein to wall rock during vein

@

mineralization. This suggestion is compatible with the
highly variable Na, K, As, S and ' Cu, Pb, 2n concentra-
tions measured.in the wail ;ocks'immediately adEac;nt
to the 000 vein structure. (Fig. 8, 9).

The complex geochemist;y; the complex mineralogy;
thé paragenetic sequence of vein mineral and structuzal
events; the tectonically-banded, accfétionary dendrite
and other textures; the tectonic éontrol of vein fdrma-
tign,(cf.'telescoping); gepositional tempefatures of vein
mineralization aré:cdmmon to Northrim and other Great
Béar veins. 'Thg'Great Bear veins may be considered as
the bf&ducté of one or‘tWO ancient régional"geothermal‘
sysfem(é). a system(s) which.resembles the modern Salton

| Sea system in many respects.
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CHAPTER 6
THE NORTHRIWM, GREAT BEAR AND

COBALT-GOWGAKDA VEINS

The Cobalt-Gowganda (Ag, Bi, Ni, Co, As) veins
are remarkably similar to the mine}alized veins of the
Northfim Miine. They have been studied much more intensively‘
than the veins of the‘Great“Bear region and a comparative
sfudy of the Northrim, Great Bear and Cobalt-Cowganda

veins has been undertaken to identify genetic conditions

common to these veins of the (Ag, Bi, Ni, Co, As) type.

Mineralization

The multiphase, mineralized veins of the Cobalt-
Gowganda mining camp occupy subveftical<fractupes, joints
and faults. The veins are dominated by quartz, célcite
and chlorite but subordinate albite, K-feldspar, actino-
lite, sphene, epidote, hematite, magnetite, anatase and
various ore minerals are sometimes present (Jambor, 1971a).
The vein minerals fill di%gpant fractures which have been
reveatedly brecciated durihé veiln mineralization and
miarolitic cavities filled with carbonate (Sampson and ;;
Hriskevich, 1957) may be found.

The dominant dolomite, calcite, chlorite and quartsz
ganguehéf the Cobalt-Cowganda ores is remarkably similar in

composition, texture, habit and distribution to the gangue
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at the Creat Bear mines (Halls and Stumpfl, 1969; Jambor,
1971a; Petruk, 197lac). The identity extends to the
economic minerals identified in Cobalt-Cowganda miner-
alized veins listed on Table 8.. Of thé 53 Cobalt-
Gowganda minerals, 27 of ‘the commonest have already been
identifiedhin the mineralized veinswand adjacént wall
rocks at the Northrim lMine (this study) and 39 have
already been identified in at least one minerglized
vein in the Camsell River or Port Radium area (Robinson,
1971; Rojkovic, 1973; Badham, 1973b, 19?5)2_ Of all the
“economic minerals described or implied to be abundant,
common or widespread in the Cobalt-Gowganda veins (Petruk,
et al., l97la,b1c); only pararammelsbergite. bféithauptite
and three-phase silver have not yet been identified in
the Great Bear region. These three minerals occur
together in a high—temperaturéxéégémblage not found in
' the Great Bear deposits.

The Cobalt-Gowganda mi%erals are not only similar
.in details of relati&e abundanée, composition, texture
and habit but also occur in aésemblagés‘paragénéticaliy";f;‘
‘§}m%¥§r‘@pajhg”9§§§uqf~§pgéﬁgpthrimfmine and Great Bear
: fegi6ﬁ, iEéfi&féféenidgﬁdominatediassémﬁiagésiassbciaféd
‘with néti?é silver in rosettes, dendrifes éhd.maséés are
followed'ﬁy suifﬁéaif; éndvsﬁlfi&eQdoﬁinéted-ésSemblages
also accompahied by‘native silver (Halls and Stumpfl,

1969; Petruk, 197la,c). Individual mineral grains,
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dendrites, rosettes, layers and masses are compositionally
and mlreraloglcal?y zoned: NiZrich centers are succeeded
by Co- rlch flanks and finally by Fe-rich rims (Detruk :

et al., 1971a). Ni-As, Hi-Co-As, Co-As, Co-Fk-As and
Fe-As aseemblages succeed‘one another in the paragenesis
(ibid., 1971a). Sulfide assemblages include the earlier;
higher temperature native silver-pyrargyrite-argentite

and the later, lower temperature chalcocite-stromeyerite
(Petruk et al., 1971c). The pyrargyrite—stephanite—v
polybasite assemblages may have been secondary (cf. hybrid)

phases of mineralization (Halls and Stumpfl, 1969).

k2 —

Depositfonal Conditions

brustlform layered dendritic, botry01dal and
comD051tlonally zoned minerals and mineral structures in
the Cobalt-Gowganda, Northrim and Great_Bear Ve;ns‘lndl—
cate that the mineralized veins were products of solu-
tional and not magmatic conditions. Fluid inclusions at
Northrim, Echo Bay and Cobalt consist of an agueous.vapor
bubble, salt solution and a salt erystal(s) but the fore-
most and lattermost constituents may be absent in some |
Cobalt—Gowganda.and Northrim fluid inclusions. The
solutions were concentrated brines with approximately
30 wt. % Nall equlvalent at all locations (op cit.
1971 1973; this study). Pressure- uncorrected fllllrg

temperatures (Scott and O Connor,,l971) Qf prlmary fluld 1fb5



1aclu51ons 1r Silverfields liine ( obalt) quartz (“ r=i
125-275 C.) and late-stage Sllverrlelds Llne_eross-veins;
(T{‘= 40-120° C.) dre similar both toithe enes in Echo
Bay dolomitefand ouartz (Robinson‘and Ohmoto, 1973)
¢ ’and to the ones in Qorthrlm quartz (this sfudy)
o T‘empera't:ures of obalt—quganda veln denos1tlon
»have also been- 1nferred by mlneral and mlneral assemblage
_stabllltles from succe551ve Dhases of mlnerallzatlon -

(Petruk, 197la,c). The maximum temperature of vein

depositien*Wae»égou Ci.y. the. quer stablllty llmlt for eer';5~175-:f }!

chierifé dt 1 kb, (rawcett and Yoder, l96§);-the_mlg;@um .
temperature was less than 93° C. , the uﬁéernstabilit& |
limit for stromeyerlte (Skinner, 1966). Early high-
temperature arsenide assemblages with pararammelsbergite,
breithauptite and three—phaseisilver are succeeded by
assemblages composed of minerala characteristic of"-
suceessively lower temperatures of formation (op. cit.,
1971a). The suoceesion of lower temperatdre assemblages
" also occurs in the Terra (éadham, l973b§ 1975) and the
Northrim (this study) veins. A sharp initial iherease

in temperature is suggested by lg enrichment towards

the outer edges of chlorite, especially prominent in

the earliest stage of vein mineralization (Jambor, 1971c)
and by replacement of earlier safflbrlte and skutterudlte

-assemblages by later pararammelsberglte bearlng assemblages °;~5

:--*G‘fall and Stumpfl 1969) R T s s

S x‘.
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Fluidr}nclusion composition and fillipg temperatures
indicate that theﬁmineralizing fluids of all three vein
groups Were concentrated brine fluidslwhich were entrapped
in vein minerals under similar temperature conditions.
ﬁinerals and mineral assemblages diagnostic of formational
_temperature'conditions are similar for all veiln groups
'ZWith one exceptlion: three-phase silver, breithedptite
and pararammelsbergite have been found in some early
Cobalt—Gowganda assemblages. - Inferred temperatures of

:rveln depos1tlon dropped steadlly after an initial rise. .

e71n all vein groups. Inferred llthostatlc pressure
”d}condltronsfweremprobably.1Qw since all three veln greupsf
'contaln vuggy cavities. .
| It can only be concluded that the Cobalt- Cowganda,
Northrim and Great Bear Lake veins were formed from
remarkably 31m11ar mlnera11z1ng brines under similar
temperatures and pressures and furthermore, brine compo-

sition was remarkably alike throughout the depositional

higtory of\the veins of all three groups. Brine compo-
sitions Qould be nearly identical to the ones responsible
for |(Ag, Bi, &Ki, Ce, As) type scale formation (Skinner et
967; White, 1968) and regional greenschist meta-
morphism (Muffler and White, 1969) in. the Salton Sea

geethermal system.

S
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Cobalt-Zowganda Reglonal iietamorphism

icineralized veins of tne;Cobalt—Gowganda mining .
camp- occur in the Archaean_"Keewatin" volCanosedimentaryf'
basement, the Helikian "Huronian" sedimentary cover and-

the intruding "Nipissing” diabase sheets (Table 9 ).

Unlike the Great Bear veins which occur throughout the
- Camsell River and Echo Bay districts, Cobalt-Gowganda
‘veins arejrestricted to fractures.within'Nipissing dia--

- ‘base sheets or in neighboring rocks within 250 metres of .

e
T >

diabase contacts' ‘Ni As; NiﬁCo As;puo—As. Co Fe As and i

W

- Te- As assemblages generally succeed one another w1th1n*"

"velns leadlng away from centers of - dlabase sheets. both'

7. above and below diabase centers (Petruk l97lc) Inferred

dlabase wall rock temperatures. based on paleomagnetlc
ev1dence, did not exceed 500+75 C at the bottom of a
slate (i.e. argillite) 20-25 feet below the diabase
contact in the Silverfields Mine (Symons, 1967; 1970)
although wall rock temperatures WOuld have been higner
above thls level and fracture temperatures would have
been higher below this level during dlabase 1ntru31on

and subsequent cooling. Paleomagnetic evidence indicates
that only the diabase sheet would have heated any;g}neﬁk
‘alizing fluids occupying nearby fractures to z;mperatures
sufficiently high for pararammelsbergite and ¥hree-phase
silver formation. The relationship between diabase sheets
and mineraliied veins appears to be both a spatial and a

genetic one. .
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TABLE 9 -
COBALT-GOWGANDA PRECAMBRIAN
| GEOLOGICAL COLUMN . .
~ ' NINBRALIZED VEINS
S , (recrystallized)
\ . __--fractures

- Keewahawaﬁ Diabase Dykes Elsonian

J 1370 m.y.
intrg;ive_coptacts -

L]

MINZRALIZZD.VEINS -

"QWﬂC)N<D?fm*5C)W'S e
\

”fgactures
"aplltes" or “rgd:pogKT*Ah
alteration contacts Penokean
) 2155 m.y.
N : Nipissing Diabase Sheets*

"intrusive contact

=1 8 b4 3

\ S " Huronian Sediments

\\ Matachewan DiabasevDykes Kenoran
3 - 2490 m.y.

‘ ~intrusive contact .
 Algoman Gr“jlte/Granodlorlte Plutonsi

lntr'31ve contact |
Halleyburl' Lamprophyre lees
| 1ntfus've contact

Timiskaming Sedimentary Sequence

zrPEPTOP>

Kéertin Volcanosedimen Ty Sequence* -

Modlfled after Jambor (l9?lb) ‘*Known‘hosts of mineralized
veins. . o , T
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The Furontan sedlmentary and nelghborlrg rocvs have
undergone reﬂlonal zeollte/greenschlst facies metamorphlsmr
_ Post depos1tlonal albltlzatlon of . detrltal plagLoclasen j
t ﬁ and .post- dep051tlonal replacement of coarse detritus
have been reported by Pettlgohn and Bastron (1959) -
l‘Sporadlc patches of carbonate have replaced other minerals
“in Gowganda Hormatlon sedlments (Young, 1969). "Tillite
matrices- are composed of chlorite and ‘albite but no
cllnopyroxene nor amphlboles have been found in thin
sections studied by Young (1969). Some vesicles of
prehnite occur in ; eewatln volcanic rocks of Casey and

arrés rownshlps. a few mlles northeast of Cobalt
(Thomson, 196o), Frehnite, ﬁimpellyite.,epidote and
sphene are found in Nipissing diabase associated with
metamorphosedJargillites‘in‘HenWOod;Iownship,veast of
Elk Lake and north of CobaIt (Jambor, 1971d).. Clearly
!_all -of -the™ prehnlte, pumpellylte and epldote arid much
of"' the alblte, chlorlte, sphene and carbonate are meta-
.Amorphogenlc and have replaced many detrftal mlnerals a
;'“once present in- rock matrices. | “

Metamorphlc mineralization has_ been accompanled
by changes in rock composition, espec1ally 1n the
Huronian uowganda Fornatlon (Table 10). Tillite matrices
have anomalo;SIy high Nazo and Hzolconcentrations but

anomalously low K20 and Ca0 concentratlons Laminated“

.arglllltes have SLmllar'Nazo Cal and HZO concentratlons
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and

for

0 concentrations except

they generally have higher K2

. 0.
KZO concentratiohs are particularly variable and they

are extremely low in tillites from the Silverfields

iiine. The only arkose analysed has the lowest K, Ovand
;oo \\__/'

the highest Na

2

50 concentrations of any table entry.

NaZO concentrationa and NaZO/KZO ratios are higher

and Cal concentrations lower than estimated averages of
kworldwide shales, worldwida slates, worldwide pelites,
Precahbrian slates, lew 2ealand argillites, horwegian
varved clays, Canad{an Shield rocks and Eastern Canada
igneous fdcks quoted in Pettijohn and Bastron (1959).
The high Na,0 concentratidns and Na O/K20 ratios are’
considered unusual for the twp arglllltes from Iron
.Bridge-and Cobalt gincde most modern natural muds ara:
composed of clays richer in K than in Na. The high
Nazo concentratlons and Na G/K 0- ratlos coupled with.
low CaO concentratlons found in some arglllltes are .
ﬂdlfflcult to explaln by weatherlng or Uy elemental
_exchange‘w1th;seaWater; " The same‘statement applles to
1similar{cohcéntrafions in tillifes& "if it is truly a
' glacial floﬁr, the low CaC content is difficult to
explain; if it is.a normal sed&ment leached of its

Cag, then the Na 2O content is an anomaly."9

1 » R -
/ 9Pettijohn and Bastron (1959).

two argillites collected from Iron Bridge and Cobalt.
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20, hZO, Ca0 an? hZO

concentrations and the regionally dominant albite-

Thé regionally anomalous Na

chloritetcarbonate assemblages are most characteristic

of Géwganda (Huronian) rocks. Net gains of NaéO and H,C

-0 and Ca0 occur in various rocks of

the Gowganda Formation; particularly the very units.

and net losses of K

which would have beer, most permeable (i.ef arkoses,
tillites, graywackés)Jto any hydrofhermalvfluid which
would have mobilized alkaline and other elémenté involved
in mineral—fluid'exéhanée reactiodéns. Such hydrous fluids
would be‘similar'to brines which are responsible for
greenschist facleg mineréi formétion in the Salton Sea

geothermal area where albitization and decalcification

of calcic plagioclase is accoﬁplished above 160° C.,

d E

chloritization of vafious silicate minerals aﬁove'the
range‘125° C. to 180° C. and carbonatization witn}nlthe-
range 25° to 290° . (Schoeh and White, 1965; Muffler
and White,_1969),  Such hydrous fluids could have pro-
duced the chill zone aplitic and mineralized vein alter-
ations found in the Nipissiné'diabase and the alteration
zones beside the ﬁineralized veins in the diabase country

rocks, probably the mineralized veins themselves.

¢ <

Nipissing "Contact" Metamorphism

T

Sat

Metamorphism near the contacts of #he Nipissing
diabase appears quite/limited. Contact alteration of

- 2 i \.



“\ = .

country rocks is restrfbted.}o an erratic. narrow ( 2 m.)
zZone With secéndary biotite:’muSCovite and/or hematite on
- the country rock side and an erratic,'narrow ( 1 m.) but
more intensely altered zone w%%h sericite, albite,
chlorite and carbonate on the diabase side of the con-
tacts (Hriskevich, 1968; Jambor, 1971lc). Primary (?)
diabase chill zone minerals have been replaced by secondary
minerals infa regular fashion: labradorite has been
replaced first by sericite and then by albite, augite
has been replaced by chlorite and all minerais have been
overgrown by carbopate‘towards the country( ocks, although
labrédorite and augite may persist to the very edge of
the diabase (op. cit., 1968; 1971c). The erratic nature
of contact alteration zones and thelr qharacteristic
secondary minerals indicate that the diabase magma did
not heat nearby rocks to temperatures any higher than
the oneé associated with greenschist facies metamorphism.
The centimetre-wide altered chili zones of the diabase
occur next to hectometres upon hectometres of albitized,
chloritized and carbonatized wall rocks of the regionally
metamorphosediHuronian and Keewatin’sequence.‘
Alteration, sequences similar to the ones abd%é
also occur in "aplites" (Bastin; 1935) and beside min-

eralized quartz-carbonate veins. The alterations are

\

particularly prominent in Nipissing diabase hosts and 7

R

are barely discernible "in Huronian and Keewatin hos¢§?:i

%

PO I - x L A
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since hosts of the latter two designations are composed
of secondary minerals identical to the ones of the aplitic
andﬂyein alterations‘themselves (Jambor, 1971c). Quartz

and carbonate generally overgrow other secondary minerals,

“especially in sections adjacent to mineralized veins

e

A(Bastih. 1935; op. Git., "19pTE). ot il
S "Contact" me tamorphism in the country rocks of

the Nipissing diabase does not seem to result from meta-
somatic processes. Porphyroblasts and interg?owths’
(0.5-3.0 cm.) dominated by secondary chlérite, sphene

and apatite (cf. spotted alteration), are surrounded

by lighter—colo;ed. mafic mineral-deficient "aureoles"
(0.1-2 cm.) andcthis indicates ﬁhat source material was
obtained withih a few centimetres of the porphyroblasts
(Jambor, 197132. a conclusion reaghed for similar
chlorite-rich ﬁatches at quthrim. Chlorite spot dis-
tribution is controlled partly by lamination, grain size °
and unconformities (i.e. permeability) within the.Huronian
sédiments‘and in at least one instance chloritic alter-
ation proceeds from the boundary~of coarser-grailned
laminae into finer-grained laminae of a banded argillite
(Hall and Stumpfl, 1959). The writer considers the
chlorite etc.‘porphyroblasts products formed from
regionally-distributed wall rock fluids upon cooling

of the Nipissing diabase. Prophyroblasts have been

truncated by'vein mineralization (op. cit., 19714).



ﬂ_inntaCt metamorphism associated with the Nipissing
diabase 1s much less&intensive and much less extensive
than regional metamorphism of %he country rocks. “"Contact"
effects are identical to "regional" effects in every
respect but the following: spatiél association with
’Nipissihg diabase sheets; the development .of higher-
temperature secondary assemblages containing biotite
and amphibole; and the development of large porphyroblasts.
All of these “contact" features could have been formed
upon regional fluid influx during cooliqg of the
Nipissing magma(s).

The assocliation of (Ag, Bi, Ni, Co, As) vein
deposits with regional greéﬁschist facies metamorphism

T

in the Cobélt—Gowganda.camp is a constant one. The
spatial aspects Qf the vein:metamorphic assoclation

are more consistent than the spatial aspects of the
Nipiésing diabase-mineralized vein association: nminer-
alized (Ag, Bi, Ni, Co, As) type vein déposits at the
Bruce lMines southwest of the Cobalt-Gowganda camp, are
spatially associaged with a granite, not a diabase, but
regional greenschist facies metamorphism occurred at
Bruce lMines (Bastin, 1939) just as it did in the Cobalt-
Gowganda district. The'(Ag, Bi, Ni, Co, As) deposit-
greenschist metamorphism association also occﬁrs in the

Great Bear mining camp (tﬁis study) and the Salton Sea

N
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geothermal'system“(Skinner~et al., 1967; [uffler and

White, 1969).

Temporal Relationships

Cobalt-Gowganda fieldggelationships have been

7

summarized in Table 9 and Cobalt-Gowganda rr'a'd'iorfu—:"ti‘'ifc:'”~

dates have been listed in Table 11.
Cross-cutting field relationships indicate
that (Ag, Bi, Ni, Co, As) mineralization océurred after
the formation of veln alteration zones, "aplitic" alter-
ation zones and Nipissing diabase emplacement. Mineral-
ized veins abut the Cobalp Lake Fault which has displaced
Bne Nipissingidiabase sill some 250 fee% (Thbmson, 1967).
The'mineralized Vein§LOCcupy fractures and thelr attendant
alteratipns in host diabase form zones of regular geo-
metriéal form just as similar alterations form aplitic
"dykes" (Bastin, 1935). Thus, the mineralized Qeins,
aplitic "dykes" and their adjacent carbonate-impregnated
and chloritized diabase alteration zones were not only

emplaced after the diabase sill hadrcrﬁstallized bu}r/

.after a minimum 30 metres of fault displacement had

occurred along the Cobalt Lake Fault. One can only

conclude that late-stage diabasic magma fluids were

unlikely to have been the fluids responsible for vein

-

mineralization and vein-related alteration of host
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. 7¢135%56,],557 hen ééele£icel”eenstréin%e:eiiS%ﬁﬁof‘:7'"
N mineréliZinc flulds Dresent during- reglonal country
rock metamornblsm. L

- The relatlve.abe relatlonshlps lnferred from'
radlometrlc evidence are conSLStent “lth the ones
uiEStabLLShed-bY»fleld;Crliﬁﬁl?fwf&?@@??ﬁ,eY??F§inQ¥Pde -
the intrusion and subseqnent metamorphism of Algomap )
felsic plutons; Fenokean events the intrusion of
”ﬁibigginé;giabase5éilis and metamorphism of Huronian .

sediments; Pudsonian events, 1ntrus1on of Cutler granltesA
and metamorphlsm of hlplSSlng and Luronlan sedlmentary
rocks in-the . Sudbury Saul% Ste.”marle reglon ‘and nlsonlan
events 1nclude 1ntru51on 0of two generatlons of Keewanawan f
diabase (Pable 11). In the Cobalt Gowganda reglon{
iPenokean radlometrlc dates predomlnate ‘and the “two
generatlons of granite emplacement. Algoman and_Cutler;
- are»nai»Penokegp‘in ;adiometfie{age. The,létter generation
of gfanites are absent in the Cobalt-Gowganda region. 7
Mineralized veins have been dated radiometrically
using vein galenas. Iodel Pb ages for ordinary éelenés'
in mineralized veins average 2280 m.y. and this indicates
that the.veins were emplaced about the same time as the
Nipissing diabase'(Thorne, 1974) and about the same time
as Penokean regional metamorphism (this study). JOrdinény >

‘galenas in sulfide-rich Keewatin and Huronian sediments

‘have similar radiometric ages but one Keewatin galena

' 224‘
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—-'bas been dated at 2805 m, YL ( i "’“l9?4)“'T£OfuéT”nl”»: HQliifﬁl;

5”suggests that the Db was not 1eached from the countrvt

P

rocks and favors the dlabase as the source of the Pb
“hls wrlter favors the Peewatln and Huronlan sulfldes

as the Po sourbe since’ country rock metamorphlsm is

_both intensive" and extensive. (thls study) and S 1sotope
. .ratlos of both countrv'rock and veln- sulfldes -are qulte

“s1mllar, except‘for some'late stage sulfldes w1th sllghtly

higher 348 values

ks truk, 1971d). The ulplSSlng diabase
itself is not k w\vr its high sulfide content nor do

known hydrothermal uids" carry high concentrations of.

! [

The radlometrlc ev1dence indicates that vein
mineralization, reglonal*metamorphlsm and N1p1551ng

- ¢
diabase emplacement occurred durlng the Penokean. orogeny.

“huronlan sedlmentatlon occurred before thls orogeny and

the 20° arc change in paleomagnetlc pole dlrectlons'
between Huronlan and N1p1331ng poles indicate that-
sedimentation would have breceded the orogeny by 107 to
108 y. if the modernnrafe of magnetic pole wandering is

applicable to Precambrian conditions (Symons, 1967).

'Radiometric evidence also indicates that the rocks of

thevCobalf—Gowganda mining camp were not affected by

the Hudsonian nor ElSonian-orogenies and their conseguent

metamorphic'regimes - The hudsonlan and nlsonlan orogenles

occurred in the SaultSte Marle-Sudbury part of the



':ﬁ:Southern rrov1nce but the srenV1lllap orogeny dld not -

_affect radlometrlc dates anjwhere 1n the Southerﬁ  ‘ 7'”
“ fProv1nce The. radlometrlc evidence suDDorts the writer's
”contentlon that vein mlnerallzatlon hlplSSlng dlabaseﬁ
1ntru51on and country rock metamorphlsm were synchronous
»events in the Cobalt-Gowganda mining camp. The lack;of1
v‘radlometrlc 1sotope reequlllbratlon in the veins and
rocks of the Cobalt Cowganda mlnlngicamn 1nd1cate that
‘the veins and rocks have not been subJected to temueratures
in excess of 150 to 200° é. since the ;enokean, except ”
“for some velns and rocks truncated by igfer Keewanawan

T

dykes. .
- o R . . ~
A similar coincidence of regional metamorphism,
plutonic emplacement and (As, Bi, Ni, Co, As) minerali-
zation occurs in the Great Bear mining camp. Veins of

the Port Radium district have also been truncated by

later diabase dykes.

Genesis.

The Cobalf-éowganda vein and wall rock mineral
assémblages are the common products of wail rock form-
atiénal fluids which promoted regional seolite and
gréenschist facies metamorphism during the intrusiqn
and subsequént cooling of the Nipissing diabase. The
Niﬁissinngiabase magma would have heated these fluids

td,femperatures somewhat highef thén the ones they would"

=
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 Qihave‘atta1ned under nornal geotherqal gradlents and o
”Lsubsequent coollng of "the dlabase “Would have 1nd1rect1y to“”v;' ;
. controlled mineral formatlon Ln the adﬂacent velns and
wall rocks. o

- Fluid inclusion studies indicate that the
mineralizing fluids wefe similar to brines involved
in the metamorphism of Salton Sea sediments.. The albite,’ -
chlorite;.K—feld ar and oarbonates ohapéoteristicuof

. Cobalt-Gowganda wall} rock metémofphism are the minerals

which consti the bulk of the gangue in the mlnerallzed

veins. Sp ne, epldote.‘actlnollte, aDatlte and -prehnite
are other metamorohogenlc minerals found in the velns but
some of these and other minerals mentloned ({e.g. garnet
stilpnomelane, allanite) in Jambor (1971a) may have been
physically:introduced fron the host rocks during vein
emplacement subsequent to tectonic brecc1atlon, just as
31mllar host rock mlnerals were lntroduced to the min-
eralized veins at Northrlm. . The albite, K-feldspar and
ohlorite.offthe‘earlier stages and the carbonate of tne
later stages of tein mineralization are some of the most
abundant wall rock minerals. Vein minerals of economic
importence are abundant in .the wall rocks adjacent to
mineralized veins. Thus both wall rock and vein mineral
assemblages could have formed simultaneouely from the.

: ‘seme\hydrothefmal fluid, almost ceftainly‘a brine which

had been formed by interaction of formational waters



'?;1fw1tb coeXLStlnc wall rock mlnerals, under temperauureS‘f"':

- and p”eosures correspondlng to those of zeolite and -+
"vreenschlst fac1es metamorphlsm Lvaporlt;g and seawatef
sources, usually invoked as a sourpe of alkaline, haL&dé
and other olements in ;re sbiﬁtions, are not necessary
for Cobalt-Sowganda mefambrﬁﬁié/véin fluid formation,

and indeed, évaporites and seaﬁéter would be implausible,
if not impossible, constitueﬁggﬂg} fhe subaerial, pgri-
‘glééial, fiuviatile Gowganda Formation and its highly
fractured Keewatin vqlcanic basement. - - -

MetamdrphiSm Was not confined to the Keewatin
basement and Huronian etc. wall rocks. The Nipissing
diabase i?;elf copfains:characteriStically metamorphic
Aigerals, These include carbonate, puﬁpellyite and prehnite
in the ones from Henwood'Township anq albite, sphene,
chlorite and sericite in fhe ones from the Cobalt and
- Gowganda areas. Thése minerals are the metamorphogenic
minerals of the Keewa!ﬁn and Huronian wali récks but in-
mostkdiébase sheeté,_these minerals are'cqnf}ned'to the
borders;'ca;ities and }racfureéiopen to hést rock fluid
penetration. fhere.are fewer restrictions to metamorphic
mineralization in the_Hurbnian and Keewatin country rocks:
the Keewatin basement was intensely ffactufed dgring the ,
Kenoran orogeny, and the Huronlian cover may have been

only partially lithified before the generation of meta-

morphogehic vein fluids.

228



Cnly th‘metamoféthenic minerai structures of
"jthefdiabase host recks may be_termed "confacf"-feafufesl"
These are the narfow,-biotitic,.hematltlc aureoles and
the:secohdary porphyroblasts. ' The non- metasomatlc nature

1
‘of the latter and the sporadic distribution of the former

features indicate that Nipissing diabase:iﬁtrusioﬁ contri-
buted Tittle, if any.Amaterial to the parent metamorphic/
vein fluid. The Kipissing diabase would merely heat
nearby metamofphogenic fluids to temperatures sufficiently
high for modification of the geothermal'gfadient. = )

N Mineralized vein formation was certainly contrelled
by the Nipissing diabase thermal aureole. Tempera%ures
vsufflclently high for formatlon of the pararammelsberglte-
three phase silver- brelthauptlte assemblage were generally
~“a'*c’calned only within 25 feet of the Nipissing dlabase..
iater mineral assemblages of succeedingly lower temperaQ
fures of.;ormation would have been deposited upon further
cooling of the diabase and surrounding wall rocks. The
highest inferred temperatﬁfe of vein mineralization

(690° ¢.) is less than the estimated crystallization
temperature of the NlplSSlng diabase magma (1200 c.)

and hence the dlabase had crystallized before the onset

of vein mineralization. This conclusion is supported by
field evidence:-'mineralized veins occupy‘fractures which

truncate diabase-wall rock contacts, just as they truncate

chlorité& porphyroblasts and "aplitic". alteration boundaries.

- 229
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The nlplSSlDE ulabase lntrus1on would have had time to

'contract to. form the cyllnd*lcal and polygonal jointing

attrlbuted to cooling durln~ and/or before the onset of
vein mineralization.

The ‘intrusion of the Nipissing diabase was a key
factor in the\genesis of the Cobalt-Gowgapda ores but
there is other\evidence that the NlplSSlnc dlabase magma
did not introduce the chalcSDhlle and other elements so
characteristic of the wall rocks and mineralized veins.
Fb 1sotope studies by Thrope (1974) indicate_that re-
mobilization of prdingry Aréhaean and addition of wall
rock radiogenig ©b will account for the Pb isotope ratios
observed in Qrdinafy éountry rock and vein galenas. The
similarities in 'S isotope ratlos observed by Petruk
(19714) 1nd1cate that early veln sulfides may haVe been

formed 51multaneously with wall rock sulfides from the

same hydrothermal fluid and that vein S would have been

derlved from pre vein wall rock sulfides. The Nipissing

dlabase 1tself contains low concentrations of the chalco-

: Dhlle elements so characterlstlc of the mlnerallzed veins

but sulfide-rich Keewatin interflow sediments and ande-
sitic lavas contain appreciable concentrations of these
elements (Boyle and Dass, 1971). Some sulfide structures
of both the Keewatin and Hurbnianfwall rocks are demon-
strably synvolcanic and\syndeposiﬁional (Hall and Stumpfl,
1969)--hence sulfides were presemf\before intrusion of the

)

’ /
: 1,
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Nipigsing diabase. Saall carbonate and sulfide stringers
‘analogous to fhe ones of the Sgltén‘Sea aﬁd Creat Bear
Lake regions are. locally abundant in the Huronian- and
Keéﬁafin wall rocks of the Cobalt-Gowganda ores.

The formation of Cobalt-Gowganda, Great Bear and’

-

Salton Sea ores are identical in details of process but

i :
not always in detalls of geometrlcal form. The anc1ent

~Cobalt- Gowganda Zeothermal system differs from the other'
two geothermal systems (one ancient, one modern) only in
the modification of the normal geothermal gradient by .

-

horizonfally-emplaced diabase magmas .

3



y CHAPTER 7

‘CONCLUSIONS

Ilneralogical Summary

| The deposits oﬁuthé¥Northrim mine are multi—staée,
polyphase veins which occapy dilatancies generated
along ENE and ESE fracture systems durirz the Aphebian
(11600-1675 m.y.). The veins are cJ;;i:ed dominantly

of dolomite, quartz and calc1te but vax{?us minerals of
economic significance are present in varlable concen-
trations. The sulflde.mlneﬁals chalcopyrite, galena

and sphalorife are the most pbundant and they occur

//in a}l phases of vein mineraxﬁzation. Silver-@earing
'phases,inclﬁde;native siiver, freibergite, matildite,
argentite and significant coricentrations of Ag (up to
0.4 wf %) occur in somo velo galenas., Ni- and Co-
-bearlng mlnerals lnclude nlccbllte. rammelsberglte,'
safflorite, chloanth1te~skuttérudlte but gersdorffite
and cobaltite are also obunoaﬂt. 5Bi-bearing phases
include matildite, nati&% bisduthﬂahd‘aikinite—rezbany—
ite (Pv, Bi, Cu)SB. Ura%inité is an uncommon constit- //.
uent. A rarg compogpd -termed "brederite” in this study,
may be a mlnera}ﬁgﬁe_%ohsly undlscovered The Northrlm'

vein mlneralogy jﬁ

Rlver and Echo Bay deposlts in detalls of comp051tlon,

ey
texture and morphology
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There are two distiﬁct periods of native silver
and arsenide mineralization but only oﬁe period of
sulfosalt and nétive bismuth mineralization. Thls
also occurs in the Norex veins (Badham{ l973b 1975)
Estlmated temperatures of mlnerallzatlon are 310-‘590, C.
for the:early U-Ag-As,stage, 2}572?1 C. for the late |
Bi-As-S stage, 176-250° C. fg}wthé late Ag-As stage
and Zlgo C. for the vug étage assemblages. Useful.
criteria for temperature estimation included mineral
assemblagés. fluid inclusion and sulfur isotope data;
The vein temperature; are generally higher than the
ones estimated for tﬁ%xCamsell River deposits by Badham
(1973b; 1975) and for the Echo Bay deposits by Robinson
and Ohmoto (1973). An upwards revision of depositional
temperatures may be necessary. |

Wall rock metamorphic assemblages include albite,’
actinolite, biotite, chlorit?, sphene, K-spar, epidote,
magnetitéf"hematifem‘pyrite, chalcopyrite, sphalerite,
marcasite, pyrrhotite, galena, quartz, dolomite and
calcite. Inferred temperatures of formation are identi-
‘Cal to the ones of vein mineralization. The ﬁetamorphic
mineral assemblages of the Northrim Mine are identical
to fhe ones common thfoughout_the Camsell River and
Echo ﬁay districts. ?hey are also characteristic of
greenschist facies metamorphic conditions.: Séme vall

rock primary minerals, still preserved, includc¢ some



rutile, ilmenite, magnetite, pyrite and calcic plagio-
clase. ) : 2

The common voldahic rocks hosting the Korthrim
veins are.labradorite- and pyroxene-porphyritic basalts,
lithic 1lapilli pyroclastic breccias, magmato-pyroclastic
flow breccias and poorly-graded lapilli tuffs. The
rocks were emplaced Qnder a high-énergy, subaerial
regime within 1 kilometre of (a) major volcanic vent(s).
Syenite and monzonite pyroclasts, especially common in
the pyroclastic breccias, were derived from the syn-
volcanic Rainy Lake pluton at the bottom of (a) magma
chamber(s) some 1-2 kilometres étratigraphically,below
the Northrim datum. Pyroclasts of magnetite and mag-
netlte rich basalt 1ndlcate that magnetite-rich bodles
may have been emplaced simultaneously with plutons of
the synvolcanic syenite-monzonite suite, a conclusion
reached by Badham and Morton (1976) regarding the numer-
ous magnetite—apatiteiactinblite lenses of the Camsell
River district. The lithological de'stratigraphical
‘evidence presented in Chapter 2 supports the conclusions
reached by Hoffman et ai (1975, 1976, 1977) concernlng
the horthrlm sequence in specific and the Camsell River
volcano—sedimentary pile in general.

The Northrim volecanic rocks may be termed calc-'
alkaline in every respect but in total alkaline element

concentration. Their geochemical composition resembles
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that Qf‘basalts assoclated with active modern continental
margins which dverlie subduction zones. Two basalts of
. the Ng;thrim sequence, also ca;calkaline in all respecis
but iﬁ alkaline element concentrations, resemble the one
at the Lorthrim bMine. The Northrim basalts form a part
. of the calcalkaline (Badham, 1973a) Camsell River volcano-
sedimentary sequence. Basalts at the Terra Mine may have
been derived from magmas of alkaline affinity.
The Northrim, Camsell River and Echo Bay rocks

have been metamorphosed under adVgnced greenschist facies

Jconditions to rocks domirtated by the metamorphogenic min-
erals albite, actinolitel biotite, chlorite, K-feldspar,
magnetiteé and sphene. This regional metamorphism was
expedited by the influx of heated brine solutions, the
produets of surficial water influx énd of remarkably

high geothermal gradients. Such brine solutions were
available throughout the ancient Camsell River and Echo

- Bay districts.aand éven the predictably impérmeable
plutonic rocks, have been altered by their passage.
Solutional textures (vesicle mineral transitions, mot-
tling, fracture fillings, altefation zones) involving
minerals most characteristic of greenschist faciés
metamorphism are abundant in the volcanic rocks within
and afe locally common in the plutonic rocks near the

Nbrthrim Mine.
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The metamorphogenic mineral aséemblages and some
of their textures are identical to the ones of the Salton ,
Sea geothermal system, a system bathed by brine solutions
of surficial and sedimentary provenance, and heated by
high geothermal gradients at an unstable continental
margih: The terms "hydrothermal”, “geothermal" and
"metamorphic” are interchaﬁgeable with respect to the
sblutions and minerals of the ancient Echo Bay - Camsell
River geothermal systém as they are interchangeable in
jhedancient Salton Sea geothermai‘system’(Muffler and
White, 1969). '

The exchange (cf. scavené&ng when transfer is
made to the solution), transportation and depositional
power of metamorphic brines must have been great. The
Northrim sequence "basalts" deépite the preservation of -
most primary'téxtural and compositional features, are
no longer the rocks they once were. They probably have
lost much of the Ca and Sr they had once contained and
they probably have gained more Na, Si, HZO and CO2 than
they had during their formation. They>are dominated by
me tamorphogenic mineral assemblages. They satisfy all
the criteria deemed necessary for the duﬁious term
"spilite". The volcanogenic massive sulfide deposits
of the Camsell River (and Echo Bay ?) districts have
’

been so metamorphosed that their primary textures are

barely recognizable. The term "fahlbgnds" may be



applied to them since they generally remain conformable
with their host rocks despite their metambrphosed appear-
énce1 Ihey are not the skarn deposits as suggested by
Badham.(l975), The Cu- and Fe-rich volcanoggnic massive
sulf;de deposits are probably relicts of mucﬁ4more ex-

-téhsiye-and varied depoéits.

) Metamorphogenic mineralization in the volcano-
sedimentary rocks almost certainly occurred simul taneous-
ly with (Ag, Bi, Ni, Co, As) vein mineralization. Miner-

’alized quartz-carbonate, sulfide-, and mefamorphogenic
silicate-dominated stringers truncate one another. Met-
amorphogenic silicate minerals occur in various phases of
(Ag, Bi, Ni, Co, As) vein mineralization. Radiometric
dates of vein sulfides aﬁd metamorphogenic silicates

~also indicate thgf mineralized véins were formed during
regional metamorphism. The spatial and temporal coinci-

di?ce‘is thught to be no accident: the Northrim, Cam-
sell River and Echo Bay veins and wall rock minerals are
almo§t certainly the common productS of regional geo-
thermal brine-aquifer mineral exchange activity. The
concen rafion of residual carbonafe, quartz and "exotie"
mineral\_in (Ag, Bi, Ni, Co, As) veins is not unusual--
they ha?é beep observed to precipitate from brine fluids
in the SaitongSea geothermal system. The vein@hinérali-

zation represents the fracture-filled portion of host

rock metamorphogenic assemblages.
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Geothermal-lietamorphic Model of

(Ag, Bi, Ni, Co, As) Vein Formation

The major aspects of the model have been summarized

in Figure 25 and have been described in detail within the

previous ' chapters. The model incorporates various geo-
logical features and interpretations commory to the

modern Salton Sea geothermal sysfem and the proposéd
ancicnt Great Bear and Cobalt-Gowganda geothermal systems.

“

Deposits of the (Ag? Bi, Ni, Co, As) association -

,and secondary mineral assemblages of the country rocks

are the cogmon products of regional‘and/or contact zeo-
lite and greenschiat facies metamorphism accomplished
through'host rock mineral interaction'wifh geothermal
brines. The brines'may act both as catalysts and re-
actants in reactions leading to the formation of meta-
morphogenic mioeral'assémblages‘and in so doing become
saturated with the very e;ements now concentrated in
(Ag, Bi, Ni, Co, As) deposits. Most host rock and
deposit mineralization would have occurred during
cooling of the goethermal brine system, the so-called
retrograde phase of metamorphism. |

Certain geéplogical conditions‘are conéidered to
be necessary for (Ag, Bi, Ni, Co, As) deposit formation.
The influx of surficia; waters bearing 002 appears to’bc
one requirement. HZO and 002 are needed for brine form-

ation and both compounds are substantial components of



céuntry rock and deposit mineralization. Thé incorp-
orationkof'hon—magmatic,_surficial water and carbonate
are supported by C and O isotopic evidence ﬁertaining
to Great Bear carbonate mineralization, by D/H and‘Ov
isotopic evidenée pertaining to Salton Sea brine form-
ation and by HZO énd 002 énalyses pértain;ng to Cobalt-

Gowganda country rock mineralization. Surficial water

o)

influx ds characteristic of all modern brine systems:b \

N

meteoric‘waters are involved in subaeriél and seawaters
are involved in submarine systems, even in areas where
shallow-seated magmas are thought to be present (White,
1968). - Other brine carbonate sources almost certainly.
-include wall rock carbonates but potentialfseaiméntary
sources of carbonaté were probably absent in the sub-
aerial, perigi;cial Huroniah sedimehfs‘and the volcano-
sedimentary baséﬁéﬁ%\pf the Cobalt-Gowganda district. @
| A s'ubstanjciall‘y' high geothermal gradient is
considered to be another'fequirement fér (Ag, Bi, Ni,

Co, As) depbsit formation.- The géothefmai gradient of
the.modefﬁuSalton.Sea system is partiéula}ly.high:and;émT B
the geothermal grédient of the ancient Echo Bay —‘Camséll',
River (Great Bear) system must héve been similarly anom-
alous sin¢e intense greenschist facies metamorphism

appears to be restricted to the Echo Bay and Camsell

River districts of the Great Bearlregion1Q_ The geothermal

»

lOSub-greenschist facies metamorphism is charac-
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gradient associated with Cobalf—Gowganda metamofphism |
was modifiedbby diabase magma intrusion amd the result-
and thermal gradient must have been quite high. High.b
geothermal.gradients are thought to be necessary since‘they
will® facilitate the formation of coneemtrafegmbr{mes
at high temperatures and‘at depths sufficiently shallow
to coimeide with appreciable surface water inflow.
‘Shallow depﬁmé of reéional metamorphism and vein min-
eralization in the Cobalt-Gowganda, Greqt'Bear and
,Sélton Sea environmehts, are well supported by geo-
logical evidence, most notably the occurrence of mlarol—
1t1c cavities and the preservation of wall rock ve51cles.
Geothermal gradients are generally highest'where
magmas are closest to surface. The generationbof magmas
close to surface is directly related to high subsurface
temperatures and one may argue whether high gg%thermal
gradients determlne the manner and emplacement of mag-
matic bodies or the rise .of magma 5odies determine high
geothermal gradients. The former argument applies to
the ancient Great Bear system since higher temperature
mineralized vein assemblages occur with lower {empera-'

ture vein assemblages in most deposits throughout the

Great Bear districts, irregardless o¥ distance from

)

teristic of the Great Bear Bathollth reglon (Hoffman
et al., 1975; 1976; .1977) but advanced greenschist
facies metamorphism occurs in the Echo Bay and Camsell
Rlver districts (this study).
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L

obvious felsic plutons. The mineralized veins of the
Cobalt- Gowganda reglon are restricted to distances
within 1000 feet of the Nipissing diabase sheets and.

higher- tempe ture vein phases occur in veln sections
ST tempergrre vein o
» closer to -the hlplSSlng diabase. Determlnatlon of

thermal gradlent by magma heat is, more apollcable to

the Cobalt- Gowgandgfé;tuatlon L
,A,»-ut:_‘i.‘ ) - "‘-‘ ‘e ¢

Another requrrémen-xﬂor (Ag, Bi, Nl, Co, gs)

R

T »."J,

,depos1t formatlon is ‘the eventual gecllne of geoxhermal
temperatures. Such decllnes occurred in the Great Bear
and Cobalt Gowganda systems since both metamorohogenlc
wall rock and vein mlnerallzatlons were fé;ﬁed at temp-
eratures hlgher than the ones now present in both reglons.
(Ag, Bi, Ki, Co, As) pipe scale formation in the Salton
Sea system did not occur until drilling altered (lowered)
the temperatures in sectors ad jacent to preclpltatlon |
sites within the drill holes. Cont;nuously decreasing
temperature conditions occurred in the Northrim, Great
Bear and Cobalt-Gowganda.sequences of vein mineralization.
. Retrograde amphiboie biotite'chlorite successions‘occur _
in at least the Ndrthrim wall rock assemblages.

Conflned or partlally conflned aqulfer systems
are‘also cons1dered necessary for (Ag, Bi, Ni, Co, As)
depos1t formatlon. The conflnement is thought to be
necessary since substantlal leakage of thermally heated

fluids through hot springs would ultlmately "draln" the
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geothermal system of many elements necessary for deposit
formation. The Salton Sea sand(stone?) aquifer system

is partially confined by muddy silt(stone) horizons

"and appreciable pressure build-ups of 002 gas have

occurred within the Imperial CO, field (White, 1968).

2
Sim?lar conditions are most likely to have occurred in

~the Great Bear region of the late Aphebian (~1630 m.y.)

and> in -the Cobalt-Gowganda region of the late Archaean

(~2200 hly.). The permeable tuffs, volcanoclastic sedi-
ments and pyroclastic breccias intercalafed with the
more impermeable volcanic lavas and mudstones of the
folded Great Bear "homocline", wguld havg\made'ideal >
confined aquifer systems,‘ fhe pérmeable‘"graywackes",

tillites and conglomeratesf@ntercalated with the more

impermeable argillites of the Gowganda Formation, woulad °

also have made ideal aquifer syéﬁﬁms. Permeable foék

units were certainly exploifed by geothermal fluids

in. the Salton Sea,’Great Bear and Cobalt—Gowgaﬁda

 regions ‘since solutional phenomena involving'metamorf

phogenic carbonate, amphibole, albite, chlorite, biotite,

oxide and sulfide mineralization havé'ﬁeen identified in
. . ',\\"\

all regions (Chapters 2, 3, 5, 6)3

Other geologicaitfactors. including subarid/arid

paleoclimates and subaerial environments, may be neces-

sary for (Ag, Bi, Ni, Co, As) deposit generation. These

relate to the formation and preservation of saturated
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brine fluids. Humid climates would tend to add greater
quantities of frééh, meteqric water to aquifer systems
and seawater addition to éauifer systems under submarine'
conditions would tend to be too high in volume. The
Cobalt Gowvanda Great Bear ana Salton Sea country rocks
were generally depos1ted in subaerlal -environments and
subaerlal conditions seem to have predominated after
déposition. .
* The formation of saturated geothermal brines may
not lnvolve rock types of extreme composltlon in. all
instances. Nelther the perlglac1al terrestrial Huron-
ian sedimentary cover nor the.hlghly fractured Keewatin

basement rocks of the Cobalt-Gowganda region were likely

hosts of bedded carbonate and evaporite deposits. Similar

' statements concerning evaporites apply to the Great Bear

and Salton Sea“country rocks. The alkaline and halide
elements in the three regions would have been ‘provided
by brine fluid interaction with various common silic;%es
and apatite. Connate seawater is another possible source
for somé alkalies and halides. Decarbonation reactions
of limestones during the formation Qf Ealcsiiicate

skarns is a most probable source of some CO. in the

2
Salton Lc¢2 system but decarbonation reactions of car-
bonate traces in other rocks may provide that part of
the 002 not supplied by meteoric water influx.

Pri: ary concentrations of sulfide mineralization,



ones existing previous to geotnermal brine fluid form-
ation, may be instrumental in the formation of (Ag, Bﬁ»
ni, Co, As) ores: Syngenetlc sulflde horlzons w1th1n

the Keewatin basem nt and basement derlved sulfide clasts
exist in the Huronian cover adjacent to the Nipissing
diabase. Numerous relict sulfide textures have been
feported by Halls aﬁd Stumpfl (1969) and high background

concentrations of many chaleophilic elements have been

- reported for sulfide-rich Keewatin basement rocks by

Boyle and Dass (1971). These writers conclude that the
Kev atin sulfide horizons are the major sources of hydro-

thermal mineralization concentrated in thixmineralized

1veins. but this writer suggests; on the basis of the

predictably greater permeability of the Huronian cover
rocks (then sediments é) and~consequently greater sus-
ceptibility to passing fluids of any kind, that the .
Huronian rocks, despite thelr present, generally chal-
cophilic element-depleted condition (thé most logical
conclus1on of effectlve hydrothennal scavenging!) are
the maaor sources of most of the elements now present
in the Cobalt-Gowganda mineralized veins.

Volcanogenic massive sulfides exist throughout

the Camsell River district and all major.(Ag,
Co, As) velns dlscovered in the district are |
in part, by them. These conformable depovlts. certainly

the stratabound ones‘at thexNorthrim,ﬂNorex.a@QaTerra

' ﬁc‘:
L
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lines, are not the magmatic skarns interpreted by

Badham (1973b, 1975) but they have certeinly been
metamorphosed under tectonic and hydrothermal conditiohs
The dominance of Cu and Fe-bearing sulfides preserved

in the volcanogenie deposxts are attrlbuted to selec- |
tive dissolution of the 2Zn, Cd, Pb, Ag and/or Bi (?)-
bearlng sphalerite and galena etc. by the metamorpho-
genic brines ultimately responsible for adjacent (Ag,

Bi, Ni, Co, As) vein mineralization. The wall rock Fe-
sulfldes pyrlte (prlmary and secondary) and marcas1te
(primary? and secondary) generally retain their crystal-
line outlines but wall rock chalcopyrite, sphalerite and
galena crystal boundaries have been oblitefated Cu, Po f
‘and Zn- -bearing sulfldes and sulfosaltsmere far mofe
abundant than pyrite and marca51te in the mineralized
veins at the Northrim Mine and the mineralized veins

of the Camsell\River district contain high concentrations'
‘of Cu “Ag, Bi, Co, Sb As and S, elements hardly concen-
trated in Salton Seangeothermal brine solutions but ele-
ments most highly concentrated in Salton Sea pipe scaleSﬂ
Geochemlcal ev1dence is compatlble with textural evi-
dence as to the ﬂerlvatlon=of vein components from sul-
fide-rich coun%ryfrocks in the Camsell River district
though the actlon of a heated, wall rock-hosted (ef.
geothermal) brlne system. -Slmllar "diagenetic" sulfide-

rich wall rocks (Roblnson, 1971) and sulfide "gossans"



exist in the Echo Bay dié?rict.
The formation of éeothermal brines;saturated
with respect to Chalcophlllc elements may not require
primary sulfide concentratlons : Metamorphlc reactions
involving ,silicate mlnerals "bathed" by geothermal brines,
" for’ example the ones of the Salton Sea (Muffler and White,
1969), would be expected to yield varlous 1ncompat1b1e
tracg elements durlngnohe active stages of_reactlon.
‘At least the high concentrations of Fb and Zn in Salton
Sea brines may be.attributed to such%;eactions.
" The compositioﬂ 6f plutonic 41 ies proximally or
distally associated with (Ag, Bi, sZ?QCo. As) minerali-
zation is irrelevant except, perhaps, with respect to
Sn, W and Mo mineralization discuseed below. The‘veiosﬁ;‘
of the Cobalt-Gowganda and the Great Bear mining camos
are nearly identioal in terms of morphology, mineralogy,
composition and»oeragenesis’even,though the vein s&stems
of one may. be synchronous with xiiabase int#uéiohs in the
former a;d.tﬁe other synchronou§ with felsic infrusion
in the other. The composition of the Salton Sea pipe
scales are nearly identical with the ones of both vein
systems and yet diaoase and other mafic magmas are dn5
known in the Salton Sea Tfough.‘ The obvious conclusion: -
magmas do not generally con ibute significant quantities

of material to the non-magmatic hydrothermal fluids re-
- :

sponsible for vein mineralization but they may act as
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heat sources which promdte brlne fluld mineral element
exchange. Even the N1p1;31ng dlabaee magma may not

" have contributed appréciable material to the Cobalt-
Gowganda veins since vein mineralization formed after
diabese crystallization and some vein mineralizafion
fenned after movemeﬁt along the Cobalt Lake Fault had
displaced the Nipissing diabase-Huronian host contact
some 200 feet. The writer has suggested that metamor-
phogenic wall rock fluids entered the cooling, post-.
magmatic Nipissing diabase via fracture systems and
along chilled diabase margins and 1f thig did 1ndeed
occur, then the deposits of the Cobalt-Gowganda region
are eomposed of“material almost completely derived from
volcanic and sedimentary country rock material. A hot,
mafic magma may have been required to create the thermal

conditions suitable for advanced zeolite and greenschist

facies metamorphism and concentrated brine formation in

P

the region which was a stable continental hinterland\
during the Archaean (~2200 m.y.). The Salton Sea and
Great Bear deposits occur in continental margin environ-
ments which may be related to subduction zone plate
activity, a point aptly made by Badham (1976) concernlng
several (Ag, Bi, Ni, Co, As) deposits.

The role of volcanic.and sedlmentary country rocks

appears to be quite important in deposit formatlon. The

average, primary composition of volcanic and/or sedimentary
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successors d&es not seem to determine the existence of
(Ag, Bi, Ni, Co, As) vein formation or the existehce of
regional greenschist facies metamorphism but it stems to
influence the rélatiVe abundances of‘the elementg and
their host minerals ultimateiy present in the’ﬁeins ‘_ LT
and wall rocks, through interaction with thg inter-
mediary brine fluid;. Low concentrations of Ni in
Saltoh Sea brines and pipe scales is attributable to‘ . ¢
low concentrations of mafic mineral detritus in the |
Salton Sea sediments. U, an element abundant in Great
Bear veins, is attributable to brine interaction with
felsic tuffs and Vqlcanoc%asfic sedimentsf An inter- .
mediate but varied country rock composition equigalent
to that of an andesitic lava or of a shale, may bé re-
quired for (Ag, Bi, Ni, Co, As) deposit formation bufv
this criterion may not be too discriminating for natur-
al systems, because most volcanic and/or sedimentary rock
sequences are of intermediate composition. Plutonic
rocks may also contribute material through brine fluid-
mineral interaction but this contribution is net 2s sub-
stantial since most plutons are generally morg massivg,
less porous, less permeable and less fractured than
vgicanic and sedimenfary cover rocks. v

Another requirement, not thought to be Necéssary
for (Ag, Bi, Ni, Co, As).depqsit formation but for vein

formation, is the coincidence of waning geothermal



249

activity with tectonic fracture generation. .Tecﬁznic
stress 1s necessary to create the fracture sites of

vein formation and waning geothermal activity‘is re-
quired to encourage precibitation of various‘camponents
in éoncentrate@ brine fluids. Fracture generationiwill'
- also provide chénbél ways permitting deeper-seated, | nfﬁ\ \
more concentrated brines to rise to levels éufficiently
cool enough for véin mineral precipitation. The S%}ton
Sea pipe ‘scales in particular, formed because the natural
geothermal gradient.was disturbed along the drill holes
and hdtter, deeper-seated, more coﬁcentrated brine com-
ponents rose in the openJholes to the cooler sites of
presént pipe scal; mineralization. ~ Wall rock metamor-
phic/hydrothermal fluids, sometimes termed formational
waters, are often tonfined at preséuresvequélling or
exceeding load pressures and such fluids would generate
their own qilatancies even if "split" or "pull apart”
tensional stress systems were not operating during bdbrine
cooling. The lack of féctohically-iqposed weaknesses
would preclude the development of veins but not of dis-
seminated deposits containing the elements characteristic
of the (Ag, Bi, Ni, Co, As) assoclation. Disseminated
deposits of this association would tend to be of lower
grade than vein deposits~siﬁce brine. fluid flow Wduld

not be confined to one set of planar fractures but ,

higher grade deposits may occur wherever prima}y

a
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concentrations of these elements had existed before

the development of secondary fluid systems. The Hg
haloes commonly surrounding sulfide deposits are prob-
ably th'e lower temperature phases of such secondary
deposits. Similar meta-hydrothermal origins have been
proposed for small satellite (Ag, Bi, Ni, Co, As) veins
associated with massive sglfide deposits at Broken Hill,
Australie and 'fahlbands' at Kongsberg, Norway (Hal%s

~

and Stumpfl, 1972). T

The model developed and descrlbed above seems to

\

"~

be consistent with all the mlneraloglcal \geochemlcal
textural, paragenetic, radlometrlc, straxig;é ic and
structural ‘evidence concerniﬁg the genesis ef the\North-
rim, Great Bear, Salton Sea and Cobal t-Gowganda (Ag,\§l.

Ni, Co, As) veins. It incorporates many of the 1deas\\\\\
N\

\\

and interpretations common to many researchers but
many of these ideas and 1nterpretatlons have never
been.applied systematically to studles of the genesis
of the (Ag, Bi, Ni, Co, As) veins. The model appears
to be a reasonable but crude first: agproxlmatlon of
the events leading to vein formation in the deposits’
studied wlthln the thesis, but there may be some de-
posits which do not fit the model. The Hercynian (ag,
Bi, Ni, Co, As) deposits, ones not studied in great
detall w1th1n the thesis, will be considered briefly.

The Hercynlan Cornwall and mrzegeblrge (Bohemlan)



deposits have substantial an, W and llo concentrations
not found in the Great Bear, Cobalt-Gowganda and Salton
Sea deposits. The polyphase Cornwall Sn, W and Ko minf
eralization 1s present at depth 4and estimated tempera-
*tures of formation (500-575° C.) exceed the ones (< 150-
© 500° C.) of native silver, arsenide, sulfide and fluor-
ite mineralization present at shallower depths (Stanton,
1972). Erzegebirge Sn-W, Au- quartz and Mo mineralized
phases_are the earliest ones to be"formed: they are
succeeded in turn by quertz-base metalk pitchblende-
-_quartz calc1te, and Ag- Sb-carbonate asgemblages whlch
occuny dercynlan fracture systems. the later success1on
of base metal sulflde-quartz-barlte—flu#rlte, arsenide-
native metal and Ag-Hg-carbonate-su‘lfosi t assemblages
occupy the lat%f Saxonic fracture<(systems (Badham, 1976).

%

All the Erzegebirge and Cornwall mineraﬂized phases are
consiéered by most authorities to be thelproducts of
either mafic or feisic megmas but Halls end Stumpfl
(1969) cons1der all s1ngle sources of vein mineralization

suspect since the emplacement of the structurally and

temporally distinet polyphase assemblage& of both regions

spans the period from the late Carboniferpus to the late

L
Tertiary. This writer suspects that all éssemblages but

3 3 T, " s . J
the ones containing Sn-W and lio-bearing minerals were
|
derived from metamorphogenic fluids oﬂ vein provenance
A

since the "all but one" group of éssembﬂag@s present in

. o |
\' |
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the Cornwall and Zrzegebirge regions are remarkably
simiiar to the ones studied in great detail within

the thesis. The geothérmai-metamorphic genetic model

is also supported by the occurrence df regional low
pressure, high temperature (greenschist facies) meta-
morphism in rocks of the Hercynian orogen (op. cit., 1976).
It is.moét significant that spilitic basalts and kaeJ:"a‘to—1 .
phyric andesites of Devonianfage, including the ones
hosting mineralized veins in Corhwall and,Bevonshire,

are characteristic of the Hercynian orogenic belt(s)
(Jutear et Rocci en Amstutz, 1974). The géothermal/
metamorphic model of brine.formation and vein deposition
appears to be ‘applicable to thg genesis of the Hercynian
deposits. | | | | ,
The‘prop;seq genetic model (Fig. 25)‘may apply

to almost all (Ag, Bi; Ni, Ca, As) vein systems. The »
collection or "scévenging“ phase involves the conversion
of meteoric to formafionai and ultimately to saturated
brine fluids through interaction with7aquifer minerals
under shallow-seated prograde (increasing) and retrograde
(decreasing) temperature conditions. The later deposition
or "mineralization" phase involves the formatioﬁ of meta-
morphogenic minérals'under prograde conditions and the
formation of metamorphogenic mineralization in both per-
méable wall rocks and ffacture systems under retrograde

conditions. The opening of fracture systems would.
/ _
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‘Figure 25: Geothermal-Metamorphic:model of (Ag, Bi, Ni,
Co, As) vein formation (rough sketch). liany of the

major physical and chemical conditions of greenschist
etc. metamorphism are indicated on the diagram. Meta-
morrhogenic mineral products are included under the
host column to the left of and rock types of extreme
composition under the host column to the right of the
vein column. Iuch of the discussion included in
Chapters = and rertains to. the model. The writer
expects that better and more complete models will be.
~presented by more experienced researchers in the near
future.



accompany upwards movement of volatile brine components
and continued brine component flow would concer trate

specific mineralized phases at specific levels.

Summary Syafement
< 4 A geﬁeral-Case-geothermal/metamorphic genetic
model seems to apply to all the (Ag, BiJ‘Ni; Co, As)
deposits studied by the writer. Some ideas incorpox-
ated within the model, most notably the ones cOnperning
lateral secretion, have been applied to the Cobalt-
Gowganda (e.g. Halls and Stumpfl, 1969) and to the
Great Bear (Robinson, 1971) deposits but little ref-
erence has been made to.the crucial studies of research-
ers involved with the Salton Sea geothermal system, e.g.
Huffler and White (1969) and consequently the role of
intense, reglonal/contact greenschlst facies metamor—
phism assoclated w1th'most if not all, (Ag, Bi, Nl,

- Co, As) velns has been virtually 1gnored N
Present mlsconceptlons concerning the genesis

of the (Ag, Bl, Ni, Co, As) vein dep051ts are attridbut-

able to the lack of knowledge concerning and the con-

sequent underestimation of the contribution of meteoric -

‘and. other surface wetersbto zeolite and greensenist
facies metamorphism.'the SCavegging_potential of such

waters with respect to the eomponents which are con-

’
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centrated within'fesultant geothermal brines and the
tendency of all bdrine solﬁtions to iose Varisys com~
ponents at various fates upon temperature decrease

with subsequent lowering sf the geothermal gradient.
The invocation of hypothetical, special or mythical
4magmatic conditions‘to cover gaps and inconsistencies .
- in our-ggpwledge soncerniﬁg these deposits adds little
to a proper evalpation or to our'uhdersfanding of the

- genesis(es). The rols of magﬁatic fluids ih the form-
ation of (Ag; Bi, Ni, Co..As)'deposits appears to be
negligible -except, perhaps, wifh respect to Sn, W, Ko,  ”
‘and some U-beari&g mineralization of high-temperature
phases which are spatially and temporally related to
‘fels1c plutons but which are either rare or absent in
rocks adJacent to maficq plutons 5The geneses of the

. (Ag, Ni, Bi, Co, 'As) déposits considered here are re-
:sharkablyssimilar to oné another in terms of;ﬁrocess_‘
but not necessarily in terms of geometfibal form.

The model pfesen#ed above suffers from numerous
defects due to the complex1ty of the metamorphic pro-
cesses 1nd1cated by varlous lines of evidence -and to'
the lnexperlence of_the wrlter as a researcher.M.Never; |
theless, the writer considérs'fﬁe:model as a crude but ”
'necessary'approximstion of the nstural conditions truly
responsible for deposit formation of the (Ag, Bi, Ni,

Co, As) association. Perhaps the model will indicate
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”
more appropriate directions of research not apparent -

to the writer..

&
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APPENDIX I
MAJOR OXIDE AND TRACE ELEMENT ANALYSES

All X-ray fluorescence analyses were performed in

the‘laborafories 6f Dr. J. G. Holland of the University
of Durham, England. Corrections of analytical values
were made using the procedures of Holland and Brindle
(1966). Analytical values quoted in the tables were
wellvin excess of the lowef detection limits for the
procedure employed on a Phillips 1212 X-ray fluorescence
spect?ometér. . |

The analyticai vaiues were normalized on a COZ-
" and HZO-free basis and fed into.a computer program,
"Normcal", developed by Dr. R. C. 0. Gill. The various
petrochemical fﬁnctions were caléulated using}thé X;ray

- fluorescence data.

The detection limit of As'was 5 ppm; many samples -

had lower concentrations of this element. Sample distri-

bu%ioniof'conéentrations in some elements appeaied to be
bimodal and'averages'weré computed from the element
concentrations closest fo the value of the major peak.

@ ’

>
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