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PREFACE 

The Bathurst-Newcastle district of northern New Brunswick came into prom
inence as a mining area fo lJowing the announcement in January 1953 of the 
di scovery of a large massive sulphide deposit, now known as the Brunswick No. 6 
orebody . Interest in the district has been maintained since that time, and several 
simil a r deposits have been di scovered. 

This bulleti n presents the results of a detailed study of the minera logy and 
paragenesis of the base metal deposits of the Bathurst-Newcastle district. This 
study forms part of an overall investigation being made by the Geological Survey of 
Canada of the geology, geochemist ry and origin of the base metal deposits in 
this district. 

The author undertook his investigations in 1958 while attached to the 
Survey as a National Resea rch Council post-doctoral fellow from Indi a. 

J. M. HARRISON, 

Director, Geological Survey of Canada 

OTTAWA, June 13, 1960 





CONTENTS 

Introduction 

Scope of the investi gatio n . 

Histo ry of exploration and mining .. 

Geology of Ba thurst-Newcas tl e di st ri ct.. 

Regional se tting of the orebodies 

Structural loca li zation and nature of th e orebodies . 

Acknowledgments .. 

Mineralogy of the base m etal ores . 

Summary description of metallic minerals . 

Mineralogy and texture of indi vidual deposits . 

Discussion of th e texture and paragenesis of the ores 

R e ferenc es 

Illustrations 

Plate I A. Arsenopyrite-pyrrhotite-ga lena assemblage. Keymet 

PAGE 

3 

5 

5 

6 

7 

7 

9 

15 

18 

orebody . . .... . Folloll'ing p. 21 

B. Euhedral grains of a rsenopyrite in pyrrhotite. Nigadoo 
orebody 

H A. Arsenopyrite-pyrrhotite-ga lena assemblage. Sturgeo n 
Ri ve r orebod y . 

B. Chalcopyr ite-te tra hedrite exso luti on inte rgrowth . 
Nigadoo orebody. 

III A. Bornite-chalcopyrite crystallographic inte rgrow th. 
Brunswick No . 6 orebody. 

B. Exsolution blebs ofcha lcopyrite in the crysta llographic 
directions of sphalerite. Nigadoo orebody . 

VII 



PAGE 

JV A. Euhedral grains of pyrite 111 sphalerite. H eath Steele 
ore bod y . .Following p. 21 

B. Col loform pyrite set in vug in pyrrhotite. Nigadoo o re
body. 

V A. Colloform texture exhi bited by pyrite and melnikovite
pyrite. Brunswick No. 6 orebody 

B. Pyrite ve in cutting specular hematite and magnetite . 
Brunswick o. 6 orebody 

VI A . Pyrite replacing magnetite a lo ng grain boundaries and 
parting planes. Brunswick No. 6 ore body ... 

B. Sphalerite, containing inclu sions of pyrite and arseno
pyrite, embaying larger gra in s ofa rsenopyrite. Pyrrho
tite , large ly ·eplaced by marcasite, is in con tact with 
sphalerite . Keymet orebody. 

V I I A. Pyrrhotite rep lacing spha ler ite . Anacon Lead mine 

B. Galena rep lacing and embaying sphalerite. Nigadoo 
orebody 

Vlll A. Spha lerite rep lacing a nd emba ying arsenopyrite. Niga
doo orebody 

B. Second ge nera tion chalcopyrite replacing sphalerite 
containing exso lution blebs of first generation chalco
pyrite. Nigadoo orebody 

IX A. Galena replacing arse nopyrite. igadoo o rebody 

B. Bornite rep lacing pyrite a long the grain boundaries. 
Brunswick o. 6 o rebody . 

X A. Bornite replac ing both tetrahedrite a nd pyrite. Tetra
hedrite repl aces pyrite. Brun swick No. 6 orebody . 

B. Tetrahedrite replacing pyrite. Bornite rep laces tetra
hedrite, and chalcopyrite stri ngers replace bornite. 
Brunswick o . 6 o rebody 

XI A . 1ative bismuth replacing ga lena in an irregular fashion. 
Heath Steele orebody 

B. Freibergite replacing chalcopyrite 1n an irreg ul ar 
fash ion. Heath Steele orebody .. 

viii 



PAG E 

Figure I. G enera l pa rageneti c sequence of o re minerals of igadoo, Sturgeo n 
River, a nd K eymet o rebodics 11 

2. Pa ragenes is o f Ni gad oo o re mineral s 11 

3. Pa rage nes is of the o re minera ls of Brunsw ick N o. 6 depos it 11 

4. Pa ragenes is o f the ore min erals o f Brunswick No. 12 orc body. 11 

5. Parage nes is of the H eath Stee le o rebodies 14 

6. Parage nes is of the Middle Ri ve r, Ana co n Lead Mines (New Larder 
"U" ), and Anaco nda (Caribo u) o rc bodies 14 

7. Pa ragenesis of the o re min era ls of igadoo , Sturgeo n Ri ve r, a nd 
Keymct oreboclies . 16 

8. Genera l parageneti c sequence of o re minera ls fro m depos its so uth 

of the Rocky Broo k- Mill strea m ' brea k' 16 

9. Sequence o f elemental co ncentra tion in deposits no rth of the 
Rocky Broo k-Mill strea m ' brea k' 16 

10. Seq ucnce of elementa l concentration in depos its so uth of the R ocky 
Brook-Mill strea m ' break ' 16 

11 . Pr incipa l base meta l depos its- Ba thurst-Newcastl e d istri ct, cw 
Brunswick Facing p. 16 

IX 





MINERALOGY AND PARAGENESIS OF LEAD-ZINC

COPPER ORES OF BATHURST-NEWCASTLE DISTRICT, 

NEW BRUNSWICK 

Abstract 

Two types of base meta l sulphide depos its occur in the Bathurst-N ewcas tl e 
district. One type , north of a prominent fau lt zone loca ll y ca lled th e Rocky 
Brook-M illstream 'break· , cons ists of ve ins cutt in g folded Silu ria n a rg illites a nd 
s lates. a nd Devonian intrus ive po rphyry stoc ks. T he o th er type , south o f the 
'break". consists of mass ive su lphide le nses loca lized ma inl y in drag-folds and in 
favou ra bl e sy nclina l fold s in Ordovician meta-vo lca nic a nd sed im entary rocks. 

The hypogene sulphide min e ra ls in both the ve in-type deposits north of 
the break a nd the m ass ive , banded rep laceme nt deposits south of the break 
a re th e sa me, a lth ough the sulphid es in the fo rme r deposits a re coa rse gra ined , 
whe reas those in th e latt e r deposits a re fine g ra ined. The genera li zed paragenetic 
seq uence of the sulphides in both types of deposits is: pyrite. arsenopyrite , 
sphalerite, p yrrhotite, ga lena, tetrahedrite , and cha lcopyrite. 

M a ny of the mass ive s ul phide depos its have we ll-developed gossans, a nd 
have secondary e nric hed zones that con ta in superge ne covellite and cha lcocite. 
Other supergene mi nerals include a ngles ite , minor amounts of freibe rgite and 
ab und a nt m a rcas ite . In the vein depos its, the gossa n zone a nd th e zo ne of 
su pe rge ne minera liza ti o n are very thin a nd in so me deposits practically absent. 
T he on ly abundant superge ne minera l in these depos its is marcas ite. 

R esu me 

II existe de ux types de gltes de sulfures de 111etaux co m111uns clans la region 
de Bathurst- ewcast le. L'un de ces types est s itue a u norcl cl ' une zone de fa ille 
tres importante, appelce loca le ment la fai ll e Rocky Brook-M illstrea m . II se 
compose de fi lo ns qui coupent aussi bie n des arg il ites et arcloises plissees d'age 
s ilurie n, qu e des stocks porphyriq ucs intrus ifs du Dcvo nie n. L'aut re type, situe 
a u sud de la zone de fai ll e, co ns iste e n des len till cs de sulfures 111ass ives qui 
se rencont renl pri nc ipa lemenl cl a ns des plis d'entralncment ainsi que clans des 
p li s sy nclina ux favorab les et a u Sei n de roch es seclimcnlaires Cl mela-vo lcaniqucs 
de l'Orclovicicn. 

Les mineraux su lfures hypogenes p resents clans Jes deux types de gite , i.e. 
clans Jes gltes filon ie ns au nord de la fi ssu re e l cla ns Jes glles de subst itution 
ruban es et 111assifs qu i se trouvent a u sud de la fissu re, so nl ident iq ues, 111a is 
Jes sulfures du pre mier type de gltes son l a gros grai ns ta ndis qu c ceux de 1·a utre 
type so nt ~1 gra ins fins. Yoici l'o rclre de successio n ou la pa ragenese des sulfures 
au se in des cleux types de gltes: py ri te, arsenopyritc, ble nde, pyrrhot ine, ga le ne , 
tetracclr ite ct cha lcopyrite. 

Plu sieurs des gltes de su lfures 111assifs prcsentenl des chapeaux de fer bicn 
cl evc lo ppes el renfcrrncnl des zo nes scco ndaircs enrichies ot1 l'o n re marque de la 
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covelline et de la chalcosine supergencs . Les autres mineraux supergenes com
prennent l 'a ngles ite. un peu de freibergi te et bea ucoup de marcas ite. D ans Jes 
g:i"tes fi loniens, la zo ne du chapeau de fer et la zone de min era lisation super
gene sont tres minces ta ndis quc ce rta ins gltes n"en conti enn ent a peu pres pas. 
Au se in de ces gltes, la ma rcas ite constitue le eul m inera l superge ne qui 
so il abo nclant. 

xii 



INTRODUCTION 

Scope of the Investigation 

The investigation described in this bulletin forms pa rt of an extensive study 
of the geochemi st ry, mineralogy, and origin of the sulphide ores of Bathurst
Newcastle district now being conducted by the Geological Survey oE Ca nada. 

Detailed sa mpling of type orebodies was carried out by the writer in the 
field , and polished sections made from these sa mples were studied under the 
reflecting microscope in the laboratory. X-ray powder photographs were made to 
confirm the identification of all minerals. The textural relation ships of the various 
sulphide minerals were studi ed and interpreted and their paragenetic relationships 
in the various deposits have been drawn up and compared. 

History 0£ Ex ploration and Mining 

The Bathurst-Newcastle di strict of northern New Brunswick gained wide
spread attention from the mining industry as a source of base meta ls in January 
J 953, fo llowing the di scovery of the la rge Brunswick No. 6 mass ive sulphide 
orebody. Prospecting and some mining have , however, been carried out in the 
district sporadically since 1837 . The hi story of mining exploration in the area is 
outlined in a publication by MacKenzie ( 1958) 1, from which the author has 
drawn much of the information that fol lows. 

As early as 1837, the Gloucester Mining Association attempted to mine copper 
o re from Pennsylvanian sand sto nes on Nep isiguit River, but the venture was not 
commercially successful. Exploratory work was then directed northwestwa rd and 
several ve in s of chalcopyrite with qu artz were discovered on Tetagouche River, 
8 miles northwest of Bathurst. 

The first systematic geological mapping of the di strict was undertaken by 
R. W. Ells for the Geological Survey of Canada in 1879. Previous to this , how
ever, Gesner (1843), Logan (1 863), and Bailey ( 1864), carried out loca l 
investi ga tions and added to the accumulating data on the presence and nature oE 
the ore deposits. ln 1879, veins of sphalerite and ga lena were found on 
Elmtree River, and sporadic development work was done by individual s and 
companies up to ] 952, when the deposit was acquired by Keymet Mines Limited. 
At the turn of the century, other deposits of zinc and lead sulphides were dis
covered and explored on Rocky Brook, a tributary of the Mill stream River, and 
these have been exploited in recent years by Sturgeon River Mines Limited. T he 
Bathurst iron mine south west of Nepisiguit Fa lls was discovered in 1902 and the 
deposit has been worked intermittently since then . 

There was a comparative lull in the min !ng and exploration activity in the 
di st rict from 19 15 to 1930. In the next decade, however, active prospecting was 

1 Dates in parentheses are those of references at the end of thi s report. 
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Mineralogy, Bathurst-Newcast le District 

continued. Gold and sma ll amounts of sulphides were di scovered in shear zones 
along the Nigadoo River, and although the deposits did not prove commercial they 
opened a new area for prospecting and suggested favourab le shear zones along 
north west-trending dykes of gra nite porphyry. The sulphide orebodies at the 
Nigadoo mine were discovered in J 953 . The discovery of pyr iti c base metal 
deposits in the Orva n Brook area in 1938 added considerable knowl edge to the 
nature or the ore deposits in the Bathurst-Newcastle di stri ct. T his deposit has 
been explored in recent years and is now held by New Ca lumet Mines Limi ted. 

Since 1945 exploratory work in the di st rict has been carried out more 
S)stcmat ica ll y using geological base maps and aerial photographs. An acromagnctic 
survey by the Geological Survey of Canada of northern and centra l New Brunswick 
in 1950 and J 951 helped great ly in problems of geologica l interpretation and 
guided exploration. 

In the Rocky Brook-Millstream River area, a combi nation of geological 
mapping, trac ing float and gossa n, ground magnetometer surveys, and drilling b 
the New Brunswick Department ol' Lands and Mines, led to the di scovery o[ a 
number or new deposits of base metal sulphides. Some of these new showings 
were explored and explo ited by Noranda Mines Limited, Sturgeon River Mines 
Limited, and others. 

Exploratory work in sea rch of base metal sulphides in the a rea north of the 
Bathu rst Iron Mines commenced vigorous ly in 1952. An electromagnetic survey 
indicated the presence of conductors, and this survey was followed by an extensive 
dr illing program , which outlined a large tonnage of mass ive lead, zin c and copper 
sulphi des. This deposit , owned by the Brunswick Mining and Smelting Corporation 
Ltd. and known as the Brunswick No. 6, was the first large mass ive base metal dis
covery in New Brunswick. Consequent to th e discovery of the No. 6, an aero
magnetic survey of the area by the Geological Survey of Ca nada indicated a st rong 
magnetic anomaly some 5 mi les to the northwest; an electromagnetic survey also 
indicated anoma lous conditions in the area. Drilling was under taken and in 1953 
an immense tonnage of base metal sulphides was outlined. This deposit is now 
known as Brunswick No. I 2 . 

The discovery of the Brunswick No. 6 orebody started a boom in exploratory 
work in cw Brunswick and severa l new properties were explored and developed. 
Among these were the New Larder 'U' property, 6 miles west of Brunswick No. 6, 
and the Nash Creek base meta l depos its, 30 miles north west of Bathurst. Systematic 
exploration work utilizi ng both geochem ical (so il testing) and geop hysical surveys 
led to the discovery of the Nigadoo mine in l 953. In November 1954, the Amer ica n 
Meta l Company Ltd. announced an impress ive base metal discovery near Little 
River Lake, 35 miles northwest of Newcastle. This deposit was taken over and 
developed by a jointly held company, Heat h Steele Mines Limited . The Midd le 
River Mining Company Ltd. and Co nwcst Exploration Company Limited discovered 
base metal orebodies in 1955 near the head of the Northwest Miramichi River. 
Their explorat ion was based on studies of the regional and structu ra l geology oE 
the area assisted by airborne electromagnetic surveys, and ground geophys ical and 
geochemica l prospect ing. The sa me approach was fo ll owed by the Anaconda 
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Compa ny (Ca nada) L imited and a major fin d was made in late 1955 on Fortymile 
B rook, nea r Caribou Depot, north of the up per Nepis iguit Ri ver. 

Jn 1956 and the years fo ll owing, exploration has continued in vi rgin country 
a nd several discoveries have been made. These include two find s by the American 
Metal Co mpany, one nea r Fo rtymil e Brook, the other north oE Devils E lbow on 
the Nepisiguit River ; two by A naconda, the first nea r the head of Armstrong 
Brook, and the second near R ocky Turn o n the Tetago uche River; two by Kennco 
Exploratio n, one on Eighteenmile Brook and the other along the middle course 
of the ep isiguit River; the Consolidated Mining a nd Smelting Company's deposit 
near the junction of Fortyfour Mile Brook and the Nepisigui t River; and the 
rece ntly di scovered New Jersey Zinc deposit near Portage Lake . 

Geology of Bathurst-Newcasde District 

Ea rly geological descripti ons of the di strict are contained in the reports by 
E lls ( 188 1, 1883), You ng ( l 9 JI ), Shaw (1936), and Alcock ( 1935, 1941) . 

The Survey commenced mapping in the Bathurst-Newcas tle district on a 1-
mile sca le in 1949, and since then maps h ave been published by Skinner and 
McA lary ( 1952), Skinner ( 1953, 1955), and Smith (1957). ln addition several 
t -mi le geological m aps have been published by the ew Brunswick Department 
of Lands and M ines, Smith and McAllister ( 1956) , M cAlli ster and Smith (1956), 
Jones and Smith ( 1957 ), and D avies (1959 ). 

In a recent paper, Smith and Skinner (1958) described the general geology 
of the di strict, fro m whi ch the follow ing is a summ ary. They recognized three 
regio na l st ructural units: 

J . The Ordovician folded be lt 

2. The Si luri an fo lded be lt 

3. The Pennsylvani an cover. 

The Ordo v ician Folded B elt 

Highl y folded Ordovician volca ni c and sedimentary rocks underli e the central 
part of the dist rict. The Ordovician be lt has a core of highl y fo lded sili c ic volcanic 
rocks, which is surrounded and inte rl aye red in pa rt by sedim entary and basic 
vo lcanic rocks. Although the sili ceous volca nic core has suffered intense dynamic 
me tamo rphism compared to the less metamorphosed sed imentary rocks sur
rounding it, no grea t age difference or any orogenic break between the two is 
apparent. 

The siliceous volcanic core, genera ll y termed in the d ist ri ct as the 'porphyry', 
is econo mica ll y the most important rock type, because mos t of the base metal 
sulphide o rebod ies show a spatial re la ti onship to it. The term porphyry as used 
in the field refe rs to rocks th at are characterized by la rge 'eyes' of quartz and/ or 
feldspar in a microcrysta lline or schi stose groundmass of qu a rtz, feldspar, sericite 
and chl orite. The bodies of porphyry appear to be conformab le with their sur
ro unding rocks , and they occur at vari o us stratigraphic ho ri zo ns. The origin of 
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the porphyry bodies is obscure beca use intense dynamic metamorphism has 

o bliterated the origi nal diagnostic fabric in most places and on ly rarely are original 

fea tures partly prese rved . That the porphyry bodies a re not a facies of the granite 

intrusions of the district is ce rta in , because they are cut and metamorphosed by the 

latter a t several places. Some of the less deformed types of porphyry exhibi t an 

igneou fabric with euhedral feldspars in a fin e groundmass containing amygd ule , 

or rounded and embayed quartz grain with euhedral feldspars in a highl y altered 

groundmass of felsic material. These rocks resemble Aow rocks in ;:ippearance and 
mineralogy and are interpreted as shallow sills or flows. By contrast, however, 

other rocks with conspicuous quartz and feldspar 'eyes' resemble the igneous 

porphyry but have a sedimentary fab ric. Where undeform ed, these rocks are 
bedded and contain roc k fragments. Their larger grain a re angul a r and the ground
mass is poorly sorted. 

Thus it may be seen that no single decisive mode of origin can be att ri buted 
to the group of rocks know as porphyry, a nd the problem is still one requiri ng 
further investiga tion. 

The other rocks in the Ordovician folded belt a re greensto nes. These are 

commonly interlayered with sediments consisting mainly of eithe r quartzose or 

argillaceous rocks including varicoloured slates. These sedimentary rocks are 

interbedded on a small scale and it is difficult to delineate a reas composed mainly 

of one stratigraphic unit. 

Among the bas ic rocks o f the di strict, there are two di stinct types. Grey

green di abasic dykes and sill s are more common, particularly in the northeaste rn 

part of the di strict. The less common type is an olivine gabbro wilh disseminated 
nickel-bea ring sulphides. 

Large mass ive bodies o f gra nite cut the folded rocks nea r Bathurst and in 

the southweste rn p art of the district. Sm all gneissic granite bodies are ab undant 

in the southern part of the di strict. 

Th e Silurian Folded B elt 

Folded greywacke, argi llites, slates and volcanic rocks of Middle and Upper 

Silurian age occur to the north of a major fault known as the R ocky Brook

Mill strea m 'break'. The rocks are generally not so deformed as the Ordovic ian 

rocks, but a re cut by ga bbro, granite , and porphyry stocks. 

The P ennsylvanian Cover 

Flat-lying red conglomerate and sa ndstone o f Pennsy lvanian age cover the 
eas tern part of the district. In addition , outliers of these rocks occur near Teta

gouche Lakes and on C learwa ter Strea m. The P ennsylvanian sed iments lie uncon

formab ly on the older folded rocks and were deposited after the principal ore 

deposits of the di strict were for med . 

4 



Introduction 

Regional Setting of rhc Orebodies 

Smith and Skinner (1958) made the following generalizations regarding the 
pattern of ore depos its in the Ordovician folded belt: 

1. The deposits almost invar iabl y occur in sed imentary rocks , the vo lcanic 

rocks being barren. Orebodies are, however, not restricted to an y o ne type of 
sedimentary rock. 

2. Many of the ore deposits are concentrated in sedimentary rocks in the 

interlayered sed imentary-porphyry-volca nic sequence. However, the loca li za tion 
of orebodies is not controlled by a simple contact relation between sedimentary 

rocks and porphyry as has been suggested by some geologists. The porphyry did 

not introduce the metals; its formation and deformation were prior to the period 
of mineralization . That the porphyry is not a requisite for mineralization is amply 

demonstrated by the New Larder 'U', Stratmat, and Kennco orebodies. T he ore

bodies are also not necessar il y confi ned to the in terlayered zone as shown by the 
New Larder 'U', Kennco, and others, which are well outside thi s zo ne. 

3. The granites appear to have played an important role in moving the 
metals to their present structural positions sin ce the Brunswick No. 6 and No. 12, 
and the New Larder 'U ' deposits show a definite spatial relationship to the 
Bathurst granite. Similar spatial relationships are also shown by a number of 

deposits around the Nepisiguit River granite . 

4. Although there are numerous small mineral occurrences along the Rocky 
Brook-Millstream 'break', none of the larger ore deposits is directly related to 
regiona l fault zones. 

Strucrnral Localization and Nature of th e Orebodies 

Drag-folds and favourable synclinal folds are the principal structural controls 
for the massive sulphide deposits south of the R ocky Brook-Millstream break, 
and fa ults and fractures contain most of the vein-like deposits north of the brea k. 
A few examples of each type are briefly described . 

According to Lea and R ancourt ( 1958), the Brunswick No. 6 orebody 
occurs in the tro ugh of a drag-fold that deve loped on the west limb of an 

anticline. The orebody is a massive sulphide replacement of altered siliceous sedi
ments and magnetite-hematite iron-formation. The Brunswick No. 12 orebody is 
likewise a massive replacement body of drag-folded siliceou s sediments consist in g 
of slightly graphit ic slates, quartzites, siltstones and cherts. The northern end of the 

orebody replaces banded iron-formation. At the so uth end of the orebody, on 
the hanging-wall side, minera lization spreads partly into altered equivalents of the 
'sheared porphyry'. 

The Caribou sulphide body of the Anaconda Company (Ca nada) Limited 
occurs as a more or Jess continuous layer of massive banded sulphides ranging 

5 
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Mineralogy, Bathurst-Newcastle District 

from 40 to more than 100 feet wide, extending around the trough of a synclinal 
fold . The fold , which has been descr ibed as a ' text-book type', is m ade up of 
argillite, slate , iron-formation , chlorite schist, a nd qu artz-feldspar augen schist 
(Cheriton, 1958). 

Jn the Nigadoo area north of the Rocky Brook-Millstream ' break' the country 
rocks a rc composed mainly of green chists and shales, graphiti c schists and 
a rgillite , intruded by a differentiated porphyry stock. The porph yry is composed 
mainly of an acid phase having a light grey to white groundm as of quartz, feldspar 
and mica in which are set phenocrys ts of quartz and feldspar. The less abundant 
dark phases contai n a dark, fine-gra ined groundm ass with phenocrysts of q uartz 
and feldspar. The deposit is a se ries of lenses and short ve ins in a fa ult zone. 
Econom ic shoots lie mainl y with in the porphyry, or a short di sta nce in the argil
Jites from their contact with the porphyry. 

At the Keymet mine the orebody consisted of lenses and vei ns of sulphides 
in a fault cutting across shale , conglomerate, and arg illite. 

M any of the mass ive sulphide deposits so uth of the R ocky Brook-Millstrea m 
break have well-developed gossa n , e.g., H ea th Steele and Brunswick o. 6. In 
the e the principal mineral is Jimonite, which is accompanied by jaros ite, anglesi te, 
and other secondary minera ls. In so me deposits, e.g., Heath Steele and Brunswick 

o. 12, an enriched copper zo ne is developed below the gossa ns. The main 
second ary copper minerals in thi zone are covellite and chalcocite. 

North of the break the vei n deposits have practically no gossa n develop
ment, and secondary enriched zones a re genera ll y absent. 
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MINERALOGY OF THE BASE METAL ORES 

Publica ti ons o n the deta iled minera logy of the base me tal depos its of the 
Bathurst-Newcastle di stri ct a re rat he r limited . T he ores o f Brunswick Mining and 
Smelting Co rpo ra tion 's No. 6 and No. I 2 depos its we re subjected to a minera

graphi c investigat ion by A leta n, and Lea and R ancourt ( 1958) pu bli shed a sho rt 
acco un t based on his invest igat io ns. The onl y othe r investigat ion of the mineralogy 

know n to the writer is by Aleva (pe rsonal com munication ), who wo rked on a 
large num ber of samples co ll ec ted from dr ill-cores and undergro und exposures in 
the Nigadoo mi ne. These two invest igatio ns, a lthough impo rta nt with respect to 
the re leva nt mines, do not compa re the va ri able trends of mine raliza ti on in 
the diffe rent p a rts of the d istrict, particula rly in the a reas north and south of the 
R ocky Brook-Mill st ream break. 

The wr iter, therefore, has endeavoured to present a comprehensive acco un t 
of the minera logy and texture of the base meta l o res collected from different 
type deposits of the district, and to draw their gene rali zed paragenesis. For this 
purpose he se lected the Nigadoo, Keymet and Sturgeon Ri ver depos its no rth of the 
Rocky Brook-Mill stream break ; and the Br un swick No. 6 , Bru nswick o. 12, 
H eath Steele, A nacon Lead Mines (New L arder 'U'), Middle Ri ver, and An aco nda 
deposits so uth of the break (see F ig. 11 ). 

Sum1nary D cscripri o n of: Mcra lli c Minera ls 

Magne tite, the ea rli es t o re mine ra l, occurs onl y in the Brun swick No. 6 and 
Brunswick No. 12 orebodies. Tt is pa rt of the ba nded iron-form ation and occurs 
as re li cts within the sulphides . lt is often veined and repl aced by p yr ite . 

1-Je matite occurs as the prim ary specul a r 
depos it and as martite after magnet ite in both 
specul a r variety has a platy and irregul a r shape. 

variety in the Brunsw ick o. 6 
o. 6 and No. J 2 o rebod ies. The 

P yrite is the most abundant mine ra l in the suite of me ta lli c minera ls. Two 
generations a re present. The first occurs as euhedral to subhedral grains in all 
ore deposits of the di strict. The second generation is very fine grained and is 
dissem in ated. Jn the N igadoo orebody it a lso occurs as small co lloform m asses , 

which a re probably the resul t of hypogene collo ida l depo ition . Simil ar colloform 
texture exh ibi ted by pyrite at sha llow depth in the o rebodies of the H ea th Steele 
mine and Brunswick o. 6 depos it may, however, be the result of supergene 
processes ( melni kovite-pyrite). 

The high ly reflecting, pa le yellowish white gra ins of p yrite can eas il y be 
di stinguished from a ll o ther sulphide minera ls. The minera l was genera ll y fo und 
to be trul y isotropic, and no uni fo rm ani so tropic effect as alleged by Stanton 
(1957) was observed. 
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Arseno pyrite, an important mineral of the sulphide suite, is abund ant in the 
deposits north of the R ocky Brook-Millstream break, e.g., igadoo . South of 
the break, it is present in minor amounts in all deposits. It occurs mostly in 
euhedral grains and is one of the earliest minerals of the sulphide group. 

Sphalerite, abundant in all the ores, is one of the earliest minerals to crystal
lize among the sulphide minerals. It replaces and embays pyrite and arsenopyrite, 
and contains inclusions of all the sulphide minerals in the suite. B lebs of cha l
copyrite oriented along the ( 111 ) crystallographic planes are common in the 
N igadoo and Key met ores. 

The sphaler ite is dark to light grey under reflected light and is isotropic 
between crossed nicols. Twi nning is uncommon. 

Pyrrhotite is common in the ores of all deposits. It crystal li zes later than 
sphaleri te but earlier tha n galena, and is commonly altered to marcasite. 

Galena, a common mineral in all the deposits, replaces and embays all 
the minera ls referred to above and hence has crystal lized late in the paragenetic 
sequence. Near the surface it is commonly altered to anglesite . Supergene galena, 
in very fi ne gra ins, was noted in the Brunswick No. 6 and Heath Steele deposits . 

T etrahedrite occur in small amou nts in the Heath Steele, Nigadoo, Bruns
wick No. 6 and Brunswick No. 12 deposits. In the N igadoo orebody it forms 
exsolution intergrowths with chalcopyrite ; in the other deposits it occurs as 
irregular gra ins replaced by chalcopyrite and/ or born ite. 

Freibergite, the silver-bearing var iety of tetrahedrite, was detected in the 
Heath Steele orebodies. It appears to be of supergene origin . 

Bornite, which is very uncommon in most deposits but is present in small 
amounts in the ores of the Brunswick No. 6 deposit, appears to be of hypogene 
origin and is late in the sequence of crystal li zation. It rep laces all primary minerals 
and is, in tu rn invaded by chalcopyrite. 

Cha/ co pyrite is generally the latest mineral in the primary (hypogene) 
sequence in all deposits. In the N igadoo, Keymet and Sturgeon River deposits, 
however, three generations are present: (i) as exsolution blebs in sphaler ite, (ii) 
as host for exsolution intergrowths of tetrahedrite, and (ii i) as vei ns and stringers 
replacing all p ri mary minerals. In the Brunswick o. 6 deposit it occurs as exsolu
tion lamellae in the (100) directions of bornite. 

Native bismuth has been observed only in the Heath Steele orebodies. It 
occurs as a replacement of ga lena, pyrrhotite and chalcopyrite, and appears to be 
supergene. However, it has been detected at considerable depth where no other 
supergene minerals such as covellite, chalcocite, etc. (which occur at shal low depths 
in this deposit) a re present. It is, therefo re, tentatively treated as of primary 
(hypo gene) or igin . 

Marcasite is present as a secondary minera l in practicall y a ll the deposits 
and in p laces, such as in the N igadoo deposit, is the on ly secondary sulphide 
mineral. lt is genera ll y intim ately assoc iated wit h and common ly forms at the 
expense of pyrrhotite. Jt forms small irregul ar replacement masses in most occur
re nces and radiating need les in p laces. 
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Angfesite was detected replacing galena along cleavage planes and in an 
irregular fashio n in the Heath Steele and the Brunswick No. 6 orebodies. 

Covellite and chalcocite are common supergene minerals in the ores. Near 
the surface they replace the primary minerals in a random fashio n and gradually 
dimi nish in quantity with depth. 

Mineralogy and Texture of Individual D eposits 

D eposits North of the Roc/?31 Bro ok -Millstream Break 

North of the Rocky Brook-Millstream break, the writer vis ited Nigadoo, 
Sturgeon River, and Keymet deposits. The Nigadoo mine was operating at the 
time of the visit and it was possible to collect samples both from the three level s 
where mining was in progress and from the diamond-drill cores available. At 
Sturgeon River and Keymet, however, the onl y accessible samples were from the 
dumps and diamond-drill cores. 

Polished sections of the ores of these three deposits revealed a striking 
sim il arity in their mineralogy, grai n size, and general texture. These ores are 
quite different, however, from those in the deposits south of the break. 

Ore minera ls identified in these o rebodies were: pyrite, arsenopyrite, sphal
erite, pyrrhotite, galena, tetrahedrite , chalcopyrite, and marcasite. Of these mar
ca ite is of supergene origi n, bei ng a product of alteration, principally of pyrrhotite. 

Pyrite occurs generally in euhedral to subhedral gra in s and appear to have 
been the earliest mineral to form. A later generation of fine-grained , granular 
pyrite is, however, often present, which invades and surrounds the earli er genera
tion of pyrite, sphalerite, arsenopyrite, and in places galen a and may be of either 
hypogene or supergene origin . A third form of pyrite, with typica l colloform 
texture (Pl. IV B), may be the type associated with 'schalenblende', which is 
thought to be characteristic of hypogene colloidal depo ition in certain sulphide 
deposits of North America (Lindgren, 1933). Alternatively, it may be the 
'melnikovite-pyrite' type alternating with black colloidal hydrous ferrous sulphide 
and be of supergene origin (Sch neiderhohn and Ramdohr, J 931). Considering the 
depth at which such pyrite is abundant (800 to 900 feet) in the Nigadoo orebody, 
a hypogene rather than a supergene origin is more probable. 

Among the other primary minerals, exsolut ion relationsh ips exist between 
chalcopyrite and tetrahcdrite, and between spha leritc and chalcopyrite. Typical 
curved lamellae of tetrahedritc (Pl. JI B) a re oriented in the chalcopyrite 'host'. 
According to Edwards (1946), solid so lution between chalcopy rite and tetra
hedrite can take place at a temperature of about 500 °C. Exsolution intergrowths of 
sphalerite and chalcopyrite were observed in samples from both Nigadoo and 
Keymet mines, where the ch alcopyrite is oriented in the crystallograph ic directions 
of the sphalerite in the form of tiny blebs and needles (Pl. 111 B). According to 
Buerger ( 1934) , chalcopyrite unmixes in sphalerite from 350 ° to 400 °C. 

Hypogene replacement relationships among the primary minerals are 
ab undantly represented in the three deposits. Arsenopyrite and sphalerite are 
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clea rl y replaced by veins and irreg ul a r protrusions of chalcopyrite, and Jess defi
nitely by pyrrhotite and galena (Pis. VII B and IX A ). In a few sections, however, 
sphalerite appea rs to wedge into and tends to embay a rseno pyrite (Pis. V I B 
and VlII A). P yrrhotite is generall y repl aced by galena and chalcopyri te in an 
irregul ar fas hion. Chalcopyrite appears to be widely di stributed in the sequence of 
crys ta ll iza tion . A s a lready stated, it occurs as exso lved blebs in sph ale rite (exsolu
tion tempera ture 350 ° to 400 °C.), and as independent grains containing unmixed 
tetrahed rite ( exso lu tio n tempera ture abo ut 500°C). The latte r gra ins a re invaded 
by ga lena and a re cut by later stringers and ve ins of chalcopyrite, which also cut 
across all o ther prim ary minerals. G alena appea rs to be a very late entra nt in the 
sequence of mineraliza ti on, be ing succeeded o nly by the latest generati on of chal
copyrite as stringers and ve ins. M arcas ite is a lways a secondary mineral. 

The parage nes is of the metalli c minerals in the three o rebodies ca n be repre
sented as shown in Figure l. Thi s paragenesis, however, is not in agreement with 
that dra wn by o ther workers on the N igadoo o res ( A leva, pe rsonal co mmunica
tio n; Ka lliokoski , personal co mmunication ). Aleva advoca tes two genera tio ns of 
pyri te, sph aleri te, galena and chalcopyrite. Acco rding to hi s obse rvat ions, arseno
pyri te is a very late entrant in the fi e ld , late r than all the first generation ore 
minerals. H e also pl aces the first generati on galena and sphalerite as contempo
raneous, and pyrrhotite as a later mineral than ga lena, sphale rite, and first genera
ti on chalcopyrite. F or compari son, hi s paragenesis is given in F igure 2 . 

K alli okoski also suggested a la te c rystal li za ti o n fo r a rsenopyrite and appare ntl y 
co nsidered pyrrho tite to be ea rlier than sphale rite and ga lena; th at is, la ter tha n 
a ll the pr imary minerals except chalcopyrite. H e did not indica te whether the 
minerals occur in m ore than one genera tion . 

T he present writer found no evidence in poli shed sections fo r a la te c rystal
liza tion of a rsenopyrite . On the con tra ry, a rsenopyri te is definite ly ve ined, invaded, 
a nd em bayed by pyrrhot ite , galena and chalcopy rite (Pis. T A , l X A). Sphale rite 
a nd pyrite a re the onl y minera ls with which a rsenopyrite does not show a clear
cut re la ti on, except in certa in spo radi c in stances where arsenopyri te fills cracks 
in pyrite, and sph alerite wedges into and appea rs to embay arseno pyri te 
( Pl. VJJl A ). 

As rega rds the contem poraneity of the fi rst generation of galena and sphalerite, 
the writer fo und no evidence in the N igadoo ores to substa nti ate A leva's view
po in t. R a ther, galena ap pea rs to a lways repl ace sph ale rite (Pl. VJI B ) and 
ra rely shows any mutu al bo und ary relati onships with the latte r. K a lliokos ki co n
side red pyrrhot ite to be ea rlier than sph alerite, but the present wri te r saw no 
evidence for thi s in po lished sectio ns, and considers the pa rage nes is to be the 
reverse. 

Deposits South of th e R oc k y Brook-J11illstream Breah 

T he base metal o re depos its so uth of the R ock Brook-Mill stream break are 
distri buted more widely and a re of la rger tonn age than those no rth of th e break. 
Sys temat ic sa mpling was do ne at the Brunswick No . 6, Brunswick No. J 2 , Heath 
Steele, A nacon Lead Mines, Middle Rive r, and An aco nda depos its, whi ch are 
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Pyrite 
Arse nopyrite 
Spha lerite 
Pyrrhotite 
Chalcopyrite 
Tetrahedrite 
Gal ena 
Marca site 

Figure 1. General parogene tic sequence o f o re min e rals o f Nig o doo, S turgeon River, and Keyme t o rebodies 

Pyrite 
Arsenopyrite 
Spha lerite 
Pyrrhotite 
Chalcopyrite 
Galena 
Carbonate. 
Gangue 
Marcasite - formation always by alteration 

Fig ure 2. Porogenesis o f Nigadoo ore minerals (Aleva, person al com munica tion ) 

Ma gneti te 
Hematite 
Pyrite 
Arsenopyrite 
Sphalerite 
Pyrrhotite 
Ga lena 
Tetrahedrite 
Bornite 
Chalcopyrite 
Covel lite 
Chalcocite 
Anglesite 
Marcas ite 

Magneti te 
Hematite 
Arsenopyrite 
Pyrite 
Sphalerite 
Pyrrhotite 
Gal ena 
Tetrahed rite 
Chalcopyri te 
Cove l lite 
Marcasite 

Fig ure 3. Pa ragenes is o f th e ore minera ls of Brunswick N o. 6 depos it 

Fig ure 4 . Po rogenesis of the o re minera ls o f Brunswick No. J 2 o re body 

-

-- - ? 
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rega rded as representati ve of the whole ore-bearing region. M ost sa mples were 
taken fro m drill-cores, except at Anacon Lead Mines where onl y dump and 
unclassified core amples were avail able. 

Brunswick N o. 6 D eposit 

The ores o f the Brunswick N o. 6 deposit a re typical in min eralogy and 
texture of severa l deposits south of the brea k. The o res are very fin e gra in ed, 
compact, and are banded in pl aces . Minerals identified from thi s depos it were: 
magnetite, hematite, pyrite, arsenopyrite, sph alerite, pyrrhotite, galena, chalcop yrite, 
bo rnite, tetra hedrite, covellite, marcasite, angles ite and chalcocite. 

M agnetite and hem atite are the earliest minerals in the suite, and evidently 
represent an origin al part of the iron-fo rm ation th at has been replaced by the 
base metal sulphides. The magnetite occurs mainly in anhedral to ro unded grains 
and exhibits no clea r relationship with the lamell ar to pl aty specular hematite. 
In a few pl aces, however, the magnetite is oxidized to ma rtite. The m agnetite 
and hematite are p art ly replaced by pyrite (Pls. V B, Vl A ) and other sulphide 
minerals. 

A mong the sulphides, pyrite was the earlies t mineral to crystallize, and it 
occurs genera ll y in euhedral to subhedral grains. lt commonly shows mutu al 
bo undary rela tions wi th arsenopyrite, but in a few pl aces fills cracks and crevices 
in the a rsenopyrite. From thi s it would appear that fo r p a rt of the crystall iza tion 
history of the ores, pyrite and a rsenopyrite crys tallized together with pyrite con
tinuing to crystallize after the final precipitation of a rsenopyrite. 

Sphalerite, which wedges into and embays a rsenopyrite and p yri te, is next 
in the paragenetic sequence. It is fur ther repl aced abund antly by p yrrh otite. 
Galena veins and replaces all the minerals mentioned above, and galena is, in turn , 
replaced by tetrahedrite, bornite and ch alcopyri te. A fine-grained variety of 
galena that repl aces all primary sulphide minerals and lies close to the surface 
is considered to be supergene. Tetrahedrite h as been irregul arly re pl aced (Pi s. 
X A, B ) by hypogene bornite. The minute needles of chalcopyri te that have 
exsolved in the ( 111 ) directions of the bo rnite (Pl. JTI A ) confirm the hypogene 
nature of the bornite. The bornite is in pl aces repl aced by a late genera tion of 
chalcopyrite, whi ch vein s all the ea rlier minerals (PL X B ). 

Among the supergene mineral s, covellite and ch alcoc ite a re the most abun
da nt, close ly fo ll owed by angles ite and ma rcas ite . T he ma rcas ite occurs as an 
altera ti on produ ct mainly of pyrrhotite and persists to a depth of 50 or more feet. 
Jt is, in turn , replaced by covellite and chalcocite . Angles ite is prim arily an altera
tion prod uct of galena. Covellite and chalcocite repl ace all sulphide minerals with
out any pa rti cul ar preference. 

Pyrite, ex hibiting a collofo rm texture and alternating with bl ack hydro us 
fe rrous sulphide ( melnikovi te-pyri te), was observed in secti ons taken from nea r 
the surface (Pl. V A ). This p yri te is p res um ably of su pergene o rigin. 

The paragenes is o f the sulphide minerals o f the Brunswick No. 6 deposit is 
shown in F igure 3. 

Lea and R ancourt (19 58) in their account of the mineralogy of the Brunswick 
No. 6 depos it mentioned the presence in the ore of a ll the above minera ls except 
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hematite, a rsenopyrite and angles ite. Jn addition they identified a few others not 
fo und in the wri te r's poli shed sect ions, uch as stannite, cass iterite, cu bani te, 
nati ve sil ve r, and gold . These mineral s pro bably occu r in minute qu antiti es, and 
hence are apt to be eas il y missed . Lea and R anco urt believed that both the 
pyrrhotite and chalcopyrite a re la te stage minerals. The write r agrees to the 
la te crystalli za tio n of chalcopyrite, bu t ques tions th at of pyrrhotite. In a number 
of sections pyrrhotite is repl aced by galena, and i t is therefo re pl aced between 
galen a a nd sphalerite in the paragenesis of the ores. 

Brunsw ic k N o. 12 D ep osit 

The Brunswick No. 12 orebody is essenti all y a ma sive sulphide replacement 
of siliceous sediments (Lea and R ancourt, 1958). The ores a re very fine gra ined 
and mass ive, and in places show a fin e banding. 

The metallic minerals identified in po li shed sections and by X -ray powder 
photographs are : magnetite, h ematite, a rsenopyrite, pyrite, sph alerite, pyrrhotite, 
galena, tetrahedrite, chalcopyrite, m arcasite and covellite. 

The mineralogy and paragenesis o f the o res of the Brunswick No. 12 deposit 
a re sim il a r to those of the Brunswick No. 6 except that clear evidence was fo und 
th at a rsenopyrite, among the sulphide minerals, began crysta lli zing ea rl y. It wa 
fo llowed sho rtl y by pyrite and the two minerals crysta llized con te mporaneo usly 
for so me time, as mutual boundary rela tions are co mmon. H owever, at pl aces 
pyrite clea rly invades the euhed ra l to subhed ra l a rsenopyrite. Supergene 'melni
kovite-pyrite' (Schneiderh ohn and R amdohr, 1931 ) is conspicuous in this o re body 
nea r the sur face. Supergene p yrite, marcas ite, covellite, chalcocite and anglesite 
a re the other secondary min erals; the last two, if present at all , a re very rare. 
B ornite was not detected in the ores of th e No. 12 depos it. 

The pa ragenes is of the ores of thi s depos it is shown in F igure 4. 

I-I ea th Steele D eposits 

The ores of the H ea th Stee le depos its a re simil ar in their general na ture to 
th ose of the Brunswick No. 6 and No. 12 deposits. They are mass ive, fin e gra ined, 
and h ave a more or less common minera logical assembl age. 

T he minera ls identified fro m these depos its a re pyrite, a rsenopyrite, sphale rite, 
pyrrhoti te, ga lena, chalcopyrite, te trahedrite, freibe rgite, native bismuth , anglesite, 
coveJlite and ch alcoci te. 

In H ea th Steele, as in the other depos its, pyrite occurs in two generations, 
one ea rl y h ypogene in euhed ra l to subhedra l gra ins (Pl. IV A ) and the other, 
p roba bl y supergene, in ve ry fine di ssemin at ions. Arsenopyrite is defi nite ly later 
than pyrite, but earlie r than sph alerite and the other p rim a ry sul phides. The para
geneti c rela ti ons between sph alerite, pyrrhotite, galena, te tra hedrite and chalcopyrite 
a re the sa me as those sta ted fo r the Brunswick No . 6 deposit. Nat ive bismu th was 
detected in a number o f po lished sectio ns, where i t replaces ga lena, pyrrhot ite 
and chalcopyri te in an irregul ar fashi on (Pl. XI A ). Al though a t fi rst glance the 
mine ral appears to be o f upergene origin , it has been detec ted at a considerable 
dep th where other supergene m inera ls such as angles ite, cove lli te and chalcocite 
a re a bsent. It is ass um ed, th erefo re, that the native bismuth formed by hypogene 
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replacement of the prim ary sulphides. Anglesite is formed at the expense of galena 
and is, in turn, replaced by supe rgene covelli te and chalcocite. A few occurrences 
of very fine gra ined galen a were detected near the surface. This ga lena invades 
chalcopyrite and may be of supergene origi n. Freibergite, the onl y silver-bearing 
mineral detected from this deposit, is probably secondary, though it has been 
replaced by covellite (Pl. XI B ) . 

Middle River, Anacon L ead Min es (New Larder ' U' ) , Anaconda 
( Caribou) D eposits 

These deposits, though rather widely sca ttered geographically, are grouped 
together because of their simil ar mineralogy and paragenesis. Pyrite, arsenopyri te, 
sphalerite, pyrrhotite, ga lena, chalcopyrite, marcas ite, covellite and chalcocite con
stitute the general assemblage of mineral s in these deposits. 

P yrite is the earliest mineral, followed closely by arsenopyrite . The pyrite 
appears to be o f onl y one generation ; arsenopyrite fill s cracks and crevices in the 
pyrite. Spha lerite embays and invades both arsenopyrite and pyrite, but is replaced 
by veins and stringers of pyrrhotite . Galena is later than pyrrhotite, and chalcopyrite 
is the latest of the prim ary minerals, replacing ga lena in an irregular fashion. 
Marcasite and minor amounts of covellite and chalcocite are the principal 
secondary sulphides. 

The sequence of mineral formation in these three deposits is simil ar, and a 
paragenesis, common to a ll of them , is presented in Figure 6. 

Time----------------- -----------~~ 

Pyrite 
Arsenopyrite 
Sphale ri te 
Pyrrhotite 
Galena 
Tetral1edrite 
Chalcopyri te 
Native Bismuth 
Freiberg ite 
Anglesite 
Covel lite 
Chalcocite 

Figure 5. Parag enesis of th e Hea th Stee le orebodies 

Time-------------------------------~,.. 

Pyrite 
Arsenopyrite 
Sphalerite 
Pyrrhotite 
Ga lena 
Chalcopyrite 
Covel lite 
Cha lcocite 
Marcasite 

14 

Figure 6. Poragen esis of the Middle River, Anacon Lead Mines (N ew 
Larder " U") and Anaconda (Caribo u) orebodies 



DISCUSSION OF THE TEXTURE AND 

PARA GENESIS OF THE ORES 

Before a ny ge nera li zat ion is a ttempted, it is des ira ble to bring ou t the points 
of sim il a rity a nd diffe rence in the variou s ore deposits invest iga ted , with res pect 
to their geo logical setting a nd the microscopic cha racter o f the ores. Jn thi s 
respec t, the B at hurst-Newcas tl e base metal o res ca n be broad ly divided into two 
types: 

( i ) Those in the deposits north of the R ocky Brook-Mill stream ' break ' 
( igadoo , Sturgeo n Ri ve r, Keymet , etc.) in Opper a nd Middle Si lurian 
rocks; 

(ii) Those in the la rge mass ive o rebod ies south of the ' brea k', in Ordovicia n 
rocks (Brun swick Nos. 6 a nd 12, H ea th Steele, An aco n L ead Mines, 
Middle River , A naconda, etc.). 

The o res of the de posits north of the break h ave a coarse gra in s ize in 
contrast to the very fine g rained , banded, and compact ores to the so uth. Jn th e 
Nigadoo, Sturgeo n River, a nd K eymet de pos its, the gossa n zone and the zone of 
supe rgene mine ralizatio n is very thin a nd in some cases practica ll y abse nt. Thu 
the on ly supergene mine ral fo und in these deposits in a ny a mount is ma rcasite, 
which extends to considera ble depth. B y contrast, in some of the o rebodies to the 
south , such as at H ea th Steele, the gossa n zo ne is we ll develo ped , supe rge ne 
minera li zatio n is rather prolific , a nd mine rals like a ngles ite, covellite, a nd c ha l
coc ite a re form ed ab undantl y in the zo ne oE secondary enric hme nt. 

From a glance a t the two paragenetic seque nces it can be seen that in the 
a reas bo th to the no rth a nd to the south o f the brea k, pyrite was ge nera lly the 
ea rliest sulphide mineral to crysta lli ze, except at Brunswick No . 12 de pos it where 
arseno pyrite preceded it. To the south , reli cts o f banded iron-format ion a re 
fo und in the sulphides in some depos its ( Brunswick No. 6 a nd Brun swick No. 12), 
and magnetite a nd hem atite were thus the ea rliest mine ra ls in the seque nce. Arseno
pyrite was defi nitely early in all deposits, a nd was pa rtly conte mpora neo us wit h 
pyrite in so me o f the deposits south of the brea k ( Brunswick No. 6 a nd No. 12, 
H eath Steele, e tc .). After arsenopyri te , spha le rite was the next minera l to crystal
li ze, fo llowed close ly by pyrrhotite . Following pyrrhotite, h owever, the seq ue nce 
of crysta lli za tion was somewh at different in the depos its no rth a nd south oE the 
break. Jn the N igadoo, Sturgeo n Rive r, a nd Keymet deposits, chalcopyrite occurs 
in three gene rations, o ne minor ge neration as exso lution blebs in sphale rite, which 
was ea rli er than p yrrhot ite in seque nce, one major generation succeedin g pyrr hot ite 
a nd preced ing ga le na, which is in exsolutio n inte rgrowth with tetrahedrite, and a 
final ge neration later than a ll the primary sulphide minerals. Thu s, o ne major ge n
erati o n of ch a lcopyri te was earlier tha n ga lena, a nd a subordin ate generati o n suc
ceeds it. Jn the south ern depos its, howeve r, pyrrhotite was fo ll owed by minor 
generat ion s of tetra hedrite and bo rnite. A mino r p hase of cha lcopyrite has exsolved 
in the born ite, but most of the chal co pyrite entered later a nd was in fact latest 
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Pyrite 
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Sphalerite 
Pyrrhotite 
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Tetrahed ri te 
Galena 
Marcasi te 

Figure 7 . Paragenesis o f the ore mine rals of Nig adoo, Sturgeon River, and Keymet group of orebodies 
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Fi g ure 8. G e ne ral porogenetic sequence o f ore minera ls from depos it s 
sou th of the Rocky Brook-Millstream " break" 

----
---

Hypogene Supergene 

Fig ure 9. Sequence of e lemental co ncen tra tion in d eposi ts no rt h of the Rocky Bro ok-Mills tream " break" 
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Fi g ure J 0. Seq ue nce of e leme nta l co nce nt ration in depo si ts so uth o f ihe Rocky Brook -Millstream " break" 
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Discussion of the Textu re and Paragenesis of the Ores 

among a ll the primary minerals. Among the supergene minerals, rn arcas ite occurs 
ab und antly in the northern depos its as well as in the deposits so uth of the break. 
Covelli te, angles ite, chalcocite, and minor a mounts of freibergite a re present in 
the so uthern deposits. 

From the sequence of crystalli zation of the different minera ls in the base 
meta l o rebodies of the B athurst-Newcas tle a rea , the trend in the sequence of influx 
of different e lements may also be construed . An attempt has been made below 
to correlate the influx of the major e lements according to the crystalli zation 
sequen ce of the different minerals, di sregarding, however, the clements that may 
be retained in solid so luti on witho ut unmixing. 

Figures 9 and 10 show that iron and sulphur decidedly enjoyed the highest 
elemental enrichment throughout the primary mineralization stage. Some iron, 
however, may have been derived from magnetite-hemat ite iron-formatio n in 
depos its such as the Brunswick No. 6 and No. 12, as suggested by Lea and 
Rancourt ( 1958). Arsenic fo llowed iron and sulphur and was fixed in arsenopyritc. 
Jn all deposits both north and so uth of the break, zinc was precipitated next in 
order of sequence. The sequence of enrichment of lead and copper, howeve r, 
va ried. Jn the deposits north of the break enri chment of copper began early 
when sphaleritc incorporated the element in solid so lu tion and later exsolved it 
under lower temperature-pressure conditions. The influx of copper continued at 
a high level accompan ied by some antimo ny (tetrahedrite in cha lcopyrite) and 
both were succeeded by lead. After lead ceased to precipitate, copper entered 
aga in a nd continued to precipitate up to the end of the primary stage o( mineraliza
tion . ln the deposits south of the break, lead preceded copper, and the latter 
en joyed a Jong period of enrichment and precipitation with the formation of 
bornite, tetrahedrite (with antimon y), and chalcopy rite . Jn the Heath Steele deposit 
bismuth succeeded both lead and copper in the prim ary minera lization stage. 

Tn the zone of secondary enr ichment, iron , copper, lead, and sil ver are the 
principal enriched elements, though a small amount of sil ver is also found. 
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PLATES I to XI 





Plate I. 

A. Arsenopyrite -pyrrhotite- goleno assemblage. Pyrrhotite (Pt) and galena (Gn) occupy the 

interstitial spaces between euhedrol orsenopyrite (As ) groins and e mbo y th e lotter. Keymet 
oreb ody. xlOO 

B. Euhedrol groins of orsenopyrite (As) se t in p yrrhotite (Pt ). Pyrrhotite is replaced a long 
porting directions by morcosite . Nigodoo orebody. xlOO 
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Plate II. 

A. Arsenopyrite-pyrrhoti te -galeno assemblage. Pyrrhotite (Pt) largely replaced by morcosite 

(white) along porting planes. Galena (G n) is interstitial. Sturgeon River orebody. xlOO 

B. Chalcopyrite-tetrohedrite exsolution infergrowth. Curved lomelloe of tetrahedrite (darker 

grey) in cholcopyrite (pole grey) host. Nigodoo orebody. x400 
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Plate 111 . 

A. Bornite-chalcopyrite crystallograp hic intergrowth showing th in needles of chalcopyrite 

oriented in the (111) directions o f bornite (da rk grey). The white euhedral to subhedral 

grains are pyrite. Brunswick No. 6 oreb ody. Oil imm e rsion x1050 

B. Exsolution ble bs of chalcopyrite in the crystallographic directions of sphalerite (grey host) . 

Nigadoo orebody. x300 



A . fuhedrol grains of pyrite set in sphalerite base . The pyrite grains ore also emboyed and 

cemented by later galena . Hea th Steele orebody. xlOO 

Plate IV. 

B. Colloform pyrite se t in vug in pyrrhotite. Nigadoo orebody. x200 



Plate V. 

A. Co//oform texture exhibited by pyrite and very fine grained black mineral (hydrous 
ferrous sulphide?), (Meln ikovite-pyrite) . Brunswick No . 6 orebody. x200 

B. Pyrite vein cutting specular hematite and magnetite. Brunswick No. 6 orebody. xSO 



A. Pyrite (white) replacing magnetite (dark grey) along groin boundaries and porting planes. 

Plate VI . 

Such replacem ent is no t widespread. Brunswick No. 6 orebody. x2 00 

B. Sphale rite (Sph) containing inclusions of pyrite and arsenopyrite, embayin g larger groins of 

arsenopyrite (As ). Pyrrhotite ( Pt), largely replaced by morcosite, is in contact with sphalerite. 

Keymet orebody . x200 



Plate VII . 



Plate VIII. 

A. Sphalerite (grey) rep/acing and embaying arsenopyri te (white) . Nigadoo orebody. x300 

B. Second generation chalcopyrite (whi te) replacing sphalerite (grey) containing exso/ution 

blebs of first generation chalcopyrite (white blebs). Nigadoo orebody. x200 
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Plate IX. 

A. Galena (pale grey) replacing arsenopyrite (white) . Nig adoo orebody. x300 

B. Bornite (grey) replacing pyrite (whi te) along the grain boundaries. Brunswick No. 6 orebody. 
x!OO 
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Plate X. 

A. Bornite (dork grey) replacing both tetrahedrite (lighter grey) and pyrite (white). Tetrahedrite 

replaces pyrite . Brunswick No . 6 orebody. x200 

B. Tetrahedrite (light grey) replacing pyrite (white fractured). Bornite (dark grey) replaces 

tetrahedrite, and cholcopyrite (bright white) stringers replace bornite. Brunswick No . 6 ore

body. x400 



A. Native bismuth (pole grey) replacing galena (dork grey) in on irreglor fashion . Heath 

Steele orebody. x400 

Plate XI. 

B. Freibe rgite (g re y) replacing cholcopyrite (white) in on irregular fashion. The freibergite 

appears to be supergene. Heath Steele orebody. O il immersio n x650 
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