
 

 

65- 42 
 

 

 

 
 
 

  GEOLOGICAL     PAPER 65-42 
  SURVEY 

  OF 
  CANADA 

 
 DEPARTMENT OF MINES 
  AND TECHNICAL SURVEYS 

 

 

 

GEOCHEMISTRY OF Pb, Zn, Cu, As, Sb, Mo, Sn, W, Ag, Ni, Co, 

Cr, Ba, and Mn IN THE WATERS AND STREAM SEDIMENTS OF 

THE BATHURST - JACQUET RIVER DISTRICT, NEW 

BRUNSWICK 21 P/12, 21 P/13, 21 0/9E, 21 0/16E 
 

 

 

R.W. Boyle, W.M. Tupper, J. Lynch, G. Friedrich, M. Ziauddin, M. Shafiquallah, 
M. Carter and K. Bygrave 

 
 1966 



 

 

 



 

 

 

GEOLOGICAL SURVEY 
 
OF CANADA 

 
 
 
 
 

PAPER 65-42 

GEOCHEMISTRY OF Pb, Zn, Cu, As, Sb, Mo, Sn, W, Ag, Ni, 
Co, Cr, Ba, and Mn IN THE WATERS AND STREAM 
SEDIMENTS OF THE  BATHURST -JACQUET RIVER 
DISTRICT, NEW BRUNSWICK 

 
 
 
 
 
 
R. W. Boyle, W. M. Tupper, J. Lynch, G. Friedrich, 
M. Ziauddin, M. Shafiquallah, M. Carter, and K. Bygrave 

DEPARTMENT OF MINES AND TECHNICAL SURVEYS 



 

 

© Crown Copyrights reserved 
 

Available by mail from the Queen's Printer, Ottawa, 
from Geological Survey of Canada, 

601 Booth St., Ottawa, 

and at the following Canadian Government bookshops: 
 

OTTAWA 
Daly Building, Corner Mackenzie and Rideau 

 
TORONTO 

221 Yonge Street 
 

MONTREAL 
Æterna-Vie Building, 1182 St. Catherine St. West 

 
WINNIPEG 

Mall Center Bldg., 499 Portage Avenue 
 

VANCOUVER 
657 Granville Street 

or through your bookseller 

 

A deposite of thi spublicaiton is also available for 

reference in the public libraries across Canada 

 
Price $5.00 Catalogue No. M44-65-42 

 
 

Price subject to change without notice 
 

ROGER DUHAMEL, F.R.S.C. 
Queen's Printer and Controller of Stationery 

Ottawa, Canada 
1966 



-iii- 

 

CONTENTS 
 
Abstract ..............................................................................................................................v 
Introduction........................................................................................................................1 

Acknowledgements...................................................................................................1 
Topography, drainage, glacial action, soils, flora, etc...............................................2 

General geology of the Bathurst-Jacquet River district......................................................5 
General statement .....................................................................................................5 
Ordovician ................................................................................................................5 
Condensed table of formations .................................................................................6 

Tetagouche Group...........................................................................................7 
Elmtree Group.................................................................................................7 

Silurian .....................................................................................................................7 
Chaleur Bay Group..........................................................................................7 

Devonian...................................................................................................................9 
Dalhousie Formation .......................................................................................9 

Pennsylvanian...........................................................................................................9 
Carboniferous (?) or Triassic (?).............................................................................10 

Mineral deposits and occurrences ....................................................................................10 
Ordovician rocks.....................................................................................................11 

Tetagouche Group.........................................................................................11 
Elmtree Group...............................................................................................12 

Silurian rocks..........................................................................................................13 
Chaleur Bay Group........................................................................................13 

Devonian rocks .......................................................................................................16 
Dalhousie Formation .....................................................................................16 

Pennsylvanian rocks ...............................................................................................16 
Carboniferous (?) or Triassic (?) rocks ...................................................................17 
Miscellaneous deposits ...........................................................................................17 

Sampling and analytical procedures .................................................................................17 
Results of the survey with notes on the chemistry of 

the elements determined................................................................................20 
General ...................................................................................................................20 
Chemistry of the natural waters ..............................................................................20 
Dispersion of lead ...................................................................................................23 
Dispersion of zinc ...................................................................................................24 
Dispersion of copper...............................................................................................26 
Dispersion of arsenic ..............................................................................................27 
Dispersion of antimony...........................................................................................29 
Dispersion of molybdenum.....................................................................................30 
Dispersion of tin .....................................................................................................31 
Dispersion of tungsten ............................................................................................32 
Dispersion of silver.................................................................................................33 
Dispersion of nickel ................................................................................................34 
Dispersion of cobalt................................................................................................35 
Dispersion of chromium .........................................................................................36 
Dispersion of barium ..............................................................................................37 
Dispersion of manganese ........................................................................................38 

Summary and conclusions................................................................................................39 
References........................................................................................................................41 
Appendix I:  Description of field card and coding system 

for water and stream sediments............................................................47 



-iv- 

 

Contents (cont’d.) 
 

Page 
Table 1.   Analyses of waters from drift, river, and stream, 

Bathurst District, New Brunswick....................................................................21 
 
 
Table 2.   Analyses of waters leaching three sulphide deposits, 

Bathurst District, New Brunswick....................................................................22 
 

 
 

Maps of Bathurst-Jacquet River district, New Brunswick, in pocket 
 

Map 31 – 1965 Geology. 
 
Map 32 – 1965 Heavy metal content of stream and spring waters. 
 
Map 33 – 1965 Cold-extractable heavy metal content of stream and 
   spring sediments. 
 
Map 34 – 1965 Lead content of stream and spring sediments. 
 
Map 35 – 1965 Zinc content of stream and spring sediments. 
 
Map 36 – 1965 Copper content of stream and spring sediments. 
 
Map 37 – 1965 Arsenic content of stream and spring sediments. 
 
Map 38 – 1965 Antimony content of stream and spring sediments. 
 
Map 39 – 1965 Molybdenum content of stream and spring sediments. 
 
Map 40 – 1965 Tungsten content of stream and spring sediments. 
 
Map 41 – 1965 Silver content of stream and spring sediments. 
 
Map 42 – 1965 Nickel content of stream and spring sediments. 
 
Map 43 – 1965 Barium content of stream and spring sediments. 
 
Map 44 – 1965 Manganese content of stream and spring sediments. 
 
Figure 1 
(Appendix)   Geochemical field card (front view) ...........................................................46 
 
Figure 2 
(Appendix)   Geochemical field card (back view)............................................................46 
 
Figure 3 
(Appendix)   Geochemical field card (legend) .................................................................47 
 



-v- 

 

ABSTRACT 
 

The western part of the Bathurst-Jacquet River district, in which the 
geochemical survey described in this report was carried out, is underlain by folded 
and faulted Ordovician, Silurian, and Devonian sediments and volcanics and four 
granitic bodies.  The eastern part is underlain by flat-lying to gently-dipping 
Pennsylvanian sandstones and shales.  The principal deposits in the district are 
massive, vein, and disseminated deposits containing essentially iron, zinc, lead, and 
copper sulphides.  Molybdenite occurrences are associated with some of the granitic 
bodies. 

 
The heavy metal content (mainly zinc) of stream and spring waters and the 

cold-extractable heavy metal content of stream and spring sediments have been 
determined throughout the district.  Most of the known sulphide bodies are indicated 
by higher than normal amounts of heavy metals in the water and stream sediments of 
nearby streams. Numerous streams with above normal contents of heavy metals in 
both the water and stream sediments merit further investigation. 

 
The stream and spring sediments in all stream systems of the district have been 

analyzed for total Pb, Zn, Cu, As, Sb, Mo, Sn, W, Ag, Ni, Co, Cr, Ba, and Mn, and 
the dispersion of these elements has been discussed. 

The background for each element varies across the district and depends 
essentially on the underlying bedrock.  Local variations in background are evident 
and appear to depend on the type of bedrock, proximity to deposits or sparsely 
mineralized rocks, or to concentrations of strongly adsorbing gels, particularly 
those of hydrated manganese dioxide and ferric hydroxide. 

 
Most of the known sulphide deposits in the district are marked by higher than 

normal amounts of Pb, Zn, Cu, As, Sb, and Ag in the sediments of the neighbouring 
streams.  The granitic rocks and their metamorphic aureoles give rise to higher than 
normal amounts of molybdenum (and tungsten in some areas) in the stream 
sediments draining areas underlain by and adjacent to them.  In certain streams, the 
nickel and chromium content of the stream sediments reflects the presence of a 
serpentinized peridotite body.  Numerous anomalies in all metals occur throughout 
the district.  These merit further investigation. 

 
Stream sediments enriched in manganese are often likewise enriched in all of 

the elements determined in the survey.  This results from the strong adsorptive 
capacity of manganese hydroxide for most metals.  Due attention must be taken of 
this feature when assessing the significance of anomalies in all metals. 
 



 

 

 



 

 

GEOCHEMISTRY OF Pb, Zn, Cu, As, Sb, Mo, Sn, W, Ag, Ni, Co, Cr, Ba, and Mn 
IN THE WATERS AND STREAM SEDIMENTS OF THE BATHURST-JACQUET 

RIVER DISTRICT, NEW BRUNSWICK 
 

 
INTRODUCTION 

 
This report and the accompanying maps give the distribution of a suite of trace 

and minor elements in stream and spring waters and stream and spring sediments of 
the Bathurst-Jacquet River district, New Brunswick.  A short discussion of the 
geology and economic geology of the district is also given, and the geochemistry of 
each element is discussed briefly both in the report and on each map-sheet. 

 
The present paper completes part of an extensive geological and geochemical 

survey of the Bathurst mineral district now being carried out by the Geological 
Survey.  Reports on other projects will follow as the field and laboratory work 
progresses. 
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TOPOGRAPHY, DRAINAGE, GLACIAL ACTION, SOILS, FLORA, ETC. 
 

The district covered in this investigation is a mature peneplain and forms part 
of two physiographic regions.  East of Nepisiguit River the country is part of the 
northern extension of the great Carboniferous lowland of New Brunswick.  It is a 
low, flat plain, underlain by gently dipping Pennsylvanian sediments, and rises 
gently from the coast to elevations of little more than 500 feet in the extreme 
southeast.  The remainder of the district comprises the northeastern extension of the 
Central New Brunswick Highlands and is underlain by folded Ordovician, Silurian, 
and Devonian sediments and associated intrusive rocks.  It is a peneplained upland 
with flat topped, interfluvial areas near the coast and a rolling more irregular terrain 
inland.  The peneplain is evidently of pre-Carboniferous age, the present surface, in 
part at least, having been exhumed from its former cover of Carboniferous 
sediments.  The upland rises gradually from the coast to an average elevation of 
about 1,500 feet in the extreme southwest.  The valleys are youthful as a result of 
uplift; they are deeply entrenched below the upland area, and the valley bottoms are 
in general narrow and the valley sides are steep, especially those of the Tetagouche, 
Middle, and Jacquet River systems. 

 
Northeast of Bathurst Harbour the coastal area is low, and the shore is marked 

by long stretches of sand beaches with banks only a few feet high.  Northwest of 
Bathurst Harbour sand beaches and ancient beach terraces fringe the coast to a point 
near Beresford. North and northwest of this point most of the shoreline is bordered 
by low rocky stretches, rock cliffs, and cut banks alternating with short stretches of 
sand and cobble beaches.  All along the coast there are lagoons formed at the mouths 
of streams and rivers by sand bars.  Bathurst Harbour is the best example, but others 
occur at the mouths of Grant Brook, Millstream River, and Jacquet River. Cuspate 
bars and spits are characteristic features along parts of the northern and eastern 
coast.  Belledune Point is an excellent example of a triangular cuspate bar with an 
irregular, shallow salt water lagoon.  All of the features along the coast bespeak a 
submerged topography in a youthful stage of coastal development. 

 
Most of the streams and rivers of the district enter Chaleur Bay at 

approximately right angles to the coast-line.  Only a few are tidal near their mouths 
and then only for stretches of a mile or so.  Many follow courses apparently 
determined by an ancient (Cretaceous and Tertiary) topography that was guided in 
large part by the geologic structure.  The main streams and rivers have a well 
developed, though somewhat irregular, dendritic pattern, and most are swift, with 
falls and rapids.  Many streams and rivers cut deeply into the underlying rocks and 
flow for most of their course through these rocks.  Inland a. number of streams and 
rivers are sluggish, follow broad valleys, and like the Tetagouche River, Elmtree 
River, Antinouri Brook, and Big Hole Brook, rise partly in lakes or low 
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lying boggy areas.  Smaller streams and the tributaries of many of the rivers are the 
habitat of the beaver.  Along these are many ponds, meadows, and thickets of alders 
that make traversing and stream sampling a difficult task. 
 

The volume of water in the rivers and streams varies greatly throughout the 
year.  During the spring thaw and breakup and after long heavy rains they are 
torrential; in dry seasons during the summer and fall months, the volume of water 
decreases in all rivers and streams to such an extent that one can readily wade across 
even the larger rivers. 

 
The water in most of the rivers and streams is relatively clear; streams draining 

boggy areas and those with numerous beaver dams and ponds have a low to medium 
content of brown humic material.  Stream sediment is readily obtained in most 
streams and rivers and is generally of good quality and size for stream sediment 
analyses.  Where beavers abound, and in the boggy stretches of the rivers and 
streams, the sediment is greatly mixed with brown and black decomposing organic 
(humic) material. 

 
Springs are common; some originate in glacial sands and gravels, and others 

flow from fractures in the bedrock.  Many of the streams are spring fed at their 
sources.  The water in nearly all springs is crystal clear and contains only a 
minimum of dissolved salts. 

 
The optimum time for stream, spring, and sediment sampling appears to be 

from June 15th to September 15th. 
 
The entire district was glaciated during Pleistocene time.  Most of the striae, 

roche moutonées, and erratics suggest that the movement of ice was to the northeast, 
but there are other striae that have a southeast trend, suggesting either deflections of 
the glaciers or that the area was glaciated more than once.  In addition there are 
distributions of characteristic mineralized float that cannot be related to known 
sulphide bodies.  These suggest that the glacial trends were either erratic locally or 
that bodies of sulphides remain undetected, buried beneath the glacial debris.  Such 
an area is that in the vicinity of the Nigadoo mine. 

 
The glacial deposits consist of erratics, morainic till, sand, and gravel. Till 

mantles the surface over broad areas, but is nowhere of excessive thickness.  A few 
feet on the high areas and a few tens of feet in the low lying areas are generally a 
maximum.  There are, however, some ridges and patches along the coast and along 
some of the rivers which suggest that the till and associated stratified deposits may 
have a local thickness of 75 feet or more.  Much of the till is mixed with boulders, 
chips, and slabs of rock derived from the underlying rocks, and it is possible to map 
much of the country by means of this float.  Stratified sands and gravels also occur 
throughout the district.  These lie in kames, eskers, and irregular outwash deposits 
and may be seen near New Mills, Dickie, and Black Point, 1 1/2 miles south of 
Archibald Settlement, east of Mitchell Settlement, north of Ste. Rosette on the road 
to Nicholas Dénys, near Tremblay Settlement, and along the Nepisiguit River. 

 
Recent post-glacial sands and clays, 100 feet or more in thickness, occur at a 

number of places along the coast and inland up to elevations of about 150 feet.  
These deposits fringe the area around Bathurst 
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Harbour, occur in the shore section at Jacquet River, and are present in some of the 
valleys near the coast.  All were probably laid down during the depressional period 
following glaciation.  The interstratified clays, sands, and gravel in the Bathurst area 
rest in places on boulder till and contain a number of recent shells and fossil plants. 
Similar shells and plants occur in the other deposits along the coast. 
 

Recent bogs or muskegs are widespread and occur in all poorly drained, low 
areas.  They are particularly abundant near the sources of the Middle and South 
Tetagouche Rivers, northwest of Nicholas Dénys, east of Antinouri Lake, and in the 
area underlain by Carboniferous rocks.  Local areas along many streams are boggy 
and difficult of access as the result of the labours of numerous generations of 
beavers. 

 
The soils of the area are podsols developed under a thick forest cover.  Profile 

development is good in many areas, especially in those where drainage is adequate.  
In other areas the soils are boggy and best characterized as half-bog soils.  Gley 
horizons are present in a number of areas where the drainage is poor. 

 
Thick forests originally covered most of the district, although according to the 

reports of the first explorers there were numerous meadows covering the areas 
adjacent to Bathurst and along a few other parts of the coast.  Today the district is 
largely covered by dense forest.  Most is second growth, although there are still 
places where good stands of tall timber exist.  Forest fires have raged over large 
parts of the district since early times as witnessed by the presence of charcoal in the 
soil horizons and the eye-witness accounts of early inhabitants that date back to the 
seventeenth century. 

 
The principal trees and other flora on the higher and drier areas are spruce, 

balsam fir, white and red pine, birch, poplar, beech, maple, elm, mountain ash, and 
various varieties of low bushes, ferns, herbs, grasses, etc.  In swampy and low areas 
cedar, alder, and willow flourish. In cleared areas and open clearings, wild cherry, 
elder, hazel-nut, and sumac are common.  Bog plants, low bushes, and stunted trees 
common to poorly drained areas, are found in all of the muskeg areas. 

 
The streams, rivers, and lakes abound in trout, and salmon rise in the 

Nepisiguit, Tetagouche, and Jacquet Rivers during the summer months. 
 
Moose and deer are plentiful in the more remote areas, and in practically all 

areas there are a number of fur-bearing animals, including black bear, fox, beaver, 
mink, muskrat, raccoon, squirrel, and others. 

 
The settled areas are mainly along the coast and inland on the higher more 

fertile ground along and between the main rivers, principally the Tetagouche, 
Millstream, and Nigadoo, and east and west of the Jacquet.  Farming is of the mixed 
variety in these areas; hay, mixed grains, and potatoes are the main crops grown.  
There is also a small amount of dairy and vegetable farming. 

 
The leading industries in the area are lumbering, pulp and paper processing, 

lobster and other fishing, mixed farming, and, more recently, 
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base metal mining.  Bathurst is the largest centre of population.  The people are 
mainly of French (Acadian) extraction with a small proportion of English and other 
ethnic origins. 
 

The district is served by the Canadian National Railways, by Eastern 
Provincial Airways who operate out of the airport at Charlo, and by Highways Nos. 
8 and 11.  Nearly all of these communications serve only the coastal area.  Inland, a 
few good gravel and paved roads serve centres such as Lorne, Nicholas Dénys, 
Tetagouche North and Tetagouche South, and Imhoff.  Farther inland 
communication is by a network of lumbering and pulpwood roads, some of which 
are controlled by the lumbering and pulpwood companies operating in the district.  
Some of these roads are negotiable by car, but the majority require four-wheel drive 
conveyances. 
 
 

GENERAL GEOLOGY OF THE BATHURST-JACQUET RIVER DISTRICT 
 

GENERAL STATEMENT 
 

Early geological descriptions of the district are given in the reports by Ells 
(1881, 1883), Young (1911), and Alcock (1935, 1941). More recent descriptions and 
geological maps have been published by Skinner (1953, 1956a, 1956b), Jones and 
Smith (1957), Smith (1957), Mackenzie (1958), Davies (1959), Greiner (1960, 
1965), Sims (1961), and Jones (1962). 

 
Two regional geological units can be recognized in the district covered by this 

paper (see Map 31-1965).  These include a basement complex of Ordovician-
Silurian-Devonian folded sediments and volcanics intruded by various basic and acid 
rocks and a discontinuous cover of relatively flat-lying to gently-dipping 
Pennsylvanian and Triassic conglomerates, siltstones, and sandstones.  The basement 
complex is roughly divisible into two belts on a structural basis - a southern 
Ordovician folded belt and a northern Silurian-Devonian folded belt.  These belts are 
more or less separated by an extensive fault system known locally as the "Rocky 
Brook-Millstream break".  The sediments and volcanics in the southern Ordovician 
folded belt are much more severely folded and contorted than the sediments and 
volcanics in the northern Silurian-Devonian belt (the Elmtree Group excepted). 

 
The age, stratigraphic sequence, and lithology of the various rocks are given in 

the Table of Formations.  This table is considerably generalized, and no attempt will 
be made to discuss the complexities of the geology of the district. 

 
ORDOVICIAN 

 
The oldest rocks in the district can be conveniently subdivided into two groups 

-the Tetagouche and Elmtree Groups.  The Tetagouche Group is probably of Middle 
Ordovician age from fossil evidence.  The age of the Elmtree Group is uncertain but 
lithologically it is equivalent to the Tetagouche. 
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CONDENSED TABLE OF FORMATIONS 
 

ERA PERIOD OR 
EPOCH GROUP FORMATION LITHOLOGY 

CENOZOIC Pleistocene and 
Recent 

  Muskeg, soil, till, gravel, 
alluvium 

MESOZOIC Triassic (?)  Bonaventure 

Reddish and greenish 
conglomerate, arkosic 
sandstone and siltstone, shale 
and limestone 

  Pennsylvanian  Clifton 
Grey sandstone, grey-green 
siltstone, minor olive-green and 
red shale; coal beds 

    Bathurst 
Red conglomerate and grit at 
base; red sandstone, siltstone 
and shale. 

   Marked Unconformity  

  Devonian   

Granite, quartz diorite, quartz 
monzonite, granodiorite and 
associated quartz and quartz-
feldspar porphyries. 

   Intrusive and granitized contact  

  Devonian and 
Silurian?   Diabase, gabbro, diorite, and 

serpentinized peridotite. 
   Intrusive Contact  

    

Lower 
Devonian  Dalhousie 

Basic volcanic rocks: andesite 
and associated dykes and sills, 
andesite tuff, felsite and 
agglomerate. 

P 
A

 L
 E

 O
 Z

 O
 I

 C
 

   
Sedimentary rocks: black shale 
and argillite, siltstone, 
limestone and conglomerate. 

  Upper Silurian Chaleur Bay 
   (in part)  

Volcanic rocks: rhyolite, 
agglomerate, rhyolite tuff, 
porphyry, andesite, and basalt. 

     

Sedimentary rocks: argillite, 
phyllite, greywacke, mudstone, 
siltstone, conglomerate and 
limestone.  Skarn and hornfels 
in vicinity of granitic rocks.  

  Ordovician (?)   Diabase, gabbro and diorite. 
   Intrusive contact   

  Ordovician (?) 

Elmtree 
(Probably  

equivalent to 
Tetagouche 

 Group. 

 

Phyllite, slate, argillite, 
greywacke, conglomerate, and 
siliceous limestone. Basic 
volcanic flows and breccia in 
lower part. Skarn and hornfels 
in vicinity of granitic rocks. 

  Middle 
Ordovician 

Tetagouche 
(in part)  

Acid and basic volcanic rocks; 
augen schists; greywacke, 
phyllite, slate, graphitic schist 
and iron-formation. 
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Tetagouche Group:  
 
The Tetagouche Group of rocks lies in the folded belt south of the "Rocky 

Brook-Millstream break" and consists of a great complex of greywacke, phyllite, 
slate, pyritiferous graphitic schist, quartz-feldspar augen schist, quartz augen schist, 
iron-formation, meta-andesite and basalt, meta-tuffs and meta-rhyolites, and meta-
diabase and meta-gabbro.  The most distinctive rocks in the complex are the augen 
schists and iron formation.  The augen schists (or "porphyries" as they are known 
locally) appear to be metamorphosed porphyritic rhyolite ash flows (welded tuffs), 
porphyritic rhyolite flows, and sedimentary tuffs.  The iron-formation is now largely 
a magnetite-quartz (chert) rock with facies of chlorite-magnetite schist and chlorite 
schist. 

 
The rocks of the Tetagouche Group are highly folded and contorted and are 

faulted in many places.  They are intruded by a variety of basic dykes and sills and 
by the Bathurst granitic stock southwest of the town of Bathurst.  Here and there 
near this stock the rocks of the Tetagouche Group are metamorphosed to hornfels 
and skarn; elsewhere there is a development of chloritic rocks near the granite. 
 
Elmtree Group: 
 

The Elmtree Group comprises a series of unfossiliferous dark grey, pyritiferous 
argillites, phyllites, cherty slates, impure quartzites, and local bands of 
conglomerate.  Altered basic volcanic flows, breccias, and tuffs, are present in the 
lower part of the stratigraphic sequence.  These rocks are highly folded and 
contorted and have been intruded by the Antinouri Lake biotite-hornblende granitic 
body.  Here and there in the vicinity of this body, the sediments are converted to 
hornfels, 'hornblendites', and calc-silicate rocks (skarn). 
 

The Elmtree Group rocks are in general more highly metamorphosed and 
contorted than the Silurian-Devonian rocks in the same area, and it seems probable 
that they are equivalent, at least in part, to the Tetagouche Group. 
 
 

SILURIAN 
 
The Chaleur Bay Group and probably some diabase, gabbro, diorite, and 

serpentinized peridotite in the northern part of the district are of Silurian age. 
 
Chaleur Bay Group: 
 

The Chaleur Bay Group comprises a complex series of sedimentary and 
volcanic rocks of Upper Silurian age.  They have been subdivided by Alcock (1935, 
1941) and Greiner (1965) into a number of formations that will not be discussed in 
this brief description.  In the district covered by this investigation the Chaleur Bay 
Group underlies four main areas: the Petit Rocher-Beresford-Nicholas Dénys area; 
the Belledune River-Pointe Verte area; the Culligan area; and the Black Point-Nash 
Creek, and Benjamin River areas; as well as other smaller areas along the coast and 
inland. 
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The rocks in the Petit Rocher-Beresford-Nicholas Dénys area are a varied 
assortment of sediments consisting of calcareous sandstone, greenish-grey quartzite, 
chert, volcanic-pebble conglomerate, brick red sandstone, siltstone, limestone, 
greywacke, arkose, red and green argillite, phyllite, grey and red siltstone, and 
nodular limestone.  Some of the sediments, especially the argillites, siltstones, and 
slates in the southern part of the belt have a well developed fracture cleavage.  Here 
and there the limestones, calcareous slates and argillites are fossiliferous.  All of 
these rocks have steep dips, strike northeast, and are folded into a series of relatively 
tight northeast-trending anticlines and synclines.  Dykes and sills of diorite, diabase, 
gabbro, and serpentinized peridotite intrude the sedimentary rocks in a number of 
places in the southern part of the belt, and a granodiorite stock is present in the 
vicinity of Nicholas Denys.  This stock produces a characteristic contact aureole in 
which the sedimentary rocks are transformed in part to hornfels and skarn.  At the 
Nigadoo mine there is a quartz-feldspar porphyry plug that may be a volcanic neck. 
Dykes of feldspar, quartz, and quartz-feldspar porphyry follow northwest striking 
fractures in the vicinity of the Nicholas Dénys stock and are probably apophyses of 
this stock.  Faults are numerous, particularly in the vicinity of the "Rocky Brook-
Millstream break".  The most important economically are those which have a 
northwest strike and contain sulphide veins, as at the Nigadoo mine.   The faults cut 
all rock types including the porphyries and granodiorite. 

 
The Chaleur Bay Group rocks in the Belledune River -Pointe Verte and 

Culligan areas are not in general as steeply dipping as those in the southern belt, 
although they also lie in a series of gentle anticlines and synclines that trend 
northeast and east.  Both sedimentary and volcanic rocks are present.  The 
sedimentary rocks comprise a variety of conglomerates (often with volcanic and 
jasper pebbles), knobby weathering fossiliferous limestone, coralline limestone, red 
feldspathic sandstone, brick red sandstone and conglomerate, siltstone, shale, and 
calcareous sandstone.  At Trap Point a series of massive, dark green to black 
amygdaloidal lavas, volcanic breccias, and tuffs are present, and these are succeeded 
by sandstone and a variety of conglomerates. 
 

Faults are common in the Chaleur Bay Group in the Belledune River -Pointe 
Verte and Culligan areas, but no specific pattern has yet been brought out by the 
mapping.  Most of the faults appear to be minor, but some may have large throws. 

 
The Silurian rocks west of the north-south fault through the Black Point area, 

are a complex series of sedimentary and volcanic rocks. The sediments are mainly 
siltstones and red beds (volcanic boulder conglomerate, sandstone, and shale).  The 
volcanics include basalt, andesite, rhyolite, dacite, feldspar porphyries, tuffs, 
agglomerates, flow breccias, and rhyolite dykes and sills.  In general these rocks 
have moderate dips and are gently folded into a series of northeast-trending 
anticlines and synclines.  Along the south branch of Benjamin River, both 
sedimentary and volcanic rocks are intruded by a granitic body composed of granite, 
syenite, and more basic border phases.  All of the rocks are cut by faults that have an 
east-west or east-northeast strike. 
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DEVONIAN 
 
Included in this system are the Lower Devonian Dalhousie Formation of 

volcanic and sedimentary rocks and a variety of acid intrusive rocks that form 
batholiths, stocks, and dykes throughout the district.  Most of these intrusions have 
already been described briefly and will not be considered further. 
 
Dalhousie Formation: 
 

The Dalhousie Formation is of Lower Devonian age and underlies a sizeable 
part of the district from Limestone Point westward to the north-south fault through 
the Black Point area.  On the Pointe Verte sheet Greiner (1960) subdivided the 
formation into lower and upper members.  Later, on the Charlo sheet Greiner (1965) 
divided the formation into a number of units. 

 
The Dalhousie Formation overlies the Chaleur Bay Group with apparent 

disconformity but with no angular unconformity.  The lower members consist largely 
of greenish and reddish boulder conglomerates, greenish mudstone, sandstone, 
limestone, and a variety of volcanics.  The upper member lies with angular 
unconformity on the lower member and consists mainly of diverse volcanic rocks 
and lesser amounts of sediments.  The volcanics include andesite and basalt flows, 
dykes, and sills, volcanic breccias and agglomerates, and orange felsite.  The 
sediments are tuffs, black shales, silty limestones, siltstones, and limestones. 

 
The dips are low, generally less than 40°, and the rocks appear to be folded 

into a north to northeast trending series of gentle anticlines and synclines.  About 
one mile southwest of Turgeon Station, west of Pointe Verte, and in the area where 
the railway crosses Elmtree River they are intruded by coarse-grained dioritic and 
gabbroic masses that Greiner thinks are volcanic fissures and necks. 

 
 

PENNSYLVANIAN 
 

The Bathurst and Clifton Formations are of Pennsylvanian age but only the 
former occurs in the area investigated.  The Bonaventure Formation, thought by 
many geologists to be of Pennsylvanian age, is considered to be Triassic for reasons 
discussed below. 

 
The Bathurst Formation underlies the area east of Nepisiguit River, and 

outcrops along this river and along Bass River, Red Pine Brook, and at other 
scattered localities.  There are also small outliers south of the railway bridge, on 
Tetagouche River, on the Millstream River near the coast, and in the valley of the 
Tetagouche between the Middle and Upper Tetagouche Lakes and west of the latter 
lake. 

 
The rocks of the Bathurst Formation are predominantly red sandstone with red 

shale, dark grey shale, and reddish conglomerate.  The beds are horizontal, or have 
only very low easterly dips, and lie with profound unconformity on the older rocks.  
They contain coalified plant fragments in a few places. 
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The Clifton Formation underlies the area from Janeville east to Miscou Island 
and is exposed particularly well along the coast between Clifton, Stonehaven, and 
Grande Anse.  At the latter localities the rocks have a low easterly dip, are gently 
undulating, and consist of greenish-grey sandstones with some reddish shales. 
Eastward along the coast the grey beds are overlain by purple and reddish 
sandstones, shales, and conglomerates.  Coal seams occur near Clifton and 
Stonehaven and elsewhere, and there are a number of zones with abundant plant 
remains.  These show the rocks to be of Upper Westphalian age, equivalent to the 
Morien and Pictou Series of Nova Scotia. 

 
A few diabase dykes intrude the rocks of both the Bathurst and Clifton 

Formations. 
 
 

CARBONIFEROUS (?) OR TRIASSIC (? ) 
 
As noted above, the Bonaventure Formation, long considered to be of 

Pennyslvanian age, may actually be Triassic.  This dating is based on the marked 
lithological similarity that these rocks bear to the Wolfville Formation in Nova 
Scotia.  In addition the conglomerates of the Bonaventure Formation are associated 
with amygdaloidal traps at Trap Pointl, another feature that is characteristic of 
Triassic rocks in the Maritime Provinces.  However, until undoubted fossil evidence 
is found the age of the Bonaventure must remain in question.  It should be noted in 
passing, however, that Alcock (1935) could find no unequivocal evidence that the 
Bonaventure is of Pennsylvanian age, and that Greiner (1960) inclined to the view 
that the formation is of Mesozoic age.  It is interesting to speculate that the two 
largest basins in the Maritimes, the Bay of Fundy and the Bay of Chaleur, are 
probably floored by Triassic rocks. 

 
The rocks of the Bonaventure Formation outcrop along the coast in the 

Belledune River, Jacquet River, and Nash Creek areas and underlie Heron Island.  At 
the base of the formation, near Belledune, there are dolomitic limestones; elsewhere 
the formation is composed mainly of flat-lying or only slightly dipping 
unfossiliferous reddish, and reddish and greenish mottled conglomerates, arkosic 
sandstone, shale, and siltstone, all of which lie with profound unconformity on the 
older rocks.  Basalt dykes, sills and flows cut and are associated with the rocks of 
the Bonaventure Formation in Gaspé, but no igneous rocks were observed in this 
formation in the area investigated.  The amygdaloidal traps at Trap Point mentioned 
previously are in fault contact with the Bonaventure conglomerates, and hence the 
precise stratigraphic or intrusive relationships are obscure. 

 
MINERAL DEPOSITS AND OCCURRENCES 

 
Most of the known mineral deposits and occurrences are plotted on the 

geochemical maps accompanying this paper.  A complete list and the location of all 
known mineral deposits and occurrences in the district is given by Abbott (1965). 
 
 

1On the geological map these rocks are designated as Silurian.  They may 
actually be Triassic. 



-11- 

 

ORDOVICIAN ROCKS 
 
Tetagouche Group: 
 

The Tetagouche Group rocks are host to a number of massive sulphide deposits 
of large tonnage.  Most of these lie outside the area investigated; three, however, the 
Armstrong Brook, Rocky Turn, and Orvan Brook deposits are within the area.  The 
deposits occur mainly in drag-folded zones, in severely contorted and sheared zones, 
and in relatively well defined shear and schist zones.  The principal hypogene 
minerals in the massive sulphide deposits are pyrite, pyrrhotite, sphalerite, galena, 
chalcopyrite, arsenopyrite, bornite, and tetrahedrite.  In addition, minor amounts of 
stannite, boulangerite, cassiterite, linnaeite, domeykite, and native bismuth occur in 
some of the hypogene ores and small amounts of covellite, chalcocite, and marcasite 
are present in the supergene sulphide assemblage of some of the orebodies.  The 
elements that are greatly enriched in the massive sulphide bodies include Fe, Zn, Pb, 
Cu, and S.  Those exhibiting a minor and trace enrichment are As, Sb, Ag, Mn, Sn, 
Bi, In, Ge, Cd, Co, Ni, and Au. 

 
Many of the massive sulphide deposits have well developed gossans.  In these 

the principal mineral is limonite which is accompanied by quartz, anglesite, 
beudantite, barite, scorodite, jarosite, and a number of other minor supergene 
minerals.  The elements enriched in some parts of the gossans include Fe, Mn, Si, 
As, Ba, Zn, Pb, Cu, Ag, and Au. 

 
Further descriptions of the mineralogy and the gossans associated with the 

massive sulphide deposits are given in the reports by Aletan (1960), Roy (1961), and 
Boyle and Davies (1964). 

 
In addition to the massive sulphide deposits the Tetagouche Group and the 

Bathurst granite contain a variety of other mineral deposits.  Many are south of the 
area investigated. Chief among these are the magnetite deposit at Austin Brook on 
Nepisiguit River, the manganese (manganite-pyrolusite) occurrence in quartz veins 
at Tetagouche Falls on the Tetagouche River, the pyrite-pyrrhotite-sphalerite,-galena 
veins in the Nigadoo River-Millstream area, and the molybdenite-beryl occurrence 
near the north end of Pabineau Lake in the Bathurst granite. 

 
The magnetite iron deposit on Austin Brook, mined during the periods 1907-

1913 and 1942-1943, occurs in sedimentary iron-formation and is fully described by 
Boyle and Davies (1964). 

 
The Tetagouche manganite-pyrolusite deposits are in nearly vertical, coarse 

white quartz veins in red and black highly deformed slates.  The manganite occurs in 
seams and nests in the quartz.  Some manganese ore is said to have been won from 
the deposits.  They are described in more detail by Hanson (1932).  According to 
Bailey (1899), chalcopyrite and some pyrite occur either in the quartz -manganite 
veins or in associated veins at Tetagouche Falls. 

 
Pyrite-pyrrhotite-sphalerite-galena veins in the Tetagouche Group rocks in 

Nigadoo River-Millstream River area are found at several places.  The best known 
are on the property of Quebec Sturgeon River Mines, Limited.  They comprise broad 
zones of sparsely disseminated 
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pyrite and pyrrhotite with minor amounts of galena and sphalerite and local 
concentrations of galena and sphalerite veins in the disseminated zones.  All of these 
deposits occur along a fault zone in mylonitized and contorted dark grey phyllite, 
schist, argillite, and minor quartzose subgreywacke. Further descriptions are given 
by Davies et al. (in press). 
 

The molybdenite occurrences in the Bathurst granite are described by Wright 
(1940a, 1940b), Alcock (1941), and Vokes (1963).  The molybdenite occurs as 
flakes and rosettes in the body of the granite, as tiny flakes and smears along small 
seams, and as flakes in small quartz veins and bunches in the quartz.  In places the 
molybdenite is associated with topaz and light greenish beryl crystals.  Granite 
boulders containing small amounts of molybdenite also occur at scattered points in 
other areas underlain by the Bathurst granite. 

 
Elmtree Group: 
 

Elmtree Group rocks are host to a number of sulphide veins and replacement 
deposits.  Those seen in the field are marked on the accompanying maps. 

 
The best known example of the vein type of deposit is the Keymet mine, 

described many years ago by Alcock (1941) and more recently by McAllister (1957). 
 
The rocks in the vicinity of the Keymet vein strike northeast and are mainly 

black slates, phyllites, quartzite, conglomerate, and limestone.  The vein lies in a 
fault that strikes southeast and dips about 70° northeast.  It is composed mainly of 
pyrite, pyrrhotite, sphalerite, chalcopyrite, and argentiferous galena.  The sphalerite 
is cadmium-bearing.  The gangue is chloritized wall-rock with some calcite and 
minor quartz and fluorite. The ore body contained 86,400 tons, averaging 4.73 per 
cent lead, 4.32 per cent zinc, 0.66 per cent copper, and 1.40 ounces of silver per ton 
over a width of 4.7 feet.  The Keymet mine is now inactive. 

 
The replacement deposits are generally restricted to the outer part of the 

contact aureole of the Antinouri Lake granitic body.  Most of the deposits found to 
date occur about 3.5 miles southwest of Madran in a variety of rocks, mainly 
silicified limestone, limestone, cherty sediments, hornfels, and skarn.  The principal 
sulphide is cadmium-bearing black sphalerite, and there are small amounts of 
chalcopyrite, pyrite, galena, and here and there pyrrhotite.  The sulphides occur as 
disseminations, streaks, and in places as massive stringers and lenses.  Most of the 
occurrences are small, and no economic orebodies have been found to date. 

 
Nickel-bearing sulphides (Ni-bearing pyrrhotite and millerite) occur in some 

altered dykes and in skarn at scattered places in the contact aureole of the Antinouri 
granitic body.  All of these are small occurrences, mainly of mineralogical interest. 
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SILURIAN ROCKS 
 
Chaleur Bay Group: 
 

The Chaleur Bay Group rocks contain a number of magnetite deposits, 
sulphide veins, and molybdenum occurrences, mainly in the southern part of the 
Petit Rocher-Beresford-Nicholas Dénys belt. Davies (in Davies et al., in press) 
classifies these deposits as: 

 
1. Skarn deposits containing magnetite with or without appreciable sulphides. 
2. Skarn deposits containing essentially sulphides. 
3. Quartz -arsenopyrite-gold veins. 
4. Chalcopyrite deposits. 
5. Pyrite-pyrrhotite-arsenopyrite-sphalerite- galena veins. 
6. Molybdenite occurrences in the Nicholas Denys stock. 

 
The skarn deposits occur south of the Nicholas Dénys stock, primarily in a 

zone of calc-silicate rocks (skarn) which extends from just east of Stephens Brook in 
the east to Anne's Creek in the west.  Some skarn deposits consist essentially of 
magnetite, with minor amounts of disseminated sulphides, mainly pyrrhotite, pyrite, 
and chalcopyrite.  The magnetite is commonly fine grained and occurs in streaks, 
layers, and lenses interlaminated with calcite and calc-silicate minerals.  As now 
known, most of these deposits are small and uneconomic.  Other deposits containing 
both magnetite and appreciable sulphides occur in the same skarn zone.  The best 
known is the Beresford copper deposit described by Bachinski (in Davies et al., in 
press).  Another important deposit of this type is the Millstream iron deposit 
described by Davies (in Davies et al., in press). 

 
The Beresford copper deposit is a series of discontinuous faulted lenses of 

magnetite and sulphides striking east-northeast and dipping steeply northwest to 
vertical.  These occur along a strike length of 800 feet or more and extend to a depth 
of at least 450 feet.  The sulphides include chalcopyrite, pyrite, sphalerite, 
pyrrhotite, arsenopyrite, marcasite, and molybdenite.  They occur in a disseminated 
manner or as small lenses, streaks, and ribbons.  Both magnetite and sulphides are 
intimately mixed in a gangue of calcite and calc-silicates, mainly garnet, diopside, 
epidote, and minor hornblende and actinolite.  A crude banding of sulphides, 
magnetite, and skarn minerals is present in places. 

 
The Millstream iron deposit consists of two large magnetite-rich lenses, 

striking northeast and separated by a northwest-trending fracture.  The western lens 
is about 700 feet long, the eastern about 400 feet.  The lenses have a maximum width 
of 40 feet, average 8 feet, and extend to a depth of at least 250 feet. Streaks, ribbons, 
and disseminations of chalcopyrite, pyrite, pyrrhotite, and minor amounts of 
sphalerite occur in the magnetite.  In some sections there are appreciable amounts of 
molybdenite and some disseminated scheelite. The gangue is calcite and 
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calc-silicates similar to those at the Beresford copper deposit.  A crude banding of 
sulphides, magnetite, and skarn minerals is present in places. 
 

The sulphide occurrences without appreciable magnetite are represented by 
two bodies about a mile and a half southwest of Nicholas Dénys, near the west end 
of the skarn zone.  In one body, disseminated pyrrhotite, pyrite, sphalerite, 
chalcopyrite, and galena are present in myriad fracture fillings in the skarn.  In the 
other the minerals are mainly chalcopyrite and pyrite with calcite and some quartz in 
a fractured zone in the skarn.  Neither body has proved to be of economic 
dimensions or grade. 
 

The quartz -arsenopyrite-gold veins occur in a number of places both in or near 
the skarn zone and in the limy argillite s and lime stone s outside the thermal aureole 
of the Nicholas Dénys granite.  Some occur in northwest trending fractures.  The 
mineralization is essentially quartz and arsenopyrite with small amounts of 
pyrrhotite and chalcopyrite.  The arsenopyrite carries gold (up to 0.8 ounce per ton), 
and the deposits as a whole may contain silver (up to 20 ounces per ton).  Some of 
the deposits resemble the Nigadoo type described below.  None of the deposits 
investigated to date has proven to be of economic value. 
 

The chalcopyrite deposits are small and consist of disseminated chalcopyrite in 
argillites and slaty rocks.  Most are in or near northwesterly trending fractures. 

 
The pyrite -pyrrhotite-arsenopyrite-sphalerite-galena veins occur at three 

places, two southwest of the Nicholas Dénys stock and the other northeast of the 
stock.  The occurrence northeast of the stock, the Nigadoo mine, is the most 
important example. 

 
The Nigadoo deposit has been described by Aleva (1960) and Tupper et al. (in 

Davies et al., in press).  It is a series of narrow massive sulphide veins and lenses 
along northwest trending faults that cut an irregular plug (volcanic neck?) of quartz-
feldspar porphyry that intrudes argillite s, slates, greywacke, and conglomerate of 
the Chaleur Bay Group. 

 
The sulphide lenses dip vertically to southwest and pinch and swell along their 

strike.  The zone enclosing the principal sulphide lenses is 3,400 feet long, 6.5 feet 
wide, extends at least to a depth of 900 feet, and has an average tenor of 0.5 per cent 
copper, 4 per cent lead, 3.5 per cent zinc, and 6 ounces silver per ton.  The ore 
occurs both in the porphyry and in the argillites. 
 

The principal minerals in the Nigadoo deposit are pyrite, pyrrhotite, 
arsenopyrite, sphalerite, galena, chalcopyrite, cassiterite, lollingite, native bismuth, 
stannite, and tetrahedrite.  The gangue minerals are small amounts of carbonates and 
minor quartz.  The sulphides are coarse grained. 
 

Recently, stream sediment analyses by Tauchid (1964) and soil analyses by a 
private company1 have indicated the presence of anomalous amounts of molybdenum 
in the area underlain by the Nicholas Dénys granitic 
 
 

1Dr. A.B. Baldwin, private communication.
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stock.  Recent drilling in the vicinity of the molybdenum anomalies has proven the 
presence of molybdenite in the quartz monzonite phase of the stock.  The 
molybdenite occurs as rosettes and flakes on joint surfaces and in places is finely 
disseminated in closely spaced fractures together with pyrite and chalcopyrite.  The 
association of molybdenite with this stock is also indicated by the presence of 
molybdenite in the magnetite skarn deposits as noted above and by small 
disseminated occurrences noted in or near the contact aureole of the stock. 
 

Scheelite occurs in small amounts in a few of the skarn zones in the thermal 
aureole of the Nicholas Dénys granitic stock.  In these zones the scheelite is 
associated with calc-silicates, magnetite, chalcopyrite, and molybdenite. 

 
Elsewhere in the district the Chaleur Bay Group contains a number of small 

mineral occurrences.  Along the Nigadoo River, due north to Nicholas Dénys, are a 
number of prospects that were investigated for gold many years ago.  The rocks are 
soft slates and argillites intruded by quartz-feldspar porphyry dykes.  The sediments 
strike east-west and are vertical.  The dykes strike mainly northwest.  The principal 
interest was in a number of steeply dipping, small, white quartz-carbonate veins in 
narrow shear or fracture zones in the slates or along the contacts of the slate and 
porphyry.  These veins strike northeast, north, and east and carry small amounts of 
pyrite, chalcopyrite, sphalerite, and galena.  The gold assays ranged from traces up 
to 0.36 ounce per ton and the silver from traces to 2.8 ounces per ton.  The copper, 
lead, and zinc values were low.  No work has been done on these occurrences for 
many years. 
 

About a mile and a quarter southwest of the above mentioned occurrences, on 
the north branch of the Nigadoo River, there is a prospect known as the "Old 
Nigadoo Silver Mine".  This prospect is in an east-striking shear or shattered zone 
some 10 feet wide, along what appears to be the contact of a conglomerate bed and 
altered argillite and porphyry.  The whole zone is gougy and deeply weathered.  The 
primary minerals are pyrite, finely crystalline galena, and sphalerite. In old reports 
the galena is said to average about 5 ounces silver per ton. 
 

On McNair Brook, about 3 miles from its confluence with Jacquet River, there 
are a number of shear and fracture zones in andesites, rhyolites, tuffs, and breccias1.  
In places these contain small stringers and veins of quartz with associated pyrite, 
chalcopyrite, and galena.  Old records show the tenor of the mineralized material to 
be low, silver averaging about 2.5 ounces per ton and a trace of gold. 

 
There are a number of mineral veins and disseminated impregnations on 

Bighole Brook mostly in andesitic and dacitic lavas, felsites, and associated 
pyroclastics.  The veins carry mainly ankerite with some galena and sphalerite; lead, 
zinc, silver, and gold are present in only small amounts. 
 
 

1For location see Alcock (1941) p. 37. 
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DEVONIAN ROCKS 
 
Dalhousie Formation: 
 

The rocks of the Dalhousie Formation are not as highly folded or 
metamorphosed as those of Ordovician and Silurian age and do not seem to be 
mineralized to the same extent although they do contain a number of characteristic 
mineral occurrences. 

 
One mile west of Turgeon Station, Noranda Mines, Limited in 1953 

investigated by means of two diamond drill-holes an occurrence of massive pyrite, 
chalcopyrite, and some bornite and minor covellite.  This is just south of a dioritic 
core in a highly silicified, northeast trending, oval-shaped zone, which appears to be 
closely associated with a prominent lineament.  The results from the drilling were 
unfavourable and the prospect was abandoned. 

 
Another occurrence about one mile due south of Belledune Station lies close to 

a dioritic mass.  The enclosing rocks are dark grey phyllites, greatly contorted, 
silicified, and intruded by diorite and andesite.  The minerals are pyrite and minor 
amounts of chalcopyrite and covellite. 

 
Disseminated chalcopyrite and bornite, with more abundant pyrite, occur near 

the road about 3 ½ miles southwest of Green Point near the contact of the same 
diorite-gabbro intrusion.  The argillites and quartzites of the Elmtree Group nearby 
also contain sparsely disseminated chalcopyrite and pyrite. 
 

Other occurrences include bornite mineralization in volcanics about half a mile 
upstream from the Patapat Creek road crossing and a number of pyritic showings 
near the junction of Antinouri Lake Brook and Jacquet River. 

 
 

PENNSYLVANIAN ROCKS 
 
The rocks of Pennsylvanian age, including the Bathurst and Clifton 

Formations, are only slightly mineralized.  Near the base of the Bathurst Formation, 
some of the plant-bearing shales, porous sandstones, and fine conglomerate beds are 
mineralized with copper sulphides (mainly chalcocite) and derived supergene 
malachite. According to old reports (Logan et al. 1863; Hind, 1865) the copper 
sulphides replace the plant remains.  The exact location of these occurrences is 
difficult to ascertain, and none could be found during the survey.  One that was 
mined, was about a mile above Bathurst on the Nepisiguit (Wright, 1950).  Another 
is said to be three miles above Bathurst.  At one location, where an old shaft is 
reported to exist, four diamond drill holes failed to intersect any mineralization1.  It 
seems probable, therefore, that most of these occurrences are small and of no 
economic importance in the area investigated. 
 
 
1 This location is probably that immediately south of Bathurst on the west side of the 
Nepisiguit River. 
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Pyrite-bearing plant zones occur in the greenish-grey sandstones of the Clifton 
Formation outside the area covered by this survey.  The site is at the pier at 
Stonehaven.  In addition, and of considerable interest, is the presence of minor 
amounts of galena and barite along joint planes in the sandstones and, at one place, 
as a dissemination in the sandstone.  The presence of traces of lead was first revealed 
in a sample of sand from the beach and later in samples of the sandstone taken at 
random.  Later, a thorough examination revealed galena which as far as the senior 
writer (Boyle) is aware has not been reported before.  The presence of lead in these 
sandstones, which seem to be equivalent to the Morien and Pictou Formations, 
recalls the galena deposit at Salmon River in Cape Breton Island.  Similar deposits 
of galena may lie in the Clifton as well as in the Bathurst Formation.  Careful 
examination of these rocks by geochemical methods in all parts of New Brunswick 
could be rewarding. 
 
 

CARBONIFEROUS (?) OR TRIASSIC (?) ROCKS 
 
No mineralization of any kind was noted in the rocks of the Bonaventure 

Formation. 
 

MISCELLANEOUS DEPOSITS 
 

Talc, serpentine, and minor amounts of asbestos have been noted in the basic 
and ultrabasic bodies associated with the Rocky Brook-Millstream break.  These are 
described briefly by Davies et al. (in press).  None of the occurrences has been 
investigated in any detail. 

 
Limestone is or has been quarried near Culligan and at several places between the 

Elmtree and Nigadoo Rivers from the calcareous rocks of the Chaleur Bay Group 
(Hamilton, 1965).  Most of the limestone is of good to fair quality, containing only a 
small percentage of silica and other insolubles.  It is used mainly for agricultural purposes 
and road-metal. 

 
Building stone, mainly granite and hornblende diorite, has been quarried at 

Antinouri Lake, south of Madran on Elmtree River, and south of Bathurst on 
Nepisiguit River.  The stone at all three places is of pleasing quality and graces 
many of the civic buildings, schools, and churches in Bathurst, Petit Rocher, and 
Jacquet River. 

 
Gravel is dug from many pits in the district, mainly from the Pleistocene 

outwash deposits and from the post-glacial sands and gravels along the coast.  Large 
sources still remain in these deposits as well as in the many eskers and kames in the 
district. 

 
Some of the post-glacial clays in the Bathurst area and elsewhere appear 

suitable for brick-making.  A sizeable peat bog near Belledune is underlain by shell 
marl. 
 

SAMPLING AND ANALYTICAL PROCEDURES 
 

Two-man field parties were each allotted a map-sheet or a part of a sheet for 
sampling.  Each river, stream, and tributary was traversed  
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on foot and samples of the water and stream sediment were tested on the spot at 
intervals of about 1,500 feet.  In addition, a sample of stream sediment was collected 
at each site and when convenient a sample of water and heavy mineral concentrate 
was collected for each river, stream, and major tributary.  This work usually required 
the collection, by each two man traversing party, of 12 stream sediment samples, one 
water sample, and one heavy mineral concentrate sample each day.  The temperature 
and pH of the water was measured at each sample site, and the composition of the 
sediment was estimated.  All other pertinent geochemical data were recorded at the 
sample sites, and an attempt was also made to examine the geology along the 
streams and at other sites where convenient.  All data were coded and recorded on 
cards for further use in computer studies (see Appendix 1). 
 

The stream sediment and heavy mineral samples were brought to the mobile 
chemical laboratory periodically where they were dried in a drying oven at 65°C for 
about 48 hours (see Smith and Washington, 1962).  The water samples were packed 
and shipped to the Industrial Waters Section, Mines Branch, for total analyses and 
for sulphate and chloride determinations.  After drying, the heavy mineral samples 
were also packed and shipped to the Geochemical Laboratories of the Geological 
Survey in Ottawa for further mineralogical and chemical work. 

 
After drying in their sample bags, the stream sediment samples were sieved to  

-80 mesh and then ground to -150 mesh according to the procedure outlined by 
Lavergne (1965).  The ground material was split into two portions, one going to the 
colorimetric laboratory in the local high school and the other to the mobile 
spectrographic laboratory.  Lead, zinc, copper, arsenic, antimony, molybdenum, and 
tungsten were determined colorimetrically, and tin, silver, nickel, cobalt, chromium, 
barium, and manganese were determined spectrographically. 
 

The project lasted three months, and 3,550 stream sediment analyses were done 
for 14 elements, 3,500 water samples were analyzed for total heavy metals, 3,550 
stream sediment samples were analyzed on the spot for cold-extractable total heavy 
minerals, some 250 water samples were collected for more detailed work, and a total 
of 170 heavy mineral concentrates were collected.  In addition some 3,500 pH and 
temperature determinations were made on the waters. 

 
The waters were analyzed for total heavy metals according to the procedure set 

out in Boyle, Illsley, and Green (1955).  Most of the heavy metal in the water is zinc.  
There is practically no lead and only minor amounts of copper.  The latter element in 
most cases is less than 0.005 ppm where the total heavy metal approaches 0.03 ppm 
in the water. 

 
The temperature of the water was determined by a standard field thermometer.  

The pH was determined with a small portable Beckman pH meter. 
 
Water samples for more precise analyses were filtered at the sample site to 

remove suspended matter and collected in polyethylene bottles after washing 
thoroughly three times in the stream water to be sampled. 
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The stream sediments were analyzed on the spot for total heavy metals by the 
procedure outlined by Smith (1964).  Most of the reacting metal is loosely bound and 
probably adsorbed to the stream sediment or organic matter. 

 
The heavy mineral concentrates were obtained by panning a large sample of 

the sediment at the sample sites.  The ratio of concentration was about 30:1. 
 
Lead, zinc, and copper, were determined by dithizone methods in the 

colorimetric laboratory according to the procedure outlined by Gilbert (1964).  The 
method for zinc was slightly modified by the addition of sodium fluoride to the 
acetate buffer.  This was necessary to suppress any interference due to aluminum 
(Stanton, 1962). 

 
The arsenic content was determined by the Gutzeit method given by Lynch and 

Mihailov (1963).   One major modification was introduced: instead of fusing the 
sample with potassium hydroxide in a nickel crucible, it was heated with ammonium 
chloride in a test tube.  Upon leaching the residue with 6 M hydrochloric acid, a 
solution was available for both the arsenic and antimony determinations.  In addition 
to the above modification a solution of potassium iodide was added during the 
arsenic determination to hasten the reduction of pentavalent arsenic to trivalent 
arsenic. 

 
The antimony determinations were made by a method using brilliant green as 

reagent according to the procedures outlined by Stanton and McDonald (1962). 
 
Molybdenum and tungsten were determined by the zinc dithiol method 

outlined by North (1956) with only minor modifications to speed production. 
 
Using the methods given above, six analysts maintained a production of 80 

samples per day for seven elements throughout the three month period of field work. 
 
The elements determined in the mobile spectrographic laboratory included Sn, 

Ag, Ni, Co, Cr, Ba, and Mn.  A total energy DC arc semiquantitative method was 
used utilizing a 1.5-meter grating spectrograph.  A 10 mg sample of ground stream 
sediment was mixed with 20 mg of graphite, packed into a carbon electrode, and 
capped with a 20 mg buffer mixture of CaC03 and graphite.  The loaded electrode 
was preheated at 450°C to oxidize the organic matter in the sample, and thus allow 
the arcing to proceed smoothly without loss of material from the electrode cavity.  
The electrode was removed from the furnace after 45 minutes and cooled.  Two 
drops of a saturated solution of magnesium nitrate in absolute ethyl alcohol were 
added in order to promote the smooth burning of the sample.  The electrode was then 
placed under an infrared heat lamp for at least five minutes to evaporate the alcohol.  
The samples were then arced at 15 amps, and the spectra recorded on 35 mm Kodak 
Spectrum Analysis Film No. 1.  Unknown spectra were compared to a synthetically 
prepared series of spectra ranging from 10,000 ppm down to 0.5 ppm for each of the 
7 elements noted above.  The lowest detection limit in parts per million for the 
various elements were Sn (10), Ag (0.5), Ni (2), Co (10), Cr (10), Ba (70), and Mn 
(30). 
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Using the above procedure, one analyst and two assistants maintained a 
production of 70 samples per day throughout the 3 month period. 

 
 

RESULTS OF THE SURVEY WITH NOTES ON THE CHEMISTRY OF THE 
ELEMENTS DETERMINED 

 
GENERAL 

 
The heavy metal content of the stream and spring water and the stream 

sediments in the district is recorded on Maps 32-1965 and 33-1965.  The contents of 
lead, zinc, copper, arsenic, antimony, molybdenum, tungsten, silver, nickel, barium, 
and manganese in the stream and spring sediments are shown on Maps 34-1965 to 
44-1965.  Tin, cobalt, and chromium, were also determined in the field but have not 
been plotted for publication.  However, the dispersion of these elements in the 
stream sediments is discussed briefly below, and those wishing to consult the 
original data may do so in the open files of the Geological Survey. 

 
The general results of the survey are discussed concisely below. More detailed 

observations and suggestions are contained in the marginal notes accompanying each 
map.  A short discussion of the natural waters of the district is given first, and this is 
followed by brief outlines of the dispersion characteristics of each element 
investigated during the survey. 
 
 

CHEMISTRY OF THE NATURAL WATERS 
 

A detailed study of the waters leaching the massive sulphide deposits of the 
Bathurst district has been partly completed, and some of the results are of interest in 
helping to explain the dispersion of a number of elements from the deposits.  
Although most research has been carried out on deposits south of the area covered 
by this report there is no reason to suspect that the results are not applicable to the 
present survey since the conditions of oxidation are in most cases identical. 

 
Oxidation of the sulphide deposits is rather rapid in the area as witnessed by 

the presence of extensive gossans on many of the deposits.  Most of this oxidation is 
of post-Pleistocene age and is still proceeding. 

 
Table 2 records complete chemical analyses of underground waters leaching 

sulphide deposits.  These should be compared with the two analyses of stream waters 
that are deemed to be normal for the area (Table 1). 

 
The waters leaching the sulphide deposits have an average temperature of 

about 12°C and are generally highly acid (pH 2.5 – 3.5), although some, especially 
those that have traversed the wall-rocks adjacent to the deposits, have a nearly 
neutral pH.  Most of the waters in or near the sulphide deposits are highly charged 
with sulphate and the principal cation in most cases is iron.  In addition there is a 
considerable content of zinc, calcium, magnesium, manganese, and some silica.  
Numerous other ions are present as determined from the evaporated residues of these 
waters. They include copper, lead, arsenic, antimony, silver, cadmium, nickel, 
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TABLE 1 
 

ANALYSES OF WATERS FROM DRIFT, RIVER, AND STREAM, BATHURST 
DISTRICT, NEW BRUNSWICK 

 
All values in parts per million, ppm NF = not found 

 Source of water 
Well in sand and gravel, 

Youghall Beach area, 
Bathurst district 

Middle River Fortymile 
Brook 

Temp at sampling (°C) 10 15 15 
Temp at analysis (°C) 24.3 23.2 23.0 
Oxygen consumed by KMn04 0.1 6.2 5.4 
Carbon dioxide (C02) calculated 7.0 9.0 2.4 
Odour nil nil nil 
Taste nil nil nil 

Precipitates, etc. nil 
Small amount 

of humic 
material 

Small amount 
of humic 
material 

pH at source 6.6 6.9 7.4 
Colour (Hazen units) 35 20 15 
Turbidity (units) 0.2 0.4 0,0 
Alkalinity as (Phenolphthalein) 0.0 0.0 0.0 

CaC03 (Total) 14.5 36.7 30.0 
Sp. conductance, microhms at 25°C 178.0 87.9 72.6 
Hardness as CaC03   

Total 35.2 39.2+ 32.0+ 
Non-carbonate 20.7 2.5 2.0 

Calcium (Ca) 7.6 12.8 10.2 
Magnesium (Mg) 3.9 1.8 1.6 
Iron   

Total 0.02 0.05 
Dissolved 0.00 0.02 0.04 

Aluminum (Al) 0.01 0.08 0.08 
Manganese (dissolved) (Mn) 0.00 0.00 0.00 
Copper (Cu) 0.00 0.00 
Lead (Pb) 0.00 0.00 
Zinc (Zn) Trace 0.02 
Sodium (Na) 6.0 1.6 1.5 
Potassium (K) 0.7 0.5 0.4 
Ammonia (NH3)  0.2 
Carbonate (C03) 0.0 0.0 0.0 
Bicarbonate (HC03) 17.7 44.7 36.6 
Sulphate (S04) 5.6 5.8 6.4 
Chloride (Cl) 7.1 1.9 1.6 
Fluoride (F) 0.05 0.20 0.00 
Phosphate (P04) <0.1   
Nitrate (N03) 23. 0.0 0.0 
Silica (Si02) 12. 3.0 3.5 
Sum of constituents 74.6 49.8 43.3 
% sodium 27. 7.9 8.9 
Saturation index at test temperature -2.7 -1.8 -1.5 
Stability index at test temperature 12. 11. 10. 
Sodium absorption ratio 0.44   

 
Analyses by Industrial Waters Section, Mines Branch, Ottawa. 
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TABLE 2 
 

ANALYSES OF WATERS LEACHING THREE SULPHIDE DEPOSITS, 
BATHURST DISTRICT, NEW BRUNSWICK 

  
All values in parts per million, ppm NF = not found 

Source of water Brunswick No. 6 
deposit, drill hole 

Austin Brook 
sulphide deposit, 

drill hole 

Key Anacon 
sulphide deposit, 

drill hole 
Temp. at sampling (°C) 12 12 12
Temp. at analysis (°C) 24.3 25.0 24.3 
Oxygen consumed by KMn04  1.8 
Carbon dioxide (C02) calculated  7.0 
Odour nil nil H2S smell 
Taste astringent slightly slightly
 astringent astringent
Precipitates, etc. heavy iron nil considerable 
 hydroxide precipitate  dark deposit
pH at source 2.7 3.2 7.4 
Colour (Hazen units) 10 0 5 
Turbidity (units) 68 18 0.3 
Alkalinity as (Phenolphthalein) 0.0 0.0 0.0 

CaC03 (Total) 0.0 0.0 98.1 
Sp. conductance, microhms at 25°C 4,949. 506.7 1,203. 
Hardness as CaC03   

Total 745. 49.3+ 183. 
Non-carbonate 745. 49.3 85. 

Calcium (Ca) 208. 10.7 63.0 
Magnesium (Mg) 54.8 5.5 6.2 
Iron   

Total   
Dissolved 730. 5.5 < 0.01 

Aluminum (A1) 0.00 3.5 0.00 
Manganese (dissolved) 54. 3.5 0.08 

Copper (Cu) 0.044 0.350 0.001 
Lead (Pb)   
Zinc (Zn) 330. 0.800 0.002 
Sodium (Na) 2.9 3.6 175. 
Potassium (K) 1.0 0.8 1.4 
Ammonia (NH3)  0.05 
Carbonate (C03) 0.0 0.0 0.0 
Bicarbonate (HC03) 0.0 0.0 120. 
Sulphate (S04) 3,350. 135. 13.2 
Chloride (C1) 0.0 1.2 314. 
Fluoride (F)  1.9 
Phosphate (P04) 18. 0.0 < 0.1 
Nitrate (N03) 0.3 0.0 0.4 
Silica (SiO2) Not determined due to 

interference 13 7.4 

Sum of constituents 4,419. 184. 641. 
% Sodium 0.2 5.6 67. 
Saturation index at test temperature  -0.3
Stability index at test temperature  8.0 
Sodium absorption ratio 0.05  5.64 

 
Analyses by Industrial Waters Section, Mines Branch, Ottawa. 
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and others, all present in only trace amounts.  Waters that traverse the wall-rocks 
after percolating through the sulphides seem to lose much of their sulphate 
component and take up bicarbonate and chloride for some unknown reason.  These 
waters may also contain some H2S and S2- ion as witnessed by their odour and the 
fact that they quickly tarnish silver metal. 

The waters traversing surficial tills and gravels, and those in the streams and 
rivers of the area, range in pH from 3.5 to 8.4, but most values lie between 6.5 and 
7.5.  Their temperatures vary widely with the seasons. During the period of sampling 
(June -September) the temperature range was 5° to 24°C.  All of the waters sampled 
are bicarbonate waters with small contents of sulphate, chloride, and silica.  The 
principal cations are calcium, magnesium, sodium, and potassium.  Most of the 
stream and river waters are relatively clear; some are brown and highly charged with 
humic substances.  The waters traversing the surficial deposits are clear and contain 
no observable humic substances. 
 
 

DISPERSION OF LEAD 
 

The average lead content of the rocks of the Bathurst district is about 12 ppm1.  
The felsic volcanic rocks including the quartz-feldspar augen schists average about 
18 ppm, the greenstones (mafic extrusives and intrusives) about 8 ppm, the various 
slates, greywackes, phyllites, and quartzites about 10 ppm, the granitic rocks about 8 
ppm, and the sandstones and siltstones of Carboniferous and Triassic age less than 5 
ppm.  The Nigadoo porphyry is greatly enriched in lead and contains an average of 
351 ppm. 

 
Galena is the most common hypogene lead mineral in the massive sulphide 

deposits, vein deposits, and replacement deposits in calcareous rocks.  Boulangerite 
is present in minor amounts in some massive sulphide deposits, and a few of the vein 
deposits contain small amounts of jamesonite.  The principal supergene lead 
minerals in the gossans are anglesite, cerussite, and beudantite.  The average tenor of 
lead in the massive sulphide deposits is about 1.5 per cent.  In the vein deposits 
(Nigadoo type), the average lead content is about 3 per cent. 

 
According to Presant (in press),the average lead content of the horizons of 

normal podsol profiles in the Bathurst district is as follows: 
 

Soil horizon Lead content (ppm) 
A0 73 
A2 13 
B1 36 
B2 28 
C 65 

 
 
 

1 The data given for the elemental contents of the various rocks are taken from theses 
by Davies (1960), Rajah (1962), and Colwell (1963) and a number of investigations 
now underway.  Revisions may be necessary when all of the geochemical work on 
the rocks is complete.
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Over sulphide deposits, according to the same investigator, the lead contents 
increase to 2,000 ppm or more in the C horizons and in some cases exceed 11,000 
ppm in the B2 and C horizons. 

 
Lead was not detected in any of the normal stream and spring waters of the 

Bathurst area, indicating that the content is well below 0.001 ppm.  Traces of lead 
are present in the evaporated residues of most waters leaching the sulphide deposits, 
but only in the very acid waters (pH - 2.5) can lead be detected directly in the water.  
In these cases the lead content is rarely greater than 2 ppm. 

 
The lead content of the stream and spring sediments ranges from 5 to 3,300 

ppm with an average background value of about 25 ppm (Map 34-1965).  Near 
known lead deposits the values are generally high, and these diminish downstream 
from the deposits.  Higher than average contents of lead in the stream sediments are 
correlative with higher than average contents of zinc, copper, and arsenic in most 
streams, and with molybdenum in some streams.  Manganiferous stream sediments 
are generally high in lead as well as in barium and the other heavy metals. 

 
The dispersion of lead can be traced as follows: lead in galena and sulphosalts 

is relatively immobile, and most tends to accumulate as the sulphate (anglesite) or 
the carbonate (cerussite) or both, in the gossans of the sulphide deposits as a result 
of oxidation processes.  Small amounts of lead, probably as the sulphate or hydrogen 
carbonate, go into solution because of the slight solubility of these compounds.  Part 
of the lead is bound in beudantite in the gossans as a result of hydrolytic processes, 
some is adsorbed by limonite and other secondary minerals in the gossans, and the 
remainder migrates in the groundwaters. 

 
Lead in the country rocks and till probably goes into solution as the slightly 

soluble sulphate or hydrogen carbonate.  Part is adsorbed by clay minerals and other 
soil colloids; the remainder migrates in the groundwaters. 

 
On reaching the streams, some soluble lead is adsorbed by the sediment 

particles and some is adsorbed and/or coprecipitated by various organic and 
inorganic gels and colloids associated with the stream sediments.  Manganese oxides 
and hydrated oxides adsorb much lead for the same reasons as those given below for 
zinc.  The remainder of the lead migrates in solution to the sea. 

 
In general lead is less mobile than most other elements because of the low 

solubility of its compounds. 
 
 

DISPERSION OF ZINC 
 
The average zinc content of the rocks of the Bathurst district is about 55 ppm. 

The felsic volcanic rocks including g the quartz-feldspar augen schists average about 
40 ppm, the greenstones (mafic extrusives and intrusives) about 80 ppm, the various 
slates, greywackes, phyllites, and quartzites about 70 ppm, the granitic rocks about 
40 ppm, and the sandstones and siltstones of Carboniferous and Triassic age about 
25 ppm.  Certain 
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rocks such as the Nigadoo porphyry and some black pyritiferous schists are 
exceptionally high in zinc.  The former averages about 713 ppm Zn and the latter 
about 100 ppm Zn.  The sedimentary iron-formations are, likewise, relatively high in 
zinc, averaging about 85 ppm. 
 

The most common zinc mineral in the massive sulphide deposits, vein deposits, 
and replacement deposits in calcareous rocks is sphalerite.  Tetrahedrite also carries 
small amounts of zinc in some of the massive sulphide and vein deposits.  No 
supergene zinc minerals have been identified to date in the gossans and enriched 
zones of the massive sulphide and vein deposits.  The average tenor of zinc in the 
massive sulphide deposits is about 5 per cent.  In the vein deposits (Nigadoo type), 
the average zinc content is about 3 per cent.  The replacement deposits in calcareous 
rocks tend to be high in sphalerite and probably average more than 10 per cent zinc 
in most cases. 

 
According to Presant (in press), the average zinc content of the horizons of 

normal podsol profiles in the Bathurst district is as follows: 
 

Soil horizon Zinc content (ppm) 
A0 87 
A2 59 
B1 90 
B2 98 
C 98 

 
 

Over sulphide deposits, according to the same investigator, the zinc contents 
increase to values of 150 ppm or more in the C horizons and in some cases exceed 
1,000 ppm in both the B and C horizons. 

 
Zinc is one of the commonest of the heavy metals detected in the waters of the 

Bathurst area.  In groundwaters leaching the sulphide deposits the content of 
dissolved zinc is usually high, generally between 10 and 300 ppm with some values 
up to 1,200 ppm or more.  The zinc to copper ratios in the waters leaching the 
deposits range between 0.6 and 645 with most clustering around 26.  In the stream 
and river waters the zinc content ranges from 0.000 to 0.2 ppm; the background 
value is about 0.001 ppm.  Where copper was determined in some of the stream and 
river waters the zinc to copper ratio averages about 4. 

 
The zinc content of the stream and spring sediments ranges from 10 to 34,000 

ppm with an average background value of about 150 ppm (Map 35-1965).  Near 
known zinc deposits the values are generally high, but diminish downstream from 
the deposits.  Higher than average contents of zinc in the stream sediments are 
correlative with higher than average contents of lead, copper, arsenic, and antimony 
in most streams, and with molybdenum in some streams.  Higher than normal 
contents of zinc in the stream sediments are also generally correlative with higher 
than average contents of heavy metals (mainly zinc) in the stream water.  An 
exception to this is where the water is highly acid.  In this case adsorption of zinc on 
the stream sediment is inhibited.  Manganiferous stream sediments are generally 
high in zinc as well as barium and other heavy metals. 
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The dispersion of zinc can be traced as follows: as a result of oxidation and 
weathering, the element is released from its sulphide combinations in deposits (and 
presumably also from the various zinc-bearing minerals of the country rocks) as the 
soluble sulphate under acid to near neutral conditions.  Some of the zinc passes into 
the soils where it is coprecipitated with or adsorbed by clay minerals, and organic 
matter.  In the gossans it is adsorbed and/or coprecipitated by various basic 
sulphates, limonite, clay minerals, and other secondary products.  Much soluble zinc 
passes directly, via groundwater, into the streams of the area.  Here it enters a more 
alkaline environment, and some is either adsorbed directly by the stream sediment 
particles or adsorbed and/or coprecipitated by various inorganic and organic 
precipitates and gels which exist in a free state or coat the sediment particles.  
Particularly efficient in the latter process are the hydroxide and hydrated oxide gels 
and colloids of manganese.  These carry a negative charge and attract all cations, a 
feature that explains the enrichment of zinc in the manganiferous sediments. 

 
The remainder of the zinc migrates in solution to the sea. 
 

 
DISPERSION OF COPPER 

 
The average copper content of the rocks of the Bathurst district is about 20 

ppm.  The felsic volcanic rocks including the quartz-feldspar augen schists average 
about 10 ppm, the greenstones (mafic extrusives and intrusives) about 50 ppm, the 
various slates, greywackes, phyllites, and quartzites about 35 ppm, the granitic rocks 
about 9 ppm, and the sandstones and siltstones of Carboniferous and Triassic age 
less than 5 ppm.  The Nigadoo porphyry averages about 37 ppm Cu as calculated 
from 59 samples. 

 
The most common hypogene copper mineral in the sulphide deposits of the 

district is chalcopyrite.  Tetrahedrite occurs in small amounts in most of the massive 
sulphide and vein deposits.  Bornite is present in a few of the massive sulphide 
bodies but generally only in small amounts.  The principal supergene copper 
minerals are chalcocite, covellite, malachite, azurite, and rarely native copper.  The 
average tenor of copper in the massive sulphide deposits is about 0.5 per cent.  In the 
vein deposits (Nigadoo type) the average copper content is about 0.3 per cent. 

 
According to Presant (in press),the average copper content of the horizons of 

normal podsol profiles in the Bathurst district is as follows: 
 

Soil horizon Copper content (ppm) 
A0 11 
A2 7 
B1 10 
B2 16 
C 26 

 
 
Over sulphide deposits the copper contents increase in the B and C horizons to 
values ranging from 100 to 700 ppm. 
 

The copper content of the stream and river waters is low, generally less than 
0.005 ppm.  Where copper could be measured in stream  
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and river waters the zinc to copper ratio averages about 4.  The acid waters leaching 
the sulphide bodies have a copper content that ranges from 0.04 to 40 ppm; the near 
neutral and alkaline waters in the vicinity of the sulphide deposits have only low 
contents of copper, generally less than 0.005 ppm.  The zinc to copper ratios in the 
acid waters range between 0.6 and 645 with most clustering around 26. 

 
The copper content of stream and spring sediments ranges from less than 4 to 

4,000 ppm (Map 36-1965).  The average background value is about 12 ppm.  Near 
copper deposits the values are generally high, but diminish downstream from the 
deposits.  The dispersion pattern of copper is similar to that of lead and zinc in most 
streams and to nickel, arsenic, antimony, and barium in some streams.  
Manganiferous stream sediments tend to be enriched in copper as well as in barium 
and the other heavy metals.  Higher than normal contents of copper in the stream 
sediments are generally correlative with higher than average contents of heavy 
metals in the stream water. 

 
The dispersion of copper can be traced as follows:  in the sulphide deposits the 

copper in chalcopyrite and tetrahedrite goes into solution in the acid oxidizing 
waters principally as the sulphate.  Some copper may be deposited in the near 
surface parts of the gossans as malachite or azurite, some is deposited in the zones of 
reduction of the sulphide bodies as chalcocite and covellite, the remainder migrates 
in the groundwaters. 

 
The copper in the country rocks and till probably goes into solution either as 

the sulphate or as soluble carbonate complexes.  Part of this copper is adsorbed by 
clay minerals and other soil colloids; the remainder migrates in the groundwaters. 

 
On reaching the streams, some of the soluble copper is adsorbed by the 

sediment particles, and some is adsorbed and/or coprecipitated by various organic 
and inorganic gels and colloids associated with the stream sediments.  Manganese 
hydroxides and hydrated oxides adsorb much copper for the same reasons as those 
given for zinc.  The remainder of the copper migrates in solution to the sea. 

 
The mobility of copper is not as great as that of zinc, probably because the 

spring and stream waters are nearly neutral or slightly alkaline, a condition that tends 
to inhibit the migration of copper. 
 
 

DISPERSION OF ARSENIC 
 
Analyses of the country rocks for arsenic have not been done in any detail and 

hence it is not possible to give average values for the various rocks.  The arsenic 
content of most rocks in the district is low and of the order of 5 ppm.  The graphitic 
schists with abundant pyrite are higher with about 10 ppm As, and the Nigadoo 
porphyry is extremely high with an average content of 138 ppm.  Most arsenic in the 
rocks occurs in pyrite. 

 
The most common hypogene arsenic mineral in the sulphide deposits is 

arsenopyrite.  Small amounts of arsenic also occur in tetrahedrite and traces are 
present inmost of the sulphides.  The principal 
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supergene arsenic minerals in the gossans and oxidized parts of the sulphide bodies 
are scorodite and beudantite. 
 

According to Presant (in press), the average arsenic content of the horizons of 
normal podsol profiles in the Bathurst district is as follows: 

 
Soil horizon Arsenic content (ppm) 

A0 2 
A2 5 
B1 22 
B2 14 
C 11 

 
Over sulphide deposits, the arsenic contents increase to 190 ppm and in some cases 
may exceed 2,000 ppm in the B and C horizons. 
 

Preliminary analyses of the evaporated residues of waters leaching sulphide 
deposits indicate that the contents in the waters are low, in most cases less than 0.01 
ppm.  Some highly acid waters may be higher because these are precipitating basic 
salts of iron enriched in arsenic.  No analytical data on the arsenic content of the 
stream waters are available. 

 
The arsenic content of the stream and spring sediments ranges from less than 2 

ppm to 13,000 ppm (Map 37-1965).  The background values vary widely over the 
district; in many areas they are less than 2 ppm, in others 10 ppm or more and for the 
whole district an average of 7 ppm seems reasonable.  Near a number of known 
sulphide deposits the values are high in the stream sediments, but diminish 
downstream from the deposits.  Near other known sulphide bodies this pattern is not 
evident.  The dispersion pattern of arsenic is similar to that of lead, zinc, and copper 
in most streams, and to molybdenum and silver in some streams.  Manganiferous 
stream sediments tend to be enriched in arsenic as well as barium and the other 
heavy metals.  Higher than normal contents of arsenic in the stream sediments are 
correlative with higher than average contents of heavy metals in the water of a 
number of streams. 

 
The dispersion of arsenic can be traced as follows: in the sulphide deposits the 

arsenic in arsenopyrite and tetrahedrite probably goes into solution as ferric arsenate, 
as arsenites, or as arsenic sulphate.  All of these compounds are relatively insoluble 
or undergo rapid hydrolysis in the gossans with the precipitation of either ferric 
arsenate hydrate (scorodite) or the basic salt, beudantite, in the presence of soluble 
iron and lead.  Some of the soluble arsenic is adsorbed and/or coprecipitated by 
ferric hydroxide (limonite).  Only small amounts of arsenic leave the deposits in the 
groundwaters. 

 
The arsenic in the country rocks and till probably goes into solution as ferric 

arsenate, arsenic sulphate, or as alkali or alkaline earth arsenates.  Most of this 
soluble arsenic is quickly adsorbed and/or coprecipitated by ferric hydroxide and 
probably also by the various other soil colloids. Only infinitesimal amounts migrate 
in the groundwaters. 

 
On reaching the streams most of the arsenic is adsorbed and/or coprecipitated 

by various organic and inorganic gels and colloids in the  
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stream sediment, particularly ferric hydroxide.  Manganese hydroxides and hydrated 
oxides also adsorb and/or coprecipitate much arsenic as there is a general correlation 
of high arsenic contents with high manganese contents in the stream sediments.  
Only infinitesimal amounts of arsenic migrate in solution to the sea. 
 

 
DISPERSION OF ANTIMONY 

 
Analyses of the country rocks for antimony have not been done in any detail 

and hence it is impossible to give average values for the various rock types.  The 
antimony content of most rocks in the district is low, generally less than 1 ppm.  The 
graphitic schists with abundant pyrite are higher with values ranging up to 2ppm Sb.  
The Nigadoo porphyry is extremely high in antimony with an average value of about 
4.6 ppm.  Most of the antimony in the various rocks appears to be in pyrite. 

 
The most common hypogene antimony minerals in the sulphide deposits are 

tetrahedrite and boulangerite.  A few of the sulphide vein deposits contain 
jamesonite and traces of antimony occur in nearly all of the sulphide minerals in all 
types of deposits.  No supergene antimony minerals have yet been identified in the 
gossans and oxidized zones of the deposits. 

 
According to Presant (in press), the average antimony content of the horizons 

of normal podsol profiles in the Bathurst district is as follows: 
 

Soil horizon Antimony content (ppm) 
A0 2.2 
A2 2.3 
B1 2.4 
B2 1.6 
C 1.9 

 
Over sulphide deposits, the antimony contents of all soil horizons are greater than 5 
ppm and in some, such as the B2 and C, the contents may exceed 90 ppm. 

 
Some of the precipitates forming from the acid waters leaching the sulphide 

deposits contain trace to minor amounts of antimony.  Outside of this observation, 
no other data have been obtained on the antimony content of the natural waters of 
the district. 

 
The antimony content of the stream and spring sediments of the district ranges 

from less than 1 ppm to 70 ppm (Map 38-1965).  The background values vary widely 
over the district; in many areas they are less than 1 ppm, in others as high as 4 ppm.  
An average for the whole district of 3 ppm seems reasonable. Near a few known 
sulphide deposits the values are high in the stream sediments, and diminish 
downstream from the deposit.  Near other known sulphide bodies this pattern is not 
present.  The dispersion pattern of antimony is similar to that of arsenic, lead, zinc, 
and copper in some streams, but in others no such correlation is evident.  In a 
number of streams antimony is enriched where the manganese content of the stream 
sediment is high.  Such occurrences tend to be sporadic and are often isolated. 
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Judging from the limited data available the dispersion of antimony is probably 
as follows: in the sulphide deposits the antimony in tetrahedrite and other sulphides 
and sulphosalts probably goes into solution as antimony sulphate or as antimony 
trioxide in the acid waters.  In solution both compounds undergo rapid hydrolysis on 
dilution or neutralization and appear to be adsorbed and/or coprecipitated by ferric 
hydroxide (limonite), manganese hydroxide, and various basic salts and colloidal 
precipitates in the gossans and oxidized zones of the sulphide deposits.  Only 
infinitesimal amounts of antimony appear to leave the deposits in the groundwaters. 

 
Antimony taken into solution by the surface oxidizing waters from the country 

rocks and tills is probably mainly adsorbed and/or coprecipitated by ferric 
hydroxide, manganese hydroxide, and various other colloids in the soils.  Only 
infinitesimal amounts migrate in the groundwaters. 

 
On reaching the streams most of the antimony is adsorbed and/or 

coprecipitated by various organic and inorganic gels and colloids associated with the 
stream sediments.  Hydrated manganese oxides seem to be particularly effective in 
this respect because there is a general correlation of high antimony contents with 
high manganese contents in the stream sediments of numerous streams.  Only 
infinitesimal amounts of antimony migrate in solution to the sea. 
 
 

DISPERSION OF MOLYBDENUM 
 

The average molybdenum content of the rocks of the Bathurst district is about 
2 ppm (Tauchid, 1966).  The black pyritic schists are a little higher in molybdenum 
with an average content of about 6.5 ppm.  The contents in the granitic rocks and in 
the Nigadoo porphyry range from 1.2 to 8 ppm Mo. 

 
Most of the massive and vein sulphide ores of the district are low in 

molybdenum, containing values in the range of 3 to 38 ppm.  The Key Anacon 
deposit, which lies just south of the map-area, is enriched in molybdenum, 
containing up to 112 ppm in some samples of the ore.  Skarn type deposits in the 
Nicholas Dénys area, containing magnetite and chalcopyrite, tend to be enriched in 
molybdenum, and in some of these deposits molybdenite is visible. 

 
Molybdenite is the only mineral of molybdenum seen in the area. It occurs in 

three types of occurrences: 
 

1. As segregations of crystals, flakes, and rosettes associated with topaz, 
beryl, and quartz in the body of granitic rocks, e.g. Bathurst granite near Pabineau 
Lake. 

 
2. As disseminations and smears in quartz stringers and altered epidotized 

granite in or associated with fractures in granitic rocks, e.g. Nicholas Dénys and 
Antinouri Lake granitic stocks.  In these occurrences the molybdenite is generally 
associated with chalcopyrite, pyrite, and sphalerite. 
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3. As disseminations in skarn containing calc-silicates, magnetite, 
chalcopyrite, and pyrite.  Scheelite may accompany the molybdenite in places. 
 

The molybdenum content of the normal soils in the Bathurst district ranges 
from less than 0.2 to 4 ppm with an average of 1.2 ppm.  Over granitic bodies the 
contents are generally higher, with an average value of 2.0 ppm (Tauchid, 1964).  
Tungsten is also significantly enriched in some areas where the molybdenum content 
is anomalous as over granitic terrains or in the vicinity of skarn deposits.  The 
gossans overlying massive sulphide and vein sulphide deposits are enriched in 
molybdenum in some cases.  Values may exceed 25 ppm Mo.  In other cases, the 
molybdenum content of the gossans is about the same as that in the ore or lower. 
Manganiferous soils and gossans tend to be somewhat enriched in molybdenum, with 
contents up to 8 ppm. 

 
Data on the molybdenum contents of ground and stream waters are not 

available.  Analyses done on iron precipitates deposited from waters leaching the 
sulphide deposits contain up to 16 ppm Mo, indicating that small amounts of the 
element are migrating in the natural waters. 

 
The molybdenum content of the stream and spring sediments ranges from less 

than 1 ppm to 260 ppm (Map 39-1965).  The calculated average background value 
for the whole district is 2 ppm, but in some areas the background is less than 1 ppm.  
Only the Keymet deposit and some of the deposits associated with the Nicholas 
Dénys granitic stock show well developed, higher than normal, molybdenum 
dispersion trains in the stream sediments.  All of the granitic stocks and batholiths 
and associated metamorphic aureoles are marked by anomalously high molybdenum 
values in the stream sediments.  Of these, the Bathurst, Nicholas Dénys, and 
Antinouri Lake granitic bodies and their contact aureoles are known to contain 
molybdenite occurrences.  The Benjamin River body by analogy should also contain 
occurrences, although none was seen in the field. 

 
In the stream sediments, there is no constant correlation of molybdenum with 

any of the other elements except manganese.  In general, highly manganiferous 
sediments are enriched in molybdenum as well as in Pb, Zn, Cu, As, and Co. 

 
There are insufficient data to trace the dispersion of molybdenum accurately in 

the district.  Presumably the element is liberated from its site in country rocks and 
deposits either as soluble molybdenum oxy-sulphate complexes or as alkali 
molybdates.  In the gossans and soils, the soluble molybdenum is readily adsorbed 
and/or coprecipitated by ferric hydroxide as well as by manganese hydroxide, and 
probably also by numerous other secondary products.  Only small amounts migrate 
in the groundwaters to the streams.  In the latter, considerable coprecipitation and/or 
adsorption of the soluble molybdenum is brought about by the various organic and 
inorganic precipitates and gels, particularly those of manganese. 

 
 

DISPERSION OF TIN 
 

Few of the country rocks have been analyzed for tin, and average values for the 
various rock types are, therefore, only tentative.  The 
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various volcanic rocks, including both basic and acidic types, contain about 1 ppm 
Sn.  The augen schists have about the same quantity.  The sediments, especially the 
pyritiferous graphitic types, are a little higher with contents up to 5 ppm Sn.  The 
granitic rocks have variable contents of tin, ranging from 1 to 50 ppm. 

 
The sulphide deposits vary widely in their tin content, from 10 ppm to 4,000 

ppm Sn.  Much of the tin is associated with galena, chalcopyrite, and sphalerite, and 
some seems to accompany pyrite.  According to Aletan (1960), the tin is contained 
in stannite and cassiterite in the ores of the Brunswick Mining and Smelting 
orebodies.  Stannite is preferentially associated with chalcopyrite and sphalerite, and 
cassiterite accompanies pyrite and gangue minerals. 

 
Presant (in press),gives the following averages for the tin content of the 

horizons in the normal podsol profiles in the Bathurst district. 
 

Soil horizon Tin content (ppm) 
A0 2.3 
A2 5.5 
B1 3.4 
B2 3.9 
C 3.3 

 
Over sulphide bodies the content increases in practically all horizons, especially in 
the B and C horizons where amounts up to 100 ppm or more have been recorded. 

 
Tin occurs only in traces in some natural precipitates near sulphide deposits 

and thus appears to be relatively immobile in the natural waters of the district.  The 
stream sediments of the district, likewise, contain only very small amounts of the 
element, generally less than 10 ppm, the limit of detection by the spectrographic 
method employed in the survey.  The small stream draining the Nigadoo mine area 
contained 12 ppm Sn, and the Elmtree River downstream from Keymet mine 
contained up to 200 ppm Sn in places.  The only stream in virgin areas with any 
marked anomaly in tin is the south branch of the Elmtree River, northwest of Alcida, 
where tin contents range from 10 to 70 ppm.  Other anomalous tin contents in stream 
sediments are widely scattered, often isolated, and their significance is difficult to 
appraise. 

 
The field data on the content of tin in the stream sediments can be consulted in 

the open files of the Geological Survey. 
 
 

DISPERSION OF TUNGSTEN 
 

No data on the distribution of tungsten in the country rocks, soils, waters, 
oxidized zones, or gossans of the mineral deposits are available. 

 
The only tungsten mineral seen in the district is scheelite which occurs in small 

amounts in some of the skarn zones in the thermal aureole of the Nicholas Dénys 
granitic stock.  In these zones scheelite is associated  
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with calc-silicates, magnetite, chalcopyrite, and molybdenite. 
 
The tungsten content of the stream and spring sediments of the district ranges 

from less than 4 ppm, the limit of detection by the analytical method employed in the 
survey, up to 120 ppm (Map 40-1965).  The background for the district is less than 4 
ppm. 

 
Only a few streams have higher than normal amounts of tungsten in the stream 

sediments.  These include Stephens and Rocky Brooks and a number of other 
streams draining the area underlain by the Nicholas Dénys granite and its contact 
aureole, the lower reaches of Grants and Haché Brooks, Lake Brook, and the east 
and west forks of the upper reaches of the Belledune River.  A number of other 
slightly anomalous stretches also occur in the streams of the district, but these are 
generally isolated and do not seem to fit any pattern. 

 
There is a correlation between tungsten and molybdenum in the stream 

sediments of some areas but not in others.  Tungsten and arsenic also exhibit a 
correlation in some streams.  Highly manganiferous sediments frequently contain 
higher than normal amounts of tungsten. 

 
The details of the dispersion of tungsten cannot be traced with any degree of 

confidence because of the lack of critical data. Presumably the element migrates in 
the supergene cycle in two ways -in very fine detrital scheelite and in solution, 
probably as alkali tungstates or as a variety of complex polyanions.  From solution 
much of the tungsten appears to be adsorbed and/or coprecipitated by the inorganic 
and organic gels associated with the stream sediment. Manganese hydroxide and 
hydrated oxides appear to be particularly efficient in this respect. 
 
 

DISPERSION OF SILVER 
 

The available data on the silver content of the country rocks of the Bathurst 
district are too few to give any average value for the rocks.  The analyses that have 
been done show that rocks such as the augen schists, basic intrusives, and sediments 
are all low in the element, with contents in the range of 0.1 to 0.3 ppm.  The 
Nigadoo porphyry is enriched in silver, having an average content of 0.95 ppm 
calculated from 41 composite samples. 

 
The most common silver-bearing minerals in the sulphide deposits of the 

district are galena and tetrahedrite.  Traces of silver are present in other sulphides, 
particularly sphalerite and chalcopyrite.  Native silver occurs as a supergene mineral 
in some of the oxidized parts of the sulphide deposits, and silver is significantly 
enriched in jarosite and beudantite in the gossans and soils of the Brunswick No. 6 
and other deposits. 

 
According to Presant (in press), the average silver content of the horizons of 

normal podsol profiles in the Bathurst district is as follows: 
 

Soil horizon Silver content (ppm) 
A0 1.6 
A2 0.4 
B1 0.3 
B2 0.3 
C 0.3 
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Over sulphide deposits, the silver contents of all soil horizons are greater than 2 ppm 
and in some horizons, such as the A2 and B2 horizons, may exceed 18 ppm. 

 
Some of the precipitates deposited from acid waters leaching sulphide deposits 

contain traces of silver but no other data have been obtained on the silver content of 
the natural waters of the district. 

 
The silver content of the stream sediments ranges from less than 0.5 ppm, the 

limit of detection by the spectrographic method used in the survey, to 200 ppm (Map 
41-1965).  The background for the district is less than 0.5 ppm.  Near a few of the 
known sulphide deposits the silver content of the stream sediments is high, and there 
is a gradual decrease downstream from the deposits.  Near other known sulphide 
bodies this pattern is not present.  A number of the dispersion trains of silver exceed 
a mile in length; others are short and often isolated.  There is a general correlation of 
silver and arsenic in the stream sediments and a frequent correlation of silver with 
lead, zinc, copper, and manganese.  Certain highly manganiferous sediments tend to 
be high in silver, and there is an indication in some areas that the element is 
concentrated by organic matter (humus). 

 
There are insufficient data to trace the dispersion of silver accurately in the 

district.  Presumably the element is released from the minerals of the country rocks 
and deposits either as soluble silver sulphate or as silver hydrogen carbonate or some 
other soluble complex.  In the gossans and soils most soluble silver is probably 
quickly precipitated by ferrous salts and adsorbed and/or coprecipitated by ferric 
hydroxide and manganese dioxide.  Some silver is taken into the structure of various 
secondary minerals, particularly jarosite and beudantite in the gossans, and some is 
precipitated with chalcocite in the zones of reduction of the sulphide bodies.  Only 
small amounts migrate in the groundwaters to the streams. In the latter, considerable 
coprecipitation and/or adsorption of the soluble silver is effected by the various 
organic and inorganic precipitates and gels associated with the stream sediments.  
Manganese hydroxide, hydrated oxides and various humic complexes are 
particularly effective in this respect. 
 
 

DISPERSION OF NICKEL 
 

The nickel content of the rocks of the Bathurst district averages about 15 ppm.  
The mafic intrusives are slightly higher with 17 ppm and the granites slightly lower 
with about 10 ppm.  The sulphide ores are generally low in nickel, with contents 
ranging from 30 to 250 ppm.  There are two reported occurrences of nickel minerals 
in the district. 

 
No data are available on the nickel content of the soils, gossans, and natural 

waters. 
 
The nickel content of the stream sediments ranges from less than 2 to 300 ppm 

(Map 42-1965).  The average background value is about 45 ppm, but this is variable, 
being as low as 20 ppm in some areas and as high as 60 ppm in others.  With the 
exception of the Armstrong Brook deposit, most known sulphide deposits are not 
marked by anomalous trains of nickel in the stream sediments.  This suggests that 
nickel in stream  
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sediments is a poor indicator for the prevalent massive lead-zinc-copper sulphide 
deposits. 
 

Higher than normal contents of nickel in the stream sediments are often 
correlative with those for chromium, and together the two elements may reflect the 
presence of basic and ultrabasic bodies.  An example is found where a tributary of 
Rocky Brook crosses or flows along serpentinized peridotite, one mile southeast of 
Massabielle.  Sediments that are enriched in manganese are, likewise, frequently 
high in nickel and this may produce an indirect but positive correlation with a 
number of other heavy metals such as Cu, Zn, Co, Mo, As, and Ba which are also 
concentrated by manganese hydroxides and hydrated oxides. 

 
The dispersion of nickel can be traced in only a general way because of the 

lack of critical data.  Presumably nickel is liberated from most of the rocks and 
sulphide deposits as soluble nickel sulphate.  From the ultrabasic rocks it may be 
liberated as nickel-bearing hydrous silicates or as minute pellets of a variety of Ni-
Fe alloys.  From solution much of the nickel appears to be adsorbed and/or 
coprecipitated by the inorganic and organic gels associated with the stream sediment. 
Manganese hydroxide and hydrated oxides appear particularly efficient in this 
respect. 
 
 

DISPERSION OF COBALT 
 

No data on the cobalt content of the rocks, soils, gossans, and natural waters of 
the Bathurst district are available.  A few analyses of the sulphide ores show a range 
in cobalt content of from 100 to 3,500 ppm.  Linnaeite (C03S4) has been recognized 
in one of the deposits. 

 
The cobalt content of the stream sediments ranges from less than 10 ppm to 

700 ppm.  The average background value is about 20 ppm, but this is variable, being 
less than 10 ppm in some areas and as high as 30 ppm in others.  With the exception 
of the Armstrong Brook deposit most known sulphide deposits are not marked by 
distinctive anomalous trains of cobalt in the stream sediments.  This suggests that 
cobalt in stream sediments is a poor indicator for the massive lead-zinc-copper 
sulphide deposits common in the district. 

 
The correlation of cobalt and other heavy metals in the stream sediments is 

erratic.  In some areas there is a parallel correlation with Ni, Cr, Mo, As, Ag, Zn, and 
Cu.  Sediments enriched in manganese are, likewise, frequently high in cobalt as 
well as in a number of other heavy metals.  This feature may be the reason for the 
parallel correlation of cobalt with the heavy metals mentioned above.  If so, the 
correlation is an indirect one. 

 
Streams with higher than normal contents of cobalt include the following: 

Eddy Brook and its tributaries, stretches of Roughwater Brook, stretches of Six Mile 
Brook, Cherry Brook and some of its tributaries, Armstrong Brook, Prairie Brook, 
and the middle reaches of Elmtree River.  In addition, there are numerous isolated 
points on several streams where cobalt values in the stream sediments are high, but 
where there are no distinctive downstream trains.  Many of these correlate with 
manganese, and hence the concentration of cobalt may be due to the effects of 
adsorption  
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or coprecipitation or both by manganese hydroxide. 
 

The field data on the content of cobalt in the stream sediments are available in 
the open files of the Geological Survey. 

 
Only a few general remarks on the dispersion of cobalt can be made because of 

the lack of critical data on the content of the element in the rocks, deposits, soils, 
and waters.  Presumably cobalt is liberated from most of the rocks and sulphide 
deposits as soluble cobalt sulphate.  From solution much of the cobalt appears to be 
adsorbed and/or coprecipitated by the inorganic and organic gels associated with the 
stream sediment.  Manganese hydroxide and hydrated oxides appear to be 
particularly efficient in this respect. 
 
 

DISPERSION OF CHROMIUM 
 
The average chromium content of the Bathurst district rocks is about 50 ppm.  

The felsic volcanic rocks, including the quartz-feldspar augen schists, average about 
40 ppm, the greenstones (mafic extrusives and intrusives) about 70 ppm, the various 
slates, greywackes, phyllites, and quartzites about 75 ppm, the granitic rocks about 
20 ppm, and the sandstones and siltstones of Carboniferous and Triassic age about 
30 ppm. 

 
No data are available on the chromium content of the soils, sulphide deposits, 

gossans, and natural waters.  There are no reported occurrences of chromite and 
other chromium minerals in the area. 

 
The chromium content of the stream sediments ranges from less than 10 to 700 

ppm.  The average background value is about 50 ppm, but this is variable, being as 
low as 30 ppm in some areas and as high as 70 ppm in others. 

 
Higher than normal contents of chromium in the stream sediments are often 

correlative with those for nickel and cobalt, and the three elements may reflect the 
presence of basic and ultrabasic bodies.  An example of this is found in Rocky Brook 
and one of its tributaries where they cross or flow along a serpentinized peridotite 
one mile southeast of Massabielle.  Sediments that are enriched in manganese are, 
likewise, frequently high in chromium.  This feature may produce an indirect 
correlation with a number of other heavy metals such as Cu, Zn, Co, Mo, As, and 
Ba, all of which are concentrated in places by manganese hydroxides and oxides. 

 
There are higher than normal amounts of chromium in Grants Brook, stretches 

of Middle River and Six Mile Brook, stretches of Little River and some of its 
tributaries, a number of the tributaries of the Tetagouche River, Rocky Brook, some 
of the tributaries of Elmtree River, Fournier Brook, stretches, of Belledune River, 
and stretches of Nash Creek.  In addition there are numerous isolated points on 
several streams where chromium values in the stream sediments are high, but where 
there are no distinctive downstream trains. 

 
Field data on the content of chromium in stream sediments can be consulted in 

the open files of the Geological Survey. 
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Only general remarks on the dispersion of chromium can be made because of 
the lack of critical data on the content of the element in the soils and waters.  
Presumably in some cases chromium is liberated from its host rocks as a soluble 
chromate.  Elsewhere it probably migrates in silt sized resistates such as magnetite 
and chromite, the latter particularly where ultrabasic rocks occur.  From solution 
much of the chromium appears to be adsorbed and/or coprecipitated by the inorganic 
and organic gels associated with the stream sediment.  Manganese hydroxides and 
hydrated oxides appear to be particularly efficient in this respect. 
 
 

DISPERSION OF BARIUM 
 
The average barium content of the rocks of the Bathurst district is about 800 

ppm.  The felsic volcanic rocks, including the quartz-feldspar augen schists, average 
about 2,400 ppm, the greenstones (mafic extrusives and intrusives) about 400 ppm, 
the various slates, greywackes, phyllites, and quartzites about 400 ppm, the granitic 
rocks about 2,000 ppm, and the sandstones and siltstones of Carboniferous and 
Triassic age about 250 ppm. 

 
Barite is a minor mineral in some of the massive sulphide deposits and has 

been noted in small quantities in a few vein deposits.  Small clusters of barite 
crystals also occur in some of the gossans of the sulphide deposits. 

 
No data are available on the barium content of the soils, gossans, and natural 

waters. 
 
The barium content of the stream sediments ranges from 50 to 4,000 ppm (Map 

43-1965).  The average background value is about 350 ppm, but this is variable 
being as low as 200 ppm in some areas and as high as 500 ppm or more in others.  
The known sulphide deposits are not marked by distinctive anomalous trains of 
barium in the stream sediments. 

 
Stream sediments that are enriched in manganese are, likewise, frequently high 

in barium.  There is also a correlation of barium with Cu, Pb, Zn, Ni, Co, As, and Ag 
in some streams, probably as the result of the coprecipitation and/or adsorption of 
these elements and barium by manganese hydroxides and hydrated oxides. 

 
The barium in the stream sediments appears to be largely derived from the 

weathering of the country rocks.  Probably only small amounts are contributed by 
the sulphide and other deposits of the district.  Presumably barium is released from 
the country rocks as the slightly soluble barium hydrogen carbonate, as barium 
chloride, as the sparingly soluble sulphate, or as some soluble complex.  Some 
barium is probably also contributed to the stream sediments as barium-bearing clay 
minerals and resistant feldspars.  Much of the barium is strongly adsorbed from 
solution by clay minerals and other silt particles in the stream sediments and 
adsorbed and/or coprecipitated by inorganic and organic gels associated with the 
stream sediment.  Manganese hydroxides and hydrated oxides are particularly 
efficient in concentrating barium by coprecipitation and adsorption, but this is not 
unexpected since many wads are greatly enriched in barium, and the mineral 
psilomelane is a basic oxide of barium and manganese. 
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DISPERSION OF MANGANESE 
 
The average manganese content of the rocks of the Bathurst district is about 

1,500 ppm.  The felsic volcanic rocks, including the quartz-feldspar augen schists, 
average about 1,700 ppm, the greenstones (mafic extrusives and intrusives) about 
3,600 ppm, the various slates, greywackes, phyllites, and quartzites about 2,500 
ppm, the granitic rocks about 1,200 ppm, and the sandstones and siltstones of 
Carboniferous and Triassic age about 700 ppm. 

 
The manganese content of the massive, vein and disseminated sulphide 

deposits is low, generally less than 500 ppm.  Most manganese appears to be in 
carbonates, pyrite, and sphalerite.  Manganite occurs in quartz veins at Tetagouche 
Falls on the Tetagouche River, and wad or bog manganese has been reported on 
Little River. 

 
According to Presant (in press), the average manganese content of the horizons 

of normal podsol profiles in the Bathurst district is as follows; 
 

Soil horizon Manganese content (ppm) 
A0 680 
A2 350 
B1 570 
B2 610 
C 800 

 
In the acid soils, such as those that overlie the Brunswick No. 6 deposit (pH-3), most 
of the manganese is leached out, the amounts remaining being less than 100 ppm in 
most cases.  Where the soils are more neutral, as over the Nigadoo deposit (pH-5-6), 
the manganese contents tend to be high ranging from 400 to 2,000 ppm or more.  
The gossans and iron-rich oxidized zones of some sulphide deposits are greatly 
enriched in manganese, containing up to 4,000 ppm or more.  In the gossans of other 
deposits the manganese content is relatively low (~150 ppm). 
 

Acid waters leaching the massive sulphide deposits contain up to 54 ppm Mn 
(Table 2).  With decreasing acidity the contents are much lower (3.5 - 0.08 ppm).  
Normal spring and stream waters with pH's around the neutral point are very low in 
manganese, generally less than 0.05 ppm. 

 
The manganese content of the stream sediments ranges from 20 ppm to greater 

than 10,000 ppm (Map 44-1965).  The average background is variable, but is 
probably about 1,000 ppm for most areas.  The dispersion trains are generally not 
uniform, and there are many isolated samples that are greatly enriched in the 
element.  Many of these occur in the boggy parts of streams, in streams with a low 
gradient, or in parts of streams that are strongly aerated. 

 
The dispersion of manganese can be traced as follows; during weathering the 

manganese in the country rocks, tills, and sulphide deposits is probably released to 
the circulating meteoric waters as manganese hydrogen carbonate or as the sulphate.  
Some manganese is precipitated in the soils as the hydroxides or hydrated oxides 
because of decreases in  
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acidity and increases in oxidation potential during soil formation.  As the gossans 
develop much manganese is precipitated as the result of the neutralization of the acid 
waters and increase in oxidation potential.  Coprecipitation by ferric hydroxide is 
probably also effective in precipitating much manganese in the gossan. 

 
Small amounts of manganese migrate in the groundwaters and are delivered 

through springs to the streams of the district.  As a result of the increased oxidation 
potential in the stream waters, due in part to aeration, much manganese is 
precipitated as a hydroxide or hydrous oxide gel which ages to form wad in the 
stream sediment. Some manganese is probably also precipitated by organic agencies 
in the form of hydroxide gels.  These manganese gels tend to adsorb and/or 
coprecipitate most of the heavy metals, including Ba, Ni, Co, Cu, Pb, Zn, As, Sb, 
and Ag, thus producing a general enrichment of these elements in the stream 
sediments where the manganese content is high.  This phenomena may produce 
spurious anomalies, a feature that must be carefully considered in the evaluation of 
the heavy metal content of stream sediments. 
 
 

SUMMARY AND CONCLUSIONS 
 

The Bathurst-Jacquet River district is underlain mainly by rocks of Ordovician, 
Silurian, Devonian, and Pennsylvanian age. 

 
South of a line following Millstream River and westward through Tetagouche 

Lakes, the area is underlain mainly by the Ordovician Tetagouche Group comprising 
a series of complexly folded and sheared metasediments, metavolcanics, and 
metabasic intrusives.  These are intruded south of Bathurst by a granitic mass. 

 
North of Millstream River the rocks are mainly of Ordovician, Silurian, and 

Devonian age.  The Elmtree Group, of probable Ordovician age, is composed of 
folded and contorted metasediments and some metavolcanics which are intruded by a 
granitic stock in the vicinity of Antinouri Lake.  The Silurian and Devonian rocks 
comprise both sediments and volcanics that in places are faulted, gently folded, and 
on the whole are less metamorphosed than the older rocks in the district.  In the 
Nicholas Denys area the Silurian rocks are intruded by a granitic stock that has an 
associated metamorphic aureole in which the rocks are mainly hornfels and skarn.  
Another granitic stock intrudes Silurian volcanic rocks along South Benjamin River. 

 
East of Nepisiguit River, the area is underlain by the Pennsylvanian Bathurst 

Formation.  These rocks are mainly siltstones, sandstones, grits, and conglomerates. 
 
Flat-lying conglomerates and sandstones (Bonaventure Formation) probably of 

Triassic age, underlie Heron Island and fringe the coast in the Jacquet River area. 
 
Glacial till, sand, and gravel mantle the whole district, and Recent post-glacial 

sands and clays cover much of the area around Bathurst Harbour and occur in the 
shore section at Jacquet River.  
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The principal mineral deposits in the area are massive, vein, and disseminated 
deposits containing essentially iron, zinc, lead, and copper sulphides.  Molybdenite 
occurrences are associated with the Bathurst, Nicholas Dénys, and Antinouri Lake 
granitic bodies. 

 
The pH and heavy metal content (mainly zinc) of stream and spring waters 

have been determined throughout the district.  The waters leaching the sulphide 
bodies are highly acid (pH 2.5 - 6.0), whereas the waters traversing till and sand, and 
those in the majority of springs and streams, are nearly neutral (pH 6-8).  Most of the 
known sulphide bodies are indicated by higher than average amounts of heavy 
metals in the nearby streams.  Numerous other anomalies occur in the waters 
throughout the district; these merit further investigation. 

 
The cold-extractable heavy metal content of the stream and spring sediments 

has been determined in all stream systems of the district.  Most of the known 
sulphide bodies are indicated by higher than average amounts of cold-extractable 
heavy metals in the nearby streams.  Numerous other anomalies in the stream 
sediments occur throughout the district; these merit further investigation.  There is a 
general correlation of the results obtained from the cold-extractable heavy metal 
content of the stream sediments with those obtained from the water survey. 

 
The stream and spring sediments in all stream systems of the district have been 

analyzed for total Pb, Zn, Cu, As, Sb, Mo, Sn, W, Ag, Ni, Co, Cr, Ba, and Mn, and 
the dispersion of these elements has been discussed.  The salient points follow. 

 
The background for each element exhibits variations throughout the district, 

and these appear to depend on the underlying rocks.  This feature is most noticeable 
when comparing the chemical data on the stream sediments in the area underlain by 
Pennsylvanian sandstones with those obtained from areas underlain by Ordovician, 
Silurian, and Devonian rocks. In addition, there are often local variations in the 
background and even in individual stream systems.  They may be due to the 
influence of bedrock, proximity to deposits or sparsely mineralized rocks, or to 
concentrations of strongly adsorbing gels, particularly those of manganese hydroxide 
and hydrated oxides. 

 
There is a general correlation of the Pb, Zn, Cu, As, and Sb contents of the 

stream sediments in nearly all stream systems.  Silver correlates best with arsenic, 
and there is also a frequent correlation of silver with Pb, Zn, Cu, and Sb in some 
stream systems.  The tin content of the stream sediments is too low, and the 
dispersion of the element too erratic, to observe any correlations. 

 
There is no general correlation of the molybdenum contents of the stream 

sediments with any other elements except tungsten, and this is evident only in 
certain areas.  Tungsten exhibits a correlation with arsenic in some streams. 

 
Higher than normal amounts of nickel in the stream sediments are often 

correlative with those for cobalt and chromium.  All three elements show a weak 
correlation with Cu, Zn, Mo, As, and Ba in some streams. 
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Barium correlates best with manganese. 
 
Pb, Zn, Cu, As, and Sb exhibit somewhat similar dispersion characteristics, 

although the details are often different.  Most of the known sulphide bodies in the 
district are marked by higher than normal contents of Pb, Zn, and Cu in the nearby 
stream sediments.  Only some of the sulphide bodies are reflected by higher than 
normal contents of arsenic, and a few are marked by above average contents of 
antimony in the nearby stream sediments.  Numerous anomalies in the Pb, Zn, Cu, 
As, and Sb content of the stream sediment occur throughout the district. These merit 
further investigation. 

 
Many streams draining areas underlain by granitic stocks and batholiths and 

their associated metamorphic aureoles contain above normal amounts of 
molybdenum.  Tungsten exhibits a similar behaviour in a few areas. 

 
In certain streams, the nickel and chromium content of the stream sediments 

reflects the presence of a serpentinized peridotite body. 
 
Stream sediments enriched in manganese are frequently enriched in all of the 

elements determined in the survey.  This is the result of the strong adsorptive 
capacity of manganese hydroxide and hydrated oxides.  Due attention should be 
taken of this feature when assessing the significance of all anomalies appearing on 
the geochemical maps that accompany this report. 
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PROJECT: AREA: PHOTO: COLLECTOR: DATE:
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ROCK TYPE Eh-mv pH T° TM SED

ZONE X (EAST) Y (NORTH) MAT TYPE AGE G.S.C. NUMBER TM .WATER

41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80

GEOCHEMICAL FIELD CARD – MTS 157

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80

REMARKS:

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80

REMARKS:

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80

REMARKS:

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80

REMARKS:

 
Figure 1. Geochemical field card (front view) 

 
 

COLORIMETRIC ANALYSES SPEC. ANALYSES H20
ANALYSES

SAMPLE
NUMBER

TM
H2O

TM
SEDS Zn Cu Pb As Sb Mo W Mn Ba Cr Ni Co Sn Ag SO4 Cl

1.

2.

3.

4.

Figure 2.  Geochemical field card (back view) 
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APPENDIX I 
 
 

DESCRIPTION OF FIELD CARD AND CODING SYSTEM 
FOR WATER AND STREAM SEDIMENTS 

 
The field card (Figs. 1, 2, 3) measures 5 x 10 inches and fits into Mines and Technical 

Survey's snap-on cover field books 1.  The card consists of three sheets.  The base of the card is 
heavy firm paper or light cardboard, the top sheet is a strong, light, flexible paper, and the two 
are separated by a thin carbon.  Both cards are colour toned for ease in reading.  The base copy 
is retained by the field party, and the top copy sent to the computer centre where the coded 
information is punched on cards. 

 
The data recorded on the field card and the coding system used are described in the table 

below and shown in Figures 1, 2, and 3. 
 
A six figure sample number conveys considerable information.  It identifies the man that 

collected the sample, the type of sample, and permits collection of 9,999 samples by one 
sampler, a more than adequate allotment for a season or project.  The coding system for flow 
rate and water level from small to large numbers corresponding respectively with 
 
 

1 Zip Binder No. SP. 1069 MacMillan; available from Office Appliances Company 
Limited, 270 Queen Street, Ottawa, Ontario 

 
 
 
 

 
COLS FIELD SPECIFICATIONS DIGITS COLS FIELD SPECIFICATIONS DIGITS

19 COLOUR OF SEDIMEMT – ranked 1-9 X
1-6

SAMPLE NO.-First 4 digits = sample no.
-5th digit = sample type
-6th digit = party no.

XX X6

7-9 STREAM WIDTH – in feet XXX
20-24

SEDIMENT SIZE ANALYSIS – field estimate,
estimates ranked from 1 to 9 for each of
gravel, sand, silt, clay and organic,
totalling 10

XXXXX

10-12 STREAM DEPTH – in feet .X to
XX.X 25-28 BEDROCK TYPE – Mnemonic Code XXXX

29-32 Eh OF WATER - -600 to +600 in millivolts ±XXX

33-34 pH OF WATER – 0 to 99 X.X13

RATE OF FLOW –No flow = 0
-Slow = 1
-Moderate= 2
-Rapid = 3

X

35-36 TEMPERATURE OF WATER – 0 to 99 XX

37 MAP NUMBER

14

WATER LEVEL – Dry = 0
- Low = 1
- Average = 2
- High = 3

X

38-40 TOTAL METAL (cold extractable) in sediment
(ppm) XXX

41-42 U.T.M. Zone XX
43-56 COORDINATES XXX...X14

57-58 MATERIALS CLASSIFICATION (preprinted) XX
15

TURBIDITY AND COLOUR OF WATER
- Clear = 1
- Red = 2
- Brown = 3
- Etc. – ranked from 1 to 9

X

15 COLOUR–of precipitation or stain-ranked 1
to 9 X

17

SEDIMENT TYPE 0 = Dry stream bed
(ENVIRONMENT) 1 = Active – below water
level

2 = Active – water level
3 = Active – above
4 = Bank

X

59-60

TYPE OF SAMPLE
1 = Water and sediment sample
2 = Water sample only
3 = Sediment sample only
4 = Spring and sediment sample
5 = Spring sample only
6 = Spring sediment sample
7 = Heavy mineral, water and sediment

sample

XX

61-62 STRATIGRAPHIC AGE (preprinted) XX

63-73 G.S.C. NUMBER XXX...XX11
18

SAMPLE LOCATION – stream profile
1 = Right bank
2 = Mid-stream
3 = Left bank

X

74-80 TOTAL METAL – in water (ppm) XXX.XXXX

 
 Figure 3. Geochemical field card (legend) 
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slow and fast flow rates and low and high water levels was chosen for easy retention 
and suggestiveness.  Similarly, identical coding systems to describe the colour of 
precipitates, sediments, and water were adopted for easy retention.  A mnemonic 
system for recording rock types was found to be more useful than a number system. 

 
A card containing the fundamentals of the coding system (Fig. 3), and which 

fits into the same notebook as the sample card, was issued to each sampler for 
reference. 

 
Certain parts of the card (generally blocks associated with specific information 

such as width of stream) are shaded to facilitate location within the card.  Decimal 
points, where required, are preprinted. 

 
The sample number, coordinates, and metal content of sediments and water are 

on either edge of the card for easy reference, since this is the information most 
commonly referred to in later use.  For purposes of convenience the specific content 
(laboratory results) of the sediments or water are recorded on the back of the card 
(Fig. 2). 
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Columns Digits Field Specification System Comments and/or Examples 

1-6 xxx-x6 sample number 
last four digits=sample number 
second digit = sample type 
first digit=field party number 

410729 – 0729 indicates sample 
number, 1 indicates a sediment 
sample, 4 indicates sample collected 
by field party number four. 

    
7-9 xxx stream width in feet estimate only 

    
10-12 xx.x stream depth in feet estimated to nearest tenth of a foot 

    
13 x flow rate of water 

0 = not flowing 
1 = slow 
2 = moderate 
3 = fast 

estimate only 

14 x water level 
0 = dry 
1 = low 
2 = average 
3 = high 

estimate only 

15 x turbidity and colour of water 
1 – clear  5 – black 
2 – red  6 – white 
3 – brown  7 – orange 
4 – grey  8 – yellow 

colour of turbid material in water, a 
number 2 or greater indicates water 
is turbid 

16 x colour of precipitate or stain 
1 – green  5 – black 
2 – red  6 – white 
3 – brown  7 – orange 
4 – grey  8 – yellow 

colour of precipitate or stain on 
boulders or stream bottom 

17 x environment sediment collected 
from 
0 – dry stream bed 
1 – active, below water level 
2 – active, at water level 
3 – active, above water level 
4 – bank 

 
 
an active sample from above the 
water level is one in which 
sediments have recently been in 
contact with water in a stream 
where the water level is falling 

18 x sample location in stream profile 
1 – right bank 
2 – mid stream 
3 – left bank 

 

19 x colour of sediment ranked 1-8 same coding system as colour of 
precipitate, column 16 

    
20-24 xxxxx sediment size analysis, estimate 

ranked from 1 – 9 for each of 
gravel, sand, silt, clay, and 
organic material, totalling 10 

field estimate; a sample containing 
10% gravel, 20%sand, 50% silt, 
10% clay, and 10% organic material 
would read1-2-5-1-1 in columns  
20 – 24 respectively. 
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25 – 28 xxxx rock type locally drained by 
stream, 
mnemonic code used 
example ANDS - andesite 
  GRNT – granite 
  SHLE – shale 
  ALLV - alluvium 

mnemonic code adapted is code used 
throughout Geological Survey of 
Canada 

29 – 32 xxxx Eh of water 
-600 to +600 in millivolts 

 

33 – 34 x.x pH of water 
     0 – 9.9 

 

35 – 36 xx temperature of water 
    0 – 99 

 

37 x number of map in which sample 
is collected 
     coded 1 - 9 

each map sheet on a project is assigned 
a reference number 

38 – 40 xxx total cold extractable metal in 
sediment in ppm 
   0 – 20 ppm 
   >20 ppm = –20 

samples titrated to 20 ppm only 

41 – 42 xx universal transverse mercator 
grid zone number 

used by Geological Survey of Canada 
for general location of samples 

    
43 – 56 xxx---x14 coordinates of station use universal transverse mercator grid 

system, permits measurement to 
nearest meter, special romer designed 
for easy measurement 

    
57 – 58 xx materials classification 

Ex. 20 = sedimentary rock 
      30 = heavy mineral sample 
      50 = unconsolidated material 
      60 = water sample 

general material classification used to 
Geological Survey of Canada 

59 – 60 xx type of sample collected or 
analyzed at station 
1 = water and sediment sample 
2 = water sample only 
3 = sediment sample only 
4 = spring water and sediment 
      sample 
5 = spring water sample 
6 = spring sediment sample 
7 = heavy mineral, water, and 
sediment sample 

some overlap in reference to columns 
57 and 58, latter not considered 
specific enough 

61 – 62 xx stratigraphic age 
Ex. 24 = Permian 
 42 = Tertiary 
 44 = Quaternary 

required information on all  
Geological Survey of Canada 
specimens 

63 – 73 xxx – xx11 Geological Survey of Canada 
sample number 

all stations or samples assigned a 
Geological Survey of Canada number 

74 – 80 xxx – x7 total metal-zinc equivalent in 
water, ppm 

parts per billion could be used 
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