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AN INTEGRATED GEOLOGICAL, GEOCHEMICAL, 
AND GEOPHYSICAL INVESTIGATION OF URANIUM 

MET ALLOGENESIS IN SELECTED GRANITIC PLUTONS 
OF THE MIRAMICHI ANTICLINORIUM, 

NEW BRUNSWICK 

Abstract 

Integrated geological, geochemical, and geophysical data for the posttectonic granitic rocks of the 
North Pole, Burnthill, Dungarvon , Trout Brook, and Rocky Brook plutons and surrounding areas were 
examined to assess their potential for uranium mineralization. Geological, geochemical, and geophysical 
criteria that are thought to he useful guides for uranium exploration were also established for the host 
granites. 

The granitic plutons were emplaced discordantly, late in the tectonomagmatic sequence and at 
shallow depths within the metasedimentary rocks of the Miramichi Anticlinorium. Geochemically, the host 
granites are highly evolved (Si02 > 75 wt. %), peraluminous and have strong similarities with 
ilmenite-series 'S-type' and 'A-type' granitoids. Uranium occurrences are spatially and perhaps 
temporally associated with late-phase differentiates of the plutons where elevated levels of other 
lithophile elements such as Sn, W, Mo, and F were also detected. Geophysically, the granitic plutons are 
associated with distinctively high aeroradiometric eU, eTh, and K anomalies that coincide with strong 
negative Bouguer anomalies and low magnetic values. 

Conceptual models involving magmatic and hydrothermal processes have been adopted to explain 
the concentration of uranium and associated metals in the granitic plutons. 

Resume 

Des donnees geologiques, geochimiques et geophysiques integrees sur les roches granitiques post
tectoniques des plutons de North Pole, de Burnthill, de Dungarvon, de Trout Brook et de Rocky Brook 
et des zones avoisinantes ont ete analysees dans le but d' evaluer leur potentiel de mineralisation en 
uranium. Des criteres geologiques, geochimiques et geophysiques que I' on considere utiles pour 
I' exploration de I' uranium ont egalement ete etablis pour les granites encaissants. 

Les plutons granitiques ant ete mis en place en discordance, a la fin de la sequence tectono
magmatique et a faible profondeur au sein des roches metasedimentaires de I' antic/inorium de 
Miramichi. Geochimiquement, les granites encaissants sont tres evolues (Si02 > 75 % poids), 
hyperalumineux et presentent de fortes ressemblances avec les granitoi'des de «type S» et de «type A» 
de la serie des ilmenites. Les venues d' uranium sont associees, spatialement et peut-etre temporellement, 
aux produits de differenciation de phase tardive des plutons ou des concentrations elevees d' autres 
elements lithophiles, comme Sn, W, Mo et F, ont egalement ete detectees. Du point de vue geophysique, 
les plutons granitiques sont associes a des anomalies aeroradiometriques nettement elevees de eU, eTh 
et K qui coincident avec des anomalies de Bouguerfortement negatives et de faibles valeurs magnetiques. 

Pour expliquer la concentration d' uranium et de meraux connexes dans les plutons granitiques, on 
a adopte des modeles conceptuels comportant des processus magmatiques et hydrothermaux. 



SUMMARY 

This report presents a compilation and interpretation 
of data relevant to exploration for uranium in the 
Miramichi Anticlinorium of central New Brunswick. It 
is a follow-up of a more regional study also carried out 
under the Canada-New Brunswick Mineral Development 
Agreement (MDA) program and completed in 1986. The 
initial study identified the Miramichi Anticlinorium as 
favourable ground for uranium prospecting, especially 
the areas characterized by late stage, Hercynian, granitic 
intrusions similar to those associated with uranium 
deposits in Nova Scotia and western Europe. 

The Miramichi Anticlinorium contains several large 
massive syngenetic sulphide orebodies containing Zn, Pb, 
Cu, and Ag, but many smaller epigenetic deposits 
containing some combination of Cu, Pb, Zn, W, Mo, Sn, 
Sb, Ag, Au, and U also are found. Many of the 
epigenetic deposits are spatially, and probably geneti
cally, associated with the granite pluton. 

Much exploration work was carried out in the study 
area in the 1970s and early 1980s by companies, the 
New Brunswick Department of Natural Resources and 
Energy, and the Geological Survey of Canada. Data from 
published and available unpublished reports have been 
collected for areas intruded by five plutons, the North 
Pole Pluton (and younger quartz-feldspar dykes) in the 
north-central part of the Anticlinorium (the Long Lake 
area) and the Bumthill, Trout Brook, Dungarvon, and 
Rocky Brook plutons in the south-central part, all 
deemed to be favourable for uranium occurrences. 

Thus, this report examines these granitic plutons with 
respect to their potential for uranium mineralization by 
using available integrated geological, geochemical, and 
geophysical data. In addition, in situ gamma ray spectro
metry data for equivalent uranium (eU), equivalent 
thorium (eTh) , and potassium (K) in rocks of plutons 
were collected and integrated with the compiled data. 

Objectives of this project were to create a database 
for the status of uranium resources in the Miramichi 
Anticlinorium, to assess the possibility of discovering 
economic uranium deposits and to establish geological, 
geochemical, and geophysical criteria that are associated 
with the host granitic rocks and considered to be useful 
clues for uranium exploration. 

The Miramichi Anticlinorium was probably devel
oped as a result of the closure of the lapetus (proto
Atlantic) Ocean during the Ordovician Taconic Orogeny 
(480 Ma) and subsequently by the Devonian Acadian 
Orogeny (400 Ma). It forms a sinuous northeast-trending 
belt of rocks including a Precambrian (?) migmatitic 
complex overlain by the polydeformed Cambro
Ordovician Tetagouche Group. The Tetagouche Group 
rocks have undergone at least six phases of deformation 
during the Taconic and the Acadian orogenies. The 

2 

SOMMAIRE 

Le present rapport contient une compilation et une interpre
tation de donnees ayant rapport a ('exploration de J'uranium 
dans l'anticlinorium de Miramichi dans le centre du Nouveau
Brunswick. Ce rapport fait suite a une etude plus regionale 
realisee elle aussi dans le cadre de I 'Entente Canada-Nouveau
Brunswick d'exploitation minerale (EEM) et terminee en 1986. 
L'etude initiale a permis d'identifier l'anticlinorium de 
Miramichi comme un terrain favorable a la prospection de 
)'uranium, en particulier dans Jes zones caracterisees par des 
intrusions granitiques hercyniennes de phase tardive, sembla
bles a celles associees aux gisements d'uranium de Nouvelle
Ecosse et d'Europe occidentale. 

L'anticlinorium de Miramichi contient plusieurs grands 
massifs mineralises de sulfures syngenetiques contenant Zn, 
Pb, Cu et Ag, mais on y trouve egalement de nombreux petits 
gisements epigenetiques contenant une combinaison de Cu, Pb, 
Zn, W, Mo, Sn, Sb, Ag, Au et U. Nombre des gisements 
epigenetiques sont spatialement et probablement genetiquement 
associes au pluton granitique. 

La grande partie des travaux d'exploration ont ete realises 
dans la zone a I' etude au cours des annees 1970 et au de but 
des annees 1980 par plusieurs societes, le ministere des 
Ressources naturelles et de J'Energie du Nouveau-Brunswick 
et la Commission geologique du Canada. On a tire de rapports 
publies et non publies des donnees sur Jes zones recoupees par 
cinq plutons : le pluton de North Pole (et des dykes quartzo
feldspathiques plus recents) dans Ja partie centre-nord de 
J'anticlinorium (la zone du lac Long) et Jes plutons de 
Bumthill, de Trout Brook, de Dungarvon et de Rocky Brook 
dans le centre-sud, tous consideres susceptibles de receler des 
venues d 'uranium. 

Le present rapport fait done une analyse de ces plutons 
granitiques en fonction de Jeur potentiel de mineralisation en 
uranium en utilisant Jes donnees geologiques, geochimiques et 
geophysiques integrees disponibles. En outre, on a recueilli des 
donnees gammametriques in situ sur I 'uranium equivalent (eU), 
le thorium equivalent (eTh) et le potassium (K) contenus dans 
Jes roches des plutons, donnees que I' on a integrees aux 
donnees compilees. 

Ce projet a pour objectif de creer une base de donnees sur 
la situation des ressources en uranium dans l'anticlinorium de 
Miramichi afin d'evaluer les possibilites d'y decouvrir des 
gisements d'uranium de valeur commerciale et d'etablir des 
criteres geologiques, geochimiques et geophysiques associes 
aux roches granitiques encaissantes et consicteres comme des 
indices utiles a !'exploration de )'uranium. 

L'anticlinorium de Miramichi s'est probablement forme par 
suite de la fermeture de !'ocean Iapetus (proto-Atlantique) 
durant l'orogenese taconique a l'Ordovicien (480 Ma) et 
l'orogenese acadienne au Devonien (400 Ma). II forme une 
zone de roches sinueuse a direction nord-est incluant un 
complexe migmatitique precambrien (?) sur Jequel repose le 
groupe de Tetagouche, groupe cambro-ordovicien polydeforme. 
Les roches du groupe de Tetagouche ont subi au moins six 
phases de deformation durant les phases taconique et aca
dienne. Les plutons granitiques traites dans le present rapport 



granitic plutons covered in this report were emplaced 
during the waning stages of the Acadian Orogeny. The 
metasedimentary rocks are thermally metamorphosed, 
within I km of the granitic plutons, into the following 
assemblages of index minerals: chlorite, biotite, cordie
rite, andalusite, and sillimanite. 

Generally speaking the granitic rocks of the North 
Pole, Bumthill, Dungarvon, Trout Brook, and Rocky 
Brook plutons were emplaced discordantly at shallow 
depths ( <3 km) in the crust in a relatively seismically 
active zone. They are circular and relatively small in size 
and formed late in the tectonomagmatic sequence. They 
postdate the earlier (Taconic) and more recent (Acadian) 
tectonic activities. They are usually associated with low
to medium-grade thermal aureole metamorphism. They 
commonly exhibit a high variation in textures and appear 
to be intruded in multiple stages. Associated mineral
ization favours late-formed fractures, particularly those 
which have undergone brecciation. 

The granitic rocks of the North Pole Pluton (Long 
Lake area) include three phases: quartz-feldspar porphyry 
(youngest), biotite-muscovite granite, and biotite granite 
(oldest). The biotite granite is the most extensive. It is 
generally pink and contains coarse grained, equigranular 
crystals of quartz, alkali feldspar, and plagioclase in 
equal proportion. The alkali feldspar is orthoclase 
perthite containing domains of microcline. The 
plagioclase is altered to sericite and epidote; the biotite 
is partly altered to chlorite. 

The biotite-muscovite granite intrudes the biotite 
granite. It is characterized by medium grain size and is 
light grey to light pink. In addition to mica, it contains 
quartz, plagioclase, potassium feldspar, and chlorite 
(altered from biotite). Sphene, apatite, epidote, and 
opaque minerals are the main accessory minerals. 

The quartz-feldspar porphyry occurs as dykes intrud
ing the biotite granite. The dykes, located mainly in the 
eastern side of Long Lake, trend northwest parallel to the 
120° trending joints in the biotite granite. Phenocrysts of 
plagioclase, quartz, orthoclase, and minor biotite consti
tute about 50% of the rock and are embedded in a matrix 
of quartzo-feldspathic material. The quartz- feldspar 
porphyry is extensively altered by hydrothermal solu
tions. The plagioclase phenocrysts are almost entirely 
altered to sericite. Orthoclase is partially replaced by 
calcite. Biotite is completely altered to chlorite. Miaro
litic cavities occur in these dykes. 

Geochemically, the North Pole Pluton is an evolved 
granite (Si02 >70 wt. %), and characterized by high 
Si02, K20, and Na20 contents relative to normal 
granites, particularly the biotite-muscovite granite. The 
Ti02, Fe20 3, FeO, MgO, and CaO contents are low 
relative to normal granites. The trace element composi
tion varies, and relative to normal granites the biotite and 
the biotite-muscovite granites have a higher content of 

ont ete mis en place durant Jes demiers stades de l'orogenese 
acadienne. Les roches metasedimentaires ont subi un metamor
phisme thermique, a moins d'un kilometre des plutons graniti
ques, responsable de la creation des mineraux caracteristiques 
suivants : chlorite, biotite, cordierite, andalousite et sillimanite. 

De fa~on generale, les roches granitiques des plutons de 
North Pole, de Bumthill, de Dungarvon, de Trout Brook et de 
Rocky Brook ont ete mises en place en discordance a foible 
profondeur ( <3 km) dans la crofite dans une zone sismique 
relativement active. Circulaires et relativement peu volumi
neuses, elles se sont formees a la fin de la sequence tectono
magmatique. Elles sont posterieures aux evenements tectoni
ques precoces (taconiques) et plus recents (acadiens). Elles 
sont habituellement associees a un metamorphisme thermique 
a aureole de degre foible a moyen. Leur texture varie, en 
general, beaucoup et Jes intrusions semblent les avoir recou
pees en plusieurs phases. La mineralisation associee a favorise 
la formation de fractures tardives, en particulier de fractures 
qui ont subi une brechification. 

Les roches granitiques du pluton de North Pole (zone du 
lac Long) comportent trois phases : un porphyre quartzo
feldspathique (recent), un granite a biotite et muscovite et un 
granite a biotite (ancien). Le granite a biotite est le plus 
etendu. II est generalement rose et contient des cristaux 
grossiers isogranulaires de quartz, de feldspath alcalin et de 
plagioclase en egales proportions. Le feldspath alcalin est un 
orthoclase-perthite contenant des domaines de microcline. Le 
plagioclase est transforme par alteration en sericite et en 
epidote; la biotite est en partie transformee en chlorite. 

Le granite a biotite et muscovite forme une intrusion dans 
le granite a biotite. II est caracterise par un grain moyen et sa 
couleur varie de gris clair a rose clair. En plus du mica, ii 
contient du quartz, du plagioclase, du feldspath potassique et 
de la chlorite (produit d'alteration de la biotite). Le sphene, 
!'apatite, l'epidote et Jes mineraux opaques sont les principaux 
mineraux accessoires. 

Le porphyre quartzo-feldspathique forme des dykes dans le 
granite a biotite. Les dykes, surtout situes dans le cote est du 
lac Long, sont orientes au nord-ouest parallelement aux joints 
a direction de 120° dans le granite a biotite. Les phenocristaux 
de plagioclase, de quartz, d'orthoclase et d'une foible quantite 
de biotite constituent environ 50 % de la roche et sont incor
pores dans une matrice quartzo-feldspathique. Le porphyre 
quartzo-feldspathique est tres altere par des solutions hydro
thermales. Les phenocristaux de plagioclase sont presque 
entierement transformes en sericite. L'orthoclase est en partie 
remplace par de la calcite. La biotite est entierement trans
formee en chlorite. Ces dykes contiennent des cavites microli
tiques. 

Du point de vue chimique, le pluton de North Pole est un 
granite evolue (Si02 > 70 % poids) et est caracterise par des 
teneurs elevees en Si02, K20 et Na20 comparativement aux 
granites ordinaires, en particulier le granite a biotite et musco
vite. Les teneurs en Ti02, Fe20 3, FeO, MgO et CaO sont 
foibles comparativement a celles des granites ordinaires. La 
composition des elements a l'etat de traces varie, et, compara
tivement aux granites ordinaires, les granites a biotite et a 
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base metals. Tin abundance is high in the 
biotite-muscovite granites. Rubidium values are generally 
high in all phases of the pluton, but Sr, Zr, Ba, F, and Li 
contents are low. 

The granitic rocks of Bumthill, Dungarvon, Trout 
Brook, and Rocky Brook plutons (central Miramichi 
Anticlinorium) are similar in mineralogy, texture, and 
age. They also have similar metal associations such as 
Sn, Mo, W, and U. Therefore, it is suggested that these 
plutons may have been derived from a single magmatic 
chamber and it is possible they join at depth as a large 
batholith. The four plutons, of which Bumthill Pluton is 
the largest, comprise two major phases: equigranular 
granite and porphyritic granite; and two minor phases: 
microgranite (with associated aplite dykes and pegmatite 
pods) and biotite melanocratic granite. 

The melanocratic biotite granite (oldest phase) is 
characterized by its high biotite content (up to 20%), 
coarse K-feldspar phenocrysts and by few euhedral 
plagioclase and quartz phenocrysts. 

The porphyritic granite is the largest in terms of areal 
extent. It consists essentially of subhedral, tabular 
crystals of plagioclase, embedded in an interlocking 
mosaic of quartz and K-feldspar anhedra. Biotite flakes 
are scattered throughout the rock but only accessory 
amounts of muscovite are present. Quartz forms irregu
larly shaped anhedra, of variable size, that range from 
unstrained to moderately strained. The plagioclase is 
unzoned to faintly zoned, with a composition of about 
An 12, and is partly altered to sericite. The K-feldspar is 
highly perthitic and fresh. Biotite crystals are irregularly 
shaped, deep brown, and characterized by dark, 
pleochroic haloes around zircon inclusions. In addition to 
zircon, other accessory minerals are apatite and 
magnetite. Sericitization and muscovitization of 
plagioclase, and chloritization of biotite are the major 
alteration processes to have effected the rocks. 

The equigranular granite is composed essentially of 
an interlocking mosaic of quartz, plagioclase, and 
K-feldspar anhedra through which are scattered occa
sional flakes of muscovite and accessory biotite. Quartz 
occurs as irregularly shaped anhedra which are slightly 
to moderately strained. Plagioclase usually forms equidi
mensional anhedra and is typically unzoned An 12. 
Muscovite and zircon are the major accessory minerals. 

Microgranites (with associated aplite dykes and 
pegmatite pods) were formed late during magmatic 
crystallization. 

Geochemically, the granitic rocks of the central 
Miramichi Anticlinorium plutons are highly evolved 
(Si02 >74 wt. %). They have high Si02, K20, and Na20 
contents and low Ti02, CaO, MgO, and P20 5 contents in 

4 

biotite et muscovite ont une teneur elevee en metaux communs. 
L'abondance en etain est elevee dans les granites a biotite et 
muscovite. Les teneurs en rubidium sont generalement elevees 
dans toutes les phases du pluton, mais les teneurs en Sr, Zr, 
Ba, F et Li sont faibles. 

Les roches granitiques des plutons de Bumthill, de 
Dungarvon, de Trout Brook et de Rocky Brook (centre de 
l'anticlinorium de Miramichi) ont une mineralogie, une texture 
et un age semblables. Les associations metalliques y sont, en 
outre, similaires (Sn, Mo, Wet U). Par consequent, ces plutons 
pourraient etre issus d'une seule chambre magmatique; ils se 
rejoindraient en profondeur pour former un grand batholithe. 
Les quatre plutons dont le plus vaste est le pluton de Bumthill, 
comprennent deux phases principales : un granite isogranulaire 
et un granite porphyritique; et deux phases secondaires : un 
microgranite (associe a des dykes d'aplite et des lentilles de 
pegmatite) et un granite melanocrate a biotite. 

Le granite melanocrate a biotite (phase la plus ancienne) 
est caracterise par une haute teneur en biotite (jusqu 'a 20 % ) 
et la presence de phenocristaux grossiers de feldspath potas
sique et de quelques phenocristaux de plagioclase et de quartz 
euedriques. 

Le granite porphyritique est le plus vaste en superficie. II 
est compose essentiellement de cristaux tabulaires subauto
morphes de plagioclase, incorpores dans une mosalque 
entrecroisee de quartz et de feldspath potassique anedriques. 
Les lamelles de biotite sont disseminees dans la roche tandis 
que la muscovite n'est presente qu'en quantites accessoires. Le 
quartz forme des cristaux anedriques de taille variable dont la 
deformation varie de nulle a moyenne. Le plagioclase, dont la 
zonation varie elle aussi de nulle a faible, se compose d'en
viron An 12 et se trouve en partie transforme par alteration en 
sericite. Le feldspath potassique est tres perthitique et non 
altere. Les cristaux de biotite sont de forme irreguliere, de 
couleur brun fonce et caracterises par des aureoles pleochrol
ques foncees autour des inclusions de zircon. Les mineraux 
accessoires autres que le zircon sont I 'apatite et la magnetite. 
Les principaux processus d'alteration qui ont affecte les roches 
sont la sericitisation et la muscovitisation du plagioclase et la 
chloritisation de la biotite. 

Le granite isogranulaire est compose essentiellement d'une 
mosalque entrecroisee de cristaux anedriques de quartz, de 
plagioclase et de feldspath potassique dans lesquels sont 
disseminees des lamelles occasionnelles de muscovite et des 
lamelles accessoires de biotite. Le quartz se presente sous 
forme de cristaux anedriques de forme irreguliere dont le taux 
de deformation varie de leger a moyen. Le plagioclase forme 
habituellement des cristaux anedriques equidimensionnels et 
consiste typiquement d'An 12 non zone. La muscovite et le 
zircon sont les principaux mineraux accessoires. 

Les microgranites (associes aux dykes d'aplite et aux 
lentilles de pegmatite) se sont formes a la fin de la phase de 
cristallisation magmatique. 

Du point de vue geochimique, Jes roches granitiques des 
plutons du centre de I'anticlinorium de Miramichi sont tres 
evoluees (Si02 > 74 % poids). Leurs teneurs en Si02, KP et 
Na20 sont elevees et leurs teneurs en Ti02, CaO, MgO et P20 5 



comparison to global averages. Furthermore, they are 
enriched with incompatible trace elements such as Rb, Y, 
and Ta and depleted of compatible trace elements such 
as Sr, Zr, and Ba relative to global averages. They are 
also impoverished in some transition elements such as 
Ni, Cr, Co, and V and enriched with others such as Cu 
and Zn. They are in general depleted in rare-earth 
elements (REEs) relative to global average granites. The 
depletion is most obvious in the uranium-mineralized 
rocks. 

The chemical characteristics and the statistical 
analyses of the chemical data suggest that the North Pole 
and the Bumthill plutons belong to the ilmenite-series 
granitoids of S-type. However, an enrichment of the 
granites with F, Nb, Ta, and Y and their depletion of 
V, Ni, Co, and Cr suggest that the Bumthill Pluton 
especially and, to some extent the North Pole Pluton, are 
A-type granitoids. 

Geophysically, the granitic plutons of the Long Lake 
area and central Miramichi Anticlinorium are associated 
with strong negative Bouguer gravity anomalies and low, 
poorly defined, magnetic anomalies - features observed 
in other uraniferous granites such as the Hercynian 
granites of Europe and Nova Scotia. 

Airborne gamma ray spectrometry data outline 
several equivalent uranium (eU) anomalies in the study 
areas. These anomalies are spatially linked to the granitic 
plutons. In the Long Lake area, the aeroradiometric data 
show that eU, eTh, and K contents in the late stage 
biotite-muscovite granite are higher than contents in the 
early stage biotite granite of the North Pole Pluton. One 
of the prominent eU anomalous areas is located on the 
eastern side of Long Lake over the North Pole Pluton 
and coincides with anomalous uranium concentrations 
along highly altered and brecciated chalcedony 
(jasperoid)-bearing faults. 

The highest equivalent uranium anomalies on the 
gamma ray spectrometry maps coincide with the centres 
of the negative Bouguer gravity anomalies and both are, 
in tum, associated with Sn, W, and Mo mineralization. 

In the central Miramichi Anticlinorium, the strongest 
and broadest airborne eU anomalies are associated with 
the Bumthill Pluton. Most are confined to the eastern 
and southeastem margins of the intrusion where much of 
the Sn, W, and Mo mineralization has been reported. The 
late stage equigranular phase of the granitic plutons 
appears to have slightly higher uranium and thorium 
contents than the early stage porphyritic phase. This was 
also indicated by the in situ gamma ray spectrometry 
data, which reveal that eU was slightly depleted in 
weathered and altered granites relative to fresh granites. 

The geochemical data (lake sediments, spring and 
stream sediments, soil, till, and rock samples) indicate 
that the granitic plutons are highly anomalous in terms 
of their uranium content. 

sont faibles comparativement aux moyennes globales. De plus, 
elles sont enrichies en elements a I 'etat de traces incom
patibles, comme Rb, Y et Ta, et appauvries en elements traces 
compatibles, comme Sr, Zr et Ba, comparativement aux 
moyennes globales. Elles sont egalement appauvries en certains 
elements de transition comme Ni, Cr, Co et V mais enrichies 
notamment en Cu et Zn. Elles sont en general appauvries en 
elements des terres rares comparativement a la moyenne 
globale des granites. L'appauvrissement est plus evident dans 
Jes roches mineralisees en uranium. 

Les caracteristiques et Jes analyses statistiques des donnees 
chimiques indiquent que Jes plutons de North Pole et de 
Bumthill font partie de la famille des granito'ides de la serie 
des ilmenites de type S. Cependant, un enrichissement des 
granites en F, Nb, Ta et Yet leur appauvrissement en V, Ni, 
Co et Cr indiquent que le pluton de Bumthill, en particulier, et 
dans une certaine mesure, le pluton de North Pole, sont des 
granito'ides de type A. 

Du point de vue geophysique, Jes plutons granitiques de la 
region du lac Long et de la partie centrale de I'anticlinorium 
de Miramichi sont associes a des anomalies gravimetriques de 
Bouguer tres negatives et a de foibles anomalies magnetiques 
mal definies. Ces caracteristiques ont egalement ete observees 
dans d 'autres granites uraniferes comme Jes granites hercyniens 
d'Europe et de la Nouvelle-Ecosse. 

Les donnees gammametriques recueillies par aeronef 
permettent de delimiter plusieurs anomalies d'uranium equiva
lent (eU) dans les zones a l'etude. Ces anomalies sont spatiale
ment liees aux plutons granitiques. Dans la region du lac Long, 
Jes donnees aeroradiometriques indiquent que les teneurs en 
eU, eTh et K dans le granite a biotite et muscovite de phase 
tardive sont plus elevees que dans le granite a biotite de phase 
precoce du pluton de North Pole. L'une des zones d'anomalies 
de eU dominantes est situee sur le cote est du lac Long au
dessus du pluton de North Pole et co"incide avec des concentra
tions anormales d'uranium et des failles contenant de la 
calcedoine (tres alteree et brechifiee). 

Les fortes anomalies en uranium equivalent que !'on 
observe sur les cartes gammametriques co"incident avec le 
centre des anomalies gravimetriques de Bouguer negatives. Ces 
deux types d'anomalies sont a leur tour associees a une 
mineralisation en Sn, W et Mo. 

Dans le centre de l'anticlinorium de Miramichi, Jes 
anomalies de eU Jes plus fortes et Jes plus etendues, telles que 
determinees par Jes donnees aeriennes, sont associees au pluton 
de Bumthill. La plupart sont confinees aux bordures est et sud
est de !'intrusion ou !'on a signale la plupart des mineralisa
tions en Sn, W et Mo. La phase isogranulaire tardive des 
plutons granitiques semble contenir des teneurs legerement plus 
elevees d'uranium et de thorium que la phase porphyritique 
precoce. Cette observation est corroboree par Jes donnees 
gammametriques recueillies in situ qui revelent que eU etait 
legerement plus appauvri dans Jes granites meteorises et alteres 
que dans Jes granites non alteres. 

Les donnees geochimiques (sediments Iacustres, sediments 
de sources et de cours d'eau, echantillons de sol, de till et de 
roche) indiquent que Jes plutons granitiques ont des teneurs en 
uranium anormalement elevees. 
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Multielement (U, Cu, Pb, Zn, Ag, Mo, and Mn) 
chemical analyses of 439 lake sediment samples from 
Long Lake reveal the presence of 17 multielement 
anomalies. The anomalies are in general elongated, 
suggesting that they may be related to metal concentra
tions along shear zones. They have different trends but 
are chiefly northeasterly or northwesterly. The northwest
trending anomalies are located in the centre of the lake 
and appear to be related to a major northwest-trending 
fault. This, along with the occurrence of mineralized 
vein-type float around the lake shore, suggests that 
vein-type mineralization may exist in the centre of the 
lake. With the exception of Cu and Ag, all the above 
elements in the lake sediment samples exceed their 
corresponding global abundances, particularly uranium, 
which exceeds its global average by an order of six. 
Uranium, in the lake sediment samples, has a strong 
positive correlation with Cu and Zn and low to moderate 
correlations with Ag, Pb, Mo, and Mn. 

Uranium has a strong positive correlation with Ag 
and Cu within the spring and stream sediment samples, 
which were analyzed for U, Cu, Pb, Zn, Co, Ni, Mn, Fe, 
Mo, W, and Ag. Unexpectedly, it was found that ura
nium content in spring and stream sediments in the area 
underlain by the granitic rocks of the North Pole Pluton 
is, in general, not anomalous, whereas it is high in the 
adjacent area that is underlain by Precambrian 
amphibolite and Ordovician granite. It is suggested that 
uranium may have migrated either in solution or as 
particles from the area underlain by the North Pole 
Pluton (high topography) to areas underlain by 
Precambrian amphibolite and Ordovician granites 
(relatively low area). Alternatively, the uranium- bearing 
late phase quartz-feldspar porphyry dykes of North Pole 
Pluton which intruded the adjacent rocks may have 
provided the uranium and associated metals. 

The 3732 soil samples from the Long Lake area 
(analyzed for their U, Cu, Pb, Zn, Mn, Mo, and Ag 
contents) reveal the presence of 54 multielement soil 
anomalies. The majority of these anomalies are located 
on the eastern side of Long Lake in an area underlain by 
the North Pole Pluton. These anomalies have, in general, 
a linear pattern with west-northwest, east, and northeast 
trends which could be a reflection of mineralization 
along linear features such as fault zones. Furthermore, 
two common metal associations were observed in the 
soil samples. The first is between Cu, Pb, Zn, Mn, and 
Ag in areas underlain by biotite granite. The second 
includes U and Mo in northwest-trending anomalies. 

Till samples in the Long Lake area which were 
analyzed for their U, Cu, Pb, Zn, Fe, Co, Ni, W, Mo, 
and Au contents also outlined several U, Pb, Sn, Cu, and 
Mn anomalies in the area underlain by the granitic rocks 
of the North Pole Pluton. The anomalies appear to be 
related to northwest-trending fracture zones in the biotite 
granite. 
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L'analyse chimique de plusieurs elements (U, Cu, Pb, Zn, 
Ag, Mo et Mn) de 439 echantillons de sediments lacustres 
preleves dans le lac Long revele la presence de 17 anomalies 
liees a ces elements. Les anomalies sont en general allongees, 
indiquant qu'elles pourraient etre liees a des concentrations 
metalliques longeant Jes zones de cisaillement. Leurs directions 
diflerent mais elles sont principalement orientees au nord-est 
ou au nord-ouest. Les anomalies a direction nord-ouest sont 
situees dans le centre du lac et semblent etre liees a une 
importante faille a direction nord-ouest. Si I'on ajoute a cela la 
presence de fragments d'alteration filoniens autour des rives du 
lac, on peut supposer la presence d'une mineralisation filo
nienne dans le centre du lac. A !'exception de Cu et de Ag, 
tous Jes elements ci-haut mentionnes contenus dans les 
echantillons de sediments lacustres ont une teneur depassant 
leur abondance globale correspondante, en particulier I 'uranium 
dont la teneur est de six fois superieure a la moyenne globale. 
L'uranium, dans Jes echantillons de sediments lacustres, 
presente une forte correlation positive avec Cu et Zn et une 
correlation qui varie de foible a moyenne avec Ag, Pb, Mo 
et Mn. 

L'uranium presente une forte correlation positive avec Ag 
et Cu dans Jes echantillons de sediments de source et de cours 
d'eau pour lesquels on a analyse la teneur en U, Cu, Pb, Zn, 
Co, Ni, Mn, Fe, Mo, W et Ag. Contrairement aux previsions, 
la teneur en uranium dans les sediments de source et de cours 
d'eau dans la zone reposant sur des roches granitiques du 
pluton de North Pole est, en general, non anormale, tandis 
qu'elle est elevee dans la zone adjacente reposant sur des 
amphibolites precambriennes et des granites ordoviciens. 
L'uranium a pu migrer soit en solution ou sous forme de 
particules depuis la zone reposant sur le pluton de North Pole 
(zone e!evee) vers Jes zones reposant sur l'amphibolite 
precambrienne et Jes granites ordoviciens (zone relativement 
basse). Ou bien, Jes dykes uraniferes de porphyre quartzo
feldspathique de phase tardive du pluton de North Pole qui 
forment des intrusions dans les roches adjacentes ont pu 
produire I 'uranium et Jes metaux connexes. 

Les 3732 echantillons de sol provenant de la region du lac 
Long (analyses pour leur teneur en U, Cu, Pb, Zn, Mn, Mo et 
Ag) revelent la presence de 54 anomalies de plusieurs ele
ments . La majorite de ces anomalies sont situees sur le cote est 
du lac Long dans une zone reposant sur le pluton de North 
Pole. Ces anomalies presentent, en general, une configuration 
lineaire a directions ouest-nord-ouest, est et nord-est qui 
pourrait refleter une mineralisation longeant des formes 
lineaires comme les zones faillees. En outre, on a observe dans 
les echantillons de sol deux associations metalliques courantes. 
La premiere comporte Cu, Pb, Zn, Mn et Ag dans les zones 
reposant sur le granite a biotite. La seconde contient U et Mo 
dans des anomalies a direction nord-ouest. 

Les echantillons de till dans la region du lac Long ont ete 
analyses pour Ieurs teneurs en U, Cu, Pb, Zn, Fe, Co, Ni, W, 
Mo et Au et ont permis de delimiter plusieurs anomalies de U, 
Pb, Sn, Cu et Mn dans la zone reposant sur Jes roches graniti
ques du pluton de North Pole. Les anomalies sembent etre liees 
aux zones fracturees a direction nord-ouest presentes dans le 
granite a biotite. 



In the central Miramichi Anticlinorium, the results of 
344 samples of sediments from springs and streams 
(analyzed for U, Mo, W, Cu, Pb, Zn, Mn, and Fe 
contents) draining the granitic rocks of the Bumthill, 
Dungarvon, Trout Brook, and Rocky Brook plutons 
indicate highly anomalous values for U, Mo, W, and to 
some extent Pb relative to global averages of these 
elements in sediments. Uranium, tin, molybdenium, and 
tungsten contents of soils sampled in the central 
Miramichi Anticlinorium are in general anomalous in 
comparison with global averages. The uranium content 
in the soil decreases systematically upward from 
C-horizon to A-horizon. This pattern of uranium distribu
tion in the soil horizons may suggest that uranium was 
derived from the underlying granitic rocks. Correlation 
coefficients calculated among U, W, Mo, and Sn con
tents of the soil are moderate and also suggest that all 
these elements have been derived from similar source 
rocks such as the granitic rocks of the Burnthill Pluton. 

Seventy-seven till samples of two textural fractions, 
clay-sized (<2 µm) and clay- plus silt-sized (<63 µm) 
covering the granitic plutons of the central Miramichi 
Anticlinorium reveal the presence of several uranium 
anomalies coincident with areas where the bedrocks are 
also anomalous. This may indicate that till samples were 
derived locally and most probably from the underlying 
granitic rocks. With the exception of Cr, all other 
elements (U, Th, Sn, Mo, W, Sb, Au, As, Mn, Fe, Cu, 
Pb, Zn, Ni, and Co) analyzed in the two fractions tend to 
be enriched in the fine fraction rather than in the coarse 
fraction. This contrast in chemical composition between 
the two fractions is more obvious for the lithophile 
elements U, Mo, and W which suggests that these 
elements are associated with the weathering and alter
ation products of the rocks which are enriched in the fine 
fraction of till rather than with primary silicate minerals 
enriched in the coarse fraction. Alternatively, this may 
reflect the tendency of these lithophile elements to be 
absorbed by the clays and organic matter that are 
predominant in the fine fraction of till samples. 

The uranium content in granitic rock samples of all 
five plutons is higher than the global average for normal 
granites. 

Rocks showing effects of hydrothermal alteration 
show, in general, an increase in uranium content. Fur
thermore, it appears that uranium concentration favours 
rocks which have undergone low to medium temperature 
hydrothermal alteration such as hematitization and 
albitization rather than high temperature alteration such 
as greisenization. 

Despite the amount of exploration and the favourable 
geological environment, only low grade concentrations of 
uranium have been found to date within the Miramichi 
Anticlinorium. These occurrences are spatially and 
possibly temporally associated with the Acadian granitic 
plutons and ·are frequently found along with other 
economically important elements, especially with Sn, W, 
Mo, and base metal sulphides. 

Dans la partie centrale de l'anticlinorium de Miramichi, une 
analyse de 344 echantillons de sediments provenant de sources 
et de cours d'eau (determination de leurs teneurs en U, Mo, W, 
Cu, Pb, Zn, Mn et Fe) drainant Jes roches granitiques des 
plutons de Bumthill, de Dungarvon, de Trout Brook et de 
Rocky Brook, indique des teneurs anormalement elevees de U, 
Mo, W et, dans une certaine mesure, de Pb, comparativement 
aux teneurs moyennes globales de ces elements dans Jes 
sediments. Les teneurs en uranium, etain, molybdene et 
tungstene des sols echantillonnes dans Ja partie centrale de 
l'anticlinorium de Miramichi soot, en general, anormales 
comparativement aux moyennes globales. La teneur en uranium 
du sol diminue systematiquement vers le haut, de I 'horizon C 
a l'horizon A. Ce profil de repartition de !'uranium dans Jes 
horizons pourrait indiquer que I 'uranium provient des roches 
granitiques sous-jacentes. Les coefficients de correlation 
calcules entre les teneurs en U, W, Mo et Sn du sol sont 
moderes et laissent egalement supposer que tous ces elements 
proviennent de roches semblables comme Jes roches graniti
ques du pluton de Burnthill. 

L'analyse de 77 echantillons de till de deux granulometries 
differentes, fraction argileuse ( <2 µm) et granulometrie 
argileuse-silteuse ( <63 µm), couvrant Jes plutons granitiques de 
la partie centrale de l'anticlinorium de Miramichi revele la 
presence de plusieurs anomalies d'uranium qui co.incident avec 
des zones ou le socle contient des teneurs anormales. Les 
echantillons de till pourraient done etre d'origine locale et, fort 
probablement, provenir des roches granitiques sous-jacentes. A 
)'exception de Cr, tous Jes autres elements (U, Th, Sn, Mo, W, 
Sb, Au, As, Mn, Fe, Cu, Pb, Zn, Ni et Co) qui ont ete analyses 
dans Jes deux fractions ont tendance a etre enrichis dans la 
fraction fine plutot que dans la fraction grossiere. Cette 
difference de composition chimique entre Jes deux fractions est 
plus evidente dans le cas des elements lithophiles U, Mo et W, 
signe que ces elements sont associes aux produits de meteo
risation et d 'alteration des roches enrichies contenues dans la 
fraction fine du till plutot qu 'aux mineraux silicates primaires 
enrichis de la fraction grossiere. Sinon, cela pourrait refleter la 
tendance de ces elements lithophiles a etre absorbes par Jes 
argiles et Jes matieres organiques qui dominent dans la fraction 
fine des echantillons de till. 

La teneur en uranium dans Jes echantillons de roche 
granitique des cinq plutons est plus elevee que la teneur 
moyenne globale relevee dans Jes granites ordinaires. 

Les roches qui affichent Jes signes d ' une alteration hydro
thermale presentent, en general, une augmentation de teneur en 
uranium. De plus, ii semble que la concentration d'uranium est 
plus elevee dans Jes roches qui ont subi une alteration hydro
thermale de temperature foible a moyenne comme une hemati
tisation et une albitisation, que dans Jes roches ayant subi une 
alteration a temperature elevee comme une greisenisation. 

Malgre Jes nombreux travaux d'exploration accomplis et un 
milieu geologique favorable, on n'a trouve a ce jour dans 
l'anticlinorium de Miramichi, que des concentrations d'uranium 
a faible teneur. Ces venues sont spatialement, et peut-etre 
temporellement, associees aux plutons granitiques acadiens et 
sont frequemment associees a d'autres elements economi
quement importants, en particulier Sn, W, Mo et Jes sulfures 
de metaux communs. 

7 



The uranium deposits in the Long Lake area occur as 
polymetallic vein-types and are concentrated along 
northwest-trending chalcedony (jasperoid)-filled fractures 
and fault breccias which crosscut the Lower Devonian 
granitic rocks of the North Pole Pluton. They mostly 
have associated Cu, Pb, Zn, Sn, W, Mo, Bi, Ag, and Au. 
Pyrite, chalcopyrite, covellite, and molybdenite are the 
major sulphide minerals identified in the veins. Small 
amounts of arsenopyrite, matildite, and native bismuth 
were also identified. Cassiterite and autunite-torbernite 
have been identified in float only. Uranium also has been 
found in veins intersected in trenches and drill holes but 
no mineral identifications were made. Three styles of 
uranium mineralization were displayed in the float 
samples, (a) in discrete grains, (b) in fracture fillings, 
and (c) diffused within the rocks. 

Uranium occurrences are associated with late phase 
differentiates of the granitic rocks of the Burnthill, 
Dungarvon, Trout Brook, and Rocky Brook plutons. In 
addition to uranium these granites host Sn, W, Mo, and 
F minerals. Anomalous levels of uranium are associated 
with the eastern and southeastern portion of the Bumthill 
Pluton, east and southern portion of the Dungarvon 
Pluton and eastern portion of the Rocky Brook and Trout 
Brook plutons. Furthermore, the uranium anomalies, 
more or less, are spatially associated with the equigra
nular granitic phases of the plutons. A significant 
uranium occurrence is located in the northeastern part of 
the Dungarvon Pluton, where uranium is associated with 
a quartz-fluorite breccia emplaced along a southeasterly 
(130°) trending shear zone. 

Data are insufficient to define with confidence any 
one conceptual model of uranium ore genesis. The 
spatial relationship with the acidic intrusions, uranium 
enrichment in hydrothermally altered rocks, uranium 
association, in some cases, with other minerals of 
generally accepted hydrothermal origin, and uranium 
enrichment in late stage specialized phases are strongly 
suggestive of a genetic relationship with the granites. 
Whether or not the uranium was deposited from mag
matic fluids, magma-driven convection cells, or some 
combination of the two has not been proven. 

The secondary nature of some uranium minerals and 
of some alteration products are suggestive of supergene 
processes involving meteoric waters of an oxidizing 
nature in a subaerial environment. The anomalously high 
uranium content of the granites would contribute to the 
formation of such deposits. 

8 

Les gisements d'uranium dans la region du lac Long se 
presentent sous forme de filons polymetalliques et sont 
concentres le long de fractures remplies de calcedoine a 
direction nord-ouest et de breches de faille qui recoupent 
transversalement les roches granitiques du Devonien inferieur 
du pluton de North Pole. Ils sont pour la plupart associes a 
Cu, Pb, Zn, Sn, W, Mo, Bi, Ag et Au. Les principaux mine
raux sulfures identifies dans les filons sont la pyrite, la 
chalcopyrite, la covellite et la molybdenite. De petites quantites 
d'arsenopyrite, de matildite et de bismuth natif ont egalement 
ete relevees. La cassiterite et l'autunite-torbernite n'etaient 
presentes que dans les fragments d'alteration dissemines. On 
a egalement trouve de ('uranium dans des filons recoupes par 
des tranchees et des trous de sondage mais aucun mineral n'a 
ete identifie. Dans Jes echantillons de fragments d'alteration, 
on distingue trois styles de mineralisation de ]'uranium : a) 
dans des grains distincts, b) dans des remplissages de fracture 
et c) dissemines au sein des roches. 

Les venues d'uranium sont associees a des produits de 
differenciation tardifs des roches granitiques des plutons de 
Burnthill, de Dungarvon, de Trout Brook et de Rocky Brook. 
Ces granites, recelent non seulement de I 'uranium mais des 
mineraux a Sn, W, Mo et F. Les concentrations anormales 
d'uranium sont associees aux parties est et sud-est du pluton 
de Burnthill, aux parties est et sud du pluton de Dungarvon et 
a la partie est des plutons de Rocky Brook et de Trout Brook. 
De plus, les anomalies d'uranium, sont plus ou moins spatiale
ment associees aux phases granitiques isogranulaires des 
plutons. Une importante venue d'uranium est situee dans la 
partie nord-est du pluton de Dungarvon ou I 'uranium est 
associe a une breche de fluorite avec quartz mise en place le 
long d 'une zone de cisaillement a direction sud-est ( 130°). 

Faute de donnees suffisantes, ii n 'est pas possible de 
ctefinir avec nettete un modele conceptuel de la genese de 
I 'uranium. La relation spatiale qui existe avec les intrusions 
acides, un enrichissement en uranium dans Jes roches hydro
thermalement alterees, I' association de I 'uranium, dans certains 
cas, avec d'autres mineraux d'origine hydrothermale generale
ment acceptee et un enrichissement en uranium dans des 
phases particulieres tardives incitent fortement a supposer un 
lien genetique avec les granites. Que I 'uranium provienne ou 
non de fluides magmatiques, de cellules de convexion pro
duites par le magma ou d'une combinaison des deux n'a pas 
ete prouve. 

La nature secondaire de certains mineraux d'uranium et de 
certains produits d'alteration laisse supposer que des processus 
secondaires mettant en oeuvre des eaux meteoriques de nature 
oxydante dans un milieu subaerien ont eu lieu. La teneur 
anormalement elevee en uranium des granites aurait contribue 
a la formation de ces gisements. 



INTRODUCTION 

Scope and objectives of the project 

This study represents a summary of part of a research 
project dealing with the metallogeney of uranium in the 
province of New Brunswick. 

During previous years, 82 uranium occurrences in New 
Brunswick have been investigated (Hassan et al., 1987). Of 
the seven tectono-stratigraphic domains examined, the 
Gaspe Synclinorium, Aroostook-Matapedia Anticlinorium, 
Chaleur Bay Synclinorium, Miramichi Anticlinorium, 
Fredericton Trough, Avalonian Platform and the Carboni
ferous Basin, the Miramichi Anticlinorium (Fig. I) was 
chosen for further study because several plutons within that 
domain represent environments found favorable for uranium 
occurrences in other areas such as Nova Scotia and the 
Massif Central of France. Attention was drawn particularly 
to the North Pole Pluton in the Long Lake area and the 
Burnthill, Dungarvon, Trout Brook and Rocky Brook 
plutons in the central part of the anticlinorium (Fig. 1 ). This 
report concentrates on these two areas. 

The main objectives of the project are to establish a 
database for the status of uranium resources in these two 
areas in order to assess the possibility of discovering 
economic uranium deposits and to establish geological, 
geochemical, and geophysical criteria associated with the 
host granitic rocks that are thought to be useful guides for 
uranium exploration. 

Method of investigation 

The two areas outlined in Figure 1 are both characterized by 
thick glacial till, emplaced during the Pleistocene Epoch 
(Poole, 1963) and a dense forest. Thus, rock outcrops are 
fairly rare and of poor quality, particularly in the central 
Miramichi area, making exploration difficult for minerals in 
general and for uranium in particular. Uranium is expected 
to be depleted in the exposed surfaces of the rocks by 
weathering and it is difficult to detect buried uranium 
deposits (deeper than 50 cm) by means of gamma ray 
spectrometry unless some of the element or its decay 
products have been leaked to the overburden materials. 

Despite the difficulties, a good deal of uranium explora
tion has been carried out in the last decade and a large 
amount of data (published and unpublished) was accumu
lated by private companies, government agencies, and 
universities. In this report, the data on the Long Lake and 
central Miramichi areas were compiled and reviewed in the 
context of uranium and associated elements metallogenesis. 
Field examinations were carried out and in some cases rock 
samples and in situ gamma ray spectrometry data were 
obtained. 

Previous investigations 

Active search for uranium in the study area started in I 975, 
following the signing of the Federal-Provincial Uranium 
Reconnaissance Program (URP). The initial phase of this 

program involved airborne gamma ray spectrometric 
traverses in 1976 at a five kilometre line spacing. The 
results of this study were released by the Geological Survey 
of Canada in the spring of 1977. Following this, extensive 
follow-up ground gamma ray spectrometric surveys (e.g., 
Chandra, 1981; Ford, 1982), lake and stream sediment 
surveys, and water sampling for geochemical analysis for 
uranium (e.g., Austria, 1976, 1977) were carried out. 

Several other reconnaissance and detailed investigations, 
including geophysics, geochemistry, and borehole drilling, 
have been carried out by personnel of the New Brunswick 
Department of Natural Resources and Energy, the Geolog
ical Survey of Canada, and numerous exploration companies. 

The search for uranium was substantially increased in 
the late 1970s and the early 1980s by several private 
companies especially when it was found that similar 
Hercynian granitic rocks in Europe, U.S.A., and Nova 
Scotia are associated with vein-type uranium deposits. 

No uranium prospects of known economic significance 
have been located in these investigations. However, several 
favourable and subeconomic uranium occurrences were 
identified in the vicinity of the posttectonic granitic plutons. 
The most significant ones were located in and around the 
North Pole Pluton of the Long Lake area and the Burnthill, 
Dungarvon, Trout Brook, and Rocky Brook plutons of the 
central Miramichi area (Fig. 1 ). Many of these occurrences 
are associated with significant amounts of other ore forming 
elements, particularly Sn, W, and Mo. 

Between 1971 and 1982 the Canadian Occidental 
Petroleum Company carried out several reconnaissance and 
detailed geological, geochemical, and geophysical surveys 
for uranium and base metal sulphides. A summary of best 
results obtained by Occidental during its surveys is shown 
in Appendix I. 

In 1979 Western Mines Limited carried out an extensive 
exploration program over the eastern part of the Burnthill 
Pluton (Butler, 1980) as part of the New Brunswick 
Uranium Joint Venture Project initiated in I 979. The aim of 
the program was to search for intragranitic uranium vein
type deposits similar to those in the Massif Central of 
France. In addition to geological, geochemical, and geo
physical surveys, trenching was also performed. Anomalous 
amounts of uranium in spring sediments - up to 2540 ppm 
- were detected by delayed neutron activation (D.N.A.) 
methods, and up to 2000 ppm by fluorimetric analysis. 
Anomalous amounts of uranium in water samples - up to 
11.8 ppb - were detected by fluorimetric methods. Drilling 
of these anomalous zones by Western Resources Ltd. in 
1981 revealed the presence of a 1.5 m thick uranium 
anomalous zone (62 ppm) within the granitic rocks (Hattie, 
198 I). The mineralization is associated with green clays on 
joints. 

In 1979, 50 stream sediment samples were collected in 
the Little Dungarvon River and its tributaries by Beth
Canada Mining Company (Bloemraad and Reid, 1980). 
Samples were analyzed for Sn, W, Mo, F, Cu, Pb, Zn, and 
U. The results indicated highly anomalous values for U and 
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Figure 1. Geology and uranium metallogeny of Miramichi Anticlinorium, New Brunswick. 



Mo. Of the 50 samples, 8 contained more than 200 ppm U, 
the highest being 465 ppm. The results also indicated a 
correlation between anomalous U and Mo values. 

The Trout Brook Pluton was explored by Eldorado 
Nuclear Limited in 1979 (Lafontaine, 1980). Their explora
tion program consisted of geological mapping, systematic 
soil sampling, and radiometric surveying. Within the 
granitic rocks, it was noticed that uranium is relatively 
enriched with respect to thorium. However, the overall 
concentration of the two elements was within the normal 
range of felsic igneous rocks. Anomalous uranium concen
trations in soil, correlated to organic-rich horizons, were 
located in an area characterized by the presence of abundant 
joints in the granite. Four other anomalous radiometric 
zones which were also outlined within the pluton, were 
associated, to some degree, with veins and pegmatite pods. 

This survey was followed by a more detailed one in 
1980, in order to further investigate the uranium anomalies 
outlined during the 1979 program. Other uranium anomalies 
(up to 1300 ppm) were located in soils and also correlated 
with high organic content in the samples. In spring and 
stream sediment samples, uranium anomalies of up to 590 
ppm were outlined near the southeastem margin of Trout 
Brook Pluton. Eldorado Nuclear carried out trenching in the 
vicinity of these anomalies in 1981 (Brule, 1982), revealing 
a complex network of northeast- and northwest-trending 
vertical joints enriched with uranium. 

A uranium anomaly was discovered in the northeastem 
part of the Dungarvon Pluton by R. Shives of the Geolog
ical Survey of Canada in 1985 (Fyffe and MacLellan, 
1988). This anomaly is associated with a quartz-fluorite 
breccia emplaced along a southeasterly (130°) trending 
shear zone intersecting the Middle Devonian granitic rocks 
of the Dungarvon Pluton. The shear zone covers an area 
I m wide and I 00 m long. 
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GENERAL GEOLOGY OF THE 
MIRAMICHI ANTICLINORIUM 
General statement 

New Brunswick has been divided into seven lithotectonic 
zones (Fig. 2). This study area is within the Miramichi 
Anticlinorium zone, which is composed of a northeast
trending belt of rocks including a Precambrian (?) migmatic 
complex overlain by the poly-deformed Cambra-Ordovician 
Tetagouche Group (Skinner, 1974). During the Acadian 
Orogeny the anticlinorium was pervasively intruded by large 
volumes of predominantly granitic magma. 

The lower part of the Tetagouche Group contains a thick 
sequence of quartz wacke, quartzite, and slate (Fyffe, 1976). 
The quartzose rocks are believed to be late Precambrian 
(Hadrynian) to early Ordovician rift facies developed off the 
northern margin of the Avalonian Platform (Rast et al., 
1976; Ruitenberg et al., 1977). 

The upper part of the Tetagouche Group is composed of 
rhyolite, quartz-feldspar tuff, and pillow basalt interbedded 
with red and black slate and chert, iron-formation, and 
minor limestone (Fyffe et al., 1981 ). The upper Tetagouche 
Group is Middle Ordovician (Caradocian) in age (Nowlan, 
1981). 

Tectonic setting 

The Cambra-Ordovician metasedimentary rocks of the 
Miramichi Anticlinorium have undergone at least three 
phases of deformation during the Taconic (480 Ma) and the 
Acadian (400 Ma) orogenies (Rast, 1983) or as many as six 
according to van Staal ( 1987). The Taconic Orogeny was 
more intense in the northern part of the anticlinorium 
whereas the Acadian Orogeny was uniform along the entire 
length (Fyffe, l 982a). 

The Taconic Orogeny took place during Ordovician time 
as a result of the closing of the Iapetus Ocean and the 
destruction of the ancient continental margin of North 
America (i.e., continent-continent collision) (Williams, 
1979). 

The Acadian Orogeny took place during late Lower to 
Middle Devonian and produced the major anticlinoria and 
synclinoria in the Appalachians including the Miramichi 
Anticlinorium (St. Julien and Beland, 1982). McKerrow and 
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Figure 2. Lithotectonic zones of New Brunswick. 

Ziegler ( 1971) and Keppie ( 1977) related the Acadian 
Orogeny to the final stages of the closure of the Iapetus 
Ocean. 

Major northeast- and northwest- trending faults are 
common in the Miramichi Anticlinorium . The most promi
nent of these faults is the east-northeast trending Catamaran 
Fault (Fig. I ). which has a right lateral slip with an approxi
mate displacement of 7 .2 km (Anderson. 1972). The 
Catamaran Fault displaces a granite pluton dated at 3 15 ± 7 
Ma (Fyffe. 1982b). 

Igneous intrusions 

Two groups of igneous rocks. mainly felsic. were intruded 
in the Miramichi Anticlinorium (Fig. I). The first group 
(older granitoids) were emplaced during the Taconic 
Orogeny and are deformed (cataclastic). The second group 
(younger granitoids) were emplaced during and after the 
waning stages of the Acadian Orogeny and are generally 
undeformed. 

The granitic rocks of the orth Pole. Burnthill. 
Dungarvon. Trout Brook, and Rocky Brook plutons are 
younger granitoids belonging to the second group. 

Metamorphism 

The rocks of the Miramichi Anticlinorium have undergone 
both regional and thermal metamorphism. Those of 
Precambrian (')) age have been altered to high grade 
assemblages including migmatites and amphibolites. The 
more abundant Cambra-Ordovician sedimentary rocks of the 
Tetagouchc Group arc regionally metamorphosed to sub
greenschist and amphibolite facies. in addition to the contact 
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metamorphism near intrusions. The regional metamorphism 
ranges. generally from chloritc grade in the north to biotite 
grade in the centre. and is believed related to the Taconic 
Orogeny. Rocks in the southern part of the anticlinorium 
have undergone prehnite-pumpellyite grade metamorphism. 
possibly as a result of the Acadian Orogeny (Yenugopal. 
1979). 

Within one kilometre of the igneous plutons. the country 
rocks were thermally metamorphosed into the following 
assemblages of index minerals: chlorite, biotite, cordierite, 
andalusite. and sillimanite. 

Economic potential 

The Miramichi Anticlinorium encompasses most of the 
important ore and potential ore deposits in New Brunswick. 
The anticlinorium has a high potential for undiscovered 
mineral resources, including uranium, because of its 
lithological and tectonic settings favourable for metal 
dissolution . transportation, and concentration in suitable 
sites. 

Several major or significant mineral occurrences are 
known to exist. Among these are up to 33 massive sulph ide 
deposits occurring within the Ordovician volcanic and 
sedimentary rocks of the Tetagouche Group in the northern 
part of the Anticlinorium (Bathurst-Newcastle Mining 
Camp). The largest of these is the Brunswick No. 12 
orebody which contains proven reserves (as of December 
1985) of 83 025 OOO tonnes of 9.15% Zn. 3.73% Pb. 0.31 % 
Cu. and 98 g/t Ag (Canadian Mines Handbook, 1986-1987). 
Pyrite. sphalerite. and galena are the main minerals. 

In addition to these mines. several other occurrences are 
located in the anticlinorium and contain some combination 



of Cu, Pb, Zn, W, Mo, Sn, Sb, Ag, Au, and U (Ruitenberg 
and Fyffe, 1982). These deposits include breccia fillings, 
fault controlled veins of various compositions, dissemina
tions, greisen veins and stringers, magmatic deposits, etc. 
Many are associated spatially and temporally with the 
Acadian granitic rocks. Many have been either recently 
discovered or re-evaluated. 

With regard to uranium deposits, only low grade 
occurrences are known to exist within the Miramichi 
Anticlinorium (Fig. 1 ). Most are associated with Acadian 
granitic plutons. The polymetallic vein-type deposits of the 
Long Lake area are the best known of these (Hassan and 
McAllister, 1988). They are related to hydrothermally 
altered and highly brecciated northwest-trending fractures 
crosscutting granites of the Lower Devonian North Pole 
Pluton. The uranium is commonly in chalcedony Uasperoid) 
veins and associated with significant amounts of other 
elements such as Cu, Pb, Zn, Mo, W, Sn, Ag, and Au 
(Fig. 1). 

GENERAL GEOLOGY OF LONG LAKE 
AREA AND THE CENTRAL MIRAMICHI 
ANTICLINORIUM AREA 

Long Lake Area 

Overview 

The Long Lake area (Fig. 3) is underlain by polydeformed 
Cambro-Ordovician metasedimentary rocks intruded by a 
pre-Acadian Ordovician felsic pluton and Acadian, Lower 
Devonian felsic and mafic plutons. The North Pole Pluton 
comprises the youngest granitic rocks in the Long Lake 
area. 

The stratified rocks have been thermally metamorphosed 
in a zone up to 2 km wide around their contact with the 
North Pole Pluton, to an alkali feldspar-cordierite
andalusite-biotite-muscovite homfels (Fyffe and Pronk, 
1985). 

The older rocks (Precambrian?) exposed in the Long 
Lake area belong to the Trousers Lake Complex (Fig. 3), in 
which two units were identified by Fyffe and Pronk ( 1985). 
The younger unit outcrops in the southwestem part of the 
map area and is composed in general of psammite and 
interbedded pelite. The older unit is located in the north
eastem part of the map area and is composed of amphibo
lite and granitic gneiss. 

The high grade metamorphic rocks of the Trousers Lake 
Complex are covered by lower grade Cambro-Ordovician 
rocks comprised of quartz sandstone intercalated with 
phyllite (Fyffe and Pronk, 1985). The sandstone contains 60 
to 85% quartz, 15 to 40% chlorite and mica. The mica is 
mostly sericite with minor biotite and muscovite. The 
phyllite is comprised of sericite and chlorite (Crouse, 1977). 

The deformed granite (Ordovician) that outcrops in the 
northeastern comer of the map area (Fig. 3), is concordant 
with the Cambro-Ordovician rocks and has a foliation 
parallel to their trends (i.e., northwest to north-northwest). 

It is mainly pink, equigranular, and medium grained. 
Recrystallized phases of the granite contain crystals of 
perthite and plagioclase up to 4 mm in diameter embedded 
in a finer matrix of quartz and biotite (Fyffe and Pronk, 
l 985). The deformed granite contains abundant roof 
pendants of Cambro-Ordovician rocks. 

In the northwestem comer of the map area (Fig. 3), a 
mafic mass mapped by Fyffe and Pronk (1985) as part of 
the Devonian Redstone Mountain Pluton, is exposed. This 
mass is composed mostly of olivine gabbro (Fyffe and 
Pronk, 1985). 

Geology of North Pole Pluton 

Uranium and associated metals in the Long Lake area are 
spatially, temporally, and possibly genetically associated 
with the North Pole Pluton (Fig. 3) which is a posttectonic, 
peraluminous granite that intrudes the Cambro-Ordovician 
rocks discordantly (Fyffe and Pronk, 1985). Chemically and 
texturally, the North Pole Pluton is similar to the Pokiok 
Batholith of New Brunswick and the South Mountain 
Batholith of Nova Scotia (Fyffe and Pronk, 1985). The 
Pokiok Batholith lies adjacent to uraniferous stibnite-bearing 
quartz veins in the Silurian metasedimentary rocks of the 
Lake George antimony mine. The South Mountain Batholith 
hosts Sn-U deposits. 

Recent mapping by Fyffe and Pronk ( 1985) indicates 
that the North Pole Pluton is divided into three phases; 
quartz-feldspar porphyry (youngest), biotite-muscovite 
granite, and biotite granite (oldest), and the following 
descriptions are from their paper. 

Biotite granite 

The biotite granite (Fig. 3) constitutes most of the pluton. 
It is generally pink and contains coarse grained, 
equigranular crystals of quartz, alkali feldspar, and 
plagioclase in equal proportion. Biotite forms 1 to 2% of 
the rock. The alkali feldspar is an orthoclase perthite 
containing domains of microcline. The plagioclase is altered 
to sericite and epidote; biotite is partly altered to chlorite. 

Biotite-muscol'ite granite 

The biotite-muscovite granite (Fig. 3) is second in areal 
extent and intrudes the biotite granite. The biotite and 
muscovite together account for 3 to 5% of the rock. The 
equigranular two-mica granite occurs predominantly in the 
western side of Long Lake and is identified by its medium 
grain size and light-grey to light-pink color. In addition to 
mica, the granite contains 25 to 35% quartz, 30% 
plagioclase, 15 to 20% potassium feldspar, and 5% chlorite 
(altered from biotite). Sphene, apatite, epidote, and opaque 
minerals are present as accessories. 

Two-mica granites are recognized by a number of 
geologists for their metallogenic specialization in U, Sn, 
Mo, Be, Li, and F mineralization. The U-producing 
Hercynian granite of Massif Central, France is the best 
example of two-mica granites (Moreau, 1976). 
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Quartz-feldspar p01phyry 

The quartz-feldspar porphyry (Fig. 3) occurs as dykes 
intruding the biotite granite. The dykes, located mainly in 
the eastern side of Long Lake, trend northwesterly, parallel 
to the 120° trending joints in the biotite granite. The 
phenocrysts consist of plagioclase, quartz, orthoclase, and 
minor biotite. The phenocrysts are about 2 mm in diameter, 
constitute about 50% of the rock and are embedded in a 
matrix of quartzo-feldspathic material. The plagioclase 
phenocrysts are almost entirely altered to sericite. 
Orthoclase is partially replaced by calcite. Biotite is com
pletely altered to chlorite. Miarolitic cavities have been 
observed in these dykes. 

The quartz-feldspar porphyry is extensively altered by 
hydrothermal solutions. Fresh varieties are pink whereas the 
altered varieties are greenish grey. 

Age of North Pole Pluton 

Samples taken for age determination suggest that the 
granitic phases have been intruded over a relatively short 
period of time. Rubidium-strontium ages of 378 ± 7 Ma are 
assigned to them by Fyffe et al. (198 l ). A K-Ar age 
determination on biotite from the granite taken from a drill 
hole gave an age of 391 ± 14 Ma (Hauseux, l 980b ). This 
age agrees, within the limits of error, with the Rb-Sr age. 

AK-Ar whole rock determination on the biotite-musco
vite granite gave an age of 355 ± 18 Ma (Fyffe and Pronk, 
1985). Fyffe and Pronk referred this age to the cooling 
stage of the granite. A Rb-Sr determination on muscovite 
granite from a drill hole yielded an age of 408 Ma 
(Hauseux, 1982) which Fyffe and Pronk ( 1985) believed to 
represent the age of crystallization of the granite. 

A K-Ar whole rock determination on samples from the 
quartz-feldspar porphyry gave an age of 337 ± 17 Ma 
(Fyffe and Pronk, 1985). This age contradicts the Rb-Sr age 
determination (278 Ma, Hauseux, 1982) on mineral separ
ates from an altered sample of the quartz-feldspar porphyry. 
Fyffe and Pronk ( 1985) related this contradiction to 
hydrothermal activity assumed to have operated on the 
granite after crystallization. It is also recognized that the 
quartz-feldspar porphyry may be much younger and related 
to a different magma source. 

Depth of emplacement of North Pole Pluton 

A rough estimate of the depth of emplacement for the North 
Pole Pluton was determined mainly from the stability fields 
of the mineral assemblages in the pluton and the country 
rocks. The first estimate was made on the basis of the pres
ence of andalusite in the metamorphic aureole of the granite 
in the country rocks and indicates a depth of about 13 km 
below the surface (Holdaway, l 971 ). Recently, Fyffe 
(l 982b) used primary muscovite for depth of emplacement 
estimation, using an empirical diagram given by Carmichael 
et al. (1974), in which a depth greater than 12 km is 
assumed for primary muscovite-bearing granites. 

On the basis of the average normative quartz, orthoclase, 
and albite (Q-Or-Ab) ternary diagram of Tuttle and Bowen 

( 1958), Fyffe and Pronk ( 1985) have concluded that the 
biotite granite crystallized at I kb PHP (Fig. 4) which 
suggests an emplacement at a depth of at least 3.5 km. The 
quartz-feldspar porphyry sample crystallized at 0.5 kb, 
which is equivalent to a depth of 2 km (Fig. 4). These 
variation in depth of emplacement between the biotite 
granite and the quartz-feldspar porphyry led Fyffe and 
Pronk ( 1985) to suggest that over a kilometre of overlying 
rocks were removed by erosion between the time of the 
biotite granite emplacement and the quartz-feldspar por
phyry intrusion. 

Geophysical modeling of the North Pole Pluton by using 
gravity data yields a value of 8 km as the probable thick
ness (Burke and Chandra, 1983). The model also reveals 
that the Cambra-Ordovician metasedimentary rocks covering 
the granite vary in thickness from 0 to I km. 

On the basis of these studies it is suggested that the 
North Pole Pluton was emplaced at shallow depth in the 
crust (i.e., epizonal). These types of granitoids fracture 
easily and allow the hydrothermal fluids to escape along 
fracture systems to form ore deposits (Hosking, 1977). 

Breccia zones of the North Pole Pluton 

The most interesting structural features observed in the 
North Pole Pluton are the breccia zones, which were 
observed in several localities, particularly on the eastern 
side of Long Lake (Fig. 3; Hauseux, I 980a, 1982). As 
indicated from the map (Fig. 3) these zones are distinctly 
elongate in the northwest direction, near or along the 
northwest-trending shear zones. The majority of the poly
metallic vein-type uranium mineralization zones are associ
ated with these breccias which are characterized by their 
extensive hydrothermal alteration and by their content of 
chalcedony (usually jasperiod) veins, features typical of 
hydrothermal processes. 

Ab 

e Quartz-feldspar porphyry 
A 8 iotite-muscovite granite 
• Biotite granite 

Q 

Or 

Figure 4. 0-0r-Ab ternary diagram for normative quartz, 
orthoclase, and albite in various phases of the North Pole 
Pluton (after Fyffe and Pronk, 1985). 
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The breccia zones of the Long Lake area contain 
angular granitic fragments of variable sizes (up to 1.5 cm), 
in which quartz, alkali feldspar and plagioclase are the 
essential constituents. The alkali feldspar and plagioclase 
fragments usually appear strongly strained and are crosscut 
by chalcedony filled fractures. The fine grained matrix is 
mostly of the same material, but also contains grains of 
sericite, biotite, and chlorite along with epidote grains which 
are sometimes associated with the chlorite. 

Breccia pipes have long been considered excellent 
targets for mineral exploration in general and for uranium 
in particular (Kents, 19-64; Sawkins, 1969; Fletcher, 1977; 
Simmons and Sawkins, 1983). In the Long Lake area both 
breccia faults and the host rock lithology of North Pole 
Pluton are possible major ore controls. 

Brecciation is a characteristic feature of hydrothermal 
systems generated around felsic to intermediate igneous 
rocks emplaced at shallow depths in the crust (Sotnikov et 
al., 1974; Allman-Ward et al., 1982). Scherkenbach (1982) 
suggested that breccia occurs as a result of a sharp drop in 
PHzO. This sharp drop in pressure can take place when hot 
magmatic hydrothermal solutions at depth rise through 
fractures or faults to the surface. The breccias may also 
form by hydraulic ramming of residual fluids and magma 
during cooling of the granite (Lindsey and Fisher, 1985). 

Another mechanism was proposed by Fisher (1976) 
during his study of vein-type uranium deposits in the Front 
Range, Colorado. There uranium is found in fault breccia 
systems. According to Fisher, breccia is generated whenever 
Laramide faulting is at a high angle to metamorphic 
foliation, and maximized at places where the intersection 
angle approaches 90°. 

The mechanism responsible for the breccia generation 
east of Long Lake is not fully known at present. However, 
Fyffe and Pronk (1985) stated that brecciation may have 
occurred during release of silica-rich hydrothermal fluids 
into the fractures. 

In the Long Lake area the trends of the breccia faults 
are parallel to the trends of the metamorphic foliation of the 
Cambro-Ordovician metasedimentary rocks (northwest to 
north-northwest), suggesting some support for the proba
bility of the brecciation being produced more by the action 
of hydrothermal fluids than by the purely mechanical 
method described by Fisher (1976). 

Wall rock alterations 

Hauseux (l 980a) has identified three episodes of 
hydrothermal and supergene alteration in the Long Lake 
area. The alterations are in general associated with highly 
fractured and brecciated zones, and are characterized by the 
following: 

1. Sericite-chlorite-silica-pyrite 

16 

The sericite-chlorite-silica-pyrite hydrothermal alter
ation is associated with northwesterly trending quartz
pyrite veining of the North Pole Pluton. This veining 
is believed to be the earlier of two stages of veining 
related to post-magmatic northwest-southeast faulting. 

2. Kaolin-sericite-calcite (± fluorite) 
The kaolin-sericite-calcite hydrothermal alteration is 
associated with the later stage of northwesterly tren
ding calcite-veining. 

3. Fe-Mn-oxide staining 
The Fe-Mn staining occurred within the top 30 m of 
the weathered zone of the granite by supergene 
processes. It is the last episode of alteration that 
affected rocks in the area. 

Mineralization related to the North Pole Pluton 

Uranium- and sulphide-bearing silica (mostly jasperoid 
chalcedony) veins occur in at least four northwest-trending 
faults that intersect the North Pole Pluton (Fig. 3). The 
mineralization and associated alteration are most commonly 
concentrated in the fault breccia. Pyrite, chalcopyrite, 
sphalerite, galena, covellite, and molybdenite are the main 
sulphide minerals found (Hauseux, 1980a), along with small 
amounts of arsenopyrite, matildite, and native bismuth. 
Cassiterite and autunite-torbernite have been identified in 
float only. Uranium was also found in veins intersected in 
trenches and drill holes but no mineral identifications were 
made. 

Mineralization in float samples was investigated by 
Gasparrini (1981), who identified uranium (a) in discrete 
grains, (b) in fracture fillings, and (c) diffused within the 
rocks. 

Four phases of secondary uranium minerals were 
recognized by a microscope-electron microprobe study of 
two thin sections from medium grained muscovite granite 
float (Gasparrini, 1981 ). These phases are: 

1. Uranium-phosphorous-copper: 
The mineral of this compound is most abundant and 
identified as torbernite Cu(P04)z(U02) 2.8- l 2H20. It is 
distributed among the rock-forming minerals of the granite. 

2. Uranium-phosphorous-iron-copper compound: 
The mineral of this compound was identified as iron 
torbernite (mixture of iron oxide and torbernite). The 
mineral forms platy crystals. 

3. Iron-phosphorous compound with minor uranium: 
The mineral of this compound was not identified. The 
mineral is very fine grained and it is deep red under 
transmitted light. It is distributed in fractures and dispersed 
through the rock. 

4. Iron-uranium-phosphorous compound: 
This unidentified mineral is less common than the above. It 
is opaque under transmitted light. 

Chronological development of the North Pole Pluton 
metallogeny 

Metallogenic developments of the North Pole Pluton and 
associated post-Precambrian geological events are illustrated 
in Figure 5. Sequential summary of these events is as 
follows: 
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Figure 5. Geochronological sequence of metallogenic development in the Long Lake area. 

l. Deposition of the Cambra-Ordovician sedimentary 
rocks in a paraplatformal environment. 

2. During the Taconian Orogeny (480 Ma) the Cambro
Ordovician rocks were tightly folded, regionally 
metamorphosed (subgreenschist-amphibolite grade), 
intruded by granite, uplifted, and deeply eroded. 
Sedimentary rocks at contact with the granitic rocks 
were thermally metamorphosed to chlorite-cordierite 
grade. 

3. During the Acadian Orogeny (400 Ma), the rocks 
underwent open-fold deformation along northeast axes. 

4. North Pole Pluton was emplaced at this stage and 
metamorphosed the contact rocks to alkali 
feldspar-cordierite-andalusite-muscovite hornfels. The 
associated quartz-feldspar dykes are much younger but 
are assumed to be genetically related. 

5. Northwest-trending wrench faults and associated shear 
zones were generated at the later stages of the Acadian 
Orogeny. 

6. The rocks along these faults were hydrothermally 
metamorphosed giving rise to chloritization, sericiti
zation, silicification, and pyritization which are the 
major alterations identified for this stage. 

7. This process led to quartz-pyrite vein generation some 
of which was accompanied by Cu-Pb-Zn sulphides 
mineralization. 

8. The northwest-trending wrench fau lts were reactivated 
and this event was accompanied by brecciation of the 
granitic rocks of North Pole Pluton along these faults. 
That brecciation was promoted by pulses of 
hydrothermal fluids is evidenced by the generation of 
a second episode of hydrothermal alteration (chloriti
zation, sericitization, carbonatization, and kaoliniti
zation) of the wall rocks. These events also produced 
chalcedony Uasperoid) veining. 

9. At this stage there was further deposition of Cu-Zn-Pb 
sulphides; U-Mo-Ag ± (Au) minerals were added. 

l 0. Supergene processes, aided by the action of meteoric 
waters near the surface, led to depletion of Fe and Mn 
from the rocks, and produced limonite staining. 
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Central Miramichi Anticlinorium area 

Overview 

The central Miramichi Anticlinorium area (Fig. 6) includes 
Cambro-Ordovician rocks of the Tetagouche Group com
prising a thick sequence of metasedimentary and 
metavolcanic rocks which have undergone multiple defor
mation and metamorphism during their geological history. 

The Tetagouche Group is in faulted contact with 
metasedimentary rocks of Silurian age in the eastern part of 
the map area (Fig. 6). 

The stratified rocks of the central Miramichi area were 
intruded by both deformed (pretectonic) and undeformed 
(posttectonic ), mainly felsic, plutons (Fig. 1 ). Most of the 
mineral occurrences in the area are spatially and perhaps 
genetically associated with the posttectonic granitic plutons. 

The Cambro-Ordovician sedimentary rocks in the study 
area were regionally metamorphosed to the lower green
schist facies. At the contact with the plutons, the sedimen
tary rocks were thermally metamorphosed to biotite and 
cordierite grade (Fig. 6). The cordierite zone is about 300 
to 700 m wide, whereas the biotite zone is about 1500 m to 
3000 m wide. 

Geology of central Miramichi Anticlinorium posttectonic 
plutons 

Four major granitic plutons of Middle Devonian age are 
known to intrude rocks of the area (Fig. 6). These plutons 
are: Burnthill, Dungarvon, Trout Brook, and Rocky Brook. 
Although several investigators (i.e., Poole, 1963; Irrinki, 
1979; Crouse, 1981; Taylor et al., 1987) have dealt with 
them as separate plutons, recent mapping by staff of the 
New Brunswick Department of Natural Resources and 
Energy (Fyffe and MacLellan, 1988) suggests that they are 
similar in mineralogy, texture, and perhaps geological age. 
They also have similar metal associations such as Sn, Mo, 
W, and U. Therefore, these plutons may have been derived 
from a single magmatic chamber and it is possible they join 
at depth as a large batholith (Crocco, 1975). 

The granitic plutons have been ascribed to be post
orogenic (Fyffe et al., 1981 ). They are formed late in the 
tectonomagmatic sequence and are typical of high level 
intrusions in that they have sharp, strongly discordant 
contacts with the country rocks. The high level intrusion is 
also evidenced by their granophyric and miarolitic textures 
as well as their moderate to low grade metamorphic 
aureoles. The chemical and mineralogical variations of 
different phases of the plutons are characteristics of low 
pressure and minimum temperature melt composition 
(Taylor et al., 1987). The miarolitic cavities are believed to 
be formed as a result of late HP saturation of an initially 
undersaturated magma. 

The granitic plutons are intersected by several phases of 
dykes and veins. The veins are thought to form as a result 
of fluids introduced by the plutons themselves during early 
postmagmatic stages (MacLellan et al., 1986). 
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The four plutons (Fig. 6), of which Burnthill Pluton is 
the largest, are high-silica granites (Gardiner and Garnett, 
1986; MacLellan et al., 1986). They comprise two major 
phases: equigranular granite and porphyritic granite, and 
two minor phases: microgranite (with associated aplite 
dykes and pegmatite pods) and biotite melanocratic granite. 
Both major phases are cut by younger microgranite, aplite, 
and pegmatite. The contacts between the two major phases 
are gradational to sharp. 

Despite the variation in textures, the chemical composi
tion of the two major phases is comparable. This indicates, 
according to MacLellan et al. (1986) that these phases may 
have crystallized from a single, zoned magma chamber that 
has undergone a complex cooling history involving local
ized remobilization of the magma. Textural variation may 
suggest a multiple intrusion history. 

It appears, as shown in Figure 6, that the porphyritic 
granite is predominantly in the northern part of the plutons 
whereas the equigranular granite is common in the southern 
parts. MacLellan et al. ( 1986) have attributed this to 
variation in temperatures of crystallization which decreased 
from north to south, and suggested that this variation in 
temperature and pressure between the two main textural 
phases led to the accumulation of a higher amount of fluids 
in the equigranular granite relative to the porphyritic granite 
at late stage crystallization. This may explain the intense 
hydrothermal alteration and mineralization within the 
equigranular granite. 

The late stage microgranite and associated aplite dykes 
and pegmatite pods that are commonly found cutting all 
other phases of the plutons are believed to be derived from 
the porphyritic granite (MacLellan et al., 1986). It is also 
believed that they were generated by local perturbations of 
fluid concentrations and thermal conditions within the 
magma chamber. Pockets of phenocryst-bearing, late 
crystallizing magmas were later tapped by brittle fractures 
developed during cooling. 

The four phases indicated above are more or less 
chemically, texturally, and mineralogically similar within 
different plutons. For this reason and for simplicity the 
following general descriptions of the different phases are 
given, from older to younger, without referring to the 
plutons unless there is significant variation in a phase within 
an individual pluton. 

Melanocratic hiotite granite 

The melanocratic biotite granite occurs in all the plutons 
and forms about 10% of their total outcrop area (Fig. 6). It 
is characterized by its high biotite content (up to 20% ), 
coarse K-feldspar phenocrysts and by sparsely developed 
euhedral plagioclase and quartz phenocrysts (Gardiner and 
Garnett, 1986; MacLellan et al., 1986; Taylor et al., 1987). 

The porphyritic melanocratic granite is thought to be 
roof pendants, but the lack of a similar rock type in the 
country rocks may suggest that this unit is a remnant of an 
early magmatic phase (MacLellan et al., 1986). 



'° 

M
ID

D
L

E
 

D
E

V
O

N
IA

N
 

c
=

J
 

[':;
.,>

;s
:I 

P
or

ph
yr

it
ic

 a
n

d
 

g
ro

n
o

p
h

y
n

c 
b1

01
tte

 
m

1c
ro

9r
on

1t
e 

w
d

h
 

q
u

a
rt

z 
an

d 
fe

ld
sp

a
r 

p
h

e
n

o
cr

ys
ts

 T
he

 
9

ro
n

o
p

h
yr

1
c 

ro
ck

s 
co

n
ta

in
 

o
p

l•
te

 
d

y
k
u

 
a

n
d

 m
in

o
r 

pe
9m

ot
1t

e 
p

o
d

s 

M
e

d
iu

m
 
g
r
a
m
~
 
~
u
1
9
r
o
n
u
l
o
r
 

bt
OC

1t
e 

g
ra

n
ite

 
a

n
d

 
b1

0!
1t

e 
m

1c
ro

gr
on

11
e 

lo
ca

ll
y 

po
rp

hy
ri

ti
c 

a
w

l 
m

us
co

v1
te

-b
eo

nn
g 

~
 

C
o

o
rs

. 
g

ro
in

e
d

, 
se

ri
o

te
 t

o
 e

qu
19

m
nu

lo
r,

b1
ot

1t
e 

g
ra

n
it

e
 w

it
h

 
~
 

ol
ko

l1
 

fe
ld

sp
a

r 
p

h
e

n
o

cr
ys

ts
 a

n
d

 m
ed

1u
m

9r
o1

ne
d 

po
rp

hy
r1

!1
c.

 
bt

0M
e 

g
ra

n
ite

 w
it

h
 a

lk
a

li 
fe

ld
sp

a
r 

an
d 

pl
og

io
cl

os
e 

p
h

e
n

o
cr

ys
ts

 
lt!

E
E

H
H

B
 

M
e

d
iu

m
 g

ro
in

ed
, 

m
e

lo
n

o
cr

o
ti

c 
bi

ot
1t

e 
g

ra
n

it
e

 w
it

h
 

q
u

o
rr

z 
i=

±:
:W

±f
±l

 
an

d 
pl

o9
1o

cl
os

e 
p

h
e

n
o

cr
ys

ts
. 

LA
T

E
 

S
IL

U
R

IA
N

 -
E

A
R

LY
 

D
E

V
O

N
IA

N
 

[
=

:J
 

S
yn

t.
ct

o
n

ic
 

to
 

la
te

 I
K

lo
n1

c 
g

ra
n

it
e

 

-
D

ia
ba

se
 

S
IL

U
R

IA
N

 

~
 

M
e

to
u

d
im

e
n

to
ry

 
ro

ck
s 

C
A

M
B

R
IA

N
 -

O
R

D
O

V
IC

IA
N

 

c:
::

:J
 

D
e

fo
rm

e
d

 
9

ro
n

it
e

 

T
e

to
g

o
u

ch
e

 
G

ro
up

 

rn
IIT

il 
M

e
to

s
e

d
im

e
n

la
ry

 
a

n
d

 
m

e
ta

vo
lc

a
n

ic
 

ro
ck

s 

~
 

M
e

to
se

d
1

m
e

n
la

ry
 

ro
ck

s 

O
 

1 
2 

J 
4 

S
k
m

 

1
--

\i
iii

i;
;J

 
li;

;;;
w

jo
-o

j 
S

c
a

le
 

/ /v
 

l~
f)
 

~
lf..._¥
 

·1~
 
" 

I~
 

. 

(/ 

M
E

T
A

M
O

R
P

H
IC

 
IS

O
G

R
A

D
 

C
o

rd
ie

ri
le

 -
on

do
1u

s1
le

 

B
io

ti
te

 

F
a

u
lt

s
 

• 
U

ra
n

iu
m

 
a

n
o

m
a

lt
e

s 
(e
U
~
 1

8
p

p
m

) 

·g
 

'° 
M

IN
E

R
A

L
 

O
C

C
U

R
R

E
N

C
E

S
 

SI
 @

 
&

&
 

~
@
 

0 \l
 

®
 

@
 

A
 

A
 

G
re

1
se

n
-s

1
o

ck
w

o
rk

-v
e

in
 

(s
tr

ik
e

 k
n

o
w

n
; 
s
tr

ik
e

 u
n

kn
o

w
n

) 

V
e

in
s 

a
n

d
 s

to
c
k
w

o
rk

s
 i

n
 

fr
a

c
tu

re
s
 

&
/o

r 
sh

!O
r 

zo
n

e
s 

{s
tr

ik
e

 
kn

o
w

n
, 

s
tn

k
e

 u
n

k
n

o
w

n
) 

B
re

cc
1

a
 

ve
in

 (
s
tr

ik
e

 k
n

o
w

n
; 

s
tr

ik
e

 u
n

k
n

o
w

n
) 

ln
tr

a
m

a
q

m
o

ti
c
 

P
o

rp
h

yr
y 

-
ty

p
e 

d
e

p
o

s
it

s
 

S
tr

o
ti

fo
rm

 
m

a
s
s
iv

e
 

s
u

lp
h

id
e

s
 

D
is

s
e

m
in

a
te

d
 

&
/o

r 
s
tr

in
g

e
r 

s
u

lp
h

id
e

s
 

V
e

in
s 

o
n

d
 

s
to

c
k
w

o
rk

s
 

in
 

fr
a

c
tu

re
s
 

&
/o

r 
s
h

e
a

r 
zo

n
e

s 
a

n
d

 
g

re
1

se
n

 -
s
to

c
k
w

o
rk

-v
e

in
 

V
e

in
s 

a
n

d
 

s
to

c
k
w

o
rk

s
 m

 
fr

a
c
tu

re
s
 

&
/o

r 
sh

e
a

r 
zo

n
e

s,
 

g
re

is
e

n
-s

to
c
k
w

o
rk

-v
e

m
 

o
n

d
 

d
1

ss
e

m
in

o
tt

d
 

&
/o

r 
s
tr

in
o

.r
 

s
u

lp
h

id
e

s
 

~
 

ln
tr

o
m

o
g

m
a

1
1

c 
o

n
d

 
9

re
is

e
n

-s
to

c
k
w

o
rk

 v
e

in
 

V
 

P
o

rp
h

y
ry

-t
y
p

e
 d

e
p

o
si

t 
a

n
d

 
g

re
1

se
n

-s
to

ck
w

o
rk

 
ve

in
 

B
u

rn
t h

il
l 

T
u

n
g

st
e

n
 (

 W
, S

n
, M

o
, B

e
,F

, 
C

u
, A

s
, 

B
t,

 T
i,

 Z
n

,P
b

, U
 J

 
C

le
o

rw
o

te
r 

B
ro

o
k
 

B
e

ry
l 

(B
e

l 

3 
lo

w
e

r 
B

u
rn

th
il
l 

B
ro

o
k

-A
,8

,C
 (

W
,M

o
.S

n
,F

,B
e

,U
) 

M
c
le

o
n

 
B

ro
o

k
 

N
o

rt
h

-A
,B

,C
.D

,E
 {

M
o

,W
,C

u
.S

n
,F

,U
I 

M
c
le

a
n

 
B

ro
o

k
 

S
o

u
th

-A
,B

,C
 {

C
u

,Z
n

.A
s
) 

6 
O

ll
e

r 
B

ro
o

k
 (

F
,C

u
,Z

n
,U

) 

T
in

 
H

1
ll
-A

,8
,C

,D
 (

S
n

,W
,M

o
,U

) 

T
w

o 
&

 O
n

e
-h

a
ll
 

M
il
e

 
B

ro
o

k 
(S

n
.W

,F
,A

s
l 

9 
C

le
a

ve
la

n
d

 
P

ro
sp

e
ct

 
&

 L
o

w
e

r 
D

u
n

q
o

rv
o

n
 (

Z
n

,C
u

,P
b

,A
9

,S
n

,M
o

,F
) 

10
 

D
u

n
g

a
rv

o
n

 
,V

e
in

s
 

2
,4

,6
,1

1
,1

4
 

(S
n

,F
,M

o
,C

u
,P

b
,N

b
) 

11
. 

D
u

n
q

a
rv

o
n

 
, 

V
e

in
s
 

3 
• 

5 
(S

n
 •

 F
 l 

12
 

D
u

n
g

o
rv

o
n

 ,
 

V
e

in
 

7 
(S

n
, 
F

, 
C

u
) 

13
 

F
o

u
r 

M
ile

 
B

ro
o

k
 

, 
V

e
in

 1
 (

S
n

, 
F

) 

14
 

F
o

u
r 

M
il
e

 
B

ro
o

k
 

( 
W

, 
M

o
) 

15
 

F
o

u
r 

M
il

e 
la

k
e

 (
 C

u
,S

n
l 

16
 

H
a

rr
is

 
B

ro
o

k
-A

,
B

(C
u

,Z
n

) 

17
 

H
o

rr
is

 
la

k
e

-A
,8

,C
,O

 (
S

n
,F

) 

18
 

H
a

rr
is

 
L

a
ke

 U
 

( 
U

, 
F

) 

19
 

H
e

a
d

 
o

f 
li
tt

le
 

O
u

n
q

o
rv

o
n

-A
,8

.C
 (

C
u

,S
n

) 

20
. 

P
e

a
ke

d
 

M
o

u
n

to
in

-A
,B

,C
 (

W
,M

o
,F

. 
B

e
, 

S
n

, 
C

u
,Z

n
) 

21
 

P
ea

ke
<

! 
M

o
u

nt
a

in
 

W
e

s
t 

(W
,F

) 

l2
 

R
o

ck
y 

B
ro

o
k 

E
a

s
t 

f C
u 

I 
23

 
S

is
te

rs
 

B
ro

o
k
 
(S

n
,F

,W
.M

o
,A

s
l 

24
 

Y
o

u
n

q
's

 
D

a
m

-A
.8

 
(M

o
,U

J
 

2S
. 

Y
a

u
n

q
's

 
O

a
m

-C
,D

 (
M

o
,C

u
,A

s
) 

26
 

C
le

a
rw

a
te

r/
 T

ro
u

t 
la

k
e

-A
,8

,C
,D

 
(F

) 

27
 

G
ilm

a
n

 
B

ro
o

k
 
F

lu
o

ri
te

 -
A

 
B

 
(F

) 

2
6

 
R

o
ck

y 
B

ro
o

k
 

C
a

m
p

s 
(W

) 

29
. 

R
o

ck
y 

B
ro

o
k
 

F
lu

o
ri

te
 

( 
F

) 

30
 

R
o

ck
y 

B
ro

o
k
 

S
o

u
th

-A
,8

,C
(S

n
,M

o
,B

i,
W

,F
) 

JI
 

S
is

te
rs

 
B

ro
o

k
-A

,8
 
(W

,F
,U

) 

l2
 

S
is

le
rs

 
M

o
u

n
ta

in
-

JA
 (

C
u

,Z
n

,A
s
,F

I 

33
 

S
o

u
th

w
e

s
t 

M
1

ra
m

ic
h

1
 
(F

. 
P

b
) 

34
 

T
od

d 
M

o
u

n
1

0
1

n
-A

,8
,C

 (
S

n
,C

u
,P

b
,Z

n
,A

9
,A

u
,A

s
) 

35
 

T
od

d 
M

o
u

n
ta

in
 

N
W

 
(W

, 
M

o
) 

36
 

T
ro

u
t 

L
o

k
e

 
P

lu
to

n
 

E
o

s
t-

A
,B

,C
 

( 
S

n
,W

,Z
n

,C
u

, 
M

o 
,F

. 
B

e
 ,
A

s
, 

A
g

, 
A

u
) 

37
 

T
ro

u
t 

la
k
e

 
P

lu
to

n
 
S

E
-A

,8
 

(S
n

,C
u

,M
o
,A

s
) 

38
 

T
ro

u
t 

B
ro

o
k

-U
p

p
e

r 
(C

u
) 

39
 

T
ro

u
t 

B
ro

o
k
-l

o
w

e
r,

A
-E

 
( 

C
u

,P
b

,Z
n

,A
s

,A
g

l 

R
E

F
E

R
E

N
C

E
S

 

F
yf

fe
 a

n
d

 
M

a
cl

e
llo

n
 

( 1
98

81
 

G
a

rd
in

e
r 

a
n

d
 

G
a

rn
e

t!
 (

1
9

8
7

0
) 

G
o

rd
in

e
r 

a
n

d
 

G
a

rn
e

tt
 (

19
87

b)
 

4 
M

ac
le

ll
a

n 
I 1

98
6)

 

F
ig

u
re

 6
. 

G
en

er
al

iz
ed

 g
eo

lo
gy

 a
nd

 u
ra

ni
um

 o
cc

ur
re

nc
es

 o
f 

th
e 

gr
an

iti
c 

pl
ut

on
s,

 c
en

tr
al

 M
ira

m
ic

hi
 A

nt
ic

lin
or

iu
m

. 



Porphyritic granite 

The porphyritic granite is the main phase of the plutons 
(Fig. 6) as it covers about 50% of the exposed area. 
Although the dominant texture exhibited by this unit is 
porphyritic, seriate and equigranular textures are also 
common. Poole (1963) described it as pink and coarse 
grained, with subequal amounts of quartz, plagioclase and 
alkali feldspar (perthite) and with about 5 to 10% biotite. 
Rapakivi textures are common. 

At the border with the country rocks, fine grained 
porphyritic granite appears and is believed by MacLellan et 
al. (1986) to be a chilled equivalent to the main phase. This 
fine grained porphyritic granite is cut by numerous dykes of 
aplite and porphyritic microgranite (MacLellan and Taylor, 
1989). Xenoliths and schlieren of oriented feldspar pheno
crysts occur. 

Petrographic examination of rock samples from this 
phase (Laanela, 1980) reveals that it consists essentially of 
subhedral, tabular crystals of plagioclase, embedded in an 
interlocking mosaic of quartz and K-feldspar anhedra. 
Biotite flakes are scattered throughout the rock but only 
accessory amounts of muscovite are present. Quartz forms 
irregularly shaped anhedra, of variable size, that range from 
unstrained to moderately strained in appearance. The 
plagioclase is unzoned to faintly zoned, with a composition 
of about An 12• The plagioclase crystals are partly altered to 
sericite. 

The K-feldspar is highly perthitic, occurs as large 
subhedral crystals, and appears to be fresh. 

Biotite crystals are irregularly shaped, deep-brown, and 
characterized by the presence of dark, pleochroic haloes 
around zircon inclusions. In addition to zircon, other 
accessory minerals identified are apatite and magnetite. 
Evidence for deuteric activity in the rock sample is indi
cated by sericitization and muscovitization of plagioclase, 
and chloritization of biotite. 

Equigranular granite 

The equigranular granite is second in abundance within the 
plutons (Fig. 6), and it is more or less confined to the south 
and southeastern parts of each body. It is of two textural 
varieties, one is medium grained and the other is fine 
grained (microgranite). The contacts between the equi
granular granite and the porphyritic granite are gradational. 
A few phenocrysts of quartz (up to 8 mm) and of feldspar 
(up to 1 cm) are developed locally (MacLellan et al., 1986). 
In the Trout Brook Pluton the equigranular granite contains 
muscovite (Gardiner and Garnett, 1986) in proximity to 
known greisen veins. The muscovite is therefore believed 
to be of secondary origin. Miarolitic cavities, either open or 
filled with fluorite, are common. 

Xenoliths, schlieren, and oriented feldspars that are 
observed in the porphyritic granites described above are 
absent in this unit. 

Petrographic examination of samples from this phase 
(Laanela, 1980) indicates that it is composed essentially of 
an interlocking mosaic of quartz, plagioclase, and 
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K-feldspar anhedra through which are scattered occasional 
flakes of muscovite and accessory amounts of biotite. 

Quartz occurs in irregularly shaped anhedra which have 
a slight to moderate strained appearance. Plagioclase usually 
forms equidimensional anhedra and it is typically unzoned 
with a composition of about An 12• K-feldspar crystals in the 
rock are also more or less equidimensional and many are 
very finely perthitic. In addition to the primary muscovite 
noted above, primary muscovite also exists. Accessory 
zircon is rare and usually forms as tiny inclusions within 
biotite. 

Microgranite and associated aplite dykes and minor 
pegmatite pods 

These rocks are the youngest in the plutons and formed late 
during magma crystallization (Gardiner and Garnett, 1986; 
MacLellan et al., 1986). They include porphyritic and 
granophyric biotite microgranite and several generations of 
aplitic dykes, veins and pods, and sparse pegmatitic pods. 
Textures are highly variable. The phenocrysts have various 
sizes and shapes and the groundmass-to-phenocrysts ratio is 
inconsistent. The phenocrysts range in size from 1 to 
25 mm for feldspars, I to 6 mm for quartz and I to 5 mm 
for biotite and their proportion varies from 5 to 40% of the 
rock. The shape of the phenocrysts varies from euhedral to 
anhedral (MacLellan et al., 1986). The grain size of the 
groundmass is less than I mm. 

Age of the granitic plutons 

A wide range of K-Ar mineral ages and Rb-Sr whole rock 
ages have been obtained for the granitic plutons. Most of 
the age determinations were carried out on the Burnthill 
Pluton, but the strong similarities in chemical composition, 
mineralogy, and texture among Burnthill and the other 
plutons (i.e., Dungarvon, Trout Brook, and Rocky Brook 
plutons) suggest that they may have similar ages as well. 

Potter (1969) reported K-Ar ages of 400, 382, and 377 
Ma for hydrothermal muscovite and 346 Ma for biotite in 
granite from the Burnthill Tungsten Mine. 

Recently, MacLellan et al. (1986) have carried out age 
determination on muscovite separates of various phases of 
the Burnthill Pluton. Their determinations indicate an age of 
379 ± 4 Ma for late stage magmatic activity and 383 ± 3 
Ma and 379 ± 3 Ma for hydrothermal alteration activities at 
Burnthill Tungsten Mine. These are generally in agreement 
with the results obtained earlier by Potter. On this basis, 
MacLellan et al. ( 1986) and later Taylor et al. ( 1987) have 
assigned a tentative age of 380 ± 5 Ma (Middle Devonian) 
to the Burnthill Pluton and mineral deposits related to it. 

Depth of emplacement of the central Miramichi granitic 
plutons 

The mineral assemblages (cordierite and andalusite) in the 
contact thermal aureoles of the granitic plutons of the 
central Miramichi Anticlinorium (Fig. 6) are indicative of 
high level (i.e., epizonal) granitoids according to criteria 



proposed by Hutchison ( 1977). Hutchison has investigated 
the granitoids of the Malaysian Peninsula and found that 
epizonal granitoids emplaced into sedimentary or metasedi
mentary rocks are characterized by wide contact thermal 
aureoles (up to 3 km) which contain cordierite and anda
lusite. On the basis of the mineral assemblage in the contact 
aureole, Maclellan et al. (1986) have also suggested that 
the Burnthill Pluton is a high level granitoid. 

By using the normative quartz-orthoclase-albite 
(Q-Or-Ab) ternary diagram of Tuttle and Bowen (1958) for 
the fresh rock samples of the Burnthill Pluton (Fig. 7) it is 
possible to determine to some extent the depth of emplace
ment of the Burnthill Pluton. With the exception of the 
melanocratic biotite granite phase of the pluton, the other 
three younger phases fall well within the 0.5 kb to I kb 
range cotectic contours which is equivalent to a depth of 2 
to 3 km. The melanocratic biotite granite phase falls on the 
3 kb cotectic contour which is equivalent to a depth of 
nearly 9 km. This depth of emplacement for the melano
cratic biotite granite may support the opinion of Maclellan 
et al. ( 1986) that this phase represents a remnant of an early 
magmatic phase. 

The geological features (miarolitic cavities, rapakivi 
texture, and granophyre aplites) associated with the three 
younger phases of the pluton also suggest that they have 
been emplaced at shallow depths. 

Structural control of veins and late stage dykes 

The posttectonic Middle Devonian granitic plutons 
(Burnthill, Dungarvon, Trout Brook, and Rocky Brook) 
exhibit at least two sets of joints (Butler, 1980). One set 
strikes north westerly at about 310° and dips 75° southwest. 
The other strikes northeasterly at 35° and dips 82° south
east. The northwest-trending set forms the main conduit for 
hydrothermal fluids in the plutons and contains most of the 

.ll. Microgronite and/or aplite 
• Equigranular granite 
• Porphyritic granite 
X Melonocrotic biotite 

granite 

Q 

Or 

Figure 7. Q-Or-Ab ternary diagram for normative quartz, 
orthoclase and albite in various phases of the Burnthill Pluton 
(Diagram after Tuttle and Bowen, 1958). 

significant mineral deposits. However, similar minerali
zation, along the northeast-trending joints, especially in the 
Trout Lake granite suggests that the two sets of joints may 
have formed contemporaneously as a conjugate set, with the 
more productive northwesterly set perpendicular to the 
extension direction. 

A minor set of east-trending fractures is also noticed in 
the Burnthill Pluton by Butler ( 1980). This set is suspected 
to be related to late movement on the Catamaran Fault 
(Fig. I). 

Mitton ( 1985) identified different generations of quartz 
veins, some containing cassiterite, in drill core samples 
taken from the Dungarvon Pluton. Most were trending 130° 
which is comparable to those identified in the Burnthill 
Pluton. Several feldspar veins also were identified in the 
granitic plutons. They have sharp contact with the host 
granites and some contain cassiterite (Mitton, 1985). 

Aplite dykes and veins (up to 1 m thick) are common 
especially in hydrothermal alteration zones (Gardiner, 1985), 
and strike in all directions (Maclellan and Taylor, 1989), 
but in general they follow three preferred orientations 
(north, east, and southeast). The aplites formed from the 
differentiation products of the granite itself. This implies 
that the joints they occupy were generated when the magma 
was not entirely crystallized. Mitton ( 1985) reported as high 
as 600 ppm Sn in one sample taken from an aplite vein in 
the Burnthill Pluton. 

Wall rock alterations 

The posttectonic granitic plutons of the area have undergone 
extensive hydrothermal alteration of various types as a 
result of late stage hydrothermal solutions introduced from 
a final water-rich fluid differentiate (Maclellan et al., 
1986). These wall rock alterations are well developed along 
veined fractures and are characterized by colouring and 
mineralogical changes marginal to a central quartz vein. 
Most of the significant mineralization of Sn, W, Mo, and 
probably U took place at the time of alteration . 

The major hydrothermal alteration processes and 
products as recognized by several investigators are given in 
Table I. Of these processes greisenization is the most 
important. Alteration envelopes containing muscovite ± 
fluorite ± topaz are well developed within the plutons and 
most of the Sn, Mo, and W, is typically concentrated during 
this process. Uranium was probably also redistributed at this 
stage. 

Pagel ( 1981) has investigated the greisenization pro
cesses operative on granitic rocks from Brittany and 
Cornwall (quoted after Dubessy et al., 1987) and concluded 
that greisenization is an uranium-conservative process. In 
contrast, Simpson et al. ( 1979) concluded that in Cornwall 
uranium is lost during greisenization. However, despite this 
contradiction in behaviour during greisenization, the 
hydrothermal processes are undoubtedly key factors in 
uranium and certain other metal mineralization. 
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Mineralization related to the granitic plutons 

The Burnthill W-Sn-Mo veins (Fig. 6) occur in the retro
grade chlorite aureole 200 m above the contact of the 
Burnthill Pluton (Fyffe and MacLellan, 1988). The 
mineralization consists of wolframite, cassiterite, 
molybdenite, arsenopyrite, pyrite, pyrrhotite, sphalerite, 
galena, chalcopyrite, native bismuth, scheelite, beryl, 
anatase, and topaz (Potter, 1969). It occurs within north
westerly (300°) trending greisenized quartz veins (Fyffe and 
MacLellan, 1988), which range from I cm to 2 m in width. 

Recent mineral exploration in the area has identified 
several new occurrences of W-Mo-Sn mineralization that 
are, like the Burnthill deposit, spatially associated with the 
granitic plutons (MacLellan et al., 1986; Bourque, 1984 ). 
Most occur as greisen veins. They include the McLean 
Brook South, McLean Brook North, and Tin Hill prospects, 
all situated along the southwestern part of the Burnthill 
Pluton, and the Peaked Mountain stockwork zone of quartz 
veins located close to the eastern margin of the Dungarvon 

Table 1. Various types and products of hydrothermal 
alterations identified in the granitic plutons of central 
Miramichi Anticlinorium. 

Mineralo-
Original Alteration gical Chemical 
mineral process changes changes 

Biotite and Greisenization - K-feldspar -Nap 
Feldspars - plagioclase + Si02 

- biotite +Alp3 

+quartz 
+mica 

Feldspars Sericitization - K-feldspar -Cao 
and - plagioclase -Kp 
Biotite - biotite 

+ sericite 

Biotite Chloritization - biotite + FeO 
+ chlorite + MgO 

-Kp 

Feldspars Albitization - K-feldspar -Kp 
- Ca-plagio- + Na20 

clase 
+ albite 

Feldspars Muscovitization - K-feldspar -Kp 
- plagioclase 
- biotite 
+ muscovite 

Iron silicates Hematitization + hematite + FeO 
and magnetite 

N.B. positive signs indicate substances added whereas negative 
signs indicate substances subtracted from the system. 
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Pluton (Fig. 6). These new discoveries suggest that there 
exists a widespread potential for the occurrence of 
W-Sn-Mo mineralization of both endogranite (McLean 
Brook North and Tin Hill) and exogranitic (McLean Brook 
South and Tin Hill) types (Taylor et al., 1987). 

Mineral occurrences of W, Mo, Sn, and U of different 
types and styles of deposition were observed in the granitic 
plutons. Brief descriptions of these occurrences and their 
geological characteristics are given in Appendix II. 

REVIEW OF GEOCHEMICAL AND 
GEOPHYSICAL SURVEYS FOR URANIUM 
AND OTHER METALS IN THE LONG 
LAKE AREA AND THE CENTRAL 
MIRAMICHI ANTICLINORIUM AREA 

Overview 

Extensive reconnaissance along with detailed geochemical 
and geophysical surveys were carried out in the Long Lake 
area and in the central Miramichi Anticlinorium area. These 
surveys were conducted by several private and govern
mental exploration organizations in order to trace the 
source(s) of anomalous quantities of uranium and base 
metal sulphides previously detected in the area by means of 
airborne gamma ray spectrometry and routine stream 
sediment sampling. 

Gravity and magnetic geophysical data presented here 
cannot provide direct evidence for uranium mineralization 
in the study areas. However, they are able to outline 
granites known to be enriched with uranium and other 
metals such as Sn, Mo, and W. For instance, Simpson and 
Plant (1984) and Plant et al. (1980) have indicated that 
'mineralized' granites, such as the Cornubian Batholith of 
Britain, have a large negative gravity anomaly (>-40 mgals) 
and a low, poorly defined aeromagnetic anomaly. Similar 
geophysical anomalies characterize other 'mineralized' 
granites such as the South Mountain Batholith of Nova 
Scotia (Chatterjee and Muecke, 1982). Furthermore, 
granitic-types (i.e., A-, S-, or I-types) that are associated 
with specific types of minerals (for example U and Sn with 
S- and A-type granitoids) can be distinguished, to some 
extent, on the basis of their gravity and magnetic response. 

Long Lake area 

Geophysical surveys 

Gravity 

The gravity data over Long Lake area (Fig. 8) indicate a 
strong negative anomaly (>-48 mgals) over the North Pole 
Pluton. The centre of this gravity low coincides with the 
area where brecciation, hydrothermal alteration, and 
mineralization are intensive (Fig. 3). The centre of the 
negative gravity anomaly may also coincide with the 
maximum thickness of the North Pole Pluton. 
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Figure 8. Bouguer gravity data, Long Lake area. 

Magnetic 

A ground magnetic survey was conducted over Long Lake 
(Jagodits. 1981) to map the subbottom geology. The survey 
was unable to detect structural or lithological anomalies. 
However. a smooth magnetic gradient increasing from south 
to north of the lake was identified. This gradient may be 
attributed to decrease in rock magnetism in the south as a 
result of transformation of magnetite to hematite by 
hydrothermal alteration. 

Airborne total magnetic field data were compiled from 
a map published by the Geological Survey of Canada 
( 1986)_ for the Long Lake area (Fig. 9) . The survey was 
made in 1985 by Geophysical Surveys Inc. using a 
helicopter-borne gradiometer rlown at an elevation 150 m 
above the ground with an average line spacing of 300 m. 

By combining the aeromagnetic data (Fig. 9) with the 
geological data (Fig. 3) it is noted that the North Pole 
Pluton is associated with a low magnetic response relative 

to the country rock :;. The magnetic contours (Fig. 9) over 
the pluton are generally smooth with gentle gradients 
suggesting that the granitic rocks of the North Pole Pluton 
are homogenous and have not been disturbed extensive ly by 
structural deformation. 

\I en·-/oll' .fi'eq11e11n· electrn111ag11etic tech11iq11e (\ 'LF) 

The VLF survey was mainly performed over Long Lake. It 
was conducted during the winter of 1981 on the ice 
(Jagodits. 1981 ). The objectives of the survey were to map 
the subbottom geology. particularly the shear zones. with 
which polymetallic uranium veins are believed to be 
associated and to check the source of the geochemica l 
anomalies delineated by lake sediment survey. 

The survey was able to define several conductors. On 
the basis of disruptions in the continuity of these conductors 
three sets of shear zones trending north. north-northeast. and 
north-northwest were identified. 
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Figure 9. Airborne magnetic data (residual total field), Long Lake area. 

Induced polari:arion (IP) 

To verify the results of the VLF survey, an induced polari
zation survey (apparent resistivity and apparent chargea
bility) was run over the same lines as the VLF. It was also 
hoped that faults or breccia zones, particularly mineralized 
ones, could be defined by areas of low resistivity (hi gh 
conductivity). 

Several low resistivity zones extending through the 
centre of Long Lake were detected in thi s survey. The 
apparent chargeabilities computed over the same profiles 
produced anomalies coinciding with the low apparent 
resistivities. These anomalous zones may be related to the 
presence of polymetallic uranium veins deposited a long 
faults believed to run through the centre of the lake. 
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Geochemical surveys 

Lake sedi111e111s geoche111is1ry 

Lake sediment sampling was carried out in Long Lake by 
Canad ian Occidental Petroleum to delineate poss ible areas 
of uranium and assoc iated metals concentration. The survey 
was a fo llow-up to the discovery of mineralized float on the 
lake shores, in order to identify targets for the drilling 
program suggested to be carried out on the lake. A total of 
439 lake sediment samples were collected and geochemi
call y analyzed for their U, Cu, Pb, Zn, Ag, Mo, and Mn 
contents (Leonard. 1982) . Seventeen multielement anoma lies 
were identified. Uranium a long with Zn and Mn are 
widespread throughout the lake, probably due to their high 
mobility in the hydromorphic env ironment. 



The multielement anomalies (Leonard, 1982) are 
generally elongated, suggesting that they may be related to 
metal concentrations along shear zones. The anomalies have 
different trends but the majority of them trend either 
northeast or northwest (see geochemical anomalies over 
Long Lake in Fig. 45). The northwest-trending anomalies 
are located in the centre of the lake and appear to be related 
to a major northwest-trending fault. This, combined with the 
occurrence of mineralized vein-type float along the lake 
shore, suggests that vein-type mineralization may indeed be 
present in the centre of Long Lake. The northeast-trending 
anomalies, on the other hand, are located mostly near the 
shores and in the opinion of the authors of this report they 
may be attributed to a train of mineralized float from the 
centre of the lake. 

Statistical abundances of the metals for which the Long 
Lake sediments were analyzed, are given in Table 2. The 
global abundances of these metals in lake sediments are also 
listed for comparison. With the exception of Cu and Ag, all 
other elements are exceeding their corresponding global 
abundances, particularly uranium, which exceeds its global 
average by an order of six. 

Statistical correlation coefficients computed for the 439 
samples are given in Table 3. Uranium has a strong 
positive correlation with Cu and Zn and low to moderate 
correlations with Ag, Pb, Mo, and Mn. It is of interest to 
note that only positive correlations were observed among 
the analyzed elements. This may suggest that they are 
derived from the same geological source, such as from a 
fracture-filled vein. 

Spring and stream sediments geochemistry 

Stream sediments sampling was the first, and probably the 
most successful survey to locate the mineralization in the 
Long Lake area. Anomalous U (up to 149 ppm) was 

Table 2. Means and ranges of U and other elements 
analyzed in the Long Lake sediments and their global 
averages. 

Global' 
Elements Range Mean Average 

U (ppm) 0.2 - 215.0 20.0 3.2 

Mo {ppm) 0.5 126.0 5.0 2.0 

Ag (ppm) 0.05 2.1 0.4 0.9 

Mn (ppm) 73.0 12000.0 734.0 670.0 

Cu (ppm) 1.0 - 65.0 12.0 57.0 

Pb (ppm) 6.0 - 180.0 29.0 20.0 

Zn (ppm) 19.0 - 1960.0 302.0 80.0 

' Barwise and Whitehead (1983) 

Table 3. Correlation coefficients among elements 
analyzed from 439 lake sediment samples from Long Lake. 

u Cu Pb Zn Mn Mo Ag 

Ag 0.27 0.26 0.18 0.18 0.05 0.15 1.00 

Mo 0.17 0.14 0.21 0.21 0.39 1.00 

Mn 0.04 0.25 0.27 0.32 1.00 

Zn 0.54 0.61 0.30 1.00 

Pb 0.18 0.36 1.00 

Cu 0.49 1.00 

u 1.00 

identified ( 1978) in stream sediment samples previously 
( 1971) collected for analysis of Cu, Mo, Zn, and Ag by 
Canadian Occidental Petroleum (Hauseux, 1980a). 

Spring and stream sediments sampling also was con
ducted for the Long Lake area by New Brunswick Depart
ment of Natural Resources and Energy (Davies, 1983). The 
collected samples were analyzed for U, Cu, Pb, Zn, Co, Ni, 
Mn, Fe, Mo, W, and Ag contents (Appendix III). A 
compilation map was prepared for the analyzed elements 
(Fig. 10). The data were treated statistically and the back
ground level chosen at the 50 percentile of the population 
(median). Different symbols were used to express various 
levels of anomalies, computed on the basis of 50 percentile, 
75 percentile, and 90 percentile levels (Fig. 10). Some of 
the samples were also analyzed for As, Sb, Ba, and Au 
contents, however, with the exception of As in a few 
locations, the metal contents were not anomalous. Unex
pectedly, uranium content in the area underlain by the North 
Pole Pluton is in general moderate, whereas it is high in the 
area underlain by the Precambrian amphibolite and the 
Ordovician granite (see Fig. 3). It is possible that uranium 
migrated either in solution or as particles from the area 
underlain by the North Pole Pluton (high topography) to 
areas underlain by Precambrian amphibolites and 
Ordovician granites (relatively low area). Another possible 
explanation is that the metal-bearing late phase 
quartz-feldspar porphyry of North Pole Pluton intruded 
these rocks (Fig. 3) and provided the uranium and asso
ciated metals. No evidence exists to believe that the 
amphibolites and the deformed granite are the sources of the 
uranium and the associated metals found in the mineral 
showings. Statistical abundances of uranium and other 
metals in the analyzed samples are shown in Table 4. 

In order to interpret the results of spring and stream 
sediment samples in terms of geological controls, a statisti
cal factor analysis was performed on the data by the present 
authors. Varimax rotated principal component option 
Statistical Analysis System, (SAS), ( 1982) was used for this 

25 



N
 

0
\ 

e 

( 
0 

~ 0 .,, .,, 

-
>

 9
0

 
P

er
ce

n
ti

le
 

~
 7

5-
90

 
P

er
ce

n
ti

le
 

L·-
: ·. 

·.: 
_..l

 5
0-

75
 

Pe
rc

en
ri

le
 

C
=:

J 
( 5

0 
P

er
ce

n
til

e 

Ste
.." 

' 
o~
 

o"'
 

~·
 

~(
.,

 
~e
..
 

•"' 
f'q

, 
p ~ 

q,
(:'

 
~
 c;

 
e.. 

(:
' 

0 
,._o

; 
(:

'.
 

'i"i
..~ 

""' 

i.._
-..o

~ 
~,

o 
t:,

• 
c.,

'· 

i~
q,
 

•"' ,c 
q

• 
•'"

 
"
"
 'l
 

31
-2

 
27

-0
 

,c•
 

q•
 

__
±_

 
0

• 
.;;

.o-
~
 

U
 (

pp
m

) 
72

 
25

-1
41

-0
 

24
-8

 
2'<

0 
13

 3
 

Cu
 (

pp
m

) 
71

 
2-

0-
11

7-
0 

24
-9

 
25

-7
 

16
-0

 

P
bl

pp
m

l 
71

 
5-

82
60

 
30

4
-4

 
10

90
-3

 
69

-0
 

Z
nl

pp
m

) 
71

 
33

-3
59

6 
49

2
-1

 
6

9
6

a 
27

1-
0 

M
nl

pp
m

l 
71

 
10

0-
38

40
0 

29
28

-1
 

65
59

-4
 

88
00

 

Fe
 I

'/
, 

l 
71

 
03

-3
15

-0
 

13
-5

 
56

-7
 

1-
7 

N
1 (

pp
m

) 
69

 
2-

0-
75

 0
 

2
0

0
 

13
-5

 
17

-0
 

C
o(

pp
m

) 
71

 
10

-1
66

-0
 

20
-1

 
29

-7
 

12
 0

 

M
o(

pp
m

l 
37

 
20

-1
20

0 
11

-2
 

23
-7

 
2-

0 

W
 (

pp
m

) 
55

 
2 

0
-2

8
-0

 
4-

9 
5-

6 
2-

0 

A
g(

pp
m

l 
70

 
O

-S
-3

-5
 

1-
3 

0-
7 

1-
0 

S
ou

rc
e 

of
 

do
ro

 

D
a

vi
e

s 
(1

98
3)

 0 
1 

2k
m

 
.
.
.
.
.
 

I 
I 

S
c
a

le
 

F
ig

u
re

 1
0.

 
C

on
te

nt
s 

of
 s

pr
in

g 
an

d 
st

re
am

 s
ed

im
en

ts
, 

Lo
ng

 L
ak

e 
ar

ea
. 

11
4-

0 
65

7-
0 

19
00

-0
 

2 
2 

27
-0

 
19

 0
 

6-
0 

4
-0

 
1-

5 

67
-9

 
55

-6
 

37
4

-6
 

94
1-

6 
53

80
<)

 
3-

3 
40

-0
 

30
 4

 
32

-0
 

9-
6 

2-
9 



Table 4. Statistical abundances of elements in spring and stream sediment samples for the Long Lake area. 

Element n* Range Mean St. Dev. 

U {ppm) 72 2.5 - 141.0 24.8 29.0 

Cu(ppm) 71 1 117 24.9 25.7 

Pb(ppm) 71 5 - 8260 304.4 1090.3 

Zn(ppm) 71 33 3596 492.1 696.8 

Mn{ppm) 71 100 - 38400 2928.2 6559.4 

Fe(%) 71 0.3 315 13.5 56.7 

Ni(ppm) 69 2 75 20.0 13.5 

Co(ppm) 71 1 - 166 20.1 29.7 

Mo( ppm) 37 2 120 11.2 23.7 

W(ppm) 55 2 28 4.9 5.6 

Ag(ppm) 70 0.5 - 3.5 1.3 0.7 

As(ppm) 19 3 - 85 12.0 19.4 

Sb(ppm) 19 0.1 - 0.6 0.2 0.1 

Ba{ppm) 19 100 - 360 299.5 50.6 

* n = number of samples 
@ Barwise and Whitehead (1983) 

purpose. Three factors were retained for the analysis. The 
retained factors show the following metal associations: 

Factor I: 
Factor II: 
Factor III: 

Zn-Mn-Co-Pb-Ni 
Ag-U-Cu 
Fe-Mo 

Factor I is composed of Zn, Mn, Co, Pb, and Ni but 
uranium has no contribution. This factor is probably related 
to bedrock which is enhanced in these metals. Chemical 
analyses of samples from the bedrock by Hauseux (I 980a) 
and Fyffe and Pronk ( 1985) indicate that the uranium 
content is near normal. 

Factor II is composed of U, Ag, and Cu. This factor is 
probably related to secondary geological processes such as 
hydrothermal alteration and deposition, and possibly related 
to vein type mineralization. 

Factor III shows that only Fe and Mo are significant. 
This factor is also related to secondary geological processes 
which led to Fe and Mo mineralization. 

Statistical correlation coefficients among the analyzed 
metals in spring and stream sediments samples are shown 
in Table S. Uranium has a strong positive correlation with 

50 
percentile 75 90 95 Global@ 

Mode Median percentile percentile percentile Averages 

4.10 13.25 31.2 67.9 100.2 3.20 

11.00 16.0 27.0 55.6 96.2 55.00 

19.00 69.0 114.0 374.6 1424.0 13.00 

33.00 271.0 657.0 941.6 2028.4 70.00 

1700.00 880.0 1900.0 5380.0 18860.0 950.00 

0.65 1.7 2.2 3.3 99.6 5.00 

27.00 17.0 27.0 40.0 42.0 75.00 

5.00 12.0 19.0 30.4 95.8 25.00 

2.00 2.0 6.0 32.0 84.0 1.50 

2.00 2.0 4.0 9.6 20.8 1.50 

1.00 1.0 1.5 2.9 3.0 0.07 

3.00 6.0 10.0 39.0 85.0 1.80 

0.10 0.1 0.1 0.4 0.6 0.20 

340.00 320.0 340.0 360.0 360.0 425.00 

Ag and Cu, a pattern also observed in Factor II of factor 
analysis. Both Ag and Cu can be used as a pathfinder 
elements for uranium in spring and stream sediments in the 
area. 

Soil geochemistry 

The Canadian Occidental Petroleum Company also carried 
out ( 1980) a soil sampling search for areas of potential 
uranium and other metal concentrations. Most of the 
samples were collected from the area overlying the North 
Pole Pluton. 

Prior to sampling, several test pits were dug in different 
locations of the study area to determine the relative distribu
tion of metals in various soil horizons. The test indicated 
that metal concentrations tend to be high in the 'B' horizon. 
Therefore, whenever it was possible the 'B' horizon was 
sampled. 

Three thousand soil samples were collected in summer 
of 1980 over the eastern side of Long Lake (Gleeson, 1980) 
and another 732 samples from the western side of the lake 
(Lipowicz, 1980). These samples were analyzed for U, Cu, 
Pb, Zn, Mn, Mo, and Ag contents. Statistical abundances of 
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Table 5. Correlation coefficients for elements in 72 spring and stream sediment samples of Long Lake area. 

u Cu Pb Zn Mn Fe Ni Co Mo w Ag 

Ag 0.85 0.70 0.52 0.32 0.15 -0.17 0.20 -0 .01 -0.05 0.03 1.00 
w -0.03 -0 .17 0.06 -0.06 0.02 -0 .09 0.04 0.09 -0.17 1.00 
Mo 0.06 -0.32 -0 .03 0.07 0.16 0.25 -0.01 0.18 1.00 
Co -0.08 -0.02 0.32 0.68 0.60 0.37 0.43 1.00 
Ni 0.04 0.12 0.19 0.46 0.38 -0 .22 1.00 
Fe -0.16 -0.01 -0 .06 0.00 0.00 1.00 
Mn -0 .12 0.06 0.72 0.92 1.00 
Zn 0.05 0.29 0.67 1.00 
Pb 0.38 0.25 1.00 
Cu 0.58 1.00 
u 1.00 

Table 6. Mean, standard deviations, and ranges of analyzed metals in soils of the Long Lake area. 

Eastern Long Lake 
Metals n* 

Ranges Mean ± St. Dev. 

U(ppm) 2990 0.1 - 680 4.5 ± 20.4 
Cu(ppm) 2358 0.5 - 3500 25.5 ± 90.5 
Pb(ppm) 2986 0.5 - 7200 73 .9 ± 185.4 
Zn(ppm) 2986 2.0 - 21700 190.9 ± 525.3 
Mn(ppm) 2360 6.0 - 99999 927.4 ± 3913.0 
Mo(ppm) 2358 0.5 - 470 4.1 ± 14.9 
Ag(ppm) 2360 0.2 - 32 2.1 ± 1.56 

* n = number of samples 
@ Global average composition from Barwise and Whitehead (1983); 
Ag from Shacklette and Boerngen (1984) . 

the analyzed metals are given in Table 6, along with their 
global averages. 

About 54 multielement soil anomalies were located in 
this survey, the majority of them on the eastern side of 
Long Lake in an area underlain by the North Pole Pluton. 
These anomalies have, in general, a linear pattern with 
west-northwest, east, and northeast trends which could be a 
reflection of mineralization along linear features such as 
shear zones. 

Other than Mo and U (slightly above global averages) 
the rest of the metals are generally depleted on the western 
side of Long Lake. 

Two common metal associations were observed in the 
soil samples. The first is between Cu, Pb, Zn, Mn, and Ag 
in areas underlain by biotite granite. The second metal 
association includes U and Mo in northwest-trending 
anomalies along both the east and west shores of Long 
Lake. 

Till geochemistry 

The first direct sign of mineralization in the Long Lake area 
was in mineralized boulders in glacial tills in the area 
around Long Lake shores. 
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Western Long Lake 
n Global@ 

Ranges Mean ± St. Dev. Averages 

732 0.2 - 178.0 2.8 ± 10.1 2.7 
732 0.5 - 70.0 7.5 ± 5.1 25 
732 4.0 - 540.0 24.4 ± 22.7 19 
732 3.0 - 132.0 41 .1 ± 21.2 60 
732 8.0 - 30200 319.9 ± 1231.3 550 
732 0.5 - 38.0 1.9 ± 2.4 1.0 
732 0.4 - 2.6 1.0 ± 0.3 0.1 

Tracing of mineralized boulders has been used for 
decades as a prospecting method for mineral deposits in 
glaciated terrains (Dreimanis, 1958). The method is used 
most successfully for uranium exploration mainly because 
a scintillometer can easily identify even buried (<50 cm 
deep) uranium-bearing boulders (Paterson et al., 1979). The 
Pleutojokk uranium deposit of northern Sweden was 
discovered in this manner (Gustafsson and Mine!!, 1977). In 
Canada, several uranium deposits have been discovered 
since 1970 by tracing trains of radioactive ore boulders 
(Seguin et al., 1984). 

Uranium is associated with base metal sulphides as well 
as W, Sn, Mo, and Ag in the Miramichi Anticlinorium (Fig. 
1 ), and it may be possible to locate deposits by tracing 
radioactive boulders of these metals. 

In the Long Lake area, a geochemical study of tills was 
carried out in the summer of 1983 (Fyffe and Pronk, 1985). 
Samples collected were analyzed for U, Cu, Pb, Zn, Mn, 
Fe, Co, Ni, W, Mo, and Au and results are summarized in 
Table 7. 

Anomalous contents of U, Pb, Zn, Cu, and Mn were 
detected in samples from the area east of Long Lake, which 
is underlain by granitic rocks of the North Pole Pluton. The 
anomalies appear to be related to northwest-trending 
fracture zones in the biotite granite. 



Table 7. Statistical abundances of metals in 173 till 
samples from Long Lake area (after Fyffe and Pronk, 
1985). 

Element Range Mean± St. Dev. 

U (ppm) 1.20 - 9.90 3.60 ± 1.70 
Cu (ppm) 1.00 - 76.00 14.20 ± 9.00 
Pb (ppm) 9.00 - 183.00 28.70 ± 19.30 
Zn (ppm) 12.00 - 515.00 66.10 ± 58.40 
Mn (ppm) 40.00 - 710.00 234.70 ± 117.50 
Fe(%) 0.71 - 5.30 2.67 ± 0.87 
Co (ppm) 3.00 - 22.00 10.60 ± 3.50 
Ni (ppm) 3.00 - 59.00 21.00 ± 11.50 
Ag (ppm) 0.50 - 3.00 1.20 ± 0.70 
Mo (ppm) 2.00 - 8.00 2.10 ± 0.70 
W (ppm) 2.00 - 24.00 3.20 ± 2.50 
Au (ppm) 0.05 0.05 

Uranium anomalies are spatially associated with highly 
silicified and brecciated granite and with quartz-feldspar 
porphyry dykes of the North Pole Pluton but not with 
portions of the pluton composed of biotite-muscovite 
granite. Fyffe and Pronk ( 1985) have estimated that the 
Long Lake anomalies are displaced east-southeastward from 
their bedrock origin over a distance of I to 2 km. 

Seep water geochemistry 

Limited water sampling was conducted by the Canadian 
Occidental Petroleum Company (Hauseux, I 980a). Six 
samples were collected from four seeps in an area underlain 
by biotite granite at the eastern side of Long Lake, near 
Cronin Brook. The aim of the survey was to test the level 
of various elements, particularly uranium, in these water 
samples in an attempt to define uranium and other metal 
occurrences in the area. Levels of anion complexes, alkalin
ity, and conductivity of the water samples were also 
determined. Results of this survey are summarized in 
Table 8. 

It was expected that the uranium level in the water 
samples would be low because of their alkaline nature 
(average pH = 8.54), but it appears that the level of ura
nium is normal to above normal (Table 8) for natural 
waters, which is of the order of 0.01 to 0.8 ppb (Boyle, 
1982). 

Central Miramichi Anticlinorium area 

Geophysical surveys 

Gravity 

Reconnaissance Bouguer gravity mapping was carried out 
by Earth Physics Branch, Ottawa (Williams, 1978). Gravity 
stations at 5 km intervals were observed in the survey. 
The compiled Bouguer gravity map, which is shown in 
Figure 11, illustrates that the granitic rocks of the Bumthill, 
Dungarvon, Trout Brook, and Rocky Brook plutons are 
associated with a single large negative gravity anomaly 
indicating a strong density contrast between the granitic 
plutons and the country rocks. 

Table 8. Geochemical abundances in six seep water 
samples from Long Lake area (after Hauseux, 1980a). 

Elements Range Average 

u (ppb) 0.07 - 1.26 0.45 
Cu (ppb) 2.00 - 6.00 1.80 
Zn (ppb) 4.00 - 6.00 19.20 
Mo (ppb) ND* - 5.00 4.00 
Mn (ppb) ND ND 
Ag (ppb) ND ND 
Fe (ppb) ND ND 
Na (ppb) 2560.00 - 5360.00 3918.00 
K (ppb) 280.00 - 1860.00 778.00 
Ca (ppb) 1800.00 - 7000.00 4040.00 
Mg (ppm) 350.00 - 1150.00 728.00 
Cl (ppb) ND - 3770.00 1648.00 
F (ppb) 480.00 - 3680.00 1660.00 
HC03 (ppm) 29.00 - 72.00 41.00 
S04 (ppm) 10.00 - 22.00 15.40 
P04 (ppm) ND - 0.07 0.01 
Si02 (ppm) 9.30 - 19.70 12.80 
pH 6.63 9.99 8.54 
Conductivity 

(mho/cm) 55.0 174.0 131.0 

*ND= Not detected 

The centre of the anomaly (<-54 mgal) coincides with 
the area where hydrothermal activity and resulting 
mineralization appear to have been most active (i.e., the 
southeastem margin of the Burnthill Pluton), and may 
indicate the point above the centre of the magma chamber. 

Magnetic 

An airborne Fluxgate magnetic survey of the area (GSC, 
1965) was made in 1950 by the Geological Survey of 
Canada (Fig. 12). The survey was flown at a nominal 
elevation of 150 m above the ground with an average line 
spacing of I km. Figure 12 is derived from the aeroma
gnetic maps resulting from this survey. 

The linear anomalies shown in Figure 12 mostly trend 
northeasterly, parallel to the prominent structural features 
exhibited by the Cambro-Ordovician metasedimentary rocks 
of the Tetagouche Group that host the granitic plutons. The 
Bumthill Pluton is associated with an insignificant magnetic 
low, whereas the Dungarvon, Trout Brook, and Rocky 
Brook plutons lack magnetic anomalies. 

Geochemical surveys 

Spring and stream sediments geochemistry 

Spring and stream sediments sampling was used prior to 
other exploration methods at least in part because of the 
abundance of streams and springs in the central Miramichi 
Anticlinorium area (Fig. 6). A survey conducted by the New 
Brunswick Department of Natural Resources and Energy 
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Figure 11. Bouguer gravity map of the granitic plutons, central Miramichi Anticlinorium (after Williams, 1978). 

(Austria, 1976, 1977), involved collecting 1065 samples 
which were analyzed for U, Mo, W, Cu, Pb, Zn, Mn, and 
Fe contents (Appendix IV). The results of the analysis for 
the stream sediment samples and the spnng sediment 
samples are shown in Table 9. 

Table 9 reveals that only uranium and manganese 
abundances are significantly different for the two environ
ments. The uranium content is higher in the spring sediment 
samples than in the stream sediment samples whereas the 
Mn content is lower in the spring sediment samples relative 
to the stream sediment samples. Other elements (i.e., Mo, 
W, Cu, Pb, Zn, and Fe) are more or less similar in abun
dances in the two environments. 

Statistical abundances of U, Mo, W, Cu, Pb, Zn, and Fe 
m 344 samples of sediments from springs and streams 
draining the granitic rocks of the Burnthill, Dungarvon, 
Trout Brook, and Rocky Brook plutons are summarized in 
Table l 0. The results indicate highly anomalous values for 
U, Mo, W , and to some extent Pb, relative to global 
averages of these elements in sediments. 
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If the background level is chosen as the 50 percentile 
(median) of the population, then, it appears from Table I 0 
that the average uranium content is higher in the Dungarvon 
Pluton than in the others. However, variations in uranium 
distribution, as indicated by great ranges, is high within the 
Burnthill Pluton relative to other plutons which may suggest 
that the Burnthill Pluton has a higher potential for uranium 
mineralization. 

Uranium contents in spring and stream sediment samples 
were contoured for the total area of study (Fig. 13). It is 
obvious from Figure 13 that the granitic rocks of Burnthill , 
Dungarvon, Trout Brook, and Rocky Brook plutons are 
totally anomalous in tern1s of U content. 

In contrast, the country rocks are associated with low 
uranium values relative to the granitic plutons (Fig. 13). 
This implies that the main source of uranium in the spring 
and stream sediments is the g ranitic plutons. 
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Figure 12. Airborne magnetic data of the granitic plutons, central Miramichi Anticlinorium (after Geological Survey of 
Canada, 1965). 

Nonparametri c stati sti ca l corre lati o n coeffi c ie nts were 
computed be tween uranium and o the r e le me nt s in the 
v ic ini ty o f the four plutons. The res ul ts of the a nalyses are 
show n in Table 11 . It appears from the res ult that uranium 
has a stron g pos iti ve corre lati on with mo lybde num in the 
spri ng and stream sedime nts overl y ing the Rocky Brook 
Pluto n. Uranium ex hibit s a mode rat e corre lati on with 
mol ybde num in the Trout Broo k Pluto n and w ith base-meta l 
sulphi des in the Dungarvon. Trout Brook. a nd the Roc ky 
Brook plutons. Thus, these corre la ti o ns poss ibl y suggest 
th at U is assoc iated with Mo and base- metal sulphide 
depos it s in these pluto ns. 

Soil gcocltc111istry 

Soil sampling was carried o ut sporadi ca ll y in the vic init y of 
the g raniti c pluto ns in the search fo r mine ral de pos its. The 
lac k of o utcrops and the presence o f abundan t overburde n 
mate ria ls in the area made thi s technique very useful. 

In the present work , the so il profil e study carri ed o ut by 
Westmin Reso urces Limited in the spring o f 198 1 (Hatti e. 
198 1) was used in o rde r to examine uranium di stributi o n in 
the so il sec ti o n. Thi s profile was establi shed ove r the 
eastern pa rt o f th e Burnthill Pluto n. Sampl es from A-. B- . 
and C- ho rizon s were co ll ec ted at eac h of 33 sampl e s ites 
and chemi ca ll y ana lysed fo r U, Sn. Mo, and W conte nts 
(A ppendi x V). 

Sta ti sti cal means and standard dev iati ons of U, Sn. Mo, 
and W in diffe rent so il ho ri zons are g iven in Table 12. The 
res ults sho w that U, Sn , Mo. and W conte nts in th e so il 
samples are in ge nera l ano ma lo us as indi cated by the ir 
compari son w ith g lobal averages . The res ults a lso reveal 
that uranium conte nt in the so il dec reases syste mati ca ll y 
up ward from C- ho ri zon toward A-ho ri zon. 

The hi g h uranium content in the C- ho ri zon (conta ins 
mate ri a l deri ved mostl y fro m the unde rl y ing bed rock by 
weathe ring) suggests th at the uranium was deri ved fro m the 
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Table 9. Comparison between spring and stream sediment samples in terms of trace element contents 
for the area shown in Figure 13. 

Elements n* Stream sediment samples n* Spring sediment samples 
mean ± standard deviation mean ± standard deviation 

U(ppm) 254 17.2 ± 22.5 
Mo(ppm) 622 6.Q ± 17.0 
W(ppm) 724 9.9 ± 12.7 
Cu(ppm} 823 12.9 ± 12.8 
Pb(ppm) 830 26.2 ± 21 .1 
Zn(ppm) 829 89.7 ± 73.1 
Mn(ppm) 830 1931.6 ± 2493.2 
Fe{%) 805 2.0 ± 

n' = number of samples 

underlying granitic rocks. Furthermore, the results suggest 
that the underlying granitic bedrock has potential for 
uranium mineralization. 

To examine the relationship among U, Sn, Mo, and W 
in the soil samples, statistical correlation coefficients were 
established for the samples. Results of this analysis are 
given in Table 13 which shows that uranium generally 
correlates moderately with W, Mo, and Sn. This correlation 
suggests that all these elements may have been derived from 
similar source rocks such as the granitic rocks of the 
Burnthill Pluton. 

Till geochemistry 

Till sampling of the study area was carried out as part of 
Canada-New Brunswick Mineral Development Agreement 
during the 1985 and 1986 field season by Lamothe ( 1989). 
Each sample was separated into two textural fractions; 
clay-sized ( <2 µm) fraction and clay- plus silt-sized 
( <63 µm) fraction (Appendix VI). The clay fractions of till 
samples were analyzed chemically for their U, Sn, Mo, W, 
F, As, Mn, Fe, Cu, Pb, Zn, Ni, Co, and Cr contents. The 
clay plus silt fractions were analyzed for their U, Th, Mo, 
W, Sb, Au, As, Fe, Zn, Ni, Co, and Cr contents. Seventy
seven chemical analyses of till samples covering the granitic 
plutons of Burnthill, Dungarvon, and Trout Brook were 
selected for this study in order to detect significant uranium 
and other elements anomalies and to examine the relation
ship between uranium and other elements in the till cover. 

Statistical abundances of the elements analyzed in the 
two fractions of till samples are shown in Table 14. With 
the exception of Cr, all other elements analyzed in the two 
fractions tend to be enriched in the fine fraction rather than 
in the coarse fraction (Table 14). This contrast in chemical 
composition between the two fractions appears to be more 
obvious for the lithophile elements U, Mo, and W. This 
may suggest that these elements are associated ·with the 
weathering and alteration products of the rocks which are 
enriched in the fine fraction of till rather than with primary 
silicate minerals enriched in the coarse fraction. Alterna
tively, this may reflect the tendency of these elements (i .e., 
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1.2 

43 22.7 ± 20.4 
182 5.9 ± 10.5 
209 11.2 ± 17.6 
234 12.2 ± 11.6 
235 26.0 ± 20.4 
235 82.0 ± 74.9 
234 1646.1 ± 2157 .6 
230 1.8 ± 1.1 

U, Mo, W, and probably Sn) to be absorbed by clays and 
organic matter that predominate the fine fraction of till 
samples (Fletcher, 1986). 

The 50, 75, and 90 percentile values of uranium content 
in the clay-sized fraction of till samples (Fig. 14) reveal the 
presence of several anomalies coincident with areas where 
the bedrocks are also anomalous, which may indicate that 
these till samples were derived locally (i.e., from the 
underlying granitic rocks). Because of the low sampling 
density of till, it is difficult to define dispersion trains where 
it is possible to trace these anomalies to their sources, 
especially if the sources are small, such as veins. However, 
Figure 14 only outlines areas potentially favorable for 
uranium exploration. 

In order to recognize patterns of elements associated 
with uranium in the till samples, Spearman rank correlation 
coefficients were calculated among the elements in the clay 
fraction and in the clay plus silt fraction (Table 15). 

In the clay fraction, significant positive correlations exist 
only among U, Sn, and W. In the clay plus silt fraction, 
significant positive correlation exists among U, Th, Mo, and 
W. It is interesting to note that the correlations among the 
Iithophile elements are stronger in the fine fraction than in 
the coarse fraction. One explanation is that the portions of 
the lithophile elements in the coarse fraction are those that 
are associated with the rock-forming minerals which 
survived hydrothermal and weathering processes. 

GAMMA RAY SPECTROMETRY SURVEYS 

Overview 

The Miramichi Anticlinorium has been covered by two 
airborne gamma ray spectrometry surveys. The first was on 
a reconnaissance basis along flight lines 5 km apart and 
carried out as part of the Canada-New Brunswick Uranium 
Reconnaissance Program (URP). The results were released 
by the Geological Survey of Canada in the spring of 1977 
(D.N.R., 1977). 
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Figure 13. Uranium (ppm) content in spring and stream sediments of the granitic plutons, central Miramichi Anticlinorium . 

Table 11. Correlation coefficient between U and other 
elements in stream and spring sediments of the granitic 
plutons of the central Miramichi Anticlinorium area. 

Burnthill Dungarvon Trout Rocky 

Element Pluton Pluton Brook Brook 
Pluton Pluton 

Mo 0.07 0.03 0.32 0.75 
w 0.07 0.10 0.21 0.20 

Cu 0.04 -0.03 0.36 -0.28 
Pb 0.22 0.20 0.44 0.55 
Zn 0.09 0.33 0.42 0.47 
Mn 0.07 0.29 0.31 0.07 
Fe 0.10 -0 06 0.06 -0.36 
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The second survey was relatively more detailed than the 
first survey. It was carried out as part of a Canada
New Brunswick Mineral Development Agreement (MDA). 
The data were released by the Geological Survey of Canada 
in the spring of 1985 (D.N.R.E .. 1986). A 256 channel 
spectrometer. with twelve 102 x 102 x 406 mm Nal (TI) 
detectors. was used in the survey. The lines were nown at 
a mean terrain clearance or 125 m with flight lines at I km 
line spacing. 

The data of the second survey were used in the present 
work because they are or better quality and resolution than 
the data of the first survey. 

Follow-up in situ gamma ray spectrometry surveys were 
carried out by the present authors in the area of central 
Miramichi Anticlinorium in order to examine the response 
of the aeroradiometric anomalies on the ground and to 
search for uranium mineralization in the granitic plutons. 



Table 12. Soil samples over Burnthill Pluton. 

Soil MEAN± STANDARD DEVIATION 
Horizon n* U(ppm) Sn(ppm) Mo(ppm) W(ppm) 

A 33 7.4 ± 22.4 --- 1.2 ± 1.2 1.4 ± 0.9 
B 25 15.0 ± 4.8 22.3 ± 6.5 3.2 ± 1.1 4.4 ± 1.9 
c 25 17.0 ± 3.6 19.9 ± 6.0 3.1 ± 1.2 4.6 ± 1.8 

Global 
Averages@ 2.7 10.0 1.0 ---

(ppm) 

* n = number of samples 
@Global average composition from Barwise and Whitehead (1983). 
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The uranium content indicated in spring and stream sedi
ments data was used in conjunction with eU airborne data 
in order to enhance the search. 

Interpretation of airborne gamma ray 
spectrometry data 

General statement 

The main objective of an airborne gamma ray spectrometry 
survey is to delineate potential areas of uranium 
mineralization. Such surveys have also been useful for 
mapping various phases of granitic rocks (O'Reilly et al., 
1988), and have been used successfully in locating areas 
enriched with Sn and W (Yeates et al., I 982; Ford and 
Ballantyne, I 983), because U, Sn, and W are usually 
concentrated together in the late stage phases of the granites 
which are crystallized from the residual melts. This appears 
to be the case with the granitic rocks of the Burnthill, 
Dungarvon, Trout Brook, and Rocky Brook plutons where 
U, Sn, and W concentrate more or less in the late stage 
phases. 

O'Reilly et al. (l 988) have investigated the airborne 
gamma ray spectrometry data over the Meguma Zone of 
Nova Scotia in order to test their applicability in bedrock 
mapping and mineral exploration, particularly within the 
granitic rocks of South Mountain Batholith. In addition to 
being able to delineate various phases of the granites and in 
locating areas enriched with granophile elements such as U, 
Sn, W, and Mo, the aeroradiometric survey allows recogni
tion of hydrothermally altered zones within the granitic 
rocks. Where hydrothermal alteration has lead to substantial 
redistribution of U, Th, and K within rocks such zones can 
be easily detected on the aeroradiometric maps. 

Miramichi Anticlinorium area 

The distribution of known occurrences of uranium and 
associated elements in the Miramichi Anticlinorium (Fig. 1) 
illustrates that almost all are located on or adjacent to the 
granitic plutons. This spatial relationship provides a strong 
suggestion of genetic relationship including the possibility 
that the granitic rocks may have been the source of the 
uranium in these occurrences. Therefore, the present section 
is largely confined to an investigation of these plutons in 
order to select the most favourable ones for uranium 
exploration. 

A map showing the airborne radiometric contours of eU 
was compiled for the Miramichi Anticlinorium (Fig. 15) and 
areas with different eU values above background (2 ppm) 
are outlined. 

Table 13. Correlation coefficients among U, Sn, Mo, and 
W in the samples of soil over the Burnthill Pluton. 

Element u Sn Mo w 

w 0.35 0.09 0.39 1.00 
Mo 0.40 0.18 1.00 
Sn 0.33 1.00 
u 1.00 
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The anomalous eU regions (Fig. 15) are at least spatially 
linked to the granitic plutons (Fig. 1). It also appears that 
the highest eU radiometric anomalies are closely associated 
with the W-Sn-Mo-bearing granitic rocks of the Burnthill, 
Dungarvon, Trout Brook, and Rocky Brook plutons. These 
granites are also associated with the strongest negative 
gravity anomalies (Table 16) in comparison to other plutons 
in the area. 

The airborne radiometric data of eU, eTh, and K were 
digitized at 400 metres square grid for the areas underlain 
by Burnthill, Dungarvon, and Trout Brook intrusions and at 
a one square kilometre grid for the others. The grid points 
that fall on areas covered with water were excluded from 
the analysis. Average concentrations of eU, eTh, and K 
calculated from the digitized grids over the plutons are 
given in Table 16 which illustrates that the Trout Brook, 
Dungarvon, Mount Elizabeth, and to some extent the 
Burnthill plutons contain higher eU, eTh, and K relative to 
other granitic plutons in the anticlinorium. Using these data 
the Trout Brook Pluton appears to be the most favourable 
for uranium mineralization (Table 16). The low eU content 
in the Burnthill and Dungarvon plutons relative to the Trout 
Brook Pluton may be related to the weathering of the 
Burnthill and Dungarvon plutons. The Trout Brook Pluton 
does not exhibit any deep weathering. The Trout Brook, 
Dungarvon, and Burnthill plutons are all associated with 
uranium(± W, Sn, Mo) occurrences (Fig. 1). Although the 
Mount Elizabeth Pluton is not included in the present study 
it seems to be more favourable for uranium mineralization 
than originally believed, and should receive further attention 
in future exploration. 

The limited geochemical data compiled for the granitic 
plutons (Table 16) indicate that most of them are, in 
general, highly silicic (Si02 >73 wt. %). The plots of the 
mean silica content versus the mean eU and eTh contents 
respectively (Fig. 16) reveal that both the mean eU and eTh 
contents increase in general with increasing mean contents 
of the Si02• A somewhat arbitrary grouping of the plutons 
is shown on the eU versus Si02 plot. 

On the eTh versus Si02 plot, two groups of plutons can 
be identified as well (Fig. 16). The first group includes the 
Redstone Mountain, North Pole, Miramichi, Trout Brook, 
and Dungarvon plutons. In these plutons the mean eTh 
increases progressively with the increase in the mean Si02 

content (Fig. 16). In the second group which includes the 
older granites, Mount Elizabeth Pluton and the Burnthill 
Pluton, the increase in the mean eTh content with the 
increase in the mean Si02 content is sharper. 

All of the granitic plutons appear to be peraluminous 
where molecular Al20J(CaO+Na20+K20) ratios exceed 1.1 
(Chappell and White, 1974) and data on this parameter is 
also included in Table 16 for comparison purposes. The 
average peraluminous indices are in general comparable, 
which may suggest that these granitic plutons are derived 
from anatexial melting of sedimentary protolith, and from 
a common source magma. 
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The eU, eTh, and K contents in the Miramichi 
Anticlinorium plutons were plotted on an eU-eTh-K 
variation diagram (Fig. 17), which illustrates that all of the 
plutons plot close to each other and that only minor varia-
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Figure 16. Plots of eU versus Si02 and eTh versus Si02 for 
selected granitic plutons in the Miramichi Anticlinorium, 
showing a general trend of increasing eU and eTh with 
increase of Si02 • 

tions exist in terms of radioelement content. Furthermore, 
Figure 17 indicates that the Trout Brook Pluton is plotted 
adjacent to uraniferous granites from the Hercynian Comu
bian Batholith and the Caledonide Caimgorm granite of 
Europe (Fig. 17), again suggesting that the Trout Brook 
pluton is the most favourable for uranium mineralization. 

F avourahility indices of the granitic plutons 

In order to rank the granitic plutons of the Miramichi 
Anticlinorium according to their favourability for uranium 
mineralization, the quantitative uranium 'favourability 
indices' developed by Pirkle et al. (1980, 1982) were used. 
These indices were deduced from the airborne gamma ray 
spectrometry data, and are based on the assumption that the 
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Figure 17. eU-eTh-K ternary variation diagram of the 
selected granitic plutons in the Miramichi Anticlinorium and 
for some uraniferous granites. 

Table 14. Statistical abundances of metals in till samples overlying the granitic rocks 
of central Miramichi Anticlinorium plutons. 

<2 µm till fraction (clay) <63 µm till fraction (clay+ silt) 

50 percentile 90 percentile 50 percentile 90 percentile 
ELEMENTS Mean± St. Dev. (median) Mean ±St. Dev. (median) 

u (ppm) 15.8 ± 12.4 14.3 29.4 5.4 ± 3.7 3.9 11.4 
Th (ppm) - - - 18.8 ± 11.2 15.0 31.4 
Sn (ppm) 26.8 ± 33.9 20.0 41.0 - - -
Mo (ppm) 4.0 ± 7.2 3.0 7.0 2.6 ± 2.4 2.0 4.0 
w (ppm) 14.5 ± 15.1 12.0 24.0 3.2 ± 3.9 2.0 8.8 
F {ppm) 872.2 ± 323.6 920.0 1250.0 - - -
Sb (ppm) - - - 1.3 ± 1.4 0.9 3.2 
Au (ppb) - - - 4.1 ± 6.5 3.0 7.0 
As (ppm) 57.5 ± 58.2 40.0 136.4 23.8 ± 26.1 18.5 56.4 
Mn (ppm) 800.2 ± 346.9 800.0 1120.0 - - -
Fe (%) 4.2 ± 0.7 4.1 5.0 3.8 ± 1.1 3.8 5.1 
Cu (ppm) 45.4 ± 26.8 39.0 80.0 - - -
Pb (ppm) 45.5 ± 14.6 43.0 67.0 - - -
Zn (ppm) 142.3 ± 84.8 122.0 197.0 102.6 ± 57.3 100.0 190.0 
Ni (ppm) 50.0 ± 19.3 50.0 77.2 31.2 ± 18.0 30.0 57.4 
Co (ppm) 19.5 ± 7.3 19.0 28.0 12.7 ± 6.1 12.0 20.0 
Cr (ppm) 64.2 ± 15.2 66.0 80.4 93.9 ± 30.7 94.0 140.0 
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radioelement concentration in the overburden material is 
proportional to the amount of radioelement in the underly
ing bedrocks. The indices thus are believed to be useful in 
areas covered by overburden material and where outcrops 
are scarce such as in the Miramichi Anticlinorium. 

Pirkle's indices are based on principal component 
analysis (a multivariate statistical technique that models the 
distribution of data variance). The variabiality of eU, eTh, 
and K are attributed to geological processes operating in 
rocks such as supergene and hydrothermal processes that 
usually lead to uranium depletion in certain parts of the 
plutons and its concentration in others. 

Under secular equilibrium, the amount of U, Th, and K 
in rocks is proportional to the radioactive daughter isotopes 
214Bi, 208Tl, and 4°K respectively. 

In airborne gamma ray spectrometry data, the three 
principal component (PC) analyses for the three variables 
eU, eTh, and K can be represented as follows: 

PCl = a,K + b1Bi + c1Tl 

PC2 = a2K + b2Bi + c2Tl 

PC3 = a3K + b3Bi + c3Tl 

(I) 

(2) 

(3) 

a, b, and c = factor loadings. 

At present we are interested primarily in uranium, 
therefore we only examine the 214Bi (emitted by U) loadings 
on PC!, PC2, and PC3 which are designated as UPC!, 
UPC2, and UPC3, respectively. These loadings can be 
described as follows: 

UPC 1 = fraction of U originally deposited within a 
geological unit. 

UPC2 = fraction of U that has been mobilized by 
concentrating or leaching mechanisms. 

UPC3 = portion of U that has not been affected by 
concentrating or leaching mechanisms and, 
thus, the amount of nonmobilized U present. 

The two uranium favourability indices and their mean
ings as explained by Pirkle et al. ( 1982) are: 

a) IUPCI/UPC31 ratio: 

The ratio provides an indicator of the absolute uranium 
mobilization. Large values indicate that most of the orig
inally deposited uranium is available for transportation 
while small values indicate little uranium available for 
transportation. 

b) IUPC2/UPC31 ratio: 

This ratio indicates the proportion of mobilized relative 
to nonmobilized uranium. Large values indicate that most 
of the uranium available for transportation has been mobi
lized and small values of the ratio indicate little mobiliz
ation. 

A large IUPCI/UPC31 ratio accompanied by large 
IUPC2/UPC31 ratio means, according to Pirkel et al. (1982), 
that the geological unit is favourable for uranium 
mineralization. Hence, the larger the ratio the higher the 
favourability. 
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The principal component analysis technique has been 
tested successfully in uranium-producing areas in U.S.A. 
such as Shirley Basin, Wind River Basin, and South Texas 
Coastal Plain (Pirkle et al., 1982). It has been shown that all 
of the more favourable areas have !UPC l/UPC31 values 
greater than 2. 

Pirkle's technique was applied on the aeroradiometric 
data of the Miramichi Anticlinorium in order to determine 
the favourability of the granitic plutons. The ratios of the 
uranium loadings (IUPCI/UPC31 and IUPC2/UPC31) were 
calculated by using a computer program adopted from 
Statistical Analysis System ( 1982). The results of the 
analysis are given in Table 17. 

A plot of IUPCl/UPC21 versus IUPCl/UPC31 ratios for 
the granitic plutons is shown in Figure 18. The plot illus
trates that the favourability of the plutons is in the following 
order: the Miramichi Pluton (least favourable), Lost Lake 
Pluton, Burnthill Pluton, Dungarvon Pluton, Juniper Barren 
Pluton, older granites, North Pole Pluton, Redstone Moun
tain Pluton, Trout Brook Pluton, and the Mount Elizabeth 
Pluton (most favourable). However, the results of the 
analysis is not as encouraging as was expected because 
some plutons with no uranium associations appear to be 
most favourable (e.g., Mount Elizabeth and Redstone 
Mountain) while others with known uranium mineralization 
appear to be less favourable (e.g., Burnthill and Dungarvon 
plutons). Possible explanation for this situation is that all of 
these plutons are geochemically favourable for uranium 
mineralization but the ones with no known uranium associ
ation may have suffered less than other plutons in terms of 
geological disturbances, such as fracturing, veining, 
hydrothermal alterations, and weathering, that may have 
aided in uranium leaching and concentration. Alternatively, 
these plutons have received less attention than the other 
plutons by exploration companies. However, it is encourag
ing that application of this technique also indicates the 
favourability of the Trout Brook Pluton as was noted previ
ously in this section. 

Long Lake area 

The digitized data of eU, eTh, and K were processed 
statistically in order to define radioelement anomalies. The 
statistical abundances of aeroradiometric eU, eTh, and K 
contents in various rock units of the Long Lake area are 
shown in Table 18. The data show that the eU, eTh, and K 
contents in the biotite-muscovite granite are higher than 
contents in the biotite granite of the North Pole Pluton. 
Unexpectedly the mean eU and eTh, contents in the older 
(foliated) granite are higher than the contents in the 
North Pole Pluton. This situation is also noticed in the 
geochemical data previously discussed in this report. The 
arithmetic means and standard deviations of eU, eTh, and 
K for the Long Lake map area were calculated to be 
1.80 ± 0.41 ppm, 6.30 ± 1.20 ppm, and 1.30 ± 0.30%, 
respectively. The arithmetic means plus two standard 
deviations were considered as the threshold levels for 
eU, eTh, and K in the area. Areas with radioelement 
contents above the arithmetic means are shown on Figure 19. 
Areas that exceed the mean plus two standard deviations 



Table 17. Uranium favourability indices for the granitic plutons in the Miramichi Anticlinorium. 

% of 
Total 

Variance 
Pluton Name n* Eigenvalues Explained 

2.08 0.69 
BURNTHILL 189 0.63 0.21 

0.28 0.10 

2.51 0.84 
DUNGARVON 101 0.33 0.11 

0.15 0.05 

2.56 0.85 
TROUT BROOK 39 0.38 0.13 

0.05 0.02 

NORTH POLE 2.60 0.87 
(muscovite- 19 0.32 0.11 
biotite phase) 0.08 0.02 

2.54 0.85 
MIRAMICHI 37 0.24 0.08 

0.22 0.07 

MOUNT 2.69 0.90 
ELIZABETH 106 0.25 0.08 

0.06 0.02 

JUNIPER 2.62 0.87 
BARREN 110 0.30 0.10 

0.08 0.03 

1.50 0.50 
LOST LAKE 61 1.01 0.34 

0.50 0.16 

REDSTONE 2.64 0.88 
MOUNTAIN 55 0.28 0.09 

0.08 0.03 

OLDER 1.98 0.66 
GRANITE 61 0.72 0.24 

0.30 0.10 

@ UPC1 represents original U deposited in rock unit 
UPC2 represents the mobilized U 
UPC3 represents the nonmobilized U 

*n = number of samples. 

(anomalous values) are also indicated on Figure 19, which 
shows two prominent anomalous areas, one located on the 
eastern side of Long Lake over the North Pole Pluton and 
the other in the northeastern comer over the Ordovician 
(deformed) granites (Fig. 19). The radiometric anomaly over 
the North Pole Pluton coincides with anomalous uranium 
concentrations along highly altered and brecciated 
quartz-bearing faults (Fig. 3), and with a large negative 
Bouguer gravity anomaly (Fig. 8). 

Favourability 
Indices@ 

Principal 
Component Eigenvectors iUPC1i iUPC21 

P.C. u Th K iUPC3i IUPC31 

1 0.58 0.63 0.52 0.9 0.8 
2 -0.57 -0.14 0.81 
3 0.58 -0 .76 0.27 

1 0.56 0.60 0.57 1.0 1.1 
2 0.76 -0 .09 -0 .65 
3 0.34 -0 .80 0.50 

1 0.54 0.58 0.61 6.6 10.5 
2 0.81 -0.56 -0.19 
3 0.23 0.59 -0.77 

1 0.55 0.58 0.60 2.8 4.1 
2 0.81 -0.54 -0.22 
3 0.20 0.61 -0.77 

1 0.58 0.58 0.58 0.8 0.4 
2 -0 .32 0.81 -0.49 
3 -0 .75 0.10 0.65 

1 0.56 0.59 0.59 14.0 20.8 
2 0.83 -0.36 -0.42 
3 0.04 -0 .72 0.69 

1 0.57 0.60 0.56 1.3 1.6 
2 -0.70 -0.01 0.71 
3 0.43 -0.80 0.42 

1 0.70 0.11 0.71 1.0 0.3 
2 -0 .19 0.98 0.04 
3 0.69 0.17 -0.70 

1 0.55 0.60 0.58 3.4 0.4 
2 0.82 -0.25 -0.52 
3 0.16 -0.76 0.63 

1 0.49 0.59 0.64 2.1 3.7 
2 0.84 -0.51 -0.17 
3 0.23 0.62 -0.75 

The radiometric anomaly over the Ordovician granites 
(Fig. 19) is oriented parallel to a fracture system (northwest
trending) known to intersect the granite, and may be related 
to a late phase uranium-bearing quartz-feldspar porphyry 
dyke of the North Pole Pluton (Fig. 3). 

Airborne radiometric profiles of eU and eTh concentra
tions and eU/eTh ratios across the Long Lake area were 
plotted against their corresponding geological cross-sections 
for comparison (Fig. 20, 21 , and 22). The locations of these 
profiles are shown on Figure 19. 
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The mean eU and eTh concentrations and eU/eTh ratios 
were assumed to represent the background levels of these 
parameters in the Long Lake area. Charbonneau et al. 
( 1976) found that in the Canadian Shield, an airborne 
measurement of I to 2 ppm eU corresponds to a concentra
tion of 2 or 3 ppm in the overburden, and 4 to 6 ppm eU in 
the underlying bedrock. Following the same technique 
described by Charbonneau et al. ( 1976), Chandra ( 1981) has 
established a relationship between measurements made with 
the hand-held sensor and the airborne gamma ray spectrom
eter over several areas in New Brunswick. He demonstrated 
that about 3 to 4 ppm eU on the airborne maps is related to 
5 to 7 ppm eU in drift-covered areas and to 13 to 18 ppm 
eU in the underlying bedrock. From these results it is 
reasonable to assume that areas with eU above 1.9 ppm 
(Fig. 20) are anomalous. 

..... 
0 6 * North Pole ~ 

CV) 

u 
a_ 
::::> 
..... 
u 
a_ 
::::> 

6. Miromichi 
5 0 Mount Elizabeth 

~ Juniper Barren 
\l Lost Lo ke 4 0 Redstone Mountain 
x Older granites 0 

3 

* 
2 x 

i .• ~ 
0 

0 2 3 4 5 6 14 18 22 

I UPC2 I UPC3 I ratio 

Figure 18. Plot of IUPC1/UPC31 versus IUPC2/UPC31 ratio 
for selected granitic plutons in the Miramichi Anticlinorium. 
The higher ratios indicate higher favourability for uranium 
occurrences. 

Several narrow and isolated peaks of high eU (Fig. 20) 
values are apparent along the profiles particularly near Long 
Lake. These anomalies could be related to U concentration 
along shear zones, veins, and rock boulders scattered in the 
area especially on the eastern side of the lake. Furthermore, 
the anomalies of eU appear to be stronger in the southern 
part of the area relative to the northern part (Fig. 20). 

The aeroradiometric eTh concentration profiles (Fig. 21) 
appear to have smooth patterns of distribution in compari
son with the eU profiles. Furthermore, the values of eTh 
along the profiles are more or less close to the background 
level (Fig. 21 ). 

Table 18. Statistical abundances of aeroradiometric eU, eTh, and K contents in various rock units of the Long Lake area. 

Mean ±St. Dev. 
No. 

Rock Units Samples eU eTh K eU 
(ppm) (ppm) % eTh 

Biotite-muscovite granite 19 1.96 ± 0.36 6.56 ± 1.08 1.58±0.17 0.30 ± 0.06 
c 
ro ·c: 
0 
> 
Q) 

0 
Q; 

Biotite granite 19 1.83 ± 0.42 6.52 ± 0.89 1.46 ± 0.28 0.28 ± 0.04 
:;:: 
0 
_J 

Gabbro 5 1.24 ± 0.29 4.82 ± 0.40 0.86 ± 0.05 0.26 ± 0.05 

"E 
0 Foliated granite 25 2.05 ± 0.35 7.06 ± 1.05 1.31 ± 0.20 0.29 ± 0.02 

e 
.0 
E . 
ro 'E 
00 

Metasedimentary rocks 31 1.57 ± 0.29 5.47 ± 0.83 1.05 ± 0.21 0.29 ± 0.05 

E 
ro 
0 

Amphibolite 3 1.81 ± 0.15 6.83 ± 0.86 ~ 1.45 ± 0.82 0.27 ± 0.01 
a... 
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Figure 20. Plots of airborne eU profiles across the Long Lake area. 
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Figure 21. Plots of airborne e Th profiles across the Long Lake area. 
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Figure 22. Plots of airborne eU/eTh ratio profiles across the Long Lake area. 
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The uniform distribution of eTh along the profiles and 
its near normal concentration relative to eU distribution 
might be explained by the geochemical behaviour of U and 
Th in crystalline rocks. During magmatic evolution (reduc
ing environment), both U and Th are tetravalent and have 
similar ionic radii. They therefore behave similarly and 
become progressively concentrated in later phases of 
crystallization. In the late stages of magma crystallization, 
and during postcrystallization processes (oxidation environ
ment) such as weathering, metamorphism, and hydrothermal 
alteration, tetravalent uranium is unstable and readily 
changes to the hexavalent state, whereas Th retains its 
tetravalent state. Uranium and thorium therefore follow 
strikingly different paths because of the decrease in the 
"ionic radius" of uranium consequent to its transformation 
to the hexavalent state, which makes it readily mobilized 
from the rocks and available to enter hydrothermal solutions 
or low temperature meteoric water. Thorium is retained in 
the rocks and more or less maintains its level of concentra
tion . 

On the eU/eTh ratio profiles (Fig. 22) , several narrow 
and isolated peaks of highly anomalous values are shown. 
These peaks are intensified in the southern part of the area 
relative to its northern part. A strong eU/eTh anomaly 
appears on the eastern side of Long Lake where most of the 
uranium mineralization occurs. 

It is of interest also to note that some anomalous peaks 
of eU/eTh ratio occur above the Ordovician (older) granites 
(Fig. 22). Visual inspection of these peaks reveals that they 
are correlated well with faults. This also conforms with the 
geochemical data in which anomalous uranium in spring 
and stream sediment samples was found in the area 
underlain by the Ordovician granites (see Fig. I 0). 

Narrow eU anomalies accompanied by narrow eU/eTh 
ratio anomalies such as the one shown in Long Lake area 
are considered to be the most desirable type of anomaly for 
uranium exploration (Richardson and Carson, 1976). 

Central Miramichi Anticlinorium area 

Aeroradiometric data 

Visual inspection of the aeroradiometric maps of the area 
reveals that the granitic plutons are associated with high eU, 
eTh, and K anomalies. A contour map of the aeroradio
metric eU data is shown in Figure 23 . The strongest and the 
broadest eU anomalies are associated with the Burnthill 
Pluton. Most are confined to the eastern and southeastern 
margins of the intrusion where much of the Sn, W, and Mo 
mineralization has been reported to occur. 

By combining the aeroradiometric eU map (Fig. 23) 
with the Bouguer gravity map of the same area (Fig. 1 l ), it 
is shown that the highest eU anomalies coincide with the 
centre of the large negative gravity anomaly, a feature 
noticed by the present authors (Hassan and McAllister, 
1988) in the U-bearing granites of the Lower Devonian 
North Pole Pluton. 

The airborne gamma ray spectrometry data of eU, eTh, 
and K over the granitic rocks of the Burnthill, Dungarvon, 

Trout Brook, and Rocky Brook plutons are digitized at 400 
m square grids. The digitization was performed in order to 
interpret the data semi-quantitatively. 

Means and standard deviations of eU, eTh, and K 
contents were computed for various phases of the granitic 
plutons. Results are summarized in Table 19. Within 
individual plutons, the equigranular and the melanocratic 
granite phases have slightly higher U and Th contents than 
other phases. On average, the Trout Brook Pluton has the 
highest eU and to lesser extent eTh and K contents of the 
four (Table 19). 

The 50 percentile (median) and the 90 percentile values 
for eU were calculated for the aeroradiometric data in the 
granitic plutons (Table 19). The median of the data was 
chosen to represent the threshold level of eU as indicated on 
the airborne data. Anomalous areas (> 50 percentile) of eU 
and highly anomalous areas(> 90 percentile) in the airborne 
data were plotted on a map (Fig. 24). By combining the eU 
anomalies map (Fig. 24) with the geological map (Fig. 6), 
it is shown that the granitic plutons are associated with 
anomalous eU. The Dungarvon Pluton is associated with 
an eU aeroradiometric anomaly in its northeastern part 
(Fig. 24), where uranium mineralization has been located 
along shear zones trending northwesterly (Fyffe and 
Maclellan, 1988). The granitic rocks of the Trout Brook 
Pluton are totally anomalous in eU with the highest anomalous 
eU values restricted to its centre. Visual inspection of the 
maps reveals that the eU anomalies are generally associated 
with the equigranular granite phase of the plutons. 

In situ gamma ray spectromet1y data 

The eU anomalies outlined on the airborne gamma ray 
spectrometry maps (Fig. 23) were examined on the ground 
by the authors. In situ gamma ray spectrometry was used to 
determine the amount of eU, eTh, and K in the rocks. 
Although most of the anomalies were found to be associated 
with granitic rocks that contain above average eU and eTh 
relative to normal granites, no economically significant 
deposits were found. Some anomalies appeared also to be 
fictitious, resulting either from large areas of rock outcrops 
surrounded by dense soil-covered areas or to hill or cliff 
exposures of granitic rocks. 

In situ gamma ray spectrometry values of eU, eTh, and 
K determined for various rock types of the plutons are 
given in Appendix VII. These data confirm that the late 
stage equigranular phase of the granite in the plutons is 
associated with a relatively higher amount of radioelements 
than the seriate porphyritic granite. 

Means and standard deviations of eU, eTh, and K 
contents for various phases of the granitic plutons are given 
in Table 19. The mean eU and eTh contents of the rocks of 
the Burnthill, Dungarvon, Trout Brook and Rocky Brook 
plutons are 15.0 ppm, 12.9 ppm, 21.3 ppm and 13.7 ppm, 
respectively for eU and 35.3 ppm. 26.1 ppm, 23.4 ppm, and 
30.0 ppm, respectively for eTh (Table 19). These values 
exceed the global average for uranium and thorium in 
granitic rocks by substantial amounts (according to Taylor, 
1964, granites contain, on average, worldwide, 4 .0 ppm U 
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Figure 23. Equivalent uranium aeroradiometric map of the granitic plutons, central Miramichi Anticlinorium. 

and 17 .0 ppm Th). Furthermore. Table 19 indicates that eU 
and to some ex tent eTh contents tend to increase in the 
younger granitic phases . The in situ data also confirm the 
airborne data that the Trout Brook pluton contains more 
uranium than the others. 

In situ rad iometri c determinations of eU, eTh , and K 
were also made for the dykes and pods that intruded the 
plutons (T able 20). They are in genera l enriched w ith both 
U and Th. Both eU and cTh appear to be high in the apliti c 
dykes relati ve to other types of dykes . 

A tri angle plot of in situ gamma ray data for eU, eTh , 
and K contents in the graniti c plutons illustrates that the 
Burnthill, Dungarvon. and Rocky Brook plutons lie close to 
each other on the diagram (Fig. 25). The Trout Brook 
Pl uton. however. contains a higher amount of eU and lower 
eTh than the others. It was also prev iously identified (Fig. 
18) as be ing more favourable for uranium minera li zation 
than the Burnthill and Dungarvon plutons on the bas is of 
their uranium favourability indices . 

48 

In order to determine the role of pos tmagmatic geologi
ca l processes on the di stribution of eU, eTh, and K a set of 
in situ gamma ray spectrometry readings were taken over 
rocks effec ted by weathering. alterati on, and joints. The 
mean values are shown in Table 2 1. These data are illus
tra ted graphicall y on a diagram (Fig. 26). For consistency. 
only readings from one phase of the granite. the coarse 
grained seriate porphyriti c granite is represented. 

It is obvious from Figure 26, that eU was sli ghtly 
depleted in the weathered and altered granites relati ve to 
fresh granites. However. eU appears to be concentrated 
along fractures. With regard to eTh , it more or less retains 
constant concentration in the weathered and altered rocks 
but its concentration apparentl y has increased in the frac
tured rocks. Potass ium appears to fo llow behaviour similar 

to thorium . 
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Figure 24. Equivalent uranium aeroradiometric anomalies of the granitic plutons , central Miramichi 
Anticlinorium. 

RELATIONSHIPS OF URANIUM AND 
OTHER METALLOGENIC ELEMENTS 
TO THE PETROCHEMICAL 
CHARACTERISTICS OF THE 
GRANITIC ROCKS 

Overview 

Uran ium and other metallogenic elements such as those 
fou nd in Sn, W, and Mo depos its around the world are 
di rectl y linked to graniti c roc ks. Thi s link can be observed 
also in the Mi ramichi Anticlinorium (Fig. I) where these 
elements appear to be assoc iated in time and space with the 
younger pos torogenic, undefonned, grani tic plutons. The 
apparent geneti c ro le of the plutons, as established by the 
tempora l and spati al relationship with the minera l depos its, 
is further explained below by examining those petrochemi
cal fea tures which may be useful in identifying those 
gran itic bod ies most likely to have prod uced ore bodies. 

50 

North Pole Pluton 

Whole rock geochemistry 

A total of nineteen whole roc k analyses, including both 
fresh and variably altered samples, were obtained from the 
New Brunsw ick Department of Natu ral Resources and 
Energy (Fyffe and Pronk , 1985) and used in the present 
work . Sample locations and the analytical results are given 
in Appendi x VIII. 

Averages fo r the major and se lec ted trace elements as 
we ll as the normati ve compos iti on of vari ous phases of the 
North Pole Pluton are presented in Table 22. Geochemical 
abundances of these elements in normal granites and 
uraniferous granites are also given in Table 22 fo r compari 
son. 

Geochemicall y the North Pole Pluton is a highl y 
evolved granite (S i02 >70 wt. %), and , as are uraniferous 
granites, is characteri zed by hi gh Si02, Kp, and Na,O 



Table 20. Means and standard deviations of in situ radiometric eU, eTh, and K contents in various types of dykes and pods 
intersecting the granitic plutons. 

n• eU(ppm} eTh(ppm} K(%) 

BURNTHILL 
Aplite dyke 13 15.2 ± 5.8 37.6 ± 15.3 6.0 ± 0.9 
Pegmatite pod 5 12.3 ± 3.4 35.0 ± 15.8 5.8 ± 1.1 
Quartz dyke 1 10.5 30.2 4.5 
Mafic dyke 3 4.6 ± 2.1 11.6 ± 4.1 3.4 ± 2.0 

DUNGARVON 
Aplite dyke 1 9.4 18.5 4.1 
Feldspar dyke 1 5.4 13.4 4.1 

TROUT BROOK 
Feldspar dyke 1 22.7 23.2 7.4 

ROCKY BROOK 
Aplite dyke 1 10.5 25.4 5.0 
Quartz dyke 4 10.9 ± 22.9 22.9 ± 4.4 3.3 ± 1.0 

• n = number of samples 

Table 21. In situ gamma ray spectrometry values of eU, 
eTh, and K in the coarse grained seriate porphyritic granitic 
rocks that have undergone various postmagmatic processes. 

n• eU(ppm) eTh{ppm) K(%) 

Apparently fresh 
samples . ... . 

Weathered .... . 
Altered ....... . 
Fractured ..... . 

65 
9 
7 
5 

* n = number of samples. 

15.1 
13.0 
12.0 
18.9 

35.7 
36.5 
34.1 
44.5 

5.8 
5.4 
5.4 
6.4 

contents relative to normal granites, particularly for the 
two-mica phases (Table 22). The Ti02, Fep,, FeO, MgO, 
and CaO contents are low in both North Pole Pluton and 
uraniferous granites relative to normal granites. 

The trace element composition varies dramatically 
within the various phases of the North Pole Pluton (Table 
22). The biotite granites and the biotite-muscovite granites 
contain base metal values higher than in normal granites. 
Tin abundance is high in the biotite-muscovite granites in 
comparison to normal granites and uraniferous granites 
(Table 22). The Ba, F, and Li contents are low in North 
Pole Pluton relative to normal and uraniferous granites. 
Rubidium values are high relative to normal granites (a 
feature of uraniferous granite as well). Strontium and 
zirconium contents in the North Pole Pluton are lower than 
in normal granites and in uraniferous granites (Table 22). 

eU 

K 

Burnthill Pluton 
Dungarvon Pluton 
Trout Brook Pluton 
Rocky Brook Pluton 

A •"'• 

eTh 

Figure 25. eU-eTh-K ternary variation diagram for in situ 
gamma ray data of U, Th, and K contents in the granitic 
plutons, central Miramichi Anticlinorium. 

Uranium content in the various granitic phases of North 
Pole Pluton is slightly higher than the average uranium 
content in normal granites but is lower than in the uranife
rous granites of the British Isles and Nova Scotia (Table 
22). This may suggest that the North Pole Pluton is derived 
from rocks originally poor in uranium. Alternatively, 
uranium may have been depleted from the surface rocks, 
possibly by meteoric water. 

51 



V
i 

N
 

T
ab

le
 2

2.
 

A
ve

ra
ge

 o
f 

m
aj

or
 a

nd
 t

ra
ce

 e
le

m
en

ts
 in

 f
re

sh
 a

nd
 a

lte
re

d 
ro

ck
s 

of
 v

ar
io

us
 p

ha
se

s 
of

 th
e 

N
or

th
 P

ol
e 

P
lu

to
n 

an
d 

th
ei

r 
co

m
pa

ris
on

 w
ith

 
no

rm
al

 a
nd

 u
ra

ni
fe

ro
us

 g
ra

ni
te

s.
 

Bi
ot

ite
 G

ra
ni

te
 

B
io

tit
e-

m
us

co
vi

te
 g

ra
ni

te
 

Q
ua

rtz
-fe

ld
sp

ar
 p

or
ph

yr
y 

U
ra

ni
fe

ro
us

 G
ra

ni
te

s 

Al
te

re
d 

w
ith

 
Si

lic
ifie

d 
M

ild
ly 

In
te

ns
el

y 
(a

) 
(c

) 
C

he
m

ica
l 

U
na

lte
re

d 
su

lp
hi

de
 

U
na

lte
re

d 
an

d 
U

na
lte

re
d 

Av
er

ag
e 

(b
) 

co
m

po
sit

io
n 

m
in

er
al

iza
tio

n 
br

ec
cia

te
d 

al
te

re
d 

al
te

re
d 

no
rm

al
 

Br
itis

h 
So

ut
h 

M
ou

nt
ai

n 
gr

an
ite

s 
C

al
ed

on
id

es
 

Ba
th

ol
ith

 
n"

 
av

er
ag

e 
n 

av
er

ag
e 

n 
av

er
ag

e 
n 

av
er

ag
e 

n 
av

er
ag

e 
n 

av
er

ag
e 

n 
av

er
ag

e 
(n

 =
 6

9)
 

(n
 =

 1
36

) 

S
i0

2(%
) 

4 
71

.2
 

5 
72

.7
 

2 
73

.9
 

2 
83

.6
 

1 
76

.5
 

1 
76

.5
 

3 
76

.8
 

71
.3

 
-

74
.4

8 
T

i0
2(

%
) 

4 
0.

44
 

5 
0.

39
 

2 
0.

15
 

2 
0.

14
 

1 
0.

15
 

2 
0.

12
 

3 
0.

14
 

0.
31

 
0.

13
 

0.
08

 
A

l,0
3(

%
) 

4 
14

.8
 

5 
14

.0
 

2 
14

.2
 

2 
8.

7 
1 

13
.3

 
2 

13
.4

 
3 

12
.8

 
14

.3
2 

13
.9

0 
Fe

20
3(

%
) 

4 
0.

53
 

5 
1.

83
 

2 
0.

55
 

2 
0.

67
 

1 
0.

70
 

2 
0.

87
 

3 
1.

85
 

1.
21

 
0.

88
 

Fe
0(

%
) 

4 
2.

0 
5 

3.1
 

2 
1.1

 
2 

0.
34

 
1 

0.
64

 
2 

0.
49

 
3 

1.
90

 
1.

64
 

0.
93

 
M

n0
(%

) 
4 

0.
07

 
5 

0.
13

 
2 

0.
04

 
2 

0.
02

 
1 

0.
05

 
2 

0.
03

 
3 

0.
24

 
0.

05
 

0.
02

 
M

g0
(%

) 
4 

0.
75

 
5 

0.
69

 
2 

0.
44

 
2 

0.
18

 
1 

0.
30

 
2 

0.
25

 
3 

0.
24

 
0.

71
 

0.
13

 
0.

05
 

C
a0

(%
) 

4 
1.

29
 

5 
0.

12
 

2 
0.

74
 

2 
0.

11
 

1 
0.

28
 

2 
0.

09
 

3 
0.

10
 

1.
84

 
0.

26
 

0.
75

 
K

,0
(%

) 
4 

4.1
 

5 
4.

0 
2 

4.
9 

2 
3.

6 
1 

4.
9 

2 
5.

2 
3 

3.
8 

4.
07

 
5.

0 
4.

39
 

N
a,

0(
%

) 
4 

3.
5 

5 
0.

2 
2 

3.
3 

2 
0.

19
 

1 
3.

4 
2 

0.
86

 
3 

0.
16

 
1.

68
 

3.
13

 
3.

48
 

P 20
5(

%
) 

4 
0.

10
 

5 
0.

09
 

2 
0.

09
 

2 
0.

06
 

1 
0.

0 
2 

0.
03

 
3 

0.
06

 
0.

12
 

0.
44

 
C

O
,(%

) 
4 

0.
06

 
5 

0.
04

 
2 

0.
01

 
2 

0.
04

 
1 

0.
18

 
2 

0.
06

 
3 

0.
04

 
0.

05
 

Be
(p

pm
) 

4 
6.

0 
5 

4.
8 

2 
6.

0 
2 

7.
15

 
1 

6.
8 

2 
8.

25
 

3 
5.

7 
5.

0 
Ba

(p
pm

) 
4 

50
7.

5 
5 

27
1.

0 
2 

43
5.

0 
2 

22
0.

0 
1 

30
0.

0 
2 

17
5.

0 
3 

16
8.

3 
60

0 
25

8 
39

 
C

u(
pp

m
) 

4 
12

.5
 

5 
73

.4
 

2 
10

.5
 

2 
6.

0 
1 

3.
0 

2 
37

.5
 

3 
93

.7
 

10
.0

 
0.

0 
31

 
F

 (p
pm

) 
4 

36
2.

5 
5 

79
6.

0 
2 

30
5.

0 
2 

38
5.

0 
1 

60
0.

0 
2 

45
0.

0 
3 

67
3.

3 
81

0.
0 

45
00

 
M

o(
pp

m
) 

4 
1.

75
 

5 
9.

4 
2 

0.
75

 
2 

7.
0 

1 
1.

0 
2 

3.
0 

3 
6.

67
 

1.
8 

1.
4 

Pb
(p

pm
) 

4 
24

.0
 

5 
99

.6
 

2 
25

.0
 

2 
75

.0
 

1 
18

.0
 

2 
12

9.
5 

20
.0

 
26

.0
 

R
b(

pp
m

) 
4 

16
3.

8 
5 

33
7.

0 
2 

21
9.

0 
2 

22
8.

5 
1 

20
1.

0 
2 

28
0.

0 
3 

37
0.

7 
15

0.
0 

45
5.

0 
76

9 
B

 (p
pm

) 
4 

4.
5 

5 
27

.0
 

2 
3.

0 
2 

52
.5

 
1 

-
2 

10
.0

 
3 

11
.3

 
12

 
Sn

(p
pm

) 
4 

6.
73

 
5 

99
.8

 
2 

41
.0

 
2 

7.
05

 
1 

4.
6 

2 
8.

0 
3 

75
.3

 
3.

0 
39

 
Sr

(p
pm

) 
4 

11
7.

0 
5 

5.
67

 
2 

68
.5

 
2 

14
.5

 
1 

99
.0

 
2 

13
.5

 
3 

7.
0 

28
5.

00
 

67
.0

 
38

 
Zn

(p
pm

) 
4 

18
0.

5 
5 

41
9.

0 
2 

52
.5

 
2 

60
.0

 
1 

96
.0

 
2 

20
2.

5 
3 

13
13

.0
 

40
.0

 
28

.0
 

86
 

W
(p

pm
) 

4 
4.

0 
5 

14
.4

 
-

-
-

2 
4.

0 
3 

6.
0 

1.
5 

2 
Li

(p
pm

) 
4 

12
.7

5 
5 

23
.8

0 
2 

24
.0

 
2 

96
.0

 
1 

6.
0 

2 
9.

5 
3 

19
.0

 
30

.0
 

75
.0

 
51

7 
Bi

(p
pm

) 
4 

0.
06

 
5 

3.
36

 
2 

0.
6 

2 
0.

06
 

-
2 

0.
08

 
3 

2.
2 

.1
5-

2 
Zr

(p
pm

) 
4 

13
8.

8 
5 

27
3.

0 
2 

87
.5

 
2 

72
.5

 
1 

75
0 

2 
60

.0
 

3 
78

.3
 

18
0.

0 
65

 
S

 (p
pm

) 
4 

62
.5

 
5 

12
24

.0
 

2 
20

.0
 

2 
37

0.
0 

1 
12

0.
0 

2 
40

.0
 

3 
59

06
.7

 
33

0 
U

 {p
pm

) 
4 

5.
1 

5 
5.

3 
2 

4.
2 

2 
7.

75
 

1 
4.

9 
2 

17
.6

5 
3 

11
.5

3 
4.

0 
12

.6
0 

8.
3 

0(
%

) 
4 

30
.8

 
5 

54
.9

 
2 

33
.3

 
2 

69
.9

 
1 

37
.0

 
2 

52
.3

 
3 

60
.8

 
29

.0
6 

C
(%

) 
4 

2.
5 

5 
9.

6 
2 

2.
3 

2 
4.

5 
1 

2.
1 

2 
6.

4 
3 

8.
5 

0.
92

 
O

r(%
) 

4 
24

.8
 

5 
24

.4
 

2 
29

.2
 

2 
22

.0
 

1 
29

.0
 

2 
31

.1
 

3 
23

.1
 

24
.5

0 
Ab

(%
) 

4 
29

.7
 

5 
1.

6 
2 

28
.4

 
2 

1.
6 

1 
28

.3
 

2 
7.

6 
3 

1.
3 

31
.1

3 
An

(%
) 

4 
5.

8 
1 

0.
7 

2 
3.

1 
2 

0.
1 

1 
1.

1 
2 

0.
3 

2 
0.

2 
8.

04
 

En
(%

) 
4 

1.
9 

5 
1.

8 
2 

1.1
 

2 
0.

5 
1 

0.
8 

2 
0.

6 
3 

0.
6 

-

Fs
(%

) 
4 

2.
6 

4 
4.

9 
2 

1.
3 

2 
0.

0 
1 

0.
4 

2 
0.

7 
2 

3.
2 

-
M

t(%
) 

4 
0.

8 
5 

2.
4 

2 
0.

8 
2 

0.
5 

1 
1.

0 
2 

0.
8 

2 
2.

0 
1.

75
 

11
(%

) 
4 

0.
8 

5 
0.

8 
2 

0.
3 

2 
0.

3 
1 

0.
3 

2 
0.

2 
2 

0.
3 

0.
58

 
Ap

(%
) 

4 
0.

2 
5 

0.
2 

2 
0.

2 
2 

0.
7 

1 
0.

1 
2 

0.
2 

3 
0.1

 
0.

28
 

(a
) 

Av
er

ag
e 

m
aj

or
 o

xid
es

 a
nd

 n
or

m
at

ive
 c

om
po

sit
io

n 
fro

m
 L

e 
M

ai
tre

 (
19

76
); 

Sr
, 

Rb
, Z

r, 
N

i, 
Zn

, C
u,

 C
r, 

U,
 T

h,
 P

b,
 C

o,
 L

i a
nd

 B
e 

fro
m

 T
ay

lo
r 

(1
96

4)
; 

F
 fro

m
 A

llm
an

 a
nd

 K
or

itin
g 

(1
97

8)
. 

(b
) 

Da
ta

 fr
om

 S
im

ps
on

 e
t. 

al
. 

(1
97

9)
 a

nd
 P

la
nt

 e
t. 

al.
 (

19
80

). 

(c
) 

Da
ta

 fr
om

 C
la

rk
e 

an
d 

M
eu

ck
e 

(1
98

5)
; 

U
 fro

m
 C

ha
tte

rje
e 

an
d 

M
eu

ck
e 

(1
98

2)
. 

• 
n 

=
 n

um
be

r o
f s

am
pl

es
 



20 

E 
0. 
0. 10 
::> 
QI 

0 

50 

40 
E 30 
c. 
0. 

20 s: 
I-
QI 10 

0 

10 

8 

6 
~ . 4 
::.:: 2 

0 

s: 
VI 
QI ... 

LI.. 

"O 
QI ... 
QI 
s: 
0 
QI 

~ 

"O 
QI ... 
QI 

.... 
·:::-.::, 
···:·:: ······ ·:·.::-: 
t"'" 

!!id 

"O 
QI ... 
:::> -u 
0 

it 

Figure 26. The eU, eTh, and K contents in fresh, 
weathered, altered, and fractured rock samples of the 
Burnthill Pluton. 

Biotite 
granite 

Biotite
muscovite 
granite 

Quartz
feldspar 
porphyry 

0 4 

U (ppm) 
B 

Unaltered 

Altered 

12 16 20 24 

(with sulphide and Sn mineralization) 

Silicified and brecciated 
(with sulphide mineralization) 

Figure 27. The effect of alteration on uranium content in the 
North Pole Pluton. 

Variation of uranium contents with respect to alteration 
and mineralization 

Variation in uranium content with respect to hydrothermal 
alteration and mineralization within the various phases of 
the North Pole Pluton is illustrated in Figure 27. The 
content appears to be increased considerably in response to 
hydrothermal alteration, which is apparent in the 
biotite-muscovite granites where a two-fold increase is 
noted (Fig. 27), but is most pronounced in the quartz-feld
spar porphyry. Furthermore, it appears that uranium in 
mildly altered rock is more highly concentrated than in 
intensely altered rocks (Fig. 27). 

The effect of mineralization on uranium seems to 
be varied (Fig. 27). Generally, wherever sulphide 
mineralization occurs alone in the rocks, uranium content 
tends to increase considerably, but when sulphide 
mineralization is accompanied by tin mineralization 
(Fig. 27), uranium content appears to be lower. This may 
indicate that uranium and tin have been partitioned from 
each other during the mineralizing process. Both uranium 
and tin are incompatible elements and behave similarly at 
the magmatic stage, but there is evidence that they behave 
differently during hydrothermal and other mineralization 
processes (Dubessy et al., 1987; Zagruzina et al., 1987). 

Dubessy et al. ( 1987) have studied the behaviour of 
uranium and tin during the hydrothermal stage related to the 
Hercynian granites of France and Great Britain and found 
that temperature and fugacity of oxygen f0 2 are the main 
parameters responsible for the contrasting behaviour of the 
two elements. They found, in general, that at high tempera
ture (>300°C) and low f02 (reducing condition), uranium 
tends to precipitate in the host rocks. Meanwhile, Sn 
remains in such solutions and is transported to be deposited 
elsewhere. 

Zagruzina et al. ( 1987) reached similar conclusions 
during their investigations of about I 000 samples containing 
uranium and tin from 55 tin deposits in USSR, 
Czechoslovakia, Mongolia, China, Malaysia, and Australia. 
They found that much of the uranium in the tin orebodies 
has been deposited later than the cassiterite (i.e., at lower 
temperatures). These parameters (T and f02) may also be 
partly responsible for the temporal and sometimes spatial 
separation of tin and uranium in the granitic rocks of the 
North Pole Pluton. 

Uranium variation with petrochemical indices of North 
Pole Pluton 

Variation diagrams were prepared for U versus Si02, U 
versus felsic index, and U versus degree of oxidation for the 
granitic rocks of the North Pole Pluton. 

The mean U values versus the mean Si02 values plot 
(Fig. 28) for various phases of the North Pole Pluton show 
that the higher values of U in general are in the more 
siliceous parts of the granitic rocks. The enrichment of U in 
the rocks, however, appears to be higher in the altered 
rocks. 
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Figure 28. Plot of uranium versus silica, showing for each 
of the three phases of the North Pole Pluton an increase in 
uranium content with increase in silica. 
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Figure 29. Plot of uranium versus felsic index, showing for 
each of the three phases of the North Pole Pluton an 
increase in uranium content with increase in the index. 
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Figure 31 . A Rb-Sr-Ba ternary variation diagram for the 
rocks of the North Pole Pluton (after El Bouseily and El 
Sokkary, 1975). 

The uranium versus felsic index plot (Fig. 29) in 
gran itic rocks of North Pole Pluton reveals that (despite 
significant degree of magmati c differentiation as represented 
by the felsic index) the uranium conten t is almost constant 
within the fresh rocks of different phases of the pluton. The 
increase of uranium content with felsic index is most 
pronounced in the altered rocks of the late-phase 
quartz-feldspar porphyry (Fig. 29). 

The sign ificant effec t of f02 on behaviour of uran ium in 
the North Pole Pluton is shown in Figure 30, in which the 
degree of ox idation (Fe20 / Fe0) is plotted against uranium 
content (Fig. 30). The effect is insignificant in fresh rocks 
but in the altered rocks. uranium increases substantiall y with 
degree of ox idation, particularly in the quartz-feldspar 
porphyry (Fig. 30). 

Uranium and tin speciali zation of the granitic rocks of 
the North Pole Pluton 

The posttectonic, peraluminous, Hercynian granitoids of 
Europe, and North Ameri ca are known to contain economic 
U, Sn. and W deposits (Tischenclorf, 1977: Chatterjee et al., 
1983: Poty et al.. 1986). Attempts have been made by 
various researchers to distinguish between the spec iali zed 
granites commonly associated w ith these deposits and 
normal granitoids (Tischendorf, 1977: Stemprok. 1979: El 
Bousei ly and El Sokkary, 1975; Chatterjee et al. , 1983). 
Most of these attempts were dependant upon the use of 
whole rock geochem istry. For example El Bouseily and El 
Sokkary ( 1975) used a Rb-Sr-Ba ternary variati on diagram 
(Fig. 3 1) to classify granites, evaluate differentiation 
trends. to detect specializat ion in Sn-bearing granites, and 
ultimately. to discriminate between Sn-bearing granites 
(Sn-spec iali zed) and Sn-barren granites. 



The Rb, Sr, and Ba contents of the North Pole Pluton 
have been plotted in such a Rb-Sr-Ba variation diagram 
(Fig. 31 ). As shown in Figure 31, the unaltered rocks of the 
pluton fall within the area of normal granites, and hence 
they can not be considered as specialized granites. However, 
the altered and Sn-bearing rocks, which are also enriched 
with uranium, fall within the area of specialized granites 
suggesting that both uranium and tin mineralization may 
favour altered rocks with chemical characteristics of 
specialized granites. 

Among other geochemical criteria used to distinguish 
between Sn-specialized and normal granitoids are the K-Rb 
and K-Na ratios. According to Tischendorf (1977) the K-Rb 
ratio is greater than 100 in normal granites and less than 
100 in Sn-bearing (specialized) granites. The K-Rb ratio for 
the rocks of the North Pole Pluton (Table 23) appears to be 
lower than 100 in the intensely altered quartz-feldspar 
porphyry and in the altered biotite granite with sulphide 
mineralization. These two rocks contain a high tin concen
tration (Table 23) relative to their corresponding fresh 
rocks. 

The K-Na ratio which, according to Stemprok (1979), is 
about 1.2 in normal granites and 1.6 in Sn-specialized 
granites also indicates, with the exception of the unaltered 
biotite granite, that the granitic rocks of the North Pole 
Pluton in general are not specialized (Table 23). 

Statistical relationship between uranium and other 
elements in the North Pole Pluton 

Major oxides 

To determine the relationship between the contents of 
uranium and the major mineral-forming oxides of the 
granitic rocks of the North Pole Pluton, Spearman rank 
correlation coefficients were calculated (Table 24). In the 
presumably fresh rocks, uranium correlates weakly to 
moderately (positive or negative) with the major oxides of 

Table 23. Selected geochemical parameters distinguishing 
specialized granites from normal granites for the rocks of the 
North Pole Pluton. 

Rock types n' U(ppm) Sn(ppm) K/Rb K/Na 

Quartz-feldspar porphyry 
unaltered 1 4.9 4.6 204 1.6 
mildly altered 2 17.7 8.0 154 7.2 
intensely altered 3 11.5 75.3 86 32.0 

Biotite-muscovite granite 
unaltered 2 4.2 41.0 131 30.0 
silicified and 2 7.8 7.1 187 1.7 
brecciated 

Biotite granite 
unaltered 4 5.1 6.7 208 1.3 
altered and 5 5.3 99.8 98 22.0 
sulphide 
mineralization 

'n = number of samples 

the rocks. The only significant and positive correlation is 
noted between U and Fep3, Si02 and C02• The correlation 
coefficients between uranium and the major oxides in the 
mineralized samples are more or less the same with the 
exception of those between U, Na20, and Fe20 3 which are 
substantially different, reflecting the redistribution of 
elements by postmagmatic hydrothermal processes. 

Correlation coefficients between uranium and the 
normative composition of the unaltered granitic rocks of 
North Pole Pluton were also calculated (Table 25), and 
show that uranium significantly and positively correlates 
with corundum, quartz, and orthoclase. On the other hand, 
uranium has a significant negative correlation with enstatite, 
anorthite, and albite. 

To delineate patterns of elemental association, with 
respect to uranium within the granitic rocks of North Pole 
Pluton, varimax rotated factor (principal components) 
analysis was performed using Statistical Analysis System, 
( 1982) on the major oxides of the fresh, altered, and min
eralized rock samples. Plots of loadings on three retained 
factors for the major oxides of the pluton are given in 
Figure 32. Loadings with values above± 0.50 were selected 
for the interpretation. 

Factor I, separates Si02 from Ti02, Alp3, CaO, MgO, 
FeO, and Pp5 (Fig. 32). This factor, as indicated from its 
constituents, is related to magmatic processes. Although 
uranium has low contribution in this factor, it follows Si02 

during magmatic processes. The low contribution of 
uranium during magmatic processes is also evident in the 
low uranium content in the unaltered rocks of the North 
Pole Pluton (Table 22). 

Uranium has a larger contribution in Factor II, where it 
accompanied FeP.~. FeO, and MnO. This factor is related 
to secondary enrichment of uranium during postmagmatic 
activities such as hydrothermal and supergene processes. 
Uranium has no significant contribution in Factor III 
(Fig. 32). 

Trace elements 

Spearman rank correlation coefficients were also computed 
among the trace element contents of North Pole Pluton 
(Table 26). In the apparently fresh rocks, uranium shows 
significant positive correlations with the trace elements Be, 
Mo, Sn, Rb, and Sr as well as with the volatile elements F 
and S. The positive correlation with F and S may suggest 
that these volatiles played a significant role in uranium 
transportation during the magmatic stage. 

In the altered and mineralized rock samples, uranium 
has a significant negative correlation with the volatile 
elements S and F (Table 26) possibly as a result of their 
escape (degassing) from the hydrothermal systems. A 
significant negative relationship of U with Sn, Mo, and W 
was also noted in the mineralized samples (Table 26). Thus, 
it is possible to conclude that U, Sn, Mo, and W behaved 
similarly during the magmatic stage but during the 
hydrothermal and subsequent mineralization stage, U 
partitioned from Sn, Mo, and W. The volatile elements F 
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Table 25. Matrix of Spearman rank correlation coefficients for normative composition in fresh rock samples (n = 7) of the North 
Pole Pluton. 

u Q c Or Ab 

Ap -0.17 -0.42 0.21 -0.35 -0.07 

II -0.38 -0.72 0.07 -0.77 0.33 

Mt 0.25 0.33 0.03 0.25 0.28 

Fs -0.42 -0.98 -0.07 -0 .86 0.33 

En -0.51 -0.92 -0.22 -0.95 0.53 

An -0.64 -1.00 -0.43 -0 .92 0.58 

Ab -0.45 -0.58 -0.70 -0 .58 1.00 

Or 0.48 0.92 0.30 1.00 

c 0.76 0.43 1.00 

a 0.64 1.00 

u 1.00 

and S may have acted as a transport mechanism for Sn, Mo, 
and W during the hydrothermal stage as is shown by the 
significant positive correlations between F and S with Sn, 
Mo, and W (Table 26). 

Factor analyses performed on the trace elements of 
fresh, altered, and mineralized rock samples (Fig_ 33) 
illustrate that uranium contribution is significantly high in 
Factor III where it is most likely attributed to secondary 
mineralization. Uranium mineralization accompanied Cu and 
Zn mineralization (Fig. 33). The sulphur contribution is also 
high in this factor, which may be attributed to the develop
ment of a base-metal sulphide mineralization, with which 
uranium enrichment appears to be associated. Tin, molyb
dium, and tungsten have higher contribution in Factor II, 
which is possibly attributed to Sn, Mo, and W minerali
zation along with Pb, Li, and F enrichments in the rocks. 
The low contribution of U in Factor I and Factor II may 
suggest that uranium mineralization in the granitic rocks of 
North Pole Pluton took place during the late stage hydro
thermal processes (i.e., at lower temperature). 

Factor II reveals that Sn, Mo, and W mineralization 
possibly occurred earlier than uranium mineralization during 
the hydrothermal processes. 

Factor I indicates that Rb, Zr, Li, Bi, Sn, Cu, B, F, and 
Sr have high contribution in the rocks of North Pole Pluton 
and this factor may be related to magmatic processes. 

Central Miramichi Anticlinorium granitic plutons 

General statement 

Data on 52 whole rock analyses (Appendix IX) from 
samples collected from the granitic plutons during the 
period 1985-1987 by the staff of New Brunswick Depart-

An En Fs Mt II Ap 

0.42 0.36 0.36 -0.01 0.23 1.00 

0.72 0.87 0.74 -0.20 1.00 

-0.33 -0.23 -0.69 1.00 

0.98 0.88 1.00 

0.92 1.00 

1.00 

ment of Natural Resources and Energy (Fyffe and MacLel
lan, 1988; MacLellan and Taylor, 1989) were obtained. Of 
these samples, 34 were from the Burnthill, Dungarvon, 
Trout Brook, and Rocky Brook plutons and most were 
mineralized. In this report the term "mineralized samples" 
refers to those that containing visible economic minerals. 
Cassiterite, molybdenite, wolframite, and base-metal 
sulphides are the main economic minerals of the mineral
ized samples. 

Whole rock geochemistry for the granitic plutons, 
general review 

The average uranium and thorium contents as well as the 
major, minor, and trace element contents in the apparently 
fresh rocks and in the mineralized rocks of the central 
Miramichi plutons are given in Tables 27 and 28 respective
ly. The global averages of major oxides, minor and trace 
elements in granitic rocks are also given in these two tables 
for comparison. 

Table 27 illustrates that the apparently fresh rocks of the 
plutons are highly evolved (Si02 >74 wt. %) in that, 
compared to global averages for granites, they have high 
Si02 and Na20 contents whereas the contents of Ti02, 

Alp,, MgO, CaO, and P20 5 are relatively low. 

Both uranium and thorium contents appear to be 
elevated in the apparently fresh rocks of the plutons in 
comparison to global averages (Table 27), as are other trace 
elements such as Rb, Y, Sn, and to some extent Zn and F, 
whereas Sr, Ba, and Nb are apparently depleted. This 
pattern of trace element enrichment and depletion also has 
been observed by Chatterjee and Strong ( 1984) in the 
uraniferous Sn-W-bearing granitoids of the South Mountain 
Batholith, Nova Scotia. 
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Figure 32. Plots of Factor I, 11, and Ill loadings for major oxide contents in the rocks of the North Pole Pluton. 

The major oxide and trace element contents in the 
mineralized rock samples are highly variable as expressed 
by their high standard deviations (Table 28). These vari
ations are possibly attributed to the high degree of depletion 
and concentration by hydrothermal solutions. The CaO 
content appears to be more susceptible than other oxides to 
redistribution by hydrothermal solutions as indicated by its 
extreme compositional variation (Table 28). It is depleted in 
the Burnthill and Trout Brook plutons but enriched relative 
to global averages in the Dungarvon and the Rocky Brook 
plutons. The high variation in CaO content in the plutons 
may be related to high activity of F in the mineralizing 
fluids. Silica and to lesser extent Na20 are also highly 
variable. 

Uranium and to a lesser extent thorium contents in the 
mineralized rocks (Table 28) are anomalous relative to 
normal granites. The mean values of U for the plutons 
range from 7.4 ppm in the Rocky Brook Pluton, to 
11. 1 ppm in the Burnthill Pluton, values which are more 
than two to three times the world average of granites 
(Table 28). The Th-U ratio of the mineralized rock samples 

varies in the four plutons studied. All except Burnthill show 
a low Th-U ratio relative to global averages. This suggests 
that uranium may be preferentially enriched relative to 
thorium in the granitic rocks. 

Among the trace elements in the mineralized samples 
(Table 28), Rb, Cs, Be, Li, Bi, B, S, As, Sb, Ag, Au, Sn, 
Mo, W, Cu, Zn, Pb, Ta, Tl, and Cd values are above the 
average values for normal granites, whereas Co, V, Cr, Mn, 
Ni, Zr, La, Ce, Nd, Sm, Eu, Gd, Dy, and Er have lower 
values. 

In order to determine the relationship of uranium and 
thorium contents to the mean contents of the rare-earth 
elements (REE) in the mineralized rock samples, the 
chondrite-normalized patterns of REEs of the granitic 
plutons of the central Miramichi Anticlinorium were plotted 
(Fig. 34). The patterns for global average granites and of a 
U-mineralized sample (U = 207 ppm) were also plotted. 
The curves show a depletion in REEs in the central 
Miramichi Anticlinorium plutons relative to global average 
granites. The depletion is most obvious in the U-mineralized 
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Figure 33. Plots of Factor I, II, and Il l loadings for trace element contents in the rocks of the North Pole Pluton. 

sample of the Dungarvon Pluton. It is also noted that the 
decrease in light rare-earth elements (LREEs) relative to 
world average is much greater than the decrease in heavy 
rare-earth elements (HREE) content. 

The depletion in REEs contents with an increase in 
uranium content may suggest that a large portion of ura
nium is not contained in accessory minerals. This has an 
economical implication because accessory minerals are 
resistant to alteration and weathering. Thus, any uranium 
incorporated with them will be immobile and not available 
to later U-forming hydrothermal solutions (see also Barbier, 
1974; Duex and Henry, 1985; Frick, 1986). 

Burnthill Pluton 

Whole rock geochemistry 

Table 29 shows the mean and standard deviations of the 
major oxide and trace element contents and the normative 
contents of the apparently fresh, altered, and mineralized 
rock samples of the Burnthill Pluton. 
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For the major oxides, Si02, K20, and to some extent 
CaO and Na20 contents appear to decrease progressively in 
abundance in the altered and the mineralized rocks relative 
to the fresh rocks (Table 29). In contrast, FeOT (total iron 
expressed as FeO) MnO, and to some extent Ti02 and P20 5 

contents increase progressively from the fresh to the 
mineralized rocks. 

Both uranium and thorium decrease systematically in 
abundance from the fresh rocks to the mineralized rocks 
(Table 29). The low uranium and thorium contents in the 
altered and mineralized rock samples relative to fresh 
samples may be explained by the fractionation of uranium 
and thorium from the Sn, Mo, and W concentrated in the 
mineralized rocks during hydrothermal or other mineral
ization processes. 

The trace elements Rb, Cs, W, Sn, Zn, and to some 
extent F show systematic increase from the fresh rocks to 
the mineralized rocks (Table 29). On the other hand Ta and 
Lu appear to decrease. 
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Table 27. Average U, Th, major oxides, and trace elements in fresh rock samples of the Burnthill, Dungarvon, and Trout Brook 
plutons and their global averages. 

Chemical Dungarvon Burnthill Trout Brook Global@ 
composition Pluton Pluton Pluton averages 

(n = 10)* (n = 15) (n = 9) 

Si02 (%) 75.68 76.3 74.60 71.3 

Ti02 (%) 0.16 0.2 0.15 0.31 

Al203 (%) 13.13 12.9 13.41 14.32 

Fe Or (%) 1.46 1.2 1.91 1.21 

MnO (%) 0.05 0.1 0.08 0.05 

MgO (%) 0.28 0.3 0.17 0.71 

Cao (%) 1.00 0.3 0.90 1.84 

Kp (%) 4.65 6.2 4.20 4.07 

Na20 (%) 3.62 4.5 3.66 1.68 

P2Ds (%) 0.05 0.05 0.05 0.12 

Rb (ppm) 358.0 421.1 379.2 150 
Sr (ppm) 58.2 60.3 161.2 285 
Ba (ppm) 171.8 151.1 213.9 600 
y (ppm) 50.4 64.7 43.0 42 
Zr (ppm) 87.4 106.3 117.9 180 
Nb (ppm) 23.0 26.5 14.6 23.5 
F (ppm) 604.4 841 .7 989.0 810 
Sn (ppm) 22.5 15.9 32.7 3.0 
Zn {ppm) 54.7 45.1 110.6 40.0 

u (ppm) 11.7 16.7 8.6 4.0 
Th (ppm) 29.8 35.5 21.0 17.0 
Th/U 2.8 2.5 3.2 3-4 

@Average major oxides composition from LeMaitre (1976); Rb, Sr, Ba, Y, Zr, Nb, Sn, Zn, U, and Th from Taylor (1964); F from 
Allman and Koriting (1978). 

*n = number of samples. 

Uranium and thorium variations with petrochemical 
indices of Burnthill Pluton 

The contents of U, Th, and the Th-U ratio in the fresh 
granitic rocks of the Bumthill Pluton were plotted against 
selected petrochemical indices in an attempt to monitor their 
behaviour during magmatic evolution. 

Plots of U, Th, and the Th-U ratio versus Si02 contents 
of the granitic rocks are shown in Figure 35. Uranium 
content tends to increase curvilinearly with the amount of 
Si02 increase. Within individual rock units the increase is 
more obvious (Fig. 35). 

The increase in uranium appears to be sharp when the 
amount of Si02 reaches 75% (Fig. 35), a phenomenon 
probably arising out of enrichment in the silica-rich residual 
melt during crystallization. Hence granitic rocks with Si02 

content of greater than 75 wt. % appear to be potential 
sources for uranium deposits. 
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Thorium tends to decrease with increase of Si02• The 
decrease is sharp when the Si02 content reaches 75%. Thus, 
it is possible to suggest that a major partitioning of uranium 
and thorium is most marked when Si02 content in the 
magma reaches 75% by weight, with uranium becoming 
enriched in the residual melt while thorium is retained in 
the rocks. This is also evident in the decrease of the Th-U 
ratio with increasing amounts of Si02 (Fig. 35). The 
decrease in Th-U ratio with increase in Si02 content in 
granitic rocks is rare. However, Chatterjee and Muecke 
( 1982) have observed the same relationship in the urani
ferous granites of the South Mountain Batholith of Nova 
Scotia. Granites showing this trend are more likely to 
generate uranium ores than the ones showing increasing 
Th-U ratio with the Si02 increase. 

The plots of U, Th, and Th-U ratio versus the total 
alkali (Na20 + K20) contents of the rocks (Fig. 36) indicate 
a strong relationship between uranium content and the total 



Table 28. Average U, Th, major oxides, and trace elements in mineralized rock samples of the Burnthill, Dungarvon, Trout Brook, 
and Rocky Brook, plutons and their global averages. 

Elements Burnthill Dungarvon Trout Brook Rocky Brook Global@ 
n' = 10 n = 16 n=4 n=4 Average 

Si02(%) 67.05 ± 15.85 71.90 ± 15.26 73.65 ± 904 51.18 ± 24.13 71.3 

Ti02(%) 0.27 ± 0.32 0.12 ± 0.11 0.11 ± 0.06 0.29 ± 0.36 0.31 

AIP3{%) 13.01 ± 7.69 9.51 ± 5.87 13.69 ± 4.63 11.48 ± 7.31 14.32 

Ca0(%) 0.24 ± 0.24 3.58 ± 10.58 0.37 ± 0.28 19.00 ± 31.12 1.84 

Mg0(%) 0.34 ± 0.42 0.19 ± 0.28 0.10 ± 0.06 1.21 ± 2.04 0.71 

Nap(%) 0.29 ± 0.30 2.04 ± 1.90 1.51 ± 2.07 2.06 ± 1.78 1.68 

KP(%) 5.16 ± 3.41 3.68 ± 2.92 6.11 ± 2.46 4.54 ± 3.82 4.07 

Fep3(%) 5.74 ± 5.82 1.95 ± 2.34 2.52 ± 0.70 3.88 ± 3.67 1.21 

Mn0(%) 0.34 ± 0.31 1.13 ± 0.07 0.13 ± 0.08 0.23 ± 0.14 0.05 

PPs(%) 0.07 ± 0.08 0.05 ± 0.09 0.07 ± 0.03 0.07 ± 0.04 0.12 

Li(ppm) 196.0 ± 301.70 160.0 ± 181.2 167.5 ± 96.7 65.0 ± 26.5 30.0 
Be(ppm) 7.5 ± 4.25 19.7 ± 42.4 10.0 ± 10.0 11.3 ± 9.5 5.0 
Rb(ppm) 685.6 ± 384.3 261.6 ± 320.3 744.0 ± 202.7 380.5 ± 300.0 150.0 
Sr(ppm) 42.4 ± 35.57 86.1 ± 93.3 54.5 ± 44.4 143.0 ± 134.2 285.0 
Cs(ppm) 27.1 ± 30.1 11.6 ± 15.5 26.0 ± 16.87 13.8 ± 11.2 3-6.0 
Ba(ppm) 234.5 ± 116.7 226.8 ± 163.1 332.5 ± 430.8 269.0 ± 207.2 600.0 
B(ppm) 18.0 ± 6.3 18.2 ± 5.3 27.5 ± 9.6 12.5 ± 5.0 12.0 
S(ppm) 270.0 ± 252.3 1383.5 ± 2498.5 950.0 ± 1700.0 2527.5 ± 3842.6 330.0 
As(ppm) 190.6 ± 565.6 23.9 ± 47.6 6.0 ± 5.9 29.0 ± 24.1 1.5 
Sb(ppm) 0.5 ± 0.30 1.4 ± 2.8 0.2 ± 0.0 0.5 ± 0.3 0.2 
Y(ppm) 37.1 ± 30.5 32.4 ± 30.0 32.5 ± 17.3 20.5 ± 9.0 42.0 
Zr(ppm) 107.0 ± 107.2 55.0 ± 69.1 72.5 ± 59.3 75.0 ± 47.2 180.0 
Nb(ppm) 72.7 ± 110.5 25.0 ± 24.7 19.5 ± 10.4 13.3 ± 3.8 23.5 
V(ppm) 19.0 ± 19.1 24.1 ± 26.9 10.0 ± 0.0 42.5 ± 58.5 44.0 
Cr(ppm) 3.4 ± 1.9 .t1 .t 1.1 3.0 ± 1.2 4.0 ± 0.0 25.0 
Mn(ppm) 196.7 ± 41.6 161.1 ± 111.1 110.0 ± 70.0 61.0 ± 69.3 600.0 
Co(ppm) 3.3 ± 4.5 3.4 ± 6.5 1.3 ± 0.5 7.0 ± 7.8 5.0 
Ni(ppm) 5.6 ± 3.9 2.8 ± 1.7 1.8 ± 0.9 20.5 ± 37.7 8.0 
Cu(ppm) 96.8 ± 74.6 81.0 ± 288.6 24.4 ± 43.8 14.0 ± 20.4 10.0 
Zn(ppm) 147.4 ± 251.3 30.1 ± 20.0 98.0 ± 128.2 83.8 ± 98.0 40.0 
Pb(ppm) 70.0 ± 92.9 32.4 ± 44.2 17.0 ± 17.8 14.0 ± 17.0 20.0 
Hf(ppm) 3.6 ± 2.3 2.8 ± 2.1 4.0 ± 0.8 3.0 ± 1.4 4.0 
Ta(ppm) 3.8 ± 3.7 3.2 ± 2.7 8.0 ± 4.2 2.5 ± 1.3 1.5 
Ga(ppm) 29.1 ± 20.0 15.94 ± 10.3 26.8 ± 12.2 17.5 ± 10.1 20.0 
Mo(ppm) 84.6 ± 161.6 40.6 ± 72.9 20.0 ± 9.8 10.5 ± 8.1 0.8 
Ag(ppm) 1.8 ± 2.0 0.8 ± 1.1 0.5 ± 0.0 0.6 ± 0.3 0.07 
Cd(ppm) 1.6 ± 1.6 1.0 ± 0.0 1.0 ± 0.0 1.0 ± 0.0 0.2 
ln(ppm) 1.8 ± 1.1 1.1 ± 0.2 1.3 ± 0.5 1.3 ± 0.5 0.02 
Sn(ppm) 1591.3 ± 3336.3 1614.2 ± 3685.7 112.5 ± 181.4 24.5 ± 12.4 3.0 
W(ppm) 609.7 ± 598.6 33.7 ± 110.0 25.5 ± 31.2 4.8 ± 3.5 1.5 
Au(ppb) 0.12 ± 0.03 2.2 ± 2.5 1.0 ± 0.00 1.3 ± 0.5 0.004 
Tl(ppm) 5.1 ± 4.0 2.7 ± 1.6 4.8 ± 1.5 3.5 ± 2.1 0.45 
Bi(ppm) 54.1 ± 60.2 17.3 ± 31.8 89.1 ± 169.3 49.1 ± 90.7 0.15-2.0 
La(ppm) 27.2 ± 21.1 8.9 ± 7.2 13.5 ± 8.3 13.5 ± 10.5 50.0 
Ce(ppm) 57.8 ± 44.7 19.3 ± 17.3 29.3 ± 17.4 28.0 ± 23.6 100.0 
Nd(ppm) 27.5 ± 20.4 10.1 ± 8.3 14.0 ± 7.8 14.5 ± 10.8 46.0 
Sm(ppm) 5.9 ± 4.0 2.6 ± 2.3 3.3 ± 1.4 3.3 ± 2.1 8.3 
Eu(ppm) 0.3 ± 0.2 0.2 ± 0.1 0.2 ± 0.2 0.4 ± 0.4 1.1 
Gd(ppm) 4.3 ± 3.1 2.6 ± 2.4 2.1 ± 0.9 3.0 ± 1.6 7.6 
Dy(ppm) 3.8 ± 2.2 3.5 ± 2.3 2.3 ± 1.3 3.2 ± 0.8 5.5 
Er(ppm) 2.0 ± 1.9 2.2 ± 1.5 1.4 ± 1.0 2.0 ± 0.4 4.7 
Lu(ppm) 0.6 ± 1.0 0.4 ± 0.2 0.3 ± 0.1 0.4 ± 0.1 --
U(ppm) 11.1 ± 7.8 10.7 ± 10.40 11.6 ± 7.9 7.4 ± 7.0 4.0 
Th(ppm) 22.1 ± 12.8 19.38 ± 18.61 18.3 ± 4.8 16.8 ± 13.1 17.0 

Th/U 3.4 ± 4.1 1.8 ± 1.2 2.3 ± 1.6 2.5 ± 1.3 3-4 

@Average major oxides composition from Le Maitre (1976); Cr, Mn, Co, and Ni from Vinogradov (1962); other trace elements from Taylor (1964). 

• n = number of samples. 
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Table 29. Average U, Th, major oxides, trace elements, and norms in fresh, altered, and mineralized rock 
samples of the Burnthill Pluton. 

BURNTHILL PLUTON 

Chemical Fresh Altered Mineralized 
composition Mean± St. Dev. Mean ± St. Dev. Mean ±St. Dev. 

(n* = 15) (n = 3) (n = 10) 

Si02 (%) 76.3 ± 1.6 70.1 ± 6.1 67.1 ± 15.9 
Ti02 (%) 0.2 ± 0.1 0.2 ± 0.1 0.3 ± 0.3 
Alp3 (%) 12.9 ± 0.5 15.9 ± 2.9 13.0 ± 7.7 
FeOT (%) 1.2 ± 0.4 1.8 ± 0.8 5.7 ± 5.8 
MnO (%) 0.1 ± 0.0 0.13 ± 0.0 0.3 ± 0.3 
MgO (%) 0.3 ± 0.1 0.3 ± 0.1 0.3 ± 0.4 
CaO (%) 0.3 ± 0.2 0.3 ± 0.2 0.2 ± 0.2 
KP (%) 6.2 ± 5.1 6.2 ± 5.1 5.2 ± 3.4 
Nap (%) 4.5 ± 4.1 4.5 ± 4.1 0.3 ± 0.3 
P20s (%) 0.05 ± 0.04 0.05 ± 0.04 0.1 ± 0.1 

Rb (ppm) 421.1 ± 82.0 515.7 ± 417.0 685.6 ± 384.3 
Sr (ppm) 60.3 ± 77.3 109.3 ± 114.6 42.4 ± 35.6 
Cs (ppm) 9.7 ± 2.85 10.7 ± 10.3 27.1 ± 30.1 
Ba (ppm) 151.1 ± 116.9 277.7 ± 302.0 234.5 ± 116.7 
y (ppm) 64.7 ± 21.1 67.7 ± 13.5 37.1 ± 30.5 
Zr (ppm) 106.3 ± 36.1 117.7 ± 46.5 107.0 ± 107.2 
Nb (ppm) 26.5 ± 12.0 22.0 ± 14.8 72.7 ± 110.5 
Hf (ppm) 4.4 ± 0.42 4.7 ± 0.4 3.6 ± 2.3 
Ta (ppm) 7.8 ± 4.7 6.3 ± 4.9 3.8 ± 3.7 
La (ppm) 24.6 ± 9.2 55.7 ± 48.9 27.2 ± 21.1 
Lu (ppm) 0.9 ± 0.4 0.8 ± 0.27 0.6 ± 1.0 
Sc (ppm) 5.2 ± 0.8 4.6 ± 0.5 -
Tb (ppm) 1.6 ± 0.5 1.9 ± 0.2 -
Yb (ppm) 6.7 ± 2.6 7.1 ± 2.4 -
F (ppm) 841.7 ± 562.9 1110.0 ± 896.2 -
w (ppm) 4.5 ± 8.7 4.7 ± 2.1 609.7 ± 598.6 
Sn (ppm) 15.9 ± 6.6 23.0 ± 16.1 1591.3 ± 3336.3 
Zn (ppm) 45.1 ± 29.3 112.7 ± 102.8 147.4 ± 251.3 

u (ppm) 16.7 ± 7.4 13.4 ± 11.3 11.1 ± 7.8 
Th (ppm) 33.5 ± 10.5 27.3 ± 0.6 22.1 ± 12.8 
Th/U (ppm) 2.5 ± 1.4 3.4 ± 2.7 3.4 ± 4.1 

Quartz(%) 35.8 ± 2.7 19.2 ± 16.4 
Calcite(%) 0.9 ± 0.4 1.5 ± 0.8 
Orthoclase (%) 26.6 ± 1.3 36.8 ± 30.6 
Albite (%) 30.5 ± 2.4 38.2 ± 34.8 
Anorhite (%) 3.4 ± 2.1 1.0 ± 1.0 
Diopside (%) 0.4 ± 0.6 -
Hypersthene (%) 1.7 ± 1.3 1.9 ± 1.7 
Magnetite (%) 0.6 ± 0.4 1.0 ± 0.1 
llmonite (%) 0.3 ± 0.2 0.3 ± 0.2 
Apatite(%) 0.1 ± 0.1 0.1 ± 0.1 

* n = number of samples. 
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Figure 35. Plot of U, Th, and Th-U ratio versus Si02 for the 
rocks of the Burnthill Pluton, showing an increase of uranium, 
decrease of thorium, and a decrease of Th-U ratio with silica 
increase. 

alkali content, a relationship also manifested by the strong 
positive correlation coefficient (r = 0.90) between uranium 
and the total alkalies. This relationship suggests that 
uranium may have been partly contained in the alkali 
minerals and more readily released from the rocks by 
hydrothermal and weathering processes than if tied up in 
accessory minerals. The high concentration of uranium in 
highly alkaline parts of the granite may also be explained 
by a development of a Na and K metasomatic phase in late 
stages of magmatic evolution. 

Unlike uranium, thorium tends to retain virtually a 
constant concentration with increase or decrease of total 
alkali content in the rocks (Fig. 36). There is thus a 
decrease in the Th-U ratio with the increase of the amount 
of the total alkalies (Fig. 36). 

Uranium, Th, and the Th-U ratio in the granitic rocks 
were also plotted against the light rare-earth to heavy 
rare-earth elements ratios as represented by the La-Yb ratio 
(Fig. 37). The plots reveal an inverse relationship between 
U and the La-Yb ratio and a positive relationship between 
Th and the La-Yb ratio. These plots clearly indicate that 
uranium is associated with the HREEs whereas Th is 
associated with the LREEs. 
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Figure 36. Plot of U, Th, and Th-U ratio versus total 
alkalies for the rocks of the Burnthill Pluton, showing an 
increase in uranium, nearly constant Th, and decrease in Th
u ratio with increase in Nap + Kp. 

Uranium and tin specialization of the granitic rocks of 
the Burnthill Pluton 

The Rb, Sr, and Ba contents in the fresh, altered, and 
mineralized granitic rocks of Bumthill Pluton were plotted 
on a Rb-Sr-Ba ternary variation diagram (Fig. 38) of El 
Bouseily and El Sokkary (1975) in order to detect the 
specialization of the granites in uranium and tin. 

Figure 38 indicates that most of the samples (fresh, 
altered, and mineralized) fall within the area of differenti
ated (Sn-bearing, specialized) granites. These samples are 
also uraniferous which suggest that U-specialized granitoids 
are associated with Sn-specialized granitoids. 

The K-Na and K-Rb ratios of the fresh, altered, and 
mineralized rocks are 1.4, 5.0, and 38.3 respectively for K
Na ratios and 90.8, 104.9, and 64.3 respectively for K-Rb 
ratios. These also suggest, to some extent, that the Bumthill 
Pluton is a Sn-specialized granitoid according to criteria 
established by Stemprok ( 1979) and Tischendorf ( 1977). 

It is apparent from the limited trace element data 
presented here that the Bumthill Pluton is somewhat 
'specialized' in terms of tin and uranium contents. 
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Statistical relationship between uranium and thorium 
and other elements in the Burnthill Pluton 

Major oxides 

In order to determine the behaviour of uranium and thorium 
in the rocks and to establish relationship between uranium, 
thorium, and the major oxide contents in the fresh and 
mineralized samples of Burnthill Pluton Spearman rank 
correlation coefficients were calculated from the data 
contained in Appendix IX-A (Table 30). 

In the fresh samples (Table 30) a significant pos1t1ve 
correlation exists between uranium and Si02, and uranium 
and Na20. Uranium also shows a strong negative correlation 
with Ti02, FeO, MgO, CaO, and Pp5 . These relationships 
indicate, as anticipated, that uranium is predominantly 
associated with the felsic mineral-fanning oxides during 
magmatic evo lution of the Burnthill Pluton. Thorium 
behaves differently, as it corre lates negatively with Si02 and 
Na20 and positively with Ti02, FeO, MgO, and CaO. This 
strikingly different behaviour of uranium and thorium in the 
granite is also evident in the negative correlation coefficient 
(r = -0.22) between uranium and thorium in the fresh rocks 
(Table 30). 

Both uranium and thorium correlate positively with the 
K20 content of the rocks. However, the correlation coeffi
cient between Th and Kp (r = 0.57) is far stronger than 
between U and Kp (r = 0.17). Thus the strong positive 
correlation between U and Na20 and low positive correla
tion between U and K20 and strong negative correlation 
between U and CaO may suggest that uranium is associated 
with albite. In contrast the positive correlation of Th with 
Kp and CaO and the negative correlation with Nap may 
suggest that Th favours Ca-plagioclase and orthoclase. 

In the mineralized samples (Table 30) uranium lacks or 
shows low correlations (positive or negative) with most of 
the major oxides. This can be attributed to fractionation of 
uranium from the major rock-forming minerals by postmag
matic processes during the mineralization stage. Thorium, 
on the other hand, shows significant positive correlations 
with Ti02, Fep3, MgO, and Pp5 and negative correlations 
with Nap. The persistence of significant correlations 
between Th and these major oxides in the mineralized rock 
samples suggest that, unlike U, Th was less mobile during 
mineralization. 

The correlation coefficients among U, Th, and the 
norn1ative composition of the fresh rocks (Table 31) also 
indicate uranium associated with al bite as was evident in the 
strong positive correlation coefficient between uranium and 
albite (r = 0.74) in the fresh rocks. Table 31 also suggests 
that Th may have accompanied Ca-plagioclase and 
orthoclase during magmatic evolution. 

Factor analysis was carried on U, Th, and the major 
oxide contents in the fresh rock samples. Loadings on three 
retained factors are shown graphically in Figure 39. Factor I 
separates Si02 from most of the mafic oxides. Uranium 
follows the Si02• This factor, as indicated by its elemental 
association, is related to magmatic processes . Factor II (Fig. 
39), separates Nap from TiO, Fep3, and Pp5. Uranium 
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Table 31. Matrix of Spearman rank correlation coefficients for normative composition in fresh rock samples (n* = 15) of the 
Burnthill Pluton. 

u Th a c Or 

Ap -0 .71 0.09 -0 .32 0.43 -0.31 

II -0.78 0.37 -0 .35 0.47 -0.03 

Mt -0.04 0.25 0.22 0.24 -0.14 

Hy -0.65 0.43 -0.48 0.21 0.16 

An -0.64 0.46 -0.59 0.09 0.00 

Ab 0.74 -0.41 -0.35 -0.60 -0.35 

Or 0.04 0.64 0.03 -0 .19 1.00 

c -0.63 0.03 0.47 1.00 

Q -0.05 -0 .23 1.00 

Th -0.22 1.00 

u 1.00 

• n = number of samples. 

follows Nap while Th follows the second group. This 
factor may be attributed to late stage magmatic processes 
where U is predominantly associated with albite. In Factor 
III, U has a low contribution whereas Th has a high 
contribution and follows Kp. This factor may indicate that 
Th follows orthoclase during late stage magmatic processes. 

Trace elements 

Correlation coefficients among U, Th, and other trace 
elements in the fresh and mineralized rock samples of the 
Burnthill Pluton are given in Table 32. 

In the fresh rocks, a significant positive correlation 
exists for U with Rb, Y, Nb, Ta, Lu, and Wand a signifi
cant negative correlation with Sr, Ba, Zr, Hf, La, and to 
some extent with F. Those elements exhibiting positive 
correlations with uranium are mostly incompatible elements 
that are generally concentrated in late stage residual fluids 
by magmatic processes. There is a lack of correlation of U 
with Sn and Zn contents of the rocks (Table 32). 

Thorium in the fresh rocks correlates positively with Sr, 
Zr, Hf, and La and negatively with Rb, Y, Nb, Ta, W, Sn, 
and Zn. This pattern of correlations suggest that Th is 
associated with accessory minerals. 

The low negative correlation of both uranium and 
thorium with fluorine (Table 32) in the fresh rocks of 
Burnthill Pluton may be attributed to the escape of fluorine 
from the magma during the final stages of differentiation. 
This was also evident from the negative correlation coeffi
cients (r = -0.45) between fluorine and silica calculated for 
the fresh rock samples. 

68 

Ab An Hy Mt II Ap 

-0 .30 0.60 0.59 0.22 0.83 1.00 

-0 .55 0.79 0.75 -0 .02 1.00 

-0 .06 -0.01 -0.41 1.00 

-0.44 0.75 1.00 

-0.42 1.00 

1.00 

In the mineralized rock samples (Table 32) uranium has 
a significant positive correlation with Y, Ta, Lu, and to 
some extent with W. The degree of negative correlation 
between U and Sn, and positive correlation with Zn 
increased in the mineralized samples in comparison to the 
fresh samples. This may indicate that fractionation between 
uranium and tin took place during the mineralization 
processes and that uranium may partly accompany 
base-metals during its mineralization. 

Factor analyses were carried out on the trace element 
data in the fresh rocks (Fig. 40). Loadings on Factor I 
reveals that Rb, Y, Nb, Ta, Lu, Tb, and Yb separate from 
Sr, Ba, Zr, Zn, Cs, and La. Uranium follows the former 
group. This factor may be attributed to magmatic processes 
where uranium becomes enriched along with other incom
patible trace elements in the late stage residual phase of the 
magma. 

In Factor II (Fig. 40), uranium has no contribution, 
whereas thorium has a large contribution and it is associated 
to some extent with hafnium. 

Factor III (Fig. 40) is related to uranium enrichment 
during late stage magmatic processes and shows that 
uranium makes a large contribution and is associated with 
niobium. 



Factor I Factor II Factor III 

u 
Th 

Si02 

Ti02 

Al203 
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MgO 

No20 

K20 

Fe203 

FeO 

MnO 

I - 0 + - I - 0 + - I - 0 
+ ....... 

Figure 39. Plots of Factor I, II, and Ill loadings for major oxide contents in the unmineralized rocks of the Burnthill Pluton. 

URANIUM AND ASSOCIATED 
ELEMENTS CONTENTS WITH RESPECT 
TO THE GRANITIC TYPES 

General statement 

Great progress has recently been made in establishing that 
certain genetic types of granitic plutons are associated with 
specific types of metal deposits. For instance, Sn, W, F, and 
U mineralization is generally associated with peraluminous 
granites that were derived from a sedimentary protolith by 
anatexis (Chatterjee et al., 1983; Plant et al., 1985; Dubessy 
et al., 1987). Therefore it is important to establish the 
genetic types of the granitic plutons in order to assess their 
potential for uranium and other metals. 

At least three groups of granites exist with distinctive 
mineral associations: I-type, S-type, and A-type granites. 
Exploration for minerals in granites is usually based on 
these three types of granitic genesis. For instance many 
Cu-Mo prophyry deposits are associated with I-type granites 
(Takahashi et al., 1980) whereas U, Sn, and Ware usually 

associated with S-type and A-type granites (Oshin and 
Rahman, 1986; Sawka and Chappell, 1986; Barreto et al., 
1988). 

Chappell and White ( 1974) have divided the granites of 
eastern Australia into I- and S-type which correspond to 
some extent to the calc-alkaline and alkali granites (Moreau, 
1976; Pitcher, 1979), respectively. The I-type granites are 
considered to have been generated from igneous source 
rocks whereas the S-type granites generated from sedimen
tary rocks (Chappell and White, 1974; White and Chappell, 
1983). The S- and I-type classification is genetic. Ishihara 
( 1977) has added a new classification which is descriptive, 
in which he classified the granitic rocks of Japan into an 
ilmenite-series and a magnetite-series. Magnetite-series 
granites are equivalent to I-type granites whereas the 
ilmenite-series granites include both I- and S-type granites. 
The granitoids of magnetite-series are believed to be derived 
from the mantle whereas the granitoids of ilmenite-series 
are believed to be derived from reducing, carbon-bearing 
sedimentary sources. Ilmenite-series granites of Japan are 
enriched with tin in greisen whereas magnetite-series have 
associated molybdenum and base-metal deposits. 
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Figure 40. Plots of Factor I, II, and Il l loadings for trace element contents in the unmineralized rocks of the Burnthill Pluton. 

An additional type has been added to the classification, 
A-type (anorogenic or alkaline) granites, by Loiselle and 
Wones ( 1979). Collins et al. ( 1982) and Loiselle and Wones 
( 1979) believed that the A-type granites formed by crystalli
zation of magma derived from a granulite terrane from 
which an earlier magma had been produced, i.e., formed 
late in the magmatic cycle. Recently, Whalen et al. ( 1987) 
suggested that A-type granites were probably derived from 
partial melting of fluorine and/or chlorine enriched, dry, 
granulitic residue remaining in the lower crust after extrac
tion of an orogenic granite. Anderson ( 1983) suggested an 
alternative source for anorogenic granitic magmas, i.e. 
fusion of the lower crust containing I-type granite. 

Granite types of the North Pole and the Burnthill 
plutons 

Ruitenberg and Fyffe ( 1982) have classified the granitic 
rocks of Burnthill, Dungarvon, Trout Brook, and Rocky 

Brook plutons as belonging to S-type granitoids. However. 
Whalen ( 1986) and more recently MacLellan and Taylor 
( 1989) have classified these granitic plutons as A-type 
granites on the basis of their high silica content (Si02 > 74 
wt. %) and elevated abundances of Rb, Ga, Y, Zr, and Nb 
and their low Sr and Ba values. 

The North Pole Pluton and the Burnthill Pluton intruded 
after the closure of the Iapetus Ocean, as did other Paleo
zoic granitoid rocks of the Appalachian Orogen (Chatterjee 
and Strong, 1985) and therefore later than the subduction 
process. They are not characteristic I-type granitoids of a 
circum-Pacific type. Furthermore, the granitic rocks of the 
North Pole and the Burnthill plutons intruded sedimentary 
rocks and peraluminous Ordovician granites and cogenetic 
silicic volcanic rocks that presumably derived by partial 
melting of continental crust (van Staal, 1987). Hence, 
granitic rocks such as those of North Pole and Burnthill 
plutons, derived from partial melting of these sedimentary, 
granitic, and silicic volcanic rocks are expected to be of S
or A-type affinities. 
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The general geological features of the North Pole and 
the Burnthill plutons are compared and contrasted with 
typical 1-, S-, and A-type granitoids (Table 33). Both of 
these plutons are comparable to S-type and A-type grani
toids. However, their whole rock geochemical compositions 
(Table 34) show greater similarity with the A-type than 
with the S-type. 

The plot of molecular Al,Q.ifNa20+K20 values versus 
molecular Al20:/ Na,Q+Kp+CaO values for the apparently 
fresh rock samples of the North Pole and the Bumthill 
plutons (Fig. 41) reveals that these rocks are predominantly 
peraluminous. This suggests that they are derived from 
partial melting of crustal rocks (i.e., S-type granitoids). The 
S-type affinities of the North Pole and the Burnthill plutons 
are further supported by using the ACF ternary diagram 
(Fig. 42) of Takahashi et al. ( 1980). It is obvious from 
Figure 42 that most of the fresh samples fall well within the 
field of typical 'S-type' granitoids. 

The oxygen-fugacities (f02), as expressed by atomic 
Fe.i+/Fe2++Fe·1+ ratio. for the fresh granitic rock samples of 
the North Pole (average 0.35) and the Bumthill (average 
0.52) plutons are low to intennediate, respectively. The ratio 
Fe·1+/Fe2•+Fe.1+ is considered by Ishihara (1977) as a con
venient parameter for distinguishing the magnetite-series 
from the ilmenite-series granitoids. The atomic 
Fe·1+/Fe2++Fe.i+ is relatively high in magnetite-series granit
oids and low in ilmenite-series granitoids. The classification 
of the granitic rocks into magnetite- and ilmenite-series has 
some implications in mineral exploration. According to 
Ishihara ( 1977), Sn, W, Nb, and Ta deposits are associated 
with ilmenite-series granitoids whereas Mo, Cu, Pb, Zn, Ag, 
and Au deposits are associated with magnetite-series. 

The above discussion suggests that the North Pole and 
the Burnthill plutons belong to the ilmenite-series granitoids 
of S-type. However, the enrichment of the granites, particu
larly the Burnthill Pluton, with F, Nb, Ta, and Y and their 
depletion with V, Ni, Co, and Cr suggests that the Burnthill 
Pluton and to some extent the North Pole Pluton are of 
A-type granitoids. 

Granite type determination of the North Pole and the 
Burnthill plutons by using discriminant analyses 

The classification of granitoids into I-, S-, and A-types is 
based mainly on chemical analyses and a comparison of 
their compositions with those of rocks already classified. 
However, the large number of chemical criteria are not 
always in agreement and uncertainties as to classification 
may arise. Therefore, in this work an attempt is made to 
classify rocks quantitatively into their genetic types by using 
a multivariate statistical technique known as discriminant 
analyses. Discriminant analyses are used to classify speci
mens into one, two or more alternative groups on the basis 
of a set of measurements. 

Suppose that rock samples from three suites of grani
toids of known genetic types (i.e., from I-, S-, and A-type 
granitoids) are collected and chemically analyzed. From 
these analyses it is possible to find by discriminant analyses 
linear functions that produce the maximum differences 
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among the three defined types. Using these linear functions 
it is possible to assign samples of unknown origin to one of 
the known granitoid suites. 

The discriminant analysis used in the present work was 
adapted from the 'Statistical Analysis System' (1982). A 
detailed explanation of the theoretical aspects of the 
technique is beyond the scope of the present work, but the 
results and the application of the technique are discussed 
briefly. 
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Table 34. Average major oxides and trace element contents in the North Pole Pluton and the Burnthill Pluton and their 
comparison to I-, S-, and A-type granitoids. 

Elements I-type' S-type' 
(n = 532) (n = 316) 

Si02 (%) 68.0 69.1 

Ti02 (%) 0.5 0.6 

Alp3 (%) 14.5 14.3 

Fe203 (%) 1.3 0.7 

FeO (%) 2.6 3.2 

MnO (%) 0.1 0.1 

MgO (%) 1.8 1.8 

Cao (%) 3.8 2.5 

Na20 (%) 3.0 2.2 

K20 (%) 3.1 3.6 

P20s (%) 0.11 0.13 

Rb (ppm) 132 180 
Sr (ppm) 253 139 
Ba (ppm) 520 480 
y (ppm) 27 32 
Zr {ppm) 143 170 
Nb {ppm) 9 11 
La {ppm) 29 31 
Sc (ppm) 15 14 
Zn (ppm) 52 64 
Cu (ppm) 11 12 
Pb (ppm) 16 27 
Ni (ppm) 9 17 
Cr {ppm) 27 46 
v {ppm) 74 72 

'Data obtained from White and Chappell (1983). 
n = number of samples. 

Only major oxide contents were used to discriminate 
between different granitoid suites. The data for typical l
and S-type granitoids were taken from analyses of the 
Koaciusko Batholith. Australia (Hine et al., 1978) whereas 
that of typical A-type granitoids were obtained from the 
Mumbulla Suite granites, southeastem Australia (Collins et 
al., 1982). Afterward two types of discriminant techniques, 
stepwise and canonical, were performed on the compiled 
data. 

Stepwise discriminant analysis is used to select the 
variables (the major oxides in our case) that contribute most 
in recognizing the differences among the I-, S-, and A-type 
granitoids. In this case the procedure was able to select 
Al20 3, Ti02, MnO, Na20, Kp, and PP5 as the best 
discriminators among the three granitoid suites. This 
selection appears to be reasonable since Al20 3, K20, and 
Nap contents are critical to differentiate among I-, S-, and 
A-types. 

74 

A-type' North Pole Burnthill 
(n = 31) (n = 7) (n = 15) 

73.6 72.7 76.3 

0.3 0.3 0.2 

12.7 14.4 12.9 

1.0 0.6 0.8 

1.7 1.5 1.0 

0.1 0.1 0.1 

0.3 0.6 0.3 

1.1 1.0 0.3 

3.3 3.4 4.5 

4.5 4.5 6.2 

0.09 0.09 0.05 

199 185 421 
105 101 60 
605 457 151 

76 -- 65 
342 115 106 

22 -- 27 
55 -- 25 
14 -- 5 

102 132 45 
6 11 --

29 23 --

2 -- 5 
3 -- 14 

10 -- 4 

Following this, canonical discriminant analysis was 
carried out by using only the selected variables, and was 
used to obtain the discriminant functions which are simply 
linear combinations of the variables involved, in this case 
Alp3, Ti02, MnO, Na20, Kp, and P20 5• The canonical 
function has the following form: 

D=µ 0 + µ 1X1 + µ2X2 ... + µPXP . . . . . . . . . . . . . . . . (4) 

where: 

D=the value on the canonical discriminant function in the 
group, 

µ=coefficient which produces the desired characteristics in 
the function, and 

X==the values on discriminating variables. 
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Figure 44. Plot of the granitic rock samples of the Burnthill 
Pluton on the proposed discriminant diagram used to 
distinguish 1-, S-, and A-type granitoids. 

Since only three groups (I-, S-, and A-type) of grani
toids are involved, two canonical di scriminant functions 
were obtained and are as follows: 

D1=-0.76(Ali03) + 5.96(Ti02) + 2.91 (MnO) - l .93(Na20) + 
l .95(K20) - l 8.50(Pi05) . • • . . . . . . . . . . • • • . • . . (5) 

D2=0.37(Al20 3) + 7.25(Ti02) - 54.08(Mn0) - 4.28(Na20) 
- 0.55(K 20) + 45.81 (Pi05) . . • . . . . . . . . . . . . . . • (6) 

A diagram showing the zones defined by !-, S-, and A-type 
granitoids was plotted (Fig. 43, 44). 

The Alp3, Ti02 , MnO, Na20, Kp, and PP5 contents 
in the rocks of the North Pole and the Burnthill plutons 
were substituted in equations (5) and (6) and the values of 
0 1 and D 2 for the two plutons were projected on figures 43 
and 44, respectively. 

The samples of the North Pole Pluton are mainly 
scattered between the zones defined by typical S- and 
A-type granitoids (Fig. 43). Interestingly most of the fresh 
rocks fall within the zone of typical A-type granitoids 
whereas the altered and mineralized samples fall within the 
zone of S-type granitoids. Thus, it is possible to assume that 
hydrothermal alteration may have modified part of the 
pluton from A- to S-type composition. Similar changes have 
been documented elsewhere, (for example, Simpson et al., 
1982; Pitcher, 1987) and attributed to metasomatic alter
ations. Unlike the North Pole Pluton , the Burnthill Pluton 
retained its original type even after interaction with 
hydrothermal solutions. 

According to this analysis, rocks of the Burnthill Pluton 
are predominantly of A-type as shown in Figure 44, which 
supports the suggestion previously put forward by Whalen 

( 1986) and Maclellan and Taylor ( 1989). 

METALLOGENIC MAPS AND 
CONCEPTUAL MODELS FOR URANIUM 
AND ASSOCIATED ELEMENTS 
DISTRIBUTION IN NORTH POLE AND 
CENTRAL MIRAMICHI 
ANTICLINORIUM PLUTONS 

Metallogenic maps 

General statement 

One aim of this study has been to assess the North Pole and 
central Miramichi Anticlinorium plutons and surrounding 
rocks (Fig. I) in tenns of their favorability for uranium 
mineralization. To this end a generalized metallogenic map 
has been compiled to assist in exploration for uranium and 
associated metals. 

Using the limited data available the maps have been 
divided into uranium-barren areas, here defined as those 
which contain below the background level values of 
uranium (50 percentile or median), where uranium 
mineralization is unlikely to take place, and 
uranium-bearing areas, defined as those which contain 
anomalous values of uranium (greater than 50 percentile), 
where U mineralization is more likely to occur. 

Long Lake area 

The staff of Canadian Occidental Petroleum collected a 
considerable number of samples (float, outcrop, and trench) 
during their exploration program. These samples were 
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chemically analyzed for U, Th, Cu, Pb, Zn, Mo, Sn, Ag, 
and Au contents. Results of the analyses are listed in 
Appendix X. Most of the samples were taken from the 
granitic rocks of the North Pole Pluton. The contents of 
uranium and other element in the samples were processed 
statistically to determine their abundances . Because almost 
all the float samples are mineralized and their sources were 
not fully identified, they were dealt with separately. On the 
other hand, the trench samples of the bedrock were com
bined with the outcrop samples in the statistical analyses. 

Statistical abundances of elements in the bedrock and 
float samples in the Long Lake area are given in Table 35 . 

The median (50 percentile) of the data was chosen to 
represent the threshold level of elements. Locations of 
bedrock and float samples with anomalous levels (>50 
percentile) of uranium and thorium were plotted on the 
geological map of Long Lake area (Fig. 3). Furthermore, 
the uranium and thorium anomalies were classified accord
ing to their statistical element abundances (75 percentile, 90 
percentile, and 95 percentile; Table 35) into three different 
classes; low, medium, and high (Fig. 3). Anomalous levels 
of Cu, Pb, Zn, Mo, Sn, Ag, and Au in the samples are also 
given beside U and Th on the map (Fig. 3). As shown in 
Figure 3, most of the highly anomalous occurrences are 
located on the eastern side of Long Lake, in close asso
ciation with the quartz-feldspar porphyry dykes, particularly 
with the highly altered and brecciated zones of the dykes. 

On the basis of geochemical anomalies (soils, lake 
sediments, spring and stream sediments, bedrock and drill 
cores) and radiometric anomalies, the Long Lake area is 
divided into favourable and unfavourable areas for uranium 
and associated elements exploration (Fig. 45). The favour
able areas are further subdivided into six zones with 
different orders of favourability. These zones of favour
ability were delineated according to the quantity and quality 
of the data used in their identifications. For example, in the 
first-order favourability zones, positive signs of 
mineralization were obtained from drill cores, overburden 
materials, bedrock and radiometric data. In the sixth-order 
favourability anomalous uranium was found only in spring 
and stream sediment samples. The best target, as the 
available data indicates, for uranium exploration in the area 
would be the centre of Long Lake and its eastern side. 

Central Miramichi Anticlinorium area 

A total of 40 mineral occurrences (Appendix II) of endo
and exo-granitic types were plotted on a recent geological 
map of the area (Fig. 6). These occurrences are closely 
related to the granitic rocks of the Burnthill, Dungarvon, 
Trout Brook. and Rocky Brook plutons. 

The main types of mineralization shown on the metallo
genic map (Fig. 6) are as follows: 

a. Veins and stockworks 
b. lntramagmatic 
c. Porphyry type 
d. Disseminated and/or stringer sulphides 
e. Combination of two or more of the above (a-d) types 

On the basis of the type of mineralization, each occur
rence is represented by a specific symbol (Fig. 6). For 
structurally controlled deposits, the preferred direction of 
mineralization is shown. 

Jn addition to the 40 mineral occurrences, the highly 
anomalous eU values (>90 percentile) of rock samples 
determined by in situ gamma ray spectrometry (Appendix 
VII) were plotted on the same geological map (Fig. 6). 
Anomalous levels of uranium appear to be associated with 
the eastern and southeastern portion of the Burnthill Pluton, 
eastern and southern portion of the Dungarvon Pluton and 
eastern portion of the Rocky Brook and Trout Brook 
plutons. Furthermore, the uranium anomalies are more or 
less spatially associated with the equigranular granitic 
phases of the plutons. 

Conceptual models 

General statement 

The geological data and geological concepts established 
throughout this study have led to consideration of a number 
of models describing the geological processes that led to 
uranium mineralization in the North Pole and central 
Miramichi Anticlinorium plutons. 

The magmatic-hydrothermal model described by 
Simpson et al. ( 1982) and Chatterjee et al. ( 1982) as well as 
the 'per descensum' model of Barbier (1974) are applicable 
to some extent. In the former model, a melt (usually 
granitic in composition) produces uranium and other metal 
enriched hydrothermal fluids that move upward from deeper 
zones in the Earth's crust to deposit these metals at higher 
levels. 

In the 'per descensum ' model, highly oxidized meteoric 
waters produced during continental weathering deplete 
uranium from surface rocks and deposit it wherever a 
suitable reduction zone is intersected. 

Uranium deposits similar to those described in the 
present work are found in many places in the world. Most 
are associated with peraluminous two-mica granites, and 
many are also connected with hydrothermally altered and 
brecciated zones. The best examples are those associated 
with granitic rocks of Massif Central of France (Moreau, 
1976), the Hercynian granites of Great Britain (Simpson and 
Plant, 1984), the two-mica granites in Schwarzach area of 
Germany (Dill, 1985) and the granitic rocks of South 
Mountain Batholith of Nova Scotia (Chatterjee and Strong, 
1985). Both hypogene (hydrothermal fluids) and supergene 
(meteoric waters) processes have been proposed as being 
active in the formation of uranium deposits. 

As in any other model of similar nature, the source of 
the uranium and associated metals, mechanism of their 
mobilization, and precipitation in suitable areas are the main 
factors considered. 

North Pole Pluton 

The brecciation of the host granites along fractures, alter
ation of wall rocks, and the formation of quartz veins in the 
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North Pole Pluton are some of the features that support the 
hydrothermal model. The supergene model is supported by 
secondary uranium mineralization (autunite-torbemite) found 
in float. These two minerals are usually formed in 
supergene deposits (Dill, 1983). It may be that they were 
deposited in bedrock near the surface prior to their separ
ation and transportation by weathering and/or glacial 
processes. 

Metals, including uranium, could have been introduced 
into the Long Lake area during the generation of the highly 
evolved granite of North Pole Pluton (Fig. 46) as the 
chemical data suggest. The pluton was probably derived 
from metal-enriched sedimentary rocks as indicated by its 
peraluminous nature. Furthermore, the magma was appar
ently enriched with water (Fyffe and Pronk, 1985), and 
therefore capable of producing a hydrothermal system as a 
separate magmatic aqueous phase (hydrothermal fluid) upon 
cooling and crystallization (Burnham and Ohmoto, 1980). 
Such fluids could have acted independently as a mineraliz
ing fluid, or may have contributed to convective cells 
generated in meteoric waters by magmatic or radiogenic 
heat. Such cells may act over long periods of time (Fehn et 
al., 1978). 

As the magma moved upward in the Earth ' s crust 
to crystallize in the epizone, its content of uranium and 
other metals might have been enhanced as a result of its 
contamination with country rocks (Cambro-Ordovician 
metapelites). 

The structural features produced (faults, joints, fractures, 
and brecciation) within the granitic rocks of North Pole 
Pluton as a result of the Acadian Orogeny played an 
important role in uranium mineralization. These structural 
features increased the permeability of the wall rocks and 
acted as conduits for hydrothermal fluid flow in the rocks 
and thus, enhanced the capacity of hydrothermal solutions 
for mineralization (Plant et al., 1985). 

The continuity of flow and circulation in the 
hydrothermal fluids of a convective cell were probably 
maintained by periodic opening of fractures as a result of 
consecutive seismic activities (Mawer and Williams, 1985), 
similar to the recent series of earthquakes (Mb = 5.7) in the 
study area with the epicentre located within the North Pole 
Pluton (Berry et al., 1982). Studies by several investigators 
elsewhere also have indicated that vein-type hydrothermal 
deposits are frequently formed in seismically active areas 
(Golovin, 1979; Sibson et al., 1975; Plant et al., 1985; 
Durrance, 1985). The seismic activity in the area may also 
generate heat needed to maintain the convective cell. 

Chemical reactions between the metal-bearing 
hydrothermal fluids and the wall rocks along the fractures 
may have resulted in the precipitation of quartz 
(chalcedony) along with uranium and associated metals. The 
wall rocks in turn were altered to chlorite, sericite, calcite, 
and kaolinite. A chemical environment favourable for 
reduction and precipitation of uranium could have been 
provided by sulphide minerals precipitated along the 
fractures prior to uranium mineralization (Fig. 5). The loss 
of C02 from the hydrothermal fluids to the wall rocks 

during carbonization may also have led to uranium 
mineralization (Rich et al. , 1977). 

The loss of alkalies (Kand Na) as a result of more rock 
sericitization may have led to precipitation of silica (quartz 
or chalcedony) along veins. The data showed that uranium 
deposition accompanied chalcedony precipitation more than 
quartz precipitation. Quartz is a stable form of silica at P-T 
conditions found in hydrothermal systems and its presence 
usually indicates a slow change in chemical conditions 
accompanied by precipitation (Fournier, 1986). In contrast, 
chalcedony precipitates under rapid changes in the physical 
or chemical conditions of the fluids at temperature below 
l 80°C. These conditions are: ( 1) rapid cooling. (2) mixing 
of different waters, (3) pH changes, and (4) reaction of the 
fluids with the silica in the host rocks (Fournier, 1986). 
Therefore, it is possible to assume that precipitation of 
uranium in the North Pole Pluton was favoured by some 
combination of these physicochemical changes. 

Meteoric water (Fig. 46) containing dissolved oxygen 
could have dissolved phosphates from the Cambro-Ordo
vician metasedimentary rocks and become slightly acidic 
during its percolation in the rocks. When such water passed 
through the fractures of the North Pole Pluton it could have 
dissolved uranium along with copper. The sulphide minerals 
that were precipitated along fractures during hydrothermal 
processes may have provided the reduction zone favourable 
for secondary deposition of autunite and torbemite. 

Central Miramichi Anticlinorium plutons 

Uranium along with other metals, particularly Sn and W 
may have been initially enriched in the source materials of 
the granites (sedimentary rocks on the basis of being 
peraluminous 'S-type' granites) and concentrated in the 
granitic rocks of the plutons by partial melting of the source 
rocks (Fig. 47). The uranium content (and other metals) was 
further enhanced by magmatic differentiation which led to 
concentration of uranium and other incompatible elements 
(i.e., Sn, W, Mo, F, Bi, Li, Rb) in late stage differentiates 
of the granites. Thus, the late stage pods and dykes of 
granite porphyry, aplite, and granophyric granite phases of 
the pluton (Fig. 47) contain higher levels of uranium (and 
other metals) than the porphyritic granite phase. 

A separate magmatic acqueous phase may have been 
developed within the magma during its late stage crystal
lization. This is indicated by the presence of aplitic and 
pegmatitic pods and miarolitic cavities. The aqueous phase 
was probably enriched in uranium and other incompatible 
elements, and transported uranium and other elements along 
fractures to suitable sites of deposition. The data presented 
here indicate that tin, tungsten, and molybdenum were 
probably deposited earlier at higher temperatures (associated 
with greisenization) whereas uranium was deposited later 
during the cooling of the hydrothermal fluids (i.e., at lower 
temperature). This is also evidenced by the association of 
uranium with low temperature alteration such as albitization. 

Meteoric water containing dissolved oxygen may have 
been periodically added to the hydrothermal fluids . This 
meteoric water could have dissolved more uranium during 
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Figure 46. Proposed conceptual model for uranium and associated metals concentration in the North Pole Pluton. 

its percolation in the metasedimentary rocks. The base-metal 
su lphides w ithin the granitic rocks and in their v icinity may 
also have been derived from the metasedimentary rocks by 
meteoric waters. 

Chemical reaction between the metal-bearing 
hydrothermal fluids and the wall rocks along fractures may 
have resulted in the prec ipitation of uranium (and other 
elements). The presence of fluori te in the uranium occur
rence discovered in the northeastern part of the Dungarvon 
Pluton by R. Shives of the Geological Survey of Canada 
(Appendix II) may suggest that uranium existed in the 
hydrothermal solution as uranous fluoride complexes. The 
prec ipitation of fluorine ions as fluorite reduces uranous ion 
mobility in solutions and leads to the precipitation of 

uranium (Langmuir, 1978). 
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CONCLUSIONS AND GUIDELINES FOR 
FUTURE EXPLORATION 

Conclusions 

The Miramichi A nticlinorium metallogenic domain is part 
of a uranium-bearing belt that ex tends from Europe 
(Jachymov and P' rfbram areas, Czechoslovakia; Schwarzach 
area, Germany; Massif Central , France; Hercynian and 
Caladonian granites, Great Britain) to North America (South 
M ountain Batholith, Nova Scotia). The polymetallic vein
type uranium deposits in thi s belt have a common charac
teri stic in that they all occur in late tectonic plutons and 
fractures. The mineralization is associated with re-activated 
faults intersecting highly evolved peraluminous two-mica 
granites. It appears also that uranium and other lithophi le 
elements such as Sn, W , and M o in this belt were at least 
temporally associated w ith the main orogenic events; 
Hercynian Orogeny in Europe and Acadian Orogeny in 
North A merica. Hence, it is assumed that the Acadian 
Orogeny (400 M a) may represent a maj or metallogenic 
epoch for U, Sn, W , and M o mineralization in the 
Miramichi Anticlinorium domain. 
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The Acadian granitic plutons of the North Pole Pluton 
(Long Lake area) and the Bumthill , Dungarvon, Trout 
Brook, and Rocky Brook plutons (central Miramichi 
Anticlinorium) have been examined with respect to their 
potential for uranium minerali zation by using integrated 
geological , geochemical, and geophysical data. 

Low grade uranium concentrations occur within and 
around the granitic plutons of central Miramichi 
Anticlinorium. These uranium occurrences are commonly 
associated with economically important elements, especially 
with Sn, W, Mo, and base-metal sulphides. 

The uranium deposits near Long Lake occur as poly
metallic vein-type and are concentrated along at least four 
northwest-trending chalcedony-filled fractures that crosscut 
the Lower Devonian granitic rocks of North Pole Pluton. 
The uranium deposits are mostly associated with Cu, Pb, 
Zn, Sn, W, Mo, Bi, Ag, and Au. Pyrite, chalcopyrite, 

sphalerite, galena, covellite, and molybdenite are the major 
sulphide mineral s identified in the veins. Small amounts of 
arsenopyrite, matildite, and native bismuth were also 
identified. No mineral identification was carried out for 
uranium in these veins. However, autunite and torbernite 
have been recognized in float samples. 

Uranium occurrences in the central Miramichi 
Anticlinorium are associated with late phase differentiates 
of the granitic plutons. In addition to uranium, these 
granites host Sn, W , Mo, and F minerals. 

The available data support a combination of magmatic 
and hydrothermal processes for uranium and associated 
elements concentrations in the plutons in the two areas. 
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Guide for future exploration 

Within the granitic plutons examined here, there appear to 
be specific geological, geochemical, and geophysical 
signatures that may be useful guides for uranium and other 
lithophile elements exploration and should be taken into 
consideration in future exploration. These distinctive 
signatures that characterize the host granites are outlined 
below: 

Geological signatures 

I. Emplaced at shallow depth ( <3 km) in the crust (i.e., 
epizonal) in a relatively seismically active zone. 

2. The plutons are in general relatively small in outcrop 
area, particularly the Bumthill, Dungarvon, Trout 
Brook, and Rocky Brook plutons, which host the W, 
Sn, W, Mo, and F deposits. 

3. The plutons are discordantly emplaced in the country 
rocks. 

4. The host granites formed late in the tectonomagmatic 
sequence. They postdate the earlier (Taconian) and 
more recent (Acadian) tectonic activities. 

5. The host granites are usually associated with low
to medium-grade thermal aureole metamorphism. 

6. The host granites usually exhibit a high variation in 
textures and appear to be intruded in multiple stages. 

7. The mineralization appears to favour late-formed 
fractures and, more specifically those which have 
undergone brecciation. 

Geochemical signatures 

I. The host granite and the overburden materials (i.e., 
soils, till, sediments, and waters) show high contents of 
uranium (at least three times the average background 
value). There is also a strong variation in uranium 
values within these materials as reflected in their high 
standard deviation. 

2. The host granites are peraluminous (molecular 
Al20:JNap+K20+CaO >I) and highly evolved (Si02 
>70 wt.%) and generally contain two types of mica 
(biotite and muscovite). 

3. The host granites have affinities toward S-type and 
A-type granitoids. 

4. They appear to form under a reducing condition 
(atomic Fe+3/Fe+2+Fe+3 ratios are low to intermediate) 
and they have affinities toward ilmenite-series 
granitoids. 

5. The uranium mineralizations are either associated with 
specialized granites or with altered granites that have 
chemical characteristics of specialized granites. 

6. The uranium content in the host granites displays a 
curvilinear increase with the increase in Si02 content. 
The increase in Si02 is accompanied by a decrease in 
the Th-U ratio. 

82 

7. The host granites have high Si02, K20, and Na20 
contents and low Ti02, CaO, MgO, and PP5 contents 
in comparison to global averages. 

8. The host granites are enriched with incompatible trace 
elements such as Rb, Y, and Ta and depleted of 
compatible trace elements such as Sr, Zr, and Ba 
relative to global averages. 

9. The host granites are impoverished in some transition 
elements such as Ni, Cr, Co, and V and enriched with 
other transition elements such as Cu and Zn. 

I 0. The host granites are depleted in REE content. 

11. The uranium mineralization appears to favour low to 
medium temperature hydrothermal alteration such as 
hematitization and albitization rather than greiseni
zation. 

12. The host granites contain a high content of normative 
quartz and orthoclase and a lower content of 
plagioclase feldspar relative to global averages. 

Geophysical signatures 

1. The host granites are associated with high eU, eTh, and 
K airborne gamma ray spectrometry anomalies. 

2. The host granites are associated with strong negative 
(>-40 mgals)Bouguer gravity anomalies. 

3. The host granites are associated with low (not well 
defined) magnetic anomalies. 
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Appendix I 

Best overall analytical results for elements in different types of samples* for the Long Lake area (after 
Hauseux, 1982). 

Elements Concentrations/Thickness Sample Types 

u 8800 ppm Float 
Mo 120 OOO ppm Float 
Sn 2868 ppm Float 
Au 30 OOO ppb Vein 
As 8095 ppm Vein 
Bi 1980 ppm Vein 
Cu 40 OOO ppm/0.30 m Drill hole 
Pb 25 OOO ppm/0.09 m Drill hole 
Zn 153 OOO ppm/0.30 m Drill hole 
Ag 86 ppm/0.30 m Drill hole 
Cd 44 ppm/0.53 m Drill hole 
Hg 280 ppm/0.08 m Drill hole 
In 134 ppm/0.30 m Drill hole 
Sb 96 ppm/1.30 m Drill hole 

•All these samples were collected from the eastern side of Long Lake. 
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Appendix III 

Element contents in spring and stream sediment samples in the Long Lake area (data compiled from 
Davies, 1983). 

u Cu Pb Zn Mn Fe Ni Co Mo w Ag As Sb Ba 
No. ppm ppm ppm ppm ppm % ppm ppm ppm ppm ppm ppm ppm ppm 

1 10.6 4 19 40 140 0.63 7 5 - - 0.5 
2 9.2 4 19 38 260 0.65 7 5 - - 0.5 
3 13.7 7 31 44 100 0.7 10 8 2 2 1.5 
4 28.9 6 5 87 2300 1.75 9 11 2 4 1.0 
5 15.6 - - 0 - - - - - 2 -
6 18.7 4 32 45 400 0.76 6 6 2 2 0.5 
7 3.6 13 63 214 820 0.71 16 11 - - 1.0 9 0.1 220 
8 5.4 5 74 33 900 0.37 5 9 2 2 1.0 
9 9.7 11 71 99 830 0.51 5 4 - - 1.0 

10 19.1 17 62 315 1200 0.83 7 7 - 4 1.0 
11 13.2 9 59 271 980 0.65 5 5 - 4 1.0 
12 15.2 7 50 310 520 0.32 4 3 - 2 1.0 
13 3.5 14 27 54 250 1.74 20 9 - 2 0.5 6 0.1 340 
14 31.9 2 9 33 180 0.31 4 1 - 2 0.5 3 0.1 360 
15 27.4 20 69 338 740 0.85 8 9 2 8 1.0 
16 19.4 7 36 124 500 0.30 4 4 - 20 0.5 6 0.1 320 
17 28.6 108 129 207 790 0.59 8 9 2 4 1.0 7 0.1 260 
18 7.4 23 42 94 480 1.94 20 11 - 4 0.5 10 0.2 340 
19 29.8 11 120 231 4000 2.28 16 12 8 24 2.0 
20 40.1 33 114 507 1400 0.83 10 13 4 2 1.5 
21 15.3 24 72 428 880 0.65 8 9 - 4 1.0 
22 5.5 27 269 305 860 2.10 14 12 2 4 1.5 39 0.4 220 
23 3.7 49 48 146 730 0.47 10 4 2 - 3.0 
24 5.8 57 60 184 190 0.79 10 5 2 8 3.0 12 0.1 220 
25 21 .6 34 89 801 2600 1.16 16 12 - 2 1.0 
26 13.5 50 109 694 3200 2.90 2 50 28 2 1.0 
27 12.8 36 107 565 2300 2.51 40 23 2 2 1.0 10 0.2 320 
28 141.0 18 77 224 410 0.46 - 8 2 5 1.5 
29 19.7 32 123 767 970 1.92 14 26 4 12 1.5 
30 63.3 25 263 818 740 2.09 - 19 6 28 1.5 
31 67.4 41 687 528 900 0.67 15 8 - 4 2 
32 99.3 117 399 952 1900 1.86 23 20 4 4 3.5 
33 102.0 50 2336 959 5700 3.29 18 25 6 8 3.0 
34 48.8 111 8260 1156 2400 2.18 15 10 3.5 18 -
35 31 .7 82 3722 3596 29500 2.97 27 31 15 2 3.0 
36 32.4 80 816 900 240 0.33 13 5 2 - 3.0 
37 89.4 89 608 516 100 0.49 15 5 2 4 3.0 
38 16.3 27 102 804 1600 1.73 19 12 - 2 1.5 
39 9.3 18 68 519 1700 1.86 24 16 - - 1.0 
40 12.9 20 71 657 1100 1.72 26 15 - 2 1.5 3 0.1 300 
41 12.3 15 76 554 800 1.74 22 12 - 2 1.0 
42 5.4 10 34 772 3000 2.19 25 22 2 2 1.0 
43 4.1 9 31 622 1500 2.13 27 17 - 2 1.0 7 0.1 230 
44 5.3 9 34 772 4100 2.41 27 27 2 2 1.0 10 0.1 320 
45 4.1 47 192 674 1700 1.36 17 14 2 2 2.0 
46 6.3 13 40 737 2800 2.43 28 20 2 2 1.0 
47 3.1 19 104 163 1300 2.06 29 17 - - 1.0 
48 7.2 17 107 142 850 1.47 22 13 - 2 1.5 
49 13.2 15 53 188 270 0.69 14 7 - - 1.5 
50 2.8 8 33 86 490 1.33 21 11 - - 0.5 
51 8.1 16 98 356 6600 2.69 29 39 4 8 1.0 
52 7.1 14 69 300 920 2.01 28 16 - 8 1.0 
53 6.9 14 80 260 1100 1.73 75 14 2 8 1.0 
54 13.3 15 129 3483 19100 1.00 41 77 15 8 1.0 6 0.1 240 
55 6.5 11 28 567 890 1.87 24 13 - 2 1.0 
56 11 .4 17 62 502 720 1.87 27 13 - 2 1.0 
57 21.7 16 42 180 510 0.80 17 8 2 2 2.0 
58 70.8 11 72 274 1700 3.21 16 13 40 2 2.0 
59 54.5 8 78 201 960 0.99 11 8 6 - 1.5 
60 34.5 6 202 220 18700 8.64 21 124 80 - 1.5 85 0.6 320 
61 103.0 11 277 1038 38400 8.18 27 156 120 - 1.5 
62 68.1 23 160 3337 18600 10.70 57 166 30 - 2.0 
63 55.6 12 30 60 680 0.62 13 5 2 - 1.5 
64 4.1 18 20 66 560 2.16 38 19 - 2 1.0 5 0.1 320 
65 3.2 21 23 119 340 2.18 37 16 - 4 0.5 3 0.1 340 
66 3.5 19 23 120 390 2.42 40 17 - 2 0.5 3 0.1 340 
67 4.0 18 29 177 390 2.33 40 17 - 4 1.0 3 0.1 360 
68 2.7 15 28 64 490 2.54 43 18 - - 1.0 6 0.1 300 
69 2.6 17 28 55 550 3.15 41 23 - 2 1.0 5 0.1 340 
70 2.5 16 54 140 3800 2.29 21 28 2 2 1.5 
71 58.3 11 38 61 660 0.89 13 12 - - 1.5 
72 16.4 5 19 46 170 0.84 9 7 - 2 1.0 



Appendix IV 

Element contents in spring and stream sediment samples (after Austria, 1976, 1977). 

u 
SN ST RU ppm 

0001 . OG 
0002 . OG 
0003 + OG 
0004 + OG 
0005 + OG 20.1 
0006 . LG 13.2 
0007 + OG 5.2 
0008 . OG 
0009 . LG 
0010 + LG 
1011 + s 
0012 + LG 
0013 + LG 
0014 + LG 24.9 
0015 + LG 
0016 + LG 
0017 + LG 
0018 + LG 
0019 + LG 25.6 
0020 + LG 14.9 
0021 + LG 
0022 + OG 
0023 + LG 
0024 + LG 
0025 + OG 16.3 
0026 + OG 
0027 + LG 
0028 + LG 
0029 + LG 
0030 + LG 
0031 + OG 
0032 + OG 13.2 
0033 + OG 
0034 + OG 
0035 + OG 
0036 + OG 
0037 + OG 17.1 
0038 + OG 
0039 + OG 
0040 + OG 
0041 + OG 14.2 
0042 . LG 15.6 
0043 + LG 22.9 
0044 . LG 13.3 
0045 . LG 17.1 
0046 . LG 
0047 . LG 
0048 + LG 12.4 
0049 + LG 
0050 + LG 26.0 
0051 + LG 
0052 LG 
0053 . LG 
0054 . LG 
0055 . LG 17.1 
0056 + LG 9.3 

LEGEND 

SN = Sample number 
ST = Sample type 

+ stream sediment samples 
• spring sediment samples 

RU = Rock unit underneath sample 
OG Ordovician granites 
LG Lower Devonian granites 
BG Burnthill Pluton 
DG Dungarvon Pluton 
TG Trout Brook Pluton 
RG Rocky Brook Pluton 

S = Silurian metasedlmentary rocks 

Mo 
ppm 

2 

2 
1 
8 

10 
10 
2 
6 
2 

1 
1 
1 
4 

1 
1 
1 
1 

1 
1 

1 

2 
2 
1 
1 

4 

2 

1 

CO = Cambro-Ordovician metasedimentary rocks 

w Cu Pb Zn Mn Fe 
ppm ppm ppm ppm ppm % 

4 14 19 68 1388 2.9 
2 8 22 50 790 2.2 
4 11 28 118 2470 3.3 
2 5 22 78 390 2.1 
2 8 22 103 1180 3.1 

14 34 138 1870 5.1 
4 9 22 108 510 3.2 

12 50 68 2236 3.6 
4 4 9 20 170 0.3 
2 8 30 138 570 2.8 
4 46 33 100 1827 3.0 

11 51 183 6570 4.3 
15 36 109 2540 3.4 
8 54 195 3840 5.0 

4 10 45 236 6260 4.3 
4 6 69 145 2250 3.9 
2 4 57 74 4800 3.2 

7 57 240 5750 5.1 
2 11 36 112 2610 3.4 
2 11 36 140 2000 3.2 
4 13 24 93 1390 2.0 
2 16 30 121 1820 2.0 
2 4 22 54 520 1.2 
2 4 28 96 1920 2.0 
2 2 13 22 340 0.4 
2 2 3 20 40 0.2 
2 6 22 52 630 1.5 

5 22 87 950 1.5 
2 3 16 57 230 0.7 
2 4 13 49 180 0.8 
3 2 13 32 70 0.4 
2 3 3 40 470 0.7 
2 6 22 43 450 1.8 
4 14 15 43 730 1.4 
2 13 15 19 380 0.7 
2 34 30 52 1000 1.5 

4 19 54 910 1.4 
4 5 13 51 840 1.3 
2 7 30 66 2600 2.3 
2 5 20 59 1690 1.4 
2 4 13 37 250 1.0 
4 6 19 83 1060 0.8 

4 12 35 712 0.7 
4 2 12 25 330 0.5 

4 19 40 630 0.8 
2 6 37 78 6370 2.9 
2 2 16 33 470 0.6 

3 22 18 490 0.2 
4 19 35 700 0.5 

2 4 22 58 1410 1.1 
4 25 68 1680 1.6 

2 3 16 33 1220 0.6 
2 9 22 75 1690 1.8 

4 16 42 790 0.8 
2 2 22 25 2520 0.9 

4 22 81 2300 1.6 

LATITUDE LONGITUDE 
0 , " 0 ,, 

46 44 55 66 56 50 
46 44 45 66 55 15 
46 44 43 66 55 08 
46 44 30 66 55 25 
46 44 15 66 55 08 
46 43 50 66 54 52 
46 44 00 66 57 00 
46 44 03 66 56 40 
46 43 45 66 57 19 
46 44 00 66 58 33 
46 31 15 66 33 20 
46 43 48 66 58 28 
46 43 30 66 58 25 
46 43 46 66 55 27 
46 43 37 66 59 42 
46 43 36 66 59 15 
46 43 30 66 59 28 
46 43 30 66 58 53 
46 43 17 66 58 30 
46 43 17 66 58 27 
46 43 00 66 58 05 
46 42 47 66 57 45 
46 42 57 66 58 43 
46 42 45 66 58 18 
46 42 37 66 57 50 
46 42 38 66 57 52 
46 42 45 66 59 30 
46 42 45 66 59 25 
46 42 33 66 58 58 
46 42 28 66 58 30 
46 42 18 66 57 58 
46 42 30 66 57 42 
46 42 20 66 56 09 
46 42 26 66 55 05 
46 42 17 66 55 08 
46 42 11 66 55 14 
46 42 02 66 55 31 
46 41 55 66 57 56 
46 41 38 66 57 34 
46 41 30 66 57 42 
46 41 20 66 57 25 
46 42 05 66 59 57 
46 41 57 66 59 50 
46 41 52 66 59 55 
46 41 46 66 59 40 
46 41 42 66 59 30 
46 41 35 66 59 46 
46 41 31 66 59 50 
46 41 32 66 59 32 
46 41 37 66 59 30 
46 41 27 66 59 28 
46 41 25 66 59 30 
46 41 08 66 59 11 
46 40 45 66 59 00 
46 40 57 66 58 45 
46 41 01 66 57 10 
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Appendix IV (cont.) 

u Mo w Cu Pb Zn Mn Fe LATITUDE LONGITUDE 
SN ST RU ppm ppm ppm ppm ppm ppm ppm % 0 " 0 " 

0057 + LG 2 4 4 22 81 2700 1.7 46 40 40 66 57 20 
0058 + LG 14.0 8 4 5 28 71 5250 2.5 46 40 25 66 57 18 
0059 + LG 34.6 6 4 30 73 2810 1.8 46 40 27 66 57 11 
0060 + LG 2 2 6 15 51 4360 1.5 46 40 10 66 57 30 
0061 + LG 4 4 6 15 56 2980 1.0 46 40 12 66 57 11 
0062 + BG 19.8 1 4 4 19 40 470 0.8 46 41 08 66 55 50 
0063 + LG 2 2 4 19 74 1090 1.6 46 40 57 66 56 25 
0064 + LG 2 2 3 28 54 1430 1.9 46 40 38 66 56 30 
0065 . BG 4 4 4 16 37 980 1.0 46 40 25 66 56 04 
0066 + BG 50 1 10 130 53 9530 4.5 46 40 07 66 55 53 
0067 + BG 2 6 9 47 103 4500 1.4 46 40 04 66 55 33 
0068 + BG 20 2 6 19 so 530 0.8 46 40 03 66 55 08 
0069 . BG 20 16 5 35 45 243 2.1 46 40 01 66 54 30 
0070 + OG 2 10 29 105 630 2.4 46 44 15 66 53 42 
0071 + LG 4 2 11 28 138 1390 2.9 46 44 01 66 53 30 
0072 + LG 2 11 31 98 1480 2.7 46 43 59 66 53 17 
0073 + LG 93 395 12960 5.9 46 43 13 66 53 25 
0074 + LG 23.5 2 5 28 93 890 1.6 46 42 50 66 53 28 
0075 . BG 4 4 37 80 1250 2.2 46 42 30 66 53 30 
0076 + BG 2 4 2 22 38 280 1.1 46 42 15 66 53 43 
0077 + BG 20 4 31 70 1830 1.9 46 42 10 66 53 27 
0078 + BG 6 10 2 31 45 490 1.4 46 41 59 66 53 45 
0079 + BG 12.9 6 4 4 28 48 1470 1.8 46 41 58 66 53 30 
0080 + LG 1 2 12 26 99 830 2.7 46 44 00 66 51 56 
0081 + LG 1 2 7 16 58 620 2.4 46 43 50 66 51 55 
0082 + LG 9.4 2 16 76 960 2.1 46 43 45 66 51 57 
0083 + LG 1 2 11 13 71 830 1.8 46 43 47 66 51 20 
0084 + LG 15.0 2 2 10 13 71 850 1.9 46 43 34 66 51 30 
0085 . LG 2 15 10 55 513 2.0 46 43 30 66 51 35 
0086 + LG 15.8 2 7 13 58 480 1.5 46 43 28 66 51 45 
0087 + BG 2 2 4 6 39 550 1.0 46 43 20 66 51 55 
0088 . BG 2 2 5 10 58 1150 1.2 46 43 16 66 50 51 
0089 + BG 13.3 3 32 32 1100 1.1 46 42 40 66 51 51 
0090 . BG 2 4 22 32 930 1.0 46 42 35 66 51 45 
0091 + BG 36.6 4 41 30 470 46 42 12 66 51 50 
0092 + BG 39.7 1 2 2 19 20 250 46 41 50 66 52 07 
0093 + BG 13.0 1 4 9 17 80 46 41 30 66 52 18 
0094 + BG 12.8 1 2 16 15 80 46 41 30 66 52 18 
0095 + BG 23.6 1 4 3 25 32 820 46 41 32 66 52 55 
0096 + BG 47.3 1 4 5 25 52 1230 46 41 35 66 53 16 
0097 + BG 1 2 2 3 13 120 46 40 52 66 52 36 
0098 . BG 2 5 17 43 390 46 41 00 66 52 55 
0099 + BG 2 4 5 7 49 550 46 40 56 66 53 15 
0100 + BG 4 2 4 29 34 3970 46 40 20 66 53 18 
0101 + BG 12.2 2 4 16 29 440 46 40 00 66 53 28 
0102 + BG 5 5 32 31 6790 46 40 02 66 54 10 
0103 + BG 2 2 1 16 18 520 46 42 18 66 49 50 
0104 BG 2 2 1 12 23 520 46 42 12 66 49 47 
0105 . BG 2 1 9 30 4506 46 42 06 66 50 00 
0106 + BG 1 2 1 6 18 480 46 41 50 66 50 06 
0107 + BG 21 .2 2 2 12 28 390 46 41 35 66 50 06 
0108 + BG 10 20 7 37 43 4910 46 41 28 66 51 04 
0109 + BG 8 6 12 18 350 46 41 26 66 50 42 
0110 . BG 1 1 9 10 320 46 41 22 66 50 27 
0111 + BG 2 4 19 18 90 46 41 15 66 50 30 
0112 + BG 23.4 2 1 6 25 390 46 41 20 66 50 06 
0113 + BG 30.4 1 2 1 12 15 140 46 41 13 66 50 07 
0114 + BG 13.6 1 2 1 9 13 280 46 41 20 66 49 25 
0115 + BG 47.1 2 2 16 28 68 46 41 05 66 49 32 
0116 + BG 82.2 4 1 12 20 250 46 41 00 66 49 35 
0117 + BG 31 .9 4 1 16 28 520 46 40 45 66 49 15 
0118 + BG 1 4 1 12 16 1230 46 40 15 66 48 57 
0119 . BG 1 4 3 22 18 2500 46 40 55 66 50 42 
0120 + BG 4 4 4 34 28 218 46 40 45 66 50 41 
0121 + BG 6 16 3 22 30 2080 1.1 46 40 30 66 50 41 
0122 + BG 4 28 4 27 53 1570 1.8 46 40 38 66 50 25 
0123 + BG 76.6 4 4 2 37 40 800 0.7 46 40 40 66 50 00 
0124 + BG 2 16 3 28 50 1570 1.4 46 40 35 66 50 00 
0125 + BG 47.6 1 38 2 22 28 350 1.0 46 40 40 66 49 35 
0126 + BG 45.9 2 20 1 15 21 369 0.6 46 40 33 66 49 15 
0127 + BG 2 8 2 27 37 441 1.4 46 40 28 66 49 18 
0128 + BG 8 3 25 42 307 1.7 46 40 25 66 49 35 
0129 + BG 3 4 2 39 49 97 1.3 46 40 20 66 49 35 
0130 + BG 1 2 2 15 21 492 0.5 46 40 05 66 49 58 
0131 + BG 1 4 1 21 28 215 0.6 46 40 26 66 48 45 
0132 . BG 4 1 21 19 266 0.4 46 40 30 66 48 48 
0133 + BG 1 4 1 18 26 133 0.5 46 40 23 66 48 10 
0134 . BG 1 4 1 18 23 441 0.7 46 40 25 66 48 00 
0135 + BG 1 4 1 21 23 164 0.7 46 40 12 66 47 42 
0136 . BG 41.1 1 16 4 24 30 410 1.2 46 40 08 66 47 50 
0137 + BG 21 .0 4 1 9 21 72 0.4 46 40 08 66 47 20 
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Appendix IV (cont.) 

u Mo w Cu Pb Zn Mn Fe LATITUDE LONGITUDE 
SN ST RU ppm ppm ppm ppm ppm ppm ppm % 0 ' " 0 " 

0138 . OG 2 49 113 1140 2.5 46 44 57 66 49 56 
0139 . OG 1 4 10 20 103 510 2.7 46 44 41 66 50 20 
0140 + LG 13 43 100 1320 2.6 46 44 22 66 49 35 
0141 . OG 2 22 17 97 620 2.7 46 44 40 66 49 12 
0142 . OG 6.5 1 4 12 13 65 320 2.2 46 44 28 66 49 02 
0143 . LG 8 2 9 17 87 1020 2.0 46 44 09 66 49 01 
0144 . OG 2 8 5 10 58 260 1.3 46 43 40 66 49 38 
0145 . OG 0 10 6 16 68 1630 2.0 46 43 17 66 49 40 
0146 . OG 8 4 6 26 56 2240 2.5 46 43 23 66 49 20 
0147 . OG 2 8 4 6 48 480 1.0 46 43 12 66 49 14 
0148 . OG 1 4 2 3 29 150 0.5 46 43 07 66 49 10 
0149 + OG 1 8 3 6 34 180 0.7 46 43 04 66 48 58 
0150 . OG 4 8 7 19 87 1210 2.4 46 43 48 66 49 06 
0151 . OG 10 8 5 42 97 3920 2.4 46 43 39 66 49 02 
0152 + OG 1 8 4 6 52 470 1.3 46 43 17 66 48 30 
0153 + OG 2 12 1 10 90 900 2.1 46 43 22 66 48 07 
0154 + OG 2 8 6 13 75 1080 1.6 46 43 18 66 48 05 
0155 + OG 4 8 17 13 97 3030 2.5 46 43 20 66 47 54 
0156 + OG 8 32 6 13 167 1560 2.8 46 43 15 66 47 50 
0157 + OG 10 12 15 17 107 3210 3.2 46 43 29 66 47 32 
0158 + OG 15 2 6 17 105 5630 2.7 46 43 58 66 47 40 
0159 . OG 24.1 2 7 10 37 790 1.3 46 43 50 66 47 07 
0160 + OG 2 8 6 17 85 1620 1.7 46 43 48 66 46 53 
0161 . BG 20.2 4 2 18 29 472 1.1 46 42 05 66 47 40 
0162 + BG 1 4 1 9 10 125 0.3 46 41 20 66 47 20 
0163 + BG 16.7 2 4 2 15 30 333 0.9 46 41 15 66 47 20 
0164 + BG 16.3 4 4 3 15 30 575 0.8 46 40 18 66 46 58 
0165 + BG 2 4 2 15 36 542 0.9 46 41 15 66 46 30 
0166 . BG 9.4 4 12 2 28 25 694 0.9 46 41 08 66 46 15 
0167 + BG 8 4 4 21 38 495 1.7 46 40 28 66 46 31 
0168 + BG 4 4 3 28 43 949 1.0 46 40 38 66 46 10 
0169 + BG 2 8 15 72 1306 1.8 46 39 55 66 46 06 
0170 . BG 2 15 20 1083 0.8 46 40 50 66 45 50 
0171 . BG 4.4 4 4 2 21 18 749 0.7 46 40 45 66 45 50 
0172 + OG 11 .3 1 4 6 8 35 170 0.9 46 42 52 66 44 36 
0173 + OG 5 2 4 43 40 8320 1.8 46 42 57 66 44 17 
0174 + OG 2 1 5 21 110 0.4 46 42 47 66 44 05 
0175 . OG 2 8 2 19 38 630 1.1 46 41 53 66 44 36 
0176 + co 5.0 2 8 4 13 40 830 1.7 46 42 11 66 43 20 
0177 + co 1 2 4 13 55 220 1.1 46 41 38 66 43 20 
0178 + co 2 18 29 91 2760 1.8 46 41 16 66 43 30 
0179 + co 2 2 13 29 86 2410 1.8 46 41 26 66 43 05 
0180 . co 1 2 17 19 94 690 2.6 46 41 22 66 43 00 
0181 + co . 6 13 38 470 1.7 46 41 30 66 43 02 
0182 + co 7.8 2 6 11 46 400 1.2 46 41 30 66 42 50 
0183 + co 2 2 8 16 60 800 1.7 46 41 04 66 43 00 
0184 . co 3 4 10 19 35 480 2.1 46 41 26 66 42 13 
0185 + co 5.1 2 8 45 216 329 7150 4.1 46 41 12 66 42 13 
0186 . co 2 2 6 15 30 330 0.7 46 40 59 66 42 20 
0187 + co 7.3 5 52 92 1710 1.9 46 40 00 66 43 00 
0188 + co 8 16 20 34 99 2190 2.4 46 39 50 66 42 44 
0189 + OG 2 2 6 23 330 0.7 46 43 50 66 42 50 
0190 + OG 4.2 2 2 5 15 40 49 1.7 46 43 30 66 42 36 
0191 + co 3.0 2 2 4 12 38 300 1.2 46 43 10 66 42 30 
0192 + co 3.7 2 3 12 25 290 0.9 46 43 06 66 41 40 
0193 + co 2 8 3 12 43 830 1.3 46 42 59 66 41 55 
0194 + co 3.6 2 9 13 54 770 1.8 46 42 17 66 41 26 
0195 + co 2 4 18 27 3260 1.7 46 42 22 66 41 13 
0196 + co 6 4 10 44 72 2790 2.7 46 42 02 66 41 34 
0197 + co 4 8 28 65 790 1.9 46 41 59 66 41 29 
0198 + co 4.6 4 4 7 9 61 790 1.4 46 41 43 66 41 18 
0199 + co 4 12 7 19 53 820 2.2 46 41 19 66 41 08 
0200 + co 3.9 4 12 17 25 53 760 2.3 46 41 01 66 41 11 
0201 . co 4 5 9 58 140 1.1 46 40 35 66 41 10 
0202 + DG 20.8 4 4 19 57 530 1.3 46 44 57 66 39 40 
0203 + DG 2 4 5 21 11 870 1.6 46 44 50 66 39 38 
0204 . DG 1 2 19 11 510 1.3 46 44 31 66 39 21 
0205 + co 30 4 8 41 33 4200 1.4 46 44 21 66 41 05 
0206 + co 40 19 41 101 4690 2.1 46 44 08 66 40 51 
0207 + co 5.9 4 4 1 6 30 100 0.6 46 44 20 66 40 44 
0208 + DG 8 4 9 9 37 730 1.3 46 44 14 66 40 35 
0209 . DG 10 20 8 72 90 6850 1.7 46 43 55 66 39 07 
0210 + DG 4 2 9 15 55 1210 1.6 46 43 42 66 40 40 
0211 + DG 1 2 10 6 43 400 1.6 46 43 44 66 40 16 
0212 + DG 25.0 10 2 13 24 63 1680 1.9 46 43 38 66 39 58 
0213 + DG 13.4 2 1 3 3 20 180 0.7 46 43 30 66 39 52 
0214 . DG 17.5 1 4 11 21 52 1400 1.8 46 43 25 66 38 55 
0215 + DG 2 1 3 13 150 0.2 46 42 04 66 39 16 
0216 + DG 6 4 5 15 70 920 1.3 46 41 53 66 39 03 
0217 + DG 3 15 100 0.1 46 42 02 66 38 56 
0218 + co 8 32 154 113 6160 4.1 46 41 33 66 39 25 
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Appendix IV (cont.) 
u Mo w Cu Pb Zn Mn Fe LATITUDE LONGITUDE 

SN ST RU ppm ppm ppm ppm ppm ppm ppm % 0 " 0 " 
0219 + DG 6 13 67 78 2810 2.3 46 41 43 66 39 04 
0220 . co 10 12 16 24 113 1410 4.0 46 41 20 66 39 38 
0221 + DG 31.5 2 12 9 44 35 810 1.3 46 44 53 66 33 11 
0222 + DG 35.2 6 12 3 31 134 2330 1.3 46 44 43 66 33 10 
0223 + DG 16.1 1 1 9 27 320 0.6 46 44 52 66 34 52 
0224 . DG 2 1 9 23 250 0.8 46 44 41 66 34 34 
0225 + DG 1 2 1 15 32 420 1.0 46 44 23 66 33 58 
0226 + DG 2 1 12 30 400 0.9 46 44 22 66 33 57 
0227 + DG 9.4 2 9 25 260 0.9 46 44 30 66 33 27 
0228 + DG 10 16 3 13 53 1220 1.4 46 44 07 66 37 37 
0229 . DG 1 4 2 8 26 160 0.6 46 44 00 66 37 37 
0230 + DG 2 2 11 22 90 0.4 46 44 06 66 37 27 
0231 . DG 12.6 2 3 13 38 210 1.1 46 44 09 66 37 10 
0232 . DG 38.1 2 2 8 41 200 0.6 46 44 04 66 37 03 
0233 + DG 26.9 12 2 16 50 270 0.9 46 44 00 66 37 00 
0234 . DG 40.9 30 6 80 58 450 3.6 46 43 51 66 36 54 
0235 + DG 98.7 8 4 16 36 540 0.3 46 43 45 66 36 57 
0236 + DG 80.0 1 2 2 13 36 520 0.6 46 43 34 66 37 07 
0237 + DG 55.6 4 2 24 111 2550 1.1 46 43 30 66 37 01 
0238 . DG 70.6 2 3 27 106 2040 1.3 46 44 03 66 36 33 
0239 . DG 1 2 1 8 19 370 0.5 46 44 02 66 36 15 
0240 . DG 12.9 1 3 34 101 1220 1.7 46 44 59 66 36 03 
0241 . DG 3 2 8 19 50 400 1.4 46 43 48 66 35 55 
0242 + DG 52.3 2 4 3 13 46 350 0.7 46 43 52 66 35 36 
0243 . DG 18.0 12 2 6 35 170 0.6 46 43 02 66 34 37 
0244 . DG 6 8 1 16 19 460 0.6 46 43 05 66 35 06 
0245 . DG 33.7 5 4 3 19 48 390 1.4 46 43 23 66 35 18 
0246 + DG 76.9 1 3 15 59 330 1.0 46 43 43 66 35 09 
0247 + DG 27.0 2 6 50 440 1.0 46 43 50 66 35 10 
0248 + DG 1 6 32 380 0.6 46 43 54 66 34 42 
0249 + DG 2 15 37 800 0.8 46 43 59 66 34 19 
0250 + DG 1 6 35 270 0.8 46 44 03 66 33 59 
0251 . DG 4 2 6 23 250 0.5 46 43 58 66 33 58 
0252 + DG 8 4 9 47 360 1.0 46 44 08 66 33 31 
0253 + DG 23.4 12 3 12 30 310 1.1 46 44 16 66 33 10 
0254 . DG 26.3 6 4 4 25 59 560 0.9 46 44 22 66 32 50 
0255 . DG 4 12 2 31 37 2140 2.4 46 44 10 66 32 54 
0256 . DG 12.6 10 2 11 64 28 680 1.7 46 44 00 66 32 17 
0257 + DG 50 16 9 110 370 11560 6.8 46 43 50 66 32 22 
0258 . DG 22.2 2 2 3 13 44 320 1.1 46 43 24 66 31 45 
0259 + DG 20 4 3 12 40 420 0.8 46 43 07 66 31 35 
0260 + DG 10.9 8 4 27 152 3090 2.0 46 43 09 66 31 24 
0261 + DG 69.1 40 8 22 40 153 1780 2.1 46 43 23 66 31 16 
0262 + co 8 48 94 3860 3.1 46 43 00 66 31 07 
0263 + DG 8 2 8 16 120 0.6 46 42 46 66 37 11 
0264 + DG 4 2 27 97 1140 1.5 46 42 30 66 37 52 
0265 + DG 4 6 2 35 92 870 1.8 46 42 23 66 38 20 
0266 + DG 1 2 3 20 70 0.3 46 42 00 66 38 33 
0267 + DG 2 2 2 9 25 350 0.5 46 41 48 66 38 42 
0268 + DG 10 8 16 24 83 3240 2.9 46 41 45 66 38 45 
0269 + DG 4 7 27 53 1070 1.2 46 41 41 66 38 26 
0270 + DG 6 4 13 18 109 1010 1.7 46 41 32 66 38 32 
0271 . DG 8 8 15 24 75 1220 2.1 46 41 38 66 38 37 
0272 + DG 6 16 3 29 45 530 1.0 46 41 24 66 38 07 
0273 . DG 2 10 53 28 830 0.9 46 41 18 66 36 25 
0274 . DG 10 8 8 27 14 120 0.2 46 41 11 66 36 26 
0275 + DG 6 10 15 68 450 2.0 46 40 13 66 38 40 
0276 + co 2 2 5 6 50 380 1.4 46 40 00 66 38 50 
0277 + DG 20 28 5 41 77 1730 2.4 46 42 30 66 36 00 
0278 + DG 3 4 5 15 37 300 1.3 46 42 24 66 35 40 
0279 + DG 4 8 5 12 35 230 1.0 46 42 18 66 35 15 
0280 + DG 15 24 5 29 60 560 1.3 46 42 10 66 34 55 
0281 + DG 4 5 9 32 290 0.9 46 42 03 66 34 32 
0282 + DG 2 9 9 46 250 1.3 46 41 52 66 34 14 
0283 + DG 16.7 2 8 2 18 44 410 1.5 46 41 40 66 34 06 
0284 + DG 70 80 18 96 91 7610 3.0 46 41 51 66 35 06 
0285 + DG 20 24 6 21 26 1070 1.5 46 41 46 66 35 07 
0286 + DG 6 16 5 16 58 340 1.3 46 41 40 66 34 35 
0287 . DG 1 4 4 11 22 130 0.5 46 41 33 66 34 27 
0288 + DG 13.7 12 10 15 46 340 1.4 46 41 33 66 34 10 
0289 + DG 65.4 20 24 11 50 109 1940 2.4 46 40 23 66 36 05 
0290 . DG 34.2 2 28 6 19 58 790 1.5 46 40 30 66 36 00 
0291 + DG 113.0 25 12 5 25 71 2620 1.7 46 40 20 66 35 28 
0292 + DG 102.0 60 4 6 61 245 2490 2.8 46 40 11 66 35 06 
0293 . DG 4 1 17 33 460 1.0 46 40 18 66 34 56 
0294 + DG 51 .2 2 4 3 19 49 730 0.8 46 40 20 66 34 40 
0295 + DG 66.4 5 16 82 771 0.7 46 40 02 66 35 12 
0296 + DG 55.4 1 4 11 73 552 0.6 46 40 03 66 34 49 
0297 + DG 26.6 4 16 8 11 22 260 0.3 46 40 46 66 34 55 
0298 + DG 4.3 10 16 12 21 50 490 1.9 46 40 40 66 34 40 
0299 + DG 49.5 4 4 2 15 39 1180 0.7 46 40 29 66 33 55 
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Appendix IV (cont.) 

u Mo w Cu Pb Zn Mn Fe LATITUDE LONGITUDE 
SN ST RU ppm ppm ppm ppm ppm ppm ppm % 0 ff 0 ff 

0300 + DG 4 8 12 24 34 240 1.2 46 39 45 66 36 48 
0301 + DG 7 20 4 16 26 660 0.5 46 39 45 66 36 40 
0302 + DG 8.5 2 4 5 3 21 220 0.8 46 41 10 66 33 34 
0303 + DG 24.1 8 12 6 21 46 430 1.1 46 40 58 66 33 19 
0304 + co 19.8 4 12 44 600 1.3 46 40 42 66 33 18 
0305 + co 5.8 5 8 5 46 126 4690 2.4 46 41 07 66 31 15 
0306 + co 2 8 4 46 110 3140 2.3 46 40 54 66 31 24 
0307 + co 4 6 7 52 206 1630 3.1 46 40 53 66 31 30 
0308 + co 6.2 2 4 6 43 124 1870 2.6 46 40 30 66 31 16 
0309 + s 4.1 6 9 49 117 1130 2.9 46 40 10 66 31 10 
0310 + s 2 24 8 62 121 2100 3.4 46 39 55 66 31 14 
0311 . s 2 20 8 49 153 1920 3.2 46 39 48 66 31 09 
0312 + s 8 5 49 84 540 2.5 46 39 40 66 31 18 
0313 + co 1 4 4 15 20 310 0.9 46 42 50 66 30 48 
0314 . co 3.7 2 2 14 2 99 1650 3.0 46 42 26 66 30 10 
0315 + LG 2 3 7 39 297 0.6 46 39 40 66 59 55 
0316 . LG 1 6 3 3 18 77 0.3 46 39 38 66 59 35 
0317 + LG 2 2 6 27 230 0.3 46 39 30 66 59 32 
0318 + LG 2 3 6 30 350 0.4 46 39 33 66 59 07 
0319 + LG 2 5 3 41 450 1.1 46 39 35 66 58 42 
0320 + LG 2 3 16 30 0.2 46 39 40 66 57 58 
0321 . LG 1 2 2 16 270 30 0.3 46 39 40 66 58 02 
0322 + LG 4.1 2 2 6 24 60 0.1 46 39 28 66 58 01 
0323 + LG 2 4 19 76 500 1.6 46 39 19 66 57 29 
0324 + LG 6 4 4 22 68 1340 1.7 46 39 02 66 57 46 
0325 + OG 4 2 2 16 41 1060 1.2 46 38 56 66 57 20 
0326 . LG 2 5 9 27 230 0.9 46 40 05 66 58 20 
0327 + LG 2 2 4 30 54 5910 2.5 46 40 03 66 57 59 
0328 + LG 1 2 6 27 54 2480 1.2 46 39 59 66 59 33 
0329 . co 1 2 10 15 42 800 2.1 46 40 00 66 56 58 
0330 + co 4 4 5 8 58 1160 1.2 46 39 52 66 57 06 
0331 + co 6 2 6 15 37 1130 1.4 46 39 46 66 56 50 
0332 . OG 2 2 3 10 40 540 0.6 46 39 06 66 56 45 
0333 + LG 2 2 10 22 210 0.5 46 38 56 66 59 56 
0334 . LG 2 2 7 16 66 0.3 46 38 40 66 59 48 
0335 + LG 2 3 6 10 384 0.6 46 38 45 66 59 45 
0336 + BG 6 4 6 22 48 860 1.1 46 40 00 66 55 37 
0337 + BG 2 2 6 125 58 2260 1.3 46 39 58 66 54 38 
0338 + BG 10 8 4 23 86 3380 1.8 46 39 12 66 56 00 
0339 . BG 6 4 13 70 42 480 1.2 46 39 23 66 55 47 
0340 . BG 2 4 5 6 21 280 0.5 46 39 27 66 55 27 
0341 + BG 6 8 4 26 73 1370 1.5 46 39 17 66 55 34 
0342 + BG 2 28 5 16 73 660 1.2 46 39 13 66 55 06 
0343 + BG 5 39 113 2320 1.7 46 39 07 66 55 07 
0344 + BG 2 8 3 6 46 300 0.5 46 38 59 66 55 11 
0345 + BG 4 40 4 13 62 1030 0.9 46 39 10 66 54 40 
0346 + co 4 2 6 30 120 2.6 46 37 31 66 59 37 
0347 + co 4 12 31 115 800 2.9 46 37 28 66 59 30 
0348 + OG 4 2 6 25 290 0.3 46 37 11 66 59 36 
0349 + OG 4 4 16 43 360 0.8 46 37 08 66 59 40 
0350 + OG 6 3 19 40 540 0.7 46 37 00 66 59 44 
0351 + OG 8.7 4 1 9 20 90 0.2 46 36 45 66 59 41 
0352 + OG 3.8 1 4 3 16 72 650 0.9 46 38 21 66 58 03 
0353 . OG 4 8 5 54 72 1500 2.5 46 38 18 66 57 57 
0354 + OG 1 2 2 13 57 490 0.6 46 37 58 66 58 00 
0355 + OG 2 3 19 52 1430 0.8 46 37 45 66 57 56 
0356 + OG 1 4 9 16 42 310 0.7 46 37 59 66 58 25 
0357 + OG 2 5 35 54 490 1.7 46 37 40 66 58 00 
0358 . OG 1 2 3 15 33 100 0.9 46 37 30 66 58 03 
0359 + OG 2.6 2 12 19 130 0.2 46 37 21 66 58 03 
0360 . co 2 2 12 17 400 0.4 46 37 20 66 58 08 
0361 + co 2 2 15 18 120 0.4 46 34 50 66 57 50 
0362 + co 1.8 2 2 6 10 30 0.1 46 35 11 66 57 33 
0363 + OG 1 4 9 188 117 2140 1.3 46 38 07 66 56 20 
0364 . BG 32.2 10 3 30 68 560 0.8 46 37 48 66 55 50 
0365 + BG 50.6 1 4 27 60 690 0.5 46 37 37 66 55 46 
0366 + BG 6.2 1 4 17 42 630 0.6 46 37 00 66 55 38 
0367 . BG 4 4 2 3 21 100 0.4 46 36 48 66 55 11 
0368 + BG 2 6 2 17 33 670 1.2 46 36 41 66 55 10 
0369 + BG 4 3 7 31 510 0.6 46 36 20 66 54 41 
0370 + BG 40 20 42 61 4360 1.8 46 35 48 66 55 05 
0371 + BG 30 4 18 39 56 2760 1.5 46 35 35 66 55 05 
0372 + BG 8 20 13 12 40 460 0.6 46 35 30 66 55 10 
0373 + BG 4.2 12 12 27 56 1520 1.3 46 35 27 66 55 54 
0374 + BG 1 20 11 21 53 810 1.0 46 35 24 66 55 30 
0375 + BG 8.4 4 6 21 53 1570 1.1 46 35 18 66 55 30 
0376 + BG 7 4 5 18 43 340 0.7 46 35 00 66 55 42 
0377 + BG 22.7 2 6 3 12 26 600 0.5 46 39 52 66 53 37 
0378 . BG 2 4 3 32 390 0.5 46 39 41 66 53 40 
0379 + BG 4 5 22 43 940 1.7 46 39 58 66 52 50 
0380 + BG 2 8 5 19 25 630 0.5 46 39 54 66 52 49 
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Appendix IV (cont.) 

u Mo w Cu Pb Zn Mn Fe LATITUDE LONGITUDE 
SN ST RU ppm ppm ppm ppm ppm ppm ppm o/o 0 ' " 0 " 

0381 + BG 14.5 8 7 19 64 1220 1.3 46 39 28 66 53 36 
0382 + BG 6 20 4 16 59 1070 1.1 46 39 18 66 54 00 
0383 . BG 30 8 7 26 50 2220 2.2 46 39 22 66 54 00 
0384 + BG 6 40 8 13 56 1450 1.1 46 39 11 66 54 12 
0385 + BG 2 2 6 56 58 4680 2.1 46 39 43 66 52 17 
0386 + BG 39.1 4 8 8 28 38 1750 0.7 46 39 43 66 52 20 
0387 + BG 1 6 3 12 18 210 0.5 46 39 30 66 52 00 
0388 + BG 4 6 3 25 38 1120 0.4 46 39 16 66 51 23 
0389 + BG 4 4 3 19 33 620 0.5 46 39 07 66 51 25 
0390 + BG 24.9 4 2 18 25 361 0.3 46 38 57 66 51 06 
0391 . BG 1 2 1 9 18 136 0.4 46 39 01 66 51 01 
0392 + BG 2 2 1 15 13 403 0.2 46 38 42 66 50 50 
0393 + BG 8 4 21 20 861 0.5 46 38 23 66 50 39 
0394 + BG 13.1 4 4 1 21 23 556 0.5 46 38 10 66 50 11 
0395 + BG 2 1 15 25 708 0.3 46 38 03 66 49 42 
0396 + BG 2 1 12 18 153 0.3 46 37 57 66 49 05 
0397 . BG 2 1 12 18 222 0.2 46 37 21 66 49 09 
0398 + BG 13.6 1 2 3 18 21 318 0.5 46 39 53 66 49 53 
0399 + BG 19.5 2 2 18 23 430 0.5 46 39 21 66 50 11 
0400 + BG 1 2 1 6 9 72 0.2 46 39 18 66 49 45 
0401 + BG 9 56 5 25 30 852 0.6 46 39 10 66 48 08 
0402 + BG 27.6 6 62 51 969 1.1 46 39 01 66 47 40 
0403 + BG 2 12 1 22 44 310 1.1 46 39 02 66 47 10 
0404 + BG 4 16 7 12 41 431 0.8 46 39 03 66 46 45 
0405 + BG 30.8 10 80 3 46 30 1156 0.6 46 38 17 66 47 41 
0406 + BG 33.2 6 40 2 31 25 781 0.5 46 37 59 66 47 10 
0407 + BG 34.1 4 5 53 37 1108 1.0 46 38 00 66 48 18 
0408 + BG 25.3 2 16 4 44 44 1763 0.7 46 37 56 66 47 40 
0409 + BG 68.9 4 12 5 25 44 748 0.7 46 37 53 66 47 10 
0410 . BG 65.0 8 24 16 56 78 1652 1.0 46 37 48 66 47 00 
0411 + BG 171 .0 3 9 53 153 12240 2.4 46 38 11 66 54 15 
0412 . BG 39.3 20 8 37 95 3970 1.3 46 38 17 66 54 15 
0413 + BG 13.1 8 2 9 30 240 0.1 46 38 24 66 53 45 
0414 + BG 68.9 40 20 10 56 103 3970 1.8 46 38 18 66 53 41 
0415 + BG 20 20 8 37 80 3710 1.2 46 38 06 66 52 45 
0416 + BG 2 5 4 68 780 2.4 46 38 50 66 52 30 
0417 + BG 4 7 18 73 680 2.3 46 38 45 66 52 25 
0418 + BG 8 4 7 18 111 450 3.0 46 38 40 66 52 18 
0419 + BG 20 9 47 100 3150 1.4 46 38 10 66 52 00 
0420 + BG 19.3 4 24 7 54 92 9463 1.8 46 37 32 66 52 30 
0421 . BG 8 28 48 78 190 2.2 46 37 18 66 52 25 
0422 + BG 300 40 7 67 163 10465 3.9 46 37 23 66 51 59 
0423 + BG 20 56 5 33 115 5021 2.8 46 37 32 66 51 40 
0424 + BG 22.9 10 40 4 15 62 1374 1.9 46 37 43 66 51 26 
0425 . BG 1 2 1 12 16 62 0.1 46 37 52 66 51 03 
0426 . BG 2 8 1 42 103 1167 1.5 46 37 48 66 50 48 
0427 . BG 1 2 2 3 23 83 0.5 46 37 11 66 50 48 
0428 + BG 10.9 2 4 2 18 35 374 0.7 46 37 10 66 50 30 
0429 + BG 2 24 5 21 43 348 0.8 46 37 03 66 49 53 
0430 + BG 18.1 2 16 5 15 53 374 0.7 46 37 02 66 50 20 
0431 + BG 2 25 39 1480 1.1 46 36 50 66 52 04 
0432 + BG 12.1 4 16 7 25 44 1350 1.2 46 36 41 66 51 37 
0433 + BG 6 12 10 25 50 1450 1.6 46 36 37 66 51 17 
0434 . BG 1 8 27 28 45 1136 1.0 46 36 43 66 50 00 
0435 . BG 40 28 2 16 33 1825 0.8 46 36 43 66 49 52 
0436 . BG 6 12 6 41 33 3544 1.0 46 37 10 66 49 20 
0437 + BG 1 20 3 15 37 1330 1.2 46 36 23 66 50 39 
0438 . BG 3 16 3 25 39 860 1.2 46 36 22 66 50 45 
0439 + BG 7.9 1 28 2 6 23 212 0.5 46 36 12 66 50 27 
0340 + BG 7.8 40 10 4 24 36 2120 0.8 46 36 22 66 54 35 
0441 + BG 10 6 2 10 26 320 0.5 46 36 35 66 54 30 
0442 + BG 40 8 4 21 36 1820 0.8 46 36 38 66 54 27 
0443 + BG 100 10 12 24 79 2340 1.5 46 36 11 66 54 20 
0444 + BG 20 6 4 3 26 560 0.6 46 35 58 66 54 21 
0445 + BG 100 24 5 24 43 2500 1.7 46 35 53 66 54 22 
0446 + BG 50 24 5 24 43 1440 1.4 46 35 49 66 53 59 
0447 + BG 9.2 9 14 41 680 1.2 46 35 30 66 54 29 
0448 + BG 11.1 9 7 56 1030 1.2 46 35 27 66 54 32 
0449 . BG 30 8 7 17 56 1350 1.8 46 35 10 66 54 12 
0450 + BG 11.1 20 16 8 10 46 1230 1.1 46 34 55 66 54 12 
0451 + BG 10 16 16 24 71 2120 2.3 46 34 50 66 53 51 
0452 + BG 15 20 11 17 54 1430 1.7 46 34 36 66 54 02 
0453 + BG 3 12 1 12 21 62 0.3 46 36 10 66 52 40 
0454 + BG 2 28 1 15 23 393 0.8 46 36 00 66 52 20 
0455 . BG 1 8 1 9 12 52 0.1 46 35 53 66 52 29 
0456 + BG 10.9 2 16 1 15 16 155 0.3 46 35 42 66 51 so 
0457 + co 2 12 2 12 30 403 0.6 46 35 17 66 51 43 
0458 + BG 6.3 1 24 2 18 25 372 0.5 46 34 56 66 52 00 
0459 . BG 6.0 2 28 2 18 39 124 0.7 46 34 56 66 52 05 
0460 + co 3.0 4 3 15 38 278 0.6 46 34 49 66 50 40 
0461 . co 3 12 15 43 162 611 2.0 46 34 49 66 50 30 
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Appendix IV (cont.) 

u Mo w Cu Pb Zn Mn Fe LATITUDE LONGITUDE 
SN ST RU ppm ppm ppm ppm ppm ppm ppm % 0 ' " 0 ' " 

0462 + co 2 8 3 15 43 708 0.6 46 34 32 66 50 25 
0463 . BG 8.0 2 8 3 21 23 615 0.6 46 35 58 66 50 08 
0464 + BG 2 4 6 71 38 250 0.7 46 35 34 66 49 13 
0465 + BG 5.8 2 4 2 12 43 388 0.5 46 35 11 66 49 40 
0466 + BG 19.3 4 28 5 43 44 1434 1.5 46 37 10 66 48 13 
0467 + BG 2 4 4 43 30 2131 0.6 46 36 40 66 48 00 
0468 . BG 1 8 4 3 18 69 0.2 46 36 34 66 48 05 
0469 + BG 30 5 43 99 518 1.9 46 36 27 66 48 00 
0470 + co 25 20 9 40 87 3297 1.3 46 36 07 66 47 38 
0471 . co 70 16 22 43 255 5029 1.9 46 36 02 66 47 40 
0472 . BG 2 24 5 15 30 551 0.3 46 36 40 66 47 19 
0473 + co 8 2 6 35 138 0.2 46 36 18 66 47 17 
0474 + co 2 8 1 9 20 792 0.4 46 36 02 66 47 11 
0475 + BG 4 2 1 12 20 647 0.4 46 35 50 66 47 03 
0476 + BG 8.2 3 21 47 759 0.6 46 35 40 66 47 00 
0477 + co 20 20 31 85 331 1.5 46 35 00 66 48 13 
0478 + co 8 24 18 26 92 769 1.9 46 35 00 66 48 09 
0479 + co 40 80 20 45 133 4028 2.9 46 34 52 66 48 06 
0480 + co 20 54 197 2329 2.0 46 34 57 66 48 00 
0481 + co 6.8 8 28 13 51 117 2265 1.9 46 34 48 66 48 00 
0482 + co 15 80 9 43 51 2125 1.7 46 34 50 66 47 50 
0483 + co 100.0 2 2 3 12 27 201 0.6 46 37 48 66 46 20 
0484 + BG 37.9 8 16 5 18 41 476 0.8 46 37 03 66 46 44 
0485 . BG 31.6 2 8 2 9 25 190 0.6 46 38 37 66 46 01 
0486 . BG 1 8 6 21 62 403 1.3 46 38 40 66 45 40 
0487 . BG 10 6 3 30 48 1515 1.2 46 38 15 66 46 05 
0488 . BG 2 4 2 3 18 122 0.5 46 38 10 66 45 55 
0489 + co 1 8 3 29 22 2030 0.5 46 38 42 66 44 42 
0490 + co 1 4 21 34 1330 1.0 46 38 30 66 45 00 
0491 + co 4 12 2 12 18 597 0.5 46 38 23 66 45 08 
0492 . co 30 40 19 70 61 8263 2.1 46 38 11 66 45 18 
0493 + co 8.0 2 16 4 13 24 958 0.7 46 38 09 66 45 20 
0494 + co 8.5 6 40 5 21 50 752 2.0 46 38 00 66 45 30 
0495 + co 30 16 16 61 84 4990 3.4 46 37 56 66 44 30 
0496 + co 9 24 21 27 79 1993 1.3 46 37 35 66 45 08 
0497 . co 3 16 21 21 34 286 0.9 46 37 18 66 44 54 
0498 + BG 36.4 6 80 3 28 41 970 0.8 46 37 44 66 46 40 
0499 + co 39.3 2 48 3 37 41 703 0.7 46 37 33 66 46 17 
0500 + co 34.8 40 20 12 100 158 3661 2.2 46 37 27 66 46 17 
0501 + BG 40 20 9 119 156 3772 1.6 46 37 20 66 46 40 
0502 + co 2 24 4 19 48 971 0.7 46 37 23 66 46 00 
0503 . co 12 5 9 21 123 0.6 46 37 20 66 46 02 
0504 + co 2 80 8 31 50 658 1.3 46 37 15 66 45 27 
0505 + co 4 24 10 25 48 692 1.4 46 37 09 66 45 08 
0506 + co 8 21 55 114 1.3 46 36 23 66 44 50 
0507 + co 10 4 15 15 139 5040 3.9 46 36 27 66 44 00 
0508 + co 30 8 42 87 160 5470 6.0 46 36 30 66 44 17 
0509 + co 6.5 20 8 60 56 115 2430 4.5 46 36 20 66 44 37 
0510 . co 4 8 45 16 48 240 1.4 46 35 58 66 44 20 
0511 + co 4.7 2 29 31 65 1390 3.0 46 35 40 66 44 22 
0512 + co 15 16 46 27 95 2870 3.6 46 35 50 66 43 27 
0513 + TG 8 12 22 25 91 1930 2.0 46 35 31 66 43 30 
0514 + TG 15.8 2 4 13 27 93 1420 1.8 46 35 23 66 43 40 
0515 . TG 2 4 12 28 55 1898 2.0 46 35 20 66 44 07 
0516 + BG 1 4 3 12 37 536 0.4 46 35 45 66 46 45 
0517 + BG 6 16 3 18 50 804 0.7 46 35 20 66 46 37 
0518 + co 2 4 10 24 67 837 1.2 46 35 12 66 46 30 
0519 + co 8.9 12 35 79 1127 1.3 46 35 00 66 46 20 
0520 . TG 61.0 4 80 18 52 128 1033 1.6 46 34 38 66 44 20 
0521 . TG 20 25 113 160 2011 2.1 46 34 53 66 43 23 
0522 . TG 10 20 14 64 47 722 1.5 46 34 52 66 43 10 
0523 . TG 5 28 14 32 83 911 1.9 46 34 57 66 42 25 
0524 . TG 9.1 40 11 29 92 655 1.3 46 35 00 66 42 08 
0525 . TG 6 28 13 88 164 689 1.7 46 35 04 66 41 50 
0526 + TG 8 5 46 214 3611 2.0 46 35 08 66 41 30 
0527 + TG 4 16 12 52 203 3622 3.4 46 35 54 66 41 10 
0528 + TG 30.8 2 16 17 55 246 2100 1.7 46 35 35 66 40 05 
0529 + TG 96.3 10 28 36 184 422 6302 2.3 46 35 20 66 40 08 
0530 + TG 40.4 4 12 11 44 210 1071 1.2 46 35 39 66 39 40 
0531 + TG 14.5 24 3 14 47 200 0.6 46 35 20 66 39 31 
0532 + co 6 2 15 18 55 590 1.7 46 38 33 66 43 37 
0533 + co 5.8 3 4 12 24 64 780 1.9 46 38 20 66 42 57 
0534 + co 4 12 13 15 34 488 1.3 46 38 43 66 42 47 
0535 . co 2 4 12 21 44 820 1.5 46 38 15 66 42 49 
0536 + co 14 21 55 1020 1.5 46 38 60 66 42 43 
0537 + co 4 8 13 15 60 820 1.6 46 38 02 66 42 46 
0538 + co 4.6 4 4 12 18 60 740 1.5 46 37 53 66 42 39 
0539 + co 140 2 9 18 39 360 1.1 46 37 45 66 43 20 
0540 + co 2 28 16 31 71 390 1.8 46 37 40 66 43 08 
0541 + co 7.2 16 32 85 1100 2.2 46 37 32 66 42 36 
0542 . co 4 12 23 18 57 840 1.6 46 37 40 66 42 27 
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Appendix IV (cont.) 

u Mo w Cu Pb Zn Mn Fe LATITUDE LONGITUDE 
SN ST RU ppm ppm ppm ppm ppm ppm ppm % 0 " 0 " 

0543 . co 8 10 18 27 58 1840 2.1 46 37 28 66 42 20 
0544 . co 7 20 25 27 81 1000 1.9 46 37 25 66 42 31 
0545 + co 2 14 27 63 518 1.4 46 37 17 66 44 01 
0546 + co 5 20 15 21 54 467 1.5 46 37 08 66 43 40 
0547 . co 6 12 26 30 84 874 2.0 46 37 09 66 43 12 
0548 + co 4 12 17 21 49 335 1.6 46 37 06 66 43 02 
0549 . co 4 4 18 15 56 671 1.5 46 37 02 66 43 01 
0550 + co 5.9 4 12 18 21 63 600 1.4 46 37 03 66 42 40 
0551 + co 5.0 2 2 16 27 70 630 2.3 46 37 08 66 43 30 
0552 + co 16 14 16 74 650 1.4 46 36 36 66 42 10 
0553 + co 2 4 13 22 72 2070 1.7 46 36 25 66 42 30 
0554 + co 4 14 22 72 1430 1.8 46 36 32 66 42 27 
0555 . co 2 1 17 22 83 1060 2.2 46 36 33 66 41 37 
0556 + TG 6.6 4 8 16 27 91 880 1.8 46 36 21 66 41 37 
0557 + TG 4 3 11 23 150 0.2 46 36 16 66 41 20 
0558 + co 20 16 55 89 10640 4.4 46 36 04 66 42 44 
0559 + co 4 33 33 129 1240 2.2 46 36 00 66 42 27 
0560 + TG 2 8 18 25 106 990 2.1 46 36 00 66 41 57 
0561 + TG 4 8 26 41 201 2060 1.7 46 35 57 66 41 56 
0562 + TG 4.6 4 16 16 30 129 1060 2.0 46 35 70 66 41 41 
0563 . co 18.5 8 16 11 18 182 1430 1.3 46 36 11 66 40 41 
0564 + co 2 20 36 29 161 760 3.6 46 39 34 66 44 11 
0565 + co 12 2 11 24 260 0.5 46 39 24 66 44 40 
0566 . co 1 6 11 17 0.7 46 39 22 66 44 33 
0567 . co 8 8 58 106 10250 2.3 46 39 18 66 44 20 
0568 + co 2 8 6 37 72 2830 2.5 46 39 20 66 44 20 
0569 + co 10 8 27 58 82 7250 4.4 46 39 39 66 43 42 
0570 + co 6 4 22 42 84 4405 3.3 46 39 29 66 43 50 
0571 + co 5.7 2 8 24 29 96 2020 3.7 46 39 25 66 43 53 
0572 . co 20 17 62 100 3430 2.0 46 38 58 66 43 06 
0573 + co 8 15 46 89 1250 1.9 46 38 50 66 42 53 
0574 + co 22 86 161 4600 2.8 46 38 47 66 42 11 
0575 + co 10 4 17 46 98 1710 2.1 46 38 48 66 41 52 
0576 + co 10 18 28 89 1150 2.1 46 39 50 66 42 41 
0577 . co 13 15 62 930 1.7 46 39 41 66 42 12 
0578 + co 6.0 15 18 87 960 1.9 46 39 27 66 42 06 
0579 + co 10 28 19 24 99 1380 2.2 46 39 10 66 42 00 
0580 . co 18 178 316 9480 4.0 46 39 07 66 41 51 
0581 . co 7.9 4 8 4 20 138 1210 2.5 46 38 03 66 41 00 
0582 . co 5 20 12 57 470 1.5 46 37 59 66 40 57 
0583 + co 4.5 4 28 3 20 103 1140 3.3 46 37 27 66 40 30 
0584 + co 6 8 18 16 74 800 1.8 46 37 03 66 40 17 
0585 . co 2 16 7 11 43 260 1.2 46 37 00 66 40 13 
0586 . co 4 16 20 14 84 870 2.4 46 36 57 66 40 02 
0587 . co 6 28 16 12 46 710 2.0 46 36 50 66 40 20 
0588 . co 6.3 2 32 12 8 41 410 1.4 46 36 41 66 39 32 
0589 + co 4 4 10 36 67 490 1.7 46 39 35 66 39 00 
0590 + co 10.5 1 12 7 21 64 530 1.6 46 39 32 66 39 02 
0591 . co 6 4 61 24 201 4120 2.7 46 38 31 66 39 41 
0592 + co 2 8 39 12 88 450 1.4 46 38 19 66 39 28 
0593 + RG 4 8 46 21 88 1290 3.1 46 38 08 66 39 07 
0594 + RG 12.3 2 8 23 18 111 2010 2.5 46 37 57 66 38 47 
0595 + co 4 8 21 12 93 1420 2.3 46 37 38 66 38 42 
0596 + co 5 4 26 15 97 2000 2.3 46 37 36 66 38 49 
0597 + co 8 24 40 29 202 3110 2.1 46 39 10 66 38 38 
0598 + co 11 .3 2 8 2 9 69 480 1.6 46 39 06 66 38 40 
0599 . co 2 8 4 18 109 1340 1.9 46 38 57 66 38 42 
0600 . co 2 2 8 11 40 400 1.7 46 38 54 66 35 45 
0601 + co 70 16 22 30 93 6880 2.5 46 39 20 66 36 10 
0602 + DG 7.7 6 3 3 22 90 0.2 46 39 31 66 36 40 
0603 . DG 4 4 8 11 63 560 0.8 46 39 30 66 37 00 
0604 + DG 24 4 16 41 420 1.0 46 39 08 66 37 17 
0605 + DG 20.1 4 8 5 8 31 446 0.8 46 38 57 66 37 14 
0606 + DG 15 16 11 24 50 5011 2.8 46 38 52 66 36 47 
0607 + DG 11 .2 20 13 22 61 5980 3.0 46 38 53 66 37 11 
0608 + co 6 12 6 13 48 650 1.2 46 38 47 66 37 41 
0609 + co 13.5 4 12 6 11 50 600 1.1 46 38 37 66 38 05 
0610 . co 20 8 26 32 159 3040 2.9 46 38 20 66 38 10 
0611 + RG 8.1 1 1 15 16 68 570 1.7 46 38 03 66 38 03 
0612 . RG 6 20 9 15 44 213 1.0 46 37 57 66 38 07 
0613 . RG 10 4 21 25 95 1130 2.2 46 37 49 66 37 51 
0614 . RG 20 12 8 19 95 1390 1.9 46 37 38 66 37 59 
0615 + RG 6.2 2 40 20 18 71 541 2.5 46 37 27 66 38 20 
0616 . co 6 40 18 12 71 531 2.2 46 37 23 66 38 36 
0617 . RG 46.9 4 24 5 25 78 1030 1.6 46 37 05 66 38 11 
0618 + RG 10.6 2 4 5 15 48 216 1.2 46 36 56 66 38 15 
0619 . RG 91 .5 20 16 12 33 157 430 1.6 46 36 49 66 37 52 
0620 . co 2 2 15 18 78 672 1.9 46 36 32 66 38 10 
0621 + TG 23.3 4 8 11 19 49 270 0.8 46 36 08 66 38 03 
0622 . co 20 16 16 41 587 3550 3.0 46 35 30 66 37 55 
0623 + co 70 24 12 60 547 9013 3.3 46 35 19 66 37 37 
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Appendix IV (cont.) 

u Mo w Cu Pb Zn Mn Fe LATITUDE LONGITUDE 
SN ST RU ppm ppm ppm ppm ppm ppm ppm % 0 " 0 " 

0624 co 12.4 5 20 21 30 335 1702 2.1 46 35 33 66 37 30 
0625 + co 4 12 33 36 343 393 1.1 46 35 38 66 37 38 
0626 co 3 28 38 35 209 1591 2.4 46 35 53 66 36 45 
0627 . co 5 120 22 41 236 898 1.7 46 35 53 66 36 16 
0628 + co 1 28 33 177 270 1295 1.9 46 35 57 66 36 10 
0629 co 4 40 16 90 79 648 1.6 46 35 55 66 36 07 
0630 co 30 3 11 25 179 0.4 46 35 45 66 36 18 
0631 + co 10 30 44 176 5168 5.6 46 35 27 66 36 10 
0632 + co 2 40 6 22 47 1439 0.9 46 35 33 66 36 11 
0633 + co 1 35 12 14 47 567 0.7 46 35 37 66 35 50 
0634 + co 7.3 8 30 31 46 208 6145 5.5 46 35 38 66 35 55 
0635 + co 4 28 10 20 63 689 1.8 46 34 48 66 37 42 
0636 + co 2 20 13 20 63 1200 1.7 46 34 38 66 37 20 
0637 + co 10 56 36 29 119 2678 4.3 46 34 27 66 37 02 
0638 + co 11.1 20 62 32 145 4544 5.3 46 34 44 66 36 33 
0639 + co 6 12 10 14 53 978 2.7 46 35 03 66 36 20 
0640 + co 2 4 47 70 127 7329 2.6 46 35 06 66 36 00 
0641 + co 8 25 15 56 2690 3.2 46 35 04 66 35 45 
0642 + co 4 24 34 55 195 6375 3.1 46 35 10 66 35 30 
0643 + co 1 16 1 6 14 144 0.2 46 35 22 66 35 18 
0644 + co 1 4 36 35 95 1644 3.2 46 35 46 66 34 50 
0645 + co 1 4 21 26 122 739 1.8 46 35 33 66 35 09 
0646 + co 5.3 2 16 40 7 263 1250 2.1 46 35 30 66 35 08 
0647 + co 3 20 38 7898 4.7 46 35 33 66 34 54 
0648 co 6 2 41 33 190 6798 2.8 46 35 49 66 34 37 
0649 + co 8 28 33 44 186 4155 2.6 46 35 08 66 35 00 
0650 + co 2 16 32 38 132 1886 2.6 46 34 43 66 34 51 
0651 co 2 16 26 32 120 989 2.4 46 34 35 66 34 59 
0652 + co 6.7 26 20 46 34 35 66 34 45 
0653 + co 2 20 24 32 114 1445 2.4 46 34 26 66 34 57 
0654 + co 10 8 38 41 186 5967 4.9 46 34 57 66 34 00 
0655 + co 8 24 32 154 4933 4.5 46 34 42 66 34 05 
0656 co 6 4 34 32 151 4933 3.8 46 34 33 66 34 13 
0657 co 4 8 26 23 71 867 2.6 46 34 36 66 34 07 
0658 co 4 2 22 23 115 3222 2.9 46 34 40 66 34 02 
0659 co 4 4 18 19 149 3026 3.8 46 34 52 66 33 47 
0660 + co 1 2 25 36 71 3673 2.4 46 34 12 66 34 02 
0661 + co 1 16 2 11 24 370 0.6 46 38 23 66 35 47 
0662 co 2 8 23 19 69 1710 2.7 46 38 10 66 36 00 
0663 + co 2 12 5 8 48 590 1.1 46 38 09 66 35 51 
0664 co 4 8 9 16 64 2020 1.6 46 37 57 66 36 07 
0665 + co 6 8 13 29 121 5670 1.9 46 37 11 66 36 42 
0666 co 2.2 4 12 16 40 143 4050 2.6 46 37 13 66 36 11 
0667 + co 3 20 5 15 44 450 1.2 46 37 18 66 35 57 
0668 co 4 4 12 24 72 980 2.3 46 37 17 66 35 40 
0669 + co 2 12 9 9 97 2780 2.3 46 37 07 66 35 12 
0670 + co 2 12 3 12 37 440 1.0 46 36 36 66 35 18 
0671 + co 2 13 12 97 2140 2.8 46 36 23 66 35 08 
0672 + co 2 16 36 21 104 2100 2.8 46 36 09 66 35 12 
0673 + co 6 8 23 20 88 1114 2.8 46 35 50 66 35 37 
0674 + co 2 12 12 26 124 3295 1.9 46 35 43 66 35 17 
0675 co 8 16 16 67 2940 2.1 46 39 07 66 34 20 
0676 co 4.2 2 8 5 15 56 520 1.3 46 39 19 66 34 05 
0677 + co 2 8 8 45 240 1.2 46 38 40 66 34 30 
0678 + co 3.7 1 8 8 52 270 1.3 46 38 33 66 34 02 
0679 + co 6 8 12 12 25 1230 3.2 46 38 21 66 34 40 
0680 + co 4 4 13 13 213 1770 3.7 46 38 18 66 34 01 
0681 + co 2 2 9 15 119 1860 3.0 46 35 20 66 32 32 
0682 + s 2 16 12 9 101 500 2.7 46 38 05 66 32 22 
0683 + s 3.5 8 8 9 92 870 2.6 46 38 08 66 32 00 
0684 + s 12 10 6 72 540 1.9 46 37 57 66 31 50 
0685 + s 3.0 9 9 82 1083 2.2 46 37 40 66 31 50 
0686 s 2 4 9 6 7 1420 2.2 46 36 55 66 31 55 
0687 + s 1 8 2 3 47 1060 1.0 46 36 50 66 33 00 
0688 + s 4.2 3 4 15 15 111 3398 4.3 46 36 30 66 32 32 
0689 + s 3.8 2 4 9 9 92 1682 2.6 46 36 30 66 32 26 
0690 s 4 4 10 15 106 2966 3.6 46 36 27 66 32 20 
0691 + s 4 8 9 74 1625 2.6 46 36 13 66 32 35 
0692 + co 2 2 4 6 67 1340 1.7 46 36 20 66 33 31 
0693 + co 2 14 9 77 950 2.7 46 36 10 66 33 30 
0694 + s 2.8 2 2 3 32 511 1.0 46 36 10 66 32 40 
0695 + s 2 2 8 9 82 1398 2.5 46 35 57 66 32 42 
0696 + s 2 28 7 3 74 841 2.2 46 35 37 66 32 55 
0697 s 2 12 9 144 591 3.1 46 35 32 66 33 04 
0698 + s 2.9 2 24 19 13 104 1478 2.5 46 35 23 66 32 50 
0699 s 2 16 17 14 71 3326 2.4 46 35 16 66 32 55 
0700 + s 4.2 2 12 13 11 71 1120 2.2 46 35 11 66 32 33 
0701 s 4 4 19 27 104 3120 3.4 46 35 07 66 32 30 
0702 . s 4 6 15 19 99 3120 3.0 46 35 08 66 32 17 
0703 + s 2 40 16 16 73 1315 2.5 46 35 04 66 32 01 
0704 + s 2 2 28 31 110 1250 3.7 46 35 23 66 31 12 
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0705 + s 2 2 30 34 115 1875 3.9 46 35 18 66 31 30 
0706 + s 4.3 4 26 24 90 1185 3.0 46 35 08 66 31 54 
0707 + s 4 2 26 24 82 984 3.1 46 34 57 66 31 17 
0708 + s 2 8 18 32 144 5096 3.0 46 34 54 66 31 42 
0709 + s 2 2 23 28 73 580 2.8 46 34 52 66 31 28 
0710 + s 2 2 43 30 64 1051 2.7 46 34 50 66 31 23 
0711 + s 4 24 17 19 90 1424 2.4 46 34 45 66 31 43 
0712 + s 6.7 4 12 43 45 82 890 3.1 46 34 42 66 31 39 
0713 + s 2 24 15 13 97 1116 2.4 46 34 24 66 32 04 
0714 + s 2 16 25 27 71 1148 2.3 46 34 22 66 32 00 
0715 + s 2 16 3 6 51 425 1.0 46 34 30 66 32 20 
0716 + s 1 11 6 29 202 0.8 46 34 23 66 32 27 
0717 + s 1 16 5 6 47 287 1.0 46 34 13 66 32 40 
0718 + s 2 18 19 75 1298 2.4 46 34 10 66 32 19 
0719 + s 1 12 9 11 111 950 2.3 46 38 31 66 30 21 
0720 + s 3.9 12 5 8 84 370 1.6 46 38 24 66 30 45 
0721 s 20 16 9 30 233 10180 4.1 46 38 20 66 30 49 
0722 + s 2 4 16 48 301 1.3 46 36 35 66 30 30 
0723 + s 1 4 12 22 103 770 3.0 46 36 20 66 30 20 
0724 + s 1 24 11 25 96 1205 2.7 46 36 07 66 30 45 
0725 + s 3.0 2 1 14 25 99 1261 3.2 46 35 43 66 31 01 
0726 + s 2.3 2 16 5 3 39 254 1.6 46 35 10 66 30 09 
0727 + OG 4 2 3 28 110 0.4 46 33 55 66 59 46 
0728 + OG 4.5 2 2 3 18 110 0.3 46 33 48 66 59 17 
0729 + co 2 4 3 33 180 0.6 46 33 53 66 58 52 
0730 + co 2 4 12 40 1080 1.3 46 34 03 66 58 39 
0731 + co 2 4 3 18 340 0.5 46 34 20 66 58 30 
0732 + co 2.7 2 2 9 18 80 0.3 46 34 31 66 58 20 
0733 + co 2.7 2 2 9 38 390 1.2 46 34 29 66 58 13 
0734 + co 2 6 28 200 0.6 46 34 40 66 58 11 
0735 + OG 1 2 2 14 27 989 0.8 46 31 57 66 59 12 
0736 + OG 2 2 4 20 94 1795 1.6 46 31 55 66 59 05 
0737 + OG 5.0 3 17 41 1511 1.3 46 31 40 66 49 11 
0738 + OG 7.9 4 4 8 46 94 9784 4.0 46 31 31 66 58 05 
0739 + OG 4 4 5 49 92 6532 3.5 46 31 44 66 58 31 
0740 OG 2 2 1 6 9 45 0.2 46 31 08 66 58 31 
0741 OG 2 2 2 9 18 216 0.5 46 31 04 66 58 20 
0742 OG 2 4 2 17 48 2625 1.8 46 31 19 66 57 44 
0743 OG 4 2 5 49 45 7700 3.1 46 31 15 66 57 25 
0744 + OG 1 2 2 17 23 1860 1.0 46 30 41 66 57 40 
0745 + OG 2 2 2 29 18 2590 1.2 46 30 35 66 57 12 
0746 + co 1 2 8 13 76 411 3.1 46 32 10 66 58 08 
0747 + co 4 2 11 32 92 3155 3.3 46 31 59 66 57 48 
0748 + LG 5.6 2 2 12 23 94 1967 3.1 46 31 58 66 57 22 
0749 + OG 2 4 1 29 76 3344 2.6 46 32 20 66 57 50 
0750 + LG 1 2 6 14 68 644 1.8 46 32 12 66 57 27 
0751 + LG 2 4 3 20 71 211 1.1 46 32 11 66 57 03 
0752 + LG 1 4 5 17 73 755 1.5 46 32 08 66 56 50 
0753 + LG 3.9 4 2 2 46 190 1378 3.1 46 32 04 66 56 31 
0754 + co 4 4 27 38 300 2767 3.1 46 32 58 66 56 52 
0755 co 6 2 48 41 241 3011 4.5 46 32 43 66 56 55 
0756 + co 2 2 32 55 284 2044 3.5 46 32 48 66 56 43 
0757 + co 2 2 34 35 328 2633 3.7 46 32 37 66 56 35 
0758 + LG 6 4 39 29 287 1789 3.6 46 32 25 66 56 30 
0759 + LG 3.7 2 3 34 41 287 1544 3.4 46 32 12 66 56 33 
0760 + LG 2 4 15 38 124 833 2.4 46 31 55 66 56 08 
0761 + LG 12 11 11 103 500 2.0 46 31 43 66 55 45 
0762 LG 2 14 17 76 689 2.3 46 31 53 66 55 45 
0763 LG 2 2 21 35 140 755 3.3 46 32 14 66 56 00 
0764 LG 4 4 7 52 64 4033 4.2 46 31 19 66 55 40 
0765 + LG 4.1 2 4 14 14 94 800 2.3 46 31 27 66 55 29 
0766 + LG 10 2 3 41 609 1.2 46 30 50 66 55 55 
0767 + LG 20 8 4 24 64 1079 1.5 46 30 36 66 55 55 
0768 + LG 4.2 4 7 13 54 1244 1.8 46 30 11 66 55 10 
0769 + co 8 17 35 122 3667 2.2 46 33 57 66 55 20 
0770 co 10 8 8 14 61 322 1.6 46 33 53 66 55 00 
0771 + co 2 34 26 167 1467 2.7 46 33 28 66 55 25 
0772 + co 2 2 27 29 198 2300 2.0 46 33 23 66 55 09 
0773 + co 2 12 9 38 243 5567 3.2 46 33 13 66 54 50 
0774 + co 1 2 17 26 95 1911 2.5 46 33 07 66 56 00 
0775 + co 2 8 26 88 978 1.7 46 33 00 66 55 32 
0776 + co 2 8 29 87 1489 1.8 46 32 57 66 55 12 
0777 + co 2 16 17 124 500 2.6 46 32 53 66 54 49 
0778 + co 3.4 1 2 29 41 167 967 2.9 46 31 57 66 54 33 
0779 + co 3.1 2 2 13 38 80 1400 3.3 46 31 33 66 54 22 
0780 + co 1 4 17 46 221 4055 3.2 46 33 02 66 54 33 
0781 + co 2.8 2 8 14 35 464 11889 3.3 46 32 55 66 54 20 
0782 + co 3.2 1 78 67 182 1344 3.2 46 32 50 66 54 22 
0783 + co 3.0 3 4 12 26 83 611 1.9 46 33 40 66 54 40 
0784 + co 2 12 9 17 86 422 2.1 46 33 15 66 54 10 
0785 + co 2 8 12 35 88 444 2.5 46 32 57 66 53 49 
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0786 + co 3.2 3 10 46 88 889 2.3 46 32 37 66 53 23 
0787 . co 1 2 4 17 34 89 1.4 46 32 42 66 53 19 
0788 . co 2 8 16 44 173 2633 3.4 46 32 26 66 53 22 
0789 + co 3.1 2 4 16 23 97 978 2.5 46 32 17 66 52 50 
0790 + co 3.6 1 2 12 49 117 2764 3.0 46 31 35 66 53 39 
0791 + co 2 16 15 26 133 3186 3.3 46 31 22 66 53 33 
0792 + co 8 9 29 90 1660 2.4 46 31 23 66 53 30 
0793 + co 2 8 20 153 8333 2.6 46 31 11 66 53 42 
0794 + co 2 4 12 58 2420 1.4 46 31 04 66 54 00 
0795 + co 2 10 35 95 1287 2.4 46 31 07 66 53 12 
0796 + co 4 8 20 97 2250 2.9 46 30 59 66 53 01 
0797 + co 6.7 6 10 20 121 990 2.5 46 31 01 66 53 00 
0798 + co 2 2 13 26 231 9740 1.0 46 30 42 66 53 10 
0799 + co 4 12 14 87 652 2.3 46 30 53 66 52 38 
0800 + co 1 2 16 26 73 7234 2.5 46 30 37 66 52 25 
0801 + co 1 2 13 15 170 759 4.8 46 30 42 66 52 18 
0802 + co 2 10 15 80 665 2.0 46 30 49 66 52 18 
0803 + co 4 19 60 218 1620 2.9 46 32 13 66 51 45 
0804 + co 2 19 45 141 1218 2.3 46 32 04 66 51 43 
0805 + BG 20 80 11 23 68 967 1.5 46 34 15 66 53 49 
0806 + co 13.1 30 40 24 23 97 895 2.0 46 34 02 66 53 39 
0807 + co 28 10 37 61 895 0.3 46 33 49 66 53 20 
0808 + co 11.1 6 12 11 17 63 139 1.1 46 33 39 66 52 20 
0809 + co 8 56 4 9 32 689 0.7 46 34 26 66 51 38 
0810 + co 7.7 20 28 5 15 57 1250 1.2 46 34 08 66 51 33 
0811 + co 4 24 5 9 44 731 0.9 46 33 49 66 51 12 
0812 + co 2 40 12 31 83 593 1.3 46 33 40 66 50 55 
0813 + co 5.4 4 20 10 18 71 604 1.1 46 33 50 66 50 49 
0814 + co 4 4 13 70 301 2732 2.7 46 33 11 66 50 48 
0815 + co 2 4 11 44 197 1477 2.4 46 33 00 66 50 50 
0816 + co 2.1 1 2 12 38 148 1392 2.4 46 33 13 66 50 18 
0817 + co 1 8 10 32 126 1012 2.1 46 33 03 66 50 08 
0818 + co 4 14 35 150 1181 2.5 46 32 51 66 49 58 
0819 + co 2 4 6 30 80 919 2.3 46 32 52 66 49 42 
0820 + co 3.1 1 4 6 27 58 694 2.4 46 32 39 66 49 45 
0821 + co 2 6 15 63 513 2.1 46 32 20 66 49 58 
0822 co 2 3 9 25 118 0.9 46 32 28 66 50 00 
0823 co 2 14 21 51 897 2.4 46 32 16 66 49 40 
0824 + co 2 25 33 112 4306 3.1 46 30 56 66 50 50 
0825 + co 2 10 26 80 1060 2.3 46 31 00 66 50 12 
0826 + co 1 2 10 23 126 6118 2.7 46 30 56 66 50 15 
0827 + co 4 2 18 20 133 2190 4.4 46 30 50 66 49 59 
0828 + co 5.9 4 4 22 23 211 4293 4.6 46 30 41 66 49 39 
0829 + co 4 4 22 27 228 5620 4.7 46 30 35 66 49 20 
0830 + co 6 4 69 26 498 18386 5.8 46 30 30 66 49 30 
0831 + co 4 2 17 39 141 8970 2.7 46 31 18 66 49 39 
0832 + co 8.0 3 2 39 27 286 15860 3.7 46 31 06 66 49 29 
0833 + co 6 4 56 24 316 16800 5.3 46 31 00 66 49 15 
0834 + co 2 8 5 25 68 1111 1.1 46 34 16 66 50 06 
0835 + co 4.9 2 8 21 34 63 1083 1.8 46 34 05 66 49 49 
0836 + co 6.1 100 15 42 147 3134 2.7 46 33 50 66 49 36 
0837 co 6 22 95 371 9658 4.0 46 33 46 66 49 20 
0838 + co 8 12 14 60 262 11303 4.0 46 33 32 66 49 17 
0839 + co 4 4 14 63 143 3184 3.4 46 33 17 66 49 10 
0840 + co 10 4 16 71 291 13462 4.7 46 33 17 66 48 45 
0841 + co 4 4 14 45 136 5791 2.7 46 33 10 66 48 29 
0842 + co 8 8 10 30 194 9626 3.3 46 32 59 66 48 13 
0843 + co 2 4 16 21 129 4872 3.2 46 32 43 66 48 20 
0844 + co 4 2 16 39 116 9071 3.2 46 32 23 66 48 30 
0845 + co 2 2 13 24 87 4476 2.6 46 32 09 66 48 42 
0846 + co 4.3 2 4 22 54 80 1571 2.8 46 34 17 66 47 02 
0847 + co 3.3 4 10 29 206 490 2.6 46 30 56 66 47 27 
0848 co 2 120 32 42 116 1100 2.6 46 34 17 66 46 58 
0849 co 1 20 31 57 114 2244 3.3 46 34 06 66 46 55 
0850 + co 2.9 4 1 29 78 439 2.3 46 33 09 66 45 41 
0851 co 1 10 8 29 86 1624 2.5 46 32 20 66 45 52 
0852 + co 7.1 20 36 80 488 10854 6.8 46 31 41 66 45 53 
0853 + co 2 6 16 91 2280 2.5 46 31 08 66 46 00 
0854 + TG 20 25 16 140 2744 2.6 46 34 21 66 44 30 
0855 TG 40 15 32 74 589 1.7 46 34 21 66 44 20 
0856 + TG 3 12 3 17 66 1606 1.5 46 33 11 66 43 21 
0857 + TG 15 8 10 33 85 3372 2.4 46 33 41 66 43 12 
0858 + TG 1 1 3 13 63 0.1 46 34 02 66 42 18 
0859 + TG 2 2 3 11 48 651 1.2 46 33 58 66 42 42 
0860 + TG 8.2 16 2 6 33 231 0.6 46 33 56 66 42 18 
0861 + TG 6 4 5 28 46 4244 1.6 46 33 50 66 42 18 
0862 TG 100 24 15 13 267 15599 5.0 46 33 45 66 42 15 
0863 + TG 2 8 4 42 46 8602 1.4 46 33 33 66 42 22 
0864 + TG 8 8 4 66 90 10809 1.9 46 34 03 66 41 17 
0866 + TG 80 32 21 61 401 15861 4.8 46 33 59 66 41 10 
0867 + TG 40 8 35 92 252 14233 5.2 46 33 51 66 41 20 
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0868 + co 10 20 9 19 77 3298 1.9 46 34 05 66 40 30 
0869 + co 9.0 4 24 6 11 85 746 1.4 46 33 59 66 40 06 
0870 + co 4.6 6 24 25 19 186 2826 2.0 46 33 54 66 40 03 
0871 + co 4 6 9 19 85 7763 3.0 46 33 40 66 40 20 
0872 + co 10 56 25 36 153 2784 2.8 46 33 40 66 40 35 
0873 + co 2 12 15 25 90 1996 2.3 46 33 46 66 40 37 
0874 co 3 8 12 28 79 4202 2.1 46 33 20 66 40 52 
0875 + co 2 6 11 17 110 1408 1.9 46 34 00 66 39 41 
0876 + co 12 2 3 28 462 0.5 46 34 10 66 39 26 
0877 + co 4 12 21 20 86 544 1.4 46 33 35 66 39 11 
0878 + co 4 8 36 24 131 1844 3.0 46 33 27 66 39 28 
0879 co 3 16 24 14 121 2468 1.5 46 32 49 66 40 41 
0880 + co 1 40 6 8 83 1362 1.2 46 32 33 66 40 20 
0881 + co 2 40 13 8 230 4532 1.5 46 32 21 66 40 00 
0882 + co 2.8 4 20 12 14 121 1415 1.7 46 32 08 66 39 46 
0883 + co 2.8 2 8 10 8 99 383 1.6 46 32 03 66 39 50 
0884 + co 2 18 14 156 2681 1.6 46 32 03 66 40 12 
0885 + co 4 4 8 17 116 2149 2.0 46 32 07 66 40 39 
0886 co 2 19 28 254 4000 1.9 46 32 19 66 41 10 
0887 + co 1 19 28 235 2777 1.7 46 32 14 66 41 15 
0888 + co 6 20 59 45 156 3755 2.4 46 32 13 66 41 48 
0889 + co 20 8 38 41 209 4989 2.9 46 31 47 66 40 42 
0890 + co 16 5 11 121 437 1.8 46 31 23 66 40 41 
0891 + co 1 8 6 16 102 886 1.8 46 31 13 66 40 18 
0892 + s 16 4 14 97 986 2.6 46 31 10 66 40 00 
0893 + s 1 12 6 16 112 1166 2.2 46 31 08 66 39 40 
0894 + s 4.1 1 4 11 14 116 549 2.4 46 30 57 66 39 27 
0895 + s 1 16 9 14 177 1031 2.4 46 30 51 66 39 28 
0896 + co 6 40 37 35 578 14002 2.7 46 31 48 66 42 38 
0897 + co 2 16 30 36 239 12500 3.3 46 31 48 66 42 15 
0898 + co 2 4 15 33 303 1723 3.0 46 31 50 66 42 09 
0899 + co 1 1 2 16 27 546 0.6 46 31 48 66 42 00 
0900 + co 2.6 1 8 16 19 136 2321 1.8 46 31 20 66 42 20 
0901 + co 4 82 27 241 4506 2.9 46 31 17 66 42 27 
0902 + co 2 33 35 165 3277 2.4 46 31 18 66 42 48 
0903 co 52 33 466 5094 2.4 46 31 07 66 42 12 
0904 co 6 30 46 265 5819 3.0 46 31 01 66 42 41 
0905 co 2 65 20 16 186 2205 1.7 46 30 54 66 42 22 
0906 + co 2 37 33 388 4170 2.5 46 30 57 66 42 19 
0907 + co 2.7 16 16 16 218 704 1.8 46 30 43 66 42 16 
0908 + co 8 21 60 288 1817 2.1 46 30 40 66 42 20 
0909 + co 2 20 28 101 385 5975 3.3 46 30 40 66 42 42 
0910 co 2.5 1 2 11 29 132 10854 3.6 46 31 32 66 45 30 
0911 co 2 2 5 52 77 680 2.6 46 32 18 66 44 36 
0912 + co 4 43 51 640 1.7 46 32 13 66 44 40 
0913 + co 2 4 6 28 49 950 1.5 46 32 01 66 44 40 
0914 + co 2 4 8 21 42 400 1.6 46 31 45 66 44 29 
0915 + co 3.2 4 8 9 26 12 1222 1.8 46 31 33 66 44 17 
0916 + co 3 1 9 64 56 10778 3.9 46 32 11 66 43 39 
0917 + co 30 80 22 88 182 701 3.0 46 31 50 66 43 53 
0918 + co 6 12 34 38 196 5633 3.5 46 31 49 66 43 48 
0919 + co 2 12 29 122 3511 2.6 46 31 45 66 43 53 
0920 + co 4.1 30 41 279 11011 3.2 46 31 34 66 44 07 
0921 + co 8 8 17 26 88 2578 2.7 46 31 17 66 44 07 
0922 + co 20 2 23 125 133 3500 4.2 46 31 13 66 44 10 
0923 + co 2 2 5 21 47 870 1.7 46 31 03 66 44 00 
0924 + co 2 4 8 15 40 730 1.7 46 30 47 66 44 00 
0925 + co 4 2 9 15 42 190 1.8 46 30 28 66 44 00 
0926 + co 2.9 10 4 9 24 44 600 1.8 46 30 10 66 44 01 
0927 + co 2 4 10 23 10 2844 1.9 46 34 04 66 38 55 
0928 + co 4.2 2 12 9 23 88 2344 1.8 46 33 58 66 38 58 
0929 co 3 4 51 35 164 4855 3.1 46 33 40 66 39 05 
0930 + co 30 24 37 44 189 2078 5.2 46 33 51 66 38 20 
0931 + co 6 15 27 29 115 2778 3.4 46 33 43 66 38 17 
0932 + co 30 12 76 41 203 4111 3.8 46 33 33 66 38 38 
0933 + co 20 12 39 35 173 6167 3.3 46 33 48 66 38 00 
0934 + co 10 8 22 26 104 2100 3.2 46 34 03 66 34 44 
0935 + co 2 16 22 19 76 1786 2.2 46 33 36 66 37 00 
0936 + co 4 79 35 110 6786 2.2 46 33 40 66 36 50 
0937 co 4 12 23 28 65 1021 2.5 46 33 12 66 38 07 
0938 + co 3 12 22 28 96 1936 2.3 46 33 08 66 38 06 
0939 co 2 8 12 17 47 345 1.9 46 33 13 66 37 39 
0940 + co 4 8 26 19 85 1046 2.1 46 33 11 66 37 27 
0941 + co 16 8 17 112 506 2.7 46 33 15 66 37 06 
0942 + co 4 3 14 33 226 1.2 46 33 10 66 37 07 
0943 + co 8 16 22 98 1574 2.4 46 33 17 66 36 30 
0944 + s 4.2 6 4 13 11 96 596 2.4 46 33 06 66 36 27 
0945 + s 2 4 3 22 107 1585 3.2 46 33 11 66 36 10 
0946 + s 2 4 7 22 105 1181 3.2 46 33 10 66 35 33 
0947 + s 6 1 29 8 51 330 1.9 46 33 04 66 35 30 
0948 + co 1 4 24 39 120 2383 3.2 46 33 13 66 35 41 
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0949 + s 8 4 39 22 96 1500 3.3 46 33 39 66 35 11 
0950 + s 5.2 4 2 29 22 100 1117 3.5 46 33 30 66 34 53 
0951 + s 2 2 38 29 118 1477 3.6 46 33 36 66 34 32 
0952 + s 5.0 4 1 48 32 104 1443 3.8 46 33 47 66 34 22 
0953 + s 3.6 2 13 14 89 766 3.0 46 33 24 66 34 53 
0954 + s 3.8 1 4 21 20 85 789 2.5 46 33 30 66 33 40 
0955 + s 1 4 23 20 110 811 2.9 46 33 21 66 33 50 
0956 + s 1 8 28 26 121 1378 2.8 46 33 18 66 34 11 
0957 + s 4.1 1 16 25 20 101 733 2.5 46 32 52 66 35 09 
0958 + s 2 22 17 92 811 2.4 46 32 42 66 35 25 
0959 + s 2 8 26 23 121 121 2.9 46 32 41 66 35 45 
0960 + s 2 4 31 23 147 1522 3.3 46 32 40 66 36 12 
0961 + s 3.5 2 4 24 17 135 911 3.1 46 32 37 66 35 47 
0962 + s 3.5 2 4 29 23 149 1267 3.1 46 32 33 66 35 51 
0963 + s 2 4 23 30 173 1239 2.8 46 32 18 66 36 19 
0964 + s 3 1 30 28 175 1071 3.4 46 32 15 66 36 36 
0965 + s 3 1 29 28 136 1565 3.6 46 32 09 66 37 11 
0966 + s 4 4 40 47 149 4622 3.9 46 32 05 66 37 07 
0967 + s 2 4 26 25 184 1166 3.3 46 32 06 66 37 17 
0968 + co 4 12 28 23 92 1655 2.8 46 32 49 66 38 33 
0969 + s 35 55 49 397 13689 4.2 46 32 31 66 38 16 
0970 + s 4.8 6 38 29 292 3299 5.2 46 32 12 66 38 05 
0971 + s 10 12 16 44 153 2789 3.3 46 32 20 66 38 36 
0972 + s 10 8 28 35 241 7422 4.8 46 32 10 66 38 13 
0973 + s 8 4 29 38 200 6533 3.9 46 32 00 66 39 00 
0974 + s 8 4 28 41 208 4733 2.8 46 31 59 66 38 35 
0975 + s 2.2 40 52 296 7144 4.2 46 32 02 66 38 00 
0976 + s 1 12 3 6 40 296 0.8 46 34 04 66 33 00 
0977 + s 2 2 9 14 134 3925 2.7 46 33 57 66 33 18 
0978 + s 4.2 2 8 7 11 100 2085 1.9 46 33 44 66 33 29 
0979 s 4 8 17 67 1250 1.7 46 33 40 66 33 00 
0980 s 5 20 5 5 21 300 0.8 46 34 03 66 32 20 
0981 + s 1 20 15 16 49 998 1.5 46 33 57 66 32 08 
0982 + s 5.7 1 20 24 19 61 998 2.0 46 33 51 66 31 21 
0983 + s 2 40 16 13 66 901 2.3 46 33 54 66 32 30 
0984 + s 4 12 19 24 75 1281 2.3 46 33 40 66 32 39 
0985 s 8 36 40 75 1127 2.7 46 33 36 66 32 33 
0986 + s 4.3 7 4 18 48 75 1365 2.4 46 33 22 66 32 47 
0987 s 3 4 55 61 141 3394 3.7 46 33 07 66 32 30 
0988 . s 1 4 19 28 94 1218 3.0 46 32 57 66 31 59 
0989 + s 2 4 41 71 81 978 3.2 46 32 59 66 32 51 
0990 s 2 29 17 88 889 2.9 46 32 51 66 32 46 
0991 + s 1 32 20 77 778 3.0 46 32 42 66 32 41 
0992 + s 2 80 11 17 54 411 1.7 46 32 29 66 32 29 
0993 + s 2 47 27 85 1255 3.0 46 32 39 66 32 21 
0994 + s 55 46 95 522 2.3 46 32 26 66 32 13 
0996 + s 3.7 2 38 32 90 1169 2.7 46 32 16 66 32 05 
0997 s 2 80 16 17 74 933 2.2 46 32 07 66 32 11 
0998 + s 2 2 54 35 92 1189 3.1 46 32 08 66 32 00 
0999 + s 1 1 30 35 94 3498 3.6 46 32 07 66 31 27 
1000 + s 29 53 120 6652 3.8 46 31 55 66 31 37 
1001 + s 1 29 24 113 2811 3.5 46 31 55 66 31 32 
1002 + s 3.0 1 4 20 16 90 1031 2.8 46 31 33 66 31 50 
1003 + s 1 4 17 19 93 1355 2.4 46 31 21 66 31 50 
1004 + s 1 21 19 109 1300 3.3 46 31 27 66 32 11 
1005 + s 2 4 16 22 80 1723 2.6 46 31 13 66 32 11 
1006 + s 1 4 23 19 109 1547 3.4 46 31 30 66 32 30 
1007 + s 2 30 33 165 2758 2.7 46 31 30 66 32 45 
1008 + s 2 8 33 27 93 1973 2.6 46 31 31 66 32 59 
1009 + s 2.8 2 4 21 19 96 1289 3.2 46 31 27 66 33 00 
1010 + s 1 4 27 27 108 1909 2.9 46 31 25 66 33 08 
1012 + s 1 4 23 19 114 1344 3.5 46 31 21 66 33 30 
1013 + s 1 4 23 19 87 1481 2.8 46 31 18 66 33 34 
1014 s 1 4 24 27 102 1880 3.5 46 31 32 66 34 09 
1015 + s 3.1 2 4 23 22 114 1418 3.6 46 31 32 66 34 10 
1016 + s 20 19 114 1544 3.5 46 31 40 66 34 33 
1017 + s 3 2 19 35 123 2468 3.2 46 31 50 66 34 50 
1018 + s 2 6 22 22 112 1386 3.6 46 31 45 66 34 51 
1019 s 3.9 1 4 19 36 116 3414 3.0 46 31 45 66 35 10 
1020 + s 2.5 1 4 47 30 87 1355 3.0 46 31 40 66 35 10 
1021 + s 6 18 41 182 4979 3.9 46 31 41 66 35 39 
1022 + s 7 19 81 840 2.4 46 31 43 66 35 55 
1023 + s 4 4 19 83 1670 1.5 46 31 45 66 36 30 
1024 + s 2 5 22 101 1166 1.9 46 31 42 66 36 58 
1025 + s 1 1 19 16 131 1795 2.8 46 31 25 66 35 49 
1026 + s 2 4 13 14 73 936 2.4 46 31 17 66 36 08 
1027 + s 3.2 1 1 15 14 86 837 2.4 46 31 18 66 36 40 
1028 s 2 1 25 33 107 2962 3.1 46 31 13 66 36 38 
1029 + s 1 2 12 14 118 1266 3.0 46 31 14 66 37 03 
1030 + s 2 13 16 113 1498 2.8 46 31 03 66 37 23 
1031 + s 3.9 2 4 11 14 111 1112 3.2 46 30 56 66 38 07 
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Appendix IV (concl.) 

u Mo w Cu Pb Zn Mn Fe LATITUDE LONGITUDE 
SN ST RU ppm ppm ppm ppm ppm ppm ppm % " 0 " 

1032 + s 1 2 2 14 29 462 0.9 46 30 53 66 38 03 
1033 + s 1 6 8 14 116 2265 2.4 46 30 50 66 38 20 
1034 + s 1 4 6 14 114 1267 2.3 46 30 53 66 38 43 
1035 + s 4 9 24 975 2.2 46 30 55 66 39 00 
1036 s 1 4 8 14 102 1110 2.3 46 31 00 66 39 00 
1037 s 2 13 16 68 704 2.1 46 31 16 66 31 27 
1038 + s 1 4 40 33 114 1481 3.6 46 30 38 66 31 30 
1039 + s 2 56 36 112 1702 3.9 46 30 42 66 31 34 
1040 + s 1 4 41 30 116 1397 3.7 46 30 41 66 32 00 
1041 + s 1 4 58 36 110 1649 3.9 46 30 37 66 32 00 
1042 + s 3.0 1 4 33 33 116 1534 2.8 46 30 43 66 32 23 
1043 + s 2 2 34 30 104 1050 3.2 46 30 40 66 32 57 
1044 + s 1 4 33 38 121 1996 3.3 46 30 37 66 33 23 
1045 s 1 4 52 38 89 1386 3.6 46 30 38 66 33 17 
1046 s 2 4 42 60 184 6008 3.2 46 30 33 66 33 35 
1047 s 1 4 19 41 144 3760 3.3 46 30 30 66 33 50 
1048 + s 1 4 22 38 131 2626 3.5 46 30 33 66 33 52 
1049 + s 1 4 15 22 129 1828 3.3 46 30 31 66 34 25 
1050 s 1 18 25 116 1229 2.8 46 30 29 66 34 25 
1051 s 1 4 22 46 144 3487 3.8 46 30 30 66 34 50 
1052 + s 2 4 21 35 150 2437 3.2 46 30 36 66 34 56 
1053 + s 1 1 29 24 106 1888 3.6 46 32 03 66 31 18 
1054 + s 1 22 19 85 1202 3.1 46 32 11 66 31 00 
1055 + s 2.0 4 38 24 111 1727 4.0 46 32 15 66 30 36 
1056 + s 1 37 27 101 1438 3.7 46 32 24 66 30 18 
1057 + s 2 37 41 113 2900 3.5 46 31 41 66 30 41 
1058 + s 1 2 43 33 109 1681 4.4 46 31 30 66 30 59 
1059 + s 2.7 1 1 43 28 103 1521 4.2 46 31 23 66 31 09 
1060 + s 2 4 38 47 112 4319 3.8 46 31 33 66 30 20 
1061 + s 39 30 105 2202 3.4 46 31 27 66 30 47 
1062 + s 4.1 2 4 47 31 129 1691 3.2 46 31 17 66 31 04 
1063 + s 2.7 57 36 97 2111 3.6 46 30 44 66 31 10 
1064 s 37 30 95 1271 3.4 46 30 40 66 31 08 
1065 s 1 48 50 116 3239 4.2 46 30 51 66 30 38 
1066 s 4.1 1 12 43 27 95 1649 3.6 46 30 13 66 30 43 
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Appendix V 

Contents of U, Sn, W, and Mo in soil samples, Otter Brook area, Burnthill Pluton* 

U(ppm) Sn(ppm) W(ppm) Mo(ppm) 

Sample Latitude Longitude Soil Horizon Soil Horizon Soil Horizon Soil Horizon 
No. 0 A 8 c A 8 c A 8 c A 8 c 

08-1 46 37 54 66 48 28 0.2 20.2 - - 22 - <1 4 - 0.7 4 -
08-2 46 37 54 66 48 28 0.7 - 10.8 - - 14 1 - 6 0.9 - 3 
08-3 46 37 55 66 48 28 0.5 - 16.0 - - 19 <1 - 4 0.9 - 4 
08-4 46 37 56 66 48 28 22 - 21.3 - - 23 3 - 4 0.5 - 5 
08-5 46 37 57 66 48 28 1.1 15.6 18.6 - 39 31 2 3 4 0.5 3 4 
08-6 46 37 57 66 48 28 1.3 - 12.7 - - 14 1 - 6 1.3 - -
08-7 46 37 58 66 48 28 0.3 18.2 - - 22 - 1 4 - 0.8 5 -
08-8 46 37 59 66 48 28 0.9 - 21.8 - - 23 1 - 6 1.0 - 5 
08-9 46 37 59 66 48 28 0.3 12.8 - - 30 - 1 6 - 1.0 4 -
08-10 46 38 00 66 48 28 0.7 9.9 - - 13 - 1 6 - 6.5 5 -
08-11 46 38 01 66 48 28 102.7 - 19.5 - - 16 3 - 8 3.9 - 3 
08-12 46 38 01 66 48 28 26.9 - 17.6 - - 17 5 - 6 2.6 - 3 
08-13 46 38 01 66 48 28 5.3 - 15.7 - - 21 2 - 8 1.0 - 3 
08-14 46 38 02 66 48 28 4.6 13.9 - - 15 - 3 6 - <0.5 2 -
08-15 46 38 03 66 48 28 0.6 18.3 18.7 - 28 20 <1 6 4 1.1 4 4 
08-16 46 38 03 66 48 28 0.6 - 20.9 - - 31 <1 - 8 0.6 - 5 
08-17 46 38 04 66 48 28 1.4 21.8 - - 24 - 1 6 - 0.8 5 -
OB-18 46 38 04 66 48 28 5.3 28.8 - - 27 - 1 10 - 1.7 4 -
08-19 46 38 05 66 48 28 0.4 20.4 - - 19 - 1 4 - 0.8 4 -
08-20 46 38 05 66 48 28 0.2 13.1 13.6 - 17 14 <1 4 4 <0.5 3 3 
08-21 46 38 06 66 48 28 80.9 - 16.9 - - 20 3 - 4 1.9 - 3 
08-22 46 38 06 66 48 28 0.4 19.0 23.5 - 22 23 1 6 4 1.1 4 4 
08-23 46 38 06 66 48 28 0.2 16.8 - - 32 - 1 4 - 0.7 3 -
08-24 46 38 07 66 48 28 0.7 12.1 - - 29 - 1 4 - 1.0 3 -
OB-25 46 38 07 66 48 28 0.2 13.0 12.6 - 12 15 <1 ND@ 4 1.0 4 3 
OB-26 46 38 08 66 48 28 0.4 11.9 16.3 - 19 23 1 2 2 0.7 3 2 
08-27 46 38 09 66 48 28 0.4 12.9 15.4 - 14 15 1 2 2 0.8 2 2 
OB-28 46 38 10 66 48 28 0.3 16.3 18.9 - 27 34 1 4 4 0.6 3 2 
08-29 46 38 10 66 48 28 0.5 13.1 10.5 - 16 12 1 4 4 0.8 1 3 
08-30 46 38 11 66 48 28 0.5 10.6 22.1 - 22 18 1 6 4 0.6 2 2 
08-31 46 38 12 66 48 28 0.6 9.9 14.0 - 28 17 <1 4 4 0.5 1 1 
08-32 46 38 13 66 48 28 0.6 7.8 16.4 - 19 19 1 3 4 <0.5 3 1 
08-33 46 38 13 66 48 28 1.4 14.5 11.8 - 21 19 1 2 2 0.5 3 2 

'Data obtained from Westmin Resources Ltd. (Hattie, 1981 ). 
@ND = not detected. 
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Appendix VI 

Chemical analyses and locations of ti ll samples overlying the granitic plutons of central Miramichi Anticlinorium area 
(Lamothe, 1989). 

A. Clay fraction (<2 µm) 

Sample' As Co Cr Cu F Fe Mn Mo Ni Pb Sn u w Zn 
No. {ppm) (ppm) {ppm) (ppm) (ppm) (%) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) 

BH·86LFA 24701 21 19 74 39 968 5.0 840 2 87 36 7 2.3 3 148 
BH·86LFA 30001 11 17 46 17 1175 3.6 490 1 36 42 13 11.2 6 105 
BH·86LFA 30101 11 16 40 14 740 3.7 500 1 29 50 11 18.4 4 108 
BH·86LFA 30201 10 13 40 34 1000 3.7 760 1 36 59 32 18 16 165 
BH·86LFA 30301 11 20 60 30 1225 4.5 800 1 48 27 16 7.9 6 109 
BH·86LFA 30401 18 12 80 24 740 3.2 230 2 40 42 11 20.0 4 97 
BH·86LFA 50801 15 15 40 24 640 3.2 580 1 31 53 26 17.6 18 96 
BH·86LFA 50901 13 11 42 24 540 3.4 590 1 36 58 38 17.6 14 148 
BH·86LFA 51001 9 16 46 21 920 3.3 760 1 35 42 24 19.6 14 120 

D·85LFA 17201 16 18 68 38 1040 6.0 1000 3 38 51 33 17.2 8 158 
D·86LFA 21001 20 9 26 12 1050 2.2 310 2 22 23 3 1.5 4 28 
D·85LFA 21901 15 21 73 44 1040 5.4 1040 3 47 38 24 17.5 6 130 
D·85LFA 22001 8 20 84 38 700 5.6 800 2 52 28 17 8.8 4 120 
D·86LFA 29101 8 24 72 43 900 3.8 780 1 55 29 15 9.9 14 119 
D·86LFA 29201 40 21 64 42 940 4.4 720 1 57 32 12 10.4 6 107 
D·86LFA 29301 40 28 70 68 940 4.8 820 2 53 55 26 18.0 20 154 
D·86LFA 33001 68 24 66 42 980 3.4 1600 8 47 55 47 29.0 10 73 
D·86LFA 33101 49 26 78 79 940 4.7 970 4 56 54 14 11.4 24 174 
D·86LFA 33201 17 20 56 29 1100 3.9 1700 4 33 53 48 31.0 50 139 
D·86LFA 33301 35 27 92 89 1375 4.3 950 4 51 71 16 17.5 10 106 
D·86LFA 33401 68 34 78 80 1225 4.5 830 14 83 48 15 37.0 10 152 
D·86LFA 33501 15 28 74 53 1100 4.2 910 4.0 51 36 17 17.2 6 109 
D·86LFA 33601 8 25 74 33 800 4.0 710 4.0 45 31 20 7.4 8 94 
D·86LFA 33701 23 25 72 42 900 4.0 610 4 47 41 20 17.6 14 121 
D·86LFA 33801 9 22 74 38 830 4.3 440 3 51 32 11 6.9 24 114 
D·86LFA 33901 6 17 72 28 830 3.7 670 2 44 41 15 5.2 4 94 
D·86LFA 35701 60 27 58 104 1050 4.4 700 7 72 53 29 14.3 20 187 
D·86LFA 41210 75 39 88 87 830 5.0 1000 7 103 38 22 15.4 16 127 
D·86LFA 41301 79 25 52 80 830 4.3 720 6 60 51 32 27.0 16 95 
D·86LFA 41401 80 19 64 45 530 4.0 480 6 37 45 29 12.6 16 99 
D·86LFA 41501 104 41 94 66 1100 5.0 1200 62 122 54 38 12.6 16 136 
D·86LFA 41601 91 33 82 76 700 3.3 950 12 52 36 27 35.0 24 85 
D·86LFA 41701 60 24 76 48 90 3.9 820 4 57 42 34 15.2 24 138 
D·86LFA 41801 128 21 52 79 1300 5.0 1800 2 59 34 37 25.0 24 141 
D·86LFA 41901 72 15 72 44 740 4.6 600 6 52 51 41 16.4 12 178 
D·86LFA 42001 72 18 56 34 1300 4.0 1100 8 35 49 300 41.0 80 104 
D·86LFA 42101 21 14 44 34 940 4.0 650 4 35 43 40 14.4 24 164 
D·86LFA 42401 42 17 104 45 390 4.7 530 4 52 50 14 3.1 8 118 
D·86LFA 42501 150 33 70 106 980 4.1 1700 5 86 39 41 21.0 32 124 
D·86LFA 42601 51 26 70 60 600 4.0 1000 6 51 43 37 19.0 24 101 
D·86LFA 42701 116 6 58 25 450 4.2 360 6 20 36 30 13.0 100 66 
D·86LFA 44301 21 18 70 33 620 4.1 340 3 46 30 11 6.5 8 99 
D·86LFA 44401 11 17 66 33 1150 4.2 920 2 41 38 39 27.0 12 117 
D·86LFA 44501 9 14 58 20 740 4.3 410 2 35 44 31 9.1 8 120 
D·86LFA 44601 8 13 38 22 1050 3.4 980 2 25 50 66 36.0 24 122 
D·86LFA 44701 7 20 54 35 920 4.1 800 1 37 44 31 22.0 6 122 
D·86LFA 44801 7 18 78 26 1050 5.0 830 0 54 35 19 13.0 6 134 
D·86LFA 44901 29 18 52 31 1275 4.0 780 1 36 40 31 20.0 18 118 
D·86LFA 45001 11 19 68 30 700 2.9 800 1 32 24 17 10.0 4 81 
D·86LFA 45101 7 9 56 12 280 3.8 260 1 21 31 16 6.4 1 57 
D·86LFA 45201 8 17 58 17 670 4.2 760 1 36 35 25 8.4 6 107 
D·86LFA 45301 7 16 60 34 890 4.2 900 0 39 40 29 18.4 6 128 
D·86LFA 45401 9 5 36 10 361 2.3 310 2 11 29 19 18.4 8 63 
D·86LFA 60702 110 39 60 157 1325 4.2 2000 3 73 28 42 21.0 30 147 

TB·85LFA 13001 44 23 62 47 950 5.0 1000 3 54 39 12 7.8 12 150 
TB·86LFA 22001 62 13 64 30 660 4.4 520 0 54 45 13 5.2 2 146 
TB·86LFA 22101 39 17 54 42 820 3.8 920 2 53 66 20 13.2 8 152 
TB·86LFA 22201 9 27 46 22 820 3.7 860 0 45 43 10 0.9 2 86 
TB·86LFA 22301 196 15 59 113 853 3.8 803 3 48 84 21 14.0 9 323 
TB·86LFA 22401 133 14 55 33 1175 3.4 630 4 49 72 15 8.1 9 130 
TB·86LFA 22501 65 16 54 35 850 4.0 605 3 58 43 14 5.7 5 150 
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Appendix VI (cont.) 
A. Clay fraction (<2 µm) - continued 

Sample' As Co Cr Cu F Fe Mn Mo Ni Pb Sn u w Zn 
No. (ppm) (ppm) (ppm) (ppm) (ppm) (%) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) 

TB-86LFA 22601 125 18 72 49 960 4.3 630 2 75 62 20 6.6 13 200 
TB·86LFA 23701 56 22 76 74 538 5.2 870 1 73 22 4 1.5 2 120 
TB-86LFA 26301 100 16 54 34 850 3.9 940 2 52 65 31 19.2 8 273 
TB-86LFA 26302 175 17 56 74 1250 3.9 1000 3 48 90 37 35.0 14 420 
TB-86LFA 26401 234 19 70 44 1000 4.3 1000 3 56 76 20 17.9 16 177 
TB-86LFA 26501 131 17 68 58 1075 4.0 860 2 64 76 22 10.7 12 197 
TB·86LFA 26601 213 16 76 68 1900 4.2 1400 5 50 56 45 90.0 14 660 
TB-86LFA 26801 110 25 80 55 1000 4.1 820 2 79 41 14 4.2 14 130 
TB-86LFA 26901 49 19 78 55 1250 5.2 920 1 78 31 10 2.2 6 143 
TB·86LFA 27001 253 21 76 44 1250 4.1 600 3 77 42 17 5.7 12 328 
TB-86LFA 27301 79 10 56 34 930 4.0 390 5 40 72 13 17.5 24 114 
TB-86LFA 35101 53 25 76 2 0 5.5 920 2 64 37 2 2.2 7 153 
TB·86LFA 35201 93 21 66 42 850 4.4 720 4 50 58 9 15.0 18 161 
TB-86LFA 36201 22 5 94 44 155 3.9 230 7 22 19 3 6.5 4 34 
TB-86LFA 36301 156 19 68 67 145 4.5 680 4 59 65 35 12.2 18 212 
TB-86LFA 36401 23 6 30 13 380 4.5 390 5 13 44 16 7.5 8 90 

'BH - Burnthill Pluton 
D - Dungarvon Pluton 

TB- Trout Brook Pluton 
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Appendix VI (cont.) 
B. Clay plus silt fraction (<63mm) 

Sample 
No. 

BH-86LFA 24701 
BH-86LFA 30001 
BH-86LFA 30101 
BH-86LFA 30201 
BH-86LFA 30301 
BH-86LFA 30401 
BH-86LFA 50801 
BH-86LFA 50901 
BH-86LFA 51001 
D-86LFA 21001 
D-85LFA 22001 
D-86LFA 29101 
D-86LFA 29201 
D-86LFA 29301 
D-86LFA 33001 
D-86LFA 33101 
D-86LFA 33201 
D-86LFA 33301 
D-86LFA 33401 
D-86LFA 33501 
D-86LFA 33601 
D-86LFA 33701 
D-86LFA 33801 
D-86LFA 33901 
D-86LFA 35701 
D-86LFA 41210 
D-86LFA 41301 
D-86LFA 41401 
D-86LFA 41501 
D-86LFA 41601 
D-86LFA 41701 
D-86LFA 41801 
D-86LFA 41901 
D-86LFA 42001 
D-86LFA 42101 
D-86LFA 42401 
D-86LFA 42501 
D-86LFA 42601 
D-86LFA 42701 
D-86LFA 44301 
D-86LFA 44401 
D-86LFA 44501 
D-86LFA 44601 
D-86LFA 44701 
D-86LFA 44801 
D-86LFA 44901 
D-86LFA 45001 
D-86LFA 4S101 
D-86LFA 45201 
D-86LFA 4S301 
D-86LFA 4S401 
D-86LFA 60702 
TB-85LFA 13001 
TB-86LFA 22001 
TB-86LFA 22101 
TB-86LFA 22201 
TB-86LFA 22301 
TB-86LFA 22401 
TB-86LFA 22501 
TB-86LFA 22601 
TB-86LFA 23701 
TB-86LFA 26301 
TB-86LFA 26302 
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As An 
{ppm) {ppb) 

8.4 4 
0.6 3 
1.0 1 
2.3 3 
0.6 4 
0.8 5 

45.0 4 
6.3 1 
3.7 1 
6.0 1 
7.S 2 
1.7 4 
2.3 4 
2.2 s 
1.2 4 
0.7 1 
1.6 3 
1.7 1 
3.6 3 
2.1 1 
0.5 3 
0.7 4 
1.3 4 
0.6 1 

40.0 1 
23.0 1 
25.0 s 
29.0 3 
28.0 1 
33.0 3 
40.0 1 
44.0 4 
35.0 6 
3S.O 1 
2S.O 5 
43.0 1 
20.0 3 
19.0 3 
23.0 1 
20.0 7 
16.0 1 
48.0 1 
24.0 6 
57.7 24 
24.0 3 
SS.6 4 
81.9 1 

10S.O 6 
47.0 1 
1S.O 1 
23.0 1 
50.3 6 
12.0 2 
18.S 2 
21.S 2 
15.0 2 
65.0 2 

104.2 2 
25.5 3 

106.0 2 
35.3 5 
3.0 6 
6.6 5 

Co Cr Fe 
{ppm) (ppm) (%) 

12 123 3.9 
10 130 3.7 
8 82 2.9 

13 110 3.9 
7 70 2.2 
6 65 2.0 

17 140 4.4 
2 10 2.0 
7 10 2.6 
9 31 2.9 

15 115 4.3 
10 90 3.2 
9 84 2.9 
5 49 2.S 
6 64 2.3 
6 53 2.1 

11 89 3.2 
12 72 3.6 
s S9 2.8 
8 78 2.9 
7 62 2.6 
7 69 2.7 
8 76 2.8 
6 S3 2.0 

24 83 4.7 
14 110 4.9 
15 79 4.6 
19 97 S.7 
16 94 4.7 
31 120 4.7 
18 130 4.5 
9 74 3.8 

14 100 S.1 
16 110 5.4 
18 96 5.2 
16 88 S.1 
16 120 4.4 
15 120 4.0 
17 140 5.1 
11 120 4.1 
14 140 4.1 
21 140 5.0 
23 140 5.1 
19 140 5.1 
20 130 4.5 
19 140 4.6 
17 120 4.9 
20 120 S.4 
13 120 4.4 
12 110 3.8 
11 120 3.8 
33 67 4.1 
11 80 3.0 
14 110 3.9 
9 83 3.4 

16 108 4.1 
11 101 3.6 
10 102 3.3 
7 103 3.4 

14 114 4.4 
20 75 5.0 
10 87 3.6 
7 62 2.9 

Mo Ni Sb Th u w Zn 
(ppm) (ppm) (ppm) {ppm) {ppm) {ppm) {ppm) 

2 48 0.6 15.1 3.8 3 75 
2 32 0 16.0 4.9 0 50 
2 23 0 22.4 5.0 0 50 
3 44 0.2 16.0 3.8 0 50 
0 10 0 22.3 5.6 0 50 
1 10 0 29.6 6.9 0 50 
3 61 2.7 11.0 3.2 0 160 

13 10 0.4 61.5 21.2 10 120 
17 27 0.4 49.6 15.0 7 50 
2 10 0.3 66.6 16.0 8 170 
1 47 3.3 19.0 S.1 3 100 
1 22 0.2 14.0 3.6 0 50 
2 10 0.2 14.0 3.8 1 so 
0 10 0.1 13.0 3.S 1 so 
2 10 0 19.0 3.9 0 so 
2 10 0 17.0 4.0 0 so 
1 26 0.1 10.0 2.6 0 so 
0 22 0 10.0 3.0 0 50 
0 10 0.1 20.0 s.o 0 50 
2 10 0 17.0 5.4 1 50 
2 10 0 20.0 4.1 0 so 
0 10 0 21.2 4.4 0 so 
0 10 0.1 13.0 3.1 0 50 
1 10 0 17.0 4.4 0 so 
4 43 0.9 45.S 16.0 14 50 
3 24 2.S 12.0 3.8 2 190 
3 24 2.1 12.0 3.4 2 140 
4 31 2.5 14.0 4.0 2 160 
3 40 2.1 14.0 3.9 3 170 
3 81 3.1 12.0 3.8 2 100 
3 66 4.2 12.0 3.2 3 140 
4 27 2.9 15.0 3.8 3 190 
4 3S 4.0 15.0 4.2 3 50 
2 40 1.9 11.0 3.0 3 150 
3 35 2.1 11.0 3.1 3 140 
2 38 3.1 14.0 3.7 4 50 
2 45 1.4 12.0 2.6 2 150 
2 30 1.3 11.0 2.7 1 120 
2 55 1.S 12.0 2.8 2 170 
2 40 1.2 15.0 3.7 1 120 
2 37 1.0 13.0 3.6 1 160 
3 65 2.9 12.0 3.6 3 150 
4 52 3.6 12.0 3.5 2 230 
3 58 6.8 12.0 3.8 2 170 
2 54 3.5 11.0 3.3 2 130 
3 S1 2.1 13.0 3.6 3 1SO 
4 49 2.S 12.0 4.4 3 190 
4 70 2.9 13.0 4.9 4 210 
2 57 2.3 12.0 3.1 3 200 
2 33 1.2 11.0 2.7 2 120 
3 40 1.S 12.0 3.4 2 140 
s 33 0.9 49.2 17.0 17 130 
3 2S 0.6 27.0 7.3 6 100 
1 50 1.2 15.1 4.2 4 140 
4 28 4.6 21.1 7.2 5 165 
2 32 1.1 19.1 5.6 4 115 
3 18 0.8 21.2 8.7 8 250 
2 30 2.0 20.1 6.7 7 105 
2 28 0.9 21.6 6.2 6 135 
2 60 0.7 18.6 6.6 10 205 
2 45 3.0 12.7 3.1 3 75 
2 10 0.1 12.0 3.5 0 50 
2 10 0.2 14.0 3.3 0 50 



Appendix VI (concl.) 
B. Clay plus silt fraction (<63mm) - continued 

Sample As An Co Cr Fe Mo Ni Sb Th u w Zn 

No. (ppm) (ppb) (ppm) (ppm) (%) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) 

TB-86LFA 26401 1.6 24 2 56 1.6 2 10 0 19.0 5.2 1 50 

TB-86LFA 26501 1.1 1 2 69 1.8 0 10 0.2 20.0 3.7 0 50 

TB-86LFA 26601 0.8 7 9 77 2.6 3 30 0.2 13.0 4.0 0 50 

TB-86LFA 26801 1.3 48 7 75 2.3 2 10 0.1 20.8 5.2 0 50 

TB-86LFA 26901 1.0 8 6 79 2.1 2 10 0 18.0 4.5 0 50 

TB-86LFA 27001 8.8 7 13 110 3.6 1 27 0.2 12.0 3.9 1 110 

TB-86LFA 27301 15.0 8 15 110 4.4 2 32 0.2 14.0 3.8 1 50 

TB-86LFA 35101 33.0 1 19 91 4.4 1.0 21 1.2 19.0 4.2 7 50 

TB-86LFA 35201 41.0 1 18 71 3.7 1.0 26 0.9 28.5 12.0 7 50 

TB-86LFA 36201 33.0 1 17 160 6.0 6 42 0.5 17.0 6.1 10 50 

TB-86LFA 36301 88.5 1 11 95 4.9 2 34 1.1 34.2 13.0 17 50 

TB-86LFA 36401 16.0 1 7 73 3.5 4 10 0.5 36.5 11.0 12 50 

C. Till samples location 

Sample No. Latitude Longitude Sample No. Latitude Longitude 
0 " 0 " 0 ' " 0 ' " 

BH-86LFA 24701 46 36 43 66 55 20 D-86LFA 42701 46 40 15 66 33 55 
BH-86LFA 30001 46 41 26 66 48 40 D-86LFA 44301 46 42 21 66 32 17 
BH-86LFA 30101 46 42 32 66 49 57 D-86LFA 44401 46 42 35 66 33 10 
BH-86LFA 30201 46 37 55 66 50 30 D-86LFA 44501 46 42 55 66 33 56 
BH-86LFA 30301 46 39 54 66 51 55 D-86LFA 44601 46 42 45 66 34 47 
BH-86LFA 30401 46 42 03 66 51 47 D-86LFA 44701 46 43 20 66 35 11 
BH-86LFA 50801 46 39 11 66 45 31 D-86LFA 44801 46 43 50 66 35 09 
BH-86LFA 50901 46 39 21 66 45 47 D-86LFA 44901 46 41 30 66 35 22 
BH-86LFA 51001 46 39 47 66 45 48 D-86LFA 45001 46 44 49 66 35 20 
D-85LFA 17201 46 41 48 66 34 25 D-86LFA 45101 46 44 22 66 35 00 
D-86LFA 21001 46 42 49 66 32 32 D-86LFA 45201 46 43 37 66 36 05 
D-85LFA 21901 46 42 33 66 37 30 D-86LFA 45301 46 43 50 66 36 15 
D-85LFA 22001 46 44 02 66 38 47 D-861FA 45401 46 41 39 66 33 30 
D-86LFA 29101 46 44 07 66 40 53 D-861FA 60702 46 40 00 66 34 38 
D-86LFA 29201 46 42 08 66 38 10 TB-85LFA 13001 46 33 30 66 42 02 
D-86LFA 29301 46 41 00 66 36 25 TB-86LFA 22001 46 33 43 66 43 36 
D-86LFA 33001 46 40 30 66 36 10 TB-86LFA 22101 46 34 23 66 43 20 
D-86LFA 33101 46 41 09 66 36 50 TB-86LFA 22201 46 34 07 66 41 06 
D-86LFA 33201 46 41 30 66 37 30 TB-86LFA 22301 46 34 22 66 40 03 
D-86LFA 33301 46 41 30 66 38 09 TB-86LFA 22401 46 34 52 66 40 40 
D-86LFA 33401 46 40 55 66 37 41 TB-86LFA 22501 46 34 55 66 38 58 
D-86LFA 33501 46 43 23 66 39 30 TB-86LFA 22601 46 35 26 66 39 11 
D-86LFA 33601 46 43 42 66 40 05 TB-86LFA 23701 46 36 12 66 39 08 
D-86LFA 33701 46 42 57 66 38 15 TB-86LFA 26301 46 35 16 66 37 39 
D-86LFA 33801 46 43 42 66 38 42 TB-86LFA 26302 46 35 16 66 37 39 
D-86LFA 33901 46 44 40 66 38 52 TB-86LFA 26301 46 35 16 66 37 39 
D-86LFA 35701 46 39 20 66 36 10 TB-86LFA 26302 46 35 16 66 37 39 
D-86LFA 41210 46 40 00 66 36 35 TB-86LFA 26401 46 34 43 66 40 42 
D-86LFA 41301 46 39 05 66 37 19 TB-86LFA 26501 46 34 39 66 39 27 
D-86LFA 41401 46 39 01 66 37 05 TB-86LFA 26601 46 35 25 66 38 02 
D-86LFA 41501 46 39 50 66 36 50 TB-86LFA 26801 46 34 20 66 43 43 
D-86LFA 41601 46 39 53 66 36 30 TB-86LFA 26901 46 33 23 66 43 21 
D-86LFA 41701 46 39 50 66 35 05 TB-86LFA 27001 46 34 13 66 40 52 
D-86LFA 41801 46 40 03 66 34 20 TB-86LFA 27301 46 34 49 66 40 15 
D-86LFA 41901 46 40 34 66 35 18 TB-86LFA 35101 46 33 40 66 44 45 
D-86LFA 42001 46 40 41 66 34 29 TB-86LFA 35201 46 34 02 66 44 05 
D-86LFA 42101 46 41 18 66 34 04 TB-86LFA 36201 46 35 21 66 40 40 
D-86LFA 42401 46 42 49 66 32 30 TB-86LFA 36301 46 35 10 66 40 30 
D-86LFA 42501 46 39 52 66 34 52 TB-86LFA 36401 46 34 31 66 41 38 
D-86LFA 42601 46 40 20 66 34 27 

113 



Appendix VII 

Locations and in situ determinations of uranium, thorium, and potassium contents of the granitic rocks of Bumthill (BH), 
Dungarvon (D), Trout Brook (TB), and Rocky Brook (RB) plutons. 

Sample 
No. 

BH·1A 

BH·1B 

BH·1C 

BH·2 

BH·3A 

BH·3B 

BH·3C 

BH·4A 

BH·4B 

BH·5A 

BH·5B 

BH-5C 

BH·6A 

BH·6B 

BH·7 

BH·8 

BH·9A 

BH-98 

BH-10 

BH·11A 

BH·11B 

BH·12A 

BH·12B 

BH·13A 

BH·13B 

BH·13C 

BH·13D 

BH·14A 

BH·14B 

BH·15 

114 

Latitude 

46 40 

46 40 

46 40 

46 40 

46 40 

46 40 

46 40 

46 40 

46 40 

46 40 

46 40 

46 40 

46 40 

46 40 

46 40 

46 40 

46 40 

46 40 

46 40 

46 40 

46 40 

46 40 

46 40 

46 42 

46 42 

46 42 

46 42 

46 42 

46 42 

46 42 

Longitude 

39 66 47 13 

41 66 47 15 

43 66 47 11 

17 66 48 15 

12 66 47 14 

11 66 47 12 

13 66 47 13 

13 66 47 55 

12 66 47 56 

13 66 48 13 

15 66 48 11 

14 66 48 15 

13 66 48 13 

12 66 48 11 

13 66 48 28 

13 66 48 56 

14 66 49 11 

13 66 49 13 

12 66 49 15 

09 66 49 16 

10 66 49 14 

30 66 49 45 

28 66 49 43 

15 66 48 28 

13 66 48 30 

14 66 48 29 

16 66 48 30 

12 66 48 28 

11 66 48 30 

09 66 48 29 

eU 
(ppm) 

9.7 

10.2 

3.6 

2.4 

15.5 

15.5 

14.4 

11.8 

10.8 

16.3 

15.9 

15.9 

13.6 

13.0 

14.5 

13.9 

13.6 

31.2 

25.4 

25.1 

16.9 

25.0 

29.2 

10.0 

8.2 

8.6 

9.3 

11.9 

12.1 

16.9 

eTh 
(ppm) 

31.5 

23.0 

8.4 

7.0 

41.4 

38.5 

47.7 

31.3 

30.0 

40.3 

40.9 

35.2 

35.5 

35.5 

39.0 

38.1 

40.5 

94.1 

31.6 

31.8 

30.3 

64.9 

75.1 

27.7 

24.0 

25.5 

28.2 

36.7 

36.2 

31.9 

K 
(%) 

5.0 

4.6 

3.0 

1.2 

6.0 

5.8 

5.7 

4.9 

4.8 

5.8 

5.7 

5.8 

5.9 

5.3 

5.9 

5.6 

5.3 

7.1 

6.6 

6.6 

5.7 

7.6 

7.8 

5.0 

4.8 

5.9 

5.7 

6.1 

5.8 

6.1 

ROCK DESCRIPTION 

Pink, coarse grained, porphyritic granite. 

Pink, coarse grained, porphyritic granite (slightly weathered). 

Pink, coarse grained, porphyritic granite (slightly weathered). 

Matic dyke intrudes coarse grained, porphyritic granite. 

Pink, coarse grained, porphyritic biotite granite (moderately weathered). 

Pink, coarse grained, porphyritic, biotite granite with alkali-feldspar phenocrysts 
(moderately weathered). 

Pink, coarse grained, porphyritic, biotite granite with alkali-feldspar phenocrysts 
(slightly weathered). 

Coarse grained, porphyritic, biotite granite (partially limonitized). 

Coarse grained, porphyritic, bio1ite granite (limonitized). 

Coarse grained, porphyritic, biotite granite, with alkali-feldspar phenocrysts. 

Coarse grained, porphyritic, biotite granite, with alkali-feldspar phenocrysts. 

Coarse grained, porphyritic, biotite granite, with alkali-feldspar phenocrysts. 

Pink, coarse grained, porphyritic, biotite granite (strongly weathered). 

Pink, seriate biotite granite (strongly limonitized). 

Pink, seriate biotite granite (strongly fractured and weathered). 

Pink, coarse grained, porphyritic biotite granite, with alkali-feldspar phenocrysts. 

Pink, coarse grained, porphyritic biotite granite. 

Biotite·enriched pod (30 cm in diameter) embedded in coarse grained, porphyritic 
granite. 

Red, porphyritic biotite granite with alkali-feldspar phenocrysts. 

Red, fine grained, porphyritic biotite granite. 

Red, fine grained, porphyritic biotite granite. 

Red to pink, fine grained, porphyritic biotite granite with quartz and alkali-feldspar 
phenocrysts. 

Pink, fine grained, porphyritic biotite granite with quartz and alkali-feldspar 
phenocrysts. 

Coarse grained, porphyritic granite w~h alkali-feldspar phenocrysts. 

Pink, coarse grained, porphyritic granite with alkali-feldspar phenocrysts (moderately 
weathered). 

Pink, coarse grained, porphyritic granite. 

Aplite dyke crosscutting coarse grained, porphyritic granite. 

Pink, coarse grained, biotite granite exhibits rapakivi texture. 

Pink, coarse grained, biotite granite exhibits rapakivi texture. 

Pink, fine grained granite with quartz phenocrys1s. 



Sample 
No. 

8H-16A 

8H-168 

8H-16C 

8H-16D 

8H-16E 

8H-17A 

8H-178 

8H-18 

8H-19 

8H-20A 

8H-208 

8H-20C 

8H-20D 

8H-20E 

8H-21 

8H-22 

8H-23 

8H-24 

8H-25A 

8H-258 

8H-25C 

8H-25D 

8H-26A 

8H-268 

8H-26C 

8H-26D 

8H-26E 

8H-26F 

Latitude 

46 42 

46 41 

46 41 

46 41 

46 41 

46 42 

46 42 

46 42 

46 42 

46 42 

46 42 

46 42 

46 42 

46 42 

46 40 

46 40 

46 40 

46 40 

46 41 

46 41 

46 41 

46 41 

46 41 

46 41 

46 41 

46 41 

46 41 

46 41 

08 

06 

07 

08 

10 

02 

01 

03 

05 

10 

12 

11 

12 

13 

32 

33 

38 

38 

34 

36 

38 

39 

33 

34 

36 

37 

37 

38 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

Longitude 

48 

48 

48 

48 

49 

48 

48 

48 

48 

48 

48 

48 

48 

48 

50 

50 

50 

51 

53 

53 

53 

53 

53 

53 

53 

53 

53 

53 

19 

21 

18 

21 

20 

20 

22 

21 

25 

20 

21 

19 

20 

22 

42 

50 

46 

03 

07 

05 

04 

03 

07 

08 

10 

11 

09 

10 

eU 
(ppm) 

13.4 

17.1 

15.8 

13.1 

13.4 

13.4 

12.6 

13.6 

14.4 

10.0 

12.1 

12.6 

10.5 

6.8 

17.7 

17.6 

13.2 

11.2 

16.3 

14.0 

15.4 

16.1 

12.8 

12.3 

11.9 

12.4 

12.2 

11.9 

eTh 
(ppm) 

39.1 

51.6 

58.9 

35.1 

36.5 

38.3 

37.4 

33.3 

34.6 

30.7 

38.0 

37.9 

30.2 

20.2 

56.2 

50.5 

44.5 

35.2 

50.2 

40.9 

44.1 

46.6 

36.1 

39.9 

39.3 

37.8 

38.6 

37.0 

K 
(%) 

6.1 

6.2 

6.4 

6.9 

6.1 

6.2 

6.0 

5.8 

5.0 

5.6 

5.9 

5.6 

4.5 

4.2 

6.4 

6.8 

6.0 

5.8 

6.7 

5.7 

6.8 

6.5 

5.9 

5.7 

6.0 

5.6 

5.7 

5.8 

Appendix VII (cont.) 

ROCK DESCRIPTION 

Pink, coarse grained, porphyritic granite with alkali-feldspar phenocrysts. The rock 
contains northwest-trending vertical joints. 

Pink, coarse grained, porphyritic granite with alkali-feldspar phenocrysts. The rock 
contains northwest-trending joints, dipping 75° SW. 

Pegmatite pod (40 cm in diameter) embedded pink, coarse grained, porphyritic 
granite. 

Pegmatite pod (20 cm in diameter) embedded pink, coarse grained, porphyritic 
granite. 

Pink, medium grained, porphyritic granite. The rock intersected by two sets of 
northeast- and northwest-trending joints. 

Aplite dyke (15 cm wide), with quartz phenocrysts intersecting medium grained, 
porphyritic granite. The dykes strike northeast (065°) and dip steeply southeast. 

Coarse grained, porphyritic granite exhibiting rapakivi texture. 

Aplite dyke intersecting coarse grained, porphyritic granite and trending northeast. 

Porphyritic biotite granite. The rock contains joints, trends northeast (065°), and is 
steeply dipping. 

Coarse grained, porphyritic granite (hematitized and slightly mineralized). 

Coarse grained, granite (altered and slightly mineralized). 

Coarse grained granite (altered and moderately mineralized). 

Quartz pod (15 cm in diameter) embedded in coarse grained granite. 

Pegmatite pod (50 cm in diameter) embedded in coarse grained granite. 

Pink, coarse grained granite (strongly weathered). 

Pink, coarse grained granite (strongly weathered). 

Light pink, coarse grained granite. 

Light pink, coarse grained granite. 

Coarse grained granite exhibits rapakivi texture. The rock is extoliated and strongly 
weathered. 

Coarse grained granite exhibits rapakivi texture. The rock is exfoliated and strongly 
weathered. 

Fine grained, biotite granite with quartz and alkali-feldspar phenocrysts. 

Coarse grained, porphyritic granite with quartz and alkali-feldspar phenocrysts. The 
rock exhibits rapakivi texture. 

Pink, coarse grained, porphyritic granite with quartz and alkali-feldspar phenocrysts. 

Pink, coarse grained, porphyritic granite with quartz and alkali-feldspar phenocrysts. 

Pink, coarse grained, porphyritic granite with quartz and alkali-feldspar phenocrysts. 

Pink, coarse grained, porphyritic granite with quartz and alkali-feldspar phenocrysts. 

Pink, coarse grained, porphyritic granite with quartz and alkali-feldspar phenocrysts. 

Pink, coarse grained, porphyritic granite with quartz and alkali-feldspar phenocrysts. 
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Appendix VII (cont.) 

Sample 
No. 

BH-26G 

8H-27A 

BH-278 

BH-27C 

BH-270 

BH-27E 

BH-28A 

BH-288 

BH-29A 

BH-298 

8H-29C 

8H-29D 

8H-29E 

BH-30A 

BH-308 

BH-30C 

8H-31A 

8H-318 

8H-32A 

8H-328 

8H-33A 

BH-338 

8H-34 

BH-35A 

8H-358 

8H-35C 

8H-35D 

BH-35E 

8H-36A 

BH-368 

BH-36C 

8H-36D 

BH-37A 

116 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

Latitude 

41 37 

41 33 

41 34 

41 32 

41 33 

41 35 

41 43 

41 44 

41 45 

41 46 

41 48 

41 45 

41 47 

40 07 

42 08 

42 08 

42 07 

42 09 

42 05 

42 04 

34 34 

34 35 

35 00 

34 53 

34 54 

34 55 

34 56 

34 56 

34 50 

34 51 

34 48 

34 49 

34 56 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

Longitude 

53 

53 

53 

53 

53 

53 

53 

53 

53 

53 

53 

53 

53 

53 

53 

54 

54 

54 

53 

53 

54 

54 

55 

55 

55 

55 

55 

55 

55 

55 

55 

55 

54 

13 

06 

05 

06 

06 

05 

56 

55 

56 

57 

56 

56 

55 

59 

58 

00 

03 

02 

58 

57 

40 

41 

28 

37 

38 

38 

37 

36 

40 

37 

38 

37 

16 

eU 
(ppm) 

11.7 

11.5 

11.2 

13.8 

13.9 

11.7 

11.9 

13.3 

12.4 

12.2 

13.0 

8.9 

11.0 

7.4 

12.3 

8.1 

7.6 

9.9 

9.3 

7.3 

5.5 

4.8 

6.5 

15.2 

12.2 

14.4 

16.9 

15.0 

13.5 

18.5 

15.5 

16.7 

18.7 

eTh 
(ppm) 

38.7 

36.1 

40.4 

39.4 

42.7 

38.6 

21.2 

35.9 

35.0 

38.9 

34.8 

28.9 

37.2 

23.7 

36.4 

26.1 

25.3 

28.2 

30.5 

27.1 

10.7 

12.9 

14.9 

41.3 

31.3 

35.7 

41.2 

42.2 

34.9 

39.4 

38.7 

37.6 

35.2 

K 
(%) 

6.1 

6.0 

6.2 

5.7 

2.9 

5.8 

5.9 

6.1 

5.7 

2.6 

5.6 

5.5 

5.7 

5.3 

6.0 

5.6 

5.2 

5.4 

5.8 

5.0 

3.3 

3.7 

5.2 

5.9 

5.1 

5.6 

6.0 

5.6 

5.4 

6.3 

5.8 

6.0 

5.3 

ROCK DESCRIPTION 

Pink, coarse grained, porphyritic granite with quartz and alkali-feldspar phenocrys1s. 

Pink, coarse grained, porphyritic granite with quartz and alkali-feldspar phenocrysts. 

Pink, coarse grained, porphyritic granite with quartz and alkali-feldspar phenocrysts. 

Pegmatite pod (tabular, 1 m long and 25 cm wide) embedded in coarse grained 
porphyritic granite. 

Pink, coarse grained, porphyritic biotite granite with quartz and alkali-feldspar 
phenocrysts. 

Coarse grained, biotite granite (altered). 

Pegmatite pod embedded in medium grained porphyritic biotite granite. 

Aplite dyke trending northwest intersects medium grained porphyritic biotite granite. 

Porphyritic biotite granite with feldspar phenocrysts. 

Medium grained, porphyritic biotite granite. 

Medium grained, porphyritic biotite granite. 

Medium grained, porphyritic biotite granite. 

Medium grained, porphyritic biotite granite with feldspar phenocrysts. 

Medium grained, porphyritic biotite granite with feldspar phenocrysts. 

Aplite dyke intersects medium grained porphyritic biotite granite. 

Medium grained, porphyritic biotite granite. 

Pink, medium grained, porphyritic granite with feldspar phenocrysts. 

Pink, medium grained, porphyritic granite. 

Porphyritic biotite granite with feldspar phenocrysts. 

Porphyritic biotite granite with feldspar phenocrysts. 

Medium grained, mafic dyke (weathered). 

Fine grained, mafic dyke. 

Fine grained, mafic dyke. 

Medium grained, equigranular biotite granite. 

Medium grained, equigranular biotite granite. 

Medium grained, equigranular biotite granite, contains randomly oriented aplitic 
veinlets (<10 cm wide). 

Medium grained, biotite granite, contains aplitic veinlets. 

Medium grained, biotite granite, contains aplitic veinlets. 

Medium grained, biotite granite (weathered), contains swarm of quartz veinfets (<5 cm 
wide). 

Medium grained, biotite granite, contains quartz veinlets. 

Medium grained, biotite granite, contains quartz veinlets. 

Medium grained, biotite granite, contains quartz veinlets. 

Pink, medium grained equigranular biotite granite. 



Sample 
No. 

8H-378 

8H-37C 

8H-37D 

8H-38A 

8H-388 

8H-39A 

8H-398 

8H-39C 

8H-40A 

8H-408 

8H-40C 

8H-41A 

8H-41B 

8H-42 

8H-43 

8H-44 

8H-45A 

8H-458 

8H-46 

8H-47 

8H-48 

8H-49A 

8H-498 

8H-50 

8H-51A 

8H-518 

8H-51C 

8H-52 

8H-53 

8H-54A 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

Latitude 

34 

34 

34 

34 

34 

35 

35 

35 

35 

35 

35 

35 

35 

38 

38 

38 

38 

38 

38 

38 

38 

38 

38 

38 

39 

39 

39 

40 

40 

40 

57 66 

56 66 

56 66 

59 66 

58 66 

04 66 

06 66 

07 66 

13 66 

14 66 

15 66 

11 66 

12 66 

53 66 

52 66 

19 66 

21 66 

23 66 

13 66 

07 66 

14 66 

56 66 

54 66 

54 66 

15 66 

16 66 

14 66 

37 66 

35 66 

34 66 

Longitude 

54 

54 

54 

54 

54 

54 

54 

54 

54 

54 

54 

54 

54 

52 

52 

50 

50 

50 

53 

53 

53 

53 

53 

53 

54 

54 

54 

55 

55 

55 

18 

19 

18 

16 

14 

14 

15 

13 

35 

37 

35 

33 

34 

00 

03 

20 

18 

17 

25 

54 

29 

57 

56 

54 

05 

06 

03 

06 

06 

01 

eU 
(ppm) 

17.6 

16.5 

19.0 

23.1 

19.8 

20.8 

18.9 

19.0 

9.4 

17.6 

18.1 

16.1 

18.8 

10.8 

11.4 

12.9 

16.0 

13.0 

17.2 

13.1 

14.9 

5.7 

6.1 

10.4 

20.1 

16.5 

10.7 

8.6 

5.6 

8.2 

eTh 
(ppm) 

34.6 

25.2 

26.9 

31.5 

34.9 

34.5 

30.9 

33.5 

21.9 

36.2 

31.2 

35.8 

34.2 

31.5 

34.1 

30.8 

37.5 

23.6 

23.0 

26.2 

34.1 

10.7 

13.6 

28.5 

40.5 

40.9 

26.5 

22.8 

10.1 

25.7 

K 
(%) 

5.9 

5.6 

5.9 

7.2 

6.3 

6.8 

6.6 

6.4 

3.5 

6.5 

7.0 

6.5 

6.9 

4.7 

5.0 

5.2 

6.2 

5.4 

5.5 

4.9 

5.5 

3.2 

3.1 

5.4 

8.7 

5.7 

5.2 

3.9 

3.9 

4.7 

Appendix VII (cont.) 

ROCK DESCRIPTION 

Pink, medium grained porphyritic biotite granite with quartz and alkali-feldspar 
phenocrysts. 

Medium grained, equigranular biotite grani1e. 

Medium grained, equigranular biotite granite. 

Medium grained, equigranular biotite granite. The rock contains two sets of northeast
and northwest-trending vertical joints. 

Medium grained, equigranular biotite granite. The rock intersected by two sets of joints 
trending 010° and 110°. 

Coarse grained, equigranular biotite granite. The rock intersected by one set of joints 
trending northwest (110°) and filled with quartz. The rock is altered along the joints 
(hematitization and chloritization). 

Coarse grained, equigranular biotite grani1e. The rock contains northwesHrending 
quartz veins and altered (hematitization and chloritization). 

Coarse grained, equigranular biotite granite Oointed and altered). 

Coarse grained, equigranular biotite granite with two sets of joints partially filled with 
quartz. 

Coarse grained, equigranular biotite granite with two sets of joints partially filled with 
quartz. 

Coarse grained, equigranular biotite granite with two sets of joints filled with quartz. 
The rock is chloritized. 

Light pink, coarse grained equigranular biotite granite. The rock contains two sets of 
joints (015° and 110°) and is chloritized. 

Light pink, coarse grained porphyritic biotite granite. The rock contains two sets of 
joints (015° and 110°) and is chloritized. 

Pink, coarse grained, porphyritic granite with alkali-feldspar phenocrysts. 

Pink, porphyritic biotite granite with alkali-feldspar phenocrysts. 

Pink, porphyritic granite with alkali-feldspar phenocrysts. 

Pink, porphyritic biotite granite with alkali-feldspar phenocrysts. 

Aplite dyke with quartz phenocrysts. 

Light pink, coarse grained, equigranular biotite granite. 

Light grey, coarse grained porphyritic granite with quartz and alkali-feldspar 
phenocrysts. 

Light pink, coarse grained, porphyritic granite with quartz and alkali-feldspar 
phenocrysts. 

Light grey, coarse grained biotite granite. 

Light grey, coarse grained biotite granite. 

Light pink, coarse grained, porphyritic granite with quartz and alkali-feldspar 
phenocrysts. The rock contains rapakivi and miarolitic textures. 

Coarse grained, biotite granite. 

Coarse grained, biotite granite. 

Coarse grained, biotite granite with quartz and alkali-feldspar phenocrysts. The rock 
contains rapakivi and miarolitic textures. 

Coarse grained, porphyritic granite with alkali-feldspar phenocrysts. 

Coarse grained, porphyritic granite. 

Coarse grained, porphyritic granite with alkali-feldspar phenocrysts. 
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Appendix VII (cont.) 

Sample 
No. 

8H-548 

8H-54C 

8H-54D 

8H-54E 

8H-54F 

8H-55A 

8H-558 

8H-55C 

8h-55D 

8H-56A 

8H-568 

8H-56C 

8H-57 

8H-58A 

8H-588 

8H-59A 

8H-598 

8H-59C 

8H-59D 

8H-60A 

8H-608 

8H-60C 

8H-60D 

8H-60E 

8H-61A 

8H-618 

8H-61C 

8H-61D 

8H-61E 

8H-62A 

8H-628 
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46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

Latitude 

40 

40 

40 

40 

40 

40 

40 

40 

40 

36 

36 

36 

37 

38 

38 

38 

38 

38 

38 

39 

39 

39 

39 

39 

39 

39 

39 

39 

39 

39 

39 

36 

32 

31 

32 

33 

03 

01 

04 

03 

15 

14 

16 

46 

04 

05 

53 

54 

55 

57 

13 

14 

16 

15 

12 

44 

45 

47 

45 

43 

52 

53 

Longitude 

66 55 

66 55 

66 55 

66 55 

66 55 

66 54 

66 54 

66 54 

66 54 

66 50 

66 50 

66 50 

66 47 

66 47 

66 47 

66 47 

66 47 

66 47 

66 47 

66 46 

66 46 

66 46 

66 46 

66 46 

66 46 

66 46 

66 46 

66 46 

66 46 

66 46 

66 46 

03 

04 

01 

03 

01 

25 

29 

27 

26 

08 

07 

10 

57 

27 

29 

18 

20 

19 

18 

22 

21 

22 

20 

21 

00 

01 

45 

43 

45 

04 

03 

eU 
(ppm) 

11.2 

8.3 

11.0 

8.9 

9.3 

10.8 

11.8 

12.3 

9.2 

22.1 

22.1 

20.5 

17.2 

18.3 

23.1 

31.8 

27.8 

56.9 

35.3 

15.6 

18.3 

18.8 

17.8 

18.4 

14.7 

17.6 

11.8 

10.7 

10.7 

17.9 

15.1 

eTh 
(ppm) 

K 
(%) 

38.1 5.5 

27.4 4.9 

31.9 4.9 

31.9 4.9 

30.9 5.2 

32.9 6.1 

33.6 5.2 

35.3 5.1 

33.7 4.8 

44.2 6.5 

46.3 6.9 

37.8 6.2 

30.1 5.5 

35.4 5.9 

35.9 6.9 

38.8 8.0 

40.0 7.6 

37.2 10.5 

41.4 5.4 

36.5 6.0 

36.4 6.1 

36.1 6.2 

43.9 6.3 

41.4 6.2 

39.5 6.4 

33.1 5.5 

30.0 5.5 

36.9 5.3 

28.7 4.8 

44.8 5.9 

45.9 6.0 

ROCK DESCRIPTION 

Coarse grained, porphyritic biotite granite with alkali-feldspar phenocrysts. 

Coarse grained, porphyritic granite with alkali-feldspar phenocrysts. 

Coarse grained, porphyritic granite with alkali-feldspar phenocrysts. 

Pink, coarse grained, porphyritic grani1e with alkali-feldspar phenocrysts exhibiting 
rapakivi texture. 

Pink, coarse grained, porphyritic granite exhibits rapakivi texture. 

Aplite dyke emplaced in coarse grained, porphyritic biotite granite. 

Light pink, coarse grained, porphyritic grantte. 

Aplite dyke emplaced in coarse grained, porphyritic granite. 

Light pink, coarse grained, porphyritic granite with quartz and alkali-feldspar 
phenocrysts. 

Light pink, coarse grained, porphyritic biotite granite wtth quartz and alkali-feldspar 
phenocrysts. 

Light pink, coarse grained, porphyritic granite with quartz and alkali-feldspar 
phenocrysts. 

Light pink, coarse grained, porphyritic granite with quartz and alkali-feldspar 
phenocrysts. 

Aplite with quartz phenocrysts (weathered). 

Pink, coarse grained biotite granite with alkali-feldspar phenocrysts. 

Pink, coarse grained biotite granite with alkali-feldspar phenocrysts. 

Pink, coarse grained biotite granite. The rock has undergone muscovitization, 
alteration, and mineralization. 

8iotite aplite with quartz phenocrysts. 

Red, aplite with quartz phenocrysts. 

8iotite aplite with quartz phenocrysts. 

Light pink, coarse grained biotite granite. 

Pink, coarse grained biotite granite. 

Pink, coarse grained biotite granite. 

Pink, coarse grained biotite granite with quartz and alkali-feldspar phenocrysts. The 
rock exhibits rapakivi texture. 

Pink, coarse grained biotite granite with quartz and alkali-feldspar phenocrysts. 

Light pink, coarse grained biotite granite with alkali-feldspar phenocrysts. 

Aplite dyke (25 cm wide) crosscutting coarse grained biotite granite. 

Pink, coarse grained, porphyritic biotite granite with alkali-feldspar phenocrysts. 

Pink, coarse grained, porphyritic, biotite granite with alkali-feldspar phenocrysts. 

Aplite dyke (50 cm wide) crosscutting porphyritic biotite granite. 

Pink, coarse grained, porphyritic biotite granite with quartz and alkali-feldspar 
phenocrysts. The rock is strongly exfoliated and exhibits two sets of joints (040° and 
110°). 

Pink, coarse grained, porphyritic biotite granite with quartz and alkali-feldspar 
phenocrysts. The rock is exfoliated and exhibits two sets of joints (040° and 110°). 



Sample 
No. 

BH-62C 

BH-62D 

BH-62E 

BH-62F 

BH-62G 

BH-63A 

BH-63B 

BH-63C 

BH-64A 

BH-648 

BH-64C 

BH-64D 

BH-64E 

BH-64F 

BH-65A 

BH-65B 

BH-65C 

BH-65D 

BH-65E 

BH-65F 

BH-66A 

BH-66B 

D-1 

D-2 

D-3 

D-4 

D-5 

D-6 

D-7 

D-8 

D-9 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

Latitude 

39 52 

39 53 

39 52 

39 54 

39 54 

40 07 

40 09 

40 08 

40 19 

40 17 

40 18 

40 20 

40 21 

40 22 

40 31 

40 32 

40 34 

40 33 

40 35 

40 33 

40 45 

40 46 

44 41 

44 43 

44 47 

44 50 

44 54 

45 00 

45 03 

45 07 

45 19 

Longitude 

66 46 03 

66 46 02 

66 46 02 

66 46 03 

66 46 05 

66 46 07 

66 46 04 

66 46 06 

66 46 05 

66 46 06 

66 46 04 

66 46 05 

66 46 03 

66 46 04 

66 46 01 

66 46 03 

66 46 04 

66 46 04 

66 46 02 

66 46 02 

66 45 48 

66 45 46 

66 33 17 

66 33 10 

66 33 07 

66 33 00 

66 32 55 

66 32 42 

66 32 35 

66 32 17 

66 32 18 

eU 
(ppm) 

14.7 

25.0 

18.1 

17.2 

15.8 

19.1 

14.7 

22.0 

12.1 

18.0 

14.6 

20.7 

16.6 

22.7 

26.2 

20.4 

21.5 

16.9 

17.6 

18.1 

25.0 

27.1 

11.9 

12.6 

13.8 

11.9 

14.0 

13.3 

13.6 

9.4 

8.7 

eTh 
(ppm) 

38.4 

46.9 

39.2 

40.1 

42.1 

32.5 

40.1 

40.3 

21.5 

35.2 

30.8 

37.0 

43.6 

34.9 

50.0 

43.2 

40.3 

36.9 

22.5 

39.4 

38.5 

39.0 

20.9 

26.0 

24.2 

24.7 

26.2 

23.7 

20.2 

18.5 

19.9 

K 
(%) 

5.7 

7.4 

6.3 

6.1 

5.9 

5.9 

6.1 

6.6 

4.5 

6.2 

5.6 

6.2 

6.6 

6.5 

7.9 

6.5 

6.8 

6.6 

6.3 

6.3 

7.3 

7.5 

5.5 

5.4 

5.2 

5.0 

5.1 

5.2 

4.6 

4.1 

4.7 

Appendix VII (cont.) 

ROCK DESCRIPTION 

Pink, coarse grained, porphyritic biotite granite contains quartz veinlets (1 cm wide) 
trending northwest (110°). 

Pink, fine grained, porphyritic biotite granite with quartz and alkali-feldspar 
phenocrysts. The rock is mineralized (cassiterite). 

Pink, fine grained, porphyritic biotite granite with quartz and alkali-feldspar 
phenocrysts. 

Pink, fine grained, porphyritic biotite granite with quartz and alkali-feldspar 
phenocrysts. 

Pink, coarse grained, equigranular granite contains quartz veinlets. 

Pink, coarse grained, porphyritic biotite granite with alkali-feldspar phenocrysts. 

Pink, coarse grained, porphyritic biotite granite with alkali-feldspar phenocrysts. 

Pink, coarse grained, porphyritic biotite granite with alkali-feldspar phenocrysts. 

Pink, aplite pod with quartz phenocrysts. 

Biotite aplite pod with miarolitic cavities. 

Biotite aplite pod with miarolitic cavities. 

Red, aplite pod with quartz phenocrysts. 

Red, aplite with quartz phenocrysts. 

Aplite pod. 

Coarse grained, equigranular biotite granite. The rock is fractured. 

Coarse grained, equigranular biotite granite. 

Pink, coarse grained, porphyritic biotite granite with alkali-feldspar phenocrysts. 

Pink, fine grained, porphyritic granite with quartz phenocrysts (slightly altered). 

Aplite dyke crosscutting coarse grained, porphyritic granite. 

Pink, coarse grained seriate biotite granite with alkali-feldspar phenocrysts. 

Red, coarse grained, equigranular biotite granite at the contact with older (Ordovician) 
granite. 

Red, coarse grained, equigranular biotite granite at the contact with older (Ordovician) 
granite. 

Pink, coarse grained, subporphyritic granite. 

Deep red, coarse grained, subporphyritic granite. 

Pink to red, coarse grained subporphyritic biotite granite. 

Light pink to red, subporphyritic biotite granite. The rock contains northeast-trending 
(055°) joints. 

Pink, coarse grained, subporphyritic biotite granite. 

Pink, coarse grained, subporphyritic biotite granite. 

Pink, subporphyritic biotite granite. 

Aplite dyke crosscutting coarse grained biotite granite. 

Coarse grained granite, strongly altered, at the contact with the metasedimentary 
(country) rocks. 

119 



Appendix VII (cont.) 

Sample 
No. 

D-10A 

D-10B 

D-11 

D-12A 

D-12B 

D-13 

D-14A 

D-148 

D-15A 

D-15B 

D-16 

D-17 

D-18A 

D-188 

D-18C 

D-18D 

D-19 

D-20 

D-21 

D-22 

D-23 

D-24A 

D-248 

D-25A 

D-258 

D-26 

D-27 

D-28A 

D-288 

D-29A 

D-298 
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46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

Latitude 

42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

46 

49 

43 

33 

35 

24 

32 

34 

39 

41 

50 

51 

27 

29 

26 

27 

30 

18 

22 

57 

56 

53 

55 

43 

45 

36 

-:32 

10 

12 

04 

06 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

Longitude 

33 

33 

33 

33 

33 

33 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

39 

39 

39 

39 

39 

39 

39 

39 

38 

38 

38 

38 

57 

58 

52 

30 

31 

13 

48 

49 

43 

42 

43 

34 

33 

34 

32 

35 

17 

20 

16 

30 

29 

28 

30 

23 

26 

18 

20 

12 

11 

04 

02 

eU 
(ppm) 

14.5 

11.2 

13.3 

11.9 

11.6 

12.3 

7.7 

8.7 

11.2 

13.1 

11.2 

12.2 

9.1 

6.5 

8.5 

7.1 

16.1 

5.4 

13.8 

7.9 

12.1 

10.5 

11.3 

10.0 

13.0 

16.3 

12.9 

12.4 

12.6 

13.4 

15.3 

eTh 
(ppm) 

29.9 

23.5 

27.3 

29.7 

30.8 

23.9 

21.8 

23.5 

25.2 

24.6 

19.7 

21.0 

23.2 

15.9 

13.4 

15.8 

30.8 

13.4 

25.2 

26.2 

28.3 

27.0 

26.2 

20.5 

23.9 

31.6 

31.0 

33.2 

28.8 

34.6 

35.7 

K 
(%) 

5.5 

5.1 

5.5 

5.1 

5.3 

4.9 

4.2 

4.2 

5.2 

4.7 

4.1 

4.3 

4.0 

3.6 

3.6 

3.6 

5.9 

4.1 

5.1 

4.3 

4.8 

4.8 

4.6 

4.1 

4.5 

5.8 

4.9 

5.4 

5.0 

5.5 

5.8 

ROCK DESCRIPTION 

Light pink, fine grained, porphyritic biotite granite with alkali-feldspar phenocrysts. The 
rock contains rapakivi texture. 

Fine grained, porphyritic biotite granite with alkali-feldspar phenocrysts. The rock is 
chloritized. 

Light pink, coarse grained, porphyritic biotite granite with alkali-feldspar phenocrysts. 
The rock exhibits rapakivi texture. 

Pink, coarse grained, porphyritic granite contains two sets of joints. 

Pink, coarse grained, subporphyritic granite contains two sets of joints. 

Light pink, coarse grained, subporphyritic biotite granite. 

Pink, medium grained equigranular biotite granite. 

Pink, medium grained equigranular biotite granite. 

Coarse grained, porphyritic biotite granite. Hematitized along fractures. 

Coarse grained, porphyritic biotite granite. Hematitized along fractures. 

Medium grained, equigranular granite (altered). 

Medium grained, equigranular granite (altered). 

Grey, porphyritic melanocratic biotite granite. 

Grey, porphyritic melanocratic biotite granite. 

Grey, porphyritic melanocratic biotite granite. 

Dark grey, porphyritic melanocratic biotite granite with alkali-feldspar phenocrysts. 

Light pink. medium grained equigranular biotite granite. The rock contains two sets of 
joints. 

Feldspar vein crosscutting medium grained equigranular granite. Mineralized 
(cassiterite). 

Coarse grained, porphyritic granite with alkali·feldspar phenocrysts (altered). 

Light pink seriate biotite granite with alkali-feldspar phenocrysts. 

Light pink porphyritic biotite granite with alkali-feldspar phenocrysts. 

Pink, coarse grained porphyritic biotite granite containing aplitic veinlets. The rock 
exhibits rapakivi texture. 

Pink, coarse grained porphyritic biotite granite containing aplitic veinlets. The rock 
exhibits rapakivi texture. 

Pink, coarse grained, porphyritic granite with alkali-feldspar phenocrysts. 

Grey, porphyritic biotite granite. 

Light pink, aplite dyke trending northeast. 

Pink, coarse grained, equigranular biotite granite. 

Pink, medium grained. porphyritic granite. 

Pink, medium grained, porphyritic granite. 

Pink, medium grained, porphyritic biotite granite with alkali-feldspar phenocrysts. 

Pink, medium grained, porphyritic biotite granite with alkali-feldspar phenocrysts. The 
rock exhibits rapakivi texture. 



Sample 
No. 

D-29C 

D-29D 

D-30A 

D-309 

D-31 

D-32 

D-33A 

D-339 

D-33C 

D-33D 

D-33E 

D-34 

D-35 

D-36A 

D-369 

D-36C 

D-36D 

D-36E 

D-37A 

D-379 

D-38 

D-39A 

D-399 

D-39C 

D-39D 

D-40A 

D-409 

D-40C 

D-40D 

Latitude 

46 42 

46 42 

46 41 

46 41 

46 41 

46 41 

46 41 

46 41 

46 41 

46 41 

46 41 

46 40 

46 40 

46 40 

46 40 

46 40 

46 40 

46 40 

46 42 

46 42 

46 42 

46 42 

46 42 

46 42 

46 42 

46 43 

46 43 

46 43 

46 43 

Longitude 

07 66 38 05 

08 66 38 04 

53 66 38 22 

54 66 38 23 

37 66 37 41 

33 66 37 09 

20 66 37 24 

22 66 37 22 

21 66 37 23 

23 66 37 22 

25 66 37 24 

27 66 36 30 

17 66 36 27 

15 66 36 30 

17 66 36 29 

16 66 36 31 

18 66 36 30 

19 66 36 31 

50 66 36 44 

52 66 36 42 

51 66 36 43 

57 66 32 34 

58 66 32 33 

56 66 32 33 

57 66 32 35 

02 66 32 37 

03 66 32 38 

05 66 32 37 

04 66 32 36 

eU 
(ppm) 

11.6 

16.0 

12.5 

11.8 

12.6 

17.9 

12.2 

15.3 

11.8 

11.8 

12.5 

15.0 

19.0 

17.1 

17.9 

18.9 

15.1 

15.0 

12.1 

5.8 

9.0 

14.7 

14.2 

14.0 

19.0 

12.2 

17.3 

14.9 

13.6 

eTh 
(ppm) 

32.3 

34.3 

23.8 

28.0 

22.9 

32.2 

22.8 

25.2 

24.9 

25.4 

25.9 

28.6 

33.4 

32.5 

30.7 

29.0 

24.7 

27.5 

23.0 

12.5 

21.5 

26.5 

30.0 

26.7 

35.9 

26.3 

28.2 

27.6 

30.5 

K 
(%) 

3.2 

5.6 

5.4 

5.1 

5.9 

6.0 

5.9 

6.0 

6.0 

6.1 

5.6 

5.7 

5.8 

5.8 

6.0 

6.0 

5.6 

5.6 

5.4 

3.3 

4.1 

4.8 

4.9 

5.0 

6.4 

4.8 

5.1 

5.4 

5.4 

Appendix VII (cont.) 

ROCK DESCRIPTION 

Pink, medium grained, porphyritic biotite granite with alkali-feldspar phenocrysts. The 
rock exhibits rapakivi texture. 

Coarse grained, medium grained, porphyritic biotite granite with alkali-feldspar 
phenocrysts (altered). 

Pink, coarse grained subporphyritic biotite granite. 

Pink, coarse grained, subporphyritic biotite granite (weathered). 

Grey, medium grained, melanocratic biotite granite with quartz phenocrysts. 

Pink, aplite dyke trending northeast. 

Grey, medium grained melanocratic biotite granite with quartz and alkali-feldspar 
phenocrysts. 

Grey, medium grained, porphyritic melanocratic biotite granite with quartz and 
alkali-feldspar phenocrysts. 

Grey, medium grained, porphyritic melanocratic biotite granite with quartz and 
alkali-feldspar phenocrysts. The rock is fractured and slightly hematitized. 

Grey, medium grained, porphyritic melanocratic biotite granite with quartz and 
alkali-feldspar phenocrysts. The rock is strongly fractured. 

Grey, fine grained, porphyritic melanocratic biotite granite with quartz and 
alkali-feldspar phenocrysts. 

Grey, coarse grained, porphyritic melanocratic biotite granite. The rock contains aplitic 
dykes (3 cm wide). 

Pink, fine grained, porphyritic biotite granite with quartz and alkali-feldspar 
phenocrysts. The rock contains miarolitic cavities. 

Pink, coarse grained, porphyritic biotite granite with quartz and alkali-feldspar 
phenocrysts. 

Dark, porphyritic melanocratic biotite granite with quartz and alkali-feldspar 
phenocrysts. 

Grey, porphyritic melanocratic biotite granite with alkali-feldspar phenocrysts. 

Grey, porphyritic, melanocratic biotite granite with alkali-feldspar phenocrysts. 

Grey, porphyritic, melanocratic biotite granite with alkali-feldspar phenocrysts. 

Medium grained, porphyritic granite with quartz and alkali-feldspar phenocrysts 
(weathered). 

Pink, medium grained, equigranular biotite granite. 

Light pink, equigranular granite (weathered). 

Pink, medium grained, equigranular granite. 

Pink, medium grained, equigranular granite. 

Pink, medium grained, equigranular granite. 

Pink, medium grained, equigranular granite. The rock exhibits joints trending (110°). 

Pink, coarse grained, porphyritic biotite granite with quartz phenocrysts. The rock is 
vertically jointed along 110° direction. 

Pink, coarse grained, porphyritic biotite granite. The rock is jointed in the 110° 
direction. 

Pink, coarse grained, porphyritic biotite granite. The rock is jointed in the 110° 
direction. 

Pink, coarse grained, porphyritic biotite granite. 
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Appendix VII (cont.) 

Sample 
No. 

D-40E 

D-40F 

D-40G 

D-41A 

D-418 

D-41C 

TB-1A 

TB-18 

TB-2A 

TB-28 

TB-2C 

TB-3A 

TB-39 

TB-3C 

TB-30 

TB-3E 

TB-4A 

TB-48 

TB-4C 

TB-40 

TB-4E 

TB-4F 

TB-4G 

TB-4H 

TB-41 

TB-4J 

TB-4K 

TB-SA 
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46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

Latitude 

43 05 

43 04 

43 05 

43 00 

43 02 

43 01 

34 50 

34 49 

34 52 

34 52 

34 53 

34 53 

34 52 

34 52 

34 51 

34 51 

34 53 

34 53 

34 55 

34 54 

35 56 

34 56 

34 57 

34 56 

34 58 

34 55 

34 55 

34 57 

Longitude 

66 32 

66 32 

66 32 

66 32 

66 32 

66 32 

66 38 

66 38 

66 38 

66 38 

66 38 

66 38 

66 38 

66 38 

66 38 

66 38 

66 38 

66 38 

66 38 

66 38 

66 38 

66 38 

66 38 

66 38 

66 38 

66 38 

66 38 

66 38 

35 

35 

36 

36 

37 

35 

18 

17 

17 

18 

19 

15 

14 

13 

13 

12 

03 

05 

04 

03 

04 

03 

03 

05 

05 

14 

16 

07 

eU 
(ppm) 

15.8 

18.2 

16.7 

13.5 

14.7 

13.3 

13.8 

15.8 

18.3 

21.1 

20.6 

20.1 

20.6 

24.3 

14.3 

23.6 

22.4 

25.0 

20.9 

22.7 

22.0 

23.0 

19.8 

24.8 

26.2 

19.5 

26.4 

23.6 

eTh 
(ppm) 

30.9 

30.4 

29.9 

27.9 

30.1 

27.7 

17.4 

18.3 

21.9 

18.3 

24.5 

22.4 

31.4 

22.8 

20.2 

26.5 

20.2 

24.2 

24.1 

23.2 

22.0 

25.7 

18.9 

22.8 

26.9 

22.6 

24.6 

25.1 

K 
(%) 

5.8 

5.6 

5.6 

4.8 

5.5 

5.0 

5.3 

4.8 

6.3 

4.7 

6.1 

6.6 

6.2 

7.1 

5.6 

6.9 

6.2 

6.9 

6.3 

7.4 

7.9 

5.5 

6.0 

6.7 

6.7 

4.8 

6.8 

6.8 

ROCK DESCRIPTION 

Pink, coarse grained, porphyritic biotite granite with quartz and alkali-feldspar 
phenocrysts. The rock exhibits rapakivi texture. 

Light pink, porphyritic biotite granite with quartz and alkali-feldspar phenocrysts. 

Light pink, porphyritic biotite granite with quartz and alkali-feldspar phenocrysts. 

Pink, coarse grained, porphyritic biotite granite with quartz and alkali-feldspar 
phenocrysts. 

Pink, coarse grained, porphyritic biotite granite with quartz and alkali-feldspar 
phenocrysts. 

Pink, coarse grained, porphyritic biotite granite (slightly mineralized). 

Pink, fine grained, equigranular muscovite-biotite granite (altered). 

Pink to red, fine grained, muscovite-biotite granite (greisenized and contains 
molybdenite). 

Light pink, fine grained, muscovite-biotite granite (greisenized and mineralized). 

Light pink, fine grained, muscovite-biotite granite (strongly altered and mineralized). 

Fine grained, equigranular, muscovite-biotite granite (greisenized and slightly 
mineralized). 

Pink, fine grained, equigranular, muscovite-biotite granite (greisenized and 
mineralized). The rock contains two sets of joints in the 020° and 120' directions. 

Fine grained, equigranular, muscovite-biotite granite (greisenized and mineralized). 
The rock contains two sets of joints in the 020° and 120° directions. 

Pink, fine grained, equigranular granite (altered and mineralized). 

Medium grained, equigranular granite (altered and mineralized). 

Medium grained, equigranular, muscovite-biotite granite (altered and mineralized). 

Medium grained, equigranular, muscovite-biotite granite (altered and mineralized). 

Medium grained, equigranular, muscovite-biotite granite (greisenized and contains 
cassiterite). 

Fine grained, equigranular granite. The rock is strongly greisenized and mineralized 
(Mo). 

Feldspar dyke. Strongly altered and mineralized. 

Medium grained, equigranutar granite. The rock is strongly greisenized and 
mineralized. 

Medium grained, equigranular biotite granite (weathered). 

Medium grained, equigranular granite. Slightly greisenized. 

Medium grained, equigranular biotite granite. Moderately greisenized. 

Medium grained, equigranular biotite granite (greisenized). 

Feldspar dyke crosscutling the equigranular biotite granite (greisenized). 

Light grey, fine grained, equigranular granite. 

Light grey, fine grained, equigranular granite, contains miarolitic cavities. 



Sample 
No. 

TB-SB 

TB-SC 

TB-SD 

TB-SE 

TB-SF 

TB-SG 

TB-SH 

TB-SI 

TB-6A 

TB-6B 

TB-6C 

TB-60 

TB-6E 

TB-6F 

TB-6G 

TB-6H 

TB-61 

TB-6J 

TB-7A 

TB-7B 

TB-7C 

TB-70 

TB-7E 

TB-7F 

TB-7G 

TB-7H 

TB-71 

TB-7J 

TB-7K 

TB-7L 

TB-7M 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

Latitude 

34 

34 

34 

34 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

3S 

56 

58 

58 

56 

00 

01 

03 

05 

22 

23 

23 

23 

24 

24 

25 

25 

26 

26 

26 

26 

26 

26 

26 

26 

26 

24 

24 

24 

24 

24 

24 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

66 

Longitude 

38 

38 

38 

38 

38 

38 

38 

38 

37 

37 

37 

37 

37 

37 

37 

37 

37 

37 

38 

38 

38 

38 

38 

38 

38 

38 

38 

38 

38 

38 

38 

05 

08 

10 

09 

09 

10 

11 

12 

44 

45 

46 

47 

48 

50 

52 

53 

56 

57 

02 

03 

04 

05 

06 

07 

08 

08 

09 

09 

10 

11 

12 

eU 
(ppm) 

26.2 

17.3 

21.9 

24.6 

18.2 

24.8 

25.5 

16.1 

5.8 

19.8 

16.1 

2S.5 

27.5 

26.8 

2S.4 

2S.3 

28.8 

25.0 

21.9 

18.6 

21.0 

20.6 

20.3 

19.2 

21.2 

23.3 

17.2 

17.4 

20.4 

21.1 

24.3 

eTh 
(ppm) 

23.0 

24.8 

24.2 

2S.6 

21.0 

26.8 

23.2 

22.1 

11.7 

26.1 

23.6 

27.1 

28.8 

31.0 

28.9 

27.2 

31.0 

29.2 

2S.3 

23.2 

22.S 

28.S 

26.1 

22.6 

22.2 

22.S 

18.9 

15.2 

17.4 

18.9 

17.9 

K 
(%) 

7.2 

S.9 

6.7 

6.9 

S.3 

5.0 

5.1 

6.1 

3.2 

6.1 

6.0 

7.4 

7.9 

8.4 

7.4 

7.4 

7.8 

7.7 

7.6 

6.3 

7.8 

7.1 

6.9 

S.4 

6.5 

6.3 

5.4 

4.8 

S.6 

5.4 

6.4 

Appendix VII (cont.) 

ROCK DESCRIPTION 

Light grey, fine grained, equigranular granite, contains miarolitic cavities. 

Grey, fine grained, equigranular granite. 

Light grey, medium grained, equigranular granite. 

Light grey, medium grained, equigranular granite. 

Light pink, coarse grained, equigranular biotite granite. 

Light pink, coarse grained, equigranular granite. 

Pink, coarse grained, equigranular granite. 

Light grey, fine grained, equigranular granite (slightly altered). 

Medium grained, porphyritic granite with quartz and alkali-feldspar phenocrysts. 

Coarse grained, porphyritic biotite granite (fractured northwesterly and sericitized). 

Medium grained, equigranular quartz-rich biotite granite (mineralized). 

Pink, medium grained, equigranular quartz-rich biotite granite. The rock contains 
quartz veinlets and is mineralized. 

Quartz-rich, biotite granite. Slightly mineralized and contains two sets of joints in the 
010° and 110° directions. 

Light pink, quartz-rich biotite granite (limonitized). 

Pink, quartz-rich, equigranular muscovite-biotite granite (contains molybdenite and 
cassiterite). 

Pink, medium grained, equigranular, quartz-rich granite. 

Medium grained, equigranular, quartz-rich granite. Strongly altered and mineralized. 

Medium grained, equigranular, quartz-rich granite. Strongly altered and mineralized. 

Pink, medium grained, equigranular quartz-rich granite. 

Coarse grained, quartz-rich granite. Strongly altered and mineralized (cassiterite and 
molybdenite). 

Coarse grained, quartz-rich, muscovite-biotite granite. Slightly mineralized. 

Light pink, coarse grained, quartz-rich granite. 

Quartz-rich, biotite granite. The rock is slightly altered and jointed toward 060°. 

Quartz-rich, muscovite-biotite granite. Mineralized with cassiterite and molybdenite. 

Quartz-rich, muscovite granite. Strongly altered (greisenized)and mineralized. 

Medium grained, porphyritic biotite granite with quartz phenocrysts. 

Medium grained, porphyritic biotite granite with quartz phenocrysts. 

Fine grained, quartz-rich, granite. The rock is slightly altered and mineralized and 
jointed along 070° direction. 

Grey, fine grained, porphyritic granite with quartz phenocrysts. The rock is slightly 
mineralized. 

Grey, fine grained, quartz-rich granite (altered). 

Grey, fine grained, equigranular, quartz-rich granite. 

123 



Appendix VII (cont.) 

Sample 
No. 

T8-7N 

TB-SA 

TB-88 

R8-1A 

R8-18 

R8-1C 

R8-2 

R8-3A 

R8-38 

R8-4A 

R8-48 

R8-4C 

R8-4D 

R8-5A 

R8-58 

R8-5C 

R8-5D 

R8-5E 

R8-5F 

R8-6A 

R8-68 

R8-6C 

R8-6D 

R8-7A 

R8-78 

R8-8 

R8-9A 

R8-98 

R8-9C 

R8-10A 

R8-108 

R8-10C 
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46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

46 

Latitude 

35 

35 

35 

37 

37 

37 

37 

37 

37 

37 

37 

37 

37 

36 

36 

36 

36 

36 

36 

36 

36 

36 

36 

37 

37 

37 

36 

36 

36 

37 

37 

37 

24 

20 

18 

13 

15 

14 

14 

45 

46 

54 

56 

58 

57 

54 

56 

57 

56 

57 

54 

57 

58 

56 

57 

00 

02 

00 

58 

56 

59 

02 

03 

05 

Longitude 

66 38 

66 38 

66 38 

66 37 

66 37 

66 37 

66 37 

66 37 

66 37 

66 37 

66 37 

66 37 

66 37 

66 37 

66 37 

66 37 

66 37 

66 37 

66 37 

66 37 

66 37 

66 37 

66 37 

66 37 

66 37 

66 37 

66 37 

66 37 

66 37 

66 37 

66 37 

66 37 

12 

22 

21 

05 

06 

04 

05 

14 

13 

16 

14 

15 

13 

09 

11 

12 

13 

13 

14 

14 

14 

15 

16 

41 

45 

30 

23 

25 

22 

17 

19 

21 

eU 
(ppm) 

31.3 

13.2 

14.3 

9.7 

8.5 

10.5 

9.4 

12.0 

11.6 

15.8 

11.5 

11.9 

14.0 

12.3 

10.5 

14.0 

13.3 

15.9 

19.1 

14.2 

16.4 

20.0 

15.9 

11.3 

11.8 

7.6 

12.9 

16.7 

10.7 

12.1 

12.4 

12.5 

eTh 
(ppm) 

21.6 

18.5 

25.2 

20.6 

17.4 

24.8 

22.3 

28.6 

27.1 

22.6 

28.7 

33.7 

30.1 

31.7 

25.4 

29.9 

26.3 

33.7 

33.7 

31.6 

32.3 

32.1 

29.6 

27.2 

32.9 

19.3 

25.7 

29.5 

27.1 

29.9 

33.1 

31.5 

K 
(%) 

7.1 

5.1 

5.7 

5.3 

4.7 

4.9 

4.7 

5.2 

5.4 

5.4 

5.3 

5.5 

6.2 

5.4 

5.0 

5.6 

5.5 

5.3 

6.7 

5.5 

6.3 

6.2 

5.7 

5.1 

5.4 

2.9 

5.0 

5.6 

5.2 

5.7 

5.6 

5.4 

ROCK DESCRIPTION 

Fine grained, equigranular granite. The rock is altered and mineralized. 

Coarse grained, porphyritic biotite granite with quartz phenocrysts. 

Grey, coarse grained, porphyritic biotite granite with quartz phenocrysts. 

Coarse grained, biotite granite (weathered). 

Pink, medium grained, equigranular granite. The rock contains quartz veinlets. 

Pink, medium grained, equigranular granite. 

Pink, fine grained, porphyritic granite with quartz phenocrysts. The rock exhibits joints 
trending in the 110° direction. 

Light pink, fine grained granite (weathered). 

Light pink, fine grained, porphyritic granite with quartz and alkali-feldspar phenocrysts. 

Fine grained, biotite granite. Hematitized along 110° trending joints. 

Light pink, fine grained biotite granite. 

Light pink, fine grained biotite granite. 

Light pink, fine grained, porphyritic granite with quartz and alkali-feldspar phenocrysts. 
The rock contains two sets of joints trending along 020° and 110° directions. 

Coarse grained, porphyritic biotite granite with alkali-feldspar phenocrysts. 

Aplite dyke crosscutting, coarse grained, porphyritic granite. 

Grey, fine grained, porphyritic granite with quartz phenocrysts. 

Light pink, medium grained granite. The rock is slightly greisenized. 

Light pink, fine grained granite. The granite contains 5 cm wide quartz vein with 
greisen at its border. 

Fine grained, equigranular granite. Fractured and hematitized. 

Light pink, medium grained, equigranular granite with red stains. 

Medium grained, equigranular biotite granite. The rock is hematitized and contains 
northwest-trending (dipping 80° SE) joints. The joints contain quartz veins bordered 
with greisenization. 

Medium grained, equigranular biotite granite. The rock is hematitized, fractured 
northwesterly and contains quartz veins bordered with greisenization. 

Medium grained, porphyritic granite with quartz phenocrysts. The rock is hematitized. 

Light pink, coarse grained biotite granite. 

Light pink, coarse grained biotite granite. 

Quartz vein intersecting coarse grained granite. 

Light grey, medium grained, equigranular granite. 

Light grey, medium grained, equigranular granite. 

Medium grained, equigranular biotite granite (weathered). 

Light pink, medium grained, equigranular biotite granite. The rock contains two sets 
of joints. 

Light pink, medium grained, equigranular biotite granite. The rock contains two sets 
of joints. 

Light pink, medium grained, equigranular granite. 



Sample 
No. 

R8-10D 

R8-10E 

R8-11A 

R8-118 

R8-11C 

R8-12A 

R8-128 

R8-12C 

R8-13A 

R8-138 

R8-14A 

R8-148 

R8-15A 

R8-158 

R8-15C 

R8-15D 

R8-15C 

R8-15D 

R8-15E 

R8-15F 

R8-15G 

R8-15H 

R8-15/ 

R8-15J 

Latitude 

46 37 

46 37 

46 37 

46 37 

46 37 

46 37 

46 37 

46 37 

46 37 

46 37 

46 37 

46 37 

46 37 

46 37 

46 37 

46 37 

46 37 

46 37 

46 37 

46 37 

46 37 

46 37 

46 37 

46 37 

Longitude 

08 66 37 

11 66 37 

13 66 37 

15 66 37 

16 66 37 

56 66 37 

57 66 37 

58 66 37 

36 66 37 

38 66 37 

25 66 37 

27 66 37 

24 66 37 

26 66 37 

25 66 37 

27 66 37 

27 66 37 

30 66 37 

32 66 37 

34 66 37 

36 66 37 

38 66 37 

37 66 37 

39 66 37 

22 

23 

25 

27 

30 

27 

29 

26 

28 

30 

28 

30 

26 

24 

25 

26 

26 

25 

27 

28 

30 

32 

35 

34 

eU 
(ppm) 

12.9 

12.8 

12.1 

12.0 

11.2 

10.6 

10.6 

9.2 

14.6 

9.1 

14.8 

20.2 

18.3 

17.5 

13.2 

17.4 

13.2 

17.4 

12.9 

13.7 

13.9 

20.4 

21.4 

16.5 

eTh 
(ppm) 

31.2 

25.9 

30.1 

30.9 

35.9 

30.4 

32.5 

26.8 

38.9 

19.0 

33.2 

46.4 

39.8 

32.6 

28.9 

32.9 

28.9 

32.9 

29.8 

31-5 

27.5 

35.5 

34.6 

33.7 

K 
(%) 

5.7 

3.5 

5.3 

5.5 

5.0 

5.9 

5.0 

5.5 

6.1 

2.2 

5.8 

8.3 

6.7 

6.5 

5.2 

5.6 

5.2 

5.6 

5.3 

5.5 

4.6 

6.5 

6.7 

6.1 

Appendix VII (cont.) 

ROCK DESCRIPTION 

Light pink, medium grained, equigranular biotite granite. 

Quartz vein emplaced along 110° trending joints crosscutting medium grained, 
equigranular biotite granite. 

Light grey, coarse grained, porphyritic biotite granite with quartz and alkali-feldspar 
phenocrysts. The rock intersected with northwest-trending vertical joints. 

Light pink, medium grained, porphyritic granite with quartz and alkali-feldspar 
phenocrysts. 

Light pink, medium grained, equigranular biotite granite. 

Light pink, coarse grained, porphyritic granite with quartz and alkali-feldspar 
phenocrysts. The rock contains two sets of joints trending toward 020° and 110° 
directions. 

Light pink, medium grained, equigranular biotite granite. The rock contains quartz 
veinlets. 

Medium grained, porphyritic biotite granite with quartz and alkali-feldspar phenocrysts 
(weathered). 

Light pink, medium grained, equigranular biotite granite exhibiting two sets of joints 
trending toward 030° and 110° direction. The rock contains molybdenite. 

Quartz vein intersecting coarse grained, equigranular biotite granite. The vein trending 
along 110° direction. 

Pink, coarse grained, equigranular biotite granite intersected by northwest- and 
northeast-trending joints with vertical dips. 

Coarse grained, equigranular biotite granite. Greisenized along 110° strike lractures. 

Medium grained, porphyritic granite with quartz and alkali-feldspar phenocrysts. The 
rock also contains secondary muscovite. Two sets of joints in the 050° and 110° 
direction are observed in the rock. The rock is also mineralized (cassiterite and 
molybdenite). 

Medium grained, porphyritic granite with quartz and alkali-feldspar phenocrysts. The 
rock contains two sets of joints and is mineralized. 

Medium grained, equigranular biotite granite. The rock is limonitized and contains 
quartz veins. 

Medium grained, porphyritic biotite granite with quartz and alkali-feldspar phenocrysts. 
The rock is hematitized. 

Medium grained, biotite granite. The rock conrains quartz veins and is limonitized. 

Pink, medium grained, porphyritic biotite granite with quartz and alkali-feldspar 
phenocrysts. The rock is coated with Mn- and Fe-staining. 

Pink, medium grained biotite granite. 

Pink, medium grained biotite granite. The rock contains randomly oriented quartz 
veinlets. 

Quartz vein (30 cm wide) trending along 010° direction and dips vertically. The vein 
emplaced in hematitized biotite granite. 

Medium grained, equigranular biotite granite. The rock is coated with red stains and 
is mineralized. 

Medium grained, equigranular biotite granite. The rock is mineralized with cassiterite 
and molybdenite. 

Light pink, medium grained, porphyritic biotite granite. 
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Appendix VII (cone!.) 

Sample Latitude Longitude eU eTh K 
No. (ppm) (ppm) (%) ROCK DESCRIPTION 

RB-15K 46 37 40 66 37 30 14.8 31.8 5.9 Medium grained, porphyritic biotite granite with quartz and alkali-feldspar phenocrysts. 
The rock is coated with limonite. 

RB-15L 46 37 41 66 37 31 15.6 31.6 6.2 Light pink, medium grained, porphyritic biotite granite with quartz phenocrysts. 

RB-15M 46 37 41 66 37 35 19.3 28.4 6.4 Medium grained, equigranular biotite granite coated with red stains. 
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Appendix IX (cont.) 
B. Burnthill Pluton (mineralized rock samples): 

85-129B 85-129C 85-131 85-132C 85-133B 85-285A 85-1558 TH-0 TH-1 TH-3 

Si02 (%) 68.8 82.3 81.0 76.5 77.3 81.8 55.9 63.3 43.5 40.1 
no, (%) 0.02 0.10 0.14 0.05 0.16 0.09 0.97 0.23 0.14 0.76 
Al,O, (%) 16.9 5.36 10.0 0.12 10.4 8.87 13.1 17.5 22.8 25.0 
Cao (%) 0.07 0.57 0.05 0.35 0.02 0.09 0.27 0.71 0.18 0.04 
MgO (%) 0.02 0.09 0.19 0.04 0.24 0.10 1.40 0.22 0.53 0.52 
Na,O (%) 0.95 0.68 0.26 0.04 0.10 0.40 0.07 0.14 0.12 0.18 
K,O (%) 12.0 2.11 3.33 0.03 3.77 3.65 5.44 5.66 7.50 8.12 
Fe,o, (%) 0.98 0.95 2.46 2.04 4.19 2.52 18.6 8.40 4.52 12.7 
MnO (%) -- 0.16 -- 0.92 -- 0.08 0.62 0.20 0.22 0.17 
P,05 (%) 0.02 0.03 0.04 0.02 0.04 0.06 0.27 0.09 0.03 0.10 

Li (ppm) <10 <10 70 10 110 30 960 130 160 470 
Be (ppm) <5 <5 <5 <5 5 5 5 10 15 15 
Rb (ppm) 934 205 476 <10 586 598 1260 848 947 992 
Sr (ppm) 97 14 22 <10 99 <10 73 66 25 18 
Cs (ppm) 16 <1 10 <1 13 11 98 30 55 36 
Ba (ppm) 361 122 122 127 117 169 273 427 298 329 
B (ppm) 10 20 20 20 20 20 <10 20 30 10 
s (ppm) <100 720 660 480 120 <100 <100 <100 240 80 
As (ppm) 11 1 1800 <1 22 24 22 6 18 <1 
Sb (ppm) 0.6 0.6 <0.2 1.0 0.9 0.2 0.2 0.4 0.4 <0.2 
y (ppm) <10 77 60 30 63 17 84 <10 <10 <10 
Zr (ppm) <10 23 77 <10 100 56 344 155 69 226 
Nb (ppm) <10 68 17 377 35 69 90 <10 33 18 
v (ppm) <10 10 <10 <10 <10 <10 70 10 20 30 
Cr (ppm) <2 2 <2 <2 <2 <2 4 6 6 6 
Mn (ppm) 150 -- 230 -- 210 -- -- -- -- --
Co (ppm) <1 <1 <1 <1 <1 1 15 7 3 2 
Ni (ppm) 4 5 5 6 8 9 14 2 2 1 
Cu (ppm) 31.0 26.0 160.0 17.0 130.0 140.0 4.0 230.0 130.0 100.0 
Zn (ppm) 10.0 14.0 77.0 12.0 13.0 95.0 260.0 69.0 830.0 94.0 
Pb (ppm) 150 42 280 4 2 66 <2 10 140 4 
Hf (ppm) <1 2 4 <1 6 3 8 4 2 5 
Ta (ppm) <1 <1 4 <1 5 6 13 3 <1 3 
Ga (ppm) 14 14 18 2 33 15 45 43 39 68 
Mo (ppm) 95 61 14 538 26 19 34 11 43 5 
Ag (ppm) 2.0 <0.5 6.5 1.0 <0.5 1.5 <0.5 1.0 4.0 <0.5 
Cd (ppm) <1 <1 2 <1 <1 <1 <1 <1 6 <1 
In (ppm) <1 <1 <1 1 1 2 <1 3 3 4 
Sn (ppm) <10 <10 22 <10 61 198 40 72 9400 6090 
w (ppm) 1700 1520 59 217 489 889 582 32 43 566 
Au (ppb) 3 2 8 94 4 <1 <1 <1 <1 <1 
TI (ppm) 3 <1 2 <1 3 3 12 7 10 9 
Bi (ppm) 125.0 74.5 33.5 182.0 75.0 15.6 1.0 19.0 13.8 1.3 
La (ppm) <2 17 22 8 34 15 77 24 36 37 
Ce (ppm) 4 46 44 18 78 32 165 45 72 74 
Nd (ppm) 2.5 26.4 19.6 8.6 35.6 13.6 75.4 22.6 35.1 36.0 
Sm (ppm) 0.7 7.9 4.5 2.3 7.6 2.9 15.0 4.5 6.4 6.9 
Eu (ppm) 0.5 0.3 0.1 <0.1 0.1 0.2 0.4 0.4 0.6 0.7 
Gd (ppm) <0.5 6.5 3.7 2.1 4.2 2.4 11.9 3.3 4.3 4.2 
Dy (ppm) 0.7 6.9 4.4 5.9 2.3 2.6 7.2 3.0 2.1 2.7 
Er (ppm) <0.5 3.6 2.2 6.8 0.8 1.3 2.4 1.3 0.6 0.9 
Lu (ppm) <0.1 0.7 0.3 3.4 0.2 0.2 0.3 0.2 0.1 0.2 

u (ppm) 8.1 12.6 18.8 6.2 5.1 12.2 28.9 9.6 1.8 7.3 
Th (ppm) <1 17 31 5 44 20 34 24 23 22 
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Appendix IX (cont.) 
C. Dungarvon Pluton (mineralized rock samples): 

86·131B 86-149 86-189 86·213 86-240 86-2420 86-242E 86·243 86·245B 86-248 86-263 86-264B 86-572B DC-1 S0·18-1 S0-19-1 DR004 

~ 
SiO, 91.1 90.1 92.2 79.5 58.3 69.7 88.8 44.2 90.4 80.8 55.3 70.1 75.6 81.6 59.8 52.2 61 .6 
Ti02 0.05 0.06 0.06 0.12 0.31 0.17 0.09 0.01 0.06 0.08 0.43 0.06 0.14 0.07 0.06 0.09 0.18 
Al203 2.06 4.97 3.57 11.2 16.0 16.0 4.94 1.50 2.47 9.88 19.0 13.1 12.7 6.17 9.95 8.96 19.2 
cao 1.38 0.08 0.11 0.18 0.30 1.15 0.09 44.3 1.28 0.10 3.54 0.10 0.48 0.10 4.96 0.49 2.20 
K20 0.31 1.12 0.54 4.10 4.83 8.30 1.69 0.85 0.68 2.38 7.34 8.68 5.33 0.55 6.28 3.57 5.98 
Fe,O, 1.52 0.22 0.96 0.78 9.41 0.11 1.97 0.35 1.87 2.14 5.45 3.39 0.94 0.32 0.85 0.77 2.11 
MnO -· .. -- .. -- - ·- .. -- 0.21 0.10 .. -- .. ·- -· 0.09 
P205 0.03 0.01 0.02 0.03 0.09 0.03 0.03 0.02 0.02 0.02 0.40 0.03 0.05 0.02 0.04 0.03 0.05 

~ 
Li 210 420 460 10 90 20 210 30 210 210 610 70 50 20 10 80 10 
Be 5 5 5 5 10 <5 5 <5 <5 180 5 25 10 <5 40 15 5 
Rb <10 141 50 293 <10 633 <10 50 65 639 1040 707 347 <10 <10 <10 422 
Sr 27 104 53 65 93 89 53 55 54 61 176 53 23 28 59 50 420 
Cs 5 9 9 3 8 10 11 2 2 18 69 14 7 2 14 8 6 
Ba 185 99 140 126 380 617 135 60 127 107 300 423 85 120 505 245 202 
B 20 20 30 20 <10 20 20 <10 20 20 <10 20 20 20 10 20 20 
s 2000 <100 1960 <100 10000 <100 4400 80 1500 <100 <100 1200 1100 <100 <100 <100 480 
As 190 4 93 <1 10 <1 17 14 10 20 <1 11 <1 <1 9 4 22 
Sb 10.0 0.8 2.9 0.3 0.3 0.2 7.0 0.4 0.3 <0.2 0.2 0.5 <0.2 <0.2 <0.2 0.2 0.7 
y <10 17 13 31 <10 94 12 25 <10 82 65 16 78 <10 <10 <10 58 
Zr 16 16 <10 74 152 66 32 <10 <10 60 274 <10 73 21 <10 <10 91 
Nb <10 22 <10 29 14 11 <10 20 24 59 <10 <10 29 19 13 108 27 
v 20 20 <10 <10 30 <10 120 10 <10 <10 50 20 10 <10 20 20 30 
Cr 4 4 6 4 4 4 4 4 <2 6 2 4 4 4 4 4 6 
Mn 34 150 230 150 190 82 44 42 220 .. ·- 100 210 84 290 430 .. 

Co <1 <1 2 2 28 <1 <1 2 2 <1 6 <1 1 <1 2 2 4 
Ni 2 2 3 4 5 2 <1 3 2 <1 7 <1 2 1 3 3 5 
Cu 30 2.0 2.0 27.0 1200.05.0 13.0 1.0 5.5 33.0 1.5 6.0 36.0 10.0 8.0 6.5 18.0 
Zn 16.0 15.0 16.0 22.0 22.0 17.0 10.0 12.0 36.0 92.0 36.0 23.0 44.0 47.0 37.0 44.0 23.0 
Pb 60 10 12 16 16 12 8 10 10 180 8 90 32 16 12 12 46 
HI <1 2 <1 5 4 3 2 <1 <1 4 8 <1 4 1 <1 2 6 
Ta <1 3 <1 7 4 3 2 <1 <1 7 7 1 7 <1 <1 1 7 
Ga 5 9 6 13 24 27 11 3 6 23 40 17 18 15 8 14 32 
Mo 33 43 259 3 8 <2 3 3 8 195 <2 49 4 <2 <2 <2 2 
Ag <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 1.0 <0.5 1.0 <0.5 <0.5 <0.5 <0.5 5.0 
Cd <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 
In <1 <1 <1 <1 <1 <1 <1 <1 <1 2 <1 <1 <1 <1 <1 <1 <1 
Sn <10 <10 <10 <10 <10 <10 <10 368 21 39 21 43 18 6850 7300 12700 12 
w 11 5 6 <3 27 <3 7 <3 <3 460 9 <3 4 8 6 5 10 
Au' 5 <1 10 1 <1 1 1 <1 <1 <1 3 6 <1 <1 <1 <1 <1 
TI 1 <1 3 2 3 3 2 <1 <1 3 5 7 3 <1 4 2 4 
Bi 6.0 19.3 2.3 1.6 4.8 2.8 1.0 2.7 6.1 101.0 23.6 15.0 2.7 1.1 3.4 1.7 99.0 
La 3 2 5 8 22 10 5 <2 7 16 17 4 20 5 2 3 20 
Ce 7 7 16 23 46 20 10 2 6 39 22 7 46 6 4 10 57 
Nd 3.3 3.2 4.7 9.4 19.6 15.7 4.4 1.2 5.2 19.6 22.9 4.7 22.7 4.6 3.1 3.6 23.0 
Sm 0.7 1.0 0.8 3.0 3.6 4.1 1.4 0.7 0.9 5.3 8.3 0.8 4.5 0.9 2.1 0.7 6.0 
Eu 0.2 <0.1 0.1 <0.1 0.4 0.2 0.3 <0.1 <0.1 <0.1 0.5 <0.1 <0.1 0.2 0.3 <0.1 0.2 
Gd 0.8 0.9 0.6 2.8 2.9 4.7 2.0 1.1 0.9 3.4 10.0 0.8 4.0 1.0 2.9 <0.5 5.3 
Dy 1.8 2.4 1.4 3.8 2.8 5.9 5.4 2.7 1.0 3.3 8.9 1.2 3.4 1.8 4.5 1.1 7.5 
Er 1.2 1.1 0.8 2.3 1.5 3.9 4.7 1.9 0.7 2.1 4.5 1.0 2.2 0.9 2.6 0.5 5.0 
Lu 0.2 0.2 <0.1 0.5 0.3 0.7 0.7 0.4 0.2 0.4 0.7 0.3 0.3 0.2 0.5 0.1 0.9 
u 207.0 4.0 3.0 22.6 8.6 8.6 9.3 1.0 5.5 15.2 13.8 2.6 29.6 2.4 4.8 4.2 36.1 
Th 3 14 3 41 30 17 12 <1 3 27 61 4 30 3 1 14 49 

'ppb 
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Appendix IX (cont.) 
D. Trout Brook Pluton (mineralized rock samples): E. Rocky Brook Pluton (mineralized rock samples): 

86-329 86-369B 86-439B 86-447 86-298 86-610 86-615 86-647 

SiO, (%) 78.1 77.9 78.5 60.1 SiO, (%) 59.1 61.4 68.7 15.5 
TiO, (%) 0.11 0.06 0.19 0.07 TiO, (%) 0.82 0.13 0.18 <0.01 
Al,03 (%) 12.1 13.2 9.36 20.2 Al,03 (%) 13.7 15.6 16.0 0.62 
Cao(%) 0.48 0.16 0.71 0.13 Cao (%) 9.13 1.22 0.33 65.3 
MgO (%) 0.15 0.16 0.03 0.06 MgO (%) 4.26 0.37 0.14 0.07 
Na,O (%) 0.19 1.00 0.29 4.57 Na,o (%) 1.79 2.11 4.34 <0.01 
K,O (%) 3.83 4.22 7.60 8.80 K,0 (%) 2.85 8.90 6.23 0.17 
Fe,03 (%) 3.10 1.98 1.85 3.16 Fe,0,(%) 6.63 7.41 1.31 0.18 
MnO (%) 0.22 0.07 -- 0.11 MnO (%) 0.13 0.33 -- --
P,O, (%) 0.03 0.07 0.07 0.10 P,05 (%) 0.12 0.07 0.05 0.02 

Li (ppm) 240 230 30 170 
Be (ppm) 5 25 5 5 
Rb (ppm) 716 676 554 1030 
Sr (ppm) 43 49 116 <10 
Cs (ppm) 48 23 7 26 
Ba (ppm) 112 158 977 83 
B (ppm) 40 30 20 20 
s (ppm) <100 <100 3500 <100 
As (ppm) 1 7 2 14 
Sb (ppm) <0.2 <0.2 0.2 0.2 
y (ppm) 58 24 20 28 
Zr (ppm) 62 19 157 52 
Nb (ppm) 11 28 29 <10 
v (ppm) <10 <10 <10 <10 
Cr (ppm) 4 4 2 2 
Mn (ppm) -- -- 100 --
Co (ppm) 1 1 1 2 
Ni (ppm) 2 3 1 <1 
Cu (ppm) 90.0 3.5 2.5 1.5 
Zn (ppm) 290.0 34.0 42.0 26.0 
Pb (ppm) <2 4 40 22 
Hf (ppm) 4 3 5 4 
Ta (ppm) 3 11 6 12 
Ga (ppm) 29 33 9 36 
Mo (ppm) 11 22 14 33 
Ag (ppm) 0.5 <0.5 <0.5 <0.5 
Cd (ppm) <1 <1 <1 <1 
In (ppm) 2 1 <1 <1 
Sn (ppm) 384 38 <10 18 
w (ppm) 20 71 <3 8 
Au (ppb) <1 <1 <1 <1 
TI (ppm) 4 3 6 6 
Bi (ppm) 4.8 343.0 8.0 <5.0 
La (ppm) 19 5 22 8 
Ce (ppm) 43 10 45 19 
Nd (ppm) 19.5 5.8 21.7 8.9 
Sm (ppm) 4.6 1.7 4.3 2.6 
Eu (ppm) <0.1 <0.1 0.4 <0.1 
Gd (ppm) 2.4 1.1 3.2 1.6 
Dy (ppm) 1.6 1.1 4.1 2.3 
Er (ppm) 0.9 <0.5 2.8 1.3 
Lu (ppm) 0.2 0.2 0.5 0.3 

Li (ppm) 100 40 70 50 
Be (ppm) 10 25 5 <5 
Rb (ppm) 295 712 505 <10 
Sr (ppm) 344 85 73 70 
Cs (ppm) 11 13 29 2 
Ba (ppm) 282 517 267 <10 
B (ppm) <10 <10 20 <10 
s (ppm) 130 8200 1600 180 
As (ppm) 3 50 49 14 
Sb (ppm) 0.8 <0.2 0.7 <0.2 
y (ppm) 31 14 12 25 
Zr (ppm) 120 96 74 <10 
Nb (ppm) <10 16 <10 17 
v (ppm) 130 20 10 <10 
Cr (ppm) -- 4 4 4 
Mn (ppm) -- -- 110 12 
Co (ppm) 18 7 <1 2 
Ni (ppm) 77 1 2 2 
Cu (ppm) 44.0 9.5 2.0 <0.5 
Zn (ppm) 90.0 220.0 17.0 8.0 
Pb (ppm) <2 38 14 <2 
Hf (ppm) 3 4 4 <1 
Ta (ppm) 2 3 4 <1 
Ga (ppm) 19 26 22 3 
Mo (ppm) 6 <2 20 14 
Ag (ppm) 0.5 1.0 0.5 <0.5 
Cd (ppm) <1 <1 <1 <1 
In (ppm) <1 2 <1 <1 
Sn (ppm) 20 39 29 <10 
w (ppm) 10 <3 <3 <3 
Au (ppb) <1 2 <1 <1 
TI (ppm) 3 6 4 <1 
Bi (ppm) 185.0 8.3 2.5 0.6 
La (ppm) 26 18 7 3 
Ce (ppm) 54 41 14 3 
Nd (ppm) 26.5 19.9 9.0 2.4 
Sm (ppm) 5.5 4.6 2.0 1.1 
Eu (ppm) 0.9 0.4 <0.1 0.1 
Gd (ppm) 4.3 4.3 1.7 1.5 
Dy (ppm) 4.3 3.0 2.5 2.9 
Er (ppm) 2.4 1.6 1.7 2.4 
Lu (ppm) 0.4 0.3 0.3 0.4 

u (ppm) 5.2 11.0 7.3 22.9 
Th (ppm) 22 12 22 17 u (ppm) 2.7 10.0 16.0 0.8 

Th (ppm) 11 29 26 1 
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F. Locations and descriptions of chemically analyzed rock samples. 

Sample 
No. 

85-45 
85-49B 
85-61 
85-195 
85-20t 
85·266 
2A-85 

12-261 
12·373 
12-397 
85-22 
1A·156 
85-155 
85·40C 
3-470 
85-175 
5·125 
85-21 
85·129B,C 

85·131 
85·132C 
85-133B 
85·285A 
85-155B 
TH·O 
TH·1 
TH-3 
85-1318 
86-149 
86-189 
86-213 
86·240 

86·242D 

86·242E 
86-243 
86-245B 
86·248 
86-263 
86·264B 
86·572B 
DC-1 
S0-18·1 
and S0-19·1 
DR004 
86·329 
86·469B 
86·439B 
86-447 
86·298 
86·610 
86·615 
86·647 

46 
46 
46 
46 
46 
46 
46 

46 
46 
46 
46 
46 
46 
46 
46 
46 
46 
46 
46 

46 
46 
46 
46 
46 
46 
46 
46 
46 
46 
46 
46 
46 

46 

46 
46 
46 
46 
46 
46 
46 
46 
46 

46 
46 
46 
46 
46 
46 
46 
46 
46 

Latitude 

39 
39 
40 
37 
37 
40 
37 

34 
34 
34 
37 
39 
35 
37 
35 
34 
34 
37 
35 

34 
34 
34 
34 
35 
35 
35 
35 
42 
43 
42 
40 
39 

39 

39 
39 
40 
40 
38 
38 
39 
40 
38 

43 
35 
33 
35 
35 
36 
37 
37 
36 

03 
18 
43 
15 
41 
46 
48 

07 
07 
10 
14 
48 
42 
40 
11 
38 
36 
45 
16 

34 
34 
35 
40 
43 
27 
27 
27 
59 
25 
37 
28 
45 

50 

50 
53 
36 
18 
56 
55 
58 
OS 
55 

44 
15 
24 
58 
18 
30 
45 
58 
48 

66 
66 
66 
66 
66 
66 
66 

66 
66 
66 
66 
66 
66 
66 
66 
66 
66 
66 
66 

66 
66 
66 
66 
66 
66 
66 
66 
66 
66 
66 
66 
66 

66 

66 
66 
66 
66 
66 
66 
66 
66 
66 

66 
66 
66 
66 
66 
66 
66 
66 
66 

Longitude 

50 
51 
46 
54 
51 
55 
49 

34 
48 
48 
48 
48 
47 
50 
54 
49 
55 
48 
54 

54 
54 
54 
52 
47 
47 
47 
47 
32 
33 
32 
36 
36 

36 

36 
36 
36 
35 
37 
37 
38 
36 
37 

36 
37 
44 
40 
40 
37 
37 
37 
37 

54 
00 
57 
33 
24 
30 
25 

07 
37 
40 
45 
10 
29 
12 
39 
12 
07 
03 
42 

19 
45 
48 
25 
30 
27 
27 
27 
40 
45 
40 
18 
56 

58 

58 
51 
20 
40 
08 
47 
30 
10 
47 

00 
42 

57 
30 
32 
44 
50 
30 

Appendix IX (concl.) 

ROCK DESCRIPTION 

Fine grained granite porphyry dyke cutting subporphyritic biotite granite. 
Coarse grained, subporphyritic biotite granite. 
Coarse grained, porphyritic biotite granite. 
Medium grained granite porphyry. 
Medium grained, melanocratic biotite granite. 
Coarse grained biotite granite altered to an assemblage of secondary albite and chlorite. 
Garnet-muscovite·bearing aplite dyke cutting subporphyritic biotite-granite. From core (at adepth of 85 
m). 
Greisenized equigranular biotite granite. From core (at a depth of 261 m). 
Fine grained, equigranular biotite granite. From core (at a depthof 373 m) 
Fine· to medium-grained equigranular biotite granite. From core (at a depthof 397 m). 
Coarse grained subporphyritic biotite grantte. 
Coarse grained subporphyritic granite. From core (at a depth of 156m). 
Coarse grained biotite granite altered to an assemblage of secondary biotite, K-feldspar and quartz. 
Medium grained equigranular biotite granite. 
Medium grained equigranular biotite granite. From core (at a depth of 143 m). 
Fine grained equigranular biotite granite. 
Fine grained equigranular biotite. From core (at a depth of 38 m). 
Biotite aplite dyke cutting equigranular biotite granite. 
Silicified granite breccia with narrow quartz-filled fractures containing minor pyrite. wolframite, and 
arsenopyrite (Mclean Brook North). 
Silicified granite breccia with pyrite and arsenopyrite (Mclean Brook North). 
Quartz vein with very coarse wolframite (Mclean Brook North). 
Greisenized granite (Mclean Brook North). 
Fine grained, altered or greisenized biotite granite rubble cut by quartz·cassiterite veins. 
Coarse biotite-rich border zone of quartz vein in altered coarse grained porphyritic granite (Tin Hill). 
Sericitic greisen at Tin Hill. 
Quartz, cassiterife, wolframite vein in greisenized granite (Tin Hill). 
Coarse greisen with large cassiterite crystals (Tin Hill). 
Silicified vuggy granite breccia with high radiometric response (500-600 cps); Harris Lake Uranium. 
Brecciated and silicified, fine grained, equigranular granite. 
Silicified breccia with fine grained. pyritized granite fragments and wolframite cluster (Harris Lake). 
Sparse quartz stockwork in fine grained, equigranular granite. 
Coarse grained, biotite grantte containing fractures filled with massive pyrite and minor chalcopyrite 
(Dungarvon, Vein 7). 
Narrow feldspathic vein centered by quartz-filled fracture within coarse grained miarolitic granite 
(Dungarvon, Vein 7). 
Silicified breccia containing altered granite fragments and massive pyrite (Dungarvon, Vein 7). 
Coarse quartz and fluorite breccia (Dungarvon, Vein 7). 
Silicified breccia containing pyritized granite fragments. 
Quartz stockworl< in medium grained, equigranular granite fragments. 
Biotite·rich miarolitic feldspathic granite boulder. 
Silicified breccia containing minor sulphides (Four Mile Brook). 
Fine grained, equigranular biotite granite (Young's Dam A. B). 
Quartz vein with disseminated cassiterite (Dungarvon, Veins 2, 4, 6, 11, 14). 
Cassiterite-bearing quartz vein in brecciated and feldspathized granite (Four Mile Brook, 
Vein 1). 
Red miarolitic feldspathic vein. 
Coarse grained greisen (Trout Lake Pluton, East). 
Medium grained greisen on margin of leucogranitic dyke (Deadman Brook). 
Narrow quartz veins containing pyrite and fluorite in medium grained granite (Gilman Brook). 
Red miarolitic feldspathic vein. 
Greisenized medium grained granite. 
Feldspathic vein with abundant pyrite and fluorite. 
Quartz-feldspar vein containing pyrite. 
Coarse quartz-fluorite breccia (Rocky Brook). 
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