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FIELD RELATIONS, PETROLOGY, AND STRUCTURE OF 
NEOPROTEROZOIC ROCKS IN THE CALEDONIAN 

HIGHLANDS, SOUTHERN NEW BRUNSWICK 

Abstract 

The Caledonian Highlands of soutlzern New Brunswiclc corzsist doni.inantly o f  Late Neoproterozoic 
rocks generally considered typical of the Avalon terralie of the northern Appalaclzian Orogen. Mainly 
tciffaceous nzeta~~olcanic and metasedimerztary r~oclcs of the Broad River Group and cogenetic dioritic to 
grarzitic plc~tons with ages ca. 620 Ma form most of the eastern Caledonian Highlands. The igneous rocks 
have petrological features indicative of origin in a continental-margin subduction zone. Tuffaceous 
nzetasedimentary rocks in the group host the Teahan and Lumsden Cu-Pb-Zn-Ag-Au deposits. Significantly 
younger (ca. 560-550 Ma) volcanic and clastic sedimentary rocks of the Coldbrook Group fornz most of the 
western highlands, and occ~ir locally throughout the highlands. The nzairzly tuffaceous lower part of the 
group has been intruded by gabbroic arzd syelzogranitic plutons that are interpreted to be cogenetic with 
basaltic and rhyolitic flows in the upper part of the group. This vol~imiizous corztirzental magmatism nzay 
have occurred during extension within the earlier subductiorz zone conzplex represe/zted by the Broad River 
Grozip and associated plutorzs. 

The Broad River Group was deformed, regionally nzet~mor~hosed to greenschist facies, and locally 
mylonitizedprior to deposition of the unconformably overlying Coldbrook Group. Both units were folded 
and slightly metamorphosed, probably during the Silurian and Devonian. This event may have been related 
to juxtaposition with terranes to the northwest. Subsequerzt niid- to late Paleozoic nzylorzitizatiolz, thrcisting, 
and brittle fuultirzg nzay have been related to initiation of the Maritinzes Basin, and to movenzerzt along the 
Avalorz-Meg~ima terralze bourzdary to the so~itlz arzcl east. 

Les hautes terres de Caledonia du sud du Nouveau-Brunswick se conzposent majoritairement de roches 
du Ne'oprote'rozoi'qzie tardifqui sont gtne'r-alenzerzt cotzside'l-e'es repre'serztatives du terrane d'Avalorz (partie 
1zo1.d de l'oroghze des Appalaches). La partie orientale des lzautes terres sclsmentiorzlze'es consiste 
essentiellenzerzt en des roches me'tavolcaniques et me'taskdinzerztaires ge'rzti.alenzent tufuce'es du Gro~ipe de 
Broad River et erz des plutorzs dioritiques ci gr.aizitiques cogknktiques (environ 620 Ma). Les roches igne'es 
pre'sentent des caractbristiques pe'trologiques indiquant qu'elles sorzt originaires d'une zone de subduction 
h la nzarge d'un corztinent. Les gisements de Teahan et de Lumsden (Cu-Zn-PbHgiAu) sont encaisse's duns 
les roches me'tase'dinzerztaires tuface'es du Groupe de Broad River. Dans la partie occidentale des hautes 
terres de Caledonia, on observe surtout des volcanites et des clastites se'dinzentaires sensiblenzerzt plus 
jeurzes (environ 560-550 Ma) du Groupe de Coldbrook; ces roches orzt a~issi e'te' idelztijie'es par enclroits 
dans la partie orientale des hautes tei-res. Des plutons gabbroi'ques et sybzogr.araitiques ont fait intrusion 
darzs la partie infkrie~ire essentiellement tuface'e du Groupe de Colclbrook. Ils sont corzside'rks comme e'tarzt 
coge'rze'tiques des co~ile'es basaltiq~~es et rhyolitiqries de la par-tie sc~pe'rieure du Groupe de Coldbrook. Ce 
volumiizecu: nzagmatisme coiztirzental a peut-2tre eu lieu aci C O L I ~ S  dJline phase d'wtension uu sein du 
complexe de zone de subdriction (plus re'cent) repre'seizte' par le Groupe de Broad River et ses plutons 
associ6s. 

Le GI-oupe de Broad River a e'te' de'forme', re'gionalenzent me'tamorphise' au,facib des schistes verts et 
localement nzylonitise' avant Ie de'pdt du Groupe de Coldbroolc (contact sw-jacent discordarzt). Cet 
ensemble a tte' plisse' et le'g2renzent nze'tamorplzise', vraisenzblablement au cours du Silurien et du Dh~oizien, 
peut-2tre en raison de la juxtaposition du terrarze de Caledorzia a des terralzes ari norcl-ouest. L'amorce de 
la formation d ~ i  Bassirz des Maritinzes et des nzouvements le long de la limite erztre les terrarzes d'Avalorz et 
de Megunza, respectivemeizt au sud et ci l'est des harites terres de Caledonia, sontpeut-2tre h l'origine de la 
mylorzitisation, des clzevauchements et des mouvements de faille cassants ulte'rieurs (Pale'ozoi'que moyen b 
tardif). 



SUMMARY SOMMAIRE 
Field mapping and petrological and structural studies, com- 
bined with the results of precise U-Pb (zircon) dating, have 
resulted in an increased understanding of the geology and 
geological evolution of the Caledonian Highlands in southern 
New Brunswick. Neooroterozoic volcanic and associated 
sedimentary rocks are divided into two groups, the ca. 620 Ma 
Broad River Group, which foitns most of the southern and east- 
em part of the highlands, and the ca. 560-550 Ma Coldbrook 
~ r o u ~ ,  which forms most of the western part. The Coldbrook 
Group also extends into the easteln part, where it is inferred to 
originally have had an unconformable relationship with the 
underlying Broad River Group, although most contacts are 
now faulted. Previously, all these rocks were included in, or 
considered equivalent to, a single unit termed the Coldbrook 
Group. 

The Broad River Group consists mainly of intermediate 
and felsic crystal and lithic crystal tuff, with less abundant 
mafic tuff, mafic and feIsic flows, tuffaceous sedimentary 
rocks, and arkosic sandstone and conglomerate. Many of 
these rocks are now slate, phyllite, or schist as a result of 
regional metamorphism to greenschist facies, as well as 
widespread ductile deformation. Mineral assemblages are 

typical of the lower greenschist facies, with abun- 
dant albitic plagioclase, chlorite, sericite, epidote, actinolite, 
quartz, and carbonate. Mainly as a result of deformation, stra- 
tigraphic relations among the various lithological units are 
uncertain. The tuffaceous sedimentary and arkosic sedimen- 
tary rocks may be subaqueous, but the associated pyroclastic 
rocks do not show evidence of reworking, and rhyolitic flows 
are welded, and likely subaerial. Petrochemical characteris- 
tics are ambiguous, but overall, patterns of variation in rela- 
tively immobile elements, such as Ti, V,  and Zr, are 
indicative of calc-alkalic affinity and a volcanic-arc setting. 
The Broad River Group hosts both the Teahan and Lumsden 
Cu-Zn-Pb kAukAg deposits, and other less well known sul- 
phide occurrences. 

Plutonic units of known or inferred ca. 620 Ma age occur 
mainly in the eastern Caledonian Highlands, in spatial associ- 
ation with the Broad River Group. Most contacts now appear 
to be faulted, and the sill-like form of most plutons is proba- 
bly the result of shearing and mylonitization after intsusion, 
and does not reflect the original intrusive shape of the bodies. 
Like the Broad River Group, the plutonic rocks show wide- 
spread effects of metamorphism and shearing, and in many 
places are protomylonitic to mylonitic. The plutons show a 
wide range in composition from gabbro and diorite to tonal- 
ite, granodiorite, and granite. Uranium-lead (zircon) ages 
from 4 units average about 620 Ma. The plutons appear to 
form a calc-alkalic, I-type suite interpreted to be cogenetic 
with the volcanic rocks of the Broad River Group. Both the 
plutonic and volcanic rocks formed in a continental-margin 
magmatic arc. Interlayering of coarse, quartz-rich sedimen- 
tary rocks in the volcanic sequence indicates that older crustal 

Des travaux de terrain ainsi que des Ctudes pCt1-ologiques et structu- 
sales, combines aux rCsultats de datations prCcises U-Pb (zircon), 
ont permis de mieux comprendre le contexte gCologique et 1'Cvolu- 
tion des hautes terses de Caledonia du sud du Nouveau-Brunswick. 
Des volcanites et des roches ~Cdimentaires associCes du NCoprotC- 
rozoi'que s'y divisent en deux groupes, celui de Broad River (envi- 
roll 620 Ma) qui constitue I'essentiel des parties mCridionale et 
orientale des hautes terres, et celui de Coldbrook (560-550 Ma) qui 
en domine la partie occidentale. Le Groupe de Coldbrook s'observe 
Cgalement dans la partie orientale des hautes terres, oti I'on suppose 
qu'il recouvrait d'abord en discordance le Groupe de Broad River; 
cependant, la plupart des contacts sont maintenant failles. Toutes 
ces roches Ctaient antkrieurement regroupCes dans une mEme unit6 
nommCe ccGroupe de cold brook^ ou considCrCes Cquivalentes B ce 
dernier 

Le Groupe de Broad River est constituC essentiellement de tufs 
B cristaux et de tufs B cristaux et fragments lithiques decomposition 
intermkdiaise et felsique, ainsi que, en moindre abondance, de tufs 
mafiques, de cou l~esmaf i~ues  kt felsiques, de roches ~Cdirnentai- 
res tufacCes de mCme que de grks arkosiques et de conglomCrats. 
Plusieurs de ces roches se presentent aujourd'hui sous la forme 
d'ardoises, de phyllades ou de schistes, consCquence d'un m6ta- 
morphisme regional au faciks des schistes verts ainsi que d'une 
d6formation ductile Ctendue. Les assemblages minCraux sont gCnC- 
ralement reprtsentatifs du faciks des schistes verts infCrieur et con- 
tiennent en abondance de l'albite, de la chlorite, de la skricite, de 
I'Cpidote, de I'actinote, du quartz et des carbonates. Les relations 
stratigraphiques entre les diverses unit& lithologiques sont incer- 
taines en raison principalernent de leur dCfomation. Les roches 
~Cdimentaires tant arkosiques que tufacCes semblent avoir CtC 
dCposCes en milieu sous-marin, bien que les roches pyroclastiques 
associCes ne prCsentent pas d'indices de remaniement et que les 
coulCes rhyolitiques soient soudCes et se soient vraisemblablement 
formCes en milieu subahien. Les caractCristiques pttrochirniques 
sont ambigues, mais les tendances gCnCrales de variation des ClC- 
ments relativement immobiles (tels que Ti, V et Zr) abondent dans 
le sens d'affinitks calco-alcalines et d'une formation dans un milieu 
d'arc volcanique. Le Groupe de Broad River est l'hBte des gise- 
ments de Teahan et de Lumsden (Cu-Zn-PbkAukAg) et d'autres 
occurrences de sulfures moins bien connues. 

Des unitCs plutoniques d'iige connu ou dCduit d'environ 620 Ma 
s'observent surtout dans la partie orientale des hautes terres de 
Caledonia, en association spatiale avec le Groupe de Broad River. 
La plupart des contacts sont aujourd'hui faillks. Quant B l'aspect en 
forme de filons-couches de la majorit6 des plutons, il est vraisem- 
blablement la rCsultante de rnouvements de cisaillement et d'une 
mylonitisation postCrieurs B I'intrusion et ne reflkte pas la forme 
originale de ces corps. Tout comme le Groupe de Broad River, les 
roches plutoniques ont Ct6 en grande partie mCtarnorphisCes et  
cisaillCes et, en maints endroits, se caractCrisent par des textures 
protomylonitiques 2 mylonitiques. Les plutons pr&entent un Cven- 
tail de compositions allant des gabbros et des diorites aux tonalites, 
granodiorites et granites. La datation U-Pb sur zircon de qua- 
tre d'entl-e eux a permis d'obtenir un 2ge moyen d'envison 620 Ma. 
Les plutons semblent former une suite calco-alcaline du type I con- 
sidCrCe comme Ctant cogCnCtique des volcanites du Groupe de 
Broad River. Les roches plutoniques et les volcanites ont Ct6 for- 
mCes dans un arc magmatique B la marge d'un continent. Dans la 



rocks were exposed to erosion during the evolution of the arc. 
Inherited volcanic zircon populations with ages back to ca. 
650 Ma, as well as limited evidence for continued volcanism to 
ca. 600 Ma, indicate that the subduction zone was long-lived. 
Regional metamorphism and deformation may have been a 
result of collision with another volcanic arc or crustal block, 
possibly represented by the Hammondvale metamorphic 
suite and unexposed crust now underlying the western part of 
the Coldbrook Group. 

The ca. 560-550 Ma Coldbrook Group includes interme- 
diate to felsic lithic lapilli tuff, crystal tuff, dacitic to rhyolitic 
flows and plugs, tuffaceous conglomerate, laminated tuffa- 
ceous siltstone, basaltic and rhyolitic flows, and coarse clastic 
sedimentary rocks. Although locally sheared, these rocks are 
generally less deformed than those of the Broad River Group, 
and show limited evidence of regional dynamothermal meta- 
morphism. Although the age data are not sufficiently precise 
to resolve stratigraphic relations among these ca. 560-550 Ma 
volcanic units, field observations indicate that the tuffaceous 
units and dacitic to rhyolitic flows and plugs form the lower 
part of the group, whereas basaltic and rhyolitic flows and 
clastic sedimentary rocks form the upper part. The latter units 
extend into the eastern Caledonian Highlands where they 
unconformably overlie, or are in faulted contact with, the 
Broad River Group and associated ca. 620 Ma plutons. The 
lower part of the gsoup is dominated by varied lapilli tuffs, 
interpreted to represent volcanogenic debris flows and ash- 
flow deposits. Several belts of laminated siliceous siltstone 
are present as well, and may represent lacustrine deposits. 
Subaerial eruption of the volcanic rocks is indicated by 
ignimbritic appearance and the presence of pumaceous frag- 
ments in the rhyolitic rocks, and the intensely amygdaloidal 
character and lack of pillows in the basaltic flows. 

Circa 560-550 Ma plutons are widespread throughout the 
central and western parts of the Caledonian Highlands, 
intruded into the lower units of the Coldbrook Group. Most 
consist mainly of syenogranite with less abundant diorite and 
gabbro. Both granitic and dioritic units yielded U-Pb zircon 
ages of ca. 550-560 Ma. Because of the similarity in age and 
petrological characteristics, the syenogranitic and gabbroic to 
dioritic intrusions are interpreted to be comagmatic with 
rhyolite and basalt of the upper part of the Coldbrook Group. 

Chemical data do not provide unequivocal evidence for 
the paleotectonic setting of the Coldbrook Group and coeval 
plutons. The volcanic rocks show subtle chemical differences 
from those of the Broad River Group, with more indications 
for a within-plate (extensional) environment rather than a 

sequence volcanique, l'interstratification de roches skdimentaires 
riches en quartz de granulomCtrie grossibre indique que les roches 
crustales plus anciennes ont CtC expostes h 1'Crosion au cours de 
1'6volution de l'arc. Des populations de zircons hCritCs d'origine 
volcanique dont I'hge atteint environ 650 Ma ainsi que certains 
indices de la poursuite du volcanisme jusqu'h environ 600 Ma don- 
nent B penser que la zone de subduction a CtC active pendant une 
pCriode prolongCe. Le mCtamorphisme et la diformation 2i I'Cchelle 
rtgionale pourraient rCsulter d'une collision avec un autre arc vol- 
canique ou un autre bloc crustal, peut-Ctre materialis6 pas la suite 
mktamorphique et les roches crustales de Hammondvale sous la 
partie ouest du Groupe de Coldbrook. 

Le Groupe de Coldbrook (environ 560-550 Ma) comprend des 
tufs 5 lapilli lithiques de composition intermkdiaire B felsique, des 
tufs A cristaux, des coultes et des culots dacitiques 2i rhyolitiques, 
des conglomCrats tufacCs, des siltstones tufacCs lamines, des cou- 
lCes basaltiques et rhyolitiques, ainsi que des clastites ~Cdimentai- 
res B granulomCtrie grossibre. Bien que ces roches soient cisaillees 
localement, elles sont en gCnbal moins dCformCes que celles du 
Groupe de Broad River et prksentent peu d'indices de mCtamor- 
phisme dynamothermique 5 1'Cchelle regionale. Les 2ges obtenus 
ne sont pas suffisamment precis pour permettre d'ttablir les 
relations stratigraphiques entre ces unitis volcaniques, mais les 
observations de terrain indiquent que les unitCs tufackes ainsi que 
les coulCes et les culots dacitiques A rhyolitiques constituent la par- 
tie infkrieure du Groupe de Coldbrook, tandis que les coulCes basal- 
tiques et rhyolitiques et les clastites ~Cdimentaires en forment la 
partie supCrieure. Ces dernikres unites s'observent aussi dans la 
partie orientale des hautes terres de Caledonia, oii elles sont en con- 
tact fail16 avec le Groupe de Broad River et ses plutons associCs 
(environ 620 Ma) ou le recouvrent en discordance. La partie infC- 
rieure du Groupe de Coldbrook est surtout composCe d'une variCtC 
de tufs Blapilli, interpret& comme Ctant des coulCes de dCbris volca- 
nogknes et des dCpBts pyroclastiques. On note en outre la prksence de 
plusieui-s bandes de siltstones siliceux lamines, qui representent 
peut-etre des dCpBts lacustres. Les volcanites ont fait Cluption dans 
un milieu subaCrien, comme l'indiquent I'aspect ignimbritique des 
roches rhyolitiques et la prCsence dans celles-ci de fragments pon- 
ceux, mais aussi le caractbre fortement amygdalo'ide des coulCes 
basaltiques et l'absence chez ces dernikres de coussins. 

Les plutons d'environ 560-550 Ma sont nombreux dans les par- 
ties centrale et occidentale des hautes terres de Caledonia, sous la 
fosme d'intrusions dans la partie infCrieure du Groupe de Coldbrook. 
La plupart sont constituCs essentiellement de syCnogranite et, en 
moindre abondance, de diorite et de gabbro. Tant les unitCs graniti- 
ques que les unit& dioritiques ont fourni des hges U-Pb (zircon) 
d'environ 550-560 Ma. En raison de leur similitude pour ce qui est 
de leur hge et de leurs caract6ristiques pCtrologiques, les deux types 
d'intrusions (sytnogranitiques et gabbro'iques B dioritiques) sont 
interprCtCes comme Ctant comagmatiques des rhyolites et des 
basaltes de la partie supCrieure du Groupe de Coldbrook. 

Les donnCes chimiques ne fournissent pas d'indices clairs sur le 
contexte palCotectonique du Groupe de Coldbrook et des plutons 
contemporains. Les volcanites du Groupe de Coldbrook prCsentent 
des diffkrences chimiques subtiles par rapport B celles du Groupe 
de Broad River, les indices tCmoignant plus d'un environnement 
intra-plaque (regime extensif) que d'une zone de subduction. I1 est 



subduction zone. It is possible that the parent magmas inher- 
ited subduction-like signatures from their source rocks, in the 
infrastructure of an older ca. 620 Ma volcanic arc. 

The Hamrnondvale metamorphic suite occurs along the 
faulted northern margin of the Caledonia terrane, and consists 
dominantly of albite-mica schist, with minor interlayered 
marble and amphibolite, and mineral assemblages indicative 
of relatively high-pressure metamorphism (8-10 Itbars). Its 
contacts with the adjacent Coldbrook Group and associated 
plutons are faulted, and it is unconformably overlain by Car- 
boniferous units to the northwest. Muscovite from the schist 
yielded 40As/39~r ages of ca. 6 17 to 605 Ma. The Hammond- 
vale metamorphic suite may represent deeper levels of the 
Caledonia terrane, brought to the surface by faulting. 

A mainly red clastic sedimentary unit (unit ZCrb) with a dis- 
tinctive quartzite-pebble conglomerate at or near its top overlies 
the Coldbrook Group in many areas, and is unconfoimably(?) 
overlain by fossiliferous Cambrian to Lower Ordovician sedi- 
mentary rocks of the Saint John Group. Small areas of dacitic 
tuff of Ordovician age and rhyolite and tuffaceous sedimentary 
rocks of Devonian age have also been recognized, mainly on the 
basis of geochronology, and basaltic and sedimentary units of 
possible Carboniferous age occur along the Bay of Fundy coast. 
Carboniferous and locally Triassic sedimentary rocks occur 
mainly in faulted contact with the older units asound the periphery 
of the Caledonian Highlands. 

The Broad River Group was deformed, regionally meta- 
morphosed to gl-eenschist facies, and locally mylonitized prior 
to deposition of the unconformably overlying Coldbrook 
Group. These events may have been related to amalgamation 
of the crustal blocks that constitute the Caledonia terrane. 
Both units were folded and slightly metamorphosed, possibly 
during the Silurian and Devonian. These events may have 
been related to juxtaposition of the Caledonia terrane with 
terranes to the northwest. Subsequent mid- and late Paleozoic 
mylonitization, thrusting, and brittle faulting may have been 
related to initiation of the Maritimes Basin and movement 
along the Avalon-Meguma terrane boundary to the south and 
east of the Caledonian Highlands. 

possible que les magmas parentaux aient conservC la trace de matt- 
riaux entraines par subduction par lems roches mbres, dans l'infra- 
structure d'un arc volcanique plus ancien d'environ 620 Ma. 

La suite rnCtamorphique de Hammondvale s'observe le long de 
la marge septentrionale faillee du terrane de Caledonia. Elle est 
constituCe essentiellement de schistes h albite-mica, avec des quan- 
tit& mineures de marbres et d'arnphibolites interstratifiks; les 
assemblages mCtamorphiques sont caractCristiques d'un mCtamor- 
phisme de pression relativement haute (8-10 kbars). Ses contacts 
avec le Groupe de Coldbrook adjacent (et ses plutons associCs) sont 
faillCs; au nord-ouest, des unit& carbonif&res la recouvrent en dis- 
cordance. La muscovite du schiste a fourni des 2ges 4 0 ~ r / 3 9 ~ r  
d'environ 617 Zi 605 Ma. La suite mttamorphique de Hammondvale 
reprCsente peut-Ctre des niveaux profonds du texane de Caledonia, 
ramenCs B la surface par des mouvements de faille. 

Une unit6 ~Cdimentaire clastique essentiellement rouge (unit6 
ZCrb) renfermant un conglomCrat h galets de quartzite distinctif h 
son sommet ou B proximit6 de celui-ci est en de nombreux endroits 
sus-jacente au Groupe de Coldbrook; elle est I-ecouverte en discor- 
dance (?) par des roches ~Cdirnentaires fossilifbres du Cambrien h 
I'Ordovicien inferieur du Groupe de Saint John. Des tufs dacitiques 
de I'Ordovicien ainsi que des rhyolites et des roches sedimentaires 
tufactes du DCvonien ont Cgalement Cte identifies Zi certains 
endroits, essentiellement sur la base de donnCes g6och1onologi- 
ques; des unites basaltiques et ~Cdirnentaises peut-Ctre d'Bge carbo- 
nifbre s'observent le long de la c6te de la baie de Fundy. Des roches 
~Cdimentaises du Carbonifkre et, localement, du Trias se prksentent 
surtout en contact fail16 avec les unitis plus anciennes en p6riphCrie 
des hautes terres de Caledonia. 

Le Groupe de Broad River a CtC dCfomC, regionalement mCta- 
morphist au facibs des schistes verts et localement mylonitis6 avant 
le dCp6t du Groupe de Coldbrook (contact sus-jacent discordant). 
Ces CvCnements sont peutQtre lies i l'amalgamation des blocs 
crustaux constituant le terrane de Caledonia. I1 se peut qu'au cours 
du Silurien et du DCvonien, cet ensemble ait CtC plissC et 1Cgkrement 
mCtamorphisC, peut-Ctre en raison de la juxtaposition du terrane de 
Caledonia B des ten-anes au nord-ouest. L'amorce de la formation 
du Bassin des Maritimes et des mouvements le long de la limite 
entre les terranes d' Avalon et de Meguma, respectivement au sud et 
h I'est des hautes terres de Caledonia, sont peut-Ctre B I'origine de la 
mylonitisation, des chevauchements et des mouvements de faille 
cassants ultCrieurs (PalCozo'ique moyen Zi tardif). 

INTRODUCTION 
The Caledonian Highlands of southern New Brunswick 
(Fig. 1) are underlain mainly by volcanic, sedimentary, and 
plutonic roclts of Neoproterozoic age. These rocks have been 
considered generally to be typical of the Avalon zone or ter- 
rane of the northern Appalachian Orogen (e.g. Williams, 
1978, 1979; Williams and Hatcher, 1982; Nance, 1987a; 
Murphy and Nance, 1989), and southern New Brunswick has 
been widely considered to exemplify the stratigraphic 

relations and tectonic evolution of the Avalon terrane (e.g. 
Rast et al., 1976; Nance, 1986; Murphy and Nance, 1989). 
However, the stratigraphy, age, and petrology of the rock 
units in the Caledonian Highlands were not well constrained 
prior to this study. The area had been mapped mainly on a 
reconnaissance basis (e.g. Kindle, 1962; Ruitenberg et al., 
1979), and few geochronological or petrological studies had 
been done. As a result, previous stratigraphic and tectonic 
models (e.g. O'Brien et al., 1983; Nance, 1987b; Murphy and 
Nance, 1989; Dostal and McCutcheon, 1990; Keppie and 



Dostal, 1991) were based on assumptions about field relations 
and age, many of which havenot been confii-med by this study, 
and on geochemical data from samples of limited distribution 
(e.g. Currie and Eby, 1990; Dostal and McCutcheon, 1990). 

This report presents the results of field mapping, com- 
bined with petrological and geochronological studies of Neo- 
proterozoic volcanic, sedimentary, and plutonic rocks in the 
Caledonian Highlands. The project, initiated in 1985, had 
three main goals: 

1, to interpret field and stratigraphic relations among the 
Neoproterozoic volcanic and sedimentary rocks in the 
study area; 

2. to deteimine the distribution, field relations, petrochemis- 
try, and age of plutonic units; 

3, to interpret the tectonic setting and geological history of 
the area, based on characteristics of its constituent vol- 
canic, sedimentary, and plutonic rocks. 

This report, along with Open File 3615, summarizes the 
results of the project. Open File 3615, a set of 1 5 0  000 scale 
geological maps of this study area by the same authors, shows 
in detail the rock units discussed in this bulletin. Readers are 
referred to these detailed maps for the locations of geographic 
localities cited in this report. These maps supersede prelirni- 
nary maps published earlier (Barr and White, 1988b, 1989a, 

1991a, 1993). Although specific studies of mineral deposits 
in the Caledonian Highlands were not part of this project, the 
results of this study lead to a better understanding of the geo- 
logical setting of known mineral deposits in the area and may 
help to focus exploration for additional deposits on lithologi- 
cal units of highest potential. 

ACKNOWLEDGMENTS 
This project was funded by the Canada-New Brunswick 
Mineral Development Agreement, 1984-1989, and by the 
Canada-New Brunswick Cooperat ion Agreement ,  
1990-1995. In both cases, the project was carried out by the 
Geological Survey of Canada, and we are grateful to 
W.H. Poole and K.L. Currie for initiating the project. Addi- 
tional funding for analytical work was from a research grant 
to S.M. Barr from the Natural Sciences and Engineering 
Research Council of Canada. We thank Alan Macdonald for 
his contributions to mapping in the Fundy National Park area, 
and K.L. Currie for enjoyable and helpful discussions and 
field trips. We are also grateful to Malcolm McLeod for shar- 
ing his knowledge of the Caledonian Highlands with us, and 
for his helpful comments as reviewer which led to improve- 
ments in this report. Discussions with many other individuals 
have also been helpful, particularly L.R. Fyffe, S.C. Johnson, 
R.D. Nance, A.A. Ruitenberg, and S.E. Watters. 

ATLANTIC OCEAN 

Figure 1. Location of the Caledonian Highlands (stippled) i l l  soutlzern New B I ' L L ~ I S W ~ C ~ ,  
with NTS sheets indicated by dashed lines. Major- access routes are shown, as described 
in the text. 
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LOCATION AND ACCESS 
The Caledonian Highlands (Weeks, 1957) are a prominent 
upland area that extends 130 km northeastward from the city 
of Saint John to close to Hopewell Cape, south of Moncton 
(Fig. 1). The highlands rise steeply from the Bay of Fundy to 
a maximum elevation of about 450 m. They are relatively flat 
on top, and descend more gradually to the Carboniferous 
basin on their northwestern margin. The highlands include 
all or parts of National Topographic System map sheets 
21 GI8 (Saint John), 21 HI4 (Cape Spencer), 21 HI5 (Loch 

Lomond), 21 HI6 (Salmon River), 21 HI10 (Alma), 21 HI11 
(Waterford), 2 1 HI12 (Sussex), 21 HI14 (Petitcodiac), and 21 
HI15 (Hillsborough) (Fig. 1). 

Access to the area is mainly by Highway 11 1 east from 
Saint John to St. Martins and from there north to Sussex. 
Highway 114 crosses the highlands from east of Sussex to 
Alma, through the Fundy National Park, and then follows the 
margin of the highlands to Riverside-Albert and Hopewell 
Cape. The Old Shepody Road follows the axis of the high- 
lands from Highway 1 11 at Hammondvale to Highway 114 
near Riverside-Albert, and provides the main access within 
the belt. A network of logging roads and trails extends both 
north and south of the Old Shepody Road, and from highways 
1 11 and 114. However, deeply incised streams which mainly 
flow south or north provide the best outcrop exposure 
throughout the belt. The coastline has excellent outcrop expo- 
sure with long stl-etches of near-vertical cliffs. However, 
much of the coast is accessible only by boat, and the large 
tidal range and seaweed cover make boat work both difficult 
and dangerous. 

Figure 2. Sinzplifiecl geological nzap of the Crrledonian Highlands showing the distribution of the 
nzajor units included in this study. Non-italicized I Z L L I I I ~ ~ I - s  in boxes are U-Pb (zircon) agesfiom Bevier 
and Burr (1990), Barr et al. (1994), and GI-anzmatikopoulos et al. (1995). Italicized numbers in boxes 
are 4 0 ~ r / 3 9 ~ r  mineral ages f,,m White (1995), Gmrnmatikopoulos et al. (1995), Watters (1993b), and 
Dallnzeyer and Nance (1992); mineral abbreviations: m, muscovite; a, anzplzibole; p, phlogopite; i, illite. 
Inset map shows the location of the study area in the context ofproposed terranes in Maritime Canada 
(after Barr and White, 1996b); abbreviations: CCHF, Caledonia-Clover Hill Fault; KC, Kingston 
Conzp1e.u; NR and N, New River belt; BT and B, Brookville terraize; C ,  Caledonia terrarze; BRI, Blair 
River iizlier. 



SCOPE OF THE STUDY AND 
METHODOLOGY 
The study area covers the Caledonian Highlands southeast of 
the Caledonia-Clover Hill fault system (Fig. 2, Open File 
3615). It includes the Central Volcanic, Central Intrusive, 
and Eastern Volcanic belts of Giles and Ruitenberg (1977) 
and Ruitenberg et al. (1979), and constitutes the area termed 
the 'Caledonia tenane' by Barr and White (1989b, 1996b). 
The entire area was mapped during the summers of 
1985-1991 by the authors of this report. Mapping was 
mainly at a scale of 1:25 000, with less detailed mapping in 
some aseas of limited outcrop and/or difficult access. Ortho- 
photomaps (1:lO 000 scale) published in 1971 by the New 
Brunswick Department of Natural Resources were used as 
base maps, with new logging roads surveyed in by compass. 
More than 2500 samples were collected, all of which were 
slabbed to obtain an unweathered sui-face for examination. 
More than 1000 sarnpIes were studied in thin section for more 
detailed petl-ographic information. Mineral analyses were 
done in selected representative samples to provide data on 
precise mineral compositions. However, because of the large 
size of the area and the wide range in age and character of the 
rocks, the petrographic work is considered to be of only a 
reconnaissance nature, even though a large number of sam- 
ples were studied. Terminology used in describing and nam- 
ing the rocks is discussed in Appendix A. 

Radiometric dating by the U-Pb method was a major com- 
ponent of the project, and the results have been published 
(Bevier and Barr, 1990; Basset al., 1994; Grammatikopoulos 
et al., 1995). Figure 2 shows the locations and ages of samples 
that were successfully dated, and the data are summarized in 
Table 1. Obtaining reliable ages proved difficult because of 
the small number, or, in some cases, absence, of zircon grains 
in units that, based on field relations, are important to date. 

Petrochemical features of both volcanic and plutonic 
rocks are used to aid in characterization of the roclts, and to 
constrain their origin and tectonic setting. Brief petrographic 
descriptions of the analyzed samples are presented in 
Appendix B. Analytical methods are described and chemical 
data presented in Appendix C. Barr and White (1996a) pre- 
sented a summary interpretation of the data in terms of tec- 
tonic setting. Hence, the emphasis in this report is on 
petrochemical variations within and among units. 

REGIONAL GEOLOGICAL SETTING - 
AN OVERVIEW 
This section provides an overview of the geological units in 
the study area and in adjacent areas, and suminasizes the vari- 
ous inte~yretations that have been made for their ages and 
stratigraphic relations. Although the major rock units in 
southern New Brunswick are generally agreed upon, their 
inter-relationships remain conh-oversial. Barr and White 
( I  989b) introduced the term 'Caledonia terrane', encompass- 
ing the Neoproterozoic to Cambrian rocks of this study area, 

Table 1. Summary of U-Pb age data from the Caledonian Highlands. 

Age (Ma) 1 Sample # I Unit I Lithology I NTS (east, north) I Ref I Comment 
625 * 5 I NB86-1119 Iz,,,,~, I Pollet River aranodiorite 121 H/l4(337094,5071043) 1 1 I , . ..-" , - 
623 * 2 I KC82074 Iz,, I~ i l l ican Lake granodiorite 121 HI04 (271000,5009000) 1 4 1 
ca. 61 8 1 ~ ~ 8 5 - 1 2 6  Bdt 1 Fortyfive River Road rhyolite 121 H/10 (348448, 5058876) 1 2 1 
616 + 3 1~~87 -4551  z l0ld Shewodv Road aranite 121 HI1 1 (328500, 5056637) 1 1 I 
615 +I/-2 

613 _t 2 

600 * 1 

559 * 5 

557 * 3 

548 + 1 1~~86 -1159  I ~r I coldbrook Group rhyolite 121 HI1 1 (331 564, 5053538) 1 1 I 
<479 + 8 1 NB88-5542 10, 1 Grassy Lake fm dacite 121 HI05 (302507,5034491) 1 2 1 

554 +14/-1 

551 + 5 

550 * 1 

NB91-8130 

NB85-609 

NB86-1120 

NB90-7095 

MS130 

NB89-627A 

NB89-6208 

NB87-4626 

<367 

no age 
no age 
no age 

Z,, 
Bdt 

Bdr 

Cr 

Z 

Cgd 

Z,, 
Zoo, 

References: 
1 Bevier and Barr (1990) 
2 Barr et al. (1 994) 
3 Grammatikopoulos et al. (1995) 
4 Watters (1 993b) 

NB89-6218 

NB90-7034 
NB89-6217 
NB89-6027 

Kent Hills granodiorite 

felsic tuff 

intermediate tuff 

felsic tuff 

auartz diorite 

Dacite, Somerset Street 

Upham Mtn. syenogranite 

Bonnell Brook svenoaranite 

D, 

Cr 
Cft 
Cr 

21 HI1 0 (348791,5065425) 

21 HI10 (350496,5059305) 

21 HI1 4 (3371 73,5071 662) 

21 HI05 (296745,5036400) 

21 HI1 1 (323140,5063525) 

2 

1 

1 

2 

3 

21 GI08 (730070,501 7855) 

21 H/05 (291469,5038421) 

21 HI1 1 1316043,5049091) 

Fairfield fm rhyolite 

rhyolite at Mystery Lake 
dacite on Highway 11 1 
Vernon Mtn. rhyolite 

2 

2 

1 

21 HI05 (288252,5023452) 

21 HI05 (265849,5022052) 
21 HI05 (27231 0,5024375) 
21 HI05 (281955,5022932) 

2 

no zircon 
no zircon 
no zircon 



to emphasize their differences compared to roclts in adjacent 
areas, in particular in the Brookville terrane (Fig. 2). How- 
ever, the significance of these differences is the subject of 
ongoing debate (e.g. Dallmeyer and Nance, 1992, 1994; Murphy 
et al., 1992a; Whalen et al., 1994; Barr et al. 1995; Barr and 
White, 1996b), as discussed below. Although Cambrian and 
younger rocks are not a focus of this study, they are included 
in this section as part of the regional framework. 

Traditionally, gneissic roclts in the Saint John area, 
termed the 'Brooltville Gneiss', were assumed to be the old- 
est rocks exposed in southern New Brunswick (e.g. Nance, 
1987a). The gneissic roclts occur in association with marble, 
calcareous metapelite, metasiltstone, and quartzite of the 
Green Head Group. Based on the nature of locally preserved 
stromatolites, Hofmann (1974) suggested that the Green 
Head Group is Neohelikian (Mesoproterozoic) in age. The 
Brookville Gneiss was interpreted to be either 1) an older 
(Aphebian to Grenvillian), remobilized and partially melted 
conlinental basement upon which the Green Head Group was 
deposited (Olszewski and Gaudette, 1982; O'Brien et al., 
1983; Currie, 1984,1986,1987,1988; Nance, 1986,1987a, 
1990) or 2) a high-grade, rnigmatitic portion of the lower 
Green Head Group (O'Brien, 1976; Rast et al., 1976; Wardle, 
1978). However, neither of these interpretations appears to 
be correct because 1 )  paragneiss, which constitutes about 
75% of the Brookville Gneiss, contains detrital zircons with a 
maximum age of ca. 640 Ma (Bevier et al., 1990) and 2) 
orthogneiss in the BrookviLle Gneiss has an igneous crystalli- 
zation age of 605 f 3 Ma, and was metamorphosed to amphib- 
olite facies at 564 f 6 Ma (Bevier et al., 1990; Dallmeyer et 
al., 1990). Therefore the gneiss does not represent an ancient 
continental basement to the Green Head Group. On the con- 
trary, if a Neohelikian age (Hofmann, 1974) for the Green 
Head Group is correct, then the gneiss appears to be younger 
than the Green Head Group. 

The belt of rocks that includes the Green Head Group, 
Brookville Gneiss, and associated plutons was termed the 
'Western Intrusive Belt' by Ruitenberg et al. (1979), and the 
'Brooltville terrane' by Barr and White (1989b). The terrane 
designation emphasizes the lack of correlation between units 
in this area and the units in the Caledonian Highlands (Barr 
and White, 1996b; White and Barr, 1996) which are the focus 
of this study. 

Volcanic and associated sedimentary rocks in the Saint 
John area, and to the east in the Caledonian Highlands, were 
traditionally assigned to the Coldbrook Group (or 
'Coldbrook Equivalent') of Late Precambrian age, and 
interpreted to overlie the Green Head Group (e.g. Nance, 
1987a). Based on differences in lithology, deformation, 
metamorphism, and age (Bevier and Barr, 1990; Barr et al., 
1994), these rocks have been divided into two separate 
groups. The name Coldbrook Group is retained for rocks in 
the traditional 'type area' east of Saint John, and for rocks 
interpreted to be of similar age, mainly in the northern and 
western part of the highlands. These rocks occur mainly in 
the area termed the 'Central Volcanic Belt' by Ruitenberg et 
al. (1979). The new name Broad River Group is assigned to 

what are now known to be older units mainly located in the 
northeastern and southern parts of the highlands, mainly in the 
Eastern Volcanic Belt of Ruitenberg et al. (1979). 

The U-Pb dating also led to the recognition in the Caledo- 
nian Highlands of two younger volcanic units (Fairfield and 
Grassy Lake formations) of restricted distribution, which are 
also described in this report. 

As a result of the age data, and in contrast to interpreta- 
tions linking the Coldbrook Group with the Green Head 
Group and Brookville Gneiss, Barr and White (1989b, 1991b, 
1996b) interpreted the Coldbrook and Broad River groups 
and associated rocks to be in faulted contact with the Green 
Head Group, Brookville Gneiss, and associated plutons of the 
Brookville terrane, with no Late Precambrian to Cambrian 
stratigraphic links between the two areas. They used the term 
'Caledonia terrane' to designate the area of outcrop of the 
Coldbrook and Broad River groups and associated rocks, 
located southeast of the Caledonia-Clover Hill fault 
(Fig. 1, 2). 

Volcanic, sedimentary, and plutonic roclts also occur 
northwest of the Brookville terrane, in the area called the 
Western Volcanic Belt by Giles and Ruitenberg (1977) and 
Ruitenberg et al. (1979). Rast et al. (1978a) suggested that 
this area includes Precambrian volcanic and granitic rocks 
intruded by a dyke swarm (Kingston Complex of Cuuie, 
1984) and mylonitized during the latest Precambrian. How- 
ever, recent work has indicated a Silurian to Early Devonian 
age for much, if not all, of the Icingston Complex (Doig et al., 
1990; Nance and Dallmeyer, 1993), and the relationship of 
Precambrian rocks in this area and in the New River belt to the 
north (Fig. 2) to rocks of the Caledonia terrane remains uncer- 
tain (Fyffe and McLeod, 1990; Currie and Hunt, 1991; 
McLeod et al., 1992; Muiphy et al., 1992a; Johnson and 
McLeod, 1996; Barr et al., 1995; Ball- and White, 1996b, Barr 
et al., 1997). 

The Coldbrook Group is disconformably overlain by 
Lower Paleozoic rocks of the Saint John Group, a platformal 
sequence containing Acado-Baltic fossils. Cuxie (1984) sug- 
gested that the sedimentary and volcanic rocks underlying the 
basal Cambrian unit are distinct from and younger than the 
Coldbrook Group, and placed them in a separate 'Eoca- 
mbrian' succession. He referred to this succession as 'Eoca- 
rnbrian' to emphasize its presumed intermediate age between 
the Coldbrook Group and the Saint John Group, and subse- 
quently as the 'Lorneville beds' (Currie, 1992). Some or all 
of these rocks had been previously included with 1) the Cold- 
brook Group, 2) the Saint John Group, or 3) the Carbonifer- 
ous Mispec Group (West Beach Formation). The status of the 
'Lorneville beds' and their stratigraphic correlatives in the 
Caledonian Highlands remains controversial. However, 
U-Pb dating suggests that the volcanic rocks in this succes- 
sion are not significantly younger than the Coldbrook Group 
(Barr et al., 1994), and hence most of these volcanic rocks are 
included here in the Coldbrook Group. 

Tanoli and Pickerill (1988) presented a revised lithostra- 
tigraphy for the Saint John Group in which they recognized 
seven formations. The lowermost formation (Ratcliffe 
Brook) was interpreted to disconformably overlie volcanic 



and clastic sedimentary rocks of the Coldbrook Group 
(Tanoli and Pickerill, 1988, 1990). The Ratcliffe Brook For- 
mation includes a distinctive, basal, quartzite-pebble con- 
glomerate unit (Tanoli and Pickerill, 1990), and clastic 
sedimentary rocks that locally contain trace fossils (Hofinann 
and Patel, 1989). The Ratcliffe Brook Formation is overlain 
by quartz arenite and quartzite-pebble conglomerate of the 
Glen Falls Formation, sandstone and siltstone of the Hanford 
Brook Formation, and then by a Middle Cambrian to Lower 
Ordovician marine sedimentary sequence. In contrast to the 
terminology of Tanoli and Pickerill (1988), Landing (1991b. 
1996a) has extended stratigraphic nomenclature from 
Newfoundland to southern New Brunswick. However, the 
units of Tanoli and Pickerill (1988) are generally followed in 
this report, except that the quartzite-pebble conglomerate and 
associated clastic rocks of the lowermost Ratcliffe Brook 
Formation are placed in a separate unit (ZC,.,,) because field 
I-elations suggest that they are more closely associated with 
the underlying Coldbrook Group than with the overlying 
Saint John Group. In addition, following Watters (1993a, b), 
another Cambrian sedimentary unit, the Cape Spencer For- 
mation, is recognized in the Cape Spencer area southeast of 
the city of Saint John (Open File 3615). 

Ln the area southeast of the city of Saint John, Carbonifer- 
ous rocks include grey sandstone, conglomerate, and siltstone 
of the Lancaster Formation and red conglomerate, sandstone, 
siltstone, and shale of the Balls Lake and Tynemouth Creek 
formations (Nance, 1990). Traditionally, some interbedded 
volcanic and sedimentay rocks in the Saint John area were 
called the Mispec Group and also considered to be of Carbon- 
iferous age. However, the name has since been abandoned, 
and the rocks assigned to other units (Nance, 1987b). The 
volcanic part of the Mispec Group (West Beach Formation or 
'Lorneville Volcanics' of Rast et a]., 1978b) was termed the 
'Lorneville Beds' by Currie (1992) and interpreted to be of 
Eocambrian age. However, in this report these rocks are 
placed either in the Coldbrook Group or in a separate 'Carbo- 
niferous or older' unit (Open File 3615). 

Elsewhere along the northern, northeastern, and south- 
eastern margins of the Caledonian Highlands, Carboniferous 
rocks occur mainly in faulted contact with the Precambrian 
units, and include the Upper Devonian-Lower Carboniferous 
Horton Group and the Carboniferous Windsor, Hopewell and 
Cumberland groups. The distribution of these units has 
recently been documented by St. Peter (e.g. 1989, 1993), and 
his work has been followed during this study. 

Red sandstone, shale, and conglomerate of the Triassic 
Fundy Group occur in small, mainly fault-bounded areas 
along the Bay of Fundy coast (Ruitenberg et al., 1979; Nadon 
and Middleton, 1985; Plint and van de Poll, 1984). Like the 
Carboniferousrocks, they were not included in this study, and 
their distribution has been taken from these other sources. 

PREVIOUS WORK IN THE CALEDONIAN 
HIGHLANDS 
Volcanic rocks in the Saint John area have been previously 
termed the 'Saint John Volcanics' (Hayes and Howell, 1937) 
or the 'Coldbrook G~OLIP '  (Alcock, 1938; Cormier, 1969). 
They were considered to be of Precambrian age based on their 
position underlying fossiliferous Lower Cambrian strata. 
Attempts to subdivide these rocks in the Saint John area into 
lithological units met with only limited success (Hayes and 
Howell, 1937). 

Mapping in the extension of the volcanic belt to the north- 
east also resulted in little stratigraphic information because of 
the complexity of the rocks and their extensive alteration and 
deformation (Flaherty, 1933, 1934; Norman, 1941; Norman 
and Flaherty, 1941; Stewart, 1941). Kindle (1962) mapped a 
large area in the central highlands, including Fundy National 
Pal-k, and assigned the volcanic and sedimentary rocks to the 
Coldbrook Group of probable Precambrian age, by compari- 
son with the Saint John area. He divided the rocks into three 
complexly intermixed lithological units: a felsic unit domi- 
nated by rhyolite and dacite, a mainly sedimentary unit of 
quartzite, slate, and conglomerate, and a mafic unit of andes- 
ite with minor dacite, basalt, and chlorite schist. Kindle 
(1962) also identified various plutonic units ranging from 
gabbro to alaskite. 

The first mapping of the entire Caledonian Highlands was 
done by Ruitenberg et al. (1 973, 1975, 1979). They recog- 
nized that the volcanic rocks of the Coldbrook 'type area' east 
of the city of Saint John typify only some of the rocks in the 
rest of the belt, and hence used the term 'Coldbrook Equiva- 
lents' for rocks outside the immediate Coldbrook area. They 
demonstrated lateral continuity of large units which were 
chosen to include distinct lithological assemblages. They 
also assigned names to most of the major intrusive units. 

Ruitenberg et al. (1973, 1975, 1979) divided the area 
included in the present study into Easte~n and Central Vol- 
canic belts, and a Central Intrusive Belt. They reported that 
the Eastern Volcanic Belt is underlain mostly by volcano- 
genic sedimentary rocks and tuff with smaller amounts of 
lnafic and felsic flows. Also characteristic are coarse-grained 
clastic sedimentary rocks intercalated with the volcanic 
rocks. The Eastern Volcanic Belt is separated for much of its 
length from the Central Volcanic Belt by the Central Intrus- 
ive Belt, but was described as having a gradational relation- 
ship with the Central Volcanic Belt in the southwest where 
the plutons are absent. The Central Volcanic Belt of Ruiten- 
berg et al. (1979) includes the type area of the Coldbrook 
Group immediately east of Saint John. Typical rocks include 
coarse-grained, lithic lapilli tuff and volcanic flows. The 
tuffs were described as coarser in the Central belt than in the 
Eastern belt. Ruitenberg et al. (1979) also recognized the 
Black River fault block within the Central Volcanic Belt. 
This sequence of mafic and felsic flows and tuffaceous rocks 
was interpreted to be correlative with the Eastern Volcanic 
Belt, and thus t  into its present position. 



The Central Intrusive Belt of Ruitenberg et al. (1979) Mineral occurrences in the Caledonian Highlands were 
includes two major intrusions, Point Wolfe River and Bon- described by Ruitenberg et al. (1979) and McLeod (1987), 
nell Brook. The dominant rocks were identified as granodio- and also in numerous specialized reports and assessment 
rite, quartz diorite, diorite, granite, and gabbro. Plutonic reports (e.g. Bichan, 1947; Flaherty, 1963; Wright, 1940; 
rocks of similar compositions are also a major component of Wells, 1992). 
the Eastern Volcanic Belt. Ruitenberg et al. (1979) presented 
modal analyses for selected plutonic samples and whole- 
rock, major-element, chemical data for volcanic samples. BROAD RIVER GROUP 
They considered the age(s) of the plutonic units to be highly 
uncertain because few radiometric dates were available. Overview 

McLeod (1987) remapped the southwestern part of the East- 
ein Volcanic Belt of Ruitenberg et al. (1979), in the Big Salmon 
River-Goose River area. He made a more detailed subdivision 
into lithological units, and recognized the presence of Central 
Volcanic Belt units on the southeastern side of the Central 
Intrusive Belt. He proposed that a major southward-directed 
thrust, which he termed the 'Cradle Brook-Walton Brook 
Fault', is a tectonic boundary between the Eastern and Cen- 
tral volcanic belts in this area. McLeod (1987) also presented 
mainly major-element chemical data for selected volcanic 
and plutonic samples in his map area. 

Ruitenberg et al. (1973, 1979) noted that deformation is 
inhomogeneous in the Caledonian Highlands. They recog- 
nized a Fundy Cataclastic Zone that included their Eastern 
Volcanic Belt as well as the southeastern margin of the Cen- 
tral Intrusive Belt. In this zone, the roclcs show intense pene- 
trative deformation. In contrast, in the adjacent Loch Lomond 
Defol~ned Zone, they suggested that the rocks show mainly 
the effects of open folding and tilting related to faulting. The 
Fundy Cataclastic Zone was said to be characterized by S ,  
surfaces with shallow to moderate dips, with local steep dips 
and major changes in trend produced by later folding and 
faulting. 

The Precambrian age assigned to the Coldbrook Group 
was based on the overlying, fossiliferous, Lower Cambrian 
Saint John Group (e.g. Hayes and Howell, 1937; Alcock, 
1938). Fairbairn et al. (1966) tried to date the Coldbrook 
Group using Rb-Sr whole-rock analyses; however, the result- 
ing date of 468 Ma appeared to be too young. Corrnier (1 969) 
also attempted to verify a Precambrian age using Rb-Sr 
whole-rock analyses. His results indicated an age of ca. 750 
Ma for the volcanic rocks and a Devonian age (ca. 370 Ma) 
for regional metamorphism in the area. 

McLeod and McCutcheon (198 1) described several areas 
in the south-central Caledonian Highlands of rocks similar in 
lithology to those of the Lower Cambrian Ratcliffe Brook, 
Glen Falls, and Hanford Brook formations of the Saint John 
Group, and suggested that they are also of Early Cambrian 
age. The presence of Cambrian rocks was subsequently con- 
firmed by paleontological study (Landing, 1996b). 

Other mapping in the study area included the work of 
Watters (1987, 1993a, b), who completed detailed mapping 
of deformed Precambrian volcanic and plutonic rocks and 
Carboniferous sedimentary rocks in the Cape Spencer-Black 
River area southeast of Saint John. Cui-sie (1989) mapped 
mainly in and west of the city of Saint John but also included 
the westernmost part of the present map area. 

The term 'Broad River Group' was introduced by Barr et al. 
(1994) to encompass the low-grade metavolcanic and meta- 
sedimentary I-ocks of the Caledonian Highlands that had been 
shown by U-Pb (zircon) dating to be mainly older than ca. 
620 Ma. These rocks form most of the northeastern and south- 
ern parts of the highlands, and host a variety of plutonic rocks 
of mainly similar age (Fig. 2). 

The Broad River Group consists dominantly of intesmedi- 
ate and felsic crystal and lithic crystal tuffs, with less abun- 
dant intermediate and felsic flows, mafic tuffs and flows, and 
epiclastic sedimentary rocks. The group is divided into 13 
map units (Fig. 3, OpenFile 3615), each of which is lithologi- 
cally composite, but has some distinctive components which 
distinguish it from other units in the group. In general, stra- 
tigraphic relations among these units are not known, except in 
rare, less-deformed areas where bedding and evidence of 
younging direction have been preserved. Some units are 
likely to represent lateral facies equivalents, but outcrop is 
not generally sufficient to trace such variations. 

In most places, original compositional layering appears to 
have been ~ansposed to parallel the regional foliation (see 
section titled 'Deformation and Metamorphism'). Evidence 
of widespread shearing in the rocks and the elongate form of 
most map units indicate that many contacts have-been modi- 
fied by faults, although we have shown faulted contacts only 
where we have direct field evidence for their presence. 
Because of these structural complexities, the potential for lat- 
eral facies changes in this dominantly volcaniclastic assem- 
blage, and the consequent stratigraphic uncertainties, it is 
difficult to estimate the thickness of the Broad River Group, 
but a minimum thickness of about 7 km is suggested. The 
units are described below in a highly speculative stratigraphic 
sequence based on the cross-sections described in the section 
titled 'Deformation and Metamorphism'. Contacts with the 
younger Coldbrook Group were nowhere directly observed, 
and now appear to be mainly faults; originally, the contact is 
likely to have been unconformable because of the gap of 
40-60 Ma between the ages of dated rocks in the two groups. 

Rocks of the Broad River Group have undergone low- 
grade regional metamorphism, and contain mineral assem- 
blages typical of greenschist facies. They have also been 
affected by local contact metamorphism. Metamorphic 
names such as slate, phyllite, or schist could be used for most 
rocks. However, in many cases the volcanic or sedimentary 
protolith can still be inferred, and the protolith names are, 
therefore, used in describing and naming the rocks whel-e 
possible. In some areas of pervasive shearing and myloniti- 
zation, the protolith is uncertain. 



Most rocks in the Broad River Group are strongly foliated, 
with well developed slaty cleavage or schistosity. In addition, 
evidence of sheasing is widespread, and in many areas the 
rocks are mylonitic. Much of the area assigned here to the 
Broad River Group is part of the Fundy Cataclastic Zone of 
Ruitenberg et al. (1973), and the Eastern Volcanic Belt of 
Giles and Ruitenberg (1977) and Ruitenberg et al. (1979). 
The group also includes the area southeast of the Cradle 
Brook-Walton Brook fault of McLeod (1987), and most of 
the rocks in the central and eastern Caledonian Highlands 
informally termed 'sequence A' by Bars and White (1988~).  
The differences in lithology and deformational character of 
these rocks compared to other volcanic-sedimentary units in 
the Caledonian Highlands were recognized by all of these 
workers, but without geochronological control, the differ- 
ence in age between rocks of the Broad River Group and other 
rock units was not generally recognized. 

Age controls in the Broad River Group are based on tuff 
and rhyolite samples from 3 locations which yielded U-Pb 
ages of ca. 618 Ma, 613 k 2 Ma, and 600 k 1 Ma (Fig. 2; 
Table 1). The group has been intruded by dioritic to granitic 
plutons with ages of ca. 615 +I/-2 Ma, 625 f 5 Ma, 616 f 3 
Ma, and 623 f 2 Ma (Bass et al., 1994; Watters, 1993b). 
Given the complexity of the age data, as well as field evidence 
of crosscutting relations, it seems most likely that the Broad 
River Group and the dated plutons are essentially cogenetic at 
ca. 620 Ma (Barr et al., 1994). 

Description of lithological units 

(Note: for brevity, the age indicator 'Z '  is omitted from the 
Neoproterozoic unit designations in this section.) 

Unit Bls (Lumsden unit) 

Unit Bls is located between the Kent Hills Pluton and the 
Caledonia Road Granitoid Suite (Fig. 3, Open File 3615), and 
has been intruded by both of these plutonic units, as well as by 
the Caledonia Brook Granodiorite, Rat Tail Brook Pluton, 
and numerous other smaller and varied plutonic units. Not 
surprisingly, evidence for contact metamorphism is wide- 
spread within the unit. Unit Bls hosts the Lumsden Cu-Zn-Pb 
deposit, and hence is informally termed the 'Lumsden unit'. 

Typical rocks of unit Bls are exposed along Crooked 
Creek (NTS 21 Hl1.5). The most characteristic rock type is 
dark-coloured hornfels (typically fine-grained laminated 
metasiltstone or tuffaceous siltstone). The hornfels contains 
scattered quartz and plagioclase crystals. Interlayered with 
the metasiltstone are dacitic and rare mafic crystal and lithic 
crystal tuffs, and fine-grained cherty siliceous rocks of uncer- 
tain protolith. Pyrite is abundant in many rocks of a11 litholo- 
gies. As in most other units of the Broad River Group, 
porphyry sheets are present, and contain distinctive embayed 
quartz phenocrysts, in most cases accompanied by plagio- 
clase phenocrysts. The groundmass contains abundant seric- 
ite. Where sheared, the porphyries are difficult to distinguish 
from crystal tuffs. 

Compased to other units in the Broad River Group, the 
rocks of the Lumsden unit generally appear to be of higher 
metamorphic grade, and commonly contain abundant biotite 
and amphibole, as well as sericite, chlorite, and epidote. 
Rocks of both sedimentary and tuffaceous origin show evi- 
dence for contact metamorphism, including chlorite, epidote, 
and, rarely, altered cordierite spots, and recrystallized- 
looking groundmass textures. Some samples display a strong 
cleavage, defined by sericite/muscovite, and/or biotite, 
and/or chlorite. These samples appear to have been sheared 
and, in some cases,  mylonitized after the contact  
metamorphism. 

Unit Btp (Teahan unit) 

Unit Btp is informally termed the 'Teahan unit' because of its 
occurrence in the vicinity of Teahans Comer and the Teahan 
Cu-Pb-Zn deposit (Fig. 3,Open File 3615). It corresponds in 
part to unit A2 of Barr and White (1988a). The most charac- 
teristic and abundant rock types in the unit are strongly 
cleaved phyllite and chloritic schist (Fig. 4) but a variety of 
other rocks includmg slate, arnygdaloidal basalt, and arkosic 
sandstone and conglomerate, as well as mafic and felsic por- 
phyritic dykes and small plutons, are also present. Unit Btp 
hosts the Teahan pyrite-copper-zinc-lead sulphide deposit, as 
described by Ruitenberg et al. (1979). 

Rocks typical of the Teahan unit are well exposed in the 
upper part of Broad River and its tributay Barrett Brook 
(NTS 21 HI1 1). To the southwest, the distinctive phyllites of 
the unit can be mapped with certainty to beyond East Branch 
Goose Creek, where the unit seems to merge with unit Bmf 
(which locally contains some lithologies similar to those in 
the Teahan unit). To the northeast, the distinctive phyllites of 
the unit can be traced for several kilometres both north and 
south of the Kent Hills Pluton. However, on the northern side 
of the pluton they are replaced along s&ke by a dominantly 
arkosic metasedimentary unit (Bas), and on the southelm side 
they are replaced by a unit of more massive tuffaceous sedi- 
mentary rocks (unit Bls). Both of these units could represent 
lateral facies equivalents of unit Btp, as both lithologies are 
present locally in the Teahan unit. However, outcrop is very 
limited in the areas of transition, and hence the nature and 
position of these unit boundaries are highly speculative. 

The characteristic phyllites of the Teahan unit are dark 
green-grey and consist of abundant muscovite, chlorite, and 
epidote, as well as quartz and feldspar. With increasing and 
decreasing grain size, respectively, they grade to laminated 
siltstone and grey and maroon slate. Most of these rocks 
appear to have a tuffaceous protolith of andesitic to dacitic 
composition; most samples contain scattered angular quartz 
clasts. The chloritic schists contain more abundant chlorite 
and epidote than the phyllites, and their protoliths were 
probably mafic ash tuffs. 

Rocks with crystal- and lithic crystal-tuff protoliths ase 
also common in the Teahan unit, and are similar to tuffs in 
unit Bmf. They are characterized by quartz and feldspar lap- 
illi, typically in a cleaved and sheared fine-grained matrix of 
sericite, chlorite, and epidote, and are predominantly of dac- 
itic composition. 





Metasedimentary rocks in the Teahan unit occur as lenses or 
layers throughout the unit. The arkosic metasandstone and 
metaconglomerate are similar to those in unit Bas. The slates vary 
from grey to maroon to buff, and are similar to those in unit Bs. 

Various porphyritic intrusive units are common in the 
Teahan unit. Most distinctive are lnafic bodies with abundant 
large plagioclase phenocrysts, and more felsic porphyries 
with large embayed quartz phenocrysts. Other plutonic rocks 
are also abundant in the unit, and range from mappable bodies 
of diorite, leucotonalite, tonalite, and granodiorite to dioritic 
and gabbroic dykes. Most of these plutonic units are exten- 
sively altered, and, like the larger dated plutons, are likely to 
be similar in age to their tuffaceous host rocks. Exceptions 
are rare bodies of much fresher gabbroic rocks in the central 
part of the unit around the Teahan Comer area. They preserve 
both pyroxene and olivine, and hence are mineralogically 
similar to the ca. 557 Ma Mechanic Settlement Pluton, and 
may be of similar age. 

Unit Bas 

Unit Bas is composed mainly of interlayered quartz-rich 
sandstone, siltstone, and conglomerate with abundant quartz- 
ite clasts. Rocks of this unit occur both north and south of unit 
Btp, in lenses closely associated and apparently within unit 
Btp, and in several slivers faulted against Carboniferous 
rocks along the southern margin of the map area (Fig. 3, Open 
File 3615). It is not likely that these widely separated areas are 
directly time-correlative, but they have many lithological 
features in common, and were clearly derived from similar 
source areas and deposited under similar conditions. The area 
of unit Bas south of unit Btp was informally termed the 'Fort- 
yfive River arkose' by Ruitenberg et al. (1979), and 'unit A3' 
by Barr and White (1988a). Typical outcrops occur along 
Fortyfive River Road. 

Unit Bas is one of the few in the Broad River Group in 
which younging direction can be determined. Both graded 
bedding and crossbedding are preserved in many outcrops, 
except in strongly sheared areas. In the faulted lenses of unit 
Bas along the southern margin of the highlands, the rocks 
seem to coarsen to the northwest toward apparently faulted 
contacts with granitoid plutons. This observation suggests 
the presence of a nearby source area, and younging to the 
southeast, but none of the rock units presently exposed in the 
Caledonian Highlands is a suitable source because of the 
abundance of quartzite clasts in unit Bas. The 'Fortyfive 
River arkose' body also youngs mainly to the southeast, 
based on sedimentary structures in outcrops of these rocks, 
for example, along the Fortyfive River Road northeast of 
Fundy National Park. Although locally younging directions 
to the northwest were also observed, overall unit Btp appears 
to grade into unit Bas in this area. 

Lenses of unit Bas associated with unit Btp in the Dustin 
Brook, Shepody Road, and Teahan areas appear to grade into 
more tuffaceous rocks both above (to the northwest) and 
below (to the southeast). In the u e a  of unit Bas located on the 
northern margin of unit Btp, the rocks also young to the north, 
and appear to gradationally overlie unit Btp. Thus, the litho- 
logical distribution and structure of units Btp and Bas are 



consistent with the presence of a northeast-trending anticlinal 
structure in the northeastern highlands (see section titled 
'Deformation and Metamorphism'). In the area north of unit 
Btp, unit Bas includes grey slate and mafic rocks, the latter 
perhaps originally dykes or sills. Compared to the other areas 
of unit Bas, a larger component of the constituent clasts in 
unit Bas in this area were derived from granitoid sources, as 
indicated by an abundance of large K-feldspar clasts. How- 
ever, as rocks in this area are mainly strongly sheared to 
mylonitic, the protolith is not everywhere resolvable. Where 
sheared, the rocks of unit Bas in this area are difficult to dis- 
tinguish from granitoid rocks. 

In thin section, samples from unit Bas characteristically 
are seen to contain angular quartz and quartzite clasts in a 
dominantly sericitic matrix. In some samples, the matrix also 
contains abundant epidote and chlorite. The quartzite clasts 
contain sutured quartz grains, and range from fine to coarse 
grained. Most samples contain only minor feldspar, and it is 
mainly untwinned alkali feldspar. However, as noted above, 
samples from the area north of unit Btp and the Kent Hills 
Pluton contain more K-feldspar, and unit Bas in this area is 
more immature and, locally, contains abundant epidote. Also 
it appears more metamorphosed, with large aligned flakes of 
muscovite, in places crenulated. The muscovite may have 
been originally detrital. Clasts are mainly of quartz, rather 
than quartzite. 

The relationship of unit Bas to associated granitoid units 
is uncertain. The present outcrop distribution suggests that 
the contacts were originally intrusive, locally modified by 
later faults. Although the rocks are arkosic and appear to have 
had a granitoid contribution, granitoid clasts are relatively 
rare in the conglomeratic facies of the unit, and none can be 
traced compositionally to plutons now exposed in the area. 
Although no evidence of contact metamorphism was noted in 
sedimentary outcrops close to granitoid outcrops, the rocks 
contain regional metamorphic mineral assemblages, and 
hence any contact metamorphic affects may have been 
minimal. 

Unit Bdt (and subunit Bdtb) 

Unit Bdt is a varied, but mainly tuffaceous unit that underlies 
much of the Fundy National Park area and also extends north- 
east of the park (Fig. 3, Open File 3615). Unit Bdt includes 
unit A6 of Barr and White (1988a), as well as areas of basalt 
(here designated Bdtb) and rhyolite included by Barr and 
White (1988a) in their sequence B. On the Fortyfive River 
Road, younging directions in the adjacent arkosic unit (Bas) 
indicate that unit Bdt overlies unit Bas in this area. Typical 
sections of unit Bdt are well exposed in Fortyfive River 
upstream from its junction with Broad River, and in Point 
Wolfe River in the vicinity of the Bennett Brook tributary 
(NTS 21 H/10, 11). 

.The most abundant lithology in the unit is medium- 
grained, grey-green crystal tuff containing 20-50% plagio- 
clase (now albite) crystals in a fine-grained groundmass of 
sericite, epidote, and quartz. In some samples, plagioclase 
forms most of the clasts and also the groundmass. Rhyolitic 
crystal lapilli tuff is less common than the dacitic varieties, 

and contains sparse plagioclase crystals in a quartz and feld- 
spar groundmass. In places, lithic fragments are abundant, 
and the rocks are more mafic, grading to andesitic lithic lapilli 
tuff. The lithic fragments in these rocks are commonly pink 
and light grey chertlfelsite. Grey to buff pyrite-rich felsite and 
felsic tuff is also a characteristic component of unit Bdt. 
These highly siliceous rocks are massive and featureless, 
lacking either sedimentary layering or volcanic structures. 
Theirprotolith is uncertain, but may have been felsic ash tuff. 

Areas of both basalt and rhyolite are also present in the 
unit. They were previously assigned to sequence B (the pres- 
ent Coldbrook Group) by Barr and White (1988a, c), based on 
their similarity to basalt and rhyolite in the Coldbrook Group. 
However, their spatial association with unit Bdt and, more 
importantly, a U-Pb date of ca. 618 Ma from one of the rhyo- 
lite areas (Barr et al., 1994) support their inclusion in the 
Broad River Group. The rhyolitic flows typically display well 
developed, swirly 'flow banding'. The basaltic flows are 
more extensive and form mappable units (Bdtb). They are 
locally amygdaloidal with chlorite-filled amygdules. 

Figure 4. Typicalphyllite of the Broad River Group, unit Btp, 
in EastBranch Point Wolfe River. Photograph by S.M. Barr. 
GSC 1998-049a 



Unit Bdt contains abundant small granitoid bodies amphibole, probably as a result of contact metamorphism. In 
throughout, but they are especially abundant in the vicinity of addition, the associated tuffaceous rocks, as well as the abun- 
the Fortyfive River and Alma plutons. The most common dant granitoid lenses, are typical of unit Bmf. 
variety is red, medium- to coarse-grained leucogranite, but 
dioritic and granodioritic intrusions are also present. The inti- 
mate association between volcanic and plutonic rocks sug- 
gests that they are approximately comagmatic. Also abundant 
in the unit are andesitic and andesitic porphyry dykes and 
sills, felsite porphyry intrusions, and gabbroic dykes and sills 
ranging from fine to coarse grained. 

Unit Bts 

Unit Bts forms a large area northeast of Fundy National Park 
(Fig. 3, Open File 3615). It consists of dacitic to andesitic 
crystal and crystal lithic tuff, with minor but distinctive, 
finely laminated, grey-green tuffaceous siltstone layers. The 
crystals in the tuff are mainly plagioclase and quartz. Lithic 
fragments commonly include light grey to buff-grey 
chert/siltstone and minor dark green amygdaloidal basalt. 
Epidote, chlorite, and carbonate are abundant in the ground- 
mass. These minerals are also recognizable in the fine-grained 
to cryptocrystalline tuffaceous siltstone, as well as scattered 
larger grains of plagioclase and quartz. Mafic crystal tuffs and 
flows with chlorite patches occur rarely in unit Bts. 

Compared to other units, these rocks are not strongly 
cleaved, and preserve quite well their original volcaniclastic 
textures. No contacts with adjacent units were observed. 
Mafic and tonalitic dykes are an abundant component. 

Unit Bmf 

Unit Bmf is a mainly tuffaceous unit that locally appears to 
gradationally overlie unit Btp, and underlie unit Bs (Fig. 3, 
Open File 3615). Hence, it may be a lateral facies equivalent 
of unit Bmt and/or unit Bdt. Both mafic and felsic rocks are 
abundant, but intermediate compositions and sedimentary 
rocks are less abundant than in unit Bdt or unit Btp, respect- 
ively. Well exposed sections of the unit are present in Quiddy 
River and along logging roads southwest of Quiddy River 
(NTS 21 H/11). 

Basalt and basaltic tuff are a major component of the unit, 
and in some areas can be separated as mappable areas. In 
most places the basalts are amygdaloidal, with amygdules 
filled with chlorite, epidote, calcite, and quartz. Chlorite and 
epidote are also abundant in the groundmass, together with 
saussuritized plagioclase laths. Pillow basalts, indicating 
subaqueous eruptions, were observed in two areas, one in the 
vicinity of Cradle Brook and the other along a logging road 
southwest of Point Wolfe River. The basaltic tuffs are well 
exposed in the Quiddy River section; most are fine-grained 
crystal tuffs of uncertain origin but some are lithic tuffs that 
may have been a result of autobrecciation of flows. 

Along the northern margin of the Caledonian Highlands, 
southeast of the Point Wolfe River Pluton, rocks assigned to 
unit Bmf are highly sheared. Amygdaloidal basalts in this 
area are difficult to distinguish from those of the Coldbrook 
Group in the field, but in thin section they are seen to contain 

The felsic rocks in unit Bmf are mainly rhyolitic crystal 
tuff, porphyry sheets, and quartz-rich granitoid sheets, with 
minor areas of flow-banded rhyolite. The crystal tuffs con- 
tain abundant embayed quartz clasts in a felsic matrix con- 
taining abundant sericite. The rhyolitic porphyry sheets are 
distinctive, containing large rounded and embayed quartz 
crystals in a locally spherulitic matrix. Along roads south- 
west of Quiddy River, alternating basaltic flows and rhyolitic 
porphyry sheets give the appearance of a sheeted dyke com- 
plex. The felsic sheets typically contain abundant pyrite, and 
gossan is common. McLeod (1987) referred to these felsic 
porphyritic intrusions as keratophyre because of their high 
sodium and low potassium contents. The quartz-rich grani- 
toid sheets contain varying amounts of K-feldspar (micro- 
cline), and grade to leucotonalite with up to 50% quartz. 

The unit locally contains lenses of quartz-rich to arkosic 
sedimentary rocks assigned to unit Bas, and to the northwest, 
contains interlayered grey-green and maroon slaty horizons 
similar to those in the overlying mainly sedimentary unit Bs. 

In addition to the felsic porphyry and quartz-rich grani- 
toid rocks described above, sheets and small plutons of mafic 
porphyry, gabbro, diorite, tonalite, and granodiorite are char- 
acteristic features of unit Bmf. The mafic porphyries have 
abundant plagioclase phenocrysts, in some cases up to 2 cm 
in length, and are similar to those in unit Btp. The gabbroic 
intrusions include both metamorphosed and relatively fresh 
varieties, the latter mainly dykes that preserve clinopyroxene. 
The tonalitic rocks are similar to those of the Goose Creek 
Leucotonalite. Homfelsing of the tuffaceous host rocks and 
the development of biotite in the groundmass is apparent 
adjacent to the larger plutons. Most of these minor intrusions 
are at the scale of a single outcrop and are not identified on 
Open File 3615. 

Unit Bmt 

Rocks of unit Bmt occur in two areas (Fig. 3,Open File 3615): 
1) in the northeastern part of the highlands, north of River- 
side-Albert, and 2) in the southwestern part of Fundy 
National Park and farther to the southwest along the coast of 
the Bay of Fundy. The latter area formed unit A1 of Barr and 
White (1989a). Excellent sections through the units are 
exposed in Memel Creek and in the lower part of Crooked 
Creek in the Riverside-Albert area (NTS 21 H/10,15), and in 
the lower parts of Quiddy River and Jim Brook southwest of 
Alma (NTS 21 HI1 1). Cliff sections along the coast are diffi- 
cult to access, and the rocks are very sheared. Hence, in spite 
of excellent exposure, they are not optimum sites for exam- 
ination of these rocks. 

In both the Riverside-Albert and Fundy National Park 
coastal areas, the unit consists mainly of mafic to intermedi- 
ate volcaniclastic rocks, and grey and green laminated vol- 
canogenic  epic las t ic  rocks  (wackes) .  Dark green 
amygdaloidal mafic flows with numerous epidote veins and 
pods are also a major component of the unit. Varied gabbroic 



Figure 5. 

Photomicrograph of mafic crystal tuff of the 
Broad River Group, unit Bmt (analyzed sam- 
ple 8933). Plagioclase and epidote form por- 
phyroclasts in a foliated groundmass of 
chlorite and plagioclase. (Plane polarized 
light; widfh of photo is 4 mm.) 

sills or dykes are also present; in most cases they are rela- 
tively less deformed than the host rocks, preserve clinopyrox- 
ene, and are relatively unaltered, suggesting that they are 
significantly younger than their greenschist-facies host 
rocks. In the Riverside-Albert area, pink felsite dykes, up to 
2 m wide, occur close to the contact with the Caledonia Road 
Granitoid Suite, and in Fundy National Park, granitoid dykes 
occur in the vicinity of a small granitoid pluton (unit Zgt). 

Although variable in composition, the rocks of unit Bmt 
are characterized by greenschist-facies mineral assemblages. 
The most abundant minerals in most samples are albitic pla- 
gioclase and chlorite, with less abundant sericite, epidote, 
quartz, and carbonate (Fig. 5). Most tuffaceous samples have 
a well developed cleavage defined by chlorite and sericite. The 
matrix in tuffaceous samples, originally ash, is now dominated 
by chlorite and/or sericite. Such rocks are typically phyllitic or 
schistose, depending on the grain size. Most of the fine-grained 
rocks appear to have been originally ash tuffs or fine-grained 
crystal tuffs. Less common lapilli tuffs are dominated by 
plagioclase-rich basaltic and andesitic clasts. 

Near the Bay of Fundy coast, as noted above, the rocks are 
strongly sheared, and most accurately described as chloritic 
schists. The protolith of such samples is difficult to 
determine, but in many cases was probably mafic crystal tuff. 

Unit Bmt hosts the Roman Wolfe and Mile Brook copper 
vein deposits described by Ruitenberg et al. (1979), and also 
occurs in close proximity to the Vernon copper deposit (Fig. 
Open File 3615). 

Unit Bs 

Unit Bs consist mainly of metasedimentary rocks, and occurs 
in three separate areas (Fig. 3, Open File 3615): 1) in the 
northeast (Riverside-Albert area; NTS 21 H/15), 2) in the 
Fundy National Park area (NTS 21 HI1 l), and 3) in the East 
Branch Point Wolfe River area (NTS 21 H/11). Although the 
rocks are similar in all three of these areas, correlation among 

them cannot be made with certainty. The status of these rocks 
as part of the Broad River Group is also uncertain because 
they show lithological similarities to some sedimentary rocks 
in the Coldbrook Group, and also to sedimentary rocks in the 
Saint John Group, as previously noted by McLeod (1987), who 
included some of unit Bs in the Saint John Group. However, 
field relations, especially in the Fundy National Park and East 
Branch Point Wolfe River areas, indicate that these rocks are 
conformable with the mainly mafic to intermediate tuffs of unit 
Bmt, and with mafic tuffs and flows of unit Bmf. Furthermore, 
some components are similar to sandstone and conglomerate 
in unit Bas. Hence, inclusion in the Broad River Group seems 
most appropriate (see section titled 'Neoproterozoic and 
Cambrian Sedimentary Rocks' for further discussion). 

Riverside-Albert area 

Metasedimentary rocks assigned to unit Bs outcrop in an 
ellipsoidal area centred on Crooked Creek. The rocks are 
well exposed in Crooked Creek and its tributaries, including 
Canada Creek. They include interbedded grey slate/siltstone 
and maroon arkosic siltstonelsandstone with maroon quartz 
arenite beds and lenses. The sandstone units are character- 
ized by abundant irregular quartz veins. In thin section, they 
are seen to consist of angular quartz clasts in a somewhat foli- 
ated matrix of sericite and chlorite. Crossbedding preserved 
at several locations indicates a consistent younging direction 
to the northwest. The interlayered slates grade to laminated 
siltstone, and typically are strongly crenulated (Fig. 6). Minor 
thin (<2 cm wide) rusty-brown carbonate layers and concre- 
tions are interbedded with the grey slates. 

Mafic dykes are common in the unit; in places they are 
amygdaloidal and may be flows. Porphyritic textures (with 
plagioclase phenocrysts) are also common in the dykes. 

Unit Bs in this area is interpreted to be in faulted contact 
with adjacent units. In the lower part of Crooked Creek, 
maroon arkosic sandstone and quartz arenite are in sheared 
contact with basaltic rocks of unit Bmt. On the western and 
northern margins, contacts are not exposed, but adjacent grani- 
toid rocks of the Caledonia Road Granitoid Suite are altered 
and brecciated, suggesting that these contacts are also faulted. 



Fc~rzdy National Park area 

In unit Bs in the Fundy National Park area, the rocks are more 
varied than in the Riverside-Albert area. They include well 
cleaved maroon and grey-green laminated metasiltstone and 
interbedded grey slate, as in the Riverside-Albert area, but 
also grey slate; massive, quartz-rich, arkosic sandstone; 
quartzite; maroon to grey phyllitic conglomerate; and grey- 
green metatuffaceous rocks (now chlorite schist). Clasts in 
the conglomerate are mainly of quartz and maroon and green 
siltstone. The arkosic sandstone is a distinctive component of 
the unit. It is pink and green (due to the presence of hematite 
and epidote/chlorite) and similar to arkosic sandstone in other 
units of the Broad River Group. Mafic dykes and sills, com- 
monly porphyritic, occur widely, and are similar to those in 
the Riverside-Albert area and in the adjacent unit Bmt. A 
typical section through unit Bs is exposed in Goose River. 

Themetasedimentary rocks are internally folded but con- 
formable with the adjacent mafic tuff unit (Bmt). Younging 
directions indicated by crossbedding and graded bedding are 
mainly to the southeast in the northern part of the area, sug- 
gesting that the sedimentary unit overlies the mafic tuff unit. 
No younging directions were found in the southern part of the 
unit, but it may form a synclinal structure, with the underlying 
mafic tuff unit exposed both to the south and north. 

East Branch Point Wolfe River area 

A lens-shaped unit of mainly metasedimentary rocks is well 
exposed in the area of East Branch Point Wolfe River, with 
well exposed sections along a logging road west of the river, 
and in Point Wolfe River to the southwest. The unit consists 
mainly of strongly cleaved slate, varying from grey to green 

~ i ~ u r e  6. ~hotomicrograph of siltstone of the Bl'oadRiver and maroon, with interlayered rnaroon to green arkosic sand- 
Group, unit Bs, composed mainly of quartz grailzsf chlorite, stone and dark maroon/grey crystal tuff beds. Based on well 
e~idote, sericite, and hematite. Foliation 61) is deformed by preserved crossbedding and graded bedding, the rocks young 
a strong crenulation cleavage (Sz). (Plane polarized light; consistently to the northwest. Toward the top of the succes- 
height ofphoto is 4 n~nz.) sion, blue-grey quartzite layers containing lensoid 

Figure 7. 

Photomicrograph of arkosic sandstone of the 
Broad River Group, unit Bs. Recrystallized 
quartz grains form clasts and most of the 
matrix. Sericite and muscovite parallel the 
foliation (Si). (Crossed polarizers; width of 
photo is 4 mm.) 



muscovite flakes are present, as well as distinctive maroon shearing than do the equivalent areas on the southeastern side 
quartzite-pebble conglomerate layers. The latter contain of the pluton. The northwester~l margin of unit Bat is inter- 
clasts up to 10 cm in diameter, mainly composed of quartzite, preted to be faulted against rocks of the younger Coldbrook 
with less abundant clasts of metasiltstone, in a matrix of Group. The relationship of unit Bat to other units of the Broad 
quartz, detrital muscovite, and opaque phases (Fig. 7). Large River Group is uncertain because it is nowhere observed in 
rounded zircon grains are a prominent accessory component. contact with them. 
The conglomerate is very similar to conglomerate in unit Bas, 
as described previously. On the northwest, rocks of unit Bs 
are faulted against sheared rhyolite of the Coldbrook Group, 
dated in this area at ca. 550 Ma (Barr et al., 1994). On the 
southeast, the sedimentary units appear to grade conformably 
into underlying mafic lithic tuffs of unit Bmf. 

Unit Bct 

Unit Bct occurs along the southern margin of the Old Shepody 
Road granite (Fig. 3; Open File 3615; NTS 21 H/11). The 
irregular shape of the contact with the granite, and the pres- 
ence of abundant granitoid material (possibly dykes) in unit 
Bct, indicate that the contact was originally intrusive, 
although rocks of unit Bct do not show evidence of contact 
metamorphism. Many outcrops in the area now show evi- 
dence of shearing. To the south and southwest, unit Bct 
appears to have complex relations with younger rocks of the 
Coldbrook Group. The latter units may have been originally 
deposited unconfomably on top of the Broad River Group 
and associated plutons, and/or thrust over these older units. 

Unit Bct consists mainly of intermediate (dacitic) crystal tuff 
and lithic crystal tuff, locally interlayered with laminated silt- 
stone. Typical rocks are well exposed in Little Salmon River. 
Mafic tuff and arkosic metasandstone occur rarely. The overall 
dacitic composition and relative scarcity of mafic rocks distin- 
guishes unit Bct from unit Bmf, although there is certainly some 
lithological overlap between the two units. Scattered quatz 
clasts are prominent in most of the dacitic tuffs, although plagio- 
clase forms most of the clasts. Lithic fragments vary in abun- 
dance but are everywhere subordinate to crystals. 

In the vicinity of the southern margin of the Point Wolfe 
River Pluton, the tuffaceous rocks are mixed with a variety of 
plutonic rock types, apparently forming sheets, dykes, and 
small plutons. They are dissimilar to the Old Shepody Road 
granite/granodiorite and other lithological units of the Point 
Wolfe River Pluton, and include fine-grained monzodiorite 
and diorite, tonalite, granodiorite, felsite, and felsite por- 
phyry with quartz and feldspar phenocrysts. Where sheared, 
the dacitic tuffs and varied granitoid rocks are difficult to dis- 
tinguish, and the identity of some outcrops as tuff or granitoid 
is difficult to determine (even in thin section). 

Unit Bat 

Unit Bat occurs along the northwestern margin of the Point 
Wolfe River Pluton (Fig. 3; Open File 3615; NTS 21 
HI1 1, 14). The irregular shape of the contact, an abundance 
of granitoid sheets in unit Bat, and the presence of metamor- 
phic biotite in the groundmass of some samples from adjacent 
to the pluton, indicate that the contact is intrusive. The pluton 
margins and adjacent rocks generally show less evidence of 

Unit Bat consists mainly of fine- to medium-grained 
andesitic crystal tuff. Typical outcrops occur along Highway 
114 northeast of Mechanic Lake, and along branch roads to 
the northeast. Typical andesitic tuff is dark grey in hand 
specimen, with a well developed cleavage. It consists domi- 
nantly of plagioclase and chlorite, with less abundant epidote, 
carbonate, sericite, and quartz. Sericite, chlorite, and in some 
samples biotite, parallel the cleavage. Lithic crystal tuffs of 
andesitic to dacitic composition are also present. Andesitic to 
basaltic flows occur rarely, and are typically amygdaloidal. 
They have an intergranular texture, with subhedral plagio- 
clase laths and interstitial chlorite, in contrast to the less crys- 
talline appearance of the tuffaceous rocks. 

Unit Bdr 

Unit Bdr occurs in a faulted sliver in the Pollet River area, 
between the Pollet River granodiorite and Carboniferous 
sedimentary rocks to the north (Fig. 3, Open File 3615; NTS 
21 H/14). It consists mainly of dacitic to rhyolitic crystal tuff, 
with minor lithic crystal tuff (Fig. 8) and siliceous felsite. 
Pyrite is abundant. The relationship of these rocks to the 
andesitic rocks of unit Bat to the southwest, and to other units 
of the Broad River Group, is unknown. A U-Pb date of 
600 f 1 Ma was reported by Bevier and Barr (1990) for a dac- 
itic tuff in this area. This age seems incompatible with the age 
of 625 f 5 Ma obtained from the adjacent Pollet River grano- 
diorite, and with the age of 616 f 3 Ma from the Old Shepody 
Road granite which intruded unit Bat to the southwest. It may 
be that this sliver of tuff along the northern margin of the 
Pollet River granodiorite is slightly younger than both the 
granodiorite and the bulk of the Broad River Group. 

Unit Bit 

Unit Bit is located in the southwestern part of the Caledonian 
Highlands near Cape Spencer (Fig. 9, Open File 3615; 21 
H/4). It consists dominantly of well cleaved, grey intermedi- 
ate crystal tuff. Inclusion of these rocks in the Broad River 
Group is based on their lithological characteristics, but also 
on the fact that they occur in close association with the Milli- 
can Lake plutons, which have yielded an age of 623 f 2 Ma at 
Cape Spencer (Watters, 1993b). 

Unit Bft 

Unit Bft also occurs in the southwestern part of the study area 
(Fig. 9, Open File 3615; 21 H/4), and is assigned to the Broad 
River Group for the same reasons as the associated unit Bit 
described above. Unit Bft consists of pink to red to buff felsic 
crystal tuff, locally flow banded, with minor red silt- 
stoneltuff. It contains distinctive bodies of dacitic porphyry, 
similar to those in unit Bmf. 



Depositional setting 
The abundance of andesitic, dacitic, and rhyolitic tuffaceous 
and epiclastic sedimentary rocks in the Broad River Group is 
consistent with origin in a volcanic arc built on continental 
crust. Interlayering of quartz-rich sedimentary rocks in the 
volcanic sequence suggests that older crustal rocks were 
exposed in the vicinity during volcanism. Primary sedimen- 
tary and igneous features are not well preserved because of 
metamorphism and deformation, and hence a detailed assess- 
ment of the environment of deposition is difficult. Chert, 
laminated tuff, and well bedded epiclastic sedimentary units 
may have been subaqueous, but there is little evidence as to 
whether a marine or nonmarine setting was involved. The 
presence of red and maroon arkosic conglomerate and sand- 
stone may indicate fluvial deposition. Many of the pyroclas- 
tic rocks do not show evidence of extensive reworking, such 
as sorting and rounding of clasts, which would be expected in 
a marine setting. Where well preserved, rhyolitic flows and 
tuffs appear welded and contain pumice fragments, they 
likely formed in subaerial eruptions. Associated mafic flows 
are highly amygdaloidal, and pillows were observed at only 
one location in unit Bmf. They may represent flow into a 
lake, rather than a submarine environment. 

Further assessment of the tectonic environment is pre- 
sented in the Discussion. 

COLDBROOK GROUP 

Overview 

The name 'Coldbrook Group' is retained for volcanic and 
sedimentary units inferred to be similar in age to those in the 
'Cold Brook' area east of Saint John, after which the group 
was originally named by Alcock (1938). These rocks under- 
lie most of the central and southwestern parts of the Caledo- 
nian Highlands (Fig. 2,9, OpenFile 3615). They are assigned 
an age range of 560-550 Ma, based on U-Pb (zircon) ages of 

554 +14/-1 Ma, 559 f 5 Ma, and 548 -1- 1 Ma from widely 
separated volcanic components of the group, and ages of 
55 1 + 5 Ma, 550 f 1 Ma, and 557 ? 3 Ma from crosscutting 
plutons (Fig. 2; Table 1). Contacts with the older Broad River 
Group are not exposed, but appear to be faulted. However, an 
originally unconformable relationship is inferred. The total 
thickness of the Coldbrook Group is uncertain but a mini- 
mum thickness of 10 krn is likely, based on the apparent stra- 
tigraphic sequence preserved in the central part of the 
highlands. 

The Coldbrook Group consists of two main groups of 
rock types. Mainly dacitic flows and tuffs form the area that 
extends from the city of Saint John through Loch Lomond to 
the Mechanic Settlement area, whereas basaltic and rhyolitic 
units dominate on the southern margin of the group, and 
locally on the northern margin in the Hanford Brook area. 
Although U-Pb ages are not precise enough to consistently 
resolve a difference in age between these two assemblages of 
units, the basaltic and rhyolitic units, together with associated 
sedimentary rocks, are interpreted to be the youngest units in 
the group because they occur in close association with Cam- 
brian rocks in the Hanford Brook area, the Mackin Settle- 
ment-Vernon Mountain area, and the city of Saint John. A 
sedimentary unit (ZCrb) that locally overlies the rhyolite 
includes a distinctive quartzite-pebble conglomerate that has 
been previously included as the basal member of the Cam- 
brian Ratcliffe Brook Formation (e.g. McCutcheon, 1987; 
Tanoli and Pickerill, 1988,1990; Hofmann and Patel, 1989); 
however, our mapping suggests that it may be more closely 
associated with the underlying interlayered volcanic- 
sedimentary unit than with the overlying Cambrian rocks (see 
section titled 'Neoproterozoic and Cambrian Sedimentary 
Rocks'). 011 the basis of similarity in petrological character- 
istics (see section titled 'Geochemistry'), it seems likely that 
the basaltic and rhyolitic units of the Coldbrook Group are the 
extrusive expression of the same magmatism that formed the 
Bonnell Brook, Mechanic Settlement, and related plutons. As 
these plutons mainly intruded the dacitic units of the Loch 

Figure 8. 

Photomicrogr-aph of dacitic crystal litlzic tuff 
of the Broad River Group ,  unit Bdr .  
Plagioclase arzd dacitic litlzic clasts fornz 
porphyroclasts irz a foliated gi.oundmuss of 
chlorite, epidote, quartz, and feldspar. 
(Plane polarized light; width of photo is 
4 r~inz.) 
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Lornond-Mechanic Settlement belt, it seems likely that the 
dacitic units are somewhat older than the basaltic and rhyo- 
litic units. However, the age difference cannot be more than a 
few million years because of constraints provided by U-Pb 
dates, which overlap within error limits (Fig. 2). 

The Coldbrook Group is generally less deformed and 
metamorphosed than the Broad River Group. However, at 
least in part, this difference is related to geographic distribu- 
tion, as the northwestern part of the Caledonian Highlands is 
generally less deformed than the coastal and eastern parts, 
and the deformation may be as young as Silurian to Carbonif- 
erous (see section titled 'Deformation and Metamorphism'). 
Nevertheless, it is likely that the Broad River Group experi- 
enced a low-grade metamorphic and deformational event 
prior to deposition of the Coldbrook Group. Deformation in 
the Coldbrook Group is most intense in the band along the 
southern margin of the Point Wolfe River Pluton and extend- 
ing southwest toward Big Salmon River. 

The structure in the Loch Lomond-Mechanic Settlement 
belt is inferred to be antiformal, based on the distribution of 
the basaltic and rhyolitic units, which are inferred to be 
younger, mainly on the flanks. The units are described below 
in sequence from the core to the margins of this structure, but 
it is emphasized that stratigraphic relations are uncertain, and 
a stratigraphic sequence consistent throughout the whole area 
of the Coldbrook Group cannot be constructed. 

Description of lithological units 

(Note: for brevity, the age indicator 'Z' is omitted from the 
Neoproterozoic unit designations in this section.) 

Unit Cgd 

The most common rock type in unit Cgd is grey-green dacite, 
most of which appears, based on homogeneity and texture, to 
represent lava flows. Tuff and tuffaceous sandstone are minor 
components. The unit is best exposed on the road between 
Upper Golden Grove and Second Lake-Loch Lomond (Fig. 9, 
Open File 3615; NTS 21 H/5). However, it is interpreted to 
extend to the southwest into the city of Saint John where a 
flow-banded, welded, dacitic tuff sample yielded a U-Pb (zir- 
con) age of 554 +14/-1 Ma (Barr et al., 1994). 

The flows vary in texture but are characterized mainly by 
flow-aligned plagioclase laths, in some cases in a spherulitic 
or 'blotchy' groundmass of plagioclase, quartz, and 
K-feldspar. Some samples contain abundant plagioclase 
phenocrysts, as much as 2 mm in length, forming up to 25% 
of the rock. Like the groundmass, they show flow alignment. 
In addition to the dacitic flows, some more felsic (rhyolitic) 
flows are also present. Mafic rocks with fine- to medium- 
grained intergranulx texture also occur locally, and may be 
dykes or sills. Sericitic alteration is present in some sheared 
samples, but secondary minerals in most samples from unit 
Cgd are mainly carbonate and chlorite, replacing phenocrysts 
and mafic minerals, and less commonly in the groundmass. 



Unit Cgd is separated from Clt (see below) because it is 
dominated by dacitic flows rather than tuffs. However, tuffa- 
ceous rocks similar to those in unit Clt are present locally, and 
many of the clasts in Clt resemble the flows of unit Cgd. 
Hence, a close relationship between the two units is suggested. 

Unit Clt 

Unit Clt is the most areally extensive and distinctive unit in 
the westeln part of the Caledonian Highlands. It is exposed in 
a belt that extends from the city of Saint John northeast to the 
Chambers Settlement area where it disappears under Carbon- 
iferous cover (Fig. 2,9, Open File 3615). Typical rocks of the 
unit are well exposed along Highway 11 1 east of the Golden 
Grove Road. The unit is dominated by volcanogenic lithic 
lapilli tuff or tuffaceous conglomerate, typically with sub- 
rounded to subangular lapilli of dacitic and rhyolitic compo- 
sition (Fig. 10). Colour varies from grey to black to pink to 
orange and, more rarely, red. Black dacitic lapilli tuff, grey 
crystal tuff, and grey to light brown laminated siltstonelchert 
occur locally in unit Clt. 

The most abundant types of lapilli in the tuffs are micro- 
crystalline to cryptocrystalline and of andesitic to dacitic 
composition. Lapilli with visible crystals are commonly 
composed of felted plagioclase laths, in many cases with flow 
alignment or flow banding. More mafic lapilli are present in 
some samples, and are commonly amygdaloidal basalt, with 
chlorite-filled amygdules. Crystal fragments are less abun- 
dant than lithic fragments in tuffs of this unit, and are mainly 
composed of plagioclase. Quartz clasts occur rarely, and in 
some cases are embayed. Sparse clinopyroxene clasts occur 
in some samples. 

The groundmass in most samples is cryptocrystalline ash, 
in which few crystals can be recognizable. Presumably this 
was originally glassy material, but glass shards were recog- 
nized in only one sample. In rare samples the groundmass is 
welded, with well developed swirly flow banding. In some sam- 
ples, the groundmass has been altered to sericite, and a weak 
cleavage developed, apparently in response to local shearing. 

Figure 10. 

Rhyolitic litlzic lapilli tuff of the Coldbrook 
Group, unit Clt, west of the Boiznell Brook 
Pluton on the northeastern part of NTS 21 Hl.5. 
Photograph by S.M. Barr. GSC 1998-049b 

Figure 11. 

Photomicrograph of dacitic crystal lithic tuff of 
the  Coldbrook Group ,  uni t  C f t .  Mainly 
plagioclase crystals and varied dacitic lithic 
clasts occur in a groundmass of chlorite, 
magnetite, and cryprocrystalli~~e nzaterial 
(originally ash). (Plane polarized light; width of 
photo is 4 mm.) 



The rocks in unit Clt are interpreted to represent mainly 
volcanogenic debris flows. They preserve some primary tex- 
tures and mineralogy, and do not appear to have been meta- 
morphosed. However, secondary minerals such as chlorite and 
carbonate and rarely prehnite are present in most samples. 

Unit Cft (and subunit Cftb) 

Unit Cft is characterized by dark grey to black, crystal lithic 
lapilli tuff, although a variety of other tuffs and flows are also 
presenl. The unit forms a band aloilg the southeastern margin 
of unit Clt in east Saint John, and flanks unit Clt on both the 
northwest and southeast of the Bonnell Brook Pluton (Fig. 9, 
Open File 3615; 21 H/5,11,12). Typical outcrops occur in 
the Mount Theobald area northwest of the Bonnell Brook 
Pluton (northeastern part of NTS 21 HE). In many outcrops 
the tuffs are mainly dark grey to black, but brown and green 
varieties are also present. The latter are similar to lapilli tuffs 
in unit Clt, and hence a close relationship is inferred between 
these two units. Composition of the lithic lapilli is generally 
dacitic to rhyolitic, although some samples contain more 
mafic lapilli. As in unit Clt, textures in the lapilli are variable; 
common types include those with flow-aligned plagioclase 
laths, granular microcrystalline, spherulitic, flow-banded 
cryptocrystalline, and massive cryptocrystalline (Fig. 11). 
Much more than in Unit Clt, the fragments are elongate, likely 
due to flow while still hot, and the groundmass is typically 
welded. Bands of alternating spherulitic and granular texture 
are common, on a scale of 1 mm or less. Some samples are 
glassy in places, with spectacular welded textures. Crystal 
lapilli are composed almost entirely of plagioclase. Rare cli- 
nopyroxene and quartz lapilli are also present. 

Attempts to date dacitic crystal tuff of this unit were 
unsuccessful because 25 kg samples from two separate loca- 
lities yielded no zircon grains. However, the unit is intruded 
by the Bonnell Brook Pluton which indicates a minimum age 
of 550 Ma, and dacitic parts of the unit are lithologically simi- 
lar to dated unit Cgd. 

Unit Cls 

Unit Cls is characterized by well laminated, black to grey to 
green siliceous siltstone and chert (Fig. 12). It occurs in two 
belts (eastern and western) flanking unit Cft in the area north 
of the Bonnell Brook Pluton, and in a third belt in the Vernon 
Mountain-Black River area (Fig. 9, Open File 3615). Similar 
looking laminated siltstone occurs locally in the rhyolitic unit 
Cr. However, the laminatedrocks in unit Cr are ash tuffs, and 
lack the detrital muscovite present in unit Cls. 

The eastern belt of laminated siltstone and chert extends 
from east of the Bonnell Brook Pluton to the northeast, 
beyond the Mechanic Settlement Pluton (Fig. 9, Open File 
3615). The western belt contains very similar rocks, but is 
less extensive and less well exposed. It occurs adjacent to the 
Harnmondvale metamorphic suite on the western margin of 
the Caledonian Highlands. In addition to the characteristic 
laminated siltstone, both of these belts also include outcrops 
of tuffaceous conglomerate, black lapilli tuff, and black dac- 
ite, similar to rocks that are minor components of units Clt 
and Cmt. The siltstone tends to weather to a distinctive light 
grey to light brown colour. Adjacent to the Mechanic Settle- 
ment Pluton, the siltstone is contact metamorphosed, and 
contains abundant biotite. It also is spotted locally in the 
Black River area, with what appear to be altered cordierite 

A A 

Other rock types in the unit include black to grey dacite, porphyroblasts. NO cause of the metamorphism is apparent in 
amygdaloidal in some places and with aligned plagioclase the latter area. 
laths-similar to those indacite flows in unit cgd, a i d  inter- 

Younging direction appears to be to the west in the eastern granular to spherulitic rhyolite flows or domes. Amygdaloi- 
dal basaltic flows and lithic tuffs are also present locally, and belt, but could be determined at only two locations. No 

form mappable layers flanking the unit in the area north of the younging-direction indicators were found in the western belt. 

Bonnell Brook Pluton. The younging directions combined with the symmetry of the 
eastern and western siltstone belts and adjacent belts of unit 

Figure 12. 

Laminated ash tufflsiltstone 
Group, unit Cls, west of the 
Pluton on NTS 21 H I I I .  
S .M.  Barr. GSC-1998-049c 

of the Coldbrook 
Point Wolfe River 
Photograph by 



Cft are consistent with a synclinal structure; however, these 
sparse younging-direction indicators are not overly convinc- 
ing, and, as explained previously, an antiform is more com- 
patible with the overall distribution of units. 

The eastern band appears gradational with unit Cmt to the 
east, which also contains laminated siltstone, although domi- 
nated by lapilli tuff. On the west, unit Cls is associated with a 
similar (and possibly correlative) tuffaceous unit, Cit, as well 
as with flow-banded rhyolite of unit Cr. Contact relations 
among these units are uncertain due to lack of exposure. 

The belt of laminated siltstone in the Vernon Moun- 
tain-Black River area (southern part of NTS 21H) appears to 
be interlayered with dacitic tuff unit Cit, and overlain by the 
Vernon Mountain rhyolite. These relations are constrained by 
well preserved crosslaminations and graded bedding in the 
siltstone. In thin section, most samples are so fine grained 
that little can be identified other than quartz and, rarely, feld- 
spar grains. However, some coarser layers contain abundant 
feldspar laths and fragments. Rare coarse layers are clearly 
volcanogenic, with abundant mainly dacitic and rhyolitic 
rounded volcanic fragments. A characteristic feature in all 
three areas of unit Cls is the presence of small flakes of 
detrital muscovite. 

Unit Crnt (and subunit Cmtb) 

Unit Crnt contains a mixture of the rock types that occur in 
other units of the Coldbrook Group. It occurs in the area west 
of the Point Wolfe River Pluton and around the southwestern 
tip of the pluton. Field relations are uncertain due to limited 
exposure, but it is likely that unit Crnt is in faulted contact 
with unit Bat west of the Point Wolfe River Pluton, but may 
unconfolmably overlie both the pluton and unit Bct around the 
southwestern tip of the pluton. This interpretation is based on 
outcrop distribution only; no direct field evidence was 
observed that could shed light on the relationships in this area. 

Characteristic outcrops of the tuffaceous conglomerate 
occur in Big Salmon River below Walton Dam, in the area 
where an old road crosses the river, and similar outcrops 
occur locally throughout the unit. The conglomerate is typi- 
cally dark red or grey in overall colour. Clasts are generally 
rounded, and are mainly dark grey, grey, or red. In thin sec- 
tion, they are seen to be entirely volcanic in origin, but 
extremely varied in texture and composition, including apha- 
nitic and porphyritic, and dacitic to trachytic. Clasts are 
mainly small (less than 1 cm in diameter). They range from 
rounded to subangular, and are generally close-packed, with 
very little matrix material. In a few places in unit Cmt, out- 
crops of black lapilli tuff like that of underlying unit Cft were 
observed; the characteristic black colour in these tuffs 
appears to be due to a high abundance of very fine opaque 
material (magnetite?). Unit Crnt also includes minor mas- 
sive, flow-banded, black dacite, similar to that in unit Cft. 

Grey and dark grey siltstone, similar to that in underly- 
ing(?) unit Cls, is also a component of the unit. Adjacent to a 
small pluton of biotite-hornblende granodiorite composition, 
the siltstone is contact metamorphosed, has a hornfelsic tex- 
ture, and contains abundant biotite, showing that the unit is 

older than the pluton. Based on its freshness and abundance 
of interstitial granophyre, the pluton is likely to be part of the 
ca. 550 Ma Bonnell Brook suite. Where not contact meta- 
morphosed, the siltstone is very fine grained with mainly ser- 
icite, chlorite, and minor quartz. It appears to be tuffaceous. 

Other rock types found in the area included in unit Crnt are 
spherulitic rhyolite, basalt, and various porphyry-type rocks, 
including a plagioclase porphyry that appears to form a small 
body southwest of the Point Wolfe River Pluton (Open File 
3615). Mappable areas of amygdaloidal basaltic flows (unit 
Cmtb) occur along the western margin of unit Cmt. 

It is possible that unit Crnt is correlative with unit Cit 
described below. However, unit Cit is much less varied than 
unit Cmt, and due to their geographic separation, a direct cor- 
relation is not made. 

Unit Cit 

Unit Cit consists mainly of dacitic, lithic lapilli tuff and dark 
brownish grey to grey dacitic flows. Basaltic lithic lapilli tuff 
and amygdaloidal basaltic flows are minor components of the 
unit. Both the dacitic and basaltic rocks tend to be massive 
and dark grey on fresh surfaces, and hence the texture is best 
displayed on weathered surfaces. Although lithic fragments 
are mainly of lapilli size, in places they are much larger, and 
reach 1 m or more in maximum dimension. Some lithic frag- 
ments consist themselves of lapilli tuff which locally contains 
flattened pumice pyroclasts. Rare fragments of laminated 
siltstone are also present, and are similar to siltstone in the 
underlying unit CIS. Ash layers are present locally, and flow 
banding is evident in some dacitic outcrops. Plagioclase 
crystals occur locally in both tuffs and flows. 

Rocks in two separate areas are assigned to unit Cit. In the 
Vernon Mountain area (NTS 21 H/5), these rocks appear to 
both overlie and underlie the siltstone unit Cls and, locally 
where the siltstone is missing, they directly underlie flow- 
banded rhyolite of unit Cr. In the Silver Hill area (NTS 21 
H/5,11,12), no siltstone is present, although it occurs to the 
north, and unit Cit underlies the rhyolite of unit Cr. Sh-atigraphic 
relations in this area may have been disturbed by numerous 
intlusions of the Bonnell Brook suite. These intrusions place a 
minimum age of 550 _+ 1 Ma on unit Cit in this area. 

Unit Crd 

Unit Crd occurs adjacent to the Baxters Mountain Pluton 
(Fig. 9, Open File 3615; 21 H/5), and is not well exposed. In 
some outcrops it is similar to unit Clt but, overall, it seems to 
contain more rhyolitic flows relative to lapilli tuff than unit 
Clt. The rhyolitic flows are typically grey to reddish grey and 
banded, and the lapilli tuffs are dominated by light-coloured 
rhyolitic fragments. Unit Crd also contains minor amounts of 
felsic crystal tuff. A characteristic feature of the unit is the 
presence of abundant pink rhyolite/felsite dykes(?) and mafic 
dykes. The latter are typically ophitic, range from fine to 
coarse grained, and contain relict pyroxene. These mafic and 



felsic dykes may be related to basaltic and rhyolitic flows in mylonitic, interpreted to be the result of a major fault zone 
adjacent unit Cbrs on the southeast, or to gabbroic and gran- which separates them from the adjacent Broad River Group. 
itic rocks of the Baxters Mountain Pluton. A cleaved rhyolitic tuff from the southwestern part of this 

area yielded an age of 548 f 1 Ma (Bevier and B a r ,  1990). 

Unit Cba The rhyolitic rocks vary from pink to red to buff or light 

Unit Cba was identified only in the Black River area south of 
Highway 11 1 (Fig. 9, Open File 3615 ; NTS 21 H/5). It con- 
sists mainly of green basaltic and andesitic flows, with exten- 
sive alteration to chlorite and epidote. In contrast to the 
basaltic unit Cb to the north, no relict pyroxene was observed 
in samples from unit Cba. In places, the rocks contain abun- 
dant (1520%) plagioclase phenocrysts up to 1 cm or more in 
length. Typically, amygdules containing coarse epidote and 
chlorite are abundant. 

Mainly because of its degree of alteration, unit Cba is 
unlike other mafic units in the Coldbrook Group in this area, 
and more similar to mafic units in the Broad River Group. 
However, the unit is included in the Coldbrook Group 
because of its geographical association with rhyolite unit Cr. 
In places, unit Cbacontains dacitic to rhyolitic sheets. One of 
these, examined in thin section, contains quartz and sparse 
plagioclase phenocrysts in a sphemlitic groundmass, and 
could be related to unit Cr to the north, or to unit Cbf 
described below. 

Unit Cbf 

Unit Cbf consists of very fine-grained felsic rocks which 
occur in the area of Bloomington Mountain (Fig. 9, Open File 
3615; 21 H/5) They have a distinctive texture, consisting of 
felty to feathery intergrowths of quartz, albite, and 
K-feldspar, and are cut by veinlets of quartz and albite. In 
outcrop and hand specimen the rocks are massive and feature- 
less, and lack evidence of flow. They are interpreted to repre- 
sent a high-Ievel felsic dome, possibly related to the rhyolitic 
flows of unit Cr. 

Unit Cr 

Unit Cr is dominantly composed of rhyolitic flows, locally 
with spectacular flow banding, and felsic tuffs. Many of the 
rocks appear to have been originally welded tuffs, and contain 
sparse quartz and feldspar crystals as well as lithic fragments. 
However, in many cases, the groundmass has been recrystal- 
lized, and sericitic alteration is intense. 

Unit Cr occurs in an almost continuous belt through the 
southwestern and central Caledonian Highlands, and also in 
the Silver Hill area of the north-central highlands. These 
areas are interpreted to be approximately correlative, based 
on petrological similarity and U-Pb dates (Ban et al., 1994). 
Because of the large geographic extent of unit Cr and the pres- 
ence of internal variations in deformation and alteration, the 
unit is described below in five separate parts. 

grey, and are commonly binded. 1n thin section, the bandkg 
is seen to consist of quartz-feldspar layers of varying grain 
size and texture, from polycrystalline to spherulitic. Sparse 
microphenocrysts of plagioclase and embayed quartz are 
present in some samples. Most samples contain abundant 
secondary muscovite and sericite, typically in thin layers, and 
protomylonitic textures are also common. Where less 
deformed, the rhyolite appears welded. More tuffaceous lay- 
ers contain feldspar and quartz crystals, and in places fiamme 
and pumice fragments can be recognized. Mafic flows and 
tuffsoccur rarely, especially near the adjacent basaltic unit; 
however, no evidence of 'younging direction' was found, and 
hence the stratigraphic relationship between the rhyolite and 
basalt in this area is uncertain. 

2. Southwest of Point Wove River. Unit Cr forms a con- 
tinuous belt through the southwestern CaIedonian Highlands, 
from Quiddy River to west of Big Salmon River, and in this 
belt is informally termed the 'Big Salmon River rhyolite'. 
Excellent exposures occur throughout the area, but are espe- 
cially spectacular in Big and Little Salmon rivers and Walton 
Brook. The unit cannot be traced continuously into the belt 
northeast of Point Wolfe River because of structural com- 
plexity northeast of Quiddy River, but the rhyolites in the two 
areas are petrologically similar, and both are flanked by simi- 
lar basaltic units; hence, correlation is very likely. The Big 
Salmon River rhyolite consists mainly of welded tuffs, with 
well displayed flow banding. As described above, the band- 
ing is due to variation in grain size and texture. Many samples 
contain sparse crystals (quartz and feldspar) and lithic frag- 
ments, some of which are pumiceous. Minor laminated ash 
tuffs are interlayered with the rhyolite. 

As in the area northeast of the Point Wolfe River, the 
rocks contain abundant sericite, and tend to be cleaved and 
protomylonitic. Overall the degree of deformation increases 
toward the southeast, reflecting proximity to major faults 
along the coast (see section titled 'Deformation and Meta- 
morphism). The relationship of unit Cr in this area to units of 
the Broad River Group to the north and south is uncertain as a 
result of limited exposure in the critical areas. 

3. Vernon Mountain rhyolite. Rhyolite forms an irregular 
but essentially continuoui belt from the Big Salmon River 
area (described above) southwest to the Vernon Mountain 
area. The area is separated from the Big Salmon River area 
for purposes of description because the rocks in this area 
show much less evidence of deformation and alteration than 
those in the previously described rhyolite belts, probably 
because of the absence of major fault zones. The rhyolitic 
rocks are mainly welded tuffs, with abundant spherulitic tex- 
tures, eutaxitic textures, and evidence of autobrecciation, but 

1. Northeast of Point Wolfe River. Rhyolitic rocks in this little evidence of recrystallization and only minor amounts of 
area are flanked to the northwest by basaltic rocks (unit Cb) sericite. Textures in these rocks are varied, but crystal and 
and to the southeast by various units of the Broad River lithic fragments are a minor component in most samples. An 
Group. The rhyolitic rocks are mainly strongly cleaved to 



attempt to obtain an U-Pb date was unsuccessful because the 
sample collected from Vernon Mountain (Table 1) did not 
yield any zircons. 

4. Silver Hill rhyolite. The area around Silver Hill is 
underlain mainly by flow-banded rhyolite and rhyolitic tuff 
(Fig. 13) very similar to that in the Vernon Mountain area. 
Minor vesicular and amygdaloidal basalt occurs locally in the 
unit. The Silver Hills rhyolite underlies red sedimentary 
rocks in Hanford Brook; a sample from this classic location 
(e.g. McCutcheon, 1987) yielded an age of 559 f 5 Ma (Barr 
et al. 1994). Unit Cr in this area is underlain by basaltic and 
interlayered sedimentary rocks of unit Cbrs, and overlain by 
conglomeratic unit Zcrb .  

Spectacular exposures of rhyolite occur along logging 
roads over the Silver Hills area. Colour typically varies from 
pink to maroon and red, but, in places the rocks are dark grey 
and perhaps more dacitic, with abundant feldspar crystals. 
Flow banding, varying from laminar to chaotically folded, is 
well developed in many outcrops, and some samples consist 
entirely of spherulites. More obviously tuffaceous areas con- 
tain abundant pumice fragments. 

5. Blackall Lake rhyolite. A small area of rhyolitic rocks 
similar to those in the Silver Hill and Vernon Mountain areas 
occurs in the city of Saint John near Blackall Lake. The 
Blackall Lake rhyolite underlies sedimentary rocks of unit 
Zcrb,  similar to those in Hanford Brook. The rhyolite is pink 
and flow banded, and contains sparse feldspar phenocrysts in 
a very fine-grained spherulitic groundmass. An attempt to 
obtain an U-Pb date was unsuccessful because the sample 
collected from this area did not yield any zircon (Table 1). 

Unit Cb 

Basaltic unit Cb is a major component of the Coldbrook 
Group. Like the adjacent rhyolite, it forms an almost continu- 
ous belt from southwest to northeast through the highlands. A 
typical exposure of basalt occurs on the steep hill on Highway 
11 1 north of St. Martins. Similar basalt also occurs in 

Figure 13. 

lithologically more composite units interlayered with rhyo- 
lite and/or sedimentary rocks (units Cbr and Cbrs); basalt in 
these units is described separately. 

Unit Cb is composed almost entirely of basaltic flows, 
with less abundant basaltic tuff and rare rhyolite. The basalt is 
typically amygdaloidal, with amygdules filled by epidote, chlo- 
rite, calcite, albite, and quartz (Fig. 14). Amygdules are locally 
up to 2 cm or more in maximum dimension. The groundmass 
consists mainly of plagioclase (now mainly of albite composi- 
tion), chlorite, epidote, and opaque phases (magnetite and hema- 
tite). No relict pyroxene was observed in the basalt in the area 
northeast of St. Martins, but north and west of St. Martins (the 
Shanklin area), the basalt contains relict clinopyroxene, together 
with abundant chlorite and epidote. No amphibole is present, 
and hence the mineral assemblage is indicative of lowermost 
greenschist or subgreenschist facies. Texture is most commonly 
intergranular; plagioclase and chlorite are aligned 111 some sam- 
ples, but probably due to deformation rather than flow. The unit 
also contains minor lapilli tuff with basaltic clasts; ash tuff was 
observed only rarely, and no crystal tuff was found. Rare inter- 
layered rhyolite is similar to that in unit Cr. 

In places the rocks of unit Cb are deformed (cleaved) as a 
result of proximity to faults, but mainly they show much less 
evidence of deformation than the adjacent rhyolite unit. 

Unit Cbr 

Unit Cbr is located at the southwestern margin of the Bonnell 
Brook Pluton, and in a smaller area to the west (NTS 21 H/6). 
It is a mixed unit that includes interlayered basalt and rhyolite 
together with a variety of mafic to felsic lithic lapilli tuffs. 
Some of the dacitic tuffs are similar to those in other parts of 
the Coldbrook Group, such as in unit Clt. Only the basaltic 
components were examined in thin section, and they are typi- 
cally amygdaloidal and intergranular to very fine-grained, 
with abundant chlorite and epidote. They resemble basalts in 
unit Cb farther east. 

Photomicrograph of rhyolitic ciystal t ~ ~ f f o f  the 
Coldbi.ook Group, unit Cr (dated sample 
NB90-7095). Quartz, plagioclase, K-feldspar, 
and rlzyolitic clasts occur in a fine-grained 
s i l iceous  groundnzass ( a s h ) .  (Crossed  
yolarizers; width ofphoto is 4 mm.) 



Figure 14. 

Unit Cbrs  

Unit Cbrs extends through the Vernon Mountain area, north 
of rhyolite unit Cr and south of lapilli tuff unit Clt, and also 
occurs in the Silver Hill area. In both areas it is associated 
with rhyolite unit Cr, but in the Vernon Mountain area it 
appears to overlie the rhyolite, whereas in the Silver Hill area 
it underlies the rhyolite. Hence, in the Vernon Mountain area, 
unit Cbrs directly underlies sedimentary unit ZCrb, which 
underlies fossiliferous Cambrian rocks, whereas in the Silver 
Hill area, the rhyolitic unit separates unit Cbrs from unit 
ZCrb. Because unit Cbrs also includes rhyolite, as well as 
sedimentary rocks similar to some of those in unit ZCrb, it is 
likely that all of these units are very similar in age, and per- 
haps lateral facies equivalents, at least in part. In both areas, 
unit Cbrs appears to overlie tuffaceous units, in what is inter- 
preted to be an unconformable relationship, based on the 
irregular shape of the contact and lack of evidence for faults. 

Unit Cbrs consists mainly of amygdaloidal basalt flows, 
locally interlayered with rhyolite and red conglomerate and 
breccia, sandstone, and siltstone. Variation in texture and 
degree of alteration in the basalt shows no obvious pattern. 
Some samples from the Vernon Mountain area are relatively 
fresh and consist of well preserved clinopyroxene and labra- 
dorite laths intergrown in ophitic texture. More commonly, 
little or no clinopyroxene is preserved, and the groundmass 
consists of epidote and chlorite filling interstices among tiny 
plagioclase laths. In some samples, the plagioclase laths show 
well developed, swirly flow alignment. Hematite is locally 
very abundant, giving the rocks a reddish colour. Amygda- 
loidal samples contain undeformed amygdules filled with 
chlorite and carbonate. A few samples contain saussuritized 
plagioclase phenocrysts. Basaltic lapilli tuff is also present, 
and minor rhyolite with well developed eutaxitic or spheru- 
litic textures. The associated red conglomerate and breccia 
contain mainly rhyolite and red siltstone clasts. No quartz or 
quartzite clasts or detrital muscovite was observed, in con- 
trast to the rocks of unit ZCrb in which those components are 
characteristically abundant. 

Photonzio.ograph of basalt o f  the Coldbrook 
Group, unit C b  (urzalyzed sanzple 6043),  
composed nzairzly of plagioclase laths arzd 
interstitial chlorite, epidote, hematite, arzd relict 
clinopyroxene. Amygdule in upper centre of 
photo is filled by chlorite. (Plane polarized 
light; width of photo is 4 mm.) 

Depositional setting 
Most of the rocks in the Coldbrook Group appear to have 
formed in a subaerial environment, and a continental rift is 
postulated. The lower part of the group is dominated by vol- 
canogenic lapilli tuff and tuffaceous conglomerate, typically 
massive and poorly sorted with subrounded to subangular 
dacitic and rhyolitic clasts; these rocks may represent vol- 
canogenic debris flows and ash-flow tuffs. They contain rare 
lapilli of laminated siltstone, similar to associated siltstone 
units, but no granitic or exotic clasts, such as metamorphic 
rocks. Ash layers are present locally. Associated dacitic 
flows have aligned plagioclase laths and spherulitic textures. 
Dark grey to black crystal-lithic lapilli tuff displays a welded 
groundmass in which glass shards are recognizable in places. 
Laminated siltstone units may represent lake deposits 
because of their light and dark layers which resemble varves 
and thus may represent seasonal changes. 

The upper part of the Coldbrook Group is dominated by 
basaltic flows and rhyolite, with interlayered and overlying 
mainly red, clastic sedimentary units. Subaerial eruption of 
the volcanic rocks in indicated by ignimbritic appearance and 
presence of pumice fragments in felsic rocks, and coarsely 
vesicular and amygdaloidal flow tops and lack of pillow 
structures in mafic flows. Interlayered and overlying redbeds 
contain abundant volcanic clasts, especially rhyolite. These 
units are likely to be fluvial deposits. 

Further assessment of the tectonic setting is included in 
the Discussion. 

NEOPROTEROZOIC AND CAMBRIAN 
SEDIMENTARY ROCKS 

Unit Z c r b  

As this unit may span the Neoproterozoic-Cambrian bound- 
ary, the age indicator 'Z' is retained in the unit designation. 
Unit ZCrb is a mainly red, clastic sedimentary sequence 
which locally overlies the volcanic rocks of the upper part of 



the Coldbrook Group, in most places the rhyolite unit Cr or 
the rhyolite, basalt, and sedimentary unit Crbs. However, it 
also is typically associated with Cambrian units of the Saint 
John Group. Unit ZCrb is characterized in most places by the 
presence of a distinctive quartzite-pebble conglomerate, 
which consists of rounded quartzite clasts up to 10 cm in 
diameter in a maroon sandstone matrix. Rhyolite clasts occur 
rarely. The quartzite clasts are mainly mylonitic, and contain 
abundant muscovite and zircon crystals. Muscovite also 
occurs in the matrix of the conglomerate. Typically, the con- 
glomerate is overlain by red to maroon crossbedded 
sandstone. 

The conglomerate of unit ZCrb has been previously inter- 
preted to be the basal member of the Cambrian Ratcliffe 
Brook Formation of the Saint John Group (e.g. Tanoli and 
Pickerill, 1988, 1990; McCutcheon, 1987; Hofmann and 
Patel, 1989). In the classic Precambrian-Cambrian section in 
Hanford Brook (northeastern part of NTS 21 HIS) (e.g. 
McCutcheon, 1987), Tanoli and Pickerill (1990) assigned the 
conglomerate to the basal unit RBI of the Ratcliffe Brook 
Formation of the Saint John Group. However, we have iden- 
tified it here as a separate unit, rather than including it with the 
undivided Saint John Group, to emphasize its wide distribu- 
tion and to make the point that it is likely to be of Neoprotero- 
zoic, not Cambrian, age. This interpretation is based on the 
revised position of the Precambrian-Cambrian boundary at 
ca. 544 Ma (e.g. Brasier et al., 1994) and the radiometric dates 
of ca. 550 to 560 Ma from rhyolitic rocks of the upper Cold- 
brook Group that underlie the unit. 

In the Porter Road-Hanford Brook area, and near Blackall 
Lake in the city of Saint John (west-central part of NTS 21 
H/5), the mainly red clastic sedimentary rocks of unit ZCrb are 
underlain by rhyolite (unit Cr of the Coldbrook Group) and 
overlain by the Saint John Group. Northeast of Blackall Lake, 
near Loch Lomond, unit ZCrb and the younger units of the 
Saint John Group occur in an apparently fault-bounded sliver 
within unit Cgd, and no rhyolite is present. Farther northeast in 
the Ratcliffe Brook area, unit ZCrb and overlying units of the 
Saint John Group are in faulted contact with unit Crd. In the 
Vernon Mountain area, unit ZCrb is in faulted contact with the 
Vernon Mountain rhyolite (unit Cr) on the south, but appears to 
grade into unit Cbrs on the north. However, this contact may 
be faulted, because locally the Saint John Group also appears 
to be in direct contact with rocks of unit Cbrs. The linearity of 
these contacts suggests that they may be faults. 

North of St. Martins (21 HIS), an area of red conglomerate, 
sandstone, and siltstone assigned to unit ZCrb occurs between 
rhyolite of the Devonian Fairfield formation, and rhyolite of the 
Coldbrook Group (unit Cr). In places, the conglomerate is very 
similar to the quartzite-pebble conglomerate typical of unit 
ZCrb. However, in other outcrops, clasts in the conglomerate 
are more angular and are mainly of siltstone and rhyolite compo- 
sition; these conglomerates are more similar to those that occur in 
unit Cbrs. No Cambrian rocks were found in this area. 

Farther east in the area around the mouth of Big Salmon 
River and along the coast to the northeast (NTS 21 H/6), rocks 
of unit ZCrb are widespread, and occur mainly in faulted 

contact with rhyolite of the Coldbrook Group (unit Cr) and 
locally with basalt of uncertain age (unit Cb). In the Big 
Salmon River area, the characteristic quartzite-pebble con- 
glomerate and rnicaceous red quartz arenite are present, 
together with a variety of other rock types, including grey and 
red slate. These components of unit ZCrb are similar to those 
in unit Bs of the Broad River Group, especially in the area of 
unit Bs northeast of the Point Wolfe River (NTS 21 HI1 1). 
However, the conglomerate component in unit Bs is different 
in that it lacks mylonitic quartzite and rhyolitic clasts, and is 
closely associated with mafic tuffaceous rocks. 

It should be noted that a distinctive red sedimentary unit 
similar to ZCrb also present in the Mira terrane of southeast- 
e m  Cape Breton Island (Barr et al., 1992, 1996), where it 
overlies the Late Proterozoic Main-8-Dieu Group. Landing 
(1991a, b, 1996a) and Landing and Westrop (1996) include 
the conglomerate in both areas in the Upper Precambrian 
Rencontre Formation, following stratigraphic terminology in 
Newfoundland. The distinctive rounded and mylonitic 
quartzite clasts with abundant accessory muscovite and zir- 
con crystals have no known source in Avalon terrane sensu 
stricto, and their origin is enigmatic. 

Saint John Group and Cape Spencer Formation 

The Saint John Group was not mapped as part of this study, 
and the reader is referred for information to publications by 
other workers that deal with this topic (e.g. Tanoli and Pickerill, 
1988, 1990, and references therein; Landing and Westrop, 
1996, and references therein). 

However, the area of rocks assigned to the Saint John 
Group in the Vernon Mountain area (NTS 21 H/5) has not 
been included in earlier descriptions of the group (e.g. Tanoli 
and Pickerill, 1988; Landing and Westrop, 1996), and hence 
is described in more detail here. These rocks are in faulted 
contact with volcanic rocks of the Coldbrook Group on both 
the north and south, and appear to overlie unit ZCrb. On the 
southern margin, they dip at a moderate angle to the south, but 
young to the north (based on well preserved crosslamina- 
tions). Mainly red, laminated muscovite-rich siltstones are 
overlain by quartzite-pebble conglomerate, black sandstone 
(with white quartz-rich granules and pebbles), light grey 
quartz sandstone, and darker grey mica-rich siltstone and 
sandstone. The latter unit forms scattered outcrops through 
the western part of the area, and locally contains fossils 
(brachiopods). 

An area of Cambrian rocks also has been confirmed to be 
present in the Cradle Brook area (NTS 21 H/6) (Landing, 
1996b). This area previously had been postulated to be of 
Early Cambrian age based on lithology by McLeod and 
McCutcheon (1981), and this age was confirmed by the fos- 
sils reported by Landing (1996b). His detailed description of 
the complexity of the stratigraphy in this small area, and in a 
nearby coastal section, suggests that detailed studies may 
reveal similar complexity in the lithologically varied areas 
assigned to unit ZCrb in the Big Salmon River area described 
above. 



Another area of inferred Cambrian rocks has been recognized 
in the Cape Spencer area, and named the Cape Spencer Formation 
(Watten, 1993a, b; McLeod et al., 1994). These highly deformed 
clastic sedimentary rocks were described in detail by Watters 
(1993b). No direct evidence of their age was obtained, but they 
are closely associated with the ca. 623 Ma Millican Lake Pluton, 
and with tuffaceous rocks assigned to the Broad River Group. 
Watters (1993b) suggested that they unconfolmably overlie the 
Precambrian rocks, based on the presence of granitoid pebble 
conglomerate and arkose. However, some components of the 
Cape Spencer Formation are similar to clastic units in the Broad 
River Group, especially unit Bas. 

GRASSY LAKE FORMATION (unit OG) 
Grassy Lake formation is a new name assigned to an area of 
flows and tuffs near Grassy Lake in the west-central Caledo- 
nian Highlands, north of the village of St. Martins (NTS 21 
H/5). They are mainly dark grey, light grey, or pinkish grey, 
and of dacitic to rhyolitic composition. Well developed flow 
banding is present in flows and fine-grained crystal (welded) 
tuffs. The crystals include feldspar and embayed quartz, in a 
cryptocrystalline to spherulitic felsic groundmass. Locally, 
lithic lapilli tuff is abundant. All of these rocks are similar to 
those in surrounding dacitic unit Clt of the Coldbrook Group, 
and the Grassy Lake unit was recognized as separate from the 
Coldbrook Group only after U-Pb (zircon) dating indicated a 
maximum age of 479 + 8 Ma (Barr et al., 1994). Contact 
relationships with surrounding rocks of the Coldbrook Group 
are unknown, in spite of detailed mapping, because of limited 
exposure. However, they are inferred to be unconformable 
because of the age contrast and lack of evidence for faulting. 

FAIRFIELD FORMATION (unit DF) 
An area of rhyolite centred on Highway 11 1 west of St. Mar- 
tins (21 H/5) appears to be of Devonian age, based on a U-Pb 
(zircon) dating which indicated a maximum age of 367 Ma 
(Barr et al., 1994). The rhyolite occurs with red tuff and tuffa- 
ceous siltstone and sandstone, and is well exposed in roadcuts 
along Highway 11 1. The relationship of these rocks to other 
units in the area is not known, in spite of detailed mapping, 
because of limited outcrop. No contacts were observed with 
surrounding cleaved tuffaceous rocks of the Broad River 
Group. Similar rhyolite occurs farther east in a small inlier 
surrounded by Carboniferous sedimentary rocks, and in a 
narrow belt north of the village of St. Martins, and hence these 
areas are also included in the formation. Red clastic sedimen- 
tary rocks (ZC1.& separate the Devonian rhyolite from 
similar-looking rhyolitic rocks of the Coldbrook Group. 

CARBONIFEROUS(?) BASALTIC AND 
SEDIMENTARY UNIT (unit Cb) 

termed these rocks the 'Mispec Formation' or the 'West 
Beach Formation', and assigned them to Lhe Carboniferous 
(Alcock, 1938; Rast et al., 1978b; Strong et al., 1979). 
McLeod (1987) identified them as Carboniferous or older. 
Unit Cb is tentatively correlated with similar rocks in the dry- 
dock area in the city of Saint John (Currie, 1987), and to the 
southwest of the city in the Taylors Island-Lorneville area, 
which were assigned by Currie (1992) to the 'Lorneville 
beds'. 

The basaltic rocks in unit Cb are similar to those in the 
western part of the Coldbrook Group, and commonly contain 
relict clinopyroxene in ophitic and intergranular textures with 
plagioclase. Plagioclase phenocrysts are present in some 
samples. Epidote, chlorite, and hematite are abundant secon- 
dary minerals. In most outcrops, the basalts appear to be 
flows, but basaltic lithic tuffs also occur. 

HAMMONDVALE METAMORPHIC SUITE 
(unit ZH) 
The Hammondvale metamorphic suite occurs in a narrow 
faulted block along the northwestern margin of the Caledo- 
nian Highlands near Hammondvale (NTS 21 HI1 1, 12). It 
consists mainly of mica-albite schist, locally garnet bearing, 
interlayered with minor marble and amphibolite. On its 
northwestern margin, the schist is unconformably overlain by 
limestone of the Carboniferous Windsor Group, but informa- 
tion from drill core shows that the schist extends under the 
Carboniferous cover to the northwest toward the Caledo- 
nia-Clover Hill fault (McCutcheon, 1978). Contacts with 
the Coldbrook Group and Bonnell Brook Pluton are not 
exposed, but are inferred to be faulted, based on evidence of 
shearing in rocks in the contact areas. 

Schist of the Hammondvale metamorphic suite is typi- 
cally dark grey and fine to medium grained, with a prominent 
foliation defined by alternating albite- and muscovite-rich 
layers. In places, muscovite is absent, and the rocks are mas- 
sive, with subidioblastic albite porphyroblasts up to 5 mm in 
size. Locally, the schist shows a strong mineral lineation 
defined by elongate qua-tzribbons and asymmetric albite and 
garnet porphyroclasts. Marble layers, 1-2 m wide, appear 
gradational with adjacent schist, and consist of grey, fine- to 
medium-grained, thinly banded marble. Amphibolite layers 
are generally less than 1 m wide, fine grained, and laminated 
with alternating plagioclase- and amphibole-rich laminae. 
They are in sharp contact with the adjacent schist and con- 
formable with the foliation in the schist, and are interpreted to 
represent mafic dykes or sills. 

Mineral assemblages (muscovite-garnet-albitic plagio- 
clase) and compositions in the Hammondvale metamorphic 
suite are consistent with relatively high-pressure/low- 
temperature metamorphism (ca. 586°C and 9 kbar) (White, 
1995). 40Ar/39~r  dates of ca. 617, 613, and 603 Ma from 

~ ~ i ~ ~ ~ i ~ ~ d  basaltic rocks that occur in scattered small areas muscovite in three schist samples indicate the time of post- 

near the Bay of Fundy (NTS 21 H/4, 5) are placed in a sepa- through the temperature 

rate map unit, of uncertain age. These rocks also occur with muscovite (White, 1995). Hence, they provide minimum 

minor sedimentary rocks on Quaco Head, as well ages for regional high-pressure metamorphism in this unit. 

as farther east along the coast. Some previous workers 



The Hammondvale metamorphic suite was previously 
interpreted to be a metamorphic equivalent of part of the 
Green Head Group (McCutcheon, 1978; Ruitenberg et al., 
1979; McLeod et al., 1994). However, the composition of the 
suite and the type of metamorphism are significantly different 
from those of the Green Head Group, and the muscovite cool- 
ing ages are distinct from those in the Brookville terrane 
(White, 1995). The compositions of the rocks in the Harn- 
mondvale metamorphic suite suggest in part volcanic proto- 
liths, and the cooling ages suggest a possible relationship to 
the Rroad River Group. The unit may be part of the infra- 
structure of the Caledonia terrane, tectonically emplaced into 
its present position. 

CIRCA 620 Ma PLUTONIC UNITS 

Introduction 

Circa 620 Ma plutonic units are most abundant in the eastern 
Caledonian Highlands (Fig. 2, 15). They show a wide range 
in composition from gabbro and diorite to tonalite, granodio- 
rite, and granite. In the eastern highlands, they include the 
Point Wolfe River Pluton, Fortyfive River Granodiorite, 
Kent Hills Pluton, Rat Tail Brook Pluton, Alma Pluton, 
Goose Creek Leucotonalite, Caledonia Brook Granodiorite, 
and Caledonia Road Granitoid Suite (Fig. 3, 15), as well as 
several smaller unnamed bodies. In addition to these mappa- 
ble intrusions, numerous small plutons, dykes, and sills, not 
large enough to be shown as separate map units, also are pres- 
ent in the Broad River Group, and most are probably of simi- 
lar age. Circa 620 Ma plutons in the southwestern part of the 
highlands are grouped as the Millican Lake Pluton (following 
Watters, 1993a, b) and the Emerson Creek Pluton (NTS 21 
H/4, 5) (Fig. 16). 

Not all of these plutons have been dated, and assignment 
to the ca. 620 Ma group is based mainly on lithological simi- 
larities to dated units. The precisely dated (by U-Pb zircon) 
plutons are the Old Shepody Road and Pollet River units of 
the Point Wolfe River Pluton, granodiorite of the Kent Hills 
Pluton, and the Cape Spencer body of the Millican Lake Plu- 
ton (Fig. 2; Table 1). 

Following recommendations of the North American Stra- 
tigraphic Code for lithodemic units (Salvador, 1994), a rock 
name is used in naming plutons in those cases where a par- 
ticular rock type constitutes most of the body. However, in 
the case of composite intrusions, the generic term 'pluton' is 
used instead. 

Ruitenberg et al. (1979) described many of the plutons in 
the eastern Caledonian Highlands as sills. However, most 
contacts appear to be faulted, and the sill-like forms are 
probably the result of shearing and mylonitization during(?) 
and after intrusion, and hence may not reflect the original 
intrusive shapes of the bodies. 

Point Wolfe River Pluton 

The Point Wolfe River Pluton is the largest in the Caledonian 
Highlands, and extends for adistance of nearly 50 km through 
the central and eastern highlands (Fig. 15). The pluton was 
named by Ruitenberg et al. (1979), and forms a major part of 
their Central Intrusive Belt. Based on our mapping, the New- 
man Brook Stock of Ruitenberg et al. (1979) forms the north- 
easternmost part of the Point Wolfe River Pluton, rather than 
a separate body. 

The northwestern margin of the Point Wolfe River Pluton, 
where it is in contact with mainly tuffaceous rocks of the 
Broad River Group, is irregular and intrusive, whereas the 
southern margin is faulted, mainly against younger rhyolite 
and basalt of the Coldbrook Group. The plutonic rocks are 
typically protomylonitic in the vicinity of this contact. 

Uranium-lead dating from the two largest units of the 
Point Wolfe River Pluto11 (Pollet River granodiorite and Old 
Shepody Road granite) gave ages of 625 f 5 Ma and 6 16 f 3 
Ma, respectively (Bevier and Barr, 1990). Although these 
ages do not overlap, even considering error limits, the close 
spatial association and petrological similarities of the units 
suggests that they are comagmatic. A tuff in unit Bdr adjacent 
to the northern margin of the Pollet River granodiorite has 
yielded an age of 600 f 1 Ma (Bevies and Barr, 1990), and 
thus is apparently younger than the pluton. Although the 
contact at this locality is faulted, elsewhere along the northeln 
margin of the Point Wolfe River Pluton, tuffaceous rocks of 
the Broad River Group are clearly intruded by the Pollet 
River granodiorite and, farther southwest, by the Old She- 
pody Road granite. Tuff and a rhyolitic flow from the Broad 
River Group south of the pluton have given ages of 613 It: 2 
and ca. 618 Ma (Barr et al., 1994). Hence, although the age 
data are solnewhat equivocal, we consider the best overall 
interpretation to be that the Point Wolfe River Pluton and 
most of the volcanic rocks of the Broad River Group are 
essentially cogenetic at ca. 620 Ma. 

The Point Wolfe River Pluton is divided here into six 
mappable lithological units, as described below. Although 
compositions overlap, none of these lithological units is iden- 
tical to units in any of the other plutons in the region. An 
intrusive sequence from more rnafic to more felsic rocks is 
inferred, although contact relations to confirm this assump- 
tion were rarely observed. 

1. Quartz dioriteltorzalite (unit ZPWqd). Small bodies of 
quartz diorite/tonalite are minor components of the Point 
Wolfe River Pluton. They are characterized by 15 to 30% 
mafic minerals (amphibole or amphibole plus biotite) and 
only minor amounts of alkali feldspar. Modal compositions 
range from quartz diorite to tonalite and granodiorite (Barr 
and White, 1988a). Texture ranges from subporphyritic (with 
prominent subhedral plagioclase) to equigranular, and grain 
size from fine to medium. 

2. Qz~artz nzonzodioriteltonalite (unit ZPWqm). Quartz 
monzodiorite/tonalite forms a small area in the northeastern 
part of the pluton. It is coarse grained, and contains about 



20% amphibole, with less abundant, finer grained biotite. 
The most abundant mineral is plagioclase, and quartz and 
microcline are interstitial. 

3. Pollet River gra~zodiorite (unit ZPWgd) The Pollet 
River granodiorite, the largest unit of the Po~nt  Wolfe River 
Pluton, consists of medium-grained granodiorite containing 
amphibole, biotite, and subporphyritic subhedral plagioclase, 
with interstitial quartz and microcline and accessory magnet- 
ite, apatite, allanite, and titanite. In its northeastern part, the 
granodiorite is mixed with abundant mafic material, appar- 
ently mafic metavolcanic rocks, and both are highly altered 
and sheared. Elsewhere, xenolithic material is less abundant. 

4. Old Slzepocly Roadgranite (unit ZPWgg). The Old She- 
pody Road granite forms most of the southwestern portion of 
the Point Wolfe River Pluton. Small intrusions of similar 
composition also occur within the Pollet River ganodiorite, 
consistent with the U-Pb (zircon) dates which show that the 
Old Shepody unit is younger (Fig. 2). The rocks are mainly 
granite, but locally range to granodiorite. They are character- 
ized by large (up to 2 cm) ovoid phenocrysts of quartz, which 
survive as augen in the more highly sheared to protomylonitic 
roclcs near the faulted southern margin of the pluton. Plagio- 
clase is subhedral and subporphyritic, and microperthitic 
microcline is interstitial. Biotite is the main mafic mineral, 
with minor amphibole in some samples. Allanite is an abun- 
dant accessory mineral. In its northwestern part, the granite is 
mixed with abundant mafic material, apparently mafic vol- 
canic rocks. Small areas of fine-grained diorite, granodiorite, 
and granite occur near the western and southwestern margins 
of the Old Shepody Road granite. Poor exposure in these 
areas precluded mapping as separate lithological units, and 
they are mainly included in the Old Shepody Road unit. 
Dykes and irregular bodies of fine-grained pink syenogranite 
also occur locally in the Old Shepody Road unit. The syeno- 
granite contains interstitial granophyre, not a typical feature 
of anv of the units in the Point Wolfe River Pluton, and hence 
appears to be petrologically similar and possibly related to 
granite of the Bonnell Brook Pluton, described in a subse- 
quent section. 

5. Blueberry Hill granite (unit ZPWgt). The Blueberry 
Hill granite extends along the southeastein margin of the 
Point Wolfe River Pluton. In many areas it is intensively 
sheared and reduced to a fine-grained, foliated protomylo- 
nite, but locally the original texture is partially preserved. In 
those places the rock is coarse grained and consists of approx- 
imately equal amounts of quartz, plagioclase, and alkali feld- 
spar, as well as less than 10% mafic minerals. The felsic 
minerals form augen in a more granulated matrix, but the 
original texture appears to have been equigranular. The Blue- 
berry Hill granite is somewhat similar to the Old Shepody 
Road granite, but lacks quartz phenocrysts. 

6. Granite porphyry (unit ZPWgp). A body of granite por- 
phyry occurs within the Pollet River granodiorite in the north- 
eastern part of the map area (Fig. 15). Most exposures of this 
unit are intensely deformed and altered, and mafic (metavol- 
canic?) xenoliths are abundant. The porphyry consists of 

euhedral plagioclase phenocrysts (up to 0.5 cm in length), 
less abundant ovoid quartzphenocrysts, and very rare, altered 
mafic phenocrysts in a fine-grained equigranular gi-oundmass 
of anhedral quartz and alkali feldspar. The granite porphyry 
appears to have intruded the granodiorite and is probably the 
youngest (and highest level) unit of the pluton. 

Fortyfive River Granodiorite 

The Fortyfive River Granodiorite includes three separate 
bodies of similar granodioritic composition. The cenlral 
body corresponds to the Fortyfive River Sill of Ruitenberg et 
al. (1979), and is well exposed along the Fortyfive River. The 
body to the east includes the pluton called the West River Sill 
by Ruitenberg et al. (1979), but is more extensive. The third 
body, located to the southwest of the central body, was not 
shown by Ruitenberg et al. (1979); McLeod (1987) showed it 
as a large area of unnamed granite. 

All three bodies are composed of medium-grained, pink 
to green granodiorite, locally gradational to granite. Texture 
is subporphyritic, with subhedral plagioclase in a ground- 
mass of quartz, K-feldspar, and amphibole (now mainly 
replaced by chlorite, epidote, and actinolite which, in places, 
give the rocks a distinctive green colour). Samples from the 
central and eastern bodies yielded a poorly defined Rb-Sr iso- 
c h o n  'age' of 597 f 18 Ma (Barr, 1987). However, based on 
petrological similarity to dated granodiorite of the Kent Hills 
Pluton, it is likely that the age is close to the upper limit of the 
error range (see below). 

Kent Hills Pluton 

The Kent Hills Pluton is an extensive, but previously uniden- 
tified unit, located north of the Fortyfive River Granodiorite 
in the northeastern part of the Caledonian Highlands. It is 
poorly exposed, but infecred to extend from northeast of the 
Teahan sulphide deposit (NTS 21 H/11) across Caledonia 
Mountain to the eastern margin of the highlands (21 H/15). 
Isolated outcrops of granodiorite in the area of the Teahan 
deposit are similar to the main Kent Hills granodiorite, and 
assumed to be related. 

The pluton consists mainly of hornblende-biotite grano- 
diorite similar to the Fortyfive River Granodiorite, and grades 
to tonalitic compositions similar to rocks included in the Rat 
Tail Brook Pluton, and all of these bodies are considered to be 
correlative. However, near its northern margin, the Kent 
Hills body includes strongly sheared to mylonitic granite or 
felsite of uncertain but probable granitic protolith. This 
strongly sheared northern margin appears to be faulted 
against the arkosic sedimentary unit of the Broad River 
Group (unit Bas). In contrast, the southern contact of the Kent 
Hills Pluton with the Broad River Group appears to be intrus- 
ive, based on widespread contact metamorphism in the adja- 
cent metasedimentary/metavolcanic rocks. Granodiorite of 
the Kent Hills Pluton has yielded a U-Pb (zircon) age of 615 
+I/-2 Ma (Ban et al., 1994). 
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Rat Tail Brook and similar plutons 
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Several small plutons occur in rocks of the Broad River 
Group in the area north and northeast of Fundy National Park 
(NTS 21 H/10,11,15). The largest body outcrops in Rat Tail 
Brook and Crooked Creek, in the vicinity of the Lumsden 
base-metal sulphide showing, and smaller bodies occur to the 
southwest (Fig. 15). In all three areas, the rocks are strongly 
deformed (protomylonitic) and altered, with mafic minerals 
mainly replaced by epidote and chlorite. Few of their primary 
igneous features are preserved, but the rocks appear to have 
been coarse grained, with abundant quartz and plagioclase, 
and in some cases minor K-feldspar. The modal composi- 
tions range from quartz diorite to tonalite and granodiorite. 

Alma Pluton 

The Alma Pluton (Alma Stock of Ruitenberg et al., 1979) 
consists mainly of medium-grained quartz diorite, but grades 
to diorite, tonalite, and granodiorite. The major mineral 
phases include plagioclase and amphibole, with minor 
quartz, biotite, and interstitial K-feldspar. Locally, the rocks 
display well developed layering and banding of probable 
cumulate origin, but this feature has not yet been examined in 
detail. Generally, the rocks are not deformed, and igneous 
minerals and textures are well preserved compared to those in 
plutons to the north. 

A K-Ar date on hornblende yielded an age of 598 + 27 Ma 
(Barr, 1987), which is probably a minimum crystallization 
age for the pluton. 

Goose Creek Leucotonalite 

A series of small plutons of mainly leucotonalitic composi- 
tion occur within map unit Btp of the Broad River Group, 
west and north of Fundy National Park. Ruitenberg et al. 
(1979) interpreted this unit to be more continuous and named 
it the Goose Creek Sill; however, our mapping did not pro- 
vide evidence for the existence of a larger body. The leucoto- 
nalite is typically grey, medium grained, and composed 
almost entirely of quartz and plagioclase (albite), typically in 
granophyric-type intergrowth, and abundant secondary epi- 
dote. No primary mafic minerals are preserved. 

Caledonia Road Granitoid Suite 

Complex elongate intrusions of quartz diorite, granodiorite, 
and granite in the northeastern Caledonian Highlands were 
named the Caledonia Road, Crooked Creek, and Memel 
Creek sills, respectively, by Ruitenberg et al. (1979). How- 
ever, we found that these lithological units have complex 
field relations and distributions and do not form mappable 
units of specific composition. Hence they are collectively 
named the Caledonia Road Granitoid Suite. Small bodies 
that are probably related to this suite occur commonly in adja- 

I cent metasedimentary and metavolcanic units. Deformation 
and alteration is intense thoughout the unit; many samples 
are protomylonites, and original textures and, in some cases, 
minerals are not preserved. 
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The quartz diorite in the Caledonia Road Granitoid Suite 
is similar to, and could be correlative with, the Alma Pluton. 
It consists of plagioclase and hornblende with interstitial 
quartz. With increasing abundance of quartz, the rocks grade 
to tonalite. Some samples contain abundant apatite. The pla- 
gioclase is extensively altered to saussurite, and chlorite and 
epidote are abundant. Granodioritic parts of the suite contain 
less hornblende and more K-feldspar (perthitic microcline 
where identifiable) and biotite. Granitic parts of the suite are 
mainly medium- to coarse-grained leucogranites, with no 
evidence for primary mafic minerals and only minor epidote 
and chlorite. Where recognizable, the K-feldspar is perthitic 
microcline. Perthitic K-feldspar seems to be characteristic of 
the Caledonia Road Granitoid Suite. 

Caledonia Brook Granodiorite 

The Caledonia Brook pluton (as named by Ruitenberg et al., 
1979) is located south of, and in contact with, the Caledonia 
Mountain gabbroic stock. A gabbroic dyke in the Caledonia 
Brook pluton near the contact indicates that the gabbro stock 
is younger. The Caledonia Brook pluton consists of rela- 
tively undeformed and homogeneous biotite-hornblende 
granodiorite, and hence is here termed the 'Caledonia Brook 
Granodiorite'. Texture tends to be inequigranular, with pla- 
gioclase forming somewhat larger subhedral grains sur- 
rounded by interstitial quartz and K-feldspar. Biotite and 
amphibole form about 20-25% in most samples. Large grains 
of titanite and abundant apatite, magnetite, and zircon are 
also characteristic. Overall, the pluton contains a higher 
abundance of mafic minerals than the Kent Hills or Fortyfive 
River granodiorites. 

Millican Lake and Emerson Creek plutons 

Several highly sheared plutons occur southeast of the city of 
Saint John along the Bay of Fundy coast (Fig. 2,16, Open File 
3615). They were named the Millican Lake and Black River 
intrusions by Ruitenberg et al. (1979). Watters (1993a, b) 
retained the name Millican Lake intrusions and showed a 
revised interpretation of their distribution, based on her 
detailed mapping in the Cape Spencer area. Here we use the 
name Millican Lake Pluton to include all of these bodies, 
which may have formed one pluton prior to dismemberment 
by shearing. The new name Emerson Creek Pluton has been 
given to the fonner Black River intrusion because it does not 
occur in Black River, and also the name Black River is used 
for a well known Ordovician unit (T. Bolton, pers. comm., 
1993). The age assignment for these plutons is based on pet- 
rological similarities to units of the Point Wolfe River Pluton 
(in particular the Pollet River granodiorite) and a U-Pb (zir- 
con) date of 623 f 2 Ma that has been reported for granite of 
the Nlillican Lake Pluton at Cape Spencer (Watters, 1993b). 

Moderate to intense alteration and/or metamorphism is 
pervasive throughout the Millican Lake and Emerson Creek 
plutons, and strongly sheared to protomylonitic textures are 
typical, especially close to contacts. As a result, original igne- 
ous texture and mineralogy is difficult to recognize, but most 
of the rocks appear to be of granodioritic composition. Our 



observations are consistent with the more detailed work by 
Watters (1993b), who described the Millican Lake intrusions 
as consisting mainly of granite, granodiorite, and leucogran- 
ite and their mylonitized equivalents. 

CIRCA 560-550 Ma PLUTONS 

Introduction 

Plutons in the ca. 560-550 Ma group consist of syenogranite 
and granite, with less abundant dioritic to gabbroic rocks, and 
are widespread throughout the central and western parts of the 
Caledonian Highlands (Fig. 2). The largest pluton is Bonnell 
Brook; others are Upham Mountain Pluton (Germaine Brook 
granite of Alcock, 1938) and Baxters Mountain Pluton (Otter 
Lake pluton of Ruitenberg et al., 1979) (Fig. 16, Open File 
3615). Also included in the ca. 560-550 Magroup are several 
dominantly gabbroicplutons: the Mechanic Settlement Pluton, 
Devine Comer Gabbro, and Caledonia Mountain Gabbro. 

The age of these plutons is well constrained by U-Pb zir- 
con ages of ca. 560-550 Ma (Fig. 2; Table 1). 

Bonnell Brook Pluton 

The Bonnell Brook Pluton consists of several separate bodies 
in the central and western part of the Caledonian Highlands, 
and is a major component of the Central Intrusive Belt of 
Ruitenberg et al. (1979). It consists mainly of relatively 
homogeneous syenogranite (unit ZBBg), composed of 
perthitic orthoclase, quartz, and plagioclase, with less than 
3% biotite, amphibole, titanite, and allanite. Texture varies 
from medium grained, equigranular to fine grained, micro- 
porphyritic, the latter consisting of mainly plagioclase micro- 
phenocrysts in a granophyric groundmass. This granophyric 
granite occurs mainly along the northern margins of the plu- 
ton, and in places can be mapped as a separate unit (unit 
ZBBfg). Especially where granophyric or fine-grained equi- 
granular, the syenogranite contains miarolitic cavities. Based 

Figure 17. 

on these textural features, the Bonnell Brook Pluton is inter- 
preted to be a high-level intrusion, with shallower parts 
exposed toward the northern part of the map area. 

A dome-like body of spherulitic rhyolite (unit ZBBr), 
located north of the largest body of the Bonnell Brook Pluton, 
is interpreted to be the highest level (subvolcanic) part of the 
pluton. It is texturally very similar to the granophyric unit of 
the pluton, except it contains subhedral plagioclase micro- 
phenocrysts, rimmed by spherulites, instead of granophyre. 

Arcas of diorite to quartz diorite (unit ZBBd) are present 
mainly on the southeastern margin of the Bonnell Brook Plu- 
ton, and are intruded by dykes of the syenogranite, clearly 
showing the relative ages of the two rock types. The dioritic 
rocks consist mainly of plagioclase and hornblende, with 
minor interstitial quartz, K-feldspar and relict clinopyroxene 
in the cores of some hornblende grains. 

A U-Pb (zircon) age of 550 k 1 Ma has been obtained from 
the Bonnell Brook syenogranite (Bevier and B a r ,  1990). 
Hornblende from the dioritic part of the pluton yielded a con- 
sistent but imprecise K-Ar date of about 548 f 37 Ma (Barr 
and White, 1988~) .  

Upham Mountain Pluton 

The Upham Mountain Pluton (unit ZUM)is located in the 
west-central Caledonian Highlands. It is in faulted contact 
with Cambrian rocks on the east, and has intrusive contacts 
with lapilli tuff of the Coldbrook Group on the west. The 
northern contact with Carboniferous sedimentary rocks is 
probably also faulted. 

The pluton consists mainly of syenogranite, with minor 
areas of diorite and gabbro along the northeastern and north- 
western margins; outcrop is insufficient to map these as sepa- 
rate units. The syenogranite is dominantly granophyric 
(Fig. 17), and similar to the granophyric parts of the Bonnell 
Brook Pluton. It exhibits a fine-grained (chilled) margin 
against dacitic tuff of the Coldbrook Group. Based on limited 
sampling, the gabbro and diorite vary from coarse grained 

Photomicrograph of Upham Mountain 
syenogranite, unit ZUM (dated sample 
NB89-6208), showing characteristic 
granophyric texture filling interstices 
around plagioclase grains. (Crossed 
polarizers; width of photo is 4 mm.) 



with intergranular texture of plagioclase, clinopyroxene, Dioritic and gabbroic rocks in the Mechanic Settlement 
orthopyroxene, and magnetite, to medium grained inter- Pluton resemble dioritic and gabbroic rocks in the Bonnell 
granular with plagioclase laths, amphibole, chlorite, and Brook, Upham Mountain, and Baxters Mountain plutons, and 
minor relict pyl-oxene. all of theseplutons are likely to be of similar age and origin. The - - 

age of the Mechanic settlement Pluton is known from-a U-Pb 
The age of the Upham Mountain s~enogranite is 551 k 5 zircon date of557 k 3 M ~ ,  and from 4 0 ~ , / 3 9 ~ , .  dates forphlogo- 

Ma (Barr et 1994)9 the same age as the Bonnell Brook pite ofca. 540-550 Ma (Grammatikopoulos et 1995). 
syenogranite. 

Baxters Mountain Pluton 

The Baxters Mountain Pluton (unit ZBM) underlies Baxters 
Mountain and adjacent areas on the southeastern margin of 
the Cambrian basin occupied by the Loch Lomond Lakes, 
northeast of the city of Saint John. The pluton is not well 
exposed, but seems to consist mainly of quartz diorite and 
gabbro, with granite in the central and northeastern parts. 

The quartz diorite is medium grained and consists of 
hypidiomorphic granular plagioclase and hornblende with 
minor biotite. Quartz and minor K-feldspar al-e interstitial. 
The gabbroic parts of the pluton are in the south (south of 
Otter Lake) and are very altered. The rocks are fine to 
medium grained, and may have originally contained pyrox- 
ene, but all the mafic phases have been altered to chlorite, epi- 
dote, actinolite, and iron oxides. Plagioclase is extensively 
saussuritized. The granite consists of medium-grained 
quartz, plagioclase, and orthoclase, with abundant interstitial 
granophyre. Amphibole and biotite are minor components 
(1-3%). Also present, especially in the dioritic pasts of the 
pluton, are porphyritic granite dykes, with quartz, K-feldspar, 
and sparse plagioclase phenocrysts. 

Mechanic Settlement Pluton 

Devine Corner Gabbro 

A small body of gabbro occurs in the Devine Corner area, 
adjacent to the Bonnell Brook Pluton, near the northwestern 
margin of the map area (NTS 21 H112). Although it appears 
to be entirely gabbroic, lacking the ultramafic components of 
the Mechanic Settlement Pluton, it is varied in texture and 
composition. Plagioclase is mainly saussuritized, in contrast 
to fresher clinopyroxene and orthopyroxene. Abundant apa- 
tite is present in most samples, and coarse phlogopite is pres- 
ent in one sample. Opaque phases (both ilmenite and 
magnetite) are abundant. 

Caledonia Mountain Pluton 

A small gabbroic pluton jn the northeastern Caledonian 
Highlands (NTS 21 H/15) was named the Caledonia Moun- 
tain stock by Ruitenberg et al. (1979). The exposed area of 
this pluton appears to be less than indicated by Ruitenberg et 
al. (1979). The pluton is mainly composed of gabbro and 
gabbronorite, in places with cumulate layering, as described 
by Blackwood (1991), who referred to the pluton as the Wel- 
don Creek stock. A contact metamorphic aureole has been 
developed in metasedimentary and metavolcanic rocks in the 
vicinit; of the intrusion. The age of the gabbro is uncertain, but 
based on petrological similarities to the Mechanic Settlement 

The Mechanic Settlement Pluton (unit ZMS) occurs near the Pluton to the southwest, anageof ca. 550-560 Ma seems likely. 
northern margin of the Caledonian Highlands in the vicinity 
of the community of Mechanic Settlement. It is mainly of 
gabbroic composition, but grades to ultramafic compositions 
(plagioclase-bearing lherzolite and pyroxenite) and to diorite 
and granodiorite. The latter two rock types were assigned to a 
separate 'Hamilton Lake pluton' by Grammatikopoulos 
(1992), but Grammatikopoulos et al. (1995) showed that they 
are probably comagmatic with the gabbroic and ultramafic 
rocks. Although layering is present locally, outcrop is insuf- 
ficient to document the layering in detail. The host rock units 
of the Coldbrook Group display hornfelsing and development 
of biotite adjacent to the pluton. 

In detail, the Mechanic Settlement Pluton contains a wide 
range of rock types including gabbro, gabbronorite, olivine 
gabbronorite, peridotite, troctolite, olivine pyroxenite, feld- 
spathic peridotite, anorthosite, diorite, and granodiorite (Pak- 
tunc, 1989a; Grammatikopoulos, 1992; Grarnmatikopoulos 
et al., 1995). The rocks vary from fine to coarse grained, with 
a variety of cumulate and non-cumulate textures. The petrog- 
raphy is described in detail by Grammatikopoulos (1992). 
The Mechanic Settlement Pluton contains significant 
platinum-group-element mineralization (Paktunc, 1989b), 
and continues to be a focus for exploration (e.g. Wells, 1992). 

OTHER PLUTONIC UNITS 
Small plutonic units, in many cases represented by only a sin- 
gle outcrop, occur widely thsoughout the Broad River Group. 
They are particularly common in the area west of Fundy 
National Park, where they were also mapped by McLeod 
(1987). Many are of granodioritic (Zgd) and granitic (Zg,) 
composition, and may be related to the Fortyfive River 
Granodiorite. Other rock types in this area include plagio- 
clase porphyry (Zp ), diorite (Zdi), and gabbro (Zgb). Also 
present in the BroadP~iver ~ r o u ~ ,  most notably in unlt Bmt in 
the Quiddy River area, are the units identified as keratophyre 
or keratophyre porphyry by McLeod (1987). They appear to 
be sills within mafic volcaniclastic rocks, and many contain 
prominent quartz phenocrysts. Although abundant, they are 
too small to show as a separate map unit. 

Other small bodies of gabbro (unit ZCgb), as well as rnafic 
dykes, occur more widely throughout the map area. Some of 
these bodies contain fresh pyroxene and rarely olivine, and 
hence are similar to gabbroic rocks of the Mechanic Settle- 
ment Pluton. These mafic intrusions may be the intrusive 
equivalents of the basaltic rocks of the Coldbrook Group. 



GEOCHEMISTRY 

Introduction 

ignition (LOI) values, mainly due to variations in water and 
C02 contents related to secondary processes such as weather- 
ing, hydrothermal alteration, and metamorphism. Felsic 
samples generally have lower values (less than 1%) than The chemical data on which the subsequent discussions are mafic samples, in which LO1 values range from about 2 to based were acquired mainly as part of this study. However, 8%, although most inafic samples have values between 2 and 

data published Currie and E b ~  a'1d and 4%. In order to facilitate comparison among samples, the 
McCutcheon (1990) are also used in these interpretations. A major-element oxides were recalculated to total loo%, subset of the data from the central part of the study area was volatile-free (with total iron expressed as Fe203), before plot- 
used Barr and Barr and White (1988c) in prelimi ting on chemical diagrams presented here. 
nary interpretations of magmatic evolution, analyses from the 
Teahan area formed part of the M.Sc. thesis project of Moroz 

A " 

(1994), and an overview of the data was presented by Barr ~ ~ ~ ~ d ~ i ~ ~ ~  G~~~~ 
and White (1996a). 

Overview 
Brief petrographic descriptions of the analyzed samples 

are presented in Appendix B, and the chemical data are com- A total of 85 samples have been allalyzed from the Broad 
piled in Appendix C. The samples display variable loss-on- River Group. Locations for most of the analyzed samples are 

shown on Figure 3, petrographic descriptions are presented in 

SiO Si02 

SiO 2 SiO 
Q Unit Bls (n=9) a Unit Bmf (n=15) + Unit Bmt (n=5) 
@ Unit Bdt (n=8) X Unit Btp (n=22) E Unit Bdr (n=l) 
0 Unit Bdtb (basalt lenses and layers) (n=13) V Unit Bit (n=l) W Unit Bat (n=2) 
8 Quiddy River section of unit Bmf (n=8) v Unit Bts (n=l) 

Figure 18. Plots of a)  K 2 0 ,  b) Ti02,  c)  ZI., and d )  V agaii~st SiOz (/.ecalculated volatile-free as 
described in text) for san~ples porn the Broad River Grozip. Fields in a )  fi.onz Wilsolz (1989) after 
Middlemost (1975). 



Appendix B, and the chemical data are compiled in that the sample suite may be calc-alkalic (e.g. Miyashiro and 
Appendix C (Table C.l). Many lithological units in the Broad Shido, 1975; Shervais, 1982). Although scatter makes this 
River Group, such as lapilli tuff and tuffaceous sedimentary correlation somewhat ambiguous for Ti02 (Fig. 18b), it is 
rocks, were not sampled for analysis because of the uncer- more clear for V (Fig. 18d), although some units (e.g. Bdtb, 
tainty in interpretation of such data in a reconnaissance geo- Bat) are more consistently tholeiitic, as discussed in subse- 
chemical study of this type, where the primary goal is general quent sections. 
characterization of igneous rocks. The analyzed samples 
include a larger proportion of mafic rocks than the Broad River 
Group as a whole, in part because of the potential usefulness of 
such rocks in chemical and tectonic setting discrimination (e.g. 
Pearce and Cann, 1973), and also because the mafic roclcs 
tend to be finer grained and less heterogeneous than the inter- 
mediate and felsic rocks, and thus more amenable to chemical 
characterization. 

Chemical alteration in the analyzed samples is indicated 
by variable LO1 values, especially in the mafic samples, and 
is also suggested by scatter in more mobile elements such as 
potassium. For example, a plot of K 2 0  against Si02 shows 
overall positive correlation but wide scatter (Fig. 18a), and 
any classification based onK20  content is clearly unreliable. 

Even trace elements that are generally considered less 
mobile under conditions of hydi-othermal alteration and low- 
grade metamorphism, such as Ti and Zr (e.g. Winchester and 
Floyd, 1977; Floyd and Winchester, 1978), show consider- 
able scatter (Fig. 18b, c). Hence, ratios of these elements may 
be more reliable as indicators of chemical affinity than their 
absolute abundances (Winchester and Floyd, 1977; Floyd 
and Winchester, 1978). On a plot of Zr/Ti02 against Nb/Y, 
the Broad River Group is clearly subakalic, although with a 
considerable range in Nb/Y ratio (Fig. 19). Distinction 
between tholeiitic and calc-alltalic within the subalkalic 
series is less clear; for example, the AFM diagram (Fig. 20) 
and plot of Ti02 against FeOt/MgO (Fig. 21) do not show 
either a tholeiitic or calc-akalic pattern in the sample suite 
overall, and a mixed affinity may be suggested. However, 
negative correlation between Ti02 and V and Si02 in mafic 
through felsic samples (Fig. 18b, d) is consistent with mag- 
netite fractionation throughout their evolution and indicates 

Whether calc-alkalic or tholeiitic, a plot of Ti02 against 
Zr (Fig. 22) suggests that the rocks formed in a volcanic-arc 
setting. This setting is further supported by the ternary Ti- 
Zr-Y discrimination diagram for mafic rocks (Fig. 23), on 
which the mafic samples (those with less than 54% Si02) plot 
mainly in field B (overlapping low-potassium tholeiites, 
calc-alkalic basalts, and ocean-floor basalts). An ocean-floor 
basalt affinity probably can be excluded because of the domi- 
nantly intermediate to felsic tuffaceous character of the 
Broad River Group, and hence a calc-alkalic or island-arc 
tholeiitic (low-potassium) affinity is suggested by this 
diagram. 

Overall, the chemical characteristics of felsic samples 
(those with more than 65% SO2)  are also consistent with an 
arc setting (Fig. 24a, b). Spread of more evolved (higher 
Si02) samples into the within-plate fields on these diagrams 
is not uncommon in arc suites (e.g. Pearce et al., 1984). 

Unit Bls 

The Lumsden unit is represented by six intermediate to felsic, 
crystal-tuff samples, and three samples from mafic tuffs or 
flows. Two of the mafic samples (altered arnygdaloidal 
basalts RM298 and RM301) are from the vicinity of the 
Lumsden deposit and contain anomalously low Ti02  and Zr 
contents (Fig. 18b, c), elevated Ni and Cr values (Fig. 25a, b), 
and low Zn (Fig. 25d), but a felsic tuff sample from the same 
area does not show any unusual chemical features. Overall, 
the samples from unil Bls are chemically similar to those 
from other units in the Broad River Group, with subalkalic 
Nb/Y ratios (Fig. 19), and elemental concentrations and 
ratios consistent with a volcanic-arc origin (e.g. Fig. 20-24). 

subalkalic basalt basalt nephelinite 

Figure 19. 

Plot of ZrlTi02 against NblYfor samplesfr-om the 
Broad River Group, with fields fi-om Winchester 
and Floyd (1977). Legend as in Figzire 18. 



Unit Btp 

Unit Btp is represented by twenty-two samples mainly from 
tuffaceous rocks, but also including a few samples which rep- 
resent flows. The samples range from mafic to felsic; most of 
the mafic samples have low K 2 0  contents, whereas the felsic 

/ tholeiitic A 

calc-alkaline 

N a 2 0 + K 2 0  MgO 

Figure 20. AFM diagram for samplesfiom the Bi,oad River 
Group with tlzoleiiticlcalc-alkalic dividing line ,from Inline 
and Baragar (1971). Legend as in Figure 18. 

0 1 2 3 4 
F ~ O ~ / M ~ O  

Figure 21. Plot of Ti02 uguinst F ~ O ' I M ~ O  for samples with 
65% or less Si02 from the Broad River Group. Trends for 
typical tlzoleiitic (Th) and calc-alkalic (Ca) suites are from 
Miyashiro (1974). Legend as in Figure 18. 

samples show a wide range in K 2 0  that suggests extensive 
alteration (Fig. 18a). Ti02 shows wide variation in the mafic 
samples (Fig. 18b), whereas Zr shows a wide range in the 
intermediate and felsic samples (Fig. 18c). The Nb/Y ratios 
are all less than 0.6, consistent with subalkalic affinity 
(Fig. 19). The Ti02 content does not show a correlation with 
FeOt/MgO ratio, and distinction between tholeiitic and calc- 
alkalic is not possible on the basis of this criterion (Fig. 21), 
although the V-Si02 correlation is indicative of calc-alkalic 
affinity (Fig. 18d). Ti02 and Zr contents are consistent with a 

0.1 I I 

10 100 1000 

Zr 

Figure 22. Plot of Ti02 against Zr for samples fiom the 
Broad River Group. Fields for mid-ocean-ridge basalt 
(MORB), within-plate lavas, and arc lavas are fionz Pear-ce 
(1982). Legerzcl as in Figure 18. 

/ v v v v " v V V v \  

Zr Yx3 
Figure 23. Ternary plot of Ti-Zr-Y for mafic samples (SiO2 = 
54% or less, recalculated volatile,fi-ee)fr-om the Broad River 
Group. Fields after Pearce and Cann (1973): A = low- 
potassiunz tholeiite; B = low-potassiunz tholeiite, culc-alkalic 
basalt, and ocean-floor basalt; C = calc-alkalic basalt; 
D = within-plate basalt. Legend as in Figure 18. 



volcanic-arc origin (Fig. 22), supported by the Ti-Zr-Y ratios 
of the mafic samples (Fig. 23). The felsic samples also have 
chemical characteristics indicative of a volcanic-arc origin 
(Fig. 24a, b). 

Some samples show elevated Ni and Cr values, but no 
anomalous Cu, Pb, or Zn values were detected (Fig. 25), even in 
samples from the proximity of the Teahan base-metal deposit. 

Unit Bdt 

Unit Bdt is represented by 21 analyses, including 3 andesitic 
and dacitic tuffs, 5 dacitic to rhyolitic flows, and 13 basaltic 
flows. The latter are a distinctive component of unit Bdt, and 
form mappable subunits (Bdtb) in three areas north and west 
of Alma. 

The andesitic crystal tuffs (samples 8803 and 8838) are 
basaltic andesites, with about 57% Si02, whereas the dacitic 
tuff (sample 8808) contains about 65% SiO?. The five rhyo- 
litic samples range from about 72 to 78% S102 (recalculated 

syncollisional granite 

volcanic-arc 

1000 

within-plate 
granite 
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n 

volcanic-arc and ocean-ridge 
svncolllslonal 
granites 
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Y 

Figure 24. Plots of a )  Rb against Nb+Y and b) Nb against Y 
for felsic samples (SiO2 = 65% or nzore, recalculated 
volatile-free) from the Broad River Group. Fields for 
syncollisional granites , volcanic-arc granites, within-plate 
granites, and ocean-ridge graizites are fronz Pearce et al. 
(1984). Legend as in Figure 18. 

volatile-free), whereas the basaltic samples range from true 
basalt to basaltic andesite, based on their range in Si02 con- 
tents. Overall, these samples show a range in chemical corn- 
positions similar to those in samples of similar Si02 content 
from other units of the Broad River Group. K 2 0  and Zr show 
scattered positive correlations with S i02  (Fig. 18a, c), 
whereas T i02  and V show reasonable negative correlations 
(Fig. 18b, d). Two basaltic samples contain high K 2 0  com- 
pared to other mafic samples; in thin section they are highly 
altered and contain abundant sericitized plagioclase. The 
samples are subalkalic, although two felsic samples have 
Nb/Y ratios close to alkalic values (Fig. 19). Calc-alkalic 
character is suggested by the Ti02 and V trends (Fig. 18b, d), 
but the plot of TiO? against FeOt/MgO suggests a tholeiitic 
trend for the basalt~c samples of unit Bdtb (Fig. 21). In any 
case, a volcanic-arc setting is indicated by the suite as a whole 
(Fig. 22) and by the mafic samples which cluster in the arc- 
basalt fields on the Ti-Zr-Y diagram (Fig. 23). The felsic 
samples have Rb, Y, and Nb contents also consistent with an 
arc setting (Fig. 24a, b). 

Metal contents in analyzed samples from unit Bdt 
(Fig. 25a-d) are generally low, but the most mafic samples 
have somewhat elevated Cr values (200-300 ppm), and one 
sample has a high Cu content. 

Unit Bts 

Unit Bts is mainly sedimentary, and hence is represented by 
only one analyzed sample, a tuff of basaltic andesite compo- 
sition with a Si02 content of 60% on a volatile-free basis. In 
thin section, this sample contains scattered quartz and plagio- 
clase clasts, consistent with its andesitic composition, and an 
abundance of carbonate, consistent with the high LO1 value 
(4.9%). The relatively high K20  content (Fig. 18a) may 
reflect alteration, as the sample contains abundant sericite. 
Other chemical characteristics of the sample, including metal 
content, are generally similar to those of rocks of similar Si02 
content from other units in the Broad River Group (e.g. 
Fig. 18-25). 

Unit Bmf 

All of the analyzed samples from unit Bmf represent the more 
mafic components of the unit, and most are basaltic flows or 
mafic tuffs (Appendix B). Eight of the samples (EB2 to EB 19 
from the published work of Dostal and McCutcheon (1990)) 
are from a small area in Lower Quiddy River (Fig. 3). 

Overall, the samples show variation in composition simi- 
lar to that in samples from unit Btp. Scatter in K 2 0  contents 
(Fig. 18a) is consistent with extent of alteration in the sam- 
ples. Most mafic samples, especially those from the Quiddy 
River area, are low in K20, Ti02, and Zr, in comparison with 
the basaltic samples from unit Bdtb (Fig. 18a, b, c), but simi- 
lar to most mafic samples from unit Btp. The Quiddy River 
samples also have low Nb/Y and Zr/Ti02 ratios (Fig. 19). 
These samples appear prominent on the figures because they 
constitute an anomalously large number of analyses from a 
small area; however, it should be noted that a few samples 
from other units have similar features, and the Quiddy River 



samples are within the range of variation of the rest of the 
Broad River Group. Taken as a whole, the samples portray a 
scattered positive correlation between Ti02 and FeOt/MgO 
ratio, suggesting a tholeiitic trend (Fig. 21). A positive corre- 
lation is also apparent between Ti02 and Zr (Fig. 22), and 
many sarnples plot in the overlapping low-potassium tholei- 
ite/calc-a1 kalic basalt/ocean-floor basalt field on the Ti-Zr-Y 
diagram (Fig. 23). The only felsic sample from the unit plots 
in the volcanic-arc granite fields (Fig. 24a, b). A high propor- 
tion of the samples have elevated Ni and especially Cr con- 
tents (up to 730 ppm), and scattered high Cu, Pb, and Zn 
values also occur (Fig. 25). On this basis, this unit appears to 
be an interesting target for exploration. 

8175) are both mafic tuffs. The two intermediate samples 
(8933 and 1177B) are andesitic tuffs. All five samples have 
low Nb contents and low Nb/Y ratios (Fig. 19). Ti02 is rela- 
tively high in the andesitic samples (Fig. 18b), although V is 
much lower in those samples than in the basaltic samples. 
The similarity of Ti02 contents in basaltic and andesitic sam- 
ples suggests that the rocks may be calc-alkalic (Fig. 21), as 
does the position of the basaltic samples in the calc-alkalic 
basalt field on Figure 23, although the small number of sam- 
ples precludes a definitive interpretation. 

The basaltic samples show somewhat elevated values of 
Ni, Cr, and Cu (Fig. 25a, b, c), and andesitic sample 1177B 
has an anomalous high Zn content of 450 ppm (Fig. 25d). 

Unit Bmt 
Unit Bat 

Unit Bmt is represented by five analyses, four from the River- 
side-Albert area and one from the Fundy National Park Unit Bat is represented by only two samples from basaltic 

coastal area. Sample 8904 is an amygdaloidal basalt, proba- flows The samples are chemically similar to lnafic samples 

bly a flow, whereas the other two mafic samples (8150 and from other units, except one of the samples has a somewhat 
elevated Pb value of 22 ppln (Table C. 1). 

SiO 2 SiO 2 

Figure 25. Plots of a )  Ni, b) Cr, c)  Cu, and d )  Zn against Si02 (recalculated volatile-free) for samples 
from the Broad River Group. Legend as in Figure 18. 



Unit Bdr 

Unit Bdr is represented by only one analyzed sample, a dac- 
itic crystal tuff from Pollet River (Fig. 3). It is chemically 
similar to dacitic samples from other units, except for the 
somewhat elevated Pb value of 25 ppm (Table C.1). 

Unit Bit 

Only one sample was analyzed, an andesitic crystal tuff. It is 
chemically similar to andesitic samples from other units of 
the Broad River Group. 

Circa 620 Ma plutons 

Overview 

Circa 620 Ma plutonic rocks in the Caledonian Highlands are 
represented by 123 analyses from the Point Wolfe River, 
Kent Hills, Caledonia Road, Caledonia Brook, Alma, Goose 
Creek, Fortyfive River, Millican Lake, and Emerson Creek 
plutons (Table C.2). Sample locations (except for the Millican 
Lake and Emerson Creek plutons which are on Figure 16) are 
shown on Figure 15, and petrographic descriptions of ana- 
lyzed samples are given in Appendix B. An overview of the 
data is presented first, followed by a discussion of specific 
chemical features displayed by each plutonic unit, and then 
the data are compared to those from the ca. 620 Ma volcanic 
rocks for an overall interpretation of petrogenetic relation- 
ships and tectonic setting. 

Taken all together, the analyzed plutonic samples display 
a continuous range in Si02 contents from 45% to 75%, and 
many other chemical components show either positive or 
negative correlation with Si02 (e.g. Fig. 26a-d). Scatter in the 
trends is likely due, at least in part, to chemical mobility 
during alteration and metamorphism, and is discussed in sub- 
sequent sections for specific units. All of the units are subal- 
kaline, as exemplified by the plot of Zr/Ti02 vs. Nb/Y 
(Fig. 27), and the samples show typical calc-alkalic trends on 
the AFM diagram (Fig. 28) and Ti02-FeOt/MgO plot (Fig. 
29). On the K20-Si02 diagram, the samples show a trend 
from the calc-alkalic to high-potassium calc-alkalic fields 
(Fig. 26a). They plot consistently in the arc field on the 
Ti02-Zr diagram (Fig. 30). The number of mafic samples is 
small and they scatter across several fields on the Ti-Zr-Y dis- 
crimination diagram (Fig. 31). However, the much more 
numerous felsic samples plot in the arc fields on the Rb - 
Y+Nb and Y-Nb diagrams (Fig. 32a, b), except for some sam- 
ples from the Caledonia Road Granitoid Suite and Kent Hills 
Pluton, discussed below. 

Very few anomalous metal values were found in the ana- 
lyzed samples (Fig. 33). 

Point Wolfe River Pluton 

The 45 analyzed samples from the Point Wolfe River Pluton 
represent all of the units in the pluton except the granitic por- 
phyry. The samples cover a more or less continuous range of 
silica contents between about 55 and 75% (Table C.l). The 

lowest values are in the quartz dioritic and monzodioritic 
units, and highest values are in the Blueberry Hill and Old 
Shepody Road granites. Most other chemical components 
display strong correlation with Si02 content (e.g. Fig. 26a-d). 
The lithological units show chemical gradation from one to 
the other, consistent with a co-genetic relationship. The sam- 
ples define a trend from the calc-alkalic to high-potassium 
calc-alkalic field, although four samples from the Pollet 
River granodiorite contain elevated K20 contents, compared 
to other samples of similar Si02 content; in samples 632 and 
1704A this appears to be related to intense sericitization, but 
in samples 1068A and 1119 it is reflected in a higher 
K-feldspar content and, hence, is a primary igneous feature. 
Samples from the Blueberry Hill granite have higher K20 
contents than samples from the Old Shepody Road granite of 
similar Si02 contents (Fig. 26a), consistent with the higher 
modal K-feldspar contents in the Blueberry Hill samples. 
Less mobile elements, such as Ti02 and V, show a better cor- 
relation with Si02 (Fig. 26b, d), and are consistent with the 
interpretation that the units form a cogenetic suite linked by 
rnafic mineral fractionation. Increase in Zr content suggests 
late crystallization of zircon, followed by its removal in the 
latest stages of evolution to result in a levelling off and then 
slight decrease in Zr content at about 70% Si02 (Fig. 26c). 
The relatively low Zr contents in the suite as a whole (less 
than 200 ppm) are consistent with origin in a volcanic-arc set- 
ting (Fig. 30). 

The calc-alkalic trend on the AFM diagram (Fig. 28) is 
punctuated by a gap within the Pollet River granodiorite sam- 
ples, which is less apparent in Si02 content (e.g. Fig. 26a). 
The felsic samples cluster quite closely in terms of Rb, Y, and 
Nb contents, which are consistent with a volcanic-arc setting 
(Fig. 32a, b). 

Metallic elements show few anomalous values in the ana- 
lyzed sample suite. Cr and Cu values are higher than Ni, and 
show negative correlation with Si02 (Fig. 33b, c); two sam- 
ples (4527 from the Old Shepody Road granite and 8 134 from 
the Pollet River granodiorite) have anomalous Cu contents 
(88 and 86 ppm, respectively). Pb values are mainly less than 
the detection limit (10 ppm), but range up to 15 ppm, and 5 
samples have higher values (up to 27 ppm). 

Goose Creek Leucotonalite 

The series of small plutons that constitute the Goose Creek 
Leucotonalite are represented by five analyzed samples. 
They are characterized by high silica contents (71 to 75%), 
but low abundances of K20 (Fig. 26a) and Rb (Fig. 32a). and 
high Na20, compared to the other units of similar Si02 con- 
tent. They plot in the low-potassium field on the K20 vs. Si02 
diagram (Fig. 26a), but in most other chemical components, 
they do not show major differences from other high-silica, 
granitic units. 

Fortyfive River Granodiorite 

Seventeen samples from the three separate parts of the Forty- 
five River Granodiorite were analyzed. They range from 
about 62 to 72% in Si02 content, and most other elements 



show good correlation with SO2,  consistent with the samples contents than most samples of the Pollet River granodiorite 
representing a cogenetic suite related by fractional crystalli- (Fig. 26a), and on the AFM diagram, the Fortyfive River 
zation of plagioclase and amphibole. The range in Si02 con- Granodiorite samples fill the gap in the Pollet River granodio- 
tent is similar to that in the Pollet River granodiorite unit of rite suite (Fig. 28). 
the Point Wolfe River Pluton, and overall the two units are 
chemically very similar (Fig. 26-33). However, samples of Metal contents are generally low, except for two samples 

the the Fortyfive River Granodiorite tend to have higher K 2 0  (14 and 52) which show elevated values of Cu (Fig. 33c). 

Si02 Si02 

Goose Creek Leucotonalite (&J (n=l) Rat Tail Brook tonalite and similar plutons (Z,,.) (n=3) 

Point Wolfe River Pluton 
Q Blueberry Hill granite (Z,,,,) (n=6) 
9 Old Shepody Road granite (ZpW,) (n=15) 
(> Pollet River granodiorite (G,,,) (n=13) 
8 Quartz dioriteltonalite (Gwq,) (n=10) 

Quartz monzodiorite (Z,,,,) (n=l) 

V Caledonia Road Granitoid Suite (Z,,) (n=20) 
A Fortyfive River Granodiorite (Zw)(n=17) 
V Caledonia Brook Granodiorite (Z,J (n=4) 
A Alma Pluton (Z,) (n=ll)  

@ Millican Lake Pluton (Z,,)(n=l) 
Emerson Creek Pluton (qc) (n=2) 

X Kent Hills Pluton (&A (n=15) 

Figure 26. Plots of a) K 2 0 ,  b) Ti02, c)  Zr, and d )  V against SiOz (recalculated volatile$-ee as described in 
text) for samplesfi.om ca. 620 Ma plutons. Fields irz a )  from Wilson (1989) after Middlemost (1975). 



Kent Hills Pluton 

The samples from the Kent Hills Pluton consist of a granodio- 
ritic group (including six samples from the main granodioritic 
part of the pluton and one from a small satellite pluton located 
near the Teahan deposit) and a granitic group fi-om the north- 
eastern margin of the pluton (six samples). The granodioritic 
samples range in SiOz content from 58 to 66%, and are 
chemically similar to the Fortyfive River Gsanodiorite, nota- 
bly in their relatively high K20  content (Fig. 26a). Other 
chemical features of the granodiorite are similar to those of 
other granodioritic units, and the samples fall on the same 
trends as the other units on various geochemical plots. 

phonolite 
cornenditel 

rhyolite 

basalt nephelinit 
subalkalic basalt 
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Figure 27. Plot of ZrlTiO:! against NblYfor samplesfrom ca. 
620 Ma ylutons, with fields from Winchester and Floyd 
(1977). Legend as in Figure 26. 

In contrast, the granitic samples contain 72  to 77% Si02, 
and, on average, represent the most silicic unit in the ca. 620 
Ma  plutons. Their K 2 0  contents lie within the high- 
potassium calc-akalic field. However, their chemical com- 
positions generally lie on the trends defined by other units, 
such as the Point Wolfe River Pluton and the granodioritic 
part of the Kent Hills Pluton, but are more evolved; Ti02 and 
V contents, for example, are very low. However, they show a 
wide range in Zr contents, from about 100 to 350 ppm, and a 
corresponding wide range in Zs/Ti02, in contrast to the Blue- 
berry Hill granite of the Point Wolfe River Pluton, for exam- 
ple (Fig. 26c, 27). Their relatively higher Nb and Y contents 
trend into the within-plate fields (Fig. 32a, b), and their very 

tholeiitic A 
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F~O'IM~O 

Figure 29. Plot of Ti02 against F ~ O ~ I M ~ O  foi. samples with 
65% or less Si02 from ca. 620 Ma plutons. Trends for typical 
tholeiitic (Tlz) urzd calc-alkalic ( C a )  suites are from 
Miyashiro (1974). Legeizd as in Figure 26. 

Figure 28. AFM diagram for sanzples from ca. 620 Ma 
pl~~toizs with tholeiiticlcalc-alkalic dividing line from Irvirze 
aizd Baragar (1971). Legeizd as irz Figure 26. 

Figure 30. Plot of Ti02 against Zr for samples from ca. 620 
Ma phtons. Fields for mid-oceaiz-ridge basalt (MORB), 
within-plate lavas, arzd ur-c lavas are from Pearce (1982). 
Legend as iiz F i g ~ ~ r e  26. 
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Zr Yx3 
Figure 31. Ternary plot of Ti-Zr-Yfor mafic samples (SiOz = 
54% or less, recalc~ilated volatile-j?ee) from ca. 620 Ma 
plutons. Fields after Pearce and Cunn (1973): A = low- 
potassium tholeiite; B = low-potassium tholeiite, calc-alkalic 
basalt, and ocean-floor basalt; C = calc-alkalic basalt; 
D = within-plate basalt. Legend as in Figure 26. 

low MgO contents result in a trend along the A-F join on the 
AFM diagram (Fig. 28). It is possible that these granitic sam- 
ples are a separate unit, perhaps unrelated to the ca. 620 Ma 
suites and part of the younger ca. 560-550 Ma plutonic suites, 
to which they show more chemical similarity. Shearing in the 
area precluded clear understanding of field relations. 

None of the analyzed granodioritic samples (including the 
sample from the granodiorite body near the Teahan deposit) 
shows elevated metal values, except sample 8914, that con- 
tains elevated Cu and Pb contents of 214 and 96 ppm, respect- 
ively. The granitic samples also have low metal contents. 

Rat Tail Brook Pluton 

Three samples were analyzed from the tonalitic Rat Tail 
Brook Pluton. They contain 67 to 69% Si02, but have sub- 
stantially lower K20 contents than granodioritic samples of 
similar Si02 content from the Fortyfive River and Point 
Wolfe River plutons (Fig. 26a). However, their other chemi- 
cal characteristics are similar to granodioritic samples from 
the other plutons, and they plot on the trends of those plutons. 
They do not show any anomalous metal values. 

Alma Pluton 

Eleven samples from the Alma Pluton show a wide range in 
silica contents from 45 to 67%, consistent with the range in 
modal composition from dioritelgabbro to granodiorite. Like 
field relations, the chemical data are consistent with coge- 
netic relationships among the rock types in the pluton, linked 

by crystal fractionation. Most elements show correlations 
with Si02, consistent with fractionation dominated by pla- 
gioclase and amphibole. The trend defined by these domi- 
nantly mafic samples on the Ti02-SiO,, Ti0,-FeOt/MgO, 
and Ti02:Zr plots (Fig. 26b, 29,30) are diagnostic of a calc- 
alkalic sulte formed in a volcanic-arc setting (e.g. Miyashiro 
and Shido, 1975; Shervais, 1982). 

With the exception of diorite sample 60, which has a high 
Cu content of 150 ppm, the analyzed samples show low con- 
tents of metallic elements (Fig. 33). 

Caledonia Road Granitoid Suite 

The Caledonia Road Granitoid Suite is represented by 20 
samples from the varied dioritic, granodioritic, and granitic 
units that constitute the suite. The S i02  contents reflect this 
wide range in rock type, and range from about 45 to 75% 
(Fig. 26). The chemical trends defined by these samples fol- 
low those of the other units, with the range more or less coin- 
ciding with the range of compositions displayed by all of the 
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Figure 32. Plots of a)  Rb against Nb+Y and b) Nb against Y 
for felsic samples (SiO2 = 65% or moi-e, reculc~~lated 
volatile-free) from ca. 620 Ma plutons. Fields for 
sy~zcollisional granites, volcanic-arc granites, within-plate 
grunites, and ocean-ridge granites are from Pearce et ul. 
(1984). Legend as in Figure 26. 



other ca. 620 Ma plutonic units combined. Two felsic sam- 
ples with low K20 have tonalitic compositions similar to that 
of the Rat Tail Brook tonalite and approaching that of the 
Goose Creek Leucotonalite (Fig. 26a). Two mafic samples 
have relatively high Ti02 contents (Fig. 26b). Zr contents in 
the felsic samples show wide variation, like that in the gran- 
itic samples from the Kent Hills Pluton. These samples also 
show a wide range in Nb/Y ratio, verging on alkalic values 
(Fig. 27), and some samples trend toward the within-plate 
field on Rb vs. Nb+Y and Nb-Y diagrams (Fig. 32a, b). Such 
trends are likely in highly evolved orogenic suites. The sam- 
ples show a typical calc-alkalic trend on the AFM diagram 
(Fig. 28). 

Ni, and especially Cr, contents in the three most mafic 
samples are elevated compared to levels in samples of similar 
Si02 content in the Alma Pluton. However, Cu, Pb, and Zn 
values are comparable to those in the Alma Pluton and are not 
anomalous. 

Caledonia Brook Granodiorite 

Four analyzed samples from the Caledonia Brook Granodio- 
rite all contain about 60 to 65% Si02. The samples fall on the 
trend of other units in most cases, but two samples show ele- 
vated Ti02 and Zr (Fig. 26b, c, 29,30). 

Emerson Creek and Millican Lake plutons 

Chemical data are available for three samples, two from 
Emerson Creek Pluton from this study and one from the Millican 
Lake Pluton at Cape Spencer taken from Whalen et al. (1 994). 
All three samples contain about 70% Si02 (Fig. 26), and are 
generally similar in their chemical characteristics to samples 
from the other ca. 620 Ma plutons with similar silica contents. 
However, two of the samples have lower Y contents 
(Fig. 32b), which result in somewhat high (compared to most 
other plutonic samples) Nb/Y ratios (Fig. 27). 

Figure 33. Plots of a) Ni, b) Cr, c) Cu, andd) Zrz against S i02 (recalculated volatile-fr-ee) for samples from ca. 
620 Ma plutons. Legend as in Figure 26. 



Comparison between ca. 620 Ma plutonic and 
volcanic rocks 

Overall, the plutons display chemical similarities to the vol- 
canic rocks of the Broad River Group, but with much less 
scatter, and a more clear indication of calc-alkalic chemical 
affinity and a subduction-related tectonic setting. The data 
are consistent with the U-Pb dates which indicate that the vol- 
canic and plutonic rocks are of similar age. Samples fi-om the 
Broad River Group are biased toward mafic units, whereas 
the plutonic rocks are mainly intermediate to felsic. How- 
ever, both are subalkaline (Fig. 19,27), and volcanic samples 
display a calc-alkalic trend similar to that defined by the plu- 
tonic units (Fig. 18a and 26a; Fig. 21 and 29). A volcanic-arc 
setting is indicated by intermediate to felsic samples from 
both volcanic and plutonic units, with overlap into the 
within-plate fields as is common in more evolved continental 
volcanic-arc suites (e.g. Pearce et al., 1984). The abundance 
of intermediate and felsic rocks, both in the volcanic and plu- 
tonic suites, and the abundance of pyroclastic rocks, are 
indicative of a continental-margin subduction zone, such as 
that of the Andes (e.g. Pitcher, 1994). Both zircon inheritance 
(Bevier and Barr, 1990) and Nd isotopic data from a small 
subset of samples from these plutonic rocks (Whalen et al., 
1994) are indicative of the involvement of older continental 
crust in the petrogenesis of these magmas, and hence are con- 
sistent with a continental margin setting. 

Coldbrook Group 

Overview 

The mainly intermediate to felsic tuffs and flows interpreted 
to form the lower part of the Coldbrook Group are repre- 
sented by 55 analyzed samples, including 17 from Currie and 
Eby (1990) (Table C.3). The samples are mainly from flows 
in these dominantly tuffaceous units. The basaltic and rhyo- 
litic units interpreted to be in the upper part of the Coldbrook 
Group are represented by 61 analyzed samples, including 7 
from Currie and Eby (1990) and 14 from Dostal and 
McCutcheon (1990). Sample descriptions are presented in 
Appendix B, and the chemical data are in Appendix C 
(Table C.3). 

The samples as a group show a range in Si02 contents 
from about 47 to 80% (recalculated volatile-free) (Fig. 34). 
Consistent with their lithologies, the upper Coldbrook Group 
samples are more bimodal in their Si0, contents, whereas the 
lower Coldbrook samples are dominantly intermediate, with 
a slight silica gap at about 66% S O 2 .  A compositional gap is 
also apparent in Zr/Ti02 ratio in the rhyodacite/dacite field 
(Fig. 35). A plot of K20  against Si02 (Fig. 34a) shows posi- 
tive correlation, through the medium-potassium calc-alkalic 
field. The amount of scatter in intermediate and felsic sam- 
ples from the Coldbrook Group is much less than that dis- 
played by Broad River Group samples (Fig. 18a vs. 34a), but 
in both cases the mafic samples concentrate in the low- 
potassium field. The K20  content appears to peak in samples 
with about 72 to 73% SiO,, and then levels out or even 
decreases in the highest silica samples. Ti02 shows strong 
negative correlation with silica for samples with more than 

60% Si02, but there is some indication from the data that 
samples with less than 60% Si0, do not continue the negative 
trend, but instead show positive col-relation at lower SiO, 
contents (Fig. 34b). This pattern suggests tholeiitic affinity 
for the Coldbrook Croup (e.g. Shervais, 1982). The V-Si02 
plot (Fig. 34d) may show a similar pattern. A plot of TiO, 
against FeOt/MgO also suggests a tholeiitic trend (Fig. 37), 
although the AFM diagram (Fig. 36) is inconclusive. 

Felsic samples from the Coldbrook Group have lower V 
contents than those from the Broad River Group (Fig. 34d vs. 
18d). The Zr data also show significant differences between 
the two groups, with the Coldbrook Group samples overall 
having higher Zr contents, and showing a definite positive 
correlation between Zr and S O 2 ,  followed by a pronounced 
decrease in the most felsic samples (Fig. 34c vs. 18c). The 
decrease may reflect zircon fractionation. 

A plot of Ti02 vs Zr also shows very different patterns for 
the Coldbrook and Broad River groups, even in rocks of simi- 
lar S i 0 2  content, with the Coldbrook samples plotting 
toward, or in, the within-plate field (Fig. 38), in contrast to the 
Broad River samples, which scatter widely in the volcanic- 
arc field (Fig. 22). However, the ternary Ti-Zr-Y diagram for 
mafic samples (those with less than 54% Si02, as recalcu- 
lated volatile-free) places most Coldbrook Group samples in 
the calc-alkalic or calc-alkalic/ocean-floor basalt/low-potassium 
tholeiite fields (Fig. 39), similar to the Broad River Group 
samples (Fig. 23). In contrast, felsic samples (those with 
more than 65% Si02 recalculated volatile-free) have within- 
plate characteristics (Fig. 40a, b) and differ significantly from 
the felsic samples of the Broad River Group (Fig. 24a, b). 

Overall, the chemical data corroborate the distinction 
between the two groups based on stiuctural, petrographical, 
and age differences. The Broad River Group is more clearly 
calc-alkalic and formed in a volcanic-arc setting. The mafic 
samples in the Coldbrook Group are tholeiitic, and the suite as 
a whole appears to have formed in a within-plate setting. 

Unit Cgd 

Fifteen analyses are available from the grey dacitic unit, 
eleven of which are from Currie and Eby (1990), who 
described most samples as flows. Like samples from the 
other lower Coldbrook Group units, they range from 
andesitic (SiO, as low as 54%) to rhyolitic (SO2 up to 75%), 
with a gap at about 66 to 68%. These samples follow a consis- 
tent trend between the basaltic and rhyolitic samples of the 
upper Coldbrook Group, and are clearly subalkaline 
(Fig. 35), and formed in a within-plate setting (Fig. 38, 
40a, b). 

Unit Clt 

The lithic tuff unit of the lower Coldbrook Group is repre- 
sented by eight analyzed samples. They fall into two groups, 
andesitic and rhyodacitic to rhyolitic (Fig. 34), but show no 
significant differences compared to other samples of similar 
Si02 contents. 
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Figure 34. Plots of a)  KzO, b) Ti02, c) Zr, and d)  V against Si02 (recalculated volatile-free as described in 
text) for samples from the Coldbrook Group. Fields in a) from Wilson (1989) after Middlemost (1975). 



Unit Cft 

Ten samples were analyzed from the black felsic tuff unit of 
the lower Coldbrook Group. These dark-coloured rocks are 
mainly crystal tuffs, or lithic crystal tuffs, and their chemical 
compositions correlate well with their petrography. Those 
with Si02 contents between about 56 and 65% are andesitic 
tuffs dominated by plagioclase, whereas those with Si02 
between about 72 and 76% are welded and display flow band- 
ing. No samples fall in the compositional range between 
about 65 and 72% Si02.  The compositions follow the same 
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Figure 35. Plot of Zt.lTiO2 agai/zst NblY for samples from the 
Coldbroolc Grozip, with fields from Winchester and Floyd 
(1 977). Legend as in Figure 34. 

tholeiitic A 

Figure 36. AFM diagram for samples from the Coldbrook 
Group with tholeiiticlcalc-alkalic dividing line from lrvirze 
and Baragar (1971). Legend as in Figure 34. 

trends as other samples from the lower Coldbrook Group, and 
felsic samples have a within-plate signature (Fig. 40a, b). No 
anomalous metal values were found (Fig. 41). 

Unit Cftb 

Five samples were analyzed from the mappable basaltic lay- 
ers in unit Cft. These samples range from basalt to basaltic 
andesite, are chemically similar to basaltic rocks from the 
upper part of the Coldbrook Group, and generally plot with 
the other basaltic to andesitic samples on various chemical 
diagrams (e.g. Fig. 34a-d). 

0 1 2 3 4 

F ~ O ~ I M ~ O  

Figure 37. Plot of Ti02 agabzst F ~ O ' I M ~ O  for- samples with 
65% or less Si02 from the Coldbroolc Group. Trends for 
typical tlzoleiitic (Th) and calc-alkalic (Ca) suites are fronz 
Miyashiro (1974). Legend as in Figure 34. 
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Figure 38. Plot of Ti02 against Zr for sunzples from the 
Coldbrook Group. Fields for mid-ocean-ridge basalt 
(MORB), within-plate lavas, and arc lavas are from Pearce 
(1982). Legend as in Figure 34. 



Unit Cmt 

Two basaltic samples were analyzed from unit Cmt, and are 
mainly similar to basaltic samples from other units. How- 
ever, both contain relatively high Ni and Cr, and sample 4609 
contains the highest values of these elements among the ana- 
lyzed samples from the Coldbrook Group (Fig. 41a, b). 

Unit Cit 

All six analyzed samples from tuffaceous unit Cit are from the 
Black River area. The two samples analyzed as part of the 
present study include an andesitic crystal tuff and a flow- 
banded (welded) tuff of rhyolitic composition. The other four 
samples are from Currie and Eby (1 990) and are composition- 
ally similar to andesitic crystal tuff of sample 6095. The com- 
positions of these samples are generally indistinguishable 
from those of intermediate tuffs and flows in other units of the 
lower Coldbrook Group, although two of the samples from 
Currie and Eby (1990) have elevated Zn contents. 

Chemical analyses of nine samples from unit Cba (including 
five published by Eby and Currie, 1990) range from basaltic 
to andesitic. They fall into two groups in terms of K20 con- 
tent, one group with low values, and a second group with 
higher values. The latter four samples are all from Currie and 
Eby (1990); their petrographic descriptions do not provide 
evidence as to why such mafic samples would contain high 
K 2 0  values, and hence the significance of these data are 

unclear. The samples also contain elevated Ba and Rb values 
compared to other analyzed samples from the unit 
(Table C.3). 

Overall, the samples from unit Cba have low V contents 
compared to other units in the Coldbrook Group (Fig. 34d), 
but do not appear anomalous in terms of other chemical fea- 
tures (e.g. Fig. 36-39,41). 

Unit C r  

Thirteen samples were analyzed, representing the various 
areas of rhyolitic unit Cr. In addition, sample 8126, from a 
rhyolite flow within unit Cb, was analyzed for comparison. 
These samples contain about 73 to 80% SO2,  and a wide 
range in some chemical components such as K 2 0  and Zr 

' (Fig. 34a, c) but a limited range in those elements which are 
components of mafic minerals such as T i 0 2  and V 
(Fig. 34b, d). They are subalkaline, and plot mainly in the 
rhyolite field in terms of their Zr/Ti02 ratio (Fig. 35). They 

Zr Y x3 
Figure 39. Ternaty plot of Ti-Zr-Y for mafic samples (Si02 = 
54% or less, recalculated volatile-fiee)fiom the Coldbrook 
Group. Fields after Pearce and Cann (1973): A = low- 
potassium tholeiite; B = low-potassium tholeiite, calc-ulkalic 
basalt, and ocean-floor basalt; C = calc-alkalic basalt; 
D = within-plate basalt. Legend as in Figure 34. 
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Figure 40. Plots of a) Rb against Nb+Y and b) Nh against Y 
for felsic samples (Si02 = 65% or more, recalculated 
volatile-free) from the Coldbrook Group. Fields for 
syncollisional granites, volcanic-arc granites, within-plate 
granites, and ocean-ridge granites are fr.onz Pearce et al. 
(1984). Legend as in Figure 34. 



have relatively high Nb and Zr indicative of a within-plate from southwest to northeast; for example, the samples from 
origin. They do not appear to show any consistent variation the southwest (Shanklin area), which tend to be less 
through the unit, although the database may not be large altered/metamorphosed than samples from the rest of the 
enough to reveal such differences if they do exist. unit, and which mainly contain relict clinopyroxene, have 

K,O values similar to those in the more altered northeastern 

Unit Cb 

A relatively large number of samples (38) were analyzed 
from basaltic unit Cb because of the potential usefulness of 
basaltic flows, even when altered, in indicating chemical 
affinity and tectonic setting (e.g. Winchester and Floyd, 
1977; Floyd and Winchester, 1978). The degree of alteration 
is indicated not only by the petrographic features described 
previously, but also by the relatively high and variable LO1 
values (up to 6%). The recalculated Si02 values show a basal- 
tic to andesitic range (47-56%), and the samples cluster quite 
closely in the andesite/basalt field on the Zr/Ti02 vs. Nb/Y dis- 
crimination diagram (Fig. 35). The samples show a positive 
correlation of Ti02 with FeOt/MgO ratio (Fig. 37) and with Zr 
(Fig. 38), indicative of tholeiitic affinity (Miyashiro, 1974). 
No systematic differences were noted along strike in the unit 

p&t of the unit (Fig. 34a) and a similar range in Ti02 values 
(Fig. 34b). 

Both Ni and Cr show considerable variation, and three 
samples (4037a, 4609, and 7081) show elevated values of 
these elements (Fig. 41a, b). Sample4037a also contains high 
Pb and Zn. Cu values exceed 100 ppm in several samples. 

Unit Cbrs 

Seven basaltic samples were analyzed from unit Cbrs, as well 
as one sample from an interlayered dacitic flow (sample 
6528), and an additional two analyses are available from 
Dostal and McCutcheon (1990). These samples show chemi- 
cal, as well as petrographic, features similar to those of the 
basaltic rocks in unit Cb, and the samples are essentially 
indistinguishable on the various chemical diagrams. 

Figure 41. Plots of a )  Ni,  b) Cr, c)  Cu, and d )  ZII against S i 0 2  (recalculated volatile-free) for samples from the 
Coldbrook Group. Legend as in Figure 34. 



Circa 560-550 Ma plutons 

Overview 

The ca. 560-550 Ma plutons are represented by 85 analyses, 
mainly from the Mechanic Settlement and Bonnell Brook 
plutons (Appendix C, Table C.4). Petrographic descriptions 
of the analyzed samples are presented in Appendix B. The 
samples are bimodal in their composition; peridotitic, gab- 
broic, and dioritic samples range in Si02 content (recalcu- 
lated volatile-free) from about 42 to 65%, whereas granitic 
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samples show a more narrow range, from about 72 to 78% 
(Fig. 42a-d). In order to emphasize comparisons of composi- 
tionally similar units, the data are discussed below in mafic 
and felsic groupings, rather than by individual pluton. 

Peridotitic, gabbroic, and dioritic samples 

Samples from the Mechanic Settlement Pluton range in silica 
content (recalculated volatile-free) from about 42% in the 
peridotitic samples to 65% in a porphyritic diorite sample 

Mechanic Settlement Pluton (Z,,) 
X dioritic rocks (n=l 1) + gabbroic and ultramafic rocks (n=21) 

V Devine Comer Gabbro (Z,,)(n=2) 
0 Caledonia Mountain Gabbro (ZCM)(n=4) 
CI Baxters Mountain Pluton (Z,,)(n=5) 

Bonnell Brook Pluton 
8 diorite (ZBB,)(n=4) 
0 granite (ZBB,)(n=25) 
0 dykes related to ZBBG(n=4) 
@ fine-grained granite (ZBB,,)(n=4) 
0 rhyolite (ZB,,)(n=2) 

A Upham Mountain Pluton (ZUM)(n=4) 

Figure 42. Plots of a )  K20,  b) Ti02, c )  ZI-, and d )  V against Si02 (recalculated volatile-jke as described in 
text) for samples from cu. 560-550 Ma plutons. Fields in a)fi.om Wilson (1989) after Middlemost (1975). 



(Table C.4). They are mainly subalkaline, although a few (Fig. 42b) and FeOt/MgO (Fig. 45) are typical of tholeiitic 
samples scatter into the alkalic field (Fig. 43). This scatter suites. The wide scatter on the Ti-Zr-Y diagram (Fig. 47) 
results from the very low Nb values in some samples (at or reflects the low values of Ti02 and Zr, especially in the ulh-a- 
below 5 ppm, the detection limit of the analytical method), mafic samples. This diagram is not a useful discriminant for 
and hence this s ~ r e a d  in N b N  ratios is not likely to be mean- tectonic setting in these rocks. - 
ingful. The AFM diagram (Fig. 44) shows an iroi-enrichment 
trend, characteristic of tholeiitic suites, although dioritic sam- The samples show a wide range in Ni and Cr values, with a 

ples scatter into the calc-alkalic field. On the K 2 0  vs Si02 strong negative correlation with SiOZ (Fig. 49a, b). The high 

plot (Fig. 42a), the trend appears calc-alkalic, and the gab- Ni and Cr, as well as scattered and, in some cases, high Cu 

broic samples (45-54% SO2) plot in calc-alkalic basalt values (Fig. 49c) reflects the economic potential of this plu- 

fields. However, the positive correlation of T i 0 2  and SiO, ton (Paktunc, 1989a, b). 
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Figure 43. Plot of ZrlTi02 agairzst NblY for samplesfr-on2 ca. Figure 45. Plot of Ti02 against ~ ~ 0 ~ 1 ~ ~ 0  for sanzples with 
560-550 MU P ~ L L ~ O I Z S ,  ~ithfifi 'eld~fi-om Wiizchester a i~d  Floyd 65% or less S i02 from ca, 560-550 Ma Trelzds for 
(1977). Legend as in Figure 42. typical tholeiitic (Th) and calc-alkalic (Ca)  suites are fronz 

Miyashiro (1974). Legend us in Figure 42. 
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Figure 44. AFM diagl-anzfor sunzplesfi-om ca. 560-550 Ma Figure 46. Plot of Ti02 against Zr for samples fi-onz ca. 
plutol~s with tholeiiticlcalc-alkalic dividing line fi-om Irvine 560-550 Ma plutolzs. Fields for mid-oceaiz-ridge basalt 
and Baragar (1971). Legend us in Figure 42. (MORB), withiiz-plate lavas, and arc lavas are fi-onz Pearce 

(1982). Legend us in Figure 42. 



Zr Yx3 
Figure 47. Ternary plot of Ti-Zr-Yfor mafic samples (SiO2 = 
54% or less, recalculated volatile-free) from ca. 560-550 Ma 
plutons. Fields after Pearce and Cann (1973): A = low- 
potassium tholeiite; B = low-potassium tholeiite, calc-allzalic 
basalt, and ocean-floor basalt; C = calc-allcalic basalt; 
D = within-plate basalt. Legend as in Figure 42. 

The gabbroic and dioritic rocks of the Devine Corner, 
Bonnell Brook, and Baxters Mountain plutons are generally 
similar in composition to the gabbroic and dioritic samples 
from the Mechanic Settlement Pluton (e.g. Fig. 42), consis- 
tent with the interpretation that all of these plutons are coge- 
netic and related in their origin and tectonic setting. These 
other units also show elevated Ni and Cr values in some cases. 

The Caledonia Mountain gabbro shows some similarities, 
but also differences when compared to these other plutons, 
based on four samples analyzed. The three most mafic sam- 
ples, in particular, have higher K20, Ti02, and V (Fig. 42a, b, 
d, 46a, b). They contain higher FeOt relative to MgO (Fig. 44, 
45). Most interestingly, they also show low Ni and Cr, com- 
pared to the Mechanic Settlement Pluton samples (Fig. 
49a, b). Blackwood (1 991), in a detailed petrological study of 
the Caledonia Mountain Pluton, noted this depletion in Ni and 
Cr, and concluded that economic concentrations of these ele- 
ments may exist at a deeper level in the pluton. 

Granitic samples 

Analyzed samples from granitic parts of the Bonnell Brook, 
Upham Mountain, and Baxters Mountain plutons contain 
about 74% Si02 !Fig. 42). They vary in K 2 0  content in the 
high potassium field from about 3 to 4%, with the exception 
of one syenogranitic sample from the Baxters Mountain Plu- 
ton with nearly 5% K 2 0  (Fig. 42a). Overall, the range in K 2 0  
content is consistent with the range in K-feldspar in these 
rocks, which vary in composition from monzogranite to 

syenogranite. Many elements, such as Ti02 and V (Fig. 42b, 
d) show little variation, but Zr shows a wide range (Fig. 42c), 
probably as a result of zircon fractionation. On the 
ZrlTi02-Nb/Y diagram (Fig. 43), the samples cluster at the 
boundary between the rhyodacite/dacite and rhyolite fields. 
They show a calc-alkalic trend near the alkali comer on the 
AFM diagram (Fig. 44). On the Rb-Nb+Y diagram 
(Fig. 48a), the samples form a cluster mainly in the within- 
plate field. However, they do not display typical features of 
A-type granites - only 4 samples (one from Bonnell Brook, 
one from Raxters Mountain, and two from Upham Mountain) 
have Ga/Al x lo4 ratios greater than 2.6, the boundary 
between A-type and other granitoid suites proposed by 
Whalen et al. (1987). They do not display values of indicator 
elements such as Zr, Zn, or Na20+K20 as high as those in 
typical A-type granitoid suites, although the values are gener- 
ally higher than those in evolved I- or S-type granites (Barr 
and White, 1996a). Overall, the granites may be transitional 
to A-type. 
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Figure 48. Plots of a)  Rb against Nb+Y and b) Nb against Y 
for felsic samples (Si02 = 65% or more, recalculated 
volatile-free) fr-om ca. 560-550 Ma plutons. Fields for 
syncollisional granites, volcanic-arc granites, within-plate 
granites, and ocean-ridge granites are jkom Pearce et al. 
(1 984). Legend as iiz Figure 42. 



As is normal in felsic rocks, Ni, Cr, and Cu contents are 
low, but Pb and Zn values show more variation, with Pb up to 
30 ppm and Zn to 90 ppm (Fig. 49a-d). 

Comparison of ca. 560-550 Ma volcanic and 
plutonic units 

The ca. 560-550 Ma plutonic units in the Caledonian High- 
lands do not provide much assistance in interpreting the vari- 
ous chemical diagrams because the plutons, like the upper 
volcanic units, are essentially bimodal. However, their 
chemical similarity to the basalt and rhyolite samples of the 
upper Coldbrook Group supports the interpretation, based on 
field relations, that the plutons are comagmatic with the 
basalt and rhyolite. The bimodality of these rocks supports 
the within-plate setting suggested by at least some of the 
chemical criteria. 

Most of the evidence suggests that the Coldbrook Group 
and comagmatic plutons did not form in a subduction zone, 
and a within-plate extensional setting seems more compatible 
with most characteristics of the rocks. It is possible that the 
magmas inherited the subduction-like signatures from their 
source rocks, in the infrastructure of an older ca. 620 Ma vol- 
canic arc. 

Other units 

Grassy Lake formation (unit OG) 

Two dacitic samples from the Grassy Lake formation contain 
70-73% SiOz and are generally similar in composition to 
samples of similar silica content in the Coldbrook Group (e.g. 
Fig. 34a-d). The younger age of these samples would not be 
predicted on the basis of petrological features. 

Figure 49. Plots of a)  Ni, b) Cr, c) Cu, and d) Zn against Si02 (recalculated volatile-free) for samplesj?om ca. 
560-550 Ma plutons. Legend as in Figure 42. 



Fairfield formation (unit DF) 

A rhyolitic sample from the Fairfield formation contains 
about 74% SiOz and shows some chemical differences from 
Coldbrook group rhyolites of similar silica content, for exam- 
ple, lower Zr and lower Y and Nb (Fig. 41a, b). It appears to 
have more volcanic-arc and less within-plate character, 
which may reflect the nature of the crustal source in this part 
of the Caledonian Highlands. 

DEFORMATION AND METAMORPHISM 

Zntroduction 

The identification and characterization of structural features 
in the Caledonian Highlands are based on overprinting crite- 
ria, metamorphic grade, and geochronology. The area is 
divided into six structural domains with contrasting structural 
geometries and histories (Fig. 50-54). Domains I and I1 com- 
prise the ca. 620 Ma Broad River Group and associated plu- 
tonic units in the northeastern part of the highlands. The 
Broad River Group has been metamorphosed to greenschist 
facies everywhere, and locally, five generations of deforma- 
tion can be distinguished (designated DB -DB5). Domains ILI 
and IV include the ca. 550 Ma Coldbrook Group and related 
plutonic units in the southwestern part of the highlands. The 
Coldbrook Group is typically unmetamorphosed (area desig- 
nated domain 111), except in the northeast along contacts with 
the Broad River Group, where it reaches chlorite grade (area 
designated domain IV). Structures in domain 111 are the result 
of one major episode of deformation (DCIII-l), whereas 
domain IV has at least three deformational events (designated 
Dcrv-] to DcIv-3). Domain V is a narrow zone of intense Car- 
boniferous deformation in rocks assigned to the Broad River 
Group and associated ca. 620 Ma plutons in the Cape Spencer 
area, and is characterized by greenschist-facies metamor- 
phism. Domain VI includes rocks and structures in the pre- 
600 Ma Hammondvale metamorphic suite. It is characterized 
by a major episode of high-pressure metamorphism and 
related structures. 

The Broad River and Coldbrook groups in domains 11,111, 
and IV are further divided into smaller subdomains in order to 
better define the character of regional-scale structures and the 
significant spatial variations observed in structural style 
(Fig. 51,52). 

Broad River Group (domains I and II) 

Style of deformation and metamorphism 

Primary sedimentary and volcanic layering in the Broad 
River Group is here termed 'SBO'. In this and subsequent fab- 
ric and event designations, the subscript 'B' refers to the 
Broad River Group and associated plutons. The main 
regional deformation (DBI)  was accompanied by 
greenschist-facies metamorphism (MBl! and the develop- 
ment of a penetrative phyllitic to slaty foliation (SBI): gener- 
ally consisting of the planar orientation of minerals. 
Syntectonic metamorphic mineral assemblages include 
albite+chlorite+epidotefactinolitefcalciteopaque minerals 

in mafic volcanic rocks, sericite+muscovitefchlorite+epi- 
dote in felsic volcanic rocks, muscovite+sericitefepi- 
dote* chlorite* biotite in siliciclastic sedimentary rocks, and 
albite+epidote+chloritelmuscovitef actinoliteftitanite in 
plutonic rocks. Foliation SB I is generally subparallel to litho- 
logical contacts and to primary sedimentary and volcanic lay- 
ering (SBO). It is developed in all lithological units, with the 
exception of some larger igneous bodies and some felsic 
flows that still retain igneous textures, although partially 
replaced by greenschist-facies minerals. 

SBO and SB1 locally produce an intersection lineation 
(LBI), commonly displayed as colour streaks on SBI. In lap- 
illi tuffs and conglomeratic sedimentary rocks, the intersec- 
tion lineation is defined by elongate clasts. Locally, in some 
fine-grained wacke and mafic units, LB1 takes the form of 
pencil lineations. 

DB1 also resulted in rare outcrop-scale, tight to isoclinal, 
steeply inclined folds (FBI) of pre-existing compositional 
layering (SBO). These folds almost exclusively formed in 
fine-grained sedimentary and volcanic rocks. In some of the 
less deformed felsic flows, original flow folding is preserved, 
but the orientations of these features were not systematically 
recorded during this study. The lack of abundant FBI folds in 
the Broad River Group is possibly due to the strong transposi- 
tion of SBO into SB I and/or the overprinting by mylonitic fab- 
rics parallel to SB1 (see below). Because of this lack of 
information, it is difficult to conclusively establish that SBl is 
axial planar to FBI. 

A pre-MB1 event is recognized, and related to contact 
metamorphism around plutonic units in the Broad River 
Group. Although most of the effects of this metamorphism 
have been obliterated by DB1 and later events, rare low-strain 
enclaves still preserve hornfelsic textures, especially near the 
southeastern margin of the ca. 615 Ma Kent Hills Pluton. 
Metavolcanic samples in this contact zone contain the peak 
assemblage cummingtonite+augite+hornblende+bio- 
titefapatite that is characteristic of the hornblende-hornfels 
facies (e.g. Yardley, 1989). 

A second deformational event (DB2) produced a series of 
folds (FB2) that vary in size from microscopic to outcrop- 
scale features. They are distinguished from FBI folds because 
they folded both SB1 and LBl, but it is unclear if they repre- 
sent a completely separate event or a late phase of DB1 fold- 
ing. These folds are generally asymmetric, open to tight, and 
steeply inclined to upright. Tiny ridges on some SB1 surfaces 
resemble intersection lineations, but in thin section they are 
seen to be the result of microcrenulations of sericite and/or 
muscovite, and to mimic the orientation of larger FB2 folds. 
Associated with some of the smaller folds are relatively steep 
crenulation cleavages that parallel the axial surfaces of FB2 
folds. 

A third deformational event (DB3) produced a set of 
small, open to tight, asymmetric Z- and S-shaped kink folds 
(FB3), with a moderately developed kink-band cleavage par- 
allel to the axial surfaces of these folds. Conjugate pairs of 
kink bands are less common. 



Evidence for a DB4 event is restricted to the southeastern 
part of the Broad River Group in domain JI (Fig. 5 1) where 
SBO and SB1 have been refolded into regional, open to tight, 
folds (FB4) with a basin-and-dome-like configuration. Spo- 
radic, un~formly oriented kink folds occur throughout domain 
I1 and are interpreted to represent a minor event (DB5) . 

Mylonitization 

Mylonitization in the Broad River Group appears to have 
- - -  

occurred in al leas1 two episodes. The earliest record of mylo- 
nitic deformation is interpreted to have been related to DBI, 
but before or during MBI metamorphism, because many of 
these zones have been extensively recrystallized during 
greenschist-facies metamorphism. These zones are best pre- 
served along the southeastern margin of the Point Wolfe 
River Pluton and within the Caledonia Road Granitoid Suite, 
but are also recognized locally in volcanic and sedimentary 
rocks of the Broad River Group. In the plutonic units, the 
mylonitic texture is preserved as coarsely recrystallized rib- 
bon quartz, asymmetric feldspar crystals, and amphibole 
augen that produce a moderately developed mineral linea- 
tion. The regional significance and sense of movement of 
these mylonite zones are unknown, although structural 
relationships suggest a relatively high-angle, dip-slip to 
thrust component. 

The second mylonitic deformation occurred after MB1 
metamorphism and appears to have been much more wide- 
spread. Ln granitoid rocks, the mylonitic foliation is platy in 
appearance and preserves a well developed stretching linea- 
tion defined by asymmetric feldspar crystals, amphibole 
crystals, and elongate quartz ribbons. Textures in the vol- 
canogenic sequence include extremely flattened volcanic 
fragments and the development of ultramylonite to phyllo- 
nite. Although movements in this zone have not been deter- 
mined in detail, structural relations suggest a strike-slip to an 
oblique strike-slip component, probably with a right-lateral 
sense of movement. 

Although the older mylonites are extensively recrystal- 
lized compared to the younger set, it cannot be shown conclu- 
sively that these mylonites did not form at the same time. 
However, the lack of correlation between the structural pat- 
terns (e.g. stretching lineations, Fig. 50) implies a separate 
and distinct kinematic framework. 

Structural geometry 

Domain I 

Structural data from domain I are displayed on stereonets on 
Figure 50. Poles to SB1 in stratified and igneous rocks form 
well defined clusters with an average foliation that strikes 
consistently northeast and dips moderately to the northwest 
(032"/49"NW and 030°/55"NW). Poles to SBO also form a 
well defined cluster that is subparallel to SBl (034"/42"NW); 
however, these poles form an incipient girdle distribution 
about a shallow southwest-plunging axis (229"/15"). The 

fairly consistent SBO orientations in domain I could indicate 
that DB1 folding 1s largely isoclinal. The presence of 
outcrop-scale isoclinal FBI folds supports this interpretation. 

Intersection lineations (LBI)  form a moderately 
northwest-plunging cluster (328'138") with a slight girdle 
distribution. The dispersal of intersection lineations is inter- 
preted to be due to later folding (FB2) about a subhorizontal 
axis trending northeast-southwest (238"/01°). Measured axes 
of these folds are subparallel and form a well defined, shal- 
low, southwest-plunging axis (224"/12") that confirms a FBZ 
folding event. FB2 folds are generally steeply inclined to the 
southeast with axial planes that are subparallel to SBI. 

Kink folds (FB3) are common in the more phyllitic and 
slaty rocks and, based on the stereographic pattern, form a 
conjugate set of shallow-plunging, westerly (258"/24") and 
northwesterly (323"/24") fold axes. The associated kink 
planes parallel the axial planes and have steep east-west to 
north-south trends. 

The coplanarity of the younger and older mylonitic struc- 
tures makes it impossible to differentiate between the two sets 
on the basis of foliation geometry alone. For this reason, all 
recognized mylonitic foliations are plotted on the same stereo- 
graphic projection (Fig. 50). It clearly shows that both mylo- 
nitic episodes are characterized by similar northeast-striking, 
steeply northwest-dipping foliations (029"/64"NW), although 
slightly steeper than SBl. Stretching lineations in the recrys- 
tallized mylonite are locally present on the foliation plane and 
cluster around a moderately plunging axis trending north to 
northwest (339"/40°). Stretching lineations in the younger 
mylonites typically plunge shallowly to the southwest 
(242"/17"). Mylonitic foliations are rarely folded, but, where 
present, such folds are generally small isoclinal structures. It 
is not known if their formation was synchronous with mylo- 
nitic deformation or if they represent a younger folding event. 

Domain 11 

Stluctural data from domain I1 are displayed on stereonets on 
Figure 51. Subdomain IIA is the most northeasterly part of 
domain I1 and is characterized by regional-scale, open, 
upright, symmetrical antiforms. Poles to SB1 and SBo form a 
broad girdle of points defining shallow, southwest-plunging 
fold axes (220°/18" and 215"/12", respectively). The mean 
poles to foliation and bedding define clusters on the girdle 
with shallow, southwest- and south-dipping features 
(149"/19"SW and 108"/13"S, respectively). Steeply dipping 
SB1 and SBO planes are not common in this subdomain. 

Subdomain IIB, southwest of subdomain IIA (Fig. 51), is 
characterized by a complexly folded outcrop pattern with 
open, upright to inclined, synformal and antifosmal struc- 
tures. The complexity of the fold patterns is reflected in the 
scatter on the stereographic projections. However, poles to 
SB1 and SBO define subparallel girdle distributions with shal- 
low, east- to east-southeast-plunging fold axes at 100°/20" 
and 112"/24", respectively. As in subdomain IIA, the mean 
poles to SB1 and SBO define clusters on the girdle with shallow 
orientations of 014"/20°E and 020°/24"E, respectively. 



Subdomain LIC (Fig. 51) is also a complexly folded area 
with an overall open, upright, symmetrical, antiformal out- 
crop pattern. Although poles to bedding are scattered, SB1 
and SBO define girdle distributions that are subparallel about 
shallow, southwest-plunging axes (236"/20° and 232"/18", 
respectively). The mean poles to SB, and SBO define clusters 
on the girdle with shallow, west- and south-dipping features 
(173"/22OS W and 105"/24"S, respectively). 

Subdomain IID is the most southwesterly part of domain 
I1 and covers the area south of the Point Wolfe River Pluton 
(Fig. 51). This area is characterized by open to tight, upright, 
symmetrical folds with a broad, regional-scale, synformal 

structure. Poles to SB1 form a girdle distribution about a 
northeast-plunging axis (042"/27O). Poles to SBO are more 
scattered but still form a broad girdle subparallel to SB I with a 
fold axis at 030°/300. Steep SF, and SBO orientations are 
more common in this subdoma~n than in the other subdo- 
mains of domain 11. 

Due to the limited number of measurements from subdo- 
mains IIA to IID, the LB1 and FB2 data from all four subdo- 
mains are plotted together on one stereographic projection 
(Fig. 51). LB1 forms three well defined clusters trending at 
316"/13O, 215"/20°, and 104"/23O, and a minor cluster at 
019"/19". FB2 fold axes do not define a clear pattern on the 
stereographic projection, although many are subhorizontal to 

Figure 50. Stereographic projections displaying structural data from domain I ,  which includes the northern part of 
the Broad River Group (shaded on figure) and associatedplutorzs (slash pattern on figure). Other contacts on the 
figti1.e are simplified fr-om Figures 3 and 9.  Lines A and B ilzdicate positions of cross-sections in Figure 54. Contours 
on stereonets represent 1 ,2 ,3 ,4 ,  and greater than 5% per 1 % area; darkest shading indicates highest contour area. 
S,  F ,  and L terminology is explained in the text. 



shallowly northeasterly plunging. In domain I, LBI is a 
regionally northwest-plunging lineation that is locally folded 
by subhorizontal, northeast-trending FB2 folds. In contrast, 
both LB1 and FB2 have been refolded by regional folds in 
domain 11. FB3 kink folds are not easily distinguished from 
FB2 folds in domain 11, but, where present, appear to be 
refolded along with LB1 and FB2, suggesting that the regional 
folds in domain I1 are probably FB4. The complexity of the 
superilnposed FB4 folding makes interpretation of these pre- 
existing linear structures difficult. 

Kink folds are common and typically plunge shallowly to 
the southwest at 247'127'. The associated kink planes paral- 
lel the axial planes and have a steep northeasterly trend. The 

kinks have a relatively uniform orientation, unlike FB3 kinks, 
and hence are interpreted to be the result of a younger event 
( D ~ 5 ) .  

Summary and interpretation 

The main fabric in the Broad River Group and associated plu- 
tonic units is the principal foliation (SBI) that strikes 
northeast-southwest. The foliation along the coast of the Bay 
of Fundy dips moderately to the southeast; however, 4 to 5 km 
to the northwest, the dip of the foliation beconles progres- 
sively horizontal and then more northwesterly. Based on 
these orientations and local stratigraphic control, the overall 
structure of the Broad River Group is interpreted as an isocli- 
nal recumbent FBI fold, overturned to the southeast and 
locally refolded by major upright FB4 folds in the southeast 
(see Fig. 54). 

BROAD RIVER 

contoured LEI (n=85) 

Bay of Fundy 

Figure 51. Stereographicprojections displaying structural data from domain I I ,  which includes the southern part of 
Broad River Group (shaded on figure) and associatedplutorzs (slash pattern onfigure). Other contacts on the figure 
are s i m p l i f i e d m  Figures 3 arzd9. Lines A and B indicate positions of cross-sections in Figure 54. Contours on 
stereonets represent 1 ,2 ,3 ,4 ,  and greater than 5% per 1 % area; darkest shading indicates highest contour area. S, 
F, and L terminology is explairzed in the text. 



An inconsistency with this interpretation is that the inter- 
section lineations (LBI) are perpendicular to the inferred fold 
axis trending northeast-southwest (see domain I). However, 
this geometrical relationship is consistent with mylonitic tex- 
tures developed in sheath folds. If the regional recumbent 
fold was related to mylonitization, it suggests southeastward 
thrusting, which would explain the moderate northwest- 
plunging stretching lineations observed in many of the plu- 
tonic units. In this case many of the similar-trending intersec- 
tion lineations observed in the volcanic and sedimentary 
rocks may be stretching lineations. If FB2 folds are related to 
late phases of DB1 deformation, then the asymmetry of FB2 
folds also suggests a southeasterly directed emplacement of 
the recumbent fold. However, detailed kinematic studies are 
needed in this area to substantiate this interpretation. 

Coldbrook Group (domains III and IV) 

Style of deformation and metamorphism 

Primary sedimentary and volcanic layering in the Coldbrook 
Group are here designated SCo In this and subsequent fabric 
and event designations, the subscript 'C' refers to the Cold- 
brook Group, and '3' and '4' refer to domains 111 and IV, 
respectively. The style of deformation and metamorphism 
varies dramatically from west to east in the Coldbrook Group. 
The main regional deformation (DC3-1) in the west (subdo- 
mains IIIA and IIIB) was inhomogeneous and not associated 
with metamorphism. In these subdomains, SC3-I is not well 
developed but, where present, is marked by a flattening of 
volcanic fragments or a closely spaced pressure-solution 
cleavage in coarser grained rocks. In some fine-grained 
rocks, a single penetrative slaty fabric may be present, result- 
ing from new growth of white mica, the alignment of pre- 
existing detrital minerals, or a development of pressure solu- 
tion seams. Locally this cleavage is anastomosing. LC3-, 
intersection lineations are poorly developed. Zones of more 
intense cleavage development, which are locally present 
along the boundaries of different lithological units, are proba- 
bly a response to competency contrasts or later shearing. 
Rare, outcrop-scale, open folds in subdomain IIIB are inter- 
preted to be related to DC3- I .  

The main regional deformation in the eastern part of the 
Coldbrook Group is considerably more intense and structur- 
ally distinct. For this reason, this area is assigned to a separate 
domain IV, subdivided into subdomains IVA and IVB. In 
these subdomains the main deformation (DC4-1) was accom- 
panied by regional chlorite-grade metamorphism (MC4-1), 
with the development of a penetrative slaty to phyllitic foll- 
ation (SC4-,) that consists of the planar orientation of musco- 
vite and chlorite. SC4., is generally subparallel to primary 
sedimentary and volcanic layering, but locally it intersects 
SCO at a high angle. This produces minor intersection linea- 
tions (LC4-I), displayed as colour streaks on SC4-1. The SC4., 
fabric is typically overprinted by younger mylonitic or phyl- 
lonitic textures, especially in subdomain IVB (see below), 
although even in this subdomain the earlier structures are 
locally preserved in low-strain zones. 

In subdomain IVC, DC4., also resulted in rare, outcrop- 
scale, tight to isoclinal folds (FC4-,). AS in the Broad River 
Group, these folds are best developed in sedimentary rocks. 
In some of the less deformed felsic flows, original flow fold- 
ing is preserved; these features were not measured systemati- 
cally during this study. 

In subdomain IVA, SC4-1 is locally deformed by DC4-2 
into small, symmetric, open, and upright to steeply inclined 
folds (FC4-2). These folds are rarely observed in subdomains 
IVB. All of these earlier structural features in subdornain 
IVA are folded by a younger DC4.3 regional event with simi- 
lar stl-uctural features as those in domain II of the Broad River 
Group, suggesting that these areas were deformed during the 
same event. 

Evidence for contact metamorphism is obvious in rocks 
around the ca. 560-550 Ma Mechanic Settlement Pluton (sub- 
domain IIIB). Sedimentary rocks adjacent to the pluton con- 
tain the assemblage cordierite+biotite+chlorite+muscovite, 
whereas mafic volcanic rocks contain hornblende+bio- 
titefchlorite. These assemblages are characteristic of the 
lower temperature part of the hornblende-hornfels facies (e.g. 
Yardley, 1989). The relatively narrow contact zone around 
this pluton is due to its rapid cooling after emplacement 
(Grammatikopoulos et al., 1995). 

Mylonitization 

Evidence for mylonitization in the Coldbrook Group is 
largely restricted to the area of the boundary with the Broad 
River Group in subdomain IVB and to a lesser extent in sub- 
domain IVA. It appears to have occurred after peak chlorite- 
grade metamorphism (MC44) because many of the mylonitic 
textures are not recrystallized. Textures in the volcanogenic 
sequence include a strong, flaggy, muscovite-chlorite foli- 
ation with phyllonite formation. In this zone, volcanic frag- 
ments and phenocrysts are extremely flattened and small, 
centimetre-scale, asymmetric, kink folds are common. 
Although the sense of movement in this zone has not been 
determined in detail, the asymmetry of the kink folds sug- 
gests a strike-slip component, probably with a right-lateral 
sense of movement similar to that recorded in the younger 
mylonites in the Broad River Group. 

Structural geometry 

Subdonzai~z IIIA 

Structural data from subdornain IIIA and the other subdo- 
mains of the Coldbrook Group are displayed on Figure 52. 
Sco in this subdomain strikes northeast to east-northeast and 
is steeply to moderately inclined. Poles to Sco form a broad 
girdle of points defining the FC3-1 fold axis (068"/23"). SC3-, 
consistently dips steeply southeast and trends northeast- 
southwest; poles cluster on a stereonet projection with an 
average orientation of 061°/73"SE. No folds were observed 
in this subdomain. 



Subdomain IIIB encompasses the area west of the Broad 
River Group in the central part of the Caledonian Highlands 
(Fig. 52). It is separated from theBroad River Group along its 
eastern contact by a steep northeast-trending fault. Subdo- 
main IIIB is characterized by volcanic and sedimentary strata 
that strike northeast-southwest and are steeply to shallowly 
inclined. Poles to Sco form a broad girdle of points defining 
the FC3-1 fold axis (220°/200). SC3-, is generally steeply dip- 
ping and strikes northeast-southwest; poles cluster on a 
stereographic projection with an average orientation of 
042"/90°. 

LC3-, intersection lineations are rare and FC3-! folds are 
not common. FC3-, fold axes form a scattered d~stribution on 
a stereonet projection, perhaps because some measurements 
were inadvertently taken from flow folds, as opposed to tec- 
tonic folds. 

Subdomain NA 

Subdomain IVA encompasses a block of the Coldbrook 
Group in the area southeast of the Bonnell Brook Pluton 
(Fig. 52). A fault separates subdomain IVA from the Broad 
River Group in this area, and is interpreted to represent a 
major thrust surface on which the Coldbrook Group was 
thrust over the Broad River Group. However, the southwest- 
ern boundary appears to be a younger, steep, northeast- 
trending fault. Subdomain IVA is characterized by variably 
oriented Sco and SC4-, . However, poles to SC4-1 form a girdle 
distribution about a northeast-plunging axis (046"/29"). 
Poles to Sco are more scattered but still form a broad girdle 
subparallel to SC4-,, with a fold axis at 041°/46". 

FC4-2 fold axes are widely dispersed in this subdomain 
and do not rigorously define a girdle distribution; the disper- 
sal of these folds, Sco, and SC4-, is interpreted to be the result 
of later folding. The st~uctural configuration in subdomain 
IVA parallels that in domain I1 (subdomain IID). 

Figure 52. Stereographic projections displayirzg str~~ctural data fr-om domains 111 and IV in the Coldbrook Group (shaded 
orzfigure) Other units are sinzplifiedj?oi~z Figures 3 and 9. LinesA and B indicate positions of cross-sections in Figure 54. 
Contours 012 stereonets represent 1 , 2 , 3 , 4 ,  and greater than 5% per 1 % area; darkest slzadirzg indicates highest contour 
area. S, F ,  and L terminology is explained in the text. 



S~~bdonzailz IVB 

Subdomain IVB coincides with a narrow sliver of the Cold- 
brook Group along the southeastern margin of the Point 
Wolfe River Pluton (Fig. 52). Poles to SC4-I in these mylo- 
nitic and phyllitic rocks form a well defined cluster with an 
average foliation that strikes consistently northeast and dips 
model-ately to the northwest (025°/610NW). Rare SCO poles 
are subparallel to SC4-1 (032°/500NW). Stretching lineations 
are shallow and southwest plunging (average 222"/15O). 
Kink-fold axes form a moderately northwest-plunging clus- 
ter (3250/31°). The structural features in subdomain IVB are 
similar in orientation to the younger mylonitic structures in 
domain I of the Broad River Group. 

Summary and interpretation 

Based on stratigraphy and the outcrop distribution of units, 
the main area of the Coldbrook Group (subdomain IIIB) is 
interpreted to be a large, upright, relatively horizontal, anti- 
clinal (FC3-1) structure (Fig. 54b). A poorly developed, steep, 
axial planar cleavage (SC3-i) is associated with the fold. The 
conformably overlying Cambrian-Ordovician Saint John 
Group in the Hanford Brook area flanks the northwestern 
limb of the anticline and also displays this poorly developed 
cleavage. 

Although no minor folds were observed in subdomain 
IIIA, the distribution of units in this area suggests that it has 
been folded into a regional, gently southwest-plunging, 
steeply northwest-inclined syncline. The associated steeply 
southeast-dipping cleavage (SC3-,) is in te~~re ted  to be axial 
planar. The unconformably overlying Cambria~i-Ordovician 
Saint John Group in this area is folded into a large isoclinal 
syncline overturned to the northwest (Richards, 1971; 
Wardle, 1978) and generally mimics the structure in the Cold- 
brook Group (domain IIIA). The structural fabrics in subdo- 
mains IIIA and IIIB of the Coldbrook Group parallel those in 
the overlying Saint John Group, indicating that these units 
were deformed together, and placing a maximum age of 
Lower Ordovician on the deformation. 

In contrast to subdomains IIIA and IIIB, the main fabric 
preserved in subdomains IVA and IVB of the Coldbrook 
Group is a penetrative slaty to phyllitic foliation, in which 
younger mylonitic fabrics form an integral part in subdomain 
IVB. These subdomains lie within, and display structural 
fabrics similar to those in, the Broad River Group, which sug- 
gests that these subdomains of the Coldbrook Group and the 
older Broad River Group were deformed together during the 
same deformational event(s). 

Cape Spencer area (domain V )  

The Cape Spencer domain is a relatively narrow, northeast- 
trending belt of Precambrian volcanic and plutonic rocks, and 
Cambrian and Carboniferous sedimentary rocks, along the 
coast of the Bay of Fundy southeast of Saint John (Fig. 53). 
Fabrics and events in the Cape Spencer domain are here iden- 
tified by the subscript 'CS'. Four distinct episodes of defor- 
mation were documented in the Cape Spencer domain by 

Watters (1993b). According to Watters (1993b), the main 
regional deformation (DcS1) involved thrusting which was 
accompanied by subgreenschist-facies metamorphism 
(Mcs [) and the development of a penetrative phyllitic to slaty 
foliation (Scs,), in both the Precambrian and Cambrian-Car- 
boniferous units. Syntectonic metamorphic mineral assem- 
blages include albite+chlorite+epidote+quartzfcalcite+ 
opaque minerals in the mafic volcanic rocks, sericitekchloritek 
epidote in the felsic volcanic rocks, albite+epidote+chlorite+ 
sericite+muscovitefcalcite in plutonic rocks, and sericite+ 
chloritekcalcitef epidote in sedimentary rocks. The foliation 
is typically subparallel to lithological contacts and primary 
sedimentary and volcanic layering (SCso) and is developed in 
all rock types. 

Structural data from the Cape Spencer domain are dis- 
played on stereographic projections in Figure 53. In addition 
to thrusting, Dcsl also resulted in regional-scale, northeast- 
trending, shallow-plunging recumbent folds which verge to 
the northwest. Poles to ScSO form a northwest-southeast gir- 
dle distribution defining the Fcs, fold axis (049°/100), with a 
main cluster of points representing moderately southeast- 
dipping beds (033"/5 1°SE). In the field, Scsl is axial planar 
to these folds and dips moderately to the southeast. Poles to 
SCSl show a similar distribution as poles to SCSO, with an 
inc~pient northwest-southeast girdle distribution about a 
shallow northeast-plunging fold axis (046"/04O), and a clus- 
ter of poles (041°/400SE) corresponding to moderately 
southeast-dipping foliations. 

The girdle distribution of Scsl is due to refolding by 
DCS2. SCSl is folded into open to close folds, which locally 
contain an axial planar, subhorizontal,, crenulation cleavage 
(SCS2). These are, in turn, deformed by a set of kink bands 
representing DCS3 (cf. Watters, 1993b). Foliation measure- 
ments taken in this study did not differentiate between Scsl 
and SCS2, and therefore this stereographic projection may be 
a composite of these two features. 

The fourth episode of deformation is related to movement on 
northeast-trending, southeast-dipping normal faults (Watters, 
1993b). 

Hammondvale metamorphic suite (domain VI) 

The Hammondvale metamorphic suite occurs in a fault- 
bounded block located along the northwestern margin of the 
Caledonian Highlands in the Hammondvale area (Fig. 53, 
54b). It consists of albite- and garnet-porphyroblastic mica 
schists with minor marble and amphibolite. The main min- 
eral assemblage in the mica schist is  quartz+musco- 
vite+albitefgarnetkbiotitefK-feldspa~*epidote. The mica 
schists have well developed schistosity (SH1) and a local min- 
eral lineation (LHI) that is interpreted to be a stretching linea- 
tion. SH1 is defined by alignment of muscovitekbiotite, 
whereas the lineation is defined by recrystallized quartz rib- 
bons and asymmetric porphyroblasts. Marble is well banded 
(SHI) with thin muscovite-rich layers, and contains the min- 
eral assemblage calcite+muscovite +apatite+titanite+opaque 
mineralskchlorite. Amphibolite is also well banded (SH1), 



alternating between hornblende- and plagioclase-rich layers, distribution about a shallow south-southwest plunging axis 
and contains the assemblage hornblende+albite+titanite. (205"/27"). SH1 is locally crenulated and, as in the case of 
Quartz occurs only as inclusions in albite porphyroblasts. LH , , measurements are few and their significance is unclear. 

Structural data from the Hammondvale metamorphic Metainorphic conditions, as determined by White (1995), 
suite are displayed on Figure 53. Poles to SH1 form a well- are consistent with high-pressure/low-temperature metamor- 
defined cluster with an average foliation that strikes consis- phism, as is typically associated with major tectonic 
tently northeast and dips steeply to the northwest boundai-ies. 
(019°/780NW); these poles also form an incipient girdle 

Hammondvale metamorphic suite 
Domain VI 

Figure 53. Stereographic projections displaying strucfural data porn domain V (Cape Spencer urea) 
and domain VI (Harnnzondvale metamorphic suite). Other units are sinzplifiedfionz Figures 3 arzd 9. 
Lines A and B indicate positions ofcross-sections irz Figure 54. Contours on stereonets represent I ,  2,3, 
4, and greater than 5% per 1 % area; darkest shading indicates highest contour area. S, F ,  and L 
terminology is explairzed in the text. 



Figure 54. Northwest to southeast cross-sections along lines A and B as shown on Figures 50-53. Unit designations 
as on Figures 3,9,15,  and I 6  and Open File 3615. 

Tectonic interpretation and implications 

Introduction 

Previous interpretations of the structural evolution of the 
Caledonian Highlands were based on limited Rb-Sr and K-Ar 
whole-rock analyses (e.g. Ruitenberg et al., 1973,1979). As a 
result, most of the volcanic and associated sedimentary rocks 
were considered to be part of single Late Precambrian suite 
intruded by Ordovician and Carboniferous plutons. In this 
framework, rocks in the Caledonian Highlands were consid- 
ered to have been mildly defolmed during the Acadian Orog- 
eny (Middle Devonian), but a younger (Early Carboniferous), 
more intense deformation was interpreted to have been 
responsible for the majority of the structures. The younger 
event formed a belt of intense penetrative deformation along 
the Bay of Fundy, referred to as the Fundy Cataclastic Zone 
(e.g. Ruitenberg et al., 1973; 1979). This belt coincides with 
the Cape Spencer area, Broad River Group, and subdomains 
IVA and IVB of the Coldbrook Group of this study. 

As a result of this study, a much different and more com- 
plex interpretation of the structural features of the Caledonian 
Highlands has emerged. Crystallization ages for the plutonic 
and volcanic rocks of the Caledonian Highlands, combined 
with overprinting structural relationships described above, 
provide time constraints on deformation and metamorphism 
(Fig. 55). h addition, the latest Devonian and Carboniferous 
sedimentary rocks that flank the highlands constrain the mini- 
mum age of regional deformation and metamorphism, as they 

have been folded and faulted, but show no evidence of pene- 
trative deformation and metamorphism, and contain 
numerous strongly deformed clasts derived from the high- 
lands (C. St. Peter, pers. comm., 1995). 

Neoproterozoic events 

Volcanic rocks of the Broad River Group yielded U-Pb (zir- 
con) ages that range from ca. 618 to 600 Ma, and the spatially 
associated plutons have ages of ca. 625 to 615 Ma (Table 1; 
Fig. 55). Parts of the Broad River Group preserve evidence 
for contact metamorphism associated with the ca. 620 Ma 
plutons. The main regional metamorphism (MBI) and pene- 
trative deformation (DBI) in the Broad River Group were 
synchronous with the development of a regional isoclinal 
recumbent fold (FBI). Apparently related to this folding 
event were zones of mylonitization and a late folding event 
(DB2) that resulted in asymmetric folds (FB2). These events 
appear to have predated deposition of the ca. 560-550 Ma 
Coldbrook Group, much of which (domain 111) is unmeta- 
morphosed and relatively undeformed. 

The Hammondvale metamorphic suite yielded 4 0 ~ 3 9 A r  
muscovite cooling ages of ca. 617-603 Ma (White, 1995) that 
indicate a minimum age for regional high-pressure/low- 
temperature metamorphism and deformation in this unit. 
However, the relationship of this unit to the other units of the 
Caledonian Highlands is not clear. The muscovite ages are 
similar to ages obtained from detrital muscovite from the 



Saint John Group (Dallmeyer and Nance, 1990), suggesting 
that the Hammondvale metamorphic suite may have been a 
source for muscovite in the Saint John Group. However, 
where presently exposed, the suite lacks quartzite and hence 
does not appear to be a source for the quartzite pebbles in vari- 
ous conglomeratic units in the Caledonian Highlands. 

Early to Middle Paleozoic events 

The ca. 560-550 Ma Coldbrook Group (domain 111) and the 
overlying Cambrian LU Lower Ordovician Sainl John Group 
appear to have been folded together in event DC3-, . The tim- 
ing of this event is poorly constrained, but occurred prior to 
the deposition of the unconforlnably overlying Late 
Devonian to Carboniferous Horton Group. Age spectra for 
detrital muscovite from the lower part of the Saint John 
Group display lower temperature increments that yield ages 
of ca. 400 Ma, interpreted by Dallmeyer and Nance (1990) to 
reflect a low-grade thermal overprint. This interpretation is 
consistent with the presence of a penetrative regional cleav- 
age in these samples; detrital muscovite grains have been 
rotated into alignment with this fabric. The ca. 400 Ma age is' 
considered to indicate the minimum age of DC3-1 deforma- 
tion in domain 111 of the Coldbrook Group. 

Other parts of the Coldbrook Group that occur in close 
association with the Broad River Group (subdomains IVA 
and IVB) display a completely different style of deformation. 
The main deformation in these subdomains (DC4-1) was 
accompanied by regional chlorite-grade metamorphism 

associated with a penetrative foliation similar in orientation 
to that in the adjacent and presumably underlying Broad 
River Group, suggesting that these units were deformed and 
metamorphosed together (i.e. events DB3 and MB2 are the 
same as DC4-, and MC4-, , respectively). The age of this event 
may have been Silurian, based on 40Ar/39~r whole-rock ages 
of ca. 430-410 Ma for phyllite samples from the Broad River 
Group in this area (Dallmeyer and Nance, 1994). Although 
Ordovician (ca. 460 Ma) and Devonian (ca. 370 Ma) volcanic 
activity occurred in the highlands (Table I), it appears to have 
been spatially restricted and probably did not provide enough 
heat to reset the argon system. 

The ca. 430-410 Ma muscovite cooling ages in the Broad 
River Group are fairly similar to the low-temperature ages of 
ca. 400 Ma obtained by Dallmeyer and Nance (1990) for 
detrital muscovite from the Saint John Group, as noted above. 
Hence the deformation in the Saint John and Coldbrook 
groups in domain I11 (DC3.1) may have been approximately 
coeval with and related to the more major events in 
domain IV. However, the difference in intensity of deforma- 
tion and metamorphism between the two areas suggests that 
they were not spatially close at that time. 

Along the Bay of Fundy coast, the regionally folded foli- 
ation patterns in the Broad River Group (DB4 in domain 11) 
are identical to those in the Coldbrook Group (DC4-3 in sub- 
domain IVA). This similarity suggests that, after chlorite- 
grade metamorphism, these areas were deformed together. 
Because this was not a fabric-producing event, the muscovite 
ages were not reset. This event occurred after ca. 400 Ma but 

Figure 55. Time-space diagram for Neoproterozoic units in the Caledorziarz Highlands, showing 
inferred timing of igneous, deformational, and metamorphic events, as discussed in the text. 
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probably before ca. 375 Ma, because the folds are crosscut by 
late Middle Paleozoic mylonites (see below), and may have 
been related to the juxtaposition of the Meguma tel-sane with 
the 'Avalon' terrane along the Cobequid-Chedabucto Fault. 

Late Middle Paleozoic mylonitization 

Mylonitization, evidence for which is observed throughout 
most of subdomain IVB of the Coldbrook Group and domain 
I of the Broad River Group, appears to have occurred after 
chlorite-grade meta~norphism and the regional DB4/DC4-3 
folding event. This is largely based on their overprinting of 
DB4 and DC4-3 fabrics and the preservation of many primaly 
textures within the mylonite zones. The oldest rocks that 
overlie some of these mylonite zones are part of the Visean 
Windsor Group (ca. 350 Ma). The age of the mylonite is 
interpreted to be broadly similar to the inception age of the 
Maritimes Basin, in particular deposition of the Horton 
Group in the Moncton Subbasin (cf. St. Peter, 1993). The 
Moncton Subbasin is interpreted to have opened in a dextral 
oblique to stsike-slip environment, although much of the 
kinematic evidence on the faults at the initial basin margins 
have been obliterated by multiple later displacements 
(St. Peter, 1993). Limited evidence from mylonite zones in 
the Broad River and Coldbrook groups indicates a dextral 
oblique to strike-slip sense of movement (e.g. Moroz, 1994), 
supporting the interpretation of St. Peter (1993). 

Late Paleozoic thrusting 

Volcanic and associated granitic rocks in the Cape Spencer 
area are similar to units in the Broad River Group, and a gran- 
itic pluton from this area has been dated at ca. 623 Ma (Watters, 
1993b) confirming this comparison. Associated with these 
older rocks are the Cambrian Cape Spencer Formation 
(McLeod et al., 1994) and the lower Westphalian (ca. 315 Ma) 
Balls Lake and Lancaster fol-mations, which are interpreted to 
unconformably overlie the older units (Watlers, 1993b). 

The main regional deformation (Dcsl) and metamor- 
phism (Mcs,) affected all the rocks exposed in the Cape 
Spencer area, and can be traced southwest of Saint John 
where it also affected rocks as young as Westphalian (Nance, 
1987b; White, 1995). This is confismed by 4 0 ~ 1 - p 9 ~ r  musco- 
vite and illite cooling ages of ca. 3 18-277 Ma (Dallmeyer and 
Nance, 1990; Watters, 1993b). Defolmation in this area is 
disectly related to movement on the Avalon-Meguma ten'ane 
boundary. Movement on this boundary was right-lateral on 
mainland Nova Scotia (Mawer and White, 1987; Keppie and 
Dallmeyer, 1987) and probably dextral reverse with 
northwestward-directed thrusting where it curves southwest- 
ward in the Bay of Fundy (Nance, 1987b). Hornblende from 
veins in granulite-mylonite blocks in megabreccia associated 
with the Cobequid Fault in Nova Scotia have yielded ca. 335 
Ma cooling ages and these blocks occur as clasts in the overly- 
ing Riversdale Group that postdates ca. 315-310 Ma (Gibbons 
et al., 1996). These observations suggest that right-lateral 
deformation associated with the terrane boundary in Nova 
Scotia was broadly synchronous with thrusting in southern 
New Brunswick. 

Late kink folds in the Broad River Group (DB5; Fig. 55) 
may also be related to this thsusting event (Dcs ,). 

In the Cape Spencer area, effects of earlier (pre-Dcs,) 
deformation are evident only in the Precambrian igneous 
units, where mylonitic textures are locally preserved. Also, 
clasts of similar mylonitic granitoid lithologies occur in 
Westphalian conglomerates, the matrix of which display 
Dcs, fabrics (Watters, 1993b). This earlier deformation may 
have been related to the late Middle Paleozoic mylonitization 
in the Broad River and Coldbrook groups. 

Late Paleozoic brittle faults 

Brittle faults in the Caledonian Highlands are typically long, 
linear features and only a minimum number are shown on 
Open File 3615; they are drawn only where direct evidence 
for their presence, such as fault gouge, was observed. Faults 
are concentrated at formation boundaries and are commonly 
vertical. Although displacement indicators were not usually 
observed, based on slickensides and offset features, both 
dip-slip and strike-slip motions have occurred, but it is not 
clear if these motions were of the same age or had a range of 
ages. 

As in the Cape Spencer area, these brittle northeast- 
trending faults are interpreted to be related to juxtaposition of 
the Meguma terrane with the Avalon terrane (cf. St. Peters, 
1993). Extension that accompanied the Triassic-Jurassic 
opening of the present Atlantic Ocean probably reactivated 
many northeast-trending faults as normal dip-slip faults with 
downthrow displacement to the southeast, and new southwest- 
trending faults were fo~med (e.g. Roberts and Williams, 1993; 
Watters, 1993b). 

ECONOMIC GEOLOGY 

Introduction 
A variety of mineral showings and deposits in the Caledonian 
Highlands were described previously by Ruitenberg et al. 
(1979), and additional information is available in assessment 
files of the New Brunswick Department of Natural 
Resources. Although examination of mineral occurrences 
was beyond the scope of this project, the petrological and 
structural information presented in this report make it clear 
that the Caledonian Highlands is a geologically complex area 
that has not yet received the level of basic geological investi- 
gation and mineral exploration that is warranted by its eco- 
nomic potential. Specific examples of and evidence for this 
potential are described below. 

Base-Metal Sulphides 

The most well known sulphide deposits in the Caledonian 
Highlands are Teahan and Lumsden, which were inteipreted 
by Ruitenberg et al. (1979) as defonned stratiform pyrite- 
copper-zinc-lead sulphide deposits. The Broad River Group 
hosts both of these deposits, as well as most other occurrences 



such as those in the Quiddy River and Goose Creek areas segregation from the magma may be responsible for these 
described by Ruitenberg et al. (1979), and also by McLeod low values, and hence that economic concentrations of these 
(1987). Moroz (1994) completed a study of the Teahan and elements may be present at deeper levels. 
Lumsden deposits, including ore petrology and fluid inclu- 
sions. He found that mineralization in both deposits is domi- 
nated by pyrite, low-iron sphalerite, and chalcopyrite. In 
addition, the Teahan deposit contains minor galena, silver tel- 
luride, and electrum, and the Lumsden samples contain minor 
enargite. He suggested that the Teahan deposit is located in a 
major shear zone, and is a vein-type deposit, a model which 
may also be applicable to the Lumsden deposit. Moroz (1994) 
suggested that these deposits may be similar in origin to the 
Cape Spencer deposits (e.g. Watters, 1993b). 

This study draws attention to the previously unrecognized 
large extent of the Teahan unit (unit Btp of the Broad River 
Group), and also to the favourable tectonomagmatic setting 
of both the Broad River and Coldbrook groups for base-metal 
and gold deposits; i.e, a volcanic-arc setting with voluminous 
felsic volcanic and interlayered sedimentary rocks. Scattered 
high metal values in representative samples from a variety of 
units selected for analysis as part of this project are evidence 
for mineralization potential. The abundance and wide distri- 
bution (mainly in the Broad River Group) of pyrite-rich fel- 
site units (especially in map units Bdt and Bmf) are 
particularly encouraging. Associated, relatively high-level 
plutonic rocks, with a wide range in compositions from gab- 
broic through very felsic, are also favourable exploration tar- 
gets. These favourable lithological units have been subjected 
to major shearing and deformation, both ductile and brittle, 
providing major opportunities for redistribution and concen- 
tration of metals; for example, in the veins described by 
McLeod (1987) and the gold deposit in the Cape Spencer area 
described by Watters (199313). 

Mineralization potential in gabbroic and 
ultramafic plutons 

An important development that highlighted the economic 
potential in the Caledonian Highlands was the recognition of 
the Mechanic Settlement Pluton as a layered mafic- 
ultramafic intrusion with potential for PGE and Ni-Cr miner- 
alization (Paktunc 1988, 1989a, b; Wells 1992). Paktunc 
(1989a) described platinum-group element (PGE) and sul- 
phide minerals in feldspathic peridotite and olivine gabbron- 
orite. PGE minerals reported were vysotskite ((Pd,Ni)S), 
merenskyite ((Pd,Pt) (Te,Bi)2), michenerite ((Pd,Pt)BiTe), 
sperrylite (PtAs2), stillwaterite (PdgAs3), and hollingwor- 
thite ((Rh,Pt,Pd)AsS; electrum (AuAg) and native gold were 
also reported, as well as chalcopyrite, pyrrhotite, and pentlan- 
dite. Although Wells (1992) assessed the pluton as subecon- 
omic in terms of these components, relatively little of the 
pluton is exposed, and it may be more extensive under Car- 
boniferous cover to the north (Nickerson, 1994). 

The Caledonia Brook pluton is also a layered gabbroic 
body with some petrological similarities to the Mechanic Set- 
tlement Pluton. As a result of his petrological studies, Black- 
wood (1991) concluded that the part of the pluton now 
exposed has low levels of platinum-group elements and base 
metals. However, he suggested that an early sulphide 

Similar, smaller gabbroic bodies are widespread in the 
Caledonian Highlands, the largest other body being the 
Devine Corner Gabbro. The wide distribution of these units, 
and the anomalous values of Ni and Cr found in many of the 
mafic samples (both plutonic and volcanic) analyzed during 
this project, show potential for significant Ni-Cr-Cu-PGE 
mineralization in the Caledonian Highlands. 

TECTONIC SETTING 

Comparison with previous interpretations of 
tectonic setting 

On the basis of chemical data from mainly two areas in the 
Caledonian Highlands, Dostal and McCutcheon (1990) sug- 
gested that the rocks formed above a northwest-dipping sub- 
duction zone, which they assumed to have an age of 630-600 
Ma. Their 'central belt' samples appear to be from basaltic 
units in the upper Coldbrook Group and, like samples from 
those units analyzed as part of this study, plot rather ambigu- 
ously in overlapping calc-alkalic basalt/island-arc tholeiitic 
basalt/mid-ocean-ridge basalt fields on most tectonic setting 
discrimination diagrams. The 'eastern belt' samples of Dostal 
and McCutcheon (1990) are mainly from a small area in the 
Broad River Group (Lower Quiddy River) and do not appear 
to be representative of the group as a whole. Dostal and 
McCutcheon (1990), and subsequently Keppie and Dostal 
(1991), used these data to suggest a zonation in the volcanic 
rocks of the Caledonian Highlands, resulting from a 
northwest-dipping subduction zone. However, the model did 
not take into account the different ages of the rocks used in the 
study, and in the case of the 'eastern belt', are not representa- 
tive of the belt. Hence, this model for tectonomagmatic evo- 
lution is no longer viable. 

Based on their chemical data, Currie and Eby (1990) 
interpreted the Coldbrook Group to have foimed in a 
subduction-related ensialic arc. Their data are mainly from 
units here included in the lower part of the ca. 560-550 Ma 
Coldbrook Group, with some samples from the upper basalt 
and rhyolite units. None of their samples are from the Broad 
River Group, although Currie and Eby (1990) assumed their 
samples to be representative of ca. 620 Ma volcanism in the 
Caledonian Highlands. This assumption led them to compare 
their data to other ca. 620 Ma volcanic units in the Avalon ter- 
sane, such as the Harbour Main Group of Newfoundland and 
the Jeffers Group of the Cobequid Highlands, a comparison 
that now appears to be inappropriate. However, the data of 
Currie and Eby (1990) constitute an important component of 
the chemical database for the newly defined Coldbrook 
Group. 

Previously, McLeod (1987) recognized contrasts in 
chemical composition between the eastern and central parts 
of his Big Salmon River-Goose River map area, which 
approximately coincide with the Broad River and Coldbrook 
groups of this study. Using mainly major-element data, he 



suggested that the difference may be related to contrasting 
calc-alkalic and continental tholeiitic character. In the area to 
the north and east, on the basis of some of the data presented 
here, Barr and White (1988~)  interpreted the Broad River 
Group (their 'sequence A'), and associated plutons, to have 
formed in a continental-margin arc setting, whereas the Cold- 
brook Group (their 'sequence B'), and associated plutons, 
formed during subsequent extension within the older subduc- 
tion zone complex. These preliminary interpretations are 
consistent with the larger database presented here, although 
ambiguity remains with respect to the tectonic setting of the 
Coldbrook Group. 

Magmatic evolution and tectonic model 

Petrochemical features of the Broad River Group and associ- 
ated ca. 620 Ma plutonic rocks are consistently indicative of 
origin in a continental-margin magmatic arc (Fig. 56a). Incon- 
trast to previous suggestions (e.g. Dostal and McCutcheon, 
1990), no reliable evidence has been found to indicate arc 
polarity. The apparent interlayering of coarse, quartz-rich 
sedimentary layers with the volcanic units indicates that older 
crustal rocks were exposed to erosion during the evolution of 
the arc, and the abundance of intermediate and felsic rocks 
suggests the presence of thick continental crust. These 
volcanic-arc rocks were regionally metamorphosed at low 
grade (greenschist facies) and deformed, presumably due to 
continued subduction and possibly collision, prior to forma- 
tion of the Coldbrook Group and associated plutons at 
560-550 Ma. Some evidence from U-Pb dating (Bevier and 
Ban-, 1990) suggests that volcanism may have continued in 
the Broad River Group, at least locally, to ca. 600 Ma, but 
there is no evidence that it continued beyond that time. It, 
therefore, appears likely that there was a hiatus in igneous 
activity between 600 and 560 Ma in the part of the Avalon ter- 
rane preserved in the Caledonian Highlands. The reason for 
the cessation of subduction by 600 Ma is unclear. Collision 
with the now-adjacent Brookville terrane is unlikely because 
there is little evidence in the Brookville terrane for such an 
event (White and Barr, 1996). However, collision with 
another Avalonian area (perhaps now represented by the 
Hammondvale metamorphic suite) is an alternative 
possibility. 

No compelling evidence was found to suggest that the 
Coldbrook Group represents a volcanic-arc complex. It 
appears more likely that the older, ca. 620 Ma arc complex 
was undergoing extension by 560 Ma when the rocks of the 
lower Coldbrook Croup were formed. Alternatively, this vol- 
canism may have occurred in an area juxtaposed against the 
Broad River Group by collision and/or transcurrent faulting 
(Fig. 56b). This model is consistent with a transtensional 
envuonment for the ca. 560 Ma volcanism, debris flows, and 
sedimentation, in a subaerial setting. By 550 Ma, however, 
the two areas were juxtaposed, with rifting in the Broad River 
Group, as well as the older parts of the Coldbrook Group itself 
(Fig. 56c). Rifting was accompanied by bimodal volcanism 
and plutonism, as well as continental-type (fluvial) sedimen- 
tation. Continued rifting and subsidence resulted in marine 
deposition in the Cambrian, as documented, for example, by 
Tanoli and Pickerill (1988). 

Subsequent igneous activity in the Caledonia terrane was 
apparently minor, and formed only small areas of dacitic tuff 
in the Ordovician, rhyolite in the Devonian, and possibly 
basalt in the Carboniferous (Barr et al., 1994). Deformation 
was mainly related to transcursent faulting, and produced 
major mylonite and protomylonite zones through the central 
highlands, as described in the section titled 'Deformation and 
Metamorphism'. These movements may be reflected in the 
Silurian-Devonian thermal disturbance in the Broad River 
Group detected by Dallmeyer and Nance (1994), and may 
have been related to juxtaposition with other terranes (such as 
Brookville) to the northwest. Toward the coast, the rocks 
show shearing and mylonitization apparently related to Car- 
boniferous interaction with the Meguma terrane to the south- 
east (e.g. Nance, 1987b). None of the faulting appears to have 

ca. 620 Ma A 

plutons w 

Figure 56. A possible model for Late Neoproterozoic 
tectonic evolution in tlze Caleclo~ziurz Highlands; see text for 
discussiorz. LCG, lower Coldbrook Grocip; UCG, upper 
Coldbrook Grocip; BRG, Broad River Group. 



had significant vertical motion because there is little variation 
in the level of erosion across the highlands. An exception is 
the Hammondvale metamorphic suite, composed of higll- 
pressure rocks that may represent part of the infrastructure of 
the Caledonia terrane. 

Regional comparisons 

The Broad River Group and associated plutons have time- 
correlative units throughout the Avalon terrane, and are typi- 
cal of the Late Precambrian magmatism considered charac- 
teristic of Avalon. In the eastern part of the Avalon terrane in 
Newfoundland, dates of ca. 630-600 Ma are reported from 
volcanic rocks of the Harbour Main Group and associated 
Holyrood Pluton (Krogh et al., 1988). Farther west, similar 
ages have been reported from other volcanic and plutonic 
units (O'Brien et al., 1996; Barr and Kerr, 1997). 

In the Mira terrane of southeastern Cape Breton Island, ca. 
620 Ma volcanic and plutonic rocks occur in the East Bay 
Hills, Coxheath Hills, and Sporting Mountain belts (Bevier et 
al., 1993; Barr et al. 1996). Like the Broad River Group, they 
are calc-alkalic and formed in a continental-margin subduc- 
tion zone, inteiyreted to dip to the southeast (Barr, 1993; Barr 
et al. 1996). 

In northern mainland Nova Scotia, volcanic and plutonic 
rocks in the Antigonish and Cobequid highlands may be simi- 
lar in age to the Broad River Group, although reported ages 
are mainly younger at ca. 618-605 Ma (Doig et al., 1991; 
Murphy et al., 1992b). Also, the rocks are not so clearly 
indicative of a volcanic-arc setting, with characteristics rang- 
ing from within-plate tholeiitic to calc-alkalic (Murphy et al., 
1992b). 

The ca. 560-550 Ma Coldbrook Group and associated plu- 
tons appear to be somewhat unique in the Avalon tell-ane, at 
least in the northern Appalachian Orogen. Although units of 
similar age occur in the Avalon terrane in Newfoundland, 
they are mainly alkaline to peralltaline (O'Brien et al., 1996), 
unlike the Coldbrook Group. The Coldbrook Group appears 
to be somewhat younger than units of the Fourchu and Main- 
&-Dieu groups in the Coastal belt of southeastern Cape Breton 

Island (Bevier et al., 1993), although parts of the Main-A- 
Dieu Group are lithologically similar to the Coldbrook 
Group, and both units may represent rocks formed during 
postsubduction extension. In contrast, the petrochemical 
characteristics of the Fourchu Group suggest that it was 
formed during subductioll at ca. 575 Ma (Barr, 1993; Barr 
et al., 1996). 

The presence of volcanic and plutonic rocks with ages of 
ca. 560-550 Ma have not yet been confirmed by U-Pb dating 
in northern mainland Nova Scotia or the Boston area. Thus it 
appears that the latest Precambrian tectonomagmatic evolu- 
tion in the Avalon terrane may have been much more variable 
than either the earlier history, or the subsequent Cambrian 
history which appears to have been markedly uniform 
throughout the terrane (e.g. Landing, 1996a). 

The tectonic evolution and regional correlations of the 
Caledonia terrane are important for exploration models in the 
Caledonian Highlands. Base-metal deposits (e.g. Teahan, 
Lumsden) in the Caledonian Highlands have generally been 
compared with the Stirling deposit in southeastern Cape Breton 
Island (e.g. Ruitenberg et al., 1979); however, the results of 
our study indicate that these deposits are not similar in age, 
tectonic setting, or metallogeny (Moroz, 1994), and that dif- 
ferent exploration models should be applied in the Caledo- 
nian Highlands. 

CONCLUDING STATEMENT 
Previous interpretations of the geology of the Caledonian 
Highlands were based on the assumption that variations in 
rock type are the result of internal variations in environment 
in a volcanic-arc setting, combined with variably intense 
localized and regional deformation. Recognition that the vol- 
canic and sedimentary rocks in the Caledonian Highlands do 
not belong to a single stratigraphic assemblage is a major 
advance in the understanding the geological evolution of the 
area. Nevertheless, many problems and inconsistencies 
remain in the interpretations presented here. They may best 
be resolved by detailed investigations in specific areas within 
the overall framework established by the present project. 
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APPENDIX A 
Terminology 

Volcanic and sedimentary rocks 

Various classification schemes and terminology are used for 
volcanic rocks (e.g. Schmid 1981; Fisher and Schmincke, 
1984; Cas and Wright, 1987). For the volcanic and volcani- 
clastic rocks of the Caledonian Highlands, any genetic classi- 
fication is difficult to apply consistently because of the degree 
of deformation in many samples. In the case of flows, general 
compositional terms (e.g. basalt, andesite, dacite, rhyolite) 
are used, based on modal mineralogy and chemical composi- 
tion, if available. For volcaniclastic rocks, a descriptive clas- 
sification based on grain size of pyroclasts (e.g. lapilli, ash) is 
used in naming rocks, following Schmid (1981). The nature 
of the pyroclasts is indicated by the modifiers 'crystal' or 

'lithic'. As for flows, compositional terms (e.g. basaltic) are 
used as modifiers, based on modal mineralogy and chemical 
composition, if available. 

Rocks of mixed pyroclastic and epiclastic character are 
indicated by the modifier 'tuffaceous', as recommended by 
Schmid (1981). Epiclastic rocks are named according to the 
sedimentary rock nomenclature (e.g. Ehlers and Blatt, 1982). 

Plutonic rocks 

Plutonic rocks are named on the basis of modal mineralogy 
using the classification of Streckeisen (1976). 





APPENDIX B 
Petrographic descriptions 

Introduction 

This appendix provides brief petrographic descriptions of 
samples for which chemical analyses are listed in 
Appendix C. Hence, they are reasonably representative of 
igneous rocks of the Caledonian Highlands. The samples are 
listed by map unit, in the same sequence as in the chemical 
data tables of Appendix C. Descriptions for samples from 
Currie and Eby (1990) are taken from Table A1 (Currie and 
Eby, 1990, p. 1430). Samples from Dostal and McCutcheon 
(1990) do not include petrographic descriptions; however, as 
noted by Dostal and McCutcheon (1990, p. 86), all of the 
samples are mafic, and have recrystallized to greenschist or 
subgreenschist mineral assemblages. Some samples contain 
relict subophitic and porphyritic textures, and a few contain 
relict clinopyroxene. They are composed mainly of actino- 
lite, chlorite, epidote, and sodic plagioclase, with minor 
amounts of quartz, iron-titanium oxides, titanite, and carbon- 
ate minerals. 

NTS coordinates (easting, northing) are given in paren- 
theses, except for samples from Dostal and McCutcheon 
(1 990), Currie and Eby (1 990), Grammatikopoulos (1 992), 
and Moroz (1994). Approximate sample locations are shown 
on Figures 3,9, 15, and 16. 

Abbreviations used are as follows: f.g., fine grained; m.g., 
medium grained; c.g., coarse grained; hyp., hypidiomorphic; 
allot., allotriomorphic; gran., granular; plag, plagioclase; 
opx, orthopyroxene; cpx, clinopyroxene. 

The petrographic terms used below are in accordance with 
the definitions in Bates and Jackson (1980). The term saus- 
surite is used very broadly to describe typically fine-grained 
polymineralic mixtures (mainly albite, epidote, sericite, clay 
minerals, and carbonate) that have replaced or partly replaced 
plagioclase. 

B.1 Broad River Group 

Unit Bls 

8155 - (365705,5078773); laminated tuff; sparse plagioclase 
and quartz clasts in a very f.g. well layered groundmass of 
quartz, feldspar, epidote, chlorite, and biotite 

8179 - (366857, 5078779); felsic crystal tuff; feldspar and 
embayed quartz crystals in a f.g. strongly foliated ground- 
mass of quartz, feldspar, epidote, chlorite, and sericite 

8861 - (357435, 5071638); mafic tuff; mylonitic; abundant 
chlorite, epidote; pyrite stringers 

8873 - (359737, 5075419); crystal tuff; well foliated; quartz 
and feldspar clasts in a very f.g. sericite-rich groundmass 

8943 - (366768,5082045); andesitic crystal tuff; quartz and 
feldspar porphyroblasts in a f.g, well foliated groundmass 
with abundant chlorite and sericite 

8948 - (365892, 5079662); dacitic to rhyolitic crystal tuff; 
scattered quartz and plagioclase crystals in a cryptocrystal- 
line felsic groundmass with abundant sericite 

RM297 - felsic ash tuff; cryptocrystalline, abundant epidote 
and sericite 

RM298 - basalt; very f.g.; abundantepidote; amygdules filled 
by epidote and chlorite 

RM301 - mafic, lithic lapilli tuff; amygdaloidal basaltic 
clasts; abundant epidote and chlorite 

Unit Btp 

044 - (341973,5058914); andesitic tuff; f.g.- m.g. plagiocIase 
crystals with interstitial chlorite and epidote 

81 12 - (349797, 5065750); chloritic schistfandesitic lithic 
crystal-lapilli metatuff; f.g. well foliated; flattened cavities 
may have been amygdules; scattered plagioclase phenocrysts 
and rare relict embayed quartz; elongate recrystallized inter- 
mediate to felsic lithic lapilli 

RM33 - mafic crystal tuff; f.g.-m.g. plagioclase crystals in a 
mixture of chlorite, epidote, actinolite, and minor quartz 

RM62 - felsic ash tuff; foliated f.g. to cryptocrystalline mix- 
ture of feldspar, quartz, epidote, and chlorite 

RM73 - mafic tuff; f.g. to cryptocrystalline mixture of pla- 
gioclase, chlorite, epidote, and unidentifiable material 

RM78 - dacitic crystal tuff; crystals of embayed quartz, 
amphibole, and altered plagioclase in a f.g. to cryptocrystal- 
line groundmass of epidote, chlorite, amphibole, and feldspar 

RM84 - mafic, lithic lapilli tuff; varied basaltic and andesitic 
lapilli; abundant actinolite, chlorite, epidote, and cryptocrys- 
talline material 

RM85 - (345596, 5064056); dacitic crystal tuff; abundant 
crystals of quartz and feldspar in af.g. felsic groundmass with 
abundant epidote and some chlorite 

RM106 - andesitic, crystal lithic tuff; abundant plagioclase, 
amphibole, and andesitic lithic fragments in a f.g. altered 
groundmass 

RM108 - dacitic, lithic crystal tuff; mainly plagioclase, 
quartz, amphibole crystals in a f.g, foliated groundmass with 
abundant chlorite and epidote; scattered dacitic lithic lapilli; 
cavities with prehnite and pumpellyite 



RM114 - mafic crystal tuff; f.g., foliated; plagioclase, actino- 8808 - (354433, 5060028); dacitic, lithic crystal lapilli tuff; 
lite, chlorite, epidote, and prehnite abundant plagioclase crystals; well foliated; secondary epi- 

dote and chlorite 
RM121 - mafic crystal tuff; f.g., foliated; plagioclase, quartz, - - - 

chlorite, and epidbte 8838 - (351751, 5056949); andesitic, crystal lapilli tuff; 
abundant plagioclase crystals (intensely saussuritized) in a 

RM124-felsiccr~staltuff; cr~stalsof quartz and felds~arina groundmass of chlorite, epidote, and cryptocrystalline secon- 
f.g. foliated groundmass with abundant carbonate stringers, dary minerals 
chlorite, epidote, quartz, and feldspar 

RM131 - felsic tuff; f.g. to cryptocrystalline quartz and feld- Unit Bdtb (basaltic lensesllayers in unit Bdt and BSS) 

spar ribbons; scattered plagioclase crystals; abundant 085 - (343563, 5050198); basalt; f.g. pilotaxitic; abundant 
carbonate chlorite, some carbonate and epidote; patches of abundant 

RM133 - mafic crystal tuff; f.g. foliated plagioclase, quartz, hematite 

actinolite, chlorite, epidote, and carbonate 155C - (342467, 5049073); basaltlandesite; f.g. intergranu- 
lar, with mafic minerals replaced by epidote andchlorik; epi- RM152 - basalt; f.g. foliated mixture of plagioclase, epidote, 
dote veinlets; abundant scattered hematite chlorite, carbonate, quartz 
182 - (346442, 5050221); basalt; f.g., intensely altered to RM162 - (348690,5064697); dacitic crystal tuff; plagioclase 
saussurite, epidote, chlorite, and hematite and quartz crystals in a f.g. foliated groundmass of epidote, 

chlorite, and carbonate 188 - (346398, 5050440); basalt; m.g. intergranular; similar 
to 182 but coarser grained RM174 - crystal tufflarkose; layered; f.g. quartz and feldspar 

crystals in a f.g. foliated groundmass of actinolite, epidote, 191 - (345297, 5049371); basalt; f.g. intergranular with 
and chlorite. flow-aligned plagioclase laths, interstitial chlorite, and abun- - A -  

dant opaque minerals; amygdules filled with epidote and RM176 - crystal tufflarkose; similar to RM174 but finer 
a,bite; veinlets of epidote and albite 

grained 
577A - (345995,5054239); metabasalt; relict f.g. intergranu- 

RM179 - tuff; to RM176 but crenulated as lar plagioclase laths intergrown with mainly chlorite, 
as foliated, and with abundant carbonate lenses and stringers epidote, and carbonate 
RM206A - basalt or basaltic tuff; f.g. intergranular with pla- 
gioclase crystals in a foliated groundmass of actinolite, epi- 578B - (346028, 5054345); metabasalt lithic tuff; basaltic 

clasts in a basaltic groundmass of plagioclase phenocrysts dote, chlorite, and prehnite and laths, chlorite, and epidote; chlorite-filled amygdules; 
RM219 - mafic, crystal lithic tuff may be an autobreccia 

603 - (340927, 5050471); metabasaltlandesite; f.g. crypto- 
Unit Bdt crystalline groundmass with abundant chlorite and epidote; 
035 - (344236, 5052351); felsic crystal tuff; scattered feld- Sparse flow-aligned Plagioclase laths (micro~henocr~sts); 
spar crystals in a microcrystalline felsic groundmass; scat- abundant fine OPaques (hematite) 
tered felsic lithic lapilli; moderately intense alteration 
(sericite, epidote) 1016 - (346698,5053389); basalt; f.g. groundmass of plagio- 

clase laths, chlorite, granular epidote, and scattered opaque 
- - 

080 - (347841,5055412); felsic crystal tuff; lapilli of quartz, minerals; flattened chlorite-filled amygdules 
K-feldspar, and plagioclase (locally with granophyric rims) 
in a cryptocrystalline groundmass with sericitic stringers 1377 - (347450,5052672); basaltlandesite; f.g., flow-aligned 

plagioclase laths; intergranular epidote and chlorite 
566 - (345778.505761 1); felsic lithic tuff; rhyolitic clam and 

1378 - (347225, 5052258); basalt; massive 'greenstone,; matrix; abundant epidote and sericite; could be autobreccia 
very altered, with abundant epidote and chlorite, and sericitic 

573 - (345694, 5055282); felsic lithic tuff; sparse rounded veinlets 
dacitic and rhyolitic clasts in a sericitized ash groundmass; 
scattered iron oxides 1712 - (347121,5052227); basalt; f.g.intergranular and POT- 

phyritic, with abundant plagioclase phenocrysts; amygdules 
600 - (340977, 505021 8); rhyolite; flow-banded; abundant filled with e~idote, carbonate, and feldspar 
feldspar and smaller quartz crystals in a f.g. sericitic (origi- 
nally felsic ash) groundmass 1835 - (337166,505 1679); andesite or andesitic crystal tuff; 

m.g. intergranular, porphyritic with abundant plagioclase 
8803 - (353408, 5060813); basaltic andesite; f.g. intergranu- phenocrysts; interstitial chlorite, epidote, and carbonate 
lar; saussuritized plagioclase surrounded by chloritelepidote 
groundmass; minor quartz 



Unit Bts 

8845 - (359946, 5064283); andesitic to dacitic, crystal lithic 
lapilli tuff; abundant quartz and plagioclase clasts; minor 
mica clasts; abundant cryptocrystalline dacitic lapilli; well 
foliated groundmass contains abundant chlorite, epidote, and 
carbonate 

Unit Bmf 

006 - (339497,5060145); andesitic flow(?); f.g. intergranu- 
lal- plagioclase with interstitial chlorite, carbonate, and 
epidote 

1142A - (333525, 5053057); basaltic, lithic crystal lapilli 
tuff; plagioclase and plagioclase-rich lithic clasts in a f.g. 
groundmass with abundant chlorite, epidote, and carbonate 

1343B - (341 283, 506 1762); basaltic tuff; cryptocrystalline 
with abundant epidote and chlorite; well foliated 

1344A - (340470, 5062380); basalt; very f.g. intergranular 
with abundant chlorite and epidote; amygdules filled by epi- 
dote, chlorite, and albite 

1754B - (338641,5065788); basalt; f.g. plagioclase and 
amphibole in intergranular texture; scattered amygdules with 
m.g. plagioclase and amphibole; scattered opaque grains; 
looks contact metamorphosed 

4510 - (331063, 5048939); basalt; m.g. intergranular, with 
abundant relict clinopyroxene; may be a younger dyke?; 
moderately saussuritized plagioclase and abundant opaques 

5008 - (326383,5044464); mafic to intermediate crystal tuff; 
abundant plagioclase and mafic crystals (now chlorite + epi- 
dote) with minor quartz and K-feldspar crystals, and rare 
lithic clasts, in f.g. chlorite/feldspar/epidote matrix 

5098 - (318731, 5036085); pillow basalt; f.g. altered inter- 
granular, with abundant chlorite, epidote, and carbonate; 
amygdules filled with carbonate, quartz, and epidote; former 
pyroxene(?) phenocrysts replaced by epidote 

5099 - (319409, 5036202); pillow basalt; f.g. altered inter- 
granular, with abundant chlorite, epidote, and carbonate. 
Amygdules filled mainly with epidote; abundant carbonate in 
veins and interstices. Weakly foliated or sheared 

8896 - (353078, 5077073); ~nafic tuff; sparse plagioclase 
crystals in a strongly foliated groundmass of feldspar, chlo- 
rite, epidote, and quartz 

8899 - (352028, 5075672); mafic tuff; very f.g.; similar to 
8896; epidote-rich 

8913 - (350902, 5074526); crystal tuff; scattered quartz and 
plagioclase crystals in a f.g., strongly foliated groundmass of 
mainly quartz, muscovite, and epidote 

8929 - (348567, 5072594); basaltic tuff; f.g. with abundant 
epidote and chlorite; cavities filled by epidote and carbonate; 
abundant albite and quartz 

8959 - (361741, 5080806); mylonitic mafic tuff (epidote, 
chlorite, quartz ribbons, plagioclase, minor muscovite) 

EB25 - basalt from Dostal and McCutcheon (1990) 

Quiddy River section of unit Bmf 

EB02,06,09,ll, 12,15,18,19 -basalt (analyses fromDostal 
and McCutcheon, 1990) 

Unit Bmt 

1177B- (340429, 5044508); mafic tuff; f.g., well foliated; 
abundant chlorite, sericite, and quartz 

8150 - (367827, 5075425); metatuff?; mixture of chlorite, 
quartz, carbonate, and dbite; no relict igneous texture 

8175 - (365601,5072354); mafic metatuff or flow?; foliated; 
very altered; abundant epidote, chlorite, albite, and sericite 

8904 - (363871,5068800); basalt; m.g. intergranular; plagio- 
clase with abundant interstitial epidote, chlorite, and carbon- 
ate; amygdules with carbonate and chlorite 

8933 - (36721 8,5073645); andesitic crystal tuff; m.g. plagio- 
clase and epidote crystals in f.g. well foliated groundmass of 
plagioclase, chlorite, quartz, and epidote 

Unit Bat 

1691 - (329943,5064388); mafic tuff or flow; f.g. intergranu- 
lar; abundant plagioclase, chlorite, amphibole, biotite, and 
carbonate; may be contact metamorphosed 

1751 - (333660,5069701); andesitic tuff(?); f.g. equigranular 
quartz and feldspar, with abundant biotite, chlorite, epidote, 
and opaque minerals; may be contact metamorphosed 

Unit Bdr 

1122A - (337169, 5071896); dacitic tuff; scattered plagio- 
clase crystals in f.g., well foliated groundmass of feldspar, 
quartz, chlorite, and epidote 

Unit Bit 

6158 - (277873, 5014244); andesitic crystal tuff?; very 
altered, with abundant chlorite, epidote, carbonate, polygonal 
quartz, and sericite; no relict igneous texture 

B.2. Circa 620 Ma plutons 

Alma Pluton (ZA) 

024 - (343502, 5053911); diorite; m.g. hyp. granular; 
intensely saussuritized plagioclase and less altered amphi- 
bole, with abundant apatite and opaque minerals 

029 - (345456,5052797); quartz diorite; m.g. hyp. granular; 
intensely saussuritized plagioclase, chloritized amphi- 
bolebiotite, and minor interstitial quartz 



034 - (343838, 5052292); quartz diorite; f.g.- m.g. hyp. 
granular; intensely saussuritized plagioclase and less altered 
amphibole; finer grained than 029, and with more mafic min- 
erals, and more apatite 

037 - (344523, 5052290); quartz diorite; like 029; very 
altered, abundant apatite and opaque grains 

060 - (345612, 5056506); diorite; m.g. allot. gran.; 
cumulate-like texture of plagioclase with interstitial arnphi- 
bole; abundant opaque phases and apatite 

087 - (345013, 5049768); quartz diorite/tonalite; m.g. hyp. 
gran.; intensely saussuritized plagioclase and chloritized 
amphibole and biotite; 

088 - (344623,5050569); diorite; similar to 029, but contains 
more apatite and less quartz 

176 - (34583 1, 5051 654); tonalite; similar to 087 

186 - (346518,5050738); tonalite; similar to 087 and 176, but 
with more interstitial quartz 

531 - (344926, 5055979); quartz diorite; m.g. hyp. gran.; 
intensely saussuritized plagioclase; relatively fresh hom- 
blende, chloritized biotite; 15% interstitial quartz; scattered 
opaques; accessory apatite 

572 - (345656,5056204); tonalite; m.g. hyp. gran.; intensely 
saussuritized plagioclase; chloritized biotite; 30% interstitial 
quartz; scattered opaques; abundant epidote 

Caledonia Brook Granodiorite (ZCB) 

8071 - (363479, 5076540); biotite-hornblende granodiorite; 
m.g.-c.g. allot. gran.; plagioclase, amphibole, and biotite with 
interstitial quartz and K-feldspar; moderately intense alter- 
ation to saussurite, epidote, and chlorite 

8072 - (363660, 5080130); biotite-hornblende granodiorite; 
similar to 8071 

8882 - (362736, 5076483); biotite-hornblende granodiorite; 
similar to 8071 but more deformed, with interstitial aggre- 
gates of sutured quartz grains 

8884 - (362277, 5077248); hornblende-biotite granodiorite; 
m.g. hyp. gran.; plagioclase, biotite, and amphibole with 
interstitial quartz and K-feldspar; abundant titanite; contains 
small enclaves of f.g. biotite-hornblende diorite 

Caledonia Road Granitic Suite (ZCR) 

8068 - (364019, 5073588); granite; m.g. deformed and 
recrystallized; perthitic alkali feldspar and plagioclase augen 
surrounded by f.g. quartz aggregates 

8070 - (363542,5076297); diorite; m.g. hyp. gran.; intensely 
saussuritized plagioclase; amphibole partly replaced by chlo- 
rite; abundant epidote 

8141C- (364217, 5074562); granite; m.g.-c.g. allot. inequi- 
granular; mainly alkali feldspar with chessboard texture and 
interstitial quartz; minor biotite mainly altered to chlorite and 
epidote 

8145 - (366610, 5076956); granite; similar to 8141c; rela- 
tively abundant accessory titanite 

8171 - (368696,5078381); granite; protomylonite; augen of 
plagioclase and K-feldspar and elongate quartz, with scat- 
tered bands of biotite, epidote, and chlorite 

8850 - (360821,5065326); quartz diorite; m.g. intergranular 
texture, with amphibole partly replaced by chlorite and epi- 
dote; quartz is interstitial 

8860 - (360844,5072728); granodiorite; m.g. hyp. gran.; pla- 
gioclase and amphibole with 20% interstitial quartz and 
minor K-feldspar; plagioclase is extensively altered to 
saussurite 

8870 - (360752, 5074301); quartz diorite; m.g. hyp. gran.; 
plagioclase and amphibole with minor interstitial quartz; 
intensive alteration to saussurite, epidote, and chlorite 

8871 - (360484, 5074485); granite; similar to 8171 but less 
deformed; large quartz grains similar to Old Shepody Road 
unit of Point Wolfe River pluton; moderately intense alter- 
ation (saussurite, sericite, chlorite, epidote) 

8880 - (362200,5073588); granite; protomylonitelike 8171 

8886 - (359677,5069533); quartz diorite; similar to 8850 

8888 - (360520,5070541); granite; similar to 8871 

8909 - (361523,5073005); granite; protomylonitic, similar to 
8171 

8937 - (365397,5075283); granite; m.g. allot. gran.; probably 
protolith of 8171; minor biotite and accessory titanite 

8940 - (365096, 5076380); diorite; mylonitic; augen of 
amphibole is a f.g., foliated, and very altered groundmass 

8941 - (364984, 5076621); granite; mylonitic, with ribbons 
of quartz separated by bands of highly saussuritized feldspar 
and mafic minerals 

8942 - (364716,5076942); quartz diorite; 1n.g. allot. inequi- 
granular; appears recrystallized; abundant amphibole and 
biotite; interstitial polycrystalline and sutured quartz 

8950 - (3701 19, 5077400); quartz diorite; similar to 8850 

8952A - (370493,5077772); biotite tonalite; m.g. hyp. gran.; 
abundant biotite and no amphibole; accessory titanite and 
apatite; interstitial quartz and minor K-feldspar 

8956 - (369237,5077901); granodiorite; mylonitic; similar to 
8941 but with more abundant recognizable biotite in the 
mafic bands 



Emerson Creek Pluton (ZEC) 

6107 - (285805,5020876) granodiorite; m.g.-c.g. hyp. gran.; 
plagioclase and chloritized biotite with interstitial orthoclase 
and quartz; abundant fractures and sericitic alteration 

8017 - (287133,502 1869); granodiorite; similar to 6107 but 
more altered; abundant carbonate in interstices and veinlets 

Millican Lake Pluton (ZML) 

82074- (271375,5008460); c.g. leucocratic tonalite, strongly 
sheared and altered to illite and hematite; from Whalen et al. 
(1994) (Millican Lake Pluton at Cape Spencer) 

Fortyfive River Granodiorite (ZFF) 

009 - (343258, 5055939); granodiorite; m.g. allot. gran.; 
intensely altered (saussurite, epidote, chlorite) 

014A - (340694,5053877); granodiorite; similar to 009, but 
somewhat coarser grained 

050C - (344569, 5058994); granodiorite; similar to 009 but 
less altered; retains relict amphibole 

051 - (344614, 5058649); granodiorite/tonalite; m.g. hyp. 
gran.; abundant amphibole; interstitial quartz and very minor 
K-feldspar; plagioclase is moderately saussuritized; abun- 
dant epidote and chlorite throughout 

052 - (344491, 5058586); tonalite/granodiorite; similar to 
05 1 but more altered; very little K-feldspar 

090 - (347966, 5061146); tonalite/granodiorite; coarser 
grained but otherwise similar to 052 

133 - (339092, 5051988); tonalite/granodiorite; strongly 
cataclased 

518 - (341834, 5057158); similar to 090; very abundant 
coarse epidote patches and veinlets 

521 - (343411, 5057285); granodiorite; m.g. allot. gran.; 
intensely saussuritized plagioclase; about 25% mafic miner- 
als, mostly altered to chlorite and epidote; minor relict amphi- 
bole and biotite; interstitial quartz and perthitic orthoclase 

527 - (344301,5057216); granodiorite gradational to monzo- 
granite; m.g. hyp. gran.; moderately saussuritized plagio- 
clase; abundant epidote; original mafic minerals 
unidentifiable; interstitial quartz and perthitic orthoclase 

553 - (347844, 5060844); granodiorite; mag.-c.g hyp. gran.; 
moderately saussuritized plagioclase; abundant epidote; 
about 15% mafic minerals mostly altered to chlorite and epi- 
dote; minor relict amphibole and biotite; interstitial quartz 
and perthitic orthoclase; abundant large titanite 

596 - (349495, 5061559); granodiorite; similar to 21 

618 - (35 138 1,5061491); granodiorite; similar to 521 

4528 - (334468,5047833); granodiorite to tonalite; m.g.-c.g 
hyp. gran.; moderately saussuritized plagioclase; abundant 
epidote; about 15% mafic minerals mostly altered to chlorite 
and epidote; minor relict biotite; interstitial quartz; minor 
orthoclase; moderate shearing 

4529 - (334633, 5049499); granodiorite; m.g. allot. gran.; 
intensely altered and sheared; abundant epidote 

8833 - (357173,5062564); granodiorite; m.g. hyp. gran.; pla- 
gioclase and altered mafic minerals in a groundmass of quartz 
and minor K-feldspar; similar to 553 but fincr grained and 
less titanite; moderately intense alteration (saussurite, seric- 
ite, epidote, chlorite) 

8834A- (356850,5063592); granodiorite; similar to 8833 but 
less altered 

Goose Creek Leucotonalite (Zcc)  

110 - (337377, 5056019); leucotonalite; m.g. allot. gran.; 
mainly plagioclase and quartz; minor interstitial granophyre; 
patches of chlorite and epidote may represent original mafic 
mineral 

117A - (337287,5054207); leucotonalite; similar to 110 but 
more altered plagioclase (to epidote) 

503 - (337432, 5054124); leucotonalite; similar to 117A 

653 - (341567, 5059170); leucotonalite; c.g. allot. gran.; 
dominantly plagioclase and quartz with some granular 
epidote 

RM196- leucotonalite; abundant plagioclase, quartz, and epi- 
dote; similar to 117A, but more cataclased 

Kent Hills Pluton (ZKH) 

8078 - (360509,5078875); granodiorite; m.g.-c.g. protomy- 
lonite, with augen of quartz, feldspar, and biotite (partly chlo- 
ritized) in a polycrystalline, foliated matrix of quartz, sericite, 
chlorite, and saussurite 

8105 - (354512,5072920); granodiorite; fag.- m.g. protomy- 
lonite; well foliated mixture of amphibole, quartz, plagio- 
clase, epidote, sericite, and chlorite; little relict igneous 
texture 

8121 - (355543,5076246); granite; m.g. protomylonite with 
small augen of plagioclase and orthoclase in a foliated, poly- 
crystalline, quartz-rich matrix, with sparse bands rich in chlo- 
rite, biotite, and epidote 

8129B- (347455, 5066495); granodiorite; c.g. allot. gran.; 
relict amphibole and biotite; intense saussuritization of pla- 
gioclase; abundant chlorite and epidote; protolith of more 
deformed samples like 8078 and 8 105 

8130 - (348791,5065425); granodiorite; similar to 8129B but 
m-g 



8889 - (356630,5078589); granite; f.g. - m.g. recrystallized 
mylonitic texture; fragments of mainly feldspar in a ground- 
mass of fine sutured quastz aggregates; minor relict quartz 
ribbons 

8893 - (357481, 5077373); granite; similar to 8889 

8900 - (351857, 5075857); granite; similar to 8889 

8914 - (350500, 5074788); granodiorite; protomylonitic, 
with amphibole and saussuritized plagioclase augen in a foli- 
ated quartz-rich groundmass 

8958 - (361033,5080455); granite; mylonitic; sparse plagio- 
clase porphyroblasts in a f.g. foliated groundmass of quartz, 
feldspar, and epidote 

8960 - (361953,5080579); granite; similar to 8889 

RM160- (348473, 5064921); granodiorite; m.g. allot. gran. 
but cataclased; plagioclase with interstitial quartz and minor 
K-feldspar; moderately intense alteration (saussurite, epi- 
dote, chlorite, carbonate) 

RM327- granodiorite; protomylonitic and intensely altered 
(saussurite, sericite, chlorite, epidote, carbonate) 

Point Wove River Phton 

Blueberry Hill granite (Zpwgt) 

629 - (343090,5069975); granite; sheared; similar to 1088c 

1032A - (342373, 5069014); sheared granite; m.g., quartz, 
perthitic microcline, and saussuritized plagioclase. Original 
mafic minerals (biotite?) altered to clusters of biotite, epidote, 
and chlorite; quartz shows undulatory extinction and granu- 
lated grain boundaries 

1088C - (333882, 5073684); granite; c.g., quartz, perthitic 
orthoclase, and moderately saussuritized plagioclase; minor 
relict biotite, mainly altered to epidote and chlorite; quartz 
shows undulatory extinction and granulated grain boundaries 

8086A- (347958,5076971); granite; c.g. allot. gran.; moder- 
ately intense saussuritization of plagioclase; original bio- 
tite(?) replaced by chlorite; minor cataclasis and 
polygonization of quartz; similar to 1088c 

8086B- (347958,5076971); granite; m.g. allot. gran.; intense 
saussuritization of plagioclase; abundant chlorite and epi- 
dote; moderate cataclasis 

8137 - (347140, 5073999); granite; c.g. allot. gran.; quartz, 
perthitic orthoclase, and moderately saussuritized plagio- 
clase; minor relict biotite, mainly altered to epidote and chlo- 
rite; quartz shows undulatory extinction and granulated grain 
boundaries; some interstitial patches of m.g. quartz and 
feldspar 

Old Shepody Road granite (Zpwgg) 

1082 - (337070, 5068390); granite; c.g. hyp. gran.; moder- 
ately saussuritized plagioclase; interstitial microcline and 
quartz; scattered rounded quartz phenocrysts; biotite partly 
replaced by chlorite; accessory opaques, titanite, allanite, and 
apatite 

1803 - (329870, 5055480); granodioritelgranite; m.g. hyp. 
gran.; slightly saussuritized plagioclase; interstitial quastz 
and minor perthitic orthoclase; scattered rounded quartz 
phcnocrysts; partly chloritized biotite; minor amphibole 

1883 - (329738, 5059032); granodioritelgranite; similar to 
1803 

4012A- (321450, 5049979); granite; m.g.- c.g. allot. gran.; 
slightly saussuritized plagioclase; perthitic orthoclase; scat- 
tered rounded quartz phenocrysts; chloritized biotite 

4017 - (322707, 5051770); granite; similar to 4012A but 
sheared and altered; abundant seritic alteration; polycrystal- 
line quartz veinlets and patches 

4188 - (327923, 5060920); granite; c.g. hyp. gran.; moder- 
ately saussuritized plagioclase; interstitial microcline and 
quartz; scattered rounded quartz phenocrysts; biotite mainly 
replaced by chlorite; abundant epidote; accessory opaques, 
titanite, apatite 

4192 - (328335, 5058941); granite; similar to 4188 except 
somewhat deformed, with granulated quartz at grain 
boundaries 

4200 - (325711, 5058660); granite; m.g.-c.g. allot. gran.; 
moderately saussuritized plagioclase; interstitial microcline 
and coarse granophyric intergrowths of quartz and feldspar; 
abundant rounded quartz phenocrysts; biotite completely 
replaced by chlorite and epidote 

4527 - (327483,505 1055); granite; protomylonite; originally 
c.g. and similar to 4188 

4538 - (321224, 5048287); granite; similar to 4192 

4551 - (328500,5056637); granite; similar to 41 88, but con- 
tains a small microdioritic enclave 

4558 - (325993,5056371); granite; similar to 4012A 

4563 - (322895,5051194); granite; similar to 4012A 

5136 - (329789,5052238); granite; m.g. scattered plagioclase 
phenocrysts surrounded by granophyric intergrowth of 
quartz and perthitic orthoclase; plagioclase and orthoclase 
show moderate saussuritization 

8 132 - (346696, 5074777); granite; similar to 4012A 

Pollet River granodiorite (Zpwgd) 

504 - (332336,5058638); tonalite; similar to 1065A but with 
less K-feldspar and more epidote 



632 - (337155,5071 150); granodiorite; similar to 1065A but 
more sheared, with polycrystalline sheared quartz aggregates 
and sericitic shear bands 

1065A- (336744, 5068624); granodiorite; m.g. hyp. gran.; 
framework of plagioclase laths (slightly saussuritized) with 
interstitial quartz and minor microcline; original mafic min- 
eral (biotite?) replaced by chlorite; abundant accessory titan- 
ite and opaque minerals; abundant secondary epidote, 
chlorite, and sericite 

1068A- (336263, 5070603); granodiorite; m.g. to c.g. allot. 
gran.; dominantly quartz, plagioclase, and microcline; origi- 
nal mafic mineral (biotite?) replaced by chlorite and coarse 
epidote. Euhedral secondary epidote is especially abundant 

11 19 - (337094,507 1043); granodiorite gradational to gran- 
ite; m.g. to c.g. allot. gran.; dominantly quartz, plagioclase, 
and orthoclase (in part converted to microcline); original bio- 
tite and amphibole mostly replaced by chlorite and coarse 
epidote. Interstitial quartz replaced by polycrystalline sutured 
aggregates 

1607 - (332226, 5059794); granodiorite; c.g. hyp. gran.; 
framework of plagioclase laths (moderately saussuritized) 
with interstitial quartz and orthoclase; relatively unaltered 
hornblende and biotite; abundant accessory titanite and 
opaque minerals; abundant secondary epidote, chlorite, and 
serici te 

1671 - (334784, 5065087); granodiorite; similar to 1607 but 
slightly finer grained and more biotite and less amphibole 

1672 - (334690, 5065753); granodiorite; similar to 1671 

1677A- (333655, 5064068); granodiorite; similar to 1607 

1689 - (331604, 50641990; tonalite; f.g. to m.g. hyp, gran.; 
abundant interstitial quartz; abundant amphibole and minor 
biotite; intensely saussuritized plagioclase; abundant epidote 
and chlorite 

1704A- (332070,5064880); granodiorite; similar to 1607 

1882 - (331802,5059046); granodiorite; similar to 11 19, but 
with better preservation of the hornblende 

8134 - (34828 1,5079 173); granodioriteltonalite; m.g. proto- 
mylonite; dominantly plagioclase and amphibole with inter- 
stitial quartz; minor biotite; strongly foliated; intensely 
saussuritized plagioclase; abundant epidote and chlorite 

Quartz Diorite (Zpwqd) 

630 - (342960, 5069940); quartz monzodiorite; m.g. hyp. 
gran.; sheared and altered 

1004A- (338230,5068548); sheared quartz diorite; m.g. hyp. 
gran.; saussuritized plagioclase, partly chloritized amphibole 
and minor biotite, and interstitial quartz; abundant secondary 
epidote and sericite; quartz shows undulatory extinction and 
granulated boundaries 

1005A- (338908,5067902); quartz diorite; similar to 1004a, 
except unsheared and coarser grained, with more abundant 
quartz and minor microcline (grading to tonalitelgranodio- 
rite) and less alteration 

1063 - (311002, 5078544); quartz diorite; similar to 1004a 
except unsheared 

1070 - (335733, 5070050); quartz diorite to monzodiorite; 
similar to 1004A but contains more interstitial K-feldspar 

1087 - (333037, 5073484); quartz diorite to tonalite; similar 
to 1004A but with more interstitial quartz and K-feldspar; 
mafic minerals are less altered than in 1004A 

1667 - (336472,5064159); quartz diorite; similar to 1087 

1884 - (331014,5060769); quartz diorite; extremely altered, 
sheared, and cataclased; original lnafic minerals completely 
altered to chlorite; abundant carbonate and epidote 

1886 - (331 005,5062299); quartz diorite; similar to 1087 

8133 - (346862, 5076189); quartz diorite; c.g. hyp. gran.; 
relatively unaltered plagioclase, amphibole, and biotite with 
interstitial quartz; accessory titanite, apatite, and magnetite 

Quartz Monzodiorite (Zpwqm) 

1008 - (339578, 5067274); quartz monzodiorite; m.g. hyp. 
gran.; framework of plagioclase laths, biotite, and amphibole, 
with abundant interstitial microcline and less abundant 
quartz; amphibole is relatively fresh but biotite is completely 
chloritized; abundant titanite and scattered opaque minerals 

Rat Tail Brook and similar plutons (ZRT) 

8082 - (355629,5069333); tonalite; protomylonitic; augen of 
plagioclase and quartz in a foliated matrix of biotite, chlorite, 
epidote, and granulated quartz 

8862 - (356832,5071991); granodiorite/tonalite; protomylo- 
nitic; augen of plagioclase in f.g. foliated groundmass of 
mainly ribbon quartz and biotite 

8864A- (356359,5071813); granodioriteltonalite; mylonitic; 
similar to 8862 but more deformed 

B.3. Coldbrook Group 

Unit Cgd 

6170 - (274960,5030982); basaltic andesite; f.g. intergranu- 
lar; plagioclase laths with interstitial epidote, chlorite, and 
carbonate, and abundant opaque minerals 

6172 - (275568, 5030287); dacitic flow; m.g. intergranular; 
network of plagioclase laths with interstitial quartz and 
K-feldspar; sparse plagioclase microphenocrysts; abundant 
secondary carbonate and chlorite 

CW627A - (730079, 5017855); daciticlrhyolitic tuff; scat- 
tered plagioclase phenocrysts in a cryptocrystalline to 
spherulitic felsic groundmass 



GSC134- dacitic tuff(?); trachytoid feldspar microlites in f.g. 6529 - (290641, 5028249); black, dacitic, lithic lapilli tuff; 
mosaic sericitic matrix; many crystal fragments (Currie and mainly dark-coloured cryptocrystalline lapilli in a f.g. granu- 
Eby, 1990) lar feldspar groundmass; scattered plagioclase crystals; abun- 

dant epidote and chlorite 
NB 12 - mafic flow; plagioclase microlites and rare lithic frag- 
ments in epidotized quartz-feldspar matrix (Currie and Eby, GSC96 - felsic tuff; quartz, feldspar, and lithic clasts in a f.g. 
1990) sericitized matrix (Currie & Eby, 1990) 

NB13 - andesitic flow; plagioclase microlites and rare lithic Unit Cft 
fragments in carbonated quartz-feldspar matrix (Currie and 
Eby, 1990) 4097 - (313778,5049551); dacite/rhyolite; black due to fine 

dusting of opaques (magnetite?); flow-banded, with laminae 
NB14 - andesitic flow similar to NB13 (Currie and E ~ Y ,  varying in texture from spherulitic to patchy to microcrystal- 
1990) line to cryptocrystalline; scattered phenocrysts of plagioclase 

NB 15 - dacitic flow; plagioclase microlites in epidotized 4105 - (3 10286,5047017); d a c i t i ~ / ~ h ~ ~ l i t i c ,  lithic lapilli tuff; 
quartz-feldspar matrix (Currie and Eby, 1990) clasts mainly of the same microcrystalline to cryptocrystal- - -  - 

NB 16 - andesitic ash tuff(?); very f.g. quartz-feldspar mosaic line quartz-feldspar aggregates; sparse plagioclase pheno- 

(Currie and Eby, 1990) crysts; dusting of black opaques 

4262 - (3 13509,5047529); basaltic(?) lithic lapilli tuff; clasts NB l7 - andesitic 'OW(?) to NB l3 (Currie and E b ~ ,  are mainly cryptocrysta]]ine and altered to greenish clay min- 1990) erals; sparse altered plagioclase phenocrysts and laths; some 
NB18 - &cite(?); f.g. granoblastic qumz-feldspar with mus- clasts highly amygdaloidal; abundant chlorite and epidote 
covite, biotite, opaques minerals, -and titanit; (Currie and 
Eby, 1990) 

NB 19 - dacite(?) similar to NB 18 but with carbonate (Currie 
and Eby, 1990) 

NB20 - dacite(?) similar to NB18 (Currie and Eby, 1990) 

NB21 - volcaniclastic siltstone with abundant feldspar frag- 
ments (Currie and Eby, 1990) 

NB22 - dacite(?) similar to NB18 (Currie and Eby, 1990) 

5513 - (772133,5045738); grey, lithic crystal tuff; dacitic to 
rhyolitic, flow banded; abundant granular epidote; most 
clasts are dacitic but some may be andesitic 

5524 - (301089, 5037788); Black, lithic crystal tuff; very 
typical; scattered crystals are mainly of plagioclase; lithic 
clasts are f.g. and dacitic(?); groundmass is cryptocrystalline 
and looks devitrified, with small spherulite-like patches 

6018 - (300672, 5039306); black, crystal lithic tuff; varied 
cryptocrystalline dacitic clasts in a welded cryptocrystalline 
felsic matrix; scattered mag, crystals are mainly plagioclase 

Unit Clt 
6197 - (272310, 5024375); black, dacitic lithic tuff; lithic 

4068 - (314222,5053302); basalt; f.g. flow-aligned plagio- clasts are mainly cryptocrystalline; groundmass is also cryp- 
clase laths with interstitial chlorite; abundant large chlorite- tocrystalline with sparse plagioclase crystals; abundant chlo- 
and/or epidote-filled amygdules rite and carbonate 

4073 - (313380, 5055026); rhyolite; f.g., flow banded, 6205 - (266340,5021475); black dacitic lithic tuff; similar to 
spherulitic; minor amounts of sericite and iron oxide 6197; mainly cryptocrystalline but better developed spheru- 

litic devitrifcatik; textures; welded, flow fabrii in ground- 
5518 - (302541, 5041255); felsic lithic tuff; scattered mass; scattered plagioclase and sparse clinopyroxene 
rounded rhyolitic clasts of two main types (flow-banded and phenocrysts 
cryptocrystalline) and scattered mainly plagioclase crystals . .  . 

in-a f.g. felsic cryptociystalline groundmass 951 1 - (317317,5057092); dacite flow?; scattered crystals of 
plagioclase in a cryptocrystalline to spherulitic felsic-ground- 

6070 - (289373, 5035242); dacitic, crystal lithic lapilli tuff; mass; well banded 
lapilli vary in texture and composition; most common are 
~ r ~ ~ t o c r ~ s t a l l i n e  dacite, f.g. intergranular andesite, and f.g. 9519 - (326379,5066559); dacitic lithic lapilli tuff; similar to 
dacite and rhyolite; some clasts contain relict biotite; secon- 6197 
dary chlorite and carbonate are abundant 

6071 - (290321, 5035604); dacitic, crystal lithic lapilli tuff; Unit Cftb 

similar to 6070 except clasts are less varied and mainly of 1700 - (328590, 5067444); basalt; very f.g. plagioclase laths 
andesitic to dacitic composition mixed with abundant epidote and scattered fine opaque grains 

6193 - (270998, 5026529); dark grey andesitic to dacitic 1794 - (327691,5067232); basalt; f.g. pilotaxitic plagioclase 
lithic lapilli tuff; similar to 6205 laths, with interstitial chlorite and scattered opaque grains; 

abundant arnygdules filled by mainly epidote and quartz 



4036 - (316404, 5056403); basalt; f.g. flow-aligned plagio- 
clase laths; abundant chlorite; sparse plagioclase phenocrysts 
and scattered small amygdules, mainly filled with quartz 
aggregates 

4037A - (316466, 5056459); basalt; f.g.-m.g. intergranular 
with relict clinopyroxene; abundant saussurite, chlorite, and 
epidote; scattered opaques 

4060A - (315878,5052980); basalt; f.g. flow-aligned plagio- 
clase laths with intergranular epidote, chlorite, and some rel- 
ict clinopyroxene; scattered opaques 

Unit Cmt 

4609 - (315959, 5042059); basalt; relict variolitic texture 
with skeletal plagioclase; arnygdules mainly filled with chlo- 
rite and sericite; microphenocrysts of plagioclase and altered 
mafic mineral (pyroxene?) 

4642 - (3 15705,5039890); basalt; relict intergranular texture; 
plagioclase, epidote, and chlorite; undeformed 

Unit Cit 

6095 - (276917, 5019404); basalt; f.g. intergranular; sparse 
amygdules filled with epidote and chlorite 

6104 - (281058,5021737); rhyolitic, crystal lithic lapilli tuff; 
dark, massive, flow-banded matrix with sparse crystals of 
saussuritized plagioclase 

NB1 - dacitic tuff; lithic and crystal fragments in a f.g. 
sheared matrix; some carbonate and epidote (Currie and Eby, 
1990) 

NB3 - dacitic tuff; lithic and crystal fragments in a f.g. 
sheared matrix; some carbonate and epidote (Currie and Eby, 
1990) 

NB4 - dacitic flow(?); very f.g. homogeneous matrix with 
rare small lithic fragments (Currie and Eby, 1990) 

NB5 - dacitic flow similar to NB4 (Currie and Eby, 1990) 

Unit Cba 

61 12 - (280006, 5019267); amygdaloidal basalt; f.g. inter- 
granular with abundant chlorite, carbonate, and opaque 
minerals 

61 18 - (27603 1,5016123); plagioclase porphyry; saussuri- 
tized plagioclase phenocrysts in a f.g. intergranular ground- 
mass; abundant epidote and chlorite 

6154 - (277070, 5017080); basaltic to andesitic flow; f.g. 
aligned plagioclase laths with abundant interstitial chlorite 
and carbonate; clots of carbonate and chlorite may represent 
amygdules 

6519 - (277972, 5017725); altered basalt or gabbro; very 
abundant chlorite and epidote; saussuritized plagioclase 

GSC71 - mafic flow; feldspar phenocrysts in granoblastic 
epidote-chlorite matrix (Currie and Eby, 1990) 

NB08 - andesitic flow; abundant plagioclase in an opaque- 
and chlorite-rich matrix (Currie and Eby, 1990) 

NB09 - mafic flow(?); plagioclase phenoclasts and lithic 
fragments in a f.g. epidotized matrix (Currie and Eby, 1990) 

NBlO - mafic flow(?); plagioclase phenoclasts and lithic 
fragments in af.g. epidotized matrix (Currie andEby, 1990) 

NBll  - mafic flow(?); plagioclase phenoclasts and lithic 
fragments in a f.g. epidotized matrix (Currie and Eby, 1990) 

Unit Cr 

1. NE of Point Wolfe River 

1134A - (332362,50559070); rhyolite; recrystallized; grano- 
blastic quartz-feldspar layers and muscovite-rich layers 

RM289 - rhyolitic lapilli tuff; protomylonite; recrystallized 
granoblastic quartz ribbons in a f.g. foliated seric- 
ite/muscovite-rich quartz/feldspar groundmass 

2. SW of Point Wolfe River 

4592 - (313725, 5036575); rhyolite; f.g. allot. gran.; sparse 
phenocrysts of plagioclase and quartz 

5093 - (315567, 5033534); felsic, lithic crystal lapilli tuff; 
plagioclase and K-feldspar crystals and rhyolitic clasts in a 
f.g. sericite-rich foliated groundmass; abundant granular 
epidote. 

5125 - (311234, 5032586); rhyolitic, crystal lithic tuff; pla- 
gioclase and quartz crystals, and rhyolitic porphyry clasts; 
mylonitic; abundant smeared opaques (graphite?) 

3. Hanford BrookSilver Hills area 

6540 - (296565,5038554); spherulitic rhyolite 

7080 - (297004,5040930); welded tuff; sanidine, quartz, and 
plagioclase crystals 

7095 - (296745, 5036400); felsic, lithic lapilli tuff with 
spherulitic rhyolite fragments 

4. Vernon Mountain-St. Martins area 

6027 - (281955,5022932); rhyolite; mainly cryptocrystalline 
with incipient spherulitic patches; scattered quartz and feld- 
spar phenocrysts, some embayed 

6082 - (299644,50319?7); felsic tuff with spherulitic rhyolite 
clasts in a cryptocrystalline rhyolitic groundmass 

6214 - spherulitic rhyolite; coarse spherulites in cryptocrys- 
talline groundmass; scattered hematite, epidote, and crypto- 
crystalline secondary minerals 

GSC73 - felsic flow; trachytoid feldspar phenocrysts in a f.g. 
quartzofeldspathic matrix (Currie and Eby, 1990) 

5. Blackall Lake, Saint John 



7034 - (265849, 5022052); rhyolite; cryptocrystalline with 
patchy incipient spherulites; scattered plagioclase pheno- 
crysts; abundant sericite and hematite 

Unit Cb 

1. basalt unit NE from Point Wolfe River 

1029B- (343479, 5067445); basalt; f.g. intersertal texture; 
aligned plagioclase laths intergrown with secondary chlorite 
and epidote. Amygdaloidal, with m.g. granular epidote filling 
most amygdules 

1054 - (345692, 5068122); basalt; similar to 1029B, except 
with scattered microphenocrysts of plagioclase 

1133 - (331915,5056283); basalt; f.g. intergranular; plagio- 
clase laths with abundant chlorite and epidote 

1153 - (331238, 5055144); basaltlandesite; mainly aligned 
plagioclase laths, with abundant coarse crystalline epidote in 
patches throughout 

1156 - (331348,5054730); mafic tuff; f.g. mixture of altered 
plagioclase, chlorite, and epidote 

1164 - (331024,5054008); basalt; m.g. intergranular; saus- 
suritized plagioclase laths with interstitial chlorite, epidote, 
and opaques 

1310 - (341833, 5065604); basalt; f.g. intersertal to inter- 
granular, with abundant amygdules filled by epidote, chlo- 
rite, albite, and quartz 

1318 - (338584,5062121); andesitic tuff; f.g. mainly plagio- 
clase laths with chlorite-rich layers; abundant carbonate 
alteration 

1355 - (339877, 5064237); basaltic tuff/autobreccia; f.g. 
intermixed plagioclase, epidote, and chlorite 

513 1 - (333 187, 5058471); basalt; f.g. intergranular basalt; 
abundant interstitial epidote and chlorite; scattered amyg- 
dules contain mainly epidote; strongly foliatedlsheared 

8123 - (347217,5070101); basaltic tuff; f.g.- m.g. mixture of 
mainly plagioclase, epidote, chlorite, and quartz 

8126 - (346668, 5069854); rhyolitic crystal lapilli tuff; 
welded felsic groundmass with spherulitic patches; abundant 
crystals of plagioclase and embayed quartz; (rhyolite layer in 
basalt unit) 

RM241 - mafic tuff; very f.g.; mixture of mainly plagioclase 
and epidote 

2. basalt unit SW of Point Wolfe River 

4504 - (325583,5048201); basaltic tuff(?); very fine-grained; 
foliated epidote, chlorite, albite, and unrecognizable crypto- 
crystalline material (similar to RM241) 

4569 - (318563,5041 166); basalt; poorly aligned plagioclase 
laths and intergranular chlorite; amygdules with epidote, car- 
bonate, and chlorite; scattered opaques; microphenocrysts of 
plagioclase 

4576 - (311355, 5014625); basalt; similar to 4569 but with 
coarser epidote 

4594 - (313305,5035542); basaltic tuff; fine-grained, patchy 
texture; maybe altered lithic fragments, now mainly chlorite, 
epidote and opaques 

5006 - (325296,5046456); basalt; f.g. intergranular; strongly 
foliated; abundant interstitial carbonate and chlorite; abun- 
dant granular opaques 

5534 - (309764,503483 1); basalt; similar to 4642; scattered 
arnygdules filled with quartz and/or chlorite; abundant chlo- 
rite and opaques in groundmass 

EB24,3 1,34,35,36,37 - basalt (from Dostal and McCutch- 
eon, 1990) 

3. basalt unit in Shanklin area 

6002B- (296200, 5029524); basalt; m.g. ophitic patches 
mixed with hematite-rich patches; distinctive texture similar 
to 6036 but coarser grained 

6034 - (291345, 5026258); basalt; f.g. ophitic patches but 
mainly intergranular with interstitial chlorite. Distinctive tex- 
ture similar to 6036 and 6002B but with less hematite 

6041 - (297886, 5029033); basalt; texture similar to 6034, 
except more epidote; scattered rounded amygdules contain 
chlorite, carbonate, and epidote 

6043 - (297736,5030855); basalt; f.g. intergranular clinopy- 
roxene and plagioclase; abundant rounded chlorite-filled 
amygdules and sparse plagioclase phenocrysts 

6044 - (297691,5031353); basalt; f.g. intergranular and seri- 
ate porphyritic, with plagioclase phenocrysts 

6083 - (298894, 5030909); basalt; f.g. intergranular and 
hiatal porphyritic, with plagioclase phenocrysts; abundant 
chlorite and epidote 

6151 - (298824,5028542); basalt; m.g. intergranular; frame- 
work of plagioclase laths with interstitial chlorite; chlorite 
also fills amygdules; abundant cryptocrystalline clays and 
opaque phases 

CB07,10,12,13,15,16 -basalt (from Dostal and McCutcheon, 
1990) 

Unit Cbrs 

1. northern (Hanford Brook) area: 

6050 - (297196,5036690); basalt flow; intergranular, aligned 
plagioclase, chlorite-rich, granular interstitial epidote and 
opaques; scattered chlorite-filled amygdules 

6053 - (297524,5037414); basalt flow; similar to 6050 



2. southwestern area: 

6025 - (280767,5023327); basalt; fine grained, intergranular, 
abundant epidote, chlorite, and carbonate 

6036 - (289903,5027361); basalt; f.g. ophitic patches mixed 
with hematite-rich patches; distinctive texture; abundant 
clinopyroxene 

6216 - (286980, 5027060); basalt; m.g. intergranular; relict 
clinopyroxene; abundant chlorite, epidote, and hematite; 
irrcgular amygdules contain coarse barite 

6528 - (288660,5026855); dacite; f.g. pilotaxitic plagioclase 
laths with scattered plagioclase phenocrysts and rare 
embayed quartz; abundant chlorite and epidote 

7064A- (288300,5027340); basalt; m.g. intergranulas; relict 
clinopyroxene; abundant chlorite and epidote 

7081 - (277388,5023146); basalt; f.g. intergranulas but very 
altered; abundant epidote and chlorite, and plagioclase is 
saussuritized 

CB28, 29 - basalt (from Dostal and McCutcheon, 1990) 

B.4. Circa 550 Ma Plutons 

Mechanic Settlement Pluton (ZMS) 

4150A - (326706, 5065923); gabbro; plag, cpx, and minor 
green amphibole; f.g-m.g, hyp. gran. 

4150B - (326706,5065923); plag-bearing lherzolite; similar 
to MS025, with minor phlogopite 

4160 - (323243, 5063328); diorite; plag, cpx, and opx; f.g. 
intergranular 

4161 - (320783, 5062858); gabbro; similar to 4150A, with 
more green amphibole 

4164 - (321542, 5062326); diorite; porphyritic with pheno- 
crysts of plagioclase; similar to MS127 with less plag and 
more quartz 

4167B - (323315,5061422); quartz diorite; m.g. hyp. inequi- 
granular; interstitial quartz around moderately saussuritized 
plag, cpx, and coarse biotite; abundant opaques, minor 
titanite 

4168 - (322587, 5061075); quartz diorite; similar to MS130 
but much more altered 

4181 - (324852,5063852); quartz diorite; similar to MS130 
but finer grained; may be a chilled margin; abundant opaques 
and apatite 

4209 - (324309, 5064193); olivine gabbronorite; olivine, 
opx, brown amphibole, green amphibole, plag; m.g. hyp. gran 

421 1 - (324125,5065487); gabbro; similar to 4150A 

9518 - gabbro; similar to 4150A; cpx rimmed by brown and 
green amphibole 

9526 - (323930,5063102); quartz diorite; similar to MS130, 
gradational to plagioclase-porphyritic lithology 

9528 - (324227, 5063028); plagioclase-bearing lherzolite; 
similar to MS025 

MS004 - olivine gabbronorite; m.g. hyp. inequigran.; plag., 
olivine, opx, cpx 

MS009 - gabbronorite; 1n.g. hyp. gran. plagioclase, opx, cpx; 
minor phlogopite and amphibole 

MS019 - olivine pyroxenite; mainly clinopyroxene and oli- 
vine; m.g, hyp. inequigranular 

MS024 - gabbronorite; cpx, opx, plag, and minor brown 
amphibole; m.g. allot. inequigranular 

MS025 - plag-bearing lherzolite; olivine and opx, with minor 
cpx and plag; m.g.-c.g. allot. inequigranular 

MS027 - olivine gabbro; mainly cpx and plag with minor opx, 
olivine, and brown amphibole; m.g. hyp. inequigranular 

MS030 - troctolite; mainly plag and olivine, with less abun- 
dant cpx; m.g. hyp, inequigranular 

MS044A - olivine gabbronorite; olivine, plag, cpx, opx; f.g. - 
m.g. hyp, inequigranular 

MS048 - plag-bearing Iherzolite; similar to MS025, but with 
more olivine (mainly altered to serpentine) 

MS065 - gabbro; plag and cpx; m.g. hyp, gran.; extensively 
altered 

MS068 - gabbronorite; similar to MS065 but withmore opx 

MS072 - plagioclase-bearing lherzolite; similar to MS025 

MS080 - plagioclase-bearing Iherzolite; similar to MS025 
but with a higher proportion of opx, phlogopite, and brown 
amphibole 

MS119 - diorite; f.g, intergranularplag., cpx, opx, amphibole 

MS127 - diorite; mainly f.g. plag. and amphibole.; porphy- 
ritic with phenocrysts of plagioclase 

MS130 - quartz diorite; m.g. hyp. gran.; plag, amphibole, 
interstitial quartz, relict cpx 

MS133 - quartz diorite; similar to MS130 

MS145 - plagioclase poi-phyritic diorite similar to MS127 

MS 149 - quartz diorite; similar to MS 130 

Devine Corner Gabbro (ZDC) 

DCO1- (302525,5045730); gabbro; m.g. intergranular; unal- 
tered clinopyroxene; plagioclase is moderately saussuritized; 
abundant interstitial chlorite and epidote; scattered opaque 
phase (ilmenite?) 



5502 - (770979,5048349); gabbro; m.g. intergranular; relict 
clinopyroxene; plagioclase is intensely saussuritized; abun- 
dant chlorite and carbonate; skeletal opaque phase 
(ilmenite?) 

Caledonia Mountain Pluton (ZCM) 

8073A - (363782, 5080319); gabbronorite; c.g. cumulate- 
like texture, with a framework of plagioclase (60% of rock) 
and interstitial opx, cpx, amphibole, and opaque grains; 
intense alteration to amphibole, chlorite, saussurite, and 
epidote 

8074A - (364332, 5080694); diorite; c.g. cumulate-like tex- 
ture, with a framework of plagioclase (60% of rock) and inter- 
stitial amphibole and opaque grains; relict opx in cores of 
large amphibole; minor alteration (chlorite, saussurite, 
epidote) 

8075 - (36473 1,5080790); gabbronorite; m.g. cumulate-like 
texture, with a framework of plagioclase (50% of rock), cpx, 
and opx, with interstitial brown amphibole, apatite, and 
opaque grains; minor alteration as above 

8961 - (3621 19, 5080304); gabbro; c.g.; very altered (saus- 
suritized plagioclase, actinolite, chlorite) 

Baxters Mountain Pluton (ZBM) 

6544 - (281716, 5027473); granite; m.g. hyp. gran.; slightly 
saussuritized plagioclase surrounded by anhedral quartz and 
perthitic orthoclase; minor biotite and amphibole 

6545 - (281581, 5027261); granitic porphyry; scattered 
phenocrysts of quartz, K-feldspar, and plag in a f.g. allot. 
gran. groundmass with minor muscovite and biotite 

8026 - (286206, 5029136); granophyric granite; m.g.-c.g. 
hypi. gran.; plagioclase and quartz with interstitial K-feldspar 
and granophyre; original biotite(?) replaced by chlorite and 
epidote 

6201 - (279878, 5025888); dioritelgabbro breccia; m.g. 
ophitic diorite or gabbro, brecciated and sheared into rounded 
clasts; very altered with abundant actinolite, chlorite; and ser- 
icite; minor relict pyroxene 

6542 - (282600,5026155); gabbro; m.g. subophitic, inequi- 
granular; abundant apatite, ilmenite; slightly altered (chlo- 
rite, epidote); (dyke in unit HCrd) 

Bonnell Brook Pluton 

dioritic unit ( Z B B ~ )  

4251 - (314637, 5041826); quartz diorite; f.g.-m.g. hyp. 
gran.; intensely saussuritized plagioclase, green-brown 
amphibole, and interstitial quartz; scattered biotite, opaques, 
and titanite; secondary chlorite (after biotite) and epidote 

4252 - (314707,5041084); quartz diorite; similar to 5251 but 
coarser grained 

4578 - (310667,5015253); granodiorite; m.g. hyp. gran.; pla- 
gioclase and less abundant orthoclase surrounded by inter- 
stitial quartz; about 10% chloritized biotite; moderate 
saussuritization of plagioclase; abundant epidote; (dyke in 
dioritic unit) 

4590B- (315286, 5038752); diorite; c.g., hyp. gran; same 
minerals as 4251 and 4251, but c.g. and less quartz 

granitic unit (ZBB~)  

4094 - (310510, 5050738); granite; m.g. allot. gran.; 
microperthitic orthoclase, plagioclase, quartz, and minor bio- 
tite; accessory titanite and opaques; deformation lamellae in 
feldspars and quartz; moderately intense saussuritization of 
plagioclase and chloritization of biotite 

4102 - (310592, 5048251); granite; mag. allot. inequigranu- 
lar; patchy in terms of grain size; granular in places but else- 
where coarsely granophyric; xenolith of plagioclase laths; 
biotite partly replaced by chlorite and epidote 

4114 - (307568, 5049468); granite; m.g. allot. gran.; 
microperthitic orthoclase, plagioclase, quartz, and minor bio- 
tite, partly replaced by chlorite and epidote; accessory titanite 
and opaques; 

4115 - (306830, 5048449); granite; similar to 4114 but 
coarse-grained 

4125 - (306687,5046551); granite; similar to 41 15 

4136 - (3 11728,5045250); granite; similar to 4102 

4140 - (308371,5045564); granite; similar to 4115 

4144 - (310657, 5041943); granite; similar to 4114; access- 
ory pyrite 

4247 - (312860,50421 13); granite; similar to 41 14 

4249 - (313822, 5042288); granite; f.g.-m.g. granophyric; 
with scattered plagioclase phenocrysts; abundant secondary 
epidote 

4259- (313029, 5046115); granite; m.g.-c.g allot. inequi- 
granular; patchy in terms of grain size; granular in places but 
elsewhere coarsely granophyric; abundant microperthitic 
orthoclase 

4272 - (309860, 5038067); granite; similar to 41 15 

4296 - (307139, 5041350); granite; similar to 41 15 

4305 - (314345,5044269); granite; similar to 41 14 

4599 - (318562, 5045850); granite; m.g. allot. gran.; 
microperthitic orthoclase, plagioclase, quartz, and minor bio- 
tite; deformation larnellae in quartz; moderately intense saus- 
suritization of plagioclase and chloritization of biotite 

4600A - (314919, 5042191); granite; similar to 41 14 

4626 - (316043,5049091); granite; similar to 41 15 

5528 - (304048,5034014); granite; similar to 41 14 



5540 - (306248, 5039002); granite; 1n.g.-c.g allot. inequi- 
granular; granular in places but elsewhere coarsely granophy- 
ric; abundant microperthitic orthoclase, commonly forming 
rims around subhedral plagioclase crystals 

5541 - (306847,5038170); granite; m.g. hyp. inequigranular, 
with phenocrysts of plagioclase, orthoclase, and quartz in a 
granophyric groundmass; minor chloritized biotite, titanite, 
and opaques 

6061 - (299887, 5033543); granite; m.g. allot. gran.; mainly 
perthitic orthoclase and quartz, with coarsely granophyric 
patches; minor plagioclase and biotite 

6079 - (300674, 5033887); granite; similar to 6061 

6090 - (30587 1, 5038650); granite; similar to 5540 

6091 - (307889, 5037950); granite; similar to 5541 

6094 - (309371, 5036463); granite; similar to 5541 

Dykes related to Bonnell Brook Granite 

4537 - (320737, 5049024); granite; m.g. granophyric, with 
scattered phenocrysts of plagioclase; (dyke in Old Shepody 
Road granite; unit ZPWgg) 

4579 - (315638,5041201); granite; similar to 41 14; (dyke in 
unit Cmt) 

4581 - (317153, 5041889); granite; m.g. hyp. gran.; plagio- 
clase and microperthitic orthoclase, with interstitial quartz 
and minor biotite, partly replaced by chlorite and epidote; 
accessory titanite and opaques; (dyke in unit Cmt) 

Bonnell Brook fine-grained granite ( Z B B ~ ~ )  

4110 - (306428, 5048725); granite; f.g.-m.g. allot. gran.; 
almost granophyric; biotite altered to chlorite 

4297 - (307088, 5041484); granite; f.g. granophyric, with 
scattered phenocrysts of plagioclase 

5509 - (770790,5045293); granite; f.g. slightly granophyric 
to allot. gran., with sparse plag. phenocrysts and abundant 
quartz microphenocrysts 

5599 - (771219, 5046865); granite; f.g. granophyric, similar 
to 4297 

Bonnell Brook rhyolitic porphyry (ZBB~)  

4055 - (316305, 5052827); rhyolitic porphyry; plagioclase 
phenocrysts in a mainly spherulitic groundmass; abundant 
secondary epidote and chlorite patches 

4058 - (316265,5053492); rhyolitic porphyry; subhedralpla- 
gioclase phenocrysts in a groundmass of spherulites and 
fine-grained granular quartz and feldspar; abundant secon- 
dary epidote, carbonate, chlorite, and hematite 

Upham Mountain Plutoii (ZUM) 

6072 - (290498, 5035604); syenogranite; m.g. radiating 
masses (spherulites) of microgranophyric K-feldspar, as well 
as interstitial granophyre and quartz; scattered plagioclase 
laths; granular opaquephases, and sparse altered mafic grains 
(biotite?) 

6073 - (290938, 50370390; syenogranite; m.g.plagioclase 
laths form a framework surrounded by interstitial granular 
quartz and K-feldspar, scattered opaque grains, and chlori- 
tized mafic grains (originally biotite?) 

6207 - (291302, 5037816); syenogranite; scattered m.g. to 
c.g. blocky plagioclase crystals surrounded by feathery 
spherulites and interstitial granophyre and quartz grains; 
scattered chloritized mafic minerals (originally biotite) and 
opaque grains 

6208 - (291469, 5038421); syenogranite; c.g. plagioclase 
grains surrounded by coarse granophyre; scattered mafic 
grains are altered to carbonate, chlorite, and in places titanite 

B.5 Grassy Lake formation (Unit OG) 

5526 - (302447,5035533); grey dacite; f.g. inequigranular to 
seriate porphyritic; could be a tuff but more likely a flow; 
phenocrysts of plagioclase, sanidine, and quartz; minor car- 
bonate alteration 

5542 - (302507,5034491); grey dacite; f.g. to cryptocrystal- 
line, with alternating flow-banded and spherulitic layering; 
scattered phenocrysts, mainly of plagioclase; minor chlorite 
and epidote alteration 

B.6 Fairfield formation (Unit D F ~ )  

6218 - (288252, 5023452); rhyolite; cryptocrystalline to 
patchy f.g. quartz and K-feldspar; scattered plagioclase and 
sanidine phenocrysts; secondary carbonate, epidote, sericite 





APPENDIX C 
Chemical data 

Analytical methods 

Sample powders were prepared at Acadia University using a 
hardened-steel jaw cmsher, and Rocklabs pulverizer with 
tungsten carbide puck and container. The powders were ana- 
lyzed by X-ray fluorescence at the Nova Scotia Regional 
Geochemical Centre, St. Mary's University, Halifax, Nova 
Scotia, except as noted below. Major elements were analyzed 
using fused disks, and trace elements using pressed-powder 
pellets. Precision is generally about 5% for major elements 
and 3-10% for trace elements, based on replicate analyses of 
internal standards (S. Stanford, pers. comm., 1990). How- 
ever, MgO values less than l % in high-silica samples may not 
be reliable. 

Chemical data are listed in tables C.l through C.4. Sam- 
ple locations are shown on Figures 3, 9, 15, and 16. Petro- 
graphic descriptions of analyzed samples are compiled in 
Appendix B. Because many rocks of intermediate composi- 
tion are tuffaceous and hence less suitable for chemical 

characterization, the analyses tend to be from mafic and felsic 
rocks, and hence are not generally proportional to the relative 
abundance of lithological types. Pyroclastic rocks, especially 
those with abundant lithic fragments, generally were not 
selected for analysis. 

Notes about the data tables 

1 .  Major-element oxides, LOI, and Total are in weight %. 
Trace elements are in ppm. 

2. Fe203' is total iron content expressed as Fe203 

3. LO1 refers to loss on ignition (% weight loss after about 1 
hour at 1000°C). 

4. Symbol < indicates values less than the detection 
limit of the analytical method. 

5. Dashes indicate that the element was not included 
in the analysis. 



Table C.1. Broad River Group. 

S A M P L E ~ S ~ O ~ ~ T ~ O ~ ~ A I ~ O , ~ F ~ ~ O ~ ~ M ~ O ~ M ~ O ~ C ~ O ~ N ~ , O ~ K ~ O ~ P , O , ~ L O I ~ T O T A L ~  Ba I ~ b l s r I  Y I ~ r l N b l ~ b l ~ a I ~ n I c u I N l  I V I c r I  

UNlT Bls 

UNlT Bdt 



Table C.1. (cont.) 

I UNIT Bts I 

1691 

1122A 

53.52 

UNlT Bit 

67.17 

1.67 

UNlT Bdr 

160 1751 

0.81 

14.66 

55.17 1.84 

14.54 

11.79 

7 14 15.04 0.16 

4.50 

0.17 

3.92 22 10.50 277 4.48 

0.08 

4.42 

23 13 3.99 1.04 

2.27 

7.69 

2.90 108 0.32 8 

2.01 

3.05 

99.36 

5.69 

1.02 

281 

1.16 

0.27 

36 

0.22 

1.60 

249 34 

1.70 

99.86 

100.15 

275 

296 

40 

39 

169 

152 

33 

31 

152 

232 

4 0  

<I0 

c10 

25 

22 

23 

109 

63 

27 

11 

17 

13 

326 21 

95 10 



Table C.2. Circa 620 Ma plutons. 

Emerson Creek Pluton (Z,,) 

8017 69.31 0.42 15.75 3.45 0.04 1.86 0.79 4.71 2.78 0.10 2.20 101.41 394 101 102 6 115 5 10 14 33 5 6 76 12 



Table C.2. (cont.) 

Kent Hills Pluton (Z,,) I 

l~lueberrv Hill aranite 12,.,-3 I 

RM327 

Point Wolfe River Pluton 

63.87 2.30 208 0.47 98.1 1 24 14.51 413 88 48 6.48 51 101 141 54 0.11 1 2.361 4.10 22 2.43 10 1.40 145 0.08 33 



Table C.2. (cont.) 



Table C.3. Coldbrook Group and Grassy Lake and Fairfield formations. 

SAMPLE I SiO, I TiO, I AI,O, I Fe,O,' I MnO I MgO I C ~ O  I Na,O I K,O I P,O, I LO1 I TOTAL I Ba I Rb I Sr I Y I Zr l ~ b l ~ h  1 Pb I Ga I Zn I Cu I Ni I V I c ~  
UNlT Cod 

NB20 61.39 0.95 14.14 6.60 0.13 1.30 3.65 3.68 2.33 - - 94.17 453 77 115 54 259 15 8 10 18 91 23 6 67 31 

NB21 74.07 0.25 12.30 2.82 0.07 0.05 1.22 4.30 2.43 - - 97.51 413 73 44 49 350 19 11 11 16 66 23 8 10 47 

NB22 74.97 0.36 12.52 2.39 0.09 0.14 1.17 3.64 2.88 360 17 10 34 15 72 22 9 13 46 

UNlT Clt 

4609 7.45 51.63 

4642 

0.87 0.16 

UNlT Cit 

53.71 

14.27 7.81 3.20 12.02 

1.10 

0.33 98.84 9 91 

15.81 0.22 

0.10 

2.19 10.71 

242 1.0 

4.89 7.96 0.30 

18 5 115 

0.23 98.32 180 1.2 

- 

120 27 8 

17 16 

162 - 8 

182 
- 

21 

17 

278 

103 

134 548 

351 94 213 248 



Table C.3. (cont.) 

NB11 148.2810.98120.94( 9.671 0.241 3.6317.521 1.9914.111 - 1  - 1  97.361 702110718781 2611621 91101171 251 691 61 271 201 47 

UNlT Cr 

11. NE of Point Wolfe River I 

12. SW of Point Wolfe River 1 

5. Blackail Lake (Saint John) 

7080 174,8010,261 13.251 2.731 0.041 0.2110.271 4.5912.211 0.041 1.01 99.40) 386) 7711331 5313611171101131 161 691 51 51 111 5 

7095 

7034 171.63 1 0.581 14.351 2.741 0.081 0.831 0.481 3.021 3.741 0.081 1.61 99.131 4161 1961 671 621 3431 171 111 111 151 1381 51 51 51 5 

UNlT Cb 

1. NE from Point Woife River 

4.Vernon Mountain-St. Martins area 

100.37 

8126 179.15 ) 0.121 11.331 1.121 0.031 0.061 0.761 3.841 2.671 0.011 0.61 99.691 8921 421 1111 851 2571 181 101 101 71 131 361 51 51 12 

76.42 

10296 149.75 1.861 16.351 11.42 

1054 150.80 / 1.161 16.331 9.951 0.211 5.821 8.041 4.281 0.791 0.181 2.41 99.961 4071 141 1901 291 1101 51 - 1  21 191 931 791 421 2901 178 

99.91 1 601 - 1  1541 431 171 

RM241 

0.36 236 

0.20 

2. SW of Point Wolfe River 

47 

9 

47.44 0.10 

11.78 43 

6.57 

257 

284 70 

- 

0.65 3.8 

2.43 

5.52 

16 

14 

9 

17.55 99.02 

0.04 

4.30 

52 

10 

21 

11.53 194 

0.27 

0.31 

5 7 

10 

144 

0.19 

1.49 

0.33 

10 

13 

149 3.3 

6.08 

3.88 

10 

56 

37 

9.17 

1.33 

15 

5 

352 

2.23 

0.07 

196 

94 0.28 

5 2.3 

38 

7 6 

34 307 53 



Table C.3. (cont.) 

EB37 149.81 1 1.271 16.401 10.631 0.191 6.141 7.34 4.991 0.171 0.261 2.51 99.701 831 11 3321 241 1281 71 11 91 181 1091 581 571 2641 162 

3. Shanklin area 

SAMPLE 

4576 

4594 

Mountain) an 

SiO, 

51.25 

49.26 

TiO, 

1.15 

1.45 

10 5526 

AI,O, 
17.58 

16.07 

0.8 10 71.99 

5542 

Fe,O,' 
9.94 

10.93 

99.33 

UNIT D, (Fairfield formation) 

99.42 

18 0.44 

74.55 

MnO 

0.14 

0.18 

481 

575 

97 13.69 

0.24 

MgO 
5.75 

7.99 

85 

96 

5 3.53 

13.08 

CaO 

5.99 

6.04 

52 

47 

5 0.11 

2.37 

Na,O 

3.82 

3.26 

65 

61 

5 0.92 

0.09 

K,O 
0.02 

0.05 

383 5 

320 

18 0.75 

0.75 

P,O, 
0.23 

0.24 

17 

4.24 

0.43 

LO1 

4.3 

4.3 

10 

2.80 

4.04 

TOTAL 

100.17 

99.77 

0.06 

10 3.23 

Ba 

36 

45 

16 0.04 

Rb 
- 

- 

63 0.6 

Sr 

266 

351 

5 

Y 

23 

37 

5 

Zr 

119 

141 

5 10 

Nb 

7 

6 

Th 
- 

- 

Pb 
- 
- 

Ga 

14 

17 

Zn 

86 

110 

Cu 

78 

130 

Ni 

78 

94 

V 

215 

278 

Cr 

260 

265 



Table C.4. Circa 560-550 Ma plutons. 



Table C.4. (cont.) 

granitic unit (ZBBg) 

4094 74.59 0.24 13.10 1.79 0.04 0.85 0.75 3.78 3.68 0.04 0.4 99.26 506 142 46 58 211 17 15 15 34 6 4 5 4 

SAMPLE 
4578 

4590B 

l ~ y k e s  related to Sonneli Brook granite I 

SiO, 
73.92 

49.90 

Bonnell Brook rhyolitic porphyry (Z,,,) 

TiO, 
0.27 ------ 
0.77 

4055 

AI,O, 
13.91 

16.96 

72.71 12.96 

Fe,Oa 
1.90 

8.84 

0.28 

4058 73.56 

MnO MgO CaO Na,O K,O P,O, LO1 TOTAL Ba Rb Sr Y Zr Nb Th Pb Ga Zn Cu Ni V Cr 
0.05 

0.16 7.44 9.44 2.73 1.12 0.14 1.7 99.20 201 45 255 22 75 5 - 5 19 102 59 154 211 85 

2.45 0.81 

Uuham Mountain Pluton (Z, ,..) 

0.08 

0.28 92 

0.93 0.5 

46 12.97 70 

4.86 98.45 90 

349 18 

65 526 57 

2.69 

2.83 

17 

354 0.04 

0.10 12 

17 

17 0.87 

6 

4.73 0.68 84 

17 

2.82 - 
39 

0.04 2 

1 

0.6 - 
7 

99.34 5 525 

- 4 
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