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Geological mapping and U-Pb (zircon) dating have led to the discovery of distinctive Lower Ordovician volcano
sedimentary rocks in the Annidale area of southern New Brunswick. These rocks are included in a newly defined 
group, herein termed the Annidale Group, which is divided into three fault bounded(?) units of partially overlapping 
age. These units are named the East Scotch Settlement Formation, the Lawson Brook Formation and the Canaan Forks 
sequence, from south to north. The East Scotch Settlement Formation contains a steeply dipping succession of mixed 
mafic and felsic volcanic rocks and a variety of clastic and volcanogenic sedimentary rocks. The Lawson Brook 
Formation constitutes a shallowly to moderately north-dipping succession dominated by felsic volcanic rocks. The 
Canaan Forks sequence, most of which constitutes a shallowly to moderately north-dipping succession, is dominated 
by clastic sedimentary rocks. Structurally, much of the Annidale Group is characterized by intense shearing produced 
by numerous vertical northeast- and northwest-trending faults and by southward- and northward-directed thrust 
faults. In the vicinity of these structural features, the East Scotch Settlement Formation is further characterized by 
pervasive carbonatization that is commonly accompanied by base-metal- and gold-bearing silicification and high 
chromium-mica alteration zones.

Zircons from a felsic dome in the East Scotch Settlement Formation and from felsic schists in the Lawson Brook 
Formation yield U-Pb dates of 493 ± 2 Ma and 497 ± 10 Ma, respectively. Based on these dates and constituent 
lithologies, the Annidale Group is tentatively correlated with parts of the Cookson Group to the southwest.

La cartographie geologique et les datations U-Pb sur les zircons ont mene a la decouverte de roches volcaniques 
et sedimentaires distinctives, de l ’Ordovicien inferieur, dans la region d ’Annidale du sud du Nouveau-Brunswick. Ces 
roches sont comprises dans un Groupe nouvellement defini, nommd ici le Group d ’Annidale, qui est divise en trois 
unites possiblement bordees par des failles et dont les ages se recouvrent partiellement. Ces unites sont nominees, du 
nord au sud: la Formation de East Scotch Settlement, la Formation du Ruisseau Lawson et la sequence de Cannan 
Forks. La Formation de East Scotch Settlement contient une succession a pendage abrupt de volcanites mafiques et 
felsiques et un assemblage varie de roches sedimentaires clastiques et volcanogenes. La Formation du Ruisseau 
Lawson consiste en une succession a pendage faible ou moder6 vers le nord dominee par les volcanites felsiques. La 
sequence de Cannan Forks, dont la majeure partie est une succession a pendage faible ou modere vers le nord, est 
dominee par les roches sedimentaires clastiques. Structuralement, une bonne partie du Groupe d’Annidale est 
caract6risee par un cisaillement intense produit par de nombreuses failles verticales nord et nord-est et par des failles 
de chevauchement vers le sud et le nord. A proximite de ces failles, la Formation de East Scotch Settlement est 
caracterisee par une carbonatation intense qui est communement accompagnee par une silicification porteuse de 
metaux de base et d ’or et de zones d’alteration a mica chromifere.

Les zircons d ’un dome felsique dans la Formation de East Scotch Settlement et de schistes felsiques dans la 
Formation du Ruisseau Lawson ont donne des ages U-Pb de 493 ± 2 Ma et 497 ± 10  Ma, respectivement. Sur la base 
de ces datations et de similarites lithologiques, le Groupe d ’Annidale est tentativement correle avec des parties du 
Groupes de Cookson, situe au sud-ouest.

[Traduit par le journal]

I n t r o d u c t io n

A belt of volcanic and sedimentary rocks located in the 
Annidale area of south-central New Brunswick (Fig. 1) is
ATLANTIC  GEOLOGY  
28, 181-192 (1992)

poorly exposed, unfossiliferous and contains lithologies 
similar to units of known Ordovician, Silurian and Devono- 
Carboniferous age. Therefore, previous investigators have 
assigned various Paleozoic ages to all or parts of the belt
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Fig. 1. Generalized geological map of southwestern New Brunswick showing distribution of major geological units.

(Alcock and MacKenzie, 1946; Hamilton, 1961; Ruitenberg, 
1970; Potter et al., 1968; McCutcheon and Ruitenberg, 1987). 
Reconnaissance geological mapping conducted as part of a 
regional compilation and correlation project (McLeod et al., 
1989), however, indicated that these rocks could be correla
tive with Lower to Middle Ordovician rocks in the Rollingdam 
area (Ruitenberg, 1967; Fyffe and Riva, 1990). Ordovician 
rocks in the Rollingdam and Annidale areas are similar in that 
they both include black carbonaceous shale, sulphide-rich 
fine-grained sedimentary rocks, mafic volcanic rocks and 
sequences containing thick-bedded feldspathic wackes inter- 
bedded with dark grey siltstone and shale. In the Annidale 
area, however, there is a much greater proportion of mafic 
volcanic rocks, abundant volcanogenic sedimentary rocks 
and voluminous felsic volcanic rocks. Structurally, the Ordo
vician rocks in the Rollingdam area are characterized by 
systematic polyphase deformation involving at least four 
phases of folding commonly with associated cleavages

(Ruitenberg, 1967; Fyffe, 1990a). In contrast, rocks in the 
Annidale area are typified by intense shearing and numerous 
faults which may have mostly obliterated evidence of pos
sible earlier fold structures.

The purpose of this paper is to describe the stratigraphy 
and structure of volcanic-sedimentary rocks in the Annidale 
area, to present new U-Pb (zircon) dates from two felsic rocks 
in the area, and to suggest correlations with other units in 
southern New Brunswick. The radiometric dates provide, for 
the first time, age control for rocks in the Annidale area.

R e g io n a l  G e o l o g y

The St. Croix Terrane (Fyffe and Fricker, 1987) of 
southern New Brunswick (Fig. 1) forms the northeastern part 
of the more extensive Cambro-Ordovician terrain or St. 
Croix belt of Ludman (1978, 1987). It consists predomi
nantly of Ordovician sedimentary and minor mafic volcanic
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rocks that crop out in the Rollingdam area (Cookson Forma
tion of Ruitenberg, 1967). The Cookson Formation has been 
elevated to group status (Ludman, 1987) and has been ex
panded in New Brunswick to include the Digdeguash Forma
tion (Fyffe and Riva, 1990). Other revisions and their inter
pretations, which will not be reiterated, are contained in 
Ludman (1991a). To be consistent with the current New 
Brunswick terminology, the interpretation of Fyffe and Riva 
(1990) is followed here. In general, the surface exposure of 
the St. Croix Terrane lies north of the Upper Precambrian to 
Lower Paleozoic rocks of the Avalon Terrane and Siluro- 
Devonian rocks of the Mascarene Cover Sequence, and south 
of Silurian rocks of the Fredericton Cover Sequence (Fyffe, 
1990a; McLeod et al„ 1990).

Relative to other major rock units, the volcanic-sedimen
tary sequence in the Annidale area spatially occupies a 
position that is comparable with that of the Cookson Group in 
the St. Croix Terrane. In the Annidale area, however, a belt of 
intensely deformed sedimentary and minor volcanic rocks 
assigned to the Queens Brook Formation (McCutcheon and 
Ruitenberg, 1987; modified by McLeod et al., 1991a) sepa
rates the volcanic and sedimentary rocks of the Annidale belt 
from the Avalon Terrane (Fig. 1). The terrane affiliation of 
the Queens Brook Formation is inconclusive. Lithologies in 
the formation are similar to those in both rocks of the 
Annidale area to the northwest and rocks correlated with the 
Cambrian (Avalon Terrane) to the southeast, but exhibits 
structures most similar to rocks in the Annidale area. 
McCutcheon and Ruitenberg (1987) suggested that contacts 
are gradational between the Queens Brook Formation and the 
overlying Silurian rocks of the Mascarene Cover Sequence, 
and between the Queens Brook Formation and rocks of the 
Annidale area. However, in this paper, due to the tectonized 
or unexposed nature of contacts and the absence of age 
control, the Queens Brook Formation is considered as a 
separate belt with unknown regional implications.

The southern boundary of the volcanic and sedimentary 
rocks in the Annidale area is the Falls Brook-Taylor Brook 
Fault (Fig. 2). The on-strike extension of this fault to the 
southwest, although sealed by the Saint George Batholith, is 
interpreted to mark the boundary between the St. Croix and 
Avalon terranes (Thomas and Willis, 1989; McLeod, 1990). 
The boundary between volcanic and sedimentary rocks of the 
Coote Hill area and the Fredericton Cover Sequence is clearly 
defined by a fault (McCutcheon and Ruitenberg, 1987) that 
also appears to strike into the Saint George Batholith (McLeod 
etal., 199 lc). The northern boundary of the St. Croix Terrane 
along strike to the southwest, which was recently considered 
to be defined by the Basswood Ridge-Cox Brook-Pendar 
Brook Fault (Fyffe, 1990a), is actually partly unfaulted and 
conformable with Silurian rocks (Ruitenberg, 1967; Fyffe,
1991). The subsurface extension of the rocks in the Annidale 
area has been traced northeastward to Prince Edward Island 
beneath Carboniferous cover utilizing borehole, magnetic 
and seismic data (Fyffe, 1990b).

The St. Croix Terrane, the Mascarene and Fredericton 
cover sequences, and possible correlative units of the Queens

Brook Formation have been traced farther southwest into 
Maine. The reader is referred to Berry and Osberg (1989) and 
Ludman (1991b) for detailed descriptions of these units, 
possible regional implications, and additional reference 
material.

S t r a t i g r a p h y

The Annidale Group is a new name assigned to se
quences of volcanic and sedimentary rocks that crop out in 
the Annidale area from Kierstead Mountain in the northeast 
to Shannon in the southwest (Fig. 2). Also included in the 
group are sedimentary sequences that occur in inliers sur
rounded by Carboniferous rocks in the Thornes Brook-Ca- 
naan River area and a mainly sedimentary sequence in the 
Coote Hill Ridge area (Fig. 1).

In the Annidale area, the group is divisible into three 
main sequences distinguished by lithology and structure 
(Fig. 2). The southern and central sequences are the focus of 
this study. The southern sequence, here termed the East 
Scotch Settlement Formation, consists of steeply dipping 
mafic and felsic volcanic rocks intercalated with a variety of 
volcanogenic and clastic sedimentary rocks. This formation, 
particularly the mafic volcanic rocks, is commonly cut by 
zones of extensive alteration characterized by the presence of 
carbonate, silica and chromium-rich micas in which numer
ous significant gold and base metal occurrences have been 
identified. The central sequence, here termed the Lawson 
Brook Formation, is composed of felsic volcanic rocks, felsic 
mica schists and minor mafic volcanic rocks that dip at 
shallow to moderate angles toward the northwest. The north
ern unit, the Canaan Forks sequence, has not yet been as
signed formation status. It contains clastic sedimentary rocks 
that mostly dip at moderate to steep angles to the northwest.

The Annidale Group ranges in age from Lower Ordovi
cian (the East Scotch Settlement and Lawson Brook forma
tions) to possibly Lower Silurian (the Canaan Forks sequence 
in the Thornes Brook and Coote Hill Ridge areas), based on 
radiometric dating described below and regional correla
tions. Contacts between and within major units in the group 
are obscured by younger cover rocks, are not exposed or are 
faulted, making thickness estimates difficult. The overall 
thickness is in the order o f4000 m, ignoring the possibility of 
stratigraphic repetition by folding. The entire group has been 
subjected to chlorite-grade and, locally, biotite-grade re
gional metamorphism.

East Scotch Settlement Formation

The East Scotch Settlement Formation crops out in a 
narrow, northeast-trending belt (3 x 30 km) from Shannon to 
Kierstead Mountain, and is bounded by the Taylor Brook 
Fault and Carboniferous cover rocks to the southeast and 
northwest, respectively (Figs. 1, 2). Due to the paucity of 
outcrops and numerous faults, the detailed internal stratigra
phy of this formation is difficult to ascertain. Examination of 
available outcrops, recently excavated exploration trenches,
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Fig. 2. Geological map of the Annidale Group in the Annidale area, showing locations of sample sites for U-Pb dates.

and diamond drill cores, however, indicates that the total 
thickness is at least 2000 m and that the formation youngs 
southward. Typical exposures of the formation occur along 
the secondary road that joins Highway 895 at Stewarton and 
in outcrops near the same road in the vicinity of East Scotch 
Settlement. Good sections are afforded by diamond drill core 
(e.g., BH 83901 and BF89-1, 2 and 3) stored at the New 
Brunswick Department of Natural Resources and Energy 
core facility in Sussex, New Brunswick.

The oldest exposed rocks in the East Scotch Settlement 
Formation are variably deformed pillow lava, mafic flows 
and, less commonly, mafic breccia. These rocks are overlain 
by a sheared unit consisting of poorly sorted and thin-bedded, 
light to dark green volcaniclastic sandstone and siltstone, 
interbedded with very fine-grained felsic tuffaceous rocks. 
Most of the volcanic debris in the sandstone is felsic but, 
locally, mafic debris predominates.

Ovate bodies of felsic rocks that represent intrusive

domes are spatially associated with these rocks . One such 
body near Shannon, partially concealed by Carboniferous 
rocks, consists of fractured and altered, but otherwise unde
formed, slightly porphyritic black felsite. Intense silicifica- 
tion and bleaching of the felsite emanates from profuse and 
irregular stockwork-like fractures filled with hematite and 
chlorite. Volcanic breccias composed entirely of black felsite 
fragments and felsic flows are associated with the black 
felsite at this locality. Another body near Annidale, referred 
to as a possible volcanic neck by Hamilton (1961), is about 2 
km in diameter and consists of massive, slightly porphyritic 
pink to purple felsite, breccia and minor microgranite. Iso
lated outcrops and float composed of massive and sheared 
felsic tuffaceous rocks and flows occur peripheral to this 
body. In the Kierstead Mountain area, isolated outcrops of 
massive rhyolite, felsic breccia and microgranite surrounded 
by Carboniferous cover rocks may represent other partially 
buried felsic domes.
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The youngest exposed rocks in the East Scotch Settle
ment Formation consist of alternating units containing ir
regularly folded and sheared, dark grey to black, thin-bedded 
sandstone, siltstone and shale, intercalated with variably 
deformed mafic tuffaceous rocks, flows, breccias and vol- 
canogenic sedimentary rocks. Although proportions vary at a 
given locality, sedimentary rocks are more abundant than 
volcanic rocks. Mafic volcanic debris predominates in the 
volcanogenic sedimentary rocks. Where thicknesses can be 
ascertained, individual sedimentary and volcanic units vary 
in thickness from about 1 m to several tens of meters. 
Contacts between these units are invariably sheared.

The units at the top of the sequence, particularly the 
mafic volcanic and volcanogenic sedimentary rocks, are 
notably high in Fe-Ti oxide content (now leucoxene), sulphide- 
rich and commonly intensely altered. Carbonate, silica and/ 
or chromium-rich muscovite alteration overprints the lower 
greenschist metamorphic assemblage and, in places, nearly 
obliterates the regional metamorphic mineralogy. Gold and/ 
or base metals are associated with the alteration zones. 
Ultramafic rocks may also occur in the East Scotch Settle
ment Formation, even though no indisputable ultramafic 
rocks have been found in outcrop. Their presence is sug
gested by the occurrence of discrete, linear zones with high 
chromium, nickel and magnesium rocks south of Annidale, 
which is indicated by detailed soil sampling surveys in that 
area (Woods, 1990), isolated outcrops of highly serpenti- 
nized rock, and the presence of extensive (up to 100 m wide) 
chromium-rich mica alteration zones. These features could 
reflect the presence of either tectonic slivers of ophiolitic 
rocks or ultramafic intrusions near surface.

Black carbonaceous and, locally, highly pyritiferous 
shale occurs sporadically throughout the formation as thin 
intercalations a few tens of centimeters thick or as larger units 
tens of meters thick. This rock type is invariably intensely 
deformed and occurs only sparsely at surface. Where ex
posed, these shales commonly host gold- and/or base-metal 
enriched gossan zones.

Lawson Brook Formation

Rocks assigned to the Lawson Brook Formation form a 
narrow belt (about 3 x 20 km) at least 500 m thick that rims 
the East Scotch Settlement Formation to the northwest and 
north and also unconformably underlies Carboniferous cover 
rocks (Fig. 2). The discontinuous nature of exposures and 
gentle dips preclude accurate thickness estimates. Contact 
relationships with other rocks in the Annidale Group are 
generally unknown but are assumed to be faulted. The best 
exposures are afforded by an along-strike section along 
Lawson Brook west from its confluence with Big Brook (Fig. 
2).

The Lawson Brook Formation is dominated by medium- 
to thick-bedded felsic volcanic rocks, which include sheared, 
pink to grey felsic tuffaceous rocks and intensely fractured 
but unsheared felsic flows. Minor amounts of sheared, purple 
to green, siltstone and shale and altered granitoid rocks are

also present. Deformation has obscured internal primary 
structures in most of the stratified rock, but flow banding and 
delicate volcanic textures such as spherulites are preserved at 
some localities. Thicker, slightly porphyritic flows are com
monly fractured and altered, and consequently resemble the 
felsites in the East Scotch Settlement Formation. Although 
not in direct contact with the felsic rocks, sheared flat-lying 
pillow lavas that occur in an inlier on Big Brook are also 
assigned to the Lawson Brook Formation. Very minoramounts 
of sheared black siltstone and green sandstone are in faulted 
contact with volcanic rocks on the west end of Lawson 
Brook, immediately west of the fault that cuts the brook. 
These rocks may be part of the Canaan Forks sequence 
described below.

Felsic mica schist and minor amounts of more mafic 
schist, which occur in the inlier on O’Neill Brook 5 km 
northeast of Shannon, dip shallowly to the northwest on 
strike with felsic rocks of the Lawson Brook Formation. The 
felsic mica schist is poorly bedded, is highly sheared and 
contains abundant metamorphic muscovite and a few percent 
biotite, together totalling up to 35% of the schist at some 
localities. The micas occur as individual grains up to 0.5 mm 
long and in aggregates up to 0.5 cm long parallel to structural 
fabrics. The remainder of the felsic rocks consist of more 
coarsely crystalline unaltered plagioclase that occurs as indi
vidual crystals or as aggregates up to 2 cm in diameter. These 
rocks contain a finer-grained completely recrystallized ma
trix composed mostly of quartz and much less muscovite. The 
more mafic schist is mostly composed of muscovite, finer- 
grained masses of epidote and carbonate, and minor amounts 
of chlorite and biotite.

Canaan Forks sequence

The northernmost units of the Annidale Group crop out 
over a 10 x 30 km area north and northeast of Annidale in 
scattered inliers surrounded by Carboniferous cover rocks, 
and in a narrow fault block in the Coote Hill Ridge area (Fig. 
1). All contain clastic sedimentary rocks that dip shallowly to 
moderately and, locally, steeply to the northwest, and all 
exhibit variable intensity of deformation characteristic of the 
area. Reconnaissance mapping indicates that there are three 
main types of sequences exposed in the Thornes Brook, 
Sheba and Canaan River inliers. The Thornes Brook inliers 
contain medium- to thick-bedded and poorly sorted, grey to 
dark green feldspathic wackes interstratified with thinly 
bedded, dark grey to black siltstone, sandstone and shale. The 
section in this inlier is at least 1500 m thick. Identical 
lithologies comprise about half of the fault block in the Coote 
Hill Ridge area. The remainder of the fault block contains 
abundant black carbonaceous and, locally, manganiferous 
shale and minor highly altered mafic volcanic rocks. Surface 
exposures in the inlier at Sheba contain lithologies similar to 
those in the Thornes Brook inliers but the thicker sandstone 
beds are less feldspathic and the intercalated siltstone and 
shale units are more massive and, locally, highly pyritifer
ous. Preliminary examination of drill core from the Sheba
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area drilled by exploration companies (e.g., Roberts and 
Prince, 1987) indicated that rhythmic, thin-bedded, light 
green sandstone and siltstone also occur in this inlier.

The inlier on the Canaan River contains lithologies 
unlike those in other inliers or in the remainder of the 
Annidale Group, and may not be part of it. It contains light 
green to grey shale, siltstone and minor amounts of thin- 
bedded, slightly calcareous sandstone.

S t r u c t u r e

Many rocks in the Annidale Group, especially clastic 
sedimentary and volcanogenic rocks, exhibit a single well 
developed cleavage subparallel to bedding. Near faults and 
shear zones, this cleavage is locally sheared and refolded and 
commonly irregularly contorted. These features are exempli
fied in trenches at the Dick Mine just south of Annidale 
(Ruitenberg, 1970). The more homogeneous rock types, such 
as pillow lavas, mafic flows and felsic domes, exhibit little or 
no penetrative deformation but do contain narrow shear 
zones and are frequently intensely fractured. This contrast in 
structural characteristics is important in localizing metal- 
rich veining and is illustrated in exploration trenches and 
diamond drill holes in the upper part of the East Scotch 
Settlement Formation north of the Stewarton Intrusive Suite. 
In this area, intensely sheared and contorted siltstone and 
sandstone, otherwise relatively unaltered, are interbedded 
with brittly fractured mafic volcanic rocks that are permeated 
by silica, carbonate and sulphides, as previously described.

Numerous vertical northeast- and northwest-trending 
faults and shear zones, and southward- and northward-di
rected thrust faults, occur in the Annidale Group and are 
particularly prevalent in the East Scotch Settlement and 
Lawson Brook formations. The vertical northeast-trending 
faults and shear zones are subparallel to the penetrative fabric 
in the East Scotch Settlement Formation and commonly 
bound mappable units in the formation. The magnitude and 
direction of displacement on these faults, however, are un
known. Many of the quartz-carbonate and chromium mica 
alteration zones with associated base metal sulphides and 
gold occur in and/or near these structures.

Episodes of southward- and northward-directed thrust
ing distinct from the northeast-trending faulting are evident 
in the Annidale Group. Southward-vergent faults are preva
lent in the northern part of the group, whereas northward- 
vergent faults occur in the south. Southward-verging, shal
lowly plunging folds that form within shear zones and be
neath shallowly dipping faults occur in the Lawson Brook 
Formation and in the Canaan Forks sequence. These faults 
and shear zones truncate the shallowly to moderately north
ward-dipping penetrative fabrics at a shallow angle and 
commonly produce secondary, north-dipping shear zones 
and/or a closely spaced crenulation cleavage. Northward- 
directed thrusts with northward-verging, shallowly plunging 
folds occur at the southern boundary along the Taylor Brook 
Fault and within the East Scotch Settlement Formation.

These faults appear to both predate and postdate the steeply 
dipping penetrative fabric.

Offsets in stratigraphy indicate that movement along the 
northwest-trending faults (Fig. 2) was relatively minor (in 
the order of a few kilometers) and that sinistral, dextral and 
vertical displacements occurred. Open, northwest plunging 
chevron folds, as described by McCutcheon and Ruitenberg 
(1987), are associated with those faults.

The relative timing of faulting events is approximated by 
crosscutting relationships observed in the field and by map 
patterns. The vertical northeast-trending faults both pre- and 
postdate the northward-directed thrusts, but the timing of 
these faults relative to the southward-directed thrust is un
known. The northwest-trending faults offset all other struc
tures. The absolute timing is poorly constrained, but, by 
comparison with major structures to the south (McCutcheon 
and Robinson, 1987), the northeast-trending faults are, most 
likely, mainly Acadian structures (Siluro-Devonian). In New 
Brunswick, all the major movement along northeast-trending 
faults effectively ceased prior to emplacement of the Late 
Devonian Mount Douglas Granite (McLeod, 1990). In Maine, 
recent radiometric dates indicate that the latest major move
ment on similar faults is Lower Silurian or older (A. Ludman, 
personal communication, 1992). Minor reactivation of the 
faults in the Annidale area during the Carboniferous is indi
cated by offsets of Namurian and, possibly, Westphalian 
strata by the vertical northeast- and northwest-trending faults.

Similar faulting patterns are documented elsewhere in 
southern New Brunswick and eastern Maine. Particularly 
relevant are the major faults immediately south of the An
nidale Group that affect Avalon Terrane and Mascarene 
cover rocks. These faults dip to the south and are considered 
to be high angle reverse or thrust faults (McCutcheon, 1981). 
In the Rollingdam area, southward-vergent structures pre
date northward-directed thrusts in the St. Croix Terrane 
(Ruitenberg, 1967). Farther along strike in Maine, St. Croix 
Terrane and Fredericton cover rocks are affected by similarly 
oriented thrusts and high-angle reverse faults followed by 
offsets along northeast- and northwest-trending strike-slip 
faults (Ludman, 1991b). The distribution of thrusts and high- 
angle reverse faults in the Annidale area suggests that the 
Annidale Group represents remnants of an axial belt affected 
by southward-directed tectonic transportation of Fredericton 
cover rocks and northward-directed tectonic transport of 
Avalon Terrane rocks.

G e o c h r o n o l o g y

Zircons were concentrated from 20 to 40 kg of rock using 
conventional techniques, and final purification was achieved 
by hand-picking under a binocular microscope. Samples 
were prepared and analysed according to the methods de
scribed by Krogh (1973,1982). Data regressions were calcu
lated according to Davis (1982), and errors are quoted at the 
95% (2 sigma) confidence level. The U decay constants used 
are those of Jaffey et al. (1971).
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Sample 1 (field number H12-13-89) is a massive black 
felsite from the East Scotch Settlement Formation. It pro
vided a relatively low yield of small, euhedral 2:1 prisms 
typical of rhyolitic lavas. Crack-free grains suitable for pre
cise dating were selected grain by grain and classified into 
three fractions according to the abundance of minute imper
fections visible after abrasion. Every effort was made to 
avoid inherited components by selecting only grains and 
grain fragments with exterior prismatic surfaces. Since the 
yield was low, the procedure of using only grains from the 
non-magnetic fraction was abandoned and all fractions non
magnetic at 5° tilt (on a Frantz magnetic separator at full 
magnetic field) were used as starting material.

The results (Table 1, Fig. 3a) indicate that inherited 
components were successfully avoided, as all three analyses 
agree within the measurement error with Pb/Pb ages of 494, 
494 and 492 Ma. In addition, recent lead-loss was, to a large 
degree, avoided, as the data plot only 0.2,0.6 and 1.3% below 
the concordia curve. With two points overlapping the curve, 
an age of493 ± 2 Ma can be derived from the mean Pb/Pb ages 
obtained. This interpretation assumes that any minor lead- 
loss occurred in the recent geological past. If, as noted below, 
the time of lead-loss was as old as about 330 Ma, then an age 
of 500 Ma would be obtained from these data.

Sample 2 (field number H12-07-89) is from highly de
formed, coarsely crystalline and low mica felsic schist tenta
tively assigned to the Lawson Brook Formation. It contained 
a small amount of small, sharp-faceted, zircon prisms typical 
of a rhyolitic protolith. Three fractions of high-quality, crack- 
free zircon grains were selected. Two fractions differed in the 
abundance of rare micro-cracks visible after abrasion (2-1 
and 2-2, Table 1, Fig. 3b), while a third fraction of euhedral 
fragments (2-3, Fig. 3b), was analysed without abrasion to 
give a more discordant point useful for projecting other data 
up to the concordia curve.

The results show that inheritance was probably avoided 
in two of the three fractions (2-2 and 2-3, Fig. 3b), whereas 
the third fraction (2-1) must contain a small amount of 
inherited zircons with a mean age of about 940 Ma. In this 
case, more that one age interpretation is possible, based 
mainly on analysis 2-2, which lies only 1 % below the curve. 
If we project through analyses 2-1 and 2-2, a minimum time 
of extrusion is established at 488 Ma, whereas a projection 
through analyses 2-2 and 2-3 gives a maximum age of 
emplacement at 507 ± 2 Ma. These options could be com
bined to give an age of 497 ±10 Ma. A more precise age will 
require further analyses. The first interpretation implies that 
a very small, but significant amount of inheritance is present 
in analysis 2-2, and the other interpretation implies that this 
analysis is inheritance-free. In the latter case, the line would 
project to a time of lead-loss 330 Ma ago, which is possible, 
given the known geological history of the region. We should 
point out that all of the zircons are small, do not appear to 
have cores, and cannot be precisely analysed unless 5 to 10 
grains are combined. In addition, their low lead content 
places them well below the detection level of ion microprobe 
techniques.

C o r r e l a t i o n s

The U-Pb dates and lithological similarities between the 
Annidale and Cookson groups permit the tentative regional 
correlations illustrated in Figure 4. Two possible stratigra
phic positions for the Queens Brook Formation are also 
included in this figure. It is notable that due to structural 
complexities and Carboniferous cover rocks, relationships 
between the three major sequences in the Annidale Group and 
between the Annidale and Cookson groups are not exposed 
and are assumed to be tectonic. The presence of lithologically 
and chemically (unpublished information) similar felsic and 
mafic volcanic rocks in the East Scotch Settlement and 
Lawson Brook formations, combined with their similar U-Pb 
dates, establish the correlation of these two units. The pres
ence of black carbonaceous shale and similar mafic volcanic 
rocks in the East Scotch Settlement Formation and the Tre- 
madocian Calais Formation (Cookson Group; FyffeandRiva,
1990) suggest a possible correlation. In contrast with the 
Annidale Group, however, volcanic rocks are relatively rare 
and the typical black felsite is absent from the Cookson 
Group in New Brunswick. In Maine, however, very minor 
amounts of dark grey felsic volcanic rocks occur in the 
Kendall Mountain Formation of the Cookson Group (Ludman, 
1987).

Lithologies of the Canaan Forks sequence exposed in the 
inliers around Thornes Brook and in part of the fault block in 
the Coote Hill Ridge area (Fig. 1) are similar to the Di- 
gdeguash Formation of Ruitenberg (1967) and Fyffe and 
Riva (1990). Those in the inlier at Sheba and in the remainder 
of the fault block in the Coote Hill Ridge area (Fig. 1) 
resemble the Woodland Formation and, in some aspects the 
Calais Formation, respectively. These formations comprise 
part of the Cookson Group as defined by Fyffe and Riva 
(1990). Therefore, most of the Canaan Forks sequence proba
bly represents facies-equivalent rocks to the Cookson Group. 
Detailed mapping of this sequence is required to determine 
their relationship.

The clastic sedimentary rocks in the inlier on the Canaan 
River do not appear to have direct correlatives in the Cookson 
Group but resemble sections of thinly bedded shale and 
siltstone in the Queens Brook Formation south of the Taylor 
Brook Fault.

D is c u s s io n

Some aspects of the stratigraphy, structure, geochronol
ogy, and regional implications warrant additional discussion 
and speculation. The schists assigned to the Lawson Brook 
Formation are unlike any others known in this region of New 
Brunswick and their placement in the Lawson Brook Forma
tion is equivocal. The correlation is based on their location, 
relict bedding(?) styles, their predominantly felsic composi
tions and the nature of their zircon. We envisage the schists 
to be retrograded and completely recrystallized felsic tuf- 
faceous rocks and felsic flows of the Lawson Brook Forma
tion, emplaced in their present position by faulting (thrust-
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Table 1. U-Pb isotopic data for zircons.

Description 
fraction no.

Weight
(mg)

Concentration 
U Pb 

(Pf>m) (ppm)

Common
Pba Atomic Ratios 

(pg) 206Pb/204Pbb 208pj)d y204p^b 206pb/238jjb 207pb/235u b 207pb/206pbc 207Pb/206Pbb

1-1. 0.048 283 25 25 2720 0.2386 0.07913 0.6220 0.05701 492
N3,M 3\M 5\
euh
1-2. 0.072 281 25 47 2159 0.2427 0.07857 0.6182 0.05706 494
N3',M3‘,M5',
euh
1-3. 0.060 198 17 5 13021 0.2202 0.07921 0.6234 0.05708 494.4
N3',M3',euh
2-1. 0.036 183 17 3 13462 0.2372 0.08172 0.6528 0.05793 527
N0',cl,euh
2-2. 0.046 204 18 5 9501 0.2511 0.07936 0.6254 0.05715 497.3
N0',cl,euh
2-3. 0.181 223 19 48 4167 0.2335 0.07757 0.6093 0.05696 490
MO'.euh.tip,
un-abr

Notes: All fractions abraded unless noted; N3*,M3‘ = non-magnetic, magnetic @ 3‘ on the Frantz; cl = clear, euh = euhedral; a = blank + zircon common Pb and corrected for 
common Pb in 2b^Pb spike; b = corrected for fractionation, blank, common Pb, common Pb isotopic composition calculated using Stacy and Kramers (1975); c = corrected for 
fractionation and blank, U blank ~ 0.5 pg, Pb blank £  8.2 pg, Pb and U fractionation correction = 0.13%/amu; 2<J errors for Pb(U  and 2b7Pb/2^^Pb r;itios = 0.25 %  and 0 .0 5 % , 

respectively; 2^ 8 u  decay constant = 0.15513 x 10‘^/Yr, 2^ U  decay constant = 0.98485 x 10 ^/Yr; 2 3 8 ^ 2 3 5 jj _  137 X8.

Fig. 3. U-Pb concordia diagrams for zircons from (a) sample 1 massive felsite south of Shannon and (b) sample 2 from felsic mica schist 
on O ’Neill Brook.

ing?). We consider the dated zircons to be primary igneous 
minerals. An alternative explanation of the protolith, as could 
be indicated by abundance of mica and, locally, mica + 
epidote, is that the schist represents intensely sheared and 
recrystallized clastic and/or volcaniclastic rocks of appropri
ate compositions. In this case, the zircon could be detrital and 
not reflect the age of crystallization. The former explanation 
appears more likely since the samples dated were selected 
from a coarsely crystalline layer (flow?) that contains only 
minor mica and relatively pristine euhedral zircons that show 
no signs of sedimentary transport.

It is emphasized that correlation of the major units of the

Annidale Group, particularly the East Scotch Settlement and 
Lawson Brook formations, with the Cookson Group (St. 
Croix Terrane) is considered tentative. If the East Scotch 
Settlement and Lawson Brook formations are not direct 
correlatives of the Cookson Group, then these parts of the 
Annidale Group could represent remnants of a volcanic
sedimentary belt that developed between the St. Croix and 
Avalon terranes during the Lower Ordovician. In this case, 
the Ordovician clastic rocks of the St. Croix Terrane and the 
Cambro-Ordovician clastic sedimentary rocks of the Avalon 
Terrane may have been deposited in separate basins flanking 
the Annidale volcanic-sedimentary belt to the northwest and
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Fig. 4. Chart showing tentative correlations of the Annidale Group with the Cookson Group.

southeast, respectively. The Canaan Forks sequence most 
closely resembles formations in the Cookson Group but 
detailed work is required to confirm their correlation. Rocks 
exposed in the Canaan River inlier are lithologically most 
similar to the Queens Brook Formation and are, therefore, 
clearly anomalous. If this correlation is correct, the Queens 
Brook Formation would be more closely associated with the 
Annidale Group than with the Avalon Terrane to the south.

Structures within and bounding the Annidale Group 
reflect the complexity of juxtaposition (accretion?) of major 
lithotectonic belts or terranes and cover sequences in south
ern New Brunswick. The southward-directed thrusts, by 
comparison with the St. Croix Terrane in Maine (Ludman, 
1991b), likely represent faults related to transportation of 
Fredericton cover rocks over the Annidale Group. The north
ward-directed thrusts may be a manifestation of faults related 
to the docking of the Avalon Terrane from the south which 
began during late Silurian time (Fyffe and Fricker, 1987). In 
more general terms, it has been shown that southward-di
rected thrusts are typically early structures (Late Ordovician 
to Early Silurian) that occur throughout the northern Appala
chians and are generally attributed to major tectonic events 
related to closure of the Iapetus Ocean to the north (van de 
Pluijm and van Staal, 1988). Northward-directed thrust and 
high-angle reverse faults are widespread and are typically 
late, post-Early Silurian structures in the northern Appalachi
ans (van de Pluijm and van Staal, 1988). In southern New 
Brunswick these faults are related to tectonic thickening 
during the Acadian Orogeny (McCutcheon and Robinson,

1987; Ruitenberg et al., 1990). Evidence in Maine, however, 
indicates that major movements on at least some of the 
northward-directed thrusts, as well as the southward-directed 
thrusts, occurred during or before early Silurian time (A. 
Ludman, personal communication, 1992). Although the 
amount and direction of displacement along the vertical 
northeast-trending faults in the Annidale area is unknown, 
comparisons with similarly oriented major faults and shear 
zones to the south (e.g., Leger and Williams, 1986; Doig et 
al., 1990) indicate that the Annidale faults may also represent 
part of the major tectonic regime related to accretion of the 
Avalon Terrane to North America.

Based on preliminary chemistry, McLeod et al. (1991b) 
tentatively suggested that volcanic-sedimentary rocks in the 
Annidale Group represent the vestiges (including volcanic 
rocks with MORB and back-arc signatures) of an accreted 
island-arc sequence. This suggestion would be reinforced if 
correlations with the Cookson Group are correct, as tholeiitic 
basalts of the Calais Formation were also related to rifting in 
a back-arc ensialic environment (Fyffe et al., 1988, 1990). 
The presence of voluminous felsic volcanic rocks in the 
Annidale Group indicates the involvement of a substantial 
crustal component (arc or continental?) in the volcanism of 
this area. The Annidale Group could represent one of many 
arcs that developed near the southern margin of the Iapetus 
Ocean. This interpretation is supported by workers in New
foundland (e.g., Dunning et al., 1991) who have established 
the presence of at least one, and consider the possibly of 
several, Lower Paleozoic arcs and back-arc basins marginal
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to the Iapetus Ocean. As in Newfoundland, the development 
of the southeastern side of Iapetus in New Brunswick may 
have been more complex than previously suggested (e.g., 
Fyffe et al., 1990).

The nature of the basement to the Annidale Group is 
unresolved (see discussion in Fyffe et al., 1991). If it is 
assumed that the volcanic-sedimentary rocks in the Annidale 
Group developed on sialic crust, then two types of basement 
are most likely: (1) an older arc like the Cambrian arc in 
Newfoundland (Dunning et al., 1991) or (2) Avalon crust. 
Apparent inheritance in the zircons of sample 2, which 
provides a possible age of source rocks in the vicinity of 1000 
Ma, favors the latter possibility because rocks of the this age 
may occur in the Avalon Terrane (Nance, 1987).

C o n c l u s i o n s

This work establishes the Annidale Group as a distinct, 
mainly Lower Ordovician unit unique in southern New Brun
swick. The group is subdivided into three main sequences 
that are tentatively correlated with formations in the Cookson 
Group (St. Croix Terrane) to the southwest. The East Scotch 
Settlement and Lawson Brook formations, which yield U-Pb 
dates of 493 ± 2 Ma and 497 ± 10 Ma, respectively, are the 
same age as and have some lithological similarities to the 
Calais Formation. Most of the Canaan Forks sequence of the 
Annidale Group is lithologically similar to the Digdeguash 
and possibly the Woodland formations.

The Annidale Group is characterized by numerous faults 
that reflect the complexity of tectonic (accretionary?) events 
associated with final closure of the Iapetus Ocean and the 
onset of the Acadian Orogeny (southward- and northward- 
directed thrusts). Vertical northeast-trending faults of un
known magnitude and minor vertical northwest-trending 
faults further complicate the geology and hinder mapping 
and correlation of units locally and regionally.

It is suggested that the magmatism represented in the 
Annidale Group may be indicative of arc development close 
to or on Avalonian basement near the southeastern margin of 
the Iapetus Ocean. The role played by this arc in the develop
ment and distribution of the Iapetus Ocean, however, is 
unclear and is the subject of continuing research.
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