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Abstract: Seven U-Pb zircon ages of volcanic rocks from northern New Brunswick are reported and a
preliminary stratigraphy of the middle Ordovician Tetagouche and Fournier groups is presented. Deposition
of the Tetagouche Group started with calcareous rocks of the Vallee Lourdes Formation in the Late Arenig
(>470 Ma). Quartz- and feldspar-phyric felsic volcanic rocks of the immediately overlying Nepisiquit Falls
Formation yielded U-Pb zircon ages between ca. 471 and 469 Ma. These volcanic rocks are time
stratigraphic equivalents of the feldspar-phyric dacites of the Spruce Lake Formation, which yielded a U-Pb
zircon age of ca. 470 Ma, and tholeiitic and alkalic pillow basalts of the structurally overlying Canoe Landing
Lake Formation. The final phase of rhyolitic to dacitic volcanism is marked by the emplacement of distinct
quartz- and feldspar-phyric dacitic porphyries at ca. 465 Ma, thus limiting silicic volcanism to the Late
Arenig and Ilanvirn. During the Ilandeilo and Caradoc (ca. 464-457 Ma) volcanic activity in the Tetagouche
Group was characterized by extrusion of alkali basalts and minor comendites, interlayered with dark shales
and siltstones of the Boucher Brook Formation. Oceanic crust of the Fournier Group was also formed during
this period.

Resume : Le present rapport fait etat de sept datations U-Pb sur zircon de volcanites de la partie nord
du Nouveau-Brunswick de meme que d'une stratigraphie provisoire des groupes de Tetagouche et de
Fournier de l'Ordovicien moyen. La sedimentation du Groupe de Tetagouche a debute par le depot des
roches calcaires de la Formation de Vallee Lourdes durant l'Arenigien tardif (> 470 Ma). Les volcanites
felsiques a phenocristaux de quartz et de feldspath de la Formation de Nepisiquit Falls sus-jacente ont livre
des ages U-Pb sur zircon variant entre environ 471 et 469 Ma. Ces volcanites sont des equivalents
chronostratigraphiques des dacites a phenocristaux de feldspath de la Formation de Spruce Lake (datation
U-Pb sur zircon a environ 470 Ma) ainsi que des basaltes coussines tholeiitiques et alcalins de la Formation
de Canoe Landing Lake, structuralement sus-jacente. La phase finale du volcanisme rhyolitique a dacitique
est marquee par la mise en place, a environ 465 Ma, de porphyres dacitiques distincts a phenocristaux de
quartz et de feldspath, ce qui limite le volcanisme silicique a l'Arenigien tardif et au Llanvirnien. Durant le
Llandeilien et le Caradocien (environ 464-457 Ma), I'activite volcanique dans le Groupe de Tetagouche
s'est traduite par l'extrusion de basaltes alcalins et d'un peu de comendites, interstratifies avec des shales
et des siltstones sombres de la Formation de Boucher Brook. La formation de croute oceanique associee au
Groupe de Fournier remonte egalement a cette periode.

1 Contribution to Canada-New Brunswick Cooperation Agreement on Mineral Development (1990-1995), a subsidiary
agreement under the Canada-New Brunswick Economic and Regional Development Agreement.

2 Geological Survey of Canada, retired.
3 Geological Survey of Canada. 601 Booth Street, Ottawa, Ontario K1A 0E8
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INTRODUCTION

The Middle Ordovician, volcanic-dominated Tetagouche and
Fournier groups of northern New Brunswick are exposed
principally in the northern Miramichi Highlands and the
Elmtree-Belledune Inlier (Fig. 1, 2). They represent the rem-
nants of a back-arc basin that was closed during the Late
Ordovician to Late Silurian (van Staal et al., 1990; van Staal
et al., 1991; Winchester et al., 1992). The Tetagouche and
Fournier groups were internally imbricated and folded into
tight to isoclinal folds during the closure of the back-arc basin;
hence the present distribution of the rock units represents a
complexly folded tectonostratigraphy of volcanic and sedi-
mentary rocks (van Staal, 1994a). Analysis of the chronostra-
tigraphy of the formations present in the Tetagouche and
Fournier groups is therefore of vital importance to the struc-
tural analysis and understanding the internal geometry of the
volcanic-dominated units, assuming that chemically distinct
volcanic suites formed within a specific period (van Staal
et al., 1991). Furthermore both the Tetagouche and Fournier
groups are host to numerous syngenetic massive sulphide
deposits that occur in several stratigraphic settings (van Staal
et al., 1992). Understanding the chronostratigraphies of the
Tetagouche and Fournier groups is therefore important for
massive sulphide exploration and ore genetical studies.

This paper presents the available U-Pb ages of volcanic
rocks and a preliminary working stratigraphy for the
Tetagouche and Fournier groups (van Staal and Fyffe, 1991).
However as each volcanic formation in the Tetagouche Group
appears to contain an internal chemical stratigraphy (Rogers,
1994, 1995), this paper is best considered a progress report
that may be modified by future age determinations.

ANALYTICAL METHODS

Zircon was concentrated from crushed rock samples by con-
ventional Wilfley table, heavy liquid, and Frantz magnetic
separation techniques. Zircons were strongly air abraded to
improve concordancy (Krogh, 1982). Chemistry, mass analy-
ses, and data reduction procedures are similar those outlined
in Parrish et al. (1987). Analytical blanks were typically 0 to
5 pg and 0 to 25 pg for U and Pb, respectively. Analytical data
are presented in Table 1 and displayed on concordia diagrams
in Figures 4 to 10. All quoted age errors are at the 2o (95%
confidence interval).

TETAGOUCHE GROUP

General stratigraphy

The base of the Tetagouche Group is well exposed at Little
Falls in the Tetagouche River (Fig. 1). A black shale melange
in the underlying Miramichi Group is unconformably over-
lain by conglomerate and calcareous psammites and pelites
of the Vallee Lourdes Formation (Fig. 3; van Staal and Fyffe,
1991; Rice and van Staal, 1992). The Vallee Lourdes Forma-
tion yielded middle Arenig to early Llanvirn conodonts and
middle to late Arenig brachiopods (Nowlan, 1981; Neuman,

1984). The Vallee Lourdes Formation thus is best interpreted
as having a middle to late Arenig age. These fossils are
important as they impose upper and lower time constraints on
the underlying sedimentary Miramchi Group and overlying
volcanic rocks of the Tetagouche Group, respectively.
Although the base of the Tetagouche Group is rarely exposed
elsewhere, Vallee Lourdes Formation rocks occur locally in
several places (van Staal et al., in press). Regional relation-
ships suggest that the dark shales and siltstones of the Patrick
Brook Formation that overlie the Vallee Lourdes Formation
at Little Falls, interfingerstratigraphically with the calcareous
rocks of the latter formation. Conglomerate beds intersected
in a drill hole east of the Brunswick No. 12 mine (J. Peter,
pers. coram., 1995) at the Patrick Brook Formation-
Miramichi Group contact are consistent with such an inter-
pretation, as they suggest that the Vallee Lourdes Formation
was only locally deposited. At Little Falls and elsewhere, the
Patrick Brook Formation is conformably overlain by and
interfingers with tuffaceous sediments and quartz- and
feldspar-phyric dacite and rhyolite of the Nepisiguit Falls
Formation (van Staal et al., 1992; Rice and van Staal, 1992).

In the western part of the northern Miramichi Highlands,
near the hinge of the Tetagouche antiform, volcanic rocks
similar to those of the Nepisiguit Falls Formation occur as
small lenses interlayered with sanidine-phyric dacite and
rhyolite of the Spruce Lake Formation (formally referred to
as Caribou Mine Formation by Rogers, 1994, 1995), suggest-
ing that these two formations are coeval. This suggestion is
consistent with the observation that both the Nepisiguit Falls
and the Spruce Lake formations are host to several massive
sulphide deposits and iron-formation. However, the banded
iron-formation, typically associated with the massive sul-
phides in the Nepisiguit Falls Formation, is generally rare and
where present, jasperitic in nature in the Spruce Lake Forma-
tion, suggesting that depositional conditions varied in the
Tetagouche basin both in space and time. Both the Nepisiguit
Falls and Spruce Lake formations contain several chemically
distinct porphyritic silicic volcanic rocks (Rogers, 1995),
commonly referred to as porphyries. Each porphyry probably
formed at different times. The porphyries of the Spruce Lake
Formation are interlayered with pillowed tholeiitic basalts of
the Forty Mile Brook suite (van Staal et al., 1991), indicating
that this formation was deposited subaqueously. A feldspar-
phyric dacitic tuff that closely resembles the Orvan Brook
porphyry (Rogers, 1994, 1995) is interlayered with the alkali
pillow basalts and comendites of the Canoe Landing Lake
Formation suggesting that the Spruce Lake and Canoe Land-
ing Lake formations are coeval. This dacite has yielded an age
of 470+4/-2 Ma (Sullivan and van Staal, 1993).

The Nepisiguit Falls Formation is stratigraphically over-
lain by the Flat Landing Brook Formation, which comprises
aphyric or sparsely feldspar-phyric rhyolites, pyroclastic
rocks, tholeiitic basalts, and minor shales (van Staal and
Fyffe, 1991; van Staal et al., 1991; 1992). A U-Pb zircon age
determination on an aphyric rhyolite yielded a date of
466 ± 5 Ma (Sullivan and van Staal, 1990). The Flat Landing
Brook rhyolites have been intruded by and/or are interlayered
with chemically distinct quartz-feldspar phyric dacite por-
phyries (Rogers, 1994,1995), which do not seem to intrude
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Figure 1. Geological map of the northern Miramichi Highlands with the location of the dated
samples. Geology modified from van Staal (1994a).
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Table 1. U-Pb zircon isotopic data.

R.W. Sullivan and C.R. van Staal

Sample & Fraction Wt. U
uga ppm

Nepisiguit Falls Formation (NFFnY

Pb* *
ppm

wPb
Pbc

pg

»PJjd

" P b

1. Quartz and feldsoaraugen schist VL-631 (47°36'80"N. 65°49'6O"W1
A.+105
B,-105+74,3:1
0,-105+74,3:1
E,*105+62,5:1
F,±105+62,5:1
2 Qy^n^z apd feldspar &
A,-105+74,euh
B,-105+74,acic.
C,-74+62,acic.
D,-74+62,3:1
E,-62,2:1
F,-105+62,acic.
H,-105+62,J4:1

Spruce Lake Formation

54
41
28

5
10

205
167
187
87

351
ugen schist VL

40
28
21
48
30

137
77

3. Feldsoar-Dhvric dacite VL-644
A,+74,2:1,W,F
B,j4:1,acic.
C,-74,2:1
D.-74,i4:1,acic

14
15
16
3

269
233
246
257
311
241
275

28
18
24
7

31

5618
5559
2599

162
1560

17
8

16
15
12

0.103
0.091
0.107
0.127
0.158

307 (47°24'45"N, 65°47'50"W)
25
18
19
24
26
19
21

2842
1416
638

2877
1810
6926
4506

(47°37WN, 66°06'02-W)
169
193
195
265

Rat Landing Brook Formation (FLBFm)

19
16
17
25

392
80

1293
153

4. Quartz and feldsoar-Dhvric rhvolite VL-638 (47°24'14"N.
A.+ 105
B.+105
C,-105+74,24:1
D,-105+74,2:1
E,-74+62,5:1
F,-62,5:1,W,F

29
44
17
22
22
14

Boucher Brook Formation

96
92

100
86

115
98

9
9
8
8
9
8

5. Quartz and feldsoar-ohyric comendile dike VL-691
A,+74,3:1W
B,+74,3:1F
C-62+37.E
D,-62+37,4:1
E,-74,5:1
F.-74.E

55
45
25
19
10
7

223
561
321
320
188
364

6. Aphanitic trachvandesite VL-637 (47
B,+105,euh,W
C+105.F
D.+105.F
E,residuals

9
16
11
12

304
516
546
494

19
46
26
25
15
29

°38'58"N, 65
31
45
60
42

FOURNIER GROUP, Pointe Verte Formation
7. Anhanitic tuffaceous rhyolite VL-S46
A,-74,euh
B,-74,euh
C,±74,acic.
D,+74,3:1,S
E,+74,2:1,S
F,-62+37,euh

19
21
21

3
4

10

186
143
90

125
369
173

(47°49WN
22
21
11
23
97
19

548
1677
693
902

1245
505

23
22
40
26
28
23
23

39
223

11
30

0.079
0.107
0.119
0.087
0.078
0.116
0.109

0.245
0.216
0.220
0.273

66-05'40'W)
29
15
12
11
9

13

0.184
0.168
0.178
0.206
0.186
0.192

23SJJ

0.13644±.09%
0.10610±.09%
0.12649±.10%
0.07578±.33%
0.08318±.10%

0.09537*.10%
0.07550±.20%
0.07554±.30%
0.09521±.16%
0.08639*. 11%
0.07618*09%
0.07762±.09%

0.09871±.16%
0.07555±.59%
0.07809±.09%
0.08206*.33%

0.08853*. 15%
0.09366±.09%
0.07475*. 12%
0.08516±.11%
0.07487±.11%
0.07481*.17%

(47°28'20"N, 65°53'25-W)
5695
7325
4734
2872

127
450

11
17
8

10
79
27

°47'53"W)
488
549

1069
596

32
72
33
47

65°43'43"W)
935
706
215
455

2603
420

27
37
65
10
8

27

0.186
0.207
0.186
0.188
0.195
0.181

0.239
0.331
0.270
0.294

0.163
0.179
0.215
0.136
0.126
0.192

0.08023±.09%
0.07596±.09%
0.07470±.09%
0.07425±.09%
0.07379±.33%
0.07456*. 14%

0.09142±.27%
0.07347±.12%
0.09461 *.09%
0.07399*. 12%

0.11072±.09%
0.13735±.12%
0.10980*. 15%
0.17343*. 17%
0.25144±.10%
0.10092±.21%

Errors are 1 std. error ol mean in % except "'Pb/^Pb age errors which are 2a in million years.
Pb' = radiogenic Pb.
' Sample weight error of ± 1 ug in concentration uncertainty,

Acic. = acicular, Euh = euhedra , S = single grain
b Corrected for fractionation and spike Pb
c Total common Pb in analysis in picograms
a Corrected for blank Pb and U, and common Pb
" Correlation Coefficient of errors in ̂ Pb /^U and ""Pb/^U.

all fractions were abraded, 3:1=L:B

OT£bd

**u

1.5477±.10%
1.0891 ±.10%
1.2991 ±.11%
0.5869*1.2%
0.7083±.15%

0.8907*. 13%
0.5855±.26%
0.585O±.46%
0.9112±.18%
0J567±.15%
0.5966±.10%
0.6246±.11%

1.0048±.33%
0.5848±2.4%
0.6227*. 18%
0.6919*1.6%

0.7881±.24%
0.8658*.11%
0.5782±.38%
0.7343±.22%
0.5834±.23%
0.5806±.53%

0.6572*. 10%
0.6002*. 10%
0.5806*. 10%
0.5769±.11%
0.5716*1.4%
0.5803±.51%

0.8292±.29%
0.5694±.21%
0.8949*. 12%
0.5744*.48%

1.1314±.11%
1.3912±.15%
1.0317±.37%
1.7498±.20%
3.1864±.11%
0.9176±.57%

W=whole zircons,

Cor.6

Coef.

0.94
0.95
0.94
0.62
0.71

0.83
0.70
0.58
0.84
0.76
0.91
0.90

0.68
0.67
0.69
0.58

0.68
0.88
0.60
0.57
0.59
0.54

0.95
0.94
0.92
0 92
0.66
0.57

0.90
0.73
0.84
0.59

0.87
0.76
0.67
0.67
0.92
0.49

-Eb"
"•Pb

0.08227±.03%
0.07444±.03%
0.07449±.04%
0.05618*1.0%
0.06176±.11%

0.06774±.07%
0.05625*. 19%
0.05617±.37%
0.06941 ±.10%
0.06353±.10%
0.05680±.O4%
0.05836±.05%

0.07383±.25%
0.05614±2.0%
0.05783±.13%
0.06115*1.4%

0.06453*. 18%
0.06705±.05%
0.05610±.32%
0.06254*. 18%
0.05652*. 18%
0.05629±.46%

0.05941 ±.03%
0.05731±.04%
0.05637±.O4%
0.05636*.04%
0.05618*1.2%
0.05644±.45%

0.06578*. 13%
0.05621±.15%
0.06860±.07%
0.05630±.42%

0.07412±.06%
0.07346±.10%
0.06815±.29%
0.07317±.15%
0.09191*04%
0.06594±.51%

M7Pb/**Pb
age (Ma)

1252.0*1.3
1053.5*1.3
1054.7*1.6
459.3*45.1
665.8±4.6

860.5*3.0
462.1*8.3
459.0*16.5
910.9±4.0
726.0*4.1
483.9*1.9
543.3±2.2

1036.8*10.1
458.0*90.7
523.4*5.8

644.5*62.3

759.2*7.4
839.3*2.2

456.3*14.2
692.7*7.9
472.7*8.1

463.8*20.4

582.1*1.4
503.5*1.6
467.0*1.8
466.4*1.9
459.5*52.5
469.9*19.86

799.5*5.3
460.6*6.6
886.7*2.8

464.1*18.8

1044.7*2.3
1026.6*4.0
873.0*12.0
1018.8±6.2
1465.5*1.7
804.6*21.2

F=zircon fragments, E=equant,
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the alkali basalts and interlayered dark shales and siltstones
of the overlying Boucher Brook Formation; hence they are
considered to represent the last stage of volcanic activity
contained within the Flat Landing Brook Formation.

The Flat Landing Brook, Spruce Lake, and Canoe Landing
Lake formations are overlain by the Boucher Brook Forma-
tion, which therefore can be considered as a regional cover
sequence to the volcanic-dominated formations of the lower
part of the Tetagouche Group. The Boucher Brook Formation
mainly consists of dark shales and siltstones interlayered with
chert, alkali basalt, and associated red shale. Dark shale and
siltstone also occur in the Patrick Brook Formation but chert,
alkali basalt, and red shale are absent in the latter (van Staal
etal., 1992).

Nepisiguit Falls Formation

The Nepisiguit Falls Formation comprises fine grained tuf-
faceous sediments, commonly containing quartz and feldspar
phenoclasts, and quartz- and feldspar-phyric dacite to rhyolite
porphyries. These silicic volcanic rocks are capped locally by
iron-formation and massive sulphides. Because of the locally
intense deformation, the porphyritic silicic volcanic and tuf-
faceous rocks are commonly referred to as quartz-feldspar

augen schists (e.g. see Lentz and Goodfellow, 1993). Quartz-
feldspar augen schists also occur locally in the Patrick Brook
Formation, but black shale typical of the latter is absent in the
Nepisiguit Falls Formation (van Staal et al., 1992). The por-
phyries represent at least in part pyroclastic flow deposits (e.g.
Lentz and Goodfellow, 1993), but some may also represent
shallow level intrusions. Two quartz-feldspar augen schists
of the Nepisiguit Falls Formation were sampled for age dating
(VL-307and VL-631).

Quartz-feldspar augen schist: sample 1 (VL-631)

This sample is a relatively coarse grained rock taken from a
large outcrop opposite the entrance to the Tetagouche Falls
park (Fig. 2), west of Bathurst. This quartz-feldspar augen
schist is bedded and locally some grading has been preserved.
The augen schist consists mainly of juvenile pyroclastic frag-
ments and over 60% by volume angular to moderately
rounded phenoclasts of quartz and feldspar, indicating that
they represent reworked silicic pyroclastic rocks, probably
deposited distal from their source. These tuffaceous sand-
stones have been described by Rice and van Staal (1992) and
are informally referred to as the Little Falls member of the
Nepisiguit Falls Formation by Langton and McCutcheon
(1993). They are separated by a few metres of dark shale and
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Figure 3. Schematic tectonostratigraphy of the Tetagouche and Fournier groups with all U-Pb zircon ages
determined by Sullivan and van Staal.
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siltstone of the Patrick Brook Formation from the calcarenites
of the Vallee Lourdes Formation containing middle to late
Arenig conodonts and brachiopods.

The zircon population consists of a variety of types includ-
ing clear euhedral, prismatic, and acicular zircon. Some of the
crystals have elongated terminations which appear multifac-
eted, with some showing distinct, and others more nebulous
cores. Another type are clear and anhedral (rounded). Some
zircons show a clear inner domain with a pink outer domain.
Five zircon fractions A, B, C, E, and F were analyzed and
gave a scattered linear trend that is interpreted as resulting
from a mixture of inherited and magmatic zircons (Fig. 4).

The age of 471 ±3 Ma is based on concordant fraction E
which was picked from the most acicular (L.B >5:1) needle-
like zircons and is interpreted to be essentially free of any
inherited component. Fraction E (206Pb/238U and 2O7Pb/235U
ages are 471+3 and 469 ± 9 Ma respectively) plots slightly
above concordia but its error ellipse substantially overlaps the
curve and was used to estimate the age and error (Fig. 4 inset).
Regressing fraction E with other fractions, in pairs, yields
upper intercept ages ranging from 1365 to 1680 Ma, which
indicate a variety of ages of the inherited zircons.

Quartz-feldspar augen schist: sample 2 (VL-307)

The quartz-feldspar augen schist is a coarse grained tuf-
faceous rock taken from the base of the dam of the Nepisiguit
Falls type locality (Fig. 2), near the stratigraphic top of the
Nepisiguit Falls Formation, part of the Grand Falls member
of Langton and McCutcheon, (1993). The quartz-feldspar
augen schist is similar in composition to sample VL-631 of
the Little Falls member. In contrast to the augen schists of the
Little Falls member, those of the Grand Falls member are
interbedded with layers of massive rhyolite of the Mt. Moser
porphyry (Rogers, 1994,1995). These porphyritic rhyolites

have been interpreted by Lentz and Goodfellow (1993) as
subaqueous pyroclastic flow deposits. Although we agree at
least in part with this interpretation, some of the coarse
grained porphyritic rhyolites have very sharp contacts and
appear to cut bedding at a very small angle, and may represent
subvolcanic intrusions. The similarity in rare-earth element
patterns between the tuffaceous rocks and the porphyritic
rhyolites (McCutcheon et ah, 1989) suggests that both rock
types are related and derived from the same magmatic source;
hence this sample is interpreted to give a representative age
for the Mt. Moser porphyry.

The zircon population is characterized by rounded, dusty,
purple and light tan grains, a few of which were pitted
(possibly detrital), and clear, colourless euhedral zircons
ranging from more equant prismatic (L:B up to 2:1) to acicu-
lar (L:B >4:1). These latter zircons are considered primary
igneous but distinct cores were visible in some of the larger
zircons. Bulbous caverns and longitudinal cavities were also
observed. Seven zircon fractions A to F and H were analyzed
from the clearest euhedral equant and acicular type. This
yielded a linear trend that is interpreted as a mixing line
(Fig. 5).

The interpreted age of 469 ± 2 Ma is based on concordant
fractions B and C (essentially duplicate results) which con-
tained acicular (L:B about 5:1) zircons that are considered to
be essentially free of any inherited component. The other five
fractions A, D, E, H, F ( more equi-dimensional) have older
ages and clearly contain inheritance. The age is estimated
from the average of the four U-Pb ages of B and C, and the
error estimated graphically from the concordia plot (Fig. 5
inset). The age of 469 ± 2 Ma is consistent, within error, by
lower intercept (LI) regression results of the other fractions.
Regression of five fractions A, D, E, H, and F only yields
LI = 468 ± 8 Ma. The regression of all seven data gives
LI = 469 ± 6 Ma and an upper intercept (UI) of 1580 + 80 Ma.
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U-Pb concordia diagram for sample !, quartz
and feldspar augen schist, from the Nepisiguit
Falls Formation (NFFm). The upper intercept
age range is generated by regressing fraction E
with the other fractions in pairs.
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Geological interpretation

The U-Pb zircon ages of the tuffaceous rocks of the Little Falls
and Grand Falls members overlap in error and suggest an age
of ca. 470 Ma for the bulk of the Nepisiguit Falls Formation.
Although the Nepisiguit Falls Formation may contain three
chemically distinct porphyries, the 469 ± 2 Ma of sample
VL-307 may provide a minimum age if the interpretation by
Rogers (1994, 1995) that the Mt. Moser porphyry is the
youngest porphyritic rhyolite in the Nepisiguit Falls Forma-
tion is valid. The proximity of the Tetagouche Falls augen
schist with respect to the underlying fossiliferous Vallee
Lourdes Formation indicates that the Nepisiguit Falls Forma-
tion is late Arenig or early Llanvirn in age. This is consistent
with the ca. 470 Ma age deduced for the Arenig-Llanvirn
boundary by Tucker et al. (1990) on basis of U-Pb zircon
dating of the Ordovician stratotypes in Britain.

Spruce Lake Formation

The Spruce Lake Formation contains three related feldspar-
phyric dacitic porphyries, that are chemically, pet-
rographically, and texturally distinct from the other felsic
volcanic rocks in the Tetagouche Group (Rogers, 1994,
1995). The porphyries were initially included in the Flat
Landing Brook Formation by van Staal and Fyffe (1991)
although they were recognized as distinct and considered
coeval with the Nepisiguit Falls Formation (dacite unit of Flat
Landing Brook Formation in Fig. 3 of van Staal, 1994a).
Rogers (1994, 1995) interpreted the dacitic porphyries mainly
as shallow level sills and cryptodomes emplaced in dark
shales of the Patrick Brook Formation, although lava flows
and pyroclastic rocks also occur. The porphyries and associ-
ated sediments occur in closely associated thrust sheets
emplaced on top of the Flat Landing Brook Formation (Fig. 1)

during D, deformation (van Staal, 1994a). The relationship
to the other Tetagouche Group volcanics is largely obscure as
the thrust sheets are bounded by shear zones on all sides
(tectonic horses of van Staal et al., 1990). However, they are
locally interlayered with porphyritic volcanic rocks like those
of the Nepisiguit Falls Formation, contain massive sulphide
deposits and appear to have been intruded by quartz- and
feldspar-phyric dacitic porphyries like those in the Flat
Landing Brook Formation; hence they have been interpreted
as coeval with eruption of volcanic rocks of the Nepisiguit
Falls Formation.

Feldspar porphyry: sample 3 (VL-644)

This sample forms part of the Orvan Brook porphyry. The
relative age relationships among the three porphyry suites in
the Spruce Lake Formation are uncertain at this stage because
of the very large Dj strains imposed on the rocks.

The zircon population consists primarily of clear, colour-
less euhedral, prismatic and acicular crystals and crystal
fragments with minor bubble inclusions. Evidence of possible
resorption was visible, as were obvious cores in a few zircons.
There was a minor amount of dark, well rounded, and pitted
zircon. Four fractions A, B, C, and D define a linear trend
(Fig. 6) that is interpreted as a mixing line.

The age of 470 ± 5 Ma is interpreted from concordant
fraction B, picked from acicular (L:B >4:1) zircons and
interpreted to be essentially free of inheritance. The other
fractions are interpreted to contain inherited zircon compo-
nents. The age and error were estimated graphically from the
intersection of the error ellipse with the concordia curve
(Fig. 6). Various regressions with the other fractions indicate
somewhat higher ages. Regression of the three most concor-
dant fractions B, C, D gives 476+4/-7 Ma. It is possible that
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U-Pb concordia diagram for sample 2, quartz
and feldspar augen schist, from the Nepisiguit
Falls Formation (NFFm). The upper intercept
result of 1580 ± 80 Ma is from a regression of all
seven fractions.
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fraction B, even though concordant, may have suffered Pb
loss and, as such, may be indicating an age that is somewhat
too young. Fraction B contained the best fine, acicular zircons
and was strongly abraded, so that, although a somewhat older
age can not be ruled out, 470 Ma with realistic error of ±5 Ma
is considered the best estimate of the age.

Geological interpretation

The U-Pb zircon age of 470 ± 5 Ma is consistent with the
470 Ma age deduced for the proposed time stratigraphic cor-
relation with the Nepisiguit Falls Formation. Furthermore, it
is similar in age to the 470+4/-2 Ma age of the narrow band
of porphyritic dacitic tuff in the structurally overlying Canoe
Landing Lake alkali basalt (Sullivan and van Staal. 1993).

Flat Landing Brook Formation

The Flat Landing Brook Formation is dominated by a suite of
chemically related aphyric to sparsely feldspar-phyric dacites
and rhyolites (Taylor Brook rhyolites) and pyroclastic rocks
(Grant Lake pyroclastics, Rogers. 1994, 1995). Locally the
felsic volcanic rocks are interlayered with tholeiitic basalts
(van Staal et al., 1991), red shales, tuffaceous greenish-grey
shales, and siltstones, and intruded by or interlayered with
chemically distinct dacite porphyry (Rogers. 1994,1995; Op p

on maps by van Staal, 1994b,c,d).

A spherulitic Taylor Brook rhyolite has given a U-Pb
zircon age of 466 ± 5 Ma (Sullivan and van Staal, 1990),
which is consistent with the field observation that the Flat
Landing Brook Formation is younger than the stratigraphi-
cally underlying Nepisiguit Falls Formation (Lentz and
van Staal, 1995). The Flat Landing Brook Formation is over-
lain by alkalic pillow basalts and shales of the Boucher Brook
Formation. Fossils have not been found at the base of the
Boucher Brook Formation; hence the upper age limit of the
Flat Landing Brook Formation is not well defined.

Quartz-feldspar porphyry: sample 4 (VL-638)

This sample occurs as a narrow (2-3 m) band in the dacites of
the Spruce Lake Formation south of Canoe Landing Lake
(Fig. 2). This porphyry petrographically resembles the
Wildcat porphyry of Rogers (1995), which cuts other chemi-
cally distinct quartz-feldspar porphyries that appear to have
intruded the rhyolites and pyroclastics of the Flat Landing
Brook Formation elsewhere (Rogers, 1994). Hence, it pro-
vides an upper age limit to the felsic volcanism of the Flat
Landing Brook formation since similar porphyries appear
absent in the overlying Boucher Brook Formation.

The zircon population contains clear to somewhat mot-
tled, euhedral, prismatic, and acicular crystals. Some have
rod- and bulbous-shaped inclusions. There was little visible
evidence of cores. Six fractions A, B, C, D, E, and F were
analyzed and gave a linear trend that is interpreted as a mixing
line (Fig. 7).

An interpreted age of 465+2/-1 Ma is based on the con-
cordant fractions C, E, and F. These are all acicular with
L:B >4:1. The age and error were estimated graphically from
the mean of the U-Pb ages with a minimum age given by the
464 Ma minimum of the 2O6Pb/238U ages of these three
fractions (Fig. 7 inset). Regression of all six data gives LI =
465 ± 3 Ma and UI = 1520 ± 20 Ma (MSWD = 1.8).

Geological interpretation

The U-Pb zircon age of 465 +2/-1 Ma for the quartz- and
feldspar-phyric porphyry is significant for the following rea-
sons: (I) It signals the end of non-alkalic felsic volcanism and
thus constraints the upper age of the Flat Landing Brook
Formation and lower age of the Boucher Brook Formation;
(2) The analyzed Devils Elbow Brook porphyry and the
feldspar-phyric dacites of the Spruce Lake Formation it
intrudes structurally underlie the Canoe Landing Lake alkali
basalts, containing an interlayered porphyritic dacite that
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Figure 6.

U-Pb concordia diagram for sample 3, feldspar-
phyric dacite, from the Spruce Lake Formation.
The upper intercept result of 1910 ± 25 Ma is
from a regression of the four fractions.
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yielded a U-Pb zircon age of 470+4/-2 Ma (Sullivan and van
Staal, 1993). This relationship requires a thrust somewhere in
the highly deformed dark shales and siltstones, which sepa-
rate the two volcanic formations (van Staal, 1994a,b).

Boucher Brook Formation

The Boucher Brook Formation consist mainly of dark shales
and siltstones interlayered with alkalic basalts and intimately
associated red cherts and red shales. The alkalic basalts,
which locally contain differentiates of trachyandesite and
comendite, either as flows, tuff layers, or dykes, comprise
two main suites: the Brunswick alkali basalts and the
Beresford alkali basalts (van Staal et al., 1991), both of which
yielded fossil ages from interlayered limestone pods. Cono-
donts in limestone interlayered with alkali basalt and comen-
dite of the stratigraphically upper part of the Brunswick suite
on the western flank of the Camel Back Mountain, near the
stratigraphic contact with the overlying Beresford suite
(van Staal, 1994d) indicate an early Caradoc age (Prioniodus
variabilis subzone of the A. tvaerensis zone, Nowlan, 1981).
Conodonts in nearby limestone interlayered with the overly-
ing Beresford suite alkali basalts indicate a middle Caradoc
age (Prioniodus alobatus subzone of the A. tvaerensis zone,
Nowlan, 1981). The alkalic basalts are overlain by Late
Caradoc black shale of the Dicranograptus clingani zone
(Riva and Malo, 1988) in Bathurst. Two felsic differentiates,
one of each alkali basalt suite have been sampled for age
dating.

Brunswick alkali basalt suite: sample 5 (VL-691)

A composite dyke ranging in composition from quartz- and
feldspar-phyric comendite in the core to alkali basalt in the
rim cuts the Nepisiguit Falls Formation in the footwall and
Flat Landing Brook Formation in the hanging wall of the
Brunswick No. 12 mine. The petrography of the dyke was

described by Lentz and van Staal (1995), who considered the
dyke to be a feeder to the overlying Brunswick alkali basalt
suite volcanic rocks. The comendite core of the dyke from the
west ore zone of the 850 m level in Brunswick No. 12 mine
was selected for age dating. Extrusive comenditic volcanic
rocks generally occur near the stratigraphic top of the
Brunswick alkali basalt suite; hence this dyke is interpreted
to provide age information concerning the upper part of the
Brunswick alkali basalt suite.

The zircon population ranged from clear, colourless euhe-
dral zircon, relatively free of internal features to those con-
taining varying amounts of bleb-like bubble inclusions and
rounded cavities. Equant, L:B >3:1, acicular, L:B >5:1, and
flat platy zircon types were present. The acicular zircons were
generally less clear. Cores were visible primarily in the col-
oured, more translucent zircons. Large, cored zircons were
also observed in thin section. Twins were observed as were
new zircon growths on the ends of presumably older crystals.
Rounded and pitted (detrital) crystals were noted. The sample
also contained abundant barite.

Six carefully selected zircon fractions A, B, C, D, E, and
F were analyzed and form a linear trend between ca. 460 and
ca. 1280 Ma, indicating that inheritance is involved (Fig. 8).
The data set is quite linear, although fraction C (discussed
below) falls somewhat above the general trend.

Fraction E consisted of fine acicular (L:B >5:1) crystals
that were deliberately broken prior to abrasion and then
picked again. This was done to test the idea that breaking the
zircons would release any "core" and that with very selective
picking, one might obtain a more concordant analysis. The
procedure worked but because of sample loss, a relatively
high error resulted. This most acicular fraction E, noted to
have no visible core material, is concordant at 459 Ma but has
a larger error ellipse resulting from a large common lead
correction.
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U-Pb concordia diagram for sample 4, quartz-
and feldspar-phyric dacite. The upper intercept
result of 1520 ± 20 Ma is from a regression of the
six fractions.
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The interpreted age of 459 ± 3 Ma is based primarily on
acicular fraction E but also on regression results which are
consistent with this age. Regression of all 6 fractions gives
LI = 461 ± 2 Ma and UI = 1280 ± 30 Ma (MSWD = 6.3).
Regression of 5 fractions, excluding C, gives 459 ± 1 Ma
(MSWD = 0.22). Regression of the two most discordant
points A and B gives a lower intercept age of 459 ± 2 Ma.

Fraction C plots above the general linear trend but a linear
trend also exists between fractions C and D, and possibly also
E and F (Fig. 8). This indicates that Pb loss as well as
inheritance may be involved. Fractions C and D have
207Pb/206Pb a g e s of 467.0 ± 1.8 and 466.4 ± 1.9 respectively,
which may be closer to the actual age. Regressions of frac-
tions C, D, E, and F forced through the origin gave ages of
466.7 ± 1.3 Ma. Thus, invoking Pb loss, an alternative inter-
pretation is an age of 467 ± 2 Ma.

The preferred interpretation is that the dyke is 459 + 3 Ma
because fraction E contained the most acicular zircon, and
because of the consistency of the other fraction regressions.
This age is also consistent with the geological field evidence.
An older age of ca. 467 Ma, however, can not be ruled out.

Geological interpretation

The interpreted age of 459 ± 3 Ma indicates that the
Brunswick suite has a probable age range between 464 Ma
and ca. 459 Ma. However, since the possibility of lead loss in
the zircons can not be ruled out, the comendite could be as
old as ca. 467 Ma. The interpreted 459 Ma age of the comen-
dite correlates with the lowest subzone of the A. tvaerensis
zone (Nowlan, 1981), and hence the base of the Caradoc. This
is in good agreement with the results of Tucker et al. (1990),
who placed the Caradoc-Llandeilo boundary at ca. 461 Ma.

Beresford suite: sample 6 (VL-637)

The Beresford suite contains locally two mappable basalt
units (van Staal et al., 1991). These basalts are best preserved
in an antiformal structure north of the town of Bathurst.
Except for a very narrow strip of rocks along the southern
limb of this structure, the pillowed basalts show a consistent
younging towards the north (van Staal et al., 1988). A felsic
trachyandesite (van Staal et al., 1991) interlayered with the
youngest alkali basalt unit along the northern limb of this
structure was collected for dating.

The zircon population consisted partly of euhedral to
anhedral crystals, but was characterized by abundant massive
crystal fragments that were relatively free of internal features.
This habit may reflect the way they crystallized and the
alkaline chemistry of the trachyte, or they could be broken
larger zircons. The sample also contained clear euhedral
zircon crystals, stubby to acicular L:B >5:1, fine- to coarse-
grained, and often platy. Some of the larger euhedral zircon
crystals have mottled interiors. There is a trace amount of
rounded and pitted, possibly detrital, zircon. The sample also
contained abundant euhedral apatite.

Four fractions B, C, D, and E were analyzed and pro-
duced a scattered linear trend that is interpreted as a mixing
line (Fig. 9). A regression of all four fractions gives lower
intercept = 457 ± 10 Ma. A regression of fractions C, E, and
forced through the origin gives an upper intercept age of
461 ± 6 Ma. Fractions C and E are both concordant which
makes interpretation somewhat problematic.

The preferred interpretation is an age of 457 ± 1 Ma based
solely on concordant and analytically superior fraction C. The
error being estimated graphically from the intersection of the
error ellipse with concordia (Fig. 9 inset). The calculated ages
for C are 206Pb/238U age = 457 ±1 , 2O7Pb/235U age = 458 ± 2,
and 207Pb/206Pb age = 461 ± 7 Ma.

Figure 8.

U-Pb concordia diagram for sample 5, quartz-
and feldspar-phyric comendite dyke from the
Brunswick alkali basalt suite of the Boucher
Brook Formation. The interpreted age of 459 ± 3
Ma based on fraction E is preferred, however, an
alternative interpretation based on Pb loss indi-
cates the age may be ca. 467 Ma (see text).
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Fraction E is also concordant and appears to be slightly
older, but with much larger errors. Inheritance is involved as
evidenced from fractions B and D. Fractions C and E were
both picked from large, clear, massive zircon fragments.
Fraction C was selected after abrasion from the best, small
grains, whereas E was selected from the larger grains. As
such, fraction E may have had a small inherited zircon com-
ponent that could explain its somewhat older age.

Another possibility is that fraction C has suffered recent
Pb loss and that fraction E, at ca. 460 Ma, may be closer to
the actual age. In this case, with age and error estimated
graphically, an age of 460 ± 1 Ma is indicated.

The best age estimate is from the analytically superior
fraction C at 457 + 1 Ma but with a more conservative error
of +3/-1 Ma assigned to reflect the interpretation that Pb loss
is involved. Thus, 457+3/-1 Ma is the prefered age with
assigned error.

Geological interpretation

The 457+3/-1 Ma age for the upper part of the Beresford suite
dates the end of volcanic activity in the Tetagouche Group
and correlates with the upper part of the A. tvaerensis zone,
Nowlan (1981). This age is in good agreement with the
457 Ma U-Pb zircon date obtained by Tucker et al., (1990)
for an ashbed occurring at the base of the A. superbus zone
(conodont zone immediately above the A. tvaerensis zone)
Gelli-grin limestone in Wales (Rhodes. 1953).

FOURNIER GROUP

The Fournier Group is best exposed in the Elmtree-Belledune
Inlier north of Bathurst. The Fournier Group represents the
ensimatic part of the Tetagouche back-arc basin. It was inter-
nally imbricated and emplaced above the Tetagouche Group

during closure of the back-arc basin (van Staal et al., 1990).
The highest thrust sheet contains the ophiolitic Deveraux
Formation with a 464 ± 1 Ma age on gabbro and 460 ± 1 Ma
on off-axis plagiogranite (Sullivan et al., 1990; Winchester
et al., 1992). The Deveraux Formation structurally overlies
the Pointe Verte Formation, that comprises lithic wackes,
shales, and pillowed alkali basalts. Fossils indicate that the
Pointe Verte Formation ranges in age between middle to late
Arenig and the middle Caradoc (van Staal and Fyffe, 1991).

Felsic ash bed: sample 7 (VL-646)

A thick, aphanitic felsic ash bed, in the turbiditic lithic
wackes, immediately north of Limestone Point was selected
for age dating. Palynomorphs recovered from these rocks
indicated a Caradoc age (A. Achab, written comm. to J.
Langton, 1991).

The zircon population consists primarily of clear, colour-
less prismatic (L:B <3:1) crystals with lesser amounts of
acicular (L:B =4:1) types. The best zircon was in the finer
-62, +37 um size range. Four multi-grain fractions A, B, C,
and F, and two single grain fractions D and E were analyzed
and display a scattered linear trend when plotted (Fig. 10)
which indicates that inheritance is involved.

The very discordant and scattered data preclude a low
error estimate of the lower intercept regression age. The
multi-grain analyses appear to be complex >3 component
mixtures. Fraction A plots somewhat to the right of the
general trend. An estimate of the age is taken from a regres-
sion of the three most concordant fractions A. C, and F which
give a lower intercept of 473 + 17 Ma and upper intercept
age of 1209 ± 18 Ma. Single grain D plots slightly above the
curve but is essentially concordant with 2()6Pb/2:txU age =
1031 ± 3 Ma. Single grain E is somewhat discordant but its
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207pb/206pb a g e p o i n t s t o a n a g e o f 1467 + 3 Ma. A lower

intercept age of 473 + 17 Ma is the best estimate available
from this data set.

Geological implications

The lower intercept age of 473 + 17 Ma confirms that the
ashbed is Lower or Middle Ordovician in age, compatible
with the fossil evidence. However, the large error covers the
whole Middle Ordovician and part of the Lower Ordovician;
hence it does not constitute a test or refinement of the inferred
Caradoc age of this particular part of the Pointe Verte Forma-
tion on the basis of palynomorphs.

Significant is the presence of near concordant zircon
xenocrysts. Single grains D with 206Pb/238U age of 1031 Ma,
and E with 207Pb/2"*>Pb age of 1467 Ma, suggests proximity
of a basement that contains rocks of early and late Mesopro-
terozoic age. Basement of this age has been shown to be
present beneath the Tetagouche Group (Roddick and Bevier,
1995, van Staal et al., in press).

CONCLUSIONS AND GEOLOGICAL
IMPLICATIONS

The U-Pb zircon dates of the Tetagouche Group show a
relatively simple volcanic stratigraphy. The non-alkalic felsic
volcanic rocks seem to range in age between 471 and 465 Ma,
which corresponds closely with the time period of the
Llanvirn as determined by Tucker et al. (1990). Despite the
overlap in error between most dated samples, the Nepisiguit
Falls Formation volcanic rocks (ca. 470 Ma) are older than
those in the Flat Landing Brook Formation (ca. 466 Ma), in
accordance with the field relationships. The deposition of
iron-formation and massive sulphides between these two
chemically distinct volcanic sequences represent a period of
relative volcanic quiescence, consistent with the lack of meas-
ured ages spanning the period between 469 and 466 Ma. The

Spruce Lake Formation volcanic rocks (ca. 470 Ma) appear
coeval with deposition of the Nepisiguit Falls Formation
volcanic rocks, yet interfingering between the two types of
volcanic rocks in the field is rare, suggesting the presence of
several geographically separated volcanic centres juxtaposed
by deformation.

The volcanic rocks in the Nepisiguit Falls and Spruce
Lake formations are all time equivalents to the structurally
overlying, relatively primitive tholeiitic and alkalic pillow
basalts of the Canoe Landing Lake Formation (ca. 470 Ma,
Sullivan and van Staal, 1993). However, basaltic feeder dykes
with the appropriate composition have never been observed
in the structurally underlying felsic volcanic rocks or sedi-
ments, supporting the interpretation that it is allochthonous
and far travelled (van Staal et al., 1991). Probably the Canoe
Landing Lake basalts and the underlying felsic volcanic rocks
formed in widely separated parts of the Tetagouche back-arc
basin. The structurally higher Canoe Landing Lake Formation
probably formed closer to the oceanic side of the Tetagouche
basin, perhaps representing transitional crust. Dark shales and
greenish-grey siltstones, locally interfingering stratigraphi-
cally with the Canoe Landing Lake basalts, but generally
occurring below the base of the Canoe Landing Lake Forma-
tion (van Staal, 1994b), are therefore mapped as Patrick
Brook Formation. The Patrick Brook Formation also under-
lies and interfingers locally with the volcanic rocks of the
Nepisiguit Falls and Spruce Lake formations (Fig. 3), indi-
cating that the Tetagouche basin was dominated by reduced
anoxic conditions for most of its lifespan (471-455 Ma),
interrupted locally by more oxidizing conditions during short
periods in the Llanvirn and Llandeilo as a result of volcanism.
This is indicated by the intimate spatial association of oxide
facies iron-formation, jasperite, and red shale with felsic and
mafic volcanic rocks.

During the Llandeilo volcanic activity was characterized
by extrusion of the Brunswick alkali basalts, minor comen-
dites, and dark shales and siltstones in the Tetagouche Group,
while oceanic crust was formed in the Fournier Group.

Figure 10.

U-Pb concordia diagram for sample 7, aphanitic
tuffaceous rhyolite, from the Pointe Verte For-
mation of the Fournier Group. A lower intercept
age of 4 73 + 17 Ma from a regression of the three
most concordant fractions B, C, and F only is the
best estimate available from this data set. The
upper intercept age of 1209 ±18 Ma is from the
same regression. Fractions D and E are single
grains. Fraction D is essentially concordant with
a 206Pb/2MUage =1031 ±3 Ma. Fraction Ehas
a 201Pbl2O(iPb age of 1467 ±3 Ma.
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Peralkaline volcanism in the Tetagouche basin waned in the
early to middle Caradoc, while sedimentation, characterized
mainly by black shale and cherts, records starved anoxic
conditions.
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