


Figure 14.
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Sulphide mineralization the Deep Zone, Halfmile Lake

deposit (Fig. 2, 3). Massive sulphide lens with minor chloritic fragments at about 1170 m. Fragments

are interpreted to represent altered enclaves of stratigraphically underlying volcaniclastic material

resulting from subsurface replacement. Pyritic massive sulphide and chloritic volcaniclastic material

at about 1178 m. Core diameters are

intersected in drillhole HN99-123 at

4.7 cm.
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Figure 15. Overview of exhalite at the Deep Zone, Halfmile Lake

deposit (Fig. 2, 3); photograph shows the interval between about 1173 m and 1189 m. Massive

sulphides are yellow, oxide-facies iron formation is black, and minor chloritic sedimentary rock is

green. Note the absence of breccia-matrix sulphide textures. Core diameter

intersected in drillhole HN99-123

is 4.7 cm.

32

HYDROTHERMAL ALTERATION

An examination of hydrothermal alteration associated with the Deep Zone using Pearce

element ratio analysis was the subject of a thesis by Mireku (2001) and a subsequent paper

by Mireku and Stanley (2007). Presented below is a brief discussion and reinterpretation of

their results in light of the revised tectonostratigraphic relationships and new major-element

data presented herein.

Mireku and Stanley (2007) suggest that most rocks in the structural hanging wall within 300

m to 400 m of the Deep Zone (i.e., the Patrick Brook Formation, according to the present

study) are more altered. The rocks show lower valu alteration

index and therefore reflect a loss of Ca, Na, and K and a gain of CO relative to Al (Mireku

and Stanley 2007, thei

n in the upward-facing limb of the Halfmile Lake

Anticline, according to the present study) and immediate structural footwall (Nepisiguit

Falls Formation in the downward-facing limb of the anticline) are less altered. Similar

results were realized for the Na/Al alteration index, according to Mireku and Stanley (2007,

their Fig. 12b). However, the low Na, Sr,

and Ca contents in rocks of the Miramichi Group could be a primary feature rather than the

result of hydrothermal alteration.

2

as discussed earlier under Lithogeochemistry,

es for the (2Ca+Na+K–CO )/Al

r Fig. 12a). In contrast, rocks higher in the structural hanging wall

(i.e., the Nepisiguit Falls Formatio

2
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Values for the K/Al alteration index are marginally higher in the Nepisiguit Falls Formation in 
both the upward- and downward-facing limbs than they are in the Patrick Brook Formation 
(see Mireku and Stanley 2007, their Fig. 12c). This is probably because volcanic rocks that 
erupt in a marine setting commonly undergo mass addition of potassium as a result of 
interaction with seawater (Hughes 1972). It is likely that the K/Al value in the host sequence 
reflects detrital K-mica content in the Patrick Brook Formation and slightly higher, seawater- 
induced K-metasomatism of the volcanic rocks rather than hydrothermal, deposit-related K-
metasomatism of the host sequence.  
 
The (Fe+Mg–S/2)/Al alteration index is useful in recognizing chloritization. When applied to 
lithogeochemical analyses of the Halfmile Lake deposit, the index suggests that most rocks in 
the sequence are weakly chloritized, except for felsic rocks immediately adjacent to the Deep 
Zone and a few samples situated adjacent to the sulphide veins in the structural hanging wall 
(Mireku and Stanley 2007, their Fig. 12d). These data also show that felsic volcanic rocks of 
the Nepisiguit Falls Formation in the upward-facing limb are unaffected by hydrothermal 
alteration, excluding a few samples at the base of the formation.   
 
Similarly, a plot of (Fe–S/2)/Mg, which is used to distinguish Fe-rich chlorite (hydrothermal) 
from Mg-rich chlorite (seawater-related), indicates that most samples within 400 m of the 
stratigraphic base of the sulphide lens are dominated by Fe-rich chlorite and therefore are 
interpreted as hydrothermally altered rocks (Mireku and Stanley 2007, their Fig. 13b). 
However, these data from Mireku and Stanley (2007) and the data collected during the 
present study (Appendix 1) show that the Miramichi Group here has a marginally higher 
Fe2O3

tot content (5–10 wt % range) than the 4 wt % to 8 wt % Fe2O3
tot range reported by 

Rogers et al. (2003) from elsewhere in the BMC. Therefore, although some of the high iron in 
the structural hanging wall may be attributable to hydrothermal alteration, it is more likely that 
the bulk of the iron reflects the primary composition of sedimentary rocks in the Patrick Brook 
Formation (Miramichi Group). 
 
The increase in CaO (Fig. 10a) in the structural footwall (Mireku and Stanley 2007) is probably 
a result of calcite precipitation from deformation-generated metamorphic fluids migrating along 
the thrust in the structural footwall, and is unrelated to genesis of the Deep Zone. 
 

DISCUSSION 

Previous work by Adair (1992b) and others assigned the entire sequence of sedimentary 
rocks and felsic volcanic and volcaniclastic rocks in the Halfmile Lake deposit to the Nepisiguit 
Falls Formation (Tetagouche Group), considering them to represent a continuous, downward-
facing homoclinal sequence. However, the relogging of drillhole HN99-119 during the present 
study indicates that most of the sedimentary rocks previously interpreted as Nepisiguit Falls 
Formation are actually Patrick Brook Formation. This means that a major anticlinal fold 
closure—that is, the Halfmile Lake Anticline—exists in the immediate structural hanging wall 
of the deposit.  
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Northern Limb of the Halfmile Lake Anticline 

In the upward-facing, northern limb of the Halfmile Lake Anticline, the Nepisiguit Falls 
Formation has a conformable upper contact with felsic volcanic rocks of the Flat Landing 
Brook Formation and a conformable lower contact with clastic sedimentary rocks of the 
Patrick Brook Formation (Fig. 2, 3). The Nepisiguit Falls Formation has a maximum true 
stratigraphic thickness of about 540 m and is divided into five eruptive units of dominantly 
quartz–feldspar crystal tuff. Pumice clasts are recognized locally, as are interlayered 
volcaniclastic rocks (Fig. 6a, 6c). The relatively minor volume of fine-grained volcaniclastic 
rock contrasts with the fairly thick accumulation of coarse-grained volcaniclastic material. The 
abundance of coarse-grained volcaniclastic material, combined with the absence of massive 
felsic lava flows and related hypabyssal intrusions, suggests that the deposit was formed in a 
transitional setting between vent-proximal and vent-medial. Such a depositional setting would 
‘correspond’ with the primary pyroclastic and resedimented syn-eruptive lithofacies (upper 
part of Grand Falls Member) in the eastern BMC, as interpreted by Downey (2005). 
 

Previous workers (Adair 1992b; Wilson 1993c; Kempster 2001) proposed bedding-parallel 
thrust faults in the structural hanging wall but offered no estimate of the actual pre-faulting 
thickness of the Nepisiguit Falls Formation. Results of the present study are fairly consistent 
with those of de Roo and van Staal (1991), who interpreted the structural hanging wall to be a 
conformable, upward-facing sequence of sedimentary rocks of the Patrick Brook Formation 
overlain by mainly volcanic rocks of the Nepisiguit Falls and Flat Landing Brook formations to 
the north (Fig. 2, 3). Adair (1992b) shows the contact between the Nepisiguit Falls and Flat 
Landing Brook formations in the downward-facing, structural footwall as a D1 thrust fault. 
However, the relatively low apparent strain in the footwall (in mafic volcanic rocks of the Flat 
Landing Brook Formation to the south) indicates that this contact may be a younger reverse 
fault related to D2 or D3 folding. 
 

Southern Limb of the Halfmile Lake Anticline 

In the downward-facing, southern limb of the Halfmile Lake Anticline, felsic volcanic rocks that 
stratigraphically overlie the Deep Zone massive sulphide lens are chemically similar in Cs, Sn, 
Zr/Th, TiO2, Zr, and Zr/TiO2 (Fig. 10a, 10b) to Unit NF1 of the Nepisiguit Falls Formation in the 
anticline’s northern limb but not to Units NF2 to NF5 (Fig. 4). However, the variation in most 
geochemical markers is minor, and mass change due to hydrothermal alteration has 
undoubtedly affected the felsic volcanic rocks adjacent to the Deep Zone. Given these 
considerations, any unequivocal correlation across the anticlinal hinge is not possible, which 
then begs the question: where did Units NF2 to NF5 in the structural footwall go?  
 

The massive sulphide zones of the Halfmile Lake deposit are likely part of a single, large 
sulphide-generating system with all four zones lying on one horizon (Fig. 2, 3). Presently, 
massive sulphide mineralization is almost continuous between the zones. Yet it is unclear 
whether such geometry is the result of mineralization originating as a continuous sulphide 
sheet or is the function of deformation-induced coalescence involving two or more discrete 
sulphide bodies.  
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Depositional Settings of the Halfmile Lake Deposit 

Several factors suggest that the depositional setting of the Deep Zone differed from that of the 
three other zones at the Halfmile Lake deposit. 
 
 The Deep Zone contains almost no breccia-matrix sulphides and stringer mineralization. 

Both features are abundant at the other zones.  
 The Deep Zone sulphide lens is dominated by pyrite, whereas sulphides at the other zones 

are dominated by pyrrhotite.  
 The Deep Zone contains Algoma-type, oxide-facies iron formation infolded within some of 

the thicker sulphide intersections. Algoma-type iron formation is absent at the other zones.  
 
It is uncertain whether these differences reflect a deposit-scale or a regional-scale variation. 
The extent of iron formation is generally limited across the western BMC. For instance, 
Algoma-type iron formation is well developed east of Halfmile Lake at the Heath Steele 
deposit (Fig. 1) but is absent west of and along strike from Halfmile Lake at the Mount 
Fronsac North deposit (Fig. 1; Walker and Graves 2006). Variations in the thickness and type 
of iron formation may reflect differences in water depth within a stratified basin (Goodfellow 
and Peter 1996). As well, iron formation could have existed in shallower parts of the Halfmile 
Lake deposit but have been tectonically cut out along the thrust or reverse fault in the 
structural footwall (Fig. 3).  
 
The Upper, Lower, and North zones may have formed mainly via replacement of volcaniclastic 
horizons in a setting proximal to an eruptive centre. In this scenario, ascending hydrothermal 
fluids alter and then replace volcaniclastic rocks below the rock–water interface, accounting 
for the abundance of sulphide stringers below the stratigraphic base of the sulphide lenses, as 
well as for the large component of intensely chloritized lithic fragments throughout the 
sulphide lenses (Lydon 1989). Subseafloor emplacement of sulphides implies a thermal 
insulation at the deposition site, resulting in higher temperatures (>250oC) and thereby favouring 
chalcopyrite deposition (Lydon 1989). Subseafloor deposition can also lead to decreased 
interaction with seawater, which is commonly considered to be the dominant source of sulphur 
in VMS systems. This in turn would imply lower ƒS2 at the site of mineralization and favour the 
deposition of pyrrhotite over pyrite. Likewise, because subseafloor emplacement of sulphides 
would preclude direct interaction with the seawater column, a conformable iron-oxide cap 
such as exists at Brunswick No. 12 and Heath Steele (Fig. 1) would not be generated (Peter 
and Goodfellow 1996).  
 
In contrast, the Deep Zone likely formed by the venting and subsequent downslope ponding of 
hydrothermal fluids that were generated in topographically higher, more proximal parts of the 
deposit: that is, the Upper and Lower zones. Subsequent ocean oxygenation would form an 
oxide-facies cap on stratiform parts of the deposit, whereas those parts of the deposit formed 
via subseafloor replacement mechanisms would be isolated from seawater and thus would be 
less likely to have an associated oxide-facies iron formation. 
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Note that the sedimentary rocks immediately below the basal unit of the Nepisiguit Falls 
Formation in the upward-facing limb have elevated Pb and Cu, and marginally elevated As 
and Zn relative to the adjacent Nepisiguit Falls felsic volcanic and volcaniclastic rocks. 
Although no sedimentary exhalative material was recognized at this contact in drillhole   
HN99-119, the anomalous values could reflect a distal plume fallout associated with formation 
of the Halfmile Lake deposit.  
 

CONCLUSIONS 

The structural footwall of the Halfmile Lake volcanogenic massive sulphide deposit comprises 
a relatively thin (<200 m thick), downward–facing sequence of felsic volcanic and 
volcaniclastic rocks of the Nepisiguit Falls Formation (Tetagouche Group), lying on the 
southern limb of the southerly overturned Halfmile Lake Anticline. The sulphide deposit is 
hosted by the Nepisiguit Falls Formation just above the conformable contact with sedimentary 
rocks of the Patrick Brook Formation (Miramichi Group). The higher part of the structural 
hanging wall at the Halfmile Lake deposit consists of an upward-facing volcanic sequence 
(Nepisiguit Falls and Flat Landing Brook formations) occupying the northern limb of the 
anticline (Fig. 2, 3).  
 
Within the structural hanging wall, there is no apparent evidence at depth for the tectonic 
imbrication in the near surface, as had been proposed by earlier workers. The downward-
facing southern limb of the Halfmile Lake Anticline may be cut out in the structural footwall by 
a D2–D3 reverse fault rather than by a D1–D2 thrust fault. On the upward-facing limb of the 
anticline, the Nepisiguit Falls Formation reaches a maximum true thickness of approximately 
540 m and can be divided into five eruptive units, none of which is considered vent-proximal. 
 
Given their close spatial association and very similar stratigraphic setting, the four massive 
sulphide zones that constitute the Halfmile Lake deposit (Upper, Lower, North, and Deep 
zones) are interpreted to lie on the same horizon. However, the relatively limited extent of 
diamond drilling between the Deep and Lower zones makes any assertion of continuity 
between the zones tentative.  
 
The Upper, Lower, and North zones lie at or near the base of the Nepisiguit Falls Formation, 
stratigraphically underlain by the Patrick Brook Formation and overlain by the remainder of the 
Nepisiguit Falls Formation. All three zones have well-developed stringer mineralization in the 
structural hanging wall and show evidence (in the form of abundant chlorite-altered fragments) 
of volcanic rocks having been replaced by massive sulphides. These features, coupled with 
the pyrrhotite-dominant nature of the massive lenses and the lack of Algoma-type iron 
formation stratigraphically overlying the sulphides in the structural footwall, suggest a vent-
proximal, subseafloor emplacement for shallower zones of the Halfmile Lake deposit.  
 
In contrast, the Deep Zone is stratigraphically underlain by about 10 m of felsic tuff and 
volcaniclastic rocks of the Nepisiguit Falls Formation, in the structural hanging wall. The zone 
lacks a well-developed stringer zone, and the massive sulphide lens is dominated by 
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pyrite with only rare pyrrhotite. Algoma-type, oxide-facies iron formation is also associated with 
the Deep Zone. Collectively, these observations suggest that the zone underwent a lower 
temperature, vent-distal supraseafloor emplacement process such as described by Lydon (1989). 
 

Recognition that the Halfmile Lake deposit sits at or very near the stratigraphic base of the 
Nepisiguit Falls Formation is significant, as it places the deposit in a stratigraphic setting 
similar to the one at the former Heath Steele mine (Lentz and Wilson 1997). It also raises the 
potential for VMS exploration and discovery in areas underlain by the Nepisiguit Falls 
Formation in the western BMC. Similarly, areas underlain by the Flat Landing Brook 
Formation to the east and south of the Halfmile Lake deposit may have rocks of the Nepisiguit 
Falls Formation and associated massive sulphide deposits at depth. 
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Appendix 1: Analytical Data for Samples from Drillhole HN99-119,  

Halfmile Lake Deep Zone, Halfmile Lake Deposit, Bathurst Mining Camp 
 

Notes 

1.  Analyses for the current study were conducted by Activation Laboratories Ltd. in 
Ancaster, Ontario. Analytical methods and detection limits for the data compiled from 
Mireku (2001) are described in Mireku (2001) and Mireku and Stanley (2007). 

 
2.  All values are in ppm unless otherwise stated. 
 
3.  Analytical methods used: FUS–ICP = Metaborate/tetraborate fusion–inductively coupled 

plasma emission spectrometry, FUS–MS = Metaborate/tetraborate fusion–mass 
spectrometry, INAA = Instrumental neutron activation analysis, TD–ICP = Total 
digestion–inductively coupled plasma mass spectrometry 

 
4. Units analyzed: FLB = Flat Landing Brook Formation (Tetagouche Group), NF1–5  = 

eruptive units of the Nepisiguit Falls Formation (Tetagouche Group), OM = Patrick Brook 
Formation (Miramichi Group), (vc) = volcaniclastic rocks 
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Stratigraphic and Structural Relationships in the Western Sackville  
Subbasin of the Maritimes Basin, Southeastern New Brunswick:  

A Petrographic, Petrophysical, and Seismic Analysis 
 

HOLLY J. STEWART 
Geological Surveys Branch, New Brunswick Department of Natural Resources, 

P.O. Box 6000, Fredericton, New Brunswick, CANADA   E3B 5H1 (Holly.Stewart@gnb.ca) 

 
Stewart, H.J. 2011. Stratigraphic and structural relationships in the western Sackville Subbasin of the 
Maritimes Basin, southeastern New Brunswick: a petrographic, petrophysical, and seismic analysis. In 
Geological Investigations in New Brunswick for 2010. Edited by G.L. Martin. New Brunswick 
Department of Natural Resources; Lands, Minerals and Petroleum Division, Mineral Resource Report 
2011-2, p. 50–74. 

___________________________________________________________________________ 
 

The Sackville Subbasin is one of several depocentres in the southeastern New 
Brunswick segment of the Maritimes Basin in Atlantic Canada. The western part of the 
subbasin includes Late Devonian to Early Carboniferous sedimentary rocks. Detailed 
petrographic and petrophysical analyses were conducted of cuttings from three deep 
exploration wells near Dorchester in the western subbasin. These analyses, combined 
with reinterpreted seismic survey data from the area, revealed information of 
relevance to hydrocarbon exploration in the region. The data helped to more precisely 
define the stratigraphy and, to a lesser extent, the structure of the western Sackville 
Subbasin. This study demonstrated that the depth to pre-Late Devonian basement 
rocks was shallower than previously interpreted. It also helped to delineate the 
distribution and internal stratigraphy of the hydrocarbon-bearing Early Carboniferous 
Albert Formation (Horton Group) in the report area. 
 

The Albert Formation typically contains three conformable units that, in ascending 
order, are the Dawson Settlement, Frederick Brook, and Hiram Brook members. All 
members contain kerogenous sandstone, mudstone, and shale; and regionally, all 
members have produced economic quantities of oil and gas. Recently, the main unit 
targeted for conventional gas exploration and development is the Hiram Brook 
Member, whereas that investigated for unconventional gas exploration is the Frederick 
Brook Member. The current study identified only the Dawson Settlement and 
Frederick Brook members in the three deep wells near Dorchester. This observation, 
combined with the reinterpreted seismic data, indicates that the Hiram Brook Member 
may have been eroded during a basin inversion event in the area during the Early 
Carboniferous. Absence of the Hiram Brook Member in these wells has obvious 
implications for hydrocarbon exploration in the western part of the Sackville Subbasin.    

_________________________________________________ 
  

Le sous-bassin de Sackville figure parmi quelques-uns des centres de sédimentation 
de la partie sud-est du Nouveau-Brunswick du bassin des Maritimes, au Canada 
atlantique. La partie occidentale du sous-bassin comprend des roches sédimentaires 
dont la formation remonte à la période comprise entre le Dévonien tardif et le 
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Carbonifère précoce. Des analyses pétrographiques et pétrophysiques approfondies 
ont été réalisées sur des déblais de forage de trois puits d’exploration en profondeur, 
près de Dorchester, dans le sous-bassin de l’ouest. De concert avec des données de 
levé sismique réinterprétées, les résultats de ces analyses ont permis d’obtenir de 
l’information pertinente pour les travaux de prospection d’hydrocarbures dans la 
région. Ces données ont notamment permis de définir avec plus de précision la 
stratigraphie et, dans une moindre mesure, la structure de la partie ouest du sous-
bassin de Sackville. Elles ont notamment établi que les roches du socle antérieures 
au Dévonien tardif étaient à une profondeur moindre que ce que l’on avait déduit 
auparavant. Cette étude a également aidé à délimiter dans le secteur concerné la 
répartition et la stratigraphie interne de la Formation d’Albert, du Carbonifère précoce 
(groupe de Horton), qui contient des hydrocarbures. 
 

Pour l’essentiel, la Formation d’Albert contient trois unités concordantes, que voici (en 
ordre ascendant) : ce sont les membres de Dawson Settlement, du ruisseau 
Frederick, et du ruisseau Hiram. Tous ces membres renferment du grès, du mudstone 
et du schiste bitumineux. Au plan régional, tous les membres ont fourni des volumes 
rentables de pétrole et de gaz. Récemment, le membre du ruisseau Hiram a été le 
principal secteur visé par des travaux d’exploration et de mise en valeur du gaz 
classique, tandis que des travaux d’exploration de gaz non classique ont concerné le 
membre du ruisseau Frederick. L’étude actuelle n’a permis que de détecter la 
présence des membres de Dawson Settlement et du ruisseau Frederick dans trois 
puits creusés en profondeur près de Dorchester. Cette observation et l’interprétation 
des données de levé sismique portent à croire que le membre du ruisseau Hiram peut 
avoir subi une érosion au cours d’une inversion de bassin survenue dans la région au 
début du Carbonifère. L’absence du membre du ruisseau Hiram dans ces puits a des 
incidences manifestes sur les travaux d’exploration de gisements d’hydrocarbures 
dans la partie occidentale du sous-bassin de Sackville.    

_________________________________________________ 
 

INTRODUCTION 

The hydrocarbon deposits of Late Devonian to Carboniferous rocks in the Maritimes Basin of 
Atlantic Canada (Fig. 1) were first recognized in the mid-19th century and have since been the 
subject of numerous government, industry, and academic studies. Recent exploration work 
confirms what many of these reports concluded: namely, that rocks of the Late Devonian to 
Early Carboniferous Horton Group of the Maritimes Basin in southeastern New Brunswick—
particularly those of the Albert Formation—contain the most economically significant 
resources of gas (conventional and unconventional) and oil in the province.  
 
The Albert Formation consists predominantly of fluvial and lacustrine sedimentary rocks that 
were deposited within the isolated, Early Mississippian depocentres of the Maritimes Basin. 
The most easterly of these depocentres, the Sackville Subbasin (Fig. 1, 2), was defined by 
Martel (1987) and is one of the least studied. The work by Martel (1987) was based mainly on 
seismic surveys completed by Chevron Canada Resources Ltd. between 1982 and 1985, and 
on limited surface outcrop and borehole information.  
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Figure 2. Simplified geological map of the western Sackville Subbasin, southeastern New Brunswick,

Figure 1 for the

location of this map area.

modified after St. Peter and Johnson (2009) and Webb and Stewart (2011). See
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At the time of Martel's report, only two deep wells had been drilled in the Sackville Subbasin,

both of them near Dorchester in the western part of the subbasin (Fig. 1, 2). They were Shell

Dorchester 1 drilled by Shell Oil Company in 1949, and Imperial Dorchester 1 drilled by

Imperial Oil Limited in 1960. A third deep well, Columbia/Corridor Coppermine Hill 2

(hereafter, Coppermine Hill 2), was drilled northeast of Dorchester in 2001 by Columbia

Natural Resources Canada Limited (Fig. 2). The three wells were reviewed by St. Peter

(2001) and referred to by St. Peter and Johnson (2009). These authors combined well data

with geological mapping results from the western part of the subbasin and presented a

number of stratigraphic and structural interpretations.
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The current study examined the three deep wells in detail using petrographic and 
petrophysical analysis. The analytical results were integrated with seismic data, mainly from a 
two-line survey conducted in 1996 by Corridor Resources Inc. (Fig. 2). The combined 
information helped to confirm or, in cases, to re-evaluate some interpretations of Late 
Devonian to Carboniferous stratigraphy and structure around Dorchester. A clearer 
understanding of the stratigraphy, coupled with seismic analysis, will lead to a better 
assessment of the hydrocarbon potential of the Albert Formation in the Sackville Subbasin. 
 
Note: the three deep wells of the current study are catalogued in the New Brunswick 
Department of Natural Resources (NBDNR) borehole database by their Unique Identifier 
Numbers (UINs), which are shown on Figure 2. Additional information about the wells is 
available in this online database (NBDNR 2011). 
 

REGIONAL GEOLOGY 

Maritimes Basin 

The Late Devonian to Early Permian Maritimes Basin (Fig. 1, inset 2) is an extensive 
successor basin that developed during the waning stages of, and following, the Middle 
Devonian Acadian Orogeny; remnants of the basin occur throughout Atlantic Canada (Roliff 
1962; St. Peter and Johnson 2009, and references therein). The basin has a rich 
sedimentological and structural history that involved subaerial to marine sedimentation over a 
period of 90 Ma.  
 
The Maritimes Basin is structurally complex, due to episodes of basin inversion and faulting 
that produced several major disconformities, paraconformities, and angular unconformities. In 
New Brunswick, the basin is subdivided into four major Early Carboniferous subbasins or 
depocentres (Fig. 1), those being the Moncton, Cocagne, Cumberland, and Sackville 
subbasins (van de Poll 1995; St. Peter 2006). The subbasins are now delineated by major 
faults and basement uplifts and may be partially concealed by younger Carboniferous strata 
and their boundaries (Fig. 1; St. Peter 2000; St. Peter and Johnson 2009).  
 

Stratigraphy of the Sackville Subbasin  

The Sackville Subbasin covers an area of about 800 km2 and essentially is defined by its Late 
Devonian to Early Carboniferous stratigraphy. Paleogeographically, most of the basin-fill 
clastic sediments that dominate the subbasin succession were derived from the Caledonia, 
Westmorland, and Hastings uplifts (Fig. 1). The subbasin stratigraphy (Fig. 3) has been 
described in detail by Martel (1987) and St. Peter and Johnson (2009) as a sequence of 
various lithologies.  
 
In general, the succession begins with the mainly red to grey, proximal alluvial fans and other 
fluvial and lacustrine rocks of the late Famennian (Late Devonian) to Tournaisian (Early 
Carboniferous) Horton Group (Fig. 3), which are overlain unconformably or disconformably by 
grey, coarse-grained deposits of the late Tournaisian Sussex Group. The mainly evaporitic 
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sequence of the Visean Windsor Group rests with angular unconformity on the Sussex Group 
and records the incursion of the Windsor Sea into the basin. Redbed sedimentary rocks 
conformably overlying the late Visean to early Serpukhovian (Early Carboniferous) Mabou 
Group signify the resumption of proximal alluvial and other fluvial deposition in the region.  
 
A major regional unconformity separates these four mainly Early Carboniferous groups from 
the overlying Late Carboniferous Cumberland and Pictou groups (Fig. 3) that, in the report 
area, have been identified as Bashkirian (St. Peter and Johnson 2009). The predominantly 
grey to red fluvial sequences of the two youngest groups heralded the onset of more distally 
derived fluvial sedimentation that blanketed the Sackville and other subbasins in the region 
and also buried some previously exposed basement uplifts.  
 
It is noteworthy that Martel (1987) interprets seismic reflectors below the Horton Group at the 
base of the succession as a possible interbedded volcanic and clastic sequence of rocks, 
similar to those mapped in the same stratigraphic position in nearby Nova Scotia. To date, 
such rocks have not been found either at surface or at depth in New Brunswick.  
 

Structure of the Sackville Subbasin 

The subbasin is delineated primarily by major basin-bounding faults that trend northeasterly or 
north–northwesterly, including the Harvey–Hopewell, Dorchester, Port Elgin, and Wood Creek 
faults (Fig. 1, 2; St. Peter and Johnson 2009). As discussed by Martel (1987), these faults 
likely underwent periods of significant, basin-facing, dip-slip movement that allowed the 
accumulation of thick (>1 km) basin-fill sediments during basin subsidence in the Late 
Devonian to Early Carboniferous. However, some of the faults undoubtedly also experienced 
a protracted history of reverse and strike-slip movement during this time, as well as later 
movements that post-dated deposition of Late Carboniferous cover material within the 
Sackville Subbasin (see St. Peter and Johnson 2009). 
 
The internal structural history of the Sackville Subbasin is quite complex. Unconformities in 
the Early Carboniferous stratigraphic section attest to at least two main periods of basin 
inversion caused by compression or transpression, in addition to intrabasinal faulting events 
with local basement uplifts, Late Carboniferous downwarping, broad folding, and salt diapirism 
(Martel 1987; St. Peter and Johnson 2009).  
 
The first major deformation event occurred before deposition of the Windsor Group; it involved 
transpression that caused uplifting, folding, and erosion of the upper part of the Sussex Group 
and underlying rocks. The second, and likely more regional, period of deformation and uplift 
affecting Carboniferous strata took place after deposition of the Mabou Group but before 
deposition of the Cumberland Group. This event was due mainly to the reactivation of some 
basin-bounding faults. The latest folding events to affect the younger strata were also 
associated with continued reactivation along a number of these faults and were accentuated 
by episodes of salt diapirism (Martel 1987; St. Peter and Johnson 2009).  
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DETAILED STRATIGRAPHY OF THE SACKVILLE SUBBASIN 

The following stratigraphic relationships (see Fig. 3) and unit descriptions are summarized 
from comprehensive accounts in St. Peter (2001) and St. Peter and Johnson (2009). 
 

Horton Group 

The Horton Group in the report area consists of the Memramcook, McQuade, and Albert 
formations. The oldest unit is the Famennian to Tournaisian Memramcook Formation, which 
contains red, grey, and green, thick-bedded polymictic conglomerates, as well as trough 
cross-bedded, coarse- to fine-grained, feldspathic to lithic sandstones. These coarser facies 
are interstratified with red siltstone and mudstone (Norman 1941; St. Peter and Johnson 
2009).  
 
The McQuade Formation gradationally overlies, and likely is in part a lateral distal facies of, 
the Memramcook Formation (St. Peter 2006; St. Peter and Johnson 2009). The McQuade 
Formation ranges from early Tournaisian Zone 1A to middle Tournaisian Zone 2A and 
consists of red to grey, medium- to fine-grained fluvial strata. Interbedded reddish brown and 
grey mudstone, siltstone, and fine- to coarse-grained, laminated and cross-bedded sandstone 
are the dominant lithotypes. Also present are pebble conglomerates containing intraclasts of 
mudstone and micritic limestone.  
 
The Early Tournaisian Albert Formation (Dawson 1853; Bailey and Ells 1878; Ami 1900; 
Wright 1922; Norman 1932, 1941; St. Peter 1992) gradationally overlies, and is in part 
laterally equivalent to, the McQuade Brook Formation. The Albert is divided into three 
conformable members: Dawson Settlement, Frederick Brook, and Hiram Brook (Greiner 
1962). At the base is the Dawson Settlement Member, which consists of grey, variously grain-
sized calcareous sandstone with lenses of non-kerogenous dark grey shale and mudstone. 
Interbeds of green conglomerate and pebbly sandstone, light grey limestone, and brown 
kerogenous shale are also present. The Frederick Brook Member lies stratigraphically above 
the Dawson Settlement Member and consists of brown, kerogenous, dolomitic mudstone, and 
oil shale. Grey, non-kerogenous shale and mudstone, sandstone, conglomerate, limestone, 
and dolostone are also present. The Hiram Brook Member is the youngest unit of the Albert 
Formation. It consists predominantly of brown, thin- to medium-bedded, variously grain-sized 
calcareous sandstone intercalated with grey, non-kerogenous, slightly calcareous mudstone 
and shale. Interbeds of brown, kerogenous dolomitic shale, conglomerate, and grey limestone 
have also been noted (St. Peter and Johnson 2009). Rocks of the Hiram Brook Member were 
recognized in none of the three deep wells examined during this study (Fig. 3). 
 

Sussex Group 

The Sussex Group in the Sackville Subbasin is represented solely by the Round Hill 
Formation. The formation appears in outcrop elsewhere in the Maritimes Basin of 
southeastern New Brunswick (St. Peter and Johnson 2009) but has not been mapped at 
surface in this subbasin; instead, it has been identified only in a drillhole (St. Peter 2001). 
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The Round Hill Formation contains grey and locally red polymictic conglomerate, fine- to 
coarse-grained sandstone, minor mudstone, and rare limestone that together represent part of 
a late Tournaisian alluvial fan (McLeod 1980; St. Peter and Johnson 2009). Rocks of the 
Round Hill Formation were not observed in well intersections of the current study. 
 

Windsor Group 

Regionally, the Windsor Group is characterized by an Early Visean basal conglomeratic unit 
that unconformably overlies older sequences and that is succeeded by various types of 
evaporitic successions ranging from Early Visean to Namurian (Dawson 1873; Bell 1944). In 
the report area, this group comprises, in ascending stratigraphic order, the Hillsborough, 
Macumber–Gays River, Upperton, Pugwash Mine, and Lime-Kiln Brook formations. 
 
The conglomeratic unit, the Hillsborough Formation, consists of dark reddish brown, grey, 
and commonly sandy conglomerate with minor lithic sandstone, pebbly sandstone, and 
mudstone (Wright 1922; St. Peter 1992). The Macumber Formation is typically considered 
the oldest formation in the evaporitic sequence of the Windsor Group, consisting of grey to 
black, thin-bedded and laminated wackestone to packstone (Weeks 1948). The Gays River 
Formation, which interfingers with the Macumber, consists of grey to brown algal boundstone 
and is locally interbedded with minor grey, polymictic pebble conglomerate and calcareous, 
fine-grained to pebbly lithic sandstone, and limestone breccia mudstone (Boehner 1977).  
 
The Upperton Formation overlies the Macumber and Gays River formations. Near surface, 
gypsum of the Upperton often replaces the primary lithology, which is anhydrite (Anderle et al. 
1979; McCutcheon 1981). The Pugwash Mine Formation consists mainly of colourless to 
white halite that is locally interbedded with minor red or reddish brown and grey shale 
commonly containing rock salt crystals. Very minor sandstone, anhydrite, dolomite, and 
selenite stringers are also present in places (Carter and Anderle 1990). The Lime-Kiln Brook 
Formation (Ryan and Boehner 1994) is divided into three informal members in New 
Brunswick (St. Peter and Johnson 2009). They contain differing proportions of gypsum, 
anhydrite, selenite porphyroblasts, wackestone, grainstone, sandstone, conglomerate, and 
limestone, as well as minor siltstone and mudstone. Typically, they include stromatolites, 
biomicrites, and oolitic grainstones (St. Peter and Johnson 2009).  
 
Parts of the Upperton and Lime-Kiln Brook formations can be laterally continuous with the 
Pugwash Mine Formation (Fig. 3). When the last-named formation is absent, the Lime-Kiln 
Brook directly overlies the Upperton. 
 

Mabou Group 

In the Sackville Subbasin, the Mabou Group is represented by the Maringouin and Hopewell 
Cape formations. The late Visean Maringouin Formation is a coarsening-upward sequence 
of red to grey calcareous, very fine- to fine-grained sandstone with brick red siltstone and 
mudstone; thicker and more abundant red sandstones are noted near the top of the formation 
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(Norman 1941; Gussow 1953). The Maringouin Formation can in part be laterally equivalent to 
the Lime-Kiln Brook Formation (Windsor Group) and is also considered a distal lateral 
equivalent of the lower part of the Hopewell Cape Formation. 
 
The Hopewell Cape Formation is a brownish red, poorly sorted, pebble–cobble, polymictic 
conglomerate with coarse-grained to pebbly lithic and variously grain-sized sandstones. This 
facies, which is typically a fining-upward sequence, also contains brick red to maroon, very 
fine- to fine-grained, ripple-laminated and massive sandstone, siltstone, and mudstone. 
Reduction spheroids and calcrete are common within the finer grained units of the Hopewell 
Cape Formation. At the top of the formation is the Dorchester Cape Member, which comprises 
red, very fine- to fine-grained, ripple-laminated sandstone, siltstone, and mudstone. The 
member differs from lower sections of the formation in that it contains silcrete and more 
abundant calcrete (van de Poll 1994; St. Peter and Johnson 2009). The Hopewell Cape 
Formation was not subdivided in the current study. 
 

Cumberland Group 

The Cumberland Group is represented in the Sackville Subbasin by the Westphalian Boss 
Point Formation, which unconformably to disconformably overlies the Mabou Group. The 
Boss Point is characterized by commonly yellowish weathering, grey, plant-bearing quartzose 
sandstone; and well-sorted, rounded quartz-pebble conglomerate interbedded with fine-
grained sandstone, siltstone, mudstone, and lesser amounts of carbonaceous limestone, 
shale, and coal (Bell 1914, 1944; Browne 1991; St. Peter and Johnson 2009). Although the 
Boss Point Formation is divided into members at some localities, it remains undivided for the 
purposes of the present study. 
 

Pictou Group 

The Westphalian to Stephanian Pictou Group was not observed in wells within the report area 
but does occur on surface in the eastern part of the Sackville Subbasin. The only rocks of the 
Pictou Group identified in New Brunswick are those of the Salisbury and Richibucto 
formations. The Salisbury Formation consists of predominantly red, very fine- to fine-grained 
sandstone, siltstone, and mudstone; and pinkish grey to red, trough cross-bedded sandstone, 
pebbly sandstone, and conglomerate. The Richibucto Formation contains grey and minor 
reddish brown, parallel- and trough cross-bedded sandstone, pebbly sandstone, and 
intraformational conglomerate. Interstratification occurs with red, very fine-grained sandstone, 
siltstone, mudstone, and minor lacustrine limestone; coalified plant fragments and thin coal 
seams are common in both formations of the Pictou Group (St. Peter and Johnson 2009). 
 

METHODOLOGY 

The Shell Dorchester 1, Imperial Dorchester 1, and Coppermine Hill 2 wells in the vicinity of 
Dorchester (Fig. 2) are the only deep exploration wells in the study area of the western 
Sackville Subbasin and thus were chosen for petrographic and petrophysical analysis.  
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Well cuttings for the petrographic examination were selected at 10 ft [3.03 m] intervals for the 
two older wells (Shell Dorchester 1, Imperial Dorchester 1) and at 3 m intervals for the younger, 
Coppermine Hill 2 well. Chip samples were observed under a stereoscopic microscope at 10x to 
70x magnification to determine lithotype, colour, grain size, constituents, sorting, rounding, 
cementation, and potential for hydrocarbon content. Late Devonian to Carboniferous lithotypes 
identified in the study included conglomerate, sandstone, siltstone, anhydrite, halite, limestone, 
and shale. Pre-Late Devonian lithotypes consisted of granitic and metasedimentary rocks.  
 
As with the investigation by Parks (2010) of the Albert Formation in the McCully Field (Fig. 1), 
the current petrophysical study compared and interpreted the various wireline log signatures 
that characterize the lithofacies identified by petrographic examination. (Schlumberger Limited 
(2010) describes the theory behind wireline tool functions.) The integration of petrographic 
and petrophysical well data is key to creating an accurate strip log of lithofacies in 
hydrocarbon-bearing rocks of the Maritimes Basin. A reliance solely on wireline data, without 
an accompanying microscopic examination of well cuttings from the same depth, can lead to 
false identification of some rock types.  
 
Wireline logs were available only for the Shell Dorchester 1 and Coppermine Hill 2 wells. 
Those for Shell Dorchester 1 consisted of self-potential, sonic, and various resistivity logs; 
those for Coppermine Hill 2 comprised gamma ray, neutron, density, sonic, and assorted 
resistivity logs. Abbreviated lithologic descriptions derived from the petrographic analysis were 
displayed on the strip logs beside wireline data and drilling parameters. After the petrographic 
and petrophysical analyses were completed, standardized strip logs were generated for all 
three wells. These detailed strip logs formed the basis for constructing cross-sections 
between the wells (Fig. 4a, 4b). Appendices 2, 3, and 4 of Stewart (2011) provide the 
complete strip logs for Shell Dorchester 1, Imperial Dorchester 1, and Coppermine Hill 2, 
respectively, showing the lithologic, wireline (where available), and drilling data for each well. 
 

PETROGRAPHIC CHARACTERISTICS 

The petrographic descriptions of lithofacies in the three wells are presented below according 
to group, formation, and (for the Albert Formation) member. Descriptions of cuttings from the 
individual wells represent an average of all observed lithologic characteristics of each 
formation in that well. All wells were drilled vertically, and all numbered depths in metres 
represent the ‘measured depth’ or MD (Table 1).  
 

Shell Dorchester 1 (UIN 325) 

Horton Group 

The Horton Group in this well (Fig. 4a, 4b) is represented by the McQuade Brook Formation, 
Albert Formation, and probably Memramcook Formation (see Discussion, below). The 
McQuade Brook Formation was intersected at the base of the well in the 2277 m to 2508 m 
depth interval. It is dominated by siltstone that varies from light to dark grey, is siliceous, and 
has calcite veining. Sandstone, the second most abundant lithology, is maroon to grey, 
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fine- to medium-grained, micromicaceous, poorly sorted, and well consolidated; and has 
subangular constituents. This sandstone is noteworthy, being pebbly with schistose clasts. 
Between the depths of 2277 m and 2343 m, a coarse-grained facies of blue to green 
conglomerate and sandstone (likely equivalent to the Memramcook Formation) was observed 
in association with the finer grained, siltstone-dominated sequence.  
 
The Dawson Settlement Member of the Albert Formation overlies the McQuade Brook 
Formation and is present in the 1958 m to 2277 m depth interval. The dominant lithology is 
dark grey, silty, calcareous, and slightly micaceous shale that contains evidence of plant 
fragments. Intervals of medium to dark grey, calcareous, and commonly siliceous siltstone 
occur throughout the section, decreasing in abundance with depth in each interval. Lenses of 
very fine-grained calcareous sandstone occur throughout the section; the sandstone is white 
to grey with high concentrations of quartz and muscovite. Also present are white to light grey, 
microcrystalline dolomitic limestones that reach a maximum concentration at 2035 m, then 
decrease in abundance with depth.  
 
Two types of conglomerate occur in the lowermost section of the Dawson Settlement 
Formation. One type is blue to green with chlorite, muscovite, granitic clasts, and subangular 
to angular quartz clasts; it closely resembles the blue to green conglomeritic facies in the 
underlying Memramcook–McQuade sequence. The other conglomerate has a pink to maroon, 
fine- to coarse-grained matrix with chlorite, muscovite, and quartz, as well as subangular to 
angular granitic clasts. Some intervals contain up to 10% grey to green, slightly calcareous 
siltstone. 
 
The Frederick Brook Member lies above the Dawson Settlement Member and was intersected 
in the 1695 m to 1958 m depth interval. Shale, the dominant lithology, is dark grey, silty, 
calcareous, and slightly micaceous with evidence of plant fragments. Intervals of medium to 
dark grey calcareous siltstone decrease in abundance with depth; typically, the siltstone is 
siliceous. Lenses of minor, very fine-grained, white to grey calcareous sandstone are present 
throughout the section in association with predominant quartz and muscovite and minor 
selenite stringers; the sandstone lenses are slightly less extensive than in the underlying 
Dawson Settlement Member. A 20 m thick interval of white microcrystalline anhydrite was 
intersected in the 1828 m to 1848 m depth interval. 
 

Windsor Group 

The Windsor Group lies above the Horton Group and represents a significant portion of the 
stratigraphy in this well (Fig. 4a, 4b). The basal Hillsborough Formation was intersected in the 
1600 m to 1695 m depth interval. The formation consists mainly of polymictic conglomerate 
that varies between greyish green and reddish brown with clasts of subangular to subrounded 
quartz and a variety of igneous lithologies. The conglomerate grades into sandstone toward 
the base of the section. Minor limestone observed in this section may be the result of cavings.   
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Table 1. Tops of Pre-Late Devonian to Carboniferous formations in the western Sackville Subbasin, 
New Brunswick, as interpreted from a petrographic examination of well cuttings in the Dorchester area. 
Compare with cross-sections in Figures 4a and 4b. 
 

Well
Shell 

Dorchester 1 

Imperial 
Dorchester 1 

Coppermine 
Hill 2 

KB (m) 6.4 24.08 145.3 

GRD (m) 4.27 19.51 140 
 

 Tops of Formations (m) 

GROUP FORMATION / MEMBER MD/ 
TVD 

SS 
MD/ 
TVD 

SS 
MD/ 
TVD 

SS 

Cumberland Boss Point Formation 0 -24.08 0 -145.3

Hopewell Cape Formation 0 -6.4 536 511.92 177 31.7
Mabou 

Maringouin Formation 1204 1179.92 1026 929.7

Lime-Kiln Brook Formation 119 112.6 1472 1447.92 1426 1280.7

Pugwash Mine Formation 530 523.6 1576 1551.92 1745 1599.7

Upperton Formation 1539 1532.6 2335 2310.92 2100.5 1955.2

Macumber–Gays River formations 1564 1557.6  2150.5 2005.2

Windsor 

Hillsborough Formation 1600 1593.6  2218 2072.7
Albert Formation  
(Frederick Brook Member) 

1695 1688.6  

Albert Formation 
(Dawson Settlement Member) 

1958 1951.6  Horton 

Memramcook–McQuade Brook 
formations 

2277 2270.6  2553 2407.7

— Crystalline basement  2862 2716.7

Total depth of well 2508 2501.6 2420 2395.92 3420 3274.7

Notes: GRD = Ground elevation, KB = Kelly bushing elevation, MD = Measured depth, SS = Sub-sea level,       
TVD = True vertical depth 

 
The overlying Macumber–Gays River formations were intersected in the 1564 m to 1600 m 
depth interval. The main lithology is grey, frosted limestone with minor conglomerate near the 
base that apparently grades into the Hillsborough Formation below.  
 
Overlying the Macumber–Gays River formations is a thin bed of Upperton Formation, between 
1539 m and 1564 m. The dominant Upperton lithology is anhydrite with minor gypsum, salt, 
and limestone near the base of the interval. The anhydrite is white to grey and microcrystalline 
with minor orange staining. The Upperton Formation is overlain by the Pugwash Mine 
Formation, which was intersected between 530 m and 1539 m. The Pugwash Mine Formation 
in this well is represented by a thick succession of relatively clean, clear to white salt, except 
near the top of the section, where the salt is orange. Minor siltstone stringers and selenite 
crystals are present in some sections. 
 
At the top of the Windsor section, the Lime-Kiln Brook Formation was intersected in the 119 m 
to 530 m depth interval. The formation in this well consists mainly of white to grey 
microcrystalline anhydrite with stringers of gypsum, selenite, and salt.  
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Mabou Group 

The Mabou Group in this well (Fig. 4a, 4b) is represented only by the Hopewell Cape 
Formation, which occurs from the collar to a depth of 119 m. The formation consists of 
maroon to brown sandstone with poorly sorted, subrounded, poorly consolidated gravel and 
becomes coarser grained with depth.  
 

Imperial Dorchester 1 (UIN 330) 

Late Devonian to Carboniferous rocks older than the upper Windsor Group (i.e., rocks of the 
Horton and Sussex groups and Windsor rocks older than the Upperton Formation) were not 
intersected in this well (Table 1). 
 

Windsor Group 

The Upperton Formation (Fig. 4b) is present between 2335 m and 2420 m, where it consists 
of salt, varied proportions of dirty anhydrite, and differing quantities of shale. The salt can be 
both clear and opaque and typically appears as large crystals. The dirty anhydrites, and what 
possibly may be gypsum, are white to light grey and in the form of powdered crystals. The shale 
is grey, calcareous, and fissile, and ranges from hard to soft throughout the entire section. 
 
The overlying Pugwash Mine Formation (Fig. 4b) is found in the 1576 m to 2335 m depth 
interval. Halite, which occurs throughout the interval, is predominantly white to light pink and 
less commonly light brown. Salt crystals vary from fine- to coarse-grained aggregates, and 
when the large crystals are clean, they are semitransparent to transparent. The Pugwash 
Mine Formation in this section contains minor quantities of red to maroon and grey to green 
shales that are very slightly calcareous, fissile, and vary in hardness. Also present is minor 
white, powdery anhydrite.  
 
The top of the Windsor Group is represented by the Lime-Kiln Brook Formation in the 1472 m to    
1576 m depth interval (Fig. 4b). The formation here consists of reddish maroon to brown, clay-
coated siltstone, clay, and shale, with minor sandstone stringers. The shale is non-calcareous, 
micromicaceous, and moderately soft; it ranges from blocky to subfissile. The clay coating is 
grey, vuggy, and moderately consolidated.  
 
The overlying Maringouin Formation (Fig. 4b) was intersected between 1204 m and 1472 m 
and contains red, brown, and grey siltstone as the dominant lithology. Most of the siltstone is 
oxidized, blocky, and very slightly calcareous; it contains minor mica, is hard, and has a dirty 
coating. Minor sandstone and conglomerate lenses appear near the base of the formation. 
The sandstone is red to brown and les commonly grey, very fine to medium grained with a 
quartz matrix, slightly calcareous, well sorted, subangular, and well consolidated. Sandstone 
abundance increases near the base of the formation. The conglomerate is maroon to brown, 
very slightly calcareous, has biotite in the matrix, is poorly sorted, and is well consolidated. 
Subangular to angular clasts in the conglomerate are composed of quartz and a variety of 
igneous fragments.  
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The Hopewell Cape Formation (Fig. 4b) overlies the Maringouin Formation at depths of 
between 536 m and 1204 m and consists of conglomerate and sandstone. The conglomerate 
is maroon to brown, poorly sorted and well consolidated with subangular clasts of quartz, 
igneous fragments, and schist in a matrix with extensive biotite. Red to brown sandstone 
varies from very coarse to fine grained, is highly calcareous, is poorly sorted, and has 
subangular grains. Minor lenses of maroon to brown siltstone also occur throughout the 
section; the siltstone is siliceous, blocky, slightly calcareous, and hard. 
 

Cumberland Group 

The Imperial Dorchester 1 well was collared in rocks of the Boss Point Formation, which 
extend down to a depth of 536 m (Fig. 4b). Lithotypes of the formation consist of grey and 
maroon siltstone; grey, very fine- to coarse-grained grey and maroon sandstone; white to pink 
polymictic conglomerate; and minor, light to medium grey shale that is blocky and non-
calcareous. Despite the lithologic variety, the grain sizes show an overall trend of becoming 
finer with depth. 
 

Coppermine Hill 2 (UIN 716) 

Pre-Late Devonian Rocks 

This well intersected rocks of the pre-Late Devonian basement between 3420 m and 2862 m 
(Fig. 4a). The main basement lithologies comprise alternating sequences of schist, 
metasedimentary rocks, and weathered to unweathered granitic rocks.  
 
The schist appears in discrete zones devoid of other material. It is light to medium grey to 
green and poorly sorted; has abundant subrounded to elongated, grey to white quartz grains; 
and contains chlorite, biotite, and muscovite. The maroon to brown metasedimentary rocks 
are slightly calcareous, pyritiferous, and very hard. They resemble the pyritiferous, hard 
siltstones of the overlying McQuade Brook Formation (see below) but are much more 
indurated. The composition of the granitic rocks is somewhat similar to that of the schist, but 
the brown, grey, and orange quartz minerals are angular instead of subrounded. The granitic 
intervals also contain minor calcite (possibly vein material) and are pyritized, hard, and shiny.  
 

Horton Group 

Rocks of the McQuade Brook Formation (Horton Group) were intersected between 2862 m 
and 2553 m and overlie crystalline basement (Fig. 4a). The formation consists mainly of dirty, 
dark grey and brown to dark maroon and brown siltstone that is very calcareous, blocky, and 
has minor grey clay content. This siltstone-dominated facies is maroon-brown at the base, 
medium to dark grey in the mid-section, and dark brown in the upper section. The McQuade 
Brook Formation in this well has high pyrite content and is very hard, suggesting deep burial.  
 
The strip log for Coppermine Hill 2 (Stewart 2011, her Appendix 4) shows thin intervals of 
brown, polymictic conglomerate within the siltstone facies, beginning at 2629 m and 
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becoming more common uphole until the interpreted Windsor–Horton boundary is reached at 
2553 m. At this depth, the brown conglomerates, which probably represent the Memramcook 
Formation (see Discussion, below) ‘give way’ to maroon to brown conglomerates of the 
Hillsborough Group (Windsor Group).  
  

Windsor Group 

The Hillsborough Formation represents the base of the Windsor Group in this well and was 
intersected between 2218 m and 2553 m (Fig. 4a). The main lithology is conglomerate, 
accompanied by a minor, 20 m section of sandstone and siltstone. The conglomerate is 
maroon to brown, polymictic with quartz and a variety of igneous clasts, poorly sorted, 
predominantly subrounded, and slightly calcareous. The sandstone is dark grey, fine grained, 
has a high percentage of quartz and biotite in the matrix, and is moderately sorted with 
subangular grains. The pebbly siltstone is maroon to brown, non-calcareous, and blocky. The 
siltstone section may be thicker than indicated, but a 10 m to 15 m interval of chip samples is 
missing from above and below the section.  
 
The Macumber–Gays River formations were intersected in the 2150.5 m to 2218 m depth 
interval (Fig. 4a) and consist mainly of dirty anhydrite, limestone, and salt. The anhydrite is 
white to light grey and has powdered crystals; the limestone is light grey with mud cement. 
The salt is white to light grey, semitransparent to transparent, and in both powdered and 
large-crystal form.  
 
The Upperton Formation overlies the Macumber–Gays River formations and was intersected 
at a depth interval of 2100.5 m to 2150.5 m (Fig. 4a). The Upperton Formation is a narrow, 
dirty section that consists mainly of white to light grey, powdered anhydrite crystals but also 
contains significant salt and siltstone stringers. The salt is white to light grey, semitransparent 
to transparent, and in both powdered and large-crystal form.  
 
The halite-dominated Pugwash Mine Formation occurs in the 1745 m to 2100.5 m depth 
interval (Fig. 4a). The salt is light brown to greyish with intermittent stringers of medium to 
dark grey siltstone and minor white powdery anhydrite. The larger halite crystals in general 
appear powdery but when cleaned are semitransparent to transparent. 
 
The top of the Windsor Group is represented by the Lime-Kiln Brook Formation, which 
extends from 1745 m to 1426 m (Fig. 4a) and features miniscule white clay throughout the 
formation. The formation consists of siltstone and sandstone with minor salt and significant 
limestone in various intervals. The siltstone is maroon to grey, siliceous, veined in places with 
calcite, micromicaceous with minor pyrite, moderately hard, and blocky to platy. The 
sandstone is maroon, very fine to fine grained, siliceous, veined with calcite, micromicaceous 
with biotite, moderately sorted, and subangular to subrounded. Salt occurs as large, white to 
orange, semitransparent crystals. Light grey, calcite-veined limestone is present in the 1587 m 
to 1662 m depth interval.  
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Mabou Group 

The Mabou Group in this well is represented by the Maringouin and Hopewell Cape 
formations. The Maringouin Formation extends from 1026 m to 1426 m (Fig. 4a) and 
alternates between siltstone and minor sandstone lenses at the base of the section. The 
siltstone is maroon to brown and grey, calcareous, micromicaceous, and brittle in places. The 
sandstone lenses are very fine to fine grained and non-calcareous with constituents that vary 
from subangular to subrounded. The top of the sequence is dominated by similar sandstone 
but is mainly fine grained to very coarse grained. A single section of shale occurs between 
1158 m and 1170 m; the shale is light to dark grey, blocky, very hard, and at some depths is 
vitreous, subfissile, and micromicaceous. 
 
The Hopewell Cape Formation was observed in the 177 m to 1026 m depth interval (Fig. 4a) 
and consists predominantly of conglomerate with lesser amounts of interbedded sandstone 
and siltstone that exhibit properties similar to the sandstone and siltstone in the previous 
interval. The conglomerate is dark maroon to dark brown and grey, polymictic, calcareous, 
and poorly sorted with a cement of siltstone and sandstone. All finer grained rocks in this 
interval are red to brown siltstone. 
 

Cumberland Group 

The well was collared in rocks of the Boss Point Formation to a depth of 177 m. The section 
consists mainly of a mixture of white to brown sandstone and siltstone with minor red to brown 
mudstone stringers. The sandstone is calcareous, poorly consolidated, and very fine to coarse 
grained with subrounded and subangular grains. The calcareous siltstone is predominantly 
red to brown and less commonly grey; it also is hematitic and very soft. 
 

DISCUSSION  

This detailed study of petrographic and petrophysical data from the three deep wells in the 
western Sackville Subbasin has helped to more precisely define the contacts between groups, 
formations, and members of Late Devonian to Carboniferous rocks in the report area (Table 
1). Study results also provide a basis for examining and, in some cases, suggesting revisions 
to several previous stratigraphic and structural interpretations of rocks in the area.  
 

Pre-Late Devonian Basement 

Rocks identified as pre-Late Devonian basement were intersected only in the Coppermine Hill 
2 well. They consist of alternating intervals of schist, metasedimentary rocks, and weathered 
to unweathered granitic rocks. The schists were previously identified by Gemmel and Giles 
(2001) as sandstones, the metasedimentary rocks as siltstones, and the granitic rocks as 
conglomerates. 
 
Evidence to support the reinterpretation of these rocks is as follows. 
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 The schist appears to be present in discrete zones devoid of other material, is chloritic, 
contains micaceous material, and has elongated quartz grains—features that are more 
typical of schist than of siltstone. 

 
 The metasedimentary rocks in this well are highly indurated, unlike most of those 

commonly found in Late Devonian to Carboniferous rocks in the region.  
 
 The material identified herein as granitic rocks contains very weathered angular chips and 

lacks sedimentary or metasedimentary clasts. Moreover, no metasedimentary material that 
could indicate the presence of a matrix is attached to the angular fragments. 

 
The wireline log signatures for the Coppermine Hill 2 well (Stewart 2011, her Appendix 4) 
show that the gamma ray response gradually decreases with depth and then becomes 
sporadic at the contact between the reinterpreted pre-Late Devonian crystalline basement and 
the younger cover rocks. The sonic wireline log remains stable between 200 μsec/m and 220 
μsec/m at this contact. 
 

Horton Group 

Memramcook–McQuade Brook Formations 

The McQuade Brook Formation and likely the Memramcook Formation were intersected at the 
base of the Horton section in two of the three wells being studied: Shell Dorchester 1 and 
Coppermine Hill 2. It is difficult to distinguish clearly between the two formations in these 
wells, but in general terms, the Memramcook Formation is characterized as being a coarser 
grained, proximal facies, whereas the McQuade Brook Formation is a finer grained, distal 
facies (St. Peter and Johnson 2009). Palynological analyses by Dolby (2011) of samples from 
both wells (one from a depth of 8190 ft  [2481.8 m] in Shell Dorchester 1 and one from a 
depth of 2727 m in Coppermine Hill 2) date the rocks as Tournaisian Zone 1C to 1D. This age 
range supports their identification as either Memramcook Formation or McQuade Brook 
Formation.  
 
The coarse-grained conglomerate and sandstone facies interpreted as Memramcook 
Formation in the Shell Dorchester 1 well is assumed to grade laterally into the finer grained, 
siltstone-dominated sequence of the McQuade Brook Formation in the Coppermine Hill 2 well. 
The thin intervals of brown conglomeratic rock within the uppermost McQuade Brook 
siltstones in Coppermine Hill 2 may represent interfingerings of Memramcook-equivalent 
material.  
 
Given the relative geographic positions of the two wells (Fig. 2) and the foregoing lithofacies 
relationships, it would appear that the coarser Memramcook Formation grades into the finer 
McQuade Brook Formation toward the northeastern (i.e., deeper) part of the Sackville 
Subbasin. Such a relationship supports the interpretation that the two formations represent 
proximal and distal temporal equivalents (see St. Peter and Johnson 2009, their p. 38). 
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Albert Formation 

Results of the present study have helped to more precisely define the distribution and internal 
stratigraphy of the hydrocarbon-bearing Albert Formation in the western Sackville Subbasin. 
The Albert Formation was intersected only in the Shell Dorchester 1 well, where it is 
represented by two of its three members: Dawson Settlement and Frederick Brook. Rocks of 
the Hiram Brook Member were not observed in any of the wells (Table 1). 
 
In the Shell Dorchester 1 well, the McQuade Brook Formation is in gradational contact with 
the overlying Dawson Settlement Member (Albert Formation). The Dawson Settlement–
Frederick Brook contact at 1958 m is marked by an abrupt facies change between the very 
fine-grained sandstone and limestone of the Dawson Settlement Member and the overlying 
shales of the Frederick Brook. The sharp facies change is mirrored in the wireline data, in 
which the 20 ohms (Ω), 30 Ω, and 60 Ω array induction, sonic, and self potential logs all show 
signatures that veer to the left at the contact (see Stewart 2011, her Appendix 2).  
 
The main differences between the two members in this well are that the Dawson Settlement 
has limestone and abundant quantities of very fine-grained calcareous sandstone, whereas 
the Frederick Brook lacks limestone, has less abundant very fine-grained sandstone and 
includes a 20 m interval of anhydrite. A palynological age of Tournaisian Zone 2 was obtained 
for the well cuttings interpreted here as Frederick Brook Member, but no such confirming age 
could be obtained for cuttings identified as Dawson Settlement Member (Dolby 2011).  
 
The Imperial Dorchester 1 and Coppermine Hill 2 wells contain no units that are laterally 
equivalent to the Albert Formation at the same depth (Table 1). In Coppermine Hill 2 to the 
northeast, the top of the McQuade Brook Formation is in sharp contact with the overlying 
Hillsborough Formation (Windsor Group), and the Albert Formation is entirely absent (Fig. 3, 
4a). Thus, the Albert Formation pinches out somewhere between the Shell Dorchester 1 and 
Coppermine Hill 2 wells (Fig. 4a, 5), which indicates that the stratigraphic section of Albert 
Formation in the western Sackville Subbasin is thinner than was previously interpreted. 
However, it is possible that additional intersections of the Albert Formation could be 
encountered at depth below the Imperial Dorchester 1 well, which ended in rocks of the 
Windsor Group (Table 1). 
 

Windsor and Mabou Groups 

The Windsor Group makes up a significant portion of the stratigraphy in Shell Dorchester 1 
and appears to have influenced structural relationships among rocks in the well. In the 
southern part of the cross-sectioned area (i.e., Imperial Dorchester 1 in Fig. 4b), the 
Hillsborough and Macumber–Gays River formations were not intersected but are assumed to 
be present at greater depths. As demonstrated in both cross-sections (Fig. 4a, 4b), the basal 
formations of the Windsor Group (Hillsborough, Macumber–Gays River, Upperton) have 
relatively uniform thicknesses across this part of the subbasin. However, the younger 
formations (Pugwash Mine, Lime-Kiln Brook) show more varied thicknesses.  
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In his seminal paper on the Carboniferous stratigraphy and structure of New Brunswick, 
Gussow (1953) discussed the presence of a salt dome in the Sackville Subbasin. Results of 
the current study offer further evidence for such a dome involving the salt-dominated Pugwash 
Mine Formation: evidence includes relative unit thicknesses and the apparent absence of 
some lithographic formations above the salt units (Fig. 4a, 4b, 5). According to Martel (1987), 
the thickest part of the salt dome lies to the west in the vicinity of Shell Dorchester 1. The 
present study supports Martel’s concept of a westward thickening dome (Fig. 2), in that the 
Pugwash Mine Formation is 1009 m thick in Shell Dorchester 1 and only 365 m thick in 
Coppermine Hill 2 (Table 1). In Imperial Dorchester 1 to the south (Fig. 4b), the formation has 
an intermediate thickness of 759 m. 
 
Lithologic data (Fig. 4a; Table 1) and the 1996 seismic profile (Fig. 5) suggest that the 
Maringouin Formation is truncated above the slightly thinned Lime-Kiln Brook Formation 
between the Coppermine Hill 2 and Shell Dorchester 1 wells. Lithologic data also indicate a 
similar truncation of the Maringouin Formation above the substantially thinned Lime-Kiln Brook 
Formation to the south of Shell Dorchester 1 in the direction of Imperial Dorchester 1 (Fig. 4b; 
Table 1). However, these apparent thinning relationships are more likely due to facies 
changes between the two formations: as noted by St. Peter and Johnson (2009), the 
Maringouin can in part be laterally equivalent to the Lime-Kiln Brook.  
 
Whatever the Lime-Kiln Brook–Maringouin facies relationship in this part of the western 
Sackville Subbasin, the seismic profile (Fig. 5) does indicate that a buoyant salt dome pushed 
up through the overlying strata, causing the stratigraphy to appear anticlinal near Shell 
Dorchester 1. Under such a scenario, the dome would have affected the subsequent 
configuration and erosional history of overlying strata in the Mabou and Cumberland groups.  
 

Seismic Survey and Structural Implications 

The 1996 seismic profile reveals a fault that caused noticeable reverse displacement of pre-
Late Devonian rocks near Shell Dorchester 1 (Fig. 5). Rocks of the Horton Group seem to 
display only minor movement along this structure, indicating that the apparently significant 
basement displacement could have resulted from strike-slip movement along irregular 
basement topography. Martel (1987) interpreted similarly Horton-age and younger faults (e.g., 
the Dorchester Fault) along a seismic line completed by Chevron Canada Resources Ltd. 
 
The 1996 seismic profile also indicates that faulting and folding of the Horton strata took place 
before deposition of the Windsor Group (see St. Peter and Johnson 2009). It likely was during 
this interval that the Albert Formation was eroded to varied degrees, which would account for 
the missing Albert section in the Coppermine Hill 2 well. Importantly, the uppermost unit of the 
Albert Formation—the Hiram Brook Member, one of the main targets for conventional gas in 
the region—is absent from all deep wells in the Dorchester area and presumably was eroded 
completely during basin inversion in the Early Carboniferous. Nonetheless, the lack of Hiram 
Brook strata does not rule out the potential for conventional gas elsewhere in the basin or for 
unconventional gas buried at depth below the Hiram Brook Member. 
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CONCLUSIONS  

A detailed analysis was conducted of petrographic and petrophysical data from three deep 
wells near Dorchester in the western Sackville Subbasin. The analyses were integrated with 
data from a 1996 seismic survey carried out between the wells. The study results concerning 
the stratigraphy and structure of rocks in the western subbasin can be summarized as follows.  
 
 The contacts between some groups, formations, and members of the Late Devonian to 

Carboniferous rocks in the report area were more precisely defined.  
 
 Rocks mapped as Carboniferous conglomerate by earlier authors were herein identified as 

pre-Late Devonian crystalline basement, which indicates that the depth to basement in the 
report area is shallower than previously interpreted.  

 
 The stratigraphic section of Albert Formation in the western Sackville Subbasin can be 

subdivided into the Dawson Settlement and Frederick Brook members. The Hiram Brook 
Member (Albert Formation), a key target for conventional gas in southeastern New 
Brunswick, is absent from all three deep wells in the report area. 

 
 The total thickness of the Albert Formation in the report area is thinner than previously 

interpreted, and the formation appears to pinch out to the northeast of Dorchester.  
 
 The stratigraphic and structural relationships in the report area, as revised on the basis of 

the current study, can be interpreted to support Gussow’s (1953) suggestion of a salt dome 
in the western Sackville Subbasin. 

 
Future work will include petrographic and petrologic analysis of other wells in the western 
Sackville Subbasin, as well as additional field mapping and seismic interpretation.  
 

ACKNOWLEDGEMENTS 

First and foremost, the author thanks Malcolm McLeod for carefully reviewing this paper and 
providing insight on some of the subject matter. Steven Hinds reviewed the first draft of the 
paper and aided in seismic interpretation. Craig Parks provided insight on both the 
petrographic analysis and the geophysical log interpretation. The author also wishes to thank 
Terry Leonard for preparing most of the figures. 
 

REFERENCES 

Ami, H.M. 1900. Notes on some of the formations belonging to the Carboniferous system in eastern 
Canada. Canadian Record of Science, 8, p. 149–163. 

Anderle, J.P., Crosby, K.S., and Waugh, D.C.E. 1979. Potash at Salt Springs, New Brunswick. 
Economic Geology, 74, p. 389–396.  

Bailey, L.W., and Ells, R.W. 1878. Report on the Lower Carboniferous belt of Albert and Westmorland 
counties, New Brunswick, including Albert shales. Geological Survey of Canada, Report of 
Progress for 1876–77, 12, p. 351–401. 



 73

Bell, W.A. 1914. Joggins Carboniferous section, Nova Scotia. Geological Survey of Canada, Summary 
Report for 1912, p. 360–371. 

Bell, W.A. 1944. Use of some fossil floras in Canadian stratigraphy. Royal Society of Canada, 
Transactions, 38, Section 4, p. 1–13. 

Boehner, R.C. 1977. The Lower Carboniferous stratigraphy of the Musquodoboit Valley, central Nova 
Scotia. Unpublished M.Sc. thesis, Acadia University, Wolfville, Nova Scotia, 204 p. 

Browne, G.H. 1991. The sedimentology of the Boss Point Formation (Pennsylvania), eastern New 
Brunswick and northern Nova Scotia. Unpublished Ph.D. thesis, University of Western Ontario, 
London, Ontario, 552 p. 

Carter, D.C., and Anderle, J.P. 1990. Exploration drilling of evaporites: procedures developed in 
eastern Canada. Canadian Institute of Mining and Metallurgy, 83, No. 939, p. 103–112. 

Dawson, J.W. 1853. On the Albert Mine, Hillsborough, New Brunswick. Geological Society of London, 
Quarterly Journal, 9, p. 107–115. 

Dawson, J.W. 1873. Report on the fossil plants of the Lower Carboniferous and Millstone Grit 
formations of Canada. Geological Survey of Canada, Separate Report 430, 47 p. 

Dolby, G. 2011. Palynological analysis of cuttings samples from Dorchester #1 & Copper Mine Hill #2. 
Unpublished report by G. Dolby of G. Dolby & Associates Ltd., Calgary, submitted as letter to H. 
Stewart of NBDNR, February 25, 2011. New Brunswick Department of Natural Resources; Lands, 
Minerals and Petroleum Division, 3 p. 

Gemmel, D., and Giles, K. 2001. Unique Identifier 716, Columbia Corridor Copper Mine Hill 2/F-88-
2329. Columbia Natural Resources Canada Limited report submitted to New Brunswick 
Department of Natural Resources; Minerals and Energy Division, 430 p. 

Greiner, H.R. 1962. Facies and sedimentary environments of Albert shale, New Brunswick. American 
Association of Petroleum Geologists, Bulletin 46, No. 2, p. 219–234. 

Gussow, W.C. 1953. Carboniferous stratigraphy and structural geology of New Brunswick, Canada. 
American Association of Petroleum Geologists, 37, No. 7, p. 1713–1816. 

Howie, R.D. 1986. Windsor Group salt in the Cumberland Subbasin of Nova Scotia. Geological Survey 
of Canada, Paper No. 85-11, 12 p.  

Martel, A.T. 1987. Seismic stratigraphy and hydrocarbon potential of the strike-slip Sackville sub-basin, 
New Brunswick. In Sedimentary Basins and Basin-Forming Mechanisms. Edited by C. Beaumont 
and A.J. Tankard. Canadian Society of Petroleum Geologists, 12, p. 319–334. 

McCutcheon, S.R. 1981. Stratigraphy and paleogeography of the Windsor Group in southern New 
Brunswick. Unpublished M.Sc. thesis, Acadia University, Wolfville, Nova Scotia, 206 p. [also] New 
Brunswick Department of Natural Resources; Mineral Resources Division, Open File Report 81–
31, 210 p. 

McLeod, M.J. 1980. Geology and mineral deposits of the Hillsborough area, map area V-22 and V-23 
(Parts of 21 H/15E and 21 H/15W). New Brunswick Department of Natural Resources; Mineral 
Resources Branch, Map Report 79–6, 35 p. 

New Brunswick Department of Natural Resources (NBDNR). 2011. New Brunswick Borehole Database. 
http://www1.gnb.ca /0078/GeoscienceDatabase/Borehole/Search.asp [accessed June 2011]. 

Norman, G.W.H. 1932. Stratigraphy of the Stoney Creek oil and gas field, New Brunswick. In Oil and 
Gas in Eastern Canada. Geological Survey of Canada, Economic Geology Series, 9, p. 167–173. 

Norman, G.W.H. 1941. Moncton, Westmorland and Albert Counties, New Brunswick. Geological 
Survey of Canada, Map 646A (with marginal notes). 

Parks, C.M. 2010. A petrographic and petrophysical investigation of the Albert Formation in the McCully 
Field, southern New Brunswick. New Brunswick Department of Natural Resources; Lands, 
Minerals and Petroleum Division, Open File (CD-ROM) 2010-3, 59 p. 



 74

Potter, R.R., Hamilton, J.B., and Davies, J.L. 1979. Geological map, New Brunswick (2nd edition). New 
Brunswick Department of Natural Resources and Energy; Minerals and Energy Division, Map NR-1. 

Roliff, W.A. 1962. The Maritime Carboniferous basin of eastern Canada. Geological Association of 
Canada, 14, p. 21–41. 

Ryan, R.J., and Boehner, R.C. 1994. Geology of the Cumberland Basin, Cumberland, Colchester and 
Pictou counties, Nova Scotia. Nova Scotia Department of Natural Resources; Mines and Energy 
Branches, Memoir 10, 222 p. 

Schlumberger Limited. 2010. Schlumberger Oilfield Glossary, 2010. http://www.glossary.oilfield.slb.com 
[accessed May 2011]. 

St. Peter, C.J. 1992. Lithologic facies, seismic facies and strike-slip setting of the Lower Carboniferous 
alluvial/fluvial/lacustrine Albert Formation of New Brunswick. Unpublished M.Sc. thesis, University 
of New Brunswick, Fredericton, New Brunswick, 229 p. [also] New Brunswick Department of 
Natural Resources and Energy; Mineral Resources, Geoscience Report 92–2, 145 p. 

St. Peter, C.J. 1993. Maritimes Basin evolution: key geologic and seismic evidence from the Moncton 
Subbasin of New Brunswick. Atlantic Geology, 29, p. 233–270. 

St. Peter, C.J. 2000. Oil shale and oil and natural gas in New Brunswick: historical and current industry-
related activities. New Brunswick Department of Natural Resources and Energy; Minerals and 
Energy Division, Information Circular 2000-5, 16 p. 

St. Peter, C.J. 2001. Petroleum geology in the Carboniferous of southeastern New Brunswick. In 
Guidebook to Field Trips in New Brunswick and Eastern Maine. Edited by R.K. Pickerill and D.R. 
Lentz. New England Intercollegiate Geological Conference, 93rd Annual Meeting, University of 
New Brunswick, Fredericton, New Brunswick, Trip A-4, p. 1–30. 

St. Peter, C.J. 2006. Geological relationship between the Cocagne Subbasin and Indian Mountain 
Deformed Zone, Maritimes Basin, New Brunswick. In Geological Investigations in New Brunswick 
for 2005. Edited by G.L. Martin. New Brunswick Department of Natural Resources; Minerals, 
Policy and Planning Division, Mineral Resource Report 2006-3, p. 103–183. 

St. Peter, C.J., and Johnson, S.C. 2009. Stratigraphy and structural history of the late Paleozoic 
Maritimes Basin in southeastern New Brunswick, Canada. New Brunswick Department of Natural 
Resources; Minerals, Policy and Planning Division, Memoir 3, 348 p. 

Stewart, H.J. 2011 (in press). Petrographic, petrophysical, and seismic data from the western Sackville 
Subbasin of the Maritimes Basin, southeastern New Brunswick. New Brunswick Department of 
Natural Resources; Lands, Minerals and Petroleum Division, Open File (CD-ROM) 2011-2. 

van de Poll, H.W. 1994. Carboniferous provenance and lithostratigraphy of the Chignecto Bay region, 
New Brunswick: a preliminary assessment. In Current Research 1993. Compiled and edited by 
S.A.A. Merlini. New Brunswick Department of Natural Resources and Energy; Minerals and 
Energy Division, Miscellaneous Report 12, p. 188–201. 

van de Poll, H.W. 1995. Upper Paleozoic rocks: New Brunswick, Prince Edward Island and Îles de la 
Madeleine. In Geology of the Appalachian–Caledonian Orogen in Canada and Greenland, Chapter 
5. Edited by H. Williams. Geological Survey of Canada, Geology of Canada, 6, p. 455–492.  

Webb, T.C., and Stewart, H.J. 2011. Bromine as an indicator of potash mineralization in Carboniferous 
marine evaporites, Sackville Subbasin, southeastern New Brunswick. New Brunswick Department of 
Natural Resources; Lands, Minerals and Petroleum Division, Mineral Resource Report 2011-1, 40 p. 

Weeks, L.J. 1948. Londonderry and Bass River map-areas, Colchester and Hants counties, Nova 
Scotia. Geological Society of Canada, Memoir 245, 86 p. 

Wright, W.J. 1922. Geology of the Moncton map area. Geological Survey of Canada, Memoir 129, 69 p. 




