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The Albert Formation in the Moncton Subbasin of southern New Brunswick was essentially deposited in 
a complex series of spatially and temporally inter-related alluvial fan, fluvial-deltaic and "deep" water 
lacustrine depositional environments and which have all previously been described in detail. Herein we 
describe three depositional environments and their l i thofacies which have not previously been described 
in any great detail, but const i tute an integral part of the succession. These are the algal swamp, 
marginal (shoreface and carbonate mudflat) and shallow evaporitic lacustrine environments and their 
lithofacies. 
Algal swamp lithofacies are character ized by kerogenous mudstones and inorganically precipitated nodular 
and phylloid or stromatoli t ic algal carbonates. Marginal lacustrine lithofacies are represented by two dis-
tinctive assemblages, namely carbonate mudflat and shoreface lithofacies. The former are character ized 
by dolomitic shales and interbeds of argillaceous limestones, aphanitic dolostones, siltstones and rare 
kerogenous and sub-kerogenous mudstones. The lat ter are characterized by 0.5-lm thick sandstones and 
interbedded shales or mudstones. Both exhibit evidence of ephemeral exposure. Evaporitic lacustrine litho-
facies are characterized by halite, gypsum, glauberite, anhydrite and dolostone with associated shales 
and siltstones containing molds of evaporite minerals replaced by calcite. 
Using surface and available drill data an assessment of the spatial distribution, both within the Moncton 
Subbasin itself and with respect to associated depositional environments, of these lithofacies is made. 

La Formation d'Albert dans le sous-bassin de Moncton s 'est accumuiee essentiellement dans une sfirie 
complexe d'environnements de dep6t, genres cone de dejection, fluviodeltaique e t milieu lacustre a 
tranche d'eau "profonde". Ces derniers ont tous fait l 'objet de descriptions antSrieures detailiees et l'on 
peut les met t re en correlation spatiale et temporelle. Dans cet article on decrit trois milieux de dfepOt 
ainsi que leurs facies lithologiques qui n'ont auparavant fai t l 'objet d'aucune description en detail mais 
qui font cependant partie integrante de la succession. Ce sont les environnements de margcage algaire, 
de milieu lacustre marginal (shoreface et vasiere a carbonates) et evaporitique peu profond. 
Les types faciologiques du marecage algaire sont principalement des mudstones a kferogene, des carbon-
ates algolamines (stromatolithes) et des carbonates noduleux^ ou en plaquettes precipites de fa?on inor-
ganique. On retrouve deux assemblages distincts de lithofacies de bord de lac, ce sont, respectivement, 
la vasiere a carbonates et le shoreface. Le premier se caracter ise par des argilites dolomitiques inter-
l i t res avec des calcaires argileux, des dolomies cryptocristallines, des siltstones et de rares mudstones 
plus ou moins riches en kerogene. Le second assemblage comprend des bancs de gres de 0.5-1.0m 
d'epaisseur interlites avec des argilites ou des mudstones. Tous deux pr£sentent des marques evidentes 
d'exposition subaSrienne sporadique. Le lithofacies lacustre a evaporites contient surtout de la halite, du 
gypse, de la glauberite, de l 'anhydrite et de la dolomite associes a des argilites et des siltstones qui 
renferment des moulages de mineraux evaporitiques remplaces par de la calcite. 
L'utilisation des donnees de la geologie de surface ainsi que des forages disponibles, tant dans le sous-
bassin de Moncton meme qu'en ce qui concerne les milieux de depot qui lui sont associes, permet une 
evaluation de la distribution de ces lithofacies dans l 'espace. 

[Traduit par le journal] 

INTRODUCTION 
The Albert Formation is the medial of 

three formations which const i tu te the late 
Devonian-early Carboniferous Horton Group 
which lies within the Moncton Subbasin 
(Figs. 1,2) of southeastern New Brunswick. 
The Horton Group represents the basal 
division of a complex succession of post-
orogenic molasse sediments typical of those 
infilling the Marit imes Basin (Knight 1983), 
a series of northeaster ly trending horsts 
(arch), graben (basin) and platform s t ruc-
tures which extend over much of New 
Brunswick, Nova Scotia, the Gulf of St. 
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Lawrence and western Newfoundland (Fig. 
1). The Maritimes Basin, also previously 
referred to as the Fundy Basin or Fundy 
Epieugeosyncline, was character ized by the 
deposition of non-marine fluviatile and la-
custrine sedimentary rocks from Late 
Devonian to Early Permian t ime (Belt 1968, 
Hacquebard 1972, Poll 1972). The only marine 
incursion into the Maritimes Basin took 
place during the Middle Mississippian 
(Visean) when a cyclic sequence of marine 
carbonates, evapori tes and sil tstones was 
deposited (Schenk 1967, McCutcheon 1981). 
The remaining Late Devonian and Carboni-
ferous sequences were deposited within 
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70 Carter and Pickerill

alluvial fan (piedmont), fluvial-deltaic and 
lacustrine environments.

In southeastern New Brunswick, the 
molasse sequence of the Horton Group is 
subdivided into the basal Memramcook, 
medial A lbert and upper Moncton form a­
tions as indicated in Figure 3 (Greiner 1962, 
Howie 1968, Pickerill and C arter 1980, 
C arte r and Pickerill 1985). This succession 
of alluvial fan, fluvial-deltaic, lacustrine 
and associated lithofacies accum ulated in 
the northeast trending, southwest narrowing 
Moncton Subbasin, part of the much larger 
M aritimes Basin of Knight (1983). The 
Moncton Subbasin is bounded on the north­
w est by the Kingston-Indian Mountain Up­
lift and on the southeast by the Caledonia 
Uplift. To the east it is bounded and bifur­
cated  by the Westmorland Uplift. The Cale­
donia Uplift was an active source area dur­
ing deposition of the Horton Group provid­
ing coarse-grained clastic  m aterial which 
was deposited as alluvial fanglom erates and 
associated lithofacies, marginal to the up-

Fig. 1 - Distribution of the Maritimes Basin of eastern 
Canada and geographic location of the Moncton Subbasin, 
southeastern New Brunswick.

lift (Pickerill and C arter 1980, Pickerill e t 
al. 1985). The Kingston-Indian Mountain and 
Westmorland uplifts were both post-deposi- 
tional passive margins (Pickerill e t al. 1985) 

The Albert Formation has in the past 
a ttrac ted  many detailed sedim entological 
studies but, and for obvious reasons, parti­
cular a tten tion  has been given to the lacus­
trine oil shales which constitu te  an integral 
portion of the formation particularly  in 
the Stoney Creek and Dover oilfields south 
of Moncton (e.g. Norman 1932, Henderson 
1940, Greiner 1962, Howie 1968, Macauley 
and Ball 1982, Macauley e t al. 1984). Such 
oil shales (actually kerogenous dolomitic 
marlstones) have been in terpreted  to have 
been deposited in relatively "deep" lacus­
trine environments in extrem ely quiescent 
conditions below wave base under reducing 
conditions (King 1963, Pickerill and C arter 
1980, Smith 1985, Pickerill e t al. 1985). The 
actual w ater depth involved is difficult to 
realistically  assess but Pickerill and C arter 
(1980) suggested it was no more than 
several tens of m eters. A ssociated fluvial- 
deltaic and alluvial fan lithofacies, which 
also constitu te  an integral proportion of the 
formation and occur in both the southeast, 
particularly, and southwest parts of the 
subbasin, have been described in consider­
able detail elsewhere (e.g. Greiner 1962; 
Howie 1968, 1979; Pickerill and C arter 1980) 
Only general sedim entological analyses of 
the en tire Moncton Subbasin have, to date, 
been presented (e.g. Greiner 1974, Pickerill 
and C arter 1980, St. P e te r 1982, Pickerill 
e t al. 1985) and certain ly  no detailed des­
criptions of algal swamp, marginal and 
shallow evaporitic lacustrine lithofacies have 
until now been presented. The purpose of 
this paper is therefore to describe these 
lithofacies and to emphasize their spatial 
development within the subbasin.

GENERAL BACKGROUND
The Horton Group, and in particular the 

A lbert Formation, is beset with numerous 
stratigraphic com plexities as a result of 
the spatial and temporal development of 
its varied lithofacies. Figure 3 summarizes 
these stratigraphic relationships and a more 
detailed discussion of the form ational and 
member contacts is given in C arter and 
Pickerill (1985). Figure 4 illustrates in a 
general way the spatial development of the
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Fig. 2 - Surface outcrop of the Albert Formation in the 
Moncton Subbasin and location of bounding uplifts and 
localities referred to in the text (modified af ter Macauley 
and Ball 1982). 

different members of the Albert Forma-
tion in different areas of the Moncton Sub-
basin. As a result of this spatial variation, 
different portions of the subbasin are sub-
ject to different stratigraphic nomenclature, 
though this particular aspect is beyond the 
scope of this paper. 

Available surface and subsurface (drill) 
data combined with geophysical (gravity 
and aeromagnetic) information have been 
utilized by Carter and Pickerill (1985) to 
construct the isopach map of the Horton 
Group in the Moncton Subbasin. This infor-
mation indicates the considerable variation 
in thickness of the group within the sub-
basin. The Memramcook, Albert and Monc-
ton formations may similarly exhibit con-
siderable thickness variation. Thus, for 
example, the Memramcook Formation may 
vary from 140-2350m, the Albert Formation 
from 165m (Gussow 1953) to a known maxi-
mum of 1800m (Howie 1979) and the Monc-
ton Formation from 100-240m (see Carter 
and Pickerill 1985). It must be emphasized 
that these figures are only from available 
surface and subsurface data and probably 
represent less than maximum thicknesses. 

Figure 5 represents a very schematic 
reconstruction of the overall spatial distri-
bution of the varied lithofacies of the 
Albert Formation and has been constructed 
utilizing information presented herein and 
all previously published information on the 
formation. Although they exhibit complex 
spatial and temporal intergradation (Pick-

erill and Carter 1980), three broad litho-
facies dominate the depositional system. 
These are (i) fluvial-deltaic and associated 
lacustrine lithofacies which comprise major 
portions of the Albert Formation in both 
the southwest and southeast part of the 
subbasin, and referred to by Pickerill and 
Carter (1980) and Pickerill et al. (1985) res-
pectively as the Norton and Stoney Creek 
deltas; (ii) alluvial fan-piedmont lithofacies 
which characterize the southern and south-
eastern margin of the subbasin adjacent to 
the Caledonia Uplift, and (iii) marginal 
lacustrine-carbonate mudflat lithofacies, in 
part the subject of this paper, which char-
acterize the northern margin of the sub-
basin. It is also notable here that the litho-
facies distribution in the central part of 
the subbasin is virtually unknown, although 
it is suspected that such lithofacies are la-
custrine-dominated (cf. Pickerill and Car-
ter 1980, Carter 1985). 

The lithofacies distribution indicates an 
asymmetric basin characterized by an active 
faulted margin in the south and a passive 
"hinge" margin in the north. As a result, 
the sediments overstepped the passive basin 
margin from south to north and, or, south-
west to northeast (Greiner 1962, Howie 1979 
Pickerill and Carter 1980, Pickerill e t al. 
1985). This accompanied the evolution of 
the subbasin during Albert time from an 
open fluvial-lacustrine (oil shale) to closed 
fluvial-lacustrine-mudflat (evaporitic) basin 
system (Carter 1985, Carter and Pickerill 
1985). The lithofacies associated with the 
algal swamp environment described herein 
developed on a platformal or terraced area 
that was possibly partially isolated from 
the "hinged" northern margin of the basin 
(see Carter 1985, Pickerill et al. 1985). 

LITHOFACIES 
1. Algal swamp lithofacies 

Description: Kerogenous mudstone and car-
bonate with minor (<10%) massive, non-bio-
turbated mudstone and fine-grained deli-
cately laminated siltstone constitute the 
major lithologies. Siltstones are up to 15cm 
in thickness, exhibit sharp non-erosive 
bases and sharp tops and are commonly 
normally graded. Kerogenous mudstones are 
dark grey to dull black, organic-rich and 
pyritiferous (Fig. 6). In thin section, the 
organic material is typically amorphous red, 
red-brown to yellowish-brown but also is 
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composed of minor proportions of poorly 
preserved plant material (possibly chloro-
phyte - see Fig. 6b). Associated detrital 
material includes quartz, feldspar, musco-
vite, sericite and unidentified clays. Car-
bonate assumes two forms: 
(i) Light grey, aphanitic, internally struc-
tureless nodular carbonate composed of 
variably and irregularly shaped and sized 
(up to several cent imetres in diameter) 
nodules (Fig. 6a). Individual nodules are ran-
domly oriented with respect to s t ra t i fac-
tion, others show crude elongation and 
alignment of long axes parallel to s t rat i f i -
cation while others coalesce into discrete 
horizons. 
(ii) Thin and elongated algal sheaths or 
thalli up to 15mm in length and 3mm in 
width and enclosed in a matrix of kero-
genous mudstone (Fig. 6c). Sheath density 
is extremely variable ranging from isolated 
to highly dense horizons of variable thick-
ness (30-60mm). Individual sheaths are vari-

ably shaped, commonly elongated, S-shaped 
or spherical, with many of the la t ter ex-
hibiting quartz grain cores and therefore 
decidedly oncolitic (Fig. 6d). Internally, 
most are structureless and marked by neo-
morphic replacement by micrite or pyrite; 
more rarely the sheaths or oncolites aire 
laminated. 

These two forms of carbonate are com-
plexly inter-related; they may each occur 
discretely or may, alternatively, occur in 
association and with extremely variable 
proportions of one or the other. 

Interpretation and Remarks: The organic-
rich, pyritiferous, kerogenous mudstones 
which show no evidence of biogenic distur-
bance clearly formed in anoxic or reducing 
conditions. The organic material was pre-
sumably formerly dominantly algal in origin 
(cf. King 1963), though there is no specific 
evidence to substantiate this. The dis-
seminated pyrite is presumed to be authi-
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Fig. 3 - S c h e m a t i c r e p r e s e n t a t i o n of group, fo rma t iona l and m e m b e r re la t ionsh ips of the Morton Group in 
the Moncton Subbasin nor thwes t f rom the Caledonia Upl i f t . No v e r t i c a l or hor izonta l s c a l e is implied and 
t i m e lines a r e essen t i a l ly hor izonta l ( a f t e r C a r t e r 1985, C a r t e r and P icker i l l 1985, Picker i l l e t al. 1985). 
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Fig. 4 - Compilation of varied s t ra t igraphic terminologies of the Albert Formation of the Moncton Subbasin 
(a f te r Car t e r 1985, Car te r and Pickerill 1985). 
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genie. Within this stagnant anoxic environ-
ment, inorganic precipitation of calcium 
carbonate at or near the sediment-water 
interface was promoted by the conditioning 
of semi-alkaline water by algal removal of 
C 0 2 from bicarbonate during photosynthesis. 
These inorganically precipitated nodular car-
bonates are similar, superficially, to typical 
calcretes or carbonate/sulphate nodules 
associated with surface crust development 
due to subaerial exposure. However, the 
absence of a developed crust, root struc-
tures and desiccation features together with 
the accumulation of organic material to 
promote carbonate precipitation suggest 
that subaerial exposure was not a pre-
requisite to nodule development. The asso-
ciated algal material is primary and con-
sists of phylloid or stromatolit ic sheaths 
and oncolites (cf. King 1963, Pickerill 1981, 
Kalkreuth and Macauley 1984) as similarly 
described by many authors in present-day 
lacustrine environments rich in green and 
blue-green algal communities (e.g. Osborne 
et al. 1982, Abell et al. 1982, Scheider e t 
al. 1983). The production of large quantities 
of algae would have changed pH and C 0 2 
concentration so as to promote or cause 
direct precipitation of nodular calcium car-
bonate. The interplay of the production 
and decomposition of organic and algal 
material with the resultant variability in 
chemical environment resulted in the corn-
complex and varied vertical variation of 
bituminous mudstones and nodular, algal or 
mixed nodular and algal carbonates. 

These organic-rich and carbonate-rich 
sediments accumulated in an anoxic envi-
ronment that was obviously extremely quie-
scent and not subject to extensive wave or 
current activity. By comparison with both 
present-day (e.g. Gould 1970, Coleman et 
al. 1970) and ancient (e.g. Wanless e t al. 
1970) analogues we interpret the deposi-
tional environment as a stagnant swamp 
(cf. Pickerill 1981). Although ancient analo-
gues are rarely described in the l i terature 
we assume this to be a result of (i) the 
original geographically restricted develop-
ment of such swamp environments and, per-
haps as observed in present-day situations, 
the more typical development of interdigi-
t a te stromatolitic facies (e.g. Osborne e t 
al. 1982) and (ii), as a corollary, their low 
preservation potential and increased obser-
vational bias toward such carbonate and 

stromatolit ic facies. Interpretation as a 
swamp environment is made not only on the 
basis of detailed analysis of the lithofacies 
themselves but also with respect to associ-
ated lithofacies. Available data indicate that 
underlying s t ra ta were deposited on the 
delta plain of the Norton delta in a region 
where fluvial influence as such was not 
pronounced (Pickerill 1981, Pickerill e t al. 
1985), except in the form of the associated 
delicately laminated or normally graded 
siltstones which we interpret as being 
periodically introduced into the swamp by 
overbank flooding from major fluvial chan-
nels. It is difficult to envisage any environ-
ment on this delta plain other than a 
swamp in which these lithofacies accumu-
lated (cf. Wanless e t al. 1970). 

It must be emphasized that the algal 
swamp lithofacies are not exposed on sur-
face and, instead, have been recognized 
from three drill cores from the Lower Mill-
stream area, 10km west of Sussex (Fig. 2), 
(Gulf Minerals Canada Inc. LM8, 9 and 10). 
The lithofacies can also be recognized in 
cores obtained by Inco Minerals Limited 
from the same area. All of these cores 
are closely located geographically and 
therefore the areal extent of the litho-
facies is difficult to assess. Stratigraphi-
cally, however, the lithofacies are at least 
130m thick. 

2. Marginal lacustrine lithofacies 
Two distinctive marginal lacustrine sub-

environments have been recognized in the 
Albert Formation (Pickerill and Carter 1980, 
Carter 1985, Pickerill e t al.1985), but as 
noted previously both have been inadequate-
ly described in the li terature. Both exhibit 
evidence of ephemeral exposure in the form 
of desiccation cracks and rain prints but 
each possess a distinctive and contrasting 
package of lithotypes to warrant separate 
description. The two marginal lacustrine 
sub-environments are (i) carbonate mudflat 
and (ii) shoreface. 

2a. Carbonate mudflat lithofacies 
Description: Thinly interbedded dolomitic 
shales, siltstones, minor carbonates and rare 
kerogenous and sub-kerogenous mudstones 
characterize the lithofacies. The dolomitic 
shales are brittle to platy, sub-kerogenous 
and contain disseminated blebs and nodules 
of pyrite, rare gypsum and fluorite (re-
stricted to highly contorted zones - see 
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below). They comonly possess lenticular 
laminae of very fine-grained sandstone or 
siltstone which al ternate with more continu-
ous laminae of fine-grained siltstone or 
mudstone. They are between 5-60cm thick 
and consti tute approximately 70% of the 
total thickness within an individual section 
or outcrop. Geochemical analyses indicate 
the shales to be phosphatic (Pickerill and 
Carter 1980, Pickerill e t al. 1985). Inter-
bedded with the dolomitic shales are up to 
20cm thick interbeds of argillaceous lime-
stones, dolomitic siltstones and aphanitic 
parallel laminated dolostones, which con-
st i tute the remaining 30% of the individual 
sections or outcrops and all of which ex-
hibit minor bioturbation. Rarely, the silt-
stone beds exhibit normal grading. Minor 
carbonate "rip-up" breccias may also be 
present, though are certainly not diagnostic 
of the sub-environment, as they are equally 
as common in the evaporitic lacustrine 
litho-facies. Abundant comminuted plant and 

paleoniscoid debris- together with rare dis-
articulated crosspterygians (see Greiner 
1977) are present in all lithologies. As noted 
above, desiccation cracks and rare rain 
prints are also present. 
Interpretation and Remarks: Analogues of 
these sediments have been previously des-
cribed by many authors, including Eugster 
and Hardie (1975), Surdam and Wolfbauer 
(1975) and Smoot (1978, 1983) from the car-
bonate mudflat facies of the lacustrine 
Green River Formation (Eocene) of Wyoming 
and Link and Osborne (1978) and Link (1983) 
from the Miocene and Pliocene mudrock-
carbonate lacustrine facies of Ridge Basin, 
California. Similar to these examples, we 
interpret the lithofacies as having formed 
in a periodically exposed marginal lacus-
trine mudflat. 

We regard the extensive dolomitization 
in this lithofacies as primary in origin re-
sulting from precipitation of primary dolo-
mite or recrystallization of pre-existing 
calci te during capilliary movement of high 
Mg/Ca concentrated brines to the sediment-
water interface. Mineralogically, all the 
sediments are rich in quartz, dolomite, 
illite, albite, kaolinite and analcime (Worth 
1977). The analcime possibly formed from 
the reaction of montmorillonite with saline-
alkaline waters during the dolomitization 
process (cf. Link and Osborne 1978). 

The occurrence of phosphate is regarded 

as similar in origin to that reported in the 
periodically flooded carbonatemudflat of 
the Wilkins Peak Member of the Green 
River Formation by Mott and Drever (1983). 
There, phosphate deposition is inferred to 
have occurred by replacement of calcite 
during flooding due to a decrease in pH 
conditions and lower ratios of bicarbonate 
to phosphate in the presence of fluorine. 
Precipitation of phosphate ceased as a re-
sult of either a rise in pH caused by eva-
poration or a decrease in the ratio of phos-
phate to bicarbonate caused by the re-
moval of phosphate by apati te. It is 
notable that no phosphate is present in the 
evaporitic lacustrine environment. 

We interpret the thin graded siltstone 
layers as sheet flood deposits produced by 
periodic storms which invaded the marginal 
carbonate mudflats. The carbonate "rip-up" 
breccias are interpreted as having formed 
from penecontemporaneous erosion of car-
bonate layers during storm-related activity 
(cf. Link and Osborne 1978, Hardie et al. 
1978, Smoot 1983). The presence of kero-
genous and sub-kerogenous mudstones indi-
cates periodic flooding of the carbonate 
mudflat and the temporary maintenance of 
a shallow standing ephemeral lake. 

Marginal carbonate mudflat lithofacies 
are best exposed on surface in the Indian 
Mountain area, 10km northwest of Moncton 
(Fig. 2), where approximately 200m of 
typical s t ra ta are present. There, as indi-
cated in Figure 8, the base of the Albert 
Formation is lithologically conformable 
(although structurally in part in fault con-
tact) with the underlying Memramcook For-
mation (Carter and Pickerill 1985, Carter 
1985, Pickerill et al. 1985). Parts of the 
sequence at Indian Mountain exhibit exten-
sive ductile deformation due to soft-sedi-
ment compaction-loading and dewatering 
(Fig. 7) and brittle deformation due to 
post-compaction tectonism. 

2b. Marginal lacustrine (shoreface) 
lithofacies 
Description: Lithologically, 0.5-lm thick 
fine- to medium-grained sandstones inter-
bedded with shales or mudstones up to 0.5m 
but typically 0.2-0.4m thick are the char-
acterist ic lithofacies. Sandstones exhibit a 
wide variety and in various combinations 
of the following sedimentary structures: 
desiccation and, or, synerisis cracks, rain 
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Fig. 6 - Algal swamp li thofacies, Albert Formation, Moncton Subbasin. a) Diffuse contac t between dia-
genet ic carbonate nodule (left) and kerogenous mudstone (right), b) Poorly preserved plant f ragment enclosed 
in kerogenous mudstone rich in quartz and feldspar grains, c) Laminated algal (?) s t romatol i t ic sheaths 
enclosed within a kerogenous mudstone matr ix . Note the well-preserved internal lamination of the algal 
sheaths, d) Spherical pisolites (oncoids) formed of laminated (?)stromatoli t ic carbonate surrounding quartz 
cores and enclosed within a kerogenous mudstone matr ix. All photomicrographs in t ransmi t ted light, 
parallel nicols. Specimen a from LM8, specimen b and c from LM9, and specimen d from LM10 (see Ca r t e r 
1985 for details). Bar scale in a, c, d is 1mm; in b is 1cm. 

prints, wave ripples, flaser beds (Fig. 9d), 
climbing ripples, oncolitic (pisolitic) hori-
zons (Figs. 9a, c), convolute lamination 
and shallow channels. They are typically 
well sorted, horizontally laminated or 
exhibit large-scale low angle cross-strati-
fication. Bioturbation is generally absent, 
though a single example of a large scale 
(?fish produced) burrow was observed in a 
0.5m thick parallel and cross-laminated 
sandstone (Fig. 9b). Interbedded shales or 
mudstones exhibit a variety of dewatering 
structures formed as a result of fluidization 
by rapid deposition of overlying sandstones. 
They may contain thin sandstone interbeds 
which exhibit desiccation cracks, rain 
prints, or wave ripples. 

Minor lithologies include rare develop-
ments of rip-up breccias with clasts of 
shale and, or, mudstone with algal ^ s t r o m -
atolitic) coatings enclosed in a quartz-rich 
sandstone matrix. The aforementioned onco-
lite horizons may* exhibit inverse to normal 
grading (Fig. 9a) which may be the result 
of transport or, alternatively, may be 
"rooted" due to in-situ growth. 

Interpretation and Remarks: The assemblage 
of lithologies and their abundant and di-
verse sedimentary structures indicates 
deposition in an environment subject to at 
least periodic emergence. Many of the sedi-
mentary structures are indicative of high 
energy conditions developed well within 
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Fig. 7 - Marginal lacustrine l i thofacies (carbonate mudflat), Albert Formation, Moncton Subbasin. a) Dark 
grey to black shale heavily veined by secondary orange brown ca lc i te and ankeri te . b) Thinly interbedded 
sil tstone and shale, sil tstones exhibiting small-scale cross-lamination and normal grading. Strat igraphic top 
to lef t , c) Highly contor ted silty mudstone exhibiting syndeposition or pre-compaction deformation, d) Brec-
c ia ted shale infilled by secondary calc i te within both concordant and discordant veins and small-scale nor-
mal and reverse faults . All sections or samples from Indian Mountain. Bar scale in a, c and d is 1cm; lens 
hood in b is 50mm diameter . Photomicrographs c and d in t ransmit ted light, parallel nicols. 

wave base. We therefore interpret the 
lithofacies as having formed in a marginal 
lacustrine shoreface environment. The rip-
up breccias and perhaps the graded onco-
litic horizons probably represent storm-
generated deposits formed in such an 
environment. The lithofacies are not well-
exposed on surface though a well-developed 
section can be observed at Norton (Fig. 10), 
20km southwest of Sussex, where their 
significance was first identified (Pickerill 
and Carter 1980, Pickerill et al. 1985). Its 
spatial development within the Moncton 

Subbasin is, therefore, not clearly deline-
ated though because of the restricted 
nature of a lacustrine shoreline facies, be 
it modern or ancient, it is probably not 
overly significant. 

A similar assemblage of sedimentary 
facies containing a comparable suite of 
internal sedimentary structures has been 
described from Triassic marginal shoreline 
deposits of eastern Greenland by Clemmen-
sen (1979) and from the Pliocene Ridge 
Basin of California by Link and Osborne 
(1978). 
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STRATIGRAPHIC SECTION INDIAN MOUNTAIN AREA 
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Fig. 8 - Measured s t ra t igraphic section of the Albert Formation in the Indian Mountain area. 



80 Carter and Pickerill 

Fig. 9 - Marginal lacus t r ine l i thofac ies (shoreface) , Alber t Format ion, Moncton Subbasin. a) Field photograph 
of inverse to normally graded oncoids, s t r a t ig raph ic top to l e f t , lens hood 50mm in d i ame te r , b) Para l le l 
t o low angle corss - lamina ted sil ty sandstone exhibi t ing a large ve r t i ca l (?)fish produced burrow, c) Photo-
micrograph of non-rooted oncoids within a paral lel laminated s i l t s tone mat r ix in t r ansmi t t ed light, parallel 
nicols. Bar scale is 1cm. d) Paral lel and c ross - lamina ted , f laser bedded silty sandstone with well-developed 
wave fo rmed ripples. Coin d i ame te r 2cm. All f igures f rom Norton. 

3. Shallow evaporitic lacustrine
lithofacies 

Within the Albert Formation two shallow 
water lacustrine sub-environments have pre-
viously been recognized, the descriptor 
"shallow" being used in relative terms 
because of the absence of absolute depth 
indicators (Pickerill and Carter 1980, 
Carter 1985, Pickerill e t al. 1985). These 
two sub-environments have been referred 
to by Pickerill and Carter (1980), Carter 
(1985), and Pickerill et al. 1985) as clastic 
shallow lacustrine and evaporitic shallow 
lacustrine. The clastic shallow lacustrine 
lithofacies, its depositional environment and 
spatial and temporal development within 

the Moncton Subbasin has been described 
in detail elsewhere (e.g. Pickerill and Car-
ter 1980, Macauley and Ball 1982) essen-
tially because of economic significance with 
respect to kerogen content and intimate 
association with oil shales. The evaporitic 
lacustrine^ lithofacies, however, has been 
inadequately documented. 

Description: Lithotypes are best known 
from well cuttings and core data in the 
Weldon-Gautreau and Cornhill areas, respec-
tively 25km southeast and 55km southwest 
of Moncton (Fig. 2). In these areas, halite, 
gypsum, glauberite, anhydrite and dolostone 
with associated shales and siltstones con-
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s t i tu te the lithotypes and occur in the 
upper part of the Albert Formation. Sur-
face exposure as such is unknown, though 
we regard those exposures along the North 
River near Wheaton Mills and Boyd and 
Downing Creek near Upper Dorchester 
(Fig. 2) as transitional, respectively, bet-
ween the carbonate mudflat and shallow 
lacustrine and shallow evaporitic lacustrine 
lithotypes (cf. Greiner 1962). At these lo-
cations, black or grey shales, sulphate-rich 
mudstones (Fig. lib) and thin medium-grey 
siltstones and carbonate rip-up breccias 
similar to the typical carbonate mudflat 
lithofacies may be observed (Fig. 11a). How-
ever, unlike more typical carbonate mud-
flat lithofacies, is the occurrence of eva-
poritic minerals such as gypsum, halite and 
?shortite (see Figs. 11c, d). Additionally, 
bioturbation is absent and there is no evi-
dence of any subaerial exposure in the form 
of desiccation cracks or rain prints. 

Interpretation and Remarks: Historically, 
there has been considerable debate on 
whether or not these salts and associated 
lithofacies are marine (e.g. Greiner 1962) 
or non-marine (e.g. Webb 1977) in origin. 
Pickerill and Carter (1980) noted that the 
occurrence of glauberite suggested a non-
marine origin. However, in the classic 
Zechstein 2 of Germany a thick glauberite 
unit occurs below the polyhalite (Braitsch 
1971), an occurrence also predicted by com-
puter modelling reported by Hardie (1984, 
table 7) where, based on thermodynamic 
calculations, glauberite can occur in the 
low concentration CaSO^ zone in associa-
tion with calcite, gypsum, anhydrite and 
halite. Thus, the occurrence of glauberite 
is in itself not the definitive non-marine 
indicator it has been assumed to be in the 
past. However, the fact that the lithofacies 
pass directly into associated non-marine 
s t ra ta (see below) and the absence of any 
marine s t ra ta in the Horton Group else-
where in eastern Canada (Carter and 
Pickerill 1985) together suggest a non-
marine origin. Confirmation of this, perhaps 
by trace element, isotope geochemistry 
and fluid inclusion analysis of the evapori-
tes is yet forthcoming. 

We therefore interpret this distinctive 
assemblage of lithotypes and its character-
istic evaporitic suite as having formed in 
a shallow evaporitic lacustrine environment. 

Ephemeral and perennial saline lakes are 
commonly developed within and basinward 
of carbonate mudflats in both recent and 
ancient analogues. In the northern part of 
Death Valley, California, for example, 
Hardie et al. (1978) have described com-
parable lithofacies (including gypsum, halite 
and glauberite) forming in shallow evapori-
tic lakes, as have Eugster and Hardie (1975) 
from Saline Valley California. The shallow 
water origin of this lithofacies is indicated 
by its lateral and sharply defined transition 
into coeval fluvial-deltaic sediments, as 
indicated for example by Howie (1968, fig. 
7) in the Stoney Creek oilfield. 

The evaporitic minerals dispersed 
throghout the various associated lithotypes 
have been previously described as "hoppers" 
"casts" or "molds" of or a f te r calcite, ha-
lite or gypsum (e.g. Greiner 1974). We in-
terpret them as crystal molds af te r crustal 
or intrasediment growth and dissolution of 
evaporite crystals now partially or totally 
filled by calcite. Similar occurrences have 
been reported from the Green River For-
mation where Eugster and Kelts (1983) sug-
gest the molds to have initially been a 
Na-Ca carbonate (gaylessite, pirssonite or 
shortite). Smoot (1983) has described similar 
aggregates of euhedral shortite crystals in 
dolomitic mudstones of the Wilkins Peak 
Member of the Green River Formation. 
Other analogues include those described by 
Maglione (1980) and Bousquet and Maurin 
(1980). 

The isolated occurrences of this litho-
facies suggest formation in localized topo-
graphic depressions (shallow ponds or la-
goons) within the subbasin; whether or not 
these depresions were perennial, ephemeral 
(playa) or even both is not clearly under-
stood at this time. Both perennial and 
ephemeral lacustrine environments produce 
a similar suite and range of salts and 
associated clastics and carbonates (Hardie 
et al. 1978). 

As previously noted, the evaporitic lacus-
trine lithofacies sensu s t r ic to are not 
exposed on surface, but transitional and 
intergradational lithofacies are exposed in 
the North River and Boyd-Downing Creek 
areas. In the North River area, kerogenous 
and sub-kerogenous shales are absent and 
the collective lithotypes, together with 
their evaporitic mineral associations, are 
indicative of deposition in close association 
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Fig. 10 - Shalow evapor i t i c lacust r ine l i thofac ies , Alber t Format ion , Mo.icton Subbasin. a) Thinly in terbedded 
shale, s i l ty shale and mudstone with l ighter coloured s torm shee t sands tones . S t ra t ig raph ic top to l e f t and 
h a m m e r for scale , b) Photomicrograph of massive t o paral lel l amina ted su lphate- r ich mudstone with abun-
dant d isseminated evapor i t e c rys ta l molds, c) Photomicrograph of massive evapor i t i c mudstone with con-
t inuous c rus t s (X), discontinuous c rus t s (Y) and in t rased iment c rys t a l molds (Z) comple te ly or par t ia l ly 
pseudomorphed by ca l c i t e . d) Photomicrograph of mass ive evapor i t e muds tone showing c o m p l e t e and incom-
p l e t e r e p l a c e m e n t of evapor i t e c rys ta l molds by spar ry ca lc i t e . Mold form may represen t d is tor ted ha l i te 
(H) or la th-shaped swallow tail gypsum or sho r t i t e (G). Pho tomicrographs in t r a n s m i t t e d light, paral le l 
nicols; bar sca le is 1cm in b, c; 1mm in d; all samples f rom North River . 

with the marginal carbonate mudflat envi-
ronment. The evaporitic sediments of the 
Cornhill deposit therefore presumably 
developed in a relatively small, in terms 
of known areal extent, depression or pan 
on this carbonate mudflat. In Figure 4 the 
position of other possible depressions are 
outlined in which salt deposits may have 
accumulated. These have been located 
utilizing gravity data and it must be 
emphasized that no surface outcrop or 
drillhole data are yet available to substan-

t ia te the presence of thick bedded evapor-
ites as seen at Gautreau or those proposed 
from the single drill hole intersection at 
Cornhill. 

Evaporitic sediments of the Gautreau 
deposit, on the other hand, were deposited 
in association with shallow clastic lacustrine 
lithofacies, as revealed in surface outcrop 
in the Boyd-Downing Creek area. There, 
evaporitic mineral associations occur inti-
mately with siltstones and kerogenous and 
sub-kerogenous shales. The evaporitic mud-
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flat on which these evaporites developed 
was obviously more restricted, this prob-
ably being related to proximity to the tec-
tonically and sedimentologically active 
basement of the Caledonia Uplift and to 
the coeval and areally extensive develop-
ment of fluvial-deltaic lithofacies charac-
teristic of the Stoney Creek delta. 

SUMMARY AND CONCLUSIONS 
In this paper we have emphasized and 

described but three of the depositional 
environments which constituted an integral 
part of the Albert Formation of the Monc-
ton Subbasin. As previously noted, other 
depositional environments and their associ-
ated lithofacies, such as the alluvial fan, 
fluvial-deltaic and lacustrine environment 
sensu stricto have all previously been des-
cribed in detail mainly as a result of their 
association with oil shale. Until now, the 
algal swamp, marginal lacustrine and shal-
low evaporitic lacustrine lithofacies have 
only briefly been noted (Pickerill et al. 
1985). 

With respect to the spatial distribution 
of these varied depositional environments, 
it is clear that alluvial fans and associated 
lithofacies occur proximal to the Caledonia 
Uplift, their major sediment source. These 
lithofacies exhibit thinning and fining rela-
tionships when traced laterally into the 
depositional basin (McCutcheon 1978, 
Pickerill and Carter 1980, Carter 1985, 
Pickerill et al. 1985). Fluvial-deltaic and 
associated lacustrine lithofacies which 
developed on the delta plains formed in 
distinctive areas, one in the southwest por-
tion of the basin (the Norton delta) and the 
second in the southeastern end of the basin 
(the Stoney Creek delta). Sediment deriva-
tion of the former was from the southwest 
and the latter from the south (Howie 1979, 
Pickerill and Carter 1980). Typically the 
lithofacies are complexly inter-related both 
spatially and temporally amongst themselves 
and with alluvial fan lithofacies (see for 
example Macauley et al. 1984). 

Algal swamp lithofacies are developed 
in the Lower Millstream area (Fig. 2) and 
are known only from closely spaced drill 
cores in a structurally complex area. As 
such their spatial distribution is unknown 
but it is notable that they have not been 
identified elsewhere in the depositional 
basin. The algal swamp developed on or 

adjacent to the Norton delta on a platfor-
mal area which was generally removed from 
major fluvial influence except perhaps for 
overbank deposition associated with flood 
periods. There is insufficient evidence 
available to warrant additional comment 
on the nature of this platformal area; 
whether or not, in fact, it was simply a 
basement high or a tectonically active 
basement block or indeed both. 

Shoreface lithofacies are also poorly-
exposed on surface but are known at least 
from the Norton area (Figs. 2, 10) where 
they developed as a result of lacustrine 
transgression across the Norton delta fol-
lowed at a later date by regression of the 
lake. Predictably such lithofacies are 
developed elsewhere wherever extensive 
lacustrine facies are present but their 
spatial and temporal distribution awaits 
future analysis. Carbonate mudflat litho-
facies are exposed in the Indian Mountain 
area (Fig. 2), where they overlie similar 
lithofacies of the Memramcook Formation 
and are in turn overlain by fluvial strata 
more typical of the overlying Moncton For-
mation (Fig. 8). This succession therefore 
reflects a change from deposition in a 
closed basin system opening up into a more 
open fluvial-dominated system. 

Shallow evaporitic lacustrine lithofacies 
sensu stricto are known from drill cores 
in both the Cornhill and Weldon-Gautreau 
areas and predicted occurrences are indi-
cated in Figure 5. On surface the litho-
facies are known from the North River 
area which we regard as closely associated 
with the carbonate mudflat depositional 
environment and from the Boyd-Downing 
Creek area where they formed in close 
association with shallow clastic lacustrine 
environments. 
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