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Fossil evidence reported by Fyffe and Riva (1990) requires inversion of the stratigraphic succession originally proposed 
for the St. Croix Terrane (Ludman, 1987). Other suggested revisions, however, are not in accord with structural and 
sedimentologic data in eastern Maine. Comparison of structural histories indicates that the Pocomoonshine Lake and Digdeguash 
formations are more appropriately part of the Fredericton Belt than of the S t Croix Terrane as suggested by Fyffe and Riva (1990).
An alternate view of the stratigraphic and tectonic relationships between the St. Croix Terrane and Fredericton Belt includes the 
following changes: the Pocomoonshine Lake Formation, originally assigned to the S t Croix Terrane, is now considered to be 
the oldest unit of the Fredericton B elt lying conformably below the Digdeguash Formation; a late Acadian thrust fault is thought 
to have transported the S t Croix Terrane westward over the Fredericton Belt; subsequent high-angle dip-slip and strike-slip 
faulting have obscured original relationships—these faults now form the boundary between the two terranes in southeastern 
Maine.

Le t£moignage apport£ par les fossiles qu’ont signales Fyffe et Riva (1991) necessite une inversion de la sequence 
stratigraphique propos6e a l ’origine pour la Lanikre de S t Croix (Ludman, 1987). Cependant, les autres revisions, ayant 6t6 
sugg£r£es sont en contradiction avec les dortnies structurales et s&limentologiques en provenance du Maine oriental. La 
comparaison des antecedents structuraux indique qu’il est plus adequat d ’incorporer les formations de Pocomoonshine Lake et 
de Digdeguash k la Ceinture de Fredericton qu’a la Laniere de St. Croix comme l ’ont suggere Fyffe et Riva (1991). Une 
conception de rechange ayant trait aux relations stratigraphiques et tectoniques entre la Laniere de St. Croix et la Ceinture de 
Fredericton englobe les changements suivants: la Formation de Pocomoonshine Lake, rattachde k l’origine k la Laniere de S t 
Croix, est main tenant tenue pour 6tant la plus vieille unit£ au sein de la Ceinture de Fredericton, recouverte en concordance par 
la Formation de Digdeguash; un chevauchement tardi-acadien est envisage comme ayant transport^ la Laniere de S t Croix vers 
l’ouest par-dessus la Ceinture de Fredericton; le jeu subsequent de decrochements et de failles a rejet selon leur pendage, tous 
fortement inclines, a obscurci les rapports originaux—ces failles constituent main tenant la frontiere entre ces deux lanieres dans 
le sud-est du Maine.

[Traduit par le journal]

INTRODUCTION

The S t Croix Terrane of eastern Maine and southwestern 
New Brunswick is a narrow but tectonically important lithotec- 
tonic block (Fig. 1) composed of Cambrian(?) to Middle Ordo
vician strata. Its relationships with adjacent Silurian to Early 
Devonian terranes (Coastal Volcanic/Mascarene Belt, Frederic
ton Belt) and with potential pre-Silurian correlatives across strike 
(Saint John Group of the Avalon Terrane to the east, Tetagouche 
Group of the Miramichi Terrane to the west) are critical to 
understanding the Paleozoic configurations of ancestral North 
America and the Avalon Terrane with which it collided during 
the Late Silurian-Early Devonian Acadian Orogeny. Fyffe and 
Riva (1990) have presented an important revision of the stratigra
phy originally proposed for the Cambrian-Ordovician Cookson 
Group of the St. Croix Terrane (Ludman, 1987). Their discovery

of Middle Caradocian graptolites in the Kendall Mountain For
mation (Fyffe, 1989;FyffeandRiva, 1990, p.274) pinpointed the 
age of that formation and required overturning the sequence that 
had been proposed originally (left and centre columns of Table 
1). This revision has wide-ranging importance in local stratigra
phic correlation and regional tectonic modeling, and is a valuable 
contribution to our understanding of the accretion history of the 
Northern Appalachians.

Other aspects of the interpretation of Fyffe and Riva (1990), 
however, are more debatable. Bedrock exposure within the St. 
Croix Terrane is poor in both Maine and New Brunswick, 
generally amounting to 1% or less of the outcrop area of the belt 
Sparse exposure, a complex polydeformation history within the 
terrane, and variable relationships along its contacts with adja
cent tracts prevent unequivocal resolution of local stratigraphic 
problems.
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Fig. 1. Simplified tectonic map of eastern Maine and New Brunswick showing relationships of the St. Croix Terrane to adjacent terranes. Pre-Silurian 
terranes are indicated by boldface type. Shaded area marks location of Calais and Big Lake quadrangles shown in Figure 2.

The purpose of this paper is to present an alternate view of 
the stratigraphy of the Cookson Group and adjacent strata of the 
Fredericton Belt (right-hand column of Table 1) based on de
tailed mapping from 1974 to 1986 in the Calais and Big Lake 15 
minute quadrangles of eastern Maine. My revised version incor
porates the new fossil age control and inversion of the proposed 
section suggested by Fyffe and Riva (1990). It differs in its 
interpretation of the Digdeguash and Pocomoonshine Lake for
mations as components of the Fredericton Belt rather than as 
parts of the SL Croix Terrane, and the remainder of this paper will 
discuss the relationships that led to this conclusion.

Association of the Pocomoonshine Lake Formation with 
the Digdeguash Formation

The Pocomoonshine Lake Formation is a package of thin- 
bedded carbonaceous and noncarbonaceous slates, with subordi
nate siltstone and line-grained sandstone commonly present as 
the bases of graded beds (Ludman, 1987). Its lithic similarity to 
pelites intercalated with wackes and arenites of the Woodland 
and Kendall Mountain formations led to its inclusion in the 
Cookson Group, originally as the oldest formation (Ludman,
1987) but more recently as the youngest (Fyffe and Riva, 1990).
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Table 1. Evolution of Cookson Group stratigraphy. Asterisks denote fossil age control of stratigraphic 
units. Dashed lines indicate tectonic contacts. Ruled area denotes inferred unconformity; stippling 
indicates absent section.

Re-examination of contact relationships between the Pocomoon- 
shine Lake and adjacent Kendall Mountain and Digdeguash 
formations has yielded sedimentological and structural evidence 
that indicate its affiliation with the Fredericton Belt rather than 
the Cookson Group of the St. Croix Terrane.

At extremely low-water stages, small exposures in the 
southeastern part of Pocomoonshine Lake (Fig. 2), normally 
under water, reveal interbedding of the pelite of the Pocomoon
shine Lake Formation with wackes and fine-grained grits identi
cal to those of the Digdeguash Formation exposed on the opposite 
shore nearby. In all other places in its outcrop belt in Maine, the 
Digdeguash is devoid of carbonaceous, rusty-weathering pelites. 
Here, the relationship is interpreted as a gradational contact 
between the two formations. Unfortunately, the nearest facing 
evidence is about 100 m from the gradational zone; there, graded 
beds in the Digdeguash Formation face northwestward, suggest
ing, but by no means proving, that the Digdeguash lies above the 
Pocomoonshine Lake.

By itself, this does not contradict the stratigraphy proposed 
by Fyffe and Riva (1990). If the Digdeguash and Woodland 
formations are temporal equivalents as they have proposed, this 
would make the Pocomoonshine Lake correlative with the Calais 
Formation, a possibility considered during my early work in the 
St. Croix Terrane but rejected because of lithologic and structural 
differences. A facies change less dramatic than that required by 
the Woodland-Digdeguash equivalence proposed by Fyffe and

Riva (1990) could readily explain the lithologic differences. All 
parties now agree that the Digdeguash and Pocomoonshine Lake 
formations have a conformable depositional contact rather than 
the tectonic contact implied by earlier interpretations (e.g., 
Ludman, 1987).

The critical question is whether the Digdeguash and Poco
moonshine Lake formations belong to the St., Croix Terrane, as 
proposed by Fyffe and Riva (1990), or should be viewed as parts 
of die Fredericton Belt as suggested here. Both lithologic and 
structural evidence in Maine suggest the latter.

Lithologic comparison of the Digdeguash and Woodland 
formations

The correlation of the Digdeguash and Woodland forma
tions proposed by Fyffe and Riva (1990) requires a significant 
facies change for which there is no evidence in eastern Maine. 
The two units do exhibit some similarities. Both are composed of 
interbedded wacke and pelite, and both are noncalcareous with 
the exception of one or two horizons and a few beds containing 
calcite pods. Wacke and slate are present in nearly equal propor
tions in both units.

There are significant differences. The Woodland Formation 
is for the most part a homogeneous unit composed of rhythmi
cally interbedded and well-graded quartzofeldspathic wacke and 
slate. The wacke is generally fine to medium grained and grain
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Explanation of Symbols

SDpgd: Pocomoonshine gabbro-diorite

SDf: Flume Ridge Fm

Sd: Digdeguash Fm

OSp: Pocomoonshine Lake Fm

Fredericton
Belt

Ok: Kendall Mtn Fm 

Ow: Woodland Fm
St. Croix Terrane

-  -South Princeton-Crawford 
Fault Zone

........+- Thrust Fault

(miles)

Fig. 2. Contact relationships between the St. Croix Terrane and Fredericton Belt in southeastern Maine. Shaded pattern on inset corresponds to shaded 
area in Figure 1. Cross-hatched pattern on inset shows location of geologic map (to left) within Calais and Big Lake quadrangles.

size within a single bed is generally uniform; graded beds reflect 
a compositional gradation more than grain size changes. Two 
kinds of slate are present in nearly equal proportions: a dark gray 
to black, highly carbonaceous variety and a medium gray, non- 
carbonaceous type. All Woodland exposures in Maine are mod
erately to highly sulfidic, with pyrite present in both wacke and 
slate. This results in a well-developed iron oxide weathering rind.

In contrast, the Digdeguash Formation is much more hetero
geneous. Beds are more irregular in thickness, displaying none of 
the rhythmicity characteristic of the Woodland. Indeed, the 
Digdeguash exhibits a much greater heterogeneity in both bed 
thickness (a few centimetres to a few metres) and lithic propor
tions; well-graded psammite/pelite sequences, massive pelite, 
massive wacke, or massive conglomerate comprise zones through
out its outcrop belt in eastern Maine. Digdeguash psammites are 
most commonly lithic wackes with both polymineralic and

monomineralic rock fragments (Ludman, in press). Such clasts 
are identifiable even in fine-grained sandstones comparable in 
grain size to those of the Woodland Formation. Black carbona
ceous pelites are unknown in the Digdeguash Formation in 
Maine. Finally, pyrite is rare in both wackes and slates of the 
Digdeguash Formation and the typical weathering rind is buff to 
pale gray due to alteration of feldspars and feldspathic lithic 
fragments.

Bulk chemical differences between Woodland and Di
gdeguash strata are emphasized by metamorphic assemblages in 
contact aureoles. At moderate grades the Woodland first devel
ops cordierite in both pelite and wacke, and then cordierite- 
andalusite assemblages. At the same grades, Digdeguash 
homfelses are totally devoid of cordierite.

Although some of the differences in bedding style and lithic 
homogeneity can be readily explained by a facies change, the



ATLANTIC GEOLOGY 53

lithic nature of the Digdeguash wackes and the difference in bulk 
chemical composition suggests that the Digdeguash and Wood
land formations should not be equated. The final piece of evi
dence lies in the deformational histories of the formations.

Structural criteria for assignment of the Digdeguash and 
Pocomoonshine Lake formations to the Fredericton Belt

The Digdeguash and Pocomoonshine Lake formations are 
here assigned to the Fredericton Belt because their deformation 
history appears to be identical to that of the Flume Ridge 
Formation (which comprises most of the Fredericton Belt in 
eastern Maine) and markedly different from that of the adjacent 
Kendall Mountain and Woodland formations of the Cookson 
Group. Ludman (in press) and Ludman and Hill (in press) 
provide a detailed discussion of the deformation histories of the 
St. Croix TerraneandFredericton Belt; only abrief summary will 
be given here.

Rocks assigned to the Cookson Group have experienced a

Bedding

N

complex polydeformation history that includes at least one 
episode of early recumbent folding, followed by later upright 
folding about northeast-trending hinge surfaces. Only the latter 
of these events is recorded in rocks considered to belong to the 
Fredericton Belt This is clearly shown in stereonet plots of poles 
to bedding and cleavage in the two tracts (Fig. 3). The tight cluster 
of poles to both bedding and cleavage in the Fredericton rocks 
(lower part of Fig. 3) reflects the single penetrative deformation 
that affected the Flume Ridge, Digdeguash, and Pocomoonshine 
Lake formations. The attitude of bedding in these three forma
tions rarely deviates by more than 15° from vertical. This con
trasts sharply with the wide spread exhibited by poles from the 
polydeformed St. Croix Terrane.

Die transition from singly folded, steeply dipping rocks of 
the Fredericton Belt to polydeformed rocks exhibiting a wide 
range of attitudes in the St. Croix Terrane is abrupt in eastern 
Maine, occurring at an inferred thrust fault east of Pocomoonsh
ine Lake (Fig. 2). Later high-angle faulting has greatly modified 
the initial thrust relationships, and near-vertical faults of the

Cleavage

Fredericton Belt
(Flume Ridge, Digdeguash, and Pocomoonshine Lake formations)

Fig. 3. Stereonet comparison of poles to bedding and cleavage for rocks of the St. Croix Terrane and Fredericton Belt (as defined in this paper).
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South Princeton-Crawfoid fault zone locally separate Digdeguash 
and Pocomoonshine Lake rocks from those of the Kendall 
Mountain and Woodland formations (Fig. 2). Thus, the contact 
between Fredericton Belt and S t Croix rocks in eastern Maine is 
everywhere a fault.

Present relationships evolved in a series of steps shown 
schematically in Figure 4. Kendall Mountain and Woodland 
strata were isoclinally folded about what are now recumbent 
hinge surfaces (FI). In most of eastern Maine, the Cookson 
Group is exposed on the upright limb of a major recumbent FI 
antiform. Inverted later folds indicate that the lower limb crops 
out in a few places, generally near blocks uplifted along late 
north-trending faults. It is difficult to date FI precisely. It can be 
no older than the Middle Caradocian age of the Kendall Mountain 
Formation, and no younger than late Silurian, the age of the Oak 
Bay and Waweig formations of the Coastal Volcanic belt which 
lie unconformably above the Cookson Group in southern New 
Brunswick (Ruitenberg, 1967). An unconformity is also inferred 
to have at one time separated the Pocomoonshine Lake Forma
tion from the St. Croix Terrane in the area shown in Figures 1 and 
3 (Ludman, in press).

Following deposition of the Pocomoonshine Lake, Di
gdeguash, and Flume Ridge formations, the Fredericton Belt and 
St. Croix Terrane were folded about northeast-trending upright 
hinge surfaces, producing open folds (F2) attributed to the 
Acadian Orogeny. FI folds, foliation, and cleavage in the St. 
Croix Terrane were deformed during this event. Following F2, ra
in what may have been a continuation of F2 compression, the 
subhorizontal Kendall Mountain and Woodland formations were 
thrust westward over the Fredericton Belt (Fig. 4a). Evidence for 
this thrusting includes asymmetric folds with consistent west- 
vergence widely distributed near the inferred fault, and small- 
scale thrusts visible in the type locality of the Woodland Forma
tion (Ludman and Hill, in press). A gently east-dipping cleavage 
is well developed in Woodland and Kendall Mountain pelites, 
and is most prominent close to the fault.

Later uplift on the west side of the high-angle Pocomoonsh
ine Lake Fault was followed by erosion that removed the over- 
thrust sheet and exposed what had been the lower plate of the 
thrust (Fig. 4b, c). A weakly developed, gently east-dipping 
cleavage preserved in slates of the Pocomoonshine Lake Forma
tion adjacent to the Pocomoonshine Lake Fault is the only record

Fig. 4. Evolution of the contact between the St. Croix Terrane (patterned) and Fredericton Belt (unpattemed) in southeastern Maine. Dotted line in 
(b) represents present erosional surface.
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of the thrusting on the lower plate. A small sliver of Flume Ridge 
Formation caught up in the high-angle faulting is preserved along 
the east shore of Pocomoonshine Lake (Fig. 2). Later sinistral 
strike-slip reactivation of branches of the South Princeton- 
Crawford Fault Zone further disrupted original relationships.

Local structural relationships are somewhat different in 
New Brunswick just a few kilometers to the east. The Di- 
gdeguash Formation near Moores Mills has been deformed in a 
series of southeast-vergent recumbent folds (Fyffe, personal 
communication, 1989) designated as late (F2) folds by Ruiten- 
berg (1967). These southeast-vergent folds have not been ob
served anywhere in Maine. F2 and later thrusting are interpreted 
as mid- and late-Acadian events (Ludman, in {Hess); uplift on 
faults such as the South Princeton-Crawford Fault Zone and later 
strike-slip motion are thought to be final adjustments to the 
collision between the Avalonian and North American plates 
which caused that orogeny. The folds near Moores Mills appear 
to be developed only locally, and probably mark local transpres- 
sion during the final phase of the Acadian cycle rather than the FI 
folding exhibited by the Cookson Group.

Flume Ridge-Digdeguash contact relationships

In New Brunswick, a quartz-filled zone of brittle deforma
tion separates the Digdeguash and Flume Ridge formations, and 
is used as evidence to suggest that the two units belong to 
different lithotectonic blocks (Fyffe, 1989; Fyffe and Riva, 
1990). Glacial deposits mask this contact in eastern Maine but it 
appears to be a gradational contact rather than a fault in the Big 
Lake and Calais quadrangles. The Digdeguash Formation is 
almost entirely noncalcareous, but lithic wackes and conglomer
ates adjacent to the contact with calcareous wackes of the Flume 
Ridge Formation have slightly to moderately calcareous ma
trixes. In addition, pelitic horizons are rare in the Flume Ridge 
Formation in the Big Lake quadrangle, but gray laminated slates 
identical to those of the adjacent Digdeguash Formation appear 
in the Flume Ridge near the contact.

Ruitenberg (1967) reported that the Flume Ridge Formation 
lies conformably above the Digdeguash. Facing evidence in 
Maine is inconclusive on this matter. Graded beds in the Di
gdeguash Formation closest to the Flume Ridge suggest the 
opposite relationship, but these are more than 50 m from the 
inferred position of the contact. Similarly equivocal evidence has 
been cited above for the contact between the Pocomoonshine 
Lake and Digdeguash formations. Based on this weak evidence, 
the stratigraphic sequence along the eastern margin of the Freder
icton Belt in Maine is inferred to be that shown in Table 1.

CONCLUSIONS

from that suggested by Fyffe and Riva (1990) as well as from that 
originally proposed by Ludman (1987). The Pocomoonshine 
Lake Formation is now thought to belong to the Fredericton Belt 
with the Digdeguash and Hume Ridge formations, because of (1) 
apparently identical and relatively simple deformation histories, 
(2) differences with the more complex polydeformational history 
of the Cookson Group, and (3) an apparently gradational contact 
between the Digdeguash and Pocomoonshine Lake formations.

Original relationships between the St. Croix and Fredericton 
Belt terranes are clouded by several stages of faulting along their 
contact Their much simpler structural evolution suggests that the 
Fredericton Belt strata were deposited after post-Middle Orodo- 
vician folding of the Cookson Group, or in a basin removed from 
the effects of that Ordovician tectonism. The former explanation 
is preferred. Following upright Acadian folding that accompa
nied suturing of the St. Croix Terrane to ancestral North America, 
rocks of the St. Croix Terrane were thrust westward over the 
Fredericton Belt. The contact was then further complicated by 
dip-slip separation along north-trending faults and later strike- 
slip reactivation of the same structures.
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