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ABSTRACT

The Eastport Formation is part of a larger volcaniclastic sequence (the Coastal Volcanic Belt) that extends from 
Massachusetts, USA, into New Brunswick, Canada. It represents a portion of Avalonia that was accreted to Laurentia 
during the Acadian orogeny. For more than thirty years the age of this formation has been regarded as Early Devonian 
(Lochkovian or Pragian) based on a new and yet undescribed ostracode genus. However, careful analysis of the fossil 
data indicates a Late Silurian (Pridolian) age for the fauna, and shows that the evidence used to assign a Devonian age 
should have been regarded as provisional. This interpretation is additionally strengthened by local stratigraphy and 
recent radiometric dating, both of which support a Late Silurian age for the Eastport Formation. 

RÉSUMÉ

La Formation d’Eastport fait partie d’une séquence volcanoclastique plus importante (ceinture volcanique Côtière) 
qui s’étend du Massachusetts, aux États-Unis, jusqu’à l’intérieur du Nouveau-Brunswick, au Canada. Elle représente 
une partie du continent avalonien qui s’était accrétionné au continent laurentien pendant l’orogenèse acadienne. 
Pendant plus d’une trentaine d’années, on a considéré que cette formation remontait au Dévonien précoce (Lochkovien 
ou Praguien) en se basant sur un nouveau genre d’ostracode encore non décrit. Une analyse attentive des données 
relatives au fossile révèle toutefois que la faune remonte au Silurien tardif (Pridolien) et montre que les observations 
utilisées pour l’attribution d’un âge dévonien auraient dû être considérées comme provisoires. Cette interprétation se 
trouve par ailleurs renforcée par la stratigraphie locale et une datation isotopique récente, qui appuient toutes deux 
la datation de la Formation d’Eastport à l’époque du Silurien tardif. 

[Traduit par la rédaction.]

INTRODUCTION

The Eastport Formation is part of an extensive group of 
mid-Paleozoic volcanic and sedimentary units known col-
lectively as the Coastal Volcanic Belt. This belt stretches 
from Massachusetts, through eastern Maine and into New 
Brunswick and represents a portion of Avalonia that was ac-
creted to Laurentia during the Acadian orogeny (Berry and 
Osberg 1989; Ludman et al. 1993; Fyffe et al. 1999). The 
Eastport Formation represents the youngest, syntectonic unit 
in the Coastal Volcanic Belt. There has been signifi cant inter-
est in accurately dating it in an effort to better understand the 
dynamics of the orogeny, specifi cally as these dynamics relate 
to its overall duration (e.g., Osberg et al. 1989; Bradley et al. 
2000; Tucker et al. 2001). In addition, correlation with the 
Eastport Formation has also been used to date the uppermost 
strata (Seal Cove Formation) within the North Haven and 
Vinalhaven volcanic sequence of the Penobscot Bay region, 

Maine (Brookins et al. 1973; Gates 2001), as well as Silurian 
and Devonian sequences – particularly the Canadian portion 
of the Eastport Formation - in New Brunswick (Pickerill and 
Pajari 1976; Fyffe et al. 1999). 

For more than thirty years, researchers have consistently 
cited ostracode occurrences to date the Eastport Formation of 
Maine as Early Devonian (e.g., Gates 1975; Berry and Osberg 
1989; Bradley et al. 2000; Fyffe et al. 1999). However, a critical 
review of the ostracode data shows that it was never robust 
enough to assign a defi nite Devonian date to the formation, 
and that the age assignment should have been noted as pro-
visional at best. In fact, a more complete analysis of the fossil 
and stratigraphic evidence indicates a Late Silurian, rather than 
a Devonian, age for the Eastport Formation. It is notable that 
the early authors also regarded the formation as Late Silurian 
based on biostratigraphic correlations with European faunas 
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(Bastin and Williams 1914). Recent radiometric dating (Miller 
and Fyffe 2002; Van Wagoner and Dadd 2003) also support a 
Silurian age for the Eastport Formation.

HISTORICAL WORK

The formations of the Coastal Volcanic Belt in eastern Maine 
were fi rst described by Jackson (1837) and more formally by 
Shaler (1886). With the prospect of potential coal-bearing beds 
in the area, the U. S. Geological Survey dispatched a geologist 
(E. S. Bastin) and paleontologist (H. S. Williams) to study the 
formations and their faunas in more depth. From this work, 
a folio of the area was produced (Bastin and Williams 1914), 
as well as several other publications discussing the taxonomic 
and biostratigraphic signifi cance of the faunas (e.g., Williams 
1912a, b; 1913). 

While working with the fossils, Williams became acutely 
aware that the faunas more closely resembled European 
specimens than those from North America (Williams 1912a, 
b). This presented a serious conundrum for him. With the 
theory of plate tectonics nearly fi fty years away, Williams had 
no way to satisfactorily explain why American faunas should 
more closely resemble their trans-Atlantic counterparts than 
those on the same continent. In fact, this apparent anomaly 
became so troubling to him that he devoted an entire address to 
it to the Geological Society of America in 1912, later published 
in 1913. The Eastport fauna, particularly the molluscs, he cor-
related with the Downtonian of Great Britain, which Williams 
considered fi rmly in the Silurian (Bastin and Williams 1914; p. 
10). He assigned a Late Silurian age to the Eastport Formation 
based on that correlation (Williams 1912a, b; Bastin and 
Williams 1914), an assignment that remained for nearly sixty 
years before being revisited.

FOSSIL EVIDENCE

Ostracode data

More than thirty years ago, both Anders Martinsson (1970) 
and Jean Berdan (1971) recognized a new genus of ostracode 
within the upper Eastport Formation. The genus was never 
formally described, but Berdan noted it most closely resembled 
forms assigned to the genus Carinokloedenia from Lochkovian 
age deposits of northern France and Pragian age deposits of 
Podolia in southwestern Ukraine (Berdan 1971, 1990; Brookins 
et al. 1973). Martinsson (1970; 1977) also observed that the 
undescribed Eastport ostracode (cf. Carinokloedenia) bore 
affi nities to those in Podolia, although he too noted they rep-
resented a new genus. Based on the close resemblance of the 
Eastport forms to the Devonian age European material, both 
paleontologists felt justifi ed in assigning an Early Devonian 
age to the Maine unit (Martinsson 1970, 1977; Berdan 1971, 
1990; Brookins et al. 1973). However, biostratigraphic correla-
tions based on new and undescribed genera are hardly robust, 

no matter how closely allied to other described genera. Even 
if the new Eastport forms had been formally described, they 
would have been known only from that unit and locality – the 
Eastport Formation of Maine. Biostratigraphic correlations 
would have been precluded since the genus, although similar 
to other forms, was new to science and not known from any 
other area. At best, the age assignment should have been re-
garded as provisional. 

More importantly, the ostracode genus Nodibeyrichia had 
been recovered from both the lower Eastport and underlying 
Hersey formations (Copeland and Berdan 1977; Berdan 1983; 
Siveter 1989). Nodibeyrichia is well known from Late Silurian 
sequences in Europe and is often considered an index fossil 
for that time interval (Martinsson 1970; Berdan 1971; 1990; 
Copeland and Berdan, 1977; Siveter 1989). In fact, Siveter 
(1989) assigned a Pridolian age to the basal portions of the 
Eastport Formation based on the presence of Nodibeyrichia. 

Additionally, Carinokloedenia? forms had been found in 
association with Nodibeyrichia within both the Eastport and 
Hersey formations (Copeland and Berdan 1977; Berdan 1983; 
Siveter 1989; see Fig. 1, this paper). This important association 
should have been given considerable weight and should have 
called into question the Devonian assignments given to the cf. 
Carinokloedenia forms found higher in the Eastport sequence. 
Overall, the positive identifi cation of a described genus, 
Nodibeyrichia, and its restriction to Silurian sequences, should 
have been given higher priority than the tentative assignment 
and unknown biostratigraphic constraints of the new, unde-
scribed ostracode form, cf. Carinokloedenia. Furthermore, 
the association of Carinokloedenia? with Nodibeyrichia in the 
lower Eastport should have been used to extend the range of 
Carinokloedenia-like forms into the Late Silurian, instead of 
extending the range of Nodibeyrichia, a better documented and 
more restricted taxon, into the Early Devonian.

Hersey Fm.

“Lower”

“Upper”
Eastport Fm.

Nodibeyrichia
Carinokloedenia?

cf. Carinokloedenia
Eurymyella

Nodibeyrichia
Carinokloedenia?

~~~~~~~~~~~~~~~~~~
Fig. 1 Generalized column highlighting the relative position 
of stratigraphically signifi cant genera within the Eastport and 
Hersey formations.
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Other fauna

A listing of all fossils recovered from the Eastport Formation 
is provided in Table 1. Overall, the low taxonomic diversity of 
the fauna combined with leperditid, lingulid and eurypterid 
specimens is suggestive of shallow marine, perhaps estuarine, 
conditions. Of all the other fauna described thus far from the 
Eastport Formation, there appears to be only one non-ostra-
code genus (Eurymyella) that has the potential to provide more 
information about its relative age. 

In 1912, Williams erected the genus Eurymyella to describe 
the molluscs found within the upper part of the Eastport 
Formation (Williams 1912a). Williams considered them closely 
allied to Silurian age Anodontopsis angustifrons McCoy from 
the Downtonian Formation of Great Britain, and likely “in-
cluding some of the forms” assigned to that genus (Bastin and 
Williams 1914). To date, eurymyellids have never been formally 
reported from another area. In fact, the validity of the genus 
itself has been in question at least since the publication of the 
bivalve volume of the Treatise on Invertebrate Paleontology 
in 1969 (Newell 1969), and is currently being reviewed by the 
author, in collaboration with John Pojeta (USGS-USNM). A 
very preliminary review by Pojeta (personal communication, 
2004) indicated the possible presence of Eurymyella within col-
lections from the Pridolian age Leighton Formation, Maine. 
However, additional study is needed to confi rm this. At this 
point, the stratigraphic signifi cance of the eurymyellid fauna 
cannot be judged.

The bivalve genera of Nyassa and Whiteavesia were origi-
nally identifi ed by Williams in Smith and White (1905). They 
were named in a faunal listing with no accompanying graphics. 
Since they were never repeated in any of Williams’ subsequent 
works, they are interpreted to represent incorrect assignments. 
The validity of this interpretation is strengthened by the fact 
that Whiteavesia is restricted to the Ordovician. The remaining 
faunal elements within the Eastport Formation are all known 
to occur within Silurian and Devonian age deposits alike and 
are therefore not stratigraphically useful in this context. 

STRATIGRAPHIC RELATIONS

A summary of the stratigraphic relations, age assignments 
and supporting age data for the Coastal Volcanic Belt forma-
tions in Maine is given in Table 2. The Dennys, Edmunds, 
Leighton, Hersey and Eastport formations seem to represent 
a continuous sequence with no obvious hiatus at any of the 
contacts. The Quoddy and Dennys formations are separated 
by a fault, whereas the Perry Formation overlies the Eastport, 
Hersey and Leighton formations with an angular unconformity 
(Gates 1975).

The nature of the boundary between the Eastport and 
Hersey formations is gradational, and there are places where 
the two formations have been identifi ed as age equivalents 
(Gates 1975). The Hersey Formation has been convincingly 
dated as Pridolian based on the presence of the ostracode 

Nodibeyrichia (Martinsson 1970; Berdan 1971; 1990; Copeland 
and Berdan 1977; Berdan 1983; Siveter 1989). Therefore, the 
portions of the Eastport Formation that are known to grade 
into the Hersey Formation, and have been identifi ed as age 
equivalents, must also be assigned a Pridolian age. While it 
could be argued that the units stratigraphically above the 
Nodibeyrichia-bearing beds within the Hersey and Eastport 
formations may be Devonian, there is no evidence to convinc-
ingly suggest this. Therefore, the more parsimonious approach 
would be to regard the entire Eastport Formation as Pridolian 
age until compelling evidence is found to suggest otherwise. 

The Early Devonian age that is commonly assigned to 
the Hersey Formation is based on the fact that it interfi ngers 
with the assumed Devonian age Eastport Formation. The 
Hersey Formation, in addition to Nodibeyrichia, contains 
two undescribed ostracode taxa (Carinokloedenia? and cf. 
Zygobeyrichia) reminiscent of similar forms in Devonian age 
deposits of Podolia (Berdan 1971; Gates 1975). This brings up 
the concerns expressed previously about the use of undescribed 
species for biostratigraphic correlations. Also, as discussed 
previously, the presence of Nodibeyrichia (Pridolian) in both 
the Hersey and Eastport formations provides well-accepted 
Silurian constraints to the units. In view of these facts, the 
Devonian age designation for the Hersey formation should 
likewise be discontinued.

Although the formations are arranged vertically in Table 2, 
there is preliminary evidence to suggest that some of these units 
may actually represent age-equivalent facies. This is the case for 
the Eastport and Hersey formations, and may be the case for 
part of the Leighton Formation. Stratigraphic evidence includes 
the interfi ngering of the Hersey and Eastport formations and 
the replacement of the Hersey by the Eastport in more south-
erly reaches, with the Eastport Formation apparently conform-
ably overlying the Leighton Formation (see Gates 1975). Fossil 
data, including the Nodibeyrichia-Carinokloedenia? association 
in both the Hersey and Eastport formations, and the possible 
presence of Eurymyella within the Leighton Formation, are also 
suggestive of age-equivalency among the different formations. 
Charlotte Mehrtens (University of Vermont) and the author are 
presently engaged in fi eld work detailing the sedimentology, 
stratigraphy, and paleoecology of these formations in an effort 
to gain a better understanding of their lateral and vertical (e.g., 
space and time) relationships, as well as the environmental pa-
rameters active during their deposition. 

RADIOMETRIC DATES

There have been several attempts to obtain radiometric 
dates on the Eastport Formation. Fullagar and Bottino (1970) 
reported an age of 408 ± 3 Ma for the formation based on Rb-
Sr dating of volcanics within it. They also dated a dike that cut 
through the Eastport and obtained an age of 400 to 420 Ma 
(Fullagar and Bottino 1970). 

The Red Beach pluton, which intrudes the Eastport, was 
dated by both Rb-Sr and U-Pb methods. The Rb-Sr work 
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PHYLUM BRACHIOPODA PHYLUM ARTHROPODA
Atrypa  “reticularis”  (1) Class Ostracoda
“Camarotoechia”  sp.  (1) Beyrichia sp.  (1)
Cyrtina ? sp.  (1) Bollia sp.  (1)
“Lingula ” cornea   (3) Bythocypris sp.  (1)
“Lingula ” sp.  (1, 4) Carinokloedenia ? sp. (8, 9)
“Orthis ” sp.  (1) cf. Carinokloedenia n. gen. and sp.(6, 8, 9)
“Spirifer ”? sp.  (1) cf. Cornikloedenia or Carinokloedenia n. gen. and sp. (10)

Leperditia sp.  (1)
PHYLUM MOLLUSCA Nodibeyrichia sp. (8, 9)
Class Bivalvia palaeocope faunas  (5)
Eurymyella angularis   (2, 3, 4)
Eurymyella convexa   (2) Class Malacostraca
Eurymyella denbowensis   (2) Subclass Phyllocarida
Eurymyella plana   (2, 3, 4) Ceratiocaris sp. (12)
Eurymyella recta  (2, 3, 4)
Eurymyella shaleri   (2, 3, 4) Class Merostomata
Eurymyella shaleri  var. breva   (2, 3) Subclass Eurypterida
Eurymyella shaleri var. longa   (2, 3, 4) Pterygotus sp.  (11)
Eurymyella shaleri  var. minor   (2)
Eurymyella simulans ? (2) PHYLUM CHORDATA
Modiomorpha  sp.  (1) Class Acanthodii
“Nyassa subalata ”  (1) Nostolepis sp. (12)
“Whiteavesia sp.”  (1)

TRACE FOSSILS
Class Gastropoda Planolites  (7)
Murchisonia sp.  (1) Skolithos  (7)
Streptotrochus  carinatus   (3, 4)
Streptotrochus ione   (2, 3, 4)
Streptotrochus  regularis   (2, 3, 4)
Streptotrochus sulcatus   (2, 3, 4)

(1) H. S. Williams (B, Br, G) and C. Schuchert (O) in Smith and White (1905)
(2) H. S. Williams (all taxa) in Williams (1912a)
(3) H. S. Williams (all taxa) in Bastin and Williams (1914)
(4) H. S. Williams (all taxa) in Perkins (1927)
(5) A. Martinsson (O) in Martinsson (1970)
(6) J. M. Berdan (O) in Berdan (1971)
(7) R. K. Pickerill and G. E. Pajari (Tf) in Pickerill and Pajari (1976)
(8) J. M. Berdan (O) in Berdan (1983)
(9) J. M. Berdan and D. J. Siveter (O) in Siveter (1989)
(10) J. M. Berdan (O) in Berdan (1990)
(11) J. M. Berdan (Eu) - unpublished specimen in Bowdoin College’s collection
(12) R. H. Denison (F, Ph) in letter to O. Gates dated 1968

Table 1.  Faunal listing for the Eastport Formation, Maine.  The numbers in parentheses correspond to the references following 
the listing.  See bibliography for full citations. Paleontological workers responsible for taxonomic identifications are listed within 
the references.  Explanation of abbreviations used in references: B (bivalves), Br (brachiopods), Eu (eurypterid), F (fish), G 
(gastropod), O (ostracode) and Ph (phyllocarid).  The brachiopod listings have been updated by A. J. Boucot (personal 
communication, 2001). Quotation marks indicate that the taxa are probably something other than what was originally identified.  
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produced an age of 385 ± 6 Ma, recalculated (Spooner and 
Fairbuirn 1970), while the U-Pb analysis yielded an age of 415 ± 
6 Ma (Jurinski 1990). Both dates were considered highly suspect 
and ultimately dismissed by Bradley et al. (2000). Furthermore, 
Bradley et al. (2000) noted that Rb-Sr dates have consistently 
proven to be too young in the region, an observation that also 
casts considerable doubt on Fullagar and Bottino’s work. 

In New Brunswick, Miller and Fyffe (2002) have obtained 
radiometric dates from zircons in Coastal Volcanic belt units 
underlying the Eastport Formation. Previous analyses of 
these units relied heavily on the presence of the brachiopod, 
Salopina, to indicate a Late Silurian age (see Miller and Fyffe 
2002 for discussion). However, the recent radiometric ages ob-
tained from the volcanic rocks in those units indicated an Early 
Silurian (Llandoverian), rather than a Pridolian, age. From this, 

Miller and Fyffe (2002) suggested that the Eastport Formation, 
which overlies these Llandoverian units, may in fact predate 
the Early Devonian. Their paper suggested a Ludlovian or 
Pridolian age.

Recently, there have been renewed efforts to obtain U-Pb 
dates of the Eastport Formation itself using laser ablation, 
LAM-ICPMS, methods (see Sylvester 2001 and Jackson et al. 
2003 for an overview of this technique and its various appli-
cations). Van Wagoner and Dadd (2003) used this technique 
to date felsic tuffs and rhyolite fl ows within the Eastport 
Formation and obtained dates ranging from 419 ± 6 to 436 ± 
6 Ma. A paper describing the dating techniques, exact locali-
ties and horizons of the two units from which the dates were 
obtained, and their geological signifi cance is currently in prepa-
ration (N. A. Van Wagoner, personal communication, 2004). 

Formation Age Age Criteria Stratigraphic Relations Radiometric Dates

Perry Upper Devonian Archaeopteris : Upper 
Devonian (Kasper et al.  1988)

overlies Eastport, Hersey and 
Leighton with angular 
unconformity (Gates 1975)

no datable zircons found in ash 
bed in Perry (Bradley et al.  
2000)

Eastport Pridoli Nodibeyrichia : Pridoli (Berdan 
1990; Siveter 1989)                         

angular unconformity 
separating Eastport from 
overlying Perry (Gates 1975)

U-Pb zircon laser ablation: 419 
to 436 ± 6 Ma on volcanics 
(Van Wagoner and Dadd 2003)

Hersey Pridoli Nodibeyrichia : post-Ludlow 
(Martinsson 1970)
Nodibeyrichia : Pridoli (Berdan 
1990; Siveter 1989)

gradational contact with 
Eastport; parts of Hersey and 
Eastport are lateral equivalents 
(Gates 1975)

Leighton Upper Ludlow to 
Pridoli

Neobeyrichia , Sleia, 
Macrypsilon , Hemsiella , 
Lophoctenella : Ludlow 
(Martinsson 1970)
Calcaryibeyrichia , Hemsiella , 
Lophoctenella , Londinia , 
Macrypsilon , Sleia : Pridoli 
(Berdan 1990) 

conformable boundary with 
Hersey (Gates 1975)

Edmunds Upper Ludlow Londinia , Lophoctenella , Sleia : 
Upper Ludlow (Martinsson 
1970; Berdan 1990)

conformable boundary with 
Leighton (Gates 1975)

Dennys Late Llandovery 
to Ludlow

no zonable fossils (Berry and 
Boucot 1970); stratigraphic 
position

conformable boundary with 
Edmunds (Gates 1975)

Quoddy Late Llandovery Monograptus  cf. clintonensis , 
M . cf. jaculum , M . cf. 
priodon , M.  variabilis ?, M. 
nudus :  Late Llandovery (Berry 
and Boucot 1970)

base not exposed; top is in fault 
contact with Dennys (Gates 
1975)

Table 2.  Summary of formations within the Maine sequence of the Coastal Volcanic Belt.  Age criteria are based largely on fossil 
evidence, although radiometric dates are also listed.  The types of contacts between each set of formations, and references to 
that information, are also provided.  Full citations are listed in reference section.
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Although there is defi nite disparity between the two dates (one 
places the Eastport in the Late Silurian, the other in the Early 
Silurian), they do suggest a fi rm Silurian date. 

CONCLUSION

The age of the Eastport Formation has the potential to 
provide important information about the timing and dura-
tion of the Acadian orogeny, as well as signifi cant information 
to be used in regional correlations. For over thirty years, the 
date of the Eastport Formation has been regarded as Early 
Devonian based on poorly constrained fossil data – princi-
pally the unnamed ostracode, cf. Carinokloedenia. Instead, 
age assignments should have been based on more robust fos-
sil data, notably the presence of Nodibeyrichia, in addition to 
the stratigraphic evidence that convincingly links portions of 
the Eastport Formation with the Hersey Formation of known 
Pridolian age (Table 1). This data, combined with the recent 
radiometric dating and stratigraphic work of Miller and Fyffe 
(2002) and Van Wagoner and Dadd (2003), strongly favour a 
Late Silurian (Pridolian) age for the Eastport Formation over 
a Devonian one. A Silurian age for the Eastport Formation 
has important implications for regional stratigraphy and will 
require that previous correlations, particularly the relationship 
between the Seal Cove and Eastport formations, and the Maine 
and New Brunswick portions of the Eastport Formation, be 
re-examined in light of these fi ndings.
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