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Introduction
New England and northwest Africa were adjacent to one another 

prior to the opening of the Atlantic Basin (Figure 1) and it has long 
been noted that the early Mesozoic basins present on either side 
match, but correlations with earlier lithology have been elusive. 
Untenable hypotheses about New England geology that misplaced 
early orogenies into the mid Paleozoic, scattered incomplete 
descriptions in northwest Africa and the concept of an intervening 
“Avalonia” have created obstacles to correlation. Recent independent 
compilations of the geology of southeastern New England and the 
Anti-Atlas of Morocco now reveal near identical sequences of Late 
Proterozoic tectonic events and lithology at similar times. This close 
connection precludes any separate “Avalonia” and demonstrates that 
the plate collision zone exposed in New England controlled events in 
Morocco. Most rock and the major tectonic events in southeastern 
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New England have long been known to be Late Proterozoic in age 
and related to the Cadomian or Pan-African orogeny, but it has taken 
these new data to demonstrate the specific manner of the match 
across the Atlantic.

Geologic studies in New England and Maritime Canada began 
over two hundred years ago and the region has been blessed by 
many excellent geologists. Charles Lyell’s 1845 [1] compiled map 
of the region shows the general layout with Precambrian granite 
and metamorphic strata in the south with progressively younger 
irregularly overlapping Paleozoic strata to the north-east. However, 
this depiction was disrupted in the 1950s when Marland Billings 
[2] miscorrelated unmetamorphosed terrestrial Siluro-Devonian 
volcanic rock and redbeds with the regionally metamorphosed and 
deformed marine turbidic strata a few miles away and inadvertently 
changed a major Late Proterozoic orogeny into a Devonian Acadian 
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Orogeny. This concept still bedevils the literature [3,4]. This was 
contrary to CD Walcott’s [5] previous remarkable work that 
demonstrated a divide between American and European Cambrian 
fauna in strata that lapped up on both sides of New England. In 1966 
JT Wilson [6] suggested the terranes containing these faunas were 
separated by a plate collision zone, which lay along the southeast side 
of New England and the Maritime Canada that marked a closure of a 
previous ocean. Wilson, in part, connected faults then being mapped 
by the Boston Office of the US Geological Survey across the generally 
good exposures of southern New England with others to the north. 
By 1977 it was demonstrated that the collision zone separated a 
profound stratigraphic, structural and geophysical break prior to the 
Silurian [7]. The fill of Boston Basin, which is a rift dropped into the 
granitic batholith east of this collision zone, had been considered to 
be late Paleozoic age, but then was revealed to be Late Proterozoic 
in age [8]. Further detailed structural, stratigraphic and geophysical 
studies in southern New England by the U.S.G.S. augmented by those 
of the US Nuclear Regulatory Commission have defined a great west-
dipping collision zone that snakes across the region and connects 
with one in Canada (Figure 2). It was then recognized here early that 
this zone represented the Cadomian or Pan-African Orogeny [9] and 
soon after in Canada [10]. In addition the matching geologic events 
on both sides of the collision zone show that they were deformed 
together in the Late Proterozoic as they collided.

The studies in southern New England, especially the detailed 
measured and described stratigraphic sections made systematically 
across the region, combined with data from geophysical studies, 
the extensive system of bedrock tunnels and thousands of boreholes 
makes southern New England the best studied by far in the eastern 
Appalachian Orogen. Unfortunately many investigations are 
unpublished. However, summaries of the southeastern New England 
geology have been prepared periodically since 1977 [7,9,11-14] as 
new discoveries were made. The later investigations clarify some 
Late Proterozoic stratigraphy and separate younger structure to 
give a better picture of the early tectonic events. Because of the 

 
Figure 1: Map of western Pangea showing best fit of the continental plates 
[modified from [38]]. The heavy line marks the Appalachian collision zone that 
controled the western Pan-African orogeny.

Figure 2: Map showing relation of southeastern New England with the Anti-Atlas of Morocco prior to the opening of the North Atlantic basin [modified after 39,40]. 
Explanation: NAC, North American Craton, WAC, West African Craton, long barbed line, Appalalchian collision zone, short barbed line, Fall Line fault zone.
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longer. It is largely displayed in isolated areas spread across a 
much larger region than southeastern New England (Figure 2). 
Reconnaissance mapping gradually revealed the geology, but local 
nomenclature hindered an integration of the stratigraphy and an 
understanding the overall geologic history. More recently detailed 
geologic work and improved regional correlation, especially in 
the Anti-Atlas, have provided a fuller understanding of the Late 
Proterozoic rock and how it evolved. This now provides a good 
stratigraphic and tectonic framework of the Late Proterozoic that is 
a very close match to that of southeastern New England. This is clear 
in the general summaries for Morocco by Thomas et al. [21,22] and 
Oukassou et al. [23]. The improved age controls on both sides now 
allow the establishment of a firm order of events. Small differences 
present between the regions can be ascribed to New England being 
adjacent to the collision zone and suffering more deformation. Also 
the regions complement one another with fuller data on one side 
helping to fill in gaps in the other.

This paper demonstrates how the recently integrated data in the 
Anti-Atlas region of Morocco shows a remarkable correlation with 
the Late Proterozoic geologic history and lithology of southeastern 
New England. This firm connection solves the four important tectonic 
problems of how the two regions were connected, the location of the 
plate collision zone controlling the western Pan-African Orogeny, 
when the African plate become welded onto Laurentia and the mystery 

unprecedented control, detailed work and northeastward structural 
plunge, which reveals the deep fundamental features in the south, 
this region serves as the foundation for any regional analysis of the 
Appalachian Orogen.

It was realized by 1970 of those that followed Billings’ Devonian 
correlation that at least some granite and metamorphosed strata near 
Boston were Precambrian as they were capped by Cambrian strata 
and that a similar situation existed on the Avalon Peninsula of eastern 
Newfoundland. These two areas began to be referred to collectively in 
the academic community as the Avalon terrane and then “Avalonia”. 
This “Avalonia” has been used in many ways and placed differently 
over the years from a close to distant mini continent or islands in an 
ancient sea to the east, some exotic terrane or even the entire New 
England area in contradiction to its original intent. These lands were 
assumed to have docked with Laurentia usually sometime in the 
mid to late Paleozoic [10,15,16]. This echoed the earlier concept of 
“Appalachia” of the 1930s that was an ancient hypothetical landmass 
offshore of New England that later subsided. “Avalonia” and other 
proposed fragments are shown in various arrangements between 
Laurentia and ancient northwest Africa [15,17,18]. These proposals 
neglected the detailed geologic data of southeast New England that 
does not support the concepts. Also by 1970 it had been reestablished 
that the deformed terrane was pre-Silurian in age [19,20].

The unraveling of the pre-Mesozoic geology of Morocco took 

Figure 3: Map of southeastern New England showing major structural features [11,14]. The Nashoba thrust belt is the local portion of the Appalachian collision 
zone and the region to the southeast of it is underlain by the Late Proterozoic Southeastern New England Batholith, which is syntectonically folded along its 
western edge. 
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of “Avalonia”. The combined data demonstrate that the two regions 
were directly connected, the Appalachian collision zone controlled the 
Pan-African Orogeny, the two continental plates became connected 
in the Late Proterozoic and fully welded in the Late Ordovician and 
that there is no support for an intervening “Avalonia”. Furthermore 
it helps clarify the history of the Iapetus Ocean.

Geologic Setting
New England and Maritime Canada were adjacent to 

northwestern Africa prior to the breakup of Pangea and the initiation 
of the Atlantic Ocean Basin during the Mesozoic (Figure 1). This 
break along what is now the North Atlantic Ridge occurred just east 
of the previous Late Proterozoic collision zone between the West 
African Craton and the North American Craton that had caused the 
western Pan-African orogeny and the closure of the early Iapetus 
Ocean. Southeastern New England, which had been structurally 
aligned with the Anti-Atlas region of Morocco, was left as a remnant 
of Africa that now juts out into the Atlantic Ocean (Figure 2). Rock 
exposed there is seen nowhere else in the U.S., as the break lies buried 
just offshore to the southwest and passes under mid Florida. However 
it is partially exposed in coastal Canada where the collision zone 
again comes ashore. The descriptions below are taken from Barosh 
and Woodhouse [24] and Thomas et al. [21,22] with additions from 
Oukassou et al. [23], plus further details as cited.

The collision zone is the most significant feature of the full 
and complex geology of southern New England. To its east lies a 
Late Proterozoic batholithic complex, the Southeast New England 
Batholith, with a fringe of metamorphosed strata, and a thick 
volcaniclastic sequence in the west-dipping plate collision zone, the 
Nashoba thrust Belt that is bordered west of the zone by a very thick 
wedge of Late Proterozoic metamorphosed and deformed turbidic 
clastic strata, the Sturbridge Province (Figure 3). The province, 
which formed offshore of the Middle Proterozoic Grenville Province 

farther west, contains some Late Proterozoic granite along thrusts 
and is cut by small Ordovician, Silurian and Devonian plutons. The 
eastern side of the Sturbridge Province also contains thrust troughs 
of mildly metamorphosed Cambrian? basaltic tuff and Ordovician 
distal turbidic siltstone and sandstone that are cut by some very 
late Ordovician granite. The strata west of the collision zone were 
deposited from the west. The Nashoba Thrust Belt, which forms 
the core of the collision zone, consists of a very thick sequence of 
metamorphosed turbidic volcaniclastic and volcanic strata that 
comprise the very thick Nashoba and adjacent formations. These 
strata, which were deposited from the east, had been scraped off the 
terrane to the east during the collision. These and the older strata are 
described in detail by Bell and Alvord [20]. The thrust belt is cut by 
both Late Proterozoic and Late Ordovician granite. The batholithic 
complex east and beneath the collision zone is chiefly composed of 
anatectic quartz monzonite and remnants of invaded thick littoral 
to shallow water quartzite, quartz schist and marble and a volcanic 
pile of basaltic flows, tuff and debris that had underlain the strata 
in the collision zone. The batholith, which has strong syntectonic 
flow foliation and folds near the collision zone that fade out to the 
east, is cut by several Late Ordovician granitic plutons plus Permian 
granite in the south. The Late Proterozoic granite has flow foliation 
but the younger granite does not. Dropped into the batholith are a 
series of grabens: the slightly metamorphosed latest Proterozoic 
Boston Basin, Carboniferous Narragansett and Norfolk Basins, the 
unmetamorphosed Siluro-Devonian Newbury Basin, which is mainly 
over the Nashoba Belt, but spills out to the east. The Siluro-Devonian 
strata are composed of non-metamorphosed mostly terrestrial 
volcanic and redbed strata. The Boston Basin fill consists of a variable 
sequence of terrestrial bimodal Mattapan Volcanic Complex, and 
coarse Roxbury Conglomerate, that grades into the marine Cambridge 
Argillite with an ediacaran fauna. The sequence was deposited in an 
active rift. Cambrian deposits cap it conformably and spill out of the 
basin to form remnant patches on the batholithic rock. The entire 

Figure 4: Stratigraphic column for the boston basin [41].
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region has an overlay of ubiquitous Mesozoic to Holocene faults, 
common basalt dikes and scattered early Mesozoic grabens.

On the east side of the Atlantic Basin, Late Proterozoic rock 
crops out along a northeast-trending belt in the Anti-Atlas where it 

rests unconformably on the basement complex of the West African 
Craton. Here it is composed of Early Proterozoic deformed rock, 
but to the south the craton consists of three Archaean and Early 
Proterozoic metamorphic and magmatic shields [17] (Figure 4). 

Figure 5: General geologic map of the anti-atlas orogen [22]. Explanation: HKCA, high K calc-alkaline.
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difference is the presence in M of the early Late Proterozoic 
ophiolites, which apparently represent sea floor deposits. These are 
not seen in NE from being cut out by thrusting or less likely having 
been destroyed by later intrusion during collision.

Lesser changes within geologic divisions listed above allow them 
to be subdivided which leads to the seven stages of development listed 
below.

1. ~1,000-750 Ma, Early continental break up and deposition 
on a passive margin, which is slightly unstable as shown by volcanic 
components. Taghdout and Jbel Lkst Groups passive margin shallow-
water deposits of carbonate-shale, quartzite and basalt formed during 
an extensional event in M [17,25] and are cut by dikes of tholeiitic 
Toudma and Ifzwane Suites. The similar early quartzite strata of the 
Plainfield Formation and overlying marble in NE also formed in a 
similar depositional environment and although the dolerite intrusions 
are absent they do contain a basaltic volcanic complex. The shallow 
water sediments in the Taghdout Group contain stromatolites and 
would have accumulated between ~1000 Ma and 880 Ma [26]. The 
Bou Azzer ophiolite, which records ocean crust formation, is present 
in M. The ophiolite is dated at 760-762 Ma [25,27] and an associated 
plagiogranite yields 760 Ma [25]. This period may mark the opening 
of the Iapetus Ocean.

2. ~750-700 Ma, Subduction was initiated and growth of a 
volcanic island arc occurred offshore of the craton. Deposition of 
thick marine volcaniclastic turbidic strata with interbedded volcanic 
rock of the lower part of the Iriri, Asmlil and Sarhro Groups in M and 
the similar thick Nashoba and bordering formations in NE occurred 
along the flanks of the arc. The diamictite reported in the Sarhro is 
almost certainly slump deposits down the flanks as they are in the 
Nashoba. Thomas et al. [22] consider that an island arc had developed 
north of the West African Craton by ~750 Ma. 743 Ma is recorded 
for a tonalite migmatite at Iriri that was likely to have formed slightly 
after the ocean crust near the base of the Iriri arc. The Tachakoucht 
gneiss of the Iriri arc represents former andesitic to dacitic porphyritic 
rocks crystallized about 740 Ma-720 Ma [28] or more closely ~733 Ma 
for the protolith [29]. Rock close to the base of the sequence in NE is 
dated at ~730 Ma. Metagabbro of 752 Ma, augen granite gneiss of 753 
Ma, leucogranites of 705-701 Ma and metagabbro of 697 Ma in M are 
linked to the 750-700 Ma event in some way [17,28,30].

3. ~700- 640 Ma, Ocean basin shrinks with the initial Pan African 
Orogeny and receives the upper clastic deposits of the Sarhro Group, 
the orogeny is probably culminated in M between ~680 Ma and ~660 
Ma. The primary arc likely broke up and was intruded by hydrous 
arc-related magmas under medium to high-grade temperature-
pressure conditions [29]. Thrusting began and the Nashoba and 
bordering formations were scrapped off the lower strata to the east 
and sliced by thrusts into the collision zone in NE. The thrusting of 
the ophiolite onto the rock of the arc may have started by 700 Ma 
[29]. The formation of syntectonic anatectic granite along some thrust 
faults on the west side of the zone in NE has yielded repeated dates of 
between ~620 and 650 Ma with older ones more likely, as subsequent 
metamorphic events tend to lessen the age. The greenschist facies 
deformation in M occurred at ~650 Ma [23], leucogneissic bands 
intruded into the ophiolite at 651 Ma [28] and the Tourtit granite 
intruded about 651 Ma [28]. However, ages of ~663 Ma and ~654 Ma 
from zircon rims of a migmatite at Iriri are interpreted to be the time 
of metamorphism that accompanied island arc accretion towards the 
craton in M. Gasquet et al. [31] combines this event and the former 
one to assume north-dipping subduction from 760 Ma to 660 Ma in 
M whereas Oukassou et al. [23] places the collision that generated the 
thrust sheets at 655 Ma to 640 Ma.

4. ~630-615 Ma, Ocean basin closure with deformation and 
formation of batholitic anatectic granite batholith as subduction 
continues in the main phase of the Pan-African Orogeny. Deformed 
with high-grade metamorphism and syntectonic folds in the Southeast 

The Middle Proterozoic is absent. The overlying Late Proterozoic 
sequence begins with the Anti-Atlas Super group, which is made 
up of Taghdout and Jbel Lkst Groups of carbonate, quartzite and 
volcanic rock and a very thick Sarhro Group that is composed of a 
lower unit of turbidic shale and volcaniclastic strata, volcanic rock 
and some diamictite and an upper one of coarse clastic material. 
These were all deposited before the Pan-African Orogeny (Figure 5). 
Some ophiolites, the Bou Azzer Group, are present that are correlated 
with the lower part of the section and appear to represent sea floor 
material. The Supergroup strata are invaded by the older Pan African 
granodioritic massifs, the Assarag and Barouz granitic suites and 
others. The Late Proterozoic Ouarzazate Supergroup comprises a 
younger, post-Pan-African Orogeny unit. The supergroup consists 
of a variable complex of volcanic rock types, sedimentary strata and 
sub-volcanic granite that are the products of several interfingering 
volcanic complexes. It is composed mainly of thick terrestrial basalt 
and rhyolite, tuff, volcaniclastic beds and some pillow basalts with 
some coarse conglomerate. In places this material grades upward 
into finer sandstone and forms the beginning deposition of the later 
extensive molasse. These deposits form the fill of a series of narrow 
grabens. They are locally known as the Bou Saldo Group and in 
one area with very coarse conglomerate the Mgouna Group. Some 
conglomerate is derived from the volcanic rock below. The upper 
part of the Ouarzazate Supergroup unconformably overlies the lower 
portion and the Assarag Suite. The upper part also is cut by many syn- 
or post-granite bodies. The Ouarzazate is disconformably overlain 
by a sequence of carbonate, mudstone and siltstone comprising the 
Cambrian Tata and Taroudant Groups that contains the Precambrian-
Cambrian boundary within the lowermost part. This grade into the 
siltstone and quartzite of the Ordovician strata.

Parallel Geologic Evolution of Southeastern New 
England and the Anti-Atlas

The geology of New England and Morocco, described above, 
evolved from a sequence of Late Proterozoic events that are remarkably 
similar in the two regions and demonstrate a common bond with 
the same interpretations of the environment of deposition and 
tectonic setting in both regions. The combined events cited below are 
principally from Thomas et al. [21,22] with additions from Oukassou 
et al. [23] for the Anti-Atlas (M), and Barosh and Woodhouse [24] for 
southeastern New England (NE) and apply equally, except as noted. 
The basic events seen both places are continental breakup, subduction 
and island arc formation, magmatism, uplift, graben formation and 
gradual transgression and overlap. There are three main divisions 
of contemporaneous activity spanning the Late Proterozoic to the 
Ordovician that apply equally to NE and M these are:

A) Pre Pan-African collision with quartzite and limestone strata 
of shallow water platform origin followed by a thick volcanic and 
turbidite sequence. This may have first developed along a quiet rifted 
margin followed by the formation of an island arc with increasing 
instability and compression.

B) Pan-African collision and subduction causing thrusting, 
syntectonic folding, anatectic granite, and regional metamorphism 
as the West African craton moved against and under Laurentia. The 
deformation and granite formation is greatest near the Appalachian 
collision zone and diminishes eastward away from it.

C) Post Pan-African collision uplift, erosion, rifting, latest 
Proterozoic basin filling and capping by transgressing shallow marine 
Paleozoic strata. The rift filling consists of volcanic and conglomeratic 
strata that grade laterally and upward into finer deposits, all marked 
by rapid facies changes during active faulting.

The differences between NE and M are surprisingly minor 
considering the distances separating them. These are principally 
proportions of lithologies due to facies changes and changes in 
deformation due to distance from the collision zone. The main 
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New England Batholith near the collision zone in NE, but the flow 
foliation and folds fade to the east where there is only greenschist 
metamorphism in M that may have occurred earlier. In M there was 
syntectonic folding, SW-directed thrusting and emplacement of the 
ophiolite slivers, deformation of all the earlier Anti-Atlas Supergroup 
strata and emplacement of the Assarag and Bardouz granite suites at 
~615 Ma. There is a hiatus in the geochronological record between 
660 Ma and the time of these granites in M. The granite appears to be 
late syntectonic to post tectonic, a change that could be due to either 
increased distance from the active edge or that granite first formed 
near the collision zone and spread to the east later. However, Gasquet 
et al. [25] considers the Pan-African orogeny to have generated 
abundant granite and rhyolite starting from 630 Ma in M. A wide 

range of ages have been obtained in NE for the granitic batholithic 
complex, but 620 Ma - 630 Ma is considered to be the most reliable 
range.

5. ~615-605 Ma, End of subduction and very rapid uplift and 
erosion unroofs the batholith to probably build Alpine mountains in 
NE and the unroofing of the Assarag Suite of granite to provide the 
setting for the terrestrial grabens in NE and M. This stripping of the 
cover to the level of the granite would require some time, perhaps on 
the order of 5 to10 Ma. It is just such a mountain range at the end of the 
Proterozoic that Walcott [5] held responsible for the division between 
the American and European Cambrian fauna. The uplift is likely to 
have at least temporarily drained the reduced Iapetus Ocean to the 
west to allow for erosion. There are some post-tectonic granitic rocks 

Figure 6: Generalized stratigraphic column for the anti atlas [22].
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the fill is cut by basaltic intrusions and sills. Also, the extensive basic 
dike system that cuts the rock in M is delayed until the Cambrian in 
NE. The most reliable date of the oldest known basal volcanic rock in 
NE is ~602 Ma, but different types of dating on the same rock gives 
a range of 459 to 605 Ma, several younger dates are from the strata 
above and the Cambridge Argillite contains an ediacaran fauna. The 
basal part of the Ouarzazate Supergroup, the Bou Saldar Group, was 
deposited ~605 Ma and continued to ~580 Ma and the higher rhyolite 
and granitic rock in the supergroup is dated between 581 and 543 
Ma [31,36]. Oukassou et al. [23] show the range as ~580 Ma to ~545 
Ma for the Supergroup and the transition to the Cambrian at 542 
Ma. The deposition in the basins continued to almost the end of the 
Proterozoic as the activity decreased.

7. Early Cambrian-Early Ordovician, The Rheic Sea fills and 
overtops the basins to transgress across a slowly subsiding region. The 
strata appear conformable within basins and unconformable outside 
of them. The sedimentation in NE appears continuous across the time 
boundary as it does in M. In M the division lies within the Tata and 
Taroudant Groups a short distance above a disconformity at the top 
of the Ouarzazate Supergroup [37]. The deposits consist of argillite, 
limestone and sandstone in the Cambrian Tata and Taroudant Groups 
in M and in the Weymouth, Braintree, Monatiquot and Green Lodge 
Formations in NE, but there is relatively more carbonate strata in 
M. The Ordovician consists of siltstone and sandstone deposits in M 
and apparently predominantly quartzite in NE, although the siltstone 
component may have been eroded.

After the Early Ordovician the geologic features were of a more 
local nature and cross Atlantic correlations less obvious until the 
Mesozoic. During the Ordovician subsidence to the west of the 
collision zone in New England reconstituted the Iapetus Ocean. 
Near the end of the period subduction was renewed to first form an 
oceanic trench on the west side of the collision zone and then close 
it to terminate the ocean and weld the Laurentian and African plates 
together, with granite crossing the boundary. This, the Taconic 
Orogeny, caused renewed thrusting and emplacement of granite in 
the collision zone, built large volcanoes, which were underpinned 

in M that range in age from 615 to 580 Ma that either reflect episodic 
emplacement or part of an as yet incompletely defined continuum, 
perhaps rising along early normal faults beneath volcanoes.

6. ~605-545 Ma, Rifting forms graben basins, probably as pull-
apart basins related to the start of strike-slip movement in the 
collision zone. The fault basins of Boston Basin, Saint John Basin in 
New Brunswick and those in Morocco reveal this extensional event, 
which extended to Egypt and vicinity where the basins of Hammamat 
sediment and Dokhan volcanic debris show similarities [32-35]. 
These basins must represent a very widespread active basin-and-range 
environment across a broad region. Basin filling begins with debris 
from volcanic centers along the active bordering faults intermixed 
with coarse erosional debris from the fault scarps. The deposits are 
characterized by rapid and complex facies changes from different 
bimodal volcanic centers laterally along the bordering faults as well 
changes downslope into the basins (Figure 6, Figure 7), making it 
very difficult to establish formal stratigraphic nomenclatures. The 
volcanic deposits in M are almost all terrestrial, although they are 
interbedded with both subaerial and lacustrial deposits and pillow 
basalt is present. The volcanism and fault activity slowed with time. 
The deposits are very thick in the basins and pinch out at their edges. 
Such fill forms the Ouarzazate Supergroup in M and the Mattapan 
Volcanic Complex, Roxbury Conglomerate and Cambridge Argillite 
NE. In NE and New Brunswick the volcanic and conglomerate 
deposits from off the fault bluffs interfinger basinward with marine 
argillite containing ediacaran fauna (Figure 7). These waters represent 
the initial encroachment of the Rheic Sea as there is no apparent 
break with the later sea. There is relatively much more volcanic rock 
fill in M than NE and the interfingering of most coarse conglomerate 
may occur at the base rather than above the volcanic rock. In M the 
fill usually grades upward into reddish molasse sandstone. Diamictite 
occurs at places in the sequence, in M it has been interpreted as 
tillite, but those in NE are long proven to be slump deposits and 
are commonly associated with slump folds that formed in an active 
environment. Such activity also resulted in unconformities within the 
section. Some younger granitic suites, ~575 Ma - 545 Ma, cut the fill 
in M, but this is not seen in NE, although the lower, volcanic part of 

Figure 7: Depositional environment for the boston basin [41].
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by large granite bodies, on both the north and south borders of the 
Boston Basin, and caused greenschist metamorphism in the basin 
rock. When subduction ceased the region quickly rose, was eroded 
and a long, mostly terrestrial volcanic chain was built up along the 
collision zone and adjacent areas beginning in the Early Silurian and 
continuing through the Devonian. The effects of these events, which 
were much less than the Pan-African ones apparently decreased 
rapidly to the east and there is no clear record of them in Morocco, 
although the finer marine deposits found east of the volcanic chain in 
Nova Scotia may find a match in the quieter conditions that prevailed 
in Morocco where there was uninterrupted deposition of finer 
material that continued into the Silurian and Devonian [34].

Discussion and Conclusion
The closely matching geology demonstrated from recent 

independent descriptions from both sides of the Atlantic Basin 
demonstrates a close connection of southeastern New England 
and the Anti-Atlas of Morocco during the Late Proterozoic to the 
Ordovician. They both were affected by plate break up (800-700 Ma), 
subduction and island arc formation (750-700 Ma), deformation 
(700-640 Ma) and intrusion during the Pan-African Orogeny (630-
615 Ma), uplift (615-605 Ma), rifting (605-545 Ma) and transgression 
by a Cambrian to Ordovician sea. These events, along with a last gasp 
of subduction at the end of the Ordovician record an entire cycle of 
continental break up to collision and plate reassembly that covers the 
Iapetus Ocean from birth to death and the initial encroachment of 
the Rheic Sea.

The collision zone that formed as the ancient African plate 
moved relatively westward and under Laurentia now snakes across 
southeastern New England, where it is well exposed. The rifting of 
the composite plate in the Mesozoic broke just east of this zone and 
left southeast New England dangling on the west side of the Atlantic 
Basin. However, the geology in New England retains a detailed record 
of the parallel events that occurred during the ancient connection 
in the previously aligned Anti-Atlas region of Morocco (Figure 2). 
The match in deformation, lithology and timing of the Pan-African 
Orogeny and the development of the grabens in the latest Proterozoic 
pins down the connection. The development of these grabens, which 
formed a basin-and-range topography, and the history of their 
filling is a unique occurrence on both sides of the Atlantic Basin that 
clearly demonstrates that New England and Morocco were joined at 
that time. This connection also demonstrates that the Appalachian 
collision zone exposed in southeastern New England controlled 
the Pan-African Orogeny of ancient northwestern Africa. The Pan-
African Orogeny peaked about 620-630 Ma caused strong flow 
foliation, syntectonic folding and high-grade metamorphism in and 
adjacent to anatectic batholithic granite near the collision zone with 
this deformation diminishing eastward to greenschist-grade in the 
Anti-Atlas. Such an early closure of the Iapetus Ocean eliminates 
both a place and a reason for any intervening hypothetical Paleozoic 
land such as “Avalonia”.
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