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RESUMEN

Las faunas cambricas y tremadocianas de la provincia acado-biltica presentan grandes
semejanzas en ambas orillas del Atlantico (Fig. 1). Existen ejemplares del Cambrico inferior y
medio para esta provincia en Massachusetts oriental, y por otra parte hay faunas de la
Provincia del Pacifico en Nueva Inglaterra occidental y en el este del estado de Nueva York.

La falla Marginal de Boston y su probable continuacién al sur marca el borde occidental
de la Placa Palecafricana que contiene las localidades de faunas acado-balticas (Fig. 2).
Adyacente a las localidades acado-balticas de Massachusetts en direccidon oeste, encontramos
una secuencia de rocas que se interpretan como una secuencia ofiolitica (Figs. 3, 4 y 5),
que marcarian una zona de subduccidn cuyo borde occidental seria la zona de la falla
Clinton-Newbury (Fig. 3). La traza de esta falla presenta el lineamiento magnético mds
conspicuo del sureste de Nueva Inglaterra (Fig. 6), y puede interpretarse como el borde
occidental de ta Placa Paleo-Americana. Las formaciones Marlboro y Nashoba, y formaciones
mds recientes sin nombre (Figs. 3 y 4), cuyos protolitos consisten en rocas metavolcanicas y
metasedimentarias marinas de la secuencia ofiolitica, representan una corteza ensimatica que
fue comprimida y deformada intensamente entre las dos placas. Por lo tanto, proponemos
una frontera de colision entre dos placas continentales (Fig. 7) para los Montes Apalachianos
del Norte. Se infiere que los mecanismos de la tectonica de placas han estado activos por lo
menos desde fines de la era precimbrica.

ABSTRACT

Cambrian and Tremadocian faunas of the Acado-Baltic Province have remarkable similarities
on both sides of the Atlantic (Fig. 1). Lower and Middle Cambrian representatives of this
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province are present in eastern Massachusetts, whereas Pacific Province faunas are present in
nearby western New England and eastern New York.

The Boston Border Fault and its presumed continuation to the south marks the westem
margin of the Palco-African Plate which contains the Acado-Baltic faunal localities (Fig. 2).
Immediately west of the Acado-Baltic localities in Massachusetts is a sequence of rocks
interpreted as an ophiolite suite (Figs. 3, 4 and 5), marking a subduction zone whose
western margin is marked by the Clinton-Newbury Fault Zone (Fig. 3). The trace of this
fault is marked by the most conspicuous magnetic lineament in southeastern New England
(Fig. 6) and is interpreted as the eastem margin of the Paleo-American Plate. The Marlboro
and Nashoba Formations and younger Unnamed Formations (Figs. 3 and 4) whose protoliths
consist of sea floor metavolcanics and metasediments of the ophiolite suite, represent
ensimatic crust, squeezed and intensely deformed between the two paleo-plates.

Thus a collision boundary between two continental plates (Fig. 7) is hypothesized for the
northern Appalachians. I infer that plate tectonic mechanisms have been operative since at
least the end of Precambrian time,

EARLY CAMBRIAN OCEAN BASIN

It has long been known (Walcott, 1886; Foerste, in Shaler, Wood-
worth and Foerste, 1899; and Grabau, 1900) that a distinctive Lower
and Middle Cambrian fauna, now referred to as Acado-Baltic or
European, is present in a succession of strata near Boston, Massachu-
setts. Late Early Cambrian faunas (Theokritoff, 1968) are recognized
at Hoppin Hill in North Attleboro (Fig. 2), at Weymouth and at
Nahant. The Middle Cambrian, Paradoxides-bearing, Braintree Slate,
cropping out in Quincy and Weymouth (Walcott 1884; Grabau,
1900; Howell, Shimer and Lord, 1936; Shaw, 1950 and 1961; and
Theokritoff, 1968), contains two assemblages belonging to the Aca-
do-Baltic Province. These have been correlated with the “Paradoxides
bennetti” zone of southeastern Newfoundland (Howell, Shimer and
Lord, 1936; Howell et al, 1944; Hutchinson, 1962; and Theokritoff
1968). Correlations have also been made between the above sequen-
ces in eastern Massachusetts and those in St. John, New Brunswick
(Fig. 1); in Cape Breton Island, Nova Scotia; and in the Avalon
Peninsula, Newfoundland (Walcott, 1890; Palmer, 1969; and Skehan,
1969). Moreover, it has been pointed out (Henningsmoen, 1969;
Palmer, 1969) that the Cambrian and even Tremadocian sequences of
the Acado-Baltic Province have remarkable similarities on both sides
of the Atlantic. European localities of special importance in such
correlations are in Wales, Central England, and Northern Spain (Fig.
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1) (Palmer, 1969; Seilacher and Crimes, 1969; and Fairbairn et al,
1965):

COLLISION BOUNDARY AND SUBDUCTION ZONE

Such considerations as the above served as partial basis for Wilson’s
(1966) hypothesis which held that, as continents or plates collide,
one block may override another and thus one plate may become
attached to the other. During a later pull-apart phase a part of one
plate may break off and remain attached to the other as an exotic
fragment sutured in one way or another to a formerly foreign
continent.

Basically, the somewhat oversimplified version of the paleontologic
argument, so attractive to the plate tectonicist, though not fully
satisfactory to all paleontologists, is that the Acado-Baltic and the
Pacific faunas respectively are present in rocks lying now within 100
to 200 miles of each other laterally with only minor intermingling of
related forms. At the same time each of these faunal units is
traceable on strike for hundreds of miles on either side of the
Atlantic and in each case lying in much the same relative position.

In his interesting paper in the introductory session of this Sympo-
sium, C. L. Drake (1973) correctly pointed out that to date our
studies have not revealed how long the presently active plate tectonic
mechanisms have been operative.

Elliott (1973) has recently noted that although subduction zones
may be extinguished when pieces of continental crust collide, some
sort of discontinuity or suture within the continental crust should
mark these extinct subduction zones. He then asks “Can sutures be
found within continental crust of the American plate? ” and ‘“Was
plate tectonics operating in Archean time? ”

The present paper, addressing itself to the points made by Drake
and Elliott, will present a line of reasoning leading to the hypothe-
tical conclusion that such mechanisms have been operative at least as
early as the end of Precambrian and the beginning of Cambrian time
inasmuch as a substantial marine basin of as-yet-unspecified width
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already separated the Paleo-American Plate from the Paleo-Afro-
European Plate by the beginning of Cambrian time.

Additionally, 1 conclude that the ophiolite suite, between the
Clinton-Newbury and the Boston Border Faults, the eastern and
western margins respectively of the Paleo-American and of the
Paleo-African Plates, may comprise a “fossilized” subduction zone.

PLATE BOUNDARIES AND THE OPHIOLITE SUITE

Earlier 1 theorized (Skehan, 1973) that the eastern boundary of the
Paleo-American Plate in southern New England is marked by the
westerly-dipping Clinton-Newbury Thrust Fault (Fig. 2), which I
interpret as the collision boundary between the Paleo-American block
to the west and the modified ophiolite suite of the paleo-ocean floor
immediately to the east. I interpret this latter sequence of rocks as
comprising ensimatic crust of a subduction zone, squeezed and
preserved between the Paleo-American and the Paleo-African blocks. A
fragment of the latter now underlies southeastern Massachusetts and
Rhode Island and its western boundary is probably the westerly-
dipping Boston Border Fault Zone and its presumed continuation to
the south.

An analogous situation prevails in Newfoundland where mafic and
ultramafic rocks of the central area (the paleo-ocean floor) separate
the Acado-Baltic sequence of the Avalon Peninsula from that referred
to as the Pacific fauna-bearing sequence of western Newfoundland.

The 8 mile long Wachusett-Marlborough Tunnel (Fig. 3) penetrates
the Clinton-Newbury Fault Zone (Skehan, 1968 and 1969) and that
part of the sequence of intensely deformed metasediments and
metaigneous rocks lying northwest of the Bloody Bluff Fault. In spite
of being cut into a mosaic of fault blocks, the 25000 foot thick
sequence of the Wachusett-Marlborough Tunnel seems to be chiefly a
coherent stratigraphic succession. It is intensely intruded by igneous
rocks of considerable variety, both as regards age and rock type, and
is cut by several fault systems both pre-and post-metamorphic (Fig.
3). The Clinton-Newbury Thrust Fault has an important component
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of right lateral motion and the structural data derived from the
deformed stratigraphic units southeast of the Fault indicate that the
tectonic transport directions of the forces producing the deformation
were easterly directed (Fig. 3) consistent with underthrusting of the
subduction zone.

The stratigraphic sequence is metamorphosed as high as the
sillimanite zone and is partially altered by post-metamorphic pro-
cesses, The protolith of these rocks is interpreted as being chiefly a
modified ophiolite suite. I refer to it as such since, as is commonly
the case in many parts of the world, certain component parts of the
suite are adequately represented while others are not well represented.

The protolith of the lower part of the sequence, the Marlboro
Formation, (Figs. 3 and 4), is dominantly comprised of basaltic
volcanics with abundant interbedded cherts (MC), as well as arena-
ceous carbonate muds with minor but distinctive limestone beds (M).
The Nashoba Formation (Figs. 3 and 4), consisting dominantly of
volcanogenic metasediments of keratophyric composition, contains far
less extrusive rock than the Marlboro as well as only minor chert.
Additionally, minor altered ultramafics (U) of as-yet-uncertain origin
are present in some parts of the Nashoba Formation. The uppermost
Unnamed Formation, the 1700 foot-thick, ultramafic hornblendite, a
layered pyroclastic volcanic whose western margin is cut by the
Clinton-Newbury Fault, may have been thrust into its present higher
tectonic position by being caught up in easterly-directed thrusting.
This and a related sequence lying between the Bloody Bluff and the
Boston Border Fault comprise the ophiolite suite between the two
continental plates (Fig. 5).

MAGNETIC LINEAMENT

Zietz et al (1971) of the United States Geological Survey have
prepared a map of the airborne magnetics for southern New England,
eastern New York and adjacent offshore areas (Fig. 6). Barosh (1972)
points out that the trace of the Clinton-Newbury Fault Zone (Figs 2
and 6) is marked by a pronounced magnetic low of 800 v, and that
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therefore, this fault is the most conspicuous magnetic lineament in
southeastern New England. The magnetic gradient rises sharply to the
east of the Clinton-Newbury as well as east of the Bloody Bluff
Faults with maxima of approximately 2 000 y over the Beverly
Syenite of eastern Massachusetts and over the Preston Gabbro of
southeastern Connecticut (Fig. 2).

This magnetic lineament (Fig. 6), following the trace of the
Clinton-Newbury Fault Zone, is particularly well developed as it
passes in a southwesterly direction from a point near Lowell, to
Clinton, Worcester, into eastern Connecticut as the Lake Char Fault
(Fig. 2) to a location just west of the Preston Gabbro, and
southwestward across Long Island Sound near the eastern margin of
the Connecticut Valley. The ophiolite sequence east of these two
faults (Figs. 5 and 6) is highly magnetic and thus provides the
contrast required for the geophysical recognition fo the Clinton-New-
bury and the Bloody Bluff Fault Zones.

CONCLUSION

In southeastern New England as well as in Newfoundland a
relatively narrow expanse of ocean-floor rocks are squeezed and
shattered between blocks whose respective Cambrian faunas suggest
that they are part of early Paleozoic American and African Plates.
This implies that any protocontinental mass such as Pangaea, must
have been breaking up by latest Precambrian or earliest Cambrian
time rather than during Triassic time as is generally stated (Dietz and
Holden, 1970). The pronounced differences in Cambrian and Trema-
docian faunas from western New England to eastern Massachusetts and
the lack of such differences later in the Ordovician suggests that the
Paleo-American and Paleo-Eurafrican plates were separated until at
least Middle Ordovician time when they moved closer together and
may have collided, possibly more than once, as for example, during
the Taconic, the Acadian (Naylor, 1971), and perhaps also during the
Alleghenian orogenic episodes. The Marlboro and Nashoba Forma-
tions are probably no younger than Cambro-Ordovician age whereas
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the sequence above the Nashoba Formations may be of Siluro-De-
vonian age.

The Clinton-Newbury Fault Zone, as the most pronounced mag-
netic lineament in southeastern New England, may represent the eastern
margin of the Paleo-American Plate. The western margin of the
Paleo-African Plate which contains the Acado-Baltic fauna is marked
by the Boston Border Fault. The ophiolite sequence between these
two faults (Fig. 5), perhaps 10 miles thick, and consisting dominantly
of basaltic rocks and cherts with minor ultramafics, and thickened 25
percent by intrusives and having a complex structural development is
dominated by westerly-dipping thrust and reverse faults. This sequen-
ce may represent part of an ensimatic subduction zone squeezed
between the two continental plates (Figs. 5 and 7).

Remnants of the Paleo-African Plate east of the Boston Border
Fault, as well as those of the castern margin of the Appalachians in
the Maritime Provinces of Canada (Fig. 1), must have remained
sutured to the American Plate when the collided plates were sepa-
rated by being pulled apart in Triassic and Jurassic time (Fig. 7).

I conclude that there is a growing body of paleontologic, petrolog-
ic, structural and geophysical data which provides a solid basis for
hypothesizing the existence of a collision boundary between the
Paleo-American and the Paleo-African Plates, marked by a relatively
narrow outcrop belt of rocks representing a “‘fossilized” subduction
zone, Moreover, | propose that plate tectonic mechanisms have been
operative since at least the end of Precambrian and probably earlier
than that time.
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Figure 1. Acado-Baltic faunal localities in the
northern Appalachians and western Europe.
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Figure 2. Acado-Baltic faunal localities, major plate boundary faults, and localities of eastern Massachusetts

mentioned in the text.
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STRATIGRAPHY OF THE
WACHUSETT MARLBOROUGH TUNNEL
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Figure 4. Stratigraphic column of the Marlboro, the Nashoba and the unnamed formations of the
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Figure 6. Magnetic Map of southeastern New England (Zietz et al, 1971).
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Figure 7. Reconstruction showing the relative positions of the American, African and South
American plates during the time immediately preceding the earliest Paleozoic collision (after
Bullard, 1969).



GEOFISICA INTERNACIONAL 307

ACKNOWLEDGMENT

I want to thank the very many people who have stimulated my
thinking regarding various aspects of this paper. Among these,
without implying that they agree with my hypothesis, are Drs.
Lincoln R. Page, Patrick Barosh, Isadore Zietz, Professors Ely Men-
cher. Charles L. Drake, Nicholas Rast, Marshall Kay, Harold Williams,
Allison R. Palmer and many other participants of the Geodynamics
Symposium, Mexico City, the faculty and students of the depart-
ments of Geology and Geophysics at Boston College, The City
College of New York, Syracuse University and the University of
Pennsylvania.

BIBLIOGRAPHY

BAROSH, Patrick J., 1972, Structural Geology of Rhode Island and Southeastern
Massachusetts as Revealed by Aeromagnetic Data, in Program of Annual
Meeting, Geol. Soc. Amer., 4: 444445,

DIETZ, R. S., and S. C. HOLDEN, 1970. Reconstruction of Pangaea: Breakup
and Dispersion of Continents, Permian to Present, Jour. Geophys. Res., 75:
4939-4956.

DRAKE, C. L., 1973. The Geodynamics Project, Geofisica Internacional, 13 (4).

ELLIOTT, David, 1973. Plate Tectonics and the Problem of too much Granitic
Basement, Geology, 1, 111.

FAIRBAIRN, H. W., et al, 1965. Rb-Sr age of granitic rocks of southeastern
Massachusetts and the age of the Lower Cambrian at Hoppin Hill, in
Variations in isotopic abundances of strontium, calcium, argon, and related
topics, Massachusetts Inst. Technology, Dept. Geology and Geophysics Pub.,
3-10.

FOERSTE, A. F., 1889. The Paleontological horizon of the limestone at Nahant,
Mass., Boston Soc. Nat, Hist. Proc, 24: 261-263.

GRABAU, A. W., 1900. Paleontology of the Cambrian terranes of the Boston
Basin, Boston Soc. Nat. Hist. Occasional Papers, 4: 601-694,

HOWELL, B. F., H. W. SHIMER and G. S. LORD., 1936. New Cambrian
Paradoxides fauna from eastern Massachusetts, Geol. Soc. Amer. Proc. for
1935, 385,

HOWELL, B. F. et al, 1944, Correlation of the Cambrian formations of North
America, Geol, Soc. Amer. Bull., 55: 993-1003.

HUTCHINSON, R. D., 1962. Cambrian stratigraphy and triolobite faunas of
southeastern Newfoundland, Geol. Survey Canada Bull., 88, 156.



308 GEOFISICA INTERNACIONAL

NAYLOR, R. S., 1971. Acadian Orogeny: An Abrupt and Brief Event, Science
172: 558-559.

PALMER, A. K., 1969. Cambrian Trilobite Distributions in North America and
their Bearing on Cambrian Paleogeography of Newfoundland, in North Atlan-
tic Geology and Continental Drift, Mem. 12, Amer. Assn. of Pet. Geol.:
139-144.

SEILACHER, A., T. P. CRIMES, 1969. “European” Species of Trilobite Burrows
in eastern Newfoundland, in North Atlantic Geology and Continental Drift,
Mem. 12, Amer. Assn. of Pet. Geol, 145-148.

SHAW, A. B., 1950. A revision of several Early Cambrian trilobites from eastern
Massachusetts, Jour. Paleontology, 24: 577-590.

SHAW, A. B., 1961. Cambran of southeastern and northwestern New England,
in Internat. Geol. Congress, 20th Mexico, 1956, Kembriyskaya sistema, yeye
paleogeografiya i problema nizhney granitsy (The Cambrian system, its
paleogeography and the problem of its lower boundary), Symposium part 3,
Western Europe, Africa, USSR, Asia, America, Moscow, Akad, Nauk USSR,
518: 433-471.

SKEHAN, S. J., J. W., 1968. Fracture Tectonics of southeastern New England as
illustrated by the Wachusett-Mariborough Tunnel, East Central Massachusetts,
in Studies of Appalachian Geology, Northem and Maritime, John Wiley and
Sons, Inc., 281-290,

SKEHAN, S. J., J. W., 1969, Tectonic Framework of southern New England and
eastern New York, in North Atlantic Geology and Continental Drift, Mem. 12,
Amer. Assn. of Pet. Geol., 793-814.

SKEHAN, S. J., J. W. 1973, Collision Boundary Between the American and
African (European) Plates in New England, (Abs.) Trans. Amer. Geophys.
Union, 54, 471.

THEOKRITOFF, George, 1968. Cambrian Biogeography and Biostratigraphy in
New England, in Studies of Appalachian Geology, Northem and Maritime,
John Wiley & Sons, Inc., 1-22.

WALCOTT, C. D., 1884, On the Cambrian faunas of North America, Preliminary
studies, U. S. Geol. Survey Bull., 10, 72.

WALCOTT, C. D., 1886. Second contribution to the studies of the Cambrian
faunas of North America, U. S. Geol. Survey Bull., 30, 369.

WALCOTT, C. D., 1890. The fauna of the Lower Cambrian or Olenellus zone, U.
S. Geol. Survey 10th Ann. Rept., 509-763.

WILSON, J. T., 1966. Did the Atlantic Close and Then Reopen? MNature, 211:
676-681.

ZIETZ, Isadore, et al, 1971. Aeromagnetic map of New England, Scale 1:2 500 000
open file, U. S. Geol. Surv.



