
E A R T H  
S T R U C T U R E

A N  I N T R O D U C T I O N  T O  

S T R U C T U R A L  G E O L O G Y  A N D  T E C T O N I C S

B
W  •  W  •  N O R T O N  &  C O M P A N Y

N E W  Y O R K • L O N D O N  

S E C O N D  E D I T I O N

2917-fm2.pdf  11/25/03  3:55 PM  Page iii



W. W. Norton & Company has been independent since its founding in 1923, when William Warder Norton

and Mary D. Herter Norton first published lectures delivered at the People’s Institute, the adult education

division of New York City’s Cooper Union. The Nortons soon expanded their program beyond the Institute,

publishing books by celebrated academics from America and abroad. By mid-century, the two major pillars

of Norton’s publishing program—trade books and college texts—were firmly established. In the 1950s, the

Norton family transferred control of the company to its employees, and today—with a staff of four hundred

and a comparable number of trade, college, and professional titles published each year—W. W. Norton &

Company stands as the largest and oldest publishing house owned wholly by its employees.

Copyright © 2004 by W. W. Norton & Company, Inc.

All rights reserved.

Printed in the United States of America.

Second Edition

The text of this book is composed in Times, with the display set in Conduit ITC.

Composition by Shepherd Incorporated

Manufacturing by Courier, Westford

Editor: Leo A. W. Wiegman

Project editor: Thomas Foley

Director of manufacturing: Roy Tedoff

Copy editor: Philippa Solomon

Photography editors: Nathan Odell and Erin O’Brien

Layout artists: Shepherd Incorporated

Editorial assistants: Erin O’Brien and Rob Bellinger

Book Designer: Rubina Yeh

Library of Congress Cataloging-in-Publication Data

Van der Pluijm, Ben A., 1955-

Earth structure : an introduction to structural geology and tectonics / Ben A. van der

Pluijm, Stephen Marshak ; with contributions by Richard W. Allmendinger . . . [et al.]--

2nd ed.

p. cm.

Includes bibliographical references and index.

ISBN 0-393-92467-X

1. Geology, Structural. 2. Plate tectonics. I. Marshak, Stephen, 1955- II. Title.

QE601.V363 2003

551.8--dc22 2003063957

W. W. Norton & Company, Inc., 500 Fifth Avenue, New York, N.Y. 10110

www.wwnorton.com

W. W. Norton & Company Ltd., Castle House, 75/76 Wells Street, London W1T 3QT

1 2 3 4 5 6 7 8 9 0

2917-fm2.pdf  11/25/03  3:55 PM  Page iv



582 W E S T E R N  H E M I S P H E R E

22.4.1 Introduction
The Appalachian Orogen (Figure 22.4.1) is a northeast-
trending belt of Late Precambrian to Paleozoic rocks in
eastern North America that were deformed during the
Paleozoic. Its strike length is more than 3000 km,
extending from Alabama to Newfoundland, and it
forms a segment of a much larger Paleozoic orogenic
system that encompasses the Caledonide Orogen of 
the British Isles, Greenland, and Scandinavia to the
northeast, and the Ouachita Orogen to the southwest.
The northwest limit of the Appalachians is the defor-
mation front between rocks of the orogen and older
orogens and platform rocks of North America. On its
southern and southeastern flanks, the orogen is
onlapped by Cenozoic sedimentary rocks of the
Atlantic Coastal Plain.

The orogen is important from a historical stand-
point, as many significant tectonic ideas are rooted in
Appalachian bedrock. The concept of geosynclines,
which dominated thought on mountain building for
more than a century preceding the advent of plate tec-
tonics, was conceived in the Appalachians. Appropri-
ately, the geosynclinal theory was supplanted on its
native Appalachian turf by plate tectonics in the 1960s
and 1970s. Initial questioning of whether the Atlantic
closed and then reopened was followed by the first
detailed application of plate tectonic theory to an
ancient orogen. In addition, the idea of “thin-skinned
tectonics,” meaning the deformation of cover strata
above a master décollement that is independent of
underlying basement, was first developed in the classic
Valley and Ridge fold-and-thrust province of the
southern Appalachians. Closely related to the thin-
skinned concept was the realization that there is a mid-
crustal detachment within the orogen that places a

large portion of the deformed southern Appalachians
onto the relatively undeformed North American plat-
form. This realization lead to the general acceptance
that substantial portions of orogenic belts form rela-
tively thin, highly allochthonous sheets (or tectonic
flakes) emplaced onto cratons.

Having established the prominent role of the
Appalachians at the forefront of tectonic research, we
turn, in the remainder of this essay, to a sketch of cur-
rent thought on the orogen. Following an overview of
the mountain belt, there is a brief description of the
first-order crustal components, an explanation of how
and when they were assembled, and finally a high-
lighting of potential directions for future thought and
development of Appalachian tectonics.

22.4.2 Overview
The structural grain of the Appalachians is remarkably
consistent, defining a series of broad, harmonically
curved promontories and reentrants (Figure 22.4.1);
their grace and regularity lead the renowned North
American tectonicist, P. B. King, to proclaim the
Appalachian Orogen as the most elegant mountain
chain on earth. As we will see, this structural architec-
ture reflects a fundamental feature of the orogen that
was important in its evolution. For our purposes, the
New York promontory will serve as the divide between
segments referred to as the northern and southern
Appalachians.

In contrast to structural divisions, lithotectonic divi-
sions of an orogen distinguish rock associations that
were either formed or deposited in a common tectonic
setting during a finite time-span. These divisions are
scale dependent, that is, contingent on the scale of the
tectonic process considered. In this essay, the hierarchy
of lithotectonic divisions consists of the realm at oro-
gen scale and the zone at the scale of two or less reen-
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5832 2 . 4  T H E  A P P A L A C H I A N  O R O G E N

trants. At yet smaller scale, terranes are recognized as
regional subdivisions of a zone; however, in this essay
we will mainly be concerned with realms and zones.

The Appalachians are composed of three realms,
the Laurentian realm,2 the Axial realm, and the peri-
Gondwanan realm (Figure 22.4.1), all of which
acquired their defining geologic character before the
Middle Ordovician. The Laurentian realm encom-
passes essentially all of the rocks deposited either on,
or adjacent to, ancient North America and forms the
western flank of the orogen; however, windows of
Laurentian rocks occur locally among the more east-
erly accreted terranes (Figure 22.4.1). In contrast, peri-
Gondwanan realm rocks are interpreted to have
formed proximal to Gondwana3 and thus are consid-
ered to be exotic with respect to Laurentian elements;
they are distributed along the eastern flank of the
Appalachians. The Axial realm is a collection of zones
and terranes of mainly oceanic and volcanic arc affin-
ity that has been caught between the Laurentian and
peri-Gondwanan realms during Appalachian orogene-
sis. Unlike the uniformity of the Laurentian realm,
both the peri-Gondwana and the Axial realms change
character along strike of the orogen.

The orogen was assembled during the approxi-
mately 300 m.y. time-span between the existence of
two supercontinents, the Middle Proterozoic Rodinia

and the Late Paleozoic Pangea. The Appalachians
formed as a result of the progressive accretion of Axial
and peri-Gondwanan elements to the Laurentian
realm. Classically, it has been accepted that three
major events, the Taconic, Acadian, and Alleghanian
Orogenies record the accretion of these elements.
However, as more data are acquired, we are finding
that accretionary events along the Laurentian margin
were continuous for protracted periods of time and
were less punctuated than is implied by the simple
mantra of “Taconic, Acadian, and Alleghanian.”

22.4.3 Tectonic Components
T H E  L A U R E N T I A N  R E A L M The template for
Appalachian accretionary events, the eastern Laurent-
ian continental margin, was initiated by Late Precam-
brian rifting along the axis of the ∼1-Ga Grenville Oro-
gen within Rodinia; thus Grenville rocks form
basement to the continental margin. The west flank of
the Amazonian craton likely formed the conjugate mar-
gin to eastern Laurentia during this extensional event.
The main pulse of rifting affected the entire length of
the Appalachians at roughly 600–550 Ma. Sedimenta-
tion was synchronous with rifting, leading to thick
deposits confined to elongate basins and characterized
by abrupt changes in the thickness of strata, with 
most of the sediment supplied from the Laurentian cra-
ton. Bimodal magmatism accompanied rifting; how-
ever, there are two pulses of rift magmatism, an early
pulse (∼750–700 Ma) (Figure 22.4.2) confined to the
southern Appalachians, and a later, main pulse
(∼600–550 Ma) along the length of the orogen. The

Laurentia Axial Realm
Piedmont Zone
Dunnage Zone

Peri-Gondwanan Realm
Carolina Zone
Goochland Zone

Gander Zone
Avalon Zone
Meguma Zone

New York

promontory

Virginia
promontory

St. Lawrence
promontory

N

km
6003000

Atlant ic coastal plain

Pennsylvania
reentrant

Quebec
reentrant

Tennessee
reentrant

F I G U R E  2 2 . 4 . 1 Realms and zones of the Appalachian Orogen, defined on the basis of Middle
Ordovician and older geologic history. The boxes outline areas shown in Figures 22.4.4 and 22.4.5.

2Laurentia refers to early Paleozoic North America, including portions of
Greenland, Scotland, and Ireland that rifted away in the Mesozoic.
3Gondwana is the ancient continent approximately equivalent to an amal-
gamation of modern southern hemisphere cratons.
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early pulse appears to be coeval with the early breakup
of Rodinia along the Pacific margin of Laurentia and
may well be a far-field effect of this event.

Rifting led to continental breakup, the onset of
seafloor spreading, thermal subsidence of the newly
formed passive margin, and deposition of a drift
sequence atop the rift deposits (Figure 22.4.2 and
22.4.3). The drift sequence consists of basal clastic
rocks overlain by a shallow marine carbonate sequence
up to 10 km thick. In contrast to the heterogeneity of
the rift deposits, the drift sequence displays an orderly
stratigraphy with little thickness variation and remark-
able lateral continuity. Paleomagnetic studies indicate
that the margin was at near equatorial latitudes during
establishment of the passive margin. The seaward edge
of this extensive carbonate shelf is marked by a facies
change into deep water shaley rocks that locally con-
tain carbonate blocks and boulders that spalled off the
precarious edge of the shelf. The Paleozoic ocean that
formed outboard of eastern Laurentia, preceding the
modern Atlantic, is called Iapetus, after the mythical
Greek father of Atlantis.

The geometry of the continental margin was con-
trolled by the zigzag pattern formed by spreading and
transform segments of the rift system. This shape
influenced the distribution of rift and drift sequences;
former ridge-transform junctions along the margin
tended to form steep-sided terminations for rift basins,
whereas the distribution of the drift sequence facies
change from shelf to slope-and-rise was controlled by
the jagged shape of the margin. Where the trace of the
drift sequence facies change is preserved, it presently
follows the curves of the structural promontories and
reentrants in the orogen. This relationship indicates
that the promontories and reentrants are inherited from
the original shape of the margin at breakup.

The Axial Realm
Elements of the Axial realm record the evolution of
Iapetus and its component volcanic arcs, backarc
basins, and accretionary complexes. There appears to
be a major change in the realm at the New York
promontory; in the northern Appalachians, the Dun-
nage Zone records a complex history of multiple vol-
canic arcs and backarc basins, whereas in the southern
Appalachians, the Piedmont Zone appears to record a
simpler history of a single composite arc system.

The Dunnage zone is in tectonic contact with Lau-
rentian rocks along the Baie Verte–Brompton line
(Figure 22.4.4), which is a steep, relatively narrow
fault system that has experienced multiple episodes of
movement; in many places it is marked by narrow,

elongate ultramafic bodies. The zone is best exposed
along the north coast of Newfoundland, where its
entire width is at low metamorphic grade; here, the
zone records the evolution of at least two distinct
oceanic tracts. Contrasts in stratigraphy, fossil faunas,
and paleomagnetic and isotopic data indicate that the
western tract of the zone was associated with the Lau-
rentian side of Iapetus, whereas the eastern tract devel-
oped on the Gondwanan side of the ocean realm. They
are tectonically juxtaposed along the Red Indian Line.
Both tracts record an early arc phase that starts in the
Early to Middle Cambrian and a younger arc phase
that ranges into the Late Ordovician (Figure 22.4.3b).

Elements of the Newfoundland Dunnage zone can
be correlated with units in New Brunswick, Quebec,
and northern Maine; however, most Dunnage zone ele-
ments from central Maine to New York are multiply
deformed and have been subjected to high-grade meta-
morphism, thus obscuring original relationships
between units. Consequently, the early evolution of the
zone is not as well understood in New England,
although there are strong hints that it conforms to that
of the Canadian Dunnage zone.

The Piedmont zone is tectonically severed from
Laurentian rocks to the west along a series of faults,
most of which have multiple movement histories.
Much of the zone has been subjected to intense,
polyphase deformation and medium- to high-grade
metamorphism and thus unraveling the depositional-
magmatic history is somewhat tenuous. The zone is
split into two components by the Brevard zone, a poly-
genetic ductile shear zone, and other faults northward
along strike of the Brevard zone (Figure 22.4.5).

The western portion of the zone is dominated by
metamorphosed clastic rocks and associated mélanges
disposed in imbricate thrust stacks. In northern Vir-
ginia, the thrust stacks were assembled by the Early
Ordovician, but locally, in southwest Virginia, radio-
metric ages suggest that the clastic rocks have been
subjected to Early Cambrian shortening and medium-
grade metamorphism (Figure 22.4.2). In North Car-
olina, metamorphosed clastic rocks at the western edge
of the zone contain pods of eclogite. Across the Bre-
vard zone, the eastern portion of the zone contains sub-
stantially more metamagmatic rocks than the western
area. Magmatism appears to have been active from the
Early Ordovician to the Early Silurian, with a Late
Ordovician lull during which black slates were
deposited in central Virginia (Figure 22.4.2). Where
studied, the magmatic rocks are geochemically consis-
tent with a suprasubduction zone, volcanic arc setting.

Despite the strong tectonothermal overprint, all of
the characteristics just outlined are consistent with the
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northern Appalachians from the
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F I G U R E  2 2 . 4 . 2 Major
elements and events of the
southern Appalachians from the
Precambrian to the Silurian.

interpretation that the Piedmont zone encompasses a
long-lived, west-facing accretionary complex in front
of a more easterly suprasubduction-zone magmatic
arc. If the interpretation of an Early Cambrian
tectonothermal event is valid, it suggests that the Pied-
mont Zone formed in an ocean older than Iapetus,
which was just in its rift-to-drift stage at this time.

The Peri-Gondwanan Realm
A collection of diverse crustal remnants of Proterozoic
to Early Paleozoic rocks that lay across the Iapetus
Ocean from the eastern Laurentian margin is grouped

here as peri-Gondwanan elements. In the northern
Appalachians, the realm is represented by the Gander,
Avalon, and Meguma zones, whereas the Carolina and
Goochland zones occupy the east flank of the exposed
southern Appalachians (Figures 22.4.1, 22.4.4, and
22.4.5). The nature of the Goochland zone is contro-
versial and it is tentatively grouped here with the peri-
Gondwanan Zones.

The Gander zone is in both fault and stratigraphic
contact with the Dunnage zone. For example, in cen-
tral Newfoundland, the contact is marked by a thrust
fault that emplaces Dunnage ophiolite on top of the
Gander zone, whereas in northern Maine and New
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Brunswick, Dunnage volcanic rocks unconformably
overlie the Gander zone (Figure 22.4.4). Elements
grouped here as the Gander zone define two distinct
belts on either side of the zone (Figures 22.4.3, and
22.4.4). The eastern belt (called the Avalon zone by
some workers) is composed of older crystalline base-
ment that is faulted against a younger magmatic
sequence. Basement rocks consist of marble,
quartzite, greenstone, and pelite that appear to have
protolith ages greater than 800 Ma and that have been
involved in metamorphic events prior to 600 Ma.
The younger magmatic sequence includes mafic and
felsic volcanic and plutonic rocks with an approxi-
mate age range of 600–545 Ma. The western belt is
characterized by Cambrian-Early Ordovician conti-
nentally derived quartz arenite and pelite with minor
mafic magmatic rocks that, collectively, have been
interpreted as representing a passive margin
sequence. The eastern belt may form the basement
on which the western belt passive margin was
deposited, but the contact between the two is
unknown.

The Avalon zone is in fault contact with the Gander
zone; in Newfoundland the contact is represented by
the Dover-Hermitage Bay Fault (Figure 22.4.4), which
is vertical; it is documented on seismic reflection pro-
files as reaching the base of the crust. The zone is dom-
inated by Neoproterozoic magmatic rocks that exhibit
diverse compositions and have mainly suprasubduc-
tion zone signatures. Geochemical studies indicate that
the volcanic pile likely formed on thin continental
crust, although this basement does not appear to be
exposed. Magmatism extended over the broad time
period of 685–540 Ma (Figure 22.4.3), with a prepon-
derance of activity in the range of 630–580 Ma.
Locally, deformation was synchronous with deposition
and appears to have been dominated by extension.

The magmatic rocks are overlain by a Lower Paleo-
zoic transgressive, shallow marine platform sequence
(Figure 22.4.3); the lack of substantial carbonate in
this sequence as well as paleomagnetic data attests to
the platform’s being deposited at high paleolatitudes.
Fossil faunas in the platform sequence are of “Avalon-
ian” affinity, distinct from those of the Laurentian and
Axial realms.

The Meguma zone underlies most of southern Nova
Scotia and forms the southeastern most exposed
crustal block in the orogen (Figures 22.4.1 and 22.4.4).
It is faulted against Carboniferous cover rocks to the
north, which in turn are unconformable upon the
Avalon zone. The zone is dominated by Early Paleo-
zoic turbidites that have been interpreted as being
deposited in an abyssal fan setting along a passive con-

tinental margin. On the basis of sedimentology, stratig-
raphy, paleontology, petrology, and geophysics, the
zone has been correlated with rocks in Morocco.

The Carolina zone is in tectonic contact with the
Piedmont zone along the central Piedmont shear zone,
a Late Paleozoic thrust fault (Figure 22.4.5). The zone
is an amalgamation of Neoproterozoic to Early Paleo-
zoic volcanic arcs and associated sedimentary rocks
that have an approximate age range of 675–530 Ma
(Figure 22.4.2). It appears that one or more deforma-
tional events coincided with magmatism, although the
nature of these events is poorly known. The Carolina
zone resembles the Avalon zone, but appears to be dis-
tinct from its northern Appalachian counterpart. Neo-
proterozoic magmatism in the Carolina Terrane peaked
at 630–610 Ma and again at ∼550 Ma, whereas in
Avalon, peak magmatism is in the period 630–580 Ma.
Although the Carolina zone contains an Early Paleo-
zoic clastic sequence, it does not appear to represent a
transgressive platformal sequence as found in Avalon.
Also, Carolina fossil faunas have a peri-Gondwanan
affinity, but are not “Avalonian.”

The Goochland zone is in tectonic contact with the
Piedmont zone and is likely faulted against the Car-
olina zone (Figure 22.4.5). The zone comprises
orthogneiss and paragneiss that have been intruded by
anorthosite dated at ~1 Ga. In addition, this package is
intruded by alkalic granite dated at ∼630 Ma. The zone
may represent a structural window into Laurentian
basement, with the younger granite representing rift
magmatism; however, the 630-Ma age of this granitoid
does not coincide with known rift magmatism on the
Laurentian margin. Alternatively, the zone represents
peri-Gondwanan basement with the granitoid equiva-
lent with Neoproterozoic plutons in the Carolina zone.

22.4.4 Assembly
E A R L Y  P A L E O Z O I C  D E S T R U C T I O N  O F  I A P E T A N  P A S S I V E
M A R G I N S The eastern Laurentian passive margin
came to an abrupt demise in the Early to Middle
Ordovician. This event, termed the Taconic Orogeny, is
marked by a regional unconformity on the continental
shelf, a change in sedimentation along the margin, the
development of a submarine thrust belt, and accompa-
nying metamorphism; it is best preserved in the north-
ern Appalachians (Figure 22.4.3).

Carbonate sedimentation along the Laurentian
shelf, slope, and rise was choked off in the Early to
Middle Ordovician, and a Middle Ordovician ero-
sional to slightly angular unconformity was developed
along the length of the carbonate shelf (Fig-
ure 22.4.3). The new sedimentary regime was marked
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by deep water, foreland deposition of easterly derived
clastic sediments. The continental shelf and clastic
foreland basin were overridden by thrust sheets con-
taining Laurentian slope and rise- and rift-related sed-
iments; the highest thrust sheets in Newfoundland and
Quebec are composed of ophiolite. Where they are
emplaced upon the passive margin, there is a striking
contrast between autochthonous rocks of the shelf and
allochthonous, deeper water, rocks of the thrust sheets;
the conspicuous thrust sheets are termed the “Taconic
allochthons.” Perhaps one of the most inspirational
geologic sights in the Appalachians is the view of the
barren, flat-topped ophiolite sheet in eastern New-
foundland (now a UNESCO World Heritage Site).

Taconic events are interpreted as reflecting the intro-
duction of the Laurentian margin into a subduction zone
beneath the eastern tract of the Dunnage zone (Fig-
ure 22.4.6a). The unconformity represents the flexural
bulge due to loading of the continental margin by an
overriding accretionary complex, the clastic sedimenta-
tion represents foreland basin, or trench, sedimentation
on top of the downgoing continental margin, and the
thrust sheets represent an accretionary wedge. However,
this tectonic system must have been more complex than
the simple subduction of Laurentia beneath the Dun-
nage zone, for some of the obducted ophiolites were just
forming while obduction was in progress elsewhere
along the margin. Additionally, Early Ordovician pla-
giogranites intrude obducted ophiolites; in contrast to
the obduction process, these plutons and other geologic
evidence require a rapid change in subduction polarity
involving west-directed subduction beneath the margin
and volcanic arc (Figure 22.4.6b).

The Taconic Orogeny in the southern Appalachians
appears to represent the attempted subduction of the
Laurentian margin beneath the Piedmont zone accre-
tionary prism and arc. However, the foreland clastic
wedge in the southern Appalachians is overlain by that
of the northern Appalachians, indicating that the
Taconic event was slightly older in the south. Also, the
hallmark Taconic thrusting and metamorphism have
been severely overprinted and obscured by younger
tectonothermal events.

Nearly synchronous with the Taconic Orogeny
along the Laurentian margin, the Gander passive 
margin of Iapetus was also tectonically terminated.
This event, the Penobscot Orogeny, is recognized by an
unconformity of Early Ordovician volcaniclastic rocks
affiliated with the Dunnage Zone atop Cambrian-
Early Ordovician Gander quartzose clastic rocks. This
unconformity persists along strike from northern
Maine to Newfoundland. In Newfoundland, the
Penobscot Orogeny also involved the eastward obduc-

tion of Dunnage zone ophiolite onto the Gander pas-
sive margin (Figure 22.4.6b). The timing of Penobscot
obduction is tightly constrained by Early Ordovician
fossils in the overthrust oceanic rocks and by an Early
Ordovician granitoid that intrudes and “stitches” both
Gander and Dunnage zone rocks. Thus, Iapetus com-
menced closure from both margins in the Early
Ordovician.

M I D - P A L E O Z O I C  C L O S U R E  O F  I A P E T U S Late Ordovi-
cian to Late Devonian events that contributed towards
the closure of Iapetus and construction of the
Appalachians are best recorded in the northern
Appalachians, where Silurian and younger strata blan-
ket the orogen. In the southern Appalachians, Middle
Paleozoic strata are largely confined to covering the
Laurentian realm. However, the earliest interaction of
Laurentia with the peri-Gondwanan realm is appar-
ently recorded in the southern Appalachians, where
circumstantial evidence from across the orogen indi-
cates that the Carolina zone commenced docking in the
Middle to Late Ordovician, immediately on the “coat-
tail” of the Taconic accretion of the Piedmont zone
(Figure 22.4.2).
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F I G U R E  2 2 . 4 . 6 Cartoon depicting possible tectonic
evolution of the northern Appalachians: (a, b) Early to Middle
Ordovician; (c, d) Middle to Late Ordovician.
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In native Laurentian rocks of the southern
Appalachians, an unconformity at the Ordovician-
Silurian boundary has been attributed to tectonic
loading of the post-Taconic margin (Figure 22.4.2).
Furthermore, the post-Taconic margin of Laurentia,
the Piedmont zone, was intruded by a pulse of Late
Ordovician granodioritic to tonalitic plutons that
likely reflects subduction beneath the Laurentian
margin (Figure 22.4.2). Finally, in the Carolina zone,
Late Ordovician upright folding, greenschist facies
metamorphism, and uplift probably mark the initia-
tion of the collision of Carolina with Laurentia, as
paleomagnetic data indicate that it was at Laurentian
paleolatitudes by this time (Figure 22.4.2). Folds in
the Carolina zone define an en echelon array that is
consistent with a component of sinistral shear during
collision.

In the northern Appalachians, closure of Iapetus
continued after the Late Ordovician flip in subduction
polarity (Figure 22.4.6b), but it was counteracted 
by the generation of a backarc basin on the peri-
Gondwanan side (Figure 22.4.6c). However, the west-
ern and eastern oceanic tracts of the Dunnage zone,
which had distinct Early Paleozoic faunas, shared a
mixed Late Ordovician fauna, indicating that they were
proximal to one another. Additionally, similar Silurian
paleomagnetic data from each tract as well as an Early
Silurian stitching pluton along the trace of the Red

Indian Line further support a Late Ordovician juxtapo-
sitioning of the two tracts (Figures 22.4.3 and 22.4.6c).

Evidence for the convergent closure of the Middle
to Late Ordovician peri-Gondwanan backarc basin is
preserved only along the east-west trending portions of
the orogen in the vicinity of the St. Lawrence promon-
tory; there, the Brunswick subduction complex, a
southeast vergent stack of thrust sheets that includes
Late Ordovician to Silurian blueschist and ophiolitic
mélange, records this closure. Elsewhere, along 
more northeast-trending segments of the northern
Appalachians, Silurian sinistral shear is recorded, from
the Avalon zone across to the Laurentian margin (Fig-
ure 22.4.7). Thus, it appears that by the end of the Sil-
urian, most components along the length of the orogen
had been assembled along the Laurentian margin
through the closure of Iapetus with a strong component
of sinistral shear displacement (Figure 22.4.7); this
kinematic regime, with regional shortening oriented
approximately north-south, has been termed the
Salinic Orogeny in the northern Appalachians.

At the end of the Silurian, the Laurentian margin
underwent an abrupt change in kinematic character.
Following a Late Silurian unconformity found in many
places in the northern Appalachians, regional shorten-
ing reoriented to a position more at right angles to the
trend of the orogen, with a component of dextral strike
slip; this new kinematic regime is responsible for the

Brunswick subduction
complex on south side of
St. Lawrence promontory

Oblique convergence in
southern Appalachians

Strike-slip motion along
Quebec reentrant

Plate 
motion
vector

Laurentian elements

Peri-Gondwanan elements

F I G U R E  2 2 . 4 . 7 Cartoon of possible tectonic setting during the Late Ordovician to Silurian
Salinic Orogeny. The interaction between Laurentia and peri-Gondwana elements involved a strong
component of sinistral shear, which may have produced oblique subduction in the southern
Appalachians, and sinistral shear and convergence along reentrants and promontories,
respectively, of the northern Appalachians. Bold arrow shows approximate plate motion vector for
peri-Gondwana elements relative to Laurentia.
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Acadian Orogeny. The change in kinematics is her-
alded by an Early Devonian westward transgressive
clastic wedge in northern New England. However, the
most intense manifestation of the Acadian event is
recorded on the New York promontory, in southern
New England, where Middle Paleozoic and older rocks
were deformed into regional-scale recumbent fold
nappes at high metamorphic grade. Subsequent rapid
uplift resulted in the removal of up to 20 km of crust in
the southern New England area and the deposition of
the thick Devonian Catskill clastic wedge to the west.
The plate-scale process responsible for the Acadian
Orogeny may have been the docking of the Meguma
zone to the orogen, for the Acadian is the first defor-
mation shared by the Meguma rocks and the remainder
of the orogen. Regardless, it is noteworthy that at the
scale of the northern orogen, intense Acadian tecton-
ism and uplift appear to be limited to the region of the
New York promontory.

Late Paleozoic Formation of Pangea
The final phases of Appalachian orogenesis took place
from the Mississippian to the Permian; events within
this time frame are ascribed to the Alleghanian
Orogeny. The orogeny is penetratively developed in
the southern Appalachians as well as in southern New
England; in both areas Alleghanian events strongly
overprint earlier deformation and metamorphism; in
contrast, it is more limited in development in most of
the northern Appalachians.

In the southern Appalachians, the Valley and Ridge
Province along the western flank of the orogen records
the Late Paleozoic westward-directed thrusting of

Cambrian to Permian strata onto the Laurentian plat-
form. This thrust belt was studied in detail for more
than a century before it was discovered that it repre-
sented merely the toe of what is now recognized as an
orogen-scale thrust wedge (Figure 22.4.8). The full
magnitude of this thrust wedge was only realized in a
seismic reflection profile study across the southern
orogen. It revealed that the Laurentian platform
sequence extends in the subsurface to at least as far
east as the central Piedmont shear zone. The crystalline
thrust sheet encompasses the Piedmont zone and is
separated from the underlying Laurentian platform by
a major detachment fault; this geometry resolves into
at least 175 km of shortening along the Alleghanian
detachment.

The oldest documented west-directed thrusting is
within the crystalline sheet along the central Piedmont
shear zone in northern North Carolina; here Middle
Mississippian granitoids are syntectonic with respect
to ductile thrusting. This early thrusting is roughly
coeval with the initiation of Carboniferous clastic
wedges shed out over the Laurentian platform.
Although thrusting continued into the Permian in the
Valley and Ridge, there was a major change in kine-
matics in the Early Pennsylvanian in the eastern Pied-
mont and Carolina zones. There, thrusting was
replaced by dextral strike-slip motion along a network
of large faults, termed the eastern Piedmont fault sys-
tem. This kinematic change appears to be reflected in
the clastic wedges by a Morrowan (Early Pennsylvan-
ian) unconformity. Partitioning of deformation
between shortening in the Valley and Ridge and strike-
slip motion in the eastern portion of the orogen is
likely related to dextral transpression between Lauren-
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F I G U R E  2 2 . 4 . 8 Cross section of the southern Appalachians showing major features of the Alleghanian
thrust system. Line of section shown in Figure 22.4.6; no vertical exaggeration.
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tia and Gondwana. In the eastern portion of the orogen,
both thrusting and younger strike-slip motion were
accompanied by medium-grade metamorphism and
plutonism that are spatially related to the major
Alleghanian fault zones.

In most of the northern Appalachians, Alleghanian
deformation is manifested mainly by dextral strike-slip
faults. Sedimentation was generally localized in nar-
row elongate basins associated with these faults, and
multiple unconformities in the basins attest to synkine-
matic deposition. The Alleghanian Orogeny is attrib-
uted to the oblique collision of Laurentia with Gond-
wana, associated with the assembly of Pangea, the
Late Paleozoic supercontinent. Clearly, in the northern
Appalachians the event was more of a “grazing” of
Laurentia by Gondwana, whereas in the southern
Appalachians, the two crustal blocks collided more
head-on, although the partitioning of strain in the
southern Appalachians attests to the transpressive
nature of the collision there.

Just as the Grenville Orogen served as one of the
seams along which Rodinia broke up, the Appalachian
Orogen formed the locus of Mesozoic rifting that led
to the breakup of Pangea and the formation of the
modern Atlantic. Elongate basins containing rift facies
clastic sedimentary rocks and mafic magmatic rocks
are preserved along the length of the orogen, much as
in their ancestor Iapetan rift basins.

22.4.5 Closing Remarks
The orogen has provided fodder for many tectonic
concepts and continues to lure us with the many stones
still unturned in its mountains, hollows, and coves.
Some of the first-order observations and questions that
arose as I composed this essay are:

• Does the New York promontory mark the end of a
major transform in the Iapetus Ocean—perhaps one
that split the ocean into two major domains, as
reflected in the difference in accretionary history
between the northern and southern Appalachians?

• The Taconic Orogeny, one of the oldest events in the
orogen, is well preserved in the north but strongly
overprinted by the Alleghanian Orogeny in south.
These relations suggest that during the Middle and
Late Paleozoic, accretion in the northern Appalachi-
ans mainly involved a strong strike-slip component
and that areas of intense Salinian and Acadian
deformation and metamorphism were localized col-
lisions (at the scale of the orogen) where strike-slip
motion was impeded by promontories.

• The traditional “mantra” of “Taconic, Acadian,
Alleghanian” is giving way to the realization that
tectonic activity was ongoing along the Laurentian
margin and that it is somewhat naive to view the
development of the orogen exclusively in the time
frames of three named events.

• The nature of Late Mesozoic and Cenozoic ero-
sional and epeirogenic events that are responsible
for the modern form of the mountain range are not
well known and await the attention of future
researchers.
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