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Introduction

Section I contains maps that may be regarded as modifi-
cations and improvements of the previously published map
book (Smith & Briden, 1977). Section 2 contains previously
unpublished Paleozoic composite maps. The projections
shown are chosen as a result of users’ comments about the
previous publication. We hope that the maps in this book
will be useful to all teachers and research workers concerned
with large-scale geological and geophysical problems. There
are eighty-eight maps in all, drawn in four series at twenty-
two periods of time: present day, 10 Ma, then at 20-Ma
intervals back to 220 Ma, and then at 40-Ma intervals from
240 Ma back to 560 Ma. The four series consist of a cylin-
drical equidistant series, split along the zero meridian into
two halves to produce two maps, and two polar Lambert
equal-area series.

As the title shows, the emphasis is on the past relative
positions of the continents. Of necessity, the oceans separate
continents from one another, but no attempt has been made
to show any former oceanic feature other than the approxi-
mate edges of the ocean basins. It is hoped that readers
will plot their own paleogeographic, paleontologic or paleo-
climatic data on these maps, or use them to make their
own plate tectonic interpretations of the time concerned.
The paleo-positions of oceanic plate boundaries may be
estimated by referring to the original literature.

Most of us depend heavily on the recognition of coast-
lines to locate our positions on present-day geographic
maps. Yet the coastline is one of the most ephemeral
features of paleography, and only in exceptional situations
can it be located in the stratigraphic record. Thus the coast-
lines drawn on the maps in this book are merely our estimates
of the past positions of present-day coastlines. Since these
features did not exist in the past, their main value is that of
aiding the recognition of the past positions of continental
fragments. The continental shelves at the edges of the con-
tinents are much more enduring than the coastlines. The
maps show the present-day 1000 m (500 fathom) submarine
contour, except around most of the Pacific basin where it
has-been omitted. Crosses mark the approximate positions
of plate boundaries along which continents are judged to
have been broken in order to produce the maps.

The past positions of the present geographic latitude—
fongitude grid are shown within the continental fragments
at intervals of ten degrees, so that paleogeologic features of
the continents may be plotted in their past, original positions.
The problems of drawing the present grid in areas affected
by orogeny, and of drawing former continental boundaries

of areas that have subsequently been welded together, are
briefly discussed below.

Superimposed on each map is a paleogeographic latitude—
longitude grid drawn at thirty-degree intervals. Nevertheless,
the maps cannot be regarded as paleogeographic maps since
they do not show past geography. They do show our
estimates of former relative continental positions. In other
words, they are paleocontinental maps. Because of the
manner in which the Paleozoic maps have been constructed,
we prefer to call them composite maps, since they are in
fact a number of maps superimposed to form one world
paleocontinental map. The method of making the composites
is discussed in section 2.

One of the interesting features of these maps is that
they are entirely machine made. Only captions have been
added to the computer drawings. Though this method of
production gives maps that may not be as pleasing to look
at as those drawn by hand, it has two distinct advantages:
the maps are available quickly and they cost less to make.
Where new data become available the maps are easily cor-
rected. Whilst a large amount of new data has been incor-
porated since the previous publication, we still believe these
maps to be provisional estimates based on our interpretation
of the published data.
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The projections

For simplicity we have chosen only two projections, one
cylindrical, one azimuthal, both of which give us square

maps of dimensions' 18 ¢cm x 18 ¢cm. The whole world
cylindrical projection has been split into two maps which

are shown on opposite pages for each age. The left-hand map
centre is at latitude 0°, longitude —90°, and the right-hand
map centre is at latitude 0°, longitude 90° (latitude and
longitude being counted positive northwards and eastwards
respectively, and the zero of paleolongitude being, inevitably,
arbitrary). The Lambert equal-area projections give a north
and south polar view of the Earth. Ellipticity corrections

are negligible for world maps on the scale used. In all the
maps a thirty-degree latitude—longitude grid is superimposed.

Cylindrical equidistant projection

This projection is a simple X—7Y grid, like a sheet of graph
paper, where the vertical axis (Y) is latitude and the horizontal
axis (X) longitude. Lines of latitude are equally spaced
parallel lines, whilst lines of longitude are orthogonal equally
spaced parallel lines. Since both the height and width of the
maps are 18 cm, there is a convenient scale of 1 cm = 10
degrees. The main advantages of this projection over the
more familiar Mercator projection are that one can project
the entire world, albeit with considerable distortion at the
poles, and that it is simple to locate specific latitude—
longitude positions using a ruler or centimetre graph paper.

Lambert equal-area projection

As the name indicates, this projection preserves the relative
differences between the areas on the globe. In the polar
case, the construction is fairly simple.

In the series shown, the maps’ centre is either the north
or south pole: (90°,0%) or (—90°, 0°). The lines of latitude
form concentric rings about the pole, whilst the lines of
longitude are equally spaced radial lines. The relationship
between the distance R from the map centre to a point p,
and the colatitude ® of p is

R =K sin®/2 cm
where K = 12. 73. This gives a convenient scale of
1cm? = 10" m?,

The main advantage of this projection is its equal-area prop-
erty, which is particularly useful for work involving global
distributions of sediment types, faunal provinces, etc.

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9780521232586
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-23258-6 - Phanerozoic Paleocontinental World Maps
A. G. Smith, A. M. Hurley and J. C. Briden

Excerpt

More information

Section 1: Mesozoic and Cenozoic paleocontinental maps

Introduction

This section contains fifty-two maps, which cover the time
period from the present day back to 220 Ma at 20-Ma
intervals including four maps at 10 Ma.

Method of making the maps

The maps are made in two stages. The first stage is essen-
tially the making of a continental reassembly after closure
of the Atlantic, Indian and smaller oceans by the appropriate
amount. The second stage projects the resultant paleo-
continental reassembly as a map.

Stage 1

Motion between two continents takes place at one or more
plate boundaries. At a given instant the motion along a
particular plate boundary may be described as a rotation at
a given rate about an axis passing through the Earth’s
centre. The motion through a particular time interval may
be found by summing all the instantaneous motions in that
-interval. The sum is a finite rotation about an axis passing
through the Earth’s centre. The net motion between two
continents separated by more than one active plate boundary
in a time interval is simply the sum of the finite rotations
that have taken place across each of the plate boundaries
in that time. Because finite rotations are not commutative,
that is, they do not add like vectors, care must be taken
over the order in which the finite rotations are added to
together.

The finite rotations taking place across compressional
plate margins (present-day subduction zones) cannot be
inferred from the margins themselves or from the effects
adjacent to the margins. Thus, in the absence of any other
information, two continents whose relative motion involves
the action of a compressional plate margin in the time
interval concerned cannot be repositioned relative to each
other. For example, it is difficult to determine the exact
position of the Pacific plate relative to the North American
continent since the only common plate boundary is com-
pressional.

In principle, the finite rotations taking place across
extensional and/or translational plate margins can be deter-
mined. In general such motions create aseismic ocean basins
like most of the present-day Atlantic and Indian Oceans.
Provided that adequate geophysical surveys have been
made of such areas, the finite rotations necessary to describe
the relative motions of the surrounding continents can readily
be estimated. In most cases the rotations are obtainable by
matching the corresponding pairs of ocean-floor magnetic

anomalies. Earlier shapes and sizes of the presently expandin
ocean basins may be estimated by ‘winding back’ the ocean
floor by the amount the basins have grown since the time

of interest.

Because most of the floor that has been formed within
the Atlantic and Indian Oceans is still preserved in those
oceans (Heirtzler, Dickson, Herron, Pitman & Le Pichon,
1968; McKenzie & Sclater, 1971; Pitman & Talwani, 1972),
the former relative positions of the continents around
those oceans may be estimated at all times since their creatio
To make a continental reassembly, one of the continents
is chosen as a reference and all the others are repositioned
relative to it. Africa has been used as the reference continent
for the present series of maps, but any other continent or
continental fragment around the Atlantic or Indian Oceans
could equally well have been used as a reference.

Auvailable data are sufficiently widely distributed that
all the major continental fragments may be approximately
repositioned relative to one another as far back as the openin
of the Atlantic (Le Pichon, Sibuet & Francheteau, 1977)
and Indian Oceans (Norton & Sclater, 1979). The oldest
known part is the Atlantic Ocean that lies between Africa
and North America. It probably began to form in very early
Jurassic time. Some parts of the Indian Ocean may be of
similar age but the data are inadequate to show the exact
age.

The choice of rotations differs slightly from that of Smith
& Briden (1977). In particular, the majority of data for the
final reconstruction of Pangea was previously based on com-
puterised fits of the 500 fathom (1000 m) contour (Bullard,
Everett & Smith, 1965; Smith & Hallam, 1970). A number
of recent geophysical surveys, coupled with increased mag-
netic anomaly data, have shown that improved fits may
be made by using the additional constraints of rift markers
such as early transform faults. This affects the pre-rift
position of Australia with respect to Antarctica (Norton &
Molnar, 1977), North America with respect to Africa (Le
Pichon et al., 1977) and South America with respect to
Africa (Norton & Sclater, 1979). The fit of North America
and Africa is at the 3000 m contour, to allow for the pos-
sible post-rift adjustment of the 1000 m contour.

In addition to these improvements, the Lord Howe Rise
has been fixed relative to Australia using the anomaly-33
fit of Weissel & Hayes (1977). Note that the apparently
large gap between New Zealand and Australia is a result of
Weissel and Hayes having chosen the 3000 m contour as
the continental edge: the 3000 m contour of the Lord Howe
Rise extends some ten degrees to the north of New Zealand
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Section 1: Mesozoic and Cenozoic paleocontinental maps

at present. Since the relative positions of the Pacific and
Indian plates are not well known (Molnar, Atwater, Mam-
merickx & Smith, 1975), no attempt has been made to
illustrate the relative motion along the Alpine fault in New
Zealand. This fault is assumed to lie on the plate boundary
between the Indian and Pacific plates. Apart from the

above two exceptions, all other fits are based on the fit of
the 1000 m (500 fathom) submarine contour. The remaining
finite rotation data to make the reassemblies have been
taken from the following: Ladd (1976), South America to
Africa; McKenzie, Molnar & Davies (1970), Arabia to Africa;
Norton & Sclater (1979), India and Antarctica to Africa;
Pitman & Talwani (1972), Eurasia to North America and
North America to Africa; Talwani & Eldholm (1977), Green-
land to Eurasia; lastly, Weissel, Hayes & Herron (1977),
Australia to Antarctica.

The three series of maps at 180, 200 and 220 Ma show
one supercontinent — Wegener’s Pangea. The only difference
between these maps is in the orientation of Pangea relative
to the paleogeographic grid.

By choosing the appropriate route it is possible to
circumvent the problem of repositioning continents separated
by compressional plate boundaries at any time in the past
220 Ma. For example, despite the growth of the Alpine
chains, Africa may be repositioned relative to Europe by
repositioning Africa relative to North America, and then
North America relative to Europe. Pangea is believed to
have been created by the coalescence of at least three large
continents in late Paleozoic time. The positions of these
continents relative to one another cannot yet be uniquely
determined because all routes in the repositioning procedure
run across compressional plate boundaries.

Stage 2
The second stage of map-making consists of estimating the
positions of the paleogeographic poles on the reassembly and
making a map projection. The best estimates of the past
positions of the geographic poles are those of the mean
positions of paleomagnetic poles. Most of the paleomagnetic
data have been published in the compilations of Irving,
McElhinny and their collaborators. These are referenced in
McElhinny (1972, 1973), and McElhinny & Cowley (1977a,
1977b). Those poles satisfying certain reliability criteria
{McElhinny, 1973) have been selected for making the maps.
To estimate the position of the paleogeographic grid,
all the reliable north paleomagnetic poles lying within the
stable parts of all the continental fragments that can be

reliably repositioned relative to one another have been
examined. Those north poles whose age range lies within
10 Ma of the age of a particular reassembly are selected for
the map. They are all rotated to the reference continent
using the rotations that have been employed in making the
reassembly. The mean paleomagnetic north pole of the
rotated north poles is calculated. This mean pole is taken
as the best estimate of the north geographic pole of the
reassembly relative to the reference continent. Once the
pole position is known, the paleogeographic latitude—
longitude grid may be superimposed on the reassembly.
The zero meridian of longitude is arbitrary, as in present-
day maps, but all longitude differences between areas whose
relative positions can be determined on the reassembly are
fixed by their positions relative to the mean pole of the
reassembly. The movement of the grid north pole relative
to present-day Africa may be regarded as the world mean
apparent polar wandering path relative to Africa.

Both stages of map-making are carried out automatically
by suitable computer programs. The rotation data appro-
priate to each plate and each age are stored on magnetic
tape along with a digitised world map broken up into
suitable fragments. The map-drawing program (a modified
version of R. L. Parker’s SUPERMAP) will also draw
maps on projections other than those presented here.

Reliability of the maps

There are two sources of error. The first lies in the con-
struction of the reassembly and the second in the pro-
jection of the reassembly as a map. The first source includes
several different kinds of errors. There are errors due to the
unicertainties in the ocean-floor-spreading histories of the
Atlantic and Indian Oceans; those caused by ignorance of
the past positions of all continental fragments affected by
orogeny; and those attributable to a lack of knowledge of
the shapes and former boundaries of continental fragments
that have collided with one another.

The relative positions of the continents are best known
for the past 100 Ma. Prior to this time the ocean-floor-
spreading anomalies are less frequently developed, less
well dated and in some cases they may have been eliminated,
possibly by submarine diagenetic processes.

In this and the previous publication (Smith & Briden,
1977), the Indian and South Atlantic Oceans are assumed to
have begun to open at 140 Ma. There is no evidence to the
contrary that the opening occurred very much later than
this; in fact, it may have started very early in the Jurassic
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Reliability of the maps

(Norton & Sclater, 1979). However, by a simple extrapol-
ation of ocean-floor-spreading rates, a 140-Ma date is not
unreasonable.

Slightly different problems exist in the North Atlantic
region, where the successive positions of Greenland relative
to Eurasia have been estimated using a combination of the
data of Talwani & Edholm (1977) and the final fit of
Bullard et al. (1965). In fact, the relative movements of
Greenland, Eurasia and North America are a particularly
vexing problem. Available information gives grossty dif-
ferent answers depending on whether Greenland is re-
assembled to Eurasia via North America (by closing the
Labrador Sea) or by directly matching anomalies in the
Norway—Greenland Sea (Kristoffersen & Talwani, 1977,
Talwani & Eldholm, 1977).

The positions of all those areas affected by Mesozoic
and Tertiary orogenesis are unknown. The relative initial
positions of the continental fragments around the Caribbean
and the Mediterranean, and their evolution in time, are
based mostly on speculations by Freeland & Dietz (1971)
and Smith (1971). The Caribbean area has been held
fixed to North America. On maps of 160 Ma and older it
overlaps onto Africa; no attempt has been made to correct
this overlap. Though relative motions are known to have
occurred among the continental fragments bordering the
Pacific basin, no attempt has been made to reconstruct
these areas. The approximate outcrop areas of the Phanero-
zoic orogenic belts are shown on the present-day cylindrical
equidistant maps (maps 1 and 2).

Prior to the collision of two or more continental frag-
ments it may be assumed that an oceanic region existed
between them. After collision the former boundaries merge
into a single continental region. The line (or lines) of
joining together have been arbitrarily estimated on the maps
and are shown by lines of crosses. The boundary between
eastern Eurasia and North America has been drawn arbitrarily
through the Bering Strait. A better choice might have been
through the Verkhoyansk, Cherskiy or Chukchi mountain
ranges.

The second source of uncertainty lies in the estimate of
the mean paleomagnetic pole of the continental reassembly,
which in turn depends on the accuracy of individual paleo-
magnetic pole estimates. The number N in the caption of
each map refers to the number of separate paleomagnetic
studies that have been used to make the map. A study has
been accepted provided that it satisfies certain criteria
(McElhinny, 1973), and provided too that it has an age

range lying within 10 Ma of the time for which the map

is required. For example, the 40-Ma map draws on all
reliable pole studies on the stable parts of the continents
whose age ranges include some part of the interval 30—50
Ma. Poles that lie within deformed regions have been
excluded. The age criterion for accepting poles has some
disadvantages. In particular, it means that a pole with a
poorly determined age range will appear in the pole list

for a much larger number of maps than one with a precisely
determined age range. It would be better to weight poles
according to the precision of their determined ages, but we
have not done this, principally because the appropriate
statistics are not yet well developed. Nor are the poles
weighted according to their own internal precision: im-
precisely determined poles are weighted equally with
precisely determined ones. We have refrained from weighting
the data because, quite apart from the difficulty of designing
an appropriate weighting scheme, it would introduce an
element of regional bias. This is because paleomagnetic
studies in high paleolatitudes yield, on average, less precise
estimates of paleomagnetic poles as a consequence of the
variation of magnetic inclination 7 with the latitude A of

a dipole field:

tan /=2 tan A.

An error d/ in inclination gives rise to an error dA in the
location of the pole on the paleomeridian:

dA=1% (1 +3sin>\)dI,

and this uncertainty increases with paleolatitude.

Alpha-95 in the caption of each map is a standard stat-
istical measure for the spread of data on a sphere (Fisher,
1953). Essentially it is the radius in degrees of the circle
of confidence around the calculated mean pole. The 95 per
cent level means that there is a one in twenty chance that
the true mean lies outside the circular limit. In this section,
all the confidence circles have radii smaller than ten degrees;
some are less than five degrees. This is a small dispersion for
paleomagnetic data, though the estimated dispersion may
be misleadingly small in some cases. This situation arises
where most of the poles come from only one or two con-
tinental fragments; the effect of plate positioning errors is
then less than when the data are more uniformly distributed
among all the fragments. Also, each pole determination
rather than each continental fragment has been weighted
equally. Nevertheless, the scatter of the poles is remarkably
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Section 1: Mesozoic and Cenozoic paleocontinental maps

small, and gives some idea of the uncertainties in the orien-
tation of the reassembly.

Another source of error, which affects the construction
both of the reassembly and of the map, is the interrelationship
between the fossil, magnetic reversal and isotopic timescales.
Much of the raw data used has been collected from the
literature of the past fifteen years, during which a variety
of conflicting timescales has been proposed. For the mag-
netic reversal timescale we have used that of Heirtzler et
al. (1968), updated according to La Brecque, Kent & Cande
(1977). The ages in Ma of the paleomagnetic poles have
been taken as their isotopic age (where known), or cal-
culated by converting the stratigraphic range in the pole
compilation, using a combination of the timescales of
Harland, Smith & Wilcock (1964) and Van Eysinga (1975).
The latter timescale places the Paleozoic—Mesozoic boundary
at 232 Ma instead of 225 Ma. This effectively lengthens
the age in Ma assigned to the Triassic period. The geological
series names in the map captions have been taken from the
Van Eysinga timetable.

The total effect of all the above sources of error is not
known and is difficult to estimate.
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