


The inferred posittons of global paleoshorelines through the 240 miilion years of the Mesozoic
and Cenozoic are presented within this atlas. Thirty-one maps, generally corresponding to
straugraphic stages, provide a snapshot ot the continents and their shorelines 2t approximately
8 million vear intervals. The maps provide a represeatation of the gross changes in the
distribution of land and sea throughout the Mesozoic and Cenozoic plotted on Mollweide
proiections of paleocontinental reconstruction. They do ot distinguish berween well and
poorly defined shorelines, but the information sources are set out in a bibliography numbering
more than 2000 primary paleographic references. Work up to 1980 was used in the initial
compilation, and the final maps use additional unreferenced and unpublished dara up to about
1987,

This is a unique global compilation that presents the first attempt at delineating global
shorelines at stage level.
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Preface

The maps in this atlas originated in concurrent Extramural Research Awards by British
Petroleum from 1981 to 1985 to the Department of Earth Sciences at the University of
Cambridge and the School of Environmental Sciences of the University of East Anglia. The
group at the University of East Anglia (B. M. Funnell, R. V. Tyson and T. Austin) compiled
paleocoastlines and paleofacies on present-dav base maps of the individual continents, from
published paleogeographic maps and other dara. The Cambridge group (A. G. Smith, R. A.
Livermore, L. A. Rush, J. L. Tarry) prepared the present-day coastlines, bathvmerr,
geographic prids and sutures, assessed the data for making plobal reconstructions and
developed the ATLAS map-ploting and paleocontinental reconstruction software and
assoctated databases. The Global Paleoreconstruction Group at BP Research (initially under
I. R. Hoskin, then C. P. Summerhayes, then D. G. Smith), drawing on the work of both
university groups, developed their own GLOBE computer reconstruction sofrware with
which regional plate tectonic studies were conducted and global reconstruction atlases were
developed for BP’s internal use. The paleocoastlines in the present atlas were initially compiled
as an internal teport. The BP group also supported the Paleogeographic Atlas Project at the
University of Chicago, under Alfred Ziegler, and their global data compilations were also
drawn upon at various stages of this work.

The maps presented here represent very many man-years of work, and we gratefully
acknowledge the following for their input at various stages: Peter Llewellyn, Richard Field, Ian
Hoskin and Andrew Fleet, who were responsible for setung the project up in the former
Stratigraphy Branch of BP Research’s Exploration and Production Division; David Burwell,
Ravmond Jackson and Brian Biart, who wrote and mainuined the GLOBE continental
reconstruction and database software; Neil Parkinson, Helen Turnell, Michael Daly and
Martin Heffernan, who were all dosely involved with the regional and global studies with BP’s
Gilobal Paleoreconstruction research group that contributed to the reconstructions herein.
Several generations of geology students were emploved as temporary technical assistants at BP
Research and made valuable contributions, BP Exploration, through Michael Daly, provided
finance for the editing in Cambridge of the bibliography and maps by Clare Glover and
Graham Cocksworth. Throughout the project there was considerable help from secretarial
staff in all three organizations. Finally, we are grateful to BP International plc for permission to
publish these maps.



Introduction

This atlas is one outcome of a substantal research programme that was conducted under the
sponsorship of British Petroleum International. BP established concurrent research projects
over a four-vear period, 1981-1985, at the Universities of Cambridge (Department of Earth
Sciences) and East Anglia (School of Environmental Sciences). The aim was to produce up-to-
date computer-drawn maps on which were plotted global paleogeographic data at the
stratigraphic resolution of one map for each Stage for most of Mesozoic and Cenozoic
time.

The Cambridge project, under the direction of Alan Smith, drew on that department’s
expertise, dating back to the work of Bullard, Everett and Smith (1965) and including earlier
collections of maps by Smith, Briden and Drewry (1973), and Smith, Hurley and Briden
(1981). They developed the ATLAS reconstruction software, initally on a mainframe
computer but more recently on a PC, and prepared the large amounts of digitized data that
make up the continental fragments, including present-day coastlines, bathymetric contours,
fragment boundaries, and intra-continental sutures.

The University of East Arglia project was responsible for the paleogeographic and
palecenvironmental data to be used on the resulting global reconstructions. R. V. Tyson
conducted a systematic search of the recent geological literature, back to a cut-off date of
about 1960. Rather than attempting to collect primary data, the search was for data already
compiled into paleogeographic maps, whether at local, regional or global scale. As far as
possible, the maps were sought relating to a stratigraphic interval no longer than a Stage. The
search resulted in maps from about 2000 sources, which are listed in the Bibliography. The
Stage was chosen as the appropriate stratigraphic unit because it is the smallest
chronostratigraphic division that can usually be recognized globally. The information trom
these maps was compiled, a Stage at a tme, on to regional maps, generally covering a
continent each, and using a present-day geographic base. The 31 resulting maps are the first
known attempr to draw a continuous seties of global maps with such a fine resoluton. In
some cases, especially for the Triassic, adjacent Stages have had to be combined because of
lack of data, but the average duradon of the stratigraphic units for the whole series is about 8
million years (Ma) (31 maps covering 245 Ma).
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Global reconstructions

2.1 Making a continental reassembly

The method of making global continental reconstructions is now routine. It has been fully
described elsewhere (e.g. Smith, Briden and Drewry, 1973; Smith, Hurley and Briden 1981)
and only an outline is given here.

The first step is to subdivide the present-day world into the continental fragments that
existed at the time concerned. We use the word ‘fragment’ because the various pieces to be
reassembled do not all coincide neatly with individual continents. Each continental fragment
consists essentially of a digitized outline, each point on which must be moved to a different
position for each new reconstruction. As well as the outline, other digitized data may also be
associated with the fragment, and moved with the outline. Thus, we normally include the
present-day coastline, not for any paleogeographic significance, but simply in order that the
fragment may be readily identified. Continental fragment boundaries rarely coincide with
present-day coastlines, but are more usually located at continent—ocean boundaries or at intra-
continental sutures.

The primary source of information for making Mesozoic and Cenozoic reconstructions is
the ocean-floor magnetic anomaly record. All magnetic chrons recorded in the magnetic
anomalies of the Adantic and Indian Oceans are fitted together as well as possible. The
information required for the computer to transform each pair of present-day coordinates into
the corresponding pair of paleo latitude—longitude coordinates is expressed as an angle of
rotation and the coordinates of the pole of rotation, using Euler’s principle (see Cox and Hart
1986, for a comprehensive account of the method). We have used only published finite
rotations in this work (Table 1), because the effort of reexamining the original ocean-floor
anomaly data is a major research project in itself. The precision with which anomaly matches
can be made has been greatly increased by using SEASAT darta (e.g. Cande, LaBrecque and
Haxby 1988). Modifications to the geologic time-scale have also increased the precision of the
reconstructions (Harland ¢7 4/ 1990). The increase in precision that could be obtained by using
the most recent revision of the Late Cretaceous to Recent magnetic polariry time-scale (Cande
and Kent 1992) is not significant on the scale of the maps.



Atlas of Mesozoic and Cenozoic coastlines

Table 1. Sources of rotation data

Region Reference

Atlantic Ocean data
S. America to Africa

C4N to C34N Cande ef al 1988

‘MO’ (Late Aptian) to closure Klitgord and Schouten 1990
N. America to Greenland

Ci13N Stivastava and Tapscott 1986

C2IN-M(Y Roest and Srivastava 1989

Pre-closure Smith and Livermore 1991
N. America to Europe

C5 o CRT Srivastava and Tapscott 1986

Closure Bullard 7 a/. 1965

Indian Ocean data
Africa to Somalia

Cs McKenzie, Davies and Molnar 1970; Le Pichon and
Francheteau 1978

Closure Bullard e a/ 1965
Madagascar to Somalia Segoufin and Patriat 1981
Antarctica\q Madagascar

C3N-C5N,CIN-C8N,C21N Cande and Leslie 1986

C6N Sclater et a/. 1981

Ci13, C22N, C34N Fisher and Sclater 1983

C28N Lawver, Sclater and Meinke 1985
Australia to Antarcrica

C5N-C13N, C22N, C31IN Stock and Molnar 1982

C18N, C24N, C34N Mutter er o/ 1985

Closure Weissel et al. 1977
India to Australia

C22N-C28N Norton and Sclater 1979

C34 Fisher and Sclater 1983

M1R and closure Norton and Sclater 1979

Where the anomaly data do not coincide in time with the age required for a particular
reconstruction, the fit is interpolated berween the finite rotations of the tumes closest to it.
This procedure gives continental reassemblies for all the major continents back to the age of
the oldest ocean-floor (mid-Jurassic). The continental reassembly of earliest Jurassic time is
assumed to have been the classic Pangea obtained by fitting the continental edges together,
but the Triassic maps have been modified to take into account Triassic extension and motion
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2.4 Orienting a reassembly

The reassembled continents must then be oriented so that the global mean paleomagnetic
pole of the time concerned coincides with the map projection pole. The availability of
paleomagnetic catalogues (Piper 1988) and machine-readable paleomagnetic databases (Lock
and McElhinny 1991) has led to an increase in the number of poles that may used for this
purpose.

Reliable paleomagnetic pole positions for the tectonically stable areas are rotated back to a
reference frame — in this case the reference fragment used is Africa. For Mesozoic and
Cenozoic time there is no ambiguity about whether the pole is the North or South pole. A
window of 30 Ma has been applied to the paleomagnetic data and the global mean pole on
Africa has been determined at 20 Ma intervals. Thus the mean paleomagnetic pole for a map,
say, for 100 Ma has been found by averaging all poles lying in the 85-115 Ma age range. The
mean age of the data will in general differ from the mean age of the window and the actual
pole position at 100 Ma is, interpolated berween two bracketing ages, e.g. berween 97 Ma and
118 Ma. The global mean ﬁole for each stage is the interpolated position of the pole whose age
is the mean age of the stratigraphic stage concerned. The estimate of the Earth’s spin axis on
the reassembly, i.e. its polar axis, is taken as the global mean pole. A map is then made by
projecting the reassembly as a global map using the global mean paleomagnetic pole as the
geographic pole for the time concerned. The new databases have decreased the uncertainty of
the global paleomagnetic poles for Mesozoic and Cenozoic reassemblies but have not greatly
changed the positions of the mean poles. Alpha-95 values — estimates of the uncertainry in
pole position and therefore of paleolattude — rarely exceed 5° and are generally much less.

Despite the availability of all these new data, comparisons of the present maps with
previously published maps (e.g. Smith e7 2/ 1981) show that the new maps are refinements of
previous reconstructions rather than representing radically new continental distributions. It is
clear that any new data are most unlikely to alter the positions of any of the major continents
in any significant way, partcularly on the scale adopted.

2.5 Choice of map projection

Projecting a sphere on to a plane always poses a problem. Since the intention is to show a
global view then Mercator’s projection cannot be used. Originally, it was intended to use rwo
projections, one highlighting the equatorial regions and another for the two polar regions.
However, this would have tripled the number of maps. The atlas uses Mollweide’s projection,
an equal-area projection commonly used to show the whole globe. Because the maps are
computer generated, it is in practice a trivial matter to generate maps on a variety of other
projections. All maps depict the present-day coastline as well as the paleocoastline. The
present-day coastline is shown so that the conunental fragments can be readily recognized.
The geographic grid that has been superposed on the maps is centred on the mean
paleomagnetic poles of the time concerned. Latiude and longitude lines are spaced at 30°
intervals.
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Biostratigraphic time
and magnetic
polarity scales

3.1 General statement

The biostratigraphic subdivisions and numerical ages in Ma assigned to them are those of
Harland et al. (1990). Compared with other ume-scales, this scale gives one of the more
extreme (older) values for the Jurassic/Cretaceous boundary (at 146 Ma). Modifications to
parts of the Cenozoic scale have been made (Berggren ef a/,, 1991) and others suggested to the
Mesozoic scale (Gradstein ¢z @/, 1993). The magnetic polanty scale and the ages assigned ro
polarity changes are also taken from Harland et @/ (1990).

The Cenozoic magnetic polarity scale is also under revision (Cande and Kent 1992). The
revisions are of two types: those that change the relative spacing of the polarity changes and
those that modify their numerical ages. Changes in relative spacing, if confirmed, will affect 2all
subsequent magnetic polarity scales; modifications to the numerical ages are likely to be
matters of discussion and significant refinement for some time to come.

3.2 Stratigraphic subdivisions used

Thirty one maps have been drawn for Mesozoic and Cenozoic time. Their stratigraphic age
ranges, alphabetic abbreviations and numerical ages (Table 2) are taken from Harland e ol
(1990). Where two or more Stages are covered by a single map, e.g. the Messinian-Tortonian,
making up the Late Miocene, the younger Stage is listed first. For the older Jurassic and part
of the Triassic, the numerical ages have been rounded to the nearest 5 Ma. The Bathonian and
Aalenian maps have been excluded for lack of data. However, the Callovian and Bajocian
maps, which bracket the Bathonian, are similar to each other as are the Bajocian and
Toarcian maps, which bracket the Aalenian. The unpublished University of East Angla

Bathonian and Aalenian shoreline maps show them to be intermediate berween the bracketng
Stages,
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