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ABSTRACT. Analysis of the areas of major tectonic units of the
continents flooded by the sea during the Phanerozoic shows that there
have been three major cycles of transgression and regression corre-
sponding to the Caledonian, Hercynian, and Alpine orogenic cycles.
Approximately equal areas of the platforms and geosynclinal regions
have been flooded synchronously, but seas occupied only small areas of
the orogenic belts. The areas of the Laurasian continental blocks
flooded were more extensive than those of the Gondwanan blocks, even
though the latter have an overall greater area. The flooding histories of
individual cratons show notable exceptions to the global history of
transgressions and regressions.

In terms of proportions of the area flooded, the platform regions
average about 20 percent, the geosynclinal regions about 80 percent,
and the orogenic belts about 20 percent in the Paleozoic, and 10 percent
in the Mesozoic and Cenozoic. There has been a decline in the propor-
tion of the area of marine versus continental sedimentation throughout
the Phanerozoic on the continental platforms and in orogenic belts. A
similar decline has occurred in the geosynclinal regions but only
during the later Mesozoic and Cenozoic.

The overall pattern of flooding of the continents during the Ceno-
zoic corresponds well with the general trend of the eustatic curve of
Vail, Mitchum, and Thompson (1977). Continental uplift and subsi-
dence calculated from'the volumes of sediments eroded and deposited
also correlate with the changing areas of the continents flooded by
transgressing and regressing seas.

INTRODUCTION

This paper presents estimates of the areas of the platforms, geosyn-
clines, and orogenic zones as well as the total areas of the continental
blocks covered by the sea during transgressions and regressions. The
estimates cover all the continents except Antarctica and all the geological
record from Early Cambrian through Pliocene. Also included are esti-
mates of the areas of marine and continental sedimentation at each of the
major stages of geological evolution. Finally, the chronology of marine
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transgressions and regressions is compared to vertical motions of the
continental crust and changes in eustatic sealevel.

The estimates have been made by measuring the marine and land
areas on the continents and volumetric calculations of the major types of
sedimentary rocks shown on the series of global lithological-paleogeo-
graphical maps compiled by Ronov, Khain, and Seslavinsky (1984) for
the Paleozoic and by Ronov, Khain, and Balukhovsky (1989) for the
Mesozoic and Cenozoic. The maps were compiled from literature and
other data sources for regional geological studies of structure, stratigra-
phy, lithology, paleogeography, and paleoenvironments cited by Ronov,
Khain, and Seslavinsky (1984) and by Ronov, Khain, and Balukhovsky
(1989). The paleogeography, shorelines, elevation of the land areas, and
depths of water are based on interpretation of the surviving geologic
record exposed in outcrop and preserved in the subsurface. Ronov,
Khain, and Seslavinsky (1984) and Ronov, Khain, and Balukhovsky
(1989) took into account whether the strata were deposited under marine
or continental conditions and estimated the relative elevation of the areas
of erosion from the grain-size of the sediments derived from them. The
original data are based on descriptions of many thousands of outcrop and
borehole sections. The maps cover 28 stratigraphic intervals covering
each of the epochs of the Phanerozoic. The reliability of the maps is not
the same in all regions. It decreases with geologic age. The reliability also
decreases from platforms to geosynclines and from the northern to the
southern hemisphere within each map.

The continents are divided into three major categories of tectonic
unit: platforms, geosynclines, and orogenic zones. Table 12 shows the
areas of regions of erosion, regions of sedimentation, areas covered by
seas, and areas covered by seas as a percentage of the total area for each
category of tectonic unit. The analysis excludes the Antarctic and a few
other areas that are poorly known. It should be noted that the Quater-
nary is not included in table 1, and that the area of continents shown as
flooded on the Pliocene map of Ronov, Khain, and Balukhovsky (1989) is
much less than the area flooded at present because of the lower sealevel
at the time chosen for the paleogeographic reconstruction.

FLOODING OF THE CONTINENTS

As shown in figure 1, the data demonstrate regular changes of area
covered by the sea (from expansion to abrupt reduction) in the course of
major tectonic cycles. The major geocratic and thalassocratic episodes in
the geological history of the Earth recognized by Ronov (1968) are
evident.

At present, as during the times of sealevel high stand of the Quater-
nary, the world ocean, including epicontinental and marginal seas,
covers 361 x 108 km?, corresponding to 71 percent of the Earth’s surface.
Seen from the perspective of geological history, this area is minimal. The
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contemporary epoch should be identified as geocratic, characterized by
regression from elevated continents. Ancient geocratic epochs corre-
spond to the final stages of tectonic cycles: Early Cambrian, which
corresponds to the boundary between the Baikalian and Caledonian
Cycles; Late Silurian-Early Devonian, which corresponds to the bound-
ary between the Caledonian and Hercynian Cycles; the Late Permian-
Middle Triassic, which corresponds to the boundary between the Hercyn-
ian and Alpine Cycles. The Pliocene-Quaternary falls at the boundary
between the Alpine and a future cycle. Figure 1 shows the successive
increase in amplitude of regressions during the Phanerozoic to the
extreme geocratic condition represented by the present. The middle
stages of the tectonic cycles correspond to thalassocratic episodes of earth
history. The areas of the continents flooded by marine transgressions
were increased as a result of subsidence of the continents or shallowing of
the ocean floor. The thalassocratic epochs of the Phanerozoic are the
Middle Ordovician, the Middle Devonian, and the Late Cretaceous. The
areas flooded decrease from the Caledonian to the Alpine cycle. Thus one
common trend in the areal measurements is that the areas of the
continents covered by the sea has successively decreased from the Early
Paleozoic to Present. The reduction of marine area has been about 40 X
106 km?.

Figure 2 shows the areas of the major categories of tectonic units of
the continents flooded by the sea at different times. The largest areas
flooded are on the platforms, and the next largest are the geosynclinal
regions. The transgressions and regressions affecting these areas corre-
spond to the overall continental flooding episodes shown in figure 1. A
second common trend of the areal measurements is that the transgres-
sions and regressions on platforms and in geosynclinal regions are
synchronous. Figure 2 also shows that the smallest areas flooded are in
the orogenic regions, and here transgressions and regressions do not
repeat the pattern of figure 1.

Table 2 and figure 3 summarize the data in terms of the Laurasian
(Russian, Siberian, Chinese, and North American) and Gondwanan
(African, Arabian, South American, Australian, Indian) platforms. Trans-
gressions and regressions on both groups of platforms are synchronous.
The synchronism is very close for the Hercynian and Alpine Cycles and
differs only slightly in the Caledonian cycle, when a regression on the
Gondwanan platforms corresponds to the time of maximum trangression
on the Laurasian platforms. There is, however, the marked difference
that the areas covered by the seas on the Laurasian platforms are much
more extensive than those on the Gondwanan platforms. This relation is
consistent even though the total area of Gondwanan platforms is larger
than that of the Laurasian platforms.

Figure 4 compares the areas of flooding on individual platforms. As
has been noted by Yanshin (1973) there is considerable asynchroniety in
the development of transgressions and regressions on the different
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Areas of continents covered by seas, 10 6 km 2
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Fig. 1. Transgressions and regressions of the seas on the continents during the
Phanerozoic.

platforms. The synchroniety of transgressions and regressions on plat-
forms and in geosynclinal regions apparent in the global data suggests
that there are global rhythms that result from periodic increase and,
decline of tectonic activity. The global rhythms dominate the evolution of
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Areas of continents covered by seas, 10 6 km 2
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Fig. 2. Transgressions and regressions of the seas over platforms, geosynclines, and
orogenic belts during the Phanerozoic.

vast lithospheric regions (Ronov, Khain, and Balukhovsky, 1976), such as
Laurasia and Gondwana, as shown in figure 3. The global rhythms are
apparent in the supercontinental aggregations, although there is a much
more noisy signal in the data from individual platforms.
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Areas of platforms covered by seas, 10 € km 2
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Fig. 3. Transgressions and regressions of the seas on Laurasian and Gondwanan
platforms during the Phanerozoic.

PROPORTIONS OF THE CONTINENTS FLOODED

Figure b shows the proportion of the total area of the continents
covered by the sea. The flooded areas of the continents range between 3
and 40 percent of the total continental area. Most of the continental
blocks have been land throughout the entire Phanerozoic. The general
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Areas of platforms covered by seas, 10 ¢ km 2
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Fig. 4. Transgressions and regressions of the seas on the major cratonic platforms
during the Phanerozoic.

trend toward increase of land area on the continental blocks through the
Phanerozoic is again apparent.

The stable (platform) and mobile (geosynclines and orogenic belts)
regions of the continents have had very different land/sea distributions.
The land area greatly predominates on the platforms, as shown in figure
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Percent of total area of continents
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Fig. 5. Distribution of land (including areas of continental sedimentation) and sea as a
percentage of the total area of the continents during the Phanerozoic.

6. On the platforms the marine areas generally did not exceed a quarter
of the total area; the flooding ranged from 5 to 30 percent. In contrast,
the geosynclines are characterized by a dominance of marine conditions.
Paleozoic seas covered up to 90 percent of the total area of the geosyn-
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Fig. 6. Distribution of land (including areas of continental sedimentation) and sea as a
percentage of the area of the continental platforms during the Phanerozoic.

clines, as shown in figure 7. Only in the Late Mesozoic and the Cenozoic
did the marine area of the geosynclinal regions decrease significantly.
The largest regressions were in the Early Cretaceous and Pliocene. As
shown in figure 8, the marine areas in the orogenic belts were very
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Fig. 7. Distribution of land (including areas of continental sedimentation) and sea as a
percentage of the area of geosynclines during the Phanerozoic.

restricted relative to the platforms and geosynclinal regions. The areas
covered by the sea within orogenic belts were more extensive during the
Paleozoic than during the Mesozoic or Cenozoic. The geosynclines,

which are the regions of greatest rate and magnitude of crustal subsi- *
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Fig. 8. Distribution of land (including areas of continental sedimentation) and sea as a
percentage of the area of orogenic belts during the Phanerozoic.

dence (Ronov, 1980, in press; Ronov, Khain, and Balukhovsky, 1976;
Ronov, Yaroshevsky, and Migdisov, 1990) are predominantly marine
and serve as the route by which waters from the world ocean reach the
continental platforms.
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RATIOS OF MARINE AND CONTINENTAL SEDIMENTATION

Comparison of the areas of marine and continental sedimentation
on the continents shows a long-term trend for reduction of the area of
marine sedimentation and increase of the area of continental sedimenta-
tion during the Phanerozoic, as shown in figure 9. This trend is best
developed on the platform areas, as shown in figure 10. It is poorly
developed in the geosynclinal regions, as shown in figure 11. The
geosynclinal regions are predominantly marine, and appreciable areas of
continental sedimentation do not appear until the middle Mesozoic. The
orogenic belts do show the trend toward replacement of areas of marine
sedimentation by areas of continental sedimentation, as shown in figure
12. The shift from marine to continental sedimentation is especially
apparent in the Alpine Cycle.

The measurements of areas flooded can be interpreted in terms of
transgressions and regressions, corresponding broadly to the Caledo-
nian, Hercynian, and Alpine tectonic cycles. The curve of areas of
continents covered by the sea is compared with the eustatic sealevel curve
of Vail, Mitchum, and Thompson (1977) in figure 13. Comparison of the
two curves indicates that the flooding of the continents generally corre-
sponds to the rises in sealevel and regression from the continents corre-
sponds to falling sealevel of Vail, Mitchum, and Thompson (1977). The
coincidence of the two curves is evidence that the transgressions and
regressions recorded in changes of areas of the continents flooded is a
reflection of eustatic sealevel changes. The data on which the two curves
are based are independent: the curve of area of the continents flooded is
based on measurements of the maps of Ronov, Khain, and Seslavinsky
(1984) and Ronov, Khain, and Balukhovsky (1989), and the sealevel
curve of Vail, Mitchum, and Thompson (1977) is based on seismic
stratigraphic studies of continental margins.

FLOODING, UPLIFT, AND SUBSIDENCE

Figure 14 shows the changes in areas of the seas on the continents
and apparent subsidence or elevation of the continental blocks. Ronoy
(1980, table 13) gave the results of calculating the amounts of uplift of the
areas of continents undergoing erosion that would be required to yield a
volume of eroded material equal to that deposited in contemporaneous
continental and marine sedimentary basins. The total average amounts
of uplift of the areas undergoing erosion for each stratigraphic interval is
shown in figure 14. Similarly, the average subsidence of the continental
areas in which sedimentation occurred was calculated by Ronov (1980,
table 13). The total average amounts of subsidence for each of the
stratigraphic intervals is shown in figure 14.

Subsidence of the continents or.elevation of the ocean floor results in
transgression and flooding of the continents. Elevation of the continents
or subsidence of the ocean floor results in regression and reduction of the

®
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Fig. 9. Change in the ratio of areas of marine and continental sedimentation over the
whole continents during the Phanerozoic.

area covered by the sea. The area flooded also depends on the amount of
ice stored in polar ice sheets during glaciations. Figure 14 shows that the
maximal regressions oceurred during the Pliocene, the Late Permian,
and the Late Ordovician and may correspond to times of glaciation.
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Fig. 10. Change in the ratio of areas of marine and continental sedimentation on the
continental platforms during the Phanerozoic.

CAUSES OF EUSTATIC SEALEVEL CHANGE

Donovan and Jones (1979) suggested that the oscillations of sealevel
might be connected with changes in the morphology of the ocean floor.«
They noted that the volume of the ocean basins would change in
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Fig. 11. Change in the ratio of areas of marine and continental sedimentation in
geosynclines during the Phanerozoic.

response to evolution and changes in the volume of the mid-ocean ridge
system. Unfortunately, knowledge of the mid-ocean ridge system is
available only for Late Juarassic and younger epochs, and the relation of
older sealevel changes to changes in the volume of the ocean basins must,
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Fig. 12. Change in the ratio of areas of marine and continental sedimentation in
orogenic belts during the Phanerozoic.

because of the lack of data, remain hypothetical. The problem of what
drives the transgressions and regressions of the sea is far from a final
solution. It is hoped that the data presented here will stimulate thought -
toward finding a solution of this fundamental problem of geology.
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