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Abstract 

Possible causes of eustatic sea level changes are examined including 

sedime11tatio~~, claciatio:'.1, and volume changes of mid-ocean ridge systems. 

3everal sea level curves are i:westigated and evaluated to determine 

their possible relatior.ship to actual worldwide sea level cha.~ges . 
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Abstract           Possible causes of eustatic sea level changes are examined including       sedimentation, glaciation, and volume changes of mid-ocean ridge systems.       Several sea level curves are investigated and evaluated to determine       their possible relationship to actual worldwide sea level changes.
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Introduction 

Stratigraphic seque~ces on cor.tinental and cratonic margins often 

record major transgressions and regressions of the shoreline. These 

fluctuations can be caused by actual changes in eustatic sea level or by 

geotectonic movements of either local or worldwide extent. In the past 

11 years, using different techniques and assumptions, several quantitative 

sea level curves have been constructed. Hays and Pitman (1973) used 

cha.~ges in mid-ocean ridge spreading rates to estimate fluctuations in world-

wide sea level since the Cretaceous. In 1978 Pitman revised the original 

curve using new data and substantially lowered his estimation of eustatic 

changes in the last llO million years. Vail and his colleagues at Exxon C:o, U3A, 

used well logs and seismic sections from many locations around the world 

in an attempt to correlate transgressive and regressive sequences to facil-

itate in oil exploratio~. Using conformities and their related co~formities 

as sequence boundaries, regional chronostratigraphic correlation charts 

were constructed which were then compared with charts from other locations. 

When a transgression or regression was considered to be worldwide, the 

vertical component of onlap for each unconformity were averaged to obtain 

a relative value for each eustatic change. 

The largest problem with each of these sea level curves is locating a 

possible mechanism to explain the sharp rises and falls that are interpreted 

as shown. The other part of this paper will discuss several possible causes 

" of eustatic sea level changes. Among these will be sedimentation, glacia-

tion, and most importantly changes in the volume at mid-ocean ridges. Until 

a suitable mechanism can be found to account for the large and rapid changes 

of sea level, these curves will remain in doubt. 
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~auses of Worldwide Sea Level Changes 

Sedimentation 

Seuss (1906), o~e of the first to propose the existence of global 

sea level cha.~ges, suggested that sediment buildup in ocea.11 basins could 

cause transgressions. Two factors affect the rate at which sedimentation 

can influence sea level: (1) Isostatic adjustments will occur beneath 

sedimentary wedges (Donovan, et al., 1979); (2) Sediments may be removed 

at subduction zones (Pitman, 1978). If these factors don't cancel out the 

sea level change, then a short term rise could occur. 

Pitman (1978) attempted to quantitatively determine the effect of sedi

ment buildup on sea level. Using present day erosion rates a.11d ma.~tle 

densities, he found a sea level change of .25 cm per 1000 years after sub

sidence due to loading. Subtractir.e the amount of sediment estimated to be 

consumed at subduction zones each year, the sea level rise would or!ly be 

0.1 cm/1000 years. Even over a period of 5-10 million years this would 

cause a geologically insignificant rise in eustatic sea level. Unless depos

ition is unusually rapid, sedimentation appears to have little influence on 

eustatic variations. 

::;laciation or Changes in the Volume of La.11d Ice 

The formation of land ice ca.11 produce rapid and significa.~t variations 

in global sea level. ¥.elting of ice sheets ca.11 cause sea level to rise as 

much as 1 cm/year in post-glacial periods (Donovan a.11d Jones, 1979). The 

melting of the ice currently in the Antarctic a.11d Greenla.11d ice sheets could 

cause sea level to rise by as much as 65 meters. 

The problem is estimating the volumes of ice during past glacial periods. 

Pitman (1978) estimated that sea level could change 50 meters over a period of 
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-3-

100,000 to 1,000,000 years. Donovan and Jones (1979) used maximum prob

able extents of the northern hemisphere ice sheets and found a possible 

sea level fall of 150 meters at peak glaciation. Assuming melting and 

formation of ice can change sea level by l cm/year, then many of the third 

order cycles of eustatic variation shown by Vail, et al., (1978), during 

the Tertiary could be accounted for by glaciation. The problem is that 

major glacial periods are only well documented back to the Oligocene and 

there is no evidence of glaciation during earlier periods of low sea level(Kerr, 

1980). Pitman (1978) believes that the formation and melting of continental 

glaciers has probably been the dominant factor controlling transgressions 

and regressions of passive margins since the Oligocene. Concerning their 

role in the first order tra.'1sgression during the Cretaceous and the sub-

sequent regression up to the present, their effect appears to be small. 

Volume Changes of Mid-Ocean Ridge Systems 

It has been suggested by many sources including Hallam (19•.3), and 

Valentine a.'1d };cores (1972), that volumetric changes at mid-ocean ridges 

could cause major fluctuations of eustatic sea level. Valentine and ~oores 

(ibid) said the changes were due to the breakup os super-continents like 

Pangea. Hallam (1963) speculated that pulses of rapid spreading at mid-ocean 

ridges increased the volume of the ridges leading to a rise in sea level 

(Hays, et al., 197.3). 

Hays and Pitman (1973) presented a quantitative model which linked 

changes in spreading rates to the Mid-Upper Cretaceous transgression and 

regression. The new crust, which is initially elevated at the ridge, sub

sides in a strictly time dependent fashion as it moves away from the ridge. 

So the age to depth relationship for any ridge is identical regardless of 

the rate of spreading. Newly formed crust lies at a depth of about 2.7 km 
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Figure 1 A, top shows the profile of a ridge that has been 
spreading at 2 cm/yr for 70 million years. At time 0 m.y. the 
spreading rate is increased to 6 cm/yr. Sequential stages are 
shown up to 70 m.y •• B shows a ridge initially spreading at 
6 cm/yr. At time 0 m.y. the rate is decreased to 2 cm/yr. Stages 
are show:-1 again up to 70 m.y •• The cross sectional area after 
70 m.y. is one-third of what it was at 0 m.y •• From Pitman,(1978). 

and crust that is 69 m.y. old will have subsided to a depth of 5.5 km 

(Pitman, 1978). Figure 1 shows the relationship between spreading rate and 

ridge volume. A ridge spreading at 6 cm/year will have three times the 

cross sectional area of a ridge spreading at 2/cm/year (Pitman, 1978). 

The change in eustatic sea level caused by an increase in the spreading 

rate from 2cm/year to 6 cm/year is shown in Figure 2. This model assumes 

that worldwide subduction rates will change as spreading rates do, so the 

mass of oceanic lithosphere will remain constant. The rate is 2 cm/year at 

0 m.y. and then increases to 6cm/year at 70 m.y. The spreading rate then 

returns to 2 cm/year for the next 70 million years. This chart indicates 
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that although eustatic sea level would change very slowly, this mechanism 

could account for large scale (i.e. Vail's first order) transgressions and 

regressions. 

Hays and Pitman (1973) used the geometry of magnetic polarity reversals 

preserved in the oceanic crust to define a pulse of rapid spreading between 

110 and 85 million years ago. Knowing the spreading rate history and ridge 

length, the changing volume of the ocean basins can then be computed. They 

demonstrated quantitatively that the Late Cretaceous sea level high and sub-

sequent fall could be explained by expansion and contraction of the oceanic 

ridge systems. To compute the actual change in eustatic sea level, several 

corrections must be made. The first correction accounted for the subsidence 

which would occur as the water depth in the oceans increases. The second 

takes into account the increased continental surface which is covered as the 

sea level rises (Pitman, 1978). This must be done since so much of the 

dittoe.1
Rectangle

dittoe.1
Rectangle

dittoe.1
Rectangle

dittoe.1
Rectangle



- 6 -

continental area is very close to sea level. 

Pitman (1978) mentions several other possible mechanisms for cha..~ging 

the volume of the mid-ocean ridge systems. The formation of a brand new 

ridge system by rifting would significantly decrease the total volume of 

the ocean basins. Lengthening of a ridge system can also affect sea level 

since the longer a ridge is, the smaller the increase or decrease in velocity 

needed to cause eustatic changes (Pitman, 1978). 

Hallam (1977) suggests that changes in the length of oceanic ridge 

systems may often be as important as spreading rates in sea level changes. 

He noted a major transgression in the Eocene which can't be explained by 

increased spreading rates since the epoch was a time of decreasing rates 

according to Hays and Pitman (1973). The transgression can be explained by 

a large northward elongation of the Mid-Atlantic Ridge into the Nor

wegian Sea (Donovan, 1979). Others like Valentine and Moores (1970), and 

Hallam (1971), feel that the breakup of Pangea during the Mesozoic could 

have caused the worldwide transgressions present in the stratigraphic record. 

It is evident from the mathematical models by Pitman that changes in the 

rates of sea floor spreading could significantly change the volume of the 

ocean basins. The major problem of this method is determining spreading rates 

of ridges in the geologic past. The reliability of the magnetic polarity 

time scale has been questioned when it is compared with paleontologic ages. 

However, the calibration of the paleontologic time scale with absolute 

ages is constantly being refined and as the scale becomes more precise the 

effect of changing spreading rates will become clearer. 

Recent studies by Delaney and Boyle at MIT of the lithium to calcium 

ratios in forams suggest that the spreading rate has changed little in the 

past 100 million years. Lithium is leached from rock by hot sea water at 
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mid-ocean ridges and a trace is subsequently incorporated into skeletons of 

forams in proportion to the amount in the sea water (Kerr, 1984). The 

greater the amount of new crust which is generated at a ridge, the more 

concentrated the lithium becomes in the sea water. 

Delaney and Boyle expected to find a steadily decreasing lithium con

centration in the forams because magnetic polarity reversals used by Pitman 

(1978) appeared to show a pulse of rapid spreading in the late Cretaceous 

followed by a steady reductior.. Instead they found a spreading rate which 

did not vary more than 25;~ from a constant value and never was significantly 

different from the present day value (Kerr, 1984). If this link between 

lithium content and spreading rates is correct, then the drop proposed by 

Pitma.~ (1978) of 350 meters appears too high to be explair.ed by volumetric 

cha.~ges at mid-oceari ridges. Because of the small number of pre-Eocene 

samples used to test lithium content, it remains for this method to be con

clusively evaluated by further testing. 

Sea Level Curves 

Global sea level curves attempt to summarize apparent rises ar:d falls 

of the shoreline. Hays and Pitmar:. (1973) proposed that a pulse of rapid 

spreading during the Upper Cretaceous caused elevation of oceanic crust 

leading to a worldwide transgression. A subsequent slowing of spreading 

rates since that time caused a general regression. Using an abyssal reference 

plain of 5,500 meters, they computed the volume of 8 ridge systems at intervals 

of 10 million years. The technique used and several corrections were made 

which are explained in section 1 of this paper. The curve they obtained 

is shown in Figure J. The curve's termination at 60 meters indicates the 

amount of sea water retained in the present day ice caps. 
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Figure 3 Solid line shows the change in sea level due to ridge 
volume variations from 85 to 15 m.y. ago computed by Pitman (1978). 
Dashed line shows the change computed by Hays and Pitman (1973). 
Dot-dash line gives the position of the shoreline as a function of 
the rate of sea level change as related to the 1978 curve. 

In 1978, Pitman recomputed the curve using improved data about many 

ridge systems. The calculations of Hays and Pitman were approximate because 

much of the necessary data were imprecise, the spreading history of the 

Indian Ocean ridge system was poorly known, and that of the Tethys was 

unknown (Pitman, 1978). Adjustments were also made in the ages of the mag-

netic polarity reversals using improved paleontological data. The computed 

sea level high since the Early Cretaceous as shown in Figure 3 was 350 

meters which differs substantially from the figure of 521 meters obtained 

in 1973. This figure is more realistic and agrees with separate paleonto

logical studies. Sleep (1976) studied an early Coniacian (Late Cretaceous) 

shoreline in the Mesabi Range of Minnesota which is 375 meters above present 
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Figure 4 Hypothetical stratigraphic sections for a sequence of stages 
from 85 to 15 million years before present. The distance from the 
hinge line is in kilometers. The only variable is the rate of sea 
level change in Figure 3. From Pitman,(1978). 

sea level. Being relatively flat, the shoreline appears to have undergone 

little tectonic activity. Erosion since the Cretaceous may have caused 

50 meters of uplift leaving a sea which was 325 meters above the present 

level. But many problems are inherent in this curve as the author himself 

admitted. No other mechanism was taken into account when determining 
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eustatic variations except variations in ridge volume and the data has 

been averaged over 10 million year periods. 

Pitman feels the minor transgressions and regressions which occur in 

curves such as Vail and others (1978) may be caused not by actual changes 

in water volume i~ the ocea.!1s, but rather by fluctuations in the rate of sea 

level as related to subsidence. As soon as new crust is ini tiaJ.l:: formed at 

ridges, it begins to subside. This subsidence mechanism is due to two 

factors: 

1) Driving subsidence which is caused by increased density due to 

thermal contraction of the cooling crust. 

2) The sediment which fills the basin causes further subsidence 

(Pitman, 1978). 

Studies of the passive margins of the east coast have shown a subsidence 

rate which averages 2.5 cm/1000 years (Rona, 197J). Other studies of the 

continental shelf give subsidence rates which never fall below 2 cm/1000 

years (?ox et al., 1970). Therefore, if subsidence is steady, then a period 

of rapid sea level fall is followed by a period of slower fall, the slower 

period will show up on a seismic section as a transgression and not a con

tinued regression. This could account for the landward movement of the shore

line during the Eocene and no~eP..e shown ln Figure 4. 

In Figure 4, Pitma.r. illustrates hypothetical stratigraphic sections for a 

passive margin with the only variable being changes in the rate of sea level 

fall as shown in Figure J. As seen in Figure J, from 85 to 65 m.y. ago sea 

level was falling quite slowly and the shoreline moved only 9 km seaward. 

This is shown in part A of Figure 4. In part B, from 65 to 45 m.y. ago, 

sea level fell more rapidly and the shoreline moved about 55 km seaward. 

The rate of sea level fall again decreased in the Mid Eocene causing a 
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landward movement of the shoreline. Another increase in the Oligocene pro

duced yet another regression. This model shows that even with sea level 

falling steadily since the Cretaceous due to decreasing spreading rates, 

changes in the rate of fall could produce transgressions and regressions in 

the sedimentary record (Pitman, 1978). In the typical case where a marginal 

basin subsides at a greater rate than sea level falls, the position of the 

shoreline depends on the rate of sea level fall and will move landward or 

ba.sinwa.rd as the rate of fall increases or decreases, respectively (Pitman, 

1978). 

Crucial to Pitman's relationship between subsidence and transgressions 

is the validity of his sea level curve. The only mechanism he used to evaluate 

changes in eustatic sea level was variations in the volume of mid-ocean ridge 

systems. So what he presented is essentially a model of an idealized situa

tion of uniform subsidence and sedimentation. Hew studies by researchers at 

~·;.I. T. using lithium content in forams question the large variations in 

spreading rates apparently shown by the magnetic polarity reversals. 

Even if the a.mount of sea level fall Pitman computed proved to be too large, 

the model of margin subsidence should be an important consideration when 

trying to determine if minor transgressive and regressive sequences a.re re

lated to actual eustatic sea level changes. This argument is important in 

the interpretation of the sea level curve produced by Vail, et al., (1978). 

One of the most significant and widely discussed recent developments is 

the global sea level curve produced by Peter Vail and his colleagues at 

Exxon. They used seismic stratigraphy and well logs to identify depositional 

sequences in various localities a.round the world. A depositional sequence is 

a stratigraphic unit composed of a relatively conformable succession of re

lated strata and bounded by unconfo:rmities or their correlative conformities 
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(Vail, et al., 1978). Since unconformities are usually surfaces of signifi-

cant velocity and density contrast, they generally are readily identifiable 

on seismic sections by truncation. A depositional sequence is dated by 

tracing the unconformity to an area where the strata are relatively con-

formable and the age can be determined biostratigraphically (Vail, et al., 

1978). This gives the depositional sequence chronostratigraphic significance 

"because all of the strata were deposited during a given interval of 

geologic time. The stratal bedding surfaces within the sequence are practi-

cally useless chronostratigraphically because the age range of the strata 

between the unconformities can vary greatly. The important ideas of Vail's 

sea level curves is that the sequence represents a genetic unit that was de-

posited during a single episodic event and that rocks above an unconformity 

are everywhere younger tha.~ those below it (Vail, et al., 1978). A measure 

of the hiatus represented by the unconformity can be determined by finding 

the ages of the rocks on either side of it. 

TERRKlENOUS INR.UX -

0 NONMARJNE COAST AL DEPOSITS 

D LITTORAL DEPOSITS 

f:3 MARINE DEPOSITS 

UNDEJI. YING UNCONFORMITY 

Figure 5 Showing relations of onlap used to locate 
transgressions and rapid falls of sea level. Vail et al.(1978). 
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The discordance of stratal bedding surfaces is the main physical cri

terion used in determination of sequence boundaries. Beds can either lapout 

or truncate against the sequence boundary. The important types of lapout 

are onlap, downlap, and toplap. These are shown in Figure 5. Onlap and 

downlap are indicators of nondepositional hiatuses followed by an increasing 

depositional hiatus in the direction of the onlap or downlap. Onlap is 

especially important since Vail used this to determine the magnitude of 

marine transgressions. Toplap is also evidence of a nondepositional hiatus 

in which sea level is too low to permit the strata to extend further updip. 

Therefore, toplap will be more characteristic of stillsta.~ds. These are 

the indicators used by Vail to identify relative sea level changes. 

Vail, et al •• (1978. part 3) identified three possible causes of rises 

or apparent rises in sea level: 1) sea level actually rises for whatever 

reason; 2) contL~ental margin subsides while sea level is stationary; 

3) sea level falls slower than margin subsides. All of these conditions 

can produce onlap. Their sea level curve is meant to show only transgressions 

and regressions that occur due to sea level actually fluctuating. Simultaneous 

relative changes in three or more widely spaced regions around the world are 

interpreted as global changes of sea level on Vail's curve. (Vail et al., 

1978). The procedure used to estimate the vertical component of coastal 

onlap is shown in Figure 6 (Watts, 1982). Beginning with the lowest point 

of onlap in a sequence, each successive increment of onlap is summed until 

the highest point is reached (Watts, 1982). Vail et al. apparently feel that 

if a transgressive-regressive sequence can be dated and correlated at three 

different locations, then it must represent actual eustatic sea level fluctua

tions and not tectonic flexure or subsidence at a passive margin. 
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Coastal plain 
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0 10km ..__ _ __. _ ____J 

Vert eaOQ 100 I 

Figure 6 The heavy solid lines show the method used by 
Vail, et al.,(1978) to estimate the vertical component 
of coastal onlap. From Watts (1982), 

Others such as Pitman (1978) and Watts (1982) feel that at a continental 

margin sediments will progressively onlap the basement at the edge of the 

margin as the lithosphere cools and increases with flexural rigidity with 

age. Thus, control at these margins may have a tectonic rather than eustatic 

control (Watts, 1982). Watts (1982) studied young (1-1.5 m.yr.) seamounts 

and oceanic islands to determine the relationship between the flexural rigid-

ity, thickness of the lithosphere, and the time since the initial rifting 

began. He found that as oceanic crust becomes more rigid with age, sediments 

subside relative to a landward hinge line. A thermal and mechanical model 

which combines the effects of thermal contraction and sedimentary loading 

is shown in Figure 7. The sediments represent a load on the cooling litho-

sphere which responds by flexure. The model shows that the onlap used by 

Vail, et al. to estimate sea level changes can occur due to subsidence at 
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Figure 7 Thermal and mechanical model for the tectonic 
evolution of a passive continental margin. Initial subsidence 
due to thermal contraction following rifting. As the crust cools, 
sediment loads the lithosphere, which responds by flexure. 

From Watts (1982). 

a cooling margin and not actual eustatic sea level changes. If this 

model is correct, there should be a correlation between the major cycles of 

onlap identified by Vail, et al. and the advent of major rifting and contin-

ental breakup (Watts, 1982). Figure 8 shows that there is a good correlation 

between rifting and major first order transitions identified by Vail, et al.(1978). 

Therefore, major portions of Vail, et al. 's curve may have a tectonic rather 

than eustatic control (Watts, 1982). 

As Figure 9 shows, the Exxon sea level curve is characterized by cycles 

containing a steady rise in sea level, a period of stillstand, and a very 

abrupt regression. These rapid falls of sea level occur within one million 
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level since the Devonian compared with the age of 
rift-drift transitions at different continental margins. 

From Watts (1982). 
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Figure 9 The Exxon sea level curve from Vail, et al.(1978) n
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years and are the most controversial aspect of the curve. To measure the 

relative fall of sea level, the difference in elevation is determined 

between the highest coastal onlap in the underlying sequence (unit 5 in 

sequence A, Figure 5) and the lowest coastal onlap in the overlying sequence 

(unit 6) (Vail, et al., 1978). The problem is estimating the amount of 

erosion and subsidence which occurred during the time interval represented 

by the unconformity above unit 5. The "incremental method" which was used 

to estimate the amount of transgressions can't be used since the record is 

removed by erosion. Pitman.(1978) demonstrated quantitatively that apparent 

transgressions can occur during a general fall of eustatic sea level merely 

by variations in the rate of sea level fall. Figure 4 shows a 50 meter 

vertical dista.~ce between the regression which occurred 55 to 45 million 

years ago and present sea level due only to subsidence. This is a hypo

thetical sedimentary section using a rate of sediment influx assumed to be 

uniform at l cm/1000 yrs. In Figure 4 the shoreline represents the boundary 

between erosion and deposition (Pitman, 1978). 

Pitman also feels that Vail, et al. may have been misled by the pattern 

of sediments left during the apparent transgressions and regressions of the 

sea (Kerr, 1980). He suggests that sediment may continue to lap higher a..~d 

higher onto a continent even during a regressive period. The sediment 

eroding off a continent, rather than being trapped beneath the retreating 

waters, can stop on the newly uncovered plain leading to misconceptions in 

interpretation (Kerr, 1980). If this is true, then regressions may start 

sooner and last longer than they appear to on Vail, et al.'s curve. 

'While there is no doubt that the Exxon sea level curve has greatly 

aided in the identification and interpretation of major unconformity bound 

sequences around the world, several objections constantly arise in articles 
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about the curve. First, the method is based on the interpretation of seis-

mic data and so is dependent on individual judgement. Second, no estimates 

of the uncertainties introduced by subsidence, flexure and compaction are 

provided, and so no measure of accuracy is possible. Third, although the 

authors document their methods in great detail, little or no data is pro-

vided to support their conclusions, which makes evaluation by others im-

possible (Guidish, et al., 1984). These objections mainly relate to the 

amou..~ts and duration of the rapid transgressions and regressions which are 

show:i. The usefulness of the Exxon sea level curves is that they can help 

geologists determine the ages and compositions of rock strata even before 

the first well is drilled. In this regard the curve and its methods have 

been successful and other energy companies have used it to help locate oil. 

C.RETAC.l?OU~ ·nun1ARY 

LATE 

lft l'iO 110 IOO 1o 70 4oO So 10 JO Z0 10 0 '"·Y· 

Figure 10 An attempt to synthesis Pitman's calculated 
sea level figures with Vail, et al. 's relative transgressions 
and regressions. The solid black line represents the mean 
changes of sea level as related to the present level. 
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Figure 10 represents an attempt to reach some sort of compromise 

using the figures computed by Pitman and the apparent transgressions and 

regressions identified by Vail, et al. on the seismic data. A steady fall 

of sea level is seen with many smaller, more moderate transgressive periods. 

Pitman feels that these smaller (i.e., third order) transgressions shown 

in the Exxon curve are probably due simply to variations in the rate that 

sea level has fallen since the Cretaceous. In keeping with Pitman's ideas, 

the regressions in Figure 10 start sooner and are not as abrupt as they are 

in the Exxon curve shown in Figure 9. 

Conclusion 

For almost one hundred years geologists have recognized stratigraphic 

sequences which they felt represented rises and falls of sea level. Seuss 

(1905) believed that sedimentation caused tra.~sgressions, but today we know 

due to subsidence that sediment buildup has little effect on sea level. 

Pitman (1978) believes that glaciation is the predominant cause of eustatic 

changes since the Oligocene, but earlier glacial periods have yet to be 

accurately determined. Of all the possible causes of sea level cha.~ges, 

variations in the rates of sea floor spreading seems to best explain the 

largest eustatic fluctuations such as the general regression which has 

occurred since the Cretaceous. 

Because of the many different hypotheses which have been proposed to 

explain worldwide sea level changes, each sea level curve has its own set 

of assumptions on which it was constructed. Hays and Pitma.~ (1973) computed 

a sea level high in the ~retaceous of 521 meters and a steady regression since 

then using only variations in the rate of sea floor spreading. In 1973 Pitman 
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recomputed the curve, adjusting it for the subsidence which occurs as the 

passive margin moves away from the zone of active rifting. He obtained a 

figure of 350 meters which he felt was more reasonable and agrees closely 

with other sources such as Sleep (1976). Pitmans work is important since 

it shows quantitatively that changing rates of sea floor spreading could 

account for large scale fluctuations in sea level. The major problem with 

this theory is that it can only change sea level very slowly. It seems 

likely that spreading rate variation are tied in with the advent and exten

sion of riftir.g in producing transgressions and regressions (Watts, 1982). 

So glaciation and changing spreading rates seem to be the most reasonable 

explanations for worldwide sea level changes. 

The sea level curve produced by Peter Vail and his colleagues at Exxon 

shows apparent rises and falls as seen in the stratigraphic record. The 

curve is very useful as an aid in locating oil but may not actually repre

sent eustatic fluctuations. There is no mechanism yet proposed which ca.~ 

account for the large and rapid drops shown on the curve. Watts (1978) 

showed that many of the transgressions and regressions may have a tectonic 

cause rather than actually being related to eustatic changes. Although the 

Exxor. curve is certainly useful a.~d importa.~t, only further study and new 

data will prove if it is truly related to eustatic sea level changes. 
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