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OCEANOGRAPHY AND GEOSYNCLINES 1 

PARKER D. TRASK 

Woods Hole Oceanographic Institution 
Woods Hole, Massachusetts 

Geosynclines are one of the fundamental problems of geology. 
Since they are intimately related to the ocean or some inland body of 
marine water, knowledge of modern concepts of oceanography helps 
the geologist in understanding better their mode of origin. Geosyn-
clines are masses of sediment, largely elastic in nature, 30,000 to 
50,000 feet thick.2 The deposits consist of alternating sandstone, 
siltstone, and shale. 

The presence of sandstone, together with such features as ripple 
marks and crossbedding, has suggested varying conditions of deposi-
tion in shallow water. Thus the rate of settling of the sea bottom has 
been considered as being approximately equal to the rate of accumula-
tion of sediment. The alternation between coarse and fine sediments 
has been taken as evidence of rhythmic changes in (1) sea level, (2) 
rate of sinking, or (3) rate of deposition, or a combination of these 
three factors. In the orthodox concept, sedimentation continues 
until the whole mass of sediment is upturned into a mountain range. 

No uniformity of opinion has been reached as to how thick an 
accumulation of sediment is required before it is called a geosyncline, 
but the common figure is 30,000 feet. Although many people regard 
the load of sediment as instrumental in the settling of the basin, and 
though all are agreed that independent diastrophic forces aid the 
process, there is no unanimity of opinion as to the relative effects of 
load and diastrophism. Nevertheless many people believe that the 
sediments are deposited in essentially shallow water. The presence 
of sandstone, crossbedding, ripple marks, foreset beds, rain prints, 
peat, and shallow-water forms of life are evidence for this inference. 
However, recent work in submarine geology indicates that some if not 
a significant proportion of geosynclinal sediments were deposited in 
deep water. 

Deposition of sediments in the sea is influenced materially by the 
physical conditions, that is, the dynamics of the water. Sverdrup, in 

1 Contribution No. 454 from the Woods Hole Oceanographic Institution. 
z For a general study of geosynclines, see Glaessner and Teichert, 1947. 
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recent years, has led the way in our understanding of the physical 
processes of the sea, and any geologist who is interest~d in learning 
some of these principles is referred to his works, particularly "The 
Oceans" (Sverdrup, et al., 1942). 

The principal oceanographic factors that govern deposition in 
geosynclines are currents, waves, wind, and configuration of the sea 
bottom, and to a minor extent, ecological considerations affecting the 
growth of organisms, including temperature and salinity of the water. 
To these should be added the typically geologic factors-supply of 
detritus and diastrophism. 

Currents are of four principal types: oceanic, wind, longshore, and 
tidal. The oceanic currents, such as the Gulf Stream and the Japa-
nese Current, are largely products of the open sea and are not likely to 
have great influence upon geosynclinal deposition, though offshoots 
may enter inland basins or embayments of deposition. Due to the 
Coriolis force, these currents in the northern hemisphere flow north-
ward along the west side of oceans and southward along the east side. 
Similarly, wind-driven currents in the northern hemisphere trend in a 
direction to the right of the wind, and thus on the average are likely to 
flow northward on the west side of basins and southward on the east 
side, but of course such directions depend upon the direction of the 
prevailing wind. As both wind and oceanic currents tend to have 
their maximum velocities offshore, they do not materially affect 
deposition of sediments until the detritus has been transported some 
distance from the coast. Tidal currents have their greatest influence 
in lagoons and estuaries. In some bodies such as the Gulf of Me>..ico 
they have little effect. 

Longshore currents on the other hand have a pronounced effect 
upon geosynclinal deposition. As Sverdrup and his co-workers 
(Putnam, et al., in press) have shown, longshore currents commonly are 
formed by waves that approach the shore at an angle, with their 
course along the beach in the general direction with which the waves 
approach the beach. Since the waves are formed by the wind, the 
prevailing wind has a decided effect upon the transport of detritus 
along the shore. The proportion of fine particles in the detritus 
influences materially the type of deposition. If the proportion of fine 
material is large, currents may transport the bulk of the sediment a 
long distance from the mouth of the streams before it is deposited. 
If it is small, most of the sediment is lik ely to be laid down near the 
mouths of the streams, unless the longshore currents are strong. 

Currents may extend with varying velocity to the bottom of the sea. 
Irregularities on the sea floor interfere with the free movement of the 
currents and may set up eddies which interfere with deposition. 
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Consequently, sediments over humps or ridges on the sea floor, or 
even along slopes that are relatively steeper than adjacent parts of 
the sea bottom, are likely to be coarser than deposits in adjoining areas. 
In as much as the effect of shape of the sea bottom is independent of 
depth of water, coarse sediments may be found in water of any depth. 

Waves influence deposition by stirring up the bottom in shallow 
water, thus effecting a winnowing action, which tends to cause sedi-
ments on fl.at continental shelves to be relatively coarse, even at con-
siderable distance from shore and in water up to 100 fathoms in depth. 
Waves also wear back the coast lines and thus supply detritus. Their 
effect upon the profile of equilibrium of the sea floor is not yet well 
understood, but it may take a very long time for the so-called profile 
of equilibrium to be reached, during which interval of time sea level 
may change, thus causing the ocean to seek a new level of equilibrium. 

In recent years oceanographers have found that internal waves, 
which never reach the surface, are more common than was formerly 
thought. Active research is in progress, which may indicate that 
internal waves are capable of generating currents that affect the trans-
port and winnowing of sediments at considerable distances from shore 
and in great depths of water. 

The wind, as mentioned above, profoundly affects the waves, and in 
turn the currents. It also influences the climate and ecologic condi-
tions of sedimentation. 

The configuration of the basin of deposition probably has a greater 
effect on geosynclinal deposition than has been generally recognized in 
the past, because of its pronounced influence on currents, both along 
shore and in deep water. 

The relationship of ecology to geosynclinal deposition is too com-
plicated to discuss here, but the temperature of the water may have 
a profound effect. For example, if the water is very cold, settling 
velocities of detritus are lessened, with the result that sediment will 
be transported greater distances before it is deposited. Similarly, the 
mixing of fresh and salt water at river mouths has decided effects upon 
coagulation and settling of clay particles. 

With respect to supply of detritus, pertinent factors are: rate of 
supply, grain size, strength and constancy of the currents, and con-
figuration of the basin adjacent to the rivers that supply the debris. 
Even though a river carries a heavy load, if all the particles are fine-
grained, currents may remove the detritus almost as fast as it arrives. 
The mode of origin of bars and beaches is understood by geologists, 
but the formation of submerged bars or underwater dunes is less well 
understood. The latter have been o~served in several places in recent 
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years, even at some distance from shore, and they may be more 
common than has been recognized. 

Much is spoken about foreset beds upon deltas. The formation of 
foreset beds depends upon the development of an essentially flat but 
gently sloping surface of deposition terminated by a more abrupt 
slope down which detrital particles can roll after they have been 
push~d off the topset part of the delta. The angle of inclination of 
the foreset beds depends to some extent upon the depth of water at 
the forward edge of the topset beds. In glacial lakes or fjords, where 
the water level may have risen very rapidly with respect to rate of 
delta formation, the detritus may be dumped into relatively deep 
water, with the result that the classic type of steep foreset beds may 
form. But in the sea where the rate of change in level of the water in 
general is much slowertha-n in glacial lakes, the depth of water at the 
front of the topset beds may be relatively shallow, with the result 
that the angle of inclination of the foreset beds may be comparatively 
small, perhaps only one or two degrees. Consequently steep foreset 
beds are not likely to be characteristic of marine deltas, except of 
course in lagoons and sloughs along delta distributaries. 

Diastrophism, as has been pointed out by many geologists, has a 
dominant influence on geosynclinal deposition. It affects the supply 
of detritus by governing the gradient of streams and by influencing 
wind, temperature and rainfall. It affects the deposition of debris by 
changing the configuration of the sea floor. Fluctuations in rate of 
diastrophism may lead to rhythmic alternations of sediments. 

Much of what has been said above is familiar to most geologists, but 
perhaps certain aspects have not been emphasized in the past as much 
as they deserve. Among such aspects are: (1) The relationship 
between supply of detritus and longshore currents, (2) the effect of 
wind upon sedimentation, (3) the relationship of configuration of the 
basin to deposition, (4) the existence of relatively strong currents in 
deep water, which lead to deposition of coarse sediments far from 
shore, (5) the lack of steep foreset beds on large deltas and, (6) ma-
terial differences in rate of settling with respect to rate of deposition. 

In order for sediments to accumulate in shallow water, these two 
rates must be essentially the same. If they are the same, either the 
influx of debris fortuitously balances the rate of sinking or the influx 
of debris controls the rate of settling. Natland (1933) has shown that 
the succession of foraminifera in the present Channel Islands region 
of California from deep water to shallow water is essentially the same 
as in the Lower Pliocene formations in the near-by Los Angeles basin. 
This relationship suggests that the lower beds in the Lower Pliocene 
were deposited in deep water and that the basin filled up with relatively 
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little additional sinking. A similar sequence of foraminifera has been 
reported from the Lower Pliocene in the Eel River basin in California. 
Thus it would seem that, at first, downwarping was greater than rate 
of sedimentation, following which sedimentation was greater than 
settling. As Barrell (1913, 1914) has pointed out for the Devonian 
geosyncline in Pennsylvania, the basin eventually filled up and conti-
nental beds were deposited, thus pushing the shoreline seaward. 
Hence deposition was more rapid than settlement. 

Recent work by Trask, Phleger and Stetson (1947) in the Gulf of 
Mexico has confirmed this concept. In the central part of the Gulf, in 
water more than 11,000 feet deep, foraminiferal ooze is underlain at 
depths of 2 to 10 feet by alternating clay, silt, and sand containing a 
distinctly cold water fauna, characteristic of the waning stages of the 
Ice Age. The sand and silt is extremely well-sorted. In two places 
crossbedding or ripple marks were found in coarse elastics of the Ice 
Age deposits; in two other places, well-sorted sand zones, one and 
three feet thick respectively, were encountered at depths of more than 
three feet beneath the surface of the sediments. Such deposits, if 
hardened into rock and found in a geosyncline, would be taken as 
compatible with the idea of shallow-water deposition. Yet they were 
encountered in 11,000 feet of water. 

If these sediments are of shallow-water origin, then within the last 
20,000 to 100,000 years either the water of the Gulf of Mexico has been 
lowered more than 10,000 feet, or the sea bottom has been depressed 
that amount. Either idea is contrary to prevalent concepts. Of 
course, the continental glaciers might have been much thicker than 
they have previously been considered, with the result that 10,000 feet 
of water might have been removed from the sea. Such an idea is in 
accord with the subaerial origin of the many submarine canyons that 
have now been found. The low level might have prevailed for only a 
few thousand years, since most submarine canyons do not have deep 
or wide gorges. Such a concept, however, is contrary to prevailing 
opinion. 

Similarly, if the sea floor has been lowered, the rate of settling would 
be one foot in 2 to 10 years-truly a rapid rate. Also, if the sea floor 
settled 10 000 feet where did the mass of rock beneath the floor of the 
Gulf go? 'No cor;esponding recent rise of sea level in adjacent lands 
bas been observed, unless one wishes to ascribe some of the uplift of 
the Mexican Plateau to recent downwarping of the Gulf. Such an 
idea of course is most unorthodox. 

The concept of deposition in shallo~. water thus ~eemin~ to be 
anomalous the only alternative is depos1t10n of the sediments m deep 
water. If' the well-sorted sand, three feet thick, was deposited in 
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11,000 feet of water, as were also the crossbedded sands and the 
numerous well-sorted silt layers, then the water must have been in 
motion to account for the high degree of winnowing exhibited by the 
sediments. Perhaps internal waves caused such motion. At any 
rate, the presence of such phenomena, ordinarily ascribed to shallow 
water, is most peculiar. Geologists might do well to exercise caution 
when ascribing a shallow-water origin to sediments upon such evidence 
as well-sorted sandstone, crossbedding, or ripple marks. 

SUMMARY 

In conclusion, the data presented in this paper support the inference 
that deposition in a geosyncline is a function of the ratio of rate of 
deposition to the rate of settling. If the rate of settling is greater, the 
sediments may accumulate in deep water; if the rate of deposition is 
greater, particularly in the later stages of the formation of the geosyn-
cline, the sediments may accumulate in shallow water or upon land. 
Mathematically, the sequence of events may be expressed by the 
following equation: 

ds/dt - dd/dt = f (D) , 

where ds/dt is the rate of settling, dd/dt is the rate of deposition, and 
f (D) is a composite function representing the combined effects of 
diastrophism throughout the areas of loading and unloading of the 
sediments, together with the effect of diastrophism upon climate. 

Perhaps such a mathematical formula is of little meaning at present, 
but ultimately, as geology, like every other science, becomes more 
quantitative, tangible values can be substituted in the equation. 
When that day comes geologists will be able to interpret with satisfac-
tion the mode of origin of the geosynclines they study. 


