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Abstract 

The development of a continental margin basin such as the Scotian 

Basin depends on various factors, exponential thermal contraction, sedi-

mentary loading and the physical properties of the lithosphere underly

ing the basin. 

From recent studies of the Scotian Basin it is concluded that the 

Basin has subsided exponentially with time with an exponential time 

constant of 50 m.y. to 60 m.y. in the western half of the Basin and 

70 to 80 m.y. in the eastern half, since the final breaking apart of 

Africa and North America (160 to 170 m.y. ago). Sedimentation has 

also played an important role in the subsidence history of the Scotian 

Basin. During early stages of basin development sedimentation was 

rapid and constant. Later it gradually slowed and the Basin became 

an area of deep marine sedimentation (approximately 70·m.y. to 40 m.y. 

b.p.). Sedimentation rates then increased refilling the basin to its 

present shelf environment. 

The modelling of a basin representing regional isostatic adjust

ment in a simplified Scotian Basin was done in three stages. First, 

the point load response of a viscoelastic plate (simulating the litho

sphere) was found. Second, convolutions were evaluated representing 

a square load. Finally, the square loads were applied to a 500 x 500 

km grid representing the Scotian Basin. The viscoelastic plate used 

to simulate the lithosphere underlying the Basin had varying flexural 

rigidities and viscous time constants. The best results were 



. d h fl l . 'd' k lo 25 
obtalne when t e exura rlgl lty was ta en as n.m. and the 

5 6 
viscous time constant was 10 to 10 yrs. Sediment influx into the 

oceanic side of the theoretical Basin was kept at a constant 1000 

meters per 20 m.yrs., a reasonable approximation to the observed sedi-

mentation rates. Sediment influx onto the continental margin was as-

sumed to be just sufficient to fill the subsiding area. 

The model results obtained for a 160 m.y. time history gave a 

close approximation of the sediment accumulation in the Scotian Basin. 

We suggest minor improvements that would give model results that more 

closely represent subsidence in the Scotian Basin. 
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Introduction 

The continental margin of Atlantic Canada has been developing 

since the final rifting of Africa from North America, 160 to 170 m.y. 

ago (Jansa et al., 1975). The development of Atlantic Canada's con

tinental margin, in particular the Scotian Basin (Figure 1), is thought 

to be the result of three main processes: 1) thermal uplift and eros

ion prior to rifting of Africa and North America followed by thermal 

contraction resulting in the initial subsidence of the Scotian Basin 

as described by Sleep (1971); 2) transform faulting at the eastern 

end of the Scotian Basin as discussed by King et al. (1975); and final

ly, 3) the contemporaneous formation of the thick sedimentary sequence 

in the Scotian Basin to form the continental shelf, slope and rise. 

The formation of the thick sedimentary sequence, exceeding 10 km in 

some places, has been controlled in part at the eastern end of the 

basin by transform faulting and by subsidence resulting from thermal 

contraction throughout. 

Since there is a thick sedimentary sequence in the Scotian Basin 

the history of development of the Basin must depend on the process of 

isostatic adjustment and consequently on the response characteristics 

of the lithosphere to a sedimentary load that increases with time. 

Therefore, in any model describing the subsidence of the Scotian Basin, 

the physical properties of the lithosphere must be examined. 

The major physical properties are: 



Figure 1: Index map showing 

Mesozoic and Cenozoic 

depocenters. The Scotian 

Basin is in the blocked 

off area. 
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i) The magnitude of the load in the Basin as a function of time, 

calculated by using an approximate sediment density and observed sedi

mentary accumulation during set time intervals. 

ii) The viscous relaxation time constant that characterizes the 

viscous properties of the lithosphere, if the lithosphere is approxim

ated by a viscoelastic plate. 

iii) The flexural rigidity of the lithosphere, which characterizes 

the elastic properties as opposed to the above viscous properties. 

iv) The density and mobility of the asthenosphere laying below the 

lithosphere and under the developing basin. 

Using the above physical parameters,a theoretical subsidence model 

was developed that predicts the lithospheric response to the sediment-

ary loading process. The accumulation of sediment predicted by the 

model was then compared with observations to determine· whether the 

model develops in accordance with observations (in the case described 

here the model represents a simplified ~cotian Basin) . 

Well data obtained by Shell Canada Ltd. and Amoco Canada Petroleum 

Company Ltd. while drilling structures in preliminary oil exploration 

in the Scotian Basin and on its flanks was used to determine a general 

subsidence history for comparison with the theoretical model. The well 

data used from both the Scotian Shelf (drilled by Shell) and Grand 

Banks (Amoco) was obtained from wells drilled on salt domes and other 

related possible oil trap structures, so the subsidence history of the 



basin is not determined as accurately as if the drilling were not bias

ed to anticlinal structures. Errors also arise because corrections for 

paleobathymetry and compaction were not made. However, only a general 

history and record of sediment accumulation is required for our compar-

ison. 

The model calculated the lithospheric response to sediment loading 

as well as the sediment accumulation at various set times. The continen-

tal margin basin was developed in two halves, determining sediment accum

ulations on the shelf as well as oceanic accumulations. 

The final step in the modelling of the continental margin is to 

allow the basin to subside exponentially, thereby simulating thermal 

contraction. This process allows additional sediment to accumulate fol

lowed by isostatic adjustment and should give a more realistic model of 

basin development on the continental margin than using .thermal contrac

tion theory alone. Our main problem was to determine the relative 

amounts of sediment that accumulated due to thermal contraction and due 

to isostatic adjustment of the viscoelastic lithosphere. Our second 

problem was to estimate the viscous and elastic properties of the litho

sphere from a comparison of model predictions and observations. 



Section I 

Formation of Atlantic Type Continental Margins 

Plate Tectonics: 

One of the major features of passively subsiding (or ''Atlantic 

type") continental margins is the great accumulation of sediment that 

is present on the shelf and rise. When these were first discovered off 

the American and European coasts they seemed to present no real problem 

to any of the existing theories. Many early authorities (Johnson, 1919) 

regarded them as rubbish piles supplied from the continents and built 

outward into the ocean. Today, we know differently. If this great thick-

ness of sediment had been built out from the continent, the older rocks 

would have been overlapped by younger ones and could not appear near the 

edge of the continental shelf. This is not the case on Georges Bank for 

example. Here, older Cretaceous rocks extending to the continental edge, 

overlain by Tertiary sediments, are outcroping on the edge of the Georges 

Bank shelf. If the sediments had just been built outward from the coast 

the Tertiary sediments would overlap the Cretaceous sediments and they 

would not be exposed. From work done over the last two decades it has 

been found that in many places the sediments lie almost horizontally in 

basins which are far below the level of the deep sea floor (Bullard,l975). 

The bedding extends in some cases nearly to the continental edge. The 

rocks under the rise, slope and shelf are typical of continental material 

and not part of the ocean floor, therefore, methods have to be derived 



to explain how the continental basin is formed. 

A simple view of continental margin development, compatible with the 

ideas of Plate Tectonics, is that a rift forms within the continent fol

lowed by spreading, basaltic lavas fill the gap, and a new ocean floor 

is gradually formed (Bullard, 1965). As time passes the hot lithosphere 

forming the ocean floor near the separated continental margins will cool 

and contract and the sea floor will subside (Figure 2). 

The continental splitting takes the form of a rift valley (or graben) 

which would contain freshwater or saline lakes in its early form much like 

the Rhine Graben or East African Rift (Bullard, 1975). As widening of the 

rift continues a point is reached where the continental crust has thinned 

enough that the production of oceanic crust can begin. This should be 

thought of as a gradational process. The continent within the graben is 

first intruded by the basaltic lavas but later when spreading is suffic

iently advanced the new crust is formed solely from intrusive and extru

sive magmas. Now there are two separate continents split by an embryo 

ocean and each bordered by a part of a rift valley floored by rocks similar 

to those of the continent (Bullard, 1975). The process has created marginal 

depressions in which continental sediments are deposited. The newly formed 

basin is bounded on the continental side by a fault which has a large throw 

and on the oceanic side by an ocean floor sloping gently upward towards 

the ridge. 

However, this simple model has ignored three important additional pro

cesses that determine the nature of subsidence and the formation of a deep 



Figure 2: Formation of continental 

margin from tectonic 

theory. 

a) Continent breaks up 

b) Continental crust domed 

c) Formation of rift valley 

d) Final splitting of continents 

e) Seafloor and shelf subside, 

sediments from the continent 

accumulate on the shelf and 

spill over onto the ocean floor. 

(After Bullard, 1975.) 
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sedimentary basin (King et al.,l975). 

a) During the initial rifting phase the heat associated with the in

trusives has caused thermal expansion and uplift of 'hog's backs' adjacent 

to the rift and these are subsequently eroded. 

b) The region is further depressed by sedimentary loading along the 

continental margin (Figure 3). 

The continental margin which has been uplifted as a result of rifting 

should subside exponentially with time (Sleep,l97l) and return to a level 

lower than its original height by the amount of crust eroded. A time con

stant has been calculated for this process and is approximately 50 million 

years (Sleep, 1969). 

At first,the eroded material which has been removed from the uplifted 

area of the rift drains mainly toward the continent (King et al., 1975), 

but as erosion continues to level the rifted section of the crust to sea 

level the flow direction reverses and the sediment is deposited on the mar

gin (Figure 3). The sediment gradually fills the marginal depression and 

causes the area to further subside due to sedimentary loading and isostatic 

adjustment. 

This is a very simple model of the uplift, erosion and subsidence that 

occurred on the eastern continental margin of North America following rift

ing at about 170 m.y. (Jansa, 1975). The actual processes are much more 

complex and many more factors should be taken into account if a detailed 



Figure 3: Diagram illustrating the 

sediment loading effect, after 

uplift and initial subsidence 

(After King et al., 1975) 
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description is required. For example, erosion will attack the positive 

topographic feature created by the rifting. This erosion is roughly com-

parable to the rate of subsidence such that the entire uplifted area is 

not eroded (Sleep, 1971). A second opposing effect to subsidence as a 

result of erosion is isostatic rebound. Over 6000 meters of material 

will have to be eroded for example to reduce the elevation by only 1500 

meters (King et al., 1975). 

Sleep (1971) has obtained estimates (using equations la and lb) of 

the displacements caused by the erosion of highlands or filling basins with 

sediment, using point-wise isostasy. The amount of sediment which accumu-

lates eventually is given by: 

s -f u 
s 

(la) 

f = P I ( P - P ) ( lb) 
s m m s 

S is the thickness of sediment 

U is uplift of a point in the basement 

f is the isostatic amplification factor 

p is density 

s, m, c are subscripts referring to sediment, mantle and crust 

As the sediment is eroded and deposited into the basin it causes sedi-

mentary loading of the area. Using gravity studies and estimates of the 

Earth's lithospheric strength it can be shown that as a first approxima-

tion isostatic equilibrium is maintained throughout erosion and sedimenta-

tion if the process is occurring over an area several times the dimension 



of the lithospheric thickness (King et al., 1975). 

The system is in equilibrium if the sediment which displaces the 

lower density sea water causes subsidence of the lithosphere as fast as 

it accumulates. Isostatic equilibrium is maintained if the mass per unit 

area in a column down to the depth of compensation remains constant. For 

example,if a 5 km deep basin were to be filled with sediment it would 

accommodate 10 to 12 km of sediment if the lithosphere responds in a point

wise isostatic compensation. Toward the edge of the basin point-wise isos-

tasy does not occur and the rate of sediment accumulation may be dictated 

by the bending properties of the lithosphere. 



Quantitative Theory of Subsidence 

Thermal expansion and contraction have been the most favoured theories 

to explain uplift and subsidence of the Earth's surface even though other 

theories have been put forward. 

Hsli (1965), for example, suggested a two stage phase change process for 

the uplift, erosion and subsidence model. Stage 1: A decrease in 

mantle density causing uplift which has been attributed to a phase change 

in the upper mantle. Stage 2: An increase in mantle density causing sub

sidence. Subsidence will occur below pre-uplifted levels if erosion has 

taken place. This increase in mantle density is attributed to a reversals 

of the phase change postulated for the uplift stage. 

The problem with this theory is that the lithospheric expansion, result

ing from a possible mantle density change, will not give enough uplift, as 

has been observed and calculated for various examples such as the Rhine 

Graben. Therefore, the most widely accepted theory for uplift and subsi

dence is the thermal expansion model. 

The uplift of the lithosphere is an isostatic response caused by a 

thermal anomaly below the lithosphere which in turn causes the lithosphere 

to expand. The thermal expansion initially causes uplift, but as the edges 

of the continent are removed from the thermal anomaly there is thermal con

traction or subsidence (Sleep, 1971). The amount of uplift which is caused 

by isostatically compensated thermal expansion is given by Sleep's (1971) 

equation: 



c 
u a I Tdz 

0 

where ex 

a = 

c = 

·T (Z) 

g (x) 

co 

(2 a cjn) g (x) odd L: (An/n) exp (-a t) (2a) 
l n 

volume coefficient of thermal expansion 

crustal thickness 

horizontal distance 

temperature as a function of depth(Z) within the lithosphere 

temperature distribution as a function of horizontal 
distance x. 

The even terms in the Fourier series expansion are not required becuase 

the uplift is an even function. The fundamental (n = 1) is therefore the 

dominant term since the first odd overtone attenuates 9 times faster than 

the fundamental (Sleep, 1971). Equation 2a therefore reduces approximately 

to Vogt and Ostenso's (1967) equation U = u (x) exp (-at), where u is the 
0 

initial uplift, x is the horizontal distance across the uplifted area, a 

is the reciprocal time constant and t is time. The fundamental conclusion 

is that subsidence is an exponential function of time. 

When a continental margin is formed, if it merely expanded and then 

contracted, no sediments would accumulate and the lithosphere would return 

to its original height. The amount of sediment that can accumulate as the 

basin subsides is dictated by the erosion that occurred during uplift. 

Therefore change in the elevation (E) with respect to preuplifted levels 

is given by the change due to thermal contraction, dE/dt = -a E
0 

exp (-at), 

and the law of erosion with time and elevation. Foucher and Le Pichon 

-1 
(1972) used a law of the type -kE where k is the erosion time constant. 

Isostatic movements also have to be taken into account because as material 



is eroded the lithosphere will move up. Sleep (1971) has defined an isos-

tatic multiplying factor f 
e 

p /(P - p ) where p and p are crustal and 
m m c c m 

mantle densities. Sleep also defines D as the total denudation by erosion 

from t = 0 to time T when the elevation has been reduced to zero. There-

fore, Foucher and Le Pichon (1972) get for the change in elevation with 

time: 

dE/dt -a E exp (-at) - kE/f 
0 c 

( 3) 

and: 

E = (E /(-af + k)) 
0 c 

(k exp (-k/J t) -af exp (-at)) 
e c 

( 4) 

T (J /(-af + k)) log (k/af ) 
c c c 

(5) 

D (kf E I ( -af + .k)) (exp (-aT) -exp ( -k/ f T)) 
c 0 c c 

( 6) 

-1 
Therefore, if the thermal time constant (a ) is taken as 80 m.y., that 

-1 
for an oceanic plate, an erosion constant (k ) is needed to be of the 

order 5 to 10 m.y. (Le Pichon et al., 1973). Thus, for an initial uplift 

of 1.5 km Le Pichon (1973) has calculated that the total erosion will be 

approximately 6 k1n over 100 to 200 m.y. which will result in the formation 

of a thick sedimentary basin. 

The sediment accumulation, or thickness, for isostatically compensated 

thermal contraction with a unlimited sediment supply has also been calculat-

ed by Sleep (1971). The main problem found in these calculations was know-

ing the initial sedimentary accumulation at the time t . Sleep has elimin
o 

ated this difficulty by normalizing the depth of other horizons to the 



depth of the horizon formed at the time t . Thus, the normalization of the 
0 

formations can be calculated by Sleep's (1971) equation: 

(h /h ) 
p X 0 

where: 

(exp (a(p-x)) -exp (-ax))/(1-exp(-ax)) 

h - depth to formation 

x - absolute age of standard formation 

p - absolute age of specific formation 

x,p - subscripts for both formations 

o - subscript indicating no secondary effects 

(7) 



Continental Margins off the East Coast of Canada 

Two major centers for sediment accumulation off the east coast of 

Canada are the Scotian Basin and the East Newfoundland Basin. They have 

both been receiving sediment since the Late Triassic and have accumulated 

10 to 12 km of material in places (Jansa et al., 1975). 

Sedimentation off the east coast has continued since the Paleozoic, 

but since we are mainly looking at the mechanism of subsidence on the 

continental margin, the only sediment accumulations that are relevant are 

those since the last rifting of Africa and North America, which occurred 

approximately 160 to 170 m.y. ago (Jansa et al., 1975). 

The area of continental margin that will be discussed here is mainly 

the Scotian Basin and to a minor extent the East Newfoundland Basin. The 

Scotian Basin covers the eastern section of the Scotian shelf (Figure 4), 

the western Grand Banks and Laurentian channel, and the continental slope 

and off all these areas (Jansa et al., 1975). The Scotian Basin is flanked -- --

to the north by the Nova Scotia and Newfoundland uplands as well as the 

Sydney Basin. To the northwest it is bordered by the broad stable Lahave 

Platform and bordered by the Avalon Uplift to the east. 

The Scotian Basin has been subdivided into four smaller sub-basins 

according to minor tectonic features (Figure 4) . These sub-basins are re-

ferred to by Jansa (1975) as the Opheus Graben, Abenaki, Sable, and South 

Whale Basins. 

The continental margin off Canada's east coast is believed to have 



Figure 4: Location of the Scotian 

Basin, its subdivisions and 

tectonic elements (Jansa 

et al., 1975). 
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been developed in two distinct ways (King et al., 1975), consequently the 

complicated sub-basins within the major Scotian Basin. The development of 

the Scotian Basin is a result of rifting and thermal contraction as discus

sed earlier, and also as a result of transform faulting. Figure 5 shows 

these two mechanisms, the rifting followed by contraction and the offset 

of the fracture zone. 

The amount of subsidence of both continental and newly formed oceanic 

crust across the rifted zone should theoretically be the same as they are 

both coupled to each other (King et al., 1975). Conversely, the continen-· 

tal and oceanic lithosphere across the transform fault will be decoupled as 

a result of the faulting and the subsidence rates across this margin will 

be different (Figure 5). Along the transform margin a hinge fault will 

also result as the rifted portion of the margin subsides. This hinge fault 

will occur along the transform fault, going into the continent (Le Pichon 

et al., 1972). 

The result of this differential subsidence and hinge faulting in the 

Scotian Basin is the formation of the Orpheus sub-basin (King et al., 1975). 

The other sub-basins in the Scotian Basin just seem to be a result of the 

rifting, erosion and subsidence that has taken place. 

The offset rifted portions of the east coast (Figure 15) seem to be

have in the same manner, but there are some striking differences in struc

tural characteristics across the transform margin. The diapiric structures 

which are so evident on the rifted margin off Nova Scotia are not found in 

the southern margin of the Grand Banks (across the transform margin) . Jansa 



Figure 5: Formation of a sedimentary 

basin with transform faulted 

margin, as proposed for the 

Scotian Basin. (After King 

etal., 1975.) 
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(1975) has suggested that during the early stages of opening there was a 

narrow sea along the rifted margin off Nova Scotia. Restricted circula

tion in this sea formed evaporites, but to the north of the transform mar

gin the continents had not yet separated as they were just sliding past 

each other. Therefore only evaporite deposition occurred to the southwest 

of the transform margin which later formed the typical diapirs on the mar

gin off Nova Scotia. 

A second structural characteristic which differs across the faulted 

margin is the basement topography (King et al~, 1975). Along the rifted 

margin the basement slopes relatively gently, in a similar manner to that 

of a typical ocean basin. While along the transform margin south of the 

Grand Banks the topography is described as having a rigorous relief which 

in some cases is as much as 4 km (King et al., 1975). 

With the separating of the African Plate from the North American 

Plate, and the resultant rifting and thermal contraction causing subsidence, 

the sediment influx into the Scotian Basin and Whale sub-basin was quite 

significant in the formation of these basins. The basement rocks of the 

Scotian Basin (rocks which were present in the area before the final break 

up of Africa and North America) are mainly continental sediments of the 

Cambro-Ordovician Meguma Group (Schenk, 1971). Intruded in places in the 

Meguma are granite plutons, the same as those found in Nova Scotia, for 

example the South Mountain Batholith (Jansa et al., 1975). 

Since separation and rifting took place approximately 160 to 170 m.y. 



ago only post mid-Jurassic sedimentation in the area of the Scotian Basin 

is relevant to its subsidence and formation. In a gross scale sedimenta

tion is complete in the Scotian Basin from the Jurassic through the Tertiary 

with only a minor hiatus in Berriasian- Valanginian times (136 to 124 m.y.) 

recognized in three wells (Gradstein et al., 1975). This minor hiatus at 

the western end of the Scotian Basin along with the thinning of the sediments 

during the Lower Cretaceous seems to be the only interruption in sedimenta

tion in the Basin itself. 

To the east of the Scotian Basin two unconformities have been recogniz

ed (Gradstein, 1975), these are both thought to be a result of tectonic 

activity under the Avalon Uplift. Jansa (1975) has also suggested an angu

lar unconformity on the Canso Ridge to the north and an unconformity on 

the LaHave Platform .to the northwest. During the Early Cretaceous all of 

these areas are thought to represent times of erosion when they were all 

positive topographic features (Jansa et al., 1975) ._ 

With the emergence of the Canso Ridge, LaHave Platform, and Avalon 

Uplift, the sedimentation around the Early Cretaceous Scotian Basin, des

cribed by Jansa (1975), was dominantly a sandstone sequence which grades 

laterally into a shale away from the source (Missisauga Sandstones and 

Merrill Canyon Shales). After the deposition of these two formations 

there was a regional transgression which commenced in the Aptian (106 m.y.) 

and not concluded until the Cenomanian- Turonian (88 to 94 m.y.) During 

this time Jansa (1975) suggests that the sedimentation was mainly terrig

enous with carbonates being deposited as the transgression reached its 

maximum. 



The transgression was followed in the Late Oligocene (31 m.y.) by a 

regional regression which increased the amount of coarse clastic material 

being deposited in the basin because of the emergence of peripheral areas 

(Jansa et al., 1975). The regression was terminated in the Late Pliocene 

as glacial and periglacial conditions existed across the emergent areas 

surrounding the basin. 

As mentioned earlier,one of the striking structural characteristics 

of the Scotian Basin is the presence of salt diapirs. From the seismic 

data the growth of the diapirs seems to have been periodic during the 

Early Cretaceous, Late Cretaceous and Tertiary (Jansa et al., 1975). The 

origin of the diapirs is thought by Jansa and Wade (1975) to be related 

to over burden load on thick Triassic-Jurassic salt as well as on under

watered Verrill CanyGn shales. 

Quaternary and recent deposition has mainly been glacial drift and 

is distributed across the whole basin. The sedimentation is greatest in 

the area of the Laurentian Fan indicating a northwest movement of the Ter

tiary depocenter from the LaHave Platform (Jansa et al., 1975). 



Isostasy: 

Section II 

Theory of Isostatic Adjustment of Atlantic Type 

Continental Margins 

Isostasy, or isostatic adjustment, is one of the major factors gover

ning how a basin subsides and how much it subsides. Isostatic compensation 

of the Earth's crust is the adjustment of the crust to maintain equilibrium 

among units of varying mass and density, excess mass above is balanced by 

a deficit of mass below and vice versa. That is to say, as stated earlier, 

that when sediment of higher density than sea water is deposited in the 

basin it causes the basin to subside. Subsidence results from the displace

ment of high density mantle material so as to keep the same mass per unit 

area over the entire region in a column down to the center of the Earth. 

There are two major theories on isostasy. Airy isostasy and Pratt 

isostasy. Pratt isostasy postulates an equilibrium of crustal blocks of 

varying density, thus the topographically lower basins would be underlain 

by higher density material than the topographically higher units and the 

depth of the lithosphere would be constant. 

Airy isostasy states that there is an equilibrium of crustal blocks 

of the same density but of different sizes. Thus, .the topographically 

lower basins would be of the same density as other crustal blocks but would 

have less mass and shallower roots. However, if the basin was full of 

sediment its roots would be deeper. 



From these two definitions of how isostasy works it seems reasonable 

in our case to accept the latter model which fits the data and observations 

more closely. 

One of the main complications is that regional isostatic equilibrium 

is modified by the finite strength of the lithosphere. Sleep (1971) illus

trates this idea as follows: If an area is subsiding and a greater amount 

of subsidence occurs at one point, for example station A (Figure 6), than 

at a nearby station B, then the loading at A will drag B further down 

than it normally would have gone had isostasy been pointwise. Also station 

A will not subside as much as it would have, due to a buoying effect caus-

ed by B. 

In the model developed in this study it is the finite strength of the 

lithosphere which allows us to develop a continental margin basin. The 

weight of sediment which is deposited on the ocean floor drags down the 

nearby continental shelf causing a initial depression to form which in 

turn will be filled with sediment causing an increase in the subsidence. 

Also, the area of the ocean floor where initial sedimentary loading takes 

place will be buoyed upwards by the continental shelf. 



Figure 6: Schematic diagrams show 

effect of regional isostasy 

on subsidence. More subsidence 

occurred at point A than at point 

B (top diagram) . Point A is 

buoyed up and point B is dragged 

down the amount indicated by the 

dashed lines. (After Sleep, 1976). 
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Model of the Response of a Viscoelastic Lithosphere 

to Surface Loads 

Subsidence of the continental part of a continental margin a basin 

is thought to depend primarily on the thermal contraction phase in the 

uplift, erosion and subsidence model put forward by Sleep (1971) . The 

mathematical aspects of this model, discussed earlier, show that subsi

dence decays exponentially with time. Any deviations from this decay 

are attributed to eustatic changes in sea level and variations in sedi

mentary influx. 

It can be seen from the subsidence curves for the Scotian Basin 

(Appendix I) that some closely follow an exponential curve while most 

deviate to varying extents from the exponential fit curve. Therefore, 

there must be other major features governing the formation of the Scotian 

Basin in addition to thermal contraction. Since the sediment in the Sco

tian Basin has been reported to exceed 10 km (King et al., 1975), it is 

reasonable to examine the role that sedimentary loading has played in 

the formation of the Scotian Basin. 

The problem is therefore to develop a model that examines the res

ponse of a viscoelastic plate that simulates the Earth's lithosphere, to 

a distributed load on its surface. The distributed load represents the 

influx of sediment into the thermally contracting basin which in the case 

of the Scotian Basin will result in up to 10 km of sediment being depos

ited over 160 to 170 myrs. 

The development of the model was broken into two parts by three 



Figure 7a: Diagram showing response 

of a viscoelastic plate 

to a point load 

o ( R-R ) H ( T-T ) 
0 0 

7b: Diagram showing response 

of a viscoelastic plate 

to a distributed load 

L (R, 8). 
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Figure 8: The viscoelastic plate 

used in ROMVPLA. Cylind

rical coordinates (r, 8, Z) 

were used. 
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main computer programs and closely parallels the model developed by 

Beaumont for cratonic basins. The first part is to calculate the res-

ponse of the viscoelastic plate to a point load (Figure 7a) , and the 

second part is to apply these results to the more realistic response of 

a viscoelastic plate to a distributed load (Figure 7b) . 

In the first part of the model,the point load response was calculat-

ed using the program ROMVPLA (an acronym for Romberg integration of the 

viscous plate problem). Here, very simply, the problem is to find the 

vertical (Z) displacement, W (r, t), of all surface points P(r), distance 

r from the origin, due to a point load of mass 1 kg, that is applied at 

the origin, r = 0, at time t = 0 and remains for all time. As seen in 

Figure 8, cylindrical coordinates (r, Gr z) were used because the point 

load is symrnetrical.with respect to 8, thus, the spatial solution for 

z = 0, the surface, is only a function of distance from the point load 

(r) . The load, represented mathematically by o(r-r) H(t-t) where r 
0 0 0 

and t are taken as zero, is applied to the viscoelastic plate. The ver
o 

tical displacements W are a function of both r and t because of the vis-

cous nature of the plate. The solution for a purely elastic plate would 

be that at t = 0. From the form of W(r, t) we can observe that there is 

a central region which is depressed, surrounded by an upward peripheral 

bulge. As time continues,the central depression deepens and the peri-

pheral bulge migrates inward so that at time t = oo there is an infinitely 

deep and infinitely narrow hole. This, of course, is not physically real-

istic but correct results are obtained when the Heaviside Green Func-

tions (the functions formed by ROMVPLA) are convolved with a physically 



meaningful distributed load. 

ROMVPLA determines the displacement functions W(r, t) by evaluating 

the integral 
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The integral contains the following constants which are proper·cies of the 

plate and substratum 

where - p is the density of the substratum (mantle) 
m 

- g is the acceleration due to gravity 

Since SI units are used g is approximately 9.8 m/s
2

, p is approximate
m 

3 3 4 2 2 
ly 3.4 x 10 kgm/m and ys is approximately 3.34 x 10 kg/m s . 

In the integral t is the relaxation time characterizing the viscous 
e 

. . 4 6 . 
plate propert1es, and lS assumed to be from 10 to 10 years. P lS the 

0 

magnitude of the point load and a is the Flexural Parameter of the plate 

which characterizes the elastic properties of the plate. a is related to 

the flexural ridigity, N by: 



a is proportional to the distance from the origin to the edge of the depres-

sion (Figure 9) when t 0. 

In the cases taken here N was 10
24

, 10
25 

or 10
26 

newton meters, y 
s 

4 2 2 
was 3.335 x 10 kg/m s , the magnitude of the point load was 1 kgrn, the 

integral was evaluated over 68 spatial points (from 0 to 1200 km) and 35 

different time values were used (from 0 to 500 million years). 

From ROMVPLA a series of Green functions are produced (displacement 

versus distance from the origin for various times), these are presented 

graphically in appendix II. 

The next program in the series of three is INTSQ (an acronym for 

integration of viscoelastic Green functions over a square) , which takes 

the Green functions produced for a point load in ROMVPLA and convolves 

them over a square to produce the square load response functions (Figure 

10) . The size of the squares used was 50 by 50 krn and the convolution eval-

uated by dividing the square into 50 by 50 units. 

The convolution was done over a grid of 10 squares by 10 squares, 100 

in all or an area 500 by 500 km. The output of INTSQ is a response function 

that gives the vertical displacement at the center of each grid square due 

to a 1 kgm load on any other grid square in terms of the distance from the 

loaded square to the grid square (Figure 10) . A set of response functions 

were determined that describe the amount of downward displacement through 

time of each square of the 500 km by 500 km grid due to a load of 1 kgrn on 

any of the grid squares. 



Figure 9: Response of a viscoelastic 

plate to a point load. De

pression showed at different 

times (t) . 
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Figure 10: Response of a viscoelastic 

plate to a square load over 

an area. Subsidence or up

lift observed at centers of 

all grid squares. 
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The final program in the series of three is CONVOL, and this program 

develops the basin for the required time increments. The program divides 

the area (10 by 10 squares, each square being 50 km on each side) into 

two halves, an oceanic half and a continental half (Figure 13). When the 

program is run a specific amount of sediment is added to the oceanic side 

of the basin at the beginning of each time interval and allowed to subside 

for a specified length of time. In effect the program is working with 50 

squares (half the grid), loading one square at a time using the results 

from INTSQ and adding the results of these separate loadings together. In 

CONVOL a l kgm mass is not used as in INTSQ but the result is scaled by the 

mass of sediment which is initially deposited on that one square. 

After all 50 squares have been loaded on the oceanic side of the area 

they will cause subsidence through time. Therefore,the area is left to sub

side for a specified length of time (in the case used here time increments 

of 20 m.y. were used, up to 180 m.y.). Since the oceanic half of the area 

is uniformly loaded it will subside approximately uniformly, and the contin

ental half of the basin will be dragged downwards by the subsiding oceanic 

half. 

The next step in the program is to fill the continental half of the area 

in a manner that simulates the outward growth of a continental shelf. The 

program fills the continental half of the area with sediment to sea level. 

This results in further subsidence due to the loading effect, the oceanic 

side also being dragged downwards due to this increased load. The program 

then fills the area again after the next time step is reached as a further 

void is produced on the continental half of the area due to the viscoelastic 



relazation subsidence as a result of loading. The basin is then allowed 

to subside again for the same time interval, refilled and so on until 

the area comes to isostatic equilibrium with a full basin after 20 m.y. 

The program prints out the results of subsidence and sediment accumula

tion on the continental side and the amount of further subsidence on the 

oceanic side. 

The program next adds at the end of the 20 m.y. another movement 

in exponential subsidence, and the process is repeated to the end of 

the next time interval. This process is then repeated nine times with 

an interval of 20 m.y. between each time step, resulting in a basin 160 

m.y. old (0 m.y. is time step number one). 

The final step in the creation of the theoretical continental mar

gin basin is the incorporation of the exponential thermal contraction 

factor into the subsidence of both the oceanic and continental halves 

of the basin. This was done using Sleep's (1971) model with a time con

stant of 50 m.y. for both oceanic and continental sides of the area. 



Figure 11: Flow chart showing the 

steps in CONVOL and how 

it fills the basin and lets 

it subside. 
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Figure 12: Development of a continental 

basin using CONVOL for two time 

steps. T = 4, basin has been 

filled, the basin then sits 

until T = 5 and a depression 

develops over this time due to 

viscoelastic relaxation. The 

basin is then filled at T 5 

taking into account further sub

sidence due to increased load. 





Figure 13a: Cross section of modeled theoretical 

basin, with oceanic half on the left 

and continental on the right. Thick

ness of sediment layers on the oceanic 

half is 1000 m which have been deposit

ed over a period of 20 m.y. Thickness 

of sediment layers on the continental 

half depends on subsidence rates. Each 

layer on the continental half also 

took 20 m.y. to deposit. 

13b: Plan view of theoretical basin showing 

the grid squares used. 



SUBSIDING CONTINENTAL MARGIN BASIN 

13A SEA LEVEL 

OCEAN 

OCEANIC 

SEDIMENT 

138 OCEANIC HALF 

L \ 

/ I 

' 

• 

( 

' • . . . 
-

<~ 
50 km 

------tO 

CONTINENTAL HALF 

/ / 
v / / / L 

v v v 
/ / / / 

/ 
/ 

v / ~ L 

/ v 
/ / / / .;' 

/ / 
v / / / / 

/ / 
v v v ./ ..., 

/ / 
/ 

/ / / -" 

/ 
/ 

v .. 
/ / / ..,. 

/ /. v / / / 

v/v/ / .. / 
~okS. 

CONTINENTAL RISE t CONTINENTAL SHELF 
CONTINENTAL SLOPE 



Section III 

Subsidence History of the Scotian Basin - Observations 

The amount of subsidence in an area during a given time may be calculat

ed from measurement of the amount of sediment accumulated in the area during 

that period, and the paleo-water depth (Gradstein et al., 1975). Subsidence 

may occur without sediment accumulation, therefore, total subsidence is equal 

to the sum of the change in paleo-water depth and the thickness of sediment 

accumulated during the period. 

In this study the subsidence history of the Scotian Basin was determined 

by using 20 wells drilled by two oil companies. Wells used (Table 1) were 

drilled by Shell Canada Ltd. (10 used) on the Scotian Basin and by Amoco 

Canada Petroleum Company Ltd. (9 used) on the Grand Banks. Also one well 

drilled by Elf Petroleum Ltd. was used on the Grand Banks. The radiometric 

time scales used were from Holmes (1959) for the Jurassic through to the 

Recent. Only a general subsidence history at each location in the Scotian 

Basin is observed because of inaccurancies in the time scale, measurement 

of age and determination of water depths. 

Shell wells were selected for the Scotian Shelf and mainly Amoco wells 

were used for the Grand Banks in order to retain a consistent interpretation 

of the paleontological data. The subsidence curves obtained from both the 

Scotian Shelf and Grand Banks are presented in Appendix I. 

To a first approximation, the subsidence curves from the well data 

when plotted in the form of absolute age against depth from sea level 



Table 1: Oil company wells drilled on the 

continental shelf of southeastern 

Atlantic Canada, used in this study. 



Scotian Shelf 

\'Jell Latitude (N) Longitude (W) 
0 0 

Shell Mohawk B-93 45 42 64 44 

Shell Oneida 0-25 43 20 61 30 

Shell Triumph P-50 43 40 59 45 

Shell-Mobil-Tetco Eagle D-21 43 50 59 34 

Shell Primrose N-50 43 59 59 04 

Shell Missisauga H-54 44 23 59 23 

Shell Sauk A-57 44 20 58 30 

Shell Chippewa G-67 44 40 58 30 

Shell Dernascota G-32 43 50 60 45 

Shell Wyandot E-53 45 00 59 15 



Grand Banks 

Wells Latitude (N) Longitude (W) 
0 0 

Amoco-Imp-Skelly 
Razorbill F-54 45 13 52 08 

Arnoco-Imp-Skelly 
Sandpiper J-77 45 37 51 41 

Arnoco-Imp-Skelly 
Osprey G-84 44 43 49 27 

Amoco-Imp-Skelly-Bl 
Egret K-36 46 25 48 50 

Amoco-Imp A-1 
Bittern M-62 44 42 51 10 

Arnoco-Imp-Skelly 
Brant P-87 44 17 52 42 

Amoco-Imp 
Petral A-62 44 51 52 54 

Arnoco-IOE-A-1 
Gannet 0-54 45 04 52 38 

Elf Hermine E-94 45 30 54 15 

Arnoco-IOE 
Puffin B-90 44 39 53 42 



follow Sleep's (1971) model that predicts exponentially decreasing subsi

dence with time. Superimposed on each of the subsidence curves is also 

an exponential subsidence curve. This curve was calculated by taking known 

points (with respect to age and depth) in the well data and fitting a 

'best fit exponential curve' to these points in a least squares sense. The 

exponential curve was calculated by the program EXPFIT (Appendix III), that 

was given to us by J.Sweeney of the Earth Physics Branch, Ottawa. A mean 

time constant for the Scotian Shelf subsidence is approximately 60 m.y. ~ 

25 m.y. A mean was also calculated for the Grand Banks, and here the time 

constant was approximately 90 m.y. ~56 m.y. If well Razorbill F-54 were 

omitted from the mean value, it would then be a more reasonable 67.5 m.y. + 

34 m.y. Both of these values are higher than those obtained by Renwick 

(1973), who obtained a value of 50 m.y. for the Scotian Shelf and 65 m.y. 

for the Grand Banks. However, he had far fewer wells available to examine, 

for example, only one was available on the Grand Banks .for his study. The 

reason for this difference may also be due to the fact that the values used 

here have not been normalized or corrected for compaction but rather repre

sent a fit to the absolute depths from the revised well data. 

It is believed that the two sides of the Scotian Basin have developed 

in different ways as outlined earlier (Section I) , therefore we will sub

divide the basin into an east half represented by the Grand Banks wells and 

a west half represented by Scotian Shelf wells. 

In the western half of the Scotian Basin sedimentation rates were 

greatest during the Jurassic and lower to middle Cretaceous and gradually 



Table 2: Exponential time constant 

values for subsidence curves 

from wells used in this study. 

Average time constant at bottom 

of table calculated by taking 

arithmetic mean of well time 

constants. 



Scotian Shelf 

Exponential Time 
Well Constant From 

EXPFIT (m.yrs) 

Shell Mohawk B-93 101.0 

Shell Oneida 0-25 19.0 

Shell Triumph P-50 79.9 

Shell-Mobil-Tetco Eagle D-21 48.5 

Shell Primrose N-50 66.1 

Shell Missisauga H-54 55.9 

Shell Sauk A-57 98.0 

Shell Chippewa G-67 37.8 

Shell Demascota G -32 60.6 

Shell Wyandot E-53 61.5 

Average time constant 62.8 



Grand Banks 

Well 

Amoco-Imp-Skelly 
Razorbill 

Amoco-Imp-Skelly 
Sandpiper 

Amoco-Imp-Skelly 
OsJ?.rey 

Amoco-Imp-Skelly 
Egret 

Amoco-Imp A-1 
Bittern 

Arnoco-Imp-Skelly 
Brant 

Amoco-Imp 
Petral 

Arnoco-IOE-A-1 
Gannet 

Amoco-IOE 
Puffin 

Elf Hermine 

F-54 

J-77 

G-84 

K-36 

M-62 

P-87 

A-62 

0-54 

B-90 

E-94 

Average time constant 

Exponential Time 
Constant From 
EXPFIT (m.yrs) 

223.0 

25.7 

63.5 

83.0 

78.3 

138.8 

104.5 

43.0 

53.5 

84.7 

89.8 



decreased until recent times. Peak sedimentation rates seem to have 

occurred during Albian to Aptian times when sedimentation rates were 

as high as 17.3 em per 1000 yrs (Eagle D-21). Since we are trying to 

estimate subsidence,we must correct the observed depth for the paleo

bathymetry at the time when the sediments were deposited. Jansa et 

al. (1975) believe that sedimentation occurred in a shallow water, 

deltaic environment. Therefore, errors incurred in ignoring a paleo

bathymetric correction will be small in comparison with the overall 

subsidence. 

In the Late Cretaceous and Tertiary,sedimentation slowed consider

ably in all of the Scotian Shelf wells. The average sedimentation rate 

was only 2.0 em per 1000 years. Also,during this time it can be seen 

from the well logs (Appendix IA) that the sediment being deposited was 

deeper water sediment, which makes the subsidence estimates dependent 

upon accurate bathymetric knowledge. The decrease in sedimentation 

and the increase in paleobathymetry was accompanied by the establish

ment of a widespread open marine condition during the Late Cretaceous, 

thus diminishing sediment influx and making the conditions of sedimen

tation more pelagic (Gradstein et al., 1975). 

Paleobathymetric curves are presented on six of the subsidence 

curves following the same procedure as Gradstein (1975) . Data on 

paleobathymetry for the other curves was unavailable at the time of 

this study. 



The data from the eastern end of the basin, on the Grand Banks 

(Appendix IB) demonstrates that the subsidence rates were not as 

great as those observed in the western section of the Scotian Basin. 

In a majority of the wells subsidence rates vary between 12 ern to 0 

em per 1000 yrs. with an average of approximately 2.25 em per 1000 

yrs. during the Jurassic and Cretaceous. Lower Cretaceous sediments 

are largely missing at the eastern end of the Scotian Basin but with 

the development of open marine conditions in the Late Cretaceous sedi-

mentation and subsidence rates increased. 

In the Early Tertiary subsidence was rapid (a good example is 

Puffin B-90) on the Grand Banks as can be seen by comparison with wells 

within the Scotian Basin. Wells to the north show a more uniform sub-

sidence rate (Bitte~n M-62 and Gannet 0-54). The result of the rapid 

subsidence during the Eocene, Oligocene and Miocene was the establish-

rnent of shallow marine conditions at the eastern end of the Scotian 

Basin (Gradstein et al., 1975). Therefore, recent subsidence can be 

directly related to sediment accumulation with little regard to bathy-

rnetry. 

A comparison of all 20 subsidence curves used in this study demon-

strates that subsidence and sedimentation occurred rapidly during the 

early stages of development of the Scotian Ba~n (Jurassic to Middle 

Cretaceous). Subsidence then gradually slowed followed by a major up-

surge at the eastern end of the Basin during the Early to Middle Ter-

tiary. This has been attributed by Gradstein et al. (1975) as a local 



tilting effect of the shelf's edge causing increased subsidence. 

Subsidence and sedimentary accumulation continued in the Middle 

to Late Tertiary but the rate of subsidence was slow as deep water 

marine conditions prevailed and sediment influx was small. In the 

Middle Eocene sedimentation increased with subsidence continuing at 

a progressively slowing rate, therefore, by the Middle Miocene shal

low marine conditions were present in the Scotian Basin. 



Model Application to the East Coast 

Results for this study were obtained by modelling a subsiding con

tinental margin basin using the three computer programs described in 

Section II. The programs model a subsiding basin in an attempt to 

describe the formation of continental margins of the Atlantic type, 

with only a few modifications from one basin to another. In this study, 

as mentioned earlier, the model generates only a simplified Scotian 

Basin and evidence from observations was also simplified to make the 

model tractable. Only a simplified Scotian Basin could be used in 

this study because the model designed is in general very simple and 

needs further refinements before it can simulate a more complex basin. 

Prior to making these modifications in the model, the theoretical 

predictions of the simple model are needed as a guide to the extent of 

modification and the requirements needed to simulate a .more realistic 

sedimentary basin. In this study the first step was completed by cal

culating a model for a simplified basin and attempting to correlate 

the results with those obtained from observations of the general sub

sidence history of the Scotian Basin. 

The model developed here was done, as stated in Section II, over 

a 500 km by 500 km area split down the center into oceanic and contin

ental halves. The oceanic half was initially loaded with sediment and 

the resulting immediate elastic subsidence calculated. Immediate sub

sidence on the continental side was filled with sediments until isos

tatic equilibrium was reached. Therefore, the first information 



required was an estimate of the amount of sediment that was deposited 

on the oceanic half of the area as a function of time. 

To determine the amount of sediment on the continental rise off 

the Scotian Shelf (the area that parallels the oceanic half of the 

theoretical model) seismic results were used. The results used (Fig-

ure 14) were in themselves speculative and many approximations and 

assumptions made (King and Wade, personal communication). Depth to 

the top of the Jurassic was obtained (Wade, personal communication), 

and from Figure 15 (showing the depth to basement) the thickness of 

the Jurassic sediments was determined (approximately 1600 meters) on 

the continental rise. Next, the thickness of the Cretaceous and Ter-

tiary-Quaternary layers were calculated using thickness ratios in 

seismic lines 101, 103 (Figure 12). These thicknesses averaged to 

2250 meters and 4500 meters respectively. These thicknesses were 

then divided by the length of time they represent and multiplied by 

20 m.y. to determine the amount of sediment deposited over one 20 

m.y. time step in the model. The result was an average sedimenta-

tion rate of 1000 m per 20 m.y. on the continental rise and beyond. 

Therefore, in the program 1000 meters of sediment was added to the ocean-

ic side at the beginning of each time step to simulate the amount of 

sediment accumulated during the same time off the Scotian Shelf. 

The next assumption was in calculating the load that this sedi-

ment exerted on each one of the grid squares in the oceanic half of 

the basin. 
3 

A simple 2.4 g/cm was used for the density of the 



Figure 14a: Location of seismic lines 

used to determine sediment 

thickness. (Courtesy of 

Dr. L. King.) 
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Figure 14b: Seismic lines used to 

determine sediment thick-

ness on the continental 

rise. (Courtesy of Dr. 

L. King.) 
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sediment on both the oceanic and continental side of the margin. This 

figure was used as it is the approximate density of recently deposited 

sediment in the Scotian Basin. Refinements in this value can be made 

It should be remembered that this is a first order model. 

As can be seen from Figure 13a, showing a cross-section through 

the theoretical basin, that the boundary between the ocean half and contin-

ental half of the margin is represented by a vertical line. To develop 

the basin more realistically, the sediment would be sloping seaward 

and not truncated by a vertical barrier, but this simplification is 

not so far from being correct as the shelf-rise boundary is fairly 

steep. The minor change in the results would be the increased subsi-

dence on the oceanic side of the dividing line due to the increased 

sediment forming the continental slope. Progradation of the shelf 

sediments could be included if we knew the volume of available sedi-

ment and the slope stability. 

Other minor simplifications that were made were that a sufficient 

sediment supply was available at all times to fill the basin on the 

continental side to the edge of the shelf. In reality, as can be seen 

from the general subsidence curves (Appendix I) , sedimentation rates 

fluctuate in the Scotian Basin with time, but in the time spans used 

in this study the rates can be averaged. Also variations in paleo

bathymetry must be taken into account, these' were plotted on a few of 

the Scotian Basin wells but data was not available for all wells. In 

the model the effect of changes in bathymetry can be simulated by 

• 



Figure 15: Isopach map showing sediment 

thickness to basement. Also 

showing transform fault trun

cating the Scotian Basin. 

(After King, 1975.) 
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reducing the sediment supply to the area but letting it continue to 

subside, but this was not taken into account in this study. 

The final assumption made was to add a thermal contraction of the 

lithosphere on the continental shelf side. This was added to the ef-

feet of sedimentary loading, Sleep's (1971) time constant of 50 m.y. 

for exponential subsidence was used. Results obtained from unnormal-

ized and uncorrected data for the Scotian Basin in this study suggests 

a slightly higher time constant of 60 m.y., but since the well data 

was uncorrected the lower value was taken. The pre-exponential term 

defining the total eventual depth of the basin was assumed to be con-

stant over the entire basin. However, if the initiation process for 

subsidence is uplift erosion followed by thermal contraction causing 

subsidence the final depth will not be the same over the entire area, 

but will change as distance from the rifted boundary increases. There-

fore, in a more complex model the pre-exponential of the subsidence 

would decrease away from the margin toward the continent. 

As stated earlie~ the model used here was time stepped forward 

for a period of 160 m.y. (approximate age of the Scotian Basin) with 

each time step being 20 m.yrs. The results of the theoretical model 

are presented in Figures 16 to 19, showing model results for four loca-

tions, three on the continent side and one of the oceanic side, plus 

subsidence curves for these locations. Three models were run; a) 

Taking the flexural rigidity to be 10
25 

newton meters (n.m.) and the 

. . 4 
v1scous t1me constant as 10 yrs. 



b) Flexural rigidity of 1025 n.m. and viscous time constant of 10
5 

yrs. 

c) Flexural rigidity of 1025 n.m. and viscous time constant of 10
6 

yrs. 

It can be noted from the cross-sections (Figures 16, 17 and 18) of 

the theoretical basin that a change in the flexural rigidity only 

changes the spatial scale of the cross sections and not their shape. 

Therefore, results for a different value of N can be obtained, merely 

by scaling as we have indicated. 

In the first run of the mode~ subsidence was calculated using a 

25 5 
flexural rigidity of 10 n.m. and a viscous time constant of 10 yrs. 

but not adding the exponential subsidence. This model gave results on 

how the basin subsided purely as a result of sedimentary loading (Fig-

ure 19). The total amount of subsidence after 160 m.y. ·at the predict-

ed by this model is 2 km which in the case of the Scotian Basin is 

much too small. The model results do, however, show decreasing subsi-

dence rates away from the continental margin as is observed (Figure 17). 

The reason the subsidence curves 75 km and 125 km landward from the 

edge of the margin become positive after a certain length of time is 

due to the migration of the peripheral bulge toward the center of the 

basin, and this causes the uplift. 

Next the effect of exponential subsidence as a result of thermal 

contraction was taken into account, and the results calculated in all 



Figure 16: Cross section of theoretical 

basin using N 
25 

10 n.m., 

t 10
4 

yrs. The following 
e 

subsidence curves Figures 16(i), 

16(ii), 16(iii), and 16(iv) are 

taken from plotting age against 

depth at theoretical wells 16:1, 

16:2; 16:3, and 16:4. This 

cross section may be used for 

any N, only the scale has to be 

changed. 
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Table 3: Well data from theoretical 

wells 16:1, 16:2, and 16:3. 



Age from 
initial 

t=O 
(m.y.) 

0 

20 

40 

60 

80 

100 

120 

140 

160 

Theoretical Data for Subsidence Curves Using 

25 km from continental 
oceanic roundary 

Thickness (rn) Depth (rn) 

0 5612.8 

1050.7 4562.1 

1091.6 3470.5 

953.6 2516.9 

779.1 I 1737.8 

615.7 1122.1 

477.8 644.3 

366.2 278.1 

278.1 0 

N = 1025 , t = 104 
e 

75 km from continental 
oceanic rotmdary 

Thickness (rn) Depth (m) 

0 5338.8 

1023.8 4315.0 

1081.4 3233.6 

947.8 2285.8 

758.3 1527.5 

576.8 950.7 

425.2 525.5 

I 
306.9 218.6 

I 

218.6 0 

125 km from continental 
oceanic oormdary 

Thickness (rn) Depth (m) 

0 5195.6 

977.4 4218.2 

1039.7 3178.5 

914.0 2264.5 

738.0 1526.5 

568.2 958.2 

424.5 533.8 

310.3 223.5 

223.5 0 



Figure 17: Cross section of theoretical 

basin using N 
25 

= 10 n.m., 

t 10
5 

yrs. The following e 

subsidence curves, Figures 

17(i), 17(ii), 17(iii), and 

17(iv) are taken from plotting 

age against depth at theoretical 

wells 17:1, 17:2, 17:3, and 

17:4. This cross section may 

be used for any N, only the scale 

has to be changed. 
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Table 4: W~ll data from theoretical 

wells 17:1, 17:2, and 17:3. 



Age from 
initial 

t==O 
(m.y.) 

0 

20 
I 

I 
40 

60 

80 

100 

120 

140 

160 

25 

Theoretical .Data for Subsidence Curves Using 

N = 10
25

, te = 10
5 

km from continental 75 km from continental 
oceanic l::x:mndary oceanic l::oundary 

'lhlckness (rn) Depth (m) Thickness (m) Depth (rn) 

0 5744.8 0 5236.0 

1050.9 4693.9 
I 1024.0 4212.0 

1049.2 3644.7 1060.5 3151.5 

916.2 2728.5 927.0 2224.5 

765.7 1962.8 742.0 1482.5 

631.5 1331.3 564.1 918.4 

522.4 808.9 414.5 503.9 

437.1 371.8 296.6 207.3 

371.8 l 0 I 207.3 0 ! 

125 km from continental 
oceanic l::oundary 

I 

Thickness (m) Depth (m) 

0 5150.7 

l 
977.6 4173.1 I 

1057.2 3115.9 

930.8 2185.1 

743.0 1442.1 

559.6 882.5 

405.0 447.5 

284.0 193.5 

193.5 0 

I 



Figure 18: Cross section of theoretical 

basin using N 
25 

10 n.m., 

6 
te ~ 10 yrs. The following 

subsidence curves, Figures 

18(i), 18(ii), 18(iii), and 

18(iv) are taken from plot-

ting age against depth at 

theoretical wells 18:1, 18:2, 

18:3, and 18:4. This cross 

section may be used for any 

N, only the scale has to be 

changed. 
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Table 5: Well data from theoretical 

wells 18:1, 18:2, and 18:3. 



Theoretical Data for Subsidence Curves Using 

Age from 25 km from continental 75 km from continental 125 km from continental 
initial oceanic l::oundary oceanic l::oundary oceanic l::oundary 

t=O 
(m.y.) Thickness (m) Depth {m) Thickness {m) Depth (m) Thickness (m) Depth (m) 

0 0 6010.8 0 5607.0 0 5198.4 

20 1050.7 4960.1 1023.8 4583.2 977.4 4221.0 

40 1135.9 3824.2 1107.1 3476.1 1042.7 3178.3 

60 967.0 2857.2 958.4 2517.7 909.6 2268.7 

80 793.9 2063.3 777.3 1740.4 734.3 1534.4 

100 652.0 1411.3 612.7 1127.7 568.4 966.0 

120 543.3 868.0 476.0 651.7 427.4 538.6 

140 463.1 404.9 367.8 283.9 313.8 224.8 

160 404.9 0 283.9 0 224.8 0 



Figure 19: Cross section of theoretical 

basin using only sedimentary 

loading. Subsidence curves 

are from wells # 19:1 and 

19:2. 
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Table 6: Well data from theoretical 

wells 19:1, 19:2, and 19:3. 



Age from 
initial 

t=O 
(m.y.) 

0 

20 

40 

60 

80 

100 

120 

140 

160 

Theoretical Data for Subsidence Curves Using 

25 km from continental 
oceanic roundary 

Thickness (m) Depth (m) 

0 1990.6 

330.5 1660.1 

300.5 1359.3 

274.3 1085.0 

251.4 833.6 

231.5 602.1 

214.6 387.5 

200.2 187.3 

187.3 0 

N = 10 25 , t = 105 and no exponential e 

75 km from continental 125 km from continental 
oceanic roundary oceanic boundary 

Thickness (m) Depth (m) Thickness (m) Depth (m) 

0 523.2 0 333.8 

274.0 249.2 219.0 114.8 

150.0 99.2 108.0 6.8 

83.8 15.4 47.5 +40.7 

42.0 +26.6 13.8 +54.5 

14.0 +40.6 4.4 +50.1 

3.1 +37.5 13.6 +36.5 

14.9 +22.6 17.6 +18.9 

22.6 0 18.9 0 



three models. These results were in reasonable agreement with the 

obtained observations. 
6 

Using a viscous time constant of 10 yrs. 

resulted in the largest amount of accumulated sediments. Over 6 km 

of sediment accumulated at the margin which is close to that observed 

for the Scotian Basin. 
5 

For data using t equal to 10 yrs. a little 
e 

under 6 km of sediment accumulated at the edge of the margin, with the 

difference between a t of 10
6 

yrs. or 10
5 

yrs. being only 300 m. of 
e 

4 
sediment. For t as 10 yrs. the sediment accumulation was smaller 

e 

again, but this was still within error limits of the observations for 

the Scotian Basin. 

On the continental side of the basin the layers toward the contin-

ent with the greatest subsidence at the margin are in agreement with 

the observations. This can be compared with a cross-section of the 

Scotian Basin (Figure 21) . The theoretical model basin simulates the 

observations well, showing the greatest amount of subsidence at the 

edge of the shelf and the gently dipping of the beds seaward. 

The subsidence curves for the theoretical basin also confirm the 

validity of this type of model. The curves show an even exponential 

decay of subsidence rate with time as Sleep's (1971) model predicts. 

The reason minor variations in the subsidence rate are not observed is 

that the rate of sediment influx into the theoretical basin is always 

sufficient to keep the continental side of the basin filled which is 

not the case in the Scotian Basin. Transgressions and regressions are 

also ignored but could be included. 

The theoretical curves show remarkable similarities to curves in 



the same spatial position on the Scotian Shelf. An example of this 

is the well Triumph P-50 which is located at about the same location 

as the first well in the series of theoretical wells shown with N 

25 
equal to 10 and varying t . The amount of sediment accumulated 

e 

is approximately the same,and the shape of the curves are very simil-

ar. The only difference in the curves is the curvature of the theor-

etical curves is less than that of the Triumph well. Other comparisons 

were also made between Missisauga H-54 and theoretical well number 2 

25 
in the set of N equal to 10 and different t 's. This also showed 

e 

that the model was successful as the wells showed almost identical 

characteristics with only the curvature in the theoretical wells 

being smaller. Finally, the results from theoretical hole number 3 

were compared with a well in the same spatial location in the Scotian 

Basin, Wyandot E-53. Again the model simulated the subsidence his-

tory of this area with results that very well approximated the Scotian 

Basin. Here depths of 2150 m. (7000 ft.) were recorded in the theor-

etical case and approximately 2400 m. (8000 ft.) are observed. 

On the oceanic side of the continental margin subsidence is more 

simple. With the distributed sedimentary load 1000 meters deep depos-

ited every 20 m.y. the area (as can be seen in Figure 18) forms a U 

shaped depression. The oceanic sediment is buoyed up at the oceanic-

continental boundary due to the differences in initial load and isos-

tatic compensating forces as described earlier. For a more reslistic 

model on the oceanic half of the basin sediment should be decreasing 



seaward. However, for reasonable flexural rigidities of approximately 

10
25

, sediment that is a long way from the continent has little effect 

on the continental margin. Therefore no significant changes in the 

result would occur if we thinned the sediment seaward. The upward 

turning of the sediments at the seaward edge of the model is unreal

istic, resulting from an edge effect. This effect would be removed 

if we had used a larger grid for the calculations. 



Modifications to the Model 

Even though the simple model used in this study did simulate a 

simplified version of the development of the Scotian Basin, minor mod

ifications could be made to improve the model. 

To be realistic the subsidence history of the basin must include 

the effects of changing sediment influx. Sediment influx into the 

oceanic area in our model was taken to be a uniform 1000 m every 20 m. 

yrs. If more accurate estimates become available from an improved 

knowledge of sedimentation patterns off the continental slope, these 

could very easily be incorporated into the model. This would have 

the effect of modifying subsidence rates depending on sediment load. 

The subsidence curves for such a model may coincide closely with 

those observed. 

Another modification that could be included in the model is the 

removal of the vertical boundary between oceanic and continental 

sides of the area and the formation of a continental slope. This 

could be done by loading each individual grid square seaward from 

the margin with decreasing amounts of sediment thereby simulating 

the slope. As mentioned earlier this differential loading will pro

duce results with similar characteristics to the present horizontal 

model. However, to make realistic estimates, we require a knowledge 

of the sediment budget. The shelf progrades seawards only when 

there is sediment in excess of that required to fill the shelf basin. 



Regional transgressions and regressions could also be taken into 

account to simulate a more realistic basin. This could easily be done 

by lowering or raising the sea level at various times in the history 

of the basin corresponding to known world wide transgressions and re

gressions. This modification would also have to take into account the 

fact that some areas would become positive topographic features and 

would be subject to erosion during regressional periods. 

Finally, more accurate observations of the subsidence history of 

the Scotian Basin itself are required. The wells used in this study 

were mostly taken from oil company reports and are uncorrected. Some 

of the wells have been reworked by Jansa et al., 1975, Gradstein et al., 

1975, Smith, 1975, Williams, 1975 and others. These reworded wells 

(only a small number) give a much more accurate subsidence history. 

For example, comparison of well Oneida 0-25 taken from the preliminary 

oil company reports and in reworked form taken from Williams (1975) 

shows the increased data available (Figure 20). Only a few of these 

reworked wells are published, therefore the majority of wells used in 

this study are the oil company reports which produced a satisfactory 

basis for comparison. 



Figure 20: Comparison of well Oneida 

0-25 from oil company 

report and reworked data 

done by Williams et al, 

1975. 
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Figure 21: Cross section of the Scotian 

Basin. Wells used for compar

ison with theoretical basin are 

Triumph P-50, Missisauga H-84 

and Wyandot E-53. (After 

Jansa et al., 1975.) 
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Conclusions 

From the well data used in this study it is evident that as a 

first approximation subsidence in the Scotian Basin decreased expon-

tially with time, and that the sedimentation and minor tectonic fea-

tures.within the basin are compatible with modern Plate Tectonic 

theory. The minor tectonic elements of the Scotian Basin along with 

the rise of the Triassic-Jurassic Argo salt in the form of diapirs 

made the acquisition of a true subsidence history of the Scotian 

Basin very difficult and complicated. The available data agrees 

well with a model describing subsidence in terms of thermal contrac-

tion theory and the effects of sedimentary loading. 

Since the known subsidence history of the Scotian Basin is com-

plicated it is not surprising that the model fails to simulate the 

minor tectonic processes and other minor physical processes that 

occurred. The model developed was for a simplified version of the 

Scotian Basin. We have however suggested some improvements to the 

model that could easily be made. Nevertheless, significant improve-

ments in the model results must await a better estimate of the sedi-

ment budget as a function of time. 

The three models developed used a flexural rigidity of the visco

elastic plate of 10
25 

n.m. and had viscous time constants of 10
4

, 10
5 

6 
and 10 yrs. Of these three models a viscous time constant, t equal 

e 
6 

to 10 yrs. gave the result closest to those observed in the Scotian 



Basin. The results showed little dependence on the value of t , 
e 

this is due to the fact that the time constant for thermal contrac-

tion of the lithosphere (50 m.yrs.) is much longer than that for the 

relaxation of the viscoelastic plate. 

_The amount of sediment accumulated over 160 m.y. was approx-

imately the same in the model as in the Scotian Basin, the cross-

sections of both basins are similar and the subsidence curves from 

the same locations in the model basin and Scotian Basin are remark-

ably alike. Therefore it can be concluded the model does explain 

the major features of the formation of the Scotian Basin. 

The amount of subsidence in an area is governed by many factors, 

initial uplift followed by erosion and thermal contraction, sedimen-

tary loading and to a minor extent changes in sedimentation rates 

and changes in paleobathymetry. However, given all of·these fac-

tors, the amount a basin subsides depends on the p~ysical properties 

of the lithosphere underlying the developing continental margin 

basin. 
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Appendix I 

Al: Location of wells drilled on the Scotian Shelf used in this 

study. 

A2: Well data obtained from the oil company reports for the Scotian 

Shelf. 

A3: Subsidence curves using well data, plotting absolute age against 

absolute depth for Scotian Shelf wells. 

Bl: Location of wells drilled on the Grand Banks used in this study. 

B2: Well data obtained from the oil company reports for the Grand 

Banks. 

B3: Subsidence curves using well data, plotting absolute age against 

absolute depth for Grand Banks wells. 



Al 

Location map for Scotian Shelf wells. 
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A2 

Well data for Scotian Shelf. 



Shell Mohawk B-93 

Age Thickness Depth Lithology Sed:irrentation Percent of 
{feet) Below Sea Rate Stratigraphic 

Level crn/1000 yrs. Colurm 
(feet) 

Recent 1190 0 - 1.2 20.2 

Oligocene 180 1190 B 0.4 3.1 

Eocene 230 1370 cl 0.5 3.9 

Palaeocene 407 1600 A/Cl 0.7 6.9 

L. Campanian 1583 2007 A 2.0 26.8 

Cenomanian 795 3590 A/C
2 

4.0 13.5 

L. Cretaceous 12 4385 cl 0.0 0.2 

u. Jurassic 1353 4397 Dl 1.6 22.9 

M. Jurassic 150 5750 B - 2.5 

Basement 1030 5900 B - -
-



Shell Triumph P-50 

Age Thickness Depth Lithology Sedilrentation Percent of 
(feet) Below Sea Rate Stratigraphic 

Level cm/1000 yrs. Colurm 
(feet) 

Pliocene 1114 990 B 6.8 8.5 

Miocene 786 2104 cl 1.3 6.0 

Oligocene 1600 2890 c2 3.5 12.2 

Eocene 820 4490 A 1.9 6.2 

Paleocene 240 5310 A 0.6 1.8 

Maestrichtian 60 5550 A 0.3 0.5 

L. Campanian 700 5610 02 1.5 5.3 

Cenomanian 1760 6310 A 8.9 13.4 

Albian 2010 8070 A 10.2 15.3 

Aptian 2170 10,080 A/B 5.5 16.5 

Hauterivian 1000 12,250 A/B 5.1 7.6 

Valanginian 990 13,250 B 3.1 6.8 

Jurassic 927 14,150 A - -



Shell Wyandot E-53 

Age Thickness Depth Lithology Sedirrentation Percent of 
(feet) Below Sea Rate Stratigraphic 

Level cm/1000 yrs. Column 
(feet) 

Recent 1050 0 - 0.5 10.9 

Maestrichtian 80 1050 c2 0.4 0.8 

Carnpanion-Santorian 693 1130 c2 0.9 7.2 

Cenomanian 1192 1823 B 10.1 20.7 

Albian-Barremian 680 3815 A/B 1.7 7.1 

Barremian 805 4495 A/B 1.1 8.3 

u. Jurassic 4345 5300 A/B - 45.0 

Basement .,... 9645 B - -



Shell Demascota G-32 

Age Thickness Depth Lithology Sedirrentation Percent of 
(feet) Below Sea Rate Stratigraphic 

Level cm/1000 yrs. Column 
(feet) 

Recent 240 1010 B 0.3 1.7 

Mio-Oligocene 590 1250 c2 1.0 4.2 

Eocene 240 1840 c2 0.3 1.7 

Maestrichtian 1200 2080 A 6.1 8.6 

Campanian 1140 3280 A 1.5 8.2 
I 

Cenomanian 1030 4420 A 5.2 7.4 

Albian 1200 5450 A 6.1 8.6 

Aptian 1100 6650 A 5.6 7.9 

L. Cretaceous 7180 7750 A/B - 51.6 

M. Jurassic - 14,930 A/B - -

I 



Shell Missisauga H-54 

Age Thickness Depth Lithology Sedirrentation Percent of 
(feet) Below Sea Rate Stratigraphic 

Level cm/1000 yrs. Column 
(feet) 

Recent 1100 0 c2 1.3 10.9 

L. Mio-Oligocene 620 1100 c2 0.7 6.1 

L. Eocene 52 1720 c2 0.3 0.5 

Paleocene 1282 1772 c2 1.7 12.7 

Coniacian 781 3054 D2 1.3 7.7 

Cenomanian 508 3935 B 2.6 5.0 

Cretaceous 4807 4443 B 8.1 47.6 

L. Cretaceous 400 9250 B 0.7 4.0 

u. Jurassic 450 9650 B 0.5 4.5 

U-M Jurassic 3687 10,100 A/B - -
-



Shell-Mobil-Tetco Eagle D-21 

Age Thickness Depth Lithology Sedim:mtation Percent of 
(feet) Below Sea Rate Stratigraphic 

Level cm/1000 yrs. Column 
(feet) 

u. Miocene 300 1592 B 1.8 2.2 

Miocene 116 1892 c2 0.3 0.9 

L. Miocene 1744 2008 c2 2.8 13.1 

Eocene 448 3752 c2 1.1 3.4 

Palaeocene 930 4200 A 2.4 7.0 

u. Cretaceous 870 5130 Dl 0.9 6.5 

Cenomanian 1448 6000 B 7.4 10.8 

Albian 1757 7448 A 8.9 13.2 

Aptian 3395 9205 A 17.3 25.4 

Barremian 2350 12,600 A 4.0 17.6 

Berriasian >340 14,950 B 
l - -



Shell Primrose N-50 

Age Thickness Depth Lithology Sedirrentation Percent of 
(feet) Below Sea Rate Stratigraphic 

Level cm/1000 yrs. Column 
(feet) 

Tertiary 1410 1250 A 8.6 42.1 

Miocene 535 2660 A 0.5 15.1 

Eocene 341 3195 A 0.8 9.6 

Paleocene 862 3536 A 2.2 24.3 

Maestrichtian 37 4398 A 0.1 1.0 

Santonian 356 4435 A/D
2 

0.6 10.0 

Cenomanian 433 4791 A/B - -

-



Shell Sauk A-57 

Age ThicJr...ness Depth Lithology Sedimentation Percent of 
(feet) Below Sea Rate Stratigraphic 

Level cm/1000 yrs. Coltmm 
(feet) 

Miocene 1022 1149 B 1.6 10.2 

Oligocene 387 2171 B 0.8 3.9 

Eocene 536 2558 B 1.2 5.3 

Paleocene 1506 3094 A 4.2 15.0 

Maestrichtian 120 4600 A 0.6 1.2 

Campanian-Santonian 890 4720 A/D
2 

1.1 8.9 

Cenomanian 2304 5610 A 11.7 22.9 

L. Cretaceous 3286 7914 A/B 2.9 32.7 

Jurassic 3810 11,200 B - -

-



Shell Chippwea G-67 

Age Thickness Depth Lithology SedinEntation Percent of 
(feet) Below Sea Rate Stratigraphic 

Level cm/1000 yrs. Colu:nn 
(feet) 

Recent 1000 0 - 4.4 9.1 

Mio-Pliocene 450 1000 c2 0.6 4.1 

Oligocene 360 1450 c2 0.8 3.3 
I 

l Eocene 180 1810 B/C
2 

0.4 1.6 

Paleocene 1380 1990 B/C
2 3.7 12.6 

Maestrichtian 180 3370 c2 0.5 1.6 

L. Santonian 782 3550 A 1.3 7.1 

Cenomanian 928 4332 A/B 4.7 8.4 

L. Albian 1220 5260 A/B 6.2 11.1 

Aptian 1770 6480 A/B 9.0 16.1 

L. Cretaceous 2000 8250 B 2.7 18.2 

L. Jurassic 739 10,250 A/B 0.9 6.7 

M. Jurassic 260 10,990 B 0 -



Shell Oneida 0-25 

Age Thickness Depth Lithology Sed.imentation Percent of 
(feet) Below Sea Rate Stratigraphic 

Level an/1000 yrs. Column 
(feet) 

M - Miocene 300 950 A/B 1.3 2.9 

E - Miocene 350 1240 B 2.1 3.4 

M - Oligocene 675 1600 A/B 2.9 6.5 

Eocene 200 2275 A 0.2 1.9 

Maestrichtian 505 2475 A l 3.1 4.9 

Campanian 1020 2980 A/Dl 5.2 9.9 I 
I I Santonian 400 4000 D

1
/A 2.0 3.8 

Coniacian 125 4400 A/B 0.5 1.2 

Turonian 75 4525 A/B 0.4 0.7 

Cenomanian 1800 4600 A 9.1 17.4 

Albian 625 6400 A 3.2 6.0 

Aptian 1275 7025 A/B 6.5 12.3 

Barremian 600 8300 A 3.1 5.8 



Shell Oneida 0-25 (Cont'd) 

Age Thickness Depth Lithology Sedirrentation Percent of 
(feet) Belov1 Sea Rate Stratigraphic 

Level an/1000 yrs. Column 
(feet) 

Hauterivian 350 8900 A 1.8 3.4 

Valanginian 750 9250 Dl 1.3 7.3 

Kimmeridgian 940 10,000 Dl 2.9 9.0 

Oxfordian 350 10,940 D1 1.8 3.4 

M - Jurassic - 11.290 D
1

/B - -

1 

I 
-



A3 

Subsidence Curves for Scotian Shelf. 
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Bl 

Location map for Grand Banks wells 
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B2 

Well data for the Grand Banks. 



Amoco-Imp Skelly A-1 Razorbill F-54 

Age Thickness Depth Lithology Sedirrentation Percent of 
(feet) Below Sea Rate Stratigraphic 

Level cm/1000 yrs. Column 
(feet) 

Oligocene 150 1170 A/S 0.3 2.7 

u. Eocene 420 1320 A/Cl 1.6 7.5 

L. Eocene 210 1740 A 1.1 3.7 

u. Paleocene 480 1950 A 2.4 8.5 

L. Paleocene 210 2430 A 1.3 3.7 

L. Maestrichtian 270 2640 A 1.4 4.8 

Campanian 120 2910 A 0.6 2.1 

Santonian 210 3030 A 1.1 3.7 

Coniacian 360 3240 A 0.9 6.4 

Coniacian-Albian 510 3600 A 2.6 9.1 

Albian 475 4110 01 0.4 8.5 

u. Jurassic 230 I 4585 A 0.2 4.1 
I 

L. Jurassic 1975 4815 01 12.0 35.1 

Pliensbachian - 6790 A - -



Amoco-Imp Skelly Sandpiper J-77 

Age Thickness Depth Lithology Sedirrentation Percent of 
(feet) Below Sea Rate Stratigraphic 

Level cm/1000 yrs. Column 
(feet) 

Eocene 210 950 A 0.2 2.7 

Campanian 300 1160 A 1.5 3.7 

Santonian 480 1460 A 2.4 6.2 

Coniacian 570 1940 A 1.0 7.3 

Albian 300 2510 A 4.6 3.7 

Albian-Aptian 5 2810 Dl 0.0 0.1 

Aptian 60 2815 Dl 0.2 0.8 

Neocornian 115 2875 Dl 0.2 1.5 

Jurassic 5810 3030 A/Dl - 74.7 

Basement 110 8730 A - --· 



Amoco-Imp-Skelly Osprey G-8tl 

Age Thickness D2pth Lithology Sedirrentation Percent of 
(feet) Below Sea Rate Stratigraphic 

Level cm/1000 yrs. Column 
(feet) 

Oligocene 600 1010 B 1.3 5.9 

u. Eocene 900 1610 B 6.7 8.9 

M. Eocene 90 2510 A 0.7 0.9 

L. Eocene 120 2600 B 0.6 1.2 

Paleocene 60 2720 B 0.1 0.6 

Santonian 60 2780 A 0.3 0.6 

Coniacian 180 2840 A 1.8 1.8 

Turonian 200 3020 A 2.0 2.0 

Turonian-Cenomanian 150 3220 A 0.8 1.5 

Cenomanian 294 3370. B 0.2 2.9 

Jurassic 6166 3664 01 5.1 5.1 . 
L. Jurassic 1317 9830 A/E - 13.0 

Basement - 11,147 A/B - -



Amoco-Imp-Skelly B-l Egret K-36 

Age Thickness Depth Lithology Sediirentation Percent of 
(feet) Below Sea Rate Stratigraphic 

Level cm/1000 yrs. Column 
(feet) 

Oligocene 480 890 B/C
2 

l.l 5.0 

u. Eocene 1110 1370 c2 8.5 11.6 

Eocene 1080 2480 B 1.0 11.3 

Santonian-Coniacian .310 3560 E 0.7 ?.3 

Albian 540 4070 E 2.7 5.7 

Aptian 330 4610 B/C
2 

0.8 3.5 

Neocomian 2170 4940 B/C
2 

2.5 22.7 

Kimmeridgian 450 7110 c2 2.3 4.7 

Oxfordian 420 7560 01 2.6 4.4 

Callovian 2470 7980 01 15.1 25.8 

Buthonian - 10,450 B/D
1 

- -



Amoco-Imp - A-1 Bittern M-62 

Age Thickness Depth Lithology Sedirrentation Percent of 
(feet) Below Sea Rate Stratigraphic 

Level cm/1000 yrs. Col1..TIT1I1 
(feet) 

Mio-01igocene 1020 900 c2 2.8 10.5 

01ig-Eocene 240 1920 c2 0.9 2.5 

Eocene 180 2160 c2 0.2 1.9 

Senonian 1090 2340 A/C
2 2.8 11.2 

Santonian 420 3430 A/D
1 0.2 4.3 

u. Jurassic 480 3850 A 0.6 4.9 

M. Jurassic 4695 4330 A 13.0 48.3 

L. Jurassic 1595 9025 A - 16.4 

Basement - 10,620 A/D
1 

- -



Amoco-Imp-Petrel A-62 

Age Thickness Depth Lithology Sedirrentation Percent of 
(feet) Below Sea Rate Stratigraphic 

Level cm/1000 yrs. Column 
(feet) 

Recent 1170 0 A/B 3.0 21.0 

Miocene 960 1170 A 3.3 17.2 

Oligocene 140 2130 cl 0.3 2.5 

Eocene 660 2250 A 1.8 11.8 

Campanian 450 2910 A 2.3 8.1 

Santonian 150 3360 A 0.8 2.7 

Coniacian 618 3510 A 1.6 11.1 

Cenomanian 370 4128 A 1.9 6.6 

Albian 792 4498 A/B 4.0 4.0 

Aptian 280 5290 . A - 5.0 

Basement 814 5570 E - -



Amoco-IOE A-1 Gannet 0-54 

Age Thickness Depth Lithology Sedi.rrentation Percent of 
(feet) Below Sea Rate Stratigraphic 

Level cm/1000 yrs. ColUITU1 
(feet) 

Miocene 450 1170 c2 0.7 7.9 

Oligocene 420 1620 c2 0.9 7.4 

Eocene 1110 2040 B 1.1 19.5 

Campanian 870 3150 A/B 4.4 15.3 

Santonian 330 4020 A 0.8 5.8 

Santonian-Turonian 1020 4350 A 5.2 17.9 

Cenomanian-Albian 70 5370 Dl 0.4 1.2 

Albian 710 5440 A 3.6 12.5 

Aptian 720 6150 A - 12.6 

L. Mississippian 1580 6870· cl - -



Amoco-IDE Puffin B-90 

Age Thickness Depth Lithology SedLTTEntation Percent of 
(feet) Below Sea Rate Stratigraphic 

Level cm/1000 yrs. Column 
(feet) 

Pleistocene 98 1066 B 0.6 0.9 

Pliocene 73 1165 A/B 0.5 6.7 

L. Miocene 1739 1870 B 8.8 15.8 

M. Miocene 1509 3609 A 5.6 13.7 

E. Miocene 525 5118 A 3.2 4.8 

M. Oligocene 98 5643 A 0.5 0.9 

E. Oligocene 689 5742 A 2.6 6.2 

L. Eocene 656 6431 A 5.0 5.9 

M. Eocene 131 7087 A 1.0 1.2 

E. Eocene 98 7218 A 0.5 0.9 

Paleocene 33 7349 A 0.1 0.3 

Maestrichtian 131 7382 02 0.7 1.2 

Campanian 443 7513 A 2.3 4.0 



Amoco-IDE Puffin B-90 (cont'd) 

Age Thickness Depth Lithology Sedirrentation Percent of 
(feet) Below Sea Rate Stratigraphic 

Level crn/1000 yrs. Column 
(feet) 

Santonian 722 7956 A 3.7 5.9 

Coniacian 344 8612 Dl 0.6 3.1 

Albian 459 8957 A/B 2.3 4.2 

Aptian 427 9416 D '/A 
1 

I 2.2 3.9 

Barremian 1244 9843 B 6.3 11.3 

Hauterivian 1017 11,089 B 5.2 9.2 

Valanginian - 12,107 A - -



Elf Hermine E-94 

Age Thickness Depth Lithology Sedirrentation Percent of 
(feet) Below Sea Rate Stratigraphic 

Level cm/1000 yrs. Column 
(feet) 

Pliocene 120 1250 c2 0.7 2.8 

Miocene 450 1370 c2 0.7 10.3 

Oligocene 270 1820 c2 0.6 6.2 

Eocene 300 2090 B 0.7 4.9 

Paleocene 380 2390 cl 1.1 8.7 

Maestrichtian 190 2770 c2 1.0 4.4 

Campanian 100 2960 E 0.5 2.3 

Santonian 300 3060 E 0.5 6.9 

Cenomanian 850 3360 c2 4.3 19.5 

Albian 590 4210 c2 1.0 13.5 
-

- Neocomian 820 4800 B - 18.8 

Paleozoic - 5620 cl - -



B3 

Subsidence curves for the Grand Banks. 
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Appendix II 

Green Functions: showing how the 

basin subsides through time, and 

migration inward of the peripheral 

bulge. 
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Appendix III 

Computer programs: 

A: ROMVPLA 

B: INSTQ 

C: CONVOL 

D: EXPFIT 
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ROMVPLA 
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C ~ T T A ,o E r H c V II L U t :; T ~ T ··I '1 I C ·1 T :-l E I N T ::' G ~ A L I S ~ E 0 U I Q >: D 
~: ~ ~- ~ __ _IJ~l_I_I ::._ ~ ~ C: _] H: _ 'dJ: _'1 

__ c_-'-'..·•'-----"~- ----------~~~ --~---~---~--~-------------· ---·---- -----~~----~~- --·----------------~------

S****++tt+++++++~++tt+++++++++4~++++t++************************'*'****** 

75 
c 
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:IFAO Irl JHUES OFT FU~ '..Jf!ICH INTEGHL IS PEOUP':O 

j) ~ "[) ( 5' 4 ) ) ( T T ( I ) I I = 1, ~~ T ) 
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A~ E PlT L ~ L [ .\ 'J ~ [', f H f_ ·{[ t' .l·H •\ 'lT rt S t.T S c1 ~ zr. 'I l) H [ S II 0 P li l D T J H I l 
p: T-liS :\St !.'ULlr<. ~Hdf<.\CfliH n~JLI~-'L'r DJE'S '<JT wlqK 
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c 
(' 

c 
c 
c 

CALCULATf lt:~US OF JIXRl 
THE ASY~~rDfiC ZEROS Of JO(XRl A~E XR• O, (~-0.25l*PI, 

•\Of!•-0.25 
F•R 
lFir)ISet.,:_;r,Rl AOD:o,z:; 
IF(OI)CA.-;f.-<l F•OISC.\ z z r o r1 s 1 1 1 • .; • 
f)(l '30) ll•:.'l·~~~ 
lZER~)tliJ=IFLnAT!II-il+ADD l•PIIF 

3 0 ) C •J :-; T I '~ U f' 
IFIF.EO.~l ~P(ltl6o24Jl 
IFIF.t'Q,')[)Cl\J ~o:i-<IfE(t)J2'1ll 

2 1t 0 F J p .., A T ( 1 'l J ' 'j < * T " I L I :; s ll D p L [ [ ') tl I T H T . ~ ~~ z c " '! s '] F J 0 ( X Q ) • I ) 
2 t, l F l >' :·1 II T ( l·l J , 5 I. o. T A I L I _; ) l 1 :• t' L [ f' ! ·~ I T H T -1 l Z [ R J S J r- J l ( X D I S C A l * I l 

" ({ I Tf ( ~' : ') -) ) ( lZ l P. I] s (-<. ) I K • l •• , 'l 'I ) 
250 FJR",Af llU,)X• Zc'-!05 " •dUl12.':.il 

EVALU~TE I~T~GPAND 
USED IN )~BUG~lNG ANO FOk DIFFICULT KERNALS 

_______________ ST P= LZ HJS Ul_-:ZZEP,QSlZJ _______________ _ 
STEP=SH:ll5, 
STt,qT,.O. 

160 Dfl 350 II=ldOO 
h I N T ( 1 I l = -: ~ .\ -~ 'J ( S T h Q. T l 
STAqT,.)l~~T+STtP 

350 (Qt,Tl'liJt 
C t1RITE(6o37-Jl (AINT!IlJ,II=lolOOl . 

_____ l_9_2_ _______ C_3]_'j __ f]_'"'J_A_T_ j_t LJ' 7 \_~ I_N_T_[=C>_R·\i.')_v_ 1_J_Q_:_l?~o_~_L _____ _ 

170 

C C A L C IJ Lh TE li~ E G R. A L 
c 

WRTIIl•TAIL!Z2EROSINN~,EEqRESTl 
WRITE(6,7JJl EERREST,../RT!Il 

700 FO~MAT 11HJ,5X* ER~OR ESTIMATE •,El2.5,+ I~TEGRAL *•El2,5l 

PROGRA.'1 RO'WPLA 73/7 3 OPTzO T~ACE 

WRITEI6,71Jl ISU~SAVIIIl,II•l,NNNl 
710 FO~~AT tli ,5X* SU~SAV +,~El3,7l 

·~ K T ( I l • 1-' ol. T ( I l *'? P I 2 
1 7 5 2 0 0 C 0 t: T I ,'J U f: 

w Q I T E ( 6 I J 0 .) ) T 

FTN 4,6+428 77/02/21, 15.09,20 

500 FORMAT tl~0,5X* VERTICAL DISPLACE~E~T OF VISCOELASTIC PLATE FOR Ta 
1 * 1EB.31l 

1
------ --18;-- --------~~; ~-jl\~ ~ 6( n); 5-~-~ I~i~-~ n r, ~·« T (Ill )-;n•TiVR) --------------

100 C!JtlTI'lliE 
CALL EXIT 
E:ND 

FUNC TI ]'l GR t.'lF 73113 OPTaO TKACE 

FIJ~JCTIJ': C>Rt.'H!Xl 
Cil~~O~/TG~\R~/ ALF4,TE,R.,T,GAMS,DISCA 
X4o:X+t4 

--------------------AX" X*Dl SCA- ------------ ---- -------
5 F•X 

IF!DISC:t,'~'=•Cl,l F"nBt:SJl(AXl 
Tx = ! 1 • + ( t• L F 4 • X 4 l I 4 , l * T t 
TTf)l•flfX 
IF!TTEST.~f.G75,8l GO 11 ?0 

10 G>< t. ·~ F,. I 1, I.-;!\'-\') J * ( ( T E IT X -1 , l t L '< P (-TIT X l + 1, l * F 
GPt.'lFs(l./ ;A'1)l*F 
P ~ T II P 'J 

ZQ GH'JF•(l.I.;A'1Sl"'X 
R t l' J R •'l 

15 END 

FU'~CTI0'l GRA'lD 

10 
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F1 PCTtn•: ';PA•P)(X) 
r: '1 1' " r) • I I T r, ~ .\ ,. ~ I ,, L f- 4 I r ·~ • ~ ' T , r_, ;\ "'• r, , 0 [ s c A 
'I 4 • y,.. + 1t 

QX•>~*X 
h ~ t ;) I ~ C /1 • :< 
F • y 
T F ( I l I ~ r~ ~ • 'I .: , 0 , l f- • :\1 J [ S J 1 ( ,\ X ) 
1 i • ( 1 • + ( I, L ,: '• + X 4 ) I 4 • ) + 1 l 
lP';f•TIT< 
I F ( 1 T f ', 1 • ; T. •, 1 ., , II J G , 1 Fl ) 0 
(, ., t. 'i) • ( 1 • I ; /. ·~ ~ ) * i', fl I ') J ( ~· y ) t f 

FTN 4,6+4?8 

') J_ t 'I;, • ( 1 , I , A 1 J ) • ( ( J L I I '·- J , ) t I_ X f' (- T I T I ) +- I , ) • n n t ~ J ("X l + J 
I'' l1Ji••[ 

77102121· 15.08.20 
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FUNCTIO'I .1·\E)Jl (X) 
c . 
c••••••••••••••••~•••••••••~•••••••••·•~•••••••••••••••••••••••••••••••• 

t-----
10 

c+ 
c+ 
C* 
c+ ,.. 

r"\flES.Jl(l') ::>J~DIJHS Tir nT ,lf:'il[Q, i\[SS>=L FIJ'~~Til:l IJ')HJG 
lHF D[JLY'IJ'·1l-H Ar'·'~l'(l~HTI'l\ ,.\:HA.1Lhdll A'l\) STEGIJ'~ £ 370 
ACCUKACY ~PP<JX l.E-1 

- - -c ......... + •••••• ~ l< .;. ~ .. ~ * ••• + •• , .••• t • ~ * +- ••• + • t ... + + ••• + l> + •••• + • + ••••• + + • + • + + 
IFCX.EQ.O.l TO 30 

I 

1 5 

20 

---25-

30 

35 

rr:cx •. ;T.3.l ro zo ,. 
C USE 4PrK1( FO~ X.LE.J. 
c 

X1•X/3, X32=X3*X3 \ Y3~=X3?+~32 ~ XJ~~Y34*X32 
X 3 8 "' X 3 t, t X -~ ., 'f, X 11 v • ~ 1 ·l * X J J X 3 1 :? • '( 'I l 0 * '( 1 ? 
r. 1 " o • 5 1 c ? • J • '; t- z 4 ·; ' ~' ·; 1 c J s o • n c 0 ~ • J? ~- 1 :: " ="") ~ o 3 ·) 'J 4 : :, q-
C5=0.J044331~ t Co=J.DC~317~1 t C)=J.GJJJll01 
~~FSJl•CCl-CitX32+C3*X3;-c~•~J~•C~•X3~-C6+X3lO+C7•X3121+( 
P E T 1J P 'j 

20 CJq l'WE 

USE AP~Q,l~ FO~ X.GT.3. 
-- XS=SO~l(l./Xl --·-----·-··--

X3•3,/X b X32=X3•X3 t XJ3=X32•X3 
X35•X34*X3 \ X36•X35+X3 
Cl=0,747~3;5G t CZ•J.OC0GJ15~ 
C4•0.00017105 $ CS•0.00~4~~ll 

C:-=O.Ol~'i'J/.,'-J7 
Com0,C0113653 

C7=0.Ji)?:J)):l 
Fl•Cl+C2*X~+C3+X32+C4*X33-C~+X34+C6*X35-C7*X3~ 

-- --- +!: 0 :-~?; i: ~ ~ ~ ~ -~ --}-- t ~: 5 :-6 6 3 ~ t ~ ~ ~- -- t --+£: g: g g g 9 ~ ~ ~ --;--------·-------------------------· 
T7=0. 00021166 
THETl•X-Tl+TZ*X3+T3+X32-T4*X33+T5+X34+T&+X35-T7+X36 
BJESJl=XS*Fl*CJS(THETll 

I 4 0 --~ - ~- 30j l ill~·G~-~~ -~- --~ ~ ~ ~~~----~ -~----------
[~-==-- ----------------------A 
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[

--- - -------- tg~;Ml~EU~~~~~:b,rER --------- - ------------. 
E•••••••••••************************************************************ c• 
C * 3 Q t S J Cl '1? UTE S THE Z E R J J P I) E Q 3 E :) S E L F 'J I~ C TI 0 ~ 'J S P l G THE ? 'J L Y N 0 "'I A L 
C t A P P K 'l X l '1 \ T I 'J 'l , A fl R .HI J 'ri 1 T Z 6. ~ D S T E G U 'l P A G F 3 6 ~ 
C* ACCUKACY aop~lX l.E-~ ------------- C* - ------ ---- ---- --- ---- -- ----- -------------- --- ---------------

10 ~····························***********************+t••················ 
~ 
" 

15 

20 

25 

30 

35 

USES hP~~lX FJP X.L[.3. 
IF(X.F:J.).l Gl TO 30 
IFCX.GT.3.l GJ TD 20 
X3=X/3, 
'X 3 2 = X 3 *' '1-3 1> X 3 1t • X 3 Z * X 3 2 i. X 1 6 • '1. 3 4 * X 3 2 
Y)lJ•(~~tXl? t Y31Z•X3]).(32 
Cl=2.24'-i/]11 ~ C2•1.?f,:,I,(')P. (3zO,:Jl63166 
c 5 = 0 • 0 0 3 I '1 1t 4 £ c ~) "' 0 • 0 I) 0 2 l 0 J 
sqFSJ•l.-:t•~32+C2*XJ4-C3*X3~+C4*X3g-(5*X310+C6*'1312 
:<ETU~\1 

2 o corn r ~~: n 
UStS hPJ~JX FJP 'I.GT.3. 

i)=)CHTCl.tn 
X",•L/X & X32•X3*X3 
X.H.=X3)Hj 
c 1 ~ 0 • 7 q 7 '! l I, ) 11 

~ ~ : ~ : -~ g ? i !. ~ ~ ,?, 

C 2 :q). 0 G:)(J-JiJ 77 
C:i•).oounn 

X 3 1• .. X 3 3. X 3 

C :l : 0 • ~) ') ') ') ? 7 1t 0 
((;:0,0')072'<')5 

F 0 • C 1-C? + ( l- C 3 * X 3 2- C t, I<)- 1 3 t C :J • i 3 1-t-: 6 +X 3 5 ~ C 7 *X 1 ,, 
Tl••),/\':>11\ll, 1 ft'•J.04Jr'dl1 t Tl•O. "1-?'54 
r ~., x 'J • J J ~ ,, .' ) 1 s 'L 1 5 .. J • o 0 1 'J ·, 1 ;:> 'J t r '. 7 ·j • 1 •~ 3 -, 
1 IE l}. l) I);) I l '-' 0

) 1\ 

Til~ T 0 • X- T 1 - 1 ? t ( 3- T 3 * l J 2 t T 4 * Y. '3 ·3- T ) + X 3 '•- T b "' 'I 3 7 t T 7 t X ·3 6 
l-\;1r)J•X~+f)*(J) CTHi:lOl 
P ~ T 'J Q 'I 

3 'j ", \ f } .I. 1. 
>~t:TU><~ 
E\10 

p: 

~· ' 
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20 
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r c 
r 
r. 
~ c 
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35 

DI~E~SIO~ ZE~OS(~Nl 
CO~MQ~/T~ll/ ALC,~O~K(2Ql,SUMSAVI20l 
DATA ~CC/l,OE-6/ 

40 C K IS THE NU1JE~ ~F TERMS NOT IN:LUDED I~ T~E CO~T~ACTION. 
______________________ K =_M" v C)<~!.,- n, :J 1 ____ ___ __ ____ _ _____________ - ----------------- -------------

H~::sr:o.o 
Nl•W--l-1 
SUM=O,Q 

45 SIG~:+1.0 

C DO-LOQP ENDI~; ON 1100 FJR~S TE~MS I~ SERIES AND STO~ES THEM 
DO 1100 I=1,~l1 

c 
IF REQUIRED. 

-----50 ________ - c---\JR nr; JF- t E R:) S- A'J D-- ..tORI< J--U)TO-lTTR EC K I% C Cl~IJ i= ~ GENC"t --

55 

C OF INTEG~~TlON 
c 
C FOPM I~lESPAL ~VE~ INTE~JAL ~~TWEE~ 2 ZEROS. TY~'J ll,~~ IT TO TOTAL INTEGRAL. 
C RELATIV~ ACC~~ACY DEMAND IN ~o~qRG IS ACC, WHICH '-I~Y JE CHA~GED VIA /TAIL/ 
C ..J~IH!6,10Jl ZtRCS!ll,ZEFJSII+ll 

_________________ l_OO_UP'1AL ( U __ , 5 X~ ZERU$ __ _1_, [±_1_* ,_2F._1_2. 5l 

FUNCTION Tl!.IL 73/73 OPT=O TRACE FTN 4.6+428 77/02/21. 15.0d.ZO 

IJO PI< J = ~ 0 '1 ~ ~ G I Z E P 0 S! I l, Z ER iJ S! I+ 1 l , AC C l ---------------c----.,1.-<. ITt ( fJ, ~))l- ,nRKJ -- ----- ------ ------
6 0 2 0 0 F J R .~ 6. l ( 1 -l , 5 X • w rJ '<. K J * , E 12 , '.i l 

65 

fQPEST•A~~(l(~~RESf,AJSIACC+~ORKJl I 
) u IJ "' ~ I.J 'I + -~ l ~ K J 
SIJ~)t.V(lls)U'1 

CHECK IF THIS TE~~ IS TO BE USED I~ CO~TRACTION, IF NOT SKIP ON. 
IF II.L~.·<l :;J_ TO_llQ:J _________________________ -------------------------------

C MHE SIG'1 ll'llFJR'-1 THE'~ STOKE TEK.'\ I~ ARRAY 'r!OP.K. 
WOP~II-~l·~O~KJ*SIGN 

_ _]:; ___ . _________ ll 00 __ _$ I r;lj"-::-5 1 ~.·~---- ________________________________ _ 

75 

80 

'35 

1')0 

2000 FACTn~=0.5~SIG'J 
'11 "~11-t< 
N3r='t1-l 

C !)'1-Lf"Jri:> E'~'JIT; 'J'l 2200 PcRFO"<I~S E:ULEK CiJtHRACTI~'l, 

c 
c 

fJ 'J ? ;> J :1 I • 1 , 'i :1 
:l2 rtn- I 
'; 'J M ~ 'i lJ '·' + F A : T 1 J r.> + \oi (] K K ( N 2 + 1 I 
FI\CfU(•J.S~FACTU'< 

~!;'!-L~i;:. ~ ~"; :j·~ ?!0CJ lJlFFF:OC'~C[~ T~r- ~~'J!J~'J~C~ r"'Tn.-..!':", i::f' i\it'tt1Tr r"\\trn 

T ~ H p f.' '~ If I 1 <\ l J i: s • HI f:: t L E 'H • IT s ;i H '< ::. ' I 1 < , ;.,: r: [) -: -: . l i _:. 1 < ' • • • • 1': 1/ ~ N r u f:L L y _J c n N T ;\ l 'l 
Ht 'lACI<·/1-, lHFI:fJt,lCt:S j,J H U')[l) P~ THE CO'lT~<\CT!'l'l, 

Dl ?lYl •l,q.: 
2100 ~OP~(J)• )~K(J+l)-A~R~(J) 

I F ., E n •n Fr. .: } ~ · l c: t: G.,. L .\ H ;..- 1 • 1 "'''-~ P ~ t: v r l us l -l F.. iJ D 'J E: n r F ~ "' r ~ r u u P. s E P IE s 
•ltL:l..! ~rl•J'II1-)d- 'i-Jl';l, Tq"1l'lfdl tlll_i:~ ',I:_,IL-S, 

IF ( .~ '\ ) ( ,; l ~ < ( 'I ,1 l I >I :J .; < ( 1 ;' t 1 ) ) • (, T • l . ') . I:" • 

l I •; S ( F h r; f 1 f.' +A; J J{ r~ { t, c ) I S I J ,._., l • l l • 1 , u L- 1 G l G 0 T 0 c l v j 
22 00 Ultl T l'IIJE 

r F L ·J r ,) r s ': 1 ~ " L ;· n 1) u s r H :> ~~ 111 J } T 1 t: '· rJ D E D • 
s' J ~· • s 1 J ..., + r: \ : r J .J t w IJ >.! « c 1 1 

E rJ r? f)"'· L S 1 I :-' I, r -: I ·_; il o\ L r T l l l t. S T A C C l " T l Ci T [ o 1'. • I 1: T 'I I c, F I r; U;) E 
:1·( T•H f'h"t' PI JH Jn!~t·<\TIWI. IJ,I: Toi~ Lf\..'(JD r:srr·11.H. 

? "l · J 1) 1- :.) ~ i ". T • .~ ~ \ ( 1 ( II 1 S ( f-- A ~ T ] ;.• -+ ~I: I ~ K ( :I .: t l ) l , t. ;; .J. : _ ') 1 l 
1 ,, J I , ·;I J i1 
;; . liJIJ q 
!H 

IS EXCEF:OE:O 
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50 FINDS LASTEST TRAPEZIUM APPRJXIMATIO~. 
T R 0 './ ( ~·. A X ) " ) u IH H 

------------f--~FfNDS-~8bTT J 1 -~ 0 ;r-:T(--R IJr'i~HGEXT ;{t;;>:rCATfiJf-l-MATIHT,---~ tTT PTG--rr-t fCTQ)\( -fiifD-·ov ER 
C -WRITING ~REVIlUS JALU~S. T?JWtl< IS THE HIGHEST O~DE~ ROM9ERS APPROXI'1ANT, 

55 C1•1,) 

65 

70 

7':J 

c 

0') 2000 I,.z, MAX 
Kzt'AX-1+1 

B/73 OPlaQ TRACE 

ClrCl¥4,~ . 
n r)l..' ( K l • ( C 1 * T R ch/ ( K t l l- TR Chi ( K l l I ( C l-1, 0 l 

2000 C'HlT 1 NUF 
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C - C '-1 E C >< S I F S 'J;:: : E ~ ) I V E: V .\ l U [ S h C'< LE A IlH T t l i!E":: U E S H ) ~ ~ C I J '! A C Y , IF -~<OT-CO'l:TINUL- --------------·-

c 
c 

If'!t.JS(PJ-i!ll-TUST !.LT,tdS!TR;J../(ll*ACCll GC1 TO 3100 
TLAST=Tr.:J-/!11 
T t S T ( "' ,\ t l = T L f, S T 

3000 C Wll i\UI 

PRINT<> \.Jf.D•q·ir; MISSt.CE IF CU'IVE-><GtqCE tHJl hTTAI'I[rJ HTER 1''1AX ITF.~ATIJ~IS, 
P ;:.> I ·~ T ~1'.J J, •\ C C , '' t·'. t. t 

300 f'J'·I'IIT (L-iJ,·J'I* HiH~, ln!<\nLr: l'J \CHirVt. ~'c:OIJP·D prl ACC nr 
1 t ,r 1 ' , i?, • Ar r > >< ,. :t1 ·U. r (ll /1 T I '< :, ~, I 4 , t T I '1 E S • I l 

'../ .> J T L ! ~, , 4 ) J l ( l 1. <, 1 ! I ) , I • l , "I ', 1\ I ) 
4 () 0 F '1 P ,"!.\ T I 1 •1 , ''X t. 1 ·~ l V idUd_ t, 'H: 1 1 , I) 
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10 . 

15 

25 

!3111 11 P T " 0 T ~ A C f F T ~~ '< , b + 4 ? i1 

f 1 R (1 G q '\ I 'i f S } ( l I l P U T , Ll' J T ~ \I T , 1 .\ P t ) • I N t' 111 , 1 .\ P I I) • 11 I f P I I f ) 
0 I ~· t n I,; \j X ~ < l J 0 l , G ( 1 l o l , 1 ! l u 0 l , C ( l 0 -) l , i! ( 1 1 ) 0 l , • I 'l 1 ( ~J 0 ') l , F I 'l T ( P 0 0 l 
IJ I ~>' l ·~ I I· 'I ~- f' < ( 1u 0 l , f- P '( ( l CJ J l , ~ U '1 ( .~ J 0 l , ,. fi ( :' 1l t) l 
[) I I" L: ~I T n ·~ \ C E ( t3 0 l 

c 
r++++++++++++~+••++++++++++~+t+•+t+++++++++++~•••~•••••••••••~•••••••+++ c + 
c. 
C+ 
c• 
r + 
I'. 
c• c. 
c + 
~"+ 

c• c• 
c• n 
c. 
c• 
c+ 
I"+ 
C* 
~: -- --- ----- f • 
c+ 

I ~ T S ;) I 'H ~ ~ H Tl S T t I t C. q [ ~ \1 ;: lJ ·J C TI '1 '1 C ( I l 'JV [ .;: .\ <; 1 I Jh P r 
OF SIDE 'l\.l • UtdT ~1' LllVI1H~G T·H St../JARE I~Tn SU'1SOUAPE5 OF SIDE 
UNIT ( SP~CIFit_D IN ~M l 

INPUTS 

0 NJ~q ([5) ~UMAtR JF G~ElN FUNCTIONS TO ~E I'1TEGRA1EO 

THERE A~E ~JO~ SE8UE~CES nr TYE RE~AINING CARn5 

~ C E I I l , I • 1 ~ tl 0 l ( l 0 I\ 1 l H E A '1 r: '=< C A R D 1: I T H '' E ) C 'I I P T I n ~~ 1 f' J 01J 
N).),·~.:;.•Hp (1l'>) 

'l S J " 'i .I M, I H Cl 1- S U 1 [) I V l S I l'l:) I ·~ .\ S 1 IH 
ll C " 'l I '1 ] ~ >\ r1 f' V .\ L 'J t S · J F ~ ~ 1: t 'i F U 'l ( T l : I '< 
~>.. F .l " "l J t', l L fi r1 f f- I c l '1 P n I -I T ) A T .-1 H 1 C '-1 l 'I T " G I <; -<. E 0 D 
T f I t S I l c 'l ~- T II E S J J .\ '\ l ( 'I _; -< " t:. L L Y ? '; ~ ~ · 1 ·~ i, 'J ~ " l F n C· T '1 F '-4 ~ l 0 + + 2 5 
C A S E I S J t: 1 E R M I ~ t ) '1 Y S P E : I F Y I 'i G N S ') ( T '-i r· '' I I I 'l = iJ Cl F S ' I ) <; 0 'J .\ P E S 
IN h SUr l AI<D CUHT(1H Lf'I"T·1 ']F l<H. <;l!'l'S'.',\•:>r: I:l '-'[_T•fiS l 
FG F·l~ ~'i-<'" ~ISCl .. 50 ,\'-H:, u·1:T 7 ))0'1 CIVLS A '>~Fi=!Ctr'lTLY ::FFICIHlT 

----- -- YE: T A C ~ _F: ,, Tt Ir d t: ·~ -\ ,\ T J l '. ( I F N S J , (. T. 5 C T d E TI '1 E F J R E .\ C H C 0 ,'.j V 0 
LUTIO~ I~CREASLS ~AP!GLY l 

30 l"t 

I ~f 
2 ALPd~,J~~IT,CC'Dt,Alf-Lf:( (2t-l.1,F5.C',f:1 .1l 

,\LDHfl. 1) Tit FltXU~AL 0 .'~-'IY,Efl~ I'i ~tTl~S 
UN I T • ) I [) E II F S U rl ") C Cl I,) ~- ) I 'l '1 ,: T E P S 
IFCCfl'E,l<).O,l .3(ll ISH:' ,ICTJ.'.[_ :-:::FE='' FU-ICTIT1 r::P T'-IE RESPONSE 
J F ,, 'j I s c I) " L ,\ s 1 l c r] p i- l :. j T I c J L \ T [ T l: A '; I J ,. F \ c E L ll t, n 

1 
__ 3_5_ --- ----~= ------ IF(ClJ,~.~:J.l.l ·~Cll IS T1[ r:'JI'IE'~SI:J:•LL'i5 :;<.:r'l FlJ'ICTil'l FOR-

~. 

c• 
40 C* 

c• 
C+ 
C+ r--- -----------c * ----

THE PESJJ'JStrJF AN tLASTir:: PLATC: A>.JU 15 ::;IV'-''l n IJ~liTS l;:: S 
·.~ 'i [ R E S ,. '-i I .\ L I' rl A , t, Li' H ~ IS H t F U \ 'J -' :. l P ,\ ~ A 1 t H ~ I 'i '1 t: TE: R S 
Ti-iiS G-<-Et~>.. FWlCTICJ~ IS HE TA'lJL.\Tt•J V.Hu:_:s JF KEI(Ol 
IF(COf!::.Ec;,Q,) t.LP1.\ t-'UST 8c S':T TC' 1. 
IF ( C l J::: , :: u • 1. l XC,( I l ·1 U ~ T IE _;IV C f, I 'I U 'I ITS 'J;:: S I , ~ • 
THE G~EEN FUNCTI8'13 F~ JM ~0'1VPLA CAN BE SCAL::D F~Q VA~IATin~S 

I N F L E X .J ~ H R Ild 0 I r Y ( 'H L ~ ( l l • R J '1 V ;> l h IS A L H Y S S l LV~ 0 i=- l ~ ~l• 1. E 2 5 
FO~ ~=l.t.~4 ,rO~( EXAt1f1 LF, ·r~~t ,)ISTA'~CL·s~ (Gtf). \~= SCALr=O ~y -·- ---·----------------------------

45 c~ SJRTCS)-<T10. )) Trll)) SHJ>\Tl'li\1:; THE V.\LUF. OF HPH~. THIS SCALING 

50 

c+ 
C+ 
C* 
C* 

I S ,\ U T J 1 A T I : f, L L Y T ·\ K E N C ~ ~ E 1 F C) Y S r t C I F Y I r J ~ T 'i t= V f, l U E 'J F N F L E X 
T H A T I S R E :l U I t;: E Ll F J R T Y F ;11_1 T P j T J F A I t> T A 'W S U ;:- r> L Y I ~~ G T -i E 
VALUES lFXGIIl F~Cl'1 l'IE SOLUTION F'JR 'lFLEX:l.E25 

C+ G!IJ,I=1,NGJ C8E10.4l 
C + G R E Pl F J t l : T I 0 N ------------------c·-----4 XG (I l ,-I= li'\.,'; --lO~T.z.--------------------------------
C+ XG( Il ~~E TrlE DISTANCfS AT WHICH THE G~EEN FUNCTION IS SPECIFIED 
C+ IN METE~S 

,;: ____ _5_5 __________ ~!-------5 - ~~ ~ u !~ 1 (;} s i r~6--~ t~t ~ ·-5~r :,r s -c'-l -'HIERS ___________________ -----------------

60 

c• FIELD 0 'JINTS AkE TriE: POI'dS 4T WHICH TH~ I'H~Gq_qiiJ'l IS EVALUATED 
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C* 
c•••••••••••••••******************************************************** c 
c PRFLP1I'lt.-<IES 

Pic3,1415?2r5359 i RH0=3400, 
ANC8NVcSJ~f(SJRT!10,ll 
GA/"S,~Ilil+:J'; -----6:J - ----.-. -------Rt A 0 ( 5, 'Jl i J ,JB --- ------

70 

-------- -----------------

75 

so 

85 

95 

100 

105 

110 

c 
c 
c 

c 

5 F~R"AT (151 
DO 5000 IJ~·1,NJOB 
PHOC5,ll (ACE<Ild•1,tl0l 
FOP~:AT (>J)td l 
'>/ ~ I T E ( 6 , ? l ( ,\ C E ( I l , I = 1 , 8 0 l 
FOP,"'AT (1H.5Xdl0All 

CE•HPE OF SCUARE 

CX•O. CY:~O, 

CLEA~ FPX A~O FPY 

I)') 10 1•1,10() 
F P Y (I l "0, 

1') FPYCIJ .. O, 
P[f,iJ(';,i'Ol rJSJ.t1G,NFP 

20 FI]Q'-',Al (1I5l 
o t- t. :) ( 5 , 3 :) l 11 L r 'II\ , u · 1 I T , c 'J D t: , A 'I F L E X 

30 Fn>:>"~t.T Pl 3.3,F'J,Q,I_'L:'ll 
\.1 ~ I r [ c r, , 1f) l 'I ) J , 1, ::; , • J t- ·> , '• L ? 1 ~ .\ , 'J' 1 I T , Mt r L !: x 

4 0 F ] "' '1 h T ( l 1 J I I :,; X • ~I S J , t I ; , t l I· P , II L P H A , !J '1 I T , 'J f l f' X 
""lTE(~,bl Cf1')i:: 

t. " r r 1 P " "r ' 1 -< -~ • " t + c n 11 ~ 1 s + ~ r '> • o 1 l 

I ;: i 4 t~ c L t. X , F. 0 • 1 , 2 fJ 
IF(6hFLf(,rCJ,1, ?5 
I F ( t. 'I F L r t , -: .J • 1 • ?_ 4 
IF(.'>NFUCF·:l,I. ?1 
I~" ( PI F Lf (, c Q, 1. "-2 
IF(t.\Flft,~'J,l. il 

1liV•l.lh'IC'1~V 
U IV • 1. 
lJIV->~'ICl':V 
0 [ V • f, ': C 'I '• 'J + t 2 
UIV•trfrl)'l\/~+3 
DIV•f,'IC l'IVH4 

~ [ f, ) ( ') ' j 0 ) ( 'J ( I l ' 1 • 1 I 'l G ) 
50 Fl~wAT(~~l),4) 

() l ':; 5 IF 1. I G 
'i 5 r_J ( I l • -r. < I l 

w~'IH!I>•',.J) c:,({l,!•l.tiSl 
6 J F-: J ~ '1 A T ( i I ) • ; I. + (, ( I ) " , 1 L r: l 0 , '• ) 

D L f. ') ( ') 1 IJ '-' ) ( Y r_; ( 1 ) ' 1 • 1 , I I G l 
6 5 r '1 f.' '1 A T ( l 'l t: 7 , '• l 

*.3I7,3Eq,3//l 

~ g/f,i:'l:/1 ~j)j.l1 CO'lVL~l fli".r:•lj!J'ILC)~, r,orr•l Fll~l'::liiJ'i frl >Ht\L 

rr c~ll')r • 1 J,(), l c,n HI 'J(, 
f) 11 I, i) T • l o l r; 

1,') '(·~([)•X',(!)*r\LPHA 

S C h L t I' t I ( (r l rJ Y P (J I P ] + ,., L i' 11 ,', 4 • ? • ~ .\ '"1 ~ 



r H lli) ~ .\ M J N T S Q 

11) 

67 

/:.4 
120 66 

69 
c c 
c -c ----- -- 1 2 ~ -

75 

130 c 
70 

"90 
135 c 

c 
140 c 

73173 OI'T•O l~ACl 

S C Ill f f' • 1 , I ( P I • .\ L PH A + + ~ + G AM S l 
r; I h 7 I • l, ·1.-; 
(_. ( J l ~ -, ( l l ~ '> ( .\ ~ E F ~ 
>o~P ll t (1, o·•l ( :, (I l .I •lolL,) 
F r 1 ~· ~ t.. T < t I J , J X ~ i; ( I l S L: 1\ L L !l + , l 0 E l 0 , 4 l 
C P~T I ~IJE 
,Ji<Jll:('-.,t..,/) (XC!Ilol"l•'lGl 
F J R '111 T ( l ·l ) , 1 :r: • X v + , 1 0 E 1 J , .. l 

F Ttl 4 • I• + 4 2 tl 

NO,J SC~L~ XJ!Il FO~ COKRECT VALUE 0F ANFLEX SUPPLIED 0~ 
_INPUT C'\RO 2 

DO 7'J I=l·'lG 
;t(;t!l=XC!ll/DIV 
'..1 i< I T t I t> , 6 ) l I ( 1; I I l , 1 • l , ~ G l 

R[t.n('J,70l (FPX(ll•l"ltflFPl 
F ,-, F 1', A T ( 1 c) ~ 7 , 1 l 

t~l~~\ 6 ;~~~. \~~r~~~i~-~~~~~1f~.3) 
.-: E f, D I ') 1 7 •J l I F ,, Y < J l , 1 " l , 'l f .> l 
:( S T .\ R T = C X- ( N S ~ * l 1 \! 1 T l I !.. , + ll H T I :' , 
Y 5 T A ;:.: T • C Y t I N S ·.:l * lJ r: I 1 l I Z • -UN I T I 2 , 
KG~~.\Xs7'N 

7710212]. 15.07.~7 

~-
I ~~ T F 0. P •J L .\ T E G R F l •J F U l C T I 1 N •\ ·'l ~ P L A C E 0 '-l R E G IJ L A~ G R I 0 U S I N G 
C I) fl I ( <; ~ L [ f,l f: f N H '\ I' j l. t\ T I n '~ C 
G("iEKAit ;>Ql'J SAT 'rHICH l~H~P.")LAT10~ IS REOUIPEIJ -------------------------------------

145 
c 
C· 
c 
c 

!)'l 500 'l<;TcP"lotH>O 
5 0 0 X I ~~ T { ·~ S T f:? J " 2 , * F L :J ,\ T I ·~ S T E? -1 l * 1 , E ~ 

S P L I ~l E I 'l T F K. P J L A T I J 'l G I V E S V A L U E S 0 F T H E G i<. E E ~l F U N C T I 0 N A T 
AT 2 K~ I'lTERVALS 

---------1)·)·----- ------- -----CALl-SPli'lt OlG, XG,G, ·3,(,[1,\IilT; FI'lTi SO~l,C, IEK l 
c 
c 
c 

COR~ECT FINT FUR INCJ~RECT FIRST VALUE DUE TO ERRO~ IN SPLINE 

FINT(ll•G(ll 
155 

ENSU~[ TY~T FINT!IlxJ, FOR VALUE~ OF XINTI!l TriAl APE GREATER 
~-----------------------.::-------TfiM~ _'tG ( ~-:;_) ____ -------------------------

DIJ 85 JJxloiJOO 
160 IF!YI~T!JJl .LE.XGINGil GO TO 85 

FINT(JJ)sJ, 
85 U1~Hl'l1Jt 

C l<.'i<1TE!~dJl !!.X:I'll!Il,FINTIIlld:1,900l 
90 Fnf':-1/d 111 t5Xo2El3.5l 

l6_5 _____________ ~~n~~~" ~·,;l: N F ~:~_I r-,, l __ -----------------

1 F I '< , G T , 9 l K M I ~I· K 
D I) 3 50 I',.:\ '1 I fl , :\ 
FPY:~lxF~X('<)-(M-ll*50000, 

170 NCCUIH•NCJJNT+l 
SUf INCOU'H l •0. 

PROSRA'I INTSO 7 3/7 3 OPT=O TRACE 
----------

f., 

II=!FPXt!<l.:JT.XGINGll GO TO 340 
DO 100 J:l,'lSO 
DO ~o:J I:.ldlS:l 

175 Y•YSTAtn-tJ-1 l*UNIT-FPY(~l 
C Y = Y S T .:\ 1-1 T- ( J- l l "! J f, I T- F !' Y ( K l 

X=FPX ( K l-1 XST <\'-/. Tt I I-1 l *UNii l 
RxSJRTIY*t(+X*•2l 

FTN 4,6+428 77102121. 15.07.57 

----------------·r--- - ---- -------------------- -----------------------------------
180 C R IS THE JISTAtJCE Fi<.J~l Tr-IE SOUAR;: TCJ TYE FIELD POI'H IN 'IEHRS 

185 

C C 0 fl V E R T ~ F 0 R H lT t ~ P J L U I 0 'l 0 F G r<. t E N F U N C TI 0 N './ H I C ~ I S S ? E C 1 F IC D 
~ IN FINT AT INTERVALS UF 2 '<~ 

R'<M·"~ 110::>0. 
Kl< t~" R ~ t·\ 
P>: ~ "• 2" F L 'lll T (-< K '1)12. 

-----~---------------KI(~'·Z·~~-<~~ - ------ . -----------------------------------------------

190 

F P t C =- ( r! tt '1- F l i)A T ( K K 1 2 + 2 l l I 2 , 
IF<KK'1~.GT.KG~AX) GJ TO 200 
S) \' AL = F I 'l T I -< '< '-1 2 + l l + f- R 1\ C * < F I' JT ( '< K '1 U Z l - F I NT ( K K ~~ 2 t 1 I J 
S 1J '-', ( ·~ C J I J N T l • S U '1 ( ~~ C 0 J ·~ f ) t S f) V A L 

200 C'Hill JIJf-
1 0 0 C .J '• T I i U E 
340 CJf~T I 'lUE --------1 '15-- --------------- --~R ( '~C CJUt~ T )-~-s rJ ;<I( F P x:·-( K f+ • 2+ F?Y ( 'wf) + + 2-1 -----------

200 

zo:: 

C 
c 
c 

---.--------2 1 Q___ ---- -- . - ---

215 

MULTF'LY )U~ ey AREA~ 'JF I'lDIVIDUAL SU'3SOUARES 

. S U ~i I t i CIJI J ~H l • S lJ '1r ( ~l C 0 U N T l + U N I T+ -+ 2 
3 50 (il'IT I '1\JI=.:: 
300 CJhl UliJE 

·~ C [' U ~ i T ... i ~ C J · j r ~ T- i 
0'1 1200 Jsl,lC!OO 
)~'ITCI1•0. 
Gel 1 0 0 0 I x l , ~'~ C r) tJI; T 
lF(C,_P{I+lJ,:JT.~P!Ill GUT') 1000 
) >I I T C ·~ 3 S ~ I T C I 1 + 1 , 
RS/.V~•::!::>(f+ll J. 
onitll="'~IIl :t 
h'>< 1 r 1 ~'''iAh. 

1000 C'V!TI'l'JE 

SS/,Vf •ST11 1+1 l 
) j 11 ( I + 1 ) s s I) '1 ( I ) 

S IJ >I I I l " ) ~ .\ IJ E 

Jrt~../IH'~.E:l.O,I GIJ T1 1~00 
120~ CCH'T f'!IJf 
DOO Cil~IT [•i:Jf 

\4"' 1 T!. < " , ? '1 J 0 l ( I P ·~ ( I l , j U ~ I I l l , l • 1 , 'I Ul UN T l 
. 2 5 0 .') r ,') P ·~ /, T ( l ·1 .) , '5 X + r: fi ( I I , S U I~ ! I l + , F 10 • 1 , 1' l 3 , 5 l 

220_ 

225 

c 
c 
c 

SQRl 0 1JT VALIJFS fOP WHICll PP IS TH~ St,I1F. AND Hl'll'lt.H 

on -~ o o o r .. 1 , '1 c :JLH J T 
I I r. r+ I 
!F!Pr'(J),'L,~~~llll Gl) Trl 3000 
rJ'l l'•·JO JJ•JJ,.IUJ')fiT 
r< 1,' ( J J ) , ,> o 1 1 .} 1 l ) 
)!JI'(JJ)•)J'·l(Jjt]) 



230 

2 35 

PROGKA~ 

~R. SEVERITY 

tl5 I 
'35 1 lJ? 

1 3 z I 

10 

7 317 3 OPT•O 1.-<ACE 

35U0 CfHlTI'l'Jf 
3 0 0 0 C •l f; T 1 'HI I 

r1 ;) r 1 r 1 '. , ~ 1 1 \ c r 1 I l • \ .. 1 ( >l o l 
W -~ ! T [ ( 11 , .' -; ) 0 l ( ( i< '< ( I , ; J ·I ( 1 l l , I " 1 , 'l C 0 II~. T ) 
w ~ I 1 E ( h , _, 'J J 1 l ( S U 'I ( l l , I • l , t J ~ ,J Ll ~~ T ) 

?~>01 FJF'"t.T (ll ,:JXotitlJ,t,) 
~ooo co~ r I 'l'Jt 

Chll LXI T 
END 

IN T)Q 7317> OPT•O T~ACE 

~[TAILS 0 lA :_; ~ n) IS 0 F P R lll L E '1 

F r tl 4 • f., • 4 2 g 77/02/21. 15.01.~7 

FTN 4,6+-42'3 77/02/21. 15.07.57 

l'/ C•') 
n () 

?OC •1 
ZOCD 

'35 
~5 

105 
132 

FHLO .'IDTH DF A Cll'IVERSION ')ESCQF'TIJP SH'llJLD n;: AS L.\~GE AS TYt HPn"~UM SPECIFIED F1~ 
FIEL·J <!IHH rlf' .\ CIJ'l'J~t.:)!.J'4 f'J::SC-<I•'FII< )rl,llJL~ Ht A'- L.HC.~ ~S J'HE ~Pd1'J'I SPFCHIED F<l' 
FUL,) >~jDTil or f, ~~l~lv[~)]J'j ')f:SUI 0 TO~ S'-ll~LD i1E AS LPC-~ <\S Tlj[ 1-'·I'd'IU'1 SPECIFit;:D FJ~ 
F I t: LJ -~ I 0 T H Ll F A ..: II:~ V E '< :; Fl 'l D E S C K I P T lB S Y J lJ L D 11 E A S L -H G !: A S T rP: M I N 1 M U M S P !: C 1 F l t D F J ;;: 

73/71 OPTaQ PACE FTN 4,6+-4?.':l 77/02/21. 15.07.57 

SUB R 0 UTI~ c S P l I N E ( N, X, /,1 [l, C , [) 1 X IN T , F It, T, tl VAl , IN IT, IE R ) 
c S 0 LJ 10 
C,,,,,,,,,,, •• ,,,,,,,,,,,,,,,,,,,,,,,,,,,,.,,,,,,,,,.,, •• ,,,,,,,,,,,,,,,SPLI 20 
C. SPLI 30 
C SUBROUTl'lt SPLI~E S·)LI 40 
C SPLI ~0 
(' PUDPOSf: S?LT 6 1) 

C -- TG CJ·.P_ITE -COEF!=ICfUHS FOR;-,n-FY Pt.:UClP~, CUliC)PL1~~t-1NTER.:.-- S>'LI-- 70 
C P ::J L A T I 1 '4 S P L I 8 0 
C SPLI qo 
C US4GE SDLI lCO 
c c A L L s ;J L I u E ( N , X ' A I :3 I c , D , X I N T , F I NT ' t• v A L } I N I T I I E R ) s p L I 1 l 0 

L C SPLI 120 
C DESCRIPTil~ ~F P~PAMETERS S?LI 130 

____ 15 ______ . 8 ______ N - i~jJ~~id[u~i'),...·j ru'lc_vo'l_ v_ALuEs_ro P,E usEo ___ n c_'J"D_'JT_E _______ Bti-i~S __________ _ 
C X-,\ V::CT'J~ GF Lt'IGTH N CJF X-CClfJRDnlf.TES, 1'1 ASCE~ww:; Ci<DER, S;:>LI 1h0 
C F- •') ~ . .., :, I C H F U '~ C T I 'l ~~ V ~LUES 1\ R E k WJ II~ S ;:> L I 1 B 
C A - t. v: C T 'J ~ 0 F L E 'JG T tl N ~1 F K. N J w ·~ F U'WTI 'J "l V 1\L U E S , S U C'-1 T >1 AT S P LI 1 8 0 

20 C A ( J ) : F ( X ( J ) l F J 1-Z J = 1 1 1 'l • T H T S A P :.<.A Y C l \l T t>. 1 'l S T -i :': S P L I 1 q J 
C A-:JEFFICIE~TS FOR I~TE~PULA1ION, SI~CE A(JI•F(X(J)) SPLI 200 
C FO~· J•1 TO 'j-l SPLI 210 

---------- . -3- _____ JL::: _ er [fi.~t~ r8~-LE jGJf~_ ~l _ _l_N~~'!l_CH THE C0'1P'J T E_D ~:-C OL'=.I=_LCJLNJS ~ ~ C f --~ ~g 
25 C C - A VECTD~ OF LE~GTH N IN WHICH THE COMPUTED C-COEFFICIE~TS SDLI 240 

C WILL t'lt PUT SDLI 25:) 
C D - h ·J t C T n ~ 0 F L H G T H N - 1 I "l .H I C H T H E CI:P1 P U TE D D- C CJ E F F I C IE N TS S 0 LI 2 6 0 
C WILL 3E PUT SPLI 270 
C XINT- 1\ V~CTOR OF LENGTH NIJAL CO~TAINI\lG, I~ ASCEN~ING O~O~R, SPLI 280 

30 C JALU~S OF X FOR -..i-HC>j I 1HHP 1JLATFJN IS Tn i3E Dr:J'<E. IF StJLI 29) 
--- -- --- ------ ~------------- 1 ;j l t -1 ~~eAr t1 ~~ H l ~ ~ ~ ~: ~D., __ n~T -~E'_E !)_ 'WT_ 3 E 0 I~_:-~: s IJ]N_ED_ g t1 ~ ~~-----------. 

C FI~H- .\ VECTO>< IJF LEN3TI-I "iiJAL IN WHICH THE ~ESIJl.TI"lG I'lTt:t<- SPLI 320 
C POLATEO VALJ[S ~ILL e~ PUT. IT ~AY ~~ THE SA~E AQ~AY SPLI 330 

35 C ]R ~LFMENT a~ XINT, IF ~~SIRED. IF n~LY 1N~ VALUE IS S:JLI 340 
C 0 E S I' H 01 F I 'H tl E t D 'll T -3 E D I '1 t N S I J :~ U I 'l THE C -H. LI 'l G S P L I 3 5 ::J 
C :l ~ 0,:; ~ A"-, F I liT ( J l I S T:-1 ~ I ~HE~ P 0 LA T t 0 VAl iJ f- ~= 'J ~ S r>L I 3 6 0 
C F(Xl~T(J)J F-0~ J=l TO NVAL, S:lLJ 370 
C NVAL - IF P~SITIVE, 'lV~l IS THE ~UM1EQ OF POINTS FnR A~ICH SDLI 380 

-----4-o-·-------c---------- - --- I NTP POLA T I Jif l~UST 'lE D•J'lE ~ IF -tlE0AT I VE :-p Z::::( J1. 'HJ ___ S ?L r--3 '10 ____ _ 
C I~ITE-?.POLATIJt< IS ATTE'\PTED. I~ST~=AD, A 1 C<tTIJi'"-1 1 IS SDLI 400 
C 3IVEN DlR~CTLY AFTER THE SECTION FOR CO~PUTI'lG CJ~FFI- SPLI 410 
C :IENTS SPLI 420 --------r::- rNtr-=· INPUr Ct:iDC·-------------------------·- -s~u .. -oo----------

45 C 0 - COEFFICIE~ITS AQE TO 5E C:JMPliT>:O SPLI 4t,J 
C 1 - COE~FICif~TS HAVE Al~iADY ~~~~ C01PUTED. JNlY SDLI 4~0 
C I~rERPOL~TID~ IS TO PE DONE 5°LI 460 
C (N.9. IF flVAL IS LESS T!HN 0'< EOUH TOo, h'Fl I'HT•l, '-JCTHI~IG SPLI 470 
C IS DOtH: .JIT"ii~~ TH'= SU 1lKliJTii~E. A JPA'lCY IS MADe 9ACK TOS?LI 480 

50 C T~E CALLING PROG~A'1 DIKECTLY UPO~ E~TEPI~G SPLI'l~l SDLI 4YO 
C . _______ I E ~ - _ H R 0 R Cli 0 E S ;:> L I 5 0 0 
::: - --- 0 -_:- t\Ji<~h[ RETU~'.'l .AFH>< fliPlG-I'iTE~;:>JLATION SPLl-~10 
C l- XINT(l) IS LES'i T>1t.'l X(1l SPLI 520 
C 2 - X I ~11 ( J l I S G;.; f- t, T E ~ 1 H" N X ( fl l F 0 ':1 S 0 .'1 E S P L I 5 3 •J 

55 C J FP~'1 1 TO ~Vhl SDLI 540 
C 3- C'HFFIC[EIHS ·t~EII[ C:l~PIJTEQ, r31_1T "10 SPLI 550 
C I:lHRPJLATIL:tl '..ihS 01JN~ SPLI 56J 

7 3/7 3 OPT•O Tfl./\CE FT'4 4.6HZ'l 77/02/21. 15.07.57 

c 4 - " ;J u <; LF 'J L w r 1 ·.:> r< w A s D n 'H 'rl I T H P J T ' 1 E 
(' 

_________ 60 ___________ E 
S U •3 P ~ '1 r, ,<. A~ ; I • [ • , I 'i I T • 1 ,\ ~j D 
NIJ.\L_ IS LESS THA'I OR EOUAL Hl 0 

S P LI 
S •' L l 
5 f' L I 

- S PI T 

570 
~eo 
'JC-iO 
h(){) 

65 

70 

75 

no 

8 '} 

c 
c 
c 
c 
c 
c 
~ 

S ;_, L l 
SPLI 
s 0 l I 

METil:J!! SPL T 
USCS 'I[THlD DESO~I)[rl Ttl R, SA'JER, f. SZ<\fll, •~.\THc~hTIS~Yf= S 0 LI 
HJU":;'IIfHL llt:) I'l.,LNFU~S, 1 PAriT III, S•'>-~I'<·;E~-'.JH'I_t.:;, riEPLH!,S:>LI 
1 9 'J fl ' ::: 1 A p r L .. H , s t: c r T tli J li • F 1 ~~ h ': ' J ... D fJ r I j <: ... ) T 'J r:: T ,, r ... r -~ ;: '; T r] F s ;) L I 
)PLr·,t:··, SE~ ''1,\TriH',tlliC'> t.'ICJ scrr•,u 1·~ L ~-;r·.rr..>T'I,-,' /SLU.'1E vt I 
3f1o J,-1, A 1 10IPSo l:.t{. 'lll),)'lo J.L. ·Jt,L)'l, lf·l"= T•F'l;;y 1F )PLI 

;.) l 0 
f:?O 
6 )t) 
640 
6~0 
61JO 
f., 70 
b% 
,, ..J') 

C SPLPIE:) A'lll THUiZ AP?llCATIIJ'~S, 1 ACt>.::J~MlC P~<:SS1 tiE./ Yl~K, 1?67S?LI 700 
710 
72.') 
7 JiJ 
7~0 

~ VL I 
..................... I ••••••••••••••••••••••••••••••••••••• I •••••••••••••• s C> L I 
C S P L I 
C SPLI 

c 
r 
r 
;:; 
r 
c 

rq r-' rtl ~ JCl>l X ( 1), A ( ll, '3 ( l ) , ' ( l I,') ( ll, )'I ~n ( 1 l , r I 'IT ( ) l 
0 1 1-' F r l ':> J li ·I ( ( 1 ) , A. ( 1 , :J ( l l , ~ I 1 ) , :) ( 1 ) , ~ l ' : T ( 1 l , F i 'i 1 ( 1 l , i) I \l T ( 1 l -

I F C G ·'I r I JT .\ f I() OJ fJ F A, ll , C , d 'JIJ 0 H A) hL r· r: i\ r:J Y f\ t f "l 0 n II E , 
G J T 0 l '< E ~ P fJ LA 1 1 'H-' S t: C T Fl ~I 

IE r; • 4 
TF ( U: 1 T • ·tr~ • 0 l .-; J T fl 3 

nEr,Hl C.'.L<·JU.T!flll rJF <\, [', C1 <\'to D 1 ~. 

SPLl 770 
S>'Ll 7f'.O 
'i r L I 7 <i •1 
) o l l ii O'l 
VL I h 11 
S P L [ IJ r' 0 
') P L I >1 VJ 
'j Pl. T :.! '• :1 
~ ;l I 1 P, l) ,'I 



'10 

- 100 

'I ] •, i 
l! "\> 1 ,) • ) 
Till II'',\.<~. \l)l'l(l Jr~ ll, 
l11f Rl\.ill •IJ\'W SlULJ .H!l: $T'Ir<.ElJ 1'~ C. 

,•'L I ·J.-.J 
~ •'l l tl 10 
~ P l I 1 qu 
5 >' L 1 '~ t·) 
II P L I 9 10 

f) :J l l • I I 'l.., 1 ) p L I CJ ? 0 
ll(ll•X(!+t)-X(l) SPL1 930 
T f ~· P 2 • I .\ I I ~ l l -A I I l l I l! ( I l S P L T 4 '> •) 
C I l l • 1 • ,H ( ft 'I P?.- H r'1 Pll S fl li ~ ~ 0 
Tt=l-'''l•lF'\,>~ 'iPLI 960 
C'JNTI'l'JF SPL I 970 
Clll•O.O sPLI 9fl0 
C ( "~ l • J • 0 S P L I '1 9 1 

.C,. s5 PPLLIIllv~ 010J r S 0 l V E T H E t 0 U A TI 0 ~ S I) { E L HI H~ A TI 0 \l A tl n f3 A C K S U r.l S TI T U TI 0 N S P L I l C! Z 
0 

S SPL Il030 
--105----- -- ~ -- ELI'Il'HTE.- --------- --- ------------------· --- ----------- ------------------- gt H~;g .. 

TE~Pl•O.O SPLJlOt>O 
T~MP2•0,J SPLll070 
OJ t\ {c2o4'11 SPLilC':I') 
CIIJ•CI!ltTE~Pl+C(I-ll SPLil0<iO 
Blll"(~ll-ll-X(l+lll•2.0-TE:I?l+TE'IP2 SPLillOJ 
TEMPZ~DIIl SPLilllO 

110 

TE~ItJJ·H~·)~/'3(1) SPLill?O 

[~: :_~15 SU~~OUTl ":S ~L: N;:: :~:;;::: T U T: P~•O l<ACE_:::::::: :-· . ·- :::_-FTN ··;~ 6_+_4_?9_::_--_.--7::; ; : ; ; :· .15 • 07 • 57------

120 

125 

135 

C SPLI1160 
I " tl ~~ l 

9 C I I l = ( D I I l ~ C I I +1 l -C I I l l /13 ( I l 
I•I-1 
IFII.GE.Zl}O TO 9 

SPLT117J 
SOLI118:) 
S"LI11qo 
S?LI Ulill 

C SPl Il?lO 
c---- --"'OW-Tt-lE--CJ~RECT-VALUES FOR-B--A"lD-0 -1\P.l' CnMPUTED ________________ --sni12?J 
C S:JL!l23) 

DCl 2 I•l,'lH VLI12 1t0 
8 ( I l " ( t> I I ~ I I -A I I l ) I D I I l - ( 2 • 0 * C ( I ) +C ( I+ 1 l l + D ( I l I 3 • 0 S ?L I 1 2 5 u 
0 I J l s ( C I It 1 l-C I I l l/ ( 3. 0 * D ( I> l S? LI 12 60 
CQNTI~UE SOLI1270 
IEP•3 S~LI1280 

C SPLT12~0 
-C + t-. + t * f * *-* * t- .,r. * ~ ~ * * ~ * V * * * *-~ * * 4 * * * * + * * ~ * ._- * * lr tr * + * * ~t * * * * ~ * * * * * t *- • -.. :t * + • * * • i, • S ;) L I 1 3 0 J -- ---- -----
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