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Introduction 

During the last 17 years, at least 9 models for the opening history of the 
Central Atlantic (between the Azores Fracture zone and Fifteen Twenty Fracture 
zone) have been proposed (see POMP Progress Report No. 20). The increasing 
complexity of the plate tectonic models reflects the use of new magnetic data and 
improved modeling techniques. In this report we outline the procedures and data we 
have used to produce a revised plate tectonic model describing the opening of the 
Central Atlantic. Table 1 lists the finite rotation poles we have determined for 19 
time slices during the Mesozoic and Cenozoic. Figures 2-5 illustrate our 
reconstructions for chron 21, 34, MO and 170 Ma. (Blake Spur Magnetic 
Anomaly). 

The essence of a plate tectonic model is a set of finite rotation poles, which 
can be used to calculate spreading directions and rates. From these rotation 
parameters synthetic flowlines describing the separation of two plates can be 
drawn. A flowline consists of small circle segments that describe the motion about 
stage poles for the time between two identified anomaly lineations (Klitgord & 
Schouten 1986). Ideally, the flowlines should be identical to fracture zone traces on 
the ocean floor. 

Up to now, however, it has not been possible to evaluate the quality of 
predicted flowlines because the coverage and availability of fracture zone 
bathymetry data for different parts of the ocean floor is highly variable. Seasat 
altimetry data now provide broad picture of the tectonic fabric of the ocean basins. 
They allow a comparison between tectonic lineaments on the ocean floor and 
synthetic flowlines. Prominent fracture zone lineaments, as interpreted from Seasat 
data, provide additional constraints for determining the fit between two 
corresponding magnetic anomalies. Geoid signatures on the continental shelves 
supply new information about the structure of the basement along continental 
margins 



We feel that by combining magnetic anomaly data ~it~ord & S~houten 1986) wi!h 
the new Seasat lineations we have assembled a s1gmficantly Improved tectomc 
database. Using the advanced 3D-graphics capabilities of an interactive 
Evans&Sutherland PS 300 computer, we derived a refined plate tectonic model for 
the Central Atlantic ocean. All ages of magnetic anomalies referred to in this study 
are taken from the DNAG timescale (PALMER 1983). 

Data 

The data base of this study includes the set of magnetic anomaly picks from 
Klitgord & Schouten (1986) and Seasat altimetry data in the form of the "along
track deflection of the vertical" (Sandwell 1984a). Magnetic lineations were 
constructed from the magnetic anomaly picks. The Seasat data, plotted on GEBCO 
overlays, were used to generate a tectonic fabric map of the Central Atlantic ocean 
floor. The techniques used to process the Seasat data are discussed in Gahagan et 
al. (1987) (see also POMP Progress Report# 26). 

Methods 

The variation in height of the geoid corresponds closely to the height of the 
sea surface. Thus measurements of the height of the sea surface can be used to map 
submarine topography, i.e. valleys, ridges, and slopes (Haxby 1985). Fig. 1 
illustrates the first derivative (i.e. a gradient of a slope) of this surface. Positive 
slopes, as viewed to the north, are delineated by blue lines, negative slopes by red 
lines. Broad positive and negative slopes are represented by hatched areas. 

In order to determine the location of fracture zones from these linear geoid 
features, the relationship between specific geoid signals and bathymetric expression 
of a fracture zone must be known clearly. In contrast to fracture zones in the 
Pacific, which are ususally characterized by a large age/depth step that often is 
retained even on the oldest parts of the sea floor (Sandwell 1984b), fracture zones 
in the Atlantic exhibit a more complex morphology (Colette 1986). In the Atlantic 
the expected depth/age step is commonly overprinted by the fracture zone 
morphology (Colette et a1.1984, Roest & Colette 1986, Colette 1986, Potts et 
al.1986). This is due to the relatively slow spreading in the Atlantic Ocean. In 
addition, the morphology varies as a result of changes in spreading direction. 
However, a characteristic morphological feature of Atlantic fracture zones is a 
central valley (Van Andel1971, Colette 1986), resulting in a prominent geoid low. 
This geoid low is represented by a pair of red and blue lines, as viewed from south 
to north (Fig. 1), locating the two slopes of the central valley. 

Observation of the Seasat lineations indicate that: closely spaced pairs of red 
and blue lines are common, confirming that central valleys are characteristic of 
fracture zones in this region. Uninterrupted and continuous pairs of lineations are 
prese1_1t only for a few large-offset fracture zones (Fifteen Twenty, Kane, Atlantis 
and P1co Fracture zones). Geoid lineations of small offset fracture zones commonly 
are interrupted and discontinuous. 



Some lineations deviate from presumed tectonic flowlines. This deviation, 
however, does not appear to be randomly oriented. For example, a number of 
geoid lineations east and west of the ridge between 200t;T and 35°N clearly dev~ate 
to the south, forming wide-angle, upside-down V's (Ftg. 1). In the same regiOn 
volcanic ridges with very similar orientation were described by Schouten et al. 
(1987). They attribute the V -shaped pattern of the migration of volcanic ridges from 
spreading centers by motion of the plate boundary over the mesospheric hot~spot 
reference frame. This is a consequence of the directions of absolute plate motiOns. 
This observation indicates that linear features other than tectonic flowlines only are 
reflected in geoid lineations and that these features may yield stronger geoid signals 
than small offset fracture zones. 

Plate Reconstructions 

Derivation of rotation poles 

The method followed in this study was to use interactive computer graphics 
to find the finite poles of rotation that best fit a pair of corresponding magnetic 
anomalies and fracture zone lineations. We start with Klitgord & Schouten's (1986) 
reconstruction poles, evaluate the fit and, if necessary, adjust poles to achieve the 
best overall match of both the magnetic anomalies and fracture zones. This 
technique, however, only applies for reconstructions between 0 and 84 Ma because 
geoid lineations on older ocean floor are not pronounced enough to map distinctive 
fracture zones. Most of Klitgord & Schouten's (1986) poles satisfy the constraints 
by the data. The poles for anomalies 5, 13, 21, 25 and 30 are slightly modified, to 
give a better fit of major fracture zone lineations. 

Defining isochrons 

After the best fitting rotations were determined, finite rotation poles were 
calculated for every stage both for the reference frame of the North American and 
the African plate (Table 1). A stage is defined by the time interval between two 
adjacent anomaly lineations used in a reconstruction. 

Subsequently reconstructions for all time slices as listed in table 1 were 
plotted, keeping North America fixed. These plots included superimposed magnetic 
lineations for the reconstruction time as well as the older anomaly lineations for 
both the North American and the African plate. Seasat lineations and small-circles 
for the stage bounded by the next older anomaly pair were plotted on the maps, too. 
Now continuous isochrons were drawn (which can be viewed as of "idealized ridge 
s~g~ents"), connected by transforms. The paleo-ridge segments were drawn by 
fmdmg the best average lines for superimposed magnetic lineations. The position 
of tran~fo~ms ~etween paleo-ridge segments were determined by offsets in 
ma!?~ettc hneatiO.ns and Seasat fracture zone lineations. Geoid lineations give 
additiOnal constramts for the location of fracture zones, especially where magnetic 
data are sparse. 



The fracture zone segments for different stages were drawn .as synthetic 
flowlines, which are defined by small circles for the stage poles. TJ:tis procedure 
yielded isochrons for the Ameri':an plate, which .was kept f1~ed for the 
reconstructions. A complete set of Isochrons was denved by rotation. of every 
isochron from the American plate to its corresponding position on the Mncan plate 
by applying the fmite reconstruction poles as shown in Table 1. 

The constraints for the isochron positions, magnetic anomaly lineations and 
Seasat data, are displayed in Fig. 1. Both unrotated (red lines) and rotated (green 
lines) magnetic lineations are plotted. This was done by rotating. all anom~ly 
lineations to their corresponding positions on the opposite plate, usmg the fimte 
reconstruction poles of Table 1. 

Distinctive Seasat lineations permitted to draw flowlines for some fracture 
zones even where there appeared to be no offset of the magnetic isochrons (Fig. 1). 
Fracture zones which do not offset magnetic anomalies are discussed by Schouten 
& White (1980). 

Discussion 

There is a good agreement between the synthetic flowlines and geoid 
lineations for the time interval 0-84 Ma (A34) (Fig. 1). Jumps of fracture zones 
(that means breaks in the expected contineous flowline patterns), as derived from 
magnetic lineations, are well correlated with the observed geoid lineations.These 
jumps are related to changes in the direction of sea floor spreading. For example, 
the plate reorganization at chron 21 caused the jump of the Cruiser, Tyro and 
Northern Fracture zones. This can be seen in both the magnetic anomaly pattern 
and in discontinuous geoid lineations (Fig. 1). 

Different flowline patterns have been suggested for the Cretaceous Quiet 
Zone (Slootweg & Colette 1985, Klitgord & Schouten 1986), where fracture zones 
cannot be traced by offsets in magnetic anomalies. A uniform flowline direction for 
this period, as proposed by Klitgord & Schouten (1986), cannot be reconciled with 
all Seasat lineations between anomalies MO (118.7 Ma) and 34 (84 Ma). The 
lineations rather suggest that the trend in seafloor spreading between M4 (126.5 
Ma) to MO continued until about 100 Ma. Between 100 Ma and 95 Ma, we propose 
a clockwise change in spreading direction that was followed by an anticlockwise 
change and established a direction of spreading that was maintained until Klitgord 
and Schouten's chron 30o (80.2 Ma) Slootweg & Colette (1985) found a very 
similar flowline pattern for the Cretaceous Quiet Zone in the Madeira abyssal plain. 
Their findings, based on seismic and magnetic data (Fig. 6), confirm our 
interpretation. 

At 100 Ma changes were also ocurring in the plate tectonic regimes in the 
North Atlantic, Carribean and Indian Ocean. In the North Atlantic rifting between 
Greenland and Labrador began about this time while spreading in the Bay of Biscay 
decreased (Srivastava & Tapscott 1986). At about 100 Ma, the Caribbean plate 
started to move into the opening gap between the North American and the South 
American continents, subducting proto-Caribbean crust (Ross & Scotese 1987). 
India also began to rift away from Madagascar at the same time (Scotese et al. 
1987). 



The trend of the Fifteen Twenty Fracture Zone as shown on Fig. 1 reveals 
that its branch on the African plate partly deveates from the flow direction to the 
north (Fig. 1). The clockwise shift of seafloor spreading betwen Africa and North 
America after about 100 Ma resulted in divergence between the Fifteen Twenty 
Fracture Zone and the fracture zones to the north. Despite the anticlockwise change 
in spreading direction in the Central Atlantic around 95 Ma, a divergent trend 
between the Fifteen Twenty Fracture Zone and the Central Atlantic spreading 
direction was maintained until chron 30. This implies that this fracture Zone acted 
as a plate boundary during this time. We propose that a triple junction developed at 
the Fifteen Twenty transform after 100 Ma, which resulted in a contineous growth 
of the ridge segment between the Fifteen Twenty and the Jacksonville Fracture 
Zone (Fig. 1). 

The divergent flowline trend may have found its expression in a striking 
bathymetric feature consisting of a series of elongate basins along and south of the 
Fifteen Twenty Fracture Zone (Fig. 1). The basins are oriented parallel to the 
tectonic flowlines and have depths of more than 6000 m. Hence they may have 
formed as a result of extension in this region. For the time after chron 30, the trend 
of the Fifteen Twenty Fracture Zone can be correlated with the Central Atlantic 
spreading direction (Fig. 1). This suggests that the Fifteen Twenty Fracture Zone 
no longer behaved as a leaky transform after chron 30. 

We show 4 reconstructions for the Central Atlantic at chrons 21 (50.3 Ma), 
34 (84 Ma), MO (118.7 Ma) and the time of the Blake Spur Magnetic Anomaly 
(170 Ma) with North America fixed (fig. 2 to 5). For the reconstructions for South 
America relative to Africa (chrons 21, 34 and MO) rotation poles from Klitgord and 
Schouten (1986) were used. The reconstruction pole for the fit between South 
America and Africa at 170 Ma is taken from Ross & Scotese (1987). 

Central Atlantic Shelf Structures 

In contrast to most geoid lineations in ocean basins, shelf geoid anomalies 
display a pattern of broad, irregular gradients, striking at various angles to the 
coastlines. Two different patterns of shelf anomalies are evident on Fig. 1: one set 
trends roughly subparallel to the coast and to the shelf break. A second set, usually 
better defined, trends parallel to the tectonic flowlines on the adjacent ocean floor. 

In general, there is no correlation between shelf geoid signatures and shelf 
bathymetry. Thus it appears that the geoid variations do not reflect superficial 
topographic features such as submarine canyons or delta fans. 

The geoid anomaly pattern off the east coast of North America strikes 
subparaJlel to the No~h American shelf and is very similar to free-air gravity 
anomal.tes of that r~gw.n. Em~ry & l.J_chupi (1984, p. 251) interprete these 
anomalies by a combmatton of htgh density carbonate rocks beneath the Mesozoic 
shelf edge, a shallow Moho, and an oceanic crustal thickness of less than 15 km. 
They also may cause the observed geoid undulations. 

Along the Northwest African shelf, a series of geoid anomalies are oriented 
subp~allel to ~he tec.tonic fl~wlines on the adjac~nt oceanic crust. This may reflect a 
syn-nft tectomc fabnc, reactivated or created dunng rift propagation. 



Geoid anomalies off the northeastern coast of South America show 
structures trending subparallel to the trend of fracture zone lineations to th~ east. 
Structural and stratigraphic investigations have shown that the Amazon margm can 
be divided in three platforms and eight basins with sediment thicknesses varying 
from 2 to 10 km (Emery & Uchupi 1984). In the structural lows of this part of the 
Amazon basins, dominantly syn-rift sediments were deposited. The recorded geoid 
variations on the northern Brazilian shelf could be explained by expressions of 
horst and graben structures due to an extensional tectonic regime. Further to 
northwest, the geoid signals on the shelf partly outline volcanic features related to 
the Demarara Plateau. 
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Legend for fig.1-5: 
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Fig.2: CHRON 21 (50.3Ma) 
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Fig.3: CHRON 34 (84 Ma) 
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Fig.4: CHRON MO ( 118.7 Ma) 
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Fig.5: CHRON BSMA ( 170 Ma) 
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Fig. 6: Fracture Zones drawn as flowlines in the Madeira Abyssal Plain, 
northeast Atlantic (after Slootweg & Colette 1985). Note changes in 
spreading direction in the Cretaceous Magnetic Quiet Zone. 



Tobie 1: Finite rototion poles for the Centrol Rtlontic 

Finite rotati<Jns : 
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