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Seafloor spreading symmetry between Africa and Antarctica 

Two long, parallel magnetic profiles contain a nearly com
plete history of seafloor spreading between the African and 
Antarctic plates from about 80 million years ago to the pre
sent. Comparison of data north and south of the presently 
spreading Southwest Indian Ridge demonstrates clearly that 
during this time the overall addition of seafloor to the separat
ing plates has been symmetric. 

Twee lang, ewewydige magnetiese profiele omvat 'n byna vol
ledige geskiedenis van seevloerspreiding tussen die Afrika- en 
Antarktiese plate van 80 miljoen jaar gelede af tot vandag toe. 
'n Vergelyking van die gegewens noord en suid van die hui
dige uitbreidende Suidwes-Indiese Rif toon duidelik aan dat 
bykomende seevloer in die tydperk eweredig by die uit me
kaar bewegende plate gevoeg is. 
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Introduction 

In 1977 and 1978 the MV RSA returned from Antarctica 
along a great circle route between the South African base at 
Sanae and Rhodes University in Grahamstown. The purpose 
was to investigate ionospheric skip-path characteristics be
tween the two stations. Since the ship's course was approxi
mately in the direction of present relative motion between 
Africa and Antarctica the opportunity was taken to measure 
total magnetic field intensity along two parallel lines, separ
ated by about 30 km. Figure 1 shows the ship's tracks in re
lation to the African and Antarctic continents and to the 
Southwest Indian Ridge which marks the axis of present-day 
separation of the African and Antarctic plates. 

The data obtained are presented here in their entirety for 
the first time. The older magnetic anomalies were used by 
Bergh & Barrett (1980) in their description of the Agulhas 
Basin magnetic bight. This paper emphasises the remarkable 
track to track correlation of the anomaly sequence, the ex
cellent fit to theoretically derived magnetics and the clear in
dication of a symmetric spreading regime. 

Total magnetic field was measured to 1 nT accuracy by 
means of a Varian magnetometer using a detector fish towed 
500 metres behind the ship. Navigation was by satellite with 
VLF Omega backup. Magnetic measurements were reduced 
to anomaly profiles by subtracting the International Gee
magnetic Reference Field (Barraclough 1981) for the re
levant epoch. 

Magnetic data 

For convenience and also for effect , the magnetic anomalies 
obtained along lines ABC and DEF in Figure 1 have been 
plotted as four profiles in Figure 2. The southern halves of 
the two tracks (i.e . AB and DE) have been reversed so that 
conjugate magnetic anomalies on either side of the central 
rift axis can be easily compared. In this way the degree of 
symmetry can also be immediately assessed. The four pro
files, each measuring more than 1 000 km, have been 
aligned so that the central magnetic anomalies (anomaly 1) 
on each line up. 

The anomaly numbering sequence follows the reversal 
time scale of LaBrecque et al. (1977). Table 1 is a simplified 
version of this time scale to assist in putting ages to the mag
netic anomalies referred to in the text. Theoretical profiles 
were generated using this time scale and a simple source 
model. The model consisted of two-dimensional strips of 
magnetised basaltic material lying between 4 000 and 4 500 

Fig. 1. Ship's tracks used in obtaining the magnetic data. The two 
lines were generally about 30 km apart but became closer together 
at their extreme northern end. The dashed line is the 3 000 metre 
isobath. The Southwest Indian Ridge is shown schematically as a 
nearly orthogonal succession of ridge axis sections and transform 
faults. 
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Table I 

Simplified reversal history of Earth's magnetic field, showing 
intervals of normal polarity. 

metres beneath the sea surface. The central strip represents 
the present-day spreading ridge and alternate strips are mag
netised either parallel (normal) or anti -parallel (reversed) to 
the geomagnetic field direction . Block width is a function of 
the reversal time scale and the spreading rate. The latter was 
varied to obtain the best match with the observed magnetic 
profiles. The resulting theoretical simulations are shown 
above the four measured lines in Figure 2 with the half 
spreading rates given in cm/yr. Accurate locations of the 
identified anomalies on both the African and Antarctic 
plates have been tabulated in Table 2. 

[From LaBrecque, Kent & Cande (1977)] 

Normal polarity interval 
(million years b.p.) 

0.0- 0.7 
1.6- 1.8 
6.4- 7.0 
8.3- 9.7 

10.9- 11.5 
19.0- 20.1 
25.2 - 25.7 
26.6- 27.5 
28.0- 29.0 
29.6- 30.2 
31.1- 32.0 
32.4- 32.8 
35.3- 35.9 
37.3- 37.7 
43.8- 44.2 
44.8 - 46.4 
49.0- 50.7 
52 .3- 53.0 
54.3- 55.1 
55.6 - 56.6 
58.7- 59.2 
60.0- 60.4 
62 .3- 62.7 
63.3 - 64.0 
64.3- 64 .9 
65.4 - 66 .8 
66.9- 67.6 
69 .2- 71.0 
71 .6- 76.5 
79.6- 108.2 

0 

Anomaly number 

1 
2 
4 
5 
SA 
6 
7 
8 
9 

10 
11 
12 
13 
15 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

The high amplitude central magnetic anomaly occurs over 
a well-defined rift valley , mapped in detail by Bergh et al. 
(1986). The valley is about 45 km wide with the mean inner 
floor at 4 000 m and the flanking crusta! mountains shoaling 
at 2 500 m. The width of the axial magnetic anomaly allows 
for an accurate determination of the present-day separation 
velocity of the African and Antarctic plates. The value of 0.8 
cm/yr. obtained here is in good agreement with other work 
(e .g. Bergh & Norton 1976, Norton 1976). The direction of 
relative motion is obtained from fracture zone azimuths. 
This is 34° at 15°E (Norton 1976) and 18° at 25°E (Bergh et 
al. 1986) . The measured. magnetic profiles have been pro
jected onto an azimuth of 35° for plotting in Figure 2. 

From Figure 2 it can be seen that seafloor spreading be
tween Africa and Antarctica has proceeded in symmetric 
fashion since at least 80 million years ago in the late Creta
ceous. The distance between anomalies SA and 11 and be
tween anomalies 15 and 19 is almost the same north and 
south of the Southwest Indian Ridge . Thus the possibility of 
one or more large ridge jumps, discussed by Bergh & Nor
ton (1976) , can be ruled out . It appears, in fact that spread
ing rates during these two periods slowed down drastically , 
and the spreading process could have been dormant at 
times . 

Anomaly correlation from track to track and agreement 
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..... "' 

500 1000 
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Fig. 2. Magnetic anomalies measured along lines ABC and DEF. Positive anomalies are solid black in the measured profiles and dotted in 
the model simulations . The vertical scale on the left represents 1 000 nanoteslas. 
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Table 2 
Locations of positive + + anomaly peaks identified in Figure 2. South latitude and east longitude. 

North South 
Anomaly 

E-F B-C E-D B-A 

5231 1746 5232 1820 5231 1746 5232 1820 
2 5218 1754 5221 1826 5244 1738 5247 1811 
4 5152 1810 5200 1902 5306 1724 5312 1756 
5 5141 1817 5146 1910 5321 1714 5326 1747 
SA 5119 1830 5130 1918 5338 1701 5344 1736 

11 5037 1856 5053 1926 5421 1633 5430 1708 
12 5020 1907 5033 1938 5438 1620 5450 1656 
13 5001 1921 5004 1957 5502 1605 5510 1642 
15 4951 1926 4953 2004 5519 1555 5518 1638 
19 4920 1942 4926 2019 5531 1547 5545 1615 
20 4911 1947 4916 2024 5538 1541 5556 1607 
21 4857 1955 4903 2032 5556 1528 5605 1559 
22 4836 2006 4839 2042 5626 1508 5631 1537 
23 4824 2013 4825 2048 5643 1456 5648 1522 
24 4804 2022 4811 2052 5656 1448 5704 1508 
25 4746 2031 4746 2059 5720 1430 5722 1450 
26 4742 2033 4739 2102 5724 1426 ** ** 
27 4728 2109 
28 4719 2043 4717 2113 5738 1412 5730 1440 
29 ** ** 4712 2115 ** ** ** ** 

30 4702 2051 4700 2121 5755 1354 5741 1427 
31 4651 2056 4653 2125 5802 1343 5746 1420 
32 4627 2112 4628 2136 5816 1337 5810 1412 
33 4520 2158 4523 2203 5910 1249 5934 1315 
34 4400 2236 4359 2236 6030 1142 6046 1206 

+ + In the case of anomalies 12 and 24, the trough between two peaks was used to pick out the approximate anomaly centre. 

** Anomaly interpreted as merging with the adjacent (younger) anomaly. 

with the theoretical anomalies are generally very good. In 
particular, the sequence of anomalies from 19 to 26 is always 
present and matches the simulated profile closely. Anoma
lies 30 to 32 on profiles BA and EF might be mis-identified 
and could actually lie furthe·r to the right. The shape of 
anomaly 32 on profile EF looks right, but leads to a space 
problem for the adjacent, younger anomalies. Because of 
this uncertainty the labelling of anomalies 27 to 31 in all pro
files is considered tentative. The section of mis-match pos
sibly reflects a period of changing spreading direction , 
whereafter the motion of Antarctica relative to Africa re
sumed its pre-anomaly 31 direction. 

Identification of the sequence between anomalies 11 and 
15 relies mainly on the distinct shape of anomaly 12. Note 
that anomaly 14 is no longer recognised as a world-wide 
event. Its earlier inclusion in the time scale of Heirtzler et al. 
(1968) has not withstood subsequent investigation. 

The clearly recognisable negative anomaly between ano
malies 33 and 34 has been described in the Agulhas Basin by 
Bergh & Barrett (1980) . Worthy of note here is its large am
plitude compared to the theoretical anomaly. This is even 
more remarkable since the simulated magnetics were de
rived assuming simply that all magnetised material lies at the 
same depth. This simplification was adapted since it adequa
tely reproduces the characteristic anomaly shapes. However, 
seafloor generated at the ridge axis contracts as it moves 
away and cools down leading to a predictable relationship 
between its age and depth (Sclater et al. 1971) . The deeper 
source material underlying anomalies 33 and 34 should lead 
to diminished anomaly amplitudes. The fact that the anoma
lies are , in fact , enhanced could be due to more strongly 

magnetised material being accreted at the spreading axis to
wards the end of the long period of normal magnetic polarity 
immediately preceding these reversals. According to 
Nicolaysen et al. (1984) this long normal period was one of 
extensive out-gassing of reduced volatiles from the earth's 
mantle and accompanying enhanced volcanism. Possible en
richment in titanomagnetites or widespread sulphide mine
ralisation could be responsible for the large anomalies ob
served. The marked slowing down of plate motions at the 
end of the Cretaceous normal polarity interval is, of course, 
a key corollary of the Nicolaysen et al. (1984) model. 

Conclusions and discussion 

The seafloor separating history of the African and Antarctic 
plates has been shown to be symmetric since the late Creta
ceous. Magnetic anomalies are clearly linear and generally 
easy to match with theoretically derived magnetic profiles. 
Four distinct episodes with different spreading rates are re
cognised, and two periods of very low to zero spreading 
rate . 

An earlier determination of the spreading history of the 
Southwest Indian Ridge by Bergh & Norton (1976) was 
based on data obtained in the Mozambique Basin and from 
the ridge near Marion Island. Correlations with the Heirtzler 
et al. (1968) reversal time scale were impressive for the mid
dle to early Eocene magnetic lineations (21 to 23) and the 
late Cretaceous (31 to 34) but were elsewhere tentative, due 
probably to magnetic lineations being poorly developed be
tween closely spaced fracture zones, a characteristic of this 
section of the Southwest Indian Ridge. Thus their spreading 
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rate estimates, especially in the interval 40 to 70 million 
years ago, could be unreliable . One controversial conclusion 
was that two periods of near-zero spreading, each lasting 
about 10 million years, occurred in the Eocene (40-50 m.yr.) 
and in the late Oligocene/early Miocene (15-25 m. yr.). Since 
their data was only from the northern flank of the Southwest 
Indian Ridge they were unable to distinguish between ex
tremely slow spreading episodes and possible ridge jumps. 
The high spreading rate (1.8 cm/yr.) obtained for the ano
maly sequence 21 to 23 in the Mozambique Basin by Bergh 
& Norton (1976) was due to a misinterpretation of the 
anomalies. Rates more compatible with those in the present 
paper and those of LaBrecque & Hayes (1979) and Fisher & 
Sclater (1983) are obtained when the same sequence is fitted 
by anomalies 18 to 21 - as was done by Fisher & Sclater 
(1983) to yield a spreading rate of 1.2 cm/yr. - or even by 
anomalies 19 to 22. 

The data presented here support the younger period of 
near cessation of seafloor spreading, rule out ridge jumps 
with their accompanying asymmetry, and constrain the 
earlier slow-down to , at most , a very brief period in the late 
Eocene (38-41 m . yr.). The timing of the older slow-down co
incides with a major adjustment in the relative motions be
tween the Gondwana continents. Just prior to anomaly 19 
time the northward velocity of the Indian plate was drasti
cally decreased as it collided with the southern margin of 
Eurasia (Patriat & Acache 1984). The complete anomaly se
quence between 19 and 32 recorded by the RSA profiles is 
more clearly developed and easier to interpret than the 
equivalent age anomalies in the Mozambique basin. The half 
spreading rate (1.1 cm/yr.) is in very good agreement with 
rates measured on both spreading flanks by Patriat (1979) . 
The latter's rate (1.2 cm/yr. for anomalies 13 to 29) is consis
tent with his data being obtained closer to 90° from the rota
tion pole . LaBrecque and Hayes (1979) obtain the same rate 
from a single ship's track to the east of ours. The slightly fas
ter spreading rate represented by anomalies 11 to 15 is un
certain. Bergh & Norton (1976) had a similar difficulty in 
positively identifying anomalies to either side of anomaly 12 
on their Mozambique Basin profiles. Data exchange be
tween ourselves and Lamont-Doherty is planned to remove 
some of the shortcomings of the individual data bases and 
provide a definitive location map of magnetically determined 
isochrons in the ocean basins between Africa and Ant
arctica. 

The extension of this work back to the Mesozoic and to 
the final re-fit of Africa and Antarctica is tantalisingly close. 
New data in the Mozambique and Somali Basins (Segoufin 
1978, Segoufin & Patriat 1980, Rabinowitz et al. 1983) can 
be compared with comparable aged data off Dronning Maud 
Land in Antarctica .(Bergh 1977, Bergh 1986). However, one 
simplifying constraint remains to be resolved. The data in 
the present paper are clearly confined to lie between two 
fracture zones and were thus generated at a single segment 
of spreading ridge . No such unambiguous argument can be 
made for the Mesozoic anomaly lineations. The resolution of 
this problem requires very little additional data input and is 
crucial to the final positioning of Antarctica against Africa in 
their Gondwana context. 
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