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Fig. 5. Physiographic diagram of the South Atlantic, authors Bruce C. Heezen and Marie Tharp, Date 1961
and copyright by Marie Tharp 1961. Reproduced by permission of Marie Tharp, 1 Washington Ave., South

Nyack, NY 10960.

continental drift became overwhelming in the
mid-1960s.

The Heezen and Tharp physiographic dia-
grams, especially of the Atlantic, reflected the
rapidly changing comprehension of processes
shaping the ocean basins, during a brief period
of revolutionary scientific activity as defined by
Thomas Kuhn (Kuhn 1962). In 1961, the

diagram of the South Atlantic, with the excep-
tion of a few equatorial fracture zones, illus-
trated few departures from the theories that
prevailed during the 1950s (see Fig. 5). The early
physiographic diagrams had land-like features,
while later versions pictured a different world.
Late in the 1960s, continental drift was becom-
ing acceptable and plate tectonic theory was
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quickly developing as a viable alternative to the
old paradigm. The appearance of the diagrams
changed drastically in the 1968 Geological
Society of America’s edition of the North Atlan-
tic after decisive geomagnetic core studies had
convinced the majority at Lamont of continental
drift, although Heezen and Tharp did not com-
pletely abandon expansion (Heezen & Hollister
1971). The most significant change in the
appearance of their diagrams was the style of
topographic symbolism. The edges of many fea-
tures, especially mountain peaks, ‘became’
jagged and sharp (see Fig. 6). The pronounced
angularity, emphasized by thicker black lines,
and the ordered definition of the later editions
contrasts with the more random, ‘softer’ edges
of peaks in the early maps. On the rifted Mid-
Atlantic Ridge, the incorporation of many regu-
larly spaced offsets gave this great feature a new
and forbidding appearance. Offsets along the
ridge were exaggerated to emphasize the extent
of displacement.?’ Eventually, the Mid-Atlantic
Ridge region became filled with sharp, closely
spaced peaks.

The appearance of light and shadow in the
diagrams also changed as the new paradigm was
adopted. In the early diagrams, the shadowing
was not as strong as in later editions and there
were no sharply defined sources of light. In the
1968 diagram, the floor of the central Atlantic
Ocean was represented as if it were brightly illu-
minated from a point to the south, with light
impinging on the face of the peaks, and high-
lighting the appearance of the fracture zones.
The sketched lines and shading of these features
was dark, accentuating their angularity and
depth. These changes reflected the significance
of these features in the development of plate tec-
tonics theory and the understanding of the
Earth’s behaviour, even though the collabora-
tors were not themselves supporters of plate tec-
tonics.

The collaborators’ years of research and
analysis of offset fracture zones intersecting the
Mid-Atlantic Ridge inspired others, such as J.
Tuzo Wilson, to consider their origin and the
direction of crustal motion at these features.
While fracture zones had been discovered on the
floor of the eastern Pacific by H. W. Menard of
the Scripps Institution, in California, Heezen
and Tharp established their existence in the
Atlantic. During the drafting process, Tharp
noticed trends and the collaborators looked for
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Fig. 6. Section of a physiographic diagram of the
North Atlantic ocean floor, showing the jagged
nature of the offset fracture zones on the Mid-
Atlantic Ridge, c. 1968. Reproduced from the
Heezen Collection, Library of Congress
(photographed by Gary North, authors Bruce C.
Heezen and Marie Tharp).

additional fracture zones using the earthquake
data (Heezen et al. 1964b). They discovered
irregular patterns along the central rift valley,
which led them to believe that offsets on the
ridge occurred at angular breaks of between 80
and 100° (Heezen & Tharp 1965). Tuzo Wilson
cited this and other data, when he proposed that
these features were not ordinary offset faults,
but a new class of faults that occurred on mid-
ocean ridges and are locally transformed into
zones of crustal movement. According to
Wilson, the motion along these faults was oppo-
site to that of the usual strike-slip faults. The
‘new’ type of fault did not extend across the
ridge, but joined the next segment of the rifted
ridge. He named these features ‘transform
faults’ (Wilson 1965) and they were soon incor-
porated into the emerging new theory of global
tectonics.®0

2 Archival source: Tharp 19994, Tanya Levin interview, 24 May 1997, 142.
30 In this important paper Wilson cited Bucher (1933), Carey (1956), Heezen (1962) and several other works that

laid the foundation for the concept of transform faults.
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The collaborators’ analysis of the data col-
lected during the International Indian Ocean
Expedition illustrates that scientific obser-
vations are theory-laden (cf. Hanson 1961);
theoretical assumptions can dictate what is dis-
cerned in or inferred from data. While the rela-
tive symmetry of the Mid-Atlantic Ridge had
inspired Heezen and Tharp to consider expan-
sion, the complex and asymmetric nature of the
Indian Ocean topography failed to change their
expansion model. Rather, the new data strength-
ened their belief that continental drift, utilizing
a simple pattern of convection currents inside
the Earth, was not a feasible option and they
continued to advocate expansion (Heezen &
Tharp 1965). According to Tharp, Heezen was
essentially a uniformitarian, who believed that
observable processes could be used to explain
the geological record (Tharp 1982a). Many
scientific disciplines employ analogy (Hesse
1981) and as geologists, Heezen and Tharp gath-
ered data and often used analogies to help in
their analysis. However, to comprehend all the
forces shaping ocean-basin topography, these
tools were not sufficient as: (1) subduction does
not occur on the continents; (2) the movement of
the offset fracture zones intersecting the Mid-
Atlantic Ridge differed from existing examples
of fault systems on land; and (3) it was necessary
to consider physical laws and go beyond geo-
logical fieldwork at the surface in order to
understand how the Earth’s crust behaves, as
Wilson (1951) had suggested. In addition,
researchers who were not deeply involved in
data collection were able to distance themselves
from specific research problems and propose
broad explanatory theories (Menard 1986).

Conclusions

While Heezen and Tharp helped revive
Wegener’s mobilism, and their physiographic
diagrams reflected the latest findings by leaders
in the field of oceanographic research, visual
representation and analogy could take the col-
laborators only so far and they were not
mvolved in establishing plate tectonics per se
(Le Grand 1988). The collaborators’ carto-
graphic endeavours stimulated scientific change
by revealing critical elements of sea-floor topog-
raphy and behaviour. These included: (1) the
rifted Mid-Atlantic Ridge; (2) the extension of
the mid-oceanic ridges around the planet; (3) the
idea of the sequential or genetic development of
oceans from continental rifts; and (4) the angled
nature of the faults intersecting the Mid-Atlan-
tic Ridge. But this newly documented know-
ledge, no matter how essential, could not in itself

CATHY BARTON

propel ideas beyond a certain point and tran-
scend assumptions that were firmly established
in the collaborators’ minds. Nevertheless,
Heezen and Tharp successfully continued their
mapping and data gathering into the 1970s.
Their efforts were vital to scientific change, even
though, after the plate tectonics revolution, their
method remained the same and their theoretical
ideas did not change radically. Even if the col-
laborators are not usually acknowledged for
substantial theoretical contributions to the
revolution in the Earth sciences, their physio-
graphic diagrams, globes and related artifacts
may well be considered milestones in the history
of cartography, and their work undoubtedly con-
tributed to the eventual grand change in geo-
logical theory that occurred in the 1960s.

Perhaps one might say that Heezen and Tharp
were (together) the Tycho Brahe of the Earth
sciences revolution, providing essential empiri-
cal information but not able to break free of
older ways of thinking. Or insofar as they did so,
they pursued an idea that (so far as most geolo-
gists are concerned) led to a dead-end.

I wish to thank S. Herbert for her invaluable assist-
ance; G. Fitzpatrick, at the Library of Congress, for
encouraging my interest in the physiographic dia-
grams; G. North, at the Library of Congress, for taking
the photographs of the diagrams in the Heezen Col-
lection; and Marie Tharp for her encouragement and
giving me the opportunity to interview her.

Appendix

Archival sources

THARP, M. 1997. Interview conducted by Gary North,
21 November. One session, one video-cassette;
preliminary transcript. The Heezen Collection,
The Library of Congress, Washington DC.

THARP, M. 1999a. Reminiscences of Marie Tharp:
interviews conducted in four sessions by Ronald
Doel on 14 December 1995 and 18 December
1996, and by Tanya Levin on 24 May 1997 and 28
June 1997. Preliminary transcript. (These are part
of the Lamont-Doherty Earth Observatory Oral
History Project. Oral History Research Office,
Columbia University. On file at the American
Institute of Physics Neils Bohr Library, College
Park, MD.)

THARP, M. 1999b. Interviews conducted by the author
on 25-26 October. Three sessions, three audio-
tapes; preliminary transcript. The Heezen Collec-
tion, The Library of Congress, Washington DC.
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