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Core question
How did continental drift become part of a mechanism-rich theory of moving plates through
the convergence of ocean-floor mapping, paleomagnetism, seafloor spreading, earthquakes
and transform faults?

Historical and evolutionary context
PIO-077 ended with Wegener's continental-drift hypothesis: compelling geographic and
geological correspondences but no accepted mechanism. After the Second World War, sonar
mapping revealed global mid-ocean ridges and trenches, while marine magnetometers
recorded striped anomalies. Harry Hess's 1962 “History of Ocean Basins” proposed seafloor
spreading as a mechanism for creation and recycling of oceanic crust. In 1963 Frederick
Vine and Drummond Matthews proposed that seafloor spreading plus geomagnetic reversals
should generate bilateral magnetic anomaly patterns; later marine profiles provided the
predicted symmetry. J. Tuzo Wilson's 1965 transform-fault concept and global earthquake
patterns helped turn separate observations into plate kinematics. By the late 1960s plate
tectonics had become a coherent synthesis.

What could communities know before this transition?
Geologists could match coastlines, fossils, rock units and paleoclimatic evidence across
continents. Seismology mapped earthquakes, and PIO-060 had established deep geological
time. The limitation was explanatory integration: drift lacked an accepted physical
framework for how ocean basins were created, displaced and destroyed.

What changed?

The ocean floor became a dynamic historical record
Marine surveys showed ridges, trenches and magnetic patterns rather than a featureless
permanent basin. Hess's spreading hypothesis made oceanic crust transient and linked ridge
formation to mantle processes.

Magnetic reversals supplied a testable time pattern
Vine and Matthews in 1963 proposed that alternating magnetic stripes formed as new basalt
recorded successive geomagnetic polarities while moving away from ridges. The predicted
bilateral symmetry transformed seafloor spreading from a qualitative idea into a pattern
testable against measurement.

Plate boundaries unified different classes of observation
Transform faults, earthquake belts, ridges and trenches could be described as boundaries
between relatively rigid plates. The theory therefore explained why earthquakes and
volcanoes cluster spatially and why oceanic crust has systematic age patterns.

Why could this capability emerge?
The synthesis required wartime and postwar sonar, marine geophysics, magnetometers,
global seismograph networks, radiometric dating and computational mapping. It also
depended on oceanographic institutions capable of collecting comparable data across entire
basins.

What later forms of knowledge did it enable?
Plate tectonics reorganised geology, geophysics, paleogeography, volcanology and
earthquake science. It allowed reconstruction of past continents, quantitative plate motions
and new interpretations of mountain building, ocean circulation and biogeography.
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New limits and risks
A global plate model does not make earthquake timing predictable, and plate interiors are
not perfectly rigid. Mantle dynamics, microplates and diffuse deformation complicate simple
diagrams. The theory can also be taught as an inevitable triumph, hiding the role of
instrumentation and the reasons earlier evidence remained underdetermined.

What changed in the architecture of knowledge?
Earth science acquired a global kinematic synthesis in which multiple independent
measurements constrained one moving-plate system. Mechanism, geometry and historical
reconstruction became mutually testable.

Loss, exclusion and uncertainty
Credit is distributed across Wegener, Holmes, Hess, Dietz, Vine, Matthews, Morley, Wilson,
earthquake seismologists, oceanographic crews and many others. Morley's independent
magnetic-stripe proposal was initially rejected, illustrating how publication history can
distort priority. The boundary with PIO-077 is essential: Wegener supplied the drift problem;
plate tectonics supplied a later mechanism-rich synthesis.

Dependency map
RETROSPECTIVE ← PIO-060 Geology and deep time
DIRECT ← PIO-077 Wegener and continental drift
INDIRECT → PIO-091 Climate science and knowledge of a coupled planet
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