Dynamic Subsidence (Dissipation of Dynamic Elevation): A Missing but Critical Parameter in Basin Analysis
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Abstract

The global existence of fluctuating dynamic topography (DT) continues to gain acceptance. Positive and negative DT, measured relative to
isostatic equilibrium, is driven by density differences and convection cells or plumes within the mantle which play a role in the elevation/depth
of the overlying crust (and basins). The dynamic component of crustal elevation/depth is now estimated for most of the earth’s surface, ranging
up to plus or minus 2.5 km relative to isostatic equilibrium in both oceans and continents. Modern magma-rich continental rifts such as the
northern East African, the Afar, and the Rio Grande rifts have dynamic contributions of 1-2 km above isostatic equilibrium. However, most
basin modelling software presumes isostatic equilibrium for both the syn-rift and post-rift phases of subsidence, following the tenants of
McKenzie (1978). Using today’s rifts as analogues, ancient magma-rich continental margins such as along the Atlantic were likely similar in
elevation during rifting and continental breakup. Some potential economically important examples are Demerara Rise-Guyana, Gulf of
Mexico, Campos—Santos Basin, and southern Nova Scotia, along with their conjugates. If true, then traditional isostasy-based basin analysis
will provide compromised reconstructions of syn-rift and early post-rift basin elevations/depths and subsidence rates. Estimating the magnitude
of syn- and early post-rift DT requires interpretation of tectonic setting and plate motions relative to the mantle, rather than isostatic balancing
of the rift/early margin configuration as inferred by backstripping. Magmatic intensity, ranging from continental diking to 25-km thick
magmatic crust along margins (Demerara Rise, outer Santos, Guinea, parts of Bahamas) and the rate of plate motion off magma-rich
convection cells or plume lines are two primary parameters for interpreting magnitude and dissipation rate of syn- and early post-rift dynamic
elevation. Further, just as dynamic uplift at magma-rich settings creates syn-rift elevation, the dissipation of that elevation is a form of basin
subsidence (dynamic subsidence) that is not traditionally accounted for, as are rift, thermal, and sedimentary load subsidences. In appropriate
settings where part of a rifted margin can be shown to have migrated off the plume center, we find that the rate of post-tectonic dynamic
subsidence can match the rate of post-tectonic thermal subsidence for early post-rift (post-tectonic) times. When the thermal and dynamic
subsidence components are summed, the rate of total subsidence (dynamo-thermal subsidence; Pindell and Heyn 2022) can be fast enough to
explain rapid post-tectonic accumulation of thick mega-salt basin sag—evaporite sections in shallow water as the depo-surface subsides through
global sea level, without invoking deep water salt deposition in pre-existing sub-sea level depressions. Such was likely the case for the eastern
Gulf of Mexico, Central South Atlantic, and Nova Scotia. At magma-rich rift margins lacking evaporites, initially shallow depositional settings
can drown rapidly to abyssal depths, led by shallow sag sections with source rock potential such as those observed along the margins of the
southern South Atlantic (e.g., Orange Basin margin, Namibia; Guyana—Suriname margin).



