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The transition from continental rifting to seafloor spreading is presently occurring at only a 
few places on Earth, such as the Red Sea or the Woodlark Basin. Competing theories for how 
spreading begins (either by quasi-instantaneous formation of a whole spreading segment or by 
initiation of spreading at multiple discrete “nodes” separated by thinned continental lithosphere) 
have been put forward. The major evidence for the nodes theory comes from the Red Sea and 
geophysical surveys carried out there in the “multi-deeps region” during the 1970’s and 1980’s. We 
present new high-resolution multibeam bathymetric information over the same region, which, when 
combined with acoustic backscatter data, seafloor sampling and magmatic geochemical information 
appears to provide no support for the nodes model. We show that, although the discrete deeps 
undoubtedly exist, they are not separated from one another by tectonic boundaries but rather 
represent “windows” onto a continuous spreading axis which is locally inundated and masked by 
massive slumping of sediments and evaporites from the rift flanks. The geophysical data that was 
previously used to support the presence of continental crust between the “nodes” can be equally 
well explained by processes related to the sedimentary blanketing and sub- sedimentary 
hydrothermal alteration. A single, “quasi-instantaneous segment formation” model would appear to 
be all that is required to explain observations from present-day rifting/spreading transitions 
globally. 
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The process of assimilation of hydrothermal fluids or hydrothermally altered crust at mid-
ocean ridges by rising magma can be traced by measuring excess chlorine (Cl) in erupted lavas. 
This process has been shown for erupted basalts from fast-spreading ridges (Cl concentrations up to 
1200 ppm), but not so far for slow-spreading ridges, where the basalts generally show lower Cl 
values (~50-200 ppm), which makes variations harder to measure. The Red Sea Rift provides an 
opportunity to study the incorporation of hydrothermal Cl at an ultra-slow-spreading ridge (max. 
1.6 cm/yr), as the Red Sea seawater itself is relatively saline (40 - 42‰, cf. 35‰ in open ocean 
water), the rift axis contains (hot) brine pools (up to 270‰ salinity and 68°C) and the young rift is 
flanked by thick evaporite sequences. Absolute chlorine concentrations (up to 1300 ppm) and Cl 
concentrations relative to minor or trace elements of similar mantle incompatibility (e.g. K, Nb) are 
much higher in Red Sea basalts than for average slow-spreading ridges. Homogeneous within-
sample Cl concentrations, high Cl/Nb compared to H2O/Ce contents, the decoupling of Cl-excess 
from other trace elements and its independence on the presence of highly saline seafloor brine pools 
at the site of eruption indicate that neither seafloor weathering nor magmatic 
enrichment/fractionation can account for the excess Cl. Instead we find Cl-excess to be spatially 
closely correlated with evidence of hydrothermal activity, suggesting that the incorporation of 
hydrothermal Cl is the dominant process that leads to Cl-excess. A proximity to both evaporite 
outcrops and bathymetric signs of volcanism on the seafloor enhances Cl-excess due to 
incorporation of hydrothermal Cl. The spreading rate, the intensity of seafloor fracturing and the 
calculated depth of last crystal fractionation do not seem to play a role. The basaltic Cl-excess can 
be used as a tracer to predict where hydrothermal activity can be expected. Sites of particular 
interest for future hydrothermal research are the Thetis-Hadarba-Hatiba Deeps (specially their large 
axial domes), the northern Port Sudan Deep and the dome in Mabahiss Deep. 
 


