
The convecting Earth mantle transports mantle peridotite toward the surface, 

where it melts under mid-ocean ridges (MOR) and forms oceanic crust. This 

accounts for ca. 75% of today's volcanic activity. The return mass transport is at 

subduction zones where melt-depleted mantle, oceanic crust and sediment 

sinks into the mantle. Abyssal peridotites recovered from MOR are residual from 

the oceanic crust extraction, but their Hf isotopic compositions are vastly 

different from the basalts and require ancient melt depletion at MOR followed by 

the long-term (up to 3-4Ga) residence in the mantle (see Fig. 1). These 

depleted peridotites ascent now under a MOR again, and re-melt and contribute 

to the chemically and isotopically heterogeneous basalts at mid-ocean ridges 

(MORB, Fig 2). Since degree of depletion of peridotite and their density are 

correlated, the depletion affects crustal thickness and ridge depth as is 

observed at the Marion Rise on the Southwest Indian Ridge (Fig 2).  At this Rise 

peridotites with extreme Hf-isotopic composition surface, indicating the 

abundant presence of anciently depleted material and supports that the Rise is 

formed by depleted low density peridotite.

Ultra-depleted peridotites have been documented at multiple localities, 

indicating their ubiquity in the sub-ridge mantle. Hence, melts from such ultra 

depleted peridotite influences mid-ocean ridge basalt compositions and variably 

mel- depleted sub-ridge peridotites should be considered when evaluating ridge 

depth variations. The large spectrum of Hf isotope ratios in abyssal peridotites, 

ranging to εHf > 450, confirms that the predicted variation of melt-depleted 

peridotites (Figure 1) characterizes peridotites in the sub-ridge mantle.
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Figure 1: Green, red and 

orange symbols are  peridotites 

from the Southwest Indian, 

Gakkel and Doldrums Ridge 

showing much higher Hf, 

compared to MOR basalts (grey 

symbols and yellow field). Model 

evolution curves for depleted 

peridotite for different ages are 

shown in black.  

Figure 2: Geographic 
variation in Hf for both 

basalts and peridotites over 

the Marion Rise show that 

the peridotites contribute a 

signification fraction of melt 

to the oceanic crust.

Today, the Earth's mantle is a chemically and lithologically 

heterogeneous assemblage of peridotites and recycled 

oceanic and continental crust. During partial melting, the 

different components of the heterogeneous mantle supply a 

different fraction of each element to the total budget of the 

generated basalts. This fraction differs for elements with 

different geochemical behavior and depends on intrinsic 

factors such as the abundance and composition of the 

different mantle components. The shallow ridge depth of the 

Marion Rise Ultra-depleted peridotite less dense and thus are 

more buoyant and can cause the shallow ridge depth instead 

of high degrees of melting related to higher temperatures
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