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African Hot Spot Volcanism:
Small-Scale Convection in the
Upper Mantle Beneath Cratons

Scott D. King "* and Jeroen Ritsema =

Mumerical modek demamtrate that small scale canwvection develaps in the
upper mantle beneath the tramitian af thick catanic lithasphene and thin
aceanic [ithasphere. These madek exp lain the location and geachermnical char-
acteristics of intraplate vakanaos an the African and Sauth American pletes
Thery aba explain the presenoe of relstive by high sekmic shear weve velacities
ol dawnwellings] in the mantle traeitian zane benpeath the we=tern mangin
af African cratans and the esstern margin of Sauth American cratans. Small-
scale, edfe-driven canwvectian & an aternative to plumes far explaining in-
traplate African and Sauth Amedcan hat s pot valkcan®sm, and small-scalke can-
wvectian & cansktant wit hma ntle downwellings benaath the African and Sauth

#merican lithas phers

Cratons are egions of continents that have
not been affected by fecone momssess for
mox than one billion yenrs. Eehtively low
surface heat flow { J), diamond inchexons in
kimberlites (71, and a mlatwely cold and
thick kel | 3)with lugh seEmic velocies o
abenrt 230 Jon depth | 4) distingnih cratons
from other continental Ithos phere. Although
craons are commaonly enveionsd as stble
regions of Earth's Ithos phere, the change
lithoep heric thickness and, hence, the r=h-
trrely strong, hietal femperature and vEcosrty
comrasts af the edges of catons induce a
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smaltscale form of mnvective flow in the
mantle bensath the caton margin Mumerical
(59 and hbomtary ( & ) iInvestizgations indice
that such convective flow, commonly fermed
edge-driven onwection, comiske of down

welinggs svending, & deep as the mamtle
transrtem one (abomt 680 km) benenth the
margjns of cratons and wpwellings at abowt
500 40 1000 km detance from the marzims of
crafons. Previoms workers hare suggested
that edge-driven convecton may be respon
sible for the formation of the Bemuda Rise
(71, the Morth Athmtic Tettiary Volanics
(&), and flood Wsalt magmatem at the pe=
ripheries of catonic provinees ([ 9. Here, we
suzgestthat intraplate volanos (hotepots j on
the African and Sowth Amencan phtes (Fig,
17 ax linked 4o edge-driven convection on
the msis of numencal smulations of mantle
flooy and images of e=Emic velocity anoma
liez in the Afican wpper mamtle

Clur mode] of edge-driven convection 1s
based on the femperatme and velociy
faelds, com puted using a compressible con-
wecton formuhtion for a tvo-dimensional
Cartesion geometry (Fig 20 (J&. The m-
tial thermal structwre of an ocean basin is
calculated using the solrhion for a moving
plate, whereas the thermal structre of the
cratonic Ithosphere is cakulated using the
half-gpace soltion and asmuming that the

Fig. 1. Location of hot spots [tnangles), cratars
[gray shading|, and plate boundares [gray Line).
The boundaries of crators are defined sesmicaly:
thery craumecribe regions of S20RTS at 100 km
depth where the shear wene weloctty perturba-
tion fom the PREM model & 4% or Larger. The
hatpots are taken from the st ompiled by Seep
120 The miraplate “Aficn hot spots”™ ae denat-
edby white trangles |afrl, Ahaggar, afZ, Thestr
afd Jebel Mara afrd, Cape Verde: ok 5 Canary:
ath, Mt Careroom afr?, Vema aff Vicorix
ard a9, Comores), & are the “South Armerican”
hotspats [sal, Femando; =a2, Amold and a3,
Trindad] "Pate Boundary™ hot spots are den ated

with black triangles [pb1, fscermiort pb2, 5t Helena pb3, Tristan da Cunher pbd, Decovery; and

pbE, Afar
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