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Mantle plumes: effect rather than cause of lithospheric breakup

*Chunan Tang'
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In 1971, Morgan suggested a concept of mantle plumes. The model is widely but not unequivocally
accepted as the cause for flood basalt provinces. However, scientists familiar with volcanic activities or
flood basalts, both time and regions, puzzled over how the mantle plume concept accorded with the
observations. Many researchers argue that lithosphere breakup and associated volcanic or flood basaltic
outbreaks and hotspots are controlled, top-down, by shallow processes, rather than by rising mantle
plumes. Anderson has formalized this opposing view as the Plate paradigm. This paradigm includes
concepts related to crack propagation, internal plate deformation, volcanic activities, recycled subducted
slabs, and lithospheric breakup. Although both Plume hypothesis and Plate hypothesis relate to the
thermal effect, few studies have been found to attempt to explain how the initial thermal instability forms
or why the source of magma for volcanisms and LIPs might be maintained. In Plume hypothesis, they
always assumed that such thermal instabilities are formed mostly at the core-mantle boundary and that
the plume conduits remain for millions of years, as implied by the persistence of hotspots. White and
McKenzie have developed a detailed formulation of the more passive and uniformitarian rifting model,
providing an different explanation for the presence of huge basalt accumulations along rifted continental
margins. However, they placed little emphasis on how mantle plumes begin and reach the base of the
lithosphere.

In this paper, | combine the failure dynamic studies with inferences drawn from a three-dimensional
modeling of surface cracking under thermal expansion induced extension and the results of geological
observations to consider the dynamics of the putative link between mantle plume, flood basalts, and
lithospheric breakup. | will show a numerical modeling result of a surface failure pattern occurred on a
spherical shell loaded from inside with an internal pressure in a displacement control manner, resembling
the behavior of thermal expansion, from which | derive an intuitive physical model of the process of
surface cracking as a self-organized phenomena. It is shown that deep mantle plume is not required as
the prerequisite for such a process. A new hypothesis for no-root mantle plume, starting from the top of
the asthenosphere in a top-down pattern is then proposed, which implies that the mantle plumes should
then be regarded as the effect rather than the cause of lithospheric breakup.

Based on the model, a LIP event can be considered as a positive feedback loop of a process that the
response to its change amplifies the change. During a LIP event, heat accumulation in the mantle may
cause continental uplift in the ways of thermal expansion and volume increase during the phase change.
The lithospheric uplift may trigger rift in global scale with a pattern of polygonal fractures. This
shallow-based lithospheric process can locally release stresses, thus promoting local de-compressive
melting. Extra volume increase of the magma (during phase change from solid to liquid) may serve as the
driving force for eruption, which in turn should result in new cracking and associated sudden pressure
drop. The process will become unstable, providing the coupling between pressure and temperature within
the mantle satisfy certain conditions for phase change. No deep mantle plume is needed to for such a LIP.
This mechanism furthers our understanding of global cooling events: the gradual accumulation of heat
within the earth may result in large igneous provinces, which may cause abrupt loss of heat during large
volcano eruptions or huge flood basalts. This abrupt loss of Earth’ s heat makes the warming cycle to an
end and a new start of the cooling cycle initiates, with glaciations as the extreme results.
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Subduction Zones and Mantle Plumes
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In its simplest form, the plate-tectonic hypothesis expects volcano chains to lie behind subduction zones,
e.g., the circum-Pacific belt and the Alpine-Himalaya continent-continent collision zone. Nevertheless,
volcanism associated with subduction is considerably more diverse than this. In this paper | argue that this
diverse volcanism reflects the real, complex stress fields associated with subduction zones. Specifically,
where the lithosphere is in extension, permissive volcanism occurs. Volcanism that is more diverse and
widespread than predicted by the simple, textbook model of subduction zones is thus an expected
feature of real geological cases.

Back-arc extension was not originally part of plate tectonic theory. Nevertheless, when it was discovered,
it fit naturally into the model. It did not violate predictions of plate tectonics and radical revision of the
theory was not required. Sinking slabs lie down in the mantle at their depth of neutral buoyancy and their
surface hinges thus retreat. This process results in extension as the lithosphere ahead of hinges is pulled
apart and volcanism occurs as a result. In some cases this deformation and volcanism takes the form of
spreading and the development of oceanic crust. In other cases, distributed volcanism occurs,
time-progressions may be observed, and small flood basalts may erupt. Examples include:

* spreading in the Sea of Japan;

*the Manus back-arc basin;

* volcanic activity in eastern China;

* the Columbia River flood basalt in the states of Washington and Oregon, U.S.A,;
* volcanism in the Basin-Range province in the western U.S.A;;

*volcanism in Italy, behind the Alpine subduction zone;

* distributed, time-progressive volcanism in eastern Anatolia, Turkey; and

* time-progressive volcanism in Mexico.

In addition, volcanism has been observed behind subduction hinges, for example as “petit spots” ,
attributed to permissive volcanism through cracks in the lithosphere as it approaches subduction zones
and bends [Hirano et al., 2006]. Volcanism at Samoa is likely also associated with cracking of the Pacific
plate as it approaches the Tonga trench [Natland & Winterer, 2004].

Despite the obvious association of volcanism and lithospheric extension in the neighbourhood of
subduction zones, in many cases this volcanism has been attributed to deep mantle plumes. In this paper
| argue instead that the diverse volcanism that occurs in the wider neigbourhood of subduction zones can
be explained naturally by expected lithospheric extension of various kinds. This provides a simpler
explanation of volcanism in subduction environments than appealing to two separate and independent
processes—plate tectonics and mantle plumes.
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Geodynamic consequences of slab retreat: Implications for the
orogenic development in the Circum-Pacific and
Mediterranean-Carpathian regions

*Oguz Gogus'
1. Istanbul Technical Univ

Geodynamic reconstructions in both (south) western Pacific and the Mediterranean regions exemplify
features of trench migration, back-arc extension, and transient pattern of surface subsidence-uplift those
are characteristic for slab retreat/roll back tectonics. The development of these processes is usually
followed by plate collision and tectonic displacements are mainly controlled by vertical forcings (e.g slab
pull, mantle upwelling) rather than horizontal plate convergence. In this work, geodynamic modeling
results of sub-crustal slab retreat (delamination) are used to infer the pattern and the amount of of surface
uplift-subsidence, shortening-extension, trench migration. Model parameters are varied to test the
influence lower crustal thickness/density, density of sinking slab, lithospheric thickness. Subsequently, a
comparison between the model results are made against the; 1) last 12 Myrs tectonic evolution of the
western North island in new Zealand, 2) Eocene-Oligocene evolution of New-Caledonia, Lord Howe
regions 3) the last 10 Myrs post-orogenic lithospheric evolution of the Southeast Carpathians. Model
results are in good agreement with the southward migration of the 1.2 km of uplift and 2 km of
subsidence in the east of Taranaki basin in central island, 2 km of subsidence of the New Caledonia
trough and 1-2 km of uplift of the Lord Howe rise, ~ 1 km of uplift in the southeast
Carpathians-Transylvania and up to 6 km of subsidence in the Focsani basin. The retreating slab induces
subsidence on the surface while pulling down the crust. The zone of slab removal results in the surface
uplift and this is controlled by isostatic and dynamic response to the mantle uprising under the crust.
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Mantle transition zone, stagnant slab and intraplate volcanism in
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Three-dimensional P and S wave velocity structures of the mantle down to a depth of 800 km beneath
NE Asia are investigated using “981,000 high-quality arrival-time data of local earthquakes and
teleseismic events recorded at 2388 stations of permanent and portable seismic networks deployed in NE
China, Japan and South Korea. Our results do not support the existence of a gap (or a hole) in the
stagnant slab under the Changbai volcano, which was proposed by a previous study of teleseismic
tomography. In this work we conducted joint inversions of both local-earthquake arrival times and
teleseismic relative travel-time residuals, leading to a robust tomography of the upper mantle and the
mantle transition zone (MTZ) beneath NE Asia. Our joint inversion results reveal clearly the subducting
Pacific slab beneath the Japan Islands and the Japan Sea, as well as the stagnant slab in the MTZ beneath
the Korean Peninsula and NE China. A big mantle wedge (BMW) has formed in the upper mantle and the
upper part of the MTZ above the stagnant slab. Localized low-velocity anomalies are revealed clearly in
the crust and the BMW directly beneath the active Changbai and Ulleung volcanoes, indicating that the
intraplate volcanism is caused by hot and wet upwelling in the BMW associated with corner flows in the
BMW and deep slab dehydration as well.
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Does Cenozoic tectonics in NE Asia need the deep dehydraiton of the
stagnat Pacific Plate?
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YV MLVEBBORS U F Y NATET L — NERORARA Y, LRTITOHERT I h=V AIEE
BEEERELTVZEVI EFAMRESATVS. LaL, fids, BR%, BEFMRENS, 20V
Y NVREBRKETIVICIEIZ DERBRREE LIH 3.

A7 TBHKRIGICE > THHENEZH,0ICE > THefEEY Y MDY Y MUY 2 v YRTEICER SIS
EEZLNTWS. HOMNFEEYY MLICEH5EINBICE, IIELEY Y MUABBESKT 1 BRIy
REMO6CPaF TRAT T EHITEARAOBENH S, LHL, fehtEb~y MLOEEBRILN TH 2 0EA
O, TEREILY Y MULARABDPRETHZ a2 RLTVWS. BRADEERAY S VADBELY
EZLCPMEL, BRELEYY MUVEBESDFADDREARE I EANATE RV, BIELTY ML ERLARE
T3IC1E, KARLGRAZTHHDEIETUNBETHS. LHL, eAOBBREIIAY S VALY ENE
W, IEREIEYT Y MLRRSTBIETYICHLTRYEE LTBCEEXA OGNS, £>T, R575|&Y
WidteRalt Y Y MLICERIC@EI RV EEZ LN,

AEETL—FDOREHVWEDE, EVWIT 1 VEVETL— NP ZERLHMAAETOHEARIE, AL
IV MNLH6GaE TILARADBIZARIEEZSLNTWS., LHL, TOBMTAEETL— NDBEBERIE
NNE-SSWABEMNSNSARBICEEA2ZEZ 3. TDEIRBRRATTIAAN) —DEBRATIE, ETETRAIIC
ED2TRTT U1V R EZEALND. RST V4V RDEBLT, VMY JEYTRAS TV
MLEHBEERZRIL, REEZERFIE3E&EZI0N3. FEAKICS T I AL7OY NOBEBBERIANDEH
&, FE—INERMOERICLZMEBEDREMIRRTHDEEZL LN S.

FAEEARLUREREDONDEERIX, vV MUESRKIEROEERINE BRI TWS., LL, RED
LNTWVWBEKEN.5%)IENTAREDOIBERRETHS. AFAREIMMEI Y Ly 2 AN SERS N
TEY, WEZREDOHMIRKEZENEFHIEIEN) VA7 2 7DESICK > TEHBEAETHD. WMNTEHRIND
KINE OHBRIE R & U — N5 A BEDOERKIE, SMALEEOMRZNEEA R T THERETIER
<, BIMMWYR7zT7DESICLE>THAINB I EARLTWS.

REBBRKERICK > TR NAH,0ICK D Y YV R T 2 PHRHBIED, ER7OTFDIVRIzT7E L
BLEEEZLNTWVWS. ERT7ITICRI Y - L—MBRESHDBTNMBNREET 2. EINBEMICEK
ZERF OMAACIZ) VAT I 7HBIEZS LY. BRT I M= R ZFRRE T 5 RIGH I F % ML
LSV VRT 27 2Bt 5. BMBSTMERIEYY MVERRZE) VA7 27 ORBMICEH S
t, SORIMBILEFELEZEOTEEILONS.

LM%, BR%, MEEHNRMNS, EBOLSICRYTFTY MKEETL—bDY Y MVRERRKIER %

FRTDFARICIIZHROERLREZE LIDS. LRTITHOELONZINDERE FNSICE D ERME
RiE, EERT7V T CERINIMEZERIIEINEET I P I RXREDXRFAYY MLOERICEK > TERBEX
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F—O—R:YYRT7 1 T7HKKESEE RYTFVNRST, BHEYATEIL, H20Fa—JKR1 Vb ¥
THhTo M=V R, SR FHRIL
Keywords: hydration weakening of lithosphere, stagnant slab, serpentine diapir, choke point of H20,
strike-slip tectonics, grain size reduction
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Remelting the Gondwanan Mantle - Older and Younger
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The SW Indian ridge Marion Rise and the Icelandic Rise are the two largest oceanic rises. Whereas Iceland
is supported in large part by thickened crust, sampling shows SWIR crust is generally thin and
discontinuous, even over the rise. Thus, in the absence of thickened crust, the Marion Swell at the top of
the rise should be supported by previously melted buoyant depleted mantle. Though basalts and
peridotites are more refractory up the rise, the degree of melting inferred from peridotite Cr spinel and
basalt Nag is only moderate. The peridotites, however, have substantially lower bulk alumina than those
sampled to the east and west. Thus, the Marion platform mantle source must be garnet-poor and highly
buoyant. This requires removal of high silica melts during the earlier melting, causing excess pyroxene
depletion, consistent with a hydrous back-arc or arc environment.

Plate reconstructions shows the Marion Swell corresponds to mantle pulled from beneath the Pan-African
Orogenic Belt, during breakup of Gondwana, while SWIR mantle to the east and west originated beneath
Archean cratonic lithosphere. The Pan-African Orogenic belt is a 650 to 500 Ma ~1000-km wide terrain
consisting of accreted micro-continental fragments and juvenile island arcs formed by subduction and
closure of the Mozambique Ocean. Notably missing from the belt is any evidence of the old Mozambique
Ocean Crust itself. The major suture zones bounding the belt are strike-slip zones due to
southward-directed escape tectonics. These were re-occupied during Gondwana rifting, one of which now
bounds the Marion Swell as the Andrew Bain Fracture Zones. Thus, the Marion Rise is likely the product of
delamination of old arc-related lithosphere along with the Marion, Crozet, and Reunion Hotspots swept
up in the radial mantle flow triggered by the emplacement of the Karoo Plume. The Karoo Plume itself is
likely the product of the subduction of Mozambique Ocean crust, due to its greater density than old arc
lithosphere, beneath the transition zone, up to "560 Ma. This then eventually triggered the plume,
initiating the breakup of Gondwana.
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