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The homo gencous Self-compressed Compressible Sphere: the gravitational overturning and the long period tangential flux
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C ompressional and Compositional stratifications The relaxation spectrum it would seem in constrat with the fact that the model haye to .achleve a ﬁnalo static Young Scientists
. . . state of equilibrium with the load. In order to better clarify this matter, I derive an I o «ctanding Poster Paper
The initial density p and bulk modulus « of spherically symmetric self-gravitating compressible Let us consider three HSC spheres withy = 0 and v = 40.15, namely compressional and stable/unstable approximated analytical expression describing the unstable contribution to I,,(¢) due Contest
Maxwell Earth are linked by means of the generalized Williamson-Adams equation compositional stratifications. All of them have p = 1.451910" Pa and v = 10*! Pa s. The choice of the to the C-modes of the stable HSC., sphere at large ¢
g p? v values follows from the indication that the compositional stratification does not exceed the 10-20% of JOm | t 1
dp+ = ——A=0 (1) the compressional stratification (Birch, 1952). Further, I consider the 2-layered compressible model MC, () = — ) G (1 — e t) R — (7) () LnZz (14)
With.)\ representing the sum of the no-isc?ntropic temp.erature (Birch, 1952) and Compositi(.)na.l igitial mantle and core, which differs from HSC,—, only for the mantle density which 1s obtained by means of a by considering the aT;ymptotic patterns
density (Kaufmann & Wolf, 2000) gradients. Following Kaufmann & Wolf (2000), I discriminate volume average. Note as all the models presents the C0 and M0 buoyancy modes, the D-modes and the Cm v| Zn , n(n + 1) ksc log =
between compressional, X = 0, and compositional, X #£ 0 , stratifications. The PREM (Dziewonski & pair of transient compressional modes (Z0",z07). This latter pair of modes is szm ~ L, sC™ E— with Ly = — =
Apdersqn, | 1981) 1S charactenze.d. by a compressmnal .lower mantle, while above thg 670 km lecussed n Carpblottl et al. .(200.9) and, like the D-modes, i1s associated to the The unstable contribution (14) differs from the exponential growing chacarterizing the
discontinuity it presents compositional stratifications, with both A > 0 and X < 0. The sign of X inverse compressional relaxation time gravitational overturning. Moreover, by considering the tangential velocity d,l,(t) , it
. . . oq e . . . . ) tin )
%eterm\an.es tlrlle fgrav1tat1onal stability of the models as it results from the following expression for the ¢ =- :‘; ¢ = 2.6Thyr—! (v = —0.15) > 2,40 kyr—' (v = 0) > 2.33 kyr— (7 = 0.15) results that the it goes to zero as ¢~% in the limit ¢ — oo. Thus, the deformation slows
I vaiasala fréquency - P hi " 3f” o the di s in the t ont reo £ the relaxati increasing the time, stopping in the fluid limit ¢ — co and, so, the stable HSC,., sphere
w? =2 (d,ﬂp + 25 ) — 2 (2) S gomese raiEk D L Thew et dae 1o the diffent = of the models. The achieves effectively a final static state of equilibrium with the load. T interpret such a
p p spectra are easily explained. They are due to the different ¢ of the models. The def ! d 11 ) L N h
A inted out by Plag & Juttner (1995), stratified models are cannot describe the compressional MO and CO0 modes of the three HSC spheres are quite similar due to the common elormation 25 @ JONEpetio te.mgentm. ox 0 rpatena - MNOTe as The viscosityfig .e.nters
: ;p oml bi, a5 ’ and compositional stratifications dens: fle 1 4 the 2] dp 9 he M ic s | (14), suggesting that it is the viscous friction which slows the flux. Thus, compositional
1ty unstable since P . ensity pro ne nstead the 2- ayered MC p ortraies the . 0 and C0 modes 1n a stratification involves the Newtonian linear creep at large time scales more efficiently
B 0 5~ 9 p? 0 3) of the PREM. In particular they completely different way essentially because of the density contrasts at the core- than compressional stratification
B~ ; ~ e are inherently unstable. mantle interface and Earth surface do not agree with those of the HSC spheres. As it concerns tidal forcing a.similar result hold | | | | |
isc, - < 0. Actually th?y present the qenumerably set of In order to investigate the physical Apart.these H.mdefs , which are .Weu. uniers;ftoc’d}? y tllfs%eop h?lcal community, the N Actually also the tidal tangéntial fluid limit 13°
the pngtable RT-modgs, which has been interpreted as the processes involved by the different most interesting feature consists in the fact that HSC,—, does not present any Il IR e depends from the type of stratification. This is due g, 05F
gravitational overturning. It has been confirmed by Hanyk et . . . buoyancy modes further to the C0 and M0 modes, while the HSC,—+:5 and MC T | : : ~ [
. . : . stratifications, I consider a new ) . . : . D-modes to the presence of the C-modes, the tidal tangential -
al. (1999) which find an approximated analytical expression : models, characterized by compositional stratifications, present the C-modes and > -2 hs of which han the radial and E o1l
. : . model of which I have found the . . . . . < strengths of which are greater than the radial an 5 5
for the characteristic relaxation times of the RT-modes. ) S RT-modes. It confirms the approximated analytical expression (9) just dertved and ~ L | sravitational strengths by 2-7 orders of magnitude S oosf
However, I think that stratified compressible models analytlc.al sol.utlon in the Laplace the analysis of the gravitational stability based on the sign of w2 Already at this “ F However, in contrast with the load forcing case the S l
cannot be used to discuss about the gravitational stability since domain. It is the homoeneous stage of the analysis, it results that the continuous variations of p are essential to g8 [ ] tidal tan;gential fluid limit 1 converges to a f:mite S 1e2k
they cannot describe faithfully the type of stratification. It 1s self-compressed compressible describe correctly the type of stratification and it is important at large time scales, g * | values since the tidal tangenqzial strengths of the C- g 5e-3 [
straightforward to consider that also very fine stratified models ( HSC) sphere, which takes into in view of the order of magnitude of the characteristic relaxation times of C- ° modes decay to zero rapidly = i
based on the PREM overestimate the actual A of the PREM account the continuous variations modes. The direct dependence form the compositional stratification of the C- 01 ¢ ' 103 |
A~ A—d.p (4) of the density. modes suggests that the RT-modes of stratifed compressible models do not . . i Se-4 :é L ~ - =
where the small differences between the accurate stepwise and describe faithfully the gravitational overturnig since they are due to the wrong I The tangentlal 1sostatic response results. Hanmonic degres 75
continuously variyng parameter profiles have been neglected. modellization of the PREM compositional stratification, as shown in (3) and (4). - undetermined for models without an elastic _
o2 outer shell, while the tangential fluid limit FI'igstge 4. (glzee §‘2i§i}‘§8”tia' fluid (mt) lSZ; orihe
The Homoeneous Self-compressed Compressible (HSC) sphere The fluid limit . 1tshgl¥endby t;‘i,fllslcfelasu’t‘}ylnﬁm,‘ﬁ: B,‘fh
) = e load and tidal tangential fluid limits
At present days the apalytical solution o.f the differential system describing conservation of the Within the normal mode approach We can express the deformation k.(¢) of the o4 L are strongly characterized by the C-modes and, so, they depend from the
momentum and self—gyawtatlon of compressible Maxwell Ear.th models has been found only for the Maxwell Earth models d_ue to an Heaviside point-like load as _ E C L lannniiE type of stratification. In particular, the load triggers a long period tangential
homogenous compressible sphere, from now on HC sphere (Gilbert & Backus, 1968; Vermeersen et al., AR k; Lot 2 5 7 10 flux which makes the tansential displacement diversine for compositional
1996). Such a model has been useful to interpret the relaxation spectrum of stratified compressible w(t) = k5 =) g( — ) (10) , ;'a’7m°:’;° degz':esg" 50 70 100 . C g :nal P P d SIS ﬁ) fl
models but it cannot discriminate between compressional and compositional stratifications since it with kg, s; and k; being the elastic response, the poles and the residues of the ; L L
neglects the continuous variations of p. Thus, I define a new compressible model, the homogeneous relaxation modes. When the model is stable, the fluid limit & is given by f
self-compressed compressible sphere, from now on HSC sphere, which can describe both compressional o s @ 150 ' Remark The homogeneous self-compressed compressible (HSC) sphere, even if it has
d itional stratificati d I find its analytical solution in the Laplace domain. It i d k= lim k() = kp = ) ==k, (11) - - - et
gind compositional stratitications and 1 1ind 1ts analytical solution in the Laplace domartn. It 1S compose toee . Sj _ . t C-modes a continuously varying density profile, can be investigated by means of the normal mode
of an 1nviscid core (Ch'mnery, 1975) and a V1sco§1ast1c manﬂe W.1th the rheological parameters pn, v and and agrees with the 1sostatic response k150 .(Chmr%ery, 1975; Wu & Peltier, 1982). B+ RT-modes approach. It is in contrast with Han & Whar (1995). On the basis of the large number of
K constant. The dens1ty. p profile decreases with the radial distance from the Earth centre » 1n the When the_rnodel 1s unstable, kn(t) dlverge§ in the limit ¢ — oo, Put the agreement — — modes of very fine stratified compressible models, these authors conclude that continuous
mantle and 1t 1s constant in the core between k!¢ and the summation over kg and the strengths k;/s; holds. It has Figure 2. Relaxation spectrum of the 2-layered variations of model parameter cause dense sets of modes. My results show that this is not
- Y. del MC (black) and of the th heres: ) .
p = o (mantle) po = sSa (core) (5) 11 been. pointed out. by Hanyk et .al. (1999) and Vermeersen & Mitrovica (ZQOO) me eﬁ\g(éf/:: ((: )an ),O Hscviefo_lfs(ﬁhs,z)eres necessarily the case since the HSC sphere presents at most the denumerably set of C-modes
r 2rc 10| relatively to stratified compressible models, once the RT-modes are taken into and HSC,—o.15 (red). and its density varies continuously within the mantle.

Such a p profile determines a constant gravity g = 27 G o in the mantle.
The total Earth mass is respected for a = 2.3410'° kg/m? . Further to

account in the summation, and the same happen to the unstable HSC.,., sphere
with the C-mode. This suggests a slightly different interpretation of the isostatic
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stratification Normalized radius r/a of the isostatic criterion since the tangential isostatic response 1.°° results undetermined
o Sk . . . . 0o . . : , : : L . T o
A=~y — with = (7) Figure 1. Comparison of the gravity of the for models without an elastic outer shell, while the tangentlal COIIlpOIlCl’ltS ln of (12) 1S Figure 3. The load and tidal radial (dllamond), tangentlal (dot) and graV|tat|onaI_(cr.umform)__strengths kg/_sg of the Compogltlonal HSC,=+10.15 spheres
2 : . . . . . . at the harmonic degree n. = 2 .The red and blue colors indicate positive and negative values respectivelly.
r K homogeneous compressible (HC) and determined. The same Chinnery (1975) suggested, in the introduction of his paper
A . . h If- d ibl . . . . . . .
Wthh can be Stable’ F}/ < 0 , or unstable’ ’7 > 0 . It is pOSSlble tO ShOW Om((I)_IgSe(;])eSo;ﬁeSrZS \?v?tr:?;zss:El\jOgTap\;?;Q e ?On.C@.I'nlng. the. elaStOdynamICS, that Cer.taln .degeneraCICS 1n the .Statlc SOlutlon Of the . EEEBEEEEREEEREEEE N EEL R R ] :2 [ T T T T T T T T T T T T T l T T T T T T T T T T T T T T T T T T
analytically that for compositional stratifications, v # 0, the secular inviscid fluid will be removed, once the viscosity v would be considered. Y :
determinant A, (s)presents an highly oscillating behaviour 12 | ~ 0.15 1 12 1 .
1 ) 1 ® _ — ) 1t 4 »7 — .
. n(n+1) \ 4 . ° ° - 1 1 1 = u + f = B 4“;. ®
N ( a )( sexEnin) ®) The HSC sphere discriminates The long-period tangential flux of material S e | o 4] 8 oon | .o te]
n{§) X | — . . . . . iz I ! 2 3 i o* i
rc between compressional and Let us consider the HSC sphere subjected to loading. The {2°of the compressional I PR R R I s B eesevseer®’ T {9
in the limit s — 0. This indicates the presence of a denumerably compositional stratifications. HSC,—, sphere exists and 1s finite. Instead, for the compositional HSC,., spheres, the - . + * = el | ¥ gt
set of modes that I name compositional C-modes. By setting to Thanks to its analytical solution, presence of the C-modes arise new problems. Actually the load tangential strengths of |
zero (8), the pole values s.™ of the C-modes result I show the presence of a the C-modes converge to a finite value 1e-08 |
SCm ~ :- denumerably Set Of . lgm L 16151413121110 9 8 7 6 5 4 3 2 1 1234567 8 91011121314151617181920 ) 109 161514131211109 8 7 6 5 4 3 2 1 1234567 8 91011121314151617181920 )
= (mm)®pn 4 9) .. lim —=— = L, # 0 (13) C-modes CO MO D-modes 20* 20 C-modes CO MO D-modes Z0* 20
n(ntl)yksclog o compositional C-modes, of TR Sy , 161514131211109 8 7 6 5432 1 | | 1234567 8 91011121314151617181920 , 161514131211100 8 765432 1 | | 12345678 91011121314151617181920
Depending on the sign of ~ they are stable or unstable. Thus, which the RT-modes are a instead of decaying rapidly to zero. It means that 1 = —oco at each n and, so, the
the C-modes do not describe necessarily the gravitational particular case. models are tangentially unstable. For the unstable HSC.., sphere, this circumstance 1s
overturning and, so, I interpret the RT-modes of stratified - . . not troublesome 1f compared to the fact that the deformation diverges due to the £ o £
NS . P Compressional stratifications do . omp .. . 5 . 2 Vel i 2
compressible models as a particular case of the C-modes. gravitational overturning. Instead, this 1s surprisingly for the stable HSC,., sphere, since £ NP “§ 2
not present them. 3 caeatett L, .;ft:: : <
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