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The free mantle surface (FMS) is one of the im-
portant characteristics of the isostatic state of the
Earth. It shows the degree of crustal uplifting about
the normal level, which corresponds to the homo-
geneous upper mantle. The FMS anomaly study
can provide important information about the vari-
ous geodynamic processes that responsible for the
density heterogeneities in the upper mantle and

D EnsITY MODELS AND A changing isostatic state of the lithosphere.
STRUCTURE OF THE EARTH S Investigations of the FMS [1] revealed main
LITHOSPHERE BENEATH dependencies for the FMS depth under the con-

tinents and oceans. So, it was revealed, that the

CENTRAL AND SOTTH FMS depth for continental lithosphere depends

ASIA CONSTRAINED WITH on thickness of the crust [1]. Subsequently, the
VARIATIONS OF FREE MANTLE same dependence was revealed for the oceanic
SURFACE lithosphere [4] using CRUST 2.0 model [3].

. FMS depth increases with the thickness of

Earth’s crust that can be caused by radial density

SENACHIN V.N.1, BARANOV A.A.2 : _ ,
changes in the upper mantle. For testing of this

!Institute 'ofMa_r"me Geology and hypothesis we have lead the studying of the FMS
QCPPll}’SlCS» -P-E_B_RAS; Yuzhno- depth for Central and Southern Asia. The data
Sakhalinsk, Russian Federation from crustal model As-Crust-08 [2] on the grid of

'y - o "‘1" -
geodyn@imgg.ru 1x1 degree has used in this research. The calcu-

2 Schmidt Institute of Physics of the Earth, lated map of FMS depth is shown on Fig.1.

Russian Academy of Sciences, Moscow, We used the Moho map and densities for up-
Russian Fffdel‘atlﬂﬂ per, middle, and lower layers of crystalline crust
baranov@ifz.ru for calculating the FMS anomalies.

FMS depth can be calculated using formula:
Hr'/nr = Hm - LZ’Hi;’/ 4

m o1
where H_,,, — FMS depth, H,, — Moho depth; p,,
— mantle density; p;, m, — density and thickness
of i-layer of the crystalline crust respectively; n —
number of layers in the crust (here we also added
three layers of sediments and water layer).

The Southern and Central Asia is tectonically
complex region characterized by the great colli-
sion between the Asian and Indian plates, anom-
alously thick uplifted crust, and the large exten-
sional zones near the southern and eastern mar-
gins of Asia. The evolution of the entire region
is also strongly related to the active subduction
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_ Russia, Suzdal, 18 - 23.08.2009 that thickness of the Asia ‘s crust varies from

— - 25 to 75 km. The FMS depth accordingly varies
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the FMS depth about 6 km, which can be attrib-
uted to rather high density of the upper mantle.
The FMS depth graph depending on thickness of
the crust in studied region is shown on Fig. 2. The
linear trend for given distribution shows the gen-
eral FMS depth increasing approximately from 4
to 6 km, i.e. about 0.03 km on each kilometer of
crustal thickness growth.

We have investigated upper mantle density
distribution on the basis of dependence between
FMS depth and crustal thickness.

Three models of lithosphere mantle have
considered for define the reason of such depen-
dence: homogeneous mantle with constant den-
sity, radial density variations in the mantle, and
lateral density variations in the mantle.

For a continental crust the best concurrence
of theoretical and experimental FMS curves turns
out in the model with linear density increasing
with depth from 3.2 g/sm3 at FMS level to 3.3 g/
sm3 on depth about 80 km.
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CBOGOAHaﬂ nosepxHocTb maHTun (CMNM) asna-
eTCA OAHOW M3 XapaKTePUCTMK M30CTaTUYECKO-
ro coctoAaHMA nntocdepobl 3emnun. OHa nNokasbl-
BaeT, HAaCKO/NbKO NPUNOAHATA MK ONyLLEeHa 3em-
HaA Kopa OTHOCUTE/IbHO HOPMa/IbHOTO COCTOAHMKSA,
HeobxoAnMMOoro ANA U30CTaTUYECKOTO BblpaBHK-
BaHUA autocdepbl C 0AHOPOAHOM NO NIOTHOCTH
MaHTUeN. M3yyeHue aTUX aHOMaNnIt MoXKeT AaTb
Ba*KHY0 MHGOPMALMIO O PA3/INYHbIX reognHamMu-
YeCcKMX npoueccax, NprBoAALLMX K 0bpa3oBaHuto
NAOTHOCTHbIX HEOAHOPOAHOCTEN B BEPXHEN MaH-
TUN N USMEHEHUIO M30CTAaTUYECKOTO COCTOSHUA
nnTocdepobl.

Pacuetbl, npoBeaéHHble M.E.ApTembeBbim ¢
coasTopamu [1], NO3BOAMAN BbIABUTL OCHOBHbIE
3aKOHOMEepPHOCTK pacnpeaenenms mybuHb CMNM
Ha KOHTUMHEHTax M oKeaHax. TaK, bblno obHapy:ke-
HO, YTO B KOHTUHEHTaNbHOM AuTOoCchepe rnybuHa
CIMNM 3aBMCUT OT MOWHOCTK Kopbl. [o3aHee Takasa
*Ke 3aKOHOMEpPHOCTb bblna BbiABAEHA B OKeaHu-
vyecKon nutochepe [3] Ha ocHOBEe AaHHbIX Moae-
N 3emHo Kopsbl Crust 2.0 [4].

FnybuHa CMNM 3akoHOMEpHO yBenunvumsaet-
CA C POCTOM MOULHOCTM KOPbI, YTO MOXET bbITb
Bbl3BaHO pagnaibHbIMW U3MEHEHMAMM NNOTHO-
CTW B MaHTUW. [lnAa NnpoBepKn AaHHOM rmnoTessbl
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Fig 1. FMS depth for the Central and Southern Asia. The
thick black line is the border of AsCrust area, outside of
which FMS data was calculated on the basis of CRUST
2.0 model [3]
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Puc 1. Thy6uHa cBob6oaHOM NOBEPXHOCTU MaHTUM B LieH-
TpanbHOW U KOXKHOW A3uu. TONCTOW YEPHOI NUHMEN no-
Ka3aHa rpaHuua obnactu AsCrust, BHe KOTOPOW 3HauYeHus
CIMM paccuntaHbl Ha 0OCHOBE AaHHbIX mogenu Crust 2.0 [4]

FMS depth (km)

Fig 2. FMS depth depending on the thickness of the crust
for Central and Southern Asia.

Mbl NpoBenn usydeHue rnybuHsl CINM gna LeH-
TpanbHOW M KOXKHOM A3nK Ha OCHOBE moaenu
Kopbl Ascrust-08 [2] ¢ paspeweHnem 1x1 rpaayc.
Ha purc.1 nokasaHo paccyMTaHHOe Hamu pacnpe-
peneHue rnybuHbl CMNM.

FnybuHa CMNM paccumntbiBaeTcs no popmyne:

1 n
H‘ M :Hm - i~

rae H.,, — rnybuna CNM, H, — rnybuHa rpaxu-
ubl Moxo; p,, — NIOTHOCTb MaHTUK; P;, M; — CO-
OTBETCTBEHHO MNJIOTHOCTb M MOLWHOCTb i -r0 €101
38MHOW KOpbl B PaCYETHOM TOYKE; N — KONMYECTBO
CNOEB 3eMHOWM KOPbl (34eCb TaKXe Yy4UTbIBAETCS
TPexcNoMHaA Moaenb 0CafKoB U BOAHbIA CNOA).

40
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Puc. 2 3aBucumoctb rny6uHbl CMM OT MOLHOCTU KOpbi B
peruoHe LleHTpanbHoi u KOXKHOW A3uu.

lOxHan n LleHTpanbHan A3ns AaBnaeTca TEKTOHMU-
YECKWN CNOXKHbIM PETMOHOM, BK/IHOYAIOLMM 30HY
Konnmsum MHanMcKon n EBpasmninckon NauT, Kpyn-
Hble 30Hbl PACTAXKEHWA HA FOXXHOW U BOCTOYHOW
OKpanHax A3Un N aKTUBHYIO cybayKLMIO BAOb
3anagHo-TUXOOKeaHCKOW rpaHuubl. Takoe pas-
HoOobpa3ne TEKTOHNUYECKUX MNPOL,ECCOB NPUBENO
K TOMY, 4TO MOLLHOCTb 3EMHOI KOPbl B perMoHe
meHAeTcA oT 8 A0 75 KM, T.e NpakTUYECKU OXBa-
TbiBaeT BeCb AMANa3oH MOLWHOCTM KOpbl Ha 3em-
ne. fnybuHa CMM npw 3TOM MeHseTca oT 2 Ao 7
KM 1 6onee.

Ha puc.2 nokaszaHa guarpamma pacnpegene-
Hua rybuHbl CMM B 3aBUCUMOCTM OT MOLLLHOCTU
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KOpbl B MU3y4aemMom pernoHe. JIMHenHbINn TpeHa,

OAHHOro pacnpegeneHuMAa nokasbisaeT obuwee
yBenuuyeHue rmybuHol CMM npumepHo ot 4 no 6

KM, T.e. npumepHo 0.03 KM Ha Ka)kablii KUAomeTp

m|(~+|O |3

pPOCTa MOLHOCTU KOPBbI.

Mbl nccnepgosanum pacnpeaesneHme NaoTHO-
cTu B BerHEﬁ MaHTUKN Ha OCHOBE nonyquHoﬁ

3aBUCUMOCTU NYBUHBLI CIMM OT MOLLHOCTU KOpbl.

MNoabupanncb moaenn MaHTUU C IMHENHbIM U3-

MeHEeHMeM NAOTHOCTU C TNybunHoMn. Jna KOHTU-
HEHTaNbHOM KOpPbl HaUAyYlee coBnageHue pac-

YETHOWM U KCNnepuMeHTanbHOM Kpmebix CMNM no-

NlydaeTca B mogenax C JIMHENHbIM HapacCTaHUEM

NAOTHOCTM no rybuHe B Anana3oHe ot 3.2 r/cm3

Ha yposHe CMM go 3.3 r/cm3 Ha rnybuHe okono
80 Km. MNoTHOCTb 3aBUCUT OT MYBUHbI NO 3aKo-

Hy:, rae 0.=0.001. Takmm obpasom, nonyyaeTcs,

YTO rpafieHT NAOTHOCTU B anTocdhepe AsnaTcko-

ro perMoHa B uesiom A0/1XKeH ObITb NONOXKUTENb-

Hbl, YTO 06bACHAET Habnogaemoe yrnybneHue
CIMNM c yBenmyeHnem MOLLLHOCTU KOpbl B AMnana-

30HEe KOpbl KOHTUHEHTaIbHOM MOLHOCTHW.
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