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The upper mantle beneath the continent is represented by three layers: 1) a highly viscous continental litho-
sphere in which conductive heat transfer is carried out; 2) an asthenospheric layer in which heat transfer occurs
under conditions of free convection; 3) layer C (transition zone of the mantle), in which free convective heat
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transfer also takes place. Based on the available laboratory and theoretical modeling data, the structure of free
convective flows in the asthenospheric layer and layer C under the continent is presented. At Rayleigh numbers
Ra> 10%in the asthenosphere and layer C, an unsteady large-scale cellular free-convection flow takes place. At
heat transfer surfaces (layer boundaries), under conditions of unstable stratification, longitudinal rolls are orga-
nized, the axes of which coincide with the direction of flow of large-scale cells. The temperature distribution in
the continental lithosphere was found taking into account radiogenic heat release under conditions of conductive
heat transfer.

Estimates of the kinematic viscosity of the asthenospheric layer and layer C are given. The relationships for
determining the adiabatic temperature drops, temperature drops in the thermal boundary layers and conductive
sublayers in the asthenosphere and layer C are presented. In addition, relations for the thickness of the roll con-
duction sublayers at the boundaries of the asthenosphere and layer C are obtained. The values of temperature
at the boundaries of the layers, the thickness of the thermal boundary layers, and temperature differences in
them are determined. The temperature distribution in the upper mantle in the continental region is presented.
Temperature profiles over the thickness of the asthenospheric layer and layer C are constructed on the basis of
experimentally determined laws of free-convective heat transfer in a horizontal layer of a viscous fluid, heated
from below and cooled from above

Key words: upper mantle; asthenosphere; layer C; free-convection flows; convection rolls; phase transition boundary; conti-
nental lithosphere; kinematic viscosity; thermal boundary layer; conduction sublayer; temperature profiles

adaaied. Ciafea canrodadeaiey oaira- a éTioeiaioaduiTé Taganoe. Aey TThodTaiey
0a0600 4 4400T4é Taioee TaTadTaeiTéaé  TOTOe&y 0a1TA0a00d0 & 4addiaé 1aioee 1Ta
aey Trodadcaney Oece+aneed NaTénca, 0aé €  ETToeTaroTl TATAGTAET T Aani1TodAol 0ATET-
aey efifedataaieé aa nootaiey e fiTioada [1; TATAaT € 006E0080 oa+aiey a aaddiaé Taioee.
18]. Eaé T01 4+a40My & foaoia «DanTddadeadied A noaoud ToTOEl 041 TAdao0d0 & éTToeTal-
041 TA0a0000 4 6TOA € A Tafoee» [10], TTAOST-  0aéuiTé adddiaé 1aioee TThodTal Ta TATT-
afed aaToadT (éoeand, atdaxapued cadefie- aa 1Tadée o0aréTaré e deadraeiaile+anéTé
1 TR0 04T TA0a0000 ¢cAT 106 1480 To d66aeifl) 0060000 4adoTa T
4 6104 & Taioée a cia+eodeuiTé 1a8a nayca-  TTelcTaar 5 a
iT A e1040Tda0a0eaé aaifao aatoece+anéed  dace~anéeTal
& TA0BTETAe-aMNee0 Taaepadieé. A 8yad 0d80-  43G0earad 0a: a
ata ToTOeél 041Tadao6o0 addooraé Taioee  aycéTé meaétroe, TTatadddaaiTi fifecd e
TTa éTI0eTaioT1 dafifi+eo0iaadony Ta ThiTad  ToeaxzdadiTi faddos e 1Tadeedopudi anoa-
Raénile+aneed &aiiad i 0+40T1 dacee+106  TTHOAdTOE fiéTé & fieTé N
1Taa6aé aa fniThoaaa [4; 6; 13; 16]. Idaaficadéa- baffiiTooeT aasdipp Taioep, ATAOTY-
70 éTToeTaioaciind aarToaon O, 1aeed~@el Ta- U é¢ 0040 eTaa (def. 1a)
dacTi 6atTagdoaroypuied Toaréai P-T-o6féTaeé 1) éTioeiaioaciuitTé eeoTndoasn otTéve-
aey énaiTeeoraaéeraaseenad [1 ;
a& A. E. 00061002 & A @6aasoa
[18] Trodaaeyaoniy aéa oere+it
a éTioeraicacuiTé é1oa efio
fivadeTTadiTé 0ATETTOTAT
TaroeaeluiTar caétia 6a
0aTeTa0AdeaTEyY i 4804
7104 3470481 O danfi+eod
TTaad01 TR0 100 0aTeTal
TancaoeTiaoiTé oaTeTT
Toe effedaraaiee :
faTe+anéed ToToannTa ia fi6aao TioéTaroaéuray €eorn a 0adaéo
TadTael T ciaolu dafroaadediea oairadaosdt  aofy adnTéTé ayceéTroup, carTéTTatai a 1aé
a 6TT0ETAT0AeUTTT 600164 N6AG0BOETTITE CT-  eNfedascdony a oneTaeyd 0aTeéTraTaTairtnoe.
0. PaiToda464Te8 04114020080 4 4380Taé  OATETTATAT 4 ancaiTio&da & fieTa N, e1ép-
Tafoee yaeyaony Tatadtaeili adare~ial  Ued ToTTAE0AGUTT Técéed aycéTnoe, TOTendT-
ofneTaeai Toe eco-aiee deadTaeiaieée e 0a-  4eo a 6feTaeyod NaTataité ériadévee (0aTET-
TéTTalaia a0Teadeypudariy earaéa repia aTé d40adeoadeTiiTé éTiadéoee)
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of free-convection flows in the continental upper mantle constructed with regard to the data of theoretical and laboratory
modeling [1; 11; 12]. Free-convection cellular flows in the asthenosphere and layer C (the mantle transition zone) are shown
schematically. The temperature profile T in the continental lithosphere, asthenosphere and layer C is shown schematically.
The upper boundaries of roll layers are shown by dashed lines (long dashes); |, is the thickness of roll layers on the roof and
the bottom of the asthenosphere; |, is the thickness of roll layers at the roof and the bottom of layer C; & — diagram of the
boundary layer at the 670 km boundary. The flow velocity and temperature profiles are presented for region | (Fig. 1a);
u is the horizontal flow velocity adjacent to the 670 km boundary; 5, thermal boundary layer thickness;
3., is the conduction sublayer thickness; AT, is the temperature drop across the thermal boundary layer;

AT, is the temperature drop across the conduction sublayer

TTA080CATOE O0ATETTAOATTA & éTioé- T,— 041 Tada00da Ta TTadddiTroe CaTée;
1aioa. bya enfneaataaieé Tréactaaao, +oT a q, =— MJT/ox) — Taioeéiné 6adéuiné oa-
ETOTAT1 NETA ETI0ETAT0ABITTé éé0TndAasd TETATE TTOTE, TATOAAEATTOE 42800
’ fioTaeo o TA0A464 T84 0AA4eTAak0RATO0 Oaé éaé oT/ox >0, oT q, <O, @ 0adéiiaé

& €€Ta [1; 18]. baaeTaéoeadita OATETATE TTOTE TATTAAOOTTHOE CaTéé:
TT 0Ténieia éToTanrar iéTty —q,=-q, +Q x,
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Cljx
Qo
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183080y i T1 28023208+8M8Té 0ATTA5a0080
88 Q, —Nddardd cia-died ei-  BafToaadeaied 08114520650 T, TT oTEUETA

feaiTioe 5aaeTadliTé 0ATETAATA0A08E &  &TT0RTATOA

TTAA86TTHOT06 TTOTAAG; , — 04026085106

oy 5AASTAAT 14T 0ATETAOAA- 10 | T (OT/2.%, @
a604eTTe, Thi 0 TaT6adeadia g, 0T  #a& T — faddoaaéadave+aneay 64114520062,
cafee a4eoToa need oyanioe. (8T/éx),, = 0,75 ‘N/8T1 — aaeasave+aneeé
ied fadooaacaaace+aneTé  45aaedio 0411450080 48y x < 200 &1;
00 VT oTénieia éTioeiaioa Tréa-  (oT/ox),, = 0,56 °N/&T &ey 200 <x <500 &1 [2].
iToaiey [1; 18] PafTd3a46a1ed 04118520630 TT OTeve-
ihL—en]eT, | 14 STTerAica Trodsdeel Yoo THGAATATIOD
radaiaooad aey e€lloelaloaceulte eeornoa-

o

reTroTartaiTnoe 80 g, = —0,052 Av/i2, Q, = 1,82 - 10° Ad/i3,
; x,=22-10°1,,,=3A0/1 -°C,T,=0,l_, =25 10°1.
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0811402068104 6feTady OTO1 edTaaiey &3s-
oTéeoTa N3addiTaT EAATOT (3) [3], éToTA04
fiTaraaapo i a0-efeadiTOT TOTOSEAT 041 Ta-
0a0600. Ta TTaToad éTioerardasiité ee-
0TAG&dG 0, = 1472 °N

200

400k—

600
X,KM

pen. 2. ToTOeEe 041 14020080 & ETTOSTATOAEITTE A400T4¢ T
1 - adéadaoe+aneéay 0a1 1adacdsa; 2 — daiTddadedred 0a1Tadanod0 4 4480T1aé 1aioee T ;
OToT edTaaTey 6450Tee0Ta NAAAS TTAT EANTOT [3]; 4 — 041 14020002 Téaasa Ty 4acasioa [19]; T,,, — 04T 14da06da Ta
TTETE84 6TT0STAT0AEITTE £80THOABT; T, — 041 T453005a 46aTe60 afda i Thoada — neTé N; T,— 041 Tada06da
fa48aieod 670 é1 / Fig. 2. Temperature profiles in the continental upper mantle: 1 — adiabatic temperature;
2 —temperature distribution in the upper mantle T ; 3 —temperature conditions for Northern Lesotho Iherzolites formation
[3]; 4 — basalt melting curve [19]. T, is the temperature of the continental lithosphere bottom; T_ . is the temperature of the
asthenosphere-layer C boundary; T, is the temperature of the 670 km boundary

e
3 — 0411482068104 6NETAEY
[ i

feasTaeiaiesa & 0ATETTATAT 4 afdd-  TTAOASA & 20...60 dac TATU@A AYceTroe AETY
iTHOABA & feTA N & 6RETASYE RATATATTE 6TT- N, & AeeyTeal 40aTeol OACTATAT TAdA6Taa
426088, EBTAGY AR0ATTAOASTTAT AETY 6TT0A6-  TeeaeT — AdANGAd Ta OATETTATAT VT&IT
088640 A ETTOSTATOTY (. 8ef. 12). TTaToaa  TOATAAGA=(. ABATess 410 &1 46427 OARATA-
AROATTAGASTTAT AETY TOAAMOAAEYAD ATATE  00LAAOU 6aé 40ATE66 Bacaldsa ¥amas RETYIeE
40aTE00 OACTATAT TAOAGTAA TeeAST — A3aREa-  (ANOATTROASTE & AeTAT N).
&0 TeeaeT T0RABATIAA0RY A AAANBAG) T4 486- Aase+e16 ceTAT A08+ANETE AYCETROE v 48y
ASTA 410 &1 AT MGA=ETT TETOTTAOR Ap/p=0,07  2eaETHOE A ATOSCTTOAGHTTY AETA, TAA08A2AT T
TO& TaseTTA 60GATE OACTATAT OAATTAAREY  RATES, ITeIT 1adde &g ATTOIT@A ey [11; 12]
y=0P/T = 3 - 10°Ta/°C (P — a2aeaTed) [8; 17]. . .
A&CBACT ABTAY 4866+ 1A T = yAT/pgl 46V TAS4- v:ﬁ_g(l] ATl j @
Taaa 081 TABa0650 & AETA AT = 200 °C, oTéTIe- alg/\ 8
70 RETY | = 410 &7 & =
saafay = &
7=0,015. 1
0a (4acoaci
Nu = gI/ATA 644
GATOTA TT ROAAT
ABAATYY fie
fage:ee
ia ate
Oeacai
52706
AR0GTAT & Té
0T 1TeiT
TA0A6TAA
aa. Eaé
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— 1/3
l,,= (Ra,av/BgAT, ). (6)
NTaeaniT 0aaaifioad (5), iadddaaeadaoe-
+aféeé Tadaraa 0a11adacddd a ancaiTioada
€ afeéTa N Trodaaeyaony iTroiTgareai
— 3/4 1/4
AT=(10q,/0)**(av/Bg)"*. @

Tadaraa 0aiTadaoodd & OATETATH TT-
adare+iTi fiéTaorevieimeé 5, (0ef. 1a) [1]
AT,=0,5AT, ®)
384 AT — TAOATaa 041 TAda00680 Ta=ad6 TTAT-
aTé e 60TAcAé ATOeCTT0aeUTTAT AETY.

Adééce TTAAdGTTROE OATETTATala Toe

79

NaTaTaiTé éTradéoee nouancacdo oaé faca-

aadi0é éTiactoeaineé rraneTé oteueiTé g,

334 0a1Tadacdda eciaiyaoiy TT €efaéiTio

CaéTio (def. 14). TAdaraa 0oa1 radaodol 4 éTi-

a680eATTT TTANETA OATETATAT TTadaie+iTaT

AETY [1]

AT,,=0,7AT,=0,35AT. ©)
OATETATE TTOTE 4 ETTA0B0LATTT TTANETA

Troaaadeyaony ec iTroiToaiey

q., = MT, /5. (10)

1207481 0TENeio ETTAGRORATTAT 1Ta-
AeTy, efTTeucoy ATToiTeaiey (7), (9), (10),

3., =3,5(av/BgAT, ).

iTaT ATy Aaa
Ty

ATA TTadaTe-TTAT AETY Naad6aaeaaa0e
fieay 041 74520684 T, TTAOTY T T4 (Bf. 14), &
i

041T40a000a eéciaiyaony TT aaeadace+aneT-
10 CaeTio

T,=T.,+(0T/0X) X, (12
484 T, = const.

Trd4a36eT 62626048104 041 14820080 &
ancaTTROAdTTI NETa. Ta d6aiesd dacTarar
TaoadTaa (x =410 é7) 0ATETATE TTOTE daddi
U410= 0, [R/(R,—410)T?, (13)

a4 R_ = 6370 &1 — aaeon Catee.

Ec (13) a&y g, = 0,012 Ao/i? TadTaei
0, =0,0137 Ad/T2

Naddsaaeadaoe-aneeé Tadaraa oaiTa-
Ba06d0 a afdaATTAOAdITI META AT, Trod44-
EyaT aéy ciaaiéé Tadai&odTa yoTaT AeTy
[1; 12]: » = 3,8 Ao/ - °C, ¢ = 1200 Ax/é4-°C,
B=3-10%°C*, a=9,9:107 i¥f, v, = 10" 1%/,
q=0,0137 Ad/i2. Ec ATTOTT@Aaley (7) TTéd+a-
&1 AT,=63°C.
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e30TTITIan@0aar(s6 y+aaé A460€ATTAT 0ATéTTAl ala 4 AToecTioaguiTi
Tro43864T0 0AT1TA0A0000 Ta A0aiédad NETA, TTATA0RAA4TTI ATeco & ToaxR4a4T T
fETa4, OTEUISTO 0ATETAND TTA0ATE+TO0 NETAA  f1480060. 041 TAda06dT04 6fiéTAey OTATEdT-
& TA0ATAA0 04T TA0A0080 A T80, daNTOdAdEd-  aarey 8adoTeeota NAaddITAT EAATOT AT-
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