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Perturbations of Earth’s upper mantle convection caused by asteroid impacts

HUANG Chuan, FU Rong-Shan

School of Earth and Space Sciences, Mengcheng National Geophysical Observatory ,
University of Science and Technology of China , Hefei 230026, China

Abstract Large impacts by asteroids may have significantly affected the evolutionary history of
Earth. Based on geological models and numerical simulations, we have studied the effects of large
impacts caused by asteroids of different diameters (10 km and 100 km) on Earth’s upper mantle
convection. Suppose that the upper mantle convection is initially in a stable Rayleigh-Bénard
convection regime. The impacting effects caused by an asteroid with a diameter of 10 km (form an
impact crater of diameter about 180 km, e. g. Chicxulub Crater) are considered as an abnormal
temperature field. And the impacting effects are considered as an abnormal temperature field plus
an abnormal velocity field (caused by rebounding after impact) when the diameter of the asteroid
is increased to 100 km (with a diameter of about 1000 km for the impact crater). Our results
show that when the diameter of the impact asteroid is 10 km, perturbations of upper mantle
convection are small, and the corresponding abnormal surface heat flux lasts only 2—3 Maj; but
when the diameter increased to 100 km, the perturbations are very strong, special transient
convection patterns will appear (i. e.: adjustment, several convective rings, adjustment, and
stable again). The duration of the whole process can be affected by viscosity of mantle and impact
positions. After convection into a new steady state, the hot plume may slightly move towards the

impact points.
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Fig.1 Head's model of multi-ringed basin for

its initial state and steady state (redrawn)

The red part means melted material and the temperature is set
to 1625 C (the melting temperatures of meteorite and granite
are 1660 C and 1590 C respectively, and we choose the
average). The blue part is displaced zone and its length is equal
to the diameter of the final crater. Material in this part did not
melt, but it still heated up for its high pressure (assumed to be
100 K). The green part is rocks which present the peak

pressure. (a) Transient cavity; (b) Final crater.
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54 B AE /AT B AR ol Xk 3t R 4y b 082 X 145 il 1537

— ~ AT
wn = SUcos 0251 (6)

MPEE (6) AR A () 3 I3 (4) 28 i 56 F Aisf 1] 3R
S 0] LA B B AT A — a5 A [ T R S
T ) R B SE RN

SU X .

v(x,t) =— T—rcos 0. 25/\6

DA I 35 5L B BT 1Y) 3 B2 4, AT A AR B A
Gt lnl 55 LLS B P 3. i A E

£, #1 Boussinesq ¥ LI TG FR Prandtl 2T 1
Xf i T R R

T (7)

82',» ap
_ 9% L 9P _ o T, 8
ox; Jrax,- s &
ou
9% — 0, 9
or €D)
oT oT o' T
- = = 1
o =+ u; ey Karf (10)

Hbs wispsToas gk 535N ETE « J7 0] B 73 4t
Bl e 58 I RE T Bl L PR K &R B @ O el 9
S Y B 2 % (Moresi and Solomatov,1995).
JRAE B —np (] 25, Y BE 37 2 R0 FATTHER AT LAl (8)
Ao F A5t BT Y B 37, SR 0 T (7D A 2 i I
TF1) 25 1) {BL18s B2 o B 3 o J 18 B0 1 i 3 1R
AQO) R — B 8] 45 (IR e DL 2
P, R 28 i A it JBE 7 BV Sy PR A0 10 400 46 1 32 3. ]
3 Frn i LVOL F1 LVO2 [l 35 A B 3. i T kG

ARG U B T B A SO R Y [l TEZ A, AT
2 AR BR 22 A A2 AR /N (5 S B RR T IRATT AR
Jp G B 0 TR) R0 B 2 R A D 220 . T ATTHE LA A
S5 NW IR AE B 5 B A 1 2 R A S
2.2 EHfH 10 km/NMTEMELSRIEDR
% B AR N 10 km [y /N7 R 7 19 45 AR
T FRATT B E H T Chicxulub B HL/E R S %
R s —J7 7 A B A BTN T B A AR R
1E 10 km 245 5 53— J7 10 - % B A0 SUORAF HL 4. 58 4
[F) Ef A7 e Bl 450 AT Y M J5i 27 D 3 Bk ) B S B AR
(Hildebrand et al. ,1991;Pope et al. ,1996 ; Morgan
et al. , 2000; Melosh, 2001; Vermeesch and Morgan,
2004 ; Vermeesch and Morgan,2008) , %k F & .
AFRE T b b8 06 A A 32 3 A e AR AR /D
HY TR 7 A BE A R BT LA B8R Chiexulub 7ETE 1
Z JE WA R FR B A A B4 (Morgan et al. ,2000;
Melosh, 2001 ; Vermeesch and Morgan, 2004 ; Vermeesch
and Morgan, 2008) , fH F AT T % J&. 1 H 2 5
B E RO SO B INTER SR EY B — A5
HWOXBEERMEESET Abramov Ml Kring (2007)
F18 B RSP 45 2R o AR E B DX R/ Ay 80 em X
20 km. SR R 1500 K. [ 4 KR LVS03 (4
AT RTEA I B W R BRSO S R 1,
2 2 WO BRI ER IR 5 L FL R Sk B A 1 O S Rl
DXk, AT DA 5 U R X3 i ARz /N T S X R

(el 38 4y s TR AR 286 A 90 26 B2 09 AN W) AL B UL+ LAY,
1.0 L | L _I L | L | L 1.0 L L 1 L 1 L L
0.8 _— - 0.8 -
= 06 : e ' -
= Q.
504+ - 204 _
0.2 @ 0.2+ L ®
0.0 L B — * B A R 0.0 L I B B R R
0.0 0.6 1.2 1.8 24 3.0 0.0 0.6 1.2 1.8 24 3.0
Length Length
. : : B Temperature
0.0 0.2 04 0.6 0.8 1.0
K3 LVol(a)H LV02(h) Bl )5 i 5
Fig. 3 Temperature fields of LVO01 (a) and 1LV0O2 (b) after rebound
y» 2.3 SHIEE
1.0 g ' = 10 A8 SCR 4 AT BRI AF Citcom(Moresi, 1995 5
0.8+ ~ o8y \ e .
06+ L1062 Leng and Zhong.2008) i1 % ik Uit 8 £k b i it 14
2 04 e AT RS PR RIS EMA R, B A EBRE®ES
E Y N 1 2 o N, XL =
0.2 - 02e O 22 A BROS i 5 SR B i Z HT
0.0 0.0 N \ - sy N
00 03 06 09 12 15 1.8 21 24 2.7 30 XL AR A [ b b — 28 T B 2 08 B O i BK

Length

4 LVSO03 [ I ik
Fig. 4 Initial temperature field of LVS03

MY R (R D). BIR A BUE BN 45 R R W] 13t
5 5 Tk 2 A S F 286 E 2 0 X8 A Ry 77 A R i) (I IE



1538 Hi Bk ¥ PR 2% i (Chinese J. Geophys.) 57 %

{ZF0EHE,2003) o H AL FATT s U2 &7 51 1R 1 b
6 8 3 1% Sl B X T 1000 km B AT YT, H IR T B
FEHR 2X10%Pa » s fil 10°' Pa » s W4 5 40 B % A 16
PR A RO BRI B (LVol, LVoz, UVol,
Uvo2, i3 2). X F EHAR 10 km (8 % 18 1786
h 2X10% Pa « s B il 43 51 kA AR AR 22 300 L AR
b PSS S 0L (LVS01, LVS02, LVS03, Il 3
2). BB TE A 3. 1, AH N B A% A5 385 AN
129.

®1 HHEPFA-EEENSH

Table 1 Some important parameters used in the calculations

S8 Bl

W2 ATK) 1700

b0 R 2 (km) 670
K R AL 2(1/KD 3X1077

PR c(m? « 57D 10°6

R p(kg e m™) 3400

I E g(m = s7 %) 9.8

R 2 AEHERK Rayleigh HFNEE R

Table 2 Rayleigh number and Impact Position for different cases

ZH LVo1 LVvoz uvol uvoz LVS01 LVS02 LVS03
Rayleigh % 2.56X10° 2.56X10° 5.11X10° 5.11X10° 2.56X10° 2.56X10° 2.56X10°
i 7 R H R H L H R

TE:H7, “L7, “R7Gp 5137 18 i R AR AR IAHE B A 22 I R A 3.

3 HR Kot

(DX FHE AR 100 km (1) B A 8 &5 W 2R 1 g
1) 285 B EU ARG WU 98 o =2 I 1) A3 A A B S 1 A5 o
AT LLEAE , HAE 2 )15 3 B %5, il 5 Bis y LVOl
(38 A 45 SR (VO (9] 1R T2 37 DL 1A 3a).

NG L IR = B O RS N I 2N e o 7 2 <
PR BE (2 50 Ma) , 2 J5 #F A Bl — A4 & U A4~ X
TR FAZS (2 300 Ma) . 3R J5 3 75 4 7 — A X
B I TR L B BE (29 200 Ma) 2 J5 3k 3 i fa e i
dr R AETERAE 2 F(LVO2, 9] 16 TR EE 37 WK 3b) 1
B RTE A AN 2 7E 48 B R 2L (2 30 Ma) i » &%
A — i Bk [ AR X 48 2 A S 6 I A 0 R 7S (2980 Ma,
P 6) 5 22 I P2 s [ 1 10 S 378 B A I R S (& 200
Ma) . 88 J5 T 25 7 i %% (£ 350 Ma) ik )5 & . 4
FFNF R E . LVOL M LV02 By R B 43 9128 550 Ma
F1 650 Ma. AJ UL, B K 1 8 i 23 6 F b 9 X5 38 &
e S R R S L o SN R VA 0 ) OB 7
R 2L B[]0 23 77 AR 3K Y 5

K7 47 LVOL F1 LV02 1y 2 1 #47 Fifi i i)
{05 i 1 5% 4 N 7 SR 7 N 1 DG VY = e o9 ]
BFTA) B AT DA 48 i e A 22 ) 1 0 O R o B A
TR BT 2% FL B . ELIS A B 5 iy R A s R 0. 7
Z A% I E 1 R 2 B B R HE DY A S A XTI
) R U Bl 5 B A 0 SR AR TS AR L AR
R F WS I REAE 1 B AE R 2 I Y B S — R
WM B 38 B 1) S M O 0 e 5 L RO S R AR D TR
NG O B PR BRI /N T P ST 24 R

ST XL R WL X ST e BB R AR
A5 AE AT AN FR A & R 5 T o R A — A TR AR
FE A VAR R VR X 3L 7R 3 A B BT IR AL L
AR RARIE A, Z 582 B AR E B B, 35 B A
SE 5 1 AN 23 57 20 A8 A5 IR R o 1 O — FE L H
Hemferf gk — & Bnalr—.

XoF T 1R b BE NG O, B i 22 S b Y B b
B A — o A (E AR 5 T AR B 9 0 22 fRj
RZ Ak BT Loy R A~ B B - IR Fn g e e . 14 8
2 UVOL A UVO2 (& AR, 7T LLE 3R 4
JnJe ik F)E fa A i H I A8 48 T (UVO0L 25 500 Ma,
UV02 24 250 Ma). [m] B}, 48 o 23 09 07 Bt 23 5 1 b
S0 3 B AR E BT A Isf ) — 4 o A 7R A B
ik B S ARG T JR o i A AR W R 22 TR Y B X 4
SR e VTG 66 32 1 15 190 A I

)X FEHAEN 10 km /M7 2SS, ERATH
BT A S ML (LVS01, LVS02, LVS03)Hr, Joig#4
Xof U T A5 30 A2 2 T PR 5 i o B B R N IL AR B
B2 9 J& LVS03 2 1 # i B . o LA H #i
Wi R AT 7 & A I AR e ] (23 Ma) N A — 8%
W Bl s 03X I R HE BR W46 B 2051 A 3 5 R 2.
LVS01 F1 LVS02 18 5¢ 45 Z 2Bl v WG
i AL E AT, B 10 km {1 MR A 8 5 6 |
53 T A 1) 5 M) - LA

(DXFF 100 km B 42 W /NT B8 5 o O TR
FE VLG KL R 23 R A — 7 B B T 67 8 < W AR ZN
(A1 00, J8 o A FE A b R ARORE v R 2 fR) R HARE
Ay g S A S T 0.1 A 0. 34N B S E 4y
FIA67 km H1 201 km) 5 % F 5 2 B A9 1% O L 38




54 B AE /AT B AR ol Xk 3t R 4y b 082 X 145 il 1539

Time =10.5339 Ma Time =26.3347 Ma
. l . | | , | . ! .

1.0 »
0.8 . ~
0.6 - -
2 ()
o 0.4 T ~
A
021 l - - ‘ -
0.0 +————F—b+—7" -
0.0 0.6 12 1.8 24 3.0 0.0 0.6 1.2 1.8 2.4 3.0
Time =70.1785 Ma Time = 242.564 Ma
[ B T (S | S| B
1.0
0.8 a - 2
= 067 T I (b)
2 04- - - -
NV | N i
0.0 — 77— A ——— L —
0.0 0.6 1.2 1.8 2.4 30 0.0 0.6 1.2 1.8 24 3.0
Time =396.018 Ma Time = 468.047 Ma
1.0 L | L 1 L 1 L 1 L L | L 1 L 1 L 1 L
0.8 - -
0.6- - -
= 0.
2044 L | ©
j) ¥
= 0.2 J
0.0 —_—,— — J —— ,l .
0.0 0.6 1.2 1.8 2.4 3.0 0.0 0.6 1.2 1.8 24 3.0
Time = 615.664 Ma Time =732.818 Ma
10 , A T T I N e T T I
0.8 - L
= 067 - -
5 0.4 - -
(=]
0.2 ‘ - - -
0.0 — —
0.0 0.6 12 1.8 24 30 00 0.6 1.2 1.8 24 3.0
Length Length
Ny — : ] - g Temperature
0.0 0.2 0.4 0.6 0.8 1.0
Bl 5 LVOl Yy #E AL ROR
() WU 5 (o) XS I AR 5 (O e fa — W (DT E.
Fig. 5 The thermal convection results of LV01
(a) First adjustment; (b) 4 convective circles; (¢) Last adjustment; (d) New stable.
(a) Time =35.5875 Ma (b) Time =94.6627 Ma
10 . ‘ ! , L , ! . 10 . ! . ! . ! , ! .
0.8 — 0.8 -
= 06 - = 06 -
s o
504+ - 504 L
0.2 - 0.2 l l -
0.0 l | I—‘L — ‘L 0.0 — 4 - L
0.0 0.6 1.2 1.8 2.4 3.0 0.0 0.6 1.2 1.8 24 3.0
Length Length
<= : . . E— 4 Temperature
0.0 02 04 0.6 0.8 1.0
Bl 6 LV02 B fb i iy 7S 4 i B e 2

Fig. 6 A state of 6 convective circles during the thermal convection of L.V02
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Fig. 8 Heat flux in relation to time of UV01 (a) and UV02 (b)
The red and blue lines denote surface heat flux in relation to time without impact and after an impact respectively.

The sections separated by dash lines indicate the periods which different modes in.
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The red and blue lines denote surface heat flux in relation to time without impact and after

an impact respectively. The lower part is surface heat flow in the first 20 Ma.
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