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S — R B R S M. =8 B LR, TR M R B RE B 29O 6. 310" J5— Ik M, =8. 8 L HE,
ST A L R U RE R 2N 10 ] — R ORI A A AT DA B KA M Bk o DT X bR [ 7 o3 = A B i
52 . Stoyko 4EH* FLTE 1969 4F ik & BLAE 4 BRYG P4 . rp VR U b 7% Al it 1) BRI 5 b Bk 1 R 11 AR
FEAFAE A e . Chao 280 AR Hb BR 19 B 7 R R B3 (1066 B) L B Xof 1l 522 Y8 1) o O i 5K i e 4108 T
9000 A Hb 5= X HuER B % AU E ) S ARBH 18 R BC 52, 4y BT 45 SR R B L MR X b BR B N EE ) 15
A5 i A B A AR BE AL L HbRE Sy s ek A % . 2004 4F 12 H 30 H & R AE( Nature) I 19— B 4
HRIAEFR . “2004 4 12 H 26 H & A AE I8 112 B 00 2 (F b Bk A 55 e 729 3 ps™™ 77 25 B FE LR
(NASA) I 5% B 8 FR - 2010 4F 2 H 27 H R AEER R 8. 8 9 Hh 78 v] G #h Bk H 4 (Length of
Day, LOD) 455 T 1. 26 ps™52011 4 3 A 11 H A7 H AR 9. 0 P b 5E o] GEKF i ERK LOD 45 T
1.8 st o B2, T S A5 G0 I 45 S i R b R 2 S B Bk TR R e 2

AWFFEXF 1963~2016 4F3X 54 4FE A & BR & AR 7.5 UL F M= Bl Mo 7% e sk 24> A N
LOD 84647 T e it 43 Fr CHb 2 25008 ok [ 28 [ 172 5 M (USGS) 5 b BR 1 5% A8 A 8548 U5 1 B e ek P 5%
K 55 0 (TERS) B 8K 52 17 280, U EH EOP(IERS) 08 C04 5 LOD i a] 31 , & B . 54 4F [a] 4 8k &
A 705 UL E AR 232 Wk, Hid b iR JE R B AR B & AR 07 Wk G HUR TS 1~2 d MR A Rk
Bl 27, iR IS MRk [ 5% AE — 5 P9 IS0 AR JE AR ) B 80, MR JE AN N LBk 1 R R A
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) BN . I o SRR v AR I 2x 5 R o2 T B I M 32 B LA R Y O AT F 3R
B GRB Sy A L R AR B b 2 TR R AR 4 e B R

B TR AR ML A2 51 A9 LOD 78 Ak 3153 i BR AR B AF W04 5%, SR e M 4 3 Bk (A BRUAF Wi 4 55 T
IR T T B PR B B T ek A A ) o SRR [ IR PR G R A 1 S R S B
PR EAT HOOF S A R HAGE RRINR .

(1) AR 3t 72 i ok 1 % bR 555 o PR AR A Wi 4

O’Connell 5T 1900~ 1964 4F 30 WA R G A HLER LOD A1k % BUAT 24 Wi B b 2R
LOD /Iy, H iR 5 R LOD 48R AN 6 ps/yro ABITEGETE T AR 738 0 JLIKCS 95 52 51k 7 H
BR LOD 224k (A0 BYFHRR R (3 1) A3 FF- 2 R R AR S [ M BR ARG IR ) 1. 3 ps. MR IE 1T
USGS B Hb R8O  BE 11 1963~2016 4F 7.5 9 Lh D& 3hit 232 P AR R A 4 IORGR , B
R HIER LOD AL BB 2104 5.2 s/ yro o1 BETHEAF 2 BR IR BRAR I 4 52 290 390 km’

®1 6 RKHMERES LOD TN
Table 1 The influences of six great earthquakes on the changes in length-of-day (ALOD)

No. Aera Date Latitude/(°) Longitude/ (*) Depth/km Moment magnitude ALOD Ref.
1 Bio-Bio, Chile 1960-05-22 —38.143 —73. 407 25 9.5 —8.4 [14]
2 Southern Alaska 1964-03-28 60. 908 147. 339 25 9.2 6.8 [14]

Offshore Valparaiso,
3 . 1985-03-03 —33.135 71.871 33 8.0 —0.1 [19]
Chile
4 Michoacan , Mexico 1985-09-19 18. 190 102. 533 27.9 8.0 —0. 085 [14]

Off the west coast of
2004-12-26 3.295 —95. 982 30 9.1 —0.48 [20]

1971

northern Sumatra

Near the east coast of
6 2011-03-11 38. 296 142. 373 29 9.1 —5.81 [21]
Honshu, Japan

Average —1.3 This work

(2) Hb Bk b5 A7 5 J O ] 1 5R

% A A BE R R 100 kmP2% A A BURE TR E 1200 CH K S3 8 3.1 GPa* . KRE %
ORI S = IR T 2SS A AR T B, DU A5 4 Bk TR Ml XY A R TR B I #E 1000~
1200 °C , 03 % 75 A1 RS 30 Bl L3 9 25 IR B S 1200 “CR7 AR R SR AR 1 1 A 45 b S [] 2 A
A B A B H TR A R (LR 2) 3 a2 AT A5 B A A S Y T B R AR B

PR B 4 5 S5 MRk 1 2 o oy s ) T B % bR A RRUAR S 4 e AR T A I R T S B0 R B G
AV A

m o m _ Ay (2
©o ©

A om Ry R A T A 5 S T B oo AT o 4300 R S SRR R LS R R

AT GEMCER T AN [R5 il S A w3 T e F R B 85 BT (L3R 3) s R IR Rl Al R AE 3.1 GPa R
[Fi) 0 J3E T 1) %5 2 SR AS TR, A 3R 100 9 8 Xt il A O B RS S R AR K. BT 2. 88 g/em® AR NI
IR P DR A T R L RA I 3 A 2 o RO R R A3 B0 5 AR I 5 U 1 A R o B

AWFFE MW AE T AR 2S5 A6 3.1 GPa, 1000 °C R BB P (IR 4) , % 30401 58 9 b o5 0 5 &
AL 12 1 IRA 3Bk 2% B4 9 o ek 3 B0 TR) A A 90 38 28 19 55 S o0 3630 0K 3.3 g/ em’ WA
WL G T DR A S S R s BE AR AL 14, 6 %0, AR PE Ohtani 2550 2 il (4 45 fil 2 i 5 78 5
Tk 5 R Y 40 Al S AT B KA 3.1 GPa A5 I 8 i 3 [ o 1) 25 B AR R 29 1396, S5 AR HIF 98 45 R 2
SIS K AT IA Ry A B9F 5 T BBORR 4 2 B AR 5 LA

A CEARACA (O AT REREAE K K AR E R TR m 290 8.8X10" ke,
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Table 2 Main chemical compositions for different types of magmatic rocks on Earth

Mass fraciton/ %
Type of rock Ref.
SiO; Al; Oy FeO MgO CaO Na, O K. O Sum

Alkali olivine basalts 46.7 15.1 11.7 7.7 9.9 98.2 [32]
Tholeiitic basatle (tholeiites and olivine
Tholeiites) of the Hawailian Tslands 49.36  13.94 8.53 8. 44 10.3 99.03 [33]
Alkalic basalt 46.46  14.64 9.11 8.19 10. 33 99.71 [33]
Picrite basalt of oceanite type 46. 41 8.53 9.82 20. 81 7.38 100. 1 [33]
Hawaiite (‘andesine andesite) 48. 6 16. 49 9.11 8.19 10. 33 99.23 [33]
Primary tholeiite of the
LouHakone region 48.73  16.53 8. 44 8.24 12.25 100. 02 [34]
Olivine basalt of Niuafo’au 50.37  14.65 9.24 7.13 11. 74 99. 8 [35]
Tholeiitic picrite-basalt 46. 4 8.5 9.8 20.8 7.4 99.7 [36]
Ankaramite 44,1 12.1 9.6 11.5 13 99. 3 [36]
K-poor alkali olivine basalt 45. 4 14.7 9.2 7.8 10.5 99.3 [36]
Hawaiite 47.9 15.9 7.6 4.8 8 99.1 [36]
Nephelinite 39.7 11.4 8.2 12.1 12.8 98.4 [36]
Olivine tholeiite 49. 16 13.33 9.71 10. 41 10. 93 100. 12 [37]
Tholeiite 53.8 13.9 9.3 4.1 7.9 100. 7 [38]
Tholeiite andesite 59.31  13.77 6.48 2.27 5.58 3.91 97.97 [39]
Icelandite 61.76  15.36 5.84 1.76 5.04 4.37 100. 0 [40]
High-alumina basalt 49.15 17.73 7.2 6.91 9.91 99.18 [38]
High-alumina andesite 58.65  17.43 3.48 3.28 6.26 3.82 99.1 [39]
Dacite 69.68 15.21 1.9 0.91 2.7 4.47 99. 46 [40]
Rhyolite 73.23  14.03 1.7 0. 35 1.32 3.94 4.08 99. 56 [40]
Pantellerite 69. 8 7.4 6.15 0.05 0.45 6.7 4.3 98. 19 [41]
Commendite 75.23  11.99 1.25 0.02 0. 27 4.79 4.67 99. 42 [41]
Alkalic picrite-basalt 46.57 8.2 9.75 19. 65 9.43 99.79 [42]
K-rich alkali olivine basalt 42.43 14.15 8.48 6.71 11.91 99.18 [43]
Trachybasalr 46. 48 16. 68 7.3 4.65 9.4 99. 68 [43]
Trachyte 60.7 20.5 0.4 0.2 1.4 6.2 6.7 99.13 [43]
Tristanite 55.85  18.98 3. 11 2.04 4.51 5.16 98.63 [44]
Benmorite 55.64  16.38 4.91 1. 06 2.9 6.07 3.49 95.23 [44]
Phonolite 60.64  18.29 1.18 0.09 0.83 8.93 5.1 98.08 [45]
Wyomingite 54.09 9.94 1.48 6.99 4.71 11.38 97.3 [46]
Average 53.41  14.19 6.67 6.30 7.31 99. 087

(3) R B AT Hi B K 55 [ UK PR 5 L BRATF B R AT U IR IR AR
HIRBEIE B G Q

Q=Lm (€D
Ao LA S BE B, A I BRI T A 500 1/ g5 AR (3) 25 ) A A 1 3K S SR E [ R 1Y
it Q 2 4. 4107 ], XJ‘Tﬂﬁﬂiiﬁﬁmiﬂﬁﬁiﬁ,ﬁﬂﬁiﬁiﬁﬁﬁﬂﬁfﬁﬁﬁ%%%ﬁﬂ%ﬁﬁéﬁﬁﬁ
PRt As 20 A 0 2 35 2 A A2 RO () b R AT PR I A SR S X A BRI R AT A S B
S A BRI AT R E’r?%i’rﬂﬂiiﬂimglﬂ@%ﬁié&i@ﬂﬁ 107" Jo ABEFE T 545 2 B9 3 5K 4 4F
IR T TR 5 A 2 A A e R A R O TR — S 9, T 1 AT B A AU IR R Y

051201-4



% 32% R A BT A BRI Y 058 3 1 2 0 %53

K3 TABMEENUERSREETSRESETHRE

Table 3 Chemical compositions of different molten magmas and their densities at high temperature and high pressure

Mass fraciton/ %

Type of molten magma Density/(g * cm™ %) Ref.
SiOs Al, O3 FeO MgO CaO Sum
Magma * 53.41 14.19 6.67 6.3 7.31 99.1 2.88 This work
PHNI1611 45,1 2.8 10. 4 38.4 3.4 100 2.87%,2. 94" [47]
Mid-ocean ridge basalt 51. 81 15. 95 9.97 7.86 11. 69 100 2.88¢ [48]
Hydrous peridotite magma 45.9 3.8 8.5 32.5 3.6 99. 2 2.774,2.8¢,2.83f [49]

Note: (1) The asterisk “ * ” represents the main chemical compositions of magma in this paper.
(2) The letter “a” and “b” represent the values come from compression curves of PHN1611 melt at 31 kPa/2 360 'C and
31 kPa/2030 ‘C respectively.
(3) The letter “c” represents the value comes from compression curves of basaltic melts at 31 kPa/2 200 °C.
(4) The letter “d”,“e” and “f” represent the values come from isothermal compression curves of the peridotite melt at

31 kPa/1973 K,31 kPa/1873 K and 31 kPa/1773 K respectively.

R4 TRESERENUEZERSREETRESETHRE

Table 4 Chemical compositions of different solid magmatic rocks and their densities at high temperature and pressure

Mass fraciton/ %

Type of magmatic rock Density/(g * cm™3) Rel.
SiO; Al; Oy FeO MgO CaO Sum
Average sediment 62.77 13.12 4.28 3 8.76 100 3.16°¢ [50]
Mid-ocean ridge basalt 49. 67 16.1 7.3 11.42 7.66 100 3.5 [50]
Hypothetical magmatic rock?® 56. 22 14.61 5.79 7.21 8.21 100 3.3¢ This work
Magma 53.41 14.19 6.67 6.3 7.31 99.1 3.3¢ This work

Note: (1) The letter “a” represents an hypothetical magmatic rock which is a mixture of average sediment and mid-ocean ridge
basalt in a ratio of one to one.
(2) The letter “b” represents the main mineral composition content of the magma which is set in this paper.
(3) The letters “c” and “d” represent the values come from density chart for average sediment and MORB at 3. 1 GPa/1000 °C
respectively.

(4) The letter “e” represents the value is the average of ¢ and d.

2.2 NEEBMET
IR GE A S B A T ERE 0 TR IR HR A5 e i/ i 0 52 R A A T B AR A7 1Y B R e

2, MIA] 5] & W7 5 A0 2 I OB T 28 57, 11 I b 7
W b BR BT A6 Sl — A~ o7 R Bk e AR AL, TR 5T

FE % 7K 527 19 I S 580 1 Jes ot A 2, U R B F T o

E [ i 2 B0y 7 0 b 2 A s R BRI .

My SR, AR R, 80
(1) 5 b BR 7 Ak Ry — A T3 5 1) sk e B A
PR B AE— AR R Bk, 2 )2 T AR 0

YEJI 2T . Se)2 ) EE WA NIERK . 522

JEREE N 33 km, H U 2 ff 1963 ~2016 4 48K

120

100

N

Frequency
o)
S

V7777777222227

V7777777

. \\ — =L *
7.5 UL b R R ROV A WL D L AT LR 07100 200300 400 300 600 700
B, VR IR AR 20~ 40 ke 19 s FE 0K 02 2 , MO Depth ofhypocenterm
33 km &b FAE RSO, Bl 1 1963~2016 4F 7.5 G LA |- 7% 1 7% U VR B3 43 A
Xt F— N HAR BR A, B AE SN T BT B K 32 1 I Fig. 1 Focal depth distribution of earthquakes

SobE R th T a p v i F R sk 1S above magnitude 7.5 from 1963 to 2016
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E(T) =1.289 + 207. 229exp(— T/11.911) +12. 019exp(— T/871.270) (R =0.98271) (5)
P I BE B BE BT AL, BE R MR 33 km AR E R 412. 75 CLIF BB R K A KR R AN
8.77 GPa, fERIAMIIANSLL 1 /B 0. 2, BRIKE AR BN A BR 42 6 370 km, ¥ AHEZSBACA (), B
A SR AR e 2 T RE AR A2 I e KB 5 2% p. 2920 0. 26 MPa,
(2) TR TR 25 181 T S 500 e B DG 30 e 0 2
Xt 25 A1 PR (100 km V) AT 52 J1 40 M7« 8 3K R 2 6 T iy TV L 1D ) 2 - A Y R IR R B
) R A B T8 A T Ak 0 G S D o AR A A5 A T A T A7 5 3 3, B 0N ) 2T A
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Krr.g HE ML, S HFHHEERKX M, RHIE 1964~2016 [0 MR 5 5t . KA FFEH —
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Crustal Dynamics Based on Magma Solidification
HUO Ruizhi"*, HE Duanwei'**

(1. Institute o f Atomic and Molecular Physics s Sichuan University ,Chengdu 610065 ,China;
2. Key Laboratory of High Energy Density Physics and Technology of Ministry of Education ,
Sichuan University ,Chengdu 610065 ,China)

Abstract: The earth was in a molten state at the beginning of its formation. Over time, the magma on
the earth’s surface began to cool down and solidify, and the earth has gradually become such a trap
structure. However, the cooling and liquid-solid transformation process of the earth materials contin-
ues until today. This paper presents a statistical analysis of the change of earth’s length-of-day after
earthquakes,and it is found that the earth’s rotation speed is generally accelerated after great earth-
quakes. We believe that this phenomenon is caused by the cooling and solidification of the magma in
the part of the mantle, which causes significant volume collapse of the lower crustal lithosphere. Thus,
we set up a crustal dynamic model to explain the interaction and relative motion of tectonic plates. We
believe that the dynamic genesis of earthquake and other geological activities are due to the continuous
solidification of the melt in the interior of the earth which could lead to a volume shrinkage and pres-
sure drop in the lower part of the earth’s crust. The effect of gravity enhances the interaction among
tectonic plates, the original mechanical structure becomes unstable, and eventually the massive rock
fracture occurs,which can cause severe geological events such as earthquakes,and volcanic eruptions.
This conclusion has been further validated based on the thermal and mechanical model proposed in this
paper.

Keywords: crustal dynamics; magma solidification;earthquake mechanism;length of day
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