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AL — 5 26T T IRIGHY. 2975 S R IR HY i)
I, B K IR AR AR B 2%, 2 18] A [a) ROBEAR
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T X EELERATUART R SO B & 3 P [FIFF,
VR R AN, WEFRIMEEW RS S
A TR BT AN R, BL R X Ah A B A ] i .
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A B B X R e E A R R TTER, #
& E AR SR T L 1T i,
AT 50 ¥ S e A A S Y SR

F1%) 2 LR 7K 7 1] B 2 ) 3 A
0
(a)
-5
- —10} %
2 ° )
-@ —15 \\o
IS "/@
—20 |
—25 L
—30 1 1 1
0 200 400 600 800
N J1/MPa

Iz e

AN
I S
s - Ll
g as(h) = ou(h) = pgh T*~ay(h) = ou(h)
" P
,/l \‘\ Us(h) = 0n£}i)_:_ﬂ_gil _______ T

K4 MWRESESAZTHNADM  (a) os(h) Mlon(h)
HIREE R IR R; (b) os(h) SFRATHBIEIR, &30 MEL
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5 s R AL T AR, R AT AE
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T K 1) 32 77 9 Ak 5 3 B A M R PO —58], s
P 7 7 T A DR R ). — 2 A5 B Y R AR 2 R
B AR T, T S SR A A T Ay, S
KD 1) R B L T B AL i g A RO
JEE B 3K Tl R M 7R #5 Ab A RS 2 4 ).
55 T, AT AR L 2 4 OO A TR AR N
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ot FCAh PR 32 e e L. b5 s 0 KR A2 PR R
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13258 B A LN IR 2, Z 3T IA — /N
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BYY) 38 P E YRR

2) M MR TWHEYRENFMm
Fo A A R A e I A R, X HE A
ML B RN L T2
N R IB PR AR e AR AR R A, 3 R AR R S
AR S S5 R Tk, AMITEERA
SR 5T 5 A0 M AR IR R 4% 1 B AR
% (12274 A5 2 P IR A 5 A it — B Ik e AR T
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R RILER B e, HEREKIERT, R
GEH TS A IO 5 40 CE AT T IR, RAFAEZE
Ly, B — SRR AR BT R IR ) L SR T
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23 B A7 AE WA A BERNAE I 5 3k — S I AR I
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SRRSO - 55 ¥4 2 i (7478 =831 3 (i o B A AR
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REW, A2 BBV, D SRR AT B ES )
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X PP P T B AN A B DI IR 0 SR R AR TEAR
HRADEIE X, X 2R E RN, 5T A=
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L. XIS A B ERAT D ke SO AR T B 2
RHE.
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3) ImEMSM  EE KTB IREA L bril &
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Kt 7E 15km A PR AL B3R v A8 5 0 T R

FEARZ) 50%.
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PR e 7y O8] RS 15 km 724, AT
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JEE 14 R 51 R FE T v 2 A () Bk /DS, o (R) R
To(h) PRGN, R, 7E p ol X B 6 9 B DA
N, AR RBT YRR 7 (h) B FEEH T, (h) T,
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558 3 DOVLIN B T AR SR RAE, AR B PR, I
ARIRE ARG mER G, G 5 A IR AT
ORI AN A IR 2% A T 2 W0 A ] 1) 5
[E. BAVSTHAHE 0, KAE LR I BHAS 778 280,
RIAH 24T Jo R 1 O, BT 32 I M (1) 560 5 D i it
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Abstract

The physical mechanism of earthquake remains a challenging issue to be clarified. Seismologists used to attribute

shallow earthquake to the elastic rebound of crustal rocks. The seismic energy calculated following the elastic rebound

theory and on the basis of experimental results of rocks, however, shows a large discrepancy with measurement—a fact

that has been dubbed “the heat flow paradox”. For the intermediate-focus and deep-focus earthquakes, both occurring

in the region of the mantle, there is not any reasonable explanation yet. The current article will discuss the physical

mechanism of earthquake from a new perspective, starting from the fact that both the crust and the mantle are discrete

collective systems of matters with slow dynamics, as well as from the basic principles of physics, especially some new
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concepts of condensed matter physics emerging in recent years. 1. Stress distribution in earth’s crust: Without taking the
tectonic force into account, according to the rheological principle that “everything flows”, the vertical and the horizontal
stresses must be in balance due to the effect of gravitational pressure over a long period of time, thus no differential
stress in the original crustal rocks is to be expected. The tectonic force is successively transferred and accumulated via
stick-slip motions of rocky blocks to squeeze the fault gouges, and then applied to other rocky blocks. The superposition
of such additional horizontal tectonic force and the original stress gives rise to the real-time stress in crustal rocks. The
mechanical characteristics of fault gouge are different from rocks as it consists of granular matters. Thus the elastic
modulus of the fault gouge is much lower than that of rocks, and will become larger with increasing pressure. This
character of the fault gouge leads to a tectonic force that increases with depth in a nonlinear fashion. The distribution
and variation of tectonic stress in the crust are then specified. 2. Strength of crust rocks: The gravitational pressure
can initiate the transition from elasticity to plasticity in crust rocks. A method for calculating the depth dependence of
elasticity-plasticity transition is formulated, and demonstrated by exemplar systems. According to the actual situation
analysis the behaviors of crust rocks fall into three typical zones: elastic, partially plastic and fully plastic. As the
proportion of plastic parts in the partially plastic zone reaches about 10%, plastic interconnection may occur and the
variation of shear strength of rocks is mainly characterized by plastic behavior. The equivalent coefficient of friction for
the plastic slip is smaller by an order of magnitude, or even less, than that for brittle fracture, thus the shear strength
of the rocks for plastic sliding is much less than that for brittle breaking. Moreover, with increasing depth a number of
other factors can further reduce the shear yield strength of rocks. On the other hand, since earthquake is a large-scale
damage, the rock breaking must occur along a weakest path. Therefore, the actual fracture strength of rocks in a shallow
earthquake is assuredly lower than the normally observed average shear strength of rocks. The typical distributions
of averaged strength and actual fracture strength in crustal rocks varying with depth are schematically illustrated in
the paper. 3. Conditions and mechanisms of earthquake: An earthquake will lead to large volume expansion, and the
expansion must break through the obstacles. The condition for an earthquake to occur may be as follows: the tectonic
force should exceed the sum of (a) the fracture strength of rocks, (b) the friction force of fault boundary, and (c) the
resistance from obstacles. Therefore, the shallow earthquake is characterized by plastic sliding of rocks that break through
the obstacles. Accordingly, four possible patterns for shallow earthquakes are put forward. Deep-focus earthquakes are
believed to result from a wide-range rock flow that breaks the jam. Both shallow earthquakes and deep-focus earthquakes
are the slip or flow of rocks following a jamming-unjamming transition. 4. Energetics and precursors of earthquake:
The energy of earthquake is the kinetic energy released from the jamming-unjamming transition. Calculation shows that
the kinetic energy of seismic rock sliding is comparable to the total work for rocks’shear failure and for overcoming the
frictional resistance. There will be no heat flow paradox. More importantly, some valuable seismic precursors are likely
to be identified by observing the accumulation of additional tectonic forces, local geological changes, as well as the effect

of rock state changes, etc.

Keywords: mechanism of earthquake, heat flow paradox, stress and strength of crustal rocks, jamming-

unjamming transition
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