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Generalized dynamics of geological processes
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MK AR IR 2 1) 45 R (BT 5. 10 5 A% i 2
L [ AR G S At 1 DAL & A B9F 9 B £ P 11 2
[ JEeATT R ) £ A ) — b 5 BELAG)  RAF 58.

(2) SESLARIE R P BEALIERE A, Of LLBE ML R H 1t
AR TR B b e DA s AR e 2 TR 1)
[ AF 5% DA Al o AN X s A 2 (R Bt L A2 A o O i
o T 2R R R 1 AR A, DT I B ST R L i 8 4 R X
S A 2 1) 3 A1 OBy 4 22 ) JR AT Hh N A 1R 4
P L5 BEBILPE PR 00 R . 3y 32 1 4 BEAE At A
T NS B A ANBEATLAR £ i R R AR AL

(3) SESLARVEAE [ 2RI ¥ Z B LR A e i

i RE , SR DR EAE T 60 B e B AR $ede il 1
B B SR, AL HE I R BB H IR T 4
A A  OFF A JLATRAE ; @ Fr Al R S 4%
TR PR B 5 )5 el 2 1) #4 1) JLART RS AIE s DX
S A A R 1K) 223 T 2 S f) 45 R R AL TR I e 37 A 3 A
] B~ 257 DA B2 (BB 25 ) (R BOmABUR 31
AR, e L e iR BE 4 A A5 R
T 2 A T, AR 1M 4 B0t 20 im0 T o0 5 1 A )
IR AT AN 2 ) 5 4.
4.2.2 IR o ) 5 A ) SR A R T A B
W (Bha& i) FATEEIR 0 IR E
FE. ST R BT S 26 1 LE A o B P 4 41
1 o TR 220 1R A 2 B0 P DR IR L T SR g —
T2 73 A2 B0 T el o042 5 TR 52 29 AL 73 )
a7l AR T E S, E
MR R B TR AR A i R R
Fr 0 RS (AT PR 1 e ) e 9 & 1Y) 1 Bk
WAL RA N SR AN &3 R TR AN 21 1) AT
BB (7™ A, B I RIORE W45 F UR) BR T A2
WRAT RV H SRS 105 3 23 v i (AL 53
W JEAE A 9] % il L ARFFAE E) AT T HEMA R I
FERLETAIAT T AL 2 1 XX 2 RS A (K1 00, B
TR LR LR AR “FE A /I AE A SR 5 P IR JR 5K
A7 MR R AR ST RR O SR A R R A
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{FFE LSS 1 R AR ) AR 16 B R TE O T
JSAT HBBRAY 2 53 DX ) TE 15 e AT IR 1) 7 X
(1) BRI T IEAL T DX 3 () 3~ i 2 5 R etk 1)
B AS IR 3 AL NS — MR, HAR A A
FEAT PRS0 N T A 22 93 37 R T B
B, A BHLJE PB4« 22 ol IR R L DR UE AT
PRt T R FE R 45 40 (1) 7= AR IR S 5 T e AT T AR
SENE 5 (2) FH ARSI TE 1k 75 Jy 38k 9 117 1 4 1 5 ot
BUIE T A RIHISAT AT T AN i T A4 R P A R
AN]SR IR R A AT A A A S B A Sy A SR I
A B 22 ) P A AR R £, DT 388 st Jm) 3 P A 27 A
I3 B R 7

Je A FE GG KA 2 A 7 J 08 DX 3k P ) 2 (i)

F4) W6 250 FH Tk T 1 JR Bk RO 0k v JEAT SR Bk A
WEFTEs AR el W] T JR) A K 15 45 R T8 i i) it R 5 L
il IR R A FE LA R RN ORI R G R K
) 5 Tk v R 35 R 2 SO A IR AR e PEIER Rk K.
4.3 Iy R AT 0 R R R T ) B )
FHUH (52 AR5 )
4.3.1 HMERGTE H 4120 T 1R I 4
o (DFEF (power law). HAR SR NSt h s
2 REHLAR B (R ) TR A0 28 335 I 28 20 A1) I A RE A
Sy =ca™ AR5 X I B BN 1g f(a) =
—lg 2 BIUWCEE 1g £ 0 1g o A B RO S T %
Pk AE— S H 2 b R — 457, iR B AL AR
KA1/ SRR IR 8 i A T A [ IR AR
“XUHH A Chyperbolic law) 8% “Fx BE 47 (scaling
law) 1.

(2) Yy B A 20 AT I AME R I 228 70 T 1 (frac-
tality). “73JE7 HAG 23 8] OUART 2%) A (8] (Bl ) %)
(R S A LA 22 1R L 43 TR 2 $8 AN [R) T
s B2 IR0 A 2 1) 4 T &6 4 (o [A) b Jmy 3 5 A 1 A
AEACLE ) . 23 i 2 ] DL 21 ) 2% [R) 45 44 1R A B AN AR 12k
FATTHI A A [A) L (R A3 3 AT 48 7= S 2 1) 2 1) e
B Am.

TEB) 725 0 S 43 T F5 AN [F) I 18] o i
(BN AS I B 43 TE 4 . 53 TEAE A — R 8l g kB )
ST AN RIS TR A B2 IS [R] 330 2 ) (R 2 L R0 AT TR Bl —
FEAE IR 0% (i) , 2 BH ok A 1 B8 2 o] 1 4 A
[F) 7% 3 (132 By 1 43 A1 (1), FRATTFH Ly 6 138 % B2 (1) 1 [A]
A3 AT 46 715 g 0 ) I R) e 0 A, Dl 500 )
T A 2 I ) A5 FE AN R PEAE R SRR G LR
.

A A I 1) PR A 0 A B A R R A AT
T ORI FRATTAR R DL A A N ) R A Sy AT
5 7 S i 1) I TR A 23 A

() AU VR IES. IR — 2%
HE AT AN 25 53 JE 45 R o b 5T R S8 H A 2l 5t
PRI — 2 FR 4L
4.3.2 WEN—=3B—"n0 LK Y W)
SN — AT R N S TR L8 s T s
R B A KB AU DFFHR T I — 25 At
ST TE A 7R T “F5 BE K 3 )7 517 (sequence of
scaled pulse) JT 21« ZACHIIE” (iterated amplifi-
cation process) B¢ B YK b B, TSI & < A
JEA K (fractal growth) 8% 5 1E AL Bf (renormaliza-
tion group) &) J1 2= AL
4.3.3 RHEUE AAHRMERI 2 TEPE C S IR T
LI E PR AR A SR DS AE T I s T S —
E R BERLIK % (e ) fE S R AR T T 2B < 2
AL 1 FE” (multiple optimization). X & H 2&
FERN AL 2o R de AR e 5, 2 — T 5 ot R4

5 HUJTUAR Gt I RSN, ) 5 X AR St i
PCRERE ] 2

FATTRT LAKE b 5T 3R G A BE AR Ay 1 57 R GEAN
R M ) IE I 1) 7 ) CRA ) §0) AP 2R HERS . RGEA
Fesg i AW Bz 8, e an e AR 6 i ) 3R i
12 By 5 B (I B L A 2 R AR IZ B D AR BEAROIR S 1 T
SCABER. BRI, FRATT T DA e i B A Ay 5 ANBR A
(instability mode) FHFEY) H B, BFFE R T, 4H BAE
H#% (interacting mode) B % H 74 vk 5@ T A it
& (independent process) [ % H . 1 A2 F1 4 55 (¥ L
FIRFAEAR SCI. T 18 BA 55 () L AT A A0 5t 2 B4 B v 1
Z 481 ) [ B (lateral confinement). HH AT £ —
ANEEM LR ARG S voE T HIBR AL
IR 58 (strength of confinement effects) , it 42 HX
T RAED) iz 5y 5 B2 1) e g K/, IR B PE T 5
ANEEE MRS EOAH SCIR ) B bl B2t e ] WL, FR e
ACFIIREE (1) JUART 1 49 2 TR] PR 96 3R ST e B T R 48
ANFEE PN HH S Z TA) TR 96 2R, 3 AN 9K R (1) 58 B R
R - AR S 5B WG N, — AN BT ) )
D15 2 G815 5 e T R BRSO IR R
B 57 5% o2 o [l FR 3 4% (strongly confined system) .
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59 | FR & 4t (weakly confined system) i /& ZE fE &
4t (extended system). & 3 [l F & ¢ ik v T I
FEATEE M, 7059 BB 2R 48 ok v Tl I AR
MR FEAE e RGP L TR TR ARG E M. 7RI
I FEANREE P4 T X e T 77 56 2 R Ik A TR L
AT AR AR VR, 6T T g ] R A5 2 B (1) 4 FH L AT
AT LR e B R A0 LGk . P “ BB (as-
pect ratio) A& ¥5 M s/ F 4% 1) 2K~ J7 1) B & RN
i 55 L iy B 22 Bl R T/ R A B OB v B A 1) A
i, 3T ST R AR 1AD) (R AR PR L R0 B BR R 487,
() AT DL 90 (R 568 i 76 L RAR /N [i] B R 2% ) ) e
A A 20 ) 5 0 < VR 45, DAL T o 47 R o o
i) BN RO A R L I R T RBE N L B B, B 4
JEZR G, W)= () vha] LR g VF 22 XA G, T e
A A FRRAC ) 2% (Rl 25 7, I B 18] 55 4 5 e 47 1)
e 50, R T 5 A FH O R v I A R L A T
Z A HIREGALE B S5 H IR R A LB R 5 2.
7 [ PR 4, B o 31 55 1 I 29 L 1 it R R A
W PIAS R AR . (1) 9 [ PR HB BT R e R R AR
FEPE I AATE 1k, KA S Hopf 4375, 80 1%
AT H o R el i R A5 J 23 2% (cascade of pe-
riod-doubling bifurcations) 8% #E J& 112 3l (Ruelle-
Takens 1842 2E [a] B (A VRV ; (2) 55 Fl FR Hb ST R 4%
R FR RS E P B I FEAN RS E I, A AR i Il 7 Hopf 73
BTN M UR SR I S A AR AR ) I
(R B)) ) 2 (R T SCRRS) I3 257 1) I — 2 TR i
A, FO — S PR ] — g i 3l g 5 3k (3) 4
JEHL TR S, PR R A e P IR FEANER e P AR IR
I 5+ Hopf 43 %5 (R &G 53 75). 80 125547 0 WU R 48
T 3 B — 23 B R IR VE (spatio-temporal intermitten-
ey) LEVRTEIL S 7 T AR A, Hb ik B B I 4, b st
RGN L BUR AT .

6 AR Gl AR R 2 B B T
i R8h J15)

6.1 Mefiis) )15 (extremal dynamics)t”

WEFCHR B R 2 A AU IR, T A4l
2RI S R ST A2 A R BN 0 5 B 43 TE 8 0 2 s |
7.

(D) RS L B WAL AT B (extremal site) LA 5l
FAF, RE WA Z — PR AL ) 1 AT N fE

Boettcher fil Paczuski (AR, & — W Fh ) A
FEHOR T M OFPRFE i) iz B X S P 58 &
TRUTAE DLRASAE A7 MK ) b HAT 48 5 1) 38
REJT T M S /MR A ) e A A S, Moo
P BRI, v A A 28 LA Ef L) (cascade mecha-
nism). ‘EEA T AR 1A R, B EE
— 23 I AN ] 7P 4T (punctuated equilibrium).

O FRGET HAHRME T IEAS —HAR
Il S B B — A A% 7~ ) — A4 A E
r 227 MAE— 0 PR 1 1 DU) R i DX ) £
AN S FoR B F GO R s AR 20 s I
22 5. A8 f oAbl s sk — AN G ()
AT O <s AT INBEHLEL /i G HFIIAROKAR.
G(s) 72 s IR BRI K e £, 24 JEEE —AME BRI
FIAH AR 0 Ry AR I, = 2 TR B S BT 4y B Gk
FIRA I [R] s 0 38K IR AL B3k 1175 F2” (gap equation).
s O 7 FEfE T &80 ) B A2 W s | & i 3)
VI IN g S R E B4R (G SR B 7 N7 B L
J PR =24 B F) P B RN AR S B 24 (S) =00, R
G T IR, A I S R IA B AR,

(3) B S 2 il B 3h 1 7 i 2y e 3 g 5
W . BIFFHR H L R I SR v B R i ) 1) B i)
(20 s (IS TR VA B ) o 3L 2% 18] 58 A7 - (2% TR) A AR )
A TN BT A 8 B — =235 3 B3 14 (space-time activity
pattern) SCMEH - MKIRHE H O 1MTBE s 2038 R -~
sHO IR H 2 e S — 251 1 1 4 #04E D
R H=1/D. 3 T A% A A, 75 i A7 % 0] 4
LOH <1/2, R4 T FE 2 — R i T AR
(sub-diffusive process). S I, BE & O 3 7% ) 76
2 [R) FIIN [)_E A i) — 23 4 TE S5 44 X T — 4= 1],
K H4E Da~2. 4.

TER 7B R B 175 Bl [R5 58 A7 B 1K B3
B KO IR A] s 1) R H P o, AR AT T ] 52 B TR
M ~F- 28 JEL D) DR 3 K A P A S0 kT 1 1
R E) W, AR E B R BE R B B (Devil’s stair-
case). Ffr 1l (period of stasis) KR HA ~s
AR AT, B B BRI TE] (return time) H AT TG HR
JEPE, Hr AR AN 3 — B R SO ~ 4, Ko
SN R D2l FaE d R B v B R 5 B BR AT 1)
Oy YL SR BRI 2 EAE D BHAERAH G,

g EPTR A R 5 Ik b B B)) 0 2% A g
A TGS G ) B 1) 3 2 454 Chierarchical
structure of avalanches), & /& —Fl H 41 21 1f 5 ik



91

S EE3C MR G A M ——Hh R 2 A AR T T 39

R ST )2 3 8 80 0 57 1 3 B 8 D1 238 Wes | 7. i
SRR, — 23 R I — 43 T 4 M 72 73 T B))
J1EEW G |1 R A T

6.2 #3712 (threshold dynamics)™’

WEFEHR tH, — D RGBS A AL 5 20
B4 3 BUREARZAFRT . (DA BEAEH A 355 (2) 1)
FAE ; (D12 IR ) (slowly driven). FrigAH B.4E H A4
FREERET T Z AHEMEAER, REMN3) )
2 X8 [ ph 2 1A R AH LR A i gR R A
il 1 EH 2 I L) ) A S

KT“B” (threshold) B2k I, Cafiero % #& tY
“JAFBIIE” (local rigidity) — 1] in LA, “ 8775 &
G A R A 3 D7 AR - (1) R BUN TR AR
J 143 B (separation of time scale) ; (2) £F & 4t I3
Ao rp = A —Fofr e )R FB A 8 A AN (local stabilizing
effect) , /=42 T V1 2 ¥ & [ W42 74 JE (metastable
configuration) , BVl ¥ iy 18 1 <[] W7 ~F- i . B 18] A%
B TR 3 B8 AN A e 25 1 HE IR T FE AN AR P IR A7 A
BAAR RS (3) il B () A0 2 R i
H A1 20K B I SR 1) b 2 GFE 7R 70 454

PRI AE ZR e AME LA — > A AL B 5Kt 5] 55—
ANEASHYTE L LABUR Ge AT A9 ¥ 56 4 52 A UK Bl e
). 18 UK 3 A e A 3 W (threshold response) M
IR B P A AR (decoupled) , 38 1o H3 2 A8 1) e B2
{EH (repetitive action of transition cascades) Ifij £
Je SEBL A AL 20 Sk

IRAE DL AR A Hse v (R IR G ok ik B ) AL 2100 57
P b By 0 2 A DK A () AH B DG 2R, < B e B 7 AT AR
RIS 422 TR Rl — 5 AN FRUE P (stickeslip instabili-
ty) BE Wi 24 (rupture threshold) #H £ B, ‘& 411 /&
A TN g 35 ORI W R AT B R AE. B AR A7 AE A &R
SR R RE T N Y A BN E V. 18
UK Z)) B AH AR Tt I AE e — 5 e AR 1 34 2k, B
Al RS IR Hb 52 0 0 i 0 T G . IR B A 3 1)
TP (n cm/a) MG B TE (n m/s) 2Z (8] H IR ) A
FERYE RS B8, 3X WL, 1 3)) ) % A K 3 16 A HL 45
B ATAF M52 () S5 A A0 A B AR T B A 2l SR
1) R L 524,

IAERFE — R S BIPE B0, B —Fr AT B3
I RGE, & LL— P b H g W2 1 28 I ) A B2 AH
LU (R 5 bR 3 e TR )y, LA 5% A 48] Gt SRR A At
PR IR Z) , e H RS 2l 18R TF AN I /N T 4 5 G 1
S (PR ST V0 5, D) b 5 e e 0 e AR
WAL, DL R M L3 B, KA s 5 7 A1 2 g R
IV TEI S, HFE A% — KN R0 (Gu-
tenberg-Richter &) F1H 2K , Huse W JiiAs &2 H 4143
I 3251117 % 1 2R P i U

e EPUN

[1] Turcotte D L, Stewart C A, Huang J. Routes to chaos
in the solid earth [A7]. In: Yuen D A, ed. Chaotic
processes in the geological sciences [ C]. Berlin; Spring-
er-Verlag, 1992. 89—109.

[2] Turcotte D L. Fractals and chaos in geology and geo-
physics [ M]. Second Edition, Cambridge: Cambridge
University Press, 1997, 269—278.

[3] Yuen D A, Malevsky A V. Strongly chaotic Newtonian
and non-newtonian mantle convection [ A]. In: Yuen D
A, ed. Chaotic processes in the geological sciences [ C].
Berlin: Springer-Verlag, 1992. 71—88.

(4] 5% 30, B B2 1], SEAE 5%, 45, P 0% 3 X DX It BR L 2
(M. Jbst: it et 1987, 29—51.

YUCW, LUOTC, BAOZY, et al. Regional geo-
chemistry of Nanling district [ M]. Beijing: Geological
Publishing House, 1987. 29—51.

[5] West B J, Deering B. The lure of modern science [ M].
Singapore: World Scientific, 1995. 1—421.

[6] Manneville P. From temporal to spatio-temporal chaos
[A]. In: Livi R, Nadal J P, Packard N, eds. Complex
dynamics [ C]. New York: Nova Science Publishers
Inc, 1993. 19—30.

[7] Bak P, Paczuski M. The dynamics of fractals [ A]. In:
Evertsz C ] G, Peitgen H-O, Voss R F, eds. Fractal
geometry and analysis [ C]. Singapore: World Scientif-
ic, 1996. 11—25.

[8] Sornette D. Critical phenomena in natural sciences [ M.
Berlin: Springer-Verlag, 2000. 1—433.



40 MR} 2 —— v [ K 22 244 28 4

Complexity of Geosystem: Basic Issues of Geological Science (][ )

YU Chong-wen
(Faculty of Earth Sciences, China University of Geosciences s Wuhan 430074, China)

Abstract: The natural philosophical conception that “the geological process and spatio-temporal
structure are the essence and crux of geological phenomena” proposed by the author can be used to clas-
sify the geological science as four major academic disciplines: the composition and structure of the earth
materials, the geological process, the geological field and the evolution of the geosystem. These four
major academic disciplines correspond to the nine important basic geological issues and associated com-
plex theoretical problems (Table 2). In this paper, the author applies the complex theory of geological
science “the dynamics of the self-organized critical process of geological process—the fractal growth of
geosystems at the edge of chaos” proposed by the author himself to the research into the nine important
basic geological issues, with an emphasis on the relatively deep and brief analysis of the nature, theory
and research method of the major basic theoretical problems. The purpose of the paper is to understand
the geological sciences, old and renewed frequently, from the new point of view of the complexity of ge-
osystem considered as the basic problem of geological sciences, to raise the study of basic geological
problems to the level of the nolinear science and the theory of complexity and to complete the transfor-
mation of the geological science into a precise science, with an expectation to make a breakthrough in ge-
ological process.

Key words: geosystem; geological field; general dynamics of geological process; complexity; self-

organized criticality; edge of chaos; fractal dynamics.



