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Fig-1 Diagram of ”complexity”
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Fig- 2 Diagram of ”self~organized criticality”
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Table 1 Some crucial points of geological research and corre-

sponding propositions
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Fig-4 Methodology of research on complexity and self-organized criticality of the geosystem[2 ]
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%7 (coupled diffusion and growth dynamics). BH
“ B AR T AL 22 3 1% (autocatalytic sur-
face attachment kinetics ), 31 H.3# 18 < 2% B 43—
A [ 4% (surface compositionmediated feedback )
FERIR G 2 A B g e I AR 5 4 R
Hopf 732 (B FRFFRE ) BRER » T3 ob— B2 Uik
IR R S5 R (B R RE AR HARE 3 oA
g 73y BRG U 1 7 0 BB DU R MR IE 5 (2) 9
ﬁkf%*ﬁﬁfi(large*wale process) » IN T WIIR 53
Wl YA I SRR G A B R ROk
TR 7 HE S 3 KA A i Wl g s 2k 7 T
TR AR ) HE R U 55 Ry AN e 252 0 K B3t 2 - AT A
Wi 3 B 1T A0 S 40T [ RV | v R e 3
B RFAE - [R]B S R A RS RE A S A AR K
R AR LT K AR SR AR K R R Y R ) AR
1.

T OHFERRE

7.1 BRERNSTIER SREM RS
7.1.1 BHRERNSTEL MY R IEN R
RS C A TE B9 A [ b 35 1) JHE 55 1Y 8008 55 T & AR R
S BIFFE AR BURRER R /N ) B2 BB 2 73 A1 m] LA A
5341 (power law distribution ) SRITPL- FEHL K /NI 7
BRI R I B A AR AT ROR X
“HESUER B BREFE” (scaling law of fragmentation)
R R« 2406 B 7y FE B8 (fractal theory of
fragmentation) - H 2R A i 53 TR (fractality ) /& H
AR F LR S5 R BT 340 & A= BA Al IR 51
7127 (dynamics of avalanches) A RFAIE -

S WLER K I A B B A SR A A IR
B Z44% (microcrack ) B & 4 B AL B (microfis-
sure) FEAESF — RN Pt FEPT S B0 45 - d o]
PUIE ST 5 A R SR F Y« FE IE AL BE AR AL (renormal -
ization group (RNG) model of rock fragmentation)-
RNG HiE5E L4532 (hierarchy ) F1< bR BEASAZ PE”
(scale invariance ) HE& LAl (1) X — 3515 253 TF
PRI A BeA FEAR
7.1.2 Bl Fi#43E (chaotic tectonics) Turcotte
SUBE S L AE CAEWTZ T & AR R e v
T T A& A AR T T AL B AR Y (slider-
block, model) %F 7 2 AH E . oo (8] 44 o b 559 P28 452

(velocity-weakening friction ) Mre k| N
(stickslip behavior ) #£ 17 7C M B 31 #L (cellular au-
tomata) BT BEALSCE, KRB s H 0 7 (pe-
riod-doubling bifurcation) MR-

T B 2 M TR 3 28 T AR ZE SR LE - AR T AR
HAR T, 2 TC T YE R e AT A2 IR 4ERYy -l
CE, B To 95 4EAR 25 8] 0 w70 7 FE 4L RE VA A
TARGER 5| X — KRS THEHUR S IC W FFAE -
AT AHERS: . Sl i B A TR AT -

7.2 HIFREWHEISTE

7.2.1 MEFEERRSHERER RS
JEAE] ZAREE L2 2 ) 2 R AH AR R R 45 21
FOR B FE ) KN — B 53 41 B A Gutenberg-
Richter < %, B

IgN="bm + a
A N RAERFE M X A A BN I ) P A AR RS R
Fom BIHFEREL b e 0. 90 1 (i Py -
WFAAR L MR AR R IR A Z B2 A 4N
TR () R & (Akis 1981)

N=cA """,

KRR D=1.8~2%. FRDXZ L EL
AR3E T DX L R VS 3 (K] D b RE VS 3h I To R AR
A BEAREE - (K T2 B ABARY » TRAT H AR UAFIERY
ME—GE Tt AT A AT - S8 A8\ R e
(VBT I S R IE 1) b R A A A A TRLTT R (4 70 B 73
MERERTZ KN — R B EA B RR.
FFAMiIF e 4 L 504 D #9791 6.

7.2.2 [RGB MBEBIIE  Her
rmann %[“]ﬁﬁ?‘%?gtﬂ N <115 10 o s R N N W
EEZ T A A MRS, JETE R T W 20
2% 3 A TR TLARFRE (K2 20 km ) Z IS
ALY B YR T E PR RIEVEIRES IR A Rl
AER BEVEBT YT . IRA] e TE M 2% - it A VNS
O R TE R I/ 73 A B RN, R 73
TELEAE LA L2 W22 o W 22 0 H BURL /N R A 5
BIYJi 2 T I B0 R AR A 3T -

7.3 AABSMAREHERIRRE

7.3.1 RMEHFEHMBARIGRS HE WZ A
PRN IR 3 BV B AR Rk R 3h )
FHIZER R KR ST 2 B ALUG PRS- =g
BT VZ 0 A A A IE I 7 S 30 E 4140 A
() SR RG] 5 Bl AR R ) AR X I B R B (AR
TEZE G N T 5 AR I 24 1 A5 1 1 e R OE
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TR SESC . MU R G B A —— R ALy A s (1)

017

LAY TE 53 A W AR A A b R ) 75 X B R 1) R b R
A X PPORRE LB E R ERIVER G155 2 B
ARl FVERFAT 1Y 1338 3 ) AT R -

7.3.2 FRBEHUNBALRIRFRYE Sornette
U218y < Hh 55 1 2 ¥4 (structuration of the
Earth crust) AJ AR —FP B AE RS, T3
AR5 XA 38 T oA B 4548 4K (structuration
of the lithosphere in plate tectonics ) F{) H ZH 2RIl A4
F) LA B L e ML o AR L) g ]
PR T — MR, (HX P 0 I 4E t A i O¢ 2 i
WAL 2 0 5 e HE 2 T Ok T2 HI 2R LT Lan-
dau f B I R 5 28 BV b X6 R A A < L AR T
FHENAY K IR A RR 2 e o0 Bl b B A G AR
187 (field theory of SOC in the lithosphere) -

RIESLIX 1R, H AL €W LS E
5 ¥% & (order parameter ) {E N ¥ il 2 & (control
parameter ) - fifi TEFEAR R BKEL o( S, ) TEHIEHIS
B 5 S BRIk, e RIRWAZTKE. o( S, ©)
FE A PR EAER - 24 o(S, o)k FXS
N 5T A< ZEUE N (rupture criterion ) A 5 B {H
K I IUPHRE & A I8 22 TR T30 70 Y. ) - 25 P& 3 K
Pl ke 16 shWT 2 B A 52 2 o X0 Bk A 42 3K
HILAHINT o(S, o) BT H R —F1HE,
X —F I E IR RAE A K BRI, BEA B =
SMORBERIAR - JE 30 A 280 7 F0 22 5 B 3 1 g
X—FIETKTE A LA T AR AL E A T RE A
I8 Iz - X — DT R 4 o A BRI AR N 22 T
BARREIRECH W EARAE, T B A O A0 P8 ) S 5
SRR 5T W= B b W R 9 0 98 23 A B e
- AT RAE B o( S, ©) = K X — & ke
K H ARG A AR -

HESLHLTE SOC 18, HUCHE /3 i s 4 18l ) %
X AR (1) KBTI 1 A A ] 7040
FeEN, AT LA BB AT - KRR ) 2 -1 - (2)
BRI AR TG T ZE R0 K bl 2 18] A if 43 ¢ (Zoback 4%) -
BB R A B ) B A SUERERITERT: (3)
HAOBRRARY T B (BREAR — ML
R 7] (yield stress) » a3 AR DU A5 A4 Pl A AT
ZL(Kusznir, Park ) » A T~ I AE D) A SR 0 28 4
A REMI b TE A A= 2T 5 (4) b se i A He il R R
B0 & 2 Fh b BE ) BT 243 % (hierarchy of faults) -
R R WTIZ A 73 B 73 A SR 2 03 A B AR A X
R AR BE R BT )2 20 A7 22 B 37 2 B ) AR DG R A

TR T /INBR BE R BT 2 o3 A 0 AN e RS R A AR TR
X

L A Bl SOC S i HE A 0] B2 iR iR
KRR P B A ST 1B A 77 AE P - Sornette SFIN A
X— AT LA 2 75 1 A SRR AEIE - (1) KRtk
P8 )5 VA 3 HIWR 2 0 A T4k R R
BT A () AR ZSAH 24 b 5% JL T 21 b 388978 i R HE
DU X AR A LF- 21 4b ] WL B8 2 ) 5 S AE —
B JUT 2 A0 3B T8 224 HE T 64 1. 7 3% SR b3 2 AR
Begh 1RG5 (2) AR TE R 25 PO [ A ZH A
(P 5K M4 BT Y LA S el ) iz sh B aRss . b
R 2 AN FRAFRT AL & O AU R R TE

96/9z:V29. (1)
X B B RE, K g(e)2 e R RE
SAERREL- A F X — 7 B AN 7 2 B0 5K B R AE T
IR PR, AT T AN A AR LMk R AR
TR AR AR SRIE B Y A 5K B i — 23 AL

de;/d == Tyt (s t)- (2)
. & Rk v N ARSK B o 708 T Ty AR K
HEV AR R <l B Sk R 559, FRd/I
xp TE2) AP B FE A — M &5k (7R (1) ) M
AR B SR H AN €/ 90 TR TR
(WD REF XBEEEMHTRZF TR o
RN EL,EVJI%[@[ ﬁfi(Z)Elﬂé’J%TUkIﬁi%%( IDE:¥
g S BK B ARYE S, R B T
AR K Ty Rl RER . Ok & < O Fak
BS= O a 59, BB Thih kR
(NI ARNTT 1R (2) J5 BRATI0 5 (AR T2 0K &) 1Y 46
PEb HOT R - (Hk BN EIRZtER T (3
PR UMIE ) » LA U055 W7 S22 At R 5 AR V1Y ) ot
BRI AR AT - 5 2 TR (2) &
PERR /32 Aok b BB kb 7 v i S RBP4 i - =X
)y MRRER T RGN WA (D) IR
BT % BB RS B AR 2 kv 2 IR B H
TEH ST RPN — (P A R W2 R S
MREZWFEEG ) DL AR RO 0 A BTt 22 T
Aik I P, IF I REHLSK B3 M 3RS X FhR S . 24 4R
HegbF B HLUE RS, <(wx, ¢)—>=0. B4 H
F AP SOC iR MR BE 2 AN I e P N FAF-4EL, J&)
K A B[R] AN 45 1] 1 o e

MRAE AT (2) 59 HUE A 2R S5 4 T
DUHER L 7e 1) 31 ) 5 2 s B B AR R
FEBS — Z5 RERRFAE , 173X — SRR IR B2 SOC. AR
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M BRRE 2 — i [ M SR A 24T

o527 %

10, 7T HR ARSI 7 B A A A 2 DA O X
R 22 1 SRy ik v L S T B R RS T ot
B FEBING NI X — 3 B A A R A 2
Fa Al R TP ZR Gt Hh i FE B Iz [ 8 177 L 52 o U 2
— PRI BN 1R 5 |, B ML P9 A SR RE B 2 TR
KR ) B OB B2 123 B AU 725

DR B AR 5K B Y I — 25 R R AL
EXT AR AR b O3 %465 -
"B S I A8 Bk v B [ A 23 [l 0 @38
R T A8 AR AS AL 64 IE A : © %% 8] e P45
o BB N AT B A A e T AR
YO AR BR A A X L AR AR TTIX —
[ 08 1 R 56 A g o s AR E— 2D AR 5T -

7.4 RMEREEABEETH

England! V45 . A e B8 10 7S B 1 24 Hi AR R K
Pl 5 1 P ) K RARAZ T - FERRER ) TR O » b R T
B TE R AETERT km SERYHT N ST KR 22 B
RAEETERE BT km B3N - A R ixX FpAs JE A
222 57 0] RE B A T KRl B A 5 RPE o F
BONGRE, TRIBGE T MRS LS T BB KRG
A0 Ly BT AR AR 28 A R P AR PR (vis—
cous sheet ), HR g FH A IE AR (powerlaw creep)fTH
FE R 3 B E 12 311 BF 8 KRB Fils
HA BRI S 1) 58 U] 3RS T R
FELER.

(1) Kbt A P AZ T 0 e e A R AL 2 3k T 42
RRFE R3S N A2 TE A VE R HESE FEHE AT 1 Hb
FIELJE AT R I ) - ARG PR RS B A 3R AR i 22 2
I ELBES S #E2Y 300 X 10° Pa R 1Y 140 . |
IR EAR A B EE — YNGR DT ) 45 SR —
B0 (2) KBRS B T AT B HE R 5T SR
IR 72 - 184 V5 Hb e DX it O 64 ¥ 7 7 K i o A P 7 22
Jerbitd B EAVE L Rl R AR AR BT A Y
I A BB Rl AR 5 (3) B s P 28 TR —
W9 - FHaa, EFE#5E 2 A XA S RAER L A
BT 2 B A e 45 7 T R b 7 1 TR 4 il i e 82
AT DU Fe 4 S5 I 0 3G O { o F X ek A= 2R T -
IJFE L TC X A A SE N, B AR HANE & A e s
5], LG LRI RE R T 7 A 1 R 70 B A2 5 (4) KRBl
FEAPTAREGZ 3 ELRPE ) B KRGS 1Lz 3))
TR THA B IFESET km RS FHER
RSBk s 7 (0) A B A S v 20 TR T
H EREIRIER RN G 2B,

7.5 BWLIEENRVIKEILE

Turcottel Xt T3 11132 3 i) 3K 3 4L #1336 47 WF
GRS T A AR (1) fth F K A A R Y
e (Airy e AT ) (Airy isostasy ) Fll ek i
(AFHFE AT ) (thermal isostasy ) X T K i /E
AT TR, IF HAHES: BT K 7135 DK
A B B DT ] DA S B S KA T s (2) ARiES
N J1F5] (stress guide) AIVE F - Ml o 5k = 42
TE 2 AR B 6 4% 76 1T 2 (0 B ) s B R 1 )
PR FE B MR - 3 80E 1z s KPR ) 4R
AT A AR A s (3) KRGS K& T U
He i U T AH AR A A B P AR KR R T
AR 1 i ik 78 5 ] R 7 AR B AR Y. T I
B e 4 J T A At 22 Rt B A i s (4) B R Ll
5 5 KBl AR AR A . AHSBVE FI (31) KR 24 2K 5
2 AN KPR . FE3E LT NS5 BUR 5K Y. 77 - - HAEAE
G R R ) S AR AR A T
fifeits Lz sh ) — M AE SR . ILAE AT Tt LLiE 3h Y
FARIKLG BARE T — W T SRR 2 92PR
WL BB 7Y AR M A R T
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YU Chongwen
( Faculty of Earth Sciences, China University of Geosciences, 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 classify 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 corre-

spond to the nine important basic geological issues and associated complex theoretical problems (Table 2)- 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 geosystem considered as the basic problem of geological sciences; to raise the study of basic geo-

logical problems to the level of the nonlinear science and the theory of complexity, and to complete the trans-

formation of the geological science into a precise science, with an expectation to make a breakthrough in geo-

logical process-

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

nized criticality ; edge of chaos; fractal dynamics-



