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Foreword

When I read the manuscript of the textbook of Modeling of Geologic Processes compiled by
Prof. Xiongqi Pang, I was very exciting. This textbook is an excellent textbook favorable to the
enhancement of the geological theory and the development of the geological exploration cause in
China.

There have been more than 170 years history for geology since publication of the first “Prin-
ciple of Geology” by Lyle in 1830. This subject, one of the oldest traditional ones in human be-
ings’ civilization, has attracted plenty of scientists to work hard and make great contribution to
it, which is on the basis of the direct observation and textual research of various rocks around us
and their occurrence styles. In the earth surface layer which consists of different beds, the pro-
cesses of earth evolution, formation of basins, changes of sedimentation and paleo — geography,
and origination of minerals such as oil and gas were recorded in strata, therefore, the strata is like
a textbook. At that time, geological problems were qualitatively solved by observation, descrip-
tion and inducing, and researches on the earth by people were carried out by using hammer,
compass and magnifier. In geological analysis, discussion and summing — up, people often used
words such as “perhaps”, “probably”, “possibly”, and so on, so geology was called as “unscien-
tific science”.

Since the middle of the 20™ century, with the development of productive forces and econo-
my, geologists have not been satisfied with the qualitative description, and the rapid advances in
modern mathematics, high performance computer and computing technology, and information
science have made semi ~ quantitative and quantitative studies on geology become possible. Geolo-
gists have studied hard and have learnt a lot about mathematics, and mathematicians have also
started to undertake the researches on geology. Up to date, the Chinese scholars have put for-
ward many new research methods and modeling techniques in the study of basin formation histo-
ry, deformation history, subsidence history, thermal evolution history, compaction and hydro-
carbon expulsion history, and resources evaluation. The above — mentioned achievements not only
have resulted in great benefits in the present science advance and economy development, but also
have established the foundation for compiling the textbook of modeling of geologic processes. The
tasks of geology can be induced into the two closely related aspects: one is understanding the

earth and various geological actions; another is to make use of natural resources to develop econo-



my and improve earth environment. The former belongs to basic research and the latter to appli-
cation research. With advance of science and technology by leaps and bounds, the basic research
of geology has reached a new developing stage by combination with astronomy, volcanology,
mathematics and earth deep exploration. The numerous celestial bodies in the universe indicate
the past, the present and the future of our earth. After the “brutal” development of earth surface
layer resources in the 19 and 20™ centuries, now we face the two problems. One is that the rest
mineral resources are in the deep part of the earth crust, which are difficult to explore and devel-
op, and another is the damage to resources environments cause by resources development and pro-
duction. Solutions to the above problems need further knowing the natural laws in detail, and
this requires aids from mathematic quantification. Quantification method can help people not only
to describe phenomena quantitatively, but also to bring to light the objective laws and to predict
the changing patterns. However, it is necessary to point out that geology has special scientific
backgrounds, and recognition of the geological phenomena and processes is to be completed only
gradually. Therefore, the quantitative study of geology is a long — term evolutionary process.
That is, a radical quantitative study must be avoided, otherwise, it will lead to just the opposite
and lead us onto a wrong path.

The publication of this textbook, Modeling of Geologic Processes, compiled by Prof.
Xiongqi Pang (as chief compiler) and Prof. Shi Guangren and Dr. Jay Leonard, et al. (as co—
compilers), reviewed by Prof. Chen Fajing, embodies the spirit of scientific cooperation in the
same field among three generations of older, middle age and younger scientists of China and over-
seas, and also reflects the creativity of combination of teaching, research and scientific develop-
ment to open up new academic field. The authors here have differences in research interesting,
distinguishing feature and research thought in the quantitative modeling of geologic processes,
and the cooperation between them has realized learning from each other to make up deficiencies,
as well as enriching and completing the contents of the textbook.

I wholeheartedly hope the successors of our geological cause must work hard to learn and
master mathematics, information science and computer technique, being able both to understand
the existing geological theories and methodology (including the use of hammer, compass and
magnifier), and to apply the methods and techniques of quantitative modeling of geologic process
to make greater contributions in the study on the geologic process characteristics and major con-
trolling factors and in the investigations of mineralization mechanism and distributional patterns.
Modeling of Geologic Processes is a textbook suitable to teachers and students in universities and
research institutes, which sets forth principles and methods step by step from the easy to the dif-

ficult. Original achievements of basin quantitative analysis and quantitative modeling of hydrocar-



bon geologic process and related simulation software study and development in China and over the
world were collected in this textbook. Thus, the publication of the book is of significance and

high academic value in inspiring and directing scientific workers working in this research field.

H - 4)%7

By Prof. Zhang Yiwei
On 30th Oct. , 2002



By

i}

PR, ., B BEIEARNEG S, AMURET REM TIENAEMBIR A
X — BT AR R MR R

MEERCE . BRBRERZURTENBEARNRRE, SEIBRIRITE T N Ek & &
B T R BARLX — G 2E R, T EH 3 T8 . TR A4 R LK AR UK

MRS R E BRI R — BN &R, B 1978 Rt HRMZ B TH2mK
&, BT EORBEEE AR LRI I A RIS A N BB ME PR USS, —2l
FUIFHB B TX— BB ERBEAMFRMA, REQNEENEITEEA KB MPER
— [ TIRB AP AN A PR

Bt b T AR B (ZE3AEl) FRNABHE MBI A R T R AR KK A M
PR R PHEX—REN B RANHEM R (AR e BBIRER) (FERAGH
E, AMKFEHARA, 1989) f (EuA A, B, AR RBERUSIR SR
BAE RN (MR, BRES ., BRASE, i, 1993). SlZ/E, AMKE,
MFORE . WAL .. WrKFESREEUAFRMERFR T X—RE. EXMHEL
T, WEESTHITHFEEEIMLRMO BRI BRR T — 8 VIES . 2002 458

SHRAER, AETHEZRSUCER GtREEERED) AT REEEE
B SLTR BN R ER S E PV, B, HRXEIEM, X TREREIEE

BRARBREENE, ERESEEFRMTEIEANEGS, BRELSERAN L
TR A AL, BB LERERE TP ERMETHIE L.

GhFEBERED) BRMF¥ERISKE SEEMITEIBARMBES LS —

>
PR ERREMRNEE, BURE TFRAMGEIHERI B EZ, SRMNEF
R AREERBLET,

WEFE, HREERFRE-IHNRBNBRMABR, BEFEREEMAL—HALZ, B
Fouk R B B KB PORHRISUE K 8 24 A0 R R B Z P o B 721X — BB SR AR

1830 FERUR MRS —# (HFFFEE) LOKREH 170 BEHL. X— AXIXHRTEEE
BFEZE2ER, AT S B HAR . S IETT SEBAMTH F BRFISRA, WK, HdA

M. WS BEREREEE TR, R#. wiFE, X
W, B ERE KKE L, GhFEEEREDN) MR, REETEKE “&T. ¥
BABOE” RRMRERERNER, — 1 58%. ARBERENHENEARBEE G
R BIR

GohFE B EER) TETILHEERNMEE, RHEREEEFERRLEERE



PR AN BE IR R, R SAIX —# RETE SR A K, PEMBEKXF
(dtx3) BRRBRBENTER¥REELR L EREMFAREFREMEESTTHE R
WE¥R. KPLOE, MiT—ENEfE . NE2 M whiE 28 SvLeE . EHiik
TRAMAREEFTEOERTR, EEBPRE. Vi, AR RELHERESFE
BETIFEHEQRLENR T EMERER, REBHNERARBNHFLR HIEHE B
WERETEEER, PEAMBERFEBERRARNEGT CEREARTRTRIMGERE 4L
HOECF R RER, XRE—E TR FEAR M TRRE 2% b 5T 5 B K Bl
BRI R, HHREZN ., BRGS0 R K8 % B i B |
FF R/ 7 PRA (Platte River Associates, Inc) WS 5MEME, HRAPHATESEE, LB
WX EEM W EES R HEREAAEFRFOESER. WA, ABEILET BRI A
¥ AERKAMFERET HRNMETABIEER, AMRKFRMEEREE., ZRFAH
2. SR Em R LRI LA R K2 TS R B S e X — SR A BUR I F R o

wFREREMHRARERREENERITR, MXAER PPN EES
MERERAANEHRNSE5URX—¥BERERNERE, IR EREPR T
MR BT UL IMERNRE IR T ENEE, FHAEERREEERIIRKT ML
B, NATLRE TR, AMTNEBINERENFTF MLk, BRikzsh, mEdE
FREBBIITH S — N ERAMIHEER BB R KB YR T T # 5E 3t B AE R AL AL
# EAMTARRBR A TEX — B AR T HRME, LB, FEFRIE
ERBBPT THEMAREYERAEA, ALNRMHMIRERESBERE ., RRMIRKE
BERRRSRARAR . BT BRIEUR M B 2 R AN SRR e S S R B R F R B AR, 4
X, RITEBEMAE, ERFIEEEENBERMRBEABRGHEANER, X—HE—
ERE R,

HE GhFIBRERER) WEAESEER. EREFEMITEHLEOARTE TS L
F . FEAEARARS . EFX—$RRERBTFHSBE SRR, HFEX—®
BN EESRCBEENER, ABUMSHBREIECREMHRAITLRBEIFHEAAEHN
NEB. EH—ITHGER, A HEERFELREEREMREARE, FEAERN RGN
. EH—TEHHEAR, AHERKENIMEAEEWEILEA A KRS8 E REIUK K
BRGEEST B, S+=sfmS+uEb FUBESANE, UPRENX—¥BELS
TP A B IR A H RTRAR KR 3R A — MRV 2| E T #o

RN+ HEE, F-EHRT GuigEERERD) RENERSES. B
RWEANESTASS. ERAE S5, UERAEX—SEKN TAERREEINTE
HEEWEE, AEhAmAkE (tR) BRETERREE.

WA N AHMFEA S, B _EEEAEAR. CRIREMNF THHK
SRR, BEATARE, $ROAETIESIRAMAR, WLLELUHE



HIBME N HE RS, BB b EMRASE (JUE) EE R AR A W R
HEHERE; SSEhERTHEMNRSRELRE; B0 HKKA NSRS 8
SEBAERRE,; SREMAMAYE LE) S5 HEPR .00 ERY 8 Sk
BAHIBHE,; BAERAMKE (QL30) 2 5B b O B A BB HE

S NMSIR LR E R, HBELEES AR, THARRT AW
SR, HEh . B, RESHBAER RS RENN B, BN AL, 8
EEMEASHEEFHEHE RS LAE; SAERKKGHEREETHEIBERE;
BHENE - SHERENMENRETHERE: $+ 8RN EEE
+%H5,

B NERRRKATH SN, AT S5 EEAR. EEENETH
PRI LS A 4 R 7 S BB AL A 9 0 2 71 765 7 T BB B R R R L Y BRI 7 e LA
AR SEPRIGE . BEAE B AR LA, DRSS ME ZBME .
PN AT 2 TP & R B FE FE AR . 8+ =2 i A ok 2 4 5 Hh et
FELHBEARNEFENEHEBUHREARRE; £ NEHEE PRA A7 LR Jay
Leonard B+4E; B+ HEEmPEAMBEF R ERRARAT CHELHRLTEM%H
,

SRy ERETHIE LRGSR, REREEEF.

SRR SR MBE RSN E, FERMAESE, BENEHE40~50 K
B, ¥4 2~3

LAk, BAi1—EEDEH X — M, & BEHEIE AR 28 T REERAPFRB
R ERAA KRS, EAETHERERFETBRNE BRI MESER, £
B [T S AR AR AN “FR2EmALE” AR E SHERNEL TREF
HAES, YREMRFELFIRAND R BB FOERK TR, TR, B
BB AIR B, ARG SR EMIEIE, UEET R RNSENTS,

FlMAZERRK . AMAET =Y ESHRLEEAERERTLAN. BLESIT
W B NABERFRE TERNERE R, S0 5HERRTODNAZEYEREN X
R . TEMGHE T EM S TES. Wi, ROV IAERBHTHFIEE, L
R A el B AT R R B B ST M B RO D6 7, AT AR 43 Ay i AR A
TEROBEFRL THSESRNER, i, RITAMGIRAREKSE, BhbiE
FHM LR R ES OB ERL,

PERERY
2002 410 A 30 H



T BID oo (1)
%_:ﬁ ﬂgﬁﬂﬁ%%&&%ﬁﬁﬁ{f% ................................................... (1)
oA ML ERERIIINAIEAPIZE e (2)
BTV HREEEEERIPFIR TAERERI oo (4)
Y MRS EEREDIFTERMEIAR o (5)
BHEY HFIREREBE B EEHE e (7)
BAY HESRBRERERIF N EE AR - (12)
JINBE et e (13)
= ) ] R T P PP R PP LT P TP PP PP T PRTRTSPRTERRPRTE (14)

ARGy AR S EGU

FF MR G RALAEERL - an
] VIR T LSS ALBERL o vovrvermemeereer ettt (17)
BT TSR SRR SRl oo (30)
B PIEERAT R (ERIBE) IR oo (39)
BIUY  AMIE A TEAE B S RGBT - evvvrvvrrersrermmerennrenmneeneenniiiienian (47)
I N et e (56)
B STRERE <o cveeem e (57)

EH TG TEHOTERAEIL oo (58)
B PRI FE T R RUEIR e vvvvvrerrnnrrerrin e (58)
B PRI EGT R E BRI e (61)
N TR I R T BAIUSL - eveeeeeee e (78)
/J\gé: ................................................................................................... (87)
B S BB v e e re e e (87)

%‘Ei ﬁi&&&ﬁﬁ%ﬁﬁ&ﬁw .................................................................. (88)
B HEESAE R R AR oo (88)
B HURTEHEREIRE oeeeeerrrrer e (89)

%E‘—'ﬁ H{%ﬂ;ﬁﬁ}_ﬁ@%@i@ﬂc ............................................................ (95)



%m-ﬁg *ﬁi%%ﬁzﬁﬁ—%ﬂﬁﬂj7kgl+ﬁ ................................................... (101)

BHEHY KE;@Y?}%E%%%WEﬁ&M ................................................ (103)
T I C LR T TR TSR TP E PP T PEPPPPRTTRTS (113)
E;‘}lﬁg\%@ ....................................................................................... (113)
SFEE MEHPMIERAREEREIL (114)
%_:‘p" ﬁggiﬂmmng;?%ﬁ ............................................................ {(114)
%:Jﬁ Hb 2 % ) ph ] BRIBFIRE  wvevvvermrerrromorermesasansttiusetioiiuniaiiitinaenens (116)
Y O WBBRIMBIRE oo (120)
JINBE  +eeen e (138)
EE}S%@ ....................................................................................... (138)
WAH ARG EHRIFRE oo (139)
) FEHBEBRBIRIBEGE oo (139)
B RIS HEIGEHIEE e (148)
B A AT SHOIB AR AL oo (150)
WY AL H AR R MRS AL AL e (165)
,J\% ............................................................................ fesessesrtasarsenine (169)
BT SJEEHERR +ovvveeenneeennnee et (169)

EESy WA R SR

S RS RUEEG L ooeereee e (173)
A GRS LRI AT e (173)
s SEIREIEE TSR R oo oerrerr e (186)
S B R BRI BB e (189)
SV YRR E A PR RAETRR e (194)
JINBE e s s e (200)
E SPEHR evveverennnnennne e s st (201)

%}\ﬁ fm%ﬂkﬁﬁﬁ—'ﬁﬁm ..................................................................... (202)
%_ﬂf‘j ﬁtiéﬂ?‘i’ B@m@ﬂtl%—lﬁ%ﬁﬁ& ................................................ (202)
%:%‘ ﬁi;fﬁ%ﬂ%ﬁﬂq B‘J?‘i?ﬁ&ﬁ%l‘ﬁ‘l’éﬁ ............................................. (205)
] H1E PR 6 5 HEM ﬁﬁﬁﬁﬁﬁfu .......................................... (208)
JINEE  eeeeerer e s s e (228)
E gg‘%@ ....................................................................................... (228)

EHE HSAEEEEBEGIRY oo (229)



TP BBEREEREEBIIIERIR oo (229)

A FEEREBIEERIEH oo (242)
IV e e e (254)
EE’@\%@ ....................................................................................... (254)
%-{_ﬁ ERHHSEEATIERL oo (256)
%_‘“—7—3‘ %Em%ﬁ&ﬁ;@ .................................................................. (256)
e vl ﬁ)%‘i*ﬂ[ﬁ’—‘imﬂ ..................................................................... (257)
WY MMERRENHFRFE e (262)
WY ERHMSEE RTINS SR (263)
BEY  BREFRERETIL e (275)
FARY T EHE IR SR EHSHEERITM e (282)
JINEE e (285)
A5 SPIEVHEM oovveereeeene st (285)
H—B HESBIERTIREIL e (286)
B MEUETEFIOMEIR «verrvrrrrrrrmer e (286)
WA BRI E S IHABRAELRL oo (291)
%E:'p'" gm%}ﬁm}ggmf_—zéﬁﬁm ................................................... (304)
%mﬂl‘j‘ @%%@ﬁﬁ@@&ﬁiﬁﬁm ................................................ (308)
JINEE  +eeee e (321)
EEE%@ ....................................................................................... (321)
W HSBRUSIESH e (322)
%—‘:ﬁ m%ﬁzgﬁﬁ;% Bg%;‘;%ﬁ&ﬁﬁ“ﬁﬁm ....................................... (322)
%:jﬁ Ym%&ﬁw%iiiqzmﬁﬁﬁﬁ ................................................ (328)
%E"—ﬁ,‘ {H}E&@%&ﬁﬁﬁ*}ﬁﬁﬁéﬁﬁm'ﬁ‘ﬁ ....................................... (333)
%IE:E; iﬁbﬂﬁi[ﬂl‘ﬁﬁi?ﬁ%%%iﬂzm ................................................... (342)
SR WA R E RN E R AT oo (348)
JINBE  eeeee e s (355)
EQE\;‘%E ....................................................................................... (355)

E+=8 ASAHARERTOREREFB SR oo (359)
%_ﬂﬁ ﬁﬁgﬁm_ﬁ(ﬂgﬁﬁgﬂzmg\ﬁ (BMPES)  creeesrereeeresrnnnnennnnnenncecens (359)

%:i‘!j %‘%}%’i\ﬂﬂi‘lﬁiiﬂzmﬁﬁ ......................................................... (365)



oY RESBHAARS SMATEETARM BRGE rrervreerrrrrmemnmnnrmasrernaeanans (368)

I HERAKE BLE --voveerrerrere e (372)
ETHY ([HE\{%*E‘%;E/%% UGHS ororeerrrereranermsenirtiititriretiiertieianicranans (379)
%7‘('—'1‘1‘ {H}’{ﬁﬁﬁﬁ;%%%ﬂimgﬁ ...................................................... (383)
HAOE S ERSVERRETIEISRI e (392)
Chapter 14 Basin Quantitative Modelling ---«-++----rerrerrrerseremmmnan, (392)
B BRUEINBEMAIAS  -eveeeeoererrerreeem e (392)
Section 1 Modelling FUNCHIONS trrrrrererrreessenuessessntrtiesaenuettorisnnrttastaiatnes ( 392)
W ERRIM R B GEIE oo (393)
Section 2 Principal Geological Theories +revesrseererrenressessacctistictnrtttatccascnsns (393)
B=YH &{E&;ﬂﬁ% ........................................................................ (423)
Section 3 Calculation Methods ==r+rrererrsresresessessaeeiiiiiii. (423)
% L] :l[*,* ; BRI wevereremmmmrrmme st s ittt e (427)
Section 4 Application ........................................................................... (427)
H+FEE HSHERTECREMRERETE G oo (438)
B A AR RGEHMEIR cooeeeeeeeer e (438)
%:_ﬁ’? ﬂﬁiﬁﬁ .............................................................................. (440)
%Eiﬁ ﬂiﬁgﬁ_ .............................................................................. (443)
-1 POy &%E*ﬁgﬁ ........................................................................... (445)
%:ﬁ:l‘—y ﬂii};iﬁﬁ ........................................................................... (449)
- P HEIBGRBTE «eevveremmeennm e (451)
B BBAIBEPERARTE coeeeerrrie e (453)
FEAY %éﬁﬁql@ ........................................................................ (457)



F—E £ it

ATERR T SHFTEEREUFREARNEERESEL, MBTHRIBEEH
U FRRBEARE . THERR. BREER TR EA RS, BREH6, #iE¥
YFX T TR TG BRSO AIRGE M LA R B S R R B2 I TR S S RN B H . B AR
FoJ, AR E BELXTREA — T RALERENOBMBEIE T #, AmEK
2 T X T TRBE T

B LI R E BRSPS

—. BXEX

W R E BRI R — 1% %R, XE—TEHEA. EEESERENE
FPSCBRBERE, AKUEH R A L B @ AR R B R R, (R TR
AR, SlEREMEE. RRERE, BAERREZANERHAXR, BFHHEE
BAE, RSB ERMREVER FHSHWEE, TEHSRERMSEH. B8R
BIRIE, B RAMUREREVHIRRER, MHENN2GARUASSEEREZ
FMERXR, HPMIEBERE,

I HXREBERHEEN

BT R AL TE I S SR BRI 5T R AR BBl (Basin Modeling) . #h3BE &
447 (Basin Quantitative Analysis) B S # i 2 & B # #1 (Quantitative Study of
Petroleum Geological Processes), 8 A% H A8 F 0 & B B S H A% (Quantitative
Petroleum Geology) o XEEMESARIEAERMEN F EE B RALMANE TR, AHEL—K
Mg EIBENRELERTR, BFEE-MRETHHETRmE ., A8, &8
FHERBENERDIE; S ERMTRAZBAROERMLTE, XEERMAITER
BERRI AR, WATREBI S, WA E BEUEEY RAMS RN ER,
TR MR . EBRYE—REIERHR, KEATHEMER,; ©TRBMBIT
HbpE—Bkn S, “ERPOMSHEE" B&F “BmRIBERERLN", REEE
BUHRAEBERTIL ETFUEE,

ABERET EFIERAREF A KRR X, BHEI - BEERBZFRREI,

=, mEEAR

HaTs i B B B R P e — XN AR R, Eibid AR

1



Rz IBHER, FTERFAFTEERNN:

(1) LR EE RS H BTN, WS 8,

(2) Reff ABhtEH S MRS R, EEmENES;

(3) REFURG=REXRETH LEE, RS FARBER. ARBEAGEHA R
™A
(4) BRI R “HoJR I FEE BARRL AR LIAF N BR,

B RTLATF & F X K A Rl A T A4 i, BEA RIS IA 2 E PRA Rl &
K GMA 2 %], B TEMISPACK /A R M &R B M A MEIFEF LA R R RT £ 24
Al AWKFEMBEAE . HEK¥ERAFE,

M., h%FR

WM AREBE N T R B, BEREMTREIEARKNAH, Fmd
IR Hh%¥R

B, CHAERFY . IABFEANE T HEERZBAMEESNER, AKX
Rl R R, AT EA G s 8Ea) RER 4.

R, HR R T RAEII ARG LA — b2 37 A0 SR S M AR PR B 2 R RE, 1R GE R R
TERAESWEE . R, PAFHBEEREHEL, MEXRRRENHAER, SEITHIAR
B AT DR R G AT AR . R EREE R THEARMI L MAR, S EHHE
WAER BRI RSER PR . Tomk AR AT AL P, BUAEE i M R AR S B SR
BRAT e B IR R AAR, B, MhBRD . WD R SRS ZE A\ 2 i YRR T A R C R
Slfy, B ST X R R AR B HEAT SR AT, AT AR AR A8 B X I —
BTN T R BT AR B B AN BGETREL, WTT H  E R T SR A B AN, L FE
o

WAk, fE— T %R, RS EERELE A ST NFRANE. R
. RREAEMERENR. BERGERENEBAGEFIHENNYE L, EfIEREITR
MR P RENERE SRR, BREHEE.

B R R E BRI RN AR NS

WwHEAEEREARFRNAE T4 E, SRt ZRPR. REER¥TE
W A4 F 5 LA A A HEAE T e A 0 BT S B0 i LA S AR

—. AR L

IR RS B R BRI B AR ETT, AR S E AR AE MR
e HEERFURE ., T BT R B R . TR FEARE AR R AT
FRULERE L SR BT, URASHRE AT HEAREE. BRELBRRAMA

2



