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Preface

Introduction to Geo-science, a teaching material of the project of “The
Study and Practice on the Planning for Training Student and the Reform of
Teaching Contents and Course System for the environmental Protection Spe-
cialties of the Universities and Colleges of Agriculture and Forestry”, is one
of the “Towards the 21st Century” textbooks and reference books for envi-
ronmental science specialty and other related specialties.

The national undergraduate specialty category for ordinary universities
and colleges issued in 1998 by the State Ministry of Education has made
great adjustments. In the new specialty category, the environmental ecology
class includes 9 former specialties such as soil and water conservation, desert
control, gardening and agricultural environment protection. In accordance
with the student-training objectives of developing in an all-round (morally
intellectually and physically) way and making students, strong in basis,
broad in knowledge, great in ability, high in quality and full of new ideas,
the teaching contents, course system and teaching methods are all reformed.
Class hours have been cut down, especially specialized basic and specialized
courses are disposed much fewer hours. For the purpose of meeting the
needs of the reform and the grasp of geology, geomorphology, geography
and other related knowledge by the students, this textbook, Introduction to
Geo-science, involves the related courses with about 40 class hours.

The newly compiled Introduction to Geo-science contains 7 chapters. The
first 3 chapters are mainly bases of geology, involving characteristics of the
earth, crust components and geologic structure, The forth is exogenic pro-
cesses and the consequential landforms, the fifth the Quaternary geology,
the sixth China physical environmental division, and the seventh natural re-
sources of land, water, plants and animals, minerals and so on.

The textbook makes use of recent publications, documents and new re-
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search achievements. It is tomprehensive in contents and takes consideration
of the requirements of the specialties and the stressed areas. The book is
based on the teaching program of the environmental ecology specialties, but
reasonable subtraction and addition under different teaching circumstances
are recognizable.

The textbook is the result of more than one-year efforts from 8 teachers
from Inner Mongolia Agricultural University, Northwest Tech University of
Agriculture and Forestry and Beijing Forestry University. The compilers-in-
chief are Zhang Wuwen, Hu Chunyuan and Liu Bingzheng. The works were
divided up as follows: Introduction, the 3™ section of the third chapter, the
3 of the forth and the seventh chapter were compiled by Zhang Wuwen; the
1st, 3rd and 4th of the first chapter, the 1* and 3" of the fifth chapter by
Yao Jun; the 2 of the first chapter, the 3™ of the second and the 1 of the
third by Gui Chengseng; the 1* and 2™ of the second chapter by Wang Yujie;
the 2™ and 4™ of the third chapter by Ma Yaoguang; the 2 of the forth and
the 2™ of the fifth by Hu Chunyuan; the 4" and 5% of the forth chapter by
Zhang Bingwen; the sixth chapter by Liu Bingzheng. All of the contents are
revised and edited by Zhang Wuwen and Hu Chunyuan and finalized by
Zhang Wuwen. Professor Song Chunging of Beijing Normal University went
over the whole book for check.

We would like to acknowledge Professor Wang Lixian for his supports
and instruction and Professor Song Chunqing for his elaborate examination
and valuable suggestions.

The book consulted and quoted a great deal of maps, tables and other
information. We also extend sincere thanks to the authors of the literature

_cited.

The compilers of the textbook are mainly young and middle aged teach-
ers teaching geo-related courses at the universities and colleges of agriculture
and forestry, critical suggestions and corrections for the mistakes or faults

may exist in the book are welcome.

Compilers
November, 1999



B X

BE  ffereerseerensrsraniseeetstantisaenent e et ns s besset s sss sre e aes aes asare e ue
BITE M BHevvereerrreeeemmrenrnicnnmie i e e e ssesn s

1.1 HERITEMFFE oeeeee
1.1.1 FEHMKHEE
1.1.2 HIBRITEMFES

1.1. 3 jﬂ};ﬁ%ﬁﬁ D T
1.2 HUERGITEIRGEEM eeveverrermroremmerenrentiiivieiriceeireisrens e
. R P P S P R T Y TSN (8)
+ (9)

1.2.1 HUERAGIEAR G F/Js eovvvresernscctanrananes
1.2.2 MR WIBIER

1.2.3 HUBRAGEIRIEH cocoreorerrsrrorronnesossnteueetionnmrnererenseises

1.2.4 HIFRFETLAS +eoceeorsvosrrssssencaererannneenrasrossorencecossanss
1.3 EBEIEFSHFEILE e eermrrereeinessinesne

1.3.1 HUSRAEJ sovrrovoereroresueiniornscesnnernissncrseranisestiecsstserarone

1.3.2 HURTHALBIFT EIEFT  ceeverereercooraosonsntusenraisrasinsssionsens

1.3.3 #MRERSHRmEIfE
1.4 Hh5EEAL

O MBI EMIIE - oevvererrererrereonioseorsnminrnnrnseeresseseevarens

2.1 BB AARIE e ereernerereterrnresee st srnes seeee e ane e aee e
- (43)
- (43)
- (45)
. (49)
- (49

2.1.1 HUFEMALSE AT evererenterrereraniiannann,

2.1.4 TR TRMERR cccceveeeee

2.2 F BB T Y oeeeeerenreerrornssarraseneseorsnssnsosees

(D

+ (5)
+ (5)
- (5)
- (6)

(8)
(8)

an

+ (15)
+ (17)

17)

< (19
+ (24
« (26)

(26)
(28)
(43)
(43)

(45



HIE

Bam

O

W W W o W W W W W W W W DN W W W

#®
ma

A MERRFE -
3.2 A%
TR

DE O

K
% %

AHRER -

Hi B veevernenieennn

231 MEM AR
-3.2 WEMBELS %K
.3.3 MENSAERE ettt rernrreenaars
BERBRERHITE ovoervoenermnniriinin e e s e rn saneee e
4.1 %E%%Wﬁﬁﬁ tesseceteesraceninn

-4.2 WM&
c4.3 HA KM RIS A v eeeeee e et e

Sh e R 4 F -

Hkﬁ%%ﬁﬁﬂﬁ%%
1.1 ;{Lﬂ:ﬁ;};ﬁ&gfm%................ sessersssecsesrsocssarns
21,2 BB RIIHE cccermrere ettt tia ittt eanes

WK BTV FI BT ZKHLEE o ereeommrecerernenseenrn eeeveanes
221 ERHEFKVER R HET coroveeereicieiiinntii it e aaeas
2.2 REEKE
2.3 {FHALHIH R 1E
22,4 TIPLHIER cvcvcererereericntiinititiiiniiiens,

w"%u-.un-uouunn esrocevreusresnnse

€00 terorn s

R Y RN NYY)

(49)

- (54)
- (54)
- (55)
ceee (64)
% B L L T o P
.35 EANWEIIFEER

73

- (79
ceee (83)
E%@ﬁﬂ;gﬁ@m“m“”“"mm“.mu”mum".m.
. 1.1 ﬂﬂmmm%%éﬂ ese et etnesseerses err et ssn et ecs sesses0es seotte e
-2 AREASXKWLES
21.3 AFSRAEF reeeneeeenes
ﬁﬁ%@ﬁ]ﬁﬁfﬁmﬁ""”' tse et san it esrscecttocensnsensesnrrinnus
22,1 WEEHGFWIEBE
$2.2 MUIRAE A B R
2.3 %ﬁ*@ﬁ......... D D
.2.4 WIRHgE ---o

(83

- (83)
- (85
ceer (89)
- (9D
< (9D
+ (94)
< (98)
+ (103
- (11D
- (11D
- (113
- (110
- (115
- (115
- (118

(122>

- (126)
- (126)
- (126)
< (133

(139

+ (140
+ (142>
+ (143
- (146)



4
4

b=

N

PEsE

o

BeFE

Cﬂ»h»!h

[ I T S (I S TR 3: R

[TER L SR ]

.2.5 -{n]‘[j:iﬁvﬂ_@jz%?g D L L R R R R L R LT R TR T

2.6 FUOKMEEKE

4.3 HUTFAKREHTAER coorrerrrrerrmreesmonmmnsonsnermnonssenn
LR R R R P P R T PP R T PP R PR (156)

231 MUV OKEIAFAE

4.1 WHER -
4.2 RUhHHEE eeeeee

4.3 FEIHEERE cerrrerrrresrccciciniinaa.
4.4 FEHEHEED coeveerercerrerernaiinn.
-4.5 Hi R

2502 A HBEE ceeeeeeenan.

2504 WITHVER BRI RIS <o vrooreeransrotiainriniiitnneaneniasensas
%gaﬂgﬁ...................... cesecsiesreriestienttnases
%EHQEE(J%Z:*#?IE sessesvseacsttn sttt rirresrnnsernne

-1 BME TR

2.2 HMESIBER
2.3 WEBRBEL

. 3.2 ﬁg—Fﬂ(&"Jﬁﬂbfﬁﬂffﬁ L R T I XYY R T RTT T PPN
©3.3 WEHRERHEAR  cesceccerricaniininiiiiiiiin,

- (169)
© (170
< (172)
© (173)
< 179
e (179
- (186)

TN FIHIRAEF] oorvenveeersroreresrancseiennvasennns
(51 VKM AR B I AR oo voveereeneres

102 EUTITH TR RSP cvreesvercovnnnnerstamnantinttisiiesissonansacnans
B IR AARAT T veversossrseenoranionsviannnsnsseeeessrennneensenens
2201 EEPUELARTAI T AR coveosrerorrernrncennsones

R 3

= (152)
+ (154

(156)

(160)

+ (162

(166>

(187

+ (19D
+ (195
+ (195
seer (195

(196)
(196
(200)

- (200)
- (201
+ (207)
2.4 YR SRR E G R, +oovererrorersmrannannnnonns
PGITHIE covverrrermenrinrncctirecertnnrirerernn s eensen ses
3.1 B EHL A RISY v v v cersirasiitenineneians
23,2 FEMESEFEIGE corcererertrimatciinriiricinearnees
:‘:E%ﬁiﬁf}.‘z................. teietiaiesseiateiacesnin et cnansnaan
R E AR PER Rl v vereenerernneercensnnieenenns
1.1 BERERIAYIEN LG FTHE oo vererrresoseateenrrreinressiesnsonsannans

(211)
(212)

- (214
- (219

(218
(223)

e (223)

(223)



6.
6.

6. 2

6.
6.
6.
6.
6.
6.
6.

L h
7.1
7.
7.
7.
7.2

7.
7.
7.

D
=W

DD 0N N NN AN NN

R

1.2 EHES R oo eeeeeens

1.3 *@E%z‘m Sevseesiratnstagescaseetersrentsrersnisestsrsos s e
BERHE ETHRIE oo coerrerererreemtornnssnsimuisniuoae

2.1 ﬁ:jtﬂ{_’,z et et eenenaere sessessessacsas ese e ssr s sesnss t00 et e a0
- (232)

2.2 i,lgjtﬂ_,‘z eesisevresansessecsssnenase

2.3 iﬁrpﬂ{llz DR T R T P R L TR T Y R YT R PP PP PN
- (238)

2.4 iﬁﬁﬂﬁg Ssessessnsssers st ats s assbene

2.5 PIZEHHIIK  ceecesresnrterisnnsniiiiiiienttiienintnnaesensnn e
+ (242)

- (2440
- (247
+ (247
- (247)

2.6 FHALHLLK coverevemsecse

2.7 ﬁﬁ%‘ﬁz L R T I

HWERR RS-
%ﬁ%%%ﬁﬁ

1.1 g’ﬁ?fﬁ'ﬁﬁ’*ﬂ:%ﬂ?ﬁ/\ D N I T Y N P
L2 BATAS ARREGRE RSB oo

. ceesetieeaniennans . (249)
+ (251)
+ (251)
«+ (253)

1.3 *EQ%%H%%E
LM FFEMAE SR -
2.1 M EARRRE

2.2 RE L HPFBFFRIE oreeernrorrorocacncenn

2.3 @@iﬂgﬁﬁmﬁj}gﬁﬁbﬁ R R L R T R R T R P IPY R PP rap e
ceessstetiiiistisiiaetiiasennees (256)

.3.3 HEKYIHERHEAIE L vt

2304 PEAEEMFEFHRE o rrrcciiiiiiiiiniiiintieie,

-3.2 HFKFTEER

<41 BB
4.2 FHEETTRERES -

EYRBEH R A SRy -

25.1 BARPFEF I RIRIT oo eorerrenosioiiciotiietitonninnminnanens
25.2 FHUETEM R R oo verromoricrisiiiiiiniiicricrrnansarenes
25.3 B GIEMIYRIERYARTT cocecrrererrrierteiniiiiiiesnienen.

e AR Y 1 La . ST

FEHE LR ovrerrorerneresrerrvecsnsersoesrnresntosesns

+ (225)

(226)
(230)
(230)
(235)

(240)

(248)

(254)
(255)
(255)

(257)

e+ (260)
= (262)
- (262)
Gresssninssiiee e (263)

. 4.3 E“iﬂ:%ﬁmﬁiﬁﬂ:iﬁiﬂz LR R R T T R P T PO
. 4.4 &@WF%@BA}A}E*‘JFE bjﬁﬁh ®eeescesnccsesr e

(265

< (266D
- (268)
- (268

27D

= (276

- (280)
+ (28D



Contents

Introduction

Chapter
1.1

1.

1.1.2 Features of the earth as a planet  *ssevsececrececrccccccaccnicnes

1 The earth L R R T R TR T

Features Of the earth as a planet setisnecsen N0 ssn s ans 0o e s s sas

1.1

1.1.3

1.2

COSmOS and the Solar system L R Ny Y R TNy P Yy Y P ET T IN

The origin Of the earth N R R R LR R Iy

Shape and structure of the earth sccsrreretereerenccrreccscsncnanss

1.2.1

.2.2

1.2.3
1.2. 4

1.4

Chapter
2.1

2

2

2

2

Shape and Size Of the earth L R N R Y PR T Y N Y YT Y Y
Physical properties Of the earth R T TR T R YRR TR Pr
Stratigraphic structure Of the earth ............ R Y TR Y ¥

Surface Of the earth L LR R R PN PP P T TR R P pap

Rock record and the geochronological scale =+s+=reseerereennaes

.3.1
-3.2
.3.3

GCOIOglC process B 08 080 00 EIE 000000000 RCI LI PINEIERICRERINL BRERESRIIP OGS
Historic record of geologic evolution — ssererrsserecenioniasersannee

Geochronology and the geochrologic scale  *sesrevssrseesecainnce

Crustal evolution L R N R Y R L Y R e R LR )

-4.1
- 4.2

Crustal evolution 440080000 0800000ttt s0ccEtensUss POt I0s 0ttt sans aan

Brief history of crustal development and biologic evolution of the

earth L R R R N L R R RTINS

2 Composition of the earth crust Getecccencrsatccer e senserntnnes

Basic properties Of minerals 90200 000000000000 0s0 0000000000t a0 nes

101
.1.2
.1.3
-1.4

Chemica[ Composition Of the crust L R N TN T
Concept of mineral +esseeseesceessatisttiectssoratiocsraronsoconsanns
Morphology of minerals =+e+esssereseceriereirtoroitiiinecairensinese

Physical properties of minerals  *+*<++ssesersescresoctotsersecrennas

2.2 Mineral classification and common minerals  scsesssersesresnes

(D
(5)
(5
5
8
(8
¥
€D
an
(15
an
an
17
2
(26
(26

(28
(43
(43)
(43)
(43)
(45)
(45)
49



2 Contents

R Y N R Y TN

2. 2.1 Classification of minerals =*****

ssseseracr sencnrre e tessscrrresnaerrre

2. 2.2 Common minerals *srrrreecer

3 Rock 8 e e et E I PE EPI E 0 e s IPPPNs S eI PP EEI IO N IRE A0t EOR R RIRETE

2.3.1 Characteristics Of rocks s ss*esssssessssscssatonsstosarsesssrsossors
2.3.2 Magmatic rock  tseeererrsre ettt e e se e
2.3.3 Sedimentary rock  seteecersisstiiiiiiiiiiiiiiiiiiiiisiiiie s s nns
2.3.4 Metamorphic rock +teesesecerorentiiitetioiiiiiiiiietiotiinene o,

2.3.5 Mechanic properties of rocks s+t st ssessnnsecerennsnensoriosssns

Chapter 3 Endogenic geologic PrOCESS s+ cevresorranonrorenieioetsasionnns

3.

3.

[8)

w
W W A W W W W W W

1 Magmatic movement and metamorphism reeseseeesereeceinnssns
3.1.1 Internal heat and magma of the earth +++++ssesessvssarseecaiananns
3.1.2 Magmatic process and volcanism <e=sse=ssssessreresrsusereesacnrene
3.1.3 Metamorphism  **ese+teseencenectttetiitttinctaiananieereiinseiese ses
2 Crustal movement and geologic Structure s=+ssss-sesssesserararn

3.2.1 Crustal movement and neotectonic movement rretsestasnsseiceens

w

2.2 Geologic structure and attitude of rock ****+sversrrscraananrinnnn,
©2.3 Folding +teeseeereresernettimtniisinaettniiereienesissessnssncanseen
L 2.4 TFracture **o++¢eesvcesesoresceoretosassoesonsnsssensassessnsesesresns
Earthquake T T
.3.1 Basic concept of earthquake +++sssessasessrusseisiosonveennnannres
.3.2 Formation of earthquake ++*sssserestsneranerinenniunirencennenes
-3.3 Distribution pattern of earthquake *+++s+ssesererenariisrcrocinncses
Global p]ate tectonics  seeceesee tes emsate asrersatacceanacnncne e ane
4.1 Tectonic features of lithosphere = +essssseesrseesarsuesereansnnnans
4.2 Plate tectonic theory =+++ssssssrsersreeioeerionseessncssausnnsvnsans

3. 4.3 O[her theories Of geotectonics 998 000000 scannsats steen nrnase mus b

Chapter 4 Exogenic 2e0logic Process «s-crereiiiiiiiiiiiiiiiiiiiei e,

4.

1 Weathering and gravitational process «+ssssssssseersassreerarins
4.1.1 Weathering and its products 040 etr ees00e mantccasssoanteasr e oanosm

4.1.2 Gravitational process and gravity landform <=+=e+=>s=reeersesseraas

-2 Fluvial process and fluvial landform «s+eeeeerereccenceroncnnans

4.2.1 Temporary torrent and its landform ++=++=+ss vt sessrcarrocsossaes
4.2.2 Basin and water System *+++++seseeseeesrsannresaniorssesnnesrasrenne

4.2.3  Geologic Process of river ++++esssseseesesseresserscssnsanesensnnens

(49)
49
(54)
(54)
(55)
(64)
73
79
(83)
(83)
(83)
(85)
89
(91)
(s
(94)
(98>
(103
(11D
(1115
113
(114
a1
(115>
(118
122>
(126)
(126>
(126
(133
(139
(140>
(142>
(143)



4. 2.4 River landform R I T T YRR R Ty P

4

4.2.6 Development of fluvial landform

4.3
4

4
4
4
4
4
4
4.
4
)
4
4
4
4

. 2.5

P R Y AR T T

“esscsessacssestssssncossrr ses e O

Delta and estuary cceecceccececes

Groundwater and its geologic function +sssessesrerceniionnae.

. 3.1
< 3.2
-3.3

4.1
-4.2
-4.3
4.4
- 4.5

2 5.1
.5.2
. 5.3
-5. 4

Characteristics of groundwater +¢stsessesessrcccrcsacnees

ecesccsesssncarans

Geologic function of groundwater =*=<-++

Karst landform D R R R T TR T PN T PP P Iy

Aelian landform and loess landform  -sceesssserecarnniicnnae.
- (166)

Function of wind ®e*csssesccsescceistesteccsrescosssssssvascsnns
Wind erosion landform s> =ssresesreeesiessscsannrarsorsecesencseons
Wind sediment landform = =eresvesresertessssesoncesccrsoesencorans
Desert landform  c+sss+sssecsscsctssecciessssrssonncssensesansansens

Loess landform seeessesesssccsecntatasssiisciiiocessescsnrasasnacnces

Other exogenic Process ssess #8100 000 0000000000 0n0nss00sassnensstane

Glacial process and glacial landform *svrrrerreessessiniiinniinn,
Frozen 1andform  *+resseeceessescerescsirssnsrosnnncsseanrcense snnnns
Coastal landform *eesesesccessttnerorscisecsiecscscscccnsasssrosnces

Function of lake and lake landform  c*+sesveetenceesacicnnnnenen.

Chapter 5 Quaternary geo]ogy L R T TR T R T T T T L T Y T v e

5.1

5.

o
.
[S BN VNS,

5

(I BT RS I RS S

Characteritics of the Quaternary seeeineseaeressace senrasesnsrsaan

1.1
-1.2
-1.3

2.1
2.2
2.3
.2.4

.2.5

The lower limit of the Quaternary D R P TR P,
Age divition of the Quaternary L

Characteristics of the Quternary N 0o etares et astitt btbbasconesonan

Quaternary climatic changes Pe s eetace etaees s essnenasatesnesensres

Paleoclimate before the Quaternary *r=es+eseseesacsssseasercrsaas
Climate Of the Quaternary E R N R R T I I Y
POSt"glaCial Climatic Changes FeIPIL tIscerTre NI IISILIUBESIE EIB RED
Paleoclimatic marks of deep—sea sediment and climatic change

O s 40 000 00n s srrss0s00 220000000 serrerscacressssnnsnsassncosssassres

Qua[ernary sealevel change L LR L R L R T T T ruppp

Quaternary stratum secvsasserss ey 440 00rss0000000cccasssssvrenrnsan

. 3.1
3.2

Division of Quternary Strata **°*eesesstssesscrorcsscssssanerenrnses

Tex‘tiary and Quaternary systems il’l China 00 0csevse et sssuss s uus

Chapter 6 China physical environmental division - -+

6-1

Physical geographical division for Ching ==« +ses<e<e cseveraeere

6.1.1 Principles and methodology for physical division *+++***sssseeesses

6.1.2 Characteristic regional differentiation =++++++ssssesessrsoraceancares

Contents 3

(146)
(152
(154
(156)
(156)
(160)
(162)
(166>

(169)
(170)
(172)
(173)
(179
179
(186)
(187)
(18D
(195)
(195)

- (195

(196)
(196)
(200)
(200)
(20D)
(207)

(i)
(212)
(214
(210
(218)
(223)

+ (223)

(223)
225



4 Contents

6.1.3 China natural division s+**es*sseseeseeseserstssicsscrtsssssoscnsses
6.2 Natural regions of China «e-eeererssecesmimmiaciineinnnenncnn.
6.2.1 Northeastern region of China *+++s==ssssesese ceerentsiesnntnnasnans
6.2.2 Northern region of China sssessstesesnsscerseraeasiiesrencas ceenne
6.2.3 Central region of China =+s+ssessssessrsssatiesatssiisienannenns
6.2.4 Southern region of China *w++** N
6. 2.5 Inner Mongolian region =+« +++s+sresesseessresstirssrrrsronssoaaes
6.2.6 Northwestern region of China erseecree et *000cs sessssnrncesserane
6.2.7 Tibet region s+seesseseseserces Geveresasaesaitanssissaeaneaconsenesane
Chapter 7 Resources and environment on the earth =«--cessseeseeees e
7.1 Introduction to resource and environment ssseseseseeesaseeses
7.1.1 Concepts of natural resource and natural environment ***** seseene
7.1.2 Interrelation and characteristics of natural resource and
EIIVIFONITIENT *%% **+ s sseses oaranrare sestes sanonsose sossnsnss anssesns
7. 1.3 Features of natural resources in China *+**++eesessserscerossnince
7.2 Utilization and protection of land resources «teeseessservsesns
7.2.1 Nature of land e ereseetessotsotesasecoracsssosss sressennsrnsosnane
7.2.2  Characteristics of land resources in China s+==+*+esersecesonssacs
7. 2.3 Utilization and protection of China land resources +++eesvsececers
7.3 Utilization and protection of water resources -esesseesesees
7.3.1 INAtUre Of WALEr FESOUrces **%+te«se sesrasansanosasasesessssonnsnsans
7.3.2 General situation of world water resources ****++=ssesessctcesocens
7.3.3 Characteristics of water resources in China ****=+ssseessssssncarese
7.3.4 Utilization and protection of China water resources *++*++sssessess
7.4 Exploiting mineral resources and environment «s-«esesesesees
7. 4.1 Nature of MIMEral rESOUrces ++«esseeesrssssresasass sononsernsnsens
7.4.2 Characteristic mineral resources of China +***+==+essssssersssass
7.4.3 Exploiting mineral resources and environmental change esseevees
7.4.4 Rational utilization and protection of China mineral resources
7.5 Utilization and protection of biological resources «+sesseeeres
7.5.1 Utilization and protection of forest resources **ss+ssssasssrecsnsns
7.5.2 Utilization and protection of grassland resources ****+*+=sstsvenras
7.5.3 Protection of wildlife resources *ssesseersrerecciieiirrinrnrnsieres
ADDENAIX =+ eeresenetrrntrentiiencntaet e etnceereers vaeee e eennn s sen e oo

Geochronological SCale O T s e n0r 000010000400 erentcenatstcstsacssssactossneesenitas

References O e 00 0rr 00000t errtrnenrenssrsestssnctosveseecasacscsvroscesossntscnnses

(226)
(230
(230)
(232)
(235)
(238
(240
(242)
(240
(247
(247>
(247)

(248>
(249
(251
(251
(253)
(254)
(255)
(255)
(256)
(257)
(260)
(262)
(262)
(263)
(265)

(266)
(268)
(268)
270
(276
(280
(280)
(281)



4 W

— (R RENER SIS

(R Y RUR S, M8y AN M, W T I, 57
BRESERDRERN —THAHRR., BRENARESAFE. —HE
BHER, FTERMBNHARYFEREER . SHAMEL, HERSH &R
R B B IR MR SR AT 5 77 T S0 U 00 M 5 B A 0 LA S
EIEH RN BB E, WENESIE, WPE . AW HAL, F
M I S S AT BT 45 OV IR I T MRV IE R R 5 SRR (LA o
E AR X% E R B PI 2. BOR I K3 47 36 A\ 0% By 3 FE A 55
EIRBTE A, X ERTEEWABEIR, AKRSHRE. 5. ADM
WRGEKES ., HESBARS HRZAMERSAE, HEAFETER
B, MAZEMZ NS, IRAKESAEY S REASHEERKE, O
Rt R R BRI . B (M2 00 ) R AR A 2, B
PHE E R B R EE M ARG N A, X HBR YRR S B Y 6 Z A Ak
ETHEMNE,

(220 ) B E R B AL b B EM L WRRNE, 5%5 LT
R E, S5 KXS5KFELSRREEZT4EY, EEEHLME
2R B R IR R A TR, B SR YA S IR e R I A
HAHR, ERERERMEHHOERDRARRTE, HSEFRE
KB R = ERIE LN R,

T HbERE I SR 5T v

wERE, FEERUMR, FERHEAMENBEEE. HREES
BRI —I TR, RE 7 %5 RS T TR A, B
PR S EH L TR A.

1. TR Y



