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Environmental Geology of Guizhou province

Abstract

This monograph is a comprehensive research result on environmental geology in Guizhou prov-
ince, including 4 sections, 19 chapters, except an introduction and conclusion. The main con-
tents list as follows.
1. Descriptions of backgrounds and basis
In this section, the geological backgrounds and basis of primary geological environments of
Guizhou province are discussed, from the viewpoint of mobilism and system theory.
A It is clearly stated that Guizhou is the inner part of Yangtze continental plate. The
most important environmental geology characteristics of the province are the lithology and
geochemical characteristics of those widely distributed carbonate rocks and sedimentary
minerals, (coal etc. ) which were formed by sedimentation during the various geology e-
vents in the long geological periods.
B It should be emphasized that tectonism is a decisive factor in dominating those envi-
ronmental geological characteristics in the province; especially the neotectonism and the
rising of Qinghai-Tibet plateau profoundly influenced the landforms of the province.
C  The elemental and direct basis of the province’s environmental geology is the chan-
ging of climate which starting from Late Cenozoic Era; and its role on determining charac-
teristics of surface rock, water and soil is of great importance.
2. Environmental geological characteristics of Guizhou province.
The elemental characteristics of geothermal and geotechnical engineering in the province
are briefed, and further their evolution patterns are discussed.
A The main research focus of environmental geology in Guizhou province is on karst.
The continuously distributed karst landforms could be divided into three parts, according
the differences of their material basis and geological settings. Namely, fenglin karst in the
middle and southwest part of the province, peak cluster karst in south and northwest part,
karst hill and peak cluster karst in north and northeast part, and their basic characteristics
are described. The differences of these landforms are attributed to their combinations of li-
thology and carbonate rock at different geological times, and their tectonic deformations,
which all could be reasons for the differences, varieties and complexities in landforms in

the province.

B The karst water systems are divided by their landforms, lithologies and geological
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structures ( after methods by Chen Mengxiong) , which reveals that their large class is bare
karst mountain water system, including two subclass surface karst water system and a shal-
low surface one.
C The types of geothermal water and reservoir also being divided systemically. The au-
thors suggest that the geothermal water in Guizhou were belonging to the geothermal water
area in the inner part of the Yangtze continent for the first time. The geothermal water in
the province are divided into to two basic types, lifted fault type and subsidence basin
type, and two sub-types, intermontane basin and deposition depression basin, respective-
ly, according to their geothermal reservoir cap rock, geothermal conduits and heat source.
3. Environmental geological problems and hazards and their causes
The basics of environmental geology on hydrological, geotechnical engineering, soil and
hazards are introduced ; moreover, significant problems on mineral and city environmental geol-
ogy are discussed and their causes analyzed.
A The eco-environment in Guizhou is fragile and there are many environmental geolog-
ical problems, and geological hazards are vulnerable; especially among karst mountainous
regions.
B The main environmental geological problems, the types of geological hazards, their
spatial-temporal distributions, their development trends and causes are being investigated
and conclusions drawn.
C Systemically analysis reveals that main environmental geological problem in Guizhou
province includes, the destroy of geological environments, pollution of water, soil and
rock , karst rock desertification, lacking of water and droughts; while the main geological
hazards includes landslide, debris flow, ground collapse and ground fissure. They posed
great dangers on life and fortune of local people, and caused great losses sometimes.
4. Evaluation, protection, rehabilitation countermeasures and suggestion for Guizhou’ s geolog-

ical environments

The geological environment of the province are evaluated and categorized, which produced

w @ macro-scale provincial environmental geological map, and in turn improved the level in this

field.

A The geological environment in Guizhou are quantitatively or quasi-quantitatively evalu-

L3

ated, using many methods and parameters, mainly from a viewpoint of geology and taking
other factors into consideration; this is done especially for those fragile karst regions, in-
cluding their basic elements, vulnerability of geological hazards and geochemistry fragility.

B The environmental geology in the province is categorized on the basis of above men-
tioned evaluation, using a comprehensive method including many factors. There are three

types of environmental regions at different quality, and in detail divided into seven regions
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and 21 sub-regions, which could reflect the main characteristics of environmental geology
in Guizhou province.

C  The authors proposed the concepts and models for the protection, repair and rebuil-
ding of geological environments in Guizhou province after detailed analysis, which empha-
sizing the guidance of a scientific outlook on development, the integration of multi-disci-
plinary and technical methods, the combination of administrative and scientific ways, and
the joint measure of prevention and treatment and prevention as a priority. And above sug-
gestions would be meaningful in those protection and rebuilding practices carrying out in

the future in the province.

= |



B R

GP-SF it
B HWSERIRSEL
%__.—H-‘

R

=

K 1 5 o e A #

— i

TSR R R H A
T

---------------------------------------------------------------------------

b, S S0 4 b J5 =44

---------------------------------------------------------------------------------

— ER
MU YY)

---------------------------------------------------------------

---------------------------------------------------------------------

= Hure K R B K oA
B ABIHbTCRY
%_—H—-

------------------------------------------------------------

T X2

L Hb)JEERAE
S I T 5=

---------------------------------------------------------------------------

— DB E 2
BRI

---------------------------------------------------------------------------

(10)
(14)
— M R B S B e e v s sovenmansansn s o s stansnssanns oo r nanmenesenasss s nrnsesonsnsnsane (14)

= R IR A

PO KL B
%-—-—Hm

------------------------------------------------------------------------------

---------------------------------------------------------------------------

—aRaE
ZkilE

------------------------------------------------------------------------

Uy

---------------------------------------------------------------------------

AR

— A a2
XA R A

---------------------------------------------------------------------------

---------------------------------------------------------------------------------

---------------------------------------------------------------------------------

BHY IR RS
— FEEEILEH

------------------------------------------------------------------------------

---------------------------------------------------------------------------

IS ARE R A AR

---------------------------------------------------------------------------

PN WTEREIR S A R R
— BRI

------------------------------------------------------------------------
---------------------------------------------------------------

------------------------------------------------------
------------------------------------------------------------------------------



F 2ok R

T2 BRI o oenonconammen o s wrenmemman 85 K Kabpss NS 5 § 8 NSRS § § PSSR & s o (28)
BB+ venronmnsames s s onsivamammunsn ¢ § Chusannsahsmss 8§ ias ommmnmmesn s veosammmnrars s (28)

BT FHEMER SME IS RIFEE  covvverrrernireneeneeieeeaaareereeeeennnn, (29)

R Ay ey 2 11T <Y SRS (29)

T MBS R S B[R e rereornsisionstinnnnisnsscnrnorannanannsnenransesnsaenssessns (29)
Nk e Al 37 S - AT T T T T T RPN (30)
BT BRIEHBJIARIE - vcvvveenveeeee et e et (33)
BB PEWIEFHLELEGHI T IR - eerrreeemmnane et ee e et e e e e e eeaans (35)
BT EEHTARHIEEIERES e e e e e (35)
e B HF RSB AP [ + v vvevrrnnernnsensennsennsenesteesnersnnennsrsnssnesnnsensesnnssnnsns (35)

T T ST TG AR +eeevenernnn e erierteeeet e et e et eena e e eesans (36)

BT EEHTIEHE TR IKIRIE o evorsmmsorsncisinstbonsabosonsnsanpmnnnsonnss srnsssnssssnsns (39)

e BRI T 7K R i - o v v v verrerrnncrnnrennseeurersneereeessnerensennesssnssnnnssnnesnns (39)

T TR T KT B K S TR LB I veeeeeeereeeerrerrie e eee s (45)

= TR T KNG BT HEHASAE +ooeeeeeemmnmnneneeeerrrrrriiieeeeeeeeerennnnnns (48)

B IEEUERHSSHI T e e 3w AR SR Pk s L s (51)
BT EGAHISHIREE oo et (51)

e FUEH PR T FLARIE wovsenvensssss s ssmnbrnnnsossns s snneemsnssnssnsssomsonsbonsonss s sessos (52)

G- F 172 <31 ) = =] TP (54)

AT HB T KIREE  cevernerniii e e (56)

— K SCHB SR B TEEIRI AN T LR v veeeeerrmmnnnneeeeeernmmrniiseseeseeeennnnneeeens (56)

S Y 30 LT = 1 T TSR (59)

= HE T IKEME FRTE HEMHESAE e vvvererrrernmerrmmrneeenieeeseennnernsessiesennssnns (61)

BB HITFHUKREREE oooooovrrrrmeneiitiine e eeeinn e RBRARRE S keSS (63)
T M R KA e (64)

— TR ACTY BRI LR -+ « e onmwnnannnss s o s omansansnennss s sumnosnasnnnss s sassssssssmmmn nnnons (64)
BRI coee it e e e (65)

S PUIK BB I ZE R AP 2E ovvevrnrrnraneniiiiiiiittetnaiiatetteettreeneenennentnenn s (65)

BT MU T HUKBEEERITE et (67)
= DI OE  conssnioninss o b s nmemsmunsmhsn ¥ & ssmessiesniens § 5 hammommorneet'ss s samssasamsac (67)

I | £ (69)

B || - =3 - T (69)

DO IVAEEEBTE  oveerremrnrnneitiintei et eteteeneaen e e e e s e e s e (69)

T, VREBEBITE  -vv v v ovmeanmonssmss s b 5oanasmsinn saie s domrmmsamsen i s s §55n 5050 sommmn s s e (69)
FUNVIBEBLBATE o cvvsnmesnnncassiunramnennernsionsasvrsiantonsonsssennnnnnnennsenssssssens (70)

e I = ] REERR (70)




e HE T HIK B ZS [ AI AR o evreeresrmerenrmmras i (70)

T T BIK L FRABAE +cv cvevverreremrnsnresrntiiiiii e (71)

= T BORAGHEIRILERIEIL -~ venmornemmen e s umsmnsinssinans es sampnsbins oms vs s dnaosdtussss (72)
EhUE BT TRRIRERTERE oo (75)
B SR TREME AR R HARE v (75)
BN Yoy AL 53 N = ] T R U (75)

S AL RERRBE A AL ovecerovecrrorrusnsnisrinninsnmissaesserniinsasnessssesassaases (75)

= AR TABHTEL cevoveeereveerstnentasismriiotasatsioaraneraracinensnsasasnsenss (76)
BTN TR AEHIERI R HAFAE oo (78)
— HTBEFHIAFIE  ovrvrvcevmssrvrcarssmans s sirsnnassansaen s vessus ssgns A e s 8 s Hussne e (79)
OB LA R B B SR MR orecererernrntnestietentnnasnentacnrieninetanns (81)

B=RE PP GRS K R
BB TRERIRBURRIRIRE  ooevoveossrrsesmmnsnninani o rnorsnnnmmnnns s s ansonnisunaanssuovessorsss
o SR TR - coenseniten s dntmvelaainrens s b dureessstbaith s o s asneiss
s IR A IO e vmary sa b s bkaensimnnsh s aoeurasmibs o b o b8 SSRGS B 6 £ RN
I 81 = A S - R
e o RN SRR L e R R SR
DU S H A T B GAR [B ] 5+ sunovusamnsions fosoinurnuonnntissionsonmnmensionsbeosinansmnsans
s G s s SRR T S SR IE SR S NRTOON ST SO
e AR UL AR e nnnens o i AR AR 0 8 bR B b miarn e
= EH AR G B AN AT ARAE +ovevervrrrnrrrarnnernnerieri e
il LT AL e RN PN AT NG L R NEIPL O ST F LI
DU T AW A AR B AR vesesemesssssssnnanncnsestnisdbssmbonsassnannssnnsnsonnennsssns
A WG AL T T PP P P SO RIS e
R AR AV cos s o atmmmman'yn s smus e 3 § qene s B dhd v ann e n e
T BT VAL B ARAE <oveovverrerrnornoreerensntietseriensiensessiensensennsanens
= R G AL R SETE <oveorrerrrrrrerternneniiniiiieiire e eean s aaneanaas
Y BT AR BT IR +sivwamennsns e ssanven sunsnasus vonss s aneen s 80455 nseninionnnn 55 o oo
B LIHIRIEHBRIRIRE cocoocoemererrrnrrnioniieiiiniirisrassresresransenseuesneenses
B A EHTSHE  scsicisiceroennens dedertonsnbiisssts brribarsanos be b hubpabansasens s s isne
B 578 ] RS S OR I 10 )
T EARR E TSI oveereensnnessiirnnsnnastoebdeiniisiivinds enbadedbs danesoessrosne
= BB ETE G < ombwenine 1n s wenebihinion bl s s pelelribicn s s 6 x Bb wainsivn a5 3 85 an
0 ALHERTE L BRAGTSHE wonousvones b ovnposnannmanssshssbhaaisanisss s «olhmamenesdnaes e naes
F TS YU BIIR S 25 B eererre ittt e e e
A EIRHELRUBAE --reever e o eommomsnsrssss srmmenasissnsisns s b aanas e 25 15 s




e B AN

_‘\iﬁi%'ﬂ:ﬂ}!ﬁ ........................................................................
:\%%#%mgtg@ﬁ:ﬁﬁ{t%ﬁ[ﬂﬁ*ﬁ ..........................................
AT BRI coeceerte i e e e e
= A IEPRGETIIR e cnmovamon vo s sunminms snssls s 3 dfsiisindmonbinn s siisiotindiomba osie s satiaiins
TR BB cverrreractininesennsommnansionnnessssnessssensinnnnsnssanssbnns
BB B LERBEHITTIEE o ovvveerernneeee et
F—T T IUFFREIRHITETCE coorerreeeneeairmnreeetneeeneesnessrnesee e,

rg \f&@ﬁﬁ%%f&ﬁﬁ I;ﬁ ...............................................................
ﬂ\ﬂﬁ%gﬁ .................................................................................

’;g:"—ﬁf @Lﬁk}}‘.ﬁ ﬁﬁq&ﬁjﬂ:iﬂﬁ%ﬁ ................................................
— \ﬂ’é@“( E) i% ‘Iﬂk%ﬂﬁ ‘E"L[_”_lgﬂgﬁﬁﬁ*u&ﬂ:ii& ..............................
:‘E"Eﬁjﬁ \%E“ﬁt}!ﬁ[ l‘ljﬂaiﬁ]ﬁﬂ:iﬂﬂ .............................................
E\@“M;&&ﬁj{%w%if@ ............................................................
D A M 355 Bl X6 bS5 N BT IR R e v vve v mme e e e s ee e e e e enennn

%E*ﬁ Wﬂk%kxﬁﬂﬁ?*%ﬁﬁ@%ﬂﬁlﬁﬁﬂ .......................................
— KT A RGAME FEU HEMIR A AR A - vvevvreveenrennene,
I SR A TR B S TS LY e

Pgds bl ( X A1) igﬁiﬁﬂgﬁl‘;ﬂgﬂ ................................................

F—T MU K EREEH TR AT o eeeevmneemmnme e ee e e e
-l O @ Al N T S OR
BB T IRIRITIY commenrosnmmmmnmnvannssssopamnsasisnsss sonsnssenpansain s s sesos sinmmnn s

g ‘:{:1{_;‘1:'7kﬁz—,:|3%&f@"§‘7kﬁyé E}gjﬁé}ﬁ ..........................................
T BRI YR c-cvvereerrnnreenenierenniieniet e erenne s s s
— [ﬁ]{z{g%%ﬁ%%%& ..................................................................




BoA AETRIFIEH RO T BLHIIEIE <rvorreeererrorrnernsmnnnersniienien, (139)
Hpuy I%%f%ﬁ\ﬁﬁi%%&ﬁ*ﬁ ...................................................... (]4())
o JERR IR AIE cassnentasssionmemnnesssnsoansuismmnens onsonmsners senss s s sanssesssnmsssssons (140)

= BRI ERIE B woneennvonsare v eopmnnnennss o5 ¢ saswaosnumsn des sdspsannnsnsadss ihee (141)

= B AIRTE BB v veveorerreremtrntiitte i (142)
SEASEL MBI covvvimsnesovomnonnintinsssnerainnnnnnssvomeosobensasssssssssssnsserhass sonnsn (143)
T WU R EIRIE v owommemmons o s cvbesienasnss 6 ¥rasadasionnonss o § susmensaaasss b s i sesons (143)
— TR « ciontrvstonsns oo somasmamnsss os o s vomsasdBaLT 45 ombompommns s s s cmmnesns (143)

N o8 T 5 = | T (146)
WA MR ERIEIE coeeeeeenenens Lecabams 83 8 4 ARGV § SR H S 5 8 S s (150)
— JEBL A BUARTS wwwanmonsons s uo asboninsnsion 156 honasBaasss a5 § ssmmomandassn s vonerasssns (150)

T IRIRAE ATFE LU ceeerererreteten i it e e e e (150)

= HEIRASELE TKFIIK LR FEFNLR I ovovoverrnceerorncnreneiesiootneninereenenenns (151)
B=T HAREREDHT - oovvoincorniss s oronssndssshssmobosondies oribersnnsmnsons (151)
T 2 | [ <2 L = (151)

T B EBEE ccvereerraceccriarninserserieiiininnanss VRS 8 RSN 8 4% B § Al sm e s x (152)

S TEHEMUB e ommecvvon s s snswmonioenion vs snaaasiansins b s i s5himsanns éo o boowdaensnssnss o ve (152)
SRS PRI ISR R S R oo (157)
B B TRVEM BRI ARG e, TTRPT (159)
B TP BRI IEFRIE -coreorerraoseussanesionsessvossesinnssbsossmsosorasessssensss (159)
— FEMIEI] eevveeererorenrannaneiiincnnns JBRHIR 5.3 A Esrmmon e mn # ¥ KRS 3 SRR (159)

T HEHTRRE voso8 0 asanvanssianisos o n ravonamnumos s s ¢ puunssamiinoled s seuenhssish s bk srne i) (160)
BT TRMMRER -eeevemvemmenrreeree e e et e (160)
BT TEMBY T EEIRBIL oo rvovorrestiiniinnimmmiesminsnessssvossiossensisssssnssnnee (161)
— P B TTRIRI AT ovevevrerreeaentmtnntiii et et en e e ans (161)

T TR I IIIRIIL croovnsssovonvonvmassnssirsunioninnoonensononsenvasrssessansonsonboss (161)
U713 = N T R RO SRR (162)

T RIS IR REPETEMY - coveer e (163)
F—TF  TPHTTRIZEIRL «-oovvovorvosorreseionioonnnernerneesnerescsontasesessenssnnssnss (163)
— IR, ~vcoveroerortsenmtemtenuteneteiriententtenasnncsssesnssesacnnsensssnnennnen (163)
TEBREER 5 ecrnnmannre s snonmnnvnwoded s s vsimescmiimmas o 85 b rsiemsi b o seabe muson e o 1 s osns (165)

S IRIBALEETR I cereervarconsonenninnionssnsonnonisennennonsenssssssesnniinnsssssosomns (166)

DO BHRVER sermssesssnrsmisnnon «sbhdbonioetloonsisnshoniantansine § 5ssus s tonos ss osnmmms (166)
et PRHP TR 54405 somonmiaondew vy vaunsensuiosbls s s idenasnnsinin s b s eeonbin s L reasmsms (166)
BT TEHIBE L - oo convnnmones s shidombinmions 544 aammomednbls b sommanonsalbs s s arans (167)

=l 1] ) e 3L 11 OO (169)




SRR S XN

£
5 —

—
—

H=

Y

%L
o

B

BhE
s

E:
B
%_.
G
®=

Bl -‘qumji&- ........................
TR E W5 RV oo

---------------------------------------------------

---------------------------------------------------

— ‘{%jﬁ( Z{ﬁ%%ﬁﬁ) ‘H"ﬁia% ( ﬁi%—ﬂg) %ﬁaﬁiﬁlzm .................................

=LA i BNV

= HOEIRGE S BAETEM ceeeeeeeeees
TN Y 3 i 22u S
W R E BB oo
— TR ETFRYEEL -orverererrareeens

TR BRI

T ERRKESERAEEM oo

"R PR BERUK L BREE LA T

W BRI ooeeereeennns
— EHR AR ceeereeeeneenns

T TR L B A TR T R A

= WS T KT e
VO WEET R RIS LA ceeeeeernens
T HEEKEEETEEM -

M TERIE XU PETERY - ovvvereeeees
B TR IR seveminme o s spenemmasnes

AR AR e
HOIEMLETR cereeeeeeeeaninnenn
IRBGEHI T K RI] < vvvveveeeereonnnnnns
B LB oosevs sumessmmnin s nce
T ARG X I e
A APRABE veveeeeeerrmninnnreenns

---------------

------------------

---------------------------------------------------

---------------------------------------------------

---------------------------------------------------

---------------------------------------------------

---------------------------------------------------

---------------------------------------------------

---------------------------------------------------

---------------------------------------------------

---------------------------------------------------

---------------------------------------------------

---------------------------------------------------

---------------------------------------------------

---------------------------------------------------

---------------------------------------------------

---------------------------------------------------

---------------------------------------------------

---------------------------------------------------

---------------------------------------------------

---------------------------------------------------

---------------------------------------------------

---------------------------------------------------

---------------------------------------------------

---------------------------------------------------

---------------------------------------------------

---------------------------------------------------

---------------------------------------------------

---------------------------------------------------

— IR B EH IR TR BLAFIR (1)) cveveveeererrremmmnmisiiisieneneeenenneneens

= S R R R AT IX (1)

---------------------------------------------------

SRR I —Z5 B RIS B BLAFIK (1) cecvvrrreererrmnnneeeiiennneeenen,
DO B T B IR TR R PSR (I1,) vovvvverrerrnnneernnnnirnnneneennunnnnnn,
B HE—Z RIS R B PR (I1,) orrerererremmrnnerriieeeneenneannnn.
A K — R EHFEIMEFREIRZER (M,) -ocrreererrmerrrrorcrmnniemnasreraeennns



£ N —H IR R R E X (T,) cereeeerererrrrnenerenereeneaea, (205)

BEE HURERISERI SR REERIY cooooorrerrrmrrerseseserenmnmmiirsnssssertanmaneonsns (207)
B HRTERI SRR BULREEAIHT veorrerrereerrnsreriniisertiiireninrn (207)

B RIS S5 E BRI «ovorverererereeerenneriaennienninn (210)

— AL ATFHUGHERTEE covrererrrererorritiiiiiii s (210)

= FIEEREARAFEE cenvererr et incentiit st s s s rer s e s s s s vesaves (213)

E \i&ﬁI&X{I—% ........................................................................ (215 )

B EE et vy e ) s 8 SR NSRS S KSR § 4 (SR § 5 8 §SSE B aTR (220)
B TTRIE 1 orvvunesmnaomsn o s usssmmessmnes 43 dEH0BamBess s s snieaeaFRRess s o s 8RR R m S 3 m o semimmareamarme 5 (223)
BB s ¢ ¢ smamusnmmiennin u s s waimais e oinianion o 5 § KamRH SRS TS 55 § B A Acwia e 8 AN o ¥ YR B (227)
S EREHTRE (FER 1:200 JF)  cooeeerrremrenineieiiciii e (249)
PIE - covmrnmnmenn do vx nmrmenmpnyslng s S nansas s snnah oo snsenpREESoRaT S § RONESERARS b ¢ RbmAE e n s s e (251)
21 HRFFIE M BATCITERIE  coveeesensenronrmnssnnsosssssrnsesnssnscossasanosneosasnnn (251)
T2 MR RRERIPETEMEGER oo cvcvierreieiiiiiii e (256)
%3 H”ﬁiﬁgjﬁa@ﬂzm%% ..................................................................... (261)

T4 BBES RHETEMEEE  cooeeereeeiin i (266)

S PBATREBYETFMEEIR crorsornnemminiromtanosoomisssorsassrsssnsseisssssisnssssnnennnane (271)

F6 IR RVETEHIEER ccooceercertoniioioiatientiiniieiioriecintintssissssssesnennesneses (276)

27 HHEREDEVEESIEMEER oovereiiiniriiiiiiiiiiiiiiiicn s e (281)
T8 HFAKREEBIETIUIEEI cccrevrsermmrmmmiommmaeccmrresssssnssossvnssesssnssnssssasio (286)
F9 HRREGRIETEUGEIR - reoveererrormrmmismmesrsnnmnvesssnnsssssenssssnsnssnessains (291)

F 10 BB R AL TG B crocerrersatevmmanaincintinisnssonssssonssessosssssossnnerasosnnas (296)

ﬂg 11 @%ﬁ%ﬁi\:%ﬁzmgg% ..... K A& A I F X SB AR SR i AT A X S0 (301 )

F 12 TR IEHTZE R cvovecroiiorsmmimsnaesesnsommmmnnsnsrssvnrsanssisss s sassmnes (306)

F 13 TR T K IR T ZEEL e ee ettt (311)

% 14 F@%ﬁ%ﬂ&%%%ﬂim%% ............................................................... (316)

F 15 T EIRIBALETEMEETR cocceeeeeniiiiiiiiiiiiiiiin SO — (321)

K16 HiFRFRIE KBS PETEA GG IR ccooeveererearmniiiiiiiiiiii e e e e e e e (326)




e B A

Contents
FEODEWORH »+1=svssavnninsissisansmnanens b osnmmmomnncinonsnsonnmarasnnesss s ensssnsonssssesessopasassssssnensions (1)
Section 1 Backgrounds and basis of environmental geology in Guizhou province ---:----- (7)
Chapter 1 ~ The development of the crust and its evolution — ++-+verseerereeiiniiiiii, (9)
1.1 Geotectonic and types of the Crust «+-sc-eeseseeeremiiiiiiiiiiiiiiii e (9)
Lol Conlectnnie: #sownsasss consiiansndsn s annesmmmmnsns s o sssonssosses s s nomisase e ss s sassssamans (9)
1.1.2 ‘Type of crust and Tts strmetune - +++essvmsssssss o s axasasursssa o3 vsoubaposnvn s oo ssssemn s (10)
1.2 Geological events in geologic records «-+«=«++tseererrureemimmmiiinrriineeiiie e (10)
1.2.1 Main geological GVEnts - ssrssswesssxamomsmmmsnessen vrsrnnsrnsns 1s xsnansnsionss s s osmmsann (10)
1.2.2 Results of geological events »«:ssssansssorssssssmsnsnnsonnssiisennnrssssssssmannmannos (12)
1.2.3 The development stage of the crust and its evolution «+«++=essseeeeeieieiiiiiini.e. (12)
Chapter 2 Basics of environmental geology «««++=+++=s=sstrerssertusierrrnsnsrernussrennnssescnnssses (14)
2.1 - Regional SIratiin  sses»eessssssnnomeonnons s se iosesnatsins s s bsiiensassans i o samannsanen ot s sannomnssny (14)
2.1.1 The formation of stratum and lithology «+c«s-ersersssserrvrirnrrensssnnsuiessennnsesees (14)
2.1.2 Characteristics of regional Stratum «+++sssevesessernnsssisesensiecussenssonrsrnnnsenns (15)
2.2  Sedimentary rocks s=rects cssestessessearatmartatenrenrestostneriotresiesestrornesnstnnsronsesannesns (15)
2.2.1 Classes of sedirfientary 10ekE cocooessverssssoaniummsennns s s inaebusesvassis sasissisanss nne (16)
2.2.2  Carbonalt EOCKE «eerovrmssnsynssummnanvess s b s sesams sisnss »5s 5insmiomatons s sk s essmsns fss (16)
2.2.3  Siliceous land — SOUrCe ClaStic TOCKS «++tercereesreserrrrensenensrserncneonseneensanenss (19)
2.2.4  Volcaniclastic ROCKS ++++ertrrrrteetietuesrtturieeseeeensenerasssessissnsrncenenseesensens (20)
2.3  Magmatic TOCKS +ve+resrerentetuntotnntonietmmrmnrenttermimresresessusenernsrnssusssessensasnensssns (21)
2.3.1 Classes of MAEMAC TO0KS «rverssnnes s s ovnmummsssnns ey suvannseinn s sivinsssamen osnsbe (21)
2.3.2 Volcanic tocks sesswssssssommmveinenss s sisaanmansaios s dammnonsenanen s s surshdunsns'on s ¢ sosis (21)
2.3.3  INITUSIVE TOCKS  +or vt treentememiniiniteiteatentierseesessessnsrnesnsensnsenssncensnnenes (22)
2.4 Metamorphic ROCkS «cewr=srestrssmmesessaviieninmruornssssessessmnosssennascrssnsosesssssssnssesons (23)
9.4.1 Classes of metamorphic 1ocks. =ss s ssnvmmsansdessdoavesrrnves dh sabussioianns s sossions (24)
2.4.2 Regional metamorphic rocks «+s+ceesersereriiniiiiiiiii e (24)
2.5 Orogenesis and its Structure defOrmation ««+««««sesessseernneeruunerruneerenneeesnnsessnsessnnns (24)
2.5, 1 Main OroBEnsils s s svsemennseonsssnnasunnannesns s inonsnndsnrh sin shiasabes e s o deownsaiisys (25)
2.5.2 Structure deformation and its combination styles  sereeeiiiiiiniii (26)
2.6 Mineral resources and other NAtUTAl [ESOUTCES v« +se«xeeseserarseessnnsnssnssnensmnnnnmnnmnmnnnn. (27)
2.6.1  Mineral TESOUICES  ==+ersrserernemnrenneruerueeneesnernnennernseneesessessesensensnnns (27)
2.6.2  Land FESOUICES  +++eceteserrrerennruenenennnsressensnsncnnensssssssnsnnnnnnmmmnsmnnns (28)




5. 6.3 Torest TeSOmInEE 1+ 5 sevrsessoss o5 § o snn 0% ) nrsypmaRahes § 4oHE Sk e (28)
2 7 Neotectonics and Iate Conozoic ern climale. snsveesssss ¢ iaiisessnsssiss sannannssons snnasmnnoansons (29)
2.7.1 Characteristics of NEOLECIONICS <+ ++rssresetresressssesssassensosnssasssssssassssnses (29)
2.7.2 Characteristics of landforms and main mountains «-++++ereererieiiiiiiii (29)
2.7.3 Late Cenozoic era ClIIMate «+estessesssesssonsssoassssssassssnsannassansosssssossossssos (30)
Section 2 Characteristics of environmental geology «---«--+-++ccsssserrrurarrruiierrriiiennnn, (33)
Chapter 1  karst landforms and ground water «+««ttssessseremeernamminmmiiiriiii e, (35)
1.1 Karst landlorma seesss s oo cxeasoosssnesas s irasaiusshant s 55 waosmnmmnnes oo s o paessssasas s amssanmasess s (35)
1.1.1 Divide of karst 1ahdforinig < -ocvormecscnn nsascacmmusenninsssssnunaansast dssssssioseonsesss (35)
1.1.2 Types and Characteristics of karst landforms ««++«++sseeerersenriririiinennennenns (36)
1.2 Karst giotind waler «sesrsscmsssassasssonosonssinnsssssvasssssaniss ssisssissessonns npmmnonsmsmnnsoss (39)
1.2.1 Karst ground water SyStem ««««-«esseeeserueeummmnmminmerieerteeeiierieaneernnen (39)
1.2.2  Types of karst ground water system, aquiferous rock formations and
WALET ADUNAANCE ++vreeerrrremretmnntttttitatttteeteaneeernesrrsseessstesnseannesenneeennes (45)
1.2.3 Recharge, runoff and discharge of karst ground water ««++-ereveveeeiiiiiiiiniinin. (48)
Chapter 2 Non — karst landforms and ground water «++«=++++=s+ssseermerriiiiiiiiiiiiiieeeenennnnn. (51)
2.1 lithology and 1andforms <=+« +essessrernstuniiiiaiiniierieeireeiiiiiinereneaeensrnasnernesnesns (51)
2.1.1 Divide of landforms and their characteristics +«+++++reererereniiiiiiiiiiiiiiii... (52)
2.1.2 Types of landforms and their characteristics ++++++++eeeseeeriiiiiiiiiiiiiniiia., (54)
2.2 Enviromments of Zrommid Water sceesessssessssammeonssnrss s sonessassansss s gsssssmssiss issonmmnn (56)
2.2.1 Divide of hydrological units and their distribution «=«+++sseeseeeemrmraniniiiniiinin., (56)
2.2.2 Types and characteristics of ground water «-++«s=++sseeerererrruureeuuneeennnenannnnn, (59)
2.2.3 Recharge, runoff and discharge of non — karst ground water — «-++=+seeererninnnn. (61)
Chapter 3  Environments of geothermal Water ««=««+ssssserseeureiiriuiernernereriernneaneeseeneens. (63)
3.1 Types of geothermal WAter — ««+-+e+eseusenrummmenetitii it eer et eaeneaeneeneneenennennns (64)
3.1.1 Divide of geology +eeteereecersresteetteituiiiimiieniiiieiiiiiiieriranesneirennernnes (64)
3.1.2 Types of geothermal reServoir =+« sseseereemrnemutiniiniieiete e eererennennenns (65)
3.1.3 Systematical divide of geothermal fluid field «++ceevveverervieniiiiiiiiiiiiiiin.. (65)
3.2  Geothermal WAter FESEIVOIT UIIES +««« e e eeenreeanneeennsennnsemnnseennnsenseensnsesneesnnneennns (67)
3.2.1 Uniit J serenscsssonnonsnnosssvomvamcneness sy pusinsensssss ss s 6sssss5mes st s s onmmammmensmn saee (67)
3.2.2 it JI soessscomaomeomonnns o smnsssvsissenss s sumsnsmanssnsss b saissssimmmnes s s o cosseronsesss s v (69)
3.2.3 Unit T =« cocomensnnonnssssvasossmosions sn s asasanesionsons s s osewensss s s s oo oenssssion o s (69)
BBl NImit IV = o v smannmonioss s o oo sussensanin s b nmmmsnaemenon s s o 6o senss s s K5 Hmms8s 558 8 e anon (69)
B. 2.5 Uit WV oo cmunionionms iss bnsssiomenannn a s s ensn s sinen s 8 560 Lainsssmses s 155558855 0mms s s o ace srsacs (69)
3.2.6 Unit VL sesnosvnsninsssnenneonsenneessnsvnsensesnsssssssssusnndssonsnss isesnnnsonnss s oo (70)
3.3 Characteristics of geothermal Waters -+««+«++«+eererenruriuturtueueenrnerieeeeseeneseenennensenenes (70)

3_ 3. 1 The distributions Of geothermal WaterS ................................................ (70)




* ] 320 0

3.3.2 Geological characteristics of geothermal waters «-««ssseesemerrrcieieiiieiiiiean., (71)
3.3.3 Geochemistry characteristics of geothermal waters ««-«csseerereerreieeineiinnnin.. (72)
Chapter 4 Engineering environment geological characteristics of rock-soil mass — ++evteereeeeees (75)
1.1 Types and characteristics of rock mass in engineering geological petrofabric +«+-++eeeeeee (75)
1.1.1 Types and characteristics of rock structure — «eeeceeeecreeeernniiiiniiiiinii, (75)
1.1.2 Divide of moks by handniegs  sssesae: s cammmmnadiontsnnn sonpamameasses v s ssianpimssnssh ¢ vrand (75)
1.1.3 Rock - type engineering geological petrofabric «+«+seeeeeeeemiimiieiiiiiiii... (76)
1.2 Types and characteristics of soil mass engineering geological petrofabric —++=+++seeeereeee (78)
1.2.1 Types of red clay  «s+eessrerssmsosercimnimmmanieniierieennensenesracersssesnessssesenses (79)
1.2.2  Chemical and physical mechanic properties of red clay «++«+eeseeeeeeeneieneiiniiss (81)
Section 3 Environment geological issues and their causes -------cocoeeieiinii. (83)
Chapter |  Geologic hydrological iSSues ++++ssessssreemnrreunrrtuiniiiiieieiine e enas (85)
1.1 Drought and water shortage in karst region «-+++++ssssseeeeessrrimmiiiinnrriiiiiieeen e, (85)
1, 1.1 'Types of droughts. s sssessssoscasssnsssvesadissssss chiisssnennnnsssassonmadunans s s sosnssss (85)
1.1.2  The distribution characteristics of karst droughts +++eeeeeeeeeieiiieniii. (85)
1.1.3 Hazards of droughts  «++creesesrseessertnmssnteniiminmminniinisiseininemecerms, (86)
1.1.4 Reasons of droughts «++sssteesseeresreesrunretirenueerureenniertinieessernsssnsssesssnns (86)
1:2. Floods in Karsh tepions 53555 s comarmesss s o cosmmmmmymssisn s s b unssesnssss s §sssbmmmsssni s 44 g (88)
1,2, 1 Types of Floods »seresncmoson sssussunsmvennt sbi snsmsssinmss s simbannsmntns oo vsessumsas (88)
1.2.2  The distribution characteristics of karst floods —+++++rererereneeiiiiiiiiiiii... (89)
1.2.3  Hazards of floods — e=eceeesrereeeretntenemtentenennenneneenenseneeneaneneeeseneenennenens (89)
1.2.4 Redsons for floods seemsessesssiacisinsossnsssss isitesmnnmnnssnsnansanasmoss s sx suonsansnsas (90)
1.3 karst rocky desertification «««++«+«s+sssruserserartamtuneiieieiuiuiet et eeneteeaaeneeresnernnans (91)
1.3.1 Types of karst rocky desertification  «++++«=+sesssrereruseeruiiinniennaeenneensenennnnn, (91)
1.3.2  The distribution characteristics of karst rocky desertification »+++«++«=+sesevsrruenn (91)
1.3.3 Hazards of karst rocky desertification «««+++«=++sseserruereerusiriuuieerunieeinnennnnnnn, (94)
1.3.4 Reasons for karst rocky desertification «+««=+++seseersserirurrernueerrunreeiieeennnnss, (96)
Chapter 2 Environment geological iSsues on Soil «++«+««s++sserruneeuuieruneeeueeernerrnerrsneesnnnens (97)
2.1 - Pollution of B0ilg ¢+« coreecsmnmmnsnsvsvumnvennusns s ss saoasmonnsns § o i insoosianenn oa s somnnnesessss s sa (97)
2.1.1 Environmental quality of S0ils +++++++tseuseeruneermiirmiiiiiiiiiieiiieeeirernnneaane.. (97)
2.1.2 Soil pollutions by heavy metal  ««vssssansmnnsoonssnss paaransinsss sssmnemansmvenessrnes (99)
2.1.3  Soil pollutions by pesticides «+-«==+e+sseererramrruiriiiiiniierineeiieerneerineenannnn (104)
2. 1.4  Soll pollutions by Fertilizans scmeceme .« comrvevrmmoons s sossnmsmsmnnss s snsasins smmen s s v (106)
2.1.5 Differences of soil pollutions in rural and urban regions «+«-«+=+eesserueerreinns (108)
2.2 Regional soil degradation =+« se=eesermetnemtimtieiiiiii et ens (109)
2.2.1 Status of the degradation «+=+++=s+sreeeeceeeerertizmmmmmiisiisisssssssssserannereenenens (109)

2.2.2  Cause analysis of soil erosive deterioration in the karst mountainous area ------ (111)




