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n tc Io nnaticn ( in the pasl ) aud t1q:I3dJ liul~ I UI . lhe c" lICh l ill ll, llf .p rCSl:I1I· d .l)" CIiIll,l IC ) 1I(

rhe pennafrosr snera are eccompanied h)' c r.. .,...cure IlIClólll"lI llh l/..tIIIlH IIr uo r tl nl)' c1l1: lIlic,11
( Anj ~i lllo\·3 . 19 71 ,lú 11lOIlO' ·D. 197.a ). huI :lISll l"ul "l'll" l:" rIIf"""~ltlll u f f,Il'UlltI WJ ICL 'l he
usvean gati ons o f SlIbpe ll ll:tfrt'l§! . wa rcr iII Yil ~ I,'I I;t ( L.· II :I .AIIl" IIl !'> ~U)"c Ill lcr Om c ) h.l"c
rC\'CJ Jcd .1 teu oen ey l'( !3HCI to Ilgh lell ilS lsl.\h ' p IC l:1I11l1"l'lollltlll WIIII 111;,111111,: lu. lhe I>.llltl lll III"

degraded p.m iII the penna frost SIl. IM Thc Ih ie J,.,lcs'·' u ( IIII!'> ..11 ;11;1 III 1111.. 11:1-"11)11 is " llW IIlII
m o re Ih311 .'\00 m , Whl:l C.1S 20 lXJU )'C.ll"l .180 11 311"'IIIIICtl III hClIl III . ,u ltl .\k q -,:, I r Uli)"c \ ,
1978 ) l1 tc rJcgr;ld3 1;UII d r ('ICllll.:lfrOSI ruc ~S in H..)IOI.·c llc \\'lIh .1 \ d Ol,':' I)' .. I w.llli llt: lh e Iu wel
cdgc cque l 3r pro _UIII31e!)' to 2 CIIl/)'':''U I Rc\lll h.1)·C\·. JlJ7 .~) ;tI ;11 1 ~CI:l~l: ' '' ' ' ' '''' 1)' !Ir S',
leads ro lh e (ll Ill13IillJ\ d f ;IPllrll\ im ;lI d )' IUUUctlh ,1II uf Ircc c lld ' !f.CIIK W;II( I 1,,"1 ouc "'1,LIII
Thu.c;. lU uun .cub.m of :'11(11 1\':lICI cHuld bc rtUIII d llrillg lhe 1I, ' lnCCII IICU..... I l he ;" -.II I;,h' " h
of "revivc d" wa tcr Shd Uld bc tar cu illlll .ICCOUIII i II lhe in lerlllc l;lllnll u I ' ''' 'h 'pic .II~I

h )'d n:lChcmi c.l1 data . ·!l IC SCI\,IfIUio ll .,1" li)'d H'fCn ;IIIJ u \}gell .i.... 'h ' I":" bctwccu ice .l lIt l \' ;I!cl
leads lo tne lighl ClIllll! o ( lh e Ic ~l hqu id w.ncr .1S ctllllp:Hed wl lh 11111 .1 ;11 \·0111 111.1\111 <111 I hc « c.
bcing iII equihbrnuu with hquid ph:L<oc _ ... curichcd II) It O ap pruxllllólld)· !) ~ .I0/_. aml h~
1) - 18°/00 , Thc dcc re r ;111.: lud.!'> Irozeu , lhe grcarc r are thc ,d l.lllt:C"· III ltol· i"" lnlllt
compo sruon. Th e ti ll ~ tl( ":l lues is de ..c ribc d h} ~. lSD ~ llô ' 'lO . , .10 °/ _ . . I II ~I 1111"
.:xpcrimC:I1 I:l1 1,,-,iIHS ;'Irc: sllifl.:d dU\~ l1\~ ;II (b rd .1I,, ·e !t1 lhe lIIel l.:11[1I." wa lc, jlll ~· . '1111:
iStll t'PI C Cll lI\ posi li~ '" l ,f suhl'e rJlla (rll !'>1 1~ . ' IC I (i II Ih.: ..H1dll."\ I [l." luf!'r y \ ;trkd frll lH - I .tel
((1 · 172 0/ 00 (or D ;llId (r o llJ - 17.5 111·.2.1.4 0/ 00 fl ll " 0 dqlt: lIllilll"' 0 11 1111.' lk l' lll u I
S.111Ip tiIl8 ' l' lu:: - r': " í\'n l" W:I[er Sll\ll\"S :IISoI high \ ;I l u~ l ,f '1C Iiú l} r;tl íu Il( C\'CII i"'l l'l jlC'" .. I
Ut.ll li ul11 ty "" 1JoIlj / UI L: J. 1'.I'1·illg ( 1'0 111 2. 1 l. IV;l ICI " f !1r':.'i('III· d,lr rec h:ugc l [o 7.) itl
·: H1C iCll(· wil lcf . III Ihl.' comli l jn ll ~ I l r Illigr;lIiotl dllSl: IIC...... lha l ;nc lea l iII l lt; r lll ,I r, I'~1 rllcdi ullI
lhe dall~ l l t ~ 1 1'" lj . du .: It' rd '::I'oC ~- lIe l l!r , l r a ll " lc l''' 11111' . ddC:,,: h nrn r ...p ~ liuc ~, id .,r "10.: 1..
(tl rl11 illg IIlHlCI<l ls• •111\1 II IS aCCIIIIIlII;llcd III [10 1"' 11 11.11 1)' 1I1,, 11I1e 10011 \Vll h (k l:S;ld;1l11l1l 01

p.:r llla frosl roc " s IIK' accUlll11I;l[.:d :UI U Irall s(l.'rs 1111 \. h ~ IIÚd 1"1;1"(:. \~ ich i, J US! rl"l1.:"'It:I!
·m. h igh \·<I II1I.'S o f lhe ;lbu\"e-lli\ 'CII y - r;llio in Ih,· - ' e vlv':lf \\',11':1.

IVll K.u m.1nn (Inil ilulo dc Groc iinci.u , Uni\'ersiIYofSa o Paulo. Brazil)
O,:tC~~ Ford (DC'p.lo o rGrography McM.asler Uni\ierslly. Hamiho n. Ca n;ad.l)

l he mode ro d)'na m ics of lhe Upper R ibein h':U SI . so u lh u !iter n São r :aulo S t:ltc. Br:azil

Criogeni c metamorphization oC isotopic compoeitíon oCground warer on lhe permafro!rt
terrítoríee

VAPOLYAKOV (VSEGINGEO, Rwsi.1)

l he hydlol0l-'Y .lnd hydroc hcmiil r)' o( lhe Pcrol as-S;anlana L.arsl dr.llnage syslem h3s been monilorfif

fo r o ne hydloloSical )~.lr 11\ order lO eslima le lhe l:heminl denudalion n le of 3 subuopic.ll hurmd k3rSl

:Io~l em l his p:lpt:I pl~~coIS lhe li tSI nel so!ulion 131e of a l3rSI area ln Braz il
The l'c"rola ~-Sanlan ,) ~yslcm bd ongs lo a h rsl area in dolomilie .lnd u lcilie rnl!lahmCSlOnes or lhe

Meso prol erozoie AÇ\losui Group in Ihc Upper Ribeil ,) t ive, , 'alley. bcl\\ttn Api3i 3nd Ipor.tn!;a.
soulheas lcm Sào P.lulo SI,ue. Branl

lhe (ollow ing h)'drochemic.al (,)cics have been ddincd .llloscOlc sut (at e ru nolT. OU\-loh rslic runofT.
vado sc aUlogenic fis.sure see p.:Ige, vado se aUlogenic co nduit Oow. decp phre.llic cond uit now and karst
rc:su rgc:nl:e Oow lhe hydroc hemislry ind'C3tcs Ihal lhe l 3rSlilicalion is basiC.llly co nu ollcd by mCl..-OflC
waler enrichcd in carbo nlc acid

Thc modero cros ive dynamics or lhe sludicd kar st h:u been quanlificd accord ing lO lhe rollowing
pJ.ramelen S3luration rale in calci[e and dolomíl e or allogcnic ri\'crs enlering lhe limeSlonc 5u r (ac~ , lhe
SC.l.sonality o( lhe $.3 [uration index or the main hydroch ernical (ades and the r3te o( Iilnestonc surfacc
lowenng Ihrough dissolulion The calculaled me.ln chemlcal denud.:l tion rale (or lhe r em Ias· Santana b:lsin
is] I I± 6 mm/l;,y. based o n 3 one year waler budg et o r lhc b3sm and wate r hardn css van alion wllh rcspccl
lOthc spring discha rge
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lhe first submember or lhe fitth member ot lhe Lower Ordovician Majiagou
, ormation (MS, ) 00 lhe eastem margin ot Ordas Basin, which is located 00 lhe
uppermost pataeokarst, and mainly consists or mudstone limestone.
nllClocrystallme oolostone, ano karst brecoa and conglomerate. l he M5, was
dcposlted in snauow and restricte d epicontinen tal envíronrnerus with high salini ty
. nd IS lhe maio reservoir af lhe Ordos Gas Field . lhe M5, is overtain pseudo
ronformably by Mlddle Carbornterous Benxi Formation .

Sedunentanon. karsli lication and burial diagenesis nave controlled lhe
Ol.-ochem ical contents ot lhe carbonate roc xs , l he kars ll frca tion has ptayed lhe
most ímportant role, As a result or combination ot three actions. there are hlgh
contents af 510z. Alz0 3. Fez03, NazO, Ba, Ti, Ce. LI. moderate contents ot rn,
NJ, Cu. Cr, La. and low contents or MgO. KzO, Sr. P, Mn in the M5, .

Leaching ot meteoric water in lhe mlcrite dlssolved COz trom organic carbon,
Ihereforemost micrite is characterized by low Ó13C values. which range · 10 5 to
" .4 ~:'" PDS with a mean af ·5.4%. PDS. The unaltered marine ó180 camposit ion
01 ·4. 3~ ;.. PDS for micrile is heavy under influence af sedimentary enviranments.
l.caching and burial diagenesis . particularly the latter. have made lhe ó180 values
01 micnte obviausly 10w. The lawest value of ó180 for micrite is -13.1%.. PDS and
Illa mean af ó180 for micrite ís -7.1%.. PDS.

During lhe karstifical ion, metear ic and subsurface water, which was
unsaturatedwith carbanate dissolved carbanate rocks, creatrng abundant solution
!lOreS, caves, fissures and fractures in the M51 lhe smallest pores can be seen
unly under an electroscan micrçscope. lhe biggest caves have diameter of 2 m,
fracture widths range 0,05 mm to 25 cm, while fracture lengths range <1 mm to
~16 3 m. lhe porOSlty ranges 0.5% to 13.58% with a mean of 1.99%. lhe
Pcrmeablhty ranges 0.00003· 10.3 mmz to 1224 • 10-3 mm2 wlth a mean of 5_85
• 10.3 mmz. lhe reservair carbonate rocks, which have been reformed by the

}.,arstlfication. shaw a great heterogenelty

W.1ng Baoqmq (Xi'ao Petroleum tnstitute. P . R. China)
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1I1~ ORDOVICIAN PALAEOKARST ON THE EASTERN MARGIN OF ORDOS
III1SIN

llILLSLOP E FORMS OF TO W'ER KARS T l U 'rUE s.v U'Lt:o AREAS OF
r.OUTHWES T - CHI NA

• An I n t e rpret. t. i o n uo i ng Ge ogr.ph i c I n toOR.lt ion SYlltetl (OIS )
Ta o Ta n g . n d Mi c h . e l J _ Day

Ilnl' t . ot Geog r a p h y . Un i v erD i ty oC Wi nc o n o i n . Hi 1wa u lle e . Wl. U . S .A .

Kolrta l C1"I' ''' i n r. i n s o u lhwe st Ch in,) h.l vr b<!~n hll"élv l l y dl s s e c:l e d
I"'c d u s e o í n e o ·t e c l nnl c up1 ií t . TwO gro ups o í p os Ili ve k élr s t
Ic'.l l u r e s olr c d i s lingul she d by Ch lnese l CO Scolrchers . Th e s e olr e
·1 ~ng J i n - o r - pc .ak í oresl- élnd - l eng c o ng- o r - p e a k c l us te r- . Thc
1••r lJle r .ar c j nd i v i du.l l iso1 é1 ted n~s idu d l IIll I s I-l sing I rom (I ood or
,-ul r OSl 0n plains . T h e Idlt cor c omp rlse d qrC! Ll p o í r e Sldu.l } hi l l s
"- ' r gi ng í rom ... c ammo n bedrock b.as e mcn t a nd o l t e n i nc o r po r.lting
. Iosc d dcp reG ~ . i ons b,. t.w~en l he Cl u GlC I G 0 1 pcoa k s

Cu r r e fl l l y . r e s c .ll-c l1er!; pro pos ed 1"'0 dj(l ere n l hypol hc s e s
. ...Jélr d l ng lh.: UI iq j n o í l h e 1.0 wCI·S . One l !i :.r.q uen t I Cl l deve 10p me n t .
..I" c h c o ns l d,. I'S r h ..a! I SOl d l c d l o ...c r s f<~pre se nl ii mor e ild voln c e d
..t .lgc a r - e vnl u t l On r h ,"ln I l n k- b ilse d o nes , whil e . t he ol h e r i s
I"H d ll e l d e ve l eopmel1l. . whl c h bel i cvC's t h,11. bo t h i s o l at ed olnd l i nk ­
I',' lle d t o ...·p.rs d e v.! I op" li I llde p~ndc n t I y d Ul i.ng 1.h e g e olog i c a l per i o d

Th i s r ~ 5e,) rc h I r. de s igned l O mea su r e the s l o pe olngl e a nd
' ·1J ·ll~ r v c th e tõl 0 p c [ Olm" a f t o ...e r s i n DI·d e r l O s u pp l y s o me e v i d c nc e s
, ,, expldin ho w lhe y a r e dev~}oped . Tw-o p i c c e s o í t o pograptll c map
,. lvn; t he North 56 degree We s t l ra n s c cl i n s o u l hwesl Ch i na . wi t h
I 10 , 0 0 0 s c a le we r p. d i g i t i z e d i nt o Ar e / I nCo GI S s y s t e m l o r
,," .d y s ú J. EolCh o f l h e m c o ve r s r oughl y 1 . 5 squa re kms o n t lle g r ou nd ,
IIII'se a re ; 11 1 F'eng c:o ng - Depr ession Ar e a neolr GUlyang o n l he Yu nn d n .
' ;lIl z ho u P l .at e au ; and 12) F'engli n - Pl .lin Ar"!'ol o í Gui 1 i n i n t h~

luwl a nd (1 ood p l <dn reg i on . Th e c o nt o u r i nCe rva l o f t tle s~

• " pog r a p h i c ma p s i s 5 meters .
Dig i t a l t c r r a i n mode l s were bui ll by u s i ng Ar e /ln[ o s u b - mod u le

I IN , Wi t h i n t h c capaci ty o C T I N. we.wc r c ab1e t o c éllcu 14 l e slope
_II" l e s o f 1 3 . 6 0 0 s l o p e seg me n ts i o r F'e ng c o ng - Oe p r e s s i o n s a mp l i ng
" ·!a . a n d 1 3 , 94 2 s lope s e g me n ts Cor Fe ng li n · P1a i n samp ling arca .

vo"' r y i ng t he T I N Ar c Maps with data bas e . wc ...e re able tO l o c il t c
" ''' ! r y s i ng ) c s }op e s e g me n t wi t.h i t s s lope a ng 1e d nd d i s l i ng ui s h the
1'" terns o C SPélt .ioll di s tri b u tion of ol pa.r ti c u 1a.r a l o p e angle .

Thc re s u le ind i c a tes t h a t s lopes o n t he t o we r kars t o í
" 'lIq1i n ·P1a in .arc a dre much -steeper tha n t hose on t he t o we r s o f
' ··f1g cong·Dcpression Gl r e a . Fo r i nst a nce . o n1y 9S s lope s c g me nls in
' 1,,' F'engcon9 ·Depr~SS lon arca hav e s lope a ng le more than 4S degree s •
..,,<I o n 1y lS o i them e xc e e d 6 0 d eg r ees . Wh i 1e , the a l a p e s e g me n ts i n
1. 'nq 1 i n · P1ai n ared wi t h s l o p e a ng l e more t h a n 4S d e gre e s a re 2 .013 •
.....J 6 5 3 'o l them are more t ha n GO d e g r e e s .

ln c·()(TIbi na t i o n wi t h rie ld meas u rcment o f both s u r Ca c e and
· " Ilt.e r r a n e a n d i s s ol u t i o n s . lhe ev i d e nc e s su",gest :

fi ' t he steepe r t he slope is . t he l ower the s u ~ C a ce
" :;50 1ut i oo .

( 2 1 c ur re n tl y . s u b l e r rcm e a n d i s s o1 u t i o n i s much more In l enS i v e
· I.·.n s u r l a c e di. sso1u t i oo 0 0 l he t o we r s .


