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Mopcpt~ TWV 510ntlpwV at axtaq J,lt TI~ 5IOCPOptTlKt~ TIJ,lt~ 

TOU l~w50u~ TWV UAIKWV, J,lIO ntlp0J,lOTIKq npoatYYlOq 

lJ.. TOYPNAI\ lJ.. IOKOYTHI1*, I. nAYhllJ.HI1 

nEPIJ\H41H 
LlTlV napouoo £Pyoolo ~elleT(nOlIl w(opoan TOU I~WOOU<; TWV UAIKWV 0lTl ~OPlpOAOY(U TWV Olanel

pwv. To Ol(m£lpu onOTe)..ouv OUYK£VTpwoel<; an~OVTlKWV KOlTQO~QTWV OAOTlOU, nOTaoo<;, yU\j!ou, 8e(ou, 
~nopel vu lpL\o~evouv lpUOlKO U£PIO KOl n£Tp£AOlO, evw w(an<; ~nopouv vu ep~rlVe0ouv OVOOO l1QY~u
TO<; 010 YDIVO lpAOlO, olonelpo lAUO<; oe entlpUvelOKo I<D~QTO K.O. 110 vo ~£A£lTl8e( 11 peoAoy(o TWV 
ouinelpwv npoY~QTOnOID8TjKe ne(pol1o nou elxe oov moxo vo on£IKovloel ~e enOnTlKO Tpono lTlv 
e~£AI~1l TWV oo~wv OUTWV KQl vo £nOA1l8e00el TO onoTeAto~QTO nou npoKumouv ono n<; Ople~IlTlK£<; 

~ee60ou<;. LTD n£(po~o oneIKov«OVTOl OIOOOXIKO e~eAIKnKd. O1QOIO unJ..wv ~oPlpwv olune[pwv. AnolTlv 
OUYKplan TOU nelpU~UTlKOU ~OVT£AOU ~e TO ~OVT£AU nou OlTlP«OVTUI 011<; upI8~11nK£<; ~e8ooou<; OlUm
OTwveTOlon und.PxeIIKUVOnOI11TlK1'] OUOX£TlOTj. LlIV£TQl £n(an<; 11 ypOlplKil nupOO1Uan xpovou-~o80u<; 

YIU Tp(U OIOlpOpWKO UAIKO nou ou~~eTeIXuv 010 ne(po~u, 11 onolu UVTlKQTOn1p[<el Tl<; OIOlpOPWKt<; 
TOXUlTlT£<; ~e n<; ono(e<; e~eA[ooeTUI TO lpQlVo~evo (UVT(OTOlXO<; Y£WAOYIKO<; xpOVO<;). LOV KUPlOU<; 
nopOYOVTe<; YIO TTlV OlO~OPlpWOIl TWV ~OP</lWV KOt OXIl~OTWV TWV Olonelpwv OTO ne(po~o ~nopou~e vu 
OVOlp£pou~e TOU<;: APXIK£<; ~IKpt<; ovw~aA(e<; 0lTl yew~eTp(o 1'] on<; IOIOTTlTe<; TWV UAIKWV TWV OPXIKWV 
OTPW~OTWV, 11 onelpoelo1']<; KUKAOIjlOPIU, 11 nopd.~eTpo<; m, 01 OlalpOpeTlK£<; Tl~t<; TWV nUKvoT1'jTwv Kal 
T£AO<; TO n6xo<; TOU 01pw~aTo<; £nIKd.Au\j!ll<; (SGM-36 OIAIKOV11<;) O£ oxtan ~e TO apXIKO O1pw~a 

ABSTRACT 
In the framework of this paper the shape and the rheology of diapirs (plume type) have been studied 
experimentally, in relation to viscosity, density contrast and time. Viscosity plays an important role 
on the shape of adiaper. Our experiments have been carried out in atank of 24 x 15,5 x 15,3 cm in 
size, filled with SGM-36 (a transparent polymer of the POMS-polymer group), with viscosity Ji = 5.104 

Pa.s and density p =; 0,97 grr/cm J respectively. Three different fluids have been used in order to 
study the different geometrical shapes of experimental diapirs; that is honey (j.I =1,1.10 Pa.s and 
p = 1,65 gr/cm J), pink silicone known as Rhodorsil Gomme, produced from Rhone Poulenc France 
(j.I = 3.10

4 
Pa. s;p =1,08 gr/cmJ) and black silicone (j.I = 1,2.1 OJ Pa.s ;p =1,1 gr/cm3). The evolution 

of the simple shape stages of diapirs are presented. When the material representing the diapir has 
a viscosity greater than its surrounding, it rises as afinger, whereas it rises in a mushroom shape, 
with a distinct head and tail, when its viscosity is lower than its surrounding. The evolution and the 
shape of plume-diapirs have also compared with numerical models. Main factors which affect the 
shape of diapirs are; pre-existing geometrical anomalies, the surrounding material, its depth, density 
and parameter m (viscosity of surrounding material/viscosity of the plume material), cover silicone 
layer and internal circulation. 
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IX.1. TploolomOTo UKiTOO TUiV OAOTOUXUlV OUiIlOTUIV 
OTO Kuh-e-Namak Kat Kuh·e·Darang nou tXOUV Ovu
ljJUl8c( ono TO (010 OTPWIlO OAOTlOU (Talbot & Jarvis 
1984). 

Ol nJnOl lWV n£lpW~(I1WV nou exouv ~p£8£l 

O1a oldn£lpa £[VQl nOhudpl8~01 KQl nEplAa~~d
vouv ~£la~U aAAwv: aMn, yUljJO, aEpnEV1(VIl, ap
ylAlKd KQl aV8paKlKa n£lpW~ma Ka8w~ En[an~ Kat 
n£1pW~ala la ono[o K01d TllV oldpKEla Tll~ E~ehl

~Il~ lOU OlanElpla~OU ~p[aKDV1aV ~eoa OE ~dy~a 1'] 
~laV rl0ll ~£1a~opqJw~eva. Lla Ohmouxo oldnEl
pa Tll~ BOPElOOUlIKrl~ Eupwnll~, Tll~ B6pEla~ A
IlEPlKrl~ Kal Tll~ Mean~ AV010M~, eXEl \.lEhETll8E( 
Il OO~rl 10U~ apK£10 KoM E~al1(a~ lWV an~OV1lKWV 

OlKOVO~lKO KOl1QO~d.1WV aA01IOU, nOldoa~, yuljJOu, 
Sdou, aEp(ou KQl nE1PEha(ou. AV1(01Olxa ahmou
xa OL6nElpa nou napoualO~OV1at 010 Ipov on£IKO
V[~OV1at 010 axtI~a 1. Ta OL6n£lpa aUla EKT6~ ano 
Tllv an~aVnKrl OIKOVO~lKrl 10U~ all~ao(a ~nopouv 

va XPll0l~onOlll8ouv KQl Yla nEpl~aAAoV1lKOU~ aKO
nou~, O<j>ou 10 nUPllvlKd ano~hlllo E[VQl ouvmo 
vo On081lKEUlOUV OE aUlo. Ol 06~ol dhOlO~ ~no

pouv va nayloEuooUV la napanovw npo·(oV1a 010 
avwlO1o ~epo~ 10U~, Olav ~e~alO ndvw ana au
10U~ unoPXEl aOlOnepaolo K(lAU~~O. En(oll~ na
y[OEUan ~nopE[ va unap~El KOHl ~rlKO~ lWV nhEU
pWV lOU 06~ou, KQ10 ~rlKO~ PIlW01WV aKnvwl0 
olQ1ay~evwv yupw ono OU10V KQl OE aou~(j>wv(£~ 

nou 01l\.llOUPYOUV1Ql KQHI TllV 1~Il~moyev£an nou 

OKOADu8d ~£1d 10V olonElplo~O. LTllV EAAooo 10 

qJalVO~EVO lOU OlonElplO~OU eXEI EKOllhw8E[ 010 
ounK01~rl~a Tll~ onou napouOld~OV1Ql KOlldo~o

10 E~anOpl1wv ~EydhOU ndxou~, nou auxvd ~p(
aKOVlal KQl EVOlo~£aa 010 V£W1Epa O1PW~Q10 Tll~ 

lov(ou ~WVIl~ eXOV1Q~ aV£hSEl OlonElplKO ~£ n~ 

lEKloVlKe~ KUp[W~ olEpyaa(E~ (MOUV1POKJl~ 1985; 
NlKOMou 1988; Karakitsos 1995; Velaj et aI., 1999 
K.a). npenEl va an~EIW8E(leho~ onl0 nE(pQ~Q 

nou eYlvE ~eoa 010 nha[Olo ouTr']~ Tll~ EPyaa[a~ 

eX£l n£pLOoolEPE~ O~OlOTlllE~ ~£ Tllv olanElplKrl 
avooo lOU ~oy~alO~ (~MnE Condie 2001) Kal ~E 

dvooo lAUO~ OE npoo(j>Q1Q SaMoOla l~rl~ma (OX· 
2, nEplOOpOTll~ et aI., 1998) napo ~E ouTr']v lOU 
OPUKTOU (lAQ10~ 

fla vo ~£Klvf]O£lll OlaOlKaa(o lOU OlonElplO~OU 

8a npen£l va nhilPOuv1Ql 1P£l~ npouno8£aEI~. 

APXlKd Sa npenEl va unapXEI eva O1pW~O rl ~[a 

~WVT] ~eaa O1T]V ono[a 10 UhlKO va eX£1 ~tKP01£PIl 

nUKVOTllla ana ouTr']v lWV n£1pw~olWV nou 10 
ETIlKahUmouv. M(a O£U1EPIl ana(TllOIl E(VQl on, 
Sa npenEll0 UhlKO ~E Tllv xa~IlMl£PIl nUKvOT111a 
va eXEl uljJllM nha01lKoTllla 0llhaof] va £XEl TllV 
IKaVOTllla pof]~. Teho~ £[VQl onopaiTllTll ~fa OlO
1Qpaxrl Tll~ ~oPUllKrl~ a01d8£la~ Yla va npoKaM
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KUl elpOP~00111KOV Ol opxe~ nou npenel VO nATl- Poulene mo nOplOl (Weijermars 1986b, Treagus 
p00V TO OVOAOylKcl. ~OVTEAO. & Sokoutis 1991). Evw Tl QAA11 OLAlKOVll exel ~oupo 

LTO nelpO~QTO XP11ol~OnOl~9TlKe OlOlpOVE~ Xpw~o KQl Tl~e~ YlO TO noponovw fleyt911: 1,2 . 
KOUTl ~e olomooel~: 24 x15,5 x15,3 em TO 0110(0 103Pa.s KOl1,1gr/emJ• (Brun et al). TEAO~ 01 Tl~E~ 

nA11pw8TlKE ~E OLAlKOVll. HOLAlKOVll OU~ E[VOl yvw- TOU l~w50u~ KOl TTl~ nUKv0111Ta~ TOU ~EAlOU nou 
~ ~E TO ovo~a PDMS (SGM-36), E[VQl OlalpOV~C; ~ETp~8TlKOV mo Epya~plo, ~Tav oVTlmOlxa: 1,1 
Kal 01 Tl~e~ 111~ Yla TO l~W5E~ KQl TTlv nUKvo111TO .10 Pa.s KQl 1,65 gr/em3. mE~ Ol Tl~E~ TOU I~W-
ElVQl aVTloTolXO: 5. 1()4 Pa.s KQl 0,97 gr/emJ . AU~ oou~ KQl111~ nUKVOTTlTO~ TWV nopanovw UAIKWV 
KOTOOKEUO<nTlKE ono111v Dow Corning 111~ MEyO- nopouolo~oVTal OUYKEVTpWTlKO mov n[VOKO 1. 
ATl~ BpETav[a~ (Weijermars 198Gb). LTTlV eAEu- mow ano TO KOUT( Ton08ET~811Ke ~LAl~ETpt 

8EPTl WllpOVElO 111~ OLAlKOVTl~ au~~ OTl\llOUPY~- XOPTI KOTa TETOlO Tpono WOTE KQTO 111V OlapKE\a 
811Kav TPEI~ XWPOl ax~~QTO~ op80yWVlOU napOA- GAAO KQl ~ETa TO nepo~ TOU nElpo~aTO~ va ElVQl 
ATlAWlf!EOOU ~E OIOOTaOEl~: 5,5 x1,3 x1em. Ol OUVQTO~ 0 unoAoYlo~O~ 111~ TQXUTTlTO~ ~e 111V 0
QUO 0110 OUTOU~ nATlpw8TlKOV ~E OUO OlalpOpW- no(o Ao~~dvEl xwpo Tl E~tAl~Tl TOU lpQlvo~evou. 

KE~ OLAlKOVE~, EVW 0Tp[TO~ xwpo~ ~E \lEh HOLAl- E[vQl yvwmo on 11 KUplO KIVll~pla 5Uva~Tl KaTa TO 
KOVlll10U KOTElXE 111v \llO geOTl oVO~a~ETQl Rhodorsil lpalvo~evo TOU olanElpIO\lOU E(VQl Tl aVW011, nou 
Gomme (RG) eXEl poi'; Xpw~a KQl TO l~WOEc; KQl 11 ~OTl8aEI TTlV K(VTlOTl npo~ Ta novw TWV ow~6Twv 

nUKv0111TO TTl~ EXOUV Tl\l~ OVT(OTOlXO: 3. 104 Pa.s nou EXOUV Xa~TlM nUKVOTTlTa KQl nEpl~cl.MOVTQl 
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. Mavp1f mAolrcov1f 1,1 1,2'103 

,"Altli 1,65 i,HO 

lIlwToypCqlfc 1 (22 14:2~)
 

Me"l: To m;[pa~a 110"1~ £X£l ~£KIV~a£L To I1tlll £X£l ax~l1a Op80YUlV[OU nQpaHTl"8TIln£~ou, ~Tllla~~ TO apXlKO
 
axr1110 nou lOU M8TlK£ Yla Tl~ aVaYKC~ TOU n£lpaI1QTO~.
 

PoZ LlhlKovrj: To [~tO laxUCl Kal Yla TIlV paZ OllllKOVl], I] onolo o£v £X£! unamc[ aK(i~a nopaI10pq>UlaT].
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<lllllTOypOljllO 8 (23 23:23)
 
PO~ LIAIKOvrr Houpo 1TJ~ CX£I ~£YOAWO£1 OAAO TO noxo~ TOU ~npOOTivoO T~~~OTO~ 1TJ~ tX£1 ~£lw8£L
 

MouPll LIAIKovll: EnlTIACOV ~£iwOl'] TOU ~nKOU~ 1TJ~ ~oOI1~ 1TJ~, AcmUVOl'] KQl £m-~nKUVOT] 1TJ~ oup6~ 1TJ~ KQl
 
~£(WOll TOU noxou~ TOU ~npooTlVOU T~n~OTO~
 

<llWToypOljllO 9 (25 9:43)
 
PO~ LIAIKovll: To n£[pa~a nMov CXEI TEAW{)OEI. To ~npoOTo KOl TO n(aw ~EPO~ TaU «KonEAOU» CXOUV ~£TQTpa


n£l OE w[n£oo, £VW 11 Oupa 1TJ~ CXEi TO ~tYl010 ~nKO~.
 

MaOPll LIAIKovll: 'IOI£~ ola<popOnOt~a£l~ npay~oTOnOlouVTOl KOl 011l ~auPll OlAIKOV1'].
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IX.7. API81l1111KO lloVTD.o 
nou DElXVEI Tl)V oV6.mu~ll 

EVOe; «mantle plume» . To 
I~WDEe; EivOI ouv6.pnlOll 
Tlle; 8EPIlOKpOoioe; 
(Davies, 1999, 
Condie2001 ). 
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IX·9. AnOTEAEOIlOTO nElpOIlOHKOU 1l0VTEAOU Tl)e; nOpOUOlle; Epyooioe;. nou oVOnOplO1U Tl)V E~EAI~1J TOU DIOnEI
PIOIlOU ylO UAIKU DlOqiOPEHKOU I~WOOUC;. Ana OPIOTEPU npoc; TO OE~IO om:IKovi~oVTOl: TO ilEAl, 1l1l0UPIJ OlAlKOvn 
KOlll po( OLAIKOvn. 'Exouv OXEOIOOTEi TPEIC; t'1~ovEC; YIO TO xpovo nou OVTIOTOIXOUV OE Ko8e UAIKO. Houpu am 
ilEAl EXEI 0XEOIOOTEi npooEyylOTIKO, OqlOu ounj OEV onoTunwvETOI IlE EUKpivEIO 011C; qiWTOypOq>(EC;. 
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O£ KQTQAAIlAIl On001QOll ~£1Q~U 10U<; yLO VQ ~IlV 

WTlp£O~OV1QI. 

oMyo<; ~£1Q~U lOU L~WOOU<; lOU O1PW~Q10<; 

£TILKOAUlj!Tl<; KQllOU L~WOOU<; lOU QPXlKOU O1PW~Q
10<; £iVOI ylO lQ W[O UAIKO QV1I01OLXO: rIO 10 ~tAL 

m,=4545,4 yLO lIlV ~ouPTl OLAlKOVll m2=41,6 KQl 
yLQ lIlv po~ aLAlKOVTl m3=:: 1,6. LU~qJwvo ~£ 10 oxtJ~o 

4 GAAQ Kat ~£ lQ npollyou~£VQ 10 ~€Al KOlOlQaO£
lQl OlOV luno C, £VW OL QUO OLAlKOV£<; Ovf]KOUV 010V 
luno B. AU10 y(V£lal qJav£po KQl ana H<; £IKOV£<; 
nou £(VQl on01UnW~€V£<; 011<; qJW10YPQqJl£<; nou 
AQ~~OVOV1QV KQ10lllV oLap K£La lOU n£lp6~Q10<;. Lav 
KUPLOU<; napoyoV1£<; Aomov, YlQ lIlV OlQ~OPqJWOIl 

lWV ~oPqJwv KOL OXIl~61WV lWV OLan£LpWV 010 n£l
pa~a ~nopou~£ va avaqJ€pou~£ 10U<;: APXLKt<; ~l
KPe<; avw~aAl£<; 01Tl y£w~£lp[a I'] O1L<; 10IOW£<; 
lWV UAIKWV lWV QPXIKWV O1pw~61wv, Il on£LpO£I
01']<; KUKAoqJop[a, Tl nQp6~£1pO<; m, Ol oLaqJop£llKe<; 
lL~e<;lwv nUKvou']lwV KQL leAo<; 10 noxo<; lOU O1PW
~Q10<; WlKOAUlj!Il<; (OTlAOOI'] lIl<; SGM-36 OLAlKOVTl<;) 
O£ oxeOTj ~£ 10 apXLKO O1pw~a. 

To ~eAl nou 1']1QV 10 mo nUKVO UALKO ~u810lll
K£ mo ypl']yopa Qno GAQ lQ OAAQ UAlKO, £VW QV1(
8£lQ Il PO~ aLAlKOVIl W<; mo QPOlll ~u8[OlllK£ mo 
apyd. 'Onw<; qJQ[V£lQL KQl onOll<; qJW10YPOqJ[£<; 10 
~npo01LVO WrWQ lWV Olon£lpwv A[YO nplV qJ100£l 
OlO leAO<; lIl<; OlQOPO~I']<; lOU «np0£10l~Q~£lQl» 

YlQ lIlV npOOKpOUOTj KQL an010 aPXlKO KUKAIKO oxl']
~Q nou £[X£, ~£1QTpen£1Ql O£ nWAOlU~eVO axl']
~Q £AA£Ilj!O£IOl']<; ~OPqJl']<;. HOPIQKl'] oull'] Qn0010
Ollonou apXI~£1 Tl ~£1Olpom'l TaU axl']~Q1O<; laoou
VG~£[ \.1£ lIlVOLO~£lPO lIl<; apXlKI']<; KUKAlKl']<; ~op
(jll']<; lOU KopUqJa[ou 1~l']~Q10<; lOU OIOn£lpou. To 
olon£lpa nou axll~Q1[OTllK£ Qno 10 ~eAl eX£l 0Tl
~QV1lK€<; OlOqJope<; an01Q oldn£IPQ nou OTl~lOUP
y1']8TlKOV ~£ n<; QUO OLAlKOV£<;. £VW OL ~OPqJ€<; lWV 
Olun£lpwv TWV OLAlKOVWV O£V exouv ~£yaA£<; 010
(jlope<; ~£1O~U lOU<;, Kon nou £[VQl AOylKO QqJOU 
avl']Kouv OTllV [OIQ KaTIlyop[a (luno<; B). 

IlQ va OAOKATlpw8£1 ano Ko8£ nA£Upa TIl<; Tl 
~£MlIl 8a npen£l £K10<; Qno la n£lpa~Q11KO ~o

VleAa, VQ AIlqJ80uv un6\j1Tl KQl Ol opI8~TlllKO[ ~€80

001. 'Elm 01 ~e800OL aulO[ 8a nptn£l va oU~qJw
vouv ~£ 10 Qnol£Mo~Ola nou OLVOUV lQ n£lpQ

~QnKO ~OVleAQ Taaxn~Q1Q 5, 6, 7, 8on£IKov[~OUv 

lQ olaooXlKo £~£AlKHKO 010.01Q nou nopouOlo~OUV 

lQ OlOn£lPQ KOla TIlV ovomU~1l10U<; KQt O1TlPi~o
VlOl O1l<; opl8~TlllKe<; ~£86oou<;. To oxtJ~o 9ovonQ
PL010lllv £~eA(~TllOU olon£lplo~OU yLQ TQ Tp(Q UAt
Ko. nou oU~~£Texouv 010 n£LpQ~Q. AnoTIlv oUyKpl
OIl TWV noponovw OXTl~alWV nou O1TlPI~OVlQl O£ 
QpI8~IlTlKe<; ~£8060u<; KOI O£ n£lpQ~QllKe<; (OX.9) 
OIQnlO1WV£lOIOll unoPX£lIKQVOnOlllllKI'] ouoxeH
0Tj ~£1Q~U n£tpo~aTlKWV KatOPI8~TlllKWV ~oVleAwv. 

EUXDPlOTft~ 

H£pyao[Q oull'] onoT£A£(l~l']~Q lIl<; omAw~o
HKI']<; £pyoaiQ<; lOU t1. Toupvo, (2001) Kat npowa
lOnoll']8TlK£ 010 nAalOLO TOU npoyPo~~OlO<; rrET 
97EI\-92 "n£lpa~Q1LK1'] T£K10VlKl'] MOVl£Aono[IlOll 
O£ OUVOUQo~6 ~£ £p~Tlv£ia Y£WAOYlKWV o£oo~e
vwv unQ[8pou" 
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