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~U)D!.\!tY. 'l'he a. examine~ ~OlllC of t.he replies givcll by nature to 
hlUllall int.ervention if ~llhjcl't.e,\ to ,lisonlerl;\'~ stress. Cases of sei.~mic 

,;hoek~ al'(' report,nd. ('·ause,} by extraetionH of f'nO!'!IlOllS alllollnt,; of minel'llis. 
hot.h flui,} and ~oli,\, from the llndergrollll<\, or by the ''TeaHon oi artitieial 
ba~ins. 

'l'he f'xtraet.ion of large amollnts of flllid.~ frolll the lllulnrg-round i,; apt 
to hring about --- an,l it reall;\'~ ha~ - cOHsidcrahlc grollnd flexurf'S, as in 
the casI' of the l'o River Delta, of tlw San ,Joa'jllin Valle~', oi Sali Diego 
and othcrs. 

l'arti('.ulal' at.tention is givell to SciSlllicit.y eaukCl} by artiiicial ha,;inH 
whieh dnvcloped after the eredion of large harrage ,lalllH. 'l'he author 
ha~ Imen lookillg into theHe ]lrohlellls since allOlit tWf'nty ycars. nere hl.' 
rCSUlllCR some of the result.s of his eX]lerimlces. Hcislllidty ean rlevrlo]J in 
any watcrshed, withollt rep;an} to it,; sizcs ami de]lth. lt i~ in close rclation 
to the preexi~ting- tif'ld of cla~ticit.y: thc morc this is ulIslahlc, Uw ('a~ier 

lllierosei8111ieit;\'~ can dcvelop. Thc lack of hOlllogeneous phy~il'al rock C'on
,litions, even of geologieally uniiorlll hasin,;, ma;\'~ be('.ome the C'au,;e of a 
local microseismicity, as i~ ~hown in t.lw case of the Pieve di Ca,}ore hasin. 

A "~Iee]linp;·' tc('tonic ,li~turhanc(l can ]l(', reawakene,\ wilh sOllwlillle.;; 
oIi~a,;ll'(l\ls con,;e(]uf'nees (Vajont). The deplh oi thc water~he,1 is no ,\et.erlll· 
inillg fa,·tor for the hllihling IIp of loeal ~eislllieit;\'~. 'l'he artifieial 11aHin of 
La JJaina (Sauri~) ha~ a ,Iept,h of 130 llletre~, and yet 10"al llli(To~ei~llli{"jty 

is allllost llnexist.ing. Thc explanation is givell hy the extrclllel'y high rigi
di!;y of local rock whieh warrants of llla:dmlllll of stal1ility of UIC aAAociated 
elastic fiel,\. 

ì\ricroseislllicity i,; not always eOn!Hletnd with the pre~~llre alul t.h,' ~ee· 
page oi UIC water a"cllllllllating in the hasin. SOlllctillle~, thf' ,\eeompression 
following a !'apid f'lll]ltyinp; lllay a,; well hring forth seislllie shoeks (Pieve ,li 
Ca,lore). It i~ fepen,tnd, however, that the formatimi of ali artificial water-
1I1wd is not always thc eause of seislllieity. 'l'here are eXalll]lle~ in Haly, 
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l)e~i,le~ that of the ahovl' ~ai{l La ::\[aina Ba~ill, of wi,!e wat('rslwds errate,! in 
~eismic area~ wh('re mi('ro~eislllirit.y is !east or ,!om, not exi~t at aH ('IliR, 
Amhie~ta all'! other~), 

It i.~ tll(' author'R opinion, anyway, that an arti/"kial haRin can neveT 
give ri~r to IlOav? eartlllP!Ukes or> 4). If they do happen with nearhy 
CpiCl'1I1reR, llw~e art' mORt tikety l'aReS of mere coillcidcnee or o[ simple joint 
eau~es alltidpatinp; a phenolllclloll which wouh! have 1lt'(,lllTed in any caRe, 
On the other hand, the chief concern in tlw preservation of ,1allls alli! their 
roopective haRinR i~ not so mllch r!lpresentl"! hy the adion of strOllg i.401ated 
earth'luakes a.~ hy the much more ~erious threat hi,!,!en in mirro~eiRmicity, 
which over long tilll(' perio,!s may ,lisl"upt illa,!vertendt.ly thc molccular 
texture of thc roek fOt'lllinp; the Rupport of the ,!am all'! of itR entire ha~in. 

In thi" reganl the re~ponMlhility of tllO meli of ~cience may 1I0t. heover· 
100kNl, aR t.hey aTe eall(',! to ,liH,~usR and to dear thc caU~CR o[ allomalieR 
generatt"! in thc undcrl-(rouml hy llIore or lesR Il('avy intervrntionR. Quite 
frequent!y the inveRtigationR of thi~ killf! are fìllanc('d hy the al-(elH'ies in 
('\Hlrge of the Rai,! interv('nlionR. An,! 1J('r!l the author Irav('.4 the ~peeifì(' 

ca~es h('him! himRelf for the ~ake o[ more genera! c.on.~i{leration~. I<'rom the 
viewpoint of frct'dom ami ill,!cpemlenee o[ ju,!p;llIent il. i~ always ,1ang(,Tou~ 
to wOl'k on (,OIllIlIÌH~ion. \V!lIl engage~ in a researdl work, 110 matter whetll('r 
he repre~ellts puhlic or private inter!lRtR, [l.C.tR almoRt cvrr for partieular puro 
pORes of eX]lloitation, lIever in t.!w illtereRt of the ('Omnlllll w('a! un'!(,T~tOO!! ili 
its Wi(!el' sen.4e. It RO happt'nH ~ometime~, almo~t illa,!v('rt.elltly, that tll(' 
sciellti~t. I-(ive~ away hi~ {lignity amI workR at, the R('TVÌ<'C of ~(I]lletime.~ ullcon· 
f(,.H~ahle intert'~tR. Thc poet ~inl-(illp; the eulop;y of tll(' jlowerful hai' at ali 
timeR hecn a ('haraeter of(',artoon~, hut the scielltiRt a('t.illl-( Oli llChalf of the 
powerful hecolll(,~ {lownt'Ìght. grote~que. !luman illtelligellee .4hould lI('ver 
hl' the slave of the I-(re(',l" o[ privilep;e{l daR~eR or peop!rR, Rervingll1lrpo~e~ O[ 
prl'{lominanee or of exp!oitatioll, ali the llIore Wl RO natur!l i~ taking r!lVt'llge for 
the~e outrage~: the v!'Ì!s uplifte(! with malice often llllehain [orcc~ whieh hit 
hack agaill~t the eOIl~pirat.orR or, 1lI1II'h wor~e, againRt the innol'ent all'! IlIO 
1I11mindfui. Il. iR right to work .4trelluous!y on the l'xploitation of nature'.4 
reROUrCC,R, lmt Rhe mu~t hl' faee,! in a moo,! [ree o[ amhitiOlIR an,l of gr!lm!, 
wit.h t.he mo~t hUlllhll' amI lllllleRt of intention.4. with ,!ecp respect all'! (!ue 
drCIIIllHpeet,joll, Ollly ili tllltl, way .4he gjves generolls rrplies and allowH Ilor· 
self lo hl', hat'll('$e{L 

Scope. - The title may appeal' a.nù l'eu.By ifl, l'u.tlLel' pl'etentioUK, 
I would point out, lLowever, thu.t it ifl not my int,ention, anù thu.t I 
would not ùe up to t.lw ta.flk, to look into na.ture'fI l'1' a.ctìons u.ft.er hu.ving 
been flubjected to lnmmn int.ervention. I slLaLl limiJ. myself to 
refer to t,he cases whiclL I was fortuna.te, a.nd infortmmte enough, t,o 
submit to my pcrsona.l cxa.mination, a. :> weli as to some otlLers ,vhich I 
conld observe here and there, 
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l l~m !lividing the eOJU;eqllenees of mmù; sizeable interfel'ences 
with nature into two large gl'Oll]IS: those of t.lte r!r1lilic field <"mcI those 
of thc lJ!aslic fidd, Attached to the firsL is mÙ:I'o,~rismidty l ~ll(l in

dW:I'r/ seismidty, to the second the r/1'{fI'ctiolis 01 tJw rll'Ot~nd, fmch a,~ 

,~et.tlemellt.fI, oftcn referred to with thc ba l'barism of ",~ubsi!lmwe ". 

1. - MW1WRj·nfDIICITY ANn n,nuC"Jim SEIS)UCITY. 

1.1. ~lficl'()seismiciIH iII thl' lleighbow'hood 01 ['!l'rle IllOlM, I. have 
repeatc(lly enlarged upon t.hu; ,1l'gument during thc W~flt t,WBllt,y 
yBarfl (H2). Here I am l'e,1ss1UluIIg t.he ,1spect,<; of micl'Ofleismicit.y ~1S 

I could renord it, in the neighbourhoo!l of hwge dams amI refer to thc 
allove quot.ccl papel's aH far afl pal'ticularfl alHl inler{wptat,ions al'p !\on
eerned. 

ì\Ticrm;eismicity ili t.he neighholll'ho()(l of large dams may be lIatlLi'al, 

that is lloh'('a!ly exi~ting before the building opCl'ation,~, or lall'lll aIHl, 
hcnce, l'e.act.ivated lly the disturlmnces of the elaflt.in fiel(l which a,l'p 
e~lousecl by the seri es of eX]llm;ions aenompanying the remoVlbl or l'ock 
~yKt~\mfl Oli whinh the (lam i,~ to be crected, or inrllwcrl H.S a. consequellce 
or l'ock removal, of thc dam's movements depending on thc varia,tiollH 
of the wM,m' level of the wa t.el'shed Oli t.lte moullt.'1in side, on sobòr nl.dia
tùm, Oli ,~easona,l alHl ca,sual clima,t.ic variations l~ll(l ot.her fH,ntors, or 
the ,Ioction or the w~loter lillcd basin, conflidering both the nlmnge~ of 
bottom preHSlll'e ,mci tlte elIectH of water seep,1ge iu ullstalll., ,.rea.~ of 
t.he watel'shed or ~ Iorolllld it, 

I limit myself to a few example,~ amollg the lIumerous eases I 
could ob~el'vc in over twcnty yml.rs. Concel'ning thc Pieve di Cadore 
Dl~m, the scismic sbtion insfallccl t.llCl'C clearly ,1l1nOUllced all't'a.dy ,1t 
the Ollt.'1Ct of it.s H,(jtivit.y, on ,Tl lolLlUl.I'y lll51, ~l. cert.l ~in mim'o,~eismicit.y 

whose typical featnrcfl wcrc nndoubtedly connect.cd to thc cxistence or 
thc Ilmn amI or its movement.~, Vig. Il'epresents one of the m <òlly pol'iocls 
!luring whinh t.he microseismie erisis was cvi!lcnt. Thi,~ kiIlll of mim'o
fiei,mlicity so cloflely nonnected to thc movemcnts or ~l. dam tmHlfl 1.0 
a ttenuate in the conrse of time. In the (m,se of t.he Pieve !li Cadol'C 
lhm it ml.me ]lract.ically to ~l. halt aftcl' thc J'tl'st fìvc ycar~ following 
its construction, 

The other kilLll of inducell microseisminity (alLll seismieity) depClLlls 
on t.he watel'Khell a lHl it.'1 v~wi~l.tions. IIere, too, I 30m limiting myKelf 
to two evidences, 
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Htill reIerring to the Pieve di Oa(lore Da.m, the perio(L~ of rapidly 
;.lternating ri~es ami (lecrea~e~ of the w;.tcr lcvel, or of long (leerea:.,es 
followe(l by ri~I1~, ~howcd clear signs 01 indueed microscismicity an(l 
IWi~llli<My. Of partienlar signilieance was t,he seismic }lcriod bet,ween 
1(1)3 and 1 (J1i../-. Aftm' ha.ving rCiloehed ilo m,.ximllm water level in Oc
toberl!J/i:i, 11m Pieve (li Cadorc I~akc gr'lotlually dl1crm .. <w(l, ,1wl by the 
cnll oi )Iarch 19li-l it conl(l be considcred virtnally cmpty (Fig, lOb), 
The ent,ire area within t,he inflnenee of the hloke was then subjectcd 
to 1m actùm of (lecOmT)]'es~ion, wit,h ~lIbsequent e1mnges of the ela.~tic 
hahmcc which bl1eilollle evident throllgh somn sm'ics oi microshock~. 'l'he 
lirst occurrc(l bctween BIarch 5 ami 26 and gave 17 microshock~ which 
wel'(~ recorded by the seimlic station plaeed in the cont,rol room at 
,.bOllt 22 metl'Cs (listance from t,he (h.m, No (list.inct.ion between lon
gitmlinal ,Ioll(l slwar w,loVes was possiblc, con~id!1l'ing the nearness of 
their origin, among the waveg reaching the inmle(liate ncighbolll'ilOod 
of the seismic ,~t.at,ion (H). Anot,hm' sel'ies of mll.jor shocks, ~ome of 
whieh wcrc iclt. by Uw inhabitanls oi the lake ~idl1, took pb lo(w bet,ween 
}Iay 10 and 18, 19li-l. The 11ve mo~t important, whosc mll.gnit,lIde w,.~ in 
the Ol'dm' of 1.[) ~ 2, 1md their epicentl'C at ~ome kilometres (listancc 
irom the (hm (19), Two W!1l'e within the watershed, the others were 
nl.'u'/.dnal (Fig. Il). Successively, until July incl., there wnre ot,hm' 
~pora(lic sei~mic aet:.ivities of less im}lortance. A total of li5 micro
shocks w, .. ,! l'e/"rish;l'ntl from lIby to AlIgmt.. 

The above sai(l seiiilllic events took ph.ce ovnr a reh.t,ivdy wi(le 
'.l'ea, once here, once there, wit,Jt almost, statistic regtùarity but withollt 
prdercnces. 'l'his i~ the t,ypica l fm.ture of the microseismicit,y induced 
in the Pieve (li Cadol'C watershc(l. 

'l'hing.~ were rather dill'erent, unfortunatcly, in thc V,.jont basino 
After complet,ion of the (hm lmd in correspondence with the first water 
tiUingR, an area on thc lcft shore, on the mounlain si(le, coul!l be 
(let,ect.ed which gave rise to sy~tenl.'l.tical micl'oshocks Clm~e(l by sctt
lement~. 

South 01 tlmt '.rea (see :Fig. 1.1) and ela,<;t,ic response in t.he bo(ly of 
BIt. 'j'oc conld be recorded through contrary signs, as ii indica ting ,l. 

residue of orogenl1~is. The mic]'()~hocks followed e~'\ch other Wif,]l }llW
ticllhlol' frequency in Octobcr l!UiO, in the very ama where l>ot,nr on the 
limlol COllll.jlSe took piace. l attribuled t,o thi~ series oi lllicroshocks 
t,Ile (leeay 01 the ehio~t.ic features of the rock system oi the left shol'(;. 
lt 'was imlim. t,Nl hy an enormou~ decrease oi s}lecli of the elastic waves 
lwtwl1(m ])pcembcr lH59 ,m(l DecembeJ' 1 (JIiO. Por details of this 
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rcsoarl\h work I refer to l:lw Hpecitic puhlicatioll.~ l l.ppel~re(l on 1110 

Hllbjcet. (~0 2 )). 

Ilere r wonld 0111:.' Illldorlilw tlle poeulia r na,tnre of t·he ~('i~Illil\ 

('yentl-; on tlle Vajont, Ba~in, lUl.llll'l.v the CxiHt(,lwe of lI. well ou\.line<l 
a,roa wit·h a.n out·.~l)()ken prcdisposition l o distllrha,nee~ in t]w da~tie 

fieJrl in eonnoetioll wit h tlle illerm ~Ho of tho watel" level or t.lle lu 1itieia l 
la ke. Contra,ry to wlmt Imppened iII tJw 1'i('yo (li ('l~rlOJ"(' Bll.."in. wllere 
SOi~Illieity ll.ppm.rwl wide~proa,d lmd di.~OI·tll1]"l;r on a rather wi(le l~l"l'l~ , 

t,]w mieroshoeks iII the Ya,jont 11:~Kin eanw almost· exdmivel.v hOlll tlw 
sa,mc lI,rel l. on tlw 111ft, shOl·e which wa .. ~ prohabl:-r alre(~ted h:.' l~n 01(1 
defw~t t,]mt, wa.s l>J"OUKC(ll~gl.in h~' t·ho lirKt, lillinl!K of the ll.rtitieial hkc. 
'l'ho CxiKt·once or lm oyedying crulllhl ... ~ stmtitiration l)('forc t\w (liKa.~ter 
iK Kymptollla t,il\. l~ig. 1·1 Sllllllllilorizos t!1(' Olltl1]" ll.KI)('etK of thi.~ lloI~liyit:r 

lel.ding up t.o mOl"t.a] eonsequoncc .. ". 
gven I.ftpr tIlP (li sll,st.er of Oetohel· 9, HlH:-! the .~eiKmk Hb1"jOIl. 

whieh ha,(l hcon rclmilt· a t thc si(le of tlH' (lmn, on t·ho 10ft. ,~hore, l"l'ym. IPli 
al!a in tile same meelmniHm. 8urlden illcrea Kes of tlle J"emnll,lIt b~ke 

oppoKite to Erto m'lIseJ1 hllllllretlK or ligllt shoeks eOllling from tlll' Il,~u;_1 

So il ha ppelw(l witll t1w lIoOli of Sl'pll'lllher :!, 1!W5 a lili aga ill 
with tllat, of Xoyemlwr ·l-H, HliHi. 'l'hc llmt.t.er ha.K bocn wi(lel.\· 
tliK(~Il.~Heti in tile Hpeeitic puhlir'l l.tionH eQ-2~). HI1]"(' I 110m onl.\' .~Ilowing 
ll.gl. in l'ig". 17 whieh ~Illllmarizes t,]10 SOiSIllic aet.jYit.y or t·]w Yll.jont 
,.rea from l!lH-I lo HHii. 8ilWO it has been 1)()H~ihle to preYlHit ri~e~ 

or thc wMer leycl of t·he remlUmt· h kc of Erto thanks to l~ brol l.(l 
lliscllargc tOW1>J"tl~ t,Ile (,pllina Ya llcy, the plwnoIllenon l!as noI 
oeelllTe(l lI,g"l~ill. 

1.1.1. Whiell ll.!"C the m.mes or mieroKei Hmieity illlilleetl in tlw 
neighbollrllo()(l of Home bl.rl!e (bms a]J(l in their wlòt,crslH'ds ! 

l think t,]Ii_t· the Illi(~ros(,isIllicit.y ohservorl Yer:.' dose 1.0 .~onw largl1 
rla,ms is (hw to tile lllovl1ment~ of l hc (bm it-sclf, l)('si(lps to t]H' distUl'· 
lmnce of thc ch st,ie ficl(ll~s a eonsequence of rock remoyal. 

Onee the Pieve (li CatlOl·p l)aJn had bcen built., ,. lllOl'l' or Icss 
KtrOnl! inst,l~bilit.y (Hnù(l he oh.~el"Yotl wil'hin n1(' lm~in. '1'111~ Wl l.K eall
~e(l by tllc te!Hl('lWY or 11\0 ronk syst-Pm t·o l~SSUlno IWW po~it.ions or 
e{Jlulihrium. TIlc (la m is sllbjlH\t 1.0 lllOYl'lllcnts ll.S the Wl l.t,l1]" I('yd of 
l'Ile lmsin vl l.]"ip~ ll.lI(l following" tllo sea sOlml thennic vlwiMions, IWIHling" 
onee toward t·he yaHey, once towl.rtl tlw 11l0HIltain ~itle. In (\OlTes
pondcnee t·o t,IW~I' deflcetions HI!(lden hr('l~ks or oquilibrilllll in tllc cla-
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stic lielri b.ke plaoe 1md l~I'e indimllt,ed by long sel'ies of seismie ~hoek~ 
(l<'ig. 1) (*). 

Home tl'ia nl!lll:~t.ilJll~, execllt.l'd pel'iodie:~lIy ill t.hc !lam 1u'ca, nmy 
flll'nish the lW(:e,~~lu'~' infol'ln1~t,ion to !let.erllline IIw V1~I'i1~ t.ions of t,he 
eb.sUe fmlltlll'es. In fl ' cf., the measllt'es of hOl'izont.a,l movpments of 
ridermilwri point.~, l~S fm'llislwd by t,l'ilUlg'llht:.ions, nmy bc ll~ed to 
('llllcuIM,c t,lte eompollent.,'l of h()]'izolltal defo1'nl1~tioll fol' ea ch t,l'iangle 
(p1'ovided \1nifonn defonnatioll in an entil'e t'l'i a ngle) lmri allow as wcll 
to 'mille t.he ~ize l~ tlri t,he dil'eetion of thc ehief ricfol'matiolls, of riilat,a , 
t.ion, of l'ot·l~ t. ion 1~Ji(1 !list.or'1ioll, tlmt is aH thc infommt,ion cnahling to 
ehamdel'ize thc cla,stù: dd()]'llm1ioll (3). 

()f (:o\11',.;e, I do not losc my t.ime wit.h t,heol'l,t.iea l pl'oblelllS which 
hl~VC lwen l'mlo'l,~\1111ed in t,lte specilic papel'~ (""'-'). l'm limit,ing' 
mysdf in ohservill)! tlmt, with mfel'CllCe to a n al'bit'l'lIlI'Y ~'yS1elll of 
eool'dinMcs ,T, .il, if U lm d v indimllt,e Uw eOlllpollents of the di~placenwnt, 
of a h'ig'onomet1'ic11! {Joint, when Uw hl~se line t.o whi(:h tlw me:Io'Huwl 
hol'Ìzonh~1 di~phcemellts l~I'C l'cferl'c(l i~ l~SSIUllml lllleh:mg'ea ble, one 
ohtains f()]' tlw dilafalinn il, fol' tlw rotalion rp, fol' t.he dÙI/m'fio1/. S, fol' 

(*) A,~ faI' a~ t.lw l'i('v(' (Ii (:a(lol'l' I)al" is "O'I('/'l'Ilpd, it I1lay 1)(' ~ai,1 

with )'f',fPrI',ll"P to Ilw. gl'ologit'alllatlH(' of t.lw anm thal, l,hp spdioll ilI whi('h 
t!lt'- ,Ialll wa~ lmilt has 1)('('n ('ut out of t.lll' dolomitI'. l'o('I, s or l ' PI)('I' 'l'rias 
(maill ,1010mb) whi('h d~'vl'lop allJlost pCl']J/'lldi('nlarly to tll{' axis of 
t.lw l'iavl' Hivpr, As a whol~\, llw. rot'k sprip~ of t hl' Il'H sidl' appl'an l'pgnlal' 
a1l(\ eOlltiHnons, l'X('C'p! fol' u few al'l'[["'; showillg a liti II' fru<'tnn',(l l'm,l" ()n thl' 
Idi sidp thl're are 1-wo ditfC'rl',llt morphological typpH, 'l'he npper, llaspt! Oli 

t.lw l'ian 01('11(' Er(' oI \;25 ilI of altitlldl', ,'ot'r(\:<polld,~ to 1-1H' hottolll of 1111' 
tra{'k Ipft hy th('. old gla\'Ìpr of the Piave. whilt, thp lowpr ('orr(',~pollO\~ to 1 hl' 
dI'l'p ('\lt lJladl' hy thp l'iav(' IUv('r. 'l'Il{' ~j(; p.lik(' hn~(' or tll{' J>iall dpl!e Ert' 
1!t'p~('.n!K tlll' ,~al1lC I,illd of l'od, f0l'111illg tll!' right ,~i,iF. 1!('rt', too, fradllnlK 
of t-1w roek arp t,o 1)(' ohs('rv("\ whiel! hal'(, I><'-~',ll {'allsed hy tt',('j',olli(' lllOVelJll'lll,K 
('J'ak~'ll frOlli a rt']lOrt h:v Ol(' lah'. Pl'ofes~ol' r:ior)!io Dal Viuz), ~Il{'ep.~~iv(' 

rI'Kcan'hl'.~ ('olldlld('d Oli tl[(' P)lI~ti<,it:v of t,II{'. ]'(H'k hav(' ShOWll, OH hoth 
111{'. I('ft alll\ tll!' l'ight sllOl'(', a vI'r.\' low Young: 1ll0dlll11S ('()]TI'~I)(llldillg 1-0 
mt'all lo!lgi1-11dillal wav(' SIWl'd~ of 2,2 klll/sC',' for the t'!H'k ahov('. altitndl'K 
of H2ii mt'lrl'.~, Por thl' low('r lwigh1- vahll:',~ thl' ('la~ti(,it.,v lllo,lu!n~ i~ 1ll1leh 
higllf't'. !ollgitndilllli wavp ~11f'1'.dH IwillP; of.J- allOllll<!t'I'. klll~/S~'(' , whil(' tll(' 11:L~(' 

of ilI(' l'iall d('l!(' Eri' pre~(,Ilt.s alI cxtr('lIlt'ly high llIod\l!ns ('()]T~'SPOlldillg to 
10Hgitndillai wav~' Spt'('dK varyillg Iwtw(,(,11 5 alld 7 klll ~ /"('C ( ~ . ·1, H), Jt i,~ to 
thi,~ nll('VPll!WSS oi th(' da.Hti(· prop('Tt.i('~ of tll!' llIt'dinlll thllt t,III:' dmllg('K iII 
thp plasUc Il('l,l arn a1-tTil'\lh'd which art' traHsforlllcd illtO a ditf\lst'd mino, 
M'iKllIi,'i1-;v t\xadJ;\-T ll11dl'r Illf'. l'tT('('i of th(' n1l(wen l'p,~pOll''p of thl' lJll'dillll1 
to Olf' varioll,~ ~trp""p~ . 
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thc pri/lc i pal (IJ'C8 vf dcfurnwtiu/I CI (lIId c ~ , for the allg1c J. that the 
(lirl'dion of CI formll with Uw a xill of t!w X, t,lw fo!!owillJ,;' PXJl!'(";!.~iotlil: 

òlt òV 
+ ò,1: òy 

(
<l'/t 

CI,2 = <l,r + ") 
'y 

<lr <lU I - ± 
<l!1 òX 

'òV Ò1t)' +1 + , <l,r <ly 

<lI) <lU 
+ <l,:C <l!1 

Thc maximum iliiltorsion H.srmmell t,he exprc~~ion 

. 1/('" ''')' ('" '''l' 1 ""''''11 ;< = -:- - + - + ,- = » (l'l - e~) 
<l,); ò!l iJy <l,'): '" 

Detwecn ~\UJ,;'IIKt. 15, 1949 amI .Jmw 2+, 1952, ('iJ,;'ht t,riH.nJ,;'nbtion~ 

were c:l.lTÌed out in the Pieve (li Ca llore lk.~in by tlw 80!:iBtÙ A(lriat,it'a 
(li I<;lettrieità (SAnE). I eonsidercd it, very int,erest,inJ,;' to I!!a bom tl' 
J,;'eophy~icany thc obllerva.tion~ ma(lB, H.! HI ,~nlllIrmrizml illto t,ables, hy 
thmw trianJ,;'lIlation~. l,'il!. 5 reJlrO(lll('e~ t,11C (lispl:welllent..< of thc trip:o
llometrir'a l f'lmill as t.hey were llleasured in the imill eight tria ngulationil. 

1!'i/..'1l1'e ii giyell, t,ogethm' with the llH'lallnrinJ,;' ba~e~, alilo tlw ])osi
t.ions of the eent.res of gravity of the exalllined t,ria ngles. The met,hod 
followell for the elabon~tion a.!Hl the l'Bilnlt.~ of the heay,Y work Iw.ye 
been SIIllUll,òriz('d in publicatcions appea,md in HI;)7 (13) mHl 1();1:; ('4). 

The ea.lenh~tion~ of the elabom t.ion a.re collect,ed in 1 + t,a blell; the gm
phie: ~l n,conIlÌ1'lIct,ion of the element~ of ell l.~t,ic Ilefornmtion is eonta ilW(1 
in 35 table~. Here I a.m limit,ing myself t,o report the dilalatùm, t,he 
l'oiaiùm, the di,tlortio/l au(l tlw chù'f a,1:('8 of dl'fol'lIwiio/l l\lll,ltey ]'('wlt('d 
in cOl'l'espOlllhmcc wit,h t,he H,h amI t,lw 5th 1ria n/..'1J!a.t,ion. lt, Ims ber'll 
pointell out, a,1l a genera ! ob~ery: ~tùm tha t ea (,h trianglllation W:~K J,;'ClW
rally charaetBrized by one sip:1l only (pollitiye - full line - negat,ive) 
for t-he di/awtio/l. 'l'llÌ~ Irwam t.lmt the ent.i\'(, (lH.m l.n'a and the wll.t,er
she(l exalllined gaye 1'ise al tllI' 1I111n1' lima citlwr to a.l·l/(//I,~ùm of the 
medilUll (P(lIlitjYB lii h t a tioll) or to ('o/lil'(lciiu/I. Thc vat'iM,iom of illtpll
ility and direct.ion of t,helle phe1l0m\llla, bn)]lght a,bollt m()1'e 01' Ic~s 

i>trong distorl i ons. Thc chici axes of the deforma.t.ion ellipile~ (.~tl'd,clw(1 



(,ut. or mmt.raetell) expre~~ with Uwir kngt.hs '.llIl Ilirmltion.~ Uw size of 
da.~tie Ilefol'llmt.ion mHl t.he a zimuth aft.er \\'hich it flevdollwl. For 
t.lw otlwr int.(~l·pretative eomnwnts l'del'enee is nmlle t.o t.he ahove imid 
publiea t.ions. The eXllImmtions of t.hese few lines shoulrl he sntficient, 
hOWeVI'I', to jUIi/ify t.he mierosei~mil\it.y eO)lnect.wl in ,.ny ea.se t.o tlw 
IÙl.m H.lHl hronght. to ll"v11lenee tllLring Llw li.rst li.vp yc>ws of oper;.tion 
of t.he hig Pieve di C'atlore Dam. The elmnges which hall oecurred 
in Uw l,lastie fieIrl ,we l'eSllOnsihIe for t.he t.hollRamls of microshocks 
l'eeol'dwl by tlw station Iwar the dll,m. The epicent.l'l\s of some of the 
ehief minor shoeb l'l\eorllell in llw 1 H50-1 H51 peril)(l, with magnitllllps 
between O mulI, are intlieat.ml hy asterisks in t.he pIan of Fig. l. Une 
or the s('et~)rs from whieh m.me a. gnmt m,. n,Y of mierosllOek.~ in Lhe sl ~ill 

tWO-YPll.l' ppriOll is lllarketl hy (i. I mmt be strongly empha."izeri t.hat 
tlw sa ill sector, whieh g;~ve bil'th to the maximum numbel' of micro
shoelo;, eoinddes with t hat p;~rt. of tlw Im~in whieh Mter tlw ealmùa
tion~ oC tlw geollesy seetion of SAl)j~ heelffiw snhjeet Lo tlw nmximlLlll 
tl'lmshtion aot.jon. 

As Car U!-; sebmic amI microseismic ;~cthrjties in tlw Pieve di Callore 
lmsin at. ;~ few kilometl'l\~ Ilistance from t.he Ibl11 l~1'l\ eoneernml, tlwy 
\\'ere ah\'ays ;~ssoeiated with IIecl'eases mul rises of t.lw waler level, 
snoh l ~~ tlnring t.lw aln!'.ll,Y lllentiolwll perioli from )I,uch to July Hliil. 
'l'he more int.enm shocki'l (J! - variation from 1 to 2) nmst. he a.scribell 
t.o t,his kind of illllueefi Hei~mieity. 'l'lwre ~eems to he lit.tle tlonhl t.hat 
t.hlS mu:>,t be ll.t.trilmt.eli t.o l ~lternating states of IIeeompres."ion and sue
cessive mnupression during the llH.ilsage from an emlltying to ;~ sub
seqnent. reti11ing stag('. In an arell. of Iatent sei~mieity, sueh l~S t.lw Piavp 
Valley between Pelos a nll Pemrolo, any ehangp, abo Lhe slightest, of 
the ~urfaee ela.st.ie !-idii nmy h".d t.o miel'oCmetures oC t.he mder of t,llOse 
ol)imrvell. 

The miel'oseismieit.y indueetl on tlw IpH :'!hore, al t.he mOlLntain :'!itle 
or tlw Va.jont. J)llJll, musI he lllentioneri separately. To this microseis
mieit.y is a.t.trihlll('ll t.he flemolition of t,he elastie t.i~SlW of t.lw roek 
s'ystem sUPllort,ing- that part. of MI:.. To{) whi()h !"llslwtl wit.h Iightning 
slleell into tlw b~ke in the eveninp: oC Uctoher D, lD03. In my ver}" 
J1rxt rl'port.s un t.he suhjeet., writ,ten in 1 DfHHil, l hall ll.t.tribllt.eli the 
misehieYOUH phenomenon in IIevdoJlmenl to ,. /:(l()toni() contr,. st hetween 
l~ porlio!L oC tlw Idt. slwre, whieh was suhsiding, amI t.he ~Iopes of l\lt. 
Toe \\'hieh \H~rl' pel'hallS stili Hnbjeet 1,0 residue forees of orogenesis. 
Thi~ hyvot,hlj~iò; wa.; nlllierlined in fnrUwr !'l\portò; np to a fe\\' days 
hdon' tlll' lli~a,,'lter (""), Ilater on (21) mwther hypothesis was he: ~ru 
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oi, aft.er whieh t.hc arca that wa:; abollt, t.o f;ink down suffcl'Pd l ~ :;Ilet,ion 
aet,ion by the Xorth-8outh sliding tcmlcncy oi the Ulll1m'lying .~tl'll.t.ifi

eation into whieh it. rel ~e]wd ]w.l'tly down, ']'hif; brought about an 
oppositc clfect on the coliatcn.1 f;lope:; of ).It, Toe, This h~'l)(lthe~i» ga ve 
great importanee t,o t,hc l ~ct.iOli - yet exif;ting a f; a mere tl'IHlency -
of a fo.~si1e branch of eonvcction (HUT{mt. whose mmnant, mov!'mpnts 
wcre perhapf; ini1uenecd by t.he overlying wat.erf;lwd, llrillinj.,"l; :;Ilce{'.~

f;ively en.lTie(l out in ncighbolll'ing l~l'Cn.S lead to think tha t tlw hypothef;is 
i:; nut lmzl.rdolL~ at ali (24). 

But this f;llbjeet if; not exhaust!'(l wit.h t,lw l ~buve considem tions, 
Some rC.~earch work 1111 .. '1 becn (lOlW reccnt.1y on CI>t;es havinl! ~I. eertain 
analogy and lms lcrl to a new hypothesis on thc mechalli»m bt'illging 
l ~bollt eert.lI.in earthqtUl.km:\ (2~), ']'wo years ago a new t,heOl',\' OH t,he 
uril:,>1.n uf eart.hquake:; wa:; exprc:;:;erl which aft,ribllte:; t.lwm t,o an cx
t~mtion hihlJ'(~ (26), 'l'he t,heor.)' (hw:l'ibe:; a new meclmnism whieh 
opemtes when a liqllid is prc.~ent. in a fractllred :;ulid nun llOmogeneou»ly 
:mhjecte(l tu pressure. Of eOUl .. ~e, I eilonnot enhrge u]lon the new 
t,lwory. ']'he oHly ob:;ervation I ml. ke is that rlul) to it:; a~peet:; it, i~ 

applicable to the miero.~(li.~mieit.v of the limit.l'(llwm of Yajunt \l'hich r 
have ment,ione(l :;eveml times. 

\Vater Ml(l]lal!e, whieh i:; ]l Il.I,t.i(:lùar1y almndlmt, in jwriod» of ml.xi
mum fillings ur of :;utlrlen rises of the water:;hecl, lay the fOlm(b~t,ion» 
of the abuvc :;aid mech:mism. '['he dear divi.~ion into l. dilatM,ion area 
aJl(l l ~ comprcssion area nonst.itute.~ :motlwr factor in iavoul' of tltis 
theory. 

'l'he shearing phcnomena call»erl b~' hy(lraulic uIHle1xround inj!'etion» 
have becn the suhjeet of mUllm'OUf; publieationf; of which I e:m mention 
OlÙY a few (2:. 2~ ). rt i:; t.oo wcll known, 1ll0reOVCI', tltat t,hcse inj('(·tion:; 
may nalL~e re!"Tulilor eal'thquakcs, Conf;i(lel'll.bl!' cvi(!Pww in t,lti.~ regarrl 
has been fUl'l1ishe(l hy Evall:; alld (·olh.homtors (~O-~:I) ('on('{'l'lting t]w long 
serics of cn.rthq1U~kef; eau»ed in t.]w ]hmver (Colorarlu) arl'a folloll'ing 
t,he waste water injcetions na.1Tiecl out by tlw U. H . .. \t'my in a Jl(mrb~· 
mOIUltain a rpa , t.lw Uocky )'Iullntain Arsclla l northcast oi llcnvcr. 
Bif:,Turc 18, proves the dose eOlt][(let.ion IwtWPlHi undC1'j.,'1'OUl[(l watm' 
injedionf; a IHl seismicit.y in the ]lenver :1l'ea , fn thc ncighbolll'hoorl 
of Amcl'i('an dallif;, t.oo, ~ . 10('1.1 ,~ei.~mi(·ity ('oul(l (levelop II'hj(:h iK at
t'l'ibuted to the aetion of thc watel'sherl ((Jal'd{'l', Ev:~nK, , ,), 

Coneerning the miero,~(lil!mieity ob.~!'rved Oli tlw left :;hOl'(\, at the 
mountain :;i(lc of the Yl~jont lbm, t,ItCI'C i:; eonKirlerable pvidence t,]mt, 
befol'e awl aftm' the di:;a :;t.1'1' it. must be a.t,t,rihut!'(l to watel' sec]lag(' 
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uncler ~~ eert,.in pl'!\SSllre (Iml.xiImUn fillin).,"iI) in :\n ,.r!\a st.ronf{ly inclined 
tow,.rd seismieit.y. 

1.1.2. Of cOUl'Se, not all artifìcial basins are subject to inducecl 
microseismicity. The seismie st~~tions opemtin).{ with .~ome dams or 
the Veneto Region reeo)'(i onIr with extreme mrit:,-' ~~etivities tlmt. m~~r 

be attrillllt.ml to distnrhmui!\s eoming !rom tlWil' w:\ t!\l'shcds. '['hfl 
la rf{e f~rtilit:i:\l klo.~in ercated in t.he npper I~lltllici Valley (Cal'llia) by 
f~ 130 mdrcs high clam, Lla s never (,.t lcast thus far) lJeen t.he se~~t. or 
inclueecl microseismieit:,-', ~.Ithough it ]ms level cliHel'enees of .iO, 50 mHl 
Inore met.res. A f!\w l'are mieroshoeks come frOIn ,m old h~wbli!ln ,.rfl:\ 
OH tlw lnft shore, below t.he villa.ge or I~!I.t.eis. This proves a eonsicler
ablc st~\bilitr or the lom.l ela stie lield which is witnessecl, by t.he wa:,-', by 
the ver,)' high .~jJee!l of tbe lonbrit1HlilU~1 waves mea.slll'(;!l there , Wit,]l 
valnes do.~e t.o 7000 m!se(l in some se(ltions of the springcr rock of tlw 
Ill.m. Sot even t,he AmlJiesta B,.sin (a right shore affluent of thc 
rra).{li~.mento River, near ToiInezzo) lms given rise to microseismie cil'
el!\S ]ll'O]lerly spm.king, f~lt.holl.!.dl this gt\olof{ieall'y very tOl'mente!l 'l.l'fl:\ 
pl'esents a high seismieity mte. The ::'Ilis Hasin, too, near 80spirolo, 
showed only a rare seiHmic aetion which m~\y be att.ributecl t.o inclneed 
mieroM',i.~micity . 

fn this respect T IU!,Vfl t.o Jloint out something. An initi:\l pcriod, 
in which the possilJility or earthqUllokes m\lL~ecl by artilicial water.~heds 
met. with geneml scepti(liKm, was followe!l by anot.her pel'iod, the presento 
which is chamet.crize!l, in my opinioni by an exagg(l]'f~tml :\ tt.l'ibntion 
of all eartlHjlmkes in t.lw neighhollrhood of :\n l\rtiHci~.1 b:\.~ill to tlw 
bnihling of thc h Uel'. I cIo not believe, for instance, that any earth
qlmke of ~\ m a).,'1lit.ude over.J- may be attribllted to the preseuce of arti
fir:h.l basin.~ in t,he !\]licnnt.m ,.rfl:\ ( ~ :)). ff t.hi.~ flofls h,.ppen, it is my bn
lief tIml t1w b ct shmùd be consiclerecl a merc coinciclence or evcn a 
concomitant eaUHe, there being no !lonbt that the earthqUlloke would 
h:\ve oeclll'l'e!l :myw:\y fol' nM,un.l C!mse.~, which H,re Inlleh more nUì
cient, >l.llCl tha t in some way it has bcen anticipateci by the clif;turbing 
~\ction of the ~.rea'.~ el: .. '\tie Held which Imcl been c:m.~ed lJy t.he artiHcial 
watmslllH1. 

fn ,. rflcent. stlldy on scif:.micity in thc are,. of tllC MlmgIa lIam 
(Pakisbm) (;;~) e,.rthqlmkes with epicentres a t 20, ~;\ 30, .J-O awl 
morll kilometres !list:mce from tlw w:\ tel' l'flf;m'Vn ,1.1'(; Mt.l'ibnted to tlw 
later's aet.ion. fn flÙI eOll.~iclnl'ation of the Ial'gcness or thi.~ basin, 
whinh eover.~ an anm of 250 sqUll.l'e kilometre.~ with a ml:mn clepth of 
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26 metl'es, a cot'l'eh~tion betwecn the ili,tnrhillg :' lJtion :OSf\Oeiatell 
with tlw h:osin :mll earthrpmkes at ,~ueh distanee:-; :-;h01Ùd ha rcUy 

be aeccpted. 

1.2. - 8cil!micityinduccd b,ll disol'flcl'lN c,rll"adio)/ of mineralI! , 

'l'wo eonsiden.blB :-;hocks wct'e reeDl'ded in t.lw I~olli):('iano a·rea 011 
?by 15 and 16, 1951. Their epiemlt.re wa .. ') not f:w from C:~vi~~ga. 'l'he 
shocks wel'll recorlled in the epiecntt'e l~rea a,~ \'I-VII lmd \'-\'1, l'P
sppetively, of t.he ::\Iercalli fw: .IB. 'l'he sUl'f~~ee dist,t'ibut,ion of thc initial 
moyement.s of the longit,mlinal wa"ve:-; led to an u!ll!.~l!al conligm'a
t.ioll (Fig'l!!'cf\ 20-21), incollf\i~t.ent with those ob.~et'ved in pt'cYious 
stmlies on Alpine and '\PlìelllUnll eal'thrpuokllf\. '['Iw earthrpmke of 
l\l:.y 15 provcd to havB h(wn c~msec1 by a bt'eak of thc elastie equili
brium which had oceul'l'ed in a ya,~t. arm~ , ehiBt1y li(wdoPBli in tlw 

Xorth-\Vef\t. qlU~drant, with the featut'cs of eompres~ion, exactly a 
thrugt toward out.fddll, 'l'lw l~I'Il: ' it~df a]I]HllOl'ed clelOl'i,\' lleeentmlizPl1 
:.gninst the epicentt'e, "whieh lcc1 to pt'efmme t.lmt the di~lurbing crmgc 
had a.ctCIl, with a, :-;wlden ]Il'Bssure, along ~.n :~xis tha t. w~w stl'Ongly 
inclined agaill8t the vertieal and in SE-N\V dirllction, 'l'he mechani:-;m 
of the :-;econd :-;holJk, too, was stl'ongly mmlogous to that of t.lw lir:-;t.. 
Only the axif\ of t.Jw lmm subjeeted to compres:-;ion hall a ,~light.ly liif
fel'ent inelination again~t. Notth, 

Tn the cxt.ensiye wOl'k Ilodic:~tod to tlw :-;hocks in que:-;t.ion (3") t.lw 
hypot.he~is is expt'e:-;sed tha1, t.he cau:-;e of the ea rthquakes of :\by 15 
:ond 16, 1951 if\ not. entirely natural, hut indudm\ IllUlllm int.el'vention, 
too. I :.m quoting a writing of the time: 

"\Ve ob:-;m've thlOt t,lw e]licentre f",ll:-; ]lrecisl'!y into the nei):('hbout'
hood of C:wiaga , a piace where ll.'lotuml ga:-; well:-; are existing from 
whieh eon:-;illemhlo :.mounts of methan gl~:-;, mnging frOllL 10,000 to 
300.000 m 3 per d..'loy, al'c extraetccl, 'l'he de]lth of tlle methmw 
layer'f\ in t.his are:~ is lOhout 12,10 - HfiO metl'e.~ helow .t;I'Olllld leyel, 
:~nd m:~ximum pressure at. the mout.hs of the g:wser's YlOl'ies lwt
wcen 130 ami HO kgjcm". 'l'hcre a re, howeyer, in the I~odi.t;iano at'c~. 
ot.het' natm'lOl g:~s J-ields with similal' (\xt,mctions of mothano mlll with 
]ll'eMH1reS at. the mOl!th,~ of t.he .t;lOSgl'.t's of t,Ile same ordct' 30:-; abuye, if 
not. higlwr. '['hi:,; Ilxt.l'action haf\ been ):('oing on fol' ymwH, mlll t,ho ~wpa 
is suhjeet,ed, thct'efore, t,o a consic1emblc c1ccompression. One lllay 
get ml idea of thlWl !leeompl'e~:-;ionf\ hearing in rnind that tlw extl'
a.ctioll of ono million m 3 of ga.s ])(\1' !l~.y, ~.t a pr('~sure of 100 kgjem", 
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wOllld correspOlul 10 n, dai1r work of 10-0 org. Sllch a (lccomprcflflion 
ifl, thercfore, really high. 

'l'Iw disch:.rgc of eHergy is graduai, of courfle, not imta,ntaneous, a.~ 
ifl tlw C:. ke with eart.hquakes. It cmmot. be deHie(l, however, tlu~t; in 
thc lUulcrgroulld this euormous mno\U!t. of eompr(,fI~ed gll,S, too, Iw,.'! 
a bl'. ht.ncing etTect. 

Ttfl [~ct.iou va,ries with t;he geologica l st;ruct.llre of thc l'.rca which 
may be sudl ak to m.n{~d virtually l'my diflturhing efIect, afl il, nmy al.~o 
f<~(jilit:~t"l t,hc tremI towH,nl ncw balH.Jwcfl which uot H,!ways a,re reaclwd 

" gr:.dILaollr ". 
1<'urther [WI:,'lUllent",! in f:.voUJ· of this hypothcsi.~ are givcn on pagcfl 

9U [md 10;{ of the ahove va pcr. ",\iter a 15 yel'. r interval .~ince it.fI vu
hlication T fltill think t,haI, the hypothesis is fully valid. As m:~y be 
g:~t;hel'C(1 (see Pigurllf; :W,21), tlw sllperfìci:>! di,'ision of eOlllprcsfl
ionfl lmd dilat,atiou.'! is wcll conflistcnt with thc el1:cct of a violent thrust 
towa,r(! outflide, after a solid l'mgle lw.ving its axis strongly illcliuod 
t;oward.N\V. 'l'he peculia,l'ity of t;he shock 11lO(jh:mism, t;he faut tlw,t 
in the notoriously aseislllic areH, very .~izcahle extractions of natural 
g[~S were UOJi(lllctcd, fltl'Ongly flugge.~t tImI, the break of the eh1stic t-ield, 
: J,i; it l\lul occurred t;here, is in some way to ho associ:~t;e(l wit,h the 
enornwufI decompre.'!sion in t;he (leuper layerfl from where the ga s broke 
fort;h Ilwler pre.~wrefl in the order of tiJO kg/cm2 • 

By Lhe way, plwnommm of this kind have La,ken plaC!l in other 
p:~rt,s of t.he worhl. J~imiting ourselves to BuroVe, T will ou!y recall 
t,h:~t Helgian geophy.~icists are attrihllting t.lw iWiroa,<;ing sei.mlifllty of 
Be1gium's co:~1 fle!(ls to Uw more intenfle extra.etion of the mineraI. 

Iu this reganl it flhoul(l be remmnbere(l tlmt Himilar phenollwna 
developml in the Raibl '~line, ne:~r Cave do! Pmdil hetwoen 1 !lti5 amI 
1967. On S ovomhcr U, 1!Hl5, :>fter noon, a .~t;roug tdllll'ic fllwek brought 
pa,nic to t;he popILl:>t,ion. In the Cave (lei Pre(li! "\line, where !e:~d :m(l 
ziuc orek l'.re extraeted, tlwre were numel'ous thrusts in va,rious t;llllnels. 
f<'ortullately HO workor wa,.'! in the mine a t tha t t.ime. The beginlliug 
of t;lw (':~rt,hqlU~ke WH,fI regi.~tered a l, the Tolmezzo sej,~mic st;:~t,ion al, 
13h 33min ~a.9.~e(:, and a silllilar mcordillg wa,<; made :~t; SOlllplago, 
in t;lw E.NEL dectric Centrl'.1 hllilt into the rock. AH oecUl'S in ali t;he 
mineH or the world, in the Predil miJl(l.~ tlwre were t;lw so-m.lIml l'ock 
uxplosions from t,inw t.o tinw :md :~t; variollS leveh, tha t is sllmll bh~st",! 

within thc Iln{~overc(l rock, (lue 1,0 dccompref!.~ion. 

lhll'ing the lllonthi> prior 1,0 the !lllorthqlmke, howev!lr, t.hcre WH,fI an 
unu.'!nal inm'oas!l of t;he lllUnhol' of rock cxplo.'!ioni> which wafl varticn-
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h~rlr marlwlI in August mul Sept,eIllber, Jt, was dear l,ha t a e()]l.~illcra

blc cha,ng-e l'I thc eh~stie fiehl was guing un in t,lte ~1l'e;l" wil,h jncrc~-"Hing 
t.elL~iuns, WlllCh kd l,o t1w Ill'OyjsiOlUl.\ outburst. oI the earthquake l'I 

Suvember 1:->, 10H;). I H~~y "Jlrovisioll.al". becansc that shock, mLfurtu
nal,ely had nut elltirely l'id thc arca uI t.he t~msiun that wa.~ bnilding n}), 

I~ittle m()]'e than ~~ year ~~ftl'rw~w(h thc papen \\Tute ~~gain ~~bUllt 

the (\wc del Prcdil. fn thc evelung" of }hl'ch H, 10H'i a sect.ion of a 
tunnel ill t,he mille !Jroke liowll. 1lll.der lm eart.hqua.ke .'ihuek. Uf the 
Hye wurkers prcscnt. t.wo WCI'C bUl'ied lInder t.hc debd~ and une uf t.lwllJ 
lo~l, hiH lif(~. lv; t.lw Ill'CHH JlILi: it (" Il 'l'Nnpo ", :\l~wchi, l(Wi), " thc 
tclluric shock "'a,s fclt. by thc cntire pUJllùal,iun. hOllS(~S qlliv(~nl(l awi 
various windo\\' Jll.lle~ w(~l'Il brokell. ". AlLIl thal. this Wl~S a l'el.l earth
qllakc, thuugh less int.ellHe than the unc l'I Nuvellllwr 13, l!W5, w~-"s 

evùlencell by t.he recOl'liingK malie al, 'l'olmezzo mul at SOlllplago, 
at uvcr 50 km~ distancc, 

:3. - SùìlSIJlENCE Oli GIWUI"'Jl AYl'Ell lJlSOHIlEllLY EX'l'ltAC'I'10~ 01" 
:'III!'\EllALS I~ 'l'ilE FI.l"ID STATE. 

In 10;)0, wlwn I waH ~~ppoilll,eli a llwmlH'T or the ì\lilli.~I:t'.Y Comllli
tce thal, was tu 1uuk into thc abnurma1 HubHide,lwe which ha ll b(~en l'b· 
seryed for ~ome ymwH ill l,he PoleHine Hegioll, my kll.owlellge of this 
kinc1 oI pllt'numcna W~-"H rathcr limitcd aml Ulli:ump1e.tc, Afte,r aIe\\' 
lllunl,hs' stlllly of tlw locl ~l cowlitiolls l ~Ji(l of proJler confrontl~t.ioll 

wit.h the cnurlllum I~mullnt of lllctlmlle watcrs ext.mcted by thuu~andH 
uf welis 0llen~tillg l~ll OYCI' l,he PolesiJw awl in tlw l'o Ilelh., \ hH!mme 
mure mul more cOJwincl'.d - mHl so (Jj(l ot.her membcr.'i of t.he Com· 
mit.tce - t,hat, t.Jw (liKOr(lerl,r exl.ractiun of Iiqlli(l frum thc Ululerground 
ha.1l 1;0 be CUIL~i(lerc(l cltiefJy l'espomible fol' t.lw flex\ll'e of t.lw Polesine 
lllJub, Unfort,lIlu~tely, wlmt wa~ stmight1y evideneee1 tu me, Imd t,o l. 
fel\" u1;hen; fOlULd the most. stl'l'.nllOllS opposit.ion on t.he pl ~I't, oI the ()]'h""· 
nisation int,llrest~~(l in t,he expluit~~tion l'I the mctlmnc wa.t~'r~ (Cunsur· 
ziu Italiano ì\lct.anu - C.L\1.) which av~~ileli it.self of ,nlrtlty public 
offici a1~ l.wl of some \\'eli kIlOWll expcrt.~ l'I geulug,V, gculicsy allli geu· 
phYHics in its act.ion of dellyillg any l'esponHibility fol' t,he cxt.raetion 
of t.Jll'. wM.()r~, In ure1e,r t.u eUlUltemttack the 1m'gely fr~-"Illlllient. al'
glUllent.at.iom wit.h which it. wa.~ t.rielilu proye Umt. thl'. l'.normuus pump· 
ings of mcthanc 'n~tel'S fl'om tlte lUulerg-ruund Ime1nut.hing t.o do with 
thl'. abnurnu~l Hnbsillcnce, I was ubJjg(~d lo lio a capillary rescarch wurk 



296 l'. CALOI 

Oli t.he matter, cOllfmlting int.ernll,tional litcl'at.m'c :md exchangillg" JlU
mcl'OUS lettors with Pllhlic offices mul seientists who in ot.hcl' }la.l'ts (lf 
tIle worl(l stlulied t.hc vilol'iatiollS of the ground levd a .. '! no congequcnce 
of whatever caums thcl'c harI bcen. Tt w aH in that gtagc tha,t my know
lcdgc OH thif! matter wai'! wiclcJlccl anrI dcepenccl, Among other thingK 
l became awal'C tlmt, contl'ary to Cll'll's H.nrl it-s export.s' stuhhol'Jl 
afiSCl'tiolìS, :mywlml'c in thc world there Imd hl',(;H :.nd were develop
ing a.h1l0I'Illa.\ snbsidBlìCB pl'OeCHfleS, j,lw::1e have Iwcn systmnatica.lly 
af!Hoeia tccl with CnOl'lliOUf! undCI'g'I'Olllld extl'a0t.iong oI liquidi'! alld oI 
gaf!CS. Thesc witncsscs were HO overwhclming l.nel nUmel'OUH tlmt my 
cO]lvictùm OH thc c:mse of the Polesine ~lIhsidences clmngml int.o 
eert.:.inty. 

Among the nw.~t out~tanding ground settlements eonneeted with 
abnormal extnloctions oI liquids mul oI gases mention Hhould he made oI 
those of .\ZlUna a,nd Oshimflo (.Tapan) het.w!len l!)Jll :.wl 1!)50, of\Yil
mington (Long Beaeh) with climaxe~ up to 8 metre~ (3u,H), oI tho~e of 
the I:)an Joaquin Ya,lley in nalifornia covering:. rather wide are:1o (l,;-lB). 

All these Il10venwnts h:.(l heen ea,use(l hy ext(msive extmctions of hy(lro· 
earhom; (I~ong Beaeh) 01' of watcr, In a, long report ~Ilbmit.tcd to tlm 
Ministry of Public 'Vorks in ~Iay 1959 (published in 191\7) (:1<;) I eon
elucled hy fmggest.ing t.he immediate shlltt.ing of the metha ne wf>lls 
opera,t.ing in t he Po Delta, if one intende(l to bloe'k a t leaf!t. partia,lly 
a gittmtion oI continuou~ hazard. 

'l'he !,,'1.'flo(hml eloHing of the wells opemting Bast of Adria, heginning 
with l!)f)O, prove(l how wcll IOllnolcd t.hese arf,.'1unentations were which 
18(1 to the !\Iinistry's late decision. 

3. - RESPO-:\"RITIIUTIES OF PARTY-NA!.TRD EXPERTS IN ESTIMATINU THE 

COl'lSEQUE:\CES OF l'ItOTRAC'l'ED HUJI[A", INTERVF.l'ITIOX CAPAllI.R 

OF CHANGING THE NA'l'URAL EQUILillRIUM. 

During the 13.~t decarleg unelel'gl'ound ext.ra,ction of miIwmls or 
water luwe hecome more and more ablUtdant and wicleflprcad, Oon
strllction of a rt.ifieial ha,sins, t.oo, has t.f~ken a consi(lm'able (Ievelopment. 
anel the extemliom! a,nel depths of artifieial la.kef! ha,ve been growing 
eontinuollsly in proportion with the growing sizes of harrage CL'lolllS, 

The fìrgt a ttl'ihut.ionf! of va,l'ia,t.ions in the ela.'!tic fidd, assoei: .t~;(1 

with hefwy interventiong oI mining induHtries, ha,d to meet with utter 
~eeptieigm 01' indifIenmee from hoth the parties intere~te(1 in the min-
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ing opel'a tions antl t.heil' flxpel'b\. I mnwmber, in this re~ml'(l, t.hc ang"l"~' 

l'l'actions of ccl't:1in cnginccl's when it W~1S a lLlLounC('ll that tlw elino
gm phs, f01' tlte first time ilLsfalled in il. d.'l.m, ilHlim1te(l (h. il.\" vlHiatiolLS 

of ilLelillation aSf\Uciatetl wit.h the effect of sunbea ms; it w~.s uncunceiv

l ~hle to them tlu.t a dam cuulll helLll IllLllel' sllch "motlest!' act.ions. 
'l'hc cxplanatiolL of such attitudcs i~ tlmt Ihc ide~. of a ~btic. imlH'rturh

l ~hle m~t.ul'e, which sta,!l(b firm :~gl l.inst a ny outer intel'vention. has 
be cn :1Jui still is wi(l<11~- ditruscd. '1'he atll'ihutiun of tlw e:1l'thquakes 

of ::\l~.y 15 ~.nI11li, H);")!, Jwar !Jt)(li, to tlte enol'mous gas extml,lions in 
thc qwl.drilatcml bet.wcen Ibsi~.scu-O~willoga·('0I'Jligli:~ILO-gil)~11ta \\" a s 

l'ec!livell with bughtel' iJl Hl l.ly. 1'he rm.etion abl'ua d wa.'1 lli.ITel'ent. 

1'hc expImmtion w:~s rcport.ell a~ t.mstwol'thy hy C. F. T!;ichu11' OJl pa gl\ 
15li uf his "Blementary Rcismology" (35). 

1'he eontinuuus, st.ubhol'n llJlIl sometimm\ -violpnt oppositioJl to fhe 
~.ttl'ihuLiun of sUl'f:~ce la yer li{'xurcs tu heavy hmnan intel'vcnj,ion Wl~S 

con(lucted unanimollsI.\, alLli with :~ llmximllm of ilLi1.ia tive, lwtw(1('U 
HI;")5 :~Jl(l 1 9Gll, by CTl\r officiaIs l. nd CXpCI't.~ against the fe\\" who " (b l'

cd" sce allll evitlent eunJlection hctweeJl 1.lte subsidelLce of thc Delt~1o 

1I0Il11 tlw extmction or metlLl1.n w~.t{~I'~. Pl'a.etica lIy a lI ofhl,il ~1 Italilm 

mpl'escnta tivef! of tlw wor1tl's sciences (geologists, geodesysts, geophy
f!ieist,s) a gl'ecd in (lenying f!llch a corl'elation. Jt. is not. my ilLtention 

j,u l'eca ll thc hN. pS of \\'l'ij,ingf! of t.llOse .rea.rf! un the ~Ilhject: ~1.J'ticIef! ilL 

ncwspaperf!, m:~gl l.zi1L(1S, seielLtinc rcviews, :~c:~d{'mic rcports, In'l'ss 
cunfenmccs etc, Onl", some of tlw most signifil'lmt OlLllS I,~.n be 
ment.ionetl hel'e (a1- ~ 9). 

T Jl :~ pubIim.tion of ] 957, signetl hy l. geollesYf!j" ~. geophyf!icist., 
:1Jl occanu.!,"raJlhel' :~Jld a geologist; (40), H.1l O.T.)f. expel'ts, a fter vm·ious 

pel'emptory confub tions :1J1(1 illatiuns on Ihe complexity uf t.he J1roh
Icm, no less tlum ten difl'cl'ent serics of investigatiolLs to be cO!l(lucfmi 
in the Delta l. IH1 the l ~11jl ~celLt sel ~ a.re !iRte(l, l. n(l j,lw hOJle is expl'essed 

" tlmL from tlte snm l'md fl'om ~ Io selection or all gcollet,ic, geopltysieal, 
gculogic:~I, oceanugm Jlhimlo1 (b b. gencml conelusions fol' a valitl intel'

]Jl'eta tion of the phcnomenon m:~y he W~thl\l'l'll" (page 1;")). .\moJlg 
t.hc complex invest.ig~.tiuns ~uggcsted, which wonl(l lmve l'cquirell 

(1l'ca dcs to he implenwnt.ell, tlw lllOst ohvious OIW was l!lis~ilLg; t.he 
simllltalLeous ecss~.tion or meth:me \ra teI' cxtmction in l. det.mminell 
a.I'I':~. A Iml)('l' wl'it.ten by anothel' gnulogif!t (41), ~.ftel' having l!iscuss{'(l 

Lhe plU\llOmmlOn oecurrilLg ilL the Po ])elt:~ , proposcs a t bIo~j, ~. series of 

eight. complex invef!tiga.tiollf!, upun which it. shuulll be ]Jos~ible t.o :l.nive 
a l "l. fruitflÙ tliSCllssioll aJUll~ 1'00LClusiOlL on a l'e:~s{)nable b~.sif!", 'l'Ile 
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:mt.hor adds, howcvcr, inllncdiately that " cOllHidcring t.he enormous 
work 1"t~ljnircd to look into the lllaniIold :~Hpeet,,> of the (liffimdt, (juest.ion 

aw1 to aWfwcr them aftpr :1.11 mnple eonsideration, OHI, eallllOt, hut 

think mel:mchoJjeally of t,lw 110m' Committe of lmn'p nH'n ,\'hieh IUIoI1 
hmm summollml hy thc lIlini~try to Imblllit. within H. fclV lllonth,~' tilllC 

tlwir weH pondt'r('d judgnwnt". !ICI'C, too, (J\lC omitH to cnlarge upon 

the "experinH'nt.mn crueiH" whieh could ha ve (liHcovered, re:~lly in :~ 

few montlL.,>, fhe e:mse of t.he frightening Hulmill(lnee t.lmt. was going on. 

Htill :~llother geologillt, 011 writing a bout, tlw qn: l.tlll·lml·Y Polcllano -
PmT:n clle Ballin amI it.~ nl l.tuml g:~11 li(,]dll (42), lllentionH the ll.lmornml 

MLblli(lencc or the Po nelt:~ a-IH1r(laehell thill eonelmion: "-\t la.Ht, every

thing l(ladH to Iwlieve that the exeeptiom~1 lIet,tIPlllPntll of t,he grouHll 

sur6l.cll, thll.t. wall wihWl\lIel1 iII thc rcgiOil of thc l'o ])OJt.l l. , iII gcncrll.ll-y 
in no 1"P1:1tion with t.IIe ext.ra-et.ion of meth:me :md or thc w:~ter a(~COIll

p:mying thc gaH ". 
l eou1d go on with tlwsp jlllll,,'·.rncntll, but t.lw fllw l hln'e I"PpeatPlI 

hcre IIh(Hlld bc lIuflieicnt Lo provc how nmll,~ivc 11.11(1 compact thc :~rray 

or oflki:~1 Hci(lnee waH aga inst t.Iw attrihution, even to :~ e(lrt:tin extent, 
of t.he llexU!'(l of tlw ])dt.:~ , to t.hc pxtm.etion of metlume watpl". No 

wonder if the P!"eHitl(lnt. of ('.I.?lI., Htrengthene(l by sueh tlechmt.ionH, 

ra ilPlI in the VIll'Y spnlle of t.lw word at 11.11 tholle who, in Idll opinion, 
"(bl·I'.d IJl"ing :m :~ctiOll :~gaillHt Illetlmntl", with "illogical illlpml.Ch

ments :m(l unwOlthy requestH" whil:h hall to he Ilefinitely repulsed (*). 

But. thil\ wall not. cnough. Thc 1ll00'C 01" 1PIII\ llillputa hlc o1linionll 
cxpre~l\e(l to ll.c(juit the extmction or Illetlmne w:~ter wcre :~ceomprmiccl 

hy senH:~tional Jiwu'eH rllg:mling groullll sett.l(lments developing in 
ot,her pm-ts of t.lw worlll wlwl"P no lllulprgroumi extra l:t,ions wIUl.t,~ollvPI" 

werc in ()Olll"I\C. It iII Huflicicnt 1.0 (juote in thil\ rel\peet thc :~l\l\crtion,~ 

matle hy one or the C.I.?l1. geophysidstH (lllring l. (liHCUSHion on the 

abovp IllPlltionml I·P1lOl"t. hy PI"Of. Da l Piar. un " 'l'1m quaterlUl.ry Bll.llin " 

(*) I( i~ worth llIl'ntioning that tlw "llnwol'thy 1'I'qU\'~t~" l'oncl'J'lled 
the .~l!l-(l!nl\tion of do~inl!: down, on t.lll' Ilx]H'rillll'lltal !t>vI·I, a l'IHtaill lllllllhllT 
o( lllllthalll' wnlk 'l'o l1KI\ Ilw WIJ!"1(S of tlll' l'rll1\ioinlll of tll!\ rOll~orzio Ttaliallo 
MI·tallo (C .1.:\1.), l hiK Hllggn.~(ioll haoi (o lw 1'"pl1l.~l'oi wil hOl1 t (hl' (l'a.~( Ill~I\itiltiOll, 

" 111'l"all.~I' it I·all.~ fol' all l'X]H'rilllnllt whieh iK llot olll.\' h1!n\clll\ol!l(~ alloi vcrj' 
gl'ave. hllt. allo\"n al! of Illl alllhiguouI\, dOllhUul. if not dOWlll'ighl illJ])().~sihln 

illh'Tprdal ion " (Frolll 0111' of lIl1' prl'.~1\ l·onfel'elll·I'.H I,f 1111' l'n;.~idIHll of C.1._'I., 
!wl,1 ilI Milan on ,lall. S. 1\158, a.~ ill,pl'arn(! ili t(ll' "(;azzl'tta dI'l V-I'.111'1:0" 
or .lan. lO, Il),;S). 
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lluhli~lwd by 1110 «Accademi:~ 4lei LillliPi". IIm'p tlw \l'(mb of tlte g!~o
]llly~ici ~t.:~' l~m:oj"(lillg t.o in[ommt.ion T h,. ye l"ecently !"('ceiv!'d, 
in va l"iou~ ]"(:gion~ and in v: ~l"iou~ lWl"i(Hl~ t.herp haye lJeml )...'1·o\llul ~wt

t[ellH:nt.s in t.he onlel" o[ 20 cm~ IleI' year in:m a rea. of Un: ~Ii~~i.%ijJjJi 

De[t.l lo wlwr(' ilO Illet-lmnc ext-n lo(ltioIlS lwe in cOllr~e; thesc dl~t.l~ llllove 
hcen jJllb[ished a nei st.uciied hy t.lw ('orjJ~ of EllgiIlPm'~ of the Cllit.ed 

Stat.e~. fil mol"P I"WWIlt- l;iIlle~. ]{.Il.~se[[ t'epotts l~ yalue of ;.H) cms Ilt't" 

y(>: ~r for gl"Ound se1.t-lcmcnt.s whiclt 'l.I"e :m~'1.hillg lmt (~Xlwpt,iollal ili 1"Iw 
arca or t.he ;\[i~~i:'\.~ippi J)P[1.l lo . ill alll lo t·ea. r mn rcpe: ~ting-. wlH'rc na tural 
g: ~~ i~ out. of di~cu~sion since [.lIere i~ ilO nwt.ha.lw extn lodioll" ("13). 

rrhese da 1.a pla ('e(L tlH' Pre~ident. or the "('omorzio Ttalillollo ~leb

ILO" ili a IHmit.ion o[ I"aging : ~g-a.ill~t. tlw fpw opjJollent.~: in one or his nll
mm'ou~ llrcss l'onfel'Clwes (Il) thc ht.tel· rH"e (lelilH'd a,.., "HUI)(,l"li4·i: ~1 :W4'Il~a

tonI of lllet,lmnp "," who (Lo lIot- t-hink nOI' kIlOW, be('l~llse of theit· S('l~I'I'e 
inforllmt-ion". A~ to the : ~hove ligu!"(':'\ Iw d(l(:b ~r(>4l " ft. iH 4lp.~oht:.ing 

t.lmt. t.he sU[let"ficia[ lloe:(illsators of mctlmne, who lmw~ nowl~ela..vs gain('d 
kllo\\"[('(Lge of t-he ~ubjpct., t-houg-h noto t.ltrough t,lwir VI"OpPI" seimw(~ . 

feign t.o i/-.'1IOI·e t.hcm cmnpletl'iy a s t.hey [l'e! to hl' um. hlc to ]"(\[Ilte 
t.JWlll alHl {lont.inue t.o I"elwa t. wit.ll ult.~Jw.ke: ~l)lc ca Jl(lor alul 1.irp[p.~.~ly 

theil" ideas". 
\VlIi(lh (Hlul(L hl' tln: ~t: ~ Le of llliJHl of [.lw" hraye nn:n", l"efl'I"]"('4l to 

i n the a hovH llwntiOlW(l t·(J]lOl-t. or tlw botc PI·Of. HOl·t:mi, who (:onstitut.{' 

t.he "POOI"" t'ommit.tee of the )Iini~tt·.,,"~ In spite o[ eyerythillg, BOme 
o[ t.lte " hraye Illml " 4li4lnot HU1T(>IHl(·I". Conm~rlling- llly~elf, T .~lw(we4h'(L 
ill pl"oving- l~rtCI" t.wo yeat·s o[ ha rd wOl"k, a s l~ll"eMly ment.iOll('4l, how 
ra.lheiou~ \l'Pl"e the a.%prtioll.~ of t.lw y a riOUH cXIJCrl.~ alHl t-k ~t tlte d: ~ [.a 

on a bnot"lm. l g-t'o\II1(1 ~uh~ieiencc (*), which t.he Sl loiei gpopltysicist dailllll(L 

("') A.~ I wa.~ ahk (o "ho w ill m~' r'·1wat,·dly mnlllloll('.,1 1111])('1'. lho,,(' 
,lata ha VI' lIot. thn 1r·a~t n'fnn'lu'n to n·alily. ~o (rae(' l" Ih('n' or illl.\" 20 
or :1(1 ('111); prr .vrar. Hll~"I'11 (") hal1 Jlwlltiol](·d 2 inl'hp" 1)('1" ,Vnar iii (!!."lH. 
l"I'.f('l"rilll!; (o (III' Illaxil[llllll "llh~iI11'l11·{·. o1'''I'l'vPI1 In ~ollt11·Ea"h'1"I1 1,0lll"Ialla. 
all,l l'.xad·l.v Oll a (nlpgraph ("ahln "tn'.t.("lwt! 0\'1'1' a pliH'n ("al!pt! '''l'lw .lllll1p · · 
imd t:lu.wkrd lopj·wn'·1l thn ~'{':\I"~ 11';;:1 all,I Il'ii. AI! 01lwr I!;1"fJIIlld ~nl(lf\mnllt ~ 

rp{'onlpd iII t!w .\li~si ~slppi l>tolta provnd to 1>1' of a 1II'J.(llgihll'. Plltity. 'l'lw 
tIala in 1]\l('.Klioll arc' laliPli frum "CI'O]OI!;'v or (hl' 'Ii~~i~~ippi Hh'pr [)P}tai(' 
l'lain _ ~oll(hna"tt'r(j LOl1i~ialla" (~u.5 1), pl1loli~l'f\d loy tl1l' ."alllf\ "('o]"ps or 
Eligill('.(']""·· whidl :!('('o]"dillg lo lhl'. aforpJ!lPII(iolind gf\Oph.\·Kit-is( - wa" 
., l'.lIl!;agp,l in n'r.v ,ldaill"] rr·~'·an·h work. loolh Oli tlll' ,lyllami('~ aliti 011 (Ili' 
"tlll'r ]!o,,~iloln ean);{'~ of the mo\'('m('.lItH gOllig Oll iII llw .\li ~ ~i~.~lppi 1)"lta ' •. 
H wa" {'xilf·tl.\" (hl' "aitl "Corps or Ellgillp.pr"·· whil"h. npoli my n'Ij(WHt. 
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to have ohi':C!'vC!1 in t.11I1 l\.li~si~~iTlpi al'm ~ :md eLHewhere, in spot,,~ wi
thont nat.lln ~1 ga,'1 extl'a.et.iOlL~, wnl'e alt{lgnt.hel' P)')'Ollt:OUS, In :Mar 
1U5!J I .'mlnniL1.ed to tlw ~1ini.'it1'y the ,.hove ~,~iel a lllpie l'epOl't. (p n
blishecl in HHi7) (3H) : ~t. t,hl', c1o,~e of \l'hie~h [ callorI [01' the immedi<l.te 
shntting of t.he t.hou~'"Jl(ls of metlmne wdh; in opel'a.t.ion in (l)'del' to 
li:we :~t. lealit a pmt. of t,lw l'o DeHa , 

::S,l. ,\ftCI' t1wlie cOlL~ielemtiolL'; :mel \l'ith pal'tienh~r re[el'eJwe t.O 
the ,~ubsi(lenee of l'o ])eLI:., the que,~tion aJ'ise,~ \l'ha.t. elama.geli Imve been 
done to t.lte Hn/.,tlon hy t,hl', at.t.illHle of t/le offidal sdenee whieh (lenied 
ltlw.nimoulily :my l'ei'lpomibiliLy o[ mt:t.l mlln nxt.1'l~ct.iOll fol' t,lte tLexllre 

of the delta, :mel especially by the violent l'Cfnli:~b of tlw Prcliielent of 
C,L:'II. who Im(l heen liuppLied apparent,ly \llL~hakeable m'/-.'lUnentli by 
hi,~ eXTlC!'Lli, fol' inlibm (;p t.ho~(~ l'e~ll)ne(l in the (11101110 of almol'lm.1 snbsi

(Ielle" ill the ~lililiissippi Delt.:~ , inlipot.~ wlU:l't: no llatlll'l ~ 1 ga.~ pxtl'l1.et.ion 
w:~s in eOlll'Se, mLlI whieh Im(l no real fO\llHlation :~t all, :~s we lmve 
,~een, ::\0 dOllht. t.ha t t.he (bmagl's :.re enOl'm(m,~, 

Fig, :!2 givt:~ :~ liynUwliili of t,lu: ahnol'mal gl'oll))(l subsidenee oe
(mrred in the Polesine al'ea :mel in tlw l'o Hivel' Delta. fl'Olll 1951 t{) 
UJ5H, 

FigUl'es :!::!, :!.~ re~llme t,hl', a.bnol'llml settlenwntli oerml'l'ed in the 
same al'p,1 in the Y(':'I',~ 1 !1;)8 m LlI 1 !!l'i!l l'eSTleet,ivel,V. 

l<'ig. 25 lillnmlarize~ Llu: abnol'mal ~pt.l1ellwnls Ilos;;oei:~hHl with 
tlw J !lii8-1 !ma pel'ioel. 

,H t: .st., in t.he ~'(~al' l!HiO, by overcoming :l. resistenee whinh can be 
e: ~liily imaginp(l, nOllliidel'ing tlw oppo~it,ioll of t./u: int.erest.e(l party 
whieh conl(l depeIHl on the jIHlgmentK or liO nm ny "ligh1i'! ", the ~Iini
,~t,l'r COllLlrIit.t{H' (lw1t.1'1' (ll'li!w(l t.he "T)()Or" Cmllmittee of the 1\linistry) 
lilleeeeelnd in enfOl'ning Lhe elolie of \\'eLis in l. limit.l'd :.l'pa (see t.he poL,\'
gonal in Fig. :!6). In the :~rea the set.tlement eliminished ali by magie 
:md t./w wa.t.1'1' lev(·1 in t.ltI: wl'lLs l'ose agl\.in. I n view of the,~e rf':,~ults the 
~Iillistry ordmed the \l'ells o[ otlwl' are:~s 1.0 be dosed lwt.ween the 
yl'lI.l·S ]!WO alld l!Hi·L 'rlw eOllsequellces of the~e shlltdowns are l'eHU
nwd hy lhe figm'l's of t.he pnhLiea lion mentioneel seveml time,~. In an,Y 
ease t,hey may be l'oughV sllmm:nizeel by Fig, 27. 

Ih'lIit'11 an,\' \'alillij.~· of tltp elllJrII10llS sllhsillp·ll('C data nillll(',j ill tlte rrb"vll 
IIll'llti"lll'll C'OllJ..(!'p><.S wltie!J wus organizod ili 1\)57 h:.' tlto .A(·(·allmllia Xazio. 
llalc dpj Lill('pi » all'l E.X.1. 
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'l'he consequeneeH of the dcbyc(l f;]mtllown of the met,lmne \l'ellH in 
thc l~o R,ivel' De!t.n. are in few wonL~; 

1) Tf UIO wellfl hall bcen clo~PlI inl!);,>7, iW it. hari been PI'opos('cl, 
thc a lmo\1lml sett.lements olmcrved in lU58 (va r'yinj! het,ween 20 }\Ju! 
30 ems in sumc puint.~) wuu!([ have heen avoide(l, ag \l'01ù(l 113.vc becn 
iI.vui([ed thc lwavicl' oncs or U15!.! whieh in vn.riuus ml1es Led tu subsi
dcnces of as much i\S .35 cms. 

3) To bc short" a shut(luwn of well~ in 1957 woul([ have avoi(led 
thc scttlementH l'BJlOl'te([ in l'ig. 25 ranging from a lllinimlUll of 
30 cms t.o a Illaximulll uf 120 eJn~. Tlw tot,iI.! of the Ilexure \l'as CnOI'Ill
ons and has seriomly injurecl- it, nuloy be (lefinit.cly - t.he pquilibrium 
between t,he emerging cart.h n.nd the water in vast al'eas ui UIO Dclta. 
As is knu\\'n, ~cvcra l uf thClll ,lore muler Wi\tel' now 12 month~ 

Jlcr rear. 

J have enh11'g'B([ nJlOn tlte situation \l'hich haH bcen prev~~iling in 
the ])clt,~~ ~1fter thc (lisordcl'ly cxtl'action~ of met,lmne wat.m', fil'st, he
canse J took Pil.1't in the investigationg \l'hich discovered thc causes, 
a.ml ,~ecumlly in vie\\' uf the conSP(lnPJHje.~ hl'ought ahout hy sneh set.t.
lements in only appiu'(mtly far off areas, for instancc in the Yenctiml 
h1g"oon, ami !inally tu emJIIl!.~ize t,he respomibility of hast,y jw[gmPltt.'l, 
often Ilictated ily intercst and cxprcsflcd ily Illany ont~tanding I)(1uplc, 
but contrihuting Lo the pl'otmction and, hence, to the aj!gmv~"tion of 
t,he plwnulllenon. 

It is umlerstood, of conrse, tJw.t, a hclmviour of thiH kiml is not 
pOflsihle only \l'Hh HaliallK. lJesllemt.e fìght.illg' OH similar prublemfl 
have becn \l'itncsflcs in other (jountricfl, too. In t.lte lTnit.pd St.au',~, fuI' 
ilMk\nCB, it, was on!y i~fter haI'Hh controver~ics that niwill :'Il. !<Jvans 
sueccedc(l- ami only in parI, - to convilH'e tlte antlLOrit.ies of Ilenver 
tha t t.llP earthquakes that had been striking the town allli the neij!h
houring areas fO!' ,~ome time hall ilccn orig'im. t.cd by injcct.ions of 
\\'aHte \l'iI.t,er in a nearby spot. In l. let,tel' of .lugnst 1-1-, .1!,!{j8 in which 
he i~ddnccd ne\\' witnefl,~es tu thc (jonllection hctwcen wa.tcr Sccpl.ge amI 
seigmic n.ctivity, }jvans wrot.e to mc" a!though the political 
aut.horitics are (loing thcir bcst to dodge thc rC~I)()JlHihi!it.y"" 

Jt, is dear, anyhow, t,hat, i1n aut,hol'ity, polit,ical or not, is induccci 
t,o dodgc ( a ~ Bvan,~ ,~ays) jt,s l'esponsiililit-ics as long a.~ it, fin!ls expm"ts 
\l'ho, through t.heir jmlgnwnt~, ho!ster ;;ueh elu~ions. 

Considcring the dmmatic conscqucnecs whieh t,he jmlglnent.'l of 
cxperts uf t.lw invo!vBll part.y may have on the dcvelopment. uf thc phe-
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nomeIm llluier iHvc:-;t:iga,tion, it. i." thc duty of :-;uch (\xpert:-; to leI, thcm· 
selves Ile g"uirlcd by the mo:-;t rli:-;pi ~ssiOJmt.e ohjeetivit.y. 

ft i." mwy to expla.iH t,hat aH expert. t.eIH1:-; t,o cXl))'c:-;:-;, even in pet"· 
fecUy g-oo<l h~ith, a j1Higlllcnt. iH fa,volli' of t.hc pa.I't.y IWllw:-;ting his 
:-;m'vice:-;, Imt. it mmnot. hc .in,~t.iJied tha.t to thi:-; end he put:-; fOl'th <h~t.i ~ 

bI' fl-om l'e~~ Lity 01' not. thOl'Ollghly checkell. 
Tlw m~m oi :-;eÌcnec, if he t"(\~~lly w~mt:-; to be one, mu~t. 1)(\ i~t. a.lI 

t.ime:-; imli cxeln:-;ivcly a,t. the :-;ct"vice of truth. 
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fel/mllcni di II/foillllllll r nl" deUII (;'0/111 dd IJdln l'mirI/III . • flf1i('ilW g-ratiehl\ 
H'I'EDIV _, Pa,luva. (U)57). 

(H) GORTA~I .\L, Olillllimi ahlJ(/~NaIlH'nli del DI'Ila !'a,lallll . • Xatllra. () ~loH

f.agna ", V, Il. 1, Bologna (1\),iH). 

(' ! ) DAL l'IAZ G. B., [/ /Jarlnll (I,w/l'r!lllri" l'lIlf,W·III1·fl'l"/"f!rl'~e e i ,~ulli yiaeimenli 
[lal;~i!eri. Att.i del ('OI1V(',gllo (li Mil[\lIu (30 ~l\ttellll)]"P· . !l Ottohre ln57) 
8n • l GilWillH'lIti (;a.8~iferi d('lI'Eliropa O('dd('ntaln _. ~otto gli an~pici 
(1(',Il'A('ca.dnmia Xazionall' (lt'i LilW(',j e ,lpll'EHtl\ NazionalI' Idnwa rhnri. 
A('('adelllia )l"aziullalc (Ici LilW('i (l!)o!)). 

(,a) '\[ORBLLI C., )l"elrilltnl"vento H\llla preee,lellf.c ('01Jllllli('aziulIl\ ,11\1 l'mf. 

G. B. Dall'iaz. 

(") .':iACCO~L\~1 il., Iii! con!arnza Nlrrwpa snll'ah!Jas.wllllenlo dci /)l'Ila Tar/allO 
lel,ulrr a J/ila!lll 1'11/111 Oenllf!ill dall'lIv!). BrlUlIl Sacr,mll/!!li l're~id/'!lII' del 
COII.~orzio IlaUano .1ld{!lw. " .'[eta no . , XI. II. 12 (11157). 

('") (:II.LULY .LUIE.'i, (;IUNT V. K., NII/Jsidfllcr in I/le LI!IIy Bead, T/arlml" arm, 
Califol"lIia. , Bill!. (;1'·01. Su(' .. Amt'l". _, v. 60, 11. :I (1\).J-!J). 

(l") IlAVI~ G, Il., l'O),ANIl ,r. I·" (,t al, OrnlLndwrrla cOIir/itiOIl~ in 1111' 
Jlrrulnlll-lInl"oll arca, Pl'fNIIII ami Kin[lfl G"'UlI(:e~, ('II/. • lT. S. GI'OI. 
~lIrvey 'Yatl'T Kupply l'aper I:lHO _ (1!J57); pnhhli('at.u pllre ill forma 
lIlilllf'ogm!il'a (102 pp.) nel lllii.J-. 

(4') l'l"IIlfl"es~ HfJlorl Iilwd - 8(II}l;id~lIcr invel;lirlalilJ/lI; San '/(}alJllili 1'11111'.11, 
Utlli/uJ"llill. Ilrrolll/h 19.',7. A ('um (l<:>lI' . llItcr-AgplI(·'y Cumlllitt,ne un 
La/u! Kuh~i,lel\('e iII ~all .J01l(i\lin Va lll'X >, pp. IliO, .J-ij Tav. fnori 
t.(\~t,). :-;af'ran/('111o, ('al. (1\l,iH). 



:IU:; 

(l') 1'0LA"SIl.l. f., DA\'IS G. Il., 8u/J>!irll'IIC f o/Ilir /1I11r1 slIrfllrl" iII lIiI' 'l"U/1I1"1' -
IrIlNf'O (/)/'lrlllfl) a 1111 I,ON NIlIIOH - lIdI/l'III/III Cil.'l .h·ell, .'iall ./O/lIlllill 
1'11111'.11, ('II/ifol"lIill . • Tl'all.~adiou'" or • AIII(>ril'all G('opllysknl I lIi"ll', 

Y. 37, II. 3 (1%(;). 

('") Rll;<"ELL H .• /. (>1 al.. 1,011"1'1" .1!i'''Hi,,.,~il,,,i !.'il"l"r /)l'ilil . • LOIli.~ialla (;('01". 
~i{'al ;-;III'V!'Y ' , BlIll. Il. .'\ (I!I::W). 

("") l' ."-'. '\l'III,\" Ellg:iIlN'1" \rat(\rway~ 1':xl)('l"illl('llt :--tati"ll: ('orp~ or EIIg-illl'l']""" 
(,'{'O{Orf!! "l file JJiNliisNi/I/li Nil'l'/" j)dllli" /'{lIill 8011/111'11."/1'1"1' LfJlli~illllll. 

TIWllll. Hep. Il. :1--1-.'\3, VOIIIIll(> I, Vil"Ii"~I>llrp;, :\!i,,~i,,~ippi (.1l1ly I (L")H). 

("') .\Ii""i""ippi Hi,'j\r ('Olllllli~"ioll, ('Ol"p.~ or EIlp;illPI'rs, Ueolml!! "1 !Iii' .lIiNNiN. 
Nipfli ',~il'er /)/'lIlIir l'lain .'ifJIIlheaNlerli l,fJlliNillllll, '1'('1"1111. IV'p. Il. :1--1-1"3, 
\'OlllIllC 2 iII -1-5 x (;5 1'1Il (ol(.I"\':!o Invol(», Yid,shlll'g:, ~lis~issippi (.flll,\' 
1%1"). 

("") AIJA\I~ R. ])" AII\tE]) '\Sf;II,1lI, SdNIIIÌI: 1,'{TedN III Jlallylll /)(1111, i'lIki

NIIIII. "Xalllrp •. "01. 222. Il. 51!1!1 (llHiH). 

("') H'ITllf:.f. I)., SeiSlI/eN Affl/ideiN . • ']'pd"lI"l,]ly~il·~ " 1'.9 (IH70). 

(Ol) ']'0\"1:-;1 ~I.. Idro/"!Iill dI'I l'il/l'/', C"" /lIItlù'"flll"l' l"irflWl"do IIl/"illlpÌllllfo 
"il/l'/', Noilc, .1/111'· ]'aj<mf, iu • J 11/ pi:lldo I dnJl'I!'IITko l'ia n'- Boite,.'I1 ai~, 
\'ajoul •. SADE, YI'III'zia, pp. :{H--1-i'l, (I(l,ili). 




