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Chapter 1.2 

mE DISSOLUTION AND CONVERSION OF GYPSUM AND ANHYDRITE 
Alexander Kllinchouk 

The develuprncnt of k:u;;r is a complex system driven h~· 1he dis:sohuion or a host rock :mt.l the 
subsequent r(~nH)\>;11 of <lissol~cd maHer b~' mn"ing \\~ncr. II is the pnxess !h;n. ~ll various -'lagcs, 
initi~nc~ ur triggers <tssod:uet:l p11Xt-s.-;.e:s including emsfon, rullar):>t ;~nd subsidence. The diS-'solu
tion of sulph;lte rocks proceeds h~· dillcrent mechani~Jns ~md at difft"rc-nt r.ues w thvsc as.socf.Hl'tl 
with the dlssoluliml of t'ai'h'mjtl" ffl(·ks. For eafh t'ock type di!Tt•reru f;K!Ot.> innuencc 1he proce,%. 
'111i.s dupler ban al!t'lnpl to "umm;1risc I he pre:>ent knowl~{lge of 1he dissoltilion rhcmis1ry and 
kinelks or gypsum and :inhydril.t>:. Thc.se Me impflrtmt f(H· the genelic lntcrpt{~tm.ion of k;u:;t 1<.'4-
tures in these rocks. li1e gypsum·anhydrite.gypsum tr;msitions and lt'Cf)'SI~lJiizarion pl'(l(Csses :ux: 
abo4ddre.':ised, I"Jectu~ of their importance to k<H"St devel!1ptnenr. 

~t.mr studies hav-e bet.>n mltkn:lkcn on the soluhility :md dis.soltllion or sulphate mlntr;tls. In 
the conte~l of nmssrunion engil1t>cring ~lll{l k;mt pmc\~,,._~~s. lmport:uuworks include th~>se of 
lap(ev ( !959) . .Kumetzov (1947}, Shremin~l { 19·19), 7.r!aliovsky· (1956), Sokolov (1962), %vercv 
{1%7), Lui & Nancollas ( 1971), Blm!ll! & Oirkson (197)), Mel"nikova & Mo:~hkin~! ( 197;S), W'igk•y 
(19i3), Gorhunov;J (19T7), .lame"' & Lupton (1978), Kushnir {1988). 11K' mosl t'Omplx:hcm:lvc 
1\."'fCH[ account is that orj;unt>s ( 1992), 

~.Chemical equilibria. 
Gyp.~um dL-;.soi\·~ by t! slmple rwo phn..:>e dissodation '(solid and 5ol\'!:nt): 

Gypsum, like CaC{)~ and sal!, dissolves rere~ibly; but :mhydritt' dot~ not When :mhrdnte is 
di.-;.solved it forms a sottuion of t:llcium sulph;ue whkh. ;u (Omrnon tempt'I<Jturcs <1nd pr'e"-"''ce;, 
is Jn equilibrium. wirh the solid plttse nfj!ypsum. bm not with anhyd!i1e. If diS!..XJuilihrium nf the 
50iid-solvent s~rs1em orcurs, gypsum prt."t'lpiw.tes. This is duZ' rv tht ln:'itabilil~' of :tnhy-drite tmdef 
normal sl1rf:tte and shallow sub-surtq(c themmhatic t'Jnditirm!< (Fig.1 ). 

The solubility of m'psum in pure wmcr m 2(l"CLs 2-S.)l g;t; or 14.7 mM!L lt is ruughly t:\0 
time; kl\c\'er than the soluhilit}' of conm1on s:dr (3@ g/l) hut four m·der;; of magnitude gr<"alcr 
than the soluhility ~lf CaCO$ (l.) rng./1); however, ln rhe wes(;n(e of CO_, the tlissolulioo of Glkire 
iseniuncedand the differei1n~_in .soluhilfrrbctweCJl cakite ;md gypsum (Jc.,-'tre;N,>s to 10-30 !irm.~. 

The dependence of the solubility of grpsum on tcmr-x;rawre is reponed by many authors 
(Bfnunr & Dickson, 1973;Jarm.""5, 1992; tiley ct al, 1963; see f'ig.Zl. Between 0 aml jete, 1he r;.mgc: 
encoit1[1;tSsing 1nost na!ur;il Waters, !he so!ubiJil}' ofgyp~umincreases hy 20%. n:~.-~ching a m:tx:i-
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fig.L. Equllihrhinl di;1t:r~m for the 
sys.~em C;JS04 • Hp (~iter /;;mbak &, 

Anhur. l%6}. 

mum (:lhout 2.6Cig/t) :u. 43"C. CigH<l {1985) examined the pos5ible effens on gypsum solubility 
mused by tliixing WJters at clifferent ter1lpt~r.Jtures. He found lhat when mi.xing t'<)ual amounts nl 
lWO S.'.HIJfjtt'tl 'i\::.ners (one ;n 10°C, ;lJld :.inother :U lemper.,Jture.s r,mging from 40 lO IOO~'C) the 
.solubility in the mixlure tn(rea.se<l by between 2 and 13%. This effe<·l may play sorne role in the 
kal'!>tilkation of are:1s with gef~herrnaJ waters. 

,\nhydrite may be ronsidered ro ha\'t no rhar.Kteristk sr>lubiltty. 11lls is bt"GlU:::.e of its chemi· 
r;l] instabillt}' in <'Oillmonly encouflt('red shallow suh·surf.1ce conditions (lames, 1992). Some 
values given i11 the Hter.nurc an:: mjsle~Jding: the true s.otubilit~' <>f anhydrire under I)Ormal tempe; 
r.tturc;<; is equi\·~flent to that of gyt:t5lli'lt When di~tJlvetlln ll"JJCr; anh~1Jri1e f,!roduct>s :1.sotutinn of 
CaS04 rh~n l,dtim:ndrattal.n:o the S:llllt: equilibrium runcemr;nions as 1he gj·psum-H:P systt'm iH 

pure \\>:Hert lhis. L~ 2,00 gt1 at 20"C. jamt>.s { 1992J poin1ed om 1hiu anhycbire in wma{'t with water 

f1g. 2. Soluhilil)' mrves for gypsum Jrid 3Jthy. 

{k'ttr: h3set\ on rhe experimenral d:Hl of 
Blount l/;, Dkkiino (19!3). The upper (ur.·c;
pcrt;Jlm w 1 he ma~s loss. of grpsum rork in 
so!utioll. The lower cun·c b (::!kulaH:d as 
f:.;1$04 :md di.spbys the hw.:Iri;tnt poirll ;H 
)~°C, whr:re ~ypsuin, anhydrite and !iquid 

et)'Cxist <Afi:er Wl1ire. 198S). ;>!) •Q 

T:tit'!JK. .... t~..,• 1'"'-f;) 



DISSOUJTION AND CONVERSJONS OF GYPSUM ,o\ND ANHYDRITE 23 

100 

Fi~. 5. · Suluhili1y of gyp~um ;~nd anhy· i 
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tends Wiv~m1s a me!;lSiable ;;tate chararterised by supcn;;Humter! solu1lons. These probably 
iircoum for some of rhc hit~h St:liu'hillties quoted for ;whytiri!c, \Vhirh range up w 3.5 g;l. l11c 
subject of J..,"}'pstrm/anhyrlrhe nmver..sion b de.snibed in de1nil in section 5 helow. 

Figure 3 shows 1he solubility d:Jta fc1r anhydrite ;in•i g}'p;o;um in their ~t:{biJity regions; this 
informmktn was summ.arl~cd h~ .Z.1nbrak & Anhur (1986). The soltibiUty ofanhrdrite b lower 1h;1n 

th:u ofgypsum under these prr.$SUI:'t' rondliiun$, ~1nd (k::crea1K~ ·with lnn<"'Jsing rempctJture. 
Pressure does nm subs!:mtiaU~· afrert tht" solul ... ility i"•f g}'INtm within t:nmmon genloglc1l crwi· 

rtmmenrs. In comr;Ist 1hc CaC01-COz-HP system is inOucm:cd hy the pre.s.ente ,of :l gas phase 
d1:1r makes i1 sensi1ive to pre$sure. The solubility of h'YP:~um lncre<tses slightly at pressures cxcec· 
ding 100 bars (Manikhio, 1966), b~11 at depths of k'$.,'> !han <1 lhotr~<lnd mer res or so, the infiuence 
is negligibJct. The effect of ptCS!iUre applied m the mineral l~disnt~!\Cd hdmv. 

Eqnilibrfum cowtant,~. Different equilibrium nmstanl \'alues for gypsLUt1 ~are rt;pnncd 
hyvanous authors, rc~<x:ting v;~J!~ng experimental conditions ;Jn(lth(~ use nf different thennody· 
nJmk d;na in the cakulmion$. The mnst;mt~ are most U::imtUy gin;:n for 25°C and hlgher tcmprm· 
!llres. However; ln many hr~t rm'iroimlent~ the wa1cr ICnlperature range is more normal!~· 
between 5 and l )6 C. Aksem & Kl1 mchou k (I ~>91) . [Jrovide(i ahcrmod~'n;tm ir caku latioJ~s of G u bhs 
lree energy values ;~nd i!qtJiUbrium comt:mts fonhe £}'[JS.Uf"IJ {li~o;olulion reaction In w:Her at wm· 
pem; u res 4.!f t't. 50eC fl'nblc l). The results agree dt~M:'f};wilh .rhc ~·alt,e-5. pn;·\1ously J'i:uvidetl by 

Wigley (1973). '11ie data In Table 1 give the following Kg function df 1\~mper:~ture: 

Saturt:Jtion imlex; K:lrst \''Jters in ~~uilihrium with ;csotid phase ~1re mrc. \X1hen a solution h 
undeoowmfet:l wilh te:;pct! w dte -s...11trnle miner<~.l. clk<;;oha&m {Jf(Ku:ds; rUJ fli.~llmkm fK't/Jrs. 

m 1J1ere may be pn:.Yipltation, when [he solu1ion is super~turJtetl. Prcdpiwtifm d()(::s not :1lwar~ 
nc.cL1dn supersaluro:~tcd solutions, its rriggcnngand pr(~ress tkpend orl rmwr (~tusmi~·c Fartors. 

the deviation of .a Solution from equilibrium is measured by the 1i:Uur.uion index Sl, lntmdtl· 
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red hy l4mgmuir (1971) and used widdv hy karst re$ear
rhers (see \Vhi!l.\ i~lSS; J~ord .;mel WillLuns, 1989, for a 
dtsnipriotl of the p.cneml fO!l{'('l!tJ. 'l11c s:~wr.uion index 
b defined ~1s the relation of the ion aoh'lty pmdun [or 1hc 
dli,.,Otiation of the mincml w 1hc thermodymHnic equili· 
brium ('onsu-tm .1\ of the reaction. For gypsum !ht s:mH<J· 
linn index is: 

..-4.67 

S!g~p =log;~~c,:+l nso/nC.i '{S0 1il\l.l 151 -«.n 

-4<.~-

whert,>: yC:1 Jnfl yS0.1 are coefficients accounting for ·•·' 
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ihc ion p:drin~ effcn. fig. 'L f.qui!ihri~Jm cotN;m~ K;.t ,1~ >l 

Sl i~ z~'ro if w:.tkr bin equilibrium wilh the mincr~1l, it fW1Liion uf!t•mper;tture. 
h~1.:. nC'g.:Jli\'(' \~!IU('S for undcls;Jtu.r-:.Hetl (:tg,~ressiW.') solu-
lions, ami rl!._\i(i\•e 1:1lue~ fix supers~tWfit!ed so!tuiom .. 

ln ltHuriJI conditions equ!librhurr is t..1rely :mained. or it is disrupted by rhan~t~ in fauor:; :lnd 
\'lmdili!Hls 1har ~1tfect soluhillry" Thcdependt~1fe of ;he ;;bluhiiJty nn \~1.Jious propcnk'$ <tfa st)l· 
\'(."llt <1£HI Sc1!id :lre llD! dearly ami tui::Jmlligunu~l)' described either th<.>ort'ticaJir or 0}' qu;Uuifl~lblc 
IlK <lll:.. TI1c m;'l in fatt o~:> ;lfftfl ing 1 he solilbfli{}' C[{f)'p.Hmntr<! ou lined below. 

2. Main factors affecting the solubility of gypsum 
Pressnre appflefl to the ror:k. Korthlnsky {19S5)5huwt'tl that the suluhility uf mincr;tb 

inrrets.es when lhe rock f;1brk experk'llC:t>S pressure~ higher than that c)f 1h~: gn;rundw:ner. 
!: .. '< pelimcmal dii r;1 by M;mikh in ( i 966) suggest that 1 he :;ulubil i1y t.1f ;m h y!l riu:: intTt. -:1scs $h~Hply 
·with the incre-o~se in ptl;'5:5me: t"Jrh 0.01 P:1 incw.r:se in p~un: n:sul!s il\ a 3 tu )lilt)('$ inrtca£.e i1) 

the :soluhmw. The soluhJlity ofgypsurn is reported to incrr·:Lo;e ,j times with e:Kh atldi!ional 0 .I Pa, 
(1)11seque.iuly. the solubility of <tnh~\lri!e ben~mto:s higher than 1ha! of gyp:H.Irn under :tpplie(! 
:'irtl;'ss. J>echcrt;in ( 1986} discus<i<.'tl the stress field in 1he Pol:un~l ~'}'J.bUm/~nhrdritt ma.,~if of the 
IJmls ami. rcfemng w M:mikhin"s data1 evahJ~lted that the solubilil~' or anh~1lri!rirnhe WfK':':>. (tr 

T"C 
0 )----

10 
l5 

high strt'SJ> should be 2 tu '5 tirw:.5 higher 
than in 1lw liY"'' stl\';\s :ue:ts. This ia<,wr is 
t.x:licvt:d IV h<we a .:;ignifiGtm mk· in !ht~ dii· 
ferenO;.~tfun of dissolutiOINt'UYst:lllir.alitlfl 

~· .and hydr&tion processes on a massif :srate. ·--f..::::.:...:.::.::----1 
For l{~'PSl!nl, the inm•ase in solubility with 
dep~h callst'd by the ;!I)O\T erf<:ct will be 
;~hotH Ci~t Jt a depth of 50m (average pn.'ssu
re. LS x W·l r:~-~l) .:.md :dmut Hit• at a depth of 
100m (2Jx 10-4 PA}. The effect b likely tu 
he important to karst development Jn all 
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envlronm,~m:s, nm jus! in deep-se:detl une':'. 

Grafn stu. (}Jicwlen reponed that ~;uur.nion wilh re;<;pen to ~ypsurn fur gr:ains nf 2m in 
size ls rt'ached m a conccnrr.Jtinn of I S.3 mM/L 1-ltr.\·~.,·cr, fix 0.3m-sized grains I he S<~ution hero· 
mcs saturated J! H.t2 m;\111. and 1hc solunilitv effertiwlv incn.:ascs hv 20:t, {dted afit'f :Sokoltw, 

' " ·' ~ . 

1962). Sonnenfeld ( 19t!4J indicncd 1h;1~ 1he sohlf)ility of ~}l}SLJI)t c~";lrhes :t mlximum f(J! fi)'SI;lls 
in !he ~ize rJngt of 0.2 . O.Sf.l. '>vhereas the soluhility Jlf ;;nbydrite is highest for O)·st;1b ;1round 
2$1J. in sli:e.= 

IJi({erentLtl ~~~·uoiJi(y wlrlt rcSJ.lt'l:'i i(J gr.fiflli of ddTt::n:m sir.r:.-s rt-&ulls In ,:mer.~lili:d {{'r<Ji"c) 
wa1ers that ran be untler~mumtcd with r~f.H.:"t:l to small·siznl W~lins, h\lt :illJ1trsaturated with 
n~spt't'l hi h1rge p,r-ains. Thl$ plays im impon•1nt role in reu·y~t~tllL·:;ltinn ;md hydration r>nxesse& 
i:>l"C scrtinn~ 5 imd 6 helow,t, and rx·rh;tps in •he tlt;\'dupment uf rrrt·~ular 5mall-sc;]e pom:;Jty, 
Srknive dissolution within hetemblastif rock m;w f<u;ilirate smfan· n:!rt.•;u hy \\':Her ht.\-:mse of 
~he prtfcn;:ntlal lt:Jmwal of srn~lll-sit£"<1 gr":Jins dw initially provide a t:emcnl IX'twc:en ihe larger 
urK':I Tht' diffcr·cmia! S.i)luhility ol lTf~!;lls of v;utous ~izes b illustr;Hed wdl hy obstf\';ltion:; made 
in the g:11~um (;lVC!i of rhe Western Ukraine, when: single giant tf1'Siab. uf ,-;tknit\" within the 
heierohla:ilic rock mass commonly pro!rudc fr(Hl1 the walls ;md ceiling;,;, a~ Jlt'fl{~Wt!i.. 'l"hc~· ;Jre 
OJPP~lrtntlr b.s snluhle than 1he :-;urmunding, tlner-gr;!inerL m;nrix. 

SoluiJJ/il)• .b1 ttarious salt Mlnlicms.. AJI n;Hur:d W;ncr$ cont1in S(1!11t' di)sok<'tl s;Jhs, :md it 
is wdl known lklt these c;m :1ffen the solubility of tlthcr minerals. 

lon (.Miring cff~;:(ts redut:e the anl\'ily ofiollS and result in incmLsed :;o!uhility. l;~u·(i & \'{'llli;tms 
(1989) notc~d 1ha~ 811 incre;lst' of up to 10'~; In gyp\tun ,.;olnn11it)' \Vas po!iSible in trpiral k::~rst 
''.'Jle[}., However, they :>ll"e~seclthe l.ar gr('atcr imponanrc of !he efl't-ct on the values nf C;lkui;Hc41 
saturation indo;ts . .If pairing ili not taken imo JCllJUfll, rht Sl v.1Jue> :me r.werestirm:ned. h i..o; likdr 
t}J;ll many r<:ptJr1(:(! Gl'ies nf supers:ltur;ued wat(~rs in grpsum ~ars1 are :Ktually rd:m:d It) thL~ 
elfcct. 

The prcst:i'liX' tlfirlns foreign w the :lt1!ld plu~c mnsi<lerably incn.•ase~-s the soh1hility nf 
gypst.ml due w the cnh;uKed ionk :>rrcngth of rht:- st)lmion; figure S shows the dTco 1 ,r N:1C! 
(aftl'r Shtt·rnin:l, 19·19). \\i'ilh lncreas)ng rorm:-mr.nion:s.nf sodium chloride thr :)oluhiliry of 
~wum lncrt'<tscs~ Aller qukklr reaching;! maximum of 7,1?6 mg/t at BtG5 g.·t ofN:1CL it then 
d(.•(rc;L'>CJ'i :slow!~', hul rcmaim; much higher than the solubiliry in pure \\o;Uer 11K· :>oluhiliry of 

g}J)sum h1 solution~. nln!aining other salts is higher :>till; r he presence uf!l·\g{ N 0 .~)z ran bt MW I he 
soluhiliay of t;~'i'l'>umJ;r :llnlllsr 6 times when D:ltnp;lred wlrh rhe value fiJr purt \\~Hel'. Figure 6 is 
t<Jken from the w(H'k of Shrernina ( l949J aMi :show:; simitlr cun>e shapes. although ch:ll';Kit?fi..'itif 

points ~re difk·rt'nL '11K~ :)lt1dy of t:rlmplex syswms, tomrnon in nawre {Mel'niko\':1 & Moshkln;t, 
19i1.l indk:~Hl',) gypsum soluhilirie,~ of 5.910 6.3 g1l in solutlfms (:om;tining high concentr-;:ltion;. nf 
M,r:$0,1 (5.6 to J 8.2~)) ;~ndN;iCl(O.i to 14,1%). James (1992), n.:ferring m Paine e1 al. (19B2), iWO· 

ted a good ex:~mplc fnJJlllh<·lh.xhos dam in PenJ.lierc dirt'fl detem1in:uions (Jf the :->olul)iJity of 
grpsum in grmJm.l\li-:HtT $:trnpks iinm wells, g;we C:tSO., v;ducs a$ high ;ts 6.2 gA, tl1rt'e tin1Cs thl' 
sal(rb!l!ry in pure t~t;llt'r .rrrd 3 5% m( 1re th:r.il tile maxinwm ~Vtlubililf i,•} se:1 w;uer: 1he.'if: ll-ttter s:m~· 
p!es al'>'IJ contained Na,l\, Mg. w:o~. C!. S04 and NO~ ion~. 

11ie elTen ufJorcign iuns is very important for -gypsum k~1rs1 de\'clnpmcnt. Olher salts arc 
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fi.':. S. The depeJJddil't' of :;olubility of Caso4 tin roocrntr:ltioos of Nat! in f>oht!iOJ1 ar 25"C (After 
Sbiemina, 1949}. 

ri~.6. Tile .snlubi!itr of )!\1)5Ufll in ~-.uer ;;oilltiOib of ~I!:-, ;U 15tJC (After SJMmiml, J.')49l-

tommonlr:L'-St)l'i:uecl with gypstlm in evapi:>r,tte form:Hions ;Hid the gmundwaler of many aqtli· 
fer:;, pankularly 1he deep-seated ones, may contain high levet~ or dis_'>olvetl salts. 

The pre;ence ofrommon ions in solution (nnes whtrh ;He 1he s.>me a.'> fhc <ii'>-'i(llving minCfill, 
bur imrodt~eed fmin some other ~mm:e), derrea.">C.~ I he S{tluhillty nf !ht com1rJ(m miner:d. Gt2+ L<> 
1he common ion f{)r gyp:sum and r:~ldte and the dfert nr~;nfli in many kacst are;1s where tn!ef(<JI:a· 
ted or adjacent sulphate and l~Jrhonate layen; (J('(ur. 11tt efftXI b mnre pi\mnun('ecl ·with n;spect 
to the soluhilily of t:akiH~ and is of lower sig~1ifn:MKC forgypst)Oi dis.'>olution; 1llc stud)r of !he 
:.System ca2+ ~Hco.,-- so4Z-- Hp by \'figley {J9j3) ;~Jiows the ;~ssC!isnient of th<.~ rdmiw: cnntrihu· 
tlons In the tmal (_xmtentt.itk)nofcaldtim M t'atdum.detiv~d n;spet:tl'>'d}' from ~n1smn and(nlci
!e. It also :dlow~ t.he C\'aluation or the equilihti\IIU (disequilihrium) for (:o;t(h minCI'fJI (Flg,7): The 
partiaJ pres:smt' of CO) L-; an indepemlent ~'Unable inOuencing !he !if!ltJhiHt)' of c;~lrlte; hur It har. ;t 
nt>gligibte effect on gy{lstHTI S:Oluhility ($t)ka16v, l9G1). 7.dllnct\:sky (1956) st•ggesterlih<lt 1he ~ru. 
hili!~' of .some salts, indllding gypsum, decreases slightly with inrre;t..;.ing C02. Whert~ only gyp.'>Um 
dissolves. hut C02 is supplied 10 rhe w:~ttr finm soil tow:-r offrcyrn other sources, ner <1eptl.'>illon 
nf calcite m;ty o~nn ;.~s s;HUl<ltkm wilh ttSj1t'(l io C;lCOt is quickly r'C;Khcd. The i'dtiticmshrp 
between gypsum di:;so!ulion ~ind rakitn1!:1msilion in lh~ prc,sen{e of C02, in theshallow t.ub· 
surf:JCe; was studied h~· Forti & R:1hhi (19St). 11K)' C!lrukned the (:qulhhrium patt<·rn for the C02 • 
H20 · cJldte ·gypsum system will~ rcsp(xi to C01 and pll (fi,g.S). The dfcn is rt"Spun:siblr for 
t'aldte depos!Oon In manygrps11tn f~l\'(~ ~~~~arc dose u:. the :surf;u:<:', bllt it is .also responsible for 
the replacenwm of gypsum \\'i!h t"<lk~it<~ io1ht:: reducing tlhirunm~:·nt of som~: co1ifintd m::juifer.;. 
llowt">-er, since !he effct'l h:ts a low influence on gyp~um solubility. and .sirlre much gypsum disso-
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lui ion lXCurs withoul ;my im•olvement, tt appear:; unreasonable to dalm gypsum kamas a 
thrte·t(lmp~ment .sy:.;lem (f:o11i ~~ R,;bhi, 1931). 

J, factors ma.intainfug the d.i$soJur.ion potentia:J w.ith respect to sulpbaJt"S 
Sulphate t'Cdt4(iiou. The n:.·dtJ(Iion of dissolvctJ sulphares b~, microbes {induding heteroge

nt'IOus assembl~ge,_~ of Dc~~ulfiH) L'> a rommon process in ctm!lned :iquiler sr:>rerns where su!ph;ue 
n.Xks arai di:<;persed org;mic 1n;mer are present. Tht• process is, desoib<i:l br the follmving simpli
fiL>d te:lGion: 

SO{+ 2CH.z0 ~ 1·115 + 2HCo5• HI 
anat:robic b'Jtlerla 

F'~S. tLThe equilibril1m p:mem fonbe ~y51-rm t))2 · . , . . . . ~ . . . . · . , 
I~ 0 ·1 · . . . 1 . . ,.0 , 11 . . Dunng su.lp. h.u.e redu.L!Jon . .sulphate.H..l05.are 
'l · <<~ l:l!t" • !1-rpsum wn 1 res pen 10" , aJHt p ar · · . · . · , 

1o•c (After foni & Rabbi; 198n. - con~um~d and rtmoved frorn the sohmon. 
· m::ll-ang u llble to (Jlssohe more sulph;nes. 

Calcium and bk~irbon:ue commonly rean ro 
~--~-----------------------·----~-~-~------, predpit:ne eaco~, milising 1he HCo3• gener,t· 

700 

Supersaturation 
with respect to calcite 

!t'{l hy 1he alxm! rcatlion. Epigeneitc cakhe 
masses c-an ab.o form as a rcsuh. Cllcium 
(;atlonS em aJsb be exch~lnged Wifh :;odium 
derived fwm intercalate'{! or surrounding rocks: 
Sulphale reduc1ion :tppe--.u-s to be a very impor· 
lam rnechanL~i11 in maimaining the dissolution 
potential of gn:umdw:uer wfth respeft to 
gypstJmin confil1e<l aquifers, espt:.'(ially if vcni· 
(';ll (Joss.fl:mn;ulonal hydraulic communitation 
is pn.~ent (see Klimchouk, 1997, Ci'k~pter 1.5 in 

7 
this volume). In hydrorhemL<;try the ('{fen has 

·····------~----· 
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hecn known for a long time and its po!'i:>iblc gcnc~<~l rclf!v:tnce to k:nst dcvt'lojlllltrH h:ld lx·cn 
outlinc:d hy Kaveev ( 1963). Turyshev ( !96"i) :1nd SOil1t: 01her WQrker.;. Recently it~ acwa! imp-t.H1;111· 

ce fnf :\fJ<"k'ogctH.:sis in gypsum has been t•rnphasisi.XI by Klimdmuk (1994; 1996). 
De-dolomiti':mtiotJ. Dolomite is mn1111!>1ily as::om::i:.Hed with or interc;thm:od wid1 gyp~urn. 

Stankerkh 097(t} pointer! out th:n the pn)(e5S of dc-dolt:>rnitlsmion ).,tCner;nes funher dlssulutin· 
n~1l Glpi1d1y wilh respect to gypsum, bec:nN' cal+ is remtwed fron~ sokulon am! the sulphate 
inn:; rc<~ri wllh lh(: Mg. 'lllc ruTJ(ess 11tvours !he dt,.,·dopmtnt \)[gypsum kars1 in dcrp·seated envi-

ronnwnts. Suspended crys:tnl.'i. l\'(horkin (l9i1f1J reporied e;;;perimemal re$ttlts SliP,RC~.ning lh;H when :1 

~ohni(ll) aj)fl(t~Kl1ts grp:>ttn1 :-;;ttunuinn. small cry:->lals nri~inate In the presence of the solid phase. 
The-;e nm then lx· l.'~trricd in ~u~pcn.\ion hy ilPwin.~ w;ner. St.lth crystal:> begin w form ;n C1S0 1 

conccntr,1tk>n$ uf 1.1 t(l l.S g/t ami rc;tch ;I m;udmum of l0-1 S% nf the mml diSSllh'ett CaSO 1 at 
concemrat\on5 uf 2.2 gil. Thu.c>. ~tn ;!ddition;tl 0.2fl - 0..42 ~rams of ~'p~um can be dissolved in 
c;Kh t11n.· of water. The ritt:tl ;tullKll' {!ttl not {1i:>fiJSS wh~lt rallses predp1taaionln ufldCI'$<1ltlitHt'<.1 

soh·e·ms. 

4. The dissolution kinetics of gypsum attd anh)·drite 
Dis~olq;ion 15 :i hc-u:~rogcncuu.s re;-tct.lon (}Ct:urrln~ Jt the bound:H)' between two ph<1;:;cs. 

Mok{ubr llis~odmkm of p;~1)sum fW:CLli"S :Jhnost insl:m~Jncou~ly, $0 that &.;..·;ulutiun is tonlrolk.'l.-1 
;;ok-ly hy dlffiJ:sinn acmss the bound;JI)' la:'cr. Dissol\ltion rJtts dept·nd on boundary h1yer condi· 
tior1~ and 1hc tmlccmrJti()l1 gr.ldiem:<> across it; the~' ~1rc dcsctihctl by the fo1lu\\'lt1l:l, <"qu;uion: 

\\'hen:· dCAlt is~t l'alt of ch;mgc Df C(mccnmuhm in ;i vohm1e Vitf sol<ition wi1h ;J bulkconfcn· 
tr;it ion C C:> i:> the $ol ubilii y of 1 he dissoh·ed suhsw nee, A is l su tface :1 rea and K 1~ a r..u<' con· 
st;mi v;iryin1;\ with bo~.:tu11dary layer Cl)Oditit)ns, mineral pmpcflit;'s ;md surf:Rc roughnc~:;. 

Theoretical ;md t':..\petimcm:\1 si~Jclles of 1he dissolution kinetic.> of ,gypsum aml anhydrite :He 

mm1crous, ahhou~h 1nany of 1he .re!luhs are coufiictlng, Ihe rmist ctlmpre1wns.ivc trtatrne:t\1 ()f 

the topk ls ~iven in J:it11l~ & Lupltnl (1978} and J;~mcs (1992): The bnef summary hc::low is hased 

l~trgely on 1 hesc wml'>. The main· diffetcncc in the dis:.olmion l<\11C(iCS betwe<:n gypsum tu1d anlwdritc lies in th<: 
power nf the term 11~ It \\'3S ~hown ny Zdanov~ky (1916), Uu & ;.;l;n1culkt..>; ( 1971) ~~~,(} J~lt1K'S & 
!.upton ( 1978) thai the gypsum dis:;olmion follows the first otdcr e<.]uation, while \he dissolulion 
r.Ht: or :mhyclfite obey:> the st>tmtd order equation. The Iauer reflens p;m1al cuntrol of the surfarc 
re,\lthm rate, whkh L~ :,b:mmcd U.l he: hydr.nion. Figure 9 sh(lWS ihls difference by plouing coli· 
remr:lt1nn ;"~gainst lime, with ati overby tlf thrt)retic~ll cur:e.s.ForJ:,'YP5\IIil. the Otw>link (tlist~liKt') 
;H whid1 :->olutlm1 3ppn;;.u:ht>:> 9{)% <if :o:.aturation is very shon; the r.ne ofdi3solution tlet·reases by 
s.cv~~ral oak~rs of m<1gnitude above this limit Similar dependence ofgypsum dlssolmion ratcl:i on 
1he :S:.1Hlf:llinn were reported hy l..;tptev 0939), Kul.OCI:t.OV O<J.i7) ;md Jl(..>t:horkin {19S6). This fan 

____________ ...... 
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V Gyp$um. Flowv&iodt>< !f.:l mls 

i ~mperaturn 23"C. 
Voluma In eln:u~t~ 40 Jt 1 04 m, 

-._Anhydrite. FkJw vek'lclly 11.011 rnls 

~ 

Time (h) 

has impoJUnt :;peleogenetk wn.'it'qtlcntl~ (~(':1..'1\limrhuuk, 1997, Ch;lpier in this volume). 
'fhe st>coml urc.ler equation for the dissoltJilc til of anhydrite ClUSt'$ much lower dl~•i.!.Jilllion 

6ues. The U<m~l distance fur \\':ltt:r nowing through fi~ures in anhrdrite toulti be rather long 
f>cfore $Uffi(ient C;tS04 is di~wlved to.pr-eripitalt h'JJ)Sum. J1lt{'(mditions requif~d for gyp$um w 
be predpifa~ed from ~olutions !hal h~t•·e di:-;~olvtxi :lllhydrilc ;Jr<~ rt<l(hed gr.adually due lQ the 
scc{)rtd onier (HssoiLJtlon k1nctks, but when rhcy ~!rc ;H:hiC'\•txl the precipitated gypsum may seal 
rbe !ieepage paths. · 

Tiu: main concern of dissolution kinetics studil'S :~re v;1riar.inns inK, whirh i:l; not a true mn: 
Sl;lll! but one rhJt vanes with ch:mJ?,ing boundary li:lyer mndirinns. These ~'<mclltions a!fert the 
tbid;:n~'> ofthe layj;'r, whlcb \~lik':S with !he fit1w vdodi}' over the dis.·;olving Surfare, the Ionic 
strength of fhe solution :Jnd its temper.nurc:. rhe ar)propri;H(' "'~~~u~ nf K th;tt encompass these 
\ariahles ;lre con:.oiidered brieOybelowr almig with some t)lhtt parameters, induding the dlffu:>ion 
coefficienl 1ha1 reflects ion mobility {values for 1he con)mrm inorgank ions :H~ f.tther .similar). 
Theoretical calculations of rate ronstams 'fvr trJnspon·mmrolk:t! diMnllllinn :m: rarely adequate 
and C.'\fll?rlmemaJ dJI<t are u5ed in most t::ases (Fr.mk·Kamerlt!~ky, 1987), 

G~·psum and -11nhydnte, {which are polar mofecuk·s. with .~truflg dectri(al dipole-;) tent! to 
form Ihrck boundary layers; whkh <Ire thus easily subjcued w rhinning (stripping) hy no\ving 
~;vmer. l1lis explains wh}' k values and dissolution <Jtl';'; are strongly dtpcndem ~1pon lluw \'eloci
lies. Figure 10 :shows lin~1r dependendes for tlissolmiun within a l:uninar flow regime; for e.ad1 
doubling of llow vdocit}' over gyp.s.um, K doubles, hut for anhytlriw it un!~, inc:n..,!M:S bpine ;md 
halflimt>;S. Now rhnt K hassm.ali positive V"'.tlues even in staliomry \~~Iter; Mhrdritc show.s :1 r;tpid 

incrc:~sc in K wirh only a VC.t)' srntlH flmv vdodry. As a turbulent regime s(•ts in; ){ is expecte-d w 
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Gypsum .U Anhydrite 

o.n uo G.l U 

Fr.:..;'l'i~iffit) nOw•~{IWtJ 

1\Lt- l (J. Tht· dcfK'ildence of the r.w: rons.r:mr ft;r ~~~..;~Jm :trod m1h:dfite upon llt:lW vdoci1y 
(After J>llllL".'i & tup!on, !978J. 

itKreJse :Jbruptly, but 1here are no C..'\jX'rirnen(::ll data for gypsunL Tn the CJ.'ie of calcite an incre:1se 
hr a f>JcWr of tt'fl is repm1ed to ocrur .. lame:; (1992) rmstul:ne;-~ th;H grrsum and anh}'l;lrite should 
c.~JJibh i:Jmjlar ii)fr(-;l~l-:s. l'he stmn;~ depcndenre of .gyp5urll dissulutinn rares upon fiow vddrity 
has speleogenetic impliGttions (:>ee Klimchouk; 1997; Ch:~ptcr 1.6 in thi5 volume}. h :llso has a 
morphological t~prt'S.~inn manife.s.tc·d ill ;1 vnriety of tiissolution:ll St:\lipling fe:ltures thm fom1 n-:!
dily on w.psum surf:Ke:s (see Sauro & Macaluso, 1997; Chapter 1.8 in thb> volume). 

ihe pre~ence ofother &'i.•;olved salts increases 1he ionk strength of a so!mlon causing com
pression of the diffusion l~yer and hence t:lislng K vulues. This is iUustratt'<l Table 2, which sum
nurises data prest'.JHCd hy j;tmes & l.upton {1978}. The rJte.cun:st:tnl ;~1rn!liit doubk-s for gypsum. 
but it increa$es by a factor of 9 for anhydriie, 3S rhe salt concelitr.lii{ln rbes from{) 10 lO giL 
App.'lremly, the cffett neL'ds to he allowed fnr when considering k;!r'::\1 development i11 dcep·sea
tcd settings, where. a high (Ol1lent of ;;{Xlium chlnride ions tommonly occurs. This is espet::i;lU}' 

true if anhydrite rotks ;we (!Jnskiemd. 
l),)la on the cemp.er.Uufc dependence of K ·for gypsum are gilU\ i11.I';Jhie .t }ame:~ (1992) svg

gc.'Ststhat il proponiunal rd;UlnnshJpoflog 1\ 10 J!r should be u!>td to:~djustK values from one 
ICmper,m.tre to :mollwr. 

5. Gypsum-anhydrite-gypsum cmnfersions 
The themllldynamlt smbilitY <~ml the ~ulubility of gmsum and anhydrite are greatly affected hr 

changes in the physical :lnd chemical par:m1ctcr:> rhar occur wirhin common geologit<1l envimn· 
mcnts. The omverslons of gypsum to ;uihytlrite ;!nd hilck to gypsum :tre common pr<x:t'SSC~. 

Geologit:;ll th!ll suggest thai in evaporitic rnvitooment.s at shallow dcpihs sulph:Hl'$ ocrtJr 
mainly in rhc f(1rm of f.')1)iiurn, hut <U ~Jeplhs ncet'tling 450m anhydrite> predominates. rlowc.,.·er, 
there are ntlmemus e.xrcptions m thh; u>u:d situa[ioo, with gypsum ocn.u'ring ;It gre;ucr d<.'pth.~. 
antlloc!liSt"{l or dL~perse!l anhydrlH~ bdng fount! in the sh;illow sub·sunacc (for ;t hrlef n:vkw :><-e 
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T.Ahle 2. 111~ dli.-o;;t of soJium r:hll,ritlc •111 tlw di~:>l>h>r,iltli 
r.,~~'-~ ,_,f t:YP~•-"!1 .,.,,j .. nh~·~1fit~ lA(I<'t James lit l.uptml, 
1978) 

C ont:Nll.r.Jiinn Gyp:sum; Anhydrite~ 
nf N;~Cl. ~/L Kxl05 {tnM K (m3 kg-Js-1) 
(} 1.5 0.45 
to 2.9 0.77 
30 3.2 1.7 
!(}() 5JI 5.8 '~----- ·······. ··----~---~------~-·-··--·-·---···· 

T;,ble J. V.aciatil>ll of the rate ~on~ranl ,~f 

gypsum dh~olutmn with ll"'mper.Jiurt•; flvw 

,·eltxity n.z~ nvs !AI'r~r J;mlc.• /i.t: f_,ttptrm. 
197ill 

Temperature. C'1 

5 0.8 

15 L7 
2J :.t6 

KllmchorJk \~ Andrejrhouk, 1997: Chapter l.l in this volume). TheoretiCJl and expcrimcmal d:na 
on the ~rability of sulph:ne mincr.ds ~tnd the mech;misms of cnnrersimis are also (O!Hrove~ial, 
with some misleading views. lhis &:"l.:tion ·di&cul'S~ lhe moc!t.:m um!ersr.:mdjng of the pmh!em, 
whirh is import:mt for [he intt:·rprcr:uion ofk;trsr pr!)(tsscs ,wd ;.1$.\<J(iated phenomen~1 in g)'fl"~urn 
and anh~'drite. 

'rhe ~t:lbillty fields ]()r ~ypsum and anhydrite an:· depirt('tl in Figure L rhe presence of olhcr 
salts, web Js sodium chloride, al:-;o:ltTefls their stability arH1 :>oluhilitr, In C\<lpOfitk h:lsirt'it':.lkimn 
su!ph:ues prirn:~rily precipit:!le in the fom1 lJf gypsum (S!raklu.tv, 1962: $on11enfeld, 1984). 
Anh~rdr1te b bdk"·ed 10 orig!na!e mainlr by the dehrdtJtion of gyp:;wn due tn the dfccts of high 
pre.'i.'illre and temperJtUt-e during burial. lluwevt>r, Sum1enkld (l9S4) !\ugg~:srcd th;H the fitttnr_:;, 
.of hi,llh pre.-.sure and tcmperawre alone are il'tmfficient to e~:p!;;Jin the tnmsillon of gyps;un to 

;mhydtite. He shm''t>ti th;1t .b''YP:sum dehydrJtimt tKcurs widdy d"1ring (;~rly <1i~•t:Wtl~;~sb, when: it 
rakes place a1 shallow burial dt1Jthsi by interJuion wii.h hygrosfopil' briocs of Na, Mg or Ct chh)d· 
des. _hm1cs { 1992} noted th;lt ln very hot dJmate.s gyp:sum r<m drhydt.ut w anh}'dritc when it is 
<:.'{ptJsed :u (he sur(are, r;'icn win ~xc<.-..ss of,U"C, or wh{'re highly saUnc ~~alct is ~'II'Cscm. Thr:5(' 
changes ;lfe slow and m;Jfnl;o unafft:rted by dturnal rycll's, but O\'(·r lungti' pt~riods the~' (<lll he 
.1ffecred ny !><'.4l:SOn;JJ changes. It em be concktded thai in surh ronditiun.l the ronvcJ'Sion will 
(>::fur 1hrough the dLss:nlurion ofm'psum and :subsequent prcdpi!ation of anhy<1riw, nm hy al!er;t
tioo of lhe .5olid phase. 

Regardless (i hqw the anhydrite formed. most maturt' g)'[J~LHll rofks aprttar !()he M.X'Oild;1t;.' 
and w have formed by hydration of anhydrite w I;')'JJSUm after uplift to shalltr.v .sulr:;urfacc lt\·-c:-1.~. 
Conscquerutr, the COiwer.;;ion of ::tnhydrite to I;')'JJSUIUEsa maJor :;.lgnifit·am j.)fi,Jfi.:'::;S Jor karst devo
loprnen r. J! al.S{l h,1s impOrt<!n 1 implk:nions for engineering and n.in;truniotl pnlt'l it't'.S. 

'fhe common view ls1hat ihe corwersion of ai1hydrite to gypsum is accompanied by;H'lvvetJII 
incre:~se In rock volurne_l\ushotr ( l%8} qumed an increase in rock volume of 18 . .2)%, Pt:"ttijohn 
(197)), 30·50%; Gorbtwova {1977), ~\.9~~ ;lnd Ford (1989), 30-67%_ Sonnenfekl (193~) quotet! <Jn 
inrre:~sc of 61'%), bur stressed 1h!!! <1 pres.o;w-e of 60-1 SO kPil, (orresponding w OJ 60-75m thirkn{:s.,~ 
oforcrlying rocks, would ciTectJve!y hahmce rhe pressure gcner.ued byhydr .. nion and rims prnhi
bil c\pansiHn. This effca ls referred to widely ill texts aboln k;lrst (c.g.Jakucs, 1977): Tncse ary.'Ue 
thJt such expansion \Vould s& .. ilmo:St of 1he fi:>.~UC'('.S hl the !::)'psurn/anhydriw n,.JoCk, preveming 
w;uerdn.-ul:.uion :m{l karst dcvei('lpment When expressed in rhis generalised form such views are 
misleading. Close cxamin;uion or 1he prohlcm reveals thm e_'l:p;msion need mJt. neces.,~arily orrur. 
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:tntllh;ll :1 ~~)Tieiy of mcrh;misms nt:J}' be involved in !he conrersion pmcesse:;. The prohlem is not 
clL:ar tht·orcticallr, cspcci;llly when rate prore:<ises are con(emed. :tml the field dat3 an:• conmJvtr
sia!. Repnrted nhSI."n·atiuns of he;h'l.~ :~nd swelling. daimed ro h~1ve re.~ulrrd from the hy{lr.ttion of 
anh~·drite. may rt>lt~te to spt•fific Jural condiUons: Gtotogic:~l ohscrvntions tl l'oldecl stnJtlures in 
gypsum :tml the lltft.>rrttatitm uf :{djactnt by(·ts (:tssutned 10 pr(lvc exp;msioa li: anhydrire
gyp~urn convef'l\ion) ma~· wdl h{' r:\pl;~ir~t'<f hr o!hcl' mcch~nisl1l$ (!>et~ Klinkhouk et ;JI, 1995 for 
an ex;m1pl~."). Furthermore, other lldd dara show thai in ~omc underground Hnd opcnC.ISI anhr
drlt~: mine:5 no heave h~L" ocrum."'fJ (e.g. Kli:stT, l97{'i; Jarnt'S, 1992). f:.xpcrinH.mtd d<H;l ami inrcr
pret;Jtion ;1lso conniu, suggesting !hat !_'Xp:ml'ion during lhe (Uf1\'CJ'$ion from ;uthytlritt• ro gyp:<>u1r1 
is no1 ~~lw:rys 1hc rule. 

::chrascw ( 1945} dem'Cd <ln expression <lescriblng tht> Hmit of cornpre.<;S.ion irnt sys!t:lil 6!im 
C<Mcd b~' full hydr;uion: 

W1K·rc A is 1he qu;mc.iry of the origin.·ll 5ubs£:mce of spcTitk weigh~ da, B is the quanti!~' uf 
:!ddcd \\~ncr (d= l} :lnd·c is the quamity ofhydr.ulon produrt of spedfif •veight d.:, A S}':Xtem v.ill 
com pt"C':>s proporticm;lllr w the l'Oiu me of \\'<Uer im·f>ired iu the reactit m; 1 his means 1 ha 1. t'hanges 
dl.'pend on whether 1he proces.s proc-C'f...··ds In an open or a do~ "'1'StenL 

TheoretiGtl cakularions {l;~nh;Jk & Anhur, 1986; Pechorkin, 1986; Kushnir, 19&l.lames, 1992) 
su~~es; !h:n Wh("n anlwdriie Wtwcll$ comph~rely fO gypsum I he mobr volume of the solid plut:ie 
increase$ lw Ltnor of 1.{)26. hut 1he m·em!l W)lume of lhe svstem reduces o\' 8.7%. Perhnrkin 

'( ' • • • • ; • ol 

( 1986) reponed cxp<:-rimcm3J data l'ix ~l closed sys1cnt He used 18;22 _ftrJm s;unples of ;mhyddte 
placed respet!il'dy in distiller! ;;vJter and in ;1 s.:nurnted soluTi{>n of CaS01_ These were hem1etkal
ly sealed {()r .l. S yei1r.s Ullclc.r nomlal pre:.>sure <.::t:)fldirions. Cpn1pleie conversion w ID'PSll m on:'u r~ 
red, r(',<>tJitlng in a reduction in the overuJJ s,:stem volume of 3~~ if1 ihe case of file distilk·d water ~ . . ~ 

and 2.3% for the s:nur:ncd solution, Simultancouslr, the solid volume.~ incTe<L'i<..'(l respectively b:t' 
J.J?(, and 4,!!!1;, However, !he shon time reponed for rhe complete conversion tOf:)1Jsum appa
remlr tonlkrs \Viih another cxperimem performed b)' ):!mes (1992). He u~ed :1 sm;t!l disk of 
:tnhydliH.' innners~:·d in wmer for 12 y·ears. This displayed rhe ghJw!h ofm'Jl!>UflT<;:rystab on it, but 
it was- rh)t fully conrerted 10 gypsum. 

In namre the mtxi)anisms Md. r;ue nf hydrarion Di anhydrite to RYrsum depend on m:my fac
tors induding: J} !he texture and suunure of the rock, 2] rhe form :lndchemifaJ compOsition uf 
water mmiJ1g imo rc-.anjon aml3) the remper:nure and pn.'SSure condi!lonS. 

Most authors believe thai hydmtlon proceeds through the di•;.,o:;oiUiion phase, so rhat ;mhydri(e 
cli:-isolt't's w (Jtn~'ide :t ..sohl{iorr of L3S01 whid~ tlwn (Xt>cipiuac.s from soJmion ,1.5 Bl'f'>.wm {e .• ~, 
Ku?.Hctsov. 1947; Mos.·mp & Shearmall, 1973; Quinbn, 1978; Kushnir, 198H;Jame", !992). 
I hlWcn;-r~ Perhmkin ( 1986) argued that hydr.ttion through dl'\.solurion-prccipr!Jtion ~KCOimts for 
onfy ~~ minor proportion of re-hydr:ued rocks. He wns!dercd th:n 1hc main prore.."-S 1)1\)Cet'l.ied 
thmugh tJ1e diffusion of water molecuk>S (or hy.droxrl ioi1S) fnrv rhe anh}'<lrhc Cf)'S!al lauice; tt)'· 

-~!<ll ~l!l i(e defens <tre said w f:wour lhb process. This is al<:u .suppunetl by data sugg,csting thm 
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lhc nystal tmke defens in ~·yp~um are inherited from :mhytirite { Perhorkin, !gO{)). ln 1\';lli!y, 11 L~ 

llkdr dur rhe m<:'cnanisms of di:-o:-;olutiun·pl'tripit;Hion ami diffusion are dose!y imcrrdat<:d. 
There Jrc IWO main types of water tha• art' in coot~f1 with :mhrdrite mtks: 1) ime~titial water, 

which Lo; retained ln pores within a mrk arnl, 2) w;nrr rh:l! rircul;nc~ freely, through joints ;Jrld 
()ther {Xmings, .11K· former ls diy·;emin:ued throughuutthe rock mJ.X'i, \Vhile the btter rom:ttt:i 
onl}' the .surf;I(('_'> of large rock hlocks. The ~uthor bdit.·,t·s th;H interstitl;li wate( p!a)'5 rhe most 
l!llJXli1ant role in the hydmtion of anhrdrite nx-ks, ey(·n though its volume Ls rehltively small, due 
to the low porosity of anhydrirc (note that n()l only the efft1Jiv(: porosily, whkh b negligihle in 
anliydtlie. but HJtal porosity should be considered). If fi~~urirlg wi1hir1 ;I {kX:fhSCJ1cd anh>·drite is 
low, liwn surh ~1 system cnn he viewed a..'\ dosed, with no additional \\~lter cntt~ring nr leaving the 
system. \'\,.hen anbrdrite ~sunder thermobark conditions in its stability rl'gion. the ;l<L50(i.!tcd water 
~tmJtt'd with CtS(J1 is in <lynarnlc C'<]llilihrium wirh the mineral, When 1he nKk ()emmcs ]c_,;s 
burled and moves ou 1 of 1 he :smbility ilcld of an hyd1i tc the equilibrium is di~wrhed ;1r1d 1 he i n1ers t i· 
Jl:ll so!ution5 preriplt:ne gypsum. ln dosed or :sem1-clo:sed C{mditkms only partial nJnv<:rslon rmy 
he <Jchlc~·ecl n•.sulting In mixed ;mhydrite·g}'lJ:sum rock, apparent!}' with mJ exJXHbion of the :-.o!id 
ph:I:SC- Cnnw:·rsrly, some shrinkage of the overaU solvem -solid ~>ystem m:ry rau:;.e ~omc: "':~lcr 10 be 
s~Kked from adjat('Jll becl'> imo !he hydr.nion I'Jme. With continuing emergence of 1ht rurk to prn· 
grci'.sivdy .sh:!llower der,ths,lmposcxl fissuring and free V.';Iter (irculation ran result in upcn 5ystem 
c01ldi!in11s, allowing water to panially fL'fharge the rem;1lning pore spaces. lt1 this siw:uion. loc~li· 
sed h)~lratiun ;!long IJow p;uh:; becomes lhcn.':asingly Jmpor:tmL Water circulation thnJugh open 
DSS\lft'fi in anh~·<Hite <1nd gypsum :n sh;lllow depths m:iy be f.1s1 t•nough w en$un: 1hat dt$,'iullltion 
will remove :my l>xn·.ii.s gyp·sum. ln rhi.<; .sim:nlon, no o'-e~:t!l expansion of rhe rock m:1y be expected 
to fl((UL The imponance of the dissolmillttll!:emm·:Jt o( m;uerial is .:supported by the far! th~111he 
J:X>rosily ofsero!Hl:uy gyp!>u m is e\'tdenlly higher when com pared Y-'i th ·thai Qfan h ~tlri te, 

l'hb explamuion totnbinc.;; 5e\':etai possible h~'drntion. rnechanisrns -:nid t•ncompa£~S mnst of 
the known geological pecullaritat'$ t)fgypsum-anhydriw fonnations. It suggests 1hat; In n:nural 
~\11Hiitlons. the mcehanisms and r.ues of anhydrite 10 gnnmm conversion dqx·nd on the tectonic 
regiine, the '1-\'ater.bearing properties ofsurmunding S<..'<iimems ;wd both the region<~! and loG1I 
flo\\' regimes; It ~tlso suggest~ thai, in most cases, no exp:msion in rolume occurs dming hr((ra· 
Hon_ F~>.:p;msion resulting in ht>ave: can be expected where thin l:1yet'S of anhydrite are .suddenly tin 
~ genlogkal :.ense) released trom theirt'tmfining !XC$SLire :md c'i:po.sed m water; p~rhap.s ;l !>ped· 
U( Ili(Kfe and l:l{e' t'Jf ~~ter ingrr>:!i$ is req<iired (or C:K('Jnsion co (JC('(Jf~ This ~·iew· is. {n agrt'('17leiU 
witb the fi{'CUrrences of heaves deflnitelt• idemified as being chte to hydration of anhydrite to 
&l-'P~lnn, which h;we been reported from wnnels or mines (lames, 1992)-

6. Recrystallization 
Sulr>hate rocks undergo rffi}'Stalli:t.alion throughout their di:lg(:nedcand ratagenetk hislorr·. 

£•~porites predplta{ed from aqueou::; ~·lution;;, COrH:lin connate pnre w;~n~r preser.'ed from their 
original depo.sldon, Some of these rumta.te brine:> art c;.;pelled from rhe pores hy rompadion 
during hurial, but some rem;dn_ Wl1en mett."olit w:uct bcgin.s to ('lrculate through open p.artings, 
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i; em rc·pLKC' p;Hi of these inrcn::thial nmrute hrlne;;; :md imlun: reCL'!-"it:i!lizalion The g~'(JSLJI!'I· 
anhydrlrl>gyps~n1l enm'(~rsions rliscu~5ed above fur1heT wmpliuHe lhe \V"Jit"i·rock imrr.lction. ,;\II 
these IX'OCC!>scs cuminunusly (iisturb the \\';liCr-rod; equilibrium and are :Kcompanied by recry· 
stalli7.atlnn of I he deposits. 

Rl:'tT)'>t<!l!iz:nioi'l eonsiclcmhly affl'nsthc varlOtiS prnpenics of gm~um and anhydrite by ~lite· 
ring, ;tmong o1her ;hings, ;e rock's 1exwre ;!nd ~lrunurc, porosit~' and strength. Con:-oequendy, it 
mar inllut.'nc't' karst dcvdopmt'nt ln many ;,vays, AR_t.tr.lclatloo recrysr;dli7.1Iion ban important f;K
tnr becm;-;e generally the :>olubilit}' of s.wpsum is hit:hcr for 1he snt!l]c( nys~al<>. 111c different solu
hilirie.<; Jli<l dls.•mlurion r.ues for cty.~rab of mi\ed sii'£ ~~re dlc lliain Gtuse of rco)'stalli:t.;Jtion and 
dirtY! I~· inlluenre the kam prores:> (S('e suh-chap1er l above and Chapter L.) helow for det;Jils}. 
llowe\'Cr, !he most imponam effen of recrystalliJ~nion on k;ust is the nltcrmion of lht' rock per
mc::-.Jhility. Two extreme e'l:amples are ci!ed helow w ilh.lS.Itate the po;5sible effecrs. 

!n I he Wt:siem Uki~Jilie r-eoystJlliL'.ation h:ts i"aw;ed St'\'rrc te:xwr.-11 and StnJcmnil differenti<t· 
tion oflhe hurkxl gypsum sequence, whh the fonnation ofrhree rlistinn horizons (Kiimchouk et 
;il, l99S). Tbl5 diJfen;~nihuinn has :tlso caused the formation of!arge!~· independent supcrimposc·d 
11\.'twc trks of lithogc:JK'lit: fisMU\'S cnnflned !t"1 earh horiZ{)tl. l1i(>se Hssurc netwl>rks ha\'C se;Ycd ;ts 

prim;uy rwh;; li1r metenlk waters. \Vhtth h:tveemt>red the ~t>quence JI'Onl lht underlying ;tqui(er 
;!fld dn:ulat(:rl ''P'I~Urb ~mrlcr anesi;m wmlitinm> (Kilmchnuk, 1992). 11le.strucrure of the liThoge· 
nttk fL"-~lirillj! W<J.S exploited hy &;,_-;nlutinn w _genemte the structure nf hui{e m:~ze Gt\'C systems. 
Thos. tcx;ur.d-srrununll 1lilferen1ialinn nf the grpsum h~· rl'nystaUir..:uion was ;t f)rilli:~!'~( guiding 
f:Ktur of ihl:<~ ;o;pdco.!1cnetk elfett. 

In Sicily, where gypsum massifs ;1re (~.l\j1{Jsed ;II 1he surface, :1 dL~tlnn uust. up w one mrtrc 
thick, i:-; formed and ~\'i(hin rhis :1ll !h(~ npcn ~ssllres lend to se&! (for dNaib see M:Kaluso & 
S;un'o, this vnlumc; 1997). This is ptnh;thl~· !he n.~ult nl gypsunt retrystalli1.11ion c:msed h~· the 
lv~.'l nf lntcr.>!ili;ll \\>Her fnm11he cxpns('tl rnck. <tnd h)' •i sp(>ciJk setof (Ji.&.mlutiun-prC'cipirit.ion 
procc"-'C~ rei;!! til rn loGd dim;~tit concli!inn.:>. TI1e (:X;Kl mechanL'>ms are nnt ~ret d{"'Jr .md need to 
he >tuditd, h1H the t!T<·n t~pnn brsl !lerdnpmtnt is obvtou:o. The rn1st pfC\'<.>nt'S rhe dispersed 
n~ch:!tge nf the gypsum ntJssi[~ fmm the surutce, :md water i.~ thus :!llowt'f.lto p<-'nt·tr;uc deeper 
intc) rhe gyri'>um onlr ;llong sdcnl'£1 m:1jnr lls.~ures and f:mlt.s. 

ll.!lo!hcr rnofph(l'IJt:ncti{ dief'l nf r<:X'J)'litalHzatiun of the uppermtt'itexpn~ed l:tyer i~ !he forma· 
tion of Mnall ridgt'.!>.; hllsr_(:rs nr ilm'ttili, whkh nr;qJr where rhe crust coincides wilh 1he sedillH:mary 
hcddinK The..-,c forms clc;1riy 1\~Uh from the defurm:aion of !he geomethanically Jndcr)emlem 
(dr!~Khrd fron1 1he sulhrr.nc) outer hl)X:fh~· t:nm,we..:..~h'e .~tress, possibl}'caused by recrr~talliz:t· 
tkm. l·Juwever, fiJr txpansionai !'l'f!yS!alliia!iOn 10 l)t\"Ur _<;t)lrli!: i~pCdfic Crmditlf>nS arerequlred: I} 
g:1ping lx'11.kling planes sub·tcJaconiant v.;i!h !ht surf;HX, 2) )Xtthwa;-s for meteoric \\':iter to access 
thr bonum of the miter l:tyer :1nd, 3) ;1ppropri;uc dim;.Hir ct)ndh1nnii. Conuactintl and franurlng {)r 
the uuler l:!yer pn::'C('I.le the cxp;msion;ll reCJ)':>tal!i:r~uion, h;wing fi:~;>t pn;wl(kd eon{1ltinns l ;md 2 
above. Meteoric wall'rs, which e.$c.lp(~:l ~urface t"vapoli.llion ~i:f'ld i'lJII·oiT tn the .~b:tl!mv sttlHutf:ace. 
arc drJwn continuously- tipward:s bark to tht .surf;Ke by t:I[Jiii;Jl)' aninn through the pores in the 
omerlayer, <md this lt~itb tuaggr;ldational n.:·nysr~d!i:r~uion. The stres;;es genJ:;r;ued h)' tberolurne 
exp;msion are rdease"tl through swclli11g of the uuttr l;~yer:md rn;Jnifcsicd ;1,~ ridge:-; :lod hlist(:rs. 
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