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CORn.ELAT ION BE'l' WEEN SED n..rENTATLDN ENV TRONMENT 

AND ORE - PROSPEC'l' ING ( ••• ) 

SED I.M.EN'rOLOGIGAI. AND ORE·GENESIS ST UDIES O.f' THE CAMBRlAN 
e: Al~ENAR.1E ~ AND 4: DOLOMIE (HGAT!!: > .E'ORMATlONS (SARDIN1A 
lTA I~Y): DEPOS.ITION AND CONCENTRAT ION OF BARTTE IN AN 

EVAPORl TIC ENV1RONMENT 

RIASSUNTO. - 1.0 st udio prlleog(lOgratieo degli ambiellti di 8cdimcntazionc 
delle e: Mcuaric > e delle e: dololllie rigutc> eambrichc del Sulcis Settcnt.rionale 
(Slj.rdcgua.) ha perme3so agli Autori di indidduare un oriZzollte, localizzato in 
gellere a1 pm,gaggio e: arcm,rie >. e: dolo",ie rignte >, COli frequenti concen!.ruzioui 
lentifonni di b:lritc. Le litofaeie-s chc accompaguano qUell!o orizwute baritico sono 
"'ppre9Cntate da arcnnrie it celllento dolomitico c dololllie ,\i ambicll!e da iuter· 
colidalo a sopracotidale. La dcpo~izione del ~olf'lto ~ an'elmla in un nmbiente 
evaporitico, probabilmenle sopraeotidale; l'oriZ7.ollte e,.,tporillco ~ ora earatteriz· 
zato dallu prC8ellza di lenti di barite a tcssituru e: zebruta )o , e: chicken-wire;, 0 
massi"a, di dolomio Imniuate di probabilc prC<.lipitnziollc chimic3 ed illfiue modelli 
di minerali 0\,:1110rilici (h:11itc, allidrite eec. ) ora costituiti lht barile, calcooouio, 
quarzo, dolomite. 

l utensi fenoltlCni di silieizzuziollC diagenetica hauno intcressato la. fu.seia di 
eonta tto tra 10 ureHnrie e le dolomie ( e: quarzite di eontatto » e parte delle dolomie 
rigate stosse (~elei) pro"oeando la ~ostituzione dell 'orizzonte sol/atico. Infatti, sia 
"elle dolomie cho nell 'orizzonte m'aporitico il possibile tro"aro oolit.i, dolomio n 
lamine, dolomie COil stmt.ificaziolle incrocinta, barite •. ebrata 0 chicken-wire ora 
completamento silicizzalC. I minerali prodoui dalla silieiz7.aziono sono rapprcseu
lati da megaqllurzo, c,tlcedonio ad ,tllungamento uegatil'o e calcedonio ad allun· 
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gam(luto positil'o; la pre.scn •. 1l. di qUQ8to ultimo minerale iJ riteuuta earnlteristi~R 

di ambienti ad ele" at'~ ~aliHiti\ . 

Lo studio dettngliato delle litofacic ~ ha pcr"'c~~() la. ric()s truzion() di un am

bicut.e di tlpo c pinJla ~otidalc:., inoudl!!a Jlerjodi~ml1ellt !l <la ularce e pill spora
die:Hncnte da ul'ngani. Pieeoli bad .. i, scparati d:l debuli rilievi, ~oltopostl ad iuteusa 
e"nporaziOl1O permettew",o l'e"oluzioue tiel ehi mislHo delle Ilcque ,'e rso uuu de
,·uta. saliuitA cd un elcvalo pH, Apporli dal paleocol1lil1ontc di acque dolei, ,'ero, 
~imilmel1te ri cehe di 8iOo, n. .. e allri mctalli, diluel1do qU\lste aequc ad alia sa
liuita, inslnllnwnJIO nil 1illlbicllte c sehizohalino:. con neofor"",zione dl dolomite, 

Contempornneantenle, C> poco dopo, I,. ~iliee e il b'lrio sos t ituiV1!no I 'orizzonle el'n, 
Jlori tico dalldo luogo alia «qunrzite di eonlatto 1, nlla ~..,lce e "i bllllehi bnritiei 
gnscettibiJi, quesH ullimi, di co1tivazion~. 

Gli Autori cOl1c1udouo ritollendo tutto I 'orizzon!e di cOll tatto « aronnrie:t 
«dolomio rigHte:t del 8ulci~ ~ttcnlri(}llalc fortcmclltc indi7.illlo per millen,li?'zn •. ionj 

di barite, qnalora rieorrano gl i sle~i carnllcri Hcdimcntologici deseritt.i in quest" 
nota, 

1. ' Introduction , 

The 1lIC1'easing interest in und detai led studies 011 modern eva po
riti e envlron ments has lead to the t'ecognition of IlHl!lY examples of 
such types of depll:;i tioll in ancient geolog:-ieal sequences ( WOOD ami 
WOLPE, 1969; BOSELLIKI alte] I:I AR1)lE, 19. 3). 

When some barite depositions in the elHbonatie faeies of the Cam
brian seq uence in Sal'diuia ( rtaly) were first studied it was believed 
tlHtt ,there had been found an evapQritie environment of barite, dolo
mites and stlica deposits, th~Lt had been more or less intensely tl'all' 
sformed and masked by eom plieated phenomena of diagenesis, mcta
genesis a'nd metnsomatism ( GANDtN et al., 1973). 

As these roe.ks a;t'e Cambrian in age it would be rash to make 
close eompa.l'isons with modem ma l'ine basins in work t.o aehi eve Itll 

exaet pilJeogeogrfl phieal interpl'etfltion of the evo lu tioll of th e secli
ments, 

Many factOrs have been taken into consideration in the course or 
the field and la.born.tol-y aJlaJyses; howevc-l- this work is based on th e 
following irrefutable data: 

i) the presence ill the rocks of the arca, of a sul phate (namely bill'ite); 

ii) the prcscnce of unfossili ferous bedded dolomite, described eve ry
where as ty pical supratidnl environment; 

iii) the presence of algal flora typicnl of very shallow marine waters, 
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1I1any other factors, of course, have been used to givc the most 
completc scheme possible of pa.Jeogeognlphic environments during 
Cambrian dolomite deposition in th e NOI,thern -Sulcis (Sa.rdinia) ; 
among them there are; 

th e close cOITelation between th e barite layers and some dolomitic 
facies ; 

the pl'esenee of bM'ite pseudomorpili llg illlhyd ritc ; 

the cubic models of halite completely replaeed by silica and barite; 

the frequent pinching out of bal'ite layers, testifying the presence 
of small supratidai basins ; 

the large diffus ioll of dolomite with algal ma ts, voi ds fill ed by cal
cite and bal'ite, intl'aclasts, onco ids, peloids, ooids, etc. 

At this paillt. the reason fOI' th e pl'ese nce of so much bari tc, SlJ1CC 

it is rather unknown in thc modern sabkha 01' cVlIpol'itic bas ins, an d 
for the absence of gypsum Ot· anh.vdt'ite ( WOOD and ' VOI,FE, 1969) 
might be ra.ised. 

The answer to t.his question is based sole." 0 11 supposition. Without 
a doubt t.he middle CambriiUI l'epl'e8fm ts, not ollly in l taJy but also 
in Spain and 1\Iol'OCco whCt'e arc the closest outcrops of the sam (! age, 
a. per iod of suppJ~' of particular metals from the pa,leocontinent to the 
marine bas ins. Large quanti ties of lead, zin c, iron and barium have 

been weath ercd and carried out to sea wh ere th ey have been pr eeip i
tated nccol"ding to v,niGus physico·chemical parramcters . 

These events arc Hot unfrequent in the geological PI1St; for instancc 
the Middle 'l' rias of Alpine fac ies is characterized, alOtlg severa.l t hous
and kilometers, as is we·ll known , by lead-zinc Inin e'l'ali7..ation with 
local concentrations of copper, barite, iron etc. 

A very im.portant consequence of thi s study supports OtH idea 
about the genesis of barit.e in nil cVllpo.ritic environment ; a great 
alllollllt of bari te was discovel"cd by following the above ment i(med 
genetic ma.rke.rs. 'l'hus it ean be shown that detailed paleogeographical 
and sedimentologica l reseal'ch over a relat.ivcly large al"ea, madc in 
the Cambl"ian dolomite of Haly for the first tim e, can fonn the bas is 
for prospect-ing for sedimcntnry mineralization. 
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2, - Stratigraphic Scheme and Tectonic Setting, 

T he stratigl'aphy of Low-Middle Cambrian of Sardinia is well 
known from several plLpers (1'MtICCO, 1929; l\:lAXIA, 1934 ; MIN UCCl, 
.1 935 a, 1935 b; PHETTI and '1"\)lllURRINl, 1967, 1968 ; BHUSCA and DES
SAU, 1968; COCOZZA, J969 ; Hc1l'fooRl::, 1969; UL1.EOA, J970; P,\DALINO 
et al., 1971 j LEONE, 1973); unfortunately many of t.hese pa.pers out
line the Cambrian geolog." fOI' I'ather sma'l\ areas Hlld a gcnel'al syn, 
thesis is still lacking, 

In this paper the stratigl'aphy and tectonics of the region are 
bricfly sketched in ordcr to place th e barite and «quarzite» layers 
in a general geological setting, 

Th e !wea investigated incl udes almost the whele northern Sulcis 
area (fig, J) which is the most southe rn part of Cll mbrillll outcrops, 

'}'o the nOllt,h, west IInd south the Cam brian outc.rops disappea:r 
undel' the CCIl owie and Quuterll ary formations of the Cixcrri Valley 
and the Sul e'is Coal basin, while castwllrds the ClImbrian is partially 
CQvcI'ed by the Siluril\ll transgression or metamorphosed by H ercynian 
granit.e intl"UsiOll. The oldest membel', the base of which is not seen, 
is made of SlIn dstOllCS and siltstones; its age is Low-Mi ddl e Georgian, 

These sandswnes show prevalent angular to sub'I'ounded quart1. 
fra.gments ill sel'ici,tic cement; near the contact. with oYeJrly ill g dolo
mites t.he cement is made up essentially of carbonate mineraJs. 

Frcquell t sedimentary structures such IlS CI'OSS and current bed
ding, small slumpings, ripple-mal'ks, mud-cracks a.re visible in th i ~ 

member (A.NGELUCC I, 1970). 
I .lellses of dolom ite ami oolitic limestone ap pear in the higher part 

of the sandstones; ill this part the cement is CarbOll/l.tic and thin beds 
of barite may be present, 

The «Metallifero» com plex overlies the sandstones and siltstones; 
the age is Upper Goorgian - Lower Aeadian. This mem ber which hosts 
the most important lead-zinc-barite minel'a.lizatiOll of Sardiuia, is made 
up by severaJ types of carbonate faeies; bedded dolomit.e with cherts 
and barite, is prevalent at the bottom (at least in the Sulcis distll'ict), 
whilst grey, massive dolom.ite and limestone arc at th e top. 

The bedded dolomite - the« dolomia rigata,» of Italian authors
includes dctritic constituen.ts at .the bmic; these compcmellts decrease 
SIHl.I'ply upward, 



DISTRIBUTION OF BARITE LAYERS 

AND " QUARZITE " IN THE 

STRATI GRAPHIC SEQUENCES OF 

NORTHERN SULCIS (SARDINIA ) 
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Fig. 11. - Judex: 

I ) c arCllurie» member. 

2) c dolomie rigate ,. member. 

3) bilritc layers. 

' ) C IIllunitc:t loor;z"", 

5) main fa ults. 

6) boundary bctwC<!tl c arClIuric» 
and c dolomie rigate » memo 
iJcra. ,,_ 

7) barile t races. 

8) important burite tr'~ ces. 

9) hurite exploitatiOlls. 
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Fig_ 2. - Crou-sceticl1I!\ illustrating the muin etrueturcH er northern Sulci!! Orell.; iudex: 

1) C :lrclIllrie ~ member; 'llnlllltouce 111111 sil t'tollcs whil 
interbedded dolomite and limcstone baud!!. 

2) C quurz.i.te ~; horizone of mier<>eryBtalline quarh and 
I!hlllcedony "'itll impuritiefl of barHe, earbollates, gn
\"ua, I)irite lInd iron oxides. 

3) cdolomie rigate~ member; homogeneous IInd laminated 
dolomite with ehert le'-ela. t~reqnent bllrite layers IInd 
nodules_ 

" ) c dolomia grigi:1 e elllellre eeroide ~ member: IIlIl!llli'-e, 
grey dolomite 111111 fine-grained limcstone "·;th noduleB 
;111(\ '-einleb of galena and bnrite. 

,; ) c ealeeseisti ~j shlll)" lilllClltone. 
6) c!IC;sl i di Cabitza~ member; slates and llalldstollcs. 
7) g ranit.e and differentillted facieB_ 
S) I)ost.-Cumhrian lICdimCIlt8. 
9) strike "nd dips of strutll (50--70· ). 

10) main bulh. 

E 
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Large masses of s ilica (quartz and chalcedony) occu r frequently 
fllo ng the contact bet.ween th e sll ndstones an d the bedded dolomite, rep
lacing bolh t he sll ndstollCS with carbonate cement. IIll d t he dolomite 
with quartz clasts. 

Barite and iron ox idcs a re rather widespread in such chert and, 
118 rcsid un l mincrals, they IIl llrk extensive rCI)lacemcnt. 

The bedded dolomite IlS well as the che rt nodules (lrc t he funda
mental topic of this research and the various facies will be descri bed 
in detail in .the next chapter. 

The « Meta llifcro . complcx th ickness, the sedi mcnta ry structures 
of dolomitcs an d limestones and the metal content arc variable through 
the Cambrian outcrops. 

1n the North ern arca. ( Iglesiente dist r ict) the t hickness of dolo
mites an d limestonc is about 700-800 meters; the basil I dolomite hosts 
predomillantly zine-tron mineraliza.tioll; the limestone is massive. 

lu the Southern a.rea (S uleis district) the thickness is strongly 
red uced, 80-100 mctel'sj the bnsal dolomites prevalently contain ba
rite; the li mestone often shows thin bedding aJ ld intraformational 
breecias. 

A thin hor izon - 1/ 5 mete rs - of nodular shaly limestone (10-

caJ ly numed «culcescisti :to ) overlics the « Metal liferD :to complex and 
marks the passage to' Cabitza slates. This nod ular limestDne is very 
rich in fossils such (IS trilobites, hyolites, hraehiopods and eehinoderms. 

The c: scisti di Cabitza., s iltstDnes ", i,lh ill.tcl'bedded thin hOTizolli; 
ofs.:1ndstones, itre Middle-Upper Acadian 11I1d close th e cycle of l\li ddle 
Cambrian sedimentat ion. 

Thin dykes of « difl base . cut the S8ndstones Il. nd dolomitcs; this 
I'oek is grcatly modiJ icd nQW lUl d fo rmed by a mass Qf sericite, qUllrtz, 
calcite, unkerite and iron Qxides (ns shDwed by X-ray analyses) ; how
ever the ghost structures of plagioclase phcnoorysls shQw elCtl.rly an 
interscl'tal texture (fig. 3). 

Few kilomet8.l·S cHstwill'ds the Ordovieillll uuconfol'mity covers the 
Camb rian se<lueuee giving rise, along th e t ransgression surface, to sili
cification phenomena. (BE:"Z, 1964; POLl" 1966; PADA LI!'10 et a.l. , 1972). 

The tectonics of the Suleis shows a very complex example of su
per impQsed dist inct phHses of deformation; thl'ec orogenesis prod uced 
the present structural pattern j the Cu looonian; the HereyniaJl, ter-



mintlting in bll tholitic eml)lac£' Ill £'lIt ; Hnd the Alpin£' limited 10 rirting 
Hud to the rej uYenat ion of old folds. 

It seems tha.t the folding i'lI t lH' Cmn bl-ian rocks call br nSCI'ibed to 
th e enr ly Cn ledo ninn ph ase - Su t'die phnse - followed by two st rong 
ilnd one weal, IJ ercynian phases ( i\lc l\ 1 0011~, 1969). 

~·ig. 3. - DinblllJC dike; well·formed plllgi~ la8C phelloeryUa\.8 in an intersertaJ 
texture IImlrix. The rock its eomplet eJy llltercd lIud only a gh()l!t·atrueture is reeo· 
gni:w.ble. Thi" IlCeliou ; nieol~ 11 ; x 10. 

As is visible 0 11 th e geologh:n l lU ll]) ~l !ld Cl-oss-sections, a system 
of folds with E -W tI-end is preSCHtj this trend is HU r-i butn ble to thc 
CaledoniHll and fi rst Hcrcy nia.n phases. 

The second Hercynian plutse of deformation produced folds the 
axial surfaees of which trend N-S or N 30·4()<> W nnd which have ex:
tensively modified the preexisting struct ures ( fig. 2). 
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The final ( fourth ) deformat.ion phase 111115 been identified III Sulcis 
by P OLL ( .1 966) us cren lllJltiOIl cle\'age and it liCelllS less intense then 
the pl'eceding ones. 

il l.a.ny a uthors 11I1\'e studied Ilnd det;Cr ibed in 1'('Cen t years the 
tectonies and gene ral strllcl.lll·es of the Iglcsiell te·Sulcis district ( VAI{. 

1),\lUSSO. 1956; AIt1'IIA IJI>, Hl63; POLL, 1964; V,\I.EHA, 1967; Mc MOORE. 

1969) and though they attached 11 different degree of importance to the 
influence of structure on minel'al izat ioll, the fundUlIlental tectonic out
lines iHe sufficiently detai led. 

3. • lithofacies of Sandstone and Laminated Dolomite Members 

(Low-Middle Cambrlan) . 

3.1. - SANI)S'rO;q,; (c Ala:N,IHn: Jo) l\lEMBEH. 

Th e base of .M iddle Cll mbl'ian sequence is 1111\(\e up by sandstones 
o{ 1.J(l1\'-)Iidd le GeorgiulI . as ha s been described ill the preceding chapter. 

0nly lhc high pllrt of c: IIrenarie Jo member, the so ca lled c alter. 
IIIIIlzeJo of I talian Auth ors \\'1115 illl·cstigated. In (Ilcl the top of c: are
Ilarie Jo rre(IUently shows dolomite layers and oolitic limestone lenses, 
s0metimes I'ery rich in A cilcQCyathiJwe. 

1'he X-nly IlllldySl's of t h(' sandstones showrc\ mostly quartz and 
sCl·jcitc, but thp microscopie IlJ111lyses of the minern lugical com position 
is n. little more compl ex : 

i) sub-angular qunrtz g"l'lIillS with wcnk blastic phellomclllI ; 
ii) slIlall c rystllls of ac id phlgioclnses; 

iii) I'arc muscov ite and biotite; 
iI') small crystals of rutile, tourmaliuc and a]llltite IlS necessaries. 

T he cem('nt is ('S6('nt ially made of scric.ite or carbonate minerals 
near the contact with th e dolomitic member. 

The illtcrbed(\{'d clayey levels show about the SlIIIl(, chemical com
position but only fi ne microcrystall ine qUIII·tZ /lnd sericite are /'eco
g"nizable undor t.h e mic/·osco pe. On the otl)(.\/· Iwnd the cn rbonate lenses 
are very rich in quartz frllgnl('llts as nre the first dolomi.te layers of 
c: dolomia. rigata Jo mcmb(>r; in such CIlSes ill fact fnlgments of sand
stone or individual Il.ngu lar (IUartz are cemented by 11 dolomit ic matrix. 

This tra.nsitional horizon is present almost cverywhere but somc
times it is comp letely si licified, thus giv ing risc to the so-called c:quar_ 



zit.e .. in which the dolomitic ccmcnt hm; been replaced by fine micro
crystnllin e <IUllrtz and/ or chn lcedollY. 

Baritc too may be pl'escnt in til e cemcnt of sa ndstonc 01' dolomite; 
but it is localized in the Ilnrr'ow horizon of contact. 

J-'ig. 4. - c Qu~nitC .j olLterop~ of cqunn.ito , !Llong 
tho eont;,et bet.WL'C" ~:ltulalo"c3 ( lit left side) aud do· 
lomitca (at right ~idc). 

3.2. - I.JA~IINAT£I) DOLOMITE (c 1)01.0M I£ mOAT£ :t) :\'-E~IIIEI(. 

'I'he c dolomie rigat.:':t ure pr~ent throughout the whole arca und 
their thickness is rather Vilrillble frolll about 50 III up to ZOO Ill; the 
chunges in thickness nre due both to stratigraphic and tectonic cause-!j. 
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I n the South-\Vesl IlIld e('ntl'al part of the a rea t he contact with 

the uuderlying sandstone is mad,ed by the t hick horizons of c quar

ziun tlUlt shall be dl%(;ribed IHter in the chapte r devoted to silieifi 

cation phenomena, ( fig. 4). 

The more characteristic f/teies of c dolomia rigahl :t is a thill bed

ding with nodules of che l'l ; but frequently the bedding, Il. long with 

t he cher'l, d isappeflrs and the dolomit e is Illllde up by dark fille grained 

dolomite. 

All the lithofacics recognized on the field find by the mi croscopic 

studies nnd some of the more commoll sedimentary element s in such 

sediment .... lire hereafter described in detnil. Then Rn attempt has been 

made to nrrange the obta:ined data in 1:Ul envirollmental scheme. 

3,2.11) - /J%milic micr·ifcs. 

Thf'Y Ilre not very fre<luenL ill the dolomitic sequenccs. The mlltrix 

is fonned of euhedral , more finely allhedral grllills with sizes ranging 

f rom 2.6/1 to 5!1 ( with frequent 7 P-S/I grains). 

In somc cases lamina!' formed of ony on e layer of tiny rOUllderl 

elasts are foullcl. In other Cllses they contain small rou nded pelQi ds 

and [n .. '<j tlcnt cubic Or' polrgollfli pseudollloq)hs of Ind ite crystn ls Ill", 

rallged in thin levels ( f ig .. 5 (1.) or seatte red at r'andom ill the mntr ix 

( fig. 6 a), 

Pig. 5. 

/I ) lamiuated dolomicrite with thin le,·eb of halite cubic Ulolds. Thin section; 
nieol! 11 ; X 4. 

b) e1e~r, homogeneoll8. lamilwt l.'tl itolomite. The lmninlle show a weuk grude-bed
ding ; note the iron oxide COlI l"cntr'l tion nloug the st~'olite ~eam. Thill see
lioll; nicols 11 ; x 1. 

1") c clond-like :t tlllllimlted dolomile, T he dark micritie laminae Ufe er"eked by e,'a
IJoOrilie nodule growth llltl"r rC I)I" u'<i by ehntel"dony (White). Thin 8Cetioll ; 
uieol8 1/ ; X 4. 

d ) c qunr:tito:t hor;>;OIl; 11licrouYHtall ine quartll lnminae. aplM'uring graded. with 
linear ,'oid8 filled by IIIcgnqull rl 7.. 1'0 be remarked ill the similarit.y witl, the 
hornogeneou~ lamillated dolomite (fig .. fi b). Thin section; lIieol~ + ; X 7. 
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3.2.b) - I ,amino.te(l ({olomi/ie w ';c/"Ospaf'i/ es and .~parjtes. 

NUllIcrous types of laminated dolomites ha,'e been gl·ouped. 'r he 
most common exh ibit clell r, homogeneou.s laminlle ( \Vooo Ilnd WOl,.'I':, 
]969) or dal·k algal -ulIlt IlIlJIiniltion ; whi le peculiar types made of 
«cloud-l ike» bands 01' of thin laminae, forll1ed by radial , e-elongated 
dolomitie crystals (mnrillc crusts of PUHSEU und f.JOHEA U, 197 3), are 
rathel' iuftWlucnt bUl in t l' resting ft'OIll a genetic point of VIew, 

'rhc f irst group is mlld c of homogeneous fine-grained (sizc rllllge 
of grains: 5,1I.301l) laminne nlternating with coarse ones (size rang<' 
of grains: 13,11-38 /,). Sometill1es a g raded bedding texture seems to 
be present, but perhllJls IlCOIllOl'phi sm has preserved the primary gra
uulomet ry ( fig. 5 b). Barite, filling the iut.erst ices between dolomitic 
grains like a cement, is oft en foulld in tile con rse laminae. 

The laminae ascribed t o the algu l-mll t growt h show It more or 
less w/lvy structure, sometim es with well evident Re·nulcis forms 
( fig. 6 b), often ma.sked by l'rc l'yshlllislltiOlL 

The t.enn «cloud-likro. htmina.c has bren IIttributed to struc
tures given by d iseontinuous dnrk micritic (or fillc mic"ospllritic) 111 -
miliaI'. 'r hey contain fl'equelltly hulite pse udomol"l~hs , nnd lire nlt er
llnted with cleat·, i .. .. eguht r, Ilodular laye t·s constituted partially or do
lomitic gl'llItuhll' matri x, !lIld pnrtially of chnlcedony with t'ndially fl r-

Fig. 6. 

(1) dolomicrito with peloids oml Ioulite mold~. Thin Sl.'C t iouj ui eol ~ 11; X 7. 

b) irregut:Lrly dark ImnilLated dolom ite. Algal mut lI'ilh Ifenal~ Sp. In n "oid 
filled uy spa rry dolom ite. A 'hiu rim (denr) ot "eienlar carboLLulie ery~tab: 

iK bordering the alg"t :III\! "oid wnlb. Thin sec:l iou ; nleols If; X i . 

,) dotomiero~p<L rit o with oneoids, in trllel" sh 'lIId peloidg. Thin ~eI": tion; "ieols / / ; 
X 7. 

d ) dolotlL icro~p.~ritc with peloid, (( g-rnmLLleuse~ ~~ rLLeture) ineiuding " Trilobite 
frugmcnl. Thin sect ion ; nicols // ; X 100. 

e) dolomierosparite with peloid~ (<< g rUl11uleu.se~ 8truetnre) including nil Eehinodeml 
frngmenL with a micritizeU rim. TI,in sectiolL ; nicols III X 100. 

t) ehert wi th :Llle .... ,ted intrl\clu~lie :LUd oollt.ie beds; the matrix i~ made up by 
mierOl'.rJ~tlL11i"e qmLril; nnu length,slow el,aleoldony. Thin scetiou ; uieols // ; 
X •. 
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ranged (ibe r's ( fig. 5 c ), Instead of chulcedollY, in ot.her cases, enlcit c, 
filling the voids with geopclnl structul'C, is pl'esenL 

The Illarine erust ty pe lllminlllion is forllled by radial e.elongated 
dolomitic crys ta ls; eaeh row of them forlllS a lumina ( 36/1 in thickness). 
Pockets fi lled by pcloids or eoncentric ooids ulternate with such la
minae ( fig , 7 a), In some homogeneous mierospllritic layers nodules of 
barite ( fig, 13 b) IIt'e often present; Cl'ucking fentur'cs, perhaps connected 
to evuporitic nodulc growtll , IIrc IIlso f req uent in the ovel'ly ing beds 
( fig. 8 a), 

Quitc diffe rent, though Illso constituted of crystlll rows, ure laminae 
each of which shows one hlyer of Cllrbonllt e c r,vstals (45 ,u thickness) 
elongated normully to the bedding, The~' uppellr to have grown in 
mut unl compet ition thus fO I'ming It c l'owded texture ( fig. 10 a) very 
s imila.t' to til e on c illust rated by AHTIIUltTO:-< ( 1!J73, fig. 2 a, 2 C IUld 2 c) 
for lnycred ha lite fabric , I'Hminnc nt'e eOIlHllon ly bent Ilnd somctimes 
cracked , In terlamillary voids IInd very f req uent cubic or polygonlll 
pseudolllorphs (60 ,11) of halit e IIrc pl'esellt. 

Ln th e .. (IUarziti :t llnd sOllle cherts cun be found laminnled tex
tures due to t.he different sizes of microqulIrtz c l'ystals (fig, 5 d ), 

3,2.c) . IINc l'o~pa.rili(; d.o/.omUe~ with in/meiosis, ollcoids, and peloicls. 

The cement of these rocks is of two quil e different types fllrely 
associated: the first is formed by euhedral 0 1' polygona l dololl1ilic Ct'y
stals (22}1-2S!I), while the second is constitut ed by a felt of elongated 
need le-shllped crystals ( fig, 10 b) ( lengt h 60,u-SOp; width 13/1 - ). 

i rrcgulur or rounded bird 's eye type voids IlI'e fr equent in the 
fit'st t.y pe of cemcnt. Alloc lnsts lire represe nted by a few lumps, in 
traclnsts , frequent il"l'egulnr oncoids ( fig. 6 c) nnd yery common pe
loids with irregular slmpes typiC,l l of the c. gnnnu]euse:t structure 
( BA'TLl UHS'T, 1971 ), F ossils, locally abundant , !Ire represented by trilo
bite ( fig. 6 a) and brachiopod ft'agmellts !lnd well rounded micritized 
echi nodcrm pltt'tic les ( fig. 6 c), 

Ooids I\I'C sCfll'eely rcpresented in dolomit es, while they urc very 
f requent uncI ubundant in ellcrt.s, 

This typc of mierofa cl£\S is probably Illso represented by oolitic 
cherts ( fig, 7 band 7 e). Here the allochclll .') are only ooid.') and pe
loid8, often well sorted, sometimes gi"ing 11 graded texture. rn such 
cherts secollda l'~' dolomite rClllains with freq ucnt isolated empty or 
lim pid dolomitic crystals 11I'C abu ndll nt. 
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3,3. - SEDnn;,,'rAH\' ELE;\Ik;"TS m' M!CllO~'AC!ES . 

'I'he more common sedimenta ry elements found III the described li
tofac ies al'e : 

3.3.a) - OQids. 

i) Ooids wit h radjal stru(}ture a l'e generally of small size (520 p-
175 p) ( fig. 7 band 7 d). 'r,he nuclei i canllot be easily recognizcd be

cause of the st rong I'cc rystallization ; it seems howc\'e l' in some eases 
to be of mierit ic matter. T he cortex has almost the some thickn ess as 
the radi us of nueleus; it. is comp03ed of bundles of rndia.! clea.r ery
stals alternatillg with da rk ones which cross the whole cortex. Some
t.imes it is possible to recognizc t.hc ghosts of the fonner coneent r'ie 
envelopes now covcl"cd by the radial llrrangcment of acicular ca rbo
nate crystals. Some X-ray analyses all the carbonatic sam ples contain
ing such types of ooids exhibit It small quantity of clay minerals ( iJlite 
H-lld Illontmori llon ite t~pes) tha.t were not found ill CaJ'bonatc samples 
containing the other type of ooi ds. 

T he shape is gellerll.Uy wlifonnly rounded, sometimes elongated 
and with 1I loba.t:e outli·ne. 

T his type of ooid is fo und in some carbonate lenses interbedded 
to the. uren!l.rie» and in SOmc che!"ts of dolomites. The diffel"ence 
between the two groups is due to the different average size (400/1 in 
ea l'bonutic lenses; 200 I1 in cherts) and to th e d iffe r"ent diagenesis that 
Illllsked the early stl'uctures much more in the cherts. 

They are very sim ilar in morphology to those described and il
lustrated by EAlWI>8Y ( .1 938) for t.he Great Salt Lake. 

E ARD[,EY observes that the radial structure of these ooids is due 

t.o bundl es of calcite crystals produced by an early recrystaUizatioll 
that takes place at the same time as the aragonite-calcite inversion of 
envelopes with microgranular structure. 

The envelopes in it f irst stage consisted of concen tric layers of 
aragonite and calcite crystal with occluded clay. 

'Vhen the l"ecrystalli1.ation takes place th e clny is segregated III 
t he reg ion between bundles of radiatillg calcite crystals and so t.he 
o()ids exhibit a l)SCudo-interfe:renee figure of the uniaxial type and It 

character istic lobu.te outline. 

R.n.dlCQnti S.l.M.P .. 18 
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Geographically such types of ooids are found only along some 
coastlines of the Salt Lnkc at a depth vnryillg' between 1 and 4 III 
( RUS~'AK, 1960). Its salinit y is seasonally \'e l'~' hi gh in nil elH'irOllment. 
with a rather high cllc rgy due to WHve IIgitHtion·. 

ii) Ooids witll con centr-ic structure (size r!\llge 400 p-115 'I) 
(fig. 7 a.). 'fhe nucleus generaily is of a larget· size thn n the cortex 
IUld has a micrOS lla r itic texture, perha ps formerly micritic. The cortex 
has a. varia ble thickness Ilnd is fo rmed by one or more concen tric en
velopes j each one consis ts of radially disposed crystnls interseeted by 
a. very t hin dark and opnque layer. Shape is gene rnlly rou nded, SOIll &

times elon gated , bu t often the outer enve lopes of the cortex are broken 
or corroded. 

These ooi ds l\I'e found in pockets of Illlu'ine-c rust type dolomite. 
Th e s izes are va r'inble und th e absence of sor'ling IIlUY testify the in. sil.t 
growth without persist.,jUlt t,rIlnsportation. 

This type of ooid Clln be compared in structure to tllllt de.:>cribed 
by LoR£A U and P u nSEn ( HJ73), found ill well protetted environments 
of lagoons or intertidal flnts of the Persian Gulf, The IIlI:in difference 
is due to the bigger sizes and to the mino r regulllrity of recent for ms 
compa red to the Cambrian ones. 

F'ig. 7. 

a ) concent ric ooius wi th ratli"l cnvelope!; !I,e~' are intcrbcdded in c marine crust8:t 
formed a[w by radi:.l, e ry~!a l1iue ["",illae : detail of fig, 8 a, Thin !!e\l! ioni 
nitols 11; X JO. 

b) tO ll ten!ri ... ooids wilh ghostll of r"dial cm'elo])t'll in chert. TI.in !!e\ltion ; ni· 
col~ 11; X 20. 

c) halt·moon ooi\ls, ~ tr"ngly rt'f.rysIRl1iz.cd "nd rCI)lnced by ~i1ien. Thin 8C\ltionj 
nicob ll ; X 20. 

(I) radia.] OOi(19, s in,ilnr to 8 11 tt .... ,ke o"e~ in culCllrt'()us leu~es of c armmrie:t 
member. A strong re<:rJ'" tnlli •. ntiO Il of uucleii is ovidcllt. Thi n seerion ; uicols 11; 
X 20. 

e) halr·moon ooidK (dernil of fig. 7 cl; nn :.syn""etrie n\leleu~ ",nde of euhedral 
dolomite (lfystllls, l)eThal)s wit h 11 little residual mi(lfi tc (black), is visible, 
Thin l!(Iet.iou; nicols 11 ; X 100. 

/) as abo"e with crOllsed nieulll: the earoona tic nucleus i8 surrounded by mlerOC'.ry
slalline quarh and length·fasl chnleedony. Thin seel lon; nicl)la +; x 100. 
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The environment in whi ch these types of ooids are formf'd is lo
calized HeHr the limit between the illter- und suprntidal zone c nn en
vironment which is more humid than wet :t (I~OK£AU and P U KSt:It, 1973). 

ft is very interesting to observe in lhis eonn~tio ll thnt such types 
of ooids ha.ve Ix'en found by P URSEK HlHl J.JOREAU (1973) in H well 
protected site assoeilLted with all aragonitic crust fonned by laminae 
of 50/1 Iwenlge thickness, vcry simila:r in stl"Ucture to the ooi d CII
vc.lopes. 

Tu some of the CamhrilUl smnples slllull concentric ooids and coated 
grains with radial envelopes - in pockets and thin beds alternating 
with radially structured laminae - very closely recall aragonitie crusts 
found in the Persian Gulf su pra tidul £tilt. 'I' hese crusts develop in a 
hot, /lrid supl'at.idal cllv ironmcnt where t.here is 11 hard substrnte. 

iii) The ooids of som e cllel'ts intel'hedded to the dololllites muy 
seem different. 'rhei r texture Il8s been very much modified by the 
diagenetie reerystallization IIlld also by the si licifieatiOIl (fig. 6f). Uow
ever in some Ci\.SCS it is possible to reeognize the typical concentric 
disposition of the envelopes but it is impossible to find the ea rly dis· 
position of the carbollalic crystals. 

The sizes of these ooids seem bigger (600 ,u-300 .u), thaJl the othe" 
just described . The uumerous forms showing the characteristic half
moon structurc ( fig. 7 c, 7 c and 7 /) seem to indicate a dillgenesis si 
milar to that suggested by CAROZZI (1963), that is a dissolution of the 
outer envelopes, but lIot necessa rily the presence of sulphate envelopes, 
and a later filling of the voids by silica. 

3.3,b) - Passits. 

Generally remains of IUli mll1 orgallisms are very rllre, less rllre 
are those of a lgae, but these are often more difficult to reeognir.e, 

Anima.l remains a l'e represented by rare frllgments of trilobites 
(fig. 6 d), brachiopods alld by frequent fnlgments of ecilj.nodenns 
well rounded find with ev ident micrite em'elopes ( fig. 6 e) . One ean 
find them generally IIssoc ill.led in microspII.I·itic flleies, with peloids, 
some of which are possibly of algal origi n, in the upper cnri.xmatic 
levels interbedded to the c IU'enarie:t or immcdiately at the base of 
the c dolomie rigate:t. A 19a1 remains are represented by algal ma.ts 
produced by the activity of green-blue algae, Generally neomorphism 
tends to destroy the shape of colonies. Only rarely one CIlII recognize 
smaU colonies of RClIalcis sp. (fig. 6 b) or litt le bOOiels referred to as 
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z'eproductivc cells ( JOHNSO;';, .1 966) among peloid!; of algal origin. Very 

frequen t iHe ollcoids and «intraclasts» of which the or igin is certainly 

partly ascribed to algal activity ( fig. 6 c) ( GAN!>IN et al., 1973). 

3.3.c) - Foids a1[d nod1des. 

i) Bird 's eye type, with a geopetal structure is present in la· 

minated or intramicros parit.ic dnrk dolomites. The filling is generally 

formed by f irst a calcitic (or dolomiti c) ['im, followed by spany cal

cite and/ or barite (fig, 8 b). 

b 

.F ig. 8. 

a ) laminatcU dolomito wizll nod u le!! a"d beds of ~ulphate (lmrite: cl(!ar grey) lInd 
qllnrtz (white), Some dolomitie Imnilllle lire broken by ~lllphale flll\l Qllnrtz 
growth. 

b) [brk dolomierOS jlllrite with intrllclnsh lHLd \'oidll, 'rho \'oids are filled by eal· 
cite l\lld barite. 

When t he ]'ock is silicified ( pat'ticullldy th e Inminated type) t he 

void filling c;u'bottlttes too li re ]'eplaced by silica (quartz), '1'he voi ds 

of intrllmierospllritic nnd irregularly laminated dolomite (algal mats) 

arc ]'olUHled llJld more rilt'ely alTll nged perpendicular ly to the bedding. 

For t he dolomi tes with flat laminae (Hlso silicified) voids ,we gene

rally lin eal' ( fig. 5 d). Sometimes t.hel·e are a.lso cracks of prism-crack 

type. 
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ii) Voids with spalTy or siliceous filling without. rims are some
t.imes associfLted with bird's eye stru(}tm"eS whether ill in t rmnicrospa
ritic dolomites or in irregula.rly laminated dolomites. They generally 

have all irregular or a roun ded shape ; t.he filling is fonn ed by sparry 
calcite (or dolomite), fr equently by sparry or fibrous barite, and fi 
nally by silica with th e megaqua l'tz habit. 

iii) Nodules with mosaic dolomitic (calcitic), mi croquartz or 
cha lcedony f i[ling call be recognized as void like stl'Uctures, a,[so asso
ciated with the other two types, in il'l"egu[arly laminated micro
sparitie dolomites or in silicified I'ocks. The shape of these «voids» 
is sometimes well rounded, genel'ally irregular; in this case it recalls 
a chicken-wire and chicken-mesh st.ruet.ure, 

T he filling is sometimes form ed by a. more or less regulal' mosaic 
of crystals (dolomit.e or quartz), sometim es by ca rbonatic needle-like 
felted el')'sta[s and sometimes by sphel'ulitic chalcedony ( fig. 16 a), 

In some eases on e can observe t hat the outline of such «voids» is very 
similar to the outline of anhydrite crystals (MI L:>" ER, .1962), It is pos
sible to assume t hat sulphate crystals or nodules have been replaced 
by carbonate, barite 01' silica matter. 

The described stl'uctures of voids alld nodules are SUllllllaJ'ized ill 
Table L 

3,3.d) - Inlt'adas is and iniraIormational brcccias. 

Peloids, oncoids, lum ps and ilTcgulal' fragments of algal mats 
ha.ve been grouped as intraclasts of organic or igin. 

Amon g peloids some (s ize 60 p--- ) are similar to f ragm ents or parts 
of algae which form algal mats ( G AN"D1N et al., 1973), others (size 
200 p -- ) well rounded made of miel'ite could be ascribed to th e activity 
of orgalli~ms (fQCcll'l pellets '). 

1' he oncoid group also i.ncludes those il'feguillT bodies which ha.ve 
more 0 1" less concentric. coats produced par,Hy, at lells t , by algal activity, 

In some thin sections of c quarziti» and dolomites intraclAsts de
rive from cracked laminae or crusts. Sometimes conti nuous laminAe 
become discontinuous and finally b~ome clasts. Cracked or bent 111-
minae, which leave f unn el-like voids, be(."Ome fiIJed by laminae or crusta I 
fragments and sometimes barite ( fig. 8 a). 



T ,\ BLE 1. - Bi,·(l's eye Structures, It Voids» and Nod'ules. 

l\Iorphology Type of host rock 

ROUll llNi or irregnlnr Dark intrruuierosparitc 

c Sheet·erack:. tYlle Dark aud light irregularly 
laminated dolomite 

c Sheet·erack» type « quarzite » 

c Prism-crack» type «qllarzite ) 

Rounded or irregular Dark illtrllmicrosparite 
or huniualcd dolomite 

Rounded and irregular Dolomicrospnrite, eherts 
«Ohickcn·wirc », c Chickcn·mClsh » types and «quauite » 

Rim 

euhedral 
dolomi !e 
or calcite 

liS auo"e 

euhedral 
meg.1quartz 

as abo\'c 

a.bscnt 

abscnt 

Filling 

calcite IIlld minor dolomite 
"nu/ OI· Ullrite 

~alcite 

microquartz or llbsellt 

as abol'C 

spMhie calcite and/or barite 
and megaqulIrtz 

granula r dolomite, 
megaqllartz and cha leedony 

Sizes (in mm) 

3.5 X ~ . 3 

0.6 X 0.3 

3.0 X 0.6 
0.6 X 0.1 

4.6 X 0.4 
2.6 X 0.4 

3.0 X O.~ 

4.0 X 0.1 

5 . ~ X 3.0 
0.6 X 0.6 

5.0 X 3.0 
0.6 X 0.5 
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Monogenic int raformational brcccias !Ire not very f requent; thin 
beds seldom have dolomitic angular elasts ccmented by microsparitic 
dolomite. Th e evaporitic layers also show thin breceiated levels but 
t he origin in this case is different. The fonnel' is due to sharp va
riations of energy during the sedimen tation which cause the cracking 
of sed iment-water interface. 'rhe latter, on the contrllry, may be due 
to the crystallization forces of sulphlltes thllt bend and break the over
lying dolomit ic laminae. 

3.3.e) - Evoporitic minera.l mohls. 

Mol ds -of evaporitic minerals lire very freqUCllt both ill dolomites 
and in the «qua:rzite » all d cller ts and they ma.y be swnmarized liS 
follows: 

i) Cubic or polygonal molds of halite crystals lire found mainly 
III micritie (fig. 9) or spal'itie and «cloud-like» laminatcd dolomites. 
They arc replaced by carbonates and very fine chalcedony giving a 
statistic isotropy (see U \SER mieroa.nalyses), Their sizes range from 30 
to 85 p. 

ii) PI'isms of ex anhydrite are found mainly in t.he «quarzite» 
and in thc eherts and oIlly subordinately in the intramierosparites. 

In the first case they have bccn completely replaced by pseudo
morph quartz and/ or barit.e (fig. 13 e), while in the second ease the 
prismatic molds are made of mosa.ie ca lcite 01' dolomite. 

iii) Needle-like carbonatic crystals, very similar to those illu
strated by FOI .. K and PITTMAN (1971), are rather frequent as cemen t 
or «void » filling and dispersed in some cherts (fig. 10 f). Th ey may 
perhaps be the resul t of the replacement of gypsum nodule crystals. 

3.3.f) - D OIQm·ite cl'y.<;tol$. 

Euhed l'al crystals of dolomit e occur chiefly in the cher t 1l0dule~ 

lUld, tbough more seldom, in the «q uarzite ». Of course, the dolomite 
crysuLls, some.times of poikilitic type, are frequently present in the 
dolomitie beds, but. in the siliceous horizons they aloe isolated and eRn 
be grou ped in different lypes : 

i) euhedra l c1eiLr unzoned crystals of small sIze (a bout 0.3 mill 
in length) ; 

ii ) euhedra l clear zoned crystals sizes of which may range up 
to 1 mm of length (fig. 10c); 



ii i ) dolomitic ghost-cl-yshlJs pRI-tilllly or complet.cly replaced by 
microcrystalline quartz (fig. 10 cl and 10 c) and chalcedony. 

There is a gradual tnlllsition between the two last ty pes, Hnd 
pflrtieularly from t he anhcdnll to the corroded Or empty form remain s. 

Fig . 9. - CleaT dolomierite; dctail of fig . 6u. Cubic mo\(\s of halite, replaeed 
by cha lcedony and barilc. Thin ScetiOll ; nicol~ If ; X 200. 

Lt would appear importa nt to poi nt out a t least three facts: 

t he cOl"I"oded and empty t'emains arc more frequent among the 
zoned crysta Is; 
this type of erystHI is absent ill the chel"t host-rocks (i.e. laminated 
and dark dolomite~) which exhi bit. a different dolomitization; 
t.he siliei fi ea.tioll 'int erruptod early dolom iti7Aitioll of sedimC'n ts , 
probably in a schizohHlinc cnVil"onlllent (li'ou.: nnd [ ,,\1IW, 1!J72), 

replaei.ng" pl"cfe l'cntially the impur c core of crystals not yet dolo
rni tizltwd ( D1ETRICH et al. , ]963); 
the dot-like rem/l ins ( fig. 10 c) may be indicative of evapor ite '"c
placement by silica , according to the FOLK and P J'l"Uu.'\" (1 971 ) 

ill ustmtioll. 
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3.3.g) . 6' tylolites, 

Sty lolit ic struct ur('s are rather fre(IUent in th e Illm illa ted dolo
mites (fig. 5 b) IInd tll cir IIllI plit.ude alld t hick lless a re vel'y vlll'iable, 

In the fi eld llndU!Ili.('d sUI'fllees of erosion, freq uent.ly ma.l'ked by 
11 ferruginous seUIll , llI'C' visibl(' in th e IlIminllted dolomite; t hese 
structures may decrellSC pl'ogressiveJy to the microsco pie sizes, always 
main taining the dark, ferruginous seam, 

At the microscopic scale thc more common plttte rns - according 
11) the AM STUTZ and PARK elassifiCHtion (1.\M 8TUTZ and P ARK, 1967)

arc of wave- like and/ or sutured type but a lso rectHngula.r types may 
be present ; Illong the su me stylolitic sealll gradunl trans it ion from 
onc type to nnothcr IllH,y eoexist. 

As regards ti le bedding the horizontal stylolitefS are the most 
comm on type; th e intel'COlllwctcd-nctwol'k stylolites III'e I'are ly pl'cscnt 
IInd in this case they a rc parallel to the bedding, 

About 40 th in sections of dolomite IInd chert fue ies containing 
stylol ite stl'uctures have been examined and cll1ssi fi ed in Table lL 

l<'rom the this tubl e four facts stand out immedin tely; 

i) the stylolites in th(' lruninated clenr do lom ite nre very poor 
III F e, liS well liS t he host rock; 

}'ig. 10, 

11) bent lam inae of dolom;le erYlltnl" slLQwiug an unusual hnbit, The crowed la..:

Iura ill mlher "imili.r 10 Ihal ot n layered hnlite texlure. Thin !cctio ll ; nieol5 11 ; 
X lOO. 

b) unusual habit ot dolomile; u~'6dle·like crYlllah~ arrllllged as :1 (elt ;n dolo· 
intramicroslmril.." Thin 8Cetioll; nieolll I I ; X 250. 

c) dolomitization inter rup ted by :oilicifieatioll in eherl; the euhedr:11 eryslals are 
mostly UlJled hut !!lIzoned fillll limpid ones (at right) :lrc ul~o present. Th in 

~cetion; nicol !! 11; X 30. 

d ) g-hOSt9 of dolomillc \luh('.t rul ~ol!ed eryst:.l>! ill the microcrystalline qunrtz mu· 
Irix of ehert.. 'J'h;" lIeetiOn ; nieol .. 11; X 250, 

/1) tilly dark c peloid .. ~ loo~cly distributed in ehert, probably indi~>Iting arc' 

placement o f c\"uporile8 by ~iLica. Thln seclion; !lieolll 11; X 250, 

f) needle-like dolomile ~ry8 t:l Ill, perhal'S I'!leudomorpl, on fibroulI gypsum; the 

matrix is made ot mierocrYlltnl1ine quart! nnd ehnlcedony. Thin IICClioll j ui· 
eols 11 ; X 150, 
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F ig. 10. 



2,6 A. GA~D I ~, o. PADALI~O, )1. VIOLO 

ii) th e largest amplit.ude is pl-esent in t.he sty lolitcs of laminated 
dolomiel·ospurite, while the wcn kcst in th e sly lolitcs of homogeneous 
dolomicri tc; 

iii) t he portions of rock d issolved during the stylolite fo rm atioll 
seem to be higher in the lamin ated dolomitcs th an in the ool itic. 111 
t he fi rst case. in fact , so me slylolite fingers show residual laminated 
dolomite that is absent in I.he bed din g, testifying the dissolut ion of 
at least onc bed a few millimeters thick. In the cltse of oolit ic dolo
mites, on the ot her hand , t he oolites themselves ind icate the Ulllounl 
of dissolved rock, which is less t han one mi lli meler. 

iv) t he s ilic ified dolomites, even th ough IlHlintaining the stylo
li te structures, f requently show "u r iable sizes un d defonn atiOIl S of the 
seams ( fi g. 17)_ 

The sty loli te scams ve !'y i'J-e<lucntiy ex hibit not only fer rug inous 
bands bu t /llso perfec t euhedrn l crysta ls of elelll" dolomite; these SCIlIllS 
in fact represent loci o[ vllrious minera logicltl d issolution and recrystal
lizat ion p,-ocesses ( A.lISTUTZ Ilnd P ARK, 1967 ; P AMK and SCIIOT, 1968) 
Ilnd the maximUIll o[ geoehemiclIl element variety is concentrated here 
(see 6.5. und Table 1V). 

3.4. - I S H ;H.pI/;E'r-.\TIOS O~- T m ; 1.lITHOFACIES. 

It is IIlways ra ther difficul t to interpret the (>nvirolllllellla l de
posit ion o[ It geological seq uence, especially when intense phenomena 
of noomorphism, d issolution IInd recircula t ioll has a lte red the original 
textures. 

'I' hese difficul t ies lire J)1I1·ticularly IlIm-ked in ancient sediments 
of evaJlor itic type; in fact in the early diagenetie stages the sedi ments 
are subjC<'led to d ifferent hydrological regimes with sharp variat ions 
of saJi.nity, p H, tempera.ture (>tc .. 

Neverthcless, an a ttempt has beell made 10 dcvelop an idell l seheme 
III wh ich to nrrlUl ge th e Cambrian dolomites of Ihe Suleis Men .. Th e 
more common dolomi te, t he homogeneous lnmin uted dolomite, is s imilnr 
to those desc ribed as suprnt idal lagunar environment, for instll ll ce, 
small busins periodically f looded by fresh and marine waters ; in
tense eva poration, mod ifyi ng the water SIl. linity, CII USes the chemical 
preci p ita tion of the en rbonates. Th is precipita tion is hastened d ur ing 
dry SC8J;Ons II nd slowed down by dilut ion of fres h and mUI-ine waters; 



T ABLE 1I. - IlelaiiQt!s/tips betwum Stywlite Type and H ost Roe/;. 

Rock type Styloli te t.ypc 

I ... mninnted dolosparite wilh oncoids wa,·e·like and 8uture<:] 

Laminate(l dolomicroSlmrite wave·like IUld sutured 

Lnmimlted dolomierosparite ulH lOlI'n peak aud sutured 

HOlllogellCQus dolomicrospnrit e wa,'e·Jike 

Homogeneous dolomicrite wllve·1ike 

Silicified 8;ludy dolomiw (~ qulIrzitc)o) wlI ve-like 

Silieified dolomieroSpllrite (t qunrzi to )o) wllve·l ike nud sutured 

eoulae! dolomicroHpllrite-chert 8 ~ t.urod 

J dem ' IS the preceding ouc su tured 

Stylolito $it.e!l in mill 
IImplitude length 

0.05·0.7 0.2 . ] 

0.1 -0.2 0.3 

0.4 ·0.6 0.08·0.1 

0.04·0.2 0.08·0.0 

0.02·0.04 0.08·0.1 

0.08-0.1 0.1 ·0.5 

0.4 0.' 
0.1 0.2 

Observations 

Sm,1I1 con tent ot iroll along 

the scum 

As above 

Vnrinbles sizes along tbe smue 
st,rolitie seam 

Large oxidized Fe rnuods. H:.lil(' 

models in the hos t·rock 

J ntensely deformed 

Small content of iron along 
the SQIlm 

VariaLle !ize of seam 
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the resul t of th is pl'ocess is n hlInillllted sed iment with dark fille 
and clear COllrse grain ed beds. 

'I'he intertidal ell vironments, closely connected with the above 
mentiOned lagoons, show also lam in ated dolomites, but in this ease 
the rather irregular lam ination is due to the pl'esence of R&nalcis 

ty pe algae, givi ng r ise to a mo re 01' l('ss continuous algal mat. 
'I'he el'lIcking of th ese algal mats p l'oduced clasts, part. of which 

have been I'ewol'ked a.u c! tJ"ilnsport ed in different environ ments, thus 
fonni ng the intraelast dolomites. 

A pl'oblem is the in terpretation of ool ite fllc its genesis. '1'wo main 
groups of oo ids, of ratlher different origin , have been distinguished. 
The first on c, r'eeogllized in ti ll' calCllr'eolls lensE's of «a r'ell1lrie» all(l in 
some chert le\'els, ca n be ascl' ib{'d to It SaIL fAlke type ( E AHDLEY, 19~8); 

this testifies an hr perhali lle envirOlllnent. wilh rath er' high cnergr 
dUl'ing the sn ndstone sedi mentation. 

Th e seeolld group of ooids, simi la r to Per'sian Gulf Iilgoon type 
( LoH~:,\U llnd P UHSEH, 1973), occurs in dolomites which could be th e 
pl'oduet. of evuporitie crusts; thesf' ooids IIHl~' in fact grow in situ 
allloll g these ellrbonatic crusts, ill humid eav ities subjected to intense 
evaporation. 

Th e described environments, along with the part iculill" hyd rogeo
logical r'egimes due to the mi xing of fresh und mar'in e watel's, well 
{'xpluin the de\'clopmellt. of slllull e\'ll pOl"itie basins with sulphates flnd, 
though mOl"e Seldom, hali te pl'eci pitation. 'I' hese ell vi rollln ents llIay 
explain also rclated phenomena. as well as the early dolomitizatiOll 
of car'bona tie sedimcnts, the fo rming of cleu r eu hedrlll dolomite, con
nected to a «sehizohal ine» sali nity ( F'OLK an d [ 'AND, 1972), and finally 
the silicification ca used by pr'otmcted subae r'ial conditions and a more 
int(, ll sE' supply of silicll from the con tineut. 

4. - Barite mineralization, 

4.1. DI S TRIIH JT IO" O~' B ,IRlTE f.J,\YEHS IN T"~: S'fIJ:ATIGIUI'H1C SEQU~;NCK 

At first sight, the b;w ite Ia.yers ocelli' in a. r'ela tively narrow ho
rizon ; th is hOJ"izoll is incl uded between the top of t.he «u r'enurie» 
member lln d th e base of the «Meta lli fero » member (and namely of 
lamina/ed dolomite). 
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Pig. 1. - Geological mup ot Cumbria n outcropS; index as fig. 2. 
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Entcring illtO dctHils, 111(> OCCU!"l'ences of bal"ite laycrs Hre rathcr 
diffCI'cnt imd this difference seellls to bc closely related to thc geo, 
gmphic position .of the outc rops, 

In the NOl'Ulern arell (Le, CUCCUI'U Pallll esi and Cnm po Spinu ) 
thc bat'ite is pl'(~;>ent almost cxclusively in thc high est part of sand
stones - or so cal led «Illte]"]]anze» - wlt et'c the sa nd stones exhibit 
limestone and dol omite interbedded lenses, 

Only thi n layers of bar ite mixed to dolomite occur in th e lumi, 

natcd dolomite with cher t nodules. 
Sout.hwards the burite mineralization inereases gl·ent!y and ma ily 

opcn casts for ex ploitat ion nre present in diffe rcnt arens but alwnys 
uJong the sandstones-dolomite boundary. 

Fig. 11 shows tlt e strati graphic Vlu'iations of the burite oceur
rcn ce in diffel"ellt sequences. In the extreme easte!"!l 7..o-ne (CDsta Tasuu, 
Costa d i Genua Corriga) th e fil'St bari te layer (Gennll COI'riga) is 
localized in 111(' dolom ite, just above the eontnct with the unde rlying 
sandstones (about I Ill ) ; other two ba rite la yers outerop 15-20 III above. 

'r he thickness of this st ratified baritc is about 0.50 III and the 

conteut in Ba.SO~ is sharply variable. In fact large masses of dol om ite 
or thin nodul es of chert, di»tributed at random along the bal'itic hori, 
zons, reduce the sulphate content. 

Going CflSt and sout.h\\,tll'{i thick « quM·zite » horizon s a.ppear over, 
Inpping wi th the bal'ite layers. 

The pet.rog mphic Chilt·ucterist.ics of such I11HSSN; of quartz an d 
chalcedony will be described ill 5.1. 

FI'e<l uent nodules lln d "einl ets or bat'ite and iron Oxldes a re 
p l'esent in this «quan:ite» that assum cs a typical reddish colour ; 
where the I'ocks are less alt.ered the colour is gl'ey 01' dark grcy and 

small c l'rstals of p.l'rit e lire not wlfreq uent. 
''-'rom the mining poin t of view the central part of the investigated 

areil is the most. in te rC-S ti.ng; in fact wh el'e «quHrzi.te» disa.ppears, thick 
lUld continuous layer» of barite are pl·cscnt.; in this area lllany sma ll 
opcn casts have ex ploi ted severa l tOllS of b!l.riwn su lphate in these last 
years (Le. Se l'J"lt P lll'isi , Se rra S' isca, Peppixedda, Villascrua, ete.). 

As it is possible to note fl'Olll th e above mentioned figure 11 the 

sM·atiform cxploitable baTite is always localized along the contact sand
stones,dolomites Hnd only traees of sulphate as nodules, vein lets, bird , 
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eyes, fill ed up by bllrite Hlld cillcite, occur ill the higher part of do
lom ite seq uenecs. 

SouthwlIrd the « quan~it.e» II>;sume!; the maximum dcvelopment ; 
here in fact fl continuous, t hick horizon made of qual·tz nnd clmlcedony 
llllll'ks the contact betweell sandstones ami dolomites; even if this 
horizon (i.e. Gl'otta del hi Cllmpana) is sometimes localized in the 
s.anclstones, neverthe less t he dishmce of t he «quarzite :t from the contact 
is ItlwllYs very short, 110 lHore than 5-10 meters. 

The development of «(IUllrzite:t marks the reduct ion of barite 
which is generally pre.i;C-nt onl:r in l>ma ll voids Ilnd/ or ve.ill lets in 
t.he q uartz; but ill such CIISCS the traces of bnrite in t he overlying 
dolomites are more abundll lll even if not intel'est illg fro m IHI economic 
point of view. 

4.1.IL) - Local SClt le. 

'I'he bal"ite outcrops show, 011 the f ield, severn l structures supposed 
to br connected wit h the d ifferent paleoellvirollllU'l1ts du ring t he 
d iugencsis. 

Nevertheless, in this chnpter, are described the macro meso IInd 
microstl"Uelures of badte without /1.11." interpretation however, since 
these a.re mentioned ill the gencnl.l (.>()nclusiolls. 

On the macroscopic sclLlc the barite horizons may be chnraet('fized 
by lit least three Ill ni u stl"uctures: 

i) c Zebra I :t barii C'. 

ii) « Chicken-wi re:t bUI'ite. 

iii ) i'l lassive b,u"ite. 

'I'he c zebral :t bn r ite occurs muinly ut the bottom of mineralized 
sequences; ill fact in the northern zone this type is present in the 
sandstone ( i.e. Cnceuru Pannesi) Il nd in t he cent.ral IIrell ll long and/ or 
llellr the eOlltact sandstolles·dolomites ( Le. Vil lllsc rull, Peppixedda, 
Serrn S' 18CIl, etc.). 

'j'he only cxeept.ioll is til e Oenna COrl"iga sequence where the first 
blll·ite lllyer exhibits 11 IIHtSsive struchu"e with rure stRdets of glllellll 
nllCl the upper Olles t plld to Ilssume 11 c zeb'"II I :t or «chicken-wire» 
structure. 

When the burite lllyers /Ire more than one (generally two or, but 
more seldom, three) the~' show both structures, namely the «zebral » 
and mAssive ones. 
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The c chicken-wire:t structure may be pr($Cnt ill the upper mI
neralized horizons nnd they mny tape r into massive ba r ite beds with 
reduced thickness. 

4.I. b) - lfal1dspeeim &n sea,le. 

As it has been pl'cviously rcmarked the bar ite shows a rather 
Jat'ge range of structures. 

" , 
Jo~ig. 12. 

a) c !ebral , barite; t.hin alternation of fib rous-radiated (dark) IIlLd fine-grained 
(door) barite. 

b ) c ehieken·wire ,. baritc; nodulCII of hllT ite (l\'llite) with 11 weak dolomite IlllltriI 
(dark). 

Thc «1.cbral ll barite ( fig. 12 a) may be madc up by : 

i) a thin altcrnation of fib l'ous-radiated and mic roc rysta ll ine mosaic 
bnrite; 

ii) thin beds of white bn l'ite and dark dolomite; 

iii) thi n alternations of barite and quartz. 

The «massive :t barite generally does not show any particular 
structure; but sometimes it mlly assume a rough c zebral :t structure 
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when the thickn css is strongly reduced ~lIld it Hppell rs HS thin bands 
of barite altemated with dolom ite. 

'rhe «chicken-wire» barite ( fig. 12 b) may pe present both in 
the «zebral» barite Hnd in the massive one . In the first case the 
parallel beddillg changes to It. progressive undulation of rhythms lend
ing to the chal'actcristic nod ular structurc. I n the second casc the 
«chickcn-wirc» structure may be recognized by the prescnce of a 
bat'ite nodule pa r ting due t.o a weak carbonate matrix. 

4.1.c) - JU iCl'Qscopic scale. 

On th e mic.roscopie seale the barite shows th e widest variety of 
structures. 

Pigme 13 points out the diffcrent. bat'il e hHbits whi ch occur III 

the SHme and/ or diffet'ent ma.tt'ix. 
As desel"ibed previously, the «zebral» barite llIay be of differellt 

mine l'alogical compositions : 

i) /llteruations of well shaped fibrous-radillted and microgranular 
barite ( rig. 13 (1,). This tY1)e of min et'aliza.tion, which is t.he best from 
H· mining point of view, outC t'OPS in tlte Serra Parisi open-cast; 

ii) dolomicl'osparite with ollcoids including well crystallized 
fibroug...radiated barile (fig. 13 b); 

Fig. 13. 

(I ) well·shaped fihro\l~'radi'lted barite alternated to lIlierogrnnular, mosaic bnrite. 
Thiu scetion; uicols +; X 20. 

b) Il o(lule~ of fibrou s·r"di'lted bnrite ill 110Ion,icrosp"rite with ~r,,"ts ""d ooit.1~. 

Thin section; "ieols +; X 20. 

c) alternations of fibrous·nlt.1inted barite m,t.1 mOS'lic quartz. Thin section; ni· 
cob +; X 20. 

d) mOMic lonritc. Thin "C<:!tion; "ico18 +; X HiD. 

e) «qullrzitc) horizon; cuhcdral prisms of baritQ pscudomorph anhydritc. The 

mntrix is mllde lip b~' lI,icrocrystal!ille quart.. lIud chaJeedolly. Thin sectioll; 
l1iool" 11; X 250. 

f) «qunnite ) horizou; allhedral bnrite surrounded by well·crystallized quartz; 
the matrix is fiue, microcrystalline quartz and chalcedony. Thin scction; ni· 
cols 11 ; X 250. 
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e 
Fig. 13. 
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iii) thin alternations of fib rous-rndia ted barite and microcrystal. 
line quartz (fig. 13 c). Such a structul'C is vel'y similar to the first 
one apart hom tJle pl'esence of quartz insteud of llliCl'ogrullUhll' burite. 

'r he massive ba r ite may ex hibi t differcnt habits in connection 
with the con.tent alld ty pe of matrix: 

i) lal'ge, euh edra.l poik ilotopic barite with illclusiolls of euhe
drill crystals of dolomite; 

ii) mosaic barite with slllall quantities of microcrystalline quartz 
and chalcedony ( fig. 13 d). 

S uch a type of millcndizatiOll shows a high bHriwn su lphate con
tent Hnd it is localizcd just along the contact with the undedying 
sandstollCS (Le, Serra S'Jsea open east ). 

The «q uarzite » contains some t ra ces of different shaped barite: 

i) euhedl'al prisms dispersed into micl'ocrystalline quartz (fig. 13 e). 
'l' he shape of these prisms suggests the presence of anhydrite subse
quently replaced by pseudomorph bal'i um sulphate; 

ii) anhedral bar~te surrou nded by mcguqua rtz into mic rocl'y, 
stalli ne quartz and chalcedony matrix ( fig, 13 f). ]n this case a phe
nomenon rather sim ilur to void filling appeurs to occu r, 

I..ater lll any d-iffercnt microscopic barite structures slm ll be ar
ranged in a general outli'lle, taking int o acco unt the co mplex phen,o
men/\. of d ~<>'e.Jletic. rec.ireulu!ion IInd replacement . 

S .• Si licification and Remobilization Phenomena, 

'r he presence of IlU'ge lllasses of silicll (quartz and cha,lcedony), 
the genesis of which has becn under disc ussion fo.!' a. long ti me, hus 
been freque.ntly outlined dur in g t he field Hnd labo l'atory anulyses. 

Detailed studies have lead to the recognition of at least two main 
groups : the « quarzite» and cher! levels ( fig . .1 4). 

5.1. - «QUARZ1'l'E:t. 

'I'he stratig raphi e column (fig. 20) shows the presence of such 
«qUilJ'zite» just at the top of the «arcnaric» member (<<alternrulze» 
of Italian authers); but. the maximum development is lotalized along 
the «aren arie :t.« dolomie l'igate» boundary. 
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'r he «(tuarzite» horizon may laterally disappear or intcrfingcr 
with baritc laycrs; in th e transition zone, the occurrcnce of «zebral 
quarzite» ( fig. 15 b) exactly simula.ting the zebral ba-rite, is ri~ther in

i'I'equent, but extremely significant. 

}'ig. 14. - Chert. le"el ill clear, homogellOOlls laminated dolomite. 

'Vhen the «quarzite ~ is absent th e contact betwecll sandstone and 
dolomites is marked by the presence of arenaceous dolomitcs as described 
in 3.1. 

In th e field the «quarzite », ncar the contact with the sandstone, 
appears schistose-like with day and iron oxide impuI'ities j going to
wards bhe dolomites the appeanlllce is massive, clea r and with the 
same lamination of dolomites (fig. 15 a), 

On I.he microscopic sea.le fm·thel' observations may be noted: 

i) the presence of detritic constituents in the lower «quarzite» 
levels. 'rhe lextme of this t.y pe is ve ry similar to that of dolomitic 
sandstone belonging to the transition horizon. 
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T he quartz clasts show a weak growth edge (fig. 16 a,) while t he 
matrix is made of m icrocrystalline qua r tz, nodules of barit e and less 
frequelltly chalcedony; 

ii) the absence of a detritie constituent in the higher «qual'
zite 1> which appears laminated by alternation of micro- and mega
qual'tz lmninac. Sheet~c.rack and prism.CJ·ack type \'oids filled by 
euhoom J quartr. al'e l'llther freque nt; 

iii) t he «quarzite» interbedded with barit e lenses contains a 
great amount of length-s low chalcedony nodules (fig. 16 b). 

• , 
Fig. 15. 

a) c qU3rzite ) hori7,011; struct.ure simulnt.ing the laminated dolomite made of micro
crystalline qUlHiz with \'oid~ alld shcet·erneks. 

b) c quarzite » horizOIl; struct.ure simulating the « zebra1 " barite, made of f i· 
brous radinted and mkroerystallille quart.z. 

5.2. - CHF.RTS. 

Chcrt is distributed through the whole dolomitie sequence; lenses 
an.d thin beds nre the Illest oonunon features ( fig. 14). Despite being so 
widespread the chcr t levels are almost exc lusively associated with the 
clear laminated homogeneo us dolomites. 
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However, one can fi nd chert iJlterfingering with barite lenscs; in 
such cases the. thickness of ehert is rather high, up to one meter. 
When the sul phate is absent its thickness may be reduced to few eenti
meters. 'Micl'oscopic observat ions ga.ve t he following data : 

i) the pl'CSCllce of a. contin uous oolitic level with ghost struc
turcs of cross-bcdding. Somctimes the ooids are of half-moon type 
(fig. 6 f and 7 c) ; th{'!S() ooids show an asymmetrical nucleus of cuhe
dral dolomitc, nnd a I'im of micl'ocl'ystalline quartz surrounded by 
length-fast chalcedony (fig. 7 e and 7 V); 

ii) the chert with barit.e al'c made up by microcrystal linc quartz 
and length-slow chalcedollY; 

ii i) vel'y small inclusiOlls of baril e crystals are visible, at high 
magnification , ill the quartz o-f these cllcrt lcvels. S phaicrite is also 
found in such cher-Is, but its presence is ra.ther ill freq uen t. 

• b 
.fig. 16. 

(1 ) c qU'lrzi te » hori1.on; fragm ents of qU>lrtz with,.. wenk growth edge in a ma· 
trix of ll,ieroerY$t,,]liull qUllr tz and bUrite. Thiu section; nicols 11; X 150. 

b) cqnflrzite) :lIld bnrite horiwll; nodulc~ of length-slow chnlccdony in a ma

trix of 'nierocry!tnlline quartz, chalcedony ami burit~. Thin seet ioll ; nicols + ; 
X 150, 

5.3. - H.EMOBlLIZNrJON_ 

T he described silicificat.ion phen{)mena produced, during t.he dia
ge.netic sta$'CS, the pa.rtial dissolution of evaporitic and caroonatJic 
minerals. As descJ'ibed previously in 4.1 the reworked barite, filling 
voids and diagenetic vein lets, is more abundant in the dolomites iyillg 
on «quarzite» hGrizons. One may hypothesize 11 pJ'ogJ'essive and par-
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tial replacement. of evaporiti c scmll l> by siliell IlHd 11 subsequent re
mova l of barhUll cations, thus modifying the chcmis try of basin WIl
tcrs. This process may be recognizcd in the « quHrzite:t interfillgering 
with barite levels, where small vcinlets of ba ri tc, sta rting from the 
residual not- rcplaced barite, cut the microcrysta ll ine quartz matrix 

and t he stylolit.es ( fig. 17). 

Fig. 11. - «Quan:ite:. horizon ; small I'oinlel.ll of bari te (groy) tutting a ttylo. 
mic seam (blaek). T he matrb (clear) is made of mieroc.r1l'lalline quart:!;, ehal

eedony a nd residual unelei of barile. Thin II«liou; niwlB 11 ; X 120. 

H-cmobilizll.lioll of ca rbonate minerals is mostly developed in 

«shrunkCIl oolit es:t of cnel't.s. III this case the concentric Cllrbonnte 

elH'c lo.peS have been dissolved and the holes fill ed by microcrysta lliiie 
quartz and later length-rast cha.lcedony. This paragcnetic sequence: 
microcrystallinc quartz - length-fast chalcedony should be the result 
of a variatio.n f rom very high to. high silica co.ncen tratio.n, aecording 
to. FOLK Bnd PIT'l'l\t.\N (1971 ). 
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5.4 .• P OSSHlI>E ScHl:!llE .'Dii TUE I NTERPRfifATION O~' TilE ORIOIS, RE

",OV,\I, ANI) PRI:!CIPITATION 0.' SII,ICA. 

A.t least ,three factors nre required to ex plain the si licification 
ph enom ena. in th e investignted nI'CR, as well as in the wllOle Sardinian 

CnmbriRn sequence: 

i) origin of the s ilica j 

ii) removal of silica j 

iii) env ironment of si lica deposition. 

Rega rding the first. of these, t.wo possible orlgms for the silica 
could be specula.ted UPOll: the si liclL Illay be due 10 subma.rine volcanic 

emanations or sooondly due to silicHte hydrolyfi,is of continental TOcks. 
Th is second hYI)othesis se('ms the morc likely nnd in uccordancc 

with the field observations. 
In fRet the th ickll($S of the c a rcnarie .. membcr, of which the 

base is unknown, is so grellt as to conceive a pn:leooontincllt of granite
type rocks, subjected to wellthering for a long time, Large masses 
of rock could be dissolved nn d clI r ried away into sol ution und/ or 
suspens ion; in this way si lica te hydrolys is may lend to silica and 
nl lllll inium remova l. 

f'ul·thermore the hydl'olysis phenomenn may produce the cation 

freei ng liS Ba, Pb, Zn , I."e, pcrhaps distributed at the geoehemiellI 
Icvel in the lattices of the mni ll rock constituents. 

The absence, in the c quarzite . and eher t.;;, of siliceous organic 
remains may eonfirm onee ligni n the inorganic origin of such deposits. 

The mode of s iliclI removnl is one of the most debnled geoehe
miea l and geologieal problems. An understand ing of the sil ica. belm
viour in the fresh Ilnd marin(' waters must eonsider the different ways 
in whi ch the silicll is trnnsported in natural waters, by true solu tion s 
und by adsorption on c.lay plu,ticles. Both these types certainly occur'red 
durin g the sil ica removal towlll'ds Cam brian sedimcntation bus in s. At 
the begilUling, the presence of elay pnrtieles 01" small , detrital eompo
UCllts can be hypothesized; these might plllY an importallt rolc [or ad
.'J1)rptioll phenomena.. Their l)reSCllee is testified not only by the detrital 
quartz in the c (Illarzite .. but also by the occurrence of smail qUlln

tities o[ Al revealed by X-rllY and Laser analyses (see 6,5), 
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On the othe r· hand the cvnpOl"itic euvir·on nH".' ll l. with high pH 
(perhaps mOI·e than 9) and relative high temperatur·e cou ld produce 

an in erensc in the s ilica. so lubility (OKAMOTO e Al., 1957). 

The desc ribed I)attern allows an easy explanation of the precipi
tation of silica . The f resh waters, probably flowing on the paleorelie£s, 

earr·ied into the basins th e silica ill colloidal and t!"Ue solution forms. 
'I'he mix ing witlr marine wllters nlld the w('llk prl'scnce of AI ciltiolU:i 

eaused th e deposition of eoll oidnl SiO~ ( KR,\ USKOI'~' , 1%9, 1967). 

The behaviou r of silica in true solution, entering in an evaporilic 

basin, depends on the alkalinity of the waters ; the solubility increnscs 
abruptly because of ionizatioll of II~S i04. In this wny u chemicnl pre

cipitation of length-slow ;md/ or fast chalcedony might. occur. This 
type of deposition is mote fl"e(jlu.>1I1 in t.he tOJl of the «q u<lnd te » 
horizon and in the ch er t levels, where th e de.trilal coml)Orwnts lire 

almost absent. 

The circulat ion of s ilica rich wa ters, during the early diagen(' tic 
sLHges, caust·d the dissolutioll of microsparite Ilnd micrite, interrupting 
the dolomit.izll.tion process but pres~ rvil1g the euhedral zoned dolomite 
crystals ( Dn:1'llICH et al., ] 9(3). 

This l)l rcnomenon may be pl·odllced by smllll pU changes of the 
orde l· of 8.G-9 ; thus wh en the pH decreases the Cllrbonute so lu bility 
increases nnd vice \-ersa llncl the si multaneous d issolution of carbonat e!! 
and deposi tion of silica takes place (KR,\ USKOI't', 1959). 

6. - Geochemistry. 

During the f ield work su mples for geoehemicnl purposes were 

collected, specifica lly avoiding the mineralized and IIlt ered out crops. 

1'10re thnn one hundred rock SIlm ples have been analysed for Ba , 
Pb and Zn. 

1'he bnl"it(' luyers were ll eglected , in[ormution being requi l·ed ollly 
on the geoeiremical behll\-iour o[ Ba, Pb llnd Zn in th e d ifferent 

members. 

In this ehllpt er, the geoehemienl results shall be compared with 
previously publ ished data from th e 19lesiente arCH. 
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6.1. - EXJ'EIlEM1:NTAI •• 

The rock saml)les - Ilbout 50-100 grammes of th e freshest rock 

I)cssible - were ground mechuniclllly in an agata Illor-t.u.r. 'rh c I)owders 

wel'c tl'eated differently for Ba an d Pb.Zn; the fO t'mer by sodi um 

cat'bonate fusion and the latter by aqua regia. dissolution. 

After filtcring, wlllcr-lcaching and acidification (HCI) the ob· 

tainoo soLutions wem ana lysed by a Perk in-Elmer mod. 303 atomic 

absorption spectrophotomcter with a digital concentration relldout 

ncccssary (OCR-I ). 
'I'he snmples showillj:r very high concentrations IIl1d the Iow-mi ne

ralized facies have been \'e t'ified an d anlllysed both by X-ray and by 

t.he wHlnl ehemicn l methods. 

6 0) _ lh:SUL'rs. 

'I'he results obtained on about 100 sam ples are g iven in fig. 18 (I 
and ]8 b. Two facts nre, at first , a"ailable from Ba diagrllm: 

i) the very high Bu concentration throughou t th e whole se· 
(Ilu'nee i.e, in the c arenllrie. including eurbOlllltic lenses, ill the 
c quarzite .. and ill the c dololll ie rigate., includblg the ehert levels; 

iij the hghest Ba concentration ·is localized in thc c quarzitc»; 
this agrees with the preceding observation rcgBt'ding tIl e c"a poritie 
origi n of this horizon. On the other hand , Zn is more eo..ncentrated in 
the c dolomie rignte ., but its cont.ent is "ery low, Ilt least by eom
pnrison with other parts o[ the Iglesiente-S ulcis urea , where the c do-
10lllie rigltte .. show 11 mean higher than 1000 ppm of ZII ( VIOLO and 
Zun'ARDI, 19i1). 

Uend has not been included 011 the general diagram of t he melUl!> 
i>N:ausc- the values 81'0 highly vllriablc and generally lower than in
st rument. seusitivity which is, in this easc, about 20 ppm . 

As eRn be seen from the geological map the seq uence studi"Cd shows 
11 SlLlldstone-dolomite contact with illt.erbodded thick laye t,. of c quar
l,ite .; lIeverth eless th is c qUIII'zite. is absent over a hl.l'ge part of the 
area. Durillg t he geochemical ill\'cstigations a strong difference WIIS 

noted in the BII values; thus the data coming from sequences with 
and without c quarzi te. were diffe rentiated in two. mean-diagrams. 
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Zn (b ). 
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qucnees \\'ith ( Cl ) IInd lI'ithout (d) 4: q llurzitc » horizon. 

e) IInd /) dingrllllls rCI)rcscllli llg the P b·Zn mcau (111 ) "istrib\ttion ~ hI thc sc· 
qllcncC8 lI'ith (c) and without (f ) « qllHl"Zitc ) horizon. 



CORRELATIOS BETWEEN S~;DI)lESTATIO!'< E!"VIIIO!"lIEST ETC. 2!J3 

Diagram c of fig. 18 outlines the variation of the Bn lIlelUl in 
the general sequence e Ilrellllrie :t-e <Iuarzite :t-e dolom ie rigate :t. A com
purisOIl with the preceding di ngrfllll (fig. 18 (1.) shows, in the latter 
diagrlllll, that the Ba. content in the e ilrellarie:t is llighc.' than in the 
e qUllrzi te» and e dolomie rigate:t, 

Diagram d of fig, .1 8 shows instead the Ba mean in the sequence 
e a renarie :t-e dolomie "igat.e:t; in th is Cilse the Ba cOl:telll ill the 
e arenarie:t is lower tlum the general Ba mean in all th .. sandstones, 

'rhe Ba mean of e dolomie rigate :t does not show any significant 
vRriatioll, 

Diagram e points out the Zn and Pb mean var iat ions in the f!j'

nernl sequence e arcnarie :t-e qUHrzite :t-e dolomie rigate:t, Zinc - see 
a.lso the n,est diagram (f ig. 18 f) - always shows IIlI affinity with the 
dolomites wldle the Pb is mor6 concentrated in the e (IUurz ite:t horizoll. 

The last diagmlll ( fig. IS /) made of the Pb-Zn melHI of e areUH
rie :t-e dolomie rigllte:t gencral scqucllcc confirms once ngnin the rc
lative trend of Pb-Zn 10 the biostatic rock and namely dolomites. 

6.3. - CORREL..\TIOS cO~;~'.'ICIE~T. 

An attempt to calculate the r - correlation coeff icient - of the 
couples BH-Zn, Ba-Pb and Pb-Zn in the different members was made. 

1'he formula used \\'118. 

.r(x-il ( y -jf) 

11 - ] 

r 
.f ( x - i)~ 

11 - 1 

(from KOCH and l~INK, 1971). 

I ( y - iJ):'ll/~ 

11 -2 

Four facts appear to be rnthe ., meaningful : 

i) the positive correlution betwcen Ba and Zn in the e nrenarie :t; 

ii ) the positive eorrellltioll betweeH Bn and Pb ill the e qUllr1.ite :t; the 
coefficent is high enongh 10 be significant in spite of the reduced 
number of pai't"'S; 

iii) th e independence of Pb and Zn in the e quarzite :t; 

iv) the posit hIe correlutiou between Ph and Zn in the e dolom ie ri
gate:t; in this case the low correlation coe.ffi cent - 0.27 - is si
gnificant because of Ihe relative high number of l)airs. 
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']'he other eorre lll t ioll eoeffi cents are 1I0t s ignificant because the 
low va lues of the ru and/ or the r>Hirs g ive n la rge band of indeter
mination (LIOItWU, 1957), 

'I'hc following' 'I'uble I [ I givcs tile obtain ed r('sults : 

T,\Ilu: 111. 

Type of rock x,, ' .. 11 · pairs 

OIL- Zn 0,92 18 
. nrellarie ' Ha- Pb 0,31 18 

Pb · Zn 0.36 20 

Ba · Zu - 0,11 11 

c qu,uo:i te ' Rn - Pb 0.85 " Ph·Z " 0 I. 

Jl:~ , Zu -0.16 43 

c dolomie rig-H ie, i3H . Pt.. - 0 .1 4 42 
Pb - f,U 0,27 52 

6.4. - D I S'I'R!H UT10N O~' BU-Pb-Zn IN 'I'I IE STl~ATlOI(AI'UIC SEQ UENCES, 

The distribution of Ba , Pb fin d ZII contellt!; in the straligraphic 
sequences shows some anomalies conn ected probably with the pnleogeo
gra ph ic environ ment du ring the S(>d imentation and with the reworking 
by diagenesis. 

'I'h e nOI·th-wesl.crIl lu'ea ( fig. 19- 111 ) is chal'llcteri zed by the pre
sence of t hree bll rite levels; the snndstones show, ill this pa r t, the 
highest ~I gooehemicfil contents of the whole IIrea. In contras t, the 
lead-z irtc contents are relatively low, apal1. fro m all anomaly fo r lead 
]ocll,li7.cd Il l. the top of ,the sequence, It nd conlll'Ctcd, liS will be described 
later , with t he presence of voids and diltgcnctic \'c inlets. 

'I'he seq uences of the centra l pltr l. of the urca (fig, .1 9-2n Itnd 2b) 
are illstcnd characterized by the p resence of 7. in(' allomalies delineated 
by the occ.urrence of sphu lerite. Load is alwltys low or Itbsent, or· al 
least lower than inl:ltl·ulI}(~nt sensitivity. The posi t ive Pb -Zll an omalies 
seem not t.o be con nected with bari.t e llt,yers. 
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JIl the south-westeru plU-t. of the area ( f ig_ J9, 31~ II nd 3b) the 
occurrence of thick c quar1.ite» along the sandstone-dolomite boun
dury marks It strong Du po~itive allomaly_ 'I'h is is pointed out by 
~Ill ull nodules of mu-jt() givi ng a high dispersion t.o the goochemical 
daln. A relative coi.ncidence nmong' Pb, Zn and Ba an omalieos is ob
sc l'vable in this ellse. 

6.5, - HES ULT OP 'I'm: MICHQAN,ILl'S':S BY L ASER I,.MAL 

An attem pt 10 anu lyzc sollle sed imentary feu tures by L ASJ::R 

i\ licrosl>eetral AnalY1.el' 1 ... i\LA 1 wus wade_ 
The application of this instrument. pennits the {Uullysis of small 

ureas' on polished and thin sections and observing them before a.n d after 
t.he n-nnlysis. The u,vailnbi lity of it binocular oplicn l microscope of 500 X 
lUngnit'ient ioll ellabl es the I,lse l' beum to be di rected to til e I'especti ve 
poi nt with high aceunl.Cy und the dept h and the dinmet.er of the re
spective craters 10 be Illt'aslll"cd (SMI HNOV and Alii , 1972), 

'rhe crater d imensions are va riable, having dimllelers f rom 20ll 
to .lOO," and almost e(IUal depths; the microvolume e\"aporntes between 
two cu rbon elect rodes ( point-to-point distance 10 mm ) IUld the di
spersion und recording of the spectra is effected by lll eallS of the Plane
Grating Spectrog raph PGS2. 

'r ile following Table I V gives the obtained I'esul ts: 

'I' AlIl,E lV. 

Type of rock :wd/ or Mo iu Miero- Micro- Micro-
struelure components element8 elements elements 

always frequently rarely 
present pre8llnt pr_ul 

I ) Clear homogeneous 1,- Ca,Mg Ba, Sr, Mo - AI,Si Pb- , }'e-

miuuled dol01l1ile 

' ) Dark laminated " 110- Ca,Mg Ba, Sr, AI, F'e, Pb, Ti - ZI1 
mogCIlIl(lllS dolomi te Si, Mn 

;-1 ) c qunrzi te ~ Si,AI, Bn Ca, lItg Hu, Sr, MlI . 'e, Ti , As, 

. ) c quarzite ~ br~eia 
Cd,Cu-

i) fragment with mctal, Si, F, AI,Mg,Ca, Ti,Cu- ,Sb W,Bi 
lie minerals Mo, Fe 
ii) white fragment ", Ca, Mg,Si, Mu-

AI, Sr 
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«Tabu 11') 

Type of rock audj or 
etruclurc 

iii ) redd ish fragment. 

iv) matrix 

v) rlXldish matri): 

Maiu 
componentI!' 

B" 

Si,AI 

n, 

Micro· 
elcmeu ll!' 
always 
prescnt 

?liero· 
elements 

frequently 
prescnt 

C,., l\Ig, Si, F o, Mn 
AI, S r 
Mg, Ca 1'i, Cd

AI, Si, i\Ig, Mn, Fo 
Ca,Sr 

5 ) Carbonatic breeeia~ Ba, Cll, Mg Sr, "In Ph 

6 ) 4: r.ebral :. barito 
i) fibrous'rntiiated barito RI 
ii ) mierogrnnulur bllrite Ba 

7) Cl,ert aud dark iuelusioll Si 

Sr,Ca, i\I g - AI- ,Si-

Sr, CII , i\lg, Ti , F c, Mn
AI,Si 

l'.ig,c. .. Sr, AJ, Ba 

Micro
elements 

rarely 
Ilresent 

Ni-

Ti, Ag 

8) Dark dolomite inclusions Si Mg, Cl~ Sr, AI, Bn - Ti, Ag 

9) Voids 

i ) while 
ii ) Iliuk 

10) St.l'lolites 

11 ) Metnllie lninerals in 

dolOmite 

12 ) Metallic minerals in 
f: quarzite:. 

13 ) Clear veinletl:! in 
dolomite 

H) Halit.e models (cubes) 

Ca,Mg Si,MII BU,Sr,A l 
Ca, Mg, Ba Ba, Sr, Si, Pb, .Fe, Ti, 

AI , Mn Z" 

Ca, Mg Fe, Mn, AI, Ba, Ti, Pb, 
S i, Sr Ri, ZH, Cd 

Fe,Zn Ca,i\lg-,Zn AI,BlI,Sr, 
Mn, Ti, Ph 

Fe S i, Cu Ba, AI , Ca, 
Mg, Ph, Zn 

en, i\lg Ph, .Fe, MH, 83- , Sr 
A1 

CIl, Si, Ba Sr,Mn 

About 200 rniero~peetral >llIaly.'1es. 

ZII , Jo'o- , Na

Ni, Cu, K -

Cu, Ni,Ag, 
As,Co-,Sn, 
C, 

Ni,Cd,Cu, 
Si 

As, Sr, MII, 
Si, Sb, Ti , W 

Zn 

Whell nll element is pre!lent in two se<::to rs this mCIHI~ that the element may 
occur liS the main component. in SOme llnalyses and liS mieroelemcnts in some 
others. 

The sign - mCllus tlmt the clements arll present in "cr)' small quantities. 
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Table TV shows a wide vari ety of mfl CI'O and microelement com

positions ; in fac t the microunalyses, by selecting particular microzoncs, 
permitted the detection of elements that are not visi ble in the eonvent
ionaJ geochcmicaJ mlalyses, 'I'he results obtained, however are only of 
a prelimiJlary nature, 

In summarizing, th e fo llowing results may be outlined: 

i) the dark dolomit e is generally !"icher in metals than the 
clear one ; 

ii) the AI-Si clements arc vcry common in almost every spec· 
trum, testifying the presence of small quantities of clay (see also the 
X-ray analyses) j 

ii.i) ove.n if in t races, the 1\1n is rather common not onJy in the 
voids and stylolites but also in th e ci~rbollatie facies and «quarzite »; 

iv) th e wide presence of Ba even wh en t.he hurite is not visible 
microscopically; 

v) the «zebral » barite, confirming the microscopIc observa
tions, is lIlpde up by alternated beds of purc well-crystallized and 
mierogrtln ular haril e with clay impm'ities j 

vi ) the voids, fill ed mostly by calcite and/ or dolomite and ba
rite, show it very interesting composi.tion of microelementsj K and 
Na denote the diffel'entiation of connate waters during diagenesis to
ward alkali ne environments. The Pb always appears later in sedimen
tal'.}' paragenesis ( aM S 'l' U TZ et ai. , 1964) and its p!'Csenee in the b.ird 's 
eye structures is in aceoz'danee with its behaviour. These recireulatiQIl 
phenomena a re visible also in the short veinlets in the dolomite; 

vi i) the widest variety of metals is found in the stylolite seams : 
these 8re marked generally by a. continuous, ferruginous band in which 
cubes of ex-pirite, now completely oxidized into limonite, may occur. 
Elements such As, Ag, Co, Sn, Cr are present in very small qU8Jl· 
titics, whilc Ca and Mg are evidently the products of the influence of 
the enclosing host rock; 

viii) the cubic models of halite have been completcly replaced 
by chalcedony, barite an d carbonates with a little clay, 

11:.ndicontl S.l.M.P. _ 20 
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Some of th e s<unples sh owing a high met.11 content were investi
gated by X-ray (I) ; these samples reveal ed, apart from sphalerite a.nd 
bfllrite, the presence of weak I)eaks due to clay mine.rals at low angles. 

'rh us the IJvlJila ble data seem to bc in good agreement with the 
precedi ng sedimentol ogieal studi es ; th e com plex phenomena of ele· 
ment removal, reeirculat ion, dissolution an d replacemcnt !irc con
firmed, at leas t Ol l th c geochcmicill scale, by the above mentioned 
rosults . 

7 .• Paleoenvironmental Scheme and Conclusion. 

'rhc data obtained dUl'ing the field and laboratory works need 
to be arTanged in a general scheme taking in to account th e IH'esent 
da.y c1Lrbonate a.nd e\'apo·ritie environments. 

On the r'egiollll l scale, t he «quar~itc» hor'i~ollS inte-I'fingel' with 
barite laycl's; th e ;mnes of transition show residual nodules and thin 
beds of baritc incl uded in mierocrystallin e quartz !ind ChH,lcedollY 
masses. Locally, «zebral» structlhre, simu lating «zebral» barite but 
made up almost excl usively of quartz, occurs in the «qu!irzite », 

An und erstanding of s ilicification phenomena has been outlined 
p reviously; th us the most impOl'lant sed im elltological problem is the 
supply, removal and deposition of su.lphates and salts. To I'esol"e such 
a problcm a sketell of the morphology of th e sedimcntHl'y pliltform 
must be outlined. 

The thickene.ss of the ca rbonat e member vHries considerably in t he 
different part s of the area and this could be due both to striltigra phic 
and tectonic causes. These thickn ess cllilllges and hetel'opic passages 
(fig. 20) testlfy to th e presence of reli efs ,lIld basins on 11 flatt en ed 
landscape, pTobubly subjected to per iodic tidal and hUI'I'i cRnc floods. 

E vaporitic. conditions might occur ill th e margillal tidal flats, pe
r iodica lly su pplied by Illllrine wat el'. These conditions gave rise to 
the diagcnetic intrascdimcntary growth of sul phates above the water 
table ( BOSELLINI und l-L mDJI::, ] 973), Such growth was favou r'ed by 
t he presence of p OI'OUS levels as, for instan ce, carbonate S!inds. 

Halite also may pr'ec ipitate in the small basin s settled on the flat; 
the un frequent occurrence of clOl'ides Illay be imputed to a. weak de
velopment of evap0l'8tion. E xpcriments indicate thllt halite ca n preci-

(') i nstrument.: Jrol DX-GO,S, eu tube, Ni filter. 
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pitate by mixing br ines of differillg stages of eva poI'ation; these brin es 
must be of different composition and specific gravity and precipita. 
tion may occur without a fu.t,the]' wfitel' loss by cvapomtioll and from 
unsa.turated waters (HA Ul', J970). 

The contin ental supply of f l'csh water, pl'obably rich ill 8i02 , 
Ba, and smaller amounts of AI , Pb, Zn , Fe, MIl , etc. greatJy modifies 
the pI'cceding physieul-ch cmical parameters. 

Th e mode of s ilicn l'cmoval has been suggested in 5·1 ; the col
loida l and true solution silica migh t occur, producillg a different mo
bi lization. In fil et th e colloid.ll silica, along with a little Al and Mn, 
may be [Joeulated right at t he beginlling of mixing with mllril1 6 water 
and probably in a dell1de envlronment. It is possible It litt.le Ba, 
adsorbed to day pllt·tieies, could be involved ill the generl.ll floculation, 

The silica. and th e Ba. cllITied in true solutions show 11 higher 
mobility IInd lIIay I'emain ill th c water of sediments, This fact may 
allow the replacement by Ba of eVllpol'ites mad e of Ca-sulphates with 
different grain -sizes, 01' of alte rnate sulphate-dolomite beds. The re· 
placement is obviously selective, in the sense that Ba prefers th e sul
phate beds. The res ult of such a. replacement, depending on th e amount 
of Ba, could originate the altcr nation of fib rous-I'adiated barite an d 
dolomite 01' fibrOUS-l'adiated and mosnic bllrite. 

T he sil ica. supply, neal' t he reli efs, migh t rel)lace mOI-e eas ily the 
carbonates thus giving alternately barite and chalcedony. On the reliefs 
or where a lot of silica WIlS available the l'eplacement of sulphates IUld 
carbonates prodnced the c zebral quartzite ». 

The f l'eq uenl presence of l cngth~s low chalcedony may agree with 
the vanished cvaporite aecol'ding to FOLK and PITTMAN ( 1971), 

An attcmpt to interpret t he energy index of sedimentary envi
ronments has been made following CNf,\I.oV ( 1971) (fig. 19). Almost 
every type of lithofllcies recognized in the Snlcis sequences ma.y be 
correlated with those of CNI'ALOV 'S paper; only the hom ogenous llllnill
ated dolomite has heen interpreted b~' the writers as indiCiltive of very 
low or low energy (0-1 11, The Sllndstoncs and the interbedded carbonati e 
lenses show a middl e-high energy index. 

1\. middle-high energy index was IIlso preseut during the de
position of the «q ulI fzite »-barite hOI'i1.01l, ap.'lrt from local l-eduetions; 
this is in good agreement with the hypothesis of high porosity, fll
"ouring sulphate growth and later barite and silica. replacement , 
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The mllllmum energy iudex is attributed to micritic and homo
geneous lam inated dolomites fre(ltlelltly containing hnlite molds. 

The described pa leoellv ironm elltal scheme lead to Il vcry importan t 
conclusion: detailed sed imentologicnl studies are fundamental in the 
prospecti ng of sediment"I'Y ore deposits. 
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