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ABSTRACT

The Early Cambrian carbonate sequence in
Yorke Peninsula consists of tidal flar lithologies
i the lower pairt { Kulpara Fomation) and le-
goonal lithologies with sporadic biohermsx
(Koolvwartie Member) in the upper part. Dolo-
mitization have been recorded in those carbon-
ates mainly of replacive nature, only small
amaunis are void ~ fill cement.

Perrographic and stable tsolopic analvsis
have xupported the conclusion that dolomitiza-
tion of the Early Cambrian carbonates in Yorke
Peninsula was an on-going process by hypersa-
line water followed by @ mayor episode of re-
crystallization during shallow burial diagenesiy,
where enormous quantily of magnesium required
Jor regional dolomitization is supplied by sea
water. The geochemical and tectural modifica-
tion of the dolomites are the result of o later stage
recrystallization event, in shallow burial diage-
nefic environment by surfacederived meteoric
Walker

L. INTRODUCTION

Dodomite and the: problem of s onigin were first ul-
dressed in 1871 hy a French naturalist {Deodat de
Dolomieu) when he descnbed the rock in the southem
Alps, laly. In sedimentary milicox, dolomite 15 essen-
tially a product of the transformation of a metasiable
carbonate 1o o more stable one. A vanety of dolomite
Types exists in nature and they are distinguished by dif-
fering cryvsil forms, chemistries, and times of forma-
tion, Subsequent diagenetic modsfication (stabilization or
recrystallizabon ) may alter the imitial phvsical and chemi-
il charactenstics of dolomites (Land, 1980, Banner et
al., 1988; Cander et al., 1988). Such modification may
have occurred in an environment different from the one

where the dolomile initially formed. and this complicates
evaluation of the ongm of ancient dolomites

More than 40% of perroleum prodoction in Indone-
sia is Tound from in the carbonate reservoir rocks. Most
of carbonate mocks have expenienced diagenetic process
ol soine degree. Dolomitization 5 o commion diggenetic
process and it creates pores in carbonate rocks. There-
fore understanding dolomitizition process is one of the
essential points to oil exploration. especially in Indone-
gk

Many studics hove suggested that dolomite can form
from o wide vanety of fluids, including hypersaline (Mc
Kengie, 1981 i mixed-water ( Badiozamani, 1973 Dun-
ham and Olson, 1980), deep burial bones | Manes and
Mountjoy, 19800 and pormal sea waler (Saller, 1984,
Baker & Bums |985). Land (1985) emphasizes two
miajor requirements for the formation of massive dolo-
mile in ancient sequences., First. there must be a source
of Mg 1ons and a process wherehy the dolomitizing fluid
is effectively pumped through the carbonate sediments.
Second, o metastable | Ca-rich or panly disordered ) car-
honate must reven to a mane stable phase

Stable isotopic analysis has bedome an increasingly
popular tool in the stdy of carbonate rocks. The oxvgen
isotispie composition of dolomite reflects the rempera-
ture of precipitation of the dolomitizing Muids, whereas
the carbon isotopic composition of dolomite is genemlly
dependent on the composition of its limestone precur-
sors. Carbon isolopes are more resistunt o diagenetic
alieration than oxygen isttopes, os commonly observed
in dolomites, A progressive depletion of "O of carbon-
ates of increasing age has been recorded by Veizer and
Hoefs (1976). The carly Phanemaoic carbonafes usu-
ally have mane negative § "0 values than those of later
Phanerozoic age { Tucker 1989) and this miby reflect seax-
water depleted in 0 and/ or hoiter temperatures ( Karhu
mmd Epstein, 1986}, dingenetic alterution (Land 19840,
1985; Banner et al. 1988; Cander ¢t al. 1988; Whittaker
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et al, in press. ). or organic maner decomposition in the
sulphate-reducing zone (Sass el al. 1991 ),

Major and trace elements have been used to obain
informustion on the nature of dodomitizing (hds, The come-
positional veriation of major elements reflects the de-
gree of sioichiometry of dolomite and also reflects the
degree of dolomite ordenng {Lumsden and Chimahusky
198 Trace elements, on the other hand, can be incor
porated into the carbonate lattice, mainly by substituting
for Ca, The amount of race element incorporated dur-
ing pregipitation depends on its partition or distribution
coelTicient, The values of these coefTicients ine nixl pre-
cisely known and seem guite vanable for coch clement.
being particularly dependent on lemperature, rate of pre-
cipitation and other kinetic factors (Land, [950). There-
fore, it is suggested that trace element data should not
be used in isolation o provide soliions o the problem of
carbonate disgenesis. They are best used 1o comple-
ment other analytical tools like petrography and stable
isotope studies. A good outling of the basic principles of
trace clement analysis and examples of 1s apphicaton (o
carbonate diagenesis can be found i Veizer (19813),

Strontium isotope ratios have been wsed i nany
studies 1o determine tempornl vanations i the chemis-
try of oceans and marme carbonate rocks (Vetzer et al.
|9%3: Burke et al. 1982), It was initially beleved that the
Teem S b imcrenscd with the age of the carbonaie
(Wickman, 19485, Later studies have recorded mijor
Muctuations in this ratio through geologic tme te.g. Burke
et ol. 1982}, In mare than 700 m of Early Cambrian ¢ar-
bonates ocoupying an area greater than 180U km® on
Yorke Peninsula, South Australiag o total of 200 mthck
carbonates have been dolomitized. Dolomitization is very
intensive in the lower par ( Kulpara Formation ) bt scat-
tered and patchy i the upper part {Parars Limestone}
This study documents the petrographic and geocheni-
cal chiracteristics of the Yorke Penimsula dolomites, from
which the ongin and diagenetic modification of the dolo-
niie can be inferred.

1. GEOLOGICAL SETTING

A T00 mi-thick sequence of Early Cambran shallow
shelf carbonme occurs along the eastern side of Yorke
Peninsula. It forms the western margin of the Stansbury
Basin which 15 bordered by the Gawler Craton on the
west and the Adeluide Fold Belt on the east (Fagure | )
Much of the basin is offshore under Gull 51, Vincent. lts
Cambrian sequence is poorly exposed, but has been pen-
etrated by at least 12 drll hides.

The carbonates consist of peritidal 1o lagoonal litholo-
gies with putches of carbonate reel buildups in the up-
per part, and are of Atdabanian o Botomian age
(SADME 19591 They have been termed (in ascending
order) the Kulpara Formation, the Parara Limestone and
the Koolywurtie Member, and are Luerally equivalent to
the comrasting facies of the Normanville Group on
Fleurieu Peninsula, where the eastern part of the
Stanshury Basin is exposed iFigure 21 (Daly 1956, Abcle
& McGowran 1959; Alexander & Gravestock 1989),
Relict depositional iextures, structures and fossils in the
Yorke Peninsula sequence suggest thal its carbonates
were deposited in tidal Mat and lagoonal settings as illus-
teated in the composite stratigraphic column (Figure 3),

The Early Cambrian carbonates of the Yorke Penin-
sula found an upward deepening sequence in which
maost of the lower part, comprising the supratidal snd
intertidal lithologies of the Kulpara formation, his been
intensely dolomitized. In the upper part of the section,
the predominantly subtidal lagoonal lithologes of the
Parara Limestone, and its shallow water Tenestral
bioherm facies (Koolywurtie Member), display only
patchy dolomitization. Features of the peritidal sediments
it1 the lower punt of the sequence imclude a creamy col-
oratfon: muderacks: fenestral fabrics; Mat pebble brec-
cias; and finely laminated, peloidal, oolitic and stroma-
tolitic carbonates. Lagoonal lithologies present high in
the sequence are churacterized by grey colours; the ab-
sence of lnminated texiures; the presence of milobiles
and abundant burrow structures which commaonly ap-
pear as mottled carbonate: and bioherm facies which
comsist of houndstones, with evidence of sub aenal ex-
posure | fenestrae ), and bioclastic wackstone.

1L METHODS

Petrographic analysis was carried out on more than
2(K) thin sections partly stained with alizarin red-5 und
potassiom ferricyanide (Dickson 1966)

Thiny seven samples were selected for stable iso-
tope analysis. Individual diagenetic phases (dolomite and
caleite cements) were separated and sampled using o
dental drill, Representative portions (~15 mg) were
treated with 100% phosphoric acid m 25 °C for calcite
und 50 °C for dolomite and the colbected C0, analyzed m
Micromass VO HU20 ratio mass spectrometer. The
mieasured fsotope ratios are corrected for 170 as de-
scribed by Craig (19537) and Mook and Grootes { | 973],
and are reported in the usual delta notation relative 1o
the PDB standard, Precision was determined by analy-
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Figure 1
Stansbury - Basin Location Map (After Sadme 1883)
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Figure 1
Stansbury - Basin Location Map (Afer Sadme 1989)
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Ivzer wavelength dispersive system
{WDS) by inserting carbon-coted pol-
ished thin sections nto the specimen
chamber of an electron microprobe, WIS
analvsis conditions were 15 kv acceler-
ing voluage and 30 nA electron beam cur-

remt

Strontivm isotope analysis wis con-
ducted on only four samples, cuefully se-
lected o be representative of the main
dolomite wwpes. The analysis was per-
formed by Jo Masw by { Depariment of
Geoloey and Geophysics, University of
Adelaide). The procedure osed is as fol-
lows; powdered samples were winshed
three times in 0,2 N anumoniim acetate
(AR grode ) and then rinsed in distilled wa-
ter three tmes o eliminate exchangeable
St from cluys. Previous expencnce sug-
goests that this cleaning procedure can res
miwe s muoch as 40 % of the S from
clays. The cleaned samples were dis-

Hols numbens refer 10 Faunal Assemblegses ol Dally (1956

Figura 2
Reglonal stratigraphy of the stansbury Basin
{Afer Gravesiock, In press)

sis of caleite standards. Dolommiie i 500 values have ol
been correcied for phosphore acid frachionation Tector
i Sharma and Clavion, 19655, This s becouse the precise
vitlue of this factor for dolomite has not yet been pre
cisely determined, and Land (1980) his recommended
that dolomite analyses should not be commecied

[race and major elements were analvesd from 27
representative samples using a JEOL 733 micro ana

FORM TREE
it skt solved in 1.4 N seetic acid. Insoluble nesi-
> SELLICK HILL dues were removed by centrifugation and
= FORMATION were usipally less than 5% by weight
- Sample solutions were poured into teflon
T - WANGICHDA beakers and eviporabed on g hot plate
FORMATICH = P & The dried samples were redissalved in dis-
filled water, centnifuged, and then trans-
SRA SRR 3 ferred 1o ciution exchange columns, where
FOFMA TR g strantium fraction wis collected and then
3 evaporated (o dryness. The sample was

then loaded omto Ta filaments amnd mm s
a miztal on Finnigan MAT 261 mass spec-
brovmeler

IV. PETR{HGRAPHY
A. Description of Dolomite
In the stdy area dolomitization is not

restricied o carbonates of i \Pl'.'l\.'IIIIL' depo-

siticmal environment, Mevertheless, close
facies amnd stratigraphic control on the distrbution af
dolomite 15 evident from the general decrease of dolo-
mite content up section, from tidal Mat carbonates m the
lower part o the deeper lagoonal facies n the upper
part of the sequence, This suggests that the dolomitiza:
tion process was a function of both palacogeography
and the permeability of the precursor imesiones,

Differences in dobomite texture, crystal siee and

1
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The composite sections of Early Cambrian carbonate sequance in Yorke Peninsula based on
driliholes (Minlaton no. 1, Sye. 101, CD, 1, CD 2 and Ardrossan No. 1)
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shape facilitited the recognition of thrse distinet ypes
of replacement dolomite und o void-fill dolomite, These
dolomite types reflect differenoes in the time and modi
o Tormation amd the nature of the precorsor lmestone
The replacenient dolomies (in parageneiic sequence |
arg; 1. finely ervstalline non-planor dolomite: 2. medium
o coarsely crvstalling non-planar dolomite; and 3.
coarsely to very coursely crystalline dolomite. Vod-T111
dislomite = mosthy lmpid, Bl volumetne ally s insignifi-
cant wndl comprises less than 2% of the total dolomite.
The dolomite terminology emploved hene 1s thut of Sibley
and Gregg ( 1987).

Tvpe 1 replaocement dolomire 1 fine anbedml dolo-
mite with crystals up o 30 im in size, mostly forming a
non planar mosaic. [t appears diny and dark in color,
due 1o sbundant mter and intracrystalling onmnie maier
and scarered pyrie. Both dolomae and pyrie are prob
ably products of anoxic dimgenesis involving sulphate-
reducing bacteria | Friedman and Sanders [9%7; Bemer
| 4.

Type | dolomine 15 common ot several stranigrophic
levels in the Kulpara Formation, pmobably neflecting
eyclicity of sedimentation, Preserved fenestrae and
mibiderneks wre associated with thas dolonue, mdicatng
early lthificaton and i 6 nedr-surface environmient, The
Tisct that its Find erysial size and s assocition with pre-
served fine buminee (Figure 4) is further evidence that
Type | dolomite was of carly dingenenie and supratidal
arigin

Scattered carbonate clasts consisting of Tvpe 1 do-
lomite are also found floatng in lime mattces, or m 4
miire coarsely arystalling mosaic of Tvpe 2 dolomie, in
the midhille nndd upper pans of Kulpars Formiadtion, These
dolomite clusts were probably transporied Trom nearby
supruticinl und intertidal channels or ponds in a semi-con-
suhidated form as sugeested by the diffuse contact be
twieen the edpes of clasts and the surmounding maotrix
Often Type | dolomite grades upwand in sise [0 meérge
with ar be repliaced by other, mone coarsely crysialline
fabric. The lack of preserved evaporite minerils associ-
ated with Type 1 dolomite is suggestive ol a prevailing
seasonally humid climatic regime, similar 10 that of the
Recent Coorong ares of South Australio {Muoir ¢r al.

1980 Whrren |UEE)

Dvpe I replacenent dodomife @ inedivm o coarsely
non-planar dolomite which is charactenzed by @ cloody
appearance with crystal sizes mnging from 30 w 150
pm. [t displays a varety of fubrics and crystal forms and
occurs in tidal fat and lngoonal hthologies, The crystals

are generully anhedml to subhedml, with weakly o mod-
ertely undulose extinction. The frequency disimbution
of crystal size i Type 2 dolomiie is bimaodal (Figune 57, o
medium crystalline phase taveraging S0 pm) coexists with
a more conrsely orystalling phase (avernging 120 pm).
This bimusdality probably reflects the sediment precur-
soirs, that 15 micrne and mierospar. Type 2 dolomie can
be differentiated into two subtypes, hased on its host
litheslacies: peritical related (PR) and lagoonal related
(LR Y Im the pertidul focies the medium crystalline phiase
usually has only a few planar erystal faces with the re-
matnder being hounded by irregular, interpenctrating
fates. The coarsely. crystulline PR-dolomite has maore
planar crvstal foces with migrlocking grain margins.
Dheilivmites m the bagroonal Gicaes, hiwever, dne medium crys-
talline amnd with organic mater commonly found in their
ervadal interstices. Thus, LR-dolomite his a chomcter-
istically dirty appearmnee. In the uppermast part of the
section, m thie Moberm facies of the Koolyvwumie Lime-
stong Member, sporadic Tvpe 2-dolomile ocours in as-
sociation with evaporite minernls { gypsum and anhydrilel,
iFigure 63 A high salinity and arid climatic conditions
(Mo Kenele 1981 are indicaned.

Type 2 dolomites form at ledst %0 % of the dolomita
in the Stanshury Basin, replacing lirge volumes of pre-
cursor limestones and early Tyvpe | dolonmte (Figuare T)
Note that the fine depositional textures are still well pre-
served in Tvpe 1 but not Type 2 dolomite, suggesting
pervasive dolomitiration in the latter case. Dolomitizie
tion i% very intense i the pentidal lithologies of the lowes
section, but there are only sporadic putches of dolomite
in the overlying lagoonal corbonntes. These patches ap-
pear to hoave been burmowed and suggest that perme-
hility was o primary control,

Tvpe 3 replacement dodomite @ i characterized by
coarse 0 very coarse crvaialline ( 300-600um ), The crys-
tal bs eubedral tis subhedes! with planar boundaries, re-
placing mainly the pre-existing interparticle cements aof
relutively high energy pentidal lithofbcies {grainstone and
pecksione ), This type of dolomite fabric has been termed
“senolopte misaic” which reflects formation above the
eritical roughening temiperature (CRTh of 50° C (Gre
and Sihley 1984 ), The relationship between Type 3 dolo-
mife and the other bypes of dolomite s not clear. Dis-
torted ooud erains (probably due to mechanical com
tion) are trnsected by Type 3 dolomite (Figure 7) sug
gestive of a late disgenetic event und in tum this do
mite wis posdated by styliolites (Figure 8. Its xenotopi
b ture and cosrse orystil siee, although not necessaril
late dingenetic features are consistent with higher te

20
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Figure 4
Type 1 dolomile replacing fine bminao
miudstons of supratidal carbonates.
Mote that fine laminations are well presened

EXEEFTAYS e T E

Figure &
Type 1 dolomite iransected by Typa 2 dolomite.
Maote thal minations |s well pressrved n

Type 1 bulnol in Type 2

Figure 5
Type 2 dolomite slowing bimodality in crystal size

perilures (Lenger 19831 A schemane diseram shiow
g an interpretabon of dolomitiEaiion process for Type 3
dolomite s shown in Figure 9

Dalomite cement : 1 is characierized by clear
euhedral thombs with planar crystal faces and sharp ter
TTGIOnS, Sivwing mo sign of cormosion and resembling
schizohaline (limpid} ivpe dilomite of Folk and Land
(1975} The himpid dolomite cements have been found (o
grow om Type L 2 and 3 repliacement dolomites filling
fractures and molds (Figure 10). It suggests that pre

cipitaton of these cements followed dissolution event
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Flgure T
Type 3 dolomite mainly replacing intergrain sparmy
comants. Nobo thal oodd ims were irnnsected
by this dolomite

and in wim the limpid dolomite was overlain by thin
ferroan calene around ther edges (Figure 111, Volu
metneally, the dolomite cements are insignificant, com
prising less than 2 % of the tolsl dolomiie, Although the
limpid dolomite cements hovie been observied 1o over
grown on the eroded surface of [ate stage Type 3 dolo
mute, but the precipitation of these cements is glso pre

duied stvlolites ( Fieure |2

B. Petrographic Summary
I, A syndepositonal or eary diagenetic and supratidal

origin of Tvpe | dolomite is suggested by 15 rela-
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tively fine crystal stre, well preserved depositionil
textures (e.g. fenestroe, mudcricks, intact lsuminae
and its occurrence in several sedimentary cycles. The
lack of associated evaporite minerals implics that this
delomite formed under & humid climate.

Type 2 dolomite forms 90 % of dolemite population,
replacing large volume of precursor limestone and
the early Type | dolomite and destroyed most o
depositional textures (Figure T}, suggesting of per-
visive dolomitization. The presence of evaporite min-
erals in associated lagoonal faches suggesting of sea-
sonally arid climatic conditions and the involvement
of hypersaline waler

Type 3 dolomite 15 2 coarse 10 Very coarse xemotipic
mosaic senerally replacing the
pre- existing spary calcite cement
af a relatively high energy
pentidal lithofacies. I is difficult
o panpaind the tmung of Type 3
dolomite formation, because of s
lack of petrographic imteraction
with other dolomiies. s
senoiopic texture and coarse
crystal size. although nol neces-
sarilv late dingenotic festures are
consistent with higher tempern-
tures (Zenger [983), possibly
above CRT iGroge and Sibley
1984 ) and s association with bro-
ken ooid grains possibly confifmis
formation of lale diagenelic
events.

Diolommite cemeni is of hrmpad type,
usually linimg moulds and frac-
tures ofid 15 i Fevime LL!II'I'I.l.hHIL‘!II:
of the dolostones (bess than 2 %)
The limpid dolomite has been
foumd overgrowth on either Tvpe
1.2 or 3 replocemient dolomite. In
qurm 115 overlun by femoan cal-
cite (Fig. 10), This suggests that
dissolution may have occurred
below photic zone i subsurinee
environment prior o the precip-
tation ol the dolomite cement, but
after or during the formation ol
Type 3 dolomite

Siylolitization postdated all dolo
mile tvpes, suggesting that dolo
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B
Figura 10
Limpid dolomite cements filling cavities. Note in these pathographs the substrates are Type 1 (A) and Type 3
(B}, and also nate the erosional surface on Type 3 dolomite (arrow)

Stylolite posssalod Type 3 dolomite

Figure 11
Limpid dolomite cements filling oold molds. Note the blue stains of Fe calcite around their edges
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mitization ceased at depth where stylalites began o
form

V. ISOTOPIC AND TRACE ELEMENT
GEOUCHEMISTRY
Analytical data on representative samples Early
Cambrian carbonates from the Yorke Peninsula are pre-
sented in Table 1.
A, CaC'f), Concentration

The compositional variation of major elements in
dolomite reflects its degree of sioichiometry, commonly
expressed as mole percent of CaCO,. Dolomite stoichi-
ametry is controlled panly by the Mg/Ca ratio of the
precipitating fluids (Mormow 1978; and Lumsden and
Chimahusky 19800, CaC03 concentration in the dalo
mites of Yorke Peminsula ranges from 46 w 54 mole
percent (Figure 13), nearly 60% of the samples ana-
Iyzed full into the near stoschiometric (49 10 51 mole per-
cent) category, most of which are pentidal relaed PR
Type 2 dolomiles.

Near stoichiometric dolomites like the PR Type 2
dolomite are interpreted by Lumsden and Chimahusky
{ 1980) and Mormow ([982) 10 have precipitated from
very dilute waters, possibly at el-
evaled temperatures in a subsur-
face environment., A general trend
of a declimng Ca concentration
with later stages of dolomitiabon
is apparent in the other dolomite
types {Table 1). This trend implies
a progressive diagenetic change
(Fuchtbauer 1972) which s consis-
tent with the imterpretstion of dolo-
mite paragencsis based on petro-
graphic evidence.

B. 5r Isofopes

The Sr isotopic mtios of mncient
senwater are best recorded from
fibrous calcite cements of coeval
limestones, because these garly ce-
ments usually have the lowest ¥ Sef
M&r ratios. Later cements have a
greater radiogenic Sr content.
Early Cambrian seawater has been
suggested to have “So™Sr ralios
ranging from 0.7082 in the lower
Tesmmotizn to (,705% in the upper
Botomion (Whittaker et al. 1993).

Figure 13
Rango of Ca CO, composition for dolomite types
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A ratio of 0L.7T08S was obtained froam one
limestone sarmple of Aldabanian in the
study arca, confirming the suggested Sr
isotopic compositon of Aldabaniin sea-
wateer. Most of the samiples anslysed were
collectied from Atdabomman ithologies, ex-
cepl for the LR Type 2 dolomite which
wis taken from a Botomian sample. The
YSH™Sr matios of Yorke Peminsula dolo-
mute runge from (. TOED 1o (1.7 140, which
are higher than the ratios of cornespond-
ing seawaters ( Table 2), suggesting that
dolomites were formeed by modified seu-
water. The Srcontent of Yorke Peninsuln
carbomates 15 mone radiogenic up section,
except for one sample of PR Type 2 re-
placement dobomite wath a high clastic con-
tent (Figure [4), this further supports of pro-
gressive diagenetic change, The ennch-
ment of *'Srin laker corbonate cements
and dolomites has been annbuied by Ban-
mer et al. (1988) and Whittaker e al.,
(1993 1o diagenetic Muids of basinal o

gin,

C. Stable Ixotopes

The average & "C values of the vari-
ous Yorke Peninsuls dolomites (1.3 00,7
Tt Table 3) are well within the rnge of
normal manne carbonates, The narrow
spread of i "'C values imdicates that the
precursor carbonate was affected by only
minor alteration during disgenesis, (ol
Degens and Epstein 1964: Land el al.
19751, In contrast, these dolomites are
very depleted in "0 {mean § "O= -14.7
I 6.8 Tl Table 31 Alihough 8 ™0 of
the Type | dolomite shows an avernge
ennchment of 28 %0 over fibrous cil-
cite {Table 31, but it is unlikely that this
difference reflects any true equilibrium
fractionation factor, The 4 "0 values of
Early Cambnan fibrous calcites in South
Australia have been strongly affected by
muliistage dingenesis and canno be con-
sidered representative of their origina
comiposition [Whit taker et al, 1993 The
oy gen composiion of dolomite is depen
dent upon precursor carbonate, iempern-
ture and composition of the reactive flu-

TS

- . H- s S - -

i
[
:
" i
I
I
I
I
I
i
o 1l
4 [+ ] all ¥ A3
490 D % dotoemite (D)
Figure 15

il 18 O dolomite versus temperature for Type 1 and 2
replacement dolomite of Yorke Peninsula (using
‘Sheppard and Schwarcz's curve, 11970}
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Table 1
Isotopic and Irace element data of the carbonate sequence on York Penonsula,
Siansbury Basin, South Australia
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Table 2
Sr isotopic ratio of Yorke Peninsula carbonates

(feet) [m) Sr 87/ 686 specimens
1547 4715 0.71873 blocky calcite
2283 695.9 0.70847 calcite {sed)
2283 Bo5.9 0.716506 typa 2 dolomite LAD
2416 7364 0.71043 type 2 dolomite LRAD
B85 8787 070863 type 3 dolomile
2938 BE5.5 0, 70829 type 1 dolomite
042 827.2 0.70885 type 1 dolomite
3055 g31.2 0.71306 type 2 dolomite LRD

MF ] 0.7 1561 blscky calcife
205.35 85 070845 manne calcila

s (Land, 1980, Morrow, 19820, Given that the average
i "0 Type 1 and 2 replacement dolomite is -7.4 %o
PDB, using the dolomite-water fractionation curve of
Sheppard & Schwarz (1970), this value constraints the
formation of the dolomite over 807 C (Figure 15) which
ts far above the assumed Cambnan seawamer tempera-
ture (307 C) (Walker et al., 1989), Such low negative i
"3 values and high temperature are irelevant for early
diagenetic and hypersaline origin of Type | and 2 re-
placement dolomite, In fact evaporation of sea water
only stimulate the enrichment of oxygen isolopes. The
possible explanation (o the extreme negative § "0 val-
wes of the Yorke Peninsulu dolomites is that geochemi-
cally the early form of limestones hod suffered mult
stages of diagenetic before transformed into dolomite.
This conclusion is also suppored by & "*() negative val-
wes of fibrous calcite and blocky caleite (Table 3),
Mevertheless, the Yorke Peninsula carbonates dis-
play good statistical separation of the petrographically
determined dolomite types into three isotopic groIprings
(Figure 16). The first group comprises the Type | and
perttidal related (PR) Type 2 dolomites; the second in-
cludes lagoonal related (LR) Type 2 dolomite and limpid
dolomite cement; and the third is ke stage Type 3 dolo-
mite. These groups define an isotopic rend for dolomite
paragenesis (Figure 13). The first-formed dolomite is

slightly depleted in “C (8 "C = -1.3 %0) and moder-
ately depleted in "0 (6 "0 = -6.9 F01. Subsequent
dolomitization involved progressive ennichment in 130
and further depletion of "0, so that the last-formed do-
lomite has an isotopic signature charactenstic of diluse
water and elevated tempersture (4 "'C = + 0.7 %0; i
MO = -1 5. 7%,

D. Trace Elements

Strowtium -The average stromtium contents of Yorke
Pentnsula dolomite range from (0 1o 92 ppm (Table 4),
which are much lower than the typical values for mo-
dem marine dolomite { 300 -600 ppm; Kaiz and Matthews
1977; Veazer 1983; Baker and Bums 1985). This deple-
fon i strontium may reflect dolomitization of a calcite
precursor by dilute Nuids in o close system (Veurer et al.
19781, However this is unlikely in the case of mussive
dolomitization which requires relatively high waterfrock
rutioes (Wallace 199003, Therefure the low strontium con-
tents of the Yorke Peninsula dolomites are best explamed
h:r' delomitization in a diluie witer .|J1.;11:|_-|:'|('1i; CAVEFR-
menl, Le. the mixing zone. The relationship of decreas-
ing Sr content with increasing crystal size ss sugpested
by Dunbiam and Olson ( 1980} and M Raber (1981) is
not evident in the Yorke Peninsula dolomites. Table |
shows that the Srcontent of the fine crystalline Type 1
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dolomite (average 67 ppm) is lower than the medium 1o
coarse crystalline PR Type 2 dolomites (average 92 ppm),
whereas the average Sr content of the LR Type 2 dole-
mite {which has relatively finer crysial size than the PR
Type 2 dolmmite} is nil.

Sodium -The concentration of sodium in carbonate
rocks usually reflects the salinity of fluids during diagen-
esis { Veizer et al. 1978) and is commonly used 10 distin:
guish dolomite types within a formation. Modem manne
dolomites have Na contents around 1000 3000 ppm
(Land 1973; Land and Hoops 1973). The low average
concentrabons of sodium in the Yorke Pemnsula dole
rdtes {30 -535 ppm: Table 4), suggest that their environ-
mients of doloamitization were bess saling than
seat water- Dilute dolomitizing Muids are also
suggested by the strontium and oxygen
IsHopicvalues,

fron and manganese -These twi ele-
ments are often used as indicators of
areducing diagenetic environment, because
the concentrations of Fe and Mn are much
higher m anoxic pore fluids than in sea
water. Fe and Mn are preferentially mken
into dolomite lattice displacing Ca. There-
fore dolomites formed by oxidizing fluids
usually have low irom and manganese con-
tents. The average concentrations of won
and manganese of Yorke Peninsula dolis-
mite are relatively high (Fe = 3400 -6650
ppn: Mn = 560 - 1950 ppm; Table 4). The
greater concentrations of imn and manga-
nese in LR Type 2 and Type 3 dolomites
suggests that the final stages of dolomiti-
fatin odcumed in g somewhal more re-
ducing dingenetic environmeni

E. Geochemisiry Summary

I CaCO, concentrations in the dolomites
ol Yorke Peninsula vary from 46 1w 54
mol, %. Over 60 5 of the analveed
samples fall into near stoichiomerric
catagory (49-51 mol. % CaCO j and
mostly are of Type 2 replacement do-
lomite. This is inconsistent with the
early diagenetic and hypersaline origin
characteristics of Type | and 2
repacement dolomite, However CaC0).
concentrations plot shows a declining
trend toward later stages of dolomiti-
zation, which suggests progressive di-

agenetic change (Fuchthauer 1972).

. TSe™Sr ratios from selected samples of Yorke Pe

insula dolomites mnge from 0.708% 10 07140 (mos
of Atdabanian stage ). These values are higher th
the values proposed by Whittaker etal. {1993) |
the Early Cambrian seawater values (0, FI82-0. 705
This supgests that the dolomites were formed by
modified scawaier.

The average d "'C values of the Yorke Peninsy
dolomites (-1.3 w 0,7%0) are within the range

normial marine carbonates. In contrast, the d "0 wi
wes are very depleted and the average d ™0 valu
of Type 1 and 2 replacement dolomite is -7.4 %0
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VLDISCUSSION AND DOLOMITIZATION
MODEL

Petrographic evidence for Yorke Peninsula dolomiies
clearly suggest that dolomitizistion was an early dinge-
fedie event (pre-siylolite formation), Beganding Type |
and 2 replacernent dobomites which comprse over Y1 %
of the total dolomites, its petrographic nafure strongly
sugpests that they were onginally formed m ndal Ma

Average values (in %o PDB) of carbon and oxygoen

Isclopes for Yorke Penlsula carbonates

settings with the involvement of hyvper saline witer
some stages of their dingenetic events,

Other evidence o support the early dingenetic dolo-
mitization include: a massive ocourrence of Yorke
Penisula dolomite (more than 200 m thick over an area
of 1800 sguare km). Such a massive dolomite body re-
gpuires i large amount of Mg resources and an efficient
transport mechanism. Land (19830 has colculated that
tov completely dolomitize 1 cubic meter of mestone with

6.3 mol. % MeCO, and 400 porosity
reguires: 807 pore volumes of sea wa-
ter; BO70 pore volumes of 10 tmes di-
lute sewrwater (mixing #one) or 44 pore
volumes of hyvpersaling brine thal has

ral J I I * dio-
= o percipitited gyvpsum. The volume of ¢
d"0 a” C lomite in Yorke Peninstls is abbut 360
Fibrous calciie a7 0.2 cubic km (1800 km® x 200 m thick).
Takmng inmto account 3K esnmated im-
Block bzt -16.3 1.7 3k
Jw purities and porosity |, the estimated
Type 1 dolomita 5.9 1.3 volume of Type | and . rrplm::n:u:n!l
Typy 2 dolomite 78 o4 dolomite {over 90 % of the total dolo-
[ mites) would be over I27 cubic km
T3P 3 dolamiie G " This amount of volume would have re-
Dalomite comants 4.8 0.0 quired about 227 x BO7T pore volumes
of sea water, Therefore such massive
dolomitization is more [tkely o ocour
Tabile 4
Average Irace clements concentrations (ppm) in various Dolomites
{micdified from Maties and Moutjoy 1580)
Ma Br Fe Mn
Dolomite
ppm ppm ppm Ppm
This Seudy H54 67 5280 556
Type 1 78 51 4885 1270
Type 2 336 46 6250 1300
Type 3 228 A 11790 2340
Limpid
Fascant manng Dolomite 2000 J00-400 4-10000 600
Early Diaganslic Dolomile [Plaisiocena) 380 1862
Early Diaganatic Dolomite {Teniary) 140 1540 250 100
Early Diagenstic Dolomile |Paleozoic) ars 120 200=-5000 al
Shaliow Burind Dolomiee 260 ] A00-B000 40-4100
Burizl Dolomie 368 65 43 B3
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during early diagenesis, because™ Mg rich” seawater
can easily be pumped through the™still” semi consoli-
diated sediments, which is essential for water-rock com-
munication. However geochemistry analysis results of
the Yorke Peninsula dolomite demonstrate otherwise,
CaCO, concentrations are mostly of near stoachiomet-
ric. low negative d "0 values, depleted Srand Na con-
centrations and a relatively high Fe and Mn coneentri-
tions suggest that the dolomites were formed by dilute
water in high temperature of o more reducing environ-
ment (i.e. deep burial environment b 11 heated compac-
tiom brines were the dominant dizgenetic agent for re-
ghomal dolomitization of Yorke Peninsula carbonates, then
the brines must kave been migrated 1o the shallow bunial
from a deeper part of the husin in the east { Katmantoo
Trough). This scems unlikely scenario because: |, There
is only minor dolomite found in the laterally equivalent
carbonate sections in the castern part of the basin
(Fleurien Peninsula) (Abele and MeGowran 1959 and
Alexonder and Gravestock 19890, 2, 11 the regional dolo-
mitization was laking place after bunial compaction, then
it would be inconsistent with the prestylolite occurmence
of the dofomites.

The present chemical composition of Yorke Penin-
sula dolomite strongly suggests that dolomite underwent
longlasting meteoric modification. Dolomite with depleted
d "0 values, Sroand Ma concentrations may be the re-
sult of a freshwater component in the fluid that produced
dolomite. Mattes and Mountjoy (1980, Table 5) com-
piled the average concentrations of trace element from
varions dolomites of different ages and sctiings. It ap-
pears that the average concentrations of Yorke Pennisula
dolomite is closely resembled the dolomites from shal-
tow and deep burial settings, and being different o deep
burial dolomite s that the Yorke Peninsula dolomite has
relatively higher fron and manganese concentrations
(Table 4). These and other evidence leed to the conclu-
sion that the regional dolomitization i Yorke Peninsula
wok place relatively early in diagenetic history replac-
ing the early forms of carbonates in shallow borial environ-
ments by surface derived solutions. Dolomite of Hanson
Creek Formation (Ordovician - Silurian) from ceniral
Mevada ( Dumham and Obson 19800, Devonian dolomite
in Southeastern New Mexico (Zenger and Dunham.
1988} and Cambrian { Royer) dolomite in Shick Hills. 5W
Oklahoma, USA (Gao, 1999 have petrographic and
peochemistry signatures relatively similar 1o the Early
Cambrian dolomite of Yorke Peninsula, and they have
also been imerpreted 1o have formed in shallow burial
environment by surface derived solutions.

VI. CONLUSSION

A most likely scencrio for the formation of Yorke
Peninsula dolomite is that dolomitization wis an ongoing
process, [t commenced penecontemporaneously dunng
or just after sedimentation when finely crystalline car-
bonates were preferentially dolomitized, probably in 4
hypersaline supratidal environment under & seasonally
urmd climatic condition (Type | replacement dolomte).
A temporary change in climatic regime 10 and conds-
tions increased seawater salinity and triggered the for-
mution of evaporite minerals and regional dolomitization
i Type 2 replacement dolomite), probably in & near sur-
face environment. The final stazes of dolomitization
{Type 3 replacement dolomite) was marked by mecham-
cal compaction, dissolution and precipitation (dolomite
cement) then followed by neomorphism or recrystalliza-
thon, proshably in shallow burial environment by surface
derived solutions, resulting i wholesale textural and
geochemistry modificatons. Dolomitization then cesised
at depths where stylolites began to form. Neomorphism
or recrystallization of the early dolomite phase involving
significant textural and geochemical modification have
been suggested by many studies {eg. Land 1980; Wallace
1990k Gaan [990),
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