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Micritic matrix in limestones is considered as less reli-
able indicator for primary abiotic carbonate mineralogy
compared to ooids and penecontemporaneous cements.
The main reason is related to the possibility that precur-
sor lime muds may be partly or entirely not a result of
physicochemical precipitation. The latter is still chal-
lenged for modern occurrences of marine muds despite
certain evidence favouring this particular mechanism.
Meanwhile, the lack of standard criteria to precisely
prove the origin of most ancient micrites is a major prob-
lem concerning their interpretation. Nevertheless, the
possibility that part of the fine-grained matrix in marine
limestones was precipitated as cement should not be
precluded (Reid et al., 1990). If such nature is inferred
for particular lime mudstones, they may appear as the
only source of information on the primary abiotic min-
eralogy for those stratigraphic intervals where oolitic
and winnowed textures are absent.

Triassic micrites from the Western Balkanides were
sampled in the field and studied by laboratory techniques
to reveal their mineral precursors. The collected 44 sam-
ples cover discontinuously a stratigraphic interval ex-
tending from the Upper Olenekian to the Lower Car-
nian substage. The applied methods comprise SEM
observations, electron microdiffraction determinations
and bulk rock chemical analysis. The obtained petro-
graphic data enable to distinguish two contrasting vari-
eties of micrites. The first one is built up predominantly
of “microspar” crystals with platy-like morphology on
fracture surfaces, curvilinear boundaries and pitted faces
on polished, etched sections. In some cases, the calcite
crystals contain mineral inclusions with mostly needle
habit, which were recognized as aragonitic by their mi-
crodiffraction pattern. The second variety is composed
of blocky, truly “micrite” crystals (as observed on frac-
ture surfaces), which display smooth faces and are in-
clusion-free on polished, etched sections. In terms of
chemical composition the “microsparites’ show distinctly
higher mean Sr value compared to the “micrites”.

Following the standard criteria proposed by Lasemi
and Sandberg (1993) enables to infer aragonite-
dominated precursor (ADP) for the “microsparites” and

(high-Mg) calcite-dominated precursor (CDP) for the
“micrites”, respectively. The fundamental differentiation
between both rock varieties is based on the positive
correlation of their microfabrics and geochemistry. Also,
microtextural resemblance is established with respect
to experimentally consolidated lime muds of differing
primary mineralogy (Papenguth, 1991), as well as with
respect to stabilized monomineralic aragonite or high-
Mg calcite allochems and orthochems.

The geochemical characteristics of the recognized
ADP and CDP micrites reveal similar modification
style of the initial lime muds. Thus, Fe and Mn en-
richment plus Sr depletion in the neomorphic calcite
are established for both mineralogical varieties. These
relationships together with variations in the Mg con-
centrations (enrichment in the ADP micrites and de-
pletion in the CDP micrites) testify to stabilization in
semi-closed diagenetic system either with the partic-
ipation of meteoric water, or during marine burial.
Meanwhile, certain deviations from the linear rela-
tionship on the scatter plots might be explained with
different magnitude in the alteration of the initial ele-
mental concentrations. In particular, the absence of
distinct relationship between Sr and Mg may be a
result from: mixed primary mineralogy (e. g. arago-
nite plus calcite), variable amounts of low- and high-
Mg calcite in the former lime muds, presence of some
pelitomorphic low-Sr aragonite from desintegration
of mollusk shells, variable ratio between high-Mg
calcite constituents with contrasting abiotic and biot-
ic origin, or synsedimentary alterations in the con-
centrations of the chemical elements controlled by
the pore fluids. In summary, the Ca/Sr vs Mn scatter
plot (Brand, Veizer, 1980) appears as most indicative
for the particular diagenetic modification of all mi-
crites (Fig. 1).

Stabilization of the aragonite-dominated muds must
have proceeded through transformation of the origi-
nal particles and their concurrent cementation by low-
Mg calcite. Such mechanism could explain the pres-
ervation of relatively few aragonite relics in the new-
ly formed calcite crystals in comparison with the sus-
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Fig. 1. Ca/Sr vs. Mn scatter plot for the studied micrites.
Notes: The A and HMC fields outline the theoretical pos-
sible ranges of aragonite and high-Mg calcite in equilibri-
um with present-day seawater. Diagenetic trends for both
phases (aragonite in light grey and high-Mg calcite in dark
grey) with stabilization by meteoric water, as well as the
“open system” field are from Brand and Veizer (1980).

pected abundance of aragonite needles in the pre-
cursor lime muds. Furthermore, this conclusion rules
out the hypothesis for consolidation through aggrad-
ing neomorphism of already stabilized calcite micrites
by means of multiple events of dissolution-precipita-
tion. In this sense, solid evidence is the positive cor-
relation between Sr content and mean crystal size
for the respectively interpreted ADP and CDP mi-
crites. In turn, the (high-Mg) calcite-dominated muds
were most probably consolidated through incongru-
ent dissolution and overgrowth cementation of the
original grains, resulting in good preservation of the
primary microfabric.

The studied micrites with inferred differing pre-
cursor mineralogy do not show specific relation to
the particular depositional environments, which
marked the evolution of the Triassic carbonate ramp.
However, their stratigraphic distribution follows a well
outlined trend. Thus, the ADP micrites occur in rocks
of Late Olenekian to Middle Anisian age, while the
CDP miicrites are found only sporadically through this
stratigraphic interval, but are autonomously represent-
ed in the Upper Anisian - Lower Carnian sequence.
The mentioned trend closely follows the distribution
of isochronic 0oids in the same rocks (Chatalov, 2005).
Such relationship makes the prevailing abiotic origin
of the precursor lime muds quite probable. Evidence
comes also from the Sr/Mg ratio of the CDP micrites,
which plot closely around the line of abiotic calcite
(Carpenter, Lohmann, 1992). In third place, the lime
mudstones are devoid of fossils, including calcareous
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algae, and also, they were deposited in shelf environ-
ments dominated by ooid formation, i. e. generally
unsuitable for such organisms. Finally, internal mi-
crite cement was found in some limestones from the
same carbonate sequence. In this context, Knoll
(2003) pointed out that lime mudstones were gener-
ated worldwide al least partly by whitings during the
Early Triassic epoch as a result from the slow biota
recovery after the Permian-Triassic mass extinction,
which continued until Middle Triassic time.

If chemogenic deposition of lime mud is assumed
as a major mechanism it must have been directly
influenced by factors that control abiotic carbonate
precipitation. In this connection, there are two basic
hypotheses explaining the secular oscillations in the
primary composition of abiotic carbonates during the
Phanerozoic. One of them postulates that the majorion
chemistry of seawater (i. e. the Mg/Ca ratio) was
the leading factor (Hardie, 1996), while the second
hypothesis speculates that most important were
variable levels of atmospheric and oceanic pCO,,
which influenced the degree of seawater carbonate
saturation (Mackenzie, Pigott, 1981). The obtained
data on the primary mineralogy of Triassic marine
micrites and ooids from the Western Balkanides
conform to the secular trend of abiotic marine
carbonate mineralogy during the Phanerozoic
(Mackenzie, Pigott, 1981 and others). In particular,
the Triassic period was a time of global “aragonite
sea”, which according to the predicted model of
Hardie (1996) extended from Early Permian to Middle
Jurassic times. Non-skeletal carbonates were precipi-
tated largely as aragonite and high-Mg calcite during
this interval, i. e. similarly to the modern ““aragonite
sea”. According to Stanley et al. (2002) at ambient
Mg/Ca mole ratios between 2 and slightly above 5,
aragonite precipitates along with high-Mg calcite, but
at ratios between ~1 and ~2 high-Mg calcite preci-
pitates alone. Therefore, the established irreversible
change from predominant aragonite to solely high-
Mg calcite precipitation during the Middle Triassic
epoch might be ascribed to the progressive decrease
of seawater Mg/Ca ratio. Such decrease during the
Triassic period is predicted (although being of different
magnitude) by most modeled Phanerozoic curves (cf.
Horita et al., 2002). The alternative critical control of
pCO, is less probable at least for two reasons: lack
of distinct trend for the whole Triassic period, which
is compatible with the obtained results, and
inconsistency between the different reconstructions
of paleo-pCO, levels. However, the degree of sea-



water carbonate saturation might have been reduced
by the global decrease of sea surface temperature during
the Triassic period (Veizer et al., 2000). The same effect
could have been caused by the change from elevated
to normal salinity during Middle Anisian time in the
epicontinental Triassic sea that existed in the present
territory of NW Bulgaria (Chatalov, 2005). The
intermittent precipitation of (high-Mg) calcite-dominated
muds and ooids during the Late Olenekian - Middle
Anisian interval might be explained with short-term
changes either in the ambient Mg/Ca ratio, or the degree
of seawater carbonate saturation. These mineralogical
transitions were probably controlled by temperature and/
or salinity fluctuations, but kinetic factors promoting or
inhibiting the precipitation of one mineral should not be
precluded, too. An alternative possibility is related to
temporal and/or local variability in the supply of skeletal
fine-grained material.
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TPUACKHN MUKPUTHU OT 3AITAJTHUTE BAJIKAHHU/IN: TOKA3ATEJICTBA
3A JOMUHHUPAIIIO ABUOI'EHHO YTASIBAHE HA ITbPBUYHUTE

BAPOBUTHU TUHHN

Amanac Yamanos

MI/IKpI/ITHI/IHT MAaTpPHUKC BbB BAPOBUIIUTC OOHUKHOBEHO
CC pa3riicKaa KaTo mo-ciaabo HaACKACH MHIAUKATOP
3a IbpBUYHATaA abHOoreHHa Kap60HaTHa MUHCPAJIOT U
B CPAaBHCHUEC C OONIUTE U PAHHUTC CITOHKH. B’LHpeKI/I
TOBa NP HAJTMIUCTO HAa JOCTATBYHO JOKA3aTCIICTBA

NOAKpeIsiy (U3NKOXMMHUYHO yTasBaHE Ha Ibp-
BUYHATa BAPOBUTA TUHS, APEBHUTE MUKPUTH MOTaT
Jla ce OKa)KaT €AMHCTBEHMs M3TOYHUK HAa TaKaBa
nH(popMaLys IpH OTCHCTBUETO HA OOJMTH X IPOMHUTH
CTPYKTYPH B JaJicH CTpaTUTpadCKu MHTEpBaIl.
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Tpuacku Mukputu ot 3anagaute bankannam Osxa
JeTaliIHO U3CIIeABaHM Ype3 KoMOnHupaHa nabopa-
TOpHa METOJMKA C IeJl JOKa3BaHe Ha TEXHUSA
IbpBUYEH MUHEpAJIEH chbCTaB. Bi3eTute mpodu
MOKPHUBAT CTPATUTPaCKH HHTEPBAJI MPOCTUPAILL C&
OT TOPHOOJIEHEKCKUS IO TOTHOKAPHCKHS MOJETaX.
[Nony4enure nerporpad)cKu JaHHH TOKA3BaT HAU-
YHETO Ha JABE Pa3HOBUIHOCTH MUKpUTHU. [IbpBaTa €
u3rpajeHa oT mpeodianaBalyd ‘“MUKpOCHapUTHH
KpPUCTAJIM C U3BUTH TPaHUIM, HATYyTUYEHH CTEHU U
pPEeAKH aparoHUTHU BKJItoueHusd. Bropara pasno-
BHUJIHOCT € U3TpajicHa MOYTH H3LI0 OT ChUIMHCKU
“MHKPUTHH KpUCTalH, C TIaJKH CTCHH H 0e3
BKJIIOUYEHMSI. B XUMUYHO OTHOLIEHNE, “MUKpOCTIapH-
THTE” C€ OTIMYAaBaT ChC 3HAYMTEIHO IMO-BHUCOKO
CPEAHO ChIbpPKAaHUE HA CTPOHLIMH B CpaBHEHHE C
“mukputute”. Ha 6azata Ha KpuTepuuTE MpEAsIo-
xenn ot Lasemi and Sandberg (1993), choTBeTHHTE
IBE Pa3HOBUAHOCTH OsiXa MHTEPIPETHUPAHH KaTO
WMAaIld aparoHUTHO- U (MarHe3uasiHO)KaJUTHO-
JOMUHUpaH npeamecTBeHUK. OCBEH TOBa Te MOKa3-
BaT TOJISIMO CXOACTBO CHPSMO E€KCIIEPUMEHTAIHO
KOHCOJIMIMPaHU BAPOBUTH THHHU U CTaOWIN3UpaHH
MOHOMUHEPATHH aJT0XEMHU M OPTOXEMH C ITBPBUYHO
aparoHUTEH WU MarHe3MaJIHOKAIIIUTEH ChCTAB.

I'eoxuMuYHNTE XapaKTEPUCTUKH Ha MUKPUTHTE
ca MOKAa3aTelHU 3a cTabuin3alus Ha MbPBUYHUTE
TUHECTU YTalKH B IOJIy3aTBOpPEHA IUArcHETHYHA
cHCTeMa Hal-BEpOSATHO C Y4aCTHETO Ha METCOPHH
Boau (®wur.1). ChiieBpeMeHHO, OTKIOHEHUS OT
JMHEWHAaTa 3aBUCHMOCT Ha HSKOW OT AWarpaMure,
CBIIOCTABSAIIN ChABbPKAHUATA HA CTPOHLIUIN, MarHe-
3, KN30 U MaHTaH, MOraT Jla ce OOSICHSAT C
pa3nuyHa MarHUTyJa B IPOMSHATa Ha ChOTBETHUTE
€JIEMEHTH, KAKTO U peULa JOIIbIHUTEIHH (HaKTOPH
(HammpuMep, CMEeCeH MUHEpaJleH ChCTaB Ha OUBIINTE
TUHH, IPOMEHJIMBO yYacTHE Ha ITbPBUYEH HUCKOMAr-
He3WaJIeH KaJIINT, 1 Ipyru). [Jomycka ce, ue camara
cTabuian3anus € NpoTeKja €AHOBPEMEHHO 4Ype3
nporecy Ha TpaHchopMmalus Ha MeTacTaOMIIHUTE
kapOOHAaTHH (a3u W CIOABAHE Ha MbPBUYHHUTE
eI TOMOP(HHU 3bpHA OCPEACTBOM HUCKOMarHe3ua-
JIeH KauuT. BakHO OKa3aTencTBo B Ta3u MOCOKa
¢ MO3UTHBHATA KOpeNalus MEXIy CTPOHIMEBOTO
ChABPKAHUE U CPEAHUS KPHUCTAJICH pa3Mep 3a
CBBKYIHOCTTa OT JjBaTa TUIIa MUKPHUTH.
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Crpaturpadckoro pasmnpeaeneHie Ha “MHUKpPOCTIa-
PUTUTE” € OTPaHUYEHO JI0 JOTHOOJIEHEKCKO-CPETHO-
aHM3KWS MHTEpBaJ. 3a pas3iiiKa OT TAX, MUKPUTUTE C
KaJIUTHO-IOMUHHUpPaH MPEIIECTBEHUK MPUCHCTBAT
TaM CaMo CIIOPaJANYHO, HO €a MPEICTAaBEHU CaMOCTOsI-
TEJIHO Cpell TOPHOAHU3KO-AOIHOKAPHCKUTE CKAJIU.
ChILIeBpeEMEHHO TO3U TPEH| U3LSIO0 ChOTBETCTBA Ha
BEPTUKAIHOTO pa3NpeieNiecHNe Ha U30XPOHHUTE OOUIU
B paspesa. [lonobHa kopernaiius € Bb3MOKeH HHIIUKATOP
3a aOMOreHeH NPOM3XOJI Ha ITbPBIUYHHUTE THHH, KaTo Ta3:
XHITOTE3a CE MOAKPEIIS U OT APYTH JAaHHU: ChOTHOIIIE-
Huero St/Mg py MEKPUTHTE C KaJUTHO-JOMUHUPAH
MpeIIeCTBEHNK, JIUIcaTa Ha (POCHIHHU (M B YaCTHOCT
BOJIOPACIIOBH) OCTaHKH B CKaJMTe, HAJMYUETO Ha
MUKpHUTHA CIIOWKA B HSKOM acOLMMpalld MPOMHTH
CTPYKTYypH, U JIpyru. Kato KocBeHO TOKa3aTencTBO
MOXe Ja ce pasmiekaa u 3akmodeHuero Ha Knoll
(1993), ye BeposATHOTO MacoBO GPH3UKOXUMHYHO yTasi-
BaHE Ha BapOBHUTH THHU NPe3 paHHO- U CPETHOTPUAC-
KaTa enoxa € OMJI0 CBBP3aHO ¢ OABHOTO BB3CTaHO-
BABAHE Ha OPraHU3MOBHS CBAT CIIEl MAaCOBOTO U3MH-
paHe B Kpas Ha IEPMCKHSI IEPUO]L.

Enun BB3MOXKEH KOHTponupail GakTop BbPXY
YCTaHOBEHATa TEMITOPAJIHA CMsIHA B MUHEPAITHUS ChC-
TaB Ha aOMOreHHHUTE yTalKW Ce CBE&KAA JI0 CHOTHO-
nreHrero Mg/Ca B MopckaTa BoJia, YHETO IOCTEEHHO
HaMaJIsIBaHe Mpe3 LENNs TPHACKU TIEPHOJ € OTPa3eHO
Ha TI0BEYETO MOJCIUPAaHU KpuBH 3a (anepo3os. OT
Jpyra CTpaHa, 1ofo0Ha MPOMSHA B ChILECTBYBAILIOTO
TOraga rI00aTHo “aparOHUTHO MOpe” MOXKe Jia € Omia
MOBJIMSIHA OT YCTOMYMBHS CIaj Ha IUIaHETapHaTa
TeMIepaTypa, KaKTo M OT JIOKalTHaTa HOPMaJIU3aLus
Ha COJIEHOCTTA IMpe3 CPeAHHS aHU3 B CMUKOHTHHEH-
TaJIHOTO MOpE [IPOCTUPAJIO CE Ha AHEIIHATA TEPUTOPUS
Ha C3 bearapus. CrenoBareiHO € AOMYCTUMO TE3HU
nBa (hakTopa Aa ca Mpeau3BUKaIIN CbOTBETHO HaMaJIs-
BaHE B CTENEHTA Ha KapOOHATHO HACHIIIAHE HA MOPCKa-
Ta BOZIA, KOETO Ha CBOM pext € O1aronpusITCTBAIO OT1a-
raHeTo Ha MarHe3ualieH KaJIUT BMecTo aparoHuT. Ha
CBOI peJ] yCTAHOBEHUTE MUHEPAJIOKKU BapUaLH [Pe3
KBbCHOOJIEHEKCKO-CPETHOAHU3KHSI MHTEPBaJl MOrar 1a
ce oTAanaT Ha (IYKTyalud B TeMIeparypara Wid
COJIGHOCTTA, 0€3 [1a Ce M3KIII0YBA KPUTUYHOTO BIMSIHUE
Ha HAKOM KHHETUYHH [TapaMETPH, WIIH IOPH BpEMEHHATa
W/WJIY JIOKaJTHA [TPOMSIHA B IOCTaBKaTa Ha ()MHO3BPHECT
Marepuall ¢ OHOreHeH MPOU3XOI.



