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Abstract. The dolomitic mottles are mostly interconnected and have sharp contacts with the adjacent limestone. 
They consist predominantly of cryptocrystalline to microcrystalline, euhedral to subhedral dolomite. Some partly 
dolomitized mottles are argillaceous and non-dolomitized clay-rich areas are also observed. The dolomite is non-
stoichiometric (with Ca-excess), non-ferroan (and locally ferroan), and its degree of ordering varies from 0.55 to 
0.76. The dolomottles are interpreted as products of penecontemporaneous/early diagenetic, microbially mediated 
dolomitization of burrow fills with local source of Mg. Clay mineral transformations may have provided a limited 
autochthonous supply of Mg ions and/or differential diagenesis of the clay-rich dolomottles and the clay-poor lime-
stone could also have favored dolomite formation with seawater being the primary Mg source. Thus the selective 
dolomitization was most likely a continuous process related to changing diagenetic conditions and different sources 
of Mg in a near-surface setting and during subsequent shallow to intermediate burial.
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Introduction

Burrow-related dolomite mottling in limestones is 
a specific type of early diagenetic fabric-selective 
dolomitization. Examples have been described 
mainly from Paleozoic rocks (Gingras et al., 2004; 
Yang et al., 2024), and also from Mesozoic carbon-
ates (Török, 2000). This pilot study presents results 
on the origin of dolomitic mottles in Middle Trias-
sic limestones from northwestern Bulgaria. Petro-
graphic observations and data from X-ray diffrac-
tometry are used to constrain the controls on the 
dolomite formation.

Geological setting

The Babina Formation belongs to the Iskar Carbon-
ate Group (Lower–Upper Triassic) and is exposed 
in the West Balkan Tectonic Zone. The unit is sub-
divided into lower Zimevitsa Member (Chatalov et 

al., 2001) and upper Zgorigrad Member (Tronkov, 
1976). The latter has thickness of ~45 m in the Iskar 
River gorge and consists of medium-bedded to 
thick-bedded limestones and dolostones (some with 
chert nodules). The age of the carbonate sediments 
has been determined as Anisian (Tronkov, 1976). 
The deposition occurred in the mid-ramp (fair-
weather) and inner ramp zones of a homoclinal car-
bonate ramp with local distal steepening.

Materials and methods

Two stratigraphic sections of the Zgorigrad Member 
were studied in the field (Fig. 1a). Seventeen sam-
ples were collected from mottled carbonate rocks in 
four vertical intervals (0.50–1.70 m thick) (Fig. 1b) 
for preparation of thin-sections and observation on 
transmitting light-microscope (after staining with 
alizarine red S + potassium ferricyanide solution). 
Powdered samples from the dolomitic mottles were 
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Fig. 1. a) Schematic geological map (from Angelov et al., 1992) showing location of the studied sections (yellow rectangles); 
b) Stratigraphic and lithologic log; c–e) Dolomitic mottles (light ochre, dark yellow) forming a branching and anastomosing net-
work within host limestone (grey); f) Dolomottle (left) having sharp contact with limestone (right) and incorporating a limestone 
‘clast’ (arrow); g) Mottle composed of ferroan dolomite; h) Dolomottle (left) with lesser amount of bioclasts relative to adjacent 
limestone (right); i, j) Calcitic skeletal fragments, peloids and intraclasts in dolomitic mottles; k) Crushed ostracod shell (arrow) 
in dolomottle; l) Partly dolomitized mottle with brownish color (right) suggesting the presence of clay; m) Non-dolomitized clay-
rich area (arrow) between dolomottle and limestone; n) Shell-sheltered, protruding part of mottle into limestone showing lesser 
degree of dolomitization (arrow). All microphotographs are in plane-polarized light and all thin-sections (except l) are stained. 
Scale bar – 0.4 mm.
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analyzed by XRD using TUR M62 diffractometer 
with filtered Co Kα radiation.

Results and interpretation

The cm-sized dolomitic mottles are light ochre or 
dark yellow on weathered rock surface and light 
grey on fresh rock surface, while the host limestone 
shows grey and dark grey colors, respectively. The 
mottles have predominantly irregular outlines but 
may be also elongated with subparallel orientation 
to bedding (Fig.  1c–e). Their length and width is 
variable and the contacts with adjacent limestone are 
mostly abrupt and rarely gradational. The mottles 
are commonly interconnected forming a branching 
and anastomosing network that locally incorporates 
sand-sized to granule-sized limestone ‘clasts’. All 
dolomitic mottles are structureless and have fine-
grained texture.

In thin-sections, the contacts between the do-
lomottles and the host limestone are mainly sharp 
(planar, irregular, slightly undulating) and may be 
enhanced by low-amplitude stylolites, fine-grained 
pyrite and/or solid bitumen(?) (Fig. 1f). ‘Diagenet-
ic halos’ (Gingras et al., 2004) are rare and poorly 
outlined. The mottles consist of cryptocrystalline 
(<4 μm) to microcrystalline (4–32  μm) dolomite, 
and locally extremely fine crystalline (32–63 μm) 
dolomite, showing nearly homogeneous texture 
with euhedral to subhedral crystals. The dolomite 
is predominantly non-ferroan and the applied stain-
ing reveals the presence of ferroan dolomite in four 
samples (Fig. 1g). Bioclasts (bivalves, gastropods, 
echinoderms, ostracods, brachiopods, benthic fo-
raminifera) occur in both the dolomitic mottles 
and the limestone (bioclastic wackestone to pack-
stone) but are commonly more abundant in the lat-
ter (Fig. 1h). In most cases, the skeletal fragments 
in the mottles are dolomitized, and elsewhere the 
mottles contain a large amount of calcitic bioclasts, 
peloids and intraclasts (Fig.  1i, j). Scarce articu-

lated bivalve and ostracod shells are crushed in the 
dolomottles (Fig. 1k) but not in the adjacent lime-
stone. Some mottles are partly dolomitized and 
their brownish color suggests the presence of clay 
(Fig. 1l), while non-dolomitized clay-rich areas are 
rarely observed (Fig. 1m). Also, deeply protruding 
parts of some mottles into the limestone (e.g., shell-
sheltered areas) are less dolomitized (Fig. 1n). The 
occurrence of disseminated fine-grained pyrite in 
the dolomottles is a common feature.The obtained 
X-ray diffractometry data show that the dolomite 
is non-stoichiometric (52.8–54.6  mole% СаСО3) 
and its degree of ordering ranges from 0.55 to 0.76. 
Small amounts of illite, chlorite and calcite are re-
corded in the bulk of the samples.

The formation of dolomite mottling has been 
mostly explained by early diagenetic, fabric-selec-
tive replacement of burrow fills. The low-tempera-
ture, microbially mediated dolomitization is related 
to anoxic conditions, high pH of interstitial pore wa-
ter, local source of Mg (seawater, metal enrichment 
associated with burrow linings, and/or cation ex-
change between oxic and anoxic environments), and 
carbon derived from seawater, dissolution of precur-
sor sediment and decomposition of marine organic 
matter (Gingras et al., 2004; Rameil, 2008; Corlett, 
Jones, 2012). An important prerequisite is physi-
cal alteration of the substrate (i.e., modification of 
grain size, redistribution of grains, compaction, and 
sorting) by burrowing organisms, which ultimately 
creates a higher permeability compared to the host 
limestone. This general interpretation is consistent 
with the petrographic and crystallochemical charac-
teristics of the studied dolomite, i.e., small crystal 
size, planar crystal boundaries, non-stoichiometry 
(with Ca-excess) and moderate degree of ordering, 
which all indicate penecontemporaneous or early 
diagenetic origin from non-evaporitic, dolomitizing 
solutions with lower Mg/Ca ratio in a near-surface 
setting. The presence of fine-grained pyrite in the 
mottles and the predominant non-ferroan composi-
tion of the dolomite suggest in particular that the 
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process of selective dolomitization was microbially 
mediated, e.g., promoted by bacterial sulphate re-
duction (see Chatalov, 2018). In this case, the in-
terconnected network of burrows favored the dolo-
mitization by forming conduits through which the 
dolomitizing fluids migrated.

Several petrographic features of the dolomottles 
imply some lithologic control on the dolomitiza-
tion process. For example, the presence of calcitic 
skeletal fragments and the incorporation of lime-
stone ‘clasts’ in the mottles suggest that the latter 
had a different gross mineralogy compared to the 
limestone prior to the dolomitization. Other evi-
dence includes the lesser amount of bioclasts in the 
dolomottles and the sharp contacts between them 
and the limestone. The originally different miner-
alogical composition is further indicated by crushed 
shells only in the mottles which demonstrates that 
the limestone underwent earlier lithification. A pos-
sible clue is the presence of clay minerals within the 
dolomottles (verified by the XRD analysis) as well 
as non-dolomitized argillaceous areas. Clay mineral 
transformations (e.g., smectite to illite) may have 
been a limited autochthonous source of Mg ions for 
the dolomite formation (McHargue, Price, 1982). 
In this context, the local occurrence of ferroan do-
lomite was probably related to release of Fe ions 
during the illitization process, and hence reflects 
reducing conditions during the dolomitization at 
intermediate burial depths. Another hypothesis pos-
tulates that differential diagenesis of the clay-rich 
dolomottles and the clay-poor limestone (promoting 
Ca–Mg exchange between them) could also have 
favored dolomite formation during shallow burial 
with seawater being the primary Mg source (Li et 
al., 2016).

Conclusions

The studied dolomottles show similar features to 
the dolomitized layers of carbonate ribbon rocks 
in the Zgorigrad Member and the dolomitized iso-
lated burrows in three lithostratigraphic units of 
the Triassic succession (Chatalov, 2018). Thus, the 
dolomitization of the mottles seems to have been a 
continuous process related to changing diagenetic 
conditions and different sources of Mg in a near-
surface setting and during subsequent burial at shal-
low to indermedaite depths.

Further research based on cathodoluminescence, 
geochemistry (major, trace and rare earth elements), 
and C–O isotopes would help to better constrain the 
controls and mechanisms of the described selective 
dolomitization.
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