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Abstract. The studied Middle Devonian (Givetian) dolomites occur in three well sections: OP-2 Mihalich, 
R-119 Kardam and R-1 Vaklino (Northeastern Bulgaria). Two general genetic dolomite groups are dis-
tinguished and interpreted on the basis of performed XRD analyses and petrographic observations. The 
first one is represented by early diagenetic crypto- to microcrystalline dolostones that are characterized 
by nearly stoichiometric composition (from 51.0 to 51.7 mole % CaCO3) and degree of order ranging 
from 0.50 to 0.91. They are interpreted as products of rapid precipitation in an arid peritidal (sabkha) en-
vironment with hypersalinity of the water milieu and elevated Mg/Ca ratio of the dolomitizing solutions. 
The second group includes late diagenetic medium crystalline dolostones that have almost stoichiometric 
composition (from 50.0 to 51.3 mole % CaCO3) and higher degree of order (from 0.77 to 1.18) indicating a 
possible slow crystallization process and precipitation from dilute solutions at elevated temperatures in an 
open diagenetic system. A part of them might have also resulted from neomorphic alteration of precursor 
metastable dolomite phases.
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INTRODUCTION

Dolomite includes a group of minerals with similar but 
not identical Mg/Ca ratios and a range of chemical vari-
ations and lattice structures (Warren, 2000). It comprises 
an array of natural Ca-Mg carbonates with chemical 
compositions close to ideal dolomite, but with weak or 
diffuse X-ray diffraction (XRD) reflections that indicate 
varying degree of cation disorder (Hardie, 1987).  Thus, 
the XRD method has been widely used in analyzing stoi-
chiometry and degree of order of the dolomite crystal lat-
tice. Generally, natural dolomites in sedimentary rocks 
are nonstoichiometric (Ca0.5Mg0.5CO3) and show an ex-
cess of Ca2+ up to Ca58Mg42 or less commonly Mg2+ up 
to Ca48Mg52 (Tucker and Wright, 1990). The dolomite 
stoichiometry can be determined by measuring the dis-
placement of the (104) peak relative to a standard. This 
is the effect of increasing d lattice spacing because of 
calcium substitution for magnesium cations (Goldshmith 
and Graf, 1958). The sharpness and relative intensities 
of a set of superstructural peaks (021), (015) and (101) 

are also used for measuring the degree of ordering of the 
dolomite crystal lattice. Although the dolomitization is 
one of the most studied diagenetic processes in carbonate 
sedimentology, the factors that control the composition 
and cation order of the resultant dolomite remain poorly 
understood (Dawans and Swart, 1988; Kaczmarek and 
Sibley, 2011). 

In this paper we investigate Middle Devonian 
(Givetian) dolomite-bearing sediments in three well sec-
tions (OP-2 Michalich, R-119 Kardam and R-1 Vaklino) 
from Northeastern Bulgaria (Fig. 1). The aims of the 
study are to determine the dolomite stoichiometry and 
ordering by XRD analysis and to use the obtained results 
together with petrographical data for genetic interpreta-
tion of the different early and late dolomite phases. 

Stratigraphy

Devonian sediments from Northeastern Bulgaria are 
established only in deep wells where the dolostones 
commonly occur in Givetian successions of the carbonate-



32

sulphate formation, dolomite formation, and banded 
limestone formation (Yanev, 1972; Yanev and Boncheva, 
1995, Fig. 2). The Middle Devonian age of these rocks 
was proved by means of conodonts by Spassov (1987), 
Boncheva (1995) and Boncheva et al. (2000). 

Fig. 1. Location map of the studied well 
sections in Northeastern Bulgaria

The Givetian sediments of the carbonate-sulphate 
formation in R-119 Kardam (1432–2800 m) and R-1 
Vaklino (2051–3179 m) wells are represented by sulphate 
rocks (anhydrites), dolostones (dolomudstones, dolom-
itic microbial bindstones), limestones (bioclastic mud-

Fig. 2. Lithostratigraphic subdivision of Devonian 
sediments from Northeastern Bulgaria (after Yanev 
and Boncheva, 1995)
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stones, wackestones and packstones, peloidal grainstones, 
lithoclastic floatstones/rudstones) and rare black shales. 
In OP-2 Mihalich this unit is correlated with a limestone-
dolostone package (1409–2372 m) (Lakova and Yanev, 
1989) which is composed of limestones (mudstones, bio-
clastic wackestones and floatstones, peloidal packstones 
and microbial bindstones) and crystalline dolostones. 

The dolomite formation occurs in all studied wells – 
OP-2 Mihalich (1381-1409 m), R-119 Kardam (1053–
1432 m), R-1 Vaklino (1970-2051 m) consisting of crys-
talline dolostones and subordinately presented limestones 
(bioclastic and homogeneous mudstones, intraclastic 
floatstones/rudstones and microbial bindstones). 

The banded limestone formation in OP-2 Mihalich 
(1381–1086 m), R-119 Kardam (924–1053 m) and R-1 
Vaklino (1835–1970 m) wells is built of predominant 
limestones (bioclastic floatstones, peloidal packstones/
grainstones and microbial bindstones) and rare crystal-
line dolostones. 

Depositional setting

The Givetian sediments of the described units are in-
terpreted as a typical peritidal succession which is 
represented by clearly distinguished shallow subtidal 
bioclastic limestones, intertidal microbial mats plus 
intraformational breccias, and supratidal carbonates and 
evaporites (Andreeva, 2007; Andreeva et al., 2010). 
According to this interpretation in Givetian time the dep-
osition took place in an arid low-energy tidal-flat setting 
with restricted or semi-restricted water circulation and 
locally developed supratidal sabkha evaporites (anhy-
drite rocks from the carbonate-sulphate formation). The 
observed alternation of subtidal, intertidal and supratidal 
successions in the sections suggests a cyclic character 
of the Givetian sedimentation. The tidal-flat deposition 
continued later during the Givetian (dolomite formation 
and banded limestone formation) but without discrete 
evaporite precipitation. 

METHODOLOGY

The studied dolomites occur in three well sections (OP-2 
Michalich, R-119 Kardam and R-1 Vaklino) and are 
established in several informal lithostratigraphic units: 
carbonate-sulphate formation, dolomite formation and 
banded limestone formation. Sixty thin sections of rock-
forming dolomite were examined under standard petro-
graphic microscope. The most representative of them 
were stained with Alizarin Red S and potassium ferricya-
nide (Dickson, 1966) and a reduced number of fourteen 
dolomite samples (which did not contain more than 1% 
FeO − see Sperber et al., 1984) were selected for XRD 
analyses. Almost all samples are from homogeneous 
dolomites because heterogeneous dolostones exhibit 
multiple peaks and/or shoulders (cf. Jones et al., 2001). 
Broken dolostone surfaces were studied by means of 
JEOL Superprobe 733 scanning electron microscope to 
obtain more detailed textural information. 

The XRD analyses were carried out using powdered 
bulk rock material and were performed on a DRON 3M 

powder X-ray diffractometer (Institute of Mineralogy and 
Crystallography “Acad. Ivan Kostov”, BAS) using Fe-
filtered CoKα radiation. The samples were step-scanned 
in the 10–65° 2θ interval. In part of them (without quartz 
and/or anhydrite content) metal silicon was used as inter-
nal standard. The d-spacing of the dolomite peak (104) 
and the relative intensities of the (015) and (110) peaks 
(computed as integral intensities) were measured on the 
XRD patterns. The excesses calcium was calculated us-
ing the equation of Lumsden (1979): mole % CaCO3 = 
Md + B, where M = 333.33, and B = –911.99, observ-
ing the required condition that the samples should not 
contain more than 20% quartz. Additionally, the degree 
of order of the dolomite crystal lattice was estimated as a 
ratio between the intensities of the (015) and (110) peaks 
(Füchtbauer and Goldschmidt, 1965). 

RESULTS

Dolostone petrography and distribution

In the present work, two petrographic dolostone varieties 
were analyzed: 1) crypto- to microcrystalline dolostones; 
and 2) medium crystalline dolostones. The classification 
scheme of Sibley and Gregg (1987) was applied to de-
scribe various dolomite rock textures. 

Crypto- to microcrystalline dolostones

These dolostones occur only in the carbonate-sulphate 
formation from R-119 Kardam and R-1 Vaklino well 
sections where they have mimetically replaced primary 
intertidal/supratidal sediments and are closely associ-
ated with evaporites (anhydrites). They are represented 
by dolomudstones and dolomitic microbial bindstones 
with well preserved fabrics being composed of dolomite 
crystals having size from <4 µm to 15 µm (Figs 3 a-c). 
The dolomudstones consist of homogeneous dolomtic 
matrix that locally contains scattered needle-like anhy-
drite crystals (Fig. 3a) or sporadic thin-shelled ostracods. 
According to Sibley and Gregg’s (1987) classification 
these dolomites are defined as unimodal or polymodal 
planar-s and planar-e dolomitic micrites with complete-
ly mimetically replaced matrix. On the other hand, the 
investigated microbial bindstones (Fig. 3b) consist of 
dolomicritic/dolomicrosparitic laminae with homogene-
ous or clotted fabric and commonly represented peloid 
grains. Rare oval or irregular in shape fenestrae are also 
observed. These dolostones can be classified as unimodal 
or polymodal planar-s and planar-e mimetically replaced 
dolomitic microbial bindstones. 

Medium crystalline dolostones

These dolostones are established in all studied well sec-
tions in the carbonate-sulphate formation (limestone-do-
lostone package), dolomite formation and banded lime-
stone formation. Most of them are pure monomineral 
rocks but calcareous dolostones also occur sporadically. 
The dolostones are characterized by crystalline mosaics 
(Figs 3d-f) represented predominantly by medium crys-
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Fig. 3. 

a – Polymodal planar-e dolomitic micrite with completely mimetically replaced matrix containing scattered needle-like anhydrite 
crystals (white arrow). R-119 Kardam, carbonate-sulphate formation, NII; 

b – Polymodal planar-s mimetically replaced dolomitic microbial bindstones. R-119 Kardam, carbonate-sulphate formation, NII; 
c – SEM view of polymodal planar-s dolomicrite whit anhydrite crystals (white arrow). R-119 Kardam, carbonate-sulphate 

formation; 
d – SEM view of polymodal planar-s medium crystalline dolomite. R-119 Kardam, dolomite formation; 
e – Polymodal planar-s medium crystalline dolomite. The dolomite crystals commonly display cloudy cores and clear rims. R-1 

Vaklino, dolomite formation, NII; 
f – Polymodal planar-s bioclastic dolomite with completely replaced groundmass and partly replaced allochems. Scarce poorly 

preserved crinoid ossicles (white arrow) are locally observed. OP-Mihalich, limestone-dolostone package of carbonate-sul-
phate formation, stained thin section, NII. 
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talline dolomite crystals (62–250 µm). However, in some 
thin-sections both fine- (<62 µm) and medium-sized 
dolomite crystals are observed. The latter commonly dis-
play cloudy cores and clear rims (Fig. 3e). Scarce poorly 
preserved fossil remains (mostly crinoid ossicles and 
brachiopod shells) likewise occur in the more calcareous 
varieties (Fig. 3f). The pure dolostones are defined as un-
imodal or polymodal non-planar or planar-s dolostones, 
and the calcareous dolostones are defined as polymodal 
planar-s bioclastic dolostones with completely replaced 
groundmass and partly replaced allochems.

XRD analyses of the dolostones

The obtained results from the performed XRD analy-
ses show that crypto- to microcrystalline dolosotones 
(dolomudstones and dolomitic microbial bindstones) 
have nearly stoichiometric composition and very close 
values – from 51.0 to 51.7 mole % CaCO3.  They are 
characterized by degree of order ranging from 0.50 to 
0.91 (Fig. 4). The samples from medium crystalline do-
lostones have almost stoichiometric composition (from 
50.0 to 51.3 mole % CaCO3) and higher degree of order 
(from 0.77 to 1.18, Fig. 4). It should be mentioned that 
the finely to medium crystalline dolostone varieties dis-
play lower ordering values (0.77 and 0.84) than the me-
dium crystalline dolostones (from 1.04 to 1.26) (Fig. 4).  

DISCUSSION 

In this paper the Devonian dolostones are compared 
and referred to different genetic dolomite groups dis-
tinguished by Lumsden and Chimahusky (1980) and 
Morrow (1982). Based on stoichiometry, texture and 
presence/absence of associated evaporites these authors 
identified three main groups of dolomites: 1) coarse-
ly crystalline near-stoichiometric (50.0–51.0 mole % 
CaCO3) dolomites, 2) finely crystalline Ca-rich (54.0–
56.0 mole % CaCO3) dolomites, not associated with 
evaporites, and 3) finely crystalline nearly stoichiomet-
ric (51.0–52.0 mole % CaCO3) dolomites associated 
with evaporites. Group 1 dolomites are generally of late 
diagenetic burial origin, whereas the second and third 
groups are usually near-surface early diagenetic.

The studied crypto- to microcrystalline dolostones 
(dolomudstones and dolomitic microbial bindstones) 
closely associate with sulphate rocks (anhydrites) and 
are characterized by nearly stoichiometric composition 
(51.0–51.7 mole % CaCO3, Fig. 4). Thus, they can be 
referred to the early diagenetic third group of “finely 
crystalline nearly stoichiometric dolomites associated 
with evaporites” (Lumsden and Chimahusky, 1980; 
Morrow, 1982). The limited presence of crypto- to mi-
crocrystalline dolomites only in the intertidal/suprati-
dal facies (Andreeva, 2007) together with nodular and 

Fig. 4. Diagram showing degree of order versus stoichiometry of the studied Givetian dolomites (I – integral in-
tensity of XRD peaks)
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enterolithic sabkha anhydrites likewise testifies to their 
early diagenetic penecontemporaneous peritidal origin. 
The observed facies association and diagnostic dolomite 
crystal size features suggest that these dolomicrites were 
probably formed by an evaporitic (sabkha) or seepage-
reflux model.  Similar very fine grained non-fossiliferous 
dolostones commonly occur in modern and ancient evap-
oritic tidal flat settings (Illing et al., 1965; Tucker and 
Wright, 1990) where numerous nucleation sites in the re-
placed aragonite mud result in formation of micron-sized 
dolomite crystals and good textural preservation. 

Generally, it is assumed that the degree of enrich-
ment of Ca in dolomites reflects the Mg/Ca ratio of 
the fluids from which they are formed (Füchtbauer 
and Goldschmidt, 1965; Morrow, 1978; Lumsden and 
Chimahusky, 1980). The strong relationship between 
fluid chemistry and dolomite composition has also been  
proved recently by Kaczmarek and Sibley (2011) in a 
series of high-temperature dolomitization experiments. 
These authors concluded that the rate of dolomitization 
and dolomite composition is a function of the initial 
solution, where higher Mg/Ca ratios lead to rapid dolo-
mitization rates and more stoichiometric dolomite. On 
the other hand, a relation between near-stoichiometric 
dolomite composition and arid (evaporitic) conditions 
has also been documented (Goldshmith and Graf, 1958; 
Füchtbauer and Goldschmidt, 1965; Füchtbauer, 1972, 
1974). The occurrence of predominantly nearly stoi-
chiometric dolomites in modern arid settings and preva-
lent Ca-rich dolomites in humid areas (Deffeyes et al., 
1965; Illing et al., 1965; Shinn et al., 1965; Füchtbauer, 
1974; Morrow, 1982) likewise support this supposition. 
Following all these suggestions, it could be presumed that 
the nearly stoichiometric composition of the investigated 
crypto- to microcrystalline dolostones indicates rapid 
dolomitization rates and precipitation of Mg-rich fluids. 
Most probably their formation was related to the exist-
ence of an arid peritidal (sabkha) environment during the 
Givetian in the present territory of Northeastern Bulgaria 
(Andreeva, 2007; Andreeva et al., 2010) with hypersalin-
ity of the water milieu and elevated Mg/Ca ratio of the 
dolomitizing solutions due to precipitation of sulphate 
minerals (gypsum and anhydrite). Similar penecontem-
poraneous dolomite formation, promoted by elevated 
salinity and increased Mg/Ca, has been documented in 
some recent evaporitic peritidal settings (Deffeyes et al., 
1965; Kinsman, 1966; Land 1967). According to Morrow 
(1982) such early diagenetic stoichiometric finely crys-
talline dolomites originate from pore fluids with Mg/Ca 
ratio from >6:1 to 22:1 and salinity exceeding 35‰.

It is widely accepted that dolomites that are non-sto-
ichiometric are less well ordered, which is also proved 
in the present study. Thus, the crypto- to microcrystal-
line dolostones are less stoichiometric and display lower 
degree of order in comparison with more stoichiometric 
and better ordered medium crystalline dolostones (Fig.4). 
A similar trend, comparing the degree of order and stoi-
chiometric composition of ancient peritidal dolomic-
rites and late diagenetic pervasive dolomites, was also 
documented by other authors (Hird, 1986; Chatalov and 
Stanimirova, 2001). Generally, recent dolomites are also 
less ordered and metastable compared to ancient ones, 

i.e. there is a progressive stabilization developed during 
the dolomite diagenesis. However, the investigation of 
Wenk et al. (1983) has proved the coexistence of both 
ordered and less ordered dolomites in the modern coastal 
Abu Dhabi sabkha which is a result of changing temper-
ature and fluid chemistry in response to environmental 
parameters. This investigation also demonstrates that the 
ordered dolomites are generally not formed by ordering 
of a disordered dolomite but result from direct precipita-
tion. According to these conclusions and considering the 
early diagenetic penecontemporaneous peritidal origin 
of the studied crypro- to microcrystalline dolostones it 
could be suggested that the degree of ordering of these 
dolomites is an effect from direct precipitation in an 
evaporite depositional environment. 

The medium crystalline dolostones are distinguished 
by almost stoichiometric composition (50.0–51.3 mole% 
CaCO3, Fig. 4) and can be related to the late diagenetic 
“coarsely crystalline near-stoichiometric dolomite group” 
(Lumsden and Chimahusky, 1980; Morrow, 1982). These 
dolostones occur in different lithostratigraphic units 
(limestone-dolostone package of the carbonate-sulphate 
formation, dolomite formation and banded limestone 
formation) and do not show any relation to depositional 
facies. The observed cloudy cores and clear rims in the 
dolomite crystals (Fig. 3e) are common features in many 
late diagenetic dolostones and testify that precipitation 
did not take place in one event (e.g. penecontemporane-
ous early diagenetic dolomicrites) but over a much long-
er period of time from shallow into deeper burial (Tucker 
and Wright, 1990). Thus, it could be assumed that the 
nearly stoichiometric composition of the studied medium 
crystalline dolostones and their higher degree of order 
in comparison to the crypto- to microcrystalline dolos-
tones (Fig. 4) most probably indicate a slow crystalliza-
tion process and precipitation from dilute solutions and 
at elevated temperatures in an open diagenetic system 
(Sperber et al., 1984; Morrow, 1978; 1982). According to 
Morrow (1978, 1982) continued slow crystal growth may 
overshadow the influence of low fluid Mg/Ca ratios and 
cause the formation of nearly stoichiometric dolomites 
with good crystal ordering. However, a part of these late 
diagenetic dolostones might also be a result from dolo-
mite neomorphism of precursor metastable dolomite 
phases (cf. Sperber et al., 1984, Land 1985; Gregg et al., 
1992). On the other hand, the observed finer crystal size 
and lower degree of order of the finely to medium crys-
talline dolomite varieties (in comparison with the dolos-
tones composed only of medium-sized dolomite crystals) 
(Fig. 4) might reflect lower stabilization rates. Although 
the obtained petrographic and XRD data proved the late 
diagenetic origin of the medium crystalline dolomites 
additional geochemical study of dolomite is required for 
more precise interpretation of the dolomitization model.

CONCLUSIONS

In this study dolomite stoichiometry and ordering degree 
were determinated by means of XRD analysis and were 
combined with petrographical data for genetic interpre-
taton of the investigated Givetian dolostones. Thus, the 
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nearly stoichiometric and less ordered crypto- to micro-
crystalline dolomites from the carbonate-sulphate for-
mation are interpreted as early diagenetic in origin and 
formed in an arid peritidal (sabkha) environment from 
hypersaline fluids with elevated Mg/Ca ratio. On the other 
hand, the almost stoichiometric composition and higher 
degree of order of the medium crystalline dolostones of 
the carbonate-sulphate formation (limestone-dolostone 
package), dolomite formation and banded limestone for-
mation indicate their late diagenetic origin. Most proba-
bly they were generated by a slow crystallization process 

from dilute solutions and at elevated temperatures in an 
open diagenetic system or resulted from dolomite neo-
morphism of precursor metastable dolomite phases.

Acknowledgments

This study was accomplished at the Geological Institute 
and the Institute of Mineralogy and Crystallography 
(Bulgarian Academy of Sciences). Part of it is a 
contribution to a Student Research Grant, financed by 
the SE Europe Geoscience Fondation.

REFERENSES

Andreeva, P. 2007. Givetian microbial carbonates from the 
carbonate-sulphate suite in well R-119 Kardam (North-
eastern Bulgaria). Comptes Rendus de l‘Académie bulgare 
des Sciences 60(2), 179–182. 

Andreeva, P., Boncheva, I., Lakova, I.,  Yanev, S., Ivanova, D. 
2010. Devonian stratigraphy and depositional environment 
of the Moesian Platform, NE Bulgaria. XIX Congress 
CBGA 2010, Thessaloniki, Greece, Abstract Volume, 
Geologica Balcanica 39(1–2), p. 26. 

Boncheva, I. 1995. Conodont biostratigraphy of the Middle 
Devonian in North Bulgaria. Review Bulgarian Geological 
Society 56(3), 35–46 (in Bulgarian with English abstract). 

Boncheva, I., Dimitrova, T., Yanev, S. 2000. Stratigraphic, 
lithologic and palaeoecologic studies based on conodont 
fauna and microflora from the Middle and Upper Devonian 
series in the section of R-1 Vaklino, Northeastern Bulgaria. 
Review Bulgarian Geological Society 61, 27–34. (in Bul-
garian with English abstract).

Chatalov, A., Stanimirova, T. 2001. Diagenesis of Spathian 
and Anisian dolomites from the Western Balkanides, 
Bulgaria. Neues Jahrbuch für Geologie und Paläontologie, 
Monatshefte 5, 301–320.

Dawans, J. M., Swart, P. K. 1988. Textural and geochemical 
alterations in Late Cenozoic Bahamian dolomites. 
Sedimentology  35, 385–403.

Deffeyes, K. S., Lucia, F. J., Weyl, P. K. 1965. Dolomitization 
of Recent and Plio–Pleistocene sediments by marine 
evaporite waters on Bonaire, Netherlands Antilles. In: Pray, 
L. C., Murray, R. C. (Eds.), Dolomitization and limestone 
diagenesis. SEPM Special Publication 13, 71–88.

 Dickson, J. A. D. 1966. Carbonate identification and genesis 
as revealed by staining. Journal of Sedimentary Petrology 
36, 491–505.

Füchtbauer, H. 1972. Influence of salinity on carbonate rocks of 
the Zechstein formation, northwest Germany. In: Richter, 
G. (Ed.), Geology of Saline Deposits. Bernburg, Unesco, 
Paris, 23–31.

Füchtbauer, H. 1974. Sediments and Sedimentary Rocks. 
Halsted Press, New York.

Füctbauer, H., Goldschmidt, H. 1965. Beziehungen zwischen 
calciumgehalt und bildungs-bedinggungen der dolomite. 
Geologische Rundschau 55, 29–40.

Goldshmith, J. R., Graf, D. L. 1958. Relationship between lat-
tice constants and compositions of the Ca-Mg carbonates. 
American Mineralogist 43, 84–101. 

Gregg, J. M., Howard, S. A., Mazzullo, S.J. 1992. Early 
diagenetic recrystallization of Holocene (b3000 years old) 

peritidal dolomites, Ambergris Cay, Belize. Sedimentology 
39, 143–160.

Hardie, L. A. 1987. Dolomitization: a critical review of some cur-
rent views. Journal of Sedimentary Petrology 57, 166–183.

Hird, K. 1986. Petrography and geochemistry of some 
Carboniferous and Precambrian dolomites. PhD thesis, 
University of Durham, 216 p. 

Illing, L. V., Wells, A. J., Taylor, J. C. M. 1965. Penecontemporary 
dolomite in the Persian Gulf. In: Pray, L. C., Murray, R. C. 
(Eds.), Dolomitization and Limestone Diagenesis. SEPM 
Special Publication 13, 89–111.

Jones, B., Luth, R. W., MacNeil, A. J. 2001. Powder X-ray 
diffraction analysis of homogeneous and heterogeneous 
sedimentary dolostones. Journal of Sedimentary Research 
71(5) 790–799.

Kaczmarek, S. E., Sibley, D. F. 2011. On the evolution on dolo-
mite stoichiometry and cation order during high-tempera-
ture synthesis experiments: An alternative model for the 
geochemical evolution of natural dolomites. Sedimentary 
Geology, doi:10.1016/j.sedgeo.2011.07.003

Kinsman, D. J. J. 1966. Gypsum and anhydrite of Recent age, 
Trucial Coast, Persian Gulf. 2nd Symposium on Salt, Vol. 
1. Northern Ohio Geological Society, Cleveland, Ohio, 
302–326.

Land, L. S., 1967. Diagenesis of skeletal carbonates. Journal of 
Sedimentary Petrology 37, 914–930.

Land, L. S. 1985. The origin of massive dolomite. Journal of 
Geological Education 33, 112–125.

Lakova, I., Yanev, S. 1989. Contribution to the subdivision and 
dating of part of the Paleozoic sequence in Northeast Bulgaria 
based on data from the OP-2 Mihalic parametric well. Comptes 
Rendus de l’Academie bulgare des Sciences 42(8) 51–53.

Lumsden, D. N. 1979. Discrepancy between thin section 
and X-ray estimates of dolomite in limestone. Journal of 
Sedimentary Petrology 49, 429–436.

Lumsden, D. N., Chimahusky, J. S. 1980. Relationship between 
dolomite nonstoichiometry and carbonate facies param-
eters. In: Dunham, J. B., Ethington, R. L. (Eds.), Concepts 
and Models of Dolomitization, Society of Economic 
Paleontologists and Mineralogists (SEPM) Special Publica-
tion 28, 111–121.

Morrow, D. W. 1978. The influence of the Mg/Ca ratio and 
salinity on dolomitization in evaporite basins.  Bulletin of 
Canadian Petroleum Geology 26, 389–392.

Morrow, D. W. 1982. Diagenesis 2. Dolomite – Part 2. 
Dolomitization Models and Ancient Dolostones. Geoscince 
Canada 9, 5–13.



38

Shinn, E., Ginsburg, R. N., Lloyd, R. M. 1965. Recent supratidal 
dolomite from Andros Island. In: Pray, L. C., Murray, R. C. 
(Eds.), Dolomitization and Limestone Diagenesis, SEPM 
Special Publication 13, 112–123.

Sibley, D. F., Gregg, J. M. 1987. Classification of dolomite rock 
textures. Journal of Sedimentary Petrology 57, 967–975.

Spassov, Ch. 1987. The Devonian system in Bulgaria. In: 
Flügel, H. W., Sassi, F. P., Grecula, P. (Eds.). Pre-Variscan 
and Variscan events in the Alpine-Mediterranean moun-
tain belts. Mineralia Slovaca Monography, Alfa Bratislava, 
435–444.

Sperber, C.M., Wilkinson, B.H., and Peacor, D.R., 1984. Rock 
composition, dolomite stoichiometry, and rock/water 
reactions in dolomitic carbonate rocks. Journal of Geology 
92(6), 609–622.

Tucker, M. E., Wright, V. P. 1990. Carbonate sedimentology. 
Oxford, Blackwell, 482 pp.

Warren, J. 2000. Dolomite: occurrence, evolution and eco-
nomically important associations. Earth Science Review 
52, 1–81.

Wenk, H. R., Meisheng, H., Frisia, S. 1983. Partially disordered 
dolomite: Microstructural characterization of Abu Dhabi 
sabkha carbonates. American Mineralogist 78, 769–774.

Yanev, S. 1972. Lithologic subdivision and correlation of the 
Devonian and Lower Carboniferous sediments from wells 
in Northeastern Bulgaria. Bulletin Geological Institute 21, 
101–124. (in Bulgarian with German abstract).

Yanev, S., Boncheva, I. 1995. Contribution to the Paleozoic 
evolution of the recent Moesian platform. Geologica Bal-
canica 25(5–6), 3–21. 


