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Abstract. The geochemistry of Triassic metacarbonate rocks from the Sakar unit, Sakar-Strandzha zone recorded
condition on deposition environments and primary (protoliths) composition. The metacarbonate yielded trace element
distribution that conform seawater condition on shallow shelves under oxic conditions and coincide interpretation of
Chatalov (1990). The REE pattern determines low to moderate contamination of terrigenous material. The significant

variation of Sr can be efficient for distinguish the metacarbonates in SE Bulgaria.
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Introduction and geological settings

The major and trace elements in carbonate rocks
provide knowledge about their overall composi-
tion and depositional conditions (water depth, sa-
linity and oxygen level; e.g. Frimmel, 2009). Most
of the geochemical features of the carbonate rooks
are preserved during metamorphism, as the decar-
bonitisation of pure marbles is rare due to the high
thermal stability of carbonate minerals under most
metamorphic conditions (Yardley, 1989). The geo-
chemical aspects of metacarbonates characterize the
depositional environment and we will try to recon-
struct the paleo-redox conditions, detrital input, and
seawater chemistry during deposition of a Triassic
metacarbonate succession in Sakar Unit — Sakar
Type Triassic (STT, Chatalov, 1990). The STT is
characterized by transition from clastic to clastic-
carbonate and carbonate rocks, affected by green-
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schist to amphibolite facies metamorphism (e.g.
Tzankova, Pristavova, 2007; Chavdarova, Machev,
2017; Vladinova, Georgieva, 2021). The studied
metacarbonate rocks are calcite and dolomite mar-
bles as well as impure marbles, and belongs to the
Srem and Ustrem Formations, deposited in a shal-
low water carbonate platform setting (Chatalov
1990). The Early—Middle Triassic sedimentation
age of metacarbonates is determined by biostrati-
graphic data (Chatalov, 1990) and confirmed by
strontium isotopic composition (Bonev et al., 2022).

Methodology and samples description

Thirteen samples (5 samples from Western and 7
samples from the Eastern Sakar Unit) were analyzed
for major and trace elements. The chemical analysis
of major elements (Ca, Mg, Si, Al, Fe, Na, K, Ti,
Mn, P) was carried out by XRF in fuse beads at the
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Sofia University St. Kliment Ohridski and trace ele-
ments (Cr, Co, V, Zn, Y, Zr, Nb, Cs, Ba, Pb, Rb,
Sr, REE, Th, U) by LA-ICP-MS at Geological Insti-
tute, BAS. Carbonate analyses were performed by
treating with 3% HCI for 3 hours the samples. It
provided the content of CaO and MgO in carbonate
minerals and insoluble compound (mainly silicates
and accessory minerals).

The samples were collected from massive pure
marbles and thin layers of impure marbles from
metasediment succession near to the Klokotnitza vil-
lage area and from Srem Formation in the area of the
town of Topolovgrad. The pure calcite and dolomite
marbles are massive, medium to thick layered and
milky white to grayish in color (Fig. 1a). The impure
marbles associate with carbonate-silicate schists and
show a gradual transition from silicate to carbonate
rocks. Both dolomite and calcite pure marbles and
impure marbles are composed mainly of carbonate
minerals (calcite and dolomite) with minor amount
of muscovite, plagioclase, opaque minerals, and ru-
tile. The calcite is fine- to medium-grained with de-
formation lamellae and weakly elongated parallel
to the muscovite bands, which define the foliation
(Fig. 1b). Quartz in lenses and bands exhibits slightly
undulatory extinction with signs of static recrystal-
lization. Single plagioclase grains are subparallel to
the foliation. Opaque minerals are square, rectan-
gular, isometric, and elongate and follow the weak
foliation. The rare rutile grains are rare, probably of
detrital origin. The studied pure calcite and dolomite
marbles contain <5% silicate minerals and impure
marbles with 5-50% silicate minerals, after Rosen et
al. (2007). The content of silicate minerals roughly
correlates with analyzed insoluble compound from
carbonate analyses, which in studied samples is
<10 wt %. Insoluble content is lower in dolomite
marbles than in calcite marbles.

Geochemistry

CaO is the dominant oxide in the studied metacar-
bonates and ranges from 29.88 to 52.91 wt %. The
second most abundant oxide is MgO and its con-
tent varies from 0.54 wt % in calcite marbles to
20.73 wt % in dolomite marbles. CaO/MgO ratio is
higher in calcite-dominated rocks (7.9-94.3 wt %)
relative to dolomite marbles (1.5-1.73 wt %). SiO,
ranges from 0.37 to 8.10 wt %, average 3.76 wt %.
Other oxides (Al,O,, Fe,O;, TiO,, MnO, K,0) are
in minor content and together with SiO, show posi-
tive correlation with insoluble silicate compound
(Fig. 1c), suggesting that they build up mainly the
silicate minerals and the detrital siliciclastic influx
was relatively low. ALO, (0.08-2.45 wt %) and
Fe,0,* (0.05-1.54 wt %) show a positive correla-
tion and are present in phyllosilicates. Na,O content
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shows no correlation with either CaO or the insolu-
ble compound and for most of the samples the total
alkalis content (Na,O+K,0) is very low 0.04-0.65,
average 0.26 wt %. We observed relatively high
P,O, content (0.07-0.28 wt %, average 0.16). High
phosphate concentrations are recorded in shoreline
carbonates at orders of magnitude greater than in
typical marine carbonates (Ingalls et al., 2020) or
could be related to supply of detrital apatite. The
trends of enrichment and depletion are also evident
from the PAAS-normalized diagram for major el-
ements (Taylor, McLennan, 1985) (Fig. 1d). We
observed significant variations in Fe,O,* and MgO
content, increased CaO content, elevated P,O; con-
tent and depleted MnO and K,O concentrations.

Trace elements

Only Cr, Co, V, Zn, Cu, Y, Zr, Nb, Cs, Ba, Pb,
Rb, Sr, Th, and U were above their detection lim-
its. Large variations are recorded in the concentra-
tion of Sr with lower content in dolomite marbles
(58-164 ppm), moderate content in calcite marbles
for western part of the Sakar Unit (220-778 ppm)
and much higher content in the eastern part (1086—
4267 ppm). We suppose that the Sr content is inher-
ited from the protolith, as the Sr content in sediment
carbonate rocks reflect the diagenetic processes — Sr
is realized during the dolomitization of aragonite,
and also decreases with burial depth, but depends
on the Sr/Ca ratio of the water from which is pre-
cipitated. Calcite after aragonite might retain a high
strontium content (>1000 ppt) (Tucker, Wright,
1990). The other LIL (Rb, Pb, Ba, Cs) (Fig. le)
and HFS elements (Zr, Nb, Th) show positive cor-
relation with insoluble compound in marbles, and
negative to no correlation with CaO+MgO from
carbonate analyses, indicating that they are included
mainly in detrital silicates and minor minerals. Sys-
tematic differences in concentrations of trace ele-
ments between dolomite and calcite marbles are not
apparent. Uranium concentrations (0.24—4.18 ppm,
average 1.03, n = 11) are uncorrelated with insolu-
ble compound and are present in similar concentra-
tion ranges in dolomite and calcite marbles. Low
content of U indicates that the protolith carbonates
precipitated under oxic environments.

Vanadium, Cr, Co, Cu, and Zn do not correlate
with Fe,0;*, insoluble compound and CaO+MgO
in carbonates, suggesting that they could be present
in different minerals: carbonate, silicate minerals,
oxide, etc.

Since the REE content in metamorphic fluids is
extremely low, alteration of whole-rock REE pat-
terns during metamorphic fluid-rock interaction
is rather ineffective, unless the water/rock ratio is
>>100-1000 or infiltration metasomatism is severe
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Fig. 1. a) Field photograph of massive, porcelain, dolomite marble, south of the Ustrem village, Topolovgrad area; b) Microphoto-
graph of medium-grained calcite marble with elongate calcite grains and muscovite defining a foliation, single quartz and opaque
minerals (XN); ¢) Plot of major oxides vs insoluble compound from carbonate analysis; d) PAAS-normalized spider diagram for
major and trace elements, PAAS values are from Taylor and McLennan (1985); e) plot of LIL elements, Th and U vs insoluble
compound from carbonate analysis; f) PAAS-normalized REE-Y patterns for studied marbles

(Bau, 1991) and REE systematics could be used to
identify the influence of terrestrial input. Most of
the HREE were under their detection limits, but the
few REE-Y PAAS-normalized patterns are seawa-
ter-like: with LREE depletion (average (Nd/Yb)
n = 0.51, n = 6), negative Ce/Ce* anomaly (0.39-
1.07, average = 0.8, n = 12) and positive La anomaly
(Fig. 1f). Ce and La anomalies are sensitive to detri-

tal contamination (Tobia et al., 2020) and in studied
samples indicate precipitation from seawater with
some clastic input. The positive PAAS-normalized
Eu/Eu* anomaly (0.95-1.61, average = 1.21,n =4)
and Y/Ho ratio (average = 38.6, n = 4), that is lower
than the typical seawater value (~44—74) also sug-
gests modification of the seawater during precipita-
tion with fresh water of clastic material.
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Conclusions

We used major and trace elements in metacarbon-
ates from Sakar Unit in an attempt to reconstruct
the parameters of the depositional environment,
suggesting that most of the trace elements remain
immobile during metamorphism and reflect the
composition of protoliths. Most of the major ox-
ides, besides CaO and MgO, strongly correlate
with insoluble compound and are present mainly
in silicate minerals. The Sr content varies signifi-
cantly between eastern and western part of the Sa-
kar Unit and could be used for discrimination of
metacarbonates from metamorphic complexes of
South Bulgaria. Additionally, using Sr isotopes,
Bonev et al. (2022) inferred different depositional
times for metacarbonates from the two parts of the
Sakar Unit. The REE-Y patterns indicate that the
metacarbonates preserve their original seawater-
like REE pattern, and the contamination with ter-
rigenous materials was low to moderate — depletion
in LREE, negative Ce anomaly, positive La and Eu
anomaly, low Y/Ho ratio. Low U content evidences
deposition of protoliths under oxic environments.
Our observation is in line with Chatalov (1990) for
deposition of carbonate rocks from the Sakar Unit
at shallow water, warm carbonate platform, close to
the continental margin.
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