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I'. A. Yamaaoe — Jlumoaoeus u nempoaocuss ¥cmpemckoti ceumst (Huxcnud mpuac) ¢ Cakap-ITaanure
(fOB bBoaecapus). Ycrpemckasi cBHTa (HHXKHHH TpHac) otHocHTcs K CakapckoMy (MeTamop@Hueckomy)
tuny Tpuaca. [TocsenHHit BepOSITHO HAXOMMTCH B aJJIOXTOHHOM IOJNIOXKEHHH. B ero cocraB BXOAAAT HaH-
Gosee cuJIbHOMeTaMOpP(PH30BaHHBIE TpPHACOBbe MOpoasl B Bosrapuu (amdubonnrosas dauus). Ycrpem-
CKasl CBHTa OTHOCHTCS K CM3TCKOMY sipycy. B Mpamopax, metakBapuHTax H aM(pHGOJHTAX YCTaHOBJEHO
3HAYHTEJbHOE KOJHYeCTBO OTNeYaTKOB GHBaibBHH. CBHTa CJIOXKeHa OYeHb Pa3HOOGPa3HBIMH TOpPO-
Aamu. Hx wmowmHocTs RoctHraer 2250 m. [aBHbe mopoanl — KBapU-CTIOASHBE CJAaHLB C NOP-
¢upoGractamd OHOTHTA, TpPaHAT+CTAaBPOJHT, MPaMOPH H KBapU-CHIOAAHBE KaJbLHTOBBE CJIaH-
nsl ¢ nopoupo6aacramu GHOTHTAa. BTopocrenennne nopoas — meTanecyaHWkH H ampubonuthl. Cnemw-
¢uyeckHe o6pa3oBaHHST MPeACTaBJSIOT MapraHNEBO-}KeJe3Hble H CBHHIOBO-IHHKOBBIE MHHEDPaJH3alHH.
XapakTepHO HaJaH4YHe MeTaMOp(HYECKHX KBapueBHX KuJ. OcaloyHble MOPOJM YCTPEMCKOH CBHTHI
npeTeprnesH PerHOHajbHbIl AHHAMOTepMaJbHBIH MeTamMOphu3M cpelHeil crenenu (ambuGonurtosas da-
nusi). HccaeloBanne nepBHYHBIX CeJlHMEHTAIHOHHBIX YCJOBHH (NpOTOreHe3nca) MO3BOJISET BHIAEAHTH
JBe r1aBHble OGCTAHOBKH — MEJKOBOAHYIO MOPCKYIO CpPely C CHJIbHBIM BJHSHHEM CYLIH H MEJKOBOJX-
HYI0 MOPCKYI0 Cpelly, JHIIEHHYIO TePPHTeHHOTO BiAHSHHS. B mepBoii o6pa3yioTcsi TeppHreHHO-Kap6o-
HaTHBle dauMH, a BO BTOPOil BeipacTaeT Mpamopckasi kap6onatnas nocrpoika. O6e o6cTaHOBKH 06yc-
JIOBJIEHH crenH(GHYeCKHMH MaJeoreoMophONOrHUEeCKHMH YCJAOBHAIMH.

Abstract. The Ustrem Formation (Lower Triassic) belongs to the Sakar (metamorphic) Triassic. This
Triassic type is probably in allochtonous position. It includes the most strongly metamorphosed Trias-
sic rocks in Bulgaria. The Ustrem Formation belongs to the Spathian. A great number of bivalvia
prints have been established in marbles, metaquartzites and amphibolites. Tt is built up of rather va-
ried rocks. They reach up to 2250 m in thickness. Main rocks are quartz-mica schists with porphyro-
blasts of biotite, garnettstaurolite, marbles and quartz-mica calcitic schists with porphyroblasts
of biotite. Metasandsones and amphybolites are secondary rocks. Manganese-ferrous and lead-zink
mineralizations are specific formations. The presence of ‘metamorphic quartz veins is characteri-
stic. The Ustrem Formation sediments have undergone regional dynamothermal metamorphism of
medium degree (amphibolite facies). The study of the original conditions of sedimentation (protoge-
nesis) allow to be distinguished two main environments —a shallow-water marine environment strong-
!ly affected by the dry land and a shallow-water marine environment void of terrigenous influence.

errigenous-carbonate facies are formed in the first one while the Mramor carbonate buildup grows up
in the second one. Both environments are determined by specific paleogeomorphologic conditions.

Introduction

The Ustrem Formation belongs to the Sakar Triassic. The latter is subdivided in three
Formations: Paleokastro Formation (Lower Triassic, lower parts), Ustrem Formation
(Lower Triassic, upper parts) and Srem Formation (Middle Triassic). The Sakar Trias-
sic sharply differs from the other Triassic types in Bulgaria (Balkanide, Sub-Balka-
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nide, East-Balkan and Strandza types). It is characterized by: vast rock variety, pe-
riodic abundance of benthos fauna, very large thickness (up to 2500 m only to the Mid-
dle Triassic inclusive), manganese-ferrous and lead-zink mineralization, restricted

acid magmeatism and relativelv highest degree of metamorphism (to amphibolite fa-
“ies inclusive).
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Fig. 1. Geologic map of the Sakar Mountains and the adjacent areas: /—6 — Pre-Cambrian: / — cry-
stalline schists; 2 — Ivanovo Formation (eye gneiss and porphyroblastic migmatites); 3 — Konstan-
tinovo Formation (metaconglomerates ); 4 — Mladinovo Formation (gneisses, gneiss schists and
amphibolites); 5 — Lisovo Formation (amphibolites); 6 — Lesovo gneiss-granites (metamorphosed
granites and granodiorites); 7 — /1 — Paleozoic: 7 — marble-phyllitic formation — Lower Devo-
nian; 8 — granitoids (undivided); 9 — porphyroidic granites; /0 — medium-grained granites;
11 — aplitoidic granites; /2 — 15 —Triassic: /2 — Sub-Balkanide Triassic ;: 13 — Paleokastro
Formation (metaconglomerates and metasandstones) — Lower Triassic, lower part; /4 — Ustrem For-
mation (silicate and silicate-carbonate crystalline schists and marbles) — Lower Triassic, upper part;

15 — Srem Formation (calcitic and dolomitic marbles) — Middle Triassic; /6 — Eastern Thracian
Group — Lower and Middle Jurassic; /7 — 18 — Upper Cretaceous: /7 — volcanogenic and volca-
nogenic-sedimentary rocks — Senonian; /8 — Upper Cretaceous intrusions; /9 — 22 — Neozoic:

19 — Marica and Gledacevo Formation (sands, marls, limestones, clays, coals) — Miocene; 20 — Elho-
vo Formation (sands, clays, coals) — Meot-Pliocene; 2/ — Ahmatovo Formation (sands, siltstones,
clays) — Meot-Pliocene; 22 — Pliocene-Quaternary sediments; 23 — fault; 24 — thrust

Data on Sakar pluton and Pre-Cambrian crystalline schists are after Kox yxapos &
Kox yxaposa (1973)
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The Ustrem Formation is characterized by the largest rock variety. The litholo-
gic and petrologic investigations of these rocks are few in number (Catalov, 1961;
Bosnos et al.,, 1965; Koxyxapos et al., 1966; Komyxaposa &
Koxyxapor, 1978 Catalov, 1985). The aim of the present paper is to in-
vestigate: a) fabrlc and composition of the rocks; b) their chemical and geochemical
characteristics; c¢) the degree and type of metamorphism; and d) the protogenetic fa-
cial peculiarities. A protogenetic sedimentologic model has been the final aim of the
lithologic investigations.

The field and laboratory data have been collected for many years and comprise
about 100 specimens investigated in polished planes, thin sections, chemically, geo-
chemically (X-ray fluorescent and atom-absorption), X-ray and with microanalyser
(Jeol Superprobe 733).

Stratigraphy
Detailed data on the stratigraphy of the Ust-  [TjR
ostrad, .
rem Formation were presented during the tigraphy thho- Chrono
last years (Catalov, 1985, Yatauaoer, ?Brmcmon logical{strati-
1987). The Formation is built up by an al- Member |columnigraphy 7
ternation of silicate and silicate-carbonate [Thickness -
crystalline schists and marbles. [ts lower bo- ~\Pliocene @2
undary is positicned in the base of the first
layer of quartz-carbonate mica schists with or © =713
without biotite porphyroblasts. The upper bo- T[' 9 ]
undary isdrawninthe base of the first layer S T o A 14
of gray dolomitic marbles which form a packet rem -
in the lower part of the Srem Formation (Figs 981m /// o %5
2, 3). The Ustrem Formation is subdivided - o E
into four Members — Guma, Kerimar, Mra- B 1B 6
mor and Canaklii (Fig. 2). The Mramor Mem- 7] = %7
ber is a carbonate buildup which articulates 7 7)
with the terrigenous-carbonate and terrigenous Chana- =518
rocks of the Kerimar Member (Fig. 3). It is kil
found only in the region of the village of 36m & =] 9
Mramor (Hartaanow, 1985 p. 133, Fig. 2). E kg
The Ustrem Formation belongs to the Topo- |32 70
lovgrad Group. —
- ©
GE) Kerimar| n
Fig. 2. Column section of the Sakar Triassic at the | 982mf. ps.
town of Topolovgrad + &
I — Neozoic sediments; 2 — metamorphic (lateral 0
secretion) quartz veins (+feldspar, disthene, musco- oD a—)
vite, biotite); 3 — dolomitic marbles; 4 — crinoidal 3
calcitic marbles; 5§ — calcitic marbles with crinoids; Z
6 — calcitic marbles; 7 — quartz-bearing calcitic GUFT\G\. !
marbles; 8§ — quartz mica schists with porphyro- b
blasts from staurolile, garnet and biotite; 9 — quartz- 176m
mica schists with porphyroblasts from garnet and bi-
otite; 10 — quartz amphibolites; 7/—bimica quartz- Paleok
calcite schists with biotite porphyroblasts; 712 — qu- ateoxa-
artz metasandstones; /3 — metaarkoses; /4 — bimi- stro
ca quartz schists; 15 — muscovite- or biotite-quartz
schists; /6 — metaconglomerates and metagravelsto- S ——
nes; /7 — bimica and biotite gneiss-schists; 1§ — Mladinovo |
amphiboles; /9 — paleoerosion boundary



The geological age has been determined on the basis of several specimens from Cos-
tatoria castata Z e n k e r, Gervilleia (Bekewellia) cf. modiola Frech and Myalina
sp. The fossils are determined by L. R. C o x (British Museum Natural History, Lon-
don) and L. D. Kiparisova (VSEGEI, Leningrad). It is agreed that the For-
mation belongs to the upper parts of the Lower Triassic, probably to the Spathian sta-
ge. Bivalvia are presented as prints on a weathered marble and amphibolitic surface
(UaTauaos, 1960) (Plate I, Figs 5, 6: Plate 11, Figs 1, 2. 3).

The thickness of the Formation reaches up to 2250 m (Fig. 3). It is most widely
spread in the Topolovgrad syncline. It is more sparsely found in the Sakar Mountains
and the region of the village of Orlov Dol, Svetlina, Gradec and Madrec (Fig. 1.).

Lithology and Petrology
Fabric and composition

The Ustrem Formation is built up of alternations of three basic rock groups — sili-
cate rocks (metasandstones and metapelites),”silicate-carbonate (quartz-mica calcitic
schists with or without biotite porphyroblasts) and carbonate (calcitic and dolomi-
tic marbles). Stratification is characterized by an uneven alternations of beds and pack-
ets consisting of these rocks. Two main tendencies from the bottom upwards are observ-
ed in the section: a) increase of the carbonate rocks at the expense of the silicate ones,
and b) gradual disappearance of the metasandstones (up to the middle of the section)
and their substitution with metapelites.

Nevertheless theregional metamorphism stratification is preserved since the indi-
vidual initial layers are preserved, even sharply distinguished from one another. The
internal bedding of the layers is however deleted.

The Guma Member is built up of uneven alternation of quartz-mica calcitic schists,
metaarkoses, quartz-mica schists and marbles. Almost the same rocks build up the Ke-
rimar Member. The metaarkoses dissappear while the amount of the marbles highly
increases. Amphibolites and metaquartzites appear. The mica schists contain a con-
siderable amount of porphyroblasts formed of garnet, biotite, and staurolite. The Ca-
naklii Member is built up only of marbles (calcitic, calcite-dolomitic and dolomite-
calcitic). The Mramor Member is also built up only of marbles (calcitic, dolomite-
calcitic, calcite-dolomitic and pure dolomitic).

The main rocks of the Formation are quartz-mica schists with porphyroblasts
from biotite, garnet+staurolite, marble and quartz-mica calcitic schists with porphy-
roblasts from biotite. Metasandstones and amphibolites are secondary rocks. Ferrous-
manganese (the village of Oresnik, the village of Duganovo) and lead-zink minerali-
zation (the village of Planinovo) are specific formations. The matrix of the quartz-
mica schists with porphyroblasts from biotite, garnet and staurolite is lepidograno-
blastic. It is built up of quartz, plagioclase, muscovite and biotite measuring from
0.05 up to 0.1 mm. The matrix exibits a stream-lining round the porphyroblasts (Pla-
te I, Fig. 3). The latter ones have perfectly shaped crystals measuring from 1-2 mm
up to 3-4 mm (for biotite and garnet) and up to 1 and rarely up to 2.5 cm (for stauro-
lite). Twins at a right angle (032) or at a slant (232) are often observed. An explicitly
expressed sieve-wise texture is characteristic of the porphyroblasts (Plate I, Fig. 4).
The amount of the porphyroblasts reaches up to 35%. Also magnesiochlorite (develop-
ed along the biotite), apatite, tourmaline and ilmenite are observed under the mic-
roscope. The average mineral composition of these rocks shows: quartz (20-30%), mus-
covite (20-30%), biotite (15-25%), plagioclase (5-10%), garnet (10-20%) and stauro-
lite (0-20%). Quartz, disthene-quartz, and biotite-muscovite-feldspar--quartz veins
have been estabiished among these mica schists.
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The marbles are gray, brown, reddish, yellow and white. They are medium and
thickly layered (30-40 ¢m up to 90 cm) and massive constructing layers of 2-3 m. Some
quartz- and mica-bearing marbles and mcre rarely pure marbles from the Kerimar
Member are rich in prints of bivalvia (Plate I, Figs 5, ) and more rarely in crinoids
(Plate 1V, Figs 3, 4). The marble of the Kerimar and Canaklii Members are of a more
varied texture (from homeoblastic up to typical heteroblastic), relatively more coarse-
grained (0.1 — 1-2 mm) predominantly calcitic with well-expressed dynamogenic la-
mellae and they often contain quartz, biotite, muscovite, and pirite (Plate 111, Figs
2, 3. Plate V, Figs 2, 3). The marbles building up the Mramor Member are character-
ized by more uniform textures (homeoblastic isodiametric granoblastic), relatively fi-
ner grains (0.06—0.2 mm and 0.1 — 0.2 mm), predominantly dolomitic composition
and lack of admixtures (Plate V, Fig. 7). A maximal compact packing of the texture
is achieved there. At rectilinear boundaries with anjangle of 129°triple contacts are
observed quite often (Plate V, Fig. I). These are mainly distinguished with the dolo-
mitic type of grains — isometric polyhedrons, “rounded” and partially developed rhom-
bohedrons. Similar textures are observed also in the Srem Formation (Plate 1V, Figs
5, 6).

Quartz-mica calcitic schists with porphyroblasts from biotite have been formed at
the expense of silty-clayey carbonate rocks and their mineral composition is quite va-
ried (Table 1). Biotite blastoporphyric texture is characteristic of them. They are main-
ly constituted of biotite, muscovite, quartz, and calcite (Plate I, Fig. 2). Sometimes
the amount of clinoziosite and ziosite is considerable (up to 11%) (HataaoB &
IF'poznamnos, 1978). Plagioclase, pirite, rutile, zircon, tourmaline, and apatite
are also established. North of the Paleokastro Peak the following composition is pre-
cisely estimated: calcite — 27.7%, quartz — 26.2%, biotite — 17.7%, muscovite —
15.6%, clinozoisite and ziosite — 11.4%, accessories — 1.4%. The average mineral
composition of 5 samples is: calcite — 40%, quartz — 30%, biotite — 20% and mus-
covite — 10%. A particular attention has been paid at biotite and its petrogenic im-
portance. Its crvstallochemical formula has been determined:

[Ko.s2, Nag.osl 0.97

[Mg1.40, Feoeo, Feos:, Alasa, Tioos] 2.79

[(Sig.7;, Ali2s), 4.00 Oy9] [OHig2, Opor. Fou] 2.00

Details are given in the work by Catalov and Grozdanov (HUaraaosB &
F'posunaumnos, 1978). The metasandstones belong to the group of the quartz sandsto-
nes and arkoses (after I v 1o B, 1967). Quartz metasandstones have homeoblastic
isodiametric granoblastic texture with grains measuring from 0.1 to 0.25 m. The tex-
ture is strongly tightened. Sometimes they are transformed into metaquartzites (Pla-
te I, Fig. 7). Triple contacts with an angle of almost 120° are often observed which im-
plies a maximum degree of homogenization (Plate 111, Fig. 4). The following meta-
sandstones have been distinguished; quartz (90-95%), calcite-quartz (quartz — 60-80%,
calcite 20-40%) and muscovite-calcite-quartz (quartz — 70%, calcite — 20%, mus-
covite — 10%; -biotite, plagioclase, calcite feldspar; zircon, apatite, rutile, tourma-
litne and titanite) (Plate [I1I, Fig. /). Prints of bivalvia have been found in the sand-
stones.

Feldspar-quartz metasandstones (quartz 75-80%, feldspars 15-20%) and metaar-
koses (quartz — 7C%, feldspars —,30%) have been found only in the Guma Member.
They contain muscovite, biotite and calcite and accessories — zircon, rutile, and apa-
tite. It is typical that the feldspars have undergone degrading recrystallization.

Amphybolitic rocks are in a very small amount.and are met as a layer measuring
5-10 cm in thickness rarely up to 20-30 cm. The dimensions of the amphybol crys-
tals are 1-2:< 10-12 mm and rarely reach 2> 25 mm. They have a strongly expressed sieve-
wise texture under the microscope. The An 4_z plagioclase is mainly non-lamellat-
ed. The mineral composition is as follows: amphibole — 30-50%, quartz — 20-40%,
plag ioclase — 10-30%. According to this composition the quartz amphibolites (pla-
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gioclase>>20%) and plagioclase-quartz-amphibolitic schists have been distinguished
(plagioclase<<20%). The chemical composition of these rocks is presented in Table 2.
A well-preserved bivalvia fauna has been found in amphibolitic rocks (Plate II, Figs
L 25 3).

The vertical alterations in the Formation are characterized by an increase o' the
carbonate rocks at the expense of the silicate ones. The terrigenous-carbonate rocks of
the Kerimar Member articulate in horizontal direction with the massive pure carbona-
tes of the Mramor Member (Fig. 3).

Chemical and geochemical characteristics

The following semples: 33-Tp, 34-Tp, 16-Tp, petrographically determined as bimica
quartz-calcitic schists with biotite porphyroblasts, are rocks of a very complex com-
position (Table 1). In the present name albite is not included. Its amount is higher than
5% and reaches up to 10% if there is no paragonite among the white mica. The amount
of Si0O, alters from 22.20 up to 30.80% while that of Al,O4 from 8.40 up to 11.42%.
The amount of CaO is from 25.45 up to 31.74% while that of Na,O+4K,O — from 2.88
up to 4% . Fe and Mg are mainly connected with biotite. The chemical composition of
this group of rocks corresponds to the mineralogical composition according to data ob-
tained from the microscopic studies. The second conclusion that may be drawn con-
cerns protogenesis or the original lithologic composition, which according to the che-

Table 1
Chemical composition (%)) of rocks from the Ustrem Formation (Lower Triassic)

Sample No
Oxide

41-A-Tp '33-Tp ) 34-Tp{ 16-Tp | 6-Pl-2 ‘ 42-Tp | 2-P1 } 4-Pl ‘ 4-Pl-1 1 37-Tp ' 38-Tp
SiOg 58.40 2220 22.67 30.80 56.50 61.40 58.16 58.36 57.75 58.30 59.49
TiO, 0.70 0.25 0.28 0.47 0.70 0.20 0.88 1.09 1.71 0.75 0.77
Al,04 17.10 8.50 8.40 11.42 17.81 8.06 20.25 20.49 19.81 19.20 18.87
FeyO3 3.98 1.21 1.40 2.45 1.34 0.95 3.57 3.12 2.79 4.07 4.66
FeO 1.40 1.20 1.83 4.62 2.00 4.06 3.98 4.83 4.03 2.45
MnO 0.03 0.06 0.06 0.09 0.06 0.05 0.17 0.14 0.16 0.08 0.07
MgO 2.20 5.40 6.13 272 3.95 150 2.90 2.94 2.97 2.90 2.40
CaO 3.98 30.74 29.06 25.45 6.70 1192 1.67 2.72 271 0.96 1.10
Na,O 0.76 0.86 0.93 1.34 1.04 2.12 145 1.25 1.23 1.19 1.28
K,O 7.20 2.02 2.12 2.66 3.31 1.14 3.28 3.38 3.26 3.30 3.13
P50y 0.27 0.07 0.07 0.09 0.13 0.06 0.14 0.13 0.13 0.14 0.14
S 0.07 0.01 0.07 0.01 0.01 0.02 0.02 0.01 0.01 0.01
H,O— 0.20 0.14 0.10 0.30 0.26 0.22 0.38 0.15 0.27 0.29 0.63
H,O+ — 3.73 4.71 0.27 1.93 0.65 2.42 1.99 2.23 4.40 4.39
CO, — 23.52 22.89 20.25 1.61 993 0.18 0.22 0.09 0.10 0.21
Heat
loss 4.80

100.17 100.19

05 —0.04 —0.04
Sum 99.62 100.13 100.03 100.15 99.97 100.21 99.73 99.98 100.00 99.72 99.60

Analyzed by: M. Popova, K. Hrilopanova, P. Boneva, N. Filipova, V. Micilkova, E. Asenova; wet
analysis; Geological enterprise for laboratory investigations, KG Determination of samples: 41-A-Tp
muscovite-biotite-quartz schist; 33-Tp, 34-Tp, 16-Tp bimica quariz-calcitic schists with porphyroblasts :
from biotite ; 6-P1-2 calcile-bimica quartz schists with porphyroblasts from biotite ; 42-Tp calcite-feldspar-
quartz metasandstone ; 2-Pl, 4-Pl-1, 37-Tp, 38-Tp bimica plagioclase-quartz schists with porphyroblasts
from biotite, garnet and staurolite. The samples marked with Tp are from the Topolovgrad region,
while those marked with Pl — from the region of the village of Planinovo.
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mical bulk composition corresponds to the marles (O ¢ u n o B a, 1950, after X Bo -
p o B a, 1958). The second large group of samples (2-Pl, 4-Pl1, 4-PIl-1, 37-Tp, 38-Tp)
contains Si0O, from 57.75 up to 59.49%, while Al,O;— from 18.87 up to 20.49% (Table
1). The sum of Na,O+ K,O amounts to 4.41—4.73. The Na,O/K,O ratio is from 0.37
up to 0.44 while that of SiO,/Al,O; — from 2.84 up to 3.15. These data as well as the
content of Fe and MgO characterize a former clayey rock of a chlorite-hydromica com-
position. The mica schists analysed in the present paper are more stable with respect
to the sums and ratios derived in comparison to the slates of the Vasiljov Formation
(Middle Triassic, Sub-Balkanide type). Furthermore, the values of the Na,O/K,O ra-
tio are considerably higher while those of the SiO,/Al,O; ratio are smaller. The first
one may be explained by the formation of plagioclases while the second one — by the
formation of well-individualized alumosilicates and drawing of SiO, into the quartz
veins. The protogenesis of the 41-A-Tp sample is suggested to be clayey sandstone,
while that of the 42-Tp — limy feldspar-quartz sandstone (Table 1). The samples (3-Pl.
3-Pl1-1, 2/13, 4-Pt-1) marked as quartz amphibolites contain SiO, from 54.80 up to 60.51 %
(Table 2). The amount of Al,O, is from 18.22 up to 20.10%; the amount of Na,O is
higher than that of K,O except for the 3-Pl-1 sample where biotite is observed. The
chemical bulk composition of the samples studied,’at a predominantly isochemical meta-
morphism, allows to be concluded that the protogenesis or the original lithologic com-
position is connected with the limy-sandy clayey rocks up to limy-clayey sandy ones
(but not marls). The samples marked as plagioclase-amphibole-quartz schists (4-Tp-2,
4-Tp-3 and 8-Tp) contain SiO, from 68.81 up to 74.75%. At the same time the amount
of AL,O, is considerably smaller in comparison with the first group from 10.96 up to

Table 2
Chemical composition (°/,) of rocks of the Ustrem Formation (Lower Triassic)

Sample No
Oxide i

3-Pl 3-Pl-1 s 213 4-Tp-l ' 4-Tp-2 l 1-Tp-3 ‘ 8-Tp
SiO, 54.80 56.00 59.80 60.51 68.81 71.82 74.75
TiO, 0.71 0.79 0.81 0.55 0.67 0.57
Al,Oy 19.99 20.10 16.19 18.22 11.13 11.85 10.96
Fey0, 2.15 ¥6.95 2.29 1.26 1.19 x3.00 x3.97
FeO 4.75 4.41 5.22 4.01
MnO 0.29 0.16 0.20 0.19
MgO 2.89 2.00 3.04 1.51 2.52 1.15 1.30
Ca0 9.66 6.10 9.72 9.47 7.36 8.85 6.36
Ma,0 0.60 0.53 0.89 0.60 0.50 0.20 0.51
K30 0.47 3.55 0.28 0.21 0.16 0.13 0.14
P,04 0.51 0.13 0.26 00.14 0.22
S 0.09 0.13 0.31
H,0- 0.23 0.57 0.19 0.23
H,0+ 2.68 1.64 1.57 2.50
CO, 0.01 0.03 0.01
Heat
loss 4.00 1.95 1.20
0=S 99.82 100.07 99.68

—0.05 —0.07 —0.16
Sum 99.77 99.36 100.04 100.00 99.53 99.62 99.76

Analyzed by: M. Popova, N. Kostadinova, E. Asenova, N. Malinova, V. Micilkova, wet analysis ;
Geological enterprise for laboratory investigations, KG; S. Kalpakcieva; wet analysis — 2/13; G. Pana-
Jotov, M. Levacka; X-ray analysis — 4-Tp-3, 8-Tp; Geological Institute, Bulgaiian Acad. Sci. Determi-
nation of samples: 3-Pl, 3-Pl-1, 2/13, 4-Tp-1 quartz amphibolites; 4-Tp-2, 4-Tp-3, 8-Tp — plagioclase-
amphibole-quartz schists. The samples marked with Tp are from the Topolovgrad region, those marked
With Pl — from the region of the village of Planinovo.
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11.85% . The content of Na,O is from 0.20 up to 0.51%. The protogenesis of these rocks
was connected with limy-clayey sandy sediments (Table 2). The chemical composi-
tion of the carbonate rocks is presented in Table 3.

Most of the element-admixtures studied from the Ustrem Formation are mainly
characterized by a content about the clarke. The metasandstones contain anomalous
contents of Sr, Ba, Mn, and Cu (sample 496-Z,). This makes them akin to the metasand-
stones of the Paleokastro Formation (Table 4). Mica schists and quartz amphiboli-
tes exhibit slight anomalous values in the individual samples of Cu (412-Tp) and Pb
(412-Tp). The marble beds of this Formation have contents mainly about the
clarke for most of the elements (Sr, Zr, Ti, V, €r, Mn, Cu, Zn, Pb (Table 5)). Ba,
Co, and Pb (5-1-Mr) have anomalous values for these rocks. Li, Mn, and Ni have low
underclarke contents. The calcitic and dolomitic marbles of the Mramor Member con-
siderably differ in respect to the Sr content — round the clarke in the case of the cal-
citic marbles and under the clarke in the case of the dolomitic ones (Table 6). The
concentrations of Rb, Ba, Co are anomalous and this also concerns Cu and Pb in some
samples.
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Fig. 3. Column sections of the Paleokastro and Ustrem Formations in the Topolovgrad Syncline

I — dolomitic marbles; 2 — calcite marbles with crinoids; 8 — calcite marbles; 4 — quartz-
bearing calcite marbles; 5 — mica-bearing marbles; 6 — quartz-calcite-mica schists 4+ biotitic
porphyroblasts; 7 — quartz-bimica schists; 8 — quartz-mica schists with garnet porphyroblasts;
9 — quartz-mica schists with porphyroblasts from garnet, biotite and staurolite; /0 — metasand-
stones with calcite cement; /7 — metagravelstones with individual pebble fragments and calcite ce-
ment; /2 — metaarkoses; /3 — quartz metasandstones; 74 — metaconglomerates and metasand-
stones; 15 — gneisses, gneiss-schists and amphibolites
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Fig. 4. Block diagram of the Topolovgrad Syncline. The ratio between lithostratigraphic units, basic
recent tectonic structures and paleostructure elements
I — Elhovo Formation (EF) (sands, clays, coals) — Meot-Pliocene; 2 — granites — Upper Creta-
ceous; 3 — dioritic dyke — Upper Cretaceous; 4 — recrystallized limestones and dolomites — Sub-
Balkanide (?) Triassic; 5 — Srem Formation (SF) (calcitic and dolomitic marbles) — Middle Trias-
sic; 6 — Mramor Member of the Ustrem Formation (calcitic and dolomitic marbles) — Lower Trias-
sic; 7 — Ustrem Formation (UF) (silicate and silicate-carbonate crystalline schists and marbles)
— Lower Triassic; 8 — Paleokastro Formation (PF) (metaconglomerates and metasandstones) — Lo-
wer Triassic; 9 — granites — Paleozoic; 10 — Mladinovo Formation (MF) (gneisses, gneiss schists
and amphibolites) — Precambrian; // — thrust; /2 — fault; PCD — Paleokastro Continental er-
ression; SCD — Srem Continental Depression; MCB — Mramor carbonate buildup; ZP — Zdravcev-
ska Paleoisland; TS — Topolovgrad Syncline; MSH — Melnik-Srem Horst.

The vertical and horizontal scales are not equal

Conditions of formation (protogenesis)

The difficulties with the lithologic investigations or with the protogenetic sedimento-
logic analysis of metamorphic rocks are well known. The sedimentation of a variegated
section consisting of alternating sandstones, clayey and limy sediments, occurred in a
shallow, warm marine basin of normal salinity and rather unstable bottom under geo-
synclinal conditions. Most probably the compensated sinking of the bottom had allow-
ed accumulation only to a part of the Lower Triassic above 2000 m of sediments (Fig.
3). This shows a considerable activity of the tectonic regime. The sea bottom was strong-
ly dismembered. At the beginning of the formation of the sediments south-east of the
village of Mramor the so-called Zdravcevska paleoisland existed (U a T a a0 B, 1985),
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Mean sea level
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Fig. 5. Model of formation of the continental graben depressions and
of the marine carbonate buildup of the Sakar facies type of Triassic

1 — massive limestones; 2 — layered limestones; 3 — clayey layer-
ed limestones; 4 — sandstones and conglomerates with individual
granitic gravel; § — sandstones and conglomerates built up mainly

of quartz-porphyritic gravel; 6 — crystalline basement. CGD —
continental graben depressions

over which the Mramor carbonate buildup, being a typical reef in terms of shape and
size, was formed (Figs 3, 4). Probably the fabric had resulted from an active hemo-
geneous and biogenic sedimentation; it measures up to 1600 m in thickness and about
8 km in length (Fig. 3). A protogenic sedi mentologic model on the formation of the Mra-
mor carbonate fabric is presented in Fig. 5. Biogenic processes had been favoured by
suitable living conditions during the formation of the Kerimar Member. Organisms
were presented by abundant benthos (bivalvia, gastropods, and crinoids). Dry land
considerably affected sedimentation. Its influence gradually decreased vertically and
at the time of sedimentation of the Canaklii Member it almost disappeared.

So that two main environments of sedimentation have been distinguished — a
shallow marine environment strongly influenced by the dry land and a shallow mari-
ne environment void of terrigenous influence characterized by pure warm waters. Ter-
rigenous, terrigenous-carbonate and carbonate sediments precipitated in the first en-
vironment, while in the second one a carbonate buildup was formed. The formation of
the latter was stimulated by three main factors — increased water temperature, puri-
ty of the terrigenous admixtures, and intensively sinking bottom. Both environments
existed simultaneously and the facies building them were laterally connected with
gradual transition (Fig. 5). Their formation was determined by paleogeomorphologic
factors which were the result of particular tectonic conditions.
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Metamorphism

The sediments of the Ustrem Formation have undergone regional dynamothermal me-
tamorphism of medium degree (after the scheme of Winkler, 1974, 1979). The
boundary between the low-degree and the medium-degree metamorphism coincides
with the incipience of the E sk ol a amphibolite facies.

The original fabric peculiarities of the rocks of the Ustrem Formation are deleted.
The internal bedding of the individual layers is substituted by metamorphic schistose
structures. The textures are also altered into metamorphic granoblastic textures exhi-
biting recrystallization and homogenization of a very high degree. The grains often
enter in triple contacts with straight or almost straight boundaries, the angles at the
triple points being about 120° or 120° (Plate 111, Figs 3, 4; Plate 1V, Figs 5, 6; Plate
V, Figs 1, 2, 8). This strong tightening and homogenization of the textures are of a great
practical importance as to the physicomechanical properties of the carbonate decorat-
ive-lining marble.

Metamorphic veins, formed during the metamorphic processes are characteristic.
They are built up of quartz. In the region of the village of Planinovo the quartz veins
contain a small amount of disthene, biotite, muscovite, and plagioclases. Pure quartz
is a particularly valuable raw material.

The first appearance of staurolite in the pelitic rocks from the Topolovgrad dis-
trict and the Sakar Mountains marks the beginning of the medium-degree metamor-
phism (=the amphibolite facies). The establishment of parallelly existing staurolite
and almandine garnet as contact parageneses determines the presence of staurolite-
almandine subfacies in the Topolovgrad Syncline. The establishment of disthene in
the region of the village of Planinovo (the Sakar Mountains) existing in paragenesis
with muscovite and almandine garnet determines the presence of disthene-almandine-
muscovite subfacies. For the time being it is the highest temperature subfacies found
out in the Mesozoic (Sakar Triassic) in the Strand7a zone. Both subfacies belong to the
almandine-amphibolic facies (Buukaep, 1969, Tepuep &dPepxyrems,
1961). The standard disthene-sillimanitic series of metamorphic facies, later becomes
popular under the name of facies series of the Barrow type (B v 1 x s1 e p, 1969). In the
three-membered classification of the barytic types of metamorphism, the facies series
of the Barrow type was assigned to the moderate pressures (M u st ¢ u p o, 1976). The
facies series of the Barrow type is characterized by almandinic garnet, staurolite and
disthene. According to Mu sicu po (1976) the low-temperature part of the amphi-
bolic facies is characterized by muscovite, biotite, almandinic garnet, staurolite and
disthene. All these minerals are established in the Sakar Triassic.

On the basis of studies on the mineral composition, the Triassic rocks from the To-
polovgrad district and the Sakar Mountains may be related to field IV-D of the mine-
ral facies diagram suggested by Mapaxkymer (1973, Fig. 81)'. Biotite-muscovite
and staurolitic gneisses and epidotic amphibolites are characteristic of this field. The
presence of biotite and common amphibole may be pointed out as a characteristic di-
stinguishing the investigated metamorphites from field I11-D, where staurolite is al-
so included. From MarakuSev’s diagram (Mapaxyuer, 1973) a relative tempe-
rature interval, from 450 up to 600 C, and a relative pressure interval, from 1.8 up to
6 sq., are given for the IV-D field.

; The temperature values are obtained according to the amphibole-plagioclase and
-biotite-garnet geothermometer. The initial data (X¢c, =Ca: (Ca-+Na+-K)) for the first
geothermometer are X2m (.83, 0. 84, and 0.84 and XP' 0.40 — 0.46 respectively for
samples 8-Tp, 4-Tp-1, and 4- Tp -2. The values from the corresponding diagram (IT e P-

9yk & Psaduuxkos, 1976, Fig. 82) in the order of the samples ar s:
525-550, 520-540, and 520-540°C. Accordmg to the second geothermom

L Unpublished data obtained by L. Grozdanov and G. Catalo



data — Mg: (Mg+Fe-+Mn) — for sample 4-Pl are 0.56 for biotite and 0.14 for garnet.
A temperature of 520°C is read from the diagram of the biotite-garnet geothermometer
(ITepuyk & Pa6uwukos, 1976, Fig. 94).

A diagram of the staurolite stability in the presence of quartz is drawn on the ba-
sis of thermodynamic calculations ITepuyx & Ps64ukosB, 1976, Fig. 47).
Acrording to this diagram, for temperatures of 520-550°C, the lower stability limit
of the staurolite--quartz paragenesis is a pressure of 2.5—3 sq., while the upper sta-
bility limit — about 9 sq.

Conclusion

1. The Ustrem Formation has the largest rock variety with respect to the mineral com-
position and the largest thickness in comparison with the other Formations building
up the Sakar Triassic. Due to this fact it is the most suitable Formation for studies with
respect both to the initial sedimentary (protogenetic) conditions and to the degree of
metamorphism.

2. The sediments of this formation were formed in the course of marine transgres-
sion which was advancing over a continental aluvial plain.

3. Two main environments of sedimentation are distinguished — a shallow-water
marine environment strongly influenced by the dry land and a shallow-water marine
environment void of terrigenous influence in which the Mramor carbonate buildup
grows.

4. The geochemical peculiarities of the rocks are expressed into anomalous (more

than 3-4 times higher than the clarke) concentrations of Rb, Ba, Co and in some sam-
ples of Cu and Pb.

5. The Ustrem Formation sediments have undergone a regional medium-degree
dynamothermal metamorphism. Temperatures from 520 up to 550°C are obtained on the
amphibole-plagioclase and biotite-garnet geothermometer. The pressure limits (P)
are determined within a very wide range — from 3 up to 9 sq.
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EXPLANATION OF PLATE 1

Fig. 1. Metaquartzite with subporphyric biotite and fine-scaly muscovite. Texture is quartzite-wise,
heteroblastic, granoblastic, strongly packed with rectilinear or microstylolitic jagged contacts bet-
ween the minerals. Ustrem Formation, Lower Triassic; north of the Paleokastro Peak, north-west
of the town of Topolovgrad; thin section 1-Tp, <N, - 50

Fig. 2. Quartz-muscovite-calcitic schists with porphyroblasts from biotite (in the middle) located at
aslant with its basal planes to the main schistositv. The matrix is lepidogranoblastic. Besides the mi-
nerals mentioned above, also albite zoisite, zircon, tourmaline. titanite, routile, apatite, and hema-
tite are present. Ustrem Formation, Guma Member, Lower Triassic; north of the Paleokastro Peak,
north-west of the town of Topolovgrad; thin section Ix —K/A, .50

Fig. 3. Rotary garnet porphyroblasts with lining of the matrix, radially cracked, comparatively poor
sieve-wise texture due to inclusions of fine-grained drop-wise quartz. Muscovite-quartz schist with
porphyroblast from garnet and staurolite. Mineral composition: quartz 45%, muscovite 35%, stauro-
lite 10%, garnet 5%, biotite (subporphyric), tourmaline and ilmenite, Ustrem Formation, Kerimer
Member; Lower Triassic; north of the Paleokastro Peak, north-west of the town of Topolovgrad; thin
section 2x — Tp, -+N, 50

Fig. 4. The same thin section and magnification. Part of a staurolitic porphyroblast of sievewise tex-
ture due to abundant quartz and ore mineral inclusions

Fig. 5. Bivalvia prints of weathered surface in fine-grained marble. Ustrem Formation, Kerimar Mem-
ber, Lower Triassic; the locality of Sv. Ivan, south of the town of Topolograd

Fig. 6. Weathering surface of quartz-bearing coarse-grained marble with bivalvia prints. Ustrem For-
mation, Kerimar Member; Lower Triassic; the locality of Sv. Ivan, south of the town of Topolov-
grad
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EXPLANATION OF PLATE 11

Fig. 1. Plasticine prints of Myalina (at top, in the right) and Myophoria costata (Z e n k e r) made
on a weathered relictorganogenic surface of quartz amphybolite (the other four samples). Determina-
tions were carried out by Prof. L. R. C o x (British Museum, Natural History, London). Weathering
surface of a fragment of quartz amphybolite with relict negative prints of bivalvia (at the bottom).
Bivalvia ribs are well expressed also on amphybolic crystals. The most important conclusions that
can be drawn concerning this figure are that actual metamorphic reactions proceed in a solid state
and that migration of substances is performed at atom distances or at distances not larger than the cry-
stal sizes. Ustrem Formation, Kerimar Member; Lower Triassic; the locality of Sv. Ivan, south of the
town of Topolovgrad

Fig. 2. Weathering relictorganogenic surface of quartz amphibolite. The same deposit

Fig. 3. Fresh surface of the same amphibolites
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EXPLANATION OF PLATE 111

Fig. I. Fine-grained calcite-quartz metasandstone (0.1—0.25 mm). The former calcitic cement has re-
crystallized in a way so that calcite grains, as large as the quartz grains, are formed. In this way a
bimineral homeoblastic isodiametric granoblastic mosaic is formed. Homogenization and tightening
are so well expressed that triple contacts (120°) between the calcite and quartz grains are observed.
Mineral composition: quartz 55%, calcite 40%, muscovite, biotite, plagioclase, potassium feldspar,
zircone, tourmaline, apatite and rutile. Ustrem Formation, Kerimar Member; Lower Triassic; right
east of the town of Topolovgrad; thin section t. 15, --N, 50

Fig. 2. Medium-up to coarse-grained calcitic marble (0.2—1.5 mm; Y arta. os, 1970) of complex
heteroblastic, slightly anisodiametric granoblastic texture. The varieties at the borders between the
grains are typical — jagged, incorporational, and conformable. This texture is rarely met under the
conditions of this metamorphism and its origin has not been adequatly explained. Ustrem Formation,
Kerimar Member; Lower Triassic; north of the Paleokastro Peak; thin section 69-Tp, --N, - 50

Fig. 3. Coarse-grained calcitic marbles (0.5—0.6 mm). Complete homogenization — homeoblastic
isodiametric granoblastic texture, strongly tightened with triple contacts between the grains (~ 120°)
at rectilinear and slightly curved boundaries. Well-expressed dynamogenic lamellae are also typi-
cal. Ustrem Formation, Kerimar Member: Lower Triassic; north of the Paleokasiro Peak, north-west
of the town of Topolovgrad; thin section 3-Tp, —N, 63

Fig. 4. Metaquartzite of homeoblastic isodiametric granoblastic texture. Elements of the most com-
pact packing with triple contacts (120°) at rectilinear boundaries (in the middle) are typical. Bival-
via prints have been established in these rocks. Ustrem Formation, Kerimar Member; Lower Trias-
sic; north-east of the Paleokastro Peak, thin section 67a-Tp, <4-N, 31125






EXPLANATION OF PLATE IV

Fig. 1. Medium- and very coarse-grained calcite-quartz metasandstones (0.2—1.2 mm; after I ol k,
1963) of heteroblastic granoblastic texture. The quartz grains form a complex strongly tightened mo-
saic with varied contacts between the grains — rectilinear, incorporational and jagged. Ustrem For-
mation, Kerimar Member (transgressive carbonate-terrigenous layers); Lower Triassic; the Zdrav-
cevsko Dere River, south-east of the village of Mramor; thin section 494%-Tp, -}-N, 50

Fig. 2. Fine- up to very coarse-grained calcite-quartz metasandstone of heteroblastic granoblastic
texture. The metasandstone is characterized by a microline which is preserved here and by triple con-
tacts (120°) at rectilinear boundaries between the quartz grains (at top, in the right). Ustrem Forma-
tion, Kerimar Member, Lower Triassic; (transgressive carbonate-terrigenous layers); the Zdravcev-
sko Dere River, south-east of the village of Mramor; thin section 496>-Tp, -|-N, 50

Figs 3, 4. Fine-grained calcitic marble with relics of crinoid fragments. The marginal areas of the cri-
noid monocrystal are of a fibric quite close to the fabric of quartz grains under tension, affected by
degrading recrystallization. In the case, presented here, it is assumed that this texture is a result of
the attacking recrystallization of the former micritic matrix. The crinoid monocrystal shows the same
resistance, as well as during the processes of dolomitization (U a T a.a o B, 1970). Ustrem Formation,
Mramor Member, Lower Triassic; the Zdravcevsko Derc River, south-east of the village of Mramor,
thin section 496-7, --N, .50

Fig. 5. Fine-grained slightly calcitic dolomitic marble of homeoblastic isodiametric granoblastic tex-
ture. A maximum compact packing of isodiametric polyhedrals with frequent triple contacts (120°)
characterizes the texture. The dynamogenic lamellae are comparatively poorly expressed. Srem For-
mation; Middle Triassic; the locality of Karaibrjamova Ce$ma, north-west of the town of Topolov-
grad; thin section 46-Tp. N, 63

Fig. 6. A detail of the same thin section (Fig. 5). A maximum compact packing with triple contacts
and almost hexagonal sections is presented, <200
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EXPLANATION OF PLATE V

Fig. I. Fine-grained slightly calcitic dolomitic marble (0.1—0.3) (Teoxop o8 uu, 1958). The tex-
ture is strongly tightened homeoblastic isodiametric granoblastic. The grains are “rounded” in a dif-
ferent degree; they are polyhedral and rarely rhombohedral. Dynamogenic lamellae are thin stripes
and are rarely met. Triple contacts (120° or ~120°) are usual. The dolomitic marbles of the Mramor
Member, used as decorative-reveting rocks, are of the hardest dolomites in Bulgaria (ITe T p os,
1984). Ustrem Formation, Mramor Member; Lower Triassic; the locality of Dran¢i Dupka, south-east
of the village of Mramor; thin section 5-5-Mr, --N, /63

Fig. 2. Quartz-bearing, medium- up to coarse-grained calcitic marble (0.4—2 mm; Yartauaos,
1971). Homeoblastic texture, almost isodiametric, complete homogenization and extremely large
grains. The most intensively developed dynamogenic lamellae in the Triassic in the region of Topo-
lovgrad are also observed here. During recrystallization silicates “push out” one another and recry-
stallize in the interspaces, mainly round the triple contacts (at the bottom, in the right) and in some
rare cases they are inserted poikilitically into the marginal parts of the calcitic crystals. They are
presented by quartz (5%) and by single crystals of albite, potassium feldspar and muscovite. Ustrem
Fermation, Kerimar Member (right above the basaltic transgressive layer); Lower Triassic; the Zdra-
vcevsko Dere River; south-east of the village of Mramor; thin section 496 — Z,, 4N, X 63

Fig. 3. The same thin section and magnification. Well-expressed triple contacts (~120°) are present-
ed. They are with almost erect walls and strongly developed dynamogenic lamellae. The presence
of a triangular prism in the centre is an expression of a maximum tightening as well
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