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F . A . 'JamaA06- JlumoAoeuR u nempoAoeuR YcmpeMcKou CBumt.t (Hu:HCHuu mpuac) 6 CaKap-flAaHuH e 
(lOB EoAeapuR). YCTpeMcKaH CBHTa (HH>KHHH TpHac) OTHOCHTCH K CaKapcKOMy (MeTaMop<j>HqecKoMy) 
THny TpHaCa. 00CJ!e,L\HHH BepOSITHO HaXO.L\HTCSI B aJJJIOXTOHHOM nOJIO>KeHHH. B ero COCTaB BXO.L\SIT HaH-
60JJee CHJJbHOMeTaMop<j>H30BaHHble TpH aCOBble nopo.L\bl s ooJJrapHH (aM<j>H60JJHTOBaH ¢aUHH). YcTpeM­
CKaH CBHTa OTHOCHTC SI K Cn9TCKOMy Hpycy. B MpaMOpaX, MeTaKBapUHTaX H aM<j>H60JIHTaX YCTaHOBJleHO 
3HaqHTeJlbHoe KOJIHqecTBO OTneqaTKOB 6HBaJJbBHH. CBHTa CJIO>KeH a oqeHb pa3Hoo6pa3HbiMH nopo­
,L\aMH. J1x MOII.lHOCTb .L\OCTHraeT 2250 m. fJJaBHble nopO.L\bl - KBapU-CJIIO.L\SIHble CJlaHUbl C nop­
<j>Hp06JJaCTaMH 6HOTHTa, rpaHaT ±CTaBpOJJHT, MpaMOpbl H KBapU·CJIIO,L\SIHble KaJlbUHTOBble C.1 aH­
Ubl c nop¢Hpo6JJacTaMH 6HOTHTa . BTopocreneHHble nopO.L\bl - MeTanecqaHHKH H aM<j>H60JJHTbl. CneuH­
<j>HqecKHe 06pa30BaHHSI npe.L\CTaBJISIIOT MapraHUeBO->KeJJe3Hble H CBHHUOBO·UHHKOBble MHHepaJJH3aUHH. 
XapaKTepHo HaJJHqHe MeTaMop<j>HqecKHX KBapueBbiX >KHJI . Oca.L\oqHble nopO.L\bl YcTpeMCKOii CBHTbl 
nperepneJJH perHOHaJlbHbiH .L\HHaMOTepMaJlbHbiH MeTaMOp<j>H3M cpe,L\HeH CTeneHH (aM<j>H60JIHTOBaSI <j>a­
UHH). J1CCJle,L\OBaHHe nepsHqHbiX Ce.!lHMeHTaUHOHHbiX ycJJ OBHH (npOTOreHe3HCa) n03BOJJSieT Bbi,L\eJJHTb 
,L\Be rJJaBHble 06CTaHOBKH - MeJIKOBO.L\HYIO MOpCKYIO cpe.L\y C CHJlbHbiM BJIHSIHHeM cyuJH H MeJIKOBO)l· 
HYIO MopcKyiO cpe.L\y, JJHWeHHYIO reppHreHHOro BJJHSIHHH. B nepsoii o6pa3YIOTCH reppHreHHO-Kap6o­
HaTHble <j>aUHH, a BO BTOpOH BblpaCTaeT MpaMOpCKaSI Kap6oHaTHaSI nocTpOHKa. 06e 06CTaHOBKH o6yc­
JIOBJleHbl CneuH<j>HqecKHMH naJJeOreOMOp<j>OJJOrHqeCKHMH y CJIOBHSIMH . 

Abstract. The Ustrem Formation (Lower Triassic) belongs to the Sakar (metamorphic) Triassic. This 
Triassic type is probabl y 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 am phi bolites. It is built up of rather va­
ried rocks. They reach up to 2250 min thickness. Main rocks are quartz-mica schists with porphyro­
blasts of biotite, garnet ±staurolite, marbles and quartz-mica calcitic schi sts with porphyroblasts 
of biotite. Metasandsones and amphybolites are secondary rocks. Manganese-ferrous and lead-zink 
mineraliza tions are specific formations . The presence of metamorphic quartz v eins is characteri­
stic . The Ustrem Formation sediments have undergone regional dynamothermal metamorphism of 
medi urn degree (amp hi boJite facies). The study of the original condi lions 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 env ironment void of terri geno us influence. 
Terrigenous-carbonate facies are formed in the first one while the Mramor carbonate buildup grows up 
in the second one . Both environments are determined b y specific paleogeomor pho!ogic condi lions. 

Introduction 

The Ustrem Formation belongs to the Sakar Triassic. The latter is subdivided in three 
Formations: P aleokastro Formation (Lower Triassic, lower parts), Ustrem Formation 
(Lower Triassic, upper parts) and Srem Formation (Middle Tri assic). 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 t ypes). It is cha racteri zed by: vast rock variet y, pe­
ri odic abundance of benthos fauna, wry large thickness (up to 2500 m only to the Mid­
dle Tria ss ic inclusive), manganese-ferrous and lea d-zink mineralization, restricted 
CJcid magm~tism and relatively hi ghest degree of metamorphism (to amphibolite fa­
'ies inclusive). 

f77l ITTD ~ ~ ...... ~ 
~79LS:.1J20~27~22 / 23/ 21, 

Fig. I. Geologic map ol the Sakar Mountains and the adjacent areas: 1-6- Pre-Cambri an: I- cry­
stalline schists; 2 - lvanovo Formati on (eye gneiss and porphyroblastic migmatites); 3 - Konstan­
tinovo Formation (metaconglomerates ); 4 - Mladinovo Formation (gneisses. gneiss schists and 
am phi bolites); 5 - Lisovo Formation (amp hi bolites); 6 - Lesovo gneiss-granites (metamorphosed 
granites and granodiorites); 7- II- P aleozoic: 7- marble-phyllitic !ormation - Lower Devo­
nian; 8 - granitoids (undi vi de d); 9 - porphyroi di c gran ites; 10 - medium-grained granites; 
II- aplitoidic gran ites; 12- 15 - Triassic: 12 - Sub-Balkanide Triassic; 13 - Paleokast r o 
Formation (metaconglomerates and metasands tones)- Lower Tri assic, lower part; 14 - Ustrem For ­
mation (silicate an d s ilicate-carbonate crystalline schists and marbles)- Lower Triassic. upper part; 
15- Srem Formation (calcitic and dolomitic marbles) - Middle Triass ic ; 16 - Eas tern Thracian 
Group - Lower and Middl e Jurass ic; 17- 18 - Upper Cretaceo us: 17 - volcanogenic and volca ­
nogenic-sedimentary rocks - Senonian; 18- Upper Cretaceous intrusions; 19 - 22 - Neozoic: 
19- Marica and Gledacevo Formation (sands. marl s, limestones, clays, coals)- Mi ocene; 20- Elho­
vo Formation (sands, clays, coals) - Meat-Pliocene; 21- Ahmatovo Formation (sands, siltstones, 
clays)- Meat-Pliocene; 22- Pliocene-Quaternary sedi ments; 23 - lault; 24 - thrust 

Data on Sakar pluton and Pre-Cambrian crystalline schists are after K o )!( y x a p o B & 
K o )!( y x a p o B a ( 197 3) 
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The Ustrem Formation is characteri?:ed by the largest rock v ariety. The I itholo­
gic and petrologic investigations of these rocks are few in m1mber (Cat a I ov, 1961 ; 
D 0 5I H 0 B et aJ., 1965; I\. 0 )K y X a p 0 B et aJ., 1966; I\. 0 )K y X a p 0 B a & 
K o )K y x a p oP, 1978; Ca t 3 I o v, 1985). The aim of the present paper is to in­
vestigate: a) fabric and composi tion of the rocks; b) their chemical a nd geochemical 
characteristics; c) the degree and t ype of metamorphism; a nd d) the protogenetic fa­
cial peculiarities. A protogenetic sedimentologic model has been the final aim of the 
I ithologic i nvestig3tions . 

The field and labora t or y data have been col lected for many yea rs and comprise 
about 100 specimens investigated in polished planes, thin sections, chemicall y, geo­
chemically (X -ray fluorescent and atom-absorp ti on), X-ray and with microanalyser 
(Jeol Superprobe 733) . 

Stratigraph y 

Detailed data on the stra ti graphy of the Ust­
rem Formation were presented during the 
I ast years ( C a t a I o v , 1985; 4 aT a JJ o B, 

198!'1) . The Formation is built up by an al­
t ernation of si li cate and si l ica te-carbona te 
crystalline sch ist s and marbles. Its lower bo­
undar y is pos it ioned in the base of the firs t 
la yer of q uartz-carbonate mica sch ists wi th or 
without biotite porph yroblast s. The upper bo­
und ar y is drawn in the base of the first l ayer 
of gra y dolomitic marbles whi ch form a packet 
in the lower part of the Sre m Formation (Figs 
2, 3) . The Ustrem Formation is subdi v ided 
into four Members - Gum<~, K erimar , Mra­
mor and Canaklii (Fig . 2). The Mramor Mem­
ber is a carbonate buildup which ar ticul a tes 
with the terrigenous-carbonate and terrigenous 
rocks of the Keri mar Member (Fig. 3). It is 
found only in the region of the village of 
Mramor (4 aT a J1 o t·. , 1985, p. 133, Fig. 2) . 
The Ustrem Formation belongs to the Topo­
Iovgrad Group. 

Fig. 2. Column section of t he Sakar Triass ic at the 
town of Topolovgrad 
1 - Neozoic sediments; 2 - metamorphic (I ateral 
secretion) qua rtz veins (±feldspar, di s thene, musco­
vite, biotite); 3 - dolomitic marbles; 4 - crinoidal 
calcitic marbles; 5 - calcitic marbl es with crinoids; 
6- calcitic marbles; 7- quartz-bearing cal cit ic 
marbl es; 8 - q uartz-mica schi sts with porphyro­
blasts from staur olite,garnet and biotite; 9-quartz­
mica schi sts with porp hyrob!asts from garnet and bi­
otite ; 10 - quartz amph i bolites; JJ-bimica quartz­
calcite schists with biotite por phyroblasts; 12- qu­
·artz metasandstones; 13 - metaarkoses; 14 - bi mi­
ca quartz schi sts; 15 - muscov ite- or biotite-quartz 
schi sts; 16 - metacong lomerates and metagravels to­
nes; 17 - bimica and biot i te g nei ss-schists; 18 -
am phi boles; 19 - paleoeros ion boundary 
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The geological age has been determined on the basi s of several specimens from Cos­
tataria castata Zenker, Gervilleia (Bekewcllia) cf. modiola Frech and Myalina 
sp. The fossils are determined by L. R. Cox (British Museum Natural History, Lon­
don) and L. D . K i pari so v a (VSEGEI, Leningrad). It is agreed th a t the For­
mation belongs to the upper parts of the Lower Triassil: , probably to the Spa thian sta­
ge. Biva lvia are presented as prints on a weathered marble and amphibolitic surface 
(4 aT a .noB, 1960) (Plate I, F igs .5, 6: Plate II, Figs / , 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 th e Sakar Mountains 
a nd the region of the vi llage of Orlov Dol, Svetlina , Gra dec and Madrec (Fig . 1.) . 

Lithol ogy cln d P etro logy 

Fabric and composition 

The Ustrem Formati on is built up of alternat ions of .three basic rock groups - si li­
cate rocks (metasandstones and metapelites),".silicate-carbonate (quartz-mica calci tic 
schi sts with or without biotite porph yroblasts) and carbonate (calcitic and dolomi­
ti c marbles). Str<'ltification is characterized bv an uneven alternations of beds anci 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. 
a nd 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 in iti al layers are preserved. even sharply disting uished from one another. The 
internal bedding of the layers is however deleted. 

The Guma Member is built up of uneven alternation of quartz-mica cal citic sc hi st s . 
metaarkoses, quartz-mica schists a nd marbles. Almost the same rocks build up the Ke­
rim ar Member. The metaarkoses dissappear while the a mount of the marbles highly 
increases. Amphibolites and metaqu,artzites appear. The mica schists contain a con­
s iderable amount of porphyrobl ast s formed of garnet, biotite, and staurolite . The Ca­
naklii Member is built up onl y of marbles (calcitic, calcite-dolomitic and dolomite­
ca lciti c). The Mramor Member is also built up only of marbles (calcitic, dolomite­
ca lciti c, calcite-dolomitic and pure dolomitic) . 

The main ro r ks of the Formati on are quartz-mica schists with porphyroblast s 
from biotite, garnet ± stauroli t e, marble and quartz-mica calcitk schists with porphy­
roblast s from biotite. Metasandstones and amphibolites are secondar y rocks. Ferrous­
manganese (the vi ll age of Oresnik , the village of Duganovo) and lead-zink minerali­
zation (the v ill age of Pl a ninovo) are specific formations . The matrix of the quartz­
mica srhi st s with porph yroblast s from bi otite, garnet and staurolite is lepidograno­
blastic. It is built up of quartz , plag ioclase , muscovite and biotite measuring from 
0.05 up to 0. 1 mm. The matrix exi bit s a s tream-lining round the porph yroblast s (Pl a ­
t e 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 I and rarely up to 2.5 em (for stauro­
lite). Twins a t a ri gh t angle (032) or a t 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 porph yrobl asts reaches up to 35% . Also magnesiochlorite (develop­
ed along the biotite), apatite, tourmaline and ilmenite are observed under the mi c­
roscope. The average mineral composi tion of these rocks shows: quartz (20-30 %), mu s­
covi te (20-30%), biotite (15-25%), pl ag ioclase (5-10%), garnet (10-20%) and stauro­
lit e (0-20% ). Quartz, disthene-quartz, and biotite-muscovite-feldspar--q uar tz ve ins 
have been est abli shed among these mica sc hi st s. 
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The marbles are gray, brown , reJJi sh, ye llow and white. They are medium and 
thi ck! y layered (30-40 em up to 90 em) and massive constructing layers of 2-3 m. Some 
quart z- and mica-bearing marbles and more r arely pure marbles from the K erimar 
Member are ri ch in print s of bivalvia (Pl a t e I , Figs 5, fi) and more rarely in crinoids 
(Plate IV , Figs 3, 4). The marble of the Ker imar and Canaklii Members are of a mor e 
varied texture (from homeoblasti c up to typical heterobl asti c), relativel y more coarse­
grained (0 .1 - 1-2 mm) predominantl y calcitic with well-expressed dynamogeni c la­
mellae and they often contain quartz, biotite, muscovite, and pirite (Plate III, 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), rela tivel y fi­
ner g rains (0.06- 0.2 mm and 0.1 - o.:: mm), predominantly dolomitic composition 
and la ck of admixtures (Plate V, Fig. 1). A maximal compact packing of the tex ture 
is achieved there . At rect ilinea r boundaries with an; angle of 12!1° triple contact s are 
observed q uite often (Pl ate V, Fig. /) . These are mainly di s tinguished with the dolo­
mitic type of g rains ·- isometr ic polyhedrons, ''rounded" and partiall y developecl rhom­
bohedrons . Similar tex tures are observed al~o in t he Srem Formation (Plate IV, Figs 
5, 6) . 

Quartz-mi ca calcitic schi sts with porph yroblasts from biotite have been formed at 
the expense of si lty-cla yey carbonate rocks and their mineral composition is quite va­
ried (Table 1) . Biotite blastoporphyric texture is characteristic of them. They are ma in­
ly constituted of biot ite, muscovite, quartz, and calcite (Plate I, Fig. 2). Sometimes 
the amount of clinoziosite and ziosite is considerable (up to II %) (4 aT a .1 o B & 
r p o ~ .!1 a HoB, 1978) . Plagioclase, pirite, rutile, zircon, tourmaline, and a patite 
are a lso establi shed. North of the Paleokastro Peak the foll owing composition is pre­
cisel v estimated: calcite - 27.7%, quartz- 26.2 % , biotite- 17.7%, muscovite -
15.6 %, clinozoi si te and zi osi te - 11.4%, accessories- 1.4 % . The average mineral 
composi tion of 5 sa mples is: calcite - 40 % , q uar tz - JO%, biotite- 20% and mus­
covite - 10% . A particular attention has been paid at bi otite a nd its petrogenic i m­
portance . It s crystallochcmica l formula has been determined: 
[Ko.92. Nao.o.;l 0.97 
[Mguo. Feo . t.~ . Feo :>~. Al (l 3!>· Ti o.o-d 2. 79 
[(Si 2.7;; , Al1.2~), ·1.00 Oto] [0Ht.s2. Oo.fll · Fou l 2.00 
Detail s are g iven in the work by C a t a I o v and G r o z J a 11 o Y (4 a T <1 .1 o B & 
r p 0 1 .l.l a II 0 B , 1978) . T he metasandstones belong to the group of the quartz sandsto­
nes and arkoses (after W \"To B, 1967). Quartz metasa ndstones have homeoblastic 
isodi ametr ic gra noblas t ic t e-x tur e with grains measuring from 0.1 to 0.25 m. The t ex ­
ture is strongly ti ghtened. Somet imes they are transformed into metaquartzites (Pla­
te I, Fig. 1). Triple cont ads with an ang le of a lmost 120o are of ten observed which im­
plies a maximum degree of homogeniza ti on (Plate III, Fig . 4). The following meta­
sandstones have been distinguish ed: quartz (90-95 %), cakite-quartz (qua rtz - 60-80%, 
calcite 20-40~o) and muscovite-calcite-quartz (q uartz - 70%, calcite - 20%, mus­
covite - lO ~o: ::±:: biotit e , pl ag ioclase, calcite feld spar : zircon, apat ite , rut ile, tourma­
line and titanit e) (Pl a te Ill , Fig. 1). Prints of biva lvi a have been found in the sand­
stones. 

Feldspar-quartz metasandstones (q uartz 75-80 % , feldspars 15-20 %) and metaar­
koses (qua rt z - 70 ~o . feldspars - 11 30% ) have been found only in the Guma Member. 
They contain muscovite, biotite and calcite and accessories - - zircon, rutil e, and a pa­
tite . It is t y pi ca l that the fe ldspars have undergone degrading recr ystallization . 

Amph yboliti c rocks are in a very small amount~and are met as a layer measuring 
5-10 em in thi ckness rarel y up to 20-30 em. The dimensions of the amphybol crys­
tals are I-2 x 10-12 mm and rarely rea.::h 3 > 25 mm. They have a strongly expressed sieve­
wise texture under the microscope. The An 40-~>e pl ag ioclase is main) y non-la mellat­
ed. The mineral composition is as follow!": amphibole- 30-50 % , quartz - 20-40 % , 
plagioclase - I0-30% . According to this composition the quartz amphibol ites (pia-
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gioclase>20%) and plagioclase-quartz-amphibolitic schists have been distingu!shed 
(plagiocla se<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 
1, 2, 3). 

The vertical alterations in the Formation are characterized by an increase o' the 
carbonate rocks at the expense of the s ili ca te ones. The terri genous-carbonate rocks of 
the K erimar Member articulate in horizontal direct ion with the massive pure carbona­
tes of th e Mramor Member (Fig. 3). 

Chemical and geochemical characteristics 

The following sc: mples: ~3-Tp, 34-Tp, 16-Tp, petrog raphi cally determined as bimica 
quartz-calcitic schi st s with biotite porp hyrobla sts, are rocks of a very complex com­
position (Table 1). In the present name albite is not induded. Its amount is higher than 
5 % and reaches up to 10 % if there is no paragonite among the white mica. The amount 
of Si02 alters from 22.20 up to 30.80% while that of Al~0 3 from 8.40 up to It .42%. 
The amount of CaO is from 25.45 u p to :n 74% while that of Na 20 + K 20 - from 2.88 
up to 4%. Fe and Mg are mainly con nected with biotite . The chemical composition of 
thi s group of rocks corresponds to the mineralogica l 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-

T a b I e I 

Chemical compositiOn (%) of rocks from the Ustrem Formation (Lower Triassic) 

Sample No 

Oxid_e _,_4_1_-A-Tp 133-Tp 134~~~6-Tp I 6-PI-2 142-Tp 12-PI I 4-Pl I 4-PI-1 137-Tp 138-Tp 

Si02 
Ti02 
Al20~ 
Fe20a 
FeO 
MnO 
MgO 
CaO 
Na20 
1(20 
P20s 
s 
H2o­
H2o + 
C02 

Heat 

58.40 
0.70 

17.10 
3.98 

0.03 
2.20 
3.98 
0.76 
7.20 
0.27 

0.20 

loss 4.80 

22.20 
0.25 
8.50 
1.21 
lAO 
0.06 
5.40 

30.74 
0.86 
2.02 
0.07 
0.07 
0.14 
3.73 

23.52 

100.17 
-0.04 

22.67 
0.28 
8.40 
1.40 
1.20 
0.06 
6.13 

29.06 
0.93 
2.12 
0.07 
0.01 
0.10 
4.71 

22.89 

30.80 
0.47 

11.42 
2.45 
1.83 
0.09 
2.12 

25.45 
1.34 
2.66 
0.09 
O.Q7 
0.30 
0.27 

20.25 

100.19 
- 0.04 

56.50 
0.70 

17.81 
1.34 
4.62 
0.06 
3.95 
6.70 
Lo4 
3.31 
0.13 
0.01 
0.26 
1.93 
1.61 

61.40 
0.20 
8.06 
0.95 
2.00 
0.05 
1 50 

11.92 
2.12 
1.14 
0.06 
0.01 
0.22 
0.65 
9.93 

58.16 
0.88 

20.25 
3.57 
4.06 
0.17 
2.90 
1.67 
1.45 
3.28 
0.14 
0.02 
0.38 
2.42 
0.18 

58.36 
1.09 

20.49 
3.12 
3.98 
0. 14 
2.94 
2.72 
1.25 
3.38 
0.13 
0.02 
0.15 
1.99 
0.22 

57.75 
1.71 

19.81 
2.79 
4.83 
0.16 
2.97 
2.71 
1.23 
3.26 
0.13 
0.01 
0.27 
2.23 
0.09 

58.30 
0.75 

19.20 
4.07 
4.03 
0.08 
2.90 
0.96 
1.19 
3.30 
0. 14 
0.01 
0.29 
4.40 
0.10 

59.49 
0.77 

18.87 
4.66 
2.45 
O.Q7 
2.40 
1.10 
!.28 
3.13 
0.14 
0.01 
0.63 
4.39 
0.21 

Sum 99.62 100.1 3 100.03 100.15 99.97 100.21 99.73 99.98 100.00 99.72 99.60 

Analyzed by: M. Popova, K. Hrilopanova, P. Boneva, N. Fil ipova, 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 quartz-calcitic schists with porphyrob!asts: 
from biotite; 6-PJ-2 calci le-bi mica quartz schists with porphyroblasts from biotite; 42-Tp calcite-feldsp<>r­
quartz metasandstone; 2-PI. 4-Pl-1, 37-Tp, 38-Tp bimica plagioclase-quartz schists with porphyroblasts 
from biotit e, ga rnet and s taurolite. The samples marked with Tp are from the Topolovgrad region, 
while those marked with PI - from the region of the l'illage of Planinovo. 
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mica! bulk composition corresponds to the maries (0 c H nos a, 1950, after X s o ­
p o B a , 1958) . The second large group of samples (2-PI, 4-PI , 4-PI-1 , 37-Tp, 38-Tp) 
contains Si02 from 57.75 up to 59.49 %, while AI~03 - fro m 18.87 up to 20 .49 % (Table 
1) . Th e sum of Na~O+ K20 amount s to 4.41 - 4 .73. The Na~O/ K20 ra ti o is from 0.37 
up to 0.44 while that of Si0~/Al~03 - from 2 .84 up to 3 . 15 . These dat a as well as the 
content of Fe and MgO ch aracter ize a former cl ayey rock of a chlorite-hydromica com­
position . The mica schi sts anal ysed in the present paper are more stable with res pect 
to the sums a nd r atios deri ved in co mpari son to the slates of the Vasilj ov Formation 
(Middle Triassic , Sub-Bal kanide t y pe). Furthermore. the values of the a20 / K2 0 ra­
ti o ar e co ns iderabl y higher wh ile those of the Si0~/Al~03 rati o are smaller. The first 
one may be e xpl a ined by the form ati on of plagioclases \vhile the second one - by the 
formation of well-individualized alumosilicates and drawing of Si02 into the quartz 
veins . The protogenes is of the 41-A-Tp sample is suggested to be clayey sandstone, 
whil e th at of the 42-Tp - lim y feldspar-quartz sa ndstone (T able 1). The sampl es (3-PI. 
3- PI-I, 2/13, 4-Pt-1) marked as qu artz amp hi bol i tes conta in SiO~ from 54. 80 up to 60. 51 % 
(Tabl e 2) . The amount of AI~03 is from 18.22 up to 20 .1 0% ; the amount of J a~O is 
higher than that of K20 except for the 3-PI-1 sample wh ere biotite is observed. The 
chemical bulk composition of the samples studied,;at a predominantl y isochemical meta­
morphi m , allows to be concluded that the protogenesis or the ori ginal litholog ic com­
pos iti on is ~o nnect ed with the lim y-sand y da yey rocks up to lim y-cla yey sa ndy ones 
(but not marl <: ) . The sampl es marked as pl ag ioclase- a mphibole-qu ::: rtz schi sts (4-Tp -2 , 
4-Tp-3 and 8-Tp) contain Si02 from 68.81 up to 74.75 % . At the same time the amount 
of AI~0 :1 is considerabl y s maller in comparison with the first group from 10.96 up to 

Ta b I e 2 

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

Sample No 
Oxide ---- -

3-PI 3-PI-1 2, 13 4-Tp-1 4-Tp-2 1- Tp-3 8-T p 

SiO. 54.80 56.00 59.80 60.5 1 68.81 71.82 74.75 
TiO~ 0.7-1 0.79 0.81 0.55 0.67 0.57 
AI203 19.99 20. \l) 16.1 9 18.22 !1.13 11.85 10.96 
Fe20 :l 2.15 ~6 .95 2.29 1.26 1.1 9 ~3 .00 ~3.97 
FeO 4.75 4.41 5.22 ·t.OI 
MnO 0.29 0.1 6 0.20 0.19 
MgO 2.89 2.00 304 1.51 2.52 1.15 1.30 
CaO 9.66 6.10 9.72 9.47 7.36 8.85 6.36 
Ma20 0.60 0.53 0.89 0.60 0.50 0.20 0.5 1 
K20 0.47 3.55 0.28 0.21 0. 16 0.13 0.14 
PaOs 0.51 0. 1-3 0.26 00.1 4 0.22 
s 0.09 0.13 0.3 1 
H20 - 0.23 0.57 0.19 0.23 
H20+ 2.68 1.64 1.57 2.50 
C02 
Heat 

0.01 0.03 0.01 

loss 4.00 1.95 1.20 

o= 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: ,\1. Popova. N. Kostadinova, E. Asenova, N. ,\\alinova, V. ,\1\ ic ilkova, wet analysi s ; 
9eological enterprise for laboratory investigations, KG ; S. Kalpakcieva ; wet analysis - 2{13 ; G. Pana-
)otov, M. Levacka; X-ray analysis - 4-Tp-3, 8-Tp; Geolog ical Institute. Bulgadan Acad. Sci. Determi-
nation of samples: 3-Pt: 3-Pl-1, 2f l3, 4-Tp-1 quartz amphibolites; 4-Tp-2, 4-Tp-3, 8-Tp - plag ioclase-
amphibole-quartz schists. The samples marked with Tp are from the Topolovgrad region, those marked 
With PI - from the region of the village of Planinovo. 
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I I .85%. The content of Na 20 is from 0.20 up to 0.51% . The protogenesis of these rocks 
was connected with limy-clayey sandy sedimepts (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 
ch(lracterized by a content about the clarke. The metasandstones contain anomalous 
contents of Sr, Ba, Mn, and Cu (sample 496-2 2). 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 (4Ja-Tp) and Pb 
(4 Ja-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 
sa mples . 

c>' 
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E 

Fig. 3. Column sections of the Paleokas tro and Ustrem Formations in the Topolovgrad Syncline 
1 - dolomitic marbles; 2 - calcite marbles with crinoids; 3 - calcite marbles; 4 - quartz­
bearing calcite marbles; 5 - mica-bearing marbles; 6 - quartz-calcite-mica schists ± biotitic 
porphyroblasts; 7- quartz-bimica schists; 8- quartz-mica schists with garnet porphyroblasts; 
9 - quartz-mica schists with porphyroblasts from garnet, biotite and staurolite; 10 - metasand­
stones with calcite cement; 11- metagravelstones with individual pebble fragments and calcite ce­
ment; 12 - metaarkoses ; 13 - quartz metasandstones; 14 - metaconglomerates and metasand­
s tones; 15- gneisses, gneiss-schists and amphibolites 
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Fig. 4 . Block diagram of the Topolovgrad Syncline . The ratio between lithostratigraphi c units, basic 
recent tectonic structures and paleostructure elements 
1 - Elhovo Formation (EF) (sands, clays , coals) - Meet-Pliocene; 2 - granites - Upper Creta­
ceous; 3 - dioritic dyke - Upper Cretaceous; 4 - recrystallized limestones and dolomites- Sub· 
~alkanide (?) Triassic; 5 - Srem Formation (SF) (calcitic and dolomitic marbles) -Middle Tr!as­
sic; 6 - Mramor Member of the Ustrem Formation (calcitic and dolomitic marbles) - Lower Tnas­
sic; 7 - Ustrem Formation (UF) (silicate and s ilicate-carbonate crystalline schists and marble s) 
-Lower Triassic; 8 - Paleokastro Formation (PF) (metaconglomerates and metasa ndstones)- Lo­
wer Triassic; 9 - granites - Paleozoic; 10 - Mladinovo Formation (MF) (gneisses , gneiss schists 
and amphibolites)- Precambrian; 11 - thrust; 12 -fault; PCD - Paleokastro Continental Dep­
ression; SCD - Srem Continental Depression; MCB - Mramor carbonate buildup ; ZP - Zdrav cev­
ska Paleoisland; TS - Topolovgrad Syncline; MSH - Melni k-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 1 i my sediments, occurred in a 

.,shallow, warm marine basin of normal salinit y 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 paleoi sland existed (4 aT a JI o B, 1985), 
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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 limes tones; 2 - layered limestones; 3- clayey layer­
ed limestones; 4 - sandstones and conglomerates with individual 
granitic gravel; 5 - sandstones and conglomerates built up mainly 
of quartz-porphyritic gravel; 6- crystalline basement. CGD -
con ti nen tal 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 min thickness and about 
8 km in length (Fig. 3). A protogenic sedimentologic 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 characteri7ed 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 si nking 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 Wink I e r, 1974, 1979). The 
boundary between the low-degree and the medium-degree metamorphism coincides 
with the incipience of the E s k o I 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 III, Figs 3, 4; Plate IV, Figs 5, 6 ; Plate 
V, Fi~s 1, 2, 3). 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
phi sm (= the amphibolite facies). The establishment of parallelly existing staurolite 
and a! mandine garnet as contact par ageneses 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 a! mandi ne garnet determines the presence of disthene-al mandi ne­
muscovite subfacies. For the time being it is the highest temperature subfacies found 
out in the Mesozoic (Sakar Triassic) in the Strandza zone. Both subfacies belong to the 
almandine-amphibolic facies (B H H K JI e p, 1969; T e pH e p & <f> e p x y r e H, 
1961). The standard disthene-sillimanitic series of metamorphic facies, later becomes 
popular under the name of facies series of the Barrow type (B 11 HI< JJ e p, 1969) . In the 
three-membered classification of the barytic types of metamorphism, the facies series 
of th~ Barrow type was assigned to the moderate pressures (M H H c H p o, 1976). The 
facies series of the Barrow type is characterized by al mandinic garnet, staurolite and 
-disthene. According to M H H c H p o (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 Map a K y lll e ~> (1973, Fig. 81)1. 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 111-D, where staurolite is al­
so included. From Marakusev's diagram (Map a K y lll e R, 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 a mphibole-plagiodase and 
: biotite-garnet geothermometer. The initial data (Xca = Ca: (Ca+Na+K)) for the first 
geothermometer are xam 0.83, 0. 84, and o.g4 and XPI 0.40 - 0.46 respectively for 

·:samples 8a-Tp, 4-Tp-1, and 4-Tp-2. The values from the corresponding diagram (n e p­
· q y K & PH 6 tJ H K o B, 1976, Fig. 82) in the order of the samples are....llli!III•&W 
. 525:-550, 520-5"40, and 520-540°C. According to the serond geothermom ?21 .. ~, 

111 1 Unpublished data obtained by L. G r o z dan o v and G. Cat a I o , .,. 

~-~\· .. _ '& 
·· tr:r {'c ,.._ . 
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data - Mg: (Mg+Fe+Mn} - for sample 4-PI 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 
(n e pI.( y K & PH 6 I.("' K o s, 1976, Fig. _ 94). 

A diagram of the staurolite stability in the presence of quartz is drawn on the ba­
sis of thermodynamic calculations (n e p 4 y K & P 51 6 I.( H K o s, 1976, Fig. 47}. 
Acf·ording to thi s 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 

I. 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
s ion 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 55ooc 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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EXPLANATIO OF PL ATE I 

Fig. / . Metaq uartzite with subporphyric biotite and fine-sca ly muscov ite. Text ure is q uartzite-wise, 
heteroblas tic, granoblast ic , st rongly packed wi th rect ilinear or micros tylolitic jagge d contacts bet­
ween the minerals. Ustrem formation, Lower Tri assic: north of the Paleokas tro Peak, north-west 
of the town of Topolovgrad; thin section 1-Tp, 1 N, ;., 50 

Fi g. 2. Quartz-muscovite-calcitic schi sts \ri th porphyroblasts from biotite (in t he middle) located at 
a slant with its basal planes to the main sc h! sto ity. The matrix is lepidog ranoblastic. Besides the mi­
nerals ment ioned above, al so albite zoisite, zircon, tourmaline . titanite, routile, apatite, and hema­
tite are present . Ustrem Formation, Gum a Member, Lower Tri assic; north of the Paleokas tr o Peak, 
north-west of the town of TopolovgraJ; thin sect ion lx -KIA, >~ 50 

Fi g. 3. Rotary garnet porphyroblasts with lining of the matrix , radi all y cracked, comparativel y poor 
sieve-wise text ure due to inclusions of fine-grained drop-wise quartz. Muscovite-quartz schi st with 
porphyroblast fr om garnet and sta urolite. Mineral composition: quartz 45% , muscovite 35% , stauro­
lite 10%, garnet 5%, biotite (subporph yri c), tourmaline and ilmenite, Ustrem Formation, Kerimer 
Member; Lower Tri assic; north of the Pal eo ka tro PPak, nort h-west of the town of Topolovgrad; thin 
section 2x - Tp , + , ;.: 50 

Fig. 4. The sa me thin section and magnification. Part of a sta ur olitic porphyroblast of sievewise tex­
ture due to abundant quartz and ore mineral inclu ions 

fi g. 5. Bivalvia prints of weathered s urface in fine-grained marb le. Ustrcm Forma ti on, Kerimar Mem­
ber, Lower Triassic; the locality of Sv. Ivan, so uth 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 TopoloY­
grad 





EXPLA ATIO OF PLATE I I 

Fig. 1. Plasticine prints of Myalina (at lop, in the right) and Myophoria costa/a (Zenker) made 
on a weathered relictorganogeni c surface of quartz amphybol i te (the other four sa mples). Determi na. 
lions were carried out bv Prof. L. R. Cox (British Museum, iatural History, London) . Weathering 
surface of a fragment o( quartz amphybolite with relict negative prints of bivalvia (at the bottom) . 
Bivalvia ribs are well expres ed a! o 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 amp hi bol i te. The same deposit 

Fig. 3. Fresh surface of the same amphi bolites 





EXPLANATION OF PLATE Ill 

Fig . 1. Fine-grained calcite-quartz metasandstone (0.1-0.25 mm) . The former calcitic cement has re­
crystallized in a way so that calcite gra ins, as large as the quartz grai ns, are formed. In this way a 
bimineral homeo bl astic isodiamet ric granoblastic mosaic is formed. Homogenizati on and tightening 
are so we ll ex pressed that trip le contacts (120°) between the calcite and quartz grains are observed . 
Mineral compos ition: quartz 55%, calcite 40%, muscovite, biotite, plagiocl ase, po tass ium feldspar, 
zircone, tourmaline. apatite and rutile. l ;strem Formation , Kerimar Member; L<m·er Tr iassic; right 
east of the town of Topolovgrad; thin sec ti on t. 15, -1- N, ;< 50 

Fi g. 2. Medium-up to coarse-grained calcitic marhle (0.2-1.5 mm; 4 a ran o B, 1970) of complex 
heteroblastic, slightl y anisodiametric granoblaslic text ur e. The varieties at the borders between the 
grains are typ ical - jagge d, incorporational, and conf ormable. Thi s text ure is rarely mel under the 
conditions of thi s meta morphi sm and its ori gin has not been adeq uatl y explained. Ust rem Formation, 
Kerimar Member; Lower Triassic; north of the Paleokast ro Pea k; thin section 69-Tp, -:- N, :, 50 

Fig. J. Coarse-grained calcitic marbles (0 .5- 0.6 mm). Compl ete homogenization - homeoblastic 
isodiametri c granoblastic text ur e, s tr ongly ti ghtened \\·ith triple contacts bel\reen the grains (~ 120°) 
at rectilinear an d sli ghtl y curved bound ar ies . Well-expressed dynamogeni c lamell ae are also typi­
cal. Ustrem Format ion, Kerimar Member; Lower Tri assic; north of the Paleokast ro Peak, nort h-wes t 
of the town of Topolovgrad; thin sect ion 3-Tp, -T N, > 63 

Fig. 4. Met aq uartzi te of homeoblastic isodiamet ric granoblastic texture. Elements of the most com­
pact packing with tri ple contacts (120°) at rectilinear boundaries (in the middl e) are ty pical. Bi va l- 1 
via prints have been established in these roc ks. Ust rem Formation, Kerimar Member; Lo\\'er Trias­
sic ; north-east of the Paleokastro Peak, thin section 67a-Tp, --1- N, >< 125 





EXPLANATION OF PLATE IV 

Fig. 1. Medium- and very coarse-gra ined calcite-quart z meta ·andstones (0 .2- 1.2 mm; after folk, 
196.1) of heteroblast ic granoblastic texture. The q uarlz gritins form a complex strong ly tightened mo­
saic with varied contacts between the grains - rectilineilr . incorporational and jagged. Ustrem For­
mation. Kerimar Member (transgressive carbonate-terrigenous layers): Lower Tri ass ic; the Zdr av­
cevsko Dere River. south -ea~l of the village of Mramor; thin section 4944- Tp , -1-N. >~ 50 

Fig. 2. Fine- up to \·ery coarse-gra ined calcite-quartz metasan dstone 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 q uartz grains (at top, in the right). Ustrem Forma­
tion, 1\erimar Member; Lower Tr iassic; (transgressive carbonate-terri geno us la yers); the Zdravcev­
sko Dere River, so uth-east of the vil lage of Mramor; thin sect ion 496"-Tp, -1-N. X 50 

Figs 3, 4. Fine-grained calcitic marble \\·ith relics of crinoid fragments. The marginal areas of the cri­
noid monocrystal are of a fibri c quit e close to the fabric of quartz grains under tension, affected by 
degrading recrystallization. In the case, presented here, it is ass umed that this texture is a result of 
the attacking recr ysta llizati on of the former micritic matrix. The crinoid monocrystal shows the same 
resis tance, as well as during the processes of dolomitization (4 aT a ,, o B, 1970) . Ustrem Formation, 
Mramor Member, Lower Triass ic; the Z dr av cevs ko Derc Ui ver, so uth-east of the village of Mramor; 
thin section 496-7, + N. > 50 

Fig. 5. Fine-grained slightl y calcitic dolomitic mitrble of homeoblastic isodiametric granoblas tic tex­
ture . A maximum compact packing of isodiametric polyhedrals \\·ith frequent triple contacts (120<) 
characterizes the texture. The dynamogenic lamellae are comparatively poorly expressed . Srem For­
mation ; Middle Triassic; the localit y of Karaibrjamova C:esma, north-west of the town of Topolov­
grad: thin section 46-Tp. -i- N. >~ 63 

Fig. 6. A detail of the same th in section (Fig. 5). A maximum compact packing with triple contacts 
and almos t hexagonal sections is presented, X 200 





EXPLANATIO OF PL ATE V 

Fig. / .fine-grained slightl y calcitic dolomitic marble (0 .1- 0.3) (Teo ~ o p o B 11 '1, 1958). The tex­
ture is strongly tightened homeoblaslicisodiametric granoblasti c. The grains are "rounded" in a dif­
ferent degree; they are polyhedral and rarel y rhombohedral. Dynamogeni c lamellae are thin stripes 
and are rarely met. Tripl e contacts (120° or ~ 120°) are usual. The dolomitic marbles of the Mramor 
Member, used as decorative-reveling rocks, are of the hardest dolomites in Bul garia (!1 e r p o B, 

1984) . Ustrem Formation, Mramor Member; LO\re r Tri ass ic ; the locality of Dr anci Dupka, so uth-east 
of the vi llage of Mramor; thin sect ion 5-5-Mr, + N. >: 6.1 

Fig . 2. Quartz-bearing, medium- up to coarse-grained calcitic marble (0.4-2 mm; 4 a r a .1 o B, 

197 1). Homeoblastic texture, almost isodiametric, complete homogenization an d extremely large 
grains . The most intensively de veloped dynamogenic lamell ae in the Tri assic in the region of Topo­
lovgrad are also observed here . During recrystallization sili cates "p ush out" one another and recry­
stal lize in the interspaces, mainly round the triple contacts (at the bottom. in the ri ght) and in some 
rare cases they are inserted poikiliticall y into the marginal parts of the calcitic crystals . The y are 
presented by quartz (5%) and by single crystals of albite, potass ium feldsp ar and muscovi te . Ustrem 
Formation. Kerimar Member (ri ght above the basaltic tr ansgressive layer); Lower Triass ic ; the Zdra­
vcevsko Dere Ri ver ; south-east of the vi llage of Mramor; thin section 496 - Za, + N, X 63 

Fig. 3. The same thin sect ion and magni fication. Well-expressed triple contacts (~ 120°) are present­
ed. They are wit h almost erect walls and s trongly developed dynamogenic lamellae . The presence 
of a triangular prism in the centre is an expression of a maximum tightening as well 


	043
	044
	045
	046
	047
	048
	049
	050
	051
	052
	053
	054
	055
	056
	057
	058
	058b
	Binder b.pdf
	064

	Binder a.pdf
	063

	Binder d.pdf
	066

	Binder c.pdf
	065

	Binder f.pdf
	060

	Binder e.pdf
	059

	Binder h.pdf
	062

	Binder g.pdf
	061

	Binder j.pdf
	068

	Binder i.pdf
	067


