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HP/LT metamorphism and the structure of the Alanya Massif, 
Southern Turkey: an allochthonous composite tectonic sheet 

A. I. Okay & N. 0zgiii 

SUMMARY: The southern part of the Alanya Massif is made up of three superposed, 
relatively fiat-lying, crystalline nappes (Alanya Nappes), which tectonically overlie the 
largely sedimentary lithologies of the Antalya Unit (= Antalya Complex). The predomi- 
nantly Mesozoic continental margin type lithologies of the Antalya Unit outcrop beneath 
the Alanya Nappes in a large tectonic window. 

The structurally lowest of the Alanya Nappes (Mahmutlar Nappe) consists of a 
heterogeneous series of shales, sandstones, dolomites, limestones and quartzites all 
metamorphosed under greenschist facies conditions. At least part of the sequence is 
Permian in age. The intermediate Nappe (Sug6zti Nappe) is made up of garnet-micaschists 
which contain bands and lenses of eclogites and blueschist metabasites. Petrographic study 
has shown that rocks of the Sug6z/i Nappe have undergone initial HP/LT metamorphism 
followed by greenschist facies metamorphism. The greenschist overprint has destroyed 
most of the primary HP/LT mineral assemblages. The structurally highest of the Alanya 
Nappes (Yumruda~ Nappe) consists of a thick Permian carbonate sequence underlain by a 
relatively thin schist unit metamorphosed under lower greenschist facies conditions. 

The absence of HP/LT metamorphism in the structurally lowest and highest of the 
Alanya Nappes, and the greenschist facies metamorphism which has affected all three 
nappes indicate that the initial HP/LT metamorphism of the Sug6zii Nappe was succeeded 
by the tectonic stacking of the Alanya Nappes, greenschist facies metamorphism and 
deformation. In post-Maastrichtian times the Alanya Nappes, which were by then welded 
into one unit, were thrust over the sedimentary rocks of the Antalya Unit. The final 
thrusting of the Alanya Nappes and the underlying Antalya Unit over the Tauride 
carbonate platform occurred before the Middle Eocene. 

The Alanya Massif is the name given to a large 
area of metamorphic rocks situated east of 
Antalya Bay in the Eastern Mediterranean 
(Blumenthal 1951). Here we show the Alanya 
Massif to be an allochthonous, composite tecto- 
nic slice overlying the predominantly Mesozoic 
sedimentary rocks of the Antalya Unit. We also 
describe for the first time eclogites and bluesch- 
ists in the middle of the three crystalline nappes 
which make up the Alanya Massif. Interestingly 
this discovery follows the description of abun- 
dant detrital sodic amphibole in the beach and 
river sediments on the southern Turkish coast 
(Mange-Rajetzky 1981), some of which were 
certainly derived from these newly discovered 
HP/LT metamorphic rocks. 

The Mediterranean coast of Turkey is flank- 
ed by the Tauride mountain chain which con- 
sists of superposed nappes stacked together 
during the Upper Cretaceous and Tertiary 
(Brunn et al. 1971; 0zgiil & Arpat 1973; Ozgiil 
1976). A sedimentary sequence extending from 
Cambrian to Eocene, with the Mesozoic repre- 
sented largely by platform carbonates, forms 
the Tauride autochthon in the Central 
Taurides. Around Antalya bay the autochthon 
is overthrust by the rocks of the Antalya Unit 
(Ozgiil 1976, equivalent to the Antalya Nappes 
of Lef~vre 1967, and the Antalya Complex of 

Robertson & Woodcock 1979), consisting pre- 
dominantly of Mesozoic rocks of continental 
margin affinities. East of Antalya bay between 
Alanya and Anamur, rocks of the Antalya Unit 
are in turn tectonically overlain by the meta- 
morphic rocks of the Alanya Massif (Fig. 1). 
Rocks belonging to the Antalya Unit outcrop 
beneath the Alany.a metamorphics in a .!arge 
tectonic window (Ozgiil & Arpat 1973; Ozgiil 
1976), and in a narrow zone between the 
Alanya Massif and the autochthon (Fig. 1). In 
the east the Alanya Massif and the Tauride 
autochthon are overthrust by the rocks of the 
Alada(g Unit (Fig. 1, Ozgiil 1976, equivalent to 
the Hadim Nappe of Blumenthal 1944), which 
consist of a continuous shelf-type sedimentary 
sequence ranging in age from Upper Devonian 
to Upper Cretaceous. 

The geology of the coastal part of 
Alanya Massif 

We have mapped the south-western coastal part 
of the Alanya Massif between Demirta~ and 
west of Alanya at a scale of 1:25000. In this 
area three superimposed nappes (Alanya Nap- 
pes) have been differentiated within the crystal- 
line Alanya Massif (Figs 2 and 3). The dif- 
ferentiation of the nappes is essentially based 
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Fro. 3. Cross-section illustrating the large scale structure in the Alanya region. 

on the presence of a HP/LT metamorphic slice 
at a structurally intermediate position in the 
Alanya Massif. These three Alanya Nappes 
tectonically overlie the predominantly 
sedimentary rocks belonging to the Antalya 
Unit, which crop out in the Alanya tectonic 
window. 

The Alanya Nappes have a gently (<35 ~ 
undulating, but largely northerly, regional dip, 
such that the coastal area presents an oblique 
cross-section through the Alanya Nappes (Fig. 
2). The formal definitions of the stratigraphy in 
the Alanya Nappes and especially of the Alanya 
tectonic window will be given elsewhere and are 
only summarized here. 

Yumrudag Nappe 
The Yumruda~ Nappe is the structurally 

highest of the Alanya Nappes and constitutes 
the bulk of the Alanya Massif. It consists of 
schists overlain by a thick sequence of recrystal- 
lized limestone. The passage from the schists to 
the overlying carbonates is gradational with 
schist and carbonate bands several metres thick 
at the contact. Pelites, psammites, calc-schists, 
meta-dolomites and thin recyrstallized lime- 
stone bands are the major lithologies of the 
schist unit. The thickness of the schist unit is 
very variable; in some areas it is completely cut 
out and the carbonates rest directly on the 
garnet-mica-schists of the Sug6zii Nappe. In the 
eastern part of the area, where the basal schist 
unit reaches its maximum thickness, it is 1200 m 
thick. The meta-clastic rocks show a well de- 
veloped planar cleavage; the typical mineral 
assemblage in the pelites is quartz + albite 
+ phengite + chlorite + biotite. Some of the 
less well recrystallized psammites contain abun- 
dant clastic microcline. 

The overlying carbonate unit forms the thick 
carapace of the Alanya Massif (Blumenthal 
1951). Several hundred metres of generally 
fiat-lying, grey, massively-bedded, monotonous 
recrystallized limestones and dolomites are the 
characteristic lithology. There are occasional 

calc-schist bands and local meta-bauxite hori- 
zons. The deceptively flat-lying structure of the 
carbonate unit hides strong isoclinal folding 
prominent in the lower levels; the real thickness 
of the carbonate unit must be much less than 
the apparent thickness (>1000 m). 

Since the work of Blumenthal (1951), it is 
known from the well preserved Mizzia seen on 
the weathered carbonate surfaces that the car- 
bonates are of Upper Permian age. A recently 
discovered exposure in the Alanya Massif 
shows the massive Permian carbonates to pass 
through a meta-bauxite horizon to thinly bed- 
ded recrystallized limestones with abundant 
lamellibranchs. Surprisingly similar but better 
preserved sequences in the Alanya tectonic 
window suggest that the thinly bedded limes- 
tones are Lower Triassic (Scythian) in age. 
Younger rocks are not found in the Yumruda~ 
Nappe. 

Sug6zii Nappe 
This is a thin HP/LT metamorphic unit 

occupying a structurally intermediate position 
between the Yumruda~ Nappe above and 
Mahmutlar Nappe below. The dominant rock 
type in the Sug6zfi Nappe is a well-foliated, 
silvery-grey mica-schist with conspicuous 
reddish-black garnets up to 6 mm in size. These 
very distinctive garnet-mica-schists were also 
noted by Blumenthal (1951) and Peyronnet 
(1971). Eclogites and blueschist metabasites 
occur within these garnet-mica-schists either as 
rare intercalated bands 20-30cm thick or as 
boudinaged lenses which can range up to two 
metres across. These basic lithologies make up 
less than 5% of the Sug6zfi Nappe. A still rarer 
lithology is meta-dolomite. The garnet-mica- 
schists were probably originally siliceous shales. 
Petrological studies, which are detailed in the 
next section, indicate that these rocks experi- 
enced a plurifacial metamorphism ranging from 
eclogite to greenschist facies. 

The apparent thickness of the Sug6zfi Nappe 
ranges from 100 to 800 metres and the max- 
imum outcrop width is about one kilometre. 
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Despite its relative thinness the Sug6zti Nappe 
shows a remarkable lateral continuity. It is 
traceable for over 40 kilometres along the 
coast, beneath and south of the Yumruda~ 
Nappe and is cut out in only one place by a 
steeply dipping normal fault (Fig. 2). In the east 
the Sug6zti Nappe is truncated by the Alanya 
tectonic window, whereas in the west it dis- 
appears beneath recent sediments (Fig. 2). 
North of the Yumruda(g Nappe it reappears in a 
small window in a deeply cut gorge (Dim ~ayl), 
which gives a minimum N-S dimension of four 
kilometres. 

Along all the observed contacts, the foliation 
in the garnet-mica-schists is parallel to the 
foliation in the overlying and underlying schists. 
The demarcation of the Sug6zti Nappe is made 
in the field solely on the presence of conspi- 
cuous garnets in this unit; garnets are lacking in 
the Yumruda~ Nappe and in the directly 
underlying schists of the Mahmutlar Nappe. 
The conformable contacts between these three 
nappes, which has prevented their earlier dis- 
covery, is due to the last stage of metamorph- 
ism and deformation which affected all three 
nappes. However, on a larger scale there is 
discordance between the generally E-W trend- 
ing garnet-mica-schists of the Sug6zii Nappe 
and the NW-SE trending lithologies of the 
underlying Mahmutlar Nappe (Fig. 2). Near the 
contact, the Mahmutlar Nappe schistosity 
becomes concordant with that in the garnet- 
mica-schists of the Sug6zti Nappe. 

Mahmutlar Nappe 
This structurally lowest of the Alanya Nappes 

consists predominantly of pelites, psammites, 
meta-dolomites, recrystallized limestones and 
meta-quartzites. Meta-dolerites and recrystal- 
lized radiolarian cherts occur in very minor 
amounts. The thickness of the Mahmutlar 
Nappe is difficult to estimate as its lower contact 
is under the sea. However, it has a minimum 
apparent thickness of 700-800 metres. In the 
east it is truncated along with the Sug6zti Nappe 
by the Alanya tectonic window; west of Alanya 
it is largely covered by the overlying nappes and 
crops out only in small windows (Fig. 2). 

The metamorphic grade in the Mahmutlar 
Nappe continuously increases from the north- 
east towards the south-west. In the north-east 
the clastic quartz and feldspar grains in coarse 
sandstones are still recognizable whereas near 
the coast pelites contain biotite and newly- 
formed small garnets along with oligoclase, 
quartz, phengite and chlorite. A well developed 
schistosity is ubiquitous in the metaclastic rocks 
of the Mahmutlar Nappe. The presence of 

& N. Ozgi~l 

Mizzia in some recrystallized limestones north 
of Demirta~ village indicates that at least part of 
the Mahmutlar Nappe is of Permian age. 

Alanya tectonic window 
Sedimentary and low-grade metasedimen- 

tary rocks belonging to the Antalya Unit 
outcrop in an immense tectonic window 
underneath the Alanya Nappes extending for 
75 km along the coast from Demirta~ to Ana- 
mur (Fig. 1). Its south-western margin is under 
the sea whereas along its north-eastern flank 
the Alanya Nappes tectonically overlie the sedi- 
ments of the Antalya Unit. In the north-west- 
ern part of the window a thin sequence (150 m) 
of micaceous Upper Cambrian-Lower Ordovi- 
cian sandstones and siltstones with rare, red 
nodular limestone intercalations is overlain by 
Upper Permian neritic carbonates. An ortho- 
quartzite horizon between the Lower 
Palaeozoic sandstones and Permian carbonates 
is interpreted as the transgressive base of the 
Permian. The thickly bedded, grey, neritic, 
fossiliferous Permian limestones, 600-700m 
thick, are overlain by variegated, thinly bedded 
Scythian limestones and marls with abundant 
lamellibranchs. This 200m thick sequence 
passes upwards into red radiolarian cherts and 
intercalated Halobia-bearing pelagic lime- 
stones. In this 30 m thick pelagic sequence there 
are rare intercalations of green acidic tufts and 
alkali basalts. The radiolarian cherts and pela- 
gic limestones are overlain by 600 m of greyish 
brown, carbonaceous Carnian sandstones with 
abundant plant debris. A distinctive feature of 
these sandstones is the presence, especially in 
the upper levels, of olistoliths mostly of Per- 
mian limestone, Ordovician sandstone and 
Cambrian red nodular limestone. These olisto- 
liths may reach several kilometres in size. 

Jurassic and Cretaceous rocks occur in only 
few areas in the Alanya tectonic window. They 
are faulted against the much more abundant 
Triassic rocks and comprise a 150 m sequence of 
multicoloured radiolarian cherts and pelagic 
limestones. At the top of the sequence there is a 
Maastrichtian shale unit with olistoliths ranging 
in age from Cambrian to Cretaceous. 

Low-angle thrusting is common within the 
window so that the stratigraphic sequences are 
repeated several times. The thrusts trend in a 
north-south direction and are truncated by the 
overlying Alanya Nappes. On a finer scale the 
Triassic sandstones and shales are strongly and 
complexly deformed. Metamorphic recrystal- 
lization and penetrative cleavage, which is lack- 
ing in the north-eastern part of the window, 
develops gradually towards the coast. Along 
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TABLE 1. Measured modes of typical rocks from the SugOzgt Nappe 
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Metabasite Micaschist 

AL497B AL497A AL426 AL431 AL512 

Sodic pyroxene 62.9 26.4 - -  - -  - -  
Garnet 11.0 14.0 9.5 5.5 9.0 
Sodic amphibole 3.5 34.9 10.7 0.2i - -  
Barroisite - -  1.8 17.8 - -  - -  
Albite - -  - -  23.1 22.5 25.0 
Chlorite 0.5 - -  9.6 9.4 1.9 
Ankerite - -  2.9 9.3 - -  0.2 
Calcite - -  - -  3.2 - -  - -  
White mica 15.0 7.9 8.9 18.8 19.2 
Biotite - -  - -  1.7 4.6 tr. 
Quartz 0.6 2.5 1.2 36.8 43.7 
Clinozoisite 0.1 0.7 0.2 tr.i - -  
Magnetite 1.6 0.2 - -  - -  - -  
Pyrite 1.6 2.1 - -  - -  - -  
Pyrrhotite - -  - -  0.9 - -  - -  
Ilmenite - -  - -  - -  2.0 0.9 
Rutile 3.2 6.2 0.1 tri.i tri.i 
Sphene - -  - -  3.2 - -  - -  
Apatite - -  0.4 0.4 0.2 0.1 
Tourmaline - -  - -  0.2 tr. - -  

100.0 100.0 100.0 100.0 100.0 

tr. <0.1 
i inclusions in garnet 

the coast the  shales are  conver ted  to quartz- 
chlori te-serici te  schists with an i r regular  
pene t ra t ive  c leavage.  H o w e v e r ,  the grade  of 
m e t a m o r p h i s m  in the window is less than  in the 
sur rounding  schists of the Alanya  Nappes .  

Petrology of HP/LT metamorphic rocks of 
the SugOzti Nappe 

Eclogites and  blueschist  metabas i tes  occur  as 
dense ,  massive,  dark  bands  or  lenses within the 
silvery grey,  well  fol ia ted garnet-mica-schists .  
Pe t rographica l ly  the re  is a comple te  and  con- 
t inuous range  f rom essential ly una l t e red  eclo- 
gite th rough blueschis t  metabas i te  to barroisi t ic  
amphibol i te .  T h e  earl iest  eclogitic and bluesch- 
ist stages are best  p rese rved  in the eas tern  part  
of  the Sug6zii  Nappe ,  especially a round  the 
village of  Ba~lica (Fig. 2). West  of  A lanya  most  
of  the traces of  the  eclogitic stage are obliter- 
a ted.  

U n a l t e r e d  eclogites are rare.  In hand  speci- 
m e n  2-3 m m  large reddish-black garnets  are  set 
in a ye l lowish-green  f ine-grained matrix.  U n d e r  
the  microscope  large garne t  poikiloblasts  lie in 
a shea red  g roundmass  composed  dominan t ly  of 
pale  green  subhedra l  grains of sodic pyroxene .  
Whi te  mica,  pale  blue sodic amphibo le  with 
na r row rims of  b luish-green barrois i te ,  and 
quar tz ,  ruti le and pyri te  occur  in minor  

amoun t s  (Table  1). G a r n e t  crystals are full o f  
inclusions of  sodic amphibo le ,  cl inozoisite,  
whi te  mica and ruti le.  

Blueschist metabasites are more  c o m m o n  
than  eclogites.  T h e y  occur  as massive,  hard ,  
banded ,  bluish-black rocks with conspicuous  
reddish  garnets  several  mi l l imetres  in size. Ro-  
ta ted  and d e f o r m e d  garne t  poikiloblasts  up to 
5 m m  in d i ame te r  are  set in a g roundmass  o f  
sodic amphibo le ,  sodic py roxene  and whi te  
mica.  Rut i le ,  pyri te ,  quar tz ,  a l te red  Fe-carbon-  
ate,  and  clinozoisi te are  found  in smaller  
amoun t s  sca t te red  in the  g roundmass  (Table  1). 
T h e r e  is a g radua t ion  f rom omphac i t e  + garnet  
eclogites to blueschist  metabas i tes  with sodic 
amphibo le  and garne t  but  with no sodic 
pyroxene .  In  m a n y  blueschist  metabas i tes  sodic 
py roxene  is p re se rved  in pa tches  or  in bands;  
the re  are,  however ,  no direct  r ep l acemen t  tex- 
tures  of sodic py roxene  by sodic amphibole .  
Pale  blue sodic amph ibo le  shows ubiqui tous  
part ial  r ep l acemen t  by greenish  blue barroisi te;  
however ,  in blueschist  metabas i tes  barrois i te  
neve r  makes  up m o r e  than  30% of the amphi-  
bole  present .  G a r n e t  porphyrob las t s  have 
a b u n d a n t  inclusions of sodic amphibo le ,  clino- 
zoisite, quartz ,  ca rbona te  and  rutile.  Quar tz ,  
calcite and whi te  mica  are  concen t r a t ed  in the 
pressure  shadows and a r o u n d  the rims of  the 
ga rne t  porphyroblas ts .  
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TABLE 2. Stages of mineral development in 
metabasic rocks of the SugOzi;t Nappe 

es Eclogite 

Garnet 
Na-pyroxene 
Na-amphibole 
Barroisite 
Albite 
Chlorite 
Epidote 
Paragonite 
Phengite 
Biotite 
Rutile 
Sphene 
Quartz 

A. I. Okay & N. Ozgfd 

Blueschist Greenschist 

Barroisite amphibolites represent the last 
stage in the retrogressive development of eclo- 
gites. They are less dense than the blueschist 
metabasites and eclogites, and have a pale- 
green colour due to the presence of abundant 
chlorite and albite in the rock. Red garnets are 
still conspicuous on weathered surfaces. These 
large garnet poikiloblasts are associated with 
sub-idioblastic barroisite, which has largely re- 
placed the pale blue sodic amphibole, and with 
albite poikiloblasts, quartz, white mica and 
chlorite. Sphene replacing rutile, altered Fe- 
carbonate, clinozoisite, biotite and pyrite may 
occur in minor amounts (Table 1). 

The mineralogy and texture of the garnet- 
mica-schists are, like their field characteristics, 
rather monotonous. Poikilitic, often rotated, 
garnet porphyroblasts up to l c m  across are 
associated with helicitic albite poikiloblasts, 
pale green chlorite, phengite and quartz. These 
five minerals make up over 90% of the mode 
(Table 1). Small amounts of ilmenite, biotite, 
graphite, clinozoisite and altered Fe-carbonate 
may be present. Rutile (occasionally replaced 
by sphene), apatite and tourmaline are ubi- 
quitous accessory minerals. The most interest- 
ing feature of the garnet-mica-schists is, how- 
ever, the presence of sodic amphibole, which 
occurs in minor amounts along with quartz, 
white mica, clinozoisite and rutile as small 
inclusions in garnet porphyroblasts or even 
more rarely in large Fe-carbonate crystals. 

Sodic amphibole inclusions in garnets and the 
interlayering of garnet-mica-schists and meta- 
basic rocks indicate that the garnet-mica-schists 
have undergone an initial HP/LT metamorph- 
ism as have the basic lithologies. The initial 

HP/LT mineral assemblage of the garnet-mica- 
schists probably included jadeite instead of 
albite. 

The evolution of mineral assemblages in the 
metabasic rocks is shown in Table 2. Geological 
evidence (cf. Table 4) indicates that HP/LT 
metamorphism and greenschist facies meta- 
morphism represent two distinct events rather 
than a single continuous event. In this respect 
rocks of the Sug6zii Nappe are similar to the 
HP/LT metamorphic rocks from the Western 
Alps and especially from the Sesia-Lanzo Zone 
(Frey et al. 1974). As in the Sug6zii Nappe, 
rocks of the Sesia-Lanzo Zone are largely 
quartz-rich mica-schists representing meta- 
morphosed acid magmatic rocks and pre- 
Alpine schists (Compagnoni et al. 1977). On the 
other hand, rocks of the Sug6zii Nappe show a 
strong contrast in terms of the mineral assemb- 
lage, lithology and tectonic setting to the prog- 
rade blueschists of north-west Turkey, which 
occur 300km north of Alanya Nappes (Okay 
1982 and this volume). 

Mineral chemistry 
Fifty-five complete mineral microprobe 

analyses have been made on three samples: one 
eclogite (497B), one barroisite amphibolite 
with relict sodic amphibole (426) and one gar- 
net-mica-schist (431). The measured modes of 
these specimens are given in Table 1; all three 
samples are kept in the Harker Collection in the 
Department of Earth Sciences, Cambridge. 

Mineral compositions were determined for 
twelve elements (Na, Ca, K, Fe, Mg, Mn, V, 
Cr, Ti, Al, Si, P) using an electron-probe 
microanalyser with a Harwell Si(Li) detector 
and pulse processor (Statham 1976). The cor- 
rection procedures are given by Sweatman & 
Long (1969). The method for estimating ferric 
ion in sodic pyroxene and in sodic amphibole is 
outlined in Okay (1978, 1980). 

Garnet 
Idioblastic garnet porphyroblasts are ubi- 

quitous in metabasic rocks and mica-schists. 
Nine garnet compositions from the three 
samples are plotted in Fig. 4 in terms of pyrope, 
grossular and almandine + spessartine end- 
members and two of the analyses are given in 
Table 3. Analysed garnets have very low spes- 
sartine (<2%) and andradite (<3%) compo- 
nents, and show a slight zoning involving an 
increase in almandine component towards the 
rim at the expense of the grossular component. 
The pyrope contents range from 4% to 9%; 
garnets from the metabasic rocks are slightly 
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Miyashiro diagram and have very small 
amounts of ferric iron (Table 3, Fig. 5). They 
are very similar in composition to the detrital 
sodic amphiboles from beach sediments on the 
eastern part of the Alanya coast (Mange- 
Rajetzky 1981, Fig. 5). 

In most specimens sodic amphibole has dis- 
Gros~ tinct and sharply bounded rims of dark bluish- 

green barroisite; there is no continuous com- 
positional range between the two amphiboles. 
Barroisite is characterized by a small A-site 
occupancy (0.0-0.3 per formula unit), tet- 
rahedral aluminium (0.6-0.9) and a Na/ 
Na + Ca ratio of 0.3-0.5 (Fig. 5, Table 2). 

FI6. 4. Garnet compositions from the 
Sug6zti Nappe plotted on the (almandine 
+ spessartine)-pyrope-grossular diagram; 
all spessartine contents are below 2%, 
arrows point from core to rim composi- 
tions. 

richer in pyrope component (5-9%) than gar- 
nets from the mica-schists (4-7%). Garne t s  
from the Sug6zii Nappe are similar in composi- 
tion to the garnets from Type C eclogites and 
blueschists (Coleman et al. 1965). 

Sodic pyroxene 
Sodic pyroxenes form zoned subhedral pale 

yellowish-green grains or bundles of prismatic 
crystals up to l mm long. Analysed sodic 
pyroxenes from the specimen 497B are ompha- 
cites and aegirine-jadeites (Table 3). Their 
acmite contents are below 30% and their jade- 
ite contents range up to 70%. 

Amphibole 
The primary amphibole is a slightly zoned 

colourless to pale blue sodic amphibole. Analy- 
sed amphiboles from specimen 426 plot near 
the ferroglaucophane/glaucophane join in the 
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FIG. 5. Amphibole compositions from the 

Sheet silicates 
Microprobe analyses have revealed that para- 

gonite and phengite are both present in rocks of 
basic composition whereas only phengite is 
found in the garnet-mica-schists. Paragonite 
shows up to 12% substitution by muscovite and 
up to 3% by calcium mica (Table 3). Phengite 
coexisting with paragonite contains 6% of a 
paragonite component (Table 3); phengites 
from garnet-mica-schists on the other hand do 
not show any paragonite substitution. 

Chlorite is largely retrogressive after garnet 
in garnet-mica-schists and blueschist metaba- 
sites. In barroisite amphibolites, however, it 
forms an important part of the primary mineral 
assemblage. Chlorites analysed from the bar- 
roisite amphibolite and from the garnet-mica- 
schist have restricted Fe/Fe + Mg ratios (0.4- 
0.5) and a uniform Si/Si + A1 ratio (Table 3). 
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(a) Sodic amphibole compositions plotted on part of the Miyashiro diagram. Open circles indicate 
sodic amphibole compositions from the beach and river sediments from the eastern province, Alanya 
(Mange-Rajetzky 1981). G = glaucophane, FG = ferroglaucophane. 
(b) Barroisite and sodic amphibole compositions from the sample AL426 plotted in terms of their 
Na/Na + Ca and Fe/Fe + Mg ratios. The diagram illustrates the compositional break between the 
sodic amphibole and barroisite. 
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1. Shallow carbonate platform conditions 
in the Alanya Nappes and Antalya Unit 

2. Rifting of the carbonate platform 
3. HP/LT metamorphism of the SugOzii Nappe 
4. Tectonic stacking of the Alanya Nappes 
5. Greenschist facies metamorphism of the 

Alanya Nappes and probably part of the 
Antalya Unit 

6. Thrusting of the Alanya Nappes as a single 
sheet over the Antalya Unit 

7. Alanya Nappes and the underlying Antalya 
Unit thrust over the carbonate 
platform to the north 

Upper Permian 

Anisian 

pre-Maastrichtian 

post-Maastrichtian 

Palaeocene-Lower Eocene 

Other minerals 
Albite is present in barroisite amphibolites 

and in garnet-mica-schists. The maximum anor- 
thite content in five analysed albites from two 
specimens is 3 mol %. 

Epidotes, with pistacite contents of 12- 
17 mol % occur in minor amounts in metabasic 
rocks (Table 3). 

Metamorphic and tectonic history of 
the Alanya area 

The geological evolution of the Alanya area 
involves a complex sequence of structural and 
metamorphic events, which are summarised in 
Table 4. Petrographic and structural evidence 
indicates that only the Sug6zii Nappe has suf- 
fered HP/LT metamorphism, whereas green- 
schist facies metamorphism and associated 
deformation have affected all'three nappes. 

The initial HP/LT metamorphism of the 
Sug6zii Nappe was followed by the tectonic 
stacking of the Alanya Nappes, and greenschist 
facies metamorphism and associated deforma- 
tion, which probably also resulted in the folding 
of the thrust surfaces of the Alanya Nappes 
(Fig. 2). The low-grade metamorphism of part 
of the Antalya Unit is also probably related to 
this late greenschist event. This was succeeded 
by the thrusting of Alanya Nappes, which were 
by then welded into one sheet, over the Antalya 
Unit. A post-Maastrichtian age for the thrust- 
ing is given by the youngest sediments of that 
age in the Alanya tectonic window. Similar 
reasoning suggests that metamorphism in the 
Alanya Nappes is probably pre-Maastrichtian. 
Metamorphosed Lower Triassic rocks of the 
Yumruda~ Nappe give a minimum age for the 
greenschist facies metamorphism. The lack of 
any recorded Hercynian or older metamorph- 
ism in the Taurides suggests that the meta- 
morphism of the Alanya Nappes is Alpine in 
age. 

In areas of similar plurifacial metamorphism, 
like the Western Alps or the Cyclades, Greece, 
an early HP/LT metamorphism was followed 
20-40Ma later by a greenschist facies meta- 
morphism (e.g. Frey et al. 1974; Altherr et al. 
1979). In the Western Alps the initial HP/LT 
metamorphism seems to have predated the 
major nappe movements. Assuming a similar 
pattern for the Alanya Nappes, and a Lower 
Maastrichtian age for the greenschist facies 
metamorphism, the initial HP/LT metamorph- 
ism might be Turonian in age or older. 

In the north, rocks of the Antalya Unit 
tectonically overlie Cretaceous and Lower 
Eocene carbonates and clastics of the Tauride 
autochthon. On the other hand, Lutetian lime- 
stones are transgressive with a basal conglomer- 
ate over the Alanya Nappes in the region of 
Maha Yaylasi. Thus the final emplacement of 
the Antalya Unit and Alanya Nappes can be 
constrained to the Lower-Middle Eocene inter- 
val. However, emplacement had probably 
started in the Palaeocene as flysch-type clastics 
of Upper Palaeocene-Lower Eocene age in the 
Tauride autochthon to the north of Alanya 
Nappes contain abundant schist and marble 
fragments derived from the Alanya Nappes. 

Regional implications 
Lying structurally between the Tauride autoch- 
thon and the Alanya Nappes are rocks belong- 
ing to the Antalya Unit. The original place of 
deposition and thus the direction of tectonic 
transport of the Antalya Unit has been a sub- 
ject of controversy. We believe that regional 
considerations (Robertson & Woodcock 1980; 
~eng6r & Yilmaz 1981) and recent detailed 
sedimentological and structural work (e.g. 
Robertson & Woodcock 1981) indicate that the 
Mesozoic rocks of the Antalya Unit were depo- 
sited on a passive continental margin situated 
south of the Tauride carbonate platform as 
originally propounded by Dumont et al. (1972). 
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Our palaeogeographic reconstructions start 
from this premise. 

During the Palaeozoic and the earliest Trias- 
sic, the Taurides were part of Gondwanaland. 
In the northern parts of Gondwanaland the 
Upper Permian is characterized by a far- 
reaching marine transgression and the estab- 
lishment of shallow marine conditions over 
large areas with the deposition of a thick sequ- 
ence of neritic limestones. At the end of the 
Permian part of the carbonate platform was 
sub-aerially exposed and subject to lateritiza- 
tion. Deposition in a tidal environment during 
the Scythian is indicated by the very widespread 
variegated thinly-bedded limestones. The initial 
rifting and continental fragmentation of the 
northern part of Gondwanaland began during 
the late Anisian and led to a horst-graben type 
topography (Marcoux 1978). There were nar- 
row fault-bounded basins separted by uplifted 
areas. In the pelagic basins radiolarian cherts, 
pelagic limestones, carbonate turbidites and 
turbiditic sandstones were deposited. The pre- 
sence of granitic rock fragments, and olistoliths 
of Permian limestones and Ordovician sand- 
stones in the Triassic rocks of the Alanya 
tectonic window, indicate that some of the 
uplifted areas were subareally exposed and 
eroded. The structural position of the Alanya 
Nappes over the Antalya Unit, and the appa- 
rent absence of post-Scythian sediments in the 
Alanya Nappes suggest that the Yumruda~ and 
Mahmutlar Nappes were originally part of such 
an uplifted continental area separated from the 
major Tauride carbonate platform by a rifted 
pelagic basin, where rocks of the Antalya Unit 
were being deposited. 

Although there are no ophiolitic rocks in the 
Alanya tectonic window, it has been suggested 
that during the Jurassic and Cretaceous some of 
these basins developed oceanic crust (e.g. 

& N. Ozgat 
~;engrr and Ydmaz 1981). The well known 
ophiolite complexes of the Eastern Mediterra- 
nean--Troodos, Klzdda~ and Antalya 
ophiolites---are regarded as Late Cretaceous 
fragments of an oceanic basin south of the 
Tauride carbonate platform (Robertson & 
Woodcock 1980). In the Alanya region the 
position of this southern branch of Neotethys is 
not clear. At the north-western margin of the 
Alanya Nappes near the town of Giizelsu, there 
are slivers of serpentinite, spilite, chert and 
pelagic shales (Monod 1978). Around the town 
of Giindo~mu~ these slivers are partly meta- 
morphosed in the blueschist facies, and are 
closely associated with the rocks of Antalya 
Unit (~;engiin et al. 1978, and our own observa- 
tions). The presence of these poorly known 
ophiolitic rocks may indicate that oceanic crust 
was generated during the Mesozoic between an 
Alanya microcontinent, represented by the 
Mahmutlar and Yumruda~ Nappes, and the 
Tauride carbonate platform. 

The continental basement to the Antalya 
Unit is not observed anywhere in the Alanya 
area. The Sugrzii Nappe could represent part 
of the attenuated continental basement of the 
Antalya Unit, which was subducted by cover- 
stripping during the Cretaceous (A.M.C. ~;en- 
g6r, personal communication). However, it re- 
mains a perplexing question as to how rocks of the 
Sug6zii Nappe were uplifted and then preserved 
as a coherent, thin metamorphic slice. 

ACKNOWLEDGEMENTS: We thank S. O. Agrell and 
Department of Earth Sciences, Cambridge for the 
microprobe analyses. R. Colston & C. Hampton read 
and corrected the manuscript, and A. (~a~atay deter- 
mined the ore minerals in the analysed samples. The 
work was carried out while the authors were in 
M.T.A. (Ankara), we are grateful for the facilities 
provided in the field. 

References 

ALTHERR, R., SCHLIESTEDT, M., OKRUSCH, M., 
SEIDEL, E., KREUZER, H., HARRE, W., LENZ, H., 
WENDT, I. & WAGNER, G. A. 1979. Geochronol- 
ogy of high-pressure rocks on Sifnos (Cyclades, 
Greece). Contrib. Mineral. Petrol. 70, 245-55. 

BLUMENTHAL, M. M. 1944. Schichtfolge und Bau der 
Taurusketten in Hinterland von Dozkir (Vilayet 
Konya). Revue Fac. Science Univ. Istanbul, s~rie 
B, 9, 95-125. 

1951. Recherches g~ologiques dans le Taurus 
occidental darts l'arri~re-pays d'Alanya. Publ. 
Miner. Res. Explor. Ins. Turkey, D5, 134 pp. 

COMPAGNONI, R., DAL PIAZ, G. V., HUNZlKER, J. C., 
GOSSA, G., LOMBARDO, B. & WILLIAMS, P. F. 
1977. The Sesia-Lanzo Zone, a slice of continen- 

tal crust with Alpine high pressure-low tempera- 
ture assemblages in the western Italian Alps. 
Rend. Soc. Ital. Mineral. Petrol. 33, 281-334. 

BRUNN, J. H,, DUMONT, J. F., DE GRACIANSKY, P. C., 
GUTNIC, M., JUTEAU, T., MARCOUX, J., MONOD, 
O. & POISSON, A. 1971. Outline of the geology of 
the western Taurides. In: CAMPBELL, A. S. (ed.). 
Geology and History of Turkey, Petroleum Ex- 
ploration Society of Libya, Tripoli, 225-55. 

COLEMAN, R. G., LEE, D. E., BEATTY, L. B. & 
BRANNOCK, W. W. 1965. Eclogites and eclogites: 
their differences and similarities. Bull. geol. Soc. 
Am. 76, 483-508. 

DUMONT, J. F., GUTNIC, M., MARCOUX, J., MONOD, 
O. & POISSON, A. 1972. Le Trias des Taurides 



H P / L  T m e t a m o r p h i s m  and  the structure o f  the A l a n y a  Mass i f  439 

occidentales (Turquie). D6finition du bassin 
pamphylien: Un nouveau domaine h ophiolites 
/a la marge externe de la chaine taurique. Zeit. 
Deutsch. Geol. Ges. 123, 385-409. 

FREY, M., HUNZIKER, J. C., FRANK, W., BOCQUET, J., 
DAL PIAZ, G. V., JAGER, E. • NIGGLI, E. 1974. 
Alpine metamorphism of the Alps, a review. 
Schweiz. mineral, petrogr. Mitt. 54, 247-90. 

LEF~VRE, R. 1967. Un nouvel 616ment de la g6ologie 
du Taurus Lycien: les nappes d'Antalya 
(Turquie). C.r. Sdances. Acad. Sci.  Paris, 
D265, 1365-8. 

MANGE-RAJETZKY, M. A. 1981. Detrital blue sodic 
amphibole in Recent sediments, southern coast, 
Turkey. J. geol. Soc. Lond. 138, 83-92. 

MARCOUX, J. 1978. A scenario for the birth of a new 
oceanic realm: the Alpine Neotethys. Abstr. Int. 
Congr. Sedimentology, lOth, Jersualem 1978, 2, 
419-20. 

MONOD, O. 1978. GiJzelsu Akseki b61gesindeki 
Antalya Naplarl iizerlne aqlklama (Orta Bati 
Toroslar--T~irkiye). Bull. geol. Soc. Turkey, 21, 
27-9. 

Or, ArC, A. I. 1978. Sodic pyroxenes from metabasites 
in the Eastern Mediterranean. Contrib. Mineral. 
Petrol. 68, 7-11. 

- -  1980. Sodic amphiboles as oxygen fugacity in- 
dicators in metamorphism. J. Geol. 8 8 ,  225-32. 

1982. Incipient blueschist metamorphism and 
metasomatism in the Tav~anli region. Northwest 
Turkey. Contrib. Mineral. Petrol. 79, 361-67. 

0z~/3L, N. 1976. Toroslarm bazi temel jeoloji 6zellik- 
leri. Bull. geol. Soc. Turkey, 19, 65-78. 

- -  & ARPAX, E. 1973. Structural units of the Taurus 

orogenic belt and their continuations in neigh- 
bouring regions. Bull. Soc. geol. Greece, 10, 
156-164. 

PEYRONNET, PH, DE. 1971. Esquisse g6ologique de la 
r6gion d'Alanya (Taurus m6ridional). Origine 
des bauxites m6tamorphiques. Bull. Miner. 
Explor. Inst. Turkey, 76, 90-116. 

ROBERTSON, h .  H. F. t~ WOODCOCK, N. H. 1980. 
Tectonic setting of the Troodos Massif in the 
East Mediterranean. In: PANAYIOTOU, A. (ed.). 
Ophiolites, Proc. Int. Oph. Syrup. Cyprus 1979, 
36-49. 

- -  & ~ 1981. Alaklr Gay Group, Antalya Com- 
plex, SW Turkey. A deformed Mesozoic carbon- 
ate margin. Sediment. Geol. 30, 95-131. 

~EN~6R, A. M. C. & YILMAZ, Y. 1981. Tethyan 
evolution of Turkey: a plate tectonic approach. 
Tectonophysics, 75, 181-241. 

~ENGON, M., ACARLAR, M., ~ETiN, F., DO(JAN, Z. O. 
& GOK, A. 1978. Alanya masifinin yaplsal 
konumu. Jeoloji Miihendisli~i, 6, 39-45. 

STATHAM, P. J. 1976. A comparative stucly of tech- 
niques, for quantitative analysis of the X-ray 
spectra obtained with a Si(Li) detector. X-ray 
Spectrom. 5, 16-28. 

SWEATMAN, R. R. ~L LONG, J. V. P. 1969. Quantita- 
tive electron probe microanalysis of rock-form- 
ing minerals. J. Petrol. 10, 332-79. 

WOODCOCK, N. H. & ROaERTSON, A. H. F. 1977. 
Imbricate thrust belt tectonics and sedimentation 
as a guide to emplacement of part of the Antalya 
Complex, SW Turkey. Abs. 6th Coll. Aegean 
Geol., Izmir 1977, 98. 

A. I. OKAY, Jeoloji B61iJmfi, ITU Maden Fakiiltesi, Tew Istanbul, Turkey. 
N. OZ6OL, Jeoloji B61iimii, ITI5 Maden Fakfiltesi. Te~vikiye, Istanbul, Turkey. 


