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ABSTRACT

A 600 m thick, more than 40 km long slice of eclogite facies rocks, called the Sugozii Nappe, occurs
in the Alanya area, southern Turkey, sandwiched between two other crystalline nappes which do not
show HP/L T metamorphism. All three nappes were affected by a later Barrovian-type metamorphism
and penetrative deformation which welded the nappes into a single tectonic unit. The Sugdzii Nappe
consists predominantly of garnet—-mica schists with lenses of eclogite and blueschist metabasites. The
mineral assemblage in the eclogites, garnet + omphacite + glaucophane + paragonite + quartz + phen-
gite + rutile, is estimated to have formed at 13-5+ 1-5 kb and 510+ 25 °C. The eclogite assemblage is
variably overprinted by a later Barrovian metamorphism with the development of barroisite, chlorite,
and albite. The extent of the Barrovian overprint was controlled by the supply of fluid to the rocks.

The Barrovian metamorphism increases in grade downwards in the structural sequence; biotite and
garnet isograds are mapped in the lowermost Mahmutlar Nappe, made up mostly of metapelites and
metapsammites. The metapelites in the garnet zone consist of garnet + biotite + chlorite + muscovite
+ albite + oligoclase + quartz + ilmenite; metamorphic conditions are estimated as 6-51 1-0 kb and
469+ 13°C.

The HP/LT rocks of the Sug6zii Nappe underwent a cooling of about 100°C during a dry uplift
from a depth of about 48 km to 21 km where they were intercalated with the other nappes, and affected
by a Barrovian metamorphism caused by the incoming fluids. The case of the Alanya Nappes
illustrates that the Barrovian overprint observed in many eclogites and blueschists may not be due to
increasing temperature during uplift, but simply due to the introduction of a fluid phase during part of
the uplift P-T path.

INTRODUCTION

Blueschists overprinted by a lower pressure metamorphism are increasingly being
recognized in Barrovian-style metamorphic belts (e.g., in the Dalradian, Gray & Yardley,
1979; in the Appalachians, Laird & Albee, 1981a). It is often not clear whether the entire
Barrovian-style metamorphic belt has undergone the early HP/LT metamorphism, or
whether the relict blueschists represent exotic metamorphic slices. The former alternative is
consistent with the published thermal and tectonic models of metamorphism which involve
an initial HP/LT metamorphism due to tectonic thickening by overthrusting, followed by a
greenschist overprint due to the thermal relaxation through delayed and slowed uplift (e.g.,
England & Thompson, 1984). In contrast to these models, this paper describes an exotic
blueschist/eclogite slice from the Barrovian-style metamorphic terrain of the Alanya
Nappes, southern Turkey. The emplacement of this blueschist/eclogite slice was largely
contemporaneous with the Barrovian-type metamorphism and penetrative deformation.
Alanya blueschists are also of interest in that their protoliths were largely shallow-water
sedimentery rocks, and they form a thin but continuous, rootless nappe.
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GEOLOGICAL SETTING

The studied region lies within the Tauride tectonic unit which is made up of a pile of
nappes mostly of sedimentary rocks and ophiolite, emplaced over a Mesozoic carbonate
platform during the Late Cretaceous and Tertiary (Fig. 1; Brunn et al,, 1971; $engdr &
Yilmaz, 1981). In the area studied, the highest structural unit is the Alanya Massif
(Blumenthal, 1951) which comprises three superimposed nappes (Fig. 2; Okay & Ozgiil,
1984). Only the intermediate Sugozii Nappe, made up dominantly of garnet-mica schists,
has undergone an early HP/LT metamorphism, whereas all the three nappes were affected
by a later Barrovian metamorphism and deformation, which has welded the nappes into one
unit, so that the contacts between the nappes are structurally conformable on the outcrop
scale (Okay & Ozgiil, 1984). The lowermost Mahmutlar Nappe comprises metapelites,
metapsammites, dolomites, metaquartzites, recrystallized limestones, and rare metabasites;
part of this sequence is Permian in age (Ozgiil, 1985). The uppermost Yumrudag Nappe is
made up of a thick sequence of Upper Permian bauxite-bearing recrystallized limestones
with a thin metaclastic unit at the base of the sequence (Fig. 2). Preliminary results of
isotopic dating on the Alanya rocks indicate that both the early HP/LT metamorphism and
the late Barrovian-type metamorphism are of Late Cretaceous age (M. Satir, pers. comm.).

Alanya Nappes tectonically overlie rocks of the Antalya Unit comprising mostly a
strongly deformed and partially metamorphosed sequence of Palacozoic and Mesozoic
sedimentary rocks of passive continental margin type (Marcoux, 1978; Robertson &
Woodcock, 1981; Ozgiil, 1985). In the Alanya region, rocks of the Antalya Unit occur in a
large tectonic window, and in a narrow corridor between the Alanya Nappes and the
relatively autochthonous Central Taurides (Fig. 1; Okay & Ozgil, 1984; Ozgiil, 1985).
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FIG. 1. Tectonic map of the western and central Taurides illustrating the regional sctting of the Alanya Nappes.
The area of Fig 2 is also indicated.

Troodos Ophiolite

50km 100




ki 14 X Q Eclogite
o T o e T Qe .

|~ T T T T ST TNy % Blueschist
. LN
T

Yr Barroisite-schist

©  Chlorite

o Biotite

1 ® Garnet biotite

Recent Deposits

Yumruda§ Noppe

% Sugozu Nappe
Mahmutlar Noppe
[D:D] ANTALYA UNIT

ALANYA NAPPES

== >

FI1G. 2. Geological map and cross-section of the Alanya region with specimen locations. The various stars indicate the location of studied metabasic

rock types in the Sugdzi Nappe. The open, half-filled and filled circles indicate the location of the studied chlorite, biotite, and garnet zone

assemblages of the Barrovian metamorphism. The sample numbers of the analysed specimens are also shown. Notice the absence of spatial
relationship between the isograds in the Mahmutlar Nappe and paragenesis in the Sug6zii Nappe.
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ECLOGITE/BLUESCHIST FACIES METAMORPHISM

This early HP/LT metamorphism is documented only in the Sugdzii Nappe, which is only
600 m thick but extends for over 40 km along the coast with a minimum width of 4 km
(Fig. 2; Okay & Ozgiil, 1984). The Sugdzii Nappe consists mainly of pelitic garnet-mica
schists with the common mineral assemblage garnet + albite + chlorite + phengite + quartz
(Table 1). These five minerals make up over 90% of the mode. Rutile, locally replaced by
sphene, apatite, and tourmaline are accessory minerals. Small amounts of ilmenite, biotite,
graphite, clinozoisite, and altered Fe-carbonate are present in many samples. Garnet and
albite occur as rotated poikiloblasts up to 1 cm across surrounded by pale green chlorite,
phengite, and quartz. The conspicuous garnet porphyroblasts in the mica schists were used
in the field to map the boundaries of the Sug4zii Nappe, as the overlying Yumrudag Nappe
and the directly underlying metasediments of the Mahmutlar Nappe lack garnet (Fig. 2).
Garnets from the Sugdzii Nappe commonly contain sigmoidal inclusion trails of quartz,
clinozoisite, white mica, and rutile; rare sodic amphibole inclusions in the garnet pro-
phyroblasts are the only evidence for HP/L.T metamorphism in the garnet-mica schists.

Apart from the garnet—mica schists, the Sugb6zii Nappe also includes metaquartzite,
metadolomite, and metabasite, which however make up less than 5% of the sequence.
Metabasites occur within the garnet-mica schists as rare intercalated, conformable bands
0-2-0-3 m thick, or boudins up to 2 m across. They probably represent sills, dykes, or lava
flows in a shale sequence.

Metabasites are variably affected by the later Barrovian metamorphism and can be
classified into eclogites, blueschist-metabasites and barroisite-amphibolites (Fig. 2). The
mineral assemblage in the eclogites is garnet+ omphacite + glaucophane + paragonite
+ quartz +rutile + phengite (Table 1, Fig. 3A). Garnet occurs as idioblastic and frequently
poikilitic porphyroblasts set in a parallel-aligned groundmass of elongate omphacite,
glaucophane, white mica, and interstitial quartz (Fig. 3A). Garnet porphyroblasts are full of
inclusions of quartz, clinozoisite, white mica, glaucophane, and rutile; commonly they have
an inclusion-free outer rim. Omphacite forms pale green to colourless, subidioblastic
elongate grains that are free of inclusions and are frequently rimmed by very fine-grained
symplectitic intergrowths of albite and amphibole (Fig. 3A). Sodic amphibole occurs as pale
blue to colourless idioblastic grains that occasionally have narrow rims of bluish-green
barroisite. Eclogites grade into the blueschist metabasites with an increase in modal sodic
amphibole, occasionally to the exclusion of sodic pyroxene (Table 1).

Analytical technique

The minerals in three specimens (426, 431, and 497B) were analysed by the energy
dispersive electron microprobe system in the Department of Earth Sciences, University of
Cambridge. All the other samples were analysed by a Cameca electron microprobe with
automated wavelength-dispersive spectrometers in the Department of Earth and Space
Sciences, UCLA. The mineral compositions were determined for at least ten elements (Na,
Ca, K, Fe, Mg, Mn, Cr, Ti, Al, Si). The representative mineral compositions in Tables 2 and 4
are all point-analyses.

The method for estimating ferric ion in sodic pyroxene and in sodic amphibole is outlined
in Okay (1978, 1980a). The Fe3* in calcic and sub-calcic amphibole was estimated by
assuming Si+Ti+ Al+Fe3* + Fe?* +Mg=13-00, and a total ionic charge of 46.
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FIiG. 3. Photomicrographs illustrating fluid-absent vs. fluid-present reaction products of the Sug6zii eclogites along

the same P-T path: (A) Quartz-eclogite (AL444) with the equilibrium assembiage of garnet (gr), omphacite (cpx),

glaucophane (gl), paragonite (pa) and quartz (qz). Omphacite is partially broken down to a very fine-grained

symplectite of albite and amphibole (sym). (B) Barroisite-amphibolite (AL596B) with garnet (gr), albite (ab), chlorite
(chl), quartz (qz), white mica and resorbing glaucophane (gl).

Mineral chemistry

Minerals from seven metabasites and one garnet—-mica schist were analysed by the
electron microprobe (Table 1). Garnet compositions from these specimens are plotted in
Fig. 4a in terms of pyrope, grossular, and almandine+ spessartine end-members, and
representative analyses are given in Table 3. Analysed garnets show complex but generally
consistent zoning profiles. The important features of the zoning is a fluctuating increase in
the almandine component towards the rim, which however, shows a sharp decrease in the
inclusion-free outer rim of the garnet. Grossular component shows a fluctuating pattern
while pyrope component and Mg/Fe ratio show a general smooth increase from core to
rim.

Analysed sodic pyroxene compositions are plotted in the jadeite-acmite-augite ternary
diagram in Fig. 5, and representative compositions are listed in Table 2. Sodic pyroxenes
from two quartz-eclogites (444 and 569) are omphacites with acmite contents below 12%,
while those from the eclogite 497B, where quartz occurs in minor amounts in the pressure
shadows of garnets and is not in equilibrium with sodic pyroxene, are impure jadeites with
high acmite contents. No zoning was detected in the omphacites.

Sodic amphibole from six analysed specimens shows a narrow compositional range and
falls within the ferroglaucophane and glaucophane fields (Fig. 6, Table 2). An occasionally
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F1G. 4. (a) Garnet compositions from the HP/LT metabasites and micaschists of the Sug6zi Nappe plotted on part

of the pyrope-grossular—(almandine-spessartine) diagram in terms of mol%. Except for garnets from AL569, all

spessartine contents are below 2:5%; lines join compositions from single grains. (b) Garnet compositions from the
metapelites and metabasite of the Mahmutlar Nappe plotted on the same diagram.
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F1G. 5. Sodic pyroxene compositions from the Sugdzu eclogites plotted on part of the acmite-jadeite-augite
ternary diagram; symbols as in Fig. 4a.

observed discontinuous zoning in sodic amphibole involves an outward increase in Mg and
Fe3* at the expense of Fe?* and Al (Fig. 6).

Although they are indistinguishable optically, paragonite and/or phengite occur in all
analysed samples (Table 1). White mica compositions are plotted in Fig. 7 in terms of Si and
Na/(Na+K) ratio, and representative compositions are given in Table 2. Paragonite
compositions closely approximate the ideal formula with generally less than 15% muscovite
substitution (Fig. 7); phengites show up to 10% paragonite and less than 2% margarite
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FiG. 6. Sodic amphibole compositions from the Sugézii metabasites. GL, glaucophane; FG, ferroglaucophane;
R, riebeckite; MR, magnesioriebeckite. Symbols as in Fig. 4a.
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FiG. 7. Paragonite and phengite compositions from the metabasites and micaschist of the Sug6zi Nappe. Symbols
as in Fig. 4a.

substitution, and a variable Si content (Fig.7). For a wide pressure range and at
temperatures of above 400°C the paragonite-muscovite solvus indicates for coexisting
micas X,*° > XE*™* (Chatterjee & Flux, 1986). This is confirmed through the analysis of
coexisting white micas from low to medium pressure metamorphic terrains (e.g., Thompson
et al., 1977; Droop, 1985). However, in the Sugdzii eclogites and blueschists, the paragonite
content of phengite is approximately equal to the muscovite content of the coexisting
paragonite (Fig. 7, Table 2); a similar relation exists in the eclogites and blueschists of Sifnos
(Schliestedt, 1986). This is due to the increased phengite substitution at high pressures which
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results in a symmetrical widening of the potassic white mica—paragonite solvus (cf.
Chatterjee & Flux, 1986).

Clinozoisite is common as inclusions in garnet porphyroblasts but is not usually found in
the matrix of the eclogites or blueschists (Table 1). Analysed clinozoisite inclusions have
pistacite contents of 10~17%.

BARROVIAN METAMORPHISM
Yumrudag Nappe

The Barrovian metamorphism increases in grade downward from the Yumrudag to the
Mahmutlar nappe. In the Yumrudag Nappe, metabauxite lenses in the Permian carbonates
contain corundum + diaspore + chloritoid + chlorite + kyanite + white mica (Peyronnet,
1971). In these rocks, diaspore is partly replaced by idiomorphic corundum crystals. The
basal clastics of the Yumrudag Nappe (Fig. 2) are generally completely reconstituted, and
consist of quartz + white mica + chlorite + albite + calcite. However, large detrital microcline
grains remain in many specimens. These incipiently metamorphosed clastics lie directly over
the coarse-grained garnet—mica schists of the Sug6zi Nappe.

Sugozis Nappe

In the Sugdzii Nappe, Barrovian metamorphism was superimposed on an earlier HP/LT
metamorphism. In the metabasite lithologies, the development of bluish-green barroisite
rims around sodic amphibole, and the formation of abundant chlorite and albite are related
to the later overprint. In the barroisite—amphibolites relict poikilitic garnet porphyroblasts
are associated with abundant albite poikiloblasts with quartz inclusions, barroisite, chlorite,
white mica, and quartz (Fig. 3B). Sphene replacing rutile, carbonate, clinozoisite, biotite, and
pyrite occur in minor amounts in many samples (Table 1). In most barroisite—amphibolites,
sodic amphibole is preserved in the cores of the hornblende grains.

Bluish-green amphibole compositions are shown in Fig. 8, and representative composi-
tions are given in Table 2. They are barroisite in composition (Leake, 1978), and contain
more Na and less AI'Y than the amphiboles from the Mahmutlar Nappe metabasites (Fig. 8).
There is a major compositional break between sodic amphibole and barroisite (Fig. 8),
which, however, cannot be interpreted as an immiscibility gap as the barroisite-féorming
reaction was most probably an irreversible non-equilibrium reaction.

Analysed albites from the barroisite—amphibolites contain a maximum of 3% anorthite
component (Fig.9). Chlorite, replacing garnet and locally sodic amphibole, shows a
significant variation in Fe/(Fe + Mg) ratio even in a single probe section. Biotite occurs in
very minor amounts ( < 1 %) in some barroisite—amphibolites and garnet—mica schists where
it forms slender brown flakes in chlorite-rich patches.

Mahmutlar Nappe

Rocks of the Mahmutlar Nappe lie within the chlorite, biotite, and garnet zones of the
Barrovian metamorphism (Fig. 2). Metapelites in the chlorite zone consist of white mica
+quartz + albite + chlorite + ilmenite £ biotite. Biotite occurs sporadically in the chlorite
zone, and makes up only a few modal percent, forming small brown flakes in the
mica—chlorite matrix. Biotite becomes more abundant farther southwest, and it is possible to
draw a biotite isograd in the field marking the first abundant and mesoscopically visible
appearance of biotite (Fig. 2). Pelitic rocks in the biotite zone contain the assemblage quartz



TaBLE 1

Measured modes of the analysed Sugozit Nappe rocks

Eclogites Blueschists Barroisite-amphibolites Micaschists

AL444 ALS69 AL497B ALS60B ALS96B AL426 ALS68 AL43] ALSI2
Garnet 19-2 279 110 240 98 9-5 189 55 90
Omphacite 26:6(22-3) 32.8(21'5) 629 — — — 2:7(2+4) — —
Sodic amphibole 64(57) 27 35 22:4 81 107 34 02 —
White mica 88p 39m 150p 1-8p 11-3p,m 89 p,m 3-8 pm 18-8 m 192
Quartz 376 286 06 17 290 12 tr. 368 437
Rutile 10 02 32 -3 03 o1 16 tr tr!
Barroisite tr. tr. — 02 1-8 17-8 444 — —
Albite — — — 75 252 231 16:6 22:5 250
Chlorite — — 05 242 12:5 96 26 94 19
Clinozoisite tr! ot o1 03 03 02 1.1 trt tr.!
Sphene — 1.5 — 0t 03 32 30 — —
Calcite — 13 — — — 32 — — —
Ankerite — — — — — 93 — — 02
Magnetite — — 1-6 — — — — — _
limenite (3 06 — 55 13 — 14 20 09
Pyrite 03 02 1-6 10 — — — — —
Biotite — — — — — 1-7 05 46 tr.
Others 1,2 1 1,2 1,2, 1 1,2 1

p, paragonitc; m, phengite; tr <0.1; i, inclusion in garnet; |, apatite; 2, tourmaline; 3, pyrrhotite. The numbers in the brackets indicate the modal percent of albite
+amphibole symplectite.
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TaBLE 2

Representative mineral compositions from the Sugézit Nappe

Garnet Amphibole Omphacite Paragonite Phengite
AL444 AL569  AL444  ALS69  ALS68 AL444  ALS69  AL444  ALS69  ALS69  ALS6S
rim core rim rim core rim
Sio, 38-77 38:53 3905 3845 58-25 57-59 5732 4995 56-88 56-18 4746 4815 50-26 50-82
TiO, 0-08 009 0-09 ¢10 012 001 005 0-28 002 0-04 007 0-08 0-28 0-32
AL O, 21-88 21-42 21-57 21-25 11-62 11-78 1235 11-40 12:36 11-88 3946 40-20 25-88 2995
FeO 2644 3067 2710 2826 10-18 11-16 10-21 12:79 426 535 030 0-54 215 233
MgO 291 1-77 306 1-87 9-61 904 9-96 11-62 7-46 682 016 014 333 316
MnO o1t 101 011 036 0-02 o1 003 010 002 010 0-00 001 0-00 002
CaO 10-58 824 10-31 10-99 0-53 043 1-39 7-69 1204 11-54 ¢19 015 003 001
Na,O 0-00 0-00 0-00 0-00 7-48 723 701 390 787 831 664 623 045 0-69
K,O 000 0-00 0-00 000 001 0-00 0-04 026 0-00 000 072 087 10-59 9-44
Total 100-77 101-73 10129 101-28 97-82 97-35 98-36 9799 10091 100-22 9500 96:37 9297 9674
lons on basis of
12 Oxygens 23 Oxygens 4 cations 22 oxygens 22 oxygens

Si 302 3902 303 301 794 794 7-78 708 1-99 198 606 605 688 664
Al'Y 0-00 0-00 0-00 000 006 0-06 022 092 001 0-02 1-94 1-95 1-12 1:36
AV 201 198 197 196 1-81 1-85 1-76 0-99 050 047 399 401 306 325
Ti 0-01 001 o0l 0-01 001 000 001 003 000 0-00 001 001 0-03 003
Fe?* - — — — 020 15 0-30 039 004 ¢10
Fe* 1-72 201 1-76 1-85 096 1-14 0-86 1-13 0-08 0-06 0-03 005 0-25 0-25
Mg 034 021 035 022 1-96 1-86 201 245 039 036 003 0-03 0-68 0-62
Mn 0-01 007 001 002 0-00 001 0-00 0-0t 0-00 0-00 0-00 0-00 0-00 000

494 501 4-94 500 101 099 406 4-10 402 415
Ca 0-88 0-69 086 0-92 008 0-06 0-20 1-18 0-45 044 003 002 0-00 0-00
Na 0-00 000 0-00 000 1-98 1-93 1-85 1-08 053 0-57 1-64 1-52 012 017
K 0-00 0-00 000 000 0-00 0-00 001 005 000 000 012 014 1-85 1-57
Total 798 799 799 799 1500 1500 1500 1531 399 4-00 13-85 1379 1399 13-89
Alm 583 675 59-1 61-5 Jd 50 46
Spess 03 23 03 06 Ac 4 10
Pyr 1S 70 11-8 73 Au 46 44
Gross 299 232 28-8 306

Total iron as FeO.
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FiG. 8. Amphibole compositions from the Sugdzii and Mahmutlar metabasites. Lines join compositions from
single grains and arrows indicate the direction of the zoning. Symbols as in Fig. 4a except upward pointing filled
triangles indicate amphibole compositions from the Mahmutlar metabasite AL552D.
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The specimen numbers are listed on

the vertical axis in order of increasing Barrovian metamorphic grade.

+ albite + chlorite + white mica + biotite +ilmenite + graphite

+ calcite (Table 3). The garnet

isograd, marking the first appearance of this phase in pelitic rocks, is relatively easy to
delineate in the field. Metapelites in the garnet zone have the mineral assemblage of

quartz + albite + oligoclase + chlorite + white

mica + biotite + garnet + ilmenite + graphite

(Table 3). Plagioclase and idioblastic garnet prophyroblasts are wrapped by a strongly
parallel-aligned micaceous fabric of white mica, brown biotite, and pale-green chlorite with



TaBLE 3

Mineral assemblages from the Mahmutlar Nappe

811

Metapelites Metabasite
AL2-1  AL2-2 AL2-3 ALS52C AL2-7 AL448B AL459  ALSS0  ALSS4 ALS52D

Garnet X
Biotite

White mica
Chlorite

Quartz
Plagioclase
Ilmenite

Calcic amphibole
Others

X
X
X

X
X
X
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X ., muscovite; X, ,, muscovite and paragonite; 1, magnetite; 2, margarite.
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interstitial quartz. Garnet and plagioclase porphyroblasts frequently have slightly rotated
inclusions of quartz, graphite, and ilmenite.

Chlorite zone metabasites of the Mahmutlar Nappe largely retain the original igneous
texture but consist of green actinolite + albite +epidote +sphene. Metabasites from the
garnet zone {e.g., ALS552D) contain hornblende + albite + oligoclase + garnet + biotite
+ white mica + chlorite + ilmenite. The absence of sodic amphibole in these metabasic rocks
further indicates that the Mahmutlar Nappe has not shared the early HP/LT metamorphic
history of the Sugd6zii Nappe.

Minerals from nine metapelites and one metabasite from the Mahmutlar Nappe,
including one from the chlorite zone, two from the biotite zone, and seven from the garnet
zone were analysed by the electron microprobe (Fig. 2). Garnet compositions from six
metapelites and one metabasite are plotted in Fig. 4b in terms of pyrope, grossular, and
almandine + spessartine end-members, and representative compositions are given in
Table 4. These Barrovian garnets contain less grossular and pyrope, and more almandine
components than garnets from the Sugdzi eclogites and blueschists (Fig. 4b). However, this
probably reflects lithological differences; garnets from the metabasite have similar composi-
tions to those of the Sugdzii eclogites and blueschists (Fig. 4b). Garnets from the Mahmutlar
Nappe show simple zoning typical for garnets from metapelites; there is generally a smooth
compositional variation, Mn and Ca decrease, and Fe and Mg increase from core to rim.
This behaviour is typical for growth zoning produced as the garnet formed by a continuous
reaction at the expense of the matrix minerals (Tracy et al., 1976).

Several grains of biotite were analysed for each specimen. Mean biotite compositions are
plotted in Fig. 10 and representative analyses are listed in Table 4. Biotites apparently show
minor but regular decrease in Fe/(Fe+ Mg) ratio with increasing grade although the
variation in Fe/(Fe + Mg) ratio in biotites within a single probe section may be up to 10%
(Fig. 10). Biotites from the metabasite are strongly alkali deficient probably due to partial
chloritization, which might account for their rather low aluminium contents (Fig. 10).

Representative analyses of chlorite are also given in Table 4, and mean chlorite
compositions from ten specimens are plotted in Fig. 10. There is generally a regular
partitioning of Fe and Mg between biotite and chlorite (Fig. 10), and the partition coefficient
of 095 [(Fe/Mg)...,/(Fe/Mg),,] is similar to those described from other Barrovian meta-
morphic terrains (e.g., Mather, 1970), and is higher than those from lower pressure
metamorphic terrains (e.g., Ernst, 1983; Ferry, 1984). The Al/(Al + Fe + Mg) ratio of chlorites
from the Mahmutlar Nappe (0-38-0-40) is significantly higher than the ratio from the
glaucophane-lawsonite zone blueschists (0-29-0-36, Black, 1975; Okay, 1980b, Fig. 10)
indicating that Si(Fe, Mg) substitutes for 2Al in chlorite with increasing pressure as in
potassic white micas.

White mica in the metapelites occurs generally as parallel-aligned fibrous aggregates.
Electron microprobe analyses reveal the presence of both muscovite and paragonite in many
samples. Possibly due to the finely interlayered nature of the two micas, analyses indicate a
spread of compositions between muscovite and paragonite, although at the temperatures of
the garnet zone the muscovite—paragonite solvus should be wide (Flux & Chatterjee, 1986).
Muscovite analyses in Table 4 are from metapelites where muscovite occurs as distinct
individual flakes. Margarite occurs only in metabasite AL552D as fine-grained aggregates
along with muscovite and paragonite.

Albite (Angq_o.) is the only plagioclase in the biotite zone, whereas both albite (Ang;-¢3)
and oligoclase (An,,_,¢) occur in the garnet zone (Fig. 9). Albite and oligoclase occur as
distinct grains and/or oligoclase forms sharp rims around albite crystals.

Amphibole from the metabasite AL552D is a tschermakitic hornblende (Leake, 1978)



Representative mineral compositions from the Mahmutlar Nappe

TABLE 4

Garnet Biotite Muscovite
AL2-1 AL2-3 ALS552C AL552D AL2-1  AL2-3 ALS52C ALS52D AL2-1  AL2-3  ALS52C  AL552D
core rim rim core rim rim
Si0, 3765 3812 3818 3761 3783 3825 38:55 3843 3737 37:57 4715 4742 47-56 4714
TiO, 023 ¢10 009 0-28 010 0-08 1-70 1-52 1-84 091 044 036 023 026
AlO, 21-46 21-65 2201 21-52 2176 2097 17-80 1807 20-59 17-63 3338 3538 32:96 3395
FeO 2325 2931 3047 2995 30-55 28-50 14-45 1538 14-46 1602 1-61 1-44 1-57 1-32
MgO 099 209 2:28 1-44 194 204 11-79 11-54 936 10-24 1-65 0-94 1-15 1-12
MnO 8-68 1-11 103 3-69 1-48 2-51 008 002 003 009 0-01 002 002 000
Ca0 806 782 7-10 691 737 805 009 014 019 060 0-01 0-02 0-07 002
Na,0 000 000 0-00 0-01 0-00 001 11 0-08 015 G110 094 1-62 1-63 1-25
K,0 0-00 0-00 001 0-00 0-00 000 8:56 775 810 4-83 944 841 7-65 9-10
Total 100-32 100-20 101-17 101-41 10103 100-41 9313 9293 9209 8799 9523 9561 92-84 94-16
Ions on basis of
12 oxygens 22 oxygens 22 oxygens
St 300 302 300 2:98 299 303 579 578 565 589 633 623 6-40 630
AlY 0-00 0-00 0-00 002 001 000 221 2:22 235 211 1-67 1-77 1-60 1-70
Al 2:02 202 204 1-99 2902 1-96 094 098 1-32 1-15 354 370 363 365
T 001 0-01 0-01 0-02 001 001 019 017 021 011 004 0-04 002 003
Fe 1-55 1-94 200 1-99 2902 1-89 1-81 193 1-83 210 018 016 018 015
Mg o112 ¢-25 027 017 023 024 2:64 2-59 211 2:39 033 018 023 022
Mn 059 007 007 025 010 017 0-01 0-00 0-00 0-01 0-00 0-00 0-00 0-00
5.59 5-67 547 576 409 408 406 405
Ca 0-69 066 0-60 059 0-62 0-68 002 002 003 010 000 0-00 001 0-00
Na 0-00 0-00 0-00 000 0-00 0-00 003 002 004 0-03 024 041 043 032
K 0-00 0-00 0-00 0-00 0-00 000 1-64 1-49 1-56 097 1-60 1-41 1-31 1-55
1-69 1-53 1-63 1-10 1-84 1-82 1-75 1-87
Total 798 797 799 801 800 798 15-28 1520 1510 14-86 1393 13:90 13-81 13-92
Alm 525 664 68-0 63 68-0 634
Spess 200 24 24 83 34 57
Pyr 41 86 9-2 57 77 81
Gross 234 226 204 197 209 228

(174
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TABLE 4 (continued)

Plagioclase Chlorite Hornblende limenite
AL2-1  AL2-3 ALS52C ALS52D AL2-1  AL2-3 ALS52C ALS552D ALS52D AL2-1 ALS52C
SiO, 6300 6377 60-95 6815 6325 2616 2554 2529 25-55 44-36 0-03 003
TiO, 0-00 0-00 000 001 000 009 16 0-08 0-04 034 5391 5301
Al,O, 2320 22-68 23-56 19-26 2249 2321 23-82 22-86 2273 1432 0-00 0-00
FeO 18 008 0-05 007 001 19-59 2230 2425 21-89 16:31 41-99 4483
MgO 0-00 0-00 000 0-00 0-00 18-24 1658 1569 1662 923 0-00 003
MnO 0-04 0-00 003 0-00 0-03 017 11 007 011 022 215 091
CaO 434 368 534 0-48 425 003 002 0-00 002 10:30 0-03 009
Na,O 9-57 9-65 8-67 11-52 935 0-01 0-00 0-00 0-00 1-26 0-00 0-00
K,;0 ¢12 006 0-05 0-06 011 009 0-03 0-01 002 032 0-00 0-03
Total 100-45 99:92 98-65 99-55 99-49 87-59 88-56 8825 8698 96-66 9811 98:93
lons on basis of
8 oxygens 28 oxygens 3 oxygens

Si 278 282 274 299 281 533 522 525 532 647 0-00 0-00
AlY 022 018 026 001 019 2:67 278 275 2:68 1-53 0-00 0-00
A 099 1-00 099 0-99 0-99 291 296 285 289 093 0-00 0-00
Ti 0-00 0-00 0-00 0-00 0-00 0-01 002 001 001 0-04 1-03 1-01
Fel* 0-87

Fel* 0-01 0-00 000 0-00 ¢-00 334 381 421 381 1112 0-89 095
Mg 0-00 0-00 0-00 000 000 5-54 505 4-86 515 2:01 0-00 600
Mn 0-00 0-00 0-00 0-00 0-00 003 002 001 0-02 003 0-05 0-02
Ca 020 17 026 002 020 001 000 G-00 0-00 1-64 0-00 0-00
Na 082 083 076 098 081 000 0-00 0-00 0-00 036 0-00 G-00
K 0-00 000 0-00 0-00 000 0-02 0-01 0-00 0-01 0-06 0-00 0-00
Total 502 500 501 4-99 5-00 19-86 19-87 19-94 19-89 1506 197 1-98

Total iron as FeO.

Mineral compositions are used for geothermometry and geobarometry.
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F1G. 10. Biotite and chlorite compositions from the Mahmutlar Nappe. The bars represent one standard deviation

for analyses within one probe section. Lines join biotite and chlorite compositions from the same specimens. The

compositional field of blueschist chlorites (Black, 1975; Okay, 1980) is also shown for comparison. Symbols as in

Fig. 4b except filled squares and downward pointing open triangles indicate biotite and chlorite compositions from
specimens AL459 and AL554 respectively.

characterized by little or no A-site occupancy and a relatively high Fe3* content (Table 4,
Fig. 8). Ilmenite is a ubiquitous accessory mineral and occurs in all analysed metapelites and
in the metabasite. Analysed ilmenites closely approximate the ideal structural formula with
only minor amounts of Mn (< 3%) substituting for Fe.

PRESSURE AND TEMPERATURE CONDITIONS OF METAMORPHISM
Pressure and temperature of the eclogite metamorphism

The temperatures during the HP/LT metamorphism are estimated from the distribution
of Fe?* and Mg between garnet rims and omphacite using the Ellis & Green (1979)
calibration. As there might have been re-equilibration during the Barrovian metamorphism,
the compositions of the most pyrope-rich garnet rims and matrix omphacites were used. K,
values for omphacite—garnet from two of the least altered eclogites (AL444 and AL569,
Table 1) range from 23 to 30, and indicate temperatures of 490-545°C for the 10-15 kb
pressure range (Fig. 11).
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Although coexisting sodic and potassic white micas occur in the eclogites and blueschists
of the Sugbzii Nappe, the application of paragonite-muscovite geothermometry to these
rocks is limited by the substantial deviation of the potassic white mica compositions from
the muscovite—paragonite join (Fig. 7; Chatterjee & Flux, 1986) and by possible re-
equilibration during the Barrovian metamorphism.

Metamorphic pressures were established from the reaction:

NaAlSi; Oy =NaAlSi, 04+ SiO,
albite jadeite quartz

(1)

In the absence of albite in the eclogites, pyroxene is not saturated with respect to the jadeite
content, and reaction (1) gives only a minimum pressure estimate. The low- to high-albite
transition occurs above 640°C (Goldsmith & Jenkins, 1985), so that a relatively ordered
albite must have been the stable form during the HP/LT metamorphism. Using the
thermodynamic data from Holland (1980) for low-albite and jadeite, and taking the activity
of jadeite in omphacite equal to its mole fraction (cf. Holland, 1983), the highest analysed
jadeite content in omphacite from the quartz-eclogite (X;3=0-53 in AL444) yields a
minimum pressure estimate of 12-5 kb for the temperature range of interest.
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Albite is a major phase in the garnet-mica schists, usually making up more than 20% of
the mode (Table 1); there are no indications that jadeite was originally present in these
garnet-mica schists. Furthermore, although albite inclusions are occasionally present in the
garnet porphyroblasts of the garnet-mica schists, no jadeite inclusions or radial cracks
around albite inclusions were detected, suggesting that albite was stable during the HP/LT
metamorphism. Therefore reaction (1) also provides an upper pressure limit of 15 kb for the
HP/LT metamorphism (Fig. 11). ‘

Summarizing the data presented, rocks of the Sugozii Nappe were initially crystallized at
peak temperatures of 5104 25°C and at pressures of 13-5+ 1-5 kb. These temperatures and
pressures of recrystallization are similar to the conditions of metamorphism of other
Group C eclogites (cf. Newton, 1986).

Pressure and temperature in the garnet zone of the Barrovian metamorphism

The temperature of recrystallization in the garnet zone of the Barrovian metamorphism
was estimated using garnet/biotite geothermometry. The Ferry & Spear (1978) calibration
as modified by Hodges & Spear (1982) was used, which corrects for the grossular component
in garnet, and appears to give the best results in this medium grade (cf. Ashworth & Evirgen,
1985a). Twenty-one adjoining garnet/biotite pairs from six garnet zone metapelites (Table 3)
indicate a mean temperature of 469°C with one standard deviation of 13°C at 65 kb
(Fig. 11). The direct application of the Ferry & Spear (1978) calibration gives the un-
realistically low temperature of 406+ 18°C. The garnet zone metabasite AL552D gives a
temperature of 540 °C by the garnet/biotite geothermometer of Hodges & Spear (1982), and
545°C by the garnet/hornblende geothermometer of Graham & Powell (1984). These rather
high temperatures are most likely due to the high Fe>* content of amphibole and partial
chloritization of the biotite from the metabasite (Table 4). The metamorphic temperature
drops to 467 °C when the recalculated Fe?* /Mg rather than the Fe/Mg ratio in amphibole is
used for the garnet/hornblende geothermometry.

Pressures of Barrovian metamorphism in the garnet zone were estimated using the
garnet-biotite—plagioclase—muscovite geobarometry of Ghent & Stout (1981), and Hodges
& Crowley (1985). Pressures were calculated for nine coexisting garnet (Almg,_,,
Gross,g_,3 Pyrg_;o Spess,_¢)—plagioclase (An,,_,s)-biotite—-muscovite subassemblages
from five samples (Table 4). A subassemblage was defined when all four minerals occurred
within an area of about 2 mmZ In specimens where white mica analyses gave a range of
K/(K + Na) ratios, muscovite compositions with the highest K/(K + Na) ratio in the
subassemblage were used in the geobarometric calculations. The Hodges & Crowley (1985)
calibration gave a mean pressure of 7-6 kb with one standard deviation of 0-4 kb at 469°C,
whereas the Ghent & Stout (1981) calibration indicated a pressure of 7-5-8:5 kb at the same
temperature. The computed constant K, lines based on the Hodges & Crowley (1985)
method are shown in Fig. 11.

The major uncertainty in the garnet-biotite—plagioclase—-muscovite geobarometer is the
anorthite activity in the albite-rich plagioclase. Ghent & Stout (1981) did not specify
individual activity coefficients; instead they used a temperature-dependent empirical
constant for the activity coefficients of all the four minerals. Hodges & Crowley (1985)
assumed a purely temperature-dependent activity coefficient for anorthite in plagioclase (cf.
Orville, 1972), which gives y,,=1'55 at 469 °C. The Al-avoidance model of Kerrick &
Darken (1975) as applied by Newton et al. (1980) indicates higher activity coeflicients for
anorthite of about 1-9-2-1 for An,, to An,, at 469 °C. These higher activity coefficients for
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anorthite reduce the calculated pressures by about 0-8-0-9 kb. Based on a comparison of
plagioclase-free and plagioclase-bearing geobarometers, Ashworth & Evirgen (1985b)
suggest that, for plagioclase compositions around the peristerite gap (An,,_,,), the activity
coefficient of anorthite is grossly underestimated by both of these models, and they put
forward an empirical activity-composition relation for plagioclase of this anorthite range,
which involves activity coeflicients as high as 7 for An,,. Using these activity coefficients, the
calculated pressures for the garnet zone assemblages of the Mahmutlar Nappe are reduced
to about 5-5 kb.

In the face of these disparate pressure estimates, comparison with the garnet zone
assemblages from other terrains is instructive. Garnet zone metapelites from the southwest
Tauern Window in the Eastern Alps, described by Selverstone & Spear (1985), were
metamorphosed at nearly the same temperatures (474 +25°C) as the garnet zone meta-
pelites from the Mahmutlar Nappe (469 + 13 °C). Although garnet, biotite, and muscovite
compositions are similar in both areas, coexisting plagioclase from the southwest Tauern
Window is much more anorthite-rich (An,;_s,) than the equivalent plagioclase from the
Mahmutlar Nappe (An,,_,5), indicating that pressures were lower in the southwest Tauern
Window. Metamorphic pressures in the southwest Tauern Window calculated using the
garnet—biotite—plagioclase—muscovite geobarometer of Hodges & Crowley (1985) come out
to be 5-5kb (Selverstone & Spear, 1985). The anorthite activity of 1-55 used in this
geobarometric calculation is a reasonable and safe estimate for this anorthite range
(Ang,_s9), thus indicating that the pressures in the garnet zone of the Mahmutlar Nappe
were higher than 5-5kb. An average pressure of 6-5 kb is accepted for the garnet zone
assemblages from the Mahmutlar Nappe, which best conforms with the anorthite activity
model of Newton et al. (1980). Amphibole compositions from the garnet zone metabasite of
the Mahmutlar Nappe plot within the medium- and high-pressure amphibole fields defined
by Laird & Albee (1981b), attesting to the relatively high pressures during the Barrovian
metamorphism.

In conclusion, the garnet zone rocks of the Mahmutlar Nappe were equilibrated at peak
temperatures of 469 1+ 13 °C and at pressures of 6:5+ 1-0 kb.

METAMORPHIC REACTIONS AND P-T PATHS
Sugozi Nappe

The earliest preserved mineral assemblage in the Sugdzii Nappe is the eclogite assemblage
estimated to have formed at 510+25°C and 13-54+1-5 kb (Fig. 11). The essential eclogite
assemblage of garnet + omphacite + glaucophane + paragonite in the Sugozi Nappe lies, in
the quartz-bearing rocks, in the six component system of Na,0-CaO-FeO-MgO-
Al,0,-H,0. Fe, 0, occurs in minor amounts both in omphacite and sodic amphibole, and
can be neglected to a first approximation. Phase relations in the eclogite can be illustrated in
a Na~Ca-Fe?*, Mg (NCF) ternary diagram (Fig. 12) by projecting from paragonite and
assuming a fixed ay,o. The NCF diagram in Fig 12 shows the incompatibility of
glaucophane and clinozoisite in the eclogite facies in the model system. Clinozoisite is
generally absent in the matrix of the Sug6zi eclogites (Table 1), although it is very common
as an inclusion phase in the garnets. This suggests that the eclogite assemblage of omphacite
and garnet was formed by a reaction:

1-45 glaucophane + 1-36 clinozoisite = garnet + 0-34 paragonite +
4-28 omphacite +2-10 quartz+ 1-43 H,O. (2)
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F1G. 12. Projection of mineral compositions of the quartz-eclogite AL444 from paragonite, quartz, and H,O onto
the Na—Ca-Fe, Mg plane, illustrating the phase relations in blueschist eclogites.

A similar eclogite-forming reaction was deduced by Ridley (1984) in the HP/LT metamor-
phic rocks of Syros in the Cyclades. Reaction (2) is balanced in the six component system
(Na—Ca-Fe?*, Mg-Al-Si-H) for the analysed mineral compositions from the eclogite
AL444 and using an average clinozoisite composition from the garnet cores (cf. Table 2).
However, due to the unequal partitioning of Fe2* and Mg between the phases, reaction (2)
will be a continuous reaction, and all the phases in reaction (2) can coexist as an equilibrium
assemblage over a range of pressure and temperature, as reported in eclogites from Sifnos,
Cyclades (Schliestedt, 1986). Under transition conditions, rocks with high Fe* /Al and
Mg/Fe?* ratios will develop blueschist as opposed to eclogite mineral assemblages (cf.
Brown & Bradshaw, 1979).

In the Sugdzii eclogites, reaction (2) was terminated by the complete consumption of
clinozoisite in the matrix. Ridley (1984) estimates reaction (2) to be nearly isothermal so that
the formation of the eclogite assemblage will be favoured by increasing temperature and/or
decreasing a,,0. In the Sugdzii garnets, the increasing Mg/Fe ratio from core to rim suggests
that reaction (2) was due to the rising temperature. This, together with the absence of jadeite
in the garnet-mica schists puts close constraints on the prograde P-T path of the Sugdzi
rocks (Fig. 13).

The next reaction recorded in the metabasic rocks of the Sugdzi Nappe is the
development of the greenschist mineral assemblages of the Barrovian metamorphism. This
reaction was clearly controlled by the supply of H,O-rich fluids; eclogites, which have
remained dry have only developed thin nebulous coronas around omphacite or sodic
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conditions of the eclogite facies metamorphism and of the garnet zone of the Barrovian metamorphism respectively.

A possible metamorphic field gradient for the Barrovian metamorphism is also shown with the respective location

of the Alanya Nappes, MN, Mahmutlar Nappe; SN, Sugdzii Nappe, YN, Yumrudag Nappe. The other reaction
curves are as in Fig. 1.

amphibole (Fig. 3A), typical for reactions involving no fluid phase. This suggests that after
the climax of the HP/LT metamorphism, the fluid phase was expelled from the Sugdézii
rocks.

The development of the greenschist facies mineral assemblages in the eclogites and
blueschists can be described by the reaction:

glaucophane + omphacite + garnet + H,O =albite + chlorite + barroisite. (3)

In the Sugézii rocks, reaction (3) was an irreversible disequilibrium reaction in that the
eclogite/blueschist mineral assemblages were not stable around the P-T conditions of
reaction (3). The abrupt and prolific development of chlorite and albite in some metabasic
rocks (Table 1) indicates that the metastable eclogite/blueschist mineral assemblages were
rapidly overprinted once fluid entered the rock; only garnet survived as a metastable phase.

An independent upper pressure estimate for the Barrovian metamorphism in the Sugdzi
Nappe is given by the experimentally determined lower pressure stability of sodic amphibole
through the reaction of (Fig. 11; Maruyama et al., 1986):

sodic amphibole + clinozoisite + quartz + H,O =albite + tremolite + chlorite. 4)
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The sodic amphibole used by Maruyama et al. (1986) in the experimental work is
compositionally similar to the sodic amphiboles from the Sugdzii Nappe, so that their
results are applicable. Reaction (4) has a shallow slope in the P-T coordinates and occurs at
a pressure of around 8 kb in the 350450 °C temperature range (Fig. 11). This is compatible
with the pressures of 6-5 kb for the Barrovian metamorphism estimated from the garnet zone
assemblages. The temperature of the Barrovian metamorphism in the Sugoézii Nappe is
constrained below 460 °C by the location of the Sugdzii Nappe on the low-temperature side
of the garnet isograd (Fig. 2) and above 350 °C by the absence of lawsonite in the mineral
assemblage (Fig. 11); a further upper temperature limit is given by the typical biotite zone
temperatures of 410-440°C (Laird & Albee, 1981b; Ferry, 1984).

The narrow age span between the HP/LT and Barrovian metamorphism (M. Satir, pers.
comm.) and the tectonic features of the Sugézii Nappe make the uplift of the Sugdzii rocks to
the surface and their reburial quite unlikely. The nappe contacts in the Alanya area are
subparallel to the penetrative cleavage in the rocks defined by the mica grains of the
Barrovian metamorphism. This, together with the continuity of the Barrovian meta-
morphism across the nappe boundaries suggest that the Barrovian metamorphism and
associated deformation were contemporaneous with the stacking of the Alanya Nappes.

Thus, Sugozi rocks which were initially recrystallized at about 13-5 kb and 510°C,
remained dry and unreactive on their uplift and cooling path until they were juxtaposed with
the Mahmutlar and Yumrudag Nappes at pressures of around 6 kb and temperatures of
400 °C (Fig. 13). H,O-rich fluids, probably derived from the dehydration reactions in the
Mahmutlar Nappe triggered local metamorphic reactions, such as reaction (3), in the
eclogites of the Sugdzii Nappe. A similar fluid induced greenschist facies metamorphic
overprint on eclogites and blueschists is described from the Cycladic island Sifnos in Greece
(Matthews & Schliestedt, 1984; Schliestedt & Matthews, 1987).

One important and interesting feature of the P-T uplift path of the Sug6zii Nappe is that
the eclogites underwent a cooling of around 100 °C during decompression from 13-5to 6 kb
(Fig. 13), whereas the P-T paths of most high-pressure rocks are considered to involve
heating during decompression (e.g., Holland & Richardson, 1979). Thermotectonic models
of metamorphism also indicate heating during decompression for most boundary conditions
(England & Thompson, 1984). However, the temperature conditions of the Barrovian
overprint on blueschists and eclogites are difficult to establish with any accuracy in the
absence of independent P-T evidence such as in the Alanya area (e.g., Ernst, 1976), and
cooling during decompression of the eclogites could be more widespread than hitherto
recognized. Another example of cooling during uplift of the eclogites comes from Sifnos,
Greece, where oxygen isotope geothermometry indicates lower temperatures for the
greenschist facies overprint compared to that of the initial HP/LT metamorphism
(Matthews & Schliestedt, 1984).

Mahmutlar and Yumrudag Nappes

A probable metamorphic field gradient (Spear et al., 1984) for the Barrovian meta-
morphism in the Alanya area is shown in Fig. 13. This is mainly based on the estimated P-T
conditions of the garnet zone. As the structural thickness of the Alanya Nappes in the
studied area is less than 4 km, and as the studied area is relatively small (Fig. 2), the pressure
during the Barrovian metamorphism did not vary significantly across the investigated area
even if the isobars were oblique to the nappe boundaries. The garnet isograd, regarded as
close to an isotherm, is subparallel with the nappe boundaries (Fig. 2), indicating that the
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temperature decreased upwards in the structural sequence during the Barrovian meta-
morphism. A temperature of about 350°C, based on the absence of lawsonite in the
Yumrudag and Sugdzid Nappes, is taken as the lower temperature limit of the Barrovian
metamorphism in the Alanya area (Fig. 13). The presence of corundum and kyanite in the
metabauxites of the Yumrudag Nappe is most probably due to reduced Xy ,, during the
metamorphism of the carbonates.

The absence of sodic amphibole in the chlorite to garnet zone metabasites of the
Mahmutlar Nappe indicates that the recrystallization occurred under increasing but not
high pressure conditions. The garnet zoning profiles from the Mahmutlar Nappe, which
show an increase in Mg/Fe ratio towards the rim, also suggests that the temperature was
rising during growth of the garnets (Tracy et al., 1976). There is little independent evidence
for the shape of the P-T path for the Yumrudag Nappe made up dominantly of carbonates.
However, its very low-grade metamorphism and the absence of lawsonite put close
constraints on the possible P-T paths for the Yumrudag Nappe rocks.

Thus, unlike the Sugdzi Nappe, rocks from the Mahmutlar and probably from the
Yumrudag Nappe were recrystallized during Barrovian metamorphism under increasing
pressure and temperature conditions. The P-T paths of the Yumrudag and Mahmutlar
Nappes are shown in Fig. 13 as clockwise loops, which seem to be the most common P-T
paths in metamorphic terrains from orogenic belts such as the Taurides (e.g., England &
Thompson, 1984).

CONCLUSIONS

The Alanya area illustrates the possibility that large exotic HP/LT metamorphic slices
could be present in Barrovian metamorphic terrains. Such slices could be difficult to
recognize especially if the metamorphic overprint is strong. Thus, the presence of relict
blueschist assemblages in Barrovian metamorphic belts does not necessarily imply that the
whole metamorphic belt has undergone an early HP/LT metamorphism. Another example
of such an exotic metamorphic slice is the ‘eclogite zone’ in the Tauern Window (Miller,
1974; Holland, 1979). However, in the Tauern Window, the whole nappe stack including the
eclogite zone has undergone a blueschist facies metamorphism prior to the Barrovian
metamorphism.

The Barrovian overprint on the eclogite mineral assemblages observed in the Alanya area
was clearly not due to slow, passive uplift and resultant thermal relaxation as implied by
thermotectonic models of metamorphism, or buoyant upward adiabatic decompression of a
high-pressure unit. In fact, the Barrovian overprint occurred at lower temperatures than that
of the initial eclogite metamorphism, and was due to tectonic juxtaposition of the nappes.
Furthermore, the extent of the Barrovian overprint was strongly controlled by the
availability of fluid (cf. Schliestedt & Matthews, 1987). Eclogites, which have remained dry
only show symplectitic reaction rims (Fig. 3A) characteristic of fluid-absent reactions. Thus,
Sugozii eclogites on their uplift path recorded P—T conditions along which fluids had access
to the rocks. As the uplift path of most HP/LT metamorphic complexes passes through the
field of Barrovian metamorphism, the Barrovian overprint observed in many HP/LT
metamorphic terrains e.g., in the Alps (Frey et al, 1974; Ernst & Dal Piaz, 1978), could
simply be due to the availability of H,O during this part of the uplift P-T section, and not
necessarily due to increased temperature caused by slow uplift.

The tectonic setting, the thin and rootless nappe feature of the Sugdzii rocks, and the
absence of major clastic deposits of Late Cretaceous—Paleocene age in the Central Taurides
precludes block uplift of the Sugozii rocks through erosion. The cooling involved during
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uplift implies rapid upward movement, probably in a subduction zone. The Sugozii rocks
probably slid rapidly upwards as a thin sheet along a subduction zone with the shale-type
lithologies providing both buoyancy and lubrication. The upward movement of the Sugézi
rocks was arrested at a depth of about 23 km when they were interleaved and welded with
the rocks of the Mahmutlar and Yumrudag Nappes.
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