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Abstract: Albian-Turonian subduction-accretionary complexes are exposed widely in the Central Pontides. A major portion of the
accretionary complexes is made up of a metaflysch sequence consisting of slate/phyllite and metasandstone intercalation with blocks of
marble, Na-amphibole bearing metabasite, and serpentinite. The metaflysch sequence represents distal parts of a large Lower Cretaceous
submarine turbidite fan deposited on the Laurasian active continental margin that was subsequently accreted and metamorphosed
during the Albian. Raman spectra of carbonaceous material of the metapelitic rocks revealed that the metaflysch consists of
metamorphic packets with distinct peak metamorphic temperatures. The majority of the metapelites are low-temperature (ca. 330°C)
slates characterized by lack of differentiation of the graphite (G) and D2 defect bands. They possibly represent offscraped distal turbidites
along the toe of the Albian accretionary wedge. Other phyllites are characterized by a slightly pronounced G band with a D2 defect
band occurring on its shoulder. Peak metamorphic temperatures of these phyllites are constrained to 370-385 °C. The phyllites are
associated with a strip of incipient blueschist facies metabasites and are found as a sliver within the offscraped distal turbidites. We
interpret the phyllites as underplated continental sediments together with oceanic crustal basalt along the basal décollement. Tectonic
emplacement of the underplated rocks into the offscraped distal turbidites was possibly achieved by out-of-sequence thrusting causing
tectonic thickening and uplift of the wedge.
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1. Introduction

Accretionary wedges form along the sinking oceanic
lithosphere by tectonic accumulation of detrital sediments
and oceanic crustal rocks with pelagic sediments causing
ocean-ward tectonic growth of the continental domains
(von Huene and Scholl, 1991; Moore et al., 2001). Tectonic
frontal accretion is achieved by mainly scraping off trench-
fill turbidites as imbricated packages and underplating
them along the basal décollement beneath the offscraped
part of the wedge (Karig and Sharman, 1975; Platt, 1986;
Sample and Fischer, 1986; Kimura and Ludden, 1995). The
wedges can reach several hundred kilometers in width at
active continental margins when there is a high amount of
sediment supply into trench, as in the Makran (e.g., Platt
et al., 1985; McCall, 2002).

In the Central Pontides, northern Turkey, Albian-
Turonian subduction-accretionary complexes are exposed
over large areas forming part of the former Laurasian
active continental margin (Okay et al., 2013; Aygiil et al.,
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2015a). To the north, the wedge is characterized by the
presence of voluminous accreted terrigenous metaclastic
rocks underlain by a high-pressure/low-temperature (HP/
LT) metabasite- and micaschist-dominated metamorphic
sequence along a synsubduction extensional shear zone.
The accreted metaclastic rocks consist of slate/phyllite
and metasandstone intercalation with extensive blocks
of marble, incipient blueschist facies metabasite and
serpentinite representing the accreted distal part of a
large Lower Cretaceous turbidite fan deposited on the
Laurasian active continental margin and subsequently
accreted (Okay et al., 2013; Aygiil et al., 2015a). Hence, the
Central Pontides provide a natural laboratory for a better
understanding of the accretionary processes under a high
amount of sediment flux into the trench.

The majority of the clastic sedimentary rocks contain
primary organic matter consisting of a mixture of C, H, O,
N, and S known as kerogen (e.g., Tissot and Welte, 1978).
With increasing metamorphic temperature, the weakly
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ordered atomic structure of the kerogens transforms
into the well-ordered graphite called graphitization
(Landis, 1971; Diessel et al., 1978; Itaya, 1981; Beyssac
et al,, 2002b). Raman spectrometry is possibly the most
efficient method for revealing the degree of graphitization
of the carbonaceous material (Pasteris and Wopenka,
1991; Wopenka and Pasteris, 1993; Yui et al, 1996).
Recently, calibrations of Raman spectra of carbonaceous
material (RSCM) allow derivation of precise temperature
constraints on metapelitic rocks (Beyssac et al., 2002a;
Rahl et al., 2005; Aoya et al., 2010; Lahfid et al., 2010). It
is particularly efficient in low-grade metamorphism where
index minerals are generally absent for conventional
geothermobarometric methods (Beyssac et al, 2004,
2007).

We performed RSCM measurements on the
metapelitic rocks of the low-grade HP accreted distal
turbidites in order to unveil the thermal structure of the
relatively shallow parts of the Albian-Turonian wedge. The
obtained thermal fabrics of the accreted distal turbidites
also provide new insights on tectonic growth of the wedge.

2. Geological setting

The Pontides represent part of the Mesozoic active
continental margin of Laurasia (Meijers et al, 2010;

28° 32°

Okay and Nikishin, 2015). It was rifted from the Eurasian
mainland by the opening of the Black Sea as a back-arc
basin during the Late Cretaceous (Figure 1; Okay et al.,
1994; Okay and Tiiysiiz, 1999). In the central part of the
Pontides two distinct tectonic units have been identified,
the Istanbul and Sakarya zones. The Istanbul Zone consists
of a crystalline basement of Neo-Proterozoic age (Chen et
al., 2002) overlain unconformably by Early Ordovician-
Devonian sedimentary rocks (Figure 2; Boztug, 1992;
Dean et al., 2000). The Sakarya Zone is represented by a
Permo-Carboniferous Variscan basement (Nzegge et al.,
2006; Okay et al., 2015) and Upper Triassic siliciclastic
turbidites with Triassic limestone olistoliths (Ustadmer
and Robertson, 1993, 1994, 1997; Okay et al, 2015).
Middle Jurassic arc-related granitoids extensively cut the
basement rocks of the Sakarya Zone (Yilmaz and Boztug,
1986; Okay et al., 2014). The granitoids are associated with
LP/HT metamorphic rocks forming part of deep levels
of a Middle Jurassic arc. An associated Middle Jurassic
subduction-accretionary complex is reported in NE
Turkey (Topuz et al., 2013). Upper Jurassic limestones and
Lower Cretaceous turbidites unconformably overlie the
underlying sequences (Tiiysiiz, 1999; Okay et al., 2013).
The Lower Cretaceous turbidites, known as the
Caglayan Formation, form an arc shaped submarine fan
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Figure 1. Tectonic map of Turkey and surrounding regions modified from Okay and Tiiysiiz (1999). Laurasian units are shown
in green and Gondwana-derived terranes in pale blue. CPS: Central Pontide Supercomplex, CTF: Lower Cretaceous submarine
turbidite fan. North of the Black Sea, “V” marks the Albian volcanic arc modified from Nikishin et al. (2015).
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Figure 2. Geological map of the Central Pontides modified from Tiiysiiz (1990), Uguz et al. (2002), Okay et al. (2013, 2014), and

Aygiil et al. (2015a, 2015b).
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consisting of sandstone and dark shale intercalation with
a large number of blocks. The blocks comprise Upper
Jurassic-Lower Cretaceous shallow marine limestones
and lesser amounts of Paleozoic sandstones derived from
the underlying sequences of the Istanbul Zone (Figure 2).
Based on its nannofossil contents, the Caglayan Formation
is assigned a Barremian- Aptian age (Hippolyte et al., 2010).
A Lower Cretaceous depositional age is further supported
by detrital zircons (Okay et al., 2013). The Caglayan
Formation is interpreted as synrift deposits related to the
opening of the Black Sea basin (Goriir, 1988; Hippolyte et
al., 2010). Detrital zircons from the turbidites, however,
indicate a major source area in the East European Craton
and Scythian Platform north of the Black Sea implying
that the Black Sea basin opened after Early Cretaceous
time (Okay et al., 2013).

To the south of the Lower Cretaceous turbidites,
Middle Jurassic and Cretaceous subduction-accretionary
complexes, the Central Pontide Supercomplex (CPS),
crop out over a large area (Figure 2; Okay et al., 2013;
Marroni et al., 2014; Aygiil et al., 2015a). The Cretaceous
accretionary wedge consists of HP/LT metamorphic rocks
of continental and oceanic origin, fore-arc deposits, and
mélanges. The oceanic unit, known as the Domuzdag
Complex, consists mainly of eclogite to blueschist facies
metabasite and micaschist with serpentinites, metagabbro,
metachert, and marble representing deep levels of the
subduction-accretionary complexes (Tiiysiiz, 1990;
Ustadmer and Robertson, 1993, 1994, 1999; Altherr et
al., 2004; Okay et al., 2006, 2013; Aygiil et al., 2015a).
40Ar/39Ar phengite ages from the Domuzdag Complex
range between 114 and 92 Ma (Okay et al., 2006, 2013;
Aygiil et al., 2015a). An associated Albian arc is reported
north of the Black Sea (Figure 1; Nikishin et al., 2015).
The CPS is locally unconformably overlain by an Upper
Cretaceous volcanosedimentary sequence representing
fore-arc deposits (Okay et al., 2006, 2013; Tiiysiiz and
Tekin, 2007). The volcanosedimentary sequence passes
upward a mélange-like unit consisting mainly of ophiolitic
blocks. To the south, the CPS is structurally underlain by
an accreted Late Cretaceous intraoceanic arc (Figure 2;
Aygil et al.,, 2015b).

2.1. Accreted Lower Cretaceous distal turbidites

The accretionary continental unit of the Albian-Turonian
wedge is a metaflysch sequence consisting mainly of
slate/phyllite and metasandstone intercalations with
marble, metabasite, and serpentinite blocks. There are
two main exposures of the metaflysch units: i) the Martin
Complex exposed NW of Ara¢ with a contact with Lower
Cretaceous turbidites, and ii) the Esenler Unit exposed
further southeast of Kastamonu (Figures 2 and 3). While
the Martin Complex is characterized by greenschist facies
metamorphism, the Esenler Unit contains metabasites
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showing incipient blueschist facies metamorphism.
40Ar/39Ar phengite dating on the metaflysch units
constrains the regional HP metamorphism to 112-100
Ma (Albian) (Okay et al, 2013; Aygil et al., 2015a).
Clastic zircon studies on the Martin Complex reveal that
it represents metamorphosed equivalents of the Lower
Cretaceous turbidite fan (Okay et al,, 2013). It is inferred
that the Esenler Unit represents the accreted distal part
of the fan deposited on the Laurasian active continental
margin.

In the studied area, the Esenler Unit consists
predominantly of an alternation of weakly recrystallized
slate and metasandstone (Figure 4a). Foliation is defined
by fine-grain white mica in the slates and detrital quartz is
partly retained (Figures 5a and 5b). Close to the contacts,
slates transform into phyllites (Figure 4b). They have
larger grain size and show spaced foliation defined by
white mica and quartz (Figures 5c and 5d). The nature
of this slate to phyllite transition is not clear. Debris flow
levels consisting of pebble to boulder-size recrystallized
limestone blocks occur within the metaflysch sequence
(Figure 4c). These gravity-driven recrystallized limestone
blocks can reach up to 200 m across. Lower Cretaceous
fossils were reported from the recrystallized limestones
(Barkurt et al., 1990). Serpentinites are exposed along
shear zones together with phyllite (Figure 4d). In the
accreted distal turbidites, the only metamorphic constraint
is obtained from a metabasite lens exposed northwest of
the studied area within a serpentinite-rich tectonic zone
(211B in Figure 3). The metabasite consists of crossitic
Na-amphibole, calcic-amphibole, sodic-pyroxene, epidote,
chlorite, albite, and titanite. The metamorphic conditions
were weakly constrained to 7-12 kbar pressure and 400 +
70 °C temperature by conventional geothermobarometric
methods (Aygiil et al., 2015a).

Hemipelagic siltstone-shale intercalation together
with pillow lava and radiolarite blocks cropped out
as a tectonic sliver within the Esenler Unit (Figure 3).
The contact between this Kirazbasi Complex and the
Esenler Unit is possibly controlled by back-thrusting
prior to the generation of the extensional shear zone.
To the north, the metaflysch sequence is overthrust by
low-grade metavolcanic units and, to the southeast, it is
underlain by the oceanic HP/LT metamorphic sequence
along a synsubduction extensional shear zone (Aygiil et
al., 2015a). To the south, however, post-Eocene oblique
strike-slip faults overprint the extensional shear zone
and underthrust the Esenler Unit beneath the Domuzdag
Complex.

In this study, we performed RSCM on 15 metapelitic
rocks of the Esenler Unit in order to uncover the thermal
structure of the accreted distal turbidites. The samples were
collected along sections vertical to the general structural
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Figure 3. Geological map of the area studied with geological cross-sections (modified from Aygiil et al., 2015a).
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Figure 4. Field photos of the accreted distal turbidites. a) Slate (SI) and metasandstone (Ss) intercalation. b) Phyllites.
c) A debris flow level consisting of various sized marble olistoliths. d) A serpentinite slice within the phyllites on the main

Kastamonu-Tosya road.

trends of the Albian-Turonian wedge and comprise
both slate and phyllites (Figure 3; Table 1). The obtained
temperature data might also allow us to understand the
structure of the wedge itself.

3. Methodology

Raman microspectroscopy on carbonaceous material was
performed at the Raman Laboratory of the Institute of Earth
and Environmental Sciences at Potsdam University using a
confocal, edge filter-based spectrometer (LabRam HR 800,
HORIBA Jobin Yvon) with a Nd:YAG laser for excitation
at a wavelength of 532 nm. Measurements were performed
in situ on polished thin sections. Thin sections of the
samples were cut orthogonal to the foliation and parallel
to stretching lineation. Carbonaceous particles were
measured below transparent minerals like quartz, albite,
and white mica to exclude influences of polishing-related
mechanical destruction of the carbonaceous material
structure (Figure 6; Pasteris, 1989; Beyssac et al., 2002b;
Scharf et al., 2013). Twenty to 30 points were measured for
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each of the samples with an acquisition time of 120 s. Some
of the analyzed points, however, were eliminated due to
contamination with epoxy. The measured Raman spectra
of the carbonaceous material were decomposed for all
Raman peaks of carbon by using PeakFit (v4.12) software.
A Voight function was used for fitting of the Raman bands.
Fitting procedures were applied to the 1000-2000 cm™!
interval of the Raman range, which contains the first-order
region of the Raman spectrum (Tuinstra and Koenig,
1970; Nemanich and Solin, 1979). The first-order region
(1100-1800 cm™!) hosts the main G band (fully ordered
graphite band, at 1580 cm™!) with disordered or defect (D)
bands including D1 at 1350 cm™! and D2 at 1620 cm™!.
Broad defect bands of D3 (at 1500 cm™!) and D4 (at 1200
cm™1) occur in carbonaceous material at low temperatures
with very poorly ordered atomic structure (Beyssac et al.,
2002a, 2002b; Sadezky et al., 2005; Lahfid et al., 2010). For
temperature calculations two empirical calibrations were
used. The calibration of Beyssac et al. (2002a) uses the R2
ratio of integral intensities of the bands [(D1/(G + D1 +
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Figure 5. Representative photomicrographs of the metapelitic rocks (plane polarized light). a & b) Fine-grained slates (samples 847
and 853). Foliation is defined by white mica and partly recrystallized detrital quartz. ¢ & d) Coarser-grained phyllites with spaced
foliation (samples 31 and 879). Ab = albite, Qtz = quartz, Phe = phengite, Cc = calcite.

Table 1. UTM coordinates (European 1979 Datum) of the
analyzed metapelitic samples.

Sample X y

31 36T 05 86007 4561629
230 36T 05 88842 4574615
850 36T 05 89035 4573738
844 36T 05 87373 4572916
879 36T 05 88350 4563831
871 36T 05 87976 45 68095
876 36T 05 85922 4565761
874 36T 05 85489 45 67304
841 36T 05 84538 4569821
847 36T 05 88172 45 71385
851 36T 05 90262 45 74020
853 36T 05 86097 45 76405
1126 36T 05 83817 4577178
859 36T 05 83350 4577637
861 36T 05 82426 4579377

D2))4] and is applicable for the temperature range of 330-
650 °C. Rahl et al. (2005) presented a modified calibration
using both R1 [(D1/G)y] and R2 ratios extending
the temperature range between 100 and 700 °C. Both
calibrations are reported to have +50 °C error range. In this
study, we provide the temperature values obtained from
both calibrations. However, we mainly built our study on
the temperature values obtained from the method of Rahl
et al. (2005) due to the fact that it is essentially calibrated
for low-grade metamorphic rocks. Since graphitization is
an irreversible process, the RSCM method gives the peak
metamorphic temperatures (Pasteris and Wopenka, 1991;
Beyssac et al., 2002a).

4. RSCM of the low-grade accreted distal turbidites

The metapelitic rocks of the Esenler Unit exhibit variable
Raman spectra indicating distinct degrees of graphitization
and peak metamorphic conditions (Figure 7). Two groups
can be identified generally. The first group forms the
majority of the measured samples in which the G and D2
defect bands are found as a single band near 1600 cm~.
After decomposing, the positions of the bands are 1595
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Figure 6. A photomicrograph in plane polarized light showing
carbonaceous material (CM) within albite and quartz. Ab =
albite, Qtz = quartz, Phe = phengite.

cm™! (G) and 1614 cm™! (D2), respectively (Figure 8a).
The D1 defect band occurs at 1345 cm~!. This group is
also characterized by D3 and D4 defect bands with high
intensities. These bands generally cause an upward shift
of the spectrum including G, D1, and D2 bands. The D3
band was located mostly between 1520 cm™ and 1530
cm~! and the D4 band between 1230 cm™~! and 1245 cm™!
(Figure 8a). One sample (871) differs from the rest by its
low intensities of D3 and D4 defect bands (Figure 7).

The second group is characterized by the differentiation
of the graphite (G) and D2 defect peaks and the absence of
D3 and D4 defect bands (Figure 7). The G band occurs
at 1588-1590 cm™! and the D2 defect band is placed as a
shoulder of the G band around 1618-1620 cm™! (Figure
8b). The D1 band of these samples is located at ca. 1352
cm™L.

The analytical data and calculated mean temperatures
of the samples are given in the Table 2. In accordance
with the Raman spectra, the lowest temperature values
are obtained from the samples with indistinguishable
G and D2 bands (the first group). For these samples,
while the calibration of Rahl et al. (2005) reveals ca. 330
°C temperature, the calibration of Beyssac et al. (2002a)
estimates slightly higher temperatures of ca. 345 °C.

The second group with slightly pronounced G bands
gives higher peak metamorphic temperatures. The
calibrations of Beyssac et al. (2002a) and Rahl et al. (2005)
indicate temperatures of 370-355 °C and 381-367 °C,
respectively. A comparison diagram of the temperatures
obtained by the two calibrations is shown in Figure 9.

5. Discussion

Accreted distal turbidites form a major portion of the
Albian-Turonian accretionary wedge of the Central
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Figure 7. Representative Raman spectra of carbonaceous material
from the accreted distal turbidites. Two groups can be identified.
The majority of the samples are characterized by absence of
a clear G band. Sample 871 represents gradual increasing of
temperature within this group. The second group exhibits a
slightly pronounced G band. Temperature values of individual
spectra are given in parentheses based on the calibrations of
Beyssac et al. (2002a) and Rahl et al. (2005), respectively.

Pontides. They represent accretionary tectonic growth of
the Laurasian active continental margin under high clastic
supply into a trench in which a large Lower Cretaceous
submarine turbidite fan formed (Okay et al., 2013; Aygiil
et al, 2015a). The uniform lithology of the accreted
turbidite sequence, however, makes recognition of
structural elements like major faults difficult. Besides, due
to the rheological weakness of the slate and phyllites, the
primary structural framework can be easily overprinted
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(a) D1 G +D2 (b) D1 G +D2
847_a9 230_a9
r? :0.999633 r2:0.99816
T(B)=347 °C T(B)=374 °C
T(R)=331 °C T(R)=383 °C
DI DI
1344.3 1352.3 G
1588.6
D2
1621.2
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Raman shift [cm ! ] Raman shift [cm ']

Figure 8. Representative examples of fitting of the measured Raman spectra. a) Low-temperature slates that are characterized by
undifferentiating of graphite (G) and D2 defect bands and occurrence of large D3 and D4 defect bands (sample 847). b) Phyllite
showing a slightly pronounced G band with D2 occurring on its shoulder (sample 230).

by subsequent or younger deformation events. RSCM
of the metapelitic rocks provides temperature estimates
that might be interpreted in terms of the structure of the
Albian-Turonian accretionary wedge. Figure 10 shows
the RSCM results contoured on the geological map of the
studied area. The most striking aspect of the map is that
the phyllites with higher metamorphic temperatures (370-
385 °C) are exposed as a slice within the low-temperature
slates (ca. 330 °C). The transition between phyllites and

slate is nongradual, suggesting that they are juxtaposed
tectonically. Na-amphibole bearing metabasites with
similar foliation are exposed as a strip west of the phyllites.
We infer that the phyllites are associated with these
incipient blueschist facies metabasites. Sample 871 most
probably represents a gradual increase in metamorphic
temperature of the slates towards the contact with the
Domuzdag Complex. To the south of the studied area,
however, the metaflysch sequence shows an inverted
metamorphic grade, where phyllites structurally overlie
the slates. This is related to postmetamorphic deformation

450
T(C) i along the Akgcatas Fault causing underthrusting of the
d Esenler Unit beneath the Domuzdag Complex.
7 A major portion of the wedge is formed by the low-
=3 temperature slates that possibly represent scraped off
’fsg turbidites coming to the trench. The phyllites, however,
6\400. _— most likely formed during shallow level underplating
g +879 of continental detritus beneath the offscraped distal
= X871 turbidites (Figure 11). The associated incipient blueschist
k2 %876 facies metabasite strip was peeled off from the sinking
é .Zﬁ oceanic crust and mixed tectonically with the phyllites
350 o during underplating along the basal décollement (Kimura
851 and Ludden, 1995).
83 There are no kinematic data for the tectonic
W12 emplacement of the underplated phyllites into the
:z: offscraped turbidites. The youngest deformation in the
300 ' ' studied area is represented by post-Eocene east-west
300 350 400 T¢C) 450  striking oblique strike-slip faulting, which strongly

Beyssac et al. (2002a)

Figure 9. Diagram showing RSCM temperatures obtained using
calibrations of Beyssac et al. (2002a) and Rahl et al. (2005).

modified the southern part of the area studied. The
post-Eocene deformation is characterized by northward
tilting and emplacement of the higher-grade Domuzdag
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Figure 10. Thermal structure of the accreted distal turbidites produced by contouring the temperature values on the geological map
of the area studied. The temperature values used are from the calibration of Rahl et al. (2005). Relatively high-temperature phyllites
form a sliver within the low-temperature slates and are interpreted as a synconvergence out-of-sequence thrust.

Complex over the Esenler Unit. However, this northward
tilting is absent in the phyllites that were exposed as a slice
within the slates in the central part of the studied area.
These phyllites and the associated metabasite strip show
gently NW-dipping foliation planes similar to the general
structural trend of the Albian-Turonian wedge. This

suggests that their tectonic emplacement occurred during
synsubduction stacking.

In accretionary wedges, out-of-sequence thrusting is
a common phenomenon in order to maintain the critical
wedge taper during tectonic thickening of the wedge
(Platt, 1986; Morley, 1988). It can juxtapose distinct
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Figure 11. A model showing a possible initial situation of the phyllites and the slates within the Albian accretionary wedge. While
the slates represent the offscraped distal turbidites, the phyllite possibly represents underplated metasediments of the turbidite
fan. Out-of-sequence thrusting (dashed thick lines) is proposed for uplift and tectonic emplacement of the phyllites. The model is

modified after Moore et al. (2001).

metamorphic piles during accretion within the wedge.
Vitrinite reflectance studies revealed a sharp thermal
discontinuity in the Cretaceous Shimanto accretionary
complex, Japan, which is interpreted as an out-of-sequence
thrust (Ohmori et al.,, 1997). Tectonic emplacement of
the underplated phyllites and the Na-amphibole bearing
metabasite strip within the lower-temperature offscraped
slates is thus regarded as controlled by out-of-sequence
thrusting causing tectonic thickening and uplift of the
wedge (Figure 11).

6. Conclusions

Albian-Turonian subduction-accretionary complexes are
exposed widely in the Central Pontides. To the north,
the accretionary complexes are dominated by metaclastic
rocks representing accreted distal parts of a large Lower
Cretaceous submarine turbidite fan deposited on the
Laurasian active continental margin. The metaclastic
sequence is a low-grade HP metaflysch consisting of slate/
phyllite and metasandstone intercalation with extensive
blocks of marble, Na-amphibole bearing metabasite,
and serpentinite. The metamorphic temperatures in
the metapelitic rocks were investigated using Raman
spectroscopy of carbonaceous material. The majority
of the metapelites are low-temperature slates with peak
metamorphic temperature of ca. 330 °C. The rocks
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possibly represent offscraped distal turbidites along the
toe of the Albian-Turonian accretionary wedge. The rest
are phyllites and their peak metamorphic temperatures are
constrained to 370-385 °C. The phyllites occur as a sliver
within the low-temperature offscraped turbidites together
with a strip of Na-amphibole-bearing metabasite. We
interpret the phyllites as underplated continental detritus
along the basal décollement together with the metabasite
strip, which was peeled off from the sinking oceanic crust.
Hence, the Albian-Turonian accretionary wedge comprises
both offscraped and shallow level underplated distal
turbidites with distinct peak metamorphic temperatures
that caused frontal accretionary growth of the Laurasian
active margin. Juxtapositioning of the offscraped and
underplated parts of the wedge was possibly controlled
by out-of-sequence thrusting, causing tectonic thickening
and uplift of the wedge.
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