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Abstract U-Pb zircon ages of five metasedimentary
rocks from the Lower Unit on Tinos Island (Cycladic
blueschist belt, Greece) document supply of detritus from
various Proterozoic, Paleozoic and Mesozoic source rocks
as well as post-depositional metamorphic zircon forma-
tion. Essential features of the studied zircon populations
are Late Cretaceous (70-80 Ma) maximum sedimentation
ages for the lithostratigraphic succession above the low-
ermost dolomite marble, significant contributions from
Triassic to Neoproterozoic source rocks, minor influx of
detritus recording Paleoproterozoic and older provenance
(1.9-2.1, 2.4-2.5 and 2.7-2.8 Ga) and a lack or paucity of
zircons with Mesoproterozoic ages (1.1-1.8 Ga). In com-
bination with biostratigraphic evidence, the new dataset
indicates that Late Cretaceous or younger rocks occur on
top of or very close to the basal Triassic metacarbonates,
suggesting a gap in the stratigraphic record near the base
of the metamorphic succession. The time frame for sedi-
ment deposition is bracketed by the youngest detrital zir-
con ages (70-80 Ma) and metamorphic overgrowths that
are related to high-pressure/low-temperature overprint-
ing in the Eocene. This time interval possibly indicates a
significant difference to the sedimentation history of the
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southern Cyclades, where Late Cretaceous detrital zircons
have not yet been detected.
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Introduction

The Attic-Cycladic crystalline belt (ACCB, Fig. 1) in the
central Aegean region is a key area for the study of sub-
duction- and exhumation-related processes. The main fea-
tures of the magmatic and tectonometamorphic evolution
are well documented, and geological interpretation is far
advanced (e.g., Schliestedt et al. 1987; Okrusch and Brocker
1990; Ring et al. 2010; and references therein). Not fully
exploited is yet the potential of detrital zircon geochronol-
ogy for characterization of the provenance and depositional
history of clastic metasediments. Large parts of the ACCB
are submerged below sea level, and regional correlations are
severely hampered by a combination of fragmentary out-
crop pattern and a complex tectonostratigraphy. Only very
limited data are available for understanding the litho- and/
or tectonostratigraphic framework of thick and widely dis-
tributed metasedimentary sequences. In the lower main
unit of the ACCB, such sequences comprise various types
of metamorphosed siliciclastic, mixed clastic-carbonate and
carbonate rocks. Attempts to utilize petrographic, geochem-
ical and isotope chemical characteristics of the marbles for
regional correlations were not particularly successful (Gért-
ner et al. 2011). More promising is to draw the attention to
the siliciclastic sediment deposits. The detrital zircon popu-
lations of these rocks can provide important information for
in-depth understanding of provenance and basin develop-
ment (e.g., depositional age, sediment dispersal pattern), for
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Fig. 1 Geographical overview of the larger study area. ACCB Attic-Cycladic crystalline belt
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Fig. 2 Simplified geological map of Tinos (modified after Melidonis 1980) with sample locations and schematic columnar section with approxi-

mate sample positions

establishing improved regional correlations and for identi-
fication of distinct litho- and/or tectonostratigraphic units.
Such data are needed to fully understand the geologic his-
tory of the larger study area.

three tectonic

@ Springer

The focus of this study is on Tinos Island (Fig. 2) where
a representative segment of the ACCB is exposed in at least

subunits. We have determined detrital zir-

con U-Pb age spectra for metasedimentary rocks from the
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Lower Unit. On a regional scale, the Lower Unit belongs
to a widely distributed group of distinct tectonic slices that
has been affected by Tertiary polymetamorphism, includ-
ing Eocene blueschist to eclogite facies metamorphism
and Oligocene/Miocene lower-pressure overprinting (e.g.,
Schliestedt et al. 1987; Okrusch and Brocker 1990; Ring
et al. 2010).

Our study aims at gaining more detailed knowledge of
this architecture and the particular provenance and sedi-
mentary history of the northern Cyclades. The following
questions are addressed: What is the maximum deposi-
tional age recorded in the metasedimentary sequences of
the Tinos Lower Unit? Is it possible to distinguish differ-
ent tectonic or sedimentary subunits within this meta-
morphic succession? How strong is the influence of post-
depositional regional metamorphism on the detrital zircon
populations? Is there any evidence for contrasting deposi-
tional histories and/or provenance between Tinos and other
islands of the Cycladic blueschist belt?

Geological setting

The ACCB (Fig. 1) is comprised of two major tectonic
units with different P-T—D—¢ histories, each consisting of
numerous fault-bounded subunits (e.g., Diirr et al. 1978;
Schliestedt et al. 1987; Okrusch and Brocker 1990; For-
ster and Lister 2005; Ring et al. 2010). The upper group of
units is poorly preserved and comprises unmetamorphosed
Permian to Mesozoic sediments, ophiolites, greenschist-
facies rocks with Cretaceous to Tertiary metamorphic ages
(e.g., Brocker and Franz 1998) as well as Late Cretaceous
granitoids and medium-pressure/high-temperature meta-
morphic rocks (e.g., Patzak et al. 1994; and references
therein). Evidence for a high-pressure/low-temperature
(HP/LT) stage, which is a key feature in the metamorphic
evolution of the structurally lower sequences, has not been
recognized. Low-angle detachments separate the upper
group of units from the stack of footwall units (e.g., Avi-
gad and Garfunkel 1989; Jolivet and Brun 2010; Jolivet
et al. 2010). This structurally lower group (=Cycladic
Blueschist Unit, CBU) consists of a pre-Alpine crystal-
line basement and volcano-sedimentary successions that
include mélange sequences.

Sporadic fossils in marbles (e.g., Diirr et al. 1978;
Papanikolaou 1978; Melidonis 1980) as well as U-Pb
zircon dating of intercalated metavolcanic rocks (e.g.,
Brocker and Pidgeon 2007), meta-igneous mélange blocks
(e.g., Tomaschek et al. 2003; Bulle et al. 2010) and clas-
tic metasedimentary rocks (Keay 1998; Lowen et al. 2015;
Brocker et al. 2015) indicate Permian to Late Cretaceous
protolith ages for the cover sequences. The CBU records
Eocene (c. 53-40 Ma) eclogite-to-epidote blueschist-facies

metamorphism and subsequent overprinting at greenschist-
to-upper amphibolite-facies P-T conditions (c. 25-16 Ma;
e.g., Ring et al. 2010; Brocker et al. 2013; and references
therein), followed by widespread intrusion of granitoids
(e.g., Altherr et al. 1982; Bolhar et al. 2010). Interpretations
suggesting a prolonged Cretaceous—Eocene subduction/
exhumation history (Brocker and Enders 1999; Brocker
and Keasling 2006) have not yet been confirmed (Fu et al.
2010, 2012; Bulle et al. 2010), but are compatible with the
regional geologic context.

On Tinos, a representative segment of the ACCB is
exposed in at least three tectonic subunits (Fig. 2). Most of
the island is part of the CBU, which is represented by the
marble-schist sequence of the Lower Unit (e.g., Melidonis
1980; Brocker et al. 1993). Remnants of HP/LT rocks are
locally preserved, but pervasively overprinted rocks with
greenschist-facies mineral assemblages are more common
(e.g., Melidonis 1980; Brocker et al. 1993). The whole suc-
cession can be subdivided from top to bottom by means
of three mappable marble horizons (m3, m2, ml; Meli-
donis 1980). Variably rounded meta-igneous blocks and
rock fragments (mostly <1-10 m, but up to 300 m) with
Late Cretaceous U-Pb zircon ages occur widely scattered
throughout the marble-schist sequence of the Lower Unit
(Bulle et al. 2010).

The lowermost part of the metamorphic rock pile con-
sists of dolomite marbles and minor phyllites that have
either been interpreted as a para-autochthonous Basal Unit
(Avigad and Garfunkel 1989), or as an integral part of the
Lower Unit (Melidonis 1980; Brocker and Franz 2005). In
eastern Tinos (Fig. 2), a composite Miocene granitoid intru-
sion is exposed (c. 17-14 Ma; Altherr et al. 1982; Brocker
and Franz 1998) that caused contact metamorphism in both
the Upper Unit and the Lower Unit (Avigad and Garfunkel
1989; Stolz et al. 1997; Brocker and Franz 1994, 2000).

The two tectonic subunits occupying the highest struc-
tural levels (Akrotiri Unit and Upper Unit) belong to the
upper main unit of the ACCB and record amphibolite- and/
or greenschist-facies conditions (e.g., Patzak et al. 1994,
Katzir et al. 1996; Brocker and Franz 1998; Zeffren et al.
2005). Amphibolite-facies rocks of the topmost Akrotiri
Unit yielded Cretaceous K—Ar metamorphic ages (e.g., Pat-
zak et al. 1994). The Upper Unit (up to 500 m thick) mainly
consists of metabasic phyllites, minor mica-rich phyllites
and lenses and slabs (up to several hundred meters in size)
of serpentinites, ophicalcites and metagabbros (Katzir
et al. 1996; Brocker and Franz 1998; Zeffren et al. 2005)
that had been juxtaposed on top of the Lower Unit by an
extensional detachment (e.g., Avigad and Garfunkel 1989;
Katzir et al. 1996). Rb—Sr, K—Ar and *“°Ar/*°Ar dating doc-
umented greenschist-facies overprinting in the Miocene
(Brocker and Franz 1998; Zeffren et al. 2005). The time
frame of earlier metamorphic events affecting the Upper
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Unit is poorly constrained. Tectonic juxtaposition probably
occurred during a regional greenschist-facies episode that
also caused a pervasive overprint in the structurally lower
sequences (Brocker and Franz 1998; Zeffren et al. 2005).

Samples

The sampling strategy aimed at covering the full age range
recorded by the metamorphic succession of the Lower
Unit. Systematic screening showed that the number of suit-
able metasedimentary rocks is rather limited. Many sam-
ples do not contain zircon, or only zircon of very small
grain size, making a gapless examination of the lithostrati-
graphic record difficult. This is especially true for the lower
part of the metamorphic succession between the m2 and
ml marbles.

Six samples were selected for U-Pb geochronology.
Field and/or hand-specimen pictures are shown in Fig. S1.
Approximate sample locations are indicated in Fig. 2; GPS
coordinates are reported in Table S2. The studied rocks
include three samples (5220, 5202, T29) for which rela-
tively small ion microprobe datasets (each comprising c. 35
spot analyses) were already reported by Bulle et al. (2010).
These authors had specifically targeted the outermost zir-
con domains of individual grains to obtain constraints on
the time of sediment accumulation. In order to establish
robust and unbiased provenance information, we have
produced additional LA-ICP-MS ages for these samples.
Samples 5220, 5202 and T29 represent the main rock type
(“greyschists” = graphite-bearing schists) of the clastic
metasedimentary successions. Quartz, albite, white mica,
chlorite and variable amounts of calcite are the dominant
constituents of the mineral assemblage. Typical accessory
phases are graphite, rutile, titanite, zircon, opaque phases,
apatite and £tourmaline.

Based on additional field work, three samples were
newly selected. Sample 6078 is a calcschist that was col-
lected c. 100 m above the ml marble in northern Tinos,
representing the lowest lithostratigraphic level dated in this
study. The mineral assemblage mainly consists of calcite,
quartz, feldspar, white mica and chlorite. Sample 6117 was
collected in direct contact with a metaconglomeratic hori-
zon that occurs between the m3 and m2 marbles in differ-
ent parts of the island. Sample 5786 represents quartz- and
feldspar-rich felsic gneisses that occur in intimately inter-
layered sequences with glaucophane schists (Fig. S1E, F)
at a lithostratigraphic level close to the topmost m3 marble.
The mineral assemblage also includes white mica, epidote/
clinozoisite, chlorite and partially retrogressed blue amphi-
bole and garnet. Titanite, zircon and opaque phases occur
as accessory phases.

@ Springer

Analytical methods

For U-Pb geochronology, zircon was separated from ~6 to
15 kg samples by standard routines (jawbreaker, disk mill,
Wilfley table, Frantz magnetic separator, methylene iodide
heavy liquid, handpicking under stereomicroscope). After
preparation of epoxy resin mounts and polishing to expose
the grain interior, cathodoluminescence (CL) imaging was
applied to reveal the internal zircon structures and to guide
laser spot placement (Figs. 3, 4, 5). U-Pb geochronology
was performed on a sector field ICP-MS (Element2, Ther-
moFisher) coupled to a 193-nm ArF Excimer laser system
(UP193HE, New Wave Research) at the Institut fiir Min-
eralogie, Universitdt Miinster. The instrument parameters
for both the laser and the ICP-MS are listed in Table S1.
For U-Pb analysis, the masses 202, 204, 206, 207 and 238
were measured. 2?Hg was analyzed to quantify the interfer-
ence of 2%Hg on 2*Pb and if necessary to correct for com-
mon Pb. Corrections for laser-induced elemental fractiona-
tion, instrumental mass bias and time-dependent drift were
done by bracketing groups of 10 unknowns with 3 measure-
ments of the GJ-1 reference zircon (Jackson et al. 2004).
Age calculations were carried out following the procedure
described in Kooijman et al. (2012). A common Pb cor-
rection following the model of Stacey and Kramers (1975)
was only applied if the contribution of the common 2%Pb to
the total measured 2°°Pb was 1 % or higher using the aver-
age in-run 2**Pb values. Data points with >5 % common
Pb were rejected. The zircon grains were mostly analyzed
with a laser spot diameter of ~35 wm; a small number of
grains were analyzed with a ~25-pm laser spot. For U-Pb
age calculations, decay constants recommended by the
Subcommission on Geochronology of TUGS (Steiger and
Jiger 1977) and a 23%U/%U ratio of 137.88 were used. To
monitor reproducibility and accuracy of the U-Pb ages, the
91,500 reference zircon (**Pb/**U = 1062.4 £ 0.8 Ma;
207pp/2ph = 1065.4 + 0.6 Ma; Wiedenbeck et al. 1995) was
analyzed and processed as an unknown yielding weighted
mean 2°Pb/?8U and 29’Pb/**Pb ages of 1065.0 & 4.1 Ma
(n =45) and 1082.7 & 8.5 Ma (n = 46), respectively.
Filtering of data is based on two criteria. All zircon ages
were accepted that are within 90-110 % of concordance
[100 x (*%Pb/*8U)/(*’Pb/>*°Pb)] and, due to young ages
and corresponding low precision of 2°’Pb/*’Pb ratios,
all data with 2°°Pb/?*8U and °’Pb/**>U ages that overlap
at 2-sigma uncertainty. The filtered data are reported in
Table S2 as online resource. Uncertainties given for indi-
vidual LA-ICP-MS U-Pb zircon analyses (ratios, ages,
error ellipses) are reported with 20 uncertainty. 2°°Pb/>*8U
ages are quoted for analyses <1 Ga, whereas 2°’Pb/?°°Pb
ages are quoted for analyses >1 Ga. A group of three or
more overlapping analyses is considered to yield a robust
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Fig. 3 Cathodoluminescence images of representative zircons of samples T29 and 5220 with 2%°Pb/>*8U ages and spot identification number.
Ages are reported with 20 uncertainty

age constraint (Gehrels 2011). Data evaluation and pres- Results

entation in diagrams are based on Isoplot/Ex 3.41b (Lud-

wig 2005) and/or analysis tools available from www.geo.  Zircon characteristics and U-Pb zircon ages
arizona.edu/alc. Histograms and probability distribution

diagrams are depicted in Figs. 6, 7, 8, S4. Concordia dia-  Individual samples are described in descending order from
grams are shown in Figs. S2, 3. top to the base of the metamorphic succession (Fig. 2).
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Fig. 4 Cathodoluminescence images of representative zircons of samples 5786 and 6112 with 2°°Pb/>**U ages and spot identification number.

Ages are reported with 20 uncertainty

The mostly colorless and transparent, subhedral zircons of
sample T29 show a range of internal textures that include
sector-zoned, oscillatory, broad or diffuse growth zoning
(Fig. 3a—f). Few grains show distinct xenocrystic core—
rim relationships. More common are thin overgrowths that
mantle textural discontinuities. The filtered U-Pb data (102

@ Springer

out of 171 spots) show an age distribution from 60 Ma to
2.65 Ga. Six data points fall in the range between 70 and
80 Ma (weighted average 78.2 £ 3.0, MSWD = 3.2). A
major age population shows up in the interval between 225
and 475 Ma with several not well-developed peaks at 240—
280, 290-320, 350-395 and 515-550 Ma (Fig. 6a). The
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Fig. 5 Cathodoluminescence images of representative zircons of samples 5202 and 6078 with 2°°Pb/**¥U (<1000 Ma) or 2°7Pb/%Pb
(>1000 Ma) ages and spot identification number. Ages are reported with 20 uncertainty

most pronounced peak occurs at 420460 Ma. Older com-
ponents (n = 6) mostly fall into the 2.0-2.6 Ga interval.
Zircons of sample 5220 are colorless and clear, mostly
subhedral crystals with concentric growth zones, sector
zoning or diffuse domains. Xenocrystic cores occasion-
ally are present (Fig. 3g—1). The analyzed zircons yielded

an array of ages stretching from c¢. 50 Ma to ¢. 2.5 Ga
(n = 124 out of 171 spots). The youngest age group (n = 3)
occurs at ¢. 55 Ma (weighted average 54.2 + 6.6 Ma, n =3,
MSWD = 3). A larger group of analyses in the range from
70 to 90 Ma permits extraction of a TuffZirc age of 83.5
+1.9/-2.7 Ma (n = 7, 98.4 % confidence level). Most of
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Fig. 6 Histograms showing zircon data <1000 Ma of metasedimen-
tary rocks from the Lower Unit on Tinos. Bin width = 25 Ma. Gray
filled rectangles indicate data of Bulle et al. (2010). Inset in ¢ shows

the other data points belong to a group scattering between
225 and 710 Ma with minor peaks around 300, 340-375,
420, 465-495, 550-590 and 660 Ma (Fig. 6b).

The zircon population of sample 5786 consists of blocky
to short-prismatic, sub- to euhedral, transparent grains with
mostly sector-zoned, weak oscillatory-zoned or almost
homogeneous textures (Fig. 4a—f). No distinct core—over-
growths relationships were recognized. The age spectrum
includes 93 out of 114 analyses. All data points are inte-
grated within a relatively narrow Triassic-Permian age pop-
ulation (200-275 Ma) that includes peaks around 230, 245
and 255 Ma (Fig. 6c¢).

Zircons of sample 6117 are euhedral to subhedral, often
prismatic grains with oscillatory, sector-zoned, banded or
chaotic internal structures (Fig. 4g-1). Many grains have
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details of the Permian—Triassic age distribution of sample 5786 (bin
width = 5 Ma)

volumetrically large overgrowths (up to 80 um thick) with
blurred and patchy internal structures. The filtered U-Pb
ages (n = 127 out of 171 spots) range from c. 30 Ma to c.
2.6 Ga with a major population between 210 and 370 Ma
(Figs. 6d, S4d). The youngest ages occur at the 40-50 Ma
interval (Isoplot TuffZirc age 46 = 1 Ma, 94 % confi-
dence, n = 5). The most pronounced peak shows up at c.
230 Ma (Isoplot TuffZirc age 232 £+ 2 Ma, 97 % confi-
dence, n = 23). A minor peak is found at ¢. 300 Ma (Isop-
lot TuftZirc age 307 +4/—8 Ma, 98 % confidence, n = 13).

Zircons of sample 5202 are variably rounded grains with
oscillatory, sector-zoned or faint and broad zoning that
occasionally are mantled by thin, CL-dark rims (Fig. Sa—f).
Few grains have distinct xenocrystic cores. The filtered U-
Pb data (n = 123 out of 171 spots) indicate an age spectrum
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from 30 Ma to 2.7 Ga. Most data points fall into the range
from 400 to 700 Ma with a marked peak at 665-695 Ma
(Fig. 6e). The youngest age group occurs at c. 220 Ma,
followed by a second Triassic group at c. 236 Ma (Isop-
lot TuffZirc age 236 +2/—8 Ma, 94 % confidence, n = 5;
weighted average: 235 + 3 Ma, MSWD = 1.2, probabil-
ity = 0.29). Thirty-six analyses yielded ages in the interval
of 1.0-2.75 Ga with small peaks at c¢. 1.05, c. 1.95 and c.
2.45-2.55 Ga.

Zircons of sample 6078 show a range of subhedral to
variably rounded shapes and often have a graphitic coat-
ing, as also observed for samples 5202 and 6117. The
internal structures include oscillatory-, sector-zoned, faint
or largely homogeneous types (Fig. 5g—1). Only few grains
show distinct core-rim relationships. Some grains have
very thin overgrowths. Filtered data (129 out of 171 analy-
ses) yielded an age distribution from c. 64 Ma to c. 3.1 Ga
with a high number of Paleozoic and Neoproterozoic zir-
cons. The age spectrum shows a broad and fairly homoge-
neous distribution with most data points between 160 and
625 Ma. Not very well-pronounced peaks that grade into
one another occur at 150-160, 230-260, 300-340, 385—-
440, 445-485 and 550-660 Ma (Fig. 6f). Twenty-one anal-
yses yielded ages in the interval of 1.5-3.1 Ga with minor
peaks at ¢. 2.0 and c. 2.6 Ga. The youngest age groups
(n = 3) occur at ¢. 65 and c. 77 Ma.

Discussion

The age characteristics of the Tinos samples (Figs. 6, 7, S4)
document variable degrees of denudation and/or recycling
of Proterozoic, Paleozoic and Mesozoic source rocks as
well as post-depositional metamorphic zircon formation.
The range of detrital zircon morphologies indicates low-to-
moderate textural maturity and documents both incorpora-
tion of detritus derived from nearby source areas and influx
of material recording long-distance transport and/or multi-
ple recycling. Most samples yielded a very heterogeneous
polymodal U-Pb age distribution (Figs. 6, S4). The indi-
vidual age spectra are rather complex and mostly lack very
well-developed age peaks. Intersample similarities are not
clearly recognizable. One of the studied samples is char-
acterized by a rather restricted Triassic-Permian age range.
In the following paragraphs, details of the age record, from
young to old, are outlined.

U-PDb zircon ages related to in situ metamorphic
processes

In all samples, a part of the zircon population is rimmed by
overgrowths of variable thickness that often are too thin for
meaningful U-Pb analysis. A notable exception is sample

6117 where many crystals are mantled by thick zones (up
to 80 um) of newly grown zircon, that mostly yielded
Eocene (40-50 Ma) ages. Eocene ages (52-57 Ma) were
also determined for three overgrowths of sample 5220; a
single spot analysis of sample 5202 indicates an apparent
age of c. 31 Ma. Taken together this group represents the
youngest ages that were determined in the samples from
Tinos. These ages closely correspond to Rb—Sr and Ar—Ar
data reported for HP/LT and variably overprinted rocks
from Tinos and other Cycladic islands (Brocker et al. 1993,
2013; and references therein) and can be correlated with
regional metamorphic processes affecting the Cycladic
blueschist belt in Tertiary time. No geochronological evi-
dence for zircon growth associated with a regional Early
Miocene greenschist event (c. 16-23 Ma) was recognized.
Bulle et al. (2010) reported Eocene U-Pb ages (c.
57 Ma) for oscillatory-zoned zircon domains that are not
related to distinct overgrowths and suggested that these
crystals indicate either new growth of complete zircon
grains during the HP/LT event or an extremely young depo-
sitional age. For two reasons, the latter interpretation cannot
a priori be ruled out. Firstly, multi-method geochronologi-
cal evidence indicates that an active subduction system still
existed in Eocene time, implying that ocean closure was
not completely finalized at this stage. Secondly, extremely
fast subduction and exhumation is not an unrealistic sce-
nario and has repeatedly been documented at convergent
plate boundaries (e.g., Baldwin et al. 2004; Agard et al.
2009). It should also be kept in mind that oscillatory zoning
is not an unambiguous indication for crystallization from
a melt, but can as well be expected in case of precipitation
from aqueous fluids, and has repeatedly been described
from metamorphic phases such as garnet or clinopyroxene
(Bulle et al. 2010; and references therein). At this point
this question cannot conclusively be answered, but we are
very skeptical toward an interpretation suggesting the pres-
ence of Late Paleocene/Early Eocene detrital zircons in the
Tinos metasediments. We consider an in situ metamorphic
origin of such zircon domains as a more plausible explana-
tion. The formation of relatively thick Eocene zircon over-
growths (up to 80 um) around unambiguous detrital grains
in sample 6117 documents that favorable conditions for
low-temperature (<500 °C) zircon formation locally existed
at least in some metasedimentary rocks. The geological
significance of data points in the range from 62 to 68 Ma
remains unclear inasmuch as beam overlap on neighboring
growth zones or Pb loss cannot be completely ruled out.

Maximum age of sediment deposition
The age of sediment deposition is bracketed by the young-

est detrital zircons and the age of the earliest metamorphic
overprint (Eocene). The youngest unequivocal detrital age
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group (c. 70-80 Ma) underlines the importance of Late
Cretaceous or younger sedimentation and had already been
recognized in the less comprehensive ionprobe study of
samples 5220 and T29 from the topmost part of the meta-
morphic succession (Bulle et al. 2010). Such ages were
also detected in sample 6078 (n = 4) that was collected in
the lower segment of the metamorphic rock pile. A single
spot age of ¢. 71 Ma was determined in sample 5202 repre-
senting an intermediate stratigraphic position. This age dis-
tribution suggests that sediment accumulation recorded in
the complete schist sequence of the Lower Unit took place
at least until Late Cretaceous time. There is no indication
for a marked vertical age gradient through the lithostrati-
graphic succession (c. 1250-1800 m).

It is not really surprising that Late Cretaceous detrital
ages were also found in the lowermost part of the meta-
morphic succession. This outcome was almost predictable.
Variably rounded blocks and rock fragments occur widely
scattered in the marble-schist sequence of the Lower Unit,
but mostly in the upper part of the lithostratigraphic succes-
sion (Bulle et al. 2010). These blocks most likely represent
recycled fragments of oceanic lithosphere that accumu-
lated after slope failure in an olistostromatic deposit (Bulle
et al. 2010). All yet dated blocks yielded a single U-Pb age
group of ¢. 80 Ma and zircons with corresponding ages
were also reported from the enclosing matrix rocks (Bulle
et al. 2010). A mélange sequence is also exposed close to
the lowermost m1 calcite marble near Panormos (Bulle
et al. 2010). In analogy to similar occurrences at higher
lithostratigraphic level, a related origin and mode of forma-
tion can reasonably be expected. Although no geochrono-
logical data are yet available for any mélange block from
the Panormos area, a Late Cretaceous age is very likely.
The Late Cretaceous or younger depositional age of sample
6078, representing a block-free metasediment layer from
the lower segment of the Tinos metamorphic succession, is
in accordance with this hypothesis.

Provenance of Late Cretaceous zircons

The Tinos block-matrix association includes Late Cre-
taceous source rocks and is either of olistostromatic ori-
gin or related to intraoceanic brecciation and reworking
(Bulle et al. 2010), but in any case derived from a nearby
located source area, as indicted by the well-preserved
morphology of such zircon crystals in the schists. Late
Cretaceous U-Pb zircon ages have also been reported
for meta-igneous mélange blocks from Syros and Samos
(Keay 1998; Tomaschek et al. 2003; Brocker and Keasling
2006; Brocker et al. 2014). For these occurrences, correla-
tive relationships between each other (e.g., Candan et al.
1997) and with the mélange on Tinos have been suggested
(Brocker et al. 2014). Elsewhere in the larger region,
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similar U-PDb zircon ages were described from some meta-
ophiolite occurrences that are exposed along the Inner
Tauride suture zone in Turkey (88.8 £ 2.5, 82.8 & 4.0,
69.1 & 2.1 Ma; Parlak et al. 2013), albeit somewhat older
protolith ages (c. 90-95 Ma) apparently characterize the
majority of the Turkish meta-ophiolites (e.g., Parlak and
Delaloye 1999).

Paleocene to Late Cretaceous ages of high-temperature/
low-pressure metamorphic rocks (K—Ar and Rb-Sr ages c.
60-84 Ma) and associated granitoid intrusions (U-Pb zir-
con ages c. 74-85 Ma) were also reported from the Upper
Unit of the ACCB (e.g., Anafi, Tinos, Ikaria) and from
Crete and were interpreted to represent remnants of the
Asteroussia nappe (e.g., Reinecke et al. 1982; Patzak et al.
1994; Altherr et al. 1994; Langosch et al. 2000; Be’eri-
Shlevin et al. 2009; Kneuker et al. 2015). Furthermore Late
Cretaceous U-Pb ages (76-92 Ma) are known from felsic
igneous rocks of the Sredna Gora belt in Bulgaria (von
Quadt et al. 2005) and some granitoids of the Serbo-Mac-
edonian Massif (68—-63 Ma, Himmerkus et al. 2012). How-
ever, contributions of detritus from these source terrains are
considered unlikely, due to the meta-ophiolitic nature of the
Cycladic mélange blocks and the associated matching char-
acteristics of zircons from their schist matrix.

Other Mesozoic and Late Paleozoic ages

The Tinos detrital zircon population also documents sedi-
ment supply from Early Cretaceous and Jurassic terrains.
Potential source rocks for Early Cretaceous zircons are
exposed in the Pelagonian Zone in northern Greece from
where Schenker et al. (2014) reported U-Pb zircon ages
of ¢. 100-130 Ma for migmatitic rocks. A similar protolith
age (117.4 4+ 1.9 Ma) was determined for an UHP rock of
the Rhodope zone (Liati et al. 2002; Liati 2005). Based on
Pb-Pb and U-Pb zircon dating, several studies have docu-
mented somewhat older Early Cretaceous to Late Juras-
sic ages for metagranitic rocks of the Rhodope region (c.
134-164 Ma; Turpaud and Reischmann 2010; Liati et al.
2011; Bonev et al. 2015), the Pelagonian Zone (c. 137 Ma,
Anders et al. 2007), the Vardar Zone (c. 155-164 Ma;
Anders et al. 2005) and the Serbo-Macedonian Massif
(c. 140-156 Ma; Himmerkus et al. 2012). A distinct (U)
HP stage of the polyphase tectonometamorphic evolution
of the Rhodope Massif also falls within this age range (c.
149 Ma, U-Pb zircon, Liati 2005). The widely distributed
remnants of Jurassic ophiolites that are exposed across
large parts of the Balkan (e.g., Robertson 2002) locally
comprise volumetrically subordinate amounts of zircon-
bearing rock types that mostly yielded Jurassic ages (c.
169—173 Ma, Liati et al. 2004; c¢. 156-160 Ma, Brocker
and Pidgeon 2007) with presumably small contribution to
the detrital record.
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During Triassic and Late Paleozoic times the east-
ern Mediterranean region experienced major episodes of
granitoid intrusions (e.g., Keay 1998; Koralay et al. 2001;
Engel and Reischmann 1998; Reischmann 1998; Vavassis
et al. 2000; Reischmann et al. 2001; Photiades and Keay
2003; Turpaud and Reischmann 2010; Brocker and Pidg-
eon 2007; Okay et al. 2001, 2006; Xypolias et al. 2006;
Anders et al. 2007; Lode et al. 2008; Himmerkus et al.
2009a; Liati et al. 2009, 2011, 2013; Chatzaras et al. 2013;
Fu et al. 2015). The geodynamic context of the Triassic
igneous activity is controversially discussed and has either
been related to subduction- or to rifting-related processes
(for a detailed discussion, see Chatzaras et al. 2013; and
references therein). For the Carboniferous-Permian mag-
matic phase (c. 320-280 Ma), a relationship to the closure
of the Paleotethys is generally accepted (e.g., Pe-Piper and
Piper 2002; and references therein). Zircons with correla-
tive ages to the Triassic and Carboniferous-Permian mag-
matic episodes represent essential components of the detri-
tal populations from Tinos. In many cases, almost euhedral
crystals indicate short transportation distances and influx
from nearby sources, but both age groups may include
detritus of faraway provenance. In the Cyclades, present-
day outcrops of Triassic meta-igneous rocks have been
described, for example, from Syros, Andros and Ios (Keay
1998; Tomaschek et al. 2003; Brocker and Pidgeon 2007,
Fu et al. 2015). Carboniferous-Permian basement rocks
have been identified on Naxos, Paros, Sikinos, Ios, Delos
and Syros (Henjes-Kunst and Kreuzer 1982; Engel and
Reischmann 1998; Reischmann 1998; Keay et al. 2001;
Tomaschek et al. 2008).

Paleozoic and Precambrian ages

A prominent age population shows up between 350 and
700 Ma with several minor peaks and a maximum at c.
450 Ma (Fig. 7) that had already been recognized in sam-
ples from other Cycladic occurrences (Keay and Lister
2002). Data points at the younger end of this age group
document influx of detritus from Devonian sources. Igne-
ous and meta-igneous rocks with such U-Pb zircon ages
have been reported, for example, from various islands of
the Cyclades (c. 370-413 Ma; Keay and Lister 2002) and
the Biga peninsula, NW Turkey (c. 398 Ma; Okay et al.
2006).

The Late Neoproterozoic to Paleozoic segment of the
age spectrum includes the major igneous age peaks at 440,
560 and 700 Ma reported from parts of the Serbo-Mace-
donian Massif and the Pelagonian Zone (Florina terrane)
that are considered to represent exotic Gondwana-related
terranes within the Internal Hellenides (e.g., Anders et al.
2006, 2007; Himmerkus et al. 2006, 2007; and refer-
ences therein). The Neoproterozoic to Cambrian ages (c.
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Fig. 7 Probability distribution diagram with peak ages showing com-
pilation of zircon data <1000 Ma for all Tinos samples, including data
reported by Bulle et al. (2010)

500-700 Ma) can broadly be related to Pan-African/Cado-
mian igneous sources that have been reported from several
occurrences in Bulgaria, Greece and Turkey (e.g., Mein-
hold et al. 2008; and references therein). The Ordovician—
Silurian peak that slightly stands out from the main data
accumulation of the Tinos samples largely corresponds to
ages of the Vertiskos terrane in the NW part of the Serbo-
Macedonian Massif (410 and 450 Ma) and similar ages
reported from SW Bulgaria and the Biga Peninsula in NW
Turkey (e.g., Himmerkus et al. 2006, 2007; Meinhold et al.
2009, 2010; and references in these papers).

The age record of the Tinos samples includes minor
peaks at 0.9-1.1, 1.95-2.1, 2.4-2.55 and 2.6-2.7 Ga
(Fig. S4). The small number or complete lack of detrital zir-
cons with ages between 1.1 and 1.8 Ga has repeatedly been
documented in various parts of the Hellenides, Pontides
and Taurides and, in combination with the presence of 2 Ga
old zircons, has been interpreted to indicate the influx of
sediment with northern Gondwanan provenance (e.g., Keay
and Lister 2002; Himmerkus et al. 2007, 2009b; Meinhold
and Frei 2008; Meinhold et al. 2008, 2010; Ustadmer et al.
2012; Kydonakis et al. 2014; Zlatkin et al. 2013; Abbo
et al. 2015; Dorr et al. 2015). The data from Tinos show
great similarity with age distribution patterns of the larger
Aegean region that indicate a relationship to North Afri-
can-derived sources (e.g., Kroner and Sengor 1990; Keay
and Lister 2002; Avigad et al. 2003; Zulauf et al. 2007,
Ustaomer et al. 2012; Marsellos et al. 2012; Kydonakis
et al. 2014). These occurrences represent large volumes
of sedimentary rocks incorporating detritus derived from
various parts of the East African orogen (Transgondwanan
Supermountain) and Saharan Metacraton (Meinhold et al.
2013; Kydonakis et al. 2014; Avigad et al. 2015). The age
distribution patterns reported from Tinos and other parts
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of the Cyclades (Keay and Lister 2002) allow a clear dis-
tinction from other peri-Gondwanan terranes with Avalo-
nian- or Amazonian-type affinity that have been identified
on mainland Greece and in NW Turkey (e.g., Anders et al.
2006, 2007; Ustaémer et al. 2011; Zlatkin et al. 2014).

Samples with localized provenance record

The maximum age of sediment deposition for the Tinos
Lower Unit, as constrained by the youngest detrital age
groups of samples from the topmost part and the lower seg-
ment of the metamorphic succession, is not recorded in the
age distribution patterns of samples 5786 and 6117 (Fig. 6c,
d). Sample 6117 was collected between the m3 and m2
marble horizons and represents a relatively thin layer (up
to ¢. 2 m in thickness) of a conglomeratic to pebbly calcs-
chist. Compared to most other Tinos samples, the detrital
age spectrum is rather restricted, mostly in the 200-350 Ma
range, with only few data points >400 Ma. The determining
factors controlling the composition of the zircon population
of samples 5786 and 6117 (e.g., rates of sediment supply,
specific transport and accumulation processes, degree of
mixing) are obviously different from those of the siliciclas-
tic and/or calcite-rich metasedimentary rocks that dominate
the Tinos succession, causing a natural bias of the detrital
age record.

Sample 5787 was collected in the upper part of the
Lower Unit at a lithostratigraphic level close to the m3
marbles and represents an outcrop of felsic rocks and
blueschists that are interlayered on the several decimeter-
scale. Within a short distance to this outcrop an eclogitic
mélange block is exposed, but available field observations
provide no convincing indications (e.g., ultramafic selvages
as observed at other block-matrix contacts) that the interca-
lated blueschist-gneiss rocks may also represent an exotic
tectonic slice. Other occurrences of this rock association
are found in the northern part of the island in a comparable
lithostratigraphic position and most likely represent a dis-
tinct volcano-sedimentary horizon within the original suc-
cession. Similar rocks, interpreted to represent a bimodal
volcanic rock association, have been described from the
neighboring island of Syros, where they occur as part of
the main marble-schist sequence (Tomaschek et al. 2003)
and as a large tectonic slab within the northern mélange
belt (Brocker and Keasling 2006). On Syros, U-Pb dating
of zircon from the felsic rocks yielded well-constrained
Triassic ages (243 + 2, 240.1 & 4.1 and 245.3 £+ 4.9 Ma;
Tomaschek et al. 2003; Brocker and Keasling 2006).
Despite some field and petrographic similarities, the inter-
calated blueschist-gneiss rocks from Tinos are different
to the Syros occurrences. Instead of meta-igneous precur-
sors, on Tinos the felsic layers most likely represent imma-
ture quartzofeldspathic metasandstones. U-Pb zircon data
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of sample 5786 yielded a Triassic to Permian age spec-
trum indicative of a metasedimentary rock with a strongly
localized provenance. Well-preserved zircon crystals indi-
cate derivation from nearby source rocks. The youngest
age group indicates a maximum depositional age around
220 Ma. Quartz-rich metasediments with zircons that show
little evidence of transport and a rather restricted, mostly
Triassic provenance have also been reported from Naxos
(Keay 1998) and Syros (Lowen et al. 2015). In this con-
text worth mentioning are also quartz- and feldspar-rich
samples from Ios that mainly yielded either Triassic (c.
245 Ma) or Late Paleozoic (c. 280-320 Ma) U-Pb zircon
ages (Fu et al. 2015), and a felsic sample from a interlay-
ered sequence of meta-acidic rocks and greenschist on
Sifnos that mainly yielded Triassic ages (c. 220-240 Ma;
Brocker and Pidgeon 2007). These samples were inter-
preted to represent metatuffaceous rocks. However, iden-
tification of the protolith of metafelsic rocks is often
ambiguous and these rocks might also represent immature
metasandstones with a strongly localized provenance.

The Tinos metasedimentary sequences document epi-
sodic influx of material derived from different sources. The
whole succession most likely represents deposits of mixed
siliciclastic-carbonate turbidity currents that alternate with
pure carbonate turbidites (e.g., Brocker and Franz 2005).
Conglomeratic layers and dispersed blocks of meta-igne-
ous rocks indicate occasional contributions of submarine
slides. The restricted provenance of some layers documents
shorter cycles of sediment accumulation and a lesser degree
of mixing before final deposition than recorded in the adja-
cent schist sequences.

Age constraints for missing section in the stratigraphic
record

The lowermost part of the metamorphic succession on
Tinos is exposed around the village of Panormos (Fig. 2;
Melidonis 1980; Avigad and Garfunkel 1989). In this area,
the rock pile is dominated by well-layered calcite-rich
marbles which are underlain by massive dolomite mar-
bles and minor phyllites. From the dolomites, Melidonis
(1980) reported findings of Upper Triassic (Norian—Rhae-
tian) marine algae and corals. No biostratigraphic remnants
are preserved in the directly overlying calcite marble or in
marbles occurring at higher lithostratigraphic levels. Origi-
nally, the complete basal marble succession (=ml mar-
bles) was assigned to the Lower Unit (Melidonis 1980).
This interpretation was questioned by Avigad and Garfun-
kel (1989) who interpreted the base of the calcite marbles
as a structural discordancy and suggested that the lower-
most sequence represents a para-autochthonous basal unit
beneath the Cycladic blueschists with a distinct meta-
morphic and deformational history. The tectonic contact
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between both units was interpreted as a thrust fault (Avi-
gad and Garfunkel 1989). Brocker and Franz (2005) agreed
with the existence of a tectonic contact within the marbles,
but related this fault to extensional processes. According to
these authors, field observations, petrological and geochro-
nological data are fully compatible with the interpretation
that the dolomite-phyllite succession is an integral part of
the CBU, as originally suggested by Melidonis (1980). The
tectonic concept suggested by Avigad and Garfunkel (1989)
bears similarities to the Olympus-Ossa region on mainland
Greece and to Evia Island where fossil-bearing Triassic and
Cretaceous to Early Tertiary metacarbonates are overlain
by a stack of thrust sheets recording higher-grade HP/LT
metamorphism than observed in the structurally lowest unit
(Schermer et al. 1990; Nance 2010; Shaked et al. 2000).

The new detrital zircon data of this study indicate the
existence of a significant gap in the stratigraphic record in
northern Tinos. Fossil-bearing Upper Triassic dolomites (c.
240 Ma) at the base of the succession are overlain by Late
Cretaceous (70-80 Ma) or younger schist sequences, as
indicated by the maximum depositional age for a calcschist
collected relatively close to the m1 calcite marble, and the
presumably corresponding age of a local mélange sequence
directly above the Panormos marbles. There is no evidence
for an episode of subaerial exposure and erosion within the
marble succession, as, e.g., indicated by the metabauxites
on Naxos (Feenstra 1985).

The existence of a missing section in the stratigraphic
record corroborates the concept of a tectonic contact within
the basal metacarbonate sequence. However, the total age
range and the thickness of the missing section remain
uncertain, mainly for two reasons: (1) It is unclear which
time span is covered by the undated marble-quartzite
sequence (c. 50 m in thickness) above the dolomites. No
fossils were recognized in the ml calcite marbles, and
interlayered quartzites do not contain detrital zircon. (2)
The apparent biostratigraphic age of the dolomites may not
be identical with the true sedimentation age, e.g., due to yet
unrecognized reworking and redeposition of preexisting
fossil-bearing carbonates.

The nature of the fault is difficult to assess. Miss-
ing sections are commonly associated with normal fault-
ing, but may also be related to tectonic juxtaposition of a
thrust unit. Judging from field observations and the geo-
logical context known so far, it is impossible to distinguish
between a thrusting- or extension-related origin of the Pan-
ormos fault zone. The situation is further complicated by
the fact that thrust faults may have experienced reactivation
as normal faults during extension (e.g., Forster and Lister
2005; Huyskens and Brocker 2014; Brocker et al. 2015).
The presumed status of the basal Panormos section as a dis-
tinct tectonic entity with a geologic and tectonometamor-
phic history that is different from the overlying sequences

has yet not convincingly been demonstrated. This ques-
tion can only be resolved if future efforts will improve
understanding of the P-7—¢ history of the basal sequence
and/or in case that a different provenance of the footwall
sequences can unambiguously be documented.

Evidence for tectonic duplication at higher
lithostratigraphic levels?

Detrital zircon ages do not directly date the time of sedi-
ment deposition, but only provide an upper limit for this
process. On Tinos the youngest detrital age group (70—
80 Ma) was recognized both in the topmost part of the
lithostratigraphic succession and in its lower segment.
An upwards younging-trend of zircon ages has not been
detected. This does not necessarily imply relatively rapid
accumulation of the complete Lower Unit succession (c.
1250-1800 m; Melidonis 1980), because the available time
span indicated by the youngest detrital zircons (70-80 Ma)
and the Eocene HP/LT event (c. 40-53 Ma) still embraces a
considerable interval. Modification of the internal structure
of the Lower Unit by tectonic stacking or large-scale isocli-
nal folding, as has been suggested for similar successions
on other Cycladic islands (e.g., Forster and Lister 2005;
Keiter et al. 2011), can currently not be ascertained, due to
the lack of supporting field observations. For this reason,
we consider it more likely that the rock sequences above
the Panormos fault represent a coherent lithostratigraphic
succession, deposited within no more than 30-40 myr, with
a Late Cretaceous maximum sedimentation age.

Regional comparison of the detrital zircon record

A comprehensive geochronological and isotope geochemi-
cal database for detrital zircons is essential for developing an
improved understanding of the depositional history and the
paleogeographic setting of the Cyclades and for unraveling
the litho- and/or tectonostratigraphic relationships across
the larger study area. The picture emerging from avail-
able data is still fragmentary. Geochronological provenance
characteristics have not yet rigorously been explored, and
combined U-Pb age and Hf isotope datasets are not avail-
able at all. Figure 8 gives an overview of the Neoproterozoic
and younger detrital zircon age data reported from various
parts of the Cycladic blueschist belt (Keay and Lister 2002;
Lowen et al. 2015; Brocker et al. 2015, this study). The cur-
rent state of knowledge can be summarized as follows:

The Makrotantalon Unit on Andros occupies a special
position. Both the detrital zircon record (Fig. 8a; Brocker
et al. 2015) and differences in the timing of metamorphic
overprinting (Huyskens and Brocker 2014; Huet et al.
2015) provide evidence for the distinct nature of this tec-
tonic unit that possibly is of Pelagonian origin (Huet et al.
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« Fig. 8 Probability distribution diagrams of Neoproterozoic and

younger U-Pb detrital zircon data from the larger study area. a, b
Andros (Brocker et al. 2015), ¢ Tinos (this study, Bulle et al. 2010),
d Syros (Lowen et al. 2015), e southern Cyclades (Keay and Lister
2002), f Samos (Lowen et al. 2015). Green Pelagonian zone, blue
Cycladic blueschist unit. See text for further explanation

2015). The youngest detrital zircons indicate a maximum
depositional age of c. 260 Ma (Brocker et al. 2015).

All other datasets represent the Cycladic Blueschist
Unit. It is obvious from this compilation that Late Paleo-
zoic and Triassic igneous source rocks provided essential
components for the detrital zircon populations in the north-
ern Cyclades (Andros, Tinos, Syros; Fig. 8b—d). The appar-
ent absence of such ages in the southern part of the archi-
pelago (Naxos, Paros, Sifnos, Sikinos, Folegandros, Ios), as
implied by Fig. 8e, is an artifact of data selection by Keay
and Lister (2002) for the particular purpose of their study.
The largely unpublished post-Carboniferous ages for this
area also include abundant evidence for Late Paleozoic and
Triassic magmatic activity (Keay 1998). The pre-Carbonif-
erous data (Fig. 8e) suggest a North African origin for the
Cycladic basement and cover sequences (Keay 1998; Keay
and Lister 2002). The presence and distribution of Neopro-
terozoic and Paleozoic ages on Andros and Tinos are in line
with this interpretation.

The paucity or lack of <500 Ma ages in the Samos sam-
ples (Fig. 8f) is in marked contrast to the data from the
northern part of the Cycladic blueschist belt, but shows
similarities with age distribution patterns recording the
influx of “Pan-African” detritus that are common elsewhere
in the eastern Mediterranean region (e.g., Lowen et al.
2015; and references therein). However, the Samos study
focused on the maximum sedimentation age of a distinct
lithostratigraphic level (Lowen et al. 2015) and thus cannot
provide a comprehensive picture. The Andros and Syros
studies aimed a covering the full age range recorded by
the metamorphic succession, but also placed emphasis on
unraveling maximum depositional ages (Lowen et al. 2015;
Brocker et al. 2015).

For the Tinos and Syros metasedimentary successions, a
Late Cretaceous maximum depositional age is well estab-
lished (this study; Lowen et al. 2015) and can be related to
the same source that supplied meta-igneous mélange blocks
with corresponding U-Pb zircon ages (e.g., Bulle et al.
2010; Brocker et al. 2014). Due to the correlative field rela-
tionship between Syros, Tinos and Andros (e.g., Bulle et al.
2010; Brocker et al. 2014, 2015), a similar depositional age
can be inferred for the topmost part of the Andros Lower
Unit succession. The Late Cretaceous or younger sedimen-
tation in the northern Cyclades might indicate a signifi-
cant difference to the sedimentation history of the south-
ern Cyclades, where unambiguous detrital zircons of this
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age range have yet not been recognized. Available data of
Keay (1998) were interpreted to document mainly Triassic
to Late Jurassic maximum depositional ages. Several age
peaks falling in the range from Early to Late Cretaceous
time were related to post-depositional metamorphic over-
growths (Keay 1998).

Summary and conclusions

Essential features of the new zircon dataset for metasedi-
mentary rocks from the Lower Unit on Tinos are the pres-
ence of (1) Eocene metamorphic overgrowths related to an
in situ metamorphic overprint; (2) a Late Cretaceous (70—
80 Ma) maximum sedimentation age across the complete
lithostratigraphic succession of the Lower Unit; (3) a rela-
tively small number of Early Cretaceous and Jurassic ages;
(4) variable but major contributions from Triassic to Neo-
proterozoic source rocks; (5) minor influx (<5 %) of detritus
recording Paleoproterozoic and older provenance (1.9-2.1,
2.4-2.5 and 2.7-2.8 Ga) and (6) a lack or paucity of zir-
cons with U-Pb ages in the range from 1100 to 1800 Ma.
As reported from other Cycladic islands (e.g., Naxos, Syros,
Ios; Keay 1998; Lowen et al. 2015; Fu et al. 2015), the
Tinos metasedimentary succession sporadically contains
intercalations with a strongly localized provenance.

Taken together, the detrital zircon record of clastic meta-
sediments from Tinos substantiates the importance of Tri-
assic and Late Paleozoic igneous sediment sources and the
involvement of detritus with North African affinity (Keay
1998; Keay and Lister 2002) for the Cycladic depositional
basin. The new U-Pb age data also underline the impor-
tance of Late Cretaceous (c. 70-80 Ma) or younger sedi-
mentation, at least in the northern part of Cycladic blues-
chist belt, and suggest the existence of a significant gap in
the Tinos stratigraphic record near the base of the metamor-
phic succession. The age of sediment deposition recorded
in the Tinos Lower Unit is bracketed by the youngest detri-
tal zircons (c. 70-80 Ma) and the onset of regional meta-
morphic overprinting (c. 40-53 Ma).
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