Permian metamorphic event in the Alps
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ABSTRACT

In addition to the well-known Variscan and Alpine orogenic cycles, a Permian thermal
event occurred in the European Alps. The geodynamic background of this event is not well
understood. Here we suggest that the event is a reflection of lithospheric thinning accompa-
nied by magmatic underplating causing partial melting of the lower crust and low-pressure—
high-temperature metamorphism. The event was terminated by Early Triassic opening of the
Meliata ocean and was followed by sag-stage subsidence during slow lithospheric cooling.
This last stage of the evolution allowed the onset of the Mesozoic marine evolution with the
orogen-wide formation of Triassic carbonate platforms well known from the Dolomites and
the Northern Calcareous Alps. The combined evidence for magmatism, metamorphism, and
late subsidence identifies the Permian event of the Alps as an excellent example of underplat-
ing events suggested as a cause for low-pressure-high-temperature terrains worldwide.
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INTRODUCTION

For decades, rocks in the European Alps
were thought to have only undergone Phanero-
zoic metamorphic events during the Variscan
and Alpine tectonic cycles. Geochronological
data outside the two identified periods for these
orogenies were not interpreted in terms of an
independent tectonic event. Ages between
290 and 140 Ma were usually thought to be
mixed ages, were considered to be “very late”
or “very early” reflections of the Variscan and
Alpine tectonic cycles, or were simply ignored.
Over the past decade an increasing body of data
has emerged that testifies to the existence of a
widespread independent high-temperature (7°),
low-pressure (P) Permian metamorphic event
(Thoni and Miller, 2000; Schuster et al., 2001,

2004; Rebay and Spalla, 2001) that accom-
panies the already well-known Permian mag-
matic ages (Table 1).

The concurrence of Permian metamorphism
and magmatism and the fact that the Permian
thermal imprint immediately precedes the
massive Triassic marine sedimentation (forming
the carbonate platforms of the Dolomites and
Northern Calcareous Alps) invite us to combine
magmatism, metamorphism, and sedimento-
logical evidence into a single tectonic model.
Nevertheless, few studies have attempted to
interpret the significance of the Permian event
(e.g., Bertotti et al., 1999; Schuster et al., 2001).
In this paper we summarize data that testify to
this event and present the first orogen-scale map
of the Permian—Triassic imprint (Fig. 1). We

TABLE 1. SELECTED REPRESENTATIVE REFERENCES FOR GEOCHRONOLOGICAL AGES AND
METAMORPHIC CONDITIONS DOCUMENTING THE PERMIAN EVENT IN THE ALPINE REALM

Age
Igneous Rocks (Ma) References
gabbros and/or diorites 245-290 Rebay and Spalla (2001, Table 1): SA, AA, EM
Thoni (1999, 2002): AA
Miller and Théni (1997): AA (Koralm)
Mayer et al. (2000): SA, Ivrea Zone
pegmatites 250-290 Thoéni (1999, 2002, Fig. 2, Table 2): AA
Schuster et al. (2001): AA
Thoéni and Miller (2000): AA (Koralpe)
granites 265-285 Borsi et al. (1972): SA
Pinarelli et al. (1988): SA, Stronna-Ceneri Zone
volcanics 265-290 Klotzli et al. (2003): SA, Bozen Quartz porphyries
Barth et al. (1994): SA, Collio Graben
Lelkes-Felvari and Kiétzli (2004): AA,
Transdanubian range
Metamorphic Rocks
formation ages 250-285 Thoni (2002): AA

cooling ages

Schuster et al. (2001): AA

Burgi and Klétzli (1990): SA, Ivrea Zone

Bertotti et al. (1999): SA, Dervia Oligasca Zone
Sanders et al. (1996): SA, Dervia Oligasca Zone
Schuster et al. (2001, 2004): AA

Note: Intrusion and formation ages are U-Pb or Sm-Nd ages, except some older Rb-Sr whole rock
isochrons. Cooling ages are Ar-Ar and Rb-Sr ages on muscovite and biotite.
SA—South Alpine Unit; AA—Austroalpine Nappes; PN—Penninic Nappes; EM—distal European margin.

suggest magmatic underplating as a heat source
for Permian metamorphism and use a thermal
model to test this idea.

EVIDENCE FOR THE PERMIAN EVENT

The Permian event in the Alps followed in
the wake of the Variscan tectonic evolution
in Europe. The last stages of this orogen are
documented by S-type granites in the Bohe-
mian massif ca. 310 Ma and even younger
cooling ages until 290 Ma (Thoni, 1999). From
290 Ma onward, Permian terrigenous sedimen-
tation occurred across the Alps. The sediments
discordantly overlie Variscan basement and
indicate a transition from fluvial to shallow-
marine conditions (Bellerophon Formation of
the Southern Alps), indicating smoothening
and lowering of the topography and a decrease
of surface elevation.

The onset of the Permian event may be con-
sidered as when crustal thickness decreased
below normal, and thus cannot be related to
gravitational collapse of the Variscan orogen.
Evidence for active thinning along the south-
ern margin of the Variscan orogen is given by
the formation of Permian grabens ca. 290 Ma
(e.g., Collio Graben, grabens beneath the
Molasse Basin), extensional fabrics in meta-
morphic rocks, and the first marine sediments
ca. 265 Ma (Bosellini, 1991).

Lithospheric thinning was accompanied by
widespread Permian metamorphism at silliman-
ite and andalusite grade (Fig. 2), now evidenced
by a growing body of Permian mineral forma-
tion ages (Table 1). High-grade conditions are
known particularly well from the Silveretta and
Koralpe regions and the Ivrea Zone (the only
region in the Alps with Permian kinzingites),
but exemplary evidence is given south of the
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Figure 2. Exemplary evidence for Permian
metamorphic event in the field and in thin
section. A: Permian assemblage from Jenig
complex dated as 253 Ma. B: Meter-scale
paramorphism of Eoalpine kyanite after
Permian chiastolite (head section empha-
sized below lens cap) in the Koralpe. Lens
cap is 4 cm in diameter.
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Tauern Window. There an oblique crustal sec-
tion is exposed that covers Permian metamor-
phism from sillimanite to andalusite grade at the
base and extends to the surface (Strieden and
Jenig complexes; Schuster et al., 2001; Figs. 1
and 2). Permian P-T paths terminate with iso-
baric cooling (Schuster et al., 2001), leaving
rocks at middle and deep crustal levels at the
end of the Permian evolution. Exhumation of
the Permian assemblages followed much later
during the Eoalpine orogeny, when some units
were buried and overprinted, often causing a
close spatial correlation between Eoalpine and
Permian metamorphism (Fig. 1).

The Permian metamorphic imprint is
associated with a series of magmatic events
(Table 1): gabbros intruded into both the
middle and lower crust between 290 Ma and
245 Ma. Permian gabbros are known in the
Alps wherever the Moho is exposed (Ivrea,
Malenco; Fig. 1), suggesting that they formed
underplates (Voshage et al., 1990; Miintener
et al.,, 2000). Intrusion of Permian gabbros
was accompanied by granite and pegmatite
intrusions at mid-crustal levels, formation
of quartz-andalusite veins, and Permian vol-
canics. For example, the extensive volcanics
of the Bozen quartz porphyry extruded at
285-275 Ma (Klotzli et al., 2003). Less
intense magmatism continued in Triassic time
(e.g., Bosellini, 1991; Thoni, 2002).

From 240 Ma onward a facies distribution
typical for an ocean-continent transition devel-
oped in the Alpine realm, with carbonate plat-
forms on the continent and slope and deep-water
sediments toward the basin (Bosellini, 1991;
Mandl, 2000). Schmid et al. (2004) interpreted
this as the result of the opening of the Meliata
ocean, which is the westernmost part of the
Neotethys ocean. The marine evolution was
contemporaneous with cooling of the Permian
metamorphics from their peak to a normal geo-
thermal gradient (Table 1).

TECTONIC MODEL

The data summarized above are consistent
with a simple model for an extensional tectonic
cycle (Fig. 3): we suggest that lithospheric thin-
ning in the Permian occurred by north-south
extension in response to westward propagation
of the Neotethys ocean. Crust and mantle parts
of the lithosphere are less and more dense than
the underlying mantle, respectively. We suggest
that the two parts of the lithosphere extended
in a ratio that caused negligible surface sub-
sidence between 290 and 240 Ma (e.g., thin-
ning of crust to 80% and lithosphere to 60%
of its original thickness; Fig. 3). This caused
decompression melting in the mantle part
of the lithosphere, resulting in mafic under-
plating at the Moho (Voshage et al., 1990),
and ultimately in secondary crustal melting
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Figure 3. Conceptual tectonic model for Permian-Triassic evolution of the Alps showing
evolution of lithosphere strain (vertical axis) versus crustal strain (horizontal axis). Thick
black arrow shows suggested evolution involving mechanical thinning of both crust and
mantle lithosphere (at ratio causing only negligible surface subsidence) until 240 Ma
and subsequent thermal thickening of mantle part of the lithosphere thereafter. Arrow is labeled
at left for observed and at right for inferred events. Insets in A show cartoons of lithospheric
column. Underlying contours for Moho temperature and surface elevation are for approximate
reference only (calculated with equations 3.76 and 4.35 from Stiiwe [2007] using 35 km and
120 km for crust and lithosphere thickness). LPHT—low pressure—high temperature.

that caused granite and pegmatite intrusions
at mid-crustal levels. Underplates and sec-
ondary melts caused widespread low-P-high-T'
metamorphism (Habler and Thoni, 2001), for
example, as indicated by a strong correlation
between the occurrence of Permian pegma-
tites and sillimanite- and andalusite-bearing
Permian metamorphic assemblages.

Once the Neotethys embayment entered the
Alpine realm from the east ca. 240-230 Ma,

all extensional strain was concentrated into the
oceanic domain in the eastern part, whereas it
continued to the west of the embayment (units
of the Southern Alps; Bertotti et al., 1993). We
suggest that this time marks the onset of a pro-
longed sag phase that lasted until ca. 190 Ma,
in which cooling of the thinned mantle part
of the lithosphere reequilibrated the 1200 °C
isotherm to its original depth prior to 290 Ma.
This phase caused cooling of the crust, ther-

mal subsidence at the surface, and mechani-
cal strengthening of the Alpine lithosphere.
The proposed sag-phase stage (Figs. 3A, 3B)
is consistent with the thickness of Triassic
carbonate platforms (3—4 km of mostly inter-
tidal sediments over large areas: Bertotti et al.,
1993; Rantitsch, 2001) and with the observed
cooling ages of the metamorphic rocks, as
shown below.

DISCUSSION WITH A
THERMAL MODEL

We test the idea suggested above using a one-
dimensional thermal model. For this, we assume
a continental geotherm that is vertically short-
ened to describe lithospheric extension, then
thermally perturbed at the Moho to describe
underplating, and ultimately left to passive ther-
mal reequilibration to its original depth extent.
The initial geotherm is described with equation
3.96 of Stiiwe (2007), using standard thermal
parameters described therein. Thickness for
crust and lithosphere were assumed to be 35 km
and 120 km, respectively.

For 50 m.y. after model start (i.e., 290—
240 Ma), we assume homogeneous lithospheric
thinning, which allows only minor subsidence
consistent with the absence of geological evi-
dence for subsidence during this time (for the
parameter ranges chosen here, an initial thick-
ness ratio of crust to mantle lithosphere of 1:5
would cause no surface subsidence). The exten-
sional strain is not very well documented, but
estimates based on the P-T paths of Schuster
et al. (2001) suggest a crustal stretch of ~1.4
(homogeneous thinning of lithosphere to 71%
of its original thickness), which is used here.
As homogeneous thinning will cause only small
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Figure 4. Thermal model for the Permian event showing thermal evolution of crust as a consequence of lithospheric thinning accompanied
by magmatic underplating and subsequent thermal relaxation of mantle part of the lithosphere. A: Geotherms (labeled in m.y.; modeled
pressure-temperature path is dotted). B: Modeled (curves) and measured (symbols) temperature-time evolution for andalusite (and; dark
symbols) and sillimanite (sill; white symbols) bearing parageneses. C: Metamorphic peak versus time of cooling through 400 °C isotherm.
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changes in Moho temperature (Fig. 3A), an addi-
tional heat source needs to be invoked to cause
metamorphism. Here we assume a 5-km-thick,
800 °C mafic underplate to be emplaced at the
Moho from 10-30 m.y. after the model start (i.e.,
280-260 Ma). Thermal evolution is tracked by
solving the one-dimensional diffusion equation.
After 50 m.y. of the model evolution, thinning is
stopped and subsequent lithospheric thickening
is modeled by passively reequilibrating the tem-
perature profile to a lower boundary condition at
120 km depth (Fig. 4A).

From the model we extracted two sets of
data that can be compared with geochrono-
logical evidence for the Permian event. First,
we tracked the thermal evolution of rocks at
two crustal levels (15 and 20 km depth) cor-
responding to those containing andalusite- and
sillimanite-bearing rocks (Fig. 4B). The mod-
eled cooling histories (dotted lines) correspond
well to the observed data with cooling rate
decreasing at low temperatures. Second, we
tracked the time when various crustal levels of
the model cooled through the 400 °C isotherm
and plotted these times against peak tempera-
ture as a proxy for depth (Fig. 4C). This may be
compared to Ar/Ar cooling ages (documenting
the time of 400 °C cooling) of rocks from a
series of known Permian metamorphic grades
across the Alps. The modeled cooling has
three components: (1) cooling due to mechani-
cal thinning, (2) due to thermal relaxation of
the underplate, and (3) sag-stage cooling
of the mantle lithosphere after the termination
of active thinning. Overall, the model con-
forms well with observations, in that lower-
grade (upper crustal) rocks cool earlier than
high-grade (lower crustal) rocks as the litho-
sphere reequilibrates in the Triassic. Results
for realistic parameter ranges of all geometric
and thermal parameters tested are all within the
shaded bands shown in Figures 4B and 4C.

In summary, our model suggests a long-
lasting extensional tectonic cycle for the
Permian-Triassic evolution of the Alpine
realm. The heat sources are mafic underplates
generated by decompression melting from
the subcontinental mantle during lithospheric
thinning, enhanced by secondary formation of
crustal melts at the Moho. As such, it conforms
with thermal models for low-P-high-T meta-
morphism originally suggested by Huppert and
Sparks (1988) and applied to many high-grade
terrains worldwide. The event is terminated by
sag-stage subsidence and lithospheric cool-
ing. The thickness of the Triassic sediments is
matched by the calculated tectonic subsidence
during the sag stage (Fig. 3B). We have suc-
cessfully tested the model by comparing it
with geochronological data (Figs. 4B, 4C)
and with an overall heat budget estimate.

606

ACKNOWLEDGMENTS
We thank S.W. Schmid and A. Pfiffner for con-
structive reviews.

REFERENCES CITED

Barth, S., Oberli, F., and Meier, M., 1994, Th-Pb ver-
sus U-Pb isotope systematics in allanite from
co-genetic rhyolite and granodiorite: Impli-
cations for geochronology: Earth and Plan-
etary Science Letters, v. 124, p. 149-159, doi:
10.1016/0012-821X(94)00073-5.

Bertotti, G., Picotti, V., Bernoulli, D., and Castel-
larin, A., 1993, From rifting to drifting: Tec-
tonic evolution of the South-Alpine upper
crust from the Triassic to the Early Cretaceous:
Sedimentary Geology, v. 86, p. 53-76, doi:
10.1016/0037-0738(93)90133-P.

Bertotti, G., Seward, D., Wijbrans, J., Ter Voorde, M.,
and Hurford, A.J., 1999, Crustal thermal regime
prior to, during, and after rifting: A geochrono-
logical and modelling study of the Mesozoic
South Alpine rifted margin: Tectonics, v. 18,
p. 185-200, doi: 10.1029/1998TC900028.

Borsi, S., Del Moro, A., and Ferrara, G., 1972,
Eta radiometriche delle rocce intrusive del
massiccio di Bressanone-Ivigna-Monte Croce
(Alto Adige): Bollettino della Societa Geo-
logica Italiana, v. 91, p. 387-406.

Bosellini, A., 1991, Geology of the Dolomites,
an introduction: Dolomieu Conference on
Carbonate Platforms and Dolomitisation, Val
Gardena, Ortisei, p. 1-43.

Biirgi, A., and Klotzli, U., 1990, New data on the
evolutionary history of the Ivrea Zone (northern
Italy): Swiss Association of Petroleum Geolo-
gists and Engineers Bulletin, v. 56, p. 49-70.

Habler, G., and Thoni, W., 2001, Preservation of
Permo-Triassic low-pressure assemblages in
the Cretaceous high-pressure metamorphic
Saualpe crystalline basement (Eastern Alps,
Austria): Journal of Metamorphic Geology,
v. 19, p. 679-697.

Huppert, H.E., and Sparks, R.S.J., 1988, The genera-
tion of granitic magmas by intrusion of basalt
into continental crust: Journal of Petrology,
v. 29, p. 599-624.

Kloétzli, U., Mair, V., and Bargossi, G.M., 2003,
The “Bozener Quarzporphyr” (Southern
Alps, Italy): Single zircon U/Pb age evi-
dence for 10 million years of magmatic activ-
ity in the Lower Permian: Mitteilungen der
Osterreichischen ~ Mineralogischen  Gesell-
schaft, v. 148, p. 187-188.

Lelkes-Felvari, G., and Klotzli, U., 2004, Zir-
con geochronology of the “Kékkut quartz-
porphyry”, Balaton Highland, Transdanubian
Range, Hungary: Acta Geologica Hungaria,
v. 42, p. 139-149.

Mandl, G., 2000, The Alpine sector of the Tethyan
shelf—Examples of Triassic to Jurassic
sedimentation and deformation from the
Northern Calcareous Alps: Mitteilungen der
Osterreichischen Geologischen Gesellschaft,
v. 92, p. 61-77.

Mayer, A., Mezger, K., and Sinigoi, S., 2000, New
Sm-Nd ages for the Ivrea-Verbano Zone, Sesia
and Sessera valleys (northern Italy): Journal of
Geodynamics, v. 30, p. 147-166, doi: 10.1016/
$0264-3707(99)00031-9.

Miller, C., and Thoni, M., 1997, Eo-Alpine eclogiti-
sation of Permian MORB-type gabbros in the
Koralpe (Eastern Alps, Austria): New geo-
chronological, geochemical and petrological
data: Chemical Geology, v. 137, p. 283-310,
doi: 10.1016/S0009-2541(96)00165-9.

Miintener, O., Hermann, J., and Trommsdorf, V.,
2000, Cooling history and exhumation of lower
crustal granulite and upper mantle (Malenco,
Eastern Central Alps): Journal of Petrology,
v. 41, p. 175-200.

Pinarelli, L., DelMoo, A., and Boriani, A., 1988,
Rb-Sr geochronology of Lower Permian plu-
tonism in Massiccion del Laghi, Southern
Alps (NW Italy), in Fagnani, G., and Caironi,
V., eds., Granites and their surroundings: Ren-
diconti della Societa Italiana di Mineralogia e
Petrologia, v. 43, p. 411-428.

Rantitsch, G., 2001, Thermal history of the Drau
Range (Eastern Alps): Schweizerische Miner-
alogische und Petrographische Mitteilungen,
v. 81, p. 181-196.

Rebay, G., and Spalla, M., 2001, Emplacement at
granulite facies conditions of the Sesia-Lanzo
metagabbros: An early record of Permian rift-
ing?: Lithos, v. 58, p. 85-104, doi: 10.1016/
50024-4937(01)00046-9.

Sanders, C.A.E., Bertotti, G., Tomasini, S., Davis,
G.R., and Wijbrans, J.R., 1996, Triassic pegma-
tites in the Mesozoic middle crust of the South-
ern Alps (Italy): Fluid inclusions, radiometric
dating and tectonic implications: Eclogae Geo-
logicae Helvetiae, v. 89, p. 505-525.

Schmid, S.M., Fiigenschuh, B., Kissling, E., and
Schuster, R., 2004, Tectonic map and overall
architecture of the Alpine orogen: Eclogae
Geologicae Helvetiae, v. 97, p. 93-117, doi:
10.1007/s00015-004—-1113-x.

Schuster, R., Scharbert, S., Abart, R., and Frank, W.,
2001, Permo-Triassic extension and related
HT/LP metamorphism in the Austroalpine-
Southalpine realm: Mitteilungen der Geolo-
gie und Bergbau Studenten Osterreichs, v. 44,
p. 111-141.

Schuster, R., Koller, F., Hoeck, V., Hoinkes, G., and
Bousquet, R., 2004, Explanatory notes to the
map: Metamorphic structure of the Alps—
Metamorphic evolution of the Eastern Alps:
Mitteilungen der Osterreichischen Mineralo-
gischen Gesellschaft, v. 149, p. 175-199.

Stiiwe, K., 2007, Geodynamics of the lithosphere
(second edition): Berlin, Springer, 493 p.

Thoni, M., 1999, A review of geochronological data
from the Eastern Alps: Schweizerische Miner-
alogische und Petrographische Mitteilungen,
v. 79, p. 209-230.

Thoni, M., 2002, Sm-Nd isotope systematics in gar-
net from different lithologies (Eastern Alps):
Age results, and an evaluation of potential
problems for garnet Sm-Nd chronometry:
Chemical Geology, v. 185, p. 255-281, doi:
10.1016/S0009-2541(01)00410-7.

Thoni, M., and Miller, C., 2000, Permo-Triassic peg-
matites in the eo-Alpine eclogite-facies Koralpe
complex, Austria: Age and magma source
constraints from mineral chemical, Rb-Sr and
Sm-Nd isotopic data: Schweizerische Miner-
alogische und Petrographische Mitteilungen,
v. 80, p. 169-186.

Voshage, H., Hofmann, A.W., Mazzucchelli, M.,
Rivalenti, G., Sinigoi, S., Raczek, I., and
Demarchi, G., 1990, Isotopic evidence from
the Ivrea Zone for a hybrid lower crust formed
by magmatic underplating: Nature, v. 347,
p. 731-736, doi: 10.1038/347731a0.

Manuscript received 14 December 2007
Revised manuscript received 18 April 2008
Manuscript accepted 21 April 2008

Printed in USA

GEOLOGY, August 2008




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues false
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


