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Caledonian foreland thrust tectonics in

the Slemmestad area, Oslo Region, South Norway:

an excursion guide

By

Ole Graversen

Department of Geosciences and Natural Resource Management,

University of Copenhagen, Geocenter Denmark,
@ster Voldgade 10, DK-1350 Copenhagen K, Denmark

Introduction

The Early Palaeozoic platform sediments in the foreland
of the the Scandinavian Caledonides have generally been
removed by erosion during postorogenic uplift of Fenno-
scandia during the formation of the Baltic or Fennoscan-
dian Shield. An exception to the general picture is found
in the Oslo Graben, where the Lower Palaeozoic sedi-
ments are preserved in a downfaulted position associ-
ated with the Permian graben tectonics (Fig. 1). The
Cambro- Silurian of the Oslo region belongs to the Osen-
Rg@a nappe situated at the base of the lower allochton of
the Caledonian nappe complexes (Bockelie & Nystuen
1985; Morley 1986; Bruton et al. 2010). The basal decol-
lement detachment surface forms a flat in the underly-
ing autochton and parautochton of the Middle Cambrian
Alum Shale deposited above the Precambrian crystalline
basement. The Caledonian foreland deformation can be
traced through the platform sediments to the southern
Oslo Graben, where the orogenic deformation dies out
in the Skien-Langesund area.

The thrusted and folded, lithostratigraphical succession
of the Oslo Region consists of Lower Palaeozoic epiconti-
nental platform sediments deposited on the Baltoscan-
dian margin of Baltica. The platform sediments were de-
posited on the sub-Cambrian peneplain that developed
subsequent to the Sveconorwegian orogeny at 1100-900
Ma and intrusion of post- orogenic granites at around
830 Ma (Graversen 1984; Graversen & Pedersen 1999;
Berthelsen et al. 1996). Thrusting and folding of the
Lower Palaeozoic succession culminated during the late-

Caledonian, Scandian orogeny in Late Silurian time. Dur-
ing the evolution of the Oslo Graben, the folded, Lower
Palaeozoic foreland succession was covered by thick pla-
teau lavas and a thin cover of sedimentary rocks, and
intruded by central volcanoes and batholiths during Late
Carboniferous and Permian time. The Palaeozoic sedi-
mentary rocks and the Permian lavas were stripped off
from the Precambrian crystalline basement outcropping
to the west and east of the graben during a later period
of uplift and erosion.
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Fig. 1A. Oslo Graben Bedrock map.
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Rocks of Devonian, Carboniferous and Permian age

Plutonic and hypabyssal rocks (Permian age)

Alkali-feldspar granite (ekerite)

Biotite granite, medium- to coarse-grained (Drammen granite) / Granite, porphyric, finegrained

Syenite, medium- to coarse-grained (nordmarkite, Grefsen syenite, pulaskite /
Syenite, porphyric, in ring-dykes and small bodies

Foid-bearing monzozyenite (lardalite) / Monzodiorite, monzonite,
syenite (Kjelsasite, larvikite, akerite)

Gabbro, pyroxenite, anorthosite, diorite (‘Oslo-essexite’)
Dolerite (D), latite porphyry (rhomb-porphyry) (RP) and syenite (S)

Extrusive and subvolcanic intrusive rocke (Permian age),
sedimentary rocks (Carboniferous age)

Rhyolite, trachyte (lava, ignimbrite and sub-volcanic intrusive rocks) /
Volcanic breccia and subvolcanic intrusive breccia

Trachyte, porphyritic lave / Latite (rhombporphyry)
Basalt / Basalt with underlying Carboniferous sedimentary rocks
Sedimentary rocks (Permian age)

Sandstone, mudstone / Conglomerate with pebbles (cobbles) of rhomb-porphyry

Rocks of Precambrian to Devonian age in the Caledonian mountain chain
Metamorphosed sedimentary rocks, autochtonous and allochtonous (Silurian age)

Sandstone, subordinate limestone (Silurian, in the Oslo region also of Downtonian-Lower
Devonian age) / Conglomerate with pebbles of gabbro, granite and greenstone

Quartzite
Limestone, shale, sandstone
Silty shale with beds of metagreywacke, conglomerate and in places limestone

Metamorphosed sedimentary rocks, autochtononous and allochtonous
(Ordovician and locally Lower Silurian age)

Limestone
Phyllite, mica schist / Shale, marl and lomestone

Metamorphosed sedimentary rocks, autochtonous and allochtonous
(Cambrian to Lower Ordovician age; in places uncertain)

Phyllite, partly graphitic, partly with sandy and silty layers

Shale, alum shale, siltstone, sandstone and conglomerate

Metamorphosed sedimentary rocks, in places igneous rocks (Late Precambrian age)
Quartzite and metasandstoen, locally tillite

Sandstone, quartzite, shale and dolomite

Tillite / Sandstone, quartzite with conglomerate, locally tillite

Quartzite / Sandstone, in places conglomerate / Polymict conglomerate

Dark sandstone, in places conglomeratic / Alternating sandstone and shale

Limestone and shale / Dolomite / Calcareous sandstone, dolomite, phyllite

Higher legend numbers indicate rocks within higher thrust sheets (114-134)
or Precambrian basement (187-267).

Geological boundaries and structural symbols
Lithological boudary

———— Fault

T T Thrust boundary. (Only the major thrusts are shown. The ticks point towards the tectonostrati-
graphically overlying nappe unit, irrespective of the present direction of dip of the thrust surface).

e Strike and dip of bedding or foliation

Inverted stratigraphic sequence

x

Fig. 1 B Geological map of the Oslo Graben and surroundings. Extract from Sigmond et al. (1984).
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Fig. 2. Thrusting of the Vollen Formation along the Bg thrust, in the southern Slemmestad area.
The location is framed in Fig. 6.

The Slemmestad area illustrates thrust faults and associ-
ated folds in an orogenic, non- metamorphic decolle-
ment foreland setting (Fig. 2). The stratigraphy of the
sedimentary succession covers the Upper Cambrian
through to the Middle Ordovician interval (Fig. 3) (Owen
et al. 1990; Bruton et al. 2010). A field description of the
sediments and fossil successions is recently published in
Nakrem & Rasmussen (2013). The sequence is c. 230
metres thick and is dominated by marine black and grey
shales with subordinate, bedded, lenticular and nodular
limestone intervals ranging from metre to centimetre
scale. A short description of the mapped units is in-
cluded in Fig. 3. From a structural point of view, the car-
bonate-dominated Huk and Vollen formations stand out
as competent levels within the otherwise shale-
dominated Cambro-Ordovician interval. The contrasting
lithologies resulted in a competence contrast that is out-
lined by the changing structural styles exerted by the
different lithologies during the deformation. Hanging-
wall-footwall deformation and fault-fold interrelation-
ship at different structural levels will be examined on
well-exposed coastal sections and inland road cuts.

The structure of the Caledonian foreland deformation
above the décollement is characterised by NE-SW to ENE
-WSW:-trending thrusts and folds (Figs 1 & 4). The bathy-
metric map of the inner Oslofjord illustrates that the
foreland succession continues into the submerged,
down-faulted, hangingwall blocks of the fjord area (Fig.
5). In the Oslo-Asker area to the north and west of the
inner Oslofjord, the deepest section is encountered in
the Slemmestad area situated to the south (Fig. 4). In
that area, there is an overall younging of the succession
towards the north (Fig. 4), suggesting that the general
dip of the basement and the décollement surface must
be in the same direction. The dominant fold vergence is
towards the south associated with a predominantly
northerly dip of the sedimentary rocks and the thrusts
(Fig. 6); this is in accordance with a transport direction
towards the orogenic front to the south. Along the ana-

lysed foreland segment of the Slemmestad area (Fig. 7)
there is an overall decrease in the stratal dip, declining
from 60-70° in the north down to 15-20° in the south
towards the orogenic front (Fig. 8). In the central part of
the segment, the Almedalen- Bjgrkasholmen duplex oc-
curs between the Almedalen and the Djuptrekkodden
thrusts.
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UPPER ORDOVICIAN

MIDDLE ORDOVICIAN

OSLO GROUP

VOLLEN

FM.

Nodular and bedded limestone
interbedded with
calcareous shales

HAKAVIK MB.

Grey shales with
bedded and nodular
limestones and
calcarenites

ENGERVIK MB.

Grey shales
with
limestone horizons

ELNES FM.

SJBSTRAND MB.

Black shales with
scattered black
limestone lenses

HELSKJER MB.

Bedded and nodular limestone
interbedded with dark shales

MIDDLE CAMBRIAN - LOWER ORDOVICIAN

ROYKEN GROUP

SVARTODDEN MB.

Massive limestone

HUK FM. LYSAKER MB

Nodular limestone and marl

HUKODDEN MB.

Massive limestone

GALGEBERG MB.
TAYEN FM.

Black shales

BJORKAS-

HAGASTRAND MB.

Black and grey striped shales,
rusty weathering Ist/sst beds,
rusty weathering grey shales

HOLMEN FM.

ALUM

SHALE

FM.

Top: Glauconitic sst. bed
Limestone beds with
subordinate grey

shale beds

Black shales with subordinate
lenticular and bedded
black limestone intervals

PRECAMBRIAN CRYSTALLINE BASEMENT

Fig. 3. Stratigraphy
of the Slemmestad-
Elnestangen area.
Detailed descrip-
tions may be found
in Owen et al.
(1990). Ages are
revised according to
Bruton et al. 2010.
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Asker
Legend

Vivibita

Intrusive rocks of Carboniferous, Permian and
Triassic age

GANGBERGART. TYPE IKKE ANGITT
Dyke. Rock type not specified

GANGBERGART: "MANAITT" = MIKROSYENITT MED ALBITT / SYENITTPORFYR /
DIABAS / ROMBEPORFYR"
Dyke: ‘Maenaite’ = microsyenite with albite / Syenite porphyry / Diabase / Rhomb-porphyry "’

BIOTITTGRANITT, GROVKORNET. FINKORNET, KVARTSPORFYRISK GRENSEFACIES
VANLIG / BIOTITTGRANITT, FINKORNET, MED FENOKRYSTALLER AV KVARTS OG
FELTSPAT

Biotite granite, coarse-grained. Fine-grained, quartz-porphyritic border facies common /
Biotite granite. fine-grained, with phenocrysts of quartz and feldspar

Volcanic and sedimentary rocks of Carboniferous
and Permian age

Krokskogen Group. Carboniferous and Permian

ROMBEPORFYRLAVA, RP,, OG RP,,
Rhomb-porphyry lava, RP,, and RP,

RP,,
RPy,

ROMBEPORFYRLAVA, RP,
Rhomb-porphyry lava, RP,

BASALT, B, (KVARTSTHOLEITT)
Basalt, B, (quartz tholeiite)

Asker Group, sedimentary rocks of Middle and Late
Carboniferous age

KONGLOMERAT, SANDSTEIN OG SLAMSTEIN (SKAUGUMFORMASJONEN)
Conglomerate, sandstone and mudstone (Skaugum Formation)
KVARTSKONGLOMERAT OG SANDSTEIN (TANUMFORMASJONEN)

Quartz conglomerate and sandstone (Tanum Formation)

SLAMSTEIN, ROD (KOLSASFORMASJONEN)

Mudstone, red (Kolsas Formation)

Oslofjorden Supergroup, sedimentary rocks of
Cambrian to Silurian age

Baerum Group, earliest part of Early Silurian

SKIFER, SILTIG, MORK GRA, STEDVIS MED TYNNE KALKRIKE SONER (SKINNER-
BUKTFORMASJONEN ET. 8a-8b)
Shale, dark grey, silty, locally with thin calcareous zones (Skinnerbukta Formation, et. 8a-8b)

SKIFER, GRAGRONN OG ROD, MED TYNNE LAG AV KALKSTEIN, DELS KNOLLEKALK
(VIKFORMASJONEN ET. 7¢)

Shale, greyish-green and red, with thin layers of limestone, partly nodular limestone
(Vik Formation, et. 7¢)

KALKSTEIN, TETT. SMAKNOLLET OG GROVKNOLLET (RYTTERAKERFORMASJONEN
ET. 7a-7b)

Limestone, densely packed with small to coarse nodules (Rytteraker Formation, et. 7a-7b)

SKIFER MED TYNNE LAG AV SILTSTEIN OG KALKSTEIN. OKT INNSLAG AV KALK-
STEIN MOT @VRE DEL AV FORMASJONEN (SOLVIKFORMASJONEN ET. 6)

Shale with thin layers of siltstone and limestone. Increasing amount of limestone towards
upper part of the formation (Solvik Formation, et. 6)

Oslo Group, Middle and Late Ordovician

VEST. STEDVIS KALKSTEINSKONGLOMERAT (LANG@YFORMASJONEN?® ET. 5b)
Calcareous sandstone, shale and thin layers of limestone. Nodular limestone in northwest.
Locally conglomerate with limestone clasts (Langeyene Formation®, et. 5b)

(HUSBERGOYFORMASJONEN®, ET. 4d; - 5a)
Shale, silty to sandy, with layers of limestone and sandstone (Husbergoya Formation®, et.

4 )

KA?.KSTEIN OG KNOLLEKALK | TOPPEN OG BUNNEN, SKIFER | MIDTEN AV FORMA-
SJONEN (SKOGERHOLMFORMASJONEN ET. 4d)

Limestone and nodular limestone in upper and lower parts and shale in middle part of the
formation (Skogerholmen Formation, et. 4d)

SKIFER, LYSGRA, SILTIG, MED LAG AV KALKSANDSTEIN OG SANDSTEIN (SKJER-
HOLMFORMASJONEN ET. 4cy )

8 Shale, light grey. silty. with layers of calcareous sandstone and sandstone (Skjerholmen
Formation. et. 4cy )

SILTSTEINSLAG | MIDTEN OG TOPPEN AV FORMASJONEN (GRIMS@YFORMASJO-
NEN ET. dcy)
Limestone, densely nodular in lower part of the formation, and shale with layers of limestone

_______ Formation, et. 4c,)

TOPPEN (VENST@PFORMASJONEN ET. 4¢)

Shale, black, with scattered limestone nodules. Shale and limestone at top of the formation
(Venstop Formation, et. 4¢q)

SKIFER OG KALKSTEIN | VEKSLING, KNOLLEKALK OG SKIFER

Alternating shale and limestone, nodular limestone and shale

SKIFER OG KALKSTEIN | VEKSLING (SOLVANGFORMASJONEN ET. 4b;)

Alternating shale and limestone (Solvang Formation, et. 4by)

SKIFER, GRASVART, MED SPREDTE KALKSTEINSLINSER

(NAKKHOLMFORMASJONEN ET. 4b,)

______ Shale, dark grey, with scattered lenses of limestone (Nakkholmen Formation, et. 4b,)
o7 KNOLLEKALK, FORHOLDSVIS MASSIV (FROGNERKILFORMASJONEN, ET. 4bg)

Nodular limestone, relatively massive (Frognerkilen Formation, ét. 4bg)

SKIFER. BRUNLIG. MED LAG AV KALKSTEINSKNOLLER

(ARNESTADFORMASJONEN ET. 4by)

Shale. brownish. with layers of limestone nodules (Arestad Formation, et. 4by)

KNOLLEKALK OG SKIFER

Nodular limestone and shale

KNOLLEKALK (VOLLFORMASJONEN ET. 4ay)

Nodular limestone (Vollen Formation, et. 4ag)

SKIFER (ELNESFORMASJONEN ET. 4aq)

Shale (Elnes Formation, et. 4a,)

Royken Group, Middle Cambrian and Early Ordovician

KALKSTEIN, KNOLLEKALK, SKIFER, SANDSTEIN OG KONGLOMERAT
Limestone, nodular limestcne, shale, sandstone and conglomerate

SKIFER | MIDTEN (HUKFORMASJONEN ET. 3c)

middle part of the formation (Huk Formation, et. 3c)

SKIFER, SVART OG GRONN, | LAGVIS VEKSLING (TOYENFORMASJONEN ET. 3b)
Alternating layers of black and green shale (Teyen Formation, et. 3b)

KALKSTEIN MED DOLOMITT | TOPPEN AV FORMASJONEN (BJORKASHOLMFORMA-
SJONEN ET. 3ay)

FORMASJONEN ET. 1b-3af)

mation (Alum Shale Formation, et. 1b-3aB)

Fig. 4B. Geological map Asker: Extract of legend regarding Slemmestad and surroundings
(Naterstad et al. 1990).

KALKRIK SANDSTEIN, SKIFER OG TYNNE KALKSTEINSLAG. KNOLLEKALK | NORD-

SKIFER, SILTIG TIL SANDIG, MED LAG AV KALKSTEIN OG SANDSTEIN

KNOLLEKALK, TETTPAKKET | BUNNEN: SKIFER MED KALKSTEINSLAG OG TYNNE

and thin layers of siltstone in the middle and upper parts of the formation (Grimseya

SKIFER, SORT, MED SPREDTE KALKSTEINSKNOLLER: SKIFER OG KALKSTEIN |

MASSIV KALKSTEIN | TOPPEN OG BUNNEN AV FORMASJONEN, KNOLLEKALK OG

Massive limestone in the upper and lower parts and nodular limestone and shale in the

Limestone with dolomite in upper part of the formation (Bjerkasholmen Formation, et. 3ay)
SKIFER, KARBONHOLDIG, MED KONKRESJONER AV STINKKALK OG . TYNNE KALK-
OG SANDSTEINSLAG. BUNNLAG AV KONGLOMERAT OG SANDSTEIN (ALUNSKIFER-

Organic-rich shale with concretions of dark, bituminous limestone (‘stinkstone') and thin
layers of limestone and sandstone. Conglomerate and sandstone at the base of the for-
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Fig. 5. Bathymetry of the inner Oslo Fjord. Courtesey Norges geologiske undersgkelse and
Forsvarets forskningsinstitutt (www.ngu.no 2007).
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Fig. 7. Geological map of the Slemmestad-Elnestangen area. The circled numbers correspond to the stops
described in the text.
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The excursion route

The first five stops are shown in Fig. 7 and the last stop
in Fig. 6.

Stop no. 1: Bjgrkasholmen
Location

Bjgrkasholmen is a small peninsula trending NE-SW into
the Oslofjord (Fig. 7). Turn northeast from Slemmestad-
veien [165] and follow Eternitveien just north of the Uno
-X petrol station. Continue to the northeast along the
road, and you will find Bjgrkasholmen to the northeast
of the marina. See map, Fig. 7. There are good parking
possibilities here.

Introduction

Bjgrkasholmen is composed of a simple hangingwall
block to the northwest thrusted above a complex foot-
wall block outcropping to the southeast. The main struc-
ture of the footwall block is depicted by an anticline that
includes a folded thrust indicative of a fault-fold succes-
sion. The structural position of the Bjgrkasholmen area is
illustrated in Fig. 16.

Please note that the locality is protected — no hammer-
ing, no sampling!

Description

The basic stratigraphy and structure of the stops 1-5 can
be introduced at the northeastern coastal section of the
Bjgrkasholmen peninsula (Figs. 9 & 10). The stratigraphic
section covers the Lower Ordovician through to the Mid-
dle Ordivician (Fig. 3) and ranges from the uppermost
Alum Shale Formation to the Bjgrkasholmen Formation
(Fig. 9D), the Hagastrand and Galgeberg members of the
Tgyen Formation (Figs. 9B, C & 10), and concludes with
the Hukodden, Lysaker and Svartodden members of the
Huk Formation (Figs. 9A & 10). The strata dip towards
the northwest, and the dip angle changes from c. 70° to
the southeast to around 50° to the northwest. The
lithologies show different topographical expressions of
their resistance to weathering and erosion, the dark grey
and black shales of the alum shale, the Galgeberg shale,
and the upper Hagastrand Member forming the low ar-
eas, whereas the carbonate-impregnated Hagastrand
shales and the limestone-dominated Bjgrkasholmen and
Huk formations form ridges that protrude into the sea
(Figs. 9 & 10). The varying limestone/shale ratio of the
Lysaker Member provides a tripartite erosional profile,
where a high carbonate content corresponds to the to-
pographic highs (Fig. 9A, E).
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Fig. 9. Lower Ordovician lithologies in the Bjgrkasholmen section. (A) The Huk Formation with the Hukodden,
Lysaker and Svartodden Members. The Hukodden and Svartodden limestones are more resistant to weather-
ing and thus rise above the surrounding members. Two furrows are eroded down into the Lysaker Member
where the limestone/shale ratio is relatively low. Note that the furrows can be identified on the 1 metre con-
tour on the geological map in (E). (B) The upper Hagastrand Member of the Tgyen Formation is characterized
by layered black and grey shales. The dark shales are sitting above the marker beds of the middle Hagastrand
Member cropping out to the right. The boundary to the overlying Galgeberg Member is at the lensoid lime-
stone level to the left. (C) Dark layered shales of the middle Hagastrand Member with reddish weathering lay-
ers in the lower part to the right. The lower part of the Hagastrand Member is characterised by numerous
pseudomorphs of calcite after (?)baryte. (D) The Bjgrkasholmen Formation between the Alum Shale Forma-
tion and the Hagastrand Member of the Tgyen Formation. The upper alum shale weathering is characterised
by alternating dark and light grey shales. The lower boundary of the Bjgrkasholmen Formation is at the base
of the thin nodular limestone to the left. The limestone beds of the Bjgrkasholmen Formation may be planar
or exhibit an irregular thinning and thickening due to irregular concretionary growth. The upper bed of the
Bjgrkasholmen Formation is a 10-15 cm-thick ‘glauconitic sandstone’. (E) Geological map of the northeastern
part of Bjgrkasholmen. For legend, see Fig. 11. The frames indicate the areas covered by the photos above.

Galgeberg Mb.

Bjorkasholmen NE-

Fig. 10. The repeated lithology and orientation of the Galgeberg/Hukodden Members on Bjgrkasholmen
and Djuptrekkodden illustrate the repetition due to thrusting established from the mapping.
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Fig. 12. Geological cross section of Bjgrkasholmen. BT: Bjgrkasholmen thrust.
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Hagastrand Mb%
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Fig. 13. Structure and stratigraphy of the anticline on the southeast coast of Bjgrkasholmen. The southeastern
limb is dipping towards the southeast, whereas the northwestern limb to the north of the folded thrust is dip-
ping steeply to the northwest. BT: Bjgrkasholmen thrust.

~Folded fhrﬁst

Fig. 14. Hinge zone of the Bjgrkasholmen anticline with the interpretation of the folded thrust that sepa-
rates the fold limbs. The northwestern limb is dominated by the marker beds of the middle Hagastrand
Member. The fold is plunging gently towards the northeast. The position of the photo is framed in Fig. 13.
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The basic structure of the thrusted foreland complex can
be established at the northeastern tip of Bjgrkasholmen
looking north towards Djuptrekkodden (Fig. 10). The
characteristic erosional profile of the northwest-dipping
and easily eroded Galgeberg shale and the overlying,
more resistent and overhanging Hukodden limestone on
Bjorkasholmen is repeated on Djuptrekkodden with a
similar stratal dip and stratigraphic relationship. The
repetition illustrates the picture established from the
mapping, i.e., that the Bjgrkasholmen and Djuptrekkod-
den areas belong to individual tectonic segments sepa-
rated by a north- dipping thrust (fig. 7).

The structure of Bjgrkasholmen is divided by a steep
northwest-dipping thrust, the Bjgrkasholmen thrust, into
a hangingwall block to the northwest (B1) and a footwall
block to the southeast (B2) (Figs. 11 & 12). The thrust
cuts up through the stratigraphic section of the hanging-
wall block from northeast to southwest. The B1 hanging-
wall block displays a simple, steeply NW-dipping seg-
ment of the stratigraphic column. By contrast, the B2
footwall block exposes an anticlinal fold and an associ-
ated folded fault; and the fold plunges gently towards
the eastnortheast (Figs. 11 & 12).

The anticline of the Bjgrkasholmen footwall block is ex-
posed at the stratigraphic level of the Tgyen Formation.

4)

F1

The southeastern, SE-dipping fold limb can be seen
along the southeast beach of Bjgrkasholmen, where the
fold structure is outlined by the upper Hagastrand and
lower Galgeberg Members (Figs. 11 & 13). The fold hinge
and the northwestern limb crop out along the beach to
the northeast (Figs. 11 & 13-15). The detailed structure
of the fold is outlined by the reddish-weathering, sand-
stone marker horizons of the upper Hagastrand unit. The
upper (and thickest) marker bed is indicated on the geo-
logical map (Fig. 11). About midway along the southeast
beach, a narrow fault zone (to the south of the
Bjgrkasholmen thrust) cuts down to beach level from
the higher cliffs. The fault can be traced into the hinge
zone where it is folded together with the lower marker
horizons (Figs. 11-14).

The occurrence of a folded thrust is interpreted to indi-
cate that the initial faulting was superseded by folding
during the structural deformation of the footwall block.
A schematic dynamic model of the thrust-fold relation-
ship is illustrated in Fig. 15. In the incipient stage of the
deformation, the horizontal stratigraphic succession was
cut by a low-angle thrust, F1 (Fig. 15: stage 2). As the
faulted sequence moved up along a second thrust ramp
(F2) in the transport direction, the rotation of the faulted
sequence caused a rotation and steepening of the F1
thrust (Fig. 15: stage 3). During the rotation, the acute
angle between the horizontal force F and the early
thrust increased; this resulted in the growth of the nor-
mal stress vector at the expense of the shear stress
along the early thrust surface (F1). Eventually, the shear
movement stopped, and the faulted succession was
folded during its continued forward movement (Fig. 15:
stage 4). Folding of early faults has also been mapped on
large-scale structures in the fault blocks above the
Slemmestad and Cement factory faults (Figs. 7 & 8).

Fig. 15. Schematic model showing the inferred evolution
of the folded thrust. See text for further
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Stop no 2: Djuptrekkodden thrust
Location

From Bjgrkasholmen walk northwest to the Bjgrkashol-
men road leading up to the VEAS administration build-
ing. The geological locality for Stop 2 is the NE-SW-
oriented section to the northwest of the road. See map,
Fig. 7.

Introduction

The locality exposes a first-order thrust fault between
the Bjgrkasholmen and Djuptrekkodden thrust blocks.

This is a protected locality — no hammering, no sam-
pling!

Description
The Helskjer and lower Sjgstrand Members of the Elnes
Formation that were deposited above the Huk Forma-

tion are not exposed in this part of the section. The miss
ing strata at this stratigraphic level is a common feature

NW

@ Djuptrekkodden

Djuptrekkodden |,
thrust block N

Djuptrekkodden k W
thrust block S
50 m /

throughout the Slemmestad-Elnestangen area due to
erosion below the present bedrock outcrop level. The
stratigraphic column is re-entered in the upper Sjgstrand
shales to the northwest of and along the lower part of
the access road to the VEAS administration building. The
Sjgstrand member is a black shale characterised by the
presence of lens-shaped, dark, septarian limestone con-
cretions c. 25-40 cm in length. The emergence of the
Djuptrekkodden thrust block is recognised by the overly-
ing, but older Tgyen Formation in thrust contact with the
Sjgstrand shale of the Elnes Formation (Fig. 16). The
thrust level can be identified at the base of the folded
and overturned shales of the Hagastrand Member of the
lower Tgyen Formation. The stratigraphic offset along
the thrust is in the order of 50-100 m. Continuing up the
road, the stratigraphic section encountered at

Bjgrkasholmen is repeated as one crosses the black
shales of the Galgeberg Member of the upper Tgyen For-
mation and passes into the more resistent Huk Forma-
tion at the top of the section.

SE

Bjerkasholmen

BT Téjebukta thrust block

Bjorkasholmen
thrust block

l:l Toyen Fm. - Vollen Fm.
- Bjorkasholmen Fm. - Elnes Fm.
- Alum Shale Fm. - Huk Fm.

Fig. 16. Interpreted cross section of the Bjgrkasholmen thrust block and adjoining parts of the Djuptrekkodden
and Tajebukta thrust blocks to the north and south. The frames and numbers indicate the areas and the inter-

relationship covered by stops 1-4.
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Stop no. 3: Djuptrekkodden
Location

Access to Djuptrekkodden is from ‘Kyststien’ (a path es-
tablished along the coast starting at the SE corner of the
VEAS parking area). Walk uphill to the northeast into the
wood (not downhill towards the grassy field and the wa-
terfront) and continue across the Djuptrekkodden penin-
sula to the northeast coast. See map, Fig. 7.

Introduction

Djuptrekkodden is underlain by a major, SE-vergent,
hangingwall anticline (Figs. 17 & 18). A corresponding
footwall syncline was developed in a folded thrust slab
below the main thrust surface in a transgressive ramp/
flat thrust system. The structural position of the Djup-
trekkodden area is indicated in Fig. 16.

Once again this is a protected locality — no hammering,
no sampling!

Description

The outcrops on Djuptrekkodden peninsula illustrate the
deformation of the competent Huk Formation caused by
thrusting and associated folding. The Huk Formation and
the shale units above and below are separated by a com-
pound thrust zone. Both the hangingwall block (D1) and
the footwall block (D3) are cut out along a second order
thrust which illustrates a ramp/ramp relationship (Figs
6.3.1, 6.3.2). A lower-order, lens-shaped, fault block, D2,
is incorporated in the footwall of the fault zone. The ter-
mination of the footwall block (D3) along the fault zone
is not exposed, and the structure of the footwall block is
not discussed further here.

A west-plunging anticline is situated above the thrust
zone in the D1 hangingwall block to the northwest (Figs.
17 & 18); the anticline is interpreted as a drag fold asso-
ciated with the deformation at the base of the hanging-
wall block. The lower-order, lens-shaped, D2 thrust block
is up to 10 m wide and c. 100 m long in map view. The
thrust block is a slice of the Huk Formation, and the
rocks are folded in a west-plunging syncline (Figs. 17-19).
The lower boundary is defined by a composite, trans-
gressive, fault zone composed of a ramp/flat system that
cut up through the the Lysaker and Svartodden mem-
bers of the Huk Formation (Fig. 19); the northwestern
limb of the syncline is cut out by the overlying thrust.
The D2 syncline is interpreted as a footwall syncline
where the northwestern limb was overturned during the
movement at the base of the main thrust zone below

the D1 hangingwall block.

A reconstruction of the inferred positions of the D1-D3
fault blocks in the stratigraphic column prior to the de-
formation is illustrated in Fig. 20. The original positions
of the fault blocks in the reconstruction imply that the
D2 fault block is interpreted as a thrust slice detached
from the Huk Formation and carried up along the ramp
at the base of the thrust zone below the D1 hangingwall
block. During the thrusting, the upper Alum Shale was
carried up onto the lower Sjgstrand Member of the El-
nes Formation. The stratigraphic offset is in the order of
50 metres (Figs. 16 & 20), whilst the minimum transport
along the thrust zone was about 100 metres. The
amount of horizontal shortening at the Huk Formation
level on the Djuptrekkodden peninsula is estimated to
around 50%.
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Fig. 17. Geological map of Djuptrekkodden. The contours are drawn at 1 m intervals.

SE

Fig. 18. Geological cross section across Djuptrekkodden. The section line is indicated in Fig. 17.
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Fig. 19. Photo of the folded thrust-slab with geological interpretation.

Fig. 20. Restored section of the Djuptrekkodden thrust-blocks. Legend: See Fig. 17.
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Stop no. 4: The Kindergarten section, Eternitveien
Location

Drive back from Djuptrekkodden on the Bjgrkasholmen
road; turn right on entering Eternitveien, and for the
Kindergarten turn to your right. The geological locality is
the NW- SE-oriented section northeast of the Kindergar-
ten. See Fig. 7. There are good possibilities for parking
here.

Introduction

The Kindergarten section displays a hangingwall anticline
in the competent Huk Formation to the northwest (Fig.
21). Below a complex thrust zone, deformation of the
incompetent Sj@strand shales (Sjgstrand Member, Elnes
Formation) is displayed in the footwall section to the
southeast. The structural position of the Kindergarten
section is indicated in Fig. 16 and shown in a little more
detail in fig. 22.

This is also a protected locality — no hammering, no sam-
pling!

Description

The Kindergarten section exposes the Bjgrkasholmen
first-order thrust that separates the Bjgrkasholmen and
Tajebukta thrust blocks (Figs. 6, 7 & 16). At the exposure,
the Bjgrkasholmen hangingwall block is represented by a
hangingwall anticline deforming the Lysaker and Svar-
todden Members of the competent Huk Formation (Fig.
21). The Tajebukta footwall block is here composed of
the deformed shales of the upper Sjgstrand Member of
the Elnes Formation. The Kindergarten section thus
represents a hangingwall/footwall relationship along the
Bjgrkasholmen thrust zone at a higher structural and
stratigraphic level than the Bjgrkasholmen section exam-
ined at Stop 1 (Fig. 22).

At the Kindergarten section, the Bjgrkasholmen thrust
exhibits a complex thrust zone with an intermediate
thrust block being cut out by the BT1 and BT2 thrusts
(Fig. 21); the stratigraphy of the intermediate thrust
block has not been established. The BT1 thrust parallels
the primary layering of the footwall block, while the lay-
ering of the intermediate hangingwall block is cut out
against the basal thrust. The structures illustrate a ramp-
on-flat geometry along the BT1 thrust. The BT2 thrust at
the base of the hangingwall anticline block transects the
intermediate thrust block and the BT1 thrust and cuts
down into the Elnes Formation. The drag of the hanging

wall anticline indicates that the transport direction was
towards the south- southeast. The fact that the hanging-
wall block cuts down section in the transport direction is
interpreted to indicate that the Tajebukta footwall block
was already rotated anticlockwise to dip north-
northwest when the BT2 thrust cut down into the foot-
wall block.

Below the basal BT1 thrust, the upper 3-4 m of the
Sjgstrand shales in the footwall block have been affected
by fracture cleavage deformation and small-scale fold-

ing.
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Fig. 21. Photo of the Kindergarten section with the geological interpretation. Note the encircled hammer
for scale, to the left. The Bjgrkasholmen Thrust Zone is encountered between the Bjgrkasholmen

thrusts, BT1 and BT2.
NW

@ Bjgrkasholmen

10 m

holmen thfiét bloc

Fig. 22. Geological cross section along the Bjgrkasholmen thrust to illustrate the structural relationship
between the Bjgrkasholmen and Kindergarten localities. BTZ: Bjgrkasholmen Thrust Zone.
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Stop no. 5: Timber outlet, @vre Elnesvei - Elne-
sknausene

Location

@vre Elnesvei is a side road to the east of Slemmestad-
veien in the northern part of the Slemmestad-
Elnestangen area. The geological locality is a NW-SE-
oriented road section running southwards from @vre
Elnesvei close to Slemmestadveien. See Fig. 7. There are
good possibilities for parking here.

Introduction

The road section exhibits a folded hangingwall ramp
thrust onto a footwall flat. The thrusting is associated
with a second-order thrust in the southern part of the
Elnestangen first-order thrust block (Fig. 8). An addi-
tional locality occurs about 50 metres to the south of the
@vre Elnesvei road section, where ‘stacked’ thrust sur-
faces with slickensides illustrate distributed footwall de-
formation in the northern part of the Sjgstrand thrust
block to the south of the first-order Elnestangen thrust.

Description

The geological section displays a hangingwall ramp-on-
footwall flat relationship (Fig. 23). The footwall block to
the southeast comprises the north-dipping upper Hagas-
trand and the Galgeberg members of the Tgyen Forma-
tion, the Huk Formation, and the Helskjer Member of
the Elnes Formation. The hangingwall block to the north-
west is defined by the Lysaker and Svartodden members
of the Huk Formation. The ramp section is folded and
displays a south-vergent, asymmetric, open syncline
above the thrust surface with an adjacent anticline to
the north. A smaller-scale, tight anticline may be ob-
served in the Lysaker Member along the thrust surface
(not visible in Fig. 23).

The anticline at the sole of the hangingwall block is inter-
preted to have developed by drag during the thrusting,
i.e., as a small-scale, hangingwall anticline. In addition to
the small- scale anticline associated with the sole thrust,
a conspicuous syncline developed in the hangingwall
block. The composite structure of the hangingwall block
at the present locality thus contrasts with the larger-
scale, hangingwall anticline that dominates the hanging-
wall block at the same stratigraphic level at the Kinder-
garten section at Stop 4. A model to explain the ob-
served hangingwall syncline-anticline couple is illus-
trated in Figs. 24 & 25. The basic idea of the model is

that the hangingwall, syncline-anticline couple was de-
veloped in response to thrusting and associated folding
during the advance of the hangingwall block. As the
hangingwall block moved up along the frontal ramp of
the footwall block, the movement continued along the
ramp, and a new thrust may have broken through into
the base of the hangingwall block in the continuation of
the footwall ramp (Fig. 25 B-C). The thrust-fold may also
have overprinted the advancing hangingwall block at a
more advanced stage of the break-through of the new
thrust from the sole of the hangingwall block, or it may
be related to a thrust splaying off and advancing from
the footwall block. The steepening of the thrusted seg-
ments may relate to the break-through of new ramps in
the footwall block in the transport direction (Fig. 25 D-E).
As the thrust blocks were gradually tilted, the steepen-
ing of the thrust surfaces thus prevented further move-
ment along the early thrusts as the shear stress is re-
duced at the expense of the normal stress.

The southern boundary of the Elnestangen thrust block
is situated at the first-order Elnestangen thrust about 40
-50 metres to the south of the road section (Fig. 8). The
main thrust is not exposed, but the uppermost layers of
the Sjgstrand footwall block to the south belonging to
the Arnestad Formation are exposed in an ENE-WSW-
oriented and c. 2 m-high road section. The Arnestad For-
mation is dominated by dark shales with subordinate
limestone horizons. In the road section, the Arnestad
Formation is truncated by a number of small-scale paral-
lel thrust surfaces identified by slickensides and numer-
ous calcite growth lenses (Fig. 26). The thrusts are en-
countered over a couple of metres across the strike, and
the thrust separation is c. 50 cm. The stratigraphic offset
is in the order of 200 m, corresponding to thrusting
along intersecting ramps in excess of 450 m. The closely
spaced, lower-order thrusts are interpreted to illustrate
that the footwall deformation below the main thrust
was distributed between discrete thrust surfaces.
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Fig. 23. Photo of the road section at @vre Elnesveien with the geological interpretation.

Helskjer Mb., Elnes Fm.

7 / Hagastrand Mb.
Huk Fm. | HukFm. | Tayen Fm.

Fig. 24. Geological model of the road section at @vre Elnesveien. The frame indicates the position of the ex-

posed section in Fig. 23.
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Fig. 25. Ramp-flat model to show the inferred evolution of the Huk Formation at @vre Elnesveien.
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Fig. 26. Photo of the Arnestad Formation cut by minor thrust surfaces with slickensides and calcite growth

lenses. The layers are dipping steeply towards the north-northwest.

Stop no. 6: Road section, Rgykenveien RV 167

Location

Road section along the east side of Rgykenveien (RV
167); start from Slemmestadveien (RV 165) to the south
and walk north. See map Fig. 6. Some views may be re-
stricted due to vegetation. Restricted parking possibili-
ties.

Warning: Take care — there is heavy traffic on Rgyken-
veien!

Introduction

The locality is a N-S-oriented, c. 700 m long road section
with continuous exposure of thrust- fold structures rang-
ing from the Alum Shale to the south and up through the
Lower-Middle Ordovician interval into the Sjgstrand
Member of the Elnes Formation.

Description

The road section shows a wide variety of thrusts and
associated fold structures including tight, upright, sym-
metrical folds as well as asymmetrical, overturned folds
and complex chevron folds (Figs. 27-30). In the Alum
Shales to the south, the competent limestone horizons
are relatively thin, i.e. c. 20-30 cm, and the wavelength
and the amplitude of the folds are in the order of 5-10
metres. Moving north, higher stratigraphic levels are
encountered; the Huk Formation and the overlying
Helskjer Member at the base of the Elnes Formation are
composed of massive and nodular limestone beds, and
this sequence forms the competent backbone unit be-
tween the Tgyen and Sjgstrand shale units. The lime-
stone succession is c. 10 m thick, and the wavelength of
the thrust-fold structures at this level are in the order of
50-100 metres or larger. The increase in fold size on
moving up in the stratigraphy thus seems to be directly
related to the increased thickness of the competent
units involved.
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Fig. 27. Tight, upright, flexural-slip folds; a syncline flanked by anticlines. Rgykenveien section, east side,
southern part.

Fig. 28. Asymmetrical, overturned, flexural-slip folds, Alum Shale Formation. Rgykenveien east side, southern
part.
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Fig. 29. Complex folding and thrusting of a layered limestone-shale sequence in the Alum Shale

Formation. Rgykenveien east side, southern part.
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Fold duplex. At the Alum Shale level, shale-limestone
fold arrays formed by tight upright to overturned folds
are arranged in symmetrical bundles topped by a
thicker, more competent level (probably formed by the
calcareous upper Alum Shale) forming larger-scale, low-
amplitude, open anticlines (Fig. 31). The two incongru-
ent structural levels must be separated by a low-angle
thrust. In addition, the Alum Shale fold arrays must also
be floored by a décollement zone below the present ob-
servation level in order to compensate for the strong
compression and shortening that must be involved to

create the tight to isoclinal folds. In conclusion, the fold
arrays are thus interpreted to be sandwiched between a
subhorizontal floor thrust and a broad anticlinal roof
thrust. By analogy with fault duplexes formed by horses
stacked in thrust slab sequences, | suggest that such a
fold array confined by thrusts is termed a ‘fold duplex’.
In contrast to a ‘thrust duplex’ comprising thrust slabs, a
fold duplex may develop when an incompetent shale
unit is thrusted and folded between two enclosing
thrusts.

/

Fig. 31. Sketch of the fold duplex described in the text, Rgykenveien east side, southern part.

Acknowledgment

| thank David Roberts for constructive review and correction of the English language that improved the manu-

script.

References

Berthelsen, A., Olerud, S. & Sigmond, E. .O. 1996: Geolo-
gisk kart over Norge, berggrunnskart Oslo 1:250000.
Norges Geologiske Undersokelse.

Bruton, D. L., Gabrielsen, R. H. & Larsen, B. T. 2010:
The Caledonides of the Oslo Region, Norway —
stratigraphy and structural elements. Norwegian
Journal of Geology 90, 93-121.

Graversen, O. 1984: Geology and structural evolution of
the Precambrian rocks of the Oslofjord-Oyeren area,
Southeast Norway. Norges geologiske undersokelse
Bulletin 398, 1-50.

Graversen, O. & Pedersen, S. 1999: Timing of Gothian
structural evolution in SE Norway: A Rb/Sr whole
rock age study. Norsk Geologisk Tidsskrift 79, 47-56.

Morley, C.K. 1986: Vertical strain variations in the Osen-
Reoa thrust sheet, North-western Oslo Fjord, Norway.
Journal of Structural Geology 8, 621-632.

Morley, C.K. 1986: The Caledonian thrust front and palin
spastic restorations in the southern Norwegian Cale
donides. Journal of Structural Geology 8, 753-765.

Morley, C.K. 1987: Lateral and vertical changes of defor-

mation style in the Osen-Rea thrust sheet, Oslo Region.
Journal of Structural Geology 9, 331-343.

Morley, C.K. 1994: Fold-generated imbricates: examples from
the Caledonides of Southern Norway. Journal of Struc
tural Geology 16, 619-931.

Nakrem, H.A. & Rasmussen, J.A. 2013: Oslo district, Nor-
way in Calner, M., Ahlberg, P., Lehnert, O. & Erl-
strom, M. (eds.): The Lower Palacozoic of southern
Sweden and the Oslo Region, Norway. Field Guide
for the 3rd Annual Meeting of the IGCP project 591.
Sveriges geologiska undersékning, Rapporter och
meddelanden 133, 58-85 (+ references).

Naterstad, J., Bockelie, J.F., Bockelie, T., Graversen,
O., Hjelmeland, H., Larsen, B.T. & Nilsen, O.
1990: Asker 1814 I, Geological bedrock map Scale
1:50 000. Norges geologiske undersokelse.

Owen, A.W., Bruton, D.L., Bockelie, J.F. & Bockelie, T.
1990: The Ordovician successions of the Oslo Region,
Norway. Norges geologiske undersokelse Special Pub-
lication 4, 1-54.

Sigmond, E.M.O., Gustavson, M. & Roberts, D. 1984:
Geological bedrock map of Norway, Scale 1:1 million.
Norges geologiske undersokelse.



NGF
Geological Guides

Number 5, 2015

NORSK

FORENING




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /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



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /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 <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /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



