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The Cambro-Middle Ordovician sequence of north Hadeland is deformed by numerous, hinterland
dipping imbricate faults. The imbricates fan off a low-angle detachment that separates deformed Lower 
Palaeozoic rocks from undeformed Precambrian basement and a thin veneer of Cambrian shales. 
Deformation evolved by an early layer-parallel shortening event indicated by thrust-wedging and pressure
dissolution cleavage followed by the main imbrication and folding event. A balanced cross-section through 
north Hadeland shows an estimated shortening of 60% in a NNW-SSE direction. The deformation style 
in north Hadeland contrasts sharply with broad folds in Middle Ordovician-Silurian rocks in south 
Hadeland. Hence a bed-parallel detachment in Middle Ordovician shales between the two areas needs 
to be inferred. 
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The Hadeland area is situated in the Oslo region 
where Cambrian to Silurian age sedimentary 
rocks have been folded and thrusted above a 
Jura-type detachment horizon (Strand 1960). The 
detachment is actually the Osen-Røa thrust which 
was ramped through the late Precambrian clastics 
of the Sparagmite region in the Mjøsa area to the 
north, to Iie as a flat within the Alum Shales 
(Cambrian age) in the Oslo region (Oftedahl 
1943; Nystuen 1981; Bockelie & Nystuen 1984; 
Morley 1986b). The Late Precambrian sedi
mentary rocks are not present in the southemmost 
part of the Mjøsa area (Skjeseth 1963). Likewise 
further south in the Hadeland area, Cambro
Silurian rocks rest directly on autochthonous Pre
cambrian crystalline basement. Minor folds and 
thrusts of Caledonian age within the Cambrian
Silurian sequence tend to be aligned in an ENE
WSW direction and most minor thrusts di p toward 
the NNW. These orientations indicate a regional 
transport direction toward the SSE for the Osen
Røa thrust sheet in the Oslo region. 

Conodont colour alteration data from the Oslo 
region (Aldridge 1984) indicate that the Lower 
Palaeozoic rocks, away from Permian intrusions, 
have only been subjected to temperatures in the 
range of 110-200°C. Contact metamorphisln 
adjacent to Permian intrusions may have locally 
raised the temperature in excess of 300°C 
(Aldridge 1984). These results suggest that Cale
donian deformation occurred under conditions of 
low temperature and pressure, with little tectonic 

or sedimentary overburden on the Osen-Røa 
thrust sheet, i.e. 3-6 km depth. 

Deformation post-dates deposition of the Rin
gerike Sandstone (Wenlock-Downtonian?), but 
pre-dates deposition of sediments of Carbon
iferous age (Asker Group) in the Asker-Baerum 
area. Deformation is thought to be of late Cale
donian age, possibly at the Middle to Late 
Devonian boundary (Sturt 1978; Bockelie & 
Nystuen 1984). Later, approximately north-south 
trending faults affect the Caledonian structures. 
These faults are probably of Permian age and 
represent extensional deformation associated 
with formation of the Oslo Graben (e.g. Ramberg 
& Spjeldnaes 1978). 

Numerous Permian intrusions penetrate the 
Cambrian-Silurian sequence and include two 
eroded volcanic plugs which form the dominant 
hills of Sølvsberget and Brandbukampen. These 
plugs coincide with the southem and northern 
boundaries of the north Hadeland area (Fig. 1). 
Dykes, some of which radiate out from the vol
canic plugs, are very common; other dykes follow 
Caledonian thrust planes and trends. 

This paper describes the structural geology of 
the Caledonian deformation in the Cambrian
Middle Ordovician rocks of north Hadeland, and 
compares the varying structural styles of north 
and south Hadeland. 

The existing 1:100,000 geological map of north 
Hadeland by Holtedahl & Schetelig (1923) is of 
a scale that could not possibly reftect the intensity 
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of thrust repetitions of the Cambrian-Middle 
Ordovician sequence, best marked by the 
repeated ridges of Orthoceras Limestone. It was 
therefore necessary to map the area at 1:5000; a 
simplified map of the original 1 :5000 map (Morley 
1983) is presented here (Fig. 1). Exposures of 
Cambrian-Silurian rocks are limited because of 
the cover of boulder clay. This is especially so in 
the western part of the area, south of Røykenvik. 

The effect of lithology on structural 
style 
The Cambrian-Middle Ordovician stratigraphy 
of north Hadeland is predominantly made up of 
shales and shales with limestone horizons that 
form total stratigraphy in excess of 300 m 
(Størmer 1953). Of the two laterally persistent 
limestone units present in this sequence, only the 
Orthoceras Limestone consistently forms good 
exposures and topographic ridges that can be 
used to determine the structure of the area. The 
Ceratopyge Limestone is only useful as a marker 
horizon on the eastern side of the area, in places 
of good exposure. These two limestone units com
prise less than 3% of the total thickness of the 
Cambro--Ordovician up to the top of the Kirkerud 
Group (Owen 1978) (Fig. 2). The majority of the 
good exposures (mainly in the road and railway 
cuttings) which allow insight into the deformation 
style are confined to the Orthoceras Limestone 
and those shales immediately above and below it. 
So, although a good picture of deformation style 
within the Orthoceras Limestone can be built up, 
this gives an unavoidably biased picture centred 
around the only thick (7-9 m) competent unit in 
the area. Away from outcrops which contain a 
limestone unit, the deformation in the incom
petent units remains largely unseen. 

Structural elements 

Thrusts 

The density of imbricate thrusting in north Hade
land is very great. On average, north to northwest 
dipping second-order imbricate thrust faults are 
sp�ced every 140 m  (in restored sections every 
330 m). The average throw is 180m (ranging up to 
300 m). The average strike lengths of the second
order thrusts cannot be determined because of 
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poor exposure and the consequent difficulties of 
tracing the thrusts into the Kirkerud Group. How
ever, the strike lengths are probably in excess of 
2 km. 

The cross section through north Hadeland (Fig. 
3) shows just how dominant imbricate thrusting 
is in the deformation of the Cambrian-Ordovician 
sequence. This style of thrusting continues into 
the Ringerike area where it is present in the 
hangingwall area of the Klekken thrust (Harper 
& Owen 1983). The same intensity of imbrication 
is not found south of the Klekken thrust (Harper 
& Owen 1983; Morley 1983). Fig. 4 shows the 
complex imbrication on a smaller scale, where 
thrust splays from second-order thrusts may 
repeat the Orthoceras Limestone with displace
ments up to 100m. Infrequent back-thrusts are 
also present, but these tend to be of small 
displacement. 

The Orthoceras and Ceratopyge Limestones 
behave as brittle, competent units, within the 
more incompetent shales. The dominant mode of 
deformation is by imbricate thrusts which fan off 
the Osen-Røa Detachment. These thrusts have 
cut through earlier tip-line folds (Williams & 
Chapman 1985) to produce footwall syclines and 
hangingwall anticline structures (see Fig. 5). The 
second- and third-order faults in the limestone 
beds often die out into minor chevron folds and 
kink hands in the shales, so that generally minor 
brittle deformation in the limestone units changes 
to minor ductile folding in the higher shale units. 
On a smaller scale, the Orthoceras Limestone has 
deformed by minor faulting, both normal and 
reverse (Fig. 6) and by thrust wedging (Cloos 
1961). 

There is evidence of out-of-sequence thrusting 
in north Hadeland.lts extent is, however, limited, 
but it produced some broad warping of folds and 
some second- and third-order faults that may 
thrust younger rocks over older rocks. The best 
example of this is in the vicinity of the abandoned 
factory (Hadeland brenderi) at Røyken 
(G.R. 810 006). There a syncline is broadly 
refolded in the footwall of a thrust which pushed 

Fig. l. Geological map of the north Hadeland area. 
l = Precambrian basement. 
2 = Alum Shales (Cambrian-Lowermost Ordovician). 
3 = Ceratopyge Limestone, Lower Didymograptus Shales, 

Orthoceras Limestone (Lower-Middle Ordovician). 
4 = Kirkerud Group (Middle Ordovician shales). 
5 = Permian intrusives. 
6 = Glacial drift. (a) line of section for Fig. 3. 
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Fig. 2. Stratigraphy of the Hadeland area (compiled from Hol
tedahl & Schetelig 1923; Størmer 1953; Owen 1978). 
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the younger Kirkerud Group over older folded 
Lower Didymograptus Shale-Kirkerud Group 
rocks. 

Thrust wedging 

In several parts of Hadeland (e.g. G.R. 820 010) 
there are individual hillocks and groups of small 
hills made up of Orthoceras Limestone repeated 
many times. Using the facing of the orthoconic 
nautiloid tests, the vast majority of limestone 
slices can be demonstrated to young towards the 
hinterland. These slices are too small and 
numerous to be shown in detail on the scale of 
a 1:12,000 map. The limestone horses may be 
explained as the product of splays coming off a 
second order imbricate thrust which forms a 'flat' 
parallel to bedding with the splays repeating the 
limestone and joining up to form a roof thrust 
parallel to bedding above the limestone unit. 
However, it is easier to explain this geometry as 
being caused by thrust wedging (Cloos 1961). 

Thrust wedging in Hadeland can be seen in 
man y outcrops on a small scale within the Ortho
ceras Limestone, but it may also be present on a 
larger scale. The Orthoceras Limestone is the 
only notable competent unit in over 300m of 
shales. These shales could have been taken up 
the early horizontal stresses by buckling and layer
parallel thickening. The competent Orthoceras 
Limestone could not have deformed so easily in 
that mann er; instead it probably fractured, Iocally 

SSE 
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PIN UtE 1 
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Fig. 3. A balanced cross-section from Rossum to Granasen, north Hadeland (see Fig. l for line of section). l =  Precambrian 
basement. 2 = Alum Shales - Ceratopyge series. 3 = Lower Didymograptus Shales. 4 = Orthoceras Limestone. 5 = Kirkerud 

Group. 
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Fig. 4. Detailed road section demonstrating the structural style along the Gran to Tuv road (Grid ref. 853 935 to 843 942). 

forming thrust wedges. These may have formed 
a series of localized triangle and pop-up zones 
(Butler 1982) prior to the main deformation by 
imbrication. 

The thrust-wedge piles could have been rotated 
by the later imbrication into their present orien
tations. This rotation of thrust-wedge fractures 
can produce apparent normal faults in outcrop. 
For example, if an early thrust wedge moved with 

HANGINGWALL ANTICLINE 

FOOTWALL SYNCLINE 

LOCAL INTEASECTION OF CLEAVAGE PLANES 

SPACED DISJUNCTIVE CLEAVAGE 

PRESSURE-SOLUTION CLEAVAGE 
/ 

Fig. 5. Relationships between thrusts, folds and cleavage in the 
Cambro-Middle Ordovician units. (a) Thrust geometry. (b) 
Fracture cleavage formed ahead of thrust tip. (c) Relationship 
between thrusts and early cleavage. 

the sense of a backthrust and was subsequently 
rotated by movement on a hinterland-dipping 
thrust, a ramp anticline formed by thrust wedging 
could appear in outcrop as a synform above a 
normal fault (Fig. 4). 

Thrust wedging can explain rotated back- and 
fore-thrust geometries confined to limestone hori
zons with a simpler sequence of events than need 
be involved for imbrication. If, however, shales 
are present in significant quantities (e.g. 50% 
limestones, 50% shales) between limestone rep
etitions, then imbrication by faults which splayed 
off the Osen-Røa detachment would be more 
likely because thrust wedges are largely confined 
to competent horizons. 

Extension faults 

Local extension faults which trend approximately 
ENE-WSW are present in many outcrops. They 
commonly display opposite dips to the con
tractional faults found in the same exposure (Fig. 
6). As they were only found in Lower Palaeozoic 
rocks, no upper time limit can be set on the age 
of these faults. Hence a Permian age may also be 
attributed to some extension faults and related to 
the formation of the Oslo Gra ben. The similarity 
of the strike directions between extensional and 
contractional faults does, however, suggest that 
both sets of faults are of Caledonian age. The 
small displacements on the extensional faults (up 
to 5 m) in Fig. 6 and the Caledonian strike direc
tions indicate that these faults probably developed 
in response to local stresses set up during imbri
cation, and allowed bulk rotation of wedge
shaped blocks. 

The Lower Palaeozoic rocks and Caledonian 
thrust faults are offset by later approximately N
S trending faults. These faults are assumed to be 
Permian extensional faults related to the for-
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Fig. 6. Examples of defonnation by folding, thrusting and normal faulting in the Orthoceras Limestone. 

mation of the Oslo Graben (Ramberg & Spjeld
naes 1978). 

Fo/ds 

Most folds in the area have one or both limbs 
attenuated by thrusting and are probably thrust 

out tip-line folds (Chapman & Williams 1985). 
There are unfaulted buckle folds present with 
similar dimensions and orientations that may not 
be directly related to imbricate thrusts, but these 
are not numerous enough to contribute sig
nificantly to total shortening in the area. Many of 
these folds could represent an even earlier stage 
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in the development of tip-line folds, into which 
displacement on sub-surface thrusts has passed. 

Shales below the competent Orthoceras Lime
stone have been transported into the cores of 
many antidines. This was achieved by a type of 
fiow which resulted in numerous minor detach
ments parallel to bedding with small folds above. 
Also, numerous minor fault planes which cut 
across bedding, transported material in to the fold 
core. These faults tend to be aligned sub-parallel 
to the fold limbs and form small triangle zones 
(Butler 1982). 

The Orthoceras Limestone is the best marker 
for the larger folds in the area. In this unit, folds 
are symmetrical or moderately indined. A few 
overturned limbs indined toward the hinterland 
were also observed. The folds have wavelengths 
of75-225 m with amplitudes of 50- 90 m and inter
limb angles of 35-100°. The axial planes are 
indined up to 60° toward the NNW (hinterland) 
and no examples were found of folds with fore land 
indined axial planes. 

Apart from the larger folds described above, 
tight polydinal, disharmonic folds with wave
lengths of a few millimetres are also present within 
the shale horizons. These are found in highly 
deformed zones in dose proximity to tip lines of 
both thrust and normal faults, thrust splays and 
areas of fiow within fold cores. 

C/eavage 

Two spaced deavage sets occur within the Cam
brian-Middle Ordovician rocks. They are prob
ably both formed by pressure-solution processes. 
The spacing and intensity for both types is similar 
to that found in Asker-Baerum, but the distri
bution is more akin to that found in northern 
Ringerike (Morley 1983). One set of deavage, 
referred to here as pressure-solution deavage, 
is oriented at about 90° to bedding. The other 
deavage set, referred to here as spaced deavage, 
is indined at less than 90° to bedding. The 
relationship between the two deavage sets is 
unsure, but some suggestions are made below. 

Pressure-solution seams are developed locally. 
When present, they usually have slightly wavy 
seams with spacings of 2-8 cm and da y selvages 
1-2 mm thick. The most intense pressure-solution 
is commonly found in areas of multiple limestone 
repetitions, where it forms anastamosing seams 
traceable for 20-70 cm, with day selvages up to 
2 mm thick and spaced at 1-3 cm intervals. 
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From the equal-area plot (Fig. 7b ), it can be 
seen that the pressure-solution deavage has been 
folded, distributing the poles to deavage along a 
NNW-SSE trending girdle. There is a con
centration of poles plunging between 0° and 40° in 
the NNW segment of the stereonet. The solution 
deavage formed early at approximately right 
angles to bedding, with an E-W to ENE-WSW 
strike direction. When bedding is restored to hori
zontal, the poles to solution deavage rotate back 
dose to vertical. This indicates that the con
centration of deavage poles between 0° and 40° 
in Fig. 7b is an artifact refiecting the dominant 
orientation of bedding in the deformed state. 

Intense, local pressure solution and thrust 
wedging appear to be an early manifestation of 
strain in localized areas within the limes tone units. 
The main deformation by imbrication and folding 
later reoriented these structures. 

Spaced deavage in shales displays microlithon 
widths of 0.2-5 cm and is found in most outcrops. 
Locally this spaced deavage has not developed 
or it may have been obliterated by a later very 
dosely spaced bedding-parallel fabric. This 
dosely spaced fabric is a locally intensified 
bedding-parallel fabric found dose to fault planes 
or in areas of intense folding. 

The equal-area net (Fig. 7a) of poles to spaced 
deavage displays a scatter along a NNW-SSE 
trending girdle. The majority of poles duster in 
the SSE half of the girdle. When the bedding is 
restored to horizontal (Fig. 7a), it can be seen 
that there is a duster of poles in the NNW segment 
from 20-40° and a scattering of poles in the 
southern half of the stereonet. The duster of 
poles in the NNW segment probably represents 
deavage forming ahead of the imbricate thrusts. 
As almost all the second-order thrusts dip toward 
the hinterland in north Hadeland, the duster of 
poles in the NNW fits in very well with the fault 
orientation and indicates that the deavage was 
forming ahead of the tip-line folds and was sub
sequently folded (see Fig. 5). 

Stereonet analysis 
The equal-area net of poles to bedding (Fig. 8) 
shows a fairly wide scatter. The great majority 
(75%) of poles Iie along the SSE half of a NNW
SSE trending girdle, reflecting the imbrication 
style. The 20% of poles lying on the NNW half 
of the girdle are the SW-dipping limbs of the tip 
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Fig. 7. Structural orientation data for north Hadeland. 

a. Equal area nets: Open circles = potes to cleavage; full 
circles = potes to cleavage with bedding restored to horizontal. 

b. Open circles = potes to minor thrusts; full circles = 
potes to minor fold axial surfaces. Open triangles = orientation 
of minor fold hinges. Open squares = potes to pressure-dis
solution seams; full squares = potes to pressure-dissolution 
seams with bedding restored to horizontal. 
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Fig. 8. Equal area net: Potes to bedding for north Hadeland. 

line and buckle folds, whilst the other 5% of 
scattered poles reflect the p lunge of fold closures, 
mainly dipping up to 40° to the WSW. However, 
some di p in the opposite direction and were prob
ably caused by the lateral ramping of some 
imbricates. 

The equal-area net of minor structures (Fig. 
7b) also reflects the general inclination of struc
tures, e.g. thrusts, bedding and axial surfaces, to 
the NNW and the movement direction of the 

Osen-Røa thrust sheet to the SSE. Poles to cleav
age, pressure-solution, bedding, minor fault 
planes and minor-fold axial surfaces all lie on 
similar NNW-SSE trending girdles. Minor-fold 

Fig. 9. Geological map of Gran, Hadeland. Northern Cambro
Middle Ordovician area after Morley (1983), central and sou
thern Middle Ordovician-Silurian area after Owen (Unpub. 
and 1978). 

Note change in style of structure from N to S. Repetition of 
Lower Ordovician units by approximately 90 hinterland dipping 
imbricates in north Hadeland; for orientation of bedding, see 
stereonet a. Shortening in Middle Ordovician-Silurian by broad 
folds, 7 synclines are present, for potes to bedding, see Stereonet 
b. Dashed lines indicate steeply dipping reverse and normal 
faults. l = Precambrian basement gneisses, 2 = Alum Shales, 
Cambrian-Lowermost Ordovician, 3 = Lower Ordovician 
shales and limestones, Ceratopyge Limestone, Didymograptus 
Shales and Orthoceras Limestone, 4 = Middle Ordovician 
shales, Kirkerud Group, 5 = Middle-Upper Ordovician lime
stone and shales, Solvang, Lunner, Gagnum and Kalvasjø For
mations, 6 = Lower Silurian Sandstone, Skøyen Formation, 7 = 
Middle Silurian, Rytteraker Fmn, Ek shale and Bruflat Fmn 
(sandstone), 8 = Permian intrusives, 9 = Glacial drift. 
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hinges are at right angles to this girdle and gen
erally plunge uo to 45° to the WSW. All struc
tures, therefore, appear to be related to one pro
tracted deforrnation event. 

A balanced cross-section through 
north Hadeland 
The NNW-SSE trending balanced cross-section 
(Fig. 3) uses the Orthoceras and Ceratopyge 
Limestones as marker horizons and the restored 
section shows that shortening ( e) along the line 
of section is about 60%. The Ceratopyge Lime
stone is not a very reliable marker, so the balanced 
cross-section only qualifies as restorable and 
admissible and not a valid balanced cross-section 
(Elliott 1983). 

A comparison of structural style in 
north and south Hadeland 
There is a remarkable contrast in deformation 
style between the area of Cambrian-Middle 
Ordovician rocks in north Hadeland described 
here and the Middle Ordovician-Silurian rocks 
of central and south Hadeland mapped by Owen 
(1978). From Fig. 9 it can be seen that the Middle 
Ordovician-Silurian rocks have deformed by 
broad, open folds which have resulted in about 
30% shortening (Morley 1983). The scatter of 
poles to bedding (see Fig. 9) for the southern area 
reflects the fold style by producing an even scatter 
of poles of fairly low dip. By contrast, the poles 
to bedding for north Hadeland duster in the 
southern half of the equal area net and reflects 
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the dominant hinterland-dipping orientation of 
rock slices in the highly imbricated area. Short
ening in the northern area is about 60%. Hence 
there is a contrast in both shortening and deform
ation style between large! y incompetent Cambro
Middle Ordovician units and the dominant! y com
petent Middle Ordovician-Silurian sandstones, 
limestones and shales. 

In order to explain how these deformation 
styles managed to evolve simultaneously, a 
bedding-paraBel detachment needs to be pro
posed to separate the two halves of the stra
tigraphy (see Figs. 9 and 10) (Morley 1983). This 
upper detachment is probably present in the Kir
kerud Group and separates the folded rocks in 
the hangingwall from imbricates in the footwall. 
However, the exposure was too poor to verify 
this detachment in the field, hehce the existence 
of the upper detachment and its sense of motion 
must be regarded as conjectural. There is evi
dence from other thrust beits, most notably the 
Canadian Rocky Mountains, that upper detach
ment zones are fairly common features of thrust 
beits, and that the upper detachment may have a 
back-thrust sense of displacement (Jones 1982; 
McMechan 1985; Morley 1986a; Banks & War
burton 1986). Where imbricate thrusts join a roof 
thrust with a back-thrust sense of motion, the 
structure is termed either a triangle zone (Jones 
1982) or a passive roof duplex (Banks & War
burton 1986). 

Conclusions 
The structural geology of north Hadeland is domi
nated by a series of closely spaced hinterland-

s 

Fig. 10. N-S section through the Gran map, Hadeland (see Fig. 9 for location of section). 
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dipping imbricate thrusts. Other features of the 
Caledonian deformation are tip-line and buckle 
folds, thrust wedging and pressure-solution cleav
age. In a progressive deformation sequence, early 
layer-parallel thickening events (pressure-solu
tion cleavage and thrust wedging) were followed 
by the main deformation that involved imbri
cation and falding. This deformation style differs 
markedly from the broadly folded Middle Ordo
vician-Silurian sequence of southern Hadeland 
(Owen 1978). Hence a bed-parallel structural 
detachment needs to be postulated to explain the 
change in deformation style between north and 
south Hadeland. It is suggested that the geometry 
of detachment zones in Hadeland (Fig. 10) may 
resemble the structural style termed low-taper 
triangle zone (McMechan 1985) or passive roof 
duplex (Banks & Warburton 1986), described 
from the Canadian Rocky Mountains and Hima
layas respectively. 

Acknowledgements. - I would like to thank Jake Hossack 
and Bob Standley for very helpful guidance during my Ph.D. 
project, for which the mapping of north Hadeland was a part. 
I would like to thank City of London Polytechnic for providing 
funds for the fieldwork and Kingston Polytechnic for the typing 
and dratting. Thanks also to Alan Owen for introducing me to 
the Hadeland geology, and for sending me his unpublished map 
of southem and central Hadeland upon which the lower half of 
Fig. 9 was based. 

Manuscript received June 1985 

References 
Aldridge, R. J. 1984: Thermal metamorphism of the Silurian 

strata of the Oslo region, assessed by conodont colour. Geo/. 
Mag. 121, 347-349. 

Banks, C. J. & Warburton, J. 1986: 'Passive-roof duplex 
geometry in the frontal structures of the Kirthar and Sulaiman 
mountain beits, Pakistan: J. Struct. Geo/. 8, 229-237. 

Bockelie, J. F. & Nystuen, J. P. 1984: The southem part of the 
Scandinavian Caledonides. In Gee, D. G. & Sturt, B. A. 
(eds.), The Caledonide Orogen. John Wiley and Sons, Ltd. 

Butler, R. H. W. 1982: The terminology of structures in thrust 
beits: J. Struct. Geo/. 4, 239-245. 

Chapman, T. J. & Williams G. D. 1985: Strains developed in 
the hangingwalls of thrusts due to their slip/propagation rate: 
A dislocation model: reply. J. Struct. Geo/. 7, 759-762. 

Structural geology, north Hadeland 49 

Cloos, E. 1961: Bedding slips, wedges and folding in layered 
sequences. Suomen Geo/. Seura. , 33, 106-122 (Geol. Comm. 
Geol. de Finlande No. 116). 

Elliott, D. 1983: The construction of balanced cross-sections. 
J. Struct. Geo/. 5, 101. 

Harper, D. A. T. & Owen, A. W. 1983: The structure of the 
Ordovician rocks of the Ringerike district: evidence of a 
thrust system within the Oslo region. Nor. Geo/. Tidsskr. 63, 
111-116. 

Holtedahl, O. & Schetelig, J. 1923: Kartbladet Gran. Nor. 
Geo/. unders. 97, 46 pp. 

Jones, P. B. 1982: Oil and gas beneath wast-dipping underthrust 
faults in the Alberta foothills: In Powers, R. B. (ed.) Studies 
of the Cordilleran Thrust Belt, Rocky Mtn. Assoc. Geol., 61-
74. 

McMechan, M. E. 1985: Low-taper triangle-zone geometry: An 
interpretation for the Rocky Mountain foothills, Pine Pass
Peace River area British Columbia. Bull. Can. Petro/. Geo/. 
33, 31-38. 

Morley, C. K. 1983: The Structura/ Geology of the Southem 
Norwegian Caledonides in the Oslo Graben and Sparagmite 
region. Unpub. Ph.D. Thesis. City of London Polytechnic, 
290 pp. 

Morley, C. K. 1986a: A classification of thrust fronts. Amer. 
Assoc. Petro/. Geo/. Bull. 70, 12-25. 

Morley, C. K. 1986b: The Caledonian thrust front and 
palinspastic restorations in Southern CaJedonides. J. Struct. 
Geo/. 8, 753-765 

Nystuen, J. P. 1981: The late Precambrian 'Sparagmites' of 
Southern Norway: a major CaJedonian allochthon - the 
Osen-Røa Nappe Complex. Am. J. Sei. 281, 69-94. 

Oftedahl, C. 1943. Overskyvininger i den norske fjellkjede. 
Naturen (Oslo) 5, 143-150. 

Owen, A. W. 1978: The Ordovician and Silurian stratigraphy 
of Central Hadeland, South Norway. Nor. geo/. unders. 338, 
1-23. 

Ramberg, l. B. & Spjeldnaes, N. 1978: The tectonic history of 
the Oslo Region. In Ramberg, l. B. & Neuman, E. R. 
(eds.), Tectonics and Geophysics of Continental Rifts. 
D. Reide! Pub. Co., 167-194. 

Skjeseth, S. 1963: Contributions to the geology of the Mjøsa 
districts and classical sparagmite area in southem Norway. 
Nor. geo/. unders. 220, 126 pp. 

Størmer, L. 1953: The Middle Ordovician of the Oslo Region, 
Norway, No. l. lntroduction to stratigraphy, Nor. Geo/. 
Tidsskr. 31 , 37-141. 

Strand, T. 1960: The pre-Devonian rocks and structures in the 
region of Caledonian deformation. In Hotledahl, O. (ed.) 
Geology of Norway. Nor. geo/. unders. 208, 17�284. 

Sturt, B. A. 1978: The Norwegian CaJedonides - introduction. 
In Caledonian-Appalachian Orogen of the North Atlantic 
Region, IGCP Project 27. Geo/. Surv. Can. Pap. , 78-13, 13-
15. 


