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ABSTRACT

Veenhof, R.P. and Stel, H., 1991. A cleavage triple point and its meso-scopic structures: the Mustio Sink (Svecofennides

of SW Finland ) Precambrian Res., 50: 269-282.

A cleavage-triple-point (CTP) structure is analyzed, located at the west side of the Mustio gneiss dome in the Svecofen-
nides of southwest Finland. The presence of the CTP and the pattern of mesoscopic fold structures exclude the origin of
the Mustio dome by successive interference of fold phases. The highly variable deformation structures are explained in a
single-phase deformation model by using the theoretical specific strain environments of a CTP. These environments are
{ 1) horizontal oblation on top vfa dome, (2) transition from horizontal to vertical obiation on the flanks of a dome, and
(3) vertical constriction in the center of the CTP. It is shown that each strain environment is associated with specific
development of foliation, folds, mesoscopic fold interference and strain intensity. The theoretical strain environments are

confirmed by strain analysis.

Introduction

In this paper, the evolution of the Mustio
mantled gneiss dome in the Svecofennides of
southwestern Finland, is analyzed with refer-
ence to two models: (1) interference of succes-
sive cylindrical folds, or (2) single phase non-
cylindrical doming. Mapping of the triangular
synform west of the dome reveals a cleavage
triple point (CTP; Brun et al., 1981 ) structure
of S, foliation (to be referred to as Mustio sink,
Figs. 1 and 2). The occurrence of CTP’s was
predicted by Gorman et al. (1978) and Ram-
berg (1981), modelled by Dixon and Sum-
mers (1983) and first mapped by Brun et al.
(1981) in the Finnish Karelides. Its main
characteristic is a tri- or multi-angular folia-
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tion pit which steepens towards the center (Fig.
2). The strain fields range from vertical con-
striction in the center through foliation paral-
lel oblation at the flanks, towards pure hori-
zontal oblation at the top of a dome. At least
three interfering rising bodies are required to
create a triple point. At the onset of doming,
the cover will passively rotate or actively slide
into the forming sink. At this stage, a horizon-
tal flattening field (with concurrent foliation
fabric development ) will develop on top of the
culminating domes or antiforms and will radi-
ally spread (Dixon, 1975). As the sink pro-
gressively develops, a horizontal compression
field will develop in the center of the sink. It
originates as bi-axial compression in the center
and migrates progressively towards uniaxial
horizontal compression at the flanks of the
CTP. This horizontal compression will over-
print (Dixon and Summers, 1983) the previ-
ously developed horizontal flattening field,
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Fig. 1. Simplified geological map of the Mustio dome. Note the lithological symmetry on the limbs of the dome. Reaction
isograd (1) represents a wide reaction zone rather than a uni-variant boundary. See Fig. 3 for location of the map. (After

Bleeker and Westra, 1987).

more or less halfway between the cénter of the
domes and CTP [i.e., the short axis (Z) of the
strain ellipsoid changes from vertical to hori-
zontal]. Hence, during the development of
domes and sink, three different strain domains
occur:

- progressive horizontal oblation at the top of
the domes (zone 1);

- transition from horizontal to vertical obla-
tion at the flanks of the CTP (zone 2);

- progressive vertical constriction in the center
of the CTP (zone 3).

The presence of the CTP with its specific pat-
tern of foldaxes in the Mustio area, excludes
the origin of the Mustio dome by successive
fold interference. Instead, its zonal strain dis-
tribution allows to explain the various genera-
tions and types of folding, by one-phase inter-
domal progressive deformation.

Doming is used here as a descriptive term.
Several processes can lead to doming, e.g. bal-
looning (Bateman, 1984, 1986), buoyancy
(Griffin, 1979; Dixon, 1975) or crossfolding,
either simultaneous or successive (Park and
Bowes, 1983 ). Criteria to distinguish the var-
ious processes have been raised and rejected
(Coward, 1981; Bateman, 1984). The most

difficult distinction concerns simultaneous
cross-buckling or buoyancy of low density and
low viscosity layers at depth, i.e., the distinc-
tion between a compressional, tensional or
non-deviatoric stress field. Virtually, no crite-
ria exist (Van den Eeckhout et al., 1986), ex-
cept on the distribution of the total strain pat-
tern. Obviously, the Mustio dome formation is
related to the occurrence of a migmatized core,
but whether this dome is a simultaneously
*cross-buckled” migmatized rock-column or a
buoyancy-driven structure, is difficult to as-
certain. The minor deformational structures
associated with the various processes will es-
sentially be the same.

Geological setting

The Mustio dome is situated in the Kemio—
Orijiarvi-Lohja-Jarvenpdd (KOLJ) supra-
crustal gneiss and schist belt (Fig. 3). It is part
of the Svecofennian belt ( 1900-1880 Ma; Gaal
and Gorbatschev, 1987) in which these late
orogenic granitic domes occur abundantly (Si-
monen, 1980). The structure consists of inter-
mediate to mafic volcano-sedimentary basal
series, overlain by argillaceous sediments (Si-
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Fig. 2. Form surface and structural map of the Mustio sink. Note the triangular pattern of the main foliation and the steep
dip of S, in the center of the synform. The locations of strain analysis (I-VIII) are indicated. See text for further discussion.

monen, 1980); the core of the dome is mig-

matized and intruded by microcline granites
(Fig. 4). The KOLJ belt has been interpreted
to represent an ancient island-arc setting (Gaal,

1982). However, its basement has to be dis-

covered yet..

Petrography and metamorphism

According to the general stratigraphy of the

Svecofennides (Simonen, 1980 and the map-

ping of Hirme (1953) and Bleeker and Westra
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Fig. 3. Simplified geological map of the Kemid-Orijirvi-Lohja-Jirvenpid metamorphic belt of SW Finland. Note the
position of the Mustio dome southwest of the town Lohja and outside the orthopyroxene-in isograd which limits the
granulite facies area known as the West Uusimaa complex. Note the extensive microcline 6ccurrence south of the Mustio

dome. (After Bleecker and Westra, 1987).

(1987), the rocks of the Mustio area (Fig. 1)
can be divided (from old to young) as follows:
- Quartzo-feldspathic schists and gneisses,
consisting of fine to medium grained felsic
rocks with low biotite content. They are inter-
preted as meta-arkoses. Intercalations occur of
calc-silicate gneisses and marbles.

- Pre-kinematic tonalitic to granodioritic in-
trusives. They occur as conformable lenses of
coarse grained biotite bearing orthogneisses.

- Mafic to intermediate metavolcanics. They
are associated with the tonalites and comprise
biotite-hornblende gneisses, layered amphibo-
lites and massive amphibolites (which can
reach ultramafic composition). They are in-
terpreted as subaqueous volcanic sediments
mixed with basaltic flows and associated pil-
low lavas.

- Metagreywackes, which consist of a quartz,
plagioclase and biotite.

- Metapelites, consisting of quartz, plagio-
clase, biotite, K-feldspar and sillimanite. A
gradually transition exists between the meta-
greywackes and pelites.

This entire sequence is intruded by microc-
line granites and pegmatites, both as sills and
dikes. Microscopic relations between porphy-
roblasts and foliation development demon-
strate that peak metamorphism and migmatis-
ation occurred post-F, to early-F, (Bleeker and
Westra, 1987; Bleeker, 1984 ).

Relations and pattern of structural elements

The investigation of the Mustio sink was fo-
cussed on the pattern of the following struc-
tural elements: bedding (S;), main foliation
(S,) and F, fold axis or lineation (Ly.,), F,
axial plane or crenulation cleavage (S.) and F,
fold axis or lineation (L,..), mineral linea-
tion (L, ). The labelling S,-L, .. » accounts for
to the succession of structures established in
each separate exposure and does not refer to
regional events. The interpretation on the suc-
cessive generation of structures on the scale of
the entire area, will be discussed later.

Although altered by metamorphism, lithol-

o =2 T
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Fig. 4. Compilation from maps (of Bleeker and Westra, 1987 and Van den Kerkhof. 1980) of the Mustio and Lohja area.
Indicated are the major outcrops of granites and migmatites. Below the southern edge of the map (not compiled ), mig-
matitic and granitic bodies occur, striking E-W (see also Fig. 3). A complex cleavage-multiple-point occurs at the NE
and E side of the Mustio dome. See text for further discussion.

ogical boundaries are still clearly visible in the
pelitic and leptitic parts of the supracrustal se-
ries (Figs. 5A,B,D and E). Bedding is recog-
nized by compositional variation on dm scale
and sedimentary structures (e.g. convolute
layering, Fig. SA). The primary layering shows
a distinct dome pattern (Fig. 1). The core of
the dome consists of microcline granites and
quartzofeldspathic schists and gneisses with
marble intercalations. It is mantled by respec-
tively an inner ring of mafic to intermediate
meta-volcanics, a meta-pelitic ring, an outer
volcanic ring and an outermost band of quart-
zofeldspathic rocks intercalated with marbles.
The core of the gneiss dome shows anatectic

structures (up to 30 percent melt products;
Bleeker and Westra, 1987).

S, is defined by parallel alignment of biotite.
It is parallel to the primary layering in intrafol-
ial folds and sedimentary structures (Fig. SA
and B), as well as axial planar to regular, tight
F, folds of S,. Other F, fold types include:
- Open to tight, irregular parallel folds within
metaclastic and pelitic rocks (Fig. SE). These
buckle folds developed without a cleavage.
Hence, for reasons given at the beginning of
this section, the folds are labeled F,.
- Large open to tight, single, parallel folds of
broken marble beds within pegmatitic sills
(schematically drawn in Fig. 7B).
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The pattern of the main foliation across the
Mustio and Lohja area is shown in a compila-
tion form surface map (Fig. 4, compiled from
Bleeker and Westra, 1987; Van den Kerkhof,
1980). The pattern was studied in detail at the
west side of the Mustio dome (Fig. 2). Figure
2 shows the west dipping flank of the dome
while in the northwest the foliation dips south-
ward to form a major synform with the north
dipping limb in the southwest of the map.
Hence the complete pattern is a triangular syn-
form in which the foliation dips towards a cen-
tral point, where the foliation is vertical. Such
a structure is defined as a cleavage-triple-point
(Brunet al., 1981).

Ly fold axes conform the trendlines of the
limbs of the CTP and occur mostly on the
flanks of the structure. The Ly, on top of the
dome is the fold axis of the broken-off marble
bed mentioned dbove (Fig. 2, coordinates 49 1—
6673), and its significance will be discussed
later.

The orientation of S, has been interpreted as
symmetry plane of regular F, folds. The angle
between Ly, and L,., can vary from 0° to
>45° (Fig. 2,487.1-6674.4). F, folding of S,
occurs in;

- asymmetric folds to rootless isoclinal folds
with transposed apices (Fig. 5B) in meta-ar-
kosic beds. These folds are surrounded by un-
folded stretched similar beds, and S, parallels
both the folded and non-folded S, layering,

— tight is isoclinal similar folds of thin meta-
pelitic layers within meta-arkosic layers (Fig.
5C). These intensively folded (S, and S, ) lay-
ers occur in stacks alternating with stacks in
which the layers are non-folded (although in
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both stacks S, parallels Sy). The stacks are sep-
arated by granitic veins,
- open to tight, parallel, regular folds of 50
centimeter up to several meters, with crenula-
tion cleavage (Fig. 5D).

When S, is folded, the F, axial plane is par-
allel or at a small angle with the general trend
of S,, on macroscopic scale. The pattern of the
F, axial planes can be shown best by means of
the L, ., trend (Fig. 2). Following the outward
dipping S, foliation of the dome, the plunge of
L,«> lies in a plane parallel to the enveloping
surface of the dome, although the pitch of L, .,
varies in this plane. This variation, parallel to
the strike of S,, is seen in the opposite plunge
at 489-6672.2 (less than 45° northward and
more than 45° southward) and at 489.5-
6671.9 (E and W plunge). The variation in
plunge direction is horizontally expressed as
rake angle with the S, foliation trend (60° at
489.5-6671.9). At the north and south flank
of the CTP, L, plunges both E and W, with
small rake angles and amount of plunge vary-
ing from less than 45° to almost vertical
(488.5-6671). In the center of the CTP, the
rake between L, ., and S, trend is almost 90°,
thus plunging in the dip direction of S,. The
L, shows undulation in a plane roughly co-
inciding with the shape of the dome and sink.
Undulation of L,,, implies a reorientation
after development or non-cylindrical genesis.
At 487-6671.5 the reorientation shows three
L, > plunging WNW and ESE. These foldaxes
share an S, plane with consistent NNE dip. In
stereographic projection, these fold axes plot
on a great-circle coinciding with the axial plane
of F, folds. The folds are non-cylindrical cur-

Fig. 5. (A) Meta-volcanics with ball and pillow structures. (A;) Detailed line drawing of (A) with S, (solid lines), §,
(broken lines) and a granitic vein (hatched). Note the top and botom of the picture with a straight S,/ /S, relationship,
and the chaotic middle part in which S, parallels S; as well. No overprinting or axial cleavages occur. (B) Asymmetric
isoclinal rootless fold of S, / /S, in meta-arkoses. (B, ) Detailed line drawing of (B ) with line notation idem as A, (quartz
boudins hatched ). Note the foliation pattern in the folds and the different intensity of shearing of all the folds. (C)
Isoclinal similar cascade folds of S, / /S, divided from a nonfolded strata (at the right side) by a granitic vein (hatched ).
(D) Isoclinal compressional F, folds of S, parallel to S, (which consists of quartzite layers with micaceous intercalations
(dark band). Arrow indicates F; crenulated S, and S, (E) Buckle-folding of S, without cleavage development. Lens cap

on each picture is 5 cm. wide. See text for discussion,
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viplanar and, combined with the pattern of
L, ., they undulate along the flanks of the CTP
with their S, axial plane conforming the CTP.
Mineral lineation is mainly defined by am-
phibole. At one location the long axes of am-
phiboles coincide with the X-axes of volcanic
bombs, thus representing a stretching linea-
tion. The general trend is a progressively
steeper plunge towards the center of the CTP.

Interpretation

Foliation development and generation of fold
Structures

Figure 5A shows convolute layering in meta-
volcanics. The bedding is inferred from com-
positional differences. A penetrative foliation
is defined by alignment of metamorphic min-
erals, as can be seen best in the top of the pic-
ture. As mentioned earlier, this foliation par-
allels the primary layering in both the straight
upper and bottom part, and in the chaotically
folded central part. The intra-stratal character
of the folds demonstrates that they either orig-
inated prior to solidification (e.g. synsedimen-
tary) or under high-ductile, metamorphic con-
ditions. The parallelism of S, both to folded
and non-folded strata shows that S, developed
along planes of preexisting, primary anisot-
ropy (mimetic growth) and did not develop
tectonically as axial plane cleavage in this ex-
posure. We therefore interpret a synsedimen-
tary origin of the convolution.

Figure 5B shows S, parallel to S; in the
transposed apices of a shear fold and is not the
axial-plane cleavage of the fold. This shows the
absence of pervasive F, transposition affecting
the entire bedding everywhere. More likely,
flexural slip or differential flow causes locally
both small and transposed dragfolds (Fig. 5B:
transposition in the center versus small asym-
metric folds in the surrounding layers), before
or after S, was produced mimetically.

The pattern of L, .., cannot be due to inter-
ference of successive folding phases. Refold-
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ing, either by active or passive folding, cannot
explain the CTP itself, nor the undulation of
L,.» along the triangular CTP, if these ele-
ments are to be derived from pre-F;, E-W
striking, horizontal upright folds. Figure 6
shows the impossibility of forming a N-S
plunging horizontal L, ., by F; refolding, either
through crossfolding (Fig. 6B,) or doming
(Fig. 6B, ). Non-cylindrical F; crossfolding will
produce a dome structure flanked by an E and
W plunging F, antiform with a straight E-W
trend line of L, across the midline of the
dome. This is not shown by the actual pattern
of L, - at the west side of the Mustio dome,
east of the sink (Fig. 2, 489-6672, 73). F,
doming will refold the L,,.; by passive rota-
tion and can produce almost vertical N-S and
E-W plunges of L, if no circumferential
stretching 1is allowed. If circumferential
stretching occurred, the same pattern of L; »»
as in the case of crossfolding would arise
(Dixon and Summers, 1983; Schwerdtner and

o

=

e

Fig. 6. Schematic pattern of the meta-volcanic band of Fig.
1 and the trajectories (foldaxes and lineations) of L, .,
are shown. Presumed F; refolding (B, ) or doming (B,)
from horizontal upright major F, folds (A) is set against
single phase doming (C). Note the triangular map-pat-
tern of the trajectories in the syn-F; sink. The axial sym-
metry of the S, implies F; refolding of an E-W striking F,
antiform which consists of one major isoclinal recumbent
E-W striking F, fold with the meta-pelites in its core
(Bleeker and Westra, 1987). On the other hand, single
phase doming implies a ring-syncline around the dome
(Hidrme, 1953).
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Troéng, 1978; Schwerdtner et al., 1978a,
1983). However, it will never rotate L, ., to-
wards N-S horizontal parallelism at the west-
ern edge of the dome, but will give a straight
E-W trajectory across the midline. Therefore,
no independent F; could have caused the pat-
tern of L, »; the origin of F, is interpreted to
be syn-genetic with doming.

Model of the Mustio sink

In the Mustio area the three specific strain
zones (Introduction and Fig. 8) of a CTP and
dome structure are outlined by the distribu-
tion of the earlier described fold types and the
foliation development.

Zone I: At the top of the Mustio dome a hor-

BLOCK DIAGRAM

Mustio dome (W')

-
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izontal flattening took place during the devel-
opment of dome and sink. This produced pen-
etrative tectonic S, development parallel S,
with concurrent chocolate-bar boudinage in the
foliation. The F, boudinaged and slumped
structure of the marble of Figure 7B is situated
on the crest of the Mustio dome. Although no
folding should occur because of layer-parallel
oblation, off-the-dome (spruce tree vergence)
slumping of the marble bedding within a gran-
itic sill can occur, due to loss of integrity of the
marble within a low-viscosity medium (Tal-
bot and Jackson, 1987).

Zone 2: At the flanks of the CTP, the strain
field changes from horizontal to vertical obla-
tion. As a result folding of the foliation fabric
can develop in three ways:

Fig. 7. Schematic block diagram of the Mustio dome and sink area. The drawn horizon represents the meta-volcanic band
(see Fig. 1). As shown, single phase folding of the original layering can account for the outcrop pattern of the bedding at
the Mustio dome. Inserts A-C schematically indicate the different F,; and F, folding style and their location in the struc-
ture. Note that F, and F, factual relations in exposures. The anti- and synformal structure at the west side of the diagram
(west of the Mustio sink ) are an interpretation of the aeromagnetic-anomaly map, in accordance with Bleeker and Westra

(1987). (Issued by the Geological Survey of Finland.)
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- compressional folding (to-the-dome verg-
ence) due to the transition of strain field, de-
scribed above,

- cascade folds (off-the-dome vergence) due
to decelerating flow downward (Dixon, 1975;
Talbot and Jackson, 1987),

— shear folds (both vergences) due to differ-
ential subsidence (Dixon and Summers,
1983).

. The tightness of the CTP defines the relative
importance of the folding styles. However, all
styles (Dixon and Summers, 1983) as well as
both vergences of the folds can occur simulta-
neously. Within a migmatic pile of rocks the
transition between a rising core and a subsid-
ing cover will be diffuse. To-the-dome verging
dragfolds (flexural slipfolds occur along thin
bedding parallel neosomes, while off-the-dome
(spruce tree) verging cascade and slump folds
occur if a neosome reaches an extent that
weakens or disconnects the layering (see also
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zone 1). The three folding styles can be recog-
nized in the field. Figure 5B shows shear-fold-
ing at the south flank of the CTP. At 487-
6674.4 (Fig. 2) an isoclinal fold (Fig 5D, with
S, crenulation cleavage, is found. In the same
exposure, cascade folds occur (Fig. SC) which
are separated from non-folded S, (parallel Sy)
by a granitic vein, which acted as a decolle-
ment surface. Because migmatic veins may ac-
comodate strain without recording it, they can
form step-zones in intensity of folding.

All three fold types will develop with their
fold axes initially circumferential parallel to the
CTP flank, but as subsidence continuous, these
axes rotate towards the dip direction of the
flank to form sheath folds (Talbot and Jack-
son, 1987; ). An undulating refolding is pro-
duced along the limbs of the CTP within one
progressive deformation event. The curvi-
pianar F, folds ailong the limbs of the Mustio
sink can be explained in this way. The genera-

Fig. 8. Schematic model of a CTP structure and inter-domal sink surrounded by rising mobile bodies (not shown ). Indi-
cated are the strain zones and the orientation of the strain axes (from the rim to the center respectively: zones 1, 2 and

3). For further discussion see text.



CTP STRUCTURE IN THE SVECOFENNIDES OF SW FINLAND

tion of these three types of folds, as inferred
from overprinting relationships in the field, can
be complex due to the occurrence of S, in this
zone as both mimetic and axial to folds). Fig-
ure 8 shows that only the distance between
dome-centre and CTP controls overprinting
relationships of the folds developed:

- near the dome, the cover is folded after a mi-
metic foliation developed due to a strong ini-
tial layer-parallel flattening strain in zone 1 (S,
parallel to S, and F» axial plane);

- near the centre of the CTP, folding occurs
without a previous strong layer-parallel flat-
tening strain producing a layer parallel folia-
tion (S, develops as axial plane to S).
Folding in the transition zone takes place due
to the subsidence of the cover, but the fabrics
which are folded may differ in age depending
on where they originated, and not when.

Zone 3: In the center of the CTP initially the
horizontally oblation was weakest or absent,
being at the greatest distance from the granitic
culminations. Almost at the beginning of the
deformation history, horizontal bi-axial
compression occurred, resulting into so-called

1.0~
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curtainfolds (Talbot and Jackson, 1987) or
vertical buckle folding without foliation devel-
opment (Fig. SE). Figure 7 shows a geometri-
cal model of the Mustio sink and dome (in ac-
cordance with Hdrme, 1953), in which the
sedimentary layering is schematically drawn
together with the specific folding of the three
zones described above.

Strain analysis

Both qualitatively and quantitatively, strain
analysis has been carried out. The locations of
strain analyses are indicated in Fig. 2; the re-
sults are shown in Fig. 9. We used four differ-
ent methods of strain measurement: (1) the
R;/¢ method (Ramsey and Huber, 1983) has
been applied on primary volcanic bombs
(analysis” VII); (2) the center-to-center
method (Hanna and Fry, 1979; Erslev, 1988)
has been carried out on garnet porphyroblasts
which grew pre-F, folding (Bleeker and Wes-
tra, 1987; analyses II, III, VIII); (3) the den-
sity distribution method (Fernandez, 1988 ) on
planar and linear minerals (analysis V); and

A 1 vk = 0.75
olll X=256/44., XY-plane=340/84
a 11+ k=0.06
s X= 35/63. XY-plane= B/66
lag Ry / 111 + %=5.38
Yans X=298/27, XY-plane=341/36
(T_eﬁ) Y IVt QUALITIVE ESTIMATE., Kf < 1
oVl o/ X=110/0. XY-plane=200/80
& v v k=0.30
05_ / X= 40/24. XY=plane= 52725
: Y VI« QUALITIVE ESTIMATE. Kf < 1
// X=355/85. XY-plane=355/85
V1l + k=6.38
aViTl =~ X=246/18. XY-plane=329/69
/ ol oV VIIl: k=4.66
V% X=192/59, XY-plane=250/72
/s o |
1 1
0 05 1.0

1+e2
log Ryz f+e3

Fig. 9. Results of strain analyses I-VIIIL. A logarithmic scale is used on both X- and Y-axis. Orientation and k-value are

shown in the table. For the locations see Fig. 2.
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(4) the qualitative strain estimation of fabrics
according to Schwerdtner et al. (1976) (anal-
yses IV and VI). Except for method 1, all other
methods have major restrictions on estimating
the amount of strain (Veenhof, 19890. The
methods have been used to indicate roughly the
shape (i.e., constriction versus oblation) and
orientation of the ellipsoid. When the CTP de-
velopment is interpreted as one progressive
deformation, the pattern (i.e., the shape and
orientation) of the finite strain, throughout the
deformation history, reflects the kinematic
path of the sinking supracrustal rocks. Figure
8 shows the theoretical orientation and shape
of the three principally different ellipsoids
(Dixon and Summers, 1983 ). Except for anal-
yses III and VII which point to circumferential
stretching, all ellipsoids very well reflect the
theoretical state of strain (Figs. 2, 8 and 9).

Discussion

Doming and associated deformational
structures are still controversial (Coward,
1981; Van den Eeckhout et al., 1986; Talbot
and Jackson, 1987; Paterson et al., 1989). In
response to a rather general scenario of verti-
cal tectonics (Eskola, 1949; Griffin, 1979)
much attention has been paid to fold interfer-
ence patterns for the origin of domes, in the
Svecokarelides (Hopgood et al., 1976; Verhoef
and Dietvorst, 1980; Van Staal and Williams,
1983; Park and Bowes, 1983; Ploegsma and
Westra, 1989). Similarly Bleeker and Westra
(1987) interpreted a successive folding his-
tory for the Mustio dome (Fig. 68):

(1) a transposed bedding parallel S, and a
large, recumbent, isoclinal, E-W striking fold
(F,) possibly related to an early phase of
thrusting; (2) F, refolding of F, in a horizon-
tal, upright, E-W striking fold; (3) refolding
of F, along a N-S fold axis, to produce the
domal structure (F;). However, the pattern of
mesoscopic fold axes described earlier, indi-
cates that the Mustio dome is not an F; re-
folded major horizontal fold, but is formed (as
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dome) syngenetic with other major non-cylin-
drical folds, which strike E-W (Schreurs and
Westra, 1986, who labeled these folds F,) at
the southern edge of the KOLJ belt (Figs. 3 and
4). This alternative interpretation of a single
doming event solves the problem noted by
Bleeker and Westra (1987) that any deforma-
tial imprint of D; is lacking from the Mustio
dome, because there is no other folding event
except for doming itself.

The CTP model explains the highly variable
fold styles, the ambivalent foliation develop-
ment and the variable strain intensity. The
model explains the (locally rootlessO refolding
of the main foliation, developed parallel to S,,
without the necessity of invoking a long defor-
mational period to transpose the S, parallel to
S,. These phenomena are controlled and lim-
ited by zones of progressively different heter-
ogeneous strain of a CTP. Moreover, the model
explains the non-coaxiality of Ly, and L, >,
because the time and place of fold develop-
ment is controlled by the differential subsid-
ence (flow tectonics, Talbot and Jackson,
1987) and the geometry of the sink. A fold
phase interference as outlined in Fig. 6B would
result in a high degree of coaxiality between
Loxiand L, »o.

It is interesting to compare the present area
with the Bergslagen region in central Sweden,
which falls into the same tectonic provence.
Oen (1987) and De Groot et al. (1988) inter-
preted several generations of anorogenic gran-
itic plutons in an attenuated and rifted crust,
causing gravity deformation of a soft volcano-
sedimentary cover. This eventually leads to
folding in inter-diapir synclines. The Mustio
area differs from Bergslagen in the amount of
granite and the intensity of metamorphism,
with both phenomena being higher. However,
the granites in the Mustio area also lack any
orogenic imprint because they triggered the
deformation of the cover itself. Taking into ac-
count that most of the granite is migmatic, re-
semblance with the Bergslagen area is ex-
plained: a sedimentary cover softened by
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migmatisation and granite injection will tec-
tonically behave in a way comparable with soft
sediment gravity deformation as postulated in
Bergslagen.

Conclusions

From the presence of a cleavage-triple-point
and the pattern of L, ., it is concluded that the
Mustio dome is not a result of successive inter-
fering of independent fold phases. It devel-
oped simultaneously with regional large scale
folds in a non-cylindrical folding mechanism.

The progressive and changing strain distri-
bution inside a CTP is well expressed by the
foliation and fold development of, and con-
firmed by strain analysis in the Mustio sink. It
is therefore concluded that all deformation in
the Mustio area is caused by a single-phase
progressive event of an inter-domal synform.
This doming and folding should therefore be
labeled D, on a regional scale.
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