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DAY 1

Sedimentation and Synsedimentary Deformation in a Rift-
margin, Lacustrine Delta System: the Bilina Delta (Miocene),

Most Basin

David ULICNY', Michal RAJCHL', Karel MACH? and Zdenék DVORAK?

" Department of Geology, Charles University, Albertov 6, 128 43 Praha 2,Czech Republic
? Severoceské doly, a.s., Doly Bilina, 5 kvétna 213, 4180 29 Bilina, Czech Republic

Introduction

This field trip focuses on spectacular exposures of a lacus-
trine delta system of the Miocene Bilina Delta (Hurnik 1959,
1978; Rajchl and Uli¢ny1999; Dvoiak and Mach 2000) in the
Bilina Mine, owned by the Severogeské doly, a.s. Because of
ongoing mining activity and constantly changing exposure in
the open-cast coal mine, it is not possible to include fixed ..field
stops™ as in a traditional field guide. Instead. this field guide
introduces the main sedimentological phenomena of the Bilina
Delta system, illustrates their typical examples, and provides a
geological background to the features observed during the field
trip. Some of the features figured in this guide have been quar-
ried away during the last 1-2 years, but the field trip partici-
pants will be able to observe many similar features that are not
yel exposed at the time of writing this guide.

This guide is based on completed as well as ongoing re-
search by the authors, who wish to thank the Severoceské doly,
a.s.. for financial support and logistical cooperation. Part of the
research by M. Rajchl and D. Uli¢ny was also supported by a
grant from the Czech Academy of Sciences, GA AV CR Grant
No. A30127035.

Regional Background: the most basin as a
part of the Ohfe (Eger) graben system

The Ohfe (Eger) Graben is a major tectonosedimentary fea-
ture of Central Europe. characterized by a system of Cenozoic
sedimentary basins and intense intraplate alkaline volcanism
(Fig. 1: Kopecky 1978; Sengér 1995; Wilson 1993: Cajz et al.
1999: Adamovi¢ and Coubal 1999). Although the Ohte Graben
has long been recognized as a part of the Central European Rift
System (Ziegler 1990), its structural evolution, and. especially.
its relation to sedimentary basin formation, remain poorly un-
derstood.

[n the present-day geological picture, the Most Basin is one
of four major sedimentary basins preserved in the Ohfe Graben
and separated from one another by volcanic domains and fault
systems which cross-cut the Ohfe Graben axis at high angles
(Fig. 1). Itis important to note that the prominent, NE-trending
fault systems, which confine the Most and Sokolov (and, part-
ly. also Zittau) basins as essentially erosional relicts in the
present-day topography. are relatively young compared to the
basin fill (cf. Adamovic and Coubal 1999). Current research on
the geometries of individual depocentres and depositional pat-
terns within the basins of the Ohfe Graben (Rajchl and Uli¢ny
2000; Spi¢akova et al. 2000) shows that during the main phase
of rift sedimentation, the whole Ohfe Graben was dominated
by oblique extension, driven by a palaeostress ficld character-
ized by NNE-oriented horizontal extension (i.e.. at angles ap-
proximately between 45 and 60° to the rift axis: ef. Fig. 1 and 2).
This is in partial agreement with the results of Adamovi¢ and

Coubal (1999) whe infer a N-S extension dominating the em-
placement of volcanics between c. 32-24 Ma in parts of the rift
system. However, the tentative recontruction of the oblique rifi-
ing geometry (Fig. 1) suggests that the NNE-SSW-oriented
extensional regime could have persisted for a longer time and
was probably more regionally consistent than expected by the
above authors.

The rift axis (or, axis of extension; Fig. 1} probably corre-
sponds, at a deeper crustal level. to a major crustal inhomoge-
neity, in the central and northern parts of the rift located at the
major gravity field gradient. interpreted by most authors as the
boundary between the Saxothuringian and the Tepla-Barrandi-
an terranes (commonly associated with the hypothetical Lito-
mérice Deep Fault — e.g.. Blizkovsky et al. 1988). Among the
shallow structures occuring in the Ohfe Graben, the Strezov
Fault, coinciding with the marginal fault of the Permo-Carbon-
iferous Zatec Basin, is probably the only surficial manifesta-
tion of this deep crustal anisotropy. However, it should be not-
ed that the NE and SW ends of the Ohfe Graben axis do not
exactly follow the bending trace of the gravity gradient, and
rather suggest propagation of the zone of extensional faulting
beyond the control of the deep crustal inhomogeneity.

The Most Basin represents the central part of the Ohfe
Graben, where the rift axis runs highly oblique to the presumed
extension vector. Construction of isopach maps of the basin fill
and revision of geological maps and cross-sections from the
mining fields of the Most Basin, together with a digital terrain
model study (Rajchl and Uli¢ny 2000) shows that during the
deposition of clastic sediments coals and volcaniclastics of the
basin fill, the basin geometry was controlled by approximately
E-W (ENE-WSW)-striking normal faults, along which indi-
vidual depocentres of the Most Basin formed. In plan view, the
short fault segments are arranged in an en-echelon pattern and
were probably divided by relay ramps (cf. Peacock and Sander-
son 1994: McClay and White 1995). The same en-echelon ar-
rangement is observed in the positions of depocentres, divided
by palaeohighs which coincide with locations of transverse, NW-
striking, basement fault zones. Research is under way to clarify
whether the palaeohighs separating the depocentres were ,.soft™
accommodation zones or the reactivation of basement fractures
caused ,.hard™ separation between arrays of opposite-dipping
extensional faults. The fault pattern and depocentre geometries
of the Most Basin can be compared with oblique-rift settings
described e.g. by Morley et al. (1992) and. notably. with the
analogue models of oblique rifts by McClay and White (1995)
or Tron and Brun (1991).

This E-W fault pattern is largely subdued in present-day
topography, due to a strong overprint by the NE-trending fault
systems. However. the en-echelon syndepositional normal faults
which bounded the depocenters of the Oligo-Miocene rift ba-
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sin became incorporated in the sharply kinked trace of the young-
er Krudné Hory Fault, formed under NW-oriented extension. It
is clear that the Kru$né Hory Fault is a composite structure, in
places formed by hard linkage of older fault segments, and else-
where comprising only monoclinal tilting of the basin-fill stra-
ta, including the main seam (Kopecky et al. 1985 and referenc-
cs therein). We suggest that this occurred in the locations of the
original relay ramps. Although we admit that the rift-marginal
faults in oblique—extensional regimes can propagate and merge
with increasing extension under the same stress conditions, we
believe that the differences in surface trends of the individual
segments of the Kru$né Hory Fault are large enough to justify
our hypothesis of overprinting by reorientated extension vec-
tor. The length and straightness of the fault segments, and a
high degree of connectedness of the Krusné hory and Ohie Fault
Zones suggest that during their formation, the extension vector
was orientated generally normal to the extension axis (cf. Mc-
Clay and White 1995), which corresponds to the post-Lower
Miocene period of NW—SE extension interpreted by Adamovié
and Coubal (1999).

The Bilina delta: main features of delta
evolution inferred from large-scale
depositional geometries

The Bilina Delta is a package of fluvio-deltaic clastics de-
posited during the early Miocene at the southeastern margin of
the central sub-basin of the Most Basin (Fig.3). The delta formed
at the mouth of a river that drained into a fairly shallow lake
(not more than several metres deep), which formed on a subsid-
ing mire and was surrounded by peat bogs during most of the
time of deltaic sedimentation (Dvotak and Mach 2000). The
delta overlies the main coal seam in this part of the basin and a
package of lacustrine clays (Fig. 3a). The mire which filled the
basin prior to the deposition of deltaic clastics extended be-
yond the recent position of the Bilina Fault. The activity of the
faults now bounding the sub-basin was both syn- and post-dep-
ositional,

The fluvial feeder system of the delta delivered sediment
into the sub-basin from the east (Dvofik and Mach 2000), and
a combination of flooding and onset of clastic input caused sub-
sidence of a part of the mire, mostly under the load of water and
abundant fine clastics. At the present stage of research, the cause
of the onset of deltaic deposition remains speculative. One pos-
sible explanation is a propagation of E—W-striking extensional
fault(s) from the east which caused an increase in subsidence in
part of the sub-basin, and, at the same time. allowed the clastic
sediment pathway to be established. probably along a relay ramp
inclined to the west (cf. Peacock and Sanderson 1994; McClay
and White 1995; Leeder and Gawthorpe 1990; Gupta et al.
1999). The westward direction of clastic supply, which sup-
ports this interpretation, followed the westerly dip of the pre-
depositional surface, confirmed by mapping of stratal units in
the vicinity of the Bilina Mine (K. Mach, unpublished data).

The main characteristic of the evolution of the Bilina delta-
ic systent, according to Dvordk and Mach (2000). is the co-
existence of the lake into which the delta prograded, and a mire
which surrounded the lake margins over most of the delta life-
time (although the extent of the actively growing mire gradual-
ly decreased). Dvorak and Mach (2000) distinguished several
phases of progradation of deltaic bodies, interrupted by flood-
ing episodes. A significant part of accommodation was created

by compaction of the underlying peat, and, during later parts of

the delta evolution, also by the compaction of lacustrine and
prodelta clays (Fig. 3a).

In long term, the delta shows an overall trend of filling the
accommodation space, which results in upward-increasing dom-
inance of delta-plain and channel deposits over mouth-bar and
prodelta deposits which dominate the lower portion of the sec-
tion (for details see below). As the cross-section in Fig 3a runs
approximately perpendicular to the general direction of sedi-
ment input. the stacking pattern observed in the Bilina section
shows lateral shifting of the depositional system through time.
During its evolution, the main site of deposition of coarse clas-
tics shifted systematically north, which was driven by two fac-
tors: syndepositional tilting of the basement in the vicinity of
the Bilina Fault (documented below) and the availability of
compactible substrate north of the previously deposited deltaic
bodies, which have already depleted the compaction potential
of the underlying coal and clays. The beginning of deposition
of lacustrine clays of the overlying Libkovice Member (Figs.
2.3) marks the final drowning of the Bilina delta system.

Sedimentary environments and processes
Wedge-shaped and lenticular bodies of the delta sediments
interfingering with the surrounding sheet-like bodies of lacus-
trine clays characterized the basic depositional pattern of the
fluvio-deltaic depositional system (Fig. 3). Four fundamental
architectural elements (Fig. 4), characterized also by distine-
tive associations of lithofacies, occur in the Bilina Delta prop-
er: (i) fluvial and delta-plain heterolithic sheets, (ii) fluvial feeder
channels with sand-dominated fills, (iii) sand mouth-bar wedg-
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system.

es, and (iv) prodelta heterolithic sheets. Individual lithofacies
(Fig. 5) represent individual sedimentary environments with
specific sedimentary processes. The following brief review is
based on Rajchl (1998) and Rajchl and Uliény (1999); for more
details, the reader is referred to these studies.

The Bilina Delta is interpreted as a fluvial-dominated,
mouth-bar type (or ,,birdfoot) delta, with distributaries termi-
nated by friction-dominated mouth bars, mostly with a Gilbert-
type profile and a fan-like plan-view shape, characterized by
steep, sandy foresets (Figs. 6,9). Locally, the mouth bars have a
shoal-water profile free of foresets (Fig. 6). Larger distribu-
taries were terminated by more complex subdeltas, consisting
of a number of individual mouth bars, some probably contem-
poraneously active. The combined thickness of the foresets of
the Gilbert-type mouth bars and thickness of the subaqueous
portion of the topsets, formed in a few centimetres of water,
indicate the depth of the receiving lacustrine basin not higher
than ¢. 2-4 m at the delta front. The shoal-water mouth bars
formed in water depth of ¢. 1 m or less.

The distributaries of the Bilina Delta feeder system are char-
acterized by a large number of preserved channel fills. Based
on differences in scale, we distinguish two types of channels:
(i) large-scale channels (50—-100 m wide) always comprising a
number of nested, smaller channels (5-30 m) represent lateral-
ly migrating, braided channel belts; (ii) isolated, small-scale

channels (5-20 m) are interpreted as individual distributaries
which acted as feeder channels of sand mouth bars. Three-di-
mensional reconstruction of individual channel paths (Mach,
unpublished data) shows relatively straight traces of major chan-
nels, which indicates a lack of meandering.

A significant feature of the Bilina Delta is the high degree
of separation of grain size in the lithosomes of the depositional
system: the delta plain and prodelta were dominated by muddy
lithologies, with a subordinate proportion of heterolithic facies
(e.g., crevasse splay sands, or sand/mud laminites in the prodelta,
traceable into mouth bar foresets), whereas the feeder channels
and Gilbert-type mouth bars were dominated by sands. The small
depth of the lake, and probably a very small difference in den-
sity between waters of the fluvial feeder system and the fresh-
water lake are interpreted as having caused the high degree of
grain-size segregation, as well as the formation of Gilbert-type
foresets in a shallow setting that lacked topographic breaks,
normally associated with steep, Gilbert-type delta fronts. Ho-
mopycnal, turbulent jets were probably the main type of efflu-
ent at the distributary mouths: turbulent mixing and decelera-
tion at the distributary mouth caused the instant deposition ol
coarse material on the foresets. During time intervals when the
river carried a much higher proportion of suspended load, the
interaction of the effluent and the lake water was probably hy-
perpycnal, causing formation of turbidity underflows. Alterna-
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tion of homo- and hyperpycnal conditions can be interpreted in
outcrops from alternation of sharp-based, inversely graded fore-
sets (representing the homopycnal conditions characterized by
grainflows), with foresets showing a tangential transition into
heterolithic bottomsets characterized by homogeneous or nor-
mally-graded laminae, interpreted as turbidite deposits. Fric-
tional effects due to the very small depth of the receiving basin
caused a very rapid lateral expansion of the jets, leading to the
fan-like geometry of the mouth bars in plan view.

Syndepositional deformation

A range of types of syndepositional, ductile and brittle de-
formation structures ranging in scale from centimetres to me-
tres to tens of metres oceur in the sediments of the Bilina Delta
(Rajchl 1999; Rajchl and Uli¢ny 1999). Based on their scale,
we distinguish between small-scale deformation structures.
which affect only parts of the mouth bars, and large-scale de-
formation structures affecting whole mouth bars or their pack-
ages (Fig. 7). The syndepositional deformation structures could
have been caused either by allogenic processes (e.g., seismici-
ty). or by autogenic processes resulting from the evolution of
sedimentation within the prograding delta system.

The most important small-scale structure is convolute bed-
ding which occurs in sets of diagonal stratification — in the Gil-
bert-type foresets of mouth bars as well as in cross-bedded chan-
nel fills. This structure is represented by folding of original fore-
sets to broad synclines and sharp anticlines. Fold planes are
commonly overturned in the direction of the original dip of strat-
ification. The formation of these structures was induced by rap-
id loss of stability of the original sedimentary structure by lig-
uefaction of the whole foreset package and subsequent repack-
ing of grains into a more stable configuration. The sharp anti-
clines were caused by upward water escape induced by fluidi-

A

fluvial feeder

zation which often follows liquefaction. Breaching of the anti-
clines in their tips and fluid-escape structures are also com-
mon. Main processes capable of inducing the liquelaction in
these cases are (i) carthquakes causing liquefaction followed
by slope failure, (ii) unequal surface loading by an overlying
sediment body, or (iii) action of both processes combined.

Folded and fractured topsets occur in association with the
above structure. Original structures of sandy topsets (active
subaqueous delta-plain sediments) and interbedded thin clay
layers (passive subaqueous delta-plain sediments) are folded to
broad synclines and narrow anticlines. Internal folding of sand
topsets was caused by the liquefaction of the whole topset, com-
monly accompanied by fluidization. The clay layers folded in
response to liquefaction of the surrounding sand. In case of
more intense deformation, the folded clay layers were breached
in the anticlinal tips where fluid escape structures formed. Thick-
er clay layers were fractured without folding and their frag-
ments sank into the liquefied sand. The main triggering pro-
cesses were probably either seismic activity or over-pressuring
by overlying sedimentary bodies. or both.

The largest syndepositional deformation structures are
growth faults, characterized by listric fault planes and system-
atic stacking of a higher number of mouth bars on hangingwall
side (Figs. 7, 8). The growth faults occur only within delta bod-
ies underlain by a thick accumulation of clay and/or the coal
seam. During the evolution of the Bilina Delta, the locations of
thick sandbodies affected by growth faulting show a systematic
shift to places with compaction potential of significant under-
lying thickness of clays and/or coal (Fig. 3). The origin of the
growth faults is generally attributed to differential loading of
easily deformable mobile substrate, such as lacustrine clay, coal,
or prodelta heteroliths (e.g.. Bruee 1973: Morley and Guerin
1996). The formation of accommodation needed for aggrada-

. subaqueous
subaerial delta plain

delta plain

cocel sifsesgr

lake
subaqueous

1

delta plain delta plain/

o prodelta

[

lake
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Fig. 6. A —hypothetical model of the Bilina Delta; B— model of a Gilbert-type mouth bar; C — model of a mouth bar with a shoal-

water profile.
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Fig. 7. Overview of deformation structures occurring in the Bilina Delta deposits, their deformation mechanisms and triggering

processes.
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tion of the mouth bars was governed by the following process-

es:

(i) high compaction rate of overpressured sediments in response
to pore-fluid migration induced by loading; this migration
was accompanied by a downward rise of pore-fluid pres-
sure which caused the flattening of growth faults with in-
creasing depth;

(i1) outward migration of the overpressured mobile substrate,
The migration is revealed by the occurrence of ductile and
brittle compressional structures (folding, thrusting) devel-
oped in prodelta heteroliths and lacustrine clays on the pe-
riphery of the delta bodies influenced by growth faulting.
Mud diapirs also oceur on the delta periphery, and the as-
cent of some of them led to piercing of the overlying delta
bodies (Fig. 8b).

Delta bodies affected by growth faulting are characterized by
high thicknesses and commonly by “pot™ shapes. High subsid-
ence on the delta body periphery (along the growth faults) and
hangingwall-block rotation induced formation of a rolloveran-
tiform, with its axis situated approximately in the centre of the
delta body. The thicknesses of mouth bars markedly decrease
from the fault planes towards rollover antiforms formed by the
rotation over the growth faults. The growth of the rollover
antiform was accompanied by formation of an array of antithet-
ic. en-echelon normal faults in the axial parts of antiforms in
response to localized extension (Fig. 8a). Some of these faults
could have become active also later as younger growth faults or
as ascent paths for shale diapirs.

Sequence-stratigraphic aspects

The deltaic deposits recorded a large number of changes in
accommodation, at various time scales and of varving orders of
magnitude. The accommodation in the lacustrine-deltaic sys-
tem was controlled by a combination of factors, which include
(i) tectonic subsidence and uplift, (ii) compaction of peat and
mud and related syndepositional defomation (e.g., growth fault-
ing), and (iii) climate-driven absolute lake-level changes. At
the present stage of research we can separate two groups of
relative lake-level changes, resulting from combination of the
above controls: (1) low-frequency changes, presumably in the
order of first tens of metres, recorded by changes in deposition-
al patterns in the whole depositional system, and (2) high-fre-
quency. in the order of meters to even fractions of one metre,
recorded at the level of individual mouth bars or groups of mouth
bars (subdeltas; Rajchl and Uliény 1999).

1. The low-frequency relative lake-level changes are inter-
preted to have controlled the development of 5 to 6 low-fre-
quency sequences, characterized by alternating transgressive and
regressive episodes. Because of the high rate of increase in ac-
commodation by compaction, it is difficult to find clear evi-
dence of a significant relative lake-level fall and formation of a
typical sequence boundary (sensu Van Wagoner et al. 1988) of
the corresponding order. Therefore, we cannot apply the classi-
cal Exxon scheme of 3 (or 4) systems tracts — instead, we use a
simplified scheme which employs a division into Transgressive
and Regressive systems tracts, separated by a maximum flood-
ing interval. This approach is closer to the genetic stratigraphy
of Galloway (1989).

The main features of low-frequency sequences in the Bilina
system can be summarized as follows: early transgressive sys-
tems tract (TST) is characterized by aggradation of delta-plain
deposits, including carbonaceous muds, on top of mouth-bar
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Fig. 8b.
the mouth bars is away from the viewer.)

sands and also on top of distributary channel fills. A lacustrine
flooding surface on top of the delta-plain deposits marks the
onset of lacustrine deposition of late TST; locally it shows signs
of wave reworking of underlying deposits. A maximum flood-
ing interval is characterized by deposition of organic-rich, lam-
inated muds. This interval is overlain by thick deposits of the
regressive systems tract (RST), which is volumetrically more
significant than the TST. because it contains progradational
deltaic clastics characterizing the period of increasing ratio be-
tween the rate of deposition and rate of accommodation increase.

In the uppermost parts of the Bilina section. where proxi-

lagustrine clays

floading surface

s " pre ng‘naz-u‘r;:ﬁr\s'n
/\-k/\’\/ﬁ’ =

R

10m

Compressional structures on the periphery of the delta body affected by growth faulting. (Direction of progradation of

mal facies prevail, several sequences may be amalgamated in a
complex of palacosols, channel fills and thin mouth bars, These
sequences would have been deposited to the west of the Bilina
region, which was characterized by bypass of sediment over
the filled sub-basin during their deposition. During high rela-
tive lake-level intervals, lacustrine facies were never deposited
here and carbonaceous muds interbedded with the palacosols
may represent proximal expression of maximum flooding in-
tervals (cf. Flint et al. 1993).

The influence of compaction on the geometry of the se-
quences is expressed in the lateral migration of the sequences

aggrading lopsets. active
subagqueous delia plain

NN

= W
2m
— rapid RLL rise RLL fait slow RLL rise RLL stilistand RLL fall slow RLL rise
(pregradation +aggradation (progradation +aggradation)
recorded In offfap break migration)
- relalive lake leve! (RLL) through time
direction
direction of B
lake level — ogradation
lakelevel ¢ "
lake fevel

Fig. 9. Cross-section ofa part of a subdelta showing reactions of a Gilbert-type mouth bar to a series of relative lake-level changes
during progradation, Inset: types of response of mouth bars to relative lake-level changes.
A — progradational pattern of a mouth bar during stable lake level; B — reaction of a mouth bar to a relative lake-level fall
(forced regression): C — progradational pattern of a mouth bar during a relative lake-level rise — rate of sediment input is
higher than rate of relative lake-level rise, which results in topset aggradation coeval with progradation; D —rate of relative
lake-level rise was significantly higher than rate of sediment input — the upper mouth bar formed after subsequent stabili-

zation of lake level.
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in the Bilina section. Fig. 3a clearly shows that the younger
deltaic bodies successively onlap on the seam, in northern di-
rection, where unused compaction potential still existed. This
pattern is marked by the beds of dark lacustrine clays, interpret-
ed as maximum floeding intervals. During periods of high rel-
ative lake level, the mire was flooded over a larger area than
represented in the Bilina Mine, and the dark lacustrine clays
are traceable into clayey interbeds in the uppermost part of the
seam (Dvordk and Mach 2000). We infer that the low-frequen-
cy relative lake-level changes resulted from the interplay be-
tween tectonic subsidence and climatic events: compactional
subsidence acted against any potential rapid falls in relative lake
level. Dvordk and Mach (2000) suggest that the fluctuations in
clastic input may have controlled much of the accommodation
fluctuations by changing the rate of loading of the compactible
substrate.

The drowning event which marks the termination of depo-
sition in the Bilina Delta and is marked by the onset of deposi-
tion of the Libkovice Member lacustrine clays, occurred ap-
proximately during the same time as the onset of deposition of
the Cypris mudstones in the Sokolov and Cheb Basins, and we
tentatively interpret it as caused by increase in subsidence rate
in the whole Eger Graben system. In the uppermost parts of the
Bilina Mine. a succession of thin, wide, Gilbert-type mouth bars,
arranged in a retrogradational stacking pattern, is interpreted as
a low-frequency transgressive systems tract of another sequence,
corresponding to the Libkovice Member. These clastic wedges
recorded the last phases of deltaic deposition in this area, be-
fore the rate of relative lake-level rise prevailed over the rate of
sediment input.

surface

mouth bar

S ——
==
e
=

= ____ fioodin

emerged delta plain

Gilbert-type mouth bars

Gilbert-type mouth bars

2. High-frequency relative lake-level changes can be recog-
nized in the internal geometries and stacking patterns of indi-
vidual mouth bars, which were sensitive recorders of small-
scale, short-term changes in accommodation. We infer that a
major control on the high-frequency sequences was represent-
ed by climatically induced changes in lake level. because the
deposition of individual mouth bars in depth of less than 5 m
probably occurred at time scales of tens to hundreds of years.
Rapid compactional subsidence and tectonic effects modified
the geometries of the mouth bars. Relatively slow changes in
accommodation (relative to the rate of deposition) were record-
ed as changes in the progradation vs. aggradation rates, ex-
pressed mostly as changes in topset thickness and position of
the offlap break (Fig. 9). More rapid changes in relative lake
level caused formation of flooding surfaces on top of drowned
mouth-bar bodies and delta-plain deposits in case of lacustrine
transgression, or deposition of foresets capped by a bypass or
erosional surface, interpreted as a result of forced regression.
Geometric relationships between individual Gilbert-type
mouth bars reveal subtle but important reactions of the mouth
bars to changes in the basin-floor behaviour. Figure 10 shows
that a succession of mouth bars near the Bilina Fault was af-
fected by syndepositional tilting, unrelated to compaction, which
is detected from uniform tilting of the flooding surfaces in the
earlier mouth bars (left-hand side of the figure). The deposition
of a new mouth bar, following the tilting episode, took place on
the northern side of the older mouth bar. with more compact-
ible substrate available. The loading then caused partial defor-
mation of the new mouth bar, as well as further tilting of the
adjacent part of the older mouth bar. A number of successions
like this occur within a c. 400 m wide interval to the north of
the Bilina Fault and suggest that propagation of an extensional
fault in the subsurface — possibly a precursor of the present-day

erent slopes of individual delta bodies (best shown by the flooding surfaces covering the topsets,

comments in text.
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Bilina Fault — caused northward tilting of the basement prior to
brittle failure and subsidence of the hangingwall (cf. Gupta et
al. 1999). The syndepositional tilt of the basement near the Bilina
Faultis also implied by the systematic northward shift of large-
scale deltaic bodies throughout the section.

Another important feature in the high-frequency sequences
is related to the syndepositional subsidence in the hangingwalls
of growth faults. Rotation of the hangingwall block on the lis-
tric fault plane causes not only an increase in thickness of a
mouth bar towards the fault. but can also lead to temporary
flooding if the subsidence along the fault is too rapid for the
mouth bar to remain at the water level. At several locations, we
observed amalgamation of flooding surfaces toward the apex
of the rollover antiform. This shows that flooding surfaces can
form purely by rapid subsidence above a growth fault. Vertical
repetition of such surfaces within a stack of mouth bars sug-
gests an episodic nature of the movement along the faults, which
was probably driven, or at least influenced. by the rate of load-
ing. Therefore, we infer that, as in the case of the low-frequen-
cy sequences, an increase in the rate of sediment input caused,
paradoxically, a penecontemporaneous increase in accommo-
dation.
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DAY 2
Introduction:

Recent research in the central part of the Krus$né hory Mits.
(Fig. 1) has radically changed the view on tectonic and meta-
morphic evolution of this arca. Previous studies were focused
on lithostratigraphic subdivision of this metamorphic complex
but did not consider some important tectonometamorphic phe-
nomena, Metamorphic zoning from the core of the Krusné hory
Mts. towards the Paleozoic cover in the west is interrupted by
the occurrence of large bodies of eclogite-facies rocks. Eclog-
ites are surrounded by coarse- and fine-grained orthogneisses
and several types of metasediments which form the four main
structures of this area — the Klinovee anticline, the Médénee
anticline. the Médénec syncline and the Oberwiesenthal struc-
ture (Fig. 2).

In the German part of the Kruné hory Mts., Willner et al.
(1994) have proposed three major high-pressure (HP) units with
decreasing metamorphic grade from the lowermost to the up-
permost unit, Krohe (1996) interpreted this feature as a result
of ductile extension during exhumation of the thickened
Saxothuringian demain.

Our interpretation of the Czech part of the central Krusné
hory Mts. will be demonstrated during the excursion. Lack of
extensional structures in the studied area suggests that succes-
sive structural evolution is the result of compressional regimes
acting in different orientations during the Variscan collision.
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micaschist
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Fig. 1. Simplified geological map of the central part of the Krugné hory Mis.
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Fig. 2. Simplified geological map of the area studied. The left

Stop 1

inset represents lithotectonic column of the studied area.

Cross-section from the basement to the core of the

Medénec synform

Jifi KONOPASEK and Karel SCHULMANN

The Médénec synformal structure is developed north of the vil-
lage of Médénec and represents a key area for the interpretation
of structural evolution of the central Krugné hory Mts. between
Jachymov and Prise¢nice.

In the Médénece synform. the main metamorphic foliation
in all present rock types except eclogites appears to be the re-
sult of top-to-the-west oriented thrusting. This interpretation is

supported by both the E-W- to ESE-WN W-oriented L, stretch-
ing lineation and the presence of the SC fabrics in coarse-grained
orthogneisses. Gently dipping D2 fabric can be observed more
or less in its original position being only slightly affected by
late F, folding resulting in synformal shape of the structure
(Fig. 3).

1
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Fig. 3. Cross-section of the Médénec synform and adjacent area with the D2-D3 structural data represented by the lower-hemi-
sphere equal-area projection. Data are contoured at 1x uniform distribution. See Fig. 2 for the position of the cross-section

and key to patterns of the rock types.
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Stop 1a

Plagioclase schists appear in structurally lowermost position
of the section and represent the typical rock type of the Krugné
hory Mts. autochthon. The rock itself is composed mainly of
Ms + Bt + Chl + Qtz matrix with large plagioclase porphyro-
blasts (Fig. 4) and shows complicated polymetamorphic histo-
ry. Samples from several localities bear those mineral assem-
blages which are enveloped in plagioclase porphyroblasts of
typical plagioclase schists. The estimated metamorphic condi-
tions of 600 °C and 14.5 kbar (Fig. 5) suggest that these sam-
ples represent the near-peak pressure stage and the assemblage
corresponds to the PT conditions during main collisional event.

e

Fi. 4. Photomicrograph showing plagioclase porphyroblast in
the matrix of typical plagioclase schists (from Konopa-
sek 1998).
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Fig. 5. PT estimates for the peak-pressure conditions in the basement metasediments (from Konopasek 1998).

Stop 1b

Garnetiferous (Médénec) micaschists appear as a distinct layer  porphyroblasts. Kyanite was observed in cores of garnet por-
rimming the main orthogneiss body of the Médénec synform.  phyroblasts. being stable with numerous crystals of chloritoid
North of the village of Mé&d&nec, garnetiferous micaschists are  (Fig. 6). This assemblage yielded PT conditions of 580 °C at
spatially associated with bodies of mafic eclogites. Micaschist ~ 14—15 kbar (Fig. 7) indicating that garnetiferous micaschists
itself consists of Ms + Pg + Ky + Qtz bearing matrix with Grt  are not of the same facies as mafic eclogites.
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Fig. 6. Photomicrograph showing mineral assemblage Cld +
Ky enveloped in a garnet porphyroblast from garnetif-
erous micaschist (from Konopasek in print).

Stop 1c

P (kbar)

T(eC)
Fig. 7. PT data obtained from garnetiferous micas(chists are
marked by solid lines in calculated PT grid. The PT box
(No.1) was established on the basis of composition of
chloritoid (X, = 0.07} in the assemblage Gri-Cld-Ky,
observed in the Médénec micaschists.

Fine-grained orthogneisses, augen orthogneisses and meta-
granites represent the core of the Médénec synform. Stable
mineral assemblage is represented by Ksp + Plg + Qtz + Ms +
Bt. Kinematic indicators as the SC fabric and shear bands show
consistent top-to-the-west oriented sense of movement (Fig. 8).

Fig. 8. Asymmetric SC fabric in porphyritic orthogneiss. This
fabric originated during the D2 deformation and sug-
gests top-to-the-west oriented sense of movement.

Summary of Stop 1

The Médénec synformal structure clearly shows that mafic eclog-
ites appear at the base of the orthogneiss body. There is a clear
jump in metamorphic conditions between mafic eclogites (25—
26 kbar and 650-700 °C, Klapova et al. 1998, Yaxley and
Klapovd 1999) and basement metasediments (14.5 kbar and
600 °C — Konopasek 1998) on one side and between eclogites
and orthogneisses (no PT data but stable plagioclase) on the
other side. Thus, the presence of eclogites suggests a major tec-
tonic boundary between the orthogneiss body and plagioclase
schists, along which the eclogites appeared in the middle crust.
This is major evidence that orthogneisses represent an alloch-
thonous body which was thrust over the Saxothuringian sedi-

ments. This allochthonous body will be further described as the
Lower crystalline nappe. PT conditions of the thrusting are
recorded in plagioclase schists as well as garnetiferous mic-
aschists. The thrusting was oriented to the west, as indicated by
the L, lineation and kinematic indicators in orthogneisses. This
is consistent with structures observed in other parts of the Krusné
hory Mits. (e.g., Ml¢och and Schulmann 1992).

Late F, folding resulted in the development of kilometer-
scale open folds (basins and domes) of synformal and antifor-
mal shapes. This geometry seems to be determining further be-
havior of the nappe sequence during the D3 event.
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Stop 2

D1 and D2 structures in eclogites — Meluzina

Jifif KONOPASEK, Karel SCHULMANN and Helena KLAPOVA

The base of the Lower crystalline nappe is characterized by the
presence of numerous bodies of mafic eclogites. Most of them
are chemically comparable to tholeiitic oceanic basalts (MORB),
some correspond to the high-alumina basalts or gabbros. Eclog-
ite facies metamorphism was interpreted by Klapové et al. (1998)
as a result of subduction of the Saxothuringian oceanic crust
prior to continental collision.

Metamorphic conditions

Primary eclogite-facies mineral assemblage consists main-
ly of omphacite (30-50 vol.%, Jd content betw. 35-52 %) and
garnet (15-50 vol.%): less abundant phases are amphiboles,
white mica, quartz, zoisite and rutile: Eclogite facies metamor-
phic conditions of 650-700 °C at 25-26 kbar (Kldpova et al,
1998) were estimated using the Grt—Cpx thermometer and the
Gri—Cpx—Phe barometer.

Structures

Most of the eclogite-facies rocks in the central part of the
Krusné hory Mts. show well-developed metamorphic foliation
and strong mineral lineation. These structures are characterized
by alternation of omphacite- and garnet-rich bands. as well as
by preferred orientation of omphacites, and have developed
during HP-MT metamorphic event. As the above described
structures formed at P'T" conditions markedly different from those
observed in surrounding rocks, these structures are attributed
to the D1 stage of deformation (Fig. 9). The S, foliation dips
steeply S to SW, whereas the L, lineation plunges consistently
west at moderate to steep angles.

Brittle-ductile to brittle structures developed during the
emplacement of the Lower crystalline nappe. They are repre-
sented mainly by asymmetrical intrafoliation boudinage, shear
bands and brittle cracks. All these structures are filled by Qtz
with Rt + Amp. Moreover, the emplacement of eclogites in the
middle crust is associated with their hydration, This is indicat-

Summary of Stop 2

¢d by numerous crystals of amphiboles poikilitically overgrow-
ing Cpx + Grt foliation. These structures are ascribed to the D2
phase of deformation (Fig. 9).

Losey -5 M

Sasg- 21 M

Fig. 9. A block diagram showing the D1 and D2 structures in
eclogites, i.e. eclogitic foliation, asymmetrical foliation
boudinage and oriented growth of minerals in neck
zones. Orientation diagrams: L1 = mineral and stretch-
ing lineation; S1 = poles to eclogitic foliation: S2(SB)
= poles to shear bands: L2(SB) = lineation on shear
bands. Lower hemisphere equal-area projection (from
Klapova et al. 1998).

Mafic eclogites in the central part of the Kru$né hory Mts. clearly
show that structures characterized by preferred orientation of
omphacites and by metamorphic layering have formed under
different metamorphic conditions than carly structures of sur-
rounding acid rocks. This fully justifies their classification as
the D1 structures.

Dating of this HP event was performed on eclogites from
the German part of the Krusné hory Mts. by Schmidicke et al.
(1995) and by von Quadt and Gebauer (1998). Schmidicke et
al. (1995) obtained Sm-Nd (Grt—WR) ages of 333 + 6 and 337
+ 5 Ma and Sm—Nd (Grt-Cpx—~WR) age of 360 + 7 Ma. On the
other hand. von Quadt and Gebauer (1998) were able to extract

zircons from some mafic eclogites and provided **Pb/**U mean
SHRIMP age of 490 = 14 Ma for the protolith formation and
conventional U—Pb single zircon age of 342.5 + 1.6 Ma reflect-
ing the time of the HP metamorphism.

D2 structures, such as intrafoliation boudinage and shear
bands, as well as the appearance of amphiboles are interpreted
as the result of deformation under middle-crustal conditions.
The peak pressure conditions of 14.5 kbar in surrounding
metapelites correspond well to the fact that eclogitic assem-
blage was still stable during the initial stages of hydration as
recorded by random growth of amphiboles within stable Gri—
Cpx matrix.
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Stop 3

Refolding of a nappe sequence during the D3 deformation

Jiri KONOPASEK and Karel SCHULMANN
Stop 3a

Augen orthogneisses of the Klinovec antiform represent the
Lower crystalline nappe refolded during the D3 deformation.
The 8, , foliation is characterized by quartz and plagioclase rib-
bons. ThL E-W-trending, gently plunging lineation is charac-
terized by stretching of mineral aggregates on the foliation plane
(see Fig. 10 for orientation of the D3 structures). The the S,
foliation strikes E—W and dips steeply S. This orientation sug-
gesls that the original D2 fabric is refolded by D3 compression-

al deformation resulting in steepening and rotation of the S,
foliation. Principal compression during the D3 phase was act-
ing N-§ as documented by the orientation of the S, _ foliation
in the Klinovec antiform. Numerous F, folds with stc‘.p axial
planes and subhorizontal axes in the haﬁemmt metasediments
support this interpretation.

The orientation of lineation is very important for the inter-
pretation of the course of the D3 folding. Fig. 11 shows the

4 4

Vertical exaggeration 1.25x

= Stretching and mireral Lp 3 ingation
{+} Poles o metamorphic Sp.3 foliation

‘ Pekeiskj potok

Klinovec antiform

Fig. 10.  Cross-section of the Klinovec antiform with D2-D3 structural data represented by the lower-hemisphere equal-area

projection. Data are contoured at Ix uniform distribution. See Fig. 2 for the position of the cross-section and key to
patterns of the rock types.

Early D2

(e.g. Ml&och and Schulmann, 1992)

Late D2

(after late Fp folding)

D3

(after the F3 folding)

N

Expected lineation after
passive rotation of the Ly

Late L2 (e.g. the M&dénec synform)

Observed lineation in the Médénec

and the Klinovec antiforms

Succession of the lower-hemisphere equal-arca projections schematically illustrates the expected evolution of the
orientation of L, lineation during D2-D3. Early L, lineation trends E-W and is subhorizontal. After late D2 deforma-
tion, L, lineation does not change the orientation, but becomes steeper due to the development of large-scale, late F
folds. The successive I, folding changes the orientation of steep S, foliation, and steep L, lineation should rotate mtu
N-S direction with qleep plunge. However, in the D3 structures (Médénec and Klmovu antiforms) the lineation
always trends E-W and is mostly subhorizontal. This orientation suggests that in the D3 structures we are dealing with
newly developed L, lineation.

Fig. 11.
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rotation of originally gently plunging, E-W trending L, linea-
tion. It demonstrates that passive rotation of early L, lineation
during late F, folding and subsequent F_ folding will result in
subvertical lineation. However, we consistently observe linca-
tion trending E-W and gently plunging to the west in orthog-

Stop 3b

neisses of the Klinovec antiform. Provided that our interpreta-
tion of the Klinovec antiform is correet, this observation sug-
gests complete reworking of the L, fabric during the D3 phase
and thus E-W-oriented principal extension during the D3 phase.

Plagioclase schists in the southern limb of the Klinovec anti-
form show the same mineralogy as those from the Méd&nec

Stop 3¢

synform. The only difference is the presence of subvertical pla-
nar fabric herein interpreted as the S, foliation.

Garnetiferous (Srni) micaschists represent the basal sequence
ofthe Lower crystalline nappe. as it is in the case in the Médénec
synform. However, mineral assemblages in samples from this
locality differ from those in samples from locality 1b. Garnet
porphyroblasts envelope mineral assemblage Cld + Chl I, where-
as matrix consists of Cld + Chl IT + Ms + Qtz. The difference in
mineral assemblages between micaschists from this locality and
locality 1b is attributed to the difference in the whole-rock com-
position (Fig. 12). As the micaschists from this locality contain
more MgO. crystallization of kyanite is not possible and the
two-phase assemblage Grt + Cld remains stable in the matrix.
The appearance of Chl I1is attributed to retrogression. Garne-
tiferous micaschists of the southern limb of the Klinovec anti-
form intercalate with a layer of amphibolites. These amphibo-
lites contain mineral assemblage Grt+ PI+Amp + Ep and show
no evidence of eclogite-facies overprint.

At this locality, compressional F, kink-band folds rework
the subvertical S, foliation (Fig. 13). F, kink-band folds have
subhorizontal axial planes and axes gently plunging to the west.
These structures are ubiquitous in these parts of the study area

Fig. 12.

where steep foliation was produced by the D3 compression. In
orthogneisses with subvertical foliation, the D4 occurs in the
form of discrete shear planes crosscutting the metamorphic fo-
liation at high angles. Two conjugate sets of the F, kink-band
folds were observed at many localities, allowing the determina-
tion of principal stresses during their formation. These struc-
tures suggest that the orientation of principal compression dur-
ing the D4 phase was subvertical and principal extension was
oriented N=S.

F M
/ / 7 7 \

garnet - core matrix >

increasing temperature

Phase topology in the AFM system. The full black square corresponds to the assumed whole-rock composition of the

Médénec micaschists, the blank black square corresponds to the assumed whole-rock composition of the Srni mic-
aschists. Internal triangles show changes in composition of the three-phase assemblages (garnet—chloritoid—chlorite
and garnet—chloritoid—kyanite) observed between cores of garnet porphyroblasts and the matrix. a) Phase topology
corresponding to the mineral assemblage observed in garnet cores in the Médénec micaschists. The same continuous
reaction (reaction (1)) is considered to be responsible for initial growth of garnet in the Srnf micaschists. b) and ¢)
Phase topologies corresponding to the assemblage of the intermediate zone of garnet porphroblasts in the Médénec
micaschists. and the assemblage at rims of garnet porphyroblasts in the Srni micaschists (continuous reaction (1) is
alternating with continuous reaction (2) in the Médénec micaschists; in the Srni micaschists, garnet still grows by
continuous reaction (1)). d) Phase topology observed in the matrix of both the M&dénec micaschists (all chloritoid
consumed by reaction (2)) and of the Srni micaschists (all chlorite consumed by reaction (1)).
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Structural map of the studied area [

(D4 structures)

2)

3)
4

Fig. 13.

Great circle of the 52-S3
foliation

Great circle of the observed
84 kink plane

Field of principal compression
Field of principal extension

Structural map of the study area showing D3 and D4 monoclinal and conjugate systems of kink bands. Orientation of
the kink bands is presented in the lower-hemisphere equal-area projection together with the orientation of the S,-S,
foliation (see upper left inset for principal fabric elements). For each locality (numbered in or above each projection),
all measured kink bands and foliations were averaged and presented as a mean value. Estimated s and s, directions are
shown for localities with developed conjugate system of kink bands. The equal-area projection on the right of the
figure represents poles to brittle-ductile, late D4 shear bands in orthogneisses and micaschists.

Summary of Stop 3

In the southern part of the study area, the thrust-related D2 fab- Subsequent D4 structures appear in rocks with subvertical
ric is completely reworked by the D3 deformation. Main com- S, _ foliation and are consistent with vertical orientation ol the
pression changes from the E-W during the D2 into the N-S  principal compression. This change in the principal stress ori-
during the D3. Large-scale F, folds developed (Klinovec and  entation is interpreted as a result of disappearance of horizontal
Médénec antiforms) in response to the D3 deformation. F_fold- D3 compression and increasing role of the overburden during
ing is associated with complete reworking of mineral lineation  uplift of the whole thickened rock sequence.

of orthogneisses suggesting E-W-oriented principal extension

during the D3 event.
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Stop 4

Kadarn dam — the Upper crystalline nappe

Simona KRALICKOVA, Jifi KONOPASEK and Karel SCHULMANN

A metamorphic unit exposed in the Ohfe River valley in the
footwall of the Tertiary volcanites is composed mainly of HT
orthogneisses, granulites and granulitic gneisses. In the present
interpretation of large-scale units of the Bohemian Massif, this
so-called Eger crystalline unit represents the easternmost part
of the Saxothuringian domain. Kotkova (1993) studied meta-
morphic conditions of granulites and the PT estimates for the
peak-pressure stage are in the range of 700-800 °C at 15-18
kbar. Metamorphic age of 342 £ 5 Ma for this HP event was
derived from metamorphic zircons by Kotkova et al. (1996).

Mineral assemblage of the HT orthogneisses is Ksp + Plg +
Qtz + Bt + Grt = Ms & Ky, Muscovite-free, kyanite-bearing
orthogneisses show the same mineralogy as acid granulites ex-
posed in this unit. Microstrucutral characteristics of the othog-
neiss change even at the scale of the outcrop suggesting an im-
portant role of deformation and water availability during meta-
morphic processes.

A similar unitappears in the German part of the cental Krug-
né hory Mts. (Z5blitz granulites and granulitic gneisses). Here.
Willner et al. (1997) studied metamorphic evolution of granu-
litic rocks and their PT estimates (830 °C at 21 kbar) roughly
agree with those derived by Kotkova (1993) from the Eger gran-
ulites. Moreover, *"Pb/*"Pb zircon ages of 341-342 £ (.5 Ma
from these granulites correspond with those derived by Kotk-
ovd etal. (1996) from the Eger granulites. We therefore suggest

. Saxothuringian eclogites

PT data after Schmiidicke et al. (1992)
and Klapova et al. (1998)

Metamorphic age after Schmidicke et al. (1995) 25

3
I

Saxothuringian and Ohfe granulites

PT data after Willner et al. (1997)
and Kotkova (1993)

Metamorphic age after Kréner and Willner (1998)

Saxothuringian autochthonous rocks

PT data after Rétzler et al. (1998)
Konopasek (1998)
Holub and Soucek (1992)

P(kbar)

that HT orthogneisses intercalated with acid granulites repre-
sent an another nappe body thrust over both the basement
metasediments and the Lower crystalline nappe. Consequently.
the Eger crystalline unit will be further termed the Upper crys-
talline nappe.

Microstructural evolution

Four stages of metamorphic evolution of HT orthogneisses
can be distinguished at this locality: 1) coarse-grained augen
orthogneiss, 2) banded anatectic orthogneiss. 3) fine-grained
migmatitic gneiss and 4) granulitic gneiss.

Coarsc-grained augen orthogneiss is composed of monom-
ineralic polycrystalline layers of equigranular Plg and Kfs grains
meeting at triple points. and mica-bearing domains separating
these layers from less deformed quartz lenses. Subsequent stage
of microstructural evolution is characterized by lining of K-
feldspar boundaries by quartz. Quartz films grow and, together
with plagioclase, progressively destroy monomineralic K-feld-
spar aggregates. The resulting texture is characterized by polym-
ineral aggregates separated by discontinuous domains ol mica
and abundant crystals of garnet. Last stage is characterized by
completely recrystallized fine-grained omnidirectional granu-
litic structure with abundant garnet porphyroblasts. Lower
amount of biotite relative to other rock types is typical for this

stage.

Fig. 14.
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Summary of PT data shows that the Saxothuringian eclogites and granulites of the Upper crystalline nappe have

formed at the same time, but under contrasting thermal gradients.
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Structures

In our interpretation, the main metamorphic foliation is
termed S,. The reason for this is its subvertical orientation and
E~W strike, which is consistent with the S, foliation in the base-
ment and the Lower crystalline nappe. The 8, foliation is char-
acterized by ribbons of completely recrystallized K-feldspar.
plagioclase and quartz. However, the feldspar ribbons are not
monomineralic — the reason is explained in the section on mi-
crostructures. The L, lineation does not show uniform orienta-
tion suggesting extreme ductility of the rock during the D3 de-
formation.

The D3 fabric is further refolded by the D4 deformation.
The D4 deformation produced F, folds with flat or westerly dip-
ping axial planes and axes gently plunging to the west. The
orientation of the F, folds suggests vertical shortening which is
in accord with the orientation of principal stresses during the
D4 in the basement metasediments and orthogneisses of the
Lower crystalline nappe.

Conclusions

The excursion has demonstrated that there are two crystal-
line nappes overlying the Saxothuringian metasedimentary base-
ment. The D1 structures are present exclusively in eclogites and
cannot be correlated with early structures in the surrounding
rocks. The D2 structures are associated with westward thrust-
ing of allochthonous units and represented by main metamor-
phic foliation in all non-eclogitic lithologies. The geometry of
the D3 structures suggests significant compressional event with
principal compression acting in N-S direction. Final brittle-
ductile D4 structures suggest an increasing role of the overbur-
den during late stages of exhumation. The D1-D3 structures in
the study area are compressional and exclude significant con-
tribution of ductile extension to exhumation of the Saxothurin-
gian middle crust.

A question arises whether both crystalline nappes belong to
the Saxothuringian domain as it is generally accepted. Acid gran-
ulites and eclogites yielded the same zircon metamorphic age
0f 342 Ma. However, these rocks formed under completely dif-
ferent thermal conditions (Fig. 14). This observation suggests
that whereas eclogites are interpreted as subducted Saxothurin-
gian oceanic crust, granulites and orthogneisses of the Upper
crystalline nappe formed in a domain with higher thermal gra-
dient. PT conditions of the Lower crystalline nappe are not
known, but the presence of eclogites at its base suggests that
they cannot be derived from the Saxothuringian domain as the
so-called “basement-derived nappe”. Therefore, we are of the
opinion that the eastern boundary of the Saxothuringian do-
main in the central part of the Krudné hory Mis. lies between
the basement plagioclase schists and the Lower crystalline nappe.
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