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Discrimination between facies and global controls |
in isotope composition of carbonates: carbon and oxygen isotopes
at the Devonian reef margin in Moravia (HV-105 Kitiny borehole)

Rozliseni facialnich a globalnich vlivii v izotopovém sloZeni karbonati:
izotopy uhliku a kysliku na ¢elnim okraji devonského vitesového komplexu
na Moravé (vrt Kitiny HV-105) (Czech summary)

(7 text-figs.)
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Relations among the isotope ratios, chemical composition, sedimentological features, eustatic fluctuations and diagenctical history have
been documented from the reef/basin transition in the Moravian Karst (Kftiny HV-105 borehole). The 8'2C and §'®0 values of the Late
Devonian limestones are within the ranges for the Late Devonian marine sedimentary environment. Nevertheless, the originally diverse
isotopic compositions of the fossils and other rock components were changed in closed marine pore-water/rock systems, under conditi-
ons of rapidly decreased permeability. In the studied sequence §'*C values of 2 to 2.5 % are characteristic for bicherms, parts of the fo-
re-reef to off-reef slope, and off-shore lagoons. The §'3C values close to 0 % are characteristic for shallow back-reef. The low §'3C va-
lues of reef margin developed during the occasional emergence of this facies, A significant anomaly in §'3C values (up to +5.5 %o) has
been documented at the transition between the proximal and distal forereef in the Pa. fransitans Zone of the Early Frasnian, just before
the maximum sea-level rise. This unusual positive excursion of the 8'3C values does not correspond to the global-event anomalies. The
existence of this anomaly on the slope of the Moravian Karst is tentatively explained by a local III*“-category upwelling, a result of the
diversion of the deeper contour and shallower wind-driven currents away from the shore. This anomaly corroborates the hypothesis of a
strong facies control of the '?C content in carbonates.

Key words: Late Devonian, carbon and oxygen isotopes, geochemistry, diagenesis, sedimentary environment, sea-level changes, conodont
stratigraphy, sequence stratigraphy, reef complexes, Moravia

The full-cored water-survey well HV-105 was drilled
on the eastern margin of the Moravian Karst, 0.6 km
SE of the Kitiny Church (Taraba 1976). Depth of the
borehole was 0.5 km. Position of this borehole within
the almost tectonically undisturbed reef/basin transi-
tion enabled us to find larger spectrum of the facies
than on the platform (Hladil 1983, Dvofak et al.
1984). We assume that the diversity of facies on this
transition yields better chance for the discrimination
between the global and local controls in the isotope
composition.

The Late Devonian carbonates of the HV-105 bore-
hole were deposited on the margin of carbonate plat-
forms which rimmed the Laurussia continent on the
southeast. The palaeomagnetic estimates of palaeolati-
tudes are 14 to 12° South (Krs et al. 1995). The sedi-
ments of the platforms are mostly dark-grey with an
unusually high amount of micrite which was massive-
ly precipitated by blue-green algae. These features cor-
respond to very hot climate. Two features are typical
for the late diagenesis of the rocks: a uniform fine rec-
rystallisation of the rock and the high maximum tem-
peratures of about 350 °C (CAI - changes of colour of
conodonts, organic matter and magnetomineralogy;
Krs et al. 1995). The both features indicate the deep
burial conditions under the load of Culm formations
and nappe stacks.

HV-105 Kitiny well: reviewed and updated outline
of the drilled sedimentary sequences

Below several meters of Quaternary river sediment (0-
11.5 m), first 60 m of hard-rock was drilled in siliciclastics
of the Viséan Culm facies. Lack of erosion bed or pebbly
accumulations characterises the base of the Culm in this
section. Scattered turbidite banks consist of medium- to fi-
ne-grained, quartz-rich graywacke which contrasts with
the prevailing silty-clayey sediments. Dark, fine-lamina-
ted siltstone of distal turbidite origin dominates and its cal-
culated.Al>03/Na>O ratio is low (<14; see Dvoiak et al.
1984). The lowermost 10 m of the Viséan siliciclastic for-
mation strongly differ from the overlying diastrophic and
highstand sedimentation by the presence of oxygenated
organic matter and iron. This basal layer consists of well-
matured, silty and sandy shale which displays a very high
Al>03/Nax 0 ratio (>128; Dvofék et al. 1984). This depo-
sitional period has been correlated with the late
Tournaissian/early Viséan lowstand when big karstified is-
lands were rounded by marshes with dense vegetation.
Estimates of the age are based on the palacontological cor-
relation with the entire region of the Moravian Karst
(Lower/Middle Viséan trilobites, and Sc. anchoralis cono-
donts of terminating Tournaissian; I. Chlup4¢, Z. Krej¥i -
personal communication 1995). No age determination
from the drilled core is available.
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In contrast, the uppermost parts of the drilled carbona-
te complex consist of offshore sediments: an upward thin-
ning and fining sequence consists of calciturbidites and
nodular limestones. Debris-flows with phosphate cherts
are within the uppermost part of the sequence (Fig. 1).
Major debris-flows have been correlated with the late
Middle Tournaissian. Another level is embedded in late
Pa. marginifera nodular limestone, cf. Habriivka site in
the neighbourhood, but this level has been weakly docu-
mented in the drilled section. This non-reef limestone for-
mation ranges from Tournaisian down to the Famennian,
its base is marked by a thin layer with Pa. rhomboidea co-
nodont fauna (the Devonian-Carboniferous boundary is at
88.8 m; the base of the formation at 144.6 m). An increa-
sed rate of the calciturbidite deposition was documented
in Pa. marginifera Zone (130.0-143.0 m) where the limes-
tone banks alternate the clayey layers; the clayey and silty
material displays moderately high Al203/NasO ratios
(>50; Dvorék et al. 1984). Upwelling of deep oceanic wa-
ter associated with oversaturation in abiotic nutrients can
explain the depletion of the benthos up to the proximal
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Fig. 1. Isotope samples from the Kftiny HV-105 borehole:
depth in the borehole, facies and their age

Symbols for the samples (main carbonate facies): | - nodu-
lar limestone; 2 - reef cap (left), reef margin (right); 3 - fo-
re reef (left), back reef (right). Formal lithostratigraphic
units (drilled section): 4 - Protivanov Formation, Rozstani
Member; 5 - Moravsky Beroun Formation, Bfezina Shale;
6 - Moravsky Beroun Formation, Hosténice Breccia; 7 -
LiSeii Formation, Kitiny Limestone; 8, 9 and 11 - Macocha
Formation, Vilémovice Limestone; 10 - Macocha
Formation, Vintoky Member; [2 and 13 - Macocha
Formation, LaZinky Limestone. Lithology and age: 4 - sil-
ty shale with graywacke (diastrophic sedimentation, Late
Viséan); 5 - carbonaceous silty red shale (mature sediment,
latest Tournaissian - Early/Middle Viséan; 6 - carbonate
breccia (Tournaissian); 7 - lime mudstone cover of the ex-
tinct reef (Late Famennian - Tournaisian); 8 - carbonate
ramp, packstone/grainstone and rudstone/bindstone (Early
Famennian); 9 - reef cap, boundstone/biocementstone and
rudstone (Late Frasnian); 10 - fore reef, off reef, fine grai-
ned calciturbidite banks alternating the clayey sedimentary
background (Middle Frasnian); 11 - cover of drowned reef,
clayey wackestone/packstone with nodular structure (ter-
minating Early Frasnian); 12 - reef margin, boundstone,
chasms and seams filled by rudstone (Early Frasnian); 13 -
back reef, packstone/floatstone and packstone/bafflestone,
mostly Amphipora-beds (beginning Early Frasnian)
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slope. This upwelling probably reflected the low sea-level
of Famennian times when majority of former proximal
carbonate shelves was emerged (mixed ocean water).
Transition to Early Famennian lithological type is recor-
ded within 1.6 m of the drilled core.

The Early Famennian sediments (depth 144.6-159.5 m)
are mostly medium to light-grey tempestites, rarely they
consist of sliding portions of sediments in conditions of pro-
ximal-slope. Some thicker portions were amalgamated, but
the thinner beds in slabs display cross-bedding. Mud-sup-
ported structure of grainstone involves bio- and lithoclasts.
Micritisation, “chalkification” and “tarnish-clouded” altera-
tions on some grains indicate the vadose diagenesis on so-
me rock particles before the final resedimentation. An enor-
mous number of algal and larval spheres are accompanied
by tiny debris of brachiopods, coralline algae, crinoids,
echinoids, a~7 bryozoans. Thick-walled podocopid ostra-
cod shells are abundant. Corals and stromatoporoids are
scattered, usually in fragments; they are starving colonies
with many malformations and injuries caused by transpor-
ted clasts or browsing grazers. This type of sediments ran-
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Fig. 2. Core slabs sampled for isotope
analysis, in detail: relation to the struc-
ture of the rocks. 124.5 m: 1 - zonal ma-
rine cement in open structures among
the nodules washed out from the semi-
lithified sediment (dirty white); 2 - lime-
mud matrix (yellowish grey); 3 - a no-
dule of laminated wackestone (grey); 4 -
a nodule of intraclastic packstone, po-
rous (reddish grey). 140.0 m: 1 - massi-
ve wackestone in a nodule (grey); 2 - li-
me mudstone in matrix (brownish grey);
3 - calcite veins in a fractured nodule
(white). 166.7 m: | - coenosteum of
Actinostroma tabulatum (medium grey);
2 - coenosteum of Stachyodes lagowien-
sis (light grey); 3 - corallum of
Scoliopora denticulata (medium grey);
4 - rock matrix, fine-grained and well-
sorted stachyodid debris (light grey); 5 -
rock matrix, lime mudstone with scatte-
red lithoclastic grains (medium grey); 6
- rock matrix, unsorted debris of diffe-
rent bioclastic compoenents (medium to
light grey); 7 - an ultra-fine carbonate
silt layer, deposited reef milk (medium
grey). 1784 m: 1 - corallum of
Alveolites complanatus (light grey); 2 -
coenosteum of Actinostroma devonense
(medium grey); 3 - corallum of
Scoliopora kaisini (light grey); 4 - coe-
nosteum of Stachyodes regularis (light
grey); 5 - an alga, undetermined (white);
6 - rock matrix, fine-grained, sorted bi-
oclastic grainstone with rounded grains
(light grey). 220.0 m: | - a redeposited
coenosteum fragment of Actinostroma
tabulatum (dark grey); 2 - crinoidal
packstone (medium grey); 3 - lithoclas-
tic packstone, graded bedding (medium
grey); 4 - lime mudstone and wackesto-
ne/microbioclastic calcisiltite (dark to
medium grey). 252.0 m: 1 - a redeposi-
ted head-pebble of Actinostroma tabula-
tum (dark grey). 276.0 m: 1 - fragment
of A. tabulatum, organic matter in den-
sely spaced fractures, slight silicificati-
on (dark grey); 2 - rugose coral
Temnophyllum sp., a fragment (light
grey); 3 - packstone with poorly sorted
bioclasts and lithoclasts (dark grey); 4 - a nodule originated from a layer of massive calcisiltite (dark to medium grey). 334.8 m: 1 - corallum of
Alveolites delhayei (medium to light grey); 2 - fragment of a coenosteum of Hermatostroma sp. (light grey); 3 - clast of formerly semi-solid bioclas-
tic packstone/grainstone, fine and sorted grains (light grey); 4 - rock matrix, grainstone with different kind and size of bioclasts (light grey); 5 - a frag-
ment of rugose coral Thamnophyllum monozonatum (light grey). 342.3 m: 1 - coenosteum of Clathrocoilona sp. (dirty white); 2 - corallum fragments
of Thamnopora beloniensis (white); 3 - top of a cube head of Hermatostroma polymorphum (light grey); 4 - a pencil-like coenosteum of Amphipora
laxeperforata (light grey); 5 - rock matrix, packstone/grainstone (medium to light grey). 379.7 m: 1 - rugose coral Disphyllum regulare (dirty white);
2 - corallum of Alveolites mailleuxi (medium grey); 3 - massive biocementstone (medium grey); 4 - carbonate veins in early fractured rock (dirty whi-
te). 413.0 m: 1 - stem of Amphipora rudis (medium to light grey); 2 - rock matrix, packstone with abundant green-alga tubes, Issinella sp. (dark grey).
434.4 m: 1 - stem of Amphipora pinguis (medium grey); 2 - rock matrix, packstone with lithoclasts and bioclasts, scattered micritised and pyritised
grains (dark grey). 461.4 m: 1 - a distorted coenosteum of Amphipora angusta (medium grey); 2 - rock matrix, bioclastic packstone with debris of amp-
hiporids, algae and gastropods (dark grey); 3 - formerly a semi-solid lithoclast, consisting of poorly washed grainstone with fragments of stromatopo-
roids (medium grey). 494.5 m: | - stem of Amphipora angusta (medium grey); 2 - rock matrix, recrystallised wackestone with scattered algal tubes
(dark grey). 502.3 m: | - stem of Amphipora angusta (medium grey); 2 - rock matrix, packstone with chips of amphiporid tissues and fine debris of
brachiopod shells, numerous solution sutures (dark brownish grey)

ges from the Pa. crepida down to the Late Pa. triangularis  round surfaces and thin intercalations of lags reflect the se-
Zone. The underlying dark interval, between 159.5 and  dimentary condensation. Age of these dark beds corres-
162.3 m, contains a condensed sedimentary record where  ponds to Early Pa. triangularis Z. and particularly to the
increased amount of micrite is typical, but numerous hardg-  Upper Kellwasser Event (cf. McGhee 1986).
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Fig. 3. Conodont zones: comparison of the zones and their application in 1984 and 1996; time assignment of the positive the §'*C anomalies. An app-
roach of the GSA 1990 chronostratigraphy has been used for the time correlation [Ma], see the text

The underlying Late Frasnian sediments are fairly va-
riable both in fabric and composition. They can be exem-
plified by flat mud-mounds with algae, scolioporids and
graciloporids (gentle branched tabulate corals) or by coar-
se pebbly accumulations where multiple brecciation or co-
ral coatings have been documented. Beside the coral bent-
hos, there are also pelagic elements of fauna: orthoconic
cephalopod shells, rare tentaculites, and numerous cono-
donts (besides the index species of the Pa. gigas Z., i.e.
Pa. rhenana age, numerous small elements of Po. cf. web-
bi have been regularly found in the rock - for reference
sampling a well-accessible outcrop in the hillside between
the Kitiny Marble Quarry and Kftiny-Babice-Josefov
junction is recommended where the vegetation has been
recently clear-cut). Some dark beds are interbedding the
light limestone layers from the basinal side. This latest re-
ef member (depth 162.3-214.2 m; Fig. 1) is similar to re-
ef-cap or fore-reef bioherms of the Late Devonian sections
of Roche Miette Mt. in Rocky Mountains of Alberta or
Winterberg Hill in Harz Mountains of Germany. The both
sites display similar composition of the rocks as well as
evolution of the sequence in the terminating reef complex.
This similarity reflect mostly the evolution in eustasy and
global marine environment.

Fore-reef apron- to distal-slope sediments were drilled
between 214.2 and 298.0 m (Fig. 1). This interval of depths
is dominated by calciturbidites, having a bituminous clay-
ey sedimentary background which was only sporadically
influenced by slight contour resedimentation of winnowed

sedimentary particles (low-energy environment). Rhythmic
alternation of dark-grey detritic layers and blackish-grey
shale by 3 to 5 cm prevails (cf. Dvoridk et al. 1984). A de-
creased rate of cementation is indicated by slumping and
convolute deformation structures. Bioturbation is poor or
entirely absent. An overall absence of coral fauna is rarely
interrupted by scattered coral or stromatoporoid heads
(partly silicified pebbles; up to 20 cm in diameter; mostly
Actinostroma devonense). These coral heads were mecha-
nically abraded to a spherical shape and thrown down from
the elevated reef margin. In distal forereef, they represent
uncommon and exotic material.

Although some nodulated interbeds are scattered wit-
hin the above mentioned fore-reef facies (in its uppermost
and lowermost parts, especially), the underlying interval
of the depths 298.0-329.0 m consists almost exclusively of
nodular limestone. The reef-margin onland-climbing tra-
jectory cut the vertical of the well immediately below this
interval (cf. Fig. 1). High abundance of nodular limestones
in neighbourhood of the reel margin assigns them to the
proximal slope of the Frasnian reef complex whereas the
calciturbidites of the overlying sequence belong to the di-
stant part of the slope. The proximal part of the slope was
sparsely grooved but not covered by the transported gra-
vity-flow sediment. The lowermost part of this drilled in-
terval displays numerous wash-out marks and coarse-gra-
in intercalations. The pelagic-shell bioclastic spectrum
was changed by rising number of crushed reefbuilders
(reef apron).
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The underlying reef-margin sediments consist of di-
verse facies (329.0-369.0 m): stromatoporoid-coral fra-
mestone alternates with coral rubble, washed
grainstone/rudstone of sand bars, bindstone with interla-
ced algal-coral coatings, mud-pool sediments, and rudsto-
ne/cement fills of reef caves. However, the reef margin
was not steep or wall-shaped: the gently inclined reef mar-
gin (approximately 3 as documented on the geological
section along the K¥tiny Brook Valley; Hladil 1983) ena-
bled an easy fluctuation of the reef margin forwards and
backwards. The conodont record reaches as deep as the se-
diments of exposed reef-margin occur (334.0 m; Lower
Po. asymmetricus Zone). Lack of conodonts is typical for
the back reef facies in the lowermost third of the drilled
section.

The core below 369.0 m shows exclusively the back-
reefl facies where typical Amphipora-limestone massively
substituted the coral rubble and floatstone beds (cf. Fig.
1). Most of these Early Frasnian Amphipora-banks are
storm-dependent event sequences which have similar stra-
tification as carbonate mudbanks of present South-Florida.
The sediment has dark colour; content of clay and quartz
silt grains is negligible, dolomitisation is absent. The mud-
bank sedimentary environment is documented by weak
abrasion of the Amphipora-stems together with the “in-si-
tu breakdown™ of the algal-stromatoporoid grass carpets
(abundant Issinella segments of thalli).

We can summarise that the HV-105 reached the upper
part of the Devonian carbonate complex of the Moravian

for comparison with conodont zones only

Karst which was an integral part of the vast carbonate plat-
forms on gently inclined southern-Laurussia continental
margins. Dipping towards the axis of the Rhenish-type ba-
sins is assumed (transition reef/basin} and the late stage of
the extension-transtension process is characterised by slow
subsidence of the Brunovistulian crystalline basement.

General eustatic scenario: The tectonically caused
fluctuation in the subsidence of this type had to bias the
sedimentary record which was basically controlled by the
global sea-level changes. These processes are indicated by
differences form other reference curves (Fig. 4).
Unfortunately, the Frasnian transtension (367 to 374 Ma)
has never been modelled in detail. However, the general
sea-level fluctuation pattern (Fig. 4) displays the same fe-
atures as documented in the Australian Canning Basin or
elsewhere in world: i.e., the transgressive onlap of the
reef-margin facies was effective until the Middle Frasnian
Pa. punctata times when an opposite downlap movement
prevailed (cf. Dvofak et al. 1984). The Late Frasnian (Pa.
rhenana) basinward retreating of the reef sediments is pro-
nounced, almost reaching the sea level stands of the earli-
est Frasnian. A subsequent very strong Early Famennian
lowstand was accompanied by the catastrophic impove-
rishment of the reef benthos as reflected also by an extre-
me narrowing of the coral-stromatoporoid carbonate plat-
forms. These platforms were replaced by lime-mud ramps
which were placed mostly on the frontal parts of the ex-
tinct coral banks whereas the back-end of the extinct
banks was emerged.
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Conodont stratigraphy of the HV-105: object of revision

The first evaluation of conodonts was carried out by O.
Fridkova (in Dvofik et al. 1984). Of course, these deter-
minations of the species, zonal assemblages and the zones
themselves were carried out according to knowledge
which was valid twelve years ago (cf. Figs. 1 and 3). Since
the current standard conodont zonation differs from the
previous, the conodont assemblages of the HV-105 bore-
hole were entirely reinvestigated (collections of the Czech
Geological Survey).

The main differences from the 1984 conodont deter-
minations and zone stratigraphy are: 76.7-81.0 m:
Pseudopolygnathus triangulus triangulus and lower part
of the Siphonodella crenulata Zs. (0. Fridkovd) =
Siphonodella crenulata Z. // 83.1-84.4 m:
Pseudopolygnathus triangulus inaequalis Z. (0. Fr.) =
Siphonodella duplicata/sandbergi Zs. // 87.0-88.0 m:
Protognathodus kockeli and Siphonodella sulcata Zs. (O.
Fr.) = Siphonodella sulcata Z. // 88.2-88.6 m:
Protognathodus kockeli Z. (O. Fr.) = upper part of the
Siphonodella praesulcata Zs. [defined by the first occur-
rence of Protognathodus kockeli Bischoff; 88.2-88.3 m]. //
89.0-108.0 m: Bispathodus costatus Z.. (O. Fr.) = middle
and upper part of the Palmatolepis expansa Z. [middle
part of the Pa. expansa Z. is defined by first occurrence of
Bispathodus costatus E. R. Branson and Bi. aculeatus acu-
[eatus (Branson et Mehl); the lower part of the Pa. expan-
sa and Pa. postera Zs. are missing or very reduced in
thickness] // 110.0 m: Polygnathus styriacus Z. (O. Fr.) =
Pa. trachytera Z. // 110.0-122.0 m: Scaphignathus velifer
Z. (0. Fr.) = Pa. trachytera Z.. [defined by occurrences of
the conodont taxa Pa. rugosa trachytera Ziegler, Pa. glab-
ra lepta Holmes, Pa. minuta minuta Branson et Mehl; to-
gether with Po. perplexus (Thomas)] // The determinati-
ons between the depths of 130 and 170 m are similar to the
1984 report, with an exception for the base of Pa. rhena-
na Z. [~ base of the Pa. gigas Z.] which is suggested to be
deeper in the section, in the depth of 176.2 m // 176.2-
198.6 m: ?Ancyrognathus triangularis Z. (O. Fr.) = the as-
semblage does not confirm this zone (this zone is missing
or very reduced in the thickness) // beginning from the
depth of 180.3 m and down to the last conodont evidences
at 334 m, all assemblages belong to Po. asymmetricus Zs.
[lower part of the Pa. hassi, Pa. transitans and Me. falsi-
ovalis Zs. cannot be defined with great accuracy because
of the dominance of Icriodus spp., Ancyrodella rotundilo-
ba rotundiloba, An. rotundiloba alata, Ozarkodina spp.,
Ligonodina spp.]. The additional sedimentological and co-
ral-stromatoporoid scaling had to be applied within the
ranges of the Po. asymmetricus 7Zs.

Numerical scaling of the time: a rough approximation
to recent “best estimates”

The isotopic ages of the Late Devonian conodont zones
are still insufficiently based, as generally accepted by the

entire stratigraphic public. Nevertheless, the most com-
mon GSA 1989 time scale, corrected by the SDS conodont
zone durations, cf. Harland (1990), Fordham (1992), and
Crick et al. (1994), represent the current stage of the chro-
nostratigraphic calibration (Fig. 3). Gradstein and Ogg
(1996) suggest slightly younger bases of the Givetian and
Frasnian, at 380 and 370 Ma, respectively, but this correc-
tion has been recently criticised for an incompatibility
with the continuous logging of sedimentary sequences
(Crick 1996).

In spite of the incorrectness of the absolute numerical
scaling by age, this tool enables the time correlation
among the lithological, isotope, eustatic and tectonic data.
In addition, the time scale maintains the visualisation. For
that, although we are aware of all constraints, the recent
“best estimates” in Ma (Fordham 1992, Crick 1994) have
been correlated with the graphic scale and recalculated
with steps 0.1 Ma. Links to conodont zones have primary
importance (Fig. 3).

Isotope and chemical composition
of the carbonate sediments

The isotopic ratios of '#0/'¢0, '*C/*2C and chemical
analyses are very often used to trace processes involved in
production of carbonate components and their subsequent
conversion into limestones. Consequently, measured iso-
topic composition may reflect both the original deposition
conditions or conditions during stabilisation of metastable
carbonate phases.

Whole-rock chemical and isotopic data clearly reflect
all phases of limestone formation; therefore if possible, it
is better to separate fossils from their matrix, or separate
individual generations of cements to obtain more informa-
tion. Fossils represent a special case: the organic coating
around their calcite crystals partly protects them from at-
tack by solutions and they may preserve their original che-
mical and isotopic composition.

If the sediment is altered in low degree, the difference
in isotopic composition of different components is preser-
ved, being in relation to their type and origin. If the sedi-
ment is altered in high degree, the isotopic composition of
the rock is mostly unified and it differs from the initial ma-
rine values.

Another possibility how to estimate the degree of alte-
ration is a change in chemistry of carbonates. Brand -
Veizer (1981) demonstrated that diagenetic stabilisation of
carbonate components by meteoric waters was accompa-
nied by decrease in Sr®* and Na™*, In consequence, this
process is indicated by a distinct negative shift in 8'%O
values and by an increase in Mn?* and Fe** contents in
diagenetically more stable low-Mg calcite. Especially, the
decrease in amount of Sr** together with increase in
amount of Mn2* are good indicators of diagenetic altera-
tion. The cements with low 8'>C values are formed when
active pore water involves bicarbonate rich in '*C (e.g. bi-
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§13C (%o PDB)
0 0 1.0 3.0 4.0 5.0 6.0
Fig. 5. C and O isotopes: relati-
on between the §'*C and 8'%0
values. Due to diagenesis in clo- '
sed pore-water/rock system, no
visible diagenetical pathways 20
are visible. The system shows an POSITIVE ANOMALY IN FOREREEF
overall dispersal where the main
differences consistin three 8'*C 3 .
positions: about the values of 2.0
to 2.5 ~ bioherms, lagoons away 310 (%0 PDB)

of shore, some parts of forereef; .4,
about the values of 0.0 to 0.5 ~
backreef with algal grass; 4.5 to
5.5 ~ a facies-related anomaly
which was developed in forereef
during the maximum of trans-
gression and opening of a local -g
window for upwelling (below

371 Ma ~ standard conodont

~5.0 4

transitans Zone) ~7.0

carbonate of biogenic origin). During the reaction of car-
bonate with pore water, the "0 values slowly decrease
and the magnitude of this decrease depends on temperatu-
re and water/carbonate ratio, the decrease in 8'%0 is
accompanied by lowering in the St** and Mg2* contents
(Baker et al. 1982). Thus, joint interpretation of isotopic
and chemical data can provide more information on the
history of the carbonate rock.

Carbon isotope excursions and global events

Analysis of global isotopic events indicates that the cli-
matic control was significant (cf. Holser et al. 1995,
Morrow et al. 1995, Walliser 1995). The dark-sediment
events with an evident mass extinction of organisms ref-
lected regularly extraordinary sea-level changes, i.e. the
sea-level fall-and-rise couplet of extreme amplitudes, or
the related cooling-warming fluctuations of high amplitu-
des, ar the pulses in volcanic activity of inter-regional sig-
nificance and extraordinary magnitude. The recent at-
tempts to explain mechanism of crises related to
dark-sediments seem to be divided into two groups: first
operating with the multi-factor interacting systems where
complementary starting agents of low order and random
origination use to play the role of activators (Hladil -
Kalvoda 1993), the second one operating with causal rows
of distal-proximal effects (May 1995, Krhovsky - Cejchan
1995). These causal rows use to be primarily developed
from the climatic changes as recorded by the pronounced
increase/decrease of polar ice caps with consequent fall/ri-
sc of sca level. The other concepts emphasise oscillating
self-regulation of the biosphere-hydrosphere-atmosphere
system. Most recent isotope studies are aimed at the cau-
sal explanation of global events.

Increased accumulation of organic carbon in the dark-
event sediment corresponds to burial of organic matter

under the condition of poor recycling back to the biosphe-
re (Joachimski - Buggisch 1992, 1993). Periods of increa-
sed accumulation of organic carbon are characterised by
higher contents of '3C in carbonates. McGhee et al.
(1986) found the Late Devonian Kellwasser dark sequen-
ces independent on possible abrupt cessation of the phyto-
plankton activity because no sharp drops in the *3C va-
lues were indicated in the section of Steinbruch Schmidt.
Joachimski - Buggisch (1992) stated that the strangelove
effect of mass biota killing and impoverishment was ab-
sent and the positive shifts in C-isotope composition ap-
peared not only during advanced crises but as well during
the post crisis recovery. Increased primary productivity
was typical for the crises and subsequent stages of the bi-
otic recoveries.

Three major positive '*C-anomalies have been recog-
nised in the Middle to Upper Devonian carbonates: (I) the
Late Givetian anomaly, Wolayer Gletscher, Austrian Alps;
(II) the Lower Kellwasser anomaly, in Early rhenana Zone,
and (IIT) the anomaly beginning at the Frasnian/Famennian
boundary, in Pa. linguiformis to Pa. triangularis Zone,
Steinbruch Benner, Rhenish Slate Mts. (Joachimski -
Buggisch 1992). The ultimate test for the real global natu-
re of an isotopic event is its verification in distinct and di-
stant sedimentary basins (Holser et al. 1995). In addition,
the positive excursion of the §'3C values must be found in
different facies, i.e., in dark and light limestone beds.
According to this test, the original assumption by
Joachimski and Buggish about the global significance of
these events has been more and more verified.

Although there is no doubt that composition of ocean
water is confrolled by global changes, the influence of se-
dimentary and diagenetical facies could not be omitted. In
addition, the epicontinental basins yield commonly diffe-
rent conditions than the global ocean reservoir.

As arule, the Rhenish fore-reef slope of the Devonian
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reef complexes show regularly increased amounts of the
'3C isotope (Jux - Zygojanis 1983). The ranges of this fa-
cial fluctuation were documented in conditions of recent
reef complexes: The difference in 8'>C values can reach
up to 8 %o between the zone of upper-reef pore-water/sea-
water wind-derived pressure and proximal carbonate-
complex slope can reach up to 8 %o (Sansone - Haberstroh
1995), although part of this difference can be a result of di-
agenesis. According to Sansone and Haberstroh (1995) the
differences in the §'®O values can reach up to 10 %o.

In comparison with recent conditions, the 8'3C facies-
related gradient of the Late Devonian times was very steep
because of the high position of the dark sediments on the
carbonate slopes (documented in different areas, e.g.
Alberta, Moravia, or Asturia). On these gently inclined
slopes (about 2-3°), the dark sediments are only several
hundreds of meters from the reef elevation, i.e., only se-
veral tens metres below the Frasnian sea level (cf.
Hedinger - Workum 1988, Geldsetzer 1988).

Owing to patchy pattern of disoxy in epicontinental se-
as, we assume strong local fluctuations in isotope compo-
sition of the Late Devonian carbonate rocks. In our opini-
on, the current stage of the documentation meets
essentially two problems: discrimination of the local and
global influences and lack of documentation among the
prominent “crisis or boundary levels” which were main
subject of the previous studies. It is possible, that signifi-
cant isotope anomalies are still unknown because the both
vertical and horizontal sectioning of the Late Devonian
carbonate complexes is very fragmentary. These missing
anomalies could have the global or local significance.
Theoretically, the local anomalies must correspond to the
regional windows in the stratification of the ocean water
or patchy pattern in sedimentology and diagenesis (cf. the
model of regionally bounded disturbances in the stratified
ocean, Wilde et al. 1990). Of course, the global and local
changes are not strongly separated; feedback or accelera-
ting processes are known, e.g. El Nino effect or area of
submerged shelfs.

Brief logging of C and O isotope data from the
Moravian Karst reef margin based on the Kitiny HV-105
core drilling aims to contribute the existing data backg-
round for the Devonian interval between the Pre-asymme-
tricus and Kellwasser events. There is also a strong impli-

cation for possible facial dependence of the 8'*C
anomalies.

Material and methods

The samples were taken from fifteen different depths of
the drilled core (Fig. 1). These samples represent the ma-
in facies types of the section. Different carbonate phases
were drilled out by dentist drilling machine from polished
section and used for isotopic and chemical analyses. The
sample collection from HV-105 (Tab. 1, Fig. 2) involved a
variety of fossils (corals, stromatoporoids), various types

of fine grained matrix, and the later components (cements
in open structures, fracture fills).

Carbonate-bearing samples for isotopic analyses were
decomposed in vacuum by 100% HsPO. at 25 °C
(McCrea 1950). Carbon and oxygen isotopic composition
of released CO> was measured on a Finnigan MAT 251
mass spectrometer. The results are reported in per mille
deviations from the PDB standard using the & notation.
The precision of both carbon and oxygen isotope analyses
was better than + 0.1 %e.

Chemical analyses: Calcium content was determined
by complexometric titration; magnesium, strontium,
manganese, iron (Feo.) and sodium were determined by
AAS (Perkin Elmer 3100) after decomposition in hot
HCI. Due to low quantity of sample total carbon was not
determined.

Results and discussion

The results of the isotopic and chemical analyses have be-
en summarised in a spreadsheet, including the simplified
description, sample depth and numbers (Tab. 1). The §'3C
values range from 0.0 to 5.3 %o, the 8'®0 values range
from -6.5 to -2.5 %0 PDB. The content of calcium in sam-
ples fluctuates between 37.8 and 40.4 %; such very high
Ca-content confirms the pureness of carbonate rocks. The
content of Mg varies from 0.2 to 0.4 %, the content of Mn
ranges from 40 to 180 ppm (only one sample contains 760
ppm), content of total Fe (Fe,o) is in hundreds of ppm (ra-
rely, is higher than 1000 ppm), the ratio 1000 Sr/Ca vari-
es between 0.35 a 0.86. Individual components of the rock
were analysed separately: e.g. the tabulate corals, rugose
corals, amphiporids, stachyodids, massive stromatoporo-
ids, various types of the matrix and cement, fills of open
structures, stromatactis or fracture fills and veins (cf. Tab.
1, Fig. 7).

Fossils

Preservation of the primary isotope and chemical compo-
sition of carbonate fossils depends on preservation of pri-
mary/early mineralogy of the skeletons (Hudson 1977).
The tabulate corals consisted of low- to intermediate-Mg-
calcite, the rugose corals of high-Mg-calcite and the de-
mospongian stromatoporoids used mostly high-Mg-calci-
te and aragonite for building of their coenostea (Zorn
1977, Mistiaen 1984, Brand - Veizer 1981) and it is known
that the latter two phases belong to less stable carbonate
components. In samples from the HV-105, the all skele-
tons consist of calcite which has very low content of Mg
(LMC). For that reason, they cannot reflect directly the se-
dimentary conditions but they document the superimposed
diagenetical equalisation/compensation of the values, i.e.
the stage when the metastable carbonate structure was
changed to the more stable calcite.

Rugose corals: As recognised by Milliman (1974) and
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Table_ 2. Sea-level fluctuation: spreadsheet of the data calculated for the sea-level changes in the HV-105 borehole, Moravian Karst block en masse
and a distant region of Guilin in China (a biofacially derived eustatic curve, Shen 1995). For comparison with Figs. 3 and 4, 6 and 7

1 sea-level rise and fall (recalc.) | 2 (cont.) sea-level rise and fall (recalc.) | 3 (cont.) sea-level rise and fall (recalc.)

Aprx. : GUILIN [ MORAV. Aprx. GUILIN | MORAV. Aprx. GUILIN | MORAYVY.

time HV-105 China - KARST time HV-105 China - KARST time HV-105 China - KARST
level borehole | after Shen | en masse level borehole | after Shen | en masse level borehole | after Shen | en masse
360.4 1.4 1.6 1.7 364.4 0.6 0.5 0.8 368.4 1.8 2.5 2:2
360.5 14 1.6 1.7 364.5 1.3 1.3 1.5 368.5 1.9 23 2.8
360.6 1.6 1.6 2.0 364.6 1.3 2.0 1.5 368.6 1.9 2.1 34
360.7 1.9 1.6 2.3 364.7 1.0 2.2 1.2 368.7 2.5 1.9 3.1
360.8 1.6 1.6 2.0 364.8 1.0 1.9 1.2 368.8 1.9 1.7 23
360.9 1.5 1.6 1.9 364.9 0.9 1.6 1.1 368.9 1.5 1.6 1.9
361.0 1.0 1.7 1.2 365.0 0.9 1.3 1.1 369.0 0.6 2:1 0.8
361.1 0.6 1.7 0.8 365.1 0.6 1.0 0.8 369.1 0.6 2.6 0.6
361.2 1.5 1.7 1.9 365.2 13 1.3 1.5 369.2 0.0 3.1 0.5
361.3 2.1 1.7 2.6 365.3 1.5 1.7 1.9 369.3 0.4 3.6 03
361.4 2.8 1.7 34 365.4 1.0 2.2 1.2 369.4 1.8 4.1 0.2
361.5 2.6 1.7 3.2 365.5 1.0 23 1.2 369.5 0.8 4.5 0.0
361.6 2.5 1.7 3.1 365.6 1.0 2.3 1.2 369.6 0.8 4.0 0.0
361.7 2.4 1.8 2.9 365.7 1.3 1.8 15, 369.7 2.8 4.4 1.5
361.8 2.3 1.8 2.8 365.8 2.5 1.4 3.1 369.8 1.9 5.0 0.0
361.9 2.1 1.8 2.6 365.9 2.5 1.0 3.0 369.9 4.0 5.1 1.5
362.0 2.0 1.7 2.5 366.0 1.9 1.4 2.3 370.0 3.1 4.9 1.2
362.1 1.9 1.7 2.3 366.1 13 1.8 1.5 370.1 2:5 4.7 1.5
362.2 1.8 1.7 22 366.2 0.6 2.1 0.8 370.2 1.9 4.5 2.3
362.3 1.6 1.6 2.0 366.3 0.0 2.3 0.0 370.3 1.3 4.3 4.3
362.4 1.5 1.6 1.9 366.4 0.6 2.5 0.8 370.4 0.6 4.7 2.0
362.5 1.4 1.6 1.7 366.5 2.0 2.7 2.5 370.5 1.0 4.8 3.1
362.6 1.3 1.5 1.5 366.6 1.9 2.0 2.4 370.6 4.5 4.9 5.6
362.7 0.8 1.4 0.9 366.7 1.9 2.2 2.3 370.7 5.4 5.0 6.6
362.8 0.8 14 0.9 366.8 1.3 3.9 1.5 370.8 5.0 4.0 6.2
362.9 0.5 1.3 0.6 366.9 0.3 3.6 0.3 370.9 5.4 3.1 6.6
363.0 0.6 1.1 0.8 367.0 0.3 6.3 0.3 371.0 5.6 2.1 7.0
363.1 0.3 0.9 0.3 367.1 1.8 5.7 22 371.1 3.8 4.6 4.6
363.2 0.3 0.7 0.4 367.2 1.3 5.0 1.5 371.2 4.5 3.4 5.6
363.3 0.5 0.5 0.6 367.3 0.9 4.2 1.1 371.3 3.9 2.3 4.8
363.4 0.3 03 0.3 367.4 0.7 3.5 0.9 371.4 4.9 2.7 6.0
363.5 0.4 0.2 0.5 3675 [* 05 2.8 0.6 371.5 33 3.4 4.0
363.6 0.0 0.2 0.0 367.6 1.0 3.1 1.2 371.6 2.6 4.6 32
363.7 0.0 0.2 0.0 367.7 0.3 35 0.3 371.7 2.0 3.4 25
363.8 0.0 0.2 0.0 367.8 0.6 3.7 0.8 371.8 1.4 2.2 1.7
363.9 0.4 0.2 0.5 367.9 1.9 3.5 23 371.9 1.8 3.4 2.2
364.0 0.4 0.1 0.5 368.0 1.4 33 1.7 372.0 1.3 4.6 1.5
364.1 1.2 0.0 1.5 368.1 2.0 3.1 2.5 372.1 0.6 4.4 0.8
364.2 0.5 0.0 0.6 368.2 1.5 2.9 1.9 372.2 0.0 4.2 0.0
364.3 0.5 0.0 0.6 368.3 1.0 257 1.2

Brand (1981), the rugose corals secreted intermediate-Mg-
calcite skeletons. Similarly to recent scleractinians, the ru-
gose corals also incorporated metabolic oxygen into ske-
letal calcite and their corallum was not built in isotopic
equilibrium with the marine water. Brand (1981) analysed
the rugose corals and brachiopods of the Lower
Pennsylvanian Kedric fauna (Eastern Kentucky). It is
known that brachiopods secret calcite shells in isotopic
equilibrium with sea water. The 8'*C values of the Kedric
brachiopods were close to 1.7 %o , their §' 20 values were
close to -5 %o. The 8'2C values of the Kedric rugose co-
rals were between -2.1 and 1.4 %o, i.e. very close to the
8'2C values of the brachiopod shells, whereas §'#O valu-
es of Kedric rugose corals were between -9.0 and -9.8 %o.
This low difference between the '*C-contents in brachio-
pods and rugose corals indicates that biological fractiona-
tion of carbon isotopes between Kedric rugose corals and

Late Carboniferous sea-water had to be significantly lo-
wer than the fractionation of the oxygen isotopes. This
pattern of fractionation is assumed for all Late Palacozoic
rugose corals, although a certain bias due to kinetic isoto-
pe effects in biological carbonates or early diagenetic spe-
cifics of rugosan HMC must be considered (cf.
McConnaughey 1989).

The rugose corals from the HV-105 have the §'*C va-
lues between 2.1 and 4.5 %e (in average 3.0 %o). Their
8180 values range between -5.9 and -3.1 %o (in average
-4.6 %o PDB), cf. Tab. 1 and Fig. 7. It follows that §'>C
and 8"#0 values of rugose corals from HV-105 are signi-
ficantly higher than values reported by Brand (1981) for
the American Late Carboniferous.

Tabulate corals: Carbon and oxygen isotope compo-
sitions of tabulate corals and stromatoporoids were docu-
mented by Jux - Manze (1976) on the material from the
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Middle Devonian reefs in Bergischen Landes (Rhenish
Slate Mts.). The mean values §'3C and 8§20, -1.99 %o
and -8.1 %, respectively, were found for the analysed fa-
vositids.

The 8'C values of the tabulate corals from the HV-
105 range from 2.0 to 3.2 %o (in average 2.45 %o); the
8'80 values are between -3.8 and -6.5 %o PDB (in avera-

ge -4.87 %o), cf. Tab. 1, Fig. 7. It is clear that also §3C
and 8"®0 values for tabulate corals from HV-105 are sig-
nificantly higher in comparison with the data reported by
Tux - Manze (1976).

Stromatoporoids: Analysis of stromatoporoids is usu-
ally accompanied by bias in sampling because the very fi-
‘ne, recrystallised vesiculous microstructure can be hardly
separated from the cement fills. The microdrilling of our
stromatoporoid samples provided the material where also
40-60 % of later cement biased the results. For that reason
the analyses of stromatoporoids have given information
rather on composition of the early cement fills than on the
soft, primary aragonite skeleton. Jux - Manze (1976) int-
roduced for the stromatoporoids the following average va-
lues: 813C: -1.66 %o, and §'30: -6.83 %o PDB.

The stromatoporoids analysed from the HV-105 showed
the §'C values from 0.0 to 4.8 %o (in average 2.2 %o) and
880 values from -5.4 to -2.5 %0 PDB (in average -4.2 %o).

Delicate branches of amphiporids have independent
position among the analysed stromatoporoids. They were
concentrated in back-reef position and their soft skeleton
was formerly, in a very early stage of the diagenesis, re-
placed by fibre-radial clusters of high-Mg calcite. QOur
amphiporid samples from the HV-105 provided the 8180
values from -6.5 to -2.5 %.. The highest values found in
these amphiporids are very similar to Late Devonian sedi-
mentary values; they correspond to carbonate precipitated
in equilibrium with Late Devonian sea water.

The 8'>C and 8'®0 values of unaltered brachiopod
shells are the best tool for estimation of isotopic composi-
tion in ancient sea water. Carpenter et al. (1991) found for
the Late Devonian brachiopode the 8'#0 valuae ranging
from -3.5 to -6.5 %o and Brand (1989), who traced these
isotopic compositions from North America to Eurasia,

found for the brachiopods the 8180 values between -9.7
and -3.6 %o. The Late Devonian marine cements from the
Golden Spike and Nevis Reefs in Alberta, Canada, show
similar 3'®0 values (Carpenter, Lohmann 1989).
Unfortunately, separation of the brachiopods from the in-
vestigated slabs in the HV-105 failed due to their scarcity
and compactness of the rocks.

- Matrix and cement

The type of matrix sampled from slabs of the HV-105 co-
re differs in grain size; they ,vary from lime-mudstone to
fine grained grainstone. This very fine mixture of clasts,
cement and residue on solution sutures was technological-
ly below the selectivity of the dentist drilling machine.
The &'>C values of matrix range from 0.1 to 5.3 %o (in
average 2.14 %o); the 8' 0 values are between -6.2 and -
3.2 %o (in average -4.43 %0 PDB). The diagenetical altera-
tion was mostly controlled by migration of fluids and this
migration was enabled by the presence of pores in rock
structure. For that reason, the micrite types of malrix
which are characterised by low permeability are altered in
lesser degree than the coarse and more porous types of
rock matrix, In this way we can explain fairly different
isotopic results for different types of matrix drilled from
the same slab (Tab. 1, Fig. 6). It can be exemplified by the
slab from the borehole depth 166.7 m where sample no.
2063 (micrite) has the 8'*O value of -3.2 %o but sample
no. 2061 (matrix with intraclastic debris) showed the O

3

0 TR 3
o §BC (%o PoB) |

Fig. 6. C and O isotopes: comparison of the §'*C
and 8'®0 values (°/oo PDB) with the eustatic
curve along the drilled section of the HV-105.

o 5180(%%3%

Depth in meters on the horizontal axis (rising to 0
right). The T-R points (empty squares in picture)
represents the individual transgression/regression
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DEPTH IN BOREHOLE [fm ]
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levels which were calculated from horizontal -2
shift of the carbonate facies. At a rough estimate,
20m-change of sea level corresponds to one T-R
unit in the diagram (sea level is rising towards the 4

positive values). Bold asterisk marks the begin-
ning of the eustatic curve in detail (Fig. 4).
Connection of mean values has been used for bet-

ter visualisation. But note that number of analy- ¢
sed components is limited, i.e. eventual omission
of any of the components can change this curve

significantly -8
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value of -6.2 %e.; the difference between both §'3C values
is negligible (Tab. 1). Decreasing in 8'20 could be a re-
sult of increased ratio water/carbonate during pore water
reactions or increased temperature, or as a simple result of
diagenesis in the vadose zone (meteoric water). The later
possibility seems to be supported by high content of Fe
measured in a sample 2061 (Tab. 1).

The data for diagenetical cements in the HV-105 are
scattered (Tab. 1). The samples represent stromatactis and
mosaic sparite in the fractured nodules from the Famennian
limestone and mosaic sparite in veins from the Early
Frasnian limestone. The 8*3C values ranges from 1.8 to
2.6 %o and the 8130 values ranges from -4.7 to -3.6 %0 PDB.

Diagenesis

Based on observations in thin sections, the structure and
composition of the rock were little changed during the ear-
ly stages of the diagenesis. There are only two exceptions
for the levels where the platform (reef) margin matches
the vertical section of the borehole, i.e. on its transgressi-
onal and regressional trajectory. The grainstone/rudstone
of the reef margin or reef cap displays thin rims of the ma-
rine fibral cement whereas the scalenohedric, so-called
dog-teeth cements are rare. Remnant porosity cavities are
filled exclusively by mosaic sparite which possesses cal-
cite crystals of medium dimensions. Zonality of the cry-
stals in this mosaic sparite is very slight.

But majority of the sediments are packstones, both of
lagoonal or fore-reef origin. These rocks are characterised
by an abundance of micrite. Grains of micrite were nuclei
of the crystal growth. However, this progressive recrystal-
lisation by growth of micrite grains was accompanied by
emergence of bunches of microscopic seams. Owing to
abundance of micrite, the compactite types dominate the
rock fabric. This feature of dissolution enabled rapid de-

crease in porosity which appeared already during the buri-
al under the first tens to hundreds of meters of the sedi-
ment. Although the microstructures of the bioclasts, or any
other details in particles and cements, are recognisable in
details, their preservation in the rock corresponds exclusi-
vely to the positions of mineral inclusions and crystal de-
fects ("shadows”). They are not represented by adequate
crystal individuals. This preservation by means of the abo-
ve mentioned “shadows” was caused by strong penetrative
recrystallisation. A progressive mosaic overprint originated
in places where the channel or intergranular/seam exchan-
ge of the fluids was still effective. On the other hand, about
75 % of the drilled thickness, were not changed signifi-
cantly by this progressive recrystallisation. The next step of
the recrystallisation is a very uniform, overall pervading
recrystallisation which resulted in very fine aggregate of
calcite crystals. Crystal size in this uniform aggregate fluc-
tuate between 25-45 um. The relationships to history of
magnetite, as well as organic matter and colour alteration
of conodonts, corroborate our assumption that the above
mentioned degradation in crystal size originated in deep
burial conditions, where the permeability of the rock was
very low, but the temperature was high (about 350 °C; Krs
et al, 1995). Thus, the structural homogenisation by the lat-
ter crystalline overprint is parallel to the documented
overprints in magnetics, chemistry, and isotope compositi-
ons. Insufficiency of water in this "hot” alteration of the
carbonate makes it difficult to explain the observed trend to
homogenisation in structures and composition. Another
possible alternative could be a hypothetical existence of
low-rate diffusion, which influenced rock spots of metres
dimensions (cf. Reeder 1983). However, this diffusion is
still neither modelled nor documented in these dimensions.

In comparison with large data sets published by Veizer
et al. (1986) or Carpenter and Lohmann (1989), the carbon
and oxygen isotopic composition of most fossils and mat-
rix from the HV-105 are in the range which is typical for
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the Devonian marine carbonates. Nevertheless, the isoto-
pe composition of the limestone rock components in the
HV-105 documents that the original mineralogical and
isotope composition of rock components had to be partly
changed (cf. the chapters about the fossils, matrix and ce-
ment). Thus, the recent isotope composition reflects the
conditions, in which the metastable carbonates were stabi-
lised. Considering the low contents of Mn and Fe, the lack
of correlation between 820 values and Mn content, we
suppose that stabilisation processes of the metastable car-
bonate phases took place during the early diagenetical,
marine pore-water stages.

The lack of correlation between the isotopic and che-
mical data from the HV-105 corroborates the existence of
closed systems where the diagenesis took place (Figs. 5 to
7). The isotopic and chemical composition of the HV-105
limestones document that these closed systems were dis-
joined into “cells” of different size. Of course, the boun-
daries of these cells are fuzzy. The vertical dimension of
these “cells” varies from 0.5 to 10 m; in 3-D; they form
probably the bedding-parallel spots and lenses (estimates
of the elongation ratio ~ 1.5 to 10). These "cells” conser-
ved almost the primary average isotopic composition
which originated due to exchange among the formerly dif-
ferent components and which was formerly influenced by
remnant pore water where marine bicarbonate prevailed.

In the HV-105, the isotopic composition of the ce-
ments from voids and fissures is very similar to overall va-
lues of the “cells”. Any indication for the isotope exchan-
ge between the oxygen of carbonates and hot pore waters
during the late stages of the diagenesis is absent. Thus, the
rapid decrease in permeability happened before the maxi-
mum of the Variscan heating. This decrease in permeabili-
Ly was caused primarily by heavy supply of micrite and in-
tensive lithification by blue-green algae, but the
pronounced decrease in permeability had relation to the
origin of “cells” which originated in burial conditions un-
der the Viséan Culm deposits. During the Viséan, the dia-
strophic flysh formations covered the sinking carbonate
complex in the continental slope and foot environment
(aprx. 340 Ma). Of course, the heating alteration had to be
effective still during the Westfalian when the tectonic
“sandwich” structures were deformed by the Moravian
Shear Zone (aprx. 310 Ma).

Variation of §'3C values at the basinal margin
of the reef facies

As described above, the 8'2C values of carbonates from the
HV-105 (0 to +5.5 %o) are in the range of the typical mari-
ne sediments (cf. also Keith - Weber 1964). The §'3C valu-
es measured within any of the selected depths (“cells™) are
similar, whereas the different “cells” provided different, cel-
lular-specific values. The §'3C values from 2 to 2.5 %o are
characteristic for bioherms, deeper parts of the fore-reef to
off-reef slope, and off-shore lagoons.

The minimum values (about 0 %) were documented in
shallow back reef sediments. The isotopically light CO»
may be ascribed either to continental or intensive photo-
synthetic sources (green-algae grass which was suppres-
sing the amphiporid grass). However, the low contents of
Mn, Fe, and siliciclastic clasts document that terrestrial
shore was fairly away from this sedimentary environment.
The situation of the reef margin is different. On this ele-
vated reef margin, the 8'2C values are also low, but the
Mn and Fe contents are increased. This suggests, together
with sedimentology (light colour, brecciated structure, va-
dose silt), that the reef-edge elevation was in close touch
with the sea-level. This edge was occasionally emerged
even during the low-scale sea-level falls.

The highest, for marine environment anomalous §'3C
values were found in the fore reef (up to +5.5 %.; cf. Tab.
1, Figs. 5 to 7). With the exception the CO= production re-
lated to decomposition of organic matter by methanogene-
tic bacteria, no other processes related to burial or meteo-
ric diagenesis would produce a significant enrichment in
'3C (Lohmann 1988). Of course, the low content of the
organic carbon in the rock (aprx. <0.1 %) does not cor-
roborate an assumption about intensive methanogenesis.
Consequently, the documented &'3C anomaly is related to
the original sedimentary conditions. From the view of fa-
cies, this anomaly is placed at the transition between the
proximal and distal fore reef, just before the maximum pe-
ak of the transgression (sea level rise), in the time, when
very steep gradient of sea-level rise was decreased. From
the view of stratigraphy, this anomaly has been approxi-
mately correlated with the time interval of the conodont
zone Pa. transitans (= formerly in the upper part of the
Lower Po. asymmetricus Zone, i.e. by means of very
rough time calibration between 371.0 and 371.4 Ma).

This anomalous isotopic composition which has been
found in black sediments of the HV-105 fore reef differs
from the majority of the published data. For example,
Brand (1989) concluded from his studies on the North
American and Eurasian Devonian brachiopods that the
BEarly - Givetian (aprx. 378-380 Ma) and Frasnian
/Famennian - boundary (aprx. 367 Ma) &'>C values are
about 3-4 %o PDB, whereas the Middle Givetian (aprx.
377-375 Ma) and Early Famennian (367-363 Ma) are cha-
racterised by the 8'3C values about 2-3 %o lower than in
the adjacent periods. Carpenter - Lohman (1989) docu-
mented the 8'3C values in early diagenetical cements
from the mostly Early Frasnian Golden Spike and Nevis
reefs, Alberta, and they have found the §'3C values which
usually are between 1 and 3.5 %0 PDB (up to the conodont
zone Ancyrognathus triangularis). Regarding that infor-
mation on any time-controlled global anomaly in the Pe.
transitans Zone does not exist, then 8'>C anomaly in the
HV-105 borehole is probably a result of local conditions in
facies.

The fact that '*C anomaly occurred when shelves
were widely submerged does not support the commonly
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used explanation that upwelling was caused by disturban-
ces in ocean water stratification in relation to the origina-
tion of the mixed-ocean. This scenario is restricted almost
exclusively to the strong lowstand of sea level. It works
well later in the Devonian, during the Kellwasser crisis
and entire lowstand interval from the Kellwasser times to
the Famennian (cf. McGhee et al. 1986, Hladil et al. 1991,
Halas et al. 1992), but this is not a case of the early
Frasnian highstand. The triggering mechanism of this up-
welling had to be different, although the effect could be si-
milar: Based on sedimentological data we suggest that hu-
ge amounts of nutrients were supplied to the surface
waters thus allowing for a tremendous bloom of marine bi-
ota. The expanded marine biota preferentially take up the
'2C isotope and inevitably cause a rise in **C of bicarbo-
nate. We can suggest a tentative scenario for the Moravian
Karst off-shore which is based on the sedimentological da-
ta: The effect of a strong contour current has been docu-
mented at the frontal margin of the Late Givetian reefs
(TIsaacson - Galle 1991). This contour current which was
born upon the Moravian Karst fore-reef slope was charac-
teristic for both Late Givetian and earliest Frasnian. This
current, when correction for the palaeomagnetically docu-
mented rotation is applied (120° clockwise; Krs et al.
1995), was oriented towards 80° ENE. However, the ori-
entation of this current was just opposite to the surface,
wind-driven current (270-290° WNW) which was respon-
sible for the stratigraphically climbing migration routes of
the Frasnian tabulate corals from Moravia to northern
Rhenish Slate Mts. and Belgium (Alveolites delhayei, Al
suborbicularis). Later in the Frasnian, there is no eviden-
ce for this contour current. The trajectory of the east-di-
rected contour current had to be significantly deflected to-
wards the Devonian South. Simultancously, the surface
west-directed current also ceased, because the Middle to
Late Frasnian continuation of this route was strongly re-
duced. Diversion of both currents, i.e. the surface wind-
driven and contour current, and their reorientation towards
the interiors of the Rhenish Basin (= from the Laurussian
continent towards sea, in average) affected the circulation
pattern. Two possible reasons exist for this change: the
first explanation may be an analogy of Ekman transport
which is typical for the contact between two atmosphe-
ric/hydrospheric circulation belts, the second explanation
may be based on the changed morphology of islands or ga-
tes on the Devonian West and East. The both mechanisms
involve the diversion of the currents and opening of a win-
dow in water stratification. These mechanisms result in
the upwelling spots of the IIT"™® category (cf. Wilde et al.
1990). In addition, the transtensional tectonism of the
Rhenish back-arc basin, deltas of the Laurussian continent
and local restrictions of bays could cause some subordina-
ted disturbances, generating an unstable patchy pattern of
water with different salinity and temperature. However,
any consistent interpretation of the latter factors is still im-
possible due to discontinuity and scarcity of the data.

Conclusions

1. Both 8'3C and 880 values of the Late Devonian li-
mestones from the Kitiny HV-105 borehole are in the
range typical for the Late Devonian marine and early
diagenetic conditions.

2. No significant differences in chemical and carbon iso-
topic composition were found among fossil organic
skeletons, matrix and other rock components.

3. Homogenisation in the C and O isotope contents origi-
nated in closed pore-water/rock systems, under condi-
tions of rapidly decreased permeability. This type of
changes corroborates the drowning of the fossil reef
complex with a subsequent burial under a siliciclastic
complex of Culm rocks.

4. Thus, the values from individual “cells” still involve
significant information which is related to original fa-
cies. The 8'3C values of 2 to 2.5 %o are characteristic
for bioherms, parts of the fore-reef to off-reef slope,
and off-shore lagoons. The minimum values (about 0
%o) are characteristic for shallow back-reef as an effect
of algal grass. The low §'>C values of reef margin de-
veloped during occasional emergence of this facies as
documented by sedimentology and increased contents
of Mn and Fe.

5. A significant anomaly in 8'>C values (up to +5.5 %o)
has been documented in the fore reef facies. This ano-
maly was found at the transition between the proximal
and distal forereef. From the point of view of sea level
changes, the 8'3C anomaly preceded the turnpoint to
regression. The age of the anomaly has been correlated
to the time interval of the conodont zone Pa. fransitans
(formerly in the upper part of the Lower Po. asymme-
tricus Zone). This anomaly of high 8'*C values do not
correspond to global-event anomalies. It differs from
the global isotope anomalies in age and intensity.

6. The existence of 8'>C anomaly in the slope of the
Moravian Karst reefs cannot be explained by simple
upwelling under conditions of lowstand and mixed
ocean water. The upwelling effect had to be related to
local features of the IIIrd category. The necessary win-
dow was formed by diversion of two sea currents,
which were the deeper contour current and shallower
wind-driven current.

7. The isotopic data from the HV-105 Kitiny borehole sup-
port our hypothesis that the facies control of the §'*C
values could be at least as strong as the global control
based on oscillating oceanic carbon chemistry.
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Rozlideni facialnich a globalnich zmén v izotopovém sloZeni karbonati: izotopy uhliku a kysliku na &elnim okraji
devonského titesového komplexu na Moravé (vrt Kitiny HV-105)

Hodnoty 8'C a 8§80 zji§téné¢ v materidlu z vrtu Kitiny HV-105 spadaji do rozmezi, které charakterizuje mofské a Casné diagenetické prostfedi mlad-
§iho devonu. Mezi zkamenélymi zbytky karbondtovych koster organizmi, riznymi typy horninové zdkladni hmoty a tmely nebyly v izotopovém sloZe-
ni zjiSt€ny vyrazné rozdily. Pivodni izotopické sloZent fosilif a horninovych karbondtovych komponent bylo &4ste&n& zmén&no v uzavienych systémech
pérové vody a horniny, za podminek prudce sniZené propustnosti, aviak jedté pfi diagenezi v pérové vodé mofiského sloZeni. Takovy typ zmén dokladi
kleséni zaniklého itesového komplexu a jeho nésledné pohibeni pod siliciklasticky komplex kulmskych hornin. Hodnoty §'*C od 2,0 do 2,5 %o jsou
charakteristické pro biohermy, ¢4st prostoru pfed ttesovym okrajem aZ odlehlych panevnich prostor a laguny vzdalené od pobieZi. NejniZ§i hodnoty
813C (blizké 0 %o) jsou charakteristické pro mélké &4sti karbondtové ploSiny za Gitesern a za sviij vznik vd&éi fasovym "travnikovym porostim”, Nizké
hodnoty 8'3C z €elni hrany ttesového komplexu vznikly b&hem piileZitostného vynofovini této facie, coZ je doloZeno na zdklad® sedimentologickych
znakil a zvySeného obsahu Mn a Fe. V§znamna anomélie §">C (aZ +5.5 %o) byla nalezena v &4sti prostoru pied itesem. Naléza se na pfechodu mezi
horni a spodni Easti Celniho svahu ttesového komplexu, z Casového hlediska pak pravé pfed dosaZenim maxima relativniho zdvihu mofské hladiny.
Staff anomdlie je pfibliZn& ureno jako ekvivalent konodontové zony Pa. transitans (fazené diive do vy3§i &sti z6ény spodni Po. asymmetricus).
Neobvyklé zvySeni obsahu izotopu *3C se vymyka popisu anomilii spojenych s globalnimi eventy. Existenci této anomdlie na svahu titesti Moravského
krasu nelze proto vysvétlit jednoduchym vystupem hlubokych motskych vod za podminek vyznamného sniZeni mofské hladiny a vznikajiciho verti-
kdlniho mi¥eni vod ocednil a mofi. Vystup hlubiich vod bohatych Zivinami a zplisobujici obrovsky rozkvét fytoplanktonu v hornich vrstvich mofe mu-
si byt vztahovan k mistnim jeviim tzv. tfeti kategorie. Nezbytné okno pro vystup hlub3ich vod bylo vytvofeno odklon&nim dvou proudd od pobieZi
Moravského krasu: jednak hloub&ji poloZeného konturového proudu, jednak vEtrem hnaného povrchového proudu. Udaje z vitu HV-105 Kitiny pod-
poruji hypotézu, Ze facidlni vlivy mohou mit stejng silny uginek na vyskyt anomélnich hodnot §'*C jako globdlni fizeni obsahu izotopu '>C v sedi-
mentu ménicim se pom&rem izotopi uhliku ve vodach svétovych mofi.
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