l ;
MUSEI RERUM NATURALIUM
BOHEMIAE OCCIDENTALIS

Vladimir Bouska, Zden¢k Klika, Ji¥i Pesek
The geochemical role of boron in the

sediments of the Carboniferous Basins
of Central Bohemia

Zapadodeské muzeum Plzeii




KNI Dog

IITTaT

111111111



Vladimir Bouska, Zdenék Klika, Jiti Pesek

The geochemical role of boron in the sediments
of the Carboniferous Basins of Central Bohemia

Plzen 1975



HERS

— L

Kavio wai oo ammies §

77 477
FOLIA MUSEI RERUM NATURALIUM BOHEMIAE OCCIDENTALIS, PLZEN
Fol. mus. rer. natur. Bohemiae occidentalis, Plzeii, Geologica

Recensent: Dr. Emil Jelinek, CSc.



Abstract. The boron contents of the Westphalian C to Upper Stephanian claystones,
siltstones and tuffaceous rocks of the Carboniferous Basins of Central Bohemia were
studied. The conclusion can be drawn that the environment of these sediments origin
was of a freshwater character. This is consistent with most geological investigations
so far carried out in this area. The higher boron contents have been established in
red-coloured sediments (the Tynec and Liné formations). The drier rather arid climate
was responsible for a more intensive desiccation of the basins, and, accordingly, the
increased concentration of salts in the water of these basins; this was also reflected
in the boron contents of the clay minerals.

INTRODUCTION

From the hitherto published geological, lithological, paleontological and petro-
graphical papers it follows that the Carboniferous sediments of the Basins of Central
Bohemia were mostly deposited in a fluvio-lacustrine environment. From earlier ex-
perience we know that boron, as an indicator of the salinity of the environment,
manifests itself somewhat differently in separate regions and various time spans;
it is difficult to state generally that some accurately limited values could exist for
a freshwater, brackish or marine environments in all parts of the world. The results
obtained from the study of the boron contents of marine and freshwater horizons
of the Ostrava-Karvina coalfield (BOUSKA, 1972) showed that boron can be used as
a salinity indicator of the environment, but that in this coalfield area the sedimen-
tation of typical marine horizons (according to fossils) occurred in a not very saline
environment, as can be concluded from the low boron values. The limit values of
boron for a marine environment measured in the rocks of the Ostrava-Karvina coalfield
are so low that they equal those, regarded in other basins as typical of a freshwater
environment. In the Ostrava-Karvina coalfield the following values have been estab-
lished: an average 52 ppm B in marine horizon claystones, and an average amount
of 25 ppm B for freshwater claystones, the lowest value 0.9 ppm B having been found
in a sample of the grey laminated claystone from the freshwater Hugo Horizon
(boring NP 268, depth 556.7—566.8 in) of the Jaklovec Member.

We were interested in the boron values of the sediments of the Basins of Central
Bohemia, i. e. an environment considered to be a typically freshwater one. We wished
to verify this opinion by geochemical investigations, particularly regarding the results
presented by CILEK (1973), since the latter, obtained from the study of a single
bore, do not fully support the generally accepted ideas.

GEOLOGY

The sediments of the Central Bohemian Carboniferous Basins extend over an area
of about 3000 km2 They divide into those of the Plzeii, Manétin, Zihle, Kladno—
Rakovnik, Roudnice and MSeno Basins (Fig. 1). Originally, one extensive sedimen-
tation basin existed there. HAVLENA (1971) attributes it the character of a pre-plat-
form intramontane depression. The filling of this basin is continental. Any communi-
cation with the foredeep sea in the north can be unequivocally excluded.
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Fig. 1. Sketch map of the Central Bohemian Carboniferous Basins. 1 — Boundary of

Carboniferous sediments, 2 — non-metamorphic or weakly metamorphic
Proterozoic and Early Paleozoic rocks, 3 — igneous rocks of various ages,
4 — boreholes mentioned in the present paper, 5 — working and abandoned
mines mentioned in the present paper.

PB — Plzeii Basin, MAB — Manétin Basin, ZB — Zihle Basin, KRB — Kladno—
Rakovnik Basin, RB — Roudnice Basin, MB — MsSeno Basin.




In the Central Bohemian Basins the deposition of sediments probably took place
under the conditions of an intense volcanic activity. HAVLENA and PESEK (1975)
distinguish three volcanogenic stages yielding products of predominantly acid vol-
canism. In the lower parts of the oldest and the youngest stages, dyke-and effusive
rocks also occur exceptionally. Otherwise tuffs and tuffites of mostly acid rocks
prevail. Their quantitative representation in the individual formations is shown in
Fig. 2.
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Sedimentation in these basins took place from the Westphalian C (in many pla-
ces it began in the Westphalian D or even in the Lower Stephanian) to the Upper
Stephanian under conditions of probably intensive volcanic activity. The sediments
settled on the Proterozoic (weakly metamorphosed shales), granitoid massifs and the
earlier Paleozoic of the Barrandian. In the filling of the basins four formations have
been distinguished. The two earlier consist mostly of fluvial sediments, the two later
of sediments predominantly lacustrine.

The Kladno Formation divides into the Radnice and the Nyfany Members.
The Radnice Member (Westphalian C) was deposited in isolated depressions, usually
trending NE-SW. These sediments cover about /3 of the area of all the basins; they
are very irregularly distributed, in some basins they are lacking throughout (Mané-
tin and MSeno Basins). The Nyfany Member (Westphalian D — Cantabrian) was de-
posited after a marked gap. They overlie discordantly the Radnice Member, often
overlapping it markedly and heterochronously. In the whole formation mostly grey
sediments prevail. Represented are: conglomerates, breccias, various types of psammi-
tes, siltstones, claystones, coal seams, tuffs and tuffites, rarely also acid eruptive
rocks. The sediments were deposited mostly during incomplete sedimentation cycles.
In the places where organic substances were produced, coal seams are encountered
in the upper part of the sedimentation cycles.
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The Tynec Formation (Cantabrian — Stephanian B) is almost devoid of
coal, containing isolated volcanogenic layers. Except for breccias, 1t consists of rocks
analogous to those in the underlying formation, but the aleuropelites are mostly va-
riegated. The quantitative representation of the rocks and the structure of the sedi-
mentation cycles also differ from those of the underlying unit (PESEK 1968). Com-
pared with the Kladno and the subsequent Slany Formations, the sediments of the
Tynec Formation were deposited in an environment of somewhat arid climate.

The Slany Formation (Stephanian B) has been divided into several partial
units — members. At the beginning, psammites and psephites, analogous to those
of the Tynec Formation, were deposited, but the colours of the aleuropelites changed
to grey. The sedimentation of the Jelenice Member may have been terminated by
a hiatus. The outset of the sedimentation of the Malesice Member can therefore be
considered to have begun to settle isochronously over approximately the whole area
of the basins. These sediments were deposited after a marked change of environment
by the filling of the existing basins with sediments or by the damming of river
beds (?). In a very quiet environment, in addition to supplied clastic material,
claystones of the varvitic type (the M3ec Horizon reported by HAVLENA and PESEK
1975) were deposited. In the places where a slight influence of the transported fine
detritic material had manifested itself, sandy siltstones and fine-grained sandstones
settled. At the mouths of watercourses flowing into the basin, coarse clasts accumu-
lated (Ledce Member). At the end of the deposition of the Slany Formation the
environment became shallower; the basins were gradually overgrown by peat-forming
vegetation, of which coal seams formed.

The last unit — Liné Formation — consists mostly of sediments of lakes,
probably ephemeral. Deep-red aleuropelites with reduction spots prevail over psammi-
tes and psephites. Abundant carbonate concretions, layers of silicites etc. furnish
evidence of the fact that during the deposition of sediments of this unit the aridi-
zation of the climate had already begun, which, however, in the Bohemian Massif,
culminated in the Permian.

METHODS

Samples were crushed and pulverized and used for analyses. Five samples, whose
fine clay fraction was used for the identification of boron in illite, were very finely
ground and disaggregated in an aqueous environment. The powder of the sample
was thoroughly stirred in water and the vessel with water was left standing for
24 hours. The second day the procedure was repeated. Only the third day the water
was removed with the buoyant particles oif especially clay minerals and quartz
grains, and separated from the residual deposits. The fine-fraction particles were
then separated by filtration. This fine fraction was dried at room temperature and
then analyzed.

Boron was investigated using the spectro-photometric method. The determination

was based on the formation of an ionic association between BFi‘ and methylene

blue, which can be readily extracted with 1,2 dichloroethane. In this way boron
is transferred from an aqueous solution into a dichloroethane phase which, depending
on the boron content, can be diluted by a suitable quantity of an organic solvent
(1,2 — dichloroethane). The resulting solution was subjected to a spectro-photometfic
analysis. For details see KLIKA (1971). The results are given in Tables 1—4. Each
sample was analyzed two or three times, and in the Tables the averages are given.
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Fig. 3. DTA curves of the samples from bore GCo 11.
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Potassium oxide has been determined using flame emission photometry. The de-
termination of K20 in the fine fraction of five disaggregated samples was kindly
carried out by RNDr. P. Povondra, CSc., of the Geological Institute of the Aca-
demy of Sciences, Praha. The results of these analyses are given in Table 8.
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Fig. 4. DTA curves of the fine fraction of the disaggregated samples.
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The selected samples from bore Co 11 and the fine fraction of the disaggregated
samples were studied by means of DTA, DTG and TG, using the Derivatograph auto-
matic apparatus in the thermographic laboratory of the Institute of Geological Scien-
ces of Charles University, Praha, under the following conditions: 600 g weighed por-
tion, temperature up to 1200 °C, sensitivity limit of TG (GTA]) = 200mg, DTG (d GTA})
1/10, DTA 1/10, heating at 10°C/1 min. The DTA curves are drawn in Figs. 3 and 4.
Weight losses are given in Tables 5 and 6.

The fine fraction of the disaggregated samples was also subjected to X-ray ana-
lysis. This was carried out on MIKROMETA 2 X-ray diffractograph under the follo-
wing conditions: CuKei,2 radiation (A = 1.5418 A ), 18 mA, 35 KV. The diffraction
data are given in Table 7.

BORON AS AN INDICATOR OF THE ENVIRONMENT

In compounds, boron is trivalent, having a small ionic radius (0.22 A& ). Its
properties and behaviour are similar to those of carbon or silicon. Boron can be
classified as a typical lithophile element.

GOLDSCHMIDT and PETERS (1932) called attention to the fact that boron plays
a role especially in the process of marine sedimentation. Sea water contains on the
average 4.6 ppm B, mostly in the form of non-dissociated boric acid, whilst it is
almost entirely lacking in most fresh waters (0,01 mg/1). During sedimentation, boron
is extracted from sea water. Small amounts of boron may play part in the origin
of syngenetic or authigenic tourmaline, but the most important process is the fixa-
tion of boron to clay minerals, especially the K-clay minerals illite and glauconite.
Thus it can be concluded that clays sorb boron in an amount proportional to the
boron content in the solution. But the experiments have revealed that it does not
depend on concentration only, but also on the reaction time interval and tempera-
ture of the aqueous solution. The sorption capacity of illite, montmorillonite, halloy-
site and glauconite are similar, but other clay minerals, e. g. kaolinite, show a much
lower degree of this capacity. Evidently Al-B diadochy is involved in outer tetra-
hedral positions of clay minerals, although the boron-silicon diadochy has been con-
firmed by STUBICAN and ROY (1962) who studied the X-ray diffraction patterns
and infrared absorption spectra of synthetic boron clays. Boron is fairly firmly fixed
in clay minerals, especially illite. It cannot be removed from clays even by leaching
with a hot mineral acid. It seems that the contribution of the boron absorption on
the surface of clay minerals is small. Otherwise it would be possible to wash it out
as in the case of boron readily washed from soil with boiling water. Boron cannot
be washed out from clay minerals without breaking their structure. FREDERICKSON
and REYNOLDS (1960) as well as WALKER (1968) argue that boron entered the
tetrahedral positions during the illite authigenesis.

The distinction between freshwater and marine sediments, generally of pelitic
nature, was studied geochemically by DEGENS (1965), KELLER (1970), KEITH and
DEGENS (1959), POTTER et al. (1963), ERNST et al. (1958), REYNOLDS (1965),
REYNOLDS (1972), WALKER (1972) and, in Czechoslovakia, by MICHALICEK (1967),
BOUSKA (1972) nad others. Their observations indicated that boron is especially
sensitive to salinity. Therefore, it is a suitable agent for distinguishing the character
of the primary environment. According to literary data {e. g. DEGENS 1965, REY-
NOLDS 1972), marine claystones and shales usually contain about 100—200 ppm B
as against 10 to 50 ppm only for freshwater deposits. However, these values cannoi

11
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be regarded as accurately drawn, as many factors are known to exert an influence,
sometimes quite substantial.

The boron content in carbonates is low (about 20 ppm) being controlled by
the content of the illite present. Sandstones usually contain about 35 ppm B. The
proportion of boron may be higher in the presence of detrital tourmaline or authi-
genic tourmaline (overgrowths about detrital cores). For instance, MOORE (1963) has
established concentrations of 65 ppm B in recent sands from Buzzards Bay (Massa-
chusetts) and, locally, even 168 ppm B in beach sands. In this case, mechanical
concentration of boron is involved. The boron content depends on the tidal energy
and the coefficient of sorting. When tidal energy decreases, mostly light minerals
only are transported, and the residual environment becomes enriched in tourmaline.

Boron contents in the fine fraction of the disaggregated samples Table 4
from bores Co 11 (Plzeii Basin) and MJ 8 (MS$eno Basin)
) Desig- Depth Boron ‘
Age F(;I.‘g;a N{)eer;l- nation in content Rock
! of sample metres | in ppm
| )
deep-ruddy sil-
186.50 % ty claystone
P grey laminated
Liné 248.50 73 claystone
Stepha S ruddy micace-
o iophar 360.80 74 ous silty clay-
A | stone
grey laminated
555.50 40 claystone
Slany Malesice 1 =
grey laminated
Co 11 173.35 55 claystone |

Evaporites display higher salt content and, in extreme cases, also contain hydra-
ted borates of Ca, Na and Mg (colemanite, borax, kernite etc.). This contributes to
the anomalous high B content in the rock.

The boron content may also be influenced by the presence of volcanic material.
CODY (1970) recorded a higher B content even for certain terrestrial sediments
than the amount occurring in marine sediments. The volcanogenic components pro-
bably play an important role there. The enrichment in boron may take place at
tectonic lines or may be due to the influence of thermal springs or exhalation as,
for instance, in New Zealand. The silt: sand" proportion in a clay rock considerably
diminishes the boron contents as do carbonates. Also kaolinitic clay rocks usually
have a B content lower than that occurring in illitic rocks. Illitic clays and claysto-
nes commonly contain more boron than do non-illitic rocks. The environments in
which illite originates and accumulates are evidently most suitable for the taking
up and bonding of boron. A preferential enrichment in boron has often been mentioned
for illite. )

The dependence between the B content in illite and that in water was regarded
by REYNOLDS (1965) as due to the salinity of the environment in which the illite
had been deposited. The latter author studied the concentration of boron in Pre-
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cambrian seas. The relative paleosalinity is usually determined by establishing the B
content in illite of the sedimentary rocks. The sample is disaggregated by washing
and the clay fraction is separated. Attention is devoted to preventing as far as
possible the contamination of the detritic tourmaline, mica or feldspar. The sample
is then analyzed for boron and potassium. The possible presence of the minerals

Loss in weight at TG of the samples from bore Co 11 (Plzeii Basin) Table 5
Depth Fired residue after DTA Weight loss in % ‘
in metres ’
_ - I
82.47 light beige, crumbly 11.66 |
134.50 light rusty, crumbly 9.67
219.80 rusty brown, baked 10.33
453.05 brownish, crumbly 22.67
601.50 orange-beige, crumbly 10.50 ‘

considered is investigated by X rays. If no presence of such minerals is found,
the analysis is based on the relation

7.7

ppm B in illite = ppm B in sample . —% K50 in sérﬁplg'

The value 7.7 is used as the percentage of K20 in a pure, hypothetic illite.

of cburse, corrections are necessary if, e. g. the presence of authigenic K-feldspar

has been established, etc. The values of paleosalinity obtained in the above-mentioned

way yield a reliable basis for judging the known paleo-geographic situation (REY-
NOLDS, 1965).

The sedimentary rocks taken from marine horizons with preserved fossils yielded
values approaching about 450 ppm B in illite. Amounts around 2000 ppm B occur
in the illites associated with evaporites; values as low as 125 ppm B have been
measured in illites from brackish water deposits of Upper Cretaceous coal-clay
sequences (REYNOLDS, 1972).

It should be noted that the B contents in coal ashes are usually distinctly higher
than those in claystones in the vicinity of seams when both materials compared
derive from the same geological unit and the same geographic area (SOMASEKAR,
1971). With increasing metamorphism the boron content of clayey rocks decreases.
Even epizonal metamorphism may be responsible for the decrease of the boron con-
tent to a half in the rocks mentioned.

RESULTS AND DISCUSSION

The results of our boron determination in 36 samples of the Carboniferous sedi-
ments of the Central Bohemian Basins may be judged in connection with the above
data. Tables 1, 2, 3 show the B contents, the localities and the stratigraphic position
of the samples under study, and give a brief petrographic description of the rocks.
The samples studied derive from the bore Co 11 at Malesice in the Plzen Basin
and the bore M] 8 at Jenichov in the MS$eno Basin in order to obtain a picture of
the presence of -boron in the stratigraphically succeeding units appearing in the
geological sections through the sediments -encountered by the above-mentioned bo-
rings. The samples given in, Table -3 supplement the preceding geological sections
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especially in the horizontal direction. The boron contents found range from 24 ppm
(bore Co 11, 613.2 m, bore T¥ 1, 305.5 m) to 77 ppm (Nejedly mine, gallery No. 4004),
i. e. they are low, especially if a possible proportion of volcanic material in the
sediments is taken into consideration. The average values of all samples examined
is 48.4 ppm B. This, compared with the literary data, is a value quite characteristic
of a freshwater environment. The volcanic activity here was intensive (PESEK, 1972],
particularly during the sedimentation of the lower part of the Kladno Formation
(Radnice Member) — where the tuffaceous material is concentrated in a few layers
of major thicknesses — and in many places of the Liné Formation — where nume-
rous rather thin layers occur, consisting of volcanogenic material, today already
strongly affected by kaolinitic weathering. The volcanogenic material was very often
supplied into the sediments of the Liné Formation, but the thickness of these volca-
nogenic layers is small as compared with that of the Radnice Member. A tuffaceous
component is present, for example, in the sample from the Rako mine near Rakovnik,
containing 51 ppm B, or in the sample from Brasy (Matylda colliery) with 32 ppm B

Loss in weight at TG of the disaggregated samples Table 6
Locality Mgl Fired residue after DTA Weight loss in % ‘
metres
|
| M] 8 186.50 rusty, crumbly 8.17 ‘
| MJ 8 248.50 light-orange, baked 12.17
M] 8 360.80 red-brown, strongly baked 9.33 ‘
M] 8 555.50 light-orange, crumbly 8.00 I
‘ Co11 ‘ 173.35 rusty, baked 10.67 |

only (the influence of a silt component in the sample). In both these samples,
the influences exerted by volcanic material cannot be clearly recognized, but at
least no conspicuous boron content was found. It should be noted that both these
tuffaceous samples are dominantly kaolinitic. Kaolinite represents an essential consti-
tuent in the claystones of the Kladno and Tynec formations, while in the Slany
Formation the proportions of illite and kaolinite are different. The samples studied
from the Liné Formation show predominance of illite. From this survey of the
essential rock-forming minerals in the above-mentioned formations, and from what
was said in the preceding chapter, it follows that the illitic claystones of the Liné
Formation should be richest in boron. This has also been fully confirmed by our
investigation. The samples derived from the Liné Formation contained consistently
higher amounts of boron. This is visible in Table 9, where the average B contents
in the formations and layers of the Central Bohemian Basins are tabulated according
to the results shown in Tables 1-—3.

In order to verify the presence of clay minerals in some samples from drill
cores of the bore Co 11, DTA, DTG and TG analyses were carried out. The respective
curves are shown in Fig. 3, wéight losses in Table 5. The sample taken from this
bore from a depth of 82.47 m exhibits the course of its curve typical of kaolinite
(endothermic effect at 600° exothermic at 1000°C). Burning of organic substances
appears by an exothermic peak within the temperature range 300—520°C. In evalua-
ting the peaks of the burning of organic substances in the section of bore Co 11
studied, a shift of the exothermic effect to higher temperatures with increasing depth
of the sampling site was observed. This is evidently connected with the higher
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degree of coalification of the organic matter with increasing depth. In the sample
from a depth of 82.47 m a minor percentage of illite may also be present, but its
reaction is veiled by a strong effect of kaolinite. We draw this conclusion according
to its endothermic effect at low temperatures.

The micaceous mineral (illite — sericite) has been identified from the course
of the other DTA, TG and DTG curves. The clay mineral in these samples is mostly
illite ranging in grain size from the finest to coarser fractions. Thus, in this mica-
ceous mineral, gradual decomposition takes place, reflected in the course of the TG
and DTG curves. In the sample from a depth of 453.05 m an additional mineral
is present — a carbonate approaching ankerite and possibly also chlorite. The pre-
sence of a carbonate is evident even macroscopically and is accounted for by
a higher weight loss during the TG analysis (see Tab. 5).

The highest boron content, 77 ppm, has been found in the sample from the
Nejedly mine at LibuSin. A grey claystone is involved, forming a parting in the Main
Kladno Coal. The coal at fissures in the vicinity of the parting is mineralized
with SiO2, and this process may have led to a partial enrichment in B. In addition,
the seam itself is fairly rich in boron as has been reported by SOMASEKAR (1971).
This could produce a higher boron content in the claystone parting of this coal seam.

Nevertheless, even this highest boron content still lies in the field not characte-
rizing an original marine environment.

The second sample with a higher content of B (74 ppm] comes from the bore-
hole HV 2 at Zihle. It belongs to the Lin& Formation. The bore was located in the
proximity of the marginal fault bounding the filling of the basin against the Tis
granite massif, where a secondary increase of boron content could have taken place.
But it appeared that all the samples studied, derived from the Lin& Formation, are
rich in boron, and therefore further connections were sought. The results are de-
monstrated by Table 9, showing the average contents of boron occurring in the main
and partial lithostratigraphic units of the Central Bohemian Basins. The highest

average B contents exist in the Liné Formation — 61.7 ppm, and the Tynec Forma-
Boron content recomputed for illite of the disaggregated samples Table 8
. Depth in K20 Boron content
Locality metres (Analyst P. Povondra) in illite

MJ 8 186.50 3.65 % 154.0 ppm

M] 8 248.50 311 % 180.7 ppm

M] 8 360.80 4.45 % 128.0 ppm

M] 8 555.50 3.00 % 102.6 ppm

Co 11 173.35 3.61 % 117.3 ppm
tion — 49.0 ppm (irrespective of the average boron content in the Radnice Member,

which is distorted by the high content of B in the parting of the Main Kladno Coal —
the number of the samples studied from the Radnice Member being small and there-
fore insufficient for an accurate evaluation; without this maximum value the Radnice
Member would display the average value computed from two samples — 41.5 ppm B
— which would be nearer to reality). The Liné and Tynec Formations were earlier
designated as the Upper and Lower Red formations because of the predominating
variegated character, particularly of aleuropelites, in these units. The origin of their
colour may be in connection with the aridization of the climate at the time of depo-
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sition of the sediments of these units, especially in the Liné Formation. The higher
aridity of the climate was evidently responsible for the higher evaporation, desicca-
tion of the basins, which led immediately to enhanced concentration of salts including
boron in the waters of the sedimentation basins. The clay minerals of the sedimen-
tary rocks originated under such conditions contain higher amounts of boron. In fact,
from Table 9 it follows that two distinct cycles existed, dependent on variations
in climate. From the'low part of the lithostratigraphic section upward, enrichment
in boron took place, mainly beginning from the Radnice Member (if for it an ave-
rage value of 41.5 ppm B is considered as probable) toward the overlying beds where
a maximum B content is present in the red claystones and siltstones of the Tynec
Formation. This terminates the low geochemical cycle. The second cycle begins in
the Jelenice Member and there too the B content increases in the direction toward
the overlying beds. The boron enrichment culminates in the rocks of the Liné For-
mation. This fact is very important in our opinion, and fully corresponds to the
geological conditions in the Carboniferous Basins of Central Bohemia. We prefer to
designate such changes as geochemical cycles. The results of our investigations fully
agree with those of Ernst (1966) who studied the Ruhr and Saar Basins where boron
contents also rise markedly with the climate changing to hot or arid.

There is one case which does not completely fall within the above-described
scheme — the Komberk Horizon at the base of the Nyfany Membter, which is also
characterized by its variegated, predominantly red, clay-silt sediments. The avera-
ge B content of its sediments (36.8 ppm B — Tab. 9) is markedly lowered by the
samples from the bore Co 11 (Table 1) from dep‘th's> of 612.2 m and 613.2 m. These
samples, however, came from the boundary between the Komberk Horizon and the
underlying Radnice Member. If the B values in these samples are not designated
‘as belonging to the Komberk Horizon and are already designated to the Radnice
Member, then the average B content in the rocks of the Komberk Horizon is 45.2 ppm
B (from 4 samples), the B content of the Nyfany Member (non-differentiated)
455 ppm (from 6 samples) and that of the Radnice Member 42.4 ppm B (from
5 samples).

From Tables 1, 2 and 3 an interresting fact also follows, which, however, has
not yet been fully verified. Namely, the samples from both boreholes or from a single
sampling site in the geographical sense, although stratigraphically different, may
.show analogous boron contents (the samples from borehole Co 11, M] 8, Ko 1, Tv 18
.and Co 13). This suggests that the horizontal difference or vertical persistence of
boron contents in a locally limited area within the same basin may be due to local
conditions. For instance, the position in the centre or margin of the basin, or Iocal
tectonic, thermal or exhalation influences may be decisive.

On the basis of REYNOLDS’ (1965) paper we have determined the boron content
in selected samples recomputed for illite (see Table 8). The samples were disaggre-
gated by washing, and the fine fraction, after drying at room temperature, was
subjected to DTA analysis and X-ray examination. The results are shown in Fig. 4
and Tables 6 and 7. From the DTA curves and the course of the DTG and TG in the
five samples illite has been determined as the dominating mineral; in samples MJ 8
— 186.5 m, MJ] 8 — 248.5 m and M] 8 — 360.8 m the presence of minerals from the
chlorite group may be assumed. In all five samples, burning of organic substances
took place. The lowest amount of organic substance is present in sample M] 8 —
248.5 m. X-ray examination confirmed the presence of the following minerals in the
sample: illite, quartz or also kaolinite and a small amount of chlorite and carbonate
respectively. These minerals do not influence the recomputation; thus, after the de}
termination of boron in fine fractions of the disaggregated samples (Table 4) and
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determination of K20 (Table 8) the boron content was computed, which in selected
samples is bound in illite. The results are given in Table 8. Two samples from the
Malesice Member of the Slany Formation and 3 samples from the Liné Formation
were chosen for study. The samples from the Malesice Member display low boron
contents in illite (102.6 ppm and 117.3 ppm]), those from the Liné Formation contain
128.0 ppm, 154.0 ppm and 180.7 ppm B bound in illite. These higher values: fully
agree with our previous data and only confirm the fact that the Lin& Formation was
deposited during the commencement of aridization of the climate, when the boron
content in water was increased. The B contents in the illite from the samples derived
from the Liné Formation, although higher, by no means attain the values given in
the literature for a- marine environment (about 450 ppm B in illite]. A brackish
environment can hardly be assumed in this case (compare CILEK, 1972, and our
discussion of this subject, BOUSKA et al., in print) when the above-mentioned facts can
be explained quite convincingly by the climatic changes and, particularly, when no
geological or lithological prerequisites exist for it. All geological investigations
account for a freshwater and fluviolacustrine environment of the sediments of the
Central Bohemian Basins, and our investigations of boron contents in claystones or
also siltstones confirm this opinion.

CONCLUSIONS

The relatively low boron' contents of all the samples studied, i. e. of claystones
or siltstones, respectively, from the Carboniferous of Central Bohemian Basins, attest
to freshwater environment of origin. The established boron contents range from
24 ppm to 77 ppm. The average- value is 48.4 ppm B. This is consistent with most
geological investigations so far carried out in this area. Higher boron contents have
been found in red sediments (the Tynec and Liné& formations)-which were deposited
at the outset of aridization of the climate. The desiccation of the basins associated
with this was responsible for a higher concentration of the salts in the water of
the basins and, immediately, was also reflected in the increased boron content of
the clay minerals, especially illite, in the sedimentary rocks of the Carboniferous
of Central Bohemia.
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VLADIMIR BOUSKA, ZDENEK KLIKA a JIRI PESEK

GEOCHEMICKA ULOHA BORU V SEDIMENTECH STREDOCESKYCH KARBONSKYCH
PANVI

{
Pri sedimentaci je bor extrahovdn z moiské vody a védzdn pfevdZné na jilové

minerdly typu illitu a glaukonitu. Pokusy uk&zaly, Ze nezavisi jen na koncentraci
boru v roztoku, ale také na reaktivnim &ase a teploté vodniho roztoku. Sorpéni kapa-
city illitu, montmorillonitu, haloysitu a glaukonitu jsou podobné, ale jiné jilové mi-
nerdly, napf. kaolinit ji maji mnohem niZ$i. Jde zfejmé o Al — B diadochii ve vné&j-
Sich tetraedrickych pozicich jilovych minerdlt, i kdyZ diadochie B — Si je také
zmiriovdna Stubicanem a Royem (in Walker 1968). Frederickson a Reynolds (1960)
a Walker (1968) predpokladaji, Ze bor vstoupil do tetraedrickych pozic béhem illitové
autogeneze. Rozdil v obsahu boru mezi sladkovodnimi a mofskymi sedimenty prevaz-
né pelitické povahy uvadi fada autordi, napf. Degens (1965), Reynolds (1965), Walker
(1968) aj. Jejich pozorovdni dokazuji, Ze bor je velmi citlivf na uréeni ptvodni
salinity prostfedi. Podle literdrnich tdajii obsahuji mo¥ské jilovce a bridlice zpra-
vidla kolem 100—200 ppm boru, proti 10—50 ppm boru u sladkovodnich uloZenin.
Zavislost mezi obsahem boru v illitu a obsahem boru ve vodé byla vztaZena
na paleosalinitu prostfedi prekambrickych mofi, ve kterych byl illit uloZen (Reynolds
1965). Tato relativni paleosalinita se urcuje zjiSténim obsahu boru v illitu pfepoctem
z jeho redlného obsahu v sedimentdrni horniné. Vzorek je plavenim rozloZen a u jem-
né jilové frakce stanovime jednak bor jednak K20. Dbdme na to, aby pokud moZno
nastala jeax minimdlni kontaminace detritického turmalinu, slidy nebo Zivce. Even-
tudlni pfitomnost uvaZovanych minerdld zjiStujeme rentgenograficky. V pripadé, Ze
neni Zadny takovy nerost pfitomen, vypocfteme obsah boru v illitu podle vztahu:

7,7

B m) v illitu =B m) ve vzorku . —— —
(ppm) (ppm) % K20 ve vzorku

Hodnota 7,7 je pouZita jako .procentovy obsah K20 v &istém hypotetickém illitu.
Sedimentarni horniny odebrané z mofskych horizonti se zachovanymi fosiliemi (Rey-
nolds 1965) poskytly hodnoty blizké 450 ppm B v illitu. Kolem 2000 ppm B maji
illity sdruZené s evapority a hodnoty kolem 125 ppm B byly zjiStény u illitd z bra-
kického prostiedi svrchnokfidovych: uhlonosnych sediment (Reynolds 1972).

Vychdzejice z téchto zkuSenosti bylo odebrdno 36 vzorkii pelitii, prachovcli a hor-
nin s tufogenni pifimési ze stfedoceskych karbonskych pénvi, které aZ dosud byly
povaZzovdny za ,limnické“ panve. Autofi cht&li tyto nazory potvrdit geochemick§mi
vyzkumy. UloZeniny stfedodeskych :pdnvi jsou pfevdZzné fluvio-lakustrinniho plvodu.
Jejich stari je westfal C — svrchni stefan. Rozdéluji se do &tyf souvrstvi na: kla-
denské, tynecké, slanské a lifiské souvrstvi, z nichZ sedimenty tyneckého a lifiského
souvrstvi (pfevdZné pestfe, resp. ¢ervené zbarvené) se patrné uklddaly v aridnéj$im
prostfedi, neZ uloZeniny zbyvajicich dvou (pfevdZné Sedych) jednotek. Geografické
¢lenéni padnvi je zndzornéno na obr. 1. Nerovnomérné zastoupeni hornin s vulkano-
genni primési je ziejmé z obr. 2. Tabulky 1—4 a tabulka 9 udédvaji obsahy B ve stu-
dovanych vzorcich. Posledni z nich je shrnutim vSech dat.
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Relativné nizké obsahy boru u vSech studovanych vzork® stfedo&eskych karbon-
skych pdnvi ukazuji na sladkovodni prostfedi vzniku sedimentd téchto panvi. Obsahy
boru kolisaji od 24 ppm do 77 ppm. Primérnd hodnota je 48,4 ppm B. Zjisténd data
jsou v souladu s dosavadnimi geologickymi vyzkumy stfedoCeského karbonu. ZvySené
obsahy boru byly zjiStény v Cervenych sedimentech tyneckého a liifiského souvrstvi,
které se ukldadaly v dob& zvySené aridizace klimatu. S tim souvisejici vysychani panvi
vedlo bezprostfedné ke zvySeni koncentrace ve voddch pdanvi a odrazilo se také
ve zvySeném obsahu boru v jilovych minerdlech (pfedevSim illitu) sedimentarnich
hornin stfedoCeského karbonu. Z rozdilného zastoupeni boru v zdkladnich litostrati-
grafickych jednotkdch stfedoCeskych pdanvi lze v zavislosti na klimatu uvaZovat
o stanoveni dvou geochemickych cykli. Kazdy z nich zahrnuje dvé litostratigrafické
jednotky (Sedé a cCervené sedimenty); je charakterizovdn stoupajicim obsahem boru
smérem do nadloZi.
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POKYNY PRO AUTORY

Folia musei rerum naturalium Bohemiae occidentalis uvefejfiuji p@ivodni védecké
prace z obordl geologie, botaniky a zoologie, k nimZ je materidl Cerpdn alespoil
Gastedné z tzemi Zé&padoteského kraje. KaZdy sedit je vénovan jedné samostatné
studii. Rozsah praci je vymezen nejvySe 45 stranami normovaného strojopisu (pfi
vySSim poctu stran je nutno se predem dohodnout s redakéni radou].

Prdce se prijimaji pouze v nékterém ze svétovych jazyki, cizojazyCné texty si
musi autofi praci obstarat sami a zaroveii ruéi za jejich jazykovou spravnost.

Rukopis praci musi mit né&sledujici osnovu: Jméno autora, ndzev prace (oboji
na zvla$tni strdnce), obsah (mé&-li u prdce funkci}, tvod, materidl a metodika,
hlavni stat, diskuse, zavér, jméno piekladatele, literatura, 'adresa autora, Ceské
shrnuti.

Kompletni rukopisy zasilaji autofi na adresu redakéni rady pfirodovédného od-
déleni ZipadoCeského muzea, Veleslavinova 6, 30114 Plzedi, kterd je po recenzi
a po schvéleni zafadi k zvefejnéni.

Prispévky se piSi strojem po jedné strané kanceldafFského papiru forméatu A 4
¢ernou péskou, 30 rfddek na strdnku s 60—70 uddery na Faddku. Obrazové pfilohy
{na rubu oznacené jménem autora a zkracenym ndzvem piispévku) mohou byt
pérovky provedené cCernou tusi (vCetné map) na bilém pauzovacim papiru formaétu
A4 s popisem pomoci propisotu, event. text k obrazové priloze mfiZe byt napsén
strojem na zvlaStnim papiru forméatu A4, bude pak vysdzen. Fotografie museji byt
provedeny na lesklém papiru, kontrastni, formdtu nejméné 13 X 9 cm. Detailné&jsi
pokyny pro tdpravu rukopisu viz CSN 880220. Autofi obdrZi ke korektufe sloupcovy
i strankovy otisk. Korektury se provadé&ji podle CSN 880410.

Poradi popisnych znakii u citované literatury se provadi takto: 1. U casopisii:
prijmeni autora, zkratka kFestniho jména, te€ka, rok vydani prace (u praci bota-
nickych a geologickych v oblych zdvorkach, u praci zoologickych bez zavorek, rok
vydani se pak oddéluje od zkratky kfestniho jména €&rkou), dvojtecka, Gplny nazev
préace, tec¢ka, pomlcka, ndzev Casopisu nebo jeho zkratka, ¢arka, série, tfida a po-
dobné, carka, misto vydani, ¢arka, rocnik, dvojtecka, stranky citované préce, tecka.
(U zoologickych praci aZ po ro€nik stejné, seSit v oblych zavorkach, dvojtecka,
stranky, tecka).

2. U knih: aZ po nazev knihy stejné, po te€ce za ndzvem ndasleduje tidaj o edici,
svazku apod., te€ka, pomlcka, misto vydani, teCka.

3. U sborniki, kompendii aj.: prijmeni a zkratka kfestniho jména autora, rok vy-
dani (stejné jako u CGasopisti), dvojtetka, nazev prace, tecka, pomlcka, ,In“, dvoj-
teCka, prFijmeni a zkratka krestniho jména redaktora, pFipadné editora sborniku,
zkratka ,red.“ v hranatyjch zavorkach, nazev sborniku, ¢arka, stranky citované prace
uvedené zkratkou ,p.“, tetka, pomltka, misto vydani, te€ka.

4. U rukopist (dipl, disert.,, kandid. praci apod.) jako u kniZni publikace,
za pomltkou za nazvem prdce nasleduje zkratka ,Ms.“; na konci prace je nutno
uvést tdaj o deponaci, jemuZ predchazi zkratka ,depon.”

Poznamky: Zkratky krestniho jména autora se uvadéji za pFijmenim; je-li vSak
prace dilem vice autord, zkratka kPestniho jména druhého a dalSich se presunuje
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pfed pfijmeni, mezi jména autord se klade &arka. Cituje-li se vice praci jednoho
autora, vydanych v témZ roce, pfipojuje se za letopocet index ve formé malého
pismene. Pocate¢ni pismena slov nadzvu casopisu (event. jejich zkratka) se piSe vel-
kymi pismeny, ¢leny, spojky a predloZky se vynechdvaji. Vyrazy pro oznaceni edi-
ce, svazku, dilu apod., se latinizuji (vyddni = Ed., svazku = Vol,, dil = Tom), stej-
né jako vyrazy pro oznaceni €asti, tfidy, rady (€ast = Pars., tfida = Cl.,fada = Ser.).
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