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JOZEF MICHALIK* — JAN JARKOVSKY* — MILAN SYKORA**

TO THE LITHOLOGICAL-GEGCHEMICAL CHARACTERIZATION
OF UPPER TRIASSIC-LOWER JURASSIC SEDIMENTATION
(KRIZNA-NAPPE, WEST TATRA MTS.)

(Tabs. 3, Figs. 3)

Abstracltl: On the basis of the lithological character, manometric
analyses, analyses of microelements (B, V, Cu, Pb, 5Sr, Ba, Cr, Co,
: Ni), content of clay minerals and some accessory minerals in the

series of samples, in regular intervals taken from the Upper Trias-
sic — Lower Jurassic sequence of sediments of the Krizna Nappe
in the West Tatra, it was possible in a considerable extent to com-
plete he conception about properties of the sedimentary environ-
ment, reconstructed on the basis of biofacial and lithofacial cha-
racterization (A. GazZzdzicki et al, 1979). Surprising are mainly

UNESIHD the data about horizons with the contents of detrital chrome spi-
nels and zircon, chlorite and muscovite and with high concentra-
tions of Ba, Sr and V.

Peswwe: Ha ocnope MUTOMOMHUECKONO NAPAKTCPA, MaHOMETPHUYECKHX
aHaau30s, anaanza mukposiesmentoe (B, V, Cu, Pb, Sr, Ba, Cr, Co, Ni),
COMEPAAHNS THAMIMNCTEIX  MHHEPAJTOB 1 HEKOTOPBIX dAKIECCOPHBIX  MitHe-
pajoB B cepuit npod, B peryaspHLIX HUTepBajax oToOpanielx 03 BEpX-
HETPHACOBO — HIZKHEIOPCKOI NOCAeL0BATENBHOCTI OCALKOB  KPIAsH-
ckoro nokposa B 3anazanux TaTpax ObL1o BOIMOKHLIM B 31AUHTELION
creneny AOMOJHNTh HPeAcTaBIchiie o cnoficTBax ocalounoil obcTanonki
pekoleTpyHpoBaHHoil Ha ocnose Onodaitiaasoil 1 antodaiiaisioi
xapakrepnernkn (A Faw tm nwkn wap., 1979). [opasute.siibl HMenlio
JAHHBIE O TOPH3ONTAX C COACDKAIICM ALTPUTOBEIN XPOMIIMHIEACH 1t Wip-
KOHZ, XJAOPHTA 11 MVCKOBIHTA U ¢ BLICOKINI Konuentpauuavun Ba, Srou V.

Introduction’

The Triassic and Jurassic sediments of the Krizna Nappe in the West Tatra Mts.
are present in the characteristic basinal (“Zliechov” in sence of M. Mahel)
development. Moreover the sequence taking part in the geological structure of
this area, are for West Carpathian conditions very well exposed. The profile
Nad poslednou ltkou (Above the last meadow) in the Juranova dolina valley was
chosen for detailed lithological and geochemical valuation just owing to the
fact that the continuous bed fequence from Upper Triassic (Norian — Rhaetian
deposits of the Carpathian Keuper, Upper Rhaetian Fatra Formation), up to
Lower Jurassic deposits (Hettangian — Lower Sinemurian Kopienec Formation,
Sinemurian-Domerian Janovky Formation), well characterized by macro- and
microfauna (A. Gazdzicki et al, 1979) and lithostratigraphically well
investigated, is uncovered in details. From horizons of the 220 m long profile
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were selected on the whole 41 samples, which were subjected to further labo-
ratory treatment.

Roughly 2 kg samples were dressed into fraction < 0.09 mm. From it was taken the
average sample for determination of the share of carbonates by manometric method
by J. Turan — L. Vandc¢ova, 1972, (carried out by J. Turan, Geological Institute
of the Comenius University, Bratislava). By further crushing into fraction < 0.063
the sample was prepared for spectrochemical analysis of B, V, Cu, Ba, Sr, Co, Ni
by the method of J. Medved — E. Plsko —J Cubinek, 1974 and J. Medved
— J.Kubova — E. Pl5ko, 1979, The analytical results were correlated with stan-
dard reference malterials of the Zentr. Geolog. Institut, GDR (ZGI-KH: limestone,
ZGI-GM: granite), Fred. Smith Chemical Co. (GFS 401-limestone), National. Bureau
of Standards (NBS-88-a: dolomitic limestone, NBS-1-b: marly limestone), I. S. Geol.
Survey (G-2: granite) as well as with recommended values in F. J. Flanagan, 1973;
E. Thomson et al, 1970, at which a satisfactory agreement can be stated. The
fraction 2 ¢ was separated from shaly horizons by Andreasen’s method (J. Konta,
1957). For distinguishing minerals of the chlorite and kaolinite group the samples
were annealed at 450 °C, for identification of minerals with mixed illite-montmorillo-
nite structures glycerine was used. Diffraction records were elaborated by E. Sa-
majova (Geol. Institute of the Comenius University, Bratislava).

Mineralogical composition

The study of mineralogical composition of the individual horizons was mainly
based on microscopical observation and manometric determination of the share
of calcite, dolomite and non-carbonate remnant, completed (mainly in clay hori-
zons) by analysis of X-ray diffraction record of clayey fraction and analyses of
heavy mineral grains. The rocks of the preponderant majority of horizons can
be, according to the classification of M. Misik (1970) and J. Konta (1973),
classified as various transitional types of the sedimentary order claystone —
limestone — dolomite (see Tab. 1.) The carbonates of horizons of the Carpathian
Keuper and basal beds of the Fatra Formation can be mostly valuated as clayey-,
clayey calcareous (marly)- and calcareous-clayey dolomites with variable share
of sandy fraction. The content of CaMg(CO;3)» in them wvaries from 43.55 to
62.55 %0. Also the clayey rocks of these formations have a higher portion of
CaMg(COy)s (on an average 22.64 %), whilst the portion of CaCO; is relatively
low (3.15 %/). The carbonates of Fatra- and Kopienec I'ormations are represented
by various transitional types of limestones with variable CaCO; content (from
61.65 to 78.74 /s, in highly sandy horizons at the boundary of both formations
the content of CaCOj sinks below 40 %), The X-ray diffraction analysis has
indicated that the main clayey mineral in all investigated samples (see Tab. 2)
is illite. In samples [rom horizons of the Carpathian Keuper was established
a more distinel portion of kaolinite, which, however, gradually decreases toward
the overlier (in less measure it is still present in shaly intercalations between
limestone horizons of the Falra Formation). In the higher part of the Fatra and
Kopienee Formations minerals of the chloritoid group are found, forming often
ceven small coneretionary nodules, galls or thin beds of ooids. Between horizons
398 1o 413 chlorile can be usually observed optically in thin sections. Elsewhere,
where Lhe mineral is finer dispersed in the ground mass of the rock, it was
possible Lo distinguish it from kaolinite by annealing ol samples at 450 °C
(mainly the horizons 337 and 406). In the upper part of the claystone sequence
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of the Kopienec formation chlorite is more rare. However, mixed structures of
clay minerals, pointing to the presence of montmorillonite group minerals, were
established. In qualitative composition of the associations of clay minerals from
intercalations of clay rocks of the sequence thus gradual replacement testifying
to a gradual change of the sedimentary environment with paleogeographical
development of the area, can be stated: more distinct representation of kaolinite
in horizons of the Carpathian Keuper. chlorites at the boundary of the Fatra-
and Kopienec Formations and montmorillonite in the higher part of the
Kopienec Formation indicate the development [rom the terrestrial basin with
marine floods through a shallow-marine basin to a stable marine basin in the
region of deeper neritic (more in detail see next).

Heavy minerals were studied oplically in thin sections, as well as also after
separation from the insoluble residue. In separation of the insoluble residue
15-"/0 hydrochloric acid was used. epigenetic pyrite was dissolved in 20 % nitric
acid.

The clastic admixture, which occurs in horizons of the Carpathian Keuper,
is composed of aleuritic quartz grains. Only sporadically small grains of heavy
minerals, fragments of rocks (mainly dolomite and limestone) and pseudo-
morphs after evaporite minerals appear. In the upper part of the basal beds of
the Fatra Formation the clastic admixture totally vanishes and appears in the
upper part of the “upper biostrom” again (of. Fig. 1). In this part of the profile
the clastic admixture attains 15—20 (sporadically up to 60) per cent of rocks
volume. The maximum of clastic admixture is in basal clastics of the Kopienec
Formation (horizon 409:96 %4). The association of heavy minerals is in all this
section equal, although their mutual ratio and per cent representation in
individual horizons change. In the basal clastics of the Kopienec Formation
(horizons 409, 412) tourmaline highly predominates (tourmaline 65 %, rutile
15 %, zircon 12 %, magnetite 4 9%, clastic chlorite 1 7%, ilmenite, spinel,? corun-
dum and further unidentified minerals 3 %). The chemical character of the
association of heavy minerals together with the amount of muscovite and
sericite, accumulated in interbedded and inner-bed laminae distinctly influences
the chemical curve of boron concentration (Fig. 2).

In the light fraction besides usually undulatory quartz, muscovite, sericite,
plagioclase and potassium feldspar were observed. The grains and crystals of
heavy minerals are weakly worked up and neither indicating a longer transport,
nor reworking of older sediments. Their association testifies to the presumption,
that their main source have been probably metamorphosed rocks. The source

of spinels, which should be an unknown body of ultrabasics, remains question-
able.

Distribution of microelements

As a great part of microelements is adsorbed mainly by clay minerals, in
sampling we were directed lo layers and intercalations of clayey rocks or to rocks
with more distinet clay admixture. However, also in common carbonate rocks
of the profile the portion of non-carbonate remnant, the bearer of clay com-
ponent is sufficiently high (25.18 % in dolomites of the Carpathian Keuper,
21.22 % in carbonates of the Fatra Formation and 16.83 %/ in limestones of the
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Table 2
Composition of clayey fraction of some claystones in the profile

| Sample Illite I—M Kaolinite Chlorite
| | |
Kopienec 4232 XX X X
| Formation 413 XX X X
. 409 [ XX X X
| |
| 406 XX X XX
Fatra 390 XX X X
Formation 337 XX X XX
284 XX X
| 277 A XXX XX
Carpathian 274 A XXX XX
Keuper 270 A XXX | XX
269 KEX XX

Explanations: 1—M (illite-montmorillonite); XXX — distinct content; XX — less dis-
tinct content; X — indistinet content

Kopienee Formation) for tracing of the portion of microelements bound to clay
minerals.

Boron

This element belongs among important microelements of sedimentary rocks from
several viewpoints. The essential amount of B of hypergenic zone accumulate in

S ]

Fig. 1. Distribution of sedimentological, lithological and mineralogical data of the
traced profile Nad poslednou ltikou (Above the last meadow) in the Juranova dolina-
valley, West Tatra.

The first column: chronostratigraphic and lithostratigraphic division, used in A.

Gazdzicki et al., 1979,

Second column: general lithology. Explanations: 1 — spotted limestones, 2 — marls and
claystones, 3 — marlstones, 4 — organodetrital limestones, 5 — aleurites, 6 — sandstones,
7—ecrinoidal limestones, 8 — brachiopod limestones, 9 — oolitic limestones, 10 — shelly
limestones, 11 — pseudonodular limestones, 12 — coral limestones, 13 — limestone breccia,
14 — dolomites, 15 — layers of dolomite concretions in Keuper claystones.

Third column: structures and textures. Explanations: 1 — caliche, 2 — wash-outs with
graded bedding of overlying horizon, 3 — gradations without distinct erosion of the
substratum, 4 — ooids, 5 — parallel bedding, 6 — bioturbation, T — onkolite coatings
to erusts, 8 — biostromal growths, 9 — loferites, algal mats, 10 — dolomite crusts, 11 —
ripple-marks bedding, 12 — borings (boring of the substratum).

Fourth column: lerrigenous influence. The size of arrows means the amount of supplied
clastlic terrigenous malterial.

Fifth eolumn: composition of rock (in per cent). 1 — intraclasts, 2 — quartz sand, 3 —
allochems, 4 — mieritic caleite.

Sixth column: maximum size of intraclasts (in millimeters).

Seventh column: representation of clastic and authigenic minerals.

Eight column: interpretation of the sedimentation environment of individual horizons.
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clayey rocks (in our profile the coelficient of correlation B and non-carbonate remnant
is r=082). V. M. Goldschmidt — C. Pelers, 1932 pointed to the property of
the concentrations of B in sediments to reflect the salinity of the sedimentatary en-
vironment. Although H. Harder (1959, 1961), A, F. Frederickson — R. C.
Reynolds (1960), R. C. Reynolds (1965), G. Ataman (1967), C. T. Walker
(1968) and other authors pointed to the complicated dependence between accumulation
of B in sediments and paleosalinily, several authors have tried up to now to seek
in the analyses of the content of this element for the key to an unambiguous distin-
guishing of freshwater, brackish, marine and hypersaline environments, others, re-
garding to the failure in interpretations, totally undervalue the importance of analy-
sing of the B contenl for paleosalinity and paleo-environmental analyses. D. H.
Porrenga (1975) and further authors have stated, that besides paleosalinity the
amount of B in sediment depend at least on ten factors. Four of them belong to the
characteristics of the sedimentation environment:

1. concentration of B in the environments (H. C. Whitehead — J. H. Feth,
1961),

2. the temperature of the environment (F. J. Dewis — A, A, Levinsson —
P. Bayliss, 1972),

3. the length of the time of contact with the environment, e, g. rate of sedimenta-
tion (S. Landergren, 1945; D. Heling, 1967),

4. the amount of “inherited” boron (T. H. Adams —J. R. Haynes — C. T. Wal-
ker, 1965, or T. W. Bloxan — T. R. Lynn, 1969). The further five factors influence
the composition of the substratum,

5. mineralogy of the sediment (R. J. Moore, 1968; H. Harder, 1970: I. Kraus,
1975),

6. content of polassium in illites,

7. grade of erystallinity and amount ol amorphous material (5. Landergren,
1945),

#. distribution of size of particles (C. Mosser —J. Call =Y. Tardy, 1972),

9. presence of organic material (C. D. Curtis, 1964; R. M. Eagar — D.

Spears, 1966),
The last, tenth faclor is the diagenesis. which together with metamorphism is effective
postsedimentary (H. Harder, 1961; M, Markova, 1972). The interpretation of B
concentration in sediment is thus a complex problem, reflecting the whole series of
possible, mutually often influencing and completing causes. Only after gradual eli-
mination of their possible effects the dependence of concentration of this element on
the paleosalinity of the sedimentation environment can be traced.

The average content of B in carbonates (46.47 g. t.”!) and in clayey rocks of
our profile (340 g. t') is relatively high. Although in the samples from the
Carpathian Keuper and Faira Formation the B content varies very much. on
the whole it gradually sinks toward the overlier (Fig. 2). The anomalous high
content of B in basal clastics of the Kopienec Formation is caused by con-
centration of muscovite in intercalations between sandstone banks. The gra-
dually sinking conceniration of this element from the Carpathian Keuper to
Liassic sequences is probably connected with the changes of paleosalinity but
also with decreaging preferential position of illite in the spectrum of present
clay minerals. The high content (75 g. t'!) of B in the dolomites of the Car-
pathian Keuper ean be connected with the higher portion of non-carbonate
remnant, bul can also reflect the inlluence of the hypersaline environment, in
which intercalations of clayey rocks, originating in similar environments, formed
(C. T. Walker, 1968),

—_

I'ig. 2. Distribution of some trace elements in horizons of the described profile.

Abbreviations of rock types: BM: biomicrite, BS: biosparite, IS: intrasparite, pS:
pseudosparite,
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Vanadium

The correlation belween V content and non-carbonate remnant (r= 0.43) testifies
Lo the assumption about the bond of this element to clay particles. In greater amount
Vo oaccumulate in clayey sediments of stagnant marine basins (G, E. Reinson,
1977). Not a little role plays also the bond of vanadium to organic carbon.

The average value of concentration of V in claystones of our profile is 107
g.t! (in carbonates 44.5 g.t!). Its content increases to the overlier: the clay-
stones of the Carpathian Keuper contain 83 g.t™! (the clayey rocks of the Fatra
Formation 88 g.t'), the claystones of the Kopienec Formation 214 gt
vanadium (Fig. 2). The last of the averages is, however, influenced by re-
markably high V-concentration in basal clastics ol the Kopienec Formation
(samples 406, 409, 413) where is equally also a higher content of Co, Ni and Cr.
Less anomalies of concentration are in the clayey horizon 390 and in the basal
beds of the Falra Formation (horizon 284). Vanadium concentrated in a reduc-
tional sedimentary environment, where in the sediment an amount of organic
matter accumulated and clusters of pyrite formed. Correlation of V with Cu is
highly positive (r for claystones of the Carpathian Keuper is 0.81 and for clayey
rocks of the Falra Formation even 0.84).

Copper

At this element is also emphasized ils bond to particles of clay minerals and
organic matter (D, M. Hirst, 1962; G. E. Reinson, 1977). The correlation
coefficient of Cu and noncarbonate remnant in the horizons of our profile is,
however, 0.23 only. The average content of Cu in clayey horizons of the profile
is 16.5 g.t™!, in carbonates 11.8 g.t™!; the horizon of the marly limestone 393,
however, contains 85 g.t"! of copper! The higher content of Cu is bound io
products of a reductional environment with concentrations of organic matter
with formation of sulphides (pyrite).

Lead

In marine sedimentary rocks lead is found usually in dispersed state only. The
concentrations of Pb, Zn and Cd are cleared up by syngenetic volcanic activity (H. J.
Schneider, 1964), The Pb-Zn environment is bound to hypersaline and weakly
euxinic back-reel lacies rich in clay minerals. The highest concentrations of Pb (about
cea 80 g, however, are mentioned [from deep-marine clays (J. F. Marshall,
1980).

The coelficient ol correlation between the content of Pb and non-carbonate
remnants in the deseribed profile is 0.56. Its average content in clayey rocks
ol the proflile is 23.6 g 7!, in carbonates 8.3 g.t”!. The distribution of Pb in the
horizons of the prolile is generally equal (Fig. 2). The local increasing of Pb
content in basal beds of the Kopienee Formation (Tab. 3) is obviously caused
by clastic supply.

Slronltium

Barium and strontium belong among the most abundant trace elements of the
lithosphere, On the contrary lo several other authors Do M. Hirst (1962) thinks that
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the distribution of Sr need not be always controlled by calcium only: Sr can be also
adsorbed by clay minerals, mainly in environments with higher salinity (P. E. Pot-
ter et al, 1963). O. H. Pilkey — J. Hower (1960), however, prove that the
relations between salinity and Sr content are more complicated than this element
could be an indicator of paleosalinity. J. R. Krantz (1976), on the contrary, considers
Sr as a good indicator of facial and diagenetic conditions for sediment formation. He
mentions, however, that its content in the sediment can be considerably changed by
washing out by water during diagenesis and recrystallization of aragonite into calcite.
The high content of Sr (and occurrence of celestite) indicates evaporite-forming con-
ditions in the aride environment (cf. also A. T. Wells, 1980).

The geochemical linking of Sr with carbonates is expressed by the high value
of correlation (r = 0.46). The average content of Sr in carbonates of the profile
is 419.2 g.t™l, in clayey rocks 215.4 g.t’!. The conditions of the origin of ano-
malous concentration of Sr in the horizon 274 of the Carpathian Keuper
(1500 g.t™'y could be analogous to the environment of formation of evaporite
horizons with celestite in the Raibl Group of the Alps (J. R. Krantz 1976).

Barium

It accumulates mainly in hydrothermal products in the continental part of the
earth crust. In hypergene stage is it isomorphous with ¥ but also with Cs and Sr
(A. T. Wells, 1980). The highest concentrations in hypergene environments (2300
2.4 it reaches in deep-marine clays (K. K. Turekian — K. H. Wedepohl, 1961)
or in hypersaline supratidal environments (A. T. Wells, 1980).

Z. A.Janoc¢kina (1966), setting out [rom the supposition, that different migration
of Sr and Ba in the hypergene stage reflects the changes in the of character of se-
dimentation environment, considers the sediments with the value of ratio Sr/Ba > 1
as [reshwater, higher values have to be typical for marine sediments. For comparison,
in our profile from sixteen samples of the Carpathian Keuper the half have this
ratio < 1, whilst from 23 samples of the Fatra- and Kopienec Formations only four
have this ratio less than 1.

The average content of Ba in our profile is relatively low (in clayey rocks
230 g.t™!, in carbonates 71 g.t™!). The higher content of Ba in the Carpathian
Keuper (in claystones from 62 to 980, on an average 230 g.t™!) can be ascribed
partly to a distinet portion of illite in composition of claystones, but also to
replacement of calcium in evaporite minerals by barium.

Chromium

_The main part of Cr released with weathering, is mainly bound to secondary layered
silicates, mainly illite and montmorillonite (D. M. Hirst, 1962). G. O. Nichols —
D. H. Loring (1962) deny the dependence between the content of Cr in sediments
and the presence of sulphides and carbonates.

In our profile the low value of correlation (r = 0.21) does not indicate the
existence of dependence between Cr content and non-carbonate remnant. The
average Cr conlent in claystones is 80.8 g.t'” in carbonates 51.3 g.t™!. A higher
Cr content, in dolomites of the Carpathian Keuper (horizon 274: 514 g.t™!) is
accompanied by increasing Ba and Sr contents (see Tab. 1, Fig. 2).
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Table 3
Correlation matrixes and fundamental statistical
l Carpathian Keuper — dolomites Fatra Formatlon —
: : a:
‘ B ‘ Pb V | Cu| Ni | Co | Cr | Ba| sr | B | b | v : Cu
| |
£|_] | B 1 B = - W | 1 _| - -
Pbooa4l L . Joaa| 1 | [
Vv _|-021 —023| 1 | I ! 003 084 1
Cu (123‘ 006—063 1 L —oael 0041-014 1
Ni | 087 036-024 007 1 | | 052 087 085 —0.3¢
Co_ ___012‘ 011 086/—036—007 1 | ' | 922 087 097 —-019
i£r_—(]'39 0.44 —0.10 —049 —0.20 =025 1 | =015 079 095 —0.12
Ba |-009| 047 -030 069 0 006 —-011 1 | 009 —012 —007 —014
sr |-044 ! _044-016-031—031-_0_29' 0.96 0.045_1_ |:?5#o13—002 035
AP | 7485 | 12.14| 9.14 900 3242| 5.14 96.42/155.28 419.85 28.90 6.81 73.18  14.90
ER 3864| 186| 6.14 994|4579 3.13 184.47 15987|48363|2312 5.32137.78 | 23.96
V| 4895 15.35 67. 25' 32.71 141.23 | 60.90 191.30 102.95 | 1_1_6_33'__7395 7811 188.28 156.68
GP | 68.46 | 1201 778 asn| 19.16 459 37.76 10852 28457 21.80 503 18.05| 9.44
- Cd[‘pdlhld]‘l Keuper — claystones - Fatra Formatlon —
B | 1 L
Pb | 048 1 . B SN [ [N 098 1 beas
v (1231—(143 L] i 1. ' | 088 o088 1
Cu | 017 —0_29| ::31._ B S | 057 056 084 1
Ni |_0.64.__{J_,2'§! 044 064 1 093 093 080 075
Co | 0.62]—0.06 __g§2‘ 080 084 1 | 083 087 085 077
Cr |—001] 0.33)—0.57 —0.33] 0 I—U18 1_|__ | | 089 o087 091 0.61
' Ba |—011|—001| 045 070 018 034 —044 1 | 093] 089 087 052
Sr =047 - 0.05 —0.36 —0.22 —0.55 —0.54 030 0.09 1 ,-083—077—088—061
AP [375.22 | 16.00 83.44 16.33 63.88 17.66 8255 309.44 51_77_|3_3@ 18.00) 88.16 17.50
S 11850 | 6.72| 26.67 11.94 1615 6.74 2219 284.66 98.26 Rz
| V| 3158 42.04| 31.97 | 73.14 .252(}| 38.18| 26.88| 91.99| 54.05 9_6_74 92, 36‘ 35.20 | 44.22
| GP [360.57 | 14.74| 80.08 | 13.41| 62.09 | l_gaz_J 79.86 [226.20 [161.44 [211.83 | 11.39| 83.26| 16.14
. Kopienec Formation — claystones | Koplenec Formation —
| AP | 44.66 | 4.66 | 21.66| 7.00| 12 66| 233 20,66 34.66(490.0 ‘253 66| 57. 661714 33* 15. 3'3
S | 2203 | 4612205 173 251] 0.57 10.21 21.43‘1(;3.70i-):;,t_l_,_u._s_ 51.32[108.07| 5.85
| Vv | 4932 9897 (10178 24.74 | 19.86 | 24.74 | 49.42| 63.28| 33.40| 94.54| 89.00| 50.42| 38.21
‘Gr | atan| 341 13020 66! 12491 228 18.46] 30.73/472.55 182,72 38.51/193.88 14.65

Remark: For the small number of samples the correlation matrixes of claystones and

limestones

of the Kopienee Formation are not mentioned in the survey
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data of microelements of the profile
limestones The whole profllew—carbc_matesh_ __]FIE
| | R
Ni | co| cr [ Ba| S| B | Pb| V| Cu| Ni| Co o | Ba| sr !
| | ' . |
|1 i E ___‘___l L | 0.82
R _____' 0.41 ‘_1_.__ __I_i_____! 0.56
B —0.15 _U;-E}Fl_______:___l__l T {oas
| . —015—001—067 1 | 0.23
1 ] 0| 042] 009—011 1 _‘_ | loss
043 1 || o1 oes| os2l—016 020 1 | loms
o073 089 1 | | 1-005 044 024/—011| 0 o020 1 | | |020
—0.07(—0.04 001 1 | 031 0.36—0.15-0.02 020 D.{}&! 008 1 | | —
—046—0.17 010 016 1 |—033 0 —0.02] 0.10-029—019 078 005 1 | —
11.00  4.63 3090 27.90(399.54| 46.47 | 8.28| 44.47| 11.80| 18.38 a4.47| 51.28| 71.33)410.23]
9.2 484 5429 14.05(179.30| 3421| 507 Mﬂ| 27.93| 3.94 113.02/107.33(302.26
87.48|104.45 175.66| 50.35| 44.87| 73.62( 61.20|230. 230.62(143.51 15195 8812 22039 150.46| 72.09
762 327 1571 24.28(307.12| 35.00 6.36] 13.01) 3741 11.12] 3.48| 21.53| 41.36/318.35|
claystones [ The whole profile — claystones 1
S B O S
[ N Y I A
R O N '____U-H 067 1 | N
] o35 oas| 027 1 | [ | [
v || 0w o070 o046 051 1 | |
096 1 ‘ n53| (18?| 0.62 051 086 1 |
o 0 1 || 06 046 020 006 055 038
0.80| 0.66 096 1 017 003 0.06 059 029 018—007 1 |
_m:ms_j%.—nqéfi — 0.63/— 0.39,— 0.38'— 0.31/— 0.71|— 0.51 — 0.41|— 0.19| 1
143.66] 17.00| 77.00[137.50 269.00(340.11 23.61106.83] 16.55| 58.05 27. G'i 80.83(230.22(215.38
347| 12.18| 33.74| 66.45(113.52(213.25| 25.67 66.67 9.45| 28.99 13.73| 24.90(216.08(109.44
;q4a| 7145 4382, 48.32 42.23| 627 108.72| 62.41] 5712 49.94| 68.48 30.81  93.83| 57.81
3343/ 1376/ 70. s6l124.130247.55 551269. 69 15.87| 94.61| 14.48] 49, 91‘ 16. 73‘ 77.031176.88/190.54

11 mestones

Explanations:

|
69. asl 33. 33 83, 33|173 0ol: 909 (mu AP: arithmetic mean

sg ‘4L
57.79

81 13 ‘3"3 'T[Il '33_[)(1 6" 67
25,71 B1.67 171.72 18.";.6_21

S: standard deviation
VK: variation coefficient
GP: geometric mean
IR: correlation coefficient of the individual
microelements of the profile and non-
carbonate residue
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Cobalt and Nickel

These elements are geochemically closely linked with iron, the concentrations
of Co in consequence ol its not even proton number, however, are lower. The
correlation coefficient of Co (r = 0.75) and Ni (r = 0.68) with the non-carbonate
remnant distinetly indicate linking of these elements with the clayey fraction
ol sediments. The Co content in the profile is relative low (in clayey rocks on
an average 16.7, in carbonates 4.5 g.i7!). The higher content of this element in
the basal beds of the Kopienee Formation (63 g.17') can be explained by
trangport and sorting of clastic terrigenous material.

The average Ni concentrations in carbonates (18.4 g.t™') as vell as in clayey
rocks of our profile (58.05 g.t™!) correspond to average concentrations of this
element in sediments of this tvpe (K. K. Turekian — M. H. Carr, 1960). Co
in the profile correlates not only with Ni (in claystones of the Carpathian Keuper
r = 0.86 and in the Fatra Formation even 0.96!), but also with vanadium (in
claystones r = 0.62. in carbonates 0.82). with lead (r in claystones 0.87. in
carbonates 0.66) and partly also with copper (r in claystones 0.51) and boron
(r of claystones 0.58). Ni besides that correlates well with B (claystones r = 0.78.
carbonates 0.75) and in the Fatra Formation with V (clayey rocks r = 0.9.
carbonates 0.85), with Pb (claystones v = 0.7, carbonates 0.42) and partly with
Cu (claystones r = 0.51). Remarkable is the correlation of Ba with almost all
traced elements from the clayey horizons of the Fatra- and Kopienec Formations.
The correlation coefficient is besides Ba-Cu (r = 0.52) and Ba-Co (r = 0.66) in
the Fatra Formation and Ba-V (r = 0.27) in the Kopienec Formation always
higher than 0.8. But, however, it does not correlate with Sr! The relations of the
individual traced elements are clearly conspicuous from the correlation matrix
(see Tab. 2).

Interpretation of the sedimentary environment

Carpathian Keuper (Norian-Lower Rhaetian)

The typical development of this sequence is limited fo zones. affected by
Early-Kimmerian emersion (i. e. the Tatric and Fatric of the West Carpathians).
The analysis of lithological composition of horizons, sedimentary structures,
mineralogical content and spectrum of present microelements confirms the
conclusion, that the sequence sedimented in a continental basin under rapidly
changing conditions of the environment (flat waste land to desert with ephemeral
water streams and drying -up lakes, affected by occasional short-dated trans-
gressions of shallow sea), The relatively fine — grained. homogeneous sediment
of claystones, containing dry-land xerophilous palynoflora and occasional ad-
mixture of quartz silt, testily the fact that the main part of terrigenous ma-
terial was obviously transported by wind. Multiply at the surface of the sedi-
ment carbonale crusts of caliche-type developed (Fig. 1). The high content
of B (Tab. 1, Fig. 2) teslifies to a higher salinity during sedimentation of
claystones. The higher content of Ba (horizon 273 A) indicates an environment
with formation of evaporite minerals. Dolomite intercalations are accompanied
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by occurence of remnants of marine plankton (cf. A. Gazdzicki et al., 1979)
and often by higher of Sr and Cr. Their origin is connected with penetration of
marine water during short-timed marine floods. The horizon 274B with extreme
concentration of Sr sedimented obviously in hypersaline environment with
celestite formation.

Fatra Formation (Upper Rhaetian)

is a product of a shallow-marine basin, which formed during Upper Rhaelian
in the Fatric region. The sedimentation here was taking place on mobile
substratum. the oscillation movements of which gave rise to the cyclic structure
of the sedimentary sequence.

The basal beds-member coincides many points with the underlying
horizons of the Carpathian Keuper (Fig. 2). The ferrigenous influence in banks
of limestone-dolomitic rocks, however, gradually decreased contemporaneously
with appearing of marine fauna,

The lower biostrome-member is typical in onset of limestone
facies with characteristic marine benthic fauna, stabilizing the substratum surface
first with small coatings and crusts. later with more extensive biostromatic
constructions. The contents of B and Ba and further microelements in rocks
of the horizons gradually decrease.

The barren interval-member is characterized by minimum con-
tent of B and Ba and sudden increase of Sr content. Lithologically it is
characterized by intercalations of dolomites and redeposited bioclastic rocks.
All these features indicate the renewal of conditions of extremely shallow water.

The upper biostrome-member implies the renewal of neritic
biostrome sedimentation, finally accompanied by moderately increasing supply
ol terrigenous material (Fig. 1). Besides clastic quartz gradually appear heavy
minerals (rutile, chrome spinels). The representation of chlorite in the spectrum
of clayey minerals implies, according to W. E. Parkham (1966), a deeper
neritic marine environment in the middle of the basin, distant from the sources
of clayey material. In the horizons of the upper biostrome representation of
B, Ba. Cr, V and Ni increases again. On the contrary, the portion of Sr sinks.

Greater changes can be observed in the member of transitional
beds. The horizon of pseudonodular muddy limestone 393 with higher content
of Cu indicates stagnant conditions. On the contrary, the higher horizons contain
abundant intraclasts and an amount of biodetritus, testifying to a more distinct
current regime of the environment. The share of clastic quartz increases. The
vanishing of stenohaline organism indicates salinity changes. This assumption
tan be supported by a new increase of Sr content. The horizons 405—406 with
mixed chamosite, calcite, haematite and chlorite ooids contain anomalous con-
centrations of Cr, V and Sr (cf. Fig. 3).

Kopienec Formation (Hettangian)

Thebasal clastics-member of this formation essentially differs in its
composition from the underlier. It is formed by greenish brownish-grey clay-
stones with thick intercalation of light-grey quartz sandstones. The sandstones
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Fig. 3. Thin section from the horizon of
oolitic limestone 406. In the figure is
a distincet mixture of individual ooid types
(calcite, chamosite, haematite). The cores
of ooids are formed by clastic quartz,
juvenile shells of gastropodes, ossicles of
crinoids, fragments of valves of bivalves
and other organisms: Magnification: 50 » .

contain a relatively variegated scale of
heavy minerals, also shown in the
variegated chemical character of micro-
elements (Figs. 1.2). The laminae bet-
ween the sandstone layers are formed
by an amount of muscovite scales. The
higher lying limestone intercalations
are characterized by a low content of
Sr and higher portion of Ba. Ni and V.

The overlying lower limestone-member isacomplex of alternating
marlstone and limestone banks. The intercalations if limestones have a gradation
texture and represent the bases of erosional cycles. They are relatively poor in
fauna, accessory minerals and microelements. During sedimentation of the
overlying “main claystones”, a moderate increase in Sr. Ba, Cr. V contents
can be observed. This part of the profile was, however. sampled already only
relatively thinly and therefore no definitive conclusions can be drawn about its
geochemical development.

Conclusion

By the study of lithological, mineralogical and geochemical composition of the
Upper Triassic to Lower Jurassic bed sequence of the Krizna nappe of the
West Tatra Mts., we came Lo the following conclusions:

1. The rhythmic structure of the Carpathian Keuper is also reflected in its
mineralogical composilion and in the content of microelements. The horizons
with higher concentration ol Ba and Sr represent residual products of an
extreme environment with accumulation of salt, evaporite minerals and(?)
celestite, obviously already leached at present.

2. The onsel of marine limestone facies implied stabilization of the specific
association of microelements, only disturbed by shallowing connected with
regression during the barren interval.

3. The upper biostrome implies the renewal of normal marine sedimentation.
With stronger clastic supply in its upper part, in transitional beds and basal
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clastics of the Kopienec Formation, the spectrum of heavy minerals, derived
from metamorphosed rocks, appears. The grains of chromspinels indicate the
presence of ultrabasic bodies in this source region. This change in composition
of sedimentary material indicates a paleogeographical-paleotectonic rebuilding
of the area linked with the effects of the Early Kimmerian phase in the Fatric
of the Western Carpathians.

Translated by J. Pevny
REFERENCES

ADAMS, T. D. — HAYNES, J. R. — WALKER, C. T., 1965: Boron in Holocene illites
of the Dovey estuary, Wales, and its relationship to palaeosalinity in cyclothemes.
Sedimentology (Amsterdam), 4, 3, pp. 189—195.

ATAMAN, G, 1967: La Géochimie du Bore et du Gallium dans les minéraux argileux.
Chem. Geol. (Amsterdam), 2, 4, pp. 297-—309.

BLOXAM, Thomas W. — LYNN, T. D., 1969: Palaeontological and geochemical facies
in the Gastrioceras subcrenatum marine band and associated rocks from the northern
crop of the South Vales coalfield. Quart. J. Geol. Soc. L. (London), 124, pp. 263—266,
275-211.

CURTIS, C. D., 1964: Studies on the use of boron as palaeoenvironmental indicator.
Geochim. cosmochim. Acta (London), 28, 7, pp. 1125—1137.

DEWIS, F. J. — LEVINSSON, A. A. — BAYLISS P., 1972: Hydrogeochemistry of the
surface waters of the Mackenzie River drainage basin, Canada, IV: Boron-salinity-
clay mineralogy relationships in modern deltas. Geochim. cosmochim. Acta (Amster-
dam), 36, 12, pp. 1359—1375.

EAGAR, R. M. C. — SPEARS, D. A,, 1966: Boron content in relation to organic carbon
and to palaeosalinity in certain Brilish Upper Carboniferous sediments. Nature
(London), 209, 5019, pp. 117—181.

FLANAGAN, F. J., 1973: 1972 values for International geochemical reference samples.
Geochim. cosmochim. Acta (Amsterdam), 37, pp. 1189—1200.

FREDERICKSON. A. F. — REYNOLDS, R. C. 1960: How measuring paleosalinity
aids exploration. Oil Gas J. (Tulsa), 58, pp. 154—158.

GAZDZICKI, A. — MICHALIK, J. — PLANDEROVA, E. — SYKORA, M., 1979: An
Upper Triassic-Lower Jurassic sequence in the KriZzna-nappe (West Tatra mountains,
West Carpathians, Czechoslovakia). Zap. Karpaty, Geol. (Bratislava), 5, pp. 119—148.

GOLDSCHMIDT, V. M. — PETERS, C., 1932: Zur Geochemie des Bors I—1I. Nachr.
Ges. Wiss. Gott, math.-phys. Kl. (Gottingen), 1932, pp. 402—407, 528—545.

HARDER, H., 1959: Beitrag zur Geochemie des Bors II: Bor in Sedimenten. Nachr.
Akad., Wiss. Gott.,, math.-phys. Kl. (Géttingen), 2, 6, pp. 123—183.

HARDER, M., 1961: Beitrag zur Geochemie des Bors III: Bor in metamorphen Ge-
steinen und im geochemischen Kreislauf. Nachr. Akad. Wiss. Gott., math.-phys. Kl
(Géttingen), 2, 1, pp. 1-26.

HARDER. H., 1970: Boron content of sediments as a tool in facies analysis. Sed. Geol.
(Amsterdam), 4, 2, pp. 153—175.

HELING, D., 1967: Die Salinititsfazies von Keupersedimenten aufgrund von Bor-
gehaltbestimmungen. Sedimentology (Amsterdam), 8, 1, pp. 63—72.

HIRST, D. M., 1962: The geochemistry of modern sediments from the Gulf of Paria, 1I:
The location and distribution of trace-elements. Geochim. cosmochim. Acta (Amster-
dam), 26, pp. 1147—1187.

JANOCHKINA, Z. A, 1966: Statistical methods of the investigations in variegated
clays (in Russian). Moscow, Nedra. 142 pp.

KONTA, J., 1957: Clay minerals of Czechoslovakia (in Czech). Praha, CSAV. 320 bp.

KONTA, J., 1972: Quantitative system of residual rocks, sediments and volcaniclastic
sediments (in Czech). Praha, Charles Univ. 375 pp.

KRANZ, J. R., 1976: Strontium-ein Fazies-Diagenese-Indikator im Oberen Wetterstein-
kalk (mitiel-Trias) der Ostalpen. Geol. Rdsch. (Stuttgart), 65, 2, pp. 593—615.



204 MICHALIK — JARKOVSKY (Jr.) — SYKORA

KRAUS, 1., 1975: Microelemenl distribution in clays of Neogene basins of the Western
Carpathians (in Slovak). Nauka o Zemi, Sér. Geol. (Bratislava), 9, pp. 1-172,

LANDERGREN, S., 1945: Contribution to the geaochemistry of Boron, 1I: The distri-
bution of Boron in some Swedish sediments, rocks and iron ores. The Boron cycle
in the upper lithosphere. Ark. Kemi, Mineral. Geol. (Stockholm), 19 A, 26, pp. 1—31.

MARKOVA, M., 1972: Mineralogical-genchemical investigation of Carpathian-Ottnan-
gian sediments in southern Slovakia (in Slovak). Manuseript., Geofond Bratislava.

MARSHALL, J. I, 1980 Continental shell sediments: Southern Queensland and nort-
hern New South Wales. BMR Bull. (Canberra), 207, 39 pp.

MEDVED, J. — PLSKO, E. — CUBINEK, J., 1974: Studium der Zuverlidssigkeit von
Mikroelements in Silikatgesleinen, Acta geol. geogr, Univ. Comen., Geol. (Bratislava).
27, pp. 183—194. .

MEDVED, J. — KUBOVA, J. — PLSKO, E.. 1979: Spekirochemical determination of
trace elements in magnesites. Geol. Zborn, — Geol, carpath, (Bratislava), 30, 2, pp.
253—2579.

MISIK, M., 1970: Structural classification and terminology of the limestones (in Slo-
vak). Acla geol. geogr. Univ. Comen., Geol. (Bratislava), 19, pp. 225=234.

MOORE, R. J., 1968: Recent sedimentation in northern Cardigan Bay, Wales., Bull.
Arit, Mus, Mineral. (London), 2, 2, pp. 8=130.

MOSSER, C. — GALL, J—C. — TARDY. Y., 1972: Géochirnie des illites du Grés a Voltzia
(Buntsandstein supérieur) des Vosges du Nord, France. Chem. Geol. (Amsterdam).
10, 3, pp. 157—177.

NICHOLS, G. D. — LORING, D. H., 1962: The geochemistry of some British Carboni-
ferous sediments. Geochim. cosmochim. Acta (Amsterdam). 26. pp. 181-223,

PARHAM, W. E., 1966; Lateral variations of clay mineral assemblages in modern and
ancient sediments. Proce. Int. Clay Conf. (Jerusalem), 1, pp. 135—145.

PILKEY, O. H, — HOWER, J., 1960: The effect of environment on the concentration
ol skeletal magnesium and strontium in Denraster. J. Geol. (Chicago), 68, 2 op.
203—-216,

PORRENGA, D. H., 1975: Clay mineralogy and geochemistry ol Recent marine sedi-
ments in tropical areas. In: Walker, C. T. Edit.: Geochemistry of Boron. Strouds-
burg, Pennsylvania. Pp. 283—306,

POTTER. P, E. — SHIMP, N. ', — WITTERS, J., 1963: Trace elements in marine and
fresh-water argillaceous sediments. Geochim. cosmochim. Acta (Amsterdam), 27, pp.
669—694.

REINSON, G. E., 1977: Hydrology and sediments of a temperate estuary — Mallacoota
Inlet, Victoria. BMR Geol. Geoph. Bull. (Canberra), 178, 91 pp.

REYNOLDS, R. C. Jr., 1965: The concentration of Boron in Precambrian seas. Geo-
chim. cosmochim. Acta (Amsterdam), 29, 1, pp. 1—16.

SCHNEIDER, H.—J., 1964: Facies differentiation and controlling factors for the
depositional lead-zine concentration in the Ladinian geosyncline of the Eastern
Alps. Devel. Sedim. (Amsterdam—New York), 2. pp. 29—45.

THOMSON, G. — BANKTSON, D. C. — PASLEY, S. M., 1970: Trace element data for
reference carbonate rocks. Chem. Geol. (Amsterdam), 6, pp. 156—170.

TURAN, J. — VANCOVA, L., 1972: Méglichkeiten zur Nutzung der manometrischen
Methode bei der Bestimmung von Karbonaten, Geol. Zborn. — Geol. carpath. (Bra-
tislava), 23, 1, pp. 99 — 114,

TUREKIAN, K. K. — CARR, M. H,, 1960: The geochemisties of chromium, cobalt and
nickel. Rep. XXIth Int. Geol. Congr. (Copenhagen), 1960, 1, pp. 1—14.

TUREKIAN, K. K. — WEDEPOHL, K. H., 1961: Distribution of the elements in some
major units of the earths crust. Bull. Geol. Soc. Amer, (Boulder), TA, pp. 19—61.
WALKER, C. T. 1968: Evaluation of Boron as a palacosalinity indicator and its
application to offshore prospects. Amer. Assoc. Petrol. Geologists Bull. (Tulsa), 52,

D, pp. TH1-T66.

WELLS, A, T, 1980 Evaporiles in Australia. BMR Bull, (Canberra), 198, 104 pp.

WHITEHIEAD, H. C. — PETEH, J, H.,, 1961: Recenl chemical analyses of waters from
several closed basin lakes and their tributaries in the Western United States, Geol.
Soc. Amer, Bull, (Denver), 72, 9, pp. 1421—1425.

Review by B. CAMBEL, J. BYSTRICKY Manuscript received January 27, 1982



