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Abstract. The chemical constitution of Palacogene Flysch clayey and marly sediments combi-
ned with environmental conditions during and after deposition were the leading factors responsible
for peculiar composition and physiography of the examined carbonate micronodules. The mineral
composition of carbonates varies between rhodochrosite, oligonite nad Ca-rhodochrosite, as in the
bulk of Carpathian Flysch macronodules, not without influence on the shape and structure of mi-
cronodules, accordingly. The paucity in trace elements and low C'3/C*? ratio in investigated Mn-rich
carbonates are interpreted in terms of low crystal lattice tolerance for substitution and high partici-
pation of enzymic (bacterial) decarboxylation processes of organic compounds, respectively. Diage-
netic and hydrogeneous (precipitation from pore waters) origin of micronodules is postulated and
the main source of manganese is involved in the hydrolytic decomposition, of volcanic glass. Decay-
ing, abnormally abundant organic matter favoured decomposition, mobilization, ascenzional
migration, while for precipitation and growth decided less reducing environment created in overlying
sediments of bottom surface neighbourhood.

INTRODUCTION

Fossil deep-sea manganese macronodules are exceptionally scarse in the marine
sediments accessible for study on lands. After Jenkyns’s (1977) record the list of occur-
rences embraces Indonesian Archipelago, the Alpine Mediterranean, Washington
State (USA), Barbados and Sicily only, ranging in age from Jurassic to Miocene.
Even if supplemented by corresponding (oxyhydroxide) ferromanganese macrono-
dules found in the Palacogene to Cretaceous Carpathian Flysch deposits of Poland/
/(Gucwa and Wieser, 1978), the paucity of published examples appears remarkable.

The approximate distribution of manganese macronodules in the actual oceanic
areas by age may be evaluated after Glasby’s (1978) data (in per cents, basing on 51
holes), as follows: Pleistocene — 42, Pliocene — 7, Miocene — 21, Oligocene — 9,
Eocene — 11, Palaeocene — 2, Cretaceous — 6 and Jurassic — 2.

The fossil manganiferous micronodules are much more rarely reported beyond
actual oceanic areas. The only well known occurrence is that investigated by Molen-
graaff (1921) and later by El Wakeel and Riley (1961), localized in Cretaceous red
clays of Timor Island. As in the macronodule case this is not valid for fossil mangani-
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ferous micronodules confined to the deposits of present oceans. Glasby (1978) tabula-
tes all the examples provided by DSDP borings, announcing tht? presence of Upper
Miocene to Oligocene micronodules in Pacific and Atlantic zeolitic pelaglc clays, as
well as in biosiliceous oozes and biosiliceous silty clays. For comparison reasons let
us mention, that the above cited micronodules occurred in sediments a little different
to those containing macronodules. Glasby (op. cit.) gives for the last mentione.d.follo-
wing distribution percentage: pelagic clays — 60, calcareous ooze — 30, siliceous
ooze — 8, sand and gravel — 2.

Other fossil micronodule findings among oceanic deposits include, for example,
carbonate ones. Fe-rhodochrosite or Mn-siderite microconcretions were late]_y
discovered by Kossovskaya and Dritz (1979) in montmorillonitic scdimgnt Qf Oli-
gocene-Miocene age. In the North Atlantic were also cored sediments rich in glo-
bules of Mn-calcite and pyrite of Eocene age (Varentsov and Dritz, 1979).

Chester and Hughes (1969) induce striking statement postulating that among
manganese nodule-bearing pelagic clays of a North Pacific core about 80—90 per
cent of the total Mn content in sediment (varying from 0.43 to 0.82 per cent MnO) has
a hydrogeneous origin and of this nearly 85 per cent is associated with the microno-
dules, dispersed throughout the sediment.

Stackelberg (1979) observed that in Northern Central Pacific micronodules exi-
sted mainly in Early Miocene and Late Pliocene sediments, being particularly concen-
trated near the hiatus between cited chronostratigraphic units. This remains in ac-
cordance with Margolis’s (fide Stackelberg, 1979) conclusion pointing out low rates
of sedimentation and oxygen-rich bottom currents as favouring factors. In the case of
carbonate manganiferous micronodules the second factor could be only destructive,
through replacement by Mn-oxide or-hydroxide compounds.

Much interest evoked evident size gap between | and 5 mm diameters of nodule
sizes, explained by Menard (1964) as a result of different techniques of study. In the
cited paper the maximum size of micronodule was established at 1 mm, with a clause
that this limit was arbitrarily chosen. Similar extremal value (1—2 mm) was also adop-
ted in Russian terminology (1973).

MODE OF OCCURRENCE

The investigated micronodules of Mn-, Fe- and Ca- carbonate composition
similarly to their macro- equivalents have been found in majority of cases in the va-
riegated shales of Palaeogene age of Carpathian Flysch. As yet, they were reported
from the Lowest Eocene of the Skole tectonic unit, cored in Szklary IG | bore-hole,
south of Rzeszow (Wieser, 1969) and from Middle Eocene Hieroglyphic beds of Ma-
gura te_ctonic unit, outcroping near Letownia village south of Cracow (Borystawski
and Wieser, 1981). Lately, the presence of birnessite (Mn-oxyhydroxide) in the form
of micronodules and pseudomorphs after rhodochrosite-like minerals in association
with birnessite macronodules and Ca-rhodochrosite crystals was established in
Turonian Godula variegated shales of Silesian tectonic unit (near Lanckorona
south of Cracow, Geroch and Wieser, in press). Single rhomboed ric Ca-rhodochrosité
crystals were also found in similar variegated shales of Turonian age in External Si-
lesian tectonic unit, cored in Lodygowice IG | bore-hole near Zywiec (Geroch and
Nowak, 1980, p. 359; Geroch and Wieser in press). Synchronic position and analo-
gous host sediments to the mentioned Ca-rhodochrosite crystals occurrences reveals

a horizon of “‘dolomite’ crystals distinguished b i i in Si
. ' ' o1 stinguis y Czernikowski (1949, p. -
sian tectonic unit from vicinity of Weglowka, near Sanok. & Bkl
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In all indicated localities the host rock for manganiferous micronodules represen-
ted clayey to marly shales with different, rather small or scarse admixtures of quartz
and rarer feldspar silt. Their colours range from brown-red to gray-green and from
brick-red to red-brown, depending from oxidation state or manganese content, res-
pectively. The dominating clay mineral kind varies from illite to mixed-layered
montmorillonite/illite and montmorillonite, sometimes in association of a zeolite,
namely — clinoptilolite.

The last mentioned assemblage of montmorillonite{ mixed-layered illite/mont-
morillonite-{-clinoptilolite characterizes Lower Eocene brick-red to red-brown
claystones cored in Szklary IG | bore-hole. Unusually fine, pelitic to subcolloidal and
colloidal, granulation of bulk mass indicating slow-rate sedimentation, numerous
Radiolaria casts (built by clinoptilolite), phosphate fish teeth and scales, and high
MnO content (equaling 0.63 per cent at 179.35 m depth) allow to imply eupelagic
character of this partly volcanogenic sediment. Towards top of claystone layer stea-
dily rises and oscillates the calcium carbonate content (in the form of dolomite, calcite
and Mg-calcite) of the rock not without influence on the chemistry of micronodules,
ranging from rhodochrosite to Fe-rhodochrosite and oligonite{ankerite. The micro-
nodules are regularly dispersed in the sediment, constituting only 0.05 to 0.1 per cent
of total weight.

The second investigated micronodule occurrence in Middle Eocene Hieroglyphic
beds, near Letownia, showing Ca-rhodochrosite to manganocalcite composition, is
included in a different lithotype. Composed of clayey and a little dolomitic siltstones
to silty claystones they must be reckoned among sediments of turbidite-laminite ori-
gin. Green-blue-gray to ash-gray coloured they abound in quartz, soda-rich feldspar,
chloritized biotite, chlorite rarer glauconite and coalified plant detrite, constituting
silty fractions, as well as in illite, chlorite --dolomite and calcite, concentrated in
clayey fractions. The micronodules are irregularly dispersed in amounts comparable
o the formerly reported, averaging 0.04—0.05 per cent of total rock weight.

PHYSIOGRAPHY AND CHEMISTRY

Methods. Samples of carbonate micronodules separated from disintegrated rock
through ellutriation and heavy liquid selection were examined using optical and scan-
ning microscopic, X-ray diffractometric, infra-red spectrophotometric, classical che-
mical, emission spectrographic and mass-spectrometric techniques.

Morphology and structure. The micronodules from Szklary and Letownia locali-
ties differ radically in shape and in internal structure, accordingly with their che-
mical composition.

Three morphological varieties might be easily discerned in Szklary micronodule
occurrence. First, nearly isometric variety (sample no. 48) from marly green-blue-gray
to yellow-gray claystone usually ranges in size between 0.1-—0.2 mm and is undoub-
tedly polycrystalline. This is easily detectable from their external surface, remembe-
ring sculpture characteristic for pyrites with framboidal structure (PI. I. phot. 5 and 6).
The internal irregularly granular and radial structure (Pl II, phot. 5 and 6) is ac-
centuated by deformed and diverging “optic crosses”, as well as sectoral extinction,
appearing in doubly polarized light images (under crossed nicols). Refractive in-
dex measurements revealed, moreover, zonary structure caused by ankerite over-
growth upon oligonite core. This phenomenon explains double peaks in the X-ray
diffraction patterns (see Table 1). The reflection intensities of oligonite crystal lattices
are nearly two times stronger than those of ankerite.
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he second, barrel-shaped or ovaloidal variety derived from a little older bnc_k-red-
clathone (sample no. 49, I;’aken from 178 m depth in.SzkIary 1G 1 bore-l?ole) is ho-
mogeneous, composed of Fe-rhodochrosite. The micronodules are a llttlg larger
(0. 16—0.34 mm) and elongated (elongation ratio.-——4:3—2:1). Prpwded with rela-
tively a little smoother surface they exhibit terminal faces of unit rho¥nbohedron
{10_1 1} (see P I, phot. 1, 2 and PL. II, phot. 2). A small p_ortipn of the mu;ronodulm
demonstrates contours with the concave angle due to epitaxial overgrowing am_:l/or
penetration twinning (P1. I, phot. 1). Internal structure, judgin_g from doubly-polar}zed
light images (P1. II, phot. 2) is more regularly radial than in the preceding variety.
This is also visible from the fan-like distribution of fragmentary rhombohedric, origi-
nally etched figures resulting from framboidal-type structure (Pl. ]1,. phot. 1). Rarely,
appear micronodule subindividuals with two concave angles (e.g. with angle between:
long axes amounting 72°), in contour resembling “‘staurolite crosses™, further those
with three or more subindividuals.
The third, spindle-shaped variety (sample no. 51) from underlying red-brown clay-
stone is also homogeneous, composed of rhodochrosite. It forms much more elonga-
ted (elong. ratio =3:1—4:1) and insignificantly smaller (0.25—0.30 mm in length)

grains. Their surfaces ofen display traces of a steep rhombohedron {4021]} faces in

combination with an unit rhombohedron {1011} terminal faces (Pl. I, phot. 3, 4).
Epitaxial overgrowths with transitions to penetration twins examples (Pl. II, phot.
3.4) persist here much more frequently and the angles contained between long axes (c)
are here distinctly variable and seldom repeated (in frequency order: 46°, 28°, 20°,
34°, 55°, 54° and 83°). The internal structure based on radiating arrangement of do-
mains rests unchanged, assuming from the sectoral interference figures (extinction in
opposite sectors) in doubly polarized light (Pl. II, phot. 4).

The Ca-rhodochrosite or manganocalcite micronodules from fetownia occurrence:
(sample 8) distinguish their spherical shape of single globules and of globules joining
in groups of coalesced spheres. These external features approach them conspicuously
to normal (esp. calcite) macroconcretions. The internal structure of particular globule,
ranging from 0.2 to 0.8 mm in size, corresponds to radial structure of oolites and si-
milar sphaerocrysts or spherulites, but shows signs of recrystallization in the so-
-called granosphaerites. This is well visualized by deformation and lose of sharpness
of the “optical crosses”. The most common examples of such kind of micronodules.
are illustrated by micrographs of Plate III.

Crystallophysical data. X-ray diffractometric studies allow quick identification,
including approximate determination of solid-solution crystal composition in binary
or nearly binary systems. Much important in this evaluation seem d-spacings and
especially @ and ¢ cell parameters and their ratio. Less suitable and credible, though
more quickly obtainable and applicable to the smallest sample particles remain re-
fractive index measurements (Wieser, 1952). They are listed with dy 0.4 spacings and
cell parameters in Table 1.

Comparing d,, 4 spacings, cell parameters, c/a ratios and refractive indices (9%
of oligonite (sample no. 48) with those for pure rhodochrosite and siderite one can
deduce the rhodochrosite molecule content. It varies between 13 and 29 per cent,.
corresponding to Mn-siderites (5—25% MnCO3) and to oligonites (25—75% MnCO,)
It is hard to say about the nature qf other coexisting (overgrowing) mineral of the
sample 48 without calculations basing on chemical analysis of the whole sample.
The values for c/a and ¢ parameter indicate the relationship with dolomite-ankerite:
crystal lattice (g, =4.81040.002—4.819, ¢, ., = 16.024-0.001—16.10 A, cla =

=3.330—3.341, resp., after Howie and Broadhurst, 1958) and differ from that of

kutnahorite) duex =4.8797, cpex =16.367 A, c/a=3.3541 after Graf, 1961, p. 1285).
28

Table 1
‘D-spacings, cell parameters and refractive indices of examined micronodule and pure carbonate

minerals
Sample .
not.) Carbonate mineral dio.a afes® il cla "y
Oligonite 2.7979 4.701 15.405 8277 1.858 (max.)
438 e
Ankerite 2.8657 4.760 15.947 3.350 1.751—1.783
49 Fe-rhodochrosite 2.8562 4.789 15.761 3.291 1.819 (av.)
51 Rhodochrosite 2.8517 4.782 15.747 3.293 1.813 (av.)
gl | Sathodaoarosi(c 28935 | 4824 | 16045 | 3326 | 1.756—1.792
— manganocalcite
— Calcite 3.0359 4.990 17.061 3.419 1.658
— Rhodochrosite 2.8440 4.777 15.664 3.279 1.816
— Siderite 21912 4.686 15.297 3.264 1.875

* Cell parameters were established taking into account d-spacings of ten reflections. The data
for pure carbonates are cited after Deer et al. (1962, p. 272) and Graf (1961, p. 1285).

These values suggest also adherence to manganocalcites (25—75% MnCOj;) but the
chemical analytic data exclude such a supposition.

The d-spacings of other tabulated micronodule carbonate minerals are more
reliable in calculations owing to more homogeneous structure of solid-solution
{isomorphous mixture)-type, as was proved by chemical analyses. Namely, tabulated
and non-tabulated data for Fe-rhodochrosite (sample no. 49 and 5) yielded siderite
molecule contents ranging from 26 to 6 per cent, therefore, included between the limits
proposed for Fe-rhodochrosite (75—95% MnCO,). The corresponding interval for
-sample no. 51 amounted 23—0 per cent.

Among calciferous rhodochrosites and manganocalcites from ¥.¢townia (sample
no. a.0. 8) rhodochrosite molecule content basing on X-ray data and their derivatives
-oscillated between 78 and 67 per cent. The refractive index measurements disclosed
larger interval, comprised between 84 and 60 per cent of MnCO; molecule. The che-
mical analysis for sample no. 8 only revealed well comparable results (71.6 mol. per
cent MnCO,) with those obtained from X-ray data (74, 78, 73, 67, with average —
—{3iper-cent):

Several specimens of micro-, as well as macronodules (see e.g., Gucwa and Wieser,
1978) of manganocalcite and Ca-rhodochrosite oscillated widely in Mn content,
-‘what implies the mutyal substitution of Mn and Ca in the series calcite-rhodochrosite.

Practical application of infra-red spectroscopy to carbonate mineralogy increases

-continuously from year to year. Many writers pointed out that the carbonate minerals

offer a possibility of qualitative identification and even semi-quantitative determina-
tion of some carbonate mineral mixtures (mechanical) and solid solutions. This
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i ite-siderite solid-solution system.
i 11 ressed in the example of rhodochrosite-sider :
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Fig. 1. Infra-red absorption spectra of the micronodules of Fe-rhodochrosite (4) and oligonite-
-ankerite (3) from Szklary in comparison with spectra of siderite micronodules from Dogger of

Flysch Carpathians fore-land in frequency (v) interval of 100—500 cm~!, T = transmittancy

oligonite no additional maxima were observed. Instead, there is a small broadening,
the result of ankerite admixture. The infra-red spectra in numerically small wave
number interval of 100—500 cm~' (Fig. 2) show much greater differences in curve
tracks, interpretation of which is enigmatic and needs further studies.

Chemical data. Chemical analytic determinations were performed on all distingui-
shed varieties of the carbonate micronodules. They provided additional informations
regarding total, average chemical composition. The results of analyses executed using
classical analytic methods, including spectrophotometric techniques are demonstra-
ted in Table 2.

Moreover, the samples 48 and 49 were semi-quantitatively examined by H. Gra-
bowski for the trace element contents with the aid of emission-spectrographic me-
thods. The amounts of up to 2000 ppm Sr, 100 ppm Cu were determined in both sam-
ples, while Pb and Zn were present only in the sample no. 48 in amounts under 10 ppm.

The elements Ba, V, U, Mo, Ni, Co occur in traces or are not detectable. 4

Besides substantial enrichment in Sr (probably in the form of admixed strontium
mineral), and less expressed in Cu, striking is the far-reaching depletion in other me-

30

tals, ;_)artly due to limited crystal lattice tolerance for ionic substitution in rhodo-
chrosites and related carbonate minerals.

One of the most important generalizations emerging from environmental studies

of micronodule pucleation and growth is the statement, that these processes took pla-
ce in an approximately closed environment, that is, in equilibrium with surrounding,
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Fig. 2. Infra-red absorption spectra for the same specimens of micronodules as in Fig. 1, but in the
frequency interval of 400—1800 cm™!.

Table 2

Chemical analyses of carbonate micronodules in weight (oxides)
and molecular (carbonates) per cents

Sample | \fineral variety | MnO | FeO | MgO | Ca0 |[MnCO, | Feco, | MgCO; | caco,

no.

4g | Oligonite 2280 2853 | 365 | 551 355 | 437 | 100 | 108
--ankerite

49, | Be.shodechrositesilise 84l 331 | 10.a98 | H087 ik 928 53 1.1 0.8

51 Rhodochrosite 58.84 | 1.41| 0.67 | 0.46 | 94.9 2:3 119 0.9

1.0 1.6 28.0

8 Manganocalcite* | 44.15 | 0.63 | 0.56 | 14.10 69.4

* Analyst: J. Tarkowski; remaining analyses performed by author.
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ion, carbon and oxygen isotopic composi.-
nsiderations. Mass-spectrometric determi-
tigated samples and, for comparison rea-
| instances, as well. The data are presen-

especially hydrological system. In this relat
tions become helpful factors for further co
nations comprised one (no. 48) of the ir}ves
sons, two other carbonate, diagenetic minera
ted below in Table 3.

Table 3

Oxygen and carbon isotopic composition of diagenetic carbonate micronodules and crystals. 8 in

per mils relative to PDB standard CO,.

Specimens BEIDS 50'® Remarks

Oligonite-ankerite micronodules, 138 Ligio

Szklary, no. 48. L. Eocene Ca-rhodochrosite crystals

occur in Variegated shales
similar to investigated.
Siderite micronodules gro-
wed in epicontinental basin
deposits.

Ca-rhodochrosite authigenic cry- 0.8 e
stals, Lanckorona, Turonian

Siderite micronodules 86 113
Siercza, no. 2, Liassic

C'3/C'? sample — C'3/C'? standard
C'3/C'? standard

% 50

The C!3/C'? ratio was by many authors treated as an indication during the re-
construction of diagenetic, paleoenvironmental conditions. An important role is
ascribed in this case to the influence of products of the organic matter decomposition.
What concerns 0'8/0' ratio it should be noticed, that the trials to utilize this factor
as geological thermometer appeared unsuccessful. Further discussion concerning
these problems will be renewed in the next chapter.

DISCUSSION AND CONCLUSIONS

The origin of manganese micronodules has not received as much attention as of
the corresponding macronodules. So far as present knowledge extends, there is
no reason to believe that in comparison with the micronodules their proto-macrono-
dule equivalents might have a special origin. Showing no remarkable differences in
the mineralogical constitution, the structural peculiarity of micronodules in the form
of preponderance of spherulite-type structures is an obvious phenomenon, when they
are treated as a nucleation stage of macronodules. These "’in statu nascendi’” nodules
growed up in a closed environment of sediments enriched in partly or completely
hydrolyzed volcanic glass (like:smectitized, zeolitized - Mn—Fe oxyhydroxides).

High productivity of organic, specially microplanktonic, matter in volcanic
epochs, after quick burial, favoured its accumulation in sediments. All writers agree,
that the decaying organic matter stimulates mobilization (esp. of Mn a.o. metal ions
and acid radicals) and migration of hydrolysates by pore waters. This is not a question
of accident; as was proved through many examples of a strict coexistence of organic
relicts and micronodules (e.g. Greenslate, 1974; Thiel, 1978 a.o.).

Changes'in the carbon di.oxide partial pressure and in the pH and E, gradient bet-
ween surficial and underlying deposits may create diffusion potential promoting
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ascenzional movement toward bottom surface. When surficial conditions became
neutral or reductional and the sediment is adequately rich in metal-hydrolysates
then begins the rhodochrosite precipitation. Huebner (1969) argued experimentally
that siderite against rhodochrosite is less stable at higher oxygen fugacity, what radi-
cally enlarges stability field of rhodochrosite. Stability field of rhodochrosite is also
a function of carbon dioxide fugacity, without considering temperature, total pressure
and water solubility.

The much lowered rates of sediment accumulation and water current or biotic
agents could alter environmental conditions through, e.g. sediment disturbances (as
bioturbations) or even redeposition. Free access of most chemically reactive agent,
namely — oxygen causes decomposition of carbonates (replacement) and secretional
precipitation of oxide or oxyhydroxide compounds of manganese and iron, accelera-
ting nodule growth. The direct indication of mentioned radical change in redox po-
tential conditions was found by the author on some micronodule and authigenic
crystal examples from Turonian red shales of Polish Western Carpathians (in vicinity
of Lanckorona, see Geroch and Wieser, in press). They represent undisputable
birnessite pseudomorphs after rhodochrosite or Ca-rhodochrosite, occurring also in
unaltered state. Striking, as well is the co-occurrence of birnessite macronodules and
crusts, what infers hard-ground conditions in sedimentation intervals characterized
by much decreased sediment accretion or even sediment erosion. |

In the past decade many authors postulated the possibility of a close relationshi
between the abundance of ferromanganese nodules and activity of polar ice cap
derived, oxygen-rich bottom currents with consequent hiatuses. Noteworthy, is also
convergent with biotic productivity circumstance of the dependence of glaciation
epochs in relation to abnormally high volcanic activity times.

As might be expected, every admixture of calcareous, biogenic or clastogenic,
component modified the composition of nodule building, diagenetic minerals.
Following concentration ratios in hydrogeneous phase of host sediment a wide range
of compositions between manganocalcites and rhodochrosites may develop. In the
investigated material the contents of calcium carbonate varied between nearly 1 and
30, exceptionally 40 per cents. In view of these findings it is hard to accept Goldsmith’s
and Graf’s (1957) conclusion implying the existence under 550°C, of a solubility gap
in the interval 20—50 per cent of CaCOj; in the CaCO;—MnCO; system. Lynn and
Bonatti (1965) announced the occurrence of indurated masses of Mn, Ca-carbonate
mineral with variable composition (Mn ranging from 50 to 80 per cent) in a core
from a bore-hole piercing Pacific deposits. Undoubtedly, the presence of additional
ions (like Fe, Mg) facilitates ionic substitution (mutual diadochy), expressed in the
enlargement of stability field in diagenetic régime. This stays in agreement with
Huebner’s (1969) conclusion emphasizing, that carbonates chemically approximating
the rhodochrosite composition are less common than manganiferous Ca-, Mg- and
Fe-carbonates.

Under CCD (carbonate compensation depth) carbon dioxide source in the form
of carbonate detrite must be excluded from consideration and replaced by connected
with organic matter decay. As a consequence it follows, that a far reaching limitation
of carbonate composition, mainly to siderite-rhodochrosite solid-solution system
must be induced. The mentioned system, judging only from analytic data of macro-
nodules is deprived of a solubility gap and rhodochrosite-rich members seem to
indicate more deep bathymetric conditions. Such a supposition may be deduced in the
instance of Szklary micronodule occurrence, envisaging paleogeographical situation.
Provenance from deepest red clay deposits, filling newly formed Palaeocene-Eocene
trench, distinguishes extremely low iron content in rhodochrosite micronodules.
Towards the top, in the some thirty metres accounting red clay bed (Wieser, 1969),
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increases the siderite molecule content to ca. 5 per cent. At last, after the change
of rock colouring in olive- to blue-gray (ca. sixty m above tr.ench bottqm), silmultane-
ously with calcareous detrite admixture, appear the ollgomte—.{—.ankerlte micronodu-
les, connected with amaller depths, just above CCD. The addition of calcareous de-
trite contributed to the lowering of SC13 yalue (to ——_13.8 per m;ls, see Table 3)._ It has
long been recognized that the value of C*?/C'? ratios of siderite is an useful instru-
ment in interpretation of ancient sedimentary environment. Weber et al. (}964) ar_bl-
trarily set C'® = —2.5 per mil as a limit between fresh-water and brackish marine
siderite nodules and plates. A little later Hodgson (1966) systematlcall'y mves_tlgated
carbon and oxygen isotopic ratios in diagenetic carbon.a§es from marine sediments,
acquiring much conclusive results. The isotopic compositions of diagenetic ca.rbona-
tes including nodules and lenses with spherulitic texture from marine Tertiary to
Cambrian horizons showed, that they are strikingly different against measured in
normal marine limestones and above mentioned siderites. The lightest carbonates
with 6C!3 falling to —54 per mil represented Jurassic rhodochrosite concretions
and lenses with spherulitic texture, and the values for other diagenetic Mn-carbona-
tes amounted: —6.9, —17.2, —17.7, —39.4 and —49.7. For comparison, those for
Fe-carbonates oscillated between —19.7 and —33.3 and for Ca-carbonates — bet-
ween--2.4 and —29.5. Taking into account measurement results recorded by Hodgson
(op. cit., fig. 2) after literature data for marine (-+4 to —2) and fresh-water_limesto_-
nes (—2 to —13) against those for organic matter and bitums from marine sedi-
ments (—19 to —30), attractive becomes assumption, that the carbon for limestones
was more or less modified in isotopic composition through contamination by atmos-
pheric carbon dioxide (8C'® =—7 to —10) or oxidation products of organic matter.
In the last case of marine organic matter (more or less bituminized) abundant availa-
bility of light carbon dioxide should be attributed to isotopic fractionation process
in the form of enzymic decarboxylation of organic compounds (with Bacteria partici-
pation) of marine --land plants, at low temperatures. The gaseous hydrocarbons
(e.g. methane) have even higher C'? content than liquid (e.g. petroleum). This same
writer remarks also, after a study of oxygen isotopic composition of coexisting calcite
and rhodochrosite that, whereas the latter has retained its isotopic composition from
the period of precipitation, the calcite has undergone equilibration during diagenesis.

This and former statements explain together with mentioned eventual influence
of calcareous debris contamination a striking isotopic peculiarity of ferromanganese
deep-sea macro- and micronodules, which may be employed as bathymetric indicator
after further studies. In this context remarkable is Hodgson’s opinion inferring:
““there is no reason to suppose that extremely light carbon is only to be found in rho-
dochrosite™.

Another potential criterion useful in a palacoenvironmental analysis in the form
of macro- and microelement spectra seems to be less promising in the case of micro-
nodules. The deciding reason is much limited crystal lattice tolerance for substitution
phenomena, already observed in carbonate macronodules (e.g. Gucwa, Wieser, 1978
and Muszynski et al., 1978), as well as in the investigated samples of micronodules.
However, noteworthy are difftf.rences in macro- and microelements spectra between
common (oxyhydrox1dfz or oxide) ferromanganese macronodules and micronodules
of actual oceans deposits. Known as “‘metal scavengers”, owing to richness in various
metals, the macr.onodulcs. basing on Addy’s (1978) conclusions show, moreover,
higher Mn/Fe ratio and Ni, Co and Cu concentrations than coexisting micronodules,
especially smg]l ones. Only.m the micronodules from siliceous oozes Ni and Cu con-
tents are as high as in the micronodules. These relations can be interpreted, as follows
the mxcronodul_e§ or proto-magronodules in clayey sediments were primarily of car-
bonate composition and only in the following stages of growth they were partly or
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tot.ally rep]'aced by Mn~Fe oxyhydroxides and oxides, which could also grow as
primary minerals. This way micronodule may become enriched in manganese and
trace elements. Present study supports the conception, that the micronodules just
from the start of growth (nucleation stage) were ferromanganese carbonates (rhodo-
chrosites to ohgqr;ites). This is also justified, taking into account small water solubility
and greater stability with rising oxygen fugacity of rhodochrosite against siderite and
other carbonates.

~ When the origin of micronodules can be without clause acknowledged as diagene-
tic, that of macronodules might have been partly diagenetic (precipitation from pore
waters) and partly.hydrogeneous (s. stricto, by precipitation from sea-water). If burial
by subs.equent sediments will not cease growing, the nodules may incorporate a plen-
ty of ghleﬂy hydrogeneous elements, like manganese, nickel, cobalt or copper. Radio-
chemical studies conducted by Ku and Broecker (1969) revealed that the accretion
rates fqr nodul'es amounted only 1 to 6 mm/10° years, values comparable to the slow-
est sedimentation rates of pelagic-type sediments. Chester and Hughes (1969) estima-
ted that, between 80—90 per cent of total Mn has a hydrogeneous origin and from
th}s amount as much as 85 per cent of the Mn in pelagic sediments occurs in the
micronodules. The equivalent values for Co and Ni are, as follows: 68 and 95 or 51—
—89 and 40—72 per cent., respectively. Strong correlation between Mn and Cu, Ni,
Co, Zn suggests after Piper et al. (1979) that these metals may be bound in a single
phase, possibly in micronodules. The greater abundance of nodules in the Pacific
compared to the Atlantic Ocean, excluding volcanic activity participation, probably
reflects lower sediment accretion rate in the former ocean. The post-burial dissolution
of the nodules might reduce their representation in older sediments of stratigraphic
column.

Similar opinions were expressed in the last paper written by Marchig and Grund-
lac}} (1979) in the words: “’the population of micronodules decreases with depth in the
sediment within first 35 cm. Only 5 per cent of the amount of micronodules at the
sediment surface was found at 35 cm. In addition the Mn, Ni, Cu and Zn contents
qf the micronodules decrease with depth and the Fe content increases. These observa-
tions indicate partial dissolution and remobilization of micronodules buried under the
sediment-water interface boundary layer (as Soren et al., 1978, defined it). Mangane-
se, as the more soluble component and the ions incorporated in or adsorbed on man-
ganese hydroxide are preferentially remobilized; Fe, Si, and Al being less soluble
than Mn become more concentrated in remaining micronodules”. It must be remem-
bered, however, that these considerations concern more oxidized environment and
in the here presented case almost no signs of dissolution or remobilization of car-
bonate micronodule substance might be noted.

FINAL REMARKS

The carbonate and other manganiferous micronodules are extremely rare in sedi-
ments of former oceans occurring now on land surface. It is possible that it is a ques-
tipn of lack of rationally directed researches, which should be concentrated on pela-
gic-type, e.g. geosynclinal sediments. During micropaleontological preparatory works
advantageous material is sometimes available without further evaluations and investi-

gations.

The composition of the micronodules allows the reconstruction of paleoenviron-
mental conditions of diagenesis. Among carbonate micronodules, rhodochrosite and
rhodochrosite-siderite solid-solution system minerals are most stable in non-calcare-
ous, organic matter-rich sediments. The carbon dioxide derived from enzymic
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decarboxylation of organic matt)l]er Tlllas specngtc bés:;(i)énicn tcl:)en::;;cs)eslt(;cfn;ed(il;ln%i%;
ich is also unalterable. This can n _
f)(:;,;n::t?glv ;}I)}:)lvce CCD (carbonate gompegsetx‘tion iiip::lilihcié);tjl:unated by calcareous
i is will be utilized as a bathyme ¢
dCb'?lsl'ePr?obri)tl)llglégical and structural features of manganese 'and fe{roglang?xnn(ﬁie-
carbonate micronodules consequently vary (e.g.ﬁthe.hablt from 1som¢:tru}:1 é) spln e
-shaped) in iron content, which decreases w1th. increasing dept.h.. R 0 ﬁcll‘rn%est
probably characterizes the deepest sediments, that is dlager}etlc conditions wit 1 .“f’ .
CO, fugacities. It is also more stable than sic}ente at hlgllgr oxygen fugaf:llt{es and
temberzftures (Huebner, 1969). Peculiar spherical h.ablt exhibit manganoca c1teban
Ca-rhodochrosite micronodules formed in not typically eupelagic sediments above
minated with calcareous detrite. :
Cc%lecg:;?eted trace element content of examined micronodul;s may be mterprc?{)ed
as a consequence of low crystal lattice tolerance Qf rhodoch.rosxte apd relqted carbo-
nates for ionic substitution. Besides, remarkable is the paucity of dlssolutlpn ph;no—
mena and lack of signs of Mn and Fe remobilization, typical for oxyhydroxide micro-
ally enriched in trace elements.

nOd:]:}S(’n‘(“)s\l\Jlle?ilgments: The author is grateful to following persons for perfqrman-
ce of the cited aeterminations, like: carbon and oxygen isotopic composition to
dr Jerzy Grabczak, chemical analyses of Ca, Mn-carbonates to mgr Jan Tarkowski,
infra-red spectrophotograms to ing. Czestawa Palusz}dewmz and spectrographic ana-
lyses of trace elements to mgr Henryk Grabowski.
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Tadeusz WIESER

MANGANONOSNE MIKROKONKRECJE WEGLANOWE OSADOW
POLSKICH KARPAT FLISZOWYCH I ICH POWSTAWANIE

Streszczenie

Glebokomorskie, diagenetyczne mikrokonkrecje weglanowe wystepuja w pela-
gicznych itowcach najnizszego eocenu skolskiej jednostki tektonicznej oraz w bardziej
mulastych i nieco wapnistych, szarawych osadach srodkowego eocenu (warstwy hiero-
glifowe) magurskiej jednostki tektonicznej fliszu karpackiego.

Weglany budujace mikrokonkrecje z najwickszych glebokosci znamionuje sktad
rodochrozytowy a mikrokonkrecje — pokréj wrzecionowaty. Na nieco mniejszych
glebokosciach powstawaly mikrokonkrecje Fe-rodochrozytowe z beczutkowatym
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j iplyciej i7 — mi je oligonitowo-ankerytowe
m a najplyciej, w poblizu CCD mllfrokpnkreCJe olig
S?lz(;?]iztrycznyjrg };)okjrojem. Srodkowoeoceniskie mnk;o_konkreqe manganokalcytowe
do Ca-rodochrozytowych tworzyly si¢ W Qsadach mnllejb t)llp)owo pelagicznych, powy-
sei CCD i wyrézniaja si¢ kulistym pokrojem (tzyv.. globule). 2 o
o Mikrolkorzlkrecje Jwcglanowe sa bogate w lekki izotop C'2, ktorego zawartosc jest
najwyzsza i niezmienna w odmianach rodochrozytowych .do o!lgomtowych. i
Ubéstwo mikroelementéw w badanych mil_(rokonkreCJach jest nz'istcpstwem nis-
kiej toleranciji sieci krystalicznej rodochrozytu 1 pokrewnych weglanow na substytu-
cj¢ jonowa.

OBJASNIENIA FIGUR

i i 'peyj erwieni mi cii Fe-rodochrozytu (4) i oligonitu-ankerytu
ot 1.(V3V)uzitr:n Sazitl):\? l\gcg;?a\:/vigsic: uzlva?cli]rlnla]l]r:fir(r)r}:i(l)(?glr(%ékrecji syderytozvych z doggeru przedpo!a!
Karpat fliszowych w przedziale czestosei drgan (v) 100—500 cm~!. T=przepuszczalnosc
($wiatla) :
Fig. 2. Widma absorpcyjne w podczerwieni dla tych san_xych probek mikrokonkrecji jak w fig. 1
lecz w przedziale czestosci drgaf 400—1800 cm~*.

OBJASNIENIA FOTOGRAFII

Plansza 1

Fot. 1. Obraz beczutkowatej mikrokonkrecji Fe-rodochrozytowe;j ze Szk.lar (dolpy et;c_en) w elektro-
nowym mikroskopie skaningowym, przedstawiajacy rzeibg pownerzchm whasciwa dla budo-
wy framboidalnej oraz jednostkowy romboedr jako terminalng posta¢ prosta. Pow. X 100

Fot. 2. Ten sam rodzaj mikrokonkrecji widoczny w mikroskopie optycznym. Nikole rownolegte.
Pow. x17

Fot. 3. Obraz wrzecionowatej mikrokonkrecji rodochrozytow_ej ze Szklar w elektronowym mikro-
skopie skaningowym ukazujacy stromy romboedr {4041} jako posta¢ prosta. Pow. x180.

Fot. 4. Ten sam rodzaj mikrokonkrecji widoczny w mikroskopie optycznym, z przyktadami bliznia-
kow penetracyjnych. Nikole rownolegle. Pow. x13

Fot. 5. Obraz oligonitowo-ankerytowej mikrokonkrecji ze Szklar w elektronowym mikroskopie
skaningowym ujawniajacy pokroj izometryczny i powierzchni¢ podobna do zwiazanej z bu-
dowa framboidalng. Pow. <310

Fot. 6. Ten sam rodzaj mikrokonkrecji widoczny w mikroskopie optycznym. Nikole réwnolegle.
Pow. x15

Plansza 11
Fot. 1. Obraz kolankowego blizniaka kontaktowego — beczutkowatej mikrokonkrecji Fe-rodo-
chrozytowej ze Szklar w elektronowym mikroskopie skaningowym. Pow. X 65

Fot. 2. Beczutkowata mikrokonkrecja ujawniajaca sektorowe wygaszanie §wiatta wskutek wachla-
rzowatego sposobu wzrostu. Nikole skrzyzowane. Pow. x32

Fot. 3. Obraz wrzecionowatej mikrokonkrecji z roznie zorientowanymi naro$lami i/lub penetra-
cyjnymi blizniakami w elektronowym mikroskopie skaningowym. Pow. x 150

Fot. 4. Wrzecionowata mikrokonkrecja wykazujaca sektorowe wygaszanie $wiatta. Nikole skrzyzo-
wane. Pow. x55 i 86

Fot. 5. Rownowymiarowa mikrokonkrecja oligonitowo-ankerytowa ujawniajaca budowe prawie
promienistg do rozbieznej. Nikole skrzyzowane, pow. x75

Fot. 6. Jak na fot. 5. Pow. %120
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Plansza 111

Fot. 1. Obraz mikroskopowy pojedynczej kulistej i dwu przerostych mikrokonkrecji Ca-rodo-

chrozytowych lub manganokalcytowych z Eetowni (ér. eocen). Swiatto odbite. Pow. x 35

Fot. 2-4. Wielokrotne i nieregularnie przeroste mikrokonkrecje Ca-rodochrozytowe lub mangano-
kalcytowe na wzor kalcytowych makrokonkrecji, ukazujace lénigca, gladka powierz-
chnig jak na fot. 1. Swiatlo odbite. Pow. x40 i 50 (fot. 4)

Fot. 5 i 6. Obrazy dla cienkich plytek powyzszych mikrokonkrecji ukazujace budowe beziadnie pro-

mieni§tq do ziarnistej granosferytow. Swiatlo przechodzace, nikole skrzyzowane, pow.
x 87 i 72, odp.

Taoeyw BH3DP

MAPI'AHUIEHOCHBIE KAPBOHATHBIE MUKPOKOHKPEIIA
B OTJIOKEHMSX INOJbBCKUX ®IUIIEBBIX KAPIIAT U UX
OBPA3OBAHUME

Pesrome

I'nybokoBoaHbIe AMATEHETUYECKHE KAPOOHATHBIE MUKPOKOHKPELUHMH TPHCYTCTBY-
10T B NEJATMYECKUX aPTUILIMTAX HU30B 30LI€HA CKOJIBCKOM TEKTOHHYECKOM €IUHMIIbI,
a raxxe B Oojiee aJeBPUTUCTBIX M HEMHOTO U3BECTKOBUCTBIX CEPOBATHIX CPEIHEIO-
LEHOBLIX OTJIOKEHUSX (MepOrau(OBBIE CIOM) MArypCcKOM TEKTOHMYECKOMH €IHHHUII
KapnaTckoro (uuina.

Kapbonatsl, craratouye MUKPOKOHKPELMU U3 CaMbIX OOJBILNX TIyOHH, OTJIH-
YAIOTCA POMOXPO3UTOBBIM COCTABOM, 4 MHKPOKOHKPELMH — BEPeTeHOO0Opa3HOM
dopmoii. Ha HeMHOTo MeHbWIMX IIyOMHax oOpa3oBaiuck Fe-poaoxpo3uToBbie
KOHKpeuur 6OYOHKOBHIHOU (OpPMBI, @ B Oosilee METKOBOJHOU 30HE, B Omu3u CCD
(rnyOuHbl KapOOHATHOIO YPABHOBELIMBAHMS) — OJIATOHHT-aHKEPHUTOBBIE MHKPO-
KOHKpeunn u3oMeTpuueckoi (Gopmbl. CpeaHeIOUEHOBbIE MaHIaHOKAJIbLUHTOBBIE
710 Ca-pomoxXpo3uTOBble MHUKPOKOHKDELMH 00pa30BajiiCh B OTJIOKEHHAX HE CO-
BceM mestarnyeckoro Tumna, Beimie CCD M OTIMYaroTCs mapoBUIHOH GOopMOH (Tak
Ha3bIBaeMble TJIOOYJIIH).

Kap6onaTHble MUKpOKOHKpelur Gorateie jerkum uzoromoM C!2, comepkanue
KOTOPOTO CaMO€ BBICOKOE M MOCTOSIHHOE B POJOXPO3HTOBBIX 0 OJHIOHHTOBBIX pa3-
HOBUIHOCTSIX.

BeaHocTh MUKPOJIEMEHTOB B H3y4aeMbIX MHKPOKOHKPEIMSX SBJISIETCS CIIEICTBH-
€M HeOOJIBIIOW TOJIEPAHTHOCTH KPHCTAJLITHYECKON PELIETKH POJOXPO3MTa M POJ-
CTBEHHBIX KaApOOHATOB HAa MOHHOE 3aMELICHHE.

OBBSICHEHUS K ®UT'YPAM

®wr. 1. Conocrasnenne MK-cnekTpoB MUKpOKOHKpeLuit Fe-pomoxpo3ura (4) M OJTMTOHAT-aHKEPHTA
(3) m3 LIKIAPOB CO CMEKTPAMH CHMAEPHUTOBLIX MHKPOKOHKPELMl M3 norrepa (IAIeBsIX
Kapnat, aquama3on acrtor koneGanuii (v) 100—500 cm ~'. 7= npocBe¥HBacMOCTH

Dur. 2. UK-CHeKTPhI IS TEX ke caMbIX 00pa3L0B MUKPOKOHKPELHIt YTO Ha dur. 1, HO B Auana3oHe
yacToT Kosiebanuit 400—1800 cm —*
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OBBSCHEHUSI K ®OTOI PADPVIAM

Tabmnua I

®0oT0 1. DIEKTPOHHO-MHKPOCKOITHYECKOE n306paxenue Fe-polOXPO3ATOBOM MHKPOKOHKPELWMH M3
IIknspoB (HIOKHHH 30LeH), NPEeACTABISIONIee CKYJBITYPHYIO MOBEPXHOCTb, THITHYHYIO
a1 (GpaMOOHIAIBPHOTO CTPOCHHS, @ TaKXe eQMHIYHbIH poMOOdIAp B KayecTBe KOHE-
wHOM mpocTOi (Gopmbl. VBelL. X 100

®oTo 2. DTOT Xe caMblii BHI MHKPOKOHKPELHMH B ONTHYECKOM MuKpockone. ITapajienbHbe H{-
xomu Yeen. X 17

®oTO 3. DIEKTPOHHO-MHKPOCKOIHYECKOE  M300pakeHHe POIOXPO3AUTOBOM MHKPOKOHKpEIMH M3
ILkISPOB, MOKa3biBaloOMmee KpyTOH pomboaap (404I) B xavecTse npocTOi (OPMBL. ¥YBeIl.
> 180.

®oto 4. DTOT XKe caMblii BHI MHKPOKOHKDEIHHM B ONTHYECKOM MHKPOCKONE C NPHMEPAMH neHe-
TPaTHBHBIX ABOMHHKOB. ITapajie/bHble HHKOIH. Veen. X 13

DoT0 5. DNEKTPOHHO-MHKPOCKOITHYECKOE H306paxeHHe OJIATOHMT-AHKEPUTOBONH MHKPOKOHKPELHH
3 IXISpoB, 06HAPYKHBAIOLIEE H3IOMETPHYECKHH rabHTyC H IIOBEPXHOCTD CXOXYIO € bpam-
GoMaTbHBIM CTPOeHHeM. YBen. X 310

®oto 6. DTOT Xe caMblii BHI MHKPOKOHKDCIHH B ONTHYECKOM MHKPOCKOME. TlapajuienbHbe HH-
xonu. Yeen. X 15

Tabmara II

@070 1. DNEKTPOHHO-MAKPOCKONHYECKOE H306paXeHne KOJEHYATOro KOHTAKTHOrO —MABOMHMKA
6OTOHKOBHAHOM Fe-poIoXpo3uTOBOl MUKpOKOHKpeunn u3 IIkispos. Veer. X 65

@010 2. BOYOHKOBHIHAS MHKPOKOHKpeLHs, 0OHApYXMBAIOIIask CeKTOPHOE IOracaHMe CBeTa BCIICA-
cTBHE Beepoobpa3zHoro cnocoba pocra. CKpemICHHBIE HHKOMH. YBEN. X 32

®0TO 3. DIEKTPOHHO-MHKPOCKOMAYECKOe  M300paXeHHe BEPETEHOOOPa3HOM MMKDOKOHKPEUHH
¢ pa3MYHOM OPHEHTHPOBKOW HAPOCTOB M (WJIH) NEHETPATHBHBIMH JBOHHHKAMM. Veen.
x 150

®oT0 4. BepereHooOpa3Hasi MHKPOKOHKpELHs, OOHapyXHBalollasi CEKTOPHOE NOracaHWe CBeTa.
CKpeleHHbIE HHKOJH. YBel. X 55 H X 86

@010 5. PaBEOpa3MepHasi OJHIOHHT-aHKEPHUTOBAs MHKDOKOHKpeIMs, OOHapyXHBarolas OOYTH
PaIHATLHO-TYYHCTOE [0 PAcXousmierocsi crpoenne. CKpelleHHble HAKOMM. YBel. X 75

®oto 6. To xe camoe 4o Ha doto 5. VBem. X 120

Tabmuua IIT

®oro 1. MHKpOCKONMHYECKask KAPTHHA OJMHOYHOM IIAPOBHAHOM M ABYX cpacTarommxcs Ca-po-
JOXPO3HTOBBIX MK MAaHIaHOKAJIBIATOBBIX MAKPOKOHKpELWH u3 JISHTOBHH (Cpemswit
3o0ueH). OTpaxeHHbIM cBeT. YBeln. X 35

®oTo 2—4. MHOrOKpaTHBIC H HeperyispHble cpacTanus Ca-ponOXpO3HTOBLIE WIM MAaHIAHOKAJIb-
LATOBBIC MHKPOKOHKDELHH Ha NOMOOME KaJbIMTOBBIX MAaKPOKOHKDPELHH, OOHApyM M-
Baronmme G6JeCTANIYIO INIAaKyIO OBEPXHOCTh Kak Ha (GoT1o 1. OTpaxenusit cet. Yseir.
X 401 x 50 (poto 4)

®oT10 5—6. KapTHHa BBIIEYyKa3aHHBIX MHKPOKOHKpPEIMH B numdax, obHapyXuBaromas Heymnops-
JIOYEHHOE PaTHALHO-TyTHCTOE CTPOEHHE IO 3ePHMCTOrO CTPOEHHSI IPAaHOCHEPHUTOB.
Tlpoxoasimmii cBer. CKpelIeHHbIe HAKONM. YBeld. X 87 ® 72 COOTBETCTBEHHO

EXPLANATIONS OF PHOTOGRAPHS
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Plate I

. Scanning electron micrograph of barrel-shaped Fe-rhodochrosite micronqdule from Szklary
(Lower Eocene) demonstrating surface sculpture peculiar for framboidal structure and
a unit rhombohedron as terminal simple form. Magn. %100

2. The same kind of micronodules in optic microscope image. Parallel nicols. Magn. x 17
3. Scanning electron micrograph of spindle-shaped rhodochrosite micronodule from Szklary
showing a steep rhombohedron {4041} simple form. Magn. x 180

4. The same kind of micronodules in optic microscope image, with ‘examples of penetration
twins. Parallel nicols. Magn. x13

5. Scanning electron micrograph of oligonite-ankerite micronodule from Szklary exhibiting
an isometric habit and surface similar to that connected with framboidal structure. Magn.
%310

6. The same kind of micronodules in optic microscope image. Parallel nicols. Magn. x15

Q

Plate II

. Scanning electron micrograph of elbow-shaped contact twin of barrel-type Fe-rhodochro-
site micronodule from Szklary. Magn. x 65

2. Barrel-shaped micronodule exhibiting sectoral light extinction due to fan-like growth.
Crossed nicols. Magn. %32

3. Scanning electron micrograph of spindle-shaped micronodule with differently oriented
overgrowths and/or penetration twins. Magn. x 150

4. Spindle-shaped micronodule showing sectoral light extinction. Crossed nicols. Magn. x 55
and 86

5. Equidimensional oligonite-ankerite micronodule displaying nearly radial to divergent
structure. Crossed nicols, Magn. %75

6. As in Phot. 5. Magn. %120

Plate III

11 Micrograph of a sipgk: spherical. and two intergrown Ca-rhodochrosite or manganocal-
cite micronodules from fetownia (Middle Eocene). Reflected light. Magn. x35

2—4, Multip!e and irregularly intergrown Ca-rhodochrosite or
resembling calcite macroconcretions and showin
Reflected light, Magn. %40 and 50 (Phot. 4)

te or manganocalcite micronodules
g shining, smooth surface as in Phot. 1.

5 and 6. Thin section images of above mentioned micr
almost granular structure of granosphaerites. Tr
%87 and 72, resp.

onodules showing irregularly radial to
ansmitted light, crossed nicols. Magn.
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Tadeusz WIESER — Manganiferous carbonate micronodules of the Polish Carpathians Flysch
deposits and their origin
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