
A N N A L E S  S O C I E T A T I S  G E O L O G O R U M  P O L O N I A E  
R O C Z N I K  P O L S K I E G O  T O W A R Z Y S T W A G E O L O G I C Z N E G O
v. 51—3/4: 339—352 K raków  1981

Krzysztof P. K r a jew sk i

PHOSPHATE PIZOLITE STRUCTURES FROM 
CONDENSED LIMESTONES OF THE HIGH-TATRIC 

ALBIAN (TATRA MTS)

(PI. I—V and 2 Figs.)

Fosforanowe formy pizolitowe ze skondensowanych wapieni 
albu wierchowego (Tatry)

(PI. I—V i 2 fig.)

Krzysztof P. K r a j e w s k i :  Phosphate pizolite structures from condensed lime
stones of the high-tatric Albian (Tatra Mts) Ann. Soc. Geol. Poloniae, 51—3/4: 
339—352.

A b s t r a c t .  Phosphate pizolite structures occur at hardground surfaces in  
the high-tatric Albian condensed limestones (Tatra Mts). Their origin is due to 
accretional growth and intraformational reworking. They were slowly growing 
by accretion of colloidal phosphates, in form of a homogeneus mass with some 
microglobuies (supposedly phosphate-enriched microorganisms), and non-phosphatic 
detritic material. The accretion was proceeding spherically or hemispherically  
because of the intraformational reworking. The phosphate pizolite structures de
veloped under conditions of periodically reworked hardground. The present-day  
mineral composition of these structures is due to diagenetic processes, namely  
a crystallization of carbonate fluotrapatite related to an activation of organic matter.
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T r e ś ć :  Opisane zostały fosforanowe formy pizolitowe (fig. 1—2) występujące 
na powierzchniach twardych den w  skondensowanych wapieniach albu wiercho
wego w  Tatrach Polskich. Dokładne badania w  mikroskopie polaryzacyjnym  
i w mikroskopie skaningowym (pi. I—V) oraz analizy rentgenostrukturalne (tabl. 1) 
wykazały, że są one zbudowane z węglanowego fluoroapatytu (1,3% COz). Wszystkie 
obserwowane apatyty są diagenetyczne, występujące w  różnych stadiach rekrysta
lizacji z pierwotnej żelopodobnej substancji fosforanowej. Powolny wzrost pizo- 
litów wynikał z akrecji koloidalnych fosforanów, jako homogenicznej masy i mikro-
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globul (wzbogaconych w  fosforany mikroorganizmów). Rekrystalizacja żelopodob- 
nych fosforanów związana była z diagenetycznym uruchamianiem materii orga
nicznej. Aktywność prądowa, w środowisku twardego dna morskiego, powodowała 
przeróbkę badanych struktur oraz akrecję niefosforanowego materiału detrytycz- 
nego. Specyficzny stosunek pomiędzy akrecyjnym wzrostem i przeróbką doprowa
dził do powstania sferycznych do półsferycznych form pizolitowych.

INTRODUCTION

The investigated m aterial was derived from condensed phosphatic and 
glauconitic limestones of the high-tatric Albian of the Polish Tatra Mts. 
These limestones form a thin lithologic set overlying thick reefal Urgo- 
nian limestones and underlying, in turn, deep-water marls of the upper
most Albian to Cenomanian (Passendorfer, 1921, 1930; Kuśik, 1959; 
Turnau-Morawska, 1960; Niegodzisz, 1965; Lefeld, 1968). They are consi
dered to be deposited under open-shelf conditions (Kotański, 1961; Bo- 
rza and Martiny, 1962).

The high-tatric Albian limestones include several hardground surfa
ces. These surfaces are strongly mineralized and bear much evidence for 
intraformational reworking. They are, indeed, associated with abundant 
phosphoclasts, abraded and mineralized fossil remains, and mineral stro
matolites and oncolites. The clasts overlying the hardgrounds include 
also infrequent phosphate pizolite structures.

DESCRIPTION

G e n e r a l  r e m a r k s .  The investigated phosphate pizolite structures 
consist of phosphate-pizolitic laminae and non-phosphatic detritic mate
rial. They are highly variable in shape and range up to 2 cm in diame
ter. The former ones (fig. 1) show a small nucleus covered w ith a thick, 
concentrically laminated phosphatic coating. The others (fig. 2) always 
are attached to larger clasts.

All these pizolite structures include detritic m aterial stabilized by 
phosphatic laminae (pi. I, fig. 2). The detritic m aterial includes carbona
te pellets, quartz grains, planktic forams, calcisphaeres, crinoid frag
ments, and other skeletal grains. These clasts occur in the form of de
tritic lenses within pizolitic lamination. The proportion of detritic ma
terial is highly variable but it may considerably prevail over phosphate- 
-pizolitic laminae.
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Fig. 1. Phosphate pizolite structure; drawing after a thin section. Note the asym
metry caused by accretion of non-phosphatic detritic material. 1 — phosphate- 
-pizolite lamination; 2 — lenses of non-phosphatic detritic material; 3 — larger- 

-sized calcareous skeletal fragments; 4 — phosphoclast; bar equals 5 mm

Fig. 1. Fosforanowa forma pizolitowa; rysunek z płytki cienkiej. Wyraźna asy- 
metryczność spowodowana akreacją niefosforanowego materiału detrytycznego. 
1 — fosforanowa laminacja pizolitowa; 2 — soczewki niefosforanowego materiału 
detrytycznego; 3 — większe kalcytowe fragmenty szkieletowe; 4 — fosfoklast;

skala odpowiada 5 mm

Fig. 2. Phosphate semi-pizolite structure developed at a large-sized phosphoclast; 
drawing after a thin section. Bar equals 2.5 mm; for other explanations see fig. 1

Fig. 2. Fosforanowa forma pół-pizolitowa rozwinięta na dużym fosfoklaście; rysu
nek z płytki cienkiej. Skala odpowiada 2.5 mm; pozostałe objaśnienia na fig. 1
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P h o s p h a t e - p i z o l i t i c  l a m i n a e .  The phosphate-pizolitic l a 
minae are more or less constant in structure and texture (pi. I, fig.l), 
ranging from 80 to 400 jxm in thickness. They consist of collophane with 
minor amounts of micrite and microsparite. Interlam inar boundaries 
are accentuated by thin (up to a few nm) films of iron oxides, or tex
tural changes in collophane, or an increased proportion of organic m at
ter. The laminae are continuous, constant in thickness, regularly parallel 
to each other as a rule. The parallel lamination, however, may be di
sturbed by detritic lenses (pi. I, fig. 2). Some laminae consist of very 
fine microsparite, but they are discontinuous, laterally intergrading with 
phosphatic laminae. Other laminae are partly  composed of microcrystal- 
lkie apatite (pi. V, figs 1—2). As evidenced by SEM observations, the 
laminae show irregular surfaces, w ith microgranular ups and downs (pi. 
Ill, figs 1—2). These surfaces are built up by aggregates of ultramicro- 
crystalline phosphates associated here and there w ith  massive phospha
tes.
I n t r a l a m i n a r  m i c r o s t r u c t u r e .  The phosphatic laminae show 
microglobular structure (pi. II, figs 1—2; pi. Ill, figs 3—4). They con
sist of microglobules (5 to 30 ^m in diameter) embedded w ithin collo
phane matrix. The pizolite structures are highly variable in density of 
microglobules; in fact, there are structures with microglobules being 
virtually absent from some parts. The microglobules show plastic defor
mations at their m utual contacts (pi. II, fig. 2). Infrequently, they are 
homogeneous, dark, and isotropic. Most commonly, they include aggrega
tes of u ltra- and/or microcrystalline phosphates inside (pi. Ill, figs. 
5—6), covered with a dark and isotropic coating. The microglobules are 
cemented with collophane which is microlaminated or less commonly 
homogeneous. The microlamination is consistent w ith the pizolitic la
mination. It is expressed by an alternation of dark and light collophane 
microlaminae (this variation in colour reflecting a variation in content 
of organic matter) ranging from 3 to 6 jxm in thickness (pi. II, fig. 2). 
The microlaminae never cut across microglobular boundaries. At a con
tact with detritic material, the underlying collophane microlaminae show 
load deformations (pi. IV, figs 1—2). As evidenced by SEM observations, 
the collophane most commonly is ultramicrocrystalline and only subor- 
dinately massive in nature (pi. V, figs 3—4).

The pizolitic laminae include also variable amounts of non-detritic 
carbonates, micrite and microsparite, in form a small enclaves cutting 
discordantly across the collophane microlaminae as well as the micro- 
globules.
M i c r o f o s s i l  f i l l s .  The detritic m aterial w ithin the phosphate- 
-pizolitic lamination commonly includes planktic foraminiferal tests and 
calcisphaeres (pi. IV, figs. 3—4). These microfossils are filled up with 
massive phosphates developed from the margins of a chamber inwards;



T a b l e  1 
T a b e l a  1

XRD data of carbonate fluorapatite from the phosphate 
pizolite structures (CuKa radiation)

Dane rentgenograficzne węglanowego fluoroapatytu z fosforanowych  
form pizolitowych (promieniowanie CuKa)

Examined sample 
Badana próbka

Standard after ASTM  
Wzorzec według ASTM  
Fluorapatite Ca5(P 04)8F 

Fluoroapatyt

d(A) I d(A) I

8.05 0.5 8.12 8
5.25 0.5 5.25 4

4.684 <  1
4.040 0.5 4.055 8

3.872 8
3.494 <  1

3.445 4.5 3.442 40
3.165 1.5 3.167 14
3.055 1.5 3.067 18
2.797 10 2.800 100
2.778 6 2.772 55
2.669 5 2.702 60
2.624 2.5 2.624 30
2.508 0.5 2.517 6
2.285 0.5 2.289 8
2.244 2 2.250 20

2.218 s
2.136 0.5 2.140 6

2.128 4
2.060 0.5 2.061 6

2.028 2
1.997 4

1.935 2.5 1.937 25
1.882 1.5 1.884 14

1.862 4
1.837 3 1.837 30
1.794 1 1.797 16
1.768 1 (410) 1.771 14
1.745 1 1.748 14
1.721 1.5 (004) 1.722 16

1.684 <  1
1.636 0.5 1.637 6
1.608 0.5 1.607 4

1.580 2
1.562 <  1
1.534 6
1.524 4
1.501 4
1.497 4

1.467 1 1.468 8



— 344 —

however, the center commonly remains void. The fills are at variable 
stages of recrystallization of massive phosphates, up to u ltra- and/or mi- 
crocrystalline ones.

X R D  a n a l y s i s  (under CuKa radiation) demonstrates that the 
crystalline phosphate phase of the pizolite structures represents the 
carbonate fluorapatite (table 1). As indicated by dispersion of the (004) 
and (410) reflexes (cf. Gulbrandsen, 1970), the proportion of carbon 
dioxide in the apatite lattice amounts to 1.3%.

DISCUSSION

Phosphates abound in the condensed high-tatric Albian limestones of 
the Tatra Mts but nonetheless, phosphate pizolite structures occur there 
only infrequently. In fact, the majority of phosphates in this lithologic 
set displays replacement structures in hardgrounds, phospho clasts, and 
mineral stromatolites, while the phosphate pizolite structures show no 
evidence for replacement origin of the phosphate m atter. The micro- 
structure and the absence of any carbonate relics are suggestive of the 
prim ary nature of the phosphates in the pizolites. The prim ary nature 
of phosphates, however, is not equivalent to the prim ary nature of the 
apatite. To the contrary, the occurence of massive, ultra-, and micro- 
crystalline phosphate aggregates at variable stage of recrystallization is 
indicative of deposition of gel-like phosphate m atter than of direct che
mical precipitation of apatite from sea-water. The surfaces of laminae 
of the investigated pizolite structures strikingly resamble those obser
ved in present-day accretional phosphatic pellets (Birch, 1979b). Col
loidal accretion of phosphates is still insufficiently documented but this 
process was invoked to explain formation of phosphate ooids in the Ca
lifornian shelf (Dietz et al., 1942; Emery, 1960). Furtherm ore, laminated 
phosphates and coatings developed on phosphorite nodules, resambling 
very closely in structure the phosphate pizolites investigated herein, 
were described from the Miami Terrace and interpreted as an effect of 
deposition of amorphous collophane (Mullins and Neumann, 1979). This 
is also the case with phosphate structures observed in the Ebon atoll, 
Micronesia (Veeh and Burnett, 1978). One may also recall concretional, 
oolitic and pelletal phosphorites from the South and West African shelf 
which include poorly crystalline phosphates (Fuller, 1979, and referen
ces therein). In fact, direct chemical precipitation of apatite from sea- 
-w ater has been demonstrated to be theoretically possible (Gulbrandsen, 
1969; Berge, 1972; Nathan and Lucas, 1976), but practical feasibility of 
this process may nevertheless be questionable (McConnell, 1965, 1973;
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Pevear, 1967; Bushinski, 1964; Chauhan, 1979; Riggs, 1979a, 1979b). Apa
tite  formation by non-replacement diagenesis of phosphates was, in turn , 
demonstrated in the Namibian shelf (Price and Calvert, 1978). Gel-like 
phosphates undergo at least a partial recrystallization during early dia
genesis (Baturin and Dubinchuk, 1974a, 1974b) which causes the XRD 
characteristics of phosphates that remain not covered with bottom sedi
m ent to be typical of apatite, especially the carbonate fluorapatite (Dietz 
et al., 1942; Parker and Siesser, 1972; Parker, 1975; Birch, 1979a, 1979b; 
Mullins and Neumann, 1979). On the other hand, the present-day nature 
of several sea-floor phosphorites appears to be disputable (see e. g. Ko- 
lodny and Kaplan, 1970; Baturin et al., 1972; Burnett and Gomberg, 
1977; Burnett and Veeh, 1977).

Gel-like materials obviously are soft and plastic. Baturin (1969) de
monstrated a gradual hardening of initially soft phosphatic pellets from 
the South and West African shelf. Furtherm ore, Veeh et al. (1974) de
monstrated with use of radiometric methods that unquestionable recent 
phosphorites are the only soft ones. The initial plasticity of the investi
gated phosphate pizolite structures from the high-tatric Albian limestones 
is suggested by the occurrence of load and intralam inar deformations. 
Furtherm ore, the observed stages of recrystallization resamble very clo
sely those recorded by Baturin and Dubinchuk (1974a, 1974b) and Ilin 
et al. (1975), which corroborates the conclusion that the apatite found 
in the investigated pizolites is entirely diagenetic in origin.

The origin of microglobular structure of the investigated phosphate 
pizolites can hardly be explained with certainty because of considerable 
diagenetic effects. A s evidenced by the nature of the contact of the mi
croglobules with the phosphatic matrix, all the microglobules are pri
m ary structures. Some pre-diagenetic relics indicate the proportion of 
organic m atter having been higher in the microglobules than in the 
m atrix. S im ila r  microstructures were described from the phosphatic 
ooids of the Phosphoria Formation and interpreted as initially soft and 
gel-like (Lowell, 1952). Baturin and Dubinchuk (1974b) illustrated phos
phate microglobules from the sea-floor phosphorites of the Agulhas 
Bank. Moreover, microglobules that underwent a fibrous recrystalliza
tion of apatite were discovered by Ilin et al. (1975) in the phosphorites 
of the Kara Tau range. The origin of all those m icT O globules, however, 
remains thus far unclear. One may suppose that they developed from 
small accumulations of organic m atter enriched in colloidal phosphates, 
stabilized at the surface of growing pizolite structures. The mode of re
crystallization is indicative of variable distribution of organic m atter in 
the microglobules. Activation of the center of a microglobule, being the 
richest in organic m atter or even composed exclusively of it, resulted in 
development of geochemical conditions favourable for apatite crystalli
zation. Such phosphatic mLcroglobiules enriched iin organic m atter were,
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indeed, regarded as coccolite-like algal forms (Chauhan, 1979) or bac
teria-like rods (Riggs, 1979a). Taken for granted that the microglobules 
are traces after some unicellular microorganisms, their systematic posi
tion cannot nevertheless be recognized because of diagenetic effects. The 
methods applied in the present study can hardly perm it even a recogni
tion of their eu- or prokaryotic organization (Golubic and Barghoom, 
1977, and references therein). On the other hand, some bacteria may 
contribute to precipitation of phosphates from sea-water (Malone and 
Towe, 1970). One may nevertheless claim that the considered microstruc
tures can be more plausibly explained by accumulation of microorga
nisms, like that proposed by Kazmierczak (1979), than by physiochemical 
activities in situ of microorganisms contributing to development of 
phosphatic pizolites.

Only these parts of the investigated pizolites which are poor in or
ganic m atter (light-yellow collophane) are partly  recrystallized into mi
crocrystalline apatite, whereas those rich in organic m atter (dark-grey 
collophane) do never show any recrystallization discernible under TLM. 
Diagenetic formation of carbonate fluor-apatite under conditions of 
organic — m atter decay commonly is observed in modern environments 
(Dietz et al., 1942; Baturin, 1969; Burnett, 1977; Price and Calvert, 1978). 
I t was proposed also for various fossil phosphorites (Lowell, 1952; P a t
ton and Matzko, 1959; Gulbrandsen, 1960; Bushinski, 1966). One may 
claim that recrystallization of massive and ultramicrocrystalline phos
phates observed both in the microglobules and in the m atrix  in the in
vestigated pizolite structures is to be attributed to diagenetic activation 
of the associated organic matter.

The phosphate pizolite structures from the high-tatric Albian lime
stones include variable amounts of non-detritie carbonates. The carbona
te enclaves are discordant with the prim ary microstructures and there
fore they are to be regarded as an effect of calcification of the phospha
tes. The fluorite recorded sporadically in the pizolites probably origina
ted by replacement of fluorapatite by calcite, according to the reaction 
presented by Cook (1970).

All the investigated phosphate pizolite structures from the Tatra 
Mts are associated with eroded hardground surfaces, which indicates 
their development under conditions of intraformational reworking. This 
reworking caused the spherical to hemispherical shape of the pizolite 
structures. Any flat m icrostructural equivalents of the pizolite structures 
have not been observed in the high-tatric Albian limestones. The accre- 
tional growth and the intraformational reworking m ust have produced 
a set of physical conditions perm itting development of spherical to he
mispherical structures only. In fact, an alternation of phosphate forma
tion and reworking commonly is claimed to be characteristic of phospho- 
genic open-shelf environments (Emery, 1960; Altschuler, 1965; Bromley,
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1965 in: Bromley, 1967 and Bathurst, 1975; Kennedy and Garrison, 
1975a, 1975b; Burnett and Gomberg, 1977; Birch, 1979c). The growth 
ra te  of the investigated pizolite structures can hardly be precisely de
terminated. The small thickness of the high-tatric Albian limestones, 
commcn occurrence of hauxlgirounds, and the mixed amimoinite faunas in
dicative of 3 successive biostratigraphic zones (cf. Passendorfer, 1930) 
are strongly suggestive of very slow and commonly interrupted sedimen
tation. By itself, this is not to imply a slow growth of the phosphate 
pizolites but the latter occur exclusively in association with hardgrounds. 
On the other hand, non-deposition is a typical environment character
istic of various phosphorites found in open shelves and seamounts (see 
e. g. Dietz et al., 1942 as reinterpreted in: Emery, 1960; Hamilton and 
Rex, 1959; d ’Anglejan, 1967; Marlowe, 1971; Anglada et al., 1975). One 
m ay therefore conclude that the phosphate pizolite structures from the 
high-tatric Albian limestones most probably originated owing to a slow 
accretional growth and intraformational reworking under conditions of 
periodically reworked hardground.
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EXPLANATIONS TO PLATES — OBJAŚNIENIA PLANSZ

Plate 1 — Plansza 1

Fig. 1. Phosphate-pizolitic lamination; TLM, nicols parallel; bar equals 500 pim. 
N jte  the interlaminar boundaries accentuated with film s of iron oxides  
(black), or an increased proportion of organic matter (grey), or textural 
changes in collophane.

Fig. 1. Fosforanowa laminacja pizolitowa; mikroskop polaryzacyjny, nikole równo
ległe; skala odpowiada 500 urn. Granice pomiędzy laminami podkreślone 
filmami tlenków żelaza (czarne barwy), zwiększoną zawartością materii 
organicznej (szare barwy), lub teksturalnymi zmianami kollofanu.

Fig. 2. Lenses of non-phosphatic detritic material within pizolitic lamination; 
TLM, nicols parallel; bar equals 1 mm. Arrowed are areas enlarged in 
pi 4, figs. 1'—2.

Fig. 2. Soczewki niefosforanowego materiału detrytycznego w  obrębie laminacji 
pizolitowej; mikroskop polaryzacyjny, nikole równoległe; skala odpowiada 
1 mm. Strzałkami zaznaczono miejsca powiększone na pl. 4, figs. 1—2.

Plate 2 — Plansza 2

Fig. 1. Microglobular structure of phosphate pizolites; TLM, nicols parallel; bar 
equals 100 [*m. Note that the microglobules are richer in organic matter 
(black to dark-grey) than the microlaminated collophane matrix (grey).

Fig. 1. Struktura mikroglobularna fosforanowych pizolitów; mikroskop polaryza
cyjny, nikole równoległe; skala odpowiada 100 [tm. Mikroglobule silniej 
wzbogacone w  materię organiczną (czarne i ciemnoszare barwy) niż mikro- 
laminowany kollofanowy cement (szare barwy).

Fig. 2. Enlarged fragment of the same figure; TLM, nicols parallel; bar equals 
25 um. Note contacts of the microglobules and the microlaminated matrix, 
and variable stages of activation of the organic matter contained by the
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m'croglobules. Arrowed are examples of plastic deformations of the  
microglobules.

Fig. 2. Powiększony fragment powyższej figury; mikroskop polaryzacyjny, nikole  
równoległe; skala odpowiada 25 firn. Widoczne kontakty mikroglobul z mi- 
krolaminowanym cementem oraz różne stadia uruchamiania materii orga
nicznej w  mikroglobulach. Strzałkami zaznaczono przykłady plastycznych  
odKształceń mikroglobul.

Plate 3 — Plansza 3

Fig. 1. Uneven accretional surface of a phosphate-pizolitic lamina; SEM; bar 
equals 100 nm.

Fig. 1. Nierówna akrecyjna powierzchnia fosforanowej laminy pizolitowej; mikro
skop skaningowy; skala odpowiada 100 nm.

Fig. 2. Enlarged fragment of the same figure; SEM; bar equals 10 jim. Note the  
recrystallization into ultra- and microcrystalline phosphate aggregates.

Fig. 2. Powiększony fragment figury 1; mikroskop skaningowy; skala odpowiada 
10 Widoczna agregatowa rekrystalizacja do ultra- i mikrokrystalicz

nych fosforanów.
Fig. 3. Microglobular structure of the surface of a phosphate-pizolitic lamina; 

SEM; bar equals 100 fim.
Fig. 3. Powierzchnia fosforanowej laminy pizolitowej wykazująca strukturę mikro- 

globularną; mikroskop skaningowy; skala odpowiada 100 (im.
Fig. 4. Vertical section through a phosphate-pizolitic lamina microglobular in  

structure; SEM; bar equals 50 |xm.
Fig. 4. Przekrój prostopadły przez fosforanową laminę pizolitową wykazującą  

strukturę mikroglobularną; mikroskop skaningowy; skala odpowiada 50 nm.
Fig. 5. Microglobule with recrystallized phosphate aggregates in the center; SEM; 

bar equals 2 (im. Note the margins of the microglobule contacting w ith  
the massive to ultramicrocrystalline matrix.

Fig. 5. Mikroglobula z widoczną w  centrum agregatową rekrystalizacją fosforanów; 
mikroskop skaningowy; skala odpowiada 2 urn. Brzegi mikroglobuli zlane 
z masywnym i ultramikrokrystalicznym cementem.

Fig. 6. Recrystallized microglobule; SEM; bar equals 5 pim. Note the ultramicro
crystalline phosphate aggregates and the considerable porosity effected  
by activation of organic matter.

Fig. 6. Rekrystalizacja mikroglobuli; mikroskop skaningowy; skala odpowiada
5 urn. Widoczne ultramikrokrystaliczne agregaty fosforanów; duża poro
watość wynika z uruchomienia materii organicznej.

Plate 4 — Plansza 4

Figs. 1,2. Load deformations of collophane microlaminae underlying calcisphaeres 
filled up with microsparite; enlarged fragments of pi. 1, fig. 2; TLM, nicols 
parallel; bar equals 100 urn.

Fig. 1,2. Plastyczne obciążeniowe deformacje mikrolamin kollofanowych poniżej 
kontaktów z kalcisferami wypełnionymi mikrosparytem; powiększone frag
menty z pl. 1, fig. 2; mikroskop polaryzacyjny, nikole równoległe; skala 
odpowiada 100 urn.
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Fig. 3. Clacisphaere filled up with massive phosphates partly recrystallized into 
ultra- and microcrystalline phoshate aggregates; SEM; bar equals 10 |xm.

Fig. 3. Kalcisfera wypełniona masywnymi fosforanami, częściowo zrekrystalizo- 
wanymi do agregatów ultra- i mikrokrystalicznych fosforanów; mikroskop 
skaningowy; skala odpowiada 10 |im.

Fig. 4. Chamber of planktic foram filled up w ith partly recrystallized massive 
phosphates; SEM; bar equals 20 |tm. Note that the nature of the fill is 
suggestive of its development from the margins of the chamber inwards.

Fig. 4. Komora planktonicznej otwornicy wypełniona częściowo zrekrystalizowa- 
nymi masywnymi fosforanami; mikroskop skaningowy; skala odpowiada 
20 |im. Charakter wypełnienia wskazuje na przyrost fosforanów od brzegów  
do centrum komory.

Plate 5 — Plansza 5

Fig. 1. Recrystallization of collophane into microcrystalline apatite; TLM; nicols 
almost crossed; bar equals 50 |tm. Arrowed is a recrystallized microlamina 
(light) and its contact with non-recrystallized microglobules (dark-grey).

Fig. 1. Rekrystalizacja kollofanu do mikrokrystalicznego apatytu; mikroskop po
laryzacyjny, nikole prawie skrzyżowane; skala odpowiada 50 (im. Strzałka 
wskazuje zrekrystalizowaną mikrolaminę (jasne barwy) i jej kontakt z mi- 
kroglobulami nie. wykazującymi rekrystalizacji (ciemnoszare barwy).

Fig. 2. Relics of microglobules rich in organie matter (black to dark-grey) within  
recrystallized microcrystalline matrix (light); TLM, nicols almost crossed; 
bar equals 50 [im.

Fig. 2. Relikty wzbogaconych w  materię organiczną mikroglobul (czarne i ciemno
szare barwy) w  zrekrystalizowanym mikrokrystalicznym tle (jasne barwy); 
mikroskop polaryzacyjny, nikole prawie skrzyżowane; skala odpowiada 
50 jxm.

Fig. 3. Massive phosphates recrystallized into ultramicrocrystalline aggregates; 
SEM; bar equals 5 nm.

Fig. 3. Rekrystalizacja masywnych do ultramikrokrystalicznych agregatowych fosfo
ranów; mikroskop skaningowy; skala odpowiada 5 urn.

Fig. 4. Massive phosphates recrystallized into ultramicrocrystalline aggregates; 
SEM; bar equals 5 urn. Note the porosity of the phosphate aggregates 
effected by activation of organic matter.

Fig. 4. Rekrystalizacja masywnych do ultramikrokrystalicznych agregatowych fo
sforanów; mikroskop skaningowy; skala odpowiada 5 urn. Widoczna znaczna 
porowatość agregatowych fosforanów spowodowana uruchomieniem materii 
organicznej.
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