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Abstract This paper deals with the results of mineralogical examination of shells and moulds
of Jurassic ammonites from Eukéw, well known locality, situated ca. 100 km E of Warsaw. The in-
vestigations were carried out using optical and scanning microscopy, as well as X-ray and infrared spec-
troscopic methods, The shells were found to be predominantly aragonitic, showing typical layered
structure and containing fairly abundant organic matter and framboidal pyrite.

INTRODUCTION

Aragonite is a common constituent of shells and skeletons of numerous recent
organisms. During diagenesis this metastable form of calcium carbonate usually
transforms into calcite. Under specific geological conditions aragonite can be
preserved for a long period of time. Such “fossil”” aragonite constitutes e.g. some
ammonite shells as reported by Cornish and Kendall (1888). Layered structure
of ammonite shells was characterized by Hyatt (1872, 1883); Bohmers (1936) and
Holder (1952). Cayeux (1916) and Béggild (1930) described prismatic aragonite
crystals forming individual layers of shells. Considerable progress in these studies
was due to the application of electron microscopy (Birkelund 1967, Erben et al.
1969, Druszczic and Hiami 1970, Kulicki 1979, Kennedy and Hall 1967).

More than 10 chemical compounds participate in the structure of shells and
skeletons of invertebrate animals. The most important of them are: calcium car-
bonate — CaCO,, silica — SiO, and apatite — Ca,[(F, OH)| (PO,),]. These com-
pounds occur in various proportions together with organic matter. Actually, they
are studied in detail. Reconstruction of their formation processes should be based
on cythologic and chemical mechanisms of secretion of these compounds in epi-
thelial tissues. Roger (1974) indicated that some organic substances under specific
pH conditions may influence the dissolution and precipitation of mineral com-

ounds,
" Calcium carbonate occurs mainly in skeletons of invertebrates in the form
of calcite or aragonite. Earlier classifications of fossil shells into calcitic and ara-
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gonitic were found to be not justified by later s.tudies. Aragonite occurs in recent
nautiloid Argonauta, in the shells of the majonty‘of ccpha.lOdes, in otoliths of
vertebrates, in skeletons of Hexacorallia (Scleractina) and in Chlorophyta plants.
Skeletons of numerous animals, as e.g. bryozoans, bivalvs, gastropods and fora-
minifers, consist of both calcite and aragonite. 50 ¢.g. in recent bivalve Mytylius
the prismatic layer is calcitic whereas the pearly one aragonitic, similarly as in
such gastropods as Fissurella or Haliotis. ! .

In fossils it is often difficult to determine the primary mineral composition
of their hard parts due to frequent transformation of aragonite into calcite dur-
ing diagenesis. Synthetic aragonite transforms into calcite in water solution at
40°C during several hours (Kennedy and Hall, 1967) whilst the fossil one, under
specific conditions, can be preserved for a fairly long period of time.

In recent years, the structure of ammonite shells was examined by numerous
authors what was mainly connected with studies on onthogenic evolution of these
animals (Birkelund 1980, Kulicki 1979, Tanabe et al. 1979, Druszczic and Hiami
1970, etc.). Advanced studies of remnants of ammonite shells were initiated by
Birkelund (1967) but already Grégoire (1958) has described the details of their
pearly layer. In later publications we find detailed descriptions of these shells
illustrated by SEM photographs (fide: Birkelund and Hansen 1974).

Suggestions on originally aragonitic nature of shells result from the studies
of recent cephalopode Nautilus, phylogenetically related with ammonites (Erben
et al. 1969). Recent nautiloids have aragonitic shells. Numerous findings of well
preserved ammonites (Paleozoic to Cretaceous in age) have confirmed earlier
suggestions that actually calcitic shells were originally aragonitic in nature (Bir-
kelund and Hansen 1974, Erben 1972, Grandjean et al. 1964, Grégoire 1966, Kenne-
dy and Hall 1967, Mutvei 1967 etc.). It should be emphasized that in these studies
the most useful were perfectly preserved ammonitic shells as e.g. these contained
in calcgrqous and arenaceous Upper Cretaceous marls of Hokkaido in which
even ongma‘] colouration was preserved (Tanabe, Kanie 1978) or Promicroceras
planicosta (Sow.) species described by Mutvei (1967).

b tlgcé?::]cg Lt.zglf;fr a;nmovn'lte 1hcll§,'usiqg first of all the SEM technique, allow-

and inner rgisr;latic grel dy}?%hm t i) Fhm outer prismatic, thick central pearly

o %cr[))arlatcd 4 tt}:qu ich may consist of several ]ammae.. The latters, in turn,
$ y thin intercalations composed of conchioline.

LOCALISATION OF SAMPLING SITES

{ The specimens studied come from Lapiguz brick-yard in Lukow, situated
ca, 100 km E from Warsaw. Black and dark grey clays exploited here contain
Tgh&:omdc.rmc cor}cretlgns filled predominantly with ammonite and bivalve shells
glaciae] e(?;/;;g:?lss o(irL&l:i\gvtil;ﬁsc] r(olzl;s‘ 0c<];ur as (tectonic blocks within Quaternary
occ’urr}:cnce is called “glacitectonic errrz)i:s?gdscxz})' ko s
sztol‘ofviir;hcv\:}?islﬁcguﬁ %o(rj)crctlons' were found at the end of 19th century by Krzy-
bt ;)rcscnlted li411]\/(1:,kgeo]oﬁgncal and paleontological characteristics of this
i v Paraﬁ)r/]jukd(]OWSk] (1952) and, subsequently, by Kosmulska (1973).
e 9’78) have described vivianite occurring in these clays.
i iy is‘ 1thd urc of this accumulation of spherosideritic and calcare-
> 15 the presence of very abundant fossils: ammonites, bivalve,

20

scaphopods, gastropods and foraminifers, showing perfect state of preservation
(Makowski 1952). Ammonite shells, sometimes up to a dozen cm in diameter,
often have well preserved test, up to 5 mm thick, particularly in specimens re-
presenting gerontic stage. The shells display pearly lustre and their surfaces are
often finely porous. These fossils are Uppermost Callovian in age.

Ammonite specimens (Quenstedtoceras, Cardioceratidae family) with pre-
served shells (P1. I, Phot. 1, 2) were used for detailed study. One of them represents
a well preserved large specimen of Quenstedtoceras rybinskinianum (Nikitin) sp.
(P1. I, Phot. 1). Outer whorls of this specimen (a part of living chamber is preserv-
ed) are filled with a deposit, whereas the inner whorls are empty. The latters were
deformed due to load of sediment. The whole ammonite has well preserved shell,
whereby in outer whorls it is thin and in living chamber thicker, up to 5 mm. In
this specimen only the pearly layer showing characteristic lustre is preserved,
whilst the outer prismatic one is lacking. This pearly layer consists of several super-
posing laminae. A part of this shell is covered by pyrite grains and locally over-
grown by serpuls. Samples for analytical study were taken from the last whorl
of ammonite where shell is the thickest.

The second analyzed specimen (Pl. I, Phot. 2) represents a part of inner whorl
of ammonite of Quenstedtoceras carinatum (Eichwald). Its outer whorls are
filled with siderite-clayey substance, whilst the inner ones are often empty, show-
ing distinct suture (lobe) lines. In this specimen a thin shell, up to 1 mm thick,
was locally preserved. Samples for analytical examinations were taken from ventral
side of the shell.

EXPERIMENTAL

Mineralogical study was carried out using optical and scanning microscopy,
as well as X-ray and infrared spectroscopic methods. Both transparent and re-
flected light techniques were applied in optical study of oriented preparations.
X-ray analyses were performed by means of TUR-M-62 diffractometer using
monochromatic CoK, radiation and standardization of precision method. Flat
powder preparations were used. Besides, direct X-ray studies of pearly surfaces
of ammonite shells were carried out. The conditions were adapted experimentally
depending on the angular range of recording. The results of X-ray study were
supplemented by infrared spectroscopy using C. Zeiss (Jena) UR-10 instrument
and KBr disc technique. Infrared spectra were recorded in the wave number ranges
400 — 1800 and 2800 — 3800 cm™ . Identification of phases was performed by com-
parison with standard spectra. Moreover, selected specimens of _shells were ad-
ditionally examined using “Cambridge Stereoscan 54-107" scanning microscope
whereby specimen surfaces were shadowed with gold.

RESULTS

X-ray patterns of powdered and averaged material of shells show typical
reflections of aragonite (Fig. 1). Some weak peaks (e.g. dy, = 3.02 A) indicate
trace admixture of calcite. Direct X-ray analysis of pearly surfaces of shells hgs
shown that aragonite is the only crystalline substance in them. The changes in
intensity of individual reflections indicate oriented position of aragonite crystals
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Fig. 2. X-ray diffraction pattern of

| ~ pyrite separated from aragonitic shell (Pr — pyrite, Q — quartz), 2 — mould — material filling interior of a shell
(Ms — micas, hydromicas, K — kaolinite, Q — quartz, C — calcite, Ap — apatite)

small channels, oriented perpendicularly or slightly obliquely to these surfaces,
was observed when using higher magnifications. They are-localized in aragonitic
layers. Much less common is another system of channels which are longer, curved
and oriented parallel to the surfaces of shells. This more chaotic system seems
to be connected with calcitic mass cementing aragonitic laminae.

Particular attention was paid to organic substance which, in parallel sections,
distinguishes by brown colouration of different intensity. It is either unevenly
distributed or forms circular concentrations around decoloured centres (atolic
concentrations — PI. II, Phot. 4, PL. 111, Phot. 5). Pyrite is fairly common in shells,
occurring in separate grains or as framboidal aggregates (Pl. III, Phot. 6).

Scanning microscopic examination was carried out in sections cut parallel
and perpendicular to the surfaces of tests. Observations of pearly surfaces of am-
monite shells using magnification 5000 x have shown the presence of parallel
thin laminae of calcium carbonate (Pl 1V, Phot. 7, 8). In transverse sections,
oriented arrangement of aragonite crystals was observed (Pl. V, Phot. 9, 10). At-
tention was paid to the outles of small channels at pearly surfaces, already ob-
served by optical microscope when using higher magnifications. In scanning micro-
scopic image (Pl IV, V and VI), these channels are circular in sections and ara-
gonite crystals occurring at their margins display not sharp edges (dissolution
effect 7). According to Dr. Kulicki’s oral information, they are the products of
activity of algae (Chlorophyta) or mushrooms (fide: Kulicki 1979 — Pl. 33.2
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Fig. 3. Infrared absorption spectrum of aragonite from shells studied

and 34.3). Scanning microscopy has also confirmed the presence of pyrite con-
centrations (Pl. VI, VII) showing characteristic framboidal texture indicating
bacterial origin, as well as of cellular structure (atols) of organic substance on the
surfaces of tests.

Chemical analyses of shells have shown the presence of small amount of mag-
nesium (0.08—0.11 wt. % Mg) and phosphorus (ca. 0.1 wt. % P,0.). No traces
of Se and Fe were detected by electron microprobe in pearly layer of shells which
contain a little silica.

Microscope examination of the substance filling aragonitic ammonite shells
have shown the dominance of carbonate-clayey mass in them, embedding single
quartz, feldspar and mica grains. Quartz and feldspar crystals are sharp-edged
and well developed what suggests short transport. Micas are represented mainly
by well preserved muscovite flakes and considerably weathered biotite. Single
pyrite grains or their concentrations are embedded in the groundmass. Larger
concentrations of this mineral usually occur at the contact of shells with surround-
ing rock. Mineral composition of the filling mass was determined more precisely
by X-ray study. In the obtained pattern we observe distinct dominance of calcite
accompanied by subordinate amounts of quartz, feldspars, micas and kaolinite.
Diffuse reflection d,,, = 2.79 A suggests the presence of poorly crystalized apatite
confirmed by chemical analysis (3.05 and 2.75 wt. 7 P,O; respectively) of two
samples examined, containing also 0.53—0.60 wt. % Mgz. §mall amount of clay
minerals indicates that the mass in question is represented by weakly diagenesized
slightly arenaceous marl, containing variable amounts of organic matter.

SUMMARY

1. Ammonite shells from ¥uké
layered structure.

2. Two varieties of CaCO, were distinguished in the shells studied:

a) crystalline one formi ayers ara i i i i
UL ) ing layers of parallel oriented prismatic aragonite

b) cryptocrystalline non-oriented
aragonitic layers.

3. Two systems of channels

a) a system of short o

layers and oriented

w were found to be aragonitic, showing typical

calcitic forming thin laminae cementing

were observed in shells:

nes, mrgular In section, occurring within aragonite
perpendicularly to the surface of shells, and
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b) a system of longer and oriented parallel to those surfaces, observed within
cryptocrystalline calcite laminae.

4. Organic substances is fairly common in these shells, being either uniformly
distributed or forming characteristic “atolic’” structures.

5. Pyrite occurs commonly in the shells studied. On their surfaces it forms
thin laminae whereas in inner zones occurs as single grains or their aggregates.
Framboidal structure of pyrite suggests its bacterial origin.

6. The substance filling well preserved ammonite shells consists predominantly
of calcite and subordinate amounts of quartz, micas, kaolinite, pyrite and apatite
(increased P,O, content). The mass is saturated with organic matter.

The obtained results and very widespread occurrence of organic matter both
in ammonitic tests and in their moulds, are consistent with the opinion of Kennedy
and Hall (1967) that screening of individual aragonite crystals by organic mem-
branes is responsible for the preservation of this metastable variety of calcium
carbonate.
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Andrzej MANECKI, Radosltaw TARKOWSKI
ARAGONIT MUSZLI AMONITOW JURAJSKICH Z LUKOWA (POLSKA)
SHARCISYZIC ZICNIC

‘Muszle amonitow pochodza z cegielni Lapiguz w Lukowie, potozonej kilka-
dziesiat kilometrow na wschod od Warszawy. Srednice muszli dochodza niekiedy
do kilkunastu centymetrow, a dobrze zachowane skorupy maja grubo$¢ do 5 mm
1 perfowy polysk. Zebrany material poddano badaniom mikroskopowym (mikro-
skopia optyczna i skaningowa), rentgenograficznym i spektroskopowym w pod-
czerwieni. Potwierdzono aragonitowa budowe muszli. Warstewki krystalicznego
aragonitu (o jednakowej orientacji krysztatléw) cementowane sg cienkimi wktad-
kami skrytokrystalicznego weglanu wapnia stanowiacego mieszaning aragonitu
i kalcytu. Opisano formy wystepowania substancji organicznej oraz framboidalny
piryt pochod;emg bakteryjnego. Na podstawie uzyskanych wynikéw badan auto-
rzy przychylaja si¢ do pogladu, ze istotnym czynnikiem powodujacym zachowanie
si¢ aragonitu w niektorych muszlach amonitow jest efekt ekranowania organicz-

Bl Wiyt S e : ; 5
C);rglo : onkami pojedynczych krystalitow tej nietrwatej odmiany polimorficzne;j

OBJASNIENIA FOTOGRAFII

PLANSZA 1

Fot. 1. Amonit z Lukov&"a — Quenstedtoceras rybinskinianum (Nikitin)

z mus;lq aragonitowa szczegélnie zachowana na ostatnim skr:

Fot. 2. Amonit z Luk'owa — Quenstedtoceras carinatum (Eichwald)
z zachowana cienky muszlg aragonitowa. 1 x

— w stadium gerontycznym,
eciein 1'%

— czgs¢ wewnetrznego skretu

PLANSZA 11

Fot. 3. Ob i i i
dZyravzva;r;:E;(fi(;ﬁ)()j\:&n?;s;s]:aﬁgimta W przekroju prostopadtym do powierzchni Pomig-
; rysts ego aragonitu bj aski ali
4™ g%grlaazmr)nvi/k(l(()a]l(cyt, aragonit) i konchio]inyg(?). Nik],eglnap(\:/JSkllzos;refy T
i (Cz;r:e)op&wzl?uszh]w przekroju rownolegtym. Atolowe skupienia substancji orga-
i rym tle aragonitu widoczne sa krotkie kanaliki. Nik, 1 powJ 120g><

PLANSZA 111

Fot. 5. Obraz mikroskopowy muszli w
(czarne) podobne sa do skupien
Obraz mikroskopowy muszli w

chodzenia bakteryjnego (framboigry?k;ﬁjklf ;ov;r;(;]fggrgxz P R g B

przekroju réwnolegtym. Skupienia substancji organicznej

Fot. 6. pirytu zamieszczonych na fot. 6, Nik. 1, pow. 120 x
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PLANSZA 1V

7. Obraz pertowej powierzchni muszli amonita widoczny w skaningowym mikroskopie elektro-
nowym. Pow. 4600 x

8. Powiqrzchnia muszli amonita ustawiona nieco uko$nie. Widoczne sa nakladajace si¢ war-
stewki aragonitowe oraz wyloty kanalikow (koliste w przekroju). Skaningowy mikroskop
elektronowy, pow. 5200 x

PLANSZA V

9. Przekro6j prostopadty do powierzchni muszli widoczny w obrazie skaningowego mikroskopu
elektronowego. Pow. 5200 x

10. Przekr6j muszli jak na fot. 9, w dwukrotnie wigkszym powiekszeniu. Skaningowy mikroskop
elektronowy. Pow. 10 500 x

PLANSZA VI

11. W przekrojach prostopadtych do powierzchni muszli amonita widoczne sa kanaty, ktorych
wyloty pokazano na fot. 8. Skaningowy mikroskop elektronowy. Pow. 1200 x

12. Pojedyncze krysztaly pirytu w aragonitowej muszli amonita. Skaningowy mikroskop elektro-
nowy. Pow. 1000 x

PLANSZA VII

13. Framboidy pirytu pochodzenia bakteryjnego rozmieszczone na powierzchni muszli. Ska-
ningowy mikroskop elektronowy. Pow. 4500 x
14. Inny przyktad framboidow pirytu. Skaningowy mikroskop elektronowy. Pow. 4500 x

OBJASNIENIA FIGUR

1. Dyfraktogramy rentgenowskie aragonitu budujacego muszle amonitéw z Lukowa:
A — dyfraktogram uzyskany z powierzchni pertowej muszli (wyraznie zaznacza si¢ efekt orientacji arago-
nitu), B — dyfraktogram aragonitu z muszli, probka sproszkowana

2. Dyfraktogramy rentgenowskie:

aragonitowych muszli (Pr — piryt, Q — kwarc), 2 — osrédka — material wy-

1 — piryt wyseparowany z
go K — kaolinit, Q — kwarc, C — kalcyt, Ap — apatyt)

petniajacy wnetrze muszli (Ms — miki, hydromiki,

. 3. Widmo absorpcyjne w podczerwieni aragonitu budujacego muszle amonitow z Lukowa

onceii MAHELIKM, Padocnae TAPKOBCKHM

APATOHWUT PAKOBUH FOPAUCKNX AMMOHWTOB
M3 NYKOBA (MOJIbLIA)

Pesome

NN HalgeHbl B palioHe KMpNWYHOro 32BOAA B Jlyko-
O JEeCATKOB KWIOMETpOB K BOCTOKY oT Bapuaesbl.
cturaet 6ofee AecATU CaHTUMETPOB, a XOPOLIO
AWMUHY A0 5 MM M nepnamMyTpoBbiii 6reck.
H 6bIN MUKPOCKOMUYECKUM (ONTHUYECKan U CKa-
rerorpaguyeckum u WK-cnektpomeTpuyecknm
aroHuTOBOE CTpoeHue pakosuHbl. Cnou
(c opuHakoBow OpPUEHTUPOBKOW KpUCTannoB) ue-
nTOKpUCTannuyeckoro kapboHara Kanb-
6ol cMech aparoHWTa M KanbuuTa. OnucbiBaroTcs

PakoBUHbI aMMOHNTOB 6b
, PacnosioXeHHbIM HECKoNbK
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GopMbI NPUCYTCTBYIOWIErO OpraHUyeckoro

pellecTra, a TaKke phpambounsans-

HbI NUPUT 6aKkTepUanbHoro NPONCXOKACHNA. Ha ocHoBanun nonyueHHbix pe-
3yNbTATOB MCCNEAOBAHUI ABTOPbI CKNOHAIOTCA K MHEHWMIO, YTO CYLLECTBEHHbBIM
bakTopoM, oBycnoBnuBalOLUM COXpAHEHWE AparoHnTa B HEKOTOPLIX paKoBMHAX
AMMOHMTOB, ABNAETCA 3pdeKT dKpaHWpOBAHUA OPraHMYECKUMU nneHkamu eam-
HUUHBIX KPUCTANNOB 3TOW HEyCTON4MBON nonnumopgHon Moanduraunm CaCoO,.

dur. 1.

bur. 2.

bur. 3.

®oto 1.
®doto 2.
®oto 3.
buto 4,
®orto 5.
boto 6.
®oto 7.
boto 8.
®boto 9.
boro 10,
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OBBACHEHWA K ®UTYPAM

Pentrenosckne AMGPAKTOrpaMMbl aparoHnTa, Cnaratollero pakoBuHbl aMMOHUTOB W3 Ny-
KoBa

A — avdpakTorpamma, NONYUYEHHAA M3 NEPNAMYTPOBON NOBEPXHOCTU PaKOBUHbI (ueTko oTMeuaeTcn shpert
OpUEHTMPORKN aparoHnTa), B — andpakTorpamma aparoHuTa ui pakoBuHbI, vamenbuennbin obpasey
Peutrenonckne audpaktorpaMmbl

1 — NUPWT, BLIAGNEHHBIA M3 AparoHMTOBON pakoBuHbl (Pr — nuput, Q — Kkeapu), 2— BHYTpenHee aapo,
MATEPUAN, BLINONHAIOWINA BHYTPEHHYIO YaCTh PaKOBWHI (Ms — cnioakl, ruapocnionsl, K — kaonuuut,
Q — keapu, C — kansuut, Ap — anatur)

NK-cnekTp nornowenun aparounTa, CMaraloliero pakoBuHbl aMMOHUTOB M3 [lykosa

OBbACHEHUA K ®OTOIPAGUAM

TABIALIA |

AMMOHNT W3 ﬂ!Koaa ~ Quenstedtoceras rybinskinianum (Nikitin) — & cTapueckoi cra

€ AparoHNTOBON PaKOBUHOM, OCOBEHHO COXPAHEHHOW HA NocneaHem 060p0're 1% it
Anmount ua Ilykosa — Quenstedtoceras carinatum (Eichwald) — vacts BHPT é

poTa € COXPAHEHHOW TOHMKOW AparoHMTOBON pakoBMHOM, 1 X A e

TABIALIA 1l

Mukpocko
Kam’p “";u:ec:an KApTWHA paKOBMHLI AMMOHUTA B nonepeunom paspese. Mexay npocnoit
il Kapsg:a:a:n(uqecxoro ApAroOHUTA NPOCTUPAIOTCA y3KME I0HbI prnroxpu’::-rannu
OB (KankunT, aparoMuT) M KoM :
xuonuma (7). Opann
i o ). Oanu Hukons, ysen. 120 x
p Kan KapTUHA paKkoBUHbLI B MPOAONLHOM paspese. ATONNOBUAHBIE CKONMEHUA

OpraHnYeckoro seluecTea (qe H H M (b AFOHUTA 3aMETH T M -
p oe)‘ a cepo OHE 2
i ; : 9 P P 3 bl KOPOTKWE KaHank

TABITULIA 111

Mukpockonuveckan kaptuna PAKOBUHBLI B 1

BELIECTRA (YEPHOE) NOXOKMU HA CKONMEHUs
yeen. 120 x

poaonkHom paipese. Ckonnennn opraHnyeckoro
MpuTa, nokasauueie wa poto 6. OanH HUKONL
)

MKpocKonuye: H H 7 A3PEIE C MHOTOYNCIEHHBIMU CKOMMNEe-
CKonuyeckan KApTUHA pakoBUHL
14 | B NpoAONbHOM
pa3p! () [
P p P X AEH (C'Jp Moo AI:I). AVH HUKO. Y/ x
HUAMW nupuTa BaktepuansHo O NPONCXOMAEHUA ambou O ne, ysen, 120

TABIULIA 1V

Niobpaxenne M
nepna ]
o, 5 PaP MYTPOBON NOBEPXHOCTU paKoBMHLI aMMoHWTa, C3D yeen. 4600 x
KOBUHLI aMMOHMUTA , ' ‘
1 HEMHOro Koco pac
NONOKEHHAA. 3ameTHhl Hak
. nagki-

BalOLUMECA aparoHnT
oBBIE Chou
yBen. 5200 x ;A TAIOKE ycThA Kamanbues (kpyrnoro ceuemns). CIM
. )

TABSTALIA v

Paspea n 7
p EPNEHANKYNAPHLIA K NOBEPXHOCTU PAKOBUHbI

P CoM,
3pe3 paKkoBuHbI Kak Wa (hoto 9, BABOE yBENUYEHHLIN Ak oo

C3M, yeen. 10 500 x

doTo

boTo

boTo

boto

Phot.

Phot.

Phot.

Phot.

Phot.

Phot.

Phot.
Phot.

Phot.
Phot.

Phot.

Phot.

Phot.

Phot.

o

14,

. Scanning electron microscope image ;
. Slightly obliquely oriented ammonite shell surface. We observe superposing aragonite laminae

. Pyritic framboids of bacterial origin distributed

TABITALIA VI

. B paapesax nepnedankKynapHbIx K noBEpXHOCTN PaKOBUHLI AMMOHUTA JAMETHLI KaHanbubl,

YCThA KOTOpbIX MoKazakkl Ha doto 8. CIM, ysen. 1200 x

. EAMHUUHBIE KPUCTANNBLI NUPUTA B APAFOHUTORON pakosuHe ammonuta, CIM, ysen. 1200 %

TABJTULA VII

f (DpaMGOMﬂ,bl nupura GaKTEPMaﬂbHOrO NPOUCKXOMACHNA, PACNONOKEHHBIE HA NOBEPXHOCTHN

pakosumbl. COM, ysen. 4500 %

. [Apyroi npumep ¢pambonsos nuputa. CIM, ysen. 4500 %

EXPLANATIONS OF PHOTOGRAPHS

PLATE 1

~ Ammonite from Lukow — Quenstedtoceras rybinskinianum (Nikitin) in gerontic stage with

aragonitic shell, particularly well preserved is the last whorl. Natural size.

. Ammonite from Lukéw — Quenstedioceras carinatum (Eichwald) — fragment of inner

whorl with preserved thin aragonitic test. Natural size.

PLATE 11

_ Thin section of ammonite shell cut perpendicular to its surface. Between layers consisting

of crystalline aragonite we observe thin zones of cryptocrystalline carbonates (calcite, ara-
gonite) and conchiolines (7). One polar, 120 %

_ Thin section of ammonitic shell cut parallel to its surface. Atolic concentrations of organic

matter (black). Short channels are observed within gray aragonitic groundmass. One polar,
120 % .

PLATE III

Microscopic image of shell in parallel section. Organic matter concentrations (black) resemble
pyrite concentrations presented in phot. 6. One polar, 120 %

. Microscope image of shell in parallel section with numerous framboidal pyrite aggregates

of bacterial origin. One polar, 120 x
PLATE 1V

of pearly surface of ammonite shell. 4600 x

and outlets of small channels (ciculer in section). Scanning microscope image. 5200 %
PLATE V

Scanning microscope image of a section cut perpendicularly to the surface of shell. 5200 x
The same section as in Phot. 9 but taken at magnification, 10 500 %

PLATE VI

. Scanning microscope image of shell section cut perpendicularly to its surface showing

channels, the outlets of which are presented in Phot. 8. 1200 %
Scanning microscope image of individual pyrite crystals embedded in aragonitic mass of
ammonite shell. 1000 x

PLATE VII
at the surface of a shell. Scanning micro-

scope image. 4500 x k :
Other pyritic framboids in geanning microscope 1Mmage, 4500 x
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