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The diagenetic history of the skeletal elements of Late Pleistocene-Holocene Ophiura sarsi from the
shelf off northern Norway (Andfjorden, Malangsdjupet) is elucidated by comparison with natural and
induced degradation of the skeletal elements of Recent ophiuroids (brittle stars) and asteroids (sea
stars) from Danish waters.

Dissolution features (“core-and-rind”) in the trabeculae of fossil and Recent echinoderm stereom are
initiated during death and early decay of organic tissue in the animals. The trabeculae have a
polycrystal-line lamellar ultrastructure and lose their older central part during later stages of
dissolution, which are dependant on undersaturation of the sea-water with regard to CaCO,;. The
presence of undersaturated sea-water is supported by palaeoecological studies (Thomsen & Vorren
1984, 1986) implying oxygen deficient periods in the Late Pleistocene and an increased biogenic
production in the Holocene.

Pyrite framboids are situated in the secondary voids within the trabeculae and in the pore space of
the stereom of the Late Pleistocene elements. No pyrite is observed within the polycrystalline
lamellar ultrastructure of the trabeculae. The Late Pleistocene “pyritization” took place during oxygen
deficient periods at the sediment-water interface or within the reduced zone of the topmost sediment.
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Introduction

Skeletal elements of echinoderms occur fre-
quently in Late Pleistocene-Holocene glacioma-
rine/marine sequences from Andfjorden and Ma-
langsdjupet (Thomsen & Vorren 1986). Andfjor-
den and Malangsdjupet are deep glacial troughs
that transverse the continental shelf off northern
Norway (fig. 1). In the Late Pleistocene (i.e.
after 19.000 years B.P.) Arctic conditions pre-
vailed in the area. About 10.000 years B.P. the
Atlantic water of the Norwegian Current in-
truded the troughs and caused a major faunal
change, replacing the Arctic fauna with a Boreal
fauna which developed into the recent High-Bo-
real fauna (Thomsen & Vorren 1986).

The skeletal elements often showed degrada-
tion features and some times also “pyritization”.
The purpose of the present paper is (1) to eluci-
date the diagenetic history of the elements and
(2) to discuss the accordance of the results with
the previous palaeoecological interpretation of
the Late Pleistocene-Holocene environment by
Thomsen & Vorren (1984, 1986).

This we have attempted by studying the ultra-
structure of the stereom of Recent ophiuroids
(brittle stars) and by comparing the degradation
features in the fossil ophiuroids with natural and
induced degradation in Recent ophiuroids and
asteroids (sea stars).

Material and methods

Ossicles and jaws of fossil adult Ophiura sarsi
(Liitken) were collected from two gravity cores
(79-T-25-3 from Andfjorden and 79-T-56-1 from
Malangsdjupet) sampled in 1979 by the Univer-
sity of Tromss (fig. 2). The material was washed
in fresh water and air-dried.

Ossicles and jaws of Recent echinoderms used
in this investigation were from preserved speci-
mens of Ophiura sarsi from Nordre Strgmfjord,
Greenland and from living specimens of O. textu-
rata Lamarck, O. albida Forbes, O. robusta
Ayres, Amphiura filiformis (Miiller), A. chiajei
Forbes and Asterias rubens Linné from the
Sound, Denmark. Specimens of Crossaster pap-
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Fig. 1. Location of the investigated gravity cores.

posus (Linné) from the Sound were used as pre-
dator in the feeding experiments with living A.
rubens. 2-5 specimens of each species were in-
cluded in this investigation.

O. sarsi is a Boreo-Arctic species, the other
brittle stars are Boreo-Lusitanian species (Mor-
tensen 1924). A. rubens is an Arctic-Lusitanian
species and C. papposus is a Boreo-Arctic species
(Mortensen 1924). The Ophiura species live in
the topmost layer of soft level-bottoms, e.g. O.
texturata (Feder 1981), and the two Amphiura

species live burrowed deeper in the sediment
(Ockelmann & Muus 1978). A. rubens and C.
papposus live on rocks and stone “reefs” (Mor-
tensen 1924).

In order to compare the experimentally in-
duced degradation of the skeletal elements of
Recent echinoderms with that of fossil echino-
derms, some specimens of O. texturata and A.
filiformis were killed in 80% ethanol, washed in
distilled water, immersed in 5% sodium hypo-
chlorite for 10 min and washed in distilled water.
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brae) of the arms and the jaws. Each vertebral
ossicle (fig. 3) originates from two ambulacral

Fig. 2. Lithostratigraphy, biostratigraphy, radiocarbon datings
and sampling of the studied cores. Note that the colour of the
elements and the presence of framboids are given.

The ossicles and jaws were treated with different
dissolving agents (table 1), washed several times
in distilled water, immersed in 80% ethanol and
air-dried. Old material of -O. sarsi from the

plates, which interdigitate medianly forming one
unit. The skeleton of the intervertebral surfaces
of the ossicles forms two large aboral and two
smaller oral depressions covered by a fine laby-

Zoological Museum, University of Copenhagen, rinthic stereom to which the intervertebral mus-

Table 1. Dissolution experiments on ossicles and jaws from Recent ophiuroids and asteroids to visualize the ultrastructure of the trabeculae of the
stereom. Chemical experiments cartied out at 21°C. Feeding experiments at 11°C.

Species Whole animal Ossicles and jaws Time  Ossicles and jaws Predator
Sea-water C,H;OH H,0 NaOCl Broken H,0 CH;COOH HCOOH HCl Sec. Days HO CHOH C. papposus
80% 5% % % % 80%
O. sarsi X X X X - X 5 - - 240 ~ X X -
O. texturata X - - - - - - - - - 18 X X -
O. texturata X x X x [ - X - - - - - - x -
O. texturata X X - - - - - - X -
O. texturata - X 1 - - 120 - X X -
O. texturata - X 1 - - 240 - X X -
O. texturata - X 5 - 240 - X x -
O. texturata - X - 1 - 120 - X X -
Q. texturata - X - - 01 120 - X X -
O. texturata - X - - 1 10 - X X -
O. texturata - X - - 1 120 - X X -
O. albida X - - - - - - - - - 18 x X -
O. robusta X - - - - - - - - - 18 X X -
A. filiformis X X X X - X - - - - - - X -
A. filiformis - X 1 - - 60 - X X -
A. chiajei X - - - - - - - - - 18 X X -
A. rubens - - - - - - - - - 4&14 X % X
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Table 2. Starving and rotting ophiuroids in sea-water without sediment. Salinity 30%. Temperature 21°C.

Species pH in sca-water Death Autotomy  Killed in
of arms C,H,OH
Days after initiation of experiment
0 5 10 23 3 5 10 5 10
O. texturata (2 sp., arms) 8.15 7.80 8.00 8.55 - X - — -
O. albida (1 sp.) 8.15 8.00 7.65 7.80 - - X - -
O. albida (3 sp.) 8.15 8.30 8.20 8.35 - - - X x
O. robusta (2 sp.) 8.15 7.30 8.25 8.50 - X - - -
A. chiaiei (2 sp.) 8.15 8.10 8.15 8.35 X - - - -
Sea-water, control 8.15 8.15 - 8.15 8.15 - - - - -

cles are attached. The central area of the surfaces
bears the intervertebral joints, which consist of
coarse labyrinthic stereom. The intervertebral
ligament is attached to the coarse stereom. The
articulation areas are covered by dense, compact
stereom. Connective tissue links the superficial
arm shields to the ossicles. Collagenous fibres are
attached to the coarse labyrinthic stereom of the
sides of the ossicles.

The mesodermal echinoderm skeleton is made
by sclerocytes (calcoblasts). Distal processes of
the sclerocytes form the cytoplasmic sheath over
young parts of the trabeculae, but split up on
fully grown parts of the trabeculac (Heatfield &
Travis 1975, Mirkel & Roser 1985). The presence
of an intraskeletal organic matrix in the echino-
derm skeleton is still under dispute. Jensen
(1969) demonstrated the occurrence of organic
matter in the plates of echinoids by a heating
technique. Pilkington (1969) suggested that an
organic fraction may appear between microcrys-
tals in echinoid spines and did find that the skele-
ton contained a nitrogenous organic fraction. In-
oué & Okasaki (1977) found 1% intraskeletal
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Fig. 3. Distal view of ossicle of Ophiura sarsi demonstrating
morphological features. Camera lucida. Scale bar 1 mm.

organic matter in the larval spicule of an echi-
noid, and Weiner (1984) showed that the inver-
tebrate organic matrices form a core of hydro-
phobic structural macromolecules (usually pro-
teins) and surface layers of acidic proteins and
polysaccharides.

The skeleton consists of high-Mg calcite com-
posed of a three-dimensional mesh of trabeculae
(stereom), which normally show cleavage struc-
tures on concoidal fractures (cf. Towe 1967, Ni-
chols & Currey 1968, Nissen 1969 and Jensen
1972 Plate 8 fig. 2).

The trabeculae have a polycrystalline lamellar
ultrastructure (Travis 1969, 1970, O’Neill 1981).
Shimizu & Yamada (1976) found crystallites,
rectangular or polygonal in shape, and varying in
size from 0.1 to 3.5 um, occasionally 5.5 pm or
more, in regenerating echinoid dermal tissue.
Travis (1969, 1970) found two size-categories of
crystals in echinoderm plates, one measuring
0.048 pm in length and 0.007 pm in width, and
another measuring 0.2 um in length and 0.0145
pm in width, while the crystallites of O’Neill
(1981) from an asteroid measured 0.36 pm or
more in length and 0.13 pm in width and a la-
mella measured 0.2 um in width,

The interconnecting pore space of the sterom is
filled with organic tissue (stroma).

The ultrastructure of the skeletal trabeculae in
the stereom of the investigated Ophiura species is
identical, within the range of magnification used
in this study. However, the ultrastructure of the
skeletal trabeculae in the stereom of the Amphi-
ura species differs from that of the Ophiura spe-
cies in being of a less compact ultrastructure.
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Fig. 4. Natural dissolution features in Recent Ophiura texturata ossicle. A. Dissolution of the trabeculae surrounding the pore hole of
a tube foot. B. Close up of fig. 4A. Note the lamellar ultrastructure. Scale bar 1 pm in A and 0.1 um in B.

Dissolution of the echinoderm stereom

Dissolution of the echinoderm sterecom depends
on the specific stereomic microstructure, the ul-
trastructure of the trabeculae, the high-Mg cal-
cite mineralogy and internal factors such as
phagocytosis. The CaCOj; saturation of the sea-
water/pore-water, exposure time at the sediment
surface, the porosity and permeability of the sedi-
ment, as well as the depth of burial in the sedi-
ment, are environmental factors that influence
the dissolution process significantly. In addition,
predation and scavenging by other organisms
may result in complete disintegration/dissolution.

Natural dissolution

Skeletal trabeculae of ossicles of O. texturata
treated gently with sodium hypochlorite to re-
move all organic tissue on their surface show
natural dissolution features on the trabeculae sur-
rounding the pore holes for the tube feet (fig.
4A). Phagocytes dissolve the skeletal surface of
the trabeculae and reveal the lamellar ultrastruc-
ture (fig. 4B).

Induced dissolution
Skeletal trabeculae of ossicles of O. rexturata, 0.

robusta and A. chiafei from the rotting experi-
ments (table 2) show different grades of dissolu-

tion of the trabecular surface. The organic
sheaths of young growing parts of the trabeculae
are dissolved (fig. SA). Older parts of the trabe-
culae have partly dissolved sheaths with cracks,
which develop from small holes in a line (fig. 5B).
The exposed skeletal surface of the trabeculae is
dissolved forming deeper holes and cracks (fig.
5C). The compact stereom of the ossicles shows
these features earlier than does the labyrinthic
stereom.

In order to investigate the dissolution caused
by predation, i.e. by digestive enzymes, Crossas-
ter papposus was fed with Asterias rubens, in an
aquarium. Ejected ossicles of the latter show a
random pitted dissolution of the trabecular sur-
face (fig. 5D). According to Dr. Marianne Kaie
(pers. comn 1985) the skeleton of an ophiuroid
will be completely dissolved in the stomach of a
fish.

Skeletal trabeculae of the ossicles of O. sarsi,
O. texturata and A. filiformis were treated with
different dissolving agents (table 1). These tra-
beculae show a randomly pitted dissolution. The
surface layer of the fine labyrinthic stereom in the
intervertebral depressions has been deeply dis-
solved, almost etched away in parts of the areas
(fig. 6A). The trabeculae in the lower layer of
coarse labyrinthic stereom show the lamellar ul-
trastructure and the crystallite composition of the
lamellae (fig. 6BC). The individual lamella mea-
sures approximately (.1 um in width. A cracking
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2

used by rotting experiments (A-C) and predation (D). A. Dissolution of

organic sheaths on the young growing parts of trabeculae in Ophiura texturata ossicle. B. Dissolution holes and cracks in the organic
sheaths of the older parts of trabeculae in Amphiura chiajei ossicle. Note the similarity with “core-and-rind” features in fossil material
of 0. sarsi (e.g. in fig. 8B). C. Deeper holes and cracks are developed in the exposed trabecular surface of Amphiura chiajei jaw. D.
Pitted dissolution of the trabecular surface of ossicle of Asterias rubens caused by digestive enzymes in the intestine of Crossaster

papposus. Scale bar 1 ym in A and 10 um in B-D.

pattern is developed in the compact stereom and
the coarse labyrinthic stereom of the central area
of the intervertebral surface of the ossicles (fig.
6D). The cracks resemble karren fissures.

Dissolution features in the fossil
material

Skeletal trabeculae of the fossil ossicles of O.
sarsi show dissolution features. Finer labyrinthic

stercom has been dissolved, and the trabeculae of
the coarser stereom show different stages of a
gradual increasing dissolution. This extends from
thin superficial cracks — “core-and-rind” struc-
tures — to deeply dissolved trabeculae involving
deep cracks and the loss of the central part (figs
7.8.9).

The cracks start as tiny grooves and develop a
vermiform irregular course; they branch and
anastomose (fig. 7A-E) in the otherwise smooth
surface of the trabeculae. Trabeculae of the less
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Fig. 6. Induced dissolution features in Recent Ophiura texturata ossicles caused by application of HCL. A. Deep dissolution of the fine
labyrinthic stereom and pitted trabecular surfaces (HC 1% for 10 see.) B. Lamellar ultrastructure and crystallite composition in the
coarse labyrinthic stereom (HCI 1% for 240 see.) C. As fig. 6B (HCI 1% for 10 sec.) D. Karstic cracking pattern in the compact
stercom and in the coarse labyrinthic stereom (HCl 1% for 10 sec.) Scale bar 1 ym in A and D, 10 um in B and 0.1 um in C.

dissolved ossicles have a limited number of thin
(narrow) cracks in the surface (fig. 8A). Trabec-
ulae that have been subjected to a prolonged
dissolution show a broken surface. but have a
large smooth intact surface around the pores (fig.
8B). Other trabeculae only show the remains of
the upper surface layer, extending over the
decper layers as thin ridges (fig. 8 C. D). Deep
and wide cracks in the trabeculae reveal the la-
mellar ultrastructure (fig. 9A, B). Strongly dis-
solved trabeculae form collars of the surface layer
around the pores (fig. 9C) and others have lost

their central part (fig. 9D). Pyrite framboids have
been developed in the pore space and in the
empty central parts of the dissolved trabeculae
(fig 10A. B).

Interpretation of the dissolution
features

The gradually developing dissolution features,
the cracks, have previously been described by
Alexandersson (1975, 1976, 1978a,b) in Recent
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Fig. 7. The development of “core-and-rind” dissolution features in fossil Ophiura sarsi ossicles, drawn by camera lucida. A-C.
Different stages of a gradual increasing dissolution. D. Branching. E. Anastomosing. Scale bar 2.5 pm in A-C and E and 2 ym in B.

echinoderm material from the Skagerrak.
Alexandersson regarded the structures as dissolu-
tion features caused by sea-water undersaturated
with regard to CaCO; and named them “core-
and-rind” structures.

Our results from the experiments with rotting
ophiuroids in stagnant sea-water (in the absence
of sediment) show that these structures are devel-
oped during death and early decay of the organic
tissue in the animals.

The pH value of stagnant sea-water containing
animals and in the absence of sediment decreases

until death of the animals and increases again
after death (table 2). Death was caused by
anoxia, the amphiurids dying as pH reached 8.10
whereas the ophiurids survived until a pH of 7.80
and 7.30 (table 2). Stagnant sea-water in glass
jars lacking both animals and sediment had a
constant pH of 8.15 throughout the experimental
period, but after this period the pH increased
owing to release of ammonia and bacterial de-
composition (table 2).

Lactic acid is accumulated in the tissue of the
brittle stars during the increasing oxygen deple-
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tion of the seawater owing to insufficient respira-
tion and glycolysis. Amino acids are released.
The microenvironment around the skeletal tra-
beculae becomes acid, and dissolution of the
newly formed skeletal sheaths and tips is initi-
ated. The areas of the trabeculae having the high-
est amount of organic matter show the strongest
dissolution features, ¢.g. the growing tip of the
trabeculae (fig. SA), cf. also Heatfield & Travis
(1975: plate 9 figs 23, 24). Later, when ammonia
is liberated from the amino acids the pH of the

-
v o]
fad

decaying tissue and the sea-water increases (table
2).

The later course in dissolution seen in fossil
material, however, is dependant on undersatura-
tion of the sea-water with regard to CaCO,,
which has been described by Alexandersson
(1975-1978). It takes place at the sediment-water
interface and can probably also occur in the top-
most sediment layer, depending on the porosity
and permeability.

Dissolution by experimental application of dif-

Fig. 8. “Core-and-rind” features in the skeletal trabecular surfaces of fossil Ophiura sarsi ossicles. A. Early stage of dissolution. B.
Later stage of dissolution. C. Close up of deep cracks. D. Rather late stage with “core-and-rind” over much of the trabecular surfaces.

Scale bar 10 pm in A and 1 um in B-D,
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Fig. 9. Continued from fig. 8. A. Later stage of dissolution. B. Close up, depicting ? the lamellar ultrastructure. C. Collar around

pores in a very late stage of dissolution. D. Hollow trabecula in a very late stage of dissolution. Scale bar 1 um in A-D.

ferent dissolving agents (table 1) causes a crack-
ing pattern to develop in the compact stercom
and in the coarse labyrinthic stereom. This pat-
tern, which has been described by Flessa &
Brown (1983), is quite different from the “core-
and-rind” cracks. Besides the cracks, a lot of
small pits arise in the etching experiments. These
are caused by CO, bubbles and are also found in
the trabeculae surfaces of asteroid ossicles that
have passed through the stomach of another aste-
roid. It is also noteworthy that the polycrystalline
lamellar ultrastructure is revealed both by natural

and experimental dissolution, in surfaces of frac-
tured and un-fractured trabeculae.

In conclusion, the following dissolution se-
quence is suggested:
1. Lactic acid accumulates and amino acids are
released during the death process and early
decay of organic tissue.
Holes and cracks are initiated in the sheath
and dissolution begins in the unprotected
skeletal trabecula surface, initiating “core-
and-rind” cracks.
3. Increasing number of cracks are formed and

-
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older cracks are deepened owing to under-
saturation of sea-water with regard to CaCO,.
4. The older central part of the trabeculae falls
out (caused by dissolution from the tip, the
young skeleton dissolved earlier).
5. Collars remain around pores in the stereom.

“Pyritization”

Nussman (1975) stated that no pyritization, i.e.
replacement of intraskeletal organic matter with
pyrite, takes place in echinoderms, because of
their continuous-crystal microstructure. The
demonstration of the polycrystalline lamellar ul-
trastructure, e.g. in this study, however, leads to
the question of whether organic matter, which
may initiate pyritization, is situated within or be-
tween the lamellaec. As mentioned previously,
several authors have found intraskeletal organic
matter in the stereom. We did not find any in-
traskeletal organic matrix using SEM, but an
amino acid analysis of ossicles from a Recent O.
texturata confirms the presence of such. The fact
that no pyrite is observed within the ultrastruc-
ture. may therefore be explained by the small
amount of intraskeletal organic matter and the
restricted intercrystalline space. The smallest py-
rite granules (known from Recent bivalves) mea-
sure 0.1 pm (Clark & Lutz 1980). The intercrys-
talline space could also be further limited by re-

S

crystallization while the animal was still living
and the organic matter thus restricted to the out-
most lamellae in the growing trabeculae. Towe
(1967) suggested recrystallization as an explana-
tion of the optical single-crystal behaviour.
However, interskeletal pyritization of colla-
gene fibres has been shown by Gaspard & Roux
(1974) in crinoid stereom. They also demon-
strated that growth of pyrite framboids in the
stereom could break it. Oxidation of the fram-
boids could promote the destruction of the skele-
ton. Therefore, the presence of pyrite in echino-
derm stereom may cause a faster degradation of
the skeletal elements than, e.g. in molluscs,
which have a less porous skeleton. In this study,
framboids are situated in the pores of the
stereom, and in secondary voids within the tra-
beculae (fig. 10A, B). Hence, the “pyritization™
of the ossicles must have taken place as a late
diagenetic event, following not only the death
and disintegration of the ophiurid, but also a
period of dissolution, creating the secondary
voids in the trabeculae. It is difficult to assess
whether the framboids in the stereom are formed
simultaneously with those of the trabeculae.

‘ v

Fig. 10. Pyritization in ossicles of fossil Ophiura sarsi. A. Framboids in pores of the stereom and within hollow trabeculae. B. As in
£ b, 'z

fig. 10A. Scale bar 1 um in A and B.
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The diagenetic history and the Late
Pleistocene-Holocene environment

The indication of an oxic cline (oxygen content
increasing upwards) in the glaciomarine Late
Pleistocene (Thomsen & Vorren 1986) supports
the dissolution sequence (point 3 onwards) as low
temperature and high CO, content lead to under-
saturation of CaCO; (cf. Milliman 1974). How-
ever, deep “core-and-rind” structures are also
observed in the Holocene material. This implies
that the influx of warm, saline and nutrient rich
Atlantic water in the Norwegian Current at
10.000 years B.P. did not completely saturate the
bottom waters of Andfjorden. This may be due
to the increased biogenic production which may
consume much oxygen not only for respiration,
but also for degradation. To-day, the water
masses are relatively well oxygenated throughout
the year, also during stratified conditions in the
summer season (cf. Sundby 1983). No secondary
calcite cement is present in the stereom, sustai-
ning the implication of undersaturated or inert
water regime in the area. Alexandersson (1978a)
suggested that the shelf regime in middle and
high latitudes was inert.

The formation of pyrite demands a reducing
environment (cf. Hudson 1982 and Thomsen &
Vorren 1984). This implies that either the entire
environment or the microenvironment within the
stereom was oxygen depleted. The latter could
occur if the ossicles were buried in the reduced
zone of the sediment. Because of the porous na-
ture of a stereomic skeleton, it is not likely that
an ossicle could contain a reducing microenviron-
ment in an otherwise oxygenated environment,
i.e. on the sea-floor or in the topmost sediment
layer. As “pyritization” probably followed dis-
solution (fig. 10A), it cannot have been triggered
by the organic remains of the ophiurid in the
stereom. It could be referred to detrital organic
matter in the sediment or on the sea-bed, perhaps
in the form of bacteria.

Framboids are only observed in Late Pleisto-
cene ossicles. The Pleistocene macrofossils de-
monstrate an Arctic faunal succession that is in
principle identical to that of a Recent faunal de-
velopment in a fjord following an anoxic event
(Thomsen & Vorren 1986). After a period with
bioturbating immigrant organisms, the most
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characteristic elements of the opportunistic Yol-
diella intermedia assemblage (14.000-13.000
years B.P.) are pyritized trace fossils. These,
which probably originated in tubes and burrows

~ of polychaetes (Thomsen & Vorren 1984), repre-

sent early diagenetic pyritization in an environ-
ment that was suffering periodic oxygen defi-
ciency. The Pleistocene material for the present
study comes from the suceeding assemblage, the
Bathyarca glacialis assemblage (13.000-10.000
years B.P.), that represents an established fauna
living during gradually improving oxygen condi-
tions. During the period 12.200-11.100 years
B.P. the pyritized trace fossils almost disap-
peared, and the environment became fully oxy-
genated. No ossicles from the period 11.100-
10.000 .years B.P. have been investigated, be-
cause they are very sparse. In conclusion there is
no discrepancy between the occurrence of fram-
boids in ossicles from the period 13.000-11.100
years B.P. and the interpretation of the envi-
ronment. It may be that the pyrite formed during
oxygen deficient periods at the sediment-water
interface, and was preserved because the ossicles
were buried, either by organisms or by sedimen-
tation. Another possibility is that the pyrite
formed within the reduced zone of the sediment,
but not very deep under the interface because
SOj from the sea-water is needed for the process
to take place.
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Dansk sammendrag

Pighudenes (Echinodermata) skeletdele findes hyppigt i Sen
Pleistocene-Holocene glaciomarine/marine sedimenter fra den
nord-norske kontinentalsokkel (Andfjorden, Malangsdjupet).

Oplgsningsstrukturer (“core-and-rind”) i fossile skeletdele
fra slangestjerner (Ophiura sarsi) fra Andfjorden sammen-
lignes med naturlige og eksperimentelt udviklede oplgsnings-
strukturer i skeletdele fra Recente slange- og sostjerner fra
danske farvande.
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Pighudenes skelet er opbygget af et netvark (stereom) af
skeletstave (trabekler) indlejret i vev (stroma). Trabeklernes
ultrastruktur er polykrystallin og lameller.

Naturlig og eksperimentel oplgsning af skeletdele fra Re-
cente pighude viser, at oplgsningsstrukturer identiske med
“core-and-rind” oplgsningsstrukturer i skeletdele fra fossile
pighude (O. sarsi) udvikles under dyrenes dgd og i det tidligste
stadium af forrddnelsen. Det videre oplesningsforlgb af skelet-
tet er afhengig af om havvandet er undermattet med karbonat.

Pyrit-framboidre findes i skeletdele fra Sen Pleistoczn, dels i
stereomets porer og dels i sekundere hulrum i trabeklerne.
“Pyritiseringen” af trabekelhulrummene mé& have fundet sted
efter oplgsning, som ferte til tab af den centrale, gamle del af
trabeklen. Intet pyrit ses i trabeklernes polykrystalline lamel-
lzere ultrastruktur. Dette kan enten skyldes den meget begrzn-
sede interkrystalline plads eller rekrystallisation af trabeklernes
centrale lag. Den Sen Pleistoczne “pyritisation” fandt sted i et
oxygenfattigt miljg.
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