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Abstract A fossil primnoid gorgonian skeleton (Octo-
corallia) was recovered on the eastern Galician Massif in
the Bay of Biscay (NE Atlantic) from 720 m water depth.
The skeleton shows a growth banding of alternating Mg—
calcitic and organic (gorgonin) increments in the inner part,
surrounded by a ring of massive fibrous calcite. Three
calcite-dominated cycles, bounded by thick organic layers,
consist of five light-dark couplets of calcite and gorgonin.
Two AMS-"*C datings of the fossil skeleton give ages of
10,880 and 10,820 = 45 '*C years before present (BP). We
arrive at a calibrated age range of 11,829-10,072 cal. years
BP (two ), which comprises the late Younger Dryas to the
earliest part of the Holocene. The cyclic calcitic—organic
growth banding may be controlled by a constant rate of
calcite secretion with a fluctuating rate of gorgonin pro-
duction, possibly related to productivity cycles. The skel-
etal fabric change of alternating calcitic-organic
increments to massive fibrous calcite may be the result of
hydrographic changes during the deglaciation as reflected
by preliminary stable isotope data. If this hypothesis proves
to be correct, primnoid gorgonians are able to match with
varying hydrodynamic conditions by changing their bio-
mineralisation mode.
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Introduction

Modern deep-water primnoid gorgonians (Octocorallia) are
quite common along the present-day Atlantic and Indo-
Pacific oceans between 50 and 3,500 m depth (Heikoop
et al. 2002; Andrews et al. 2002). Fossil specimens, in
contrast, have been discovered only in few places so far.
This may be a result of the metastable high-Mg calcite
composing the skeletons (Sherwood et al. 2005a), which
are prone to dissolution and diagenetic alteration.

During R/V Belgica’s ‘‘GALIPOR’’ cruise (2004) off
the Galician and Cantabrian continental margins, a fossil
skeleton of the gorgonian family Primnoidae was recov-
ered by a box core at the Massif Galicien de [ Est (sensu Le
Danois 1948) from 720 m water depth (Fig. 1), corre-
sponding to the deepest part of the NE Atlantic Central
Water (McCartney 1992). Large parts of the primary
skeletal structure are well preserved and allowed us to
investigate the microstructure and growth banding and to
determine an approximate age by radiocarbon dating. The
skeleton may provide detailed insights into rapid changes
of the hydrographic regime.

Methods

The recovered skeleton was described and subsequently
cross-cut into three slabs in the lab of IFM-GEOMAR.
Sub-samples of 4.5 x 0.5 cm were taken for preparation of
two highly polished petrographic thin sections of 25 pm
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Fig. 1 Topographic map of the
study area. Location of
primnoid skeleton recovered
during R/V Belgica s
“GALIPOR”’ cruise (2004)
from 720 m water depth is
indicated

44

43

thickness applying normal and polarised transmitted light.
Growth bands were counted in comparative studies on
macroscopic (slabs) and microscopic (thin section) scales.

For an age determination, two samples were taken at the
outer and inner margins of the primnoid trunk in a diage-
netically unaltered area with a lateral record of 8.3 mm
(Figs. 2c, 5). Samples were mechanically cleaned and in-
spected for eventually contaminating particles under a
stereo microscope.

Conventional radiocarbon ages of the two samples were
determined by the Leibniz Laboratory for Age Determi-
nation and Isotope Research, Kiel, according to the tech-
niques outlined in Nadeau et al. (1998). AMS-"C values
were calibrated using the CALIB 5.0.1 program and the
MARINEO04 calibration dataset (Stuiver and Reimer 1993;
Hughen et al. 2004).

Sub-samples for stable carbon and oxygen isotope
analyses were drilled with a dentist drill of 500 pm radius
along a cross-section of the skeleton and measured in the
IFM-GEOMAR ISOLAB with a Finnigan MAT 252 iso-
tope ratio mass spectrometer connected online to an auto-
mated CARBO KIEL II preparation unit. Calibration of the
unit is maintained through NBS 19 and an internal labo-
ratory standard (Solnhofen limestone), the long-term
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reproducibility of 680 and ¢ °C is 0.06 and 0.04,
respectively. All isotope values are referred to the Vienna-
Pee Dee Belemnite Standard (9, vs. V-PDB).

Results
Macrostucture

The primnoid skeleton represents part of the central growth
axis of a primnoid coral colony, including a connected
parallel lateral branch (Fig. 2a, b). The former, represent-
ing the trunk, measures 13 c¢m in length with a diameter of
2.0-3.2 cm and a thickness of 1 cm, while the latter
measures 1.5 cm in diameter. The hollow skeletal axis is
surrounded by concentric growth bands of alternating high-
Mg calcite and organic matter consisting of the sclero-
protein gorgonin (Heikoop et al. 2002; Sinclair et al. 2005).
In cross-cut slabs, these tree-like increments with a thick-
ness of 0.1-0.2 mm exhibit couplets of light, rigid calcite
rings and dark, soft gorgonin-rich bands which is best ex-
posed in slightly weathered areas (Fig. 2c). The outer part,
on the other hand, appears massive, lacking a clear incre-
mental fabric. The skeletal surface is strongly bioeroded
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Fig. 2 Fossil primnoid
skeleton. a—b Lateral views of
the skeleton showing the trunk
and attached lateral branch.
Growth increments are visible
along the inner margin of the
central axis. ¢ Vertical view of
the cross-cut skeleton. Varying
thickness of skeleton is due to
bioerosion. Note the difference
between the well-preserved,
compact areas and the
diagenetically altered zones
revealing the growth banding of
elevated calcitic increments
(light) and weathered organic
layers (dark). d Surface of the
primnoid skeleton showing
numerous borings and an
encrusting serpulid worm tube
(arrow)

increments

ganiral axie trunk  diagenetic alteration

trunk

lateral branch — ¥ well preserved
microfabric

taphonomic
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down to 4 mm depth and encrusted by serpulid worm tubes
and bryozoans (Fig. 2d).

Microstructure

Cross-cut slabs of the trunk and lateral branch exhibit two
microfabrics in thin sections: an inner zone composed of an
alternation of high-Mg—calcitic and organic increments
(Fig. 4e, lower and central part of image) which constitutes
a primnoid-typical growth banding (Grasshoff and Zibrow-
ius 1983; Heikoop et al. 2002; Risk et al. 2002; Sherwood
et al. 2005a), and an outer zone of massive fibrous calcite
(Fig. 4e, upper part). In spite of the locally blurred boundary
between both zones, there is no evidence of a growth
interruption such as bioerosion or of early-diagenetic dis-
solution. X-ray diffraction gave a uniform high-Mg—calcite
mineralogy without relevant indications of low-Mg calcite
or other, diagenetically induced carbonate phases.

Inner zone

The inner skeletal part measures 5-7.5 mm in thickness in
the section of increment counts (Figs. 2c, 5). It consists of
alternating calcitic and organic increments. While the
dominating calcite layers form the skeletal framework,
thick organic interlayers are intercalated at cyclic intervals
(Figs. 3b and 4e). The basic fabric of the calcite increments
is characterised by radial to divergent-radial fibrous crys-
tals. In radial arrangement fibrous crystals build isopachous
layers of a largely uniform thickness (Fig. 3c—g). Diver-
gent-radial crystals, on the other hand, are assembled in
fibrous arrays or 40—60-pm-thick fan-shaped ‘‘fascicles’
(Cohen and McConnaughey 2003), which may have fused
laterally with adjacent fans to form highly wavy layers
(Fig. 3a, b, d, e). The fascicles are commonly lined by
gorgonin seams (Fig. 3a, b). Individual fibrous crystals of
10 um length are hard to distinguish as they grew in optical
continuity with each other, causing a swinging extinction
across the layers (Fig. 3e, f).

Calcite layers show two types of alternating crystal
fabrics: (1) inclusion-rich layers with a light to dark-brown
colour, depending on the percentage and size of gorgonin
inclusions (Fig. 3a—g); the 100-120-um-thick layers show
fine internal laminations as a result of crystal generations
growing in optical continuity upon each other, separated by
dark organic films (Fig. 3c, d); (2) inclusion-poor layers of
translucent crystals with a thickness of 30—40 pm, con-
sisting of a single crystal generation (Fig. 3a—e, g).

Organic layers also represent two types: (1) 30-pm-thin,
discontinuous layers which are predominantly restricted to
seams surrounding the calcitic fascicles (Fig. 3a, b, d) and
may locally disintegrate to patches, causing a fine internal
banding on microscale (Fig. 3b, g); (2) 100—120-pm-thick
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Fig. 3 Primary microfabric of the primnoid skeleton (petrographic
thin sections in transmitted light). a Alternation of inclusion-rich
divergent-radial fascicle layers (ochre to creamy) and inclusion-poor
radial-fibrous crystal layers (light) in the calcitic—organic alternation.
Note organic linings atop the fascicles. Plane-polarised light. b
Calcitic—organic growth banding showing interconnected fascicles of
inclusion-rich crystals, thin inclusion-poor calcite layers, thin
discontinuous organic layers and linings, and a thick organic-rich
layer (base) marking the base of the oldest cycle. Dark layers in the
centre elucidate the inhomogeneous distribution of gorgonin,
responsible for their discontinuity. Plane-polarised light. ¢ Organic-
rich part of the calcitic-organic alternation in left part of slab. Note
inclusion-rich calcite layers in the centre and individual crystal
generations in the organic-rich layers (arrows). Plane-polarised light.
d Close-up of calcitic—organic growth banding. Note fan-shaped
fabric of inclusion-rich layers (centre), individual crystals in the light
radial to divergent-radial fibrous layers (arrows), spot-wise enrich-
ment of gorgonin inclusions along the fascicle boundaries marking
thin discontinuous organic layers, and abundant microborings
dissecting the fascicles (b). Plane-polarised light. € Same image as
in d in cross-polarised light showing the swinging extinction in both
calcite types. f Alternation of inclusion-rich (brownish) and inclusion-
poor fibrous calcite layers (light to dark grey depending on extinction
position). Note slight divergence of individual crystals in the
lowermost inclusion-poor layer (arrows). Cross-polarised light. g
Transition from the calcitic—organic alternation of the inner zone to
massive fibrous calcite of the outer zone (fop). Note somewhat blurred
boundary with fibrous crystals cutting into the light calcite layer
underneath (arrows). Plane-polarised light. h Fibrous fabric compos-
ing the outer part of the skeleton. Note fibrous crystals being arranged
in bundles and surrounded by organic seams. Plane-polarised light

continuous layers that form macroscopic growth bands
(Figs. 3c, 4e). Thin sections show a mixed organic—calcitic
nature representing a variation of the radial fibrous calcite
crystals with a very high percentage of gorgonin inclusions.
The mixed organic—calcitic composition is supported by
the fine laminations at a 10 pum scale observed in the dark
layers, which mimics that of the inclusion-rich calcite
layers (Fig. 3b, c). This composition corresponds to that of
modern primnoids, in which the dark couplets contain a
higher percentage of gorgonin compared to calcite (Risk
et al. 2002).

Outer zone

The compact outer zone of the trunk and lateral branch
with an average thickness of 2.5 mm (Fig. 5) consists of
divergent-radial fibrous calcite crystals of 10-12 pm
length, which are arranged in bundles and fans that inter-
finger in three dimensions. The individual fibres are sur-
rounded by thin organic (gorgonin) seams that are
responsible for the cloudy appearance in thin sections
(Fig. 3h). This composition and fabric corresponds to that
of isidid gorgonians (Noé and Dullo 2006). The somewhat
blurred boundary to the calcitic—organic alternation of the
inner zone (Figs. 3g and 4c) is a primary feature, caused by
slightly varying rates of calcite versus gorgonin secretion
by the individual polyps of the coral colony.
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Fig. 4 Taphonomic features on the primnoid skeleton (petrographic
thin sections in transmitted light) and photomosaic of a cross-section.
a Fungal borings in a fascicle layer of the inner skeletal zone, starting
from a bivalve boring (surrounded by black dotted line). Plane-
polarised light. b Close-up of dissolution-enlarged fungal borings in
the calcitic—organic alternation of the inner zone, being mostly
restricted to the calcitic layers. Note vug being elongated parallel to
lamination in organic-rich calcite layers (arrow). Plane-polarised
light. ¢ Bivalve boring filled with planktonic foraminifers (p),
glauconite grains (g), detrital quartz (¢) and broken fascicles derived
from the inner zone of skeleton (f). Plane-polarised light. d
Diagenetically altered zone along a bivalve boring. Note radial-
fibrous cement overgrowth (white seams) on fascicles showing a
swinging extinction. Cross-polarised light. e Photomosaic showing
growth banding in the left and right halves of the skeletal cross-
section in plane-polarised light. Note primnoid-typical growth
banding of inclusion-rich (grey) and inclusion-poor calcite layers
(light) alternating with organic-rich layers (dark) of the inner zone,
and irregular transition to the outer zone of fibrous calcite (top)

Taphonomic alteration

After decay of the coral tissue surrounding the central axis,
the outer and inner margins of the central axis were locally
affected by bioerosion which resulted in a weakening of the

Fig. 5 Cross-section of the
skeleton showing the boundary
between the inner and outer
zone, calcitic—organic
increments, profiles of
increment counts, and sampling
sites. The two lines indicating
the zone of ‘‘increment counts
on thin section photomosaic’’
enclose the area of growth band
counts along several traverses.
Slab image is modified by high-
pass filter

radiocarbon/ '
samples

C/O isotope/ XRD

thin section photomosaic

skeleton and a partial breakdown of the growth bands at
these sites (Fig. 2a, ¢). In addition, preferential decay of the
organic interlayers in the inner zone resulted in breakdown
of the surrounding calcitic bands and thus in an enlarge-
ment of the central tube (Grasshoff and Zibrowius 1983).
Microbial activity: besides numerous micritised mi-
croborings that pierce the skeleton throughout (Fig. 3a, b,
d, e), certain areas show a somewhat vesicular structure
which is the result of fungal boring activity and combined
release of carbonic and humic acids causing carbonate
dissolution (Fig. 4a, b). The resulting solution-enlarged
vugs are predominantly restricted to the organic-poor lay-
ers (Fig. 4a), since gorgonin inclusions represent natural
barriers towards the dissolution pathways. Hence, some
elongated vugs occurring in the organic-rich layers are
oriented parallel to the lamination (Fig. 4b). Microbial
micritisation along the outer margin of the skeleton re-
sulted in a loss of the original microstructure and produced
an indistinct peloidal to microgranular fabric (Fig. 4d).
Macroborings: sponge and bivalve borings cutting into
the skeleton are filled with planktonic foraminifers, detrital
quartz, glauconite grains, and calcitic fascicles, the latter

inner / outer
zone boundary

innermost
unaltered
increment

inner zone:
calcitic-organic
alternation

increment counts
on slab

outer zone:

fibrous calcite

increment counts on
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being bioerosion relicts of inclusion-rich fibrous calcite
bands (Fig. 4c). Fascicle fragments may show isopachous
radial-fibrous cement overgrowths which precipitated dur-
ing early diagenesis (Fig. 4d).

Growth banding pattern

Growth band counting, in combination with absolute age
determination, provides information on the age record of
the fossil primnoid skeleton. On macroscale, increments
were counted on a cross-cut slab (Fig. 5). A thin-section
photomosaic served for counting on microscale (Fig. 4e;
see Fig. 5 for position).

Macroscale: the slab image modified by high-pass filter
reveals 30 bands of alternating light calcitic and dark or-
ganic layers in the inner zone with a highly variable
thickness. The outer zone of fibrous calcite appears largely
homogenous due to the lack of a calcitic—organic or colour
banding pattern.

Microscale: the thin-section photomosaic (Fig. 4e)
shows three parts of a larger mosaic: the ‘‘left’”” and
“‘centre’’ parts are connected, while the ‘‘right’’ part is
shifted 1 cm towards the right (see Fig. 5 for location). The
hollow central axis with the innermost, partially bioeroded
and diagenetically altered part is shown at the base here,
while a small part of the outer fibrous zone is shown on its
top. The inner zone exhibits a quite irregular alternation of
inclusion-rich and inclusion-poor calcite layers and inter-
calated organic layers. Conspicuous lateral microfabric
changes are observed across the photomosaic: while
slightly wavy calcite layers with abundant, irregularly
distributed organic enrichments dominate in the left part,
dome-shaped fascicles with a minor percentage of organic
inclusions compose the layers in the right part. On a
mesoscale, lateral changes are documented by a thicker
calcitic—organic alternation at the right part and a thinner
one in the central part due to a cut-in of the outer fibrous
calcite.

Three major cycles with a slightly varying thickness are
recognised in the inner zone of the photomosaic (Fig. 4e).
They are bounded by continuous organic layers which are
thinning towards the right in the left and central part or
towards the left in the right part, respectively. The indi-
vidual cycles are composed of calcitic-organic couplets,
whereas the gorgonin is enriched on top of and in the pore
space between the calcitic fascicles, producing a somewhat

mottled fabric rather than a regular layering. In some areas,
a thick translucent calcite layer occurs beneath the topmost
organic layer. Due to the discontinuity of these thin organic
bands, cross-sections differ from one another, which re-
quired a growth band counting along several traverses from
left to right. Increment counts consistently gave ten indi-
vidual layers of inclusion-rich or inclusion-poor calcite and
gorgonin, i.e. five light—dark couplets in each cycle. Hence
the three cycles consist of 30 bright and dark bands, cor-
responding to the number counted in the slab profile.

Radiocarbon dating

Conventional AMS-'*C datings gave an age of
10,880 + 45 years before present (BP) for the inner margin
analysis and 10,820 + 45 years BP for the outer margin
(Table 1), which corresponds to the termination of the
Younger Dryas and to the earliest Holocene. The difference
between inner and outer margin amounts to 60 + 67 years.
This difference is too small, however, for a statistically
significant corroboration of the count results.

For transferring the conventional '*C ages into cali-
brated calendar years, we used a reservoir effect (R) of
408 years in line with previous data (Hughen et al. 2004;
Robinson et al. 2005) and tacitly assumed that R remained
constant during the Younger Dryas and earliest Holocene,
though this assumption may well be not valid (Robinson
et al. 2005; Waelbroeck et al. 2001). We applied no further
local surface water reservoir age (AR) correction for the
samples: the modern mixed layer reservoir age in the re-
gion averages between 20 and 22 years and is thus negli-
gible (Harkness 1983; Broecker and Olson 1961). In order
to get meaningful age control, however, one also has to
subtract the age of the regional bottom water mass of the
coral site from the measured conventional '*C age before
calibration. In fact, assigning a ventilation age proves to be
difficult. In a previous work on deep-water corals using
paired U/Th and AMS-'4C data, best estimates range
widely between 650 + 190 and 1,485 + 330 years for
comparable time periods and water depths (Schroder-
Ritzrau et al. 2003, Samples 654, 660, 2307, and 2631).
Hence, we subtracted an average value of 1,000 years with
a rather large uncertainty of +500 years from our values.

These large uncertainties, mainly caused by the deter-
mination of the local surface water reservoir age and the
ventilation age of the bottom water surrounding the coral

Table 1 AMS-'*C original

. Lab. code Conventional age Uncertainty 1 sigma age range 2 sigma age range
data and calibrated ages 14 yr yr cal. yr BP cal. yr BP
KIA 29464 inn. 10,880 45 10,323-11,829 9,794-12,641
KIA 29465 aus. 10,820 45 10,072-11,571 9,486-12,318
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site, result in a wide range of ages for the specimen,
encompassing the Younger Dryas and Early Holocene.
Taking preliminary considerations and the derived one
sigma age range at face value, one may assume that the
specimen lived during Termination Ib or during the de-
glacial in the earliest part of the Holocene, i.e. 11,829-
10,072 cal. years BP. Table 1 shows the conventional 4c
data and the calibrated ages.

Future studies (U/Th dating) will help to constrain the
absolute age and give valuable information about past
water-mass ventilation ages in the Gulf of Biscay during
the deglaciation. These data will allow the constraining of
estimates for the lateral linear extension rates of the skel-
eton and the verification as to whether the calcitic—organic
cycles composed of five light—dark couplets represent an-
nual bands by analogy to modern primnoid skeletons
(Heikoop et al. 2002; Risk et al. 2002; Andrews et al. 2002;
Sherwood et al. 2005b, c).

Stable oxygen and carbon isotopes

In order to assess the controls of the growth-banding pat-
tern of the octocoral skeleton, stable oxygen and carbon
isotopes were measured. Ten sub-samples were taken in a
cross-section of the slab. In the growth profile (Fig. 6a), the
boundary between the inner zone (left part of the x-axis)
and outer zone (right part) is located at 6.8 mm distance.

The 6'%0 values range between 2.1-2.6%, versus V-
PDB and show relatively low scatter within the measured
profile (Fig. 6a). If we assume that primnoid gorgonians
incorporate oxygen isotopes anywhere close to equilib-
rium, as is known for other deep-water corals (Smith et al.
1997; Adkins et al. 2003), the absolute values would rather
imply an Early Holocene age of the specimen, as indicated
by a quick comparison with published values of §'*0 for
intermediate water masses in the region (e.g. Labeyrie et al.
1992; Smith et al. 1997). We also observe a slight trend to
heavier values in the outer growth zone from 2.1 to 2.69%,.
The difference of 0.59,, might imply a short-term change in
the temperature—salinity characteristics in intermediate
waters of roughly 2°C or any combination thereof
accordingly, recorded during the coral’s life span.

The 6'°C values fluctuate in a small range between —1
and +0.269,, versus V-PDB, i.e. the values are likely de-
pleted with respect to 513Czc02. The paired 5'°C/5'%0 data
(Fig. 6b) show a positive correlation of both isotopes with a
regression line of 0.65, which is significantly worse than
paired stable isotope data in scleractinians. Nevertheless,
this might indicate ‘‘vital effects’’, for example kinetic
fractionation processes, comparable with other deep-water
coral skeletons with different carbonate phases (e.g. ara-
gonite). The low variability of '*C with approximately 1%,
compared to a range of up to 109, measured in scleractin-

ians (e.g. Smith et al. 1997; Adkins et al. 2003), shows that
kinetic controls on the fractionation may play a dominant
role rather than metabolic ones in comparison with scle-
ractinians (McConnaughey 1989; Adkins et al. 2003).

Discussion
Controls on growth banding

The inner zone of the fossil primnoid skeleton on macro-
scale shows a regular alternation of calcitic and organic
bands. On microscale, however, the thick organic bands
marking cycle boundaries are thinning laterally, while the
thin organic-rich seams, as parts of the light—dark couplets
composing the cycles, are quite discontinuous in that they
pinch out laterally and locally show a patchy distribution
between individual calcitic fascicles.

A possible control of the varying thickness and conti-
nuity of the organic layers in the calcitic—organic alterna-
tion may be a largely constant rate of enzymatically
controlled secretion of calcite, overprinted by a fluctuating
rate of gorgonin production. The latter depends on the
supply of sinking particulate organic matter and/or zoo-
plankton which Primnoa preferentially feeds on (Griffin
and Druffel 1989; Sherwood et al. 2005c¢). These nutrients,
derived from the surface water and sinking through the
water column to the coral site, were consumed by the coral
polyps and used as carbon source for the protein biosyn-
thesis of the coral tissue and of skeleton-forming gorgonin
(Heikoop et al. 1998, 2002). By analogy with modern
primnoids, the cycle-bounding organic layers may be
triggered by productivity cycles in the surface water,
responsible for a cyclically increased gorgonin production.

Percentages of organic inclusions in the calcitic bands of
the inner zone may vary laterally within one layer. This
irregular distribution is a primary feature, since in the case
of a diagenetic redistribution, the organic matter would not
mimic the lamination of the inclusion-rich calcite layers
but rather cut through individual growth bands. Since the
coral colony surrounds the entire skeletal axis and growth
interruptions were not observed in the skeleton, it is un-
likely that the organic inclusions consisting of particulate
organic matter became incorporated into the growing cal-
cite crystals.

Further 6'3 Corg and 0"°N analyses are required to check
if the composition of these organic inclusions in the calcite
layers corresponds to that of the organic bands. Organo-
geochemical analyses should elucidate if both types of
organic products derived from different carbon sources,
which were consumed by the coral and metabolised via
different biochemical pathways, thus resulting in different
end-products.
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Change of growth fabric

The ultimate controls of the conspicuous change from a
calcitic—organic alternation of the inner zone to a massive
fibrous Mg—calcite of the outer zone enveloping the central
axis are not known. In general, the enzymatically con-
trolled secretion of calcareous crusts around the skeletal
axis requires less energy than the biosynthesis of the
scleroprotein gorgonin, as dissolved inorganic carbon
(DIC) is not limited in the seawater above the lysocline;
hence, the formation of crusts is a common phenomenon in
gorgonian skeletons.

Grasshoff and Zibrowius (1983) observed a great variety
of calcareous crusts on skeletal axes of several gorgonian
families including the Primnoidae: crusts may be present or
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absent on diverse specimens of the same species. Hence an
ontogenetic control on secretion of carbonate crusts around
gorgonian skeletal axes during late-stage growth is un-
likely. According to Grasshoff and Zibrowius (1983), a
horny axis providing flexibility of the skeleton enables the
coral colony to grow in areas of high hydrodynamic en-
ergy. On the other hand, calcareous crusts which are
responsible for stability preferentially form in deeper water
areas of reduced water energy.

Another conceivable environmentally controlled sce-
nario, referring to the hydrodynamic regime of our Biscay
primnoid specimen, is that during the juvenile growth
stage of the thin central axis, high flexibility, provided by
gorgonin, was required to enable skeletal growth in that
current-affected continental margin regime. In this case,
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sufficient organic nutrient supply enables the protein
biosynthesis of the gorgonin layers. After the adult bran-
ched skeletal axis had reached a specific size and thick-
ness, stability of the skeleton may have played a major
role in survival under increasing hydrodynamic energy
conditions, which consequently resulted in a preferential
secretion of massive calcitic increments around the skel-
etal axis.

A similar formation of calcareous crusts was observed in
a highly branched Mid-Holocene isidid gorgonian skeleton
from the southern slope of Chatham Rise (New Zealand),
where the secretion of organic nodes which vertically
alternate with Mg—calcitic internodes ceased simulta-
neously in all branches as a result of a growth interruption
triggered by an extrinsic event. After the recovery of coral
growth which was linked with an increase of current en-
ergy, the colony continuously accreted increments of fi-
brous calcite around the skeleton, characterising the late-
stage skeletal growth (Noé and Dullo 2006).

The transition from the Younger Dryas to the deglacial
period of the earliest Holocene was linked to changes of the
intermediate water circulation and thus of the hydrographic
regime (Berger and Jansen 1995). An increase of hydro-
dynamic energy such as vigorous contour currents affecting
the continental slope at the depth of the coral site might
have triggered the secretion of massive fibrous calcite
which envelopes the more flexible calcitic—organic cycles
of the older skeleton, thus providing the required skeletal
rigidity.

In addition, changing hydrologic conditions might have
influenced the surface water productivity and particulate
organic matter flux as indicated by our d"°C profile. A
reduced rate of organic particle supply and thus of gorgo-
nin production might result in the secretion of a massive
crust of fibrous calcite crystals around the calcitic—organic
alternation of the inner skeleton. For this calcite precipi-
tation, metabolically generated carbon dioxide is used,
together with a continuous uptake of dissolved inorganic
carbon from the ambient bottom water (Lucas and Knapp
1997). These preliminary results support the hypothesis
that long-lived primnoid octocoral colonies, by analogy
with isidid gorgonians, may be able to change their mode
of biomineralisation according to changing hydrographic
conditions.
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