

















Exceptional Preservation of Corals and Molluscs by iron Oxide Replacement in Holocene beach rock

observed on the XRD chart, so this material is probably
not a clay. Some aragonite remains, as slow effervescence
is observed when dilute acid is applied.

DISCUSSION

Replacement reactions require oversaturation of the
mineral being deposited. In this case, the necessarily high
activity of iron in the percolating groundwater is easy to
explain. Volcanic tuffs contain a large quantity of glass,
which contain iron, and is very unstable, leading to rapid
alteration and dissolution. The devitrification process
releases iron, as would the weathering of magnetite and
iron-bearing micas in the rock. Thus, one would expect
high iron (and silica) activities in groundwater to be high
in volcanic terranes.

Evidence that groundwater percolating through the
volcanic pile brings the iron for replacement reactions can
readily be found. Large bands of iron replacement can be
seen, centered around cracks and joints, in the volcanic
rocks at sea level, particularly on wave-cut platforms on
headlands on the east side of the island (e.g. Tanjung Pasir
Belakang). The replacement in these cracks is gradational
- there is a progression from unreplaced volcanic rock, to
partially replaced material with slight iron staining, to
complete replacement, as seen in pebbles (Figures 15)
collected from the beach at the northem part of Pulau
Lima, a small island of similar volcanics located about 8
km east of Pulau Sibu.

The chemistry of pseudomorphic replacement has
been described in Merino and Dewers (1998), and in
Fletcher and Merino (2001). Preservation of textures can
only take place if the growing material precipitates
immediately upon the dissolution of the material being
replaced. The growing material exerts pressure on the
material being replaced, otherwise there would be no room
to grow. This stress induces the dissolution of the replaced
material. The amount of stress self-adjusts so that the rates
of growth and dissolution become equal. The reaction
must, of course, be driven forward by the chemical affinity
for the growth of the replacement material being greater
than that for the growth of the material being replaced.
Reactions must be written based on the preservation of
volumes, and therefore balanced according to molar
volumes.

The process can be very rapid, as seen in Figure 16.
Here, a piece of iron is embedded by cementation into a
volcanic cobble. This must have happened in a matter of
days to weeks or months, rather than years. The process
must be quick in the case of corals exposed to wave action,
if in-situ preservation is to take place. Otherwise, the
corals would be destroyed by wave erosion. In fact, not all

corals exposed on the beach on Pulau Sibu have been
altered and preserved — large fragments of unreplaced
heads of coral were observed at Teluk Tagal on the
southern part of Pulau Sibu (Figure 17). The preservation
of corals, or the lack thereof, may be related to the local
groundwater flow regime, which might be influenced by
nearby topography, or by the porosity and permeability of
nearby volcanics. That the replacement (of both coral and
volcanic rock) takes place mainly at sea level might
indicate that the groundwater bearing iron exits the rock
there, since this represents the hydrologic base level. The
resemblance of the replacement to iron crusts found in
soils suggests that evaporation may play a role in further
increasing saturation.

Given that coral on volcanic islands with a
tropical/equatorial climate is not uncommon; such iron
replacement of corals should be widespread. It would be
very surprising indeed if the iron replacement seen in
Pulau Sibu corals turned out to be a rare phenomenon. Yet,
a search of the literature bears no results.
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