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Skeletal Calcite in Living Scleractinian Corals:

Microboring Fillings, Not Primary Skeletal Deposits

As far as is known, modern scleractini-
an corals construct their skeletons entire-
ly of calcium carbonate in the form of
aragonite. Houck, Buddemeier, and
Chave (I) recently challenged this con-
cept by reporting as much as 46 percent
primary skeletal calcite in certain tropical
reef corals. Further examination of their
samples of Porites lobata (2) indicates
that the calcite is not a primary deposit
of the coral but is associated with
microborings.

Petrographic thin sections revealed
these samples of P. lobata to be exten-
sively altered by a branching network of
fine (=3 um in diameter) calcite-filled tu-
bules (Fig. 1A) extending to the living
coral polyp layers. The tubules are prob-
ably fungal or algal in origin. Endolithic
plant borings are a prominent character-
istic of tropical reef corals (3, 4), but mi-
croborings or exposed filaments of these

plants to date have been associated only
with the precipitation of aragonite and
magnesium calcite ¢, 5). Although
Houck et al. identified algal borings,
they concluded that most of the calcite is
“not associated with any evidence of
boring’’ and, more importantly, sug-
gested that the calcite is skeletal calcite
“‘deposited by the coral as an alternate
form of calcification.”

Our study of the samples does not sup-
port these conclusions. Etching of the
polished coral surfaces with ethyl-
enediaminetetraacetic acid (EDTA) at
pH 8 caused the calcite to stand out in re-
lief from the finer, more soluble arago-
nite. Figure 1B shows the filamentous na-
ture of the more resistant calcite which
when completely dissolved leaves a
branching, tubular organic network (Fig.
1C). We observed enough calcite-filled
microborings in thin sections and scan-

Fig. 1. (A) Photomicrograph of Porites lobata from Waikiki reef showing extensive alteration of
skeletal aragonite by microborings. (B) Scanning electron micrograph of a polished surface from
P. lobata etched with EDTA. Less soluble calcite in the microborings projects from the finer
aragonite crystals of the coral skeleton. (C) Photomicrograph of organic sheaths from micro-
borings which remain after the carbonate has been removed by EDTA. (D) Scanning electron
micrograph of the fractured surface across a calcite-filled microboring.
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ning electron micrographs of etched sam-
ples to account for the calcite reported
by Houck et al. We did not find any evi-
dence in the etched samples of calcite
outside the microborings. Houck et al.
(1) also reported ‘‘angular crystals’’ pre-
sumed to be calcite which are too large
to be accommodated into the micro-
borings. Our scanning electron stereo-
micrographs of freshly fractured coral
surfaces exposing ‘‘angular crystals’’ re-
veal well-developed cleavage in coarse
crystals, both along microborings (Fig.
1D) and across wider areas where they
branch or coalesce.

If Feigl’s solution (6) is applied to the
etched surface, the skeletal aragonite is
stained black, leaving the protruding cal-
cite filaments comparatively unaffected.
Resolution limitations of our electron mi-
croprobe prevented us from obtaining
completely isolated analyses of the mate-
rial in microborings; however, filamen-
tous areas show lower strontium/calcium
ratios and higher magnesium/calcium ra-
tios than the skeletal aragonites—a fea-
ture consistent with the calcite mineral-
ogy.

Houck et al. (I) reported that other
samples of Porites from the same area at
Waikiki consisted entirely of pure arago-
nite. This finding detracts from their con-
tention that the calcite is a biogenic de-
posit of the coral itself. This atypical oc-
currence of calcite may represent a
unique example in modern corals of
“‘low-magnesium’’ calcite precipitation
in association with boring activity of en-
dolithic plants.

The origin of the calcite within the mi-
croborings remains unknown. Never-
theless, the data clearly indicate that the
calcite is not the primary biogenic skele-
tal deposit of the coral.

IAN G. MACINTYRE
KENNETH M. TOWE
Department of Paleobiology,
National Museum of Natural History,
Washington, D.C. 20560
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The findings of Macintyre and Towe
are certainly relevant to our observa-
tions (7) and will help to focus further re-
search on this interesting problem. Al-
though we accept the validity of their ob-
servations, some comments on points of
interpretation seem in order.

First, the differential etching and stain-
ing experiments could be interpreted as
showing the effects on carbonate reac-
tion rates of the refractory organic coat-
ings rather than of differences in mineral-
ogy. Although persuasive, these results
do not prove that the calcite occurs only
in the microborings or that the contents
of the borings are exclusively low-mag-
nesium calcite. Second, we have investi-
gated further a number of presumed cal-
cite crystals with dimensions of several
tens of a micrometer in at least two direc-
tions. The tubules shown by Macintyre
and Towe do not appear capable of con-
taining crystals of these dimensions, and
we remain somewhat skeptical that all of
the large calcite blocks are situated in
junctions of 3-um tubules. Finally, nei-
ther group of workers has carried out a
quantitative correlation between micro-
scopic observations and the composition
as determined by bulk analysis, and so it
is still not possible to show conclusively
that microborings account for all of the
calcite present.

We certainly agree that the additional
data suggest that it is less likely that the
calcite is “‘primary’’ skeletal deposition
by the coral, but we do not agree that the
observation necessarily rules out the pos-
sibility that it is biogenic deposition by
the coral. A secondary calcification in
which the coral deposits calcite or makes
possible its precipitation in the borings
left by another organism seems to us a
real possibility. Deposition by endolithic
plants, either primary boring organisms
or their successors, is also possible. In ei-
ther case the frequent occurrence of bor-
ings of micrometer size (2) without cal-
cite and the fact that the calcite in ques-
tion has a low magnesium content
complicate any simple explanation. It is
this sporadic occurrence of low-magne-
sium calcite in scleractinian corals which
remains the central phenomenon to be
explained.
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