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“Shoryido”, Okinoerabu-jima Island, Kagoshima Prefecture, Japan
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Masahiko YamaMoTo! and Yutaka Fukumoro*

Abstract

Dark grey~black colored- and yellow~reddish brown colored-stains observed on
stalactites and stalagmites, most of those which are characterized by a concentric
multicrustified structure, of one of the largest limestone caves in Japan, called “Shorytado”
locating at Okinoerabu-jima Island, Kagoshima Prefecture, South Kyushu, can genetically be
grouped into three : non-organic stains, biogenic stains and composite stains.

The non-organic stains are formed when the non-organic substances are involved in
calcareous substance. The non-organic substances are composed mainly of clay minerals and
iron oxides those which are originated from impurities contained in limestones, weathered
products of non-calcareous geologic constituents, and dust which is brought in accompanying
with visitors and air passing through the mouth of cave. If clay minerals and dust are
considerably abundant in amount, dark grey~black colored-limestones are formed, while if
iron oxides are relatively dominant in amount, yellow~reddish brown colored-limestones are
formed. Meanwhile, the biogenic stains are composed of algae in most, and molds, mosses (?)
and others in part, with those which the surface of limestones are covered. Algae, molds and
others had grown on the inner side of the dark cave before the time when the limestone cave
“Shoryudo” was discovered. Following its discovery, spores, sporules and others have been
brought in accompanying with visitors into the cave. In addition to this, since the time when
fluorescent lamps were set up along the visitor course, fluorescent light nearly close to the
sunrays in light waves have accelerated their growth. Besides, limestone crustified by a
calcareous thin layer, within which dead algae are enveloped, is also recognized. Most of the
remarkable stains are the composite ones.

Although there is no measure for taking away, except for mechanically cutting off or
chemical dissolution, for limestones stained by involving micrograins of the non-organic
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substances, sprinkling by using underground water over the surface of limestones so that the
micrograins are washed away, and, at the same time, the formation of fresh and new calcium
carbonate is induced, will be effective for the removal and prevention of the
stains. Meanwhile, the measures combined with spraying of regular germicide and herbicide,
and washing with dustcloth, mop and others by water are most effective to be taken at the
present time for killing down and taking away of the biogenic stains. Ultraviolet rays radiated
from the sterile lamp is also useful. However, such the measures should be taken periodically
at the restricted important areas so that other organisms are not killed unneccessarily, even if
any kind of measure will be taken.
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Fig. 1. Location of limestone cave, called “Shorydo”, at Okinoerabu-jima Island, Kagoshima Prefecture,

South Kyushu, Japan. Locations.—a, Limestone cave, “Shory#ido”; b, Okinoerabu-jima Island ; c, ()yama
; d, Kagoshima Prefecture.
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Plate 1. Modes of occurrence of conglomerate bed of the Shimoshiro Formation, and stalactites and
stalagmites with the non-organic stains and those with the biogenic stains on the inner side of the
limestone cave, “Shoryado”, Okinoerabu-jima Island. Taken by N. OBa.

A. Conglomerate bed (b) composed of pebbles and cobbles of black clayslate those of which came from the
basement complex, the Neori Formation, is exposed underbeneath the limestone (a) of the Shimoshiro
Formation, the lower most of the Ryukyu Group, at 200m far from the cave entrance toward the
gateway.

B. The black~dark grey colored outer-most calcareous thin layer (a) that was formed and is still being
formed from aqueous solution of calcium carbonate in which micrograins of clay minerals and dust are
contained, and the reddish brown colored one (b) that was formed and is still being formed from the
solution in which iron oxides are contained in the process passing through the oxidized wire, on the
surface of stalagmite at a place called “Bell of Rising Dragon”, 60m far from the cave entrace toward the
gateway. The black disc in center is a cap to camera lense.

C. Multicrustified stalactites and stalagmites those which are colored due to the containing non-organic
substances at a place called “Dream Land”, about 400m far from the cave entrance toward the
gateway. The yellow~orange clored-stalactites and stalagmites (a) are covered by the black colored
ones (b) and both the former two are covered by the white colored ones (c). The black disc at left corner
is a cap to camera lense.

D. Close up of the stalagmite with a multicrustified structure at and around the black disc in C. The white
colored-core part of the stalagmite is crustified by the yellow~orange colored-calcareous thin layer
(a), the yellow ~orange colored one by the black colored one (b), and both the former two by the white
colored one (c), cumulatively.

E. Remarkable biogenic stains observed over the surface of stalactites at a place in the front of a gate
called “Gate of Long Life” in the cave. The stained parts looking dark grey—~black color and the
stained spots, looking grass green color, which are scattered over the former, are composed of algae in
most, and molds and others in part.
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Plate 2. Microphotographs and scanning electron microphotographs of the inside structure and constituent
materials of stalactites and stalagmites with the non-organic stains and those without any stain.
A~D, Microphotographs. The scale bar in A represents 7 mm ; that in B 6 mm ; and that in Cand D 3
mm. Taken by M. YamaMoTo. E~H, Scanning electron microphotographs. The scale bars in E and
H represent 10 um ; those in F and G 100 u#m. Taken by K. ToMmiTA.
A. Concentric multicrustified structure observed on the cross-section of stalactite (sample no. 10).
B. Black fibre-shaped dead algae involved within the outer-most calcareous thin layer of stalactite with
the biogenic stains (sample no. 9).

C. Close up of the black fibre-shaped dead algae in B.

D. The black fibre-shaped dead alga involved in part within the outer-most calcareous thin layer (sample
no. 9).

E. Calcite crystals observed on the cross-section of the core part with neither the non-organic stains nor
the biogenic stains of stalactite (sample no. 9).

F. The cross-section of the dark grey-colored outer-most calcareous thin layer with the non-organic

stains of stalactite (sample no. 9). Calcite crystals can scarcely be observed.

G. The cross-section of the dark grey-colored outer-most thin layer with the non-organic stains of

stalactite (sample no. 10).

H. Close up of G. The dark grey-colored outer-most thin layer is composed of micrograins of clay

minerals, but not so clear in this photograph, and those of calcite.
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Plate 3. Scanning electron microphotographs of stalactites with the non-organic stains and those with the
biogenic stains. The scale bars represent 100 xm. Taken by K. TowmiTA.

A. The cross-section of the dark grey-colored outer-most calcareous thin layer of stalactite with the
non-organic stains (sample no. 10). The growth of acicular ~long prismatic calcite crystals in space in
center is noted.

B. Close up of the acicular~long prismatic calcite crystals in A. :

C. Black fibre-shaped dead algae involved within the outer-most calcareous thin layer of stalactite
(sample no. 9), looking black-colored appearance owing to the clustered dead algae.

D. Close up of the black fibre-shased dead algae involved within the calcareous thin layer in C.

E. Worm-, rod- or pipe-shaped algae involved in part within the outer-most calcareous thin layer of
stalactite (sample no.9).

F. Close up of the worm-, rod- or pipe-shaped algae in E.
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Plate 4. Microphotographs of algae, mycelioid bodies and the mass of protoplasm those which form the
biogenic stains on the surface of limestone. The scale bars represent 20 #m in C and 40 gm in the
others. Taken by K. ARAL

A. Fibre-shaped algae collected from the surface of limestone where algae are clustered over (sample no.
5).

B. Close up of alga in A.

C. Transparent rod- and three fork-like or worm-like shaped algae, looking white color tinged with green
under the microscope, those which form dark green-colored spots scattered over the surface of
limestone (sample no. 5).

D. Mycelioid bodies, which seem most likely to be molds (sample no. 5).

E. Pink mushroom-like body, which was smashed on a slide glass, collected from pink-colored spots
scattered on the surface of limestone (sample no. 5). The body shows an amorphous inner structure, in
which cell-walls are obscure and each cell can not be distinguished, and seems to be the mass of
protoplasm such as plasmodium.

F. Clear grass green rod- and three fork-like shaped green algae (?) collected from the surface of
limestone (sample no. 1), where green algae (?) are clustered over, nearby the cave entrance.
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