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Pumice and other oxtransous volcanic materials on coral atells

HMarie-foldne Sachset

introduction

_ "Bvery sguare inch of land in the atoll is osoral. ..." Wood~

"Jones, (1910, p ..57}. Stabtements similar to ‘this, varylng only. in their
eclorfulness,, accuracy, or detail, together wﬁth various generalizations to
the efi'eet that atolls are made up entirely of organlc limestone, are
abundant through the: literature of coral islauds, in diaries, adveature
stories, and sclentlflo reportso and Wlthln certaln lmnlts sueh statbements
are trug. .c. a0 Towhed

- . The presence on atolls of voleanie ‘rocks such as pumice and
pesalt, as well as volcanlc soilks,- has aroused much curiosm bty and interest.

The most cansplcuous and abundant foreign rock is pumice. Examina~
tion of the literature reveals its présence in widely separated islands and
shows its importence as a "natural resource." We will first cite available
informetion on pumice, its occurrence, uses, significance, and complete
this record with mention of other extransous materials. For the purposes
of this review, pumice is +‘aken to mean volcanic ejecta that are yesicular
end light enough to float. Thée author is awere that rocks of 31gn1f10anﬁ-

.1y different texture and chemicel composition mey be included, ang. that the

petrologist might desire. further restriction of the term, whleh As jmpractic-

‘J_'al hereg

Pumice

Geographic dis’cribh‘éion

.- Seurat (1903,§. 8), who spent mery months in the remote Tuamotu

_ ,Atolls and the neighboring Geambier TIslands, reports the presence of small
_'pisces.of pumice on the beaches of South Marutea, one of the easternmost
" atolls of the Pecific. Pumioe is not often reported from the Tuamotus,
end is indeed probably not as common there as in various central Pacifiec
groups of atolls; however, the literature un this 1mmense archipelago is
especially poor and 1nadequate. :

Cn the contrary, pumice is reported by meny observers in many
different islands in the central Pacific and in the Micronesian Atolls.

Ven Zwaluwenburg (1941, p. 15) found it on Chnton Island, end.

W, A, Dixon (1877, p. 165) said it was abundant on HMalden island. In 1862,
W W. Gill, a missionary, was collecting idols on Pukapuka {Cook Islands)
and wrote (18?6 pe 60}: "One old men was ‘earrying what seemed to be &
large lump of coal with evident ease. " This-“turned out to be pumice. stone
blaockened by 1ong oxposure to rain -and windy" This piece was deposited by
Glll in the museum of the Unlver81ty of Sydney. . :
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The U. S. Exploring Expedition (18%8-42) observed pumice in several
of the meny atolls visited., Dana (1848, p. 77) mentions it on Fakaafo and
Howland. Of the latter he seys that bits of pumice and pleces of driftwood
are scatbered all over the island's surfoce,

The abundance of this pumlcs 8t txmes ig extracrdinary. Whitmee
(1878, p. 108) wrote that in that year, ships met greet guantities of it in
the vicinity of the Ellise group, and quoted newspaper accounts to tThis
offect, He nddeds M,.. the shores of all the Ellice Islands are thick with
it. Hundreds of tons have been thrown up on each island." An interssting
note here is thst the pumice when first observed (April 1878) was free of
sea~woeds and b&rnaclas, but thess were rotiaeable by June.

: Anouher igportant record of pumlce in the Ellice Islands is that
of Hedley (1896 p. 16) from Funafubis "Bverywhere small pleces of pumice
the size of a walaut might - Le collected on the beaches., The natives say
thet a few years ego much pumice ceme ashore, coincident with which the
fish from without the lagoon hecame unfit for food." - :

Finsch (1914, pe 43} says that he himself saw great quantitiéé of
pumice on the strand at Bubaritari, Gilbert Islands. P. E, Clound, Jr.
(1952, p. 21) observed and collected it on Onotoa in the same group.

. There are few vecords of ths presence of pumice in the Harshall
Islands. Cne of these is by Chemisso (1821, p., 156), one of the most
gifted end versatile naturalists to visit Pacific atolls. Another reference
is by Crundemann (1887, p. 442) on Ailuk, Still another is by Stone {1951,
p» 2) on Arno Atoll, It is quite possible that pumice does not reach these
iglends as often or as abundantly as it does the Gilbert or Ellice Islands.
However it is present now in the Marshall Tslands, and ¥, R. Fosberg
observed it in 1951-52 (unpublished) during the Northern Marshell Islands
Expedition. During this investigation pumice of several distinct sorts
we.s notod, and specimens were colleoted on Pokak, Ubirik, Alluk, Jemo,.

Kwe jalein, Ujae, Wotho, and Ujelang atolls., It wes ordinarily found as
scattored pebbles, usually small; bub larger pisces up to the size of man's
head also were seen. It oscurred in grestest quantitiss inlard on the sur-
face of the ground on Kirinyan Islet, Ujelang, and on Ebeju Islet, Ujae.

On BEbeju  perhaps a bushel could have been gathered in an area 20 meters
squerae., Thig wes e localized vocourrence, though; other similar areas have
little or no pumice. Much smaller amounts were scattered on the beaches,
as on Jemo, above the normal wave mark; and in several places where dunes
and send spits were being cubt sway by wind or waves, burled pieces were
exposed.

The only record of pumice in the Caroline atolls is from Kayangel
Atoll, Palau {Cloud, personel communication, lQES).ZEht-see Addenda, p.2Q7.‘

Several records of the presence of pumlce are available from laysan
Island, one of the northernmost atolls in the world, - H. H. Schauinsland,
who spent 3 months on this island in 1898, observed hard seeds, nuts, masses
of resin, end rounded pisces of pumice [ Blmsteiqg7 in the abundant piles
of bird droppings (Schauinslend, 1899, p. 20). 1In an appendix (p. 89) he
enlarged on the subjeet and noted that he did not find any pumice on the
gbrand during his sojourn, bubt thet it was always present in the center of
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the islend, pertly on the surface, and partly in the guano pits. An
interesting sequel to this report is found in the jourmal of Humro (1948,

p. 43). Quobing from his jouwrnsl on laysan (June 20, 1891) he writes: “On
the dry surface of the lagoon there are lots of small pisces of pumlce,

bub adds, "evidently this was cuttlefish bone disgorged by birds.," e
raports finding pisces of cuttlefish bone in the gizzards of young alba-
trosses and obher birds.,

1t would seem that the two observers may have seen and reported
the same thing. It is interesbing to note that they both belisved it to be
punice at the time. Since we have no idea what regurgitated cuttlefish
bone may look like, it seems diffioult to settle the guestion at this point.
It is unfortunate that no one thoughtof bringing back a bit of the material,
However, it is quite possible that Mr. Munro should not have distrusted his
1891 observations and that both he and Schauinsland did observe pumice
seattered on laysan. The fact that some of it had gone throuwgh the alba~-
trosses' stomachs doss not necessarily mean that it was not pumice.
Soheuinsiend (1899, pp. 20, 89) remarked that these birds will swallow any-
thing and that they may piok up the rounded pebbles intentionally "to help
their digestion,"

Hueh later (in 1912) Flsclmer visited the Leeward Hawailen Islands
end recorded (1915, p. 35) pumice on laysan, Pearl and Hermes Reef, Lisianski,
and Midwey. ,

One of the most intriguing observations of pumice is that mede at
the time of the wvisit of the Austrian ship Kovara in 1858, to the atoll of
Sikaiana or Stewart Island. Bobth Scherzer (1862, p, 607} in the"Narrative”
of the voyage, end Hochstetter (1866, pp. 157-158) in the "Geology," men-
tion the abundance of pumice on Faule, one of the two larger islets of the
atoll. Hochstetter pointed out that the pumice was "finely porous and brown,
and floats on water.” Trying to ascertain the thickness of the pumice beds,
Hochstebter examined the sides of a water-hole about 18 feet in diamﬁter,
found in the middle of the forest. The rims of the hole were of "ocompact
coral conglomerate," end the pumice lay all around bubt only. superflclally,
in. the humus layer covering the coral rock. o

Guppy (1887, p. 140) mentions that during the surveying voyage
of the "Fly" much pumice wes found in various places along the eastern coast
of Australia, This is reported by Jukes (1847) in his narretive of the
voyege.  The "Fly" visited a low coral island, Raine Islet, and Jukes
(1847, p. 128) observed pumice there, embedded in the coral sandstone form-
ing the island,

Beyond Australia, westward in the Indian Ocean, we find pumice
recorded in the Cocos-Keeling Islands by several authors. The sarliest
such reference is by Keating (1840, p. 378) who said: ‘'large quentities
of pumice~stone have been found on all the islands," Later pumice was
recorded by Guppy (1889, pp. 284-287), who spent ten weeks on Cocos~Keeling
in 1888, and by Wood~Jdones {1910, pp. 170-171), who lived for fifteen
.months on the main atoll as s doctor and inoluded his observations in his
book "Coral end Atolls,” . : : :

Further west we have records of pumlce from the Chages Archipelago:
Moresby (1844, Pe 509) wrote: 'Masses of pumice~stone are constently found
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on the besch of the islands, .... One’ piece in Captein Moresby's possess
. sion, measures 37 by 27 inches, and weighs 8 1lbs. 12 oz," Finsch (1887,
' . p. 42) end Wilson (1889, p. 144} observed pumioce in 1884 on the beaches of
Diego Garcma in the same group,.

The last region in the Indlan Oocean from which we have rescords
of pumice is that of the lomg chajin of atolis of the Maldive and Laccadive
erchipelagoes, Beosuse of their proxlmity to Indie, of the activity of
the British ¢ivil servants, Navy officers, and naturalists, and because
several great sclentific expeditions studied these islends, we have more
information on them -than on most atolls, and those seatterad in time,

In 1892-94, a party on the ship "Investigator" surveyed the
Isccadives, end Alpock (1902, p. 175), a naturalist on the 1892 campaign,
reports that two of . the ship's officers discovered & bed of pumice a little
inland of the north end of Cardemum (Kardamet) Island. Unfortunately, he
~did not hear of it until the ship had steamed away. Oldham (1895, pp. 6-7)
nmentions this occeurrence and seems to imply that he himself saw this pumice
bed, but apparently at a later date. "The northern point of the island is
formed by a spit of sand on which I found a guentity of pumice, extending
inlend for ebout £ifty yerds from the extreme point; i% is sbtrewn all-over
the surface, and varies in size from e merble to half a foot in diameter."
"The "Investigator" party also found pusmice pebbles on the botuom of the Bay
of Beangal (Aloock 1902, p. 153}, -

Bllis (1924 P 9) recordsd pumice from the Laccadives. In 1899~
1900, J. 8. Gardiner visited the Maldives, Minicoy, and the Laccadlves,
~and wvtn his two.associates, gathered vast amounts of information and ex-
tensive zoological and bobtanical collestions. The results for the main
part were included in two largé volumes published in 1901 to 1906, Gardiner
(1906, p. 582) fownd pumice on many of the atolls. 1In another paper
(willis end Gardiner, 1901, p. 113) Gardiner mentions finding & little
punice among foraminiferel sand on Hulele Island, Male Atoll. Soon after
Gardiner, Alexander Agessiz visited the Meldives (1901-02) end published
his account, accompanied by a volume of valuable photographs (1903 b). He
recorded {vp. 63, 69) the presence of abundant windrows of pumice on the
beaches of two atolls, South Malosmadulu (Embudu Islet) and North Malos-
madulu (Medu Islet). )

.-The . latest informetion on pumice in the lialdives was collﬁcted
during the John Murray Expedition of 1933-34 and is recorded in Sewell's
acoounts, On Iorsburgh Atoll (Sewell, 1938 b, p. 116) lines of small
pumlce fragments were observed on the sandy gea beach of. Goidu Islet.

O Addu Atoll (Sewsll, 1936 a pp. 77, 79, 82) pumxce occcurred on
several ‘of the islets (Putall, Mulikadu, Maradu) inland from the sandy
lagoon. beaches, . On Putali (p. 77) “Runnlng along the whole length of the
northern part of the island, about 10 yards %o tha east of the sbeap bank
that now forms the sast bank of the lakes érélongated ponds rumning parsllel
to the lagocn eﬁgeﬁ?ﬂ there is a well-marked line of rounded, water-worn
pieces of pumice." Sewell goes on to gquote Gardiner's end Oldham's observa~-
tions, and concludes that this pumice must come from Krekabau: "if this be
so, then sinoe 1885 or thereaboubs the inner beach of the island has ad-
vanced towards the lagoon by some 10 yerds, and sand spits have been built
out into the lagoon and have cut off the lake ,as."
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Ho records were found of the occurrence of pumice om the Western
Indian Ocemn abolls, :

Very little :Lnforma‘l,lon is available on the atolls and low coral
iglands of the Gulf of Mexlco and the Caribbean Sea, and there are no.
records of pumice on them. "However, in this connection, it is interesting
to note that Guppy (1917, p. 6) mentions pumlce pebbles found in beach .
drift in the West Indles. '

Probable origin and trausport

Although the ooccurrence of pumice on coral atolls has, at times,
greatly puzzled the observers -~ especially when found far inlend on the
islets -~ il has been generally accepted without argument that the pumice
had been flosted by the ooean afber eruptions of distant voloanoes, carriad
about by ourrents, and deposited on the beaches of low 1slands in the same
memmer as other drift materlal. n

Elgchner (1915, pp. 35-38) wrote:

Mie can produce two gources of this pumice in the
-last decades., Ths Sunda Straight sustained great changes
at the time of the eruption of the voleano Krakatos, as
immense guantities of pumice stone were thrown oub, which
were then washed aghore on the reefs and bsaches -of the
different coral islands in the cenbral Pacific Ocean; for
instance, on Nauru, all over the Marshall Iglands and the
Mortlock abolls, ebe., also in The northern part of the
Pacific, pumice sbtone pileces, even though small quantltles,
were found drifting and washed ashore.

"In the year 1906 ee.., Captain Schlemmer at thab
time in charge of the phosphate works on laysen Islend
(which have since ceased to exipt) mentioned in his diary
that he observed that a quake was to be felt and on the
following days the sea wes full of drifting pumice stone
pleces. Cn his trip from laysan Island to Honolulu he
obgserved these pimice stone pieces as far as in the nalgh-
borhoecd of the main group near Kaual.

"Appearance inland
Seabirds, espscially frigate blrds, during thelr
. flight, pick up floabting particles on the water and swallow
them, so that the discovery of the pumice stone in the interior
of the island is to be explained on the prineipal that un-
doubtedly the birds vom;ted these pieces,

“The appearance of pumice stone in this neighborhood
. 1n Mareh and April, 1906, is interesting; it doouments
_the . last traces of volcanic activity, which formerly were
- here of an imposing degree. At the mentioned time erup=-
tions of the Hawaiian voleanoes did not take place and
the oscurrence of drifting stone, limited to this part of
the group, was therefore of a local nature, that is, it
most probably was caused by a quake of the ocean bottom
in this neighborhood.”



6=

Yemenari (1935, p. 17) reports that after the eruption of a
submarme voloano in 1934, large quantities of pumide drifted around in
the seas near the Ninami~Satsuma Islands.

The great quantitiss of pumice found on Szkamana are perhaps .
more easily explained than if they occurred in the Tuamotus, for example.
Sikaians, a seldom described atoll;~lies near many volcanoces, those of
¥eow Britain, the Solomon IsTands, and the Santa Cruz Islands, to mention
the neares} ones. Whichever of these the pumice ceme from, it did not
have to travel very far and could be thrown up on the iglands when
great quentities of it were still floatznw togatner, before being scatbered
over greater expanses of the sea.' IR

The cguestion of row far and how 1ong p\}m“.oe cenn float was ’ca.ken
up by H. B. Guppy. He was fascinated by the factors respon31ble for the
dispersal of plants; therefore he took great interest in the study of drifs
material and wrote two books on the subject. In another of his works
(Guppy, 1887, pp. 157-144), he devotéd -a whole chapter to the drifting of
punice quot*ng many of the . sources menbioned here and’ giving much informa-
tion on ‘the presence of pumwce on hlgh island beachés and at sea.

X "The pumice egected during the volcanlc outbreak at
‘Blanche Bay in New Britain in May; 1878, Was varried east-
ward by the drift-ocurrents, and 11tera11y deluged the shores
of the Solomon Group, both impeding. naV1gation and tewporarily
suspending the beche-do-mer £ishery es.. Mr. Wilfred Powell,
who was present at the time of the eruption’ in New Britain,
states that Blanche Bay and a greabt part of St. George's
Chennel were so thickly covered with punice that it was ime-
p0551b1e for a-boat or even a vessel to work its way through seeas

“Several agoncies assist in the dispersion of &. fleld
of floating pumice. In the first place, the trituration or
wear and tear of the frasments, a process by which tiey soon
obtain the form of rounded pebbles, considerably reduces
their size «es. In the course of time the winds end waves
scatter the floating fragments, apd arrange them in long
streaks a mile or more in lengbh and .gome 25 or 30 yards in
width ssee Flnally +ess sOlitary fragments. &ra gseattered
over the surface of the ocean where they may float for meny
years uwabil their sodden condibion causes them to. sink, It
is not unusual to find in the tow-net in the mid-Pacific o
solitary stone, which has become so sodden that it has not
sufficient ‘buoyancy to float in fresh waber.

"The length of time that pupioce will float in sea-water
is a matter that bears on the distribution of this material
over the variocus ooceans. " -Judging from an experiment I mede
in the Western Pacific, pumice may float for several years
© before it becomes sufficiently.sodden.to sink to the bottom.
I kept floating in seewater for two years and nine months
three rounded pieces of andesitic pumice, which I originslly
obteined in the tow-net whilst eruising in the Solomon Islands.
Although they had evidently been & long time in the water before
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1 got them, since they floated heavily and had the discolored
appeazance of old drift-pumice, the only evident alteration
in their buoyanoy produced by my experiment was that one
piece which floated in fresh-water, when I first obtained it,
now sank gnq|“ ‘

' The origin of the great amounts of pumice found on Cocos-Keeling
Atol) was also discussed at length by Guppy (1889, pp. 284-286): h

"I ghell refer more than once in these papers to the
part whioh the pumice derived from the great Krakatoa erup~
tion of 1883 has taken in reclsiming land from lagoon. Narrow
inlets have been obliterated and the shallow wabter around the
lagoon has been in places filled up by fields of floating
pumice that drifted inside the reefs. The Krakatoa pumice,
readily known by its white and fresh appearsnce and its un~-
sodden texture, is to be found at present in great quantity
on the beaches ... but there is another kind of this material,
apperently elsewhere derived, though of somewhat gimilar com~ -
position, which is found inside the raised weather margins of
the islands, and extends for some 20 peoes or more amongst
the trees.s It is of much greater age; and whilst its outer
surface is darkened by weethering, its interior is often
sodden and half-rotten. There is also & black end heavier
pumice, formed of a more basic lava, which is known (rightly
or wrongly) smongst the residents as the Tomboro pumice, and
is found amidst the vegetation 15-20 paces in from the weather
beaches. It varies in size from a walnut to a coco-nut; and,
wnlike the two felspathic kinds of pumice above referred to,
it withstands decay, so that slthough it has been known in
the island for half a century and more, its internal substance
is still unaltered seve

. ™Therever, in these islands, a layer of old pumice over-
lies the sandy soil near the beach, an abundance of voleaniec
minerals, especially magnetite, occurs in the soil, By means
of & magnet, e number of fine particles of magnetite can be
collected from a saucer filled with the white:calecarsous sand
that is found between the tide-marks upon the beaches s.ee
The local evidence would seem to show that they ZT%hB grains
of magnetite with their occasionally attached semifused feld-
spar orystals 7 are derived from the decay of pumice that is
stranded in such large quaentities on these heaches, especially
since I found them in greatest abundance in the sandy soil
underlying an old bed of pumice. Their large meen size, viz.,
half a millimetre, and the specific gravity of the minersl,

. would .geem to favour this opinlon. It should, however, be
noted that during the night following the great eruption in
the Sunda Straits, some 700 miles away, fine pwumice dust fell
over the Cocos-Keeling Islands in such gquantity that on the
sucoeeding morning it wes fournd covering the deck of a schooner,
that lay at anchor in the lagoon, with a layer a quarter of an
inch deep . o-c“
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Wood-Jones (1910 ppe 170-171) also discussed the origin of the
Gosos—Keelxng punice:

"Oon the ssaward beaches is thrown the flotsam and
jetsam that reaches the group from the outside world,
“and one of the principal items,-cne that has in many
places caused a considerable alteration in the ocharacter
of the islends - is pumiocs, The greater part of the
pumice found in the group arrived after the eruption of
Kraketua; being washed up in 1883 in vast quentities.
Phis pumics, lightest of all the wreok that the sea has
piled up, hes been carried for varying distances into
the island from the seaward beach, .and shows, as an
index, the limit of surf sction in the island building
that' has been’ resched in twenty three years. It occurs
in great quantlt*es as rounded gea-worn MASS6s, SOmMe
being a fool of more in their long axis, but the majority.
varying from the size of marbles to that of ericket balls,
Besides the Erakebua pumice, which lies to~day mostly on
the seaward beaches, and for a few paces into the island
itself, there is older pumice which may be found almost
anywhere in the breadth of the dry land., Pumice has
been arriving from somewhere ever since the first ap-
 pearance of land in the atoll ring, and has, during the
- period of its sbay, undergone much decomposition. The
Krakateu punice ig almost uniformly grey, and is fresh
and cleam: bubt pumice exists far frow the sea that
has bocome impregnated with foreign substences, and is
in many places entirely fragmented., The various stages
of pumice degeneration may be traced from the sea beach
to the 1nterlor of the island. Some of the pumice has
never besn grey, and rounded blocks of a black and
-¢indei~like substance are here and there found in parts
of the island where punibe hes been most freely washed
ashore, - This pumice does not appear. ‘to belong to any
one particular period, for it is found to-day on the
beaches, and in the 1slan&s, but its composition where-
ever found appears to be the same, and, on fracture,
its internal part is always shining and fresh—-.a.ooking,
if it be plcked up on the beach or far in the center of
an islend,"

Wood~Jones, like Guppy, was interested in plant and animal
dispersal ard devoted a chapter of his book to this and related subjects.
In it, he went back to the subject of pumice (pp. 250-291) and said of
Krak&tau punice: "This pumice has been touring the ocean for over twenty
years, and still, in the Sunda Stralits, some set of current will send
whole masses to sea, and a ship will sbteamm for half sn hour through the
bobbing white balls of pumice which are launched upon an indefinite,
and an irresponsible journey." Of the pumice older than that attributed
to Krakatau he says:; '"This is most probably the pumice get adrift in the
April of 1815, when the wparslleled eruption of Tomboro - the great
voloano of Sumbawe took place,” He adds: "The blocks of pumice set
adrift by the eruptions have been navigating the Eastern seas ever
since oooon
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Visitors to Diego Garcia, Chagos Archipelage, were undoubitedly
correct in believing the pumice they observed to be a product of the 1883
erupbion: by a happy coincidence, two naburalists, Finsch and Wilson,
stopped at Disgo Garcia (then a coaling sbtation) in 1884 and published
their observabtions on the atoll. Finseh, (1887, p. 42) observed pumice
on the lagoon strand and on the outer shore "in great quentity." Labter,
his ship encountered great drifting masses of pumice at sea. R. F. M.
Wilson (1889, p. 144) spent only an hour on the atoll end mentions
large guantities of pumice: '"There must be tons of it lying on this
beaseh." At sea, he also obgerved it, but in "wreaths." The Nautical
Magazine in the last months of 1883 repeatedly warned its readers of the
chenges in the Sunda Strait and said (p. 852): "In some perts of the
Straits the punice stone is 7 ft. to 8 ft. deep.”

Another instance in which the source of pumice was rightly
identified as Krakatau is reported from Remeswaram Islend, at the north-
west end of "Adam's Bridge" in the Gulf of Mannar, between India and
Ceylon, by Foote (1889, p. 835):

"As we walked eastward along the beach our attention
was abtracted here and there by the quantity of pumice stone
thrown up. Hob a vestige of pumioce was seen along the beach
when I visited it in 1882, but now it abounded, having been
driftsd from the straits of Sunda after the terrible seruption
of Krakatao in 1883, The pumice fragments were of all sizes,
from a pints head up to a cnild's head, and most of them
showed signs of their long sea voyage, in the form of in-
erustaticns of nullipores of serpulae or of flustrae and
other equally lovely polyzoa, together with serpulae of
several species., WMany specimens showsd also adherent
young valves of a very prebty white and crimson species
of Spondylus., It was impossible not to be strusk by
the great number of zoologieal, geographical, and
geological facts recorded by these interesting specimens.”

Of the pumice observed in the Maldives and Laccadives during
his expedition Gardiner (1906, p. 582) says: "On the shores of many of the
islands there are lines of pumice, which the natives state were washed up
about 1885, end would hence have probably owed their origin %o the erup-
tion of Kraketoa in 1883, In addition half-decomposed punice is found,
in places at some considerable disbtence inland, which evidently belonged
to an earlier period." ELllis (1924, p. 9) in an account of the Laccadives,
quotes Gardiner's suggestion that pumice found in the Maldives came from
Krakatau, and adds that in the Laccadives, large beds of pumice were re-
ported after 1883, "which have now entirely disappeared. Only scatbtered
pieces much water~worn are now found,® Sewell (1936 a, p. 77) also at-
tributed the origin of the pumice observed on the Meldives to the eruption
of Krekatau in 1883 (see p. 4 of this paper).

The 1883 eruption, however, despite its violence and the semsation
it caused, was not the only source of pumice found in the Indian Ocean:
Moreshy (1844, p. 309) found pumice in the Chegos Islands when he surveyed
the archipelago in 1836-37.
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Most authors quoted here atitribute the orlgln of the pumice direct-
ly %o volcaﬁlc eruptlons. This is undqubtedly the ugual ecase, bub it
soems concelvable that some of this mateérink. m*ght be 1aunched onto the
gea. by the action of the Waves undsrcuttlng ‘the "slopes of some of the
numerovs voloanic cones found in the Paclflc‘ Some of thls bobbing pumice
may well have spent a ‘good pert of its umme as part of a voicenots .slope,
before being freed ana set adrlft in the cope's ernsmon.\f;i

Lacroix (1959 By p. 10) dlscuSSlng the pumice co‘lected by Seurat
in South Mairutes (Tuamoaus) remarked that this chemical—mlneraloglo type
of rock wes known in the South Pacific only from Baster and Tubulla Islands
and suggested an origin for it in a hypotheticel sutmarine volocano that
night have existed in some part of this vast region. It is not clear
whether he had in mln& an undsrwater ‘eruption or & cone that extended above -
the surfece and was ‘subsequently oub away by the waves, but he probably “
meant the latter. In aany event, it does not seen nacessary Lo postulate
the existence of such & volcano, because it is guite possible for pumice ,
to float from Easter Island or elsewhere To 5. Harubes. '

The pOSSIblllty shguld not be overlooked that some of this material,
for exsmple the coarse, black variety found by Fosberg in the Marshalls,
might 0ot be pumice at all but- elinkers from the furnaces of coalwburnlng
ships. Such have been reported cast iip ‘on the shores: of Lake Michigen by’
Dr. Helen Toster and Mr. Gilbert Corwin (conversat¢ons, 1954}, This may be
determlned far the marshall I lands mater:al by fuhure petroioglcal studies,

Chem;cal and petrologlcal nature
An obstacle o the d&scu551on of the orlgin of pleqes of pumice
found on atolls is the.fact that few have ever been studied for their
petrological chqracter and cheinical’ comp051t on, Recent unpubllvbed analyses
of such materlal W1ll be found in an addendum to thls paper, Pe 21,

_ Lacroix based his remarks (1939a) on several analyses “including
" onie- by Re'oult’ of South Marutea material. (LachIK 1928, pp. 4h~45, This
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Lecroix deseribed this material as & rhyolithic pumice, "formed of

voloanic gless with elongated cavitiss, which contein a few hexagonel plates
of biotite™ as the only crystelized mineramls. He remsrked that its chemlecal
 composition showed in any case that it could not be pumice from Krakatau.

Ho pointed out & similarity with the trachyte from neerby Pitceirn Island,
suggesting that -the pumice might not have come from too far away.

" The pumicé_from Funafuti was examined by Cooksey (1856,19. 77):

“Pumice Pebbles. =~ Pebbles of pumice stone, the largest
of which resemble & walnubt in size, all much wabter worn and
rounded, were collected from vaerious places on the ouber cir-
cunference of the Atoll, and possibly occur on all of these
islets, They possess a fibrous bexture, and contaln mecro-
The colour varies from light to
dark grey, ome or two having & brown or greenish tinge.

scopic erystals of sanidine.

"An analysis of one which was much rounded by atbrition,
end possessed a very light grey colour, pave the following

percentage compositioni=e

Hygroscopic moisture ...

Loss on ignition soe
8105 e
F3203 ves
41,05 .
Cal ' "-;.
MgO ; T eee
K0 ST
Nazo' ' - " e
Py05 L

"A partial analysié~of
gave 60.37% of §i0y,"

L]

.09
z.zé
66,50
3.21
16.84
3.03
1,03
5,44

2.551

trace

100,96

another pebble of a darker shade

Cooksey noted that the figures in this endlysis agreed very closely with
results of analyses of material from the 1883 Krakateu eruption but thought
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this voloano too far away %o be a likely source of the pumice in Fwmafuti,

Uses: Agrzcultural and 'dbrasive. -
L
In the Gilbert Islands the U. 5. Explor1ng Expedltlon learned thet
pumice was gathered by the inhabifants and pounded up to fertilize the scil
of the taro pits; in addition, Wilkes (1848, vd. .5: p. 81) writes: "the
coconut trees’ are, fenced round,” aid- pounded pumice is mixed with the soil
near their rootsy :This stone ‘15’ oollected by the women, who are frequently
to be seen in numbers: on the beaches, after, westerly winds, ‘picking it wp
in small baskets."

Hartzer, a m1531onary {1900, p. 43) writes in almOSt the same words,
and so does Kurse .(1887, p. 68). Such observations on the taro-pits have .
been made or quoted by others, such as Meiniecke (1863, p. 405) and Finsoh
(1893, p. 52). Gulick (1862, p. 413) also desoribed the oareful tending
of the taro-pits but said thet’soil was brought to them in basiéts and -
shifted. He did not mention pumice. Probably both were added to the
various leaves, which were shredded and thrown into the pltsxn ‘Asimilar
instance is found ir Grundemenn (1887, p. 442): According o him, on
Ailvk in the Marshalls, soil and leaves were thrown into the pits, and
pumice, when available, was ground up and added. This is the only record
of this practice in the Marshall Islands. Similarly Cloudts observation
of the use of pumice as fertilizer on Kayangel Atoll, Palau {personal
communication, 1953), is the only record for the Caroline Islands.

In spite of its abundance on the Ellice Islands, pumice does not
seem to have been used there as in the Gilberts. It might be poinbted out
hers that the Gilbert Islands are the most densely populated of all atolls
and at the seme time one of the driest ahd most sterile of the inhabited
atolls and at the seme time one of the driest and most sterile of the in-
habited atoll groups. In this oconnectidn it is noteworthy that pumice is
used as fertilizer in another densely populated group, the Maldive Islands.
Cardiner (Willis end Gardiner, 1901, p. 121) says that on Suvadiva, plantains
are grown in pits dug to below high tide level "and on Kondai érislet of
Suvadlvq;7 I saw 2 man put in a basket & pumice from the beach; this ap-
peared on enguiry to be a regular ousbom of the island."

In addition to its role in atoll agriculturs, pumice is often used
on these limestone islends as an abrasive; Iu the Gilverts, Finsch (1914,
p. 254) says that pumice was used to .polish and smooth wood, shell, and
coral. In Ujae (Fosberg, unpublished observations 1951-52), the Marshallese
called it by the name "tilen,” and they said they used it like sandpaper.
A large piece of a black, coarse-grained, hard variety was seen in use as a
whetstone for maochetes on Bock Islet, Ujme.

Ecologienl significance

" Very little faotual information is available on the ecological
significance of pumice on atolls., Several authors have discussed it,
following three main lines of speculation: One is the possible rols of
pumice in the dissemination of enimals from one shore to another. Another
is the information that pumiée hag been supposed to furnish on ancient ghore-
lines. The most importsnt is the: posszble 1nfluenca of pumice on the growth
of plants..
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Some of the above-mentloned authors, such as Whitmee and Guppy,
have spoken of pieces “of plinice incrusted with marine animais such as
annelids, . oirrlpeds, bivalves. Wood-Jonss (1910, DPs. 291), after his dis~-
cussion of ‘the orlgin of stranded pumice (see p. 8 of this naper) added:
“the blocks of pumice ... have visited many shores in ‘the course, of their
travels, and have ccnstltutad a mighty fleet of passenger vessels for the
use of Nabure's colonists." In some cases pumice. mey play a certamn role
in the dissemination of marine forms, but it seems That Wood- Jones ax-
aggerated the "mightiness" of the effect.

Guppy's chapter on pumice’ drift (1887, pp. 1 137-144), in spite of .
some hasty and regrettable assertions (a, footnote on p. 143 says that
"ghe trees of thb center of a coral islet grow from seeds ejected by, the
fruit-pigeons), contains e wealth of faots aad is one of the few com-
pilations and discussions of the 1ntr1guing problem of stranded pumice.
The author attemp¥s to clarify the ecological sigdificance of this material.
Unfortunately he had a tendenoy, at times, to let his keen observations
be colored by the theories dear to him, Thus, in his notes on the dis=
tribution of pumice pebbles on islets (Guppy, 1887, p. 141), he mixes
facts and assumptlcns-

"I shell subseauently point out, that as we oross a,

coral iglet from its weather or newer portion, the pumice

pebbles ‘become fewer snd more decayed, until they flnally

disappear in the leeward or older part of the islet, Such

a fact proves that this matarlal has not heen swept over

“the sirface of the islet by a single wave, such as those
which follow earthquakes, but that, whilst the islet hés
, been growing sea-ward with the reef in the course of ages, -
" punide has at widely different times been stranded on its
'shores. The ‘decayed pumice pebble, that now lies emong =
" thé treds in ‘the “interior of the islet, remeins where the | = .
) 'ebbing-’cide left it long ago. The ssme explanation is also
e applicable to the pumlce pebbles found on coral islets and
o reefs that have experienced som® ‘degree of elevation,

Doubtless the "great ‘ges’ wave" proauced by an sarthquake

has sometimes dlstrlbuted the pum;cﬁ ‘pebbles lying on the

beach over the surface of the 1slet “pub if it will be found,,

as T belleve to-be generally true ‘that, the pebbles get .

fewor- and more decayed &5 we proceed into the xnterlor we

must look to some other agency thah that of the’ "eroat sea . L

wave," In some coral islands Wh1ch*are placed in unprotect— o

ed positions in the Pacific, pumlce peb bles are found only =

in the interjor and not on the beach, It would seem most’
probable that the forde of the wind during storms wonld be
suffictent to sweep the light pumlce ‘peblles off the ‘beach

and amongst 'bhe ’oordermg; vegetatlon. ;

"411 the evidence gdes’ 56’ shov that in a comparatlvely .
dry climate and on porous soil strandéd pumice may resist for
ages the dlsnntegratlng effects of the atmospherlc agenqies

: Guppy g06s o to describe the dlstributlon of “the pebbles on 1 )
coral islets in the Solomons and shows them to be fewer ahd more decom
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posed toward the inbterior, disappearing eventuslly on the lee side,

"Those obtained within 20 or 30 paces from the beach
floated buoyantly in the sea, but out of those found at
distences greater then 100 yards, more than half senk, The
punice pebbles furthest from the beach were evidently of

greater age and had been exposed for a longer time to the
wot,"

No doubt, on certain islands ~~ possibly on some of thosewexamined
by Gunpy -- older pumies brought by one of the -variously caused ‘great
waves", which may at times completely oover low. coral islets, is partly
removed from the beeches by subsequent lesser storms and laber happens
to be. surrounded by younger pumice, left stranded in windrows by the
ordinary vides.  (See quotation of Gardiner on p. 9 of this p%per). This
does not necessarily mean that the islet has beoome larger, offering more
space for new pumice.  The contours and total area of islets do chenge of
‘course, and if an islet beoams larger, it might be from its seaward side,
hut the aspeet and distribution of punice are not sufficient to permit
a reconsbruction of the chenge. However, in certain special locations
end when other evidence is available, pumice pebbles erranged in lines,
well inlend, may indicate a chenge in shoreline. .Stome (1951, p. 2),
writing of Arno Atoll, Marshall Islands, says "The. progressive widening
of Arno Island, although now slow, 1s known to bthe péople there beocause
inland and p&rallel with ‘Yhe beaeh they find rows of pumice pebbles such
as occur along the present beach." (See also guotation of Sewell’ on p. 18
of this peper).

That Guppy does ot raa]ize the true relatlenshlp between topo-
graphy of an islet, so0il ‘and vegetation is well shown in his next topie:
Ee assumes {Guppy, 1887, p. 143) ‘that s0il gets thicker: end richer from
seaward to lee side of an islet because "we pass ... from its newest to
its oldest portion" and 'thsréfore pumlce has had more time to form soil,
has been cempletely decmupoaed and indeed, canuot be found- anymore on the
les side. Aotually thers may never ‘heve been as much pumlce in the center
and on the lee side of this islet as on the seaward sidei- “Vegetation does
change as one goes from seawdrd to the more protected sidé'of the islet,
but this change is brought about by the topogrephy and sbructure of the
islet and the diminution in~ the effects of wave, wind, spray, etec., The
vegetation in turn, together with these same factors, determines the vari-
ation in the abundance of soil, which is indeed.often thicker in the
center, or toward the lee side of an island, or the lagoon side of an
atoll islet. But this zonation of soil and vegstation is gulte inde-
pendent of the presence of pumice. It is possible, of course that glven
a wmiform pumice layer over an islet to begin with, the- pumice might de-
compose scmewhat fagter near the center of the islet than on the seaward
side, because a thicker and faster forming soil and humus layer in this
center would provide a greater abundence of the substances that cause the
decomposition of the pumice pebbles,

While Guppy tried %o prove the bheneficial influenece of pumiceggn
the vegetation of a coral islet, other authors took it quite for granted.
Seherzer (1862, p. 607) says:
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"Another geological veculiarity is the ococurrence of
heaps of pumice-stone. These are found about the size of
walnuts over the entire interior of Faole at thoss places
which the swell of the waves cannot reasch even in the storm-
iest weather, where they occur in such -immense quantities
(though there are ne traces of them on the sand or shingle
of the actuasl beach) thet we may take for grented that the
eonvulsion which brought them here must have ococurred in
times long gone by, the mors. so as this superposed pumice~
stone exercises & marked and obvious influence upon the
vegotation of the island., So far as 1ts.soil consisgts of
heaps of fraguents of coral and mussel—shells, the cocoa~
nut palm ralgns almost alone, wheress as soon as the pumicew
stone region is reacked, there begins an exceedingly luxur-
iant growth of lofty fozest trees with huge trunks end
umbrageous foliage, and an astonishing abundant flora of
specles apparently pecullar to these Abtoll Islands.

This correlation of vegetation with substratum, also mentioned -
by Hochstetlier, may be somewhat illusory, since the coconut palms were _
probably planted by the natives in a ring around the islet, and the luzur=-
jance of ‘the mixed forest, which includss breadfruit trees,_ls not too
unusual in & very wet atoll such ag Sikaiana. Yet the observations by
Scherzer and Hochstetter dre very interesting. It would cerfainly be
worthwhile to find out now, almost 200 years later, whet the soil of
Faule Islet is like and whether any traces remain of the abundant pumioce
leyer observed by the naturalists of the "Novara."

Other noncalcarsous rocks

Various extraneous meterials other than pumice are found on atolls:
these are various stones, muds, ste., found among the roots of drift trees,
or supposedlv brought by them, other pisces of rock or even masses of coal
or soil imported by men for warious reasons, and finally the mysterlous
"basalt blocks“ deseribed from various 1s1ands.

The latter are of special interest on Rose Atoll,.in Americen
Samoa. This very small, uninhabited, and iselated 1sland may have been
first landed ' on by members of the U. S. Exploring Expedition (1838-42).
Dene (1848, pp. 77-78) says that the officers on the Vincennes observed
blocks of cémpact cellular besalt on Rose, lying 2C0 yards inside the
line of breakers., Wilkes (1845, wvol., 2, p. 64) addas that "they were
from twenbty to two hundred pounds weight, and were found among blocks.
of coral couglomerate," Unfortunately, Dena himself did not land on Rose,
being on another ghip. Couthouy (1842, p. 138), who was probably. there, Lo
says that the voleanio boulders were found on the sendy lagoon bottom. ©-
end were similer in appearance and mineral structure to the rocks forming
the mass of Semoa and Tahiti and that one of them weighing about 20 pounds
was picked up in 4 feet of water among small rolled block's of coral con~-
glomerate. At least one member of the landing party_¢f the “Vlnqennes
published his own account of the discovery, although his book is not part
of the official ed1t1on of the Expedition results; Pickering (1876, p. 235)
writes: SR
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"For the first time on a coral-islend, the mineral
kingdom was represented; several blocks of vegicular lave
being met with by our party; in all instences resting upon.
the coral-shelf, not imbedded., Two or three of these
blocks .were seen by myself, the largest weighing perhaps
twenty pounds. From the mineral composition, they had
ovidently been derived from some volcanic isgland; and
there seemed no means of transportation, unless: entangled
in driftwood. This actually tekes place at the. Tarawan
coral-islands; where Mr, Hale found & native name for
"Basaltic stones in the roots of trees drifted". to those
shores. "

Mueh has been mede, in later works, of the dlscfepahcy between
the various eccounts, as to the loeation of the boulders. 4And when 4.
G. Mayor, visiting Rose Atoll in June 1920, failed to find them “after
diligent search" (Mayor 1924); it wes-. genarally assumed that the U, S.
Expedition had mistaken blackensd coral boulders for vesicular volcanie
rock., This error is not hard to make, but it -should be kept in mind
that Cowbhouy and the officers of the Vincennes were not without ez~
perience of atolls, darkened coral boulders, ete., having visited a
large number of the Tuamotus before reaching:Rose.. Later L. P. Schultz, '
a member of the U, §. Navy surveying expedition to the Phoenix and
Semoa Islends {U. S. S Bushnell), spent. 11 days on Rose Atoll in June
1539, end found pieces of compact olivine basalt on the reef (a dozen
or more, the largest the size of & man's head) and confirmed observations
of the "Vincennes" party thereby reopening. the guestion of the origin
of the material (Schultz 1940, p. 48 and unpublished data), His speci-
ments of it are deposibted in tha Ua '8, Natmonal Museum, where they are
eurrently being studied.

“Another ocourrence of mysterious volcanic material is reported
by Agessiz (1903 a, p. 350) on Andema Zr}nt Atoll: . "On Panemur, the
westernmost island of the group, large coral boudders form the outer
edge of the reef flat, with here and there a few fragments of voleanie
rock ...." Unfortunately, Agassiz did not always meke clear whether he
was writing an eye-witness account, and we cannot be sure of this record
ag yot. The proximity to Ant of volcanio Ponape might help to explain
the pregence of the rocks, besmdes making it rather sasy to confirm tnezr
existence.,

One last record of "basalt" on an atoll was discovered with
great excitement in the narrative of Ceptain John Cameron (1923, p. 397):
He described "great basaltic stones" on Caspar Rico zr?okak Atoll, Har-
shall Islends 7ﬂ one of them "fifteen feet and six inches long, fmve foet
and four inches wide, and three feet thick," end speculated on the hezards
of their transport from some high islend. Great expectations were raised
when the Northern Marshall Islands Expedition explored the desclate atoll
in the summer of 19552. WNo megaliths were found, bubt a lot of blackensd
coral boulders end remmants were (Fosberg, 1555 p. 28),

A different type of voleanic rock is recorded by Guppy (1889,
pp. 286-287) from Cocos-Keeling Atoll., He writes:
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jear the middle_of the breadth of Horsburgh Island /islet

of Cocoe-Keellng7, and about 300 yards from the sea, there
was, when these islands were first occupied, “someisixiy years
and more ago, a huge volcanic bomb about four feet in helght. ‘
It was somewhat dome-topped, and was imbedded: about six '
inches in the Sbll "By .the islanders this large mass of
foreign rock, with dits unknown hlstory, wa's regarded with
much nystery. It lay concealed in EHe middt’ of an 1ronwood
forest of great anthulty, where it must have lain for ages,
and its burnt~up appearance seemed, o support the prevalling
opinion that it was some meteoric stofie ... Pieces have been
taken away by the inhabitants .... the result of this prac- '
tice being that at the time of my visit in-1888:only a few
fragments, none much more than a foot 1n size, -remained to
illustrate thé description.given to me by Mr, Hoss. They
were, however, sufficient to disclose to me that this mys- ~
“terious stone was a huge volcanic bomb of a dark reddish.
cellular lava, possessing a comparatively solid outer crust,

" The cellular fraﬁments Tloated ouoyantly on the séa; but the
more solid parts of the outer crust, on which-1.also experi~ -
‘mented, sank, Nevertheless, as.the greater part.of the orlg—'“‘"'
inal mass,. aeeozdwnE to.the. deecv¢pt10n given to mg, was
v evidently eellular, S had no doubt in forming the oplnlon o
that the whole bomb orlglnally floa ed.ﬂ S ,

The observant natives of atolls, who have Been collectzng pumlce
stones. drifting onto their beaches, have also made much use of drifting -
logs especislly on such -islamds.as the Marshalls or. Gilberts, where the
supply: of usabvle t imbers for canoes and other constructions are
nitifully small, ' They discovered that the roots of some such trees held’
stones and blobs of earth or mud and. carefully collected and. utilized
these, as well as the wood, This was observed in the Cllbert Islands by~ -
Hartzer (1900, p. 48) who says that the large trees-often hold pleces’ of
resin like those found in the New Zealand forest, and stones of fine basalt,
waich are much esteemed and used to make weapons. Dana (1849, p.77). saw
some large logs on Enderbiry, Phoenix Islands, and in.the Gilberts, which
carried etones in their roots, and reported that on the latter 1slenda

"these stones were usually basaltic or volecanic and much prized for use-as”
whetstones, pestles, and hatchets (see also quotatlon of PleE“&Hg, p.16
‘of this paper) Ch

Darwmn hims elf (1852 p.461) discusses such occurrences and mentions
that on North Keeling, Captaln Ross [pwner of the -island at the time of
thé Beagle's v151§/had found and preserved a green stone, rather larger
than a man's head, embedded in the conglomerate. Darwin supposed it to
have arrived on this seldom-~visited atoll caught in the roots of a tree.
Wood~Jones actually saw such occurrences on Cocos-Keeling and explains
(1910, p.290) that buttresses -- common in many trdpical trees —-—- are
especially suited for such transport: "I have seena "bubtressed' tree
come ashore in the atollr from whose base a wheelbarrow—load of fine red
earth might have been coliected +ss From the roots of such a tree I have
taken small stones,,. "™’ < - : : :
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. Eilers (1935, p.151l) says of the natives of Songosor [mSonsQrOl, ,
Western Carolines_/ that they use volcanic stones found in drift wood to
smooth fibers used for plaiting., - ' o

In Micronesia, at least black mud found among such roots was often
use to dye fibers. Thilenius {Thilenius and Hellwig 1927, p.20&) reports
such a custom on Tcbi. : ' ' S T

Earlier Chamisso (1821, p1155)‘wrote of the Marshallese:

"They receive, in a similar manner, another treasure, hard
stones fit for whetting., They are sought for in the roots
and hollows of the trees which the sea throws up: iron and
stones belong to the chiefs, to whom they must be delivered,
on payment of a rewerd ,...! o

lihen the desired stones or soils were not available, the natives of
the Caroline atolls, who did much voyaging -and triding with high island
peoples, -imported thems Chamisso (1821, p.104) describes with some emotion,
how Kadn, a native of Woleai whom the "Rurick" met in the Marshalis and
took along for part of the voyage, "never neglected carefully to collect
pleces of iron, broken glass, and everything overlooked by us, which
might be valuable to his countrymen, he looked on the shore &t Oonalashka,
chiefly for stones, which lgat serve for whet-stones ..." -

Girschner (1912, p.157) reports that on Namoluk, red earth imported
from Ponape was used as a dye. On Puwlusuk and Satawal, Damm et al. (1935,
p. 81) mention similar imports- from Truk. Finally E.G. Burrows (1949,
p.12) found a single igneous boulder on Falalap Islet, Ifalik Atoll in
1947--48, which the natives told him had been brought by canoe in ancient
times to be used as a whetstone. - o

Olcham (1895, p.6) reports that he saw pieces of volcanic stone and
a green stone on the north end of Chitlkak Island (Laccadives), which the
natives had brought from the ballast of a steamer wrecked on Byramgore
Reef., ' e

This is not the only instance of material from a wrecked ship occurr~
ing on reef or atoll: At Ujelang Atoll, F.R. Fosberg (personal commmnica-
tion in 1952 round small and completely waterworn pieces of coal scattered
%t the top of the lagoon beach and inland on the west side of Ujelang

slet, o : '

Of some material observed on Laysan Flschner (1915, p.35) writess

#,,. I wish to mention the occurrence / on laysan / of
smaller stones of volcanic material on the reef and beach.
To prevent errors it may be remarked that they come oub of
the ballast of the phosphate ships formerly loading here; .
however the occurrence of pumice stone in the lagoon and on
the shore of Laysan Island, as well as on the shoresof
Mecker, Pearl and Hermes Reef, Lisiansky and #idway islands,
is unusually interesting.®
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That natives of atolls valued.foreign stones and were intrigued
by them is shown further by tne fact that in widely sepa1a+ed atolls, they
miEde idols: outof them. Gill's observation on the subject ie mentioned
earlier on -p.. L. In . aduédtion; warious missionaries and other resgidents
“have reported similar:instances in the Marshalls (verbal-communications).

Jmnorted soll

- - But the native pecple are not the only ones to have carted stones
and soil around. .On mauy atoils, tiie white 3631dents, in an abtbempt to
grow-the . vegetables to which they were- accubtomcd, brought soll, often as
ship ballast, from-nelghboring high 1slandS' tae Germans. did so on Jaluit,
the superlntenuent of the Cable 5tat10n did so on Midway (Bayan 19L2, D.
202}, and more recentlv small. q;anultles have been brougnt to Kwajelein,
and John ton ¢81¢na.; :

”bodeoneu (1%10, D 130\ says tnat 4O tons of soil vere brougnt in
1902 from the ‘Botanical Gardens of Singapore to Pulu Tikus, islet of
Cocos~Keering, . de remarks tnat by 1905 "any trace of it was. hard to find.™
Further information on soll imported into Cocos-Keeling is given by
Gibson-Hill €1950, p.L150). - : '

fonclusions

Floating-pumice, drifting on the ocean, is deposited on the shores
or inland on low islands scattered in most paris of the tropics. It is
used by the natives for. polishing, whetting, and above all, for fertilizing
garden pits and coconut-trees; it must have some influence on piant-life;
and it may dadicate cnanées in shore lines in certain localities. It is
10 be regiretted that so few records are available, that so few collections
and analyses oft the various materizls observed were made, that so little
is known ol the ecological role of pumice, and that it is not essier to
revigit some of the reuognizuble localities to find out what has become
of the earlier recordsd pumice, Has it become buried in humus? how fast
is it rdecomposing?" Hes it left treces in the form of various minerals
as acsumed for Kita Daito Jdima? There, the origin of the iron and aluminum
in thick deposits of iron and alwninum phosphates is assuned to have been
large masses of sea~borne punlce (Yamanari, l935) some of which is still
found on the island. Purice miziht also be the source of the anOfWally
high content. of aluminum found by Lipmen and Shelley (19 ,05) in
the soil of Rose Lsland.

re videspread and, at times, extensive occurrence on coral atolls
of extraneocus volcanic mater¢alo so different froma.the anormal calcarecus
supstratumn emphaslzes the need for thoroughness in investigation and
¢aution in drawxng ecological conciusions. The fact that thé natives of
several groups of atolls have discovered the fertilizing. effects of- pumice
appllcatlors brings out very stProngly the ecological significagce of this
moterial, In any genersl investigation of aboll soils, attentlon should
be devotéd to discovering and assessing these effects and to isolating
the praperties of components of: the pumice responsiblie for thenm,, . .
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Addenda

After this review was completed, the work of Tayama on Micronesian
coral reefs came to hand; it contains. (Tayama 1952, pp. 152, 265) in a
discussion of problems offered by coral reefs, an enumeration of occur-
rences of non-calcareous material on coral islands, which can be quoted
here from the Fnglish text (p. 265):

- "Heef building corals, Foraminifera, calcareous algae,
Mollusca, Echinddermata, sponges, Bryozoa, etc. are the
construction materials of a coral island. Other and non-cal-
careous matter is extraneous. Fumice, however, is found in
all coral islands, and will not be brought under discussion
here, .
"a, Basalt gravel, in part intercalated in limeétone,
has bzen found on an isolated reef on Truk Almost Atoll and
at a few localities on outer reefs.

"o, Liparite gravels, scattered locally on the Jaluit
Coast and Utwa Coast of Kusaie, are apparently from ballast
washed ashore from wrecked vessels.

"c, Boulders of crystalline schist are present on Pakin
Atcll and granite, quartzite, and andesite boulders on Merir
Table Reef,

"d, One pebble cof crystalline schist and two pebbles
of basalt gravels are included in limestone (Younger Raised
Coral Reef Limestone) on Etal Atoll,

"e, The phosphatic reddish brown clay intercalated in
the cay sandstone (Younger Raised Coral Reef Limestone) of
Gaferut Island has already been mentioned. The analysis is
ag follows: '

3.28 48,97 3.7 2,50  19.35%

"f, Beach sands on the lagoon shore of Marugal (coral
islet) on Mille Atoll contain substantial amounts of mag-
netite and amphibole, Conditions of deposition rule cut
transportation by man or by wave action...."

An unpublished observation by F. R. Fosberg may also be added here:
In October 1953, a worn boulder, over a foot long, seemingly of very
light gray granite, waw observed on Wake Islet, Wake Atoll. On inquiry of
residents of the atoll, it turned out that this was brought by a Japanese
party a year or so earlier, to mark a grave of Japansse soldiers killed
there during the war,

During the U, S, Commercial Company's Economic Survey of Micronesia
in 1946 the late Dr. Josiah Bridge found pumice on Nukuoro Atoll, south
central Carolines. Details of this occurrence are not available,

In the summer of 1954, pumice was found on Kapingamarangi Atoll by
members of the Pacific Science Beoard Expedition. Both light gray and black
pumice are abundant on the back shore beaches of most islets, occasionally
forming pure pumice layers, Details of occurrence and chemical analyses

will appear in a later report by ldwin D, McKee who kindly provided the
above information,
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Of the specimens of pumice collected in the Marshall Islands by
F. R, Fosberg in 1951~1952 (see p. 2 of this paper), some were submitted
for quantitative spectrographic analysis for specified minor elements
to the Geochemistry and Petrology Branch of the U. 3. Geological Survey.

The specimens were as follows:-

Field no, 242: A white punice from Jepo:Island

243: A dark fine pumice from Jemo e

2hiys A black scoriacecus pumice from.-Jdemo ™ *

245: A pale gray fine pumice from Yjae Atoll.

246: A gray pumlce from Ujélang Atoll -

247 A gray. pumice’ “From Ujelang Atoll

- 2487 A'gray pumice from Wobtho Atoll
249: A gray pumice from Pokak_ﬁtgll S
Field no,  Cu Myt Gl Fe B % Loss cn igiition

242 0009 .1 0009 3.3 0 " 2.2
243 L003 .2 002 7.7 0 1,0~
244 009 L1 002 5.3 L0471
246 002 .09 001 3,6 0 3.4
247 .003 1 001 3.5 0 L6
248 001,10 2.9 ©.002 bl
249 001 .1 0 3.4 002 L.1

A1) samples were ignited at 900°C for 15 minutes, The following

elements were not detected in any of the samples: Mo, Zn, P
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