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Introduction - i.,; ; 

. . . .  . . . . . .  . . .  . . . . .  . . 
: . .  .> . ,. . 

.. "Every square inch of land in  the  a t o l l  i s  ooral. ,...," Wood- 
Jones, (1910, p , 5 7 ) .  Sta-L-ements similar t o  'tKi,s, varying only in t h e i r  

' . oolorfulness,,,accuracy, or  de t a i l ,  together With variou.s. generalizations t o  
the e f f ec t  t ha t a to l l s : . a r e  hlade up en t i r e ly  of :or2anic limestone, are  . . 
abundant through the: litera-Dure - of coral  islauds; ' in diar ies ,  adventure 
s tor ies ,  m d  so ien t i f ic  reports; and within aer ta ip  l i m i t s  such statements 

. . . . .  , .. . . . . . . . . . . . .  . . ,.: %re t rue  ..,:i: ... : ,: . .  , 
, . .  

. , .  . 
. .: The 'presence on a t o l l s  of volcaniorocks such a s  pumice and . . . . .  

b a s a l t ,  a s  well a s  volcanic SoiXs;. has &roused much cur ios i ty  and in te res t .  
. . . .  . . 

The most conspicuous and abundant foreign rock i s  pumice. Examina- 
t ion  of the l i t e r a t u r e  reveals i t s  .prbs~noe in widely separated islands and 
shows i t s  importance a s  a "natural resource'.'' We w i l l  f i r s t ,  c i t e  available 

: 

information on pumioe, i.ts occurreace, uses, sj:gnif ioance, and complete 
t h i s  record with mention of other extraneous materials. For the  purposes 
of t h i s  review, pwice  i s  taken t o  meaa volcanic e jeota  t h a t  are  oesicular  
and ligint enough- to' f l oa t .  Thk awbhor i s  aware tha t  rookg of s ignif icant-  

. l y  dffferent ts-xture and .chemical composition may be included, and- tha t  the 
petl 'ologist might desire..:further- restriction of .the t e p i ,  which Ss. impractic- . ' . . . . . . . .  

. . . . . . . . . .  a1 here. 
. . . . .  . . 

. . Geographic d i s t r ibk t ion  
. . 

.. ..:Seurat '(1903,p. 61, who spent m a y  months in the remote Tuqo tu  
, , ~ ' i o l l s a n d  the neighboring Gambier .Islands, r e p o r t s t h e  presence of small 

'pieces .of pumice on the. beaches of South Marutea, one of the east .e&os~ 
' a t o l l s  of the Pacif ic .  Pumioe i s  not  often reported from the Tu&.otus,, 

and i s  indeed probably not as  common t h e r e  a s  i n  various central  Pac i f ic  
groups of a t o l l s ;  however, the l i t e r a t u r e  an t h i s  immense archipelago i s  

. . especial ly  poor and inadequate. 

Cn the contrary, pumice i s  reported by many o%sorvere in  many 
d i f fe ren t  islands in the central  Pacif ic  and i n  the  Iviicronesian Atolls .  

Van Zwaiuwenburg (1941, p. 15)  found.- it okkanton island, and., , 
W .  A. Dixon (i877, p. 165) said it was abundant'on'~1dalden Island. I n  1862, 
'W.'W. G i l l ,  a missionary, was col lect ing idols  on Pukapuka (Cook Is lands)  
and wrote (1876, p. 60): "One old man was oarrying what seemed t o  be - a  
large lump of coal with evident ease. . .This -'tGrnedout t o  be pimica: stone 

. . 
blackened by iong exposure t o  ra in-and wind?" This piece was deposited.by . . .  
G i l l  in the museum of the University.of sydney; 

. . . . . .  . . .  . , .?. , 
. . . . . : . . . . . . . . .  . . .  . . , . . : - .  

. . .  . . . .  . . . . .  . . . . 
1 .  . . 
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The U. S. Exploring Exnedition (183G-42) observed pumice i n  several 
of t he  many a t o l l s  v i s i ted .  Dana (1549, p. 77) mentions it on Fakaafo and 
Howland. Of the l a t t e r  he say6 t i a t  b i t s  pf pumice and pieces of driftwood 
a re  scattered a l l  over the i s land ' s  surfa.cer 

The abundance of t h i s  pumice a t  times is extraordinary. Nhitmee 
(1878, p. 108) wrote t h a t  in tha t  year, ships met great  quant i t ies  of it in 
the vioinj-ty of the El l iae  group, and quoted newspaper accounts t o  t h i s  
effect .  lie added: "... the  shores of a l l  the  E l l i ce  Islands a r e  thiok wi th  
it. Hundreds of tons have been t l i rcm up on each island." An interest ing 
note here i s t h t l t  the pmice  wimn f i r s t  observed (April 1878) was f r ee  of 
sea-weeds and barnacles, but these were coticeable by June. 

. . 
.&other important record of pumice in the E l l i ce  Islands i s  t h a t  

of Hedley (10.96, 5. 16 )  from Funafuti: "E$e.r,phere mall pieces of pumice 
the size of a walnut might .be collecked on the .bahI%es .  The natives say 
t h a t  a few years ago muoh pw.ice erne ashore, coinoident with which the 
f i s h  fromwithout the  lagoon became unf i t  f o r  food." 

. Finsch (1914, p i  43) says t h a t  he himself saw great  quant i t ies  of 
pumice on the strznd at  Butar i ta r i ,  Gilbert Islands. P. E. Cloud, Jr. 
(1952, p. 21) observed and collected it on Oaotoa in the  same group" 

. . 
. . . 

There a r e  few records of tb.e presance of pumioe in the Narshall 
~ s l a n d s .  Cne of these i s  by Chanisso (1621, p. 156), one of the most 
g i f ted  and versati1.e na tu ra l i s t s  t o  v i s i t  Pacif ic  a t o l l s .  Another reference 
is by Orunde~r~ann (1887, po  442) on Ailuk. S t i l l  another i s  by Stone (1951, 
p, 2) on Arno Atoll.  It i s  quite possibl.e t h a t  pitnioe does not  reach these 
isl.ands a s  often or a s  abundantly as it does the Gilbert or  E l l ice  Islands.  
However it i s  ?resent now in the Marshall I s la r~ds ,  wid F,  K. Fosberg 
observed it in 1951-52 (unpublished) during the blorthern Marshs.11 Islands 
Expedition. During t h i s  in?estige.tion pumice of several d i s t i n c t  sor t s  
was noted, and speokens were collected on Pokak, Utirik,  Ailuk, Jemo,. 
Kwajalein, Ujae, Totho, and Ujelang a t o l l s .  I t  v i m  ordinar i ly  found a s  
scattared pebbles, usually w a l l ,  but larger pieces up t o  the s ize  of man's 
head a l so  were seen. It occurred in greatest  quant i t ies  inland on the sur- 
face of the ground on Kirinpan I s l e t ,  iJjelang, and on Ebeju I s l e t ,  Ujae. 
On Ebeju perhaps a bushel could have been gathered in ar. area  20 meters 
square. This was a local ized occurrenoe, though; other simil.ar areas have 
l i t t l e  or  no pumice. Nuoh smaller amounts were scattered on the beaches, 
as  on Jemo, above the normal wave mark; and i n  several places where dunes 
and sand s p i t s  were being cut  away by wind or waves, buried pieces were 
exposed. 

The only record of pumice in  the Caroline a t o l l s  i s  from Kayangel 
Atoll,  Palau (Cloud, personal comunica.l;ion, 1953)efiut see  Addenda, p.2$. 

Several records of the  presence of pumioe a re  available from Laysan 
Island, one of the northernmost a t o l l s  in the  world. H. H. Schauinsland, 
who spent 3 months on t h i s  islcad in 1896, observed hard seeds, nuts, masses 
of resin,  and rounded pieces of pumice / r ' ~ h s t e i n ~  i n  t he  abundant p i l e s  
of b i rd  droppings (Schauinsland, 1899, p. 20). In  an appendix (p. 89) he 
enlarged on the subject and noted t h a t  he did not f ind  any pumice on the 
s t rand during h i s  sojourn, but t h a t  it was always present in the center of 



the  island, pa r t l y  on the surface, and par t ly  in the guano p i t s .  An 
in te res t ing  sequel t o  t h i s  report i s  found in the  journal of blunro (1946, 
p. 43). Quoting from h i s  journal on Laysan (June 20, 1891) he writes: "On 
the  dry surface of the lagoon there  are l o t s  of small pieces of pumice," 
but adds, "evidently t h i s  was cu t t l e f i sh  bone disgorged by birds." He 
reports  f inding pieces of c u t t l e f i s h  bone in the gizzards of young alba- 
t rosses  and other birds. 

It would seem t h a t  the two observers may have seen and reported 
the  same thing. It i s  interest ing t o  note t h a t  they both believed it t o  be 
pumioe a t  the  time. Since we have no idea what regurgitated ou t t le f i sh  
bone may look l ike ,  it seems d i f f i c u l t  t o  s e t t l e  the question a t  t h i s  point. 
It i s  urfortunate t h a t  no one thougMof bringing back a b i t  of the material. 
However, it i s  quite possible t h a t  M r .  Munro should not  have dis t rusted h i s  
1891 observations and t h a t  both he and Schauinsland did observe pumice 
scat tered on Laysan. The f a c t  t ha t  some of it had gone through the alba- 
t rosse  st stomachs does not necessari ly mean tha t  it was not pumice. 
Schauinsland (1899, pp. 20, 89) remarked tha t  these birds  w i l l  s~.vallow any- 
th ing  and t h a t  they may pick up the rounded pebbles intent ional ly  "to help 
t h e i r  digestion." 

Nuch l a t e r  ( i n  1912) Elsclmer v i s i t ed  the Leeward I%waiian Islands 
and recorded (1915, p. 35) pumice on Laysan, Pearl  and Hermes F.eef, Lisianski, 
and Dniiway. 

One of tho most int r iguing observations of pumice is  t h a t  made a t  
t he  time of the v i s i t  of the  Austrian ship Fovara in  1858, t o  the a t o l l  of 
Sikaiara or  Stewart Island. Both Scherzer (1862, p. 607) in thel'Narrative" 
of the  voyage, and Hochstetter (1866, pp. 157-158) in the "Geology," men- 
t i o n  the abundance of pumioe on Faule, one of the  two la rger  i s l e t s  of the 
a t o l l .  Hochstetter pointed out t h a t  the pumice was "f inely porous and brown, 
and f l o a t s  on water." Trying t o  ascer ta in  the thickness of the pumice beds, 
Hochstetter examined the s ides  of a water-hole about 18 f e e t  i n  diameter, 
found in the middle of the  forest .  The rims of the hole were of "compact 
coral  conglomerate," and the pumice l ay  a l l  around but only superficially,  
i n  t he  hmus layer  covering the ooral  rock. 

Guppy (1887, p. 140) mentions t ha t  during the surveying voyage 
of t he  "Fly" much pumice was found i n  various places along the eastern coast 
of Australia. This is reported by Jukes (1647) in h i s  narrat ive of the  
voyage. The "Fly" v i s i t ed  a low ooral islend, Raine I s l e t ,  and Jukes 
(1847, p. 128) observed pumioe there, embedded in the ooral  sandstone form- 
ing the island, 

Beyond Australia, westward i n  the Indian Ocean, we find pumice 
recorded i n  the Cooos-Keeling Islands by several  authors. The e a r l i e s t  
such reference i s  by Keating (1840, p. 378) who said: "Large quant i t ies  
of pumice-stone have been found on a l l  the islands." Later pmioe was 
recorded by Guppy (1889, pp. 284-28?), who spent t en  weeks on Cooos-Keeling 
in 1888, and by Wood-Jones (1910, pp. 170-171), who l ived  f o r  f i f t e e n  
months on the main a t o l l  as a dootor and included h i s  observations in h i s  
book "Coral and Atolls. " 

Further west we have reoords of pumioe from the Chagos Archipelago: 
Xoresby (1844, p. 309) wrote: %lasses of pumice-stone are  oonstantly found 



-4- 
, '  

on the  beach of the islands, . ...' One'.' $iece i n  Captain Moresby's posses- 
: sion, measures 37 by 27 inches,and 8 lbs. 1 2  02." Finsch (1887, 

' . p. 42) and Wilson (1889, p. 144) observed pumice in  1884 on the beaches of 
Diego Garcia in the same group. 

The l a s t  region i n  the  Indian Ocean from which we have records 
of pumioe i s  t h a t  of the long c h a b  of a t o l i s  of the Maldive and Laocadive 
archipelagoes, Because. of the!-r proximity t o  India, of the ao t iv i ty  of ' 

the  Br i t i sh  c i v i l  servants, Navy of f  icers ,  and na tura l i s t s ,  and b e c a ~ s e  
several great sq ie r i t i f i c  expeditions studied these islands, we have more 
information on thavlthan on most a t o l l s ,  and those scat tered in time. 

I n  1892-94, s: party on t h e  ship "Investigator" surveyed the 
Laccadives, and Albock (1902, p. 1751, a na tu ra l i s t  on the 1892 campaign, 
reports t h a t  two of , t he  ship's  o f f i ce r s  discovered a bed of pumice a l i t t l e  
inland of the  north eud of Cardammi (Kardam8.t) Island. Unfortunately, he 
did not hear of it u n t i l  the ship had steamed away. Oldham (1895, pp. 6-7) 
mentions t h i s  occurrence and seems t o  imply t h a t  he himself saw t h i s  pumice 
bed, but apparently a t  a l a t e r  date. "The northern point of the island i s  
formed by a s p i t  of sand on whiah I found a q ~ e t i t y  of pumice,. extending 
inland f o r  about f i f t y  yards from the  extreine point; it i s  strewn a l l  over 
the  ,surface, and var ies  in s ize  from a marble t o  half  a foo t  @ diameter." 
The "1nves~tSgator" par ty  a lso found pmioe pebbles on the bo-kbom of the  Bay 
of Bengal (Aloock, 1902, p. 153). . . . . 

. . . . . . 

. E l l i s  (J924, p. 9) recorded pumice from the Laccadives. , I n  1899- 
1900, J. S. ~a.r&,iner v i s i ted  the Maldives, Miniooy, and ,tne hcoad ims ,  
and w 3 t h  h i s  two~.assooiate s, gathered vast  mounts of irif;o&ation and ex- 
tensive zoological and botanioal collections.  The resu$ts f o r  the main 
par t  were included i n  two Large volumes published i n  1901 t o  1906. Gardiner 
(1906, pr 582) found pmice on many of t he  a t o l l s .  I n  another paper 
(Wi l l i s  and Gardiner, 1901, p, 113) Gardiner mentions f inding a l i t t l e  
pumioe among foraminifera1 sand on Euleie Island, Male Atoll.  Soon a f t e r  
Gardiner, A!.exander 9gassizvisi . ted the Maldives (1901-02) and published 
h i s  account, acccmpanied by a volume of valuable photograwhs (1903 b). He 
recorded (op. 63, 69) tne presence of abundant windrows of prmice on the 
beaches of two a t o l l s ,  South Malosmadulu (Embudu islet) and North Xalos- 
madulu (Uedu I s l e t ) .  

,. ' . 

... The. l a t e s t  information o n  pumioe i n  the  'wialdives was oollected~..:,. 
during ,.tits. John Nurray Expedition of 1933-34 and i s  recorded i n  Sewell' s 
acoou&s. On Ilorsburgh Atol l  (Sewell, 1936 b, p. 116) l i nes  of small 
pumice fragments were observed on the sandy sea beach o f .  Goidu I s l e t .  

. . .  . :. . . 
. ,.:On Addu   toll (Sewell, 1936 a pp. 77, 79, 82) pumice occurred on 

seoer&of . . . .. the  i s l e t s  (Putali ,  Nulikadu, Naradu) inland from the sandy 
lagoon. beaches.. .: On. Puta l i  (p. 77) "Rwning along the whole length of t he  
northern par t  af the  island, about 10 yards t o  the eas t  of the ateep bank 
tha t  no8 forms the ea s t  bank of the  lakes Lrelongated ponds running polrallel 
t o  the  lagoon edgeJ there i s  a well-marked l i n e  of rounded, water-worn 
pieces of pumice." Sewell goes on t o  quote Gardinerrs and Oldham's observa- 
t ions,  and concludes that t h i s  pumice must come from Krakatau: " i f  t h i s  be 
so, then since 1885 or  thereabouts the inner beach of the island has ad- 
vanced towards the lagoon by some 1 0  yards, and sand s p i t s  have been b u i l t  
cut  in to  the lagoon and have cut off the  lake . ,. . I t  



No records were found of the occurrence of pumice on the Western 
Inrlia'rl Ocean a to l l s .  

Very l i t t l e  in fo ,mat ion ' i s  a-vailable on the a t o l l s  and l a v  coral  
islands of the Gulf of Nexico'al?d t h e  Caribbean Sea, and there are  no .  . 

records of pumice on them.. .   o ow ever, . .  . in t h i s  oonnection, it i s  in te res t ing  
t o  note t h a t  Guppy (1917, p. 6).melsttions pumice pebbles found i n  beach 
d r i f t  i n  . the . West Indies. 

. . 

Probable or igin  and 'mwispor't 

Although the ocbur~ence of pwiice on coral. a t o l l s  h a s ,  a t  times, 
great ly  puzzled tiie observers -- especial ly  when found f a r  inland on the 
i s l e t s  -- it has been generally accepted w;.thout argument t ha t  the pumice 
had been f loated by the ooean a f t e r  eruptions' o f  distaink volcanoes, carr ied 
about by currents, and deposited on:the beaches of i o w  islands , i n  the  same 
manner a s  other d r i f t  material.. 

Elschner (1915, pp. 35-36) w o t e :  

'We can produce tvo sources of t h i s  pumice i n  the  . . 

l a s t  decades. Tha Sunda Straigli* sustained groat changes 
a t  tha time of the  eruption of the volcano Krakatoa, a s  
imtnense quant i t ies  of pumice stone were thrown out, whioh 
were then washed asbore on tho reefs  and beachesof the 
d i f fe ren t  coral  islands i n  the  oentral  PacificOcean; for  
inst'ance, cn Nauru, a l l  over the lv1arsI:all Islands. and the 
MortAock a to l l s ,  etc., a l so  in the  northern par t  of the 
Pacif i c y  pumice stone pieces, even though small quanti t ies,  
were found d r i f t i n g  and washed ashore. 

"In the year 1906 ...,, Captain Schlemmer a t  t h a t  
time in charge of the  phosphate works on Laysan Islanc? 
(which have since ceased t o  e x i s t )  mentioned ia his  diary 
tha t  he observed tha t  a quake 'Jas t o  be f e l t  and on the 
following days the sea was f u l l  of d r i f t i n g  pumice stone 
pieces. On h i s  t r i p  from Laysan Island t o  Honolulu he 
observed these pumice stone pieces a s  f a r  a s  i n  the neigh- 
borhood of the  main group near Kauai. 

"4p earance inland d----- 
Seabirds, especial ly  f r i g s t e  birds, during t h e i r  

f l i g h t ,  pick up f loa t ing  p a r t i c l e s  on %he water w.d swallow 
them, so t h a t  the   discover:^ of the pumice stone i n  the i n t e r io r  
of tiie island i s  t o  be expiaj led on the pr incipal  t ha t  un- 
doubtedly the b i rds  vomited these pieces. 

. . "The appearanoeof pumice stone in t h i s  neighborhood 
,in March and April, 1906, is interesting; it documents 
the  l a s t  t r aces  of volcanic ac t iv i ty ,  ;'lhich formerly were 

, . , here o f  an imposing degree. A t  the  mentioned time erup- 
t ions  of the  Hawaiian volcanoes d3.d not take place. and 
the occurrence of d r i f t i ng  stone, l imited t o  t h i s  pa r t  of 
the group, was therefore of a loca l  nature, t h a t  i s ,  it 
most probably was caused by a quake of the ocean bottom 
i n  t h i s  neighborhood." 



Yamanari (1935, ,p. 17) report's t ha t  a f t e r  the eruption of a 
submarine voloano i n  1934, large $ e l l t i t i e  s, of p.m5&-drifted around in 
the sedsnear  the Einmi-4atsuma isl&:nds. 

. . ! ~ . .  . .. .. . . .  .. . . 
The great quant i t ies  of pumice found on'~ik.ka.ana are perhaps. . , 

' 

more eas i ly  explained than i f  they occurred in the Tuamotus, f o r  exainple. 
SiFaiana, ,a seldom described a t ~ l ? ? , ~ . l i e s  'near many volcanoes, those of 
Eew BBrtain;the Solomon Islands, and the ~ a n t a  Crwz Islands, t o  mention 
theneare$$.ones. Whiohever of' these the p v i o e . , o q e  from, it did not 
have, t o  t r ave l  very f a r  and oould .W throwfl qp on, the islands when 
great  qu&ticies af it were s t i l l  . .  . .  .float5ng , tog&tbe2r, before being scattered 
over greater expanses of the  sea, . . . : 

. .  . . . .  . . 

The question of how f a r  and how lope; (p&ce can f l o a t  was tairen 
up by 11. B. Guppy. Ee was fascinated by the fac tors  responsible f o r  the 
dispersal  of plants;  therefore he t6ok g r e a t  in te res t  in the study of ' d r i f t  
material  and wrote two books on the sv.b?bject. In  another of h i s  works 
(Guppy, 1887, pp. 137-144); he devot66.a whole chapter t o  the d r i f t i n g  of 
pumice quo tbg  many of the .$ourcesmerrt;ionedhere and. giving much informa- 
t i o n  on .@e presence of puniice on high- island b@ch6's"alid- at. sea. . . .  . . . . < : 

~ . .  . "The pwice  ejected during the volc&ic outbreak a t  
Blanche Bay i n  New Bri ta in  in Nay,. 1.878, &iscarr ied eas t -  
ward by the dr i f t -currents ,  and 1i teral lydeSuged the shores 
of the Solomon Group, both impeding. nav iga ton:  ,. . .  and 'Cenlporarily 
suspending the beche-de-mer f ishery , . . . sr. Wilfred Powell, 
who was present a t  the time of the eruptfon 'ui Ne+riBritain, 
s t a t e s  t ha t  Blanche Bay and a great par t  of St.' Geor-gels 
Channel were so th ick ly  covered with pumice t h a t  it was im- 
possible. for-, a .  boat or  even a vessel t o  work i t s  way through . . . . 

. . - .  
, . . . 

"Several agencies a s s i s t  i n  t he  dispersion of'  a .  f i e ld  
of f loa t ing  p&ice. I n  the  f i r s t  plaoe, the t r i t u r a t i o n  or  
wear and t e a r  of t he  f r a g e n t s ,  a process by which :tney soon 
obkain tho form of rounded pebbles, considerably reduces . . 
t h e i r  s ize  . .. . In  the oourse of time the &in& and waves 
scat ter  the f loa t ing  fragments, and arrangeYthem in long 
streaks a mile or more in length and..goqe 25 o r  30 yards i n  
width .... Final ly  .... s o l i t a r y  fragments 'are scat tered 
over the s u r f a S , o f  the  ocean.ivhere they may f l o a t  f o r  me.ny 
years Wi8 t h e i r  sodden condition causes them to.: sink. It 
is not  unusual to' f ind in the tow-net in tins mid-Pacif i c  a 
so l i t a ry  stone, vihioh has bebome so sodden t h a t  it has not 
suff ic ient  :buoyancy t o  f l o a t  i n  f resh  water. , . 

. . 

"The length. of time t h a t  pupice w i l l  f l o a t  i n  sea-water 
is a matter t h a t  bears on the d i s t r ibu t ion  of t h i s  material  
over the various oceans. ' Judging  from an experiment I made 
i n  the Western Pmif id ,  pumice may f l o a t  f o r  several  years 
before it becomes suff i c i e a t l y  sodden.. t o  s i n k  t o  the bottom. 
I kept f l o a t N g  i n  seawater f o r  two yearsand  'nine months 
three rounded pieces of andes i t i c  pumice,' which I or ig ina l ly  
obtained in the tow-net whilse. cruising i n  the  Solomon Islands. 
Although they had evidently been a long time i n  the water before 



I got them, since they f loa ted  heavily and had the discolored 
appeaaance of old drift-pumice, the only evident a l t e r a t ion  
in t h e i r  buoyancy produced by my experiment was tha t  one 
piece which floated in fresh-water, when I f i r s t  obtained it, 
now sank . ... I1 

The or ig in  of the great  amounts of pumice found on Cocos-Keeling 
Atoll  was a l so  discussed a t  length by Guppy (1889, pp. 284-28618 

"I shel l  re fe r  more than  onoe in these papers t o  the 
par t  which the pumice derived from the great Krakatoa erup- 
t ion  of 1883 has taken i n  reclaiming land from lagoon. hiarrow 
i n l e t s  have been obl i te ra ted  and the shallow water around the 
lagoon has been in places f i l l e d  up by f i e l d s  of f loa t ing  
pumice t h a t  d r i f ted  inside the  reefs .  The Krakatoa pumice, 
readi ly  known by i t s  white and fresh appearance and i t s  un- 
sodden texture,  i s  t o  be found a t  present in great quanti ty 
on the beaches .... but there is another kind of t h i s  material, 
apparently elsewhere derived, though of somewhat similar com- 
position, whioh i s  found inside the raised weather margins of 
the islands, and extends f o r  some 20 paces or  more amongst 
the t rees .  It i s  of much greater age; and whilst  i t s  outer 
surfsce i s  darkened by weathering, i t s  in te r ior  i s  often 
sodden and half-rotten. There i s  a lso a black and heavier 
pumice, formed of a more basic lava, which i s  known ( r igh t ly  
or  wrong1;r) amongst the  res idents  a s  the Tomboro pumice, and 
i s  found amidst the vegetation 15-20 paces in from the weather 
beaches. It varies in s ize  from a walnut t o  a cooo-nut; and, 
unlike the two felspathic  kinds of pumice above referred to ,  
it withskands decay, so t h a t  although it has been known in  
the island for  half a century and more, i ts internal  substance 
i s  s t i l l  unaltered ,.. . 

'Vherever, in these islands, a layer  of old pumice over- 
l i e s  the sandy s o i l  nesr  t he  beach, an abundance of volcanic 
minerals, especially magnetite, occurs in the so i l .  By means 
of a magaet, a number of f i ne  pa r t i c l e s  of magnetite can be 
collected from a saucer f i l l e d  with the white calcareous sand 
t h a t  is found between the tide-marks upon the  beaches .... 
The loca l  evidence would seem t o  show t h a t  they p h e  grains 
of magnetite with t h e i r  occasicnalLy attached semifused fe ld-  
spar o r y s t a l s ~  are  derived from the &cay of pumice tha t  i s  
stranded in such large quant i t i es  on  he se beaches, especial ly  
since I found them i n  greates t  abundanoe in the sandy s o i l  
underlying an old bed of pumice. Their large mean size, viz ., 
half  a millimetre, and the specific gravity of the mineral, 
would seem t o  favour t h i s  opinion. It should, however, be 
noted t h a t  during the night  f o l h v i n g  the great eruption i n  
the Sunda S t r a i t s ,  some 700 miles away, f ine  pumice dust f e l l  
over the  Cocos-Keeling Islands in such quantity t h a t  on the 
succeeding morning it was found covering the deck of a schooner, 
t h a t  l a y  a t  anchor in  the lagoon, with a layer a quarter of an 
inch deep .... I t  



wood-Jones (1910, in. 170-171) a lso discussed the or igin  of the 
Cocos-Keel+g 'punice : 

"On the  seaward beaches i s  thrown the flotsam and 

. . 
jetsam t h a t  reaches the group from the outside world, 
and one of the principal items,-one t h a t  has i n  many 
places oaused a considerable a l t e r a t ion  in the  character 
of the islands - is pumice. ?he greater par t  of t he  
pumice found in  the group arrived a f t e r  the eruption of 
ICrakatkj being washed up in 1883 in vast  quant i t ies .  

' ~ k , ~ m i c b ,  l i gh t e s t  of a l l  the wre.ck t h a t  the  sea has .. 

piled up, has been carr ied f o r  varying distances i n to  
the island from the seaward beach, and shom, a s  an 
index, t h e ' l i m i t  of surf aat ioq in  the  island building 
tbt: has been' ree.ched in  %westy t h r e e  years. It occurs 
in  great $u&ti$iep a $  rounded' .&a-worn masses, some 
being a f o o t  orn;ore in t h e i r  long. ax is , 'bu t  the major i ty .  
varying from t h e  Size, of marbles t o  t h a t  of c r icke t  balls .  
Besides the Ilrakatua pumice,, which l i e s  t ~ - d a y  mostly on 
the seaward beaches, ar.d f o r  a few paces in to  the island 
i t s e l f ,  there  i s  older pumice which may be found almost 
anywhere in the breadth of the dry land. Pumice has 
been arr iving from somewhere ever since the f i r s t  ap- 
pearance of land in the a t o l l  ring, and has, during the 
period of i t s  stay, undergone much deooaposition. The 
Krakatau pumice i s  almost uniformly grey, and i s  f resh  
and clears: but pumice e x i s t s  f a r  from.the sea t h a t  
has becone impregnated with foreign substances, and i s  
in many places e n t i r e l y  f r agen ted .  The various stages 
of pumice degeneration may be traced from the' sea beach 
t o  the in te r ior  of the island. Some of the pumice has 
never been grey, and rounded blocks of a black and 
oinder-like substance a r e  here and there found in par t s  
of tfie island where pwibe  has been most f r ee ly  washed 
ashore. . This punice does'not a p p e a r t o  belong t o  any 
one par t icu la r  period, for ,  .it is found to-day on the 
beaches, and in the islands,  but i t s  composition where- 
ever found appears t o  be the  same, and, on fracture ,  
i t s  in ternal  par t  i s  always shining and fresh-looking, 
i f  it be picked up on the beach or  f a r  iq the  center of 
an island." 

Wood-Jones, l i ke  Guppy, was interested in plant and animal 
dispersal  ar.d devoted a chapter of h i s  book t o  t h i s  and re la ted subjects, 
In it, he went back t o  the subject of pumice (pp. 290-291) and said of 
Krakatau pumice: "This pumice has  been touring the ocean f o r  over twenty 
years, and s t i l l ,  in the Sunda StraLts, some se t  of current w i l l  send 
whole masses t o  sea, and a ship v ; i l l  s t e m  fo r  half .  an hour through the 
bob'oing white b a l l s  of pumice which are  launched upon an indefinite,  
and an irresponsible journey." O f  the pumice older',:thqn t h a t  a t t r ibu ted  
t o  Krakatau he says: "This i s  most probably the pumic,e, ~s,et a d r i f t  in the 
April of 1615, when the uupara.lleled eruption of Tomboro - the great  
volcano of Smbawa took place." He adds: "The blocks of pumice se t  
a d r i f t  by the eruptions have been navigating the Eastern seas ever 
since . . . . I '  



V i s i t o r s  t o  Diego Garcia, Chagos Archipelago, were undoubtedly 
c o r r e c t  in bel ieving  t h e  pumice t h e y  observed t o  be a product of t h e  1883 
e rup t ion :  ' by a happy coincideaoe, t n o  na . tu ra l i s t s ,  Finsch and Wilson, 
stopped a t  Diego Garcia ( then a coa l ing  s t a t i o n )  in 1884 and published 
t h e i r  observat ions on t h e  a t o l l .  F'iusch, (1887, p. 42) observed pumice 
on t h e  lagoon s t r and  and on t h e  ou te r  shore "in grea t  qu.cntity." Later,  
h i s  sh ip  encountered g rea t  d r i f t i n g  masses of pumice a t  sea. R. F. M. 
Wilson (1889, p. 144) spent  only an  hour on t h e  a t o l l  and mentions 
l a r g e  q u a n t i t i e s  of pumice: "There must be t o n s  of it l y i n g  on t h i s  
beach." A t  sea, he a l s o  observed it, but i n  "wrea"Y:ls." The Nautical 
Magazine in t h e  l a s t  months of 1883 repeatedly  warned i t s  read.ers of t h e  
changes in t h e  Sunda S t r a i t  and s a i d  (p. 852): "In some p a r t s  of t h e  
S t r a i t s  t he  pumice stone i s  7 f t .  t o  8 f t ,  deep." 

Another instance in wnich t h e  source of pumice vias r i g h t l y  
i d e n t i f i e d  a s  Krakatau i s  reported from Ramesvraram Is land,  a t  t h e  north-  
west end of "Adam's Bridge" i n  t h e  Gulf of Marmar, between I n d i a  and 
Ceylon, by Foote (1889, p. 835): 

"As vre walked eastward a long the  beach our a t t e n t i o n  
vias a t t r a c t e d  here  and t h e r e  by tine q u a n t i t y  of pumice stone 
thrown up. Not a ves t ige  of pumice was seen along t h e  beach 
when I v i s i t e d  it i n  1882, but now it abounded, having been 
d r i f t a d  from t h e  straits of Sunda a f t e r  t h e  t e r r i b l e  e rupt ion  
of Krakatao in 1883. The pumice fragments were of a l l  s i zes ,  
from a p i n ' s  head up t o  a c i i i l d ' s  head, and most of them 
showed s igns  of t h e i r  long sea voyage, in t h e  form of in- 
c rus ta t ions  of n u l l i p o r e s  of serpulae o r  of f l u s t r a e  and 
o ther  equa l ly  l o v e l y  polyzoa, toge the r  wi th  serpulae of 
severa l  spec ies .  Many specimens showed a l s o  adherent 
young valves  of a very  p r e t t y  white and crimson s p e c i e s  
of Spondylus. It was impossible no t  t o  be s t ruck  by  
t h e  grea t  =bar of zoological ,  geographical, and 
geological  f a c t s  recorded by these  i n t e r e s t i n g  specimens. It  

O f  t h e  pumice observed i n  t h e  Maldives and Laccadives during 
h i s  expedit ion Gardiner (1906, p. 582) says: "On t h e  shores of many of t h e  
i s l a n d s  the re  a r e  l i n e s  of pumice, which t h e  n a t i v e s  s t a t e  were washed up 
about  1885, and woula hence have probably owed t h e i r  o r i g i n  t o  the  erup- 
t i o n  of Krakatoa in 1883. I n  a d d i t i o n  half-decomposed p m i c e  i s  fouad? 
i n  p laces  a t  some considerable d i s t ance  inland, which ev iden t ly  belonged 
t o  an e a r l i e r  period." E l l i s  (1924, p. 9) in an account of t h e  Laccadives, 
quotes  Gardinerts suggestion thak pumice found in t h e  Maldives came from 
Krakatau, and adds t h a t  in the  Laccadives, l a r g e  beds of pumice were re-  
por ted  a f t e r  1883, "which have nav e n t i r e l y  disappeared. Only s c a t t e r e d  
p i e c e s  much water-worn a r e  now found." Sewell (1956 a, p. 77) a l s o  at- 
t r i b u t e d  t h e  o r i g i n  of t h e  pumice observed on t h e  Maldives t o  t h e  erupt ion  
of Krakatau i n  1883 (see p. 4 of th is  paper).  

The 1883 erupt ion ,  however, desp i t e  i t s  violence and t h e  sensat ion 
it caused, was no t  t h e  only source of puraice found in t h e  Indian  Ocean: 
Moresby (1844, p. 309) found pumice in t h e  Chagos I s l a n d s  when he surveyed 
t h e  archipelago in 1836-37. 
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gost  aWiors  quoted here a t t r i bu t e  tb.e origin of the pumice direot-  
l y  t o  volcanic e rupt , iys .  This  is und~ubted ly~  the uoua: oase, but it 
seems coiiceiviblei thk t  idme of t h i s  mat+&ci..m'ight be launched onto the  
sea by the 'action of 't&i kams underc@tip&'t.hee. slopes. o f  some of the  
numerous oolbanic oo&s found in the  -Pa~Sf i iq :~ . ; ,~~orn~  of thi,s bobbing pumice 
may well  have spent s 'gcbd par t  OP its', 'ik&.!.as par t  of a';-&lceso's d o p e ,  
before being freed and set .  a d r g t  in the' cone's erosion. ' . '. 

~. . . ' ... ..,. 

Lacroi:: (1939:ti, p..'610) disct+3sing the pumice :&lected by Seurat 
in South IVla?utes. (l'uatb'cus) relllarked that t h i s  chemical.-mkeralogia type . '  

of rook was known i n t h e  South Pac i f ic  on ly  from Easter and Tu'cuila Islands 
and suggested an ori.gin f o r  it in  a hy<othetical submar'i8e voloano t h a t  
might have exis%ed.in sorue pa r t  of t h i s  vast region, I t  i s  not c lear  
whether he had in mint an underwater erupt ion or  a cone tha t  extended above ' '  

the  surface and was ;subsequently out away by the waves, but he probably . - . 

meant the l a t t e r .  I n 'my  e ~ ~ e n t ,  it does not seen necessary t o  postulate 
the existenoe of such a volcano, because it is quite possible ' fo r  pumice , , 

t o  f l o a t  from Easter Island o r  elsewhere t o  S. bU8rxbea. 

The p o s s i b i l i t y  should no t  be overlooked tha t  some of t h i s  material, 
fo r  exwple the coarse, blac!rvslriety found by Fosberg h the ~!larshalls., 
might- n.ot b$ pumice a t  a l l  b u t  cl inkers.  from t h e  furnaces of coal-burnirig . . 
shipso Su.ch have beon reportsd. c a i t  'hp'on .the. '&or& of Lake y&c&gan by' 
D r .  Helen Poster and Xu. Gilbert Corwiri (conversation.$, 1.954), This may be 
determined f o r  t h e  i"~a.rshali I s lands  mater ia l  by' fu ture  petrological  studies,  

. . . . .  . . .  . . . . .  . . . !: . . . . . . 
. , Chemical a$ &trologic81 nat$" .: ..: 

. . . . . . 
.... . . . : . . .  ... ..: . . . . . . . . . .  

~n ' obstacle t o .  t h e  di.scussion of t h e  oyi&n o f  $ec.es, of pumice 
found on a t ~ l & ~ , . i & t h e : f a e t  . t h a t .  feW.ha.ve e v e r  been s tudied f o r  t h e i r  
petrological  ch&a$ter and clio.'Rical. compos.ition. , ~ e c e n t  'unpublished analyses 
of such material  , ~ . i - L l .  be found i n  an addendum t o  this 'paper ,  p. 21, 

C . , .  ' 

. Lacroix. based h i s  remarks (1939a). on s e v e ~ a l  :analyses -includirig 
, ' one -by ,r($oult. of South Ma1:utea ~ ~ t e r i a l ,  (Lacroix L928, pp. 44-45. This 
.' i s  as f o i 1 . o ~ ~  :, . ' 

. . . . 

- MgO 

CaO 
. . .  

l$a;Q, 

K2° 

Ti02 

'2'5 

. . 
. , . ..., Percent 

, ., ....... .... ..... 1 69.40 
. . .  



Percent - 
Hz0 (+) ........as.. 1.57 

Lacroix described t h i s  material  ag a rhyol i thic  pumice, "formed of 
volcanic glass with elongated cav i t ies ,  which contain a few hexagonal p la tes  
of b io t i t e"  a s  the only crystalized minarals. He remarked t h a t  i t s  chemical 
composition showed in any case t h a t  it could not be pumice from Krakatau. 
He pointed out a s imi la r i ty  with the trachyte from nearby Pi tcairn  Island, 
suggesting t h a t  the  pumice might not have came from too f a r  away. 

The pumice from Funafuti was examined by Cooksey (1896, p. 77): 

"Pumice Pebbles. -- Pebbles of pumice stone, the la rges t  - --- 
of which resemble a walnut in size, a l l  much water worn and 
rounded, were collected from various places on the outer c i r -  
cumference of the Atoll,  and possibly occur on a l l  of these 
i s l e t s .  They possess a f ibrous texture,  and oontain macro- 
scopic c rys t a l s  of sanidine. The colour varies from l i g h t  t o  
dark grey, one o r  two having a brom o r  greenish tinge. 

"An analysis  of one which was much rounded by a t t r i t i o n ,  
and possasse'd a very l i g h t  grey colour, gave the following 
percentage composition:-- 

Eiygroscopic moisture ...... 
Loss on ignit ion ...... 
Si02 ...... 

...... Fe203 

...... A1203 

CaO . . ....... 
%O ...... 

. . 
, 

*20 ...... 
Na20 ... ... 
'2'3 

. , . . ...... 
, 

t race  
100.96 

"A p a r t i a l  analysis of another pebble of a darker shade 
gave 60.37% of SiOZ." 

Cooksey noted t h a t  the f igures  in  t h i s  analysis agreed very closely with 
r e su l t s  of analyses of material from the 1883 Krakatau eruption but thought 
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t h i s  volcano too f a r  away t o  be .a.,.likely source of the pumice in Funafuti. 
--., , - . .. 

, . .: . ~, 
.:i .I 

In the Gilbert Islands the U. S. i&~:jchl'ork,~ Expeditionlearned tha t  
pumice was gathered by the inhabi t tqts  and pounded up t o  f e r t i l i z e  the s o i l  
of the: t a ro  p i t s ;  in, addition, Wilkes (1849; .vd. .5: p. 81) writes: "the 
coconut t r e e s  are., &qced round;. aa&-pounded, pumice i s  mixed :with the s o i l  
near t h e i ?  soots'.' :.T.h,is stone 'Ys' odl1~cte.d by the women, who, are  frequently 
t o  be seen i n  nmbrs . -o~, t .he~b~acl ies , .  . , . : :  . aftelf westerly winds, 'picking 'it up 

,. . , in small baskets.'' . .; . . , . . :. . . 
, .. 

. , 
Ha?tz,er, a miss i~nb. i -~ (1900, p. 4 3 ) w r i t e s  in a lmos t the  same words,:,. 

and so does 'Xuafie .(..1887, , p l ,  68). Such observations. on the taro-pi ts  have . , ' " 
been made or  quoted by others; 'such a s  hTe.inicke (1863, p. 405) and Finsch . . '  

(1893, p. 52). Gulick ( 1 8 6 2 , ~ .  413) al 'so described the careful  tending 
of the  taro-pit  s but sald'that ' '!sbi& was. brought t o  them in basli'&Ws and 1 
shif ted.  He did s o t  mention pbic:e.  . Probably both were ,@ded t o  the '.., 
various leaves, which were shredded and thrown into the 'pit&;:.. As imi l a r  
instance i s  found in Grundemaiin (1887, p. 442)s ~ccording, to 'hfm; on 
Ailuk in the Marshalls, so i l  and leaves were thrown into the ' p i t . s , a n d  
pumice, when available, was ground up and added. This i s  the oli1.y reoord 
of t h i s  practice in  t he  Marshall Islands. S imi la r ly  Cloud's observation 
of the  use of pumice a s  f e r t i l i z e r  on Kayangel Atol l ,  Palau (personal 
conununication, L953), i s  the only record f o r  the Caroline Islands. 

I n  spi te  of i t s  abundance on the El l ice  Islands, pumioe does not 
seem t o  have been used there a s  in the Gilberts. It might be pointed out 
here t h a t  the Gilbert Islands a r e  the most densely populated of a l l  a t o l l s  
and a t  the same time one of the driest'.&$ most s t e r i l e  of the inhabited 
a t o l l s  and a t  the same time one of the d r i e s t  and most s t e r i l e  of the in- 
habited a t o l l  groups. In  t h i s  connec<ion it i s  noteworthy t h a t  pumioe i s  
used a s  f e r t i l i z e r  in another densely populated group, the  Maldive Islands. 
Gardiner (Willis and Gardiner, 1901, p. 121.) says t h a t  on Suvadiva, plantains 
a r e  grown in p i t s  dug t o  below high t i d e  l eve l  "and on Kondai [islet of 
~uvadivaJ I saw a man put in a basket a pwice  from the beach; t h i s  ap- 
peared on enquiry t o  be a regular custom of the island." . . 

I n  addit ion t o  i t s  role in a t o l l  agriculture,  pumice i s  often used 
on these limestone islands a s  an abrasive, In  the Gilberts, Finsch (1914, 
p. 254) says t ha t  pumioe was used to .pol ish and smooth wood, shel l ,  and 
coral .  In Ujae (Fosberg, unpublished obbervations 1951-52), the  iblarshallese 
ca l led  it by the name "ti lan," and ,they sa id  they used it l i k e  sandpaper. 
A large piece of a black, coarse-grained, hard var ie ty  was seen in use a s  a 
whetstone for  machetes on Bock I s l e t ,  Ujae. . . .  

Ecological significance 

Very l i t t l e  faotual  information is available on the ecological 
significanoe of pumice on a to l l s .  Several authors have discussed it, 
following three main l i n e s  of speoulation: One i s  the  possible role  of 
pumioe in the dissemination of animals from one shore t o  another. Another 
i s  the information . tha t  puniide-has been supposed t o  furnish on ancient shore- 
l ines .  The most important~is'the.:possible. influence of pumioe on the growth 

a . of plants.. 
. . .  



Some of ,the, above-mentioned authors, such as; p i t m e e  and Guppy, 
have sp.oken df 'plebes -of $&ibeincrusted with marine kfiimal's 'such a s  
annelids, ,pirripeds,,,biva&yes. Wood-Jones (1910,. p.. 291), a f t e r  h i s  dis- 
cussion of .the drigin of stranded pumice (see p. 8 of: t h i s  ?aper) added: 
"the blocks o f  ' $mice  ..,. have 'v i s i ted  many shores in the course, of t h e i r  
t rave ls ,  an8 have o.oribt,ituted amighty  f l e e t  of passenger. vessels  f o r  the 
use of Xaturefs colonists." I n  'some cases pumicemajr play a cer ta in  role 
in the dissemination of marine forms, but it seems t h a t  Wood-Jones ex- 
aggerated the "mightiness" of the  e f fec t .  

~ i i ~ p ~ f s  chapter on p,umic$' d r i f t  (i887; ,?p. 137-144). in sp i te  of 
some' h a s t y  and regret table  a s s e r t i o p  (a; footnote on p. 143 says t h a t  
"the t r e e s  of the' center of a coral  2sltit ,gr.oW from seeds e jected by. the  
fruit-Pigeons),.  contains a wealth o f  faats,  &d 'is one of the few com- 
p i l a t i ons  and discussions of t h e  intrig&Tg@oblern of stranded pumice. 
The author attem$s t o  c l k r i f y  %hi ecologio& significance of t h i s m a t e r i a l .  
Unfortunately he had a tendenoy, a t  time a , ,  t o  l e t  h i s  keen observatibns . 

. 
be colored by the theories  dear to. him. ' Thus,' . . . . . . .  h i s  n6tes on the  d i s - ' , .  . . .  

. . 
t r i bu t ion  of purnioe hebbles on i s l e t s  (Guppy, 1 8 8 7 , p .  14 l ) ,  he mix6s 
f a c t s  and assumptions:.' . . . , 

. . .  

. . .  . . . . .  "I sha l l  s u b ~ & ~ u ~ n t l ~  point kt, Chat a s  *e oross a '  
coral i s l e t  from i t s  vieather or newer portion, the' pmice 
pebbles.'become fewer pad more decayed, u n t i l  they f i n a l l y  
disappear in  the leeward o r  oxder par t  of the islet . ,  Such 
a f a c t  proves t h a t  th is .mater ia1,  has not been swepk over . . 
the' surface of t& i s l e t  by a wave, such a s  those '  . . 

which follow ear-bhquakes, but tha t ,  whilst the i s l e t  has . 
. 

. /  
been growing sea-ward with . .: .. the reef in  the course of ages, - 

. . . .  
p;mih'e '.has a t  widely:: d i f fe ren t  times been stranded on i t s  . ... . 
shocis; The 'd&a:~ed: pw&ce pebble, t h a t  n&f l i e s  among . . . .  : . . .  . . .  

. .  the'&-e& in the  'lt&erioi- of the i s l e t ,  remains where the . .  , ... 
: ,eb%in'n'g-tide leYX it long ago. The same explanation i s  a l s o  ' . , .. 

.. ,:. ...... applica%le t o  t h e  $mice pebbles found on coral  i s l e t s  and 
reefs  t h a t  have experienoed s~medegree  of elevation. 
Doubtless the "'gre'at s ea '  WE&" pr,@uce'd, by an earthquake 
has  somet'imes di&rihuted the p~:;io,$,;pebbles lying on the 
beach, over the surfa&i $f the  ,isleti;:  p*t'''if it w i l l .  b$ found,.: 
a s '  I believe, ' t o - b e  &n&$ally: tr.ue;' tha t .  the pebbles gf$ 
fewer and more decayed a's we pro&$ h t o  the in te r ior ,  we 

s must look t o  some other.agendy2%hair t h a t  of the.  "great sea , ' ; ' . -, . . . . . . .  . . . . . . .  
wave." In some ooral  islands ~ ~ h i b h ' a r e  plaoed inunpro tec t - ,  , . . . .  
ed posit ions i n  the  Pacific,  p,$ice p e y ~ l e s  are  found only : . . . .  

in the in te r ior  and not  on. thti; beaoh. It would' seem mos.V 
probable t h a i '  the force o f  t h e  v r i d  'during s t o m s w o u l ~  be 
suff i&nt  t o  sweep the l i g h t  piin$be"pebbles off the-beach 
and 'moi?&t :%hi: bordering vegetation. 

. . . . . . . . .  .. 
. . . " A l l  'the' 'evidence $ 6 e s t o  show t h a t  .in a compar&tively 

dry climate and on porous s o i l  itranditd '$miice iky  r e s l ' s t  f o r  
ages the dis integrat ing e f f  eotg of the atmosp$eric agencies." 

. . .  . . . . . . . . .  .. .. : : . . . . . . . . . . .  . . 
. . ,.., . . . 

,.. 

.. ~uppy  &&s ori t o  describe the distribt&ioi;'6f ' the pebble.s'oq : 
coral  i s l e t s  i n  the Solomons and shows them t o b e  fewer and.more debom- 



posed toward the in te r ior ,  disappearing eventually on the l e e  side. 
'i . ' 

"Those obtained within 20 or 30. paces from the beach . , .  . . 
f loa ted  buoyantly in the sea, but out o f  those found a t  . . . . :I: . . 
distances greater  then 100 ywds, more than half sank. The' , . 

pumice pebbles fur thes t  from the beach werq: evidently of . .  . '  ' . ' . 

greater age and had been exposed f o r  a longer time t o  the .  
wet." . . .  . 

No doubt, on cer ta in  islarids -- possibly on some of those,exmined 
by Guppy -- older pumice brought by one of the ;variously cause& . . "great . . 
waves'', which may a t .  tjmes comple.i;ely oover low. coral  i s l e t s , '  i s  'Sar t ly  
removed from t h e  beaohes by subsequent l e s s e r  storms and l a t e r  happens 
t o  be.surrounded by younger pumice, l e f t  stranded in windrows by t h e ,  
ordinary. t i d e w  (See quotation of Gardiner on p. 9 of t h i s  paper). This 
does not  necessar i ly  meen tha t  t h e  i s l e t  has beeome larger ,  offering more 
space f o r  new pumice.. The contours and t o t a l  area of i s l e t s  do change of 

'course, and i f  an islet 'bscame la rger ,  it might befrom i t s  seaward side, 
but the aspect and distribu6idn of pmice a r e  not suf f ic ien t  t o  permit 
a reconstruction of the  change. However, in  cer ta in  special locations 
and when other evJ&n5.e g a v a i l a b i 3  pumice pebbles arranged in  l ines ,  
wel l  inland, may indicate a change ul shore&,$ne. ..Stode (1951, p, 2). 
writ ing of Aiino Atoll ,  ~ & r s h a l l  Islands, says "The.. progressive widening 
of krno Island, although now slow, i s  known t o  the.pBople there because 
inland and 2a ra l l e l  with the beach they f ind rows of pumice pebbles, such 
a s  occur along the present beach." (See a l so  quotation of ~ e w e l l  o n  p. 18 

.., ... 
of t h i s  paper). . . 

... 

That Guppy does &t r$al.iie the  t rue  re la t ionship betikeei topo- 
graphy of an i s l e t ,  soil 'and vegetation i s  vrell shown in. h i s  next topic:  
He assumes (Guppy, 1887, p. 143). t h a t  s o i l  gets  t h i c k e r  and r icher  from 
seaward t o  lee  side of  a n i s l &  because "we pass . . . from i t s  newest. t o  
i t s  oldest  portion" and ' t ierefora  p y h e  has had more time t o  form s o i l ,  
has been completely deco~nposed,:and indeed, cannotbe  foundanymore on the 
lee  sibe. Actually there  G a y  ue%r 'have been a s  muoh puIuice in the:center 
and on the lee  side of t h i s ' i s i e t  'as on the seaward sidei.-:Vegetation does 
change a s  one goes from seawkira t o t h e  more protected sid&;bf the i s l e t ,  
but t h i s  change is brought about by the topography and $tr'ucture of the 
i s l e t  and the diminution b't& e f f e c t s  of wave, wind, spray, i t c .  The 
vegetation in turn,  togetherXwith these same factors ,  determines the vari- 
a t i on  in the abundance of so i l ,  which i s  indeed:often thieker  in the 
center, or  toward the l e e  side of an island, o r  the lagoon side of an 
a t o l l  i .s let .  But t h i s  zonation of s o i l  and vegetation i s  qui te  inde- 
pendent of the presence of pumice. It i s  possible, of cjoursq, t h a t  given 
a uniform pumice layer  over an i s l e t  t o  begin with, the'.~?pi&iee might de- 
compose somewhat f a s t e r  near the center of the  i s l e t  than on 'the sealyard 
side, because a thicker  and f a s t e r  formifig s o i l  and humus i a y b  in t h i s  
center would provide a greater abundance of the substances t ha t  cause t h e  
decompos it ion of the pumice pebbles. . . 

. . 

While Guppy t r i e d  t o  prove the benef ic ia l  influence of p i i o e '  Gn 
the vegetation of a coral  i s l e t ,  other authors took it quite f o r  granted. 
Scherzer (1862, p. 607) says: 



"Another geological pecul ia r i ty  i s  the ocourrence of 
heaps of pumice-stone. These are found arbout the s ize  of 
walnuts over the en t i re  in te r ior  of paole- a t  those p l a c e s  
vrhich t @ e  swell b f  the-wavescannot reach even in tha storn- 
i e s t  weather, where they ocour in such immense' quant i t ies  
(though thore. a r e  no t races  ~f them on the  sand or  shingle 
of t he  actual  beach):that we may take f o r  granted t h a t  the 
convulsion which brought then here mst have occurred in 
times, long gone by, the more. so a s  thissuperposed pumico- 
stone exercises a marked and obvious influence. upon the 
vegetation of the island. So f a r  as  i t s . s o i l  consis ts  of 
heaps of fragnlents of coral and mussel-shells, the cocoa- 
nut palm reigns alinost alone, where8.s a s  soon a s  the pumice- 
stone region i s  readked, there  begins an exceedingly luxur- 
i an t  growth of l o f t y  f o ~ e s t  t r e e s  with huge trunks and 
umbrageous fol iage,  and a? astonishing abundant f l o r a  of 
species a p ~ a r e n t l y  peculiar t o  these Atoll  ~ s l a n p  

This correlation of vegotafion with substratum, a l so  nentioned ' . 

by Hcohstetter, may be sov.ewf:at i l lusory,  since the coconut palms were 
probably planted by the na-tives i n  a r ing  around the i s l e t ,  and , the  luxur- 
iance of t h e  mixed fo re s t ,  which includes breadfrui t  t rees ,  i s  hot too 
unusual i n  a vqry ve t  a t o l l  such a s  Sikaiana. Yet the observations by 
Scherzer ahd' Hochstetter are 'very interesting.  I twou ld  cer ta inly be 
worth~vhile t o  find ,out now, alinost 200 years l a t e r ,  what the s o i l  of 
Faule Is le% i s  l i k e  and whether any t r aces  remain of the  abundant pumice 
layer observed by the na tu ra l i s t s  of the  "Novara." 

Other nonoalcareous rooks 
. . 

iTaricus extraneous mater ia ls  other.  than pumice are  found on a t o l l s :  
these a r e  various stones, muds, etc. ,  found among the roots  of d r i f t  t rees ,  
or  supposedly brought by them, other pieces of rock o r  even masses of coal 
o r  s o i l  imported by men f o r  various. reasons, and f i n a l l y  the mysterious 
"basalt blocks" described from various i s l a n b .  . . 

The l a t t e r  are of special i n t e r e s t  on Rose Atol l ,  American 
Samoa. This very small, uninhabited, and  isolated island may ha& been 
f i r s t  1.anded.on by members of the  U. S. Exploring Expedition (1838-42). 
Dana (1849, pp. 77-78) says t ha t  the  o f f i ce r s  on the Vincennes observed 
blocks of oodpact ce l lu l a r  basalt  on Rdse, lying 2C0 yards inside the 
l i ne  of breakers. Wilkes (1845, 'vol. 2, p. 64) sdas t h a t  "they were - . 
from twenty t o  t w o  hundred pounds m i g h t ,  and were found among blocks 
of coral  coiiglomerate." Unfortunately, Dana h h s e l f  did not land on Rose, 
being on another ship.  Couthouy (1842, p. 138),. who was prob,ably. thefe, . . 

says t h a t  the  voloanio boulders were found on the sandy lagoon bottom : 

and were siniilar 'in appearance and mineral s t ructure  t o  the  rooks forming 
the mass of Samoa and Tahi t i  and that one of 'them wsighing about 20 pounds 
was picked up i n  4 f e e t  of water k o n g  small rol led blook's of coraloon-. 
glomerate . . A t  l e a s t  one member of the landing part.y of the  "~incsnnes"  . . ; 

published h i s  own account of the discovery, a1thoue;hhis book i s  not pa r t  
of the  o f f i c i a l  edi t ion of the Expedition resu l t s ;  Pickering (1876, p. 235) 
writes:  

. . . . . , . .. . 



"For the f i r s t  time on a ooral-island, the mineral 
kingdom was represented; several blocks of vesioular lava 
beingmet with by our party; i n  a l l  instances r e s t i ng  upon 
the coral-shelf, not imbedded. Two or  three o f .  these 
blocks .,were seen by myscilf, the la rges t  weighing perhaps 
twenty' pounds. From the mineral composition, I&ey had 
evidently. been derived f kom some volcanic island; and  
there  seemed no means of transportation,.,  unless :entangled 
in driftwood. This ac tua l ly  takes place a t  the.. ~arawan 
ooral-islands; where M r .  Xale found a native n v f o r  
"~c+&lti& st&e's ' in the roo ts  of t r e e s  dr i f ted" .  t o  those 
shores . Y '  

~ . .  

Much has been made, in l a t e r  works, of the discrepanby between 
the various accounts, as  t o  the locat ion of the..boulders.. And when A. 
G. Mayor, v i s i t i ng  Rose Atoll  in  June 1920, failed t o  find them "af ter  
d i l igen t  search" (Mayor 1924); it was -generally .assumed t h a t  the U. S. 
Expedition .had mistaken blackened coral  boulders f o r  vesicular voicanio 
rook. This e r ro r  i s  not hard t o  make, but it should be kept. in mind 
t h a t  Couthouy and the o f f i ce r s  of thc Vincennes were not without ex- 
periepce .of a to l l s ,  darkened coral. boulders, et$.,.having v i s i t ed  a 
large number of the Tuemotusbefore. reaching-Rose:.. Later L . P .  Sahultz; 
a member of the U. S. Navy sur%ying expedition t o  the  Phoenix and 
Samoa Islands (U. S: S. Bushel l ) . ,  spent. 11 days on Rose   toll in June " 

1939, and found pieces of compact 'o l iv ine  basalt  on t h e  reef ( a  dozen 
or  more, the la rges t  the size of a &Is  head) .and ponfirmed observations 
of the "Vincennes" party thereby reopening. the question of the o r i g i n ,  , 
of the material ( ~ c h u l t z  1940, p. 48 and unpublished data). H i s  speci-'.. 
ments of it a re  deposited . in  thg; U, 15. 'National Museum, where they are  

. . 
current ly  being studied. , . 

. . .,. . 
. . .  . .  . . . . . 

Another occurrence of mysterious v o l ~ a n J c  material  i s  reported 

? by Agassiz (1903 a,  p. 350) 'on Andema [Ant Atoll: . "On Panemur, t he  
westernnost island of the group, large cora bouklers form the outer ' ' 

edge of the  reef f l a t ,  with here and there  a few fragments of volcakid 
rock ....'I Unfortunately, Agassiz did n ~ t  a l r~ays  make c lear  wh'ether he' 
was wr i t ing  an eye-witness aocount, and we cannot be sure of t h i s  record 
a s  yet. The proximity t o  Ant of volcanic Ponape might help t o  explain 
the presence of the rocks, besides making it rather  easy t o  confirm t h e i r  
existenoe. 

One l a s t  record of "basaltt '  on an a t o l l  was discovered with 
great  excitement in the narrat ive of Captain John Cameron (1923, p. 397): 
He described "great basa l t i c  stones" on Caspar Rico [pokak Atoll,  Mar- 
sha l l  ~slands-7, one of them "f i f teen  f e e t  and s i x  inches long, f i ve  f e e t  
and four inohes wide, and three f e e t  thick," and speculated on the hazards 
of t h e i r  transport  from some high island. Great expectations were ra ised 
when the Northern Marshall Is lands Expedition explored the desolate a t o l l  
in the summer of 1952. Xo megaliths were found, but a l o t  of blackened 
coral  boulders and remnants were (Fosberg, 1S55 p. 28). 

A d i f fe ren t  type of volcanic rock i s  recorded by Guppy (1889, 
pp. 286-287) from Cooos-Keeling Atoll.  He writes:  



"Near t h e  middle of t h e  breadth of Hhsburgh Island .&let 
of ~ o c o s - ~ e e l i l d ,  and about 300 yards from t h e  sea, there  
was, when these is lands were first o c c u p i e d , ' ~ s o i n e l ~ i . ~ ~  xears 
and more ago, a huge volcanic bomb about four f e e t  : in,hei$t .  , 

' 

............ 
It was somewhat dome-topped, and was imbeddedlabout s i x  .,. , , , , .. . . .  . ~ . . . . . . . .  inches & ' t h e  i b i l ;  By.:the is landers  t h i s .  large mass Of 
foreign rock; k i t h  i t s  ubku~,m, hi'st orj., ?$$' r'egarded with . . 
much mystery. It lay concealed i n  t;fie'rmd.st! o f  a n  i ronw~od . '" . '  

. . fores t  of great  a n t i q u i t y ,  where it must have l a i n  f o r  ages;' , 

' 

and i t s  burnt-up appearance seemed.,t,o. support t h e  prevail ing 
opinion t h a t  it was some meteoric s t o n e  :.'. Piece$ have. been . . . .  

taken away by the . inhabi tan ts .  ....:.. t he ,  resu l t  of t h i s  prac- . . 

t i c e  being . . t h a t  a t  the  ti.mepf ,my 'v i s f t ' in~1888:only  a.few, 
fragments, none 'much more than a foot i n  s i ze ,  -:remined t o  
i l l u s t r a t e '  t h e  description .given t o .  me 'by Mr. -Ross, They . . . .  
were, however, suf f ic ien t  t o  d i sc lo i e  t o  me ' that  t h i s  irrys- 

, . . .  . .  
t e r ipus  stone was a huge volcanic bomb of. a dark reddish. . ~ 

ce l lu l a r  lava,, posse'ssing a comparatively sol id  outer crust .  
The ce l lu la r  fi;aglients f loated buo$&lsrbn the. sea;. but t h e  
more sol id  par t s  df t h e  ou te r .  crust ,  0.h' w~ ch :I. a l s ~  experi- . . , .  . . . .  

~nented, sank. , Nevei!theless., .a&th.e g rea t e r  par t  .of t he  orig- . . .  .. 

i n a l  m s s ,  accor:d<.ng: %o. the.descr ip%ion g i v e n t o  me, was . .  . . . 

evidently ce l lu la r , ,  I. hzd no d ~ u b t  i n :  f o r ~ n g t h e  .,opinion 
t h a t  t h e  whole bomb origina&l;. f;loated.It . . . . .  . / ,  

. . .  . . . . . . .  . . . .  

Theobservant natives of a t o l l s ,  who have' ljeen collecti.ngp&ce 
stones. d r i f t i n g  onto t h e i r  beaches., haye a l so  made much use of d r i f t i n g  . .  

logs especially on" & c h  islanrla-as t h e  Ymrshzlls or.  Gi lber ts , .  where t h e  
suppl~: of usable tirnbers- f o r  canoes. and other constructions a r e  

"' ' ' 

pitifuLLy small. : They discovered that t h e  roots  of some such t r e e s  held'  
stJones arid blobs of earth o r  ~nud and. careful ly  collected and. u t i l i zed  
these,  as  well as the wood. This was obs'ervedin the  Gilbert 1s lands . tW 
Hartzer (1900, p. 48) who says t h a t  t h e  lar$e t r e e s o f t e n  hold pi.eces"af. , '  

res in  l i k e  those found i n  t h e  New Zealand fores t ,  an3 stones o'f fine' basalt ,  
which a r e  much esteemed. and used t o  ?xe weapons. Dana (1849, p.77). saw 
some large lo s s  on Endebury, Phoenix I.slands, 'md in . the .  Gilberts,  which 
carried stones i n  t h e i r  roots, and reported t h a t  . o n t h e  l a t t e r  i s l ands '  

. 

"these stones were usually basalbic o r  volcanic and much prized f o r  U s e a s ,  
whetstones, pestles,  and hatchets (see  a l so  quotation of Pickering, p.16 
:of t h i s  paper). . . . . .  . . 

, . . . 

Darwin himself (1852, p.461) discusses such occurrences atid mentions 
t ha t  on North Keeling, Captain Ross Lowner of t h e  island a t  t h e  .time of 
thk-Beagle 's  v i s i u h a d  found and preserved a green stone, rathe? l a rge r  
than a man's head, embedded i n  t h e  conglomerate. Darwin supposed it; t o  
have arrived on t h i s  seldorn-visited a t o l l  caught in t h e  roots  of a t r ee .  
Wood-Jones ac tua l ly  saw such oourrences  on Cocos-Keeling and explains 
(1910, p.290) t h a t  buttresbes -- c'ommon i n  many t r o p i c a l  t r e e s  -- a r e  
especially suited fo r  such transport:  "1 have s e e n a  'buttressed1' t r e e  
come ashore in t h e  a to l l :  froin whose base a wheelbarrow-load of f i n e  red ... earth might have been 'collected From the  r o o t s  of such a t r e e  I have 

'' . : : , <  . . . . .  . taken .s~&ll stones.. . . . . . . .  ' . . , . . .  . . .  .. . . . . . . .  . . .  . . . . . .  . . . . . . .  . . . .~ . . 



Ei le rs  (1935, p.151) says of the  nat ives  of Songosor ~ s o n > ? r o l ,  
Western carolines_/ t h a t  they use'volcanic stones found i n  d r i f t  wood t o  

. . smooth f i b e r s  used for* plait ing.  . ' 
.. . , . 

In  Micronesia, a t  l e a s t  black mud found among such roots Was often' 
use t o  dye f ibers .  Thilenius ( ~ h i l e n i u s  and Hellwig 1927, p.204) reports  
such a custom on Tobi. . . 

Ear l ie r  Chamisso (1821, p.155) wrote of t he  h - s h a l l e s e :  

'!They receive, i n  a similar manner, another treasure,  hard 
stones f i t  f o r  whetting. They a re  sought %or i n  t h e  roots 
and hollows of t he  t r e e s  which t h e  sea throws up: i ron and 
stones belong t o  t h e  chiefs, t o  whomthey must be delivered, 
on p a p e n t  of a r e w r d  . . . . I 1  

Nhen the  desired stones or  s o i l s  were not available, the  nat ives  of 
the  C ~ r o l i n e  a t o l l s >  who d id~nuch  voyaging a i d -  Crkdirig with high i s land  
peoples, imported them, Chamisop (1821, p.1.04) describes with- soqe emotion, 
how Kadil, a nat ive of Woleai whom the  llRuricklt met i n  the  &nihr&ils and 
took along for  par t  of t he  voyage, "never neglected careful ly  t o  co j lec t  
pieces of iron, broken @ass, and ever;r'thihg' overlooked by- us, vihich 
might be valuable t o  h i s  countrymen, he looked on t h e  shore a t  Oonalashka, 
chiefly f o r  stones, which ;night serve f o r  whet-stones . . . I t  

Girschner (1912, p.157) reports t h a t  on Namoluk, red earth imported 
from Poiiape was used as  a dye. Cn h h u s k  and Satawd, D a m  e t  a].. (1935, 
p. 61) iiiention s w l a r  imports. from Truk. Finally E.G. Burrows (1.91e9, 
p.12) fwund a s ingle  i g n e o ~ ~ s  boulder on Falalap Tslet ,  I f a l i k  Atoll  in 
1947-48, which the  natives t o l d  him had been brought by canoe i n  ancient 
times t o  be used a s  a whetstone. 

Oldham (1895, p.6) reports t h a t  he saw pi.eces of volcanic stone and 
a green st0r.e on the  north end of Chitkak Is land ( ~ a c c a d i v e s ) ,  which the 
nakives had brought from the  ba l l a s t  of a steamer vvrecksd on Eyramgore 
Reef. 

This i s  not t he  only instance of mater ia l  froru a wrecked ship occurr-' 
ing on reef or  a t o l l :  A t  iljelang Atoll, F.11. F'osberg (personal coinr~mnica- 
tion) i n  1952 i'ound small and completely waterworn pieces of coal scat tered : 

a t  the  top  of t he  lagoon beach and inland on t h e  west s ide of Ujelang 
I s l e t .  

Of some material  observed on L&ysm Klschner (1915, p.35) writes: - ". . . I wish t o  mention the  occurrence L on ~ a y s a d  of 
smaller stones of volcariic  ater rial on the  reef and beach. 
To prevent e r rors  it may be remarked tha t  they come out of 
the  ba l l a s t  of t he  phosphate ships formerly loading here; 
however t h e  occurrence of puinice stone i n  t h e  lagoon and on 
the  shore of Laysan Island, as  well as  on t h e  shoresof  
Meeker, Pear l  and Hermes Reef, Lisiansky and iaidway 
i s  unusually irirrtei-esting." 



That natives of a t o l l s  valuerl;-forei?.gn stones and were intrigued 
by them i s  shown fur ther  by the f a c t  t h a t  i n  widely separated a t o l l s ,  they 
rnhd6'itlols. oul;...of.them:  ill's observation on the  subject i s  mentioned 
earl.ieF on, ;:p-. 3,:. In .&st-: ~ o n j  irariyus missionaries %id other res idents  

/ . -  have report'ed. similar:ir,sta?ces i n  the  1Uarsi.lalis \verbal -comunications) . 
. . . . . . . .  

: . ,  ,, ..,.. . . . .  . . .  

m r t e d  s o i l  --- 
I kt LhenatTve peop2.e a r e  not t he  p l y  ones : t o  heve carted stones 

and so5.1 aromd. .On m ~ ; y ~ t o i I . s , .  tile .white .;.esi&?t.s, i n  an attempt t o  
gror:the.vegoi;abies t o  "which they wei&&uston!c& . . . . . .  bro6ght so i l ,  often a s  
ship ba l las t ,  f ; * o n ; ~ n e o i n g  high i s l ap l s :  t h e  Gei.mc;ris. d id  so on J d u i t ,  
the  suijer.intendent of .tbe..Cable Stptioq aid  so i n  Midzay ( ~ i y a n  1.71~2, p. 
202j, m d  more recently sr:ai!. q w n t i t i e s  have been brougiit t o  ihajalej.n, 
ar,d Johiistoi~. I s k h d .  :- : . :  

. . . .  . . 9 . :  . . .  . : .  . . . . . .  . . . . 
;':oorl-Jones (1710, p . 1 9 ~ )  s a y s  t h a t  1+0 tons  of s o i l  viers brozght i n  

1902 from the  Botanical  Zardens c£ Singapore t o  Pulu Tikus, i s l e t  of 
Cocos-iieeiing.. ..tie. remarka.tiiat b y  1905 "any t r ace  of i t  was. hard t o  find.  " 

bkr-ther infornation on s o 3  iniportcu in to  Cocos-Keeling i s  given by 
Gibson-Mill i (1950, p. 150) . . . . .  : 

. . .  
. . . . 

Corici~sfons ----- 
. . . . 

. .  , 
7 I'loat:'uig.p~~?rice, drj.fi;ing: on the  ocean, i s  deposited on the  shores 

or  inlar,d cii Low is!.ands scat tered i n  most ?a r t s  of the  t ropics .  It i s  
used b:,~ the natives for .  polishing, vihetting, and above a l l ,  fo r  f e r t i l i z i n g  
garrien p i t s  and coconut-+,rees; it inu.s.L have some influence on piant-l ife;  
a d  it rnajr.ii~dicate ciiandes i n  shore Lines i n  certilin l o c a l i t i e s .  It i s  
t o  be regiet-ted that, so few  record,^- a r e  available,  th;t so few col lect ions  
and snalyses or t he  various materi:&s observed weqe made, t h a t  so l i t t l e  
i s  know of t he  ecological  r d e  of pulice, and tha t  it i s  ;lot ecs ie r  t o  
r e v i s i t  sone of t he  recognizable l ocs l i t 2es  t o  fiild orit ?ik;at ha:. bcconie 
of $he 6a:clier recorcleci pmic t .  Has it becoine ?mried i.11 !~wnus? I i o ~  fast. 
i s  it ~~decom~osing?l  1ia.s it l s f t  t r i d e i  'in t he  Sorn o.? vzFious ncinerc~ls 
as  atsumed f o r  iE ta  Daito Jiqa? There, t h e  or.igin of t he  iron a d  aluminum 
in th ick deposits of i ron and a!.uminum'phosphates i s  assmeci t o  have keen 
large-masses of sea-borne p w i c e  ( ~ m m a r i  , 1935) some of  i>vhich i s  s t i l l  
r ~ , m d '  on the  island. Pumice  r~igii t  a l so  be +he source of tiie abnormlly 
high .conten.t.of al1wiii;ium fcund by i.ipm;i? and Sk~eliey (1$24,p.205) jUI 

. the  s o i l  of Rose I s l m d .  
. . 

, &,e a:idespread and, a t  t ines ,  exterisive' occurrence on cora l .  a t o l . 1 ~  
of extrmeous volc,anic materials so d i f fe ren t  froin t he  normal calca.reous 
substr&um eni>hasizes the  n$ed f o r  thoroughness i n  investigakion and 
ca&ioil i n  drawi~u.ing e c ~ i o ~ i c j l ~ c o r ~ c l u s i o n s . .  The f a c t  t ha t  th&na.tives of 
se&i l  group? bf..a.tolls 1mve"dj.scovered the fei-tili.zing.ef~ec:ks..of..pnice 
applications brings k t  vci~~stfon;-51y t h e  ecoiogi.cab s ig5f i :car ic~ .  of. t h i s  
material. In  any general invest igat ion of a:oll so i l s ,  a t tent ion should 
be ilkvoted t o  discovering &nd assessing these ef:fects hod t o  i s o l a t i n g  
$he @$perties . o'& , coinpbnenks of: the pumice responsible f o r  thern., . - . 

. . . . .  . . . . . . . .  . ~ . . . . . .  , . . . . . .  . . .  . : ..  . . . . .  ' !  

. . . .  . . . .  . . :. .( ' . . .  . . ,  . .., . . . . . .  . .; 
. . . .  

. . . .  . . . . . . .  



Addenda 

After t h i s  review was completed, t he  work of Tayama on Micronesian 
coral  reefs  came t o  hand; it contains (Tayarna 1952, pp. 152, 265) i n  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 ihg l i sh  t e x t  (p. 265): 

. , 

"Reef building corals ,  Foraminifera, calcareous algae, 
Molluscs, Echinodermata, sponges, Eryozoa, etc. a r e  t h e  
constructj.on materials of a coral  island. Other and non-cal- 
careous matter i s  extrancous. Pumice, however, i s  found i n  
a l l  coral  islands,  and w i l l  not be brought under discussion 
here. 

"a. Basalt gravel, i n  par t  in tercalated i n  limeitone, 
has been found on an i so la ted  reef on Truk Almost Atol l  and 
a t  a few l o c a l i t i e s  on outer reefs. 

"b. Lipar i te  gravels,  scattered loca l ly  on t h e  J a l u i t  
Coast and Utwa Coast of Kusaie, are  apparently from ba l l a s t  
washed ashore from wrecked vessels. 

"c. Boulders of c rys ta l l ine  sch is t  a r e  present on Fakin 
Atoll  and granite,  quar tz i te ,  and andesite boulders on Nerir 
Table Reef. 

"d. One pebble of c rys ta l l ine  sch is t  and two pebbles 
of basalt  gravels a r e  included i n  limestone (Younger Raised 
Coral Reef Limestone) on Eta1 Atoll.  

"e. The phosphatic reddish brown clay intercalated i n  
t he  cay sandstone (Younger Raised Coral Reef Limestone) of 
Gaferut Island has already been mentioned. The analysis  i s  
a s  follows: 

Si02 CaO Fe203 A1203 '2'5 
3.28 48.97 3.17 2.50 19.35% 

"f. Beach sands on t h e  lagoon shore of ~Yarugai (coral  
i s l e t )  on ivlille- A to l l  contain subs tan t ia l  amounts of mag- 
n e t i t e  and amphibole. Conditions of deposition ru l e  out 
transportation by man or  by wave action...." 

An unpublished observation by F. R. Fosberg may a l s o  be added here: 
I n  October 1953, a worn boulder, over a foot long, seemingly of very 
l i gh t  gray granite,  wa5 observed on Wake I s l e t ,  Wake Atoll. On inquiry of 
res idents  of the a t o l l ,  it turned out that, t h i s  was brought by a Japanese 
par ty  a year or so ear l ie r ,  t o  r a rk  a grave of Japan5se so ld ie rs  k i l l ed  
there  during the war. 

During the  U,  S .  Commercial Con'pany's Economic Survey of Micronesia 
i n  1946 t h e  l a t e  D r .  Josiah Bridge found pumice on Nukuoro Atoll,  south 
cen t r a l  Carolines, Details  of t h i s  occurrence a r e  not available. 

In t he  summer of 195&, pumice was found on Kapingamarangi Atol l  by 
members of t he  Pacif ic  Science Board Ekpedition. Both l i g h t  gray and black 
pumice a re  abundant on the back shore beaches of most i s l e t s ,  occasionally 
forming pure pumice layers. Detai ls  of occurrence and chemical analyses 
w i l l  appear i n  a l a t e r  report  by Edwin D o  IvIcKee who kindly provided t h e  
above information. 



O f  t he  specimens of pumice collected i n  t he  Karshall Islands by 
F. R. Fosberg i n  1951-1952 (see p. 2 of t h i s  some were submitted 
f o r  quant i ta t ive  spectrographic analysis f o r  specified minor eLernents 
t o  t he  Geochemistry and Petrology Branch of t he  U. 3 .  Geological Survey. 

The specimens were a s  followis:. 

Field no. 242: A white pumice from..~emo:.~~&and 
243: A dark f ine  pwrrice'fkom Jemo . . . .  . 
244: A black scoriasecus pumice, from: Jemo ' ' . 

245: A pala gray f ine.  pumice f?o$.bJjae'Lio$l. 
246: A gray pumice'.f~'6i ,!. . . /  ... ~ j & l a i i ~  Atoll  . :'. 

247: A #raX -f+om U jelang Atoll  
. . 248: A'gl-ay pwxice from Wotho Atoll  .. . 
' '  249: A gray pumice f ro!n Pokak Atoll  .:. . ..'' 

Field no. Cu 

242 .OOOY 

243 .003 

244 .009 

245 .003 

246 .002 

247 .003 

248 ,001 

249 ,001 

Fe B . >  % $ , .  Loss- o n i g n i t i o n  
: . . . , . . ..I 

,.. 2 '  
. ,  . 

. . . ... 

3 -3 ' 0 . .:.. . 
'' 2.2 

A l l  sam2les were ignited a t  900 '~ f o r  15 minutes. The following 
elements were not detected i n  any of t he  samples: No, Zn, P. 
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