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PREFACE 

Parts of the  inforrilation i n  t h i s  paper been previously 
included i n  a U. S .  Army Intel l igence document ( ~ o s b e r g  and others, 
1956) but a r e  presented here i n  someWhat 1;aodified form t o  be generally 
available t o  the  s c i e n t i f i c  public. The present paper was f i r s t  writ- 
t en  i n  1954 for  publication a s  a Professional Paper of the U. S. 
Geological Survey, under which auspices the  work vas done. Extended 
delay and the prospect of s t i l l  sore f i n a l l y  brought about the  decision 
t o  publish it i n  the Atoll  Research Bulletin,  thus &voiding continued 
inaccessibi l i ty  of the  in~:om,aation. We apologize i'or the  long delay, 
and fo r  any f a i l u r e  t o  take in to  account l i t e r a t u r e  published a f t e r  the 
paper had reached i t s  present ;ona as  well as  l a t e r  i 'ield work, the  
r e su l t s  of which have not yet  been analyzed. 

Tke U .  S. Board on Geographic Nmes has, since the 1956 publica- 
tion: issued decisions on E'larshzllese place narnes r~rl~lich toke up d i f -  
ferent  spell ings for  many of the i s l e t  nmes used i n  1956, d i l fe ren t  
names altogether Tor some, reverse the application of several  names, 
and i n  a t  l e a s t  one case ( ~ a b o e r o  and ~abcrelo), adopt var iants  of the  
s m e  name f o r  two diprerent i s l e t s  i n  t he  same a t o l l  ( ~ i l c a r ) .  In  
order t o  reduce confusion resul t ing from place names d i f le r ing  i n  the 
t>ro reports,  o coniplete l is t  of the  i s l e t s  of e l l  the z t o l l s  fo r  which 
maps are  provided i n  t h i s  pzper i s  Given i n  Appendix 111, with 
pa ra l l e l  columns giving nanies adopted by the Board on Geographic Nones 
and used i n  t h i s  paper, those used i n  the  1956 riiaps (Fosberg and 
othero, 1956), and those from r: 1;mnuscript l i s t  supplied by E .  H .  
Blyan, Jr., of the  B. P. Bishop btdseum. These l a t t e r  >rere coinpiled by 
Bryan i n  consultation with D r .  Leonard Mason of t he  University of 
Hawaii, and a number of Marshallese info-mants from most of the a t o l l s  
concerned. It i s  hoped tha t  t h i s  ] r i l l  make the present paper i n t e l l i -  
g ible  t o  those ?iho have used the Army publication (Fosberg and others, 
1956,), a s  well as  t o  Marshellese and others familiar with the nonies 
actual ly  used i n  the  i s lands .  

The maps (f igures  5-15) are  adapted by change of i s l e t  nmes 
from originals  prepared by F. Stearns MacNeil Por the  1956 report  
(Fosberg and others 1956, f i g s .  2-13) which were there  wrongly l i s t e d  
a s  based on Hydrographic Or'Sice charts. These maps ..rere based on a i r  
photographs. 

G r a t e a l  acknowlcdgr2ent must be made t o  Prof. E.  L. Stone, Jr., 
D r .  K.  0 .  Emery, and Mr. Z.  S. Altschuler ?,rho reviesred and made sug- 
gestions on an ear ly  drart of t he  nianuscript, a~zd m~any of whose sug- 
gestions have now been incorporeted. The e d i t o r i a l  c r i t i c i sm of the 
present manuscript by Miss Natelie Jones and by Mrs. Menonah E.  Ber- 
qu is t  i s  great ly  appreciated. The figures were redrzfted by i4iss 
Barbara Geyer. Great c red i t  i s  due our several t y p i s t s  who have pro- 
duced the several d r a i t s  of the  u~anuscript, especially Mrs. Josephine Q. 
Barton, who did much of t he  f i n a l  version, and t o  P4rs. Ann Chamberlain, 
who cut the  s t enc i l s .  J. Anthony Denson &ave valuable advice and much 
help with improved p r in t s  of nmny of t he  photographs as did  Norman 
Prime. Finally, we wish t ! ~  thank Dr. Marie-H616ne Sachet, whose assis- 
tance with the manuscript at  all stages has been indispensable. 
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An investigation was made of surface geology, i s l e t  forr;,ution, 
sediinentation, and physical and chemical nature of loose sediments 0:: 
a t o l l s  of the northern Mzrshall Islands.  

I s l e t s  i n  t h e i r  present fonn are  of three types, based n t  0i.1g.i~ 
and posit ion: (1 )  formed by p a r t i a l  removal by planation of p r c c s i s ? : l r ~  
reef platfom., leaving remnants around which sediments a.ccuniulate: 
( 2 )  formed by accumulation and s t ab i l i za t ion  of de t z i t a l  deposi-ca oz 
r e e l  f l a t s ,  and ( 3 )  fonned by accumulation of d e t r i t a l  deposits l\jca:llx 
within t'ne lagoon, especiclly jus t  ins ide channel mouths. Physioi;r;upnic 
features of is le ts--erosion ramps, sand lobes, scnd horns, sand a.pmns,. 
t i d a l  a.nd storm becches, rocls shores, beachrock, marginal r idzes ,  J,ur~es, 
i n t e r io r  f l a t s  and depressions, p a r a l l e l  r idges ,  and blowdo?m mou;!.dr; dre: 
described, and t h e i r  pr incipal  organic compon5nts l i s t e d .  

Mechan.ica1 analyses vere made of  samples of beach sands cnd s o i l s  
Size classes were correlated t o  some extent with faunal compositior. of 
the  materials, snmll For'minifera accounting f o r  a lcrge pa r t  of t he  
2-1 mm and 1-0.5 nun s izes .  Larger f ract ions  'qere made up of whole o r  
broken corals,  large fragments o l  algae, large she l l s .  Fractions 
smaller than 0.25 nun a r e  mostly of broken unidentifiable fragments. 

The frequency of the  modes (o r  maximum grades) i n  the  s i ze  d ip .  
t r ibu t ion  i n  the  beach sands i s  as  follows: 2 t o  1 m (-10 + i8 mesh) 
21 percent, 1-0.5 mm (-18 + 35 mesh), 48 percent, and 0.5 -0.25 ;:TI 
(-35 + 60 mesh), 17 percent. In  none of t he  ~ a n d s  is there  a ))ri:,iar:/ 
ruode i n  t he  + 0.125 mm, + 0.062 mil ,  o r  l e s s  than 0.062 mm fr:,.ztions. 

Determination of mineral coinposition of the  sediments by :;-:cry 
di f f rac t ion  shows a correlation of ca1cite:aragonite r a t i o s  w l t h  
or ig ina l  biological  composition ra ther  than with degree of we;ltheririr. 
Considerable magnesium is  present i n  t he  ca lc i te ,  especially i n  ocdi- 
n~ents largely made up of algae, i n  the  middle s ize  grades of the 
sediments. 

Median grain  diameter, sor t ing coefficient,  and slrewness were 
calcula.ted l o r  the samples. Size d i s t r ibu t ions ,  i l l u s t r a t ed  by h is tu-  
gram,  show t h a t  the  beaches are, i n  general, sirnilar Pro:n i s l e t  t~ 
i s l e t ,  even though the individual samples :rmi n beach niay vary. 
Beach materials do not becolile iiiuch smaller thun 0.25 rrm era;in 
diameter, o r  e l se  the  snlaller n~ztterial i s  l o s t  by winnowing by lizves 
o.nd currents.  Slsevness i n  i?~ost sands i s  posit ive,  indicnting tidmix- 
t u re  of coarse nmterie.1 md  lacls o r  f'ines. 

The s o i l s  resemble beach rozterials i n  t h e i r  mechanicai malysc;. 
but t he  texture  range i s  enormously :rider and t!le range i n  sor t ing  is 
also wider. Tine s o i l s  are  i r regular ly  s t r a t i f i e d ,  common3j ww.lt11 ~ea1;  
p rof i le  development, but with s t r a t c  mostly representint3 stage& o r  
events i n  deposition. Most s o i l s  can be assigned t o  three prevl:uel.y 
described ser ies ,  the  Shioyo., Arno Atoll ,  and Jenlo, S~ut, cert,riu h.i&1y 
o rga~ i . c  s o i l s  could not be def in i te ly  assigned t o  se r ies .  Th-sl-; 



se r i e s  d i f f e r  chemically i n  the  mounts of organic matter i n  the A 
horizons and the presence o r  absence or' a phosphatic B horizon. A, 
horizons and B horizons a r e  found only i n  the  Jemo se r i e s  so i l s ,  usu- 
a l l y  correlated with the presence of Pisonia fores t  vegetation. 

Chemical analyses sho~r t h a t  v e r t i c a l  trends i n  the  amounts of 
cer ta in  elenents i n  t he  d i f fe ren t  layers  are.dj.scernible: magnesium 
increases downward; calciun i s  lowest i n  layer 1 because of the  higher 
organic content, and t h i s  i s  especially obvious i n  tile Jemo ser ies .  Of 
t he  minor elements, iron, cobalt, nickel, rolybdenuol, and zinc are  much 
higher i n  the raw humus layer of the  Jemo se r i e s  prof i les ,  suggesting 
accumulation of these elements by the Pisonia t r e e  i n  i t s  t i s sues .  
Most of the  metal l ic  consti tuents,  except calcium and rmginesium, are  
present i n  extremely small amounts. Serious deficiencies i n  most 
mineral nutr ients  of plants,  except calcium, ma~;nesiuri, phosphorus, and 
possibly potassium, would be expected. These might he intensif ied,  i n  
some cases, by the s t ronsly calcareous environment. 

pH values a r e  high i n  a l l  layers  except t he  raw humus layer of 
the  Jemo s o i l s  where t he  pH ranges between 4 and 6.  



INTRODUCTION 

by F. R. Fosberg 

In  sp i t e  of the  great  &mount o f ' a t t en t ion  tha t  has been paid t o  
the  geology of coral  a t o l l s ,  r e l a t i ve ly  l i t t l e  detai led information i s  
available on the chemical and physical properties of t h e  sediments 
'irhich rmlce up a t o l l  i s l e t s ,  on t h e i r  weathering, t h e i r  origin,  t h e i r  
stratigraphy, or  the  conditions under which they Irere k i d  dorm. The 
ava i l ab i l i t y  of a large se r i e s  of smp3.e~ representing sections dotin t o  
t h e  m t e r  tab le  o r  t o  bedrock i n  the  northern Marshall Islands, and of 
a considerable body of chemical and mechanical <analyses of these s m -  
ples  has made it possible t o  remedy t h i s  deficiency t o  some extent.  
The study of t h i s  material  has yielded a pic ture  of the general nature 
of the  sediments, but has a l so  brought out cer ta in  problems which only 
fur ther  research w i l l  solve. 

Field  woric 

The material considered here ?ras collected on a reconnaissance 
survey of the mil i tary geography of a nuniber of t he  a t o l l s  i n  t he  
northern par t  of the  iflarshall Islends, and t h i s  paper i s  a by-product 
of t h a t  investigation.  This survey was carried out by a f i e l d  par ty  of 
the  U.S. Geological Survey voricine; for  the  Office of t he  Engineer, 
Headquarters, U.S. Army Forces, Far East, during 1951 and 1952. Most 
of the  s o i l  samples were collected by F. R .  Fosberg; some were col- 
l ec ted  by Ted Arnow, hydrologist of the  party, cluring the digging of 
wells. Beach sand samples !rere gathered by F. Stearns MncNeil and 
Charles G .  Johnson, geologists.  The sampling i s  admittedly inadequate 
because of the broad nature of the  ass igment  and the f ac t  t h a t  only 
minutes, hours, o r  a t  t he  most, pa r t s  of a few dzys, vere available f o r  
riork on s o i l s  of any given i s l e t .  

The circumstances of t he  survey (Fosberg, 1955) rrere such tha t  it 
rras possible t o  obtain a scc.ttering of material  from over a vide area 
but impossible t o  study any s ingle  a t o l l  or  i s l e t  i n  d e t a i l .  Further- 
more, lack of any previous s o i l s  'irorls i n  t h i s  area rnade the sampling, 
especis l ly  i n  the  e a r l i e r  a t o l l s  v i s i ted ,  a rmdom procedure ra ther  
than one designed t o  bring out any specif ic  type of' information o r  t o  
invest isate  par t icular  probleriis. 

Laboratory work - 
After the  samples col lected had been brought in ,  described, and 

the s o i l s  assigned t o  previously known o r  t o  neT? a t o l l  s o i l  se r ies ,  it 
Iras f e l t  t h a t  for  the  purposes 02 the mil i tary geography report  (Fos- 
berg and others, 1956), more should be lrnom about the  physical proper- 
t i e s  of t h e  sands and s o i l s  ilnd tha.t some chemical s tudies  should be 
made i n  order t o  understand the severe agr icu l tura l  l imita t ions  of 
these s o i l s .  A selection of smples was made tha t  it ves hoped vould 
prove representative of t he  s o i l s  i n  t he  area studied. It rms unfor- 
tunate, but unavoidable,that t h i s  selection had t o  be made before the 
problems regarding these s o i l s  vere c lear ly  formulated. Because of 
t he  unusual i n t e r e s t  of t he  phosphatic materials a more complete 



representation of them was eaalyzed than of the  other materials.  The 
lower layers  of a l l  t he  types of s o i l  p rof i les  are  poorly represented i n  
the  analyses. Organic carbon i n  l e s s  humic s o i l s  was not determined. 
Future work, on more c r i t i c a l l y  selected complete prof i les  down t o  
zround water i n  a l l  the  ser ies ,  i s  much .to be desired. 

Previous s tudies  

Studies have been made on various a t o l l s  as  par t  of the  Coral 
Atoll  Program of the  Pacific Science Board (Stone, 19519, 1953> Cloud, 
1952; Hathevay, 1953, 1957; Fosberg and Sachet, 1953; Newell, 1954b, 
1956; Sachet, 1955j McKee, 1956, 1958; Fosberg, 1957b; Catala, 1957, 
McKee and others, 1959; Tracey and others,  1961), on Bikini and nearby 
a t o l l s  by the Crossroads Operation Survey and subsequent surveys (Emery, 
Tracey, and Ladd, 1954), and on Ul i th i  Atoll  by Schl@.nger and Brookhart 
(1955). These, as  well as  the  investi@;ations reported here ( a l so  
reported i n  Fosberg, 1954, 19573, Fosberg and others, 1956), make it 
possible t o  know what t o  expect i n  the  way of s o i l  and sediment types, 
as  well a s  a rea l  and s t ra t igraphic  arrangements of sediments, and t o  
define a t  l e a s t  sorlie of the-problems which should be investigated. Cer- 
t a i n  e a r l i e r  l i t e r a tu re ,  especial ly  t he  publications resul t ing from the  
expeditions t h a t  made the boring on Funafuti i n  1896 ( ~ o l l a s  and others,  
1904), those of Wentworth and Ladd (1931) on the Central Pacif ic  Atolls, 
and those of Kuenen on East Indian Atolls  (1933, 1950) a lso contribute 
important information. The paper by Ladd, Tracey, Wells, and Emery 
(1950) is  of special  significance i n  understanding the or igin  of t he  
seZiments with which we are  dea1ing.y 

Land areas  

The Marshall I s la r~ds  coniprise 31 a t o l l s  and single low islands 
scat tered over an area nearly 700 miles from north t o  south and e.bout 
the same distance from west t o  east ,  between 4'34' N .  and 1k043' N.  and 
160°48' E .  and 172°10' E .  They form two very i r regular ,  roughly 
pa ra l l e l  chains t h a t  trend northwest-southeast. The western chain is 
ca l led  Ralik, the eastern Hadalc. This arrangement, however, i s  diff ' i -  
cu l t  t o  discern on a map. Before reading further,  the reader is urged 
t o  consult t he  section "Synonomy of place nanles" st the end of the  
report .  

Since t h i s  paper ~eached  i t s  f i n a l  form, a number of pertinent and 
important papers have appeared, such as Blumenstock, ed., 1961, Guilcher 
e t  a l . ,  1965, Hoskin, 1963, McKee, 1959, Newell, 1960, Russell, 1962, 
1963 and Stoddart, 1960, 1962a, 1962b, 1963, 1964, 1965. None of them, 
however, appear t o  necessitate serious raodification of interpreta t ions  
presented here, though not a l l  these authors would agree completely with 
our interpreta t ions .  



The present paper is concerned only with those 21 a t o l l s  o r  
islands lying north of 8'30' ( f i g  l ) ,  hereafter -~.@ferred t o  ~ t s  the  
northern Marshall Islands.  These are,  from north t o  south and west t 3  

eas t ,  Taongi (Pokak), Bilcar, Eniwetok, Bikini, Ailinginae, Rongelap, 
Rongerik, Taka, Utirilc, Ujelang, Wotho, Likiep, Jemo, Ailuk, Mejit, 
Ujae, Lae, Kwajalein, Wotje, Erilrub, and Maloelap, 21 i n  a l l .  hkloelap 
could equally well be included i n  the Southern Marshalls. Observations 
were actual ly  made and material  collected for  study on Taongi (Pokak), 
Bikar, Taka, Utirik,  Ujelang, Wotho, Likiep, Jemo, Ailuk, Ujae, Lae, 
and Kwajalein. In  addition, use has been made of cer ta in  observations, 
analyses, and collections made by the geologists of the Crossroads Sur- 
vey i n  Eniwetok, Bikini, and nearby a t o l l s  i n  1946. 

The land on these a t o l l s  i s  nowhere much above sea-level, 
averaging between 4 and LO f e e t  above mean low t i d e .  The highest 
elevations a re  beach ridges, p i led  up by storms, and sand dunes. The 
highest recorded elevation i n  the group i s  a sand h i l l  or beach ridge 
on Likiep Atoll, variously said t o  be 25 t o  37 f e e t  high. These higher 
features a re  a l l  composed of loose sediments. The consolidated p la t -  
fornls on which much or t h i s  loose material  r e s t s  a re  mostly between 
mean low t i d e  level. and about 6 fee t  above, with a very few humps 
extending up a few f e e t  more (only seen on Bwok\'rla ( ~ o k l a  or South) 
I s l e t ,  Taongi ( ~ o k a k )   toll) . The relat ionship of the individual 
i s l e t s  of an a t o l l  t o  the  underlying reef i s  shown diagrammatically i n  
f igure 2. 

Climate 

The climate of the northern Marshall Islands i s  tropical,  with 
very l i t t l e  var ia t ion i n  temperature. The extreme variation is  from 
about 68O F t o  97' F, but most of the time the mange i s  from 76" F t o  
87' F, with a mean of about 82' F. The sunlight i s  intense cwd the 
sky usually characterized by considerable scattered cumulus cloudiness. 
Really cloudy days a re  ra re  but do occur. The islands a l l  l i e  i n  the  
trade-wind be l t ,  with prevailing winds from the  eas t  t o  northeast, 
strongest i n  the  winter and spring months. Calms, weak, variable winds 
o r  southeasterly winds may occur from June t o  September. Stormsare 
l ike ly  t o  come from the  soutfl. Typhoons a re  r a re  but sometimes 
extremely severe and destructive.  These, also, usually t rave l  i n  a 
general nor ther lydi rec t ion  and ro ta te  counterclockwise. Both typhoons 
and trede winds are  of great importance i n  determining the topography 
of the  i s l e t s  and t h e  nature and dis t r ibu t ion  of sediments. 

Available moisture i s  of primary importance in  the veathering and 
leachine; of sediments, s o i l  formation, and i n  determining the nature and 
luxuriance of vegetation. The islands a r e  re la t ive ly  dry, compared t o  
the southern Marshall Islands and the Caroline Atolls.  The r a in fa l l  
decreases rapidly t o  the northward, with a t o t a l  range from a recorded 
extreme of 149 inches t o  25 inches o r  l e s s ,  possibly almost no ra in  i n  
very dry years i n  t h e  northernmost of t h e  a t o l l s .  The annual averages 
range from an estimated 40 inches in  the north t o  a recorded 106 inches 
i n  the  south. The r a i n f a l l  i s  strongly seasonal, December t o  April 
being the d r i e s t  months, June t o  November the wettest .  The r a in fa l l  i n  



any one a t o l l  var ies  treli~endously from year t o  year, even i n  corres- I 

ponding months. The extreme annunl f igures recorded f o r  Ujelang are  a 
low of 52 and a high of 116 inches. Comparable figures for  Kwajalein 
are  82 and 149 inches; f o r  Eniaretok, 24 and 73 inches. It w i l l  be noted 

i 
1 

th8.t none of these figures indicate  a dry climate a s  understood i n  con- 1 
t i n e n t a l  regions, but with the special  s o i l  conditions on a to l l s ,  t he  
lower figures are  correlated with 8.n aspect of re la t ive  a r i d i t y  i n  the  

I 
landscape. The r e l a t i ve  humidity i s  ordinar i ly  f a i r l y  high> as  might be ! 
expected from the proximity of t he  ocean, the  lowest monthly mean 
recordedbeing 66 percent for  noon readings on'Eniwetok. In  t he  more 

I 

northerly a t o l l s  it doubtless reaches a lower f igure  than t h i s  occasion- 
a l l y .  

Tides - ~ 
Tidal  datn f o r  coral  a.tolls are  generally unsatisfactory,  a s  there I 

a re  few s ta t ions  and the  lagoons with openings of dif ferent  s izes  int ro-  
duce complications. I n  the  U.S. Coast and Geodetic Survey t i d e  tables  
f o r  1966 information f o r  the  Marshall Islands is calculated from predic- 
t i ons  made for  Kwajalein. There i s  no indication a s  t o  whether the  I 

I 

i 
observational data on which these predictions a r e  based were collected 
i n  the  lagoon o r  on the  windward o r  leeward seeb?rard coasts.  Because of ~ 
t he  peculiar geographic re la t ions  introduced by the  difference i n  s ize  
and i n  number of openings in to  a lagoon, the  t i d a l  behavior, and 
especial ly  the  l ag  i n  t i d a l  events inside compared with outside of the 
lagoon, t r i l l  be highly ~ a r i a b l e  from a t o l l  t o  a t o l l .  An extreme example 
m8.y be c i ted,  t h a t  of Taongi (Pokak), where the opening i s  so small t ha t  ! t he  t i d e  leve l  inside the  lagoon never rails s ign i f ican t ly  below the  I 

l eve l  of the reef ,  though outside the spring t i d e  range i s  4.7 f ee t .  I 

Keeping i n  mind these reservations, data  from the tables  f o r  1966 show ! 

t h a t  t he  mean t i d e  ranges, presumably outside the  lagoons, i n  the  1 
northern Marshall Islands a r e  f roa  2i7 t o  3.7 fee t ,  the  spring ranges, i 
3.9 t o  5 . 1  f ee t ,  the  maximum difference i n  one day, 6.6 fee t ;  the  mini- 
mum difference between high nnd low, 0.0 foot,  the minimum difference i n  

i 
one day, 0.0 foot.  These figxres are, o f  course, a l so  subject t o  varia- 

I 
! 

t i o n  due t o  weather conditions both loca l  and general, o r  even elsewhere I 

i n  the  Pacific;  It is probable t h a t  c&reful s tudies  would show t h a t  ! 

s i ~ m i f i c a n t  nverage figures f o r  any gi'ven loca l i t y  could be derived from 
i 

the  ve r t i ca l  d i s t r ibu t ion  of cer ta in  s e s s i l e  organisms i n  t he  intertide.1 I 
I 

zone, re f lec t ing  t h e i r  capacity t o  endure exposure t o  a i r .  Such studies 
a r e  not, t o  the  best  of my knoviledge, available yet  i n  sufr'icient d e t a i l  I 

t o  be used. 
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PART I: GEOLOGY 

by F. R. Fosberg 

ology of these a tol ls  has been described in  several pub- 
Ladd and Hoff'meister, 1940; Nugent 1946; Emery, 

Tracey and Ladd, 1954; Fosberg and others, 1956, p. 76-132; and 
Fosberg, 1957 a).  A summary of the geology follows. 

Physiographically an a t o l l  i s  the upper calcareous part of 
a broadly conical or irregularly pyramidal mountain mass rising 
from the floor t o  the surface of the ocean. Only the top of th is  i s  
usually considered, geographically, and of th is  only the part  which 
breaks the surface of the sea need be discussed here. Thus restricted, 
the northern Marshall Islands are a series of narrow platforms or 
reefs, usually irregularly ring-shaped or polygonal, conrmonly 
enclosing a shallow body of ocean water called a lagoon (pl. 1.4). Of 
these platforms by f a r  the largest areas l i e  a t  or just above or 
below tide level and are called the reef f l a t .  The outer edge of 
th i s  either f a l l s  off abruptly, as on leeward sides, or i s  elevated 
i n  the form of a low ridge, as on windward sides. The inner margins, 
where not occupied by is le ts ,  shelve off into the lagoon. The surface 
of the reef f l a t  may be relatively smooth or locally quite rough or 
strewn with great boulders. Scattered along these platforms are 
areas that r i se  above high-tide level, called i s l e t s  (perhaps a better 
term is the Polynesian word m n ,  but even th i s  i s  not completely devoid 
of ambiguity) (pls. 1, 2). These is le ts ,  though forming only an in- 
finitesimal part  of the area and bulk of atolls,  are i n  many respects 
the most interesting one, and that  with which th i s  report is principally 
concerned. 

The entire structure of an atoll,  except the deeply submerged 
part  of the found&ion, is made up of organic limestone sediments, 
either loose or variously consolidated. Deep borings on Bikini and 
Eniwetok have given much information on the nature of the sediments 
making up the part  below sea level (Emery, Trace , and Ladd, 1954; 
Ladd and others, 1953; Ladd and Schlanger, 1960. y These are mostly 
unconsolidated material, and extend downward t o  more than 4,000 feet  
below sea level. Some layers are consolidated or partly so. Most 
of the material resembles that  deposited i n  the lagoon today. A few 
traces of carbonaceous material, with land plant pollen and foss i l  
land and fresh-water shells, suggest that some of these sediments were 
once te r res t r ia l  and supported vegetation. 

Origin of the reefs 

Before considering the morphology and structure of the islets ,  
themselves, it w i l l  be necessary t o  give brief attention to  the 
origin and nature of the reefs and the materials of which they are 
coruposed. This is ,  i n  certain aspects, a highly controversial sub- 
ject, and for more adequate treatment of it reference may be made t o  
the publications cited above. The limestone i s  made up of the skele- 
tons of lime-secreting animals and plants, mainly corals. Foraminifera, 



and those algae which possess hard skeletons (see p. 56-74). 
These animals and plants add t o  the rocw structure on which they 
grow i n  two different ways. Some of them are firmly attached and 
cemented onto the rock, adding by the growth of their skeletons 
t o  the material of the rock i t se l f ,  either i n  the form of crusts 
or as outgrowths. Storm waves may break these off. Others are 
either free or loosely attached, becoming free when they die. The 
loose material so formed, as well as that  resulting from breakage, 
accumulates on the reefs, on the i s le t s ,  in the lagoons, and on the 
submarine outer slopes of the atolls .  That on the i s l e t s  comprises 
the sediments that  are the subject of th is  report. 

The firniiy attached organisms are of many different shapes 
and grow together very abundantly i n  the warm seas of the tropics. 
Attaching themselves t o  each other, as  well as to  the rocks, thei r  
skeletons form a r igid latticework of limestone, which may be f i l l e d  
i n  either by growth or by deposit of loose sediments i n  the inter-  
stices. Most of the corals (pl. 3) are branched; often they are 
miniature treelike structures that  are rather fragile and easily 
shattered or torn loose by storm waves (pl. 3A, B). Some of those 
exposed t o  direct wave action have more compact growth forms and are 
more resistant. By themselves, however, most oT the corals would 
not bs able to  make the stable structure known as coral reefs. !Ihe 
function of cementing and binding these corals together into a mas- 
sive rock i s  performed by certain of the calcareous algae ( ~ l a n t s )  
( ~ 1 s .  4, 5 )  and by certain colonial hydrozoans (Millepora) (animals) 
related t o  corals, which grow with no fixed or d e f i n m o r m s  but 
which make a shapeless hard crust over the surfaces of the other 
animals, smothering them, f i l l ing  in  the holes and spaces between 
them, thus presenting a smoother and more resistant surface t o  the 
force of the waves. These binding organisms, especially the plants, 
thrive best i n  the roughest, most thoroughly aerated water. For th is  
reason the firmest structures of the a tol ls  are on the windward sides 
where the swells break ccntinuously. Growth of reef-building organ- 
isms, generally, i s  faster on the outer edges of the reefs where 
waves break, thus building up these portions more rapidly than the 
more protected parts (pl.  5A, C ) .  Usually the most perfect and most 
intr icately branched coral skeletons may be found in quiet places, 
such as lagoons (pl. 3), or in water below the active turbulence zone 
on the outer slopes, where they are not smashed by heavy waves. How- 
ever, the greatest amount of limy material i s  added on the outer edges 
of the reefs. This area i s  also the source of much of the f r w e n t a r y  
material which forms the sediments that  f i l l  large parts of the reef 
structure. It has been shown by the studies a t  Bikini (Ladd and 
others, 1950) that  loose material detached from the reefs, especially 
on the windward sides, i s  carriedby currents, waves and winds w d  
deposited in  various other parts of the a to l l  structure to  form the 
sediments of which the a to l l  i s  largely composed. Any hole in the 
latticework, any protected pool or cavity, as well as the lagoon 
i t se l f ,  tends to  be f i l l e d  i n  by this  loose material. This debris 



may become cemented either by grovrth of such Sinding organisms 
as those mentioned above or by deposition of lime from the sea 
water, thus adding t o  the strength of the reef structure, or it 
may remain indefinitely as unconsolidated sediments protected from 
wave action by the surrounding r ig id  framework of the reefs. 

It might well be supposed that  these masses of limestone had 
grown up directly from their  volcanic foundations un t i l  they reached 
the surface of the ocean. This cannot be true, however, because 
none of the important reef-building organisms can thrive in water too 
deep t o  permit a significant amount of l ight  t o  reach them. The 
actual limits of growth of these organisms vary greatly, but there 
i s  certainly l i t t l e  material added below a depth of 300 feet, and 
the hiportant addition i s  araove 150 feet .  These facts  have been known 
for a. long time and recent investigation has tended t o  confirm and 
amplify previous knowledge of these limitations. merefore, it i s  
clear that other principles must be involved in  the presence of 
enormous masses of limestone below the l imits  of effective penetra- 
tion of l ight  into sea water. These principles have been the center 
of violent scientific controversy for more than a hundred years, and 
only the investigations of the l a s t  20 years have brought matters to  
a point where a brief, reasonably convincing generalization can be 
made of the mode of origin of coral atol ls .  

There now seems l i t t l e  doubt that all reef growLh took place 
i n  shallow water and that the volcanic foundations of the a tol ls  
have subsided with relation t o  sea level, the relative change in  ele- 
vation being slow enough t o  allow upward growbh t o  keep pace with 
the subsidence. In th i s  way the zone of active growth would have 
remained within the levels where l ight  was sufficient. Whether th i s  
relative change was due to  actuaL subsidence of the volcanic islands 
or t o  worldwide changes i n  sea level i s  not certain, but it i s  probable 
that both took place. During the glacial  periods, especially, there 
are known t o  have been considerable shif ts  of sea level and unques- 
tionably these have had a profound effect on the present form of coral 
islands. It i s  believed, for  example, that  within the l a s t  few 
thousand years there has been a f a l l  of approximately 6 feet (or 11 
feet  according t o  some authorities, especially Fairbridge , 1950, 
1952) in sea level, leaving extensive areas of coral limestone reef 
rock above water. Remnants of these f o m  much of the consolidated 
part of most of the i s l e t s  on present-day atolls,  the res t  of it hav- 
ing eroded away since exposure took place. 

The geology of the islets ,  themselves, may be treated in yreat- 
e r  detai l  as these structures are largely made up of the sediments 
t o  be discussed in  the present paper. 

General features of i s l e t s  

A l l  the northern IvIarshall Atolls have some dry land in the form 
small i s l e t s  (pis. 1, 2) scattered along the reef f l a t s  (pls. 6, 8). 
These range f'rom t iny deposits of sand and gravel (pl.lO) almost awash 
a t  high t ide t o  f l a t  expanses as much as several miles long and almost 



half a mile wide. Not counted as  i s l e t s  are the  rubble t r a c t s  ( p l .  9) 
and storm-cast boulders lying on the  reef f l a t  ( p l .  5D), though some of 
them may be exposed even a t  high water. The i s l e t s  a r e  essen t ia l ly  
portions of the  reef which l i e  above t h e  general l eve l  of the  reef 
f l a t .  The materials a r e  t he  same nnd there  i s  no r e a l  difference 
except t h a t  they are  exposed above sea leve l .  

The surface of most i s l e t s  l i e s  between 4 <and 10 f e e t  above mean 
t i d e  l e v e l  but p rac t ica l ly  no accurate measurements of heights are  
available,  nor have a l l  the i s l e t s  i n  t he  northern Marshall Islands 
been v is i ted .  Areas denuded by storms may l i e  close t o  high-tide leve l  
o r  even lower. Some i s l e t s  have cen t ra l  depressions with bottoms a t  or  
s l i gh t ly  above high-tide l eve l .  Dunes, beach ridges, and boulder 
ridges may r i s e  6 t o  12 f e e t  o r  ra re ly  even as  much as  25. f e e t  o r  more 
above mean t i d e  level .  A boulder-capped ridge on the south coast of 
Lae I s l e t  has nn a l t i t ude  of about 18 f e e t .  The highest a l t i t ude  i n  
t he  Marshall Islands i s  believed t o  be a beach o r  dune ridge on the 
lagoon side of Labinwor I s l e t ,  Likiep, on the leeward s ide of the  a t o l l .  
Some pa r t s  of t h i s  r idge a re  more than 25 f e e t  above mem sea leve l .  

The i s l e t s  may be regarded a s  ephemeral from a geological stand- 
point .  This i s  shown by such evidences as  ancient shorelines, indicated 
by beachrock, which do not coincide with the out l ines  of present i s l e t s ,  
s t r i k ing  differences between out l ines  observed a t  present from those on 
maps of ear ly  surveys, and the r e l a t i ve ly  youthful character of the  
vegetation on some i s l e t s .  That they a re  reasonably s table  from a human 
standpoint however, is shown by the f a c t  t h a t  a d i s t inc t ive  human 
population has occupied them f o r  many generations; many i s l e t s  show a 
well-developed vegetation, e.s well  as  populations of land animals, some 
of t he  l a t t e r  unknown anprhere e l s e .  

Types of i s l e t s  

Examination of a large number of i s l e t s  shows t h a t  they a re  of 
th ree  pr incipal  Binds: ( a )  those having a remnant of emerged reef 
rock, a mass of reef rock-not yet  eroded away, as  a core; ( b )  those 
t h a t  a r e  simply an accumulation of limestone de t r i t u s  on t h z  present 
reef f l a t ;  and ( c )  i s l e t s  within lagoons. Type ( a )  i s l e t s  are  the  
r e s u l t  of a general lowering of sea l e v e l  i n  re la t ion  t o  the reefs.  
This lowering of sea l eve l  is considered t o  have s t a r t ed  several  thou- 
sand years ago. Type ( b )  i s l e t s  can be observed a t  present i n  a l l  
stages of formation i n  t he  northern Marshall Islands ( p l s .  9, 10) .  The 
three types and variants of them w i l l  be discussed separately, a s  they 
d i f f e r  i n  some important respects.  Types (a) ,and (2) are  i l l u s t r a t e d  
i n  f igures  3 and 4. 

I s l e t s  with a remnant of emerged reef rock as  a core 

By f a r  t he  greater  number of i s l e t s  on a t o l l s  i n  t he  northern 
Marshall Islands are  essen t ia l ly  platforms of reef breccia o r  conglo- 
merate s tmding  above the  present r ee f - f l a t  surface, with associated 



accumulations of sand, gravel, and la rger  debris.  Most windward i s l e t s  
are  of t h i s  type, a s  well as  those on south reefs .  This type of i s l e t  
( f i g .  3) may be readily iden t i f ied  by the  presence of a rock platfornl 
( p l s .  11-13) above high-tide level ,  protruding from beneath the sandy o r  
gravelly vegetation-covered par t  of the  seaward side of the  i s l e t .  The 
platform may extend beneath the loose material  of the  i s l e t  f o r  as  much 
a s  a t h i r d  o r  even two-thirds t he  distance t o  the  lagoon beach. More 
ra re ly  it may extend a l l  the  way and protrude from under the  sand a t  t he  
top  of t he  lagoon beach (pis. 11B, 1 X ) .  On the seawmd sides of wind- 
?rard i s l e t s  the  pla.tform may be of considerable extent ( p l .  2A). It 
presents a rough p i t t ed  surface, blackened by the growth of microscopic 
algae. The rock of which it i s  composed i s  generally a highly consoli- 
dated reef conglomerate or  breccia of unsorted, often very angular frag- 
ments, case-hardened by exposure t o  a i r .  The highest rock surface 
observed, excepting the remnants of Bwok~?la (~o lc l a )  i s l e t ,  Taongi ( ~ o k a k ) ,  
was about 5 112 f e e t  above mean low t i d e .  Others were from 1 t o  2 o r  
more f ee t  lower, having probably been eroded by slow solution by r a in  
water. The p i t t i n g  of these surfaces shovs t h a t  t h i s  solution process 
i s  constantly taking plsce ( p l s .  14-16). 

The suggestion has been made t h a t  some i s l e t s  apparently of t h i s  
type may r ea l ly  belong t o  the  second type, t he  plc,tform being simulated 
by subaerially consolidated sediments. This poss ib i l i ty  is hard t o  
eliminate unless reef material  i n  growth posit ion i s  found. It i s  by no 
means cer ta in  t h a t  such consolidation does actual ly  take place under 
a t o l l  conditions, but it i s  possible.  Petrographic studies of the  type 
of cementation and recrys ta l l i za t ion  involved might y ie ld  dependable 
c r i t e r i a  f o r  distinguishing subaerial  from i n t e r t i d a l  and submarine con- 
solidation,  but we know of' no such s tudies  on a t o l l s  a s  yet .  A t  present, 
degree of consolidation, indications of planation surfaces, and f o s s i l s  
of i n t e r t i d a l  organisms i n  t h e i r  charac te r i s t ic  growth habi ta ts  and 
posit ions are  the  bnst available c r i t e r i a  for  concluding t h a t  the  appar- 
ent platforms are  of formerly submerged rock. 

The edge of t h i s  platform may be more or l e s s  abrupt and ledgelike 
or  it may slope. Comionly a ramplike slope of i r reguler ly  eroded rock, 
a few t o  many yards wide, extends from the  edge o r  base of the  ledge down 
t o  the reef f l a t  just above low-tide leve l .  There may be a t ransi ' t ional  
area of i r regular  o r  roughened roclr s l i g h t l y  h i a e r  than the reef f l a t .  
The ramplike slope has been termed the erosion -. ramp ( p l s .  1 1 A ,  1 4 ~ ,  B, 
D, 15, 16, l7B, U), a s  it i s  here that the  act ive erosion of t h i s  e le -  
vated reef rock i s  taking place. Comparable erosion ramps may also be 
cut i n  beach roclr ( p l .  1 4 ~ ) .  

Several processes were observed which con t r ibke  t o  t h i s  erosion. 
Solution, by r a in  water and possibly by sea vater  also, i s  a factor ,  a s  
i s  shown by the prevalence of the p i t t e d  surfaces character is t ic  of 
limestone erosion. The out l ines  of t he  animal skeletons of ~ ~ h i c h  the  
rock i s  composed are  often l e f t  i n  r e l i e f .  Solution basins ( p l s .  15, 
l 7 D ,  2 0 ~ )  from about an inch t o  a s  much a s  a foot deep, with s t r a igh t  o r  
s l i gh t ly  unclercut sides,  are  commonly seen. An abundance of small mol- 
lusks (such a s  -- Nerita, ~ i t t o r i n a )  and other  animals t ha t  feed on algae 
i n  the surface of the  rock undoubtedly contribute t o  abrasion of the  



surface i n  t h i s  zone. Abrasion by ro l l ing  ba.clc :md for th ,  o r  swirling 
i n  pot-holes, of gravel, pebbles, and even larger  rocks by waves leaves 
noticeable effects ( ~ i .  lgCj D ) .  A conspicuous process i s  the spall ing 
off of slabs of roclc ( p l .  16) from a foot t o  as much a s  6 f e e t  across,  
presumably due t o  sudden ch i l l ing  of sun-heated rock by the r i s e  of 
water with the t i de .  Spal l  planes cut through coral  fragments and 
i n t e r s t i t i a l  material  a l ike,  leaving smooth surfaces ( p l .  16B). The 
constantly moving water of even small lagoon waves tends t o  cut away 
weaker beds and areas i n  the linestone, often undermining stronger 
roclc, which then may collapse ( p l .  14A, B),  contributing large angular 
fragments t o  the loose rubble mass lying on the reef f l a t  o r  erosion 
ramp. Jus t  how important t h i s  process i s  and just  how much of it 
occurs i n  normal weather and how much i n  storms are  hard t o  estimate, 
but a combination of storm and normal erosion or' t h i s  so r t  unquestion- 
ably accounts for  the renloval of a sizeable volume of material. Much 
of t h i s  material may be ident i f ied  i n  the rubble deposits around the 
peripheries of the i s l e t s .  \$hat i s  probably the most important process 
of a l l  i s  the weakening and crilmbling of rock in  the i n t e r t i d a l  zone 
t h a t  resu l t  from the a c t i v i t i e s  of boring orgmisnls, especially one o r  
more species of sipunculid ~rorms. In many l o c a l i t i e s  a narrow band of 
rock on the erosion ramp was seen t o  be riddled with t'ne burrow$ of 
these worms, usually with the animals s t i l l  inside.  How the sipunculids 
accomplish the boring i s  not known, as  they do not have boring mouth- 
pa~r t s .  They may, of course, dissolve away the limestone bjr acid body 
secretions.  Other worms, molluslcs, echinoids, sponges, and blue-green 
algae rrere a lso observed t o  contribute t o  the disintegration and 
erosion of limestone by boring i n  t h i s  i n t e r t i d a l  be l t .  

The t o t a l  e f fec t  of a l l  these processes is  the removal of an 
enormous mount of roclc, resul t ing i n  planation down t o  low-tide level, 
and the production of large quant i t ies  of sedimnts .  The extent of 
present-d&y reef f l a t s  (pis. 1, 2, 6, 8> g) ,  frequently half a mile t o  
a mile >iide, i s  a measure of the planation t h a t  i s  thought t o  have 
taken place since the f a l l  of sea l eve l  which happened several  thousand 
years ago. 

Locally, the erosion ramp may be covered by beaches ( p l s .  17, 18) 
of sand, gravel, o r  cobbles, o r  the beaches may be r e s t r i c t ed  t o  an 
area above the edge of the protruding roclc platform..  The ramp i t s e l f  
i s  common1.y found on the  seavard side of the i s l e t s  and frequently 
extends along the channels between i s l e t s ,  but has only rarely been 
observed on the lagoon side by us.  Deposits of any so r t  of material 
such as  sand, gravel, boulders, unsorted rubble, o r  even large slabs 
( p l .  20D) may be piled on and around the hard roclc core of the  i s l e t .  
They may even cover it compietely, i n  which case the i s l e t  may be m i s -  
taken for  type ( b ) .  The lagoon side of type ( a )  - i s l e t s  is usually 
b u i l t  of sand or-small gravel ( p l s .  l7A, 18) .  OTten there  are  evi-  
dences of successive deposits of sand i n  the form of beaches o r  ridges 
which have been added lagoon~.rard. 

There i s  a tendency f o r  i s l e t s  of t h i s  type on crindrmrd reefs  t o  
be strongly convex on the seaward side and some~ihat concs.ve on the 
lagoon side, with prominent angles on the lagoon corners. The i s l e t s  



may be widest i n  e i ther  direction but those elongated perpendicular t o  
the  trend of the reef have a tendency t o  broaden along the lagoon beach 
so t h a t  they are  roughly T-shaped, with a narrow rock platform extending 
seaward from a bar of sand along the lagoon shore. -- Sand horns ( f ig .  3, 
p l .  2B) and sand lobes, s p i t s  extending from the inner corners, a re  COB- -- 
mon on i s l e t s  on windward reefs .  Sand aprons are  broad deposits of 
material  i n  shallow water jus t  inside the  reef,  especially windward 
reefs  . 

I s l e t s  formed of accumulations of loose material  on reef f l a t s  

Accumulation of sand, gravel, o r  unsorted material on the surface 
of the  reef may resu l t  from any one of several  causes o r  combinations of 
them: (1)  Storms may deposit t r a c t s  of large boulders ( p l .  9) on the 
reef,  which are  too heavy t o  be removed by ordinary wave action; l a t e r ,  
smaller material  may be pi led around and among these; (2 )  The reef may 
be so wide tha t  the force of normal waves is insuff ic ient  t o  carry loose 
material  completely across and in to  the lagoon, and it may p i l e  up on 
the reef;  ( 3 )  The same thing may r e su l t  Prorn lagoon waves neutralizing 
sea waves, causing them t o  drop any loose materials they a re  carrying. 
Bars ( p l .  10) formed i n  any of the  above ways may become large enough t o  
r e s i s t  moderate storm waves which may then p i l e  the material up above the 
high-tide level ,  o r  wind may a l so  p i l e  it up. These bars may become 
p a r t i a l l y  consolidc.ted in to  beachrock ( p l s .  19, 20), which may survive 
even severe storms and serve t o  catch more loose material. Surfaces 
above high-tide leve l  soon become colonized by plants ( p l .  27B) t h e  
resul t ing vegetation r%rther s tab i l iz ing  the  i s l e t s .  

Regardless of how the loose material  has become stabi l ized,  these 
i s l e t s  are  essent ia l ly  only p i l e s  of de t r i t u s  on the  f l a t  surface of the 
reef .  The core may o r  may not be of large boulders o r  consolidated 
material .  Some i s l e t s  which appear t o  be of t h i s  type may actual ly  be 
of type ( a ) ,  described above, but with t h e  en t i re  platform o r  rermants 
of it com~le te ly  buried by loose material  ( f i g .  4B).  

Det r i ta l  i s l e t s  may form on any par t  of the periphery of an a t o l l  
but a re  usually found on wider pa r t s  of t h e  reef .  Pract ical ly  a l l  i s l e t s  
on western reefs,  many of those on southern reefs,  and some on windward 
reefs may be so formed. They are  of a l l  s izes  and shapes. Those on 
widened corners of a t o l l s  tend t o  be t r iangular  o r  prolonged i n  the d i r -  
ection of the angle of the reef .  Those on s t ra ight  o r  gently curving 
reefs tend t o  be elongcte i n  the direct ion of the length of the reef .  
Small bars tend t o  be crescent shaped, with the borns of the crescent 
do%mwind, or ,  rarely, concave toward the wind, but with the t i p s  of the 
horns recurved i n  a downwind direct ion.  Such small bars are  frequently 
high-around the  periphery and depressed 'in the middle. Finer material  
. i s  often removed from the surface by wind. o r  waves, leaving a layer of 
loose gravel. 

. . 

I s l e t s  of t h i s  sor t ,  a t  l e a s t  while small, a re  more vulnerable t o  
the  force of typhoons and l e s se r  storms than those with a hard rock core. 
Storm waves, i f  severe enough, can move enormous quantit ies of loose 



material, even chunks. They may, on the  other hand; add material e i the r  
from the outer nlargin of the reef o r  from nearby i s l e t s ,  or occasion-. 
a l l y ,  perhaps, from sand aprons i n  the  lagoon. 

I s l e t s  within the  lagoon 

In addition t o  the two mc.in types a few i s l e t s  e x i s t  within the 
lagoons, especially just  inside the passes. Most of these (perhaps a l l )  
a re  composed en t i r e ly  of sand accumulated on patch reefs  a t  or just  
below the l eve l  of the lagoon water. The sand i s  pi led up i n  low h i l -  
locks o r  dunes and may be well vegetated. Such i s l e t s  occur in  the 
lagoons of Likiep, Kwajalein, Not je, and En i~e tok ,  and perhaps one on 
Rongelap would be in  t h i s  c lass .  Eniwetak i s l e t  i n  Kwajalein Lagoon, 
was the only one of t h i s  sor t  examined closely, and t h a t  during a very 
short v i s i t  only. It consists of a re la t ive ly  small f l a t  area of sand 
6 o r  8 f e e t  above lagoon level ,  with steep sides, and with one corner 
a t  a lower l eve l  forming a terrace.  It i s  bordered, a t  l e a s t  on one 
side, by a fringing reef .  

The or igin of these lagoon i s l e t s  i s  obscure. They may be simply 
of sand deposited on the  reefs by wind, but t h i s  does not explain t h e i r  
being usually located just  inside passes. It has been suggested (K. 0 .  
Emery, o ra l  coimwication) t h a t  the sand may have been deposited by 
currents pr ior  t o  the f a l l  of sea level;  i f  so, these is3.ets are  a 
special  case of type ( a ) .  - 

Shores -- 
Shores ( the  s t r i p s  of land between mean low t i d e  and the high- 

water mark of ordinary storm waves), may be divided in to  those pre- 
dominantly of loose o r  unconsolidated materials, called beaches (p l s .  
17, 18), and those of hard or consolidated materials o r  rock. These 
a re  not sharply separated, a s  loose materials may be scattered o r  spread 
i n  various manners over rock shores, rock may be variously exposed by 
erosion of beaches, and beaches may even become consolidated t o  form 
beachrock. Generally, the two types and obvious combinations of them 
may be easi ly  distinguished. 

Beaches 

Beaches are ,  within cer ta in  l imi t s ,  continuously and local ly  
variable and may be c lass i f ied  only a r b i t r a r i l y .  Furthermore, the same 
beach may change completely even during the course of a single storm. 
Therefore, it is possible t o  speak only i n  general i t ies  e.nd i n  terms of 
what may be reasonably expected i n  cer ta in  s i tuat ions.  A s  t o  topo- 
graphic position, beaches are  readily divided in to  t i d a l  and storrn 
beaches ( p l s .  11B,  1 7 ~ ) ,  the t i d a l  beaches lying between low-tide l eve l  
and extreme high-tide mark, storm beaches lying above high t i d e .  In  
texture both of these rmy be sand, pebble, cobble, o r  boulder beaches, 
any combination of these, o r  intermediate between them. Beaches 



commonly (but not universally) slope from the  land toward the water, 
the nature and steepness of the  slope being determined by the nature of 
the d e t r i t a l  material, the  substratum on which it i s  lying, and a com- 
bination of a l l  the  forces of x!aves, currents, and winds which have 
acted upon it. The analysis of these forces i s  extremely d i f f i c u l t ,  
foriilulation of it i s  not yet i n  a very advanced stake and our data are 
not adequate l o r  such detai led consideration. 

Beaches exposed t o  the d i rec t  force of waves generated by the 
t rade winds, o r  of frequent southerly storm waves and swells are  gener- 
a l l y  much steeper than those on more sheltered coasts. Lagoon beaches 
generally a re  l e s s  steep than seaward beaches, except on leeward s ides  
of large lagoons where strong waves may be generated. The slope i s  
usually i n  t'ne form of one o r  two shallow conczve curves with a break c.t 
high-tide level .  High sand or gravel beaches frequently have e sanil 
terrace o r  berm ( p l .  17A) a t  high-tide leve l  bet-reen the  storm and t i d a l  
par t s  of the beach. 

Sand beaches ( p l .  18A) may be found i n  any s i tua t ion  on e i ther  
windward o r  leeward i s l e t s .  However, they tend t o  be both more common 
and more extensive on lagoon shores than on sea~~rard shores. On the 
lagoon shores of windward i s l e t s  the sand is usually f ine r  t h q  on those 
of leeward i s l e t s ,  especially southern ones, where the  beaches are f r e -  
quently of gravel ra ther  -than sand. The sand pa r t i c l e s  of beaches on 
windward i s l e t s  are  generally much more angular than those of leeward 
ones, where they a re  worn and rounded. On i s l e t s  with an exposed p le t -  
form of rock there is  frequently a storm beach above t h e  roclr platform. 
Talhere no rock platform is exposed, the beach commonly extends from the 
vegetation down t o  the reef f l a t ,  o r  erosion ramp, o r  on lagoon beaches 
down t o  the sand apron with which it merees. I1 there  is a beachrock 
formation along the shore, there i s  more often th,m not a s tom beach 
behind it, e i ther  continuous with the  top  of the beachroclr o r  separated 
from it by a low escarpment o r  cuesta. 

Pebble beaches ( p l s .  17A, 1 8 ~ )  a re  common along windward shores of 
windward i s l e t s .  They a l so  occur along the channel sides of z l l  i s l e t s  
except those on the  vestern reefs  t h a t  consist mostly of sand; they are  
especially common on t'ne lagoon shores of leeward i s l e t s  on the south 
reefs .  In  texture pebble beaches vary from f ine  t o  coarse, \?here they 
merge with cobble o r  boulder beaches, and the pa r t i c l e s  may be well 
sorted or more rarely mixed in  any proportion of s izes .  

Sand and gravel beaches are  commonly white t o  pinkish i n  color, 
par t icular ly  where the  m~ . t e r i a l  i s  frequently disturbed and worked over 
by wind and waves. Wheye beaches are  undisturbed I o r  long periods of 
time, the color of storm beaches becomes progressively more grayish o r  
even blackish, Prom the growth of microscopic algae on the upper sur- 
faces of the par t ic les .  

Cobble or boulder beaches ( ~ 1 s .  13A, l7C, D)  are  commonly associ- 
ated with storm deposits of coarse  material  (boulder o r  cobble ridges), 
hence are  laore frequently found on southern seavard shores; they may, 
however, be found i n  any position, though rarely on western leeward 



i s l e t s .  The s ize  of the fragments of rock varies but ma.y be a foot o r  
niore i n  diameter. Cobble size,  from 3 t o  10 inches, is more common. 
A t  times a combination of a storm beach of boulders o r  cobbles with a 
t i d a l  beach of sand or pebbles, or the reverse, inay be encountered; 
more frequently both t i d a l  and storm beaches are  of riatei-ial of similar 
texture .  Generally, the smaller s izes  tend t o  be l e s s  angular than 
large boulders, presumably because small pieces a re  more frequently 
ro l led  around. This, ho~rever, i s  by no means allrays so. Beaches 0.i 

such coarse material occur ra ther  r a re ly  on lagoon shores except 
adjacent t o  deep passes on south reefs .  Even on Taongi ( ~ o k a k )  where 
there  is a short beach ridge of cobbles along the lagoon shore of 
Sibyl la  i s l e t ,  the  beach below it i s  of sand. 

Rock shores 

Rock shores are  of two types, those of slanting beds of beach- 
rock ( p l s .  l 9 A ,  B, 20A, B)  and those of reef rock ( p l s .  1 1 A ,  12) i n  
which the  bedding i s  obscure o r  horizontal .  

Beachrock shores (p ls .  l9A, B, 20A, B )  may slope a t  the  angle of 
the  bedding planes, ranging from 5' t o  more than 30°, o r  may be t run- .  
cated by erosion t o  a much gentler slope than the dip of the beds. Fre- 
quently, where there  i s  a vide ser ies  of beds, these may be represented 
by a ser ies  of sharp pa ra l l e l  ridges at o r  just  above high-tide leve l .  
Where benchrocls i s  between t ides  it may be smooth from abrasion by wave- 
rol led '  gravel, p i t t ed  with large p o t h ~ l e s  ( p l .  20C) and solution basins, 
o r  it may be cracked in to  large s labs  o r  blocks ( p l s .  14C, 20D). These, 
a s  on the  lagoon shore of Yeldo ( ~ n e j e l t o )  i s l e t  on the eas t  side of 
Wotho Atoll, may be throvn up in to  an i r regular  windrow on the storm 
beach above ( p l .  20D). Near and, especially above high-tide leve l  the 
surface may be extremely rough and p i t t e d  ( p l .  14A, B) ,  almost honey- 
combed, from weathering by rainwater. Here, also, the surface i s  l i k e l y  
t o  be very dark o r  almost black from a lga l  growth. To the casual 
observer these jagged blackened surfaces may suggest volcanic rock, 
which i s  not exposed on a to l l s .  

Reefroclc shores (p l s .  1 1 A ,  12) a r e  of two principal types, those 
where a platform of elevated reef protrudes from beneath the vegetation 
well above high-tide level,  ending e i t h e r  i n  a ledge o r  an erosion 
ranp; and those vhere the rock has been eroded do~m t o  high-tide l eve l  
o r  below. The l a t t e r  type is commonly rather  rough and nay end i n  a 
low c l i f i  i f  on the lagoon s ide , , o r  merge in to  an erosion ramp on other 
s ides  of an i s l e t .  Both these types may cormonly be par t ly  covered by 
beach deposits. On Bwokwla i s l e t ,  Taongi (Pokak) Atoll, the lagoon 
shore i s  a platform,about 1 foot above high-tide level  and i s  conspicu- 
ously undercut. An approach tow& t h i s  condition may be seen on other 
lagoon shores of south reefs.  Where a similar emerged platform pro- 
trudes onto a reef f l a t  there altrcys seems t o  be some development of an 
erosion ramp (pl$.  1 1 A ,  15, 16) .  This may be broad, as  much a s  100 f e e t  
wide, and gently sloping, o r  as  narrow a s  3 t o  4 f e e t  and steep. Steep 
c l i f f l i ke  shores may also be found l in ing  i n t e r - i s l e t  channels where 



the  i s l e t s  are  very close together, but s t i l l  separated by water. Such 
a s i tua t ion  is t o  be seen between Anenlik (Enelik) and Jabwe i s l e t s ,  
Ailulr Atoll .  

Ledgelike shores frequently have t h e i r  erosion ramps covered o r  
par t ly  covered by accumulations of coarse rubble. This i s  cormonly i n  
the nature of a mantle res t ing on the underlying rock, i-t is r a r e ly  
banked up i n  t h e  form of a beach. This may be seen most of ten near t he  
seaward ends of passages between i s l e t s .  The surface of the  rnrilp i s  
usually somewhat rough and p i t ted ,  soruetirt~es extremely so. I n  other 
examples t he  roughness may be moderated by abrasion from wave-rolled 
gravel, as  on some beachrock shores. The t r ans i t i on  t o  the re la t ive ly  
smooth reef f l a t  surface may be a,brupt o r  gradual, i n  places marked by 
minor corrugations perpendicular t o  t h e  waves. A good example of these 
corrugations i s  shown by Schlanger and Broolshart (1955, p l .  1). Else- 
where the edge of t he  ramp is i r regular  with many low spurs and 
reentrants .  

Beachrock 

A feature  of a t o l l  i s l e t s  so common and conspicuous a s  t o  deserve 
special  mention consis ts  of narrow elongate beds of consolidated sand, 
gravel, o r  even la rger  r a t e r i a l ,  dipping a t  t'ne angle of incl inat ion of 
a beach surface ( p l s .  19, 20). Such beds may consist of a s ingle  layer  
a few inches thick,  o r  more commonly many such layers superimposed m d  
dipping a t  t he  same angle. Owing t o  t h e  small l a t e r a l  extent of the  
single beds the actual  ve r t i ca l  thickness o r  depth of such a s e r i e s  i s  
very small.. The t o t a l  ve r t i ca l  dimension or" the  se r ies  i s  not more than 
the distance between mean high and low t ides ,  except where such beds 
pe r s i s t  from an e a r l i e r  higher sea l eve l .  I n  such cases, they r,lay 
extend 1 or  2, o r  even 4 i'eet above mean high t ide ,  and if recent beds 
have been added t o  the  ser ies ,  down t o  low-tide leve l .  A continuous 
se r i e s  of these beds may reach an extreme width of 20 yards o r  even 
more, but usually such a se r ies  i s  not more thsn 3 o r  4 yards wide. 
The length i s  quite varied but may be a s  much a s  hundreds of yards. 

Beachrocls apparently l'orms beneath the  surface of beaches and when 
f i r s t  exposed by wind or  wave action may be very weakly consolidated; 
the pa r t i c l e s  a r e  cemented by a coating of aragonite needles. Exposure 
t o  a i r  tends t o  harden the  rock so t h a t  it may pe r s i s t  f o r  a long 
period, a s  i s  shown by ancient beds now above high-tide leve l  t h a t  must 
have been formed while sea leve l  was higher than a t  present. This is 
undoubtedly a manifestation of tlze general phenomenon of "case- 
hardening" of exposed limestone, apparently due t o  recrys ta l l i za t ion  of 
ca lc i te ,  which shows i n  some thin-sections of old, hardened beachrock. 

Long s t r i p s  of beachrock commonly occur around the peripheries of 
i s l e t s ,  usually sloping away from the  i s l e t ,  toward e i ther  lagoon or  
sea, i n  t he  manner of beaches of loose sand. However, local ly  the  dip 
may be just  the  opposite of what would be expected, suggesting t h a t  t he  
i s l e t  may not have always been i n  i t s  present posit ion.  Such displace- 
ment of i s l e t s  i s  a l so  indicated by s t r i p s  of beachrock found i n  the  



i n t e r io r  of i s l e t s  and i n  various positions on otherwise denuded reef 
f l a t s ,  between i s l e t s ,  o r  avay from them altogether.  On some reefs,  
such a.s t h a t  extending ~ res t~ ra rd  from Utir ik  I s l e t ,  Utirik Atoll, there 
may be a number of pa ra l l e l  s e r i e s  of beachroclc beds, the seaward ones 
dipping seaward, those along the  lagoon dipping lagoonward. It i s  
thought t ha t  a typhoon may have removed most of the loose material from 
the  reef f l a t  here, leaving beachroclc merking fonner shorelines of the 
i s l e t .  In  places, especially near reef angles and the corners of 
i s l e t s ,  extremely complicated arrangements of 'beachrock inay be exposed, 
indicating many s h i f t s  i n  former shorelines. A conspicuous example may 
be seen on the eastern point of Lilciep I s l e t ,  Likiep Atoll .  

Marginal ridges 

Ridges ( p l s .  21, 22A, B) of unconsolidated limestone de t r i tus  are  
common just  inside the margins of i s l e t s ,  especially along the  seaward 
s ides .  The material var ies  i n  texture Prom f ine  sand, l e s s  than 0.5 mn 
i n  diameter, t o  cobbles and even boulders. The ridges may be in te r -  
rupted or may extend continuously around an i s l e t .  Small i s l e t s  are  
especially l ike ly  t o  have ridges all around thein. The ridges a re  l i ke ly  
t o  be highest on the  seaward side and the highest ones are  on south 
shores. 

These ridges may be normalbecch ridges, p i led  up by waves, o r  by 
waves with the help of larind; they may be enormous masses of cobbles and 
boulders probably cast  up by typhoons, o r  they may be dunes resul t ing 
Prom wind-blown smd  caught by vegetation. 

Beach ridges are  the  most common, existing a.t the  tops of most 
beaches a t  l ea s t  t o  some extent.  ' They are  commonly broad, 10~1, and 
rounded i n  prof i le ,  seldom more thm 2 t o  4 f ee t  above the  general l eve l  
of the i s l e t  surface. blhere recent and not yet v e ~ e t a t e d  they may be 
narrow with sharp tops. Frequently they a re  double, the front crest  
sharp and narrow, the  back one rounded m d  broad. In texture they 
generally correspond somewhat t o  the beaches t h a t  a re  in  f ront  of them, 
being sandy along most lagoon slopes except those on south reefs  and 
frequently so along seaward. slopes of windwxrd i s l e t s .  Along the 
lagoon side of i s l e t s  on the south:reef they tend t o  be of gravel, which 
often changes from coarse t o  f ine  from e'ast 'to vest  along any pa.rticular 
i s l e t ,  ending i n  sand a t  the vest  end. Gravel ridges a s  %re11 as  sand 
ridges may also be found along the sea-~?ard south shores of the i s l e t s  
wnere these are  not occupied by storm deposits. The gravel i s  commonly 
rather  rounted but may be angular i n  some s i tuat ions.  Many small sand 
and gravel bars a re  simple peripheral ridges surrounding bowl-shaped 
depressions. 

The most conspicuous surface features  of a t o l l  i s l e t s  a re  the 
enormous boulder ridges ( p l .  22A, B),  often temed "boulder ramparts", 
which occur on sonie i s l e t s  of most a t o l l s .  These a re  beach ridges 
formed of large-size material .  They are  somewhat randomly distributed, 
being Icnom from coasts facing i n  almost a l l  directions,  and from lagoon 
a s  well as  seaward s ides .  They are ,  however, f a r  more frequent along 



the  seaward coasts of i s l e t s  on the south reefs,  and l e a s t  frequent on 
lagoon coasts and on i s l e t s  on vest  reefs .  The texture  of the  material 
ranges up through cobble t o  boulder s izes  (p l .  22) .  Different segments 
and layers  i n  the  same ridge of ten may be of very &ifrerent  average s ize  
and have abrupt boundaries between them. The highest known boulder 
ridge i n  the  northern Marshall Islands i s  on the south coast of Lae 
I s l e t ,  Lae Atoll.  It i s  about 18 fee t  high> with the upper several  f ee t  
composed of huge boulders, a foot o r  more i n  diameter. Generally the 
s i ze  range of the  material  i s  much smaller than t h i s  and the beight is 
between 5 and 10 f e e t .  The rocks are  frequently very angular and sharp 
and the upper layers  may have r e l a t i ve ly  l i t t l e  f i n e r  material  i n  the  
i n t e r s t i ce s .  The p ro f i l e  of t he  ridges var ies  from narro?r, with the 
sea~.rard side ra ther  steep, t o  broad, a s  much as  1.00 ya.rds r.ride, with very 
gradual slopes. Where the ridge i s  vide a secondary ridge may f r e -  
quently develop a t  i ts  sea'.?ard margin, t h i s  one much sharper and with a 
steep seaward slope. 

There i s  no sharp d i s t inc t ion  between the boulder ridges and 
ordinary beach ridges.  Their occurrence i n  a more o r  l e s s  random dis -  
t r ibut ion,  with a predominance on south reefs, and the energy require- 
men'ts for  moving and p i l i n g  up such large f r a w e n t s  suggest t h a t  boulder 
ridges may be thrown up by typhoons, whereas ordinary beach ridges are  
probably formed by milder stonns o r  ordinary high wives i n  rough 
weather. 

Both beach ridges and boulder ridges i n  some s i tuat ions  occur i n  
ser ies ,  with more recent ones par t ly  superimposed on the older,  arr'nged 
from older t o  younger i n  e i t he r  a seaward o r  lagoonward direction,  
s t a r t i ng  from the  i n t e r i o r  of the  i s l e t .  This arrangement i s  thought t o  
r e su l t  from successive heavy storms, each depositing a great  mass of 
material. The vegetation on such a s e r i e s  may be observed t o  be more 
mature on the  inner ridges, and the rocks may be more blackened. I s l e t s  
may be enlerged by such deposition, especially on t h e  lagoon side, but 
only where shallow water, a reef f l a t ,  o r  a sand cipron ex i s t s  along the 
or ig ina l  shore. Often the lagoonvrard t h i r d  or  more of an i s l e t  seems 
t o  have been b u i l t  i n  t h i s  way, usually of smaller s i ze  material  than 
t h a t  found i n  seavard beach ridges o r  boulder ridges. 

Dunes, l ikevise ,  may be found i n  almost any s i t ua t ion j  but they 
a re  most conunon along lagoon shores, especially on i s l e t s  on west reefs  
and the  r.;est ends of those on south reefs.  They a re  a lso found on the 
ra re  i s l e t s  inside the  lagoons. The dunes i n  the  northern Marshall. 
Islands are  a l l  small and a re  mostly s tab i l ized  by vegetation. It i s  
l i k e l y  t h a t  the  vegetation i s  pr incipal ly  responsible f o r  t h e i r  forma- 
t i o n  by stopping the wind-driven sand m d  causing it t o  p i l e  up among 
bushes and t r ee s .  The presence of pebbles and even some cobbles and 
boulders i n  many of these dune ridges shows t h a t  storm ?raves have fre-  
quently had a par t  i n  t h e i r  construction. 



- 20 - 
In t e r io r s  of i s l e t s  

Inside the marginal ridge an i s l e t  may have l i t t l e  r e l i e f .  It 
commonly shows an extremely s l igh t  slope upr'ard from the lagoon cide, 
v i t h  a surface of sand near the  lagoon, becoming gradually coarser 
toward the sea. Boulders and blocks of reef rock, roany of enormous 
size,  e r e  scattered over the surface of many i s l e t s  invard fro~r, the sez- 
ward side t o  a s  much as  200 yards, o r  even more. T'nese are  more common 
where there  i s  a vell-developed boulder ridge o.long the semrard const,. 
The only apparent explanation i s  t h a t  they were carried inland by 
enormous typhoon waves. Their presence vividly i l l u s t r a t e s  the powe; 
of ~ u c h  waves, a s  the largest  boulders must veigh tons.  Occasionally 
there  a re  areas, termed block f i e lds ,  which a re  thickly cgvered with 
such boulders and large rubble, even t o  a depth of 1 t o  4 f ee t .  The 
narrorr seaward par t s  of some windward i s l e t s  may be composed en t i r e ly  01" 
coarse, loose rubble. The seaward s ides  of i s l e t s  on south reefs  m?.y b~ 
covered by several f ee t  of boulders and blocks, 6 inches t o  3 f e e t  i.n 
diameter, extending 200 f e e t  or more back from the beach. This type c.? 
deposit usually but not always assumes the form of a broad low ridge, e.s 
described above under boulder ridges. Holes, loase blocks. and a 
tangle of vines may make footing here precarious. 

Otiner topographic features may be found loc8lly.  Broad central  
depressions may occur. On Lado I s l e t ,  Likiep Atoll, there are  a-L l e a s t  
two such broad depressions pa ra l l e l  with the  long axis of' the  i s l e t .  
On long i s l e t s  there may be two different  types of transverse depres- 
sions. One r e su l t s  from the f i l l i n g  i n  of the sap between tw;  i s l e t s ,  
uni t ing them in to  one, - ~ s u a l l y  with some ind.ication of the fon:ier 
separation i n  the  form of an inward scallop of the sez%:&rd beac!~. The 
depression is commonly very gradual m d  s l igh t .  The other type appar- 
en t ly  r e su l t s  from p a r t i a l  breaching of an i s l e t  by typhoon waves, whlch 
sweep the loose material in to  sea o r  lagoon. This type of clepr+ssion i:~ 
l ike ly  t o  be more abrupt, with sand, rock, o r  coarse rubble on the bot ..- 
tom. The appearance of a reasonably recent scour of t h i s  type may reee2- 
ble t h a t  of a dry stream bed, though of course there a re  no streams on 
these i s l e t s .  The inner ends of both these types of transverse depres- 
sions e re  often f i l l e d  by n lagoon beacli ridge of gravel 3r sand.. Eroad 
f l a t  areas a t  lower levels  than t h a t  of the r e s t  of i s l e t s  are  usually 
e i ther  recently f i l l e d  by wind o r  storm deposits, or are  areas scoured 
by typhoon waves.. 

More abrupt, smaller, o r  i r regular ly  winding depressions, from 
pond-like t o  trench-like, 3 t o  6 fee t  deep, surrounded by p i l e s  of 
excavated sand and gravel, and usually with ruclcy s o i l  i n  the bottom, 
are  ancient t a ro  p i t s  dug by the inhabitants but abanaoned many years 
ago. They are  usually found near the centers of l a r g e i s l e t s  o r  inward 
toward the  lagoon. They are  rarely found on a t o l l s  noTth of ,4i1.uk. 
They are  conspicuous on Wotho and Iae  . Ve;.y rarely,  snmll. depressions 
a re  Pound containing t i n y  mangrove swam$s. One such is faun.': a t  the  
south end of Pigor.ral< ( ~ e k r k )  I s l e t ,  Ut i r ik  Atoll, amtiler an Je l tcne t  
(Jel tonie  j ) I s l e t ,  Lilriep Atoll .  



I s l e t s  co~nposed, en t i re ly  o r  i n  t h e i r  lagoonward par ts ,  of succes- 
sive beach ridges have a topography of a l te rna te  ridges end furrows 
pa ra l l e l  with the lagoon margin. A t  places, a s  near the north end of 
Taka I s l e t ,  Taka Atoll, there  i s  what appears t o  be a storm deposit of 
small sharp rubble r i s ing  s l igh t ly  above a general surface of sand o r  
gravel, v e l l  inward frorn the beach. This may be the resu l t  of growth 
of the  i s l e t  subsequent t o  deposition of the rubble. 

In the in t e r io r  of a nwnber of i s l e t s ,  such as  Utirik I s l e t ,  and 
several of those on klotho Atoll, a r e  rounded mounds, a few yards in  
d i ~ m e t e r ,  of small sharp coral  fragments. These nlounds may r i s e  2 t o  4 
f e e t  above the general l eve l  of the in t e r io r  of the i s l e t .  There i s  
generally l i t t l e  o r  no f ine  material i n  the  inters t ices ,  a t  l e a s t  i n  the 
surface layers.  The origin of these mounds i s  not c lear  but they may 
resu l t  from the pushing up of rubble by the roots of t rees ,  possibly 
accentuated by the  blowing down of t r e e s  by storms. Stages i n  t h i s  
process were observed on the i s l e t s  of Wotho Atoll. They d i f f e r ,  how- 
ever, Brorn the t r e e - f a l l  mounds observed i n  continental fores t s  i n  t h a t  
they conmonly have 130. hollolr alongside, of the sor t  regarded a s  charac- 
t e r i s t i c  of such i'eatures. It may be t h a t  there  i s  some other explana- 
t ion,  ent i re ly ,  f o r  them. 
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3. Diagrams of typical windward islets showing position of 

surface features. A, single islet on reef flat; B, two 

small adjacent islets on reef flat. 
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4 .  Diagrams of typical leeward i s l e t s  showing position of surface 

features. A ,  i s l e t  on south reef; B ,  i s l e t  on west reef. 



Legends of p la tes  

Plate  1. Aerial views of Lae and Ailuk Atolls. 
A. Lae Atoll  from the a i r ,  viewed from north. Photographed 

by D. B. Doan. 
B. Ailuk Atoll, eas t  reef with i s l e t s ,  from the a i r ,  v iewd 

. . from south. Photograph by F. R. Fosberg. 

Plate  2. I s l e t s  on reefs  of Ailuk and Taka Atolls. 
A. I s l e t s  on eas t  reef of Ailuk Atoll, viewed from west, 

showing denuded platform seaward of i s l e t ,  remnants Of 
platform i n  channel, rubble t r a c t s  i n  channel, and coco- 
nut plantations protected by crescent-shaped windbreak 
of native vegetation. 

B. Eluk i s l e t ,  Taka Atoll, showing sand horns and beachrock. 
Photographs by F. R. Fosberg. 

Plate  3. A, B. Corals growing i n  lagoon, on reef inside Rua and Ebbe- 
t y u  ( ~ b e j u )  i s l e t s ,  U j a e  Atoll, depth 1-3 meters. 
Photos by F. R. Fosberg. 

Plate  4. A, B. Surge channel through algal. ridge, windward reef,liotho 
i s l e t ,  Wotho Atoll. The reef here i s  composed of colo- 
nies  of several species of the a lga l  genus Porolithon. 
Photos by F. Stearns MacNeil. 

Plate  5. Windward reef features. 
A, B, C. &gal ridge, windward reef opposite Lado i s l e t ,  

Likiep Atoll, composed mainly of several species 
of Porolithon. Photos by Fosberg. 

D. Moat or  back-ridge trough behind a lga l  ridge, windward 
reef  opposite Loj ja i rok (South Loj) i s l e t ,  Kwajalein A t o l l .  
Reef-flat and storm-cast boulders t o  l e f t  i n  distance. 
Photos by MacNeil. 

Plate  6. Details of reef f l a t s .  
A. Detail of reef f l a t ,  at low t ide,  windward reef, Wotho 

i s l e t ,  Wotho Atoll. Note small a lga l  colonies and re1.a- 
t i ve ly  smooth surface. 

B. Detail of reef f l a t ,  a t  low tide,  leeward reef, southwest 
of Ailuk i s l e t ,  Ailuk Atoll. 

Photos by MacNeil. 

Plate  7. A, B. Outer margin of leeward reef and reef f l a t  a t .  low t ide,  
southwest of Ailuk i s l e t ,  Ailuk Atoll. Note absence 
of aJ.gal ridge and prevalence of corals. Photos by 
MacNeil. 



Plate  8. Windward reef f l a t ,  Taka Atoll, near Lojrong (Lojiron) i s l e t ,  
at low t ide,  showing solution basins with raised rims. Photo 
by MacNeil. i s  

Pla te  9. Rubble t r a c t  on reef f l a t ,  windtrard reef,  Ujelang Atoll. 
Photo by MacNeil. 

Plate  10. A. Crescent-shaped gravel bar on leeward reef eas t  of 
Lotj  (Loj ) i s l e t ,  Lae  A t o l l .  

B. Seaward end of gravel bar, wind?rmd reef, Ujelang Atoll. 
Photos by MacNeil. 

Plate  ll. Post-Pleistocene eroded reef platforms. 
A. Post-Pleistocene reef platform with erosion ramp, Taka 

i s l e t ,  Taka Atoll. 
B. Lagoon beach, Taka i s l e t ,  Taka Atoll, showing t i d a l  beach, 

eroded post-Pleistocene reef platform, and storm beach. 
Photos by MacNeil. 

P la te  12. Exposure of post-Pleistocene reef platforms. 
A. Ennimenetto i s l e t ,  Ujelang Atoll. 
B. Jabwe i s l e t ,  Ailuk Atoll. 
C. Lae i s l e t ,  Lae Atoll, lagoon beach. 
D. Loj jairok (south ~ o j )  i s l e t ,  Kwajalein Atoll. 

Photos A, C, D by MacNeil; B by Fosberg. 

Plate  13. A, B. Boulder beach and exposed post-Pleistocene rock p la t -  
form with stack and perched boulder. 

Photos by Fosberg. 
I 

Plate  14. Surfaces of erosion ramps. I 

A. Erosion ramp on Ulka (Ulika) i s l e t ,  Ailuk Atoll, shoving 
rough p i t t e d  surface and undercutting; storm beach i n  
background. 

B. Same, closeup, showing collapse of undercut l imstone  
I 

(width of foreground about 5 f ee t ) .  
C. Beachrock on Yeldo ( ~ n e j e l t o )  islet, Wotho Atoll, being 

undercut and quarried by waves (width of foreground about 
8 fee t ) .  

D. Closeup of edge of erosion ramp, showing solution features, 
Ebbetyu (Ebeju) i s l e t ,  Ujae Atoll. 

Photos A, B, C by Fosberg; D by MacNeil. 

Plate  15. Solution basins on erosion ramps. 
A. Solution basins with overhanging rims, erosion ramp, 

Ernejiwan (hbijwa) i s l e t ,  Likiep Atoll. Photo by MacNeil. I 

B. Solution basias on erosion ramp, north end of Taka i s l e t ,  
Taka Atoll, showing challcy deposit i n  bottom. Photo by 
Fosberg. 

r 
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Plate 16. S p a i n @ ;  off of erosion ramp surfaces. 
A. Surface of erosion ramp, Erlie ( f i l e )  i s le t ,  Ujae Atoll, 

showlng spaLled slab and spall  plane. Photo by MacNeil. 
B. Surface of erosion ramp north end of Taka i s le t ,  Taka 

Atoll, showing q a l l  planes of different ages as indi- 
cated by different degrees of pi t t ing and discoloration 
by &gel growth. Area 2-3 square feet. Photo by Fosberg. 

Plate 17. Gravel and boulder beaches. 
A. Gravel beach on lagoon side of Bik i s le t ,  Ujae Atoll,show- 

ing terrace or berm. 
B. Erosion ramp with s W l  storm beach on lef t ,  ~ a i s u ( R d j )  

i s le t ,  Ujelang Atoll. 
C. Boulder beach, Bock is le t ,  Ujae Atoll. 
D. Boulder beach, Ujae is le t ,  Ujae Atoll, showing abraded 

erosion ramp. 
Photos by MacNeil. 

Plate 18. Sand and gravel beaches on lagoon side of i s le ts .  
A. Sand beach, lagoon side, Utirik i s le t ,  Utirik Atoll. Photo 

by Fosberg. 
B. Gravel beach, lagoon side, Nelle is le t ,  Ujelang Atoll. 

Photo by MacNeil. 

Plate 19. Details of abraded beachrock. 
A. Beachrock series on northwest corner of Emejiwan(~ikararu) 

i s le t ,  Likiep Atoll. 
B. Beachrock cuesta at southwest corner of Ehe jiwan(~ikararu) 

i s le t ,  Likiep Atoll. 
C. Abraded beachrock, Jemo island, showing abrasive agent. 
D. Closeup of abraded beachrock on J e w  island, sharing compo- 

sition. 
Photos A, B by MacNeil; C, D by Fosberg. 

Plate 20. Details of beachrock. 
A. Beachrock series, Rua Is le t ,  Ujae Atoll. 
B. Beachrock showing anticline-like arrangement, dipping sea- 

ward ( to  r ight)  and lagoonward ( to  l e f t ) ,  Rua is le t ,  Ujae 
Atoll. 

C. Potholes i n  beachrocls on lwgoon beach, north end of Bokanae- 
tok i s le t ,  Wotho Atoll. 

D. Slabs of beachrock quarried by lagoon waves and piled up a t  
top of beach, Yeldo (Enejelto) i s le t ,  Wotho A t o l l .  

Photos by Fosberg. 



Plate 21. Beach ridges of pebbles and cobbles. 
A. Beach ridge of pebbles, Ailuk is le t ,  Ailuk Atoll. 

Photo by MacNeil. 
B. Eeach ridge of cobbles, Utirilc i s le t ,  Utirik Atoll. 

Photo by fisberg. 

Plate 22. Details of boulder and cobble ridges and other coarse 
deposits. 
A. Boulder ridge, south side, Sibylla is le t ,  Taongi 

(~okak)  Atoll. 
B. Details of mixture of boulders and cobbles, boulder 

ridge, Utirik is le t ,  Utirik Atoll. Large boulder i n  
lower right about 16 inches across. 

C. Details of coarse gravel, with tern (Procelsterna 
caerulea) nesting, beach ridge on small bar between 
Jabwelo ( ~ a l i k l i k )  and Almani is lets ,  Bikar Atoll. 

D. Details of small gravel on f la t ,  with young noddy tern 
(Anous - stolidus), M s u  ( ~ a i j )  is le t ,  Ujelang Atoll. 

Photos A, B, C by Fosberg; D by MacNeil. 
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plate 13. Boulder beach and exposed post-Pleistocene rock platform 
with stack and perched boulder. 

A. Boulder beach with protruding exposures of post-Pleistocene 
rock platform, and stack with perched boulder. South side 
of Sibylla islet, Taongi (Pokak) Atoll. 

B. Closeup of stack with perched boulder, south side of 
Sibylla islet, Taongi (Pokak) Atoll. 

Photos by Fosberg. 
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PPRT 11: OTHER FEATWS 

by F. R .  Fosberg 

Soi l s  
P 

The loose sediments p i led  above high-tide leve l  on a t o l l  i s l e t s  
are  composed alrslost en t i re ly  of clcistic limestone debris, mostly of 
organic or ig in  and varying i n  s i ze  from t h e  f i nes t  s i l t - s i z e  pa r t i c l e s  
t o  enormous boulders many tons i n  rieight ( p l .  2 3 ~ ) .  This material  i s  
remarlrably uniform i n  chemical ne.ture but 'diverse i n  biological  origin,  
comprising skeletons and fragments of skeletons of such lime-secreting 
organisms a s  corals,  Foraminifera, niolluslrs, echinoids, and calcareous 
red and green algae, as  riel1 a s  a l l  s izes  of frapgents of limestone con- 
s i s t i n g  of such skeletons cemented together by ' recrysta l l ized Calcareous 
and phosphatic materials ( p l s .  28-31, 33). These are  mixed i n  varied 
proportions rrithout a regulnr pa t te rn  of dis t r ibut ion.  The texture  
range is  extremely wide and the  range i n  sor t ing i s  f a r  wider than t h a t  
described above for  the  beach materials.  They are  i r regular ly  s t r a t i -  
f i e d  ( p l .  25C), the  s t r a t a  mostly representing stages o r  events i n  the  
deposition 0.2 t he  material .  There seems t o  be l i t t l e  regular i ty  about 
the  v e r t i c a l  o r  a r ea l  arrangement of d i f fe ren t  grades and mixtures of 
these sediments, although i n  general the  lagoon sides of the i s l e t s  are  
more l i lrely t o  be sandy i n  texture ,  and the  seay.rnrd sides are  more 
of ten of coarse material  ( p l s .  21-23). The sampling, unfortunately, 
scarcely represents t he  coarser r~mge of these sediments. Previous des- 
cr ipt ions  of similar material  have been given by Sollas and others 
(1904), David and Sweet ( l904),  Cloud (1952), Newel1 (1954a, 1954b, 
1956), Posberg (1954), Tercinier (1955), Schlanser and Brookhart (1955), 
McKee (1956, 1958), and Fosberg and others (1956). 

The loose, unconsolidated materials on the a t o l l s  a r e  the  parent 
materials of the  majority of t he  s o i l s  developed. 

The s o i l s  on the i s l e t s  f a l l  in to  f i ve  pr incipal  types (Stone, 
1951a.j Fosberg, 1954) : 

1. Essent ia l ly  unaltered sands and gravels. 
2. Stony and veiy stony areas .  
3. Shioya se r ies .  
4. Arno Atoll  se r ies .  
5. Jemo ser ies .  

These are  described i n  d e t a i l  i n  Par t  IV. 

Drainage 

The material  of the  i s l e t s  i s  generally so porous tha t  drainage by 
percolation down through the ground i s  perfect  and almost instantaneous. 
There i s  no running surface .:rater, except; during typhoons or  tsunamis, 



when greo,t sea waves may sweep across the  i s l e t s .  Norimally there is no 
standing surface water except where depressions o r  t a ro  p i t s  extend down 
t o  below the maximum prater tab le .  An exception t o  t h i s  occurs on i s l e t s  
subjected t o  intensive mil i tary tra;ffic, such a s  K~rajalein. Here the 
surface layers become so compacted and, apparently, so cemented a s  t o  
become more o r  l e s s  impervious. Water puddles may stand i n  such areas 
a s  long a s  24 hours a f t e r  heavy rains.  

Vegetation 

Most of the or iginal  vegetation of the northern Marshall Islands 
has been replaced by coconut plantations.  This i s  especially t rue  on 
the larger  i s l e t s .  Only on Taongi ( ~ o k a k )  ( p l .  2 4 ~ ,  B); Bikar, and 
Wotho Atolls was it possible t o  study considerable areas of apparently 
undisturbed vegetation; on Lae, Ujae, Ujelang, and Krrajalein Atolls 
smaller areas were studied (see Fosberg, 1953, 1955, Fosberg and others, 
1956). As extensive reports on the vegetation a re  t o  be published else-  
vhere only a br ie f  sunmary need be given here. 

The coconut plantations (pl. 24C, D )  range i n  density from almost 
complete cover i n  more moist areas t o  quite sparse i n  the dry northern- 
most a t o l l s .  The ground cover under the  t r ees  ranges from grass and 
other herbs t o  a t h i c k  tangle of bushes, vines, and t rees ,  depending; on 
the  climate and on how di l igent ly  the weeds a re  kept cleared. 

On the seaward s ides  of most i s l e t s  a b e l t  of thicls scrub and 
scrub forest  ( p l .  2 ~ )  i s  l e f t  t o  protect the  coconut t r ees  f r o m  exces- 
sive wind and s a l t  spray. On the vind3rard side t h i s  tends t o  be very 
dense and t o  slope gradually t o  the beach. On more sheltered sides t h i s  
b e l t  tends t o  be narrower, t a l l e r ,  l e s s  dense, and with a more abrupt 
slope t o  the beach, both because 'trees grow closer  t o  the beach and 
because shrubs and t r ees  a re  l e s s  stur-ted by wind and s a l t  spray. 

011 sinaller i s l e t s ,  and on areas l e f t  undisturbed on larger  ones, 
there  a re  several  types of forest--pure stands of giant soft-wooded 
Pisonia t r ees  ( p l .  25), of fan tas t ic  Pandanus, of umbrella-lilse 
Ochrosia, o r  mixed stands or̂ and several hardvood species. These 
fores t s  comnonly have dense canopies and l i t t l e  undergrowth. Around 
the  edges a dense scrub fringe gives an appearance of impenetrability. 

On sand sp i t s ,  bars, and narrow places on i s l e t s  a sparse scrub 
of pioneer species ( p l s .  26, 27) is found, grading in to  fores t .  

On very small o r  very rocky i s l e t s  the woody vegetation may be 
low and dense, o r  of i r regular ly  scattered t r e e s  m d  shrubs with 
patches of sparse bunchgrass and thin low scrub, rock f l a t s  may be com- 
p le te ly  bare of vegetation. Such aspects become more and Inore pre- 
dominant a s  one goes northward i n  the Marshall Islands, u n t i l  they 
characterize almost the  en t i r e  vegetation of a r i d  Taonyi ( ~ o k a k )  Atoll 
(p l .  24A, B ) .  



Principal reef -for~ning animals and plants  

Corals, by J. W .  Wells 

The reef building corals of the Marshall Islands include 52 
genera of the  Scleractinia,  2 genera of the  Alcyonaria ( ~ e l i o p o r a  and 
Tubipora), and 1 hydrozoan genus (Mi l l ep ra )  . The slreletons o f y l l  
these a re  aragonitic, analyses showing CaC03, 98.05-99.71 percent; 
14gCO3, 0.09-1.11 percent; and minute amounts of Si02, ( ~ l , F e ) ~ c ~ ,  and 
t races  0.f CaSOq and C c ~ ~ ( P 0 4 ) ~ .  The texture  of the skeleton ranges from 
porous o r  spongy in  such rapidly growing forms a s  Acropora, Porites, 
and Montipora t o  re la t ive ly  dense and so l id  i n  such re la t ive ly  slo-"7 
growers a s  -' Favia PocilLopora, and Heliopora. 

The protean scleract inian genus Acropora, with a bevildering arre,y 
of species (298 w, but l e s s  than one-third valid),  i s  eas i ly  the 
dominant coral  everywhere on the  Indo-Pacific reefs  except i n  regions 
geographically peripheral t o  t h e  reef zone. Judging from i t s  frequency 
i n  reef rock and loose debris, it accounts inmany places fo r  tinree- 
quarters or even more of the  mass. Locally, according t o  ecological 
controls, Acropora niay be qumtV~atively secondary t o  a few other 
genera: on a lga l  ridges t o  vind\rard, Pocillopora corninonly is almost .- 
the  only scleractinian,  follo%red by the hydrozoan Millepora. Behind 
t h e  ridge, Acropora is dominant over those par ts  of the reef f l a t  t ha t  
do not "dry" at-ordinary lorl t i d e .  Onmany Indo-Pscific reef f l a t s ,  
but only rarely i n  the Marshall 1slands;branching Montipora may be 
loca l ly  jbundant even t o  v i r t u a l  exclusion of other corals- Near 
shore, especially where t'ne substratum i s  of sh i f t in2  loose deb-is, 
Acropora diminishes and dominance i s  assumed by species of % r i t e s  o r  -- 
the  alcyonarizn "blue coral" Heliopora. Lagoon reefs  are  eas i ly  
dominated t o  considerable depths by Acropra, except close t o  the 
shore. On Marshall Islands reefs  the overal l  order of auant i ta t ive 
importance appears t o  be: Acropora, Porites,  Pocillopora, a d  Helio- 
porn, with Montipora, Astreopore, the fav i id  genera (as  Favia 

- J  

Favites, Platygyr?, Goniastrea, Leptastrea, Cyphastrea, and Plesi-  
zstrea), and a l l  otiners much fn the minority. 

Foraminifera, by Ruth Todd 
. . . . ,  

Four species of F'oraninifera are  the  chief representatives of 
t h i s  group of animals found i n  the sediments a d  s o i l s  of the northern 
Marsha.11 Islands: 

. . 

Calcarina spengleri  inel el in) 

I n  cer ta in  of the sands the four together cofi~prlse the bulk of the 
material  and, i n  some places, Calcar im spengleri (Gmelin) alone ac- 
counC,s for  most of it. 



T'ne en t i r e  skeletons of these four genera are  composed of ca l c i t e .  
A l l  a re  ra ther  thick-walled forms with numerous in te r ior  chambers ~ m d  
consequently they a re  more res i s tan t  t o  abrasion on the beaches than 
are  the smaller, thinner-walled and more f r ag i l e  specimens of Formini-  
fe ra  t h a t  comnp,rise the  remainder of the  large foraminifera1 fauna of the 
Marshall Islands. 

So f a r  a s  i s  known a t  present, Calcarina spengleri ( ~ m e l i n )  l i v e s  
only on the  reef f l a t  (~ushman, Todd, and Post, 1954, p. 364). Margino- 
pora vertebral is  Blainvi l le  l i ves  both on the  reef f l a t  and i n  water of 
shallow t o  moderate depths inside and outside the  a t o l l .  The larger,  
thicker and more robust forms of t h i s  species a re  presumed t o  have l ived 
on the  reef f l a t  o r  i n  s h a l l o ~ , ~  ~rrater. Homotren~a rubrum (Lamarck) i s  an 
encrustation t h a t  occurs both on the reef f l a t  and i n  water of probably 
only shallow depth. 

Amphistegina madagascariensis D'Orbigny probably does not actual ly  
l i v e  o n t h e  reef a t  a l l ,  although it i s  found there  i n  small quant i t ies .  - 
Elsewhere, it i s  very abundant. It probably l i ves  both ins ide  and out- 
side the  a t o l l s  from shallow t o  moderate depths, with larger  and thicker- 
walled specimens (such 0.8 those i n  the  samples l i s t e d  below) originating 
i n  the  shallower par t s  of the lagoons. 

Table 1 records the dis t r ibut ion of these major species i n  three  
groups of samples. Samples i n  ( a )  with mainly fresh and unworn speci- 
mens, indicate l i t t l e  transport  from t h e i r  place of origin; i n  (b)  with 
worn and some polished specimens, indicate long transport  and (or )  pro- 
longed abrasion; and i n  (c), with corroded specimens, may indicate 
attacls by acid solutions. 

Algae, by M. S. Doty 

In t rop ica l  seas certain algae a re  major accumulators of the  
material t h a t  becomes deposited a s  calcareous sediment o r  rock t o  form 
the a t o l l s  and islands wound and on igneous rock bases (Ladd and others, 
1353). These algae dominate the  a t o l l  reefs and much of the lagoon 
bottom area. A readily available i l l u s t r a t e d  resume of these algae has 
been published by Johnson (1354). Fragments of algae broken from the  
reef patches and a t o l l  reef edges by wave action o r  the browsing ac t iv i -  
t i e s  of such animals a s  the parrot f i shes  ( ~ c a r i d a e )  o r  surgeon f i shes  
(Acanthuridae) may wash in to  the  1a.goon where they contribute t o  i t s  
f i l l i n g  o r  accumulate a s  islands on reef tops.  Calcareous algae, when 
ingested by animals such a s  these f ishes ,  a re  defecated largely a s  f i n e  
sediment. 

Quantitative relationships of four  major constituents of present- 
day reefs  a re  given i n  tab le  2. Among the  red algae three o r  four 
genera a re  most conspicuous on the  reefs  of today, Porolithon, Gonio- 
l i thon, Jania, and Amphiroa. 



Table 1.--Foraminifera in various types of terrest.Nelsediments on a$olls in the northern Eplrshall Islands 

Analyst: Ruth Todd 

(a) Samples containing fresh (unworn) Foraminifera 

Foraminif era 14 18 53 57 60 75 76 92 105 112 126 129 139 156 253 275 

Marginopora vertebralis X  X .  X  X  X  X X  X  .... X' X  ... X  X  X  X  

Amphisteginamadagascariensis X  X  X  ... X  X  X  X  ...... X  I... X  ... X  X  

Calcarina spengleri ...... X  X  X  X  X  ... X  X  X  X  X  ... X  X  

Houotrema ............ X  ...... X  ... X  X  ...... X  X  ... 

(b) Samples containing worn Foraminifera 

22 25 29 34 36 44 70 72 96 104 u o  115 116 120 122 132 150 166 251 254 255 

Marginopora vertebralis X X  X  ............... X  X  X  ...... X  ......... X ......... 
Amphisteginarcadagascariensis X  X  ... X  ...... X  ... X  X  X  X  X  X  X  X  X  X  X  ...... 
Calcarina spengleri X X X X X X X X  ... X X X  ... X X X X  ...... X X  

Houotreme X  ............ X  X  ...... X  ... X  ......... X . . . . .  X  ...... X  

'/P P P P P P P 

(c) Samples containing corroded Foraminifera 

21 23 28 n loo 102 u4 
, - 

Marginopora vertebralis ...... X  ... X  X  X  

Amphistegina msdagascariensis X  X  ......... X  X  

Calcarina spengleri X X X X X X X  

polished specimens. 



The genus Porolithon i s  the  builder of sea edges of reefs,  it is  
perhaps the  principal organism m.alcing up the pink stony crusts  and 
heads t h a t  may coalesce t o  farm the  buttresses and ridges of the  reef 
margin. These but t resses  and overhangs are,  on occasion, broken off 
by storms and deposited inland o r  on the  reef f l a t ,  of ten a s  huge and 
conspicuous reef boulders. Smaller fragments make up much of the  
is land gravels and sand grains.  It is  t o  be noted t h a t  some of the 
huge chunks broken from the reef edge by storms become lodged i n  the  
grooves between the marginal reef but t resses  and there,  a~fter being 
overgrown, contribute t o  tile roofing-over of the inward ends of the 
grooves. In the  central  Pacif ic  the  material seen i n  such a r e  s, often 
a s  a pink pavement, i s  perhaps 90 percent Porolithon onkodes. 9' 

Goniolithon, another of 'the lime-producing genera, is a den- 
d r i t i c a l l y  branched alga of the more inward reef f l a t s  and passes 
between a t o l l  islands.  It does not form large d e t r i t a l  pieces, being 
f r iab le ,  and i s  most notably a sand producer. Jania and Rmphiroa are  
f lex ib le  jointed coral l ine algae t h a t  form patches of branches a few 
centpmeters high and a millimeter o r  so in  diameter. Upon breaking 
loose from t h e i r  s i t e  of growth on the  reef f l a t s  they die,  and the 
sof t  par t s  of the joints  decay leaving calcareous sedin~ent o r  sand. 
This red a lga l  d e t r i t a l  material  around Johnston Island (Emery 1956, 
p .  1511) may be the pr incipal  lagoon-fil l ing sediment. In  many places 
a green alga, H~limeda, i s  the  pr incipal  constituent of the  sand t h a t  
builds the  islands,  a s  i n  the  Caribbean and Bermuda, o r  one of the  
pr incipal  constituents of lagoon sedlrilents, a s  i n  the northern Marshall 
Islands a t o l l s  (Emery and others 1954., p. 58). Halimeda i s  composed of 
branches t h a t  are  made up of heavily calcif ied,  f l a t ,  wal'erlike seg- 
ments. These segments pe r s i s t  a s  sand grains of a ra ther  coarse kind 
a f t e r  the  death of the plant .  While Halimeda does grow on reef f l a t s ,  
especially the  broader and what we f e e l  t o  be the older reef f l a t s ,  it 
grows most conspicuously i n  the  lagoons where it may densely cover the 
s ides  of the lagoon reefs  and reef patches and form meadows on the 
shallower bottoms. 

The chemical composition of t'nese algae i s  sho>m on t ab le  3 .  
Further studies of chemical composition a re  reported by Clarlre and 
Wheeler (1917), Lemoine (1911, p. 38-43), and Johnson (1954). The 
high magnesium content of the red algae i s  t o  be noted. This may be 
one of the sources of the dolonlitizing magnesium s a l t s  i n  a t o l l  areas.  
Whereas there  are  theories  t h a t  cer ta in  phosphorites have arisen under 
marine conditions upon decay of marine organisms, from the very white 
color of young f o s s i l  material  and the  low P2O5 content, it i s  unlike13 
t h a t  these marine algae play such a role .  L i t t l e  i s  yet known of the  
biomass of these rocklilce organisms. From the  chemical analyses it i s  
c lear  t h a t  they a re  mostly inorganic and thus could be regarded as  
mostly nonliving:. 

ir/ The oft-referred-to genus Lithothamion is, vir tual ly ,  not t o  be 
found on reef surfaces. 



Table 2. - Quantitative relationships of the  four major constituents - of 
reefs - 

Pearl and Southeastern 
Constituents Hermes Reef Florida ~ a h a m a a  Australia 

Algae, calcareous 
Mollusk 
Coral, madreporarian 
Foraminifera 

Total  (percent) 

Constituent r a t io s  

Algae/coral 
Algae/mollusk 
Algae/Foraminifera 
Mollusk/Foraminifera 
Mollusk/coral 
Coral/Forminif era  

g ~ a t a  from T .  W. Vaughan, 191.7. 
Y ~ a t a  from Thorp, 1936, p. 52. ' 

The r e su l t s  of Odum and Oaum (1955) indicated t h a t  there i s  uni- 
form concer~tration of chlorophyll (equivalent t o  between 0.05 and 0.10 

of Codium edule, dry weight) over the  reef surface regardless of 
substratum, whether it be coral l ine crust ,  animal coral, o r  d e t r i t a l .  
Sargent and Austin (1949) and Odum and Odum (1955) have shown t h a t  
there  may grow and be deposited a s  much a s  1.4 t o  1.6 cm of material  
per year over a reef surface. Under more idea l  conditions growth may 
be much fas te r .  For all. prac t ica l  purposes, reef surfaces are  generally 
i n  equilibrium with as  much material  being removed by erosion as i s  
deposited by the l iv ing  organisms. !Tnus t h i s  increase of about 1.5 cm 
per year times the area involved can be used as a figure f o r  ca;Lculating 
a maxim amount of material  depositable as  e l a s t i c s  t ha t  could become 
s o i l .  



Table 3.--Partis1 chemical composition of some sediment-forming red algae as percent of dry :reight -- 
Sources: Cle.rke and Wheeler, 1917; Lemoine, 1911, Johnson, 1954 

C 0 2  i n  C02 i n  Moisture 
ashed sarcples i n  

Algal s anp le sg  not Organic a i r -dr ied 
species i g n i t e d  matter samples Si02 R2O3 CaO fCg0 SO3 P2O5 SrO Totcl 

Porolithon . . . 37.5 g l 2 . 9  1.34 T r  T r  33.3 7.49 .68 1 1.03 94.2 
onlrodes ... 35.3 g l 2 . 9  1.40 a .  do. 32.7 7.16 2.32 1 1.21 33.0 

Porolithon 3.43 36.8 12.7 .67 do. do. 34.0 7.6k 1.03 .25 1.10 94.2 
gardneri 2.96 37.4 11.8 .68 do. 20. 34.3 7.62 .28 .38 1.18 93.6 

Poroli thon 3.27 28.2 21.5 1.72 60. do. 31.9 8.62 2.05 1 .97 96.0 
aequinoctiale 2.88 28.4 21.0 1.54 do. do. 31.9 8.46 1.84 1 1.10 94.2 I 

W -- -- 0 

I 

1/ Detemined by HC1  t i t r a t i o n .  Loss i n  ~re ight  t o  550' C .  

Note: These percentages should not t o t a l  100 percent, as a l l  the  consti tuents $!ere not deterz!ined. The 
figures for  C02 i n  ashed smples  should not be included i n  t o t a l s .  



Legends of plates 

Plate 23. Miscellaneous deposits. 
A. Dunes on sand spit,  south end of Enajelar i s le t ,  east 

side of Ailuk Atoll. 
B. Large boulder i n  interior  of Kamwome i s le t ,  Taongi 

(~okak)  Atoll, apparently carried some hundred meters 
, inland by storm waves. 

C. Mass of pumice pebbles on surface of ground, interior 
of south extension of Ebbetyu ( ~ b e j u )  is le t ,  Ujae Atoll. 

D. Top of broad boulder ridge, apparently piled up by ty- 
phoon, Utirik is le t ,  U t i r i k  Atoll. 

Photos by Fosberg. 

Plate 24. Types of vegetation on is le ts .  
A. Lepturus grassland with shrubs of - Sida fal lax and scat- 

tered trees of Messerschmidia argentea, boulder covered 
with guano, on Shioya so i l  series, Kamwome is le t ,  Taongi 
(~okak)  Atoll. 

B. sparse; half -dead Messerschmidia woodland on cobble f lats ,  
Kammme is le t ,  Taongi (Pokak) Atoll. 

C. Coconut grove with thick undergrowth on cleared, disturbed 
Jemo soil,  Jemo island. 

D. Grassy opening in  coconut grove on Shioya soil ,  Jemo i s -  
land. 

Photos by Fosberg. 

Plate 25. Pisonia forest  and forest soil.  
A. Giant Pisonia grandis tree, Ebbetyu ( ~ b e j u )  is le t ,  Ujae 

Atoll. 
B. Pisonia forest with grassy ground cover, Jemo island. 
C. Soil t e s t  p i t  i n  Pisonia forest on Bikar is le t ,  Bikar 

Atoll, showlng buried hardpan layer of Jemo so i l  series. . Pisonia forest, Bikar is le t ,  Bikar Atoll, showing dark 
humus layer on the surface of the ground, Jemo so i l  series. 

Photos by Fosberg. 

Plate 26. Shore and sand-flat vegetation. 
A. Mixed forest on stony soil,  Bokerok i s le t ,  Ujae Atoll. Wave- 

cast log, probably Douglas f i r  from northwest America, i n  
foreground. 

B. Scrub forest  of Pemphis acidula on rock platform surface, 
Jabwe is le t ,  Ailuk Atoll. 

C. Well-developed fringe of Scevola scrub a t  top of gravel 
beach, leeward side, W o  i s le t ,  Ujelang Atoll. 

D. krkening of bare coral sand by crust of blue-green algae, 
open areas on west end of Lae i s le t ,  Lae Atoll. This 
crust may contribute t o  the nitrogen supply of the soil.  

Photos by Fosberg. 



Plate 27. Pioneer vegetation. 
A. Low shrubs of Pemphis acidula on denuded rock platform 

surface, Jabanngit islet, Ailuk Atoll. 
B. Young Scaevola md Messerschmidia plants colonizing 

gravel bar on south reef of Lae Atoll. 
C. Scaevola m d  Messerschmidia colonizing gravel flat on 

Kabben islet, Wotho Atoll. 
D. Young Scaevola plants colonizing upper part of gravel 

beach, lagoon side of Bwdije (Breje) islet, ~aongi(~0ka.k) 
Atoll. 

Photos by Fosberg. 













PART 111: LABORATORY EXAMINATION OF UNCONSOLIDATED SEDIMElVS 

by Dorothy Carrol l  

Unconsolidated calcareous inaterial  occurs on the beaches sur- 
rounding the i s l e t s  on the a to l l s ,  and i n  the  i n t e r io r s  of the i s l e t s  
as  s o i l s .  Beach sands have been aescribed from Bikini by Emery, Tracey, 
and Ladd (1954), Onotoa by Cloud (1952), Raroia by Byrne (& Newell, 
1954b, 1956), Kapingamarangi by McKee (1958, 1959), and from various 
other Pacific Islands by urentworth and Ladd (1931). The so i l s  on Arno 
Atoll  have been described by Stone (1951.a,b), and on Bilrini by Stone 
( i n  Emery and others,  1954). Fosberg (1954) gave a general description 
o T t h e  s o i l s  of the  northern Marshall Islands and recognized a new s o i l  
type, the  Jemo s o i l .  

The materials present a s  beach sands together with larger  frag- 
ments, so l id  reef materials, and organic matter, provide the parent 
material  f o r  t he  s o i l s .  The sands described here are  representative of 
the  f i ne r  ra ther  than the coarser materials of t he  beaches. 

Tlle a t o l l s  from which beach sands were collected and described, 
and t i e  number of samples from each a.toll are:  Ai lu lc  1, Bikar 15, 
Kwajalein 8, Lae 2, Likiep 2, Taka 4, Taongi (Pokak) 31, Ujae 2, 
Ujelmg 8, Ut i r ik  5, and Wotho 7, & . t o t a l  of 85 samples. The l o c a l i t i e s  
a r e  l i s t e d  i n  Appendix I m ~ d  indicated on f igures  5-15. A description 
of 28 of these samples is given i n  Appendix I. 

The a t o l l s  from which - s o i l s  were collected end described, &d the 
nw~ber of samples from each a t o l l  are: Ailuk 11; Bikar 26, Jemo 18, 
Kwajelein 5, Lae 12, Likiep 6, Taka 29, Taongi ( ~ o k a k )  15, Ujae 16, 
Ujelang 3, Utir ik  22, nnd Wotho 23, a t o t a l  of 186. Vhen the samples 
were collected, a number of p i t s  was dug through the s o i l s  so t h a t  
material  from d i f fe ren t  depths could be collected.  Each vertLcal 
sequence of samples i s  referred t o  as  a s o i l  p rof i le .  The positions on 
the i s l e t s  from which s o i l  p rof i les  were collected (except the  Kwajalein 
prof i les )  are  shown on figures 16, 17, and 18. Field  descriptions of 
the  analyzed s o i l s  are  given i n  Appendix 11. Unanalyzcd s o i l s  a r e  indi-  
cated by appropriate sflt~bols on the maps i n  order t o  give a more adequate 
idea o f t h e  d i s t r ibu t ion  of the  several  s o i l s  s e r i e s  within the i s l e t s .  

Size distri 'bution --- 
To obtain the s ize  d i s t r ibu t ion  of t he  materials i n  the  sands and 

so i l s ,  a l l  +,he.samples were sieved dry through a s e t  of U.S. Standard 
Sieves t o  give grades as or ig ina l ly  described by Wentworth (1922). The 
s izes  an6 sieves are:  



, '  . 
Size, mm Descriptive term Sieve No.* I "  

above 16 
16 - 8 
8 - 4  
4 - 2  
2 - 1 
1 - 0.5 
0.5 - 0.25 
0.25 - 0.12 
0.12 - 0.06 
l e s s  than 0.06 

Pebble 
Pebble 
Pebble 
Granule 5 
Very coarse sand 9 
Coarse sand 18 
Medium sand 35 
Fine sand 60 
Very f ine  sand 120 
S i l t  230 

---*------ 
*Sieve through ghr11ich sample passed; it was retained on the next 

f i ne r  sieve i n  the  se r ies .  

.In some samples the  coarser material, generally coral  fragments, 
was removed with a one-half inch (12.7 m) o r  a one-quwter inch (6.35 mm) 
sieve before the f i ne r  grades vere sieved. 

The smples  collected by F. Stearns MacNeil were sieved by him 
through sieves 3, 4, 9, 14 and 35, corresponding t o  openings of 6.35, 
4.76, 2.0, 1.9, and 0.42 m, respectively.  These sieves do not corres- 
pond t o  those used f o r  most of t he  samples, but are  suf f ic ien t ly  close 
not t o  cause s ignif icant  differences i n  the  s ize  d i s t r ibu t ion  of the  
sands. - MacNeil's niaterial passing t h e  35 mesh sieve was not o r ig ina l ly  
sieved in to  f i n e r  f ract ions ,  but as  a number of these samples contained 
more than 50 percent by weight of smaller than 35 mesh grains, these 
were resieved t o  conform t o  the rernalnder of the samples. 

Biotic composition 

The beach sands and s o i l s  consis t  of reef organisms and those t h a t  ! 

l i ved  i n  the lagoons. The or ig ina l  shape, size,  and buoyancy of these I 

organisms determine t o  some extent the  s i ze  dis t r ibut ion,  sort ing,  and 
general appearance of these materials.  The admixture of organic matter 1 1  

I 

with calcareous sands forms the  s o i l s  of the  a t o l l s .  1 

A l l  the  reef organisms, as  described by Wells, Todd, and Doty (on I 

pages 25-30) have charac te r i s t ic  s izes ,  shapes, and habi ts .  Corals and 
algae of the  reefs  are  massive. Large fragments are broken off by waves 
and carr ied t o  the  shores of t he  i s l e t s .  .Halimeda, i n  the  lagoons 'orealcs 1 
i n to  f raments  about one-half t o  one cm i n  1enp:tii. The commorlv occur- .. - " 
r i c g  Foranunifera, Calcarina, Marginopora, and Amphistegina, range from 
about one-half t o  2 m i n  s ize ,  e.lthough some a= smaller and a few 
r e .  The detached spines of Calcarina spp. are  generally unbroken 
i n  the  f i n e s t  f ract ions  of t he  sand. Sea urchin spines a r e  broken in to  
a l l  s izes  from large t o  small Traynents. 

I 

Each grade s ize  of each sample of beach sand and of s o i l  was I 

examined under a binocular microscope t o  i d e n t i e  the  kinds of organisms I 
present.  Estimates were made of the  percentages of maJor consti tuents 



i n  each sample. The r e su l t s  were p lo t ted  as  h i s togrms  combining the 
grain  s i ze  and b io t i c  composition. 

The composition of the  various grade s izes  was found t o  be: 

Size, mm Faunal coaposition 

Larger than 16, and 16 - 8 

0.25 - -12 
0.12 - .O6 

Smaller than 0.06 

Large whole o r  broken cora l s .  
large fragments of algae; 
large she l l s  

Coral, algae fragments, she l l s  
Coral, algae fragments, she l l s  
Foraminifera, broken coral ,  algae 
Foraminifera, broken coral, algae 
Few small Foraminifera, mostly 

broken pieces 
Broken, unidentifiable fragments 
Broken, unidentifiable fragments 
Broken, unidentifiable fragments 

The appearance of these materials is shown i n  Plates  28-30. 

Mineralogic composition 

by John C .  Hathawax 

The various s ize  f ract ions  of 19 samples from 6 s o i l  p rof i les  were 
examined by X-ray powcer d i f f rac t ion  methods t o  determine t h e i r  
mineralogic composition, and t o  reveal my var ia t ions  occurring amongst 
the  d i f fe ren t  s ize  grades as  well as  within the s o i l  p rof i les .  

A sample of each f rac t ion  was ground t o  pass a 230-mesh (0.06 mm) 
sieve and was packed in to  an aluminum sample holder. Care was taken t o  
minimize the  preferred or ientat ion of t h e  pa r t i c l e s .  An X-ray d i f f rac-  
togram was then made of each sample, and the amount of c a l c i t e  and 
aragonite present detemined by comparison of the  in tens i ty  of the  most 
strongly diff racted l i nes  of the  minerals. The in t e rp imar  spacing 
represented by the strongest  ca l c i t e  l i ne ,  2. ( lob) ,  was also measured 
fo r  each sample. The r e su l t s  of the  X-ray examinations are  shown i n  
f igure  19, where the approximate mounts of ca l c i t e  and aragonite i n  
each s i ze  f rac t ion  are shown on histograms of the pa r t i c l e  s i ze  d i s -  
t r i bu t ion  for  the individual samples. There was found t o  be a var ia t ion 
i n  2 spacing of the  strongest re f lec t ion  of ca l c i t e  (104) i n  t he  mater- 
i a l  of the  s ize  f ract ions .  Inasmuch as  the  organic materials varied i n  
chemical composition, some samples gave two strong - d (104) ref lect ions  
f o r  ca lc i te .  

The significance of the  var ia t ion of the interplana? spacings i n  
ca l c i t e  i s  di.scussed by Chave (1952, 1954a, 1954b) and by Goldsmith, 
Graf, and Joensuu (1355). They have shown t h a t  decreases i n  the  d (104) 
spacing: from those of pure c a l c i t e  are  the  r e su l t  of the  smaller &it 



c e l l  t h a t  occurs when magnesium subs t i tu tes  f o r  calcium i n  tne c a l c i t e  
structure,  and t h a t  the  amount of magnesium csll be correlated with the 
amount of s h i f t  i n  spacing posit ion.  Goldsmith, Graf, and Joensuu 
(1955) show this s h i f t  t o  arflount t o  about 0.0029 % per rnol percent 
MgC03. Nagnesiun subst i tut ion has not been observed i n  aragonite. 

In  these Marshall Islands samples d (104) was measured t o  the 
nearest 0.01 %, which represents incremznts of about 3.5 mol percent 
MgCO The t o t a l  var ia t ion i n  spacing found was 0.06 ?A (2.98 t o  
3.04%), representing about 20 mol percent MgC03. Ns.gnesium subst i tu-  
t i on  increases up%rards i n  the graphs ( f i g .  19). Conversion of rnol per- 
cent t o  lt~eight percent i s  iflade by using the  l"ollo~i%ng formula: 

Weight $ MgC03 = B4 84.33 X rnol $ MgCO? 
.33 X rnol '$ MgC03 + 100.09 (100-mol M&O$ 

Figure 20 shows the  aveyage p a r t i c l e  s i ze  d i s t r ibu t ion  f o r  a l l  t he  
samples with the average m~ount of c a l c i t e  and aragonite i n  each s i ze  
grade. The number of samples i n  which a given type of material  was 
dominant was determined f o r  each grade size, end the percentage f igure  
f o r  the occurrence of the  type i s  shown over each histogram block. A t  
the  top  of the  graph the  average ca l c i t e  d (lo)+) spacing i s  given. - 

Figure 21 shows the  aragonite content of t he  d i r fe ren t  grades a s  
a percentage of the  t o t a l  amount of material  i n  each s i ze  f ract ion.  

A correla t ion between aragonite content and type of material  i s  
d i s t i nc t ly  present i n  figure 19. Aragonite content i s  high i n  t he  
coarse f rac t ion  where coral  i s  the dominant constituemt, and decreases 
considerably where algae and Foraminifera make up a large proportio~l of 
.the smaller grade s izes .  The r i s e  i n  aragonite content i n  the 
0.5-0.06 w i ~  range r e f l ec t s  the presence of coral  fragments mixed with 
fragments of Foraminifera and algae. The re la t ive  dearth of aragonite 
i n  the  2-0.5 mm grades a s  sho7.m i n  f igure  19 a l so  suggests t ha t  the  
coral  fragments are e i t he r  l e s s  common o r  r e l a t i ve ly  unstable i n  t h i s  
s ize .  The lov  content of aragonite i s  possibly due t o  the re la t ive  
i n s t s b i l i t y  of the mineral i n  f ine  pa r t i c l e s .  The wide range of com- 
posit ion shown by the extremes i n  the coarser f ract ions  i n  figure 21 
a r i ses  from the d i f f i c u l t y  of sampling the la rge  coral  fragments 
representatively.  

The c a l c i t e  i n  these smples i s  high i n  magnesium as  shown by the 
re la t ive ly  low d (104) spacings. Calci te  of more than one composition 
i s  present i n  8-of the  seinples as  revsaled by double maxima 5.11 the  
region of t he  d (104) spacing. A d i s t i n c t  decrease i n  the  amount of 
.nagnesium o c c u ~ s  i n  the  l e s s  than 0.06 mm f ract ion of 16 of the  samples. 
This i s  re f lec ted  i n  the  upper curve of f igure  20 showing the average 
d (104) spacings of the  samples. A similar,  although smaller, decrease .- 
occurs i n  the  coarsest  f rac t ion .  The c a l c i t e  present may be the f ine-  
grained material  low i n  magnesium t h a t  occupies the  many small cav i t i e r  
in the coarse coral l ine  material .  Algae i n  the  coarse f ract ions  tend t o  
show high magnesium contents f o r  most of the  samples. Only i n  sample 62 



( f i g .  19) does a low-magnesium c a l c i t e  occur where algae are  important 
consti tuents,  and there  only as  minor members of two types of ca l c i t e .  
An a l te rna t ive  poss ib i l i t y  f o r  the  occurrence of low-magnesium ca l c i t e  
i n  the  coarser f ract ions  is the a l t e r a t ion  of ara.gonitic nia'terials t o  
ca l c i t e .  I n  t h i s  s i tua t ion  low-niegnesium ca l c i t e  should not be confined 
t o  the  coarsest and f i n e s t  f ract ions  but should be found i n  t he  medium 
grades also,  inasmuch a s  aragonite i n  t h e  smaller frafpents of coral  
might be expected t o  a l t e r  es  readily a s  it does i n  the coarser frag- 
ments. However, "contanination" of fragments by fine-grained, magnesium- 
f ree  c a l c i t e  m a y  be minor i n  the medium grades because the greater amount 
of rgorlcing and washing t h a t  pro3uced the  fragments of these grades might 
tend t o  f r ee  the a l t e r ed  material .  The l ibera ted  low-magnesium ca l c i t e  
would then appear i n  t he  f i nes t  f rac t ion .  If such a l t e r a t ion  takes place 
it probe.bly does so before deposition of the  material  i n  i t s  present 
environment. Alteration i n  a s o i l  p ro f i l e  would be expected t o  remove 
aragonite a t  the  point of greates t  weatheri.ng, presumably near the  sur- 
face. In  f igure  22, a l l  the  prof i les  except 30 show increases of 
aragonite toward the  surface, suggesting t h a t  a l t e r a t ion  of aragonite t o  
cc l c i t e  is not important ir the soil-forming processes i n  t he  s o i l s  
studied. This, together with thc  e r r a t i c  var ia t ions  of mechanical com- 
posit ion a t  d i f fe ren t  depths i n  the  prof i les ,  suggests t h a t  depositional 
factors  are  more important i n  determining the  calcite:aragonite r a t i o  i n  
these s o i l s  than i s  a l t e r a t ion  of the inaterials i n  place. The deposi- 
t i ona l  fac tor  should be assessed i n  the  l i g h t  of the  lov r a i n f a l l  t ha t  
prevai ls  i n  many of the  areas fro!:; which s o i l  samples were collected. 

Analytical treatment of grain s i ze  d i s t r ibu t ion  data 

The data f o r  grain-size d i s t r ibu t ion  and b io t i c  composition of a l l  
the  beach sands were plot ted as  histograms, and the histogram f o r  each 
sample i s  placed on the  out l ine  map of t he  a t o l l  from which it was col- 
lected i n  f igures  5-15. These histograms show the s imi l a r i t i e s  and d i s -  
s imi l a r i t i e s  between samples collected from difl'erent posi.tions on the  
ssme a t o l l  and from the  same geographic aspects on d i f fe ren t  a t o l l s .  
Cumulative frequency curves were d ram f o r  t he  data so tha t  the  median 
grain d i~me te r ,  t he  sor t ing coeff ic ient ,  and skewness could be calcu- 
la ted.  Traslc's (1932) sor t ing coefficient,  So=-> where Q3 i s  the  
coarse quar t i l e  and Q1 is  the f ine  quar t i l e  of the dis t r ibut ion,  and 
skewness, Q Q ~ / M ~ ~  were used. The mean diameter. f o r  each sample of sand Z rics calculn ed by a modification of a formula suggested by Folk and Ward. 
(1957, p. 12)>  M = l6 + $ 50 + (d 84 . The modification consisted of 

using the grain  diameter ini tead of the  phi notation.  

The ske1:mess o r  aspimetry of the d i s t r ibu t ion  curve of the  grain- 
s ize  d i s t r ibu t ion  i s  a l so  used t o  describe the samples. Skewness i n  
sedimentary materials is  not v e l l  understood, but it has been suggested 
by K m b e i n  and Tisdel (1940) t h a t  grain d i s t r ibu t ions  with excess 
coarse grains (posi t ive  slse~mess) 'indicate disintegrating.  igneous rocks, 
whereas grain d i s t r ibu t ions  with excess f i ne  grains (negative skewness) 
indicate dis integrat ing sedimentary roclrs. However, the  s ize  d i s t r ibu-  
t i on  i n  the Northern Narshall Islands beach sands is Cependent on both 
the kinds of organisas present and on t h e  sor t ing by vaves and wind t o  



which they have been subjected. The skewness figures f o r  these sands 
are  given t o  show the kind of d i s t r ibu t ion  t h a t  occurs. The skewness 
i s  caused primarily by the  presence of cer ta in  organisms; f o r  example, 
a sand consist ing almost en t i r e ly  of one species of Foraminifera has 
perfect  sor t ing and skewness. Skewness i s ,  therefore,  a measure of the 
organisms present as  well as  an  indication of t h e i r  s l i gh t ly  broken 
nature.  The sands appear t o  have had t h e i r  f i nes t  material  washed out.  

Size d i s t r ibu t ion  of beach sands 

The r e su l t s  of t he  mechanical an?.lyses of the  beach sand samples 
together with the median grain size,  sor t ing coefficient,  and skewness 
are  given i n  Table 4. 

The s i ze  d i s t r ibu t ion  of the  beach sands collected on the seaward 
and on the lagoon beaches of the  various i s l e t s  i s  similar t o  t h a t  found 
by Emery and others (1954, p. 38) on Bikini  Atoll.  The beaches are  simi- 
l a r  from i s l e t  t o  i s l e t  even though the  individual samples collected on 
any beach may vary. I n  the  s ize  d i s t r ibu t ion  of beach sands the f r e -  
quency of the  modes ( o r  maximum grades) a s  shown i n  figure 23 i s  as  
follows : 

Grain s ize ,  mm Percent of t o t a l  

I n  no sample of these beach sands i s  there a primary mode i n  the  
f ract ions  f i ne r  than 60 mesh (0.25 rm). Secondary modes, indicating an 
admixture of dif ferent  materials have a wider spread and include a few 
maxima i n  the  0.25-0.125 rm and the 0.125-0.06 mm grades. It has been 
observed t h a t  well-worn material  does not seem t o  become much f i n e r  than 
60 mesh (0.25 mm), indicat ing a lower l i n i i t  f o r  abrasive action t o  take 
place. Finer material  has probably been winnowed out by waves and cur- 
r en t s .  

Size d i s t r ibu t ion  of material  i n  s o i l s  

The resu l t s  of t he  mechanical analyses of the  s o i l  smp les  
together with the medi8.n grain diameter, sor t ing coeff ic ient ,  organic 
ca:rbon, w d  pH of the so i l s ,  are given i n  tab le  5 .  

Physically the a t o l l  s o i l s  resemble the beach materials.  Mechani- 
c a l  analyses show t h a t  comparisons between the two can readi ly  be made 
on t h i s  basis.  It has been noted by Stone (1951a, p. 14) t h a t  many s o i l  
p rof i les  a r e  composite and consist  of a l te rna te  layers  of calcareous 
mater ia l  and organic matter. The calcareous materials i n  which s o i l s  
ara  developedare.somewhat more heterogenous i n  s ize  than the beach 
materials t h a t  were select ively collected as  sands. The loose sediments 
p i led  above high-tide l e v e l  on a t o l l  i s l e t s  range i n  s i ze  from the  



f i n e s t  s i l t - s i z e  pa r t i c l e s  t o  enormous boulders of many tons i n  weight. 
Such material  i s  similar t o  t h a t  i n  t he  beach sands but it also con- 
t a i n s  massive limestone composed of cemented skeletons o r  calcareous 
organisms. The s o i l  materials are  mixed i n  varying proportions with no 
very regular pat tern i n  t h e i r  dis t r ibut ion.  The texture  range i s  
extremely wide, and the range i n  sor t ing  i s  f a r  wider than tha t  described 
for  the  beach materials.  The materials are  i r regular ly  s t r a t i f i e d ,  the  
s t r a t a  111ostly representing stages o r  events i n  deposition. There seems 
t o  be l i t t l e  regular i ty  about the  v e r t i c a l  o r  a rea l  arrangement of the  
different  s izes  and mixtures of these sediments, although i n  general the  
lagoon s ides  of t he  i s l e t s  are  more lilcely t o  be sandy i n  texture,  
whereas the  s o i l s  from the sear,rard s ides  are  more often of coarser 
material .  The samples of s o i l s  col lected represent t he  f i ne r  ra ther  
than the  coarser parent materials.  

One hundred and t en  mechanical analyses were made of s o i l  mater- 
i a l s .  Forty percent of t he  s o i l s  have the mode (o r  maximum grade) i n  
the  1.0-0.5 mm grade, and 34 percent i n  the plus 8 mm grade; t ha t  is, 
such s o i l s  consist of large fragments of coral  t ha t  have not been broken 
up e i the r  by abrasion o r  by solution.  It i s  noteworthy t h a t  there  i s  
very l i t t l e  f i ne  material, where present it consists of a mixture of 
f ine  organic matter and f ine  calcareous grains similar t o  those i n  t he  
beach sands. Other s o i l s  consist  of organic matter plus very coarse 
gravel; i n  some of these s o i l s  the  organic matter i s  the  most important 
consti tuent.  

The s ize  d i s t r ibu t ion  of the  s o i l  material  i s  given i n  t ab le  5, 
where t he  grade s izes  are the  same as  those used f o r  t'ne beach sands, 
so d i r ec t  comparisons between the s o i l s  and beach sands can be made. 
I n  f igures  24 t o  28 the data a r e  p lo t ted  as  histograms, the  samples 
being arranged i n  v e r t i c a l  sequence a s  they occurred i n  t he  f i e l d .  

Sorting 

The coefficient of sor t ing (So) (Traslr, 1932) ranges from 1.0 t o  
2.76, with the majority of the  samples, whether from seaward beaches o r  
lagoon beaches, f a l l i n g  around 1.50. The sands a r e  therefore considered 
well sorted by Trask's o r ig ina l  def in i t ion .  However, many natural ly  
occurring disintegration pi-oducts t h a t  have not been transported o r  
winnowed by waves and wind have a sor t ing coefficient not much greater .  

Sorting i n  these beach sands i s  due to.two pr incipal  factors :  
(l), presence of calcareous organisms; and ( 2 ) ,  movement of material  on 
the  beaches by waves, currents, wind, o r  any combination of these agents. 
The f i rs t  factor  brings i n  t he  s i ze  d i s t r ibu t ion  i n  the  sands, and it 
does not seem possible, u n t i l  addit ional observations have been made on 
beach processes, t o  i so l a t e  e i t he r  of these two fac tors .  The histograms 
i n  f igures  5 t o  15, i n  vhich the  najor organic consti tuents are  shown, 
indicate how the s ize  d i s t r ibu t ion  i s  i n  par t  dependent on the material  
t h a t  has been furnished by yeef and lagoon organisms t o  the  sands. 
Similarly, sands having the  best  sor t ing  may consist en t i r e ly  of one 
organism, as i n  the  foraminifera1 sands, or  of completely comminuted 



fragments t h a t  have actual ly  been sorted by waves and wind. Table 6 w3s 
prepared t o  assess the  significance of t h e  coefficients of sorting found 
i n  the sands. 

I n  tab le  6 the constituents a re  l i s t e d  as  major constituents i t '  

any one makes up 50 percent o r  more of the sand. The "mixed assemblage" 
category indicates t h a t  the sand has two o r  more constituents neither of 
which is  dominant. The c o l m  headed "none dominant" indicates t h a t  the 
sand consists of varying proportions of a l l  the  constituents. The 
columus headed "sorting caused by" a re  used t o  assess the principal fac-  
t o r  i n  the  sorting coefficient obtained from the sieve anelyses. 

Various categories may be recognized, a s  follows: I? one kind of 
organism i s  dominant i n  a sand (Category A )  then the sorting i s  con- 
sidered t o  be due t o  the presence of t h a t  organism, although i ts  
presence may be due t o  selective transportation from i t s  place of or igin 
and t o  removal of other constituents or ig ina l ly  present by winnowing; 
Category B contains sands i n  which there  are  two o r  more constituents ol' 
considerable importance, neither of which i s  dominant i n  weight percent 
of the sand; Category C (A plus B) contains sands i n  which a nunber of 
constituents may o r  may not be recognizable because of abrasion by 
revorking on a beach. In tab le  6 there  are  21 sands i n  Category A, 16 
i n  Category B, and 35 i n  Category C .  The average sor t ing coefficient 1:;: 

Category A, 1.46 (range 1.10-2.60, median, 1.33) 
Category B, 1.62 (range 1.10-2.02, median, 1.70) 
Category C, 1.65 (range 1.00-2.65, median, 1.64) 

The median f igures  fo r  the sor t ing coefficient,  1.33, 1.70, and 
1.64, respectively fo r  the d i f fe ren t  categories indicate t h a t  the  sancis 
containing the highest percentage of one kind of organism have, on the 
whole, a more perfect sor t ing than those containing a var ie ty  of organ- 
isms, o r  those t h a t  a re  made up of comminuted fragments. However, the  
f a c t  that some sands do contain only one kind of organism is a r e s u l t  of 
proximity t o  source of supply and of transportation conditions. 

Skewness of the s i z e  dis t r ibut ion 

In  general the  sands are skewed posit ively,  t ha t  is, the asymmetry 
of the  dis t r ibut ion curve (Sk) i s  caused by the admixture of coarse 
material .  Seventeen (23 percent) of t h e  sands have synrmetrical d i s t r i -  
bution curves ( ~ k ,  O), and there i s  only one sand tha t  has a negative 
skewness (T30, tab le  6 ) .  One t h i r d  of the  sands t h a t  contain recogni- 
zable organisms a s  a major constituent have s w e t r i c a l  dis t r ibut ion 
curves, whereas l e s s  than R quarter of the  "mixed" sands (Category C )  
have symmetrical curves. As these sands a l l  contain recognizable cal-  
careous organisms, the  skewness i s  considered t o  be caused primarily by 
them. 

The skewness o t  the frequency curve f o r  sands i s  reduced by the  
presence of one par t icu lar  kind of organism; f o r  example, Foraminifera 
t h a t  have a small range i n  s ize .  Calcarina spengleri has a diameter of 



between 1 and 2 inm, so a sand composed en t i r e ly  of t h i s  Foraminifer 
w i l l  have SB, 0 and So, 1.0.  The presence of a concentration of any one 
type of organism t h a t  can take the  place of individual mineral grains i n  
making up a sand w i l l  have a similar e f f ec t .  

Suff ic ient  de t a i l s  concerning the l o c a l i t i e s  where the samples 
were col lected a re  not available, but a few suggestions can be made. 
Posit ive skewness occurs i n  more than three-quarters of the sands 
examined, i r respect ive of t h e i r  s i tua t ion  on the seaward o r  lagoon s ide  
of the  is lands.  Sample T30, from the southern seaward beach of Bwokwla 
i s l e t ,  Taongi ( ~ o k a k )  Atoll,  i s  the  only one t h a t  has negative skewness, 
indicating an admixture of f i ne  material .  T30 i s  a well sorted sand 
with So, 1.45; it has 80 percent of the  grains between 1.0 and 0.5 mm i n  
diameter, and these grains consist  of cornminuted f r a ~ e n t s .  The f a c t  
t h a t  most of the  beaches examined do not contain extremely f ine  sand 
Sho'gS t h a t  such material, if it was formed from broken coral ,  algae, 
mollusks, and Foraminifera, has been transported out t o  sea. 

The beach sands were grouped in to  those collected on the windward 
s ides  of the  i s l e t s ,  and those from the l e e  s ides .  It was found t h a t  
median, sor t ing coefficient,  and skewness of the  windward and l e e  beach 
material  was: 

Median Sort ing coeff ic ient  Skewness 

Windward shore 1.27 1.66 + 1.43 
Leeward shore .86 1.54 + 1.07 

Wear and rounding of grains 

The beach materials are  homogenous i n  composition but not i n  
shape o r  i n  specif ic  gravity.  Mineralogically the  organisms consist  
of ca l c i t e  o r  aragonite. The hardness of ca l c i t e  i s  3; t ha t  of 
aragonite, 3.5-4. The specif ic  g-avity of ca l c i t e  is 2.71, t h a t  of 
aragonite, 2.94. Most organisms have in t e rna l  cav i t ies  and some, such 
as  Foraminifera and Halimeda, have porous walls.  This porosity reduces 
t he  spec i f ic  gravi ty .  Emery and others (1954, p. 65) give the following 
specific g rav i t ies  for  beach material on Bikini:  coral ,  2.51-2.62; 
Calcarina sp. ,  2.11-2.46; Marginopora sp., 2.10-2.31, Halimeda sp., 
debris, 2.47. The beach sand has a spec i f ic  gravity of 2.57. I n  see. 
water the  spec i f ic  gravity of the  consti tuents was lower, an average 
figure fo r  Halimeda debris being 1.77, and for  the  sand, 1.79. The 
comminuted fragments h a v e a  higher spec i f ic  gravi ty  than the whole 
organisms because of removal of pore space. Coral fragments have t h e  
lov~est  porosity of the  contributing material  t o  beaches, and hence have 
the highest specif ic  gravity.  

The coarser f ract ions  of t he  beach materials are  generally rounded 
( p l .  28), but it i s  d i f f i c u l t  t o  assess t he  amount of abrasion tha t  has 
occurred because of the  heterogenous o r ig ina l  shapes. The consti tuents 
are described a s  rounded i f  or ig ina l  protuberances have been removed by 
abrasion, and if the grains have smooth, worn surfaces. 



The or iginal  calcareous skeletons give the i n i t i a l  shape t o  the 
material  i n  the same way t h a t  the presence of cer ta in  organisms inf lu-  
ences sorting and skewness. The shapes are modified by abrasion, par t ly  
by grinding of one fragment on another, and par t ly  by s p l i t t i n g  and 
breaking. Pebbles and cobbles of rocks such as limestone, sandstone, 
and shale, then they become rounded by abrasion, always r e t a in  some 
features  of t h e i r  o r ig ina l  shape, which i n  turn are conducive t o  the 
f i n a l  shape (Raleigh, 1942). Soine forms, the corals and algae, are  
massive, whereas others, the she l l s  and Foraminifera, a re  hollow and 
t r i l l  tend t o  be l e s s  abraded than the  heavier, massive forms, when sub- 
jected t o  the same amount of wear. However, the massive forms are  more 
susceptible t o  breakage, although she l l s  and Foraminifera a re  abraded 
on a beach. 

Five stages i n  the  abrasion and rounding of the pr incipal  
Foraminifer, Calcarina spengleri, i n  the  sands of the  Northern Marshall 
Islands, have been established as  a r e s u l t  of observation. The forms 
are  i l l u s t r a t ed  i n  Plate 31. The Calcarinas shown on Plate  31 E and F 
indicate t h a t  the sand i n  which they occur has been subjected t o  long- 
continued abrasion on a beach. 

Stages i n  abrasion resul t ing i n  rounding are  not as  eas i ly  defined 
for  the  corals and algae, although i n  general the fragments considered 
t o  be well worn, par t icu lar ly  coral  fragments, can be recognized by 
t h e i r  lack of protuberances. These protuberances a re  commonly more mas- 
sive than those of Calcarina sp. ,  just  a s  the corals themselves are 
or i@nally broken in to  la rger  fragments than the Calcarina, which are 
concentrated i n  the 2-1 and 1-0.5 mm grades as  shown i n  figures 5-15. 
The la rger  s ize  of the coral  and algae has two ef fec ts  as  f a r  as  abra- 
sion i s  concerned: ( I ) ,  such fragments cannot be transported as  f a r  as  
l i g h t e r  fragments with the same cur ren t  and wave ac t iv i ty ;  and (2 ) ,  when 
washed up and down on a beach by waves they w i l l ,  because of t h e i r  weight 
and massive nature, be rubbed together more. In other words, once they 
reach a beach and remain i n  a wave zone the i r  abrasion must be re la t ive ly  
rapid. Algae may d i f f e r  from corals i n  abrasion e f fec ts ,  because some of 
the algae are  origino.lly smooth and rounded i n  appearance (except 
Halimeda sp., which i s  bladelike and hollow). Some calcareous algae are  
so f t e r  than coral. Hence, well-rounded algae  ma^ have undergone a lesser  
amount of abrasion than corals having i r r egu la r i t i e s  of surface. 

Shells both of pelecypods and gastropods are not a very prominent 
feature of these beach sands, but they too have been abraded and rounded, 
t'ne pelecypods more than the gastropods, although the  l a t t e r ,  being 
hollow and more buoyant, generally show more fractur ing than rounding. 

As both ca l c i t e  and aragonite have good cleavage, one of the 
r e s u l t s  of breaking up of the reef organisms may be the  production of 
angular fragments. Halimeda sp., which consists of aragonite, breaks up 
i c t o  innumerable small l a th s  of aragonite. Corals formed of aragonite 
may s p l i t  in to  angular pieces, which can then be abraded by rol l ing.  

Another feature exhibited by some of the beach sands i s  a high 
polish tha t  has been attained, it i s  presumed, by long-sustained ro l l ing  



abrasion i n  a wave zone. Such sands,.are generally well sorted and the 
elimination of very f ine  grains has allowed the la rger  fragments t o  rub 
one against  another. Size i s  a fac tor  i n  the production of t h i s  polish, 
as  well sorted sands a r e  more po~lsHed than those t h a t  contain both 
large and smal lgra ins .  P la te  28 shows. pol ish i n  some of the  beach 
materials.  X%.mpl.e 115 (Fosberg) from dotho i s  a very coarse sand tha t  
shows high polish.  



Legends of plates 

Plate 28. Beach sand, appearance of material in the 2-4 xn grade. 
Sample 11, collected at mid-point of lagoon beach, Ninni 
i s le t ,  Kwajdein Atoll., by MacNeil. Photo by H. C.Starkey, 
U.S. Geological Survey. 

Plate 29. Beach sand, appearance of material i n  the 1-2 xn grade. 
Sample 11, collected at mid-point of lagoon beach, Ninni 
i s le t ,  Kwajalein Atoll, by &%Neil. Photo by Starkey, U.S. 
Geological Survey. 

Plate 30. Beach sand, appearance of material i n  the 0.5-1 mm grade(A), 
0.29-0.5 mm grade (B)  and 0.12-0.25 mm grade (c). Sample 11, 
collected a t  mid-point of lagoon beach, Ninni i s le t ,  Kwaj- 
alein /\toll, by MacNeil. Photo by Starkey, U.S. Geological 
Survey. 

Plate 31. Calcarina sp. showlng various stages of abrasion in beach 
sands. Photo by Starkey, U.S. Geological Survey. 
A. Spines intact, and the Foraminifer has not been abraded; 

th i s  indicates l i t t l e  movement from s i t e  of origin. 
Specimen collec'ted by J. I. Wacey, Jr., from reef f l a t  I 

a t  south end of Ifaluk i s le t ,  LfaJ..uk Atoll, Caroline IS-  
lands. I 

B. Many of the spines have been broken off. In beach sand 
from Taka Atoll (TW 4), collected by WNeil .  

I 
C. Nearly &u the spines have been broken off, but a few 

s t i l l  remain and are about one-half their  original length. 
In beach sand from Taka Atoll (Tw 4)  collected by MacNeil. 

D. Only the stumps of the spines remain and there i s  some 
abrasion of the t e s t  of the Foraminifera. In beach send 
from Taka Atoll (Tw 4) collected by MacNeil. 

E. F. Only the t e s t  of the Foraminifer remains, and it is 
well polished; all the spines have been completely re- 
moved and the t e s t  has been reduced in size, but the 
chambers have not been exposed. In beach sand from 
Wotho Atoll collected by MacNeil. 
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FIGURE 13. UJELANG ATOLL SHOWING GRAIN 
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FIGURE 8. KWAJALEIN ATOLL SHOWING GRAIN SIZE DISTRIBUTION 
OF BEACH SANDS 
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Teble 4 . - - S i z e  d i s t r i b u t i o n  (percent  by  w e i o h t ) ,  median grain diameter ,  s o r t i n g  c o e f f i c i e n t ,  and s k e m e s s  01 beach sands from isl!Z%.2!2 

v a r i o u s  a t o l l s  i n  the northern ~ a r s h a l l  islands. ( s i t u a t i o n  of sample on i s l e t  i s  i n d i c a t e d  by S ,  seaward, and L. l a g o o n ) .  

Grain s i z e  (m) 

A t o l l  and 
islet Sample No. 

North T 16 S 

T 17 L 

B w d i j e  

S i b y l l a  

Median S o r t i n g  
(m) c o e f f i c i e n t  Skewness 



Pokak 

Bikar Atoll 
Jabwelo B t4 

B 15 

Almani B 13 

B 11 

B 12 

Jaboero B 16 

Bikar B 4 

B 5 

B 6 

B 7 

B 3 

B 8 

Ailuk Atoll 6 

Kwajalein Atoll 

T0nutj 9 

J 10 

10 

J I 



7 Grain size (nun) 

Atoll and 
islet Sample No. Situation 

Ninni 11 L 

J 2 L 

Eniwetok 12 L 

J 7 L 

Lae Atoll 

Enejalto 14 S 

Enemanit J 11 L 

Taka Atoll 

Taka 5 S 

J 3 S 

28 S 

lw 4 L 

Likiep Atoll 

Eme j iwan J 8 S 

7 S 

Ujae Atoll 

Rokerok 13 L 

J 6 L 

Ujelang Atoll 

Ujelang J 4 S 

3 5 S 

J 9 S 

Median Sorting 
f8.O +4.0 C2.0 +1.0 10.50 10.25 f0.125 10.062 (0.062 (m) coefficient Skewness 



23 

Nelle 24 

Haronlik 25 

26 

Ut i r ik  Atol l  

U t i r ik  2 

3 

I 

U 5 

Wotho Atoll  

Wotho 15 

16 

17 

18 

Eirek 19 

21 

Table 4.--Size d i s t r i b u t i o n  (percent by weight), median g ra in  diameter, s o r t i n g  coe f f i c i en t ,  and skewness of beach sands from i s l e t s  on 

various a t o l l s  i n  the  northern Marshall Islands. (Si tuat ion of sample on i s l e t  is indicated by S, seaward, and L ,  lagoon). 

Analysts, F .  S. MacNeil, G. W. Chloe, Dorothy Carrol l  



Table 5.--Grain-size d is t r ibut ion (percent by weizhe), and pH of s o i l s  i n  the mrehem Morsha'l Islanes 

[Analysts, P.  D. Blacknon and Dorothy Carroll]  

Organic Grain s i z e  (ma) Sorting 

Atoll  P ro f i l e  Sample Depth carbon pa >8.O 8.0- 4.0- 2.0- 1.0- .5- .25- .12- <0.06 Median cnef f i c i em Sbxmaas 

No. No. (feee) (percent) 4.0 2.0 1.0 .5 .25 .12 .06 

Shioya s o i l  s e r i e s  

Wotho 71 147 0-0.3 3.52 8.0 . . . . . .  ... . . .  ... ... ... ... ... ... ... ... 

... ... Lam 46 138 0-0.3 12.4 3.7 3.2 4.6 18.4 32.6 17.6 3.1 4.4 -86 1.9 1.21 
or 0.9 

139 0.3 or  ... ... 16.2 6.0 5.5 19.5 26.6 16.8 7.6 1.3 .7 .92 2.42 1.5* 
0.9-6.W ... ... 



. - 
... Jemo 29 131 0-0.5 ... 5.5 1.1 2.5 9.2 47.2 31.6 1.3 .7 . 8  .56 1.34 1.26 

... 132 0.5-2+ ... 9.0 .8 2.2 7.4 46.4 33.6 .5 .I .1 .60 1.34 1.09 
- 

... ... ... Jem 30 69 0-0.6 ... ... .4 ... .1 1.2 19.3 61.5 10.8 2.7 4.1 

... ... ... ... 72 3.0-? ... 2.5 1.1 11.9 53.7 29.3 1.5 .3 .2 .1 
73 

. . .  ... ... . . .  Utirik 3 97 0-1.3 28.8 5.1 7.0 19.5 25.2 12.0 2.5 .1 .1 1.3 

98 1.3-1.9 1.37 8.3 Coral fragments and organic matter 

... ... ... 99 1.9-2.3 ... 39.6 9.4 7.5 12.9 17.1 9.7 3.3 .4 .2 3.7 

... Utirik 4 102 0-1.6 ... 13.0 12.7 10.3 22.9 31.0 7.9 1.8 . 3  .3 1.2 2.5 2.2 

... ... ... 103 1.6-2.2 ... 14.0 5.2 5.0 12.6 15.2 12.6 15.5 4.6 15.5 .54 

Ujae 104 1152 0-1.0 ... ... ... .9 .3  7.5 46.0 29.5 9.0 2.7 4.1 .52 1.41 .80 
-- - 

Ujae 103 121 0-1.0 5.23 8.14 25 percent over 2 m 

- 
Ujae 101 89 0-0.5 7.4 7.7 38 percent over 2 m 

Ujae 100 88 0-0.5 6.7 7.6 30 percent over 2 m 

Wotho A8 23 0-1.4 ... ... .3 4.4 18.5 36.0 29.1 9.8 1.7 .2 .2 1.2 1.61 .95 



Table 5.--Grain-size distribution (percent by wei~ht), and pH of s~ils in the northern Marshall Islands 

[Analysts, P. D. Blackmon and Dorothy Carroll] 

40 percent over 2 m 

6 percent over 2 nrm, earthy 

144 1.0-3.0 ... ... 2.1 2.1 3.0 5.8 35.2 46.5 4.4 .5 .4 .48 1.08 1.26 

... Taka A15 109 0-0.3 ... 8.2 5.2 6.0 13.9 29.1 27.0 9.0 1.1 .5 .66 1.95 1.15 

... 110 0-3-0.9 ... 22.8 5.7 4.5 9.0 20.8 25.6 10.3 .8 .6  -74 4.35 4.73 



Taka 13 54 0-0.25 ... ... .5 .3 .5 3.8 26.5 47.4 15.3 3.0 2.8 .36 1.41 1.16 

... 55 0.25-2.0 ... 25.9 8.8 4.5 10.3 22.0 20.2 7.3 .4 .6 .94 4.55 4.58 

56 2.0-2.5 ... ... . . . . . .  ... ... ... , . . ... ... ... ... ... ... 
... 57 2.5-4.4 ... 14.9 7.5 9.4 20.9 21.4 16.3 7.6 .9 1.1 1.05 2.53 1.35 

Arno Atoll soil series 

Utirik 1 37 0-0.7 6.01 8.0 60 percent over 2 m 

38 0.7-1.1 3.2 8.1 57 percent over 2 mn 

... 39 1.1-2.7 1.8 24.6 18.7 6.6 7.7 19.5 12.0 5.5 2.3 3.0 2.0 4.07 1.21 

... 40 2.7-4.0 ... 16.1 19.3 8.1 8.8 20.3 16.7 8.5 1.2 .8 1.2 3.64 1.87 
-- -- 

Utirik 2 41 0-0.2 ... 8.3 10.2 3.8 2.9 7.9 26.5 22.1 16.1 5.3 5.3 .52 2.08 .85 

46 7.0-8+ ... ... 16.6 14.7 25.1 33.0 6.3 1.8 2.1 .4 .3 2.2 1.67 2.64 

U t i  rik 5 47 0-0.7 3.49 7.9 . . . . . .  ... ... ... . . . . . .  ... ... ... ... ... 

32 2.4-7 ... ... 48.7 10.5 10.0 10.9 9.0 5.8 3.2 . 9  1.1 ... ... ... 

Taka A14 106 0-0.9 ... ... . . . . . .  ... ... ... ... . . .  ... ... ... ... ... 



Table 5.--Grain-size distribution (percent by weight), and pH of soils in the northern Marshall Islands 

[Analysts, P. D. Blackmon and Dorothy Carroll] 

... 29 2.0-5.0 ... 6.0 8.1 16.1 31.3 31.2 4.4 2.7 . 2  .2 1.2 1.76 1.20 

... ... ... ... ... . . . . . .  . . . . . .  ... ... Ujae 84 86 0-0.5 4.9 7.5 % .  s 

... ... ... ... . . . . . .  ... ... ... ... . . . . . .  Ujre 98 87 - Surface 7.6 7.3 11 

... ... ... ... ... ... . . . . . .  . . . . . .  ... ... Jena 27 63 0-0.7 11.0 7.3 

... 67,68 2.4- ? ... 1.1 4.7 25.0 38.4 29.7 1.0 .3 .1 . I  1.3 1.64 1.04 

Ail& A23 33 0-1.2 2.75 8.1 40 percent over 2 mm 

35 1.7-2.4 2.1 8.3 63 percent over 2 mm 



... Likiep 18 58 0-1.3 ... 52.5 6.1 2.7 6.5 17.2 8.9 3 .1  1 .4  1.6 ... ... ... 

... 59 1.3-2.5 ... 32.1 5.0 2.0 8.5 36.2 11.3 3.8 .6 .5  .94 4.0 5.70 

Lae A l l  272 0-0.6 4.79 8.1 . . . . . .  . . . . . .  ... . . . . . .  ... ... ... ... ... 

275 2.5-5.0 ,.. ... 23.6 5.8 9.3 31.5 22.3 4.4 1.8 .5  .7 1 .4  2.51 2.51 - 
Jemo s o i l  s e r i e s  - 

Jemo 26 4 211-~ 33 3.8 Peaty, 3.7  percent co ra l  fragments 

Peaty, 9.6 peccent co ra l  fragments 

Peaty, 61.3 percent coral fragments 



Table 5.--Grain-size d i s t r i bu t i on  (percent by weight), and pH of s o i l s  i n  t h e  northern Marshall I s lands  

[Analysts, P .  D. Blackmon and Dorothy Carro l l ]  

... ... ... ... ... ... . . . . . .  . . . . . .  . . . . . .  Bikar 153 12 ?'0.1 to 31.4 4.5 
0.15-0 

... ... ... . . . . . .  ... ... . . . . . .  . . . . . .  13 0-1.0 ... 7.9 . , . 
... 14 1.0-1.2+ ... 8.6 .6 2.7 19.3 47.7 26.6 2.8 . 2  .2 .B %.&I 1.92 

... . . .  . . .  ... ... . . . . . .  . . . . . .  ... . . . . . .  Bikar 166 15 "0.4-0 30.9 4.5 

. . .  ... ... . . . . . .  . . .  . . .  ... . . . . . .  . . . . . .  20 0-0.5 ... 8.0 
-- - 

... ... ... Biknr 164 166 0.25-0.6+ . , .  34.612.0  l i . 8  1 h . i  17.8 7 . i  1 . 4  . 2  .2  3.2 
- - 

Eiisce1ianeous s o i l s  
... . . .  . . .  . . .  . . . . . .  . . .  . . . . . .  . . . . . .  Ese A7 266 0-0.5 19.8 7.3 . , .  

... . . .  . . .  268 0.8-2.5 . . .  52 .626 .3  12.8 4.1 1.5 .8 .8 . 5  .6 . . .  
-----. 

... . . .  . . .  . . .  . . .  . . . . . .  ... . . . . . .  . . . . . .  Lae A10 74 0-0.5 2.6 8 .1  

75 0.5-2.2 . . .  ... 4.1 2.8 4.9 41.0 25.8 13.0 7.2 1 . 2  .7 2.0 1.41 .75 

... J6 2.2-3.8 ... 13.0 3.9 6.8 32.9 20.9 11.0 7.0 2.3 2 .3  1.15 1.79 .53 

La@ A8 @ 269 0-0.5 8.17 7.5 12.5 percent over 2 mm 

270 0.5-0.9 4.33 7.8 j8.3 percent over 2 m 



Ujae 83 151 0-1.5 , . . . . . 11.8 .9 .5 2.6 11.7 39.3 25.8 3.5 4.0 .32 1.67 1.09 

Ujae 8 1  84 31~ .2  or 8 .1  7.4 42 percent  over 2 m 
0.4-0 - 

ujae 102 90 0-1.0 9.4 7.7 31 percent  over 2 m 

Utirik 6 256 0-1.9 2.65 8.7 38 percent  over 2 m 

257 1.9-2.5 1.45 9.0 30 percent  aver 2 m 

258 2.5-3.2+ ... ... 25.0 9.9 8 .3  9.4 13.1 8 .6  8 .1  5.8 11.9 1.2 

Ujae 82 85 0-0.5 8.11 7.6 23 percent  over 2 m 

155 0.3-0.8 . . . ... 21.4 7.0 6.4 8.9 18.6 22.6 8.8 3.1 3.3 .76 3.98 3.18 
-- 

Ailuk A21 263 0-0.9 11.67 7.7 45 percent over 2 m 

264 0.9-2.5 3.37 8.4 13.6 percent  over 2 m 

 thickness of l aye r  not  recorded. 

21 - No sample. 

31Depth of leaf l i t t e r  o r  raw humus above the  s o i l  



Atoll Sample Situation Sorting 
NO. on at011 

or islet 

Major constituents 

Corals, Fresh Worn Mixed None 
algae Foraminifera Foraminifera assemblage dominant 
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... ... . . .  + . . .  
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... ... ... + . . .  

... ... . . .  + ... 
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Table 6.--Coefficienr of sorting of Marshail Islands beach rands in relation to maior constievents and skeuness of disfriburion 

Analyst, Dorothy Carroll 

. . .  

+ 
. . .  
+ 
+ 
. . .  
. . .  

+ 
+ 
+ 
. . .  

+ 
. . .  

. . , 

. . .  

. . .  i 

+ 
. . .  

. . .  

... 

. . .  

... 

. . .  

... 

. . .  

. . .  

. . , 

. . .  ... . . .  ... Bikar 814 S 1.61 + 
. . .  ... . . .  Do 815 S 1.73 . . ,  + 

... . . .  . . .  ... Do 812 S 1.92 + 
.. .  . . .  . . .  . . .  DO 816 S 1.95 + 
... . . .  ... DO 84 S 1.84 . , . + 

. . .  ... ... . . .  Do 85 S 1.98 + 

. . .  . . .  . . .  ... Do 86 S 1.30 + 
.. .  . . .  . . .  ... Do 87 S 2.51 + 
... . . .  ... . . .  Do 813 L 2.02 + 
... ... . . .  . . .  Do 811 L 1.92 + 

. . .  . . .  . . .  ... Do 83 L 1.64 + 
.. .  . . .  . . .  ... Do 88 L 1.34 + 

.. .  ... ... Ailuk 6 S 1.45 + , . .  

... . . .  ... . . .  l a e  14 S 1.68 + 
... . . .  . . .  ... Likiep 38 S 1.26 + 

. . .  . . .  ... . . .  1.55 + m 7 S 

... . . .  . . .  ... ~ ~ ~ j a l e i n  9 S 1.70 + 
.. .  . . .  . . .  ... Do ~ 1 0  S 1.79 + 
... ... . . .  ... Do 10 L '1.10 + 
.. .  . . .  . . .  ... Do ~1 L 1.09 + 
. . .  ... ... ... Do 11 L 2.36 + 
.. .  . . .  . . .  ... Do J2 L 2.76 8 + 
... ... ... ... Do 12 L 1.26 + 
... . . .  . . .  . . .  DO 57 L 1.26 + 
.. .  . . .  . . .  ... Taka 5 S 1.18 + 
... ... . . .  DO 53 S 1.26 + , . . 
. . .  . . .  . . .  Do 28 S n.d. ... + 

-- 

L1wan grain size; ~ I S ,  seaward beach; ?/L, lagoon beach; A1n.d., not determined. 
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&jor comriruento 

Preah Worn Mixed None ......... .......... 
or islet 

T 
0 N4 L 1.W 

U j r  36 L 1.70 

Do 13 L 1.00 

Lljelw J4 S 1.87 

Do 35 S 1.64 

m 59 S 1.79 

Do 25 S 1.70 

Do 23 L n.d.  

m 24 L 1.36 

m 26 L 2.60 

Utlrtt 1 L 1.41 

0 2 L ~ . d .  

Do 3 L 1.10 

m u5 L n.d.  

Yotho 15 S 2.02 

0 16 S 1.18 

m 18 S 1.10 

Do 17 L 1.26 

Do 19 L 1.05 

m 21 L 1.22 

Table 6.--Coefficient of sarrina of Hsrrhall Island* be-h rondo in relation co major caosriruents and skevness of distribution 

Rnalysc, Dorothy Carroll 

Soctinp caused by Skemess 

... ... ... ... + 
... ... ... + ... 

... ... ... ... + 
... ... ... + ... 
... ... ... + ... 

+ ... ... ... ... 
... ... ... ... + 
... ... ... + ... 
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... ... + ... ... 
... ... . , . ... + 

... ... ... + ... 
... ... ... ... + 

... ... ... ... + 

... ... ... ... + 
... ... + ... ... 
+ ... ... ... ... 

... ... ... ... + 
... ... + ... ... 

... ... ... ... + 

'/wan grain &ire; &Is, seaward beach; ?[I,, la~oan beach; 9 n . d . .  not detemined.  

Organism 
(Category A) 

... I + 1 ... 12.20 1.31 + 

Both 
together 

(Category C) 
Agencies 

(Category B) 
Skamess Mead' Sign of 

(St) (mm) skewness -- 



PART IV: ITK!ONSOLIDA?;ED SZl)~@;IJT!j CONSnlEREI) AS SOILS 

by E'. E. Foeberg mcl %loth> CuarolL 

The loose unconsolidated sediaents =!e -tile parent ma te r id s  of the 
majority of the s o i l s  that develop or1 a t o i l s .  In no place v i s i t ed  i n  
t h i s  survey was any s o i l  observed 'being de'ircioped by gradual d t e  ra t ion 
o r  weathering i n  p l z e  of consoli&;l;r.r;i.d materiels, nor has any such s o i l  
been found 6es:ribed in  the l i t e r i ~ t ~ u e  0x1 c o r d  a t o l l s  ( i~n less  breaking 
down of limestone i n  m m ~ o v e  r;~.?,%qc, &?scribe? fcr  Ind im Ccem titol!s 
by TJmrton (1883), is 1:egariied as m.1 i:i::sep<,i:jci). 

A dis t inct ion ~-;:cs't 'be a d e  !,eLicr.cn ti:eso aeiiiinents, which w e  
prac t ica l ly  pure ccij.-:i~:a cxtbontlki, su::!: j ;.%,we l l l ~ s ' c o n e s  as  are 
l a i d  down adjacent t-ii hi.& fro;:. .which t &loJ --; receive tin increment of 
d e t r i t a l  clay and sand. F r o m  s~rch ixpwSe :.L,,?ler!tones, s o i l s  which are  
e i t h e r  clayey o r  s a 6 y  w i l l  develop .tkrougb rezrov&l of calcium carbonate 
f r o m  the rock. Such s o i l s  m e  canon  o r \  ti:-. coral  linestone portions of 
high complex islands such as  the hjaylmas a ~ i d  Ryukyus. It has not been 
suggested tha t  eny a t o l l  s o i l s  we d E  such a residual, natiiie except by 
Liproan and Shelley (1924), who s.ugges&ed t e a t  a considelerable thickness 
of linestone has been dissolved away t o  produce the s o i l  analyzed by 
them f m m  Rose Island, Samoa. The inadequacy of the s taple  analyzed 
an? the existence there  of volcanic rock of uncertain c r ig in  malie it 
f ' l t i l e  t o  discuss this one exceptl.on u n t i l  fu r ther  study i s  made of the 
Rose Island so i l s .  

General chwuc t;:.r c:' stsll iioils ---."---.--*.-."-.-- 

In general the  s o i l s  f ~ u d  :-:n co;yd. a.Ccl:j.s are  pale t o  @ay-SYoiili 
o r  black, and sandy t o  very coarse 321 -t.ex-tue. Occasinnai. lclamy o ~ ,  s;1r~3y 
loem curface layers occur, and lest; cumon1:y r resen t  as buried hori -  
zons. The depth varies,  but according t o  no c>bvious pr+ttern. I n  rr.ost 
Places sampled consolidated rock w s s  eel;ct>unterecl only below 1 meter depth 
o r  not at ~ l l  i n  t e s t  holes d y  t o  Sstween :L m d  3 meters. The m a t e r i d  
i s  conQpicuously s t r a t i f i ed ,  but  the beds of dif ferent  textiires do not 
commonly correspond well t o  t rue  si,s.~ ho r i~o?~o ,  vh5.ch are  distinguished 

color ( a s  well a s  chemical, mineralogica:L, a-,ld t ex tu ra l )  differences. 

Since all these s o i l s  are  very inimature, the horizons w e  rmstly 
we- developed and tend t o  grade in to  one another ra ther  than being 
sharply defined. Generally there  are  only an M horizon of 7Wied thick- 
ness, darkened by humus, and a C horizon not much al tered.  In  one 
special  type of l imited extent  an iZa horizon of raw humus and a B horizon 
of phosphate are character is t ic .  

U s W y  the darker and presumably older s o i l s  are  nearer the center 
of the i s l e t s ,  i f  present a t  a l l ,  whereas the  l i gh t e r  ones tend t o  be 
peripheral .  Ridges of very coarse stony luaterfal are  common, mostly on 
the seaward sides of i s l e t s .  Muck s o i l s  of very l imited extent are  foiinii 
i n  depressions and t a ro  p i t s .  



Previous descriptions 

There have been various ca.suel references to ,  z.nd passing 
descriptions of,  a t o l l  s o i l s  i n  tine pest ,  as well as the  br ief  analyt i -  
c a l  study and interpreta t ion by Lipman and Shelly (1924), and a se r ies  
of short descriptions of s o i l s  of the  Pacif ic  equatorial  islands by 
Christophersen (1927). Effective study of a t o l l  so i l s ,  however, 
scarcely began before 1950, vhen E. L. Stone, Jr. ,  -visi ted Arno Atoll ,  
i n  the  southern Marshall Islands, f o r  t he  express purpose of' iliaking 
s o i l  investigations.  His preliminary report  (1951a) described i n  
deta.il fourteen s o i l  types and discussed s o i l  fom~~at ion i n  terms of 
physical and biological  factors ,  as  well as  the chemical properties and 
ecological re la t ions  of these so i l s .  Two of the  s o i l  se r ies  recognized 
by Storie (1951a, p. 19-25), the  Silioyis and Arno Atoll, plus h i s  "stony 
and very stony complex" have s i m e  been found t o  be very ~idespre8.d and 
most of the  s o i l s  studied i n  the present investigation are c lass i f ied  
with them. During 1351, in-?esti@1tions Irere carr ied out i n  the Gilbert  
a t o l l s  by Catale aild by Cloud, as  well a s  the beginning of the present 
study i n  the northern Ka.rshalls. A preliminary report by Cloud (1952)~ 
a review by Stone (1953), an extensive report  by Catala (1957), and 
short s tudies  by Fosberg (1954)> and Fosberg and others (1956) resulted.  
These brought out some additional d ivers i ty ,  including lo:?-lying s o i l s  
with a compact clay-like subsoil i n  the  Gilber ts ,  and the description 
of the Jemo ser ies  of phospha,ttc s o i l s  i n  the  i\qarshalls. Investigations 
on Raroia, Tuamotus, by iieriell i n  1952 and on Kapingcunarangi, Carolines, 
by Mciiee and Niering i n  1954 (Nelrell, 1954a, b, 1956; McKee, 1956> 1958; 
Niering, 1956, 1963) shoved tha t  essen t ia l ly  the  same types of s o i l  
occur i n  these islands as  were previously described from the Marshalis. 
No phospha,tic s o i l s  were found on Raroia, however. Tercinier (1955), 
describing s o i l s  of the lov i s l~ inds  of French Oceania, recognized three 
s o i l  types only, i n  addition t o  stony ridges corresponding t o  the  
"stony and very stony conplex." Of these,  the  pinkish sendy and 
gravelly s o i l s  immediately behind the boulder rid[:e and the sandy and 
gravelly s o i l s  along the  lagoon shore seem t o  f ~ l l  in to  tine Shioya 
Series, and his  stony o r  stony-gravelly s o i l s  froin the center of tihe 
a t o l l  obviously correspond t o  ra ther  poorly developed Arno Atoll  Ser ies  
s o i l s .  

I~iost of the above %rorkers seem t o  be i n  essen t ia l  agreement about 
most of the  soil-forming processes, and t h e i r  repor-ts are d ram upon 
f ree ly  i n  the present interpret2,tion of the  s i tuat ion i n  the northern 
Marshall Islands.  

Soil-forming factors  

According t o  Jenny (1941) there  a r e  f ive  pr incipal  factors  of 
s o i l  formation: . parent material, clir:?ate, biological  act ivi ty ,  r e l i e f ,  
and time. Many processes can be iden t i f ied  as  contributing t o  o r  
characterizing the interact ion between these variable factors  t o  form 
s o i l s .  So i l  development, i n  most continental  and high is land areas, 
presupposes t h a t  the  parent material  i s  rreatherable; tha t  i s ,  t h a t  it 
can be broken dorm chemically and neechanically t o  form the mass of 



material  i n  ~rhich plants  grow and vl~ich we term s o i l .  This weathering 
goes on everphere ,  but i n  areas where the parent nlaterial i s  of loose 
sediments it i s  not a s  e s sen t i a l  as i n  places where s o i l s  must be 
derived from hard rock. Here i n  the coral  a t o l l s  an acceptable dis t inc-  
t ion  can scarcely be made bebreen the loose una.ltered sediments which 
make up the parent material  and essen t ia l ly  similar materials which 
serve as  a substratum for  plant growth and which are then called s o i l .  
However, -the a l t e r a t ion  an& divers i f ica t ion  of these materials which 
have produced and norr characterize the  various s o i l  types described by 
previous i,rorkers, and which are recognized and discussed below, nre 
def in i te ly  the  r e su l t  of cer ta in  processes of s o i l  formation. There- 
fore, they are  properly termed so i l s ,  though they are  very young and 
poorly developed s o i l s .  Especially important among the processes 
involved are the accumulation of organic material, and the leaching and 
deposition of mineral materials, par t icu la r ly  calcium carbonate and 
phosphete. 

The soil-forming hc - to r s  considered important by Jenny (1941) are 
discussed i n  t h e i r  re la t ion  t o  a, toll  conditions i n  the  northern 
PIarshalls and t o  the s o i l s  tha,t have developed on the a t o l l s .  

Parent material  

Tile parent material  h8.s been described and conmented upon above, 
( see  p. 23 ), being loose calcareous sediments of varied texture.  
The degree of a l t e r a t ion  var ies  v i th  the s o i l  concerned. Generally t'ne 
pa r t i c l e s  i n  the  blacker layers  have becorfie more \:eathered than cor- 
respondi.ng par t ic les  i n  the  paler ma.ter-ial. 

Climate 

The features  of the  climate of the northern iviarshalls (see p. 5- 
6 ) t h a t  are  of most s i p i f i c a n c e  i n  the formation of i ts  s o i l s  would 
seem t o  be the consistently ra.ther high tenrperatures and conlplete lack 
of f r o s t ,  the amount and d is t r ibu t ion  of r a in fa l l ,  the  in tens i ty  and 
prevalence of winds from a per t iculer  direct ion,  and the incidence of 
typhoons. 

With temperatures ranging continuously between 68O end 95" F, the  
r a t e  of production and addition of organic matter t o  the s o i l  i s  high 
and the process i s  not seriously interrupted seasonally. However, the  
same high temperatures r e su l t  i n  rapid and rela-ttvely complete decomposi- 
t i on  of tine organic r a t t e r ,  under most circurnstancrs, and consequsnt 
sl.otmess of humus acc~unulation i n  the  s o i l s .  Laclc of f r o s t  which 
seriously reduces the populations of decomposing agents i n  ternperate 
climhtes and in te r rup ts  t h e i r  ac t iv i t i e s ,  tends t o  accentuate t h i s  
effect  of the high temperatures, as  compared with more northern climates. 

The re la t ive ly  high r a in fa l l ,  teriding t o  increase luxuriance i n  
the vegetation, a lso brings abo2~t the addition of greater  quanti t ies of 
orgacic matter as  well as, i n  some ar?as, providing a more f&vorabl.e 



medi~uii for some of the organisms responsible for  decomposition of t h i s  
mater ia l .  It also brings about leaching of soluble consti tuents 8.t a 
high r a t e ,  as  well as  the  veathering of the pa r t i c l e s .  The e f fec t  of 
t h i s  leaching on accw~iul.ation of organic matter i s  not c l ea r  t o  us. A 
r e su l t  t ha t  i.s of more -than ordinary in t e r e s t  i n  the a-toll enviroment 
i s  the  re:nova!. of sea s a l t  'th8.t 7.iould otherwise a c c ~ ~ ~ ~ u l a ~ t e  i n  large 
anounts froni the spray ~vhici~ i s  carr ied onto the land by the v~incl. The 
large amount of rain a.lso serves t o  balmce the e f fec t  o i  diffusion of 
s a l t  c a t e r  in to  the s o i l  from the surrounding ocean. A l l  the e f fec t s  
ascribed t o  r a i n f a l l  p i i l l  theoret icnl ly  decrease i n  i.ntensity as  one 
goes fron: so7uth t o  north i n  the it'iarshall Islands, as  the  r a i n f a l l  
becomes l e s s  i n  t ha t  di rect ion.  Actually, such di:?i"erences are  hard t o  
observe and scarcely sbo%i up i n  our data, as  the  n~n<~her of analyses i s  
very small and they were not made iil.tln these features i n  mind. 
However, the complete laclr of dark s o i l s  on Tnongi (~olralr) Atol.1, the 
d r i e s t  of the group 2nd tha t  7 , r i t l i  the sparsest  vei;etation; may 'be 
signi.ficant i n  t h i s  connection. The e f fec t s  of seasonality of r a i n f a l l  
i n  -the Ma.rshall 1:;lo.nds are not apparelz-t, probably because the increase 
i n  seasonali ty i s  roughly pa ra l l e l  v i t h  increased dryness, and the 
e:fects of the  two ~rould be hard t o  dis t inguish.  

The only obvious e f fec t s  of ordinary wind would be i n  the  deposi- 
t i on  of sand, carried from the beaches onto the land i n  the inCerior 
of the  i s l e t s ,  and the carrying of s a l t  spray i n  i'ro:~ tine brenlcer zone 
a t  the edge of the reef on tile iiindvard s ide.  The amount of sand 
deposition i s  obviously importm', as  indicated by the smell dunes found 
here and there, especially p i led  around the bases of p lan ts .  Layers of 
pebble-free sand i n  s o i l  p rof i les  are  probab1.y t o  be ascribed t o   rind, 
a s  t ie l l  as  some of  the  sand i n  other layei's, but so f a r  %re have usuc.lly 
not been able t o  distingu-is11 'this ma.terial from dhak deposited by vatcr .  
The er'fects of s a l t  spre,y on the vegetation a,re a.pparent j.n the 
windward-leeward as-ymnetry of the prof i le  of the vegetation >ihen viewed 
from a djstance, i n  the  pjeater  development of' ila,lophyti.c features  on 
the ::indirard side, and i n  eccentric pattern3 Of zonation of vegetation 
i n  i s l e t s .  Whether there  i s  a d i rec t  e f f ec t  on the soil .  o r  only an 
ind i rec t  one t h r o u ~ h  tlne vegetiit,-ion i s  not c lear .  

The e f fec t  of typhoons on -t:he s o i l  pattern i.s gross but of' the 
grea tes t  importace.  Plate 32 shoiis tlne e f fec t  of a typhoon on Utirilr 
s e t .  Tine marks of such catastrophic events may 'be seen prac t ica l ly  
everywhere. Bou1de:r ridges, c l a s s i f i ed  as  stony and very s-tony complex 
so i l s ,  are  a strilri.:li: feature of most a t o l l s .  Denuded a.reas, of bare 
rock iiitil on1.y pockets of s o i l  are very conmon and probLbly the resu l t  
of typhoon actj.on. Xost areas show s o i l  p rof i les  with buried A horizons. 
Thcse are probably very largely the r e su l t  of deposition of sheets of 
s m d  and gra.vel by typhoons. Effects of long dura,tion from inundation 
by s a l t  v?"ter, thougll they rcight 'ce expected, have pot been noted. 



Biological a c t i v i t y  

Biological ac t iv i ty  w i l l  be t r ea t ed  i n  sorilewhat more d e t a i l ,  a s  
it i s  e s sen t i a l  f o r  an understanding of t he  soil-forming processes. 
Plants and animals are  both important. 

The luxuriance of the  vegetative cover ref lects ,  i n  an accentuated 
fashion, the  gradient of r a i n f a l l  from south t o  north. I n  the  more 
humid south the cover i s  very dense, thinning out gradually northward 
u n t i l  i n  t he  much l e s s  rainy Taongi ( ~ o l r a k )  Atoll it presents a d i s t inc t ly  
semi-arid aspect. This does not seem explainable on the r a i n f a l l  
f igures alone, since the r a i n f a l l  of Taongi i s  about t h a t  of the  
luxuriant ly  green eastern United States ,  but must depend on the almost 
perfect  drainage combined with high temperatures. The vegetation of the 
northern Marshall Islands was b r i e f ly  described on page 24, t o  ~rliich 
reference should be made. 

The influence of biological  factors  has been described by Stone 
(1951a, p .  15-18), md  the following paragraphs have been taken from 
h i s  work. 

"BIOLOGICAL FACTORS 

"Organic Matter 

"From previous paragraphs it i s  already apparent t ha t  l i v ing  vege- 
t a t i on  and i ts  dis integrat ing products contribute great ly  t o  the  solu- 
t i on  of calcium carbonate by t h e i r  production of carbonic acid. Through 
penetration of roots t h i s  process nay occur slowly even y e l l  u i th in  
large pieces of porous coral .  Baas-Becking has called a t ten t ion  t o  the  
abundance of algae which on Arno, as elsewhere on the moist t ropics ,  
mantle the  surface of roclss and even the sand i n  open groves. 

"Apart from the e f fec t s  on so lub i l i t y  the organic matter i t s e l f  i s  
of great  significance i n  s o i l  formation. In  the  absence of the  more 
profound changes tha t  mark mature so i l s ,  the  presence of organic matter 
i s  t he  pr incipal  feature characterizing the  a t o l l  s o i l .  It is obviously 
the pr incipal  source of cation exchange capacity. Further, the accumu- 
l a t i on  of nitrogen pa ra l l e l s  t ha t  of well decomposed organic matter 
("hunius") f o r  there i s  a Zixed carbon-nitrogen r a t i o  of approximately 
10 o r  12 t o  1. 

"The breakdown of organic remains is carried on i n  large pa r t  by 
micro-organisms but  earthworms are  often abundant, and small s n s i l s  
loca l ly  so, i n  the darker s o i l s .  The earthvoms are  presumably s igni-  
f ican t  agents i n  mixing the surface matter vit'n mineral s o i l  although 
root growth and decay provides another means of incorporation. Dead 
woody t i s sues  are  generally broken down by termites.  In  localized areas 
burrowing crabs accomplish very considerable mixing. Where excessive 
moisture prevents normal oxidation of organic materials these accumulate 
giving r i s e  t o  peats and clucks . . . . 



- 48 - 
"Nitrogen F ixa t ion  

"Baas-Becking has  s t r e s s e d  the poss ib l e  r o l e  of a lgae  a s  n i t rogen 
f i x e r s  and from s o i l  samples co l l ec t ed  by him a new group of  n i t rogen 
b a c t e r i a ,  B e i j e r i n c G ,  has been i s o l a t e d  by Derx. Azotobacter has not  
been repor ted  i n  a t o l l  s o i l s  but  would be expected i n  t h i s  h a b i t a t .  
/Eater  found i n  S tone ' s  samples by Lochhead, s ee  Stone (1953), and by - 
Stevenson (1953) - .7 

"On Arno legumes a r e  common and nodules were observed 011Vigna 
marina, Sophora tomentosa and Canavalia s e r i c e a .  On the  l a t t e r  they 
occur on the  r o o t s  a t  some d i s t ance  from the  r o o t  crown and hence they 
may be e a s i l y  missed. The - Vigna seems p a r t i c u l a r l y  important f o r  i t  
forms th i ck  masses i n  the  open groves and extends aggress ive ly  onto 
sand beaches, o l d  dwell ing s i t e s  and burned a reas .  The two spec ies  of 
Ca.navalia, though l e s s  abundant, a r e  vigorous v ines  i n  l i g h t l y  shaded 
a r e a s .  I n t s i a  b i iuga  i s  t h e  only leguminous t r e e  but  i t s  abundance i n  
the  o r i g i n a l  f o r e s t  cannot be est imated accura t e ly  now. 

"Seabirds 

"Throughout t h e  dry i s l a n d s  of t h e  P a c i f i c  n e s t i n g  seab i rds  have 
c rea t ed  guano depos i t s  and h igh ly  ni t rogenous s o i l s ,  Under wet condi- 
t i o n s  such accumulations do not  remain long but  the  numerous a reas  of 
phosphate rock a r e  gene ra l ly  considered t o  have o r ig ina ted  beneath such 
guano a reas .  As mentioned, the  phosphate was p r e c i p i t a t e d  a s  the  insolu-  
b l e  calcium s a l t  when c a r r i e d  i n t o  ca lcareous  m a t e r i a l  beneath, whereas 
the  so luble  n i t r a t e s  were washed axgay. The r e s u l t i n g  product i s  u sua l ly  
wel l  cemented although unconsolidated b r o m  sands may occur ~ i i t h  the  
rock. Phosphate rock, guano, and s o i l s  s t rong ly  inf luenced by guano 
occur only rqhere l a rge  numbers of s eab i rds  congregated f o r  long per iods .  
Even away from these  a r e a s ,  however, t!~e b i r d s  must have a  very con- 
s i d e r a b l e  e f f e c t  on the  s o i l .  They a r e  comon i n  small  numbers on many 
i s l a n d s  where they r o o s t  and n e s t . . . ;  feeding  along the  beaches and a t  
s ea  they a r e  t h e  only s i g n i f i c a n t  agents  adding t o  t h e  land from t h e  
f e r t i l i t y  of the  sea ."  

Another b i o l o g i c a l  a c t i v i t y  not  t o  be underestimated i s  the  boring 
a c t i v i t y  of microscopic blue-green a lgae  which seems genera l  i n  any 
limestone sur face  exposed t o  a i r  f o r  a  cons iderable  length of time. So 
apprec iable  i s  the  breakdown of l imestone by t h i s  agency t h a t  Nestcroff 
(1956) regards i t  a s  accounting f o r  the  g r e a t e r  p a r t  of both i n t r a -  and 
s u p r a - t i d a l  e ros ion  of l imestone. These a lgae  must a l s o  add organic 
mat te r  and poss ib ly  a l s o  n i t rogen  t o  t h e  s o i l .  

Rel ie f  

Yne r e l i e f  of the  a t o l l s  i s  neg l ig ib l e ,  the  h ighes t  po in t  seen 
being only some 25 f e e t  above mean sea  l eve l .  Nevertheless ,  drainage 
i s  r ap id .  Actual ly,  s i n c e  drainage has l i t t l e  o r  no r e l a t i o n  t o  r e l i e f ,  
i t  should i n  these  s i t u a t i o n s  be considered a  sepa ra t e  a d d i t i o n a l  f ac -  
t o r ,  d i s t i n c t  from r e l i e f .  The r e l i e f  i s  mainly the  r e s u l t  of p i l i n g  
up of loose ma te r i a l s ,  r a t h e r  than of e ros ion  of e leva ted  land. There 
seems t o  be l i t t l e  o r  no r e l a t i o n  between s lope  and s o i l  type, but where 



the  bottonis of depressions approach the -xater t ab l e  there  are  i n  most 
cases special  so i l s ,  e i t he r  peat o r  muck. The kligher areas are generally 
e'ther boulder ridges o r  s a d  dunes. On the bolllder ridges the s o i l  i s  
c lass i f ied  as  stony and very stony complex; on the dunes it is generally 
Slioya. Hor~ever, these seem t o  be more depositional than re la ted  t o  
r e l i e f .  

Drainage 

The drainage i n  the  a t o l l  s o i l s  i s  mostly e i t he r  very good o r  
extrenie1.y poor (see  p. 23) ,  the  coarse texture  permitting rapid percola- 
t i on  of vater  through most material  th2.t l i e s  a t  a l l  juove the water 
t ab le .  The water tilble i s  essen t ia l ly  rr'ear, t i d e  leve l  and f luctuates  
s l igi l t ly  y v i t h  t i d a l  changes. 

Tiio processes re la ted  t o  the  good dra.inege above the r.ia.t;ter table 
are  of general significance.  One i s  -the solution, and removal by 
leeching of solutes, t h a t  a.ccompanies the  movement of rrater over the 
surfaces of the pa r t i c l e s .  The other i.s the migration dovnl.rard of any 
very f ine ly  divided material  t ha t  eexists i n  or  i s  deposited on the upper 
layers .  This probably accounts i n  par t  f o r  the lo'ir proportion of f iner  
inorgarlic fractions i n  these s o i l s .  Also important here may be sorting 
and removal during the deposition process, a lso probably an or iginal  
deficiency of f ines .  

Time 

The time factor  i s  d i f f i c u l t  t o  assess, as  the  actual  age of a s o i l  
i s  seldom lcnorm. However, the f ac t  t h a t  c a l c i m  carbona;te has not been 
removed t o  any great  extent,  a t  l e a s t  d i f fe ren t ia l ly ,  from the upper 
layers  of these so i l s ,  even i n  Borne cases under the  ilxfluence of water 
t ha t  has percolated through an acid peaty layer,  i s  one indication tha t  
these s o i l s  are  r e l a t i ve ly  younG. The difference bet%reen the actual  
and theoret ical  calcium percentages i s  so small and so obscured by the 
varied i:~agnesi&~ percentages t h ~ t  j.t cannot be regarded a s  j.ndicating 
much o r  perhaps any d i f f e r en t i a l  leaching of calcium carbona.te i n  any 
par t icu la r  layer. It i s  co:~monly found, too, t h a t  the  calcareous remains 
or' the various reef orgmisms *.re readi ly  recognizable throughout the 
prof i les  and have not been strongly affected by solution.  Forminifera.1 
t e s t s  fro111 s o i l s  axe i n  p la te  33. ?'he weathering e'uhibited by 
these t e s t s  shoris -that soale solution does occur, but not enough t o  make 
tnem unrecognizable. The hardness of the  ground ira.ter a lso indicates 
so l i~ t ion ,  but not the =sour,t. 

It seems r a i r l y  c lear  t ha t  the  Shioya s o i l s  a r e  very young, 
grading imperceptibly in to  2lmost completely unaltered parent sediments. 
Almost no orginic matter has a.ccumulated i n  these l ight-colored s o i l s .  
They grade into  the darker Arno Ato1.l se r ies ,  v i t h  much hig1:er organic 
content and also roore weathering of calcareous par t ic les .  There i s  un- 
doubtedly a greater time in-<olvecl i n  the formation of the blacker so i l s ,  
bu-i; rihiut the ac'tua.1 o r  rel.ative tinie f i ~ t r r e s  are is  a t  present impossible 



t o  say. The variable nature of the  other factors  involved makes it 
highly unlikely tha t  there  is anything l i k e  a l inear  re la t ion  between 
amount of organic matter and time. The c la r i f ica t ion  of t h i s  re la t ion-  
ship would be of great  in te res t  but w i l l  undoubtedly require more informa- 
t i on  than i s  presently available.  Perhaps radiocarbon determinations of 
the organic carbon a t  different l eve ls  may give some approach t o  an 
absclute time scale .  

T'ne thickness of phosphate layers  i n  the  Jemo s o i l s  ~ m d  the degree 
of replacement of calciwn cerbonate by calcium pl~osphates is undoubtedly 
a lso re la ted  t o  time. Certain of tine la.yers aBnalyzed are  completely 
a l t e r ed  t o  phosphorite, but differences i n  b i r& popv.lations and i n  
luxuriance of the  Pisonia fores t s  involved i n  tine :phospha.te formation 
a.gnin suggest tha,t no l i nea r  re la t ion  i s  possible.  

Until  the detai led chemistry of t he  percolating x~raters t h a t  carry 
out the  lea,ching process i s  known it w i l l  not even be possib1.e t o  scy 
riflat theore t ica l  ra.tes of change i n  proportions of re la t ive ly  insoluble 
substances are  l ike ly .  A l l  t ba t  can be sa id  nor,i i s  th3.t the differences 
i n  mount of most of them found i n  our analyses are  too small t o  be very 
useful i n  interpret ing the effec-ts of t h e  time factor  i n  tile formatj.on 
of a,toll. s o i l s .  

Atoll  s o i l s  resemble the beach materials of the i s l e t s  i n  grain 
s ize  d i s t r ibu t ion  and i n  chemical and mineralogical composition. The 
grain s i ze  d i s t r ibu t ion  of the  s o i l s  was given i n  table  5 .  Table 7 s e t s  
out the most prevalent grade s izes  found i n  the  principal types of s o i l .  
The r e l a t i on  between the s ize  d i s t r ibu t ion  i n  beach sands and s o i l s  i s  
shown i n  figure 28. 

Table '(.--Distribution of modal grade s i z e  of calcareous material  i n  
s o i l  p rof i les  as  percentage of t o t a l  samples si.eved -.- - 

- 
Grade scze (rm) 

So i l  s e r i e s  +0.0 +4.0 +2.0 +1.0 +0.5 +0.25 40.125 
------ - 
Shioya (46:" 32 2 2 11 21 2b 2 
Arno Atoll  (23) 18 4 4 30 39 4 ... 

... ... Jerno (7) 20 . .-  57 14 ... 
Miscellaneous (19) 42 ... ... 26 21 10 ... -- 

Numbe? of samp:Les sieved. 

I-t has been observed by Stone (1951~1, p. 14) t ha t  many s o i l  pro- 
f i l e s  a r e  coirposite and ha.ve layers of black organic material a t  d i f fe r -  
ent depths. 

Chernical1.y the paren-t materials consis t  almost exclusirely of 
-calcium carbonate with varying small amounts of uia.gnesiwn carbonate, 
depending on the type of organisins present. Minor mounts of other 



Table 8.--Chemical composition (in percent) of calcareous reef and lagoon constituents, 
and of composite sediment samples (from Emery, Tracey, and Ladd, 1954, table 11, p. 67) 

Analysts: C. M. Warshaw (Nos. 1, 2, 5, 6, 7, 9); A, C. Vlisidis (Nos. 3, 4, 10, 11, 12, 13); 
W. W. Brannock (Sr determination); J. M. Axelrod (X-ray determination of minerals) 

si02 
(A~.Fe)203 
HgO 
CaO 
SrO 
co2 
Acid-soluble SO3 
Acid-insoluble organic 
Water-soluble orgaaic 
Vaeer 

Total 

L/c, calcite; A, aragonite. 

1. Picked Foraminifera (Calcarina spengleri). Lagoon beach, Bikini, 8. Average of 15 analyses of madreporariar. 
2. Picked Foraminifera (Marginopora vertebralis). Lagoon beach, Bikini. reef corals (Clarke and Wheeler, 1917). 
3. Picked unweaehered Walimeda segments. 9. Coarse foraminifera1 beach sand, Bikini 
4. Picked weathered Kalirneda seements. (samwle Bik. 3 ) .  . . ~~ . - ~  . - -  ~ ~- ~ ~~~~ ~~ ~ 

~ - 
5. Lithophyllum (Porobithon) gardineri. 
6 .  Lithophyllum craspedium. 
7. Porolithon onkodes. 

~- - ,  

10. Fine beach sand, Bikini (sample Bik. 5). 
11. Medium sand, lagoon, 69 feet, Bikini 

(sample Bik. 51) 
12, Medium sand and Halimeda debris, lagoon, 

108 feet, Bikini (sample Bik. 713). 
13. Halimeda debris, lagoon, 156 feet, 

Bikini (sample Bik. 548). 



consti tuents such as  c a l c i m  phosphivte, calcium su l fa te ,  and ahninum 
and iron oxides may 3.1~0 be present. Table 8 gives the  composition of 
sonie of these reef-forfiling organisms. 

Mineralogically both for1.i~ of c a l c i ~ m  carbonate, aragonite and 
ca l c i t e ,  are  present, the  quant i t ies  depending on the dominant organisms. 
In  addition, there i s  secondazy and loca l  enrichment of phosphate i n  
the  forri~ of the  mineral apa t i te .  

Class i f icat ion of s o i l s  -. 

Stone's  c lass i f ica t ion  of a t o l l  so i l s ,  rritii cer ta in  all;erntions, 
serves very u e l l  fo r  the  northern Marsha.11 Islands, as  for  most other 
a t o l l s  studied so f a r .  This cl.a.ssification \ras adapted f o r  the northern 
Marshall Islands by Fosberg (1954) from vhom the folloving paragraph 
as  rrell as the introductory paragraphs under each s o i l  un i t  are  quoted. 

 r re all^; four pr incipal  un i t s  a r e  eas i ly  definable on the a t o l l s .  
They ?.re ( a )  essen t ia l ly  una.ltered sands and gravels; ( b )  stony and very 
stony cor2plex; ( c )  Shioya se r ies ;  and ( d )  Arno Atoll se r ies .  I n  addi- 
t i on  t o  these, the Jemo se r i e s  i s  riidely dis t r ibuted;  thou& illuch siiialler 
i n  area.  Minor unj.ts a r c  the  iiiuc:: s o i l  found in  ta ro  p i t s ,  mangrove 
peat, anci one or  two loca l  -types so f a r  lcnoxm only from Arno Atoll .  
Exposed limestone reef -roclr o r  beach-roclr i s  connnon, usually i n  narrow 
peripheral  s t r i p s  and on denuded weas  on the windward sides of a t o l l s .  
This roclc can sca.rcely be considered a s o i l ,  though it of ten serves as 
a su7~stra;tw:~ for  one species of tree--Pemphis acidula. Where there  are  
small pockets of sand, Portulaca ,wd Lepturus niay also clothe sonie of 
these bare rock s u r f a c e r -  

Only % rough genera.lizatio11 may be emade of the  arez.1 d i s t r ibu t ion  
of tllese categories, but  the  accompanying schematic diagram of an a t o l l  
i s l e t  ( ~ i g .  29) > r i l l  serve t o  i l l u s t r a t e  the general pat tern.  

A l l  the a.toll s o i l s  are  r e l a t i ve ly  iinnlature, the Shioya se r ies  
being l i t t l e  modified from t,he parent mat&ial, the Arno Atoll  se r ies  
more modified, and the Jeino se r i e s  even more so. Iiorrever, these three 
are  not necessari ly re la ted  iil a l i nea r  developmental se r ies .  I11 terr;s 
of p ro f i l e  noz~cnclature Yne Shioya and Arno Atoll  s e r i e s  are  "A-C soils" 
w5.th an Al horizon (zone of incorporated organic matter) and usually a 
narrow A3 ( t r ans i t i ona l )  horizon passing d i rec t ly  into  the re la t ive ly  
unaltered material, the  C horizon. As a group, these trio s e r i e s  are a 

?/ Subsequent observation by Fosberg i n  1956 suggests the  existence of 
s t i l l  another s o i l  se r ies ,  as  yet  undescribed and ina.dequately studied, 
on two o r  more of the  northern Marshall Islands not v i s i t ed  during the 
1951-1952 survey. This seems t o  be associated x.riYn a vegetation made 
up pr incipal ly  of Cordia subcordata Lax. which i s  not exteiisively 
developed on the a t o l l s  v i s i t e d  i n  1951-1952. It was observed on 
Ailingiilae and Rongerik Atolls, but time was not a'vailable f o r  careful 
p rof i le  description and col lect ion of adequate sanlples. 



t r op ica l  equivalent of the  "humus-carbonate so i l s"  of h o p e a n  worlcers 
(see Stone, 1951a, p. 19) .  The Jemo ser ies ,  on the other hand, i s  an 

A-B-C s o i l  with an Aoo( l i t t e r )  horizon and an A, ( pa r t l y  decomposed 
p lan t  remains) lying d i r ec t ly  on a B (deposition or  accumulation) hori-  
zon, which i n  turn l i e s  on the r e l a t i ve ly  unaltered material  or  C 
horizon. 

In  t h i s  investigation chemical ana ly t ica l  data are  given f o r  54 
p ro f i l e s  o r  p a r t i a l  p rof i les  comprising 100 samples. These a r e  distri- 
buted among different  s o i l  types as  follo17s (the proportions representing 
the d i f fe ren t  s e r i e s  are  accidental  and bear no r e l a t i on  t o  the  re la t ive  
abundance of the s e r i e s  i n  the f i e l d ) :  

Unaltered sands -- 
2 prof i les  comprising 2 samples. 

Stony and very stony conqlex 
L--- 

No samples. 
Shioya se r i e s  

7 prof i les  comprising 13 samples. 
Rrno Ato l l  se r ies  -- 

10 prof i les  comprising 28 ssmples. 
Jemo se r i e s  - 

27 pro f i l e s  cornpising 46 samples. 
Miscellaneous 

8 p ro f i l e s  cornp:cising 11 samples. 

These s i x  categories v i l l  be described individually, with the 
chemical features  su~marized i n  tab les  9-14. This w i l l  be followed by 
discussions of a t o l l  s o i l  development an6 of the  chemical character is t ics  
of a t o l l  so i l s .  Locality and descriptive data f o r  a l l  p ro f i l e s  andlyzed 
a re  presented i n  appendix 11. Profi les  ompled but not analyzed are  
mostly omitted from the appendix but t h e i r  1ocaLities are  indicated on 
f igures  16-18. 

Soi l  iinits and ser ies--character is t ics  and chemistry 

Unaltered sand and gravel 

"Unaltered - sand _ and _-> gravel made up commonly of foraminifera]. t e s t s  
and the pulverize& or  wrz'terworn skeletons of other animals and calcareous 
algae, a r e  of wide dis t r ibut ion.  They occur as  bars on the reefs,  sp i t s ,  

narrow places on the ends of i s l e t s ,  beaches, and areas of dunes, 
most frequently on the lagoon coasts. They are white t o  pink, o r  even 
orange-pink. A number of kinds of plants  grow in. such substra ta  with no 
apparent inconvenience" (~osbe rg ,  1954). 

Representing t h i s  are  two samples, 39 and 40, both from Ailuk 
Atoll .  Sample 39 i s  from the center of an almost unvegetated sancl-bar on 
the windward reef .  Considerable l o c a l  var ia t ion i n  texture was observed 
but  was not represented i n  the sample, trhich T ? ~ S  taken from one spot. 
Sample 4.0 is from the ~d.nd>?&nd base of a sand dur~e on Enejelar i s l e t .  
The material  i n  both represents only the surface layer of the prof i le .  



Chemical analyses of major consti-tuents are  presented i n  table  9 .  These 
anizlyses represent, a t  1ens.t i n  sonie measure, the parent material  and 
thus can be used as  a basis of conpa,rison f o r  s o i l s  ~vhich may have been 
ctieimically a l te red  during s o i l  formation. The s o i l  ha,s a. pi4 of f .4. 
There i s  very l i t t l e  difference i n  the  percentages o r  the consti-tuents 
analyzed i n  the  two samples, and the average coirposition is as follows: 
Calciim, 36.6 percentj map;nesiw;., l..8 percent; sodiun, 0.3 percent; 
potassimx, 0.03 percent; p l~ospl~o~us ,  0.03 percent; t o t a l  soluble s a l t s ,  
0'.15 percent of 1,111ich 0i1ly one-fourth i s  sodium chloride. 

Stony and very stony complex 

'The uni-t termed stony and. -very stony complex by Stone ( 7  p 9 5 l d ,  ---- 
pp. 29-31) i s  niade up principal1.y of t'ne cobble- and boulder-ridges and 
boulder-flats,  r.hich are  a coiflon feature  of !post a to l l s ,  especially i n  
areas v i s i t ed  by frequent storms. Most of them, but by nomeans a l l ,  
are  !!'ound on the s ea~ . i a~d  sides of i s l e t s ,  sporadically dis t r ibuted,  but 
with some prepondermce on the sides from which the s t o m  winds most 
of-ten come. A 2e.1 such ridges are  found behinil lagoon beaches. These 
areas are  conimonly 100 m or l e s s  i n  vidth, bu-L some of then? may be 
lilvch wider. Sol::e-times a whole i s l e t  i s  of t h i s  nzture. The material  
i s  mostly coarse angular o r  i?a,ter.-iior1i fragrients, soiiletin!es well sorted., 
often extremely 1lcteroge1leou.s i n  s i ze .  The in t e r s t i ce s  m8.y be f i l l e d  
with sand and small gravel, they ili8.y be empty, o r  they may have a s o i l  
t ha t  i s  bla,ck, x:ith a high organic content, near the  surface. The 
boulders and cobbles are  vhite,  but l~!ierever exposed they become gray 
-to black, owing t,o inicroscopic blue-green algae i n  t h e i r  surface layers .  
This stony ground supports a thick scrub o r  fores l ,  i n  some places 
becoming t a l l  a.nd luxuriant.  Coconuts may be planted here, bv.t tthese 
are  usually the l a s t  large areas t o  be planted. The L ~ o c o n u t ~  t r ee s  
seem t o  do -re11 except .ifhere the climate is too dry, as  i n  tEe extreme 
northern Marshalls, or r.71lere the land i s  too narrow. Narrow neclis and 
points of land are  apparently 'Loo sa l ine  for  :proper developroent of 
coconut t r ee sn  (Fosberg, 1354). 

No ana ly t ica l  da.ta ore avr.ilable f o r  t h i s  uni t .  

Shioya se r i e s  

"The Shioya se r i e s  i n  the Mars:iall Islands consists of' grayish -- 
brown sands or  gravels, rarely  lomy sands ( o r  even s i l t s ) ,  t ha t  a r e  
only s l i gh t ly  7,reethered and v i th  a very low organic matter content. 
It was first described (6)L?jtensland a.nd others, 19427 on Oitinawa, 
Ryukyu Islands, :?or s o i l s  developed on emerged old beach deposits of 
calcareous sand; l a t e r  the '>err,? vas .applied t o  similar s o i l s  on Sa.ipani 
and then by Stone ( 7  / i 9 5 l q ,  pp. 19-22) made t o  include s o i l s  of t h i s  
na-ture from Arno Atoll .  On r-tol.ls the  Shioya lacks the considerable 
percenta.ge of quartz sand found i n  some of the  Shi.oya s m d  of Okin~~ra ,  
but the difference i s  probably not s ign i f ican t .  This i s  by f a r  t he  
conmonest anti most vide-spread s o i l  found on coral  a t o l l s .  It natuira.lly 
supports rrost of the  xixed forest ,  several  other fores t s  types, ~ m d  the 
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Lepturus grassland vegetation charac te r i s t ic  of o.tollsl' (Fosberi:, 
Isis"I). 

Ti!-is i s  a. well-drained alkaline soil. forined pr incipal ly  on cal-  
careous sants  and gravels, l s rgely but by no means ~1,1:.iays niedilxn t o  
f ine  p a i n e d .  It i s  typical ly  marginal. on the  i s l e t s ,  developed toward 
ocean and lagoon coasts c21d on the ends of tile i s l e t s ,  much l e s s  so 
tending t o  be replaced by the Arno Atoll  s o i l s  i n  tile cen t ra l  par ts  
( f i g .  29). There i s  a tra,nsit ion zone between Sliioya and Arno Atoll 
s e r i e s .  

A charac te r i s t ic  p rof i le  of the Skioya loaifiy sand from Arno Atoll 
i s  described by Stone (1951a, p. 20) as  follows: 

0 - 7:; Friable loauy sand, ila.rlc gray (10E?-4./1) i n  color vhen ii~oist, 
single-grained or  rre&.ly aggregated. pF1 7.8. 

7 - 8" Tracsi t ional .  
8 - 1.kGu+ Single-grained loaxiiy sand, pinkish l.ii?ite (7.5 ~ ~ - 9 / 2 ) ,  com- 

posed of Forminifera  and ground shel ls ,  coral  and 
Halimeda f ras ien ts  . pIi 8.4.  

Color names and. noia.t,ions &re accorriing t o  the Munsell systeri~. 

A Shioya gravelly 1.oiilny sand md  a Shioya sand have also been 
recotgnized and described fro31 Arno Atoll,  southern ?d!zrshall Islands. 
They d i f f e r  from the Shioya lomy  sand pr incipal ly  i n  the  s i ze  of the 
calcareous pa?ent material .  

Although tilcse several  texturad types have been described from 
the southern iviarshall Islands, and although rnuch tex tura l  variation i s  
apparent i n  thc present ma-teria.1 aad firorn f i e l d  observctions, for  the  
purposes oi' the present report no tex tura l  types have been distinguished. 
I t  i s  f e l t  t ha t  a more thorough sanpling -,rould be necesssry t o  give such 
classes meaning. 

Shioya s o i l s  lrcre observed on prac t ica l ly  a l l  isl.el;s of a11 a t o l l s  
v i s i ted ,  and samples of s o i l  from Shioya p ro f i l e s  were obtained from a l l  
of these a t o l l s  except 1Wajalei.n (see  ma,ps of i s l e t s  shoving sample 
l o c a l i t i e s ,  f i g s .  16-18> and &ppendix 11, p. 101). These trere not a l l  
analyze6 but a t  l e a s t  some cheliiical ana ly t ica l  informa.tion i s  available 
fo r  13 sm-ples from '7 Shioya prof i les .  U~~l'ortunntely only three 
reasnnahly cor~plete prof i les  are  represented by these dat2 ( see  tab le  
3) .  Of these three prof i les  one i s  f ron  Ls.do, Likiep 1~'coll and the 
ocher two are  from :loYho, Wotho Atoll .  I n  addition, samples of sur- 
fa,ce layers +rere p a r t i a l l y  analyzed from p ro f i l e s  fro111 Taka, Talra 
Atoll.  

0.' the  major consti tuents,  caiciwt ranges betr.:eeil 33.7 and 37.8 
percent, generally increasing sorne-crhat d o ~ . ~ w a r d .  Niagnesim! ranges 
between 0.8 and 2.7 percent, consistently increasing do',rn-cr,iard i n  the 
prof i le .  Sodim ranges between 0.18 and 0.31 perccnt . Potassium i s  
constantly 'cetrieen 0.02 and 0.05 percent and phospilorus i s  s i ~ n i l a r l y  
lorr, fiofii 0.02 t o  0.21 percent. 



Probably because -the islands are  exposed constantly t o  the  inf lu-  
ence of spray blow1 i n  from the ocean, t he  t o t a l  soluble s a l t  content 
i s  high, ranging bet~reen 0.02 and 0.49 percent, on the basis of dry 
weight. Assuming a moisture content of a t  l e a s t  25 percent i n  the 
s o i l s  as they occur naturally,  t h i s  would indicate s s l t  conceiitrations 
i n  the s o i l  solution ranging From about 0 . 1  t o  2.0 percent, varying 
seasonal.ly. Most of these concentrations, especially the iii.gl~er ones 
7;rould probably have a severe l imit ing e f f e c t  on p l m t  growth and might 
well account, a t  l e a s t  i n  par-t, f o r  the impoverished f l o r a  of a to l l s ,  
especial ly  the dr ie r  ones, a s  has been suggested ea r l i e r  ( ~ o s b e r g ,  
1949). Curiously enough: the higher sodiurn chloride contents, calcu- 
l a t ed  from the chloride per~ent~ages ,  are found 'to correspond t o  the  
lover range of t o t a l  soluble s c l t s .  T'ne correlations,  ho>rever, are  not 
very good and possibly l i t t l e  iniportance i s  t o  be a.ttached t o  t h i s  
phenomenon. 

Few determinations of orgai ic  carbon were made f o r  t h i s  se r ies ,  
a s  i n  genera.1, so i l s  of t h i s  s e r l e s  are  lorr i n  organic matter and 
there  i s  no peaty layer.  Hydrogen ion concentration ranges bet?.reen 
pH 8.06 and 9.67, deterniinztions ri:ade on stored na.terial .  T'ne only 
p11 below 0.3 ,  noraal f o r  calciuo cai'bonate solutions under ordinary 
conditions, i s  i n  a surface layer where organic ma,tter rrould be 
expected t o  have some ixfluence, though i n  small mount. IIiglier f i ~ r e s  
dcmbtless r e f l ec t  the presence of mnagnesiun carbonate. S~nnples 120 and 
2 shoving the highest magnesium content and the highest ~ 1 % ~  contain 
about 20 percent md  50 percen-t respectively of fresh fo : rm~in i fe ra l  
t e s t s ,  some species of 1,rliich contain a high proportion of magnesi.un 
carbonate ((-table 8) .  

Arno Atoll Series 

"The -- Arno Atoll se r ies  (7 Lgtone, 1 9 5 l g .  pp. 22-25) i s  composed 
of black o r  dark b r o v m m e s  1 - 4  i n  iviunsell system) lom:~y sands a,nd 
sandy loams wi-th usually some i.iicrement of gravel. The organic ma;tter 
content i s  high 16 t o  32 per cent i n  or ig ina l  analyses by Stone (7 
L i 9 5 l d ,  t ab le  2_/ f for  t rop ica l  s o i l s .  The or igin  of these s o i l s  i s  
obscure and may well be d i f fe ren t  i n  various occurrences. I n  some 
a t o l l s  the  s o i l s  of t h i s  s e r i e s  seem t o  be correlated i n  occurrence 
with a. h i s tory  of intensive human a c t i v i t y  ( U t i r i l c ,  Ailulr, Arno?), but 
i n  others ( ~ e m o )  def in i te ly  not .  These s o i l s  occur i n  i a i r l y  l a g e  
pa.'~c!les i n  the in te r iors  of siz,eable i s l e t s .  They usually support 
coconut plantations a t  present. L i t t l e  i s  lmo?;m of t h e i r  o r ig ina l  
vegeta,tion. In  cer ta in  areas of t h i s  type (Arno, ~ i l u l i )  the  coconut 
t r e e s  become unhealthy and d i e  early, possibly o.s a resul-t of nutr ient  
deficiency (8 :&one 1351g, p. 11-12) brought ?:oout by overcropping 
of copra. (dzied coconut meat)" (Fosberg, 1954). 

This i s  a well-draj.necl, dark-colored, cclcareous s o i l  formed on 
c ld  bea.ch anC dune smds under vegetation i n  the island in t e r io r s .  A 
representative prof i le  from Arno Atoll  is described by Stone (1951a, 
p .  22) as  follows: 



Highly organic, granular loany sand o r  sandy loam, soine~,rhat 
p l a s t i c  worked. Black when moist, very darir gr8.y 
(10~li-3/1) when dxy, heavily flecked tritli l i gh t e r  sand 
par t ic les .  pIi 7 . 5  Earth~,rorms abunrlant. 

11 - 13" Abrupt t r m s i t i o n  frorn above to- -  

13 - 21" Single-grained, l.igl~t-gray lomyy smd  stained with organic 
matter, 'oecorniiig vhi te  (10YR-8/2) a t  a depth of a few 
inches. pEI 8.4. 

21-54"i- Friable, pinkish irhite ( 7 . 5 ~ - 9 / 2 )  limesand becoming 
coarser a t  40 inche8. 

The above description i s  of the  Arno Atoll   loan^^ sand developed 
on sand-grade rna,terial. A s imilar s o i l  from Arno Atoll  with coarser 
parent material  has been cal led the Arno Atoll  g r a v e l l j  loamy smd .  
Types based 011 texture have i70t been distinguished i n  the present 
report .  

So i l s  interpreted as  belonging t o  t he  Arno Atoll  se r ies  were 
observed on Taka, U t i r i l r ,  A i l u l  Jemo, Likiep, Ujel~i.g, !,To-tho, Uji..e, 
a id  Lae Atolls ,  and semples representing prof i les  or p a r t i a l  p rof i les  
were obtained from a l l  these (see mr,ps of i s l e t s  shoving sample 
l o c a l i t i e s ,  f igs .  16-18, and Appendix 11). 

In the 1abora.tory informa:tion was obtained on org,anic matter, 
pfi, salinity, and general chei:listry fo r  28 of these samples (see  
tab le  9 )  but the data by no lricons are  complete for  a l l  the samples. 

Of the  major constituents, calcium ranges from 32.6 t o  38 per- 
cent, the surface smiples usually containing 2 t o  4- percent l e s s  t h m  
those f ro5  the lover layers,  as  might be expected from the mounts of 
or(<mic matter present i n  the  upper layer .  Prof i le  27, from Jeino, i s  
exceptional i n  i t s  very high organic matter and phosphorus and unusu- 
a l l y  low calcium. It i s  perhaps not correct ly  placed i n  t h i s  se r ies ,  
but fur ther  investigations on s o i l s  i n  s imilar  si tuations,  i n  close 
association with s o i l s  of -the Jeio  s e r i e s ,  w i l l  be required t o  c l a r i f y  
the  disposit ion of t h i s  someirhat a.nomalous prof i le .  The magnesiw 
content, from 0.5 t o  2 .8  percent, increases from the surface layer down- 
a d .  Vari8,tion i n  magnesium content could be introduced by the varied 
proportions of d i f fe ren t  calcareous organisms v i th  dif fer ing amounts of 
magnesiuri~ carbonate i n  t h e i r  slreletons, but the consj.stei?t increase in  
magnesium from upper t o  lover layers  could scarcely be due t o  t h i s  
cause. Estimates of proportions of d i f fe ren t  arganisrns making up the 
differeil t  layers show no such regular iilcrea,se &o.or.mi?ard of those organ- 
isms knom t o  c.ontaiii much magnesium carbonate. Such i s  Cnlczrina 
spengleri,  one of the Forminifera. conmion i n  tkese sediments, irhich - 
cor:uno;ily has about 3.5 percent magiiesium i n  so l id  solution i n  the  cal-  
ci-te s t ructure .  For exm~ple, i n  p ro f i l e  l, smples 39 and 40 have 
similar proportions of dif ferent  organisms but d i f f e r  (1.1 compared 
7;;ith 1.8 percent) i n  mognesiurn content. In  prof i le  2, the upper layer,  
containing abundant vorn Foraminifera, has only 0.9 percent ma.@esium; 



i n  the fourth layer,  smp le  44 has a preponderance of \uorn Forminifera  
rrith coral  and algae, and 2.3 percent magnesium, >?hereas i n  45, vhere 
the Foraminifera are  negligible,  but a.lso wit!? coral  and algae, the 
magnesiun content i s  a lso 2.3 percent. In  prof i le  5, scmpl.es 48 and 49 
each contain about 75 percent Foraminifera, rrith expected high :percen- 
tages of aa.gnesium 2.3 and 2.5, respectively. Original cornposition 
undoubtedly accounts f o r  niucl? of the variation,  but the regular increase 
dotrn~.rarci suggests t ha t  leaching of magnes iurn nay have been more intense 
tormrd the surface. This i.!ov.ld not be unexpected. 

The surface layer contains from 0.14 t o  2.00 percent phosphorus 
(omitting from consideration prof i le  27, which has enorniously more) and 
the lover layers,  3 and 4, contain from 0.02 t o  0.52 percent. Poto.s- 
sium ranges from 0.01 t o  0.05 percent, excepting f o r  sample 66, i n  
prof i le  2'7, which has 0.07 percent. 

Orgmic carbon i n  the  surface layer  ranges from 2.88 t o  6.01 
perceilt (excepting the anomalous prof i le  27), and fa1l.s of? rapidly 
i n  the  lo~ver layers so f a r  as  cm be determined :from the ra ther  few 
enalyses and the lack of darB s ta ining of the  calcareous fiiaterial. 
Carbon/'nitrogen r a t i o s  i-cage betr,ieen 15  and 28 i n  the surface layers.  

The hydrogen ion concentration i s  uniformly lowest i n  the sur- 
face layers,  froin pH 7.30 t o  8.35, and consisteiltly increases dosn- 
ward, t o  i.j? extreme of 9.47 i n  sai!iple 60 i n  prof i le  18. Total  soluble 
s a l t s  rmge from 0.03 t o  0.05 percent (except fo:r p rof i le  27, ruith 
higher percentages vhich may have resulted from accidentel contmina- 
t i on  by sea va t e r ) .  The soluble s a l t s  a r e  ri,ostly surprisingly high, 
eonsi2erini: t h a t  the  sariiples come from the in t e r io r s  of the  i s l e t s .  

Jemo se r i e s  

This ser ies ,  describe& by Fosberg a s  a r e su l t  of observations i n  
the  Northern f,larshall Islands,  usua.11~ consists of "c layer of organic 
matter res t ing on a phosphatic hardpan underlain by loose, essen t ia l ly  
unaltered or  somerihat darlcened lime-sand or  gravel" (Fosberg, 1954, 
p. 101).  This, or  similar so i l s ,  has been observed on a numi3er of 
cen t ra l  and   rest ern Pacif ic  a t o l l s  and undoubtedly is  %hat has been 
exploited as "guano" on nmny of the more moist a t o l l s  of t he  Pacific.  
The t o t a l  area of these s o i l s  i s  not larze ,  but they are  of extreme 
ecologic a.nd pedogenic i n t e r e s t .  

A typ ica l  Jemo prof i le  (frorri Fosberg, 1354? p. 104) nay be des- 
cribed as  follows, from a1 old Pisonia Torest i n  the i n t e r io r  of 
Jabwelo ( ~ a l i k l i k )  i s l e t ,  ~i.kar-~t;oI.l ( p ro f i l e  166 of present paper). 

A,, horizon 6.0 - 5.5 Laches Loose twigs ax& leaves of 
Pisonia grandis, somewhat guano- 
stained. 

A, horiz,ori 5 .5  - 0 inches Dark-brown, f ibrous o r  spongy 
r a w  humus. Transition t o  B 
horizon a.brupt . 



R horizon 0 - 6.0  inches Brow salt-and-pepper appearance, 
very 1.1el.1 consolidated. Transi- 
tfon t o  C horizon abrupt. 

C horizon 6.0 + Loose pale sand mixed with rub- 
bli.; depth undetermined. 

Tine essen t ie l  feature of' these s o i l s  i s  the existence of an A 
horizon of is darlc-brovin t o  bleck orguiic matter, similar t o  the "rat7 
hunus" or  "mor" found uader :loTthern coniferous fores t s  and on heath 
lmds ,  spongy or  peaty i n  texture  lacking v l s ib l e  mineral consti- 
tuents .  Usually t h i s  is  d i rec t ly  mderl.ain by a. B horizon of indurated 
phosphatic hardpan, but j.n some var iants  Vnis i s  absent or ,  rarely ,  
replaced by nodular phosphatic inaterial. Under t h i s  t i e  material  
typ ica l ly  resembles e. Sliioya so i l .  

This s o i l  s e r i e s  seems t o  be consistently associated. with exis t ing 
or  former fores t s  or  groves of I'lsonia grandis, a coiianon :it011 t ree .  
Its existence i s  in terpreted as  a d i r ec t  r e su l t  of the cojncideice of 
large colonies of fish-ea'cillg birds roosting or  nesting i n  s t a d s  of 
Pisoiiia t r ee s .  The hwfiv.s rihich accumuLztes under Pisonia t r ee s  i s  - --- 
highly acid, a.t l e a s t  cofi7pered %~j.th the  ordinary calcareous so i l s ,  
:ranging from pIi 4 t o  p?I 6 i n  reaction.  When tlie guano, largely com- 
posed of f ine ly  divided calciun phosphate from f i s h  bones, i s  deposited 
on the surfa.ce of t h i s  !iw;ius 18.yer md  3rashecl by ra in  do3m in to  t h i s  
acid material, j.t goes i n to  sol'~.tion and i s  carr ied on down through the 
0 a y e .  The high phosphorus figures i n  the  malyses  of the 
organic layers for  t h i s  se r ies  are  f a i r  evidence of t h i s .  iIhe11 t h i s  
acid phosphate solution perco1z:tes down in to  t,he layer  of calcareous 
s o i l  beneath, it i s  neutralized. and the phosphate comes out of solution 
as  a cement, stained bro\.rn by humus, 1.~hicl1 indurates the  loose cal-  
ccrecus material. As the resul t ing hardpan i s  subject t o  fur ther  
percolation by the acid pl~osphehate the grains of' calciim carbonzte con- 
posing it are gradually replaced b y  calciux phospl~cte i n  t h e  form of 
apa t i te .  Thus for  some samples the  analyses correspond t o  almost pure 
n.pa-t i t e  . 

Soluble s a l t s  were only deteriniiled for f i ve  sax~plcs. T7,io of 
these, both from layer 1, cor~t,aiiz more than 2 percent t o t a l  sol-uble 
s a l t s ,  but the  content seenis t o  b! quite variable, as  tr,ro othei-s con- 
t a i n  between 1 aiid 2 percent, and -t!le f i f t h  only s negligible amount. 
These few analyses cou1.d scarcely give an adequate picture,  a s  even i n  
;lie same place soluble s a l t s  might a t  one time be concentrated i n  the 
surf'c?ce organic matter by n i t r i f i c a t i o n  md evaporc.tion, m d  a t  aanther 
time they might be leached out by ix in  va.ter %id rcn~oved through the 
porous celcareous na:terial i n  the  lo-iier horizor~s. 

h.ounts of ca.lcium; magnesium, sodium, potassi-am, a d  p!hosphorus 
a r e  ilvailable Tor f i ve  prof i les ,  three from Bikar Ato1.l ,and ~ I J O  fro:n 
Jemo ( t ab l e  9 ) .  A t  the surface the mount oj91iz.gnesitmi a id  calcium 
var ies  in-rersely with the mou.nt of organic rcatter preser.t. This is 
well i l l u s t r a t ed  by prof i les  153 and 166 f r m  Bilcw aid prof i le  25 from 
Jemo. T'nc surface peaty ?.ayers of the trio prof i les  frail B i k c  contail1 
betvreen '7 and 8 percent ccilciun with cbout 55 percent orga;lic matter, 



xrhereas the  surface layer of the  prof i le  from Jemo v i t h  only about 35 
pcrcent organic matter contains 16.5 percent calcimil. 

The inagnesium content varies sirailarly,  hut t h i s  var ia t ion i s  i n  
pawt due t o  the  quantity of the d i f fe ren t  kinds of calcareous organisms 
present. Some data on chemical composition of the ireef organisms forrnine 
these a to1 . l~  are given on page 121 a d  t ab l e s  3 a.nd 8. Magnesiuni content 
depends on the presence of orgmisms consist ing uf ca l c i t e  rather than of 
aragonite. 

The chemical data obtained f o r  the  Jemo s o i l s  includ- spectro- 
graphic determinations of the t race o r  minor elements i n  31 samples 
representing 18 s o i l  prof i les .  These were done i n  two ser ies  reported 
i n  dif ferext  terms, one s e t  including elements not determined i n  tile 
o-t'ner. For t h i s  reason t~,ro tables ,  10 and 11, have been prepared t o  
present these resu l t s ,  .which have been recombined into  a, t h i rd  ( t a b l e  12) 
shoving the r a g e  and frequency of occurrence of the minor elements. 

Some of these elements are  iiilorm t o  be esseil t ial  for  plant growth 
and the concentrations of some of them are  surprisingly low, considering 
tne luxuriance of the vegeta;tion on these islands.  It i s  clear thak a t  
l e a s t  certai.n species of plants are  adapted t o  s e c ~ r i n g  t h e i r  require- 
ments of these elements from s o i l  solutions of extremely low concentra- 
t i on .  The loost frequext of these minor elements are: boron, chromium, 
copper, mangmese, strontium, iron, a.nd barium. The l ea s t  frequent are:  
s i l ve r ,  cobalt,  moljbdenui~, and yttrium. Those with largest  amounts 
are: iron,  s i l i con ,  md  stroiltilu:~. Those with sma.ll.est mouzts are  
s i l ve r  and co.balt . 

Miscellaneous s o i l s  

Analyses of the  upper layers of a number of misce1laneou.s soi1.s 
t ha t  a0 not fit well i n to  any of the n-med s o i l  se r ies  show unusually 
high content of organic ma-tter, iihen cornpared with other northern 
Harshall I s l a l d  s o i l s  except the Jemo se r i e s .  Dtlterrninations of organic 
carbon and pH are  presented i n  tab le  13. A rough correlation betreen 
amount of organic m~.t ter  an4 ac id i ty  shows up i n  these analyses, and i s  
i l l u s t r a t e d  by thc curves i n  f igure  30. It iii1.1. be noted tha t  'the main 
deviation i s  i n  a s o i l  froyn a coconut grove, x,rhere the organic na t t e r  i s  
largely frorn decorflposed coconut hus!ss, leaves, and orher t rash .  The 
ac id i ty  i n  these s o i l s  probably may be ascribed iilostly t o  humic acids,  
bat i n  the  ta ro  p i t s  the s o i l s  a l s o s m e l l  sometrhat of hydrosen sulf ide,  
so some of tile ac id i ty  may come from hydrogen s ~ l f i d e  produced under 
meerobic reducing cond-itions i n  the mucls i n  these p i t s .  This general. 
correlation of organic rnz-t-Ler m d  acidi ty ,  even i n  a calcareous 
e:nviroiment, i s  i n  l i n e  with the similar relat,ionships shown i.n the Arno 
Atoll  and Jerco s o i l s  ( tab le  9 ) .  

Sunmary of chemical information -- 
Froin an examination of' the tabulations of canslytical. resu l t s  pre- 

sented i n  tzb les  9 t o  13, the following summaries were obtained. Certain 



marked trends are  pointed out, but o ~ . ~ i n g  t o  the inadequacy of the 
snn~pling no special  significance i s  necessari ly t o  be attached t o  
these. They do indicate areas i.~hex-e fu ture  investigations might 
prof i tably be concentrated. A summary of the  chemical information i s  
given i n  tab le  14. This, however, i s  of l imited value except t o  sug- 
gest  trends, as  the  layers  are not s t r i c t l y  comparable. 

Shioya s o i l  p ro f i l e s  

Organic carbon i s  usually l e s s  than 3 percent (maximum 3.08 per- 
cent) .  E~osphorus i s  0 .2  percent or  l e s s ,  highest i n  layer 1 and about 
equal i n  layers 2 and 3. Averages f o r  l ayers  1-3, respectively: 0.15; 
0.03; 0.03 percent. 

Potassium content i s  alriays low, 0.02 t o  0.05 percent. 

Magnesium coiltent consistently increases do~mi.?ard. Averages f o r  
layers  1-3, respectively:  1.09, 1.6; 2.2 percent. 

Calcium content shoris no s i ~ i f i c a n t  trends. It var ies  betrieen 
33.7 2nd 37.8 percent with almost t h i s  var ia t ion i,ritliin layer 1. I f  the 
~rhole s o i l  ?rere calcium carbo-nate the percentage ~?ould be 40. 

Totcl  soluble s a l t s  renge froin 0.04 percent t o  0.49 percen-t with no 
order nor preponderance nor discernible trends.  Sa l in i ty  i n  terms of 
chlorides converted t o  sodium chloride shor?s no def in i te  trend except 
t ha t  high - tota l  soluble s a l t s  seeiii t o  show loti salini-ty and low t o t a l  
soluble s a l t s ,  high sa l in i ty .  We have no explanation for  t h i s  except 
the poss ib i l i t y  t ha t  the  high percentages of soluble s a l t s  may represent 
sulfa tes ,  lacking i n  the  others, and t h a t  t he  s a l in i ty  variations may be 
due t o  sea spray. 

Arno Atoll  s o i l  profiles 

Percentage of phosphorus i s  roughly re la ted t o  percentage of 
organic carbon, bu-t layers  shox,ring no black s ta ining \.rere not analyzed 
f o r  organic carbon; these are  presumably l e s s  than 1 percent. Phos- 
phorus decreases do>n~>rc.rd except 1.111ere there  are  evidences of buried A 
horizons, i n  which cases the phosphorus i n  t he  buried A layer i s  some- 
what higher than the C horizon layer above it. 

Except for  ~ r o f i l e  27, layer 1 var ies  between 0.13 percen-l a d  2.0 
percent phosphorus. Averages for  layers  1-4, respectively, are: 0.63; 
0.30; 0.15; 0.04 percent. Prof i le  30, which i s  i n  on area of Ailulc 
similar t o  the  "laora" areas of Arno Atol l  (Hatherro.yy, 1 9 u 9  p. 60; 1957, 
p. - 3  shows 0.34 percent i n  layer 1, which i s  not especially low, 
b ~ t  0.04 percent, i n  layer  3, r?liich i s  qui te  low. 

Organic carbon i s  quite variable i n  layer 1, 2.88 t o  6.01 percent 
(o r  11.0 percent i n  prof i le  27), and f a l l s  off i n  lower layers ( so  f a r  
as analyzed an& assuning l e s s  than 1 percent f o r  uncolored layers ) .  



Calcim content is  lo~.rer i n  layer 1, but not conspicuously except 
i n  prof i le  2'7, where it i s  23.5 percent. In  other layers  it i s  between 
35 and 37 percent (except i n  prof i le  27, x?lw-e lo.yer 2 shows 29 percent) .  
The 1oi:rer percentage of calcium i n  layer 1 i s  probably re la ted  t o  high 
organic content. 

i\tagr,esium content generally increases do~.m:rard. Exceptions are  
sample 01, from layer 4 of an unusual s i l t y  material, where it i s  very 
low compared with layers analyzed above it; smples 49 and 50, layers 
3 and 4, where the percentages are  very close, 2.5 and 2.4 percent; and 
sample 39, where there  seems t o  be l e s s  difference i n  appearance and 
color than i s  usual between the layers of the  prof i le .  Averages f o r  
layers 1-4, respectively, are  1.02, 1.75, 2.00, and 2.08 percent. 

Potassium i s  uniformly 1071, ranging betveen 0.01 and 0.07 percent. 

There seem t o  be no systema,tic relationships i n  the  percentage 
of t o t a l  soluble s a l t s ,  i n  t he  s a l i n i t i e s  o r  i n  the  percentage of 
sodium. Prof i le  27 shows generally a very high percent of t o t a l  solu- 
b l e  s a l t s  and a very high s a l i n i t y  i n  a l l  layers, but not a s t r ik ing ly  
high percentage of sodiuii except i n  layer  2. From the percentage of 
sod im i n  layers 3 and 4 an& the  sodium chloride i n  t o t a l  soluble 
s a l t s ,  there  must be chlorides other than sodiw,i chloride present i n  
quant i t ies .  

Examination of the  f igures  f o r  p ro f i l e  2'7, froin Jemo, show3 t h a t  
it i s  aberrant, chemically, i n  many respects.  This prof i le  i s  e i ther  
unusually high or unu.sually lou i n  every constituelit f o r  rihich t h ~ r e  
axe figures i n  one o r  more layers ,  as  i s  indic'ted i n  -the comments i n  
the above paragraphs. For t h i s  reason t h i s  p rof i le  ?ras omitted i n  
calculat ing tab le  14. These considerations, as  well a s  t he  f i e l d  
re la t ions ,  suggest tha.t it rrould be best  t o  exclude t h i s  s o i l  from the  
Arno Atoll  se r ies .  As 5. t  occu.rs on Jemo on land presumed t o  have 
formerly been occupied by Pisonia groves, and ~vhere pieces of phosphate 
rock are  occasiona.lly found, i-t i s  probable t h a t  t h i s  i s  a Jemo se r i e s  
s o i l  modified by cul t ivat ion.  It may be s ignif icant  t h a t  the  otiner Arno 
Atoll  s e r i e s  prof i les  for ~rh ich  chemical data are availa.ble are a l l  from 
inhabited islands.  Those from T,dca, which i s  uninhabited, were not 
analyzed chemically. 

Jemo So i l  p rof i les  

Organic carbon i n  la.yer 1 rcnges from 19.92 t o  34.71 percent. 
Much l e s s  i s  present i n  -the loJier layers,  but vras only determined i n  
one smIple of layer 3 brhere 2.89 percent organic carbon \ras found. 

Phosphorus i s  high, ranging f r o n i l  t o  6.8 percent i n  the  raw 
humus inyer (one smple  had a lover f igure) ,  much higher i n  t he  hardpan 
layer,  ranging from 3 t o  13.4 percent, and generally lower i n  layer  3, 
except i n  one prof i le  where t he  percentage is greater.  The a,verage 
pllosphorus content i n  the  hardpan i s  about 7.4 percent. The phosphorus 
Zigures determined by rapid chemical methods (Shapiro and Brannock, 1956) 



and by spectrographic mel~ods  d i f f e r  markedly; f o r  example, f igures of 
12 and 10 percent, 5 and 7.9 percent, respectively, were reported for  
t he  tvo s e t s  of samples. For such percentages of phosphorus as  a r e  
discussed here the  rapid cheinical analysis  method is considered the  
more r e l i ab l e .  

Leaves of Pisonia groviing i n  t h i s  s o i l  on Bikar contained 0.2 per- 
cent phosphorus i n  dried, and 0.5 percent phosphorus i n  f resh  leaves. 
These f igures ,  however, may not be s ign i f ican t  because of possible 
undetected spa.tterings of fi-uano. 

Calcium content i n  layers  2 t o  4 i s  between 31.3 and 36.2 percent, 
which i s  generally about the  content i n  the  more o r  l e s s  unaltered 
parent material .  Hop~ever, where there a r e  comp&rable f igures  i n  the  
sarne prof i le ,  t ha t  f o r  layer 2 i s  s l i g h t l y  lower. Probably t h i s  ~,.rould 
be due t o  a cer ta in  ~nlount of leaching, but it coulSi possibly re f lec t  a 
somewhat lower calcium r a t i o  i n  the mixture of phosphates compared with 
t h a t  i n  calcium carbonate. As the exact composition of t he  phosphate 
mixture i s  not known, t h i s  remains purely speculative. The surprising 
thing i s  the large mount of calcium, 2.5 to 16.5 percent, average 8.3 
percent, i n  Yne humus layers .  This must be i n  the  form of calcium 
phosphate, as  no carbonate i s  lilcely i n  view of the low pH. Horrever, 
as  t he  mounts of calcium only roughly para.lle1 those of phosphorus, 
the  var ia t ion may be accoulted f o r  by assuming var ia t ion i n  the  compsi-  
t i on  of the  mixtures of phosphates. 

Potassium i n  layer 1 i s  substant ia l ly  higner (0.06 t o  0.28 ppc- 
cent, average 0.13 percent) than i n  the Snioya and Arno Atoll  s o i l s  and 
almost twice tha t  i n  layer 2 oi' the  Jemo prof i les .  In  general, potassium 
seems e i the r  t o  be accumulated i n  the  humus layer or  t o  be added i n  
subs tan t ia l  aaounts i n  the  guano t h a t  i s  deposited on the surface. 

Na&nesium generally increases do~mn~r'ard but not as  regularly as i n  
other s o i l  types. In  one prof i le  there  i s  no detectable ragnesiun i n  
the  humus layer.  I n  the  others magnesium ranges from 0.16 t o  0.11-6 per- 
cent i n  t h i s  layer.  

Sodium content sho~rs no discernible trends.  Total soluble s a l t s  
range from 0.11 t o  2.55 percent, but only a very few analyses were made. 
The proportion of sodiua chloride i s  high i n  the humus layers with high 
t o t a l  soluble s a l t s ,  and lower vhere t o t a l  soluble s a l t s  a r e  low, but 
there  i s  no systematic relationship.  This i s  the reverse of the  condi- 
t i on  i n  t he  Shioya se r ies .  

Iron i s  present i n  small amounts, ranging from 0.002 t o  0.02 per- 
cent i n  layers 2, 3, and 4, but i n  a l l  p rof i les  the  percentage i n  layer 
1 i s  much higher, ranging from 0.02 t o  0.2 percent. This suggests t h a t  
Pisonia t r e e s  Qossess the  a b i l i t y  t o  concentrate iron i n  the humus layer 
of the  s o i l .  

The percentcages of cobalt,  nickel,  molybaenum, and zinc show a 
d i s t r ibu t ion  similar t o  t ha t  of iron but i n  a much more str i i t ing 
fashion. None of these, trith t ~ r o  exceptions, were detected i n  layers 



2 t o  4, whereas they were present i n  most samples of the humus layer 
i n  amounts, ranging from 0.0001to 0.03 percent. This suggests, again, 
that  Pisonia concentrates these elements i n  i ts  hwnus, enriching the 
upper layers  of the  s o i l .  It has been suggested tha t  t h i s  concentration 
of' minor elements i n  the  humus layer resu l t s  from digested f i s h  deposited 
as guano. This i s  possible, but these elements Would probab1.y then 
show up, a lso,  i n  the  phosphate accumulation layer.  The two exceptions 
noted above were i n  prof i les  26 and 50 where i n  layer 2 there  Irere, 
respectively, 0.03 and 0.02 percent of zinc, L'ne 0.03 percent being 
higher than the amount i n  layer 1. The 0.02 percent i s  i n  one of two 
analyses of phosphate rock from the same prof i le ,  t h i s  par t icular  sam- 
p1.e being of nodules o r  iragaents of layer  2 included i n  the  raw humus 
layer. The one of layer 2 proper showed no zinc. Cobalt, molybdenum, 
and zinc were not detected i n  two samples of Pisonia leaves which were 
ashed and analyzed (niclrel was not checked i n Z 5 .  

The percentages of copper, manganese, b a r  boron, and chromium 
were a l l  low, ranging from 0.01 t o  0.00004 percent, but they were 
always detect ible  by spectrographic analysis .  No systematic re la t ion-  
ships are apparent. 

Strontium content ranges from 0.02 t o  0.4 percent a ld  i s  conspicu- 
ously lower i n  the humus layer than i n  the  lover layers i n  a l l  but one 
prof i le  . 

Hydrogen ion concentration i n  the  three types of p rof i les  

Determinations of pH made i n  the laboratory on sainples which had 
been dr ied and stored do not, of course, correspond very \re11 with those 
made on fresh sm,ples by rough f i e l d  methods. The laboratory determina- 
t ions  of pH show a greater  t o t a l  range and, except f o r  those of the Jenio 
so i l s ,  are  generally higher than the f i e l d  determinations. 

Available figures for re la t ive ly  unaltered s,mds are  well above 
pH 9, but i n  the surface layers of the Shioye se r ies  t h i s  f igure drops 
t o  about pH B8.5 .  The lower layers of t h i s  se r ies  have pH readings 
simi1a.r to . those  of the  unaltered sands. I n  the  Arno Atoll  ser ies ,  la.yer 
1 has an average p11 of 7.9, layer  2, an average pH of 8 .6 ,  and i n  the 
lorrer layers,  again, the pH i s  above 9 .  In  the Jemo ser ies  the  pH of 
layer l i s  4.5> layer 2 has a pH of 7.6, and layer 3 has a pH of 8.3. 
These figures indicate t h a t  the increase i n  ac id i ty  i s  roughly re la ted 
t o  the increase i n  organic matter. Hydrogen ion concentrations of about 
pli 9 seem t o  accompany amounts of organic carbon i n  s o i l s  of l e s s  thari 
2 percent, a. pH of 8 those ~ ~ r i t h  2 t o  4 percent of organic carbon, pH 
readings of 6 o r  7 those wi th  4 t o  6.5 percent org,mic carbon, and pi1 
of 3.8 t o  5.3 those with 20 t o  35 percent organic carbon. These figures 
c lear ly  show a marked rela.tion between the  accmulo.tion of organic mat- 
t e r  end leaching. The more acid s o i l  solutions resul t ing from the 
accumulation of kiumus are  more active i n  leaching both the calcium car- 
bonate i n  the parent materials and the phosphate added l a t e r .  
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Legends of p la tes  

Plate 32. Effects of typhoon on Utir ik  i s l e t .  
A. Aerial  view of western prolongation of Utir ik  i s l e t ,  U t i -  

r i k  Atoll, swept clean of s o i l  and vegetation by a typhoon 
many years ago, and again pa r t i a l ly  denuded i n  1951. The 
boulder accumulation i n  the edge of the lagoon jus t  below 
the dark l i ne  of vegetation was presumably swept from the 
land surface by the e a r l i e r  typhoon. The f a i n t  darker 
l i nes  i n  the r igh t  half of the land area are  beachrock. 

B. Closeup of an area i n  the l e f t  side of the area shown i n  
A, being somewhat recolonized by vegetation. The coconut 
groves i n  the background were apparently protected by the 
broader pa r t s  of the i s l e t  from the severe e f fec ts  shown 
i n  the narrow projection of the i s l e t .  

Photos by Fosberg. 

Plate 33. Foraminifera i n  soils. from the Marshall Islands. Examples of 
Foraminifers i n  various so i l s ,  showing changes due t o  organic 
matter and t o  removal of calcium carbonate. 
A. Vorn Calcarina from sample 131, p ro f i l e  29, Shioya so i l ,  

Jelno island, showing s l igh t  adherence of organic matter 
(dark). 

B. Corroded worn foraminifer from sample 48, p ro f i l e  5, Arno 
Atol l  s o i l ,  Ut i r ik  i s l e t ,  Ut i r ik  Atoll. 

C.  Corroded foraminifer with broken chambers f i l l e d  with or- 
ganic matter, sample 204, prof i le  28, Jemo soi l ,  Jemo 
island. 

D. Foraminifer with dull ,  s l i gh t ly  earthy appearance, sample 
48, p ro f i l e  5, Arno Atol l  soi l ,  Ut i r ik  i s l e t ,  Ut i r ik  Atoll. 

E, F. Foraminifera with earthy appearance due t o  powdery ca3- 
cium carbonate on the surface, sample 71, prof i le  30, 
Shioya so i l ,  Jemo island. 

G, H. Foraminifera with additional firm calcium carbonate de- 
posited on the original. surface, sample 146, p ro f i l e  70, 
Asno Atol l  so i l ,  Wotho i s l e t ,  IJotho Atoll. 

I, J, K. Foraminifera coated with a mixture of flour-l ike cal-  
cium carbonate and fine-grained organic matter. I 
and K are from sample 204, p ro f i l e  28, Jemo soi1,Jemo 
island; J i s  from s w l e  110, p ro f i l e  A.l.5, Shioya 
so i l ,  Taka Atoll. 

L, M. Worn and broken Marginopora showing intimate association 
w i t h  organic matter, sample 41, p ro f i l e  2, Arno Atoll  
so i l ,  Ut i r ik  i s l e t ,  Ut i r ik  Atoll. 

Photos by Starkey, U.S. Geological Survey, a l l  X 30 
( approx. ) . 





Plate 33 



Table 9.--Major chemical const i tuents  ( i n  percent) and pH of i a r t h e r n  Marshall 1slar.A~; s o i g  

Total 

::::2g Total 
N 

NaCl i n  
t o t a l  
so luble  
salts 

Depth 
(feet)  

S o i l  
aer ie s  ; 

or wit 
1 

pH 
Organic 
carbon 

Prof i l e  
No. Ato l l  Ca 

Layer No. 
(sample no . )  

Na ME K P 



11 - 
2,Expressed as  t o t a l  weight of s a l t s  obta ined by leaching wi th  water .  
- Empirical  evidence i n d i c a t e s  t h a t  when s o i l s  of d i f f e r e n t  pH a r e  mixed t h e  r e s u l t i n g  pH i s  c l o s e  t o  an 

a r i thmet i c  average,  even though t h i s  might not  h e  expected from t h e  expo ten t i a l  na tu re  of pH numbers. It is  

f e l t ,  t he re fo re ,  t h a t  t h e  averages of t h e  a v a i l a b l e  pH determinations w i t h i n  l aye r s  and s e r i e s  may have some 
s igg j f i cance .  - Only one ana lys i s .  

f f l ? ro f i l e  27 omitted from averages.  
' / ~ m u s  o r  l a y e r  i s  regarded as  ly ing  on t h e  s o i l  s u r f a c e  and depth i s  taken from t h e  top of t h e  minera l  s o i l .  
6 / ~ o d u l e s  from l a y e r  2 .  

S o i l  
s e r i e s  
o r  u n i t  

Table 9.--Major chemical c o n s t i t u e n t s  ( i n  percent)  and pH o f  nor thern  Marshall I s lands  s o i l s  

A t o l l  
P r o f i l e  

No. 

Layer No. 
(sample no.)  Depth 

( f e e t )  
Organic 
carbon 

T o t a l  
N Ca Mg Na a P 

Tota l  
NaCl i n  
t o t a l  
s o l u b l e  
s a l t s  PH 



Table 10.--Occurrence of minor elements (in percent) in Jemo series soils 

Analyst: Harry J. Rose. 0 in unit column indicates element below 
detection. All analyses were made on the ignited sample and 

corrected to the original sample weight. 

Atoll 

Bikar 

Jemo 

Kwajalein 

Averages 
for layers 

Cu Mo Zn Mn Co Ni Fe Cr Sr Ba B 

0.004 0 0 0.003 0 0.0002 0.03 0 0.03 0.0007 0.003 
.0004 0 0 .003 0 0 .005 .00009 .3 .001 .OW 
.0002 0 0 .002 0 0 .002 .00008 .2 .0007 .002 

.OW .0008 .03 .003 .0003 .0004 .06 .00004 .06 .OOl .002 

.0004 0 0 .003 0 0 .003 .00008 .2 .0009 .OW 

.OOl 0 0 .004 0 0 .005 .00009 .3 .002 .005 

.0003 0 0 .003 0 0 .002 .0001 .1 .0005 .003 

.003 .0007 .01 .002 0 .0003 .03 .0001 .03 .OOG9 .002 

.001 0 0 .003 0 0 .003 .OOOL .1 .001 ,003 

.005 0 .03 .005 0 .0001 .07 .0002 .1 .002 .008 

.003 0 0 .003 0 0 .007 .0001 .1 .0009 .009 

.002 0 0 .003 0 0 .01 .0001 .3 .0009 .01 

.002 .0003 .004 .002 .0002 .0002 .04 .0001 .02 .0008 .OW+ 

.003 0 .03 .006 0 0 .01 .0002 .l .002 .01 

.oool 0 0 .oo5 o 0 .01 .0002 .2 .ooo9 .oo6 

.001 .0003 .007 .OOl .0001 .0002 .02 .0001 .02 .0003 .OW 

.002 0 0 .002 0 0 .007 .0002 .2 .0008 .009 

.005 .001 .03 .005 .0003 .0007 .2 .0006 .05 .0008 .001 

.002 0 0 .01 0 0 .02 .0005 .4 .002 .003 

.0009 0 0 .005 0 0 .008 .0003 .2 .002 .OM 

.0031 .0004 .016 .003 .0001 .0003 .067 .00016 .04 .0009 .007 

.0015 0 .006 .OW+ 0 0 .008 .00019 .21 .0014 .006 

.0008 0 0 .003 0 0 .005 .OOG9 .2 .0007 .005 

Profile 
No. 

15 3 

166 

165 

25 

26 

32 

49 

50 

(Sample No.) 

1 (12) 
2 (13) 
3 (14) 

1 (15) 
2 (16) 
2 (17) 
3 (18) 

1 (19) 
2 (20) 

1 (1) 
2 (2) 
3 (3) 

1 (4) 
2 (5) 

2 (6) 

1 (7) 
2 (8) 

1 (11) 
2 (10) 
2 (9) 

1 
2 
3 



Table U.--Spectrographic determinat ions of  minor 
elenients i n  t h e  Jemo s e r i e s  s o i l s  ....----.- 

- 
0 . 0 0 O X  % 

P 

i ' i ,  C r ,  Da 
Cu, C r  

Cu, C r ,  Ba 
Mo, CO, N i ,  
C r  
Cu, C r ,  Ba 
C r  

Cu, C r ,  I33 
I>Io, N i ,  C r ,  
Ba 
C r  
Zn, I.', T i  

bin, V, Y ,  
I: i - 
iin, V, T i  

-- 
?jfn, Ti  

?,in, Ea, V, 
T i  
l.in, V, Ti  

Y, Ag 

'1, Ti. 
- 

I4n, V 

- 
Mn 

- 
Ffn, Ti  

L~nalys ts :  Helen V!orthing and :Catherine V.  Ilazel 

3ilcar 3(169) S r ,  Fe, S i ,  3, Cu, C r  Do, Pin, Ti ,  
A]., Zn -- V 

Bikgr 2(173) 

2(174) S r  Fe, S i ,  A l ,  Cu, Ba, C r ,  ' J ,  Ti  
!3 Mn 

Da, C r ,  Cu PIn, V 
A 1  

8 

0.OOX % 

Mn, Fe, Bn, 
B 
Mn, r e ,  
Cu, Pin, Ga, 
B 
Pin, Fe, B 
Cu, Mn, Fe, 
Da, B 
Hn, Fe, B 
Cu, ?,in, R 

Cu, Mn, Fe 
Cu, C r ,  Ba, 
A 1  
Cu, C r ,  Bu, 

A I  - 
Cu, C r ,  Ba, 
n1 
Cu, Fe, C r ,  
Ba, A l ,  V ,  
Y 
Cu, C r  

C U ,  C r ,  Ba, 
'\ 1 
Mn, C r ,  Ba, 
V, T i  
Zn, Nn, C r ,  
Ba 
-p~~ -~ 

Cu, C r ,  Ca, 
B, A 1  
Zn, Cu, Ba, 

- 
0.OX % 

------- s e ,  Sr  

Zn, Fe, Sr  

Zn, Fe, Sr  

Ba, B 
Pc, Sr ,  I:, 
0 -.. 
J 1 

Fe, Sr ,  3, 

--- 
A t o l l  

Bikar 

Biknr 

Biknr 

BLkar 

Bikar 

- I 

Layer 
P r o f i l e  0 . X  % 

No. (Sample 
No.) , 

Bikar I 15 8 

15 3 

166 

16 5 

16 3 

157 

Bikar 

Uilcar 

Z(153) 
-- 

I s i  
Fc, D, S i  

-7- 
2(13) 

3(14.) 
l (15 )  

2(16) 
2(17) 

3(18) 
1(19) 

2(20) 
2(161) 

2(163) 

164 

1.56 S r  

S r  

S r  

S r ,  Fe 

S r  

S r  

S r ,  S i ,  Fe, A l ,  Cu, Bn, 
B, Zn CT, V 

Fe 

Sr  

P ,  Sr  
Sr  

S r  

S r ,  P 

Sr  

2( 1 6 5 7 - E  

2/177) 

3(180) 

3(181) 

B, S i  

Fe, B,  S i ,  
A 1  
370, B,  S i  

Cu, Zn, B, 
Si., A 1  
Cu, Pe, D, 
S i ,  L l  
Zn, Fc, S i  

C r ,  T i , J  

6(183) 

6(184) 

2(229) 

t-156---- 6(227) 

I 
- 
Bilcar 

Sr  

177 

S i ,  A l ,  D, 
.- 
Bikar 



Table 11.--Spectrographic detenninationoofninor elements 
in the Jemo series soils--Continued 

0.01: % 

PC, Sr, B, 
si, A1 
Zn, Fe, Ba, 
B 

0.OX % 

Sr 

Sr 

Atoll 

. 

Jemo 

Jemo 

Cr, Ba 
Mo, CO, Xi, 
Cr, Ba 
~~ Cr ~ 

Cr, Ba 

Zn 

:"in, !Pi 

- 
%in 

3 

0.OOX % 

Cu, Cr, Ga 

Cu, Mn 

Cu, ?,In, Pe, 
B 

Profile 
No. 

. 

23 

25 

3(3) Sr 
Jem0 .- re, Sr Cu, Zn, Mn, 

B 
Zn, Pe, B ~ ~~ Cu, Iqn, Ba ~ 

- 
Ni, l?e, Sr, Cu, Cr, D, Pin, Ba, Ti 
S i. Al, V 
Fe, B, Si Cu, Cr, Ba, !.in, V, Ti 

A 1  
Si, B, Pe C1, Bn, Cr, Mn 

Cu, Ti, V 
Nn, P Fe, Sr Cu, Zn, Nn, !:lo, Go, iii, 

B Cr, Bo 
2(3) Mg, Na 17, Cu, Mn, Pe, Cr, Ga 

B 
l(11) :'I&, Na, I<, 2n, Sr Cu, No, Mn, Co, Ni, Cr, 

i3e B Ba 
2(10) Na, Sr Mg, R, Zn, Cu, Ba, R Cr 

Pin, Pa 
Mn, Fe, Da, Cu, Cr 

0.OOOX % 

::in, V ,  Ti 

Ni, Cr 

Cr, Ba 

Layer 
No. 

(Sample 
No.) 
2(203) 

l(1) 

2!2) 

Jemo 

Ujae 

'Jjec 

Ujac 

Ujae 

-- 
Fe, G, Si, Cu, ?;In, Cr, 

32 

110 

73 

7 4 

79 

2<6) 

Z(191.) 

2(211) 

Z(213j 

2(217) 

Mg, Na 
Sr 
Sr 

Sr 

Sr, Si 

Sr 

R, Pe 

Fe, Si, A1 

-- be, Si, A1 

Pe, A1 

Fe, 6, Si, 
A 1 

Cu, bin, B 

Cu, Cr, Ba, 
G, V, Ti 
Cu, Cr, Ga, 
B, V, Y 
Cu, Zn, Cr, 
Ba, i3, '1, 
T j. 
Cu, Cr, Ba, 
V, Ti 



'Table 12.--Ranges i n  amounts of minor slemen& .:;I ..amples of s o i l  
ma te r i a l3  from t h e  Jemo s o i l  seri<..s on !;ilc??r, Jeruo, 
Uiae, Kr,lajalein and iJotho i l t o l l s .  

For elements above double l i n e ,  determinat ions were made 
on 45 samples; f o r  those below Zincs, on 25 samples. 

- - 
Frequently 

Element Range (number of times Tota l  
(percent )  found) -- 

Boron O.OX, 0.OOX 23, 22 45 
Barium .OX, .OOX, .OOOX 1, 28, 15 44 
Cobalt  . OOOX 4 4 
Chromium .OOX, .OOOX 17, 28 45 
Copper .OX, .OOX, .OOOX 2,  5, '38. 11.5 
I r o n  .X,  .OX, .OOX 2, 33, 10 45 
Manganese .OX, .OOX, .OOOX 1 ,  23, 20 44 
Molybdenur~l .OOX, .OOOX 1, 4 5 
Nickel .OX, .OOOX 1, 27 : 2 5 
Strontium .X, .OX 32, 13 ; 4.5 
Zinc -- ---- - .&xL..92:-2 -- OOOX 10, 5 ,  1 ----*- 16 - 
Aluminum .OX, .OOX 13, 9 22 
S i l i c o n  .X, .OX 1, 24 25 
S i l v e r  . 003X 1 1 
Titanium .OOX, .OOOX 5 , 1 6  ' 2 1  
V~nadium .oOX,  .OoO:C 10, 14 24 
Yttrium .OOX, .OOOX 2, 3 5 

Table 13.--Organic carbon (percent )  and pH of c e r t a i n  h igh ly  organic soils 

-. 

-- 

---.-- 

S i t u a t i o n  

-.--..-- No.) -- 
'Jtir5.k 6 1 (256) 

2 (257) 
Ailuk A21 ' i (263) 

2 (264) 3.37 
'Jiae 8 1 1 (8L:) 

i n  coconut grove where 
t r a s h  has dec~mpcsed ;or 

82 1 (8s) 
coconut grove. 

132 1 (96) 
Ochrosia f o r e s t .  ---- 

Lee A7 Taro p i t .  

2 ! ,:; :; j 7.82 
A10 1 (7::) 

--,..- 



1 /  Table 14.--Major chemical c o n s t i t u e n t s  (o.vera,qe percentages)  and pH.- of samples from Arno A t o l l ,  

Shioya, and Jemo s e r i e s  s o i l s  c o l l e c t e d  from a t o l l s  i n  the  nor thern  Marshall  I s l a n d s  
- 8  

S o i l s  pH 0re;anic Calcium Magnesium Vhosphorus~'  Sodium Potassium Soluble  
carbon 
(percent )  (percent  (percent )  (percent )  (percent )  (percent )  (percent )  --- 

UNALTERED SAEDS 
(parent  m a t e r i a l )  9.39 . . . 36.6 1.a 0.03 C.30 0.03 0.15 
SHIOYA SERIES 
Layer 1 8.48 2.4 35.5 1.09 .15 .25 . C4 .17 
Layer 2 9.02 ?'1.2 37.1 1.60 .03 .26 .04 .27 
Layer 3 . ,- 2'9.67 ... 36.5 2.20 .03 .30 .03 . I6  
ARNO ATOLL SERIES?) 
Layer 1 7.88 4 . 0 4  34.2 1.02 .53 -25 .03 -47 
Layer 2 8.62 2'3.2 36.4 1.75 .30 -27 .03 .81 
Layer 3 9.17 1.5 36.3 2.0C .15 .28 .03 .36 
w e r  4 9.01 1.1 36.8 2.0'3 .a4 .23 .03 .63 -- 
JET40 SERIES 
Layer 1 4.55 29.6 G.3 .25 3.2 .49 .13 1.44 
Layer 2 7.57 5.0 33.9 .71 7.4 .35 .07 
Layer 3 8.30 2'2.9 35.2 1.66 .8 .42 .05 - 3/"" 1.40 

:'See explnnat ion i n  footnote  2 on t a b l e  9 .  
?'Averages of r ap id  chemical nethod determinat ions only.  
;?'single determinat ion.  
5 l ~ r o f i l e  27 omitted from averages.  



SUIeii4ARY AND CONCLUSIONS 

This investigation has sho5m t h a t  the  i s l e t s  on the a t o l l  reefs  of 
t i e  northern Marshall Islands are mainly accumulations of calcareous 
debris, generally forlned around erosioli remnants of former s l i gh t ly  
higher reef platforms, more ra re ly  without such s tab i l iz ing  cores. Their 
surface features conform s u f f i c i e n t l . ~  t o  a. few pat terns  t ha t  t h e i r  
descriptions may be generalized and consistelit terms applied t o  t h e i r  
common features.  O n  the basis of t h e i r  o r ig in  and posi-tion three types 
of i s l e t s  a r e  recognized--outer reef i s le - t s  of de t r i t u s  accmulated 
'romd a so l id  erosion remnant of a higher platform; outer reef i s l e t s  
composed of d e t r i t a l  accunulations without such a core, and i s l e t s  
bu i l t  of de t r i t u s  within lagoons. 

The calcareous materials are e i t he r  f reshly derived or  reworked 
slreletons o r  fro.gments of slteletons of narine plantc and dnimals, o r  
fragnents of consolidated masses of such skeletons, and are mineralogi- 
ca l ly  mixtures of ca l c i t e  and aragonite. Nost of the ca l c i t e  is a more 
o r  l e s s  magnesia ca lc i te .  The character is t ics ,  both physical and 
chemical, of tile sediments are  determined i n  large measure by the 
orgru~isms of which they are principally composed. These cha.racteristics, 
especially the  physical ones, zse modified both by the mjnount of 
weatiiering and abrasion -they have been subjected t o  and by t h e i r  gosi- 
t ion on the i s l e t ,  e i t he r  as constantly moving beach materials or  as  
re la t ive ly  s table  deposits within the i s l e t s .  

The in t e r io r  deposits, considered as so i l s ,  are rnostly referable 
t o  three previously recognized s o i l  se r ies ,  of which the Shioya and Arno 
Atoll  s e r i e s  are  almost en t i re ly  calcareous, d i f fe r ing  principally i n  
the as~ount of' orgamic inat.ter i n  t h e i r  upper layers  o r  A horizons. The 
Jemo se r i e s  i s  highly phospl~atic, v i t h  a raw hmius A. horizon and a con- 
solidated B horizon of phosphate rock. C'nemically the  Shioya s o i l s  are  
deficient i n  almost every plant nutrient element except calcium. The 
Arno Atoll  s e r i e s  is more suitcble for  plant  grorith but i s  def ic ient  i n  
most elements. The Jeino s o i l  has an abundance of phospliorus and has, i n  
i t s  A, horizon, more of most o-ther e s sen t i a l  elemellts than i s  general 
i n  a t o l l  s o i l s ,  tbougli the  quant i t ies  a r e  even so extraordinarily small. 
The d is t r ibu t ion  of various elements through the prof i les  shows cer ta in  
systema,tic trends.  Interpreta t ion of these i s  d i f f i c u l t  a t  present and 
i n  most respects rnust arrait fur ther  data.. Deficiencies of most nutr ient  
cations, including some of the  essen t ia l  t r ace  elements, are  evident i n  
a l l  the s o i l s  studied. The a b i l i t y  of cer te in  species of plants t o  grow 
i n  sp i t e  of these deficiencies,  and the complete fai.lure of others, 9s 
no'cevorthy. The process of phosphatization and hardpan formation i11 the  
Jenio se r i e s  i s  f a i r l y  well understooZ., being dependent 011 the coincid.ence 
of guano from seabirds and acid humus from Pisonia t r ee s .  The chemistry 
and ecology of -the formation of the Arne Atoll  se r ies  i s  not x'fell under- 
stood. 

Further research should perhaps take the form of detai led napping 
of the  occurrence of the  several  s o i l  types on selected i s l e t s  i n  a to l l s  
%:ith d i f fe ren t  climates and where as  much as  possible of the or ig ina l  



vegetation remains. Correlation rrith vegetation patterns should be 
attempted. Further and more detai led chemical studies might pror'it,?blr 
be made on selected 2 r o f i l e s  i n  -the several  se r ies .  An ottempt shou.'.? 
be made t o  f ind the or igin  o r  th? iadicated -tri;nds ir, occuirel;se bf 
rninor elements a.nd t o  detei-mine the f e r t i l i t y  relatj.on8 of t'ne s o i l s  t? 
sxhstra ta  f o r  plant groruth. Attertiorl should also $be pzi4 C,3 the 
-veatherine, processes going on i n  t'flese sedj.mer,t,c. un&er &if f  ercn-i 
cl imatic conditions. The role  of microscopic blue-green algae both . . -  
r.rentherine; snd nitrogen f ixa t ion  sliould be dcterained, 2s :::ell 2.3 .;i!(. ;r 
contributioa t o  t'ne acc~mulation of organic matter. . F i ~ > ~ . l l y ,  ae 
investigation t o  determine r e l a t i ve  rmd cbsolute ages of layers  i n  t?.: 
;sct,ions krould be of great  i n t e r e s t  i n  re la t ion  t o  s o i l  formation. 
cl imatic his tory and sea-level cha~yes .  
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Taongi (Fo!c..:k) .' t o l l  ( i f .  5) 

.;OULII of p ; ~ 3 ~ g . 2 ,  on I . . px~  T-1. Scnc! frow sr.l..l! p i t  i n  reef  25. f--;- 
6 . .  P i t  ..:;out 3 incl-ten deep, o.-nd on l;ott,oo ..bout :. i i~cl-2s 
deep. 

T-lr, Eeacl' s:.nc? fr31,l ..;)out mezn t%ds  l e v e l  on t1.e 1:goon s i d ?  nc,:.?: 
r:-c m i d d l e  of  3iLyll:. i s les .  

T - S .  :'e:;c:: scild Eron the  r!in<!i7:rd s ide  :ni! 53ui:l. of the ri~ii!:ile of 
,..- 1 1 c .  S.~mple rr:in i;:.::cn i l c l l  ..t:.ove big?--tide l e v e l .  

T-5. Rezcl, $.nd f r o n  :k.ove iiigk-::.ir?c l evc l  ou i:?..e ~ ~ i n d ~ ? - . : r d  ;;.;.:lc cn.1 
nilrti: cncl cf  Si.1-yll; i s l e t .  

T-7. 3e;ck. s,:!,nd from t l ~ e  ~ I S S  eisd :if i:: e p c . 5 ~  2:  tkf  nor th  en6 of 
Sily1.1 . i s l e t : .  

- 9 .  Gencl- n, .nc! :roc? t! L :..goon s i d e  ::;nfi nort: ,2113 cE 2.7.7,ii.je (2ie.j  .) T , '  

i s i c t .  

I .  GE-:~:) ~ 2 n d  frura't!?f r!ind\u?.rrl i d e  ~ n d  -out!! end of iZ.~m.>or~c; 
i s l i t .  Sar>~?le from :Love !-if -ti<j.e i e v s l .  

T-11. Deacl~ s:lr~d. frora ll..igooa si.d2 i l d  oout i  end of  i:.?.fi~~~ome islei: .  

T - 1 2 .  CeccT. sand from t t c  '-cc!d of .; .;m;ill reentr:nt on  ill;;^: 1;gonn s i 3 s  
of :<smrroc~e i. s l e  t . 

T - 1 3 .  ie?.cli s-:nd i:t t!,e rao:~tl- of rl.2 nsri:?. o i d e  of ... s m i l l  reen(Ir.xtC 
9n the  1 g o s n  s id?  of I.<.rr,~w,nle iolei- .  Thin reentr.:ni: i s  t5.e 3 -me 
..s tt:.t of T-12.  

- 1  Geac:! s.:nd from i:1,c 1 :.goon s i d c  !nd nori:!; end of : < ~ S , I V ~ O ~ . I ~  i g l c t  

T-15. i3e:?ch sand from c:.e ~7indtlard :;ii!.e :.nd nortl- ead of 1<.-.1'il~~one 
isiff!. 

T-16. Ceacl. s - n d  frorn the r~ind.?rs.rd s i d e  of Nortl- islet:.. 

T-17. Tie.?cC. x.nd from Y i e  l:.eoon s i d e  of Ilort!:? i s l e t .  



T-  13. Ze:.c!: n::;nd f s ~ m  ti-ic ?~i.ndrr..rd ;i6e :.nd nes r  tl,e middle of i<?w7oc1* 
i s l e c .  

" H .  Beach s.:nd fi.or.~ the  se;ti::rd 2ide on s o u t '  end of SiLyl!. i s l e t .  

2 .  "ucnc!. j:.n< from ti16 isgoon si:!:, ..:.nd zouel: end of . n  unn..r:~ad 
isl:.nd. narc:.; of Pol~~!c i s l e t .  

T-23. Srni.7. frci-? t i - c  middle of .". nh::.nncl F-:.lf~c.y bet:reen ..n unii;.cied 
is1 ..nd .:n:l To!c;:!c i s l e t  . 

T-,2lb. Dcac!-: son3 frolii ti:c l...pon z ide  . a d  nesr  %be north 2nd of Fo!cr:k 
islei:. 

- 1-25.  Ceoci- scud f r o n  the  se:i~:!r!l s i d e  ;>nd ner!r tke sout?.; end 3f 

0 i.s:ct. 

T-25. Ecacl: sari:! fror~l el e se::.i7..rd s i d e  2nd nc:m the  middle of T1ol:,?L: 
i s l e t .  

T-21. Pine s:.od f r o n  it:-& l:?.goon :Lout 10C f e e t  ~ f f ~ h c r e  of Po!:zl: 
i s l e t .  

1'-2'3. Sand lr2rfi I pi . t  i n  2 s m , . l l  i:.go3n:.l reef  on tl-2 :~indwsril s i d e  
of :.roll. TrLongul..tion S:::.i:ion ITo. 5 i s  loc.:.tcd on h i : :  rcef  
T I - i s  sample ~ 7 3 5  1: :Iten ly one .>f 2'; e bo;ei?on. 

T-23 . Ee.?.c:- s;.ud from t h e  se~.:lnr.' s i d e  :~nd northezs!: end of Eiro!c~71?. 
i s l e t .  

T-30. Geac11 3?n6 from t ?e  SC;:!I,?.~I! s i d e  ;n11 soutlx7est end of Crrolcnl,: 
i s l e t .  

1 .  Sand fror ,~ - i g i C  i n  .! srx.11 r ee f  o:? t!:s l e e ~ ~ c r r l  nide a d  souti-. 
cn:l 3 E  ~ t 0 1 1 .  T h i ~  s :1:1p!e s ~ ~ e l i e ~ l  of ydrogen iu l f ic lc .  T r i -  
~ n ~ u l . t i o n  Tici;tion No. 12 i s  l sc? t ed  on tlbic. r e e f .  

- 2 .  Eeac!? s..nd f r c a  the  windnzrd siclc ::nd ne- r  the n ~ i d d l e  3f 
Sii-y11:. is lei : .  

T-13. Si;n?. from .: srn:?l p i t  in .:. ! .zooncl reef  on e:?e ~3in:lworcl - id?  
..:nd nor th  end of :.:oil. Tri: .n~ul:ti3n S tn t ion  K O .  2 i s  lot-teS 
on f::-i!j r e e f .  

T-;L:.. Sand fro13 .:. sm-11 p i t  i n  : l:.gocn reef  on ti-:e edee of r l ~ e  :rind- 
r:., .... rd r ee f  i n  tI-:e nortl-ern p ~ r i :  of - t o l l .  Tri.~ngui,- . t ion 3 t : t ion  
>, 
110. 7 i s  locr.ted on t l ? i s  r e e f .  



Dilcar A to l l  ( f i g .  6 )  

1 Sand t;?r c C  Survey St- , t ion Xo. I:., nort?c.?.st p i r t  of 1::fioon. 

3 :  Snnd 2.t north end, case  sj.de of Ziil:.r i s l e t .  

3 -  Sand .,t middle of e . .s t  s i d e  of Gikzr i s l e t .  

"u-5 Snnd :!: sout:: end, e s s t  s i d e  of Cik;:.r i s l e t .  

B - 6  Sond :c south end, s e a t  s i d e  of Di!:ar i s l e t .  

3 -7  Sand .2 t  middle 3f west s i d e  of 3 lka r  i s l e t .  

3-3  Sand a t  norti? end, v e s t  s i d e ,  X ! c x  i s l e t .  

- 3  Sznd from Ieermrd r ee f  on nort: s i d e  of passaze i n t o  l..;goon. 

3-10 Snnd b . r  .on norti-!crest corner  of r t o l l .  

B - 1 1  Snnd Erom l?.goon s i d e  of !>ln,?.ni (/;lemeni) i s l e t .  

2-11 Sand from nind\:ard (soutb.ecst) o idc  of ;lm.zni (lllemeni) i s l e t .  

B-13 Sand k:.r on 12gooii s ide  sour;: of Jnk,rrelo (Jnlli!clilc) i s l c C .  

1 Sand fson  !?,ole i n  Lored plc . t forn,  :.?indrrr:rd s i d e ,  norel?. of 
Jnbvjclo ( J ~ l l i 1 c l i k )  i s l e t .  

3-13 Sond frop.1 nortl; end, s,:indr7.?rd s i ck ,  Jalitielo ( J a l l i k l i ! ~ )  i s l e t .  

C-16 Sand from reef  s ide  of Jcboero i s l e t .  



2 .  Samples c o l l e c t e d  Ly I?. Sr .mrns  1iaci'icil 

1. Lagoon Lecch or' elong?t,? nez ta rn  ez tens ion  of Utlrilc i s lcC,  
Utiri.!: A t o l l .  

2 .  Tids.1 s w i r l  pool ,:13n~, inter-i$lr:i?d p;.ssrsc ne-r nort'!! t i p  of 
Utj.ri1c ?.:let. 

3 .  Sand l orn r.t nort i -  l:.zoon c r n c r  of Ui:iri!c i s l e t  

!. . . !.iici- on he7.c' z t  norti- t i p  of UtiriLc l i s l e < .  
UI 

5 . Ge~ci;  s..!ilS nccr  n o r t k ~ ~ t e s t  corncr  of Tclc::. i s l e t ,  Tzlc,? i.to11, on 
inter-isl.:.nc! p?ss rge sidci. 

5 .  SECV:~:?. :ini::?i?+d i:e.zcF.> P.ilul: i s l e t ,  !ilulc kt011 . 
7. Se:r:r.:.rd >ere: ::2 ;lest corner  d p c n i n s u l ~  o f f  norcle. .stern sf.de 

ci' ,-,.. '.. i,.,irrn - .: i s  l e t ,  LiLicp E.i:oli. 

.> . ~ c c ; :  21- 110i.i:!;1est corner  3f :$~ejir:nil i s l e t ,  Lilc3.ep F.tol.1. 

3 .  Sec\l.?.rd Lc-c! of T o r r u t j  i s l e t ,  :.<~7.?.j.?,l~xi-i1 k to l1 .  

12. i!cstcrn t i p  of E u i ~ ~ e t i l c  i s l e t ,  :<?l?j,-:lein Atoll. 

12. La$oori beac!!, 301cerolc i s l e t ,  Uj?c Ato l l .  

li:. ~qo.-'- I ~ . i ~ ~ ~ ! . s ?  corner  of Znej.:l.?o i s l c t ,  Loe 2to11, se~ir-!rd 3idc.  

15. Ser~r:ir& bc:.cl of nor t i~r~es i r  pronz of  'iotbo i s l c t ,  TroZ!:o Ato l l ,  
jusi: n e s t  of dry si:nd p-ss2.gc sen:.rci:in;.; L .. i!ot!~o .:.i~d Zncrilcou 
isle>:$. 

1 .  Benci.. :.t : c...<. of 1 . r ~ ~  cove on nortk s i d e  of !!otl.o i s l e t ,  !.Jott:o 
!.to1 1. 

l ?  . L,?.;?oon l;e.?.c!;, "iotl-o is lei : .  

1 Seori-r:l :jecc'i. ae-r  s o u t :  ~ n d  of :.!ot>o i s l e t .  

1 Lagoon be:.ch ne::r nort i -ncst  oi' T;Fre!c i s l e t ,  !iotl;o P t o l l .  

2C .  Top of drme Lei-ind 1r:~oon I;e-cl or' Zirelc i s l c t ,  Votho ,. ' :toll. 



Locc l i ty ,  continued 

Lagoon kezck. nc::r sout!:c?st en-! o f  L'Frc!: i s l c t ,  :.?ot!:o i;.coll. 

Eottom 3-mple r.t end of l o i e  e::ten.-lin~ :.ni:o lcgoon .?ir vest c:22 
of Rcej i s l e t ,  Ujel:ng P:.toll. 

- .  Szn l  cccu::lul::Lion ?t !-goon si.de c;r vn::..r: i3 eit).!er :-I? i r l r d u r ~ t ~ d  
~u';:~l.e f l : t  or  ti?c rci;mr.nt of :i s - ized  reef  f l ; t  necr  c:sr end 
of Ujelanz .?.toll .  

Lcgoori 'sex!: of I le l lc  i s l e t ,  iJAel:,l~:; ,! t c l l .  

Sand from i r r e g u l c r i r i e s  oc  rc.iscd roc!: pi-tform on s-.i!v.-rc! s i d e  
(-if . ?:- .  ,i.;ronli!: j.31eT., U j ~ l . : n ~  C~to11. 

Gca-l. .?.Ion2 west s i d e  of : h ron l ik  i n l e t ,  Ujei:.~lz /:.to1 1. 

~~~k p].;,tfor- r t  nort'-: se,3.t7srfi corncr  of Tn!<l i s l e ? ,  Ta!:: / . t o l l .  

Geacl, 3-11", nori:i.ncst ;id@ Tdc;: isle:: ,  p.:so:Zc s i d e .  

- IICCCI:, ?rest zi'e of poirit r:, Ujel.:ng i s l e i - ,  Ujelz.ng A t o l l .  

S m c i  on sci~n?,rd rx!t pl..:tfoi-i.?, po in t  3, Ujel.:ng i s l c t .  

Gesc!b s-nd Goicerolc i s l e t ,  Ujce 1,t:oll. 

Geccl-:, n i t  1 1:t;zjaLein ..'.toI.l. 

5-3 Gerci? sand nortl .wsst corner  3 n i  jellan is! ee, Likiep A t o i l .  

- 2  Scnd on se?.~izrd roc!: p l c t f o r ~ l ,  p o i n t  3, U j e l ~ n g  is1eL. 

-7 J-10 Sern7c.rd L,e:c:l Tor ru t j  i s l a t ,  L.w?.jc.lein : r o l l .  

3-11 1Tort:~eazt corner ?nennnit i s l e t ,  Lac. :'.toll. 

TN-L:. Tnk .  I!o. 3 c l u ~  !-.ole 

U-5 U t i r i ! ~  i s l z t ,  ou t  on s p i t .  



A t o l l  po311tion: I s l e t  -.i: sou;:?c?.scern ccrncr  cf t o l l .  :321x?lc from 
Ilgoon b e ~ . ~ ; ,  of nlrrors western ~xeeno ion ,  -:tout % miles froin e.:s:ern 
e n  on tl:c soui:",ern r e e f ,  extenclini: n e l r l y  2-id, lxgoon ie::c' f . c i n g  
nortl.. 

O ' e r  . ' :  T>e :les.tern t i p  of ;:i; i s l e t  r , 7 . s  <lenu:!ed by 2 typhoon ./errs - - - - - - - - 
::SO :.nd the uuconsoli!::.teci n ~ t e r i - ~ L s  trc.s:ied i n t o  i:;-.e l;.goon. T?G 
p resen t  biz? -';e::ci' r i dge  on ~ 1 ? . 2  1 :goon s i d e  prot.:.Lly represen.ts rcpilin:; 
of oom- of C\e f i n e r  is:.teri-l. 

C?:-rrcter : --.- 
i>erccni: 

;*< / 
- Sieve ~ p e n i n z s :  2 ,  6.35  liu;~; 4, /:..76 ;ti.:; 3, 2.00 ai:~; I::., 1.1? m11; 

$ 5 ,  C .  i . 2  mm. 

P r ~ g r ~ e n t s  moder..:tely t o  muc'-, xjorn i r i t : i  z.11 o c ~ : ~ o i o n ; ~ l  s113rp frqpeni: .  
Larzer piece2 ( :  n '2 1 . )  r e  0 1  s h e l l s  sf i?lollus!:s, p ieces  of 
c o r l l  .md cor : . l l ine  .zlg::e, an(: o~l:itoir!s. Xost orL.itoic1:: see12 l e ~ s  ' iom 
thrn  do o ther  consi:i tuents.  Two o ~ a c l l c r  screens  (I(:  33~' 35 mcsl:) held 
-:bout 11- . l  xorn fr :s~e~fnts  of c o r 1 3  ~ n d  r?lz;e .:11c1 :bout ; ~ 1 f  worn 
B;culop.ypsin: .:nC S c l c ~ r i n c  :nc: ?. : f e l l  sc..:.ttereii or~Litoicls,  ::.nd - - - 
ec!~inoi!ii~x:i .:nd ~101  luslc frigments . cizCeri . l  pcssing tl-roug? 35-nes!- 
screen r:ioi-c r.ngulcr ci-r:n 1 - r t e r  ,sizes,  c o n s i s t i n g  of fr.?.$nents of i l z z e ,  
cor-.ls, i?orcnini;?cr:, ti~ollus!cs, ecl;inoids, e t c . ,  some freo'il sr.lz?l 
Poraninifer . .  ::nd fixbryonfc ~ i s t r o p o d s  :.nd c: lc ,~reous sp icu le s .  

e r :  i7rcsi:n.s~ 0% o r b i t o i d s ,  ?.lollus!:s, >.nd some sn.?.ller -- 
?or.-:~cliniferr indic-fen r ecen t  ?ddii:ion. Colccreouo cruofs  on inzny cord1 
2nd : : l s e  fr-.rg.l>nts i l r  t o  ti;;.;: on i11cceri:l from dug :ole:: cuggescc: 
muci: of i?.'ceri.:l w.:s clerived f ron  unconsolii.l:~;:ecl i s l z n d  sediments i.y 
typhoon inention2d ~T-~ove. 



TFd,:.l s w i r l  pos! ;long in ter - i s lcnc l  p:;ss::zc ne-ir norti.i t i p  of lJ::iri!: 
i n l e t .  

kcroll m ~ i o n :  -- I c l c t  :r nou';i?e:st?rn corner  of .:.toil. ?,:.mple from 
r , p e , y . - ~ - . . . .  . ,  . f?.,ji;, , . iiJ.l;l sx;irl  11031 11011~ edg? cf in~zer-is!.:lnd s p i l l -  
"zy : f f r 7  feet ;-e':jnd s.:nd born ::: lrgoon cc rne r .  Gee:: 2s: tl-is poinc 
Wen<; -l.jcut :l:,T-Zj?. Sp:illv~:y S.evclops i.el?inrl sever - l  3 i s ~ o n n e c : e ~  
remnants of zn inclur-.i.eri r11Lb12 ?cacl::. Ceac!: behind srrirl pool fr.ccs 
BDE. Poin t  ,?:;out I mi le  f r o n  e o s t  end of in land .  

Otlier -- Dlt,?: tial-erj..:.l i n  sv~j . r l  pool 13 .y i+cced  2.t cac!? t i d e  rji.21: : 
~ener2 .1  novemeni: to:.rnrd the  3-1121 i ~ r n .  Pi-ob.il5ly much of r:~_^i:eri:;l 'rorked 
1~::oonv~:ird clong LezcI!. 

S i ze  (niesk) Percent  

l e s s  ti-!an 35 

"/ 
- Fine fr;ction 11;s res ieved  to  conforc,~ 20 the T.!en'cworl:!i Sca le  

r e  e n s  i y  c o r l  2 .  : l  noder:.tely to  i l e l l  xiorn, 
s h e l l ;  v~orn f r c s h .  ;:fediuc, p:.ri:;clcs :.bout i>.clf Fornnin i r ' e r .  .r.nc! I:clf 
c o r a l  nr !  - 1 ~ ~ 1  ;nd o;l:.er fragaeni:s, worn to ?ngul:!r; spiny 17orminifer,1 
wi t17  most or' spines p: . r t ly  o r  al-iolly broken off  but  wit! :  diocc l i t t l e  
worn, sn.:ller For .a~~~in; ferc  r.nd rnosi r i o i  l i t t l e  worn o r  f r ech .  
F i n e r  por.i:iclez s l i g i i t l y  rlorn t o  c n ~ u l z , r ,  conri.stin:; of a ferj very snr:ll 
o r i r i f r : . ,  enl;ryctlic :;;.stropodu, cclc.:.reous sp icu le s ,  2nd f r c p e n t - ,  
of o the r  For.;ninifer::, cor,..ls, ..l:;:e, e t c .  

Rem.irks: No evidence of . c . - l c~ reouo  cru-t'i~::. A l l  ranterir:.ls pp:.rentJ.y -- 
f r e s h l y  derived, nuch of i; t c v i n g  moved lcgoonv~nrd along c idcs  of p..s- 
s:;ee from s$,:.rj,-rd be:.c:.,es. ,!. l2.rgc pcrcenzcge of mo?lusks :;nd ori:;itoi<s 
:.nd some o the r  for.?.rLi3 recenLly cddc:!. 



Sznc! horn r t  nor<::. 1:.yon corner  s f  U t i r i k  islei: .  

!>toll uoa l i ion:  I s l e t  2 . t  sout;:ecs:ecn cornzr  s f  ?!:oil. Snopie Ero~;? ----. 
ci:ou i 1-!f.;ir.y o u t  on 1on.j ].or7 iiorn c::poszd only i t  lo'i t i d e .  l!orn .:i:.ou'c 
I i!iilc fr.i.1 n?.ndc~crd ( C )  end of isl.:nc'.. Sanplc! from 150 to 2CC f e e t  out  
on born.  Xorri orien{:td  LO LOU:: I.! ': y E. 

Ot'zr d ~ t ; . :  T 1 z  ? resent  I . C ~ I I  i s  r i lo~c  e1ong:Ce i.l;c! loc>(:ed, 110T2 i n  l i n e  -- - 
~ i .  h e .  : : , . 3  . t\k:n .;t'Lt'. t: e r.lcrc promj.nent1y kent 1:oi-n on ti .e 
13!$; pbctos r7i i c :  i c  oricntec! rziti; " ! - 2  l . . .~oon :;erch, c u r v : ~ i ~ ~ l : ! ~ o o n ~ 7 s r d  
to.~~?,rdc i:he end . 

SL7e (me$:.) I c r c e n t  

?'?c l.-.rger fr.-,@,~er,ss, i n  o r 1  ::I;::.e ::nd ~ : o l l . u s c .  :.re mor:es;;:ely 
t o  7 1  c r .  TT c: meJiur.~-si:.ed ~ ~ r ! : i c 1 3 ~ ,  .:.Lout 5C percent  forxns rnd 
i:.' percent  tT  :2r ,  r r c  ::om to  ;!.nzu?.:;r, :: c spiny itor.?minifer: i-li::l? 

sp ines  illos~?.y ; : r~k?n  0.3 l.,ut S i .3~3  no': ;7o-m, :XI(; i2-e orLLtoic1; cuc! si:i ... 1.1 
:~oll .usk clicl!s not  pcrcept;l i ly ~7oi.n. T- c f i n e  fr:iuments ::.re iileotly slic.-p 

, e .:.nG. :in::ul..r, consisLi11:; of f r ( . p ; i ~ n t ~  of  l . ~ o r a r , ~ i n % . ~ e r ~ ,  c o r ~ l $ >  ..I.;; .e, 
e t c . ,  t75.Z) sox!? c-?c:reous s p i c u l e s .  

e r r :  PresurnrLl;~ i:>e fine.; : r e  r7innonci: out  r:pi<tly :.ere, ?l;d c c r -  - . --- -- . . r i e 6  i n t o  tl:? 1:goon. A!: t ' :e  o:ii~c iirao !:: e r e  i s  .i l.:r::er moun t  or' 
co;?rse- t o  zr.?.ve:.-siz-er? n:.:teri?i cccu~~iul:?.ti~;:;. 

L t o l l  posli:ion: I s l e t  :;.t southeL,.s.;:ern corner  of  c t o l l .  S-npic from 
of I:ec-.ci-i .:.t e::crer.ie nor.?!. corner .  Locatcd -.bout ! mile  hiz?.esi: pc:rZ- 

from sc.2 v... r d  ( 3 )  f n d  of i c l znd .  

0 .ner r~ dc:i::: C o n r ; ~  ~ ~ ~ r t e r i : l  pile:: L.;: top of bczc!; t o  :. de?;:ii of ::Lou;: - -- 
2 inciic::. Ccne.:th i t  i s  n l i y e r  nf ~ ~ e c ~ f u w  f i n e  t o  f i n e  -::nil of undeter -  
i ~ i n e d  ti:ic!cness. Only c f e a  s.c.?.t:ew:i r:i~?c!iun t o  co?rse fragfi~ents i n  
Eine s.:II.-?. . 



i (riles::) Pe r cen t  

s u r f r c e  1:lyer - :I! more :!!:!n 3 
nul;s.rc(: :u?fl: /:. Trace 

3 Trace 
11:. Trace 
.,,. 
3;  
.. . 

2 0 
l e s s  :-.!:-:a ~i 30 

;,j~i:eri.:.l of surE,:ce Lcycr consj.sio ai,?in>y of Vorn corr~.l frc:r,iillen:s .:S 

sfiuch a?; 1 I;% in".:lcr, i n  longest: 2inicnsion ~?i;;!: . feir p i e c e s  of c o r a l -  
l i n e  -11~c.e <.ind xiolluslc s k e l l s  . 

~~~,~~,.3(~i.i:-l of  sul:st;:c?~u~-,l r . ' j n~ . i s t s  i.l:inly of ..ngul:.-.r fr23xl,lc11?~ of 
corr13,  .!:re, rlors.fi$.nifer ., I ~ O L ~ U S ! C C .  v?Lt:,. occzsion:.l T & I O ~ C  s p e c i -  
mens of or,i::.Ller I ' o rx~i inLfer r ,  emi,ryonic ~. .s .cropods an6 c,?lcareoun 
.spicuLen. 

Rem;,r,:s: %:,e n e r r l y  coiilplcce ;bsence of i t ~ i e n i i c d i i t e - s i z e d  pcr : : ic les  - .  - c  sucees~s e n t i r e l y  dlrj.;..ren;. c ? ~ ~ r , e s  f o r  <::z C.eposit ion of it?:: in0 i 2 y e r s .  
~ : , c  l one r  f i n s  :one i s  ~ i n i l 2 r  co f i n e  m.::teri:;l i n  tl-e tick.1. s w i r l  
ne,:ir?,y, 1 . 0 , ;  ;i!,ic:-, r~2.s derpjecl from ~-i.:,e oi:!cr i s  d i f f i c u l t  t o  S C y .  

Tire co:'rsc: 3ppc.r Lone i s  proi..~L,Ly c :.l.;gi- .;j::ve c~s . : :  zone, pra;;.~k.!.y 1.71i:11 
t i :c fine:: a innoned ou: .n& perl:.c.ps setrlin:; oui:. 

7 ;.,e..c;! 8 in6 n e r r  nor r : :nes t  corllep of Ye!:.-. i s l e t  on inter-is?,:nr! p.:.S$:!r;2 
s i d e .  

L t o l l  p o s i t i o n :  1 ~ l e . t  :!: sou1-Ilif~:si ~icI,e of .:.eoll. Reef ;:c nori-;- o f  - 
Ls1e.t trertc'ls k?-3, ::.nd t o  .souirl:. of i s l e :  .irc!n:is -bout LIZ-S.!. Gecc!! vI?cre 
s . ~ n p l ~  rj;.n. i-.Icen i s  Let-rccn 0 .2  c.nd 0.3 iq i l e  Eror.1 sesv~c.r.3 e d ~ e  2nd. f ; iccs  
abouc  d u i  norill: o r  i1, by E. . . 

; , A :re::: m:.ny 3 c l i n o i d  t e s t s  {>ere  strevrn a long  ti:-- 2ern.c?:.. -- 
. . . , 

C;:.c.r:.cter: Si.ze. (men?) i2c!rcent 
,. . 

. . 

Tr,:.ce 

L a r ~ c r  fr,?.zi;lents iiloder.. ' f l y  worn 'ili cli r. f e ? ~  fresi: :.n~ul;r fr.?gs.lentz, ::?<I 
2 f e u  f r e s i .  siiollus!: s i : e i l s ,  c o n s i s t i n g  of  f r  ...@I enlrs o f  c o r z l s ,  .?lr;ne, 
ecirinoidc,  i?~ollus!:s r:nd sor,le ori:ii:oids. ilcdium-sized p c r f i c l e n  morc! 
u l  coai:rins :.Lout ($0 pcrceni: sp ined  for;:;ms rlii:h sp ine s  I ; I O ~ I : ~ J I  

i,rol:en o f f  1:~:: 5.incs n o t  iiorn, 2nd ?::ou;: i C  p e r c e n t  cor.?.l, .?:L$,?.l; 



mollusk, r:nl o i h r  f r c p e n : : ~  :nil nusaerov.l.l-, Ere$?? o r b i r o i d s  2nd smrl l  
.:.stropor! ~ : ~ e ! l s .  Fine p i r c i c l = s  :nguL_r o r  rii;l.. only onc s i d e  
rounded, iudic:.;llno, i,r-:?tin:: fror)l l:.r:errcundec! p . : r t~ . c l e s - - cons i~ t i !1~~ .  c, 

of frxgmilcn.;:~ of cor.:.?, e ~.~o!lus!: i s  F'or,~.r.;inifer~., e t c .  

/ , io i l  ?ositLon: I c l e t  loc:.ted. 2:: souCi,c:s;: corner  of 2.i:oll. Sr.crple - bl__ 

frorn sc.:tzrd l:esc!l ..L .ii,ou.t c e n t s r  of c..z;lrr?irci-:f,:.cin:, sf:rci:cl'. ?~in:I.v~:.rd 
r e e f  t rends ::.pproxin-tzly 11-S. Soutl--f:.sin~ r ee f  'creucls nes.rly !?-I!. 
Be~c!? 100 y:ir-:s 5ron1 r s e f  edge. 

~. 

0 : r  a t :  Tbc ::.nil. fcrrac crescen;:-si-:peel. ;:caches ietr,7cen pr - , jcc t ions  -- -- 
of >each rock -.ad rcisec!. rcef  roclc. Ti:e c~'tcrl,.l; 2x2 r;~:.!shed. d i r e c t l y  
tonard the Le:.c>. r o ~  : r e  1 s t  1 1 n : l  zone, rucl., of iL I:eing 
moved ;cross i:Le T~,.> from one c1in3r irre$uL...ri .ty o r  Ceprecsiou t o  i::e 
nex t  and f i n z l l y  t o  ti.e Lc:c:-:. 

Ci.cr;c t e r  : Size  \'s.?esb) 1:ercent 

l e s s  t:,:n 35 1 f i n e  

Noose ~ 1 2  teri: : is f r e s h ,  :in,oul:.r ..n?, unrrozn, .?li-i:ou~? occ~ciofic!l p ieces  :r2 

we1 1 rounded. Cozrser sir.eo 1;1.::de u.p of  cor - l s ,  z lg re ,  ~ ~ l o l l u o k s ,  
echino:id sp ines  znd p1:i:en : o r l i t o i d s  ?]I!; . cmc:l.l perceilt::ge d 
crusi::.ce-n fr-lg;lents. T1ediu:n-sized m,::Cericl more t!cn ':lf spiny f o r 2 ~ i s  
2nd o rL i to ids ,  C I h  remzinder 21~:s .:nd otl:zr fr,:.peni:-. 031y occc:sioncl 
car21 frcgt.lents ;:re present .  Fine la.-'ieri.:.l. cons io t ing  of fr:..gEicntc: of 
.?lgne, c o r r l s  ) Forcminifer:., c -.lc?rcous sp icu le s  .::nc' nuncrous ;:rim- 
p-rent  f i b e r s  not  seen i n  r,iore riorn scnds.  

Ren:.r!cs: A 1 1  of <this n c t e r i z l  i s  vnry lii-.i:le ~7oxn 2nd c l o s e  t o  i t s  
source.  140.sf corc! fr?plil..ni:s .:!re 11-22, very !itt!e :l-vin:: L.een brolccn 
down. Tbe fLnc :x;:er-il c o n s i s t s  of c : iz?-  percentc.ze of or igin: . l ly  
sm?ll or~r .n ismz o r  sm.:.li s t r u c t u r e s  of or&mioms. Mcny of itl e z ~ s r o p o d s  
F:.!ve well-preserved pro'aconcciis. 



, ,enstern s i d e  of Se~wcrd  be:.c!- ..:I xra-,t c o m e r  of pcnf.usulc?. o f f  nor t3 . -  
En~e j i n m  :islei.:, Lil::';cp. 

0 1 1  o i n :  Z~~ncrn~osi l  of nlo i s l c L s  ?oc:ted on ~ . : ; z o s ~ ~ ~ s s  pro- 
w- 

jeccion of r ee f  r:;. northrlL?st en~:  of .:011. Ssnples  from se.:.:~::rd (wind- 
\inrd) i;eac: :: 2nd of :1ed~e-~: .~ .pcd  pcn:i.nsul. 2nd s?.tu:.tecl l..;:i.%nG : 
tree:: of r..iseG r s e f .  Dccc!;; f:-.css ne;,rly narc:.>. end i; ?bout 15C ycrds 
from r e e f  edge. 

. . Ot!.cr &st::: '1'1:s Lc-c!i i s  c~or!:ctl. Ey :loves only :.t liig: ::!,1g1! t i d?z  :?nd -- 
clurinz sto.ms. Ordin:.ry tiides c!o n o t  z o i e r  I:::? r s i s c d  r ee f  pl.ltigrr:!. 

S ize  (~xesb) Porcent 

L a r ~ e r  s i z e s  consis ;  of moder-,.i:ely Lo ::ell-worn fr-z?xents or' c c l c  ... ri:gur, 
:,,.!g-?..e, c o r c l s ,  l ~ . y d r o c o r ~ l l i n c s ,  ~cl;bnoi.ila .nd ool?us!cs. . .t.ieciiun-si:;::d 
p j r t i c l e s  inc lude  voru p ieces  of cor::.llia:: ..lg;:e sn" Ices xrorn seLments 
of  I!zlin.ed~L, t o ~ e t : ~ . e r  aitl? l z c s  worn t o  fresi.. or!;i;loicls, spiny and otlier 
i7or~minife-r.. ::n:I. sm,:ll mollunhs. T:.ere i s  ..Is0 .:. sc:i:f:erinr; 02  ion?^ 

tubes 2nd frc8.1ents of precious c o r ~ l .  Frc~.?e.?ents pf ant!,oi.o..n c0r::l.s 
.'re .: minor c o n s i i t u e n l .  T!:c f i n e  ~?Xer<:.l  c o n s i s t s  of l i t i !e  worn 
f r ;g t~e i l t s  of - 1 1  ti:e ?.i;ove p lus  .. I r r ~ c r  ,mount of cm.rll Forqminifer? 
::nd sorle c::.lc;.reou; sp i cu le s .  l.!oder : t c l y  ::.i;undnnL shred; of pl::.u; 
rii.::terir:.l - re  included. Somc very f i n e  (-10C me$!- ?) n ; ; J e r i l  i s  
included.  

P.em:.rks: Iiuc:. o:t t i ; i o  m i t e r i l l  i s  frcsI.!y Cerivfd .s slionn 1.y gooi! 
preserv.:.tion or' spincc on For2;ninifer .. c.112 .t::? excellent preserx?.:iion 
of ori:-it:olds ::nd some mollusks, Oi::.2r .212.'1 r.nd cor,?.lline Er:~mcnts -:re 
nucl  rlorn .:nd prczum :l;ly ?i.?ve been on !:l.c i:e:.c!: f o r  :. coixcider .l l e  
per iod .  T;?e po;si.;.i.li;iy of 'IPIO :>in'.oz;c.~n pczlts, one f o r  worn -:n:? oil? 
f o r  .fi:es!! m:.r c e r F - l  Ls s u g ~ e s t e d .  I.? i z  possii:ie t!bci: some r.12 ter i l .1  i s  
sscond-r i ly  reti.;r!:ed fror.1 unconsol ld~i -ed  s :nd depos i t s  rl-icli once 
ccmer-;; ti-e rrj-seci f1,::s. Poclrets of on t: e rr.ised f1r.i: s l ;o~r  tile 
3 t : . e~ -~~y-s  Cq) r;tw~enlelli: of nk11 ia.:!;ccL . 13 :. e;ci.~!ard. 



Ptol! :?ositi.on.: I s l e t  i c  t i - ?  innernos t  f two 1oc:ted on .i proj2ci%on -- -- 
of ::Ye reef  beyond c!,e en6 of ri.e i.:::oon. The nortb:~~e;tern i-ip of tkc 
Lsl:in.l i; i n  l f n e  w i t ' .  t l ~ a  l e d  e . '  (t!.ere 1::el.ng no l..:$oon 
-nd about 112': ydn. from t:.,e r.rindr:ar< r e e f  $due. o 

O ' e r  d :  /-I1 sediment t r2i .n~ 2nd .sronion:;l feaiur;,? iu4ie . r te  move- -- 
1:nenc of ncnd . ?c r i s s  t'-e rcef  ?l.:t fro;? V'e -iin~l~?.?rC edgf am,! windward 
be?c!,es t o  tl'e 1ser1:x-d ke..x:x: ~ n d  !.ezr.x.rd reef  f ln t ; .  

S ize  (mesi:) I 'ercent  

0) 
Tr). cocrse 
1 C) 

The i n d t e r i ~ l s  -.ro ne.:.rly ident:ic.:l i n  precervc t ion  .in4 composition .to 
t:.ose of sample 7, i-lie rein differc; lce !i.Lnz the coricentrction of 
medium-sized p l r t i c l ? s .  

Rem:rks: T!-:Ls n,.:teri:;I. i s  0l.~..:rio11~1;~ c ier i~~ed.  f r m  I:!. ..e v~in&.:.-,rd. :;irle. 
The ne..rly f .5ent icnl  p-re;rirv.:tion su[;gz~;t; quick tr..!no-reef 1ilovcll;ient 
ijp r id11 currants. Ti-c pr2serv::tion of m::.teri?ls !.ere sl-ould Pe cox- 
p:.raiilc i:o th.:i: 7.t tl,c l2goon co rne r s  2 f  is1,n.d:; ixrclering t1.e lcgoon, 
t!-c :ee~r.?.rr' be-cl-. !-ere corre;ponding TO 1.-zoon l;t :cl;ei; c lzewlere .  

Scm:rcl Le::c!l of Torruizj i s l e t ,  ;<t~:.jzIein, 

A to l l  pos i t i on :  I s l e t  loca ted  on leeward s ide  of southern pyoject ion - -- 
of : . tol l ,  Reef :i; tl-F:; pof.nt trend.; ne-r!p TI-S. 

Other dctr:: Tke l:!goon i s  r.nore tb_n 2C n i l e s  s i d e  .:t th1s pl::~?, -- 
curving in.3 :;ecorainy; t l j6cr t o  ti-e noltc!?. There i s  no reef  clii led i n  
.I vincl.i~ar:l direel-ion .:lonz x?:i'-ic!.:. sencla could 1.e mover' Ly rr?ves. 'I'i7e 
l ee tx rd  reef  Lend,$ f::r t o  1;c riect .rLa\re t h i s  po in t ,  .?nd the southern 
t i p  of t!:e ::.roll l i e s  e t o u t  2 5  rnilen t o  tbc s o u t ! ~ e ~ s t .  



Size  (mesh) Percent  

Grains wel l  worn .:7ith somev~5at more .:ngulLir p:r t ic les  cmon- c, t f i e  .ind 
medium nice.3. Coarser p - . r t i c l o a  -:re prcdo~~1in:;ntly cor-.l  nar! csr::lline 
:~1@e with minor i?r,~ounts of nolluzc.?.:1 fscg, i@nts.  T!?e cosrse  meclium s i z e  
contn ins  ;bout 30 percent  corr:l ~ n d  ccr:.:llint! ,.13-.e frlgment;, i n 6  ::Laout 
2C. percent  ?lie'-J.y worn For:minifer;:., v?'ere?.s i n  t'?e f i n e r  e!r.!ium s i z e  
worn 2nd p o l i s h x l  l?ornroinifer:: made up -I;ouL 5 C  percent  of the  p - . r t i -  
c l e s .  TI?:: f i n e  r:~:l?teri,-.l consic , ts  of rounclei! t o  .ugul::r f i . . p e n t s  oE 
cor-1.2, corc l l i r ie  .;1wc -nd f o r m s ,  ;.nd :!n occ:!~icn:: 1 fre;sj-: szl.?.ll foran .  

feti ca1c::rcous sp icu le s  ; r e  presenz,  Lut !:l?sy i r e  n~ucF worn. 

P.ern?.rics: There i.:; 2. r n r i t y  of orl:itoids 2nd orkiCoi"1 fr,?gmcnt3 i n  !:he 
simple r?l-i.ch ser.r,ls unusul l  i f  t1.e 'i?teri::.l ccrnf o r i ~ i n c l l y  from t ? e  
win<.:.'?ward r e e f s .  ?!o~,7ever, tL.ere i c ,  211 ::l;und~?.ncc of c o r l l l i n e  ~ ? I ~ ; c .  nllicl: 
i s  r ; re  on ti : ,  iceiri'rd r e e f s ,  but ; n;.jor consrituenr.  of t h e  a i n d r ~ r ~ r d  
r ee f  3n hot!: t!;e growing edge end i:i-e det-rik.1 sediment;. Spiny fortxis 
\.7'ric!. f lour i s ! !  ou t!;e nindv,crd r ee f  f l ? t ,  2nd form :: major p l r i  of the 
s;.ni!s -.re i.ig!-ly worn c.nd pol is l~e.? ,  ::fir1 1 1 0  -: ui.ngle specimen l:r..ring 
sp ines  w?; found. Ti-,c: d i s c s  .:re twrn 2nd pol ished,  m a y  o r  most of tl?> 
pimples bein;: vorn o f f .  T!xe evidencz $3 stron:: th.:t most of h ? 2  

mcreri:;ls o r i g i n ~ t e d  on t i 'e  v indnl rd  r e e f s .  

Sample 10 

Lagoon le.:cl-. of Torrucj  i s l e t ,  :Zt.~sjz:lein. 

fit011 pos i t i on :  I s l e t  1ocr;ted leewird si.cle of souc!lern p ro jec t ion  of 
- . t o l l .  Reef -.t ti-is po in t  t rends  n e ~ r l g  TJ-,?. 

0 t i . e r  cl:-i-: Sez simple 3. Sand on ;I::@ lrigoon besch !lac %en p i l e d  -- 
s t e e p l y ,  ~ ~ : p o s i n g  1 :ye r s  of g e n t l e r  d ips  with i n c i p i e n t  l i  t l ; i f i ca t ion .  

0 )  
0 ) .. r,, 

Tr. ) 

l o s s  than 35 2 f i ne  



x, ,io,t of tlle p:r t ic lcs  r e  r I p i !  i t  only n occ.?i;i.on: 1 
f r e s h l y  broken :~:ri-ic!c! o r  unworn for-iil. Scz t t c red  C O ~ T S ~  p:.rl;ic!es 

r e  cor.21 o r  .:1g?1 f r , ? . ~ ~ e n t ;  (Por~i3.t ' -on) -n3 ,:g,ycg:tes of poorly 
consol ida ted  m~dium g r ? i n s ,  pro!-~1:l.y ' j~ol :~i>-up tz:.c:n rock. ? iediul~ 
tex tured  m: ter i .21 cons i s t ;  3f worn f3r;m; (S~.Ic:.ri~-,:~, !.~np!..i.stcp;i~;> 
rind I.L:.r:;inoporr:) nlld I t  I u i  c?:lount oF cor?.i a n  -?gr-l 
(Porol:it:!o11) fr::@lmts, .:n< : s c i t i r ~ d  spec!:s ef  re6 2ncrus::inq for:-rls 
(~osiiot:re~.~.:. z t c  . , ) 9  .;:,el 1 2nd ec' inof!: fr:.gments. T'..? f i n e s  cons i s t  
of f i n e r  f 2 -  of 1 r;iove ni!:l. . f c n  worn c : l c : r e o u s  spi-cules 
:.?nd esn!;ryonic g:.stropods. 

Eem:rk.;: Tk- liig!.!y troru s!::;te of r:losr s:i-teri.~!s nuzgests tl-.:i the --- 
r - t e  of ;:.3di::iwL1 0:: products  of t:?.? lsev.:.rd r ee f  i s  vcry slow. I. 

sc.:;%terin:: of fresl? specinen:; of .'%n&istei;,in.:., 2 spe.ci.es li'lin,:: 0 i n  
j.l-+ : lc.~oon, t o e  e :buncl.:r~t imrn %:.?carin?:, 2nd l,krgin?por:: 

.rnd 'Corolii::?os - : E r ~ ~ ~ l e n c s ,  L C  s 1 t o  1r:goon ?edimcnts i n  
abundC?.nce fror.1 .i:!ie ?linil?,?nr!?. reef$ sug.~esI]s  tl2.t ; goo<! p?rE of the 
leeword sznds :re reworlced 1-:zoon sediments.  

Lagoorr Lelci. i i inni  i s l e t ,  T&~.:j.?ieFil. i:.boui: rilid-point of l:;::oo11 ke;cl#. 

A$:oll pos i t i on :  Isle:: loc  ... tee? 011 l:!e?r:.rtl s i d e  of sou$:!-ern :rr: cr 
i . 0 1 1 ,  Reef :.t t!:i3 po in t  trcn,.:; n c r l y  Zlrl-SE. 

: ? I . z r : ~ ~ . t c ~ :  S,".lapLe mL::e by !!,;ncl t o  contc:in supposedly equr:l p . r i ro  o:? 
f i n s ,  rnediur,~, .nc! co:.rse zbncs; clFviiio(1 :.y ocreeniug i n t o :  

,< , 
l e s s  el- in 35 />0 fine- 

"/ - Fines were s ievcd  t o  .conform t o  .tl-!c ':feni:iiortl: Sc? le .  

Co:.rse ri . teri . : l  c3n;isi:s nf rlurn -n<, polizlreil p ieces  of cor.:.ls, .:l:2c 
(Toroliehon),  molluoks, ::.nd ,? f en  ac!-inoid opines .and cruct:ce:n f rng-  .--- 
merits. T!ie nediur~~- te~: turcd  n.:!teri.:.?. c3usi:ts sf s m l  l c r ,  frcqucnf lp 
more ,ngu l - r  pj.eces of i:?-;c riiiove, :nd i n  d d i .  t i o n  ~xoc!er?.tcly to  higk l y  
worn ::ud po1isl:~d i'or.ms (C'alcnrin:. .:ilc7. m?zlstz::iu,?) 2nd :. few 



specinens or' ezc:: rh,~r- &ire l e s s  ?.7.;torn, f r r snenr?  of I.i:ir;ii.i~o~~oz~:. ~ n d  
numerous ruby speck3 of f n c r u s t i n z  for.r.1: (l'oiaotremi). ? fe:? sc ! : t ? r ed  

\-L--- 
worn i:ctero$i:e?in:. - r e  ::lso prese~~i : .  T;;; f i n ? ?  coni-..-.in scmeri:,:.; morc - - 
n u f r m  of --.I 1 tl .e . iLo~e  1.u: .:,it:! . s u r p r i s i n g l y  sm..! l per- 
ceni:.&e of for-i-ninifcriil fr.?zme~z;r;:. 

m r :  :'ere :-.ojin i.? ?. 3urprtsLn:ly l:?.rgc -:rs~ouut of .!lg::l mcteriz.1 -.- < 

(Porolit l?on) s u ~ ~ e ~ t i n ~  f'i-i: t!;e r~i.n5lncr-d rczf  i7~2.s the r:i'.in source of 
the  m:!ieri?.l. 

!!@stern t i p  of Znir:et..!: i s l e t ,  I<t?.:.j?.lei.n. 

. " t o l l  oopit ic ;n:  T:ic i s l e t 9  vhic5. i s  ;.1:011~ :. qu:.rter of 2 rail* long, - LL- 
l i e s  :7ii:hin t l e  l:.zoon, -,bout one mi le  i n s i d e  ::. pcss-.ge ner.r i:"e nicl- 
po in t  of t l : ~  e;ls;:;.n c ide  of i::-e : i t o l l .  The reef  1,e:lds i n  i.0~7-rd,s t;-e 
.:",. . .' Yo i i s  o n ,  t rending  . ~ c y  ?ran  ;:he p!'ss:-zc i n  n o r t ' e ~ a a e r l j ,  

i nd  southeasterly c?Prections. 

Ot?.er - d.-.t.:.: - Ths r ec f  -.round tt-s icl-ild i r s  mcinly cor .~. l  grorling on i t .  
" ~ ! ? e  northec.stern ~ i - ~ o r e  i s  co-.rse iroulder Le:.,.cl-> conposed enc i r e l :~  of 
l-oulclers cf  Lez~c:!r!~c!:--no co rc l  ':e..d: ?c,  on the ce ..:rr:~rd LouJ.c'?~rr r::in- 
p 2 r t s .  

S ize  (mesh) Percent  

;': / 
l e s s  th-.n 35 7 C : ins -  

-- 
" 1  - Fines  were s ieved  t o  conforr.~ to  ;:kc i?ent.?oi:t?? Scnlz .  

m  he m ~ t e r i - 1  i z  mostly f i n e  nediul:~ t o  f i n e .  ?articl.cn :re worn 2nd 
pol i shed  2nd c o n s i s t  1;iainly of cor - l s ,  :lgca fPoro1ii:I~:on) - and mo1lus~:s. 
The fine-medium-sii.e:! f r a c t i o n  consis.<s of -~Lou.c :I0 t o  ':C perceni: varn 
for~7-1:1~, m-in!y - C;lc:.rin:. :.nd vitC ies:er .:mouni:s of e i s X c ; i n ?  -.ud -+- 
broken i ~ q i n o p o r c .  -- The f i n e r  rI1.-.i?crir:l congiz ts  of s l i g i - t l y  ~ , ~ o r e  ?.n~ul.:.r 
fr:~fir::ent.s of ;::;e r:t;ou::. iiany ru2.y-cclorcil specks of i'omotrcm:. ? r e  
pre:;cnt i n  both f i n 2  ::.n3 f i n e  mediurt~ s i r .cs ,  

Rem2r!:s: T!:e 'l.;;crl r l s  !,ere , r e  iwrn z.i?c: pol ished lit::! the  ssnds of t!:1.2 
e : r  r e f  T1-ers neeined t o  ?.c no evic!ence af  ,:ny for:im-.laden i..lzcl 
x:.tc on the ilcr!1=~7 re,?£ :El :  i: of t i s - c  .:nd prc ;u~r - l ly  the fornmo 
v e r e  dcrived mo::tly fi:ostl tI-e t l i n d x r d  r ae f  of tF.0 ,:.toll. TI-:ere s r e  ::Xso 
no zrowt!.s of corr:!li112 : l x  l o n g  2.I.e Lcl-nd r e e f ,  s u , : g e t i i ~ g  tl .?:L 



tll.cse t o o  cdme from t i e  tiinclw-ird r e s f ,  presun:~.;.ly vi: tFic 1-goon.  T l e  
ne;:rly q u z l  ?mounts of  n e z r  and poli.si? on t'3.e cor21  .'nd o.t??cr fc.2- 
cicnts mrke i t  li!:ely r;:i:f: 211 m.;ileri:.ls !.:,vc i:.l.d .: n o r e  o r  12:s coliimon 
o r i g i n  2x6 mode o f .  .<,r;;nspor.c:tion. i.li!.ou:l: t5-is iol:.nd i s  c l o s e  i:o 
ti-!? .nind.c:crd r c e f  i;s s-.nds i r e  more Like ?:.z s lnds  of 1 . c  i - e v l r d  

. , Le.zcl.es tbzn  tl.2 rlindv~nrd Le:;cl.c:s, ~1::: ?r 3n tLa s e . i ~ l c r 6  o r  l . g o o n  
s i d e s .  TP.2 sinil-az ' i ' iy of  tl-a o?.nds s t r o n g l y  s u g z e s t  tl:ct ir:-ey were  
d e r i v e d  from ti-e l..::oon. 

S-mple I:; 

Lagoon bec.~:., Cokerolc i s l e c i  Uj,? /; .Loll.  

0 1 1  i o n :  I s l e t  loc?teci on sou the.:st s i d e  of  Sac!: ,>::nnel wl-ic!: -- - 
i z  .;t .:Lout n1j.3-point of  tb.e l e e ~ . ~ . ~ r d  s i d c  or' t h e  r ! to l l .  The r e e f  t r e n d s  
:bout n"-SE n t  f:l-.is p o i n t .  

0t;ieu d:1t.:: 'lunzrcus cor.31 k n o l l s  2nd r e e f s  occur  j.n t h e  1 :Zoon insid:: --- - 
t;:s c 1 : ~ n n e l .  T i e  :;r.tldy Le::cl, ~1.3s devs loped  o n l y  on tEe l,::gosn.si.de .?nd 
f o r  ..: few f e e c  :;round t h e  s i d e s  o f  ;:lia fs l . :nd  t7!?ere i t  termin..teri 
c t e e p i y  ind ;:kruptly. Tbe ri.m~.in:!.cr or' t!-e isl.:ud Lent? i s  co:.roe ru t , -  
r l e  2nd b s r c  r .?iscd r e e f  r o c k .  

Si.i:e (mes l )  P e r c e n t  

less ti-,..;, 15 10 f i n c  

The co?.rse s c r e e n  r e t 2 i n c d  on ly  some f r e s h  z:.otropod $1-bells 2nd some 
fr;@:cnts of  ..: p o o r l y  c o n s o l i d . . t o d  'v: .el :  rocl:. The ot';er co:.rse s i z e s  
were coinposxl of  rounded t o  ~nzul: .r  p i e c c s  o f  cor:?.l, c o r e l l i n e  2lg..>.e 
( I > o r o l i t i  on) ,  p o o r l y  conso1id:ted 1:c;ch roc!:, ..nd 20 t o  30  p e r c e n t  of 
I'>.limeS:i f r - ~ e u i : ~ ,  iilostly ;,rolcen. T' :2 m;clium s i z e s  c o n s i s t  of  riorn t o  -- 
. .ngul>r  l ' r n ~ m ~ n r - . ~  of i:!% same m-teri . .Ls ::n? i n  :.ddii:ion fr.;gmen?s ~f 
M,-r~inopor-, ec5inoj.d s p i n e s ,  mol.?us!:s, .:11.1 mediun: t o  muc?! worn c p e c i -  
mens o f  C a l c , c r i x  r.nd /'n~p'ristej:in,. Sc.:.ttered fr :p.~ents of  re,:! 
Hocloi:re& - r e  : . l so  p r e s e n t .  T:.e Forcminif6r :  mrZlce up o n l y  c.?.i)out 20 t o  
25 p e r c e n t  of  ::be n1cdiur.1 si::es. Tlie f in- .  rn;:teri.;l i s  n;-:de up of  worn 
t o  suL ... :ngul.,r fr:::.i~;ients cjf .:ll [:'!be .:.hwvc . 

r.eilirr:cs: TL~ic s:nG i s  scmew!l.t;r more . - t~zul . . r  t l - n  some o t h e r  s . n d s  on -- 
t??c l e e ~ , ~ . x d  isl,?ncls. T h i s  1:1 :y i n d i -  . t z  2:-!-::: son? rr!.s d e r i v e d  from f:ke 
ne.irLy k n o l l s ,  o r  t'r.:.r it 5-s n o t  '!:em on tFe  becch f o r  : v e r y  l o n g  
period--el..? l:.Ctsr p o z s i ' c i l i t y  m?.y be suppor ted  by tl;e r z t k e r  r e s " i r i c t e d  
d i s i r i L u t i o n  of  tlie s-nd on t h c  i s l c n d .  T!,e :.Lundmce of  !ic1im::(;.:: f r 2 ~ -  
mento suggesizc k e r e  :$:in c h a t  t i e  s r n d  172s o!:.tcined f r m  tb2  l i g o o n  
secliinencs. 



IJori:h~_.;ist cornzr  of ;?nej.: l to isle: ,  Lae. Sea?:?::.rd s i d e .  

h ~ o l l  posii:ion: I s le :  loc?te:l ;:Lou; ow- fdur t l ?  tlrc. di:t:.ncc from L i r  
i s l e t  on ..ij-ndri;rc!. (nort:-.e;t-f2.cin$) r e c f ,  ' 1 % ~  reef  trencliny; iLoui: 
1 3 ? S  TI-e 33zlple C C ~ Z I C  fro17 .. i:r~:i: s e . . v ~ r d - f : . c i l ? ~  !?ern on C:e ~c.:v!;rd 
corner  of C k  i s l e t .  

Other d.:t?: Tbls unusui i  born i s  p p z r e n t l y  c!u:, co . s'lor:: c t r c t c i -  oE -- 
l~..~oonn..rc:-dippin:: 'oer.c::roc!: on t;' L. se.::~:.-.r:l s i d e  of t b s  isl;.ncl. 

S i ze  (iiiech) Perceni: 

1 . 2 ~ ~  j:bT ..n 25 Tr.  f i n e  

,, 11;c co .roe% iii?teri..l c ~ n s i s t s  of unworn ::3 ~ l o d e r i t e l y  uorn iaol?us!:~ 
s S e l l s ,  inc! Er;plents r,f cor:rls, c o r a l l i n e  2Ig::e (E'oroliti,on), ;-ydro- 
cor: : l l incs,  ec!.inoid sp ines ,  eCc. Tle f i n e r  s i z e  (I mesh) cont:inc 
nulaerous ne l l -preserved  ~ . s t r o p o d s ,  - ilzrzinopor..: :nd -- l~!i?liiiled: s~:Zments, 
" ~1-.e ~lediur!l-sized. m'.teri . . l  cont - ins  S C t ?  7 C  percent  u!ell-prfser-~ed 
Czlc:.rir.?, ::Loui: % C  p z r c e n  mixed I:-r::inopor. , nrg:.11 f i ~ o l  lusk-, , znd 
l?onotrerll.i fr.?~rien:s, .n.l t'-.e rer,ll.:inder mi:rec: f r : . p e u r s  of cor;!, : l~:.e,  --- 
ec!.inoi&s, crus.irrce,,., e t c .  ITunerouz :'olunlijn:. occur i n  c!ie :'.-mzol-! 
s.:mple. Tile f i n e  r.1-teri-1 conrr-ins Lro!rcn fr..:pents of r~::.teri::ls i n  
!:be co:.rser s i z e s ,  a d  ssme s:-.reds ::nd fi17.ment; of bro!ten up non- 
c?lc,?rcous n l 6 . e .  

P.em-irlcs: 'f!,is materl:il, r.s .rnig1:t be e::pecte(i, i s  c l o s e  t o  the  suurce 
or' c l r z t i c c ,  .ncl r e l . t i v e : y  unv.lorn. T:?e r:.f:ker l c rge  :mount or' 
1~ali~~i.led.i segnent-, i s  unusu::l f o r  :. ?7Lnd.t~cr(.? r e e f ,  Lut i t  i!:.~ o!;sorved 
::,Z other  p l - c e s  i : ! \ : t  t!:c ou te r  mozc l o c r l l y  supports  p r o l i f i c  !!,?lin?ed: 
co lon ie s .  T ; I ~  p o s s i b i l i t y  t!-..:.t some i l : ? . l i ~ ~ e ? ~  ~ n i z h t  1 7 : : ~ ~  1.een derived --- 
from the l:.:,oon l.y sirorm wzves i c ,  sugzzstec? t y  t!-.2 S E : ~ ~ J O T C ~  poinil of 
i s  o n - I  r ..nd the  ..pparen;: 1 .ck of z-ncl :.t ti-e 1r:goon corner  
cf t1-:e isl:.nd--,-n i f  i i :  3 . d  been i!..si-.~d ~ e . : . ; ~ ~ r d .  This i s  contrzdicte;! 
by the vj.r tu..l c.2cenee of !:ig!:ly worn Por;.r~in%fer ... ~1',1ici* inig:: t Le 
expected i n  L2goon-derived sei1hen:rs--unle3;, of courne, they  rer re 
der ived from t i c  coi,lp.:r..ti;lely frest ;  s:nd 1o ;e s  zlony: ill-2 edge of the 
l.;r,oon r e e f .  

Se;r~,?rd I..@,-cl? of nortl1r.7eor prong of '!otk.o i s l e ,  j u s t  wes? of dry sand 
p'ssnge s e p l r - t i n z  i!otl?o 2nd Enerikon islei:s. 



I .  

/ : tol l  pos i i i on :  I s l e t  locc ted  ::.t 11ortl;z.-sc corner  of ; t o l l ,  ti-e i.e - .. ,c!- <. 

f .!cing north o r  .. L i t t l e  e.?.st where ti-e s.:.mple wcs t .Aen. 

Oilker d-t;.: This Leccl: i s  pr . r t ly  in -2.1.e l ee  of Eneri!<oe i s l e t .  -- 

l e s s  tkcn 35 2 ;'ine 

The l:?.r~e? s i z e 3  c o n s i s t  m.::inly of 1j. t t lc-vorn c o r l l s ,  c o r c l l i n o  c1gc.e 
(Foro l i  t!;on), l.y:lrocorcls, x o l  lus!cs, i~o r t ,  ::ul.?s, rind .. few 1::rge for.?.x1; 
( P i u r g i n o ~ )  ^nil Zrlimecl:. T!!erc! i s  ::.lso .: gznerous rc!! sp r ink l ing  oi: 
org:'.n cor:.l (Tukipor::.) fr,-.gix:n~r, :;nd -- !:ornot:r:..i,i:., i;ot!:, loose ::ncl. 
encrus t ing  0:?,2r s r~ : .n i s r z~3 .  T?? i;led.iun s i z e s  c o n s i s t  of ful- ly ;C per-  
cen t  unriorri For;~~~ini.Eerr., n z i n l y  ? l c  ..rin; :,.nil i,ior"inopor- '.7itl! cc. . t-  
\:ere4 b..n~pl?i~ire:iix ..nd ilete+oste:in?, T:'a res.~:.inin:, 10 pejrcent i s  <:or!- 
posed of sin:ll mol?.us:cs, bryozo-n f n p o n . s ,  .:nd f r ? p e n t s  of in.:.teri.:ls 
i n  ti:e co-.rs-r s i z e s .  The :-n::sl- :;czezn 1 e l d  ::. sl is l - i : ly  :-.izi.-.r per- 
cenir:ze of r:nzui::..r d e t r i t s l  m~;c.ri; . l  :.ad ferler I lo r~ r f l in i f e r :~  tl-r:n ti-? 
16-mesk screen .  I:uI-~nerous Voluniin.. - r e  present i n  <!if 35-nicsl n,-.teri:l. --- 
e f i n ~  n.:eeri..l c o n s i s t s  n: . inly of . .ny l ; r  Erzg,ients of :.i.ove 
materi:.ls .:.nd j.n ,::d:ition :-. sc.?.t t?rinz of s~i~.:ll I lo r~~ in iu i f e r?  ( i , i i l io l ids  
:and cyml:.:lol~ori:ls), frcigwents of needie-t:i.ic!: ec:.inoid sp ins s ,  c:.ll- 
c-..reous sp%cul.es, e t c .  

Rein-rks: ,!,I? n t s r i r l s  .:.ppecr vi-r tu . l l y  umrorn, skowinz c l e c r l y  t1:ej.r 
, e r r  sOUrCf, bu t  : " - -  ne;rneso t'2 tl-. ' ~ 1 ~ ~ 1 2  ?c~ount of beach cros ion  i n  

t h e i r  present  posiizion. The l i t t e r  n,:.y Lc :lue i n  p r z t  to  the  sen i -  
p r o t e c t i o n  of Zncrilron isle!:. 0rz .n pipe cor; l  i s  rilore :iLund;ni !.ere 
tlk-:n usu.21. 

Cezck :.t ;.cz:l of lxrge cove on nortb. ~ i d 2  of iToi.':o i s l e t .  

k . to l l  -.on: I s l e t  loc:.ted ::t nor^. - - - C  -- - L : . ~  ....., corrier of .?.toll .  Tke cove 
opens c l o n ~  tthe north s i d e  of thc  isl:..nd c.nc! the  prev:.iling wind z f f e c t s  
i t  oLliquely.  

,- . 0th- r  d- tc:  uLne n a t e r i - 1  i s  conccntr:.;-e6. '.t t:.f soutErcs< corner  of --. -- 
i:iv cove, ~ h e r e  ill- i s  sa~:~plc  rras t.?l:en. Tlke s.xd Lecones i n c r e  ..singly 
co:ircer tox:?.cds t!ie 22.3i: end of irh- hozd of :!-,e cove. T?e cove i-e-d 
i s  f i l l i n 2  i n ,  ind :ppecrs t o  be .:n incomplete st:?&e i n  ;!-s L u i l d i n ~  of 
one ikrge  isl,.nd from two sm,:.llsr ones. The ... r e2  !:ei,.ind tl.2 cove i s  
not  un3erl;in i,y 2 r; ' ised rocl: 21-.t wi:ere-s t?,:: l a r g e r  s r e x  on eit!.c-r 
s i d e  :re. 



Size  (meai-.) Percent  

Ti?- c o l r s e r  frcpinznts cons i s t  of f r e s ?  .to n o d e r r t s l y  rlorn co r .1 ,  c c ~ r > l -  
l i n e  ::1g:e (PorolitY:m), mollus!:s, ecl:inoid spiiles, :.!I<! 14srginoy r:.: 
n i  tl ..tt;,cl:!-.d :.nd clc r::ci,ed 1.Iort1otrem .. . The lilediur.1 c i z e s  crjnt..tn 
wodcr2.tej.y worn r'+.;cr,~ents of tile .:Eovc .::nd .;.n .ibundonce of - i%1egi~~op~r.? . ,  - 
Ca1c;einI:, :nd .!mp>j.ste~in:. Ijosi: of ?I-e for.crns . . r e  f : . i r l y  r'rosk, but  
mo!:t or' <:be sp ines  :.re iro1:en o f f  l:l>c C,-.lc:.rj.n:.. Tile f i n e  n : ; t e ~ i . - l  's 
corLlpooed. of :it*:le vorn fr:.pmeni:s of .Cl-c :.l.ovc p lus  om:.L 1 f oz?ms - 
( m i l i o l i d s  :.nc? cy i ; . ,~ lopor ids ) ,  emiiryonk ~r:si:ropods, fr:.@aents of 
tlzedle-si?;2<.1 c c ' i a o i d  sp ines  ind c..lccreous spicu1os. i few pe1;:gic 
Fornrzinifer ... c rc  preaent  (Tretorrpl;.?.lus). 

r . r l c s :  This n::.Zesi:.l i s  on ti-e wl-ole quFte frcsi', but  ZOILI~TJ!~C~: 

!-,lore be:.c:; r!om i-1:-:n ne2rl.y s.:mp1-. 15. 

A t o l l  p s i t i o n :  I s l e t  .;t nort'iecoir corner  cf  ? t o l l .  T!>c po in t  . t  - 
I t!.; scmplo rlrc t...!cen l i e s  Zirccirly opposice i:l?e l ~ r z e  cove oil 
i:!-:: se.?.v7r?rd s ide ,  .nd i n  l i n e  17i:rT L. >:.re scour sc:.~r tl-:.t e x t e ~ ~ l s  
nec r ly  t o  ti.? icgocil l.c::c!-.. T':2 1.goon ije7c?! .t t1bf.s po in t  i r :  n i c r l y  
i n  the  f u l l  l e e ,  t r end ins  n e ~ r l y  i?.!-SD. 

Otlier cl-.tz: :!r;rer pours ?cross  t ; ~  Fsl-n.1 ;:t t h in  po in t  dur ing  m..jor -- 
storunl;, ~ n d  some of ?:be s.:nci ! e r e  n.:y hcve t e e n  derivod fro111 i:i:.e l.:.r-,A vC- 

seswnrcl cnvz by '.sing acshed d i r e c t l y  ..cuosz r...tker tl-cn l:r.ving tr-sl?ed 
;round t:;e coencrs of thc isl'gnd. 

C t r r  :.c t e r  : S i r e  (me$!:) Percent  

s!-!ells ) 
s h e l l s  ) co:rse 

 ells , i .  Tr .) 

;\ / - Fine; ~ 7 e r e  ;ieve:l t3 conforx t o  t l e  '<ienliforti S C ~ ~ E .  ---- - - 



S h c l i s  of ..: sr:~.:ll, smootl--ribbed c. . rdi i& m.!:e up ~ l r a o s t  ..11 of ::be 
co..:rser m-ier;.:.?. k, few worn cor,:ls, c o r . . l l i n e  . . l~, . :e  (Po+ol i i>oc) ,  
I!slineric, :iilc? s m ~ l  1 ,:.s tropodc; r.~.:.ke up ..kou;: 20  percent  of 1:i.c: j-rzies> 
screenings .  Tl.e i;icdluia.-sized m~.:eri..l i s  nor, t ly  sm.r:ller i]!.,..~ li, mesl:, 
t : 2  - I  m r 1 'being cor~ip;;od n-illy of 1 1 i 1 r i n o o r  x . 3  
c o r s l  i:nd .:1~: 1 fr.;,ments, :lii:l~ . f<?r ?r..;;li?ents of l7ornotre;;i .. Tl:? 
o z r s c r  i-nediur.~-si:.>rl p . - r t i c l e s  : r r  ?.l.ou!: 16 pzrccnr  c o r r l  2nd z!~;:il 
f r c p e n t s ,  ..nd :.Lou<: 20 percent  ~noder:.;:e?y :lorn __-> C:2l.c;:.rinr 
Aniphistey,in.- - :.nd sm..ll li:.rr:inopo;<~, i . s c . t t e r i n g  of tot : ,  f,;.i.rly 
fresl-. znd ; : igi , ly  ?lorn specineas.  Ti.c ? in3  s i f t i n g s  consis ;  of 
unreeognia:'hle mo2er;::eiy worn to  -nzulc:r fr..penl:s of cor:?ls, ..:1z?.e, 
o r i n i f r  r.n?. some f r e s k  mi l . io l ids  :..nd cyr;il.~.lopor-iils, c:lc:.reous 
sp icu le s ,  n i l  .?~:~inoid sp ines ,  :.11r1 rc;1 t o  pin!: fr.i6m.'ntz of -- !'orno- 
i:rem>. ~ n d  o r ~ - n  p ipe  c o r r l  (Tubipou?). - 
Rem.:rlcs: %? . i s  r?... t c r i ~ l  i s  d e f i n i t e l y  iiiorc vorn tlh:.il ::I-? inC:;eri:.l on 
(_.. ;.:. 3 s e  .. t7.!rc1 s i d e  (s:-.mples 15 ~:nd ! 6 )  . T!-.e :~::urid;;nt c..rdi.id, ?7i-?.c?. 
l i v e s  i n  ::l:e !-goon suogc:;i-s !jeri.,c.;:i3n of some of tl.e scnd from t' 2 

l.:eoon >or.c?- . . prol;::l;?y during su~ar.?er s.corms. 

k o l l  pos i r f . 2~ :  121- t  : - t  nor%l 'c . :s t  corner  of ::::oil. Sz.clple from 
southern end of long s i ~ r e t c i  of l.:e2rl. (c5ouil 2C0 f i  i:l of ti-c narc!: 
end of ti.e souti- ezniilos t stretci?.  of exposed roctc pl,?tforrz). %I.e ::ex?! 
.:nd r ee f  edgc t rend ne:.rly 1:-S zc t i i s  poi.nt. 

Oi-7,er - .  d:t : (none given)  -- 
Size  (rles:-,) Percent: 

T:le co:rsc m:terI.:.i i s  composed of :el 1 - ~ 7 0 ~ n  :.nd pclis;?cd cor::l, 
coy-1 l i n e  g (L?. i t - o  t h . m n o n )  nollus!cs, echinoi.d ;:nd 1:rliraedr 
m.2?eri.:,l r i i ih  :. zcc.:i-eritq; of l e s s  worn o r  freol- rl:.r:;inopor .. The 
medium-te::t:ured mc!t:eri-;l i s  siiiii!:lr, Lu:: nit:!. . higi?er p.?rccnt:.ze of 
l*iargincpor: on 1 14.-mesh scrcen, in?! on tl-e 35-r.lcbsh screen :. few ---- 
compa-c,:.i:ively f r e s h  cpecimeus of Cnlc:.:rinr. The 35-mesh m ~ t e r i . i l  i r  ---- 
1:,,ostly : L n g u l ~ r .  110 f i n e  mc;eri:"l i s  p re sen t .  

P.eiii.?r!cs: Tbis  n.:ceric.l i s  very xiucl- r o r n  2.nd poli".cd f o r  tl:.? wind- -- 
r ~ n r d  r e e l .  Ti-te ?xioui>i: of v7e-r i s  proi..bly due t o  :low raovemfn'i . long  
t l ~  locg ztrctc!- O".;C~C!.~, ~ n d  possil; ly en:rr,.pmenir ?el.ind ci-e r.x:k 



p 1 . t o n  ..t t ~ e  end, r e s u l t i n g  i n  ].on; we.:.r on t1.e sac c .  T:ie 
f i n e s  seem t o  I~-:ve completely esc..pcd. a u i t e  fresl! C~ l l ca r in?  i n  t?,.e 
nediuiil siz.es in-lic::es (:hat f r e s l  m.terj.:.l. i s  s t i l l  l.eing ..ddecl, 
n e v e r t t e l e s s .  

Lagoon i..e;c;: ne:.r northwe; t of Eirelc i s l e r ,  T.!ot:-!o. 

/^ . to l l  p o s i t i o n :  TPe i s l e t  i s  loc::ts6 on tke leewrrrl r e e f  i n  i:!-e -- 
sout~ , i Jesrer~l  pcri-. of the  r icol l .  T::c rcef  t rends 117-SE .?.t ~!-AS p o i n t .  
The s snp le  i r :  frol-:I tP,e inter.tict,xl zone nec-r f:?e west end of t ? . . ~  
1:::goon be.~ci!, 

Other drtr . :  k l c rge  dune r i d g e  r i s e s  d i r e c t l y  ke:.ind t i  e be;.c; . -- 
n . ,hcrccter:  S i ze  <men?) Percent  

Tr.) 
n i l  ) c o x s e  

Tr.)  

l e s s  tl 'sn 35 1 f i n e  

The s c s t t e r e d  cocrse p ieces  p resen t  i r e  r ~ o r n  c o r r l s ,  c o r a l l i n e  ; . l ~ ' c  
(Porol i tkon) ,  i:?.lirnedc, mollusks, e t c .  T1.2 medium si::es coni:zin 
smeller vorn fragncntn of el-e scme cn:? \lorn forr.nls, nios;rly 2;.lc:.rin-. 
T1;e m ~ t e r i : . l  on i.lio 3:;-1oe3!. sc reen  cons ic to  or' ?';out 5C perceni: worn 
2nd pol ished C?lc?ri= 2nd sc:iti:ercr! bpi-.isce:in.., some of wkic:i .:re 
f s i r l y  f r e s h .  Occ..sional unworn but  sp ine le s s  Colclrin:. cen Le seen.  
Tl.12 f i n e  m.?terir.l i s  cor>p:.ratively unvorn 2nd moscly ;ngul.ir, 
cpp:.rently r e c e n t l y  broken. L. f e v  sm~l l  for-~ns ire present .  

S?.~npln 20 

Top of dune ;.:el;ind lzgoon !-e-c;l 01 Eirek islci: ,  :.!ot!;o. 

A to l l  p o s i t i o n :  Same :s sorilple 1:. Duos loc.2ted d i r e c t l y  Lehind - 
-. i..~...ch ,? -. , 

0 :  t :  m e  &11e iz r:lout 5 to  10 f e e t  I-igher thsn  t:;c i nne r  edge -- 
of the  be:cl~ 2nd i s  p r r c l y  he.:led over :lit!., vc!getr.~on. I~Juumerous 
t r e e s  grot7 -,long i i c ,  s i d e s  ind c r e s  3l.Cl.ougI! tl-ere i s  no m.:t of 
g r a s s  o r  ~ : : ~ c r  sr;.:.l? vc~c::-;:Lon co-rering i t .  



Size  (raesp.) Percent  

l e s s  i:kn 35 

medium 3 0 )  
"/ 

7 0 fine- 

" / - Pines  mere s ieved  .:o conform t o  ti:@ :!enZ'ilortl-~ Scale.  

No m::terisls r7ere lleld ky the 11.1. nesh :nd coz r se r  screens except I: f e ~ r  
p ieces  of c.:.ri;on::ceouo m-2teri::l. Tile f i n e r  niedium textured m~.;i-eri:!l . .. 
c o n s i s t s  of pol i sbed  t o  d u l l ,  u l r  Co l i ~ l  l y  vorn frcgmcilts of 
c o r z l s ,  c c l c  :.reous :? lgse ,  nol lusks ,  iiorginopor.?., e t c  . , ..nd worn t o  
nioder:.tely f r e s h  nm-Ller Porcminifer.:, mainly smcll specimens of 
Calc..rin. :nd h p h i s t e ~ i n c i .  ' minor ;mountof pu rp l i sh  .to r edd i s !~  
m.2terii:l i s  p resen t ,  soiae of which :re ecl-inoici sp ine  E r - p c n t s  2nd 
I!omotreni~ L!n:l. some of v7;7.ich GI-y Le ..lcyon;:risn, eitl!er or:;zn pip- 
c o r a l  (Tu:jipor.:) o r  precious c o r c l  (Cor.:.llium). The f i n e  m.:teri.el 
c o n s i s t s  of s n c l l e r  fr,agnents of f i e  -.i;ove, ,ud occ?sion:.l v27ole 
minute f oranis, pro?x.Lly miliol-irls o r  cyii~L..loporids. 

Remzrks: The 1077 percent.::ge of f i n e  nci:eri.:l i n  tke  !>e,?cii scnd m d  
the concentr?t ion of f i n e s  i n  t!:c dune suggests  t h c t  the  dune materi?.l 
was l a r g e l y  ainnot.7ecl from the A j i c e n t  :>er.cli. 2,1031: of t!?e m,ateri.il of 
the  bench :.nd dune i s  d i s t r i b u t e d  !;etvreen the  fine-medium 2nd f i n e  
s i z e s .  

Sample 2 1  

Lagoon be-ch ne-:r soutl-. end of Eirel: i s l e t ,  T?ot!?o. 

A t o l l  p o s i t i o n :  S?.me 2s simples 13 ::nZ 20. S,?rnple from Lro2.d 1-goon - 
belch neer  e c s t e r n  end of i s l and .  

Ch?.rac"r: S ize  (tnesl-) Percent  

Tr.) co.rs2 
5 )  

''X ) medium 
45 ) 

l e s s  thnn 35 1C f i n e  

Mcter ia l s  of co-.rse znd medium s i z e s  !:iglily t ~ o r n  2nd polished. E>.e 
co-:rse mr. ter icls  :.re frngments of corn1  2nd c:.lcnreous zlg3e ( w s t l f  
Ilalimed.2 vritl; .:. fe.;? s c c ~ t t e r e d  fr?-ents of Porol i thon) ,  2nd molluslc 



shells. The medium sizes contain similar materials with a scattering 
of highly worn Foraminifera (Calcarina and Amphi.stegina) on the 14-mesh 
screen, and 50 percent or more on the 35-mesh screen. A few Amphis- 
tegina appear to be quite fresh. There is also a scattering of purplish 
or reddish echinoid spine fragments, Homotrema or alcyonarians. The 
fine material is more angular and mostly unpolished, in contrast to the 
larger sizes. In addition to the constituents of the larger sizes, 
there are a few fresh small Foraminifera (miliolids and cymbaloporids) 
and some calcareous spicules. 

Remarks: The materials here are coarser than at the west end of the 
beach. The abundant Halimeda indicates that much of the material is 
derived from the lagoon. The high degree of wear may indicate a rather 
long period of worlcing on the leer.iard reef, and may in part reflect a 
long process of transportation from its ultimate place of origin along 
the windward reef. The finer sizes appear to have moved to the west- 
ward, and the finest to have been blown landward to form a dune. 

Sample 22 

Bottom sample at end of lobe extending into lagoon at ';rest end of Racj 
islet, Ujelang. 

Atoll position: Islet located on windward reef about 3 miles from east - 
end of atoll. The reef at this point trends generally IJW-ESE. 

Other data: Samp?e taken by dredging at a depth of about 25 feet at -- 
inner side of sand lobe on lagoon reef. The lobe is located just vest 
of Raej islet, and projects lagoonward about 100 feet beyond the normal 
margin of the lagoon beach. The reef at, this point is nearly half a 
mile wide. 

Character: Size (mesh) Percent 

1) 
1) coirse 
10) 

35) 
50) medium 

less than 35 3 fine 

The coarse sizes contain fragments of corals, coralline algae (Porolithon), 
Halimeda, Marginopora and mollusks. Few fragments show much sign of 
recent wear although some edges are well rounded. A crust of dead 
bryozoans, wokms, Homotrema, and other organisms covers some fragments, 
and on some there is an irregular encrustation of white amorphous 
material. The medium-sized materiai consists largely of the tests of 
Calcarina, kphistegina; and Marginopara, some of which are encrusted 
with a snail amount of rihite amorphous material. The spines of the 
Calcarina are mostly broken; but otherwise there is little wear. About 
20 percent of the material on the 14- and 35-mesh screens consists of 



c o r a l ,  ca lcareous  a lgae  (Porol i thon and Halimeda), echinoid, Homotrema, 
molluslc, and o ther  fragments. The f i n e  ma te r i a l  i s  composed of f rag-  
ments of t h e  above plus a s c a t t e r i n g  of sn,all Foraminifera ( m i l i o l i d s  
and cymbaloporids), needle-thiclc echinoid sp ines  and embryonic gas t ro -  
pods. 

Remarks: This lobe and o the r s  l i k e  it form opposi te  t r ans - ree f  s p i l l -  
5~ays and po in t s  where sediments c ross ing  the  r g e f  a re  funnel led i n t o  a 
narrow area.  It  is su rp r i s ing  t h a t  t h e  sp ines  on the  Calcarina should 
be more broken than those on specimens c o l l e c t e d  from some of t h e  sea- 
ward beaches, and i t  probably i n d i c a t e s  t h a t  t h e i r  t r a n s p o r t a t i o n  i s  
e i t h e r  v i o l e n t  o r  very slow with t h e  p a r t i c l e s  moving along t h e  bottom 
of the  r ee f  f l a t  and sp i l l r .~ays  the  e n t i r e  d i s t ance .  The very f r e s h  
ma te r i a l s  zo l l ec t ed  from some seaward beaches, o r  along t h e  s i d e s  of 
i s l a n d s ,  a r e  f o r  t h e  most p a r t  high on t h e  beaches. They \<ere probably 
wafted h igh  on t h e  beaches by storm waves, and remained above h igh - t ide  
l e v e l  with very l i t t l e  subsequent working. 

Sample 23 

Sand accumalation a t  lagoon s i d e  of what i s  e i t h e r  an indurated rubble 
f l a t  o r  t h e  remainder of a r a i sed  reef  f l a t ,  Bokanwor, near  t h e  e a s t  
end of Ujelang Ato l l .  

A t o l l  pos i t i on :  The jagged f l a t  i s  loca ted  a t  the  eas t e rn  end of the  
r e e f .  The reef  a t  t h i s  point  bends g e n t l y  from i t s  more northwester ly 
t rend  west of he re  t o  a more sou the r ly  t rend t o  the  easternmost t i p  of 
Ujelang i s i e t .  

Other da ta :  The reef  a t  t h i s  p lace  i s  n e a r l y  ha l f  a mile wide. The -- 
poin t  a t  rr!iich t h e  sample vas talcen l i e s  about 1,200 f e e t  from t h e  sea-  
vard edge, and about 200 f e e t  lagoonward from t h e  i r r e g u l a r  promontory. 
The rough f l a t  i s  submerged a t  high t i d e .  Behind i t  i s  an accumulation 
of sand and gravel  vhich i s  trapped i n  t h e  l e e  of the  i r r e g u l a r  promon- 
t o r y ,  and which t h i n s  lagoonward. 

Character:  S i ze  (mesh) 
3 
I:. 

9 

Percent 
50) 

Li) coarse 
12) 

3) 
20) medium 

l e s s  than 35 6 f i n e  

The coarse  s i z e s  a re  p ieces  of c o r a l  and c o r a l l i n e  algae (Porol i thon) 
and mollusk s h e l l s ,  with a s c a t t e r i n g  of Ualimeda segments. Well- 
preserved Hoinotrema and Carpenter ia  enc rus t  many of the fragments. The 
fragments range from l i t t l e  worn t o  wel l  vorn and many of them a r e  
darkened by su r face  growths of algae. The medium s i z e s  conta in  smal le r  
fragments of t h e  same ma te r i a l s ,  and about 50 percent  Foraminifera,  



m.ainly Calcr.r<.n.:, i.mphiategin&, anc! l.i:.rzlnoporr. Piany of ::be S-lc.:.rin,? 
bcve sp ines  int:ct. 1 s viit'r: the co.:.+ser nzcari:,l, nony pnr::iclcs :.re 
dsrk  o-line Lo .; ::rotrtli of minute -..lz,-.e on t h e i r  sur:?ce. T1-!e f i n e s  . . 
conic in  fr.:~,nenCs of tl,e s,..:.le m ~ t ~ r i : ! ~  :1:i.t!1 1: sc::tterin:: of d n u L e  
Forzminifer.:. ( m f l i o l i d s  ..nd cyl,il.;lo,pori3o) an< c- . lc i reous  s p i c u l e s .  

P,enr!r!:s : Ti:e mci:cri:.!s . t  t> i s  pl:.ce i r e  cavered r:rit!l ?very t i d e .  
The l:;c!c of I ? ~ C T ,  i i s  emp::isik.eO. 1-y t52 a1331 growth oil ~ . n y  p.:r.Li- 
c l eS ,  i s  prgi.ckly 3uz l:o !:kc s e m i p r o t ~ c t i o n  of L!>.e dcposi~: frofi~ .Le?.C.;.- 
?:ion i.7 'i.1-c: r c f s a d  fndur:.iled f l : t  t c  i3:e sz:'vr:rc'.. I. stilnll -.taOuai of 
tl+i,te 2,;ncl c;.n :..- see11 c::;:.euding 1.1goonw.rd r s  7 sediment t r z i n  911 z i r  
pIlotogrnp7::s . 

Lceoon bencl- of 1:Tclle i s l e t ,  Ujelr.ng. 

,%to l l  pos i t i on :  I s l e t  loc:.tc,d ...t e z s t  s i d e  of wide p-ss  on leen.:.rd s i d e  - 
of ;.toll, j u s t  .: 1ii::lc :lest or' ihe ccn tc r  of the leerrard r e e f .  

O r  t . :  Co-rser n::teri-1 occurs on ;kc -.:;stern se.?.wl:rd corncr  of -- 
:!-LC i s l e t  i:!i:zn elaetf iere .  T1;e m..;erirl  i n  t i  -. inter.tir1-1 zone ..long "i-e 
izgoon be:.c': i s  mostly f i n e .  

S ize  (rllcsl-) Percent  

a Tr . )  
': Tr .) co..,rsc 

2 .5  ) 

9: / - Pincc were s ieved  t o  conform to t!:c 'entr?ortl? Sc;le. 

Coarser fragments -re much m r n  p ieces  O E  c o r c l ,  ..IZCC (Porolithon) and 
llnlimedc), mollusl: s h e l l s  2nd ccl-inoid sp ines .  Tbe medium-si:ed - 
mzteri-1 c o n s i s t s  of t ! e  s~ rae ,  p lus  .. mi1211 p e r c e n t s ~ e  of fo rcmin i f e r i  
(&lcr.rin:., Qb.istcein.::, and i ~ i n o p o r , : ) .  The S r l c a r i n o  ?re clue:-: 
worn, ' jut  some of t?e ';~lp:rp:~iste~in:i a r e  q u i t e  f r e s t , .  T1.c f i n e  m.:teric.l 
concizzs 3f i;n~ul:.r r ' r c ~ r ~ ~ e n t : ~  f o r  the inost p z r t .  In  .?ddition i:o tll-. 
conot:ituents found i n  Lhc co:.rser s i z e s ,  t'ere :re c few c ; l c ~ r e o u s  
sp icu le s .  

~ ~ ~ , - ~ k ~ :  Tb-. frssl .aess of some Lnm;li,:?lrr; ix, suezes t s  t:l:t ti?cy rlere 
derived from t:-:z 1;;goon. T1:e ?.ngulzr ci :..raci:er of most of t!:~ f i n e s  i s  
of; i n t e re ; t  I-!ere ;3 on o t h e r  leexi,:rd  reef^. :"et?!er t h i s  i n d i c ~ t e s  
t b c ;  t i  f i n e s  .;re e r e s u l t  of l o c r l  r ecen t  Lrcdcing of l c rge r  frc*-  u 
merits, o r  t7:2etl~er it: meens t!.,:.e ab r r s ion  of irke f i n e r  s i z e s  docs nor: 



tclce p l ~ c e  a t  t l-2 same r7.re 2s the L.:rger s i z e s  i s  d i f f i c u l t  t o  scy.  
t.t cny r z t e ,  t he re  does not  .:.ppe:r t o  Le zny ind icn t ion  of bre:!<cze on 
l :? . r~er  frosients, :.I1 of wkich - r e  ?xll 1,~orn. The most 1ikel.y et:pl2.n;- 
Zion is thci: the ;fin>s were v~.:.si,ed up on t : c  lzgoon teac!: Ermi 5 b c  

1-igoon -.s -.ngul.:r fi-:,pent;. 

S.;.nd from irr!eul.:.rifsies on r a i s e d  rock p1:tform oil se-.mrd s i d e  of 
Haronlilc i s l e t ,  Uje1z.n.;. 

A to l l  pos i t i on :  I s l e f  loc:.tcd on ainc?v,rd jnorti,.east-f..:cing) r ee f  on - 
e c s t e r n  t h i r d  of ... t o l l .  

Other di:.: S-mple from one of m.;ny o . nd - f i l l ed  i r r ? g u l _ r i t i e s  on roc!< -- - 
p l  . ! rfor~t  c::i.endlng ne-r.7:rd from i 3  l c  C .  TI-:- spot  i s  1oc~l:ed :.bout 100 
f e e t  from the aezy:l..rd t i p  ,I£ tl...e i s l e t  :.nd , b o u t  7 C C  f e z t  from t b n  outer 
ree f  m r g i n .  

125s tbrn  35 2.5 f i n e  

Thz co.:rser n~..teri::ls er.5 mzinly fr.:p.?eni:- of cor? ls  .nd c o r c l l i n e  
. i l g i e  (PorolitI-on) w i t l :  occision,l  ecl'inoi.cl p i n e s ,  niolluslc o r  I la l imed~ 
segments. TI-e fr?ginents 're moder:.;:zly worn, !:ut m;ny ..lrc dar!cened L-y 
1 su r f sce  growth of r , lg_e, shov7ing :. minirium of ..ctive 57er.r. Sm.11 
colonies  of - Ilomotrem~ a r e  .:ttnchcd t3 i:be fr7;gments. Tlie necliuni :;izes 
:.re. m,de up of similir n::iterir:ls, Less \lorn, f o r  thi: most ~ : . r t ,  t!, ... n 
- 1 .  ,.. e co;rse rii.;teri.%l, 2nd cont:;ins i n  ..dclition ..bout 50 percent  l i t t l e  

worn t o  f r e sh  C .I-  { r i n ?  2nd : . , m p h i s t a  wLt i -  .i s c a t t e r i n g  of sm-ill 
Msrginopor;. T'.e sp ines  on most of C:-e 5 lcr?ri.n;: a r e  unbroken. TI-e 
f i n e s  I r z  compose? of mo3tly ;.ngul;.r f r : .pents  of t l e  ..Lorre ::.nd i n  ..ddi- 
Lion the re  : r e  ., few sm.;11 f o r m s  (n i i l i o l id s  :nd cymi..:loporid:;) and 
c i l c ~ r e o u s  sp icu le s .  

Remzrks: The zAnd ;.nd gr:.vel i n  i:lxe poclcetr, on the  rriised pl.?.tform i s  
l i t t l e  more th:n wetted t 1 t i d e ,  only occ:isional wmes wel l ing  on 
t o  the  pl..;tforiii .;nd s fnding  l i t t l e  strei:.ras .:long i t ;  n . : t u r l l  i r r cgu-  
i : r i i e  TFese f ind  the minor depress ions  .:nd f i l l  o r  p:rtly f i l l  
thew, inrl t l ,e b7;i-er e-ventuslly dis!.ppe:lrs wi tk in  r:::e p a r o s i t y  of the 
rocks .  There i s ,  t? .erefore,  very l i t t l e  ..i:r..eion of rni ter i . i ls  i n  t h . ~  
pockets ,  ind they :.re ..!gi.t:ited :.nd moved Le.!cli~ard only du r inz  rough 
~ ~ e l t h f r  o r  storms wl-en w.!.ves sweep e n t i r e l y  .>cross ti-e p l l t fo rm.  Ti-i.; 
prok,ebly Lccounts f o r  tl-2 f reskness  of the Fornminifer: 2nd t1.e ;lgr,i 
co2 t s  on some of t:,? o the r  fragments. 



The February 1345 photos sho~r a broad sa,nd beach ?..round t'ne sea- 
~,iard end oi' t h i s  island. end an elongate sand spur extending sea>.:ard 
alon; t h e  center  of the  ra i sed  f la t .  1952 t h e  sand spur had 
l a rge ly  disappeared, only occasional pocket f i l l i n g s  remaining, and 
sand ,:.as absent froro the  sea:.;ard t i p  of  the  i s l and .  A ~~ediuiii-textured 
boulder beach Tras p a r t i a l l y  exposed. 

Beach along ?rest s ide  of i.iz.ronlilc i s l e t ,  Ujele.ng. 

4 t o l l  pos i t ion:  Same a,s sa,?ple 25. -- 
Other data:  Saogle i'ro~r, beach i a c i n z  r e e i  d o n g  %rest s ide  of' i s l m d .  -- - 
The 'oroad sea:ra,rd beach <and the  elongate spur extendin2 sea~;~ard  from it 
clong t h e  center  of t h e  ra i sed  rock i ' lo t ,  shorin on the  1945 :photos, 
appears t o  haxre been red i s t r ibu ted  along t,he s ides  of t h e  i s l and .  There 
:is some indicat ion,  p a r t i c u l a r l y  L'rom t h e  sharpness of tne  lagoon 
beaches cnd the  spurs extending seaJrard on t h e  194-5 plotos,  tinst a stonin 
p i o r  t o .  1945 steepened the  lagoon beaches, and moved is land bencll sands 
seavards, producinp; the  sea.:!zrd-pointini; spurs .  A subsequent storrfl 
removed t h e  spus and moved i:,a.terials sea-,rard agein along -the s ides  of 
t h e  i s l a n d .  Bsj-s et  the  lagoon corners extenainy along the  reei', o r  
possibly d(-:flected a l i t t l e  seaw.rds, irere def lec ted  strongly lasoon- 
arards and d i s t r i b u t e d  more t h i n l y  across the  lagoon beach. 

Character: Size (mesh) Percent 

Less than 35 T r .  fine 

The coa-roe r~ ia te r i a l  cons i s t s  of r'resh -to nioderately vorn pieces of 
cora,l, cora. l l ine algae ( ~ o r o l i t h o n ) ,  echinoid spines,  and both arhole 
2nd r rayiented shel.ls o i  niollusks, l40j:p;inoporc, znd Halimeda segments 
Bol:lotremc - encrus ts  some of the  a l g a l  f'a-~ents. The me6i.m-textured 
i i a t e r i a l  contains,  i n  cddit ion;  about 50 percent  rr,oaerately iresl? 
Calcarinz and a fei! Amphistegina. Although t h e  Calcarina shov l i t t l e  - 
s ign of d i s c  .,,reclr, iilost specimens have t'ne spines broken o f f ,  The 
li ines contain nwflerous s~;ia,ll foraxis ( n i l i o l i d s  ) , f i n e  echinoid spine 
 ragme men-ts, and a11 cb~lndance of' calcnreous sp icu les .  

Reniarks: For t h e  iilost p a r t  the  mater ia ls  here  a r e  cleaner and look 
l e s s  vorn than the  !iia,terial i n  t'ne pocisets 011 t h e  roclr f l a t  t o  'che 
sza?iard. Xoarever, t h e  Co.lcarine. i n  the  sample Croiii tine rock f l a t  have 
better preserved spines than the  beach specimens. 



Rock pl.?tforni a t  north seai<a.rcl corner of Talra i s l e t ,  Taka Atoll  

Atoll  posi-tion: I s l e t  a t  sou-theast corner of a t o l l .  Stzn~ple f'roni -- 
pocket 02.' gravel Lodzed behind a s t r i p  of abandoned beach rock. 

Size (rfiesh) Percent 

l e s s  thzn 35 T r .  f i x  

Coarse rcaterial consis ts  09r:oderately f resh i'ragments of' coral ,  coral- 
l i n e  a l p e  ( ~ o r o l i t h o n ) ,  echinoids, riollusks, and ;Xarginopora, 2nd 
Halineda sepgents. There i s  some darkening, probably due t o  algae -- 
gro~ring on '~he ourfece. Tne cncdiurn s izes  contain ~similar fraanents and 
i n  addition there i s  10 percent Calccrina and Amphisteo'ina rangin2 Tzoili -- - L  
s l i gh t ly  worn t o  well preserved. There i s  some darkening clue t o  a3.gae 
oil most par t ic les ,  even the completely spined Calcarina. The Pines 
contain i'regmeilts of the  sem? materials p1u.s a sca.ttcring: of minu-te 
Foraviinii'era (rfiii.liolids rnd c~ ibe lopor ids )  and calctzreouo spines. 



APPENDIX I1 

F i e l d  desc r ip t ions  of s o i l  p r o f i l e s  o r  sedimentary sec t ions  

Because of a  genera l  dea r th  of d e s c r i p t i v e  da ta  on a t o l l  s o i l s  i t  
seems d e s i r a b l e  t o  record a l l  information on the  ma te r i a l  repor ted  i n  
t h i s  paper j u s t  a s  i t  was w r i t t e n  down i n  t h e  f i e l d ,  i n  the  form of 
d e s c r i p t i o n s  of profi- les  o r  p a r t i a l  p r o f i l e s .  These do not  correspond 
exac t ly ,  i n  c e r t a i n  r e spec t s ,  t o  o rd ina ry  s o i l  p r o f i l e s ,  a s  the  
l aye r ing  i s  a s  much due t o  depos i t iona l  phenomena, i n  o t h e r  words, 
s t r a t i f i c a t i o n ,  a s  t o  s o i l  horizon development. The p r o f i l e s  might 
equa l ly  we l l  be c a l l e d  sedimentary s e c t i o n s .  However, t h e r e  i s  i n  a l l  
ca ses  some evidence of horizon development. I n  the  Shioya and Arno 
A t o l l  s e r i e s ,  layer  1 c o r r e s p o n d s t o  an A 1  horizon and the  lower l a y e r s  
t o  a  C horizon.  I n  t h e  Jemo s e r i e s ,  l aye r  1 i s  an A, horizon,  layer  2, 
a  B horizon,  and the lower l aye r s ,  a  C hor izon .  

Color determinat ions were made under f i e l d  condi t ions ,  o r d i n a r i l y  
on somewhat moist  samples, i n  most cases  (except on Taongi (Pokalc) and 
Bikar A t o l l s )  by d i r e c t  comparison with a  8tunsell c o l o r  c h a r t .  In fo r -  
mation on s t r u c t u r e  i s  only given i f  i t  i s  not  the  loose s ing le -g ra in  
s t r u c t u r e  normally observed i n  these  s o i l s .  Consistence, l ikewise,  i s  
not  commonly mentioned, as  it  seems t o  l ack  s i g n i f i c a ~ l c e  i n  most of  
these  sandy s o i l s .  

Cer ta in  of the p r o f i l e s  described were not  analyzed, but  a r e  
included he re  t o  provide a  f u l l e r  b a s i s  f o r  t h e  genera l ized  s e r i e s  
desc r ip t '  ~ o n s .  



SHLG'JA SERIES 

P r o f i l e  no. & L a y e r  - Depth Loca l i ty  
sample no. (feet) 

P r o f i l e  4 U t i r i k ,  U t i r i k  i s l e t ,  SW. 
corner  of i s l e t ,  nearer  
ou te r  Chan inne r  beach 
(Eig. 18, E) .  

Descr ip t ion  - 

F l a t  ground i n  open coconut grove, 
grassy with some bushes. 

Reddish-gray (5YR-5/2) with some 
f i n e  black (5YR-3/1), vary ing  
b lo tches  of l ight-reddish-brown 
5 - 6 3 )  Sand with i r r e g u l a r  
c o r a l  fragments. 

Pinkish-gray (5YR-6/2) loamy sand L 

i- 
with soine gravel .  ~3 

i.) 

Pink (5YR-813) f i n e  sand with some 
coarser  p a r t i c l e s .  

Mixed p inkish  grays averaging about 
52,-7/2. Gravel with some cozrse  
sand. 

Reef rock. 



P r o f i l e n o . &  Layer Depth 
sample no. (feet) - 
P r o f i l e  3 

SHIOYA SERIES (Continued) 

Local i ty  Descript ion 

U t i r i k ,  U t i r i k  i s l e t ,  S. of F l a t  ground i n  open grassy coconut 
v i l l a g e  near ocean beach grove. 
( f i g .  15, E). 

S a l t  and pepper pinkish (5YR-5/2, 
511, 3/1 averaging 6/2) loose sand 
with i r r e g u l a r  c o r a l  fragments. 

Dark gray (1CYR-3/2) loose sand 
with i r r e g u l a r  c o r a l  fragments. 

Pa le  gray-pink (5YR-8/2), loose  I 

sand with i r r e g u l a r  c o r a l  fragments. 
W 

P a l e  gray-pink (5YR-8/2), darkened I 

a l i t t l e  a t  top, loose sand with 
i r r e g u l a r  c o r a l  fragments. 

Gray (5YR-5/1) becoming l i g h t e r  
downward, i r r e g u l a r l y  mortled o r  
splotched with pink (5YR-8/2-813). 
Sandy rubble with i r r e g u l a r  c o r a l  
fragments. 

Then c o r a l  fragments became s o  numerous and hard-packed t h a t  digging became impract ica l .  
Large cobbles and even a few boulders were s c a t t e r e d  through t h i s  e n t i r e  p r o f i l e .  



SBIOYA SERIES (Continued) 

P r o f i l e  no. & Layer Depth Local i ty  
sample no. (feet) - 
P r o f i l e  A8 

(Arnow) - 

Iqater t a b l e  

wotho, iJotho i s l e t ,  500 f t  
from lagoon beach 
( f i g .  16, 3 ) .  

Descr ip t ion  

F l a t  ground i n  coconut grove with 
grassy  undergrowth. 

Dark-brown (7.5YR-3/2) t o  brown 
(7.5YR-512). Sand, coarse  t o  very  
coarse ,  and s i l t .  

Very d ~ r k  brown (10YR-2/29 and 
10YQ-713 mixed). Very coarse  sand 
with small  pebbles and s L l t  
covering many of the  l a r g e r  # 

p a r t i c l e s .  +- 
< 2 
6 

Very p a l e  brown (10YR-813). F ine  I 

t o  coarse sand, few ForamLnifera, 
some pebbles.  



SHIOYA SERIES (Continued) 

P r o f i l e  no. 6: 
sample no. 

P r o f i l e  A7 
(Arnow) 

Layer - Depth 
(feet) - 

Loca l i ty  -- Descr ip t ion  

Tiiotho, !,Jotho i s l e t ,  210 f t .  F l a t  ground i n  coconut grove. 
i n  from lagoon beach ( f i g .  
18, J ) .  

\~!ater t a b l e  2.8 

Compact, wa l l s  s tand  up without caving, but  easy  t o  d i g  through. 

P r o f i l e  67 

141, 142, 1 0-1.0 
14 3 Trans i t i on  abrupt  

P r o f i l e  71 
( p a r t i a l )  

Wotho, 'i-Jotho i s i e t ,  near  
cen te r  of i s l e t  ( f i g .  18, J ) .  

wotho, Wotho i s l e t ,  on west 
po in t  of i s l e t  ( f i g .  18, J ) .  

Dark-brown (7 .SF.-312) tob rown  
(7.5YR-5/2). Coarse t o  very  coarse  
sand, loamy i n  upper 6 inches .  

Very pa le  brown (iOYR-813). Medium 
t o  coarse  sand, about 10 percent  
Foraminifera.  

F l a t  ground i n  Ochrosia f o r e s t .  

Dark-gray (1OYR-4/1), f i n e  rubble  
varying t o  f i n e  sandy loam, some- 
what compact but  f r i a b l e .  

irery p a l e  brown (10YR-814) sand. 

F l a t  ground i n  scrub  vege ta t ion  
under young coconut t r e e s .  

Lig?:t-brownish s i  I t  (107R-6/2), 
p i s o l i t e s  about 2-3 mi l l imetevs  
diameter.  



SFIIOYfl SERIES (Zontinued) 

ProEi.le no. & 
sample no. 

Profile 72 

Profile A26 
i-) 

133 

134 

Profile 139 - 

Layer -- Depth 
(:eet) - Locality 

'Jotho, F70:ho islet, on west 
point of islet (fig. 15, J). 

1 0-0.3 

u Ailuk islet, soutb- 
vest corner {fig. la, A). 

Taongj (Pokak;, Kamtiome 
islet, well inland from sea 
(fig. 16, C). 

9-0.13 

Description 

Flat ground in Scaevola scrub in 
sparse coconut plantation. 

Gray to gray-brown (LGYK-5/1-5/2), 
loosely pisolitic, silty. 

Light-gray-brown (10YR-6/2) silt, 
cornpzct, but fluffy when crushed. 

Pink (7.5YX-8/2-814) loose sand. 

Veg?tated sand spic. 
: - 
0 
U\ 

(10YP,-8/1) light-gray-medium sand. 5 

Coarse to very coarse sand with 
pebbles and small cobbles. 

Middle of broad low ridge of small 
gravel with sparse Messerschmidia 
forest. 10YR-512, 10YR-3/1 -b 7/2. 

20iT-7/2, 7/3, 4/2 + 2.5Y-4.0. 
Darkened by organic material, small 
gravel. 

Pale, small gravel 



P r o f i l e  no. & Layer - -- 
sample no. 

P r o f i l e  141 
( p a r t i a l )  

no sample 2 

P r o f i l e  144 
f p a r t i a ' T  

no sample 

Depth 
(feet) 

SHIOY!, SERIES (Continued) 

Loca l i ty  

Taongi (Pokak), S i b y l l a  
i s l e t  ( f i g .  18, D). 

Taongi (Pokak), S i b y l l a  
i s l e t ,  NE. end, 300 f e e t  
from lagoon beach ( f i g .  
18, D). 

Descr ip t ion  

Shallow depression i n  open p lace ,  
wi th  a l g a l  f i lm.  

White (2.5Y-911-912) s i l t .  

Sand. 

F i a t  ground, Scaevola scrub 
vegeta t ion .  

I 

Sand, s l i g h t l y  darkened a t  sur face ,  w 
0 

otherwise l i g h t  brown. u 
I 



SHIOYA SERIES (Continued) 

P r o f i l e  no. & --- 
sample no. 

P r o f i l e  145 

No sample 

No sample 

No sample 

b!ater t a b l e  

Xo s ~ i n p l e  

Layer - Depth i . oca l i t y  
(Eeet) - 

Taongi (Pokak), S i b y l l a  
i s l e t ,  about i n  c e n t e r  1 
1 r m  . end of i s l e t  
( f i g .  13, D ) .  

Cesc r ip t ion  

F l a t  ground, su r face  of small  gravel  
strewn with boulders, i n  spars f  
Messerschmidia scrub. 

Gray-brown (10YR-611-712) darkened 
somewhat a t  sur face .  Medium coarse  
sand with some c o r a l  fragments. 

Very pale .  Very f i n e  sand with some 
c o r a l  fragments. 

9 

Gray-brown. F ine  rubble.  C1 
0 
Cr 

Gray brown. Coarse rubble.  I 

Light-pinkish. Fine rubble  with 
some coarse  fragments. 

Whitish. Semi-indurated rubble,  
i n t e r s t i c e s  f i l l e d  with very  f i n e  
ma te r i a l .  



SHIOYA SERIES (Continued) 

P r o f i l e n o . &  Layer Depth 
sample no. (feet) - 
P r o f i l e  146 

No sample 1 

No sample 2 

No sample 3 

No sample 4 

Loca l i ty  Descr ip t ion  

Taongi (Pokak) , Siby l l a  Open f l a t  ground, shearwa.ter rookery 
i s l e t ,  toward Lagoon, about with ho le s  1-1.5 meters  apa r t ,  
1 mi le  from nor th  end of herbaceous vege ta t ion  mainly 
i s l e r  ( f i g .  18, D) .  Por tu laca .  

P%ite su r face  c r u s t ,  s t rengthened 
by algae.  

Light-gray-brown. Fine sand, 
s tanding  up wel l  when c u t  by 
shovel,  even when 'd ry .  

I 

Light-brown. Coarse rubble.  w o 
w 

White rubble,  mostly r a t h e r  f i n e  I 

but  with some l a rge  fragments, and 
f i n e  c l a y l i k e  ma te r i a l  between 
fragments. 

Idarer t a b l e  



P r o f i l e  no. & Layer Depth 
sample no. ( f e e t )  

P r o f i l e  11 -- 

Changing abrupr ly  
123 2 0.3-1.5 

SHIOYA SERIES (Coritinved) 

Loca l i ty  Descr ip t ion  -. - 

Taka, Taka i s l e t ,  300 f e e t  F l a t  ground i n  grassy  opening i n  
from lagoon beach ( f i g .  16, E), spa r se  coconut grove. 

i jhi t ish-pink,  (7.5YF.-812) s l i g h t l y  
s t a i n e d  with organic ma t t e r  i n  cop 
0.15 f e e t ,  coarse  sand. 

Changing over space of 0.1 
124 3 1.5-3.0 

Changing abrupt ly  
no sample 4- 3.0-? 

no sample 5 ? - ?  

S a l t  and pepper mixture o f  dark- 
b r w n  (7.5%-312) and pinkish-gray 
(7.5YR-6/2) very sandy loam. 

I 
S a l t  and pepper mixture averaging 0 

brown t o  pinkish-gray (7.5%-3/2- I 

612) sandy gravel  with water-worn 
i ragnenrs  . 

Coarse angular  rubble mixed with 
much sand. 

Rock with s loping  su r face  (beach 
rock?).  



SHIOYA SERIES (Continued) 

P r o f i l e  no. 6: Layer DeFth Loca l i ty  
sample no. ( f e e t )  

P r o f i l e  12 

53 

no sample 

Descr ip t ion  

Changing gradual iy  
2 0.9-1.5 

Taka, Taka i s l e t ,  c e n t r a l  F l a t  ground i n  grassy opening i n  
p a r t  of i s l e t  ( f i g .  16, E). mixed scrub  vegeta t ion .  

Changing gradual ly  
3 1.5-4.3 

Dark-brown (7.5YR-312) l a r g e r  
p a r t i c l e s  a s  l i g h t  a s  7.5YR-512-612, 
darker  a t  top, loam sand, f l u f f i e r  
and with more o r g a n i c  ma t t e r  toward 
top. 

Dinkish-gray (7.5YR-612) sand mixed 
with f i n e  s i l t  f a i r l y  compact, 
e a s i l y  crumbled. 

.' ,- 
I 

Pink (7.5YR-714) sand t o  small  
gravel ,  occas ional  l a r g e r  fragments.  

Indurated limesand o r  beachrock. 



SHIOYA SZRIES (Continued) 

P r o f i l e  no. & iayer - ilepth 
sample no. (feet) 

P r o f i l e  13 - 

Changing abrupt ly  
2 0.25-2.0 

Changing abrupt ly  
3 2.0-2.5 

Changing abrupi ly  
4 2.5-4.4 

Loca l i ty  -- 

Taka, Taka i s l e t ,  c e n t r a l  
p a r t  of i s l e t  ( f i g .  16, E). 

Descr ip t ion  

F l a t  ground with Scaevola scrub 
vegeta t ion .  

Very dark gray (5YR-311) loamy sand. 

Reddish gray !5YR-512) t o  p inkish  
gray (5YR-612-712) sand with some 
small gravel .  

P inkish  gray (5YR-712) g rave l  with 
f i n e  sand o r  s i l t .  t- 

t- 
aw 

Very p a l e  browr. (l0YR-814) coarse  
sand with some gravel ,  changing t o  
sand and l a r g e  fragments i n  bot ton  
3 inches o r  so. 

Consolidated f i n e  gravel .  



SKIOYA SERIES (Continued) 

P r o f i l e  no. & 
sample no. 

P r o f i l e  A15 
Arnoru) f- 

Layer - Depth Local i ty  (m - 
Descr ip t ion  

Taka, Taka i s l e t ,  400 f e e t  i n  F l a t  ground i n  c l e a r i n g  i n  mixed 
from outer  beach ( f i g .  16, E ) .  sc rub  f o r e s t .  

Very dark gray (1GP.-3/1) and very 
p a l e  brown (1OYR-8/3), medium sand 
and loan. 

Gray brown (lo=-5/2),  medium t o  
f i n e  sand. 

Dark gray brown ( 1 0 ~ ~ - 4 / 2 )  pebbles.  

L igh t  gray (10'i'R-7/21, medium t o  
F 

f i n e  sand, + 
W 

I 

Dark gray bro*m (10YR-4/2), coarse  
t o  medim sand and pebbles .  

Light  brown gray ( l0YR-6/2), coarse  
t o  medium sand and pebbles ,  

Very p a l e  brown (~OYR-~/LI), f i n e  t o  
coarse  sand with occas ional  small  
cobbles,  becoming indura ted  i n  lower 
3 f e e t .  



SHIOYA SERIES (Continued) 

P r o f i l e  no. & Layer 
sample no. 

P r o f i l e  A16 
(Arnow) - 

Yater t a b l e  

Depth 
( f e e t )  - 

Local i ty  Descript ion 

Taka, Taka i s l e t ,  75 f e e t  F l a t  ground i n  coconut grove. 
from lagoon beach ( f i g .  16, E). 

Very pa le  brown (10YR-813) f i n e  
t o  medium sand. 

Gray brown (10YR-512) f i n e  t o  
very  f i n e  sand, occas ional  
pebbles. 

Very pa le  brown (10YR-813) f i n e  
t o  medium sand. 

r 
Light brown gray (10YR-612) f i n e  v 

C 
t o  medium sand, occas ional  cobbles. , 

Very pa le  brown (10YR-814) coarse  
t o  very  coarse  sand with l a r g e r  
fragments up t o  cobble s i ze .  



SPIOYA S;!:RZES (Continued) 

P r o f i l e  no. & - Layer 3ep th  
sample no. (feet) - 

Local i ty  

P r o f i l e  29 Jemo I s l and  ( f i g .  17, A) .  

Changing gradual ly 
2 0.5-2 -b 

Changing gradual ly  
2  0.6-1.4 

Jemo Is land ,  near  e a s t  s i d e  
( f i g .  17, A ) .  

Changing r a t h e r  ab rup t ly  
3  1.4-3.0 

Descr ip t ion  

F l a t  ground v i t h  low f o r e s t  of 
Scaevola and Messerschmidia. 

10YR-7/2, 7.5YR-712 s a l t  and pepper 
averaging p a l e  brown ( lorn-6 /3) ,  
i i g h t e r  downward, sand, some rocks.  

Sand with pebhles  and cobbles  

F l a t  open a rea  with s c a t t e r e d  
Scaevola bushes. I 

w 
S a l t  and pepper from very  dark  r 

Ui 

gray-brown (10YX-?/2) t o  p a l e  brown I 

(13YR-6/?) loamy sand. 

Very p a l e  brown (iOYk-7/3-3/3f sand. 

Very dark gray-brown f lOYR-3/2) 
inc luding  some l i g h t e r  g r a i n s ,  
genera l  e f f e c t  gray brown ( lC-S-412j;  
l i g h t e r  below f i r s t  0.5 f e e t ,  a l s o  
coa r se r ,  conpact bu t  very  crumbly. 

Pink (7.5IIR-8i4) coarse  sand r.lith 
some gravel .  



SSIOYA SERIES (Continued) 

Loca l i ty  P r o f i l e  no. 6: 
sample no. 

Layer 
-" 

Depth (m - 
Descr ip t ion  - 

F l a t  ground i n  coconut p l an ta t ion ,  
unburned. 

P r o f i l e  103 
( p a r t i a l )  

Ujae, Ebbetyu i s l e t  near  
lagoon beach ( f i g .  16, Z).  

Gray ( 1 0 ~ ~ - 4 / 1 - 4 / 2 )  sand. 

F r o f i l e  104 
( p a r t i a l )  

J j ae ,  Esbetyn i s l e t ,  near  
lagoor. beach < f F g .  16, G ) .  

F l a t  grsund i n  coccnut p l a n t a t i o n  
where p i l e  of t r a s h  has  been burned. 

Gray brown. 

F r o f i l c  101 - 
( p a r t i a l )  

Ujae, Sbbetyu i s l e i  ( f i g .  
16, S ) .  

E l a t  ground i n  Ochrosia f o r e s t .  

Dark gray-.brc:.in <10Y3-3 ji -2j2 j .  

Rubbie . 
P r o f i l e  100 

( p a r t i a l )  
Ujce, Ebh+tyu i s i s t  ( f i g .  
16 ,  G ) .  

F i a t  ground under P5.sonia rree.. 

Grzy-'i,r(~wc ( ~ 0 ~ - 3 ~ ~ - ~ ~ / 1 ~  ' 

Rubble. 



SHIOYA SERIES (Continued) 

P r o f i l e  no. & Layer Depth Loca l i ty  
sample no. (m 

i.?ater t a b l e  

P r o f i l e  L:6 

Descr ip t ion  

Lik iep ,  Lado isle:, 221 f e e t  F l a t  ground i n  spa r se  coconut 
E .  of lagoon beach, 175 f e e t  grove b ~ i t h  t h i n  herbaceous vege- 
N. of south beach ( f i g .  16, t a t i o n ,  bar ren  i n  a spec t .  
B) . 

3.9-5.5 o r  lover  
( t i da l .  f l u c t u a t i o n )  

Reddish gray  (5YR-5/2) f i n e  sand, 
pebbly a t  su r face ,  much pebbly 
c o r a l  i n  layer .  

P inkish  white  t o  pink (5YR-8/2- 
8 /3) ,  some l enses  s t a i n e d  s l i g h t l y  
grayish ,  sand with many water-worn 8 

pebbles  and cobbles arranged i n  t- 
.F 

l e n s e s  or h o r i z o n t a l l y .  v 

white t o  pink (5YR-811-8!3) f i n e  
g rave l  wi th  pebbles  up t o  seve ra l  
inches  across .  

Lae, I,ae i s l e t ,  i n  v i l l a g e  2C F l a t  ground under l a r g e  b r e a d f r u i t  
fee: from h igh- t ide  mark on t r e e .  
lagoon beach ( f i g .  18, C). 

Gray (2.5Y-510) compact sand. 

Light  p inkish  coarse  sand. 



P r o f i l e  no. & Layer Depth 
sample no .  ( f e e t )  - 
P r o f i l e  1 

37 

ARNO ATOLL SERIES 

Loca l i ty  

U t i r f k ,  U t i r i k  i s l e t  j u s t  E.  
of v i l l a g e  ( f i g .  16, E ) .  

Descr ip t ion  

F l a t  ground i n  open grassy  coconut 
grove. 

Black (10YR-211) f lecked w i t h  pa l e ,  
coarse  i r r e g u l a r  g r a v e l l y  sand, 
some f i n e  ma te r i a l .  

Black (10YR-212) th i ck ly  f lecked 
wi th  p a l e  sand. 

Black (IOYR-311) mott led wi th  gray,  
I 

coarse  i r r e g u l a r l y  g rave l ly  sand. 
t- 
i-L 
0) Very p a l e  brown (10YX-713-813) sand. 



ARNO ATOLL SERIES (Continued) 

P r o f i l e  no. & Layer Depth 
sample no. ' f e e t )  \=.-- 

P r o f i l e  2 

Loca l i ty  

U t i r i k ,  Utir i lc  i s l e t ,  cen te r  
02 i s l e t  S.  of v i l l a g e  ( f i g .  
16, E ) .  

Descr ip t ion  

P l a t  ground i n  open grassy  pa tch  
i n  coconut grove. 

Black 1 0 - 2 1 )  t h i c k l y  f lecked 
with l i g h t  brown, coarse  foramini-  
f e r a l  sand. 

Sa l t -pepper  brown (10YR-4/2-4/3) 
becoming l i g h t e r  downward, coarse  
foramini fera1  sand. 

Black 1YR-2/1-4/1 coarse  foramini-  r 
(3 f e r a l  sand. 

P inkish  mot t led  wi th  gray, gray 
( ~ Y R - 6 / 2 )  t o  pink (5YR-8/31 coarse  
foramini fera1  sand, loose  t o  hard-  
caked (below 5 f e e t ) ,  

Snlail g rave l .  



P r o f i l e  no. & Layer 
sample no. ( f e e t )  - 
P r o f i l e  5 - 

@&NO ATOLL SERIES (Continued) 

Loca l i ty  Descr ip t ion  

ChanzFng g radus l ly  
3 1.5-2.5 

4 2.5 + 

U t i r i k ,  U t i r i k  i s l e t ,  near  F l a t  ground i n  spa r se  coconut grove, 
cen te r  of i s l e t  E. of herbaceous vege ta t ion  knee-high. 
v i l l a g e  ( f i g .  16, E). 

Black (lOYR-212) loamy sand with a 
few small  c o r a l  fragments. 

. . 

2ray pink (7.5YX-6/41 blotched with 
a s a l t  and pepper mixture (10YR-311 
and 612) appearing gray, coarse  sand. 

I 

Pink (7.5YX-814) blotched above with 
gray ( a s  i n  l aye r  2), foramini fera1  o 
sand. 

Pink, consol idated small gravel ,  
e a s i l y  sha t t e red .  



fIRLRNO ATOLL SCRIZS (Continued) 

P r o f i l e  no. & Lzygr Depth 
sample no. (feet) - 
P r o f i l e  A3 

(Arnow) 

P r o f i l e  A14 

106 

107 

Locali. t y  Descr ip t ion  

Ujelang, Ujelang i s l e t ,  80 F l a t  ground i n  coconut prove. 
f e e t  from lagoon beach ( f i g .  
17, F). 

Very dark brown (lOYR-212) loamy 
mixture of pebbles,  sand and s i l t ,  
some c iay ,  occas iona l  cobbles .  

Light  gray (10YR-7/2) loamy mix- 
t u r e  of pebbles,  sand and s i l t ,  
some cobbles  and boulders ,  s i l t  
forms coa t ing  a r o ~ n d  l a r g e r  1 

p a r t i c l e s ;  r a t h e r  compact. 
r 
m . . 
w 

I'fi~ite (10YR-811) rubble  of boulders ,  , 
cobbles ,  pebbles,  sand and s i l t ,  
compact and hardpan-l ike,  f r i a b l e  
when broken loose. 

Taka, Taka i s l e t ,  560 f e e t  i n  F l a t  ground i n  P i s o n i a  grove. 
from lagoon beach ( f i g .  16, E ) .  

Black (10YR-2/1) with white  g ra ins ,  
sand and clayey loam. 

Very p a l e  brown (10YR-814) coa r se  t o  
very coarse  sand with l a r g e r  f r ag -  
ments up t o  cobble s i z e .  

Very. p a l e  br0x.m (10YR-8/4) coarse  t o  
very coarse  sand with l a r g e r  fragments 
up t o  cobble s i z e ,  somexihat indnrated.  



"LRNO ATOLL SERIES (Continued) 

P r o f i l e  no. & Layer - Depth 
sample no. (m -- 

P r o f i l e  A23 
(,lmor.r) 

33 1 0-1.2 

Loca l i ty  

h i luk ,  Ailuk i s l e t  ( f i g .  
18, E). 

Descr ip t ion  

F l a t  ground i n  grassy coconut 
grove. 

Very dark gray (7YR-3/01 loam and 
sand with pebbles  and cobbles,  
mostly water worn. 

Very p a l e  brovn (1CYR-713) medilm 
t o  coarse  sand. 

Dark gray (10YR-4/?) compact s i l t  
and medium sand, occas ional  l a r g e r  
p a r t i c l e s .  w K 

P-) 

Very pa le  brown (10YR-8/39 coarse  
, 

t o  very  coarse  sand with pebbles  
and cobbles;  pockets  of s i l t  and 
with c l ay  a c t i n g  a s  binder  i n  
101.7er 1 - 5  f e e t  where i t  i s  indura ted .  



P r o f i l e  no. & Layer Depth 
sample no. (m - 
P r o f i l e  38 

Changing abrupt ly  
2 1.0-1.8 

Changing abrupt ly  
3  1.8-2.7 

ARNO ATOLL SERIES (Continued) 

Loca l i ty  Descript ion 

Ailuk, Ailuk i s l e t ,  near F l a t  ground i n  open coconut grove, 
v i l l z g e  ( f i g .  18, A ) .  most t r e e s  dead o r  dying ("laora" 

d i sease? ) .  

Black (5YR-211) sandy loam with 
some sinall gravel .  

Pink (7.5YR-714) with a  few black 
spots ,  foramini fera1  sand. 

Pink (7.5YR-714) f i n e  gravel ,  
compact. 

Very pa le  brorm (10YR-713) s i l t ,  
compact, s l i g h t l y  p l a s t i c  whcn 
worked between f i n g e r s .  

Very p a l e  brown (1OYil-713-814) 
smail g rave l  with some l a r g e r  
fraegnents, poorly consolidated,  
s h a t t e r s  e a s i l y .  



P r o f i l e  no. & 
sample no. 

P r o f i l e  A l l  
(Arnor.r) - 

no sample 

no  sample 

276 

275 

b.RN0 ATOLL SERIES (Continued) 

Layer Depth L o i a l i t v  - (m - 
Descr ip t ion  

Lae, S i h i n r i i  i s l e t ,  i n  cen- F l a t  ground i n  coconut grove. 
t e r  of i s l e t ,  120 f e e t  from 
lagoon beach ( f i g .  18, C ) .  

Very dark  b r o ~ m  (lOYR-2/2) loam o r  
loamy sand. 

P inkish  gray (7.5YX-612) very coa r se  
sand, most ly Foraminifera,  occas ional  
pebbles.  

Pebbles  and some loam. 

Pebbles and some loam. 

:-ray (1OX.R-6/11 water-aorn pebbles.  

Reddish yellow (7.5R-8/6)  and very 
pa le  brown (10YR-913) very coarse  
sand, s t rong ly  indura ted  a t  3.5 f e e t  
belor.] which a r e  a l t e r n a t i n g  hcrd and 
s o f t  zones. 



AR8O ATOLL SERIES (Continued) 

P r o f i l e  no. & Layfr Depth 
sample no. < f e e t )  \- 

P r o f i l e  18 

Changing gradual ly  
59 2 1.3-2.5 

60, 6 1  

I jater  t a b l e  

P r o f i l e  A9 
(Amo.iu) 

no sample 

Loca l i ty  

Likiep, Lado i s l e t ,  back of Broad depress ion  i n  grassy  coconut 
seaward r i d g e  ( f i g .  15, B). grove. 

Chacging gradual ly  
3 2.5-3.9 -i 

Descr ip t ion  

Black t o  dark  r edd i sh  bro1~7n o r  ve ry  
dark  gray (5YR-2/1-3/1) coarse  sand 
and s i l t  wi th  much coarse  gravel .  

Pink f7.5YR-8/4) coarse  foramini-  
f e r a l  sand with c o r a l  fragments a s  
much a s  s e v e r a l  inches .  

I 

Fine  gravel .  

Wotho, v!otho i s l e t ,  650 f e e t  P l a t  ground i n  c l e a r e d  a r e a  overgrown 
from lagoon beach ( f i g .  16, J). by Nedelia.  

Very dark  brown (10YR-212) mixture  of 
s i l t ,  sand and smal l  pebbles.  

~ i g h t  brown gray ( lorn-6/21 coarse  
t o  very  coarse  sand and pebbles .  

3 2.0-5.0 Very p : t l e  brown (10YR-8/4) sand and 
pebbles,  semi-indurated. 

4 5.0-? S o l i d  r e e f  rock. 



ARNO ATOLL SERIES (Continued) 

P r o f i l e  no. & - Depth -- Loca l i ty  
sample no. ( f e e t )  - 
P r o f i l e  70 Wotho, !,lotho i s l e t ,  c e n t e r  

of i s l e t  ( f i g .  16, J). 

Changing somewhat gradual ly  
2 1.0-1.7 + 

no sample * 
L. 0.5 + 

Ujae, Bock i s l e t ,  near  
lagoon ( f i g .  17, C). 

Descr ip t ion  

F l a t  ground on boundary between coco- 
nut  p l a n t a t i o n  and Ochrosia f o r e s t .  

Dark gray (10YR-411) f i n e  powdery 
loam va r i ed  i n  p l aces  with small  
l enses  of  l igh t -colored  sand. 

Light  brownish-gra.y (10YR-612-712) 
very  compact f i n e  rubble.  

F l a t  ground i n  coconut p l a n t a t i o n .  I 

c.' 
I" 
D 

Black (10YR-211) s i l t  mixed wi th  
l i g h t e r  g ra ins  of sand and f i n e  
rubble .  

Rubble. 



ARNO ATCLL SERIES (Continued) 

F r o f i l e  no. & Layfr 
sample no. 

P r o f i l e  27 

P r o f i l e  98 
( p a r t i a l )  

no sample 

Depth 
( f e e t )  -- 

Loca l i ty  Descr ip t ion  

Jerno I s l and  ( f i g .  li, A ) .  F l a t  ground i n  dense coconut grove, 
herbaceous ground cover.  

Ujae, :!otya i s l e t  ( f i e .  
16, 1 ) .  

1 su r face  
( th ickness  not  recorded) 

Changing abrupt  ljj 
2 

Black (10YR-211) s i l t  with some 
gravel .  

Black with conspicuous whi te  g r a i n s ,  
mixture of s i l t  and rubbly fragments.  

S a l t  and pepper mixture of dark  gray 
(lOYX-411) and l i g h t  bro5m gray 
(10YR-6:2) l o a ~ y  sand. 

v 
I 4  

Very p a l e  brown (10YR-8/31 very u 

coarse  sand. 

F l a t  ground i n  Ochrosia f o r e s t .  

Dark brown (7.5YR-312) crumbly f i n e  
m a t e r i a l  with some f i n e  fragments. 

Loose rubble.  



2E1.10 SERIES 

P r o f i l e  no. & Layfr 
sample no. 

Urpth Localj. t y  
( f e e t )  - 

Uescrip t i o n  

Wotho, Kabben i s l e t ,  near  cen- 
t e r  of e a s t e r n  ha l f  of i s l e t  
( f i g .  18, F ) .  

F l a t  ground under l a rge  P i son ia  
Crees. 

Profi.1.e 123-125 
( p a r t i a l )  

Black t o  brown raw humus. 

Blackish loose  crumbly s o i l  wi th  
much rubble.  

P r o f i l e  118 
( p a r t i a l )  

Wotho, Ombelim i s l e t  
( f i g .  17 ,  H). 

F l a t  ground i n  P i son ia  f o r e s t ,  
covered by dry leaves.  

Black raw humus with hard h l a t k  + P )  

sur f  ace. n 
I 

P a r t i a l l y  cemented sond. 

Sand. no sample 3 

P r o f i l e  116-117 
( p a r t i a l )  

Wotho, Ombelim i s l e t  ( f i g ,  
17, H ) .  

F l a t  ground i n  -.--- Pison ia  f o r e s t ,  
~ . o v e r e d  by dry leaves .  

15 2 1 

19 3 2 

no  sample 3 

Raw humus. 

P a r t i a l l y  cemented sand. 



P r o f i l e  no. & Layer Depth 
sample no. (feet) - 
P r o f i l e  110 

( p a r t i a l )  

19 1 2 

no sample 3 

P r o f i l e  97 
( p a r t i a l )  

no sample 

Ujae, E r l i e  i s l e t  ( f i g .  
16, F ) .  

JENO SERIES (Continued) 

Loca l i ty  

Ujae, Votya i s l e t  ( f i g .  
16, I) .  

Descr ip t ion  

F l a t  ground i n  P i son ia  grove. 

Raw humus, su r face  bumpy, hardened 
and cracked polygonally. 

P a r t i a l l y  consol ida ted  m a t e r i a l ,  

Coral rubble.  

F l a t  ground i n  P i son ia  grove. 

+ 
>> 

Dark reddish  brown (5YR-3:l-3/21 mot- 10 

t l e d  wi th  l i g h t  grayish  f l e c k s  and 
patches,  raw humus; 4 Truog t e s t s :  
pH 4.5-5. 

Mottled dark brown and l i g h t  
p a r t i a l l y  consol ida ted  m a t e r i a l ,  
hard but  crumbliqg between f i n g e r s ;  
2  Truog t e s t s :  pH 6.0(1) ,  8.0(1).  

Xubble of small  pebbles .  



JEMO SERIES (Continued) 

Layer Depth - (feet) 
Loca l i ty  Descr ip t ion  P r o f i l e  no. & 

sample no. 

Ujae, Bokerok i s l e t  ( f i g .  
17, D). 

in Pison ia  grove on boulder f l a t .  P r o f i l e  86-87 
( p a r t i a l )  

Raw humus. 

Weakly consol ida ted  sand (219); 
p a r t i a l l y  a l t e r e d  pebbles  (221). 

Boulders. no sample 

Ujae, Rua i s l e t  ( f i g .  
16, H). 

In  Pisonia-Terminal ia  grove. - P r o f i l e  9 1  
( p a r t i a l )  

8- 
W 

Raw humus ; o 
8 Truog t e s t s :  pH 5.5-6.5. 

Hardpan of consol ida ted  sand. 

Ujae, Bock i s l e t  ( f i g .  
17, C). 

F l a t  ground i n  P i son ia  f o r e s t .  P r o f i l e  7 3  
( p a r t i a l )  

Raw humus. 

Pebbles ,  softened and oche r - l ike  
on outs ide ,  embedded i n  lower l a y e r s  
of raw humus, 

Rubble. no sample 



JEMO SERIES (Continued) 

P r o f i l e  no. & Layer Depth 
sample no. (m - 
P r o f i l e  74 

( p a r t i a l )  
Ujae, Bock i s l e t  ( f i g .  
17, C ) .  

no sample 

P r o f i l e  78 
( p a r t i a l )  

no sample 

P r o f i l e  79 
( p a r t i a l )  

Loca l i ty  

Ujae, Rock i s l e t  ( f i g .  
17 ,  C ) .  

Ujae, Bock i s i e t  ( f i g .  
17, C ) ,  

Descr ip t ion  

F l a t  ground f n  P i son ia  f o r e s t .  

Raw humus. 

Pebbles,  softened and oche r - l ike  on 
ou t s ide ,  embedded i n  lower l a y e r s  
of raw humus. 

Rubble. 

F l a t  ground i n  P i son ia  f o r e s t .  

Raw humus; Truog t e s t :  pH 5. 

Pebbles ,  softened an.d oche r - l ike  on 
outs ide ,  embedded i n  l o t ~ e r  l a y e r s  
of raw humus. 

Rubble. 

F l a t  ground i n  P i son ia  f o r e s t .  

Light-brown rat7 humus with included 
pebbles,  these  a l t e r e d  aud oche r l ike  
ex te rna l ly .  Truog t e s t  of pebbles:  
pH 8. 

no sample Rubble. 



JEHO SERIES (Continued) 

P r o f i l e  no. & 
sample no. 

P r o f i l e  15 

no sample 

P r o f i l e  14 

no sample 

P r o f i l e  134 

no sample 

Do. 

Layer - Depth Loca l i ty  
(feet) - 

Taka, Lojrong i s l e t  ( f i g .  
16, D). 

Taka, Lojrong i s l e t  ( f i g .  
16, D). 

Taongi. (Pokak), Kamworne i s l e t  
( f i g .  16, C ) .  

1 0.1-0 

Descr ip t ion  

F l a t  ground i n  P i son ia  grove. 

Black t o  dark-brown raw humus wi th  
Foraminifera and c o r a l  fragments; 
Truog t e s t :  pH 8.0, 

Coral gravel .  

F l a t  ground i n  P i son ia  grove. 

Tough, compact dark-brovm raw humus; t: 
2 Truog t e s t s :  pH 5.5(1),  6.0(1). a- 

Cora1 gravel .  

F l a t  ground i n  P i son ia  clump, 
c l o s e l y  strewn with Cardturn s h e l l s .  

Poorly formed raw humus. 

Brown f i n e  sand. 



3EMO SERIES (Continued) 

P r o f i l e  no. & Layzr Depth 
sample no. (feet) 

P r o f i l e  28 

2 04 

P r o f i l e  26 

4 

5 

P r o f i l e  31 
( p a r t i a l )  

Loca l i ty  

Jemo i s l a n d ,  west s i d e  
( f i g .  17, A). 

Jemo i s l a n d ,  west s i d e  
( f i g .  1 7 ,  A). 

2  05 2 su r face  

Jemo Is land ,  west s i d e  
( f i g .  17, A)  

Descr ip t ion  

F l a t  ground i n  grassy  P i s o n i a  grove. 

Very dark  brown (10YR-2/2) raw humus, 
tough but  f r i a b l e  when crushed f i rmly .  
2  Truog t e s t s :  pH 5.0(2) .  

Variable l i g h t  and brown, averaging 
yel lowish brown (10YR-6/4) coa r se  
sand, weakly cemented, crumbling 
between f i n g e r s .  

I 

Very dark , g r a y - b r d d  ( i D ~ ~ - 3 / 2 )  with 
l i g h t  gra ins ,  loamy sand. w 

F l a t  ground in '  ' Z ~ s o n L  grove .' 
.. . 

Dark-reddish brown (5YR-212-3/2) raw 
humus; 3 Truog t e s t s :  pH 4 . 5 ( 3 ) .  

Very dark  brown ma t r ix  ( lorn-2 /2)  with 
white  g ra ins ,  coarse  rubble of f r ag -  
ments of cemented m a t e r i a l .  

F l a t  ground i n  coconut grove. 

Exposed su r face  layer .  



JEMO SERIES (Continued) 

P r o f i l e  no. & Layer Depth 
sample no. ( f e e t )  - 
P r o f i l e  32 

( p a r t i a l )  

6 2 su r face  

P r o f i l e  25 

P r o f i l e  177 
( p a r t i a l )  

Loca l i ty  

Jemo i s lnnd ,  west s i d e  
( f i g .  17, A ) .  

Jemo i s l and ,  west s i d e  
( f i g .  17,  A ) .  

Bikar, Bikar i s l e t  ( f i g .  
18, a ) .  

These separa ted  by a  t h i n  depos i t  
of yello1.7-brown ea r thy  m a t e r i a l .  

Descr ip t ion  

F l a t  ground i n  coconut grove. 

Exposed su r face  layer .  

F l a t  ground i n  P i son ia  grove. 

Dark-reddish-brown (5YR-2/3-2/2) f i i ie  
raw humus; Truog t e s t :  pH 6.5. 

Matrix very  dark brown (10YR-3/2) 
g r a i n s  white  (10YR-8/2), cemented n- w 
coarse  sand. .> 

Very dark  brown (lOYR-2/2) with t i n y  
white  g ra ins ,  sandy loam wi th  gravel ,  
more rubbly downward. 

F l a t  grjund i n  P i son ia  f o r e s t .  

Raw humus. 

Consolidated layer .  



JEMO SERIES (Continued) 

P r o f i l e  no. & Layer Depth Loca l i ty  
sample no. (feet) - 
P r o f i l e  156 Bikar,  Bikar i s l e t  ( f i g .  

18, B). 

Descr ip t ion  

F l a t  ground, covered by l i t t e r ,  i n  
P isonia  f o r e s t .  ---- 
Very dark brown raw humus; 12 Truog 
t e s t s :  pH 4 . 5 ( 2 ) ,  5.0(3) ,  5 . 5 j l ) ,  
6 . 0 ( 6 ) .  

Pa le  sand with dark brown cement; 
consol ida ted .  

Gray brown, s t r e a k s  s t a ined  dark 
brown, f i n e l y  and i r r e g u l a r l y  I 

>a 
bedded sand. ii, 

C1 

Dark,gray brown, with (consol ida ted)  I 

l aye r s  o f .  brown; :sand with i r r e g u l a r  
consol ida ted  l a y e r s ;  : 

. . 

D a r k e r g r a y  loose  sand wi th  brown 
lusps  'of cemented sand and t h i n  
l a y e r s  of s l i g h t l y  darker  m a t e r i a l .  

Very dark brownish gray t o  brown, 
ea r thy ,  powdery, sandy, t o  conso l i -  
dated (consol idated p o r t i o n  with 
dark-brown cement). 

PCnkish ashy gray changing downward 
co p a l e  brown, sand, compact above 
t o  loose below. 



P r o f i i e  no. & Layer Depth 
sample no. (m - 
P r o f i l e  156 (cont 'd )  

156, 187 8 4.8-8.8 

138 

P r o f i l e  153 

14. 

P r o f i l e  166 -- 

3EYiO SERIES (Continued) 

Loca l i ty  -- 

Bikar,  Bikar i s l e t  ( f i g .  
18, 6). 

1 O.lS(t0 0.1)-0 

2 0-0 ,1  

Bikar,  .Jabwelo i s l e t  ( f i g .  
16, A ) .  

Descr ip t ion  

Pale-gray-brown, g rave l  l a y e r s  humus 
s t a i n e d ;  s e r i e s  of t h i n  beds of 
a l t e r n a t i n g  sand and small  gravel., 
sand l a y e r s  2-3 inches th i ck ,  g rave l  
th inner ,  a l l  loose but  g rave l  more 
compac t than sand. 

Hard rock.  

F l a t  ground, covered b y  l i t t e r ,  8 

i n  P i son ia  f o r e s t .  w 
W 
v? 

Very dark brown raw humus. 

Brown and p a l e  salt-and-pepper con-. 
so l ida t ed  layer .  

Light-brown sand. 

F l a t  ground i n  P i son ia  f o r e s t .  

Dark-brown raw humus. 

iiardpan. 

Ta le  sand and rubble.  



JEKO SERIES (Continued) 

P r o f i l e  no. & 
sample no. 

P r o f i l e  164 

P r o f i l e  163 
( p a r t i a l )  , 

160 

P r o f i l e  165 
( p a r t i a l )  

P r o f i l e  157 - 
( p a r t i a l )  

Depth 
(feft) - Loca l i ty  

Bikar,  Almani i s l e t  ( f i g .  
16, A ) .  

Bikar. Almani i s l e t  ( f ig .  
16. A). 

0.5-0 

Bikar, Jabwelo i s l e t  
( f i g .  16, A ) .  

0.7-0 

Bikar, Bikar i s l e t ,  near  
e a s t  s i d e  ( f i g .  18, B). 

0.16-0 

Descr ip t ion  

F l a t  ground i n  P i son ia  f o r e s t .  

Very dark  brown raw humus. 

Cemented sand. 

P l l e  brown sand. 

F l a t  ground i n  P i son ia  f o r e s t .  

8 

e- Loosf dark  brown raw humus. (4 
u 

Cemented sand. I 

F l a t  ground i n  P i son ia  f o r e s t .  

Dark-brown raw humus. 

Cemented sand, ve ry  hard. 

F l a t  ground i n  P i son ia  f o r e s t .  

Raw humus. 

Cemented sand. 



JEMO SERIES (Continued) 

Profile no. & 
sample no. 

Profile 158 
(partial) 

Profile 49 
(partial) 

Profile 50 

9 

Profile 55, 56 
(partial) 

Layer Depth 
(feet) - 

Locality 

Bikar, Bikar islet, near 
center (fig. 18, B). 

1 0.2-0 

2 0 + 
Kwajalein, Eniwetak islet. 

1 0.5(to 0.3)-0 

2 0 + 
Kwajalein, Eniwetak islet. 

Description 

Flat ground in Pisonia forest. 

Raw humus; 13 Truog tests: pH 5.0(3), 
5.4(2), 5.6(1), 6.0(2), 6.5(5). 

Cemented sand. 

Flat ground in Pisonia forest. 

Raw humus. 

Cemented layer. . . 

Flat ground in PisonF~ forest. 

Nodules of cemented material on 
surface. 

Raw humus. 

Nodules of cemented material 
embedded in humus layer. 

Ujelang, Kiriniyan islet, in Flat ground in Pisonia grove. 
interior (fig. 17, E). 

Raw humus. 

Coarse sand. 



P r o f i l e  no. & Layer Depth 
sample no. (feet) - 
P r o f i l e  57 

( p a r t i a l )  

no sample 

JEMO S E R I E S  (Continued) 

Loca l i ty  Descr ip t ion  

Ujelang, Kfriniyan i s l e t ,  i n  F l a t  ground i n  P i son ia  grove. 
i n t e r i o r  ( f i g .  17, E) .  

Raw humus. 

Loose rubble.  



P r o f i l e  no. & - Layer Depth 
sample no. (feet) 

P r o f i l e  A7 
(Arriow) 

P r o f i l e  A 8  
(Arnow) 

271 3 0.9-1.5 

L,?ater t a b l e  a r  about  J. Foot, 

Local i ty  Descr ip t ion  

Lae, Lae i s l e t  ( f i g .  18, C) .  I n  t a r o  p i t .  

Very dark brown (1CYR-212) s i l t  with 
occas ional  sand p a r t i c l e s .  

Very p a l e  brown (10YR-713) and dark 
gray ( 1 0 - 4 1  s i l t  and coarse  t o  
very  coarse  sand. 

Very p a l e  brown (10YK-7/$), coarse  
t o  very  coarse  sand and pebbles.  I 

?- 

Lae, Lae i s l e t ,  near  lagoon Taro patch. 
beach ( f i g .  18, C ) .  

Very dark gray (5YR-3/1) slimy 
j e l l y l i k e  s i l t  with occas ional  sand 
p a r t i c l e s .  

Very dark browr! (10YR-212) s i l t  with 
f i n e  t o  medium sand and occas ional  
c o r a l  pebbles .  

Very p a l e  brown (10YR-8/4) coarse  t o  
very coarse ,  sand with some pebbles.  



MISCELLANEOUS PROFILES (Continued) 

P r o f i l e  no. G Laygr 
sample no. 

P r o f i l e  410 
(Arnow) 

Water t a b l e  

P r o f i l e  83 -- 

151 

30 a m p l e  

Depth 
(feet) v 

Loca l i ty  Descr ip t ion  

Lae, Enemanman i s l e t ,  225 f e e t  F l a t  ground i n  coconut grove. 
from lagoon beach ( f i g ,  18, C j .  

Dark-brown (7.511'R-3/2) l.onmy mixture 
of s i l t  and coarse t o  very coarse  
sand ( l a r g e l y  Foraminifera) .  

Pinkish-gray (7.5YR-612) sand with 
occasionhl  pebbles (mostly Foramini- 
f e r a ) .  

Reddish yellow (7.5YR-816) and very  I 

pa le  brown (10YR-0/3), very coarse  r-' 
C 

sand, l a rge ly  F o r m i n i f e r a  and mol- P 

lusk  s h e l l  fragments. I 

Ujae, Bock i s l e t ,  near  cen te r  F l a t  ground i n  cotenut  p l an ta t ion .  
of west p a r t  of i s l e t  (;A:. 

1 7 ,  C ) .  

0-1.5 Dark-gray (7.5YR-3/2), f i n e  sand. 

1.5 + Rubble. 



P r o f i l e  no. & Layer 
sample no. (feet) 
P r o f i l e  8 1  - 

( p a r t i a l )  

no sample 

P r o f i l e  82 
( p e r t i a l )  

no sample 

p r o f i l e  102 

MISCELLANEOIJS PROFILES (Continued) 

Loca l i ty  Descr ip t ion  

Ujae, Bock i s l e t ,  i n t e r i o r  
( f i g .  1 7 ,  C ) .  

Ujae, Bock i s l e t ,  i n t e r i o r  
( f i g .  17, C ) .  

'J jae,  Ebbetyu i s l e t  
( f i g .  16, G ) .  

F l a t  ground i n  coconut grove where 
coconut t r a s h  h a s  decomposed. 

Black (10YR-2/1) humus wi th  l i g h t  
sand g ra ins .  

Loose rubble .  

Botrom of small  depress ion  1 meter 
deep i n  coconut grove. 

Dark-brawn (7.5YX-3/2) p l a s t i c  I: 
mucky ma te r i a l ;  high1y:humic. . . i- 

E 
Loose rubble.  I 

F l a t  ground i n  Ochrosia f o r e s t .  

S lack  (LOYR-3/1). 



P r o f i l e  no. & Layer - Depth 
sample noL (feet) - 
P r o f i l e  6 

MISCZLLAEEOVS PROFILES (Continued) 

Loca l i ty  Desc r ip t ion  -- 

U t i r i k ,  U t i r i k  i s l e t ,  e a s t  Abandoned t a r o  p i t ,  f i l l e d  w i t h  
of v i l l a g e  ( f i g .  18, F). Clerode- t h i c k e t .  

Black (10YR-211-2!2) mucky loam with 
some coarse  sand;  p l a s t i c  when worked. 

Gray flOYR-&/I) t h i c k l y  f lecked with 
p a l e  brown (10YR-7/3), s t i c k y  s i l t y  
sand with much c o r a l  gravel .  

Llater t a b l e  a t  about 3 f e e t ,  water with s t r o n g  hydrogen s u l f i d e  odor, and 
a p e c u l i a r  sweet t a s t e ,  r o s e  t o  2.3 f e e t  i n  2% hours. Taro p i t  bottom 
perhaps 6 f eec  below l e v e l  of surrounding area .  

P a l e  brown ClOYR-7/3), hard, f i rmly  
packed rubble  with some sand. 

I 



MISCELLANEOUS PROFILES (Continued) 

P r o f i l e  no. & Layer - Depth Loca l i ty  
sample no. ( f e e t )  - 

P r o f i l e  A21 
(Arnow) 

Ailuk, Ailuk i s l e t ,  no t  f a r  
from o u t e r  beach ( f i g .  18, A), 

Changing gradual ly  
2 0.4-2.5 

Water t a b i e  a t  2.2 f e e t  a t  1 1 : O O  a.m., January 2 7 ,  1951. 

265 3 2.5-3 

P r o f i l e  138 

sample l o s t  

sample l o s t  

155 

no sample 

Taongi (Pokak), no r th  end 
Kamwome i s l e t  ( f i g .  16, C)  . 

Descr ip t ion  

Depression (o ld  t a r o  p i t ? )  i n  coconut 
grove, ground covered wi th  Clerodendzum. - 
Very dark brown (10YR-2/2), cowpact 
s i l t  wi th  soine medium t o  'oarse sanci. 

Dark gray  ClOYR-L/l), compact s l i p -  
pery  s i l t  wi th  numerous medium t o  
coa r se  sand p a r t i c l e s .  

sl. 
Very p a l e  brown (10YR-8/3), coarse  ;. 
t o  very  coarse  sand. I 

Guano d e p o s i t  i n  b i r d  rookery. 

Guano--gray, f i rm,  somewhat greasy .  
pH 5.5-6 ( f i e l d  de terminat ion  wi th  
Truog i n d i c a t o r  k i t ) .  

Loosely caked e a r t h y  m a t e r i a l ,  gray-  
brown, somewhat greasy,  pH 7.  

Loose gray-brown sand, pll 8, 

Rubble. 



Index t o  s o i l  p r o f i l e s  i n  Appendix I1 - . 

P r o f i l e s  coll 'ected by Ted Arno:~ 

Ujelang 
Wotho 
1.i otho 
Wotho 
Lae 
Lae 
Lae 
Lae 
'I'aica 
Talca 
Taka 
Ailulc 
Ailulc 
Ailulc 

Se.- .. I.es - 
Arno Atoll ' .  . . . . . . . . . . . . . .  121 
Shioya . . . . . . . . . . . . . . . . .  105 
Shioya . . . . . . . . . . . . . . . .  10L; 
Arno A t o l l  . . . . . . . . . . . . . .  125 
H i s c e l l a ~ ~ e o u s  . ' . . . . . . . . . . . .  140 
Piiscellaneous . . . . . . . . . . . . . .  111.0 
Eiiscellaneous . . . . . . . . . . . . .  141 . .  Arno Ato l l  ' . . . . . . . . . . . .  124 
Arno A t o l l  . . . . . . . . . . . . . .  121 
Shioya . . . . . . . . . . . . . . . . .  113 
Shioya . . . .  ; . . . . . . . . . . . .  114 
Miscellaneous . . . . . . . . . . . . .  144 
Arno Atol l  . . . . . . . . . . . . . . .  122 
Shioya . . . . . . . . . . . . . . . . .  106 

P r o f i l e s  co l l ec t ed  by F . R . Posberg 

1 U t i r i k  
2 U t i r i b  
3 Utirilc 
4 Utirilc 
5 U t i r i k  
6 Utirilc 

11 Taka 
12 Taka 
13 Taka 
14 Talca 
15 Taka 
17 Likiep 
18 i i k i e p  
2 5 Jenlo 
2 6 Jenio 
2 7 Jsmo 
2 8 Jcmo 
25 Jenio 
30 Jenio 
3 1 Jen~o 
32 Jenio 
3 8 Ailulc 
46 Lae 
49 IZv~ajnlein 
50 Krrajalein 
55-56 Ujelang 
5 7 Ujelang 
69 Wo t bo 
7 0 Wotho 

Arno A t o l l  . . . . . . . . . . . . . . .  118 
Arno A t o l l  . . . . . . . . . . . . . . .  119 
Shioyn . . . . . . . . . . . . . . . . .  103 
Shioya . . . . : . . . . . . . . . . .  102 
Arno Ato l l  . . . . . . . . . . . . . .  120 
>;iscellnneous . . . . . . . . .  ; . . .  143 
Shioya; . . .  ' ; . . . . . . . . . . .  110 
Shioya . . . . . . . . . . . . . . . . .  111 
Shioya . .  + . . . . . . . . . . . . . .  112 
Jemo . . . . . . . . . . . . . . . . . .  132 
Jemo: . . . . . . . . . . . . . . . . .  132 
Sh?oya . . . . . . . . . . . . . . . . .  117 
Arno Ato l l  . . . . . . . . . . . . . .  125 
Jemo . . . . . . . . . . . . . . . . ; . .  134 
Jemo . . . . . . . . . . . . . . . . . .  133 
Arno Ato l l  . . . . . . . . . . . . . . .  127 
Jemo . . . . . . . . . . . . . . . . . .  133 
Shioya . . . . . . . . . . . . . . . . .  115 
Shioya . . . . . . . . . . . . . . . . .  115 

. . .  Jcmo . . . . . . . . . . . . . .  133 
Je1i.o . . . . . . . . . . . . . . . . . .  134 
Arno A t o l l  . . . . . . . . . . . . . . .  123 
Shioya . . . . . . . . . . . . . . . . .  117 
Jemo . . . . . . . . . . . . . . . . . .  138 
Jerno . . . . . . . . . . . . . . . . . .  138 
Jemo . . . . . . . . . . . . . . . . . .  I38 
Jerno . . . . . . . . . . . . . . . . . .  139 
Shioya . . . . . . . . . . . . . . . . . .  105 
Arne A t o l l  . . . . . . . . . . . . . .  126 



A t o l l  -.. 

Votho 
110 tho 
Ujne 
Ujae 
Ujae 
Ujae 
Ujac 
TJ j ae  
Ujae 
Ujae 
Ujae 
Ujae 
Ujae 
Ujae 
Ujae ' 
Ujae 
Ujae 
Ujae 
Ujae 
Ujae 
Wotho 
lJ0th0 
GJ0th0 
Taongi (Pokak) 
Taongi 
Taongi 
Taongi 
T a o n ~ i  
Taongi 
Taongi 
Bilcar 
Bilcar 
Bikar 
Bilcar 
Bikar 
Dikar 
Bilcar 
Bilcar 
Bikar 

S e r i e s  .. 
Shioya . . . .  
Shioya . . . .  
Jemo . . . . .  
Je~iio . . . . .  
Jemo . . . . .  
Jeno . . . . .  
f i iscel laneous 
Miscellaneous 
Piiscellaneous 
Arno A t o l l  . . 
Jeino . . . . .  
Jemo . . . . .  
>em0 . . . . .  
Arno A t o l l  . . 
Shioya . . . .  
Shioya . . . .  
P;iscellaneous 
Shioya . . . .  
Shioya . . . .  
Jerno . . . . .  
Jemo . . . . .  
Jeno . . . . .  
Jemo . . . . .  
Jemo . . . . .  
Miscelianeous 
Shioya . . . .  
Shioya . . . .  
Shioya . . . .  
Shioya . . . .  
Shioya. . . . .  
J e m O  . . . . .  
Jeilo . . . . .  
Jemo . . . . .  
Jemo . . . . .  
Jenio . . . . .  
Jemo . . . . .  
Jemo . . . . .  
Jemo . . . . .  
Jeino . . . . .  



APPENDIX I11 

Synonjm~y of place names 

Since many of the  place rimes used i n  t h i s  paper, i n  nccordance 
with decisions issued by the  U.S. Board. on Geographic Names, d i f f e r  froni 
those used by Fosberg and others (1956) and especially from those cox- 
monly used by people i n  the Marsha.11 Islands, the  5ollo.ring l i s t s  have 
been prepared. The left-hand. 1j.s.i; contains a l l  names used on maps i n  
the  present paper a.nd are  approved by the Board on Geographic Nar~es. 
The centsr l i s t  i s  of the corresponding names used i n  1956 The r igh t -  
hand l i s t  i s  soinewhat niodified from a l i s t  supplied by E .  II. Bryan, Jr., 
of naxies obtained from Marshallese informants. In  al.1 cases the nmes 
on a. single l i n e  apply t o  the  s'me i s l e t  o r  other feature .  Where several  
spell ings iiere l i s t e d  by Bryan wne has been selected and the others 
placed i n  parentheses. Blanks indicate t ha t  there  i s  no naxe i n  the 
par t icu la r  l i s t  f o r  the  feature  h d i c a t e d  on the l i n e .  

Nmes used i n  Nmes used i n  lviilit,ary Names used by 
t h i s  paper Geography of the Marshallese - - 

l\iorthern Harshalls, 1956 
Taonrri Atoll Taonai Ato.17 Polrak 

Nohh Island 
Kmrrome 
B1,rdi je 
Sibylla 
Polralc --- 
Btiokirla. 
Polcak Pass 

Nokh 
Ka.momne 
Rreje 
Sibyl la  
PoBak 
--- 
Bol<l.% 
Pokalr Pass 

- - -  
- - -  
Bre je 
- - -  
PO~?& 
Bolrdilr 
Bolrli 
--- 

Bikar Atoll Bilcar Atoll. Bika.r 
Jabtrelo Jaboerukicu-ts J n l l i k l i k  

( ~ e n i l k l i l ~ )  
Ahani Aruneni -t6 Alnieni 
Jaboero Jal~oeruklcu-t6 (changed - .- i n  Jaboero 

Errata t o  ~aboe ro - to )  
Bilsar BiBar Bilcar 
BiBar Passage Bik2.r Pass --- 

Ailulr Atoll 
Kapen 
Eni jabro 
h r o  
Ene je la r  
Jelolrlap 
Enenpao 
Bilsonfaenlok 

Ailu!r Atoll  
ICapen 
Eni.jabrok 
Aino 
Ene j e l w  
Jelolrlap 
Enenpao 
Biko:!unenloB 

( 2  small i s l e t s )  
Enelreliic 
Bigen 

Ailulc 
Kapen 
Eni jabrok 
Amo 
Ene je la r  
Jeloklap 
Enenpao 
Biic6nmenlols 

Enelrelilc 
Bilron 



Wanes used i n  
t h i s  paper 

A i o i ( G n 5 i  
Bwine jralr 
Enenemzn 
Anenoojn..? 
--- 
A jeleh 
Adidclil: 
Ailenmi j 
P.r?ek-i.nge 
Abta. 
Jabtn. 
Kabb-roli 
PI>ialo!i 
A l i e t  
.C,ll.iri.k 
E:roli:~;~eni:c~riolcan 
Je ronglrari 
Ancsni j 
Aae jrun-,?:aden 
B2.o jan 
Luu J r i k  
Bokralc 
Biklab 
Anine 
Bio 
Berer jan 
N i  
Tabu 
Konnon 
Jobeilr 
Nge 
Anenkora 
Ulilia 
Jibanngi-t 
lvi;!,ribTi 
Nnmie 
Aiicnitinge 
Rneaudili 
M fiemna 
Eneao 
A!ie~crranrfi~,i~.n 
Jabirc 
Ancnl.ilc 
Ail.lk 
Eiii j e  
Enj  j e  Channel 
Agulwe 
Erappu C h ~ n n e l  
>4z!?olr Chmne l 
Enenernan Channel 

Naies used i n  N i 1 i t a . r ~  
Geography of t h e  
Xortherri Eiarshalls, 1350 

Bine j-rdr 
Encmen 
Enen-on1 

A j e l eb  
A j i r r i l r  
Enear:d;i j 
IZnenlrone 
Ebta 
J e b t a  
KaYuolr 
Malok 
2 , l i e j  
Al l i rok  
Bolr?nm.veo!ran 
Ji ronglian . 
~v.t6lcin 
Ene jornaren 
Baojen 
3; jii-ol; 
Bijkrals 
B6lrls.p 
Enine 
Bleo 
Bererjon 
N i  
T abd 
iC6ni~on 
Jzbe ilr 
Ne 
Enenir6ra 
Ulika 

Maruppu -%6 
SvIarmc 
.. 
1inenk6n;e 
Eneaur-ik 
M:l eyfllrs. 
Eneao 
1Cnei116nniong 
Jabb.:i 
Ene l l ik  
Ailuk 
En i j e  
Eni j e  Channel 
P.guI.ue 
Erappu.- suid6 
Marolr CLmnnel 
Eneneman Channel 

Nrines used by 
iL'!arshallese 

Dine jralc 
Enenenman 
Enen-or,; 
A ju t& 
A j i l l e p  
A j i r r i k  
Enearr;li j 
Enenlrone 
Ebta 
J e b t a  
Kabbok 
i"ia.lo:i 
R l i e  j 
Al l i rok  
Bokanm$?eokarl 
Jironglrsn 
lvk~.t6liin - 
Ene jomaren 
Bao jen 
LU jirolc 
B3krcak 
Bdklap 
Isnine 
Bi.eo 
Bwer6rlran 
1: i 
Tabu 
iC6n1ron 
Jebeik 
.. rige 
Enenk6rz 
Ulika 
Jabcnngit 
iviarib 
iLiarriie 
Enenk6ll~e 
Eneaurik 
M i  enwa 
Eneao 
Enein6nmong 
Jzbbvi 
Enellilr  
A i lulr 
Eneje 
'Towe j e  
filrulire 
Tolap 
Ton Maltdr 
Ton Enenian 



Wxaes used i n  Nmes used i n  M i l i t a r y  
t h i s  paper Geography of' t h e  - .  - - "  

Northern Marsha.11~ 1956 
Kvajalein ~ t G i : i  Gra j a l e i n  Ato l l  

Ebadon Ebsdon 
B0Ba.n 
Aoj 
..-- 
Enea1.o 
Bilcrik 
ifenner 
--- 
J e i n  
?lie ja.tto 
Oreba 
Boicliplip 
Geiga 
Nar suga l t  
Bok 
ivlaj 
Biggeram 
Elchara i  

Bokan 
P.0 j 
--- 
Eneao 
Ailrrik 
Neimar 
- - -  
Jei i i  
Mejatto 
Orsba. 
Bo:rliplip 
Geiga 
Marsugalt 
Bok 
lvia j 
Biggerana 

. ~ 

E'ccharei 

hforerikui iviorenkui 

Oniotto Oniotto 
Biggarenn Biggzrenn 
Bigi  ~ i g i  
BoisB~aruchi: ,. ' Bolu~laru j 
Boggerils passage Eoggerik Pass 
Boggerilr . . Bogyerik 
Boggerlap Boggerlep 
1vIel:u Pass ?4ellu Pass 
Drenaenae Drenaenae 

( simd bank ins ide  pass )  
I4ellu P4ellu 
North Pc?.ss Nor-th Pass 
E~uiuebing Ennuebing 

Roi 
Nmur 
Ennu-garret 

Ennrm~eiiet 
- - -  
Ennubirr 
Bogeri 
--- 
Obella 
Begeraburappu 
Eclgigen 
Debuu 

Roi 
Nax~~lr 
Ennugarret 

Ennuiiennet 
--- 
Ennubirr 
Bolrer 
- - -  
Obclla 
? 
Edgiger, 
Debuu 

-- 
Kria j.Len 
Ebaiten 
Bokan 
Aoj 
Enenalr ( Elenair) 
Eneao ( ~ n e a l o )  
Bilrrik 
Nennar 
Tsbta '  
J e i n  
Me j e t t o  
Keko 
Bokl ip l ip  
Ene jebro 
Malik ( ~ o i r i a ~ )  
Bok 
'~\,Iaj (Mai) 
ki-birn ~ ~ 

E j j e l a  
( E  j j e l l s )  

Norenkul !; . 
(~fir6nlrul) '  ' . . 

. 011!,7ot ('ii6nvrCt) ' . I. 
; 

B i k r m  ( ~ e k r u n )  : 
Bikrerl 
Bolunaru j 
--- 
Errob (Errop) 
Boislab (Bolrlap) 
Milu Leas$ 
Drenaenae 

- - -  
Enibing 

(Enebin) 
Ruot 
Niniui- 
Enelroran 

(Enelrciren) 
Bokanl.abirka 
Enemanct 
BiBeilx~ot 
Enebon 
Bolrer 
Bolcabelbel 
Obel (b:obel) 
--- 
A jkan 
Tub~m j 



Nwnes used i n  Names used i n  Mili tarv " 
t h i s  pnper Geography of t h e  

Northern Marshalis, - 1956 
Kvajalein Atoll  (continued) 

Ed j e l l  
Gag en 
"-- 

Gellinxn 
Omel-ek 
K~radaclc 
Enirietak 
Ivie ck 
Bige j 
Bigej Channel 
Ningi 
Gugeglre 
Ebrra j 

Lo j jairok 

Ebeye 

blorbab 
Kr.~a ja le in  

Enubu j 

South Pass 
Ennylabe~,m 
Gea 
Gea Pass 

Ninni 
Gehh 
TorrutJ 
--- 

Man11 
JOliou j 
South Arnbo Cliannei 

Edjel l  
Gagen 
---  

Gel i inm 
Gneielc 
Kr.,r8,daclr 
Eniwe'c~Ji 
Meck 
Bige j 
Bige j Chainel 
Ningi 
BJbnge jokenen 
Ebwa j 

Lo j jairolr 

Ebcye 

Ebjapik 

Worb5.b 
K~ia ja le in  

Enubu j 

Soutn Pa.ss 
Ennyiabegnu 
Gea 
Gea (1Cio) Channel 

Iqinni 
Geh'n 
Torrut j 
Tongle 
Tarvo j 

Mann 
--- 
South Anlbo Charnel 

Names used by 
Marshallese 

E j e l  
ICo~iaMsan 
T ahemu jolran 

(TokZmujken) 
ICirenen 
Komle 
Kwateb (Kuatab) 
Eniwetak 
Meilr 
Bilre j 
Bilce j L-paSg 
Ngenge. 
IGnge jdlcenen 
Ebrinj (Ebr.ro j ) 

( 3  i s l e t s  
above form 
Gugegwe) 

B i  j inlcur 
Lo j jaiong 

(N. ~ o i )  
Lo j j5,irok 

(s .  Loi) 
Ebeye (Ebeje, 

Ebe ja)  
Eb japik (Eb ja 

dr ik)  
WorbSb 
ICIJ~  j len 

J i t t zken  
( N  arm) 

J i t t oen  (sW 
curve ) 

Enebuo j 
(Enibu6 j ) 

--- 
Enelaplran 
ICio ( ~ i i o )  
Kio (1Ciiol 

L-~assJ 
Nini 
Kg 
Bok 
Tongle (Ten@) 
Tarwo j 

(Tarvo jion, 
Tarri6 j i r6k)  

N'an 
Jolcou j (Jokoui j ) 
--" 



t h i s  paper Geography of the  
Nor-ILhern Marshalls , 1956 -. - - -. -- 

Kwa jale in  Atoll  (-&T 

Anbo Chmnel Aiilbo C hznne 1 
ELler 2 1 . 1 ~ ~  
El le r  I>sssage E l l e r  Pass 
Ennugenliggelap Ennugenligge1a.p 

Burle Burle 
Onem& East Passs.ge East Onerflslli. P2.s~ 
Lnbo Lab0 
Ollemal< Onem& 
Onemalc iles'c Passace !.lest Onernnlc Pass 
I lLegi i~ni  11.leginni 

>ioge jairok Ujnjiirvliku-t6 

\hdoJej?,irok Pass 
WojeJaiong 
J i ee  
--- 
- - -  
1'1~11 
Neil Ikssage 
Bikenilel 
Ennucet 
- - -  
- - -  
Jakeru 
Gurer 
J3.m 
Gegibu 
Boggenatjen 
Ere 
Bokanaujjor 
Lobon 
Yabbenohr 

Ujajiiruidru Pass 
lio jejaiong 
- - -  
--- 

Mell. 
Nell Pass 
B-~lsennc-l 
Ennurilet 

- - -  
Jakeru 
Gurilr 
Eru 
Gegibu 
Ki. jj.n.-bvi 
E l e  
Boggenza:t ,jen 
Ere 
Yabbenohr 

Tabik Clia~lnel Tabik Channel 
Tabilc Tabi k 

Lae Atoll Lae Atoll  
Bibong Riboni; 
Mabon NabGn 
B:i.gil.a.pi j Bigilapi j 

Bui 
Lei]? 
B-igona j 

Bui 
Reipu 
Bikena; 

Ail!boiroii and 
Ai~boiGng ( 2 

i s l e t s  joined) 
- - -  
Ellep (Alep) 
---  
EilelranliklaL 

(Enekanlilclcil ) 
Mwrle 
- - -  
Labo 
O n S ~ a k  
- - -  
Liki j jine 

(Liki Jill%) 
ido je jairolr 

(i*~o j e ~ z r i r o k )  
--- 

- ~ 

iiebweiu (Drebvin) 
Jeralc 
We1 ( ~ 6 1 )  

Bilrennel 
Eraid 
Bolc5.1~~ (~okaliofii) 
Enero (Enuero) 
Ene jore 
Jakrout 
Zl?0 
1Cui"Er 
l<i jin-bwi 
Ele 
Dolcnnauj jor 
Lobon ( ~ o b ~ ~ o r n )  
JabGnvSir 

( JapGnwSir ) 
---  
Jabolc 

i a e  
Ribon ( ~ i b c n )  
Nab& 
Bilcelabet 

(Bikelabot ) 
By;~i (Bxle) 
Lep (Leep) 
Biltenaj 



Na;r,es used i n  
t h i s  p2,per 

Lae ~toiT(Co- 
Luisap 
Enernanit 

Ene j a l t o  
Eonbi ji 
Wol<:eire j e 
G i b i n r i i  
Enelilman 

Lee 
Rarime 
Bokanaetok 

Boksinkiren 
Boklimrzirek; 
Boklulu 
Lot. j 
Ida- Pass 

Lik iep  A t o l l  
iflhraat 
Jenolrce 
1.faXle 
Erne jiwan 
Rere 
Polronjiei j 
Ae ,j 
lCe!reron 
Kidenls,un 
i4nenila.n 
Ene j e l o l  
fine jae  j 
K:i.be n 
Anener;~ri~.%?.an 
Enruk 
hick 
J e l t o a e t  
B- ik im~ir ig :?a i in~ 
B l k i n m i ~ e j t i i r i k  
Bogdr'burabu 
Anei-uklcan j a i i n g  
Anerulrican j a i r i k  
K i  j jen 
Tmnwol 
ICa???rol's~ioikan 
Dfidi 
Rvroki.~ankowak 
Na jbvrol 
FniLecchi 
Killomrn~,ia:r 

Narses used i n  iblilitary 
Geugrapl.iy 01' h e  
Northern l\farshalls;  1356 

Ene j e l t o  
Eonbe j e  
Nolrkireie 
G i b i n r i i - t o  
Eneciani~!?:n 

I,ae 
Rarime 
Bolcanaetok 

Bokonkiren 
Bolsliz~air i k  
Bcklulu 
Lot j 
Lae Pass 

Lik iep  A t o l l  
M a t  
Senegai 
I~ ie l le  
i i ikuraru-td 
Rere 
Pokonjiei. j 
Aij 
ICelseron 
ICerenegon 
Eniniin 
Ene je l i i l  
Ene,jei j 
Kaben 
Enene1ne.n 
Enruk 
Ma!r 
Jel.toue'c 
Bikir lcir jei i ing 
B i k i r k i r j e i r o k  
Boguraburabu 
EnerulrnnjeicSng 
EneruBan j e i rdk  
KO j jen 
Taco1 
I<sbe:.'bel'~sin 
I l i r i  
Bolranlco'i:al?lr 
Najbol 
Eniiecc'ni 
Flelermier 

Naines used by 
I4ersnallese 

L.ve jap ( L O ~  jag) 
Ene j e l t o  (Enijeidu,  

Ene j a l t o u )  
Enerna.net 
Eonbe j e  
Nokkveie 
Enen-bao ( ~ r l r a r e k )  
Enernanman 

(Enem6nm6n ) 
Lae 
Ro~~jna, Drone 
Bolrznaetok 

(Bokanatok) 
Bokankiren 
Boklirnairik 
Bok1ul.u 
Loj --- 
Likiep  
Mat 
Senegai 
Melle 
Emi jiip. 

Rere 
Polion j i e i  j 
A i j  
iCelseron 
- - -  
Eniniin 
Ene j e l i i l  
Ene j e i  j 
ICaben 
Eneneman 
Eliruk 
Malr 
Je l ton ieg  
Biliirlrir  jeiiing 
Bilr i rkir jeir6lr  
Boklaplap 
Ene:c'ukon jeiong 
Enerukon j e i rok  
KO j jell 
Tan61 
Kabelbellsan 
R i r i  
Boka.nko.>.rak 
Na jbol  
Enie j 
Mele!~!r~iar 



Names used i n  Danes uscd i n  m i l i t a r y  
t h i s  paper Geogrxphy o f  t h e  

- Nor.t:?era Marshal ls ,  1956 
Li!.ciep A t o E ~ W i m  

ivleron l*eron 
J i b a l  J e b a l  
K i l e  KcSle 
Anelcir- Eneliura 
Anearme J Enearmi: 
Biebe Biebe 
i ~ l ~ ~ i l i i l  iviulcil 
--- --- 
Lado ~ a d o  
Lilciep Lik iep  
Nalab iUalzp 
Nadik Narilc 
Anenanuun Enenuzn 
Aneloklab Enenlolilnb 
Biketoke& ~i1:et6l<&i 
Bi1:etol.ong Bi.!cetolon 
Atotak Atol.ali 
Agony Agony 
South Pass South Pass 
Entrance I s l a n d  Entrance I s l a n d  

( i n s i d e  pass)  
E t o i l e  E t o i l e  
Luk,unor Lulrunor 
Anal Anel 
Tokaen Tolinen 
iviatten Matten 
Ka.penor KP-penor 

Bokelan Bokelan 
Rongel3,b Rongelap 
Nortlir.rest Passage Nor-thi,rest. Pass 
Rongerik Rongerilc 

Talcire A t o l l  Taisa Atoll  
- - -  
1daat%rerik 
Lo j ronz  
Taka 
Elulr 

Watourilrku-t5 
Lo j i r o n  
Taka 
Eluk 

Bwolnren Bolren 
Taka Passage Talia Pass 
- - -  -"- 

Ujae A t o l l  UJ:ie A t o l l  
Enylaoieg Enylanieg 
Biginniga-  Biginnigar  

Dames used by 
Mz.rs11allese 

ivielang 
Jebad 
K6le 
Enekura 
Enearni j 
Biebe 
Muli i 1 
Aujarej  
Let0 
Liliiep 
Nalw 
Nnriit 
Enenuan 
Enenloklap 
Biketokzk 
Bilsetolon 
Atoialc 
Aelccine 
- - "  
--- 

~ o t 6 l . e  
Lulci;n~rc?r 
Anel 
Tokaen 
Itfatten 
ICabim,6r 

(Kabin1,!6d) 
Boklang 
Ronglap 
- - -  
Rongrik 

Tdca 
Boli ( c o r a l  pa t ch )  
Ellulr ( Allok) 
Lo j i son  
TSlie 
\fi!atvrerolc (Waitwer3k 

Wo.t~.rerolc) 

Uj8.e 
EnelalncS j 
Bikenkar 

(Bok6nlcar ) 
Alle  ( ~ r l e )  E r l i e  E r l i e  



Names used i n  Males u.scd i n  i4 i l i t a rv  " 
t h i s  paper Geography o r  ti le 

-- 5!0rthern h':a,rshalls, 1956 -- --- 
Sijee ~ t o l i t x u e i l )  

- - -  
Bik 
Eb'oetyu 
--- 
Anvi j 
Xi la  
'.4otys, 
Langebe 
Naenlap 
Ujae 
Bolrerok 
Bock Channel 
Boclc 
- - -  

--- 
Biklru.-td 
Ebbe-tyu 
---  
Anui j 
RUE 
Wotya 
Lanp;ebo. 
Naenlap 
U J R ~  
Bokerolc 
Boclc Channel 
Bocls 
---  

Namnera Nanniera 
Bokankiru Bolca.nl<iru 
Todriic Pass Todrilr Pass 
Toiap Pass Tolap Pass 
m r o n j ~ ~ r e  Pass Tonjure Pass 

Ujel.azlg A-t,oll 
Fyokon 
- - -  
Bog(;elininlapp 
Seroko 
Pokon 
Bolranibop 
Bokanibvi.ebiSok 
l<IL~~gen 
- - -  
Boisanlceme j 
Bolc:?.naLzp 
i4a.ronliIc 
Maron 
Enetobnl 
Daisu 
Bolcanr!or 
U j e Pan?; 
---  
Enera j  
Burle 
Narrow 1 ' ~ s  
Nel le  
Wide Pass 
E inm:Lapp 

Uje lmg  A t o l l  
Fy0k01l 
- .. - 
Bog~eI. ininlapp 
Seroko 
Polron 
I3ok,mibop 
Bokanib\i-i.ebirok 
ICilagen 
- - -  
Bolc~ankeme j 
Bokanalap 
Maronliic 
Maron 
i4orina 
Daisu 
Bo1ian~:rcir 
Ujelang 
--- 
Enera j  
Burle  
Narrov Pass 
Ror!iu 
Wi&e Pass 
E i m l a p p  

Ncmes used by 
Pinrshallese 

Bolrarik (~ok) 
Bi:r (Bok) 
Ebeju (EbSju) 
Letko (reef '  t o  west)  
Anui j ( Anus ) 
XuEt 
biojia (Wdjjak) 
L6agba (Langba) 
Naenlap 
Ujae 
Bolcerolc (BdkZrolc) 
~ 3 k  Lj5assJ 
Bo k 
Ls.tarh6n ( reef' 

pztch i n s i d e  
channel) 

iL's.nmera 
Bokankiru 
Todrilc (To Iiiic) 
To1a.p 
Ton jure  

IJ je lang 
Bileom 
Bok (sand s p i t )  
~ok6nenel:ap 
Jerko 
Bokan (Bolran,juaka~c) 
Bokanibwiebiong 
Boksnibwiebiroli 
ICi lollen 
Boken jo io  
Boliankerne ,> 
Bo!rilllulap 
Pladromedilc 
Madron 
Enetobal  
Rae j 
Bokan v6r 
Uje lmg  
Enekonge 
Eneraj  
Bie to  
- 
Nelle 
- - -  
Enel lap  (Einnilapp) 



N~~r~les used i n  Na;:;es used i n  Militar:~ Nmies used by 
t2lis paper Geo~;raphy of t h e  Marshallese 

i;urthe::n Xarshal l s  1356 ---- ~ L- 
Ujclang ~ . t o l l 7 c o n t i n i ~ t d )  

Ennimenetto Ennirnenetto 
K i r i n i y m  K i r i n i y a l  

Kalo Kalo 

U t i r i k  A t o l l  
--- 
P i  ji 
Allok 
pi go^?^ 
Nalab --- 
Utirils 
A d ?  (peni.n.- 

su1.a) 
Aneaxeine j 
l?:~olciarr:~e j 
it5enei;oon 
Aoil 
--- 
- - -  
Utiri l r  Passage 

'lotho ktol l .  
Medyeron 

. . worirbar 
Molcerolimolt 
Enerikan 
liotho 

Boker 
Bok1a:bunLili 

Lo j ari 
Jcbena .~  
U i i i t j  

Uterilt A to l l  
--- 
P i  j e  
E l l &  
Pigo\,rak 
Nalep 
- - -  
Utcrilc 
Ad roplr3.n 

w e "  

Uterik Pass 

Boker 
Uolrl?'bunlik 

Lo Jan 
Jebenau 
Ed i t  j 

Enirnoni (Enemanet ) 
I l i r iniyan 

( ~ i r e n e n )  
Kalo 

Uutroic 
Emi j w a  (sand ban!!) 
Bike 
El luk  ( ~ l l o l c )  
Belcra.lc (Bekr6k) 
Nalap 
NajZ 
Wutrolc 
Adropken 

LGeuinsulq  
Eneorriii j 
Bokcrfimi j 
ii janen 
A6n (ban) 
K*bl?ar 
R e r e t i  
- - -  
Liklsirultan 
Korili:rik!.oken 
Bultilaen 
Bor8,nlt~iet 

( t h e  4 above a r e  
siiio.11 pat, cne s 
on the  W r e e f )  

'i!!otto 
Me jurw6n 

(M~tjur+ron) 
Enebarbar 
Eneobnzk 
Enerikan 
\"lotto 
Zitninean ( N  p a r t  

of wotto) 
Jitrolcean ( S  penin- 

s u l a  of  Wotto) 
Bolrer 
Bolsl~.bunli!c 

(Elnedrilt Ken) 
Bolcanr.etok 

(~olc6nectok) 
LO j1.ra 
Jibneo (J ibnau)  
UtieJ (17utiej) 



Names used i n  Names u.sed i n  M i 1 i t a . r ~  i~Iar:.es used hv " 
t h i s  pa.per Geo,grzphy of t h e  ldarshallese 

- Northern Mzrshalls, 1956 -- 
ilotho  toll - m i I l u e m  

Erot  jemE+.n 
Yeltio 
ICabben 
Eireir 

Oiilbelirl Channel 

Begin Chaililel 

Begin 
Hadyeron Channel 
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