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KUSAIE (UALAN) l SLAND (CAROL1 NES) 

I General Statement : 

Kusaie,  easternmost of  t h e  Carol ine I s l a n d s ,  i s  about 390 mi les  
southwest of Kwa j e l e i n  i n  t h e  Marshal l  I s l a n d s  and about 290 mi l e s  east- 
southeas t  of Ponape i n  t h e  Caro l ines .  I s l and  has  maxj-mum width of  1 0  
mi l e s  and a r e a  of 43  square miles .  M t  . Crozer ,  a l t i t u d e  2,064 f e e t ,  is 
h ighes t  summit. 

Te r r a in :  

The smal l  mountainous i s l a n d  is surrounded by  a narrow c o a s t a l  
lowland and c o r a l  r e e f s .  S t r a t e g i c  t e r r a i n  f e a t u r e s  a r e  : 

1) Coas ta l  lowlands and r e e f  i s l a n d s :  Narrow c o a s t a l  lowland 
surrounds mountains ; maxinun width about a m i  l e ,  g e n e r a l l y  
much l e s s .  Small r ee f  i s l a n d s  on e a s t  and south  separa ted  
from main i s l a n d  by narrow, shal low lagoon-canals. Mountain 
spu r s  extending t o  coas t  s epa ra t e  lowland i n t  o seven t e r r a i n  
compartments. Val leys of Tnnemu River  on e a s t  coast  and 
Okaato River  on west coas t  a r e  separa ted  by s t e e p ,  narrow 
d i v i d e ;  provide e a s i e s t  rou te  f o r  c ross - i s land  communication. 
Four harbors:  Le le ,  L o t t i n ,  Berard, and Coqui l le ,  loca ted  a t  
mouths of l a r g e s t  streams. Swampy ground is  major hindrance 
t o  movement w i t h i n  compartments ; mountain spurs  h inder  move- 
ment between compartments. S o i l  i n  pa r t  t h i n ,  i n  pa r t  
g r a v e l l y ,  some outcrops of underlying c o r a l  r e e f  rock. Ex- 
cept  f o r  poorly dra ined  a r e a s ,  s o i l  w i l l  permit f r e e  movement 
of personnel  and motorized equipment. Thin s o i l  may prevent 
excavat ion of s l i t  t r enches  and fox holes .  Swampy a r e a s  of 
p l a s t i c  s i l t  and c l a y  a r e  adjacent  t o  shores  and s treams;  
support dense mangrove. These a r e a s  provide poor f o o t i n g  and 
a r e  o b s t a c l e s  t o  movement. Fox holes  and slit t r enches  can- 
not be dug because of poor drainage and slumping of s o i l .  
Limy sand and c o r a l  l imestone of r ee f  i s l a n d s  g e n e r a l l y  w e l l  
drained.  Sands may be t h i n  and c o r a l  l imestone bedrock w i l l  
prevent excavat ion  of has ty  f o r t  i f  i c a t  ions ,  

( 2 )  Mountains: B a r r i e r  a r e a ;  no t e r r a i n  co r r ido r s .  Densely 
f o r e s t e d  mountain mass of high r e l i e f ,  s t e e p  s l o p e s ,  and 
narrow va l l eys .  P e n e t r a t i o n  d i f f i c u l t  f o r  foot  t roops  . S o i l  
g e n e r a l l y  t h i n ,  e s p e c i a l l y  on s t e e p e r  s lopes ;  l ack ing  i n  
summit a r eas .  S l i t  t r enches  and fox  ho le s  can be dug only  
where s lopes  a r e  most g e n t l e .  S o i l  drainage good; on ly  im-  
media te ly  a f t e r  heavy r a i n s  is s o i l  s l i p p e r y  and s t i cky .  

I ~ r o b l e m s  of B a t e r  Supply: 

With regard t o  t h e  a v a i l a b i l i t y  of  water  s u p p l i e s ,  Kusaie may be 
d iv ided  i n t o  4 gene ra l  a reas :  

(1) Fr inging  i s l a n d s  and narrow beaches have no su r f ace  water:  
Ground water  i s  sha l low but  ~ r o b a b l v  more o r  l e s s  
brackish,except  poss ib ly  on l a r g e r  is lands,  and only smal l  
amounts a r e  obta inable .  Chief sources of f r e s h  water  w i l l  be 
catchment of r a i n  water  and impor ta t ion  o r  d i s t i l l a t i o n .  
Green coconuts w i l l  provide emergency supply. 

( 2 )  Mangrove swamps: Have no l o c a l  source of  potable  water.  

(3)  Coas t a l  lowlands: Have a few streams wi th  sma l l  pe renn ia l  
flow of potable  water.  Ample f r e s h  water i s  ob ta inab le  by 
digging o r  d r i l l i n g  we l l s .  

Problems of Construct  ion: 

Ma te r i a l s  a v a i l a b l e  : 

Adequate supp l i e s  of cons t ruc t ion  m a t e r i a l s  a r e  a v a i l a b l e  
on Kusaie. Compact b a s a l t  o f  mountains,  when not deeply decayed, 
provides good cons t ruc t ion  ma te r i a l .  Coral  l imestone of  c o a s t a l  
lowlands, r e e f s ,  and r e e f  i s l a n d s  r e a d i l y  a v a i l a b l e  f o r  l i g h t  
cons t ruc t ion ,  road metal ,  and a s  source f o r  lime. Charac ter  
ranges widely from place t o  p lace  due t o  amount of impur i t i e s  and 
indura t ion ;  can i n  pa r t  be worked wi th  hand t o o l s .  Limy sand and 
g rave l  of  v a l l e y s  and beaches r e a d i l y  a v a i l a b l e .  Abundant mat ai- 
a l s  l o c a l l y  a v a i l a b l e  f o r  s o i l  s t a b i l i z a t i o n ,  

Foundat ions  : Where r e l a t i v e l y  f r e s h  , b a s a l t  provides good f oun- 
d a t i o n ;  where deeply decayed provides poor foundat ion.  Coral  
l imest  one provides moderately good t o  poor f oundat i on ,  depending 
on p u r i t y  and amount of  i ndura t ion .  Beach sand, g r a v e l ,  and 
swampy silt provide poor foundat ions.  

Roads and a i r f  l e l d s  : Densely f o r e s t e d  mountains d i f f i c u l t  f o r  
cons t ruc t ion  of  roads. S t eep  grades ,  sha rp  curves ,  and s i d e - h i l l  
c u t s  a r e  necessary.  Ground g e n e r a l l y  well-drained. Many c u t s  
w i l l  r equ i r e  b l a s t i n g .  Coas ta l  lowlands and r e e f  i s l a n d s  suitatite 
f o r  roads wi th  low grades  and long tangents .  Dense vege ta t ion  
and undrained ground, e s p e c i a l l y  mangrove swamps, make con- 
s t r u c t i o n  of roads d i f f i c u l t .  Poss ib l e  s i t e s  f o r  e a s i l y  con- 
s t r u c t e d  a i r f i e l d s  r e s t r i c t e d  t o  c o a s t a l  lowlands, e s p e c i a l l y  on 
e a s t  and southeas t  c o a s t s .  Coral  l imestone and sand t o  be mixed 
wi th  c l a y - s i l t  loam f o r  s o i l  s t a b i l i z a t i o n  a r e  r e a d i l y  a v a i l a b l e .  
Vegetat ion,  p r imar i ly  of coconut palms, is r e a d i l y  c leared .  

Operat i o n a l  Fea tures  : 

(I ) Movement confined t o  compartments of c o a s t a l  lowlands and 
narrow ree f  i s l ands .  

( 2 )  S t eep  s l o p e s  and dense f o r e s t s  make movement d i f f i c u l t  i n  
mountains . 

(3)  A s i n g l e  c ross - i s land  c o r r i d o r  from Lele  t o  Coquil le  Harbor 
fol lows v a l l e y  of Innemu River  and c ros ses  s t e e p ,  narrow 
div ide  t o  v a l l e y  of Okaato River.  

( 4 )  Mountain spu r s  s epa ra t ing  c o a s t a l  lowland i n t o  compartments 
a r e  b a r r i e r s .  

( 5 )  Steep ,  narrow stream canyons provide bes t  rou te s  i n t o  i n t e r i -  
o r  mountains. 

( 6 )  Narrow lagoon-canals between r e e f  i s l a n d s  and main i s l a n d  i n  
pa r t  concealed passages f o r  movement of  personnel i n  smal l  
c r a f t .  

( 7 )  Mangrove swamps h inde r  movement from r e e f  i s l a n d s  t o  main 
i s land .  

(8) T e r r a i n  and ground condi t ions  gene ra l ly  not s u i t e d  f o r  a i r -  
f i e l d  s i t e s  except on narrow coas t  a 1  lowland. 

( 9 )  Heavy r a i n f a l l  and low cloud c e i l i n g  impede a e r i a l  operat ions.  I 
(10 )  Harbors r epo r t ed  t o  be unsu i t ab l e  f o r  l a r g e  v e s s e l s ,  I 

( 4 )  Mountainous a rea :  Has numerous s t reams which w i l l  provide 
ample s u p p l i e s  f o r  any t r o o p  u n i t s  l i k e l y  t o  occupy t h e  a rea .  
Wells a r e  not recommended. 

For information on landing beaches consul t  o t h e r  i n t e l l i g e n c e  sources.  

Prepared by U. S.  Geological  Survey 
f o r  Chief of Engineers ,  U. S. Army. 



KUSAIE (UALAN) ISLAND (CAROLINES) 

This report,prepared during the  period February 14 t o  
March 1, 1944, by t he  Geological Survey, U. S. Department of 
I n t e r i o r ,  for t h e  Chief of Engineers, U. S. Army, describes 
the  pr incipal  t e r r a i n  features  of Kusaie. Each map and tab le  
of t h e  repor t  i s  devoted to a special ized s e t  of problens; 
together they dover such topics  as: t e r r a i n  appreciat ion,  
water supply, s o i l s ,  construction mater ia ls ,  and problems of 
road and a i r f i e l d  construction. A br ie f  sumnary of c l imat ic  
conditions i s  included t o  complete t he  general picture.  The 
repor t  presents a general  p ic tu re  of t e r r a i n  and engineering 
prob3sms in  a r e l a t i v e l y  unknown region. 

A sumnary statement of t he  mi l i t a ry  aspects of the t e r r a i n  
i s  included. 

RELIABILITY OF DATA 

Most repor ts  on Kueaie describe t h e  populous Lele Island 
and r e s t r i c t e d  coasta l  area. Agassiz and Sarf ert~ have given 
the  most complete descriptions of  t he  is land i n  t h e i r  repor ts ,  
which emphasize e s ~ e c i a l l y  t h e  coasta l  areas. Elsewhere 
information is meagre. L i t t l e  is known of the  i n t e r i o r  of  t h e  
island which i s  inaccessible and reported t o  be unknown even 
t o  t h e  natives. Aer ia l  photographs, with p a r t i a l  coverage 
of t he  island (1943), have aided i n  in te rpre ta t ion  of t h e  
t e r r a i n  and checking of maps and reports .  

Maps of Kusaie d i f f e r  widely i n  de t a i l .  The H.O. chart 
5420 and S a r f e r t V s  1919 map of t he  is land have been included 
i n  the  repor t ,  together with de ta i l ed  maps of Lele Island and 
the t h r ee  main harbors. The base map used i s  a compilation of 
the  J. I. C. P. O.A. map (1943) , compiled from ae r i a l  photographs 
and showing some recent Japanese ins ta l l a t ions .  The i n t e r i o r  t e r r a in ,  
modified s l i gh t l y ,  has been taken from the  H.O. Chart 5420, repro- 
duced from the Japanese Chart of 1922. Cross-island t r a i l s  have 
been added from the  Fleet  Marine Force Staf'f map of 1934. The form 
l i n e s  used t o  ind ica te  t e r r a i n  a r e  generalized and approximate 100- 
foot  contour Pines. 

Included i n  t h i s  repor t  is a topographic map of t h e  south and 
eas t  p a r t s  of Kusaie, prepared by the  U. S. Geological Survey f r o m  
a e r i a l  photographs and made ava i lab le  a f t e r  completion of t he  
report .  This  map, scale 1:20,000, contour i n t e rva l  100 f e e t ,  i s  
i n  e s sen t i a l  agreement with t h e  compiled base map. However, i n  
d e t a i l  there  i s  a wide discrepancy i n  the  character  of t h e  shore- 
l i n e ,  t h e  locat ion of streams, val leys ,  r idge c r e s t s ,  and t he  
width of t h e  coasta l  lowland, especia l ly  on the  southeast s ide  of 
t h e  island.  However, no changes i n  the  o r ig ina l  compiled base 
map have been made. Reference t o  the  deta i led topographic map 
should be made f o r  those areas  covered, which a r e  outl ined on 
t he  compiled base map. 

The informati on presented i n  t h i s  report  necessari ly in- 
volves in te rpre ta t ion  by th.e compilers and r e l i a b i l i t y  ra t ings  
have been given to t h e  t ab l e s  ranging from A (excel lent)  t o  D 
(poor) 
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KUSAIE (UALAN) ISLAND (CAROLINES) SARFERT'S SKETCH MAP. 1919 

auf Grundlage der brit . u deutsch. Seekarte 

J 

Hamburg : 14.Friedcl.irhsen & CO, 1919. U. S. Geological Survey 
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Perspective views projected from topography on H.O. No. 5420 
by niachine t h a t  gives t rue  perspective and corrects  f o r  
curvature of the ea r th  and refract ion.  Detai ls  added from 
avai lable  sketches and photographs. Viewed from sea l e v e l  
a t  a point  4 naut ica l  miles (8000 yards) from nearest  pa in t  
on shore. Ver t ical  scale  not  exaggerated. Alt i tudes i n  
f e e t  above sea level .  





KUSAIE (UALAN) ISLAND (CAROLINES) TERRAIN APPRECIATION 

I R e l i a b i l i t y  r a t i n g :  Class C I 

General Statement:  The small mountainous i s l a n d  of Kusaie 
( l a t .  5Ol6 * t o  5"23* no r th ,  long. 162O54' t o  163002f e a s t )  is 
a t  t h e  e a s t e r n  end of t h e  Carol ine I s l ands .  It is  about 390 
mi les  southwest of Kwajalein i n  t h e  Marshal l  I s l a n d s  and about 
290 mi l e s  east-southeast  o f  Ponape i n  t h e  Caro l ines .  The nearest 
land t o  Kusaie i s  Pingelap ,  a small a t o l l  160 mi l e s  northwest.  
Kusaie,  has a maximum diameter  about 10 mi l e s  i n  a nor theas t  
d i r e c t i o n  and a maximum diameter  about ? m i l e s  i n  a northwest 
d i r e c t i o n ;  t h e  a r e a  i s  about 4 3  square miles .  Re l i e f  is  g r e a t ;  
t h e  maximum a l t i t u d e  i s  2,064 f e e t  ( M t  . ~ r o z e r ) .  

Information concerning t h e  i s l a n d ,  e s p e c i a l l y  t h e  i n t e r i o r ,  
is r e l a t i v e l y  meager, and maps a r e  gene ra l i zed .  The base map 
used has  been compiled from t h e  U. S. Eydrographic Of f i ce  Chart 
No. 5420; t h e  map compiled by t h e  I n t e l l i g e n c e  S e c t i o n ,  F l ee t  
Marine Force Staff, Quantico, Va. (Nov. 1934) ; and t h e  J.I.C.P. 
O.A. (Dec. 1943) map compiled from a e r i a l  photographs. I n  
gene ra l ,  map e l e v a t i o n s  appear  t o  be r e l i a b l e .  General ized form 
l i n e s  showing topography a r e  not contour  l i n e s ,  but  
roughly approximate 100 f o a t  contour l i n e s .  

Map names are, i n  general,  those  used on t h e  Hydrographic 

I n t  roduct ion 

O f f  i c e  Cha r t ,  but some new names, commonly found i n  t h e  l i t e r a -  
t u r e ,  have been added. 

Climate : Kusaie has  a monotonous t r o p i c a l  marine c l imate  
wi th  a small d i u r n a l  and annual temperature range (average about 
8 2 9 ,  and more o r  l e s s  constant  winds from t h e  no r theas t  and e a s t  
(Northeast  Trades) .  Severe s torms and hu r r i canes  a r e  r e l a t i v e l y  
inf requent .  Annual c l i m a t i c  changes a r e  s l i g h t ,  a l though March, 
A p r i l ,  and b y  a r e  t h e  cooles t  months. June, J u l y ,  and August, 
when winds have t h e  g r e a t e s t  v a r i a b i l i t y  i n  d i r e c t i o n ,  a r e  t h e  
warmest months. R a i n f a l l  is heavy; t h e  average a t  Mwot is more 
than  250 inches and t h e  maximum repor ted  291 inches.  The minimum 
r a i n f a l l ,  repor ted  a t  Lele  i s  120 inches.  R a i n f a l l  i n  t h e  
i n t e r i o r  high mountains is apprec i ab ly  h igher  t han  i n  t h e  c o a s t a l  
a r eas .  Summit a r e a s  a r e  commonly cloud-covered. Local  mountain 
and v a l l e y  b reezes ,  combined with land and sea  breezes ,  frequently 
develop cons iderable  s t r eng th .  

Vegetation: Kusaie is completely covered by vege ta t ion  ex- 
cept f o r  a r t i f i c i a l  c l e a r i n g s  and s t eep  pinnacled s u m i t s .  A 
t r o p i c a l  r a i n  f o r e s t  o f  hard woods, bananas, banyans, and as- 
soc i a t ed  types  cover t h e  mountains ; t h e  growth i s  dense except 

on s t e e p  s lopes .  The h ighe r  p a r t s  o f  c o a s t a l  lowlands support 
many coconut palms. Pandanus, mangrove, and a s soc i a t ed  swamp 
p l m t s  grow i n  low c o a s t a l  a r eas .  Coral  r e e f  i s l a n d s  support  
some Coconut palms, pandanus , mangrove, and impenetrable swamp 
vegeta t ion .  Dense vege ta t ion  on some parts of  c o r a l  r e e f  i s l a n d s  
conceal  t h e  f a c t  t h a t  t h e y  a r e  s epa ra t ed  from main i s l a n d  by 
lagoon-canals. Canopies of  mangrove conceal  t h e s e  narrow, boat 
channels  From a e r i a l  observat  ion. On t h e  c o a s t a l  lowlands n e a r  

Le le  and south  t o  Cape Tup in i e r  am a few c u l t i v a t e d  a reas .  
Breadf nit, t a r o  , ~ n d  coconuts grown i n  c o a s t a l  a r eas  t o m  s t a p l e  
food of  na t ives .  

Se t t lements  : L e l e ,  t he  l a r g e s t  se t t lement  on Kusaie,  is on 
t h e  s m a l l  i s l a n d  of Le le  on t h e  e a s t  coas t  oppos i te  t h e  mouth of 
t h e  Innemu River. Small s e t t l emen t s  on t h e  n o r t h  and sou th  coas t  
lowlands are of l i t t l e  importance. Recent ly,  t h e  Japanese have 
cons t ruc t ed  m i l i t a r y  i n s t a l l a t  i ons  on t h e  southeas t  coas t .  Mwot , 
t h e  miss ion  se t t lement  on t h e  southwest c o a s t ,  i s  t h e  second 
l a r g e s t  se t t lement  of  t h e  i s l and .  The populat ion,  es t imated  at 
1,200 persons i n  1935, was l a r g e l y  na t ive .  F o r  informat ion  con- 
ce rn ing  Japanese i n s t a l l a t  i ons  consul t  o t h e r  i n t e l l i g e n c e  r e p o r t s .  
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North Mountains 
( M t .  Buache) 

B a r r i e r  a r e a ;  a l l  movement d i f f i c u l t  because of l a c k  
of  c o r r i d o r s ,  s t e e p  s l o p e s ,  and denee vegeta t ion .  
S t eep  s t ream channels b e s t  rou te s  i n t o  mountains f o r  
personnel ,  but dense vegeta t ion  w i l l  h inde r  movement. 
Spurs  extending from mountain mass t o  sea  and separat- 
i n g  c o a s t a l  lowland i n t o  compartments, d i f f i c u l t  t o  
c r o s s  because of  s t e e p  s lopes  and vegeta t ion .  No 
e s t a b l i s h e d  m u t e s  f o r  movement i n  t h i s  mountainous 
a r e a  which must be by-passed e i t h e r  a long coas t  o r  
by t r a i l  which c ros ses  d iv ide  from Innemu t o  Okaato 
River  va l l eys .  Slopes gene ra l ly  t o o  s t e e p  f o r  tracked 
veh ic l e s .  

Small,  rugged mountain group, culminat ing i n  M t  Buache ; 1w 
f e e t ,  .Mountain group almost c i r c u l a r  i n  p lan  with average diameter 
2 mi les .  Mountains descend ab rup t ly  on a l l  but south  s i d e  to  coastal 
lowlands. Three spu r s  extend from main m u n t a i n  mass to mast 9 dividing 
t h e  c o a s t a l  lowlands i n t o  ~OmPartments. Largest  spu r  on northwest, ex- 
tends  about a mile  from main mountain mase t o  c o a s t ;  average a l t i t l l d e  
about 500 f e e t ,  maximum 738 f e e t .  Smal le r  spurs  on no r th  and east extend 
t o  coas t  ; a r e  lower and l e s s  s t e e p  t h a n  s p u r  on northwest Spurs may be 
~ l i f f e d  a t  seaward ends;  r i s e  ab rup t ly  from c o a s t a l  lowlands* 
mountain mass is separa ted  from Itmuntains of Area 2 by v a l l e y s  of Innemu 

T e r r a i n  cover  : Deep, Concealment : Dense vegetatio 
canyons a f f o r d  exce l l en t  provides e x c e l l e n t  conceal- 
t e r r a i n  cover  f o r  ment throughout a rea .  Con- 
n e l  u n i t s .  Small cealment of personnel  and 
along mountain equipment on f o r e s t e d  moun- 
p ro t ec t ion  t a i n  spu r s  and s lopes  com- 
c o a s t a l  lowland manding compartments of 

Bedrock: Mountainous a r e a  has b a s a l t i c  bedrock; 
poorly exposed except i n  s t ream beds and on 
s t e e p  s lopes ,  elservhere covered by t h i c k  s o i l  
mantle and vegeta t ion .  Basa l t  p r o p e r t i e s  may 
d i f f e r  widely from place t o  p l ace ;  composed of 
t h i n  l a y e r s  from a few inches t o  s e v e r a l  f e e t  
t h i c k .  Hardest b a s a l t  l a y e r s  break n a t u r a l l y  
i n t o  columns which m y  be about 8 t o  1 2  inches 
i n  diameter and up t o  4 f e e t  i n  length.  Layers 
of porous b a s a l t ,  vo lcanic  ash ,  and iasalt 

Excavation: Deep s o i l  and c o a s t a l  lowlands is good t o  
decayed bedrock of lower / e x c e l l e n t .  Troops and Instal- I 
mountain s lopee  e a s i l y  ex- 
cavated with hand t o o l s .  Fox 
ho le s  and sl i t  t r enches  may 

and Okaato Rivers  and low headwater d iv ide  between va l l eys .  / g r a v e l  may be found between l a y e r s  of  hard and 
Re l i e f  and s lopes:  Rel ie f  g r e a t  ; maximum about 1 ,900 f e e t  i n  a mile.  compact columnar b a s a l t .  Where exposed, b a s a l t  
Slopes s t e e p ,  commonly loo$, sometimes 1 5 6  o r  more, e s p e c i a l l y  i n  may be deeply  weathered so t h a t  it crumbles 
summit a r eas .  V e r t i c a l  c l i f f s  common along s tream v a l l e y s  and n e a r  e a s i l y .  Deep weathering may r e s u l t  i n  t o t a l  
summits. Ridge c r e s t s  sha rp ;  gene ra l ly  knife-edge wi th  pinnacles .  l o s s  o f  s t r eng th .  I n  gene ra l ,  bedrock is dark  

not need r e t a i n i n g  w a l l s  but 
may r e q u i r e  a r t  i f  i c i a l  
drainage because of t h e  heavy 
r a i n f a l l .  Summits s h a r p l y  pointed. Some s lopes  may be s l i g h t l y  benched at e l e -  

vat  ions from 100 t o  160 f e e t  above s e a  l e v e l .  
Streams and va l l eys :  Pe renn ia l  s t reams flow r a d i a l l y  from M t  . Buaehe ; 
d r a i n  d i r e c t l y  i n t o  s e a  except on south  where they  a r e  t r i b u t a r y  t o  
Innemu and Okaato Rivers .  Stream g r a d i e n t s  s t e e p ,  e s p e c i a l l y  i n  head- 
water  cou r ses ;  numerous cascades and w a t e r f a l l s .  Some bedrock exposed 
i n  s t ream courses ;  l i m i t e d  g rave l  and f i n e r  m a t e r i a l  i n  s t ream channels, 
some l a r g e  boulders .  F loodpla ins  g e n e r a l l y  lack ing ,  Near mount a i n  
margin, streams may flow through narrow s t e e p w a l l e d  box canyons and 
gorges.  Matante flows through gorge about 100 f e e t  deep and 10  f e e t  
wide near  margin of mountains; cascades near  moutn of  gorge. Valley 
wal l s  s t e e p ,  commonly more than  lo*, r a r e l y  v e r t i c a l .  
Caves: Bome caves repor ted  on  lower mountain s lopes ;  l o c a t i o n s  not - 
d e f i n i t e l y  known. Four 2aves repor ted ,  one on e i t h e r  s i d e  of  spu r s  
extending from mountains on no r th  and northwest.  Cave en t r ances  
probably concealed by vegeta t ion  and rock deb r i s .  Caves probably 
shal low and tube- l ike .  Guano depos i t s  on cave f l o o r s  a r e  b i r d  o r  bat  
excrement. 

l a t i o n s  can be concealed from 
a e r i a l  observat  ion  by dense 
vegetat ion.  

gray  o r  b l ack ;  may weather t o  chocola te  brown 
and va r ious  shades o f  red. - ~ o i f l :  Thick mantle of r e s i d u a l  s o i l  g rades  
i n t o  deeply weathered bedrock. S o i l  t h i c k e s t  
on most g e n t l e  s lopes ;  l ack ing  on s t e e p e s t  
s l o p e s  of summit a reas .  Maximum th i ckness  may 
be s e v e r a l  f e e t .  S o i l  is  dark chocola te  red  t o  
brown; good dra inage;  moderately s t i c k y  when 
wet. I n  pa r t  high i n  i r o n  o r  alumina (bauxi te  
repor ted  on i s l a n d ) .  I n  gene ra l ,  s o i l  has  
p r o p e r t i e s  of  A-4 type , in  p a r t  may be  A-6. 

Obsemat ion:  Observat ion  
d i f f i c u l t  i n  dense vegeta t  icn; 
v i s i b i l i t y  only  a few yards.  
Observat i on  of ad jacent  
coas t  a 1  lowlands d i f f i c u l t  
from mountain spu r s  and 
s lopes.  

South Mountains 
( M t  . ~ r o z e r )  

( See View 21) 

s i d e  of Po r t  L o t t i n .  Caves probably smal l ,  n e a r  margin of  mountains. I 
I 

Rugged mountains , s i m i l a r  t o  Area 1; dimensions roughly 7 mi l e s  e a s t -  Bedrock: B a s a l t ,  s i m i l a r  t o  t h a t  o f  Area 1, B a r r i e r  a r e a ;  movement extremely d i f f i c u l t  because 
west by 4 mi les  north-south. u n t a i n s  form c e n t r a l  core of i s l a n d ;  f o m s  mountains. Bedrock poorly exposed except of l ack  of c o r r i d o r s ,  s t e e p  s l o p e s ,  and dense vege- 

T e r r a i n  cover: Deep, narrow 
canyons provide e x c e l l e n t  
cover f o r  small  personnel  
u n i t s .  Mouths of canyons 
provide cover  from f i r e  on 
c o a s t a l  lowlands. 

riss ab rup t ly  w i th  s t e e p l y  c l i f f e d  margins from c o a s t a l  lowlands; 
c o a s t a l  lowlands on a l l  but north s i d e .  On no r th ,  mountains bounded 
by va l l eys  of Innemu and h raa to  Rivers  ( ~ r e a  3) and sepa ra t ing  head- 
water  d iv ide  ( ~ r e a  1). Maximum a l t i t u d e  (Mt. Crozer )  2,064 f e e t  ; 
s e v e r a l  peaks more than  1,500 f e e t  a l t i t u d e ,  Four spurs  extend from 
c e n t r a l  mountains t o  coas t ;  d iv ide  c o a s t a l  lowlands i n t o  compartments. 
Re l i e f  and s lopes :  Re l i e f  g r e a t ;  ranges up t o  more than  2,000 f e e t .  
Slopes s t e e p ;  comonEy more than  100$, Many s lopes  approach v e r t i c a l .  
Summit a r e a s  sharp ly  pinnacled ; many kn i f  e-edged r idge  c r e s t s .  Some 
broad r idge  c r e s t s ,  e s p e c i a l l y  on sou th ,  i nc i sed  by narrow stream 
canyons, Some s l o p e s  may be s l i g h t l y  benched between 100 and 160 f e e t  
a l t i t u d e .  
S t  reams and va l l eys  : Drainage from c e n t r a l  mountain mass d i r e c t l y  
ac ros s  c o a s t a l  p l a i n  t o  s ea  o r  d i r e c t l y  t o  v a l l e y s  of Innemu and Okaato 

Excavat ions  : Deep exca- 
va t ions  f o r  fox h o l e s  and 
sl i t  t r enches  may be dug 
r e a d i l y  with hand t o o l s  i n  
s o i l  and underlying decayed 
bedrock. Excavat ions  may 
r equ i r e  art i f  i c i a l  drainage 
because of heavy r a i n f a l l  
but  may not r equ i r e  r e t a i n -  
i ng  wal l s .  I Rivers .  Ridge c r e s t  wi th  genera l ized  east-west t r end  forms dra inage  , 

div ide .  Streams pe renn ia l ;  g r a d i e n t s  s t e e p ,  i nc reas ing  i n  s teepness  i n i  
headwater courses  where va l l eys  may have c l i f  f e d  headwalls.  Probably 
many cascades and w a t e r f a l l s ;  bedrock exposed i n  s t ream channels.  I 

Floodplains  gene ra l ly  lack ing;  g rave l  and boulders  i n  s t ream channels 
moved during per iods  of f l ood ,  fol lowing heavy r a i n f a l l .  Val ley  wa l l s  , 
s t e e p ,  i n  p l aces  approach v e r t i c a l ;  many steep-wailed box canyons i n  , 
lower s t ream courses .  Few l a r g e  r e e n t r a n t s  a long stream v a l l e y s  a t  
margin of mount a i n s .  
Caves: Three caves repor ted  i n  a r e a ;  exact l oca t  i on  unknown, one nea r  - 
Berard, one on coas t  about a mile  south of  Mwot , and one along west 

i n  s t ream beds,  on s t e e p e r  s lopes ,  and i n  summil, t a t i o n .  Area can be by-passed along coas t , o r  t h r o w  
a reas .  / v a l l e y s  o f  Innemu and Okaato Rivers  ac ros s  low but 
S o i l :  Thick mantle of dark ,  c h o c o l a t e - ~ e d  t o  / s t e e p  d iv ide .  A s i n g l e  t r a i l  is  repor ted  ( F l e e t  

Concealment : Excel len t  con- 
cealment provided f o r  person- 

brown, r e s i d u a l  s o i l ,  s i m i l a r  t o  t h a t  09  Area 
1. S o i l  merges wi th  deeply decayed bedrock; 
t h i ckness  may be s e v e r a l  f e e t  on lower s lopes ,  
l ack ing  on s t eepes t  s lopes  of  summit a r eas .  

1 

n e l  and m a t e r i e l  by dense 
vegeta t ion .  I n s t  a l l a t  i ons  
concealed from a i r  obser- 
va t  ion  by dense f o r e s t  s ,  
Observat ibn:  Observat ion  
d i f f i c u l t  because of dense 
vegeta t  ion. Fores t  t r e e s  
gene ra l ly  of accordant  
he igh t ;  unsui ted  f o r  obser- 
vat  ion.  Commanding spurs  
and prominences a long  margin 
of mountains w i l l  have t o  be  
c l ea red  of vege ta t ion  f o r  
observa t ion;  w i l l  necessi ta te  
c a r e f u l  camouflage. V i s i -  
b i l i t y  poor i n  f o r e s t s  , 
g e n e r a l l y  on ly  a few yards.  

Marine Force Map, 1934) t o  c r o s s  mountainous t e r r a i n  
between Mwot on coas t  and headwaters of Okaato River. 
T r a i l  is probably narrow foo tpa th  with s t e e p  g rades ;  
unsui ted  t o  motorized movement. Mountain spu r s ,  
separa t  ing  c o a s t a l  lowland i n t o  compartmnt s, a r e  
d i f f i c u l t  t o  c ros s  because of s t e e p  s lopes  and dense 
vegetat  ion. I n  gene ra l ,  narrow st ream canyons a r e  
e a s i e s t  rou te  i n t o  i n t e r i o r ;  r i dge  c r e s t s  o f f e r  no 
advantages t o  movement because of  narrowness and 
dense vegeta t ion .  

(cont inued) S o i l  type  symbols a r e  according t o  t h e  c l a s s i f i c a t i o n  
of t h e  U. S. Publ ic  Roads Administrat ion.  



TERRAIN APPRECIATION KUSAIE (UALAN) ISLAND (CAROLINES) 

R e l i a b i l i t y  r a t ing :  Class  C 

/ Map Unit Topography Ground Conditions I Movement Cover 

3 
1 Coast a 1  Lowlands 

Narrow coast a1  lowland, maximum width about 1 mile surrounds mountain- 
ous i n t e r i o r  of is land (Areas 1 and 2). Inner border marked by ab- 
rup t ,  almost v e r t i c a l  mountain wal ls ,  ou te r  margin i n  par t  swampy, I n  
part coast bordered by narrow lagoon-canals and reef i s l ands .  Small 
mountain streams cross lowlands t o  sea  i n  shallow, meandering courses. 
Coastal lowlands have l i t t l e  r e l i e f ;  slope gent ly  from mountains t o  
ocean. Mountain spurs extending t o  coast separa te  lowlands i n t o  seven 
com~artrnent s : 

(see Views 1-8) ~omiartment A: Small d e l t a  and f loodpla in  of Innemu River;  swampy I c o a s t a l  margin. Lele Harbor (see d e t a i l e d  map) genera l ly  shallow with - .  - 1 small co ra l - ree f s  ; shore i n  par t  sandy, i n  par t  muddy. ~ e l e  Is land I 
(see  d e t a i l e d  map), most populous cen te r  of Kusaie, i s  lowland with 
shallow canals  on west, r i s i n g  t o  s t e e p  h i l l  with a l t i t u d e  of 354 f e e t  
i n  e a s t .  See o ther  in te l l igence  repor t s  f o r  d e t a i l s  of harbor and 
i n s t  a l l a t  ions. Innemu River c a r r i e s  large  q u a n t i t i e s  of si l t ,  sand, 
and nravel  i n  time of  f lood:  clouds water of harbor. 

I (See Views 9-11) ~omp&tment B: Broad, coas ta l  lowland; maximum width almost 1 mile ;  
s lopes  gent ly  from mountain margin t o  s e a  level .  Shorel ine f r inged 

1 with cora l  r e e f s ;  a few small reef  i s l ands  i n  north p a r t ,  elongate I 

(See Views 12- 

reef  is land i n  south p a r t ;  separated from main is land by small channels 
p a r a l l e l  t o  shore. Narrow lagoons i n  south p e r t ;  width from a few t o  
more than 100 f e e t ;  depth 3 t o  6 f e e t ;  reported t o  be t r a v e l  rou tes  
canoes. Numerous small channels t ransverse  t o  coast a 1  channel. 
Fringing mangroves i n  part  completely conceal channels from a e r i a l  
observation, channels probably are  more numerous than map indicates .  
Drainage di tches  ind ica te  t h a t  ground is low and swampy. Mangrove 
swamps have maximum development i n  south part  ; many small channels 
f o m  network of pass w e s  s u i t  able f o r  canoes. 
Compartment C: Narrow coas ta l  lowland along south and southwest part  
of i s land.  Coastal lowlands f e a t u r e l e s s  and narrow, seldom over a few 1 
hundred yards wide. Large a reas  of mangrove swamps along narrow, 
shallow, coas ta l  lagood, which is she l t e red  from open sea  by low 
narrow reef i s land.  Reef may be i n  part  a s  much a s  400 yards wide, 
genera l ly  about 250 yards wide. Outer margin of  reef  shelves rapidly;  
shore sandy and gravel ly .  Highest a l t i t u d e  only a few f e e t  above s e a  
l e v e l ,  but s u f f i c i e n t  f o r  growth of  coconut palms t o  west of Point  
Lesson. Lagoon bordered by mangrove swamps. Small channels i n  swampy 
areas  probably s c i t a b l e  f o r  canoes a t  high t i d e ;  concealed from a e r i a l  
observation by overhanging mangroves. Outer margin of reef- sandy and 
exposed t o  s u r f ;  inner  margin, adjacent t o  lagoon, muddy and sandy. 
Por t  L o t t i n  Harbor is l a r g e s t  na tu ra l  break i n  reef  (see  de ta i l ed  map), 
Compartment D: Narrow, swampy, coas ta l  lowland; l a r g e l y  mangrove 
swamp. Many small st reams flow from mountains across  f e a t u r e l e s s  
p la in  t o  i r r e g u l a r  shore. Complex f r ing ing  r e e f ,  broken a t  Por t  
BerarB, and Coquille Harbor t o  north. Small areas  of lowland r i s e  a 
few f e e t  above general  l e v e l  of mangrove swamps which may i n  par t  ex- 
tend t o  base of mountains. Network of small channels i n  mangrove 
swamp. 
Compartment E: Coquille Harbor; low swampy d e l t a  and f loodpla in  of 
Okaato River inclosed by mountains; connected with adjacent lowland 
compartments only by narrow swampy lowlands. Okaato River crosses  
lowlands i n  a network of  gravel ly ,  s i l t y  channels. During periods of 
f lood,  stream c a r r i e s  much f i n e  d e t r i t u s  and some gravel  i n t o  harbor. 
Broad f r ing ing  r e e f s  off  shore; width more than a mile. Single channel 
opens in to  Coquille Harbor (see d e t a i l e d  map). 
Compartment F: Broad coas ta l  lowland; maximum width about one mile. 
In southwest part  mostly mangrove swamp; higher ground i n  northwest 
par t  planted t o  coconut palms. Some small st reams flow from mountains 
across lowlands i n  shallow meandwing channels. Coconut-fringed coast 
may be s l i g h t l y  c l i f f e d  a t  margin by 6-foot sea c l i f f .  Broad f r ing ing  
r e e f ,  i n  part  awash a t  low t i d e .  No deep channels approach shore. 
Compartment G: Broad, f s a t u r e l e s s ,  coast a 1  lowland, average width 
about hal f  a mile. Sandy and gravel ly  along e a s t  coast  alms on outer  

I 

- -- 

Concealment and Observation 

Bedrock: Coastal  lowlands underlain by coral-  
reef  rock l y i n g  on basa l t .  Coral-reef rock 
th ickes t  a t  shore, t h i n s  out a t  mountain 
margin; not exposed except r a r e l y  i n  small 
c l i f f s  along coast .  Reef rock permeable; 
probablyranges f r o m p o o r l y t o  well-consoli- 
dated 

i/ Soils-  : Coastal  lowlands covered by deep - 
mantle of a l l u v i a l  s o i l ;  cons i s t s  primari ly of 
debr is  washed from adjacent mountains. Sand 
and gravel mostly concentrated i n  stream 
channels and on ou te r  margin of r ee f s .  No 
quartz sand on islaud.  Beaches on o u t e r  
margin of reef  and main i s l ands  commonly 
gravel  composed of c o r a l  fragments. On ex- 
posed eas t  and northeast  coas t s ,  g rave l  and 
sand may be p i l ed  up by surf  t o  heights  of 6 
fee t .  S o i l  of mangrove swamps is p l a s t i c  silt; 
probably A-8 type ; per iod ica l ly  flooded by 
t i d e s .  Reddieh brown, p l a s t i c  t o  f r i a b l e , i n  
part  gravel ly ,  loam on higher pa r t s  of lowlands 
probably A92 and 11-4, l o c a l l y  A-3, i n  type;  
drainage good although ground water t a b l e  is 
high. Moderately s t i c k y  and s l ippery  when wet. 
When s o i l  i s  churned by t r a f f i c ,  becomes muddy. 
Coarsest gravel  d o n g  small &,ream channels. 
Broad c o a s t a l  a reas  cons i s t  i n  p a r t  of gravel-  
l y  mater ia l ,  increas ing i n  f i n e s  toward t h e  
coast. 

.na- of reef  i s land.  Lagoon behind reef  i s iand l a r g e l y  f i l l e d  with 
d e t r i t u s  , mainly mud from adjacent mountains. Narrow channel, s u i t  able 
f o r  small boats  and canoes, follows lagoon from Cape Halgan t o  Lele 
Harbor; i n  south part  is  s u i t a b l e  f o r  l a r g e r  c r a f t .  Shore exposed t o  
s u r f ;  beaches sandy o r  g rave l ly ;  beach r idge b u i l t  up by debr is  brought 
i n  during heavy storms, Mountains r i s e  abruptly from lowland t o  M t .  
Buache ; a few small st reams flow across lowlands from mountains ; 
probably ca r ry  much debr is  i n  time of flood. 

Terra in  Cover: Lowland 
provides no t e r r a i n  cover. 

Ground condit ions a r e  important f a c t o r  influencing 
ease of movement i n  coas ta l  lowlands. Mangrove swang 
pract i c a l l y  impenetrable ; grea tes t  development along 
northeast coast  (compartment C ) ;  elsewhere sca t t e red  
more o r  l e s s  continuously along coast .  Small stream 
channels crossing lowlands f rommounta ins to  seamay 
hinder movemant ; genera l ly  f ordab20 but muddy bottoms 
may cause bogging of heavy vehicles.  Small channels 
i n  mangrove swamps may be 3 t o  6 f e e t  deep; e a s i l y  
passable by canoes. Small co ra l  reef i s l ands  gener- 
a l l y  have b e t t e r  foot ing than main is land.  Composed 
primari ly of c o r a l  sand and fragments of c o r a l  reef  
rock, some sca t t e red  volcanic boulders and cobbles. 
I n  geners l ,  where the re  a re  coconut palms, foo t ing  
is bes t ;  poorest on inner margin where the re  a re  

mangrove swamps. Movement from compartment t o  com- 
partment d i f f i c u l t  because of mountain spurs which 
extend t o  coast .  Narrow lowland of mangrove swamps 
reported t o  f m n t  spurs separat  ing  Compartments B and 
C ,  D and E, E and F, and G and A. Spur between A and 
B f ronted by fo res ted  t r a c t  l e s s  than 100 f e e t  wide; 
between C and 4 and F and G, appears t o  lack any 
f ron t ing  lowland and mountain spur may be c l i f f e d .  
I n  general ,  spurs a r e  heavily wooded and can r e a d i l y  
cormnand narrow cor r idors  joining compartments, a s  

w e l l  a s  adjacent compartment lowlands. Movement 
through mangrove swamps a t  base of mountain spurs  
d i f f i c u l t  because of Poor footing. 
Established routes:  A few roads and footpaths follow 
coas ta l  area.  Natives reported t o  follow beach 
r a t h e r  than inland paths. Japanese reported t o  have 
constructed and repaired c o a s t a l  routes.  Lele Is land 
enci rc led  by coas ta l  road;  some i n t e r i o r  roads (see  
detakled map). T r a i l  follows Innemu River va l l ey ,  
crosses low headwater divide t o  Okaato River val ley.  
Probably is only cleared t r a i l ;  may be recen t ly  im- 
proved with corduroy l o g  o r  fasc ine  i n  low swampy 
areas.  Coastal  road south from Lele b r b o r  t o  C a p  
Tupinier  r ecen t ly  reported t o  be 20 f e e t  wide; 
probably surfaced w i t h  c o r a l  limestone; connects a i r -  
f i e l d  and i n s t a l l a t i o n s  with Lele Harbor. No roads 
o r  t r a i l s  known i n  Compartment C o the r  than  shor t  
coas ta l  t r a i l  a t  c l u s t e r  of houses northeast of  Point 
Vauvil l iers .  Narrow t r a i l  leads  from coast t o  
missicn settlement on mountain spur a t  Mwot. No 
roads o r  t r a i l s  known i n  Compartment D. T r a i l  up 
Okaato Valley t o  headwater d iv ide ,  connects a t  
divide with t r a i l  t o  Lele Harbor; may have been 
recent ly  improved by Japanese a s  cro8s i s land route.  
A s ingle  coas ta l  road from Tahonsaku (Compartment F )  
t o  Cape Halgan (Compartment G )  ends a t  small  inland 
channel connecting with Lele Harbor. This  road, 
reported t o  have been widened t o  12 f e e t ,  may be 

Mountain spurs provide cove 
from adjacent compartments. 
Small re ent rant  s where 
streams issua  from mountain 

, margin provide cover from 
f i r e  on lowlands. I 
Excavation: Alluvium of 
c o a s t a l  lowlands e a s i l y  ex- 
cavated by hand t o o l s ,  ex- 
cept i n  swampy a reas  where 
water-logged s o i l  w i l l  slump 
Art i f  i c i a l  draicage w i l l  be 
necessary throughout low- 
lands because o f  high water 
t a b l e ,  heavy r a i n f a l l ,  and 
poor surface drainage. 
Walls of excavations w i l l  
need support. Areas u n d e ~  
l a i n  by c o r a l  limestone may 
have t h i n  s o i l  cover and 
requ i re  t ions. b l a s t i n g  f o r  excava-8 

Dense vegetat ion of fo res ted  
areas  and mangrove swamps w i l l  
provide excellent  concealment 
from a e r i a l  observation. 
Ground v i s i b i l i t y  low i n  these  
areas.  Coconut palm plan- 
t a t  ions and na tu ra l  groves 
provide only moderate con- 
cealment. I n  genera l ,  dense 
vegetatioil  on reef  i s lands  and 
c o a s t a l  swamps provides con- 
cealment from sea. 
Ob se rvat  ion : Ob servat  ion of 
c o a s t a l  lowlands from adjacent  
mountain slopes w o r  o r  im- 
possible because o f d e n s e  
vegetation. Coastal  i n s t a l -  
l a t i o n s  and movement along 
beaches may be obseryed from 
open oeeaa but not from main 
is land.  Channels between 
f r ing ing  i s l ands  and main 
i s l and  s u i t  able f o r  movement 
i n  canoes, i n  large  part  can- 
not be observed from a i r  be- 
cause of canopy of fo l iage .  

2/ S o i l  type symbols a re  according t o  the  c l a s s i f i c a t i o n  
of the  U. S. Public Roads Administration. 

Prepared by U. S. Geological Survey 
f o r  Chief of Engineers, U. S. Army. 
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I 
CHARACTERISTICS OF CORAL REEFS OF KUSAIE I 

Coral r ee f s  a r e  narrow submarine platforms b u i l t  of 
limestone made from lime-depositing organisms (calcareous 
algae and cora ls ) .  In l a rge  p a r t ,  t h e  sur face  of t h e  
co ra l  reef i s  s l i g h t . 1 ~  below t h e  l e v e l  of mean low water. 
Two main types  a r e  recognized: (a )  f r i ng ing  r e e f s  which 
a re  attached t o  a landmass, usual ly  an i s land ,  and (b) 
b a r r i e r  r ee f s ,  which are  submarine r idges  enclosing 
shallow lagoons, commonly containing i s lands ,  All grad- 
a t ions  may occur between the  t y p i c a l  f r i n g i n g  reef  and 
t h e  t y p i c a l  b a r r i e r  reef .  

On Kusaie, t y p i c a l  f r i ng ing  r e e f s  a r e  on t h e  west 
and nor th  coasts .  On the  south and southeast  coasts ,  t h e  
f r i n g i n g  reelf merges with a narrow b a r r i e r  r ee f ,  separated 
from t h e  main i s l and  by a narrow lagoon o r  lagoonal-canal. 
Small i s l ands  on t h e  b a r r i e r  r e e f s  p a r a l l e l  t h e  shore of 
t he  is land.  

Fringing Reef s 

The accompanying generalized cross-section i l l u s -  
t r a t e s  t h e  p r inc ipa l  c h a r a c t e r i s t i c s  of a f r i ng ing  reef .  
Much of t h e  reef  i s  submerged, even a t  low t i d e .  Width 
of r e e f s  ranges from a few f e e t  t o  about a mile. Coral 
grows best  where water i s  s t rongly  ag i t a t ed  and a s  a 
consequence, f r inging  r e e f s  may be extensive a t  exposed 

headlands. A t  t h e  mouths of l a r g e r  streams f r ing ing  r e e f s  
a r e  i n t e r rup ted ,  f o r  cora l  growth i s  hindered by f r e s h  o r  
brackish water. 

Seaward margin: The seaward margin of a reef i s  a 
s t eep ly  inc l ined  and poss ib ly  overhanging w a l l .  The reef  
margin i s  f l u t e d  by many narrow, closely-spaced chutes, 
separated by smooth-fronted promontories of reef  rock. 
These chutes a r e  scoop-shaped depressions i n t o  which t h e  
sea wells  a t  low t i d e ,  surging on t o  t h e  reef  f l a t .  A t  
high t i d e ,  waves break with f u l l  force  on t h e  reef  margin, 
which i s  covered wi th  l i v i n g  co ra l s  and calcareous algae. 
The sur face  of t h e  reef  f l a t  near  t he  seaward margin may 
be smoothly rounded, s loping gen t ly  seaward toward t h e  
abrupt break i n  slope a t  t h e  suhnarine face .  

Reef f l a t :  The nea r ly  l e v e l  reef f l a t  is  a surface 
l a r g e l y  blanketed by sand and co ra l  fragments broken and 
d i s t r ibu ted  by waves and currents .  Much of t h e  cora l  on 
the  reef  f l a t  i s  dead. Pa r t  of t he  reef f l a t  i s  a lime- 
stone pavement; t h e  limestone exposed above t i d e  i s  jagged 
and composed of sharp-edged ledges. Blocks of reef rock, 
deposited by storm waves, may be sca t te red  over t h e  reef 
f l a t  near t h e  outer  margin. Tide pools  a s  much a s  t e n  
f e e t  i n  diameter and severa l  f e e t  deep form depressions i n  
t h e  reef f l a t .  Branching v a r i e t i e s  of c o r a l  grow i n  these  

depressions t o  t h e  low t i d e  leve l .  The reef  surface may 
be separated from t h e  mainland by a shallow "boa% channeltt, 
a narrow discontiriuous t i d a l  channel t h a t  remains water- 
f i l l e d  a t  low t i d e  and i s  a few f e e t  deep. 

Inner  margln: The inner  margin of t h e  f r i n g i n g  r e e f s  
of Kusaie may be a mangrove swamp or a beach of calcareous 
sand. In  no place i s  t h e  coast  reported t o  be c l i f f e d  o r  
overhanging. 

Barr ie r  Reefs 

On t h e  south and southeast coas ts  of Kusaie t h e  
t y p i c a l  f r i ng ing  r e e f s  merge with a b a r r i e r  reef of a 
r e l a t i v e l y  uncommon type. Here the re  a r e  narrow, elongate 
i s l ands  ~ a r a l l e l  t o  t h e  shore, from which they  a r e  sepa- 
r a t ed  by a narrow lagoon o r  lagoonal canal.  The t y p i c a l  
f r i n g i n g  reef  s k i r t i n g  t h e  low mangrove shore i s  absent. 
The accompanying generalized cross-section i l l u s t r a t e s  
t he  p r inc ipa l  cha rac t e r i s t i c s  of t h i s  type of reef .  

Seaward margin: L.n general  s imi lar  t o  t h a t  of the  
f r ing ing  reef .  

Reef f l a t :  Essen t i a l ly  s imi l a r  t o  t h a t  of t h e  
f r ing ing  r e e f ,  but  general ly lacking  t h e  "boat channeltt 

c h a r a c t e r i s t i c  of t he  f r iqg ing  reef .  

Islands: Low i s l ands  on t h e  surface of the  reef  a r e  
b u i l t  of sand cons is t ing  i n  la rge  pa r t  of co ra l  and a l g a l  
fragments, The sand has been deposited on t h e  reef  f l a t  
by waves and currents  and may be i n  p a r t  reworked by t h e  
wind. Few i s l ands  a r e  higher than 15 f e e t ;  t he  chief ir- 
r e g u l a r i t i e s  on t h e i r  surface a r e  low dunes and beach 
ridges. The sand i s  permeable, dra ins  quickly, and i s  
dry  almost immediately following a r a in ;  it i s  f i rm  even 
when saturated.  There a re  no streams. 

Lagoons and lagoon-canals: Narrow lagoons between 
the  b a r r i e r  reef  i s l ands  and the  Kusaie mainland, range 
i n  width from a few f e e t  t o  about 300 f e e t ,  and t o  a 
m a x i r r u m  depth of 10 t o  12 f e e t .  In general  t h e  banks 
a re  mangrove swamps; lagoon f l o o r s  a r e  covered with cal- 
careous sand and co ra l  blocks; t he re  a re  few l i v i n g  co ra l s  
i n  these  lagoons. Rarely small i s l e t s  r i s e  almost t o  high 
t i d e  l e v e l  from t h e  f l o o r s  of t he  lagoons. 

Inner margin: On t h e  south and southeast  coast  of 
Kusaie, t h e  c h a r a c t e r i s t i c  f r i n g i n g  reef  is absent along 
t h e  coast.  The low coast  i s  a mangrove swamp. 
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WATER SUPPLY 

I KUSAIE (UALAN) ISLAND (CAROLINE§) 
n 

R e l i a b i l i t y  r a t i n g :  Class  B 

TNTkO WCTION 

The Coasta l  Lowlands: The c o a s t a l  lowland is leve l  
t o  r o l l i n g  and ranges from a few hundred t o  about 1,200 

covers most of t h e  mountains. r e se rvo i r s .  The surface  water contains  l i t t l e  d issolved 
mineral mat ter  bu t ,  e s p e c i a l l y  during f loods ,  c a r r i e s  a 
heavy silt load and must be f i l t e r e d  and ch lo r ina ted  f o r  
human consumption. 

Water resources on Kusaie a re  abundant, but nea r ly  
undeveloped. The Japanese a r e  repor ted t o  have constructed 
a r e s e r v o i r  ( f o r  power and possibly  water supply) on a 
small stream s l i g h t l y  l e s s  than a mile southwest of Le le  
Harbor, but t h i s  is not v e r i l i e d  by a e r i a l  photographs 
taken i n  January, 1944. On Lele  Is land i s  a 953-eallon 
(40-ton) water t ank  probably f o r  s to rage  of r a i n  water.  A 
well  on t h e  nor th  s ide  of Lele  provides water repor ted t o  
be u n f i t  f o r  dr inking and used only f o r  bathing and washing. 
Most of t h e  na t ive  and fo re ign  population uses  water from 
streams, sp r ings  o r  s to red  r a i n  water  f o r  a l l  purposes. 

yards  wide. It i s  bordered by sand and gravel  beaches, o r  
mangrove swamps up t o  600 yards wide. I n  t h e  swamps i n t e r -  
mingled s i l t ,  c o r a l  and volcanic d e b r i s  a r e  anchored by 
mangrove roots .  The c o a s t a l  lowland i s  under la in  by s i l t ,  
and permeable sand and g rave l  which a r e  th innes t  near  the  
beaches and the  foot  of the  mountains, and possibly  50 t o  
60 f e e t  t h i c k  about 1/4 of t h e  way from the  mountains t o  
t h e  ocean. T h i s  alluvium o v e r l i e s  a r a i sed  c o r a l  reef  of 
more o r  l e s s  cavernous limestone except near  t h e  foot  of 
t h e  moimtains, where it o v e r l i e s  b a s a l t .  The c o r a l  lime- 
s tone o v e r l i e s  b a s a l t ,  and thickens  from a few f e e t  near  
t h e  mountains t o  over  100 f e e t  near  t h e  beach. A few 
l a r g e  r i v e r s  c ross  t h e  lowlands i n  wide channels;  the  beds 
cons i s t  of sand and g rave l  except near  t h e  s e a  where they 
a r e  of mud. 

P r e c i p i t a t i o n  

Ground Water: The narrow sandy beaches of Kusaie and -- 
t h e  low of f shore  i s l ands  (Map Unit 1) a r e  under la in  by 
pervious mate r ia l s  which, a t  depth,  contain  s a l t  water. A 
l e n s  of f r e s h  o r  brackish water f l o a t s  on the  s a l t  water  
(See Diagram 1). On t h e  smal ler  i s l a n d s  t h i s  l e n s  i s  
brackish,  but on some of t h e  l a r g e r  ones it may be f a i r l y  
f r e s h  and would supply small q u a n t i t i e s  of water  t o  shallow 
wel ls .  I n  t h e  mangrove swamps (Map Unit 2 )  f r e s h  ground 
water w i l l  not be found. 

The mean annual r a i n f a l l  a t  Mwot, on t h e  west coas t ,  
i s  254.79 inches and at Lele  I s l and ,  o f f  t h e  e a s t  c o a s t ,  is 
176.26 inches. (See p r e c i p i t a t i o n  graph i n  Climate section.) 
I n  t h e  higher  p a r t s  of the i s l and  the  r a i z f a l l  is probably 
g rea te r .  No d i s t i n c t  wet o r  dry season e x i s t s .  Rain falls  
near ly  every day and is  l i k e l y  t o  be t o r r e n t i a l .  

Population and Water ~ a c i l i t  i e s  

Most mountain st reams on Kusaie a r e  perennial ,  but 
f l u c t u a t e  g r e a t l y  i n  discharge. The l a r g e r  streams would 
a f fo rd  r e l i a b l e  supp l ies  d i r e c t l y  t o  p u r i f i c a t i o n  u n i t s .  
On smal ler  s t reams s torage f a c i l i t i e s  would have t o  be 
provided. On t h e  c o a s t a l  p l a i n  few streams a r e  perennial ;  
on the  c o a s t a l  i s l a n d s  t h e r e  a re  no streams. 

I n  1935, t h e  population of Kusaie consis ted of 1,189 
na t ives ,  25 Japanese, and a few whites.  Most of the  
na t ives  l i v e  i n  v i l l a g e s  a t  t h e  mouths of streams along 
the  coas t ;  most important se t t l ements  a re  on Lele I s l and ,  
a t  t h e  mission s t a t i o n  of Mwot (Inshiappu) , and a t  L o t t i n ,  
Coquille,  and Berard Harbors. 

The c o a s t a l  lowlands and r i v e r  va l l eys  (Map Unit  3 )  
a r e  a l s o  under la in  by pervious m a t e r i a l s  which contain  s a l t  
water a t  depth with f r e s h  water above t h e  s a l t  water. The 
f r e s h  water zone i s  t h i n  near t h e  shore,  but th ickens  in-  
land and would probably provide considerable q u a n t i t i e s  of 
water t o  wells, e s p e c i a l l y  i n  t h e  l a r g e r  r i v e r  va l l eys .  

The Centra l  Mountain &ea: The i n t e r i o r  is moun- 
t a inous  with s lopes  up t o  1 5 N .  The mountains a r e  sepratsd 
i n t o  a l a rge  southern mass and a much smal ler  nor thern m e s s  
by a v a l l e y  occupied by the  Okaato and Innemu Rivers.  
The highest peak is M t  . Crozer (2,064 f e e t  ) near  t h e  
c e n t e r  of t h e  i s l and .  M t  . Buache i n  the  nor th ,  a l t i t u d e  
1,946 f e e t ,  is reported t o  have s lopes  l e s s  rugged than 
those  of t h e  southern mountains. The mountains a r e  under- 
l a i n  by beds of basa l t  a few inches t o  severa l  f e e t  t h i c k ,  
interbedded with  l a y e r s  of porous b a s a l t ,  volcanic ash,  
and gravel .  Some basa l t  beds f r a c t u r e d  i n t o  columns. The 
b a s a l t  ( p a r t i c u l a r l y  on t h e  g e n t l e r  s lopes )  is  covered 
with s e v e r a l  f e e t  of s o i l .  

I Abuadant supp l ies  of f r e s h  ground water can be 
developed on the  c o a s t a l  lowlands of Kusaie. I n  t h e  interim 
mountainous p a r t s  we l l s  a r e  not recommended un less  t h e  s i t e s  
a re  se lec ted  by a ground water  geologis t .  With t h e  pcssible 
exception of  Lele  I s l and ,  only  emergency supp l ies  of ground 
water ,  probably brackish,  a r e  ava i l ab le  on t h e  small coasta l  
i s l ands  and on some o f  t h e  narrow beaches of Kusaie. 

No public water supply systems a r e  repor ted on 
Kusaie. I n  1942 water supp l ies  on Lele I s l and  were ob- 
t a ined  from a 950-gallon (40-ton) tank,  s . toring r a i n  water; 
f x m  a f r e s h  water we l l  on nor th  s ide  of t h e  i s l and  (used 
only f o r  washing and ba th ing) ;  and from the  Innemu River  
above t h e  inf luence of t i d a l  water (water c a r r i e d  t o  Lele 
by boa t ) .  Elsewhere t h e  water supp l ies  were obtained from 
st reams,  sp r ings ,  and r a i n  water s tored i ~ !  small  c i s t e r n s .  
A small  dam and r e s e r v o i r  with a hydroe lec t r i c  plant  have 
been repor ted on a stream about 1,500 yards southwest of 
Lele Harbor (not c o n i i m d  from a e r i a l  photographs of 
January 1944). If presen t ,  t h i s  r e s e r v o i r  could a l s o  pro- 
vide a water supply. 

The water t a b l e  ranges from a few f e e t  beneath t h e  
surface  near t h e  shore t o  about 80 f e e t  near t h e  mountains. 

I n  t h ~  mountains (Map Unit 4 ) ,  the  ground-water 
t a b l e  is genera l ly  deep, 200 t o  over 1,500 f e e t ;  i n  places  
bodies Of ground water  a re  held  up by impermeable beds a t  
l e s s e r  depths,  and i n  a few places t h e r e  i s  f resh  water i n  
t h e  alluvium of s t ream va l l eys .  However, no general  pre- 
d i c t i o n s  a s  t o  t h e  loca t ion  of these  places  can be made and 
a l l  w e l l  s i t e s  i n  t h i s  a rea  should be se lec ted  by a ground 
water geologis t .  No spr ings  a re  reported on the  i s l and  but 
they  a re  probably numerous i n  t h e  mountains. Yields  of 
even t h e  l a r g e s t  ones w i l l  probably not exceed 50 ga l lons  
per  minute. 

Rain water ,  co l l ec ted  from t r e e s ,  roofs  and o t h e r  
su r faces  i s  an important source of  wa te r  supply* 

Topography and Geology S t  reams a re  numerous. They flow i n  narrow, rocky 
gorges with many rapids  and w a t e r f a l l s .  Near t h e  borders 
of t h e  mountains the  gorges widen i n t o  va l l eys .  Kusaie, a rea  about 43 square miles ,  has  a mountainous 

i n t e r i o r  surrounded by g e n t l y  s lop ing  coast a 1  lowlands. 
The i s l and  i s  enc i rc led  by a f r i n g i n g  c o r a l  reef  ranging 
from a few hundred yards wide on t h e  southeast  t o  almost a 
mile on t h e  northwest ; i n  places t h e  ree f  supports long, 
narrow i s l ands .  The ree f  is  broken only a t  the  harbors of 
Le le ,  Lot t  i n ,  Berard, and Coquille . 

Water Resources 
Vegetation 

Surface d a t e r :  No l a k e s  a r e  present on Kusaie o r  the  
adjacent i s l ands .  The only perennial  streams a r e  on 
Kusaie, Streams a re  numerous i n  t h e  mountains of Kusaie, 
but only a few of t h e  l a r g e r  ones flow across  t h e  c o a s t a l  
lowlands; the smal le r  streams l o s e  t h e i r  water by seepage 
a t  t h e  inner  edge of the  lowlands. &st of t h e  mountain 
streams a re  perennial ,  but owing t o  t h e  heavy and frequent 
p r e c i p i t a t i o n  t h e i r  flows f l u c t u a t e  widely. Rivers with 
flows adequate t o  y i e l d  r e l i a b l e  water supp l ies  t o  l a rge  
t roop  u n i t s  a re  t h e  Okaat o, &it an te ,  Innemu, Fenkol, Utwa, 
and Berard. The smal ler  streams w i l l  not provide sufficient 
water f o r  t r o o p s  unless  t h e i r  f lood  water is s to red  i n  

Other Sources: Adequate water f o r  small t roop u n i t s  
can be obtained by c o l l e c t i n g  and s t o r i n g  ra inwater  from 
t r e e  t runks ,  roofs ,  and o t h e r  surfaces.  Green coconuts 
will provide emergency dr inking water. 

Coasta l  Is lands:  The ocean si6.e of t h e  i s l ands  on 
t h e  south and e a s t  coast  of Kusaie i s  barren gravel .  Some 
of the  broader i s l a n d s  have coconut palms i n  t h e  i n t e r i o r  
and mangrove swamps on the  landward s i d e  . 

The Coasta l  Is lands:  Along t h e  south and e a s t  coastg ,  
separaxed from main i s l a n d  by narrow lagoons,  a r e  c o r a l  r ee f  
i s l ands  l e s s  than  6 f e e t  high and ranging rrom a few f e e t  
t o  about three-quar ters  of a mile wide. The i s l a n d s  consist 
c h i e f l y  of permeable c o r a l  sand and g rave l  with some vol- 
canic  d e t r i t u s .  On t h e  e a s t e r n  end of  Lele I s l and  is  a 
b a s a l t i c  h i l l  354 f e e t  high. The western end i s  low and 
f l a t  and c o n s i s t s  of intermingled si l t  and c o r a l  rock. 

Main I s l and :  Mangrove swamps 100 t o  600 yards wide 
f r i n g e  t h e  coast  behind t h e  offshore  i s l ands :  from near  
c a p e - ~ u p i n i e r  westward t o  Pt . Vauvi l l i e r s ,  south of  Cape 
Kalgan on t h e  nor theast  c o a s t ,  and near  t h e  mouths of some 
of  t h e  l a r g e r  s t ~ e a m s .  Elsewhere t h e  c o a s t a l  lowland is 
covered with  heavy t r o p i c a l  r a i n  f o r e s t  o r  patches of 
l i g h t e r  vegeta t ion and coconut palms. The r a i n  f o r e s t  a l s o  

DBVLOPMENT OF WATER FACXITIES 

On Lele I s l and  small supp l ies  obta inable  by 
captur ing and s t o r i n g  i n  c i s t e r n s  o r  tanks  t h e  
runoff from numerous smal l  g u l l i e s  of M t .  
Fenkofuru, Elsewhere i n  Map Unit 1 t h e r e  a r e  
no streams o r  l akes .  I n  genera l ,  t h e  surface  
water must be c l a r i f i e d  and ch lo r ina ted  before  
use. 

I Map Unit I 

Beaches of Kusaie 
and 

Coast a 1  I s l ands  

Other Sources Surf ace Water 

Small amounts of water  obta inable  by digging p i t s  o r  shallow wel l s  a s  
f a r  a s  poss ible  from t h e  sea.  Wells dug wi th in  250 f e e t  of t h e  shore 
w i l l  y i e ld  brackish water. Maximum depth of t h e s e  p i t s  w i l l  be about 
6 f e e t ;  should not be dug below sea  l e v e l  and should be pumped very 
l i g h t l y  t o  minimize danger of sa l t -wa te r  contamination (See Diagram 2). 
The water  willprobably be brackish on t h e  smal le r  i s l a n d s  and possibly  
on some l a r g e r  i s l ands ,  but can be used f o r  emergency suppl ies .  It is 
best  t o  pump only dur ing low t i d e .  Hand t o o l s  w i l l  s u f f i c e  f o r  digging 
p i t s  o r  wells.  

I 1 No potable su r f  ace water ava i l ab le .  

Ground Water 

Adequate water f o r  slue11 t roop  u n i t s  can 
be obtained by c o l l e c t i n g  r a i n  water 
from t r e e  t runks  (see  Diagram 31, ~ o o f s ,  
and o t h e r  su r faces  and s t o r i n g  it i n  
tanks .  Green coconuts w i l l  provide 
emergency dr inking water i n  many places.  
Water supp l ies  f o r  l a rge  t r o o p  u n i t s  will  
probably have 'Uo be imported o r  d i s t i l l s d  

/ NO potable ground water obta inable .  

I 

Col lec t ion  o f  r a i n  water ,  importation of 
f r e s h  water o r  d i s t i l l a t i o n  of s e a  water 
o r  swamp water (Map Unit 3 )  w i l l  be 
necessary.  I Mangrove swamps. I 

Many streams which c ross  t h i s  a r e a  flow only 
a f t e r  heavy r a i n s .  Others lose  t h e i r  water by 
seepage near  base of mountains. A few s t r e w  
including LJtwa,Okaato, Mat an te ,  Fenkol, Innemu 
and Berard probably have a smal l  perennial  
flow i n  t h i s  a rea  and may a f fo rd  supp l ies  f o r  
moderately l a rge  t r o o p  u n i t s  i f  r e s e r v o i r s  a r e  
constructed.  Seepage l o s s e s  would be heavy i n  
t h i s  a r e a  and r e s e r v o i r s  would have t o  be 
l ined  with  c l a y  o r  o t h e r  impermeable mater ia l .  
In takes  would have t o  be placed above t h e  

Ample supp l ies  of ground water can be developed, probably with l e s s  
t r o u b l e  than  surface  water suppl ies .  Most favorable  s i t e s  i n  va l l eys  
of perennial  streams; supp l ies  a l s o  obtainable  from in te r s t ream areas .  
Well s i t e s  should be a s  f a r  a s  poss ible  from sources of s a l t  water 
contaminat ion. The minimum d i s tance  from t h e  shore o r  from t h e  man- 
grove swamps whould be a t  l e a s t  500 f e e t ,  and i f  poss ible  1,000 f e e t .  
Near shore ,  water l e v e l  is  wi th in  20 t o  30 f e e t  of surface  and w e l l s  
could be dug o r  d r ive  points  i n s t a l l e d  wi th  l i t t l e  d i f f i c u l t y .  I n  
places  f a r t h e r  in land,  it is 80 f e e t  below t h e  su r face ,  and d r i l l i n g  
with  r o t a r y  d r i l l s  would be preferable .  Wells w i l l  have t o  be curbed 
o r  cased t o  p x v e n t  caving and should be provided with screens  o r  

Water supp l ies  could a l s o  be 
piped from st reams o r  spr ings  i n  t h e  
mountains. Co l lec t ion  of r a i n  water w i l  
provide emergency supp l ies ;  green coco- 
nu t s  p l e n t i f u l  near  shore. 

3 
Coast a 1  lowlands ; 

l a r g e  r i v e r  val leya . 

l i m i t  of high t i d e ,  about & f e e t  above mean 
t i d e  i n  t h i s  area, and protected against  f r e -  
quent high water. Water s l i g h t l y  pol luted 
and f requen t ly  muddy; should be c l a r i f i e d  and 

s t r a i n e r s  i n  water bearing beds. Near shore ,  water can be pumped 
with c e n t r i f u g a l  pumps. However, excess ive  pumping may draw s a l t  
water i n t o  we l l ;  can usua l ly  be made f r e s h  again  by ceasing pumping 
f o r  12  t o  24 hours. Therea f te r ,  t h e  r a t e  of pumping should be d e m  
S a l t  water contamination may occur more than  once, but a f t e r  a few 
t r i a l s ,  t h e  s a f e  r a t e  of  pumping can be determined. Far the r  in land hi- 
l i f t  pumps w i l l  be needed. Well water good q u a l i t y  except where s a l t -  
water contamination occurs ,  and probably could be used without t r e a t  - 
ment. Within a few hundred f e e t  of the  mountains,wells w i l l  probably 
e n t e r  basa l t  o r  possi'bly r a i s e d  reef  l imestone, before  water t ab le  is 
reached. Rotary d r i l l s  equipped with  rock b i t s ,  o r  percussion d r i l l s  
w i l l  be needed t o  penetra te  these  rocks and an adequate supply of 
spare  b i t s  should be provided. Screens and casing w i l l  not be neces- 
s a r y  i n  t h e  basa l t  o r  reef  limestone. 

Adequate supp l ies  obta inable  i n  most p laces  
from t h e  numerous streams; genera l ly  i n  s t e e p  
walled val leys .  Plunge pools a t  the base of 
f a l l s  provide s to red  water on many non-pe~-  
e n n i a l  streams. These pools can be enlarged,  
genera l ly  wi th  l o c a l  mate r ia l s  and l i t t l e  
labor .  S i t e s  f o r  small dams numerous. 

Springs probably numerous on lower s lopes  of mountains and i n  c e r t a i n  
p a r t s  of i n t e r i o r .  Most r a t h e r  small  and i s sue  a t  Contact between a 
permeable rock bed and an underlying impermeable bed. Quant i t ies  can 
usua l ly  be increased by concentra t ing the  flow i n  one channel. Ditch- 
ing  o r  t u n n e l l i n g  a t  sp r ing  s i t e  a r e  t h e  most e f f e c t i v e  methods. 
Native t r e e s  w i l l  supply s u i t a b l e  logs  f o r  t imbering and l i n i n g .  The 
spr ing a rea  should be  fenced o f f  t o  prevent contamination by surface  
drainage. Wells a r e  l i k e l y  t o  be d i f f i c u l t  t o  construct  because of 
underlying hard rocks.  A t  some s i t e s ,  water may be c lose  t o  su r face ;  
genera l ly  it w i l l  be severa l  hundred f e a t .  Wells should not be con- 
s ide red  a s  a source of water supply i n  t h i s  area  un less  they  a r e  
abso lu te ly  necessary; i f  d r i l l e d ,  t h e  s i t e s  should be s e l e c t e d  by a 
competegt ground water geologis t .  

I Mountainous  re&/ 

b/ Movement and concentra t ion of l a r g e  bodies of  t roops  w i l l  be extremely 
d i i f i c u l t  i n  t h i s  a rea  because of the  rugged t e r r a i n  and t h e  dense vege- 
t a t i o n .  I n  seems un l ike ly  t h a t  l a r g e  supp l ies  of water w i l l  be required. 
However, i n  places  it may be des i rab le  t o  develop water supp l ies  i n  t h e  
mountains f o r  use i n  t h e  adjacent lowlands. 

(cont inued)  
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KUSAIE (UALAN) ISLAND (CAROLINES) ROAD AND AIRFIELD CONSTRUCTION 
R e l i a b i l i t y  r a t i n g :  C lass  C 

I INTRODUCT TON l a t i n g ;  crossed by a few shallow g u l l i e s  and smal l  dra inage 
cana l s .  Space f o r  hard s t and ings  and taxiways is abundant. 
Grades l e s s  than  246. A l t i t u d e s  between 20 and 50 f e e t .  

Alignments and Grades: Road al ignments w i l l  e n t a i l  1 and hard t o  work. Good t imber can be obta in?  d from inland 

The smal l ,  mountainous i s l a n d  of  Kusaie c o n s i s t s  of a 
rugged b a s a l t i c  core  surrounded by a narrow c o a s t a l  lowland, 
wi th  swamps, and c o r s l  r e e f s .  Because of dense v e g e t a t i o n ,  
and r u g ~ e d  topography of the  i s l a n d  i n t e r i o r ,  communication 
between c o a s t a l  s e t t l e m e n t s  i n  recent  yea r s  has  been prima- 
r i l y  by canoe. Old t r a i l s  and r o u t e s  of c ross - i s l and  corn- 
munication a r e  repor ted  t o  have been abandoned f o r  many years. 
It is poss ib le  t h a t  r e c e n t l y  t r a i l s  may have been recon- 
s t r u c t e d .  A l l  r o u t e s  of  communication shown on t h e  accompany- 
i n g  map have been taken from the  map compiled by t h e  F lee t  
Marine Force S t a f f ,  Buantico,  Va. (1934) and compiled by 
J.I.P.P.O.A. 3ec . ,  1943 from a e r i a l  photographs. 

numerous sha rp  curves  wi th  ve ry  s h o r t  t a n g e n t s ;  some h a i r p i n  
t u r n s .  Deep h i l l s i d e  c u t s  commonly needed; some p a r t l y  i n  
s o l i d  rock. Crades would be mederate t o  s t s e p  i n  nea r ly  a l l  
p a r t s  of  mountains. Approaches: Approaches a r e  c l e a r .  S teep  h i l l s  r i s i n g  

t o  a l t i t u d e s  of 500 t o  700 f e e t  w i t h i n  2 mile  from northwest 
s i d e  of s i t e  a r e  poss ib le  hazards.  

margin of p l a i n  on nor th  and west s i d e  of Rusaie.  Coconut 
palm has  s o f t  wood which can be used on ly  f o r  very  l j g h t  
cons t ruc t  ion.  

Roads - 
Streams and Crossings:  Short  s w i f t  s treams a r e  numer- 

GUS; cascades and w a t e r f a l l s  a re  common. Streams a r e  
commonly 3 t o  5 f e e t  deep; sub jec t  t o  f r equen t  f loorts. Most 
cannot be forded by wheeled v e h i c l e s ;  t r e s t l e  b r idges  can be 
used. Numerous shor t  b r idges  and c u l v e r t s  r equ i red  t o  c r o s s  
minor ravines  and g u l l i e s .  S t e e p  narrow v a l l e y s ,  and rocky 
gorges i n  which s t ream channels commonly f i l l  e n t i r e  width 
of v a l l e y  f l o o r ,  make approaches d i f f i c u l t .  Rock is  commonly 
exposed on sha rp  jagged c r e s t s ;  l e s s  commonly i n  deep v a l l e y  
bottoms and i n  a few craggy promontories along t h e  coas t .  

E x i s t i n g  Roads and T r a i l s :  On Kusaie I s l a n d ,  good road 
5 mi les  long and 20 f e e t  wide extends  from Lele  Harbor south  
along ' the  e a s t  coas t  t o  Cape Tup in ie r ;  probably s u i t a b l e  f o r  
m i l i t a r y  t r a f f i c .  Japanese may have r e c e n t l y  extended t h i s  
rotid t o  sou th  coas t .  A secondary road & miles  long and 8 
f e e t  wide extends  a long t h e  nor th  coas t  between Tahonsaku and 
Cape Halgan. 

A c c e s s i b i l i t y :  Near good road extending south  from 
Le la  Harbor. 

Ra t i rq :  Good. 

R a t e r  Supply: S i m i l a r  t o  S i t e  1. 

P o s s i b l e  a i r f i e l d  s i t e s  a r e  loca ted  on ly  on dra ined 
p a r t s  of the  c o a s t a l  lowland. Two good s i t e s  a r e  on the eas t  
s i d e  of Kusaie. A i r f i e l d  repor ted  under cons t ruc t  i o n  (Oct . 
22, 1943) on sou theas t  c o a s t ,  n e a r  Cape Tup in ie r  ( J.I.c.P.OA. 
map) a t  s i t e  1. Locat ion of o t h e r  a i r f i e l d  s i t e s  on map is  
inexact  because of l a c k  o f  complete informat ion on t e r r a i n ,  
Aer ia l  photographs (1943) covering e a s t ,  south  and southwest 
c o a s t s  have been examined. 

- 
ALFIEA A. ?bQUWAINS 

A few s h o r t  t r a i l s  and c a r t  roads t o  v i l l a g e s  and c u l t i -  
vated f i e l d s  On t h e  west and southwest s i d e s  of  Lele Harbor, 
near  t h e  landing f i e l d  a t  Cape Tup in ie r ,  and a t  a  few o t h e r  
s c a t t e r e d  p o i n t s  on Kusaie. A f o o t  t r a i l  extends  south from 
Cape Halgan t o  northwest co rner  of Le le  I s l a n d ;  t h e  l a s t  700 
yards  on ly  a t  c r o s s e s  low t ide .  r e e f s  Old between f o o t  t r a i l  Lele  and fol lowing Kusaie Okaato and can and be Innemu used 

v a l l e y s  o f f e r s  b e s t  alignment f o r  c r o s s  i s l a n d  road* 
On Lele  I s l a n d  an 8-foot road i n  gaod c o n d i t i o n  p a r a l l e l s  

t h e  coas t  e n c i r c l i n g  t h e  e n t i r e  i s l a n d ;  p a r t l y  surfaced by 
s tone blocks .  Severa l  poor s h o r t  roads  c r o s s  i s l a n d .  

Poss ib le  A i r f i e l d  S i t e  

A i r f i e l d s  Alignments and Grades_: Coas ta l  p l a i n  i s  s u i t a b l e  f o r  
runway o r i e n t e d  nor theas t .  Ground f l a t  o r  g e n t l y  undula t ing;  
g rades  l e s s  t h a n  1 1/2%. Channel of t h e  Matante River  c u t t i n g  
a c r o s s  e a s t  s i d e  of q i t e  i s  most s e r i o u s  o b j e c t i o n  t o  s i t e ;  
probably  can be d i v e r t e d  o r  c a r r i e d  under s i t e  i n  c u l v e r t  t o  
permit  c o n s t r u c t i o n  of 6,000-foot runway. 

No s i t e s  i n  Area A. 

AFlEA B. LOVTANDS AND RFEF ISLANDS 
Topographic S e t t i n g  

Kusaie i s  almost completely bordered by a 
narrow c o a s t a l  lowland; t h e  mountain spurs  ( ~ r e a  A)  reach t h e  
coas t  i n  on ly  a few p laces .  The lowland is  g e n e r a l l y  on ly  a 
a few hundred ya rds  wide al though it a t t a i n s  a maxirmun width 

Approaches: Ridge a t  n o r t h e a s t  co rner  of s i t e  i s  100  t o  
300 f e e t  i n  a l t i t u d e  and i s  poss ib le  minor hazard. Steep 
r i d g e  r i s e s  t o  600 t o  750 f e e t  in a l t i t u d e  about 0.5 m i l e  
southwest of t h e  s l t e .  S teep s l o p e s  of M t .  Buache n e a r  t h e  
sou theas t  s i d e  a r e  p o s s i b l e  hazards.  I 

Tcpographic S e t t i n g  
of about 2 mile  i n  a few p laces .  On t h e  e a s t  and n o r t h ,  t h e  Alignments and Grades: Road al ignments on well-drained 
lowland c o n s i s t s  c h i e f l y  of f l a t  a l l u v i a l  p l a i n s .  Mangrove p a r t s  of  Kusaie lowland permit open curves  and f a i r l y  long Most of ' the i s l a n d  is  composed of rugged s teep-s ided 

mountains cut  by numerous deep rav ines  and v a l l e y s .  I n  t h e  
nor theas t  pa r t  of t h e  a r e a ,  t h e  small  mountain group which 
culminates i n  M t .  Buache (1,946 f e e t  i n  a l t i t u d e )  is near ly  
separa ted  from t h e  main mountain mass by t h e  broad, deep 
Okaato-Innemu v a l l e y s  and t h e i r  r e l a t i v e l y  s teep,  narrow, 
headwater d ivide .  A l t i t u d e s  a r e  g e n e r a l l y  between 1 ,000 and 
1,600 f e e t ;  M t .  Crozer,  i n  c e n t e r  of t h e  i s l a n d ,  reaches  a 
m a x i m  a l t i t u d e  of 2,064 f e e t .  

swamps l i n e  t h e  west s i d e  of Lele  Harbor and extend from 
nor th  s i d e  o f  t h e  harbor  n e a r l y  t o  Cape Halgan in land  from a 
s l i g h t l y  h igher  b e l t  of  sandy lowland. Mangrove f l a t s  a l s o  
dominate p a r t s  of the  lowland on t h e  west c o a s t .  The 
f r i n g i n g  ree f  borders  most of  Kusaie;  t h e  smal l  i s l a n d s  t h a t  
r i s e  above a r e  low sandy mounds. South of Kusaie ,  in land  
margins of t h e  i s l a n d s  have broad mangrove f l a t s  which 
commonly extend almost t o  t h e  Kusaie swamps. 

t angen t s .  '!There mangrove swamps occupy a l l  o r  most of  t h e  
lowland, a s  i n  south  and west ,  al ignments g i v i n g  fewest con- 
s t r u c t i o n  problems a r e  r e s t r i c t e d  t o  narrow b e l t s  of h igher  
be t t e r -d ra ined  ground. Cross i s l a n d  road could f o l l o w  ~ O W ~ J  
s l o p e s  of Okaato and Innemu Val leys* 

Access ib i l i ty :  Access ible  by road  and t r a i l  o r  canoe 
from Lele  Harbor, t h e  n e a r e s t  p o d  p o r t .  

Rating: Fa i r .  
Streams and Crossings:  Numerous smal l  s l u g g i s h  streams 

c r o s s  t h e  lowland. Most a r e  shallow, on ly  a few f e e t  deep and Water Supply: S imi la r  t o  S i t e  1 except  t h a t  Matante 

I River w i l l  probably  supply  a l l  t h e  wa te r  needed from s u r f a c e  I can be e a s i l y  fo rded ;  sub jec t  t o  r a p i d  r i s e s  i n  l e v e l  dur ing  
Sudden hard  ra ins .  The l a r g e s t  r i v e r s  a r e  t h e  Tnnemu, Okaato, 
Beyard t h e  Utwa, t h e  Fenkol and the Matante. The f i r s t  two 
may be unfordable by wheeled v e h i c l e s  dur ing most of  t h e  yea r ;  
e a s i l y  crossed by temporary br idges .  Except i n  southeas t  
Kusaie , border ing mangrove and h i b i s c u s  swamps a r e  s e r i o u s  
o b s t a c l e s  t o  c ross ings .  Elsewhere approaches a r e  genera l ly  
easy al though s t ream banks a r e  l o c a l l y  matted wi th  vege ta t ion .  

sources.  
Summits and ridge c r e s t s  a r e  sha rp  and coLmmonly rocky. 

Slopes a r e  s t e e p ,  g e n e r a l l y  up t o  100%; some a r e  almost ve r t i -  
c a l .  

Engineering Problems 

Clea r ing  Problems: Dense jungle on in land  margin of low- 
land must be c lea red .  Stumps of  l a r g e  t r e e s  probably re-  
q u i r e  b l a s t i n g  but a r e  not deeply s e t  ; smal l  t r e e s  and under- 
growth can be c lea red  by bu l ldozers .  Groves of coconut palms 
with l i t t l e  undergrowth cover most of t h e  b e t t e r  d ra ined ,  
s l i g h t l y  h igher  p a r t s  of t h e  lowland and t h e  f r i n g i n g  is lands;  
can be c l e a r e d  by bul ldozers .  Mangrove swamps occupy poor ly  
drained p a r t s  of  lowland; s o f t  marshy ground probably w i l l  not 
support bu l ldozers  and o t h e r  c l e a r i n g  equipment. Large 
c u l t  ive ted  t r a c t s  on e a s t  s i d e  present  no c l e a r i n g  problems. 

Engineering Problems 

Clear ing:  Area covered l a r g e l y  by t r o p i c a l  r a i n  f o r e s t .  
Large t r e e s  can be removed by b l a s t i n g  and grubbing. Dense 
t a n g l e s  of v i n e s  and smal le r  t r e e s  probably can be c lea red  by 
bu l ldozers .  

P o s s i b l e  A i r f i e l d  S i t e  1 

Alignments and Grades: S i t e  is on c o a s t a l  lowland on t h e  
southeas t  s i d e  of  Kusaie. Japanese a i r f i e l d  a l igned  NE, under 
cons t ruc t ion  i n  1943 a t  S i t e  1 is  5,700 f e e t  long and 750 f e e t  
wide. Can be extended a t  l e a s t  1,000 f e e t  t o  NE. ; mangrove 
swamps are an o b s t a c l e  t o  more c o n s t r u c t i o n  t o  t h e  south .  
xbundant space f o r  taxiways and d i s p e r s a l  bays. 

Subgrades and Excavations:  Clay loam o r  c l a y  s o i l  
(commonly A-4) compacts i n t o  hard su r face  a t  optimum 
moisture content  but  dur ing long o r  heavy r a i n s  r a p i d l y  
forms deep s l i p p e r y  mud i n  roads  and excavat ions .  Addition 
of coarse  g r a v e l  o r  aggregate  needed f o r  s a t  i s f a c t o r y  me- 
chan ica l  o r  cement-s tabi l ized su r faces .  Although depth 

of s o i l  i s  h i g h l y  v a r i a b l e ,  may be 1 5  t o  30 f e e t  on moder- 
a t e  s lopes .  H i l l  s i d e  c u t s  a r e  mostly i n  s o i l  o r  s o f t  
weathered rock. S teep  s l o p e s  a r e  sub jec t  t o  l a n d s l i d e s  
and s lunping where d i s tu rbed  by excavat ion.  D r i l l i n g  and 
b l a s t i m  reau i red  f o r  rock c u t s  where sound rock crops  

Subgrades and Excavations : Gravel ly  loam and f r i a b l e  
s tony c l a y  loam (A-2, A-4, l o c a l l y  A-3) cover ing b e t t e r  
dra ined p a r t s  o f  lowlnnd has  v a r i a b l e  t e x t u r e  ; conrnonly 
medium t o  coarse  ; under compact ion forms st a b l e  subgrade. 
Coarse g r a v e l  i n  s t ream channels  near  in land margin of low- 
land.  S o i l  s u i t a b l e  f o r  cement s t a b i l i z a t i o n .  Ground is 
g e n e r a l l y  well-drained.  Near coas t  ground water- table  is 
l o c a l l y  c l o s e  t o  s u r f a c e ;  i n  r a i n y  season,  h igh ground 
water l e v e l  may n e c e s s i t a t e  r a i s e d  subgrades f o r  roads and 
a i r f i e l d s .  Drainage d i t c h e s  and subdrains  needed t o  c a r r y  
heavy runof f .  Cu lver t s  must be provided under roads and 
runweys crossed by shallow g u l l i e s .  Photographs of a i r -  
f i e l d  s i t e  under c o n s t r u c t i o n  by Japanese (1943) show 
$ lose  network of dra inage channels.  A l l u v i a l  s i l t  loam and s i l t y  
c l a y  loam(A-5,~-7) i n  v a l l e y  bottoms of l a r g e  streams need add- 
i t i o n  af coarse fraction f o r  s t a b i l i z a t i o n .  

Sandy i s l a n d s  on r e e f s  provide good n a t u r a l  foundat ions .  
Unstable water-logged mud of  mangrove f l a t s  i s  unsu i t ab le  f o r  
roads without a d d i t i o n  of  coa rse  aggregate  and c o n s t r u c t i o n  
of high subgrades;  corduroy roads may l o c a l l y  se rve  a s  ex- 
pedient s. 

Approaches: Approaches c l e a r .  S t e e p  mountain s l o p e s  a 
few hundred f e e t  t o  0 .5  mile northwest of  s i t e  a r e  poss ib le  
hazards .  

A c c e s s i b i l i t y :  Good road from Lele  Harbor t o  sou th  end 
of s i t e .  Coast nea r  s i t e  poor f o r  landings .  --- - -, 

out o r  i s  nea r  surface, a s  on r i d g e  c r e s t s ,  very s t e e p  
upper s lopes ,  some v a l l e y  bottoms and a few c o a s t a l  pmmon- 
t o r i e s .  Unweathered rock 

Rating: Good. 

I provides good br idge foo t ings .  Water Supply: Surface  Water. Water s u f f  i c i e n t  t o  supply 
a l l  requirements i s  probably a v e i l a b l e  from smal l  mountain 
s t reams i f  t h e i r  combined runoff  is  u t i l i z e d .  Discharge w i l l  
f l u c t u a t e  i n  response t o  p r e c i p i t  at ion,and carry-over r e s e r -  
v o i r s  may be requ i red  t o  assure a r e l i a b l e  supply  between high- 
water  f lows.  I f  p ipe  is a v a i l a b l e ,  g r ~ v i t y  supply  i s  poss ib le .  
Water is low i n  minera l  con ten t ,  but  silt load i s  probably 
h igh ,  and dissolved and suspended vegetable m l t  t e r  is present .  
F i l t r a t i o n  and c h l o r i n a t i o n  w i l l  be necessary .  

M a t e r i a l s  Avai lable  : Unweathered b a s a l t  forms good 
crushed aggregate f o r  base course  o r  s u r f a c i n g ;  rock commonly 
tough and hard t o  crush.  Quarry f a c e s  can be r e a d i l y  es -  
t a b l i s h e d  on rocky p o i n t s  and some s t e e p  v a l l e y  w a l l s ;  e l s e -  
where overburden o f  s o i l  and weathered rock is t h i c k .  I n  
zones of weathered rock most m a t e r i a l  i s  u n s u i t a b l e  f o r  
su r fac ing .  Crave1 and boulders i n  s t ream bottoms a r e  pss i b l e  
source of su r fac ing  m a t e r i a l .  T rees  f u r n i s h i n g  good t imber  
f o r  b r i d g e s ,  c u l v e r t s  and o t h e r  s t r u c t u r e s  a r e  found through- 
out, t h e  mountains of Fusaie  but l ack  of roads and t r a i l s  
makes b e s t  s u p p l i e s  d i f f i c u l t  t o  ob ta in .  Streams and h e a v  
r a i n f a l l  f u r n i s h  adequate wa te r  f o r  a l l  purposes, 

The e a s t  end of Lele  i s l a n d  is  under la in  by b a s a l t  
covered t o  a depth  of  10 t o  25 f e e t  by c l a y  loam o r  c l a y  so i l .  
Yest end has sandy loam o r  c l a y  loam s o i l .  Ground a t  western  
end of  Lele  i s  g e n e r a l l y  more s t a b l e  and l e s s  s l i p p e r y  t h a n  
c l a y  s o i l  of  t h e  rugged e a s t e r n  end. 

Water Supply: Ground Water. Y a t e r  i n  s u f f i c i e n t  
q u a n t i t y  f o r  a l l  needs is a v a i l a b l e  a t  depths of  l e s s  than  
LOO f e e t .  Wells should be loca ted  on t h e  p l a i n  about 1 /5  
t h e  dist ,ance from t h e  beach t o  f o o t  of mountains. Moderately 
h igh y i e l d s  wi thout  a l a r g e  draw-down may be expected. R e l l s  
w i l l  be i n  al luvium o r  limestone. Q u a l i t y  o f  wa te r  is  good, 
b u t  danger e x i s t s  of  salt water  invas ion  i n  w e l l s  d r i l l e d  
near  seaward margin of c o a s t a l  p la in .  

Roads - 
M a t e r i a l s  Avai lable  : Coarse g rave l s  and rock fragments 

f o r  su r fac ing  and aggregate  can be obta ined l o c a l l y  from E x i s t i n g  Roads and T r a i l s :  Old f o o t  t r a i l  c r o s s i n g  t h e  
saddle  of t h e  Okaato-Tnnemu depress ion sou th  of M t .  Buache 
was abandoned about 1880; Japanese may have r e e s t a b l i s h e d  i t .  
T r a i l  fo l lows bes t  alignment f o r  c ross - i s l and  road. Foot 
path  e x i s t e d  a t  one t ime from P o r t  L o t t i n  ac ross  mountains t o  
Lele  Harbor. Route was never inpor tan t  and was abandoned 
many years  before  t h e  Okaato-Innemu t r a i l .  

s t ream channels  n e a r  in land  margins of t h e  lowland; may re-  
qu i re  screening.  Coarse c o r a l  sand from sand i s l a n d s  o f f  
shore  i s  gaod m a t e r i a l  f o r  s u r f a c i n g ;  develops high percent I P o s s i b l e  A i r f i e l d  S i t e  2 

of  f i n e s  under heavy t r a f f i c .  Blocks of c o r a l  l imestone Alignments acd Grades: S i t e  2 ,  s i t u a t e d  between S i t e  1 
can be crushed f o r  aggregate o r  can be used f o r  rough and Lele  Harbor, i s  s u i t a b l e  f o r  one o r  poss ib le  two runways 
masonry. Basal t  a v a i l a b l e  on Lele I s l a n d  is  good m a t e r i a l  I o r i e n t e d  NNE. t o  n o r t h e a s t ,  Ground is f l a t  o r  g e n t l y  un8u- 
f o r  aggregate and bu i ld ing  st one ; when unweathered is  tough I 





KUSAIE (UALAN) ISLAND (CAROLINES) SOILS: BASIC DATA 

I ReliabPl i t y  ra t ing t  C. I 
The s o i l s  m3 and table  were compiled from very br ief  de- 

sc r ip t ions  of the s o i l s  on Kusczie and in te rpre ta t ions  based on 
geologic data  and knowledge of s o i l  developnent under sinilar 
conditions elsewhere. 

The climate of Kusaie i s  characterized. by 'nigh temperature and 
verjT high, un i f~rmly-d i s t r ibu ted  r a i n f a l l .  The dominant so i l -  
forming process i s  l a t e r i  zation and the rnajor p a r t  of the a rea  i s  
covered by f ine-textured red and brownish-red l a t e r i t i c  soils..  Some 
t rue  l a t e r i t e s  may be found, pa r t i cu l a r l y  on f l a t  areas of i n t e r -  
mediate elevation.  Near the coas t ,  s o i l s  of coarser texture a r e  
present and there a r e  a l so  extensive areas  of swamp and so:ne s i l t  

( 6 - 8 )  and below. Red and brick- 1 )  i r ed  c lay  containing abundant 
i r o n  concretions. Becomes 
l i g h t e r  with depth grading in to  
yellowish clay,  i n  places 
mottled dark red and white, 
with rock fragnents. Dspth t o  
so l i d  rock very variable;  mag 
be 50 f e e t  i n  places,  but aver- 
age i s  probably 8 to  15 f e e t .  5 

6 

Parent Material: Olivine or  nepheline ba sa l t ,  
f i n e  grained, i n  places  porous, slaggy. 

Relief: Steep slopes, roughly conical mountaim. 
Al t i tude range 150 t o  2,000 fee t .  Very much 
dissected;  gorges and spurs. 

Vegetation: Dense r a i n  fo r e s t ;  contains fewer 
species than mainland types. More open i n  
areas  bordering coasta l  plains.  Grass and 
scrub grovths at highest  a l t i t udes .  

Physical propert ies:  7011 aggregated and 
s table .  Water absorption and water penetrti- 
t i on  high. Fa i r ly  f r i ab l e .  P l a s t i c i t y  and 
cohesion low f o r  i t s  texture. I n  some f l a t  
a r ea s ,  may be somewhat indurated. 

Chemical propert ies:  High i n  i r on ,  low i n  
bases; contains some organic matter ,  particu- 
l a r l y  at hlgher a l t i t udes .  F e r t i l i t y  low t o  
moderate, depending on depth and organic- 
matter  content. Acid reaction.  

EnRineerin~?: properties: CL (A-4 and 8-5) 
P l a a t i c i  t y  low. Has proper t i es  l i k e  the  
A-4 s o i l s  becoslse of the s tab le  structure.  
Bearing power poor to  Fa i r ,  sonewhat e l a s t i c .  
Compactability r e l a t i v e l y  easy with careful  
moisture control. Permeability high, water 
r e t en t i on  high. Low i n  aggregate except f o r  
concretions and rock i n  deeper layers .  
S l i p p e q  when wet, but  d r i e s  rapidly,  I n  f la t  
a reas  may have l e s s  favorable ~ r o p e r t l s s  due 
to  the pos s ib i l i t y  of impded drainage. 

So i l  Type 2 

Gravelly loam and associated 
s o i l s  of coas ta!. lowland. 

0 t o  (4-8)":  Brown t o  brownish- 
red gravelly loam t o  s i l t y  
clay loam w i t h  some humus. 

(4-8)" and below: Yellow t o  
brownish-red gravelly loam t o  
s i l t  loam. Texture depends on 
width of p l a in  and distance 
from steep mountain areas.  Be- 
comes l i g h t e r  i n  color and 
somewhat ccarser  with depth. 

Parent mater ia l  t Largely a l l u v i a l  mater ia l  
eroded f ran  ba sa l t i c  upland. Quite gravel ly  
inland with increasing amounts of f i n e r  
mater ia l  toward t h e  coast,  especia l ly  on 
wider areas. Some cora l  limestone material  
may be pressnt  near the  coast .  

Relief: Generally gently rol l ing.  

Vegetation: Largely various kinds of palms and 
associated species. Much of a!gricultural 
a rea  of i s l ands  i s  of this type. 

Physical proper t ies  : Gene r a l l y  well-drained 
and permeable; low p l a s t i c i t y  and cohesion 
and f a i r l y  low water-holding capacity. Fine- 
textured v a r i e t i e s  near t he  coast drain some- 
what l e s s  rapidly  and a r e  more p l a s t i c  and 
cohesive and have a greater  water-holding 
capacity. Some of the  area  may be too  f l a t  
o r  too close t o  t h e  water t ab l e  f o r  good 
drainage. 

Chemical propert iesr  F e r t i H t y  f a i r l y  good, 
especial ly where texture  i s  f iner .  

Engineering proper t ies t  Varies from gravel  
with no f ines ,  CIP (A-3), near the  base of moun- 
t a ins ,  t o  s i l t y  c lzy loam lViL (A-4). Most 
of area  i s  gravel  with l a rge  amount of f i n e s  
GF (A-2). In  general compacts readi ly  t o  
f a i r  wearing surface o r  excel lent  subgrade. 
Some l o c a l  areas  high i n  gravel near t he  in- 
land slopes may serve a s  source of aggregate. 

Introduction 

loam and s i l t y  c lay loam a l l uv i a l  so i l s .  A fea ture  of the s o i l  
mater ia l  on this i s l and  i s  the complete absence of primary quartz. 

Tropical c lay s o i l s  have some outstanding proper t ies  duo to t h e i r  
chemical composition. Tropical weathering produces a c lay which i s  
high bn i r on  and aluminum oxides and low i n  s i l i c a .  Such c lay  has a 
very s tab le  granular s t ructure  and i s  not e a s i l y  dispersed even when 
very wet. Water a b s o r ~ t i o n  i s  high and water penetrates i n to  the 
s o i l  very rapidly.  Such s o i l s  a r e  o f ten  def ic ien t  i n  avai lable  water 
f o r  p lan t s  i n  s p i t e  of the heavy rainfall; from the physical o r  engi- 
neering standpoint this behavior toward moisture i s  favorablg f o r  i t  
means that such s o i l s  may be worked o r  traversed soon a f t e r  ra in .  

So i l  Type 3 

Sandy s o i l s  of beaches and 
coasta l  areas. 

0 t o  (4-6)": Light brown t o  - 
white o r  grayish sand with some 
volcanic and coral  fragments 
and a l i t t l e  o r m n i c  matter. 

u 

(4-6)" t o  (6-36)": Yellow t o  
white o r  grayish s a d  with 
some darker gravel of volcanic 
rocks. 

16-36) and below: Yellowish 
sand, more o r  l e s s  cemented 
with lime. 

Parent material; Largely coral  sand and coral  
fragments, mixed with more o r  l e s s  volcanic 
material .  

Relief: Gentle slope from sea l e v e l  t o  a l t i -  
tude of about 6 f e e t .  

Ve~e t a t i on t  Largely coconut palms; some other 
t ree  species and grass. 

Physical propert ies : Sand texture, f a i r l y  
coarse; more o r  l e s s  volcanic and cora l  
gravel. Good aerat ion and permeability; no 
p l a s t i c i t y  o r  cohesion. 

Chemical properties: F e r t i l i t y  very low unless 
amount of volcanic material  i s  high. 

Engineering proper t ies  : SP (A-3 ) . 
Sand with small amount of f ines .  Permeable, 
low water-holding capacity. Easily compacted. 
Fair  wearing surf ac e, good sub grade. Some 

coarse aggregate.Sdne areas  are  rough and 
covered with blocks of coral rock c a s t  up by 
waves. 

S o i l  Type 4 

Alluvial  s i l t  loam and s i l t y  
clay loam. 

G t o  (5-15)": Dark brown t o  
black silt loam o r  c lay loam; 
f i n e  crumb s t ructure .  

i5-15)" and below; Dark gray t o  
gray s i l t  loam. May be s t r a t i -  
f i ed .  

Parent material: S i l t ,  clay, and some f i n s  
sand deposited by r i ve r s  on flood plains.  
gay include a reas  of r a the r  high humus con- 
t en t .  

Relief: Very s l i gh t .  Al t i tude ranges from 
5 t o  25 f ee t .  Largely swampy. 

Vegetation: Swamp vegetation, very dense. 

Physical properties: Poorly drained. Aeration 
and permeability low. Moderate t o  high 
p l a s t i c i t y  and cohesion. 

Chemical properties: F e r t i l i t y  and organic 
matter  content high. S l i gh t l y  acid  reaction. 

Engineerina propert ies:  S o i l  predominantly 
silt, MH (A-5); some CH (8-7). Poorly 
drained, very e l a s t i c .  Sticky, slippery, 
and s o f t  through a wide moisture range. May 
include peat o r  muck, OH (A-8).  

I EXPLANATION OF PATTERNS USED I N  SOIL DIAGRAMS 

S o i l  Type 5 I 
Inundated and swampy so i l s .  I 
Coastal swamps en t i r e ly  o r  

in te rmi t ten t ly  flooded. 
Grayish or  dark brown t o  
black sil t  and clay, generallg 
high i n  organic matter. Un- 
consolidated mater ia l  may be 
very shallow o r  lacking end 
t he  t r e e s  rooted d i r ec t l y  on 
the  reef rock. Vegetation is  
mostly mangrove but o ther  

Prepared by U. S. Geological Survey 
f o r  Chief of Engineers, U. S .  Army. 



KUSAIE (UALAN) ISLAND (CAROLINES) SOILS : ENGINEERING PROPERTIES 
Rel iab i l i ty  rat ing: Class C. 

Introduction 

S o i l  p r o f i l e  

The engineering properties of so ils are dependent primarily magnitude depends chief ly  upon t h e  p a r t i c l e  s i ze  d i s t r ibu t ion ,  higher content of i ron and aluminum and a r e  commonly found i n  the  
upon t h e i r  texture;  so t h i s  was t h e  c h i d  fac to r  considered i n  pore s i z e  d i s t r ibu t ion ,  and organic matter content of the  soil .  humid tropics.  The presence of such c lay  has a strong effect  on 
estimating t h e  engineering proper t ies  given i n  t h i s  table.  S o i l  I n  general ,  moisture re tent ion is  a function of t h e  clay content the  behavior of s o i l s  i n  constmct ion practice. 
s t m c  tu re ,  topography and moisture re la t ionships  were a l so  taken of s o i l s ,  varying from low i n  sandy s o i l s  to  high i n  c lay  soi ls .  
i n t o  account. I n  using these  da ta  it should be kept i n  mind tha t  Experiment s have shown t h a t  roughly 5$ moisture is retained i n  The moisture data  a r e  a l so  expressed a s  inches of water per 
the  f igures  a r e  estimates. Allowances have been made f o r  the s o i l s  composed wholly of sand, 2% i n  s i l t  s o i l s ,  and 60$ i n  foot of so i l .  I n  a"iti0n t o  giving a means of judging the  pro- 
d i s t inc t ive  properties of t ropical  clays. The values given a r e  s o i l s  composed e n t i r e l y  of clay. S o i l s  of d i f fe ren t  texture  portion of f i n e  material  and pore space these  moisture estimates 
based on t h e  mater ia l  passing a 2 mm eeive. Therefore t h e  w b n  wetted t o  t h e i r  respect ive  moisture-retention capac i t i e s  enable the  engineer t o  determine (1) t h e  amount of water i n  a 
f igures  fo r  s o i l s  containing gravel w i l l  be too low f o r  t h e  show many s i m i l a r i t i e s  i n  the i r  physical behavior regardless of well-drained s o i l  within one or two days a f t e r  a deep-penetrating 
folloning properties:  o r ig ina l  f i e l d  dry weight, dry weight the  ac tua l  percentages of water present. On t h e  other  hand, when ra in ,  and (2)  t h e  moisture content below which t h e  s o i l  cannot be 
a f t e r  construction treatment, and bearing ra t io ,  and t o o  high two equal weights each of sand and c lay a r e  brou&t t o  the  same uniformly wetted throughout by t h e  addit ion of more water. That 
f o r  moisture re ten t ion  and void ra t io .  water content by adding equal weights of water t o  each,the sand may is, if t h e  water-retention capacity is 3 inches per foot and t h e  

show a l l  the  properties of a "wetw s o i l  while t h e  clay may remain s o i l  is to  be unifcrmly wetted t o  a depth of tnro f e e t ,  a t  l e a &  
Void r a t i o  represents the  r a t i o  of void space t o  volume of r e l a t i v e l y  "dryw i n  appearance and behavior. s i x  inches of water must be added to dry s o i l  to  accomplish t h i s .  

so l id  and is calcultited from the  o r ig ina l  f ield-dry weight by the  The addit ion of only th ree  inches of water would wet the  t o p  foot ,  
formula whereaV is volume of sol id  i n  a cubic foot of so i l .  A 1 1  s o i l s  containing much cleg become more or  l e s s  p l a s t i c  but t h e  water would penetrate no far ther .  The mount of water i n  
The specijlic g rav i ty  of the  so l id  material  is asslmed t o  be 2.65. when moistened suf f i c ien t ly  and i f  worked with implements i n  the  a i r  dry s o i l  m y  also be estimated, f o r  a t  an a i r  humidity of 50$ 

wet s t a t e  tend t o  compact. The so-called p l a s t i c  c lays  become the  water content of s o i l  is  one-fourth t o  one-fif th t h e  moisture 

Moisture re tent ion a s  percentage of oven-dry weight i s  the conspicuously st icky and p l a s t i c  and i n  t h i s  s t a t e  lose  pore re tent ion capacity. 

amount of water a s o i l  i n  place w i l l  r e t a in  against  gravity when space and compact very readily. The f r i a b l e  clays,  a r e  much 
thoroughly wetted and allowed t o  d ra in  freely. It i a  the same a s  l e s s  p l a s t i c  o r  st icky i n  t h e i r  behavior and do not lose  t h e i r  
f i e l d  capacity and close t o  t h e  moisture equivalent. The pore space so readi ly  when worked. These f r i a b l e  c l a y s  have a 

. . . . . .  . . . . .  

. . . . .  

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

Moisture cont at 

Rock fragments m y  be founa i n  t h e  shallow- s tabi l ize .  Would require  drainage and 
e r  so i l s .  Binder is f erruginous clay of textured type, 

eas i ly  but too  poorly graded and too low poor f o r  both. I f  necessary might be used 
areas  near t h e  coast. i n  binder t o  be adequately stabil ized.  f o r  subgrade if th ick layer  of gravel and 

S u i t a b i l i t y  f o r  constmot ion Mechanical s tabi l iza t ion:  Can be read i ly  sand is l a i d  over surface. 
r esu l t s .  Because of high r a i n f a l l ,  main- compacted with t r a c t o r s  o r  r o l l e r s ;  sheeps- 
tenance under wheel or  heavy foot t r a f f i c  foot r o l l e r s  desirable i n  a reas  of f ine r  portland cenent: Not suitable.  Too low 
w i l l  probably require  addit ion of sand of i n  aggregate and organic-matter content is  
gravel t o  the surface;  i n  e m  places probably too high. 
drainage necessary. because of topography. When well  drained o r  portland cement: Fa i r ly  sui table ,  but  

ahould have good bearing power, f a i r  wear- could be improved by addit ion of some 

l y  compacted might make f a i r  but somewhat 
e l a s t  i c  subgrade. Should have a surface Generally highly sui table  f o r  subgrade and 

base course, i f  drainage i a  provided when 
necessary. 

S u i t a b i l i t y  fo r  s t a b i l i z a t i o n  with bitumen Su i tab i l i ty  f o r  s t ab i  l i z a t i o n  with bitumen 
o r  portland cement: Too high i n  c lay f o r  o r  portland cement: Generally f a i r l y  wel l  

EXPLANATION (2' PATTERNS USED I N  SOIL DIAGRAMS Engineering group symbols have t h e  significance given .Ulem Bepared by U. S. Geological m m e y  
i n  t h e  War Department Technical Manual 5-255, Aviation f o r  Chief of Engineers, U. S. A m .  

\ \  - \ - \  Engineers, December, 1942 end t h e  P r i m i p l e s  of Highway 

. . . .  Construction publi  ahed by t h e  Public Roads Administration, 
June, 1943. 





KVSAIE (UALAN) ISLAND (CAROL1 NES) CONSTRUCTION MATERIALS 
R e l i a b i l i t y  r a t i n g :  Class  C 

In t roduc t ion  Engineering p rope r t i e s :  I n  some p l aces  b l a s t i n g  and d r i l l i n g  

B a s a l t ,  which forns  t h e  bedrock of Kusaie,  was used a t  an may be requi red  t o  excavate unweathered compact volcanic  rock. 

e a r l y  d a t e  by n a t i v e s  i n  c o n s t r u c t i n g  bu i ld ings  and wa l l s ,  r u i n s  Where columnar s t r u c t u r e  i s  developed, b locks  can be remcwed by 
of which a r e  s t i l l  s tanding on Le le  Is land.  I n  a d d i t i o n  t o  bui ld-  wedging out  i nd iv idua l  p i l l a r s  (probably averaging 1 f o o t  i n  
ing s tone ,  t h e  b a s a l t  and reef  rock  of Kusaie o f f e r  s u i t a b l e  sources mximum width) .  Porous s laggy b a s a l t  and consol ida ted  ash  rock 
of l ime,  concre te  aggregate ,  road meta l ,  and riprtip. ten6 t o  y i e l d  more r e e d i l y  than compact basa l t .  

Informat ion on the  rocks i s der ived  from Amesic an, German, and Bearing s t r eng th  of compact l a v a  rock is high; lower i n  porous 
Japanese s t u d i e s ,  publ ished between 1903 and 1939. The d i f f e r e n t  l a v a  rock and consol ida ted  a sn  rock, 
rock t y p e s  a r e  discussed b r i e f l y ;  s eve ra l  d e t a i l e d  d e s c r i p t i o n s  
of t h e  b a s a l t i c  rocks  a r e  ava i l ab l e .  There i s  no known published Crushed compact basa l t  w i l l  f u rn i sh  s u i t a b l e  r a t e r i a l  f o r  
geo log ica l  m p  of t h e  i s land .  concre te  aggrega te ,  road metal ,  and f i l l .  Compact and columnar 

basa l t  i s  good source of bu i ld ing  s tone  and r iprap .  
Kusaie possesses  t a l l  s t r a i g h t ,  very durable  t imber t h a t  i s  

p a r t i c u l a r l y  s u i t a b l e  f o r  marine cons t ruc t ion  because of i t s  Unit 2. Coral l imestone,  c o r a l  sand 
r e s i s t a n c e  t o  a t t a c k  by sea  water  and organisms. and g r a v e l ;  vo lcanic  rock sand, g r a v e l ,  and cobbles  

Geological  s e t t i n g  

Kusaie i s  a  m a l l  vo lcanic  i s l and  bordered by a narrow c o a s t a l  
lowland surrounded by c o r a l  reefs. The bedrock c o n s i s t s  of t h i n  
bedded b a s a l t i c  l ava  f lows,  i n  p a r t  compact and colurnnar,in p a r t  
very  porous; wi th  some c o n s o l i d ~ t e d  volcanic  ash beds and d i k e  rock. 
A t  t h e  base  of mountains is an u p l i f t e d  c o r a l  r ee f  covered with a 
l a y e r  of al luvium (volcanic  rock-debris  and c o r a l  sand).  On t h e  
south and e a s t  c o a s t s ,  narrow i s l z n d s  of co ra l  g rave l  and sand 
mixed wi th  volcanic  waste  l i e  on t h e  r ee f  f l a t .  Le le  I s l and ,  o f f  
t h e  e a s t  c o a s t ,  i s  dominated by a  low vo lcan ic  peak. 

The volcanic  a c t i v i t y  is be l ieved  t o  have occurred i n  two 
nab: episodes (probably dur ing  t h e  T e r t i a r y ) .  The b a s a l t i c  l ava ,  
ash and volcanic  bl-ccks probably i ssued  f r o q  s e v e r a l  vents .  

Apparent v e r t i c a l  movenents of t h e  i s l and  a r e  revealed i n  
t e r r a c e s .  S m l l  b e ~ c h e s  c u t  i n  t h e  volcanic rocks a r e  reported a t  
a l t i t u d e s  of 100 t o  165 f e e t .  They may be g rave l  capped. The old 
r e e f  l imes tone  i n  t h e  c o a s t a l  lowland i s  about 3 t o  6 f e e t  above 
sea  l e v e l ,  

Vinere1 deposi t  s 

The discovery of baux i t e  i n  Kusaie was repor ted  i n  1936. No 
d e t a i l s  concerning t h e  depos i t ,  i t s  ex ten t  or  i t s  l o c a t i o n  a r e  
ava i l ab l e .  

Unit 1. Basa l t  and consol ida ted  volcanic  ash rock 

C h a r a c t e r i ~ t i c  f  e ~ t u r e s :  Thin-bedded compact b e s a l t ,  i n  p l aces  
with columnar- s t r u c t u r e ;  a l so  very  porous slaggy basa l t  and con- 
s o l i d a t e d  ash rock between the  compact l ava  flows. Rock gene ra l ly  
g ranu le r ;  c o l o r  gray t o  black where unweathered. Weathers r e a d i l y ,  
forming brownish-red crumbly rock,  rock waste,  and deep reddish 
c lay  s o i l .  

D i s t r i bu t ion :  Forms bedrock of Kusaie except f o r  c o a s t a l  b e l t ;  
a l so  e a s t  p a r t  of Lele I s land .  Exposed 'only i n  mountain spurs ,  
peaks, and r i v e r  gorges,  elsewhere gene ra l ly  concealed by deep s o i l  
cover  a ~ d  dense vegete t ion .  

River  gorges a r e  f i l l e d  with b a s a l t i c  sand, g r a v e l  and cobbles.  
Ter races ,  r e p o ~ t e d  a t  100 t o  165 f e e t  above sea l e v e l  may have t h i n  
cover  of b a s a l t i c  grave l .  

C h a r a c t e r i s t i c  f e a t u r e s :  Coral l i n e s t o n e  i n  r e e f  masses and 
l a r g e  broken b locks ;  r e e f  rock case-hardens wnen exposed t o  a i r .  
YIThite c o r a l  sand and g reve l ,  i n  p l aces  s l i g h t l y  consol ida ted ,  may 
be mlxed wlth b a s a l t i c  rock g rave l  and coobles.  Volcanlc rock 
waste ranging  f ~ ~ o m  sand t o  large boulders.  

D i s t r i bu t ion :  Coral r e e f  l imestone u n d e r l i e s  (1) ree f  f r i n g e  
of i s l a n d  and (-27 t e r r a c e  at 3 t o  6 f e e t  above sea  l e v e l  i n  c o a s t a l  
lowland. Layer (few f e e t  t o  poss ib ly  80 f e e t  t h i c k )  of a l l u v i a l  
sand and g rave l ,  composed o f  both c o r a l  and volcanic  rock  f rag-  
ments, covers  l imestone t e r r a c e  of c o a s t a l  lowland. F imi la r  
m t e r i a l  forms narrow reef  islanG s on south and e a s t  coas ts .  Some 
i s l e t s  o f  pure,  s l i g h t l y  cbneol idated c o r a l  sand a r e  s c a t t e r e d  on 
r e e f .  Large blocks,  g rave l ,  and sand, eroded by su r f  from o u t e r  
edge of r e e f ,  a r e  thrown up on r e e f  f l a t  and beach. Volcanic rock 
waste d i s t r i b u t e d  in l a r g e  r i v e r  va l l eys .  

Engineering p rope r t i e s :  Hand t o o l s  a r e  probably adeauate  t o  
work most unconsol idated and s l i g h t l y  consol ida ted  m t e r i a l  on 
r ee f  and c o a s t a l  lowlard; some b l a s t i n g  may be necessary. Coral 
l imestone can be trimned i n t o  blocks o r  r e a d i l y  crushed. 

Sand and g rave l  on c o a s t a l  lowland and r ee f  i s l a n d s  have low 
bearing s t r eng th .  Reef l imestone,  e s p e c i a l l y  when case-hardened, 
yrobably has  f a i r l y  high bearing p rope r t i e s .  

Romogeneous c o r d  rock and unconsol idated sediment a r e  
exce l l en t  source o f  l ime,  but l a r g e  q u a n t i t i e s  w i t h  requi red  qualitg 
may no t  be ava i l ab l e .  Na tu ra l ly  cemented c o r a l  sand and l imestone 
a r e  s u i t a b l e  f o r  l i g h t  cons t ruc t  ion. Coral  and b a s a l t i c  g rave l  
and boulders  a r e  source of  concre te  aggregate.  Crushed c o r a l  rock 
and b a s a l t i c  g rave l  cnn be used a s  road metal.  Coral  rock w i l l  
d i s i n t e g r a t e  under heavy t r a f f i c  ; must be r e p h c e d  f r equen t ly .  

Prepared by U. F. Geological  Survey 
f o r  Chief of Engineers,  U.S. Army. 



CLIMATE KUSAIE (UALAN) ISLAND (CAROLINES) 

I Sources : I 

Winds, S q u a l l s  and Typhoons 

Kusafa is on t h e  southern  margin of t h e  NE t r a d e  
winds. The nor theas t  t r a d e  winds, dominant from December 
t o  A p r i l  i n c l u s i v e ,  a r e  p r imar i ly  e a s t e r l y  and nor theas tedy  
and have average v e l o c i t i e s  between 11 and 17 mi l e s  pe r  
hour. I n  June and Ju ly ,  when t h e  nor theas t  t r a d e  winds 
s h i f t  northward, l i g h t  v a r i a b l e  winds and calms p r e v a i l  
u n t i l  t h e  southeas t  t r a d e  winds become dominant. The w i &  
of t h e  southeas t  t r a d e  wind season a r e  l i g h t e r  and more 
v a r i a b l e  t han  those  o f  t h e  no r theas t .  I n  November and 
December t h e  wind systems s h i f t  southward and t h e  i s l a n d  
has another  per iod of doldrums. S t rong  o f f sho re  winds a r e  
f requent .  S q u a l l s ,  o r d i n a r i l y  wi th  e a s t e r l y  but  occasion- 
a l l y  with wes t e r ly  winds occur  almost d a i l y ,  p a r t i c u l a r l y  
during June and Ju ly .  They a r e  of  sho r t  du ra t ion  but  vio- 
l e n t ,  wi th  wind v e l o c i t i e s  of  1 5  t o  35 mi les  pe r  hour. 
December and November a r e  a l s o  squa l ly ,  but l e s s  so  t h a n  
June end J u l y ,  Typhoons occur  i n  t h e  a r e a ,  p a r t i c u l a r l y  
dur ing  l a t e  sumner and e a r l y  fall.. Two sach st arms have 
occurred s ince  weather records  were kep t ,  one i n  March 
1891 and another  i n  Apr i l  1905. 

S t r a t e g i c  B u l l e t i n s  of  Oceania, No. 7, Meteorology of  t h e  Caro l ine  
I s l a n d s  : I n s t .  of Human Rela t ions ,  Cross-Cultural  Survey, 
Yale Un ive r s i t y ,  March 5, 1943. 

In te r -Serv ice  Topographic Division/D30, I s l and  of Kusaie,  March 26, 
1942. 

Engineer Research Off ice  Report no. 60, Caro l ine  I s l a n d s ,  M i l i t a r y  
Intelligence Div., U. S.  Army, January 25, 1944. 

Monthly Weather Review Supplement No. 28, Cl imatological  d a t a  f o r  
t h e  t r o p i c a l  i s l a n d s  of t h e  P a c i f i c  Ocean ( O c e a n i a ) , ~ e a t h e r  
Bureau, U. S. Ilept. Agr icu l ture ,  1927. 

Hydrographic Of f i ce  no. 273, Naval A i r  P i l o t ,  West P a c i f i c ,  
Caro l ine  and Marshall  Area, U. S. Navy, J u l y  14,  1943. 

For  more d e t a i l e d  information consul t  o t h e r  i n t e l l i g e n c e  sources.  

Tempe r a t  u re  s 

There is  l i t t l e  v a r i a t i o n  i n  temperature throughout 
t h e  yea r ;  June,  J u l y ,  and August a r e  t h e  h o t t e s t  months;lbEach 
and A p r i l  t h e  coo le s t .  The d a i l y  range is 5 t o  12  degrees 
F., and t h e  minimum temperature is 77 degrees.  Tempe- 
records  were not kept  a t  t h e  s t a t i o n s  on Kusaie but records 
a t  s t a t i o n s  elsewhere i n  t h e  Carol ine I s l a n d s  i n d i c a t e  
t h a t  cond i t i ons  a r e  approximately a s  g iven  i n  t h e  follow- 
ing  t a b l e .  

Temperatures Degrees Fahrenhei t  

Maximum 1002 
Average Maximum 8 4  t o  90 
Average 80 t o  82 
Average Minimum 79 t o  82 
Minimum 77 

Re la t ive  Humidity 

Average r e l a t i v e  humidity is about 82%. The m i n i m  

r e l a t i v e  humidity of 62% is reached i n  mid-afternoon on .hot 
sunny days fol lowing s e v e r a l  days of c l e a r  weather. On 
c l e a r  cool  n i g h t s  t h e  s a t u r a t i o n  point  is reached occasion- 
a l l y  and heavy dews and fog  form. 

Clouds and V i s i b i l i t y  

Higher mountain peaks a r e  commonly hidden i n  clouds.  
A t  s e a ,  c loudiness  averages about 5/10 and c louds  a r e  
p r a c t i c a l l y  always present .  A l t i t ude  of t h e  cloud base 
ranges from 500 t o  1,500 f e e t ,  and the summits o f t e n  extend 
t o  10,000 and occas iona l ly  t o  20,000 f e e t .  Fogs l i e  ove r  
t h e  r i v e r s  and swamps on t h e  e a s t  coas t  i n  t h e  e a r l y  morn- 
i n g ,  p a r t i c u l a r l y  dur ing  t h e  nor theas t  t r a d e  wind season. 
They a r e  d i s s i p a t e d  by t h e  sun by 9:00 A.M. The west coas t  
is  repor ted  t o  be  fog  f r e e ,  but  ground views of t h a t  p a r t  
o f  t h e  i s l a n d  show fog. Ground fogs a r e  common a t  h ighe r  
a l t i t u d e s  i n  t h e  mountains, p a r t i c u l a r l y  on t h e  leeward 
s ides .  V i s i b i l i t y  at s e a  and on t h e  lowlands is g e n e r a l l y  
good except when l i m i t e d  by r a in .  

P r e c i p i t  a t  i on  I 
The two weather s t a t i o n s  a t  which records  have been 

kept a r e  Le le  I s l a n d ,  a t  s e a  l e v e l  o f f  t h e  no r theas t  
coas t  l e s s  t h a n  a mile  from t h e  mountains, and Mwot, on 
t h e  southwest coas t  on t h e  lower mountain s lopes  between 
200 and 300 f e e t  i n  a l t i t u d e .  Average annual prec ip i -  
t a t  ion at Lele  is  176.3 inches  and a t  Mwot 254.8 inches.  
Drought is unknown. Records show a n  annual r a i n f a l l  range 
from 120.8 t o  237.4 at L e l e ,  and from 204.2 t o  291.5 
inches a t  Mwot. P r e c i p i t a t i o n  is q u i t e  evenly d i s t r i b w  
throughout t h e  year .  The r a i n i e s t  months a r e  March t o  
June i n c l u s i v e ,  wi th  a secondary peak i n  Dacember and 
January, at Lele  , and March t o  Sept. i nc lus ive  at Mwot . 
P r e c i p i t a t i o n  i n  t h e  mountains probably is  h ighe r  t h a n  
t h a t  measured a t  e i t h e r  of t h e  weather s t a t i o n s .  Tor- 
r e n t i a l  showers of l i m i t e d  ex ten t  and s h o r t  du ra t ion  f a l l  
almost every  day,generally i n  t h e  e a r l y  morning and l a t e  
af ternoon.  Occasional storms of s e v e r a l  days du ra t ion ,  
wi th  s e v e r a l  per iods  of  i n t ense  p r e c i p i t a t i o n ,  t a k e  p lace  
Per iods  of s e v e r a l  success ive  days of c l e a r  weather may 
occur.  

Average monthly and annual p r e c i p i t a t i o n ,  i n  inches  (upper  
g raphs ) ;  average number of  r a i n y  days per  month and yea r  
( lower graphs ) . 

Years o f  record - 9 
Mean a n n u a l  - 176.26 i n .  
Max. a n n u a l  - 2 3 7 . 4  in. 

M i n .  a n n u a l  - 120.8 in. 
Max.  in 24 hrs.- 6.9 in. 
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Mean annual- 239 days 

Years o f  record - I0 

M e a n  a n n u a l  -254.79 in.  
Max. annual  - 2 9 1 . 5  in. 
Min. a n n u a l  - 204.2 in.  
Max. in 24 h ra .  - 10.4 in .  
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MONTH 3 

Mean a n n u a l - Z  7 7  d a y s  

Source: Monthly Weather Review, Supplement No. 28, Climato- 
l o g i c a l  d a t a  f o r  the  t r o p i c a l  i s l a n d s  of t h e  P a c i f i c  
Ocean (Oceania) ,  Weather Bureau, U. S. Dept. Agri- 

OCEAN AREA 05 160E. POSITION: LATITUDE 5 ' -  10'  N .  . LONGITL'DE 16O0- 1 6 S 0  E. GREEN- 
WICH NOON OESERVATJONS. YEARS COVERED 1 8 8  1 -  1 9 3 3  

June 

Julv 

A u ~ u e t  

September 

October 

November 

December 

Mean 

Compiled bg the U. S. Weather Buram Lees than 0.6 peratat 

* 1 knot = 1.15 m.p.h. 

z u l t u r s ,  1927. I 
Prepared by  U. S. Geological Survey 
f o r  Chief of Engineers ,  U. S. Army. 
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