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FOREWORD 

This f o l i o  was rushed t o  completion on urgent request from t h e  Stra tegic  

Inte l l igence Branch, Office of Chief of Ehgineers. The geologists ,  s o i l s  

s c i e n t i s t s ,  and ground-water hydrologists had completed t h e i r  studies i n  manu- 

s c r i p t  form, but time was not available fo r  edi t ing the  f o l i o ,  coordinating i t s  

d i f fe ren t  par t s ,  or  checking it f o r  inconsistencies.  Par ts  of the t e x t  have not 

even been proof-read f o r  typing mistakes. 

U. S. Geological Survey 
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HALMAHERA (MOLUKKAS) 

MILITARY ASPEXTS OF THE TERHkIN 
The i s l ands  have a hot  moist e q u a t o r i a l  c l imate.  Ra in fa l l  a t  
s e a  l e v e l  v a r i e s  from 60 t o  110 inches,  w e l l  d i s t r i b u t e d  
throughout t h e  year; fa l ls  mostly a s  a s teady d r i z z l e  during 
t h e  southeas t  monsoons ( ~ a y  t o  October) and as sharp showers 
during t h e  northwest monsoons (~ovember t o  Apr i l ) .  Cloudiness 
averages 4 t o  6 tentnv sky cover ; nean temperature range 
69' F. 50 84' F.; humidity 70%. 

I. INTRODUCTION. 

Halmahera and i t s  adjacent  i s l ands  form p a r t  of t h e  northern 
hlolukkas and con t ro l  t h e  nor thern  sea  l a n e s  between Celebes, 
New Guinea, and t h e  southern Philippi.nes.  The i s l ands  a r e  
rough and mountainous wi th  l e v e l  ground r e s t r i c t e d  t o  smal l  
discontinuous a r e a s  on t h e  coas t  and along t h e  l a r g e r  r i v e r s ,  
A l l  a r e  heavi ly  fo res t ed .  IV. TATER STTPPLY. Abundant supp l i e s  a r e  ava i l ab le .  

Important s e t t l emen t s  such as Ternate, C ja i lo lo ,  Galela ,  and 
Tobelo, a r e  on t h e  coast ;  few have more than 2,000 inhab i t an t s  
and most have only  a few hundred. Populat ion is s p a r s e  and 
concentrated l a r g e l y  on t h e  i s l a n d  of Ternate and t h e  nor thern  
peninsula  of Halmahera. 

A .  Exis t ing  s l ~ n n l i e s .  Main s t r e a m  perennia l ,  h n t  f l u c t l ~ a t e  - 
seasonal ly .  In e x c ~ p t ~ i o n a l  p w r s  rrany t r i b u t a r i e s  nay a t  
t i n e s  be v ~ r y  l o v  o r  dry.  A few sh.allow n a t i v e  we l l s  
near  v i l l a g e s .  Ihle t o  prevalence  of water-borne d i seases  
a l l  wa te r  r ega rd le s s  of s o l ~ r c e  requ-ires t rea tment  t o  b e  
s a f e  . 

11. TERRAIN. B. P o t e n t i a l  supp l i e s .  Large supp l i e s  of ground water  can be  - 
developed from w e l l s  sunk 20 t o  40 f t .  i n  a l l u v i a l  p l a i n s  
o r  40 t o  100 f t  . i n  nearby f o o t h i l l s  and t e r r a c e s .  'Nells 
near  coas t  may be  contaminated by s a l t  water  i f  overpumped. 

Three t m e s  of t e r r a i n  common t o  Halmahera and i ts  ad jacen t  
i s l ands  a r e  described below and a r e  recognizable on t h e  ac- 
companying map: c o a s t a l  lowlands, i n t e r i o r  mountairis, and 
v a l l e y  co r r ido r s .  

A. Coasta l  Lowlands. 
Chain of p o t e n t i a l l y  a c t i v e  volcanoes on i s l a n d s  o f f  west coas t  
of Halmahera extends ac ross  nor thern  peninsula t o  Galela.  
I n t e r i o r  mountains of Halmaherals f o u r  peninsulas  and of o t h e r  
l a r g e r  i s l a n d s  a r e  underlain by deeply weathered igneous rocks; 
bordering f o o t h i l l s  and c o a s t a l  r e ~ i o n s  mostly under la in  by 
interbedded sedixentary  rocks (conglomerzte, sandstone, and 
li-nestone) . 

Topography. Consists of f l a t  t o  undulatorg, a l l u v i a l  
p l a i n s  and narrow i r r e g u l a r  t e r r a c e s  c u t  by s q a l l  
stream g u l l i e s .  These areas ,  bounded by s t e e p  
momtains and rocky headlands, a r e  nore numerous and 
ext,ensive along the  e a s t  coas t  of Yalmahera than on 
t h e  west coas t ,  o r  on t h e  Sa t jan  I s l ands ,  w h e r ~  they 
a r e  mostly small and i so l a t ed .  Morotai i s  probably 
s i m i l a r  t o  t h e  e a s t  coas t  of Halmahera. 

V I .  SOILS. 
Movement and obsta.cles . Unimpeded movement of f o o t  

t roops  confined mostly t o  t rai ls  and inmediate 
v i c i n i t y  of l a r g e r  se t t lements .  T r a i l s  a r e  muddy 
much of t h e  time. alsewhere movement d i f f i c u l t  
because of dense r a i n  f o r e s t  which covers much of t h e  
a rea ;  t h i c k e s t  along stream banks. Stream beds where 
shallow a r e  commonly used f o r  trails. However, some 
streams near  t h e  coas t  a r e  over 100 f t .  wide and too  
deep t o  ford .  Soconut zroves on sandy p a r t s  of coas t  
a r e  f a i r l y  open, bu t  d i f f i c u l t  swamp a r e a s  of dense 
mangrove and n ipa  palms, occur a t  many p laces .  Move- 
ment along coas t  f o r  long d i s t ances  is d i f f i c u l t .  
Open grassy  a r e a s  a r e  most common on w e l l  d r a ~ h e d  t e r -  
r a c e  su r faces  and t h e  l a r g e r  p l a i n s  such a s  a t  Kaoe 
and Galela .  

Yor:ntain s o i l s  mostlq' sandy c l ay  loams and c l ay  loams, l o c a l l y  
stony; s r e  5 t o  20 f t .  o r  more deep, com~only w e l l  drained, 
f r i a S l e ,  and f a i r  to good silbgrade mater ia l .  SoSls of a l l u v i a l  
p l a i n s  vanr from coarse g rave l ly  sand t o  f i n e  c l ay  loams and 
sxamp muck. Tf nrell d r ~ i n e d : h a u c  good cons t ruc t ion  charac ter -  
istics. Most s o i l s  if worked o r  subjec ted  t o  heavy t r a f f i c  
when wet become muddy and bog down equipment. 

V I I .  CONST,SUCTION KATERIALS AVAILABLE. 

Trap rock of va r ious  q u a l i t l e s  is abundant, bu t  not  e v e w h e r e  
w e l l  exposed; b e s t  is on northern peninsula  of Halmahera and 
t h e  volcanic  i s l ands  . Massive limestone is l o c a l l y  o b t a ~ h a b l e  
i n  t h e  c e n t r a l  mountsins of Halmahera. Coral l imestone,  
abundant nea r ly  everywnere on h i l l s i d e s  and t e r r a c e s  along 
coas t ,  Is t n e  b e s t  a l l -purpose rock. Gravel and sand can be 
had from r i v e r  ba r s  and banks. Gravel a l s o  o b t a h a b l e  from 
conglorlerste  depos i t s  i n  t h e  f o o t h i l l  regions of t h e  l a r g e r  
i s l a n d s  and coarse  s h e l l y  c o r a l  sand from many beaches. Large 
supp l i e s  of t imber of c o n s t r , ~ c t i o n  grade a r e  ava i l ab le .  Nearest 
developed source of f u e l  is  Boela o i l  f i e l d  on Ceram. 

B. I n t e r i o r  Mountains. 

Topograpny. On Halmahera, ~ o r o t a i ,  and tne  i3atjan 
I s l ands  t h e  i n t e r i o r  mountains, wnich te rminate  along 
t n e  coas t  i n  h i p  c l i f f s  a t  many places,  a r e  rugged 
and broken by numerous s t eep  narrow va l l eys  and sharp 
r idges .  Summit a l t i t u d e s  averape 2,000 t o  3,OOQ f t .  
~ i t h  a maxinum of over 6,033 i n  t h e  S ibe la  9jountains 
of Bat jan. Ternate,  Tidore, ?%t i ,  and Makian Isl-ands 
o f f  west  coast  of ualmahera form a cha-n of  volcanoes V I I I .  PROBLElvlS OF' KUAD COhSTHUCTION . 
which r i s e  abrupt ly  from t h e  s e a  and extend diai.onally 
ac ross  northern peninsula of Halmahera from Dja i lo lo  
t o  Galela .  

There a r e  only about 35 miles  of road on t h e  i s l ands .  Twenty 
miles of t h i s  t o t a l  a r e  around Galela,  8 miles  on Ternate.  
Roads rea i l i re  improvement t o  be s x l i t a b l e  f o r  moYa than l i ~ h t  
t r a f f i c .  Cood netxork of e x i s t i n r  jungle t r a i l s  and more 
frequented pat,hs between sctt,lement,s. Severa l  na tn rq l  co r r ido r s  
across  Halrnahpra and Ratjan a r e  s * ~ i t a b l ~  f o r  road alignment.  
Swamps ab~indant along coast,, but can gene r s l ly  be by-passed . 
River c ross ings ,  c l ea r ing ,  and mud a r e  n a j o r  problems on c o a s t a l  
p l a ins .  Steep s lopes  and p o s s i b i l i t y  of l a n d s l i d e s  a r e  adclit i o n a l  
obs t ac l e s  in mountains. 

Movement and obs t ac l e s  . Movement almost everywhere 
d i f f i c u l t  f o r  f o o t  t roops,  impossible  f o r  veh ic l e s  with-  
out  road cons t ruc t ion .  Valley bottoms a r e  narrow and 
confined; t r a i l s  keep t o  sharp  r idge  c r e s t s ;  a r e  muddy 
much of t h e  time. Steep s lopes  covered by dense r a i n  
foresL Jungle make going rough. Streams rocky, but  
fo rdab le  . 

C. Val ley Corridors .  - 
I X  . POSSIBLE A IRFIFLD SITES . 

These p e n e t r a t e  o r  c ross  t h e  i s l ands  in s e v e r a l  s t r a t e g i c  
p laces .  Chief obs t ac l e s  t o  movement a r e  dense vegeta t ion ,  
muddy t r a i l s ,  swamps, and r i v e r  crossings.  

There a r e  many s i t e s  which appear s u i t a b l e  f o r  a i r f i e l d  con- 
s t r u c t i o n  on Halmahera and its ad jacen t  -isl.ands. Most have 
space f o r  only  one runway 6,030 f t .  o r  more long. A l l  a r e  on 
o r  r e a d i l y  a c c e s s i b l e  from t h e  coas t ,  bu t  ship-to-shore t r ans -  
p o r t a t i o n  necessary. Most of t h e  s i t e s  a r e  on sand-clay 
a l l u v i a l  s o i l s .  Some a r e  on t h i n  f i n e r  t sx tu red  clayey s o i l s  
overlying c o r a l  l imestone;  a f e w  a r e  on p l a i n s  of l oose ly  con- 
s o l i d a t e d  volcanic ash.  The a l l u v i a l  s i t e s  r e q u i r e  ex tens ive  
c l ea r ing  of r a i n  f o r e s t  and may have some drainage d i f f i c u l t i e s ,  
bu t  need l i t t l e  grading and, if well drained, should s t a b i l i z e  
e a s i l y .  The o tne r s  r equ i re  l e s s  c l ea r ing ,  but  more grading is 
necessary and some a r e  n a t u r a l  g r a s s  land. A l l  a r e  w e l l  dralned 
and s o i l s  w i l l  s t a b i l i z e  f a i r l y  ecisily. Tne b e s t  s i t e s  a l e  on 
the  ex tens ive  p l a i n s  west of Galela.  

1. IJorthern pen i l~su la  of Hahahera.  

a. The narrow v a l l e y  of t h e  Tiabo h ive r  connects a 
broad p l a i n  west of Galela  wi th  Loloda on t h e  
west  coast ;  low pass.  

b. The broad v a l l e y  of t h e  Lamo River connects t h e  
n l a i n  3t D,jailolo w i t h  ?hoe on t h e  coast  t o  t h e  
nor th .  

c. The broad p l a i n  of t h e  Kaoe River penp t ra t e s  25 mi les  
in land  t o  a swampy bas in  from which t r a i l s  c ross  
t h e  mountains t o  nortn, e a s t ,  and west .  

X . OPERAT TONAL mFECTS. 
2. Isthmus of Dodinga. A low, h i l l y  co r r ido r  c rosses  isthmus; 

2 miles  between Kaoe and Dodinga Bays. A.  Long s t r e t c h e s  of s t e e p  rocky coas t ,  c o r a l  r e e f s ,  and manprove 
swamps map l i m i t  and l o c a l l y  obs t ruc t  l a n d i n ~ s .  

3. S e n t r a l  Halmahera. The broad v a l l e y  of t h e  Kobe River 
. leads in land  from Weda Bay ac ross  a low h i l l y  d iv ide  
t o  t h e  headwaters of t h e  Paroemal River; t h e  l a t t e r  
opens onto broad marshy p l a i n s  along t h e  south  shore  
of Kaoe B a y .  

B. Mountainous t e r r a i n  i n  i n t e r i o r  of i s l ands  r e s t r i c t s  movement 
t o  discontinuous c o a s t a l  p l a i n s  separated by rocky headlands. 
Yovement along many s t r e t c h e s  of coas t  is d i f f i c u l t .  

C. Val ley co r r ido r s  t h a t  c ross  t h e  i s l ands  a t  s t r a t e g i c  p l aces  
i n t e g r a t e  otherwise i s o l a t e d  c o a s t a l  a reas .  4. Wortheast peninsula  of Halmahera. The v a l l e y  of t h e  

Dodaga River l e a d s  inland t o  a f a i r l y  s t e e p  pass  which 
opens southward i n t o  a narrow vall-ey t h a t  l e a d s  t o  t h e  
p l a i n  bordering Boel i  Bay, 

D, Ample water  supp l i e s  can be  developed evenwhere.  

E. Vegetation is n e a r l y  everywhere dense, Coas t a l lowlands  and 
in l and  v a l l e y s  a r e  swampy i n  many p laces .  5. Southern peninsula of Hahahe ra .  The broad high p l a i n s  

ad jacen t  t o  t h e  Fida River l e a d  west t o  a low pass 
a c r o s s  t h e  mountains t o  t h e  narrow v a l l e y  of t h e  Semo 
River and t h e  west coas t .  

F. Construct ion of new roads requi red  in p r a c t i c a l l y  a l l  p a r t s  of 
t h e  i s l a n d s .  T r a i l s ,  except f o r  s h o r t  d i s t ances  along coas t ,  
w i l l  need improvement. 

6. 3 a t j a n  Is land .  
G. Most streams a r e  fordable ,  but  a few a r e  over 100 f t .  wide and 

8 t o  1 5  f t .  deep. a .  A broad swampy p l a i n  c rosses  from Laboeha t o  
Sa,ioanp on t h e  e a s t  coas t .  

H. Many poss ib l e  s i t e s  f o r  new a i r f i e l d s ,  bu t  c l e a r i n g  of jungle 
required.  b. The narrow v a l l e y  of t h e  Sajoanp River l eads  no r th  

from Sajoang through a broad i n t e r i o r  bas in  and 
ac ross  a low pass  t o  a nor th  coas t  bay head. I. Lack of pe r iod ic  d r y  season r e s u l t s  i n  p o s s i b i l i t y  of poor 

weather condi t ions  a t  any time of year .  
c. A narrow p l a i n  c rosses  t h e  1.5 mi le  isthmus e a s t  

of Wa jaoes. 
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HALMAHERA (MOLUKKAS) TERRAIN APPRECIATION 

INTRODUCTION 5. Southern Penninsula: On west coast  mountain range (areal9) ; Settlements 
on eas t  coas t  continuous p l a in  (area 20). Mountains become 

Balmahera an.d i t s  adjacent is lands form p a r t  of the l m e r  t o  south, and ro l l i ng  h i l l y  upland (area Z l )  forns t&p The i s lands  a r e  sparsely se t t led .  Ternate and northern 
northern Molukkss and control  the northern sea lanes between of penninsula. D a m a r  and Djoronga Islands (area 21) a re  f l a t  Halmahera a re  the  nost pepulated areas, Numerous native v i l l ages  
Celehes, New Guinea and the southern Philippines.  The is- with cent ra l  knobby h i l l s  and s w q y  southern coasts.  Ro-agh inhabited by a few score to a few hundred people a re  scat tered 
lands a re  mountainous and heavily forested. Level gmund mountain range (area 19) r i s e s  abruptly along west side of along the coast and i n  a few of the l a r g e r  i n t e r i o r  valleys. 
is  r e s t r i c t ed  to small discorltinuous areas  along the coast penninsula. Srmrnit a l t i t u d e s  average a b o ~ t  1,790 fee t ;  maximum llhe l a rges t  sett lements are  Ternate, Galela, Tobelo and Djai lolo,  
and along the la rger  r i v e r  val leys.  The topography of the 4,125 f e e t ;  mountains a r e  broken by deep narrow ravines end each with several hundred t o  1,000 inhabitants,  Few modern 
region comprises 31 t e r r a in  areas which a re  discussed i n  sharp spurs. Slopeg a r e  mostly steep, but eastern slope i s  buildings and residences of o f f i c i a l s ,  missionaries axxi t raders .  
d e t a i l  i n  the following quadrangle descr iot ions,  but can be gent le  with long gravel-covered ridges project ing toward the The native settlemepts a re  of thatched huts ,  f l imsi ly  constructed, 
b r i e f ly  out1 ined under 8 general geographic un i t s  . sea. Broad stream val leys merge ui t h  continuous low coastal inflammable and g e ~ a l l y  closely spaced (views 1-10). Natives 

p l a in  (area 20). Streams a r e  sunk i n  narrow trenches some- a re  doci le  , but indolent . 
what below general leve l  of va l ley  f loors .  Coastal p l s i n  i s  
f l a t  to gent ly r o l l i n g  with te r races  l oca l ly  against  the mount- 
a in  ridges. Movement 

1. Northern Peninsula of Balmahera: Comoosed of four  d is -  
t i nc t  mountain ranges (areas 1, 4, 6 and 8) separated f n  6.  Morotai Island: L i t t l e  i s  known of hlorotai Island (area 22) Mountainous nature of te-rain,  dense r a i n  fo re s t  jungle 
pa r t  by three val ley corr idors  (areas 2,7 and 9) with as- except tha t  i t  has a ro~lgh mountainous in t e r io r  broken by and lack of roads r e s t r i c t  mechanized movement to f l a t  areas  
aociated areas of foo th i l l s  and coastal  t e r races  (areas 3 nunerous sharp ricizes end deep valleys. No cor r idors  c ross  near the coast.  Only roads a re  on Ternate (area 24), i n  v i c i n i t y  
and 5). Alti tudes range f r o m 1 3 0  to  3000 f e e t ,  maximm i t ,  though p l a ins  along the Tjao (~ i lowo)  , Goegoerina ( ~ j i o e )  

end Pangoe Rivers penetrate i t  a s  b r a d  i n t e r i o r  basin-.  S u ~ ~ n i t  of Galela (area 2) m d  Tobelo (area 5), on the  p la ins  at 
about 4,333 f ee t  i n  a rea  4. In areas  1, 6, and 8 the mo- 

a l t i t u d e s  2,000 to 3,000 f e e t ;  maximm 3,75C) f e e t .  L o c ~ l  r e l i e f  Kaoe (area 7) and on the isthmus of Dodinga (a rea  10). Other 
t s in s  a re  rough and broken by nunemus deep narrow ravines 

comnlonly 1,000 f e e t .  Coasts a re  mostly rocky, t h o ~ h  there a r e  natural  cor r idors  su i tab le  f o r  road construction and now 
and gul l ies .  Ridges and SDU* a r e  s tee?, and have s h a q  

broai  a l l uv ia l  p la ins  a s  at the s o ~ t h e a s t e r n  corner of the occupied by foo t  t r a i l s  a re  out l ined under topography. 
c r e s t  l i ce s .  The munta ins  of area 4 a r e  high xwgged vol- 
canoes whlch form a chain from Djailolo to Galela. Regions i s l and  and at Wajaboela. Nuner3us discontinuous, i r regular  t e r -  

races along the southwest coast.  A good network of other t r a i l s  pene t ra tes  all p a r t s  of 
around the volcanic cones a r e  extremely rough and deeply the area. I n  the mountains most t r a i l s  f o l l m  the ridges; i n  
dissected. The mountain areas fo r  the most p a r t  impinge 

7. Batlan Gr?up-: A group of mountainous i s lands  (areas 25 t o  val leys,  the stream banks or bottoms. T ra i l s  a r e  maldy, s l ippery  on the coastas  steep c l i f f s  o r  rocky slopes,  though east  
31) having stecp rocky coasts ;  small swmpy p la ins  occur loc- and wet much of the time; a r e  steep, winding and loca l ly  rocky slopes of area 6 a r e  more gentle.  
a l l y  along the shore. Batjan, the la rges t  is land,  i s  crossed i n  the  mountains. Some r ive r s  have narrow bridges; most can bce 

by three val ley corridors.  Two are i n  a rea  29; the third,  i n  ea s i ly  forded. The l a rge r  ones may require c o n s t m t i o n  of 
Beaches and f l a t  areas a r e  l imited to heads of small 

area 31, crosses the narrow istiunus a t  Vajaoea. The munta ins  bridges o r  use of f e r r i e s .  
coves on the west coest  and to  discontinuous narrow coastal 
p l a i n s  and higher  i r regular  t e r r ace  land on e a s t  coast. A t  of Bztjan (areas 27,28,30 and 31) a re  rough, with a l t i t ude  and 

r e l i e f  comonly 1,500 to 3,000 f e e t ;  broken by numero-a sharp Off t r a i l s  movement i s  nearly everywhere d i f f i c u l t .  The Galela (area 2) a broad p l a in  extends inland f o r  sevelal 
ridges and short steep balleys. Slopes a r e  e f e r p h e r e  steep. jungle I s  d ~ n s e  with many vines,  creepers a d  underb-; thick- 

miles; north of the town along the coast,  i t  i s  swampy. 
The Sibe l la  Mountains (area 30) a re  highest,  6,300 f e e t  and es t  along stream banks. Tra i l s  have t o  be cut .  Ground i s  soggy 

From t h i s   lai in, the narrow va l ley  of the Tiabo River leads 
massive. The val ley corridorsfrorn L~boeha to  Sajoang ( a rea  29) and sunli&t cu t  out by overhead foliage. In  mountains slopes inland to a low pass acmss  h i l l y  country to Lolods and 
i s  braad and swampy with higher ro l l i ng  gromd along i t s  south- a r e  very steep an8 broken by ravines and gu l l i e s ;  reqaire much 

nearby marshes along the coast  (a rea  3). Another broad 
ern  border. North of Sajoang the val ley of the Sajoang River climbing up end down. I n  val leys and along coas t  swamps (moerae) 

val ley lands inland along the Kaoe River (area 7). The 
(area 29) i s  narrow i n  i t s  southern par t ,  but opens into a broad and marshes (dras~and)  can r a re ly  be by-passed and a r e  d i f f i c u l t  coast southwest of the settlement of Kaoe at the r ive r  
i n t e r i o r   lai in. A pass t h rowh  low h i l l s  l eads  to the va l ley  Of to  cross;  dense vegetation and muddy, possibly deep water 

nouth i s  narshy and overgrown with mangrove. A broad basin 
the Tjoro River and a narrow p l a i n  along the north coast. The stending in  the swamps. Dry coas ta l  p l a ins  and terraces form 

near the headwaters of the r ive r  i s  also loca l ly  swampy, but 
isthmus of Wajaoea ( i n  area 31) i s  only 2 miles wide and i s  trav- ea s i e s t  going; nay have more open fo re s t  conditions o r  g ra s s  

the p la ins  b ~ r d e r i n g  the r ive r  a r e  mostly f l a t  to  ro l l ing  
erse i by a narrow va l ley  bordered by low r o l l i n g  foo th i l l s .  The land (alang-alang) . Generally open second growth and c lear ings  

and well-drained. Fmm the head of *e corr idor ,  good t r a i l s  
h i l l s  and mo mta ins  of Xasiroeta and Mandioli Islands (area 26) ne3r v i l lages ,  and coconut groves l in ing  the coast.  Largest 

traverse low oasses to north,  e a s t  a d  west. A broad , ~ l ~ i n  
a r e  rounded and r e l i e f  i s  l e s s  than on Batjan, but the t e r r a i n  open p la ins  a r e  a t  Galela (area 2) and Kaoe (area 7). There 

a t  D.jailol3 (area 9) is continuo-AS iinlar,d w i t h  the valley 
i s  very broken. The fs lands of area 25 a r e  rough and i n  many a r e  few extensive beaches; best a r e  on west coas t  of Halmahera. 

of the Lmlo River tka t  t ravemes a ro l l ing  i n t e r i o r  uglsnd 
places along the coast a re  c l i f f ed .  Kajoa hr\s a narrow coastal  The majority a re  small with c l i f f s  a t  e i t h e r  end. Xost a r e  of 

b a ~ i n .  Low Tasses north snd south ~f Geinkonora volcmo 
p la in  on i t s  notheast s iae and i s  crossed by a low ooen corridor.  cowse  coral  sand and w i l l  sapport equipment; some a re  rocky. 

provide access t o  Iboe on the west coast. Pa r r i e r s  t o  l a d i n g  a re  high c1if:s along much of eas t  coas t  of 
Halmahera and Batjan group, and extensive co ra l  reefs  o r  mangrove 

2. Central Halroahera : N a r r 3 w  isthmus of Dodinga (area 10) Gro-md Conditions swamps along west coast of Halmahera and Morotai. 
forms connection between northern penninsula and massive 
mountains t o  south ( area 11 ). To eas t  corr idor  of Paroenasal Enemy a i r f i e l d s  a r e  known to be e tabl isked a t  Galela 

'111ro~hoQt mo7mtain areas  s o i l  i s  general ly  deep and clayey* (area 2),  Tobelo (area 5) ,  X i t i  Island (area 5 ) ,  U o e  (area 7) and Kobe Rivers (erea 12) connects Kaoe and Wesa Bays. Low However,on volcanic peaks (areas 4 and 54) and on some of the 
h i l l s  of isthmus (area 10) a re  near1 y crossed by narrow plain; higher ridges of the islancls, pa r t i c -da r ly  i n  the central  region 

Djailolo (area 9,  t w o  s t r i p s )  and Wasile ( a rea  13). 

distance only 2 miles. Mountains (area 11) a r e  rugged w i t h  of Halmahera ( aress  11,12,and 17) and the Sibela  mountains of 
steep slopes, sharp spurs and high uplands cut by Batjan ( area 30), the ground i s  rocky and there a r e  numerous 
narrow gorges. Summit a l t i t u d e s  and re l ie f  a re  1500 to 3,000 c l i f f s  and ledges. In  a l l w i a l  a reas  the s o i l  i s  sandy and i n  Cover. Concealment and Observation f ee t .  Coastline c l i f f e d  o r  rocky, with 8 few narrow s t re tches  p l a e s  gravelly.  On terrftces along the coast i t  i s  f a i r l y  t h i n  
of coastal p l a i n  a s  at Akelamo. Valley of Paroenasal River and clayey, with hard. coral  limestone l o c a l l y  at o r  near the 
(area 12) narrow. Opens onto broad swauqy p l a i n  along shore surface. Most s o i l s  a re  well d ra in& and provide good foot ing The broken compartmental nature of the t e r r a i n  provides 

regional cover f o r  f a i r l y  la rge  troop uni ts .  Smaller topo- o r  Kaoe Bay with beaches at e a s t  near Ekor. Low pass across when drysbut a l l  becone slippery and after rains* graphic fea tures  sueh a s  ridge c r e s t s ,  s t rean  banks and minor wun ta ins  to broad terraced val ley p la ins  along the Kobe River* There a r e  la rge  t r a c t s  of sw- and mar9hland on maor areas  of i r r e g u l a r i t i e s  i n  the ground surface form loca l  cover f o r  small Low sandy coast. The broad val ley of the Ba i  River (area 18) coas ta l  lowland and a l o w  l a r g e r  r iver  valleys; a few small t r a c t s  uni ts .  The dense jungle on most of the is lands o f f e r s  cover fo r  i s  enclosed by rough mountains with extensive mangrove swamps i n  upland areas. The s w w  (?noeras) i s  very wet and mddy, with individuals o r  mall gro-;lis; many large t rees  with buttressed along the coast. standing water a t  the surface; l oca l ly  men may sink to  shoulder roots. Land i s  open only on l a rge r  p l a ins  and i n  areas under 
d e ~ t h .  The marshland (drasland) i s  also muddy, but l e s s  deep cu l t iva t ion  near settlements. A low step a t  the head of mmy 

3. Northeas te rn  Penninsula: In t e r io r  rugged, mountainous and there i s  gene r a l ly  no standing water. In  dry  seasons the beaches where vegetation begins of fe rs  some small protection 
(area 13 ) ;  along coast  broad a l luv ia l  p la ins  at heeds of land may become f a i r l y  firm and passable, but t ravel  i s  slow. to  landi rg  uni ts .  Foikoles a r e  eas i ly  dug i n  the coral sand 
l a rge  bays (areas 14,15 and 16). Al tf tudes i n  mountains Beaches a re  mostly of coarse coral sandsbut on west coast of on most beaches, though sorce a re  rocky. I n  the  jungle a dense 
(area 13) average over 1,500 f e e t ;  maximum about 4,.500 Halmahera a r e  l oca l ly  rocky o r  gravelly. Mud banks occur near  m a t  of roots and vines makes digging diff ic ial t .  On grassy 

r iver  mouths and t i da l  i n l e t s .  feet.  A rough broken region. No cent ra l  range, but a s e r i e s  p l a ins  foxholes a r e  e a s i l y  excavated. On te r races  digging i s  
of high ridge? and deep narrow val leys having no regularf ty  generally easy, but cora l  rock may be near the surface. I n  

A dense t r m i c a l  ra ir ,  f o r e s t  o r  swamp fo re s t  covers m e t  i n  or ientat ion.  Sunnits rounded, but secondary spurs a re  sharp of the islands. Around settlements and on the l a rge r  plains  
swampy areas dlgging i s  hard because of tangle  of roots; mud 

and steep. Foo th i l l s  i n  coastal  region with loca l  i r regular  and water add to  d i f f i c u l t i e s .  Block houses readi ly c o n s t m t e d  
terraces.  C l i f f s  o r  steep slopes along the shore. Alluvial there a re  clear ings,  gardens and areas  of th ick ,  brushy second from mater ials  a t  hand. In  the larger towns a few stone build- 

growth. The v i rg in  r a in  f o r e s t  i s  a mixed stand of hzrdwcnod and p l a ins  (areas 14, 1 5  and 16) around bayhesds a re  gently undul- ings provide some dover f o r  small units.  
softwood t r ee s  (mostly t h e  l a t t e r )  intergrown with a tsnqle of at ing and forested; sw*y plains in *ny places song vines, creepers,lianas,ferns and other plants .  w e e  t-. a r e  . the coast. Beaches are narrow. Excellent p o s s i b i l i t i e s  f o r  concealment both from ground 
tall and s t r a igh t ,  broad a t  base with buttressed roots; ,rowns and a ir  i n  jungle. Most t r a i l s  a r e  hidden by t r e e  tops. Open form a continuous overhead canopy. L i t t l e  sunlight panetrates  4. Southeas t e rn  Penninsula: On west coast  mountain range ground only on la rger  p la ins ,  near  settlements and on beaches. 
t o  the %round which i s  6ark and moist. Undexrowth i s  most (area 19). On east  coas t  continuous p l a in  ( area  20). Lfount- dense along streams, i n  coastal  a ress  and near the  borders of Except on grassy p l a ins  and i n  settlements,  ground view rins become lower south and rolling upland ( area 21) the forest .  On the  higher mountain ridges a& on d r i e r  t e r r ace  f o m s  t i p  of penninsula land d o n g  the coast  the  f o r e s t  th ins ,  with t r ee s  smaller and 

i s  l imited b e c a s e  of density of vegetation; may be only a few 
f e e t ,  but more generally i s  several  yards. A i r  view likewise 

f a r t h e r  apart ,  and undergrowth thiaker.  Grass l a i n s  ( a l a ~ z -  
4. southeastern ~ e m i n s u l a ;  (area 17) Ru%:ed mountain ranre8 d s n g )  m e  r a re ,  but may occur i n  some interto: zalleys a3d on 

l imited by jungle. C l o d s  of ten  hang low on higher mountains, 
having no regional or ien ta t ion ;  a t  t i p  i s  long narrow ridge c o ~ s t a l  terraces.  The l a rges t  a r e  west of Galela (area 2) and but lookout over sea and beaches possible from c l i f f s  along 
j u t t i n g  into sea. Alti tude and r e l i e f  m ~ s t l y  1,000 to 2,000 near Kaoe (area7). Along streams dense baaboo thickets  a r e  

the shore. 
fee t .  Maximum a l t i t u d e  4,000 fee t  i n  western par t .  Smits common. Thick stands of and cane-like vegetation occur broad, accessory spurs sharp, slopes steep, and valleys deep 
and narrow. On north side narrow coastal  lowland; on south nipa palms with thick fronds, no trunks, and sharp spikes hid- 
s ide  c l i f f  ed headlands a1 ong coa s t  separate small a l luv ia l  den i n  the suck. )fans t i d a l  swamps have mangrove woods with f la ts  i n  bayheads. Beaches a r e  narrow. No corridors across Preliminary text submitted 

tangle of prop roots. Coconut palms with l i t t l e  undergrowth t h i s  aree. wlthout checking or eaitlng. 
border the sandier s t r i p s  of shore. U. S. Geological Survey Rel i ab i l i t y  rating: Class B. 
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HALMAHERA (MOLUK KAS) TERRA1 N APPRECIATION 
GOUV~. der Molukken. (Res. Ternate.) Schetskaart van den Topografischen dienst in 1925. Blad 10 en 11. (Alg. NO. XII-99 en 100.) 

r I I I 

& 

I 

Large numbers and heavy l i n e r  indicate terrain areas.  

Let ters  and l i gh t  l i n e s  indicate terrain types as fol lows:  
A. River and coastal  lowland. 
B .  Terraces, inland f l a t s ,  sloping plains,  low ro l l ing  

h i l l s .  
C .  H i l l y  and mountainous country. 

Common abbreviations 

P. Island 
Tg. Cape 
A. River 
X. River 
Bk. Mountain 

BLADINDEELINO. 
204@ N.B. 

XII- : xtl. 
m j fQO 101 

XIII- XI I I -  
98 100 

1°40' N.B. 
.mA40' 41A40' 0.0. Bai. 

ADM. INDEELINO. - 

Swamp (moeras) 

Tg. ~ o { i l o p a  
I , 

A A A Rocky area 
*no\' Coast a1 b luff r 

I I ~  and c l i f f s  

Kampomp. a S J a a n  bevoonde streken. Y 1 Sagotain. f ' C Arentuin. f t Klapper - 
boomen L ' - Bosd. 2 4 Krmpelhout. ' Bamboebmch. 4 8 Moemspolmrn. ? t ncmara- 

-... b 
of Dennen bosd. .............. VoeQad. y, Rivier. a. gemctcn. b. nict gemetcn -.-.-. -. Ressortsfmns. 

a 
Paordenpad. a. duiker ofdoorlaat w n  banaboe. :t Bamboe ho iun  . 

AIIe hoopten z#n aitfedrukt in meters. De fewone hooptel&ircn hebbcn een onderling koogteversehil 
van 50 M ;  de dikkc van 500 M. a. hooztepunt en hoogtecgfer. b. hulphooptelgn, c. natuur- 
lpce stcrlte, d. kieine v#rhrvmhrdm, e. tem.noneffnhcdcn, f. eiland, g. hlppen bf laap 

w f # r  zrchfbanr, h. Clippen altgd kven water, i. Iaagvaterl#n. 

Schaal 1 : 100 000. 
3 1 2 3 4 5 6 7 8 9 10 c.M. 

0 I 2 3 4 5 6 7 8 9 10 K.M 
1 

T O E L I C H T I N O E N .  

OorrpronMi ik samcngeslcld door a% oerkennus bit den generalen siaf, wooeel mogelijk verbc- 

ferd aan de hand v a n  & ktaandc rcekaart No. 397 whaall: 500 000. b1auunl.uk z e e b  

Nb. 14149 achanl 1:100 000 uitgooe 1923 en volgcno deze kaar im k t  blod geoninterd.  

V E R K O R T I N O E N .  FOR 

a. Goenocng. P. PmInu. Tg. Tandjmng. A.  Akc. 0.L Onderaardeche loop. 
CHIEF OF EWI'EERS, U. S. M S R  
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Area Nc. 1, Soepoe Peninsula  

: Mciintainoa~ a r e a  wi th  i r r e g u l a r  e e n t ~ a l  r i dge  a t t a i n i n g  
a l t i t u d e  or" 8C0 n. 'ioward nor th  r i d g e  swira~s sharp ly  a c r o s s  t o  e a s t  coas t  - 
and then  back ti: west- coar;t, gain r idge  g i v e s  off' i r r e g u l a r  L a t e r a l  r i d g e s  
t h a t  branch i n t o  i.mumersble narrow spurs ,  Slopes moderate a t  lower e le -  
va t ions ,  range t o  very  s5eep a t  higk,er e l eva t ions .  I n  the i n t e r i o r ,  v a l l e y s  
deep, v a l l e y  bottorns narrow, except  at; head of Gojomoe ( ~ a t j a o )  River.  

Streams s h o r t  and s n a l l ,  with s t e e p  g rad ien t s  f l a t t e n i n g  out, toward 
coas t .  Channels narrow, water shal low except  a f t e r  heavy r a i n .  Stream beds 
cobbly t o  bouldery along upper s t r e t c h e a ,  sanay t o  g rave l ly  toward m a s t ,  

Coas ta l  topograph,y d i f f e ~ s  from poin t  t o  p o i n t .  On e a s t e r n  s i d e  a t  
south  i s  broad c o a s t a l  f l a t  borderea by s t e e p  s lopes  and crossed by s e v e r a l  
small stream?, Toward no r tneas t ,  coas t  s teepens ,  and narrow, discont inuous 
s t r e t c n e s  of beach d t e r n a t e  w i th  c l i f f e d  spurs .  Northeastern t i p  of 
i s l a n d  t e r r a c e d  t o  he ights  af more thdn  100 meters.  Ejbcept a t  t e r r a c e  
edges, s lopes  moderate, Local ly low c o a s t a l  c l i f f s ;  broad t i d a l  f i a t s  
o f f sho re ,  On t he  western s i d e  of pera i~asu~s ,  two n u r o w  c o a s t a l  f i a c s ;  
elsewhere c ~ a s t  t e r r a c e d  o r  s lop ing ,  wi th  4isconeinuous low c l i f f s .  

Ground Canditions: Area coverec! by sandy Loan t o  c lay .  Thickness 
ranges f r o n  few f e e t  on highes and s t e e p e r  s lopes ,  and near  i e r r a c e d  
eages,  t o  tens  of f e e t  on g e n t l e r  s l o p e s  and c o a s t a l  f l a t s .  S o i l  we l l  
a ra ined ,  [~,ives gooa foo t ing ,  i s  ruczderateu muddy when wet. Beaches sandy, 

Area l a r g e l y  covereci with v i r g i n  t r o p i c a l  f a r e s t .  Near s e t t l e n e n t s ,  
l o c ~ l l ~  c l ea red  l a n a  and second growth f o r e s t ,  Undergrowth gene ra l ly  
noderate ,  b u ~  th i cke r  along s t r e a n s ,  

Set t lements:  Eight  sr,xilP n a t i v e  v i l l a g e s  on the  iliestcrn coas t ,  one 
a t  t ! ~ e  nc.c:Fi, and 2 on e a s t  c o a s t a l  f l a t ,  

MovernenL z I',foi;nt ainous backoone of area i s  b a r ~ i e r  t o  t rhansverse 
moveinent, Slopes along west, c o a s t  and f l a t s  a iong e a s t  coas t  favorable  t~ 
movement. Tropical  f o r e s t  impedes novement except on t h e  beaches, hnc: 
h c a v ~  rain-flooded s t r e a ~ ~ s  a r e  obs tac les .  

Foot pa ths  a r e  ox-;. c c m u n i c a t i o n  l i n e s .  One pat11 2'oi;cws wesiern 
shore t o  nor thern  t i p  of peninsula ,  then  c r o s s e s  t o  e a s t e r n  co.ast by an 
in l and  route .  On the e a s t  cdds t ,  s h o r t  pa th  conr~ec ts  two v i l h  ,yes on c o a s t a l  
f l a t .  Gracies low on t !~ese  tr: i i ls .  A t  t h e  south,  a  f ~ o t  pa th  fol lows r idge  
rou te  ac ros s  the  peni~:suia .  ~ d s c e r n  p a r t  of th;s patri i s  i n  quadrangle t o  
south. Away from t r a Y ~ s ,  b e s t  .:oing f o r  nen or; foo t  i s  aionl; r id{<e c r e s t s  
o r ,  durin,: low water ,  a lcng  ST;-c c.; beds. 

Zanciin!; opera t ions  poss ib l e  at-1 c o a s t a l  i ' lats on e i t h e r  s l d e  of i s l a n d .  

Cover, Concealmenc, Obsertrazs-2: Cover z iven  b ~ .  narrolv ri a ~ e s ,  s t r e a q  
bznks, and l a r q e r  hardwood tr .t':-, FLeld f ' c r t i r ' i c a t i o r , ~  arc: f e a s i t l e  n t  dl 
places,  bu t  z r ave l ly  s o i l  xay slow cfi.;qinq on iovizr s lopes ,  anu to:igh c c r a l  
rock xav be encoun:er.e,'d a t  s:ili.ioii +;:ths n e w  ed.;es or' t e r r a c e s .  

Llense f o r e s t  provides cornp;ett: a e r i a l  arm p c u n d  concealment e::cepL i n  
c l ea red  a reas  neax- set,tlei,lents. 

Obser-fation yrea t ly  imp&& by the  Yorest. ' hee top  obs t rva t ion  pos t s  
a t  tops  of s t e e p  s lopes  cor;a:ana aujoi?it;,; c o a s t a l  f l a t s ,  uut could n o t  
d e t e c t  ariy a c t i v i t i e s  below the ,'ort?sr, ceilin::. P r o d e c t i n ~  po in t s  d o n s  
the  sxiore give l i m i t e d  view of ad,jace!-kt s t r e l c h e s  of s k c r e i i n e ,  

Area 23. ;Jortki Loladn I s l ands  

Topograpku : Gro:~p of 4 main i s l a n d s  w i t h  smal le r  a s s o c i a t e d  i s l e t s ,  
Doi t h e  nor th ,  th.e Largest ,  i s  about 5 mi les  ac ros s  and nas a re:ief of 
abc;:it ?CC r;eter-s. 'Tcp!;:;raph~r ri ro~,:h, narrow ricides and spLirs a l t e rn t i t i ng  
wi th  s h o r t  fiarrow v ~ I I . ~ y ; s ,  Slclpes s. teep z c e p t  f o r  local.  terrrtce suri 'aces.  
Much of c r /a : j t  c l i f f e , i ;  p r -sc t i2a l ly  no f l a t  2;ri;unri a t  si;c.re i e v e l .  

- 3 

'Toei;i::;ra --; i-.:L~il r';il;f i s l a n d ,  about a  ?Ale i n  diameter .  G ~ g a s c e l i  
i s  about 5 r 2 l l e . i  LC)Y~'" ':id more tlzcin a n i l e  vsiae; r e l i e f  185 meters ;  s lopes  
r n ~ d e r a t e  a t  noreh, l o c a l l y  ;Leep at south;  c 'otst  c l i f f e d  a t  s e v e r a l   laces 
a t  sou th  &I'd l4iebt.  

Salt~s, ; rvae~e,  about i, r i d e s  frorn the  na in land ,  i s  a mi le  i n  d i a m e ~ e r ,  
and of i = . ~ ? , ~ * ~ ' z r  o u t l i n e ;  r e l i e f  l e s s  than  50 meters;  i n t e r i o r  f l s t  t o  
undula tury ,  L 1% C C ~ L S ~  has moderate s lopes ;  broad f r i n g i n g  c o r a l  r e e f s .  

Ground ~~undi-tior;:;: S j f i ~ l a r  to Area 1, bu t  s o i l s  may be muddi-er when wet, 

.3eLtle;5ienis: Is ia l ius  a l l  i nhab i t ed ;  each has one o r  xore sm;~!l n a t i v e  - 
v i l l a g e s ,  

?.Zovener.t : i !~i  u~~i'avorak;. ;e f o r  larldin:: opera t ions  and t o  rnoverr~er;t. 
Other I s i a ~ d s ,  ;.lore f a v ~ r a b 1 ~  but  rasher d i l f i c i l l t .  Fo res t  ccver an 

t r a i l s  are confined t o  a f o o t  path cross-  obs!;acle a t  nX.1 pla,ces.  Exit.+; rri 
i n g  Doi frorii ncrt:! kc sou ti^, arid t o  s h c l r t  s-tr.etehes of pa th  connecting 
vi l la ,ges  on Da,:asaeli and on Sa l angade~e .  

Cover, Conceslnent,  illserv3,tlon: 

V 

Prellmlnary t e x t  sub~;tted PREPARED BY LI 5 GEDL061CPL S J P V F Y  
F C R  wlthcut check~rg 27 edltln~. CW!EF OF E N C I N E ~ R S ,  L! s A R V Y  

W e  S, Seologacal Survey 
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HALMAHERA MOLUKKAS TERRAIN APPRECIATION 

Weli~biPitp Rsting: Glass B SWEET XIPI-99 

Area No. 1. Soepoe Peninsula Settlements: Several  nat ive  v i l l age s  around west end of Galela Lake. 
One small  v i l l age  i n  upper Tiabo Vallex. 

: Rugged mountainous area  with ir  egular  c en t r a l  r idge !i reaching a l t i t u d e  of about 900 meters ( p ro f i l e  AA ), Ezw~ch spurs extend 
Lo sea on the west and t o  Tiabo Valley and Galela P l a in  on the ea s t  (Area 2)* 
Slopes a re  genera- steep,  topography rough, Valleys shor t ,  steep, V-shaped, 
Shoreline i r regu la r ,  with many indentat ions.  Coast bold, rugged, and i n  
many places rocky. Small, narrow beaches i n  places between promontories. 

Movement: Free movement possible where vegetat ion does not i n t e r f e r e ,  
as on grassland a t  north. A t  the south, brush and f o r e s t  coves r e t a rd s  
movement away from t r a i l s ,  Steep r i v e r  banks around margins of the  area 
cons t i tu te  l o c a l  obstacles.  =s t ing  t r a i l s  r ad i a t e  from Galela E k e ,  and 
a r e  su i t ab le  only f o r  f oo t  t r ave l .  Two aross  mountains t o  the north and 
northwest. One leads  up Tiabo Valley. Others lead southward. 

bloekoem Mourntafns. A sorilewhat narrow continuation of Soepoe Peninsula 
ridge, separated from l a t t e r  by low pass. Topography sirnilar t o  above, 
but r e l i e f  lower, g e n e r a l u  l e s s  than 400 meters. 

Along Tiabo Valley, movement i s  canalized, e spec ia l ly  where the r i v e s  
swings agains t  the val ley  s ide .  A footpath follows t he  r i v e r ,  and l o ca l l y  
descends i n t o  the  s t r e a n  bed. A t  the expansion i n  the valley,  one t r a i l  
branches t o  the  west coast ,  another turns  south across intervening h i l l s  t o  
h l a d a .  

Ground Conditions: Stony sandy l o r n  t o  clay loams and clay. Thickness 
ranges from a few f e e t  on t h e  higher and s teeper  slopes t o  a few tens  of  f e e t  
on t h e  gent ler  slopes. Rocky c l i f f s  and slopes l oca l l y  along coast. S o i l  
gives good footing, i s  wel l  drained, and moderately muddy when wet. Stones 
and cobbles l oca l l y  r e t a rd  excavation. 

Cover, Concealment, Observation: Good ground but poor a e r i a l  conceal- 
ment i n  grassland and brush areas, be t t e r  f o r  men than fo r  vehicles,  Ground 
and a e r i a l  conceahent  i n  f orest-covered areas. 

Area covered with v i rg in  t r op i ca l  f o r e s t ,  except f o r  a few s n a l l  c l e a r  
ings near set t lements.  Cover avai lable  only along s t r e a  banks near margins of =ea, and by 

low h i l l s  t o  the  south. Field f o r t i f i c a t i o n s  feas ib le  a t  all places. 
Few small  s t r e t che s  of beach a r e  sandy. 

Ground observation l imi ted by f l a t ne s s  of t e r r a in  and by vegetation. 
Aerial observation good over grasslands.  Settlements: A few small nat ive  v i l l age s  along the coast  t o  the north, 

Movement: Uovenent impeded by rugged t e r r a i n  and fo res t .  Best route  
across the mountaiins i s  through a low pass leading frorn Bakoelae B a y  .to 
E a b o  Valley. Highest point  is  about 85 meters. This route is followed by 
a foo t  path with moderate grades. Farther north, other f oo t  paths cross from 
west coast  t o  Galela Plain.  Routes a re  pa r t ly  along stream beds and pa r t l y  
along ridge cres ts .  Grades s teep  i n  many places and e levat ions  on main r idge 
a r e  about 700 meters. 

Area 3. Loloda Foothil ls .  

Topography: Broad rough area  t r a n s i t i o n a l  t o  volcanic mountains 
f a r t he r  south. Elevations reach about 700 meters. Long, narrow r idges  
a l t e rna t e  with deep, steep-sided, i r r egu l a r l y  branching valleys. Toward 
e a s t  l o c a l  r e l i e f  decreases, and some r idges  broaden i n t o  rounded t o  f l a t -  
topped interstream uplands. 

For coastwise movement, a foot  path f ~ l l o w s  shore southward f ron  
northern edge of quadrangle, 

A t  Loloda is  small, pocket-shaped coas t a l  f l a t  henmed i n  on landward 
s ides  ~y h i l l s ;  has low h i l l  near center. 

On t h e  e a s t  f lank of the  Roekoem Mountains, a foot; path goes from 
h l o d a  t o  the  basin i n  Tiabo Valley. 

Offshore a re  the  South Loloda Islands;  main i s l and  on t h i s  quadrangle 
i s  Kahatola, over 3 miles long and about 1.5 miles lofig; topography rough 
and h i l l y ,  with a t o t a l  r e l i e f  of 240 meters; shorel ine  i r regu la r ;  coast  
steep, l oca l l y  rocky and c l i f f e d  (view 2). Movement off  trails slow and d i f f i c u l t .  Best routes  generally along 

ridges c res t s .  
Ground Conditions: Loam t o  c lay loam, l oca l l y  very stony. Gives good 

footing,  wel l  drained, moderately muddy when wet. Easily excavated except 
where stony. 

Cover, Concealment, Observation: Narrow ridges,  stream banks, and 
l a rge r  hardwood t r e e s  give cover. Fie ld  f o r t i f i c a t i o n s  feas ible ,  but stony 
s o i l  may l oca l l y  r e t a rd  digging. 

The area  covered with v i rg in  t r op i ca l  fores t .  
Forest  gives complete a e r i a l  and ground concealment. 

Coast d o n g  Loloda f l a t  i s  low and swampy. 
Observation poor accept l oca l l y  along the  coast .  A few places on s teep 

i n t e r i o r  slopes provide Lookouts of l imi ted range. Settlements: Loloda i s  the  main settlement. A few smaller v i l l age s  i n  
sa.me v ic in i ty .  

Area 2. Galela Pla in  
Move~nent: I n t e r i o r  is  an area  of d i f f i c u l t  movement, Ridge c r e s t s  

o f f e r  bes t  going. A few foot  paths cross p a r t  of the area. : A f l a t  t o  undulating pla in ,  r i s i n g  gradually toward south 
(prof A t  middle i s  western end of Galela Lake; f a r t h e r  south a r e  
low, r o l l i ng  h i l l s .  Western boundary of p la in  i s  the I r a  River, with high, 
s$eep banks. 

Coastal  area near Loloda more favorable, but swamp land i s  an obstacle.  
Villages a re  connected by horse t r a i l s .  

Tiabo Valley. Valley forms the  g r ea t l y  narrowed extension of G d e l a  
Plain. River winds from s ide  t o  s i de  of valley.  Banks high and s teep a t  
man$- places. Much of val ley  bottom is gent ly  sloping r a the r  than  f l a t .  
Valley narrows upstream; opens i n to  a s m a l l  basin, pa r t l y  swampy, which 
extends westward t o  a low pass through mountains t o  sea, Above t h i s  basin, 
d n  valley continues south-southwest, gradually narrowing, 

Cover, Concealment, Observation: Cover same as  Area 1. Conceahent 
and observation same as  Area 1, except t h a t  coas ta l  observation is  poor. 

Area 4 

: Sraall sect ion of volcanic mountain area. Separated from 
Area 3 by gradual change i n  r e l i e f  and form, and by proximity t o  mountain 
m a s s  outside t h i s  quadrangle. 

Ground Conditions: Deep sandy loam t o  clayUr, Gives good footing,  i s  
wel l  drained, and d r ies  quickly unless disturbed when wet. Moderatdy muddy 
whew w e t ,  Easi ly excavated. 

Ground Conditions : Sane Area 
Large swa~np of t r a c t  i n  l o c a l  basin along the  Tiabo Valley, 

Settlements: No settlements. 

Movement: Same as  Area 3. 
Northern pa r t  of Galela Pla in  has widespread grassland. Southern pa r t  

l a rge ly  covered with v i rg in  t r o p i c a l  f o r e s t ,  with smaller areas of scrubby 
bsussa, Along some bordering streams, bamboo th ickets ;  some cornnut p a h s  
border G d e l a  hike,  Cover, Concealment, Observation: Saxe aau Area 3 ,  
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HALMAHERA (MOLUKKAS) TERRAIN APPRECIATION 

Area No. 1. Soepoe Peninsula 

Topography: ShoPt sect ion of main r idge of peninsula, together with a 
long oblique spur trending roughly p a r a l l e l  t o  the coast,  and other subsidiary 
spurs. Elevations on main r idge a t t a i n  nearly 900 meters. Slopes steep, 
r idges narrow, and valleys deep and V-shaped. A t  northeast,  mountains flanked 
by broad coas ta l  p la in  which southward narrows abruptly. 

Ground Conditions: Eandy loam t o  clay s o i l ,  a few f e e t  deep on the 
steeper and higher slopes,  a few tens  of f e e t  on the  coasta l  f l a t .  S o i l  - 
welf  drained, gives good footing, moderately muddy when wet. Beaches sandy 
along coas t a l  f l a t ,  gravelly where coast is  steep. 

Area covered with v i rg in  tropical. f o r e s t ,  except fo r  small clearings 
near settlemeiits. 

Settlements: A few small nat ive  v i l l ages  along coast.  

'Movement: Terrain unfavorable f o r  movement except i n  coastwise direc- 
t ion.  Dense f o r e s t  cover adds t o  d i f f i c u l t i e s  of movexlent. On coas ta l  
f l a t ,  topography favorable fo r  f r e e  movement but  the fo r e s t  r e s t r i c t s  
e f fec t ive  movement t o  es tabl ished roads or t r a i l s .  Space here ample f o r  
dispersal .  Pla in  su i tab le  fo r  landing operations, but  communications 
with other areas l imited.  South of t h e  main coasta l  f l a t  a much narrowed 
coasta l  t r a c t  permits movement along shore. 

Existing trails su i tab le  only f o r  foot  t ravel .  One follow3 coast 
north t o  Dodowo. The other ascends Aroe Valley and crosses main ridge 
t o  west coast;  follows stream bed along several  s t re tches ,  and would be 
unsuitable a t  high water unless rerouted. 

Cover, Concealment, Observaticn: Some cover given by r idge c r e s t s  i n  
h i l l y  section,  and stream banks in coas ta l  lowland. Field fo r t i f i c a t i ons  
feas ible  a t  all places. 

Good ground and a e r i a l  concealment provided by fo r e s t  cover. 

Observation everywhere l imi ted by dense vegetation. Points on ridge 
nearest  shore would commarid a general view of adjacent coasta l  lowland. 

Area No. 2. Galela Pla in  

Topography: Eastern pa r t  of t h i s  plain.  North of Galela, p la in  
essen t ia l ly  f l a t  and featureless ,  crossed by broad, winding Tiabo River. 
Coast low and regular. Galela b u i l t  on a low, rcunded beach-dune ridge 
about 3 meters high (view l), and s imi la r  coas ta l  r idges may occur dis- 
continuously f a r t he r  north. 

Galela Lake is  nearly 3 miles long, maximum depth about 50 meters, 
surface 17 meters above sea  level .  Lake has extremely i r regu la r  shoreline, 
several  small i s l e t s ;  no surface out le t .  

Northeast of lake a re  two s m a l l  volcanic cones (heights 209 y d  294 
meters) with s t r a igh t ,  s t eep  s ides ,  and summit c r a t e r s  ( p r o f i l e  AA ). 

South of the  lake, the land surface r i s e s  gradually toward the  
mountains, and the general l eve l  is  in terrupted by low rounded h i l l s .  

Stlore l i n e  south of Galela is  ragged, rocky, and c l i f f ed .  Small 
patch of swamp borders shoreline a t  southeast. 

Ground Conditions: Area l a rge ly  covered with deep loam t o  c lay  
loam. Southeast of Galela, areas of rocky and stony ground near the  shore. 

SHEET - X I  11-100 

North of Galela several  l a rge  t r a c t s  of swamp near coast ;  another a t  the  
southeastern corner of area. Except i n  and near swampy areas, s o i l  f a i r l y  
wel l  drained, gives good footing, moderately muddy when wet. Beaches north 
of Galela a re  of g r w  sand, but loca lu-  southeast  of Galela a re  rocky. 

North of Galela, a rea  l a rge ly  covered with v i rg in  f o r e s t  and  swam^ 
vegetation. I n  v i c i n i t y  of Galela Lake, l a rge  areas of grassland, 
sca t te red  stands of coconut palms. I n  the  southern pa r t  of the area, 
v i rg in  fo r e s t  with scattered clearings and areas of second growth fo res t .  

Settlements : Galela 9s principal  set t lement ; besides nat ive  
dwellings (view l ) ,  has native market, copra s tore ,  mosque, and o f f i c i a l s  ' 
buildings. 

Numerous s m a l l  na t ive  v i l l ages  s i tua ted  along Galela Lake; a few 
also  along coast a t  north. 

Movement: Area permits f r e e  movement of both men and motorized 
equipment. Obstacles a r e  broad Tiabo River near i t s  mouth, patches of 
impassable swamp land, and, except on t r a i l s ,  extensive fo res t .  Grass- 
lands a r e  areas of e a s i e s t  movanent. 

I n  southern par t  of the  area, coiiununication l i n e s  a re  unusually good. 
A narrow fair-weather road su i t ab l e  for  l i g h t  mi l i t a ry  t r a f f i c  extends 
south from Galela t o  Tobelo and a branch leads west t o  Galela Lake. A 
continuous horse trail goes around the  lake. 

The lower pa r t  of the  Tiabo River i s  navigable by s m a l l  boats. 
Jap a i r f i e l d  reported between Galela and Tiabo River. Broad t r a c t s  of 
grassland su i tab le  f o r  paratrooper landings. 

Beaches a t  and north of Galela su i tab le  fo r  landing operations; care 
necessary t o  avoid swamps juzst  inland. Landings north of Tiabo River 
would necess i ta te  crossing r i v e r  unless a long inland detour were made t o  
point where channel is  narrower and shdllower. South of Galela rocky and 
c l i f f ed  coast  unfavorable f o r  landing. 

Cover, Concealment, Obaervation: Limited cover provided by stream 
banks, by low rounded h i l l s  a t  the south, and, f o r  landing pa r t i e s  by 
beach r idges  (view 1 ) .  Excellent l oca l  cover provided by c r a t e r  s ides  
on the two small volcanic cones north of Galela Lake. 

Complete ground and a e r i a l  concealment where v i rg in  f o r e s t  is  present. 
Only ground concealment f o r  men and possibly f o r  small vehicles i n  grass- 
land areas. L i t t l e  or no concealment i n  r o c w  areas south of Galela. 

Ground observation very r e s t r i c t e d  on lowland surface. Surnmits of 
volcanic cones north of Lake Galela provide excellent  lookout points 
commanding surrounding t e r r i t o ry .  

Area No. 4. Tobello Mountains 

Topograpk: Rugged volcanic mountains. Rising d i r ec t l y  from the 
the  coast i s  Mamoeja Mountain, a roughly cone-shaped peak some 930 meters 
high, with steep, deeply furrowed s ides .  Adjoining s t r e t ch  of shore 
terraced, marked by low sea  c l i f f .  

South and west of Mamoeja i s  a broad and sprawling assemblage of 
i r regu la r  volcanic peaks and ridges r i s i n g  t o  elevations exceeding 
1,300 meters. I r regular  branching spurs and ridges extend r ad i a l l y  
outward, producing extremely rough topography. Slopes s teep on main 
mountain mass, but become moderate and gent le  around base. Valleys 
steep, narrow, V-shaped; c losely  spaced. Streams s m a l l ,  with steep 
gradients. Locally some follow underground courses. Stream beds 
bouldery and cobbly toward the  headwaters, gravelly and sandy f a r t he r  
down. 

Ground Conditions: Stony sandy loam of i r regu la r  depth, generally 
not g rea te r  than 5 f ee t .  Rock ledges on higher slopes, lava rock 
a t  o r  near the surface i n  many places. 

Area covered with vi rgin  t rop ica l  f o r e s t ,  which contains numerous 
dam> t rees .  Vegetation becomes somewhat sparse on the higher ridges. 
Undergrowth th ickes t  along t h e  valleys.  

Settlements: A few s m a l l  v i l l ages  on coasta l  ter race  a t  foot  of 
Mamoeja Mountain. 

Movement: Area cons t i tu tes  ba r r i e r  t o  inland movement. Foot paths 
cross mountains, but  grades a r e  steep, elevations range t o  more than 
1,000 meters, and maintenance i s  uncertain. 

On coasta l  t e r race  flanking Mamoeja Mountain, low grades permit 
easy movement i n  a coastwise di rect ion;  t h i s  route  followed by road. 
A t  north route  narrow, could b e  blocked eas i ly .  Road reported recent ly  
damaged by lava flow. An a l t e rna t e  route, now followed only by foo t  
path, is  through gap between Mamoeja and main mountain mass. 

Cover, Concealment, Observation: Cover provided by ridge c r e s t s  
and stream banks. Field f o r t i f i c a t i o n s  feas ib le  i n  many ~ l a c e s .  but - A 

s o i l  l i k e l y  t o  be stony and excavation somewhat slow. A t  unpreiicataole 
places lava bedrock may l i e  a t  shallow depth. 

Complete ground and a e r i a l  concealment by fo r e s t  except i n  l o c a l  
brushy areas on lower slopes, and on high ridges where vegetation becomes 
sparse. Observation lim'ited by fo res t .  

Area 5 Tobelo Pla in  

Topography: North par t  of broad and curving coas ta l  plain.  Area 
essen t ia l ly  f l a t  and fea ture less ;  crossed by a few s m a l l  streams. 
Inland, surface r i s e s  gradually toward adjacent mountains. A t  Tobello, 
beach has maxixu width of about 66 f e e t  a t  low t ide ,  about 3 f e e t  a t  
high t ide .  The coast fr inged i n  places by c o r a l r e e f s .  

Tobelo Islands, a few miles offshore, range frorn l e s s  than half  a 
mile t o  about 3 miles i n  length, and a r e  varied i n  shape. A l l  are low and 
f l a t  . 

Ground Conditions: The area  covered by deep loam, sandy near shore. 
South of Tobelo, two la rge  t r a c t s  of swamp land. Elsewhere, s o i l  well 
drained, gives good footing, not  excessively muddy when wet. 

Beach is  gray sand. 

Grassland widespread a t  north, coconut palms occupy broad b e l t  along 
shore. Along streams, bamboo thickets .  South of Tobello two t r a c t s  of 
swamp land, with sago palms. Rest of a rea  covered with v i rg in  t rop ica l  
fo res t .  

Settlements: Tobelo, about 1,000 inhabitants,  i s  pr incipal  s e t t l e -  
ment; contains mission school and hospital ,  radio  s t a t i on ,  mi l i t a ry  
barracks, church, mosque, o f f i c i a l  buildings, and various shops, ware- 
houses, and native dwellings. Mission buildings have stone w a l l s  3 f e e t  
high, surmounted with p l a s t e r  on wire mesh, and roofed w i t h  corrugated 
iron. Government buildings s imi la r ly  constructed, but with wooden shingle 
roofs. Native dwellings l i g h t l y  constructed of mod with thatched roofs. 
Other native v i l l ages ,  of intermediate s ize ,  along snore north and south 
of Tobelo, and on two outlying islands.  

Movement: Broad expanse of f l a t  grassland permits f r e e  movement 
of both men and machines i n  northern pa r t  of area. Broad coasta l  s t r i p  
of coconut palms a l so  permits f r e e  movement of men and only s l i g h t l y  
r e s t r i c t ed  movenent of vehicles. Bamboo th icke t s  along s t reams,  and t r a c t s  
of swampland cons t i tu te  l oca l  obstacles. A road extends as f a r  south as 
Pitoe;  ex i s t ing  bridges would probably be sui table  only f o r  l i g h t  vehicles. 
Vehicles must be f e r r i e d  across Mede River. South of Pi toe  i s  a horse 
trail. 

Grassland areas su i tab le  f o r  landing of paratroopers. 

Shores generally sui table  for  landing operations; l e a s t  in terference 
from offshore cora l  r e e f s  north of Tobelo. 

Cover, Concealment, Observation: Poor cover except l oca l l y  along 
stream banks and beach r idges  on shore. Field f o r t i f i c a t i o n s  f ea s ib l e  
a t  a l l  places except v ic in i ty  of swamps. 

Aerial concealment good i n  coconut groves, but  ground concealment 
only f a i r .  Ground concealment good fo r  men and possibly f o r  s m a l l  ve- 
h ic les  i n  grassland, but  a e r i a l  concealment poor. Complete concealment, 
both ground and ae r i a l ,  i n  v i rg in  fo res t .  

Ground observation poor due t o  f l a t  topography and vegetation. 
V i s ib i l i t y  b e t t e r  i n  coconut groves than elsewhere. Aerial observation 
best  over grassland areas. 

R e l h b i l i t y  Rating: Claas B 
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I Reliability Rating: Cless B SHEET XIV-99 

SHEET NO. XIV-99 Moverr,en t : Movement channel ized through gaps betweeri vo lcanic  peaks 
and along c o a s t a l  s t r i p .  Grades i n  t h e s e  a r eas  low t o  moderate; p r inc i -  
p a l  obs t ac l e ,  away from trxils, i s  f o r e s t  cover. I n  c o a s t a l  f i a t ,  l a r g e  
t r a c t s  of marsh and swarnp l and  p r e s e n t  a d d i t i o n a l  obs t ac l e s .  

Area No. 3. Loloda f o o t h i l l s  

To:;ography: Broad b e l t  of rough, broken t e r r a i n  r i s i n g  i r r e g u l a r l y  
from c o a s t  t o  he igh t s  o f  about  500 meters,  and merging i n t o  the  higher  s lopes  
of the  volcanic  mountains of a r e a  4. Slopes noderate ,  around Loloda Bay; 
elsewhere s teep .  Ridges a r e  rounded toward nor th ,  bu t  narrower and sha rpe r  
toward south.  Valleys narrow, V-shaped, and i r r e g u l a r l y  branching. Streams 
small. The sho re l ine  enbayed and i r r e g u l a r ;  c o a s t  s t e e p  to c l i f f e d  a t  most 
p laces .  Shor t ,  narrow beaches i n  some rwre s h e l t e r e d  coves. 

Iboe Valley followed by horse  t r a i l  around t o  no r theas t  s i d e  of 
Iboe Mountain, where it branches i n t o  f o o t  paths  l ead ing  f a r t h e r  in land .  
A branch of  t he  horse t r a i l  l e a d s  northward t o  l ake  d i s t r i c t .  Gap 
between Gamkonora and Iboe followed by f o o t  pa th  from c o a s t a l  v i l l a g e s  t o  
Lamo Valley. On t h i s  t r a i l  grades a r e  l o c a l l y  s t e e p  and s t r e a n  c ross ings  
numerous. On c o a s t a l  f l a t ,  trails connect t he  var ious  v i l l a g e s  wi th  one 
another  and wi th  i n t e r i o r .  Along t h e  i n n e r  border  o f t h e  f l a t  is one s h o r t  
s t r e t c h  of narrow, fair-weather  road which a t  t he  south  is  continued by a 
horse  trail fol lowing c o a s t a l  s lopes .  Lower few mi les  of Iboe River 
navigable  by sma l l  boats .  Grassy a r e a s  on lower s lopes  s u i t a b l e  f o r  para- 
t roope r  landings.  Coas ta l  f l a t  s u i t a b l e  f o r  landing  bu t  swamps must be 
avoided i n  moving inland.  

Soutk, Loloda I s l ands .  Group of rough, h i l l y  i s l a n d s  of  i r r e g u l a r  form. 
Coasts s t eep ;  p r a c t i c a l l y  no f l a t  ground. 

Ground Conditions: Loam t o  c l ay  loam of moderate depth,  l o c a i l y  stony. 
Gives good foo t ing ,  w e l l  drained,  moderately muddy when wet. Dries quick ly  
un le s s  d i s tu rbed  when wet. 

Cover, Concealment, Observation: Some cover along s tream banks. 
Ridges l e s s  e f f e c t i v e  because broadly rounded. F i e l d  f o r t i f i c a t i - o n s  
f e a s i b l e  nea r ly  everywhere a t  lower l e v e l s ,  bu t  l o c a l l y  s tony  ground may 
r e t a r d  digging. 

Bedrock outcrops i n  a few p laces  along v a l l e y s  and on coas t .  Arez i s  
covered with v i r g i n  t r o p i c a l  f o r e s t .  On the shores  of Loloda Bay t h e r e  i s  
a l o c a l  pa tch  of swamp. Beaches a r e  sandy. 

S e t t l e ~ w n t s :  A few s m a l l  n a t i v e  v i l l a g e s  along coas t .  Fores t  o f f e r s  conple te  concealment, both ground and a e r i a l ,  i n  most 
of  a rea .  Poor a e r i a l  concealment i n  grass land;  s p o t t y ,  poor t o  good 
concealment i n  brushy areas .  ldovement : Rough, f o r t s  t e d  tonography unfzvorable f o r  rnovt~aent ; crossed  

by f o o t  paths  l ead ing  d i r e c t l y  o r  i nd i r ec tLv  from c o a s t  t o  Iboe Valley. A l l  
trzils fo l low stream beds p a r t  wa,y; unusable a t  high water.  Steep and 
rugged c c a s t a i  t o p o g a p h y  b a r s  continuous coastwise movement. 

Observation poor except  from upper s lopes  of vo lcanic  peaks, i n  
c l e a r  weather. 

Cover, Concealment, Observation: Cover provided by narrow r idges ,  
s t ream banks, and l a r g e r  hardwood t r e e s .  F i e ld  f o r t i f i c a t i o n s  f e a s i b l e  i n  
a l l  except  rocky sec t ions .  

Area No. 9 

Topopraphy: A h i l l y  lowland a r e a  l y i n g  between the  mountains of 
Areas 4 and 8. H i l l s  broadly rounded and s l o p e s  gene ra l ly  moderate. 
Streams more widely spaced than i n  ad joining areas .  Most of a r e a  i s  
below 350 meters, bu t  one low peak reaches 500 meters. 

Fo res t  t;ives complete ground and a e r i a l  concealment. 

Observation very poor except  a long  t h e  coas t ,  because of f o r e s t  cover. 
Good observa t ion  of shore  from p r o j e c t i n g  po in t s  and o f w i n g  i s l a n d s .  Ground Conditions: S o i l  same a s  Area 4. A l l  f o r e s t ed .  

I Area No. 4. Sahoe-Tobelo volcanic  mountains Se t t lements  : Uninhabited. I 
: irregular mountainous b e l t  wi th  prominent i n d i v i d u a l  
s e e  p r o f i l e  DD1). Gamkonora Mountain (about 1,600 meters)  

and Iboe ldountain (about  1,300 meters ) ,  dominant peaks, a r e  roughly cone- 
shaped, w i t h  moderate lower s lopes  grading i n t o  s t e e p  upper s lopes .  S ides  
deep l~ r  furrowed wi th  r a d i a t i n g  r a v i n e s  ; summits have c r a t e r s .  Garnkonora 
e rupted  i n  t h e  1 7 t h  century ,  and f u r t h e r  vo lcanic  a c t i v i t y  i s  poss ib le .  
Between t h e  two peaks i s  a broad gap with e l e v a t i o n  of  only about 50 meters 
a long the  Tahafo Valley. 

Movement : Topography permi ts  f a i r l y  easy movement, bu t  f o r e s t  
cover is  an  o b s t a c l e  o f f  t r a i l s .  Foot pa th  fo l lows  western s i d e  of a rea .  

Cover, Concealment, Observation: Cover same a s  Area 4. 

Fo res t  g ives  good ground and a e r i a l  concealment. 

Observation everywhere poor because of f o r e s t  cover and low r e l i e f .  

Northeast  o f  Iboe i s  a broad, i r r e g u l a r  broken up1m.d wi th  few d i s -  
t i n c t i v e  peaks. Slopes p r e v a i l i n g b  s t e e p  but  l o c a l l y  moderate; a few 
smll l akes  and s t r i p s  of swamp land.  

Area No. 8. Tomoeria-Siloebing Mountains 

Topo~raphy: Broad, i r r e g u l a r  a r e a  of t m g l e d  r idges  and va l l eys  
gradual ly  descending eastward. Maximum e l eva t ions ,  a t  west, rar.ge t o  over 
800 meters. Re l i e f  decreases  and s l o p e s  become l e s s  s t e e p  eastward. P r o f i l e  
C C t  shows r e l a t i o n  of t h i s  a r e a  t o  ad jo in ing  areas .  

P r i n c i p a l  s t reams a r e  t h e  Iboe, no r th  of Iboe Mountain, and the  
Tahafo, between Iboe and Gamkon.ora. The Iboe has broad, open v a l l e y ,  
s t e e p  on n o r t h  s i d e ,  g e n t l e  on south .  The lower v a l l e y  of the  Tahafo i s  
broad and s y ~ ~ m e t r i c a l ;  narrows somer~kiat i n  midcourse. 

Ground Conditions: Same a s  Area 3. 
Flanking gap between Samkonora and Iboe i s  broad c o a s t a i  f l a t ;  has 

very  r egu la r  s h o r e l i n e  and i r r e g u l a r  i n n e r  margin. Large s e c t i c n s  swampy 
and marshy. Beach r idges  o r  mounds p a r a l l e l  t h e  sho re l ine .  South of 
t h e  f l a t ,  s h o r e l i n e  is s l i g h t l y  i r r e g u l a r  and c o a s t a l  b e l t  moderately 
s loping. 

S e t t l e n e n t s :  Uninhabited. 

Irlovement : Mountainous topography gene ra l ly  d i f f i c u l t  . Best c ross ing  
i s  thrcugh a low p lace  between Kaeloepa and Si loebing  Mountains, e a s t  and 
s l i g h t l y  south  of Iboe Mountain; r o u t e  followed by f o o t  pa th  l ead ing  ac ros s  
t o  Area 7. Ground Conditions : The mountains have loam t c  c l q -  loam, l o c a l l y  

very  stony. S o i l  i s  very t h i n  around c r a t e r s ,  b u t  th ickens  moderately 
downslope. S o i l  g ives  good foot ing ,  w e l l  drained, moderately muddy when 
wet. Eas i ly  excavated except  l o c a l l y  where s t o n i e s t .  

Cover, Concealment, Observation: Same a s  Area 3. 

hrea  No, 7. Kaoe Basin. 
lhountains l a r g e l y  covered wi th  v i r g i n  f o r e s t .  Fo res t  t h i n s  toward 

the  h igher  peaks, and becomes b rush ie r  . On b a s a l  s l o p e s  of  the  volcanoes, 
f o r e s t  a l t e r n a t e s  wi th  pa tches  of brush and grassland.  Some small c l ea r -  
i n g s  near  s e t t l e ~ ~ e r i t s .  Sone bamboo t h i c k e t s  d o n g  s treams,  a l s o  s c a t t e r e d  
s t ands  of coconut and sago palms. On c o a s t a l  f l a t ,  l a r g e  patches of swamp 
and marsh land. Coconut palms f r i n g e  shore. 

Topography: A lowland a r e a  of undulatory t o  r o l l i n g  topography, l o c a l l y  
swampy. See d e s c r i p t i o n s  i n  ad jo in ing  quadrangles  f o r  f u r t h e r  information. 

Ground Conditions: See d e s c r i p t i o n s  i n  ad jo in ing  quadrangle t o  t h e  e a s t .  

Set t lements:  Uninhabited. 
Beaches sandy a long  c o a s t a l  f l a t ,  g r a v e l l y  a t  f o o t  of Gamkonora. 

ldovenent : Topography favorable  f o r  movement. Swamp land,  bamboo t h i c k e t s  
a long streams, and f o r e s t  cover a r e  obs t ac l e s .  Area crossed by horse t r a i l  
and f o o t  pa ths .  

Set t lements:  Seve ra l  n a t i v e  v i l l a g e s  of s m a l l  t o  moderate s i z e  on 
i n n e r  p a r t  of c o a s t a l  f l a t ,  on ad jo in ing  s lopes ,  and a long  t h e  Iboe River  
and i t s  headward branches. 

Cover, Concealment, Observation: See ad jo in ing  quadrangle t o  ea s t .  

b 
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HALMAHERA (MOLUKKAS) TERRAIN APPRECIATION 
1 

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

. SHEET KO. XIV-100 

Area No. 4 Sahoe-Tobelo Volcanic mountains 

Topography: Area of rugged volcanic peaks ranging up t o  abou" 
1200 m. i n  e levat ion .  See p r o f i l e  DD1* S ides  of  peaks deeply grooved 
by numerous gorges. Slopes very s t e e p  toward summits, more moderate 
toward lower l e v e l s .  Streams s h o r t ,  with s t e e p  g rad ien t s  and bouldery 
channels. 

Ground Conditions: Loam, l o c a l l y  stony. Depth a few f t .  on the  - 
higher s t eepe r  s lopes  t o  a maximum of poss ib ly  10 f t .  on the  lower and 
q e n t l e r  s lopes.  Well dra ined ,  quick drying,  g ives  good foot ing .  
Moderately muddy when wet. 

Except f o r  h ighes t  peaks, a r e a  covered wi th  t r o p i c a l  f o r e s t .  
Fores t  t h i n s  olit on t h e  upper r idges ,  and becomes brushy. 

Set t lements:  No set t lements .  - 
Movement : Rugged, f o r e s t e d  topography c o n s t i t u t e s  a b a r r i e r  t o  ---- 

any but small-scale movement of foot .  Routes l e a s t  d i f f i c u l t  a r e  
through gaps between peaks, o r  along the  1ocal.ly moderate upland slopes. 
These r o u t e s  a r e  followed by f o o t  paths. 

Cover? Concealment, Observation: Cover provided by narrow r idge  
c r e s t s ,  end by l a r g e r  hardwood t r e e s .  F i e l d  f o r t i f i c a t i o n s  f e a s i b l e  
a t  a l l  p laces  except on h ighes t  points .  

Ground and a e r i a l  concealment provided by f o r e s t  cover. 

High peaks and r i d g e s  provide good lookout po ln t s ,  but  f o r e s t  
l i m i t s  observation. 

Area No. 5 Tobelo P l a i n  

Topography: Fouth p a r t  of long,  curving- c o a s t a l  p l a i n ;  f l a t  t o  
undulatory; G g e s  g radua l ly  i n t o  volcanic mountains t o  west. Area 
crossed by a few small  s t reans .  Shore l ine  deeply embayed toward south. 
Near shore a r e  small,  low, i s l aads ;  p r i n c i p a l  one, X i t i ,  about 2 mi .  
long. 

Ground Conditions: Deep sandy t o  clayey loam. Gives good f o o t i n c ,  
is wel l  drained and quick drying  except f o r  swampy areas .  

Vegetation r q e s  from v i r g i n  t r o p i c a l  f o r e s t ,  which is dominant, 
t o  swampy f o r e s t  with sago palms, s c a t t e r e d  s tands  of coconut palms, 
and open grassland.  On t h e  i s l a n d s  coconut palms predominate. 

Beaches a r e  predominantly sandy. 

Set t lements:  A few small  t o  moderate-sized na t ive  v i l l a g e s  along 
coas t ,  and one on M i t i  i s land.  

Movement: Nearly f l a t  topography is exce l l en t  f o r  movement, but 
i n  most p l aces  f o r e s t  1 i m i t s n ; o v e m ~ t  t o  e x i s t i n g  t r a i l s .  Clear ings  
and small patches of grass land are exceptions. Swamps c o n s t i t u t e  
most se r ious  l o c a l  obs tac les .  A horse t r a i l  i n  p a r t  s u i t a b l e  f o r  motor 
veh ic l e s ,  i s  ava i l ab le  f o r  coastwise movement, and from it branch 
f o o t  pa ths  lead  t o  i n t e r i o r .  A J ap  a i r f i e l d  repor ted  on M i t i .  

Cover, Concealment, Observation: - L i t t l e  n a t u r a l  cover, but f i e l d  
f o r t i f i c a t i o n s  f e a s i b l e  except swamp9 t r a c t s .  Water may be encoun- 
t e r e d  a t  shallow depths i n  low a r e a s ,  a s  near  streams. 

I n  fsbrest,good ground and a e r i a l  concealment; i n  grass land and 
c leared  a r e a s ,  poor a e r i a l  concealment. Ground ccnc ealment a l so  
l i n i t e d  among coconut palms. 

Ground observat ion g r e a t l y  l imi t ed  by lack  of r e l i e f  and by f o r e s t ,  
except a l o x  coast .  Aer i a l  observat ion ~ e t t e r  i n  more open sec t ions .  

Area No. 6 Papora-Togisoro mountain block 

Topography: Broad, asymmetric mountain block with s t eepe r  s i d e  on --- 
west. Crest  has  f a i r l y  r egu la r  north-south t rend;  h ighes t ,  about 
700 m., a t  north. North of t h i s  poin t  i s  rap id  descent t o  about 200 m. 
i n  pass  around end of  mountain; southward is f a r  more gradual  descent  
t o  about 250 n. Slopes west of c r e s t  a re  s teep ,  notched by numerous 
shor t ,  s t eep  va l leys .  East  of th  e c r e s t ,  i n  marked cqn t ra s t  , long 
c e n t l e  s lopes ,  broken here  and t h e r e  by shallow va l l eys ,  t h a t  l ead  
down t o  coast .  A t  t h e  nor th  is  a lake  about 1.5 mi le s  long. Toward 
coas t ,  some v a l l e y s  narrow and deepen. Coas t l i r e  is f a i r l y  regular .  

Grouncl Conditions: Sandy loams t o  loams, l o c a l l y  stony. Depth 
-7 

i r r e g u l a r ,  a few f t .  t o  many f t .  Gives good foo t ing ,  i s  well  dra ined ,  
d r i e s  r e a d i l y  i f  not d is turbed when wet, and i s  e a s i l y  excavated where 
not  too  stony. Outcrops of  c o r a l  l imestone bedrock occur along t h e  
c l i f f e d  por t ion  of t h e  shore ,  and along one of t h e  va l leys .  

Except f o r  a few smll patches o f  grass land,  a r e a  i s  fores ted .  
Along some streams bamboo t h i c k e t s  predominate. Along f l a t t e r  p a r t s  
of coas t  a r e  coconut palms; o t h e r  k inds  of palms growing on dry ground 
a r e  l o c a l l y  common on slopes. 

Set t lements:  One mall  v i l l a g e  along coas t  a t  nor thern  end, and --- - 
two somewhat l a r g e r  a t  south. One v i l l a g e  seve ra l  mi les  inland. 

Novement: T e r r a i n  favorable f o r  movement of  both men and veh ic l e s ,  
p a r t i c u l a r l y  i n  an east-west d i r ec t ion .  Many TE l l e y  c ross ings  necessary 
i n  north-south movement. Fores t  i s  obs tac le  t o  f o o t  t r a v e l  and prevents  
movement of veh ic l e s  off  raods. T r a i l s  a r e  numerous, but s u i t a b l e  f o r  
foo t  t r a v e l  only; connect c o a s t a l  v i l l a g e s  and o the r  c o a s t a l  p o i n t s  
with i n t e r i o r  and wi th  a r e a s  7 and 8, c ross ing  t h e  a r e a  by d i r e c t  and 
diagonal  rou tes ,  and forming an interconnect ing network. 

Landing ope ra t ions  obs t ruc ted  by c o a s t a l  c l i f f s  no r th  of Cape 
Toenoeo; e a s i e r  south of t h a t  po in t ,  where beachheads a r e  continous 

with g e n t l e  s lopes  leading  t o  r i d g e  p c s i t i o n s  dominating t h e  Kaoe 
basin. 

Cover, Concealment, Observetion: On e a s t  s i d e  l i t t l e  n a t u r a l  
cover except by stream banks. F i e l d  f o r t i f i c a t i o n s  gene ra l ly  p r a c t i -  
cable ,  but  digging may become d i f f i c u l t  i n  p laces  where bedrock is 
c lose  t o  surface.  On west s ide ,  n e s t s  of spurs  g ive  some cover. 

Good ground and a e r i a l  concealment by f o r e s t  a t  nea r ly  a l l  places.  

Ground observat ion very poor because of f o r e s t  and low r e l i e f ,  
~ a r t i c u l a r l y  on e a s t  s ide.  A e r i a l  observat ion might b e  s l i g h t l y  b e t t e r  
f o r  la rge-sca le  operat ions.  

Area Uo, 7. Kaoe bas in  

Topography: A broad, gen t ly  undulatory lowland merging gradual ly  --- 
with  h i l l y  t e r r a i n  t o  t h e  nor th ,  and west ( i n  t h e  adjo in ing  quadrangle) ,  
( p r o f i l e  C C ) .  Crossed by two main streams, t h e  Lamo and t h e  To lab i t ,  
headward branches of t h e  Kaoe r i v e r ,  a l s o  by minor streams, wi th  a s i n g l e  
prominent cape, Toenoeo. North of t h i s  cape coas t  is s teep ,  with a sea  
c l i f f  ranging up t o  about 100 m. i n  height .  South of cape, coast  is 
qent ly  s loping,  with a continuous gradual  r i s e  t o  t h e  main c r e s t  of  t h e  
area. 

Ground Conditions: - Deep loam t o  clay. Footing i s  f a i r l y  good. 
and f a i r l y  wel l  drained except i n  swam? and marshland. Excavation easy, 
but water may be encountered a t  shallow depth i n  lower and f l a t t e r  p a r t s  
of area.  

E n t i r e l y  fo res t ed  except f o r  small c l e a r i n g s  near  se t t lements .  
Bamboo t h i c k e t s  along streams. A l a r g e  expanse of swamp land a t  t h e  
nor th ,  with numerous s ~ g o  palms. An a rea  of marsh land a t  t h e  south. 

Fe t t l anen t s :  Severa l  v i l l a g e s  of moderate s i z e  nen? the streams. --- 
Movement : Comparatively f l a t  topography is favorable  but f o r e s t  

makes moverent d i f f i c u l t  off t r a i l s .  Large t r a c t s  of swamp and marsh 
land are aer ious  obetac les .  Good network of f o o t  pa ths  and horse t r a i l s .  

Cover, Concealment, Observation: S imi lar  t o  a r e a  5, except f o r  
absence of grassland and s p a r s i t y  of' coconut palms, 

Area No. 8. Tomoeria-Siloebing mountain a r e a  

Topography: A b e l t  of h i l l y  topography merging northward with 
broad and near ly  f l ~ t  upland. A s m a l l  l a k e  a t  eas t .  

Ground Conditions: S o i l s  s i m i l a r  t o  those  of adjo in ing  areas.  
t he  nor th  is a l a r g e  u p l a d  swamp. 

Vegetation s i m i l a r  t o  a r e a  6. 

Set t lements:  No set t lements .  

Movement : The upland f 1st s a r e  topographical ly favorable but 
access i s  through more d i f f i c u l t  h i l l y  country. The f o r e s t ,  however, 
impedes movement o f f  t r a i l s .  Large swamp i s  an add i t iona l  obs tac le .  
A few f o o t  paths c r o s s  area.  

Cover, Concealment, Observation: S imi la r  t o  a rea  6. - - 
4 - 
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HALMAHERA t (MOLUKKAS) TERRAIN APPREClATlON 1 
Rel iab i l i ty  R a t i n g :  B SIBET NO. XV-98 

Area No. 4. Sahae Mountains 

TopograpQ: Rugged mountainous area  r i s i n g  d i r e c t l y  from shore; 
dominated by a c l u s t e r  of volcanic peaks (p ro f i l e  DDt). Higher 
elevations a t t a i n  1,300 meters, Slopes range from moderate around the  
base t o  very s teep on the  higher peaks. Mountain slopes a r e  deeply 
furrowed with small, closely-spaced ravines. A lake occupies a steep- 
sided hollow high on e a s t  s ide.  Stream beds mostly dry except f o r  
shor t  time a f t e r  rains. Shore i s  rrloderately sloping a t  most places, 
but  toward the  south are  narrow, discontinuous coasta l  f i a t s .  

D,jailolo Mountain, a detached o u t l i e r  of the  volcanic mountain 
b e l t  (Views 3 and 4 ) ,  has height of about 1,100 meters; i s  roughly 
cone-shaped, with i r r egu l a r  project ing spurs and subsidiary knobs on the  
west s ide .  A t  the  south s i de  is a narrow s t r i p  of coas ta l  p la in ,  t o  
which is  at tached a h i l l y  peninsula. 

Ground Cond i t i o s :  Loam of varying depth, l oca l l y  stony, 
Gives good footing, i s  wel l  

drained, and is moderately muddy when wet. Easily excavated where not 
too stony. 

Mountain slopes heavily fo res ted  except f o r  l imi ted areas of 
cleared land and second growth fo res t  on the lower slopes (view 4 ) .  
Forest th ins  out somewhat on higher r idges  and slopes. Local stands of 
coconut palms along shore, and s t r i p so f  grassland on the  coas ta l  f l a t s  
south of Djai lo lo  Mountain. 

I Beaches sandy t o  gravelly.  I 
I Settlements: A few small  native v i l l age s  along coast.  I 

Movement: Essent ia l ly  a ba r r i e r  area ,  owing t o  high, rugged, 
fores ted topography. Movement l e a s t  d i f f i c u l t  along the coast.  
Stretches of foot  path and horse t r a i l  a r e  avai lable  f o r  some distance 
north of Soesoepoe, along the  coas ta l  slopes, and a horse t r a i l  extends 
from Djailolo west along south s i de  of Djailolo Mountain. The Sahoe 
Mountains a r e  crossed by t r a i l s ,  but grades are s teep and routes  arduous. 

Cover, Concealment, Observation: Some cover given by r idge c res t s ,  
and l a rger  hardwood t rees .  Fie ld  f o r t i f i c a t i o n s  generally feas ib le .  

I Good ground and a e r i a l  concealment provided by f o r e s t  cover, except 
f o r  grassland s t r i p  on coas ta l  f l a t  south of Djailolo Jbuntain. I 

Higher peaks and r idges o f f e r  good vantage points  i n  f a i r  weather, 
but f o r e s t  g rea t ly  l im i t s  observation. Djai lo lo  Mountain commands good 
view of Area 9. 

Topography: Broad lowland a t  mouth of Lamo River, extending around 
the  s ides  of Djailolo Mountain; topography f l a t  t o  moderately undulatory. 
Lamo River, about 100 f e e t  wide, winds through cen t ra l  section,  and 
para l l e l ing  it f a r t he r  south is the smaller D i r i  River. South coast  i s  
f l a t  and swampy, and f r inged by a cora l  reef  (View 7). West coast more 
regular ,  s l i g h t l y  higher and dryer.  

I 

Ground Conditions: Deep loam; gives f a i r l y  good footing,  and i s  
f a i r l y  well drained except i n  marshy and swampy areas and on very low 
ground. Moderately muddy when wet, but d r i e s  quickly unless disturbed 
when wet. An area of both v i rg in  and second growth fo r e s t ,  interspersed 
with c lear ings ,  cu l t iva ted  f i e l d s ,  coconut plantat ions,  and grassland 
(View 7 ) .  There i s  a band of mangrove swamp along the  southern shore, 
and areas of marsh and swamp land i n  the  i n t e r i o r ,  with various types 
of swamp palms and other swamp vegetation. Clurnps of bamboo along the  
streams i n  places. Coconut palms f r inge  the  shore a t  many places (View 4). 

Area No. 9. Djailolo Pla in  

Beaches on t he  southern s i de  a r e  generally swampy and muddy. On the 
west s ide ,  beaches a r e  l oca l l y  swampy but generally sandy. 

Settlements: Djailolo (Views 4 and 7) is  p r inc ipa l  set t lement.  
Besides dwellings. has hospital ,  missionary establishment, government 
buildings, and various shops. Pier  i s  about 200 yards long. Various 
other  native v i l l age s  along shore and i n  i n t e r i o r .  

Movement: Area of easy movement because of subdued topography, 
comparatively l a rge  proportion of cleared and open land, and numerous 
paths and trails crossing the  area i n  various d i rec t ions .  View 5 shows 
one of the horse trails. Local t r a c t s  of marsh and swamp land a re  main 
obstacles.  The Lamo River probably too deep f o r  fording a t  most places. 
Free movement of tracked motorized equipment probably possible on dry 

I 
I 

groilnd not covered with v i rg in  fo res t .  

Northeast of D,jailolo Mountain an a i r f i e l d  was s t a r t e d  by the Dutch. 
Numerous cleared and cu l t iva ted  areas su i t ab le  f o r  paratrooper landings. 

Conditions unfavorable f o r  l a rge  s ca l e  landing operations on the 
south shore, owing t o  mangrove swamp.fringing co ra l  r ee f ,  and surrounding 
heights favoring defense. West shore more su i t ab le ,  but  marshy area  and 
bar south of mouth of Lamo River should be avoided. 

Cover, Concealment, Observation: L i t t l e  topographic cover except 
along stream banks. Some 
buildings i n  Djai lo lo  rnight give l imi ted  cover. Fie ld  f o r t i f i c a t i o n s  
possible except where ground i s  too low or swampy. 

Degree of concealment va r i e s  i n  d i f f e r en t  places. I n  v i rg in  and 
advanced second growth fores t ,  complete ground and a e r i a l  concealment. 
I n  coconut ~ l a n t a t i o n s ,  a e r i a l  concealment f a i r  t o  good, but ground con- 
cealment poor, Both ground and a e r i a l  concealment very poor i n  clearings 
and i n  cu l t iva ted  f i e lds .  

Grouria observation much r e s t r i c t e d  by both f l a t n e s s  of topography and 
by vegetation. Cleared, cul t ivated,  and ea r ly  second growth areas could be 
viewed from t a l l e r  t r e e s  of bordering fo res t .  Aerial  observation preferable,  
giving a more connected view of open areas  pa r t l y  o r  wholly surrounded by 
t rees .  

b. 
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HALMAHERA (MOLUK KAS) TERRAIN APPRECIATION 

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

Area N0.4 Volcanic mountains I n  c o a s t a l  p l a i n  s e c t i o n ,  ext  ensi ve marsh land  and numerous 
c ross ings  of broad, muddy-bottomed streame r e t a r d  movement. T r a i l s  
a v a i l a b l e  f o r  movement on f o o t ,  mainly on t h e  inland s i d e  of  t h e  area.  
IPuddy beach and marshy shore  unsu i t ab le  f o r  landing opera t  ions. 

Topography: Rounded knobs, r i d g e s ,  and spurs  w i t h  moderate t o  - ----.- 
s t eep  s lopes  and s t rong  r e l i e f ,  cont inous with t h e  chain of volcanic 
mounts i n s  i n  ad jo in ing  quadrangles. 

Cover, Concealment, Observation: I n  mountainous sec t ion ,  good 
cover given by narrow r i d g e  c r e s t s  and stream banks. Poor n a t u r a l  
cover i n  c o a s t a l  p l a i n  sec t ion .  F i e ld  f o r t i f i c a t i o n s  p r a c t i c a b l e  i n  
both sec t ions ,  but marshy p a r t  of c o a s t a l  p l a i n  shou.ld b e  avoided, 
a l s o  nearby low ground, 

Groyind Conditions: Loams t o  c lay  loams of moderate depth l o c a l l y  
stony. Give good foo t lng ,  a r e  wel l  drained an6 quick dry ing;  a r e  more 

o r  l e s s  eas:T t o  excevate,  depending on s toniness .  

Area covered wi th  v i r g i n  t r o p i c a l  forest; .  
Complete greund and a e r i a l  concealment by f o r e  st. 

Settleanents: No se t t lements .  - 
Cbservat ion  very poor because of f o r e s t ,  H i l l s  bordering c o a s t a l  

p l a i n  would permit l i m i t e d  observa t ion  of t h e  l a t t e r .  Movement: Te r ra in  favorable t o  movement; a r ea  crossed by t r a : l s  
leadine t o  west coas t .  Fores t  i s  a s e r i o u s  obs t ec l e  of f  t r a i l s .  

Area No. 9. Lamo v a l l e y  
Cover, Concealment, Observation: Topographic cover only f a i r .  

F i e l d  f o r t i f i c a t i o n s  f e a s i b l e  but s tony s o i l  may slow digging i n  some Topography: Broad, h i l l y  lowland l y i n g  between mountains of 
Arees 4 and 8; inc ludes  Lamo River Valley and bordering s lopes.  F l a t  
v a l l e y  f l o o r  i s  broadest  toward t h e  no r th ,  narrow a t  t h e  south. In  
middle p a r t  of va l l ey  axe broad t e r r a c e  f l a t s .  River v a l l e y  proper  
bordered by broadly rounded spurs  s loping  down from t h e  adjo in ing  
mountains. P r o f i l e  EE' shows r e l a t i o n s  t o  ad jo in ing  areas.  

places.  

Ground and a e r i a l  concealment provided by t h e  f o r e s t .  

Observation poor because of dense f o r e s t  and broadly rounded 
r idges .  

D j a i l o l o  P la in .  Coastal  p l a i n  beginning where Lamo Valley widens 
i n  i t s  lower course;  i s  f l a t  t o  undulatory,  l o c a l l y  marshy a t  south. Area No. 7. Kaoe b a s i n  
Fee adjo in ing  quadran& XV-98, f o r  add it i b k l  informati  on. 

Topography: Pa r t  of a broad, lowland a rea ,  l o c a l l y  marshy; main 
p a r t  i s  i n  ad jo in ing  quadrangles ( s e e  ad jo in ing  quadrangle XV-100 f o r  
f u r t h e r  d e s c r i p t i o n ) .  

Ground Conditions: Deep sandy loams t o  clay loans ,  l o c a l l y  stony. 
Give good f o o t i n g ,  a r e  moderately t o  well-draim d ,  and e a s i l y  exca- 
vated. I n  gene ra l ,  moderately muddy when wet, but l o c a l l y  may be very 
s l ippery .  Along coas t a l  s t r i p  i s  a band of marsh land. Ground Conditions: Deep sandy loam t o  c l ay  loam, l o c a l l y  marshy 

and covered wi th  t r o p i c a l  f o r e s t .  Bamboo t h i c k e t s  along atreams, See 
quadrangle XV-100 f o r  addi t  i o n a l  inf ormat ion. Lamo Valley a r e a  covered with v i r g i n  t r o p i c a l  f o r e s t ,  except f o r  

c l e a r i n g s  and t r a c t s  of second growth f o r e s t  around se t t lements .  I n  
c o a s t a l  p l a i n  a r e a  i s  a l a r g e r  propor t ion  of second growth and c leared  
l and ,  and bamboo clumps occur a t  many p laces  along streams. Sago 
palms common. 

Se t t lements :  One very small  n a t i v e  set t lement .  

Movemnt: A few foot  paths.  See a l s o  ad jo in ing  quadrangle 
XV- 100 , 

Beaches sandy i n  some p laces  (View 3 ) ,  but probably muddy i n  
o thers .  CEV-e~Concealment,  Observation : Some cover by strean: banks ar:d 

low h i l l s .  F ie ld  f o r t i f i c a t i o n s  f e a s i b l e  except i n  marshy area  er-rf ir! 
low ground. Set t lements:  Numerous na t ive  v i l l a g e s  along t h e  coas t  and on 

t h e  western s l o p e s  of t h e  Lam Valley. 
Concealment good and observat ion poor. 

Movement: A co r r ido r  a r e a ;  r e l i e f  and grades low t o  moderate. 
Main obs t ac l e s  a r e  f o r e s t ,  and Lstreem and v a l l e y  crossings.  Foot 
path fo l lows west s i d e  of va l l ey ,  and connects  with trails leading 
through t h e  Gamkonora-Iboe gap. Other t r a i l s  branch o f f  t o  mountains 
of Area 8 on t h e  eas t .  Movement o f f  t r a i l s  d i f f i c u l t  because o f  
f o r e s t .  

Area No. 8. Tomoeria-Siloeb jrg IJountains 

Topography: Broad rugged h i l l y  t o  mountainous reg ion  extending 
from coas t  t o  .coast  a t  t h e  south,  and l y i n g  between t h e  lowlands o f  
Areas 7 and 9 a t  t he  nor th  ( s e e  P r o f i l e  1). Elevat ions  reach over  
900 m., g r e a t e s t  a1on.g ao i r r e g u l a r  d iv ide  t rending  roughly north-  
south. S lopes  a r e  p reva i l ing ly  s teep .  Area has complex of narrow, 
i r r e g u l a r ,  knobby r i d g e s  and winding branching va l l eys .  Local r e l i e f  
ranges up t o  s e v e r a l  hundred meters. S t r e a m  a r e  narrow, swif t .  

Along t h e  c o a s t a l  p a r t  of t h e  a rea ,  more ex tens ive  c leared  land 
permits  somewhat g r e a t e r  freedom of movement. Large t r a c t  o f  marsh 
i s  l o c a l  obs tac le .  Not well  s u i t e d  f o r  l and ing  operat ions.  

4-t southeas t  is a broad, marshy coastal. p l a i n ,  bordered by h i l l s  
of r a t h e r  moderate r e l i e f .  T h i s  p l a i n  i s  crossed  by numerous i n t r i -  
c a t e l y  winding s t r e m s ,  mall t o  moderate i n  s i z e .  On t h e  seaward 
s i d e  a r e  broad t i d a l  f l a t s ,  

Cover, Concealment , Observation: F a i r  topogranhic cover provided 
by s t r e a n  banks. Fie12 f o r t i f i c a t i o n s  everywhere f e a s i b l e  except i n  
marshy a r e a  of c o a s t a l  p l a in .  

Complete ground and a e r i a l  concealment by f o r e s t  except i n  c l ea r -  
ings  around set t lement  s, e s p e c i a l l y  i n  c o a s t a l  s e c t  ion. Ground Conditions: P reva i l ing  c l a y  loans ,  l o c a l l y  coarser ,  

Thickness a few f e e t  on t h e  s t eepe r  s lopes  t o  a few t e n s  of f e e t  on 
t h e  more moderate s lopes.  Give good foo t ing  when dry,  but  m y  be very 
s l i p p e r y  when wet. Are we l l  dra ined  and e a s i l y  excavated. 

Observat ion l i m i t e d  by low r e l i e f ,  moderate s lopes ,  and f o r e s t .  
Fcrdering h i l l s  of a r e a  8 would cornand l imi t ed  view of t h e  c o a s t a l  
sec t ion .  

Mountains covered wi th  dense v i r g i n  t r o p i c a l  f o r e s t .  Small  
pa tches  of grass land  and small s tands  of  coconut palms on c o a s t a l  
f l a t s  and slopes. 

Yangrove awamps widespread along t h e  shore of t h e  c o a s t a l  f l a t ;  
beaches and stream beds near  t h e  shore a r e  muddy. 

Se t t lements ;  One n a t i v e  v i l l a g e  on t h e  coas t  a t  t h e  south. 

Eovement: Mountainous b a r r i e r  area.  No easy r o u t e s  a l o x  cr 
ac ross  area.  Dense f o r e s t ,  s t e e p  s lopes ,  and h igh  l o c a l  r e l i e f  ere 
obs tac les .  Area crossed by f o o t  pa ths  permi t t ing  slow and small-snale 
t roop  movement. 

P r e l ~ m i n e r y  t e x t  submitted 
without checking o r  e d i t i n g  
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HALMAHERA (MOLUKKAS) TERRAIN APPRECIATION 
- - 

Rel i ab i l i t y  rat ing:  Class B 

SHEET NO. XV-100 

Area 6. Papora-Togisoro mountain block Area 8. Tomoeria-Siloebing M t .  area. 

To~oaraphyt Flat t o  moderately h i l l y  area; on t he  e a s t  r i s e s  
gradually from the  shore t o  an asymmetric c res t ;  on the  west descends 
more s teep ly  t o  t h e  Kaoe basin. Elevations reach more than 250 meters. 
Local r e l i e f  decreases southward and eastward. Much of northeastern 
part of area  almost f l a t ,  with stream val leys  cu t  sharply below general  
level .  Roughly triangular-shaped sec t ion  i n  the  cen t ra l  part,  with the  
apex pointing inland, l i e s  s l i g h t l y  below the  l e v e l  of surrounding 
areas. Streams small; val leys  narrow, wi th  depth increasing inland. 
Shore low and f r inged with narrow cora l  reefs .  The low is land of 
Boebale, nearly 2 miles long, l i e s  a few miles offshore a t  northeast.  

Topopraphy; Rough h i l l y  c o u n t ~ y  continuous with t he  more rugged 
and mountainous topography of Area 8 i n  adjoining quadrangle. Relief 
i s  about 250 meters H i l l s  descend abruptly t o  t h e  Kaoe val ley and 
f a r t h e r  south, t o  t h e  coast.  For fu r ther  descr ipt ion see  quadrangle 
xv-99. 

Ground Conditions: Clay loans  of  moderate depth; give good foot- 
ing, e a s i l y  excavated . 

Except fbr sna l l  areas  of brushytoconut palms on coast, area  i s  
cove red with v i rg in  fo res t .  

Ground Conditions. Sandy loam t o  loam, l oca l l y  stony; depth i r reg-  Settlements: No s e t t l e m n t s  . 
ular .  Gives good footing, i s  wel l  drained, d r i e s  read i ly  i f  not  dis-  
turbed when wet; in most places e a s i l y  excavated. Movement : Forested, h i l l y  topography dif f i a l  t f o r  movement. 

Most of area cwered  with v i rg in  fo res t ,  but  m a r  se t t l enen ts  a re  Crossed by  a few foo t  paths, Steep coast  unsuitable f o r  landing* 
c lear ings  and patches of second growth fo res t ,  and broad expanses of See a l s o  Sheet XV-99 t o  west. 
grassland a t  south. 

Beaches sanQI. Cover, Concealment and Observation: Cover given by ridge c res t s .  
Fie ld  f o r t i f i c a t i o n s  general ly  feas ib le .  Complete concealment by 

Settlements; Several l a rge  native v i l l a g e s  a r e  sca t te red  along f o r e s t  cover. Observation poor. See a l s o  quadrangle XV-59 on west. 
coast, one on Boebale Island. 

Movement t Topography i s  favorable f o r  movement, although slightly 
lessr so than i n  adjacent area t o  north. Easies t  routes  a m  d o n g  the  
shore and ' t;ransversetoit.  A t  some distance inland, movement p r a l l e l  
t o  coast i s  d i f f i c u l t  because of numerous valley crossings. Streams 
generally fordable except when flooded. Grassland areas  permit f r e e  
movement of both men and vehicles, but bamboo th icke t s  along streams, 
and fores ted slopes, re ta rd  movement off t r a i l s  i n  much of area,  A 
horse t r a i l  follows t he  shore; various foot  paths extend i n l a rd  t o  a rea  
7. Landing operations possible d t  most places along the coast. 

Cover, Concealment, and Observation: Some topographic cover by 
stream banks and low h i l l s ;  i n  general, broadly roun4ed contours 
unfavorable f o r  cover. F ie ld  f o r t i f i c a t i o n s  f ea s ib l e  a t  a l l  places.  

Virgin f o r e s t  gives complete ground a n d a e r i a l  concealment i n  most 
p a r t s  of area, but  l o c a l l y  i n  grassland a e r i a l  concealment i s  poor, and 
l i t t l e  o r  no concealment i n  cleared areas  near set t lements.  

Ground observation very poor because of vegetation and low r e l i e f ,  
Aer ia l  observation e f fec t ive  over non-forested areas ,  

Area 7. 

Toponraphsr A major lowland; coas ta l  s t r i p  includes a coas ta l  
area  oontinued inland along t he  Kaoe valley.  Marked constr ic t ion 
separates coas ta l  and inland portions. Topography f l a t  t o  gently 
rol l ing;  r e l i e f  mostly l e s s  than 50 meters. On the  e a s t  side, lowland 
bordered by slopes of a rea  6, which steepen somewhat northuard,and on 
t he  west by the  more abrupt heights of area  8. North of t h e  constric- 
t ion,  several  t r i bu t a ry  val leys  merge with main valley; along one 
va l ley  i s  a broad marsh. The Kaoe r i v e r  system i s  t h e  l a r g e s t  on t h e  
island.  Stream channels a r e  up t o  about 80 f e e t  wide; banks low near 
mouth, somewhat higher inland. Navigation of small boats possible fo r  
some distance inland. 

Ground Conditions: Deep loam t o  clay. Footing f a i r l y  good; s o i l  
f a i r l y  wel l  drained except i n  and near l a rge  marsh a t  north. Exca- 
vat ion easy, bu t  water may be encountered a t  shallow depth i n  lower 
and f l a t t e r  p a r t s  of area. 

Virgin f o r e s t  a l t e rna t e s  m t h  second growth fores t ,  grassland, 
clearings, and cu l t iva ted  f i e ld s .  Bamboo th icke t s  nearly continuous 
along streams. b e  mangroves on south shore. 

Beaches sandy t o  muddy. 

Settlements: Kaoe i s  pr incipal  settlement, has residence of  a 
government o f f i c i a l ;  is an important t rad ing  center;  population about 
1,500. A f e w  other smaller v i l l ages  along coast and i n  r i v e r  va l leys  
of i n t e r i o r .  

Movement: Topography favorable f o r  movement, but  bamboo thicket4  
fores ts ,  marshes, and stream crossings cons t i tu te  obstacles.  A horse 
t ra i l  follows eas tern  coast  as far as Kaoe, and a foo t  path con- 
t inues  t o  t h e  west. Trails and patha a l s o  i n  t h e  upper, in land par t  
of t h e  basin, but  no t r a i l s  connecting t he  two sections except by de- 
tour ing through Area 8 on t he  west. Kaoe r i v e r  i n  t h i s  s t r e t c h  i s  
navigable by m a l l  boats. Land movement on foo t  without t r a i l s  slow 
and uncertain. Best route wmld be on t he  low, rounded ridge a t  t h e  
east, 

Jap a i r f i e l d  b u i l t  e a s t  of r iver,  near  coast, and surfaced road 
conneuting it with shore. 

Local grassy t r a c t s  i n  t h i s  and adjoining p a r t s  of Area 6 su i t -  
ab le  f o r  paratrooper landings. 

Landing operations wouldbe feas ib le  along the shore north of 
Kaoe, but  t he  coast  west of t h a t  place would be generally unsuitable. 

Cover. Concealment and Observation: Very l i t t l e  natural  cover 
except by stream banks and, l oca l l y  along e a s t  shore, by low, rounded 
beach ridges. Fie ld  f o r t i f i c a t i o n s  f eas i b l e  except i n  marshy a reas  
and i n  very l a w  ground. 

Concealment complete i n  forested sections, but  poor a e r i a l  con- 
cealment i n  grassy a reas  and l i t t l e  o r  no concealment i n  cleared and 
cu l t iva ted  areas. 

Observation very poor becauae of vegetation and 1 ow r e l i e f ,  
Aerial observation b e t t e r  than gruund observation. 

Area 13. Northeastern Mountains. 

Topography t Massive, rugged mountainous country sloping steeply 
down t o  t h e  coast a t  the west, but  somewhat more gently a t  the  north. 
Elevations reach over 1,400 meters. Streams more widely spaced than 
i n  Area 8. Slopes moderate t o  steep. Narrow s t r i p  of coas ta l  p l a in  
around Wasile; smaller m a s t a l  f l a t s  f a r t h e r  northeast.  Beaches 
narruw and discontinuous except along the  s t r i p s  noted above. 

Ground Conditions t Sandy loams t o  clays, prevail ingly shallow on - 
s teeper  slopes, smewhat th icker  on gen t l e r  s lopes  and on coas ta l  
f l a t .  So i l s  g ive  s o d  footing, a r e  wel l  drained, and generally easy 
t o  excavate. May be very muddy when wet. 

On t he  s teeper  slopes many places have rocky ground, with l i t t l e  
o r  no s o i l .  

Area cwered with virgin t r op i ca l  f o r e s t .  Coconut palms f r i nge  
shore a t  many places. 

Beaches sandy. 

Settlements: A few very snall native v i l l ages  along coast, and t h e  
one l a rge  v i l l age  of Wasile, s t a t i o n  of a government o f f i c i a l .  

Movement: Movement great ly  r e s t r i c t e d  by rugged, fores ted mountain 
topography. A few foo t  paths  lead i n t o  the  mountains. Topography 
l oca l l y  favorable f o r  movement i n  the  coas ta l  f l a t  around Wasile, and 
v i l l ages  here a r e  connected by a foot  path. Coastwise movement ea s t  o f  
t h i s  sect ion retarded mainly by numerous va l ley  crossings, and by lack 
of any t r a i l s .  Coastwise movement t o  t h e  southwest more d i f f i cu l t ,  
w i n g  t o  s teeper  coas ta l  topography. The Wasile f la t  would be possible 
as a beachhead, although inadequate communications with o ther  areas 
introduce l imi ta t ions .  

Cover, Concealment and Observation; Cwer given by narrow ridges 
and knobs i n  some p a r t s  of t he  area, but  i n  other  places cont,cnrs too  
broadly rounded f o r  good cover. I n  rocky a reas  i r r e g u l a r i t i e s  give 
some loca l  cover. Field f o r t i f i c a t i o n s  pract icable  except i n  and near 
rocky areas. 

Good ground observation loca l ly  from tops of steep, rocky, open 
slopes, but poor observation i n  heavily fo res ted  sections.  

Area 14. Dodaga P la in  

Topographyt F l a t  t o  undulatory coas ta l  plain.  A large, detached 
sect ion of t h i s  a rea  l i e s  nor th  of Wasile Bay, and a small projection 
f r m  t h e  l a r g e r  a r ea  on quadrangle XV-101 lies south of the  bay. Section 
north of bay i s  lowland, with only a few r o l l i n g  h i l l s  r i s i ng  above 150 
f ee t .  Crossed by one mall stream. Beaches a r e  probably wide. Coral 
r e e f s  of d i f fe ren t  widths f r i nge  area  i n  places, 

Ground Conditions; Sandy loant t o  sandy c lay  loam, loca l ly  stony; 
of moderate depth, Footing f a i r  t o  good, drainage good, and excavation 
easy except i n  stony ground. Moderately muddy when wet. 

Palms f r i n g e  shores a t  many places; along streams, bamboo th icke t s  
ocuur; v i rg in  f o r e s t  covers r e s t  of area. 

Beaches sandy. 

Settlements: A few very small nat ive  vi l lages .  

Movementr Section north of Wasile Bay i s  p rac t i c a l l y  f la t  and 
topographically su i tab le  f o r  movement i n  any direction,  but  dense f o r e s t  
vegetation l i m i t s  systematic movement t o  trails. The l a t t e r ,  su i ted  
f o r  foot  use only, cross the  a rea  i n  several  d i rect ions .  For s ec t i on  
south of Wasile Bay, see quadrangle XV-101, on t h e  eas t .  

Cover, Concealment and Observation; L i t t l e  na tu r a l  cover except lcnr, 
rounded h i l l s ,  stream banks, and possible beach r idges  along shores. 
Fie ld  f o r t i f i c a t i o n s  feas ib le  except near  sea level .  

Inland, fo r e s t  gives cmp le t e  ground and a e r i a l  concealment; 
along shores, good a e r i a l  concealment with l imi ted  ground concealment i n  
coconut groves, 

Observation verg poor because of f o r e s t  cover and f l a t  topography. 
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r 1rreg;ular moutalnoua a r ea  r i s h q  abmp t ly  from csaat  
t o  e levat ions  o f  more than 2,g&)0 fee t .  S l o ~ e a  moderate t o  stoep, Vdleys  
rather ~IotaePy svaced, p o d u ~ c i ~  rsq.qfs topo@apw, hr@s(tb ~tr(?s&%~ thf) 
Sf U g o l i ,  a ~ d e s  momtaiazs i n t o  eas te rn  md western sections, sox 
lower w w s e ,  Sidangoli &a narrow f i o sdp%dn ;  upstreana, val ley  baattoa 
=Trows, O t b r  streams small arnd shor t ,  h~ga steep g r a a e n t s ,  and f low 
i n  mrrow-Bottomd, s t e e p s i d e d  vdlrags. 

h e t e r n  coast  i s  abrupt and fnegdw, with coves and promon- 
to r less  Western shore somewhat less a%mpt ,  a d  has very n m o w  coasta l  
flat* 

B r m d  bndi t i ane :  Prevaili%lg. c lay  l a m ;  % w d l y  coarser  s o i l s ,  
%pth a few f e e t  on s teeper  s l o p s  t o  a few ten8 of f e e t  on more moderate 
alo;pes, So i l s  give good foot ing when dry; a r e  well &rained end r ead i l y  
excavated, be very s l ippery when met, 

Area coves& by dense vXr&n t rop ica l  fo res t ,  

Settlements: Only a few smll na t ive  ~ l P q e s  d o n g  west eaast .  

Mvement: H o u t a f m u s  a r ea  u,davorabHe f o r  aovmeat,  Dense fo r e s t  
Buge ly  l i ~ i t e  movmeut &a ef is t fng trafls, One f oo t  trail m r o s s  the  
i s l a d  f0116ws the Sf 01% r i v e r  partweg~, crosses the eas te rn  
mouxltains over a pass a3out 1,560 f e e t  hdgS C se moveant at the 
e a s t  kiixidersd by lack  o f  c s ~ s t a l  f l a t ,  and by le s s  of routes across  
sgma a d  veilleys, Coast unsuitable fos l a n a n g  apera%ions, 

Cover, Concealment, Obsemati on: b v e r  p o e d e d  by r idge c r e s t s ,  
, r a v i ~ e s ,  and by l a r g e r  hardwood t rees ,  f i e l d  fo r t i f i ca -  

t ions  f e a s ib l e  b,a d P  except rocky meas ,  

bncsalment progfded by fo r s s t  axeapt i n  cleared and second growth 
t r a c t s  mar s e t t l a m a t s ,  

Observation everywhere l ind ted  by fo res t ,  Points  on eas t  mast 
provice lookout over adjoining areas,  

Area. TTe. 'EX - Rhdsuntainsof Central W d e r a  

Prre,d.sn~nr diaeected ranges r i s i n g  gra,dually from 
1st ga t o  nor th  (Area 10); ered on west a d  northeast  
by low a l l t l s i z l  plains,  Al t i tudes  of s t l eve l s  vary considerably; 
north of tBc. Tabdola  commonly l e s s  than 1,100 f e e t ;  i n  southeast part, 
r q e  fro= 1,600 to  P,9TiO f e e t .  Pli&est mountains ar the southwest 
where peaks nor th  of a, Ternate exceed 2,800 fee t .  t s and ridge 
c r e s t s  conno~lag rounded but narrow. Slopes moderate t o  steep, cormonly 
nose than 3054, Lowest slopes of mdn va l leys  15% t o  30$, Valleys c m o n -  
l y  V-shaped with narrow f loors ,  

Groud  Conditisne: Mountains fa northern p a r t  h v e  l a t e r i t i c  lcam 
a r  c l w  lo rn ,  15 t o  30 f e e t  deep over most of area; some bare rock i n  
val ley  bottozls. I n  the muth,  nountdns  underlain ky massive limestone 
exposed l o c a l l y  i n  c l i f f s  and ledges; t h i n  s o i l  cover of c lay  o r  sandy 
clay, 6n western margin of a r e e  s o i l  i s  yellow-brown l a t e r i t i c  sandy 
o r  stony loam which over l i es  conglomeratic o r  s ro& at a depth of 
1 0  t o  20 f e e t ,  On narrow coasta l  lowland8 6outZ1 of Kajaea, sandy c l ay  
l o r n  eoil ,  Soi l  general ly  well drained; gives good foot ing f o r  troops 
when uzrdisturbed By removal of vegetat ion cover. Is ra iny weather 
deep m d  f o m s  i n  trails but ~ P O P V ~ ~  d r i e s  f a f r l y  quickly, Ground on 
coasta l  Imlmd cmmofly mars'ny and so f t  during rainy season; forms 
deer, ~ l rn -d r ; c "~~g  3.n e x c ~ v a t i o n s  and along trails. 

Area l a rge ly  covered by r a i n  f o r e s t ;  coconut palns  d o n g  coast;  
bamboo and sago th icke t s  along s t rem.  eoursas of lowl~-31ds, Patches of 
c leared atnd @ass-covered land around v i l l ages ;  l a rge r  areas  of sec- 
ond growth fo r e s t  a% varioubs stages of g~owth,  

I Set t lenents t  Maantains lack permanent s e t t l m e n t s ;  sone te9lpoP- 
I ery camps of d.mrac gum gatherers, b e r e u s  ~ l l a g e o  of 200 t o  300 
I i nhabi tants  l i n e  shore nor th  of Xoesoe River, 

Bdovenent: Mmta%ns form a b a r r i e r  area W a v o r a b l e  f o r  movement 
of motorized e c p i p e n t  without cons tmet ion  of mads, Several foo t  
t r d l s  wind tbrough molntltains but cannot be used by motorized units 
without rnueh construction work, Topograph.~ 0% coftstal lowland i s  suit- 
Epbre f o r  mchanized vehic les  but i n  tart8 of a r ea  dense vegetat ion 
i s  ser ious  obstacle,  Pfarse trail f e Koesse River t o  Ooeroeaping 
probably e a s i l y  improved f o r  use by li&t t r a f f i c  i n  d r i e r  weather; 
needs considerable irnpros t f o r  dl--weather use by heavy t r a f f i c .  
Limited mvement and depi n t  of motorized units p s s l b l e  in open 
coconut grove8 and beaches. 

A w w  f rm trails foo t  troops can move only with di f f icul ty .  Tra i l  
across northern p a r t  of rnouatains from p l a in  of Area 1 0  t o  n on 
5 e  Bay of fe r s  e a s i e s t  route  f o r  men, Other trails winding through the 
higher p a r t s  of the  mountains are  s teep and d i f f i c u l t ;  o f fe r  c i rcu i tous  
routes  to  Kobe or Rai valleys,  Off t r a i l e ,  troops mst cut t h e i r  way 
i n  many places  through tangled urrlerbrzsh. Most streams can be ford66 
by men and mchines  except during br ief  floods. The Oba Biver cannot 
be forded by veNcEes and naey be u n f o r h b l e  by men except during long 
dry  seasons, 

Cover, Concealment, Obsemation: d broken t e r r a i n  o f f e r s  ex- 
c e l l en t  cover foy men although at many pointo trails can be brought m- 
der f i r e  fromc nearby hei  ghts; poor cover f a r  n~~ch.ims, Coastal lowlaad 
gives l i t t l e  eever f o r  men or  machines; beach r idges  l oca l l y  offey a 
l i t t l e  cover f o r  lrurdang troops. 

B n s e  vegetation gives  goo& coxeedment Tor L U U ~  a d  vehicles i n  
most parts sf area, Open coconut groves, cleared or grass-covered 
areas, and yomg second growth assund v i l l age s  give only p a r t i a l  cover 
f a r  nachines, 

0"osematFon generally poor, &cept f o r  well-used horse tratl 
a lux  weest, t r a i l s  l a r g e l y  hicilden from asrial observation by over- 
l~r;p%ng sroms of b r a e r i n g  trees,  G r o w  obsemat ion generally 1iw 
%Led t o  a few yards. 

.Area Roe 10 - 1st-e o f  D o d l n p i  ml  Lcr plRins bordering Dodlnga Bay 

Low =mow coac"s2 p l a in s  on e i t h e r  of Dodin- 
d i n t o  Bow hills a d  t e r r ace s  of 1st of Dodinga, 

Coastal p la in  between the islkimus and the  v i l l m e  of Tatdeka, 
Slopes mntly seaward from a l t l M e s  general ly  l e s s  t h  150 fee t .  
Inland margin bordered i n  most places by l o r  hills and te r races  300 to  
b0 f e e t  i n  altituds above which r i s e  the  steep mountain s ides  (Area 81, 
Belief generally lams thm B<X, f ee t ,  A t  nosthwest end of a rea  between 
v i l l age s  of ' fa ta leh  and SiWmli ,  plain i a  about 314 mile d d e ;  sur- 
face r ~ l l i ~  an8 cat by ht0-e m d  SPawgoli Elvers and a few -11 
in te rmi t t en t  t r i b u t a i e s ,  h!.Xeye are poorly defined; merge with t he  
in terveaing s t re tches  of p la in  that forms POW in ters t ream diddss, The 
chamel  of the Sidangoii has s teep  Banks a few f e e t  high, b a s t  between 
Tataleira and Sidangoli low a d  f a i r l y  regular: bordered i n  part by sandy 
beach, Locally some ove m w ,  From S i d q o l i  near ly  t o  isthmus, 
p la in  i s  %ow, muddy, less than @r mile wide; crossed by several small 
streams some of which a s ~ p ~ e a r  i n t o  low densely overgown marsh'Land 
&st before mashing the sea. 30~1th and east sf Sidangoli a l l a g e  a 
nn$znbe~ of lm manmozteao.t~ererP jlslmds and r ee f s  f r on t  the  coast, 

IDaUnger. f s t h a .  Is mde up of low h i l l s  and t e r races  which 
nnerge with c o a s t ~ l  p la ins  to the west southwest m d  with low mountain 
r idges t o  t k a  h and soat'ml.east (Areas s and I l ) *  A t  i t s  narrowest 
point  the i s t  i s  a b ~ u t  l-'J/b miles d d e ;  conmanly l e s s  t'haun 200 f e e t  
i n  a l t i t u d e ,  G.#$ point  overlooking Babane Bay exceeds 300 fee t .  811- 
t i t ude s  generally somewhat hfgher t o  north and south; FAG Pitoea about 
675 f e e t  i n  a l t i t ude ,  H i l l s  broad and rounded with gent le  slopes; t e r races  
Pow with m a r l y  f l a t  o r  gently m & a J a t i w  surf14.~es and moderate t o  gent ly  
sloping margins. West coast  of the isthmus somewhat embeayed; shore l o w ,  
muddy o r  sandy, Ilkst coast  has mmerous cores and small bays, &n the eas t  
s ide  the l a rge s t ,  Bobme Beg, about two miles long with rmrm width of 
about f / 2  mile; bay Bas narrow sandy beach and i s  surrounded by s teep  
rocky slopes. 

Smthward, hi l ls  of the  i s t F m s  pass i n t o  %he smll f l a t  a l l r ~ v i a l  
p l a in  of the  %bnlko lowlaad bordered on eas t  and south by s teep slopes of 
Area 11. R a i n  slopes gent ly  seaward t o  low sandy o r  muddy shore; crossed 
near south margin by Toniko and Masone r ive rs ,  

Ground Conditions: Gn i e t h m s  of Dodinga, red-brown l a t e r i t i e  loam 
o r  c lay  loam, 15 t o  30 f e e t  deep, Low p la ins  bordering h i l l s  and r idges  
of isthmus have sandy c lay  loam near mountain f ron t ,  f i n e r  c lay  s o i l  along 
coast. Eills of isthmus and higher p e r t s  of lowland well-drained. Lower 
p e s t s  of p la ins  bordering isthmus generally poorly drained soi1,waterlogeed 
much of the year; marsh and swamp border most of coast  between Sohomado- 
d0b0 and Sidangoli. I s lands  south and southeast of Sidangoli bordered by 
coral  reefs ,  Deep mud forms i n  t r a i l s  and excavations. 

H i l l 8  and r idges  of isthmus covered by patches of grass and second 
grm h f o r e s t ;  a few small areas  of v i rg in  r a i n  fo res t .  Inland margins of 
coas ta l  p l a in s  have sane r a i n  fo r e s t  but p la ins  l a rge ly  covered by grass 
and second growth fo res t ,  Swamp f o r e s t  and cocsiderable t r a c t e  of mangrove 
border the Sidangoli p la in ;  i s l ands  near coast l a rge ly  covered by mangrove. 
Some coconut groves and small p lanta t ions  near Sidangoli and south of Toniko 
River. 

Settlements: Sprawling v i l l age  of S i b n g o l i  i s  l a rge s t  settlement; 
center  f o r  repai r ing f i s h i n g  boats from Ternate and neighboring is lands ,  
Small settlement of Dodinga at  west end of isthmus; two small v i l l age s  a t  
e a s t  side, A few small v i l l age s  south of the istlarus. 

Movement: Corridor area;  r e l a t i v e l y  easy movement over f l a t  o r  ro l l -  
i ng  p la ins ,  low h i l l s ,  and ter races ;  few areas  of dense vegetrrtion, 

Most important route  probably i s  the  road which crosses isthmus over 
l o w  broad t e r races ,  through Dodinga t o  Bobaneigoe; grades gent le  t o  moder- 
ate. Short road from p i e r  on ~ o u t h e a s t  s ide of Bobane Bay t o  v i l l a g e  of 
Pas i r  Poe t i  fallows low r o l l i n g  ground, Both su i t ab le  f o r  at l e a s t  l i g h t  
motorized equipment; probably need some improvement f o r  all-weather use 
by heavy t r a f f i c ,  Roads psobably bordered l a rge ly  by deep grass  a d  sec- 
ond growth f o r e s t ,  p e m i t t i n g  deployment of men and vehicles away from roads 
i n  many places,  

Iforee t r a i l  between vf l l ages  of Tatalek,  and Sidangoli crosses low ro l l -  
i ng  pla ins ;  probably can be used by l i g h t  wheeled vehic les  between Sidangoli 
River and the Sidangoli v i l l age ,  Double-tracked trail from Sidangoli to  
Dodinga probably au i tab le  f o r  l i g h t  wbe led  vehicles;  trail follows in land 
margin of f l a t  muddy coasta l  p la in;  i n  places follows low te r races  a ~ d  foot  
hills bordering mountains of Area 11, Grades mo2erate t o  low; trail prob- 
ably f a i r l y  well drained, Li ttle-known foot  t r a i l  from Sidangoli crosses 
Area 8 t o  the  ea s t  coast.  Foot trails from Dodinga and Pas i r  Poet i  extend 
shor t  d is tance  alo2g the coasta l  lowlmds. Horse and foot  trails from v i l l age  
of Tonika-Islam cross the a l l uv i a l  p l a in  i n to  Area 11, Tra i l s  i n  near ly  all  
p a r t s  of the  area  probably can be e a s i l y  improved f o r  use by motorized un i t s .  

Topography generally su i t ab le  f o r  e ~ s y  movement of motorized uni ts .  
Slopes generally low, although h i l l s  between Ibdinga istbmus and Tewe River 
and those bordering Bobane Pkry a r e  moderate t o  steep. Large grassy t r a c t s  
i n  several  sect ions  probably su i t ab le  f o r  f r e e  movement of motorized. un i t e  
o f f  roads, Movement of heavy tracked vehic les  possi b l e  i n  second-growth 
fo res t .  Foot troops csn ?netra te  second-growth f o r e s t  with d i f f i cu l t y ;  i n  
many places must cut wkv, Mangrove swamps bordering the north coast  of 
Dodinga Bay a r e  probably inpassable f o r  notarized un i t s ;  d i f f i c u l t  f o r  foot  
troops. Soft  muddy ground underlying p a r t s  of p l a in  between S i d ~ n g o l i  
and the isthmus may make going d i f f i c u l t :  vegetat ion may be very dense. 

Host strecams small, proba5l.y not imgortant obstacles;  dense vegetat ion 
along bnnks rnay make approaches d i f f i cu l t .  Sidangoli may be d i f f i c u l t  t o  ford  
during long rainy periods. 

Cover, Concealment, Observation: Cover poor i n  mst  p a r t s  of area;  
dissected h i l l s  and t e r races  of isthmus o f f e r  bes t  m a i l a b l e  cover f o r  men and 
machines. Men may loca l ly  f i nd  cover from low t ra jec to ry  f i r e  behind stream 
banks m d  low r i s e s  i n  ground. Old f o r t s  around Dodinga may afford  cover f o r  
a f ea saga, 

Large grass-covered areas north a d  northeast  of Sidangolf and on pa r t s  
of S s t b s  give aom comcealmamt for men but l i t t l e  f o r  machines. Mangrove 
a i d  snc9nd growth f o r s s t  bordering the grassed and cleared areas  enn give 
good conasalment f o r  men. Very youn(: second growth f o r e s t  gives only incom- 
ple  t e  eoncealnent t o  l a rge  nuabers of vehicles. 

Aeri al observation sf pass-covered p la ins  near Sidmgolf and p a r t s  of 
i e t h r s  generally good;gro-md observation l imi ted t o  a few feet .  Poor 
ground and a e r i a l  observation i n  axeas of high second growth and mangrove t ha t  
border most pa r t s  of Dodinga Bay, 

Area 12: See quadrangle XVI-100, 

Preiiminary t e x t  submitted Prepared by U. S, Geological Survey 
w i t h o u t  checking o r  e d i t i n g .  f o r  Chief of Engineers, I.?, S. Army. 
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HALMAHERA (MOLUKKAS) TERRAIN APPRECIATION 

To~o~rra&: Northern par t  of area occupied by small a l luvia l  plain of 
i r regular  width; southern part  has low rounded mountains and ridges d t h  
10% spurs fingering northward in to  the p ldn .  No marked topographic 
break between area and mountains of central  and northeastern Halmahera 
(Areas 12 and 13); boundaries arbitrary. 

Plain slopes gently seaward from a l t i tudes  generally less  than 150 
feet. Surface flat or gently undulating, with swamps along the Paroe- 
River, Coast low; sandy beach ridges east of Tg. Garoe. 

Low mountains west of lOgairlamolamo and Ekor River are  generally 
l e s s  than 1,200 f e e t  i n  altitude. Slopes are  moderate to  low; sunanits 
broad and rounded. East of the Efgairlamolamo, where ridges r i s e  toward 
the mountain mass of B$, Saolat (Area 13),  a l t i tudes  increase t o  nearly 
2,000 feet.  Slapes much steeper and ridge c res t s  muoh narrower than to 

The Poraesma ( ~ n g u s )  River, the largest i n  the area, flows through 
an open valley with low to  moderately-sluping walls; r iver  channel i s  
about 100 feet wide i n  the upper reaches, probably more than 200 feet  d d s  
where the stream crosses the coastal lowland. Floodplain 314 mile to a 
few hundred fee t  wide extends m a r l y  to junction of the Boeboetdeing 
and the Wgairlamolamo; marshy i n  many places. Other r ivers  are  generally 
l e s s  than 60 feet  wlde. Except the Rkor which flows mostly across the 
coastal lowland, streams have V - w e d  valleys with floodplains very 
m a l l  or ,  commonly, lmking, 

Ground Conditions; In the mountains, commonly red-bronn clay loam 
o r  clay 10 to 30 f e e t  deeq; central  and kauthern par ts  underlain by con- 
glameratic bedrock; i n  north and eas t  by limestone. Bare rock i s  ex- 
posed local ly i n  c l i f f s  and ledges; some r o e  e t r e m  elopes and valley 
bottoms. Soil i s  generally well-drained; mud dr ies  f a i r l y  rapidly, 
Soil i n  north lowland mostly sandy clay loam; coarser so i l s  border the 
valleys; near center of lowland s o i l s  are  dominantly f ine  clays, Drsin- 
age is moderately good except for swampy areas around lower course of the 
Paroeama Biver. Coarser so i l s  near lowland margins dry f a i r l y  rapidly 
when wet. Flner clays form deep slippery mud whlch dries  slowly. 

Ealn fores t  covers all except swampy stretches of the Parceart~,, where 
vegetation i s  of the swamp fo res t  type. Nipa thickets occupy north mar- 
gin of the snamp. A few small cultivated and second groffth areas near 
coastal villages. 

able land route from Weda Bay and southern part  of Halmahera to  the Isthmus 
of Dodinga (Area 10) and northern Halmahera. 

Foot path from coast crosses coasta1,plain t,hen follow8 Dagasoel 
valley and l o w  h i l l s  to  south; cannot be used by motorized equipment rrith- 
out considerable improvement. Ebot path from =or v i l l ~ e  follows l h r  
a v e r  then climbs along the steep spur8 on west side of Bk. b n g l i ;  has 
moderate to steep grades; condition probably somewhat be t te r  than Bg- 
aooel valley trail but needs imprbvement fo r  use by motorized units. 
Trail  eouth from Tg. m o e  extends up the Paroeam ( ~ a g u s )  t o  meet the 
Ekor Rlver trail; short branch ove'r ridge to Dagasoel t r a i l .  

Denee vegetation and (except on coastal  lowland) rough broken 
te r ra in  make area unsuitable f o r  movement of motorized equipment away 
from r o d s .  Foot troops can move wlth d i f f icu l ty  and i n  many places 
must cut the i r  way through rainforest undergrowth; movement may be 
easiest  on ridge crests. 

Sxcept f o r  the lower reaches of the Paroeama, streams can be eaei ly 
forded i n  d r i e r  season. Flash floods f a i r l y  comnonly during heavy rains,  
may make many streams temporarily unfordable. Locally steep stream 
banks matted with vegetation make approaches d i f f i cu l t  fo r  vehicles 
without construction of short dugways; swamps bordering the lower 
Paroeama are  obstacles. 

flats i e  largely lacking; local ly a l i t t l e  cover for  anen behind beach 
ridges and high stream banks. Wees of the ra in  fores t  give a l i t t l e  
cover f o r  men. Hasty for t i f ica t ions  may be d i f f i cu l t  where jungle f loor  
i e  covered by dense tangle of roots; so i l  i t s e l f  eas i ly  excavated i n  al- 
most any part  of area. Rain forest  gives excellent concealment i n  al- 
most all pa r t s  of area; coconut palms along the shore give only incom- 
p le te  concealment to  a number of vehicles. 

Aerial observation very poor; narrow foot trails are largely hldden 
by overlapping t ree  crowns. Ground observation generally limited to a 
few yards except on beaches. 

Area No, 11 - Mountains of Central Balmahera 

See sheet XVI-99. 

Prepared by U. S. Oeologi cal Survey 
for  Chief of Xngineers, U. S. Psmy. 

1 
Reliabi l i ty  rating: Class B. 

SBEET NO. XVI-100 

Area No. 13 - laortheastern Mountains 

Topography:: Mountainous area dominated by broad, i r regular  range 
trending north-north- east, Elevations highest i n  south-central stretch, 
teach about l ,5OO meters. l k e t  of main range slopes descend to inter- 
montane basin at headwaters of Sangedji River; at west the range descends 
through irregular  spurs, knobs, and footh i l l s  to  the coaet. On higher 
par t s  of central  ridge, both west and east  slopes are steep, but at low- 
e r  elevations east slopes generally gentler than west ones. 

Upper SaagadJi basin has central  area of f l a t  or nearly flat ground 
m o u n d e d  by gentle slopes which gradually steepen with elevation. Down- 
rtream, the valley narrows abruptly and i t s  aides steepen. Sangadji i s  
one of la rger  streams of Balmahera; has meandering course. Several of 
i t s  t r ibutar ies  i n  the basin are a lso  large; have narrow-bottomed valleys 
ri th  gently e l  oping si Bee; deeper toward mountains. 

West slope streams shorter and have smaller valleys. In the i r  upper 
stretches,  some f l o w  roughly para l le l  to main range. Their valleys d i f fer  
considerably. 

A t  northwest, i s  a diecontinuous coastal p la in  *&st toward north. 
Long stretches of coastline swampy, but sandy beach ridges may occur at 
some places. Topography f l a t  to undulatory, grading in to  moderately 
steepened slopes on the inland side. 

Ground Condi ticns: Clay t o  clay loam , deep except on higher and 
steeper slopes. Givesgood footing, is well drained, and readily excavated; 
moderately muddy when wet, dry qufckly. Some rocky areas on the central 
ridge and at scattered l o c a l i t i e s  i n  the bordering hills. In coastal be l t ,  
long s t r ips  of smmp land. Soil here ten& toward sandy loam. 

- Area covered wlth tropical forest. On highest part  of the ridge 
posslbly t ransi t ion to moss forest. Coconut palms i n  s t r ips  along the 
ehore. 

Settlements: A few amall native vi l lages along coast. 

Movement: Mountainous area unfavorable f o r  through movement. Dense 
forest largely l i m i  t s  movement to existing t r a i l s .  Available routes 
across mountains to  east coast a r e  only fair, and follow low places i n  the 
central  range. Most direct  route i s  from Soot over pass at about 800 
meters elevation t o  headwaters of Smgadgj, and dom that  stream to coast. 
Trail over th i s  route follows spurs, rocky stretches,  and stream beds. 
A l e s s  d i rec t  route over a lower pass muld cross north side of M t .  Ibgooe; 
followed only part  way by a t r a i l .  

Coastnise movement i s  possible but restr ic ted.  Some f ree  movement 
feasible  for  men i n  the long s t r i p s  of coconut palms; i n  northern s t r i p  
of coastal f l a t  i s  foot path. No roads suitable f o r  motorized eqaiprnent. 
Swamps obstmct movement close to  beach fo r  long stretcher ,  and crossings 
of small streams present minor obstacles, 

The swampy beaches bar landing operations along d a e r  parts  of coast- 
al s t r i p ;  other sections probably too narrow f o r  large scale operations. 

Cover, Concealment. Observation: Except on f l a t s  along coast and 
i n  Sangad31 basin, cover provided by ravines and ridges, Some additional 
cover provided by larger  hardwood t rees  and rocks i n  rocky areas. Field 
for t i f ica t ions  feasible  i n  all except swampy and r o w  areas, but may re- 
quire drainage on coastal flats, 

Concealment provided by t rees  and forest  i n  all except the rocky 
areas. Ground concealment incomplete i n  coconut groves; complete else- 
where, 

Observation everywhere limited by the forest.  Bsir vantage pointe 
on some steeper knobs of the footh i l l s ,  and on h i g b r  ridges, but f i e l d  
view limited and anything below treetop level hidden. 

Area No, 17 - Mountdnraf southeastern Halmahera 

ToDoRT~P~S: High rugged mountain ridges; north end of main r a n e e  of 
southeaetern Halmahera. Ut i tudes  generally 2,600 to 3,000 feet.  Summits 
narrow and rounded, Slopes commonly steep; local ly,  lower slopes are mod- 
erate. Yountaln sides deeply cut by numerous s teeps ided  ravines. Streams 
very emall and short with steep gradients; subject to  endden torrent ial  
floods during heavy rain, 

Wound Condi ti ons: Same as Area 13. 

Movsmrsnt: Barrier area, unauited f o r  motorieed units.  boot troops 
can move most eas i ly  alone ridge c res t s  where vegetation i s  ueually rather 
open, No known trails or  paths, Streams can be forded except when i n  
f l o o b  Thick mat of vegetation i n  va3ley bottome may be more seriaue 
obstacle to  crossinge than streams. 

Cover. Concealment. Observatioq; Same as Area 13. 

T b 
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HALMAHERA (MOLUKKAS) TERRAIN APPRECIATION 

Rel i ab i l i t y  rat ing:  Class B 

SHEET NO. XV-101 

Area No. 13. Northeastern mountains 

Tonography: High, rugged mountainous area  r i s i n g  s teeply  from 
lowlands of area 14, and from t h e  bench land a t  northwest corner of 
quadrangle (p ro f i l e  FF ' ) . More than half  of area  above 500 m. i n  
elevation,  and scat tered peaks exceed 1,000 m. A divide between ea s t  
and west drainage crosses t h e  quadrangle, with small, shor t  streams 
draining west i n t o  Wasile Bay, and much longer streams (only t he  
headward sections l i e  within t h i s  quadrangle) draining eastward. 
Ridges a re  sprawling, blunt,  and i r regu la r ;  s lopes moderate t o  steep,  
l o c a l l y  steeper on one s ide  than on the  other. Larger val leys  a r e  
ra ther  widely spaced; t h e i r  depths exceed 600m. i n  t h e  i n t e r i o r ,  but 
decrease rapidly  seaward. Valley bottoms generally narrow. Streams 
have winding courses, f a i r l y  steep gradients. Stream beds bouldery i n  
t he  i n t e r i o r ,  become gravel ly  and sandy toward coast.  Locally a few 
streams flow underground. 

A t  northwest i s  a somewhat dissecteci, f l a t  t o  gent ly  sloping bench 
land, t r ans i t i ona l  from the mountains td t h e  sea, and t o  t he  coas ta l  
p la in ,  area 14. Valleys here a re  shailow and have gent ly  sloping sides. 
The coast i s  steep. 

Ground Conditions: Sandy t o  clayey loarns, l o c a l l y  stony i n  lower 
pa r t s  of area. Colors reddish t o  brownish. Depths may exceed 20 f t .  
The s o i l s  provide good footing,  a r e  wel l  drained, and are  moderately 
muddy when wet. Small areas  of bare, rocky ground on some higher 
r idges,  and i n  scat tered places on lower ground. 

Except on rocky slopes area  covered with v i rg in  t r o n i c a l  f o r e s t .  
Vegetation l e s s  dense along higher r idge c res t s ;  most dense along 
streams. 

Settlements : None. 

Movement: Mountainous ba r r i e r  area.  Movement impracticable 
except along t r a i l s .  No na tura l  l i n e s  of movement except southeast t o  
Boeli (on adjacent quadrangle t o  south); route l i e s  through a pass a t  
about 500 m., and i s  followed by foo t  path. Other foo t  paths lead 
eastward i n t o  i n t e r i o r ,  but do not give d i r e c t  access t o  ea s t  coast.  
Boeli t r a i l  follows stream bed par t  way;notusable a t  high water. The 
same i s  t r u e  of other t r a i l s ;  however, where l o c a l  r e l i e f  i s  not great  
nor slopes steep, t he  l a t t e r  cut  across drainage l i ne s ,  and follow 
r idges  o r  rocky ground. 

Cover, Concealment, and Observation: Ridge c r e s t s ,  stream banks, 
and other  topographic i r r e g u l a r i t i e s  provide cover a t  most places, and 
la rger  hardwood t r e e s  can give l imited cover. Field f o r t i f i c a t i o n s  
f ea s ib l e  except on rocky areas.  Depth l imi ted by shallow s o i l s  on 
coas ta l  ter races .  

Ekcept f o r  small l o c a l  rocky areas ,  f o r e s t  gives complete conceal- 
ment from both ground and a e r i a l  view. 

Observation l imi ted by fo r e s t .  Points  a t  c r e s t s  of t he  higher and 
steeper slopes provide l imi ted lookouts f o r  adjacent valleys,  but 
a c t i v i t i e s  a t  ground l eve l  would be hidden. 

Area No. 1L. Wasile Plain 

Topography: Large coas ta l  p la in  widening southward. Topography 
i s  f l a t ,  gently sloping or  undulatory, with elevations ranging up t o  
about 100 m. marginally. The t r ans i t i on  t o  the  adjoining mountains i s  
abrupt a t  t h e  north, more gradual a t  t h e  south. P1,m crossed by two 
la rger  streams and several  smaller streams. The l a rge r  streams have 
high banks and sandy t o  gravel ly  beds. A detached section of t h i s  area  
l i e s  north of Wasile Bay (see quadrangle XV-100). 

Ground Conditions: Loamy s o i l  grading down i n t o  unconsolidated 
deposits  of var iable 'character .  S o i l  i s  f a i r l y  wel l  drained and e a s i l y  
excavated. Good footing,  but muddy when wet. 

Area covered with v i rg in  fo r e s t ,  except f o r  small c lear ings  near 
t h e  v i l l age  of Soebaim a t  south. S t r i p s  of coconut palms along coast ,  
and bamboo brakes along the  streams. 

Beaches sandy. 

Settlements: One s m a l l  v i l l age  along t h e  coast  a t  t h e  south. 

Movement : Topographically an area of easy movement. Larger 
stream channels a r e  minor obstacles,  and f o r  ready movement would 
require dugway approaches o r  bridges. Tropical fo res t  iS main obstacle, 
pa r t i cu la r ly  bamboo brakes along streams. Movement therefore l a rge ly  
l imited t o  t r a i l s ,  of which several  lead from coast inland. I n  coco- 
nut groves along shore, movement would be l e s s  restricted. Shore 
su i tab le  f o r  one o r  more beachheads. 

Cover, Concealment, and Observat ion: Cover provided only by 
stream banks, beach r idges ,  and low banks t ha t  mark l i m i t  of high 
t i d e  , also l a rge r  hardwood t rees .  

Complete concealment provided by t h e  fo res t  everywhere except i n  
the  coconut groves, where ground v i s i b i l i t y  i s  l e s s  r e s t r i c t ed ,  
pa r t i cu la r ly  f o r  machines. 

V i s i b i l i t y  l imited by f o r e s t ,  except i n  cocohut groves; obser- 
vat ion poor. 

Area No. 16. Boeli p la in  

See quadrangle XV-102. 
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R e l i a b i l i t y  r a t i ng :  Claes  B 

SHEET NO. X N -  1 0 1  

Area 13. Xor theas te rn  mountains 

Topography: wl),hbroa d ,  low, and undulatory be.nch l and  along coas t  ; 
r i s e s  southeastmard,increasing s teepness  t o  a mountainous r i d g e ,  some 
900 m e t e r s  i n  he ight .  Lower s lopes  t r a v e r s e d  by numerous shal low 
v a l l e y s  wi th  g e n t l y  s lop ing  s ides .  In t e r s t r eam a r e a s  f l a t  t o  broadly 
rounded o r  knobby; s t reams,  i n  gene ra l ,  n o t  c l o s e l y  spaced. F a r t h e r  
in land ,  s l o p e s  s t e e p e r  and t r i b u t a r y  s t reams more c l o s e l y  spaced, but 
t h e  g e n e r a l l y  rounded cha rac t e r  of topography p reva i l s .  Except f o r  
t h e  I f i s f ,  t h e  Tatam and t h e  Gagnel i ,  s t reams a r e  small ;  many probably 
d ry  p a r t  of year .  A few streams pas s  underground along p a r t s  of t h e i r  
courses.  Along g r e a t e r  p a r t  of sho re l ine ,  l and  s l o p e s  moderately t o  
. f a t e r v s  edge; a t  no r theas t  is one long narrow s t r i p  of c o a s t a l  p l a in .  
Beaches a r e  s t e e p  and narrow. 

Ground Conditions: Moderate t o  g r e a t  depth of sandy loam, loca l ly  
stony. S o i l  g e n e r a l l y  w e l l  d ra ined ,  d r i e s  qu ick ly ,  and provides  good 
foot ing .  Rocky a r e a s  along coas t  between I f i s f  and Iga  r i v e r s ,  on 
c r e s t  of t h e  mountain r i d g e ,  and along c e r t a i n  v a l l e y s  of  t h e  mountain 
s lopes.  

Area covered by t r o p i c a l  f o r e s t .  Along most l a r g e r  s t reams a r e  
bamboo brakes.  Undergrowth probably not very  t h i c k  except a long s treams 

and near  shore. Probably small  l o c a l  pa tches  of c l ea red  l and  and 
second growth f o r e s t  near  se t t lements ,  

Set t lements:  Only two small n a t i v e  v i l l a g e s  along the  coas t .  

Movement: An a r e a  of  r e s t r i c t e d  movement, wi th  d i f f i c u l t i e s  -- 
i nc reas ing  toward t h e  mountains. ?he t r o p i c a l  f o r e s t  p rovides  an  

obs t ac l e  everywhere, and numerous v a l l e y s  a r e  o b s t a c l e s  t o  coastwise 
movement, except between I s i s f  and Iga  r i v e r s .  A t  many p l aces ,  move- 
ment from coas t  in land  f e a s i b l e  f o r  some d i s t ance ,  on in t e r s t r eam 
a r e a s ,  which have even and  almost unbroken r i s e  t o  t h e  s t e e p e r  s lopes  
of t h e  mountain f r o n t  proper. Coas ta l  p l a i n  s t r i p  a t  no r theas t  topo- 
g r a p h i c a l l y  favorable  f o r  movement, bu t  is surrow-ded by l e s s  favorable  
t e r r a i n .  

Ex i s t i ng  communication l i n e s  l imi t ed  t o  a f e n  f o o t  t r a i l s  which 
l e a d  from t h e  coas t  some d i s t a n c e  toward t h e  mountains bu t  end b l i n d ;  
t h e s e  a r e  of doubt fu l  usefu lness .  For  coastwise movement t r a i l  cut-  
t i n g  or road c o n s t r u c t i o n  necessary. 

Only c o a s t a l  p l a i n  a t  no r theas t  su i t ab l e  f o r  landing; p l a i n  a t  
no r theas t  s u i t a b l e  f o r  l and ing  ope ra t ions ,  and t h i s  h a s  poor comuni-  
c a t i o n  wi th  o t h e r  areas .  

Cover, Concealment, and Observation: P a r t i a l  cover  provided by  
r idges ,  knobs, and strean banks, l a r g e r x r d w o o d  t r e e s .  F i e l d  f o r t  i- 
f i c a t i o n s  f e a s i b l e  i n  a l l  except rocky a r e a s ,  but m y  be  d i f f i c u l t  on 
t h i n  s o i l s  of t e r r a c e d  c o a s t a l  s lopes .  

Concealment from both  ground and a e r i a l  view af forded  everywhere 
by f o r e s t  . 

Observation r e s t r i c t e d  both by f o r e s t  and by broadly  rounded 
c h a r a c t e r  of topography. Some s t e e p e r  mountain s lopes  might g ive  
a l i m i t e d  out look ac ros s  surrounding va l leys .  
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TERRAIN APPRECIATION 
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h u g e  numbers and heavy linem indicate terrain rreee. 

Letters and light lines indicate  terrain types as b~$lws; 
A. River and cobstal lowland. 
B .  Terracee, inland flats, mloping plains,  low ro l l ing  

h i l l * .  
C.  Hilly md P P Q U ~ ~ ~ Q W  Cmtry. 

P. . Ielsnd 
Tg. Cope 
4 Rlvw 
& River 
Bk Mountain 

-- Marsh ( a m l a n d )  A A A Rocky area 
Coastal bluff 8 

and cliffs 

Z E E  

V A N  

H A L M A H E R A  

2O(Y N.B. 

100' N.B. 
t169Q' 250m 0. ..Bat. 

ADW. MDEELINQ. 
L E O E N D A .  

Kampoeng. Schaarr berwndr 8lrsL.n. r ' t Arcntuin. t * t K k p r b o o m r n .  A Barnbodorch. 
b d - ' ,Botch. + ' + M o r r O I d m m .  4 ' 4 Virmora- of Dennsn- (Spnrrcn-) bosch. -4 Rivier, a remercn, 

b r i d  crmctm, c riland, d s t 4  v&cLnde roe t ro t r rn l .  (a Mew. - Paardmpad. ............... Voetpad. 

Tpai 1 ,- Bambo. huk8n. u " * Inlandschr craven. ..-..-.. OnderafdeeIings#rena. 

All8 hooaren x#n 'rrt&rnht in meters. De c r w n e  hoogt8I#ncn k b k k  e n  onderling hoottr- 
Road v e n d l l  IM 50 1% dr d i m  w 500 m; a hooctrpant en hoogkkc#Jer, b hu~uhoorfe~#n van 25 nf. 

c rots, d hI1p b# lorymirr a i c h t b r .  

Schaal 1 : 100 000. 

T O E L I C H T I N Q E N .  

Vluchtig opgenamrn i n  195&1923 met dc bergbouuolL o w r  kt hoofdarband en met korn- 

pas ~chd m 1 barometer : 4000a0 uclgave m r  hei 1929. oar igc verband met gebruikmoking oan de xdawt No. 367 

a F K O R T I N O E N .  

o. Got-ng. Tg. Tandjwng. 0.L Oaderaard&e bop. A. A h  (rbiu).  
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Area No. 13. Northeastern mountains 

Topography: Rugged, massive mountainous t e r r a i n  broken by a few 
major va l l eys .  Elevat ions a t t a i n  about 1,000 m. On t h e  e a s t ,  t h e  
mountains descend ab run t ly  t o  the  lowland of a rea  15  ( p r o f i l e  FF1). 
On t h e  nor theas t  and north,  t h e  descent i s  gene ra l ly  more gradual ,  
through zone of moderate r e l i e f  and moderate s lopes ,  p a r t l y  t e r r aced .  
Two main va l l eys ,  t h e  Lama and t h e  Foemalanga, d ra in  eastward; have 
moderate t o  s teep s ides ,  narrow bottoms, and reach deoths exceeding 
500 m. Stream c n a m e l s  meander around small val ley-side spurs;  s lopes  
g e n t l e r  on ins ide  of meanders than  on outs ide .  T r ibu ta r i e s  n e a r l y  a l l  
small  and shor t ,  c l o s e l y  spaced, g iv ing  t e r r a i n  an i r r e g u l a r ,  broken 
charac ter .  Main r idges  a r e  narrow, knobby, and i r r e g u l a r .  Subsidiary 
sours  i n  most p laces  descend s t eep ly  i n t o  t h e  main va l leys .  

Draining northward a r e  seve ra l  small streams heading i n  t h e  foot-  
h i l l  b e l t .  Toward t h e  nor theas t  streams widely spaced, with low, 
broadly-rounded inter-stream areas;  toward t h e  northwest,  streams 
more c l o s e l y  snaced and r e l i e f  g r e a t e r ,  nroducing rougher to~ography .  

Coas t l ine  moderately ernbayed. A t  no r theas t ,  a  narrow, somewhat 
i r r e g u l a r  c o a s t a l  f l a t .  Elsewhere, shore i s  moderately sloping; 
s t e e p l y  s loping i n  t h e  Bay of Bololo. Northeastern t i p  of a r e a  f r inged  
by a c o r a l  r ee f .  

Ground Conditions: Higher p a r t s  of a r e a  have c l a y  loam t o  c l a y  of 
considerable th ickness ,  I n  lower sec t ions ,  s o i l  more sandy; l o c a l l y  i s  
stony. S o i l s  give good foo t ing ,  a r e  we l l  drained,  moderately muddy 
when wet, and r e a d i l y  excavated except where stony. S o i l s  gene ra l ly  
deep on lower s lopes ,  except l o c a l l y  on t e r r a c e d  a r e a s  a t  nor theas t .  

Rocky s lopes  occur on some higher  r idges  a t  west, and along coas t  
a t  northwest. 

Fxcept f o r  l o c a l  rocky slones,  a rea  i s  covered with v i r g i n  t r o p i c a l  
f o r e s t .  Undergrowth probably moderate except along streams, shores, 
and highest  r idges .  Coconut palms on c o a s t a l  s t r i n  a t  no r theas t .  

Set t lements  : Uninhabited. 

Movement: Bar r i e r  a rea .  The rugged, f o r e s t e d  mountain topogranhy 
obs t ruc t s  movement inland.  Coastal  tonography l e s s  unfavorable, but 
f o r e s t  i s  an obs tac le .  Good rou tes  a v a i l a b l e  f o r  c ross ing  from nor th  
shore t o  lowlands of a r e a  15. 

Fk i s t ing  t r a i l s  a r e  few; s u i t a b l e  on ly  f o r  movement on f o o t .  None , 

extend very f a r  i n t o  i n t e r i o r .  Most l ead  from t h e  nor th  shore across  
t o  a r e a  15; fo l low stream beds p a r t  way and r idges  p a r t  way. Sect ions 
on stream beds imnassable during high water. 

P o t e n t i a l  beach heads only  on narrow c o a s t a l  n l a i n  a t  no r theas t .  

Cover, Concealment, and Observat-: Cover given by knobs, r idge  
c r e s t s ,  and o the r  t o ~ o g r a p h i c  i r r e g u l a r i t i e s ,  a l s o  by l a r g e r  hardwood 
t r e e s .  Topographic cover poorest  a t  no r theas t  where s lopes a r e  broadly 
rounded. F ie ld  f o r t i f i c a t i o n s  f e a s i b l e  a t  a l l  p laces  which a r e  not  
rocky, but on t e r r aced  a r e a s  a t  nor theas t  c o r a l l i n e  l imestone,  d i f f i c u l t  
t o  excavate, may be encountered a t  shallow depth. 

Complete ground and a e r i a l  concealment given by f o r e s t .  

Observation g r e a t l y  l imi t ed  by f o r e s t ,  and i n  many  laces a l s o  by 
t h e  broadly rounded cha rac te r  of t h e  topography. Locally, s t eep  v a l l e y  
s i d e s  have lookout po in t s  of l imi t ed  range, and t h e  s t eep  knobs and 
r idges  overlooking a raa  1 5  could be used a s  observat ion pos ts .  Along 
t h e  coas t ,  p ro jec t ing  capes would permit observat ion of adjo in ing  
s t r e t c h e s  of embayed shore. 

Area No. 15. Akelamo P l a i n  

Topoqraphy: North p a r t  of a  broad, f l a t  t o  undulatory lowland; i s  
crossed by two main streams which u n i t e  near  shore, and by minor s t reams 
Bordering s lopes  of a rea  13 high and s t eep  a t  south, lower and more 
moderate a t  north.  Local ly a r e  low r a l l i n g  h i l l s  a t  i nne r  s ide  of 
p l a in .  Shorel ine r egu la r ,  broadly embayed. Beach r idges  may be present  
l o c a l l y .  A t  south, one low h i l l  p r o j e c t s  above p l a i n ,  forming Cape 
Petak. 

Ground Conditions: Deep sandy t o  clayey loam; i s  f a i r l y  we l l  
drained,  g ives  f a i r l y  good foo t ing ,  and i s  e a s i l y  excavated. Moderately 
muddy when wet. 

Area covered with v i r g i n  t r o p i c a l  f o r e s t .  Local ly,  coconut palms 
along shore. 

Settlements: Two small na t ive  v i l l a y e s  widely separated along 
coas t .  

Movement: F l a t  tonography favorable  f o r  f r e e  movement,, but f o r e s t  
i s  a continuous obs tac le  and limits movement t o  e x i s t i n g  t r a i l s .  
Larger streams a t  nor th  present  add i t iona l  l o c a l  obs tac les ,  and a r e  
probably t o o  deep f o r  fording.  Exis t ing  t r a i l s  a r e  s u i t a b l e  f o r  f o o t  
use only, and mostly r a d i a t e  from Akelamo. 

Shore topography s u i t a b l e  f o r  beachheads a t  nea r ly  a l l  poin ts .  

Cover, Concealment, and O_bservation: Cover given only by stream 
barks, and poss ib ly  along some s t r e t c h e s  of shore by beach r idges .  
Some cover given by t h e  l a r g e r  hardwood t r e e s .  F ie ld  f o r t i f i c a t i o n s  
f e a s i b l e  a t  a l l   laces not  t o o  near  r i v e r  o r  sea l e v e l .  

Complete ground and a e r i a l  concealiient by f o r e s t .  

Ground observat ion poor because of low r e l i e f  and f o r e s t  cover. 
H i l l  a t  Cape Petak might serve a s  a  lookout poin t  f o r  l o c a l  a reas .  
Aer ia l  observat ion s l i g h t l y  b e t t e r  than  ground observat ion,  but l a r g e l y  
l i m i t e d  t o  c lear ings .  
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R e l i ~ b i l .  f t y  Rat ing:  Clsss B 

SlEET NO. XV-202 

I Area No. 13.  Northeastern Mountains. I 
Topography. Ru~ged  mountainous algea, with  l a r g e  p o r t  ions of t h e  

i n t e r i o r  r i s i n g  above 500 m., and a few peaks exceeding 1090 m. 
Larger ~ a l l e ~ s ' w i d e l y  spaced, and i r r e g u l a r  in t h e i r  p a t t e r n .  
Along some s t r e t c h e s  v a l l e y s  t r e n d  nea r ly  p a r a l l e l  t o  coas t ,  and 
s e p a r a t e  t h e  h ighe r  mountains from a f o o t h i l l  b e l t .  The L i l i a n d  t h e  
Ona t have wide f loodp la ins  i n  t h e  foo t -  
h i l l  b e l t ;  sma l l e r  s t reams have narruw v a l l e y s .  Slopes i n  t h e  foo t -  
h i l l  b e l t  a r e  low t o  moderate, s t e e p e r  in t h e  mountainous i n t e r i o r .  
In t h e  mountain a r ea ,  s t reams have s t e e p  g rad ien t s ,  and g rave l ly  t o  
bouldery beds. In  t h e  f o o t h i l l s ,  g r ad ien t s  f l a t t e n ,  and beds become 
g r a v e l l y  t o  sandy. Stream banks h igh  a long  lower courses ,  and chan- 
n e l s  l a r g e l y  f i l l e d  dur ing  heavy rainfall. Coastal  p a r t  of a r e a  is  
comparatively s t e e p  and abrupt ;  some s h o r t  s t r i p s  of narruw c o a s t a l  
f lat ,  b u t  gene ra l ly  t h e  l and  r i s e s  ab rup t ly  from t h e  sea .  

Ground condi t ions .  Moderate t o  deep sandy t o  clayey loam, 
l o c a l l y  stony. S o i l  crumbly except  on t h e  l h i t e d  a r e a s  of v a l l e y  
f l a t ;  w e l l  drained,  e a s i l y  excavated, no t  excess ive ly  s l i p p e r y  when 
wet, o f f e r s  good foo t ing ,  and d r i e s  quick ly .  Few rocky areas .  

Area covered wi th  v i r g i n  t r o p i c a l  f o r e s t .  Undergrowth probably 
not  excess ive ly  t h i c k  except a l o n e  streams, where a l s o  dense bamboo 
t n i c k e t s  a r e  common. Coconut palms a t  s c a t t e r e d  p l aces  along shore.  

I Set t lements .  Uninhabited. I 
Movement. Te r r a in  unfavorable  f o r  movement. T rop ica l  f o r e s t  

adds t o  d i f f i c n l t i e s .  Grades t o o  s t e e p  f o r  veh ic l e s  e x c e ~ t  a long  
v a l l e v  f l a t s  and coast ,a l  s t r i p s ,  where f o r e s t  would need t o  be  
c leared .  Avai lable  rou te s  a r e  sho r t ,  and permit  movement only i n  
gene ra l  coastwise d i r e c t i o n .  T r a i l s  f a c i l i t a t e  movement; f o r e s t s  
most e a s i l y  pene t r a t ed  along r i d g e  c r e s t s ,  

E x i s t i n g  trails s u i t a b l e  f o r  f o o t  use  only. Are random in 
layout ,  f a i l  t o  g ive  acces s  t o  i n t e r i o r ,  and many end b l ind .  Follow 
stream beds f o r  cons iderable  d i s t ances ;  here  unusable  dur ing  h igh  
water .  Elsewhere fo l low r idges .  

Coas ta l  f lats t o o  s h o r t  and narrow f o r  l a rge - sca l e  l and ing  
opera t ions ;  poor  communications w i t h  p o s s i b l e  o b j e c t i v e s  i n  areas 
1 5  and 16. 

Cover. concealment, observat ion.  Cover provided by r i d g e  c r e s t s ,  
ravines,  s t ream banks, and va r ious  h i l l s  and knobs; a l s o  by l a r g e r  
hardwood t r e e s .  F i e l d  f o r t i f i c a t i o n s  f e a s i b l e  i n  nea r ly  a l l  p l aces .  
Only d i f f i c u l t i e s  would be  in c u t t i n g  through r o o t  network of  t h e  
f o r e s t ,  and i n  digging g r a v e l l y  and s tony  s o i l s  of f o o t h i l l  b e l t .  

Complete p o u n d  and a e r i a l  concealment provided by f o r e s t .  I 
Observation everywhere l i m i t e d  by f o r e s t .  Treetop lookouts  on 

higher  and s t e e p e r  s lopes  would command a l i m i t e d  f i e l d  over su r -  
rounding va l l eys ,  b u t  would permit  observat ion over top  of f o r e s t  
only.  

Area No. 15.  

Topographx. South end of t he  Akelamo c o a s t a l  p l a in ,  more 
ex tens ive  in quadrangle t o  north.  A h i l l ,  M t .  Dorolemo, d i v i d e s  
t h e  c o a s t a l  s t r i p  midwav. 

Ground oondit ions.  S o i l s  a r e  loamy; when wet tend t o  be muddy 
and slower dry ing  than those  of a r e a  13. Eas i ly  excavated, b u t  
drainage may b e  poor on low ground. 

Forested except f o r  l imi t ed  t r a c t s  of grass land ,  and c l ea r ings ,  
and second growth f o r e s t  near  s e t t l emen t s .  Coconut palms a long  shore, 
and bamboo t h i c k e t s  a long  streams. 

I Set t lements .  One small v i l l a g e .  I 
Movement. Topography favorable  f o r  movement, b u t  f o r e s t  

p re sen t s  o b s t a c l e  un le s s  t r a i l s  a r e  c u t  o r  roads b u i l t .  
One t ra i l ,  along shore.  Lhnitea movement p o s s i b l e  in s c a t t e r e d  
s t r i p s  of coconut palms along coas t .  Landing p o s s i b l e  b u t  beaches 
commanded by c e n t r a l l y  l oca t ed  h i l l .  

Cover, concealment, ohserva t i o n .  Cover given on1 y by beach 
r idges ,  s t ream banks, and l a r g e r  hardwood t r e e s .  F i e ld  f o r t i f i c a t i o n s  
r e a d i l y  excavated b u t  might be d i f f i ~ ~ ~ l t  t o  d r a i n  on low sround. 

Concealment complete in v i r g i n  f o r e s t ,  only p a r t i a l  i n  coconut 
groves . 

Observation ve ry  poor because of topography and f o r e s t .  I s o l a t e d  
h i l l  p rovides  a l o c a l  lookout .  

I Area No. 16. Boe l i  P l a i n .  I 
I Topography. Coas ta l  p l a i n  of vary ing  width, t oge the r  w i t h  

contiguous v a l l e y  flats. Some low h i l l s  wi th in  t h e  a rea ,  and f l a t t e n e d  
spu r s  extend i n t o  it from f o o t h i l l  b e l t ,  Topography mostly f l a t  t o  
gen t ly  r o l l i n g  o r  s lop ing .  One l a r g e  stream, t h e  Onat, and s e v e r a l  
sma l l e r  s t reams cross  t h e  plain. Along p a r t s  of shore,  probably some 
beach r idges .  Beaches narrow. P l a i n  rise8 g radua l ly  t o  surrounding 
f o o t h i l l  b e l t  i n  most p laces .  

Ground condi t ions .  Same as a r e a  15. 

Se t t lements .  A few smal l  n a t i v e  v i l l a g e s .  

Movkment. S i m i l a r  t o  a r e a  No. 15. Channel of Onat River a l o c a l  
obs tac le ;  would probably r e q u i r e  br idgiqg  o r  f e r r y  c ross ing .  E x i s t  i r ~ g  
t r a i l s  go in land  from coas t .  Long s t r e t c h e s  of shore s u i t a b l e  f o r  
landing.  

Cover, concealment, observat ion,  Same a s  a r e a  15.  
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Gouvt der Molukkeil (Res. Ternate). Schetskurt umengemteld bij den Topognfischen dienst in 1 ~ ~ 1 9 2 8 .  Blad 101 IXVI. 

Z E E  V A N  H A L M A H E R A  

L E O E N D A .  

1 W  N.B. Schaal 1 : 100 000. 
f t Anntuim. t t KIappcrboomen. & Barnhoebosch. Bwh.  :;?c. Kmomihoaf. *. *. ~M-spaI- 

.... , am. a Paanfengod. o daihcr of vonder ran hoat of bamboe, b houlen brug. .................. VoetM. - T r a i l  a Ririrr, a otmeten. b niet gemeten, r eitand. 8 -  Bambw h a i w .  8 Christen kerk. I Mesipit. 
t e * c r h h o f .  u 'u InIandsrhr #raven. - ..-..-..- Ondemfdeelinrsrmns. . - -  

ii go&j 
AUr kwgtrn z#n ui tgnlrr l t  in mefers.'De gcwonr hwprd&nen hebbm een ondertinp hwgfew- 
athit van 50m, de d&ke man 500m; a hwgtepunt en kwgtec~fer, b huMoorfelfn mr 25 m, Vlaehtig opgenomn in 1927-1928 met dc 6ergbou.sole wor  h a  hoofdoerband rn met kompas 

en barometer wor  het ow ige  mrband, met getmihak ing wn de zeekaarl No. 389 srhaal 
1 : 400 000 aitgat* 1924. 

Rts. (Afd)  Ternate. 

f Onderafd. Tobelo. 

District Waaile. 

A F K O R T I N O E N .  

A. Air. Tk. Telork. Tg. Tandjmng. G. Coenacng. P. P d a a  D. Dktrictehwfd. 

2 Onderafd. Weda 

District Maba. 

L u g e  numberr and heavy l i n e r  indicate tarroin wear.  

Letter6 and l ight l i n e r  indicate terrain types ar follorrr 
Ir. River and cobstdl lowland. 
8 .  Terrace., inland f lktr ,  sloping plains, l o r  ro l l ing  

h i l l s .  
4. River 
X. Rivar 
Bk Mountain C. H i l ly  and mountainous country. 

1 Coaatal b luf f  8 
u11 eat3 c l l f f r  A A A Rocky axea 
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.I 

Reliabi l i ty  rating: Class B. 

I SmET NO. XVI-101 I 
I Area No. 13 - Northeastern Mountains I 

Topography: Rugged, massive mountains, a t  east  r i s ing  abruptly 
from sea and coastal plain t o  heights of more than 1,300 meters; a t  
west descending gradually to ward i n  termontain basin a1 ong Sangad ji 
valley. Divide s o  close to Boeli Bay that  streams heading a few miles 
from shore must follow roundabout courses of many miles to the sea by 
way of Sangadji River. Ore rocky spur from the mountains projects dir- 
ec t ly  into the bay, dividing i t  into two parts. Several small islands 
of similar rocky t e r r a in  l i e  short distances off coast. Streams flow- 
ing d i rec t ly  into the bay are  small and short, with deep, steep-sided, 
narrow-botbmed valleys. Mountainous area widest a t  the north; broad 
gap between northern and southern parts. Slopes steep on eastern side, 
somewhat more moderate along par t s  of western side. Narrow coastal 
f l a t  borders head of southern pa r t  of Boeli Bay. 

Ground Conditions: Except on rocky slopes along coast, clayey 
loam. Depth reaches 20 f e e t  or  more, beirrg l eas t  on   tee per slopes. 
Soil gives good footing, i s  well drained, and moderately muddy when 
wet, 

Exce?t fo r  rocky slopes, area covered, with virgin tropical forest .  
Forest growth l eas t  dense on higher ridges. 

Beaches are  sandy where the coast slopes moderately, but l w a l l y  
rocky where the coast i u  steepest. 

Settlements: No settlements. 

Movement: Mountainous barr ier  area; high r e l i e f ,  steep slopes, 
and dense forest  present obstacles. Movement largely res t r ic ted  to  
paths and trails. Natural routes few and d i f f icu l t .  Qne leads from 
the v ic in i ty  of Boeli northwest across the mountains t o  Wasile Bay, and 
i s  followed by a foot path. Another l i e s  along the Saagadji valley and 
over a high mountain pass to Kaoe Bay, and i s  followed a t  l eas t  Part  
w a y  by foot paths. A t h i rd  route possible for  movement on foot if 
t r a i l s  were cut Is over gap at head of Boeli Bay; has disadvartage of 
8teap slopes at s tar t .  Movement d o n g  coast feasible only a t  head of 
bay, where there i s  a d i s t inc t  coastal f l a t ;  elsewhere coast too r o c k y  
and abrugt. Beach a t  the head of Boeli btxy would be suitable f o r  a 
beachhead but has poor c o m i c a t i o n  with surrounding areas; i t  i s  
dominated by adJacent heights. 

Cover. Concedaent , Observation: Cover provided by the numerous 
ridges and ravines, and to  limited extent by larger  hardwood trees. 
Field. for t i f ica t ions  feas ib le ,  except on rocky slopee. 

Ground and aer ia l  concealment provided by the fo res t  except on 
rocky slopes facing the sea. 

Observntiol; limited by the forest  i n  zoet places. Projectiyg 
poiats a t  top of steep rocky slo2es facing sea would provide excellent 
lookout8 over coast. Higher points on outlying islands also would 
provide good lookouts toward shore. 

I Area bto. 16  - Boeli Plains I 
T o ~ o ~ r a ~ h y ~  Macontinuous areas of coastal p la in  on the northern 

and southern sides of Boeli Bay. Northern area i s  the narrower. I t 8  
inland margin i s  i r regular ,  extending i n l m d  along stream valleys, 
Surrounding mountains r i s e  with moderate grades on north, steeper on 
west. 

Southern section i s  broader, deeply indented along Sangad ji valley. 
Bordering mountains r i s e  precipitously i n  rocky slopes. Coastal plain is 
essent ial ly  flat. Beach ridges border shore i n  places, and main s t r eam 
are s l ight ly  incised below the general level. One small island, Mobon, 
occurs just off shore of southern par t ,  near Maba. 'Rii f l a t  Sangadji 
Valley, contim:rd8 with the coastal plaia ,  i s  broad and open; borderizg 
slopes steep at n ~ r t h ,  gentle at south. 

Ground Conditions; Loamy so i l  underlain by unconsolidated depo* 
i t s  of considerable thickness. Drainage and footing f a i r  to  good. 
Dries f a i r l y  well a f t e r  ra in,  and i s  muddy when wet. 

Except for local areas of cleared land a d  second growth fores t  
near main vil lages,  area covered with virgin forest. Coconut groves 
occur along the shores, bamboo thickets along some streams, and sago 
palms a t  inland places of southern section. 

Settlements: Only settlements i n  the northern section are  at Boeli 
and vicinity. Boeli, shipping point f o r  local  jungle products, i a  seat 
of a government off ic ial .  

I n  the southern section, three large vi l lages close together along 
coast near mouth of Sangadji River, 

Movement: Topographically favorable for movement. Besides fores t ,  
obstacles a re  stream channels, the larger  of which would require bridg- 
ing o r  building of dugways fo r  rapid crossing. Botpaths  cross both 
areas. Limited movement off trails possible i n  coconut palm groves, but 
elsewhere t r a i l s  must be cut or roads built .  Broad f l a t s  and good beaches 
favorable f o r  beachheads, but areas a re  dominated by adjacent h i l l s  
par t icular ly at soul%. 

Cover, Concealnent. Observ~tbon: Cover provided only by larger 
hardwood trees ,  discontinuous beach ridges, stream banks, and low banks 
marking high tide. Fleld for t i f ica t ions  feasible  at most places, but 
might require a r t i f i c i a l  drainage to  prevent accumulation of ra in  water. 

Concealment,, ground and aer ia l ,  provided by forest  except i n  cleared 
areas near settlements, and i n  coconut groves, where ground concealment 
i s  incomplete. 

Observation very limited by vegetation. Aerial observation prab- 1 ably bet ter  than ground observation. 

Prepared by U. S. Geological Survey 
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HALMAHERA (MOLUKKA TERRA1 N APPRECIATION 

&+es No. 11 - Kcairntaims of CentrcJ. H a l ~ ~ e r a  

: m g e d  i r r e g n l a r  rooixr-,tain r a g e s ;  on south end west 
s ides  a r e  steeo-sloped, deeply eroded n 6 g e s ;  on nor th  and e a s t  s i s e s  
high uplend i s  l e s s  deeply di sected, Momtains r i s e  from narrow coast- 
al Ir)wlends to  d.ti tudes c:'crer-~&ing between 2,WO t o  2,700 f e e t ;  moun- 
t a i n  northeeet  of &e lam reacpks maxirtum a l t i t u d e  about 3,860 f ee t .  
Wountdns c o n t i m e  witkout topographic bre& i n t o  the mountain chain 
of s w ~ t h  blmzhere. (&BP 2 0 ) ;  bomClary with Areas 1 2  and 19 i s  arbi-  
~FRP'Y. 

I n  southern and wectern p a r t s  of a r e a 9  range made up of narrow 
r f d ~ e s  and spurs; c r e s t s  are narrow, roinnzded; slopes moderate t o  very 
s t eep ,  deeply c u t  by r ~ d n e s  acd s,ml tfal leys,  Larger va l leys  connon- 
ly mrrow aad deep; i n  pl aces ,  va l leys  have small f la t  floodplains,  
Rel ief  cormonly 1,500 t o  2,000 f e e t ,  

%arrow f l a t  coas ta l  p l a i n  general ly  l i e e  between ycountains and 
sea;  eomonly 114 t o  5/14 n\ilec wide; reaches m a x i m  width of about 
3 miles  on d e l t a  of M o  r i v e r ,  k r g i r m l  s lopes a r e  moderate t c  steep. 
Some small svwqy a reas  on coas t  and along the Lam0 r iver .  Coastal 
p l a i n  l ack ing  between v i l l s g e s  of Loko and Jehoe; t h i s  sec t ion  occu- 
p ied  "a;: narrow 3 e a c b  

I n  nor theas t  and eas t e rn  p a r t s ,  r idges  broader and l e s s  deeply 
dissected;  r e l i e f  ranges genera l ly  frorc 1,060 t o  1,500 f e e t ,  Summits 
and r idge tops gent ly  r o u d e d ,  slopes gen t l e  to moderately s teep;  
some ve l leys  broad and o?en with narrow f l o o r s ;  a few a r e  deeq  s t e e p  
sided canyons. 

Ground Conditions: In south-central p r t  of mountains, red-'arum 
l a t e r i t i c  lo& o r  c ley  loam 15 ts 30 f e e t  deep; grhdsa downward i n t o  
deeply weathered volcanic rock,  %re rock e q o s e d  l o c a l l y  i n  s t eep  
s lopes and i n  va l l ey  bottoms, Mountains on enst  and west ~ a r g i n s  hive  
a yellow-brown l a t e r i t i c  sandy or stony loan which at d e ? t t  of a few 
f e e t  grades i n t o  a poorly consolidnted conglonrerh.te o r  sandstace that 
i s  l o c a l l y  exposed on steep slopes. Nortkezst and north-central ?art 
of mountain6 underlair ,  by massive l i nes tone  exposed i n  numerous c l i f f s  
and ledges; s o i l  e w e r  on s teep  slopes i s  tbdn, increases  t o  10 to  2G 
f e e t  on low s lopes  and depressions. S o i l s  f r i ~ t l e ,  p e m e ~ b l e  and well- 
drained; becone p l h s t i c  and s l ippery  when wet but dry f a i r l y  quickly, 
Excavations e a s i l y  made with hand too l s  except on s teep  slopes where s o i l  
i s  t h in  a d  under la in  by Limestone. 

Dense f o r e s t  cover over most of area.  In  addi t ion  t o  the usual 
assemblage cf palms, ~ p t e r o c a r p s  e tc ,  m y  t rop ica l  f i r s  ( ~ j e m r a )  
most comaon i n  northeast  girt of area. 

On coas t a l  p la in  and lower s lopes of bordering mountains, v i r g i n  
f o r e s t  p a r t l y  cu t  away; much of a r ea  overgrown with grass and second 
growth jungle, Groves of sago and coconut p a h s  nunercus, Some bam- 
bco i n  small s w a m y  areas  near coast  and along River, 

Se t t l enen t s  : I n t e r i o r  l a r g e l y  uninhabi ted; some temporsry camps 
used by na t ivesco l l ec t ing  @E dan~lr, I 

Sevoral s m e l l  se t t lements  d o n g  the  c o ~ s t .  Alrelamo, at the rnouth 
of the Lamo River  i s  l a r g e s t ;  resiiience of a d i s t r i c t  chief ,  

Movement: Zorse trail from Akelamo to v i l l e g e  of Norama-alee along 
coast ;  foo t  t r a i l s  between the other  ccas%;d z i l l ages .  Horse trail may 
l o c a l l y  be su i t ab l e  f o r  l i g h t  motorized vehicles;  trails csmonly  must 
be widened and graded f o r  dry weather use by l i g h t  mechenlzed u n i t s ;  
considerable improvement needed f o r  a l l  weather use by heavy t r s f f i c ,  
A few f o o t  t r a i l s  t h t  l e a d  in land  along r i v e r s  and up s teep  spurs  
terminate at survey s t a t i ons ;  apparent ly cut  by surveying w l r t i e s  II! 
t o  20 years  ago; now mayr be t h i ck ly  over;grom at l e a s t  i n  higher more 
rugged pa r t s ;  i nd i ca t e  bes t  route  t o  hit:h observation points,  Area 
genera l ly  impassable f o r  motorized u n i t s  without construct ion of roads; 
dense vegetat ion i r *  va l leys  and stuep s lopes make novenent d i f f i m l t  
f o r  f o o t  troops; ea s i e s t  movement prcbably on c re s t s ,  Narrow coas t a l  
l and  with numerotrs c leared o r  grass-grown a reas  permits some rnovenent 
of motorized units away f r o m  roads a.nd r e l a t i v e l y  easy movement f o r  
f o o t  troops, 

I Cover. Concealnent , Observation: Rugged broken topography pr ovides 
good cover i n  nos t  of area. Xarrow coas t a l  b e l t  exposed t o  f i r e  from I . < 

sea  o r  from uplands t o  m e t ;  s o m  cover f o r  lnen my be found behind 
low benches comonly present a t  inland ns rg in  of beaches. Large t r e e s  
can give some cover. 

Vegetation gives iad~quate  concealruent i n  near ly  a l l  p a r t s  of the 
a rea ;  concealment mar be poor f o r  l a r g e  motorized u n i t s  i n  cu l t i va t ad  
o r  grass-coverec! areas,  b e r o u s  p aks  and high r idges  o f f e r  views 
commandiq wide a reas  on the Molucca Sea; some overlook narrom coas t a l  
lowlmds but cornonly vegetat ion cover and in te rveni rg  slopes ana summits 
l i m i t  observation. Big t r e e s  su i tab le  f ~ r  observation of nearby ground. 

I Area No, l f3  - Xai River P la in  I 
: Broad f ea tu re l e s s  p l a i n  bordering the  R a i  River and 

i t s  p i n c i p a l  t r i b u t a r i e s ,  Sboyes gent ly  seaward f ro= the bor6erin.g 
mountains of Area 11, Greater p a r t  of the ? l a in  i s  n e ~ r l y  l e v e l  and i s  
l e s s  than 100 f e s t  i n  a l t i t u d e .  Loctilly Tom h i l l s  and t e r r aces  l i e  be- 
tween the  p l a i n s  and the  s t eep  mountain f m s t .  

P l a in  crossed by %i River and some smaller stresms, most of h i c h  
d ra in  from mountdns of p la in .  Two p r i n c i s a l  t r i b u t a r i e s  join the Rat 
i m  northern h l f  s f  area, I n  the southern ha l f  severa l  smaller,  sho r t  
streams f l o a  i n t o  the Rr%i s t  empty d i r e c t l y  i n to , s ea .  R a i  Rlver along 
p a r t  of i t s  course flows i n  a well deffnedcfbai77e~; i n  place$ flows 
through pa.rshy ground where f o r  shor t  d i s tances  the chamel  divides 
i n t o  several subsidiary chaanels. 3ie  Elad, a?& i t s  major t r i b a l a r i e s  
vary  i n  width from 20C t o  more than k , O  fes t ,  Depth var iab le ;  i n  dry 
years  stream shrinks t o  Ssss thafv 113 o f  i t s  v61~meIA. 

Ground Conditions: ~ ~ ? l u v i a . l  s o i l s  of t?& bi River p l a i n  a r e  gen- 
e r a l l y  s~n(?Y c l ay  loenis; mostly coarser  s m w  loams near  mrgfns of 
area;and f i n e r ,  more clayey s o i l s  near center ,  So i l s  general ly  over 20 
o r  38 f e e t  deep; so  roc?: exposuses known, Grouad~ especf e l l y  along r iv-  
e r s ,  genera l ly  poorly ib~inesd end cor~monly mrsby on' a-aapy  d m i n g  rairay 
seasons; ] . m e s t  nnarsba ( d s a s l a d )  a r e  around. j m c t f o n  sf Pdjawi m d  
Rat Rfwers m c  along the coast  f r m  Pz j & i - i s l m  t o  Tg. brok&ro. Soi l  
%oms  deep p%laetfc m d  2 3  t r a i l s  and nherd dis tmbet? by excavations, 

Rai a v e r  f l o o d p l d n  densely o v e r g a m  wdtk vegetation, .Extensive 
a r e a s  of v i r g i n  f o r e s t .  M i b o o  brskes,  =gar and sago palms are es- 
p e c i a l l y  corn me;^; nips pa?r\:,g P 2  Zsvte-r reaches of the r i v e r  within bide 
ranage. Groves o f  coconut 0 t k . e ~  ?alms e comon on small areas  of 
Iligher ground Sin coas ta l  3 avlwg,p,nda, %one grove loca l ly .  

Settlements:  A few % r e d l  native s e t t l e m a t s  alosdg c3ast; most im- 
por tan t  is fa;a'zf-isla h$ vestern te~rniravls of m i n  p i t h  from WeCla. I3ay. 

Movement: Movement 5 ~ f 2 a t l y  r e s t d e t e d  by dense vegetative cover 
although f l a b  topogrepkiy fevers easy moverrtent, Mgtorized mita cannot 
move away f ~ o m  roads, A f e w  shas t  tmiLI1s alorzg the coast  az?d across  
p a r t s  of the p l a i n  can be e e s i l y  iagrsved fsr use by wheeled vehic les  
i n  clisy aea%@er k t  probakly aaed cone%derable ixprovex2nt f o r  all-%eather 
w e ,  MtaLarbze6 u n i t s  cs - r i lcw ti?rary=h are88 covered by gmss pufd young 
seeorad-gawth f o r e s t  a: i Pr~?d~,l-is*seus, bad v i l l eges  aepy 3 . t ~  Ekver. 

L - . a.. ---= -- - 

few yards o r  l e s s  i n  most places. 

hi River i n  most places below i t s  junction with the " I$ jawi  cannot 
be forded except b r i n g  very dry years. Upper re~iches  of Wai  and i t s  
major t r i b u t a r i e s  prcb;ibly can be forded a t  several  po in ts  during d r i e r  
weather, Marshy ground a n d  dense mat oi. vegetat ion along stream banks 
are obsta.cles to  crossings;  where banks a r e  s teep  shor t  dugways required, 

Cover, Concealment, Obse~va3tion: EZtt le  cover; l imi ted  t o  low h i l l 8  
and  t e r r a c e s  wear m r g i n s  of a r ea ,  and to l o e a l l y  high s t r e a n  banlrs, 

Dense vegetat ion gives exce l len t  coneealr-ent i n  most of area. Con- 
cealment f o r  vehic les  l imi ted  i n  e leared  a reas  a r o u d  v i l l a m s  and i n  
young second growth fo re s t .  

Dense vegetat ion &es aerial observat ion poor. G ~ ~ i m d  observzt ion 
r e s t r i c t e d  to a few yards o r  l e s s .  

Area Xo, 19 - Mowtains of Southern H a l d e r a  

peninsula; grades 
break (Area 11 ), 

North end of mountain rangha f ormhng backbone of southern 
i n t o  mountains of Cent~hrl Hdmahera without topographic 
Rugged mountains havicg a l t i t n d e s  mostly between 500 and 

EOO meters, Crest of rmge trends n o r t b e o u t h ;  general ly  l i e s  within t h e e  
miles of the  R a i  River p l a i n  (Area 18). Sm~i  Ls a r e  anarrow, s lopes s teep;  
val*ys small and narrow with s teep  graciieats; s t r ean  small ,  subjec t  to  
sudclen f loods  i n  r d n y  seasons. 

Ground Conditions: 'i31lm-brown l a t e r f t i c  san2.y o r  stony loam; grades 
into soft, conglomeratic o r  sandy rock at depth of  1C t o  20 feet ,  Soi l  gen- 
e r a l l y  vie91-drained and d r i e s  f a i r l y  r a ~ ~ i d l y ,  

b e a  l a rge ly  caverred by r a i n  f o r e s t .  

Hovement: k r r i e r  area. Steep 6109s~ aid dense t rop ica l  vegetat ion 
unsui tab le  f o r  roovewent of mcrtori zed u n i t s  without cons t m c t i o n  o f  roade. 
No known t ra , f l s .  Psot troops c m  move e a s i e s t  along r%dge e r s s t s ;  i n  ravines 
and va l l eys  vege ta t ivz  tangle  csnqonly d i f f i c u l t  t o  penetrate.  S t r e m s  c m  
be forded except during short per iods of flood. 

Cover, Concealment, Observatton: Broken mgged topagraphy and dense 
f o r e s t  give good cover and concealment, Obsemstfon very poor; conmonly 
l imi t ed  t o  a few yards, 
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HALMAHERA (MOLUK KAS) TERRA1 N APPRECIATION 

Foot t r a i l  frorn cocst (Lelilef vil lage) extends up the valley close 
t o  the river;  several branches s t a r t  a t  junctions with principal tribu- 
taries.  Trails following the u p e r  Kobe and the Djira Rivers cross the 
mountains t o  Kau Bay (Sheet XVI-100). Trails probably sui table  only for 
foot o r  mounted troops; with a l i t t l e  imprevement probably can be used by 
l ight  wheeled and tracked vehicles i n  dr ier  weather. Considerable improve- 
ment probably needed f o r  all-weather uee by heavy t raff ic .  

Rel iabi l i ty  rating: Class B. 

Area no. 11 - Mountains of Central Halmahera 

Topogra~hy: Low dissected ridges r i s ing  with irregular slopes and 
poorly defined terraces above lowlands of the Fidi and Kobe Rivers (Area 
13); represent eastern margin of the higher ranges of central Elalmahera. 
In the northeast, boundary between central mountains and Area 12 t o  the 
east  i s  arbitrary. Bltitudes commonly range from 1,000 to 1,300 fee t ;  
i n  a few places exceed 1,500 fee t .  Ridges have long rounded i rregular  
crests. Slopes commonly moderate; lonest ( 5  t o  15%) are  between the Gswa 
and Koelo Rivers on the west side of the quadrangle; cut by numerous 
narrow gul l ies  and ravines. Principal valleye are  broad, V-shaped; gen- 
e ra l ly  heve narrow floors. 

Horse t r a i l  between Lelilef and Kobe vi l lages prob:ibly can be easi ly  
improved f o r  motorized t r a f f i c ;  crossing the mouth of the Kobe may be ser- 
ious obstacle i n  long rainy periods, Bordering coconut groves pernit  sow 
deployment f o r  short distances from t r a i l s .  

Although topography o" Kobe and ~ i d i  valleys i s  favorable, dense fo* 
e s t  and swaips make area unsuitable f o r  movement of motorized uni t s  off 
roads and t r a i l s  except i n  patches of grass and young second growth for- 
est. Foot troops c'an move only with d i f f i c ~ l t y  off t r a i l s .  Low re l ie f  
contributes t o  unif o m  density of vegetation on a l l  exceqt northern h i l l y  
part  of area, where foot troops can move most easi ly  a3 ong rfdge crests. Ground Conditions: Yellow-brown l a t e r i t i c  sandy- or stony loam 

which at depth of 10 t o  20 feet  grades into poorly consolidated conglom- 
era te  o r  sandstone. Bare rock exposed loca l ly  i n  valley bottoms and, rare  
on steep slopes. Ground generally well-drained and dries rapidly. 

IY, Streams can eas i ly  be forded by men a t  trail crossin@; elsewhere 
thick tangles of vegetation and swampy gromd make approaches d i f f icu l t .  
Vehicles probably can ford the streams a t  many points above the j~mction 

Vegetation i s t ropica l  rain fores t ;  undergrowth f a i r l y  open exceot 
i n  valley bottoms. of the Kobe and i t s  major t r ibutary (~elwalesewe) except i n  long rainy 

seasons; short dugways needed locally. Lower Kobe i s  fordable at only a 
few points but can be easi ly  bridged by pontons or  other types of tem- 
porary bridges. Fidi  River cnn be forded at several points. 

Settlements: Few permanent inhabitants. Possibly some temporary 
camps o r  isolated dwelli x s  along the t r a i l s  or on lowsr slopes border- 
i ng  the river.  

Cover, Concealment, Observation: Good cover i n  valleys and ridges 
of northern part  of area, and i n  h i l l s  between Kobe vi l lage and the Fidi bfovement: A few t r a i l s  from the Kobe River lowlands cross area; 

comionly follow upper slopes and m o a  a in  crests.  Trai ls  up the Woka 
and Samadari and up the Gemar join to the west (Sheet XVII-99). The 
t r a i l s  from Koelo and Djira Rivers cross northern part  of area and con- 
tinue across the peninsula to Kau Bay. None are  suitable f o r  motorized 
vehicles without considerable improvement. Foot troops can move off 
trails only with diff icul ty;  eas ies t  movement probably along ridge crests, 
Rivers pobably fordable except a f t e r  long rainy seasons. 

River; t r a i l s  can be covered a t  m q v  points by f i r e  from nearby command- 
ing heights. Cover largely ladking i n  most par ts  of the Kobe and Fidi 
plairrs; loca l ly  a l i t t l e  cover f o r  men behind beach ridges and high 
stream banks. Large trees can give some cover. Hasty for t i f ica t ions  
may be d i f f i cu l t  where juagle f loor  i s  covered by dense tangle of roots; 
so i l  i t s e l f  eas i ly  excavated throughout area. 

Rain forest  gives excellent concealment in almost al l  parts of area; 
coconut palms d o n g  the shore can give incomplete concealment to  large 
nmber of vehicles. 

Cover. Concealment, Observation: (Area 11 - Sheet XVII-100) 
Ridges and numerous small valleys give good concealment f o r  men, al- 
though a t  many places t r a i l s  can be brought under f i r e  from nearby 
cornmanding points. Aerial observation very poor; narrow foot t r a i l s  largdjhidden by 

bverlap?ing t r ee  crowns. around observation generally limited t o  a few 
yards except on the beaches. Forest cover and broken topography give excellent concealment. 

Aerial observation poor, even i n  case of well-used t rhi ls .  

Area Yo. 17 - Mountains of Southeastern Halmahera 
Area No. 12 - Kobe-Ekor Corridor and Fidi r iver  plain 

Topography: Steepsided mountain ranges separated by deep valleys. 
Maxima a1 t i tnde about 4,000 fee t  on peaks northeast of Bk. Limber; sum= 
m i t s  comonly range from 2,500 t o  3,400 f e e t  i n  alt i tude. A t  west, 
mountain slopes form a sharp boundary with the a l luvia l  plain and terraces 
of Area 12; on the south, mountains r i s e  sharply above a narrow coastal 
lowland. Relief i s  co;rmonly 2,000 f e e t ,  but more i n  many parts  of area; 
about 1,500 f e e t  near south and west margins. Sumnits and ridge cres ts  
a re  commonly narrow but somewhat rounded. Slopes deeply cut by numerous 
steep-sided ravines. Upper slopes oomnonly very steep; loner ones mod- 
e ra te  t o  steep. Valleys have narrow V-shape; streams charnels generally 
occupy ent i re  valley f loor  except near margins of area. Principal streams 
have moderate or low gradients; are  probably fctirly shallow. A t  south- 
eastern edge of the range, Sages River flows through an underground 
channel issuing onto the coastal lowland through a anall dripstone-filled 
cavern. 

Topography: Plain of the Kobe River and i t s  t r ibutar ies ,  with 
a be l t  of irregular h i l l s  and ridges along the north border; at south- 
west area includes the valley of the Fidi River. Area i s  bordered on 
west by moxntains of central Wmahera (Area 11). on the east  by ranges 
of southeastern and northeastern Hdmahera (Areas 13 and 17); boundary 
between the northern h i l l s  of Area 1 2  and the adjacent ranges i s  ar- 
b i  trary. 

The broad Kobe valley has maximum a l t i tudes  commonly l e s s  than 150 
fee t  except on east  side of the Djira River, where hills and terraces 
a re  150 to 350 f e e t  i n  alt i tude. Kobe plain slopes gently sonth to  
Weda Bay; surface generally f l a t  or  gently undulating except for  low 
marginal h i l l s  and terraces which have gentle slopes and broad rounded 
surmnits. Valley f loo r  i s  loca l ly  swampy; la rges t  swnp i s  near mouth 
of the Kobe River. Kobe and i t s  principal t r ibutar ies  a re  100 to  200 
fee t  wide a t  north; probably more than 400 f e e t  wide near the mouth. 
Rivers commonly flow i n  channels incised a few fee t  below level  of 
plain; local ly  r ive r s  lack well-defined c h a n ~ e l s  and spread over a 
broad zone of marshy or s m p y  ground. Low sandy beach ridges l i e  
between stnanp and the sea. Mountains at bead of Kobe plain are irreg- 
ular i n  height and sl  oge. West of the Basau River, mount,zins are  gen- 
e ra l ly  l e s s  th83 800 fee t  i n  a1 t i  tude; s l ~ p e s  moderate to low; sumnits 
broad and roiJsded. East of the Basau, where ridges r i s e  toward moun- 
ta in  mass of IPr. Saolat, (Arsa 13, Sheet XVI-100). a1 t i  tudes increase 
nearly t o  1,700 feet .  Slopes are  steep; ridge cres ts  narrow. Mountain 
streams are mall and torrent ial ;  f l o w  in to  Kobe and i t s  principal 
tr ibutaries.  

Narrow, low coastal plain a t  south ranges from a few hundred f e e t  
t o  more than 3-114 miles wide; interrupted by the high h i l l  of Bc, Kewinet 
which r i se s  abruptly from the sea. The small s d t  lake of S-a occupies 
an embayrnent of the plain. Some l o w  terraces and h i l l  s at i n l a ~ d  margin 
of the plain; generally the boundary i s  sharp. 

Ground Conditions: Most of crrea has red-brown l a t e r i t i c  clay loam 
o r  clay so i l  1 5  t o  30 fee t  deep; grades downward into deeply weathered 
volcanics. Bare rock exposed most comnonly i n  valley bottoms and local ly  
i n  c l i f f s ,  ledges and rock-strewn slopes. On south coast,  eas t  of Lel i lef ,  
hard mss ive  limestone u d e r l i e s  a large area; forms numerous c l i f f s  and 
ledges i n  steep rocy canyons. Soil on limestone i s  red-brown clay; rel-  
a t ively thin except on gentle slo?es and depressions. 

The r i d l  valley f l ~ o r  i s  generally l e s s  than 150 fee t  i n  maximum 
alti tude. Between the F i d i  0,nd Kobe village, h i l l s  and terraces are  
500 to  800 f e e t  i n  al t i tude.  Valley f loor  f l a t  or roll ing; width var- 
iable ,  comonly 3 t o  4 miles. Just  before s troam emerges on coastal 
lowland, valley f loo r  narrows to width of a few hundred fee t  between s t eep  
sided h i l l s .  Hi l l s  and terraces between the Kobe village ant1 the 
Wostoelo River are  low with gentle s1opes;merge on west with Fidi 
valley plain. southwest of the Vostoelo, h i l l s  a re  much higher and 
have steep s l o ~ e s ,  Old raised coral reefs along the coast; l iv ing  
reefs extend some distance off shore. Small islands off shoro are  
old reefs; r i s e  above saa level  a few fee t  to  more than 150 f e e t  (on 
Jef island). 

Soil i s  generally well drained; some m a l l  areas of marsh on narrow 
coastal lowland m a r  Stzgea. Soil generally becomes slippery and p la s t i c  
when wet; forms deep mud along well-used trails. - 

Rain fores t  covers area except for  patches of cleared grow&, grass 
or  second growth fores t  around villages of G e d ,  Sagea and Sepo. Co- 
conut palms border the coast; coconut plantation at Tg. Wosia. 

Settlements: Interior has no perm~nent settlements. A few small 
vil lages along coast. 

Movement: Trail from Tg. Ripe across Bk. Limber to the Kobe corrl- 
dor (Aream i s  only known path through mountains; snitable only fo r  
foot troops. Short trails follow sections of cosst and stream courses 
on coastal lowlmds; i f  widened, probably can be used by l ight  wheeled 
vehicles and tracked vehicles i n  dr ier  weather; probably ground forms 
deep mud i n  wet weather. 

Ground Conditions: Mountains i n  northern part of area have red- -- 
brown clay loam or c1,ay; a t  depth of 15 t o  30 f ee t  grades into deeply 
weathered volcanic rock. Soil of broad valley bottoms varies greatly 
i n  texture; i s  mostly sandy clay loan much deeper than i n  mountaino. 
Coarser sandy loams border valleys near mountains; s o i l s  near center 
of valley f l a t s  a re  dominantly f ine  clays. 

In the mountains steep slopes and dense vegetation prohibit use of 
motorized equipdent without construction of roads. In  most places, foot 
troops can mve only with d i f f i c i l t y ;  movement probably easiest  on ridge 
cres ts  where fo res t  may be more open. 

Mountain so i l s  are  well drained and dry f a i r l y  rapidly, i n  valleys 
drainage moderately good except fo r  large swamp near mouth of &be, 
and small aroas of swamp and marsh above the junction of the Kobe with 
the Sesco and near the mouth of the Fidi. Coarser so i l s  near valley 
margins afford f a i r l y  good footing; muddy when wet, but dry f a i r l y  
rapidly. f ine r  clays toward center of valleys form deep slippery rm;ld 
which dr ies  slowly; soze of clay areas may be water-logged and swampy 
during long raiqy sea.son. Excavations can be made with hand tools but 
fill with water and tend t o  slump i n  wet weather. 

On coastal  lowland, movement of motorized un i t s  possible i n  grass- 
covered areas, through young second-growth fores t ,  nnd i n  coconut groves 
along coast. Rivers probably can be forded except a f t e r  long periods of 
heavy rain. 

Cover. Concealment, Observation: Rough, broken te r ra in  offers good 
cover ovar most of area. L i t t l e  cover on coastal plain except where some 
protection i s  given by spurs projecting from the mountain front. Low 
banks at high t ide  level and local ly ,  stretches of beach ridge arouncl Sagea 
of fer  cover from low trajectory f i r e  f o r  landing troops. Limited cover 
provided by la rge  trees, 

Rain fores t  covers better-drained parts  of area; swamp forest  along 
many parts  of the r ive r  courses. Nipa thickets occupy par t s  of swamp 
within t ida l  range a t  mouths of the Kobe and the Fidi. Coconut palms 
i n  groves on beach ridges along the coast. 

Settlements: A few vi l lages along shore; largest  i s  Kobe vi l lage,  
built on beach ridge between bay and swamps. Inter ior  largely uninhab- 
i ted;  vi l lage of Loekoelam on the lower Kobe probably i s  the far thest  
inland permanent settlement. 

Vegetation offers abundant material f o r  camouflage and conce~lment. 

H i g h  peaks afford commanding views of Veda Bay t o  the smth. Many 
vantage points comanding the principal valleys,  the coastal lowlands 
and the Kobe basin. Dense vegetation generally in te r feres  with observation, Movement: A poor corridor but the broad f l a t  valley, the re la t ive ly  

low a l t i tudes  of the mountain pass, and two good footpaths nuke area the 
easiest  land route from Weda Bay and southern par t  of Efhlmahera to  the 
Isthmus of Dodinga (Area 10) and northern R~%mdhera. Area No. 19 - Mountains of Southt?rn Hctlmahera 

Long i r regular  ridges trending east  and northaast from the range fonn- 
ing backbone of southern peninsula. Described i n  Sheets XVIII-29 and 
XVI 11-100. 
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'Pc;o,:?aphy: S o u t h a x  p a r t  crf l o w  a l l u v i a l  p ! a h  (r?;. ~ o l .  -~xe_.st -------- - j 
s i d e  of Eot-1; Bay. P1.i :a s lopes  g e n t l y  seaward; gene ra l  - <  ' :; 2s 'cbm i 
150 f e e t  i n  a l t i t u d e  a l though l m  h i l l s  a t  ~ n l a n d  margi;:, ;r? s o r e  - - 
;ban ... ,.,.-. ..,, cb-;.e eea-Ilsvel. Furface f l a t  o r  ~ t l y  ,~--tiul:-l;l.~;; 4 

crosar , ,  t --?ver*~L meanSering streams, Larger Ftreams ,Nou, 'K.??>;-cr '*(; 

a r e  prnba,?L:q more than I c o  f e e t  wlde; l o c a l l y  hnve chanr,zis 1.7  '.sea 1 
Pew f e e t  below l e v e l  of p la in .  Fmaller streams 15 t o  42 feei ulde.  
Most r l vc ra  bsrdered by c o a s t a l  swamps near  t h e i r  mouths; so::? have 
borde? ~n . r  " i v s ~ p r ;  extend? n;l: in land  t 9 t h e  mouatain f r o n t  Ar ,a 17)  . 

% 

$kc? + : s 2. 'if and i n  many plr- 21% swam~:r. Lr.r?allp h a u c ; ~  s ;:!+-r?s 
l i e  CL;.?,WL.~ , ",s s , ~ c r e l - ~ - ~ o  and the  - t -"s tal  swamps- long ?ow r ~ $ ; e  f'ron. 
X t o x s s i  T :1a$e e:iz; margin 0:" s r e a ,  9aised ; ( > r a l ? c d s  ~ ' 2  t'nilr*; 

of lar,? zourmd Tg. K o b o ~ l .  Coral. - ?c?:'s a t  shsllou; deptil i  txtenc; eea- 
ward f 2 r  sop? d i s t s n c e  from t h e  S ' ~ ~ T Y ,  

?sir -, ;: it.:.i,-:~ . z % r t  t 4 C  S ~ ~ W S  (r11:e:as) An:' ;r -ii:Z1 j rS t : 3 
cons22 -yak ;  : er r -*  near  c c s s t ,  Coral sand ai I: ( 'ore, r e e  o q r  
shoi-s e-ls"l3vr ; lace 0.I" C ~ t o w a s i ,  

: e t t i e z e n t s :  A few n a t i v e  v i l l a g e s  b 111-t; ;:I beach r i dge  :l i??d --- 
r a i s s S  c w a l  r e e s ~  a long  shore. 

?S,OVK,~UILCJ; lidrise t 3 r e s t  and swanp vege ta t ion  coverint: ~ o s t  p a r t s  
3f e-ea m a t ~ G t h e  p ~ y i n  m s u i t a b l e  r o r  movement o; notarized un:L,, a f -  
rhough t o p o g r a p h ~ c a l l y  the land  is i&vorable .  F m c t r o o p s  cari n o w  
svith d l f f i : t i l t y  by c u t t i n g  t h e i r  way. T r a i l  through f o r e s t  a iong : * "  1 
?Jm S v e r  h i t o  Ares 17 Is only known e x i s t i n g  r o u t e  a c r o s s  p l a l a .  ! 

1 
Cover., -- Concealment, and Observation; - L i t t l e  topographic cover,  1 

LOW beach r i d g e s  a iz  r a i s e d  r e e f s  a f f o r d  some cover f o r  men. L i t t l e  
zover can obta ined  f r c tmthe la rge  s o f t  woo:L t rees  i n  the forc?*,ed 

"reas. I lauty for ' ; i f ica%ions i n  most parts of  a r e a  3:robatly f i l l .  
/ 2uiekJ.y v i i h  wate:.. 
f 

Forest-covered a r e a s  g i v e  exce&r?t ccncea:x -ant f o r  nen r ,  : x;'?t::n,r-e 
Lirtiited cc,n:.eczlme~,r, f o r  michines i n  dpen coconu-t F. soves along :!kc;?e, 

Obsemr.r,ion poor. Ground obse-vation i n  f o r e s t e d  area.; eanersLI; 
:irni%ed %.s + :cw yards.  

f n r e a  17. Mountains o f  Eastern  R ~ i m a h e r a  ! 
r l  ~opogru-phy: Rugjiea 2sgion made ~p of lor& ~ r r e g u l a r  r i d - e s  znd 

spurs  separ-.+;ed by narrow Y-shaped ~ a ~ l e y s ;  f o m s  central.  p a r t  <if moz;:,., 
",inous e a y ~ e r n  am of Hahnahera. Cmmits  commonlj l e s s  ;,ban 1 3  $0 feer: 
~n al'i;itudr? and r p i i e f  ; miximum a l t  l sudes ,  about i s 0 0  an$$ 200:' P e t  ,, 
reached by  yeaks Ln c e n t r e 1  and n o r m  wes t  p r t s  c. d l  ,.w.?';g 

I r e  re.Anc:c : ;Lr~oez  gene:.^?-ly very ., [,en; l o c a l l y ,  e spec i a l ly  , - -?e  
? z u n t t i ~ n s  a ~ . c e n d  id coaes7;al p l a i n  c: Maba (Area 16)  and aloii-. *?e 
' :den and :-oeger, x i v e r  v a l l e y s ,  1c;ver s lopes  p r e  modera-. 2: : o p c  i c t 2  e. 
n t h e  nomn,  the mounttl  --s a r e  boraered by t h e  Yaba a l l - d i e i  ::in 
Ares l6) * . T I >  i t s  r-  rro- ~ x t e n s i - ? ?  - :he ea s t .  ?"he ,?r)i?~:-! - I % ~ - .  

.cuntain s ioges  commonly r i s e  a b r u ~ t l y  behind t h e  beaches; t h *  Q ,.ye 
mall coas t s ;  lowlands between t h e  F l n $ i t i o n  of K o h  and n i l - - -  nf 
Zaleh,  e i t h e r  s i d e  of Mesa v i l l a g e ,  zricl' e a s t  of t? e VJaiTo v iv  T .  ~ ' t ~ l + h  
-oasr, is somewhat i r r e g u l a r ;  indente-, by maw -'rnslX. bays. Tni- hLeh 
' ~ V R F ,  the loiver cou r s f s  of i t s  t r i b u r s r i e s ,  and t h e  lower collrC-- o t  
:he Coepar. flow i n  open V-shaped valleys wi th  f l , : s l a m s  a "i' 1;n- 

red  f 3 2 %  + , m r e  than  7 mile  wide, l isewhere,  - !.eys 6 e r*.. . - & A  

steep-sided p i t h  l i t t l e  o r  no f lood  p la in .  ?!lost s t reams : , re  s . n a l ~  w i t h  
: :~dera te  t o  low g r a d i e n t s  except i n  Tanair upper courses.  "he l * ~ r f f e ~  
-treams (Waleh, Foepen, Dote on t h e  suuthern s i d e  of t h ?  6 i ~ i j  th,: 
"?tog;-%so cr, t h e  no r th )  a r e  more t h 3 ~  100 f e e t  pel t e e  

Grounu Conditions: I n  c e n t r a l  r,crt of range,  l a t e r i t i c  - ?y o r  --- --- 
, a~- loam 13 t o  30 f e e t  deep. Bare pock i s  exposed l o c a l l y  a ?  c l i f f s ,  
:?dges and rock-strewn slopes.  Mountains nea re r  &sts hsve ! i?nt  

+e lore!  sandy o r  s tony loam which a t  6epth of 10  t o  20 f e e t  gre4es : . ~ - o  
_sgsely cemented conglonerate  o r  s a > Q  bedrock. fin no r th  co~.~:. nnd on 
.+:;uth coas t  eisst of Mesa, c o r a l  l imestone beds ocrur  iri  the cxi~lorntri--= 

;e u? t o  elf l t u d e  of 300 t o  500 f e e t ;  l o c a l l y  f3rm c l i f f s  0:: --o?lcy 
-;lopes a l o n r  s t ream va l l eys .  S o i l  on limestone i s t h i n  red-brow ~ 7 , ~ ; ~  
.:ome sandy loam t o  c l a y  loam on narrow c o a s t a l  loTd*ands. 

Grounci gene ra l ly  wel l-drained except f o r  sone small marsh :a ( I-' 
s w w s  In vo i l ey  f l a t s  of l a r g e r  r i v e r s ,  and on z u a s t a l  Iswlalsd ' es-  
e c i a l i y  Re-- r i v e r  mou+l-,s). S o i l s  ;:snerallp be~\>;~ie s l i ~ z e ~ v  sEii 

'.fa? l c e t ;  Torn deen mud along well-13-ed trails. ;round can t ~ e  c:ica% 
i t h  hand t o - ~ l s  exc=c!pt i n  c o a s t a l  a r e a s  where l lrrlsn~one :? cove-.ea 7 .0 -  

- 3 1 1 ~  by thin s o i l .  

I '~*ropieu; ral:? f o r e s t  covers,  9xcept Y s r  - tcha l  ~i,' , 2:: -er: 
3 ~ ; * o ~ d  g r z t c  >r c- 2 .and- ~ r o w t h  for; r e a r  coss t f -  '. ~ 1 l . f ;  - c 9 .  -'-i*.@ 

I :;-;.;amp " mesc &long stream bottoms; t t l e  XR~C; I~ -VP n~)r-h: of I1i+, Js*'?04;, 
i 

! Set t lements .  fev n a t i v e  v i l l a q e s  along sol1 ;F, cob.-+,: ~ ~ n , l J d :  l?'nr 
i 

--- - - 
t l o n s  ~ ~ ; ~ r t t ? d  e t  3 few n o i n t s  on I mlands ,  Ir.,;nrior o+' s3reeh.n~~ I L: 

f ~.rmanen.t s ~ t t l e m e 2 $  s. 
I 

;lovenenx : R a c i e r  a r e a  gene ra l iv  -<nsuiSed f l ~  f r e e  ricvemc-YI "; FP5a.- ----- -- 
%3nt:,icus ~ ~ ? e t c h e s  o f  lowland and benlhes along qr- i th  ectqst m v  ? L ~ J ~ .  - ,..I. 

r e  s u i t s b l c  f o r  motorized t roops.  Onen Troves oi 1 oconut a(! ~rci" k15t1::?.2 

r- ly  permit ?assags of mechanized veh , l e s .  ?do t  t - ~ 3 p s  pr-nha- .e 1. 

7va ~nq,lv. Mars1 OS. iz,;ss::lmd) n9f33 ,if Yiafek :* ; n a 1 -3 - , -  57 .-'*; 
Feas :27,0nt7 rnoast probably impede both Inen a;? me@; LIES, C?ST,+ ' - I -  )- . -. 

r ' ilny seasorir, Tb.ce~1; f o r  sho r t  footn;it;h throut% )l.n,ntatir,n - + '17ea 78' 
. ., T ccastcsl % r a i l s  :.iSs kn.srm, 

- ri n.:::;:.. cci~c::,.., seer  i:->i: motorize< u.ni-ts canrrc;?: ar,ove off ::i:+,;r-1 ., 1.:~ 
; laod- , in in  i'd;ms c o r r i d o r  t h ~ o u g h  two 't. ..birds OT YEP z rea ,  b u t  .-c~e->ex$ 

. ff ' ic!  11% t.cc-a;lse pi' dcn,c.c yegetut i - : ;  ~ i :d  s w ~ ~ ?  a ~ ~ a s ,  FgL." *'; , - ,  ) ..- I _ ._ 7 

., :.ye ?,.?:ass -?!antry on ly  z:-",th d i" f i~- ; : .~y ;  p-o$~.bly - l a s i e s t  on :%i . R e  pr. .:s'.;.:; 

:;-.re 7' ?r-e+ - ": 29  is qeneyal ly l e s s  dz,:;!:.::, C y 3  y kL--t.-? -C-.T : -' &I LLt,.. !. L c. s ... , -... - .  :*$- 
, . . . * ,  ..-... 

s';y-. ?I .? '  .-";7m T$;:?>a T;$T%~!Z 2"; :- lross y???;(: :;*.r>3 5.7 : . . -  
. > A .... , -.., . ~, 

-. -.* . . I!i.g!g xi..: --,:lbut;.,,yies c:' t h e  I:,vsf:ie;i; c -; soui;h sl;:;< of the: jA-;.,, . . : . : .  

: zllri;*: r l ::?-<: i. ~ l o ? ; , i ; s  of'  :;'sleh VA lie;: i.:.~:; idil.if7 the  L! .s:lsely c;-re: .. ,:-IT!; .<t-i'..l sy 
-.., 

,' . a -  ..?~ra i,27iu,r, t y a ;  '. _'.:rk3, one .':.;rich cro.=,s : . . $ . .  :;.:;~;:tr t z  ,-::ttc?m, 2,. - . . . *  . 

k 3 C: a . - T" j f , , !>they r .:r,t i11:ling "-'y*-. th.2 Wa; i: ': - A ~ A n s  -;il~er f-. 5.: - 2, : ~-' , +' 

;- th.. :"2e!)e:; i'ro::: rite v i - i lage  cr@s::i'fi t o  the  v d ~ :  .::;I, vall+;: a"L::-lt,, ,:.y;?q 
.... $2Qj;,;>?.Xe . +- i b ~ : . ~  3 , :,':-.:. S r n i l s  ale-.g r.s:-;t s e c t i o n s  ~ u n n o t  be :~,:i;u by 

C' .." ,-, . ..:,is: t k . ~ . y  c s m ~ o t  be ~mei?, . . ";mes of h~:rrj.:v r a in s .  

iuii qf,rearcIt' :irobably can 3e " .:ed except : r : ~  Z ' l ~ s h  ; Ioccd" ,  f 
G irc;er *:r*,- 2 ge; ,erai iy  shallow: -i-dable a F. :'t d i s t ance  ;nlhil;! L 
a'0ng ~ ~ r m ? ? .  i a r c  o?.?.siny diagonnll .  .,?tween t h e  :rj" of %me. l . l? : .~~  1 
: e a r  t5e cis:: '; i h a  rhannels a r e  dest:d?-7, Forre s t p  . s iire bor.dct.8 1 5 + .sL . i y  , 
,..r 
', , swam;13 a i  x::!~ maka a?prz+,f:hes d l f f - "  .It. Local l  -, s t e e u  h?n!:~ m r i  .<.; 1 
,S t h  ve ye",et: ,.? a-c: f-3h~tes:es t o  + -o :r' & ~ s  withcut  baildin,;  of :;hc:* 

i .a-is os $ r i d  " ~ 3 ~  

L -s* - V s _ U I  

- m;na?y " e .  L : ; ~ ? ~ - ~ : t t &  ' -: x r e d  b:r " I-??: (3  "i(!pq 

.-..I. , ,PC&:: ;;' ~ d .  Z ; l %  . < ' f' , .Tee: 2 k 

& c r  . +  S U -  rp 



HALMAHERA (MOLUKKAS) 
Opgenomen doer den Topagmfireben die& in I= 

TERRAIN APPRECIATION 
RES. AMBON. Afd. Ternate. 

Blad 48 en 55 (Alg N? XVII-102 en XVIII-102.) 
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H A L M A H E R A  

*tn\\' Coast a1 b l u f f  r 
I I W ~  and c l i f f s  

Common abbrev ia t lone  

P. Island 
Tg. Cape 
A. River 
X. River 
Bk. Mountain 

V A N  H A L M A H E R A  
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HALMAHERA MOLUKKAS) TERRAIN AP?RECIATION 

SHEET PJO, XQII-102 - XVIII-102 

Area Eo, 1 7  - Mountdns of southeastern Haltnahera 

'Po~omaphy: Rugged mountainous regiontcMssfly made up 
long ridges and spurs separated by narrow V-shaped v a l l e y s , f ~ ~ ~ ~  
termirrrztion of the mountainous arm of klmahera. Main ridges 
show various trends; east m d  north trends are most common. F M m  the 
southeast corner of the area single unbroken ridge extends eastward into 
the Sea of W d e r a  a8 a narrow finger of land generally l e s s  than 2-112 
miles wlde, %rimits commonly 1,000 to 1,690 feet  i n  a l t i tude  and rel ief ;  
maximum al t i tudes of about 2,2& and 2,393 fee t  respectively reached by 
peaks of DEunoli and Tadjam. Smmits rounded; slopes generally steep; 
some rocky, especially near valley bottom%, Along the Wadji River and 
locally near the eoasts, slops8 are moderste t o  gentle, The Watji River 
and lower courses of Its trilontaries a t  n*~rthwest flow i n  open V-shaped 
valleys wfth -11 floodplafna, Elsewhert-, valleys narrow and steep. 
sided w i t h  P i t t l a  or no f1oocI~:dn. Coasc generally low; bordered by 
narrow sandy beaches or old raised coral reefs. On south coast, steep 
mouataln slopes commonly r i s e  rsbruptly behind t b i  beaches; d m g  parts  of 
the north and east coasts, lowXands 1-1/2 miles to  a few hundred fee t  
wide border the mountain front, Streams generally small wfth low gradients 
except i n  the i r  user courses, The WatJi., the lexgeet r iver ,  drains most 
of the northwest part of the quadrangle. A few streamas draining to  the 
north, flow t h r o w  short unckrgomd cou~see  under old raised coral reefs 
before reaching the coast. 

Low swampy ielands of Tjef, Inggelang and Seal l i e  imediately off 
northeast ti9 of area; Woto and Wor l i e  farther off shore to north, Islands 
r i s e  only few fee t  above sea Level; cornonly rirmned by coral reefs, Beefs 
extend short dis tmce off shors from most rit north coast and locally from 
east coast. 

OToud Conditions: Region of highest al t i tudes i n  south-central area 
bas red-brown l a t e r i t i c  clay loam or clay s o i l  15 to 30 fee t  deep. Bedrock 
deeply weathered volcanic ro&: outcrops locally a s  c l i f f s  and rock-Strewn 
slopes and along stream bottoa8. Surroundng t'Ms region on all except 
west side and extsndlng along the south side of the narrow @finger"s bel t  
of yellov-brown to red-brown sandy or staxay lorn which a t  depth of a few 
fee t  grades into poorly consolidated conglomerate and sandstone, On north 
and east coasts, c o r d  limestace foms leers i n  the conglomerate up to al- 
t i tudes of 500 fee t ;  limestons bas clay s a i l ,  thin except on same gentlo 
slopes and in depressions; lbsseone  outcrops P o c ~ l l y  as c l i f f s  and ledges. 

Wound generally well drained, Soile become slrlypery when wet but 
generally dry f a i r l y  rapidly, Can be excavated by hAnd tools except lo- 
cally i n  areas of limestone with thin so i l  coves. 

Most of the area covered by tropical rain forest;  undergrowth mode* 
atelexcept i n  valley bottoms &ere dense tangle of creepers end bushes i s  
comon. wen cseonut groves border coasts; coconut plantations reported 
a t  Bi t jo l i  and on island of Ingel-. Around villages are areas of grass 
or second growth forest;  around larger  settlements such areas f a i r l y  exten- 

Settlements: A few native villages d o n g  coast; BitJol i  on the north 
coast, Gamsoengi (Patani) on south coast are probably most important. Some 
smaller villages inhabited only part of year. Large coconut plantation re- 
ported on Inggelang island; s m l l e r  plantations near Bi t jo l i ,  on Tjef island 
and a t  mouth of Spo on south coast. Inter ior  of area uninhabited, 

Narrow gently sloping coastal lowland may be suitable f o r  motorieed 
troops, Open groves of cocomzt palms and sandy beaches may permit some move- 
ment of mechanized vehicles, Foot troops probably can move easily, Marshy 
groundwest cli 5& Inggelang mey bs dif f icul t  $0 c r o ~ s  i n  wet weather. Trails 
have l o w  grades and can be easily improved; new ones readily bui l t  i n  most 
places. mstbng communication l ines confined to a few short discontinuom 
paths and borse t r a i l s ,  On a r r ~ t h  m a s t ,  horse trails from Loleolamo (Sheet 
XVII-101) through Patelei to Ktg, t joli;  Inggelang i s l m d  trails extend through 
the plantation. In southeast : ~ r t  of quadrmae horse trail crossgsthe narrow 
finger of land from HPlages (~ romd Tg, Sigillawa to  Jondolioe and neighbor- 
ing villages; another trail on  south coast, connects Moreala and Banemo. 

Most o f  the area so mountainous that motorized un i t s  cannot move withut 
roads. Foot troops can move across country only with diff icul ty;  prob~bly  
easiest on r idge  eyes", where wgetation may be less  dense, Only existing 
route across the mountains i s  a footpath from north coast up the Watji River 
and over mouniaina to the Spo ~ l a n t a t i o n .  Most of the path cannot be used 
by motorized eqnipaent without axtensive improvements; where i t  follows 
bed of WatJi River, trail cmmt be used f : ~  heavy rains. Streams probably 
can be forded a t  many points except during high water stages and f lash  

Cover, Concealment, Obse:*;d5tion t Woken terrain provides good cover 
throughout most of area. !&ails can be brought under f i r e  at many points. 
IbbazQments a t  inland margins of beaches t ~d beach ridges give some cover 
for  landing foot troops. Basa;y fortifica",ons made i n  deep soi l  which 
covers most of area; tangles s f  roots on $ q l e  floor may slow excavations. 

Dense vegetation gives excellent ccncea'lment i n  almost a l l  parts  of 
area, Coconut groves provide only limitei? conc~alment fo r  vehicles. Ground 
observation except from nearby Vantage ' faqG3te  4 w ~  very difficult. 

Trails largely screened ave~lappS,,~,g crams of trees,  
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Lmga numbers and heavy liner indicate terrain areas. 

Letterm and light linen indicate tartain t y p ~  ao  followst 
A. River and ccraetal lowland. 
B. Terraces, inland flu€ 8 ,  rlctping plains, ler r~lling 

hi 11s. 
C .  Hilly and mountainaus country. 

P. Island 
'P& b p s  
h River 
X. River 
Bk. Mountain 

4t:t\~' Coast el b lMf r 
rnltrr aad cliffs 
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HALMAHERA (MOLUKKAS) TERRAIN APPRECIATION 
1 

I Reliability Reting: Class B 

I SHEET NO. XVII, XVIII-103 I 
I Area No. 1'7. Mountains of Northeas t e r n  Halmahera I 

Topography: Narrow h i l l y  f i n g e r  of land a t  southeas t  t i p  of 
eas t e rn  Halmahera. West of Bk. Goeba ( a l t i t u d e  924 f e e t )  average 
a l t i t u d e  is  about 700 f e e t ;  eastward, e levat ions  decrease t o  about 
100 f e e t  a t  extreme t i p .  H i l l s i d e s  s teep;  d i s sec ted  by narrow 
ravines ,  Shore low; bordered on south  s i d e  by r e e f s  extending a 
few hundred f e e t  out from shore. 

S a j a f i  and Loewo, a t  north, a r e  low c o r a l  i s l ands ;  Loewo l e s s  
than 150 f e e t  a l t i t u d e .  Low hil ls  and t e r r a c e s  of eas t -cent ra l  
S a j a f i  a t t a i n  about 330 f e e t  maximum a l t i t u d e .  On e a s t  s i d e  of 

i S a j a f i ,  s lopes  a r e  moderate t o  s t eep ;  elsewhere low. Marshy ground 

I 
behind low beach r i d g e  borders most of  west coas t .  Low c o r a l  i s l a n d  
of Roeai of f  t i p  of t h e  f inge r .  I s l ands  l a r g e l y  bordered by r e e f s ,  

Ground Conditions: Area l a r g e l y  underlain by c o r a l  l imestone 
interbedded wl t h  conglomeratic o r  sandy rock. S o i l  i s  yellow-brown 
t o  red-brown sandy loam and sandy c l ay  which a t  depths of 2 t o  4 
f e e t  grades i n t o  bedrock; soil lacking i n  many p laces  and bare rock 
f o r m  low c l i f f s ,  rocky s lopes ,  and ledges i n  va l l eys  and along 
coast .  Southwest margin of peninsula h3s sandy loam overlying con- - 

Is lands  underlain bv c o r a l  l imestone; have t h i n  cover of c o r a l  I glomenteO - - 
sand, sandy loam, o r  c l a y  loam s o i l .  

Ground on i s l a n d s  and on mainland genera l ly  w e l l  drained except 
f o r  marshy areas  on west s i d e  of S a j a f i ,  

Tip of sou theas te rn  Halmahera l a r g e l y  covered by open r a i n  
f o r e s t ;  bordered b'y coconut groves. I s lands  l a r g e l y  covered by 
coconut palms; small a reas  of  rai.n f o r e s t  i n  i n t e r i o r  p a r t s ,  

Set t lements:  Only se t t lement  on peninsula i s  small  coconut - ---- 
p l a n t a t i o n  repor ted  e a s t  of Ek. Goeba. I s l a r d s ' h a w  no permanent 
se t t lements .  

Movene n t  : Dense vegeta t ion  and rugged t e r r a i n  form b a r r i e r  t o  
movement of mechanized un i t s ;  f o o t  t roops can move wi th  d i f f i c u l t y .  
On S a j a f i  and Loewo, dense vegeta t ion  makes movement v e r y  d i f f i c u l t .  

Cove?, Concealment, and O b s e r v a t i z  H i l l s  and ravines g ive  - --- I_ 

cover f o r  men on peninsula aid i n  e a s t r c e n t r a l  S a j a f i .  Beach r idges  
( e s p e c i a l l y  on w e s t  coas t  of S a j a f i )  and low embankments a t  i n l and  
margin of beaches may give l o c a l  cover t o  a few men. Abundant vege- 
t a t i o n  gives adequate concealment and r e s t r i c t s  observat ion t o  a 
few yards, 

Prepared by U. 5. Geological Survey 
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HALMAHERA (MOLUK KAS) TERRAIN APPRECIATION 
RES. AMBON. Afd. Tbrnate. 

b 

Opgtnomen door den ~opograf irchcn Qienst In 1922-195 Blad 52. (Ale. NQ XVIIl - 99.) 

Large numbers and heavy l inee  indicate terrain areas. 

/ 

Letters and l ight  lines indicate terrain tmes as fallows: 
A. River and coastal lowlend. 
B. Terraces, inland f lrts,  s loping plains,  larr rolling 

bills.  
C. H i l l ?  and maulltatnoua country. 

P. ~~~~d 
TG ~ P s  
&. River 
X .  River 
Bk. Mountain 

Mush (arusl&nd) 1 '  (roar t d bluff 
MCA sad c l i f f s  A A A Rocky area. 

Tg. Ooemt 

Tg. Oar- 

L E O E N D A  
ADMINISTRATlBVE WDEELINO. 
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HALMAHERA (MOLUKKAS) TERRAIN APPRECIATION 

Preliminary text submitted prepared by U. S. Geological Sumey 
without checking or editing. f o r  Chief of Engineers, U. S. Amy 

U- S. Geological Survey 

Reliability Rating: Clasa B S H m  NO. XV111-s 

Area No. 19. Mountains of Southen  Halmahera 

T o p o a r s . :  Rough mountains; a rea  i s  northern p a r t  of mountain 
range forming backSone of southern peninsula. In  cen t r a l  p a r t  of a rea  
maxi111'm a l t i t udes  exceed 2,600 fee t ;  a t  north, more than 2,000 fee t ;  
a t  south, general ly  l e s s  than 2000 f ee t ,  

Crest  of range trends roughljr north-ssuth; commonly 6 miles o r  l e s s  
froni west coast.  A l o w  r a q e  cres t ,  summits a r e  narrow, rounded. 
Steep west slopes r i s e  abruptly from coast  r from a l l u v i a l  p la ins  
ea s t  and northeast  of v i l l ages  of &aid% a d  Lifofa. Alluvial  plains 
vary i n  width from about $ t o  5 miles; slope gent ly  seaward from 
a l t i t udes  generally l e s s  than 150 f ee t ;  loca l ly  small  h i l l s  and rid- 
ges r i s e  300 to  500 f e e t  above sea level .  bet wee,^ h a s  Point and 
Bosoboso mountain, rocky headlands o r  small sand] beaches border the  
20tist. 

East f lank has s teep  slopes above 500 f e e t  a l t i tude ;  commonly mode* 
a t e  slopes below t h a t  a l t i t ude ,  

Streams commorily sho r t  and swift ;  va l leys  narrow Pvmth s teep  gradients.  
On pla ins  around Maidi and Lifofa, streams have low gradients; i n  
places have cu t  channels several  f e e t  below l e v e l  of plain.  

Ground --- Conditions: - - Dark red-Srown l a t e r i t i c  c lay  loam o r  c lay 
on mountain slopes; depth 15 t o  30 f e e t ;  grades downward i n t o  deeply 
weathered, well-fractured dark-colored t r a p  rock and volcanic rock. 
Bare rock outcrops l oca l l y  on s teep  slopes, sedc l i f f s ,  and along 
stream bottoms; on west s ide  along range c r e s t  is  extensive b e l t  of 
c l i f f ed  o r  rocky slopes. On Maidi-Lifofa lowland, yellow-brown t o  
red-Srom sandy o r  stoney loam; l o c a l l y  c lay o r  c lay  loam. S o i l  i n  
mountain regions is  well-drained but w i l l  forin deep mud i n  rainy weath- 
e r  where vegetation has been s t r ipped and s o i l  disturbed by excavation, 
heavy t r a f f i c ,  o r  excessive s l u q i n g .  

Large areas of marsh (drasland) cover much of the  a l l u v i a l  p l a in  
e a s t  of Maidi and Lifofa; p la in  may be pa r t l y  under water during the  
rainy season. 

Mountains covered by t rop i ca l  r a i n  fo r e s t ,  which probably i s  most 
dense and has heaviest undergrowth i n  va l ley  bottoms; vegetation l e a s t  
dense on ridge c r e s t s ,  

Dense bamboo brakes along streams on Maidi-Lifofa p la in -  Around 
v i l l ages  a r e  areas  of coarse grass  a d  second-growth jungle with scat- 
t e red  large t rees .  Coconut palms border coast  except where s t eep  slopes 
and rocky headlands r i s e  d i r e c t l y  from the  sea-  

Settlements: A few small native se t t lements  along the  shore; in-  
t e r i o r  uninhabited. 

Movement: Barr ier  area. Steep slopes and dense t r o p i c a l  vegetat- 
i on  unsuited f o r  inovement of motorized troops off  roads. Good foo t  
path from Pajahi-islam (Area 18, Sheet W11-99) across the  mountains 
t o  Weda Bay; grades a r e  moderate, l x + a l l y  steep. Some shor t  foot  t r a i l s  
across Maidi-Lifofa plain.  Foot t r a i l  from Lifofa v i l l age  crosses range 
nort'n of Bk. Doekoer; follows bed of Lifofa River nearly t o  headwaters. 
T ra i l s  probably cannot be used by motorized equipment without consider- 
able improvement. Relocation of t r a i l s  b u i l t  i n  stream beds - r l j i  be 
necessary f o r  all-xeather use, Some movement of motorized uni ts  pos- 
s i b l e  on Maidi-Lif ofa p la in  i n  cu l t i~ ra ted ,  grass-covered, or yo- 
second-growth areas t h a t  extend f o r  some distance inland from the v i l -  
lages, and i n  open coconut groves along shore. Where p la in  i s  covered 
by r a i n  f o r e s t  o r  swamp vegetation, motorized equipment probably can- 
not move ea s i l y  away from t r a i l s  i n  s p i t e  of su i tab le  topography. Foot 
troops can move across most par t s  of t h e  area; must cut  t h e i r  way i n  
many places. Ridge c res t s ,  where vegetation generally i s  l e s s  dense, 
a r e  probably ea s i e s t  routes; s teep rocky o r  c l i f f e d  slopes near c r e s t  
of range a r e  serious obstacles even t o  foo t  troops. 

Streams can probably be forded a t  many points except during f l a s h  
floods, which are  comon during seasons of heaviest  rain.  

Cover, Go$cealment, and Observation: Hroken mountain topography - 
gives good cover over most of area. On Maid i4 i fo fa  plain,  l i t t l e  
cover i s  avai lable  f o r  motorized uni ts ;  some cover f o r  men provided by 
high stream banks, hilb south and e a s t  of Maidi v i l lage,  and small 
topographic i r r e g u l a r i t i e s  of plain. 

Dense vegetation affords excel lent  concealment i n  areas of r a in  
fo r e s t  and old seconc$powth fores t .  Grass and young seconqgrowth a- 
round v i l l ages  give only incomplete concealment f o r  vehicles. 

Observation general ly  poor. Crowns of t r e e s  in ter lock and large- 
l y  conceal even well-used t r a i l s  from a e r i a l  observation. Ground ob- 
servat ion generally l imi ted t o  a few yards; men i n  high grass can see 
only a few f e e t  ahead. 

- - -- -- pp - A 
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HALMAHERA (MOLUKKAS) 
TERRAIN APPRECIATION 

RES. AMBON. Afd. Ternate. Opgenomen door den Topografischm dienst in 1922-19P.  

Blad 46. Blad 53. (Alg. Ng XVIII - 100.) 
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HALMAHERA (MOLUKKAS) TERRAIN APPRECIATION 

I Reliebility Rat ing :  C l ~ s s  R SHEET NO. XVIII-100 

I Area No, 19. Mountains of Southern Halmahera 

T o p o g r a m :  Long s tsep-sided r idges,  t rending  gene ra l ly  e a s t  t o  
southeas t  From t h e  c r e s t  of t he  range (Sheet  52- XVIII-99), r i s e  
s h a r p l y  from the  c o a s t a l  lowland on e a s t  s l d e  of peninsula  except  i n  
t he  nor th  where h i l l s  and t e r r a c e s  descend d i r e c t l y  t o  t he  sea ,  be- 
tween Xeda and Tg. S i l o t a .  A l t i t udes  gene ra l ly  350 t o  500 meters.  

Sununits narrow b u t  g e n e r a l l y  rounded. Slopes s teep;  l o c a l l y ,  
lower s lopes  moderate t o  gent le .  Ridges farrowed by numerous mrro-H 
s t e e p  rav ines .  P r i n c i p a l  v a l l e y s  have s t e e p  wal l s ;  s t reams fo l low 
narrow v a l l e y  f l a t s  conanonly 4 mile  t o  a few hundred f e e t  wide. 
Small t r i b u t a r y  s t reams have moderate t o  s t e e p  g rad ien t s  w i t h  numer- 
ous small waterfa'ks; p r i n c i p a l  s t reams g e n e r a l l y  have low, r e g u l a r  
g rad ien t s ,  

North of Ti lope p l a n t a t i o n  ( ~ r o a  20) t he  sha rp  r idges  break 
down i n t o  i r r e g u l a r  groups of low h i l l s  and t e r r a c e s  50 t o  100  
meters i n  a l t i t u d e .  The t e r r a c e s  extend no r th  a long  margins of Weda 
3ay, f o m i n g  low c l i f f s  and, around Noslikoe, p r o j e c t i n g  rocky head- 
lands. Small a r e a  of c o a s t a l  p l a i n  around Weda v i l l a g e .  

Grqund Conditions: Ridges commonly have sandy c l a y  l ~ a m  o r  -- - 
c l a y  which a t  a depth of 10  t o  20 f e e t  grades i n t o  conglomeratic o r  
sandy bedrock. Terraces along Weda Bay a r e  under la in  by c o r a l  
l imestone and gene ra l ly  have t h i n  sandy o r  s tony  c l a y  s o i l .  Bare 

exposed i n  low c l i f f s  and i n  stream v a l l e y s ,  Ground g e n e r a l l y  
we l l  dr2ined; mud which forms i n  t r a i l s  and excavat ions during 
r a i n y  season d r i e s  f a i r l y  rap id ly .  

Most of a r e a  covered by r a i n  f o r e s t  rrrrith abundant undergrowth. 
Vegetation l e a s t  dense on l imestone t e r r a c e s  and on sha rp  r i d g e  
c r e s t s o  Streams commnly bordered by dense growth of v ines ,  bushes, 
and bamboo th i cke t s .  

Se t t lements :  Weda, l a r g e s t  s e t t l emen t  i n  a rea ,  i s  important  nat- 
i v e  t r a d i n g  and admin i s t r a t i ve  c e n t e r  f o r  t he  Weda-Patani. d i s t r i c t .  
Noslikoe i s  small v i l l a g e  on low c o r a l  headland sou th  of Weda. In- 
t e r i o r  i s  uninhabi ted,  

Movement: B a r r i e r  a r e a  unsui tab le  f o r  movement of motorized - -- 
equipment wi thout  cons t ruc t ion  of roads. S e v e r a l  t r a i l s  i n t o  and 
ac ros s  mountains fo l low r idge  c r e s t s  and s t ream bottoms; none a r e  
s u i t a b l e  f o r  wheeled veh ic l e s  win tout  ex tens ive  improvements. T r a i l  
nor th  from Binongko ac ros s  t e r r a c e s  toward Noslikoe wi th  a l i t t l e  
improvement probably can be used by l i g h t  wheeled veh ic l e s  i n  drjr 
weather. 

Well-used f o o t  t r a i l  from Weda up Kenonga River  o f f e r s  b e s t  
rou te  f o r  f o o t  t roaps  t o  Pa j ah i  Bay; t r a i l  l o c a l l y  fo l lows  s+,rea.cn 
course and t h e s e  s e c t i o n s  may be unusable dur ing  r a i n y  season. 
Foot paths  i n  o t h e r  p a r t s  of a r e a  a r e  narrow, more rocky, and com- 
monly s teep;  generall-J a r e  more d i f f i c u l t  f o r  movement of f o o t  t roops .  
Easy deployment of men of f  t ra i ls  rhough i n  man$laces t roops  must 
c u t  way through underbrush. 

Streams can g e n e r a l l y  be forded by men o r  mac,Mnes except  dur ing  
f l a s h  f loods  i n  r a i n y  season. 

Cover, Concealment, and Observation: Broken rugged t e r r a i n  i n  -- --- - ------ 
most p a r t s  of a r e a  o f f e r s  good cover  f o r  men b u t  l i t t l e  f o r  machines. 
Low somewhat i r r e g u l a r  te rFaces  between S i l o t a  and Sosowomo may g ive  
some cover f o r  vehic les .  

Concealment f o r  men and machines i s  good i n . m o s t  p a r t s  of area.  
Vegetat ion cover  commonly l i m i t s  observa t ion  t o  a few yards ,  

I Area 20. Lowlands of Southern Halnahera 

Topography: Coas ta l  lowland i n t e r r u p t e d  by a few low r idges  
and i s o l a t e d  hills; l i e s  a t  e a s t  base of mountains of a r e a  19. P l a i n  
s l o p e s  gene ra l ly  eastward from a l t i t u d e s  of 150 f e e t  o r  l e s s  toward 
t n e  shore;  ( n o r t h  of Foja  River  mouth, s lope  i s  toward t h e  open 
poorly-defined v a l l e y  of t h e  Wairoro) . P l a i n  is  nea r ly  f l a t  o r  g e n t l y  
undulating; i n t e r r u p t e d  l o c a l l y  by a few i s o l a t e d  hills 150 t o  200 
feet  i n  a l t i t u d e .  E a s t  of the Wairoro, s e v e r a l  l ong  low r idges  r i s e  
100  t o  more than  500 feet above t h e  p l a in ;  t r ends  a r e  roughly north- 
ward t o  northwestward. 

South of FojaFoint, c o a s t  is low and sandy. North of FojaFjoir,?. 
c o a s t  is bordered by o l d  c o r a l  reefs i n  many p laces ;  l i v i n g  r e e f s  ex- 
tend f o r  s h o r t  d i s t a n c e s  ou t  from shore. 

Ground Conditions: Coas ta l  lowland and broad va l l eys  have yel- 
low-brown t o  red-brown l a t e r i t i c  sandy o r  s t o n y  loam; grades i n t o  
conglomeratic rock a t  depth of few f e e t .  Old c o r a l  r e e f s  nor th  of 

Fojaf4~. iorming l o w  r i dges  and h i l l s  between Wairoro River  and c o a s t  
w0i.;lh t h k i  c l a y  o r  sandy c l a y  s o i l ;  some low c l i f f s  and ledges of rock 
l o c a l l y  exposed. Coarse c o r a l  sand along beaches south  of Foja,  

Drainage f a i r  i n  many p a r t s  of a r ea ;  marsh (dras land)  betinreen 
1 o ja and Walek Rivers  may be p a r t l y  under water  dur ing  a long r a i n y  
season. S o i l  tends t o  form deep mud when wet and, where ground is  
poorly drained,  d r i e s  v e r j  slowly. 

Se t t lements :  A l l > %  shore are a few na t ive  v i l l a g e s  of 200 o r  ---- 
300 inhab i t an t s .  A few small v i l l a g e s  l i e  a s h o r t  d i s t a n c e  in l and  
southwest of Sos~womo. Large coconut p l a n t a t i o n s  sou th  and south- 
west  of Sosowoma a long  Tilope River. Western p a r t  of p l a i n  unin- 
habi ted ,  

Movement : Dense vege ta t ion  i s  se r ious  obs t ac l e  t o  movement -- 
of motorized u n i t s  wi thout  cons t ruc t ion  of roads, a l though f l a t  p l a i n  
i s  topographica l ly  f a~ ro rab le .  Foot pa ths  south  from Sosowomo through 
Foja and Mafa probably can be used by  l i g h t  t r a f f i c  i n  dry  weather 
wi th  a l i t t l e  improvement; cons iderable  improvenent needed f o r  a l l -  
x e a t h e r  use. Trails i n l a n d  along s treams probably e a s i l y  improved 
f o r  l i g h t  dry-weather t r a f f i c  , Motorized u n i t s  have l i m i t e d  move- 
ment i n  coconut p l a n t a t i o n s  and i n  open coconut groves a l ~ n g  south- 
e r n  p a r t  of c o a s t  and around Sosowomo. Some c l a a r e d  land  and young 
second g r ~ v r t h  f o r e s t  around v i l l a g e s  may be s u i t a b l e  f o r  motorized 
t roops .  

Foot t roops  can move away from trai ls  b u t  must c u t  t h e i r  way i n  
many places.  bense growth along s t r e a n  banks and i n  marshy a r e a  be- 
tween Mafa and Foja River  . 

Streams can be forded  by men and veh ic l e s  i n  many p l aces  during 
d r y  weather; l a r g e r  s t reams such as t h e  Foja and Wairoro cannot be 
forded by veh ic l e s  and poss ib ly  by f o o t  t roops  dur ing  long heavy 
r a i n s o  Muddy bottoms i n  13wer s t ream courses  mag be s e r i o u s  obs t ac l e s  
f o r  veh ic l e s .  

Cover Concealmen&, and Observation:- Long low r idges  and iso- - -  , - - - -- 
l a t e d  h i l l & v e  some cover  f o r  v e h i c l e s  and men; l i t t l e  cover  i n  
most p a r t s  of area.  High s tream banks and low beach r idges  g ive  a 
l i t t l e  cover f o r  men. 

Fo rzs t  g ives  e x c e l l e n t  cotlcealment i n  nea r ly  a l l  p a r t s  of a rea .  
Coconut groves and p l a n t a t i o n s  and young second growth around v i l l a g e s  
g ives  only p a r t i a l  cover  f o r  motorized uni t s .  

Except i n  open p l a n t a t i o n s  and grass-covered a reas ,  observa t ion  
i s  l i m i t e d  t o  a few yards.  Trails l a r g e l y  concealed from a e r i a l  ob- 
s e r v a t i ~ n  except  i n  more open s e t t l e d  and g ra s sy  r eg ion  around Soso- 
womo and t h e  p l a n t a t i o n s .  

& 
F r e l  iminary  t ex t s u b m i t t e d  Prepared by I!. S. Geological  Survey 
W I  thout checking o r  e d i t i n g .  f o r  Chief of Engineers, U.  S. Army 
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HALMAHERA (MOLUKKAS) TERRAIN APPRECIATION 

I Rel i ab i l i t y  ra t ing:  Class B. SHEGT NO. XIX-99 I 
I Area No. 19. Mountains of Southern Halmahera. I 

Topography: I r regu la r  rugged mountain range; r i s e s  s teep ly  from 
west coast  of south Halmahera, Drainage divide trends roughly p a r a l l e l  
t o  coast. Summit a l t i t u d e s  i n  cen t r a l  and northern pa r t s  of quadrangle 
commonly l e s s  than 1,700 f e e t  a l t i t ude ,  l oca l l y  a t t a i n  2,000 fee t .  
Mountain mass of Bk. Oewattjan i n  south par t  r i s e s  t o  more than 4,000 
f e e t  (1250 meters); several  minor summits a r e  more than 3,300 f e e t  above 
sea level .  

Summits rounded, commonly narrow. Slopes generally very s teep  i n  the  
Bk. Oewattjan massif; s teep t o  moderate i n  cen t ra l  and northern par t s  of 
the chain. Mountains a r e  highly dissected by numerous s t e e p s i d e d  ravines 
arid small  valleys. East  s ide  of divide drained by headwaters of long 
streams crossing e a s t  s ide  of peninsula. On west, streams a r e  shor t  with 
moderate t o  s t eep  grades. Along most of west coast,  mountains descend 
abruptly t o  s t r i p  of coas ta l  f l a t  ranging from few Hundred f e e t  wide t o  
about a mile wide near Tg. Dolet and Tg. Eoso. 

Ground Conditions: On mountain slopes, c l ay  loam o r  clay s o i l  15 
t o  30 f e e t  deep, grading downward i n t o  deeply-weathered, dark-colored vol- 
canic rocks. Bare rock outcrops l oca l l y  on s teep  slopes, sea c l i f f s ,  and 
along stream bottoms. Low ridges i n  east-central part af area  a r e  under- 
l a i n  by conglomerate (volcanic material)  and probably have a s l i g h t l y  
more sandy s o i l .  Ground i s  generally well drained but forms deep mud i n  
rainy weather i n  excavations and well-used t r a i l s .  

Area mostly covered by t rop i ca l  r a i n  fores t .  Around v i l l ages  a r e  
areas of second growth fo res t ,  ranging from tangle of brush t o  f o r e s t  
resembling v i rg in  jungle; l o c a l l y  a r e  grassy o r  cul t ivated areas. 

Settlements: Some small native v i l l ages  on coast; most a r e  north --- 
of the  Semo River. I n t e r i o r  i s  without permanent settlements. 

Movement: Barrier  area,  without known roads o r  t r a i l s ,  except a 
s ingle  foot  path along coast.  Mountains impassable f o r  motorized uni ts  
without construction of roads. Steep slopes,  ravines, and dense vege- 
t a t i o n  make movement d i f f i c u l t  even f o r  foo t  troops. 

Foot path along coast  i s  unsuitable f o r  motorized equipment without 
widening and grading; probably w i l l  require considerable improvement f o r  
all-weather use by heavy wheeled vehicles; some deployment possible away 
from t r a i l s ,  among widely-spaced coconut palms and i n  areas  of grass  ard 
l i g h t  second growth. Locally movement possible along beaches a t  low 
t ide .  Shallow streams can be e a s i l y  forded except during f l a s h  flood8. 

Cover, Concealment, a& Observation : Numerous deep ravines and 
high ridges offer  good cover. L i t t l e  cover f o r  machines on narrow coasG  
a1  plains and beaches; beach ridges and low banks a t  landxard margins 
of beaches can give some cover f o r  men. Throughout area, l a rge  t r e e s  
afford part ialcover.  Native bamboo o r  palm houses give concealment but  
l i t t l e  o r  no cover. 

Dense vegetation gives excel lent  concealment i n  almost a l l  parts. 
of area;  p a h  groves ard  young second growth around v i l l ages  afford 
only incomplete concealuent f o r  motorized un i t so  

High peaks and ridges afford numerous vantage points commanding 
coast and Molukka Sea; vegetation cover commonly r e s t r i c t s  observation. 
High r e l i e f  a n i  dense vegetation make observation very d i f f i c u l t ,  ex- 
cept  a t  very shor t  d is tanceo 

Area No. 20. Lowlands of Southern Halmahera 

Described on Sheet No. XIX-lCO. 

Preliminary text submitted Prepared by U. S. Geological Survey 
withobt cnecking or editing. f o r  Chief of Engineers, U. S. A m y  
U. S. Geolcgicbl Survey 
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HALMAHERA (MOLUKKAS) E R R A l N  APPRECIATION T 

I R e l i a b i l i t y  r s t i n g  : Class  B I 
I SHEET NO. XIX-100 I 

Area No. 19 - Mountains o f  southern Halamhera 

Topography: Rough i r r e g u l a r  r i d g e s  and h i l l s  t rending  no r theas t  
o r  southeas t  from t h e  p r i n c i p a l  north-south c r e s t  of t h e  range. (Sheet 
XM-99) . Maximum a l t i t u d e  about 2300 f e e t  i n  southwest p a r t  of quad- 
range but  a l t i t u d e s  f o r  most pa r t  a r e  1600 t o  1000 f e e t .  Most r i d g e s  
bordered on two o r  t h r e e  s i d e s  by lowlands o f  Area 20; i n  p l aces  boun- 
dary is  sharp,  i n  o t h e r s  t h e  low e a s t e r n  t i p s  o f  r i d g e s  merge wi th  
h i l l s  and t e r r a c e s  along margins of p l a i n s  (Area 20).  

Summits commonly rounded; i n  p l aces  broad and f l a t .  S lopes  mod- 
e r a t e  i n  most p l aces ,  l o c a l l y  g e n t l e ;  c u t  by  many narrow g u l l i e s .  
The numerous smll streams a r e  t r i b u t a r y  t o  l a r g e  east-flowing s treams 
which, i n  southern p a r t  of a r e a ,  have broad open v a l l e y s  roughly par- 
a l l e l i n g  t h e  r i d g e  c r e s t s .  

Ground --- Conditions: Long r i d g e s  have dark red-brown s l i g h t l y  
sandy c l a y  loam o r  c l a y ;  depth commonly 1 5  t o  30 f e e t ;  bedrock ex- 
posures  l a r g e l y  l i m i t e d  t o  s t ream bottoms i n  upper reaches  where 
v a l l e y s  a r e  narrow and g r a d i e n t s  s teep.  Higher mountains a t  southwest 
have a clayey s o i l  over ly ing  deeply weathered dark-colored volcanic  
and t r a p  rock;  ba re  rock exposed l o c a l l y  on s t e e p  s l o p e s  and i n  s t ream 
bottoms. Ground g e n e r a l l y  w e l l  d ra ined;  deep mud forms i n  t t r a i l a  un- 
de r  heavy t r a f f i c  during r a i n y  season bu t  d r i e s  f a i r l y  r ap id ly .  

Area covered by t r o p i c a l  r a i n  f o r e s t .  Undergrowth probably most 
dense i n  v a l l e y  bottoms. 

Se t t lements :  Largely uninhabi ted.  No known permanent se t t lements .  - --- I 
Movement: B a r r i e r  a rea .  Rough topography and dense vegeta t ion  

make a r e a  unsu i t ab l e  f o r  movement of motorized u n i t s  without  construo-  
t i o n  of roads. Only known f o o t  pa th  is sho r t  narrow one c ros s ing  spur  
of Gigima from c o a s t a l  p l a i n  t o  upper Mafa va l ley .  Foot t r o o p s  can 
move only wi th  d i f f i c u l t y ;  must cut  pa ths  i n  many places.  Movement 
probably e a s i e s t  on r i d g e  c r e s t  where underbrush is l e s s  dense. S t eep  
s l o p e s  on h i l l s i d e s  and dense vege ta t ion  on v a l l e y  bottoms a r e  p r i n c i -  
p a l  obs t ac l e s .  

Small stream can probably be  forded except when i n  f lood.  Pr in-  
c i p a l  e a s t  and no r theas t  flowing s t r e m s  probably d i f f i c u l t  t o  f o r d  
during long heavy r a i n s .  

Cover, Concealment and Observation: Ridges, s p u r s  and r av ines  
a r e  p o s s i b l e  cover f o r  men and machines. Large t r e e s  and h a s t y  f o r t i -  
f i c a t i o n s  o f f e r  some cover f o r  t roops.  Long r i d g e s  of t h i s  a r ea  l o -  
c a l l y  a f fo rd  cover and concealment from naval  f i r e ;  t h e i r  s m i t a  com- 
mand western p a r t  of lowland p l a i n s  (Area 20) .  

I n  almost a l l  p a r t s  of area f o r e s t  o f f e r s  exce l l en t  concealment 
from aerial and ground observat ion.  

I Area No. 23 - Lowlands of southern Halmahera I 
Topography: Low f l a t  o r  g e n t l y  r o l l i n g  c o a s t a l  p l a i n  on e a s t  s i d e  

of peninsula;  pas ses  g radua l ly  i n t o  broad v a l l e y  f l a t s  bordering pr in-  
c i p a l  r i v e r s ;  l o c a l l y  broken by low h i l l s  and benches. Comonly one 
t o  4 m i l e s  wide; broad v a l l e y  f l a t s  extend 5 t o  10 m i l e s  inland.  Low- 
lands  s lope g e n t l y  seaward from base  of rugged mountains. Maximum a l -  
t i t u d e  gene ra l ly  l e s s  t han  100 f e e t ;  near  inland margins o f  p l a i n ,  low 
h i l l s  and t e r r a c e s  a r e  100 t o  300 f e e t  above sea  l eve l .  A few h igh  
isoLated h i l l s  r i s e  more t h a n  800 f e e t  above t h e  p l a i n ;  s e v e r a l  a r e  
300 t o  600 f e e t  i n  a l t i t u d e .  Ground g e n e r a l l y  f l a t  o r  g e n t l y  r o l l i n g .  
S lopes  gene ra l ly  low; i s o l a t e d  h i l l s  have moderate t o  s t e e p  s lopes.  
Boundary between a r e a s  19 and 20 commonly marked by sharp  s teepening 
of slope. 

Except between h igh  r i d g e s  of a r e a  19 ,  s t ream v a l l e y s  a r e  comonly  
poorly def ined;  merge wi th  t h e  r o l l i n g  p l a i n s  of broad i n t e r s t r e a m  a r e a s .  
I n  p l aces  streams flow i n  channels  i nc i sed  seve ra l  f e e t  below l e v e l  of 
t h e  p l a in .  Streams g e n e r a l l y  100 t o  200 f e e t  wide, l o c a l l y  wider;  cur- 
r e n t s  u s u a l l y  s luggish .  

Coast g e n e r a l l y  low and sandy; l o c a l l y  low beach r i d g e s  r i s e  s l i g h t -  
l y  above t h e  p la in .  

Ground Conditions: On c o a s t a l  lowlands and i n  broad v a l l e y s  i s  
yellow-brown t o  red-brown sandy or  s tony  loam which grades  
i n t o  conglomerate rock a t  a depth of 5 t o  10  f e e t .  Ground gene ra l ly  
we l l  d ra ined  bu t  i n  r a i n y  seasons water  t a b l e  probably c l o s e  t o  sur-  
f a c e  so t h a t  excavat ions f i l l  w i th  water ,  and mud i n  t r a i l s  d r i e s  slowly. 

g a i n f o r e s t  covers  most of a r e a ;  dense bamboo brakes and c l u s t e r s  
of swamp palms border some streams, e x p e c i a l l y  near  t h e i r  mouths. 
Cleared and second growth a r e a s  around v i l l a g e s .  Coconut palms border  
coas t  except i n  a few l o c a l i t i e s .  

I Sett lement:  Thin ly  populated. A few small  n a t i v e  v i l l a g e s  along 
shore. Remainder o f  a r e a  l a r g e l y  uninhabi ted ;  some temporary camps I 

I and a few i s o l a t e d  dwel l ings  near  t r a i l s .  I 
Movement : Topography s u i t a b l e  f o r  f r e e  movement of mechanlz ed 1 u n i t s  but dense vege ta t ion  i s  a s e r i o u s  o b s t a c l e  t o  movement o f f  t rai ls  I 

I and roads. I 
A f o o t  t r a i l  connects v i l l a g e s  a long  coas t ;  con t inues  northward 

and southward i n t o  Shee t s  XVIII-and XX-100; probably unsui ted  f o r  mo- 
t o r i z e d  equipment without widening and poss ib ly  grading. Bordering 

coconut groves  along t r a i l  and small c l e a r i n g s  near  v i l l a g e s  permit 
some deployment of men and machines. T r a i l s  extending in land  from 
coas t  commonly fo l low s t ream courses ;  a few north-south t r a i l s  connect 
ad jacent  r i v e r  t r a i l s .  T r a i l s  commonly te rmina te  a t  inlqnd margin of 
a r e a ;  none known t o  c r o s s  t o  west coas t .  T r a i l s  probably unsui ted  f o r  
motorized equipment without improvanent ; r e q u i r e  widening and some 
grading f o r  use by t racked  and l i g h t  wheeled v e h i c l e s  i n  d r i e r  weather. 

Vehic les  probably can move e a s i l y  along t h e  narrow c o a s t a l  s t r i p .  
Around v i l l a g e s  movement poss ib l e  i n  g r a s s  and open brush, and i n  young 
second growth f o r e s t .  Fo res t  and advanced second growth jungle a r e  
probably impassable i n  many places.  Fobt t roops  can move wi th  d i f f i -  
c u l t y  o f f  pa ths  i n  most p a r t s  o f  a r eq ;  most e a s i l y  along beach and i n  
grassy  a reas .  R ive r s  probably can b e  forded a t  many p l aces  i n  dry 
weather. Lamo and a few o t h e r  l a r g e  s t reams nay no t  be  fo rdab le  i n  
heavy r a in .  

Cover, Concealment and Observation: L i t t l e  topographic cover;  
i s o l a t e d  h i l l s  a f fo rd  some p r o t e c t i o n ;  t r e e s  have l i t t l e  cover  value. I - 

I Hasty f o r t i f i c a t i o n s  can be made i n  most places.  I 
I Fores t  and h igh  brush  g e n e r a l l y  a f f o r d  good concealment . I 

Observation poor; on t h e  ground l i m i t e d  t o  a few ya rds  i n  most 
places.  Vantage p o i n t s  on high r i d g e s  o f  Area 9 ,  bordering t h e  p l a i n ,  
a r e  o b s t r u c ~ e d  by dense vege ta t ion  which l a r g e l y  concea ls  even t r a i l s .  

Preliminary text submitted 
witho~t cnecking or editing. Prepared by U.S. Geological  Survey 

U. S .  Geological Survey f o r  Chief of Engineers,  U.S. A r m y  
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HALMAHERA (MOLUKKAS) TERRAIN APPRECIATION 

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

I Area No. 1 9  - Mountains of Southern H a l d e r a  

Topography: Mountain range forming backbone of  south  pen i su l a ;  
h a s  sho r t  s t e e p  s l o p e s  on west and long  g e n t l e  r i d g e s  on eas t .  A l t i -  
tudes  a t  n o ~ t h  gene ra l ly  900 t o  1500 f e e t ;  a t  south 2400 t o  2800 f e e t ,  
maximum ( e a s t  of Papat j eda) about 3 0 e f  e e t  . I n  many p l cces  'local r e -  
l i e f  i s  n e a r l y  equal  t o  t h e  a l t i t u d e .  Narrow rounded c r e s t  o f  range  
is near  western margin of peninsula ,  .8 t o  2.5 m i l e s  f r o n  coas t .  Tiest- 
e r n  s lopes  r i s e  s t e e p l y  from s e a  o r  from very narrow c o a s t a l  lowland 
gene ra l ly  only a few hundred yards  wide. Streams a r e  very  sho r t  mith 
narrow v a l l e y s  and s t e e p  gradien%s;  m n y  a r e  i n t e r m i t t e n t  ; lower courses  
a r e  commonly entrenched i n  t h e  lomlends. Extending e a s t  from t h e  range 
c r e s t  a r e  long r i d g e s  wi th  narrow c r e s t s  and s t e e p  s l o p e s ;  near  ea s t -  
e r n  ends t h e s e  comon ly  d i v i d e  i n t o  seve ra l  s h o r t  gen t ly  rounded spurs  
which f i n g e r  i n t o  t h e  c o a s t a l  p la in .  Ridges d i s s e c t e d  by numerous 
smal l  r av ines  w i t h  i n t e r m i t t e n t  o r  pe renn ia l  streams. F r i n c i p a l  streams 
on west s l o p e s  flow i n  open v a l l e y s  w i t h  g e n t l y  grad rents; have some 
f lood  p l a i n s  except i n  upper reaches ;  comonly  7 t o  8 mi l e s  long. 

Ground Condit ions:  On mountain s l o p e s  red-hrown l a t e r i t i c  c l ay  
loam or  c l e y  which grades  down i n t o  deeply weathered rock: depths  10  
t o  20 f e e t  on h igher ,  s t eepe r  s lopes ,  nzy exceed 30 f e e t  on g e n t l e r  
s lopes.  Bare rock  ou tc rops  l o c a l l y  on s t e e p  s lopes ,  s ea  c l i f f s  and 
along s tream channels.  Long r i d g e s  on e a s t e r n  s i d e  of  range  have 
s l i g h t l y  sanCly c l a y  s o i l  under la in  by conglomeratic rock. $ o i l  gen- 
e r a l l y  wel l  d ra ined ;  f o o t i n g  f a i r l y  good although well-used trails 
become muddy during r a i n y  seasons. Beaches on west coas t  sanZfy t o  
cobbly. T rop ica l  r a i n  f o r e s t  covers  most o f  area.  Fo res t  undergrowth 
most dense i n  v a l l e y  bottoms and on low t o  moderate s l o p e s  of r i d g e s  
e a s t  of c r e s t ;  l e a s t  dense on sharp summits near  c r e s t  o f  range. Around 
t h e  c o a s t a l  v i l l a g e s  some pa tches  of second growth f o r e s t  with dense 
underbrush and s m a l l  n a t i v e  gardens. Ground can be  e a s i l y  excavated 
by hand t o o l s  i n  most p lzces ;  t a n g l e  of  r o o t s  and c reepe r s  on jungle 
f l o o r  l o c a l l y  d i f f i c u l t  t o  pene t ra te .  

Se t t lements :  A few small n a t i v e  v i l l a g e s  s c a t t e r e d  a t  wide in-  
t e r v a l s  a3ong t h e  west coas t  a t  stream mouths. I n t e r i o r  l a r g e s y  un- 
inhabi ted.  

Movement: T r a i l  a long the  west c o a s t s  fo l lows  lin? o f  e a s i e s t  
movement; i n  d r i e r  weather probably can be used by t racked  and l i g h t  
wheeled v e h i c l e s  wi th  l i t t l e  improvement except widening; probably 
very muddy i n  wet weather. Open coconut groves along coas t ,  and c u l t i -  
vqted g r a s s  pa tches  around v i l l a g e s  l o c a l l y  permit easy deployment of 
men and v e h i c l e s  o f f  t r a i l s .  Severa l  good f o o t  t r a i l s  from e a s t  coas t  
fo l low p r i n c i p a l  v a l l e y s  nea r ly  t o  t h e i r  heads then  c r o s s  ranges  along 
sharp  r i d g e s  and spurs ;  pa ths  aga in  fol low streams channels  f o r  l a s t  $ 
t o  1& m i l e s  be fo re  reaching west coas t .  8h01-t t ra i l  south of ~ a s x t j e d a  
probably te rmina tes  a t  c r e s t  of range. Probably none of t h e  t r a i l s  
s u i t a b l e  f o r  motorized equipment without improvement. T r a i l s  from 
Akelamo Po in t ,  f i l i ,  and Cha probably have lowest g r a d i e n t s  and e a s i e s t  
r o u t e s ;  probably w i l l  r e q u i r e  widening and some cons t ruc t ion ;  p a t h s  
extending along s tream channels  must b e  r e loca t ed  f o r  a l l  weather use. 
T r a i l s  near  t he  Wali and Osari Rivers  have s t eepe r  g r a d i e n t s  a c r o s s  
range  than  those  t o  t h e  no r th ;  w i l l  r e q u i r e  most cons t ruc t ion  f o r  u se  
by motorized u n i t s .  Dense vege ta t ion  and rough t e r r a i n  make deploy- 
ment from t r a i l s  d i f f i c u l t ;  f o o t  t roops  probably must cut t h e i r  way. 
Eas i e s t  going i s  on sharp  r i d g e s  where undergrowth m y  be  l e s s  dense. 
On west s l o p e s  s t reams a r e  shallow and probably can b e  forded  a t  any 
po in t ;  on e a s t  s l o p e  p r i n c i p a l  s t reams probably can b e  forded  a t  many 
p o i n t s  except a f t e r  long r a i n y  season; l o c a l l y  s t e e p  s t ream banks m y  
m k e  approaches very  d i f f i c u l t ,  makinq sho r t  dugways o r  b r idges  necessary. 

Cover, Concealment and Observation: Top0e;raph.i~ cover i s  gene ra l ly  - 
good al though p a r t s  of t r a i l s  can be brought under f i r e  from adjacent, 
r idges .  Dense jungle  o f f e r s  good concealment. Observation wi th in  a r e a  
is very poor because of numerous i r r e g u l a r i t i e s  o f  t e r r a i n  and dense 
vege ta t ion  cover which commonly conceals  even well-used t r a i l s  from 
a l l  h u t  near-by t r e e - t o p  observat ion.  

SHEET NO. XX-100 

Area No. 20 - Coas ta l  p l a i n  of Sourb IIalmahera 

Topogrttphy: - Low c o a s t a l  p l a i n  extending a!.ofig t h e  e a s t  s i d e  of t h e  
south peninsula;  s lopes  g e n t l y  seaward from t h e  rndented margin of t h e  
mountains (Area 20).  A l t i t u d e s  gene ra l ly  l e s s  t han  300 f e e t .  Width of 
p l a i n  v a r i e s  from a t h i r d  of a mile  t o  nea r ly  3 miles ;  numerous deep 
embayments 5 t o  10  m i l e s  wide, extend between t h c  f i n g e r - l i k e  r i d g e s  
of Area 20. Sur face  f l a t  o r  r o l l i n g ;  l o c a l l y ,  gen t ly  r i s i n g  low h i l l s  
and t e r r a c e s  merge wi th  the  eastemnost mountain ~ ~ d g e s ;  i n  o the r  p l aces  
t h e  boundark between c o a s t a l  p l a i n  mountains i s  well-defined. I n  
western p a r t  of p l a i n ,  s t ream v a l l e y s  braod and open, merge u p s t r e m  
with v a l l e y s  of Area 20. I n  e a s t e r n  p a r t ,  streains separa ted  by very 
low d iv ides  and l a c k  well-defined vh l l eys ;  channels  l o c a l l y  e n t ~ n c h e d  
s e v e r a l  f e e t  below genera l  l e v e l  of p la in .  Shore is low and r e g u l a r ;  
a long p a r t  o f  the coast .  Coral r e e f s  extend of f  shore  f o r  sho r t  d i s -  
tance. 

Ground Conditions: Coas ta l  1on;rlands and broad open v a l l e y s  have 
Bellow-brown t o  red-brown l e t  e r  it i c  .sandy o r  stc?ny loam which grades  
downward i n t o  conglomeratic rock  a t  depth of f c v  f e e t .  Ground i s  gen- 
e r a l l y  we l l  d ra ined  al though l o c a l  a r e a s  a long  st.reams become swampy dur- 
i n g  r a i n y  season. S o i l  fcyms deep mud i n  r a i n y  weather where vege ta t ion  
has been s t r i pped  and s o i l  d i s t u % e d  by excavet lon o r  by heavy t r a f f i c  

t r a i l s  o r  roads. 

Rain f o r e s t  covers  most of the a r e a ;  undergrowth i s  dense, most 
so along s tream courses .  Coast borderea by open coconut groves. V$llages 
surrounded by a r e a s  of g r a s s  o r  second growth f o r e s t  and by small  pa tches  
of c u l t i v a t e d  ground. 

Se t t lements :  Set t lement  a t  mouth of Besoei River  is only n a t i v e  
v i l l a g e  i n  a r e a ;  poss ib ly  a few o t h e r  s c a t t e r e d  dwell ings and temporary 
camps. Remainder o f  a r e a  apparent ly  uninhabi ted.  

Movement: Foot t r a i l  fo l lows  c l o s e  t o  shore  f o r  e n t i r e  l eng th  of 
a r e a ;  probably can b e  e a s i l y  didened f o r  u s e  i n  d r i e r  weather by mechan- 
zed  u n i t s .  Beaches and more open groves of coconut palms permit de- 
piOyrnent of men and small  motorized u n i t s .  A t  mouths of  p r i n c i p a l  
r i v e r s  t r a i l s  branch off main c o a s t a l  t ra i l ;  i n  p a r t  fol low c l o s e  t o  
s t ream course;  i n  p l aces  a r e  i n  s t ream bed i t s e l f  and cannot be used 
at h igh  water.  Probably not s u i t a b l e  f o r  motorized equipment without 
some improvement; probably necessary t o  r e r o u t e  s t r e t c h e s  through 
s t r e a n  channels. 

Bamboo brakes  and jungle along t r a i l s  make deployment of men and 
m a t e r i a l  d i f f i c u l t  i n  most places.  Except f o r  t r i a l  along t h e  Loeing 
River  (which apparent ly  te rmina tes  a t  in l and  margin of  lowlands) foo t -  
pa ths  cont inue a c r o s s  mountains ( ~ r e a  20) t o  west coas t .  Topography 
g e n e r a l l y  s u i t a b l e  f o r  f r e e  movement but dense vege ta t ion  makes movement 
of motorized u n i t s  d i f f i c u l t  o r  impossible o f f  roads. Foot t roops  gen- 
e r a l l y  can g e t  through t h e  jungle bu t  i n  many p l aces  must c u t  t h e i r  way. 
Streams probably can  b e  forded a t  m n y  p l aces  except i n  t imes  of heavy 
cont inous r a i n ;  s t e e p  vegeta t  ion-mant l e d  banks of inc ised  channels  are 
o b s t a c l e s  t o  crossing.  

Cover, Concealment, Observation: Loca l ly  s t ream banks and low 
embankments a t  i n l and  margins o f  beaches can g ive  some cover f o r  men 
from low t r a j e c t o r y  f i r e .  South of Loeing and Sawat I i ivers  r i d g e s  o f  
a r e a  20 can g i v e  some p r o t e c t i o n  t o  t r o o p s  on t h e  r i v e r  p la in .  

Dense vege ta t ion  o f f e r s  good concealment and abundant m a t e r i a l  f o r  
camouflage throughout t h e  area. 

Observation pour; spreading t r e e  crowns comonly  c o n e a l  p t h s  , 
from a e r i a l  observa t ion  o r  *om observa t ion  p o i n t s  on r i d g e s  ( a r e a  20) .  

Preliminary t ex t  submitted 
without checking or  e d i t i n g .  
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Large numbers and heavy lines indi cats terrain areas. 

Lettore and light l i n e s  indicate terrain types as follows: 
A. River m d  caastal lowland. PREPARED BY u s rnoLomw. SURVEY 
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P. Island 
Tg. Clrpa 
4. Siver 
X. River 
Bk. Muuntain 

B. Terrecee, inland flbtsi, sloping plains, low rolling 
h i l l s .  

A A A Rocky area . Caastal  bluffs 
aad cliffs 



HALMAHERA (MOLUKKAS) TERRAIN APPRECIATION 

R e l i ~ b i l i t y  Ret ing: Class B 

SHEET NO. XXI-100 

Area No. 19. Mountains of Southern Halaahera 

Topography: Rugged mountains i n  west par* of per insula .  A l t i -  
t ~ d e s  rznge from 500 meters t o  more than  850 meters; maxinlum a l t i t u d e  
of 890 meters a t  Bk. Gogosoma, S w I t s  narrow, g e r ~ e r a l i y  rounded. 
S teep  western s lopes  r i s e  d i r e c t l y  from sea  o r  from c o a s t a l  lcwland 
genera l ly  oriky few hundred yards wide. On e a s t  s i d e  of r a rge ,  s l cpes  
above a l t i t u d e s  of about  250 meters a r e  s t eep ;  below 250 meters a r e  
moderate t o  low. 

Streams west of d iv ide  a r e  s h o r t  and have s+,e~'p gr3.dier.t~; Tawa 
River  and t r i b u t a r i e s  a r e  only streams havi rg  g e n e r a l l y  l o w  tc .  mode- 
a t e  gradients .  Valleys small and very s t e e p s i d e d .  Eas t  cf d iv ide ,  
streams a r e  much longer  and have s t e e p  grar i ients  only i t 1  upper reaches.  
Toman River v a l l e y  has modera.te t o  gently-sfopirig s i d e s ;  small  v a l l e y  
f l a t s  border  s t ream i r ,  many places.  Elsewhere t h e  e a s t e r n  va l l eys  a r e  
narrow and s tcep-sided. F 

Small h i l l y  i s l a n d s  of Dowora-Lamo a d  Dowora-Itji l i e  t o  s o ~ t h  of 
Halmahnra . 

Ground C o n d i t i o ~ :  On mountain s lopes ,  dark red-brown l a t e r i t i c  
c l a y  loam o r  c l a y  1 5  t o  30 f e e t  deep; grades downward i E t c  deeply weath- 
e red  dark-colored volcanic  and t r a p  rock, Bare rock crops out  l c c a l l y  
on s t e e p  s lopes,  s e a  c l i f f s ,  and a long stream bottoms. Ground i s  gener- 
a l l y  wel l  drained;  forms deep mud when wet but d r i e s  f a i r l y  rap id ly .  
Gronnd can be e a s i l y  excavated i n  most places with hand too l s ;  may be 
s u b j e c t  t o  s l i d e s  on s t e e p  s l cpes .  

Dense r a i n  f o r e s t  covers near ly  a11  t h e  a rea .  Patches of g ra s s  
and second-grcwth f o r e s t  border the  few s c a t t e r e d  v i l l a g e s ;  some smal l  
nat ive c u l t i v a t e d  a reas .  Groves of coconut palms along coas t .  

Set t lements  : A few small na t ive  v i l l a g e s  along coast,. In t e r i -o r  -.- -~ 
uninhabited. 

Movement: Area unauited t o  movement of motorized u n i t s  without  --- 
coris truct ion of r o a h .  F O G ~  t r a i l  fo l lows coas t  frcm north bomdary 
of shee t  t o  Leno-lemc v i l l a g e ,  then  swings i c l a n d  across  spurs  of 
Gogosoma Mountain; except  a lcng  coas t  i s  unsui tab le  f o r  use by motor- 
i zed  equipment without  conslderzible cocs t ruc t ion ,  A few o the r  s h o r t  
t r a i l s .  Some r r s t r i c t e d  movement of veh ic l e s  may be poss ib le  i n  open 
coconut groves on narrow c o a s t a l  lowland. 

F o o t  t roops can move i c  most p a r t s  of a r e a  b u t  m - i s t  c u t  t h e i r  way 
i n  many places.  Open coconut groves along shore p e ~ t  easy  movement 
and deployment. h i land ,  r idge  c r e s t s  o f f e r  e a s i e s t  rou te s  f o r  f o o t  
t roops;  decse vege ta t ion  a d  rav ines  and v a l l e y  bottoms a r e  d i f f i c u l t  
t o  penet ra te .  

Most streams can be e a s i l y  fc rded  by men and veh ic l e s  except  f o r  
s h o r t  periods of high water. 

Cover Concealment, and Observation: Ridges and spurs  o f f e r  exce l l -  -, - -  - - -  - 
e n t  co-rer f o r  men i n  most p a r t s  of a rea ;  t r a i l s  ac ross  Gogosoma and 
o ther  r idges  g e n e r a l l y  have l i t t l e  o r  no cover a g a i ~ s t  f i r e ,  Some 
cover f o r  motorized u n i t s  may be a v a i l a b l e  i n  Tomar; va l ley .  

Rain f o r e s t  g ives  good concealment i n  most p a r t s  of area.  Observat- 
i o n  commonly r e s t r i c t e d  t o  a few yards, 

Area No, 31. Southeast  Bat jan  
s o u t h -  

T o  ography: Eas tern  end of moun ta i r~ous~eas t e rn  lobe of Batjan 
I s l a n  k i r r e g u l a r  r idges  and smali mountaics w i t h  winding V-shaped 
va l l eys .  A l t i t udes  g e m r a l l y  300 t o  50C meters;  maximum a l t i t u d e  of 
559 meters reached by peak west of Ek. Wajakoeba, Summits romded; i n  
some p laces  broad and. nea r ly  f l a t .  Slcpes moderate t c  s t eep ;  co~monly  
occupy e n t i r e  v a l l e y  f l o o r ;  l o c a l l y  s n a l l  v a l l e y  f l a t s ,  

Coast i s  very i r r egu la r , i nden ted  by numerous coves and deep small 
bays. In  p laces  small sandy lcwlands l i e  a t  f o o t  of mountains. Old 
u p l i f t e d  c o r a l  r e e f s  form low c l i f f s  along many p a r t 3  of shore,  i n  
p laces  prod nstlt zockiy headlands . 

Ground Conditions: Domir.artly dark l a t e r i t i c  c l a y  loam and loam, 
grading downward w i t ~ i n c r e a s l n g  abundance of rock fragments i n t o  
weathered volcanic  bedrock. Depth t o  bedrock va r i ab le ,  g e n e r a l l g  
about 20 f e e t ;  s o i l  shallcsuer along s t r e a m ,  where bare rock i s  loca l -  
1;~ sxposed, Along c o a s t  t o  a l t i t u d e  of about 500 f e e t ,  c o r a l  l i m e s t m e  
interbedded wi th  sand and g r a v e l  l i e s  on volcanic  rocks;  l imestone com- 
monly forms t e r r a c e s  wi th  t h i n  c l a y  s o i l .  Bare limestone exposed loc- 
a l l y  i n  l o w  c l i f f s  a d  rocky s lopes ,  

Ground genera l ly  we l l  drained;  i n  r a i n y  season fomls s l i p p e r y  mud 
bu t  d r i e s  f a i r l y  rap id lg .  

Area covered by r a i n  f 3 r e s t  except f o r  s m a l l  a r e a s  of second-gro~d.h 
f o r e s t ,  g rass ,  o r  gardens a r o ~ n d  the  few smal l  v i l l a g e s .  

Set t leme_ns:  Eastern end of Bat jan i s  l a r g e l y  uninhabited except 
f o r  a few very  snall na t ive  v i l l a g e s  near the coast,. 

Movement --- : Broken t e r r a i n  unsui tab le  f o r  movement of mechanized 
u n i t s .  No t r a i l s  k n r m  wi th in  area.  Movement e a s i e s t  f o r  f o o t  t roops 
on l i n e s t o n e  hills and t e r r a c e s  where vegeta t ion  i s  l e s s  dense; most 
d i f f i c u l t  i n  dense overgrown v a l l e y  botto-m. S t r e a m  can b e  r e a d i l y  
forded except  dur ing  f l a s h  f loods.  

Cove - Conceauent ,  and Ob_ser"u'a %:on : Numerous r i d g e s  and smal l  -L, 
v a l l e y s  glve good cover f o r  f o o t  t roops b u t  poor cover f o r  machines. 

Fo res t  cover  g ives  good concealment f o r  men and machines. Obser- 
v a t i o n  i n  most places l i m i t e d  t o  a few yards,  
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HALMAHER (MOLUK KAS) TERRAIN APPRECIATION 
1 

Re1 i a b i l i t y  Rating: Class B 

SIBEX' NO. XXI-101 I 
Area No. 19. Mountains of Southern Halmahera 

Topography: Low mountains and h i l l s  with s teep southwest slopes 
ard more gradual northeast slopes; mark south end of back-bone range 
of south peninsula. Alti tudes greates t ,  about 1,485 fee t ,  a t  north- 
west; decrease t o  l e s s  than 350 f e e t  i n  low h i l l s  and terraces  of 
southern pa r t  of area.  Northwest of Ganedidalem, west slope r i s e s  
s teeply from coas ta l  p la in  t o  rounded range cres t .  East slope is 
gentle t o  moderate, dissected by several  shor t  streams i n t o  roughly 
pa ra l l e l  northeast-trending ridges with moderately t o  gently s l o p  
i r g  sides.  Northeast ard e a s t  of Ganedidalem,the range passes 
gradually i n t o  a narrow be l t  of gent ly  rounded hills. S t rema on 
west s ide  a r e  shor t  and small, many l e s s  than a mile long, and inter-  
mittent ,  Streams la rger  on northeast side; Soea River is about 5 
miles long, 

Ground Conditions: La te r i t i c  c lay loam t o  c lay s o i l  i n  most 
of area,  15 t o  30 f e e t  deep; grades downward in to  weathered volcanic 
rock, So i l  along coast  and eas te rn  part  of hills i s  somewhat more 
sandy; i n  eas tern par t  of h i l l s  grades downward i n t o  conglomerate. 
Ground generally well-drained; muddy when wet but d r ies  f a i r l y  
rapidly,, 

Most of area  covered by r a i n  fores t ;  undergrowth generally not 
dense except along streams and on inland margin of narrow coasta l  
lowland. Open coconut groves border shore. 

Settlements : No known permanent settlements; area la rge ly  
uninhabited. 

Movement : ~ e n e r a l l f  unsuitable f o r  motorized uni ts ,  Three -- 
foot  t r a i l s  cross southeast part of area; probably w i l l  need some 
improvement f o r  use by wheeled vehicles. Trai l from Ganedidloear 
t o  Ganedidalem ( ~ r e a  20) runs 3* miles across area, probably has 
s teepes t  grades and w i l l  need most improvements although it i s  the  
most used. Some movement of vehicles possible along beaches and 
through opec coconut groves. 

Foot troops can deploy away from t r a i l s ;  i n  places must cut  
t he i r  way through dense fo re s t  undergrowth. Easiest  movement i s  
along coast, along ridge summits and l c c a l l y  i n  stream beds dur- 
ing dry season, 

Cover, Concealment, and Observation : Good cover f o r  men i n  - 
rough h i l l y  i n t e r io r ;  l i t t l e  cover along coast  except f o r  low 
beach ridges and l cca l l y  high stream banks. L i t t l e  cover f o r  
motorized units. 

Concealment good i n  most par t s  of area; some concealment f o r  
motorized units  possible i n  coconut groves along coast  and i n  
cleared or  grassed areas near vil lages.  

Observation generally poor i n  mountains; f o r e s t  l a rge ly  ob- 
scures views. Along coast, where vegetation is  more open, views 
possible f o r  distances of a few hundred f e e t  t o  a few hundred 
yards. 

Area No. 20. Coastal Plain of Southern Halrrahera. I 
Narrow s t r i p  of coas ta l  lowland; southern termination of 

long coasta l  p la in  extending along southern peninsula. See 
Sheet No, XX-1CO f o r  description. 

Area No. 21. Tip of Southern Peninsula. I 
Topography: Extreme t i p  of south peninsula; consistsof ir- 

regular h i l l s ,  ridges, and terraces ,  bordered by old ra ised 
coral  reefs  and sandy lowlands. Altitudes generally l e s s  than 
150 meters; maximum a l t i t ude  (262 meters a t  Bk. Tawagili) on 
i r r egu la r  promontory a t  southwest. H i l l s  have broad rounded 
summits and gently sloping sides. Terraces a r e  gently undulat- 
ing and i r regular ;  have moderate t o  s teep dropoff slopes, loca l ly  
bordered by low ledges. Lowlands gent ly  r o l l i n g  or somewhat 
rough; include ra ised cora l  r ee f s  l oca l ly  bordered by low sea 
c l i f f s ,  

Dmar Island ard small i s lands  west of Ganedidalem are  low 
and gently rol l ing;  have a few small hills r i s i ng  25 t o  50 meters 
above general level .  

Ground -- Conditions: - On most of area, sandy loam t o  sandy 
clay 5 t o  10  f e e t  deep; some c o m e  cora l  sand along many par ts  
of coast ,  Fine mud and clay around margins of Gane Bay, Area 
underlain by cora l  limestone. 

Rain f o r e s t  with l i t t l e  undergrowth covers most of penin- 
sula  and i n t e r i o r  of the  islands,  Coconut groves along shore. 

Settlements: No permanent sett lements on peninsula; i s lands  
a r e  uninhabited, 

Movement : Rain f o r e s t  makes peninsula and is lands  unsuit.  - -- 
able f o r  movement of motorized uni ts  without construction of roads, 
although topography i s  only l oca l ly  unfavorable f o r  movement. A 
few foo t  t r a i l s  cross peninsula from coast t o  coast, T r a i l  be- 
tween Gane Bay and GaneWoear i s  most used, probably usable by 
wheeled vehicles i n  dry weather with a l j t t l e  improvement. Some 
movement of motorized uni ts  possible along shores and i n  open 
coconut groves. 

Foot troops can move with some d i f f i cu l ty  through the fores t ;  
loca l ly  must cut  t h e i r  way. Easiest movement i s  along beaches and 
through the coconut groves. 

Cover, Conceah*, Observation: Good cover f o r  men and - 
machines i n  h i l l y  par ts  of peninsula. L i t t l e  cover along the  low 
coasts. Concealment generally good except where coasta l  coconut groves 
o f f e r  only p a r t i a l  concealment f o r  motorized units .  

Observation very poor, except i n  areas of more open vegetation 
along coasts is commonly l imited t o  a few yards. Tra i l s  pa r t l y  ob- 
scured from a e r i a l  observation by overlapping crowns of trees.  
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HALMAHERA (MOLUKKAS) TERRAIN APPRECIATION 
> 

Reliability Rating: Class B 

S m T  NO, mII-101 

Area No. 21. Damar and 9joronga I s l ands  

m o g r a ~ h y :  Both i s l a n d s  have broad f l a t  heavi ly  f o r e s t e d  c o a s t a l  
p l a i n s  with low rounded h i l l s  i n  the  i n t e r i o r .  Maximum a l t i t u d e  on 
Damar 380 f e e t ,  on Djoronga 570 f e e t .  The coas t s  a r e  l a r g e l y  bordered 
by c o r a l  r e e f s .  Some mangrove swamps,which on Damar I s l and  extend 
in land a s  permanent swamps (moeras) along t h e  p l a i n  of t h e  Djeboeboe 
River. The surrounding small  i s l a n d s  a r e  mostly f l a t  c o r a l  i s l ands .  
Woka i s l a n d  i s  an a t o l l .  

Ground Conditions: Deep clayey s o i l  covered by dense growth of 
v ines  and creeDers i n  t h i c k  r a i n  f o r e s t  o r  swamp f o r e s t .  Digging 
d i f f i c u l t  a t  sur face  because of roo t s ,  becomes e a s i e r  with depth. 
Palms on sandier  sec t ions  of coas t  ~ r o v i d e  more open condit ions.  
Ground wel l  drained only on i n t e r i o r  h i l l s .  

Set t lements:  No permanent na t ive  v i l l a e e s .  

Movement: No roads o r  t r a i l s .  Foot movement through t h e  dense 
r a i n  f o r e s t  jungle i s  arduous and requ i re s  much cu t t ing .  Swamps and 
mud condi t ions  add t o  d i f f i c u l t i e s  a l m g  t h e  coas t .  

Cover, ConceaLrent and Observation: Large jungle t r e e s  and minor 
i r r e g u l a r i t i e s  of t e r r a i n  provide only cover. Natural  concealment of 
t h i c k  jungle provides exce l l en t  p ro tec t ion  froin a i r  o r  ground. 
V i s i b i l i t y  poor and f o r  shor t  d i s t ances  only. 

. 
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HALMAHERA (MOLUKKAS) TERRAIN APPRECIATION 

&. DOOOLA - KETJIL 

VAN H A L M A H E R A  
EXPtANPTICIJ 

Common abbrev ia t ions  
Large numbers and heavy l i n e s  i n d i c a t e  t e r r a i n  areas. 

L e t t e r s  and l i g h t  l i n e s  i n d i c & t e  t e r r a i n  t y p e s  as fo l lows :  
P. Island 

k. River and c o a s t a l  lowland. Tg. Cape B.  Terraces ,  in land  f l a t s ,  s l o p i n g  p l a i n s ,  low r o l l i n g  
L I  1 7  A. Biver 
n i u s . .  

C .  H i l l y  and mountainous country.  X. River 
Bk. Mountain 

Swamp (rnoerhs) 

Marsh ( a r a s l a n a )  
Coasta l  b l u f f  s 

and c l i f f s  
Reproductiebedrlff Topografische dlenst, Bataria 1934. - Trai 1 

L E G E N D A .  
Auteursrecht voorbehoudm (Stbl. 1912 No. MO). 
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PREPARED BY U S GEOLOGICAL SURVEY 
F O R  

CHIEF OF ENGINEERS, U S ,  ARMY 



HALMAHERA (MOLUK KAS) TERRAIN APPRECIATION 

I Rel i ab i l i t y  rat ing:  Class R 

I SHSrn NO. XII-101 I 
I Area No. 22. Morotai 

Topo~raphy: Southwestern par t  of ldorotai only quadrangle 
avai lable  f o r  the  island.  To~ogranhy mountaino.c~s, with a gradual r i s e  
from s t r i ~ s  of noastal  lain and coasta l  ter races .  ELevations range 
UD t o  about 1,200 m. Except i n  coas ta l  b e l t ,  ta,?ography rouryh, cut  by 
innumerable closely-spaced val leys  and ravines. Slopes a r e  geat le  t o  
moderate a t  lower elevations,  steeper with increasing elevations.  
Mountain mass i s  i r regu la r  i n  form, a sprawling assemblage of 
i r r egu l a r l y  bending and branching ridges and snurs, mostly narrow 
crested.  A t  lower elevations,  the  sharp spurs give way t o  f l a t  or  
broadly rounded interstream areas.  The main streams a re  of moderate 
s ize ,  and flow outward from the  mountains. Their courses are  
meandering; va l ley  bottoms a r e  narrow down t o  t h e  coast or coas ta l  
plain;  val ley s ides  gentle downstream, steeper u~s t ream.  Gradients 
a r e  low along lower courses, but steepen e i t h e r  gradually or  sharply 
i n  headward s t re tches .  

Broad s t r i p s  of coasta l  p la in  a l t e rna t e  with narrower coasta l  
f l a t s .  The broadest i s  a t  t h e  southwest, and has a narrow peninslda 

I j u t t i ng  out towzrd the  is land of Mitj ta.  Next i~ s i ze  is a -sas ts?  
1 s t r i p  on t h e  west coast ,  with a low h i l l  near t he  center. Third i s  

the  broad but short  s t r i p  around 'lvaja,boela. These p la ins  a r e  
' e s s e n t i a l l y f l a t a n d f e a t u r e l e s s ;  grademore or  l e s s  g r a d u a l i y i n t o  

t he  surrounding slopes. Shorelines are f a i r l y  regular,  and beach 
I r idges occur i n  ~ l a c e s .  Numerous low, f l a t  i s l m d s  shor t  distance 

off t he  coast .  Narrower s t r i ~ s  of coas ta l  f l a t r ,  slope gent iy  toward 
t he  sea; and l oca l l y  the re  i s  a steady r i s e  toward t he  i n t e r i o r .  
Coral r e e f s  f r i nge  both i s lands  and mainland. 

Raoe Tsland, i n  the  northwestern corner of quadrangle, i;  s imilar  
i n  topogra~hy  t o  t he  mainland. The maximum elevation i s  near ly  45s m. 
Streams a r e  a l l  short .  Coastal lowland very narrow. 

Ground Conditions: Elxcept f o r  l imi ted areas  of cleareti  o r  
cul t ivated land and second growth fo r e s t  near settlements, tt,e i s land 
i s  covered with v i rg in  fo res t .  Bmboo th icke t s  occur along t i i ~ .  streams, 
and coconut palms f r i nge  t he  shore a t  many placks (view 14). Larnal- 
f o r e s t s  i n  i n t e r i o r ,  from which dam gum i s  collected.  Saq:~ f o r e s t s  
i n  coas ta l  p la in  a t  southwest. 

Settlements: Principal  settlement i s  Wajaboela, a t rad ing  center 
on the  coast by t h e  Rao~ Straights .  Smaller nat ive  v i l l ages  scat tered 
along coast a t  other places, and on a few outlying is lands .  

Movement: I n t e r i o r  of i s land i s  a mo~mtainous b a r r i e r  area,  but 
t e r r a i n  i n  the  coas ta l  b e l t  i s  more favorable f o r  movement. The 
v i rg in  f o r e s t  near ly  everywhere presents serious obstacle t o  movement. 
Movement ea s i e s t  on established roads or  t r a i l s .  Several t r a i l s  lead 
par t  way i n to  i n t e r i o r ,  o r  f r i nge  mountains; none cross mountains. 
In  various sections t r a i l s  follow stream beds, r idges,  and cross  gra in  
of topography; unusable i n  time of high water. In coasta l  hC:lt, 
r e l i e f  i s  low, and s l o ~ e s  gentle,  with only stream crossings t3 hinder 
movement. Larger streams might require bridging. Along soutnern 
coast ,  continuous horse t r a i l  follows close t o  the  shore. Fcot t r a i l s  
lead inland a t  various places. On the  west coast ,  no coastw?-se t r a i l s ,  
except i n  the  v i c i n i t y  of Wajaboela, and such t r a i l s  a s  occur go inland 
across coasta l  s t r i p .  

Several l a rge r  streams reported navigable by small boats f o r  
varjring distances inland. Bars a t  mouth a r e  obstacles t o  l a rge  boats 
a t  low t i de .  Broader s t r i m  of coasta l  p la in  s ~ l t a b l c  f o r  beachheads. 
Marshy areas  obstacle a t  places. No surrounding heights t o  aia 
defenders. 

Cover, ConceaLqent, and Observation: I n  i n t e r i o r ,  topographic 
cover provided by r idges  and ravines. Along coas ta l  b e l t ,  less 
tonographic cover, only widely-spaced stream banks and discont inuou~ 
beach ridges and low banks marking high t i de .  I n  terraced aress, 
broadly romded ridges and gent le  va l ley  s ides  give l i t t l e  coTac r .  i 

Concealment, both ground and a e r i a l ,  provided near ly  everywheye 
by vi rgin  f o r e s t .  In  coconut palms on coast and on some smaller 
i s lands ,  however, ground concealment i s  poor. Field fo r t i f i c ae ions  
f ea s ib l e  near ly  everywhere. 

I Observation very poor. Forestsl imit  v i s i b i l i t y ;  and tke 
topography, except on t h e  higher uoland slopes, provides few vantage I 

I points . 

I I 
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HALMAHERA MOLUKKAS) TERRAIN APFRECIAT 

T O P O R F P ~ ~ :  Ieland of -mate i s  active volGsnic cone about 7 miles 
i n  dlameter and 1,700 meters Ugh. Slopes along coast are low to moder- 
ate; west side steeper than east sibs. Ei-r, slopes steepen; most 
eteep toward eumnit; elope profile therefore somewhat coacave upward, 
Upper elopes deeply furrowed with radial, steepsided valleys. Intervene 
tng ridges narrow, rounded. Small sumlt crater modified from t i m e  to 
time by renewed volcanic activity. Down slope, valleys shallower and 
their  sides lea8 steep. Near coast, they become gullies or ravines with 
steep, high ‘basks. Stream beds dry except for  short periods a f t e r  heavy 
rains; carry coarse, cobbly deb?: s. ~ a k e s  at two places on the island: 
near coast on northwest sf de, T L e b  %lire D j a h a ,  about 0.3 miles i n  diac 
meter and a b n t  40 meters above sea level; at lower level and newer 
share, the umaller lake, Tolire ket j i X ,  On south aide of island, Ida 
Lagosna, about 0.4 miles long, i s  just above sea level; eeparated from 
sea only by low ridge about 9 meters high; on other aides, bordered by 
Ugh b&o (views 22, q). On sout~brn and eastern sides of island 
am coastal f l a t s  of limited width, and a t  southeast one otrfp of swamp 
jut  inlank Beaohes covered with cobblestones (em 15). Along m a n y  
otretches of shoreline, no ooastal f l a t ,  coast bordered by o l i f fe  a few 
meter8 to about 50 meters high (views 17, 19). Bwrow fr ing lzkg  coral 
reefs at several places. 

In 18th century, a lava flow descendsd northeast ride of Island 
(view8 16, 17)s at Verbande Hoek. More recent eruptions have changed 
crater anti upper alopee, Volcanic eapore frequently seen at s d t .  
Earthquakes are coxnon. 

Biri fa smaller volcanic islmt? lying about a mile north of Tenate* 
Roughly cone ohaped (den  18) y i s   but 2 miles i n  d i e t e r ,  and about 
600 meters high. Slope8 steep, bg. valleys whlch contain etreams 
only af tor  heavy rain. Shore steep and cliffed a t  many places. 

G r a d  Condl; tions t Ternati and Hiri-stony loam. Depth t o  bedrock 
l o  variable, and m s ~  reach about 5 feet; Iocally, along coastal f l a t s ,  
may be greater. In natural state, so i l  well drained, gives good foot- 
ing when dry. I f  disturbed when wet becows dense, stioky, emd slippery. 
On recent lava flows and solar) othelr volcanic deposits, so i l  i s  thin or 
absent, surface mu@ and rouky (view 16). 

Hlgher elapes of Ternate largely covered wlth virgin forest,  but 
near the top are grass and brush, and some bare expanses cni t h  11 t t l e  o r  
no vegetation. A t  lower levels, cultivated f ie lds  and orchards exten- 
rive up to  elevations of about 700 mbters. Wt iva t ed  products include 
coconuts, bananas, mangoes, nutmegs, pepper, coffee, cloves, and dry 
rice. 

I Vegetation on H i r i  similar t o  Ternate, but no cultivated plants. 
&ass and brush interspersed with vlrgin forest. 

Set tlanents: TotaJ. population of island about 9,000; mainly 
natives, a few Europeans and some Chinese and Japanese. Principal 
rettlement i s  lb~na te ;  population (1930) nearly 6,000; tom has churbh, 
schools, sultan's pdace (view 201, mall  forts ,  an electr ic power plant, 
hospital, radio station, and varlous government buildings, stores, and 
dwellings. Buildings are of stone, brick, corrugated iron, and wood. 
Also eome brick and stone rubs of older bulldings dating b e  to a 
more prosperous period. Pfers and coaling fac i l i t i es  for vessele. 
Numerous wna l l  native Pillages along shore and at shore distances in- 
land. 

On mr i  a few amall native villages. 

Movement: *mate. Movement easiest along shore and on lower, 
gentler slopes; only obstacles are coastal bluf'fs, one small stretch 
of swamp, steepbanked ravines, and, locally, rough and broken lava 
n o w 8  ( d e w  16). Men and military vehicles can move freely at many 
placee on cultivated, s a s s y ,  and bruslsy areas a t  lower slopes, par- 
ticularly on eastern side. In  interior, steep slopes and forest8 
constitute barriere. 

Good means of cormrrxnication. Road extends alone eastern sbore, and 
narrower road along southern shore. Unbridged horse trail completes 
circuit  around island, and paths lead t o  inland localities. Streams 
fordable i n  dry weather. One path ascends mountain t o  d t .  

I Beachheads possible at many points on eastern and southern shores. I 
Cleared and cultivated areas on the eastern side suitable fo r  

landing paratroopers. 

I Hiri Steep slopetli greatly l i m i t  movement. Foot trail follow8 -0 

shore. 

Eover. Concealment. Observation: Cover provided by steep banks 
of ravines, rocky surface of lava flows, beach ridges, low banks that 
msrk high tide level,  old brick and etone ruins (vfew 19). and modern 
buildings of stone construction. f i e ld  fortificatione are generally 
possible, but i n  many places lava rock i s  at or  near sarfaae. 

Conc$a,lment complete i n  vfrgln forest,  elsewbre incomplete. Co- 
conut palms along shore p ovide good aerfal concealment, poor ground 
concealment. Brush and second growth provide good concealment for  
men, generally not fop vehicles. 

Observation limited t o  size of cleared areas. Coastal bluffs 
permit observation along limited stretckrea of shoreline. Points a t  o r  
near the summit pennlt observation over a wide area, including the 
mainland* 

I Conditions on IHri similar t o  those on Ternate, exuept for  limfted 
cleared o r  d t i v a t e d  land. I 

Prepared by U. S, Geological Survey 
for Qief of Engineers, U. S. Army. 

Preliminary text submitte-5 
without checking cr editing. 

U. S. Geological Survey 





HALMAHERA (MOLUKKAS) TERRAIN APPREClAl-ION 
Reliabi l i ty  rating: Class B. 

Area Xo, 24 - Tidore 

Topography: $&ore. Roughly oval island; dominated at the south 
by a high volcanic cone and at the north by a lower, l e s s  regular cone 
with large crater. Island about 9 miles lang, 5.5 miles wide. South 
cone, Kie Mectoeboe, (vfews 21, 22) regular i n  form, height 1 ,730 meters. 
Sides deeply furrowed with s teepsided,  narrow-bottomed valleys which 
gradually shallow and become gentler toward coast. Slopes very steep 
above, more moderate below, giving slope a concave profile, North cone 
truncated, l e s s  regular. Crater about a mile i n  diameter, 200 meters 
deep; highest point on r i m  i s  680 meters. In  the crater  are two smdl 
peaks, and a broad expanse of smmpy, marshy ground. Between the two 
cones i s  an i rregular  divide with several minor peaks. Small coastal 
f l a t s  on east  and west sides of island; elsewhere the land r i ses  s t e e p  
l y  from the water's edge. Streams dry except a f t e r  heavy rain. 

Msitara i s  small volcanic cone off northwest side of Tidore. Slopes 
l e s s  steep than on Tidore; and top somewhat rounbd. On the east side i e  
a very narrow coastal f l a t ,  

Both Maitara and the northern shore of Tidore are fringed by narrow 
coral reefs, 

Ground Conditions: On both islands, stony loam. Depth to bedrock 
may reach 5 fee t  on slops, but varies abruptly and irregularly: gen- 
era l ly  thinner on higher and steeper slopes, On coastal f l a t s ,  thiclaess 
somewhat greater. In undisturbed state ,  s o i l  well drained, gives good 
footing, and dries  quidkly, I f  disturbed when wet, i t  becomes dense, 
muddy and slippery, and slow drying. Readily excavated, except local ly 
where stony, 

Zxcept far cultivated t rac ts  mainly on the east  side to  about 300 
meters elevation, islaad largely covered with dense'forest. Upper slopes 
bare. On top of Maitara vegetation aleo sparse, 

Settlements: 'Phe principal settlements are Soa-Sioe on the east 
coast and Tcloa on the west coast, ?Amoerous other native settlements 
of s m a l l  t o  moderate size scattered slow coast, and a few also i n  inter- 
i o r ,  lbtal population of island about 19,000 i n  1930, 

Movements Except for  narrow s t r ips  of flst to  moderately sloping 
ground on the east and west coasts, topograghy i s  unfavorable fo r  move- 
ment, Forest cover i e  obstacle over greater part  of island, and local 
t rac ts  of swmpy and rnarsh land along the coast are additional obstacles. 
In general, movement confined to  existing t ra i l s .  Local t ract6 of cul- 
t ivated ground a t  lower levels ,  and on the higher and steeper slopes 
where vegetation i s  sparse are exceptions. 

One horse trail encircles the island, near the shore; bridges a t  
Some stream crossings, grades low to moderate. Mdges probably not 
strong enough f o r  any machines heavier than motorcycles. Several branch 
foot w t h s  lead inland. One from southeast aide leads to tbe s\mnnit of 
Kie Matoeboe. Others cross island on mutes thru gape between the nor- 
thern and southern cones. 

Fields and cleared areas neax eastern and western coasts euitable 
for  paratrooper landings. 

Coastal f l a t s  suitable for  landing operations; have good commm- 
ications with both coast and interior. 

Cover, Concealment, Observation: Same cover prodded by valley aides, 
ridaes. beach ridges. and larnor hardwood trees. Field fort i f icat ions - - 

feasible i n  all p f a ~ e k  except &, raw and s m p y  ground of coastal f l a t s  
and on local  patches of rocby ground on mountain slopes, 

Concealment, both ground and aer ia l ,  afforded by forests ;  l i t t l e  
concealment i n  cultivated f ield6 and cleared areas. 

I n  most places forest l imits  observation t o  short distances, Xn 
cleared areas, v i s ib i l i ty  greater, Bare areas on the higher mountain 
slopes provide ol lookout for lmge  areas, Rocky spur a t  north end of 
east  coastal plain gives lookout over adjoining low areas. 
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TERRA1 N APPRECIATION 

I SiXEET NO. XVII-98 

Area NO. 24 - Volcanic Islands 

: Tidare. See qwdrangle XVI-9t3-B. 

I W e .  Xilly island of irregular outline, about 2.5 miles l o w  end 
1.5 miles wide. Total re l ie f  about 300 meters, Shoreli ne abrupt ex- 
cept f o r  one small Soed i tg  at southwest; slopes prevailingly steep, 
D i  scsntinuous coral reefs fringe the island on a l l  except the western 

i side .. 

Moti. Cone-shaped volcanic island about 3.5 miles i n  diameter and 
950 meters high, Sides deeply *rowed by radiating ravines. Slopes 
steep abwe, s l i&t ly  gentler below. .basta1 s t r i p  very narrow; 
land r i ses  steeply from sea st many places. 

I Makian. See quadrclngle XVIII-98. 

Ground Conditions , Tidore, See quadrangle XVI-qsB. 

'&are. Stony loam, Depth to bedrock not more t h n  5 f ee t  i n  most 
places, and varies from place to  place. Beeches gravelly. Soil ,  when 
undisturbed well drained and gives good footing. Island mostly wooded; 
sxnall. m:c;hes of grassland on lower slopes, and s m ~ l l  stands of  coconut 

I pePtne &long the shore. 

Motl. Stony loam, attaining depth of 5 fee t ,  but varying abruptly 
from place t o  place. Soil ,  when undisturbed well drained and gives good 
footing. Beaches are cobbly. Island mostly forested, but vegetation 
becomes sparse toward summit; mall t r ac t s  o f  grassland and second growth 
forest  on loner slopes, and s t r ips  of coconut palms fringe shore. 

I MeJrian. See quadrangle XVIII-98, 

I Settlement 6: Tidore. See quadrangle XVI-98-B. 

Mare. Two small native villages,  one a t  northeast and one a t  south- 
west, both near shore. 

Moti. Several small t o  moderate-sized native villages more or l e s s  
regularly spaced around shore. 

I Makian. See quadrangle XVIII-98. 

Movement : !Pidore, See quadrangle XVI-9GB. 

Mare. Movegnent res t r ic ted  by rugged topography, forest  cover, ard 
lack of roads and t ra i l s .  

Moti. Topography and dense forest  of in ter ior  retard movement, but 
werow a a a s t d  s t d p  nfth i ts  c o a t i ~ ~ ~ a o t ~ s  horse, trail a d  l e s s  etsnlinuous 
fozest cover permits ready movement of personnel a l l  wound i s l a d .  Land- 
ing operations possible at points where shore i s  not too steep. 

I Makian. See quadrangle XVf 11-98. 

Cover, Concealmnt , Observation: Tidore. See quadrangle XVI-98-Be 

Mare and Moti. Cover given by ridges, valley sides, large hardwood 
trees,  and low banks marking high tide, Field for t i f ica t ions  are prac- 
t icable a t  most places i n  the lower slopes. 

Concealment ~ o v i d e d  by forest cover, except i n  cleared and cultivated 
areas. Virgin forest gives both ground and aer ia l  concealment; coconut 
palms dong shore g&ve good aer ia l  concealment but only partial. ground 
concealment. 

Observation limited by forest  cover. Lookout points on sununit, how- 
ever, would provide f a i r  view ovar lower slopes, and p o  jecting points 
ns  shore would c~~rmand 'lirdted view of adjacent shoreline. 

I Makian. See quadrangle XVIII-98, 
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HALMAHERA (MOLUK KAS) TERRAIN APPRECIATION 
RES. AMBON. Afd. T' ernate. Opgenomen door den Topografischen dienst in 1922. 

Blad M. XVlll 97 and 98 Blad 50. en 51. 
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t 

Reliability ratingt Class B. 

SFBET ROO XVIII-38 

Area No. 24 - Maki~n 
'Po~omaphg_: Active volcanic cone about 7 miles i n  diameter and 

about 1,250 meters high, A t  top i s  deep crater containing a small lake. 
Sides of cone deeply grooved by closely-spaced, radiatirg ravine6 sep- 
arated by narrow ridges, Slopes are steep, but on north side, and on 
small sections of eastern and western sides, slopes somewhat l ess  steep 
than elsewhere. Valleys are a l l  short and steep; many streams dry along 
greater part of their  coursee except af ter  heavy rain. Several volcanic 
eruptions during last few centuries, one of which blew off top of moun- 
tain. Shoreline slightly irregular, and sloping land begins almost a t  
beach, 

Ground Conditionst Stony loam which locally reaches depth of 
about 5 feet, Depth to bedrock varies locally and abruptly. Bare 
lava rock a t  surface i n  many places, par t icubr ly  around the crater, 
The soil, when undisturbed, i s  well drained, gives good footing, and 
is not excessively muddy 'when wet, Beaches cobbly. Except for small 
areas of grassland, seaond growth forest, and cleared land on the lower 
slopes near settlements, volcano almost entirely covered with virgin 
tropical forest. Along ehore are bands of coconut palme. 

Settlements: X?umerous native villages a l l  around shore, Small 
pier for boats a t  #gofakiebha on northeast side. Population about 8,000 
i n  1905, 

Movement: b n t l e  slopes around shore, cocomt palms, and less  dense 
native vegetation are more favorable f o r  movement than steep slopes and 
dense forest of interior, A continuous horse trail around the island Is 
available for foot troops, Coast narrow, di f f icul t  for  landing opera- 
tions, but north side i s  leas t  unfavorable, owing t o  gentler slopee, 

Cover. Concealment, Observation: Cover i s  provided by ridge crests,  
stream banks and low banks marking high tide line, Ground and aerial 
concealment provided by forest cover i n  most placee. Ground concealment 
limited i n  areas of coconut palms; poor i n  cultivated areas and grasslande 

Observation generally limited by forest, Bare places around crater  
would provide lookout over 1 ower slopes i n  clear weather, 

Area ZPa, 25 

2 Kah~, North end of elongate, irregular island, 
Bill8 northwest and a t h e a s t  are separated by a l o w  gap which i s  contin- 
uous with coastal f l a t s  on the northeast and southwest, Northern hi l l8  
higher and steeper tbm those a t  south; reach height of about 420 meters; 
steeper on west than on east. Hills a t  south a t ta in  height of about 270 
meters; somewhat broader and more spra,wling than those a t  north, and 
less  rough. 

Coast terrmsd a t  north, steep t o  rocky a t  northwest, f l a t  a t  n o r t b  
east, moderately sloping a t  southeast, and f l a t  to moderately eloping a t  
southweet, 

ther i slands, Several small h i l ly  islands i n  Moluldsan sea west of 
Kajoa? Largest is SLko, about 2 miles lozg  , a d  d t h  rel ief  of about 
240 meters, Slopes asymmetric, much steeper a t  north than at south. 
Other ililands are of lower re l ief ,  and range from about 0.1 to 1.0 miles 
i n  length, 

Ground Conditions: garipa. Island has deep sandy t o  clayey loam, 
locally gravelly, Soil well drained in  the natural s tate,  and gives good 
footing when dry; very muddy when vet, and i f  disturbed when wet become 
dense and sticky, and loses i t s  drainage qualities. Bedrock exposed on 
western shore a t  northern end of island. A t  places along the coasts are 
small swamps. Beacbss wddy to sandy a1 m g  flat stretches of shore, 
gravelly t o  rocky along h i l l y  stretches. 

Along many parts of shore are str ips of coconut palms, Interior 
largely covered with virgin forest,  with scattered patches of brush. 

Other islands, Siko and Oaf1 are rocky on the north, and covered 
with loamy so i l  on the south. Other islands have eandy to loamy soil, 
Beaches are sandy to pebbly, Coconut palms are main type of vegetation. 

Settlements: B;ajob A few small native villages on the west 
coas t. 

Other islands, Each of the islands has one or more d l  native 
villeges l 

Movement: JkAoa. Coastal f l a t s  on northeast and southwest are 
topographically favorable f o r  movement, but forest cover is obstacle. 
One foot path connect6 and crosses these two sections, Movement on foot 
possible i n  coconut str ips along the soutbeetern shore. Elseaere 
cutting t r a i l s  or  building roads neceseary, Small swamps constitute 
add1 tiona3, local obstacles. Landing operations feasible alone; the 
coastal f l a t s  where the shore is m t  swampy or muddy, 

gther islands, Movement of foot t roop  feasible at nost places, 
Landing poedble at most placee except steep and rocky northern shores 
of Siko and Gaff, 

Cover. Concealment, Obsemati on: Cover p oplded by ridges and spurs 
i n  the hilly parts of the island, and by beach ridges and low cut banks 
at high tide l ine  along the coast, 

Ground and aerial concealment glven by forest cover i n  most placer. 
Concealment least  on rocky el apes along the northwestern coast, 

Observation obstructed by forest and topography. Projecting points 
on east side would permit observation of adjoining stretches of shore. 

Prepared' by 0. S, Qeological SUrpe~ 
Preliminary t e x t  submitted For Chief of Engineers, U. So m* 
WI thou t  checking o r  e d i t i n g .  
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P. l e land  
Tg. Cepe 
A. River 
X. River 
Ik. Mountain 
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w and cliffs 
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HALMAHERA (MOLUK KAS) TERRAIN APPRECIATION 
I 

Reliability Rating: Clase B 
SHEET NO. XIX-97 

Area No., 25. Moeasi and Latalata Islands. 

Topographx: Two large,  mountainous is lands ,  i r r egu l a r l y  
shaped, separated by narrow s t r a i t ,  and flanked by smaller is lands.  

Moeari, a t  northeast,  i s  about 6.5 miles long and from 1 t o  3 
miles wide, Total  r e l i e f  i s  nearly 350 meters. Slopes a r e  pre- 
va i l ing ly  steep,  but  l oca l l y  gent ler  i n  a pocket-shaped sect ion a t  
the west, and i n  a transverse s t r i p  toward the northeast.  Topography 
rocgh, Few streams, a l l  small. Shore s t eep  i n  most places, a d  
coast l ine  i r regu la r .  

Lata la ta  i s  about 5 miles lorig and as  much as 3 miles wide. 
Total  r e l i e f  nearly 360 meters. Topography s imi la r  t o  Moeari. H i l l y  
southwestern end i s  separated from main section by low narrow neck. 
Coastline very i r regu la r ,  with numerous bays arid ju t t ing  points. 

Ground Conditions: Large areas along shore and on some inland 
ridges a re  rocky and comparatively bare. Other par t s  of islar-ds a r e  
covered with sandy t o  clayey loam s o i l ,  from a few f e e t  deep on s teep 
slopes t o  a few tens of f e e t  deep on gent ler  slopes. S o i l  is  wel l  
drained, gives good footing,  and is  e a s i l y  excavated. Locally it 
may be very muddy when wet. Beaches a r e  rocky. Coconut palms f r inge  
shore, and v i rg in  fo r e s t  covers i n t e r i o r  except f o r  l o c a l  rocky areas .  

Settlements: A few small native v i l l ages  a r e  sca t te red  along 
tne  coas to  

Uovement: Steepness and roughness of topography unfavorable 
f o r  movement i n  g rea te r  pa r t  of area. Low,narrow necks connecting 
broader pa r t s  of both is lands ,  however, provide natural  corri dors 
f o r  crossing the islands.  Forest cover is an obstacle; cu t t ing  
t r a i l s  des i rable  f o r  movement of foo t  troops, and building roads 
necessary f o r  movement of vehicles. No existing roads o r  trails. 
Landj ng operations p o s d b l e  a t  e i t h e r  end of corridors mentioned 
above, but  communications with other par t s  of &he i s lands  w i l l  be 
poor 

Cover, Concealment, and Observation8 Cover i s  provided mainly 
7- - - -- --- 

by narrow ridges and va l ley  sides.  I n  rocky areas,  some cover prob- 
ably  given l oca l l y  by projecting rocks. Fie ld  f o r t i f i c a t i o n s  feas- 
i b l e  where ground i s  not rocky. 

Forest cover provides complete ground and a e r i a l  concealment 
i n  the  i n t e r i o r .  Concealment very poor i n  rocky areas on and near 
coast.  

Observation i n  the i n t e r i o r  very r c s t r i c t e d  by f o r e s t  cover. 
Along coast ,  open character  of rocky areas and deeply indented shore 
permits good l oca l  observation from the numerous projecting points. 

Area 26. See Sheet XX-98 f o r  a l l  sections. 

t A 
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HALMAHERA (MOLUKKAS) TERRAIN APPRECIATION 
1 R e l i a b i l i  t y  Rating : C l a s s  B SHEET NO. XIX-98 

Area No. 25. Kajoa Group. 

Tqgography: P a r t  of Itajoa included i n  t h i s  quadrangle is elong- 
a t e  and h i l l y ;  r e l i e f  about 325 meters. Spurs p r o j e c t  outward i n  
a l l  d i r e c t i o n s  from a c e n t r a l  peak. No streams of any s i z e .  Narrow 
c o a s t a l  p l a i n  on south  and west; shore  s t e e p  on e a s t .  

Laloein i s  long narrow i s l a n d  wi th  r e l i e f  of about 130 meters. 
Slopes s t eepe r  on west than on e a s t ,  g e n t l e  t o  moderate over most of 
i s l a n d ,  

The s m a l l e r  a s soc ia t ed  i s l a n d s  a r e  a l l  low--lying, f l a t  t o  broad- 
l y  rounded. 

Tanet i .  H i l l y  i s l a n d  about 6 miles long and 2 t o  3 miles wide. 
-A 

Tota l  r e l i e f  i s  200 meters.  Slopes gen t l e  t o  moderate over  much of 
a rea .  Streams a l l  very  s r r i l l .  Shore indented a ~ d  i r r e g u l a r ,  Small 
c o a s t a l  flats a t  nor theas t  ard southeas t .  

North of Tanet i  i s  a group of small lovi i s l a n d s  of i r r e g u l z r  
shape Tolimau, t h e  l a r g e s t ,  i s  about 3 miles long  and 0.5 mile 
wide. 

Ground Conditions : I s l ands  covered wi th  moderate t o  t h i c k  man- 
t l e  of sandy t o  c layey  loam s o i l ,  l o c a l l y  pebbly. S o i l  is w e l l  drain-  
ed and g ives  good foo t ing ,  b u t  i s  muddy when wet, and l o s e s  its 
perviousness i f  d i s turbedo p a r t i c u l a r l j ;  when wet. Small patches of 
swampy ground on Laloein and on Tanet i .  Coconut palms f r i n g e  shore  i n  
many plzces.  I n t e r i o r  a reas  a r e  covered by v i r g i n  f o r e s t  , with some 
small patches of brush. Beaches sardy  t o  gravel ly .  

Set t lements  : Small na t ive  v i l l a g e s  e x i s t  on a l l  the l a r g e r  - 
i s l a r d s .  

Movement: Topography g e n e r a l l y  f avorab le  f o r  mwement, b u t  loc- 
a l l y  t o o  s t e e p  f o r  meclxinized un i t s .  Fores t  cover, however, is an 
obs tac le  i n  most places,  a l though some brrish t h i c k e t s  a r e  passable 
f o r  heavy vehic les .  Ex i s t ing  t r a i l s  a r e  l imi t ed  t o  foot  pa ths  cross- 
ing  Laloej n and Tanet i ,  and much s h o r t e r  pa ths  on a few o the r  i s l a n d s .  
Landings poss ib le  on c o a s t a l  f l a t s  of a l l  t h e  l a r g e r  i s l ands .  

Cover, Concealment and Observation : Some cover pro7rided by - - - - >  - 
beach r idges  and by low rounded hills on Laloein, and by r i d g e s  and 
stream banks on Tanet i ,  

G r o u ~ d  and a e r i a l  concealment provided by f o r e s t  cover i n  great-  
c r  p a r t  of area.  V i s i b i l i t y  is very low, except along shore, and 
the re  a r e  no s a t i s f a c t o r y  lookout  po in t s  in land ,  

Area No. 26. Kasiroeta .  

See Quadrangle No. XX-98 f a r  a l l  s ec t ions .  

P r e l i m i n a r y  t e x t  s u b m i t t e d  Prepared by U. S.  geologica l  Survey 
wi thout  checking o r  e d i t i n g .  f o r  Chief of Engineers, U. S. Army 
U. S. Geological Survey 
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Tk. lmboelmbos I 
L U K S C H E  

Lmgs numbers and heavy 1 ine l  indicet  e terrrrtn oraas. Common abbreviations 

Lettsrs and l ight  l ines  iadicats tarrain types us followor 
A. River and coa~tal lowlaad. 
B. Terrscee, inland f le tr ,  sloping plains, low rolling 

hi 11s. 
C, Hil ly  rrnd mountatnow country. 

P. IsYmd 
Tg. Cape 
. River 
X, River 
Bk. Mountain 

Marsh (draalend) era\*' C~oea t ril bluff  a 
rcnm and e l i f f a  A A A Rocky area 
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Relinbility R s t  ing: Class B 

SHEET NO. XX-98, 

Area No. 27. Mountains of Northwestern $At ja~;, 
Area No. 26. Kas i roe ta  

Topography. Mountainous t e r r a i n  of s t e e p  s ided  r idges and peaks; 
vall-eys narrow wi th  s t e e p  s ides .  Coastal lowlands l i e  between mountains 
and Sambaki S t r a i t ;  small 1mla.nd northwest of Mamboeat Islafid; else-  
where mountains extend t o  shore. Most of a r e a  l e s s  than 500 m. in 
a l t i t u d e .  Bel t  of high mountains on e a s t e r n  s i d e  of shee t  is between 
500 and 900 m.; maxin~um a l t i t u d e  of 870 m. reached by Oeridjawa Mtn. 

Touograph~. Greater  p a r t  of  Bas i roe ta  I s l and  appears  on t h i s  
sheet ;  o the r  p a r t s  on s h e e t s  a t  north,  northwest, and west. Following 
descr ip t ion  app l i e s  t o  e n t i r e  i s l and .  

Broad, mountainous i s l and  wi th  ragged n~argins , s e ~ b r a  Led f rorn 
Batjan by narrow Sambaki S t r a i t .  Elevat ions up t o  about 800 m. A t  
south is  a detached range of h i l l s  separated from c & n t r & l  p a r t  of 
i5land hy narrow t r ansve r se  lowland. Somewhat l a r g e r  and h ieher  
-.I-lntainous s t r i p  a t  nor th  is a l s o  s e t  a p a r t  by t r ansve r se  va l leys .  

S~unrr!its and r idge  c r e s t s  rounded, narrow. Slopes gene ra l ly  s teep;  
some moderate on northwest t i p  and along t h e  Djojame. Slopes cu t  by 
numerous ravines.  Valleys a r e  narrow and crooked; except along p a r t s  
of t h e  Djojame and near  s tream rnoutns, s t ream channels occupy e n t i r e  
width of v a l l e y  f l o o r .  F l a t  o r  gen t ly  undulating c o a s t a l  lowland 
between Cape Ratoemangara and Cape Indar i ;  bordered on a l l  s i d e s  by 
s t e e p  mountain s lopes.  P la in  v a r i e s  i n  width from 0.5 t o  2.25 ni.;  
s t r i p  of marsh and swamp about 0.5 m i .  wide on seaward s i d e  of p l a in .  
Many streams en te r ing  a r e a  a r e  l o s t  i n  swamps without  r e a c h s n ~  ccas ts .  

Cent ra l  p a r t  of i s l and  c o n s i s t s  of very i rreg-ular i n t ~ r i  or  bas in ;  
P :is is perched on an upland from which s teep ,  broken s lopes  descend 
fo t h e  coas t .  Slopes wi th in  bas in  p reva i l ing ly  moderate, indented by 
brosd  hallow v a l l e y s  g iv ing  undulatory topography. Basin  drains sou th  
t n r u  Kasiroeta va l ley ,  which narrows sharply  just before  reach- 
coastal. 'Lowland. Seaward s lopes  e n c i r c l i n g  i s l a n d  a r e  rugged and 
i r r e g u l a r ,  wi th  innumerable spur s  and shor t ,  s t e e p  va l l eys .  The 
' aas i ro t t a  is only important r i v e r .  Toward mouth it winds t h r u  broad 
1.-alley f ia t ;  smal ler  v a l l e y  f l a t  j u s t  upstream from narrow sec t ion .  
Far ther  upstream t h e  v a l l e y  narrows and becomes shallower, w i th  g e n t l e r  
s i d e  s lopes ,  

Low   lain north west of lPamboeat, is about 3 m i .  lonp and 1.35 m i .  
i n  maximum width. 

Along lowlands, coast  is low and muddy o r  sandy; elsewhere 
mountains r i s e  abrupt ly  from sea  o r  from narrow s tony  o r  sandy beach. 
Small s t r i p  of  marsh south  of t h e  Nondang River. 

Coas t l ine  s t e e p  and i r r e g u l a r  on a l l  s i d e s ,  e s p e c i a l l y  on west. 
Points  and peninsulas of var ious  s i z e s  and shapes a l t e r n a t e  w i t h  
coves, i s l ands ,  and embayments. Coastal  f la ts  a t  only 2 p laces :  mouth 
of Kasiroeta River, and near  c e n t e r  of e a s t  coas t .  Coastal  s lopes  
t e r r aced  a t  some p laces .  

A few s ~ a l l  i s l a n d s  l i e  a s h o r t  d i s t ance  o f f  shore. Sal ipogot  
and I n d a r i  a r e  2 low c o r a l l i n e  i s l e t s  l e s s  than a square  mile in 
a rea .  A t  south  end of Sambaki S t r a i t  is Tambelit, a h i l l y  i s l and  
about 3 m i .  long, wi th  a maximum width of  2 mi.; f a r t h e r  south  is 
small  rocky i s l a n d  of Oewa. Mamboeat, between Batjan and nor th  
coas t  of Obit, is rugged i s land.  Severa l  small,  h i l l y  i s l a n d s  of i r r e g u l a r  o u t l i n e  e a s t  and south- 

east of Kasiroeta.  Slopes moderate, and r e l i e f  genera l ly  less than 
i50 m. Set t lements .  Severa l  n a t i v e  v i l l a g e s  along shores;  most a r e  

s i t u a t e d  on seaward margin of coas ta l lowlands ;  v i l l a g e s  on Sambaki 
S t r a i t  genera l ly  b u i l t  on beach r idges  o r  r a i s e d  c o r a l  r e e f s  between 
swamps and.sea .  I n t e r i o r  l a r g e l y  uninhabited; some temporary camps 
made by c o l l e c t o r s  of copal and darns6 gum.  

H i l l y  i s l and  of Obit is about 7 mi.  long by 4 m i .  wide; borders  
b b o e h a  Bay, separa ted  from Batjan by narrow s t r a i t .  Rel ief  s l i g h t l y  
Lsss than 200 m. H i l l s  a t  e a s t  and west, separa ted  by a c e n t r a l  pap. 
:$arrow c o a s t a l  f l a t  a t  north,  and broader one a t  south (shown on shee t  
XXT-?E?) . Inland s lopes  s t e e p  on eas tern  h i l l s ,  moderate t o  s t e e p  a t  
west.. Coastal s lones  l o c a l l y  t e r r aced .  Two smaller  i s l a n d s  west of 
??it, separa ted  by narrow channels, have similar t o ~ o p r a p h y  . 

Movement. I n  most of a rea ,  rugged t e r r a i n  is b a r r i e r  t o  movement -- 
of motorized u n i t s  unless  roads a r e  constructed.  Severa l  f o o t  t r a i l s  
used by copal and damar gum c o l l e c t o r s  wind through mountains; aos t  
have s t e e p  t o  moderate grades and could n o t  be used by m o t ~ r i z e d  
equig merit without considerable construct ion.  Uany t r a i l s  i n  p a r t  
fol low v a l l e y  bottoms near strpam channels; may be impassable during 
most of r a iny  season. Cn c o a s t a l l o w l e n d s  f o r e s t  and swamps a r e  most 
se r ious  o h s t a c l ~ s  t o  motorized units although topography is favorable.  
Ifanprove swamps al-one - Samhaki S t r a i t  a r e  obs tac le  t o  l a n d i r : ~  of men 
o r  vehjc les  . 

For desc r ip t ion  of Mandioli s e e  shee t  XXI-98. 

Ground condit ions.  Patches of  rocky ground widely d i s t r i b u t e d  
' . z  e a s t  s i d e  of Kasiroeta,  and a l s o  along nor th  and west coas ts .  Other 
,arts of a r e a  have loam s o i l  a few f e e t  t o  a few t e n s  of f e e t  deep, 
:J?allowest on s t e e p  s lopes  and edges of  t e r r a c e  f l a t s .  S o i l  g ives  good 
F ~ o t i n p ,  is w e l l  d ra ined j  may be  very muddy when wet. 

In  h igher  p a r t s  of mountains, f o o t  t roops  can deploy o f f  pa ths ;  
movement e a s i e s t  along r idge  c r e s t s  where vegeta t ion  is genera l ly  
l e a s t  dense. 

Beaches sandy t o  l o c a l l y  rocky. 

Coconut palms f r i n g e  g e n t l e r  p a r t s  of shore; occur a l s o  on low 
ground f a r t h e r  inland. Except f o r  rocky places,  r e s t  of a r e a  heavi ly  
fores ted .  Bamboo t h i c k e t s  in places  along lowland streams. 

Sti-eams are smal l  and can b e  forded except during per iods  of  
sudden high water,  during r a i n y  season, Dense vegeta t ion  on lowlands 
and i n  v a l l e y  bottoms a r e  most se r ious  obs tac le s  t o  crossings.  

One smal l  t r a c t  of swamp on nor theas t  coas t  of Kasiroeta. 
Cover, concealment, and observat ion.  Excellent cover !a 

mountains although trails can be brought under f i r e  at many poin ts  
from nearby commanding heights .  L i t t l e  cover on lowla.nd p la ins ;  
l o c a l l y  cover f o r  men behind low beach r idges .  

Set t lements .  A few small n a t i v e  v i l l a g e s  widely s c a t t e r e d  along 
? e  coas t  on Kasiroeta, Obit, and Waring. 

Movement. Rugged topography on most of Kasiroeta is adverse t o  
xavement; f o r e s t  cover is an added obs tac le .  

Rain f o r e s t  g ives  exce l l en t  concealment i n  nea r ly  a l l  p a r t s  of  
arcs. Concealment f o r  vehic les  inconple te  in c leared  a r e a s  and 

A t  south end of i s land,  narraw lowland provides co r r ido r  between 
:st and west coas ts ,  w i th  continuous g e n t l e  grades. A t  one p o i n t  t h i s  

c ~ r r i d o r  is very  narrow. It is followed by a f o o t  path. Bamboo, swamp 
v ~ r e t a t i o n ,  and undergrowth o f f e r  d i f f i c u l t i e s  o f f  t h e  t rai l .  Eas t  end 
of path fol lows bed of Kasiroetb River bed; unusable during high water .  

ycunp second growth t r a c t s  around some v i l l a g e s .  T r a i l s  l a r g e l y  
hidden from a e r i a l  observat ion by overlapping crowns of t r e e s .  

Ground o b s ~ r v a t i o n  genera l ly  r e s t r i c t e d  t o  few yards except 
along occasional  s t r a i g h t  s t r e t c n e s  of t r a i l .  

A t  northern end of i s land,  a poor co r r ido r  betxeen e a s t  and west 
coas ts ,  formed by v a l l e y s  opeaing eastward and westward. Grades 
rw~oderate and l o c a l l y  s teep;  pass a t  hignest  po in t  about !+OO m. nigh; 
rou te  followed by f o o t  path. 

Area No. 29. Sajoang-T:ora Corridor and Laboeha-Sajoahp I s thmus .  

(For desc r ip t ion  of main p a r t  of a r e a  s e e  shee t  No. XX-9Q. 

Topography. FTort,hern end of Sajoang-Tjoro va l l  ey corrie.ior is 
separa ted  frcm narrow c o a s t a l  l o w l ~ n d  around head and west s i d e s  >f 
Loid Bay on nor th  coas t  by gwups  of low h i l l s  125 t o  200 rn. in 
a l t i t u d e .  The narrow c ~ a s t a l  p l a i n  v a r i e s  from a few hundred yards 
t o  about a mfle ir, width. Ground f l a t  o r  g e n t l y  roll-  ing; law sandy 
beaches along shore.  

Kasiroeta v a l l e y  o f f e r s  e a s i e s t  rou te  t o  i n t e r i o r  of i s l and ;  
followed by foo t  pa ths  which i n  t h e  i n t e r i o r  branch out i n  d i f f e r e n t  
+ i r e ? t i o n s ,  and connect wi th  o the r  nat,hs l ead ing  down over s t e e ~  
s lopes  t o  both coas ts .  Off  t r a i l s ,  movement on foo t  e a s i e s t  on 
rocky patches and r idge  c r e s t s .  

Areas permi t t ing  landing opera t ions  a r e  few, r a t h e r  unsa t i s f ac to ry .  
One p o s s i b i l i t y  is c o a s t a l  f l a t  on e a s t  c e n t r a l  shore; poor communica- 
tLon wi th  o t h e r  p a r t s  of i s l and .  Another p o s s i b i l i t y  is f l a t  a t  mouth 
of Kasiroeta River; could be  s t rong ly  defended from surrounding he ights .  

East of Obit I s land (Area No. 26) is t h e  western end of t h e  
LaboehaSa joang Isthums ( shee t  XX-99), formed by a low coas ta l  p l a i n .  
Kest of Amasing River, p l a i n  broken by a small group of low h i l l s  and 
r idges .  H i l l s  l e s s  than  150 m. high; s lopes  moderate. P la in  is nea r ly  
f l a t ;  crossed by Amasing River and a few smal l  streams. On Obit, movement r e s t r i c t e d  by s t e e p  s lopes  in  h i l l y  sec t ions ,  

and by f o r e s t  i n  i n t e r i o r .  Broad c o a s t a l  f l a t  a t  south  ( shee t  No. 
XXI-98) s u i t a b l e  f o r  landing;  a l s o  narrower c o a s t a l  s t r i p  a t  nor th .  
One north-south foo t  pa th  crosses  i s land,  fol lowing r i d g e  route .  

Se t t l exen t s .  A few small v i l l a g e s  border ing  Loid Bay. Some 
small v i l l a g e s  together  wi th  west p a r t  of Laboeha Town l i n e  shore  
of Laboeha Bay, e a s t  of Cape Awanggo; rubber p lan ta t ion  s i t u a t e d  
some distance-  in land t o  nor th .  

On o the r  i s lands ,  s l o p e s  general-ly not t o o  s t e e p  f o r  movement, 
b u t  f o r e s t  cover on l a r g e r  i s l ands  o f f e r s  obs tac le .  Coastal  a r e a s  
permit  small-scale landing operat ions a t  many p laces .  

Movement. Tropica l  vegeta t ion  is p r i n c i p a l  obs tac ie  .o ~novement 
of motorized un i t s :  t e r r a i n  gene ra l ly  favorable.  hiages w r s t  of - 
Amasinp River on Laboeha Bay a r e  only s e r i o u s  obstazl  .:. t o  n,:torized 
u n i t s .  T jmited deployment of motorized u n i t s  poss ib le  on I- laches 
and throueh open coconut groves on c o a s t a l  lowland of Loiti 3zy. TraiT 
from t h e  bay i n t o  t h e  Sajoanp-T2oro co r r ido r  prohablp can he e a s i l y  
improved f o r  ~ ~ o t o r i z e d  vehic les .  

Cover, concealment, observat ion.  On Kasiroeta,  cover provi-ded by 
:iarrow ridges,  stream banks, and, l o c a l l y  on small s c a l e ,  by s c a t t e r e d  
rocks in rocky t r a c t s .  Some cover a l s o  by larger hardwood t r e e s .  Along 
c ~ a s t ,  nmerous po in t s  and promontories g ive  some cover from f i r e  in 
coastwise d i r e c t i o n s .  Eie ld  f o r t i f ' i c t t i o n s  f e a s i b l e  on gen t l e r  s lopes ,  
except where rocky; bedrock c lose  t o  s u r f a c e  near  t e r r a c e  edges. On Laboeha Bay, roads from Laboeha and nearby v i l l a p r -  probably 

can be  used i n  d r i e r  weather b u t  need improvement f o r  all--.rsathcr l iss 
by motorized equipment. Amz2sing River probablj- not f ordat.' + hy 
vehic les  except h very  d ry  years ,  but  can be  forder., oy f'r ".roo~!s. 

On Obit and o the r  i s l ands ,  some cover given by low rounded hills 
and r idpes.  F i e l d  f o r t i f i c a t i o n s  genera l ly  f eas ib le .  

Cover, concealment, observat ion.  L i t t l e  cover r--.zcep.& 2 n 2 -x 
h i l l s  west  of Amasinp River and a t  head of pass fr(~"!, Loid 2.y to 
Sajoang-Tjoro va l ley .  Concealment good on most of Lc.id Ba; 1.1% * .  
and near  t h e  western p a r t  of Laboeha Bay lowland. Conceal, ->sit 
ir~comple-ke i n  open coconut groves along shore  and &r.?:md *: iag~:; 
probably poor conceaglment i n  rubber p lan ta t ion .  ODE : r ~ a t !  -!' ger;- rabl 
poor; g e ~ e r a l l y  b e s t  i n  l a r g e  c u l t i v a t e d  a r e a s  arwr: . b:J.anc&io? 
and v i l l a g e s ,  

Forest  pivcs complete concealment e x c a t  i n  rocky areas ,  and i n  
ecconut proves, where pround concealment is l b . i t e d .  

Observation hindered by f o r e s t  i n  most p lsces .  Good vantage po in t s  
nnly on c o a s t a l  a reas ,  p a r t i c u l a r l y  on Kasiroeta,  where many knobs 
and r idges (espec ia l ly  above s lopes  t h a t  a r e  s teep ,  rocky, and com- 
rsarat ively open), cormand adJoinirtg c o a s t a l  a reas .  

i 

>- - .--, . - _ _ _  _ - - -  
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HALMAHERA (MOLUK KAS) TERRAIN APPREClATlON 
1 

R e l i a b i l i t y  ra t ing:  Class  B 

SHEE!F NO. XX-39 

Area No. 19  - Mountains of Southern Halmahera 

Topography: Small group mountainous is lands  i n  Pat i n t  i S t r a i t ,  
off t he  coast of Halmahera. Saleh-Lamo, t he  l a rge s t ,  is about 5& miles 
long and has maximum width of about 2$ miles;  a l t i t u d e s  general ly  l e s s  
than 300 meters; maximum a l t i t u d e  319 meters. Two small  i s l ands  of 
Saleh-Icetjil  and a few t i n y  i s l e t s  l i e  t o  the  south. Saleh-Ketj i l  is 
2s mile long, 0.6 mile wide; maximum a l t i t u d e  185 meters. 

The mainland of Halmahera has a low coas ta l  p la in  backed by steep 
slopes. Area described on sheet XM-99 and XIX-100. 

Ground Conditions: Is lands  md mainlmd of Halmahera have red- 
brown l a t e r i t i c  loam or c lay  loam overlying deeply weathered volcanic 
rock which is exposed l o c a l l y  i n  val ley  bottoms and, on is lands ,  a s  
rocky headlands. Some sandy or stony c lay  on narrow coas ta l  lowland 

1 of Halmahera. Ground generally well-drained; mud formed i n  r a i n  weather 
d r i e s  f a i r l y  rapidly.  1 

I Coconut palms along coast.  

Settlements: I s l ands  have no permanent habitat ions.  A few very 
small i so la ted  set t lements on Halmahera. 

Movement: Topography unfavorable t o  movement of motorized vehic les  
without construct  ion of roads. 

Foot t r a i l  extends along t he  coas t s  of Haknahera. Probably can be 
ea s i l y  improved f o r  use by motorized equipment. Inland, r a i n  f o r e s t  
and s teep  slopes a r e  unfavorable f o r  movement of motorized uni ts .  
Streams ea s i l y  forded except for  short periods a f t e r  heavy ra ins .  

Cover, Concealment, Observation: Rugged t e r r a i n  gives  good cover 
on i s l ands  and p m t  of mainland. Coastal lowland of Halmahera has  
l i t t l e  cover. Concealment good; observation r e s t r i c t e d  t o  a few yards 
except along t h e  beaches of Halmahera. 

Area No. 27 - Mountains of Northwest Batjan 

Topography:- High mountain of Bk. Amasing surrounded by irregu- 
l a r  r idges  and deep narrow va l leys  form t h e  southwest end of t h e  moun- 
t a i n s  of t h e  northwest lobe of B a t  jan is land (See sheet XX-98 f o r  
major port ion o f  t h e  area) .  Bk. Amasing i s  about 1030 meters i n  a l t i -  
tude; most of a rea  i s  l e s s  than 500 meters i n  a l t i t ude .  Summits and 
r idge c r e s t s  narrow, slopes generally steep. Valleys narrow and crooked, 
Streams cornmohly small,  with s teep gradients.  

Ground Conditions: Red-brown l a t e r i t i c  loam and clay loam gener- 
a l l y  10 t o  20 f ee t  deep, l oca l l y  deeper. S o i l s  generally well  drained. 
Mud forms where vegetat ion cover i s  broken by excavations or t r a i l s ;  
d r i e s  f a i r l y  quickly on slopes. Ground can be e a s i l y  excavated by hand 
t o o l s  although tangle  of creepers and roo t s  on jungle f loor  may be 
d i f f i c u l t  t o  penetrate. S l i de s  may develop i n  excavated areas.  

Area covered by r a i n  fo r e s t .  Undergrowth gensra l ly  not dense ex- 
cept l oca l l y  i n  stream va l l ey s  and ravines. 

Settlement a. Area uninhabit ed. Natives make temporary camps when 
gathering damar gum. 

Movement: Bar r ie r  area unsuitable for  movement of motorized u n i t s  
without construction of roads. Foot t r a i l s  from mountains t o  west (sheet  
65 - XX-98) cross  west margin of quadrangle f o r  shor t  d i s t ~ n c e s ;  unsuit- 

I able f o r  mechanized troops n i  thout considerable construct  ion. 

Foot troops can move with d i f f i c u l t y  i n  -y p a r t s  of area;  must 
cut t h e i r  way i n  some places. Easiest  movement i s  along r idge  c res t s .  
streams can be forded except during long heavy ra ins .  

Cover, Concealment and Observation: Ridges and deep val ley  g ive  
good cover. Dense f o r e s t  covsr o f f e r s  excellent  concealment. Obser- 
vation i n  most p a r t s  of area l imi ted t o  a few yards. 

Area No. 28 - Mountains of northeastern Bat jan 

Topography: Mountainous t e r r a i n  of steep-sided r idges  and peaks - 
with narrow crooked val leys ;  smll  coas ta l  lowlands along p a r t s  of 
northwest and northeast coas ts ;  elsewhere mountains extend t o  shore. 
Al t i tudes  comonly between 500 and 1000 meters; Bk,Raroang reaches 
maximum a l t i t u d e  &r 1189 meters. 

Summits and r idge c r e s t s  a r e  rounded, narrow; slopes generally 
very steep, cut  by numerous small ravines. Valleys a r e  narrow with 
s teep sides;  except near mouths, streams have channels t h a t  occupy en- 
t i r e  width of va l l ey  f loors .  

Coastal lowland of  Geti River forms l i t t l e  pocket about 2* miles 
square on th.e northwest coas t ;  i s  f l a t ,  bordered by s teep mountain 
slopes. On northeast  coas t ,  a narrow s t r i p  of coas ta l  lowland l i e s  
between Tg. Otoe and Sepi Bay; 3/4 t o  2 miles wide; p la in  o r  gent ly  un- 
dulat ing,  backed by s teep mountains. Elsewhere, mountain slopes r i s e  
steeply from sea or from narrow s t r i p  of beach. 

Streams a l l  small; subject  t o  sudden r i s e  during ra iny season. 

Ground Conditions: L a t e r i t i c  c l ay  loam or c lay ,  s imi lar  t o  area 
27. i n  mountains. Depth var iable ;  general ly  about 20 f e e t ,  l e s s  along 
streams where bedrock-is l oca l l y  exposed. on narrow coas ta l  lowland 
s o i l  comonly is  sandy c lay loam, Natural drainage f a i r l y  good through 
out area,  but where vegetat ion cover hgs been broken by excavations 
o r  by heavy t r a f f i c  on t r a i l s ,  s o i l s  become p l a s t i c  and s l ippery when 
wet. Sl ides  may develop i n  excavations. 

Area mostly covered by r a i n  fo res t .  Open groves of coconut palms 
along coast.  Small c leared o r  grass-covered areas around scat tered 
v i l l age s  ; some second growth fo res t  with dense undergrowth of bushes 
and vilena. 

Settlements: A few small v i l l age s  on seaward margin of coas ta l  
lowlands. No permanent set t lements i n  in te r io r :  some temporary camps 
made by na t ives  gathering damar gum in  mount ains. 

- 

Movement: Bar r ie r  area unsuited f o r  movement of motorized u n i t s  
without construction of roads. Several t r a i l s  en t e r  $be area;  a few 
cross  the mountains from the  coas ta l  lowlands t o  the  Sajoang-Tjoro 
valley ( Area 29). T r a i l s  cannot be  used by motorized uni t  s without 
considerable construction work. Ltmited movement and deployment possi- 
ble i n  coas ta l  coconut groves. 

Foot t roops  can s k i r t  mountains along beaches and borderjrng coco- 
nut groves. Movement through t he  mountains probably ea s i e s t  along r idge 
crests. Dense vegetat ion of val leys ,  ravines  and most p a r t s  of coas ta l  
l m l a n d s  a r e  pr incipal  obstacles  fo r  f oo t  troops. 

Streams ea s i l y  forded by men except during periods of sudden high 
watet i n  ra iny seasons; banks with densely matted vegetat ion a r e  prin- 
c i p a l  obstacles  t o  crossings. 

Cover, Concealment and Observation: Mountainous t e r r a i n  gives  
good cover i n  most p a r t s  of area. L i t t l e  cover on lowlands except lo -  
c a l l y ,  behind high stream banks and low embankments a t  inland margin 
of beaches. 

In  almost a l l  of area  dense fo r e s t  g ives  exce l l en t  concealment. 
Ground observation comonly l imi ted t o  a few yards. 

Area No. 29 - Laboeha isthmus and Sejoang Corrider 

Topography: Isthmus between highlands of c e n t r a l  and northern 
Batjan ( ~ r e a  30, Areas 27 and 28) occupied by low a l l u v i a l  plains.  
Sajoang Valley forms corridor extending northwest from t h e  isthmus; 
separates areas  27 and 28. 

Both laolands a r e  in terrupted by i so la ted  groups of h i l l s  and low 
mount ains. 

The Laboeha-Sajoang isthmus generally l e s s  than  50 meters above 
sea level :  some h i l l s  r i s e  100 t o  200 meters above t h e  pla in;  Bk. 
Soeanggi is 511 meters i n  a l t i t ude .  The isthmus between Laboeha and 
Sajoang i s  about 8 miles  across. The width va r i e s  from 2 t o  more than 
53; miles;  the coas ta l  p la in  on t h e  eas t  s ide extends more than 6& miles  
between Babang and P. Oebooeba. Northern m r g i n  of p l a in  bordered by 
s teep r idges  and h i l l s  (Areas 27 and 28) ;  south s i de  by S ibe l l a  mountains, 
(Area 30). Most of p la in  is f l a t  o r  gent ly  undulating; i s  covered by 
marsh (drasland) between Laboeha and L a k ~  Noesa; a patch of swamp (moeras) 
north of Sajoang on eas t  coast. On south s ide  of t h e  marsh low h i l l s  
and r idges  with gent le  s lopes  r i s e  t o  base of s teep S ibe l l a  Mountains. 
Rk. Soeanggi i s  steep-sided mountain. 

The Sajoang-Tjora val ley  i s  generally t o  1 mile wide; val ley  
f l o o r  is f l a t  o r  slopes gent ly  inward from the  bordering steep-sided 
mountains (Areas 27 and 28). Gradients a re  very low; streams have 
meandering courses. North of the  Toei-Tjora junction val ley  widens 
t o  a basin nearly 3& miles across,  Before entering t h e  Laboeha-Sajoang 
p la in ,  the r i v e r  flows t h r u  a steep-walled canyon l e s s  than 1/3 mile 
wide. 

The Sajoang River, l a rges t  i n  a rea ,  is  r e l a t i v e l y  s m a l l  and sh'allow 
i n  dry weather; in  long ra iny  seasons is more than 400 f e e t  wide i n  
lower reaches, and is navigable by r a f t s .  Channel is well-defined and 
i n  many pa r t s  north of Bk. Soeanggi is incised several  f e e t  below level  
of t h e  plain.  The Inggo, emptying in to  Bay of Laboeha, is seconq i n  
importance, although considerably smaller. Its lower course i s  e n t i r e l y  
through marshy lowlands bu t ,  in  ra iny season, i s  navigable by c r a f t  of 
very shallow d r a f t .  Many mall streams a r e  t r i b u t a r y  t o  t he  Inggoi 
and Sajoang or  empty i n to  the  sea;  few short  streams disappear i n  marsh- 
lands of the isthmus. A 1 1  a r e  subject  t b  rapid changes of l e v e l  i n  
ra iny season. 

Ground Conditions : Alluvia l  s o i l s ,  generally sandy c lay  loams 
overlying sand and gravel  stream deposits. Texture var iable ;  coarse 
upstream and near the  f lanking h i l l s ;  considerable f i n e  clay s o i l  on 
the  Laboeha-Sajoang val ley ,  so t ha t  ground d r i e s  f a i r l y  quickly ex- 
cept i n  periods o f  long heavy ra ins .  Most of c en t r a l  and western p a r t s  
of isthmus poorly drained a d  marshy; l oca l l y  may be under water during 
ra iny  seasons. Deep s l ippery mud p e r s i s t s  f o r  long perioda; excava- 
t i o n s  slump or f i l l  with water. 

Most of t h e  Tjoro-Sajoang va l l ey  and margins of isthmus a r e  covered 
by swamp fo r e s t .  Coconut palms border both coasts .  Coconut and coffee  
planta t ions  on low h i l l s  and gen t le  slopes south of Laboeha. 

Settlements: Laboeha, on west s i d e  of isthmus is la rges t  and most 
important set t lement i n  area;  i s  port of c a l l  f o r  in te r - i s l and  steamers, 
s ea t  fif l o c a l  government, and an important t rading center .  A few small 

v i l l age s  around Laboeha and on eas t  s i de  of isthmus; p lanta t ions  (coffee ,  
coconut, rubber) north and southeast  of Laboeha. 

Eovementr Marshy ground, dense r a i n  fo res t  and swamp f o r e s t  a r e  
unsui table  f o r  movement of motorized uni t  s away from koads although 
low, open topography make t he  isthmu\s and t h e  Sajoang va l l eys  po ten t ia l  

na tu ra l  corridors.  Mechanized u n i t s  probably can move through opep 
vegetat ion of plantat ions.  

A rrhort road runs through Laboeba t o  v i l l a g e  of Tomori and t o  t h e  
p lan ta t ions  south and ea s t  of' Laboeha. Foot t rai ls  can c ross  t h e  
isthmus to v i l l age s  of  Babang and Sajoang, sk i r t i ng  t h e  areas  of marshy 
ground (dras land) ;  t r a i l s  from Sajoang and Laboeha jo in  at north s ide  of 
the  ismthus and continue as s i ng l e  t r a i l  through the Sajoang-Tjoro 
va l l ey  . Several  minor t rai ls  cross  t h e  isthmus and va l l ey  in to  t he  
mountains (Areas 27 and 28). I n  d r i e r  weather foo t  and horse trails 
probably can be used by tracked and l i g h t  wheeled vehic les  With l i t t l e  
improvement except widening. Ground f o m s  deep mud when wet, and i n  many 
places i s  poorly drained so t r a i l s  would require  considerable improve- - merit f o r  all-weather use by heavy t r a f f i c .  

Dense r a i n  f o r e s t ,  swamp f o r e s t  and other  types of marsh vegeta- 
t i o n  make movement d i f f i c u l t  f o r  f oo t  troops away from t r a i l 6  i n  most 
p a r t s  of area. Planta t ions  a r e  a reas  of easy moverment. 

Sajoang and Inggoi r i v e r s  can be forded a t  mny points  i n  dry 
seasons; may be unfordable i n  ra iny seasons except i n  upper courses. 
Sajoang and Inggoi can be  navigated by c r a f t  of very shallow d ra f t  
i n  ra iny seasons. Small s t reans  a r e  e a s i l y  fordable except during 
heavy ra ins .  

Cover, Concealment, Observation: L i t t l e  cover i n  many p a r t s  of 
area;  i so la ted  groups of h i l l s  and high stream bank8 l o ca l l y  g ive  good 
cover. Hasty f o r t i f i c a t i o n s  can be most e a s i l y  made i n  cleared ground 
i n  and around planta t ions;  elsewhere marshy ground and dense tangled 
growth covering ground ser iously  hinder excavations. 

Dense fo res t  cover g i v e s  exce l l en t  concealment i n  most p a r t s  of 
area;  concealmmt of vehic les  incomplete i n  open vegetat ion of plan- 
ta t ions .  Ground observations general ly  l imi ted t o  a few f e e t ;  on 
planta t  ions general ly  good f o r  several  yards. Aer ia l  observation every 
poor; t r a i l s  l a rge ly  hidden by overlapping t r e e  crowns. Observation 

I i n  o ~ e n  ~ l a n t a t i o n  groves i s  f a i r  t o  ~ o o r .  1 
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HALMAHERA (MOLUKKAS) TERRAIN APPREClATlON 
# 

Reliability Rating:  Class B 

SHEET NO, XX148 

I Area Nd; 26 I 
Topogra~hy . Mandioli is a roughly t r iangular  i s land witn 

,>revailingly gent le  t o  moderate slopes descending from a low cen t ra l  
r idge.  A t  northern end is  a hammer-s,~aped projection with topography 
somewhat s teeper  and rougher than elsewhere. Highest pcint ,  about 
330 m., is  a t  southeast,  and elevations only s l i g h t l y  lower a r e  a t -  
tained along cen t ra l  ridge. Sha1l.m valleys cut  in%o slopes of island,  
qiving a broadly rounded t,opographv. Streams a l l  small and shor t ,  
Coastal f l a t s  on both eas t  and west, Coastline moderately i r regu la r  
and embayed, and coas ta l  slopes b r o a 2 " ~  terraced.  

Ground c ~ n d i t i o n s .  Local t r a c t s  of rocky ground a t  north and 
southeast ,  Remainder of i s land covered by aandy t o  clayey loam s o i l ,  
l oca l l y  gravelly. Thickness ranges from a foo t  o r  two on outer 
surfaces of ter races  t o  several  f e e t  elsewhere. S o i l  we l l  drained, 
pives good footing. Degree of muddiness when wet var ies  local ly ,  
probably high a t  some places. Beaches predominantly sandy, l oca l l y  
x-ocky . 

Is land cvnered by fo r e s t  except fay rocky areas. Small stands 
?*f coconut palms a t  sca t te red  points  along shores. 

SeS t l~nen t s .  One small na t ive  v i l l age  on ea s t  coast. 

Movement. Topographically favoL-able f o r  movement of both men 
and m i l i t a r j  vehicles, except on l oca l l y  s teeper  slopes a t  north and 
southeast,  Local ~ b s t a c l e s  a r e  s t e e p s  slopes a t  outer  edges of 
terraces,  pa r t i cu la r ly  near shore, and f o r e s t  cover. Best routes on 
interstream slopes, p a r a l l e l  t o  stre.*ms. Movement on foo t  s lox  unless 
t r a i l s  a r e  cut, and movement of vehicles impossible unless roads a r e  
b u i l t .  Beachheads could be establisyed on coas ta l  f l a t s  a t  e a s t  and 
west. 

Cover, concealment, observatior,, Topographlr? cover poor d z ~ e  t o  
broadlv rounded s l o ~ e s .  L a r ~ e r  rocks in natches of rocky ground might , - u 

clue l L i t e 6  cover; a l s o  l a rge r  ha: :*cod' t r e e s .  !.ield f o r t i f  ioationa 
feas ib le  except or? outer  edges of terraces;  l oca l l y  stony ground may 
r e t a rd  excavation. 

I Conplebe concealment by f o r e s t  except on rocky areas.  I 
I ObseI-Fation extremely l imi ted 'LS-;~ by f o r e s t  cover and broadly 

rounded slopes,  Coastwise observation poss ible  where p rominentpo i  ts 
pro jec t  o u t  lazto sea. 

Areas No. 27 and 30 

See adjoining sheets  f o r  a l l  sect ions  of description.  
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HALMAHERA (MOLUK KAS) TERRAIN APPRECIATION 

R e l i a b i l i t y  Rating: Class B 

SHEET NO. XXI-99 

Area No. 29. Laboeha-Sajoang River Corridors. 

Topographx. Rounded h i l l y  r idges sloping gently northwest 
from Sibela Range; cut by small sub-parallel streams draining across 
a marshy coasta l  s t r i p  t o  sea. See sheet  XX-99 f o r  complete 
description of area.  

Ground conditions. Area has deep sandy loam o r  sandy clay 
s o i l ;  generally wel l  drained and d r i e s  quickly. 

Coconut palms a r e  main type of vegetation. Some mamp p a b  
also.  Extensive coffee plantations.  

Settlements. Plantations on well-drained, h i l l y  ground 'back 
from coast . 

Movement. Open vegetation of p lanta t ions  permits movement of 
motorized uni ts .  Small patches of swamp vegetation on coast a r e  minor 
obstacles readi ly  by-passed. L i t t l e  dense f o r e s t  l e f t  i n  area.  

Cover, concealment, observation. L i t t l e  cover f o r  vehicles i n  
area: ravines and stream banks can give l o c a l  cover f o r  men. 

Concealment generally adequate f o r  small groups of men; inadequate 
f o r  mechanized uni ts  i n  most par t s  of area. 

Ground observation f a i r l y  good i n  plantations;  l imited t o  a few 
yards in patches of f o r e s t  o r  swaEp. 

Area No. 30. Sibela Mountains. 

Topopraph. High, nnbroken mountain mass with northeast-trendinp 
c r e s t ;  forms cen t ra l  lobe of Batjan Island. A t  northeast end, major 
c r e s t  divides i n to  two long ridges. Southwest and centra l  pa r t s  of 
area  nearly 2000 m. i n  a l t i t ude ;  Sibela  Mtn. reaches maximum a l t i t u d e  of 
2111m.; northeast  end is between 1000 and 500 m. i n  a l t i t ude .  

Summit narrow; slopes generally very steep, but  in places lower 
slopes more moderate; slopes furrowed by many small rocky ravines and 
shor t  narrow val leys  with s teep gradients.  Mountain s ides  r i s e  
abruptly from sea  o r  from narrow s t r i p  of beach. 

Streams sho r t  and small; probably subject  t o  sudden floods i n  
rainy seasons. Largest stream, t he  Watjaoea, is about 6.5 m i .  long; 
f l m s  i n  V-shaped val ley with rocky stream channel occupying nearly 
e n t i r e  width of va l ley  f loor .  

Ground conditions. Fine sandy loam t o  samdy clay; grade downward 
in to  deeply weathered bedrock at  depths of 10 t o  more than 20 f t .  Bare 
rock exposed along val ley bo t tom and along many pa r t s  of range c res t .  
Some rocky headlands and benches. Footing is gocd when s o i l s  a r e  dry. 
During ra iny season s o i l  f o m  s l ippery mud but good arainage-permits 
f a i r l y  rapid drying. 

Mountains heavily forested except on lower north slopes bordering 
Laboeha-Sajoang Isthmus ( ~ r e a  29), which a r e  covered l oca l l y  by dense 
second growth fores t .  Fringe of coconut palms along l e s s  precipitons 
par t s  of coast.  

Settlements. No permanent set t lements.  

Movement. Area is formidable and unbroken ba r r i e r ;  cannot be 
crossed by motorized un i t s  without construction of roads. No t r a i l s  
known t o  cross o r  penetra te  area.  Foot troops probably can s k i r t  a rea  
across lower slopes of mountains and along beaches; movement over 
mountains probably eas ies t  along ridge c r e s t s  where vegetation is 
l e s s  dense than in ravines and valleys.  Streams ea s i l y  forded except 
when i n  flood. 

Cover, concealment, observation. Rough forested t e r r a i n  gives 
good cover and concealment. Dense vegetation great ly  r e s t r i c t s  
observation; summits of range may serve a s  observation points com- 
manding seas around island.  

Area No, 31. Southeast Batjan. 

Topographx. Southeastern lobe of Batjan Island is rough and 
mountainous with long i r regu la r  ridges and a few prominent i so la ted  
peaks. Small coasta l lowlands  on north and south shores; narrow 
a l l u v i a l  plain forms isthmus between southern Batjan and Sibela 
Mountains ( ~ r e a  30). Alt i tudes generally l e s s  than 500 m. Scattered 
peaks a r e  $00 t o  700 m. in  a l t i t ude ;  maximum a l t i t ude  of more than 
900 m. reached by Bibinoi Mtn. 

Long narrow ridges with rour,ded summits and s teep upper slopes 
predominate i n  most pa r t s  of area;  lower slopes commonlp moderate t o  
gent le  along pr inc ipa l  valleys.  Ridges cut  by numerous s teep rocky 
ravines. Bibinoi Mtn., most prominent mountain in area,  has a roiigh 
conical form with nmierous r idges rad ia t ing  from the  cen t ra l  peak. 

Streams a r e  f a i r l y  short ;  t h e  Rain River, l a rges t ,  is a l i t t l e  
more than 8 m i .  long and heads only 2 m i .  from south coast. Most 
l a rger  streams a r e  between 100 and 200 f t .  wide; probably f a i r l y  
shallow except during heavy r a in s  when they may suddenly r i s e  severa l  
f e e t .  Pr incipal  streams have open V-erhaped valleys with moderate t o  
gent le  gradients,  I n  some places valleys have narrow f l a t s  bordering 
t he  stream5 i n  others,  channels occupy e n t i r e  width of val ley f loor .  
Small streams have narrow val leys  with s teeper  gradients,  

Isthmus betwecp Wajaoea and Lapan Bays is about 3.5 m i .  wide; 
bordered by Sibela f o o t h i l l s  (Area 30) and l m  elevations a t  edge of 
southeast 1 obe of Batjan. Isthmus is f l a t  o r  gently rol l ing.  Narrow 
coas ta l  lowland of var iable  width extends from isthmus eastward; west 
of Bibinoi comnonls l e s s  than 0.2 m i .  wide, t o  eas t  is 0.3 t o  more 
than 2 .C m i .  wide.- On south coast, mountain slopes gener i l ly  r i s e  
s teeply  from narrow beach, o r  form rocky headlands. Long h i l l y  spur - - 
extends west from v i l l age-  of Liaro t o  form small bay of s i lang.  Small 
coasta l lowland on north s i de  of Silang day is between 0.2 and 0.5 m i .  
wide. 

Ground conditions. On mountains, l a t e r i t i c  loam and clay loam; 
becomes increasingly stony a t  depth, grading in to  weathered volcanic 
rock. Depth t o  bedrock generally about 20 f t . ,  shallower along streams 
where bare rock is loca l l y  exposed. Along coast t o  a height of about 
500 ft., coral  limestone interbedded with sand and gravel  deposits  
over l i es  volcanic rocks; l oca l l y  forms broad i r regu la r  ter races  
covered with t h i n  stony clay s o i l .  In places coral  forms low c l i f f e d  
headlands and rocky slopes, 

The narrow a l l u v i a l  luwland between Wajoea and Lapan Bays has a 
sandy clay loam s o i l .  

So i l s  a r e  permeable and well-drained; become p l a s t i c  and s l ippery 
when wet. Except areas near coast  underlain by limestone, ground 
ea s i l y  excavated with hand tools ;  excavations may be subject  t o  
s l i d e s  and slumping in rainy weather; excavations on Wajoea-Lapan 
isthmus f i l l  with water during rainy season. 

Most of area covered by ra in  fo res t ;  undergrowth generally open 
except i n  some va l ley  bottoms and on low ground of Isthmus. Areas of 
grass,  cleared land or  second growth f o r e s t  border sca t te red  natLve 
v i l l ages ;  a r e  most extensive across the  isthmus. 

Settlements. Several small nat ive  v i l l ages  along coasts. 
I n t e r i o r  had no permanent settlements; temporary camps of gum-damar 
col lectors  common in  mountains. 

Movement. Rough t e r r a i i ~  and dense f o r e s t  make southeaat Batjan 
unsuitable f o r  f r e e  movement of motorized un i t s  i n  most pa r t s  of the  
area.  

Wajaoea-Iwpm isthmus i s  only corr idor  of easy movement in  area; 
dense fo res t  rrakes isthmus unsuitable f o r  mechanized troops although 
topography is favorable. Foot troops must cut  t h e i r  way through th ick  
undergrowth i n  many places. Wide patches of grass and young second 
growth around t h e  v i l l age  permit movement of motorized troops; beaches 
and bordering open coconut groves may permit some coastwise movement -. - 
and deployment. Good foot  Gath across- isthmus probably can be ea s i l y  
improved f o r  use by l i g h t  vehicles i n  d r i e r  weather; t r a i l  probably 
would f i l l  with deep mud under heavy t r a f f i c  i n  wet weather. 

Mountainous i n t e r i o r  is ba r r i e r  t o  motorized troops. Several 
t r a i l s  made by damar-gum co l lec tors  wind through the  a rea  but cannot 
be used by wheeled vehicles without considerable construction. Away 
from t r a i l s ,  foot  troops probably can move most eas i ly  along ridge 
c res t s .  

Streams can be forded except f o r  shor t  periods a f t e r  very !wavy 
ra ins .  Densely forested val ley bottoms o r  swampy margins a r e  obstacles 
t o  crossings. 

Cover, concealment. observation. Cover is good i n  broken t e r r a i n  
of r idges and valleys which occupies most of area. L i t t l e  cover on 
isthmus o r  coas ta l  plain; l oca l l y  some topographic i r r e g u l a r i t i e s  which 
w i l l  protect  a few men; hasty f o r t i f i c a t i o n s  a r e  bes t  source of cover. 

Concealment f o r  men and machines is excellent .  Locally grass  
or  young second growth is inadequate f o r  vehicles.  

Dense vegetation g r ea t l y  restricts observation although 
topography o f f e r s  many vantage points. Ground observation generally 
limited t o  e few ysrds o r  less .  Tree crowns largely  hide even 
well-used t r a i l s  from aerier1 observation. 

I 
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HALMAHERA (MOLUKKAS) WATER SUPPLY 

SUMMARY 

Halmahera, Batjan, Kasiroeta, and Morotai have many 

perennial streams which will supyly>large troop units. In 

numerous areas wells will also provide large supplies, and 

in most places where large troop concentrations are likely 

1 to occur water can be obtained at shallow depth. Ternate, 

of most of the large rivers are fairly extensive delta plains,, 

In the mountains the numerous streams have deep narrow valleys 

and steep gradients. At lower altitudes the gradients decrease 

rapidly and the larger streams have faixly wide floodplains; 

near the mouths the banks probably are low natural levees, 

locally bordered by swamps, The small coral islands are low- 

I Tidore, Makian, and the smaller islands have few or no per- lying and flat, 

emial streams and ground water is the only source for large 

supplies. The Well Drilling Guide shows areas favorable for 

Population and - Development 
The Halmahera group is sparsely populated, Most of 

I installation of wells. the larger islands are inhabited only along the coast, and 

FU3C OMIVENDED SOURCES 

Immediate Supply 

Immediate supplies are available from perennf a1 streams, 

lakes, springs, or shallow wells, Perennial streams are 

nwnerous on thelarger islands, bub are rare or lacking on 

Ternate, Tidore, &kian,and the smaller islandg. Lakes and 

ponds are uncommon except in some parts of the larger islands, 

especially on the northern peninsula of Kalmahera. For pot- 

able supply, water from streams will require filtration and 

chlorination, water from lakes will need only chlorination. 

Springs usually are numerous, and many of them large, in 

inland parts of class 1 areas (Well Drilling Wide) and in class 

2 and 3 areas, and are locally present in class 4 areas. A t  

many of the smaller islands are uninhabited or inhabited only 

during part of the year. In 1930 H,lmahera had a population 

of about 72,000, including 128 Europeans, Over half of the 

people in the region live on the islands of Ternate, Tidore, 

and Makian, Ternate, thelargest town and capjtal of the Ternate 

Residency (province), had a population of 6,000 in 1930, Most 

of the region is in a very primitive stage of development an& 

large parts are completely undeveloped, Ternate is thaonly 

town with a municipal water distribution system, Other towns 

have few public improvements. Roads passable for aut~m~bil;~ 

are limited to the islands of Ternate and Tidore and the 

immediate vicinity of some of th'e larger towns on Halmahera and 

Bat jan, 

( most settlements in class 1 areas shallow wells already exist. SURFACE-WATER SUPPLY 

They commonly are polluted, and the water must be sterilized 

before being used for drinking, Additional wells will gener- 

Precipitation 

The Halmahera region has a tropical rain forest climate, 

I ally develop moderate to large supplies in class 1 areas, slightly modified by monsoon winds, but the monsoon influence 

I usually within 50 feet of the surface, and can be sunk rapidly appears to be less appreciable than in other parts of the 

( in unconsolidated alluvium, either with drive points, by drilling E,st Indies, and there are no pronounced seasons. Precipitat- 

( or boring, or by digging with hand tools. Shallow wells also ion records from 12 stations, all on the coast (see Climate 

I will develop small to larg+upplies from alluvial deposits sheet), show average annual precipitation ranging from about 

I along perennial streams in class 2, 3, and 4 areas. 62 to over 104 inches, At higher altitudes in interior parts 

of the larger islands precipitation is doubtless greater, The 

rainfall is distributed fairly evenly through the year, although 

at most stations April, May, and June are the months of great- 

est rainfall, and October, November, and December the months 

of least precipitation. Both the amount and the monthly dis- 

tribution of rainfall vary considerably from station to 

station; in general, the annual precipitation is greater in the 

south than in the north part of the region. 

Most rain storms are of marked intensity and short durat- 

ion and generally occur during the hottest part of the day 

(mid-afternoon). However, two or more days of nearly contin- 

uous rain are not uncommon. 

Permanent Supply 

Many sources for immediate supplies also will be suitable 

for permanent supplies. *In class 1 areas wells commonly are 

preferable to surface water, to avoid the necessity for filtrat- 

ion and extensive transportation. In class 2 and 3 areas wells 

ordinarily will be drilled only for permanent supplies, and if 

water is not available from a more conveniat source. In these 

areas wells generally must be 50 to 300 or more feet deep in order 

to encounter water-bearing material, and drilling will take much 

time, especially in class 3 areas where much hard lava rock is 

likely to be encountered, Class 4 areas are largely unsatis- 

factory for obtaining water from wells (except shallow wells 

in stream alluvium); however, in some places it may be possible 

to drill wells producing moderate to large quantities, but 

Streams 

Stream distribution is shown by the 1:100,000 scale topo- 

locations must be chosen by a ground-water geologist in the graphic base maps in the Terrain Appreciation section of this 

I field. In places in class 2, 3, and 4 areas where there is folio. Inasmuch as rainfall is heavy and fairly evenly dis- 

I no convenient access to perennial streams of adequate yield and tributed throughout the year, most of the streams shown are 

( where wall drilling is inadvisable, it may be feasible to perennial and have large discharges in proportion to the 

I construct small storage reservoirs to store stream run-off. On area of their drainage basins, In most parts of the larger 

I some of the smaller islands, particularly coral islands less islands perennial streams are closely spaced and will 

( than $-mile wide, all ground water may be brackish and it rill readily supply moderate to large concentrations of troops. 

I be necessary either to catch rainwater, to install distillation In some areas, however, the bedrock and soil are very perm- 

I equipment, or to import water. eable, so that most of the drainage is underground and 

perennial streams either are lacking or are found only in 

I INTRODUCTION the larger valleys, Such areas include Ternate, Tidore, 

Mare, Moti, Makian, and Kajoa, numerous smaller islands, and 

I Helmahera and the other large islands are mostly mountain- belts of coral limestone along the coasts of the larger 

ous, In places the foothills or mountains rise directly from islands. 

rocky headlands or narrow beaches, but generally a narrow belt The majority of streams flow in deeply-incised valleys 

of coastal libwland separates them from the shore, At the mouths and have steep gradients almost to their mouths. Lower 
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r 
pa r t s  of the  l a r g e r  r i v e r s  uaually have extensive flood- must be protected agains t  plugging from vegeta t ive  debr i s ,  and 

pla ins ,  l a rge  de l t a s ,  and f a i r l y  low gradients ,  The high- aga ins t  high current  ve loc i t i e s ;  on f loodpla ins  where streams 

water season is  Apri l ,  May, and June, but high-water and have developed braided channels, provision should be made f o r  

low-water seasons a r e  l e s s  pronounced than i n  most parts possible shdf t  and abandonment of ex i s t ing  channels, Where 

of t he  East  Indies,  where r a i n f a l l  is d i s t r i bu t ed  more f e a s i b l e  it w i l l  be advisable t o  loca te  t he  main storage res -  

i r r egu l a r ly  though the  year. Flash f loods a r e  common on e rvo i r  off  t h e  main channel, f o r  ins tance  i n  a small t r i b u t a r y  

i n t e r i o r  streams, where t o r r e n t i a l  r a i n s  a r e  frequent  and gulch, and d ive r t  the  water i n t o  it by an unpretent ious an& 

s teep  slopes and scanty humus cover promote rapid run-off, e a s i l y  replaced divers ion dam and canal, Plunge-pools i n  

They may occur a t  any time of t h e  year,  but  a r e  espec ia l ly  mountain streams of fe r  s torage f a c i l i t i e s ,  t h e  capaci ty of 

frequent  during April ,  May, and June, Inasmuch a s  flood which comnonly cian be increased by sma l l  dams, 

c r e s t s  tend t o  f l a t t e n  out  downstream, l e e ,  , t o  become I n  a r ea s  underlain by permeable o r  badly f rac tu red  

l e s s  in tense  and of longer durat ion,  f loods on t he  lower rock, such a s  gravel ,  conglomerate, o r  cavernous limestone, 

pa r t s  of l a rge  r i v e r s  a r e  l e s s  nf lashyw and r i s e  and f a l l  seepage l o s se s  from rese rvo i r s  may be high, They can be 

more gradually i n  s tage,  reduced by a blanket of clay o r  c lay  loam, protected by 

gravel  o r  r i p  r ap  where subject  t o  current  ac t ion,  Su i tab le  
Lakes blanketing mater ia l  general ly is ava i lab le  e i t h e r  a s  lenses 

mesh-water lakes and ponds a r e  present  i n  some p a r t s  of i n  f loodpla in  alluvium o r  a s  r e s i d u a l  mantles overlying 
t h e  l a rge r  i s lands ,  They a r e  espec ia l ly  numerous i n  t h e  b e l t  limestone, sha le ,  old volcanic rocks, o r  s ch i s t ,  I n  lime- 
of younger volcanics on t h e  northern peninsula of Halmahera, s tone a reas  construct ion of r e se rvo i r s  may not  be f ea s ib l e  
Lake Galela, the  l a rges t ,  is 3 t o  3-3/4 miles long and 1 t o  2 i n  some places because of l a rge  so lu t ion  channels which 
miles wide, i r r egu l a r  i n  shape, encloses 6 i s lands ,  and has no cannot be e f f ec t i ve ly  sealed,  

o u t i e t ,  The maximum depth is  155 f e e t  and a l t i t u d e  of t he  

water surface 56 f e e t ,  Lina Lake feeds an important headwater 

t r i b u t a r y  of the  Kau River, i s  2,000 f e e t  long by 1,300 f e e t  GROUND WATER SUPPLY 

wide, and maximum depth i s  118 f e e t ,  Sagea Lake connects with Geology - and Ground-Fiat e r  Conditions 

the  sea through a shor t  narrow channel and is sa l t y ,  On the  Well D r i l l i n g  Guide various areas  have been d i f -  

On Ternate I, there  a r e  th ree  small lakes,  Lagouna Lake, f e r en t i a t ed  on the bas i s  of geology and ground-water condit- 

a t  the  south end, i s  f resh ,  2,250 f e e t  long by 1,200 f e e t  wide, ions,  Class 1, 2, and 3 areas  a r e  favorable f o r  obtaining 

with water surface a t  7 f e e t  a l t i t ude .  It is separated from slipplies from wel ls  a t  f ea s ib l e  d r i l l i n g  depth, Some places 

t he  sea by a r idge  30 f e e t  high, To l i re  djaha,  near  t he  northwest i n  c l a s s  4 a reas  a l s o  a r e  favorable,  but such s i t e s  must be 

ooast ,  i s  1,900 f e e t  long by 1,600 f e e t  wide, f r e s h  water, To l i r e  determined a f t e r  f i e l d  study by a ground-water geologis t ,  

k e l j i e ,  a quarter-mile t o  t he  north,  is  only 900 f e e t  long by In  t h i s  sec t ion,  only t h e  cha rac t e r i s t i c s  of the  rock format- 

350 f e e t  wide and is so  close t o  t h e  shore t h a t  it may be brackish. ions which influence the  occurrence and recovery of water are 

discussed; fu r the r  desc r ip t ion  and a l s o  t h e  d i s t r i b u t i o n  of 
Quali ty - of Water the formations is given i n  the Geology sec t ion  of t he  folio. 

A l l  the  surface water is  low i n  mineral content ,  except 
Class - 1 areas  a r e  coas ta l  and r i v e r  lowlands ( f loodpla ins ,  

within t h e  zone of sal t -water  t i d a l  invasion a t  mouths of r i ve r s .  
beaches, and low benches) underlain p r inc ipa l ly  by Unconsolidat- 

The water i n  streams i s  tu rb id  a t  high-water sfages on account of 
ed o r  pa r t ly  consolidated gravel ,  sand, s i l t ,  and clay ( ca l l ed  

much suspended f i n e  sediment, but a t  low-water s t ages  it usua l ly  
"Quaternary alluviumw i n  Geology s e c t i o n ) ,  Locally the re  a r e  

is  r e l a t i v e l y  s i l t - f r e e ,  However, decided color  a d  unpleasant 
small bedrock exposures, such as  c o r a l  limestone, conglomerate, 

odor and t a s t e  genera l ly  a re  present  even a t  low-water s tages,  
lava rock, e tc ,  I n  t h e  outer  pa r t s  of the  l a r g e r  d e l t a s  the  

because of dissolved and suspended organic matter,  The organic 
a l l u v i a l  deposi ts  a r e  ch ie f ly  sand, s i l t ,  and clay;  f a r t h e r  

matter  cannot be completely removed by ordinary pu r i f i ca t i on  
inland they a r e  mainly sand and gravel ,  and i n  places contain 

methods, Al l  surface water i s  l i a b l e  t o  po l lu t ion  and should be 
boulders a s  much as severa l  f e e t  i n  d i m e t e r .  The gravel  and 

chlorinated i f  used f o r  drinking, sand s t r a t a  a r e  moderately t o  highly permeable, except where 

they have a very s i l t y  or  clayey matrix, Interbeds of s i l t  and 
Development Pro b l e w  clay  a r e  impermeable, Depth t o  water r a r e l y  exceeds 30 f e e t  

Only t he  beaches, the  d r i e r  pa r t s  of t h e  d e l t a s ,  and t h e  on f loodplains along perennial  streams, but l o c a l l y  is as much 
lower f o o t h i l l  region a r e  e a s i l y  access ib le ,  I n  most i n t e r i o r  a s  100 f e e t  beneath uplands, Class 1 areas  a r e  the  most favor- 
pa r t s  of t he  l a rge  i s i ands  movemnt of wheeled vehic les  w i l l  able f o r  rapid development of l a rge  suppl ies  of water by wells ,  
be extremely d i f f i c u l t ,  hence only  small suppl ies  which can 

Similar  a l l u v i a l  deposi ts  a l s o  occur i n  r i v e r  val leys  and small 
be t rea ted  by L i s t e r  bags a r e  l i k e l y  t o  be needed, In  t h e  basins i n  c l a s s  2 ,  3 ,  and 4 areas ,  i n  patches too small t o  be 
access ib le  pa r t s ,  mobile pu r i f i ca t i on  u n i t s  oan be used on d i f fe ren t ia ted  on the  Well Dr i l l i ng  Guide and Geology map, In  
perennial streams, Comonly, however, water suppli  es can be c l a s s  4 a reas  they commonly w i l l  be the  only poss ib le  sources 
developed more quickly and e a s i l y  by sinking shallow wel ls  f o r  ground-water supplies. 
( d r i v e  points,  d r i l l e d ,  o r  dug wel l s )  i n  f loodpla in  alluviwn Class 2 a reas  a r e  bench lands and lower f o o t h i l l s  underlain 
than by construct ing rese rvo i r s ,  If properly located, we l l s  by pa*c'i;naated t o  consolidated gravel ,  sand, and con- 

w i l l  provide suppl ies  s a f e  from flood damage and in te r rup t ions  glomerate, i n  places interbedded with cora l  limestone ( " ~ l i o c e n e  

of operation by clogging, The na tu ra l  f i l t r a t i o n  which occurs and Quaternary conglomerate and reef  limestonen and "Pliocene 

w i l l  make t he  water much more amenable t o  treatment and w i l l  and Quaternary conglomeraten i n  Geology sec t i on ) ,  Many of t he  

r e l e a s e  mobile pu r i f i ca t i on  u n i t s  f o r  o ther  uses. smaller i s l ands  a r e  underlain e n t i r e l y  by cora l  limestone and 

Small r ese rvo i r s  t o  impound stream run-off during t h e  c o r a l  sando Most cora l  limestone and some gravel  beds a r e  

r a iny  season o r  from f l a s h  f loods  can be constructed by damming highly permeable, but much of the  conglomerate, gravel ,  and 

const r ic ted  pa r t s  of canyons i n  h i l l y  o r  mountainous d i s t r i c t s ,  sandstone is only moderately permeable, and some beds contain 

They should be located  on small streams and should have l a r g e  

spill-ways, i n  order t o  avoid frequent wash-outs. Intakes 

i 
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so much silt aad clay or are so tightly cemented that they are Occurrence and methods of procuring the fresh ground water are 

almost impermeable, Depth to water ranges from a few feet disoussed in Development of Ground Water Supply in Coastal Areas, 

along perennial streams to as much as 300 feet beneath the below, Very near the coast or on small coral islands it may not 

higher hills or benches, Alternation of permeable with less be possible to develop fresh water, 

permeable beds causes part of the ground water to be held up 

above the main water table as tlperched ground water.ll Where Springs 

valleys cut deeply enough, the perched ground water emerges Springs probably are numerous in many parts of the region, 

in places as springs or zones of seepage. although locations of only a few are known, The number, dis- 

Class 3 areas are foothills or low plateaus underlain - tribution, size, and permanence of springs vary with 'Loeal gsoltog- 

by lava flows, commonly interbedded with thick deposits of lc conditions, Some fairly large springs occur at or near the 

volcanic ash, with some gravel in places, Some zones in lava inland margins of class 1 areas, along the base of coral limestone 

rock and many gravel beds are moderately to highly permeable, and conglomerate or lava-rock hills and escarpments, Moderate- 

but the ashy beds generally are impermeable, In general, sized to large springs are numerous in many deep valleys and 

water-bearing horizons are much less numerous than in class 2 along escarpments of permeable beds in class 2 and 3 areas and 

areas, Depth to water ranges from a few feet along perennial in parts of class 4 areas designated on the Geoloa map as 

streams, to as much as 300 feet beneath higher hills and nPliocene and Quaternary conglomerate,n ltPliocene and Quaternary 

plateaus, reef limestone and ~onglomerate,~ nQuaternary  volcanic^,^ and 

Class 4 areas: In the interior uplands a wide variety --- nEarly Tertiary limestone," In areas of other rock formations 

of rock formations are exposed, In general, the rocks either in class 4 areas there are very few large springs, but numerous 

are impermeable or any water-bearing horizons they contain are wall Seeps in places. Bobably many native settlements in inter- 

below feasible drilling depth, However, the geology is very tors of the larger islands obtain water from springs, but 

imperfectly known, and it is possible that in some places apparently relatively few coastal settlements, 

wells can be drilled that will yield considerable amounts cf Thermal springs: Thermal springs are fairly numerous in some 

water, Field geological study will be necessary to locate parts of the region, partioulasly in the volcanic belt extending 

such places, The following resume of ground-water conditions across the northern peninsula of Halmahera from Djailolo Bay ta 

in the formations exposed in class 4 areas is intended as an Galela Bayo The majority are not potable, Two thermal springs 

aid to the ground-water geologist making such an investigat- issue at the base of Djailolo (Gunung Kjai) volcano near Gofasa 

ion, X Water-bearing formations: (1) Gravel and conglomerate, 

and (at lower altitudes along the coast) interbedded coral lime- 

stone; same formations as in class 2 areas, with similar water- 

bearing properties, except relief is so great that the water-table 

generally is more than 300 feet below the surface, Exposed in 

foothill zone near coast, (2) Young volcanic rocks, similar to 

those in class 3 areas and with similar water-bearing properties, 

except high relief causes water-teble to be generally more than 

300 feet below the surface, These rocks make up the islands 

hkian to Ternate, and also the central part of north peninsula 

of Ealmahera from Djailolo Bay to G,lela Bay, (3) Limestone, 

clayey limestone, shale, and sandstone (Wiocene shale and sand- 

village. On the peninsula west of Dodinga Bay are several hot 

springs, Another hot spring issues on the east coast of Tidore, 

near Akiasohou,. Several hot springs and geyeers are said to be 

on Batjan, but locations are not known, 

Improvement of springs : Yields of many small springs and 
seeps can be increased by digging trenches, pits, or galleries 

&o concentrate th 4F low and to insure relatively unimpeded dis- 
charge. The excavation should be properly lined and timbered 

to prevent collapse, and in inhabited regions the watershed of 

a small area around the spring should be restricted and surface 

run-off diverted to avoid possibility of pollution, Storage 

reservoirs may be desirable, 

stonew and nEarly Tertiary limestonen), exposed over large areas 

in central Halmahera, especially near south coast of Kaoe Bay and Wells - 
north coast of Weda Bay, Some sandstone beds are moderately Existing wells: Apparently ih most Europeanized settlements 

permeable, but most probably are too clayey to yield much water. and plantations and in many native villages water supplies are 

M,ny limestone beds are caverfious and transmit water along solut- obtained from wells, mostly large-diameter dug type, In some 

ion openings and fraotures; these rocks are highly permeable settlements, such as Tobelo, practically every house has its 

own well, but in others one or two wells may serve the whole 
where such openings are numerous, Shale, clayey limestone, and 

clayey sandstone are practically impermeable, I Impermeable 
community. Settlements in which wells are definitely known to 

formations: The other formations (vMid-Tertiary  volcanic^,^ 
exist are: Babang (E, coast of Batjan), Katinai (Damar I,), 

nPre-Permian granite," Tee-Permian mafic igneous rocks,n and 
Galela, Tobelo, and Weda (Halmahera), Ternate (Ternate), and 

"Basement schistsn) are generally impermeable, although local- 
Wajaboela and Sangowo (Morotai), Practically all wells are on 

ly fractures in massive types may be pervious, Shallow ground coastal or river plains (class 1 areas), and usually less than 

40 feet deep, Water generally is raised by bucket and rope, 
water is available from alluvial deposits along perennial streams, 

lift pup, or other primitive means. Many wells will yield 

Quality of Ground Water several hundred gallons a minute with modern pumping equipment, 

The ground water generally is of good chemical quality, Sanitary conditions commonly are bad, and dysentery and other 

although in limestone areas it usually is hard, ZdIost thermal water-bourne diseases are common, hence the well water should 

springs contain more or less dissolved sodium chloride, hydrogen be sterilized before drinking, Probably there are almost no 

sulfide, or other compo~mds, and few are potable; a few non-thermal existing wells in class 2, 3, and 4 areas, except locally in 

springs near the coast are saline. Sanitation standards are alluvium along streams. 

low in native settlements and many wells ape highly polluted, Development of additional supplies & wells : Larger yields 7 

Some springs, particularly those issuing from coral limestone can be obtained from many existing wells by deepening, but 

near settlements, are liable to pollution, ordinarily it will be more rapid and easier to sink new wells, 

Near the sea, ground water usually is salty at depth, but. 

a lens of fresh ground water floats on the salty ground water. 

Well-drilling prospects are indicated on the Well Drilling Guide, 

Boundaries of areas are only approximate because d the rough 
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reconnaissance character of t h e  ava i lab le  geologic information, DIAGRAM 1: OCCURRENCE AND DEVELOPMENT OF FRESH GROW-WATER 

Class 1 areas :  Coastal  and r i v e r  lowlands underlain 
I N  COASTAL AREAS 

- .  

by unconsolidated a l l u v i a l  sediments a r e  t he  most favorable places 

f o r  rapid development of water suppl ies  by wel ls ,  Abundant 

suppl ies  genera l ly  can be obtained a t  depths of 20 t o  100 f e e t ,  

Rotaly d r i l l i n g  r i g s  o r  drive-points w i l l  be most rap id ,  but near 

f o o t h i l l s  or  i n  mountain va l leys  boulders may neces s i t a t e  

use of percussion r i g s  o r  digging by hand, Local th ick  l enses  

of quicksand may cause d i f f i c u l t y  by caving and possibly may 

prevent i n s t a l l a t i o n  of any type of well .  Wells w i l l  require  

casing, a l so  properly s ized screens i f  sand aqu i fe r s  a r e  develop- Figure A, Diagram shmiyg r e l a t ion  of d t - w a t e r  ana h e & - t a t e r  zones Figure 9. Diagram ahowiw how exces- 
during pl~mpi&~ by sand point wells. Rote that  t he  r i s e  of the  s a l t  s i r e  pump in^ of wel ls  may cause oon- 
water i s  many tlmes the decline in  the water table. tamination by s a l t  water. 

ed. Proper development (surging,  heavy pumping, back-washing, 

etc .)  of we l l s  a f t e r  d r i l l i n g  is  completed commonly w i l l  

ma te r ia l ly  increase t h e i r  y ie ld ,  but heavy purnpine: should be 

avoided within half  a mile of the  coast  t o  avoid salt-water 
h 1f 

invasion. w i t h i n k  mile of t h e  coas t ,  we l l s  should not  be 

sunk below t h e  zone of f r e s h  ground water overlying s a l t y  

ground water,  and spec i a l  methods may be needed i f  l a r g e  

suppl ies  are t o  be developed ( see  Development of Ground-Water 

Supplies i n  Coastal Areas). Within 1/8-mile of the  coast and 

on cora l  i s l ands  l e s s  than &-mile wide, t i d a l  f luc tua t ions  
Figure C. Diagram s h s s i w  i n f i l t r a t i o n  ga l l e r i e s  and r e l a t fon  of the  
sa l t - r a t e r  and fresh-water zones du r iw  pumpiw. Note tha t  the r i s e  

nay cause mixing of f r e &  and s a l t  water SO t h a t  only brackish OP the s a l t  water is mch l e s s  than when sana points are  U W ~ .  ?he 
shaft  i s  sunk below the water table  and ea l l e r i e s  a re  driven horn it. 
The f loo r s  of the c-allerles are  inclined so the  water can be collected 

water is  available.  i n  a central  sump. The hiqhest par ts  of the  f loors  s h o u l ~  be below 
the lowest level  of the water table duriw? the year, but the  f loo r s  
shoula not extend below sea-level. The sump m y  be below sea-level o r  Class 2 and 2 areas:  Wells i n  conglomerate-lime- -- - even i n  the  salt-water zone i f  l ined with hpervlous material. In 
uneonsolidateo deposits or loose rock it i s  essent ia l  t o  provide ade- 

s tone  ( c l a s s  2 )  and younger volcanic ( c l a s s  3 )  areas  generally quate t imberiw or other support for walls and roof. 

can be d r i l l e d  most e f f ec t i ve ly  with percussion d r i l l i n g  r i g s ,  

because t h e  rock formations contain boulders and hard beds no t  In  coastal  areas  w b r e  permeable r a t e r i a l  a t  sea l eve l  is thick, f r e sh  water generally is 
encvuntered e l i a t l y  above sea l eve l  and extends to  a considerable depth b low sea level.  

e a s i l y  penetrated by ro t a ry  d r i l l s ,  I n  hard limestone, conglomer- S h a l l a  wells d r i l l ed  in  these areas obtain fresh water, but deep   el la, even a considerable 
distance from the coast, obtain brackish o r  s a l ty  water. Furthermore, many m l l e  that  or ig i -  
nally yielaed f r e sh  water begin t o  yield sa l ty  water a f t e r  a pried Of -ping. 1n m a q ~  coast- 

a t e ,  sandstone, or  lava-rock, b l a s t i ng  a t  o r  lelow the  water l e v e l  a1 areas. however, large  quant i t ies  of potable water a re  pump03 f r o m  .ha l lar  ve l l e  and i n  mnY 
places t h i s  i s  the only source of potable water. Consequently, the occurrence of freeh water 
under these conditions has received m c h  careful  study. 

a f t e r  the  wel l  i s  d r i l l e d  may a id  i n  opening f r a c t u r e s  and improve The underground fresh water f l o a t s  on s a l t  water because of the  difference i n  density. 
The thickness of the  tresh-water zone is roughly a function of the height of the r a t e r  table 
above mean sea level  and the density of t h e  sea water. In perreable materials,  about 40 f ee t  

we l l  capacity,  In s o f t  sandstone, conglomerate, o r  gravel ,  how- of fresh water l i e  b e l w  sea  level f o r  each foot of f resh  water above sea 1-el. Hence the 
th i~k l re s s  of t he  fresh-water zone may be roughly detennined i f  t he  heiebt Of t h e  water t ab le  
above sea level in knoan. Also, i f  the  water t ab le  is l a e r e d  the  contact between the  f re& 

ever, b las t ing  i s  l i k e l y  t o  have the  opposite e f f e c t ,  and develop- r a t e r  yld the  unuerlving s a l t  water r i s e s  i n  the r a t i o  Of about 40 t o  1, so i f  * well 1s 
pumped excessively s a l t  water w i l l  en t e r  the well and ru in  it, perhaps ~ e m n e n t l ~  (see  f igure  
8 . merefore ,  i n  Obtaining water supplies in  coastal  areas  the  water level  should be l a e r e d  

ment should be by heavy punping, surging, o r  back-washing. Casing as l i t t l e  a s  possible b:, spreadinf the pumpage Over a wide area. Where the fresh-water cone 
ia relatively thick and pumpiw bj suction i s  possible, widely epacea sand-point wells provide 
an effective and e c o n w ~ c a l  m8ans of spreading the PmPWe ( see  f i a m  A 1 Where the 

m Y  not  be necessary below the s o i l  zone unless unconsolidated zone of f resh  water is th in ,  the fresh water can be skiamed off  by i n f i l t r a t i o n  ga l l e r i e s ,  a s  
i l l u s t r a t ed  i n  f i g l r e  C, or by sano points driven horizontally from the  bottom of the shaft. 
:%re the  water t ab le  i s  close o the  land mrface,  the f'reah water can be collected from 

s t r a t a  a r e  encountered, Depth t o  water i s  too g rea t  i n  most places trenches. The diagrams are  not t o  scale. 

f o r  dug wells ,  although i n  l o c a l  depressions or along perennial  

streams the  ground water may be near  enough the  surface so t h a t  
DIAGRAM 2: OCCWiENCE AND DEVELOPMENT OF FRESH GROUND-WAmR 

dug wells  w i l l  be feas ib le ,  I N  CORAL ISLANDS 

Class 4 areas:  Wells can be dug i n  places along - 
l a r g e r  streams t o  obtain water from the  alluvium, D r i l l i n g  i n  

bedrock i s  inadvisable unless  s i t e s  a re  se lec ted  i n  the f i e l d  

by a ground-water geologist .  Percussion d r i l l i n g  r i g s  generally 

w i l l  g ive most e f f e c t i v e  r e s u l t s ,  

WATER DISTRIBUTION SYS- 

Ternate 

TOVM of Ternate has only water d i s t r i b u t i o n  system i n  
Fresh ground-water body, derived and replenished by downwerd percolation 

region. Water i s  pumped from two shallow dug wells  and t r e a t -  of local  precipitation, *floatsn i n  hydrostatic equilibrium upon s a l t  water 
Theoretically, h.e&h water should extend about +O fee t  below sea level  for  

ed, probably by chlor inat ion,  I n  1913, we l l  y ie ld  was only each foot the water table l i e s  above sea level.  However, some mixing rrith 
salt water takes place a t  the bottom of a e  fresh-water layer, chief ly be- 

about 3 gpm. Waterworks, i n  same building t h a t  houses e lec t -  cause tidal fluctuations dis turb equFlibrium, and the actual thickness of 
the fresh-water layer  i s  always somewhat lesa  than the theoretical thfck- 

r i c  power s t a t i o n  and i c e  p lan t ,  i s  200 yards from share,  on oess. The zone of mixture i s  thickest near the shore and thinnest in  the 
center of an island. On ialanda l e s s  than *-mile wide, where the t i d a l  

south s i d e  of s t r e e t  extending in land from main p i e r ,  Direct-  fluctuation i s  large, no fresh ground water may be available. 
Wells should be located along the axis of the island and shodd not ex- 

l y  behind building i s  a 12-foot (approximately) pressure tank. tend more than a foot below sea level. huPping should be moderate, because 
if the water level is  lowered below sea leve l  salt water w i l l  enter  the 

Syst  an serves only small pa r t  of population of about 6,000, well h . o m  below. Pumping only during low t ide decreases possibi l i ty  of 
salt-water contamination. Supply can be increased by using drainage gal- Water i s  piped onto main p i e r  and i n  1940 oould be supplied t o  l e r i e s  o r  several wells spaced a t  l e a s t  200 feet apart. The presenoe of 
consdlidated coral sand or  "beach rockw along the atrand favors a thick 

sh ips  a t  r a t e  of 175 gal lons  a minute (40 metr ic  t ons  per hour) ,  fresh-water layer  and a good w a t e r  supply. Some plante, fo r  example, 
mangroves nipa palms, indicate salt o r  brackish water; whereas 

The balance of t h e  population is served by p r iva t e  and commun- p l m t s  grar only where ground water is fresh. 

i t y  wells.  The supply i s  s a id  t o  have become low a t  times of 

I unusual drought. 
J 

Preliminary t e x t  submitted 
wi thout  cnecking o r  e d i t i n g .  
U. S. Geolcgical  Survey 

----a --u-- 1-----,- -,---- /BRACKISH WATER) 

S A L T  G R O U N D  W A T E R  

R e l i a b i l i t y  r a t i ng :  Class D. 
PREPARED BY U. S. GEOLOGICAL SURVEY 

F O R  
CHIEF OF ENGINEERS, U. S.  ARMY 





I 

I 

2 

3 

4 

ant source 

blocky s t r u c t u r e .  p o r t  t h i n  c l a y  s o i l ;  border- 
ed i n  many places  by c l i f f  s 
and ledges.  Surf ace l a y e r s  
may be weathered and crumbly. hard 2nd massive. 
Should be f a i r l y  easy t o  es- 
t a b l i s h  a quarry  face .  L i t t l  csn b e  excavated 

s t r ipr t ing necessary. 

(CONT.) 

HALMAHERA (MOLUKKAS) 
KIND OF MATERIAL 

- 
Good q u a l i t y  t r a p  rock. Hard, 
dark,  massive tough rock (mostly 
b a s a l t  and andes i t e  wi th  some rhy- 
o l i t e )  occuring i n  l a g e r s  1 0  t o  30 
f e e t  th ick .  May have c l o s e l y  
spaced, near -ver t i ca l  f rac tu res .  
Locally t h e r e  may be t h i n ,  ve ry  
porous,slaggy l a y e r s  which may 
con ta in  z e o l i t e  mate r ia l .  I n  a 
few l o c a l i t i e s  f r e s h  rock occurs a t  
t h e  su r face  as f i e l d s  of l a r g e  ang- 
u l a r  fragments and blocks on which 
l i t t l e  vege ta t ion  has developed. 
Interbedded with t h e  l a v a  rocks 
a r e  beds of coarse  and f i n e  l o o s e l y  
consol idated volcanic  mater ia ls .  

F a i r  q u a l i t y  t r a p  rock. Hard mas- 
s i v e  tough l a v a  rock (mostly ande- 
s i t e )  occurr ing i n  t h i c k  l a y e r s  
and interbedded with abundant wide- 
spread coarse and fine volcanic 
conglomerate, sandstone, and shale .  

Poor q u a l i t y  t r a p  rock. Dark color- 
ed granular  o r  p l a t y  rocks,  (Gabbro 
d i o r i t e  and p e r i d o t i t e )  r a t h e r  weak 
and non-res i l ient  . Some (serpen- 
t i n e  ) a r e  s t r o n g l y  sheared and hav 
a soapy o r  greasy appearance; have 
l w  crushing s t rength .  

Conglomerate, sandstone, and 1- 
shale .  Loosely consol idated de- - 
p o s i t s  underlying f o o t h i l l s  between 
mountains and coast  on a l l  t h e  
l a r g e r  i s l a n d s ,  Boulders i n  cong1or.-able 
e r a t e  a r e  composed of volcznic  rock:;thick 
derived from t h e  higher  mountain- 
ous i n t e r i o r  and range considerably  
i n  s i ze .  

AVAILABILITY 

Good t r a p  rock a v a i l a b l e  -in 
many p laces  from r e c e n t  l a v a  
flows and blocky lava  f i e l d s .  
Elsewhere may be covered by 
a few f e e t  of red c layey s o i l  
which supports  considerable  
vegeta t ion;  s t r i p p i n g  neces- 
s a r y  t o  e s t a b l i s h  a quarry. 
Spacing and d i r e c t i o n  of 
t & e s  may a f f e c t  e f f i c i e n c y  
of b l a s t i n g  and kind of 
breakage. Rock may l o c a l l y  
be  deeply weathered on h i l l -  
s i d e s  along f r a c t u r e s ,  but 
should be  f r e s h  and sound 
along stream g u l l i e s .  

I n  most p laces  covered by 
deep c layey s o i l  a s  much a s  
30 f e e t  t n i c  k ~ h i c h  supports  
t h i c k  f o r e s t  growth. S t r ip -  

a s h , p i n g  necessary. Quarry f a c e  
d i f f i c u l t  t o  e s t a b l i s h  in 
many p laces  because rock i s  
deeply weathered along j o i n t s  
and f r a c t u r e s .  Freshest  ma- 
t e r i a l  found along stream 
g u l l i e s .  Only a small ~ e r c e n - .  
t a g e  of the  deposi t  i s  t r a p  
rock; mostly volcanic  ash 
products. 

I n  most p laces  covered by deer 
c layey s o i l  as much a s  30 f e e t  
t h i c k  which supports  a t h i c k  
f o r e s t  growth. S t r ipp ing  
:necessary. Quarry f a c e  d i f -  
f i c u l t  t o  e s t a b l i s h  a s  rock ir. 
h i l l s  i s  deeply weathered and 
rubbly. A few exposures along 
stream g u l l i e s ,  

Widely d i s t r i b u t e d  and readi-  
l y  a v d l a b l e  along stream 
& l i e s .  Gravels may be ro t -  
t en  on s lones  t o  a consider- 

depth. Moderately 
weathered rock overburd- 

en and dense f o r e s t  g r o ~ t h  
w i l l  require  s t r ipp ing .  

SAND AND GRAVEL 

Unconsolidated beds of 
f i n e  pumice alld impure 
sandstone may be s u i t -  
able .  Selected o r  
screened m a t e r i a l  from 
coarse  volcanic con- 
glomerate and boulder 
beds makes s u i t a b l e  

frat.-gravel. 

Most of m a t e r i a l  t o o  
weathered t o  be sui table ,  
Locally,  sGme sandstone 
may be broken down t o  
form sand. Selected o r  
screened m a t e r i a l  from 
unconsolidated volcanic 
conglomerate and 
beds may be s u i t a b l e  
gravel.  

Probably not  su i t ab le .  

Much of m a t e r i a l  un- 
s u i t a b l e  because of 
deep weathering. Con- 
glomerate and sand- 
s tone  where f r e s h  and 
l o o s e l y  consolidated 
should provide sources 
of g rave l  and sand. 

CONCRZTE AGGIiEGATE 

Both massive l a y e r s  
and coarse  boulder beds 
a r e  an e x c e l l e n t  and 
abundant source; very  
norous materi a 1  con- 
t a i n i n ~  z e o l i t e  should 
be avoided except f o r  
very  ternnortry con- 
s t ruc t ion .  Massive 
rock w i l l  r e q u i r e  bl3st.-surf 
i n g  f o r  excavation and 
crushing. Boulder beds 
r e q u i r e  crushing only  
but c a r e  should be tak- 
en t o  avoid weathered 
mate r ia l .  

Generally poor m a t e r i a l  
because of deeo weather- 

ing; l o c a l l y  along 
streams an adequate 
quarrycan be developed,large 
Afassive l a y e r s  w i l l  r e -  
qu i re  d r i l l i n g  and 

boulderbblasting f o r  excavation,  
Boulder beds s u i t a b l e .  
Finer poorly-consolida- 
t e d  mate r ia l s  a r e  prob- 
ab ly  unsui table .  

For 'most p a r t  a Door 
source. Loca l ly  dark 
massive tough rocks 
(gabbro and d i o r i t e ) , i f  
i n  f r e s h  s t a t e  and rounc, 
a r e  s u i t a b l e  mater ia l ;  
r equ i re  d r i l l i n g ,  
ing and crushing. 

Boulder beds and ssnd 
a r e  s u i t a b l e  aggregate 
mate r ia l  when f r e s h .  

SURFACING, BASE COURSE AND SUBGRADB: 
ROADS AND AIRFIXDS 

Excellent  source; massive l a y e r s  
w i l l  r equ i re  much crtlshing f o r  use 
a s  surfacing.  D r i l l i n g  and b l a s t -  
ing w i l l  produce excel lent  m a t e r i a l  
f o r  subzrades o r  rock f i l l s .  Bould- 
e r  beds and coarser  volcanic ash 
noss ib ly  could be rvorked by Dower 
shovel and, without f u r t h e r  Drocess- 
ing,  nrovide excel lent  m a t e r i a l  f o r  

ac ing or subqrades. Large f rag- 
ments could be r e a d i l y  removed by a 
g r izz ly .  

Much i s  unsu i tab le  because of deep 
westhering. Volcanic boulder beds 

and ash may provide adequate sur- 
f a c i n g  mate r ia l  a f t e r  screening out 

fragments wi th  a g r izz ly .  
Massive l a y e r s  and boulder beds oc- 
c a s i o n a l l y  exposed along streams 
s u i t a b l e ,  when f r e s h ,  f o r  base 
course and subgrade mate r ia l .  W i l l  
probably requ i re  d r i  l l i n g ,  b l t i s t ing 
and crushing.  Large r e s i d u a l  
boulders on s lopes  may be s u i t a b l e  
when crushed. 

Mostly not  s u i t a b l e  because of d e e ~  
weathering. May orovide adequate 
surfacing mate r ia l  but probably con- 
t a i n s  t o o  much c lay.  Bedrock, ex- 

nosed a t  su r face  only  along streams,May 
i s  i n  p a r t  ( t p b b r o  and d i o r i t e )  

b l a s t - . s u i t ~ b l e  when f r e s h  f o r  subqrade and 
base course  mate r ia l s  . W i l l  r equ i re  
d r i l l i n g ,  b l a s t i n g  and crushing.  
The s t rong ly  sheared rocks ( s e r ~ e n -  
t i n e  and some p e r i d o t i t e  ) a r e  not 
s u i t a b l e .  

Finer m a t e r i a l s  s u i t a b l e  f o r  surfac- 
ing; probably poorly consolidated 
and would require  only power shovel 
f o r  excavation. Coarse conglomer- 
a t e  s u i t a b l e  f o r  base course when 
crushed, 

CONSTRUCTION 
RIPRAP 

Massive l a y e r s  
a r e  excel lent  
source; r equ i re  
d r l l l i n g  and 
b l a s t i n g  f o r  ex- 
cavat ion.  Bould- 
e r  beds may be 
adequate loca l -  
l y ,  but  most of 
f i n e r  i n t  erbed- 
ded m a t e r i a l  i s  
unsui table .  

Much i s  unsuit-  
ab le  because rock 
i s  weakened by 
deep weathering. 
May be adequate 
where f r e s h  rock 
i s  exposed along 
stream beds. 
Large r e s i d u a l  
boulders on 
s lopes  may a l s o  
be s u i t a b l e .  

BIostly not s u i t -  
ab le  because rock 
i s  weakened by 
deep weathering. 

be adequate 
where e x p o ~ e d  and 
f r e s h  along strearr 

beds. Larye 
r e s i o u a l  boulders 
on s l o ~ e s  may be 
s u i t a b l e .  N i l 1  
r equ i re  d r i l l i n g  
and b l a s t i n g  f o r  
excavation. 

Probably unsuit-  
able .  

STONE MASONRY 

Boulder beds and 
massive l a y e r s  
a r e  exce l l en t  
source; l a t t e r  
r equ i re  d r i l l i n g  
and b l a s t i n g  f o r  
excavation. 
Finer mate r ia l  
unsui table .  

Mostly unsu i tab le ,  
Yay be adequste 
l o c a l l y  where 
f r e s h  massive 
rock i s  exposed 
along stream beds, 
Will requ i re  
d r i l l i n g  and 
b l a s t i n g  f o r  ex- 
cavation.  

h!ostly unsui table ;  
may be l o c a l l y  
adequate where 
f r e s h  massive 
tough rocks (gzb- 
bro or  d i o r i t e )  
a r e  exposed along 
s t r e m  beds. Will 
requ i re  d r i l l i n g  
and b l a s t i n p  f o r  
excavation. 

Unsuitable. 

Large boulders 

MATERIALS 
LIME AhTD 
CmMT 

Not s u i t -  
able .  

Not s u i t -  
able.  

Not s u i t -  
able.  

4 

Not s u i t -  
ab le  . 
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Preliminary text submit t eci 
without cnecking or  editing. 
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AVAILABILITY 

Readily avai lable  where found 
but very l o c a l  i n  d i s t r ibu -  
t ion .  Sunnorts t h i n  stony 

en--clay s o i l  and forms s teep  
slones or c l i f f s  i n  which 
quarr ies  could be e a s i l y  es- 
tabl ished.  T r a n s ~ o r t a t i o n  
problems render general  use 
of mater ia l  d i f f i c u l t  . 

Euch of mater ia l  i s  deeply 
weathered and covered by t h i c k  
sandy s o i l  which s u m o r t s  
f o r e s t  growth. Some c l i f f s  
and rock knobs i n  s m i t  areas.  
Best outcroos along streams 
and along c r e s t s  of r idges ,  
avai lable  only i n  Sibela 
B:ountains of Sat jan  Is land 
south of Laboeha. 

Not r ead i ly  avai lable  and 
extremely l o c a l  i n  d i s t r i -  
bution. Could be quarried 
only along stream bed. Else- 
where th i ck  c l a y  s o i l  over- 
l i e s  rock which i s  a l s o  
deeply weathered along j o i n t s ,  

Terrace gravel  r ead i ly  avai l-  
ab le  and widely d i s t r ibu ted  
throughout i s lands ;  l o c a l l y  
s u ~ p o r t  sandy s o i l  and vege- 
t a t ion .  Some s t r ipp ing  may 
be necessary t o  e s t ab l i sh  a 
p i t .  Top few f e e t  of gravel  
may be weathered and unsound. 
I n  some places boulders and 
gravel occur a t  t h e  surface. 
Gravel and sand read i ly  
avai lable  a t  f o o t  of moun- 
t a i n s  on most streams. On 
pla ins  mostly f i n e r  material .  

K I N D  OF MATERIAL 

Bfassive limestone. Hard, massive, 
l i g h t  blue-gray, dense t o  granular,  
rock with f ev: f r ac tu res .  Small 
clay-f i l l e d  o r  open caves may be 
countered i n  d r i l l i n g .  

Schis t  ( f laky.  thinly-layered rock) 
(Batjan Is land only) Several varie- 
t i e s  of s c h i s t  s t rong l i n e a r  
cleavages along which they  tend t o  
s n l i t .  Considerable va r i a t ion  i n  
hardness, s t rength  and other physi- 
c a l  ~ r o p e r t i e s .  Contains consider- 
able mica and other p l a t y  minerals. 
Locally some areas  of more massive, 
coFir se-grained, dark, grani t  e-like 
rock. 

Granite (Bat j an I. only). Hard 
massive coarsely-granular l i gh t -  
colored rock occurring.on Ce t i  Riv- 
e r  i n  northeastern Batjan. Prob- 
ably  cut  by numerous j o i n t s  along 
which rock may be disintegrated.  

Stream, t e r r ace  and f lood p la in  
deposits.  Unconsolidated depos i t s  
of gravel,  sand, and f i n e r  a l l u v i a l  
mater ia ls ,  of ten  we l l  sor ted  but 
more general ly well  graded; has 
high content of volcanic ash. 
Boulders and gravel a r e  near ly  all 
volcanic rock derived from nearby 
mountains. Coarser mater ia ls  gen- 
e r d l y  found i n  stream beds o r  on 
te r races ;  f i n e r  mater ia ls  on f lood 
plains.  

PREPARED BY U S GEOLOGICAL SURVEY 
F O R  

CHIEF OF ENGINEERS, U. S. ARMY 

mELs - 
A poor grade of l i g n i t e  occurs on Batjan 4$ mile6 north o f  

Laboeha near the junotion of the P masing and the Mambiang Rivers. 
In the l a t t e r  part of the 19th century two attempts were made to 
exploit th i s  deposit for  fuel by a Dutch steamship company. Both 
were without success. Ihe road constrwted to the s i t e  of the mine 
p i t s  required a greet deal of w e e p  end i s  probably washed out and 
overgmwn with jungle a t  present. The l ign i te  occvxs in  s e a s  only 
a few inches thick which dip variably 5" to 15O south and west.. I t i s  
interbedded with Miocene calcareous c lay and sandstone. Much etrip- 
ping would be required to obtain l i g n i t e  i n  any quantity. 

Lignite has also been reported along the headwaters of the Bim 
River i n  the mountains west of Cape Inngelang on the southeast pen- 
insula of  Halmahera. Nothing i s  known of i t s  occurrence or quality. 
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SAND AND GRAVEL 

Not su i table .  

, 
B 

> 

I 
CONCRETE AGGREGATE , SURFACING, BASE C9URSS AND SUBGRADE,: 

ROADS AND AIRFIELDS 
RIPRAP 

Excellent source but 
d i s t r i b u t i o n  l imited;  
requi res  d r i l l i n g ,  
b l a s t ing  and crushing. 

Not sui table.  

3 

STONE MASONRY LIME AND 
CT;?EmJT 

Adequate material  
requi res  d r i l l i n g  
and b la s t ing  f o r  
excavation. Tends 
t o  break in to  
slabs. 

Ekcellent mater ia l  f o r  base course 
or subgrade; requi res  d r i l l i n g ,  
b las t ing  f o r  excavation. 

~~t sui table  because Suitable mzterial  f o r  subgrades or 
tendency to rock f i l l s ;  requi res  d r i l l i n g  and 
a d  break along we l l  b l a s t ing  f o r  excavation. Tendency 
defined cleavage plane . t o  break along w e n  defined cleav- 7 age planes renders most of it un- 

s u i t  ab le  f o r  crushing. 

Adequate materia 
requires  d r i l l i n  
and b la s t ing  f o r  
e x c a v a t i o n . ~ n d s  
t o  break i n t o  
s labs.  

C 
Ekcellent rnateri- 
a l ;  requires  
d r i l l i n g  and 
b las t ing  f o r  ex- 
cavation. 

Weathered mater ia l  may 
l o c a l l y  be adequate 
subs t i tu t e  f o r  sand 
though high i n  c l ay  
and other  impuri t ies .  
Possibly improved by 
screening. 

Though much of materi- 
al i s  f i n e  a l l u v i a l  
s i l t  and loam, gravel  
and sand along streams 
and on t e r races  along 
va l l ey  s ides  are gener- 
a l l y  su i table .  Grav- 
e l  may requi re  wash- 
ing  if clean mater ia l  
i s  desired. Sand i n  
many places i s  impure 
and contains consid- 
erable s i l t ,  c lay  and 
volcanic ash. In some 
places l a rge  boulders 
may be strewn on sur- 
face.  A l l  mater ia l  
can be worked by hand 
t o o l s  or power shovel. 

Suitable where 
f r e s h  and sound 
but i s  f o r  t h e  
most pa r t  deeply 
weathered. Re- 
qui res  d r i l l i n g  
and b la s t ing  f o r  
excavation. Very 
r e s t r i c t e d  dis-  
t r ibu t ion .  

Large boulder 
beds or sca t te r -  
ed boulders on 
surf ace a re  su i t -  
able f o r  rough 
masonry i f  sound. 
May require break 
ing. Can be 
worked with hand 
t o o l s  o r  power 
shovel. 

Ekcellent materi  
al; requi res  

Not su i t -  
able,  

Not su i t -  
able. 

A 

d r i l l i n g  and 
b las t ing  f o r  ex- 
cavation, 

Suitable where 
f r e sh  and sound 
but i s  f o r  t h e  
most pa r t  deeply 
weathered. Re- 
quires  d r i l l i n g  
and b las t ing  f o r  
excavation. Very 
r e s t r i c t e d  dis- 
t r ibu t ion .  

Large boulder 
beds o r  sca t t e r -  
ed boulders on 
surface a r e  
su i t ab le  mater ia l  
if sound. 

Suitable where f r e s h  
and sound, but is  
comonly deeply weath- 
ered. Requires d r i l l -  
ing  and b la s t ing  f o r  
excavation, Very re- 
s t r i c t e d  d i s t r ibu t ion .  

Gravel deposi ts  suit- 
able  material ;  may 
require washing t o  
ge t  r i d  of f ines .  
Care should be taken 
t o  s e l e c t  only those 
denosi ts  i n  which 
gravel  i s  sound and 
hard. Much may be 
deeply weathered and 
rotted.@ Quartz sand 
su i t ab le  but general ly 
impure. Beach sands 
a r e  l o c a l l y  of co ra l  
and s h e l l  which a re  
l e s s  su i t sb le .  Cam: 
be worked by hand tools  
or power shovel. 

l o c a l  i n  
d is t r ibu-  
t ion;  w i l l  
requi re  
d r i l l i n g  
and blast-  
ing f o r  ex- 
cavation 
before 
crushing. 

Weathered mater ia l  may l o c a l l y  be 
used f o r  surfacing. Very r e s t r i c t -  
ed d i s t r ibu t ion .  

Generally su i t ab le  fo r  surfacing 
a f t e r  removal of l a r g e r  boulders. 
Gravel a r e  adequate f o r  base 
course; may requi re  crushing. 
Large boulders on some t e r r a c e  sur- 
faces  su i t ab le  f o r  subgrade materi- 
al. Can be worked by hand t o o l s  o r  
power shovel. 





HALMAHERA (MOLUKKAS) ROADS AND TRAILS: CONSTRUCTION AND MAINTENANCE 

INTRODUCTION 

Exis t   in^^ Condit ions Construct ion Problems M a t e r i ~  1s Ava i l a b l e  

There a re  only about 35 miles of road on Halmahera and 
adjacent  islands. 20 miles a r e  i n  v i c i n i t y  of !k le la ,  8 on 
i s land of  Ternate. Nearly a l l  of it would require widening 
and b e t t e r  drainage t o  sdequately support m i l i t e r y  t r a f f i c .  
Construction of  new mads d i f f  i c u l t  over most of area. The 
volcanic is lands (Area 1 on map) a r e  rough conical  peaks. 
Road const ruct ion  is possible only around t h e i r  coasts .  
b r g e r  i s lands  have rough mountainous i n t e r i o r  bordered by 
nsrrow discont inuous c o a s t a l  plains. Ridges a r e  s t e e p  and 
sharp, va l leys  narrow. Along a few of the  l a r g e r  r i v e r s  
broad f lood~plains penetrate some dis tance  inland. The 
peninsula hab i t  of Halmahera increases its a c c e s s i b i l i t y  by 
sea. Good t r a i l s  crossing the peninsulas a r e  outlined on 
the  Area Index map. Most occupy topographic corr idors  s u i t -  
able  f o r  road alignments, but  t r a i l  from Pa jahi-Islam t o  
Weda (area 2 )  and those cross ing northeast  and southeast  
peninsulas (areas  4 and 5)  cross s teep ,  rough mountains 600 
t o  1000 it, high. TWO v a l l e y  corr idors  s u i t a b l e  f o r  road 
alignments cross  c e n t r a l  and northern p a r t s  of Bat jan is land 
(area  7) .  No i n t e r i o r  corr idors  are known on Morotai (area 
8). Each is land is thoroughly in tegra ted  by a good network 
of foo t  trails which a r e  mostly narrow, s t eep ,  winding, and 
l o c a l l y  wergroxn with brush; they a r e  very s l ippery  and 
muddy i n  wet weather. Best t r a i l s  connect v i l l ages  along 
coast.  

Clearing of dense t r o p i c a l  r a i n  f o r e s t  necessary f o r  
almost any proposed alignment. Forest cons is ts  of t h i c k  
stand of t r e e s  100 t o  140 f t .  t a l l  with tops locked 
together  by vines and creepers,  trunks 2 t o  8 f t .  t h i ck  a t  
base, and large buttressed roots ,  m e r e  undergrowth is not 
t o o  dense, bulldozers and tree-dozers can handle most of work, 
avoiding l a rge r  trees which provide excel lent  camouflage. 
A t h i c k  ground m t  of roo t s ,  v ines ,  and r o t t i n g  debr is  must 
be s t r ipped t o  expose underlying s o i l .  Clearing e a s i e s t  
near  v i l l a g e s  and along coast  where there a r e  nat ive c lear ings ,  
second growth jungle, and numerous stands of coconut palms. 
L i t t l e  grading required on c o a s t a l  p la ins ,  but i n  mountains 
considereble cut  and f i l l  necessary f o r  even a p i l o t  road. 
Sharp curves and s t eep  gredes probably needed t o  negotiate 
s t eep  r idges  and vel leys.  S o i l s  mostly sandy c l a y  loama and 
c lay  lmms (A-4 t o  A-6) t h a t  may be l o c a l l y  s tony (A-2) .  In 
most places they a r e  qu i t e  deep, 5 t o  30 f t .  o r  more over- 
lying s o f t ,  deeply weathered rock i n  mountains and sandy 
alluvium i n  the  l a rge r  val leys.  In higher mountains, s o i l s  
a r e  th inner  and more stony with sca t t e red  rock exposures a t  
surface,  Because of high, well  d i s t r ibu ted  annual r a i n f a l l ,  
a l l  s o i l s  are i n  constant s t s t e  of wett ing and drying. If 
worlcled or subjected t o  t r a f f i c  when wet the  c l a y  s o i l s  
became p l a s t i c ,  s t idky,  and in t rac tab le  and tend t o  form 
r u t s  and mud holes and t o  b w  down equipment. Great 
d i f f i c u l t i e s  m y  be encountered i f  roads a r e  not ?#ell 
drained. Sumerous am11  s l i d e s  s r e  t o  be e q e c t e d  where 
cu t  banks a r e  s t eep  and f i l ls  ere constantly subjec t  t o  
f a i l u r e  o r  weshout. Large culver ts  w i l l  be reouired f o r  
the m n y  gu l l i e s .  

Good a u ~ l i t y  t r a p  rock is abundant on the volcanic 
is lands (aren 1) and over northesst  and west p s r t s  of 
northern I.ralmehers. (area 3). Pumice and v o l c ~ n i c  cinder 
a r e  a l s o  obtainable i n  these areas. A poorer qua l i ty  t r a p  
is l o c a l l y  ava i l ab le  i n  c e n t r a l  p a r t s  of a l l  peninsulas of 
Halmahera and l a rge r  adjacent  islands. !-long the coasts  of 
a l l  is lands except volcanic is lands (area  I)  t o  an  a l t i t u d e  
of about 500 f t .  a r e  sca t t e red  c o r a l  limestone deposi ts  
su i t ab le  f o r  a l l  general  construct ion purposes. A b e t t e r  
grade of hard massive limestone is abundantly ava i l ab le  in  
c e n t r a l  p a r t  of H a b h e r a  (area  21, s l o w  south coast of 
&se Bay (area  41, and along north coast  of  wed^ Bay (area  5 ) .  
Gravel can be obtained from beds and banks of many streams 
near coast.  Large deposi ts  of gravel  sre ava i l sb le  i n  foot- 
h i l l  regions,  but a considerable percentage of the cobbles 
m y  be p a r t l y  d i s in tegra ted  and the  m t e r i a l  has a high 
content of f ines ;  it would require screening. Sand of good 
qua l i ty  is scarce ,  but  can be found along some stream beds. 
Coarse s h e l l y  c o r a l  sand is abundant on beaches on e a s t  
coast of Halmhera, on Bat jan Island Group (area 71, and on 
Fdorotai (area 8), Ample timber is ava i l ab le  f o r  temporary 
bridges, corduroy roads and o ther  construct ion purposes. 
Weter supplies  a r e  abundant. Supplies from surface streams 
requi re  f i l t e r i n g  and chlor ina t ion  t o  be poteble. Iarge 
ground water supplies  a r e  e a s i l y  developed i n  coas ta l  regions 
of 811 i s lands  a t  depth of 20 t o  40 it.  in  a l l u v i a l  a reas  
an6 40 t o  100 f t .  on t e r races  and lower h i l l  ccuntry near  
coast.  

Alignment and Grnde 

A group of roughly c i r c u l s r  i s lands  dominated by one 
o r ,  a s  on Tidore, seve ra l  volcania peaks which r i s e  
abrupt ly  from the  sea. Slopes on a l l  i s lands  a r e  s teep ,  
deeply gu l l i ed ,  heavi ly  fores ted  except f o r  the sm i t s  
of Ternate and Tidore. Construction of a road up any of 
these peaks would be extremely d i f f i c u l t  involving much 
c u t  and f i l l ,  numerous cu lve r t s  and bridges,  many sharp 
curves, and s t eep  grades. N a m w  p la ins  and f o o t h i l l s  
pa ra l l e  1 the  coast  i n  many places affording r e l a t i v e l y  
rrimpls construct ion conditions. Ternate could probably 
be encampas8ed by improvement of e x i s t i n g  narrow road on 
e a s t  s ide  of  the  i s land and present  t r a i l  around west side. 
Conetruction would be most d i f f i c u l t  on west coast. Construc- 
t i o n  on the  i s land of R i r i  is impract ical  because s t e e p  roc@ 
slopes descend abrupt ly  t o  sea. A road could be constructed 
around Tidore following present t r a i l  along coast.  Sw~mps 
on p la ins  on e a s t  ~ n d  west coas ts  of Tidore could e a s i l y  be 
by-passed. Numerow s teep  slopes and c l i f f e d  headlands a t  
north and south ends of is land a r e  mom d i f f i a u l t  t o  by-pas8 
an4 would requi re  considerable rock c u t  and f ill, many curves 
and l o c a l l y  s t eep  grades. There a r e  no pronounced c o a s t a l  
p la ins  on Moti and 18ekian; s lopes descend abrupt ly  t o  the  sea ;  
the re  a r e  some c l i f f ed  headlands. 

Streams and Stream Cross ims  

Streams on a l l  is lands a r e  shor t ,  s teep ,  and to r ren t i a l .  
Most carry water only during and a f t e r  heavy r a i n s ,  and can 
Yle r e a d i l y  orossed a t  o the r  times. h n k s  are s t e e p  and 
requi re  dugwaya f o r  approaches. Stream bottoms are rocky o r  
gravelly;  channels are narrow; f loods w i l l  c w e r  crossings 
with boulders and o the r  debris.  

Map Area 1 Ternate, Tidore, Mot i and Kakian 

Foundations and Subgrades 

S o i l  on a l l  i s l ~ n d s  is a red-brown l a t e r i t i c  s tony c lay  
loam (A-4 t o  A-6) becoming denser and more s tony with depth. 
It is genera l ly  t h i n  with rock near o r  a t  the  surface over 
wide areas ,  but  m y  be severa l  f e e t  deep i n  depressions and 
on coas ta l  plains.  Rock is  l a r g e l y  v o l c ~ n i c  ash, conglomerate 
and layers  of massive t m p  rock; it outcrops abundantly only 
on s t e e p  r idges ~ n d  c l i f f s  along coast  and i n  summit areas.  
S o i l  is permeable and well drained i n  undisturbed s t a t e ;  it 
becomes p l a s t i c  ~ n d  s l ippery  if  worked when wet. Equipment 
should be capable of handling wet loads in  deep mud. Rock 
excavation i n  t r a p  rock w i l l  r e q u i w  b las t ing ;  i n  o ther  types 
of rock it can be accomplished by bulldozers snd graders. 
Drainage is necesaery t o  c a r r y  off  heavy almost dn i ly  r a i n f a l l .  
Culverts  ahould be large ,  bridges high. Sl ides may occur 
where s t eep  slopes a r e  undercut by excavation, p a r t i c u l a r l y  
a f t e r  heavy r a i n s ;  where bedrock Is v o l c ~ n i c  ash,  s l i d e s  may 
involve large  masses of material.  Cutt ing low slopes on road 
banks may reduce s l ides .  

Clearing and Grubbing 

Dense r a i n  f o r e s t  over most of area. Larger t r ee8  w i l l  
require use of power saws o r  heavy tree-dozers. Stumps may 
need blast ing.  Dense mat of roots  and creepers i n  upper 
l a y e r  of s o i l  makes use of hand too l s  d i f f i c u l t .  Lower 
slopes of !remate and Tidore a r e  l a r g e l y  covered by second 
growth jungle and small na t ive  c lear ings  which can e a s i l y  be 
worked with a bulldozer. Moti and Makian a r e  l i t t l e  inhabit- 
ed and hence l i t t l e  cleared. Japanese m y  have improved 
roads on Ternate. 

Exis t ing  Roads and T r a i l s  

A f a i r l y  Bood au to  road about 10 f e e t  wide extends 
along e a s t  coas t  of Ternate from Castela,  west of Lake Lagoem, 
t o  Batoe angoes Point passing through the town of Ternate, 
pr inc ipal  cen te r  of the  islands. qoad has a pumice gravel  
surface. F a i r l y  well  drained. Good foot  t r ~ i l s  p a r a l l e l  
coast  around island. I n t r i c ~ t e  ne t  of nat ive t m i l s  over 
lower slopes on ens t  s ide  of mountain. H i r i ,  Tidore, Idat i 
end b k i a n  e r e  s imi la r ly  enci rc led  by c o a s t a l  t r a i l s .  Two 
t m i l s  cross Tidore through s t eep  passes between volcanic 
peaks. R.sils n r e  essy  t o  follow if  much used, but  become 
repidly  overgrown with brueh snd g m s s  i f  deserted. A r e  
muddy and s l i p p e r y  i n  wet weather; s teep  and winding on 
mountain s lopes ,  rocky i n  summit sreee. Are probably bes t  on 
W r m  te. 

Construction W t e r i o l s  Ava i l e b l e  

Trap rock s u i t a b l e  f o r  a l l  construct ion purposes abun- 
dnnt on a l l  i s lands ;  exposed i n  c l i f f s  and ledges, i n  stream 
gul leys ,  and along coast. Fields of broken lava rock on 
northeast  s i d e  of Termte  provide a good loca l  source of  
road m t e r i a l .  h b r e  massive t r a p  w i l l  reaui re  d r i l l i n g ,  
b las t ing  and crushing, Coarse angular  gravel  may be obtained 
from deposi ts  of volcanic conglomerate ; much w i l l  d i s in teg ra te  
eas i ly .  Small gravel  deuosi ts  occur along streams near coast. 
Sand is not abundant, 

R e l i a b i l i t y  Rating: C 
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HALMAHERA (MOLUKKAS) ROADS AND TRAILS: CONSTRUCTION AND MAINTENANCE 

Alignment and Grades 

The mountains of the northern peninsula form d i s  t inc t  
groups. Along west coast  from Djailolo t o  jtoloda Bay and 
e a s t  across t o  Oalola Bay is a l i n e  of high voleanoes, Their 
s l o p s  axe 8e-p and well  diseeoted by slteep-walled ravines 
and gul l ies .  Summit a l t i t u d e s  range from about 4000 t o  5000 
f t .  Passes su i t ab l e  f o r  mad alignment occur north and south 
of CZam Konora, the  highest  peak. Both a r e  a t  present at i l i zed  
by t r a i l s  counecting DJailolo with t he  north coast by way of 
the Laao valley. Road construction would require  s teep  
grades, many curves and much cu t  and f i l l .  Comtruction along 
the coast is impractical bcauee ,  f o r  long distanceti, the 
mountains descend s teep ly  t o  c l i f f s  above t he  sea. The, 
Djai lolo  P la in  and Lamo River va l ley  is a possible i n t e r i o r  
corri8ar. The Djai lo la  pla in  is f l a t  t o  rolling and about 
4 miles wide; marshy along the coast ,  but  well  drained ielartd 
with the  ground surface a t  l e a s t  15 t o  25 f e e t  above the 
stmama which am Intrenched, Djai lo lo  is an important town 
with unloading p i e r  end s~earby a i r f i e l d .  Tbe va l ley  is 
narrcw in fts l w e r  part, but widens i n to  a broad r o l l i n g  
i n t e ~ i o r  basin i n  which a road could be eamtructed with 
moderate grades, open curves anti few cu ts  o r  f i l f s .  A 
seeond mnge of mountains extends north of the Tiabo RIwr 
t o  the  t i p  of the peninsula. The topography Is rugged and 
well dissected;  alopss r i s e  t t e s p l ~  frm both cmf3ts to an 
avemgs a l t i t u d e  of 2500 f ee t ,  Ridges a r e  s h ~ r p  and s teep,  
v a l l e p  ~ p e  a a r r a  end s t eep -ml l  ad. Them am no su i tab le  
alignments across the mnge except near the t i p  and road 
construetion would be extremely d i f f i a u l t ,  A rm8 might bs 
developed along e i t h e r  coast on dirraontintrapls narrow pla in  
connecting nmerous smll  beaches. Much enband fill and 
same b las t ing  would be reauirsd t o  e f f e c t  a passage where 
rnount&$ns descend s teeply  t o  c l2ffa  above the  sea. me heat3 
of Galela Bay is bsriiercsd by extensive c m s t a l  m m g s  (mwsaa ) 
but inland a bmad gently u d u i a t i w  plain 6 m?Pes wide rfqsp 
gradually west;wtirB and hlouthwad t o  the  momtain f ron t ,  
Although most of the pla in  is forested them are large  areas  
of grassland where road construction would present no 
d i i f f cu l t i e s .  The t ~ w n  of Galela i a  an impori;arnt renter ,  
It is connected by a poor m t o r  r o ~ d  with a m l l e r  s e t t % e m n t ~  
around lake Galela and with T0bls  t o  t he  south along "ehs 

csasl;, A poaeible but d%Pf icuPt alignment, a t  present 
followed only by a trail, comeata Calela with Lolods 0x1 %he 
wrest coast By way of t h e  T h b o  Rive? valley. Because of the 
mrrswness of the  v ~ l l a g  and its loeeally s 
road would have t o  follow the ~ % o ~ B s ,  inv8 
as& con%Pnuoup~, bat  not deep cuts am3 fills. CZmiiee esuU Be 
moderate t o  lm, k n y  culver3a o r  sho r t  bridgee would be 
needed. A thipd range of muntailur f o r m  the  centre1 divide 
of the peninsula as f a r  north a s  the  Tiaba, River, It is 
lhoroughly dieseeted by coan%less c lose ly  spaced s t m a m  
In deep ravine8 or canyoria averaging 1003 to 1200 f t .  'in 
depth. Slopes are very s teep,  va l ley  hot&avns nairfmw, rfd.dge 
cmste shasp. b 3 i t  a l t i%udea range from 1886 t o  2YOO bt. 
Only p m c t i a % l  *oaas along its an t i sg  l e w t b  corrreets the  
va l?ay  of -the Xboe River on the west coast  r f t h  the smmpg 
inIan6 Basin of the  germ River a c r w s  a rough div ide  a t  aa 
s l e m t i a n  a t  about 1100 it, A road on the aast~rn p l o p  
would refluire muck CU% end f f l L ,  mng ~ k a r p  cuk"iPdsp steep 
prsldes nnd nmny C U ? V % ~ % S  4nd brPdge8. The r e s t  s l o p  d m  
tbe  braad f l a t  va l l ey  of the $bm River IEE mndbly aeceasibfe 
and 18 fo l l omd  by 8 (good horse t r a i l ,  Eazrt sf $=lase motma 
t a i m  am the  i n t e r i o r  fomated plains of the &sts River 
basin in to  wkt%@$ a road could e ~ l s i l y  be eomtme teb  Won %he 
bsouth, thou& them a r e  extensive rrmmps (meras) a t  i%s 
hem3 and ocaeasima'l marshes (Dx°ssPaM) along its caulrse, 
Twci masea ea s t  and wecat; through t h e  mountaim, 8% the h ~ a d  
of t h i s  'basin, am possibly sui%rstle f o r  road a l i g m % n $ ~ ,  
A four th  mcantairr mnge %ises tibmptly along a seerp OD %be 
east s ide  of the X k ~ g  River basin* Alti tudes Sncmsae north- 
ward from 600 to 2200 ftt Its wrslstern f ron t  is s teep  arid 

~ l l i e d .  A nasrarr eorr idor  Eaaviq .R s 
600 ft ,  extermds along t he  Ndonodo ond connects the  Doe, 
River Bsein with the, en$% coeet. T%@ eastern  a ide  of the 
rnountsina i a  a dissected surface sloping gmdually to the 
sea. Stmems a r e  intrenched a t  Least 60 Lo PO8 it, bsL%&r 
the  general  ground level .  RoaBl coristructi~zp a long t e rmcsa  
above the  e a s t  e m s t  a s  f a r  south a s  t he  hoe River pla in  
would be relr%%ively easy except %or crossfng deep =vin%e 
and nwmm smll m m p e  (maeras) A B ~  marshes ( m ~ l 8 ~ d ) r  
Good horse tmi ls  e x i s t  over m o s t  6% the  area, Steep mow- 
% a i m  or b a ~ a d  ma~grolore s ps along the  ems$ south oft the 
$806 R i v e r  $ o m  d i f i i @ u l t  barnterse 

Area 3 Northern Peninsula 

Stseams and Stream Crossings 

Streams throughout the  rnounta ins  have s t eep  grad ients  
and s w i f t  currents. N o m l l y  most a r e  15 t o  30 f t .  wide and 
a r e  read i ly  forded by wheeled v e h i ~ l e s  a f t e r  solne c lea r ing  
of the be8 and excavation of dugwagrs through banks, Flash 
floods a r e  cornon a f t e r  heavy =ins when streams became 
t o r r e n t i a l  and the water may rise several  Peet in  a few 
minutes. k n y  atreares a r e  i n  deep ravines o r  gul l ies .  
Steep s ides  of gu l l i e s  and k n k s  of streams generally support 
dense vegetation. In  the pla ins  areas  streams a r e  larger.  
The %oe, Lamo (Djai lo lo  p l a in ) ,  Tfabo and Iboe Rivera a r e  
probably more than 100 f t .  wide a t  t h e i r  mouths, Vary grea t ly  
i n  depth, Most streams can be forded but some a r e  too deep. 
Bettoms e r e  g m m l l y  o r  sandy inland and become s i l t y  or  muddy 
near the  coast; may be some loca l  auicksamd. A sand bar l i e s  
across muBh of' nearly all s t r eam.  Bankrs are 5 t o  3.5 f e e t  
hfgh and ~ t e e p ;  a r e  genemklg f i rm except where bordered by 
swamps pnd provide good footing f o r  bridges. 

Exis t ing Roads and Trails 
_I_ 

The northern peninsula is the most s e t t l e d  par t  of the 
island and boasts a few miles of road. A narrow auto rasd 
cons tructed sho r t l y  before the invasion follows the coaat 
from GaPeSa t o  Tcsbsla and 9f i Eff. It is probably about 16 
Peet wide, Ae far  as the  Oewu River it is b u i l t  through a 
lam f i e l d  and is very rough; beyond it fcllows coas ta l  sand 
ridfree and lkmstone t e m c e e .  Foumdat,Ions a m  adequste f o r  
mil ltary t m f f i e  and na tura l ly  we11 drained. It is probably 
s u ~ f a c e d  i n  part with i n ~ k e n  t r ap  roek, i n  par t  w i t h  f i n e  
gravel asad sand. Probbhy requires improvement and widening 
i n  southern part .  Some of the l a rge r  streem a re  bridged 
thowb the  Oewo River and anotkep beyond Tobela s r e  known not 
t o  bh, Anothar narrow gravel swfaced  road eomects  h1el.a 
w i t h  the sett1ements an8 plan5;atiom on the  ssuth  aide of 
(=alela Sake I* miles t o  t h e  west, Humemu8 t racks  and trails 
cross  &he p l a i n  t o  t he  west. A narrow and poorly drained 
d i r t  r?ad, var iably  B t o  12 ht ,  wide, crosses the s i m p y  
p le in  ssuth of h m - i t j i  on %Be 33- River; has numerous poorly 
comtructed culver ts  and small bffdges, Bthsr nwrm air% 
roads p r ~ ~ b L g  e x i s t  on the Dja f l o lo  p la in  connect in& %he 
t a m  w i t h  the a i r f i e ld .  The main one emeaee the bm8 rive%" 
by a rsarrw s t e e l  bridge. 

A 1 1  men;bamd mmemeat is sceompLPsBedl by tm i l  w i t h  
p ~ t e f ; ~ :  or the small native homes. G o ~ d  horse %mils wne- 
tmte the i n t e r i o r  alone; the bm, Ibm and Kase Rivers, teas 
wad ftw% trails cr03s the  mountains in many places {see 
dsteil m p s ) c  They are mmow general fy muddy; m y  be 
a v s r q ~ m  Poc~llSly with dense brush or  t a l l  gmss, I n  tbe 
linsu?ptai&% they follow ridges o r  spws whemmr possible; ape 
windiw nnc? %ow stsep,  in places rocky o r  alif"Ped, eThose 
whizb mfghb. s e m ~  ss su i tab le  m i l i t ~ r y  rmd a l t gmen t s  haye 
Been poi~rP%d orat abms,  In the  m l l e y s  tmi ls  Leaad fo Pollaw 
gravel ly  ot. rocltg. @-%ream ?.mds between high banks, 4kon.g t h e  
coast %he trails connec t i q  s i l l a g e s  are msm frequently used 
and pass t h y a h  mom open oountry. Hmever, the r awhe r  
mom morn-insus ~ e ~ t f o m  01 the  copst have no tnstlile along 
them ss t h ~ t  passege by land along t h e  cosst  f e  discontinuous, 

T%s woil of the centmX voleakic region is a red-brow 
l a t e r i t f a  stony c lay  loam (A-4 t o  A-6) becoming denser and 
msre @tony with Oepth, B o m l % y  only a f e w  2eet deep, Yo 
sharg bmak ragaimt 80-8 rock, Scab gmdes d m  in to  a zone 
in which hard aSer~e1ff of rock surrounded by f l aky  mathered 
nrratsrfal increase i n  s ize  with depth t o  unweafbsma fmc tumd  
sock, Bedrock Le var iably  a goad t r a p  rock interbedded with 
volcanic ash and conglsmrste.  So i l s  are deeper and +rock 
  ore raes.&hered i n  southern par t  of penimula. Momtains in  
northern pa r t  a s r l a i n  by r e d - b r m  l a t e r i t i c  c lay  l o a m  ~ n c ?  
clay (A-6) 15 t o  30 ft. deep overlying a deeply weathered 
poor grade of t r a p  rock, The borders of these mountaim and 
the mountainous country on e i they s ide  of the Kaoe River basin 
are ueaderfain by plLawish-brm t o  red-broom l a t e r i t i c  
sandy o r  stony loan t  (A-3 t o  A-4) with s o w  calcareous cemen- 
t a t ion  a$ depth, fE"Plis s o i l  i n  most places merges hpercept ibly  
a t  a depth of f e w  f ee t  with conglmemte o r  s o f t  s a n d s t ~ n e  
be8rsck, Near the esast t o  an e levat ion of ebout 500 f-k, 
l agem of l ~ s t o r n e  a j e w  imegula r ly  i n  the conglomerate, 

On t h i s  limestone the top of sound rock is sharp. I n  the 
l a rge r  valleya such a s  the  Lama, Ksoe,*snd Tiabo Rivers the 
a l l u v i a l  s o i l s  vary g r ea t l y  i n  texture (A-3 t o  A-7) though 
they a r e  probably mostly sandy c lay  loam on the  p l a i m ,  
stony o r  gravel ly  loam against  the f o o t h i l l s ,  ~ n d  muck o r  
f ine  silts in  the swamos. S o i l  on the  p la ins  is much deeper 
than i n  the  mountcrine. A l l  u p l ~ n d  s o i l s  are f r i a b l e ,  permea- 
b le ,  and w e l l  dmined i n  t h e  undisturbed s t a t e ,  but become 
p l a ~ t  i c  end sl iapery if worked when wet. The pla ins  s o i l s  
e r e  less permeable ~ n d  mare plas t ic .  A l l  except the smmp 
mucks nre m i t a b l e  f o r  asphal t  o r  meehnnical s t s b i l i z a t i o n  
i f  worked under conditions of optimm moisture; may be 

l a c a l l y  too high in  clay, Can be worked by bu l l  dozer o r  any 
eaulpment capable of handling wet l m d s  under conditions of 
heavy r r r i n f ~ l l  and deep mud, Most of t h e  bedrock encountered 
w i l l  be s u f f i c i e n t l y  weathered t o  be excnvctted with hand tools  
or  by bull dozer. B l ~ 8 t i n g  w i l l  be reauircd,  hmever,  i n  
centre1 volcsnie rrrea where there is much sound t r a p  rock 
exposed o t  t h e  s u r f ~ c e  end in  the limestone beds which ~nd@m°- 
Pie t e r races  along the coast. LRrge culver ts  end di tches  w i l l  
be Eecesspry t o  eccolnodate the  rs ins. In swampy areas  
the s o f t  muck (A-6) may be too deep f o r  m i l i t a ry  vehicles. 
Corduroy roads a r e  feas ib le  whem neeaed with ample fo r e s t  
m t e r i a l s  su i t ab l e  f o r  temporary s t m c t u r e s  a t  Band. The 
sand on t he  shore of Galela Bay and on o ther  isolated small 
beaches along coast  is well  packed and possibly su i tab le  f o r  
passage of l i g h t  m i l i t a ry  ~ e h i c l e s .  &ny beaches, however, 
a r e  e i t h e r  rocky or  s o f t  mud. 

Dense rain fo r e s t  over most of area offers  major c lear-  
ing problem; large t r ee s  w i l l  require use of power saws o r  
heavy t r e e  dozers. Stumps probably need addi t ional  b las t ing,  
Beme lnat of roots and creepers i n  upper l ayer  of s o i l  mkes  
use of hand. too l s  d i f f i c u l t .  ~ t e r s i v e  gmssy  areas  on plain8 
near Galela Lake end l oca l l y  i n  &ae River basin ase e a s i l y  
s t r ipped,  Coastal areas ,  pa r t i cu la r ly  mar sett lements a r e  
most open te raa in  with numerow native trails, patcdles ai 
e l e ~ r e d  Band, and maeh second growth fo r e s t  which is e a s i l y  
e h m ? d .  Japenese a c t i v i t y  on the pla ins  hear  Djailolo an& 
Galela have probably resul ted i n  increased c lear ing and im- 
provement of yoad conditions i n  those areas. 

Censtsuctfon BhLeriahs Available 

Along weet aoaet from Djailolo to Eoloda and across  is- 
lwnd ts eoaet from CalePs t o  Tobela a good grade of t r a p  rock 
is abundently ave i l~bPe ,  Occurs i n  lavers  (lev8 plows) o r  as 
f?elCs of broken 1 ~ v e  r v k ,  layer: w i l l  requires d r i l b i ~  ~ n d  
b h a t l m  f o r  excavation, 0~ northern arm of peninsula cora l  
?wok i s  abund~n t ly  avai lable  along coaet and is good a l l -  
purpose rock t ha t  can be read i ly  crushed by hand if  necessary, 
On mountain c fP~ide  rock Is poor qiiality t r s p  mostly covered 
by deep s o i l .  Along west eoest from Galela t o  Kaoa co ra l  
rsek is avai lable  from h i l l s  along coast. Gravel snd sand 
a m  obtainable Rron? stream beds near coast  or  along inland 
valleys. Sand screened from gravel ly  deposits  is probably 
high i n  f ines.  Gmvel can a l s o  be obtained from extensive 
deposits  in h i l l s  eurmlbnding Ham River basin, i n  h i l l s  
along north coast  of ICaoe Bay a s  f a r  a s  TobePo, and is foot- 
hills aga ins-in divide of northern arm of psnbasula. 
There a r e  some c o m l l f m  sand deposits  high i n  calcium on 
small beaches along the csast .  However, most of besches are  
stonyu Timber f o r  csnsLuructkon purpose abundant, but mostly 
of poor q u a 1  lty. ~ m p l e  surface miter  f o r  construction pur- 
poses. Ground w ~ t e r  avai lable  from unconsol id~ted a l l u v i a l  
deposits  on pla ins  slang c m s t  and inland valleys a t  depth 
csf from 30 t o  40 f%, 

Reliability Rating: C 

Pre l iminary  t e x t  s ~ h m i t t d  
wi thout  cneck iw C? s 3 i t l n g .  
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ROADS AND TRAILS: CONSTRUCTION AND MAINTENANCE HALMAHERA (MOLUK KAS) I 

A r e a  4 Northeast Peninsula 

A l i g m n t s  and Grades 

The northeast peninsula is m g h  mountainous area having 
no d i s t i n c t  longi tudinal  divide, but mthnr  a group of irre- 
gular  ridges and va1le:s oriented more o r  Less a t  random. 
Summit a l t i t u d e s  vary f r o m  1500 t o  5000 f t . ,  highest t o  west. 
Road construct ion is d i f f i c u l t  because of dense t rop ica l  
r a in ,  fores t ,  heavy da i ly  m i n f a l l  and s teep  slopes.  Ridges 
a r e  sharp and s teep;  mountain val leys narrow and steep-walled. 
There a r e  no good corr idors  across  the  mountains. A foot  
t rail  crosses from Boeli-serani t o  Dodaga over a s t eep  rough 
pass a t  660 f t .  a l t i t u d e ;  probably not a s a t i s f ec to ry  rboad 
alignment. Sengad jf River valley, r e l a t i v e l y  f l a t ,  provides 
access t o  the broad i n t e r i o r  basin a t  its head. A foot  t r a  11 
crosses a rough s teep  and rocky mountain pass having an  
a l t i t u d e  of mbout 2500 it. t o  the settlement of Soot on Kaoe 
Bay. Brmd m r e i m l  plains  a t  the  heads of t he  deep bays 
indent an otherwise rugged mounta inous cons t l i ne .  The p la ins  
a r e  more o r  l e s s  isolated, but same n r e  connected by in t e r io r  
va l l ey  corr idors  o r  mrrow high c m s t e l  t e r races  o r  benches. 
hlong southeast coest  of peninsula s t r e ~ m s  heading inlsnd 
from coast  tu rn  rrbruptly northeast o r  southwest p a r a l l e l  t o  
mountain front.  Along north c m s t  they maintain s t r a i g h t  
courses t o  sea, Swamps (moaras) border the coas ta l  lowlands 
along Kaoe Bay from Saolat t o  Roni ?oint. On the wide 
r o l l i n g  plains  a t  the heads of t h s  many bays problem of 
road construction a re  l e s s  severe ; involve mostly c lear ing  
of the  r a i n  f o r e s t  and crossing the large streams. Terrain 
is most open along the coast where there a r e  numerous s e t t l e -  
ments, native clear ings,  coconut s t r i p s  and areas  of second 
growth t h a t  a r e  more e a s i l y  cleared but passage along the 
coast is d i f f i c u l t  because of s t eep  sloyes and rocky c l i f f e d  
headlands, Native t r a i l s  a r e  discontinuous. Much cut and 
f i l l  and blas t ing  required. Many streams in  gu l l i e s  and 
ravines a re  subject  t o  f lash  floods and would reouire  bridges 
o r  large cu lver t s  f o r  all-weather use. 

Streams and Stream Crossinus 

Streams i n  the maunts.ins are t o r r e n t i a l  and m y  r i s e  
several  f e e t  i n  a few minutes a f t e r  heavy mins .  W a i l s  
following i n  the stream beds become impassible a t  these 
times. The smeller s t r e a m ,  15 t o  30 ft. wide, a r e  r ead i ly  
forded by wheeled vehicles  a f t e r  removal of l a rge r  rocks. 
Current normally swif t ;  bottoms grave l ly  o r  rocky. Banks 
a re  high and fords would reaui re  excavated approaches. 
Bridges o r  large cu lver t s  necessary f o r  all-season use. 
The A h l a m ,  Sangadji, Dodaga and Onad r i v e r s  a r e  probably 
w e r  200 f e e t  wide. l a rge r  streams may be normally over 100 
ft. wide; a l l  streams a r e  general ly  shallow and fordable 
inland along gravel bars. Near the coast they become deeper 
but there a r e  alwaya sand bars  across  t h e i r  mouths. Bottoms 
a re  gravel ly o r  sandy, become muddy near the  sea. Kay be 

Alignments and Grades 

Southeastern peninsula, 75 mi. long and 18 t o  24 m i .  wide, 
is terminated by long narrow t i p  20 m i .  long and 3 m i .  wide. 
Ent i re  area is rough and mountainous and a t t a i n s  a l t i t udes  a s  
high a s  2300 f t .  i n  western part ,  Spurs and ridges trending 
i r r egu la r ly  away from cen t r a l  divide a r e  separated by narrow 
canyons. Slopes a r e  s teep,  l oca l ly  rocky o r  c l i f f e d  and 
covered by dense r a in  fo re s t  jungle. Ridges a r e  sharp and 
narrow. Much of i n t e r i o r  has never been surveyed even roughly. 
Road construction would be extremely d i f f i c u l t .  tZ p o s s i b b  
pass across the mountains l i e s  between headwaters of Waleh 
and Nou Rivers thol~ak i n  region of divide t h i s  is probably 
too rough f o r  s a t i s f e c t s r y  roed alignment. Bssage  along 
coast  is rendered d':f^ficult by c l i f f e d  headlands where the 
monntains sloue t o  the sea. Much s ide -h i l l  cu t  and f i l l ,  i n  
some places b h s t i n g ,  would be reauirec?. -11 landsl ides  
would be coxnst~ct neni3~6. Wny g u l l i e s  rind smell streams 
subject  t o  f l a sh  iXood would reauire  cu lver t s ,  shor t  bridges 
or  d-ya f o r  Bards. RainfRll is h e ~ v y  and frequent. 
M~rrow discont imsus s t re tches  of coastel  p l a in  occur along 
eonst and extend f n l ~ n d  short  dis tance along l a rge r  stmama. 
Only mlong :%leh an8 Mou Rivers is there Rny extensive va l l ey  
corr idor  inf o mounte i n s ,  ldmerous ~ n d  loca l ly  extensive 
mershes ( d r a s l ~ n d )  likewise, impede coastwise construction 

though they m y  Se dfy ftl p a r s  of l i t t l e  r a i n f a l l  rind are 
general ly  passable with corduroy construction. N ~ r r o r r r  

mountainous ridge formicg narrow t i p  of peninsula is crossed 
near its center  by a well  used but extremely s teep  and wind- 
in8 horse t r a i l .  

Stremms and Stream Crossings 

Stresms e r e  t o r r e n t i a l  ~ n d  f l a sh  floods ore  a common 
feature during heavy r e  ins. The m t e r  becomes turbid and 
r i s e s  several  f ee t  i n  few minutes. ?Amy nat ive trails 
follow strerrm beds sunk deep between high banks o r  i n  steep- 
welled ravines; should be ~ ~ 0 i d e d  during heavy rains .  Most 
streams a r e  15 t o  30 it. wide and, with a l i t t l e  preparation 
of bed ,ean be readi ly  forded by wheeled vehicles.  Currents 

a r e  normally swlft .  The bottoms a r e  grave l ly  o r  sandy except 
a t  coast  where they a re  muddy. In i n t e r i o r  they may become 
rocky with water fa l l s  a t  intervals.  Banks a re  s teep and 3 t o  
15 f e e t  high reouiring excavation of dugways f o r  fords. The 
la rger  streams may be over 100 f e e t  wide ~ n d  vary g rea t ly  i n  
depth from place t o  place. Generally shallow and fordable. 
Near coast  channels may become deeper, bottoms muddy, and a r e  
apt  t o  be bcrraered by coas ta l  swamps which make approaches 
d i f f i c u l t .  Sand bar  g e m r a l l y  across mouth. On normal flood- 
plains banks are of well-packed gravel beneath few fee t  of 
surface s o i l  ; rake excel lent  foundat ions f o r  bridge footing. 
Vegetation is more dense along margin of streams than on 
adjacent val ley bo t tm .  

l oca l ly  bordered by coas ta l  swamps making-approaches d i f f i -  
cul t .  Inland the  banks a r e  firm sand o r  gravel  under surface 
s o i l  ; excel lent  footings f o r  bridges. Vegetation general ly  
densest along s t r e m  banks. Numerous bamboo th icke ts  o r  
brakes along la rger  streams in  the in te r ior .  

Exist ing Roads and Trails 

There a r e  no roads on the northeast peninsuls and no 
trails su i tab le  f o r  the passage of mi l i t a ry  vehicles f o r  any 
distance. Two t r a  11s cross the peninsula; one from Boeli 
Serani t o  Dodaga, the other  up the Sangadji River and across  
the mountains t o  Soot on Raoe &y. Both vrould require  major 
engineering improvements t o  convert t o  use by mi l i t a ry  vehi- 
c les .  A number of other  t m i l s  i n  the i n t e r i o r  have purely 
l o c a l  significance. They tend t o  follow the r idges wherever 
possible. T ra i l s  i n  the mountains a r e  s teep,  windSn$ and 
loca l ly  rocky, Numerous ledges rlnd rocky slopes covered 
with mossy vegetation and fo re s t  i n  the higher regions. ID 
the lower h i l l s  they may be considerably overgrown and become 
very muddy and s l ippery  with much use. Many t r a i  l a  a r e  dis-  
continuous. Those between settlements on p la ins  along the 
coast  a r e  generally more e a s i l y  followed and more freauented. 
Some coas ta l  towns such a s  'Nasile a r e  connaoted with other  
settlements by tw 11s along i n t e r i o r  valley8 which p a r a l l e l  
the coast. A l l  v a l l ey  trails tend t o  follow la rge ly  i n  streem 
beds a s  they a r e  most open avenues through jungle. Some im- 
provement i n  t r a i l  conditions may be expected from reported 
Japanese a c t i v i t i e s  on the plain near Akelamo vi l lage.  

Foundations and Subgrades 

Over most of  mountainous i n t e r i o r  s o i l  is red-brown 
l a t e r i t i c  c lay loam o r  c lay  (A-6) having depth of 15  t o  30 it. 
though bedrock, a poor o r  medium grade of t r a p  tha t  is prob- 
ab ly  well  f ractured,  may outcrop abundantly i n  the higher 
regions on s teep  slopes o r  ledges, i n  c l i f f s  along the coast ,  
or  along strean. bottoms i n  the mountains. I n  h i l l  lands 
along and well  baak from coast,  s o i l  is yellowish-brown t o  
red-brown l a t e r i t i c  sandy o r  stony loam ( A - 3  t o  A-4) with 
some c a l c ~ r e o u s  cementation a t  depth. In most places it 
merges imperceptibly a t  depth of few f e e t  with conglomerate 
or  s o f t  sands tone bedrock but, where underla i n  by limestone, 
top of sound rock is d i s t i nc t .  The limestone occurs a s  layers  
in  the conglomerate formation underlying h i l l s  along coast. 
A l l  upland s o i l s  a r e  f r i ab l e ,  penneablu, snd well  drained i n  
the undisturbed s t a t e ,  but become p l a s t i c  and s l ippery  if 
worked when w e t ;  a r e  su i t ab l e  f o r  asphal t  o r  mechanical s t ab i l -  
i sa t ion  i f  worked under conditions of optimum moisture. May 
l o c a l l y  be too hiph in clay. A l o n ~  i n t e r i o r  valleys and on 
p la ins  along the  coast the  a l l u v i a l  s o i l s  a r e  deeper than the  
mountain s o i l s  and a r e  probably l e s s  permeable and more p l a s t i c .  

Area 5 Southeas t e rn  Peninsula 

Foundations and Subgrades 

S o i l  along mountainous divide is red-brown l a t e r i t i c  c lay  
loam o r  c lay  (A-6), having depth of 15 t o  10 f t ;  bedrock, a 
weathered poor grade of t rap ,  outcrops abundantly a s  c l i f f s  
and ledges. Mountains nearer coast s u p ~ o r t  .yellow-brown t o  
red-brown s ~ n d y  o r  stony loam (A-3 t o  A-4) which merges m t  
depth of few fee t  with loosely cemented conglomerate o r  sandy 
bedrock. Along the corrst, p g r t i o u h r l y  on north s ide ,  t o  an 
elevat ion of   bout 500 Pt., co ra l  limestone layers i n  the 
c o ~ l o m e m t e  tend t o  form c l i f f s  slone: strerrm vslleys.  On 
south s ide ,  west of sett lement of Mesa, large area along 
coost is underlo in  b-T herd m s s i v e  limestone which f o m  
numerous c l i f f s ,  ladgee, mnd very s t eep  rocky canyon walls. 
On gentle  slopes nnd depressions it supports f a i r l y  th ick  
red-brown clayey s o i l  (A-6). A l l  s o i l s  a r e  wel l  drained i n  
the undisturbed state though the vegetation r e t a in s  much water. 
Surface runoff is high. Kost s o i l s  become p l a s t i c  and s l ippery 
when wet, but dry quickly. S o i l  along coast ,  except i n  
marshy areas  is probably s u i t a b l e  f o r  s t a b i l i z a t i o n  under 
conditions of optimum moisture. Can be worked by bulldozer 
though moving eauipment should be capable of handling heavy 
wet loads under conditions of heavy d a i l y  r a i n f a l l  and deep 
mud. Most of bedrock encountered w i l l  be weathered s u f f i c i e n t l y  
t o  handle with bulldozers o r  power shovels. Locally some 
b las t ing  may be required, pa r t i cu l a r ly  i n  limestone areas. 
Large cu lver t s  and di tches w i l l  be needed t o  accomodate 
runoff from heavy d a i l y  r a in fa l l .  In swampy areas  s o f t  muck 
(A-6) may be many f e e t  deep. Corduroy roads are probably 
feas ib le ;  ample fo re s t  m t e r i a l s .  Land loca l ly  dry and low 
r idges may provide route most of way across; can probably be 
detected by differences in  vegetation. Sand beaches a r e  
l oca l ly  hard enough t o  bear t r a f f i c ,  but  most a r e  narrow, 
rocky o r  grave l ly  and bordered by rough h i l l s  o r  co ra l  reefs  
a t  e i t h e r  end. 

Clearing end grubbing of denffe r a i n  fo re s t  and swamp 
fo re s t  over most of area is very arduous. b r g e  t r ee s  require  
use of power saws o r  heavy t r e e  dozers. Stumps w i l l  need 
blast ing,  Dense m t  of roots and creepers mke  us of hand 
tools  d i f f i c u l t .  Along coast som adv~ntage  can be gained 
i n  smll areas  of second growth, nat ive clear ings and coconut 
s t r i p s .  Par t s  of va l l ey  bottoms may be gmssy. 

Great range in  texture (A-2 t o  A-7) and engineering properties.  
Most s o i l s  can be worked by bulldozer,  though moving equipmeht 
should be capable of handling heavy wet loads under conditions 
of heavy d a i l y  r a i n f a l l  and deep mud. Most bedrock encount- 
ered w i l l  be s u f f i c i e n t l y  weathered t o  handle with bulldozers 
o r  power shovel. Locally some b las t ing  may be required, 
pa r t i cu l a r ly  i n  the l h s t o n e  layers.  Proper road drainage 
cannot be overemphasized; large cu lver t s  and di tches w i l l  be 
necessary t o  accomodate heavy da i ly  r a in fa l l .  In swampy areas 
s o f t  muck (A-6) rnay be many f e e t  deep. Corduroy roads are  
qui te  f ea s ib l e  with ample f o r e s t  m t e r i a l a  on hand. Along 
the coast small beaches a r e  l oca l ly  sandy and hard enough t o  
bear t r a f f i c ,  but most a r e  narrow end rocky o r  grave l ly  and 
bordered by rough h i l l s  o r  cora l  r ee f s  a t  e i t h e r  end, Soft  
mud banks with l o c a l  a reas  of mngrove swamp border par t s  of 
the la rger  bay heads. 

Clearing and Grubbing 

Dense r a i n  fo re s t  over most of erea of fe rs  major problem 
of clearing. Large t r e e s  w i l l  reauira  use oh power saws o r  
heavy t r e e  dozers. S tmps  my need ad? i t iona l  blasting. 
Dense m t of roots  and creepers i n  upper layers  of s o i l  make 
use of h n d  tools  d i f i i c u l t ,  Along cosst  a r e  some already 
p ~ ~ t i n l l y  cleared s t r i p s  end areas of second growth which is 
eas i e r  t o  clear.  Vegetetion around northern end of peninsuls 
is thouaht t o  be mom open thsn n o m l .  Plains a r m  Wseile 
and Akelamn Bays may be l oca l ly  $rassy. Repo~ted Japanese 
a c t i v i t y  i n  both these areae have probably resu l te% i n  fu r the r  
c lear ing and general ly  lmprowd roftd coaadit i om 

Construct ion k k t e r i a l s  Available 

Liraestone su i t ab l e  f o r  crushed aggregate, road mtal  o r  
rock masonry abundantly avai lable  from mountains o r  ta rmced 
h i l l s  along coast,  pa r t i cu l a r ly  on north s ide of peninsuls. 
W i l l  require d r i l l i n g  and b las t ing  f o r  excavation. In  
1n.terior the bedrock, a paor grade of t rap ,  is l i t t l e  exposed 
and is mostly deeply weathered o r  much fpactured; d i s in tegra tes  
eas i ly .  Gravel can be obtained from many of s t r e ~ m s  or from 
deposits i n  h i l l s  back from coast. Sand can be screened from 
r i v e r  deposi ts ,  but is high in  f ines .  Also is avai lable  
l o c a l l y  from beaches where it is a cmrsa  she l ly  coral  sand. 
Bkny beaches, hmever,  a r e  stony. In  v i c i n i t y  of Dedaga, 
Akelamo, and Boeli-Serani rock w i l l  probably have t o  be 
Wought from n e ~ r b y  h i l l 6  , though sand and gravel  should be 
avai lable  l oca l ly  from streams on the plains.  Ample timber 
is ~ v a l l a b l e  f o r  cons tmct ion  purposes though much i s  poor 
aua l i t y  and r o t s  aniekly. Ample surface water available.  
around water ob ta iwb le  from unaonsolidated ~ l l u v i a l  dapos its 
along coast  o r  inlsnd va l leys  a t  depth of 30 t o  40 f t .  

Exist ing Ro~ds  and T m i l s  

There a re  no roads on southeast peninsula ~ n d  LO t r a i l s  
su i t ab l e  f o r  pasaage of vehicles  f o r  nny distance. '0, goail, 
but s teep  and winding t r a i l  crosses the mrmw ti:' cP the 
peninsula from Jondolioe t o  Sigillawa. 'Q'Rsn other  %mils  
cross mountains ov6r 1000 f t ,  passes bet*eC;I~ keud~a4,ars  OP 
Waleh and Nou Rivers and between Spo end Wetji Rivers W S ~ & C -  

t ively.  Attain a l t i t u d e s  of over 1000 ft, Are B f t t l u  rzgnri, 
narrow, rocky and s teep;  m y  l oca l ly  be a.tPel.a:.own by dsi;%e 
brush o r  grass  and n r e  variably muddy. Pn wa3Leys, they 
follow in  stream courses. Tra i l s  a r e  not ~anPinuous along 
coast,  but occur between set t lements;  srd wall used, f a i r l y  
wide and some s t re tches  could be adapteCL f o r  use by l i g h t  
vehicles  with l i t t l e  improvement. 

Construction bfaterials Available 

Coral limestone found on te r races  along h i l l s i d e s  on 
north of peninsula o r  from reefs  along corist i t s  most readi ly  
avai lable  mater ial  f o r  rock f i l ls ,  rip-nip and crushed stone 
f o r  road metal. C R ~  be worked with hnnd tools ,  but may re -  
quire b l ~ s t i n g  locally.  Massive limestone along north shore 
of Weda Fay west of Mess is acceaafhle end well exposed, but 
is more d i f i f c u l t  t o  work. Gssrvr: can be obtained from 1 ~ r g e ~  
stma;.: courses end beaches cr 41" Isrge nuant i t ies  from deposZts . 
i n  h t  11s along c m s t .  A f.~lir%! hiah Dercentaee d i s in t egmtes  
e w - f  j y  ~ n d  wo~ild be unsbt iw? 'h tc t  c r y  f o r  aggregcl te. Beach send 
1?1 pwnemlly poor am3 coarse ~ ~ . f n e d ,  A poor grade of t r ap  
rock underlies the kig'cctir. m%ntains  of in te r ior .  '#here 
exposed in  clifYs it ria y be - u  : table,  but where overlain by 
much s o i l  it is pisobably deeply weathered. Timber f o r  cona 
s t r u c t  ion purpo.c.::~: abundant, but  mostly of poor quality.  
Ample surface vi*f%er f o r  constmotion purposes, though m n y  
streams disap;?e-ika underground fn to  the limestone along the 
coast. Grow13 water ava i lab le  from unconsolidated a l l u v i a l  
deposi ts  a l o ~ t g  the coast  and i n t e r i o r  val leys a t  aepth of 
30 t o  40 feet. 
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Alignments and Gsades 

The southern peninsula of' Halmahem is 1105 miles long 
and about 15 ml lea wide, narrawing southward, A rough mu- 
t a i n  mnge r i s e s  s t eep ly  above the west c a s t  "s an ervemge 
a l t i t u d e  of 1700 it., though ~ e v e r a l  peaks a r e  mer 
high a t  widest part of peninsula. Road construction 
d i f f i c u l t  Weawe sf dense t ropioal  r a i n  f o r e s t ,  heavy d a i l y  
r a i n f a l l  and eteep elopes. Ridgee ape sharp an8 s teep;  wun- 
t a i n  va l leys  mmow and steep-walled. Four passes which nr%gh% 
;prove s u i t a b l e  f o r  roads aaross the  range o(rear ea8t  of the 
-21 ssattlerasnts of Ohe and A l i  and across the headmtera 
of the Lamo and Sem Rivers. Rere slopee are less s teep  and 
val leys  more open. Bowever, s teep  grades, many e m e e  and. 
moh side-hi11 eu t  and f i l l  wouM probably be necessarg. 
Many deep secollda i e s  an3 ravines would =quires cuPoerLs, 
s h o r t  bridges o r  f o r  foriie. 

Passage along west aelsst d i f f i c u l t  beeawe i n  many 
places mountains descend abruptly t o  c l i f f s  above sea,  &mm, 
discontinuous, heavily forested coas ta l  plainsl pass in to  
mountain canyons only shor t  distance inland. Stmsm elmPPject 
t o  f l a s h  PLoM a f t e r  heavy rains, Ffxtelnsive mrsh { d r a a l ~ n d ) ,  
covering e n t i r e  p la in  fn2.and from Oelram. Potnt t o  muntatne ,  
is eraseed by several  foot  t r a i l s ,  but they would %snarPmse 
some i o m  of cordusoy corntruet ion f o r  vehicles. A t r a i l  
f s l l env~  most of cow%, but con-vertlw it t o  a road would Be 
d f f f  f e U l t ,  involve eomidemble  s ide-hi l l  cu t  and f i l l ,  ram@ 
slock blas t ing ,  mny bridges and fords,  rsad, on headlands, 
ctontinml. d a w e r  from s l ides  on clay acvemd s teep  slagas,  

C m , d i t i 0 ~ s  l e s s  sevem along e a s t  eoast. A cont%nuous 
r o l l i n g  plain,  1 t o  5 mi, wide, sfopes gmdueslkg ses-aaM $0 

palm ts?nged cosst ,  Inland, broad forested stmsmr m4lep 
exleM deto m u n t a i m .  Blgh jungle-covered gravel ridges 
eeparate mjor va13em, but reach c m s t  only abom south shore 

o f  WeBa Bay, Few grades o r  c m e a  needed; most genemi  grob- 
lsm a r e  @ b a r i n g  and g m b b i w  dense m i n  f o m s l  an& crmsfw 
tba mny etrealna. Going is e a s i e s t  sforig a m a t  be;aane of 
asany small eettlements with t h e f r  cleesr 'bw, Extensive mssh 
idmeland) covering p la in  Prom Foja Point sou+,h to Hafa grsb- 
ably mas% ser ious  obstacle t o  mad coas$mction, Lwalhy, 
b e a c b a  m y  be e u i b b l e  for Bight %=fl ies  tB@.=B mah of 
ebom bordemd by rough cora l  a e f s .  

Southern t i p  of psninsulrzl ssu%b of ~raedidalebm is pol l -  
ing plateau with a1t;itude of 200 t o  300 it,, c r o ~ s e d  Sg a n y  
%mils. Few s t m m  and vegetation not very cPeme, 

Area 6 Southern Peninsula 

S t r e a m  on wee% coast mm o r  l e s s  t o r r e n t i a l ;  f l a s h  
f loads iol lcw heavy mfm. Gmdlbante s teep  and earrents  
swift. Most of these a t r e a m  am lees  than 30 f t .  wide and, 
with a l i t t l e  preparation of SeB,am r e a d i l y  fordable by 
wheeled mhic les .  Bottom arcs general ly gravel ly  o r  rocky; 
mar coas t  currents  beeom a l w g i s h  and stmarn beds mu&dy, 
Mnko are s t eep  and general ly 5 t o  15 it, hggh, reauirdng 
excavation of shallow d ga, Footings f a r  brfdsss consist; 
of well-pecked gravel  under surface sail, Vegetation denser 
along banks than on adjacent r sxna l l  a l l u v i a l  plains. 

9 t r e ~ m a  of e a s t  coast ere somewhat longer and larger. 
Some e r e  l o c a l l y  80 t o  BOO f t ,  wide and requfre bridges o r  
f e r r i e s ,  Most a r e  fordslble d a r i n g  normal flow, but are 
subject  t o  flash f laobs,  They vary  g m a t l y  i n  depth bu t  
most a r e  shalfow. B o t t w  a re  g r sva l lg  o r  sandy and fords 
ape bes t  made along gspavel bars,  A h r  nearly a l m m  across 
u t~u th  of stmann a t  coast, M o s t  e t m a m  have s t eep  banka 5 
t o  P5 ft. high, becoming loover near eoast. Some may be a s  
m h  a s  20 to 30 f t e  high with dense vegetation growing an 
mfls, Some %mils along s t m a m  a m  campared t a  being ire a 
%urnel, 3 o o L B ~ s  fort. h i d g s a  a l l 1  be on sound gravel  and 
sand under suHac@ f 3 0 i l a  

F m d a  t ions a nit S~bgpdet3 - 
S o i l  in ma~rntainlsr IF; dark ~ d - b l r m *  I ~ t e r i t i e  c l a y  loam 

sr clay  (A-6) 25 t o  10 Pt. deep, Bedpeck, a  deeply mathers&,  
mP1 fmotumd, poor gmcle of Lmp, m.y outrsrog on s t eep  
a l s p e ,  sea e l b f l ~ ,  and s30ng atmala bat.&arns, Alow cmster 
and i n  m l l e y  r s g i o m  sn e a s t  side sf paninepu%a soil. is 
yw $lowish-brm t o  red-b I r;- ep i t; ' : , sandy o r  stony lmm 
(A-3 t o  A,-$) w i t h  80- G P ~ Q W  cementation 8% dspth, la 
mss$ plaoss it gmdea hperceg$ib%y a t  depth of few f e e t  in to  
t3r4wlommta bedrock; whem ~ q d e r l a i a  By h y e m d  l ims ton@,  
tap  of sotuna poak Ps d f ~ t i a e 2 .  A l l  so"$ am w m s b l e  and 
ws l l  drained i n  undlistwbecil a t a t e ,  but the momtilfn s o i l s  In 
s>as~ticUar bbscme p l a s t i c  end Slippery i f  worked when wete 
APb s o i l s  eu l t ab le  f o r  asphalt o r  i c a l  s t a b i l i z a t i s n  
if wosked under condit fans of opt1 Isturn. Fdlauntain 
sails mag tx too high i n  clay, a m  be worked by bulldozer, 
though mviw equipment should be capable of handling heavy 
wet Smde w d e r  e 0 M i t i o m  of heavy d a i l y  m i n f a h l  sra8, deep 
m d ,  Moat o f  bedmck ancounter%cl w i l l  be westhered s u i f i -  
c l a n t l y  t o  handle with bulldezfta. o r  power shave%. Lwally, 
some bllaatizlh?; may be mqlaimd, par t i cu la r ly  i n  I w s t a n e  
layers*  Adeqm*e d i t e h i w  and large culverts necessary to 
scesmodate heavy minus. .In the two swampy areas r m d s  p-rob- 
ably  should be cordwoysdp &$@rials avai lable  f a r  temporary 
mrposea loeal fy ;  r o t  quickly. Though there  is no dry seasaa 
groan3 is f i n n  eaough to  support sqnipment a% times; when 
flssoiaad, wat~r end m d  mry g m a t l y  in Bepth Prom ?lace t o  

place. In mogntaixm o r  along =st eoas t  s l i d e s  may r e s u l t  
if slopes are unidercut tr40 steeply. 9uah s l i d e s  m y  recur 
over l a w  p e ~ i & s  of f;iPBB a f t e r  heavy mias and invalve large 
mssree of m t e s i a l .  Sarns sand beache8 m y  be bard enough t o  
Map t r a f f i c ,  but  most am mmow, roe& or gravel ly  an% 
boMemd by r w h  h i l l s  cwr cora l  r e e f s  a t  either and, 

Eenae r e i n  fopes t  e o m m  most of  ama.  Iawe t r e e s  
require w e  of o m r  saws or heavy t r e e  dozera end m o t e m ,  
Stumps w i l l  need blastfsg,  Along coast em some small area8 
sf seecad growth, na t ive  clearings,  and emonat groves where 
brush, smPl t r e e s  and f a l l e n  p a r t i a l l y  bwned logs can be 
h a ~ l e d  by bu"l:dozer, 

'Phem are ao roads on eouthean peniasula and no t r a i l s  
s u i t a b l e  f o r  passage of vehicles exeept f o r  shor t  dfatance, 
BePm hmedidaPem 4 foo t  patha eross erouthermn t i p ,  North t o  
the bulge 8 tmibs t raverse  mountains; but from there n c ~ t h  
t o  Reds-Pajahe pasia there a r e  only two trails, m e  fpm S e m  
t o  FXda, the other  from Lilafa t o  Bajaa Both crosa divide a t  
about 1500 it. alt itude.  Footwths ~4m mrmw, only l~eason- 
a l l y  used, and my- be a'iPergrsrPa with denare bmah. In mom 
% a i m  most sf them fsllm ridge§ end spur80 Are nfndirmlf am3 
vary s teep ,  i n  places moky 02 c l i f f @ & ;  m d b y  most of .&im a s  
there ier no d r y  eeaasa. XH vgl%4bp %hey tend -to f o l % m  
gtmaar beds = wbieh awe r ~ e k y  or gmvsl1y $@%wen steep, high 
b a a s  cosemd nit& crease v@gek%issro l a  gpasgg ialang alawl 
amas t m i b  tare easiely Isst If l%.t;tXo used. mils esmeet- 
ing v i l l agas  @low o*&sC ~ s ~ e  gsoh'taly mrst e a s i l y  adaptable 
t o  military w e ;  a m  wider,  more fmqepently ~(3ed,  and pass 
%hmw$ mom onen country mqulrim Peas e 9 e a r i ~ .  

Eonsa;me tiiopn W t ~ 3 ~ i a l s  Available - ---- 
&st maally rmmblablas mtaria: far mdbsdea, rock f i l l s ,  

rap-mn csatshea etane for road m % a l  %rs the c a m 1  I h e s t o n e  
capping rffdgas and fomiw rPdgss alsw esast t o  alev8tion of 
enppmbta'P ,y  700 ate Cm~"ek. 9 ~ s i : p  03tairunbls from ~tmagae 
and beac3as agd m k ~ s  s f ~ i r  esgmgpstte, though a fairly hkgh 
pemantaqa of cnbbfss a?B% Sisfnca$m$e 6aai lgr  Beach aaad 
i s  gencsmllp e o ~ 3 ~ 5 e  83.~2 of PQOT qm19typ high Pn ~.ehrsLP frsg- 
men%@ a913 mu8 f faes ,  n u t  is sudtablas for general pnmsses. 
Sougd ~ock,ot'nas? thsn e e m l  I . imstoae,  snitable Cap qurr~rg-  
ing 9s hmd %cs Poeate, bct  erom ref- qua3dty t m p  is knmn 
southeast of h j a h s  Bsy, Tfmbb*r f u r  coestruct ien abundant, 
but  mostly of T a w  c;usli%y, Ample s u ~ f ~ c s  m t e r  f o r  eonstmc- 
%ion purDosas B X G & P ~  OT$ ~lOatli9trn t i p .  Gro-3 m t e r  avai lable  
on pXwSns eis~w coast RB, depth s f  30 t o  M it, i n  wnoomsli- 
dn t ee  sL:wia1 deposl te, 
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ROADS AND TRAILS : CONSTRUCTION AND MAINTENANCE HALMAHERA (MOLUKKAS) 

Aligliments and Grades 

Batjan, l a r g e i t  of mountainous group of is lands off  
southwes t coast  o f  Halmabera, is mde  up of four mountain 
b l a c b  separated by three va l l ey  corridors. A broad swampy 
p l a i n  bounded on eouth by r o l l i n g  f o o t h i l l s  crosses is land 
from Laboeha t o  e a s t  coast. An alignment through f o o t h i l l s  
would provide dry ground, a l l m  moderate grades, and require 
only a few Bridges. From t h i s  plain north valleya of Sa joang 
and Tjoro Rivers form a corridor between northeast and north- 
west mountains t o  coast. It is narrow and r e s t r i c t e d  a t  
e i t h e r  end where r ive r s  pass through f o o t h i l l s ,  but ope= 
i n t o  an i n t e r i o r  broad forssted plain. To south narrow 
isthmus between Lapan and Wajoea Bays is a low f l e  t forested 
p la in  variably Q t o  1% mi. wide and only three  mi. across by 
tmi l .  Thought t o  be mostly dry ground. The Sfbela cen t ra l  
block, by f a r  the most rugged of the  four  mountain ba r r i e r s ,  
r i s e s  t o  lnaximum a l t  i tude of about 6900 it. Easies t  crossing 
could probably be m d e  around e a s t  ooast. Southera, north- 
western, nnd northeastern mountains a r e  volcanic and general ly 
s lmi ler  i n  nature;  having s t eep  slopes, deep ravines end 
canyons, n ~ r r o w  ridges ~ n d  spurs general ly unsuited t o  road 
construction. Nortweet  mountaina a r e  more thoroughly 
traversed by t r a i l s  a~ a north-south alignment might be 
effected with dif?icuXty nes t  of Mount Amassing up Amassing 
River from Laboeha. Grades would be steep,  sharp curves lo- 
c a l l y  necessary. Much cut  and f i l l .  Coast mostly mountain- 
ous, but narrow coas ta l  plains occur a t  intervals .  Except 

f o r  those a t  ends of corridors,  Tney a r e  isalerted areas,  but 
roads could be constructed over mny  of them. The p la in  along 
Sambakl S t r a i t s  a t  northeast end of is land is very swampy; 
others a r e  mostly f im ground. 

ICasiroeta Island is rough and fnountainous. Bebr its 
south end a flat ,  but loca l ly  marshy, p la in  about t o  1 mt. 
wide extends across island and f o m  only corridor. Some 
t r a  dle lead inland through the sparsely inhabited mountains. 

Man4ioli Island is mountainous, but topography not a s  
rollgh o r  s teep a s  on other  islands. Hi l l e  are more rounded 
and slopes a re  s teep only along cen t ra l  divide and a t  north 
end of island where a rugged peninsula juts east-west in to  
sea. Pfeavily forested,  but roads could be constructed i n  
many places along coast. 

Obit Island is s imi lar  t o  Wndlol i ,  
S a l i  Lmo Island i n  the Pat in t  f S t h i t s  is very s teep,  

rocky and mountainous. 
I a t a l a t a  and Moeari Islands, t o  north, a r e  rocky and 

mountainous; a r e  most e a s i l y  crossed through low h i l l s  a t  
head of Boho Bey (Lata la ta)  and a t  head of Boesoea Bay (Moeari). 

Taneti  Is land is h i l l y ,  but not rough. Has a cen t ra l  
corridor along Dalamair River from norm. 

B j o a  Island has mountains a l c g ~  northwest coast ;  a l s o  
cent ra l  and southern mountain groups. A broad corridor leads 
nos-eheast on dry ground, from Goerceapin on the  swampy south- 
wee?, bayhead, through low ro l l ing  %il l s  t o  emmpy const along 
5il.f bay. A second law corrido2 ex:sses an dry ground 
'bet .sen centxwl and aouthern mcur  &a frs, 

Thloein 'Island irs lo# find hilly. 

A r e a  7 Batjan Island Group 

Streams and Stream Crossings 

Most of streams in islands a re  shor t ,  have steep 
gradients ,  and are  t o r ~ e n t i a l  in  nature. A r e  e a s i l y  forded 
except during end immediately a f t e r  heavy rains. Bottoms 
a r e  rocky o r  gravelly i n  upper courses, m y  need some c lear-  
ing of bed f o r  fording; a re  sandy o r  muddy with possibly 
some quicksand i n  lower courses. Benlcs a r e  high cnd s teep 
requiring dugways f o r  approaches in  most places. Water 
normally shallow, but rises during heavy rains.  Rock sub- 
grades may have t o  be b u i l t  up f o r  passage of vehicles. 
Veg6tation generally dense along banks. Swamps a r e  connoon 
along stream courses near coast and l o c a l l y  on inland plains,  
make approaches d i f f i c u l t ,  but general ly can be negotiated by 
corduroy roadbeds. Ample timber avai lable  f o r  conetruct ion. 
B r i u e s  needed only where streams a r e  too deeply intrenched 
o r  a t  few places where too deep t o  ford. Sajoang and Inggoi 
Rivers on Batjan may need bridges f o r  crossings i n  l w e r  
courses. Most s t r e a m  only 15 t o  30 it.  wide. Larger ones 
may be as  m c h  a s  100 it. wide in places. 

Foundat ions and Subgrades 

S o i l  throughout most of mountainous islands is r e d - b r m  
l a t e r i t i c  loam and c lay  loam (A-4 t o  A-6) ; f r i a b l e  and crumbly 
with increasing abundance of rock fragments a t  depth. Depth 
t o  bedrock variably about 20 ft., shallower along streams. 
In Sibela muntains s o i l  is quite t h i n ,  3 t o  4 ft., and is 
more sandy and stony (A-4) with abundant rock outcrops. The 
a l l u v i a l  s o i l s  of the val ley  corridors a re  quite variable (A-2 
t o  A-6), being coarser  upstream and near the flankin& h i l l s .  
Is genemlly  sandy c lay  loam overlying sand and gravel  stream 
deposits. Bedrock is f o r  most par% volcanic ash, conglomrate 
and layered t r ap  rock. Sibela Mouhtaina a r e  an area of s c h i s t  
and gneise. Almg coast t o  height of about 500 it., and in  
some cases covering smaller i s l ~ n d s ,  co ra l  limestone inter-  
bedded with send and gravel deposits over l ie  the  volcanic 
rocko. The t r a p  rock, schfa t  end limestone general ly require 
b las t ing  f o r  exaavatio:~. The other rocks can be workdd by 
hand tools  o r  excavate6 by bulldozer; a re  genemlly  deeply 
weathered. A l l  s o i l s  are permemble and well drained i n  the  
undisturbed s t e t e ,  but; become p l a s t i c  and s l ippery  i f  worked 
when wet. Equipment should be capable of working i n  deep 
mud. Adequate drainage of ~CR'n~leted roads necessary t o  
support mi l i t a ry  t r a f f i c  f o r  any length of time. This is 
par t i cu la r ly  t rue  i n  h i l l y  areas where development of e l i d e s  
on excavated slope8 is a$ added hazard. Allowing roads t o  
dry f o r  a few hours a f t e r  heavy ra ins  ahenever possible 
g rea t ly  improves t h e i r  condition. 

Clearing and Grubbin5 

Dense r a i n  f o r e s t  covers m o s t  of  area. Larger t r ees  
w i l l  require use of  power s a w  d heavy tree dozers. Stumps 
w i l l  reauire blast ing.  Ilenae mat of roots  and creepera i n  
upper l ayer  of s o i l  make use of hand tools  d i f f i c u l t .  Area 
a m d  Laboeha and o the r  s e t t l e m n t e  more open due t o  second 
grorhh and native clearings. Swampy areas on plains m y  be 
covered with swamp fo res t  o r  dense stands of sago palms. In  
swamps near the coas t  these give way t o  s t i l l  more dense 
th ickets  of Nipah palms and mangroves. Along the  d r i e r  luw 
coastlands are  more open coconut s t r ips .  Some dense moss 
fo res t  s imi la r  t o  t h a t  on New Guinea probably ex i s t s  on the  
higher pa r t s  of the Sibela mountains. 

Ex ist ing Roads and Tra 51s 

The only roads i n  the  Bat Jan I s l ~ n d  group s u i t a b l e  f o r  
l i g h t  mi l l t a ry  vehicles a r e  shor t  s t r e tches  of narrow d i r t  
plantat ion road8 and wheel t racks in  the v i c i n i  ty  of Laboeha. 
y e l l  developed footpaths eross  the two narrow isthmuses of 
Batjan Island keeping t o  the d r i e r  ground of the f o o t h i l l s  
along margin of these corridors. Other trail8 p ~ r a l l e l  the  
Sajoang snd -Amassing Rivera. There a r e  no t r a i l s  i n  the 
Sibela Mountains and few of any consequence i n  the  mountains 
t o  the south. The northwest mountains am penetrated by 
numerous s t eep  narrow foot  trails; traversed by four. These 
t r a i l a  follow stream courses through the f o o t h i l l  region and 
swing onto r idges i n  the  muntaina. I n  the northeast moun- 
t a i n s  a s ingle t r a i l  crosses the rough mountainous divide 
from Gorogoro t o  the i n t e r i o r  p l a i n  of the Sajoaag River. 
gmse i roeta  Island is thoroughly traversed by trails. Mandioli 
has very few. In te r io r  t r a i l s  are l i t t l e  used and m y  be 
overgrown with dense brush; indiut inat  i n  many places and 
clearing with machete general ly necessary. A m  muddy much 
of time and become s1iprez-y with w e .  None of t r a i l s  through 
mountains would be su i t ab le  road alignments. They ascend 
s t eep  slopes t o  passes over 2000 ft .  high, t raverse narrow 
rocky ravine bottams and follow very narrow ridge creats .  
Throughout the Batjan group no t r a i l s  follow the coast l ine 
which i a  c l i f f e d  i n  many places. 

Construction Materials  A m  i l a b l e  

Coral llmestone su i t ab le  f o r  crushed aggregate, road 
metal and rough rock xuesonry is the most abundant and e a s i l y  
obtainable construction laaterial. It occurs i n  the h i l l s  
a l o w  the  coasts  of nearly a l l  the islands. A f a i r  grade 
of t r a p  mek  which is a l s o  su i t ab le  occur8 i n  the  i n t e r i o r  
of the is lsnds,  but has fewer outcrops because of the  deep 
s o i l  developed on it. There are  good deposits i n  the small 
recent volcanoes a t  t h e  eas t  ends of t h e  two isthmian 
corridors. Gravel and sand can be screened from r i v e r  beds 
and c o n 1  ssnd is avai  lable  on sow: beeches, though mny  a r e  
rockg. Gmvt 1 cRn a l s o  be obtained from volcania conglomer- 
a t e  deposits cammon i n  in ter ior .  Outcrops best  on s teep 
walls  of  v a l l e ~ .  I r regular  s i z e  of fragments may require 
u8e of g r i zz ly  f o r  sizing. Much of t h i s  kind of gravel  is 
we% thered and d is in teera tes  quickly under vrear. Ample 
t i ~ b o ~  is avai lable  fcr construction purposes; much is of 
pccr quality. Ample surface water available. Groun$ water 
is ~jbtainable from unconsolidated a l l u v i a l  deposits  along 
t b 5  coast and on pla ins  i n  i n t e r i o r  a t  depth of 30 t o  40 f t .  

Area 8 Morotai Island 

Al i fz~ len t s  and Grades 

L i t t l e  is known of topography and only southwestern 
quarter  has bsen mapped i n  any de ta i l .  Very mountainous 
is land,  much sf it over 2000 f t .  i n  a l t i t u d e ;  maximum a l t i -  
tude 4100 ft. Rugged re l i e f .  Along coast ,  c l i f f e d  headlands 
a l t e rna te  with narrow s t r i p s  of cobbly o r  coarse sandy beaahes. 
Inland t e r r sces  form benches against  mountains i n  many places. 
Southwest end is a f l a t  forested p la in  which extenas inland 
f o r  3 t o  4 miles. The narrow peninsula ju t t ing  out t o  south- 
west is s imi la r ly  flet. Another p larn  oacurs along the  
Owgcarom ( ~ j i o e )  River on northvest coast ,  and a t h i r d  
slow Pangeo River a t  northeast end of island. Road comtruc- 
t i c n  in  mountains would be extremely d i f f i c u l t  because of 
nmorous deep ravines and canyons. Slopes am steep,  r idges 
sharp and narrow. NPlny culver ts  and bridges would be 
reauired f o r  all-aeason c r o s s i ~ s  of numerow s t r e a m  subject  
t o  f laeh flood a f t e r  henvy rains. On blains construction 
problem is largely  one of clearing r a i n  f o r e s t  and crossing 
r ivers.  Cleared o r  second growth areas between set t lements 
along coast  a re  eas ies t  g o i ~ .  

St~eams and Stream Croeeinge 

Stream conditione i n  mountains unknown; presumed t o  be 
same a s  i n  mountainous regions of Halmahera. S t ream prob- 
ably  e a s i l y  forded except i n  flood. Bottom gravel ly  o r  
rocky, banks steep. Approaches l o c a l l y  d i f f i c u l t  because 
of steepness and depth of ravines. On plaine,  l a rge r  stmams 
a r e  wer 100 it. wide and m y  require bridges o r  f e r r i ee  . 
In  upper pa r t s ,  a r e  s b l l o w  and e a s i l y  forded on gravel  
bottome. Sols11 strsm~ ere mostly fordable and a l l  s t r e w  
have a blar across mouth a t  coast. Vegetation general ly 
densest along stream courses. 

Foundat ions and Subgrades 

Most of the s o i l  i n  the i n t e r i o r  mountainous pa r t  of 
Morotai is a red-brown l a t e r i t  i c  c lay  loam o r  c lay  (A-6) 
haring a depth sf 15 t o  30 it. Bedrock, probably various 
kinds of t rap  and loca l ly  some volcanic ash und conglomerate, 
outcrops a t  the surface abundantly i n  the  higher regions and 
along strearms. In  many places along eoast am limestone 
ter races  which support a ye llow-brown l a t e r  it ic sandy loam. 
211  s o i l s  a re  f r i ab le  and permeable i n  undisturbed s t a t e  but 
beaoms p l a s t i c  and s l ippery  i f  worked when wet. Can generally 
be worked by bulldozers, though moving equjpment should be 
chpftble of handling heavy wet loads under condition8 of heavy 
dmily r a i n f a l l  ~ n d  deep mud. With exception of limestone 
most of bedrock encountered w i l l  be s u f f i c i e n t l y  weathered 
t o  handle with bu l l  dozere o r  power shovels. Limestone may 
loca l ly  require blasting. The a l l u v i a l  s o i l s  on p l a i m  areas 
a r e  deep and probably l e s s  permeable than the mountain s o i l s .  
Vide range i n  texture ,  but mostly s i l t y  c lay  loams overlying 
grsvel ly  deposits.  Adequate dminage of roads and t r a i l s  is 
an  important factor .  Culverts ehould be large and bridges as  
high aa poeslble. % R C ~ ~ S  am mostly stony o r  of eo ra l  sand; 
not f i rm enough t o  support equipment. 

Clearing and Crta&biw 

Dense r a i n  f o r e s t  over most of  area offers major problem 
of clearing. Large t r e e s  w i l l  require use of power saws o r  
heam t r e e  dozers; stumps w i l l  need blasting. Dame mat of 
m o t e  and creepers i n  uppar layer  of a o f l  makes use of baad 
fools d i f f  ieult .  Sow p a r t i a l l y   leafed areas and second 
growth is e a s i e r  t o  c lea r  along southwest aoast near s e t t l e -  
ments. 

Exisrting Roads and T r a i l s  

Only road on Morotai f o r  passage of mi l i t a ry  vehicles 
connests Sangowo snd Sambibi on south coast. It is 10 t o  15 
it. wide an& has wooden bridges and culverts.  Narrow foot- 
t m i l e  are known t o  follow coaat i n  southeostern pmrt of  
islsnrS and may s imt lnr ly  occur i n  o ther  porte. L i t t l e  w e d  
and probably much overgrown foot  t r a i l s  cross  mounteins from 
Sabatrsi end T i l a i  Rivers on southwest coast t o  plain of 
Goegosrina River on west coast. 

Coaetruction Materials Available 

Coml limestone found on ter races  on h i l l e ides  a l l  along 
c m s t  is most r e ~ d i l y  avnilable lneterial f o r  road beds, rock 
P i l l s ,  r i p  rap and crushed stone f o r  road metal. Can be 
worked with hand tools ,  but may reauire  b las t ing  locally. Is 
abundnnt on eoutbern peninsula. Other rock is not abundant 
though outcrops of t r a p  can be found i n  i n t e r i o r ,  eugeeial ly 
in  higher mountaine. Much of it 18 deeply weathered and of 
poor quality. Sand and gravel  a r e  obtainable frm beds of 
l a rge r  streams ; m y  require screening. Same beach sand is 
available l o c a l l y  on ooast ;  contains much s h e l l  material.  
Timber f o r  construction purpoees abundant, but mostly of poor 
quali ty.  Ample surface water f o r  sonatruction purposes. 
Oround r a t e r  avai lable  f r o m  unconsolidated a l l u v i a l  deposits  
along coast a t  depth of 30 t o  40 it. 

Reliability Rating: C 
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POSSIBLE AIRFIELD SITES HALMAHERA (MOLUKKAS) 

Improvements needed, ( cont inued)  

General ~ a t u r e  Ofthe Terrain jllil i i c ~ . e s s i S i l i ~ y  

Halmahera a n & t s  adjacent  i s l a ~ d s  a r e  ex- 
tremely mountainoua, &Flat a reas  s u i t a b l e  f o r  
1 .inding s t r i p s  a r e  f o r  the  :sost c a r t  conE ned t o  
narrow te r raced  c o a s t a l  p l ~ i n s  bordered b2 s teep  
sloped r i d g e s  and spurs  from t h e  mountains o r  
t o  broad a l l u v i a l  p l a i n s  a10 l a r g e r  r i v e r s  
near t h e  sea,  The only s i t e s  f a r t h e r  
IrLLand a r e  on t h e  p l a i n s  around Lake Galela  and 
i n  t h e  broader p a r t s  of  t h e  Kaoe and Kobe River 
va l l eys ,  Most s i t e s  a r e  s u i t a b l e  f o r  only one 
runway; some a r e  l a r g e  enough f o r  ~ Q ? Q  o r  Dhree, 
but only a  few have space f o r  runways i n  any 
d i rec t ion .  Nearly a l l  s i t e s  a r e  d i r e c t l y  acces- 
s i b l e  t o  landing  barges andother shallow d r a f t  
v e s s e l s  along t h e  coas t ,  Fr inging c o r a l  r e e f s  
form obs tac les  i n  p laces ,  A t  no p lace  except 
Ternate can steamers dock d i r e c t l y  a t  a  p i e r .  
Ship t o  shore t r a n s p o r t a t i o n  i s  invar i ab ly  neces- 
sary.  Streams a r e  navigable only t o  prahoes having 
a  3-4 foo t  d r a f t  and t h e r e  i s  invar i ab ly  a  bar  
ac ross  t h e i r  mouths atithe coas t ,  There a r e  only a  
few mi les  of poor m a d  i n  t h e  i s lands .  A l l  t rans-  
p o r t a t i o n  i s  by na t ive  c a r r i e r  on foo t  t r a i l s ,  
The b e s t  t r a i l s  connect v i l l ages  along t h e  coast .  
Footpaths a c r o s s  t h e  mountafnous peninsulas  pro- 
v ide  ready access  t o  nos t  p a r t s  of t h e  i s land .  
However, several. s i t e s  a r e  v i r t u a l l y  i s o l a t e d  
except from t h e  sea. The use  of m i l i t a r y  veh ic les  

I anywhere except on Ternate and i n  t h e  immediate 
v i c i n i t y  of Galela  w i l l  r e q u i r e  t h e  cons t ruc t ion  
of roads o r  a t  l e a s t  considerable improvement of 
t h e  shor t  s t r e t c h e s  of s x i s t i n g  roads,  

Grading a t  most s i t e s  can be done by bu l l -  
dozers  and sc raper s ;  c o n s i s t s  of l e v e l i n g  low 
k n o l l s  and f i l l i n g  shallow depressions o r  g u l l i e s .  
L ~ c a l l y  a l i t t l e  rock excavat ion requ i r ing  l i g h t  
b l a s t i n g  and a  2oiver shovel may be needed, 

Bas is  for s e l e c t i o n  s i t e s  

Poss ib le  s i t e s  havs been se lec ted  only where 
access ib le  and where topographic imps having a  
50 meter contour i n t e r v a l  i n d i c a t e  the  ground t o  
be reasonably f l a t  and probably well  enough dra ined  
t o  obvia te  d i f f i c u l t  cons t ruc t ion  problems, A l l  
s i t e s  a r e  f o r  landing  s t r i p s  a t  l e a s t  6000 f e e t  
long and 2,000 f e e t  wide w i t h  approaches f r e e  *om 
major topographic obs tac les ,  u n l e s s  otherwise 
s t a t e d ,  There i s  ample space a t  a l l  s i t e s  f o r  
s tandard d i s p e r s a l  a reas  and taxiways, S i t e s  have 
been r a t e d  "excel lent lT,  tTgood" and l t fa ir tT on t h e  
b a s i s  of t h e i r  a c c e s s i b i l i t y ,  ease of cons t ruc t ion ,  
water supply and ava i l ab le  cons t ruc t ion  m a t e r i a l s ,  
Since obta inable  information on recent  Japanese 
i n s t a l l a t i o n s  i n  t h e  i s l a n d  i s  extremely sketchy, 
existing f ie lds  kave not been considered i n  detail. 

Improvements needed. 

A t  most s i t e s  t h e  s t r i p  w i l l  have t o  be 
c l ea red  through dense r a i n  f o r e s t ,  a  t h i c k  growth 
of l a r g e  t r e e s  100 t o  140 f e e t  t a l l  w i th  dense 
overhead canopy of l eaves  and branches locked to-  
ge the r  by v i n e s  and creepers  which t r a i l  down t o  
t h e  ground, I n  t h e  approach zones topping of t h e  
t a l l e r  t r e e s  may be a l l  t h a t  i s  necessary,  Trees  
have l a r g e  r a d i a t i n g  r o o t s ;  stumps may be from 
2 t o  8 f e e t  i n  d i a a e t e r ,  Wood i s  mostly s o f t ,  
and pulpy, and jams a  saw e a s i l y .  Some i s  very 
hard and f ine-grained;  most i s  q u i t e  heavy. The 
ground is  covered by a c l o s e l y  woven mat of r o o t s  
v i n e s ,  and c reepers  i n  a t h i c k  carpe t  of r o t t i n g  
vege ta t ion  t h a t  has t o  be s t r ipped  t o  expose t h e  
s o i l .  'i'his m a t e r i a i  if spo i l ed  i n  p i l e s  a t  t h e  
borders  of t h e  s i t e  burns wi th  d i f f i c u l t y ,  I n  
some p laces  where t h e  ground i s  low a r e  sago 
swamps, a  dense t a n g l e  of palm fronds,  sharp 
suckers  and sp ikes  s t i c k i n g  u~ thlough t h e  s o f t  
pround, Open g r a s s  l ands  on some of t h e  c o a s t a l  
t e r r a c e  s i t e s  r e q u i r e  t h e  l e a s t  c lear ing ,  

a/ For latest data on existing a i r f ie lds  and installatione - 
consult other in te l l igence  sources. 

Drainage i s  p a r t i c u l a r l y  important because 
of t h e  heavy r a i n f a l l ,  F i l l e d  g u l l i e s  should 
have rock cores  where poss ib le  and t h e  streams, 
if perennia l ,  should be d ive r t ed  around o r  away 
from t h e  s i t e .  Rock, o r  o t h e r  s e l e c t  permeable 
fill, should be used a l s o  t o  r a i s e  subgrade 
over damp swampy spo t s  a f t e r  organic d e b r i s  has 
been removed, L a t e r a l  d-rains w i l l  speed drying 
and lower t h e  ground water t a b l e ,  An impervious 

sur fac ing  i s  advised where time and m a t e r i a l s  
permit, a s  i t  prevents  t h e  extreme mud condi t ions  
t h a t  would develop on even an i n t e r n a l l y  well-  
drained s i t e ,  i f  much used, because of t h e  in- 
t e n s i t y  of t h e  r a i n f a l l ,  Coral  sand su r faces  
r equ i re  a  s t r o n g  binder  t o  reduce t h e  dus t  haz- 
a rd  t o  engines t h a t  i s  c rea ted  by prop wash i n  
t h e  loose  m a t e r i a l ,  S i t e s  on c o r a l  l imestone 
t e r r a c e s  have t h e  bes t  n a t u r a l  drainage and 
s t a b i l i t y ,  but  i f  these  a r e  low next t o  
t h e  coas t  s h e l l  c r a t e r s  may f i l l  w i th  water be- 
cause of t h e  high ground water  t a b l e ,  

S o i l  condi t ions ,  

The s o i l  condi t ions  descr ibed f o r  each s i t e  
r ep resen t  t h e  probably dominant s o i l  type and 
range of d i f f e r e n c e s  wi th in  t h a t  s i t e .  The maj- 
o r i t y  of s i t e s  se lec ted  l i e  upon a l l u v i a l  depos i t s  
on which coarse-textured sandy loams, and f i n e  
sandy loams, A-2, some A-4 ( S F , m ) ,  t h a t  may be 
l o c a l l y  stony and g rave l ly ,  develop \ I a  on map). 
Some s i t e s  a r e  on medium-textured, poorly graded 
f r i a b l e  loams and c l a y  loams A-2, A-4 (SF , ML, 
some CL) ,  developed on f i n e  ailuvium beneath 
\Ib on map). Local dev ia t ions  i n  s o i l  cha rac te r  
over s h o r t  d i s t ances  and a l s o  wi th  depth a r e  t o  
be expected, Local topographic d i f f e r e n c e s  not 
shown on t h e  maps may a l s o  a f f e c t  s o i l  character-  
i s t i c s  unpredictably.  Other poss ib le  s i t e s  a r e  
on interbedded c o r a l  l imestone,  sand, and gravel.  
The exact  d i s p o s i t i o n  of these  m a t e r i a l s  and hence 
of t h e  s o i l s  upon them i s  not c e r t a i n ,  'i'he pre- 
dominant s o i l  types  e r e  f r i a b l e  sandy l o w s  and 
c l a y  loams t h a t  may be l o c a l l y  g r a v e l l y  o r  s t o w ,  
A-2,A-l+ (SF, MI,) ( V I  on map); sone v a r i a t i o n  
from place  t o  ? lace  w i t h i n  a  s i t e  must be ex- 
pected. A few s i t e s  a r e  on compact but  f r i a b l e  
loam and c lay  loam s o i l s  derived from volcanic  
rocks (e ,g ,  on t h e  p l a i n  west of Galela  Lake) 
and a  few a r e  on coarse sand and sandy loam, 
2 , A -  (SF, SF) occurr ing on c o a s t a l  c o r a l  is- 
l ands  ( e,g,  M i t i ) .  These a reas  grobably show 
t h e  l e a s t  v a r i a b l e  s o i l  conditions.  Because of 
a  we l l -d i s t r ibu ted  high annual r a i n f a l l  t h e  s o i l s  
of t h i s  reg ion  a r e  i n  a constant  s t a t e  of we t t ing  
and drying,  'l'he clayey s o i l s ,  when worked o r  
subjec ted  t o  t r a f f i c ,  d i sp lay  t h e  p r o p e r t i e s  of 
p l a s t i c i t y ,  s t i c k i n e s s ,  i n t r a c t a b i l i t y ,  tendency 
t o  mud up wheels, t o  form r u t s  and mud holes ,  de- 
pending on t h e  amount and kind of c l a y  content ,  
I n  o t h e r  s i m i l a r  t r o p i c a l  a reas ,  i n  genera l ,  t h e  
r e d  o r  red-brown c l a y s  a r e  considered sonewhat 
l e s s  d i f f i c u l t  t o  work than  t h e  l i g h t  gray,  l i g h t  
brown and o the r  l i g h t  colored c lays  which exh ib i t  
wide volume changes during wet t ing  and drying and 
and h ighly  co l lo ida l .  It i s  probable t h a t  on HaX- 
m h e r a  t h e  most i n t r a c t a b l e ,  s t i c k y ,  and p l a s t i c  
c l ays  occur i n  t h e  lowest a reas  wi th  t h e  poorest  
drainage,  and t h e  more t r a c t a b l e ,  l e s s  p l a s t i c ,  
and more f r i a b l e  c l a y s  w i l l  occupy t h e  b e t t e r -  
dfsined pos i t ions ,  See S o i l s :  Basic  Data and 
Engineering P r o p e r t i e s  shee t s  of t h i s  f o l i o  f o r  
more d e t a i l e d  d e s c r i p t i o n  of s o i l s  and t h e i r  
p r o p e r t i e s ,  

Construct ion mate r i a l s .  

A t  most s i t e s  good q u a l i t y  cons t ruc t ion  m a t -  
e r i a l s ,  rock o r  g rave l  depos i t s ,  a r e  a v a i l a b l e  i n  
abundance c lose  by, Coral l imestone (VI on t h e  
map) i s  t h e  most common rock a v a i l a b l e ,  It is 
extremely v a r i a b l e  i n  cha rac te r ,  but  i s  good f o r  
most purposes,occurs a s  hard,  masskve, f ine-  
grained beds, i r r e g u l a r  masses of rock fragments 
and cora l  heads i n  a s o f t  o r  hard matr ix ,  and a s  
l a y e r s  of consol idated coarse s h e l l  fragments, 
lnterbedded wi th  these  a r e  beds of loose ly  con- 
so l ida ted  s o f t  sandstone and conglomerate, The 
harder l i~ l ies tone  beds commonly outcrop along t h e  
margins of t e r r a c e s  o r  a s  l e d g e s  on t h e  h i l l s i d e s  
and small q u a r r i e s  a r e  e a s i l y  developed i n  them, 
The mater ia l  can be worked i n  small amounts by 
hand t o o l s ,  but  quarrying i s  b e t t e r  accomplished 
by b l a s t i n g  and power shovel. Goral rock found a- 
long t h e  shore near some s i t e s  provides s i m i l a r  
ma te r i a l .  Various grades of t r a p  rock (11, 111, 
I V  on map) a r e  ava i l ab le  near some s i t e s .  I n  gen- 
e r a l  i t  i s  d i f f i c u l t  t o  ob ta in ,  e i t h e r  because of 
i t s  i n a c c e s s i b i l t y  or  because of a  deep s o i l  cov- 
e r .  I n  t h e  v i c i n i t y  of Galela ,  Tobela, and Djai- 
l o l o ,  however good q u a l i t y  t r a p  rock (11 on map) 
i s  r e a d i l y  and abundantly a v a i l a b l e ;  r e q u i r e s  
b l a s t i n g  f o r  excavation. Gravel of good q u a l i t y  
i s  obta inable  from many streams; can be crushed 
o r  used d i r e c t l y ;  i s  poorly sor ted .  Deposits 01' 

gravel  o r  conglomerate i n  t h e  h i l l s i d e s  (V on 
map) a r e  i n  many p laces  covered by t h i c k  s o i l ;  
t h e s e  outcrop mostly on s teep  s lopes  of rav ines .  
The mate r i a l  i s  poorly sor ted  and very v a r i a b l e  
i n  s i z e ;  i s  interbedded with sandstone and proba- 
b l y  conta ins  a high percentage of f i n e s .  The 
cobbles  a r e  a-pt t o  be i n  var ious  s t ages  of de- 
composition near t h e  sur face  and o f t e n  a  consld- 
e r a b l e  yardage has t o  be s t r ipped  t o  expose s u i t -  
ab le  mater ia l .  2umice and volcanic  cinder  (I1 on 
map) a r e  ava i l zb le  i n  quant i ty  i n  t h e  general  v i -  
c i n i t y  of Galela  and nearby p l a i n s ,  Good sand i s  
not  abundant; some can be obtained f'rorc streams, 
Coral sand along t h e  coast  i s  coarse and f u l l  of 
s h e l l  fragments, 

Water Supply 

Water f romeither  sur face  o r  underground 
sources  i s  obta inable  a t  a l l  t h e  poss ib le  a i r f i e l d  
s i t e s .  Surface water i s  a ~ a i l a b l e  a t  most s i t e s  
from nearby perennia l  streams, and a t  a  few s i t e s  
from f r e s h  water l a k e s ;  r e q u i r e s  f i l t r a t i o n  and 
c h l o r i n a t i o n  t o  be potable .  Ground water a t  near- 
l y  a l l  s i t e s  can be ob2ained quickly and e a s i l y  
and does not r e q u i r e  f i l t r a t i o n ;  a t  some s i t e s  
i t  i s  t h e  only poss ib le  supply. Water usua l ly  can 
be obtained a t  a  depth o f  a  few f e e t  f rou  uncon- 
s o l i d a t e d  sand and g rave l ,  o r ,  a t  a few s i t e s ,  
f r o q o r a l  l imestone o r  conglomerate, A t  most 

s i t e s  we l l s  can be i n s t a l l e d  n o s t  e f f i c i e n t l y  
and r a p i d l y  by us ing  &rive-poin ts  o r  r o t a r y  
d r i l l i n g  r i g s ,  but i n  some p laces  boulder beds 
o r  hard co ra l  l imestone w i l l  n e c e s s i t a t e  use of 
percuss ion  d r i l l i n g  r i g s  o r  hand tmls.  A t  s i t e s  
near  t h e  coas t ,  spec ia l  precaut ions  should be 
taken t o  avoid sal t -water  contamination and we l l  s 
should be loca teu  c t  l e a s t  1,000 f e e t  from t h e  
coas t ,  See Water Supply s e c t i o n  of t h i s  f o l i o  f o r  
more d e t a i l e d  d e s c r i p t i o n  of occurrence and de- 
velopment of sur face  and ground-water suppl ies .  
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HALMAHERA (MOLUK KAS) POSSIBLE AIRFIELD SITES 

SITE 1 Sheet XIP-99,100 

Rating: Fa i r  

Access ib i l i ty :  S i t e  about 500 yards from coas t  which i s  access ib le  t o  landing barges. 
S l i g h t  r i s e  up t o  general  l e v e l  of s i t e .  T r a i l  c rosses  s i t e , b u t  does not  continue 
along coast  beyond border of p l a in .  Area i s o l a t e d .  

T o p o ~ r a ~ h y :  F l a t  t o  r o l l i n g  ?Lain r f s i ~ g  inland from t h e  coast .  Slope a t  s i t e  mostly 
l e s s  than  1.5%. May be low rise a t  cen te r  of s i t e .  Few sluggish streams may c m s s  
s i t e ;  bznks 1 t o  6 f e e t  kiizh. S i t e  i s  bordered a t  both ends by r i v e r s  30 f e e t  wide 
between banks 8 t o  1 5  f e e t  high. S i n ~ l e  runway can be orier.ted northeast-southwest 
Altitude: probably 12 t o  25 f e e t ,  

Approaches: Free a ~ p r o a c h e s  i n  both d i r e c t i o n s  f o r  a d i s t m c e  of about 2 miles  where 
mountains r i s e  abrupt ly  along the  coas t  t o  s l t i t u d e  of 1,OQO f e e t .  Higher mountains 
r i s e  p a r a l l e l  t o  s i t e  1 mile t o  northwest.  

Clearing and Grubbing: Dense t r o p i c a l  r a i n  f o r e s t ;  l a r g e r  t r e e s  3 f e e t  o r  more i n  diam- 
e t e r .  Stumos probably not  deeply s e t .  Dense mat o f ' roo t s  and v ines  a t  ground surface  
r equ i re s  s t r ipp ing .  Brush densest  along s t r e m s  and a t  coas t  except where f o r e s t  may 
give way t o  coconut palms along beach. 

Grading: General l e v e l i n g  of r o l l i n g  surface  and f i l l i n g  of minor depressions and 
g u l l i e s .  Sandy s o i l  r e a d i l y  worked by bul ldozers  and scrapers .  No bedrock excavation. 

Foundation Conditions: S o i l s  a t  each end of f i e l d  and along southeast  s i d e  probably 
coarses t  grained and mostly sandy: A-2, A-3 (SF,SW). Near midtile and along north- 
west s i d e  s o i l  probably f i n e r :  A-4 (la). Many v a r i a t i o n s  poss ib le  l o c a l l y .  

S t a b i l i z a t i o n  and Surfacing: S o i l  compacts wel l  when brought t o  r igh t  ' moisture content 
f o r  optimum dens i ty .  Not d i f f i c u l t  t o  manipulate if shor t  t ime i s  allowed f o r  
drainage a f t e r  r a i n s .  Sand s u i t a b l e  f o r  biturr.inous mix and surface  course may be 
found on o r  near  s i t e .  

Drainage: Ground n a t u r a l l y  wel l  drained except near  coas t  and requ i re s  few improvements. 
Areas around small  streams and g u l l i e s  t h a t  head on s i t e  may be s o f t  and requi re  
lead-off d i tches .  

Construction Mater ia ls  Available: No rock a v a i l a b l e  a t  s i t e .  Gravel'may be obtained 
from nearby stream beds o r  from d e ~ o s k t s  emosed along ravines  i n  mountains surround- 
i n g  p la in .  

Water S u ~ p l g :  Posawani River may sunply adequate perennia l  source; in take  should be 
above l e v e l  of s a l t  water l i m i t .  Be t te r  source may be we l l s  sunk 20 t o  25 f e e t  i n  
alluvium; w e l l s  should be 1,000 f e e t  or  f a r t h e r  inland and should extend only a few 
f e e t  below water level.Shc\lrlcf be purll~ed a s  l i c h t l y  a s  ~ o s s i b l e  t o  minimize danger 
of s a l t  water contamination. 

Prellrninary t e x t  subnit  ted 
wi t hou t  checking c r  e d i t i n g  

U. S. Geological  Survey 

R e l i a b i l i t y  Rating; C 

PREPARED BY ?I S GEOLOGiGAL S U R V E Y  
F 0 R 

CHIEF OF ENGINEERS,  U S ARMY 





HALMAHERA (MOLUKKAS) POSSIBLE AIRFIELD SITES 

I R a t i n g :  Good, 

SITE 2a. 
Sheet XII-101 

xrn - 102 

Access ib i l i t y :  D i r e c t l y  access ib le  from coast.  Barges can land without d i f f i c u l -  
t y  a t  Wajaboela, Good t r a i l  along c o a s t a l  margin of s i t e  not continuous north o r  
south; a rea  i so la ted .  

Topoeraphy: S i t e  i s  s i t u a t e d  on low sandy promontory; space f o r  one o r  poss ib ly  
two runways or iented  northeast .  Ground g e n t l y  r o l l i n g  though somewhat i r r e g u l a r  

l o c a l l y ;  grades l e s s  than  1.5%. Al t i tudes  be t reen  20 and 80 f e e t ,  

Approaches: Approaches c l e ~ r  from t h e  sauthrfest. Low t e r r a c e s  and h i l l s  r i s e  150 
t o  250 f e e t  wi th in  2 t o  1 mile  nor theas t  of t h e  s i t e ,  

Clearing and Grubbing: Dense r a i n  f o r e s t  over most of area. Larger t r e e s  t h r e e  o r  
f o u r  f e e t  i n  diameter; stumps may r equ i re  b las t ing .  Dense mat of r o o t s  and v ines  
a t  sur face  of ground requ i re s  s tr ipping.  Considerable t h i c k  underbrush. Som 
more open a reas  of second growth; na t ive  c l ea r ings  and coconut groves along 
coas t ,  near  Waj aboela. 

Grading: L i t t l e  grading o ther  than  minor l eve l ing  required. Loam s o i l  r e a d i l y  
worked by bul ldozers  and scrapers .  Some srriall g u l l i e s  may need f i l l i n g .  No rock 
excavation. 

Foundation Conditions: S o i l s  c h i e f l y  medium t o  coarse  i n  t ex tu re ,  A-4, 8-2 (ML,sF); 
developed on alluvium. Deviat ions towards c3a;'st:r t e x t u r e  l i k e l y  a t  SW e ~ d  near 
v i l l a g e  of Wajaboela and a l o ~ c  NW side. 

Drainagei Drainage f a i r ,  but m y  not d ry  out quickly a f t e r  r a i n o  I n s t a l l i n g  
French d r a i n s  and use of l a t e r a l  lead-off d i t c h e s  w i l l  inprove condi t ions  loca l ly .  

~ 

Const.ruction Matsr ia t  Available: Coral l imestone probably a v s i l a b l e  along coast.  
Can be worked by hand t o o l s  i n  s m d - 1  quan t i t i e s .  Some gravel  may be obtained 

S t a b i l i z a t i o n  and Surfacing: S o i l  may be compacted t o  optimum dens i ty  f a i r l y  r e a d i l y  
.but has poor bearing r a t i o .  Not s u i t e d  f o r  bitumen or  cement mix, although sand f o r  

use with bitumen may be obtained along shore. S o i l  not s t icky.  

l o c a l l y  f lmom st reams, 

Water Supply: Nearby streams probably a r e  not adequate perennia l  source, Adequate 
supply obta inable  from wel ls  30 t o  60 f e e t  deep, i n  alluvium and poss ib ly  i n  c o r a l  
limestone. Wells should be a t  l e a s t  1000 f e e t  from coas t ;  they  should not extend 
more than  a few f e e t  below water l e v e l  and should be pumped a s  l i g h t l y  a s  poss ib le  
t o  minimize danger of salt-wat e r  contaminat ion. 

SITE 2bo 

I Ratirg:  Excellent . I 
I 

Access ib i l i ty :  Diree t ly  access ib le  Pmn coas t ,  L a n d i x  barges lrrould have t o  follow 
channels t I rou& narrow f r ing ing  reef  a t  Gotalalano, No r e e f s  a t  Dorosba. mod 
t r a i l  a long coast  t o  eas t ,  No by;-dges,buf streams a r e  fordableo  

Topozi-sphy': Coastal  lov~land bordered by broad t e r r a c e s  and low h i l l s ,  S i t e  is 
s u l t a b l e  fo r  runways i n  any d i rec t ion .  G r o ~ d  near ly  f l a t  o r  gen t ly  undulat ing;  
grades  l e s s  than  1%. A l t i t ~ x i e s  between 20 and 50 f e e t ,  

Approilches: Approaches c l e a r  except on t h e  nor theas t  and e a s t  where low t e r r a c e s  1; 
t o  3 mi les  from margins of t h e  s i t e  may be minor hazards. 

Clearing and Gmbbi .~g:  Dense t r o p i z a l  r a i n  t'orest over most of area. TLarger t r e e s  
t h r e e  o r  more f e e t  i n  diameter, Stumps mostly not  deeply r ~ o t e d  but some w i l l  r equi re  
b las t ing .  Dense mat or r o o t s  and v i n e s  a t  g~-oilnd s ~ r f a c i n g  r e q u i r e s  s t r ipp ing ,  Sorrrt 
opan a r e a s  of secoad growth and n a t i v e  c lear ings ,  Coconut s tands along the  coas to  

Grading: L i t t l e  grading o ther  tlmn minor l eve l ing  and f i l l i n g  of small g u l l i e s ,  On 
south s i d e  s o i l  m y  be shallow with weathered c o r a l  rock near surface,  S o i l  can be 
worked with bul ldozers  and scrapers ,  Deep excavations poss ib le  except i n  c o r a l  rock 
which requ i re s  l i z h t  b las t ing .  

Foundatiion Conditions: Probably A-2,  A-4,  yossibly A- l  (SF, In, SC) but wide range of 
s o i l  types  possible,  Binder contefit low, 

S t a b i l i z a t i o n  and Surfacing: S o i l  g ives  good subgrade a f t e r  compaction a t  optimmn moistu-e. 
Sand s u i t a b l e  f o r  bitumen mix may be found a t  o r  near site. S o i l  not sticlcy. 

Drainage: S o i l  mostly well-drained and d r i e s  quickly a f t e r  rains.  May be a few w e t  spots  
i n  nor thern  par t  of s i t e .  

'Jonstrxuc t ion Mater ia l  Available: Coral l i  mes tonea~a i l ab le  i n  qunnt i t y  i n  t c r races  eas t  
of s i t e  and d o n g  coast ,  Requires d r i l l i n g  and b l a s t i n g  f o r  extensive q u a r r y i ~ ,  but can 
be worked by hand on s m a l l  scale.  Sand ava i l ab le  l o c a l l y  f r o m  small  beaches, 

Water Supply: Tjao  Rlver may not be adequate perennia l  source; i f  su r face  water used, may 
be necessary t o  pipe o r  hau l  water from Pilowa and Saba ta i  Rivers:  i n t ake  should be above 
sa l t -water  limit. Be t t e r  mwce is we l l s  30 t o  50 f e e t  deep which should be a t  l e a p t  
1000 f e e t  from shore; they should not extend more t h a n  a few f e e t  below water  l e v e l  and 
should be pumped a s  l i g h t l y  a s  possiSle t o  minimize danger of sa l t -water  cont3mination. 

R e l i a b i l i t y  Ratim:: C 
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HALMAHERA (MOLUKKAS) POSSIBLE AIRFIELD SITES 
Sheet XIII-99 
SITES 3a and 3be 

S i t e  3a excel lent ,  3b f a i r .  

Accessibi l i ty:  S i t e  3a access ib le  by narrow road from Galelp; would need improvement 
f o r  use by m i l i t a r y  t r a f f i c .  S i t e  3b access ib le  by t r a i l  2 miles from road. Galela has 
good beaches and a t  l e a s t  one small p i e r  access ib le  t o  l i g h t e r s  o r  barges. 

Topography: Broad p la in  bordered by s teep mountains. S i t e  3a on northern par t  of p la in  
has  space f o r  runways i n  any di rec t ion.  Ground gent ly  undulating. Slopes are t o  north 
and eas t  a t  grades of 1.5% o r  l e s s .  Ground is somewhat more r o l l i n g  and i r regu la r  i n  
southern pa r t ;  i s  crossed by a few broad g u l l i e s  5 t o  20 f e e t  deep. Al t i tude  between 
I00 and 200 fee t .  S i t e  3b is  su i t ab le  f o r  runways oriented northwest t o  northeast.  
Ground r o l l i n g  and h i l l y ,  but grades mostly l e s s  than 1.5%. S i t e  crossedby g u l l i e s  10 
t o  25 f e e t  deep. Al t i tude  between 200 and 350 fee t .  

Approaches: S i t e  3a has c l e a r  approaches t o  east.  Mountains 1400 t o  1600 f e e t  i n  al%- 
i tude  border west and north s i d e s ,  but  a r e  not hazards t o  landings. H i l l s  600 f e e t  high 
l i e  about 3 miles  t o  southwest. 3b h a s  c l e a r  approaches f o r  4 miles or more t o  north. 
H i l l s  500 t o  700 f e e t  i n  a l t i t u d e  a?e minor obs tac les  t o  east.  H i l l s  500 t o  1000 feet 
high border west and south s ides  of s i t e .  

Clearing and Grubbing: S i t e  3a  covered by grassy pla ins ,  q a r s e  t r e e s ,  and patches of 
woods and coconut p a w .  S i t e  3b i s  covered by t r o p i c a l  r a i n  f o r e s t  with some open 

a reas  of brush, bamboo t h i c k e t s ,  and grass  i n  northern p a r t ;  becomes dense t r o p i c a l  
f o r e s t  t o  south. Larger t r e e s  may h e  3 f e e t  o r  more i n  diameter; stumps w i l l  reouire  
blast ing.  Dense ground mat of roots ,  vines,  and creepers makes d i f f i c u l t  clearing.  

Grading: L i t t l e  o r  no grading rep_uired a t  3a. Leveling of na tu ra l ly  r o l l i n g  surface  and 
f i l l i n g  of small g u l l i e s  and depressions necessary a t  3b. Sandy s o i l  and volcanic ash bed- 
rock a r e  e a s i l y  worked by bulldozers and scrapers. 

Foundation Conditions: S i t e  3a on medium textured s o i l ,  A-4 ( h a ) ,  with possibly some A-6 
(CL) near Galela Lake. On south s i d e  s o i l  may be stony, A-4 (CL,  ML). A t  3b s o i l  i s  stony and 

medium-textured, f r i a b l e  A-4 (ML, cL) . 
S t a b i l i z a t i o n  and Surfacing: A t  3a s o i l  compacts f a i r l y  wel l  a t  Tight moisture content; 

h a s  binder of f a i r  qua l i ty ;  good subgrade mater ie l  i n  genera l  requiring shallow base 
course. S o i l  not s t i cky  unless  very weto A t  3b s o i l  compacts f a i r l y  wel l  a t  r i g h t  
moisture content. Binder of f a i r  q u a l i t y  abundant. S o i l  not s t i cky  unless very wet. 

Drainage: Both s i t e s  na tu ra l ly  well-drained and dry quickly a f t e r  heavy ra ins .  F ie ld ,  
unless surfaced, w i l l  probably become s l ippery  and r u t t e d  during rains.  

Construction Mater ia ls  Available: Good q u a l i t y  t r a p  rock is ava i l ab le  from volcanic cone 
northeast  of Lake Galela,  from volcanic cone eas t  of 3b, and l o c a l l y  i n  h i l l s  west of 
both s i t e s  where it i s  interbedded with a more abundant volcanic ash and conglomerate. 
Pumice and fragmental volcanic debr is  s u i t a b l e  f o r  surfacing a l s o  found on f l s n k s  of 
cones. Gravel may be obtained fromTiabo River banks o r  bed. 

Water Supplies: Adequate perennia l  suppl ies  ava i l ab le  from I r a  o r  Tiabo Rivers o r  
from Lake Galela. Maximum l i f t  of 150 f e e t  and possibly 3 m i l e s  of p ipel ine  reqriired. 
Water requires  chlor inat ion and f i l t r a t i o n  f o r  potabi l i ty .  River water s i l t y  a f t e r  
heavy rains. Adequate suppl ies  of potable water can probsblv be obtained a t  s i te  
3a from wel l s  d r i l l e d  anywhere on t h e  s i t e  t o  a depth of about 150 feet o r  leas.  
Wells a t  s i t e  3b would probably provide only small suppl ies  s ince  t h e  rocks t h e r e  
a r e  ra the r  impermeable. 

1 R e l i a b i l i t y  Rating: Co 
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Sheet XITI-100 

SITES 4a  and 4b SIT= 5a md 5b 

Rating: 4a excel lent ;  4b f a i r .  Rating: 5a excel lent  ; 5b excel lent .  

Acces ib i l i tg :  Both s i t e s  access ib le  by t r u c k  road 2.5 mi les  from Galela 
b u i l t  by Japanese t o  supnlg e x i s t i n g  f i e l d  shown on s i t e  La. Shallow 
d r a f t  boats  can l and  a t  Galela. There a r e  2 J e t t i e s .  

Topography: Broad c o a s t a l  plai, 7 5 bordered by rugged mountains ; i n t e r -  
rupted a t  south s i d e  by 2 s m d l  s t e m  volcanic h i l l s .  S i t e  4a i s  su i t -  
a b l e  f o r  runways i n  any d i r ec t ion .  Japanese landinq s t r i p  4,000 f e e t  
long by 250 f e e t  wide or iented  nor theas t  on northwest s i d e  s f  Tarakan- 
itji i s  repor ted ,  S i t e  4b i s  s u i t a b l e  f g r  one o r  poss ib ly  tw ;v?:nw;yr-" 
or iented  northwest. Ground n e a r l y  f l a t  o r  gen t ly  undu1atir.g; near  
margins of volcanic  cones may be s l i g h t l y  rougher and more i r r e g u l a r .  
Grades genera l ly  l e s s  than  1%. Al t i tudes  commonly between 10 and 60 
f e e t ;  on edges of cones may be a s  much a s  100 f e e t .  

Apnroaches: S i t e s  have c l e a r  approaches from nor theas t ,  eas t ,  and south- 
eas t .  Approach t o  s i t e  4a i s  c l e a r  f o r  about 2 1/4 mi les  t o  west where 
s t eep  h i l l s  600 t o  1,500 f e e t  i n  a l t i t u d e  r i s e  from margin of p l a in .  
Anproach c l e a r  on south except f o r  s t eep  volcanic cones on southeast .  
S i t e  4b has c l e a r  approach f o r  more than  3 mi les  t o  northwest; s t eep  
volcanic h i l l s  on southwest s i d e  a r e  poss ib le  hazards. 

Clearing and Grubbing: S i t e  &a a l r eady  w e l l  c leared  wi th  only patches 
oi second growth, farming a reas  and alang-alang grass .  Good possib- 
i lYUy f o r  extending e x i s t i n g  f i e l d .  4b i s  more heav i ly  f o r e s t e d  with 
second growth and brush; some srnall a reas  of alang-alang grass .  

Grading: L i t t l e  t o  no grading o ther  than  minor l eve l ing  necessary a t  
4a. Some l e v e l i n g  poss ib ly  requi red  on west s i d e  of 4b near  volcanoes. 
Loam s o i l  r e a d i l y  worked by bulldozers  and s rape r s .  No bedrock ex- 
cavation. 

Foundation Conditions: On south and southwest p a r t s  of both s i t e s  s o i l s  
c h i e f l y  A-4, A-2 (a, SF); may approach A-6, A-7 (CL, CH) on nor th  
s i d e  of s i t e  4a and on nor theas t  s i d e  of s i t e  4b where drainage i s  
poor; probably more sandy near  Galela. Binder of intermediate qua l i ty .  

S t a b i l i z a t i o n  and Surfacing: These s o i l s  gene ra l ly  show good response 
t o  mechanical s t a b i l i z a t i o n ,  but spec ia l  a t t e n t i o n  i s  needed i n  low 
places  and depressions t o  i n s u l a t e  sur face  from foundation. Base 
course may be necessary. 

Drainage: S i t e  4a mostly r e 1 1  draineti and quick-drying a f t e r  r a i n s .  
4b mostly f a i r l y  we l l  drained,  but low e a s t  border may be swampy. 
Raised subgrade may be necessary l o c a l l y  i n  add i t ion  t o  l a t e r a l  
d ra ins .  

Construction Mater ia ls  Available:  A good grade of t r a p  rock can be ob- 
t a i n e d  from broken l a v a s  on t h e  volcanic cones south of t h e  s i t e s .  
Volcanic c inde r s  s u i t a b l e  f o r  sur fac ing  l ikewise  ava i l ab le  from cones. 

Viater Sunply: Large perennia l  supply ava i l ab le  from Tiabo River and 
Galela Lake; in t ake  on Tizbo River should be above l i m i t  of t i d a l  
invasion.  Wells sunk 20 t o  50 f e e t  i n  alluvium a t  s i t e s  w i l l  provide 
l a r g e  suppl ies .  

Access ib i l i ty :  Both s i t e s  access ib le  t o  narrow coas ta l  road from Galela 
t o  I..1 Tobelo which would r equ i re  improvement f o r  use by m i l i t a r y  t r a f f i c .  
;obelo hss  landing f a c i l i t i e s  f o r  shallow d r a f t  boats  and good beaches. 
Japanese f i e l d  r e ~ o r t e d  under cons t ruc t ion  nea r  Tobelo; may be on one 
cf t h e s e  s i t e s .  

Topographx: Narrow c o a s t a l  lowland bordered by c o r a l  l imestone t e r r a c e s ;  
hi* volcanic peaks r i s e  behind t e r r a c e s  t o  west. 

S i t e  5a, s i t u a t e d  on t h e  lower t e r r a c e  i s  s u i t a b l e  f o r  runway oi-iented 
northwest. Ground s l i g h t l y  i r r e g u l a r  and rough, but grades a re  g-eneral- 
ly l e s s  than 1.5%. A few g u l l i e s  10  t o  20 f e e t  dsep c ross  t h e  s i t e s .  
Terraces a r e  between 50 and 80 f e e t  i n  a l t i t u d e .  

S i t e  5b, s i t u a t e d  on c o a s t a l  lowland below t h e  lowest t e r r a c e ,  i s  
s u i t a b l e  f o r  one or ~ o s s i b l y  two runways or iented  north-northwest. ~ r o u n ~  
gen t ly  u;ldulating; furrowed by a few shallow g u l l i e s  5 t o  15  f e e t  deep. 
Lowland s i t e  i s  between 10 and 30 f e e t  i n  a l t i t u d e .  

Apnroaches: S i t e  5a has c l e a r  approaches on s ~ u t h w e s t ;  volcanic cone, 
(Marnoeja) r i s e s  t o  more than  3,000 f e e t  about 5 miles  north of s i t e ;  
f o o t  of cone about 3 1/2 miles  away. S i t e  5b has c l e a r  approaches. 

Clearing and Grubbing: Both s i t e s  l a r g e l y  grassy  (alang-alang) wi th  
dense r a i n  f o r e s t  having much underbrush on west s i d e  of 5a, Coconut 
p laLnta t ions  on e a s t  and south s ide  of 5b. Some patches of second growth. 
F a i r l y  easy c lear ing .  

Gradin,?: Leveling of minor i r r e g u l a r i t i e s  i n  surface and f i l l i n g  of small 
g u l l i e s ,  p a r t i c u l a r l y  a t  5a. Thin s o i l  and r o t t e d  c o r a l  rock a t  5a 
probably can be worked by bul ldozers  and graders .  Deep excavations w i l l  
r equ i re  power shovel or  b l a s t ing .  Loam s o i l  r e a d i l y  worked by l i g h t  
eauiument . 

Fol.mdation Conditions : Coarse sandy s o i l s :  A-2, A-1 (SF, SC) probably 
extend over most of t h e s e  two s i t e s .  Poss ib ly  some GF and GC on 5a. 
Finer sandy s o i l :  A-2, A - 1  (SF, SC) probably predominateson s i t e  5b 

s t a b i l i z a t i o n  and su r f  acing : S o i l  i s  s u i t e d  t o  mechanical s t a b i l i z a t i o n  
--. 

and c o m ~ a c t s  we l l  t o  optimum d e n s i t y  a t  proper moisture content.  May 
be s u f f i c i e n t l y  sandy on s i t e  5b f o r  cement s r  bitumin mix. S o i l s  a r e  
gsne ra l ly  f r i a b l e ;  except when s o i l  i s  ve ry  wet, it should not  be d i f -  
f i c u l t  t o  v:ork with machinery. 

D r a l n a ~ e :  S o i l  on both s i t e s  we l l  drained. Probably no improvements 
necessary. 

Construction Mater ia ls  Available : Coral l imestone ava i l ab le  l o c a l l y  - 
along t h e  coast  and from t e r r a c e s  aga ins t  t h e  h i l l s  t o  t h e  west i s  
good a l l - p u r ~ o s e  rock and can be worked i n  small q u a n t i t i e s  by hand 
t o o l s .  Trap rock can be obtained from 1-ivaa on t h e  f l a n k  of Mount 
Mamoejajmd Mount Mede; r equ i re s  d r i l l i n g  and b l a s t i n g  f o r  quarrying. 
Volcanic cinder  f o r  su r fac ing  a l s o  ava i l ab le  from t h e s e  mountains. 

Water Supply: Wells 30 t o  150 f e e t  deep i n  g rave l  and c o r d  limestone 
a t  s i t e s  w i l l  provide adequate s u p d i e s .  To minimize danger of s a l t  
water contamination wel ls  -should be a t  l e a s t  1,000 f e a t  from coas t .  
should be sunk only a few f e e t  below water l e v e l ,  and should be pumped 
a s  l i g h t l y  a s  possible.  

SITE 6 

Ratiw: Fair.  

A c c e s e i b i l i t ~ :  Ieland can b e approached by landing barges. A few narrow r e e f s  
are  present but can be avoided. 

To~ocrra~hg8 Low sandy coral i s l and  a few m i l e s  o f f  Tobelo. S i t e  i s  su i tab le  f o r  
s i n g l e  north-south runway. Qrou nl. i s  gent ly  undulating; s l i g h t l y  irregular  i n  

Slope l e s s  than I$ from center of the i s l a n d .  Altitude between 10 and 

A ~ ~ r o a c h e  s : Approaches c l ear .  

Clearing and Grubbing: Mostly coconut groves and some f a i r l y  open r a i n  f o r e s t  
over s i t e .  Few large t r e e s ,  but some stumps require b las t ing .  Underbrush 
densest along coast .  

3radinq: Only minor l e v e l i n g  needed, Sandy s o i l  readi ly  worked by bul ldoeers  
and scrapers. Underlying coral  rock may l o c a l l y  require b las t ing  f o r  excav&ion. 

Foundation Conditions: S o i l  coarse t o  medium i n  texture;  types dt2 ,  A-1, 
poss ib ly  some *-, SC, HL). Commonly some coral  rock at or  near surface. 

Subgrade and Stabi l izat ion:  Suitable f o r  compact ion. Base course requirements 
general ly  moderate. Binder content low and addi t ion  o f  binder may be nemsaary 
f o r  stabilization, Sand su i tab le  f o r  bitumenmix at o r  near s i t e .  

Drai-nam: S i t e  general ly  we l l  drained but g r o u d  water tab le  i s  near surface 
and s h e l l  h o l e s  may f i l l  with  water. 

Construction Materials Available: Coral limestone ava i lab le  along coast .  Can 
be quarried and crushed i n  sslall quant i t i e s  by hand t o o l s .  Some sand obtainable 
at o r  near s i t e .  

Water 8 u ~ p 1 ~ 1  NO surface rate:. Wells i n  center o f  i s land and extending not more 
than 1 f t ,  below sea  l e v e l  may provide small supply of f r e s h  water; water may 
become brackish if over-pumped o r  if pumped during h igh t i d e ;  may become brackish 
i n  sp i t e  of all  precaution8 during dry season. 

Reliability R a t i n g :  C 
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HALMAHERA (MOLUKKAS) POSSIBLE AIRFIELD SITES 

Sheet XN-100 

S i t e  7. S i t e  8,  

Rating: GOO& Rating: Good. 

Accessibility: Coast accessible t o  landing barges a t  or south of Wwea. 
Point to  north fringed with coral reefs,  Good t r a i l s  along coast t o  
north; none t o  south. T ra i l s  lead inland t o  south and west from site.  

Accessibility: Coast accessible t o  landing barges. Reefs mostly on ).!E. 

Topograay: LOW sandy island about 3/4 mile off Halmahera coast. Jap- 
anese operational f i e l d  reported on t h i s  s i t e  which is sui table  f o r  
single runway oriented north-south; existing f i e ld  4500 fee t  long by 
480 feet  wide. Gently undulating ground slopes from center of island 
a t  l e s s  than 1%. Altitude between 10 and 50 feet. 

Topography: Coastal lowland bordered by low h i l l s  and terraces. Space 
f o r  single runway ozi ented north-south. Ground low and gently undulat ingo 
Slope is mostly l e s s  t h a n &  Altitude between 30 and 60 feet. 

Approaches: Approaches clear  t o  northeast. Low terraces and h i l l s  r i s e  
150 t o  200 fee t  about t o  mile to  the sou~hwest, 

Approaches: Clear, 

Clearing and G m b b i ~ :  Mostly co,conut palms with scattered patches of 
brush. Denser ra in  forest  i n  southern part of the island. Small native 
clearings near M i t i  village. Island may have been extensively cleared 
by Japanese. Extension of landing f i e l d  not possible. 

Clearing and Orubbing: Fair ly  open r a in  forest  with extensive coconut 
palma. Small areas  of second growth brush jungle and native clearings 
along coast near Mawea, 

Grading: Only minor leveling needed. Sandy loam so i l  readi ly worked by 
bulldozers and scrapers. 

Grading: General leveling of minor i r regular i t ies  i n  topography, Thin 
sandy s o i l  easi ly  worked by bulldozers. Coral rock beneath requires 
power shovel or  l i gh t  blasting fo r  excavation. 

Foundation Conditions: Medium-textured s o i l  on alluvium; groups 8-4, A-2 
(ML,SF) probably predominate, but 8-3 (SP) may occur i n  substratum and 
8-6 a t  surface. Binder f a i r l y  abundant. So i l  probably sandier a t  north 
end of site. 

Foundation Conditions: Coarse-textured s o i l  of group A-2 (SF, CEF may be 
present local ly) .  Content of f ines  low, but coral has good natural  

binding properties and forms excellent foundation. So i l  may be shallow 
. and lock may be a t  the surface. 

I Stabilization and Surfacing;: Soi l  well suited t o  compaction, easi ly  mo~ked; 
moisture control not diff icul t .  S o i l  not st icky.' Stabi l izat ion and Surfacim: Where deep, s o i l  compacts well under con- 

t ro l led  moisture; can be.impraved by addition of fines.* Thick base course 
probably not necessary. Shallow s o i l  with coral rock near the  surface 
may present d i f f icu l t ies .  Material sui table  f o r  bitumen-mix su-face 
course. Natural surface very dusty. 

Drainage: Fair t o  good natural drainage. So i l  d r i e s  quickly a f t e r  ra ins ,  
but becomes rut ted and slippery during ra ins  i f  s i t e  is  not surfaced. 
Lateral drains would f a c i l i t a t e  surface runoff. 

Construction Material Available: S m e  coral lhestone may be available al- - 
ong coast o r  from terraces t o  west. Trap rock interbedded with volcanic 
ash and conglomerate can be found i n  mountains to west. Small quantit ies 
of gravel may be available from the  blawea River* No good rock a t  s i t e ;  
may be some gravel, 

Drainage: Naturally well-drained. So i l  slippery wben wet but dr ies  
quickly. 

Construction Material Available: Coral limestone abundant a t  s i t e ;  can 
be worked i n  small quantit ies by hand tools ,  but ra lu i res  d r i l l i ng  and 
blasting fo r  excavation i n  .quantity. coarse coral sand obtainable f ram 
s u ~ f a c e  or  from beaches. Water Supply: Small perennial supply available from Mawea River; intake 

should be above salt-water l i m i t . .  Requires treatment t o  be potable. Ade- 
quate supply of potable water obtainable from wells 20 t o  50 f ee t  deep in 
unconsolidated alluvium at s i te .  To reduce danger of contamination b y s l t  
water, wells ghould be a t  l eas t  1000 fee t  from shore; should not penetrate 
more than a few feet  below water leve l  and should be pumped a s  l i gh t ly  a s  
pbssible . 

Water Supply: No surface water. Moderate amounts of f resh water may be 
obtainable in center of island from wells sunk t o  a depth of not more 

than 1 foot below sea level ,  but t h i s  may be brackish, Wells should 
not be overpumped, especially during high tide. It may be necessary 
t o  transport water f r m  mainland. 

Rel iabi l i ty  Rating: C 

Sheet XIV-100 

SITES 9a and 9b. 

Rasiw: S i t e  9a f a i r ,  9b f ~ L r .  

Accessibility: S i t e s  rccessible by foot t r a i l s  leading out of valley i n  a l l  directioae, 
but most of these a re  steep and d i f f icu l t .  Eest approach f o r  supply road i r s  up Lam0 (Kaoe) 
River valley from south. 

Topwraphy: Broad plain of Zamo River bo~~dered by steep h i l l s .  Botb s i t e s  suitable frrr 
l anding4s t r ips  oriented i n  several directions. hound nearly f l a t  or gently undulating; 
grades l e s s  than 1%. Altitudes between 50 and 100 feet. 

Approaches: Approaehes t o  both s i t e s  c lear  t o  sou3h and west. H i l l s  and mountains r i s e  
600 t o  1200 feet  within 1* t o  3 miles t o  east. North of 9a, low h i l l s  r i s e  150 t o  300 
feet. North approach t o  9b c lear  for  about 2 miles. 

Clearing and Grubbing: Dense t ropica l  r a in  forest  with undergrowth a t  both aitaa. S i t e  
9b has some more open grassy areas, but a l so  many dense stands of bamboo and sago 
palms. Larger t r e e s  i n  ra in  forest  may be over three fee t  i n  diameter; s t u p s  re- 
quire blasting. Most of treeg, however, can be f elled o r  uprooted by angledozer o r  
t reedozer. 

Gradixgq: General leveling of low knolls on gently rol l ing plain and f i l l i n g  of smll 
gu l l i e s  and depressions probably necessarg a t  both sites. Loam s o i l  easi ly  worked by 
bulldozers and scraperso 

Foundation Conditions: Medium-textured s o i l  of group 8-4 (ML) on alluvium a t  both 
sites.  Loam s o i l  easily worked by bulldoeers. So i l  probably shows local  tex tura l  
vapiationa and m y  be A-2 (SF) near the Lamo River, southwest of S i t e  9a and east 
and northeast of 9b. 

Stabi l izat ion and S u r f a c i r ~ :  More sandy s c i l s  a re  more easi ly  compacted t o  optimum 
density. Finer-grained so i l s  present more s tab i l iza t ion  problems. F i l l  f o r  higher 
grade and insulating base course may be necessary owing t o  poor drainage, 

Ikainage: So i l s  may not be well-drained naturally. Ins ta l la t ion  of rock drains be- 
neath s i t e s  and l a t e r a l  drains a t  border of rumvays may improve conditions. So i l  
quickly becomes rut ted and slippery during rains .  Gravel base course may be nec- 
essary. 

Construct ion ~ a t  e r i d l  Available: Sravel may be obteined from r iver  beds and from de- 
posi ts  i n  h i l l s  t o  east, No rock available close by. 

Water Supply: Large perennial. supply available f ram Lam, River. Moderate t o  large 
supplies obtainable from wells sunk 20 t o  50 fee t  i n  unconsolidated alluvium a t  site&. 

Preliminary t e x t  submitted 
without checking o r  editing. 

U. S. Geological Survey 

9 

PREPARED BY U, S. GEOLOGICAL SURVEY 
F O R  

CHIEF OF ENGINEERS, U. S. ARMY 



HALMAHERA (MOLUKKAS) POSSIBLE AIRFIELD SITES 
Gouv! der Molukken (Res. Ternate). Sche@kwt utneng~tetd door den Topo@8cben dlenrt in 19991m Bhd lol/xIv. 

B M  lOl/XlII. 

Hevvy l i n e r  mb r o w  numeral8 
ref or t o  are- cont&ining tppea 
of g r m d  described in  table at 
bottom of bag. 

w Posaible  airfield mito 

SW N.B. 

1W N.B. 

Z E E  V A N  H A L M A H E R A  

L E Q E N D A .  
ADM INDEELINO. ' 

n - 
A U . b o # h  .*I ~U&ahtbuda. & m r v r h o w k W ~ n W k r # a N k ~ L m t i -  
ven& van SO n, dr d m  van 500 m ; a hoa&naI a k w H w ,  b h i ~ k ~ r l r m  van 25 rn -. 

Ra. (Afd.) Tun&. 
1 ond.nb& Tobda 

Dtlrict Wuilr 
t o&?4ltil. W* 

D W c t  M& 

Schaal 1 : 100 000. 

W M o p O r n o a r m  in l g t P f ~ m d &  ~ ~ ~ k t ~ ~ m ~ ~  
p r a ~ ~ l l d ~ n ~ & & ~ ~ d . ~ & ~ . a L . o (  
1:moOO uilpcw 10Bo PREPARED BY u s BEOLOGICAL SURVEY 

F O R  
A P K O R T I N O E N .  CHIEF UF ENGINEERS, u S ARMY 



HALMAHERA (MOLUKKAS) POSSIBLE AIRFIELD SITES 

Sheet XIV-101 

SITE 10. 

Rattng: F a i r  

J lccess ib i l i ty :  S i t e  d i r e c t l y  access ib le  t o  landing barges on coast.Poor, 
discontfnous t r a i l s  both along coas t  and i n t o  i n t e r i o r .  

To3oaraphy: Nerron coes te l  lowland bordered by low h i l l s  and t e r races .  
S i t e  has space f o r  s ing le  lznding s t r i p  or iented  nor theas t ,  Ground 
nea r ly  f l a t ;  l o c a l l y  rough and i r r egu la r .  Grade l e s s  than 1%. A few 
small g u l l i e s  on southeas t  s ide ;  genera l ly  l e s s  then 1 5  f e e t  deep. 
Al t i tude  between 20 and 50 f e e t .  

Approaches: ~ p p r r k h e s  c l ea r .  Terraces and low h i l l s  1 t o  2 miles  t o  
nor theas t  reach h t i t u d e s  of 150 t o  350 f e e t .  

Clearing and grub bin^: F a i r l y  open r a i n  f o r e s t  and brush becoming 
denser  with bamboo t h i c k e t s  towerd Boeli River.  Some t r e e s  may be 
over 3 f e e t  i n  diameter a t  bese, 

grad in^: Some l eve l ing  of low k n o l l s  and depressions ma,y be neces- 
sery. S o i l  and r o t t e d  c o r a l  rock underlying s i t e  can be r e a d i l y  work- 
ed by bulldozers  and scra.pers. 

Foundations Conditions: S o i l ,  coarse t o  medium i n  tex ture ,  inc ludes  
groups A-2, A-9, and some A-4 (SF, SC, ML ).  Fineness and depth of 
s o i l  may show l o c a l  va r i a t ion .  Moderate amounts of binder. 

S u b ~ r a d e  and S tab i l i za t ion :  S o i l  compacts wel l  under cont ro l led  m o b -  
t u r e  condit ion ; no t  s t icky.  Where c o r a l  rock i s  near  surface,  i s  sandier ,  

g rave l ly  s o i l  may provide s u i t a b l e  surface ma te r i a l  f o r  bitumen mix. 

Drainage: S o i l  n a t u r a l l y  well  drained:  may form r u t s  during r a i n s  but  
drys  quickly. L a t e r a l  d r a i n s  may speed runoff  t o  south toward Boeli  
River. 

Construction Mate r i a l  Available: Coral  l imestone abundant a t  o r  near  
s i t e .  Good all-purpose rock; cen be worked i n  small q u a n t i t i e s  with 
hand too l s ,  but  extensive quarrying requ i re s  d r i l l i n g  and b la s t ing .  Some 

gravel  depos i t s  may be found along Boeli River  o r  i n  h i l l s  t o  south, 

Water Supply: Adequate pe renn ia l  supply a v a i l a b l e  from Tatam River  and 
poss ib ly  from Boeli  River; i n t a k e s  should be above sal t -water  l i m i t .  
Adequate supply a l s o  obtainable a t  s i t e  from wel ls  sunk 20 t o  50 f e e t ,  
end if poss ib le  a t  l e a s t  1000 f e e t  from t h e  shore. The wells  should 
extend only a few f e e t  below water l e v e l ,  and should be pumped a s  
l i g h t l y  e s  possible t o  minimize danger of salt-water contamination. 

Reliability Rating: C 

i 1 
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SURVE ' 

rRMY A F K O R T ~ N O E N .  

0. Gocnotng. Tg. Ton-. 0.1. O n d e r a a r d ~ c ~  loop. D M  Nuba. 
I %ad and m n l w  mad with more or l o s s  f i r m  f o r  depth of ..lp f r t .  Modrately nil drain&. m: Sand. mom ,el with f ines and clayey a d  of la plaat ic i ty ;  S t o  10 f t. or w r e  deep. 

Locdly  atow. well drained. w: Loosely consolidated conglowrate and a d s t o u .  P p o a d  mostly d o =  steep ravines d i n  a r  
c l i f f s .  

.-- 

1b S i l ty  ub c l 4 e y  sand and poorly graded a d - c l w  mixtures i n  upper 2 to  4 fee t .  Some s t r a t i f i -  
cation with depth. Moderately well drained. 

I c  1 s 0 ~ u . i ~  c l y s  of . d im  to  high p l u t i c i t y .  Some Interbedded u n d  and gravel with f ines  a t  depth. V I  Sand with f ines.  poor17 t o  rll grade3 mad-clay mixtures of vmiable  b p t h s ;  .Yl low on .li, 
stone. Irriable; well drained. m: Coral 1 i ~ a t o u . l y e r s  interbedded with l o o u l y  conmolldated cowlomerate. sandatom .nd 
hie. Limestone exposed a s  ledges on terrace facer. 

VII a: M and @ o r  gravel  with f ines  p a d i w  at 1 t o  it f e e t  i n to  clayey a d  of la plaat ic i ty .  
We11 drained. S b u l l a .  

m: E u d  w s i v e  limestone g e a w a l u  near o t  at the  murface. Widely exposod i n  c l i f f a  and l&es. 

11 B: Inor6aniC e l 4  and C l r ~  s r d  Of la p l a s t i c i t y  variably 5 to  10 f n t  deep except on steep 
@lopa8 m d  on recent lnr f l am.  We11 drained. BPB: volcmic  uh. c o n g l c r m t e  r d  p i c e  interbedded with ~ o o d  q a i t y  tr.p lava.. c ~ t c r o p ~  
a-tb. mrticulult at higher alt i tudes.  

I11 m: Inor6anic e l 4  ul clayey W of la plas t ic i ty .  generally greater  th.. 10 it. deep. -11 
drrined. m: V o l c r i c  ash and c o y l a m r a t e  with f a i r  qual i ty  tr.p lava.. b r e l y  expoad except d o n g  
a t rema and on very st- r1op.s. 

- - -  

VIlI s: Poorly graded s a n d - ~ ~  mixtures grading a t  6 t o  10 inches in to  u d y  c l y  of low p l a s t l c i t ~ .  
Ver7 friable.  Shallow except i n  depressions. we11 drained. m: I. sa.1. r-tain8 h d  g r ~ i t e  wh i s t .  widely e.poa.a. I. n o r t a u s t  satju d-4 ~ t h r e d  
grani te  exposed only d o n g  s t rema.  

IV h i a b l e  in0?6aai~  ~ 1 1  16 c 1 . r ~  mad. gamerally 10 t o  20 it. o r  mom deep. We11 drained. m: u u ~  kinds of t r ap  rook. mostly poor qud i ty .  Ppcsed only on stoep slopes at h1g)I.r a l t i tudoa  
and in  sea c l i f f s .  
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SITES l l a ,  l l b .  l l c ,  and l l d .  

Rating: l l a  Good, l i b  F a i r ,  l l c  Good, l l d  F a i r ,  

Access ib i l i ty :  l l a ,  l l c ,  end l l d  on coas t  of reef- l ined Akelamo Bay. 
Earges can perhaps c r o s s  r e e f s  t o  shore o r  fol low channel c f  Foemalangs 
River  t o  s i t e s  l l a ,  I l b ,  and l h c .  S i t e  l l b  i s  approximately 1 mile in-  
land  by f o o t  t r a i l ;  s i t e  l l d  probably most e a s i l y  acces s ib l e  t o  landing 
barges on south s i d e  of Pelak Poin t ,  poss ib ly  a t  mouth of Makoelan Rive 
e r .  From Akelamo p l a i n ,  f o o t  t r ~ i l s  l ead  no r th  ac ros s  mountains t o  coas t  
and south along coas t .  

T o p o ~ r a ~ h v :  Roughly c r e s c e n t i c  c o a s t a l  p l a i n  bordered by s t e s p  moun- 
t a i n s .  S i t e  l l a  i s  s u i t a b l e  f o r  one o r  perhaps two landing s t r i p s  
or ien ted  no r th  t o  nor theas t .  S i t e  l l b  s u i t a b l e  f o r  runways i n  s e v e r a l  
d i r e c t i o n s ;  s i t e  l l c  and l l d  f o r  one o r  poss ib ly  two runways o r i en t ed  
no r th  t o  northwest.  Ground i s  nea r ly  f l e t  o r  gen t ly  undulat ing.  Grades 
a r e  genera l ly  l e s s  than  1%; on s i t e  l l b ,  less than  1%. S i t e s  l l b  end 
l l d  a r e  crossed by a few g u l l i e s  1 0  t o  20 f e e t  deep; s i t e s  l l a  and l l c  
probably have A few shallow g u l l i e s  l e s s  than  15 f e e t  deep. S i t e s  l l a ,  
l l c ,  2nd l l d  a r e  between 1 hnd 58 f e e t  i n  a l t i t u d e ;  s i t e  l l b  i s  be- 
tween 20 and 80 f e e t .  

Approaches: S i t e  l l a  has  c l e a r  approach t o  south;  h i l l s  r i s i n g  400 t o  
600 f e e t  about 13 miles  from nor th  end of s i t e  a r e  poss ib l e  hazards.  
S i t e  l l b  ha:: c l e a r  a,pproaches from n o r t h e a s t  e a s t  end southeas t .  1 Mountains 1600 t o  2300 f e e t  i n  a l t i t u d e  a r e  2 t o  li miles  t o  southvrest 
and south;  f o o t h i l l s  600 t o  1400 f e e t  i n  a l t i t u d e  r i s e  above p l a i n  on 
west and nor th .  S i t e s  l l c  and l l Z  have c l e a r  approaches except  f o r  
minor hazard of h i l l s  400 t o  500 f e e t  i n  a l t i t u d e  on e a s t  s i d e  of s i t e  
l l d ,  

Clear inp  and Grubbing: A l l  s i t e s  covered by dense r a i n  f o r e s t s  end t h i c k  
ground mat of roo t s ,  v ines ,  and c reepers  t h a t  r equ i r e  s t r i p p i n g .  
Coconut p l a n t a t i o n s ,  second grewth, and some na t ive  c l e a r i n g  near  Akela- 
mo and along coas t .  

Grading: Only minor l e v e l i n g  necessary,  S o i l  e a s i l y  worked by bull-  
dozers  and graders  except  dur ing  and a f t e r  hea.vy storms. No bedrock 
exca.vati on. 

Founda.tion Condf t ions:  On s i t e s  l l a . ,  l l b ,  a.nd l l c  medium-textured 
s o i l s  of group A-4 (ML) probably predominate; many l o c a l  v a r i a t i o n s  and 
grada.tions t o  more sandy s o i l s  of  groups A-2, A-3 (SF, sP) toward coas t  
and stream banks ( nor th ,  south,  ~ n d  sou theas t  s i d e s  of s i t e  l l a ;  no r th  
nnd sou theas t  sLde of s i t e  l l b ;  no r th  and n o r t h e a s t  s i d e s  of s i t e  l l c .  
On s i t e  l l d ,  s o i l  i s  probably coa r se r  i n  t e x t u r e  than a t  o the r  s i t e s ,  
c h i e r l y  A-4, A-2 (ML,sF); s a n d i e s t  a t  sou theas t  end, 

Submade and S t a b i l i z a t i o n :  S o i l s  a t  s i t e s  118, I l b  and l l c  a r e  gener- 
a l l y  s u i t a b l e  f o r  compaction, p a r t i c u l a r l y  I f  sandy, Sand s u i t a b l e  f o r  

sur face  course o r  bitumen mix mny be ob ta inab le  on o r  near  s i t e .  On 
s i t e  l l d ,  s o i l  compacts r e a d i l y ;  i s  r e l a t i v e l y  non-plast ic ,  e a s i l y  work- 
ed and f a i r l y  wel l  d ra ined  ~ n d  o f f e r s  no s p e c i a l  d i f f i c u l t y  t b  machin- 
ery un le s s  very wet. 

Drainage: S i t e s  l l a ,  c ,  and d  f a i r l y  wel l  drained n a t u r a l l y .  Specia.1 
dra inage  may be necessary  on l l b ,  which w i l l  probably r e q u i r e  insu la-  
t i o n  of sur face  from subgrsde. Unless  surfaced,  runways w i l l  be very  
muddy during,and f o r  a few hours a f t e r  heavy r a i n s .  

C o n s t r u c t i o n b l a t e r i a l  Available: L i t t l e  rock a v a i l a b l e  e t  o r  near  any 
s i t e  except  l l d .  Some g rave l  may be obtained from stream beds where 
r i v e r s  e n t e r  p l a i n  from the  mountains. Coral  l imestone i s  a v a i l a b l e  on 

t h e  po in t  e a s t  o f  s i t e  l l d  and a l s o  from h i l l s  on t h e  peninsula  e a s t  
of Dnbo Bay. 

Water Supply: Large perennia l  s u p p l i e s  a v a i l a b l e  from Maboelau, 
Foemalanga and Lamo Rivers .  I n t a k e  should be above salt-water l i m i t .  
Wells 20 t o  50 f e e t  deep (dr ive-point ,  dug, o r  d r i l l e d )  i n  unconsol- 
i da t ed  alluvium, w i l l  provide l a r g e  suppl ies ,  b u t  should be a t  l e a s t  
1000 f e e t  from c o a s t  and should extend no t  more than  a few feet below 
water-level,  t o  minimize danger of  sa l t -water  contaminatlon, 

Reliability Rat ing :  C 
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Rating: 12a excellent ,  12b fair, 120 good. . 
Accessibil i ty:  S i t e s  access ible  from Djai lo lo  by poor road which, i f  widened, could be 

converted t o  mi l i t a ry  use; Lamo River i s  crossed by ilarrow s t e e l  b<idge. Good anchor- 
age off Djai lo lo;  barge t ranspor ta t ion necessary t o  shore. Good t r a i l s  through Lamo 
val ley t o  i n t e r i o r ;  t r a i l s  along coast a re  poor and discontinuous. 

Topography: Broad val ley pla ins  bordered by steep volcanic peaks. S i t e  12a has space 
f o r  s ing le  runway oriented northeast.  Landing s t r i p  s ta r ted  by the  Dutch reported cam- 

pleted by Japanese; about a mile long. S i t e  E b  su i tab le  f o r  runways i n  several  dired- 
t i o n s  ; on s i t e  12c runways can be oriented east-west t o  east-northeast. The exist ing 
f i e l d ,  4950 f e e t  long and oriented east-northeast was s t a r t ed  by t h e  Dutch and may have 
been completed by t h e  Japanese. Ground f l a t  t o  gently undulating; s i t e s  crossed by a 
few small g u l l i e s  5 t o  15 f e e t  deep. Grades l e s s  than 1%. A l t i k ~ d e s  between 30 and 
80 feet .  

Approaches: S i t e  12a has  c lea r  approaches fo r  3 o r  4 miles t o  northeast up the  Lam0 Val- 
ley. H ~ S  200 t o  nearly 300 f e e t  high l i e  1 t o  1$ miles from north and eas t  margins. 
Base of D jail010 molintain i s  about I* miles t o  t h e  southwest ; s y i t  3733 f ee t  i n  a l t -  
itude. S i t e s  12b and 12c have c l ea r  approaches t o  west. H i l l s  300 t o  900 f e e t  high 
l i e  1$ t o  2& miles t o  east. Steep h i l l s  l i e  about 1& miles north of 12b; a t t a i n  alt- 
i tudes  of more than 2000 f e e t  within 3 miles of s i t e  margin. Djai lo lo  peak is about 
$- t o  3/4 miles south of 12b. 

Clearing and Grubbing: Exist ing f i e l d  cleared by Dutch a t  s i t e  12a i s  on a grassy (alang- 
alang) p la in  with patches of coconuts and clumps of second growth. S i t e s  12b and 12c 
a r e  covered mostly by second growth jungle, coconuts and dense patches of sago palms 
o r  bamboo. S i t e  12c was cleared i n  part  by the  Dutch. Stumps of l a rge r  jungle t r e e s  
w i l l  need blasting. Dense ground mat of roots,  vines, and creepers requires  stripping. 

Grading: Only minor l eve l l ing  of gently ro l l i ng  pla in  necessary. Loam s o i l  r ead i ly  
worked by bulldozers and scrapers. 

Foundation Conditions: S o i l  a t  s i t e s  12a and 120 generally of gmup A-4 (ML) with many 
loca l  differences. In  middle par t  of s i t e  12b material  of groups A-6, 8-7 (CL,CA) 
m y  be present. On NW s ide  and a t  south end, probably somewhat coarser i n  texture. 

S t ab i l i z a t i on  and Surfacing: S o i l s  sui table  f o r  compaction, f a i r l y  ea s i l y  worked and 
give moderately good bearing ra t io ,  with exception of A-6, 8-7 (cL, CH) on S i t e  12b. 
A-7 nay require specia l  drainage, heavy base course, and possibly much loca l  f i l l ,  
This  s o i l  i s  p l a s t i c  and S t  iclry and hence not readi ly  worked with machinery. Re- 
maining s o i l  i s  f r i a b l e  except when wet, and i s  easy t o  worlc. 

Drainage: S i t e  12a and 12c na tura l ly  well-drained and require few improvements. S i t e  
12b , i n  par t ,  poorly drained may loca l ly  r e l u i r e  ra ised subgrades and l a t e r a l  
ditches* 

Construction Materials  Available: Good t r a p  rock (ba sa l t )  probably available from 
mountain west of Djai lo lo  and possibly from h i l l s  north of s i t e  12c. Gravel would 
require  screening and possibly removal of l a rger  boulders by a grizzly. Some gravel  may 

be obtainable along Lamo River a t  eas t  end of plain. 

Water Large perennial supply avs i lab le  from Lamo River; f i l t r a t i o n  and chlor- 
ina t ion  necessary f o r  po tab i l i tyo  Intake should be above s a l t  water l imi t .  Wells 
20 t o  50 f e e t  deep w i l l  y i e ld  l a rge  supplies Pram unconsolidated alluvium; can be 
located anywhere on s i t e s ;  chlor inat ion neederi f o r  potabil i ty.  

9 
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I a  Sand and grave l ly  sand with more or  l e s r  f i n e s  f o r  depth of many f e e t .  Moderately well drained. 0. Dutrdhoofd N. N a u r  ( e w .  EBK. I- (bcrfl,. oy. ~ ~ h ~ ~ ~ ~ , ~  fll ENGINEE RS , 
Tk. TJs.k. A. Ale (riuiu). W. Wai ( r i o k ) .  

Ib  S i l t y  and clayey sand and poorly graded rand-clay mixtures i n  upper 2 t o  4 f e e t .  Some s t r a t i f i -  
ca t ion  with depth. Moderately well drained. 

I c  Inorganic c lays  of medium t o  high p l a s t i c i t y .  Some interbedded sand and gravel  with f i n e s  a t  depth. V SOfL: Sand. s o w  g a v e l  with f i n e r  and clayey nand of lor p l a n t i c i t y ;  S t o  1 0  f t .  or more deep. 
Locally s t o w .  Well drained. 

I 1  m: Inorganic c l a y  and c l v s y  rand of low p l a s t i c i t y  variably 5 t o  1C f e e t  d e w  except on s teep  ROCI(: Loosely consolidated conglomerate and sandstono. b p o r e d  m o r t u  d o =  s teep  ravines and i n  sea 
s lopes and on recent  l ava  flows. Well drained. c l i f f s .  

ROCK: Volcanic ash. conglomerate and pumice interbedded with good qua l i ty  t r a p  lavas. O u t c r ~ p s  - 
abundantly. p a r t i ~ u l ~ l y  at higher a l t i t u d e s .  V I  SQlLl a n d  with f i n e s ,  poorly t o  well q d o d  u n d - c l a y  mixtures of var iub le  depths; shallow on lime- 

stone. Fr iab le ;  well drained. 
111 a: Inorganic c l a y  and clayey sand of low p l a s t i c i t y .  genera l ly  g rea te r  than 10 f t .  d e w .  Well - RGCK: Coral limertone l a y e r s  interbedded with loosely consolidated conglomerate, randetona and 

drained. mhirle. Limestone exposed as ledger on t o r r a c e  facer .  
ROCI(: Volcanic ash and conglomerate with f a i r  q u a l i t y  t r a p  lavas. -rely exposed except along 

streams and on very s teep slopes. VII m: Sand and some grovel  with f i n e s  grading at 1 t o  13 f e e t  i n t o  cl-y sand of low p l a s t i c i t y .  
We11 drained. Sballow. 

I V  u: Friab le  inarganic clpf  and clayey sand. e n o r a l l y  -10 t o  20 f t .  o r  more deep. Well drained. - ROCK: Hard w s r i v e  limestone genera l ly  near o t  a t  t h e  surface. Widely exposed i n  c l i f f s  and l e e s .  
ROCI(: Many kinds of t r a p  rock. mostlf poor qual i ty .  Exposed only on s teep  s lopes at higher a l t i t u d e 6  

and i n  sen c l i f f  s. VIII  m: Poorly graded sand-clay mixtures grading at 6 t o  10 inches i n t o  ~ n d y  c lay  of low p l a s t i c i t y .  
V e v  f r i a b l e .  S h l l o w  except i n  depressionr. Well drained. 

ROCX: In  SibelaMauntains  h r d  g r a n i t e  s c h i s t ,  widely exposed. In northeast  Bat jan d e p w  weathered - 
g r a n i t e  exposed only along streams. 

)LOGICAL SUN 

U S .  ARMY 
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Sheet XB-100 

Il~proaches: Clear SITES 13a and I3b Water Supplies: No surface water. Wells du3 i n  center  of 
i s land ,  extending not more than 1 foot  below water l eve l ,  m a y  
provide l imi ted  supplies of f r e s h  water. Water rntry t u r n  brack- 
i s h ,  espec ia l ly  i f  wells a r e  over-pumped. Water may have t o  be 
brought from asaidand. 

Clearing and Grubbinq: S i te  covered by dense r a i n  fo re s t  d i f f  i- 
cu l t  t o  c l e a r  because of scat tered la rge  t r e e s  more than three  
f e e t  i n  diameter and dense tangle of roots ,  vines,  and creepers. 
Stumps would need blast ing.  Stands of coconut t r e e s  on sandy 
eo i l  along the  coast. 

Accessibi l i ty:  Both s i t e s  accessible  t o  landing barges 
which can pass between emall r e e f s  off t h e  coast;  good trail 
along the  coast  t o  Kaoe. 

Grading: Leveling of minor i r r e g u l s r i t i e s  can be l a rge ly  done 
by bulldoxers and scrapere. D i f f i cu l t  i n  wet weather. Coral 
rock where near the  surface,  can probably be graded with hnnd 
too ls ,  though very deep excavation would require b l a s t ing  o r  use 
of power shooal. 

T o p o r r r a p ~  S i t e s  on t e r r acea  along coast  20 t o  f e e t  
above sea level .  S i t e  13a su i t ab l e  f o r  two rulrw~lys orient-  
ed norhtwest and north-south. On s i t e  13b s t r i p  could be 
or iented northeast.  Ground i s  somehwat rough and i r regular ,  
bu t  grade i s  l e s s  than 1.5 percent. S i t e s  crossed by few 
shallow g u l l i e s  5 t o  15 f e e t  deep. 

SITE 15 

R a l a  Excellent 

A c c e s s i b i l i t ~ :  Japanese f i e l d  at west end of s i t e  i s  served 
by well-surfaced mi l i ta ry  road 1* miles from h o e  where t h e m  
are, good beaches and t r ~ i l  connections t o  north along coast.  
No trails t o  south. 

Foundation Conditions: Soi l s  a r e  coarse t o  medium i n  texture,  
including depth, and unif  omi ty .  Approaches: Clear 

S t ab i l i za t ion  and Surfacing: Disturbed s o i l  compacts well under 
control led moisture condit i  one; makes good foundation. Relative- 
l y  non-plastic c lay content increases  f r i a b i l i t y  and reduces 
s t i ck ines s  unless  very wet. Soi l  foundation should be compacted 
before surfacing. 

clear in^ and Ocubbiog: S i t e s  covered by clumps of sparse jung- 
l e ,  brush, and alang-alang grass.  Scat tered stands of coco- 
nut on s i t e  l3a. Clearing not d i f f i c u l t  and can be handled 
by bulldozers. 

Toponrapby: Alluvial p l a i n  at mouth of the Kaoe River. Space 
f o r  runways i n  any direct ion.  Japanese operations1 f i e l d  re- 
ported i n  western part  of s i t e  i s  or iented north-south; 4,500 
f e e t  long, 2 . W  f e e t  a m  grwded and surfaced. Ground is  f l a t  
o r  gent ly ro l l i ng ;  grade l e s s  than 1.5 percent. S i te  may be 
crossed by a few small g u l l i e s  5 t o  15 f e e t  deep. Alt i tude be- 
tween 10 and 50 f e e t .  

Grading: Much grading of low knobs, hollows, and g u l l i e s  prob- 
ab ly  necessary; requires  angledozers o r  o ther  heavy equipment. 
Soi l  e a s i l y  handled, but cora l  bedrock near surface, though 
ro t t ed ,  is hard. Blast ing may be necessary local ly ,  

Drainage: Soi l  na tu ra l ly  well drained, but  f i e l d  w i l l  be muddy 
during and a f t e r  r a i n s  unless  surfamd.  Adequate surface gradi~ lg  
may improve runoff. Approaches: East and south approaches clear .  Low h i l l s  and 

r idges 150 t o  350 f e e t  high along north s ide  and P t o  14 miles 
west of the  s i t e .  Construction Mater ials  Available: Coral limestone avai lable  at 

s i t e  o r  along coast i s  best  all-purpose rock mater ial  at hand, 
Can be broken with hand t o o l s  f o r  small quantit  i e s  of aggregate. 
Dr i l l i ng  and b l a s t ing  necessary t o  establish a l a rge  quarry, 

Foundation Conditions: So i l s  a r e  coarse t o  medim i n  tex ture ,  
of groups 8-2, A-1, and some A-4 (SF, SC ,ML) Bedrock d i f f e ren -  
ce s  a f f ec t  uniformity, f ineness ,  and depth of soil .  Clearing. and Grubbing: Dense r a i n  f o r e s t  on western p e r t  of 

s i t e  near Kaoe River. Jungle become8 more open eastward, giv- 
ing way t o  sparse clumps of t r ee s ,  second growth, and alang- 
ctlang grass. Stands of coconuts along coast.  Eastern pa r t  re- 
l a t i v e l y  easy clearing. 

S t ab i l i ea t ion  and Sur fac iq :  Soil  compacts well under con- 
t r o l l e d  moisture conditions and makes good foundation. Content 
of r e l a t i ve ly  non-plast i c  c lays  increases  f r i a b i l i t y  and re- 
duces s t i ck ines s  except when s o i l  i s  verg wet. Soil founda- 
t ion should be  compacted before  surfacing. 

Voter S u ~ ~ l i e s :  Lobata River a possible  perennial source; t o  be 
potable,water requires  f i l t r a t i o n  and chlorination. Adequate 
suppl ies  ava i l sh le  from wells 30 t o  100 f e e t  deep; there  should 
be at l e a s t  1,000 f e e t  from shore and not more than a few f e e t  
below water l e v e l  t o  minimize danger of contamination by salt 
water. 

Gradiag: Only minor leve l ing  and f i l l i n g  of small g u l l i e s  
necessary. Sandy s o i l  eafiily handled by bulldozers and scrapers. 

Drainage: S i t e  na tura l ly  well drained. Soi l s  dry quickly a f t e r  
rains.  

Construction Materials Available: Coral limestone at s i t e  is 
bes t  source of rock f o r  aggregate, r ip rap ,  o r  masonry. Small 
quan t i t i e s  can be broken with hand t oo l s ,  Xxcavation of s tor-  
sge  tunnels o r  quar r ies  w i l l  requi re  d r i l l i n g  and blast ing.  
Gravel can probably be obtained from banks of Daroe Biver o r  
frola h i l l r  west of Daroe. Sad &long coast not abundant and 
of poor qual i ty .  

_Bat iq: Excellent 

& c e s s i b i l i t ~ :  S i te  accessible t o  landing barges at Wasile. No 
t r a i l s  along coast o r  i n t o  in te r ior .  

Foundation Conditions: i n  south and west medium-textured s o i l  
of groups 6-4 and A-2 (YL, SF) preva i l s ;  probably sandier  along 
h o e  Hiver and behind Kaoe v i l lage .  Northeast part probably 
coarse-textured throughout; b2, &3 ( SF, SW). Entire  s i t e  on 
s o i l  derived from alluvium which shows much l o c a l  va r i a t i on  i n  
texture.  Gravel usual ly absent at surface,  but may be present 
i n  substratum. Binder content low. 

Topogrcrp&: Narrow coas ta l  lowland bordered by s teep  mountcrins, 
S i te  su i t ab l e  f o r  one, possibly two, landing s t r i p s  oriented 
northeast ;  Japanese ope ra t iowl  f i e l d  reported under cornstruc- 
t i o n  at t h i s  s i t e r  Ground i s  f l a t  o r  geritly unaulating; grade 
l e s s  t b n  1.5%. Alt i tude between 20 and 80 fee t .  

Water Swpliee: Bo readi ly  ava i lab le  perennial surface water. 
Welle 40 t o  100 f e e t  deep rfll furn ish  adequate supplies;  caa 
be located anywhere at o r  near s i t e ,  but should be at l a s t  
1,000 f e e t  from coast t o  minimize danger of contamination by 
s a l t  water. 

S t ab i l i za t ion  and Surfacing: Good compaction at conditions of 
optimum moisture. Finer  textured p a r t s  of s o i l  a r e  more lib- 
l y  t o  he s t icky,  but f r i a b i l i t y  of clay p ~ e v e n t  s extreme s t ick i -  
nese. Sand su i tab le  f o r  bitumen mix l na~r  be found &long coast. 

Approaches: Approaches clear .  Steep mountains r i s i n g  t o  ta1titlPrfe 
of 2,000  t o  more than 3,OQO f t .  5cut.h and eas t  of s i t s  a r e  possi- 
b ly  hazards. 

Clearing and Grubbin@;: Rsiia fo re s t  at s i t e  mostly dense, but i f i  

crauthwest pas+, forea t  i s  interspersed with stands of coconut 
palms and brush* Prubably much second-growth f o r e s t  and some 
native clear ings around Wasf Pe. 

D r a i w e :  S i t e  only f a i r l y  well drained. Unless surfaced ground 
w i l l  be muddy and sl ippery durfng r a ins ,  Dries slowly a f t e r  
rains. La tera l  dirchert laay improve m o f f .  

Rating: P a i r  

A c c e s s i b i l i t ~ :  Accessible t o  landing barges which can pass  
through f r ing ing  coral  reef  s, 

Construction MaterFals Available : Coral limestone along coast 
northeast of h o e  i s  bes t  all-purpose rock mte r i c t l  at hand. 
Can be broken with hand too ls  f o r  small yuf*ntftie!s of aggregate. 
Some depos i t s  of gravel and sand m y  be f ound  i n  h i l l s  norRaeast 
of s i t e  along ?hoe River, Coarse cora l  sand obtainable along 
beach near Kaoe. 

Gradiw: Only I e v a l i q  of minor 2 r r egu la r i t i e s  and f i l l i n g  of 
smll @ l i e s  are necessary.. Low, so11 readily worker3 by bull- 
dcaers and scrapers,  but ma::ipul&t ing d i f f  i e d %  when wet. 

Topoara~hy: Low coral  i s land;  space f o r  s ing le  runway orient- 
ed norTheast, Laround i s  nearly f l a t  with only minor i r regular-  
i t i e s .  slopes a r e  l e s s  than 1 percent. Alt i tude between 10 
and 40 feet .  Foundc~tion Conditions: In cent ra l  and ncrtheas t e r n  part of s i t e  

s o i l  i a  var iab ly  medim-textured, including groups A-4, k 2  
, . Soil  probably sandier along north and west sides,  aoutb 
s ide  and along stream b a d e ,  i n c l d i n g  g r o u p  A-2, A-'j ( SF, SB) , 

Approaches : Clear 
Water Supplies: Kaoe Rlver w i l l  fu rn ish  large perennial supply; 
f i l t r a t i o n  and chlorirzdatbon necessary. ]Intake should be located 
above lbi t of salt water. Abundant supply of f r e s h  potable 
water avai lable  from wel l s  20 t o  40 f e e t  deep i n  unconsol ida~ed 
alluvium. WeelPe can be located awwhero on mite, but should be 
at l e a s t  1.W f e e t  frarn coast t o  mlnimfae b n g e r  sf comtaanim- 
t i o n  by ml t  water, 

Clearing end Grubbinq: S i t e  mostly covered with coconut palms; 
some re in  f o r e s t  and second-growth jungle. Boots not deeply 
imbedded. Cl.earing can probably be accomplished by angledozers; 
l i t t l e  sawing necessary. 

: G o ~ d  compaction at o p t i m n  moletuw 
conditions. F r i a b i l i t y  of clay prevents e x t r e m  st ickineso @her 
working. 

Grading: Only minor leve l ing  of mall surface i r r e g u l a r i t i e s  
neceeeary. So51 e a s i l y  worked by bul ldozers  and scrapers. D r a i w e :  Soi l  na tura l ly  f a i r l y  wel l  drained. Some g u l l i e s  may 

require rock dra ins  befom f i l l % %  o r  diversion around site, Un= 
l e s s  surfaced, f i e l d  w i l l  be m u d d y  daring and dlrter rains,  Foundation Conditions: Soi l s  a r e  coarse t o  medium i n  tex ture ,  

of groups 8-2, A-1, some A-4 (SF,SC,ML) Coral lflnestone bed- 
rock may loc%rlly be near surface. Construction Materials Available: %rd massive limestone ebcai* 

able  from h i l l a  southeast of  s i t e  and west of Wasile is  well ex- 
posed i n  c l i f f s  and ledgas ,  %quires  d r i l l i n g  and blea t ing  f o r  
sxcavat ion. Srnall ~ o u u t  s c;' gravel obtaf a b l e  f rorn beds of 
mall a t reme.  L i t t l e  o r  no s a d  at hand. 

S t ab i l i za t ion  and Surfacing8 Disturbed s o i l  cillnpacts wel l  
under control led moisture conditions,  a good foundation. 
Content of r e l a t i ve ly  non-plastic clay increases f r i a b i l i t y  
and reducee sti ckine s s  unless  very wet. Soi l  foundation should 
be compacted before surfacing, 

Accessibili ty:  S i t e  i s  on coast accessible  t o  laPldisg barges 
at south end near settlement of Eolohata. Dangerous c o r d  
reefs  f r i nge  north end of point. Good trail comectione a l o q  
ahsre i n  both df rect ioas .  No trcrils i n t o  in te r ior .  

Vetex -lies: Wofdeakol River possible source, bu t  may not 
be adequate perennial supply; requi res  f i l t r a t i o n  and cUor i -  
nat ion f o r  p o t ~ ~ b i l i t y .  Adequate rsqplfes avi lab le  from wells 36 
t o  1QQ f e e t  deep i n  the  alluvium; well8 eholdld be at l e a s t  l ,W0 
f e e t  from shore send sh011Pd be not rnore than a Yen f e e t  below wa- 
ter  l eve l  t o  minimize danger of corztmination by  s a l t  water, 

Drainam: Waturally well drained, but water tab le  f e  near aunc 
face  and s h e l l  holes  mnay f i l l  with water* : Low promontory on Kaoe Bay. Space f o r  ~wn-s i n  

any direct ion.  Oro-6 3.6 nearly flat o r  gently undulating, i n  
places s l i g h t l y  rough. &nd i r regular .  Grades a r e  l e e s  than I 
p r c a n t .  Al t i tuds  mostly between 10 and 50 f e e t ,  but  i n  south- 
ea s t  corner may reach 100 fee t .  

Conetruction Ahter ia l s  Available: Coral rock for general pur- 
poses avai lable  along coast ;  a n  be broken by hand f o r  1 
quan t i t i e s  of aggregate. A coarse c m l  sand is f a i r l y  &budant.  

B e l t a b i l i t y  Rating: C 
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HALMAHERA (MOLUKKAS) POSSIBLE AIRFIELD SITES 
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Sheet XV-101 

SITES 18a, b, and c. 

Rating: S i t e s  18a and b excellent ,  18c f a i r .  

Accessibil i ty:  Coast a t  s i t e  18a d i r ec t l y  access ible  t o  landing barges, Good t r a i l  con- 
nections t o  s i t e s  18b and c which a r e  1* and 4 miles respectively inland. T r a i l s  along 
coast discontinuous; f a i r  t ra i l  crosses mountains t o  Boeli-Serani on Boeli Bay. 

Topography: Coastal p la in  bordered by rugged mountains. S i t e s  18a and b a r e  su i tab le  
f o r  runways i n  any direction. Ground f l a t  o r  gently unculating; s i t e  18b furrowed by a fen  
shallow g u l l i e s  5 t o  15 f e e t  deep. Grades f o r  most par t  l e s s  than 1.$. Al t i tude  of site 
18a between 10 and 60 f e e t ,  of 18b between 20 and 100 feet .  S i t e  18c i s  su i tab le  f o r  run- 
ways oriented north and northeast;  ground gently ro l l i ng  and i n  t h e  south somewhat h i l l y ,  
but grades a r e  mostly l e s s  than 1.5%; s i t e  crossed by a few g u l l i e s  10 t o  25 f ee t  deep. 
Al t i tudes  between 100 and 300 feet .  

Approaches: S i t e s  18a and b have c l ea r  approaches on north and west. H i l l s  600 t o  1500 
f ee t  i n  a l t i t u d e  r i s e  3& t o  % miles t o  south and about $ mile t o  t he  east. S i t e  18c has 
has c l ea r  approaches on north and northeast. H i l l s  400 t o  1000 f e e t  i n  a l t i t u d e  $ t o  2 
miles t o  south and west. 

Clearing and Grubbing: Dense t r op i ca l  r a in  fo r e s t  on a l l  th ree  s i tes .  Clearing d i f f i c u l t ;  
some t r e e s  more than th ree  f e e t  i n  diameter; stumps w i l l  require  blasting. Dense l ayer  of 
vines and roo ts  a t  ground surface i b  hard t o  s t r ip .  S i t e  18 a near v i l l age  of Dodaga may 
be pa r t l y  cleared or  covered with second-growth jungle; d l  cul t ivated areas. 

Grading: Only minor level ing a t  s i t e s  18a and b. More extensive grading of low r idges  and 
hollows necessary at 18c. Loam s o i l  eas i ly  worked by bulldozers and scrapers. Rocky o r  
stony s o i l  i n  southern extension of s i t e  18c may be somewhat more d i f f i c u l t  t o  work. NO 
rock excavations necessary. 

Foundation Conditions: A t  s i t e s  18a and b chief ly  medium-textured s o i l  developed on a l l -  
uvium, but much var ia t ion i n  g ra in  size. Group 8-4 (ML) probably predominates grading i n t o  
sandier s o i l  of group A-2 (SF) , near Dodaga River and smaller s t  reams t o  north and south. 
Binder abundant. A t  s i t e  18c s o i l  developed on recent alluvium includes groups A-4 t o  
A-2 ( MI, t o  SF); probably qu i t e  var iab le  i n  southern part of s i te .  Locally some gravel  
and cobbles i n  southern part. 

S tab i l i za t ion  and Surfacing: S o i l  a t  s i t e s  18a and b is  f a i r l y  read i ly  compacted, espec- 
i a l l y  where sand content i s  high and moisture content is  eas i ly  controlled. May be necessary 

t o  provide a f a i r l y  high-level p ro f i l e  and granular base course f o r  insula t ion between 
subgrade and surface. S o i l  of intermediate s t ickiness  when wet. A t  s i t e  18c s o i l  forms 
good subgrade a f t e r  compaction. Probably most a t t en t i on  t o  bearing COUP68 Con- 
st i t uen t s  necessary i n  northeast part. S o i l  moderately f r i a b l e ,  low i n  p l a s t i c i t y  and 
s t ickiness ,  i n  southern part. 

Drainage: Natural drainage fair at a l l  s i t e s ,  probably best  at 18c. Some wet spots  a t  18a 
and 18b may need ra ised subgrades locally.  Latera l  dra ins  w i l l  improve drainage. Unless 
surfaced, f i e l d s  w i l l  be muddy during and a f t e r  heavy rains. 

Construction Materials  Available: Probably no rock avai lable  a t  s i t e s .  Gravel obtainable 
from stream beds o r  from deposits  i n  h i l l s  t o  south and eas t ;  generally exposed along steep 
slopes o r  where ravines empty from h i l l s  onto plains. Nearest source of rock is  cora l  
limestone deposits  on peninsula t o  north or  hard massive limestone from mountains along 
coast southwest of Wasile Bay. 

Water Supplies% Perennial supply avai lable  from Dodaga River and possibly other l a rge r  
streams. Intakes should be above salt-water l i m i t .  Large supplies avai lable  from wel ls  
20 t o  100 f e e t  deep i n  alluvium of plain. Wells should be a t  l e a s t  1000 f e e t  from coast 
t o  reduce danger of salt-water contaminat ion. 

Re l i ab i l i t y  Rating? 0. 

- 
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HALMAHERA (MOLUKKAS) POSSIBLE AIRFIELD SITES 

Rating: Fair. 

Accessibility: Both s i t e s  near coast, which can be reached by l a d i n g  barges passing thraugh 
channels between coral reefs. S i t e s  not well connected with i c t e r io r  o r  other points along 
the coast. Tra i l s  a re  discontinuous. 

Topography: S i t e s  on small coastal  plains. S i t e  19a sttitable f o r  one or  possibly two runways 
oriented northwest. Ground gently rol l ing;  crossed by some gul l ies  10 t o  25 f ee t  deep. Ljnd 
slopes gently to  south and southeast a t  grades general& l e s s  than 1.5%. Alti tude between 
20 lnnd 50 feet.  Site, 19b i s  sui table  f o r  runways i n  several directions. Ground gently undul- 
atfng t o  nearly f l a t ;  crossed by a few small gul l ies  5 to 10 fee t  deep. Slope t o  southeast 
l e s s  than 1%. Altitude between 10 and 50 feet ,  

Approaches: Southeast approaches t o  s i t e  19a are clear ;  northwest approach clear  fo r  nearly 
4 miles. Low bidges 150 t o  400 fee t  i n  a l t i t ude  4 t o  l* miles t o  southwest and northeast. 
A t  19b approaches clear t o  east  and southeast. H i l l s  500 to 1,000 f e e t  i n  a l t i t ude  r i s e  about 
P& miles t o  southwest. H i l l s  300 t o  600 fee t  i n  a l t i t ude  l i e  & t o  1 mile northeast and west 
of the s i te .  Frm north enrl of s i t e  a aarrrow approach zone is c lear  for a l i t t l e  over 55 miles 
up the  Calausita River. 

Clearing, and Grubbing: Dense t ropica l  r a in  forest  with undergrowth covers both sites.  Some 
t r ees  greater than 3 f e e t  i n  diameter; stumps w i l l  require blasting. Thick ground mat of r o e s  
vines, and creepers requires stripping. Topping o r  f e l l i ng  of t a l l e r  t r ees  i n  approach zones 
probably necessary. 

Grading: Minor leveling of low b o l l s  and f i l l i n g  of depressions necessary. Soil ,rotted coral  
rock underlying both s i t e s  mostly workable with bulldozers. Deeper exoavations may require 
power shovel o r  l igh t  blasting, 

Foundation Conditions: Both s i t e s  have similar sandy soi ls ,  mainly A-1, 8-2 and sanr: 8-4 (SC, 
SF, ML) with possibi l i ty  of considerable loca l  d~ifference. On south and southeast s ides  of 

both s i t e s  and on west and east sides of s i t e  lQb, s o i l  tends t o  be s a d i s r .  

Stabi l izat ion and Surfacing: So i l s  compact well and a r e  f a i r l y  readily brought t o  the re- 
quire6 moisture content f o r  optimum compaction; f r iab le ;  p l a s t i c i ty  and st ickiness  law. 
Base course requirements d i f f e r  locally. 

Drainage: Fa i r  natural drainage;unleas surfaced ground w i l l  be muddy during an8 after rains. 
Lateral drains may improve runoff. Diversion ditches may be necessary where gu l l i e s  have t o  
be f i l led .  

Construction Materials Available: L i t t l e  rock available a t  or near s i te .  Same poorly exposed 
coral limestone may be found along coast or  inland againat h i l l s .  Some gravel deposits may be 
found along steep ravine banks i n  the  hills. Difficult  t o  f ind  and may disin=tegra.tre easi ly  

Prelimincrry t e x t  subrni t t e d  
without checking o r  ed i t ing .  
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SITE 20 

I R a t i n g :  Pair. I 
Accer,i.ibility: Coast at s i t e  i s  d i r e c t l y  access ible  to landing 
barges. S i t e  i s  reached by narrow auto road which extends from 
%toe &goes point  ha Lake Leoena.  Tsrnata i s  l a r a e s t  cen te r  la f  t !rdd$ 
i n  islanOs; has p i e r  f a c i l i t i e s  f o r  c temers ,  

To~ography: Narrow coas ta l  lowlaad at foo t  of gvolcano; a l t i t u d e  
between 20 rmd 60 f e e t .  Space f o r  single land;estrip oriented north- 
south. Gro-znd i s  neaPly f l a t ;  ravine 20 to 30 f e e t  deep near south 
end; a f e ~  small g u l l i e s  5 to 1 5  f e e t  deep i n  northern par t ,  

I Appro ache s ;- Approaches c lea r .  I 
Clearing Grubbing: Clearing r e l a t i ve ly  easy; mostly second- 
growth jungle, nat ive  clearingqand stands of coconuts that  can 
be rapidly  kkandled by b-d.ldoeers. 

Gradiog: Some level ing may be necessary along west s ide  of s i t e ,  
where s t r i p  borders lower slopes of muntain .  Large gully cross-  
ing s i t e  ness S.end would require f i l l i n g ,  So i l  readily worked 
by b u l % d o ~ e r s  and scrapers. 

i?oundstior:-, ,oaAi t ions:  S i t e  on we1 I---trained f r i a b l e  c lay  loam to 
loam of  r m q  A-4 (MI,) ; r e l a t i v e l y  mi form i n  texture ,  but sandier ,  
g m q  A-2 E SF), along eas te rn  side. 

Stabi3rratf  r,n and Surfacing: Bf ter  compaction t h i s  s o i l  makes gooa 
fomdat ions  :having good i n t e rna l  draf aage. Base course requirernento 
osobably Itgat. Binder i s  f r i a b l e  clay, and not  very st icky except 
*hen extremaly wet. 

Drainage. Natural1 y well drained but muddy during and a f t e r  r a in ,  
Ijiver9icpn 2:- s t reaqs  heading i n  movslrsiiins necesseqr, Large  ~ X Y  
v i l l  pr~beb:L 3 require permeable sock iimins at bottom i f  i t  i c .  f o  
be fi%',ed, 

~ons t ; r+=cc t io~  Materials Available: C b . 9  quali ty tmp  rock avail - 
ab le  fmrn aspos i t s  two miles to nortk on coast .  ;cme %ravel insv 
may he sercened from deptssits i n  slo?es r i s i n g  s r , s - ~ l y  to west :r" 
s i t e ,  o r  f r o 3  d e t r i t u s  along gu l l i e a  ~t edge of y l x n .  Volcazj-, 
:lac% sand avai lable  l o c a l l y  f rorn beahes .  

No perem-,a1 ssurs"8asc w ~ t e r  s l ~ p l g t  d e a u a t e  s; :;Fgtr 

3btainable 3y sinking wells  %s 4- f e e t  deep i r i  7~nconsolida't-d 
o r  p a r t l y  - n ~ c o l i d a t e d  allmiurn, %e l l s  m u s t  be cased: &nuld 3e 
at l e a s t  1GX; f e e t  from shore and a n l r  few f e e t  below water le-ae?., 
ts xnir%.z&ze danger of cor~taunination by s a l t  water" Exist ing ~ 4 . 1 s  
i ax be UP%: .. t: auf :-7:x dry duxz +., the  dry season, 

~*~_,::;nory t e r r  siibmltteci . ,:;; ,: zr,esk;rc L $  editzng 
1 , GF.CICTLC'C: Survey 
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SITE 21 

POSSIBLE AIRFIELD SITES 
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Rating: Fair .  

Accessibil i ty : Coastal beaches a t  si te d i r ec t l y  accessible t o  
landing barges. Good t r a i l s  connect all important points of island.  

Topo<rephy: Narrow s t r i p  of coasta l  lowland a t  the foo t  of the 
volcanoes; space f o r  a north-south runway. Ground nearly flat;  
l oca l ly  s l igh t ly  i r regula r  o r  mdulatfng. Ares crossed by a few 
shallow g l l i e s  10 to 1 5  f e e t  deep. Altitude between 20 and 50 
f ee t .  

Aporoaches: South approach i s  clear.  On north, steep ridges more 
than 300 f e e t  high r i s e  about ha l f  mile from s j t e .  

Clearing and Gruboing: S i t e  c ~ v e r e d  mostly by second growth jungle 
and rmall native clearings;  stands of coconuts along the coast .  
Some patches of ra in  f o rss t  with undergrowth near mountains. 

Grading: L i t t l e  leveling except f i l l i n g  of small gu l l i es  necessary. 
Lomy s o i l  eas i ly  worked by bulldozers and scrapers. Some se lec t  
f i l l  to  r a i s e  subgrade may be reauired f o r  wet spots. 

Foundation conditions: Soil  a f r i a b l e  c lay loam t o  loam of group 
8-4 (ML) showing some l o c ~ l  di f ferences  i n  texture. 

S tab i l i za t ion  and Surfaci nq: After compaction s o i l  makes good 
foundation hcivins good in te rna l  drainage. Base course requirements 
crobably list except l oca l l y  i n  small depressions and draws vhich 
may be scattered over s i t e s .  Binder i s  a f r i a b l e  c lay  md i s  not 
very s t i c e  except r3en extrexely ~ e t  . 
D r a i n ~ e :  Soil natural ly  well drained but unless surfaced w i l l  be- 
cone nuddy during a n d  f o r  a short time a f t e r  rains.  Becomes hard 
when dry. Ground may be wetter  a t  northern end of s i t e  and require 
loca l  lateraJ. ditches. S t r eam crossing s i t e  from h i l l s  to west 
must be diverted. 

Construct5on Yater ia ls  Available: A good grade of t rap rock 
(basal t )  should be available from p3int  to north. Gravel re- 
quiring screenicg ~ r o b a b l y  obtainable from steep banks of ravines 
i n  h i l l s  to  north and west. Small quant i t ies  of gravel may be 
?resent along stream j u s t  north of s i t e .  

Water Smply: Perennial surface water probably not available. 
Adequate s u ~ p l y  can be obtained from wells 20 t o  4Q f e e t  deep i n  
alluvium; these should be a t  l e a s t  1,000 f ee t  from shore snd should 
penetrate not more than few f e e t  below water l eve l ,  to minimize 
danger of salt-water contaminati6n. 

Reliability Rating: C 
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HALMAHERA (MOLUKKAS) POSSIBLE AIRFIELD SITES 

I SITE 22 I 
I Rating: Good I 

Accessibil i ty:  Readily eccaesible by t r a i l  from S l d ~ n g o l l  
where b ~ r a e s  can lend a t  mouth of' r iver.  River may have t o  
be bridged a s  road is constructed t o  site* 

Tobography: 3~11 terraced c o ~ s t ~ l  lowland bordered by man- 
grove swamps end coral  reefs .  S i t e  is o& brosd low te r race  
and hss epace f o r  s ingle  landing s t r i p  oriented eaet  t o  
northeast. Ground is gently ro l l i ng  ; cut by several  small 
gu l l i es  5 t o  20 f ee t  deep. Land slopes generally t o  west and 
south a t  a grade l e s s  than 1.!5$. Alti tude between 75 and 100 
feet .  

Approaches: Clear approach a t  west end of s i t e ;  hills and 
ridges 300 t o  500 f ee t  i n  a l t i t u d e  t o  $ mile from the east 
end and a r e  possible f ly ing hazards. 

Cleariqgq: Open grass land with -patches of t r e e s  
and brush. Small coconut plantations and a r m s  of second growth. 
S i t e  largely  already cleared f o r  possible use as landing f ie ld .  

Gmding: Considerable leveling of i r regula r  low t opogmphy 
necessary if f i e l d  is not a l r w d p  established. Excamtion of 
so f t  bedrock, i f  required, c8n be handled by bulldozers and 
scrapers. 

Foundation Conditions: So i l s  a re  developed on r e l a t i ve ly  thir! 
alluvium; a r e  probably of intermediate texture,  group A-4  
(ML). Binder c lay is f r ieble .  

S t ~ b j l i z a t i o n  and Surfacing: S t ~ b i l f z a t l o n  should not be 
d i f f i c u l t  a s  ao i l s  are veil drained end hpve good permeabi?ity. 
Light base couree reouirements may be anticipated. S o i l  
s t i cky  when very wet, but d r i e s  f a i r l y  r a ~ i d l y .  

Drainage: S i t e  neturel ly  well drained; few improvements 
necessesy. If not snrfaced m y  he mudOy during and f o r  a 
short  t i m e  e f t e r  heavy rains. 

Conqtmction blaterials Availeble: Coral limestone along coast 
is good all-purpose materiel.  Volcanic conglomerate i n  t h e  
h i l l s  t o  eas t  i s  source of gmvel; requires screening, m y  
dis integrate  eas i ly  on wear. 

Water Supplies: Adequate perennial supply avai lable  from 
Sidangoli River about 1000 f ee t  from s i t e ;  s i l t y  a t  high-water - 

s tage and requires f i l t r a t i o n  end chlorination t o  be potable. 
Intake should be located above s a l t - m t e r  l imit .  Ahundsnt 
potable supplies available from wells sunk 100 t o  150 feet 
a t  s i t e .  

Reliability Rating: C 

Preliminary text submitted 
witbout checking or editing. 
U. S. Geological Survey 
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HALMAHERA (MOLUKKAS) POSSIBLE AIRFIELD SITES 
s 

Sheet XVI-101 

I Rating: Fair. 

SITE 23 

Accessibil i ty:  On coast accessible t o  landing barges by 
way of c h ~ n m l s  through the  coral  reefs. Boeli-Serani is 
important native vi l laee.  Connect ions across peninsula by 
foot t r a i l  t o  north. Jananese f i e l d  reported near Boeli 
but elract location and nature e r e  unknown. 

Topography: Coastal lowland borriered by steep mountains. 
S i t e  i s  roughly para l le l  t o  coast; space f o r  single runmy 
oriented northeast. Ground nearly f l a t  or  gently ro l l ing ;  
a few shallow gul l ies  5 t o  10 fee t  deep. Slope l e s s  than 
1%. Alti tude l e s s  than 30 feet .  

Avpro~ches: C l e ~ r  approeches f o r  about 1.8 miles t o  north- 
west where ridges about 600 f ee t  high r i s e  above the plain. 
Anproaches t o  south c l ea r  fo r  about 3 miles where h i l l s  600 
t o  700 f e e t  high r i s e  along the coast. About 2 miles west 
of s i t e  mount~ins r i s e  t o  700 f ee t ,  .. 
Clearing and Grubbing: Dense r a in  forest  covers inland Part 
of s i t e .  Clearing d i f f i c u l t  because of scattered large t rees  
over 3 f e e t  i n  diameter and dense tangle of roots,  vine?, 
and creepers which mesh t r e e  tops together and a l so  form a 
dense ground mat. Large stumps w i l l  need blasting, Along 
coast and near settlements stands of coconuts and small areas 
of second-growth jungle and alang-alang grass make eas i e r  
clearing. 

Grading: General levellng of ro l l ing  sur face , f i l l ing  of gu l l ies  
and minor depressions necessary. Clay s o i l  eas i ly  handled 
by bulldozers and scrapers when dry, but working d i f f i c u l t  
during and af'ter heavy rains. 

Foundation Conditions: Soi l  sandy, of group A-2 (SF), along 
sontheftst s i de  neer shore: arobablp much higher i n  f ines ,  
including groups A-6, A-7 .(CL), in- northwest mr t  where . 

drainage ~tla y be poor. 

S t ab i l imt ion  and SurPAcing: Yell-insulated aurfnce course 
may be especially needed i n  northwest pert  of s i t e ,  Low f i l l  
may be necessary. Amy from cosst s o i l  may be n l ~ o t i c  and 
s t icky,  and m y  heve low befiring mt io .  

Drainage: Soil not natural ly  well drained; map be loca l  wet 
spots i n  northern part. Conditions can be improved by 
l a t e r a l  drains and i f  necessary by raleing the subgrade in  
the low places. S i t e  becomes mddy during ra ins ,  d r ies  
slonrly. 

Construction l h t e r i a l s  Awilmble: 4 dark t rap  rock of f a i r  
am.lity i s  abundant i n  h i l l s  northwest of Boeli-Serani and on 
peninsula t o  south. Is f a i r l y  well exposed: quarrying re- 
ouires d r i l l i n g  and blasting. Small deposits of gravel may 
be available along loca l  g t re~ms a t  foot of mountains. 
Sand obtainable from beaches along coast. 

SITES 24 a and b 

Rating: Good. 

Accessibility: Both s i t e s  on coast accessible t o  landing barges. 
Foot t r a i l  from Xaba. across peninsula to  Sepo on Weda Bay. 

Topo&raphy: Coastal lowland. S i t e  has space f o r  single runway 
oriented northwest; s i t e  24b f o r  runways i n  any direction. 
Ground i s  f l a t  o r  gently undulating. Grades l e s s  than 1%. 
Altitude l e s s  than 30 feet .  

Approaches: Clear approaches t o  s i t e  24a from southeEst. Group 
of low h i l l s  200 to 300 f e e t  i n  a l t i t ude  a re  minor hazard at north- 
west end of s i te .  Steep ridge about 1500 f e e t  i n  a l t i t ude  about 
a mile to the southwest. 

Clearing and Grubbing: Dense r a in  fores t  at both s i t e s  generally 
d i f f i c u l t  to clear.  Most open along coast ,  where interspersed wth 
native clearings,  and coconut stands. 

Grading: Only minor level ing required at e i t he r  s i t e .  Loam s o i l  
read i ly  handled by bulldozers and scrapers. Some coral  rock excav- 
a t i on  on h i l l  north of s i t e  24a necessary to c l e a r  approaches i n  
t h a t  direction.  

Foundation Conditions: Soil generally medium-textured, of group, 
8-4 (ML), i n  southwest p a r t s  of thes? s i t e s ,  but much sandier along 
shore. On northwest and southeast sides of s i t e  24b, along 
Kimalaha and Sangadji Rivers, there may be coarser sandy sediments. 

Stabi l izet ion and Surfacing: Soil w i l l  s t ab i l i ze  well provided 
optimum noi s ture  conditions and adequate drainage, Coastal s t r i p s  
may supply suff ic ient ly  clean sand f o r  bitunen-mix surface course. 

Drafnamt Soil f a i r l y  well drained naturally. Lateral  drains w i l l  
i q r o v e  surface runoff. Ground probably muddy during and a f t e r  
heavy rains. 

Construction Material Available: Coral limestone may occur i n  h i l l  
north of s i t e  24a along coast. If so t h i s  i s  best  source of all- 
purpose material; can be worked i n  small quant i t ies  by M. A 
f a i r  to poor grade of t rap rock occurs i n  mountains t o  west, but 
i s  probably poorly exposed on lower slopes. Some gravel may be 
obtainable froq loca l  streams. . Sand available along beaches. 

WTater S m l i  es : Perennial auppl leer available from Sangadj i and 
possibly from Kimalaha River. Intake should be above sal t-water 
limit. T i l l  require treatment to be potable. Te l l s  sunk 20 to 
!X f e e t  i n  alluvium a t  s i t e s  should supply adequate potable supply; 
wells shou3.d be a t  l e a s t  1000 fee t  from the coast  and should 
penetrate only a few f e e t  below water l eve l  to minimize danger of 
s a l t  -water contamination. 

Water Supplies: Perennial supply available from r ive r  3 
miles northeast of Boeli-Serani, Intake should be above 
salt-water l i m i t .  Other streams may not provide adeauate 
perennial supplies. Wells Bunk 20 t o  50 f ee t  a t  the d i t e  
w i l l  provide adequate suppltes from the alluvium. Should 
be a t  l e a s t  1000 f e e t  from the coast and should penetrate 
only d few f e e t  below m t e r  leve l  t o  minimize danger of 
contamination by s a l t  water, 

Reliability Rating: C 

Preliminary text submitted 
without checking or editing. 
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HALMAHERA (MOLUKKAS) POSSIBLE AIRFIELD SITES 

SITE 25 

P -? 

Sheet WII-99 
SITES 26 a and b 

&ti%: F a i r .  -- 
Access ib i l i t y :  Barges can land at Pajahi-Islam though there  
a r e  some r e e f s  a long the  shore. S i t e  i s  not more than  4 mile 
from t h i s  v i l l ege .  Road could r e a d i l y  be constructed,  but  

Bzting: Excel lent .  P q a h i  River would have t o  be  bridged. 

cess ib  il i ty: S i  t e  acces s ib1  e by trail from &elmo where Topography: Broad, open v a l l e y  bordered by s t e e p  morn- 
t he re  is a goad b e s h .  Trails along c o a s t  to nor th ,  b u t  t a i n  s lopes  300 t o  500 m. i n  a l t i t u d e .  
no concect ion to south o r  t o  i n t e r i o r .  Roads would have S i t e  26a s u i t a b l e  f o r  one o r  more p a r a l l e l  
to  be  c r r c s t r ~ ~ c t e d .  o r i en ted  nor2h-south. Ground g e n t l y  r o l l i n g ;  s l o ~ e a  

t o  8011th and southwest at l e s s  than  4% grade. A l t i t u d e  
To~o .~ raph . :  Small coGstal lowlnnd; space f o r  s i n g l e  rlmwaa between 50 and 100 f t .  

o r i en ted  n o r t h  northwest. Ground f l a t  t o  gent ly  r o l l i n g ;  S i t e  26b on c o a s t a l  p l a i n  sou th  of P a j a h i  River is 
furrowed by  a f e w  g u l l i e s  10 t o  20 f e e t  deep. Slopes a r e  s u i t a b l e  f o r  landing  s t r i p  o r i en ted  nor theas t*  @ r o u d  
l e s s  than 1% toward the  sea. A l t i t ude  between 30 and 30 is  u d u l a t i n g  and furrowed by a few shallow ravines .  
feet .  'and s lopes  northwest and west toward Pa jah i  River and 

the  sea; gradient  l e s s  than  3%. Al t i tude  between 50 
An7 rcaches: 9 p m a c h e s  c l e a r .  H i &  s t eep  r idges  r i s e  600 and 100 f t. 

t o  1m f e e t  & to  5 miles  from e a s t  s i z e  of s i t e .  
gpproachea: S i t e  26a has c l e a r  approaches t o  no r th  and 

ClearinB and G m b b i ~ :  Mostly second growth jungle =st; c l e a r  f o r  about  2 m i .  t o  sou th  (See shee t  X VIII- 
and coconllt p l a n t a t i o n s  tha t  are r e a d i l y  cleared.  99). Steep h i l l s  about  1200 ft.  i n  a l t i t u d e  r i s e  sharply 
L i t t l e  o r  n3 dense jungle, a mile  t o  1.25 m i .  e a s t  of s i t e .  P a j a h i  River at south  

end i s  minor hazard. 
Gradinn: Only grading o f  g e n t l y  undu la t i ng  gmmd S i t e  261, has  c l e a r  approach on the  southwest; c l e a r  t o  

surface necessary a t  no r theas t  end. No rock exca- the north. Steep h i l l s  about 1200 f t .  h igh  a r e  hazards 
vat ion.  Sandy s o i l  can b e  r e a d i l y  vo&ed by bu l l -  about 1 m i .  t o  nor theas t .  H i l l s  400 t o  1000 f t .  h igh  l i e  
dozers  and scrapers. on e a s t  and south; i n  p l aces  are l e s s  than  m i .  of t h e  

s i t e  ( s e e  shee t  XVIII-99:. 
F o ~ k ~ a t ~ ~ ~  Conditions: Predorninhntly coarse  to  m e d i w  

coa r se  grained S O ~ ~ S  of g m u ~ s  A-2, A-4 (SF, ML), with Clearing and  rubbing: F a i r l y  open jungle brush and b- 
 man^- i o c a l  - ~ a . r i a t i o n s  i n  tex ture .  Ma$ be more *andy boo t h i c k e t s  cover t h e  s i t e ;  i s  p a r t i c u l a r l y  dense along 
in southeas t  nea r  the L a ~ o  River. Pa jah i  River. Some l a r g e  t r e e s  but  much of c l e a r i n g  can 

be handled by bul ldozers i  26b more open than  26a. 
s t a b i l i z a t i o n  and Surfacing: s o i l s  g e n e r a l l y  compact sel l  

and a r e  r e a d i l y  brought t o  des i r ed  moisture content  G r a d i x :  General l e v e l i n g  of low i r r e g u l a r i t i e s  only 
for compaction. Not s t i c k y  u n l e s s  very wet. necessary grading; some swampy s p o t s  and poss ib ly  

shallow g u l l i e s  may need f i l l i n g .  Can be handled by 
DraT~*e: S i t e  n a t u r a l l y  well-drained though the re  m y  b e  bul ldoeera and scrapers .  

some small swampy spo t s  r equ i r ing  fill. 
Foundation condit ions:  Soil on both  s i t e s  very d imi lar ,  

C o r s t m  t i o n  Material  s Available: Some g rave l  and sand A-2, A-4 (W,ML) ,  probably sand ie r  along Pa jah i  Biver. 
e.veilable a l o e  Lam0 X v e r ;  r equ i re s  screening. Depo si ts Local d i f f e rences  i n  grcrin s i z e  c o ~ ~ - ~ ~ o n .  Aggregate ab- 

of l o o s e l y  consol ida ted  conglomerate mag be  exposed i n  sent  at s i t e e ;  may be  present  on map area V 
bluiffs above the  Lamo River  to east; if found, c o d d  be d e  near  s i t e  26b. Binder  content  medium t o  low. 

velored f o r  l a r g e r  supp l i e s  of gravel  and sand. 
S t a b i l i z a t i o n  and sur fac inq:  So i l8  are Sui tab le  f o r  

Rater  S u n ~ l i e s :  Lano River  w i l l  f u r n i s h  -perenr.ial compaction. Moisture content  needed t o  briiIg","optirnum 

S~;FP~Y,  but  r equ i re s  c h l o r i n a t i o n  and f i l t r a t i o n  f a r  dens i ty  r ead i ly  cont ro l led .  Bearing r a t i o  fa i r*  W be  

p o t a b i l i  t ~ ;  may a1 so be  very  s i l t y  a f t e r  heavy rains.  good. S o i l s  not s t i c k y  and e a s i l y  mainpulated wi th  

Large potable  *round water  supply obta inable  from well s machinery. 
t o  a depth  02 30 to 50 f e e t  at o r  n e a r  s i te ,  

Drainage: Both s i t e s  f o r  most p a r t  f a i r l y  well  drained. 
?aw s p o t s  occurr ing l o c a l l y  can be f i l l e d .  L a t e r a l  
d r a i n s  probably necessary. 

Construct ion  mate rials a v a i l a b l e  : Sorae gravel  and sand 
a v a i l a b l e  along P a j a h i  River; w i l l  r equ i r e  screeniryg. 
Conglomerate d e p o s i t s  exposed along r av ines  i n  h i l l s  t o  
east can be developed f o r  l a r g e  supp l i e s  of g rave l .  

Water s u ~ p l i e s :  P a j a h i  r i v e r  may y i e l d  adequate perennial  
Reliability Rating: C Supply. Water f o r  potable  supply must be f i l t e r e d  and 

chlor ina ted .  B e t t e r  source i s  w e l l s  30 t o  50 f t .  deep, i n  
unconsolidated al luvium underlying s i t e .  

.A 
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Sheet XVII-100 
SITES 27 a and b 

Ratiq: 27 a - fair; 27 b - good. 

Accessibility: S i tes  are two and s ix  miles inland from coast,  
which i s  accessible to landing barges a t  Lel i lef .  Toot t r a i l s  lead 
to both s i t e s  and cross mountains t o  north to %or on Kaoe Bay. 
No continuous t r a i l  along shore of Veda Bay. 

a)o~onraphy: Broad,flat to ro l l ing  valley of the Kobe River and i t s  
t r ibutar ies;al t i tude 100 t o  149 feet.  Margins a re  terraced; valley 
i s  bordered by high ranges. S i te  27a i s  suitable f o r  one or more 
landing s t r ip s  oriented north to  northeast. Ground f l a t  o r  gently 
undulating; probrbly crossed by a few small shallow gullies.  Slopes 
from center l i ne  towards the borderin: Djira and Wewaleswe r ive r s  
a re ,  fo r  most par t ,  l e s s  than 1.5%. 

Si te  27b i s  suitable f o r  single mway w i t h  north-south orient- 
ation. Rolling slope to south and west 1s o r  less .  Altitude l e s s  
than 100 feet .  

Amroaches: S i te  27a has c lear  approaches fo r  more than 3 miles 
to south and west; eteep mountains reach 800 to 1100 fee t  a l t i t ude  
within 2 to & miles distance from the east  side. L o w  h i l l s  and 
terrace 150 to 300 f e e t  i n  a l t i t ude  at the north end of s i t e  may 
be f lying hazards. Bordering r ivers  are possible hazards. 

S i t e  27b has clear  approaches to north and south; high ridges 
I* o r  mile from s i t e  on west and east  are loca l  hazards. 

Clear iw and Grubbing: Dense tro-pical rain forest ;  possibly swamp 
forest  along Kobe river;  larger  t rees  three o r  more fee t  i n  diameter. 
Stumps not deeply se t ,  but some w i l l  require blasting. Dense mat 
of roots and vines at ground surface requires stripping. Densest 
brush along streams. 

grad in^: Some general leveling a t  norm end of s i t e  27a and along 
east  side of s i t e  27b probably necessary. Small  gu l l ies  need f i l l i n g .  
100 rock excavation. Soil worked with d i f f icu l ty  by bulldozers and 
scrapers. 

Foundation Conditions: Fine-textured so i l  of groups A-6, A-7 (CL, CH) 
showing some local  differences due to a l luvia l  origin. Binder abundant 
and plastic.  

Stabi l ieat ion and S u r f a c i ~ :  If these p las t ic  s o i l s  are used f o r  
f i l l s  special care i s  required i n  compaction. Good, well insulated 
base course material i s  part icular ly desirable owing t o  probabili ty 
of wet subgrade and sluggish water movement a f t e r  rain. Sai le  probably 
s ticlcy. 

Drainage: Groumd wet and probably poorly drained. Lateral lead-off 
ditches may improve drainage. Raised subgrades may be local ly  
necessary. Surf ace run-off slow; ground becomes d d g  and d r i e s  
slowly. Conditions be t te r  at s i t e  27b than a t  s i t e  27a; s i t e  i s  
be t t e r  drained naturally: i e  h i a e r  above the river. 

Fonstruction Materials Available: L i t t l e  rock available near e i ther  
s i t e .  Coral limestone may occur on flat-topped ridge north of 
s i t e  27a and along the coast east  of the p la in  of the &be River. 
A poor grade of t rap may occur i n  the ridge eas t  of s i t e  27b. Gravel 
should be p lent i fu l  from r iver  beds near s i t e  27a, l e s s  so at e i  t e  27b. 
Coral sand available from beaches along the coast. 

Water S w ~ l y r  Large perennial supplies available from Djira River 
and Kobe Rivers; f o r  potabi l i ty  water must be f i l t e r e d  and chlorinated. 
Wells 20 to 50 f ee t  deep i n  unconsolidated alluvium w i l l  y ie ld large 
potable supply. 

R e l i a b i l i t y  Rating: c 

J 
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Sheet XVII-IPS 

XVI I X* -82 

SITE 28 

Accessibility: Directly accessible by landing barge from eas t ;  
extensive coral  reefs  off  Inggelang Paint to north. Area i solated,  
very ,sparsely inhabited, and has  few t r a i l s .  

Tmogra~by: Small coasta l  lowland on the northeast t i p  of south- 
eas t  peninsula. S i te  28, near the eas t  par t  of the lowland, has  
space f o r  single north-oriented land: ng s t r ip .  Ground i s  somewhat 
i r regular  and rocky but grades a r e  l e s s  than 1* percent. A fewb 
small gu l l i e s  5 to 10 f e e t  deep c u t  across thm s i t e ;  deepest ~rcgably 
at north end of s i t e .  Altitudes between 20 and 80 f e e t .  

a r e  minor hazard; low h i l l s  50 to 500 f e e t  high a r e  located a few 
hundred f e e t  to mile from west margin. 

Clearing and Grubbing: Fa i r ly  open r a i # o r e s t  over most of s i t e  
with some areas of brush. Some t r ee s  over 3 f e e t  i n  diameter at 
base. Stumps w i l l  require blas t ing but a re  probably not deeply 
se t .  Dense ground-mat of roots,  vines, and creepers w i l l  require 
str ipping; more open coconut palm stands along coast  t o  northeast. 
Rocky limestone area along southeast border of s i t e .  

Grading,: Some level ing of ro l l ing  ground at southern end necessary. 
Soi l  generally t h in  and underlain by rotted coral  rock. Shallow 
excavation can be handled by bulldozere a& scrapers. Deeper ex- 
cavations can be handled by handtools with a id  of l i g h t  blasting.  

Foundation Conditions: Coarse to medium textured so i l  of groups A-2, 
A-1 , some A 4  (SF, SC , ML) . Fineness and depth of so i l  may show 
much loca l  variation. Medium amunt of binder. 

S tab i l iza t ion  and Surfacing,: Soil  compacts readily t o  optimum 
density under controlled moisture conditions; r e l a t i ve ly  f r i a b l e  
and not st icky unless very wet. Sand fo r  surface course of bitumen 
sand mix obtainable on NE side. 

Drainwe: Soil  natural ly  well drained but muddy during and a f t e r  
heavy rains.  Streams from mountains which cross s i t e  w i l l  require 
diversion. 

Construction Materials Available: Coral lime stone abundantly avail- 
able at o r  near s i t e .  Is sui table  f a r  crushed aggregate, rock 
masonry, r iprap or rock f i l l ;  can be worked i n  small quanti t ies 
by hrtndtools, but requires d r i l l i n g  and blast ing f o r  extensive 

Water S u ~ ~ l y :  Adequate supplies obtainable from wells 30 t o  80 
f e e t  deep, i n  par t ly  consolidated gravel and coral  limestone; 
should be at l ea s t  1000 f e e t  from shore and should penetrate not 
more than a few fee t  below water leml., to minimize danger of 
sal  t-water contamination. Adequate surface water s q p l l e s  not 
available . 

Reliability Rating: c 
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HALMAHERA (MOLUK KAS) POSSIBLE AIRFIELD SITES 
Blad 49 en 56 .(AIg.N9 XVII - 103 en XVIII - 103.) RES. AMBON. Afd. Ternate. Opgenomen door den Topografischen dienst in 1924. 

I Smd urd ea&lt rud with -re a- I+.. .for drpth ef fiupl feet. Yodarrtaly well dr'ais.6. 

Ib S i l t7  *od c1W.t rpnd and poorly graded r m d - c 4 ~ c i r ~ ~ o m  i a  upper 2 to 4 feet .  swr, s t r a t i f i -  
cation With depth. Modar@toly r o l l  drained. 

f t  fnoruanic c l y r  of d i m  to hlgb p l u t i c i t f .  Some interbedded m d  rab ~;1'wol with finer a t  dogth. 

I 1  mt Inoreaaie c1.r .ad c l y q  rrad of l o r  p l a r t i c i t t  vwrirblg 5 to 10 fwt deep ozee~pt an steep 
rlopar urd on ncon t  lwr f l w r .  We11 drained. ma Vo~craie uh, cOagl~~(rra te  rad pumice intorbaddd with good quality trap l a v u .  Outcrops 
.bundmtQ, p a r t i e u l n l r  &t highw Pt i tudar .  

I11 @&r Inorgmia c l y  rrd c 4 e y  u a d  of la plar t ie l ty ,  goanallj greater then 10 i t .  &asp. Well 
-drain&. m: Volc~nic u h  .nd com,slcNrate with f c f r  qu8litf tr.p lam. L r a t  axpord axeopt . I o q  
r t r amr  urd on TOrf  . t e e  r1op.r. 

ft e f a b l *  in0-i~ a l ~  md c l 4 * 7  wb, p n s r r l 1 7  10 t o  a0 it. or  .on dwp. We11 drainad. 
M I l V  kind8 of trip rock. mortlt poor qullitr. mnd vnl t  on at- rlopar at hi-r P t i t u d r  
and in  a# c l i f f  I. 

? mi w, 80m W@+el with fine8 d uab Of 1W p l u t i c i w :  8 t o  10 f t .  W HOrQ deep. 
Locally stow. We11 drrrin.6. 

RS: Loowel7 conroli&tod eon~lomerato aui ruldrtow. m~a wwtu . l o w  s t 4  rarinar 4 i a  roa 
c l i f f  8. 

t1 -1 5.ad With f iner ,  p o o r 4  t o  -11 @dad o a b - c W  mixtwam of vuiub lo  dopthr; raillow on slim- 
rtona. t r iable ;  well &aimd. m: Cord limeaton@ 1 v r r  intarboddad with l o o n u  consolidated coaglomorato, wandatone and 
*&la. Limartono upornod u l d g a r  08 terrace  face^. 

VII -. SIod rad r o r  gravel with finor @.diw at 1 t o  1.) faa t  into c ly .7  w i d  of low pla r t i c i t t .  
Well &raid.  gh*llw. 

mr Hud rursiva liaowtopl. (.norally now o t  a t  tho marface. Wide* axporod i n  c l i f f s  utd lodger. 

1111 =I Poor17 g r a e d  r m d - c 4 j  l ix turar  gruiiry a t  6 t o  10 inches into und7 c k f  of low p l a r t i c i t ~ .  
Vary friablo. Wla oxcopt i n  dupreraioam. -11 drrinnd. 

mt In Sibola Mountainr hub =.nit* mchirt, wide- axpoaed. In notthoawt Batjur d-4 wathorod 
&rraite uporod 0114 d o r y  r t r w r .  Heavy l i n e r  and roman numeral8 

refer t o  a rea#  containing type# 
of ground described i n  t a b l e  at 
bottom of map. 

Poeeible a i r f i e l d  8ite 

H A L M A H E R A  

zeE. a. rilend. b. U p p e n  b# &zagwater zkhtbaur, C. kl&pen alt#d bown water, 

d. laagwatvr(in. At& bogtan a## uitgedrukt in meters. Dc gewonr hooztrigmn 

habben n u  ondrriing hoogtmmchII van 50 M; dc d u e  van 500 M. c. h0Ogttp~nt en 

haogtrryy~r, f. hulphaogteitn, g.  mtr. 

BLADINDEELINQ. 

- Trail - Road Maba met Gebe. 

Vhh& opgenomcn in, k t  jaw 19% met gebrvilunnkLyl unn enkele punten van I rcrkolv~ 
No. 390 corcl(ogu 1923. De h t l v n e n  zgn ing~part t n a u k n  dr nauolgende punten: Tg. Rundi 
(bM XVII-102 en XVIII-102)- Tg.  Ngolopopo; Tg. Ngolopopo - Tg. Rocfdcb (bM XVII- 102 
en XVIII-102); wit- m weatpunt uan P. Momr m het noord. en uridpunt van P. Sajafi. 
Vwr & Zipging van P. Locuto w r d  het zrridelik punt wn k t  eiland wn dc mekaart ouu- 

g e n o q n  Mdnhtratiem indccting uolgmr G. 8. m 25 Jan 1924 No. 21 Stbl. No .  29. 

V E R K O R T I N Q E N .  

BK. B& (bvg). P. P o c k  Tg. Tandjocq. A. A&. H.0, Huurcontract. (Y]. Vererldrn 

L 

~eprodnet~ebedr~f Topognllrche d~snst, weltevreden 1W6. 
Auteursrecht voorbehoudcn (Slbl. l0l2 No. 800). 

Schaal 1 : 100 000. 
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POSSIBLE AIRFIELD SITES HALMAHERA (MOLUK KAS) 
XVlll  - 97/98 BIad 50. en 51. RES. AMBON. Afd. T'ernate. Opgenomen door den Topograftrchen dlenst in 1922. 

Blrd U. 

Za 1l a d  O.WW .II with a r e  rn I n n  f l u 8  for ampa of r*. f a t .  Uod.ntely wall hi-. 

xb SLtZ .IrQ J*m P ~ V  w e d  u - c t r g  i u  opp.r a to I feet. soma strat i f i -  
amtion dth  deptb. Uodorhtmb wall dmnrd. 

11 wl Inorgatsic c1.r a d  c l w  mud of low plamttcity variabl~ 6 t o  10 f mot d6.p except on m t m p  
r f ~ p e r  wid oa recent Irr. f l a r *  Hi1 dnirrd. 

-1 rblcrnic ashr c o 8 c l a u r t r  .ad p~airn.interb.bdr0 with good quality tr.p l avu .  Optcm8 
M i o u 2 u l y  at higher PUtudes. 

f I f  @&t If iQrmia 6-y .ud fl 1- p lu t i c i t y ,  #earrally peat-  tba lO lt. d m .  kill 
drrinmd. 

ESE: Q@l~.nic .04  ate *ith fur  quality trsp l.*u. i l m ~  wna mxcrpt .low 
a t n u s  ud on r e m  stwp r1op.r. 

N SQZb 5 ~ r p . i a  el- 1 51-v W, nmrdly lo to a f t .  w mom a y .  nl brained. . lPPtr W w  ua* tr.r -k. a 0 1 4  poor wit.. Ppvl o w  on m t r p  a-8 at MIL.  d t : t dm 
& 18 8- ufffm. 

t mr O.ad. wr p e t e l  with Illre8 ud c l w  wrb of low prut ia i ty :  b to 10 i t .  or more deep. 
kmlk .tory. wen dni l td.  

mr tooreir ctmuo1id~t.d cimcloaaratm md a t O D . .  -I& mostw .10* mtup ratlaem .Qd fa  s n  
dl t f f r*  

BeE/t Wal l iuatba* ly.ra iatarbdurb with 1-4 oaaro21b.ted caaglawrrte, 8aabrtonm md 
.&lr. Wnt tmr .  expor.8 u 1-8 arr twr.oe T1~e8. 

VIZ S!&: Sand u i 4  row #rml with fimo m d i 4  et 1 t o  feet  into a l y p  uad  of lor plr8Eieiv. 
Well bawd. ? 5 b m l S a .  

=t Hud urnrive limemtona pmral4 bear a t  a t  the mxrf~e. WideLt *xpoub l a  e l i f fa  mb Xa@es. 

1111 Poorly g?drb mad-clap mixtures Hly a t  6 t o  10 inchar into uadf c l y  oi Luw plasticlw. 
t.rt frlmbla, W o w  rraspt i n  6mpmsrnionr. wall drrlmd. 

BPgt la a n e l a  moontai~a bud granite rc$trt, widely qmro4. In aartlrrmmt B8t ju1  d . . p t  r*rtfmred 
g?auite axpond oat dory  mtraum. 

Heavy lines and roman numeral8 
refer t o  areas containing typea 
of ground described i n  table at 
bat tom of map. 

\CL31 Possible airfield .it. 

Swamp - Trail - Road 

Schaal 1 : 1 00 000. 
0 I 2 8 4 I 6 7 8 9 10 c.M. 

0 I 2 3 4 5 6 7 8 9 10 K.M. 
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HALMAHERA (MOLUK KAS) POSSIBLE AIRFIELD SITES 

Rdliability Rating: C 

a 

93- 
Sheet XVIIIji98 

SITES 29a and 29b 

B a t i q :  29c Fa i r ,  29b W i r  

Accessibility: Both s i t e s  d i r ec t l y  accessible t o  coast ,  
which can be reached by landing barges though shores of both 
bays a r e  probably muddy. h o d  trail connects s i t e s  acroes 
low corridor. 

Topography: S i te  29a, on low coral  ter race ,  bas space f o r  
s ingle  runway oriented north-northeast. Ground e l igh t ly  
i r regu la r  a d  rough; slopes southward at gradient  l e s r  tbpn 
1@. Alt i tude between 75 and 100 fee t .  

Site 29b, on a narrow coas ta l  p la in  on e a s t  r ide  
of the  is land,  has space f o r  a s ingle  north-south landf ag 
s t r i p ,  (Iroard i e  f l a t  o r  gently rol l ing:  Land slopes gently 
eastward at less than 1%. Altitude below 30 f ee t .  

Approaches: Si te  2% has c l ea r  approach f o r  1 t o  1b miles t o  
south where h i l l s  about 500 f e e t  high a r e  possible hazards. 
Low h i l l s  about 150 f e e t  high mile from north end. West 
side bordered by h i l l s  and ridges 150 t o  1,000 f e e t  i n  alti- 
tude, 

Clearing and G~ubbiaq: Dense r a i n  fo res t  over both s i t e s  i r  
d i f f i c u l t  t o  clear. Large t r ee s ,  dense undergrowth of vines, 
creepers and roots, Stumps require blasting. Some second 
growth and -11 native clearingswith stands of coconut l i e  
back of coast at s i t e  29a, 

Gradix:  Leveling of low knol l  probably necessary at s i t e  29a. 
Coral bedrock may require power shovel o r  b l a s t i ng  f o r  excavation 
on pa r t  of s t r i p .  Leveling of minor i r r e g u l a r i t i e s  and f i l l i n g  
of some low damp areas at s i t e  29b. Mud nay l oca l l y  bog down 
equipment during heavy raine. 

Foundation Conditions: Both s i t e s  are probably on coarse t o  
medium textured s o i l s  of groups b2, A-1, saae lC.4 (S,SC,ML). 
Coarser s o i l s  probably prevai l  on s i t e  268 which bas ran@ 
beach on NW side. Fineness and depth of s o i l  show may d i f f e l c  
ences f ma place t o  place on s i te .  

S tab i l i sa t ion  and Surfacinq: Moisture content needed t o  
bring t o  o p t i m  density during cmpect ion f a i r l y  readi ly  con- 
t r o l l e d  owing t o  f r i a b i l i t y  of eoils .  At  Si te  29b s o i l  i s  
r e l a t i ve ly  non-plastic but lnay be muddy because of poor drain- 
age. Base coarse requirements nray be conriderable i n  soma 
place r, 

Drainwe: 29a natural ly  well drained, few improvements need- 
ed. Water table  near surface at 29b atd ground nray loca l ly  
be swampy and require a ra ised subgrade. Lateral  d i t ches  w i l l  
improve surface runoff which would otherwise be poor, 

Const nsction Materials Available : Coral 1irPestone abundantly 
avai lable  at o r  near s i t e  29a. Requires d r i l l i n g  and b las t ing  
f o r  excavation. Probably no rock at o r  near 29b. Some t r a p  
rock o r  volcani c conglorse r a t e  be exposed i n  mountains, but 
would probably not be well exposed. Sand avai lable  at Si te  29a. 

Water Supply: No adequate surface-water supplies. &equate 
sugplies obtainable f romwel l s  3O t o  50 f e e t  deep, which probab- 
l y  muet be d r i l l e d  o r  dug i n  pa r t l y  consolidated gravel and 
coral  limestone; should be at l e a s t  1,000 Peet from shore and 
should penetrate not more than a few f e e t  below water level ,  t o  
minimire danger of aalt-water contamination. 

Preliminary text. submitted 
without checking o r  editing; 
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HALMAHERA (MOLUKKAS) POSSIBLE AIRFIELD SITES 
RES. AMBON. Afd. Tkmate. 

L 

Oppnomen door den Topografischen dienst in UP2-10P Blad 52. (Ale NQ XVIII - 99.) 

C H E  

.rbm Ed w u k n  IW In- 

Heavy l i n e s  and roman numeralr 
refer t o  areas containing types 
of ground described i n  t a b l e  at 
bottom of map. 

w Posaible  a i r f i e l d  sits 

'-1 Exist ing a i r f i e l d  

L E O E N D A  

Schaal 1 : 100 000. 
BLADINDEELRTQ. 

O W '  N.B. 

0.0' 

gg* 2.6. 

smo' 0. L. r. 
X.= KO#& (R1rl1) I K .  = 60ekW (Buw.) TI. = T&oey (KUdpJ. Tk. = relark /bad) .  
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' A U J I W I e w  1 n d n l I w  w l m  O B. van 15 Jan. Is14 No. 11. Stbl. No. 19. 

b Smd and U ~ a 4  dth .or. or lams finem for  depth of rap feet. Hodart.4 -11 drainad. 

Ib   silt^ c l w  Md .Id poorly grdd a&-cly rixturum i n  q p a r  2 to  4 foot. S a n  mtratifi- 
uatlon d t h  depth. Y o d m t o L  wall drainad. 

-1 w. 0 0 1  m~1.1  with ff-0 d el.).. .II 8f 108 p l Y t i C i ( J ;  8 to  10 f t .  or .on d-p. 
Local4  atow. 8.11 d r d e d .  

B E K r  LoowW coam0liht.d caulonrate d mudmtoso. 1Lposd m n t t  doly at- rninom .sd in -- 
Cliff m. 

I t  1m.oric clwm M madim t o  hi& p l u t i c i t 7 .  So80 intarbddod amid uu3 m a 1  n t h  fl.n at dopth. ~1 ua nu flu.. poorly t o  -11 uuw U-~4 aetur~ of ~ u i a b l a  a.pth~; .lull- on .li, 
mtono. rriabla;  wll draid. 

I1 I n o ~ c  c 4  and c 4 w  a n d  of la p l u t i c i t q  M a b L  6 to 10 fea t  do* except on steep OorJ l iumtolu 4 o r m  iaterb.ddd with l o o n 4  conoo1id.L~ c o r y l o a ~ ~ a t a ,  w d m t o ~  d 
mlopam ud on recant h a  f lam.  8011 drainad. W e .  Limomtono expomod u ledger oa torr.ao from. - 

B: Volcanic uh, c-laerato a d  p ~ i c e  intoiboddd w i t h  .ood qumliw tmp laru. OPtc-m 
rboad.at4, putimlmrt at higher dtitodom. I ZPHI S a d  oad a n a v e l  with fium mading at 1 t o  14 fea t  into c l g p  I.. of low plasticity.  

Tell  &rid. shullor. 
111 -8 Inorgmlc clay .ab c l q r t  uad  of la p l u t i c i ~ ,  gomrrrll~ p o r k r  tha 10 f t .  d..p. I.11 m: Bud nmairs  limomtoam genordly o w r  ot a t  the &we. Widely oxpornad i n  cllffm and l a e n .  

d r J W .  
mi Volcanic u h  rad colylamrata with f d r  qumlitl tr.p l a v u .  h l y  expoad e x c q ~ t  .low 

mtrerm .ad oa rmry o t n p  m1op.r. 
TI11 lpgi Post graded muu3-c4 mixtwam andiw a t  6 t o  lo i m b o  into WI c l w  of low pbmticity. 

Vew friablm. Shr l lw  except i n  dmpremmionr. Tall drained. =: In Sibola Ywtainm b u d  a r m i t e  rhimt. widely upomd. In northoamt Batfan d - 4  .ntb.rd 
graaite apomrd only dong  mtreum. n -8 *i.aie i n o m i c  c i q  rad CIWW wd. ~ - a l ~  10 t o  zo ~ t .  OF 80- d..p. ~011 & r i n d .  

=I Yulq kindm of t rap rock. moat18 paor qp.litt. mood o w  on m t n p  m 1 q r . m  at N.brr mlt i tuda  
u16 i n  mw cliffo.  



HALMAHERA (MOLUKKAS) POSSIBLE AIRFIELD SITES 
RES. AMBON. Afd. TGrnate. Opgenomen door den 

- 
dienst Blad 53. (Alg Ng XVIII - 100.) 

Z E E  
Heavy l i n e s  and roman numerals 
r e f e r  t o  a rea8  containing types 
of ground described i n  t a b l e  at 
bottom of map. 

'w P o s s i b l e  a i r f i e l d  * i t s  

I Exis t ing  a i r f i e l d  - 

Blad 60. 
Reproductiebedrijf Topograflrchc dienst. Weltarreden W25. 

BUDINDEELINO ADMINISTRATIEVE INDEELINQ. Schaal 1 : 100 000. 

bocpcbouumm. ~ ~ w ~ & m t s ~ g m r a r , . ~ ~ a m i m ~ r m p . r r L y .  +-+-,tuU.ond.pmr. - Road 
u?c,a.uUr 

AUchmr&=W*'ndrJI k M .  D.pronehmftel@enlubbmmaa&&mg~noUl  

V M  *Mi & a s  van 600 M. b. = hgI8purt o b  koogt-, C. = &@-a, 
P, = Mr. (Cilud. ) K. = KO-& rntviw.) 

PREPARED BY U 5 GEOLOGICAL SURVEY 
FOR 

T O E L I C H T  I N G E N  
CHIEF OF ENGINEERS, U. S. ARMY 

Adair i rD I .Un irlnky -8- 0. It. ran ZSJnr. 1914 No. 21. StbL No. 29. 

Ir S.ab ud gravelly d with more or Irma finer for  dmpth of mq foot. Yodaatrly well drained. T mt S a d ,  ior gravel with f iarm d el- W of la p l u t i c f t t :  b to  10 tt. or .or* deop. 
LocrlV .to-. Well drain&. f b   silt^ .nd c1y.f muad and poorly ~ d e d  nand-cly rlxturem l a  upper 2 to 4 feet. Scma mtratifi- 

cation with bpth. Moderately well d d n d .  w: Loorelr c w w l i d a t d  m a g l o u n t o  md mudstone. moaed sortlf Jo* atmop ?Diwtm a d  in  H. 
Cliff 0. 

Ic Inorg8nIc clym of w d i m  to h i e  plamticity. 80.0 interbeddd mad and g r u e l  with finer a t  depth. 11 B t  s8nd with fiams. poorb  t o  *rll grml.6 uad-cly mixture8 af v u b b l e  dnptha; uh.lla on .limo- 
.tone. Iri.bl.8 -11 drained. 
Coral limmtone 1-r intrrb8dd.d with loon* eoniolidatod c a q l a e r r t e ,  m.ndstolu .ad 
W e .  t lnmtom ezpoa.d am 1-m oa t o t n c e  from. 

11 s r  Inorg8nic c l y  u u i  cLyllp m a u l  of low plast ic i ty  variably 5 to 10 feat d e q  except on mtmp 
slopom md oa recent Inr f l a a .  We11 drained. m: Volcanic u h ,  conglomerate and m i c e  interbeddd with 6ood quality trap l a v u .  Outcmpm 
dmdaatly.  p u t i c u l u l y  nt higher altitudes. TlI 8.116 m d  mom gravel with f iner  qd14 at 1 to  14 foot into c l m  uad of low plasticits.  

I.U & a i d .  -la. 
-8 Bus umin limeatom b.nermlt n o u  ot  a t  the d 8 c r .  Widely axpernod i n  c l i f f s  d ldgem. 111 SQJ&: Inorcaaic clw ud cl-9 maad of lw plrmticity. m e r a l l y  p e a t a  tha 10 It. deep. Well 

dr.in.d. 
W: Volcanic uh .ad c-lomarate with fa i r  quality trap lavrm. B.rely expomd excmpt along 

streurn ozbd on very stomp m 1 o p . m .  1111 4Q&; Poarlr gr&d .md-c lu  mixtures grading a t  6 t o  10 inahem into u n d j  clay of law plarticity.  
law frimble. Shallow except l n  d.gisaiions. me11 drainad. 

=I In S i k h  Yountrfnr bud granite schimt. w i d o l ?  n p o m . 6 .  In northomat Batjm d n p t  r u t b o r d  
p a s i t e  upomad only dw mtrmm. IT B t  Triable inorganic c l p  md c l y q  uad. ganerdly 10 to 20 f t .  or s o n  deep. W e l l  drained. mr Maw klrtdm of trap rock. wmtlr poor qudity.  Ihpo..d onlr on m t e q  mlopem a t  hiahor altitodem 

and in  m r  cliffm. 



HALMAHERA (MOLUKKAS) POSSIBLE AIRFIELD SITES 

I SHEET NO. XVIII-100 I 
SITPS 33 a, 30b, and 30c 

I Bat iq: 3Oa Good, 30b h o d ,  30c F a i r  

F o d a t i o a  Conditions: Many l oca l  d i f ferences  i n  fineneee of 
g ra in  i n  these s o i l s  which a r e  developed on alluvium, but 
groups 8-2, 8-3,  Bt l  and s o w  k-4 (SF,SW, SC, ML) probahl y pre- 
dominate. Binder content loww 

A c c e s s i b i l i t ~ :  3Oa access ible  t o  landing barges at mouth of 
Tilope River, Reefs would maker landing at 3Ob o r  elsewhere 
along t h i s  sec tor  of coast d i f f i c u l t ,  except at mouth of FoJa 
River. 3Oc accessible by truclr from Tilope o r  mouth of Foja 
River. Trail connections along coast are good t o  south, poor t o  
north. No connections t o  i n t e r i o r ,  

T o p o ~ ~ a ~ l u r :  Broad coasta l  lowland interrupted loca l ly  by 
i so la ted  h i l l s  and ridges. S i tes  a r e  suitable f o r  one o r  possi- 
bly two landing s t r i p s  oriented north-south. around nearly flat 
or  gent ly  undulating; crossed by a few small $u l l i e s  5 t o  10 
f ee t  deep. Gradient generally l e s s  tharn 2%. A t  s i t e e  3Oa and 
3Ob land slopes eastward t o  sea; 3Oc slopes west t o  Wfairora 
River. Alt i tudes of p a  and 30 b between 10 and 70 feet1  b 
probably over 10 f e e t  above seelevel. 

bproaches:  North, south approaches c lear  on r i t e s  30th and jOc. 
Hills 200 meters high a b u t  113 mile west of 3Oa a r e  poseible 
hazard: low ridge 75 t o  125 f e e t  high a few hundred f e e t  west of 
30b. H i l l 8  approximately 300 f e e t  high north and south of s i t e  
30c;  approaches c l ea r  f o r  only about a mile. Low h i l l s  pa r a l l e l  
s i t e  t o  eas t  8 c l ea r  f o r  3 t o  9 miles t o  the  weat . 
Clearing and Grubbiag: Dense r a i n  f o r e s t  over a l l  s i t e s ;  some 
swamp fo r e s t  and bamboo thickets  on west border of 30c. %me 
second growth, cleared land, and coconut p lanta t ions  at north 
end of 308, 

I : Some level ing of r o l l i ng  ground d a c e  probably 
necessary at all s i t e s t  l eae t  at 3Oa. h l l  g u l l i e s  w i  11 need 
f i l l i n g ;  sandy eo i l  e a s i l y  worked by bulldozers and scrapers; 
no rock excavation. 

S t ab i l i s a t  ion and Surfacipq: These eo i l s  campact well and 
moisture needed t o  br ing t o  optimm density i s  read i ly  con- 
t r o l l ed  during conrolidation of subgrade, f i l l s  needed loca l ly  

require special  a t t e n t i o n  t o  construction of adequate base 
course f o r  insu la t ion  of pavement. So i l s  not sticlny, 

D r a i m e :  A l l  a i t e s  natural ly  well-drained but m y  beear~e muddy 
during and a f t e r  heavy rains. La te ra l  drains would improve 
czonditione. Aay small streams crossing s i t e 8  w i l l  require dl- 
version o r  rock drains  at base of f i l l  i n  gull ies Ground d r i e s  
f a i r l y  quickly a f t e r  rains. 

Construction Materials Available: Coral litwtst one readily avail-  
able at o r  m a r  a l l  a i t e s t  i s  good all-purpose rock. Can be 
worked i n  e m d l  quan t i t i es  with haad tools,  &quires d r i l l i n g  
a d  b la s t i ng  f o r  extensive qurarrying and crushing f o r  use as ag- 
gregate. Sand is  obtainable loca l ly  from small beaches along the 
coast. 

Water SUPPIS: Adequate surface water not avai lable  at 3Oa and 
job; aupply avai lable  from Wairoro River at 30c, but may not be 
perennial,  Wells sunk 30 t o  60 f e e t  w i l l  y ie ld  adequate supplies 
at a l l  s i t e e ;  should be at l e a s t  1,000 f e e t  from shore t o  nini-  
mige daxger of salt water contamination. 

I Reliabilitv Rating:  C I 
-- 

Preliminary t e x t  submitted. PREPARED BY U. S. GEOLOGICAL SURVEY 
without checking ,or  edit ing FOR 

U. S. Geological Survey CHIEF OF ENGINEERS, U. S. ARMY 



HALMAHERA (MOLUKKAS) POSSIBLE AIRFIELD SITES 

RES. AMBON. Afd. Tbrnate. 
Opgenomen door den TopogfaHrhen dlenrt In l9!U. Blad 57. 

Blad 50. 

Heavy l i n e s  and roman-numeral8 
re fe r  to areas containing type8 
of ground described i n  t a b l e  at 
bottom of map. 

Poaaible a i r f i e l d  mite 

bi sting krf i e l d  

S C H  

1a S..d .d ~ a ~ e l 4  nad  with more or less f ine r  f o r  depth of feat .  Y o b r r a t e ~  well drairod. 

Ib S i l t y  .ab el- und and poorly q d e d  rud-c l ry  mixturer i n  upper 2 to  4 feet .  Sole r t r a t i f i -  
cation with depth. Moderateu well drainad. 

IC 1aoW.nic c l y r  of d i m  to  high plar t ic i ty .  Some Interbedded w d  mb g r u e l  r i t h  f ine r  a t  depth. 

11 I n o r g ~ i c  c l y  and clsyay #.ad of l o r  p l a r t i c i t y  variably 5 to  10 f r t  deap except On r t m  
mloper u n i  oa recent 1-6 flows. We11 drained. 

B: Volculic u h .  cong lae ra t e  .a4 price interbeddd with good quali ty t rap  l a t a r .  Outcropa 
.buaburtly. par t icular ly  rt hi6hor al t i tudar .  

( I11 m: Inorganic c l g  ud cl-T maad of la p l u t i c i t y .  gone rd ly  greater  t& 10 f t .  d m .  Tel l  
d r  J a e d .  

'I mt tolcanic u h  4 coaglawrr te  v i t h  f a i r  quali ty t rap  la tar .  expoad excopt .low 
r t r e m r  md on +em rt- doper. 

IT m: ?riable iaort.nic c l rq  aad cl-w Iwd. m a s r a l l y  10 t o  20 f t .  o r  mom deep. Tal l  drained. 
mr Yuv k l d r  of t r ap  rock. mortly poor quality. -rod only on rt..p mlopem at hiuhor d t i t u d r  

an6 i n  r r  c l i f f s .  

1 m r  S d ,  r o w  gravel w i t b  f i n e r  .nd c l w  u n d  of la p l a r t i c i ~ ;  8 t o  LO f t .  or more &map. 
Loca l4  @tony. We11 d r r i n d .  

R B :  Loorely cmro1idat.d eowlomorate .nd sandatone. E p o r d  moat4  d o -  rteop t r i a ~ r  d i n  .Y 
C l i f f ~ .  

11 =I S.nb with f ine r ,  poorLy t o  nll q d o d  u n d - c l q  mixtures of v u i u b l e  d q t h r ;  rbulow on -limo- 
rtonr. t r iable :  wall drained. 

m: coral  limeaton8 4 m r r  in terbeddd r i t h  l o o w 4  conro1idrt.d conglfmwate. r.adrtod. m d  
m e .  L ins tone  u p o d  u 1 d g o r  on terrace f r e r .  

tll m: Suul .ad lome gravel with fiamr grading at 1 t o  1+ f e e t  in to  c1.j.f mad of lw plur t ic iW.  
1.11 6Jod. Sh*llo*. m: Hud r r r i v e  limertorm # @ n e r d 4  n e u  ot  at the surfaca. Wide4 expo..d i n  c l t f f a  rad ledger. 

1111 m r  Poorly g r d a d  r m d - c l ~  mixtures -lag a t  6 t o  10 inchor in to  wndy c l r y  of low plr*tiCitZ. 
T e v  fr iable.  Shallow except i n  deprerrionr. we11 drained. mr In s ibe la  Mouotainr hud gran i t e  rchi r t ,  widely exposad. In northmast BatJan d.epl? w0ath.r.d 
grani te  u p o r d  only J o l y  atreoar. 

* 
Schaal 1 : 100 000. 

ipri, lPII0 L... adevk 

Adrrlr*Irr&n WvSIy 0. I. ru ¶d Ju. lW4 N*. 21. SW. No. 19. 

PREPARE0 BY U. S GEOLOGICAL SURVEY 
F O R  

CHIEF OF ENGINEERS, U. S ARMY 



POSSIBLE AIRFIELD SITES HALMAHERA (MOLUKKAS) 
RES. AMBON Afd. TBrnate. Opgenomen door den ~opogmfhehen dienrt III I=- Blad 58. X I  X'S8 

S C H  Heavy l i n e r  and roman numerela 
re fe r  t o  area8 containirg tppar 
of ground described i n  t ab le  at 
bottom of map. 

w P o ~ s i b l e  a i r f i e l d  r i t a  

-1 Pi st ing  a i r f i e l d  

TAWALI -K#TJIL 

BLADINDEELINO. 
L E O E W D A .  

t 
XUCOIW. Eil ~cbon &wood st- *' t Sago*. f f ~ * p p ~ o o m c n .  . s E ~ A  

*".d.: llrnrpruolrl. 4 E ~ b a r ~  Jf J O*& :&.* Ah-. @ & J Mo,m.pd- 

t '  c T.rrc(l DmuahA  Dlrulau&. Mamu. - I b . s  ......... Y e .  
-..be 

a. 
A BWv. a Irulu. b nW -b. 8.D Borrbocg&owon. & Mu& uUu Int.ndrck p m  

-..,..-.. O u k ~ ~ r n ~ .  

Schaal 1 : 100 000. 

- Trail 

Road 

td% a. = d M ,  b.= wpm, c. =bwwid,lr* 

ha#t8n .yn .1t#sdnhI In M. De onduUnlv rJftnnd dr h~~#d#aea W-1 dr h8@ tin 

d w t a l & ~  van & #&MI. I. = ho#iep.rt .a hoo@&pr, 4.= halpboo#N+ f. = mta. 

T O E L I C H T I N O E N .  

AdmIn lc t ra lh  W U Y  rdnu 0 . 8 .  Mn YJM. 1924 No. 21. StbL NO. 10. 

PREPARED BY U. S. GEOLOGICAL SURVEY 
F O R  

CHIEF OF ENGINEERS, U. S. ARMY 
Ia %ad .Id grmlly d with more or 1.88 f i . u  f o r  dspth ai rag foot. Uodwateu nll dratood. V 3Q&r S u d .  r o r  w a r e l  with f l u s  and c l y ~  a u d  of lr plar t ic iO:  8 t o  10 i t .  a .on deep. 

Locillr  r tow. We11 d r d n d .  
BCI: Loolelr com8olibt.d cowlmerate and mudstono. Ep0r.d m r t 4  d o 4  r t n p  rnilus .ad in  u 

c l i f f  8. 
Ib S i l t8  .nd cl.j.1 .nd poorlr @ d a d  a d - c l y  mixturer i n  upper 2 to 4 foot. sow r t r a t i f i -  

cation with depth. Yodoratow wall dr.in.6. 

Ic Imr#anic clays of wdioll to hi& plarticity.  Soma intarbedd.6 w d  and gravel with finam at depth. VI =I wnd with f l u r .  poorlr to  -11 wd.6 u & - c l g  rn1xt.n. of vuibblo d q t h r ;  ~ . l l o w  on .li, 
atone. f i isblo;  wall drairt.6. 

I1 m: Inorgu~ic c l y  .ad c l y q  smd of low p la r t i c i ty  variably 5 to 10 feet  deep arcapt on at- -: Cord li.*.ton* 1W.r. intarbeddod with lo0104 conrolidat.6 c o n g l a r a t o ,  mu~drtono 4 
r1op.o nnd on ncmt h a  flows. To11 drained. a b l e .  Urnortone u p o r d  u lo&er an torraca f r o r .  

Beg: 1olc.nic a8h. comglamrate and m i c a  interbeddod with good qulitr trap laru. Outcrop8 
.bPnd.atU. pu t i a r rw at d t i t ~ d ~ r .  WII B3.U M UKI .on p a n 1  n t h  f i r e  ~ U U W  u 1 to it foot into c i w  .ar of 1- piarticity.  

Well d r a i d .  -1la. 
111 mr Ino-c cl.q ub elg.t wl of la plasticity.  gonorally graatrr  than 10 it. drcrp. We11 m: Hard r r o i r a  l i u r t o a o  r u e r a l l y  m u  ot a t  the ~ U u o .  w i d a t  o ~ p o u d  in  c l i f f s  

1.d.a.. dr  a n d .  
llPEEt VolcraiC urr and -awnto with f d r  wit7 trap latar. Rarely expord oxcapt .low 

r t r o r r  A om very .t..p s1op.r. 
?I11 s: Poorly graded s a n d - c 4  m i m n r  mi= a t  6 t o  10 inchor into m d r  c l u  of lar p l u t l a l t r .  

Varv friabla. Shallow enopt  i n  depnrsionr. mll drainod. m: In Sibala Mountains l u d  m i t e  r h i r t .  wid017 oxpomd. In northumt BatJan d-4 mathorod 
w n i t o  uporod only al- rtrarm. IT ??lablo inorcraic a 4  aad c l p w  und. gnnerally 10 to 20 it. or more dew. Wall drained. 

m r  Yug kinds of t rq  MCL. moat17 poor pPrllty. mor.6 only on stoep mlapor a t  h i g b r  d t l t u d r  
U l d  in  8- cliff#.  



HALMAHERA (MOLUK KAS) POSSIBLE AIRFIELD SITES 

Preliminary text submitted 
without checking or editing. 
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PREPARED BY U. F O R  S. GEOLOGICAL SURVEY 

CHIEF OF ENGINEERS, U. S. ARMY 

Sheet XX-98 

SITE '31 

Rating: Fa i r  

Accessibility: Locally accessible t o  landing barges along 
coast,  though these a r e  extensive r ee f s  off  north and north- 
eas t  end of Laitolong point. Good trail across cen te r  of 
island . 
T o p o ~ r a ~ h s :  Narrow coasta l  plainjspace f o r  s i ag l e  runwey 
oriented northwest. Ground nearly f l a t  o r  gent ly  undulating; 
s l i gh t l y  higher and rougher t o  m a t  near low h i l l s .  Slopes  
t o  south and ea s t  at gradient l e s s  than 1*$. dlt i tude be- 
tween 20 and &O feet .  

b ~ r o a c h e s :  Approaches a r e  clear. Low ridge 150 t o  225 f e e t  
i n  a l t i t u d e  at west margin of s i t e  i s  possible topographic 
hasard. 

Clear iw and Omibbinq: Dense t rop ica l  r a i n  f o r e s t  over most 
of si te. Diff icul t  c lea r ing  because of scat tered la rge  t r e e r  
and dense tangle of roots ,  vines, and creepers. Southern 
half of s i t e  more open with patches of bnzsh, second growth, 
and a few small native clearings. 

&ding8 Some level ing of minor i r r e g u l a r i t i e s  i n  &ace 
neaessary; s o i l  and underlying ro t ted  coral  rock i n  most 
places can be worked by bulldozers and r c r a p r s .  Any extensive 
excavation i n  coral  rock rill require power shovel aided local- 
l y  by l i g h t  blast ing.  

Foundation Conditions: Coarse t o  medium textured s o i l ,  A-2, 
k1, A-4 (SF,SC,U). Poeaible tendency f o r  shallow s t o w  s o i l  
t o  ex i a t  i n  s t r i p s  having IWSE orientation.  Medium mount of 
binder of f a i r  quality. 

S tab i l i za t ion  and Surfaciagt Soil  i n  general not sticky ex- 
cept when very wet; f inea a r e  f r i a b l e  clays. Compacts well 
and does not need th ick  base course, Coarse # o i l ,  auitable f o r  
bitumin mix as surface cowse,  obtainable locally.  

Dra im:  Good natural drainage. Runoff can be improved by 
l a t e r a l  ditches. 

Water Smply: 180 adequate Burface water. well o(pref erably 
large  diemeter dug wells)  22 t o  &O f e e t  deep i n  gravel and 
coral  1 ime stone w i l l  probably provide adequate mppl ies ,  but  
m e t  be at l e a s t  1,000 f e e t  from coast  and penetrate not more 
than a few f e e t  below water l eve l ,  t o  minimize danger of ealt- 
water contmination. Wells should be pumped as l i g h t l y  as 
poeal ble. 

Reliability Hating: C 

- 



HALMAHERA (MOLUK KAS) POSSIBLE AIRFIELD SITES 
RES. AMBON. Afd. Ttirnate. 

r 
I 

Opgenomen door den Topogrdischen 

Blad XVIR-99. 

dienst in 1922- 1923. Blad XIX -99. 

M O L U K S C H E  Z E E  

Heavy l i n e s  and roman numerals 
r e f e r  t o  areas conta in ing  typer  
of ground descr ibed  i n  t a b l e  at 
bottom of map. 

P o s a i b l e  a i r f i e l d  s i t e  

Blad XX-99. 

a Kn-n~. Sr- bemonde gtmhen. t ' f Amntnin. t t KIppprboomen. - L Bmch. 

. ~ ' i . ~ n n p e l h o n t .  + k B o n h b o s c k  J "  V Oefngd. * c ~ $  M-1 m m .  Pannlenpnd. .-.-... Voetpnd. -. b  
Rivier, a. gemten, b. n&t remeien. -I Bnmboe prbon-. r " - Inlands& graven. -.. -.--.. - Trai 1 

! Onde~fdeeIingsgrens. -.- .-.- Rusortspmu. 

T O E L I C H T  INOEN. 

AdminisfmtYvc im%mUrrp wfgou O.B. w n  25 In*.  1924 n0.21. StbZ. no. a*. 

De gewone hoogtclijnen hebben een onlrllng hoogteverncbll van 60 M; de dikke VUI 500 M. 

11 Saad mad ara9.lW uad with m r a  o r  lasa  fiaam f o r  d q t h  of muy feat .  Y o 4 a ~ t a l y  mall dralb.6. a: Sand. soma g w e l  with f ines  and C l 4 a y  sand of low p l r s t i c i t7 :  5 to 10 f t .  or  more deep. 
Locrllf s tow. We11 drained, m: Looaelr consolidated conglomerate rdl amdatone. Zrposadmoatly d o n g  ateep rarinea and i n  6- 

c l u f  8. 

Ib S i l t y  Md cl-f sand and p o o r 4  p d e d  surd-c ly  mixtures i n  upper 2 t o  4 faa t .  Some s t r a t i f  1- 
cation with dapth. Moderately wall dr . ind.  

I c  Iwrgaaic e l q s  of m d i u ~  t o  high plamticitf. Some interbedded aand and gravel r i t h  f ine r  o t  dapth. VI =I SInd with f ine r ,  poor l t  t o  well madad sand-cly aixturea of rori-ble depths; clhellor on l i m c  
stone. Friable; w e l l  drained. m: Coral limeatone l y n s  iaterbeddsd r i t h  loomelf conrolldated con(llomerate, sandstone U I ~  

*la. Limettone upoaed as lodgea on t a r r u a  fwea .  
11 m: Inorgmlc c l y  and cl.jay surd of la p l a s t i c i t j  r u r i a b l j  5 t o  10 f e e t  deep except on s t n p  

slop.8 ud on recant lnr flour. We11 drdnad.  mr Volcuric u h ,  con&o..rate and pumice interbedded with good pPiliv t rap laras. OPtnOps 
~ b ~ d a n t 4 .  p a r t i c u l u l y  a t  higher alt i tudes.  V I I  m: M aad .or  p a v a l  with f ines  pdly a t  1 t o  lt faot  i n to  c l y n  n n d  of low p l r a t i c i t j .  

t e l l  drained. shnllor. m: Bud u a r i T e  limeatone ~ . n e r r l l y  n . u  o t  a t  the surf.ce. Widely expored i n  c l i f f s  and ladgas. 111 w: In01.ganic e l y  .ad c l y b f  uad of lor, plamticitf. g a n w d l y  p e a t o r  tha 10 It. deep. t e l l  
draiaad. m: Volcanic uh .ad conglaara te  with f a r  qual i ty  trap l am.  m r a b  erpomd exeopt along 
a t r a u s  .od On very stmap slopes. 

1111 B: Poorly graded s m d - c w  mlxturem g M i u g  a t  6 t e  10 inches into ~ n d y  c l y  of lor p l ~ a t i c l t ~ .  
Vary f r iable .  S h a l l a  excapt i n  dapreasiona. wall drrinat .  

=I In Sibela Mountain* b u d  grani te  schiat ,  widalf u p o a d .  In northMot E a t j m  deep17 weatbrad  
grani te  upoaod only along streams. I t  a: Friabla inorganic c 1 ~  and c l w e r  a d ,  p n o r a l l y  10 t o  20 f t .  o r  .on do-. Val1 drainad. mr Many kinds of t r ap  rock, mostly poor qurlitf. hpogod only on st- slopma a t  highar a l t i t u d n  

and i n  sea c l i f f  a. 
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HALMAHERA (MOLUKKASI POSSIBLE AIRFIELD SITES 
Blad XIX- 100. ' 

- - 
RES. AMBON. Afd. ~ e i n a t e .  

- - 4  
Opgenomen door den Topografischen dienst in 1923. 

Z E E  V A N  H A L M A H E R A  

Hewy l i n e s  and roman numerals 
r e f e r  t o  areas conta in ing  types  
of ground descr ibed  i n  t a b l e  at 
bottom of map. 

I w Poea ib l e  a i r f i e l d  s i t e  

Auteursrecht voorbebouden (Stbl. 1912 No. 600). 

BLADINDEEUNO. 

I 
I XVHC I XVllC I 

ADMINISTRATIEVE INDEELINO. 
Schaal 1 : 100 000. 

0 I 2 3 4 5 6 7 8 9 10 c.M. 

0 1 2 3 4 5 6 7 8 9 10 K.M. 
1 Rtvier, a. perneten, h. nu' gemten. ,tBamboe gebourrn. - Road 

Z E E .  a. eiiand. 

AIk hoogted ziir, riltgedrnkt In meters. De eewnc hoogtel#ncn hebbrn een ondcrting hoogtt- 
WRCM van 50 M; de dikb van 500 M. b. ihwghpunt en h o o e t ~ e r .  c. huiphoogtel#n. 

T O E L I C H T I N O E N .  

Adminiatratiene indceling wlgcna G. B. van 25 Jan. 2924 h'o. Ii Stbl. Xo. 29. Uitgangapunt 
i t  het aatronomisch atation, dc ulaggcstok tc WCda; de kn?tlun w r d  oerdm ten opzichte van 
het gwgmfische noorden gekaarteerd. 

* O 0 4 0 '  Z.B.  

20040' 21010' O.L. v. Batmh.  

V E R K O R T I N O E N .  

P. P&u ( d i ~ d ) .  BK. Baekoc (berg). K Kowla  (rioier). Tg .  Tandjmg (hap). .I ARd (rivur). 

1. -Smd .ad grawll~ ub r i t h  .oia or lamr finam f o r  dapth of rrg feat. Moderato* wall drained. V -8 S u d ,  roam gmre l  with f inom rad c l w  und of lw plamtici tf: S to  10 it. or m r a  dwp. 
Local4  st-. Well d n i n d .  mr Loom.1~ conao~datod cOngloBer8ta .nd audmtone. Drpamsd momt4 J o w  atmop ratinem .ad i n  m n  
c l i f f r .  -. 

Ib Sltf rad c1y.f und and poorlr a r d e d  u a d - c l u  mixtures i n  upper 2 to 4 feet .  Some mtratifi- 
cation with depth. ModerateQ wall drained. 

I t  Inorganic clym of d i m  to high plamticitf. Some intarbedded sand and -01 with finom at depth. V I  mt Surcl with fiaam, poor4  t o  -11 padod mad-c ly  mixturrm of vuiub la  depths; W l o w  on- l iw-  
atone. Friabla: wall drained. 

11 ilPf4t InOrguiic c l y  u u i  c l y e y  rand of lowplrmticitf rariablf 6 to  10 fee t  deep except on steep 
m 1 o p . m  and on n c m t  la. flowm. We11 drrined. m: Volcutic ash. coaglaorato and m i c a  interbeddod with good q ru l i t r  tr8p lavan. OPteropm 
.bPndratlJ. put icular4  at hian rltitudem. 

w: Cord 1iwmtono.ly.rm interbaddad with looral, consol idr td  c o ~ l ~ m o r a t o ,  mdmtona mid 
.h*le. Limamtonm upomod u 1 . c b s m  on tmrr*o f r a i .  

VII -8 Suad mad row m a t a l  with finam p d i w  a t  1 t o  1* fee t  into cl-r muid of lor plrmticitf. 
Well br8io.d. Sbullar. mr W d  .rrmivm limamtono canorally n w r  ot at tho mrfrca. Widaly o x p o d  i n  c l i f f 8  rrd ladgar. 111 m: , I n m u ~ c  c l u  aml c-f W of la pla r t i c i  tf. ganorallf p e a t a r  th.n 10 f t. deep. t a l l  

drainad. 
Volcanic u h  and conglanrata with f a i r  quality trmp laram. Ihr.4 axpomd mxcept along 
r t r e r m  mad on tarf  mtwp m 1 o p . m .  

1111 m: Poorly gradad muid-cly aixtumm er8dilyl a t  4 t o  10 i a e h . m  into nndf c l y  of lor phmticit;. 
Vow frirbla.  S E a l l a  e x a p t  i n  depr.rmionm. -11 drainad. 

mt Ia  Sibala Maunkinm bard urmnito mahint, wide4 expomod. In northrunt 3atj.o d w p 4  wartbred 
gr.nita expored a low rtr-m. IV =I ?riabla inorgmic c l y  and c l y y  mutd. generally 10 to 20 f t .  or  mom dm-.. Well drainad. m: Yuy kindm of t rap rock, mortlf poor mitt. -mod o n 4  on mtnp mlopam at higher rl t i tudoa 

- mad in m r  c l i f f  m. 
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HALMAHERA (MOLUKKAS) POSSIBLE AIRFIELD SITES 

Sheet XfX-100 

SITgS 32a. 32b. 32c. 326. 320. 32f 

Batiq: 32c Excellent; 32a, jab, 32d, 320, 32f, Oood 

Accessibility: A l l  s i t e s  di mct ly  accessible from coast, which 
can be reached by lending barges. Few,wrrow reefs off shore 
can be avoided. Oood trail along coost i n  both directions l inks  
sites.  Several possible trails ug r ivers  and across mountains 
t o  nest coast, 

Topocrra~h~r: Coastal plain of variable width. S i tes  haw 
space f o r  one or possibly two runways (except s i t e  32) orient- 
ed north o r  northwest. Sites 32d a d  320 are suitable f o r  
6,000 foot  runwa~s i n  several directions. Ground f l a t  or 
gently undulating with only mlnor i r regular i t ies .  S l o p s  gen- 
era l ly  l e s s  than 1%: 32f bas gradient up t o  1s. Altitude l e s s  
t~ 50 fee t ,  

A~~roaches :  Approaches are  clear  on all  sites.  Low hills and 
ridges 150 t o  300 f e e t  high are  minor hesads  on southwest eldo 
of 32d and west side j2f. Bidges and hills rime 300 t o  1,000 
fee t  t o  2 miles nest of s i t e s  32a, 32b, eand J2c. 

Clearim crad hubbin&: A l l  s i t e s  covered with denre tropical 
rain fore st with considerable m&ergrowth, Dense ground m a t  
of roots, vines, and creepers requires stripping. Larger t r ees  
a lay be over 3 f ee t  i n  dieapaeter, but moet can be handred by t r ee  
dorer. Boots f o r  moat part are not deeply set  though s tmps  may 
require blastillgg. Thick stands of coconut t rees  along coast. 
Some emall native clearings and areas of second growth. 

O r a d i ~ t  L i t t l e  gFlPding other than minor leveling and f i l l i n &  
of ernall gu l l ies  necessary at arry r i tes .  SBndy m i l  easily 
rnrked by bulldooers and ecrapera. 100 rock excavation. 

poundation Conditions: A l l  r i t e s  on coarse t o  medium corsree 
alluv im, bat tex tuw differences possible., Sandiest on 
s e a m  side where beach ridges m y  be present, and along stream 
banks which coamnonly bound end8 of f i e l d s  and wqr intersect 
them, Soil groups A-2, bJ, P1 (SB, SW, SC) , probably predomi- 
m t e ,  r m e  h 4  (ML) m y  be preaent. Binder content probably low. 

Stabilieation and Surfacing: Soils compact ne l l  and moisture 
control usually is  simple: not sticky. Sand f o r  bitumen euc- 
face mix present on o r  near s i tes ,  

B r a i w e :  A l l  s i t e s  probably well dpained mtumdly but m y  be 
maUady during and af'ter heavy rains. l a t e r a l  drains w i l l  improve 
nuaoff and drying condiitions. 

Cons t ruct i on Mat e r i  als Available : Coral lime stone available 
local ly along the coast i s  best all-purpose materiel. Can be 
worked i n  sarall quantit ies with Band tools. Drill ing and. blast- 
ing required f o r  extensive quarrying. Conglomrate i n  ridges 
msrt of s i t e s  i s  probable sowoe of gravel; w i l l  require ecreen- 

'locally available frm 8-11 beaches along the coast. 

Abundant supplies available from wello sunk 30 
re beet soarce;in order to  minimize d a n g e r  of salt- 
nation wells should be at h a r t  1,000 fee t  from 

shore and should not be d r i l l ed  below water level, Perennisl;, 
a W w e  water probably not available at 32a and 32b; probably 
available at 32e, and 32f, from Fida River and Tintizlg Rlver, but 
these stmpgllge q go dry i n  dry season, when it m y  be necesary 
t o  urre shallow wells o r  p i t s  i n  r iver  gravel t o  obtain water f roa  
luad@rflow. A t  32a and 32d, Lsero River w i l l  furnish lcrge peren- 
nial supply. f ntakec i n  r ivers  should be above limit of ealt 

Reliability Rating: C 

Pre l iminary  t e x t  submitted 
without checking o r  e d i t i n g .  
U. S. Geological  Survey 
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HALMAHERA (MOLUK KAS) POSSIBLE AIRFIELD SITES 
RES. AMBON. Md. Tbrnate. 

I 
O ~ m o m r a  door dm T o ~ ~ m  dlenot la 1m- 1- 

B1.d XIX-sl; 

Heavy l ine8  and roman numeral8 
refer  t o  a r e a s  containing types 
of ground described i n  t a b l e  at 
bottom of map. 

)W.J Possible a i r f i e l d  site 

-v 
w- 

Tk. ImboallabOI 

glglLt S.rd, MI. Fa+@l rith f inma rrd e l m  und of la p l u t i c i t f :  6 t o  10 f t. or an doop. 
h c d w  atow. Wall d ra lnd .  
looam17 caaao1id~t.d wnwlonrata  a d  amndrtolu. Eporod moat4  mloly stoep m i r w r  .d is .r 
e l i t f a .  

1. Smd d UawW d mith o r e  or laaa f i r a  f o r  bpth ef rrp f w t .  Mtt4aruly  moll drained. 

Ib  slltf ud e l w  usd md poorly q d a d  Und-Cly  nixttuaa i n  upper 2 t o  4 feat. Some a t r a t i f i -  
~ a t l o a  with Wth. Hod.+~taw wall & m i n d .  

V I  -a S8nd w i t h  fiwr, poorly t o  -11 qd.4 w b - c l g  mixtorma of r u i a b l a  depth.; 8 lml la  on -limo- 
atoa.. t r i ab la ;  -11 &aiwd. ma C o r a l  l i r r t o s e  1-a istarboddad wlth leoeoly con8oliW.d c o c & m r a t a ,  U a t o l r .  aud 
W e .  L i r a t o n a  expoad u 1dgaa  oo t a n r e  f u a a .  

Ic Inorgmic e l y s  of d i m  t o  high plaatici tf .  Some 1atarb.dd.d ubd and p m e l  r i t h  f i m a  a t  depth. 

I f  =I, InoramnIc c1.j cad c l w  W of low p l u t i c i t l  r6riebly 5 t o  10 f e e t  d n p  axeopt on .at* 
a1op.a .nd on recant IUB f l a r .  Well drained. m: Volcaaic u h ,  coag la r ra t a  and p r i c e  lnterboddd with soad quali ty t rap  laru. OPtc~opa ' 

.bund.ntw, p.rtlc\rl.tlf at U*.r P t 1 h d . a .  V I I  m: S&ud mad mow gravel with f iaoa qdipl: at 1 to 1+ f a a t  in to  el- oubd of la plaa t i c i t t .  
t a l l  &.id. Shall-. 

m: P u d  u a i r a  limertorw g a n a r d u  n u  o t  af the  marface. Widmu expoad is ol i f fa  .ad l w a r .  I11 ' #Q&: 'Inor6aaic e l y  rrd c w  maad of  1- p l u t i c i t y .  gosardl7 m e t e r ,  th.a 10 it. d q .  Wall 
d ra lnd .  mr Volcanic u n  .ad e ~ a ~ a t e  with f a r  quali ty trap lnu. h r e l y  axpord exempt d o 4  
a t r a r r  .Id oa vary at* alopoa. 

1111 -8 Poorlr g r d o d  w d - c L g  mixtwar grmdimg at 6 t o  10 inchma in to  waQ c1.j d low p h a t i e i t y .  
l e v  fr iable.  Shmlla a a o p t  i n  depreasione. Wall drained. m: In Sibala Y w r k i n a  hud gr.aite mehiat. widely upor.6. In rrort-t Bat ju t  d n p 4  n a t b r d  
s r m i t a  u p o a d  only Jonl atrmma. IT gg&: wi.bla  inort.nic a l p  mb c1y. t  ..ad. e a e r a l w  10 t o  20 it. o r  mom do*. t e l l  drrtaod. ma Many kfada of t rap  rock. moat17 poor quditr. D p o d  onlf on at* aloprr at hi#br d t i t u d o s  

ind i n  r r  clfffa.  

I I 
mQNh&ebdy( T e p # n k k e  d * O I S , W ~ l l m  m. 81.a Xxl-97. ' A r t M . r r J t  m a  (Y. WI9 No. m). 

L r a a w ~ l .  \ 

i 4  - Trail - Road 
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Prepared by U. S. Geological Survey Preliminary text submitted 
for Chief of Ehgineers, U. S. Army, without checking or  editing. 
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. 
SITE 34 Sheet YX-99 

Bat iw:  F a i r  

A c c e s s i b i l i t ~ :  Coast d i r e c t l y  access ible  t o  landing barges. 
Trail connections t o  s i t e  poor, but  important trails across 
is land to  northweat start f m m  Sajoa= three  milea south 
along coarat. 

To~opraPhs; &all coas ta l  lowland. S i t e  sui table  f o r  s ingle  
landing s t r i p  oriented northeast. Ground f l a t  t o  gent ly  
ro l l ing ,  trenched by a few shallow g u l l i e s  5 t o  15 f e e t  deep. 
Land slopes gently seaward at gradient  of l e s e  than I$. Alti- 
t d e  between 10 and 30 feet .  

C l e a r i u  an8 O~x@bine;.: Dense t rop ica l  r a i n  fo r e s t  over mnoet 
of s i t e  with extensive coconut groves along the  coast. Some 
t r e e s  over three f ee t  i n  diameter; stumps w i l l  require blast- 
ing. Ta l l e r  t r e e s  may have t o  be cleared from approach zone@. 

Grading: Only minor level ing required, Clay s o i l  and rot ted 
coral limestone can f o r  the  most par t  be worked by bulldozero 
and scrapers. Deeper excavations may require d r i l l i n g  and 
blast ing.  

Foundation Conditions: Coarse t o  medium textured s o i l s ,  A-1, 
k 2 ,  some A-4 (SF,SC,ML). Differences i n  f inenees and depth 
due t o  v a r i a b i l i t y  of under lyin~;  rock. Probably coarser and 
sballower on aeaward sidey 

S tab i l i sa t ion  and Surfacing: Soi l  generally compacts well; 
i s  not s t icky except when very wet and does not require bevy 
base course. 

P r a i a a ~ e t  S i t e  na tura l ly  f a i r l y  well-drained. &all streams 
issuing from h i l l s  across  the  s i t e  may have t o  be diverted. 
@ ~ ~ n d  w i l l  be muddy during and a f t e r  heavy r a in s  unless  sur- 
faced. 

Construct ion  Material8 Available : Coral l i m  stone probably 
obtainable along coast and f ram ridges west of r i t e  above 
Sajoang River where i t  i s  interbedded with gravel and soft 
sandstone deposits. Gravel rill require screening. Gravel 
should a l s o  be avai lable  from bed of SBjoang River o r  other 
l a rge  streams, Limestone can be worked with hand t oo l s  f o r  
small quan t i t i es ,  but  requires d r i l l i n g  and blas t ing  f o r  any 
extensive quarrying, 

Water Swpl ies t  Nearby atrearas w i l l  probably not y i e ld  peren- 
n i a l  supply. Water can be giped o r  hauled from Sajoang River; 
w i l l  have t o  be t r ea t ed  t o  be potable and intake should be 
above salt water l im i t ,  Adequate supply of potable water 
obtainable from we110 20 t o  100 f e e t  deep: these should be at 
l ea s t  1,000 f e e t  from t h e  shore t o  minimise danger of salt- 
rra&er contamination. 

Reliability Rating: C 



HALMAHERA (MOLUKKAS) POSSIBLE AIRFIELD SITES 
Blad 67 en 68. (Alg. N: XX - 1'00 en XX - 101). RES. AMBON. Afd. Ternate. m e n o m e n  door den Topografiscnm dienst in 19011. 

Z E E  VAN HALMAHERA 

S TRAA T PA TIN T I  (KOESOE - MA -DORO) 

- 
! No, 

ADM. INDEELlNOi Schaal 1:100000. BLADINDEELINO. 

z.B. - Trail - Road T O E L I C H T I N O B N .  

Vlachtig opDcnomm in k t  j a r  1W 
Uitgang~padfrn caor dr h v t e r h g  1ijn de aahnomimd~ dalimu: de daggrtok nabu d m  
rteigu w n  Labock op blad XX-99 ,  dc plaw&& k We& op &lad XVIII-I@ al& hrc 
eind mn hat wardenpad in kamporng Bobandge, pdqen aan de f i n e - b a a i ,  d k  hat& 
~ u n f  nit dc zeekaart No. J88 (mtaloglu j J )  owrgumnten 14 lh &lUnen mn de knrtrn 

100' Z.B. 
W W  21040' 0. 0. Bat 

ijln t m  mn l i . ~  gmgra f i i  n o o h  &~d. 
PREPARED By U S GEOLOGICAL SURVEY 

F O R  
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V E R K O R T I N O E N .  

a. -9. BW. BabPr (h). P. P&u. TO. T a 4 - u .  A. 

I. S m d  ub 8ra-4 und with &a or less f inas  f o r  dmpth of feet .  Koduatalf -11 drainad. I M ) f t r  sand. mom m a r e l  with f ines  uvl c l q r o  nad of lw p las t i c iw;  5 t o  10 f t .  or mora deep. 
Locally stoat. Well d r d o d .  

Ib  Siltf ud c1y.t  n a d  and poorlf g r d a d  &-clay mixtures i n  upper 2 t o  4 feet .  Som s t r a t i f i -  
catioa r i t h  depth. Modaratelf -11 drained. 

&CJ: ~ o o s a l ~  con&li&tad cot&lom.rata and sdstom. b p o m d  mostly aloly stoop rarines uvl i n  n a  
c l i f f s .  

V I   SUM^ w i t h  f ines,  poorlf t o  -11 qdd wad-clay mixturam of variable depths; shallow on -limo- 
stona. I r iabla ;  well drainad. m: Coral l iws tona  layers intarbeddad r i t h  loosaly conro l ib t ad  c o ~ ~ l o m ~ r a t a ,  suidstona md 
shula. Limastona u p o s d  am lodges on terraam fram.  

Ic Imr6auic clays of d i m  t o  high plaa t ic i t r .  S o n  interbeddad r*nd end g r u e l  with f inas  a t  depth. 

If  m: I n o r W c  c 4  .nd c 4 4 q  . u d  of lor p l a s t i c l t ~  variablf 5 to  10 f e e t  deep sxcept on at- 
slopas d on recent lava flows. Wall dralned. 

mr Volcanic W. comglcm.ta am& p i c a  interbedded with good qulitf trap laram. Outcrops 
.buadmtlf, rnrticulult at higher al t i tudas.  V I I  m: Sand mad wln #r&Tsl with finam grdix a t  1 t o  l* f e a t  in to  clry.1 d of lor plas t io i t f .  

Wall drainad. ShPllor. 
BOCf: Hard r r 8 t r a  limamtona F n e r a l L  n a u  ot  at the surfaca. Widmu axpornad i n  c l i f f s  ud ladgas. 111 m: l n o r ~ c  c1.j rad e m f  .rad of lor plas t ic i t f .  eanerallf greater than 10 It. d m .  We11 

drainad. 
mr ~ o l c e n i c  u h  amti con(i1-rate with f.ir qualit7 t r i p  laram. *rely exposd except d o n g  

s t r eam .rd on r a m  stamp slopas. 4 .  
VIII =: Poorlr gradad send-cly mixtures g rad iw at 6 t o  10 inches in to  undf c l w  of 1- p l ~ s t i c i t f .  

Vam frimbla. Shallor except i n  depressionm. -11 draned.  =: In Sibela Mountains hrd 6rur i t a  schist ,  widely axposd. In n o r t h s t  Batjrn deeply wathrr .6 
g r a t a  oxpos.6 only do* s t r e u s .  n -2 Itriable inorganic c l ~  .ad clayaf amad. gm~er.1 0.p. Well & r a n d .  m: Yug kinds of t r ap  rock. mostll poor qoJitf. a s  at higher al t i tudes  

md i n  .u c l i f f s .  
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HALMAHERA MOLUKKA POSSIBLE AIRFIELD SITES 

Sheet X3C-98 

Accessibilityt Site on coast d i rec t ly  accessible t o  landing; 
barges, though shore i s  muddy and water ehallow near mouth of 
river, Xo trails along coast, but fair trail leads inland 
across island 1 mile north of s i te .  

T o ~ o ~ r a p h s t  hal l  s t r i p  of c o a s t ~ l  lowlaand backed by steep 
mountain slopes. 

Space available f o r  single landing s t r i p  oriented 
northwest, @ r o w  flat o r  gently undu la t iq  may be trenched b~ 
a few gul l ies  5 t o  20 f e e t  deep, Slopes generally less, than 
l*; m a ~ r  be as much as 3% i n  extreme scsuthern corner whew low 
h i l l  more than 150 i n  a l t i tude  r i ses  abwe t b  plain. Elee- 
where a l t i tude  between 25 and 50 feet.  

Arrsroaches: Low hills 150 t o  250 f e e t  i n  a l t i tude  absttizlg 
against the southern end of t b  s i t e  a re  hazards; very steep 
north face of Marnboeat Island about 314 mile southeast is mom 
than 400 f e e t  i n  a l t i tude  and i s  possible b a r d  t o  landings 
end take-offs, Southwest side clear: on northeast, steep 
ridges nearly 500 f e e t  high are within a few B d r s d  f e e t  t o  
mile of the site.  

Cleadne: sad -bin& Dense ra in  forest  with abundant sago 
palms. Some large t rees  but most1 y smaller growth. Coconut 
stands along the coast, IPairly d i f f i cu l t  clearing. 

h a :  Coneiderable cutting rimy be naaessary t o  adequately 
clear  approaches at south end of s i te .  Power shovel o r  blast- 
ing required f o r  coral  rockc Si te  i t s e l f  needs only minor 
leveling which can be accomplished by bulldoeerr and graders. 

I 
I Boundation Conditionex Soil medium t o  coarse textured A-4, 

A-2 (IIL,SF). Probably coarsest on HR, SR, and IfB sides, Cen- 
I tral part of e t r ip  x&r be f i n e r  i n  texture. 

Stabilization and Surfacix: Soil probably comgacta well ghv- 
ing good bearing ratio.  Thickness and quality of base courae 
w i l l  probably vary with local  drainage, Coral rand d t a b l e  
f o r  aurface course with bitwmen mery be present along shore, 

Draineae: Mot well drained nrturally became water t a l e  is  
near mulface; some low spots .mqr be swanlps. Coarse f 111s m9y 
be necessary locally, Lateral drains w i l l  improve surface run- 
off iPnd dryfag. Unless surfaced f i e l d  will  be muddy d u r i ~ g  and 
a f t e r  rains. 

Construction Materials Available: Coral I imstone available i n  
quantity at south end of isite; p a r r y  easi ly established2 is 
best material f o r  aggregate, riprap, and rsdc masonry o r  f i l l .  
& i t d l  quantit ies of gravel mag be available from stream a t  
north end of site. 

Water we:  W g e  perennial supply available from P. & River, 
but t o  be potable w i l l  require f i l t r a t i o n  and chlorination. 
Inttrke should be above salt water l imi t .  Wells sunk 25 t o  75 
f ee t  i n  lowland p r t  of s i t e  will  have moderate t o  large yields 
from unconsolidated sand rsgd gravctlg w i l l  require chlorination 
but not f i l t r a t i o n  t o  be potable, lfells muat be cased. Should 
be at bast 1,000 f e e t  f r o m  shore t o  leinimize danger of selt-water 
contaminat ion. 

Reliabilitv rat in^: C 

Preliminary text submit t d  
without checking or editing. 
U. S. Geological Survey 

PREPARED BY U. S GEOLOGICAL SURVEY 
FOR 

CHIEF OF ENGINEERS, U. S. ARMY 





HALMAHERA (MOLUK KAS) POSSIBLE AIRFIELD SITES 

SITES 3% and 35b 

lbtiq: 35a Good, 35b h o d  

Access ibi l i ty t  Both s i t e a  d i r e c t l y  access ible  from coast,  which 
can be reached by landing barges passing through channels in 
narrow offshore reefs ,  h o d  trails along coast i n  both d i rec t ions  
gnd severa l  trails up r i v e r s  and ac ross  mountains t o  r e s t  coast. 

Topoara~hy: Wrrow coas ta l  p l a in  s i t e s  have space f o r  at l e a s t  
one landing s t r i p  or iented northwest. Ground nearly f'lat s.~. 
gently undulating. S i t e  35a trenched by a few g u l l i e s  5 t o  15 
f e e t  deep. .Land slopes l e s s  than l.5$ t o  east .  Al t i tude between 
10 and 50 fee t .  

Clearing and Grubbin,=: Ilense r a i n  f o r e s t  on both s i t e 8  So 
d i f f i c u l t  t o  clear. Larger t r e e s  over three  f e e t  i n  d i m t e r ;  
stumps w i l l  require blleetiag, Much brush and vines,  h d  more 
open at south elid of 3*b with second growth and smrall gtlrtiae 

Grading: Only minor l eve l ing  and f i l l i n g  of small g u l l i e s  need- 
ed. Sandy s o i l  readi ly  worked by bullldoecers and scrapers. 
No rock excavation. 

oundation Conditions: Soi ls  vary g r ea t l y  over shor t  distances. 
[robably mostly A-2. A-3 (SF, W); p o s d b l y  some A-4 (YL) present. 
Near coast soilta probably sandier. Binder content 'low, 

Stab i l i za t ion  and Surfacing: Good compac.cion at optimum xnoisturs 
content. Soi l  not s t i cky ,  e a s i l y  worked, Sand avai lable  f o r  
b itmen-mix &ace. 

E m i a a ~ e :  S i t es  na tu ra l ly  u e l l d r a i n e d ,  but ground i s  muddy 
during and a f t e r  heavy r a in s ,  Surfacing: w i l l  improve =off. 

Construct ion Materials  A8ailable: L i t t l e  rock avai lable  at 
e i t h e r  ~ i t e ,  though some coral  limestone occur along the 
coast. Gravel and sand readi ly  obtained from streem beds 
o r  from deposi ts  i n  r idges  extending t omrd  the coast. 

Water S u p ~ l i e s :  Probably Gola and Besoei Rivers w i l l  y i e ld  
adequate perennial water supplies,  water requires t r e a t m n t  t o  
be potable. Intake should be above salt-water l imi t .  'Ilellr 
sunk 20 t o  k )  f e e t  i n t o  alluvium underlying s i t e s  w i l l  provide 
adequate supplies of potable water. We118 should be at least 
1,000 f e e t  from coast t o  minimize danger of con tmina t ion  by 
a a l t  water. 

Reliability Rating: c 

Preliminary t e x t  submit teci Prepared by U, S, Geological Survey 
without cnecking or edi t ing f o r  Chief of Engineers, U. S. Army 

U. 5.  Geological Survey 



POSSIBLE AIRFIELD SITES 
ALMAHERA (MOLUKKAS) 

Blad 72. . XX 1-98 

1 
L a b o e h a  - b a a i  

Heavy lines and rman numerals 
refer t o  areas containing types 
of ground described i n  table  at 
bottom of map. 

P o s ~ i b l e  airfield s i t e  
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I8 S.lrd rod ~ a m 1 L  sand with w r a  or lams fiwm for  depth of urg f w t .  ~ o d u a t e l r  nll drrimod. 

Ib Si l t f  .nd c1y.f mbad and poorly p d e d  und-e ly  mixtures i n  upper 2 to 4 feet. S w  mtratifi- 
cation r i t h  depth. Moderate4 well d r d n d .  

I =I 8- Fn.1 dth fin01 ud C 1 y . J  und of l O T  p lut iCi t7:  8 to  10 f t  Or W O N  deep. Loul ly  mtony. Tell d r d n d .  m: Loor*ll coasolidmtd colyld.tat. and r d r t o n o .  -mod mmtly d o -  mteop rawinem d in m 
c l i f f  a. 

Ia fnorgu~ic c lwn of -1- to  high plasticitf .  S e n  int8rbadd.d r*ad uld gravel with finer a t  drpth. 1 =I 8.rd w i t 8  finam, poor17 t o  -11 gradad u n d - c l y  mixturrr of vui*ble depths: m&llor on lin- 
mtoao. Iriabla: -11 drainad. m: Coral limrrtone lyrrs intarbeddad . i th  loomrlr conrolidatod conglcunata. mandmtono urd 
a m .  L i r r t o n a  u p o d  u lodger on tarrace f r a s .  

11 mt Inora8nic c l y  m d  c l w q  mmd of lor  plmrticitr  r*rirbll  5 to 1C fee t  deop except on stoop 
mlopam and on n c r a t  l a m  flaws. Tell drained. m: Volcanic arb. conglomerate and pruico interbaddad w i t h  good Ip.litf trap l a v u .  Ekrtq~pm 
.bund.ntl7, p a r t i c u l ~ l ~  a t  h i g h  alti tudaa. VlI gJk: S a d  m d  w n  -1 wi.th fiwm grulla(l a t  1 t o  1) feat  into c l ~  und of lo r  p l ~ m t i c i t l .  

11.1 drr tnd.  shnllor. 
m: Bud u s i r e  li~omtoao mnor r r l t  a u  ot at t t a  rurfaco. T i d e 4  expose4 i a  c l i f f*  d ladgar. 111 S&: fnrngmic c l 4  .nd ~1-7 m u d  of Lor p l r r t i c i t ~ .  gonerally greater tbur 10 f t .  deep. we11 

drainad. 
=I Volc.nic u n  aad coaglaoratr with f a i r  qml i ty  trap lavan. Ihrely exposed except do-  

mtremr .nd on vary stmop a1op.m. 
1111 Pomlt W a d  u m d - c b  mirtnron g r d i r y  at 6 t o  10 inchem into nndy c l y  of la plbmticitr. 

I*- friable. -la q t  i n  doprammioar. -11 drrinmd. m: In Siba18 YoPataim &rd granite .chiat, r id r ly  uporad. In northmet BatJan deeply weather& 
wani t*  axpoud 0114 Joy r t r w r .  II s: Wiabla inorglntc cl.1 and c l y Q  nmd, generally 10 t o  20 f t .  or  more deep. We11 drainod. 

-I Uuv kindm trap m k ,  momtly poor mitt. b p o d  o n 4  on steep mloper at hifier altitude. 
and in  r u  a l i f f r .  



HALMAHERA (MOLUKKAS) POSSIBLE AIRFIELD SITES 

SITES 36e andb, Sheet XXI-98 

I Rat in@;:  S i t e  36a good, 36 b good* 

Accessibil i ty:  Both s i t e s  on coast ;  some cora l  ree fs  off  s i t e  36a, none off  36b, Only a few 
t r a i l e  in to  i n t e r i o r  of i s l ane  a r e  reported. 

Topography: Small coasta l  lowland, S i t e  36a has space fo r  one, possibly two,runways oriented 
eas t  t o  ncrr theast  . Ground f l a t  to  gent ly  undnlzt ing, s l i gh t l y  more i r regu la r  and rough i n  t h e  
northwest. par t  of s i t e .  Area crossed by a few shallow g u l l i e s  5 t o  10 f e e t  deep, Land slopes 
generaily sorr&hwest a t  gradient  l e s s  than 1.5%. Al t i tude between 25 and 75 feet .  S i t e  36b has  
space ?or  runway oriented northwest. Surface s i m i l a r  t o  368. Al t i tude between 20 and 50 feet .  

Approaches: S i t e  36a has c lea r  approach t o  west and north. Low h i l l s  up t o  300 f ee t  i n  a l t i t u d e  
about & mile t o  the eas t  and &bout 1% miles t o  t h e  south. S i t e  36b bas c l ea r  approach from 
southeast. About a mile northwest i s  low h i l l  150 t o  200 f e e t  i n  a l t i tude .  

Clearing; and Grubbing: Eense r a i n  fo r e s t  covers both s i t e s ,  Clearing d i f f i c u l t  because of 
l a rge  t r e e s  3 f e e t  or more i n  diameter and dense tangle  of vines, creepers and roa t s  at the  
ground surface tha t  has t o  be cut through. Stumps w i l l  require  blasting. 

G ~ a d i q :  L i t t l e  levelixg necessary except a t  east  end of s i t e  36a. Clay s o i l  e a s i l y  worked by - 
bulldozers and scrapers, Underlying co ra l  rock may be near t h e  surface; extensive excavation of 
this  woulc3 require  power shovel and l i g h t  blasting. 

Founaation Conditions: Coarse t o  medium-textured s o i l s  of groups A-2, A-), some A-4 (SF, SC, ML). 
Locally clay beds present containing more f ines.  S o i l  t h i n  and variably hard cora l  roek may be 
near t h e  surface a t  s i t e  36b. 

S tab i l i za t ion  and Surfacing: S o i l  compacts well under controlled moisture condit:ona and does not 
need th ick base course. Adequate binder i n  f a i r l y  f r i a b l e  clay. St ickiness  r e l a t i ve ly  low exae$t 
when very w e t .  

Drainage: Both s i t e s  natural ly  well-drained. Small streams issuing from h i l l s  cross  s i t e s ;  may have 
t o  be diverted and t h e i r  g u l l i e s  f i l l e d  with rock or other permeable material. Near coast water 
t a b l e  may be high so t ha t  s h e l l  holes w i l l  f i l l  with water. 

' Conetruction Bbaterials Available: L i t t l e  roek l oca l l y  avai lable  a t  s i t e  36a, Same cord limestone 

i may occur l oca l l y  along coast or cap r idges  along edge of plain. Ample broken cora l  rock south 
of 36b along coast. 

Water Supplies: Probably no adeqaute source of surface water, Potable water obtainable from wel l s  
mink 20 t a  100 f e e t  i n  coral  limestone and unconsolidated gravel  and sand underlying s i t es .   well^ 
should be located a t  l e a s t  1,000 f ee t  from t h e  coast and should not penetrate more than a few f e e t  
below water level t o  reduce pos s ib i l i t y  of contamination by salt water. 

Preliminary ter t; subml t t ec 
without checking 3r ed i t ing .  

U .  S. Geologlcs l  Survey 

Rel i ab i l i t y  R a t  in$: C, 

PREPARED BY U F O R  S GEOLOGICAL S U R V E Y  

CHIEF OF ENGINEERS,  U S A R M Y  





HALMAHERA (MOLUKKAS) POSSIBLE AIRFIELD SITES 

Rating: Good. 

Accessibil i ty:  S i t e  within short  distance of c o a ~ t  a t  Wajaoea where landing barges can land. Good 
t r a i l  across  isthmus t o  Songa on Lapzn Bay. No t r a i l s  along coast ,  

Topogra~hv: Low all.uvia1 pla in  forms ngrrow isthmus between the  mountains of southern and c e n t r a l  
Batjan. S i t e  i s  on western s ide  of isthmus ; space su i t ab le  f o r  s ing le  runway oriented north- 
east.  Ground gent ly  undulating; slopes gent ly  west and south a t  gradients  generally l e s s  than 
I@. S i t e  may be crossed by a few g u l l i e s  5 t o  20 f e e t  deep. Al t i tude  between 25 and 75 feet .  

BEp_roac_hes: Approaches a r e  c lear .  Terraces 150 t o  300 f e e t  i n  a l t i t u d e  and h i l l s  a s  much a s  500 
f e e t  i n  a l t i t u d e  a r e  po ten t ia l  hazards within a few hundred yards of s ides  of s i t e .  

Clearing and GrubSing: Dense t r o p i c a l  r a i n  f o r e s t ;  some t r e e s  over t h r ee  f ee t  i n  diameter. Thiclc 
mat of roots ,  vines, and creepers w i l l  require  str ipping.  Stumps w i l l  need blast ing.  Some clear-  
ing of approach zone t o  northeast  m y  be necessary, 

hading:  Minor level ing necessary along south border; sandy s o i l  r ead i ly  worked by bulldozers 
and scrapers. No rock excavation. 

Foundation Conditions: S o i l s  coarse textured,A-2, r a r e ly  8-4 (SF, GF, ML) and general ly  low i n  
f ines ,  except a t  NE end where binder might be obtained i f  needed. Local d i f ferences  i n  t ex tu r e  
and re la ted  proper t ies  probable, however, owing t o  a l l u v i a l  o r ig in  of material.  

S t ab i l i z a t i on  and Surfacing: S o i l  i s  not s t i cky  and compacts well. Dwired moisture d i s t r i -  
bution ea s i l y  obtained. Makes good foundation when combined. Does not require  th ick  base 

Drainage: Matural drainage probably good, but unless surfaced, f i e l d  w i l l  be muddy during and 
a f t e r  rains. Streams crossing s i t e  must be diverted;channels f i l l e d  with permeable material. 

Construction Mater ia ls  Available: Trap rock boulder deposi ts  i n  h i l l s  t o  north could be quarr ied  
and broken up fo r  aggregate. Trap rock ledtses may be found on volcanic mountain eas t  of s i t e .  
Requires b las t ing  f o r  excavation. Granite and gneiss  gravels  may be ava i l ab le  along Wajaoea 
and Songa Rivers. Some c o ~ a l  limestone may occur underlying t e r races  southeast of Wajaoea. 

Water Supplies: Adequate perennial  supplies probably avqi lable  f ran  Wa jaoea River and Songa R iver. 
In take should be located above salt-water l i m i t .  Adequate supfly avai lable  from wel ls  sunk 20 
t o  40 f e e t  i n  unconsolidated al luviup;  wells  should be located a t  l e a s t  1,000 f ee t  from t h e  
coast t o  minimize danger of sal t-water  contaminat ion. 

R e l i a b i l i t y  Rating: C. 

P r e l i n i n a r y  t e x t  s u h m i t t d  
without cnecking o r  e J i t i n g .  

U. S. Geological  Survey 

Prepared by U, S. Geological Survey 
f o r  Chief of h g i n e e r s ,  U. S. A r m y  
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c l i f f  a. 
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cation rfth Wth. Mobrate4 -11 6rain.a. 
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dopea ud 08 tacoat l u a  flowr. Well dnined. 
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Vew friable. Shallow oxaept i n  dmproraionr. -11 branod. 

=r In Sibela Yountalna bd mamite achiat. wiaet exposed. In northmaat BatJan dwply rrcrtharad 
mulit* aped doly a t r m .  n m: mirbie imrt.ntc c i p  ud c i q q  w. - n e r d 4  io to  m it. o r  m o m  d..p. ~011 dia ind .  

BPgr Y.llp kind8 of t rp  rock. m s 6 l ~  poor quditr. h p o r d  o n 4  on r t n p  alopee a t  higbmr altitodr 
'and in rr cliffa.  
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n 
f i ~re&/n.  .'- Bosch. t t  t lYeInara-0f Dennan ISP-I) bosch. - Paardcnpad. ..........* V o e b d .  -.-k. - 

Ririrr. a .  g e m 8 t ~ ,  6. ni.f remeten. Morns. 4 Pasawgnhan. I -Hoau.- n - qrgi .= bn:boe ihk.1. . *. Iusknrische g r a m .  

A& bogfen z p  ritrcdrukt in mel8m. Ds I ~ W O M  bortelynrn W b e n  sen onderling hoogteverschll 
v a n  SO M; de d W e  500 M. a. hooIte~rnt  en hoottecffer, 6, hulphoogfel#n, c, eiland. 

T O E L I C H T I N O E N .  

V l u e k e  opgenornen in hek jam 1925 met oriinfrrnng op hrt astronomirche punt: dr uluggeatok 
te \Veda. 

Afdeeling Tvnotc 
Ondrrafd Holmahrra. 
Rnrorl wale. 

V E R K O R T I N O E N .  

18 &aa .a4  Oav*ll# rUIQ with mtr or l r r r  f iner  for  d q t h  of ur\t feet. Yodrtrtall, wall drnlnrd. 
t gJ&r S d ,  ross w a n 1  with f iner  and el- uad of lor p l a r t i c i t t ;  8 to 10 f t .  ot sore derp. 

Locallf rtoay. t e l l  drrinal. m: Loorel7 contoli4ated congl0i+tate and rmdrtone, l$porsd aor t lp  dong r t e q  r n i n e r  md in r w  
c l i f f  8. 

Ib Silt* c l y e l  rand and poorly etulrd rand-ela# mixturer i n  upper 2 to 4 feet. S a s  r t r a t i f i -  
antioa with depth. UOdefateW well drained. 

fe Iikot&anio c l y r  of media $0 high p la r t i c i t t .  Some intetbadded r*nd an6 g ta r r l  with finer e t  depth 
11 saftt m d  W i t h  f ibdr,  pootlf to  re11 p4.d und-clay mixtures of rariuble dnpthri rhallol  od liw- 

rtune. f r i ab l r l  re11 drained. mr Coral limertonr layer8 interbndded w i t &  leoaelf ConrPlidatld Conglmsrate, #andatone a d  
shale. Lirrrtone .*pored r r  ledger on tartaeo facer. 

I t  m: b b r g ~ i c  Cl8y urd s fye#  rmd of l o r  p lar t fa i ty  *&tiably 6 to  112 faet  doup 9.Xe.pt on 8te.p 
rloprr u t d  on reeent l m a  f l m a .  We11 draimd. . - -- - - 

=I Vclaanic u5, eoq l#ara te  md pumice inter8eddad with ~ o o d  qualit7 trap 1.trna. Outcrop8 
abondmtv. pa i t iQUX~ly  a t  higher d t i  tuder. 

Vl1 a: Sand .nd row gTa*el with f iner  grading r t  1 t O  1) fea t  into el** nand of l o r  plurticity.  
Well brained. g)yrllor. 

E g :  H u d  . r r r i r e  l i r P e r t 6 ~  u e n e r a l l ~  soar ot a t  the w r f ~ e *  Widely rxpored i n  c l i f f8  and ledge*. 
, 111 %!&r I f i ~ f ~ I t ~ t c  el* ud C l W 7  rand of lor pla r t i c i  t t ,  penerd i r  p e e t o r  thnn 10 f t ,  deep. t e l l  

drain&. 
=I Valcrnic arh and conglmmt&te with f a i r  gurli ty trap lava,. b ~ e l r  exporsd except dong 

r t r e m r  .nd bn very eterp rlaper. )I11 Poor17 grsded auld-cl.t mixtufer &reding a t  6 t e  10 inchec into uady c l y  of low pl&rticity.  
vary friable.  Slullo* Wcmpt i h  dsprerrionr. 'la11 dr*insd. mr In Sibela Uountainr bud g r r n i t l  r rh i r t ,  Widely e%por*d. In northeast Batjan deeply mmthetsd 
~ d t e  -8.8 Onv do* 8tre-8. 

I t  Priable inotaanic c l ~  md c l y e y  d, a n n a ~ a l l r  10 to 20 f t .  or more deep. t e l l  drained. 
SQQT: YIIv kinds of tf.g rwk, mortly poor quality. Qpored only on r t w p  doper  a t  htcrhor rltitudaie 

. ad  in m a  e l i f f  r. 



HALMAHERA MOLUKKAS) POSSIBLE A RFIELD SITES 

SITES 98a, 38b, j8c. and 38d 

Ratiq: % a  Good, Y b ,  38c, 38d F a i r  

Accessibil i ty:  A l l  s i t e s  border coast ,  which i s  accessible t o  
landing barges. S i te  3% i s  connected by foot  trail with 
points north along coast and d$$ Gave Bay by trail acroae pee- 
i n s d a .  

T O P O E ~ ~ L P ~ :  Groups of low i r regu la r  h i l l s  bordered by narrow 
coasta l  lowlands and cw ~l l h a a t o n e  terraces.  

S i tes  have space f o r  s ingle  landing s t r i p s  
oriented northwest. Ground i s  s l i g h t l y  rough and i r regu la r  but 
grades are gener~ i l ly  l e s s  than 1%. Alti tudes between 20 and 80 
f ee t ,  

A~proeches: Low h i l l s  150 t o  250 f e e t  i n  a l t i t u d e  about a 
mile from nortowest end of s i t e  38a a r e  minor hazard. South. 
e a s t  approach cleeir on south except f o r  low h i l l s  150 ts 250 
f e e t  Ba a l t i t u d e  near the  south corner of the s i t e .  S i te  38b 
has c l e a r  approache8 on the southeast ; c l ea r  f o r  nearly 3 miles 
on the  northwest. S i t e s  38c and 38d have c lea r  approaches. 

C l ea rhn~  and Grub -- biag: Fa i r ly  open r a i n  fo res t  over a l l  s i t e s  
possibly same areas  of grass and brush. Clearing d i f f i c u l t  
becauee of scat tered large  t r e e s  and dense ta@e of vines an8 
creepers i n  r a i n  fores t .  

Grading: Some level ing of i r r e g u l a r i t i e s  necessary at 831 
s i t es .  Than s o i l  and coral  rock probably can be worked by 
bu l l  dooers and scrapers but deep excavation w i l l  require power- 
shovel o r  blast ing.  

Founbt ion  Conditions: Coarse t o  medium textured s o i l s  of 
groups A-2, 8-1, some A-4 (SP,SC,ML), On coral  limestone ter- 
race a r e  many rocks a f fec t ing  f ineness  and depth of eo%aLz. % ~ i 2  
may 5.3 shallow with coral  r 0 ~ k  near surface along NB: s i a  .a oi 
3% and 3gc and over a l l  of 386. 

: This s o i l  probably corapact~ w e t ;  
to bring t o  opt!. densi ty  i r  ~ e e d  l- 

hy coat rolled. Probably f r i a s B  , , r e l a t  ive>-7 nan-plaati\: r l q  5 
predominate i n  binder, reducing etickineras In  wet s t a t e ,  

I9raXng.g.: h o d  natural drainage. Shallow gu l l i e s  crossing sites 
P 

w i l l  need f i l l s  of permeable m t e r i a l .  Ar.y perennial stcsarna 
should be diverted. Ground crobahly w i l l  mw3dy d w i q  and 
f a r  a short  t i m e  & t a r  ra ins ,  38b may be 3 ;B and ~ o c a ~ : $  

Water t ab le  i s  m a s  wxrPace and sk2lil c r a t e r s  m y  f i l l  
with water, 

Const m-~et i ~ g  Materials AvaiPablq! Coral l b s t  one, a good a:%- 
p q o e e  rock, available at or  near o r  all s i t e s .  Can be worked. 
i n  51dI q w n t i t l s a  by hand tools. Requires d r i l l i n g  a d  blas t -  
2% f l \a  extsrtsiw quarrying &&, crushing f o r  use as aggregate. 

: v d e g a t e  8wi ace) supplier4 avai lable ,  wells 
20 CQ feez d@g,  i n  cord .  1:slsatcm auad gravel, w i l l  provide 
kaae3gi.s t e  s~;.~;.I,ile-* but theae saojild be at l e a s t  1,000 fast, f rem 
8j"mrJ ~'?.-nld gsnetra te  on13 s few fee t  below r a t e r  level t a  
m b t e e  dang~r sf ct-*l t-rsater com%aapiaation. 

Preliminary text submitted 
wlthnut checking or e3;ting. 
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HALMAHERA (MOLUKKAS) POSSIBLE AIRFIELD SITES 
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Heavy l i n e s  and roman numerals 
r e f e r  t o  aream conta in ing  types  
of ground descr ibed .  i n  t a b l e  at 
bottom of map. 

P o s s i b l e  a i r f i e l d  mite 

I Exi s t i ng  a i r f i e l d  

la kDd a d  gravelly sand with more or l a s s  f i a a s  f o r  dmpth of many fee t .  Yoderately well drainad. 1 a: Sand. mom q a v e l  with f i n a s  .nb cl-y u n d  of lor p l r s t i c i t p :  S t o  10  It. or more deap. 
Locally stoiu. Val1 d r a i n d .  

Ib S i l t s  uzd c l 4 0 y  sand and poorlr g r d e d  s a d - c l y  mixtures i n  upper 2 t o  4 fee t .  Some s t r a t i f i -  
cation with dapth. Yoderr teb  well drrined. 

IC lnargmic c 1 . j ~  of ndim to  high pla.ticitr. Some intetbedded sand and bravol, with f i nes  at depth. 

R m :  ~oosel ;  cw&lidatad conglomerate ond sandstone. bposed mos tb  along steep ravines m6 i n  .a 
cliff.. 

?I Soqc S.nd with f i w s ,  poorlr  t d  well graded u n d - c l w  mixtures,of rmribble depths; sh.110~ on lime- 
stone. miab le ;  w e l l  drained. 

M: Coral l iws tona  l.j.ars interbedded wita looselp consolidated con#lmarate, smdrtone ud 
shule. Limastone exposed u ladger on t a r r a m  f r # s .  

I 1  &&: Inorgmic c l y  and c l y w  smd of low p l a s t i c i t y  vclrirbly 5 to 1C f ee t  deep except on steep 
slopas md on recent larr flows. Well drained. 

ROCK: Volcmic ash. ccnglomerate and pumice interbedded with ~ o o d  quali ty trap lava.. Outcrcps - 
abundantly, p a r t i c ~ l ~ l y  at h:gher d t i t u d e s .  111 SOfL: Smd md soma gravel with f fnas  grading at 1 t o  14 f a s t  i n to  cl-p n n d  of lor p lus t i c i t p .  

1.11 5rrioed. Shallow. 
80m: B u d  r s r i v a  lima8tone t e n w a l l  near o t  at the  surface. Vidaly expord  i n  c l i f f s  md l a e m .  I11 m: Inorganic c l y  d cl-y sand of lor p l a s t i c i t y .  generally p r a t e r  than 10 f t .  d o e .  Well 

drained. w: Volcanic asn and conglcnra te  with f a i r  quali ty trap lavar. b t c l y  exposed axcept along 
atreams .ad on very staep slopar. 1111 SOU: Poorly graded s m d - c l y  mixtures grading at 6 t o  10 inches in to  nndy  c l y  of low plus tic it^. 

V e r ~  f r iab le .  Shallow except i n  depressions. -11 drained. 
m: In  SibmlaMountains hrd grani te  schist., widely exposed. In northeast Batjut  d a p u  weatharod 

(5tanita exposed only do* s t r ema .  IV s&: Frlabla inorganic c l y  and c l y e y  sand. p n o r a l l l  10 to  20 f t .  or  more deep. Well drained. 
ROCI(: Many kinds of t r ap  rack. mostly poor quality.  posed only on steep Sl0pe8 at higher a l t i t udas  

and i n  sea c l i f f s .  

L L O E N D A .  

u - . ~ ~ ~ K ~ u I .  t ~ t ~ ~ o o u r ~ t s p u n r ) m . . * . ~  t ~ m h r k n  
Lm. A ' h hlrbrr l . .  - - Irw1.nir gmwn. - &en*&.------- N&t prut.~ PI*. Mum. 

Schaal 1: 100000. 
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HALMAHERA (MOLUKKAS) POSSIBLE AIRFIELD S I T E S  

SITES 39a and 7% 

Bat3.q: 398 and 39b F a i r  

Acces s~b i l i t y :  Coast along both s i t e s  accessible t o  l a d i n g  
barges. No ree fs  known here, 

TOPOR-: Coral i s lands  o f f  southern t i p  of Efalmnhera. AL 
s i t e  39a, on D w r  IsPsind, possible runwq7t3 can be arxented 
HE only, Site 39b, on north coast, of Djoronga Island baa 
space f o r  runways oriented In  any direction.  Grolmd i s  rough 
and s l i gh t l y  i r regu la r ,  but grades a re  l e s s  than 1%. Altrtude 
between 20 and 100 fee t .  

Aporoaches: Approaches are clear. Steep h l l s  t o  over 
550 feet  xn altrtude south of SIC@ 3Qb m d  northwest of 398. 

Clearing and 'Gwbbhq: Deme rnrn fo r e s t  covers both  s i t e s  
p r t i c u l a r l y  i n  in te r io r .  Some t r e e s  mag be over 3 f e e t  i n  
diameter; stumps w i l l  need b2asting. Thick ground mat of 
roots,  vrrles and creepers all1 requlre strrpping. Diff icul t  
clearing. East end of s i t e  39b somewhat more open with many 
coconut t r e e s  mar shore Fe l l ing  ox t a l l e r  t r e e s  may be 
necessary t o  c lea r  approaches. 

Gl-adin&: General l eve l ing  of i r r egu l a r  ground surface probab ky 
necessary. Soil  snA rot ted coral  ~ o c k  near surface e a n b e  
worked by bulldozers and scrapers, Larger rock fragments may 
fiave t o  be removed by blast ing.  

Foundation Conditions: 30th s i t e s  on soils from coral  limestone. 
Caerrse to  medium textured s o i l  types: A-2, some k-4 (SF, ML, 
GF may be present I sca l ly ) .  So i l  may be very shallow in places, 

aubnrtzaes and Stabi l iza t lonr  Where deep, so i l  compacts well 
uncler cont ro :led morsture condlt ions. Thick base course probab- 
l y  mnaecesaclry. Where s o i l  i s  sha l l o r  aria coral near surface t h e r e  
may be d i f f i c u l t i e s  i n  prspartng desi red grade; a l so  possibil2ty 
or l oca l  drainage problems. Soil not st icky unless very wet. 
Material sui table  r o r  bitumea-mix surface course may be faand 

Drainage: Both s i t e s  natural ly  well drained but,where ground 
i s  low,water table  may be near surface and she l l  c r a t e r s  nragr 
f i l l  ~ 5 t h  r a t e r ,  Sore spots  ntag be swsmpy, Small  streams 
which m a y  cross s i tes  wsll have t o  be diverted. 

Construction Material Available : C~ral  rock and coarse coral  
sand abundant along coast. Bock i s  good matenial f o r  aggregate, 
r iprap,  rock masonry, o r  f i l l ,  Can be brolsen up by hand tools. 

VJaLer Swplg : St reams a r e  ephemeral. Adequate supplie 8 avail- 
able from wal l s  50 t o  150 f e e t  deep; should be d r i l l e d  not more 
than few f e e t  below water level  and at l ea s t  1,000 f e e t  from 
shore t o  m i n i x u i e e  danger of salt-weter contaminat ion. Dri l l ing 
w i l l  be pa r t l y  in hard cora l  Pin~stonae, par t ly  in poorly consoli- 
dated gravel  and sand. lOglls must be cased. 

Preliminary t er t suhmi t t ed 
without checking or editing. 
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HALMAHERA (MOLUKKAS) SOILS: BAS I C DATA 
Introduction 

No s o i l  map, based upon a i r e c t  e x m i m t i o n  of the s o i l s  
of &almghera and i ts  neighboring is lands ,  has been d e  of 
tha t  region, Same descr ipt ions  of soilgl i n  widely scat tered 
places were publishdl i n  1849, but they re fe r red  t o  so few 
s o i l s  and were so goneral  and so b r i e f  as t o  be of 981811 
value. Recently Mob has given a e h ~ r t  general  desc r ip t ion  
of sma of the probable charactexis t  i c s  of the  s o i l s  of 
&laahem based upon inferences  and analogies drawn f ram 
w h a t  hs considered t o  be similar soil-forming condit ions in 
exir tence elsewhere, but these too,  a r e  extremely general 
and include no quan t i t a t ive  da ta  on t h e  so i l s ,  

The s o i l  descr ipt ions  and map contained i n  this f o l i o  
r e s u l t  from consideration of the  P i t e r r t u r e  a l ready mention- 
ed, published repor t s  of t r a v e l e r s  who have v i s i t e d  the  
region and bare contributed scat tered observations upon i t s  
s o i l s ,  and bave published s tud ies  of s o i l s  i n  nearby regions 
o r  i n  others  known t o  possess e n v i r ~ ~ m e n t a l  condit ions gsn- 
erably  similar t o  HalarPlhera wlth respect  t o  s o i l  formation 
processes( see l i s t  of references). I n  addi t ion,  exlst img 
knowledge of th influence of the  soi l - fowing foc to rs r  
geology, topogrqhy, cl imate,  vegeta t ion end r e l a t i v e  dwat- 
i o n  of v a r i  aus kinds of soil-forming processes, has been 
appl ied t o  the  condit ions of Halm8hera. 

Although the main geologic, topographic and clirrjatic 
c h a r a c t e r i s t i c s  of the  fIalmahera region a r e  known i n  a gew 
e r a l  way, de ta i l ed  Phfomation i s  lacking i n  many instances. 
With respect  t o  the  a r e a l  d i s t r i b u t i o n  and r e l a t i v e  abut%- 
ance of l i t h o l o g i c  typer within a geologic group, f o r  
e-ple, very l i t t l e  i s  h w n .  The pos i t ion  of boundaries 
between major geologic groupe i a  I n  several  instances not 
kmwn exac t ly  and i n  a e r t s i n  w s e s  (cog. on the  ie land of 
Morotai) t h e  existence of t b e e  boundaries i s  only epeculsetr 
ive  . 

On el l hut a very few d l  i s l a n d s  of the  Balmahsra 
group a l t i t u d e s  a r e  indicated t o  wi thin  1 50 meters (2x65 
f e e t )  'but no closer,  On the  baeie  of topographic infonarrr 
t i o n ,  the r s fo re ,  the extent  of coas ta l  p la in8 and alluvium 
cannot be drawn with much aecucecy. I n f ~ ~ t i o n  concerning 
vegeta t ion is  extremely incomplste, P red ic t ion  of the pro& 
ab le  kind and d i s t r i b u t i o n  of s o i l  types i s  hiandicapped by 
Bush gape i n  knowledge of the  condit ions c o n t r o l l i  ng s o i l  
fonmt ion ,  and the p r o p e r t i e s  assigned t o  the  s o i l  types 
which are shown on the  a o i l  map m u s t  be in te rp re ted  i n  the 
l i g h t  of these f w t a .  Soi l  type boundaries ere only approx- 
imately placed. Prof i l a  diagrams are t o  be regarded as 
f a i r l y  representa t ive  of the  probable r o i l  condit ions  over 
the  majori ty of the  area t o  which a p a r t i c u l a r  s o i l  type i S  

assigned, Probable devia t ions  are mentioned i n  the  dse,  
c r i p t i v e  matter  accompanying the  diagram. Complete howledge 
of the c h a r a c t e r i s t i c s  end d i s t r i b u t i o n  of s o i l s  can at pmw 
sent  only be obtained by a i s e c t  f i e l d  inspection of the e o i l s  
themselve a, 

! I  
S o i l  Type 1 

Sandy loams and sandy c lay  loam 

0 t o  (3-6) i n %  Red-brown sandy 
loan1 containing s m a l l  amounts of 
organic matter. May be stony o r  
gravelly.  
(3-6) ins .  and below: Brown-red, 
l e s s  commonly red,  f r i a b l e  sandy 
loam t o  c lay  loam. May be stony or 
gravel ly  and contain some small, 
s o f t  iron-oxide concretions a t  
depths of 12 t o  24 inches. neath- 
ered Pliocene and Quaternary 
s t r a t a  may occur a t  any depth i n  
t h e  p r o f i l e ,  l a r g e l y  depending 
upon posi t ion,  slope and erosion. 
These s t r a t a  cons i s t  of tuffac-  
eous sandstone having a wide 
range in p a r t i c l e  s i z e ,  marly 
clay,  conglomerate and interbed- 
ded reef limestone. The s o i i s  a r e  
probably p a r t i c u l a r l y  shallow and 
sandy along t e r r a c e  rims where 

reef limestone may be very c lose  t o  surface and 
upon cora l  i s lands .  In such places  shallow, sandj 
s o i l s ,  consis t ing mainly of c o r a l  fragments, p r e  
bably develop and blocks of c o r a l  and i r r e g u l a r ,  
rough outcrops of c o r a l  rouk may be found. Else- 
where, and where l e v e l ,  s o i l  i s  deeper and con- 
t a i n s  more clay. 

Differences i n  t h e  parent rock of t h i s s o i l  
type may be very g rea t  a s  indicated i n  t h e  pro- 
f i l e  description.  In addi t ion t o  t h e  rocks men- 
t ioned,  l o c a l l y  (e.g. nor th  c e n t r a l  Batjan Is- 
land)  the re  may be t h i n  l i g n i t e  seams. If near 
the  surface l i g n i t e  w i l l  probably contr ibute  
toward a darkening of t h e  s o i l  and have a loos- 
ening e f f e c t  upon it, tending t o  make it more 
f r i a b l e .  3vidently t h e  surface s o i l  which has 
developed upon such d i f f e r e n t l y  conlposed s t r a t -  
i f i e d  rocks may bear no r e l a t i o n  t o  t h e  rock 
which a t  present forms i t s  substratum. No es t -  
imates a r e  ava i l ab le  of t h e  a r e a l  extent of t h e  
d i f f e r e n t  rocks contr ibut ing t o  t h i s  formation; 
they a r e  considered as  a s ing le  group and the, 
p o s s i b i l i t y  of va r ia t ions  i n  t h e  s o i l  p r o f i l e  
must be recognized. 

Properties:  The permeabil i ty of t h e  s o i l s  i s  
r e l a t i v e l y  high. They have a medium t o  low 
water-holding capaci ty  with r e l a t i v e l y  high 
w i l t i n g  point ,  a r e  f r i a b l e  and probably of 
intermediate t o  low n a t u r a l  productivity.  Re- 
act ion probably n e u t r a l  except i n  surf ace few 
inches where s l i g h t l y  acid;  presence of s h e l l  
fragments or calcareous rock in  p r o f i l e  dis-  
t u r b s  regular  t r end  of a c i d i t y  with depth. 

Relief:  Chiefly t e r r a c e s  along sea-coast and 
extending several  miles inland. May terminate 
in steep c l i f f s  on coas ta l  side.  Some escarp- 
ments and low c l i f f s  within t h e  type. North 
and west of l a r g e  isthmus, i n  i n t e r i o r  of 
Batjan, type is h i l l y  with s teep gu l l i ed  
ridges and r o l l i n g  upland val leys .  Alti tude 
range: 0 t o  825 f t .  

Venetation: F i r s t  and second growth f o r e s t ,  
some interspersed grasses and shrubs i n  more 
open f o r e s t .  Alang-alang (cogon) . 

Owkxyg %o the high mean tsmpeyature and r e l a t i v e l y  nsrroa 
temperature range, so:l formation i n  the  t r o p i c s  i s  eharact- 
e r i eed  by in tens i ty  of chemical weathering, part i c u l a r l p  
where r a i n f a l l  is f r e q w n t  and abundant. I n  the  absence cf 
eros ion the  rock beneath w e l l d r a i n e d  upland s o i l s  weathers 
t o  very g rea t  depthe, organic matter  decomposes rapidly ,  and 
the mineral p a ~ t  of the s o i l  is  almost depleted of base-f o m  
ing cations. Xn cooler regions of h igh a l t i t u d e  the  changes 
take place  l e s s  rapidly  but are similar i n  trend. S i l i c a ,  
except i n  quar t r ,  i s  removed f a i r l y  rapidly  but iron-oxide 
and alumina tend t o  accumulate. The c lay f m c t i o n ,  whose 
composition i s  Bffected by t h i s  type of change, shows c e r t a i n  
chemical and physica1 proper t ies  which are e i t h e r  lackf ng, 
o r  not exhibi ted t o  the same e x t e n t ,  i n  more s i l i ca - r i ch  
s o i l s ,  Outstanding p h y s i p d  p roper t i e s  of such t r o p i c a l  
clays a r e  the follo;ving: e tendency t o  form small c l ~ t e r s ,  
o r  granules,  which p e r s i s t  o r  ref  o m  during o r  a f t e r  working; 
comparatively- lon  p f r s t i c i t y  and correspondingly high f ri- 
a b i l i t y ;  comparatively low swelling and shrinking on wattin& 
and drying; comparatively high permeabil i ty t o  water, 
Poorly drained s o i l s  i n  which the  water t ab le  i s  high map 
have andergone some s i l i c a  enrichment and contain c lays  of 
d i f f e r e n t  composition. The clays  a r e  more l i k e l y  t o  be 
s t i cky  when wet, t o  have higher p l a s t i c i t y  and t o  be  much 
l e e s  f r i a b l e ,  t o  show g r e a t e r  shrinking and swelling, and 
t o  possess Power permeability. F r a q u e ~ t l y  the  organic con- 
t e n t  of these  wet s o i l 8  i s  higher. On steeper s lopes ,  
eros ion m a ~ r  remave the  a o i l  so rapidly  that the ~ n d e r l y i a g  
rock is exposed at the groarnd surface; it i s  general ly  
s u f f i c i e n t l y  ac t ive  t h a t  the  depth of sccurmrlated s o i l  i s  
much l e s s  i n  such p laces  than it i s  where the s lopes  sre 
more gentle.  Oh the g e n t l e r  slopes considerable depths of 
s o i l  nay accumulate and the  unaltered bedrock may be very 
deeply buried* The character  of the  rock and the  durat ion 
of the  so i l - fo rd  ng processes a r e ,  however, of g rea t  import- 
ance. For exslaple. u p l i f t e d  c o ~ a l  reef limestone, compo~ed 
a laos t  e n t i r e l y  of adlllcbun: carbonate, weathers t o  leave very 
l i t t l e  residue, Shallow, sandy s o i l s  ere common on this 
rock type. 

Most of the rsoils ( types  nos. 2,3,4,7) on Elahahera, 
Batjan and h s i r o e t a  h a w  been formed by the  weathering i n  
place of numerous nolrseafmentary rocks ( see  Geology Map), 
Ter t i a ry  and. more recent v o l e a ~ i c  rocks, and M i c  igneom 
rocks some of which a r e  metamorphosed, p ~ e d m i m t e ,  Soi ls  
( types nos. 8,9,10,1l,12) forming upon recent alluvium are 
l e s s  abundant 5n exten$. Where pmsen+,, the c h a r a c t e r i s t i c s  
asaigaed t o  them are due t o  the conalderation of the  source 
of the  alluvium, the  s i z e  assortment wMch it has received 
and the prevai l ing drainage conditions. Q r o u d  water later- 
Ptes, o r ig ina t ing  i n  s o i l e  having per iod ica l ly  f luc tua t ing  
water t a b l e s  whereby dissolved i ron  i s  p rec ip i t a ted  as the 
r e s u l t  of oxidation, a t e  probably of very l imi ted occurrence 
on Halmahera. They may occur, i n  a n  esrrly stage of f o m t i o n  

S o i l  Type 2 

Loams 

O t o  (2-5) ins :  Fr iable  loam a r  
c lay loam. Color is brown t o  
light-brown on s teep slopes, 
brown-red on gent le  slopes. The 
organic matter  content i s  low 1 
but s u f f i c i e n t  t o  produce a darkT 
e r  color  i n  t h e  surface s o i l  than 
i n  t h e  deeper horizons. 
ence a l s o  adds t o  t h e  crumbly 

Its presi character  of t h e  layer .  On stepn- 
e s t  slopes erosion may have l i m -  
i t e d  t h e  formation of t h i s  hori- 
zon and produced a sandier sur- 
f ace  s o i l  than e x i s t s  elsewhere 
on t h e  type. Nodular concretions 
of iron-oxide may be present on 
l e s s  s teep slopes. 
(2-5) ins .  and below: Yellow- 
brown and red-brown, l o c a l l y  
purpl ish  red and i n  places  al- 
most .way (where poorly drained) 
f a i r l y  f r i a b l e  c lay lo&, loc- I ~ e p t h  and stonil 

a l l y  coarser.  Contains dark-brown or  rust-brown 
iron-oxide concretions of d i f f e r e n t  degrees of 
hardness, and a l s o  rock fragments. Abundance of 
concretions decreases, t h a t  of rock fragments 
increases with depth. For many f e e t  i n  depth 
t r a c e s  of o r i g i n a l  rock s t ruc tu re  can be seen 
but mater ia l  can be cu t  with spade. Hard bed- 
rock i s  found a t  a v a r i e t y  of depths, ly ing 
deepest a t  t h e  lower a l t i t u d e s .  The mid-Tert- 
i a r y  parent rock may consis t  of andesi te ,  i n t e r  
bedded l ayers  of t u f f ,  coarse volcanic breccia,  
agglomerate and mudflows, any of which rnay pos- 
s e s s  g rea t  thickness.  I n  places these  deposi ts  
have been reworked by streams m d  washed dorm- 
slope and, because of the  interbedding, t h e  
s o i l  may have been formed from a superjacent 
bed not i d e n t i c a l  with t h e  present substratum. 
S o i l  erosion a t  t h e  higher a l t i t u d e s  has these  
produced shallower soils,a-rl moderately hard 
andesite rock or  boulders and stones from ag- 
glomerates and mudflows, may be exposed a t  t h e  
surface.  The abundance of iron-oxid- concre- 
t i o n s  i s  probably l e s s  i n  t h i s  s o i l  type than 
in type 4. Their pH may be somewhat lower, 
p a r t i c u l a r l y  i n  the  surface layers .  

Properties:  Permeability and water re ten t ion  
high t o  moderately high. Complete dispersion 
i .e .  breaking down of c l u s t e r s  and groups of 
s o i l  p a r t i c l e s  i n t o  component p a r t s ,  is  d i f f  i- 
c u l t  i n  these  s o i l s  and a high degreeypuddling 
i s  r a r e ,  so t h a t  t h e  s o i l s  tend t o  preserve a 
f r i a b l e  s t a t e .  P l a s t i c i t y  index or  p l a s t i c i t y  
number i s  of uncertain s ignif icance i n  these  
s o i l s .  Wilting point  probably r e l a t i v e l y  high. 

Relief:  Hi l ly  and mountainous; well-drained 
mountain valleys.  Alti tude range: 0 t o  2600 f t. 

Vegetation: Probably dense r a i n  f o r e s t .  Poss- 
i b l y  some moss f o r e s t  a t  highest  a l t i t u d e s  on 
northwest or  southeast slopes. A t  lower a l t -  
i tudes  cu l t iva t ion  may have resu l t ed  i n  second 

f r o d h  f o r e s t  condit ions and alang-alang 
cogon) grass cover. 

on the coas ta l  lowland with s o i l  types 10 and 11, and on the 
margins of type 12. 

C lass i f i ca t ion  of the  s o i l s  i s  shown i n  the  following 
t a b l e  :- 

S o i l s  of the ~ l a n d s  
WeIl-drained. Zoaa1:red t o  recbbrown l a t e r i t i c .  Priable, 
-1 

1. ' ~ a - ~ c l y  loam and sandy c lay  loamc (~ight=colored 1- 
sands o r  sands on c o r a l  i s land% Pepived from i n t e l r  
bedded conglomer~tc ,  v o ~ c a n i e  arb, u p l i f t e d  reef  
limestone, c lay a d  m a r l  beds, 

2. Loams. Derived from o ld  (mid-ertiarg) andesi te ,  t u f f s  
b recc ia ,  sgglonrerate and mud-flows. 

3. Stony loans, Derived from more recent (Qwternary a d  
.Recent) b a d $ ,  andeeite,  t u f f ,  b recc ia  and agglomepate. 

4. Clay loam and clay, Derived f r o a  d a r b c o l o r e d  igneous 
rocks. 

5. Clays, Derived from limestone and mad, 

Well-drsi md. Zonal? red-brown t o  m m b r o w n  l a t e r i t  ic ,  
Fr idblep 

6, 6toqv loaons. Derived from sandstone, conglomerate a d  
volcanf c breccia.  

7* Sandy loam a d  loams. Derived from sch i s t  and granlte. 

Boils of the  riv6~r va l leys  and coasta l  lowlands 
Moderately wall-drained, droaal: brown, Loose t o  f r i a b l e ,  

8. Sandy loaras and loams. Develapi ng on alluvium, predom- 
i n a n t l y  coarse-te xtured. 

9, Loanis. Ibveloping on allwium, predominantly of in te rn  
mediate texture. 

Poorly-drained. Aronal: brown t o  nrw, Plas t i c .  

10. S i l t y  c lay loam and clays. Developing on d l u v i m ,  
predominantly fine-text&. 

11. In te rmi t t en t ly  f looded phases of nos, 8 ,  9, 10. Develop 
i n g  on alluviw~; of undif ferent ia ted textures.  

12. Swamp soile.  I)ereloping i n  depressions on a l l u v i m  of 
uxlaif f e ren t i a ted  textures,  

S o i l  Type 3 
. I 

Stony loam 2nd stony c lay  loam 

0 t o  (2-5) ins:  Brown, f r i a b l e ,  
loose loam. Org anic matter  con 
t e n t  low. 
(2-5) t o  (15-30) ins :  Brown, 
chocolate-brown , or  ye1lo.~- 
brown r a t h e r  compact loam or 
c l a y  loam which crumbles i n t o  
a f a i r l y  f r i a b l e ,  loose mass 
when disturbed. May contain 
small rust-brown o r  brown i r o  
oxide concretions and. many 
stones and boulders. 

(15 - 30) ins., and below: hed- 
brown t o  brown ra the r  compact 
c lay  loam containing many 
weathered stone fragments of 
d i f f e r e n t  degrees of hardness 
and s ize .  Iron-oxide concre- 
t i o n s  may be disseminated 
through upper p a r t  of l ayer ,  
except in youngest p r o f i l e s  , 

less  vary with slope; s teeper  
slopes have shallower and more stony s o i l s .  
The p r o f i l e  descr ipt ion is based an 8 s o i l  de- 
veloped upon older Quaternary basa i t  or  andes- 
i t e ,  which has been but l i t t l e  af fected by 
erosion. The volcanic rocks which comprise the 
parent rock of these  s o i l s  a re ,  however, not 
constant i n  composition and i n  many ins tances  
t h e  rock i s  very young Quaternary or even Rec- 
ent. Breccins, t u f f s  and mudf lows are  commonly 
interbedded with lava flows. Hence stoniness 
and t e x t u r a l  composition of s o i l  p r o f i l e  w i l l  
show many and a t  times wide di f ferences  from 
place t o  place.  Recent aa-like flows may extenc 
from high t o  very much lower a l t i t u d e s  and have 
no s o i l  cover whatever ( see  photograph no. 16 
of flow on Ternate), S o i l  color  is  probably 
very l i g h t  brown t o  gray, and t ex tu re  is coarse1 
upon t h e  younger volcanic formations. A t  higher 
a l t i t u d e s ,  and on s tcepest  slopes elsewhere, 
erosion has removed s o i l  almost or q u i t e  as 
r-zpidly a s  it has been formed, so t h a t  t h e  so i l  
i s  very t h i n  or absent. The extent and occurr- 
ence of these  devia t ions  in s o i l  character is t -  
i c s  cannot be predicted upon t h e  bas i s  of t h e  
ava i l ab le  information. 

High temperature and continuously moist c l i -  
mate have combined t o  produce d e s i l i c i f i c a t i o n  
and r e l a t i v e  enrichment with iron-oxide and 
alumina. Differences i n  l i tho logy  and age cf 
parent rock have prevented t h e  development of 
unif o m  s o i l  condit ions so t h a t  both chemical 
and physical  proper t ies  show dif ferences  from 
placs  t o  place. It i s  probable t h a t  the  more 
f e l s i c  a s  we l l  a s  t h e  most recent rocks have 
s o i l s  which a r e  lowest in iron-oxide and alum- 
ina  and a r e  amongst t h e  lesspermeable. Resil ic-  
i f i e a t i o n  of t u f f  beds by ground water during 
t h e  e a r l y  s tages  of ac t ive  s o i l  formation upon 
them m y  have helped produce l e s s  permeable 
subsoi ls  and subs t ra ta  on these  mater ia ls .  

Properties:  S o i l s  a re  general ly  permeable, 
have a medium high f i e l d  capacity and probably 
a w i l t i ~ ~ ~ i c h  i s  ra the r  high r e l a t i v e  t o  t h e  
f i e l d  capacity. They a re  f r i a b l e  and possess a 
n a t u r a l  crumbly s t ruc tu re  which is  not r e a d i l y  
destroved. Natural product ivi ty  probably re l -  
a t i v e l k  low but widely var iable  and react ion 
s l i g h t l y  acid ,  p a r t i c u l a r l y  in surf ace layers .  

Relief:  Hi l ly  and mountainous; steep,  d i s sec te  
r idges;  plateaus.  Al t i tude range: 0 t o  500 f t .  

Vegetation: Probably moderately open r a i n  for-  
e s t ,  densest  in va l l eys  and on northwest and 
southeast  f ac ing  slopes. Alang-alang (cogon) 
and some secom-growth a t  lower a l t i t u d e s  wherc 
few, sca t t e red ,  cu l t iva ted  a reas  may e x i s t ,  
Barren on some recent lava  flows. 

S o i l  Type 4 

Clay loam and c lays  

0 t o  (24) ins :  Red-brown, 
f r i a b l e  clay loam or clay,  
containing small amount of or- 
ganic matter and p a r t l y  stain- 
ed thereby on i t s  breakage 
surf aces. 
(2-4) ins .  and below: Red- 
brovm t o  purple-brown, or deep 
red,  f r i a b l e  c lay  loam o r  c lay  
c o ~ t a i n i n g  sand, gravel  and 
pebble-sized iron-oxide con- 
cre t ions .  The color becomes 
yellower with increas ing depth 
but is  darker next t o  t h e  bas- 
i c  parent rock. Except k loc- 
a l i t i e s  of s teepest  slope and 
and most pronounced r e l i e f  
where erosion may have been 
severe t h e  weathered bedrock , probably l i e s  a t  depths of 15 
t o  20 f e e t  and i s  covered by 
a l t e r e d  rock and s o i l .  

These s c l l s  a r e  probably the  most extremely 
weathered of any of the  s o i l s  of the  upland 
areas  of Halmahera and nearby i s l ands  and 
provide, p a r t i c u l a r l y  upon p e r i d o t i t  e and 
serpentine,  a good i l l u s t r a t i o n  of t h e  e f f e c t  
in upland posi t ions ,  of t r o p i c a l  weathering 
processes on basic rocks in which t h e  removal 
of s i l i c a  and accumulation of i ron-~x ide  and 
alumina have gone t o  an advanced stage.  Iron- 
oxide concretions a r e  probably more abundant 
in t h e  second and t h i r d  f e e t  of t h e  p r o f i l e ,  
unless exposed a t  t h e  surface by erosion. The 
amounts d i f f e r  , however, owing t o  l o c a l  en- 
vironmental d i f  f erenc as. They a r e  a p a r t i a l  
indicat ion of t h e  extent  t o  which s o i l  form- 
a t i o n  has progressed and range in s i z e  from 
sub-microscopic dimensions t o  many centimet- 
e r s  in diameter, They d i f f e r  in hardness: 
some a r e  a l ready hard, o the rs  may harden on 
exposure t o  t h e  a i r .  

It i s  probable t h &  t h i s  group of s o i l s  
i s  s imi lar  t o  t h e  Nipe s o i l s  of Puerto Rico 
and Cuba and, i n  marly respects ,  t o  c e r t a i n  of 
t h e  deep-red, o lder  s o i l s  on basic rocks 
elsewhere i n  t h e  Netherlands Indies. Ferru- 
ginous concretions i n  such s o i l s  a r e  termed 
"perdigones" in Puerto Rico and Cuba, and. 
"kr ik i l s "  in Sumatra. 

Propertries: These s o i l s  a r e  permeable, have a 
high f i e l d  capacity and a i r -dry  moisture 
content and probably a high w i l t i n g  point .  
They a r e  f r i a b l e  despi te  t h e i r  high c lay  con- 
t e n t ,  s ince they a re  d i f f i c u l t l y  dispersed 
and puddled by comparison with most of t h e  e- 
qua l ly  clay-rich s o i l s  of higher l a t i t u d e s .  
The p l a s t i c i t y  index, o r  p l a s t i c i t y  number, 
of these  s o i l s  i s  of doubtful significance i n  
r e l a t i o n  t o  t h e i r  engineering behavior and 
should be in te rp re ted  with caution. The s o i l s  
a r e  probably of low na tu ra l  product ivi ty  and 
s l i g h t l y  acid  t o  neu t ra l ,  but most ac id  i n  
t h e i r  surf ace layers .  

Relief: Hi l ly  and mountainous, including well  
drained high mountain valleys.  Al t i tude range 
0 t o  4700 f t e  

Vegetation: Rain f o r e s t .  Some sparse second 
growth and grass a reas  a t  lower a l t i tudes .  
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Vegetation: Moderately dense r a i n  f o r e s t .  Some 
second growth and alang-alang (cogon). 

S o i l  Type 5 

Clays 

0 t o  (6-10) ins :  Dark brown or 
gray-brown, f r i a b l e  c lay  loam t o  
san2y clay losm. Organic matter  
content probably low. Horizon is  
absent on veiby steep slopes. 
(6-10) ins .  and below: Brown-red 

Relief: Level t o  gent ly  sloping. Alti tude -- 
range: 0 t o  330 f t .  

Vegetation: Coconut palm, r a i n  f o r e s t ,  grass. 

S o i l  'Pype 6 

Stony sandy loams and stony loam 

0 t o  (2-3) ins :  Brown, s l i g h t l y  
humous sandy loam t o  loam, c o r n  
only stony. Fine ear th  i s  f r i a b l e .  
(2-3) ins .  and below: Yellow- 
brown t o  brown, r a r e l y  gray- 
brown, stony sandy loam and loam 

S o i l  Type 9 S o i l  Type 1 0  S o i l  Type 11 S o i l  Type 12 

Loams S i l t y  clay loam and c lays  I n t e r  mi t t en t ly  flooded phases Swamp s o i l s  
of undif ferent ia ted s o i l s  on 

alluvium 

3 t o  (0-10) ins :  Dark brown, 0 t o  (3-12) ins :  Dark gray-brown 0 0 t o  (12-24) ins :  Dark gray t o  These s o i l s  possess any one of 
r a r e l y  black-brown, f r i a b l e  loam t o  gray s i l t y  c lay  loam t o  c lay,  gray compact s o i l ,  of a v a r i e t y  numerous textures  but it i s  pro- 
t o  clay loam, containing organic having moderately porous s t ruc t -  of textures ,  Rarely, may be cov- bable t h a t  fine-textured c lasses  
matter. Fa i r ly  open s t ructure .  ure  i n  upper pa r t  where undist- erbd by several  inches of peat. predominate, They may have a . . . .  (0-10) t o  (24-48) ins:  Brown t o  urbed. Rela t ively  high organic (12-24) ins.  and below: Gray t o  covering of peat. I n  places ,  
red-brown f r i a b l e  loam t o  c lay  matter content. pa le  blue-gray o r  green-gray p a r t i c u l a r l y  adjacent t o  S o i l  
loam. Structure  somewhat more (3-12) t o  (24-36) ins: s o i l .  Different textures.  Where Clay t o  Type 1, along t h e  southern shore 

compact and densi ty  g r e a t e r  than s i l t y  c lay  loam with color  de- t h i s  s o i l  occurs adjacent t o  of Boeli Bay, they may be under- 
i n  uppermost layer.  pendent upon drainage. Under s o i l s  8, 9 o r  10 i ts  texture  l a i n  by cora l  limestone o r  clay. 
(24-48) ins .  and below: Red- good drainage color  i s  some w i l l  be s imilar  t o ,  or  s l i g h t l y  gsewhere they are found in pro- 
brown t o  yellow-brorrn sandy loam . . . . . .  . * . . .  shade of brown; poor drainage f i n e r  than,  t h a t  of t h e  adjacent nounced depressions and a r e  deep- 
t o  c lay  loam. Density greater  causes gray flecked with rus t -  s o i l s .  Some s t r a t i f i c a t i o n .  e r  having fine-textured s u b  
than t h a t  of overlying l ayers ,  . * . . .  brown markings. May contain s o f t  4 Gravel lenses  not uncommon, s t r a t a  of low permeability, o r  
but s o i l  crumbles qu i te  read i ly  i concretions of iron-oxide. p a r t i c u l a r l y  below sandy surface l i e  adjacent t o  underground aq- 

on drying. The alluvium extends o . . . .  24-36) ins.  and below: S i l t y  s o i l s .  u i fe r s .  They a r e  water-logged 
t o  considerable depths and ex- . . . . .  kiay and clay; may be s t r a t i f i e d  5 and are usua l ly  inundated through- 

cept where reduction has been with f i n e  sand, sand or  gravel. out t h e  year. Near coast  they 
brought about by a high or  per- Compact. Color affected by :nay be saline.  
i o d i c a l l y  high water t ab le  i s  drainage. Probably gray t o  yell-  

generally brown t o  yellow-brown or  red-brown. A ow gray, mottled with brown, Properties:  These s o i l s  a re  found i n  low-lying Relief:  F la t s  arid depressiu,ls. Alt i tude 

poorly drained phase of t h i s  s o i l ,  gray i n  color black, and green markings a t  pos i t ions  in val leys  and coas ta l  depressions. range: 0 t o  100 f t .  
with yellow-brown and brown s t a i n s  in subsoi l  depth of about 5 f e e t  or more. In some places near coast  they may be sa l ine .  
may occur i n  l e v e l  areas.  It i s  grouped with Extends with l i t t l e  change i n t o  deep bed of They a r e  c lose ly  associated with t h e  other  Vegetation: Swmp vegetation, including sago- 
similar phases of s o i l s  8 and 10 under S o i l  alluvium generally showing s imilar  color  pecul- s o i l s  on alluvium and comprise a group which palm and, near coast ,  na) include msngrove 
m e  11. Only t h e  l a r g e r  areas  of these  poorly i a r i t i e s ,  l o c a l l y  not mottled. An intermit tent-  a r e  somewhat b e t t e r  drained than t h e  swamp soil :  and other  r h i ~ o p h o r e s ,  and nipah palm. 
drained phases a re  shown on the  map. Where s o i l  l y  flooded phase of th!s s o i l ,  gray with rust- but l e s s  well  drained than s o i l s  8, 9 and 10. 
11 occurs adjacent t o  s o i l  9 t h e  t ex tu re  of brown s t reaks  and iron-oxide concretions in the  They a r e  f requent ly  flooded and always have a 
s o i l  11 i s  s imilar  t o  t h a t  of s o i l  9. The par- subsoi l  and of noticeably i n f e r i o r  drainage, high water t i b l e ,  probably within 12 inches of 
en t  mater ia l  of t h i s  group of s o i l s  r e s u l t s  has been grouped with s imilar  phases of 8 and 9 t h e  surface,  P o s s i b i l i t y  e x i s t s  of p rec ip i t a t ion  of iron- 
from t h e  erosion of upland a reas  upon which under S o i l  Type 11, Only t h e  l a rge  areas  of oxide i n  f iner-textured s o i l s  of t h i s  group, 
S o i l  Types 2 and 3 a re  t h e  main types. Included these  phases a r e  shown on t h e  map. \Were s o i l  p a r t i c u l a r l y  where surrounded hy c lay  of S o i l  
with S o i l  Type 9 as  described are  some areas  of 11 occurs adjacent t o  s o i l  10 the  t ex tu re  of Type 10 and by upland areas  of c lay loams and ' 

S o i l  Type 6 occurring on s m a l l  bodies of upland s o i l  11 is  s imilar  t o  t h a t  of s o i l  10. c lay  (So i l  Type 4) .  Iron-oxide, a s  nodules and 
which it has not been poss ible  t o  d i f f  er*entiate, l ayers ,  probably s o f t  if present. 
In  places where t h e  s o i l  has formed e n t i r e l y  Properties: Surface s o i l  of t h i s  type probably 
on wash from adjacent slopes surface drainage c0nta j .n~ more organic matter than t h a t  of s o i l s  i iel ief:  F la t s  and depressions. Alti tude range: 
i s  superior. Along ~ o a s t ~ n a r r o w  s t r i p s  of 8 and 9. The s o i l  is young and i s  developing 0 t o  175 f t .  
sandy s o i l ,  t o o  narrow t o  indicate  on map, may very slowly, ch ie f ly  upon t h e  fine-textured 
be found loca l ly ,  adjacent t o  t h i s  type. alluvium which has been deposited a f t e r  erosionVegetation: Rain f o r e s t ,  sago palm, some ~ a s s y  

and slope wash of s o i l s  4 and 5. It i s  commonlyareas. 
Properties:  The s o i l s  a re  young and exhibi t  affected by a high wdter t a b l e  and drains  slow- 
very l i t t l e  p r o f i l e  development, in t h i s  res- l y ,  p a r t i c u l a r l y  away Prom ex i s t ing  stream 
pect being s imilar  t o  s o i l s  8 and 10. These channels. The s o i l s  a re  p l a s t i c ,  e a s i l y  puddled 
s o i l s  possess higher f r i a b i l i t y  and permeabil- and re turn  but slowly upon drying t o  a more 
i t y  than t h e i r  t ex tu re  might sucgest, but are  granular s t a te .  They have a high wat er-holding 
l e s s  permeable than t h e  sandj  loams of type 8. capaci ty  and wi l t ing  point  and low permeability EXPLANATION OF PATTERNS USED I N  SOIL DIAGRAMS 
They have moderately hogh t o  high water-holding Probably d i s t i n c t l y  acid i n  upper 2 f e e t  of 
capaci ty  and probably a r e l a t i v e l y  high wi l t ing  p rof i l e ;  n e u t r a l  t o  s l i g h t l y  a lka l ine  a t  great- 
point .  Drainage i s  moderately good, par t icular-  e r  depths. Areas of S o i l  Types 6 and 5 may be v1 

. e . e  SILT 
adjoining stream channels. Depressions,between included l o c a l l y  with these  s o i l s .  

1-1 CLAY 
1 

drainage ways and adjacent upland, a r e  l e s s  
well  drained and may have h i ~ h  water table .  Relief:  Level t o  gent ly  sloping, Some depres- 
Reaction probably s l i g h t l y  acid  throughout. sions. Alti tude range: 0 t o  330 f t .  

Relief: Level t o  gent ly  sloping. Less commonly, Vegetation: Rain f o r e s t ,  bamboo, sago palm, 
d i s t i n c t l y  sloping. Al t i tude range: 0 t o  330 f t .  soma grassy areas. Reliability Rating: Class D 

rnpetation: Rain f o r e s t ,  bamboo, coconut palm. Preliminary text submitted - 
~i thout checking or editing. 
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S o i l  Type 7 

Sandy loam and loams 

0 t o  (1-3) ins: Dark brown t o  
+ brown s l i g h t l y  humous loam. 

Absent on very steep slopes. 
(1-3) t o  (12-18) ins:  Brown, 
gray-brown o r  red-brown sandy 
loam t o  loam containing quartz. 

t o  red c lay  or sandy clay,  r a r e 1  . . . . .  sandy loam, containing ferrugin-' . . . . . .  . . . . .  ous concretions i n  t h e  upper 
pa r t .  Abundance, s i ze  and hard- 
ness of concretions d i f f e r  from . . . . .  place t o  place. Parent rock of 
e a r l y  Ter t i a ry  limestone and . . . . . .  associated sedimentary rocks i s  . ... . . 
encountered a t  depths ranging 
f rom few inches t o  several  f e e t ,  
depending upon slope,  erosion 
and composition of parent rock. 
More gently sloping regions, de- 
press isns  , sink-holes and in ter-  
bedded marly l ayers  i n  parent 
rock a r e  associated with deeper 
s o i l .  In places sandy layers  a re  

S o i l  Type 8 

Sandy l o a m  and loams 
0 t o  ( b 8 )  ins :  Dark brown t o  
brovm , somewhat humous sandy 
loam t o  very f i n e  sandy loam. 
Textural grades within t h e  sandy 

o loam group may include gravel ly  
sandy loam, Loose, open s t ructure .  

sand and gravel,  some mica. In 
t h e  moist s t a t e ,  loca l ly ,  greasy 
t o  t h e  f e e l  where mica-rich, 
112-18) t o  (24-36) i n s  : Brown or 

2 red-brown sandy c lay  loam. Sirni- 
l a r  t o  l ayer  above but contains 
more c lay  and may contain iron- 
oxide concretions, p a r t i c u l a r l y  
where parent rock i s  maf i c  (e.g. 
amphibolite, diabasic t u f f ) .  

4 Clay content though not high, 
probably reaches a maximum i n  
t h e  second foo t  of s o i l ,  

5 (24-36) ins .  and below: Decom- 
posing rock, stained brown t o  
red-br own, extending t.gkp$$nJf ee t 

6 or deeper and probably/m upper 
p a r t  g rea tes t  proportion of 

co l lo ida l  c lay  and other f ines .  Texture approx- 
imately sandy loam t o  sandy c lay  loam. Becomes 
increas ingly  sandy and stony with depth. The 
weathered rock l i e s  deeply buried. The p r e  
Permian rock in the  Sibela b!ountains region in- 
cludes, i n  addit ion t o  amphibolite and diabasic 
t u f f ,  quar tz i t e ,  quartz mica s c h i s t ,  hornblende 
s c h i s t  and d i o r i t e  gneiss. Near t h e  Geti  River 
i n  northeast  BatJan t h e  s o i l s  a re  formed uDon 
pre-Permian hornblende g ran i te  and a re  probably 
of g rea te r  depth and coarser textured. 

Properties: These s o i l s  a r e  old and h i ~ h l y  
leached. They are permeable and have intermed- 
i a t e  t o  low f i e l d  moisture capacity and wi l t ing  
point. Fr iab i l i ty  l e s s  than t h a t  of s o i l s  nos. 
1 to 5 .  mey are the  most acid of t h e  residual 
s o i l s  throu&out t h e i r  p r o f i l e s *  

Rel ief :  Steep, rugged, mountain0uS in Sibela 
ldountains; l e s s  steep,  with smoother topogra~hy  
along Geti  River. Alt i tude range: 0 t o  6650 it. 

~~i~ forest. ~ r ~ b ~ b l ~  some slang- 
slang (cogon) On gentle slopes* 

containing few brown iron-oxide 
concretions, s o f t  and e a s i l y  
crumbled extending downward f o r  
considerable depth and merging 
imperceptibly with deep, uncon- 
sol idated,  sub-aerial or  marine, 
P a t e r n a r y  sediments. Clay con- 
t e n t  probably increases  with 
depth, especia l ly  on gent ly  
sloping areas. The sediments in- 
clude sands, conglomer a t  es  , voi- 
canic breccia with interbedded 
cobblestones. Parent rock not 
constant and may cause d i s t i n c t  
l o c a l  s o i l  d i f ferences ,  par t ic-  
u l a r l y  with respect  t o  stoniness.  
Some calcareous cement a t  ion pro- 

(0-8) t o  (12-24) ins :  Brown o r  

I red-brown. Texture range s imilar  
t o  t h a t  af overlying so i l .  
Structure more compact and 

2 s l i g h t l y  l e s s  permeable than in  
upper layers .  
(12-24) ins.  and below: Brown or  

3 yellow-brown f a i r l y  compact 
sandy loam t o  c lay  loam. Locally 
gravel ly  sandy loam or gravel ly  
sand. A poorly drained phase of 
t h i s  s o i l ,  of gray color with 
rust-brown s t a i n s  and markings 

5 i n  subsoil ,  may occur on l e v e l  
areas. It i s  grouped with sin&- 
l a r  phases of s o i l s  9 and 13 

6 under S o i l  Type 11, Only t h e  
l a rge  areas  of these  poorly 

drained phases are  Shown on t h e  'fiere 
11 Occurs adjacent 8, the texture 

of S o i l  TYPe l1 is that of 
Type 8. The s o i l m e r g e s  imperceptibly a t  

feet with the 
Recent river and which has 
been deposited by slope wash and erosion from 
adjacent slopes and higher-lying ground else- 
nrhere* The may be stratified owing to 

of dFfferently textured layers* It 
i s  derived c h i e f l y  from t h e  surfase  and sub- 
s o i l  l ayers  which were formed upon loosely  
consolidated Quaternary subaer ia l  and marine 
3cdinents: sandstone and 'Ome 

uplifted reef up0n which and 
1 h v e  developed* In places, Which be 
determined by ex i s t ing  infom.ation, s o i l s  8 ,  
6,  1 a r e  i n t r i c a t e l y  inter-fingered bat have 
been shovm a s  S o i l  Q p e  8, Substrata may be 

%"jacent to Tvpe 

unif Pro?erties: om, throughout Imc t h e  are prof i l e .  yo'mg Differences ax'd 
which e x i s t  a r s  ch ie f ly  due t o  v e r t i c a l  diff-  
erences i n  organic matter content and, local- 
l y ,  t o  f luc tua t ing  water table .  S t r a t i f  i c ~ t i o n  
brought about by sedimentation may be found i n  
t h e  r e l a t i v e l y  unal tered alluvium and a l so ,  
but l e s s  commonly, in the  upper p a r t  of the  
p rof i l e .  They a r e  permeable and possess low 
water-holding capacity,  and probably low w i l t -  
ing  point. They a re  general-ly well-drained but 
i n  low-lying posi t ions  away from stream cha.ri- 
n e l s  they may have gray-brown subsoi ls  with 
r u s t y  markings and a water t a b l e  nrfthin 2 or  3 
f e e t  of t h e  surf ace. Reaction probably s l ight-  
l y  acid. 

interbedded and have produced s o i l s  of coarser 
texture .  

These ~ 0 5 1 s  a r e  i n  many respects  s imilar  t o  
t h e  s o i l s  of Type 1 i n  t h e  coas ta l  regions. The 
parent rock group of S o i l  Type 5 includes more 
limestone, however., and t h e  s o i l s  a r e  influenced 
accordingly. A cis;.-rich residue generally re- 
rnains a f t e r  weathering of great  depths of talc- 
ium carbonate rock. Interbedded layers  of talc- 
areous sand give r i s e  t o  sandier s o i l .  The soils 
of t h i s  group may be expected t o  show many sim- 
i l a r i t i e s  t o  t h e  Elatanzas s o i l s  of Cuba and 
Puerto Rico where t h e  weathering of limestone 
has resul ted i n  extremely deep accumulations of 
r e s i d u a  c lay  s o i l .  The s teeper  slopes may con- 
sist of limestone rock p r a c t i c a l l y  denuded of 
s o i l .  

Properties:  The s o i l  i s  f r i a b l e  and e a s i l y  
crumbled, despi te  .its high c lay content. Perm- 
e a b i l i t y  t o  water i s  high. Field water-holding 
capacity i s  medium high t o  high, and wi l t ing  
point  probably high. The c lay  p a r t i c l e s  a r e  
col lected i n t o  small c l u s t e r s  which r e s i s t  dis-  
persion,  contribute g r e a t l y  t o  t h e  f r i a b l e  and 
permeable character  of t h e  mater ia l  and tend t o  
produce a s o i l  which i s  comparatively r e s i s t a n t  
t o  erosion. On steep slopes and i n  absence of 
vegetation, o r  where vegetation i s  sparse,  eros- 
ion  may have been considerable. Marly phases 
subject  t o  s l i d e  badly. Some evidence of kars t -  
l i k e  topography: s inks ,  underground s t r e m s ,  
bare rock. 

Relief:  Steeply sloping h i l l s  with many c l i f f s  
and ledges. Topography may be karst- l ike.  A l t -  
tude range: 0 t o  4900 f t .  

bably occurs l o c a l l y  i n  deeper 
layers .  

This i s  a young s o i l  developed on predomin- 
a n t l y  coarse-textured parent rock. Sedimentat- 
ion p e c u l i a r i t i e s  a t  time of deposit ion may 
have caused some s t r a t i f i c a t i o n ,  but t h i s  is t o  
be dist inguished from s o i l  horizon different-  
i a t i o n ,  which i s  usual ly  not pronounced. Adjac- 
ent  t o  Recent alluvium, slope wash has probably 
caused an apparent g r a d u d  t r a n s i t i o n  t o  t h e  
s o i l s  which have formed on t h e  Recent alluvium. 
The separation indicated on t h e  maps between 
t h i s  s o i l  and s o i l s  8 ,  9, 10,  i s  based primar- 
i l y  on a l t i tude .  Owing t o  t h e  wide contour in- 
t e r v a l  (165 f t . )  the re  are  almost c e r t a i n l y  in- 
elusions of S o i l  m e  6 with t h e  generally low- 
e r  ly ing S o i l  Types 8, 9, 10. 

Properties:  The s o i l  is  generally loose, f r i a b l e  
permeable and has intermediate water-holding 
capacity. $ i l t i n g  point  i s  probably r e l a t i v e l y  
low, react ion moderately t o  strongly acid  t o  
depths of many f e e t  except i n  irmnediate vicin- 
i t y  of calcareous layers.  

Relief:  Uplif ted t e r races ,  deeply dissected a t  
higher a l t i t u d e s  t o  f orm narrow, steeply-sloped 
ridges which form f o o t h i l l s  t o  i n t e r i o r  mount- 
ains.  A t  lovrer a l t i t u d e s  t h e  in ter-gul l ied  
a reas  a r e  broader and may be f a i r l y  f l a t .  
Alt i tude range: 0 t o  3300 f t .  

Vegetation: Rain f o r e s t  of intermediate density,  
i n  places open with second growth. Locally 
alang-alang g rass  (cogon) may bc abundant. 



S0ILS:ENGINEERING PROPERTIES HALMAHERA (MOLUKKAS) 

I m O D u C T I  ox 

The texture, or  par t ic le  size dis tr ibut ion i s  prob- flocculated and to return to the flocculated s ta te  more re  drainage is 3 inches per foot,  and the so i l  i s  desired to 
ably the most useftit single indication of the engfneeriw readily then the more sil iceous s o i l  clays. be mifonnly wetted to tha t  moisture content to  a depth of 
properties of a so i l ,  The textures of the soSPls of Halma- "Ph9 estimated engineering properties of  the so i l s  be- 4 fee t ,  then 1 2  inches of water may be applied to a 
hera have been estimated t o g e t b r  with the i r  engineering fore construction treatment take into consideratfon d i f -  completely dry s o i l  and the desired resul t  attained. The 
group classif icat ion,  f o r  h i c h  the symbols used in the farences from one m i l  horizon to another. Void rat ios ,  addition of only 6 inches of water to the same so i l  would 
Public Roads Administration Group Classification the rat5 o of w i d  space t o  o d y  wet 2 feet  of the so i l  t o  an equivalent of 3 inches 
(See Principles of Highway Construction, Public Roads actual volume o f  sol id i n  a so i l ,  are gfven i n  round per foot; the lower 2 feet  of s o i l  would remain unwetted. 
Administration, Federal Works Agency, June, 1943) and the numbere. Void ratio=(l-V)/V, i n  which V equals the volume 'Phe amount of water present i n  air-dry so i l  rnay also be 
Aviation Engineers Technical Manual TM 5-;255* respectively of sol id i n  a cubic f o o t  of the so i l  as cdcula  ted from estimated,for at an air humidity of 56 percent, the 
have been used, and a r e  given f o r  each type, Interprets- the original field-clrjr weight and assuming specific water content of the soi l  i s  about one-fourth to  one- 
t ion of the engineering p r o ~ e r t i e s  of these tmpica l  m i l s  gravity for so i l  grains of 2.65, Porosity is  the frac- f i f t h  of the moisture retention percentage. 
depends psimia- i l g ,  however, on the experience of so i l s  t ional mount of voids  resent i n  the so i l ,  1-V/1. 
norkers and engineers i n  more temperate regions; much ha8 t ion treatment, i.e., dry weight and moisture percentage 
yet to be learned of the properties of  tropical s o i l s ,  Moisture retention, or f i e l d  moisture capacity as  at optimum compaction and also bearing-ratio percentage, 
particularly of the red, red-brown, yellow, and yellow- percentage, dry weight basis, is chiefly dependent upon are obtained from Technical Manual 5-255 fo r  eoil  of the 
'crown soils. I t  i s  known that the clay fra.ction of these particle-size distributfo@ and organic matter content but appropriate claesifica.tlon group. The conversion of 
801% has a much lower s i l i c a  content than that of most the ~?alculet ion extended to the volume basis and given as moisture percentage at  optimum compaction to inches of 
temperate-region so i l s ,  and i s  correspondingly very much inches of water retained per foot i n  depth of so i l  16 water per foot of s o i l  has been calculated i n  the same 

higher i n  hydrated oxides of iron and aluminum, and i n  calculated from both percentage and field-dry weight of manner as before but by use of the corresponding optimum 

certain other compounds o f  iron, altxninm, and silicon. soif. The moisture-retention data f o r  different kinds of compaction values. Void ra t io  has been calculated on 
The behavior of the clay during construction operations i s  s o i l s  are  based on experiments that have determined the the same basis as before but re fers  here to optirmun com- 
greatly affected by these pecul iar i t ies  i n  contpoei tion. percentage of water re ta im d respectively by the sand, paction conditions. Bearing ra t io  represents the loaa 
811 s o i l s  containing clay become more or less p las t i c  when s i l t  , and clay com2onents of the soil. These data are supporting power of the so i l  i n  comparison with that  of 
moistened sufficiently,  but i n  general, the clays of the p a r t i o ~ l a r l y  useful because they enable the engineer to  crushed rock. 

red, red-brown and yellow-brown so i l s  a re  l e s s  plastf c estirm t e  (1) the water retained by a well-drained so i l  
and more f r iab le ,  i.e,, l e s s  affected by water absorption within a day or two a f t e r  a deep-penetrating rain and Most available soils information concerning particle- 

than the  clays of the temperate regions and the generally (2) the moisture content b l o w  which the so i l  cannot be s ize distribution disposes of the amounts of par t ic les  
more sil ica-rich soi ls  of the tropical lowlarmds. T h i s  uniformfp wetted simply by the addition of water to  the coarser than a few millimeters i n  diameter by use of the 

difference i s  rmmifested by a l a re r  degree of etickcrnersar surface o f  the soil. For example, i f  the minimum water terms "stonyn or "gravelly. A l l  estimates i n  tU s t ctble 

less emXlfng on vetting, less shrinkage on w i n g ,  and retention of a level mss of uniform s o i l  a f t e r  f ree are  based upon material f iner  than 2 mm. diameter and soi ls  

higher permeability. They tend to flocculate,  to  remain described a s  gravelly o r  stony w i l l  bave estimates which 
are too low for  weights per cubic foot and bearing rat iae,  
and too high f o r  void r a t ios  ~ n d  water retention values. 



SOILS: ENGINEERING PROPERT HALMAHERA (MOLUKKAS) 
Soil wmber and type name 1. Sandy loams and sandy clay loam 2. Loam8 

Soil 

P r o f i b  

mpth (inches) o to  (3-6) ins, 

Sand with fines; poor- 
l y  graded saxid clay 
mixtures with -11 
amount of organfc 
matter. 

srr (8-2) 

Ssnd-clay mixtures, 
poorly to  well graded. 

Sand wlth fines; con- 
t a ins  small amount of 
organic matter 

Inorganic clay roams 
of low p las t ic i ty ;  high 
f r i a b i l i t y  W n e e r i r g  names and group symbol A/ 

1 I I / Cohesion i n  dry s t a t e  Low to  intemediats  

Foundation value Fair to  good 

Very low 

Medim 

70 - 85 

0.95 - 1.4 

S - 16 
i,i - 2,6 

Fairly good t o  excel- 
l e n t  

Law 

Medium 

75 - 100 

0.65 - 1.z 

6 - 15 

009 - 2.9 

Fair t o  good 

Very low 

High 

70 - g5 

0,95 - 1.4 
15 - 25 

2 - 4  

Fair t o  good 

Low 

90 - f35 

0.95 - 1.4 

i e  - 30 
2.4 - 4.9 

%pansion and shrinkage 

Permeability 

Weight, lbe/m. f t .  

Void r a t i o  

Water retention 

8 
SB: 110-125 

I 

110 - 125 
SC: 154 110 - 125 100 - 120 

o a t &  s void ra t io  0.53 - 0.5 SPt 0.33 - 0.5 0.33 - 0.5 0,39 - 0.66 M& o u U 
4 d 

SCr 4 0.33 
11 - 17 SF: 11 - 1 7 ; S C r t l l  11 - 1 7  13 - 22 

Water retention 
2.3 - 3 SF: 2.3 - 3.; ~ ~ : < 2 * 6  2.3 - 3 2.5 - 4.7 

. . 
.i.j 0 

2 , B a r i n g  ra t io ,  percent SF: 8 - 30 ; SCr20-50 - 30 g - 30 4 - 2 0  
0 aJ 
O u  

AGGREGATE AND BIIJDER: Locally , considerable 
aggregate may be present i n  m i l ,  par t ly  i n  
form of i ron concretions, Gravel, pebble and 
cobble beds (unconsolidated conglomerate) r3, so 
generally cormon; of f a i r  crushing quality, 
mount of binder i n  s o i l  adequate f o r  e t ab i l i -  
zation, quality f a i r ,  except on coral islands. 
Better binder exis t s  i n  so i l  type 10 and maybe 
used *ere conveniently situated. 

~GGREGATE: AND BIKOER: Hard, higher quality 
aggregate not abundant except local ly and at  
higher alt i tudes; should be tested for  quality 
before use. Soil  high i n  conlbnt of binder of 
medium quality. EXIm e a re  too f r i a b l e  fo r  
best binder. 
KECHAmICAL gPABILIZATIOEJ OF LOOSE MATXRXAL: 
Fair ly well suited to compaction; moisture con- 
t r o l  not diff icul t .  3earing ra t io  fair t o  good 
(See locctl Material Table and TW 5-255, fig. 
102). Permeabili t y  gGad, permitting f a i r l d  
rapid dis tr ibut ion of moisture up t o  f i e f  d 
capaci ty. Internal drainage good. 
SUITABILITY FOR SUBGRADE AND BASE COURSE: 
Goad subgrade material, and a f t e r  cornpac tion 
to optimum w i l l  probably require re la t ive ly  

,aha3low base course owing t o  f r i ab le  chsractsr 

Soil properties as affecting construction 
problem8 

Admixture of binder generally not necessary 
except on coral i s  lands, Well suited t o  c om- 
paction and does not require very close mois  
ture control. Beariw ra t io  fair t o  good, 
local ly excell8 nt (see Local materials table 
and TM 5-255 fig. 102). Permeability good. 
A special case exis t s  where liu4atons near 
e&ace provides good f a d a t i o n  but may re- of clay* 
q d r e  s p c i a l  d r d w g e  treatment. so i l s  h- SUITABILITY FCR STABILIZATIOIP WITH BITUMEN OR 
come duets a f t e r  ysolonmd dry period. PORTUHD CEIdENT: Probably not well sited for 

I srrras~~fi~ s 
- - - - 

aR SUBGQgE -E COURQ: I e i  ther kinds of treatment. 

I Good subgrade material, commonly suitable with- 
out scarif icat ion and blending. Compaction of I 
foundation not alw~snnecessary. Where clay 
beds near surface su i t ab i l i ty  f o r  subgrade i s  
reduced and neceseity for sack base coarse 
i s  increased. 
SUITABILITY FOR STABILIZATION WITH P C I R W  
CIWIENT aR BITUMEN: Ths most sandy and gravelly 
representatives of type are suited to such sta- 
bi l izat ion,  Som clay r i c h  members not so well 
adapted. 

I 

?'Symbol8 for  .oil typea are t b s e  used i n  9% 50255~ and i n  publicatione 
of the Public Road8 Administration. Reference i s  made to  a&regato 

(material (coarser than Wo. 10 sieve) and binder already present i n  
soil. 
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HALMAHERA (MOLUKKAS) S0ILS:ENGINEERING PROPERTIES 

Soil 

Profile 

(3-12) ins. to (2b-36) 
ins, : 

-- 

Depth (inches) 0 to  (3-12) ins.: (24-36) ins,  aod belm: 

-- 

Inorganic glays of me- 
dium t o  high pla s t i c i -  
t Y  

Inorganic clays of med 
ium to high p las t ic i ty  
contain or,wic matter 

Many texture types may 
be represented. 

Uany texture tm e may 
be represented. See 
soi ls  8, 9, and 10. 
Peat may be p.esent a t  
surf ace. 

Many texture types may 4 Xngineering names and group symbols be represented, See 
s o i l s  8, 9, and 10. 

Cohesion i n  dry 6 t a t e  

Foundation %lue 

Expansion and shrinkage 

Mediuq to high Medium t o  high 

Fair to  porn 

ldedium t o  high 

Low 

70 - f35 
0.95 - 1.4 

22 - 35 
3 - 5.7 

Medium to high 

Poor to  very good 

Lar to  moderately N g h  

Low 

70 - 90 
0.85 - 1.4 

Very low t o  high Very low to high 

P o s  Fair to poor 

Medium t o  high 

Low 

65 - 80 

1.1 - 1.6 

Very poor 

Low t o  moderately high 

See s o i l s  Nos. 8,9, 10 

See soils 80s. 8,9, 10 

See soils Nos. 8, 9, 1( 

Low to'moderately high 

See so i l s  Nos, 8, 9.10 

See soi ls  Xos. g,g, 10 

See so i l s  NOS. 8.9, 10 

Permeability 

Weight, lbslcu. f t .  

I Void r a t i o  

r 
w 
d Water retention 
rl 

8 ins. /f t. 
n 

4s a 

e 
fi 2 
8 z Weight, 1bs.fcu. f t .  

L t r d c d  
O a k ! '  t&b 6 void ra t io  

0 
4 u a 0 8 water retention 

E22 * 0 
m 

* 2 Bearing ra t io ,  percent 
8- 

See soi ls  NOS. 8.9, 10 See soi ls  Nos. 8, 9,SO 

See soils Nos. 8,9, 10 See soi ls  Nos. 8.9, 10 

wide range of values 80 - 120 

0.39 - 1 - 1 

over 13 
2 - 3.4 

tq, t o  15 

wide range of values 

wide range of values 

wide range of values 
I n n n 

wide range of values 

wide range of values 

wide r8nge of values 

wide range of values 
n II n II 

wide range of v,ilues 

wide range of values 

wide range of values 

n w n n 

d de range of value a 

I 
AGGRXGATP, A D  BIWDW: Aggregate material probably lacking. If requi- Soils of th i s  group 
red f o r  s tab i l izer  must be obtained from other types (%g. from types 1 have engineering pro- 
and 6 and from beaches), Rarely gravel may be ob tnimd by excavation* • per t ies  similar to thos 
Soil high i n  binder content. of adjacent soils.  The3 
FdECHANICAL STABILI ZAJ'?N-O~O_OSX M A T E R I :  Construction of sui table  d i f fer  from surround in^ 
roadww or runway pavenent depends upon s l i t ab le  base course, Impor- so i l s  mainly i n  regard 
t a t i  on of suitable aggregate necessary f o r  preparation of i n s l a t i n g  to  drainage , which i s  
layer between na t u r d  s o i l  f 0und~tion and base c owse. In many inadequate. I t  i s  pos- 
places lw  f i l l s  slhonld be conetructed to a i d  insllation. Locally, s ible  tia t precipita- 
drainage must be p- ovided. Subgrade w i l l  not cmpact readily and t ion  of iron t o  form a 
cl ose moisture control i s  neoessary. Care i s  needed to  avoid pan- somewhat indurated 
ding of water during this process owing to  low pemeabili ty of rn il pan a t  a depth of 
and danger of c r e a t i x  unstable soft  spots i n  subgrade. Bearing t m  or three f e e t  from 
r a t i o  Door (see Local Materials Table and !Fhl 5-255, fig. 102). t're surface may have 

Construction should be avoided 
on swamp sails.  No eatisfactory earth 
construction can b e  ~ccompalished on 
these soils unless drainage i s  f i r s t  

provided; frequently th i s  i s  not pos- 
sible 96 thout diking and pumping. 
Peat layere (A-8;Pt) must be remw ea 
if present, si nce the i r  s tabi l izat ion 
i s  impracticable. I f  drainage i s  
prav ided const ruc t i  on pr ocedure 
may be guide6 by consideration of 
engineering proper t i e s  of s o i l s  
9 and 10. 

Soil properties as affecting construction 
probl erns 

S T ~ T A B I ~ I T Y  FOR SFORADE AJD-B-JRS: !?his so i l  teken place i n  these - 
i o r  subgrade and i f  used i n  base course construction, addition and soi ls  local ly where 
t h o r o - i  mixing of aggregate are necessary. surrounded by s o i l  type 4 (e.g., 6 miles in- 
SUITABILITY FOR STASILI-ZATION TRITABITUMEN AND j ? E M D  CEMEW : land =d nm t n  of Pajahi Ba$ I t  i s  unlike l y  
Unsuited for  s tabi l izat ion with e i the r  material. tha t  such material wuld have any aggregate 

value. Before any construction 1 6  contempla- 
ted, on these m i l s  tb possibi l i ty  of instal-  
l ing  mrkable drainage systems m s t  be investi- 

gated. Main additional considerations depend upon tb need fo r  
insulating road or m a y  surface and base course,from wet foun- 
dation. In general a thick base course w i l l  be required. fir 
other engineering properties see Soil types, 8, 9, and 10. 

Symbols for so i l  types are those used i n  B! 5-255, and in  publications 
of tb Public Roads Administration. Reference i s  made to aggregate 
( m t e r i a l  coarser t'hRn No. 10 sieve) and binder already present i n  soil. 
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HALMAHERA (MOLUKKAS) GEOLOGY 

sandy loam t o  c l a y  loam; may be veze ta t ion  a t  head. c z l l e n t  source of sand and gravel .  Foundation 
many f e e t  deep. 

Fl3odplain d e ~ o s i t s : -  sand, 
silt and c l a y  mixtures on coas t  and on beaches may be wi th in  a few f e e t  of 
broad c o a s t a l  a r e a s  becom- the  ground surface.  
i n g  coarser  upstream; most- 
l y  gravel  i n  f o o t h i l l s  and 
bouldery i n  t h e  mountains. 

Red-brown 1 . - t e r i t i c  s tony c l a y  

r a d i a t i n g  dikes.  P la teau  a reas  t h o u h  rock may s h a t t e r  under impact. Other rock 
under la in  by t u f f s ,  agglomerates, types  a re  poor founaat ions.  Small s l i d e s ,  slump, 
and breccia;  f l a t  or  with low di?. and creep a r e  f e a t u r e s  common t o  t h e  overburden. 

The rock i s  f a i r l y  purmeable; considerable seepage 
where excavations i n t e r s e c t  the  ground water t a b l e .  

r ived  from older  rocks of 
has medium t o  low water r e t en t ion .  a t i o n s  would be subjec t  t o  f a i l u r e .  Mater ia l  i s  

t h e  me-Permian bas ic  in t ru -  h igh ly  permeable; considerable seepage nrobable where 
s ives  or  t h e  mid-Tertiary excavation i n t  e: s e c t s  the ground water t a b l e .  
volcanics.  D e ~ o s i t s  poorly 
so r t ed  and unevenly bedded. 
Cobbles a r e  sub-rounded t o  

poor foundations. 

and conylomerate s i m i l a r  t o  
those  of TQc. 

or  oower shovel.  Andesites and agg lomra tes  a r e  
creas ing  abundance of weathered s u i t a b i e  f o r  crushed agyregate, rock f i l l ,  and stone 

masonry. Andesite i s  an  excel lent  foundation,  but 

reworked by streams. The more massive flows a r e  much weathered m a t e r i a l  overlying it i s  extremely weak; 
e r  along streams. f o o t i n ~ s  not  based on sound rock a r e  subject  t o  

f a i l u r e .  Small s l i d e s  and s l i p s  a r e  common on ste+o- 
e r  slopes. Rocks a r e  f a i r l y  ~ e r n e a b l e  l o c a l l y ,  but 
seepage nrobably loc;liz,ed along f r a c t u r e s .  

l imestone rray form higher ,  more Foundation condi t ions  adequate f o r  li$t construc- 

rugged r idges  . t i o n .  Heavy emnlacemen ts sub jec t  t o  f a i l u r e .  Sand- 
s tone ;ad conglomerate beds mobably  permeable and 
may l o c a l l y  c a r r y  ground water. 



GEOLOGY HALMAHERA (MOLUKKAS) 
b 

. 
T I 

gr  

m0f 

sch 

I 

ROCK FORMATION 

Early Ter t iary  Limestone: 
Generally massive, i r regular-  
l y  bedded, granular marine 
limestone with some reefy ma- 
t e r i a l  loca l ly ,  Has a few 
marly o r  sandy layers.  Eo- 
cene and Miocene f o s s i l s  have 
been recognised, but un i t s  
have not been separately map- 
ped. 

Pre-Permian Granite: Massive, 
medium-grained hornblende 
grani te  of unknown age. Oc- 
curs only along Geti River i n  
northeastern Bat.jan Island. 

Pre-Permian basic igneous 
rocks: A basement complex - 
forming t h e  core of t he  is- 
lands beneath younger rocks. 
Outcrops mostly along mom- 
t a i n  r idges  and a l so  forms 
c l i f f s  i n  places along t h e  
coast ,  I r regular  masses of 
pe r ido t i t e ,  serpentine, gab- 
bro, quartz d i o r i t  e , quartz 
diabase, porphyrit ic diabase 
with some volcanic breccias 
and t u f f s .  Rocks l oca l l y  
chlor i t ized or  otherwise al- 
t e red ,  and cut by quartz 
veins and s t r ingers .  

Basement Schis ts  (Age unknown); 
Predominantly hornblende and 
quart@ca sch i s t s ,  l oca l l y  
graphi t ic  ~ 4 t h  interbanded 
amohibolites. Some a l te red  
diabasic t u f f s  and quar tz i tes .  
Gneissic d io r i t e  and grani te  
gneiss l e s s  extensive. Schists 
a r e  strongly fo l ia ted ;  a l l  
rocks regionally metamorphos- 
ed, Occur only i n  Sibela 
Mountains of Bat j an I s l m d  . 

Structure:  The four  peninsulas 
underlain by a core or  basement complex of pre-Permian basic and u l t rabas ic  rocks. changes in  sea  l eve l  during t h e  l a t e  Ter t iary  and Quaternary has zffected the  normal geo- 
Similar rocks on Saleilamo Is land and i n  northeastern Batjan and the  occurrence of old- morphic h i s to ry  of vulcanism and s t rean  erosion. Though the  d e t a i l s  a r e  l i t t l e  knowntdis- 
e r  s ch i s t s  s t r i k ing  northeast-southwest i n  the  Sibela Mountains of Central Batjan sug- sected high-level co ra l  t e r races ,  ra ised beaches, Pleistocene f a u l t  scarps and stream mean- 
gest  a continuation of t h e  complex t o  t h e  southwest. I n  the cen t r a l  pa r t  of Halmahera ders intrenched i n  recent a l l u v i a l  p la ins  indicate  changes i n  b a s e l e ~ ~ ~ f o l l o w e d  by adjust- 
t h e  plutonic core is  overlain by an ea r ly  Ter t i a ry  (~ocene  and ~ i o c e n e )  s e r i e s  of some- ments in stream grade. The present cycle i s  mostly one of youthful d issect ion though there  
what folded and t i l t e d  marine limestones t h a t  extend eastward along t he  shores of Kaoe a re  l oca l  basins of subsidence and accumulation such a s  t h e  lower Kaoe River Valley. 
and Weda Bays. Along the  west coast of Halmahera a broad be l t  of Miocene volcanics 
extends from the Batjan Group through Pajahe, Djololo and Loloda Bays, (considered by In  general t he  subdued rounded summits developed during an e a r l i e r  cycle on 
Verbeek t o  be collapsed c r a t e r s ) ,  and northeast  across the  island t o  the 'east coast of t ne  basement rocks are  cut  by narrow valleys with steep gradients. The more resistah-i 
Morotai where very l i t t l e  i s  known of i t s  d i s t r ibu t ion .  Pleistocene and Recent vulcan- s ch i s t s  of the  Sibela Mountains of Batjan yie ld  a more rugged topography. 
i s m  has occurred along t h i s  same l i n e  on the  eroded remnants of t he  Miocene Volcanoes. 
The present po t en t i a l l y  ac t ive  volcanoes Makian, Moti, Mare, Tidore, Ternate and the Limestone forms c l i f f e d  mountains, sharp ~ e a k s ,  or plateaus having t h i n  
long l i n e  of cones and c r a t e r s  which cross  the  northern penninsula of Halmahera and cul- s o i l  and l i t t l e  surface water or vegetation. Sink holes and underground streams a r e  common. 
minate i n  Gam:konora, belong t o  t h i s  ser ies .  Though r a r e ly  in eruption, they  cons t i tu te  
a zone of frequent earthquakes which occasionally a re  severe. The ea r ly  Ter t iary  volcanics a re  so dissected by a fine-textured drainage 

t h a t  l i t t l e  can be distinguished of t h e i r  o r i g ina l  forms. Quaternary and Recent volcanics 
Flanking t he  pre-Permian and ear ly  Ter t iary  rocks a r e  th ick  Pliocene and a r e  eroded t o  di f ferent  degrees, generally l e s s  severe. The f lanks  of the  volcanic cones 

Quaternary a l l u v i a l  fan and basin deposits  of conglomerate. Near the coast they a r e  in- a re  d e e p l y p l l i e d  but many of t h e  more recent lava flows, mud flows, c ra te r s ,  cinder cones, 
t ercalated with beds of reef limestone. Intermit t en t  orogenic movement s have up l i f t ed  t u f f  plate?,,ahd other fea tures  appear well  preserved. 
and s l i g h t l y  t i l t e d  these  deposits ,  in some places along d i s t i n c t  f a u l t  l i n e s ,  so t ha t  
reef limestone is  now found a t  a l t i t u d e s  of as  much as  500 f e e t  and l oca l l y  1,000' f e e t .  The th ick  coalescing a l l u v i a l  fans and piedmont plains which developed 
It i s  f a i r l y  apparent from topo~raph i c  and geologic maps t h a t  t h e  west coasts  of the  against t h e  f ron t  of t he  mountains d d i n g  l a t e  Pliocene and Pleistocene time show a f i n e  
northern and southern peninsulas of Halmahera have been upl i f ted  along f a u l t s  and tilt- textured to~ography  due t o  recent dissect,ion by rejuvenated streams, l oca l l y  as  much a s  
ed eastward; s imilar ly  a scarp over 2,000 f e e t  high along t h e  eas tern  margin of t h e  Kaoe 1,000 f e e t .  This charac te r i s t i c  applies equally t o  the ra ised coral  reef t e r races  which 
River basin suggests that a f a u l t  s t r i k ing  north-south and upthrown t o  t h e  ea s t  has cut occur along t h e  coast t o  an average maximum a l t i t u d e  of 500 f e e t ,  l o c a l l y  t o  1,000 f ee t .  
t he  Pliocene-Quaternary conglomerate from t h e  town of Kaoe north toward Galela. L i t t l e  The cora l  t e r races  a re  dry  and wel l  drained, and support f o r  the most par t  a sparse gram 
can be deduced concerning the  s t ruc ture  of t h e  Batjan Group or  of Morotai Island* of t r e e s ,  clumps of brush and open grass  land: 
Throughout a l l  the  is lands  it should be emphasized t h a t  observed dips and s t r i k e s  on sur- 
f i c i a l  s t ructures  may be much d i s to r ted  by slump, creep, and landslides.  On the  west coast of Halmahera the  shore l i n e  i s  i n  most places undergoing 

ac t ive  erosion 6f headlands so t h a t  long s t re tches  of t he  coast are  c l i f f e d  with small 
rocky beaches in the bayfieads; or! t h e  eas t  coast though there  a re  abundant, c l i f f e d  headlands; 
long s t re tches  of the  coast are  low. Mangrove swamps a l t e rna t e  with sand beaches i n  the 
several  l a rge  bayheads. Coral reefs  f r inge  much of Halmahera and many of t he  smaller i s -  
lands . 

a 

STRUCTURE AND BEDDING 

Thick massive beds t ha t  may be 
l o c a l l y  well f ractured and f au l t -  
ed. Are gen t ly  folded and tilt- 
ed with dips  a s  high as  30' t o  
40' i n  some places along t h e  
coast.  

Massive rocks probably having 
several  s e t s  of pa r a l l e l  f rac tu res  
along which weathering may be deep, 

Massive rocks t h a t  a re  probably 
strongly f ractured and 4 ncally 
crushed and sheared along f a u l t s -  
Rocks occur a s  l a rge  and small ir- 
regular in t rus ive  masses; are  lo- 
c a l l y  cu t  by younger diabase dikes 
and s i l l s  and quartz veins or 
s t r ingers .  

Fol ia t ion strongly contorted; 
t rends  generally northeast  and 
dips  a t  a high angle. Rock may 
l o c a l l y  be much fractured.  Rocks 
probably f o m  l ec t i cu l a r  o r  irregu- 
l a r  masses of variable size.  No 
deta i led s t ructure  known. 

of Halmahera and the  cen t r a l  mountains 

SURFIC IAL DEPOSITS 

Red-brown l a t e r i t i c  c lay and saridy 
clay, humus-enriched i n  upper lay- 
e r s ,  f r i a b l e  and ~ermeable .  Sharp 
contact with bedrock. Generally 
shallow vAth numerous rock out- 
crops on steeper slopes. 

Red-brown sandy loam and sandy 
c lay loam with sntall concretions 
i n  upper 20 inches; ~ermeable ,  
c m b l y  and f r i ab l e  . Merges grad- 
ua l l y  with bedrock a t  5 t o  10 f e e t .  

Red-brown t o  purple c lay loam and 
c lay with abundant small i ron  con- 
cret ions i n  upper 2 t o  3 f ee t .  
Friable,  permeable; d r i e s  quickly. 
Depth t o  bedrock averages 10 t o  20 
f e e t .  A few rock outcrops on 
steeper slopes and a t  higher eleva- 
t ions. 

Red-brown t o  yellow-brown l a t e r i t i c  
loam and quartz sandy loam with a 
few i ron concretions; wel l  leach- 
ed; f a i r l y  permeable, but l e s s  so 
where micaceous. Bedrock a t  5 t o  
10 f e e t  on lowlands. Shallower 
vdth many rock outcrops on steep 
slopes. Water re tent ion medium t o  
low. 

of Morotai a re  

TOPOGRAPHIC EXPRBSIOK 

Form steep-slopec! rugged h i l l s  
vdth numerous c l i f f s  and ledges. 
Possibly some ka r s t  topography. 
L i t t l e  or  no surface water but 
numerous underground streams . 
Springs common along t he  outcrop 
of t he  base of t h e  formation. 

Forms rounded slopes and irregu- 
l a r  valleps along Geti River. 

Steep-sloped mountains generally 
with rounded summits r a r e ly  over 
3,500 f e e t  i n  a l t i tude .  Broken 
by numerous, narrow, c losely  
spaced secondary r idges  and shor t  
V-shaped valleys,  generally with 
steep gradients. Larger streams 
have broader valleys and lower 
gradients. 

Forms highest mountains i n  the  
area; steep slopes, narrow c r e s t s ,  
and deep narrow valleys.  Trend 
of t~pog raphy  i s  northeast-south- 
west. Some "moss fo res t f t  or 
jungle covered c l i f f  s , 

Geomorphology: A combination of 

-~ 

I;rJGINEERING ASPECTS 

Bedrock i n  most places near surface w i l l  require  
d r i l l i n g  and blas t ing f o r  excavation. Material 
sui table  f o r  crushed aggregate, rock f i l l ,  and 
stone masonry. Rock provides excellent  founda- 
t ion  and does not sha t t e r  under impact, Small 
caves p a r t i a l l y  f i l l e d  with c lay  or  sand may be 
encountered i n  excavation and may weaken foot ings ,  
Rock permeable; l i t t l e  surface water; numerous 
underground streams follow f r ac tu r e s  or bedding. 

A l l  common excavation t o  sound rock which w i l l  re- 
quire d r i l l i n g  and blas t ing f o r  excavation. Ma- 
t e r i a l  su i tab le  f o r  crushed aggregate, sock f i l l ,  
and stone msonry. Rock i s  excellent  foundation 
mater ia l  and does not sha t t e r  easi ly.  Overburden 
provides f a i r  foundations, Rock f a i r l y  permeable; 
seeDage along f rac tures ,  though many of these a r e  
probably f i l l e d  with clay, 

A l l  common excavation t c  sound rock,which w i l l  re- 
quire d r i l l i n g  and blas t ing f o r  excavation. Se- 
l e c t  material  su i t ab l e  f o r  cru<shed aggregate, rock 
f i l l ,  and masonry. Where sound, rock is  f a i r  t o  
good f o r  foundations, but deep weathered zone ren- 
ders most l o c a l i t i e s  useless.  Rock i s  r e l a t i v e l y  
impermeable with l i t t l e  or  no seepage. Small land- 
s l i de s ,  slump and s o i l  creep a re  common i n  the  
overburden. 

common excavation t o  sound rock which w i l l  re- 
quire  d r i l l i n g  and blas t ing f o r  excavation. Select  
m t e r i a l  su i tab le  f o r  rock f i l l  and rough stone 
masony. Rock i n  most places provides good founda- 
t ion ,  but inc l ina t ion  of cleavage and pos s ib i l i t y  
of f a i l u r e  along it must be considered. Rock rela-  
t i v e l y  impermeable. Seepage occurs l oca l l y  along 
joint  s . 

i r regu la r  t i l t i n g  and warping, together with eus t a t i c  



HALMAHERA (MOLUKKAS) GEOLOGY 

TERTIARY TECTONIC PROVINCES 
EAST 'INDIAN ARCHIPELAGO 

Young volcano 

J 

General Geologic History of East Indian Archipelago 

The h s t  Indian Archipelago is  a segment of the tha t  rhow little o r  no folding. =-Australian conti- 
tectonic be l t  that  extends froln the Himalayas and nental shelf; s table  area of shallow sea during Terti- 
Burma through the Indies, the Philippinas, and the arg; s t r a t a  show l i t t l e  or  no folding. m- Belt of 
circum-Pacific mountain chain. The Paleozoic historg dwp sedhentary  basins; very thick, uninterrupted se- 
uf the archipelago is vi r tual ly  unknown, the lIesozoic quences, largely of sh8llm r a t e r  and l i t t o r a l  dsporitr; 
incompletely known; the Tertiary and Quaternarg hir- gentle Pliocene folda contain principal  o i l  f ie lds ;  
tory i r  f a i r l y  clear. dwpe8t basins a n  in north and southeast Suaatra, north 

Java, the e a s t  hU of South Celebes, and several i n  
Mesoroior A geosynclinal lcone conaecting Tinor ea8t Borneo; between t h e w  basins Tertiary formations 

and Eost Celebes passes through Tanimber and bi are  th in  o r  absent. =-Belt of th in  Tert iary forma- 
Islands, Yirool, Ceram, Bwroe, and southeast b l e b e r ;  t ions  involved i n  weak Miocene and l a t e  Pliocene fold- 
it contains name mar ly  continuous ~ e s o t o i c  sediment- lngs; north nargin of be l t  was elevated by Miocene and 
ary rreqences, including shallow and deepwater marine later folding and became the s i t e  of most of the l a t e  
and some t e r n s t r i a l  rocks. In regiona outside t h l r  Tert iarg and Quatarnay volcanism. Y- Belt of deep 
zone Mesozoic formations a re  extensive, but conform- basins containing very thick Tertiary deposits, but se- 
able wquences represent comparatively short  tima quences interrupted by three orogeniest weak folding in 
intervals;  thcw regions underwent several tramgras- early Tertiary, intensive folding with thrusting i n  
rions and upl i f t s ,  and a t  in tervals  contributed wdi-  Miocene, weak folding near end of Pliocene. 3LT - Plio- 
mtnts t o  the Timor-East Celebes zone. In the geosyn- cone g k a b e ~  containing l a t e  Tertiary marine depositsg 
c l i n a l  area Mesozoic intrusions a re  mostly ultrabasic; t i l t e d  and uplif ted through late Pleirtocene. 
outside the geosyncline they are  commonly s i l i c i c .  

Quaternayr East half  of archipelago acquired 
Tertiamr Earl iest  Tertiarg s t r a t a  a n  mar ly  present form through upfaulting and through depression 

everywhere unconformable on older rocks. Dspoaition of large areas; f o r  example, Banda Sea is more than 
generally began with continental c l a r t i c s  and 00- 18,000 fee t  deep, and Pleistocene coral reefs a r e  a s  
tinued with marine near-shore and rhallow-water beds. high a s  4,000 fee t .  Asiatic continental shelf  and 
No deep-wafer beds are  known. Several tectonic par ts  of Province I11 were extensively eroded i n  early 
provinces, each with a d is t inct ive  Tert iarg hittorg, Pleistocene and subsequently par t ly  submerged t o  form 
extend across the archipelago and in to  Bunna and the the shallow seas south and west of Borneo. Volcanism 
Philippines, a s  .ham on the map. They am: and diastrophism continued throughout Quaternary. 

f - Asiatic continental &elf; s table area, 
above sea l eve l  during Tertiary; l o d  e p i r i c  marine 
invasions (S. and N. Borneo) l e f t  late Tertiary bed8 

I Geologic His tory  of Halmahera I 
The North Moluccas, quest ionably p a r t  of b e l t  I1 above, has  been a landmass throueh- 

out  most of i t s  known h i s to ry .  The time of i n t r u s i o n  of t h e  basic  and u l t r a b a s i c  igneous core 
has not been determined l o c a l l y ,  but  s i m i l a r  rocks elsewhere i n  t h e  archipeiago a r e  considered 
t o  be pre-?ermi;?n. There a r e  no known hlesozoic depos i t s  and the landmass probably underwent 
erosion during t h a t  t h e .  Transgression of t h e  sea  poss ib ly  i n  t h e  Eocene and again  d e f i n i t e l y  
i n  t h e  Miocene r e s u l t e d  i n  the denos i t ion  of limestone i n  the  c e n t r a l  p a r t  of Halmahera and of 
c l a s t i c  sediments on BatJan. FSrtsnsive vulcxnism occurred i n i t i a l l y  i n  t h e  l a t e  Miocene and 
again i n  t h e  Pliocene. It has been i n t e r m i t t e n t l y  continuous t o  t h e  present .  Recent cones a r e  
constructed on t h e  d i s sec ted  remnants of o lde r  cones. D i f f e r e n t i a l  u p l i f t  and t i l t i n g  of the 
region has accomnanied v u l c a n i s m t o  t h e  present .  The products  of e ros ion  of t h e  r i s i n g  land- 
m z s s  accumulated dur inq  t h e  l a t e  T e r t i a r y  and Quaternary and t h i c k  a l l u v i a l  f a n s  were b u i l t  
aga ins t  t h e  f l anks  of t h e  mountains. The inf luence  of Tectonic and Eusta t ic  movernents have 
no t  been d i f f e r e n t i a t e d  i n  t h i s  area.  A t  p resent  the land i s  f o r  t h e  most p a r t  undergoing d ls -  
sec t ion  by rejuvenzted streams, though in t h e  Kaoe k i v e r  v a l l e y  and l o c a l l y  i n  swamps along t h e  
coas t  depos i t ion  i s  t ak ing  place. 
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HALMAHERA (MOLUK KAS) CLIMATE 

INTRODUCTION from 79 t o  84: and from 69 t o  75' respectively,  with diurnal  
f luctuat ions  between 6 and 180. Temperatures i n  excess of 1000 
a re  r a r e*  During t h e  day they r i s e  slowly from shor t ly  a f t e r  sun- 

Halaahera and neighboring is lands  have a hot, moist, equa- r i s e  to about 1 or  2 pm, then decl ine  gradually t o  about 6 am. up torial climate. The area  l i e s  between two grea t  monsoon centers t o  1,800 f ee t ,  temperature changes are  s l i g h t  but  become greater  
of southeastern Asia and northern Australia, and i t s  climate i s  a t  higher a l t i tudes ;  a t  5,WO f e e t  they may be uncomfortably low. 
influenced by both. The t r ans i t i on  periods between monsoons are  
characterized by 2 t o  6 weeks of  variable winds and calms. 
Throughout the  year  winds seldom exceed a moderate breeze (12- 

RELATIVE HUMIDITY 

16 mph) and gales a r e  r a r e ,  Te~nperatures a r e  high and uniform; 
average f o r  t h e  coldest month i s  more than 79OF. However, temper- Relative humidity var ies  l i t t l e  throughout t he  year. A t  

a tures  of over a hundred degrees a r e  uncommon, Hwnidity seldom 9 a m  it i s  generally between 70 and 75% and lessens from 2 t o  20% 

f a l l s  below 50% and averages above 70%. Cloudiness averages about during the afternoon. Inland it may f a l l  t o  50% i n  t h e  afternoon 

5/10 during the  year; cumulus and cumulo-nimbus clouds are  t he  on hot, sunny days. During t h e  night i t  frequently r i s e s  t o  t h e  

most common forms. Records from l2 s t a t i ons  show tha t  average sa turat ion point; heavy dews a re  comnon on s t i l l  nights, 

annual p rec ip i ta t ion  ranges from 62 to 105 inches. Most moisture 
corns i n  showers, but ra ins  of several  hours duration with shor t  BAROMETRIC PRESSURE 

periods of  in tense  downpour a r e  not uncommon. Available cl imatic 
data i s  summarized i n  the t ab l e s  and his togra  A t  sea  l e v e l  barometric pressures on the i s lands  average about 

29.87 inches f o r  the  year. Daily range averages about 12 inches. 

WINDS W m a  periods during the  day a r e  a t  9 am and 9 pm and millinla peri- 
ods a t  3 arn and 3 pm. During January, February and March the  pres- 

Monsoon winds: The northwest monsoon usually begins i n  sure i s  higher i n  t h e  north; from June t o  September inclusive, it 
November, reaches a peak i n  February and March and ends i n  l a t e  i s  higher i n  t he  south. In  December and March there i s  l i t t l e  o r  

no difference.  
April. The southeast monsoon usually commences during May, 
reaches a peak i n  August and ends i n  October. The periods of 
t rans i t ion ,  characterized by var iable  weak winds, occur i n  

CLOUDINESS, FOG AND HAZE 

October and November. During the northwest monsoon the  winds 
blow from the  west through northwest t o  northeast; west i s  the  

Cloudiness averages between 4/10 and 6/10. Cumulus and 
cumulo-nimbus a r e  the most common cloud forms. A t  about 9 am 

l e a s t  frequent d i rect ion.  The southeast monsoon i s  from eas t  
t o  southwest. There a re  many l o c a l  pecu l ia r i t i e s  of wind d i rec t ion  they form over the  land, and i n  t he  middle of t h e  afternoon f re-  

due t o  land forms divert ing prevail ing winds. The r~lonsoon winds quently give r i s e  t o  thunder showers. Maximum cloud development 

a re  usually steady; southeast monsoon winds a re  the  strongest  and 
is  between 3,000 and 6,000 f e e t .  Base of the cumulus elouds 

s teadies t .  August, a t  the  height of the southeast monsoon season, averages about 2,000 f e e t  over t he  s ea  and about 3,000 f e e t  over 

i s  the windiest month, with mean wind ve loc i t i es  of about 9 mph. 
t he  land. Ordinarily above 7,000 f e e t  t h e  skies  a r e  c lea r  and 

Noveinber i s  the  l e a s t  windy month with a mean wind veloci ty  of 
v i s i b i l i t y  i s  excellent .  Windward f lanks  of mountains a r e  of ten 

about 4.5 mph. Near t he  l a rger  i s lands  well-marked land and sea  shrouded i n  clouds st a l t i t udes  between 2,000 and 3,000 f e e t  where 

breezes a r e  superimposed on the  monsoon c i rcula t ions .  The land they form a cloud fog. Fogs a re  ra re  a t  sea and a t  low a l t i t udes  

breezes begin during the  night and abate aboat 9 am; between 9 
(below 2,000 f t .  ) over the land. Haze i s  common on tk coast and 

and 10 am the  sea  breezes gain control ,  reach a peak betwean 2 and 
a t  sea, pa r t i cu la r ly  during the  southeast monsoon; skies  a r e  hazy 

3 pm and then decline u n t i l  about 6 pm. ibear the  l a rge r  islands during both monsoon periods. Haze does not, generally i n t e r f e r e  

the e f fec t  of these breezes rrlay be f e l t  as f a r  a s  twenty miles a t  seriously with v i s i b i l i t y .  

RAINFALL 

Typhoons: Typhoons are  ra re ;  usually t h e i r  e f f ec t  i s  l imi ted 
t o  periods of squally westerly winds and unsett led weather. They Average annual p rec ip i ta t ion  ranges from about 62 t o  105 in. 
are  most l i ke ly  t o  occur from November t o  January and may pe r s i s t  It i s  well d i s t r ibu ted  throughout t h e  year but  i s  s l i g h t l y  heavier 

f o r  a few days. 
from April t o  June and l i g h t e r  from August t o  October. (see Rain- 
f a l l  map and histograms 0p.p.). No def in i te  regional  pat tern  of 

Squalls: Squalls are  most severe during the southeast mon- r a i n f a l l  ex i s t s  and precipi ta t ion i s  controlled by l oca l  land 

soons, but are  most frequent during monsoor~al changes. They may masses and convection currents .  A l l  weather s t a t i ons  a r e  a t  s ea  

burs t  without warning with gusts of 40 or 50 mph. They a r i s e  a t  level ;  precipi ta t ion a t  higher a l t i t udes  i s  undoubtedly considerably 

any hour of t h e  day but are  most common a t  night and ear ly  mrning.  
greater .  Thunderstorms i n  conjunction with squal ls  a r e  of ten 

Thunder squal ls  with gusty periods l a s t i ng  from 5 t o  15 minutes 
severe and of high frequency. They occur a t  sea  more of ten a t  

are common. Frequently t he  gusty periods follow each other a t  night, and over the  land i n  l a t e  afternoon, but are not  f ixed and 

shor t  in te rva l s  without clearing of the clouds during the  in ter-  d r i f t  from one loca le  t o  another. 

vening calms. For more de ta i l ed  information see other in te l l igence  reports .  

WERATURE Sources f o r  t ex t ,  tables  and histograms: 

Temperatures near sea  l e v e l  on the  is lands  are high and uni- 
form. The warmest seasons are  i n  the changes of the monsoons. 

Boererna, J., Rainfal l  i n  the  Netherlands Indies: Koninklijk 

During the northwest monsoon the mean maximum and minimum Gemper- Magnetisch en Met,eorologi.sch Observatorium t e  Batavia, 

a tures  f a l l  between 82 and 86, and 71 and 75 degrees Fahrenheit Publ. bo. 24, Vol. 1, 1931. 

respectively, with d iurna l  ranges between 12 and 210. h r i n g  t h e  
southeast monsoon the  mean maximum and minimurn temperatures range Naval A i r  P i lo t ,  New Guinea Area, Weather Summary f o r  

H.O. Pub. No. 276, 1943. 
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