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SUMMARY OF TERRAIN SITUATION 

I. I n t r o d l c t i c n  -- 
A. Min~ioro has an a r e a  of  3,758 square miles .  Populat ion was 131,569 i n  19&0. 

There a r e  no l a r g e  c i t i e s  on t h e  i s l an3 .  Five mun ic ipa l i t i e s  (min ic ipa l  d i s t r i c t 9  
having populat ions over  10,000 a r e  Zal?pan, Naujan, Pinamalayan, Pola,  and San 
Jose (southwest Mindcro). Population i s  concentrated mainly i n  o r  near  c o a s t a l  
towns; i n l and  a rea  i s  l u g e l y  uninhabited. Chief products a r e  a g r i c u l t u r a l ,  but 
i s l and  i s  a  p o t e n t l a l  producer o f  coa l  (near  au la l acao) ,  gold (a long Bnabay 
River ) ,  and p o s s i ~ l y  o i l .  

a. Clim.ite i s  hot and humid, Annual r a i n f a l l  from 85 t o  125 inches. Nest s ide  o f  
i s h n d  has d r y  season dur ing  winter  months and ve ry  wet seasan dur ing  summer 
months; e a s t  s i d e  has no dry season and no pronolmced period o f  maxim-.m r a i n f a l l .  

I I. Topography and Moveaent - 
A .  East Coast Lowlands (Map Unjt 1) 

1. Topography: F l a t  c o a s t a l  lowlands r i s e  gen t ly  in land  t o  low r o l l i n g  h i l l s  a d  ---- 
gen t ly  1:nl;llating country. x i v e r s  a r e  perennia l  with beds of san,d arid gravel  
commonly mixej. with mud. Natiiral levees  along r i v e r s  a r e  s l i g h t l y  higher  t h a  
in ters t ream areas.  Lhch land i n  r i c e ,  hemp, and coconut palms with some 
primary and secondary f o r e s t s .  

2. Movement and Cover: Only f i r s t - c l a s s  road on i s l a n d  ~ a r a l l e l s  coas t  along ---- 
most of  a rea .  Cross-cour,try movernent r e l a t i v e l y  easy except a s  impeded by 
r i c e  f i e l d s ,  mud during r a i n s ,  and f loods.  L i t t l e  cover e x c e ~ t  i n  p a r t s  of  
r o l l i n g  hill .  country. 

B. West Coast Lcwlznds (Map Unit 2) 

1. Topography: F la t  c o a s t a l  lowlands r i s e  gen t ly  in land  t o  reg ion  of  r o l l i n g  
a n d f l a f o p p e d  h i l l s  o f  about equal  a l t i t u d e .  Sandy and bouldery r i v e r  beds 
wi th  well-developed t e r r a c e s  along upper courses of  some r i v e r s ;  s t reams dry 
o r  nea r ly  so during d ry  season; f r equen t  f l a s h  floods. 

2. Movement and Cover: No roads,  out  cross-country movement easy during dry 
season. 1fPeded by mud and f loods  during ra iny  season. Limited cover i n  
r o l i i n g  h i l l s  and along r i v e r  banks dur ing  dry season. 

C .  Mountains (Map Vnit 3)  

1. Topography: Rugged mountains with s t e e p  canyons and s w i f t  streams. Thick 
f o r e s t  s tands on e a s t  s i d e  and g r a s s  cover wi th  some t r e e s  i n  v a l l e y s  an west, 

2. Movement and Cover: Movement d i f f i c u l t  t o  impossible f o r  veh ic l e s  without 
bu i ld ing  roads. Foot t roops can move anywhere but  with d i f f i c u l t y  i n  forests  
and on s t eep  s lopes .  Cover gocd . 

D. I l i n  and Ambulong I s l ands  (Map Unit k) 

1. Topography: Ro'lgh, wooded h i l l s  with some narrow lowlands along coas ts .  

2. Movement and Cover: Movezent d i f f i c l l l t .  Cover good. - 
E, Lubang I s l a n d s  (Map L'nit 5 )  

1. Topography: Rough, woo'ded h i l l s  and mountains with =me coastal lowlands,  
p a r t i c u l a r l y  a t  northwest end of  Lubang Is land .  

2. Movemmt a.?d Cover: Movement easy on lowlands, but  d i f f i c u l t  i n  h i l l s  and ---- 
mountains. Cover good i n  h i l l s ,  poor on lowlands. 

111. Water Supply 

A.  Exis t ing  Slp?ly: - A f e n  towns nave municipalvaterworks; developments iq su f f i c i en t  
t o  c a r e  f o r  ex i s t ing  populat ion.  Grea ter  p a r t  of  water f o r  p r i v a t e  use obtainea 
from shal low wells. 

E. Combat Supply: Eas i ly  obtained throughout most of  Mindoro. Sllrface water 
abundant, scarce an ly  on west s ide  dur ing  d r y  season. A l l  water  p o l l - ~ t e d .  

I V .  Road Construct ion I 
A. Exis t ing  Roads: Only roads a r e  on nor theas tern  c c a s t a l  p la in ;65  n i l e  sur faced  

highway with 5 t o  10 mile branches t b  neighboring towns, and a  f  LW miles o f  
secondary roads. 

8,  Construction of New Roads: &ads i n  c o a s t a l  p l a i n  a r e a s  can be cons t ruc ted  wi th  
l i t t l e  grading o r  c 1 e a r i n g ; h i l l  and mountain roads will requi re  much c u t  and f i l l ,  
heavy c l ea r ing  on e a s t  s i d e  of i s l a n d .  h l l  roads need base course  a n d s u r f a c i n g  
f o r  al l -weather  use. 

C. Major Construction Problems: S o i l s  throughout much o f  i s l a n d  a r e  moderately t o  
highly p l a s t i c  and impervious, r e ~ l i r i n g  t n i c k  base course under sur fac ing .  
Control o f  high water  t a b l e  i n  c o a s t a l  p l a i n  and of ra?id runoff and seeaage i n  
h i l l s  and mountains i s  necessary. Sound bedrock i s  d i f f i c ' l l t  o f s c e s s  i n  many 
a reas ,  and cons t ruc t ion  of  roads i n  in t e r s t r eam a r e a s  on c o a s t a l  p l a i n  may re- 
q u i r e  ha,ll ing gravel  f o r  d i s t ances  of s t 0 1 0  miles .  Flash f loods  may damage r o a i s  
and bridges. 

V. Airdrome Construction Probl~ms:  
--A 

A .  East  Coastal Lowlands: Many f l a t  a r eas  on c o a s t a l  lowlands topographica l ly  su i t -  
ab le  f o r  airdromes. Construct ion complicated by heavy r a i n f a l l ,  s t i c k y  n ld ,  high 
water t a b l e ,  and poor drainage;  subgrade and drainage b e t t e r  on s l i g h t l y  higher  
na tu ra l  levees  along r i v e r s .  The r o l l i n g  h i l l  country i s  b e t t e r  drainej. and has 
b e t t e r  suagrade, b u t  t h e r e  a r e  few l a r g e  f l a t  a r eas .  Sand an? g rave l  a re  a v a i l -  
ab le  along most streams. Hard rock f o r  aggregate  not  r e a d i l y  access ib l e ,  

E. West Coastal Lowlands: Large f l a t  a r e a s  orr coas t a l  lowland, but  l a r g e  enoueh f l a t  
-. 
a reas  not numerous i n ' r o l l i n g  h i l l s .  Landing c a t s  l a i d  d i r e c t l y  on subgrads 
probably s a t i s f a c t o r y  during dry season. Construct ion of base course needed f o r  
ra iny  season! drainage poor i n  c o a s t a l  lowlands, good i n  r o l l i n g  h i l l s .  Sand and 
gravel  a v a i l a b l e  along most streams. L i t t l e  accass ib l e  bedrock su i ta 'b l s  f o r  r ip-  
rap o r  aggregate.  Larger s t r ea : :~  have boulders of h a d  rock s u i t a o l e  f o r  crush- 
ing. 

C. Spec i f ic  S i t e s :  There a r e l 5 s p e c i f i c  s i t e s  on which photographs o r  maps a r e  
ava i l ao le .  Eight of t hese  were landing f i e l d s  i n  ex is tence  i n  19L1. O f  t h e  k 
s i t e s  on t h e  East  Coast Lowlands, 2 a r e  probably s u i t a b l e  f o r  cons t ruc t ion  o f  ai~- 
dromes, a r ~ d  of  t h e  6 s i t e s  on t h e  West Coast Lowlands, 3  appear t o  b e  su i tab le .  
Tk,ere i s  one good s i t e  a t  t h e  northwest end of  Lubang Is land .  

':I. Construction Mater ia l s  and Fuels I 
A. Constrllction Materials :  Sand and g r a v e l  abundant a l o n g  streams of c c a s t a l  p l a i n ;  

smal le r  amo,unts along streams i n  h i l l s  and mountains; sound bedrock f o r  crushed 
aggregate r e a d i l y  o b t a i n a ~ l e  i n  l i w s t o n e  a r e a s  i n  southern Mindoro, usua l ly  ac- 
:assible  only  i n  stream bels  i n  h i l l s  and mountains elsewhere. Large timber f o r  
heavy cons t ruc t ion  sca rce  i n  nost  o f  c o a s t a l  p l a i n  and on ~ e s t  f l a n k  of  c e n t r a l  
range, abundant i n  high mount,ains z-13 extending down t o  inne r  edge of  e a s t e r n  
c o a s t a l  p l a i n .  

E. Mineral Fuel: 'Jndeveloped high-volat i le  si b-bituminoas coa l  near  Bulalacao i n  
s o u t t ~ r n  Mindoro; only a  few tons  a v a i l a b l e  by s t r i p p i n g .  O i l  seeps known, bu t  
no petroleum devel oped. 

C. Base-Camp Supply: Adequate supp l i e s  r e a d i l y  developed from both su r face  and 
ground wator. May be d i f f i c u l t  a t  many p laces  to supply l a r g e  u n i t s  i n  western 
p a r t  o f  mountain area.  
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INTRODUCTION Heise, George W.,  and Behrman, A. S., Ph i l ipp ine  water suppl ies :  
Ph i l ipp ine  Bur. Sci . ,  Publ. no. 11, 218 pp., Manila, 1918. 

T h i s  r epor t  was prepared by t h e  U. S. Geological Survey 
f o r  t h e  Chief o f  Engineers,  U. S. Army.during t h e  per iod  Ju ly  Kienholz, Raymond, Environmental f a c t o r s  o f  Ph i l ipp ine  beaches with 
17, t o  September 7, 1944, The r e p o r t  desc r ibes  those  t e r r a i n  p a r t i c u l a r  reference t o  t h e  beach a t  Puerto Galera,  Mindoro: 
f e a t u r e s  of Mindoro and nearby i s l a n d s  t h a t  a r e  o f  m i l i t a r y  Ph i l ipp ine  Jour. S c i . ,  vol .  36,  pp. 199-215, 1928. 
s ign i f i cance .  Each map of the  r e p o r t  and i t s  accompanying 
t a b l e ,  i s  devoted t o  a  s p e c i a l i z e d  s e t  of  problems toge the r  Mer r i l l ,  Elmer D., Ascent of M t  Halcon, Mindoro: Ph i l ipp ine  Jour.  
they  p resen t  a  r eg iona l  p i c t u r e  of  t h e  country, t h e  r e l a t ion -  Sci . ,  vo l .  2, no. 3, pp. 179-207, 1907. 
s h i p  o f  t h e  t e r r a i n  and vege ta t ion  t o  movement, airdrome 
s i t e s ,  road cons t ruc t ion  and maintenance, na tu re  and l o c a t i o n  M e r r i t t ,  M. L., The f o r e s t s  o f  Mindoro: Ph i l ipp ine  &.Forestry, 
of  p r i n c i p a l  types  of  cons t ruc t ion  ma te r i a l s ,  and water  supply. Bull .  8, 51 pp., 1908. 
Climate i s  considered b r i e f l y ;  o t h e r  i n t e l l i g e n c e  r e p o r t s  
should be consul ted  f o r  d e t a i l e d  information. M e r r i t t ,  M. L., and Whitford, H. N., A prel iminary working p lan  

f o r  t h e  pub l i c  f o r e s t  t r a c t  o f  t h e  Mindoro Lumber and Log- 
RELIABILITY OF INFOFWTION ging Company, Bongabon, Mindoro, P. I.; Ph i l ipp ine  Bu. 

Fores t ry ,  B u l l .  6 ,  55 pp., 1906. 
Many s e c t i o n s  of Mindoro have been penet ra ted  only  oc- 

c a s i o n a l l y  by white men o r  a r e  s t i l l  unexplored. Deta i led  Mil lard,  W. J., Binabay River p l a c e r  depos i t .  Unpublished r epor t ,  
topographic, geologic and s o i l  r e p o r t s  have been made i n  on ly  1936. 
a  few small  s c a t t e r e d  areas .  The completeness and r e l i a b i l i t y  
o f  information f o r  d i f f e r e n t  p a r t s  o f  t h e  i s l a n d  d i f f e r  widely, Musgrove, W. E., San i t a ry  survey of t h e  San J o s e '  E s t a t e  and ad- 
R e l i a b i l i t y  r a t i n g s  given t o  the var ious  s h e e t s  of  t h i s  r e p o r t  jacent  p r o p e r t i e s  i n  Mindoro I s l and ,  Ph i l ipp ine  I s l a . d s ,  wi+h 
range from Excel len t  t o  Poor. On some shee t s  d i f f e r e n t  p a r t s  s p e c i a l  re ference  t o  t h e  epidemiology o f  malaria: Phi l ippine 
have been given d i f f e r e n t  r a t ings .  Jour. Sci . ,  vol .  9, pp. 137-195, 191k .  

The whole of Mindoro and nearby i s l a n d s  i s  covered by a Pendleton, Robert L.,  S o i l  survey of San J o s e t  region, Mindoro. 
map of  s c a l e  about  1:360,000 compiled from hachured maps with Unpublished. 
s c a l e s  1:500,000 and 1:200,000, and unpublished contoured 
c o a s t a l  maps o f  s c a l e s  1:20,000. These c o a s t a l  maps show t h e  P r a t t ,  Wallace, E., The l o c a t i o n  of a r t e s i a n  w e l l s  i n  the Ph i l ip -  
sho re l ine  and o f f shore  f e a t u r e s  i n  d e t a i l  bu t  show land  topo- p ine  I s l ands  from a geologic viewpoint: Ph i l ipp ine  Jour. 
graphy only i n  a  genera l ized  fash ion  along a narrow c o a s t a l  Sc i . ,  vol .  10,  pp. 231-239, 1915. 
f r inge .  I n  general ,  t h e  coas t  and t h e  p o s i t i o n  and a l t i t u d e  
of  t h e  p r i n c i p a l  peaks appears  t o  be accura t e ;  but  t h e  upper ------------------ , Phi l ipp ine  lakes:  Ph i l ipp ine  Jour.  Sc i . ,  vo l .  
courses of  some streams and t h e  r ep resen t s t ion  .of minor r idges  11, p. 234, 1916. 
and canyons may be s e r i o u s l y  i n  e r r o r .  

Selga, R. Miguel (S. J . ) ,  Observations of r a i n f a l l  i n  t h e  Phi l ip-  
pines,  Ph i l ipp ine  I s l ands  Weather Bureau, pp. 1 - 1 2 ,  144- 

PRINCIPAL SOURCES OF INFORMATION 145, 157, 160, 164, 1935. 

Alberding, H., Recent c o a l  exp lo ra t ion  i n  t h e  Phi l ippines :  Smith, Warren D., Geology and mineral resources of t h e  P h i l l i p i n e  
De r e  Erietallica (Montana School o f  Mines Magazine), vol.  I s lands :  Dept. Agri. and Nat. Resources, Bur. Sci. ,  Publ. 
7,  p. 20, 19k2. no. 19,  559 pp., 1924. 

Baut i s ta ,  Enrique M., A p re l iminary  i n v e s t i g a t i o n  t o  determine Teves, Juan S., The geology of  Puerto Galero, Mindoro: Phi l ip-  
t h e  f e a s i b i l i t y  o f  e s t a b l i s h i n g  a waterworks system i n  p ine  Jour.  Sc i . ,  vo l .  62, pp. 239-251, 1937. 
Pinamalayan, Mindoro: Ph i l ipp ine  A g r i c u l t u r i s t ,  vo l .  20, 
no. 8, pp. 517-525, Laguna, 1932. h i l l i s ,  da i l ey ,  Geologic observa t ions  i n  t h e  Ph i l ipp ine  Archi- 

pelago: National  Research Council of t h e  Ph i l ipp ine  
B u r r i t t ,  Charles H., The coa l  measures o f  t h e  Phi l ippines :  I s l ands ,  Bull .  13,  p. 29, 1937. 

U.S. Viar Department, Div is ion  o f  I n s u l a r  A f f a i r s ,  pp.133- 
143, Piashington, D. C., 1901. Worcester, Dean C., The Phi l ippine  I s l ands  and t h e i r  people, 

New York,Macmillan Co., pp. 362-434, 1898. 
Cox, Alvin J . ,  Heise, George W.,  and Gana, V. Q., Water 

supp l i e s  i n  t h e  Ph i l ipp ine  Is lands :  Ph i l ipp ine  Jour. Census atlas o f  t h e  Ph i l ipp ines ,  Coa7onwealth of 'the Ph i l ipp ines ,  
Sci. ,  vo l .  9, no. h ,  pp. 273-412, 1914. Many water  vol.  5, Manila, 1940. 
ana lyses  . 

Coast p i l o t  of  t h e  ?h i l ipp ine  I s l ands ,  Pa r t  1, Luzon, Mindoro 
Dar, Juan T., and Elicano, V . ,  Ph i l ipp ine  raw ma te r i a l s  f o r  and Visayaw, U.S. Dept. Zomnerce, Coast and Geodetic 

g l a s s  making: Ph i l ipp ine  Jour.  Sc i . ,  vo l .  1 4 ,  pp.467- Survey, Ser .  no. 613, 36. ed. ,  Manila, 1939. 
469, 1919. 

Geolow and o i l  p o s s i b i l i t i e s  of  t h e  Thi l ippine  I s l ands ,  Nat- 
De Vi l l a ,  E. M . ,  The c o a l f i e l d s  of  Mindoro: Sugar News, vol .  i o n a l  Development Company, Unpublished r eoor t  of Petro- 

21, pp. 7-9, 1913. leum Surrey  ( d i r e c t e d  3y G. Vi. Sorby),  Manila, 1 9 u .  

--------------- , The Mesozoic rocks of t h e  Phii ippines:  Sugar L i s t  o f  r i v e r s  o f  t h e  Ph i l ipp ine  I s l a n d s ,  h r e a u  of  Navigation, 
News, vol.  22, pp. 7-9, 1942. Divis ion  o f  Por t  Works, Manila, 1912. Brief d e s c r i p t i o n s  

o f  lower courses  of  some r i v e r s  o f  vallue to c o a s t a l  navi- 
Faust ino,  Leopoldo A , ,  The pe t ro leun  resources of t h e  Phi l ip-  ga t ion ,  inc luding  about 17 on Mindoro. 

p ine  Is lands :  3d Pan-Pacific Sc i .  Cong. Proc,,  vo1.2, 
PP. 174517118, Tokyo, 1926. Mineral resources of  the  Ph i l ipp ine  I s l ands  f o r  t h e  yea r s  1926 

t o  1933 and 193b t o  1938, Ph i l ipp ine  Dept. of Agri. and ..................... , Geographic and physiographic descrip-  commerce, Division o f  Mines, Bur. Sc i . ,  Nanila. 
t i o n  of the  Ph i l ipp ine  Is lands :  Mineral Resources of 
Phi l ippine  I s l ands  192b-1925, De?t. Agr. and Nat. Re- Q u a r t e r l y  b u l l e t i n ,  Bureau o f  Public  Works, Phi l i?p ine  Is lands ,  
sources,  Bur. S c i . ,  p. 33, 1927. 1912-1920; 1921-1936. 

Gonzales, Leon Ma., Mineral product ion i n  t h e  Phi l ippines :  Surface water  sup?ly o f  t h e  Ph i l ipp ine  I s l a n d s ,  1908-1922; 3u- 
Mineral Resources, Ph i l ipp ine  Bur. Mines, pp. 62-66, reau of  Publ ic  Works, Ph i l ipp ine  I s l ands ,  Water Supply 
1926-1933. Bull. no. 1, 4 vols . ,  192k. 

Heise, George W., Water supp l i e s  i n  t h e  Phi l i?p ine  Is lands :  I n t e l l i g e n c e  Reports 
Phi l i?p ine  Jour .  Sc i . ,  vol .  10, sec .  A ,  no. 2, pp. 135- 
169, Xanila ,  1915. Gives a  b r i e f  d iscuss ion  of  t h e  Engineering Research Office,Special Report no. L5, Phi l ippines  
brackish c h a r a c t e r  of much of  the  c o a s t a l  ground water ( i n  4 vol~imes) . 
and d a t a  on we l l s ,  sp r ings ,  a n d s t r e a m s ,  w i th  many water  
analyses.  

U. S. Army, M i l i t a r y  I n t e l l i g e n c e  Division,  S t r a t e g i c  re- 
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MINDORO (F?I.) TERRAIN APPRECIATION 
, 1 

Ahp Unit Observation and ~ o n c s a l r r e n t ~  
Vehicles Foot T r o o p  Natural Cover Excavation f o r  She l te r  

I I I I 1 

2 
*EST COAST 

LomANDS 

4 
ILIN AND 

General: . F r ~ m  n a r m  beaches, which widen near r i v e r  -I Only surfaced road on Mindoro connects Cal- Can move through a n t i r d  Observationr v i s i b i l i t y  good 
mouths, the  gent ly  slop-hg coastal  lowlands extend a p n  and Bongabong, with s ide  mads t o  Naujan and region, but d i f f i m l t  i n  cul t ivated areas1 poor in 
several  miles inland, where they a r e  broken i n t o  a region 
of lor r o l l i n g  hills. Perennial streams flood suddenly 
during heavy ra ins  but subside rapidly. 
Coastal Lowlandst Slope very gently toward coast. Rivers 
ham f l a t  va l leys  with sandy and gravel ly  beds and flood- 
plains; na tura l  levees  along r i v e r s  s l i g h t l y  higher than 
inters t ream areas.  F l a t  coas ta l  sect ion has open inter- 
stream areas  of r i c e  and hemp; coconut palms cowonly 
along streams. Casuarina and screw pine (pandan) common 
along narrow beaches; l oca l  mangrove swamps along coast 
and fresh-water s-ps west and south of Lake Naujan. 
Rolliny_Fill  I Hills of mall r e l i e f  n t h  about same 
a l t i t u d e  &roxinately 100 t o  150 f e e t )  gradually rise 
t o  a l t i t u d e  of approldmtely 200 f e e t  a t  inner margin; 
some sect ions gently undulaticgj i n t e r i o r  mourtains r iw 
steeply above inner  mar@ of h i l l s .  Shallow val leys  
with gent ly  sloping sides; l a rge  r i ve r s  have sandy and 
gravel ly  beds. Largely covered with stands of p r i m r y  
and secondary fo r e s t  i n  south; cul t ivated f i e l d s  i n  north. 
Kountainet In te r rup t  lowlands along coast  e a s t  of Cala- 
pan, e a s t  of Lake Naujan, and a t  M t .  Ihunali. 

Coastal LowIa&&l Cen- 
e r a l l y  poor; t w s  a m  
large,  mangrove p r i na r l l y  swamps, i n  afford. 

krg f a i r  wver  f o r  
troops. Limited cover 
mar stream be banks found along during 

d r i e r  season (December 

General1 Coastal lowlands r i s e  gently inland and a r e  - Genera l~  No roads, but cross-muntry movement easy I- broken a t  inner mar* i n t o  low r o l l i n g  h i l l s .  Locally, ,during dry season (December t o  April);  i w d e d  by 
i n t e r i o r  mountains rise d i r ec t l y  from narrow lowland belt.,mud and f l a s h  floods &rirg rainy seasm. Boulderg 
Rivers d ry  o r  s m l l  braided s t r e a m  during dry season /s t ream beds may slow moment  p r a l l e l  t o  coast even 

Cabra Islandr About 150 f e e t  high on northwest and south- 
e a s t  ends; low coas ta l  sect ions northeast and S o u t h ~ e s t  of 
center; s teep  coast  around most of island. 
Lubana Is landt  Largest i s land  of group. Lowlands on 
northeast end and f r ing lng  e a s t  and south. Central area 
and most of southern sect ion formed of rough h i l l s  and 
mountains; ma*imum r e l l e f  1,967 fee t .  Rice paddles on 
northeast lowlands; f o r e s t s  on h i l l s  and mountains. 
A m b i l  Islandr Narrow beaches north and e a s t  of a conical 
mountain over 2,400 fee t  high. 
Golo Islandt Long and narrow; rough h i l l s  with sane 
narrow beaches and a lowland s t r i p  across center. 
b n d a u i  and Malavatuan Islandsr Very small i s lands  north- 
e a s t  of  A m b i l  Island. 

t o  April) .  
Rollina Hi l l s t  Fair  i n  
val leys  and along r i v e r  
banks during l e s s  rainy 

Pola. Sudden floods and gravel ly  r i ve r  beds impede 
movement p a r a l l e l  t o  w a s t  and up stream val leys .  
Coastal Lorlandst Movement easy in m s t  places on 
firm beaches through casuarlna forests ;  m s o w  
beaches, screw pine (pandan) has t o  be cleared but 
i s  ea s i l y  cut. Local mangrove sramps on coast a d  
fresh-water swamps west and south of Lake Naujan 
very d j l f i c u l t .  Inland from beaches, clay l o a m  and 
clays make heavy, s t i cky  mud, which makes r i c e  
paddies d i f f i c u l t  t o  move through, par t i cu la r ly  f o r  
wheeled vehicles; during l e s s  ra iny  season (December 
t o  April) ,  ground probably firm pa r t  of time. Open 
interstream country. Sandy loam and s i l t y  loam on 
levees  a l s o  f i rm and wel l  drained. 
Rollina HUgr Grolind firmer and b e t t e r  drained than 
in coas ta l  lmlands ,  but s t i cky  when wet. Valley 
slopes gen t le  and not d i f f i c u l t .  Forest stands, 
pa r t i cu l a r l y  i n  norW.ern p r t  of area, probably re- 
qu i re  clearing. 
Yountainsr East of Lake Naujan, mountains and h i l l  
areas  d i f f i c u l t  f o r  movemt  and lack roads. 

Can mwe anywhere ex- 
cept t h m g h  mangrove 
swamp and across  
r i v e r s  durlng f l a sh  
floods. Kay be slow 
throu& m d  during 
heavy rains,  particu- 
larly m coas ta l  low- 
lands. be t i d n g  
through sane cogon- 
grass  a reas j  grass  
usually burned &ring 
January o r  February. 

(~ecember  t o  Aprj.l)j sandy and gravel ly  beds and flood- 
plains; subject  t o  frequent f l a s h  floods during rainy 
season. Alluvial  fans  probably developed where r i v e r s  
pass from mountains (Map Unit 3) on t o  lowlands. Mostly 
covered r i t h  cogon grass; i n  south around San Jose cu l t i -  
vated t o  sugarcane; m a l l  r i c e  and hemp f i e l d s  l o c a l l y  
near coast. Small t r e e s  along some streams; mangrove 
swamps northwest and southeast of Vangaric Bay and 
l oca l l y  elsenbere. 
Coastal Lowlandel Very gent le  slope toward coast with 

season. Large t r ee s  
afford l imi ted  cover 
fo r  Momta in~ l  personnel. Oo3d in 

l o c a l  mountain areas.  

ObServatiml V i s i b i l i t y  @O 

unless cogm u n u s - l l ~  
tall. Entire area comnanded 
by points  in adjacent moun- 
t a i n s  (Map Unit 3 ) j  coastal  
lowlands a l s o  may be observ- 
ed from edges of r o l l i n g  
hills; no good observation 
points  on coastal  lowlands. 
Concealmentl L i t t l e ,  if any 
fran a i r  observation except 
in mangrove swamps around 
Mangarin Bay. Limited 
ground mncealuent f o r  

when r i v e r s  dry. Cogon grass  no obstacle except t o  
small-wheeled vehicles.  It is uaually burned over 
during January o r  February. 
Coastal Lmlandst Clay loans and clays probably 
s t icky and heavy during rainy season; hard and flnn 
during dry  seasm. Vehicl?s can avoid bculders and 
move up beds of l a rge  r i ve r s  during dry season. 
>.Iovenent imaossible thrsugh aenxrove swmps. 
Rollinrr X i l l s t  Easy except perhaps during heavy 
r a h s  when s o i l  becanes muddy. D r a i ~ s  good. 

On lowlands, pa r t i cu l a r l y  m northwest end of Lubang, 
hindered by mud* rice paddies during rainy season; 
ground hard and f i r m  during dry weather. Easy elm- 
where on lowlands. M f f l c u l t  through rough, wooded 
h i l l  areas; cu t t i ng  of t r a i l s  probably necessary. 

Ccastal Lorlandst Poor 
in general; probably 

t!uvugh swamps, and 
thick fo r e s t s  and rice 
paddles during wet ter  
season (May through 
~ovember); can cross 
paddies on dikes. In 
l e s s  rairly season, 
most r iven ,  fordable 
except near coast. 

personnel i n  sugarcane f ie ld  
around San Jose. 

Observationt Peaks m west 
slopes cowand lowlands to 
west and southwest (Map U n l t  
2) ;  f o r e s t  mver  prevents ob 
s e rva t im  on ea s t .  P w r  in 
highest rnomtains because of 
forest. and cloud caps which 
hang there mu& of time. 
Cmcealment I Oood t o  ex- 
ce l len t  in fo r e s t s  on e u t  
s i de  w d  i n  l o c a l  f o r e s t s  
a reas  along valleys on west. 
In January or February m s t  
grassland on west slopes is 
burned over and what little 
concealment it af fords  p r -  
sonnel is eliminated. 

Observation: Hlgh points. 
cornnand approaches t o  i s land  
but t r e e s  hinder observation 
Concealment I Oood f o r  
vehicles and f o r  personnel. 

narrow sandy beaches. River beds r i d e  and gravel ly  in 
lower courses; c a tu r a l  levees  along la rge  r i ve r  s l i g h t l y  
higher than inters t ream areas.  ~ l l - r i e v e l o p e d  terraces ,  

good l o c a l l y  along 
r i v e r  banks during dry 

f m e s t d  sect ions of r o l l i ng  
h i l l s .  Cleamd zones a t  
outer edge of hills command 
pa r t s  of coastal  lowlands. 
Mountain sections, a s  e a s t  
of Lake Naujan, too forested 
for c lea r  viewa from high 
pointa. 
Concealmentl Generally poor 
in cul t ivated areas.  Fair  
mncealnent from a i r  obser- 
vat ion among coconut palms, 
which a r e  mostly along r i v e r  
levees.  Gwd from a i r  i n  
casuarina fo r e s t s  along 
narrow beaches, poor from 
gmmd.  Forested areas  on 
ro l l i ng  h i l l s  good for  con- 
cealment from ground and a i r  
May be good i n  hemp and s o w  
secondary fo r e s t ;  l o ca l l y  i n  
erassland. 

S t eeps ided  gu l l i e s  and s m l l  val leys  may be obstacles.  

C a n  m e  anywhere, but 
with d l f f i m l t y  i n  
rough wwded t d l l s .  

season. 
RolUnr H i l l s r  Fa i r  t o  
good in ravines, small 
vallevs. and along 

Observationt V i s ib i l i t y  
good on lowlands but no high 
observation p i n t s ;  r e s t r i c t  
ed by f o r e s t s  on h i l l s  and 
mountairis. 
Concealmentt Poor on low- 
lands, gwd i n  wooded hill 
and mountain areas.  

Coaseal Lowlands I i i i g g i ~ ~ g  
easy i n  thidc a l l u v i a l  so i l ,  
but high water t ab le  makes 
d r a i r a a  d i f f i c u l t ;  s o i l  
tends to slump d e n  wet; 
needs support. Conditions 
b e t t e r  on inner margin and 
on s l i g h t l y  higher r i v e r  
levees. Coconut palms and 
sane secondary f o r e s t  t r e e s  
avai lable  fo r  support. 
Rolling Hi l la t  Fa i r ly  easyj 
water t ab le  r e l a a v e l y  high 
but drainage general ly  good; 
support probably needed t o  
prevent s lunphg  i n  deep 
excavations. Timber plent i -  
f u l .  
Mountainst Di f f icu l t  in most 
places because of thin s o i l s t  

Can move anyrfiere, bu t  
with extreme d i f f i cu l t y  
m steep slopes and i n  
heavy f a e s t s j  muddy 
and s l ipperg during 
rainy season. 

Can move anywhere, ex- 
cept through mangrove 
swamps and r i t h  d i f f i -  
cul ty  a l m g  s teep  
slopes and through 
fores t s .  

probably 10  to 20 f e e t  h i&  and several  hundred f e e t  ride, 6 t o  1 0  miles along 
l a rge r  r i ve r s  (Lumintao and ~ugsanga) .  

H i l l s t  Rolling and flat-topped h i l l s ;  sunnclt a l t i t u d e s  about the sara 
probably about 100 t o  150 feet)! abrupt break in slope t o  coas ta l  lowlands ?=-- 

and along inner  margin where i n t e r i o r  mountains (Map U n i t  3 )  r i s e  steeply. 
Valleys shallow but with s teeper  gradient than in s imi la r  area (blap Unit 1 )  
e a s t  of mountahs. 
Mountainst Small, rough mountain area 6 miles north of Barahan. Locally 
other  small mountain areas.  

Coastal Lowlands t Mgging 
easy; m t e r  t ab le  high near 
w a s t ;  deeper near inner 

Very rugged h i l l s  and mountains trending northwest, with 
deep, s t e e p s i d e d  val leys;  t o t a l  r e l i e f  over 8,000 fee t .  
Two main mountain masses centering around W Halcon i n  
north and M t  Baco i n  south. In t h i ck ly  forested area on 
e a s t  side, s teep  canyons with wate r fa l l s  and swi f t  s t r e a m  
with bouldery beds. West s ide  more dissected than ea s t  
r i t h  extl-emely rugged, s t e eps loped  mountains r i s i ng  
abrupt ly  above lowlands; swif t  streams with waterfal ls  and 
bouldery beds. Small lowland sect ions along north coast  
and on south coast  In v i c i n i t y  of Bulalacao. Best passes 
cross  the mountain area betmen bhburao  and Abra de I log  
in north and through north cen t ra l  p a r t  of island. 

Areas of rough, wooded h i l l s  s iml la r  to the mountain 
region on Mndoro (Map Unit 3). Madnun r e l i e f  on I l i n  
Island more than 7C0 feet ,  on Ambulong more than 500 fee t .  
Narrow beaches and mangrove swamps along north and e a s t  
coasts  of I l i n  Island; very nan-on mangrove sremps on 
Ambulong Island. 

margin of a ~ a ;  drainage 
d i f f i c u l t ,  and excavations 
probably need support dur- 
i ng  rainy season. S l i & t l y  
higher na tu r a l  levees  along 
l a rge  r i v e r s  and terrace8 
b e t t e r  drained. Scattered 
patches of coconut, mengrove 
and casuarina su i t ab l e  f o r  
she l t e r  construction. Sam 
heavy timber nearby i n  
mountainous area. 
Rollinn Hillst Fa i r ly  easy] 
water t ab le  not hi& enough 
t o  in te r fe re ;  well drained. 
Seepage may necessi ta te  
support of deep t m c h e s .  
Scattered patches of timber. 

Impossible without comtmct ion  of mads except in 
small loca l  a r ea s j  t h i ck  fo r e s t s  on e a s t  side; 
grassland with some bamboo th icke ts  on nest; s teep  
s l o p s  and steep, bouldery stream beds. Grassland 
e a s i l y  cleared but most slopes too s teep  f o r  
movement; grass usual ly  burned during January o r  
February. The p s s  bstween Mamburao and Abra de 
n o g  is be s t  m e  across is land;  a road is supposed 
t o  have been u d e r  construction there i n  1 9 0 ,  al-  
though some reports  doubt t ha t  construction had 
ac tua l l y  begm along mch of route. A road was pro- 
posed through the more d i f f i c u l t  pass across  the 
north-central p a r t  of the island, but apparently no 
mnstruct ion has been s ta r ted .  Several native trails 
cross mountains south of M t  Baco. 

M f f i c u l t  over e n t i r e  area. 

Valleys and ravines 
good to excel lent  ex- 
cept l o c a l l y  along 
north and s m t b  coasts. 

D i f f i cu l t  i n  @ s t  places; 
t h i n  s o i l s  on steep slopes 
rn western aide of is land;  
subject  t o  wash during 
heavy ra ins  and to creep 
and s l ide;  need slpport. 
Timber p l en t i f u l  In  east ;  
sca t te red  i n  =st. 

Good in val leys  and 
ravines. 

Poor on l o w h d a ,  good 
in val leys  of h i l l s  and 
mom t a b  . 

I 2.Bongabon I More than 6 f t  a t  high tide. Boats drawing 3 f t  f o r  I nearly 2 miles. 

S o i l  s h a l l m i  b las t ing  pm- 
bably required f o r  deep ex- 
cavations. So i l  m b j e c t  to 
creep and s l ide .  Fa i r l y  
well  drained, but may requir  
seepage control. Timber f o r  
construction p len t i fu l .  

Digging easy in lmlands,  
but  water U b l e  high and 
drainage p o a j  difficult in 
h i l l s  a d  mountaina whem 
s o i l s  a m  thinner and aub- 
j e c t  t o  creep and d i d o .  
Construction tlabr plen t i -  
f u l  in high areas. 

NIIVIGASLE RIVERS 
- (Smrcet DSS, R and A No. 2142, June 10. 1944 ) 

3 f t  w e r  bar  a t  low t ide.  

Nama 

1.Bulalacao 

6. bbacanllg I The bar  is nearly bare a t  
low t i de .  

Mouth 

More than 6 f t  a t  high t i de .  

Navi@bil i ty  
(var ies  wit,h season) 

pppp 

Boats drawlng 3 f t  ascend 
nearly 2 d l e s .  

4.Sumagui 

5.Balete 

7 . m  lThe bar  is  bare a t  low t i de .  

More than 3 1/2 f t  over bar  
a t  high tide. 

Over 3 1/2 f t  a t  high t ide .  

Nearly 2 miles fo r  launches 
drawing 3 1/2 f t .  

Remarks 
son) 

11.6aluagan Bar i s  nearly bare a t  1m 
tide and can be entered 

Small l o c a l  s a i l i n g  vessels  
which ship copra, lumber, 
and r i c e  enter a t  high t ide.  

Renarks 

Currents a r e  s t rong during 
ebb t ide.  

Vessels drawing 3 1/2 f t  
cross t h e  b a r  an i  5nd 
she l t e r  ins ide  t h e  bar  dur- 
ing storms. 

15 .Sinambalan 
( a t  Mamburao) 

I only by pulling boats  a t  
high t ide.  I 
Over 3 1/2 f t  on bar  a t  
high tide. 

Over 6 f t  in bar-channel a t  
h igh  t ide .  

Over 5 f t  on bar  a t  high 
t ide.  

About 3 f t  on bar  a t  lor 
t i d e  and over 6 f t  a t  high 
tide. 

Launches drawing 3 f t  aa- 
cend near ly  7 miles. 

Boats drawing 3 1/2 f t  as- 
cend near ly  1 mi le j  launch- 
e s  drawing 2 1/2 i t  go 
sl.ightly o l e r  1 m i l . .  

Nearly 2 miles f o r  launches 
drawing 4 1/2 t o  5 f t .  

The ba r  a t  the mouth is  
usually d i f f i c u l t  to cross. 

About 5 miles  f o r  small 
boats. 

There i s  sa fe  anchorage i n  
r i ve r  during ordinary 
weather. 

B.Fola(east coas t )  

9.Butrs 

lO.l!agasaungtubIg 
River 

F 
&/ For d e t a i l s  on roads see Road Cons tmdion  and Kaintenance Sheet. 

For d e t a i l s  on g m n d  wnd l t i om see  S o i l s  Sheet. 
For d e t a i l s  on vegetation see Vegetation Sheet. 

;?/ For d e t a i l s  on bedrock see Geology Sheet and Constmction Materials Sheet. 
Repared by U. S. Oeological Survey 
for  Chief of Engineers, U. 5. Army 

2 f e e t  over bar  a t  lor t ide .  

Empties In to  bgassungtubig 
River. 

The bar is  nearly bare a t  
low t ide .  

Boats drawing 3 f e e t  ascend 
over 1 mile. 

small boats navigate from 
the sea t o  Lake Naujan v i a  
the lower Wagasaungtubig and 
But18 Rivers. 

Small boats ascend t o  mouth 
of But. s River and up it t o  
Lake Naujan. 

Launches drar ing 6 1/5 f e e t  
ascend a t  high t i d e  and an- 
chor sa fe ly  in ordinary 
weather. 

A 28-foot cabin crulser,  
drawing 3 1/5 fee t ,  is re- 
ported t o  have w d e  this 
t r i p .  

One of the l s r g e s t  rivers 
in northeast Hndore. 

16.Fagbahan 

17.Santa C m  

1 8 . b ~  

19.Bugsanga 

20.Caguray 

Bar a t  mouth. 

Over 6 f t  on bar  a t  high 
t ide.  

Launches drawing 3 f t  or  
4 f t  cross  bar  a t  high t ide .  
Launches drawing 3 1/2 f t  
cross bar. 

Over 5 f t  on bar  a t  high 
t ide .  

About 5 miles  f o r  launches 
drawlng 3 f t .  

Launches and boats  draving 
3 1/2 it cross the bar  any- 
time and ascend 5 miles. 

About 1 mile f o r  launches. 

5 t o  8 miles f o r  launches, 
depending on season. 

The bar  is very changeable 
and d i f f i c u l t  t o  cross. 
The current  i s  swift a t  
mouth . 











MINDORO (PI*) WATER SUPPLY 
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R e l i a b i l i t y :  Shown f o r  each nap u n i t  i n  f i r s t  column of t a b l e .  

GENERAL STATFMEWP 

P r e c i p i t a t i o n :  General ly heavy, 85 t o  1 2 5  inches 
annually. West h a l f  of Mindoro has  dry season from December 
through Apr i l  with l e s s  than  9 inches monthly; e a s t  ha l f  
has  no dry season, but rair . fal1 i s  l e s s  frwm January 
through Apr i l .  A v e r a ~ e  number of r a i n y  days annual ly 
about 200 on e a s t  h a l f ;  about 145 on west ha l f .  For 
a d d i t i o n a l  d e t a i l s  on r a i r . f a l1  see  Climate Sheet. 

Topograi'hy end Geology: Cent ra l  high rueged mountain 
r a n h e o f  g r a n i t e - l i k e  rock ,  s l a t e ,  marble, and o t h e r  hard 
rocks ;  f lanked on both s i d e s  by rough t o  r o l l i n g  h i l l s  of 
sedimentary rocks  (sandstope, s h a l e ,  l imes tone) .  Coastal  
p l a i n  broad and continuous on e a s t  c o a s t ;  discor.tiiiuous 
and i r r e g u l a r  on west s i d e ;  not p re se r t  on southeast  and 
nor th  c o a s t s  a h e r e  shores a r e  s t eep  and l o c a l l y  c l i f f e d .  

Lubang I s l a n d s  a r e  mountainous cont inuat ion  of t h e  
c e n t r a l  mountain n a s s  of Mindoro. Broad f l a t  c o a s t a l  
p l a i n  on northwest er,d of  Lubar.g I s land .  I l i n  and Anbulong 

TMsting mter Supmes: ,%.e of the l a r g e r  towns of  -- 
Mindoro now have municipal water w o r k ~ .  hIany obtair .  water  
from deep wel l s ,  o the r s  froc: improved sp r ings  o r  from 
moj..ntain streams. Some s e l l s  flow, o the r s  must be pumyed; 
water from spr ings  and mountain streams e i t h e r  flows by 
g r a v i t y  o r  i s  pumped i c t o  tom.. D i s t r i b u t i o n  systems 
gene ra l ly  a r e  suppl4r:erted by publ ic  hydrants  and public  
we l l s  equipped with hand pmps .  I n h a b i t a n t s  i n  out- 
l y ing  d i ~ t r i c t s  ob te in  water  f r o n  shallow due: wel l s ,  
s p r i r ~ g s ,  o r  e t r e m ~ s ;  i n  some d i s t r i c t s  on t h e  eas t  coast  
r a i n  water is co l l ec t ed .  

P o t e n t i a l  S u ~ p l i e s :  On the  e a s t  sic!e of Mindoro 
su r face  water i s  plentiful t h r o ~ g h o u t  a l l  t h e  year ;  on 
west s i t e  p l e n t i f u l  only chiring ra iny  season. Rivers  
shallow and s w i f t ;  ove r f lon  banks i n  f l a s h  f loods.  ' l a t e r  
g e ~ e r a l l y  l w  i n  dissolved mine ra l  m t t e r ;  po l lu t ed ;  
r e q u i r e s  con;leta p u r i f i c a t i o n  treatrrer.t by f i l t r a t i o n  and 
ch lc r ina t ion .  Water from fresh-water  swmys z e c e r a l l y  has  

thorough t r e a t v e n t  o f t e n  f a i l s  t o  make it s a t i s f a c t o r y  f o r  
drinking. I 

Springs a r e  numerou:. Water gene ra l iy  usable f o r  most 
purposes although m r e  highly n i n e r s l i z e d  than  su r face  o r  
deep well w a t t r ;  o f t e n  p o l l ~ t e d .  

Large s u p p l i ~ s  of ground n a t e r  can be developed by l a r g e  
diar.eter dug w e l l s  o r  d r i l l e d  wel l s  on t h e  coas ta l  plainw. 
Most arecis i n  wh!ch shal low m y  be dug a r e  subjec t  t o  
f loods.  Dr i l l ed  wel l s  cnn gene ra l ly  be loca ted  on s i t e s  above 
f lood l eve l s .  h!a!iy deep well  s a r e  a r t e s i a n ;  some f low a t  t h e  
surface.  A l l  water., ~k.et ,her  from st,allow o r  deep wel l s ,  
should be t horo:lghly ch lor ina ted .  

To avoid c o n t ~ t ~ i r f i t i o n  by s a l t  water, we l .1~  near  shore 
and on s m l l  is1sr:ds &.oulc! be d r i l i e d  no more t h a n  a  few 
f c r t  be1c.w sca l e v e l  ax.' never ~urnped t o  capaci ty.  (See 
Figure  2 ) .  I I s l a n d s  a r e  high ro1mded h i l l s  of l imestone. ,bad t a s t e  and odor,  colored wi.1.h much organic w t t e r ;  

I I I 1 
I 

I 4 1 iounh h i l l s  and mun-  I Streams shallow and s w i f t :  nanv 

Nap Unit and 
R e l i a b i l i t y  of  Data 

1 
R e l ~ a b i l i t y  good 

S-ry: Large sup- 
p l i e s  f o r  combat and 
base-camp u s e  can be 
e a s i l y  developed. 
Surface  o r  ground watel.On 
o r  both, p l e n t i f u l .  
Te r ra in  favorable  fo r 
d i s t r i b u t i o n  cross-  
country from water  
points .  

2 

% l i a b i l i t y  f ~ i r  

Summary: Moderate t o  
l a r g e  supply can be 
developed wi th  some 
d i f f i c u l t y  from both 
su r face  and ground 
water. T e r r a i n  un- 
favorable  f o r  d i s t r i -  
but ion from water  
poin ts .  

3 

R e l i a b i l i t y  poor 

Sunmary: Small t o  
moderat; supply can 
be developed. Smaller 
streams Sry during 
dry season;  develop- 
ment of ground-water 
unce r t s in  and may be 
d i f f i c u l t  . D i  st ri- 
but ion  from water  
p o i n t s  easy t o  
d i f f i c u l t .  

S p r i w s :  None repor ted .  Probably many s m l l  spr ings .  
Wells: Construct ion of e i t h e r  deep o r  sha l lon  we l l s  not 
recommended. Transpor ta t ion  of heavy eqliipment i n t o  a r e a  
very d i f f i c u l t  and com3letion of success fu l  w e l l s  un- 
l i k e l y .  

I I I Topography and 
Geology 

Broad continuous 
c o a s t a l  p l a i n  on e a s t  
s i d e ,  d i s c o ~ t i n o u s  on 
west ;  r i s e s  from low 
c o a s t a l  f l a t  t o  low 
r o l l i n g  h i l l s  inlend.  
Small c o a s t a l  p l a i n  

nor-thviest end of 
Lubang Is land .  M a n -  
grove swwlps l o c a l l y  
along c o a s t ;  some 
fresh-water  swac.ps. 
Alluvium: ir.terbedded 
boulders ,  g rave l ,  
sand,  s i l t ,  and c l a y ;  
near  coas t  sone c o r a l  
l j n e s t o n e  interbedded 
with sand and clay. 

Water i n  f resh-water  

R e l i a b i l i t y  poor 
Surmr~lry: Small t o  
moderate supply can  be 
developed from su r face  
wster.  D i s t r i b u t i o n  
from water p i n t s  
very d i f f i c u l t .  

Combat Supply: Sur- 
f a c e  water. 
P e r m l e n t  Supply : 
Surface  water. 

Hand-digging t o o l s ,  
d r i v e  po in t s ,  low- 
l i f t  pumps. Rotary- 
d r i l l i n g  r i g s  b e s t  
su i ted  f o r  d r i l l i n g  
deep we l l s ,  but cable-  
t o o l  r i g s  a r e  s a t i s -  
f ac to ry ;  casing,  
screens,  t u rb ine  pumps 
Por t ab le  p u r i f i c a t i o n  
equipment, tanks.  

Surf ace Water 

hlany creeks and m a l l  r i v e r s ;  
nos t  a r e  pe renn ia l  on e a s t  coas t  
though with marked decrease i n  
flow during period from February 
t h r o > e h  May. Only l a r g e r  s t r t ! ~  
on west coast  coc t inue  t o  flow 
throughout yea r ;  smel le r  s t r e a m  
becore dry during period frwm 
Decmber through May. Stream3 
shallow and s w i f t ,  mmy rap ids  
i n l m d ;  bottoms g r a v e l l y  and 
sandy, l o c a l l y  bouldery, broad 
g rave l  washes concon; banks s teep .  
Over-bank f loods  sudden and des- 
t m c t i v e ,  but of shor t  durat ion.  
Severa l  l a k e s  i n  no r theas t e rn  
pa r t .  h!angrove and fresh-water  
swamps and marshes comon along 
coas t .  A l l  sur face  water  po l lu t ed ,  
r e c i i r i n g  thorough p u r i f i c a t i o n  
treatn!er.t. Water o f t e n  t u r b i d ;  
brackish  near  ocean. Water i n  
l a k e s  conta ins  much organic 
m a t e r i a l  but i s  s u i t a b l e  f o r  most 
uses  a f t e r  thorough treatment .  

swanps and marshes con ta ins  much 

- 
t a i n s ;  va l l eys  narrow 
and deep. Hard mud- 
,tone and sha le  w i t h  

hard ,  well- 
cemer.ted sandstone and 
cory,lonerate. 

Hand-digging t o o l s ,  
d r i v e  po in t s ,  l ow- l i f t  
punps. Rotary-dr i l l in  
r i g s  equiyped with 
rock b i t s ,  o r  cable-  
t o o l  r i g s ;  cas ing;  
t u rb ine  pumps. Pur i -  
f i c a t i o n  equipment, 
tanks. 

a r e  perennia l ,  o f t e n  d i f f  i c u l t - o f  
access.  

Ro ta ry -d r i l l i ng  r i g s  
equipped with rock 
b i t s ,  c s s ing ,  high- 
l i f t  9w.p~ .  PortaWle 
p u r i f i c a t i o n  equipment 
tanks. 

Ground Water 

Springs:  Kumelous springs repor ted ,  probably many o t h e r s  
e x i s t .  General ly loca ted  near o r  i n  h i l l s  and mountains 
of ad jo in ing  Map Unit a reas .  Sonie l a g e  eno-~t.h t o  supply 
nearby towns. Spring 2 1/2 mi les  SSE of C a l ~ p a n  e s t i -  
mated t o  flow 14.5 gym. Imy-ovement wi l l  genera l ly  
increase  flow. Water genera l ly  w a r m  (about 85'F), 
moderately hard,  and uncontaminated. Complete chec ica l  
and b a c t e r i o l o g i c a l  arialysi s  should be made before water  
from sp r ings  used. Water f r o n  w e l l s  near  E:auJan c o r t a i n s  
hydrogen su l f ide .  A few sprir.gs are hot (about 1 2 0 ' ~ )  
and h i ~ h l y  minera l ized ,  
Shallow Dug -- IVells: Large suppl ies  from lerge-diameter  
shallow wells.  Capaci t ies  t o  seve ra l  hund:,ed gpn; a l l  
should have high y i e lds .  Test ho le s  d-~ould be d r i l l e d  
t o  in su re  proper loca t ion? .  Best l oco t ions  a r e  near  
r i v e r s  a s  f a r  inland a s  po-sible  &/2 mi l e  o r  more) but 
well  above f lood l e v e l .  Water l e v e l s  m d  c a p a c i t i e s  of 
shallow w e l l s  on both coas ts  w i l l  drop during dry season; 
we l l s  not properly loca ted  w i l l  become dry. 

a rganic  a c i d ,  has  bad t a s t e ,  and unpleasant odo:; i t s  use 
not recomended. Many g33d l o c a t i o n s  f o r  r a t e r  po in t s  
along streams; f m  around l a k e s  which a r e  o f t e n  bordered 
by marshy areas .  Te r ra in  wel l - su i ted  f o r  d i s t r i b u t i o n  of 
water  by p i p e l i n e  and t r l ~ c k s .  

5 
R e l i a b i l i t y  f a i r  

Combat Supply: Sur- 
f ece  water. 
Pernenent Supply: 
D r i l l e d  w e l l s  o r  l a r p .  
diameter  shallow wells. 

mi le  o r  more inland.  Large supp l i e s  can be  developed by swells l e s s  t h a n  300 f e e t  
deep. Mate r i a l s  penetrated w i l l  be interbedded c l ay ,  sand, and g rave l ;  near  shore 
sone t h i n  beds of c o r a l  l imestone rmy be present .  To avoid sa l t -wa te r  contami- 
na t ion  we l l s  loca ted  wi th in  a  h a l f  mile  of shore sll3uld be d r i l l e d  no deeper than 
sea  l e v e l  and never pumped t o  capac i ty  ( w e  Figure  2 ,  Diagrms E and C). Casiry 

3ough, h i l l y  t o  mun-  
t a i n o u s ;  steep-walled 
v a l l e y s  with small 
r ap id  streams. Rocks 
include:  l imestone,  
mainly thin-be3ded t o  
massive, cavernous; 
some sandstone, s i l t ,  
s h a l e ,  and l o c a l l y  
coarse  cox lomera te ;  
f o l l e d  and faul ted .  

Summary: Surface  
water  p l e n t i f u l ;  o f t e n  
d i f f i c u l t  of access .  
D i s t r i b u t i o n  of supply 
very d i f f i c u l t .  Sur- 
f a c e  water l e s s  p l e n t i .  
f u l  on Lubang I s l ands .  

Recom.rcded Supply 

Drive-Foint Wells: hlany good l o c a t i o n s  f c r  development of small supp l i e s  by d r i v e  
p o i r ~ t s .  Best l o c a t i o n s  a r e  on r i v e r  flood p l a j n s  wi th in  a  few mi le s  of coast.  
Locations f a r t h e r  inland w i l l  probiibly be d i f f i c u l t  t o  develop because of c o a r s e  
bouldery g rave l  interbedded i n  f lood-pla in  deposi ts .  
Deep Wells: Successful  we l l s  have been d r i l l e d  and j e t t e d  i n  towns on both  e a s t  
and west coasts.  Many a r t e s i a n  ;yel ls ;  scme flow a t  the  su r face .  M1ells loca ted  
near  shore yielded brackish water and were abandoned. Best l o c a t i o n s  a r e  h a l f  

i s  requi red  f o r  e n t i r e  depth of h o l e ;  s c r l e n s  needed i n  

Springs:  None reported. Proabably numerous. Flows may 
be 5 t o  10  gym. Water supply of Bulalacao probably from 
spring. 
Yiells: S n a l l  t o  l a r g e  sugply can be d e v e l o p d  by dsep 
d r i l l e d  wells .  I n d i v i ~ ? u a l  we l l s  w i l l  y ielJ .  from a few 
g a l l o n s  per  minute t o  more then 100 g a l l o n s  pe r  minute, 
dependiry on the  ncunber of f r a c t u r e s  and c a v i t i e s  en- 
countered d u r i n ;  d r i l l i n g .  D r i l l i n g  may be d i f f i c u l t ,  
formations a r e  t i l t e d ;  sha le  s e c t i o n s  may cave, requi r ing  
casi.ng. Areas of sha le  outcrops should be avoided. 
Geologic r e c o n n a i s s m  shou l3  be  made before hilling t o  

L i n sa re  proper locn t ions  of we l l s .  A l l u v i a l  depos i t s  (not  
present  along some of t h e  stream val leys .  Shallow dl18 i .e l l s  o r  

h lodente  t o  l a r g e  supply can be 
aeveloped. Many sml l  perennia l  
s t r e a m .  Locations f o r  impound- 
ing r e s e r v o i r s  nwerous .  A l l  
i n s t a l l a t i o n s  should be  well  pro- 
t e c t e d  aga ins t  sudden floods. 
Very l i t t l e  sur face  water on I l i n  
and Ambulong Is lands.  Streams 
flow only f o r  s h o r t  t i a e  a f t e r  
r a ins .  

i nd ica t ed  on map) a r e  probably 

High rugged mountains. 
Complex of g r a n i t e -  
l i k e  rock,  s l a t e  and 
marble. 

Equipnent Needed 

loose-sand sec t ions .  

C-t Supply: Sur- 
f a c e  water.  
Permanent Supply: 
D r i l l s d  we l l s ,  sur- 
face 'water. 

Combat Supply: Sur- 
f ace  water d l ~ r i n g  
r a iny  season; imported 
water ' du r iw  dry 
season. 
?ernanent Supply:  
Surface  water  supple- 
mented by d r i l l e d  
wells.  

Low r o l l i n g  h i l l s  t o  
rugged mountains. 
Rocks inclllde i n t e r -  
bedded loosely--emen+& 
t o  unconsolidated 
sandstone, s h a l s  arid 
c l a y ,  some t h i n  beds 
of l imestone;  fo lded  
and f au l t ed .  

S t r a m s  m a l l ,  shallow, r ap id ;  
l o c a l l y  flew throil3h narrow deep 
gorges. Water c l e a r ;  r e q u i r e s  
l i t t l e  t r e a t n e n t .  

Springs:  Probably n ~ n ? r o u s  small  s p r i w s .  
' e l l s :  None. Not recomended. 

d r i v e  po in t s  i n  t h e s e  depos i t s  w i l l  y i e l d  small q u a n t i t i e s  of water.  Construction of  ground- 
water  dams (seeFigu:..e 1 ) i n  dry streacn beds w i l l  increase  y i e l d s  of d r i v e  poin ts .  Sha1lo.n 
we l l s  may becone dry during dry season (December thmugh A p r i l ) .  

Combat Supply: Sur- Back-pack p u r i f i c a t l o  
f a c e  water. Kay be u n i t s .  

h!ost streinns i n t e r m i t t e n t ,  a  fern 
l a r g e  perennia l  streams; c u r r e n t s  
s w i f t ,  stream beds g r a v e l l y  and 
bouldery, f l a s h  f l o o d s  co;nnon. 
Smaller streams becorm dry -dry 
season. lVater p l e n t i f u l  during 
wet season. Many l o c a t i o n s  f o r  
impounding r e s e r v o i r s  but  cor.star.t 
supply of water  very uncer ta in .  

inadequate f o r  l a r g e  
groups away from main 
st r e a m ,  p a r t  i c u l a r l y  
on ,west s i d e  of i s l cnd .  

Springs: Only spring r e p o r t e d  i s  a  s a l t  s p r i x  aboat 3 
miles  west of Obellsk Peak i n  so ' l thern Mindoro. P n b a b l y  
numerous frash-water  spri*%s t h a t  may becoae dry during 
dry season. 
Wells: Small t o  moderate mpply can probably be developed 
by deep d r i l l e d  wells.  Dug we l l s  probably would not y ie ld  
an adequate supply. Capac i t i e s  of indiv idual  we l l s  w i l l  
vary considerably,  mos t  w i l l  be low. Bater  l e v e l s  w i l l  
lo.wer during dry season. Grocnd ;water may be s a l t y  
locol ly .  Best l o c a t i o n s  f o r  wells  a r e  i n  a r e a s  of t h i c k  
s e c t  i J n s  of sandstone. Thoroagh geologic reconnai ssa.xe 
shosld be m d e  before  d r i l l i n g  t o  in su re  proper l o c a t i o n  
o f  wells.  



WATER SUPPLY MINDORO (PI.) 
I 1 
I R e l i a b i l i t y :  Sources given below. I 

1. Abra de I l o g :  Gravi ty- type system (probably piped pres idencia  177 f e e t  deep flows 4.8 gpm; well  330 f e e t  of infbrmation 1915. Spring no r th  of town flows 5  gpm. 
from s p r i x j ,  14,400 gpd capac i ty ,  350 c u s t o m ~ r s .  west o f  pres idencia  180 f e e t  deep f lows;  wel l  near 8. Puerto Galera: Gravi ty system. Water obtained from 
Date O f  informat i o n  1930. shore 200 f e e t  deep flows. Water con ta ins  much hydro- spr ing  i n  h i l l s  and piped 0.75 mi le  t o  t o m .  Concrete 

2. Bulalacao: Gravity-type system (probably piped from gen sulphide gas ;  d i s l i k e d  by many Inhab i t an t s  who i n t a k e  tank a t  spring.  Water d i s t r i b u t e d  by two public  
sp r ing ) ,  43,200 gpd capac i ty ,  700 customers. Date c o l l e c t  r a i n  water and use sur face  water. Date of hydrants.  Date of information 1916. 
of information 1926. information 1315. 9. Si lonay:  TWO w e l l s  equipped with hand pumps. Capacity 

3. Calapan: Pumping-type sys t en ,  57,600 gpd capac i ty ,  6. Pinamalayan: One d r i l l e d  we l l  and 8 shallow wel l s  i n  1 gpm each. 
2,500 customers. Water piped from Bulusan Spring town f u r n i s h  brackish  water ,  sel3om used. Four f lon ing  LO. San Joce: Four d r i l l e d  w e l l s  about 250 f e e t  deep; 
1.25 miles ( 2  km) from town. Pump t e s t e d  i n  1917 d r i l l e d  we l l s  160 f e e t  deep, loca ted  near  new town- capaci ty  3 gpm each; l oca ted  a t  sugar m i l l  and a t  
furn ished  an average of ,  110 gpn aga ins t  an ef fec-  s i t e ,  f u r n i s h  more than 2,000 gpd; water  of good res idence  of o f f i c i a l s ;  f u r n i s h  only  p a r t  of supply, 
t i v e  head of 135 f e e t  of water (58 lbs/sq inch) .  q u a l i t y ;  d i s t r i b u t e d  i n  cans by water carriers. Addi t ional  water obtained from shal low we l l s  and r ive r .  
Concrete r e s e r v o i r  of  41,000 g a l l o n  capaci ty  on low Gravity water  s y s t e n  planned i n  1932, but not construc- Date of information 1914. 
h i l l  0.6 mile e a s t  of  town. Water pipe 1.5 mi les  ted: water was t o  be piped t o  town flrom stream 3 3/4 11. NaguibaNag-iba): One well  with pump. Capacity 1 gpm. 
t o  dock. System s m p l e t e d  i n  1918. Date of l a t e s t  mi l e s  nor th  of town, in t ake  321 f e e t  above town l e v e l ,  iVater s l i g h t l y  brackish. 
information 1330. minimum flow of stream during d r i e s t  months, March, 12. - Baco: Supply obtained from r i v e r .  

4. Calapan A m  Cadre: Pumping-type system ( e i t h e r  A p r i l  and May 140 gpm. Date of information 1932 and 
' d r i l l e d  we l l s  o r  sp r ing ) ,  5,000 gpd capac i ty ,  200 1339. 
customers. Date Of information 1331. Pola: Shallow dug we l l s  and driven wells.  One well 7-  - 

5. Naujan: Two 3-inch m d  two 2-inch we l l s .  'Nell at h a s  3 gprn c a p c i t y .  Water po l lu t ed  anr' b rackish .  Date 

'WATER ANALYSES 1 

Shallow we l l  I - I - 1 -  I - I - I - 11101 - 1 1915 1 

Sample 

Nau j an 
Well a t  pres idencia  
Well 130 f e e t  west of  
pres idencia  
Well near  shore  

Pinamalayan 
Well near  new townsi te  
Stream 1 1/2 mi l e  from 
town 

Pola 
Well nea r  pres idencia  
Shallow we l l  150 t o  250 
f e e t  f  rorn beach 
Tiguihan River  

Calapan 
Spring southeas t  o f  
town 

Temperature 
o  
F  

86 O - 
- 

- - 

- - 
81° 

860 

Sample 

Calspan -from 
spr ing  (1907) 

FIGURE 1 

Cross sec t ion  shoring simple method of obtaining f i l t e r e d  water fro0 
t h e  a l l u v i a l  f i l l  i n  t h e  channel of an intermit tent  stream. S i t e  i t  
se lec ted  where stream flows i n  f a i r l y  narrow c h a ~ e l  c u t  through i m -  
permeable rock. Al luvia l  f i l l  is excamted t o  bedrock e n t i r e l y  acrosr 
valley. Timber cut-off  wall ,  s ized rock, and c lay  a r e  emplaced a s  indi -  
cated i n  diagram. Rater can be pumped by small hand pump connected witt 
2-inch pipe perforated a t  lower end. Pump can be placed a t  s ide of va l l e )  
and protected from floods by boulders. The quant i ty  of water obtainable 

A l k a l i n i t y  

44 
57 

50 

20 - 

160 
300 

- 

405 

Sanple 

Acid i ty  

- 

Albuminoid 
Amonia 

SO3 

10 - 
- 

22 - 

- - 
- 

- 

Fe 

- 

Bulalacao - 
Monsalay spr ing  
San Jose  - Mindoro 
Development Co. 

* SourceSof information: Analyses 1 t o  10, Heise,  George W., Water Suppl ies  
i n  t h e  Ph i l ipp ines ;  11. 1 o w .  c . ,  vol .  10,  sec. A ,  p. 166, 1915. 

Analyses 11 and 12,  Cox, Alvin J., m d  Re i se ,  George W.,  
Water Supz l i e s  i n  t h e  Ph i l ipp ine  Is lands :  P h i l .  Jour. S c i . ,  vol .  9 ,  no. 4 ,  
pp. 273-412,1914. 

Bnalyses 1 3  and 14 ,  Heise, George W., m.d Behrman, A. S. ,  
Ph i l ipp ine  Water Supplies:  Dept. of Agr icul ture  and Natural  Resources, 
Bureau of Science. Pub l i ca t ion  no. 11, pp. 144-145, 1918. 

T o t a l  
S o l i d s  

- 

N i t r a t e s  
F ree  

h o n i a  
T3ltal 
S o l i d s  

p l a n t a t  ion well.  1 

Abbreviat ions used: gpd t g a l l o n s  p e r  day. 
gpm g a l l o n s  per  minute. 

N;2CO3 

24.0 
30.0 

20.0 

0.0 - 

- - 
- 

- 

SiO2 

80 

C 1  

520 

C 1 

476.4 

146.4 

I I 

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

V i t r i t e s  

C: C03 

22.0 
28.5 

30.0 

20.0 
60.0 

160 
300 

60 

405 

C d  

170 

38.1 

12.85 

I 

Bardness 

I I 

Fe 

- - 
- 
- 
T 

- - 
0.1 

0.25 

Mg 

220 

Date 

,004 

,055 

C 1  

- - 
- 
- - 

- - 
- 

55 

N a  

2900 

,014 

,067 

Hardness 

- - 
- 

50 
93 

174 
3 69 

6  5  

420 

K 

355 

T 

,093 

Date 

1915 
1915 

1915 

1915 
19L5 

1915 
1915 

1915 

1915 

Co3 

38 

T 

T 

HC03 

980 

64.8 

16.6 

1 

so4 

580 

1914 i n  t h i s  manner i e  l imi ted  t o  the amount of ground water flow in^ th roud  
t h e  a l l u v i a l  f i l l ;  probably not more than e few thousand ga l lons  per da)  
f o r  mall streams. Rowever t h e  r a t e r , u n l i k e  water from the stream i t s e l f ,  
i s  na tu ra l ly  f i l t e r e d  and a l raye  avai lnble.  



MINDORO (PI.) WATER SUPPLY 
FIGURE 2 

OCCUPRZRCE m D E V E L O ~ ~ N T  OF GROUND KATER SVPPI.~ IN C O ~ A L  ARUS r n  ON SYAIL r s u m  

S A L T Y  G R O U N D  W A T E R  SALTY GROUND WATER 

Occurrence of ground r a t e r  on a m 1 1  i s l a n d  ccmposed of pervious m a t e r i a l s .  Fmsh  
ground-water l a y e r ,  der ived f r m  l o c a l  p r e c i p i t a t i o n ,  f l o a t s  i n  h y d r o s t a t i c  equi- DIAGRAM B 
l l b r l w  upon s a l t y  ground w d t e r ,  with a  narrow in te rven ing  zbne of brackish 
ground r a t e r  (zone of mixture).  V e r t i c a l  s c a l e  i s  about t r i c e  the hor!ront.l 
s c a l e .  Shallow ml l s  near  shore (well  1 )  may encounter  brackish r a t e r !  wells in 
the c e n t r a l  o a r t  of i s l a n d  ( m l l s  2 and 3 )  rill obtdln potable  supplies .  On very  
small  i s l a n d s  no f r e s h  gmund r a t e r  may b obtdiwible. Note t h t  the rise of 
s a l t  r a t e r  under a  r e l l  during pumping ( r e l l  3 )  is many times the draw-iown of the 
r a t e r  t ab le .  Well L is too  deep, and w i l l  f i e l d  salty r a t e r .  

Occurrence of  f r e s h  ground r a t e r :  r r e a h  ground 
r a t e r  can g e n e r a l l y  be found s l i ~ h t l y  above sea  l e v e l  In 
l o s s t a l  a r e a s  and on s m 1 1  i s l s n d s  foraed of per r lous  
m t e r i a l a .  *h i s  r s t e r  is d e r i r e d  from and replenished by 
r n l n f s l l .  T t  t o m  a body o f  freah r a t e r  r h l c h ,  because 
of i t s  smel le r  d e n s i t y ,  f l o a t s  upon a  concave s u r f a c e  of 
s a l t  r a t e r .  The depth t o  s a l t  water  is  mughly a  func t ion  
of t h e  height of t h e  r a t e r  t a b l s  above wan sea  l e v e l  and 
the dens i ty  of t h e  sea  r a t e r .  T h e o r e t i c a l l y ,  t h e  f r e s h  
r a t e r  s r t a n d s  40 f e e t  below sea lave1  f o r  each f w t  t h a t  
i t  r i s e s  above sea  l e v e l .  ?'hat i s ,  i f  the water  t a b l e  is 
one foo t  above sea  l e v e l .  t h e  s a l t - r a t e r  sur face  r l l l  be 
about 40 f e e t  below sea  l e v e l  and the h a h - m t e r  l a y e r  rill 
be about 41 f e e t  t h i c k .  

Actual ly t h e  f r e s h - r a t e r  l a y e r  i s  alm.ys t h i n n e r  bs- 
cause, w i n g  p e r t l y  t o  d i f f u s i o n  but c h i e f l y  t o  t i d a l  
f l u c t u a t i o n s ,  t h e  f r e s h  and s a l t  r a t e r  a long t h e  fresh- 
water  s a l t - r a t e r  con tsc t  become mired. The anount o f  t h i s  
n i ~ i w  increases  r e p l d l y  aa the  t i d a l  f l u c t u a t i o n  Increme@. 
Cbs r o w  of mi r tu re  1s  t h i c k e s t  near  t h e  shore and t h i n s  
inland.  It is t h i c k e r  I n  very permeable m a t e r i a l s  such a s  
cavernous l imestone,  and t h l ~ e r  i n  l e s s  p e m a b l e  material, 
such a s  sand. On s n a l l  permaable i s l a n d s  snd n n m r  
c o a s t a l  belt.  t h a t  a m  exposed t o  high t i d e s  t h e  n lx ing  !my 
be s o  a r t e n s i r e  t h s t  no potable  ground water  is mcowrable. 

The q u a l l t y  and q u s n t l t y  of ground water  a r a l l a b l e  on 
la lands  and i n  c o a s t a l  a r e a s  a l a o  depend upon a number of 
o t h e r  f a c t o r s ,  t h e  most important of which a m :  

(1) Rechar* t o  t h e  ra te r -bear ing  format ions. The 
sccumulatlon of a  t h i c k  body of f r e s h  ground r a t e r  is  
l a r ? n d  by h igh ,  evenly d i s t r i b u t e d  m i n f a l l .  On the  
a l l u r i a l  p l a i n s  of atreams t h e  recharge f m n  r a i n f a l l  i s  
g e n e m l l y  sugmented by seepage l o s s e s  from the stream. 
I n  a reas  of l i g h t  r a i n f a l l  t h e  f resh  ground-rater  body is 

l i k s l y  t o  be t h i n  o r  absent .  After h e a w  rnina t h e  ground 
water  f reshens ,  and dur ing  dry periods i t  becams pro- 
g r e s s i v e l y  mom s a l t y .  

( 2 )  P e r a s a b i l i t y  of t h e  r a t e r b e a r i n g  formations. 
The f r e s h - r a t e r  l a y e r  is g e n e r a l l y  t h i n  i n  highly perm-  
ab le  racks ,  end i s  sub jec t  t o  mixing a s  a  r e s u l t  of high 
r s v e a  and l a r g e  t l d a l  f l u c t u a t i o n s .  Moderately permeable 
m a t e r i a l s  a m  mom l i k e l y  t o  h a m  a usab le  ground-rater  
l a y e r ,  e s p e c i a l l y  on small  i s l a n d s .  On many c o r a l  l s l a n d s  
t h e m  is a l a y e r  of m a r l y  I m p e m a b l e  cemented sand 
(bench m c k )  around par t  o r  a l l  o f  t h e  i s l a n d  between hi@ 
and l o r  t i d e  l e v e l  r h i c h  n t e r 6 s  the  morsmant of f m a h  
ground r a t e r  f n m  t h e  i s l a n d  and p r o w t e s  the  a c c u m l a t i o e  
of a  t h l c k  fmsh-wate r  l a y e r .  Layers of mud o r  ooze a l o w  
the  f r o n t s  of d e l t a s  o r  i n  mangmve swamps b o r d e r l w  t h e  
shom serve  e s l n i l a r  Furpose. 

( 3 )  Width of t h e  i s l a n d  o r  c o a s t a l  a rea .  Other 
t h i n g s  being equal  t h e  g r e a t e r  t h e  width of an i s land  o r  
c o a s t a l  p l a i n  t h e  g r e a t e r  l a  t h e  l ike l ihood  of g e t t i n g  
f r e s h  ground water ,  p e r t l y  because the  t o t a l  m i n f a l l  
e n t e r i n g  t h e  ground is g r e a t e r ,  and p a r t l y  bacauee the  
r a t e r  lave1 must r i s e  in land  t o  n a i d a i n  a  g rnd isn t  sea- 
ward. It i s  not poeaibls  t o  s t a t e  t h e  mlnlslm r i d t h  of an 
i s l a n d  o r  c o a s t a l  lo r lnnd  r h i c h  r i l l  provide a  supply of 
potable  r a t e r  without e r a l u a t l w  a l l  of t h e  f a c t o r s .  An 
I s land  a  q u a r t e r  of a  mile r i d e  composed of alnd rould 
probably p m r l d e  a  small  useb ls  supply,  but an  i s land  of 
t h e  asps s i w  of corn1 would pmbably supply on ly  brnckleh 
water.  However, i n  t r o p l c a l  c l imates  m d e r n t e l y  s a l t y  
water  (up  t o  500 ppm of c h l o r i d e )  I s  probably b e n e f i c i e l  
f o r  d r ink ing  a s  t h e  s a l t  compensatca f o r  t h e  high l o s s  of 
s a l t  from t h e  body by persp i ra t ion .  

The fomgolng  stmtemants r e f e r  c h l e f l y  t o  a m a a  r h s m  
t h e  rocks hare mom o r  l e s s  uniform p e m e a b l l i t y .  On 

- - - - - - - - - - - - - - - - - - - - - 
-tN:iiuiping pasiaon or fresh water- salt water baundory 

Cccurrence of ground r a t e r  a long a sea  c c a s t  under la in  by permeable mater ial .  
S h i l n r  t o  conc.itipns i n  diagram A excep t  t h a t  f r e a M a t e r  h y s r  n o m l l y  is 
thicker .  A deep w e l l  near  the shore (well 1 )  rill p e r n t r a t a  zone of m i x t u n  
and s a l t  r a t e r  zone, a l though amall suppl iea  of f r e s h  r a t e r   an be obtained 
frcm shallow wells ( r e l l s  2 and 3). Well 3 shows condi t ions  ouring punpLnp. 
V e r t i c a l  s c a l e  about  t r i c e  the horlzonDI1 sca le .  

i s l a n d s  o r  c o a s t a l  a r e a s  where permeable end impermeable 
roeka a l t e r n a t e .  g iv log  r i s e  t o  a r t e s i a n  o r  seml-ar tealan 
condl t lons ,  the occurrence of ground water  i s  much mom 
complex, and t h e  problems i n r o l r e d  a m  not consldersd h e m .  
I n  such a m a s ,  developnsnt of ground-rater  eupply should be 
made upon mcon8mndstlons of a  competent g m u n d - r a t e r  
geo log la t  a f t e r  f i e l d  8tudy. 

Se lec t ion  of s i t e s  f o r  wel l s  and o t h e r  c o l l e c t 1  
works: On - narrow c o a s t a l  a r e a s  r e l l s  should be loca te  a s  
f a r  a s  ~ O e s l b l s  from the  shorn: on nmnll w n i o u s  i s lands .  
a s  near- t  he c e n t e r  of t h e  i s land  a. poss ib le .  (%a Dia- . 
g r m  A , )  When t h e  water-bearing m a t e r i e l s  a m  very p e m -  
ab le  (such a s  c o r a l  m c k ) ,  t h e  d i s tance  from s h o n  should 
ba severa l  hundmd yards.  Kowever, I f  the mate r ie l  i s  sand, 
f m s h  r n t e r  comonly can be found much n e a m r  the  ;:ore. 
E s ~ e c i a ' l y  favorable  1ocat:ons a re  on s tream d e l t a s ,  behind 
-rove avamps o r  behind beach rock. Vagsts t ion nay a id  
m e t e r i s l l y  i n  i n d l c a t i r g  the  q u a l i t y  of the  ground r s t e r  
r h e r s  it is near  t h e  sur face .  For  example, t a m  p l a z t s  
grow on:y "hem the  gmund water  is f m s h  o r  a l l g h t l y  brack- 
i a h ;  mangrove8 and nips pa:ms grow only when t h e  ground 
r a t e r  l a  s a l t y .  

La? r h e a ,  earbage dumps, b u r i a l  grounCa and o t h e r  
p o a s l t l e  sources of p o l l u t i o n  should be located shoreward 
snd a t  considerable  d i s tance  fmm wel l s  and o ther  c o l l e c t -  
iw m r k e .  

Construct ion o t  Welle: On small  iblanda and narrow 
c o a s t a l  p la ins  wel l s  shou:d not extend mom than  o w  f w t  
below sea l e v e l  (see Diwm A and 8 ) .  On l a r g e r  i s l a n d s  
r h e m  the  * e l l s  a r e  mom than a  mile  fmm t h e  shorn,  they  
may b e  deeper, but except where a r t e s i a n  condit ion8 p m v a l l  
t h e y  should not extend more than a few f e e t  be lor  s e a  1eveL 
On :ow sandy i s l a n d s ,  d r ive  polnte  o r  b a t t e r i e s  of d r i m  

- - - - - - - - - - - 
fresh water - 

salt water boundary 1 

p o i r t s  can be used ( s e e  Diagram C ) ,  but on l i m e t o n e  o r  
o t h e r  hard mck i e l e n d a ,  d r i l l e d  wel l s  o r  dug wel l s  c m  t e  
mom e a s i l y  constructed.  Dug wel!8 a r e  g e n e r a l l y  rnon 
s a t i s f a c t o r y  than  d r i l l e d  wel l s  o r  d r ive  po in t s ,  because 
they provide a  l a r g e r  y i e l d  r l t h  the  same drawdown. w h e n  
t h e  f resh  r a t e r  l e n e  i s  very t h i n ,  i t  is advisab le  t o  obtaln 
water  from d i t c h e a  du(l.to about one foot  be lor  sea  l e v e l ,  o r  
where d l tchea  a r e  not practlcab:e, from g a l l e r i e s  d r lvan  
from t h e  bottom of a  s h e n  ( see  Diagram XI. I f  l a r g e  s u p .  
p l i e s  a m  needed and t h e m  is s u f f i c i e n t  roam, i t  i s  des l ra -  
b l e  t o  c o n s t m c t  a  b a t t e r y  of s e v e r a l  d r ive  po in t s  spaced 
50 f e e t  a p a r t ,  o r  severa l  dug wel le ,  i n f i l t r a t i o n  ge l le r ica ,  
o r  d i t c h e s  spaced 200 f e e t  o r  mom apar t .  Ditches o r  g s l -  
l e r i e a  should be constructed p s m l l e l  t o  t h e  shorn t o  &t.ln 
t h e  l a r g e s t  y ie lds .  

E m e s s i n  pmplng draws s a l t  muter i n t o  t h e  
r e l l s  -&ram D). I n  o r d e r  t o  mlnlmine t h i s  danger 
pmp. should ba mgula ted  ao t h a t  t h e  water  l e v n l  rill not 
be l o r e m d  b e l o r  sea  l e v e l .  Fmyuent measummnts  of t h e  
r a t e r  l o r e 1  and d a i l y  t i t r a t i o n s  of the water  t o  d e t e m l n e  
t h e  c h l o r i d e  content -111 a l d  m a t e r i a l l y  I n  e s t a b l i s h l n g t t a  
a d s  r a t e  of pum~iw from each re l l .  On small i a lande  it 
m y  b nsceseary t o  pump only a t  l o r  t i d e .  I f  r a t e r  a u p  
p l i e s  a r e  plsnned f o p  l a r g e  e e t a b l l s h n t s ,  e s p a c i e l l y  on 
small  I s l a n d s ,  a t o w e  should be provided t o  c a r r y  over  
drought and periods of e s p e c i a l l y  high t i d e s  rhen pumpage 
may have t o  be reduced. I t  wel l s  should becoma s a l t y  a s  a  
r e s u l t  o f  o r e r  pumping, they  can aomatlmea be freshened by 
al lowing them t o  m s t ,  e s p e c i a l l y  during ra iny  r e a t t e r .  

SALTY OROUND WATER ----------- ------ 
L o n - p u m p i n g  pasition. f r h m b r - w i t  ..tar b u n t o r y  

Bat te ry  3f dr iven wel l s  (dr ive ~ o i n t s )  t o  spread pwnpage and Shoring conUminrt!on of a I n f l l t r a t i a n  g a l l e r y  used t o  skim f r e s h  rater Crm tap  s f  s a l t  

decrease uraw-dour, therpby m!nh!zlng danger of s a l t w a t e r  con- well  owing t o  sxcess ive  pum- r a t e r  where f resh- ra ie r  lone 1s th in .  For equ iva len t  punpage, 

tamirati ,>n. Per fora t ions  must be b e l ~ r  water  l e v e l  s o  t h a t  i np .  I f  wel l  1s  too doep, r i s e  i n  s a l t  waMr is much l e s s  than when small-di&~te'.er wel l s  

s u c t i o n  rill no t  te broken during pumplng. Wells a h w l d  be contamir.a:isn is n o r e  l i k e l y  a r e  used. Shaf t  is sunk about 2 f e e t  below sea l e v e l  and 

a b w ~ t  53 f e e t  a p a r t  and s h ~ u l c  n j t  extsrld more tt,an a  foo t  o r  t o  occur than i f  wel l  is shal-  bottom i s  l i n e d  with imp.meable mate r ia l  t o  ? o m  a s'mp. 

two below soa leve l ,  C ia~ran :  i s  not Lo s c a l e .  Zor,e c.P mixture l o r .  Wells t h a t  have becone 
contaminated may freshen if S a l l e r i e s  a m  driven f r ~ m  nexr b o t t m  of shaCt p a r a l l a l  to  

n 9 t  a!f?erent la?sl .  s h o w  and wi th  a  s l i g h t  crade s o  that r a t e r  r l l l  f l 3 r  t o  amp.  
allowed to r e s t .  Diagram not  
to  acale .  Lowest p a r t  of g a l l a r y  should no t  b more than a  few inches 

below sea l eve l .  If g a l l e r i e s  a m  i n  cavine m a t e r i a l ,  adequate 
tlm5erir.g m u ~ t  he provided. D l s ~ r a m  i s  not to  ncale. 
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R e l i a b i l i t y :  F a i r  

INTRODUCTION 

General: Extensive a reas  on Micdoro and Lubang I s l ands  a r e  s u i t a b l e  f o r  construct ion --- 
of airdromes. 

The f l a t  lowlands t h a t  form about h a l f  of t h e  coas ta l  a reas  o f  the  i s l a n d s  have 
long s t r e t c h e s  between r i v e r s  t h a t  can accommodate runways, d i s p e r s a l  a reas ,  and hard- 
s tandings.  Smdy loam and s i l t  loam on n a t u r a l  l e v e e s  adjacent  t o  t h e  streams a r e  
good foundations, bu t  the  he-vy c l a y  s o i l  of t h e  in ters t ream a r e a s  comonly r equ i re  
drainage,  s c a r i f i c a t i o n  perhaps with the  in t roduct ion  of bitumen, constru t i o n  of base  9 courses, and surfac ing  t o  produce dromes s a t i s f a c t o r y  f o r  year-round use . Clearance 
around most lowland a reas  i s  good, 

I n  t h e  r o l l i n g  h i l l s  back of the  coas ta l  f l a t s ,  s o i l  i s  much b e t t e r  s u i t e d  f o r  sub- 
grades  than t h a t  i n  the  lowlands, and some sec t ions  a r e  f l a t  enough f o r  t h e  cons t ruc t ion  
of runways without too extensive greding. The proximity of the  h i&er  hills and mountains 
makes approaches hazardous. 

'Frees, mainly coconut palms, must be c leared  l o c a l l y  i n  the  eas t e rn  p a r t  of Mindoro, 
b u t  most a r e a s  i n  the  rn p a r t  of Mindoro and on Lubang 1slar.d a r e  grass-covered and 
can be  c l ea red  by 

Sand aLd gravel  aggregate f o r  f i l l  and f o r  concre te  a r e  a v a i l a b l e  a long most r i v e r  
beds and banks; sand can a l ~ o  be obtained from beachee. Locally, co ra l  mud, sand, and 
rock can be  dredged from f r i n g i n g  co ra l  r ee f s .  Limestone, hard  sandstone, and conglom r a t e  J s u i t a b l e  f o r  crushing t o  aggregate a r e  found i n  p laces  i n  the  h i l l s  and low mountains . 

A l l  su r face  water i e  pol lu ted ,  al though usable  f o r  construct ion work. P l e n t i f u l  water 
s u p p l i u  m,w be obtained from shallow dug we l l s  o r  from d r i l l e d  wel ls ,  ha l f  a mi le  o r  more 
in land , 

Weather Condit&=: R a i n f a l l  i s  heavy on Mindoro during the  ra iny  season from May 
through November. The eas t e rn  h a l f  of t h e  i s l a n d  h a s  no d e f i n i t e  dry  season bu t  h a s  l e s s  
r a i n  i n  the  per iod  from December through A ~ r i l ,  an i n t e r v a l  of thunderstorms. This  i s  the 
d r y  season on the  west coast. Floods a r e  common dur ing  the  r a i n y  season bu t  the  water 
subsides r ap id ly  a f t e r  a heavy ra in .  

The wind i s  steady from the  nor theas t  from November through Apri l ;  i n t e r m i t t e n t  
from t h e  southwest, from May through October. Calms a r e  infrequent .  

-.-- E x i s t i n d r f i e l d s :  ---- Eight a i r f i e l d s  were i n  t x i s t e n c s  cn Xindoro Is land i n  1941. 
East were small and s u i t a b l e  f o r  emergency use  only. The longest  runway, a t  the  Tamaroa 
f i e ld ,  had a l eng th  of 4,920 f e e t .  The loca t ions  a r e  l i c t e d  a s  follows: 

Calapan S i t e  1 
Wasig S i t e  3 
Ca tway  S i t e  5 
Mangarin S i t e  6 
Trmarao S i t e  7 
Barahan S i t e  8 
Mamburao S i t e  9 
San Jose S i t e  10 

S i t e s :  S u i t a b i l i t y  f o r  l o c a t i o n  and cons t ruc t ion  of airdromes i s  discussed i n  
genera l  terms f o r  the  e a s t  coas ta l  lowlands (Area Ia),the e a s t e r n  r o l l i a g  h i l l s  (Area I b ) ,  
the  west coas ta l  lowlands (Area I I a ) ,  and t h e  western r o l l i n g  h i l l s  (Area I I b )  on Mindoro 
Is land,  and f o r  the  coas ta l  lowlands on t h e  Lubang Isle-nds (Area 111). 

Deta i led  d i scuss ion  i s  given of c o n s t n c t i o n  problems and poss ib le  expansion of the 
e i g h t  f i e l d s  i n  ex i s t ence  i n  1941 ( S i t e s  1, 3, 5, 6 ,  7, 8, 9 ,  l o ) ,  and of cons t ruc t ion  
problens  a t  suggested S i t e s  2 and 4 on Mindoro Is land and S i t e s  11, 12, 1 3 ,  14, 15 on 
Lubang Island. 

S i t e  2. Naujan (See Terra in  View 2) 

Prooosed s i t e  f o r  landing f i e l d  (1955); bes t  alignment f o r  runways probably 
nor theas t ;  s r e a  probably l a r g e  enough f o r  s t r i o s  t o  accommodate heavy bombers; 
t r e e s  form only  approach hazards. 

Locat ion ------ and A c c e s s i b i l i t x  -------- Along mrth s i d e  o f  Magasaungtubig River about 1 m i l e  
west of Naujan. F i r s t - c l a s s  road to town of Naujsn with ford across  r i v e r ;  1 0  112 
m i l e s  by f i r s t - c l a s s  road to C a l a ~ a n .  

T ~ o g c a  hhy-a_kd Grading: BroaA n a t u r a l  levees  a long  r i v e r s  ( a r e a s  of coconut 
t r e e s  i n  v i a ;  lower and wet ter  r eg ions  between r i v e r s .  Mostly f l a t ,  but  some 
c u t  and f i l l  necessary  t o  s m o t h  l o c a l  i r r e g u l a r i t i e s .  

Foundati-d D r a i n a s  Natural levee area,  f i n e  sandy loam t o  s i l t  loam; 
bea r ing  r a t i o  o f  sur face  loam f a i r  t o  good; probably s t i c k y  i f  worked when wet; 
aggregate  needed fo r  base  course probably a v a i l a b l e  from gravel  banks along r ive r .  
% r f a c e  dra inage  good; loam r e a d i l y  s t a b i l i z e d  a t  optimum m o i s t w e  content when 
aurface  drained. Lowland areas  between r i v e r s ,  cl3y loam or  clay,  1 t o  2 f e e t  deep, 
u r d e r l a i n  by clay;  poor foundation. High water t a b l e  and very poor drainage;  ~ f o u l d  
r e q u i r e  pumping t o  dra in .  Runoff from s l i g h t l y  h igher  levees  a lone  s ides  i s  i n t o  
lower sec t ions ,  so p r ~ t e c t i l y  d ikes  and bof i e r ing  d i t c h e s  neeied t.3 c a r r y  o f ?  .-rater. 
Dra ined ,  s o i l  c o d d  be  s c a r i f i e d  with the  in t roduct ion  of bitumen to make ari em- 
ergency subgrade. I  anding mats m i g h t  be used with f a i r  success during the  d r i e r  
p a r t  of t h e  year ,  bu t  base cou-se and s w f a c e  needed f o r  r a iny  season. 

C o n s t ~ a c t i o n  Material*: Sand end gravel  bank i s  probably d o n g  Magasaungtubig 
R ive r  and o ther  streams near; sand also a v a i l a b l e  on beaches. Hard sandstone and 
conglomerate s l i t a b l e  f o r  c n s h i n g .  can proba31y b e  obtained 15 mi les  south i n  the  
h i l l s  e a s t  of Lake Nau.1an. 

Clearin,? and  rubbing: Coconut palms on n a t u r a l  levee8 c l ea red  with dozer. 
Few o the r  t r e e s  t o  b e  removed. 

Wate r%~=ly~  Adeq-ate sur face  water f o r  cons t ruc t ion;  pol luted.  P l e n t i f u l  
ground water e a s i l y  developed from shallow dug we l l s  and from d r i l l e d  wells ;  b e s t  
l o c a t i o n s  112 mi le  o r  more inland. 

S i t e  3.  Wasig (See Terra in  View 6) 

One e x i s t i n g  runway i n  1939; 2,640 f e e t  by 165 f e e t ,  a l igned northeast  
a long  beach. Ektension of t h i s  s t r i p  not p r a c t i c a l ;  mangrove s w a ~ p s  nor th  and 
nor theas t ;  h i l l s  on po in t  along nor theas t  s i d e  of Mansalay Bay o f fe r  obs t ruc t ion  on 
southwest. 

Locat ion and Accessibi l i tX:  Ex i s t ing  s t r i p  on beach between Panag and po in t  ------ ------ 
on nor theas t  s i d e  of Mansalay Bay. Mater ia l  might be landed on beach o r  i n  Mansalay 
Bay. 

Topogra~hy and Gradi-ns Sandy beach; l i t t l e  o r  no grading required. Building 
new s t r i p s  o r  runways on lowlands back of beach would probably requi re  grading t o  
fill  shallow g u l l i e s  and d i tches .  

Foundation--an-gn-age_: Sandy foundation of e x i s t f n g  s t r i p  excel lent ;  su r face  
d r a i n z e  good bu t  water  t e b l e  jus t  below surface. Clays and clny l o m s  on lowlands 
back of beach poor foundation; might be  s c a r i f i e d  with t h e  in t roduct ion  of bitumen, 
High water  t a b l e  probably necess i t a t e s  pumping f o r  drainage, o r  e l eva t ion  of subgrade. 
Water t a b l e  nea r ly  a t  surfaca ( a t  l e a s t  dur ing  r a iny  season): d ikes  would h e l p  keep 
o u t s i d e  su r face  water of f  s i t e .  

C o n ~ t r u c ~ o n J - a ~ e ~ - i - d ~  Sand and gravel  e a s i l y  obta inable  frcm Waigan Creek and 
Baroc River  jus t  n o r t h  of s i t e .  Sandstone and conglomerate s u i t a b l e  f o r  crushing 
f o r  base c r u s e  and f o r  concrete aggregate may be a v a i l a b l e  i n  h i l l s  southwest 
of s i t e .  

Clearinn-d,-Gsu-tn~ Very l i t t l e  c l e a r i n g  necessary a long  southwest end of 
e x i s t i n g  s t r i p ;  probably more i n  lowlands back of beach. Secondary fo res t s .  f r u i t  
t r e e s ,  and g rass ,  most of which could probably be  c leared  with a dozer. 

Water Su-i lx:  Adequate s ~ r f a c e  water f o r  cons t ruc t ion;  pol luted.  P l e n t i f u l  -- --- 
from shallow dug w e l l s  o r  from d r i l l e d  wells .  Best l o c a t i o n s  112 mile o r  more inland. 

AREA Ib. EASTERN ROLLING HILLS 

AREA Ia. EAST COASTAL LOWLANDS CF?n%r&: T o p o ~ a ~ h y  not a s  s u i t a b l e  f o r  airdromes a s  on coas ta l  lowlands, some 
fl .r t  sec t ions  may be l a r g e  emu&, and a few of the  more gent ly  undula t ing  s e c t i o n s  

General: Many l a r g e  sec t ions  f l a t  enough f o r  good s i t e s .  Construction e a s i e s t  m%' be l e v e l e d  w i t b u t  much cut  and fill. Areas adjacent  t o  higher  mour,tains may 
dur ing  d r i e r  season (December-horil) , although f requent  r a i n s  may keep ground muddy. have r e s t r i c t s d  o r  hazardous approaches, 
Poor drainage and high water  t a b l e  i n  heavy s o i l s ,  except i n  n a t u r a l  levees  along r i v e r s .  L o c a t i o n ~ ~ c c a s ~ i ~ & 1 _ i - t ~ :  Along eas t e rn  p a r t  of Mindoro be tween coas ta l  low- 

Location and Access ib i l i ty :  LOW coas ta l  a reas  a long e a s t  s i d e  of Mindoro Is land.  lands and in ter ior  mountains. Lower margins nccess ib ie  t o  road d o n g  eas t e rn  s ide of 
F a i r l y  access ib le  t o  road connecting Calapan and Bongabong. Boats can urobably be un- i s land.  

loaded a t  Calapan wharf, i n  Pola  Bay, and i n  Mansday Bay. T ~ O m h ~ a n d  G r a d i s  Low r o l l i n g  h i l l s  o r  gen t ly  undulat ing country wi th  h i l l  
Topoeaphy and Grading Nearly f l a t ;  r e q u i r e s  l i t t l e  grading except t o  f i l l  d i t ches  a l t i t u d e s  about the  Same. Some r e l a t i v e l y  f l a t  a r e a s  probably l a r g e  enough for 

and shallow g u l l i e s .  D i f f i c u l t  i n  the  heavy s o i l  t o  f i l l  deep d i t c h e s  o r  t e r r aced  r i c e  with grading necessary t o  smooth undulations. Even flat  sec t ions  l o c a l l y  cut by 
f i e l d s  and maintain a l e v e l  su r face  a s  compaction and s e t t l i n g  a re  e n t i r e l y  d i f f e r e n t  i n  g u l l i e s  t h a t  need f i l l i n e ,  
f i l l e d  zones. P,ounda4ion and D s i .  Foundation f a i r  t o  good i n  clay lo rn  with some gravel  

Foundation and D r a i n a s :  Clay loam and c ley  poor foundation; sandy loam t o  s i l t  lenses; bear ing  r a t i o  f a i r  t o  exce l l en t ;  good c o n p a c t i ~ n  a t  optimum moisture content,  
loam i n  n a t u r a l  levees  f a i r  t o  good foundation. I f  necessary, f a i r  subgrade can be macie r e q u i r e  a t  l e a s t  3 inch  base course and b i t m e n  surface,  soils of low 
frm c l a y  soils by pump drainage, d i k i n g  t o  keep o~ut  su r face  f loodwater ,  a?d permeabi l i ty ;  may r e q u i r e  cont ro l  of seepage water. Surface drainage good. 
by scarifying with accompznying in t rod~uc t ion  o f  bikmen. For year-round use,  C&%.~~GL!.!.~A&~L~&E: Sand and gravel  a v a i l a b l e  from beds and banks of streams. 
r a y s  r e q u i r e  th ick  base course wi th  hard surface be some hard sandstone and Conglomerate i n  h i l l s  and mountains west of area. 

Construct ion Materials :  Sand and gravel  a v a i l a b l e  from beds o r  banks of most clear in^ and -- Gmbbing: Xntenni t ten t ly  c u l t i v a t e d  sec t ions ,  mainly i n  northern 
l a r g e  r i v e r s ,  and sand from beaches. Conglomerate and hard sandstone, which may be a rea*  r e q u i r e  l i t t l e  c l ea r ing ,  Much of southern h a l f  has  s tands  of primary 
crushed f o r  r i p r a p  or  f o r  concrete aggregate, a re  ave i l ab le  i n  h i l l s  near Manaul, a t  f o r e s t s  which r e q u i r e  extensive c l e a r i n g  grubbing. 
M t  Dwnali, and i n  mountains e a s t  of Lake Naujan. water S u a p l ~ l .  Adequate surface water f o r  construct ion;  pol luted.  P l e n t i f u l  

Clearing and Grubbing: Most of t h e  a rea  has  been cu l t iva ted  t o  r i ce ,  h a p ,  coco- ground water e a s i l y  developed from shallow dug w e l l s  o r  from d r i l l e d  wells,  
nut palms, o r  f r u i t  t r e e s ;  abandoned f i e l d s  have grown tq i n  secgndary f o r e s t s  o r  grass.  
L i t t l e  c l e a r i n g  necessary i n  c u l t i v a t e d  sec t ions ;  dozers  can push over t rees .  ~ b a n d o n d  SITE I N  AREA Ib  
s e c t i o n s  may requ i re  more clearing.  Possibly some sca t t e red  s t ands  of primary f o r e s t s  
may remain; w i l l  r e q u i r e  heavy c l e a r i n g  and grubbing. S i t e  4. Pinamalmyan 

Water Supply! Adequate sur face  water f o r  construct ion;  of ten  turbid,  pol lu ted .  
P l e n t i f u l  ground water e a s i l y  developed from shallow dug wel ls  o r  from d r i l l e d  wells:  Proposed s i t e  f o r  landing f i e l d  (1935); probably l a r g e  enough t o  bu i ld  airdrome 
b e s t  l o c a t i o n s  h a l f  a mile o r  more inland. s u i t a b l e  f o r  medium and heavy bombers. To penni t  approach clearance a t  both ends 

runway would robably have to be o r i en ted  northwest;  range of h i l l s  with maximum 
SITES IN AREA la  a l t i r u d s  o f  6 &I f e e t  i s  obs tac le  along northwest s i d e  of s i t e .  Adequate space f o r  

d i s p e r s a l  a r e a  and hardstandings, bu t  coconut palms urobably only concealment. 
S i t e  1. Calapan Locat ion and A c c e s s i b J ~ i ~  One mile west of P inmalayan a t  junction of road 

south  t o  Bongabong and northwest t o  Calapan. E a ~ i l y  access ib le  by t h i s  road. 
One northwest-southeast runway ( l g j ~ ) ,  2,640 f e e t  by 330 f e e t ;  cannot be extended T2ography and Grading Very g e n t l y  undula t ing  country; would r equ i re  mn- 

t o  accommodate combat p lanes  un les s  re-eligned; might be  used f o r  emergency landings. s i d e t a b l e  grading t o  ge t  t o  necessary l e v e l ,  but no deep g u l l i e s  t o  f i l l  o r  high 
Locat ion and Access ib i l i ty :  Approximately 1 113 mi les  no r theas t  of Calkpan; a r e a s  t o  cut. 

a c c e s s i b l e  by road. Foundation and Drainage: Good foundation wi th  high bear ing  r a t i o  over most of 
Topoflaphy and Grading: F a i r l y  f l a t  wi th  g e n t l e  r i f e  from southeas t  f o r  a b a - ~ t  ------- 

s i t e .  Drainage good except i n  few lower a reas  where the re  a r e  some r i c e  paddies. 
213 l e n g t h  of s t r i p ,  then gently s loping down to ncr thnes t .  L i t t l e  grading necessary For u s e  dur ing  r a iny  per iod  ( M a g  through ~ovember)  base  course with su r face  needed. 
i n  v i c i n i t y  o f  f i e l d .  Construct ion Materials:  Closest sand end gravel  i n  any quant i ty  repor ted  

Foundation and D r a i n a s  Sandy loam good foundation; sur face  drainage good bu t  5 112 m i l e s  west on Pa la  River. May be  hard sandstone and conglomerate i n  h i l l s  
water  t a b l e  high. j u s t  southwest of s i t e ;  when crushed makes s u i t a b l e  aggregate f o r  base coarse and 

Construct ion Materials :  Sand and some coarse angular gravel a v a i l a b l e  on beaches; f o r  concrete.  
stream beds conta in  gravel mixed with mud. Bank run dredged from ooral  r ee f  f l a t  clear in^ and grub bin^ L i t t l e  necessary; mostly coconut palms which can be 
a long  nor theas t  s i d e  of poin t  n o r t h  of f i e l d  bonds r ap id ly  a s  surfacing,  makes good c l ea red  wi th  dozer. 
base  courae. Rock from quarry near  Calapan good f o r  r i p r a p  and concrete aggregate Water Supply: L i t t l e  surface water  i n  1;mediate area;  pol luted.  Supply from 
when crushed. shal1,ow dug wel ls  and from d r i l l e d  wells ;  b e s t  l o c a t i o n s  112 m i l s  or more inlane. 

Clear ing  and Grubbing Mostly coconut palms t h a t  can be ~ u s h e d  over with dozer; 
brush  c leared  by dozer and scraper.  Probably no grubbing required. 

Water h a :  P l e n t i f u l  from shallow dug wells.  
( continued) 

See S o i l s  Sheet. 
bJ See Vegetation Sheet. 
CJ See Construction Mster la ls  Sheet. 
dJ See Water Supply Sheet. 
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R e l i a b i l i t y :  Fa i r  

AREA IIa.  WEST COASTAL LOWLANDS S i t e  8. Barahan 

General: Many f l a t  s e c t i o n s  l a r g e  enough f o r  good airdrome s i t e s .  Construct ion Bnergency landing s t r i p  on beach (view taken 1935), s i t e  probably too small f o r  
d i f f i c u l t  on heavy c lay  s o i l s  bu t  ground f i m  dur ing  dry season (December through development of airdrome. Runway r e s t r i c t e d  t o  north-south o r i e n t a t i o n  by shore and 
~ ~ r i l ) .  Clearance f o r  g l i d e  angles ample over most of area,  bu t  along upper p a r t s  o f  ad jacent  stream. 
l a r g e  streams may b s  l i a i t e d  by h i l l s  and mountains. Locat ion and A c c e s s i . :  Onbeach south of town of Barahan between small 

Locat ion and A c c e s s i b i l i t s  Lowlands along west coas t  of Mindoro Island. No r i v e r  and sea. No harbor f a c i l i t i e s ;  suppl ies   roba ably could be  landed on the beach. 
roads, b u t  movement in land easy dur ing  dry season; equipment could probably b e  landed Topograohy and Grading: Almost f l a t  beach s t r i p .  L i t t l e  grading necessary. 
along beaches. Wharf a t  C a m i n a w i t  Poin t  on Mangarin Bay; harbor  sanded by cu r ren t s  Foundation and Drainage: Packed sand good foundation; su r face  drainage mod but  
from north,and wharf may need extending before i t  ca? be used. water t a b l e  f a i r l y  high. 

Topography and Grading: Almost f l a t  with s l i g h t l y  higher  n a t u r a l  l evees  a long Construction Materials:  Nearest gravel  probably 2 m i l e s  south a long bed of 
r i v e r s ;  bouldery stream beds. Terraces along l a r g e  r i v e r s  ( ~ u m i n t a o  and Bugsanga; Amnay River  o r  4 miles  nor th  a long  Pola  River; haul from Amnay River  would r equ i re  
s e e  Tamarao f i e l d  on l a t t e r )  should make good s i t e s  if c learance  i s  adequate over c r o s s i n g  smell r i v e r  j u s t  eas t  of s t r i p .  
nearby h i l l s .  L i t t l e  grading necessary o ther  than t o  f i l l  s m a l l  d i t c h e s  and g i l l l ies .  Clearin,? and h b b i n g  Small bushes e a s i l y  cleared. 

Foundation and Drainage: Clay loam and c l ay  poor foundation f o r  use dur ing  Water Supply: Shallow dug w e l l s  i n  beach u s a b l e  bu t  water probably brackieh; 
r a i n y  season. During dry season landing mats can probably be  used d i r e c t l y  on b e s t  source from shallow dug wells  o r  from d r i l l e d  w e l l s  f a r t h e r  inland. 
s o i l ;  i n  grass-covered a r e a s ,  h igh  g rass  s b u l d  be burned bu t  mat of r o o t s  j u s t  
beneath su r face  l e f t  undisturbed un les s  grading necessary. Gravel ly sands of S i t e  9. Mamburao 
t e r r a c e s  good foundation; drainage a l s o  good. For r a i n y  season u s e  mnwuys must 
have base  c o w s e  and hard surface; cora l  rock and sand dredged from f r i n g i n g  r e e f s  Small p r i v a t e  landing f i e l d  (view da ted  1938). Not s u i t a b l e  f o r  enlargement t o  
might be used l o c a l l y  f o r  surfacing. Drainage poor i n  c l ay  loam and c lay  areas ;  accommodate combat planes. 
d i k e s  e a s i l y  b u i l t  dur ing  d r y  season t o  keep surface  runoff from f i e l d  during r a i n y  Locat ion and Access ib i l i ty :  On small po in t  west of town of Memburao. Accessible 
season. by road. 

Construct ion Materials :  Sand and gravel p l e n t i f u l  along r i v e r  beds. Coral Topography and Grading! F l a t  coas ta l  a r e a  with shallow, wa te r - f i l l ed  depressions 
rock from f r i n g i n g  r e e f s  a v a i l a b l e  l o c a l l y  ( s e e  Construction M a t e r i d s  Sheet f o r  which r e q u i r e  f i l l i n g .  
l oca t ions ) .  Possibly some l imestone s u i t a b l e  f o r  crushed rock aggregate i n  h i l l s  Foundation and Drainage: Foundation f a i r ,  may be good l o c a l l y  where sandy; prob- 
e a s t  of southernmost p a r t  of t h e  lowlands; ex ten t  and q u a l i t y  no t  known. ab ly  h a r d  and firm dur ing  dry season and usable  with landing mat, Base course and 

Clear ing  and Grubbing! Probably none necessary. Most vegetat ion i s  cogon su r face  necessary i f  runway t o  be used during r a iny  season. Drainage d i f f i c u l t ;  
g ras s  o r  sugarcane t h a t  can be c leared  by burning. water  t a b l e  nea r ly  a t  surface;  m q  r e q u i r e  e l eva t ion  of subgrade f o r  al l -*eather  

Water S u p p l ~  P l e n t i f u l  ground water e a s i l y  developed from shallow dug w e l l s  i n s t a l l a t i ~ n .  
o r  from d r i l l e d  wells.  Surface water po l lu t ed  b u t  s u i t a b l e  f o r  construct ion;  l i t t l e  Construct ion Material s: Gravel and sand probably obta inable  from Sinambalm 
o r  none a v a i l a b l e  dur ing  dry season; subdrains, s i d e  c o l l e c t i o n  channels and pumping River ,  1 mile  east .  Bank run cons i s t ing  of mud, sand, rock dredged from cora l  r ee f  
may be needed* f l a t s  off poin t  bonds r ap id ly  and makes good base course. Probably coral  beach sand 

SITES I N  AREA I I a  s u i t a b l e  f o r  use  i n  cement. 
Clear ing  and Grubbing: L i t t l e  needed. 

S i t e  5. Caguray Water Supply: Shallow dug w e l l s  give f a i r  supply; these  and d r i l l e d  we l l s  
, w o u l d b e  b e t t e r  loca ted  f a r t h e r  inland.  

Bnergency landing f i e l d ,  probably s u i t a b l e  f o r  runways t o  accommodate f i g h t e r s  
and l i g h t  bombers wi th  ample space f o r  d i soe r sa l .  Open t o  south and west; c learance AREA IIb.  WESTERN ROLLING HILLS 
apparent ly  adequate over low h i l l s  no r th  and eas t .  Could be r e a d i l y  expanded. 

Location and Access ib i l i ty :  South s i d e  of Cagursy River i n  southern Mindoro. General: Conditions f a i r l y  good, i f  l a r g e  enough l e v e l  a r e a s  can be found. 
Road cons t ruc t ion  probably easy to Mangarin s i t e  and t o  wharf f a c i l i t i e s  a t  Camina- Careful  ground reconnaissance necessary, a s  topographic d e t a i l s  cannot be obtained 
w i t  Po in t  on the  west s i d e  of Mangarin Bay. from a v a i l a b l e  m,aps. 

Topo~raphy and Grading: F l a t  lowlands; probably l i t t l e  grading necessary. Locat ion and Access ib i l i ty :  Between c o a s t a l  lowlands and rou& h i l l s  and 
Foundation and Drainage: Clay loems and c l ays  poor foundation, bu t  probably mountains of western Mindoro. No roads ,  but  movement easy dur ing  dry season; some 

hard and f irm during dry  season and s u i t a b l e  f o r  landing mat. For use  during wet t r a i l  bu i ld ing  urobably necessary across  v a l l e y s  and g u l l i e s .  Equipment urobably 
season cons t ruc t ion  of base course and surface necessary. Water t a b l e  high and can b e  l m d e d  on beaches. 
dra insge  poor. Touography and Grading: Ro l l ing  country wi th  t e r r a c e - l i k e  h i l l s ,  some of 

Construct ion Materials :  Probably some sand and gravel  ba*s along Caguray which may have l a r g e  enough f l a t  tops f o r  s i t e s .  Some grading requi red  t o  f i l l  
River.  Sandy beach a t  Santa Teresa, 3 112 mi le s  south. MRy be t h i n  l a y e r s  o f  l i m e -  small  g u l l i e s ,  
s tone usab le  f o r  crushed rock  i n  h i l l s  5 t o  10 mi les  eas t .  ~oundation'and Draina*: Clay loans  with g rave l  l e n s e s  f a i r  t o  good founda- 

Clear ing  and Grubbing: L i t t l e  necessary, t i o n ;  good compaction a t  optimum moisture content ;  landing mat d i r e c t l y  on s o i l  
Water S u p p l s  Caguray River probably perennial ;  water po l lu t ed  bu t  s u i t a b l e  probably s a t i s f a c t o r y  during dry  season. Thin base  course with hard su r face  

f o r  construct ion.  P l e n t i f u l  s u ~ p l i e s  from shallow dug w e l l s  and from d r i l l e d  wells. needed f o r  runways dur ing  r a i n y  season. Drainage good, al though may r e q u i r e  
c o n t r o l  of some seepsge water. 

' S i t e  6 .  Mangarin (Vaterous) Construct ion Materials:  Sand and gravel  ava i l ab le  along r i v e r  beds; coarse 
gravel  a l o n g  large r i v e r s  may r e q u i r e  crushing f o r  aggregate f o r  base course and 

I n  1940 t h i s  was an al l -weather  anergency f i e l d  with two l e v e l  s t r i p s ,  one, concrete.  Poss ib ly  some hard sandstone and conglomerate, s u i t a b l e  f o r  base  course 
3,270 f e e t  by 150 f e e t  o r i en ted  north-south and the  o ther ,  1,980 f e e t  by 150 f e e t  orconclete aggregate, i n  rough h i l l s  and mountains around inner  margins of areas.  
o r i en ted  northeast .  Both runwclys could probably be extended a t  l e a s t  2,030 f e e t .  Clear ing  and Grubbing: Mainly cogon g r a s s  a r e a s  which can be c leared  by 
A s t i l l  longer runway could be constructed i n  a northwest-southeast d i r ec t ion .  burning. 
Glide c learance  should be good i n  most d i r e c t i o n s ,  although h i l l s  t o  t h e  north and Water S u p p l s  P l e n t i f u l  from shallow dug w e l l s  and from d r i l l e d  wells. 
no r theas t  may make approaches hazardous from t h a t  d i r ec t ion .  S u r f a c e  water pol lu ted ,  but s u i t a b l e  f o r  construct ion;  l i t t l e  o r  none a v a i l a b l e  

Location and Accessibi l   it^: S i tua ted  on lowlands e a s t  of Mangarin Bay on the  dur ing  dry season. 
southwest coas t  of Mindoro. Wharf a t  C ~ i n a w i t  Poin t  on t h e  northwest s ide  of 
Mangarin Bay might have t o  be extended before  being used, a s  harbor  i s  sanded by SITE IN AREA 11b 
c u r r e n t s  from the  northwest. During t h e  dry season t r anspor t a t ion  would be easy 
from t h e  wharf t o  the  f i e l d ,  b u t  a road would probably have t o  be cons tmcted  f o r  S i t e  10. San Jose (southwest Mindcro) 
use  dur ing  the  wet season. 

Toponraphy and Grading: F l a t  land;  l i t t l e  grading necessary except  to f i l l  E e s t i n g  f i e l d  (view taken 1939) had two l e v e l  s t r i p s ,  2,970 f e e t  by 660 
shallow g u l l i e s .  f e e t  o r i en ted  north-south and2,520 f e e t  by 660 f e e t  o r i en ted  east-west; a l l -  

Foundation and D r a i n a s :  Foundation f a i r  t o  good; good on sandy gravel i n  weather. Located on t e r r a c e  which l i m i t s  l e n g t h  of runways; extension no t  
p a r t s  of e x i s t i n g  s t r i p .  Water t a b l e  high,  bu t  sur face  drainage f a i r l y  good. p r a c t i c a l .  Possible,  though doubtful ,  t h a t  a s imi la r  a r e a  l a r g e  enough might 
Landing mat l a i d  d i r e c t l y  on the  hard,  f i rm ground dur ing  the  d r y  season sa t i s -  be found i n  the  same general  region.  
f ac to ry ,  b u t  f o r  use  dur ing  the  r a i n y  season a base course of coarse aggregate Locat ion and Access ib i l i ty!  West of San Jose,  southwestern Mindoro, i n  
should be constructed and surfaced. r o l l i n g  h i l l  c o m t r y  wi th  h i l l t o p s  of about same a l t i t u d e .  Eas i ly  access ib le  

Construct ion Materials :  S a d  and gravel  probably a v a i l a b l e  from Cagurw from San Jose ;  i n  1941 the re  was a r a i l r o a d  from San Jose t o  t h e  wharf a t  
River ,  2 112 mi les  southeas t ;  smal ler  q u a n t i t i e s  along streams west of s i t e .  Caminawit Point  on Mangarin Bay and t o  San Agustin. 
Limestone s u i t a b l e  f o r  crushing t o  use  a s  aggregate f o r  base c o w s e  surfac ing  and Topography and Grading: Ro l l ing  h i l l  country wi th  h i l l s  of about equal 
f o r  concre te  occurs i n  h i l l s  5 to 1 0  mi les  eas t  and n o r t h  of s i t e .  a l t i t u d e ;  e x i s t i n g  f i e l d  on f l a t  top of te r race- l ike  area. Some grading might 

Clear ing  and bubbing:  L i t t l e  necessary f-or long runway t o  northwest; more be r e q u i r e d  t o  f i l l  m a l l  g u l l i e s ;  extension of p resen t  f i e l d  Impract ical ,  
f o r  no r theas t  and n o r t h  runways; t r e e s  probably c l ea red  by dozer. because too  much f i l l  would b e  requi red  i n  l a r g e  val leys.  

Water Supply: P l e n t i f u l  from shallow dug we l l s  or  from d r i l l e d  wells. L i t t l e  Foundation and Drainage: Compaction a t  optimwn moisture content would 
o r  no su r face  water dur ing  dry season. Well on s i t e  equipped with windmill and produce good subgrade; bear ing  r a t i o  good. Drainage good; might r equ i re  some 
small s to rege  tank mountad i n  windmill tower. con t ro l  o f  seepage water dur ing  wet season. 

Construct ion Materials! Bed of Bugsanga River,  3 mi le s  northwest, good 
S i t e  7. Tamarao A i r f i e l d  source of sand and gravel ;  would r e q u i r e  screening and perhaps c r u s h h g  f o r  

' use  a s  concre te  aggregate. 
Emergency landing f i e l d  (view taken 19341, repor ted  a s  an all-weather s t r i p ,  Clear inn  and Grubbin@ L i t t l e  required.  Mostly cogon g r a s s  which can be 

4,920 f e e t  by 465 f e e t .  The poss ib le  a r e a  is  probably a t  l e a s t  8,000 f e e t  north- burned. 
east-3outhwest by 2,000 f e e t .  Water Supply: P l e n t i f u l  sur face  water dur ing  wet season; can b e  used f o r  

Locat ion and Access ib i l i ty :  North of San Jose,  southwestern p a r t  of Mindoro, cons t ruc t ion  work bu t  i s  polluted. No surface  water during dry  season. P lent i -  
on t e r r a c e  along southeast  s i d e  of Bugsanga River.  Road cons t ruc t ion  easy t o  f u l  ground water e a s i l y  developed from shallow dug w e l l s  and from d r i l l e d  wells. 
San Jose and t o  r a i l r o a d  t o  wharf a t  Cminawit Poin t  on M a g a r i n  Bay. 

Toponraphy and Grading: Cogon g rass  covered t e r r a c e  wi th  very  gen t l e  s lope AREA 111. 03ASTAL LOPnANDS ON THE LUBANU ISLANDS 
t o  southwest; s lope angle probebly not  t o o  grea t  f o r  long i tud ina l  grade of -way. 
The g l i d e  angle  over t h e  h igh  mountains t o  the  nor theas t  i s  approximately 20 t o  1 General: The Lubang Is lands ,  Lubang, Ambil, and Golo, a r e  n h w e s t  of t h e  
but t h e  approach from t h e  southwest, which would be i n t o  t h e  wind most of the  time, i s l a n d  of Mindoro. Areas of poss ib le  airdrome s i t e s  a r e  l i m i t e d  t o  coas ta l  low- 
i s  open. There a r e  a l s o  h i l l s  and mountains on the  southeast  and ac ross  the  r i v e r  l a n d s  on Lubang and Golo. Only one s i t e  (11) i s  s u i t a b l e  f o r  cons t ruc t ion  of 
on t h e  qorthwest. Probably ample space f o r  d i s p e r s a l  a r e a  oh t e r r a c e  bu t  no con- bomber f i e l d .  The fol lowing general  d iscuss ion  a p p l i e s  t o  t h e  lowland areas;  
cealment. 'Two small h i l l s  i n  cen te r  of t e r r a c e  a r e  obs tac les ,  b u t  clearance and s p e b i f i c  s i t e s  a r e  discussed b r i e f l y  with r e spec t  t o  a rea ,  topographic hazards, 
landing a r e a s  should be ample around them. Moderate grading t o  smooth minor genera l  s u i t a b i l i t y .  
i r r e g u l a r i t i e s ;  probably b e s t  t o  haul  f i l l  from ou t s ide  s t r i p  r a t h e r  than d i s t u r b  Locat ion and ~ c c e s s i b i l i ' t z t  Coastal f l a t s  on Lubang and Golo Is lands.  
l e v e l  a r e a s  adjo in ing  small g u l l i e s  i n  t e r r ace .  Only road i s  on Lubang Island,  connecting towns of T i 1  ig, Lubang, and Tagbac; 

Foundation and Drainage: Gravelly sand good foundation with good bearing th i rd-c lass .  Road between T i l i g  and Looc repor ted  under cons t ruc t ion  i n  1941, 
r a t i o ;  good drainage. Landing mat l a i d  on burned cogon grass  s a t i s f a c t o r y  dur ing  Most o f  Lubang and Golo f r inged by co ra l  r e e f s ,  broken by shor t  s t r e t c h e s  of 
dry  season. For r a iny  season, base  coure needed; gravel  aggregate p l e n t i f u l  beach as a t  T i l i g ,  Looc. No wharf f a c i l i t i e s .  
a long r i v e r  bed; base  course can be l a i d  d i r e c t l y  on mat of burned r o o t s  of cogon T o p o ~ a T h y  a M  Gradinn: F l a t  r i c e  land with a l t i t u d e  below 1CO fee t .  

grass .  Probably l i t t l e  grading necessary except  t o  f i l l  shallow g u l l i e s  and d i tches .  
Construction Materials:  Good supp l i e s  of sanrl and gravel  along r i v e r  by . Foundation and Drainage: Clay loan and clay,  probably over ly ing  u p l i f t e d  

s i t e ;  w i l l  probably r e q u i r e  screening and crushing f o r  use  a s  concrete aggregate. c o r a l  r ee f .  Poor foundation i n  wet season; d r y  and firm dur ing  dry  season 
Some l imestone i n  the  h i l l s  6 mi les  t o  south may be usable  a s  crushed rock. (December through ~ p r i l )  , s a t i s f a c t o r y  beneath landing mat. Drainage genera l ly  

C lea r ing  and Grubbing: Probably none required. poor, pumping o r  e l eva t ion  of subgrade, sur fac ing  necessary f o r  wet season use. 
Water Supply: L i t t l e  o r  no surface  water during dry season; r i v e r  f loods  Di tches  needed t o  cana l i ze  su r face  water. Dikes probably necessary t o  keep 

dur ing  r a iny  season bu t  probably does not  g e t  over t e r r a c e ;  sur face  water n o t  o u t s i d e  water off s i t e s ,  
potable.  P l e n t i f u l  ground water e a s i l y  developed frcm shallow dug wells  and Construct ion Materials :  Coral r e e f s  f r i n g i n g  most of i s l a n d s  b e s t  
from d r i l l e d  wells.  ma te r i a l  a v a i l a b l e ;  dredging should be r e l a t i v e l y  easy. Timber genera l ly  

ava i l  a b l e  i n  nearby hills. 

( cont irmed) 





SUITABILITY FOR AIRDROMES: VIEWS MINDORO (I?[.) 

S i t e  1. Calanan landin; f i e l d ;  Yi3w 100Ling n3rthWest. (21270 A.C.) 

S i t e  5. Landing f i e l d  on Caguray River nor theas t  of Caguray; looking north-northeast. 
(MID S3O-@3A, wl. 11, p. 62) 

S i t e  6. hlangarin (Watsrws) f i e l d ,  e a s t  and north of Mangarin Bay; looking north. 
( O N 1  320-2541 See a l s o  Terra in  View 1E 

S i t e  7. Tamrao f i e l d ;  lookins  e a s t .  River t e r r a c e  on e a s t  s i d e  of Bugsanga River. (Ms 
16L8.262 - lhG8.262A) 

S i t  

-iT 

.h of Bar nding s t r i p  sout .ahan; looking n o r t i .  (21271 A . r . )  

S i t e  9. Landing f i e l d  on po in t  west of Mamburao; lookin2 southeast .  (21266 A .C. ) 

For S i t e s  2 and 3 see Terra in  Views 2 and A. 
S i t e  10. Landing f i d d  e a s t  of San Jose; looking south-southeast. (CFL 1657525) 

See a l s o  Terra in  View 10. 





ROAD CONSTRUCTION AND MAINTENANCE 
Rel iab i l i ty :  

INTRODUCTION 

Ttindcro i s o n e  of t h e  l e a s t  developed o f  t h e  Phi l ippine  I s l ands  and t h e  p-e- 
w a r  road-construction program consis ted  of  t h e  add i t ion  of only a few 
kilometers  of highway a year. A f i r s t - c l a s s  road, graded and surfaced with 
a spha l t  o r  water-bound rnacadarn connects Calapan with Songabcng across t h e  
e a s t e r n  c o a s t a l  p l a i n  and extends hranches t o  a few nearby towns. F i r s t -  
c l a s s  roads i n  t h e  Phi l ippines  have permanent cu lve r t s  and bridges, o r  
f e r r i e s  capable of car ry ing 2-ton trucks;  a r e  constantly maintained, and a r e  
passable a t  a l l  times. Since the.Japanese occupation, roads may have 
de te r io ra ted  g rea t ly .  The few secsnd-class roads on t.he northeast  coast  a re  
probably p a r t i a l l y  surfaced. There i s  a narrow-gauge rai lway a t  the  San 
Jose sugar e s t a t e  i n  Sout ,h~~eSt Mindoro, b ~ i t  elsewhere i n  t,he i s l and  foo t  
t r a i l s  o r  sea  rou tes  a r e  t h e  o n l ~  means of communication. 

Sxcept along na tu ra l  levees  o f  streams and low beach r idges  along t h e  
coast,, t h e  t r a f f i c a b i l i t y  of t h e  s o i l s  i s  extremely poor. I n  t h e  r a i n y  
season uns>urfaced roads become complete1.y impassable f o r  wheeled vehic les  
and ex t rene ly  d i f f i c u l t  f o r  f o o t  t r a v e l .  On slopes,  g u l l i e s  develop rapidly, 
and s l i d e s  a r e  common. Banks and c u t s  may be protected by p lant ing  rap id ly  
growing cogon grass,  and by covering with bundles of g rass  when f i r s t  dug. 
Streams r i s e  r a p i d l y  with heavy ra ins ,  &coming unfordable, and boulders 
and driftwood noved by t h e  cu r ren t s  are hazards to temporary s t ruc tu res .  
'Frooden bridges de ter iora t ,e  rapid ly  under t r o p i c a l  conditions. 

Sand and gravel  f o r  road const ruct ion  rrny be obtained from beaches 
and from many of t'ne streams of  t h e  c o a s t a l  plain,  but  hauls  of seve ra l  
mi les  may be necessary between t h e  l a r g e r  streams away f r o m t h e  coast.  
Solmnd bedrock f o r  crushed aggregate i s  d i f f i c u l t  t o  ob ta in  except i.1 li-ne- 
s tone  area of southern Mindoro and i n  stream channels i n  h i l l  and mountai2 
country. 

E x i s t i s  R-: Two-nay eraded and surfaced road from Calapan t o  - 
bngabong, with branches northeastward to wharf on west s ide  of  Calapan 
Point ,  t o  Nailjan, and t o  Pol3; s h o r t  extensions westward toward Saco and 
San Teod~ro .  Permanent c u l v e r t s  and concrete o r  timber brictges across  
most streams. Second-class road, 5raded but ansurfaced extends t o  San 
Teodoro. Sand-slay s u r f a c e d r o a d  along coast  from Calapan Point  t o  Naujan 
and San Jose has s a t i s f a c t o r y  all-weather s9wface f o r  l i g h t  t r a f f i c  a s  f a r  
south a s  Silonay. 

I Tooonra;>hz Aliznment, and Grades: Low f l a t  coas ta l  p la in ,  G-12 mi les  
wid*. r i s i n e  gent ly  +A e leva t ions  of  100 t o  200 f e e t  a t  border of rounh foot- " - 
h i l l ;  on .vest; brgien by roush h i l l  country i n  pen ins i l a  a t  M t  ~ w n a l i ;  e a s t  
of  Lake Naujan and r idge  500 t o  600 f e e t  hizh extending about 6 miles south 
from Calapan Point.  Roads genera l ly  have s t r a i g h t  aligrments, long radius  
curves, s l i z h t  grades, no cu t s  o r  f i l l s .  Chief obs tac les  t o  mad construc- 
t i o n  a r e  nlmerous streams, and swamps along coast .  

S u b ~ r a d e :  S o i l s  between main s t r e m s  a r e  p l a s t i c  c lays  and c lay  loans;  
t r a f f i c a b i l i t y  eve? f o r  c a r t s  extremely poor when wet. Subgrades r equ i re  
good compacti3n a t  optimum moisture content  and app l i ca t ion  of  th ick  base 
coilrse before surfacing.  Natural l evees  along banks of l a r g e r  streams a r e  a 
few f e e t  above interstrean! areas,  have s i l t y  and saqdy loams prQviding f a i r  
t o  good t r a f f i c a b i l i t y .  Clays i n  swamps unsuitable f o r  road subgrades with- 
o u t  t h i c k  f i l l .  

S t rean  Crossings: Numerous streams a few f e e t  to 100 yarde wide; banks 
t y p i c a l l y  s teep ,  2 to 20 f e e t  high. Larger streams unfordable f o r  1-2 mi les  
back from coas t .  Streams are  sub jec t  toxapid r i s e  a f t e r  heavy ra ins ,  endan- 
ger ing  f ixed  o r  pontoon bridges and making f e r r y  opera t ion  hazardous. 

Clear ing  D r a i n a s :  Coastal  a rea  i s  cu l t iva ted ;  coconut palms a r e  
s e t  wide a p a r t  near shore and i n  s t r i p s  along streams; ground e a s i l y  c leared  
by b j l ldozer .  Some f r u i t  t r e e s  may requ i re  cut t ing .  Inland border of  area  
covered wi th  heavy primary f o r e s t  which requ i res  c u t t i n g  and b las t ing ,  grub- 
bing with t r a c t o r s .  

Lower p a r t s  of c o a s t a l  p l a i n  have imp2rvious poorly drained s o i l s  and 
high water table.  Roads should be d i tched and subgrade b u i l t  up t o  give 
adequate drainage. S o i l  drainage good on na tu ra l  levees  along streams; sub- 
j e c t  t o  f lood a f t e r  heavy ra ins .  Good drainage on low beach r idge  along coast .  

Construct ion Materials:  Sand and gravel  abundant i n  many stream chsn- 
n e l s  and i n  pockets along banks. Eeach gravel,  we l l  rounded and s r t e d ,  needs 
add i t ion  of  c l a y  f o r  s t a b i l i z e d  surfac ing mater ia l .  Small q u a n t i t i e s  of c o r a l  
may be ava i l ab le  along coast.  Hard rock fo r  crushed azgregate can be obtained 
from quarry on r idge  e a s t  o f  Calapan, probably from h i l l s  e a s t  and nor theas t  
of  Lake Naujan and around M t  Dmal i .  Timber f o r  bridges and .p i l ing  availat i le  
i n  swamps along coas t  and from heavy f o r e s t s  on  in land s ide  o f  coas ta l  p la in ,  
on h i l l s  e a s t  o t  Lake Naujan, and around ) I t  Dumali. Coconut p z h s  along coast  
and s t r e m  banks s.uitable f o r  corduroy, posts,  and cribbing. 

I MAP AREA 2 

Exis t ing  Roads: A few d i r t  t r acks  around Panduruean sugar 
m i l l  and wharves. Native t r a i l s  unsui table  f o r  motor t r anspor t .  

Topoma>h~,  Alignment, & 2rades: Discontinuous low f l a t  coas ta l  plain 
reaching a maximum width of about 8 miles.  I m e r  p a r t  of p l a i n  rlsss t o  
e l eva t ions  of 100 t o  300 f e e t ,  has f l a t  t e r r a c e  a r e a s ,  brokcn by small strearc 
val leys.  Roads can be layed o u t  with many long tangents,  long rad ius  curves, 
some c u t  and f i l l  i n  c l ays  and gravels  of d i s sec ted  t e r races .  Grades f l a t  o r  
very gent le  i n  most of  area;  grades l e s s  than 5% required across edges of  
t e r races .  

Subgrade: S o i l s  on lowlands between strearns are c lays  and c lay  loams; 
t r a f f i c a b l l i t y  extremely poor during rair,y season, f a i r  i n  dry. Terrace 
s o i l s  s~mewhat l e s s  p l a s t i c ,  have b e t t e r  supporting value. C a r e f u l v o i s t u r e  
con t ro l  i s  e s s e n t i a l  d > x i n g  compact ion ,appl ica t io~ of  base course necessary 
before surfacing.  Sandy l o m s  of na tu ra l  levees and sands and gravels  of dry  
sfream channels have f a i r  t o  good t r a f f i c a b i l i t y  but  may be l o c a l l y  bouldery; 
provide good mad r o u t e s  a t  r i g h t  angles to coast .  Sandy and gravdly beaches 
have b e s t  subgrade f o r m u t e s  p a r a l l e l  t o  coast.  Swamp s o i l s  unsuitable for  
roads without th ick  f i l l  of  r i p r a p  o r  course aggregate. 

Stream Crossings: S t r e a m  and r i v e r s  subjec t  t o  g r e a t  seasona l  varia- -- 
t i on .  Lwnintao, Bugsanga, and probably one o the r  l a r g e  r i v e r  have f l a t  
sandy and g rave l ly  channels up t o  3 mile wide, f i l l e d  w i t h  swi f t  shallow 
water a f t e r  h e a v ~  ra ins ;  cr iss-crossed with narrow shallow streams i n  dry  
season. Upper reaches a r e  narrower and have many boulders 1 t o  3 f e e t  i n  
diameter. Cagluay, Amnay, Sinambalan, and o the r  r i v e r s  have widths up t o  
300 f e e t  a t  mouths; banks a r e  c l ay  and gravel ,  up t o  30 f e e t  i n  height  i n  in- 
land areas ,  lower near coas t  i n  dry  season. I!ost streams fordable above 
mouths; requi re  ponton bridges o r  f e r r i e s  o p e r a t e d a g a i n s t  s w i f t  currents .  
Approaches f o r  fords  and bridges e a s i l y  dug i n  banks by hand t o d s  
o r  bl\lldozers. 

Clearing D r a i n a e :  Coastal p l a i n  and wide r i v e r  va l l eys  cu l t iva ted  
o r  covered w i t h t a l l  g a s s e s  and s c a t t e r e d  l i z h t  timber of secondary f o r e s t .  
Eas i ly  c leared  wi th  hand t o o l s  o r  bulldozers.  

S o i l  drainage good on beaches, n a t w a l  levees ,  and r i v e r  channels; poor 
i n c l a y s  of  in ters t ream areas .  Rise of water t a b l e  i n  r a i n y  season w i l l  
s a t u r a t e  road foundations: roads must be di tched and subgrade b u i l t  up t o  
pro~ri-le adequate drainage. Rivers subjec t  t o  f l a s h  f loods,  a t  times over- 
flowing na tu ra l  levees.  

Construction Materials:  Sand and gravel  abundant i n  most stream 
channels and i n  low stream t e r r a c e s  along upper courses o f  r i v e r s .  Some 
cora l  and beach sand and gravel  a v a i l a b l e  on coast.  Boulders fo r  r i p r a p  and 
bridge abutments i n  upper courses of  l a r g e r  streams; hard rock f o r  crushed 
aggregate genera l ly  not  ava i l ab le .  Limestone quarried on h i l l  e a s t  of S ta .  
Teresa and probably a v a i l a b l e  i n  h i l l s  e a s t  of Caglray River. Ti-nber f o r  
p i l i n g  and bridges i n  sca t t e red  coas ta l  swamps; scarce  e l s e ~ h e r e .  Coconut 
palms and casuar ina  on coas t  and along sandy stream channels s u i t a b l e  f o r  
corduroy, posts ,  and cribbing. 

MAP AREA 3 

Existing Roadq: No roads  except f o r  8 miles of  unsurfaced road along 
nor th  coas t  of  Lubang Island.  Native trails,  unsui table  f o r  motor t r anspor t ,  
along coasts ,  and poss ib ly  across  i s l and  through molntain passes nor th  

( e l eva t ion  2,000 f t )  of M t  Baco. I n  mountains t r a i l s  grow over r a p i d l y  with 
vegeta t ion  and a r e  d i f f i c u l t  to follow. Road const ruct ion  on t r a i l  from 
Mamburao (west coas t )  t o  Abra de I l o g  ( n o r t h  coas t )  i s  reported (1941) but  
it i s  doubtful  whether any work has a c t u a l l y  been done. T r a i l  c rosses  r idge  
approximately 2,000 f e e t  i n  e levat ion .  

Topography, Alignment, & Srades: Rugged h i l l s  and mo.mtains with NN'K 
t r end  r i s e  t o  e l eva t ions  of  over 8,000 f e e t  i n  c e n t r a l  p a r t  o f  range; c u t  by 
steep-walled val leys  containing swi f t  streams. Rough h i l l  country around 
M t  Dumali and e a s t  of  Lake Naujan. Small a r e a s  of  c o a s t a l  p l a i n  around 
Mansalay, Soguicay, Bulalacao, and Paluan Bays, a t  Abra de I l o g  on nor th  
coast ,  and on northwest end of  Lubang Is land,  Road const ruct ion  w i l l  involve 
many sharp t u r n s  and switchbacks, few s t r a i g h t  a l i , m n t s ,  s t eep  grades, 
and msny s ide  h i l l  cu ts ,  i n  p a r t  i n  hard rock requ i r ing  b las t ing .  

Sub~rade :  S o i l s  a r e  clays,  c l a y  loams, and loams; from a few to many 
f e e t  t h i c k  over hard rock. S o i l s  genera l ly  s t o n i e r  and th inner  i n  limestone 
a rea  i n  southern p a r t  of  i s land.  T r a f f i c a b i l i t y  good when dry, f a i r  t o  
poor i n  wet weather. Much seepage and s l i d i n g  i n  excavations and f i l l s .  
Subgrade requ i res  ca re fu l  compaction a t  optimum mois twe content  and applica- 
t i o n  of  base course before surfacing.  

Stream Crossinus: Streams swif t  and bouldery, subjec t  to r i s e s  of 20 
to 30 f e e t  i n  a few hours. S teep banks, i n  many places of  hard rock, p roh ib i t  
fording by vehicles, make fording by f o o t  t roops  d i f f i c u l t  even a t  low water 
stage. Roads along v a l l e y  wal ls  must t u r n  sharply  t o  cross  bridges. P i l e  
d r iv ing  genera l ly  d i f f i c u l t  a s  many streams and banks have rock exposed o r  
under t h i n  cover . 

Clearing* Drainage: Heavy primary f o r e s t  i n  c e n t r a l  high range from 
Cape Calavite  t o  near Mansalay Bay, extends down t o  nor thern  coas t  and onto 
e a s t e r n  c o a s t a l  plain;  cu t t ing ,  b las t ing ,  and grubbing wi th  power equipnent 
r e , ~ u i r e d .  The lower p a r t  o f  t h e  western s lope  and the  southern end o f  the  rarg  
have much grassland in terspersed  with patches of pine f o r e s t  and l a r g e r  a reas  
of  both ~ r i x a r y  and secondary fo res t .  Clearing i n  grass lands  and secondary 
f o r e s t  can be done with hand t o o l s  o r  bulldozers.  

Control of heavy runoff and seepage i s  necessary t o  prevent washing out  
of  roads and s l i d i n g  of  excavations. 

Construction Materials:  Limited q u a n t i t i e s  of  sand and gravel  i n  stream 
beds; boulders ava i l ab le  f o r  r i p r a p  and crushing. Hard rock c h i e f l y  along 
streams except i n  southern end of i s l and  where hard limestone Is covered 'JY 
t h i n  s o i l ,  crop out  on h i l l s .  Other than limestone, rocks of area  a r e  h-ird 
micaceous, p l a t y  and layered rocks i n  higher p a r t  of range, sha les  and :.and- 
s tone  on f lanks;  genera l ly  f a i r  t o  poor f o r  base course and surfac ing.  Some 
g r a n i t i c  rocks and marble may occur i n  high c e n t r a l  p a r t  of  range. %voh 
timber f o r  heavy const ruct ion  i n  high mountains and on eas te rn  slope of range. 
Timber s c a t t e r e d  i n  grasslands on western slope. 

Prepared by C. S. Geological Survey 
f o r  Chief o f  Engineers, 3. S. Army. 





MINDORO (PI.) SOILS 

R e l i a b i l i t  y: F a i r  

1. Sand and g r a v e l ;  2. Clay and s i l t y  c l a y ;  . Fine  sandy loam and 4. Clay loam and c l a y ;  a l lu-  5. Clay loam and g r a v e l l y  
Map Unit a l l u v i a l ;  w e l l  most ly  s a l i n e ;  s i l t  loam; a l l u v i a l ;  v i a l ;  poor ly  d ra ined .  c l a y  loam; a l l u v i a l ;  

d r a h e d .  a l l u v i a l ;  waterlogged.  w e l l  dra ined .  w e l l  dra ined .  

6. Clay loam and 
s t o n y  loam; r e s i -  

d u a l ;  w e l l  dra ined .  

7. Clay  loam and Stony c l a y  l o r n ;  
r e s i d u a l ;  w e l l  

dra ined .  

I Sand, pa l e ;  gravel .  Clay and s i l t y  c l ay ,  Fine sandy loam and s i l t  Clay loam a n 5  c l a y ,  dark  Clay loam and g r a v e l l y  c l a y  C l w  loam and s tony  Clsy loam and c l a y ;  Stony c l a y  loam; brown 

Texture  and Color va r i co lo red  da rk  g r a y  t o  da rk  loam; l i g h t  g r a y i s h  brown brownish gray  loam, brown o r  r edd i sh  loam; l i g h t  brown. brawn, reddish ,  o r  t o  ye l lowish  brown. 
b l u i s h  g ray  brown. Lenses o f  g r a v e l  Rock rubble  present  b l ack  Rock rubble m e s e n t  

Engineering Group symbolg 

a /  P.R.A. C l a ~ s -  

Depth i n  f e e t  

1 Veil dra ined:  water  I Waterlogged; covered 
Drainage Condi t ions  t a b l e  not  f a r  below by s a l t  water  a t  

s u r f  ace  h igh  t i d e  

m,@,P 

A- 3 

10  and deeper  

Well d r a ined  

CH , OH 

A- 7 

6  t o  1 0  

I Devoid of  s t r u c t u r e ;  I Highly p l a u t i c :  ha rd  

Poor ly  d ra ined ,  w a t e r  t a b l e  
nea r  s u r f a c e ;  waterlogged 

i n  r i c e  f i e l d s  dur ing  r i ce -  
growing season 

Cons i s t e n c y  I l oose  when d ry ,  h a r d e r  when 
s a l t s  removed by I - - -  

SF@ 

A-2, A-4, A-6 

1 t o  3 and deeper 

Excel len t  s u r f a c e  dra inage  
h igh  run-off  

I I l e ach ing  

I F r i a b l e  o r  p l a s t i c ;  l oose  I P l a s t i c ;  hard  when d r y  I Moderately p l a s t i c  ; e a s i l y  
o r  compact; dus ty  when dry  puddled;  may be dus ty  

CR,% 

A-7, A-5 

1 t o  2 

I when dry 

Very good s u r f a c e  
dra inage .  I n t e r n a l  

d ra inage  f a i r  

CL , SF 
A-4, A-6, A-2 

10  t o  20  

Hcdera te ly  p l a s t i c ;  
f a i r l y  g r a n u l a r ;  not  
r e s i s t a n t  t o  pudi l ing .  
F a i r l y  s t a b l e  when d r y  

CL ( s t o n y )  

A-4, A-6 ( s t o n y )  

1 and much d e e p r  

Well dra ined  

CL,m 

A-6, A-7 

1 t o  3 and deeper 

Excel len t  drainage.  
Run-off may be 

exces s ive  

Moderately p l a s t i c ;  
f a i r l y  g r a n u l a r ;  not 
r e s i s t a n t  t o  puddling;  

s t a b l e  when dry 

CL ( s t o n y ) ,  CH 

A-4, A-6 (stonyA A-7 

Comwnly shallow 

Moderately o r  ve ry  
p l a s t i c ;  may be f a i r l y  
r e s i s t a n t  t o  ~ d d l i n g ;  

e t  ab le  when d r y  
I I I I I I I I 

rocks  

Mountains and h i l l s ;  
moderately s t e e p  s l o p a  

Underlying M a t e r i a l s  

Topography 

Vegeta t ion  

Mountains and h i l l a ;  N g e d  mountains;  
f l a t  t o  moderately commonly s t e e p  d o p a  

s l o p i n g ;  i r r e g u l a r  , Gravel-sand mixtures  ; 
s h a t t e r e d  rock;  ha rd  

rock 

S t e e p l y  s lop ing  beach 
r i d g e s  6  t o  1 2  f e e t  

a b o w  h i &  water  

Commonly b a r e ;  g r a s s  
and brush  on mult i p l e  
r i d g e s  nea r  P a n d u m a n  

L r i c e  I 

Trop ica l  high f o r e s t  ; 
brush  and g r a s s  i n  

de fo re s t ed  a r e a s  

G r a w l  w i th  f i n e s  

T i d a l  swamps 

Mangrove f  o r e s t  T rop ica l  r a i n  f o r e s t  
p a r t l y  replaced  by 

coconut mlms 

Pe rmeab i l i t y  

Cohesion i n  Dry S t a t e  

Expansion and Shrinkage 

S u i t a b i l i t y  f o r  Mechanical 
S t a b i l i z a t i o n  

Commonly c l a y  loam u n d e r l a i n  
by s o r t e d  d e p o s i t s  of 

v a r i e d  t e x t u r e  

S l i g h t l y  r a i sdd  n a t u r a l  
l evees  s u b j e c t  t o  o v e r f l m  

from s t ream channela 

T r o p i c a l  high f o r e s t  ; 
sugarcane,  coconuts , and 

f r u i t  t r e e s  i n  c l e a r e d  a r e a s  

T rop ica l  r a i n  f o r e s t  ; 
g r a s s  i n  d e f o r e s t e d  

a r e a s  

Value a s  Subgrade 
and Base Course 

a /  Engineer ing  group symbols and P.R.A. c l ~  - ..ses fo l low c l a s s i f i c a t i o n  of 
'Mar Department Technica l  Manual 5 -255 ,  Apr i l  1944. 

b/ Inciuded i n  t he  Map Unit a r e  g r a v e l s  (CP, A-3)  of r i v e r  beds. Are- - 
of r i v e r  t r a v e l s  a r e t o o  smal l  t o  b e  shown a s  a sepa ra t e  map u n i t .  

Very high 

Very l m  t o  none 

None 

'Nell au i t ed .  Ample 
b i n d e r  c m o n  i n  

a i  jacent a r eas .  
Moisture c o n t r o l  not  

e s s e n t i a l  a u r i n g  
compaction 

S u i t a b i l i t y  f o r  'Yell s u i t e d .  Gravel I Not ; ~ e d  Commonly not s u i t e d  
S t a b i l i z a t i o n  wi th  Po r t l and  needs a d d i t  ion of 

Cement and Bitumen sand and b inde r  

Besr ing  Ra t io  a t  
Opt imum Compact i o n  Medium t o  very h i& Medium t o  f a i r l y  h igh  

Frepared b y  U. S .  Cealogica l  Survey i n  c o l l e b o r a t i o n  
wi th  Of f i ce  of Foreign A g r i c u l t u r a l  Re la t i ons ,  U.S.D.A., 

f o r  Chief of Engineers ,  U. S .  Army. 

Light  ye l lowish  brown c l a y ,  
many f e e t  deep 

Low f l a t  dep re s s ions  back 
of n a t u r a l  l evees  of 

s treams and beach r i d g e s  

T rop ica l  high f o r e s t ;  brush  
and g r a s s  i n  ex t ens ive  

de fo re s t ed  are- ;  lowland 

E x c e l l e n t ,  except where 
water  t a b l e  is t o o  

near  s u r f a c e  

Elevated  d i s s e c t e d  c o a s t a l  
p l a i n s  a t  1 0  t o  200 f e e t  

a l t i t u d e  

Trop ica l  h igh  f o r e s t ,  brush 
and g r a s s  i n  ex tens ive  

de fo re s t ed  a r e a s  

Medium 

Medium 

Medium 

Not s u i t e d  

Not s u i t e d  

Low t o  medium 

Gravel-clay mixtures.  
Clean g r a v e l  may b e  found 

None 

Midium 

Low t o  medium 

Low 

Readi ly  s t a b i l i z e d  a t  
o p t h u m  mois ture  content  

Not s u i t e d  

Medium t o  low 

Hard o r  s o f t  sandstone,  
s h a l e .  and s i m i l a r  

Fa1 r t o  gocd 

Low t o  very  low 

High 

Medium t o  h lgh  

D i f f i c u l t  t o  s t a b i l i z e ;  
c a r e f u l  mois ture  c o n t r o l  

e s s e n t i a l  du r ing  compaction. 
Maintenance o f  dra inage  i s  

of prime importance 

Not s u i t e d  

Medium 

Ch ie f ly  l imestone and 
c o r a l  rock ,  commonly 

Low t o  very  l m ;  high  water  
t a b l e  is  common 

Hard o r  weathered 
rock 

Low 

Medium 

Low 

Compaction t o  very  h igh  
d e n s i t y  may be r equ i r ed .  
Close mois ture  c o n t r o l  

e s s e n t i a l  du r ing  compaction. 
Run-off dra inage  must be 

provided 

Not s i t e d  

Medium t o  low 

F a i r  t o  good; c o n t r o l  o f  
seepage wa te r  may be 

r equ i r ed  

Not s u i t e d  

High t o  low 

Medium t o  low 

Medium 

Low 

S u i t e d  f o r  compaction 
a t  optimum mois ture  
con ten t .  Run-off 
drainage must be 

provided 

F a i r  f o r  s t o n y  s o i l s ;  
c o n t r o l  of seepage 
water  is commonly 

requi red .  Sub jec t  
t o  s l i d e s  

Medium t o  low 

Medium t o  h igh  

Me dium 

D i f f i c u l t  t o  s t a b i l i z e ,  
u n l e s s  enough aggregate 

of  good q u a l i t y  is 
added 

Medium t o  h igh  

Low t o  high 

Medium t o  low 

S a t i s f a c t o r y  compaction 
is  poss ib l e  where 

topographic  cond i t i ons  
permit ope ra t ions .  

Run-off dra inage  must 
be provided 

Fa1 r Poor t o  good, depending 
on topography; c o n t r o l  

of seepage wa te r  is 
requ i r ed ,  sub jec t  t o  

s l i d e s  





MINDORO (PI.) CONSTRUCTION MATERIALS 

Prepared by U. S. Ceologicsl Survey 
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R e l i a b i l i t y :  F a i r  

INTRODUCTION 

I n  t h e  c o a s t a l  p l a i n  a r e a s  sound bedrock is  deepky aover- The approximate l o c a t i o n s  of 3 quar r i e s  a r e  shown on the  Wood s u i t a b l e  f o r  f u e l  i s  alundant i n  the  mou~ta inous  
ed wi th  alluvium and t h e  only  cons t ruc t ton  materlaPs a m i l a b l e  map, but t h e  source of most ma te r i a l s  used f o r  road, wharf, i n t e r i o r  but i s  scarce  i n  c u l t i v a t e d  areas  along e a s t  and 
are sand and gravel ,  r e a d i l y  obtained from s t r eam and r i v e r  and o t h e r  cons t ruc t ion  i n  recent  years  is not known. Limestme,  west c o a s t s  and i n  a broad b e l t  of grass land i n  t h e  h i l l s  
channels; from n u m r m s  places  i n  r i v e r  banks; and Prom t e r r a c e s  marble, and c o r a l  s and ; su i t ab le  f o r  lime i s  f a i r l y  abundant. bordering the  western c o a s t a l  p la in .  For d e t a i l s  s e e  Vege- 
along t h e  main r i v e r .  *edging may be necessary d u r i u  wet At h i l l  e a s t  of S ta .  Teresa,  ST# Minaoro, l imestone i s  quarr ied t a t i o n  Sheet. 
season. Terrace  depos i t s  and l enses  of g rave l  i n  i n t e r s t m a m  and burned l o c a l l y  f o r  lime f o r  sugar manufacture a t  t h e  San 
a r e a s  a r e  weathered and more o r  l e s s  Ulsintegrated; recent  stream Jose m i l l .  Four minable coal  beds,  a v e r q e  th ickness  4 f e e t ,  have 
d e p o s i t s  a r e  sound. Cora l  can  b e  obta ined  hmm fringing r e e f s  been prospected north of Bulalacao: sub-bituminous, low ash ,  
and beaches along p a r t s  of t h e  coas t .  Limestone, wllth sh&&ow Large timber f o r  heavy cons t ruc t ion  abundant i n  high v o l a t i l e a  40$, carbon 375, moisture 17%, s u l f u r  3$, B.t.u. value 
overburden and many outcrops,  is abundant 113 h l P l s  and low noun- mountains and extends down t o  inner  edge of e a s t e r n  c o a s t a l  11,000. The beds a r e  folded and broken. A small amount m i g h t  
t a i n s  i n  southern Mindoro. Sound bedrock in hl l i ly  and mountain- p l a in .  Scarce on most of most c o a s t a l  p l a ins  and on west be s t r i p p e d ,  but any amount more than a few tons would have t o  
cus country 
by s o i l  and 
exposed only 
l e a s t  some 

Map 
Unit 

1 

2 and 3 

4 

5 

6 

7 

o ~ e r l a l n  f l ank  of c e n t r a l  
lnsually p i l i n g s  s c a t t e r e d  

a t  s u i t a b l e  f o r  c r i b s ,  
eaeryvlhere. c o a s t a l  p l a ins ,  

Quarrying Problems 

Covered a t  high t i d e ,  p a r t l y  
exposed a t  low t i d e .  
Reed f l a t s  bes t  handled by 
&rag l i n e  f r o m  beach. Where 
b a r e  a t  low water  can be 
worked by hand t o o l s  with 
some b l a s t i n g ,  o r  by dozer. 
Beaoh depos i t s  r e a d i l y  worW 
b y  hand t o o l s  o r  dozer. 

Overburden: L i t t l e  o r  none 
in stream C h a ~ e l S  and low 
t e r r a c e s .  S o i l s  i n  in te-  
stream a r e a s  may be 10  t o  20 
f e e t  t h i c k ;  gravel  l a y e r s  a t  
aaslwue depths. Bed rock 
Beeply bur i ed  throughout 
most of c o a s t a l  plain.  
Equlpmmt: Sand and gravel  
and rare outcrops of lime- 
s tone  can be worked by hand 
kools  ~r dozer. 

'3venburden: General ly s tony 
s o i l s  from 1 t o  seve ra l  f e e t  
t h i ck ;  many ou tcmps  on hULs 

' and  a t  breaks of s l o p ;  
e l i f d s  along coas t .  
EquPpment : Large boulders  
of stream depos i t s  may re- 
qu i re  b la s t ing .  Limestsne 
must b e  b l a s t e d .  

Overbaden: S o i l  and deeply 
weathered rock 20 t o  50 f e e t  
t h l c k  I n  f l s t  and gen t ly  
s loping  areas.  Feu outcro?S 
except in  st eep-sal led 
va l l sys .  
Equipuent : Bulldozers o r  
plwer shovels ; some b l a s t i n g  
may be necessary i n  deep ex- 
saaa t ions .  

Overbur3en : S o i l  and 
weathered rock 10  t o  30 f e e t  
deep; some outcrops a t  breaks 
of s l o p  and i n  s t e e p  valleys. 
Equipment : Stream grave l  
may be handled with dozers;  
some b l a s t i n g  of l a r g e  
boalders  necessary. Bed 
rock requ i re s  b l a s t i n g .  

Owrburden: soil %qj 
weathered rock, 10 t o  100 
f e e t  t h i c k ;  exposures 
c h i e f l y  i n  s tream bottoms, 
r a r e  on r idges  and s l o p s .  
Equipment: Stream sand and 
grctvel can be handled wi th  
bulldozers  with b l a s t i n g  of 
l a r g e  boulders.  Bedrock w i l l  
r equ i re  heavy b l ~ s t i n g .  

throughout much of t h e  i s l a n d  t o  n o r t h  is 
d i s i n t e g r a t e d  rock 10 to lMP f e e t  tk lck ,  1s 

i n  stream bottoms. Mountain streams con ta in  
poorly so r t ed  boulders  and gravel  almost 

Type o f  Mate r i a l  / 
1 

Fringing r e e f s ,  1M) yards t o  1 mlle wide,/ 
p a r t l y  exposed a t  low t lde,  a m d  out- 
l y i n g  i s l a c k a n d  a long  p a r t s  of west and 
southeast  coas ts .  Sof t  t o  hard llmes%one/ 
l a r g e  bloclrs, f r e g m n t s ,  s h e l l s ,  sand, 
and limy mud on shoreward slae of r ee f  1 
f l a t s ;  b locks  and fragments ge l le ra l ly  1 
somewhat porous. Exposed su r face  may b e  1 
harder  than  underlying rock; w e a t h e r i u  I 
produces a caae-hardening e f f e c t .  
Coral  sand and sh ing le  on beaches, wlth 
some mud f r o m  o t h e r  sources;  may be 

I 
cemented i n t o  s labby 'beach rockw. 

I 
I 
I 
I 
I 

Bed Rock: Mantled. 
Stream Deposits: Strcam channels  a few 
yards t o  a half-mile wlde, f loored  with 
intermixed boulders,  gravel ,  and sand I 
(View 3 1. In te r s t r eam a reas  and t e r -  
r aces  border ing  va l l eys  of L m l n t a o  and / 
Bugsanga Rivers  i n  ST# Mindoro i ~ l e w  7 1 , 
have well-graded sand and gravel  l a g e r s  1 
and l enses  interbedded with clay. Some I 
mica present i n  f iner -gra ined  Ueposits. 1 

Lenses I n  in t e r s t r eam a reas  are weathe&/ 
boulders  and g rave l  gene ra l ly  ro t t en .  
Beaches: Beaches fmra a few f e e t  t o  1 
more t h a n  100 f e e t  wide of poorly graded 
sand and gravel ;  qbove high water, 
ma te r i a l  is b e t t e r  graded. I 

I 

Bedrock: Limestone, massPve t o  t h i n  
bedded, with some i n t e r l a y e r e d  sandstone,,  
s i l t s t o n e ,  sha le ,  and minor conglomerate. 
Limestone a t  Por t  Galera and on I l i n ,  

I 
h b u l o n g ,  and Lubang I s l anSs  is sof ter ,  
m porous t h a n  elsewhere. I 

S t r e a n  3eposi53: Well-graded g rave l  and 
boulders ,  dominantly o f  hard limestone, 
some intermixed mud and sanU,ln stream 
beds i n  steep-walled narrow val leys .  
Terraces  wi th  l enses  of g rave l  may occur 
along Cagurvy River. 

1 

Bedrock: Shale and sandstone. gene ra l ly  
s o f t  and cmmbly, some i n t e r l a y e r e d  
l i m s t o n e .  Marly and sandy sha le  a t  

I Por t  Galera (N Coast).  Coal beas and 
associa ted  c l a y  and n inor  sandstone 
amdnd Bulalacao Bay. 
3 t r e a ~ 1  Deposits: Ne11-gra3eU sil t ,  sand, 
and g rave l ,  some boul3ers,  i n  narlVow 
st r e a m  i n  steep..valled va l leys .  

Bedrock: Eard ca lcareous  mudstone and 
sandstone; con&lomerat e nea r  coas t  i n  
southeast  Mindom, a t  M t .  Dunall, and 
e a s t  of Lake Naujan. 
Stream Deposits: 'Bell-graded g rave l  and 
boulders ,  some silt and sand i n  steep- 
walled vs l leys .  

Bedrsck: Wide v a r i e t y  of rock types :  
p l a t y  micaceous rock ( s c h i s t  1, t h in -  
layered g r a n i t e - l i k e  rock ( g n e i s s ) ,  
s l a t e ,  f i n e - y a l n e d  marble ,chert, granitic 
rocks,  and s o f t  g r e e n  rock (serpent ine) .  
3 e t a i l s  of d i s t r i b u t i o n  not known. ex- 
cept i n  por t  Galera a r e a  ( see  i n s e t  map 
on Ceology t e x t  ). 
Stream Deposits: 'flell-graded sand and 
g rave l  intermixed with boulders,  some of 
g i an t  s i z e ,  i n  steep-sided narrow valleys; 
sand genera l ly  micaceous. Quartz sand 
and g rave l  on SE end of Lubang Is land;  
i n t e r m i t t e n t l y  worked gold p lace r s  sou th  
of Por t  Galera. 

Timber 
(See Vegetation Shect ) 

None 

Mangrove t imber f c r  
p i l i n g  and bridge con- 
s t r u c t i o n  s c a t t e r e d  
thmugh t i d a l  swmps ; 
coconut pa1.m and 
casuar lna  of beache., 
sandy val ley  f l o o r s ,  
and na tu ra l  levees,  
s u l t a b l e  f o r  pos ts ,  
c r i b s ,  and corduroy. 
Large t inhe r  f o r  heavy 
cons t ruc t  ion i n  primary 
f o r e s t  on f o c t h i l l s  
s i d e  of eas t e rn  c o a s t a l  
plain.  

M a n g r ~ e  in  small  sxwunp 
along coas t .  Tinber  f g l  
heavy cons t ruc t ion  on 
I l i n  I s l and ,  north of 
Buruncan Po in t ,  and on 
eas t  shore of Bulalaca? 
Bay. A few coconuc 
palms i n  c u l t i v a t e d  
areas. 

- 
a reas  w i t h ~ u t  good 

t imber f o r  cons t ruc t i>n .  
A few patcbes o f  prlnary 
f o r e s t  with good t h b e r  
f o r  l i g h t  and heavy cun- 
s t n c t i o n .  

Much t imber  f o r  l i g h t  
and heavy c snst ruct i s n  
i n  primary f o r e s t .  
Coconut palms l o c a l l y  i n  
c u l t i v a t e d  a rea  arount  
Mansalay Bay s u i t  ab le  
f o r  corduroy and cribbing. 

P l e n t i f u l  t imber f o r  a l i  
cons t ruc t ion  except i n  
dwarfed f ores t  s a t  high 
a l t i t u d e s .  

, 

range. Mangrove f o r  bridge cons t ruc t ion  
through t i d a l  swamps. Coconut and 

pos t s ,  and corduroy on sandy por t ions  

Foundat ion  C h a r a c t e r i s t i c s  

Reefs covered a t  high water; p i l e s  - 
can sometimes be dr iven  through 
t h i n  l aye r s  of reef  rock; where 
reef  i s  t h i c k l y  layered o r  well- 
consolidated penet ra t ion  may be 
very d i f f i c u l t  even with b l a s t i n g  
of p i l e  loca t ions ,  . 
Coral beach sand and sh ing le  cement 
r ead i ly ,  have good bearing s t r e n g t  
i f  not mixed a i t h  much mud from 
o the r  sources. 

Low i n t e r s t r e m  a reas  have c l a y  
s o i l s ,  high water t a b l e ;  poor 
foundations. Higher a reas  s a t i s -  
f a c t o r y ,  l o c a l l y  may need con t ro l  
of seepage in  excavations. Suppolt 
f o r  excavations necessary both in 
lowland and higher  a reas  i n  r a iny  
season. 

Massive limestone makes good foun- 
da t ions ,  gene ra l ly  well-drained, 
l o c a l l y  cavernous. Thin-bedded 
limestone around Soguicay and 
Bulalacao Bays folded, in t e r l aye r -  
ed with s h a l e ,  s i l t ,  and sandston$; 
w i l l  s l i d e  along sha le  pa r t ings  on 
s t e e p  s lopes  and i n  excavations 
when wet; seepage along some sand- 
st me  l aye r s .  Stream depos i t s  
sub jact t o  f requent  f looding ex- 
cept f o r  possible t e r r a c e s  on 
Caggray River. 

Stredm d e p o s i t s  f requent ly  flooded. 
Seepage common and l ands l ides  f ra-  
quent i n  f olded sha le  and sand- 
s tone ;  d i f f i c u l t  t o  maintain walls 
of excavatisns.  Sea c l i f f s  along 
,western c o w t  probably not ue l l -  
s u i t e 3  fo? g u ~  emplacements. 

Stream depos i t s  f r equen t ly  flooded. 
Bedrock g ives  f a i r  t o  good founaa- 
t ion s t r eng th ;  seepage along some 
sandstone layers .  

Stream depos i t s  swept along f r e -  
quently by f l a s h  f loods .  P l a t y  
mcks ,  micaceous rocks, and s o f t  
green rocks a r e  subjec t  t o  s l i d e s  
i n  wet uea ther ;  l e s s  abundant 
g r a n i t e  and marble make good foun- 
dation. 

and come from 
casuarina 

of 

Aggregate f o r  Surfacing 
and Base Course 

Loose c o r a l l i n e  mater- 
i a l  dredged from ree f  - flat bonds rapid ly  a s  
sur fac ing;  makes good 
base course. Sprink- 
l i n g  with s e a  water  i n  
a reas  of low r a i n f a l l ,  
mixture with non-limy 
mud i n  a reas  of heavy 
r a i n f a l l  speeds bond- 
ing. Poorly-graded 
c o r a l  sand needs f i n e s  , 
c o r a l l i n e  o r  
c l a y  , t o  promote 

bonding. 

Sand and gravel  from 
stream channels and 
t e r r a c e s  excel lent  f o r  
base course; need 
screening cf l a r g e r  
sizes f o r  surfacing.  

Lime j t m e  and boulder  
and gravel  depos i t s  
excel lent  source. 

Sand and gravel  i n  
l imi t ed  q u a n t i t i e s  
from stream channels 
adequate f o r  base 
c o ~ r s e  ; poor f o r  s u r -  
facing.  Bedrscic sand- 
s tone and shale  crumble 
r e sd i ly ;  high i n  c lay;  
unsat i s f a c t o r y  f o r  
e i t h e r  base course o r  
su r f  acing. 

Sand and gravel  i n  
l imi t ed  q u a n t i t i e s  
from stream channels; 
adequate f o r  base 
course,  poor f o r  sur-  
facing. Bedrock mud- 
s tone and sandstone 
poor t o  f a i r  f o r  base 
course;  poor f o r  sur-  
f ac ing  due t o  high 
c l a y  contsnt and rapid  
d i s in teg ra t ion .  Con- 
glomerate can be 
crushed f o r  f a i r  base 
course and surfac ing  
aggregate. 

Sand and gravel  i n  
l imi t ed  q u a n t i t i e s  
f a i r  t o  good f o r  base 
course and su r fac ing ,  
conta ins  mica. Granite  
and marble s a t i s f a c t o r y  
a f t e r  crushing and 
screening. Other rocks 
unsa t i s f ac to ry .  

underground workings. 

Aggregate f o r  Concrete 
and Riprap 

Nodular c o r a l  broken 
by waves, e i t h e r  on 
reef  f l a t  o r  along 
beaches makes good 
aggregate. Coral sand 
between high and low 
water on beaches near  
r e e f s  may be only  
source of sand f r e e  of 
c lay  in  many areas .  

Coarse g rave l  and 
boulders of s tream 
ch=nels and in  lenses  
on low t e r r a c e s  a r e  
good sou1,ce. Small 
o u t c r o p  of bedrcck on 
N'h' c o a s t a l  p l a i n  badly 
weathered, w i l l  make 
poor aggregate . 

Limestone excel lent  
f o r  concrete aggregate; 
sha le  and sandst one 
l a y e r s  must be excluded. 
Limestone and small 
quan t i ty  of stream 
boul3ers s u i t  ab le  f o r  
r ip rap .  

-Large 
t a i n  l imi ted  quantities 
of g rave l  f o r  concrete 
aggregate,  and boulders 
f o r  r i p r a p ;  Bulalaceo 
River  channel may have 
limestone g rave l  s u i t -  
ab le  f o r  concrete 
aggregate . St  ream 
depos i t s  and most bed- 
rock conta in  much c l ay ;  
unsa t i s f ac to ry  f o r  csn- 
c re t e .  

Stream grave l ,  hard 
sandstone and conglomP 
a t e  w i l l  m s k s  f a i r  r i p  
rap. Bedrock quarried 
near  Calapan f o r  wharf 
construct ion.  Both 
stream depos i t s  and 
bedrock poor f o r  con- 
c r e t e  aggregate because 
of high c l a y  content , 
Crushed conglomerate 
may be s u i t a b l e  f o r  
concrete.  

Crushed and screened 
boulders ,  g rave l ,  and 
marble of bedrock 
s a t  i s f a c t o r y  f o r  con- 
c r e t e  aggregate o r  
r iprap .  Other rocks 
unsa t i s f ac to ry  f o r  
aggregate, f a i r  t o  poor 
f o r  r ip rap .  
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R e l i a b i l i t y :  Poor t o  Fa i r .  

INTRODUCTION 
v a r i a b l e ,  may t o t a l  2,000 f e e t .  Beds fo lded  wi th  gene ra l  NNWl t r e n d  and d i p s  up t o  SO0, 

L i t t l e  i s  known of t h e  d e t a i l e d  geology of  Mindoro. Information has been taken probably f a u l t e d  at  l e a s t  l o c a l l y ;  u n c o n f o d t i e s  and over laps  wi th in  t h e  formation 
from a br ie f  d e s c r i p t i o n  by t h e  National Development Company Petroleum Survey o f  South- a r e  common. Age i s  Oligocene t o  Miocene. Rough, knobby h i l l s ,  with outcrops on 
e a s t e r n  Mindoro, d e s c r i p t i o n s  of reconnaissance o f  t h e  c o a l  depos i t s  near  Bulalacao breaks i n  s lope;  coas t  u sua l ly  c l i f f e d .  Caves p resen t  i n  t h e  massive l imestone.  S o w  
( B u r r i t t ,  d e  V i l l a ) ,  and f o r e s t r y  b u l l e t i n s  and r e p o r t s  o f  explora t ion  i n  no r theas t e rn  P le l s tocenecora l l i ne  l imestone may b e  included.  
Mindoro, The geology of t h e  Lubang Is lands ,  o f  t h e  Binaybay River gold p l a c e r s ,  and 
references  t o  o i l  seeps i n  southnes tern  Mindoro a r e  found i n  r e p o r t s  o f  t h e  Mineral Southern Mindoro: Massive white  Pocani l  l imestone,  700 t o  1,000 f e e t  t h i c k  occu- 
Resources o f  t h e  Ph i l ipp ine  I s l ands .  The only d e t a i l e d  geo log ic  map a v a i l a b l e  i s  t h a t  p i e s  a l a r g e  a r e a  i n  t h e  southern end of  t h e  i s l and .  It is under la in  by 1,500 f e e t  of  
of  t h e  Por t  Galera a r e a  ( s e e  i n s e t  map by Teves). T e r t i a r y  coa l  measures ( s e e  T e r t i a r y  C h s t i c s )  . I l i n  and Ambulong I s l a n d s  and h i l l  

east of S t a .  Teresa a r e  Known t o  be l imes tone  which may be e i t h e r  Pocanil  o r  upraised 
GENERAL STATEMENT c o r a l  reefs .  The Bulalacao formation, occupying t h e  peninsula between Soppicay and 

Bulalacao Bays and the  p o i n t  south of Mansalay Bay i s  a thin-bedded limestone with asso-  
Mindoro c o n s i s t s  of  a mountainous core  of basement s c h i s t  and gneiss  in t ruded  by c i a t e d  ca lcareous  pebble beds, sandstone, blue-gray s i l t s t o n e ,  s h a l e ,  and occasional  

igneous rocks ranging from g r a n i t e  t o  p e r i d o t i t e ;  f lanked by folded Mesozoic shale,sand- coarse  conelomerate, t o t a l i n g  1,500 t o  2,000 f e e t  i n  th ickness .  It i s  not  c e r t a i n  
s tone ,  and conglomerate; i n  t u r n  ove r l a in  by folded T e r t i a r y  l imestone and coal-bearing whether t h e  Bulalacao formation over-or unde r l i e s  t h e  Pocani l  formation. Both forma- 
sandstone and sha le .  Along t h e  e a s t  and southwest c o a s t s  many r i v e r s  have spread  a t i o n s  a r e  folded with a NNW t rend.  
n e a r l y  continuous a l l u v i a l  apron 3 t o  1 2  miles  wide. On t h e  southeas t ,  west and nor th  
c o a s t s  mountain r idges  extend t o  t h e  sea ,  ~ s t r i c t i n g  t h e  alluvium t o  c r e s c e n t i c  and Northern Mindoro and Lubang Is land:  (See i n s e t  map). Medio and Paniquian I s l ands  
t r i a n g u l a r  a r e a s  between the  spur s .  Recent c o r a l  r e e f s  surround t h e  Lubang and I l i n .  and south shore o f  Escarceo Po in t  near  P o r t  Galera a r e  c h i e f l y  of  c o r a l l i n e  limestone of 
I s l a n d  groups, and occur i n  t h e  Bulalacao and Soguicay Bay region  i n  sou theas t  Mindoro, l a t e  T e r t i a r y  o r  P le i s tocene  age. White marly s i l t s t o n e  and limestone crops out  i n  
and a t  a numoer of p l aces  along t h e  west coas t .  In  some p laces  o l d  r e e f s  have been up- road c u t s  south and wes t  o f  Lake Naujan. Much of  t h e  alluvium of  t h e  nor theas t  coas ta l  
r a i s e d ,  s o  t h a t  they  now olanket  o l d e r  rocks a t  he ights  a s  g rea t  a s  s e v e r a l  hundred f e e t  p l a i n  may be under la in  by s i m i l a r  rocks. S imi l a r  l imestone reported on h i  Lubang Island. 
above sea l eve l .  

TERTIARY CLASTIC ROCKS ( MAP UNIT 5) 
GEOLOGIC HISTORY 

Extensive pre-Jurassaic  metamorphism has obscured t h e  e a r l y  h i s t o r y  o f  Mindoro. I n  
J u r a s s i c  t ime t h e  p r e s e n t  i s l a n d  was t h e  nor thern  margin o f  a geosyncl ine extending from 
western Borneo and Palawan. Thick marine sandstone and sha le  accumulated, a t  l e a s t  a s  
f a r  n o r t h  a s  M t  Dumali ( c e n t r a l  e a s t  c o a s t ) .  I n  l a t e  Mesozoic time t h e  a r e a  was up- 
l i f t e d ,  t h e  rocks folded i n  a NE t r e n d ,  and eroded. By Oligocene time a t  l e a s t  t h e  
margins of t h e  p resen t  i s l a n d  wereagain depressed;rnassive l imestone,  e ~ a r l s t o n e ,  and 
sha le  were l a i d  down over  wide a r e a s  O f  t h e  beveled basement and Xesozoic rocks,  i n  
a d d i t  ion, coa l -bea r i rg  c l a y  and sand accumulated i n  southeas t  Mindoro. The d e t a i l s  of 
Oligocece-Miocene h i s t o r y  a r e  unce r t a in ;  it i s  c e r t a i n  only t h a t  ~ e v e r a l  g e n t l e  oro enitas 
with NlW f o l d i n g  i n t e r r u p t e d  sedimentation. Sine Miocene time v e r t i c a l  movements gave 
taken p lace ,  with u p l i f t  dominating, causing eros ion  o f  the T e r t i a r y  rocks,upl if tofnarine 
p l a i n s  and f r i n g i n g  c o r a l  r e e f s ,  and depos i t ion  o f  t h i c k  a l l u v i a l  b lankets  on t h e  
bordering lowlands. 

DESCRIPTION OF ROCK UNITS 

FRINGING CORAL PXEFS (MAP UNIT 1 )  

Generalt  Coral  l imestone, some interbedded sand, g rave l ,  and calcareous clay;  
chief-osed o f  c o r a l  remains. Limestone g e n e r a l l y  hard, but  u sua l ly  porous and 
c e l l u l a r ;  may l o c a l l y  grade to  s o f t  ca lcareous  clay.  Extremely v a r i a b l e  i n  t e x t u r e ,  
cementation, and hardness,  w i th in  s h o r t  d is tances .  Coral sand and sh ingle  on beaches, 
w i th  some mud from o t h e r  sources;  may be cemented into slabbyubeach rock". Exposed 
su r face  may be harder  than  underlying rock; w e a t h e r h g  produces a case-hardening e f f e c t .  

Fringing r e e f s ,  100 yards  t o  a mile  wide, p a r t l y  e q o s e d  a t  low t i d e ,  around out- 
l y i n g  i s l a n d s  and along p a r t s  of west and southwest coas t  

RECENT ALLWIUM (MAP UNIT 2)  

General: I n t e r l a y e r e d  c l a y  and s i l t ,  some sand, g rave l  and boulders.  Chief con- 
s t i t u e n t s  l a r g e r  s i z e s  a r e  probably quar tz ,  f e ldspa r ,  rock fragments, some mica. 
Deposi ts  a r e  t h i c k ,  l e n t i c u l a r ,  and poor ly  s o r t e d  because of  rap id  depos i t ion  by s h i f t -  
i n g  t o r r e n t i a l  streams. Large v a l l e y s  may be bordered wi th  t e r r a c e s  10 t o  50 f e e t  high 
of  sand, gravel ,  and boulders  (View 8 . On c o a s t a l  p l a i n s  t h e  r i v e r s  have wide 
channels  with 6 to 12-foot  n a t u r a l  levees .  Adjacent i n t e r s t r eam a r e a s  a r e  t h i c k l y  
mantled with c l a y  depos i ted  a t  f l ood  s t age .  I n  r a i n l e s s  per iods  stream l e v e l s  a r e  very  
low, channels f loo red  wi th  intermixed boulders,  gravel ,  and sand  (Views 3L9) .  Temporary 
sand b a r s  may form uetween t imes of heavy r a i n  and moststreams have sand bars  a t  mouths. 
Beaches and beach r idges  sandy and g r a v e l l y .  S o i l  cover v a r i e s  from none i n  dry stream 
beds t o  10  t o  15 f e e t  i n  most permanent i n t e r s t r eam areas .  

East  Coast, A l luv ia l  P la in :  From Takligan, 8 miles west  of Calapan onNE coas t ,  t o  
Mansalay Say on SE c c a s t ,  a n  a l l u v i a l  apron 3 t o  12 mi les  wide fcrmed by coalesc ing  
d e l t a s  bf t h e  nany streams d ra in ing  t h e  c e n t r a l  mountains r i ~ e s  t o  low r o l l i n g  country 
(200 f e e t  maximum e l e v a t i o n )  back from coast .  Low n a t u r a l  l e v e e s  border t h e  s t r e a s  of  
t h e  c c a s t a l  lowlmd.  On nor th  c o a s t  near  Por t  Galera,  Dulangan, and on t h e  Binaybay 
River,  unsorted coa r se  g rave l s ,  boulders,  and sands i n  s t eep  mountain streams ( a l l u v i a l  
a r e a s  t o o  small  t o  show on map). Low beach r idge  of  sand and g r a v e l  i s  b a c ~ e d  'sy man- 
grove swamp i n  many p laces .  Black mud occurs  on west shore o f  Lake Naujan, and i n  ad- 
jacent  v a l l e y  of  Subaan River. 

Southwest Coast A l luv ia l  P la in :  Made o f  t h e  d e l t a s  o f  Cayray ,  Bugsanga, and 
Lumintao Rivers.  These r i v e r  v a l l e y s  have sandy and g r a v e l l y  f lood p la ins ;  n a t u r a l  
l evees  near  coas t ,  and 10 t o  20-foot t e r r a c e s  f a r t h e r  inland.Alluvia1 fans  probably 
occur where r i v e r s  pass  from mcuntains t o  loivlands. South channel o f  Lumintao around 
i s l a n d  6 mi les  i n  from c o a s t  i s  probably aoandoned, g rave l  f i l l e d .  Gravel and sand on 
nor th  s p i t  a t  mouth o f  Mangarin Bay. Coastal  f l a t s  pass  i n t o  low gent ly  r o l l i n g  h i l l s  
in land;  e l eva t ion  of  100 t o  150 f e e t .  

I Centra l  l e s t  Coast A l luv ia l  P la ins :  L i t t l e  i s  known of  cha rac te r  o r  ex ten t  o f  
alluvium. Probably similar t o  southwest c o a s t  a l l u v i a l  p l a i n .  A beach r idge  along - - I c oas t ,  i n  many p l a c e s  p a r a l l e l e d  by r i v e r s  on landward s ide .  

North, Northwest, and South Coasts: Mountain r idges  p r o j e c t  t o  sea, r e s t r i c t i n g  
al luvium t o  t r i a n g u l a r  and c re scen t i c  a reas  betweenspurs ( s e e  i n s e t  map o f  P o r t  Galera 
reg ion) .  Ida ter ia l  probably coa r se r  than  t h a t  of broad p l a i n s .  

Lubang Is lands :  Beaches of quartzose sand, quar tz  g rave l  and boulders  occur on 
shores  of  Looc and Taba j in  Bays and i n  v i c i n i t y  o f  Agcauayan. Sand i s  c l e a n  between 

low and high water  l e v e l s ,  mixed with c l ay  and mica between 
high water  and h i l l s .  

1 PLEISTOCENE TERRACE DEPOSITS (MAP UNIT 3) 

General: Boulder and g r a v e l  l enses  i n  c l a y  matrix; s i m i l a r  t o  Recent a l l u v i a l  de- 
p o s i t s ,  b u t  more deeply weathered. Chief rock types of  coa r se r  ma te r i a l  a r e  probably 
g r a n i t e ,  gne iss ,  and s c h i s t ,  Terraces occur a s  low, f la t - topped h i l l s  t o  200 f e e t  i n  
e l eva t ion ,  c u t  by many stee?-walled ravines.  D i f f e r e n t i a l  u p l i f t  and f a u l t i n g  have 
p robab lydes t royed  Ule o r i g i n a l  accordance of  summits i n  most p l aces .  S o i l  cover 1 o r  
2 f e e t  on s lopes ,  h t o  10  f e e t  on tops  of f l a t  h i l l s .  Probably u p l i f t e d  c o r a l  r e e f s  10- 
c a l l y ,  b u t  no information a v a i l a b l e  (See T e r t i a r y  Limestone ) .  

I San Jose-Progreso Area, near  Bugsanga River, Soutb.west Mindoro: Low, f lat- topped 
h i l l s ,  moderately d i s sec t ed .  A t  l e a s t  one a rea ,  abo,ut 3,0001 by 500 t o  1 ,000 f e e t .  
remains undissected.  

Eas t  Coast: No information a v a i l a b l e .  F o o t h i l l  b e l t ,  1 t o  3 mi les  wide, border- 
i ng  c o a s t a l  p l a i n  alluvium, may con ta in  f lat- topped t e r r a c e  remnants wi th  e l eva t ions  

t o  200 f e e t .  (Not mapped). 

I TERTIARY LIMESTONE (MAP UNIT h )  

General: Massive and thin-bedded limestone, calcareous pebble beds, sandstone, 
blue-gray s i l t s t o n e ,  sha le ,  and minor coarse conglomerate. Thickness i s  extremely 

General: Several  thousand f e e t  of  sandstone, sha le ,  c lay ,  some l ines tone ,  and 
l o c a l l y  some coa l .  Age may be Eocene t o  upper !diocene. Beds a r e  folded with genera l  
NNW t rend .  Fau l t s  a r e  probably numerous. Usually rough h i l l  country,  s c f t e r  beds may 
form low h i l l s  and open v a l l e y s .  

Southeast  Mindoro: Bluish-gray, green, and yel low c l ays ,  sandstone, and conglon- 
e r a t e ,  some sand and marl, i n t e r c a l a t e d  wi th  h minable seams of coal ;  l i e  unccnformably 
on Mesozoic sandstone and shale:  a r e  ove r l a in  by T e r t i a r y  limestone. Total  t h i ckness  
i s  approximately 1,500 f e e t .  De ta i l s  of  t h e  d i s t r i b u t i o n  of  c o a l  neasures and Pocanil  
l i n e s t o n e  a r e  unkncwn. Beds folded i n  a NNW t rend ,  w i th  limbs d ipping  30° t o  700. Age 
i s  Oligocene o r  Miocene. I r r e g u l a r ,  r o l l i n g  h i l l s ,  wi th  inf requent  outcrops,  c h i e f l y  
along streams and on s t e e p e r  h i l l s l o p e s .  

P o r t  Galera,  Northern Mindoro: Approximte ly  1,000 f e e t  of  g r a y  f ine-grained,  
red and yellow coarse-grained, tuf faceous  and marly sha le s ,  with a basa l  conglonerate 
conta in ing  pebbles of quar tz ,  marble, s c h i s t ,  and serpent ine ,occurs  on t h e  peninsula 
(See i n s e t  map). Beds a r e  f a i r l y  well  compacted, gen t ly  folded, f au l t ed ,  and l i e  uncon- 
formably on t h e  Basement Complex. Age is probably Miocene. Topography i s  f l a t  o r  gently 
r o l l i n g ,  probably r ep resen t ing  a r e c e n t l y  u p l i f t e d  and moderately d i s s e c t e d  marine plain. 

Southwest Mindoro: O i l  seeps from Miocene s h a l e  and sandstone a r e  repor ted  some- 
where t o  nor th  of  Mangarin Bay on t r i b u t a r i e s  o f  t h e  Bugsanga River, and  i n  h i l l s  t o  
no r theas t  of  bay, beyond a l l u v i a l  p l a in .  

MESOZOIC CLASTICS (MAP UNIT 6) 

General: 5,000 t o  10,000 f e e t  of  hard c a l c a r e o l ~ s  mudstone, calcareous o r  s i l i c e o u s  
carbonaceous sandstone,  some conglomerate. Beds are folded,  wi th  no r th  o r  no r theas t  
t rend ,  probably f a u l t e d  i n  many p laces .  Deeply d i s sec t ed  i n t o  rough h i l l s  and mountain?; 
outcrops occur along streams; o n b r e a k s  o f  s lope o f  s t e e p  h i l l s .  

Southeastern Mindoro: Several  thousand f e e t  o f  hard ca lcareous  mudstone and ca l ca r -  
eous o r  s i l i c e o u s  carbonaceous sands tone  is erposed near  Mansalay aay i n  an east-dipping 
hiE s t r i k i n g  monocline. A t  t h e  po in t  j u s t  n o r t h e a s t  o f  Manaul, l imestone concret ions 
containing cephalopods a r e  present  i n  coarse  conglomerhte. I n  a rea  
to  west o f  Manaul, s h a l e  and sandy s h a l e  exposed on h i l l  c r e s t s .  

M t  Dumali, and Hills East of Lake Naujan, Eas t  Cent ra l  Coast: M t  Dumali i s  composed 
o f  beds s i m i l a r  t o  those o f  Mansalay Bay. Hills e a s t  o f  Lake Naujan and those  e a s t  o f  
Calapan a r e  o f  conglomerate o r  agglomerate, and a r e  c l a s s i f i e d  with t h e  Mesozoic. a l -  
though they  may be  Te r t i a ry .  

EASEMENT COMPLEX (MAP UNIT 7 )  

General: Highly metamorphosed complex of  g r a n i t e ,  d i o r i t e ,  gabbro, serpent ine ,  
gne iss ,  s c h i s t ,  c h e r t ,  s l a t e ,  marble, all c u t  by numerous massive quar tz  veins.  Some 
andes i t e  may a l s o  b e  included.  These rocks form t h e  high rugged c e n t r a l  r ange  of Mindom, 
and continue to t h e  northwest  i n  t h e  Lubang Is lands .  S o i l  and d i s i n t e g r a t e d  rock cover 
a r e  deep except i n  stream gorges,  where f r e s h  bedrock i s  exposed i n  t h e  stream bed and 
canyon w a l l s  i n  many p laces .  

Por t  Galera, Northern Mindoro: ( s e e  i n s e t  map) Hornblende mica g r a n i t e ,  granodio- 
r i t e ,  l i g h t  brown g r a n i t e  gneiss ,  l e n t i c u l a r  carbonate gneiss ,  s e r i c i t e  and c h l o r i t e  
s c h i s t s ,  f ine-grained white- to yellow-gray massive marble, some serpent ine .  Rocks d i s -  
s ec t ed  by rav ines  with r ap ids  and f a l l s  i n  s t reams.  

Binaybay, Northeast Mindoro: Sch i s t , gne i s s ,  pr.obably g r a n i t i c ,  c u t  by many quar tz  
ve ins ,  form rough, deeply d i s s e c t e d  h i l l s .  

M t  Halcon, North Central  Mindoro:MtHaLcon i s  a mass of g ran i t e ,  quar tz ,  s c h i s t  and 
marble. Possibly some andes i t e  i s  present .  Extremely rough country,  with high, narrow 
r idges  and deep canyons which o f t e n  have bare  rock walls.  

Lubang Is lands ,  Northwest of  Mindoro: Grani te ,  a c i d  s c h i s t  and g n e i s s ,  s late ,some 
cross-cut t ing  se rpen t ine  and qua r t z  ve ins .  Grani te  crops out  on narrow i s thnus  between 
Looc and Tabaj in Says, Lubang I s l and ;  i s  f lanked on nor th  and s o u t h  by mica s c h i s t .  Golo 
I s l and  is c h i e f l y  mica s c h i s t ,  wi th  s e r p e n t i n e  i n  c e n t r a l  p a r t .  A m b i l  I s l and  i s  probably 
mostly serpent ine .  Rugged, deeply d i s s e c t e d  h i l l  country, wi th  outcrops along the  coas t ,  
and probably i n  some s t e e p  c l i f f s  along streams. 

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

Uses I 3 i s t r i j u t i o n  
E f f e c t s  on Mi l i t a ry  3 p r a t i o n s  

Tme  I I I Movement Observation 

Sandy beaches a r e  com.c~only forned where 
p l a i n s  o r  r o l l i n g  t e r r a i n  comes c lose  t o  
coas t ,  snd they a l t e r n a t e  with swa~p.3 or  
rocky coas t  covered wi th  in l and  vegeta t ian  
types. Beaches range i n  width from a few to 
hundreds of yards;  sone narrow beaches not  
shown on ma?. T e r r a k  in land from t h e  beach- 
e s  may be h i l l s  o r  lowlands e t h  a r y  type 
of in land vegeta t ion except fresh-water swamp. 
Wild beach v e g e t a t i l n  co!"nonly pure s t a d s  
o f  c a s u r i n a  ( s e a  bel3w) i n  sandy s o i l s  of 
beaches and some r i v e r  f lood p la ins ,  ns along 
Lwnintas and Bugsanga Rivers.  Elsewhere a 
mixture of o t h e r  types  of t r e e s  and m d e r -  
growth, i n  which pandm (screw pine) may be 
abb~ndant. Uow?v?r most beaches on Mindoro 
a r e  c leared,  c>f i t iva ted  aqd sett,led and re- 
s e r b l e  type 4 .  

Clear ing and 
ConceaLnent Smr1,hlne 

Casuarina Tyx: Casuarina resembles a pine; 
recoznizable from considerable d i s t ance  s f f -  I A l l  f o r e s t  types 

o f f e r  f a i r  t o  good 
concealnent from 
a e r i a l  observation.  

- Trans>or t :  Casuarina f o r -  
est, e a s i l y  penet ra ted  i n  zosf 
p laces .  Spacing of t r e e s  irregu- 
l a r  but cornonly r i d e  enough f o r  
t rucks .  Tract ion good on sandy 
s o i l  of Zasulrina beachss; probab- 
l y  not  as  g o d  on other  jeacb?s.  
I n  o the r  beach f o r e s f s  t h i c ~  
under;ro.Rt.i m y  ha,?? ?a ts ~ l e a r d ,  
Pandanus g r m s  th i ck ly  but can be 
r e a d i l y  c leared:  tracked vehic les  

Casllarina t r e e s  
r e q > ~ i r e  c d t t i ~ g  
o r  b l a s t i n z ;  
can be grubbed 
with dozers. 
Paths t h r o u ~ h  
dense nnder- 
gro@,h r e a d i l y  
c leared n i t h  
bolos. 

' l i s ib i l i t , y  f a i r -  
l y  good i n  
Casuarina for-  
e a t s  +,hat cen- 
e r a l l y  have 
l i t t l e  , ude r -  
growth; nay be 
only  a few t ens 
of f e e t  i n  
o the r  f o r e s t s .  

Casuarina wmd, l o c a l l y  
c a l l e d  iror.mod, 5s very 
hard and heavy and somewitat 
d i r f i z d ~  t o  ?an.  Vakes 
e x c e l l e n t  firewood; wood 
i s  s i ; i table  f o r  hexvy con- 
s t r u c t i o n ;  i n  gro.lnd, it 
w i l l  l a s t  5 o r  7 years .  
Trunks up $0 2 f e e t  o r  
more i n  d i m e t e r .  Other 
t r e e s  on beaches a r e  
scrubby and of l i t t l e  

L 
SANDY SEACti 
VECTTATION 

- 
shore o r  f r m  t h e  a i r .  :latare t r e e s  a re  60 
t o  100 f e e t  t a l l  and up t o  2 f e e t ,  r a r e l y  3, 
i n  diaret,nr. I n  most p laces  l i t t l e  nnder- 
zrowth o the r  than Casuarina seedlin2s;  gro,ml? 
carpeted with f a l l e n  twigs. Spaci lg  of t r e e s  
i r r e g u l s r ,  b ' ~ t  campy f a i r l y  continusus.  
Mixed Twes :  Sca t t e red  t r e e s  of o t h e r  types 
ccmmonly have f a i r l y  th i ck ,  tanzled  >under- 
growbh of low shrubs,  vines,  and cree;rers. 
The ?andan (screw-pine) ,  colnon on s a l e  
beac\es, is  law, s c r ~ b b y  t r e e  with long, 
broad, sp iny-ed~ed leaves ;  trunks up t o  6 
inches i n  dixi!e$er. 
Coconuts: C u l t i v ~ t e d  coconut palms p o w  on -- 
many Seaches, p a r t i c u l a r l f  on e a s t  coas t .  
( s e e  Cul t iva ted   rea as). 

probal~ly  r s z u i r e  no c l ea r ing .  
Foot T m :  Easy a o v e ~ e n t  i n  - 
Cas ,u r ina  f o r e s t :  c u t t i n s  neces- 

value. 
- 

sa ry  i n  some mixed types.  S?iny 
leaves  of pandan a r e  a nuisance 
bu t  e a s i l y  c leared.  

-- 

V i s i b i l i t y  gen- 
e r a l l y  r e s t r i c -  
t e d  t o  a few 
score  f e e t .  

Trees must be 
f e l l e d  by hand 
o r  power saws. 
Logs and m o t s ,  
where access ib le  
t o  l and  equip- 
ment, may be 
removed by t r a c -  
t o r  and dozer;  
elsewhere they 
may be dragged 
o u t  by winch 
and cable  on 
anchored boats.  
Nipa and tangles  
of mangrove 
r o o t s  c u t  ou t  can wi th  b e  

saws and bolos. 

Mangrove f o r e s t  i s  p r ine  
source of firewood. T.ar~er 
t r e e s  have hard, heavy, 
r a t h e r  s t ra ight -gra ined 
wood t h a t  i s  stron: enough 
f o r  h o u s e p s t s  and can be 
used f o r  tem?orary construe 
t i o n ;  i n  gr3und wood l a s t s  
5 t o  9 years .  Firewood 
i s  cut  by hand and c a r r i e d  
out on foo t ;  l a r z e r  timbers 
f o r  p i l i n g  o r  o t h e r  heavy 
cnnst ruct ian  a r e  dragged 
ou t  by winch and cable on 
boat:. Slender trunks of 
langaray t r e e s  ( 6  t o  8 inc? 
e s  i n  diameter) a r e  use fu l  
f o r  t m p r a r y  p i l in i :  and 
w i l l  l a s t  1 to 5 yea r s  i n  
ground. Dunson-late t r e e s  
have strong, very tou:h 
wood s , ~ i t a b l e  f o r  heavy 
const ruct ion;  provide one 
of the  few l o c a l  woods t,hat 
can withstand repeated  
shocks; recom~ended f o r  
bridge t inbe r inz .  T a b u  
t r e e s ,  i f  l a r g e  eno.igh, car 
fu rn i sh  durable wood f o r  
p i l i n g  i n  s a l t  water. Tne 
bark o f  seve ra l  spec ies  of 
t r e e s  conta ins  ruch tannin,  
w?.iely used f o r  sca ining 
brown and preserving f i s h  
ne t s ,  cordage, and c lo th .  
Nipa used c h i e f l y  i n  makin2 
thatchin:, which l a s t s  5 
t o  7 years .  

Manxrove Porest,s: Include seve ra l  species  
o f  t r e e s ,  nany f a i r l y  1ar:e. Some a r e  P3 t o  
100 f e e t  high and 2 f e e t  o r  more i n  d i a r e t e r ,  
blut genera l ly  a re  s n a l l e r .  Trees form dense 
s tands  wi th  nea r ly  c losed overhead canopy 
and l i t t l e  underjrowth. Varisus kinds n? a i r  
roo t s  e9,end npward t o  high-nater l e v e l ;  
these  may be s t r a i z h t ,  v e r t i c a l  s t i c k - l i k e  
r u s t s  standing c lose  together ,  o r  may form 
dense t ang les  of curved roo t s  (convex upward 
and outward from t runk) .  
a P a :  Have creeplng s t e m  t h a t  send up 
c l ~ ~ p s  o f  pale  green l e a w s  3 t o  1 5  f e e t  
high; genera l ly  i n  c lose  pure s tands  without 
undergrwth;  i n  p laces  nixed wi th  *lanigo.re 
and other  kinds of t r e e s ;  not  distin;uished 
from man~ro-:e on map. 
?!ixed - TJ.iiF?s: I n t e r i s r  of swan? nay conta in  
tabau t r e e s ,  r a r e l y  up t o  Z f e e t  i n  d i z ~ e t e r  
usual ly  s c a t t e r e d .  S t r a i g h t  s lender  lanzaray 
t r e e s ,  6 t o  3 inches ( r a r e l y  16 inches) i n  
d i m e t e r ,  form pure st,alds i n  na?y plsces .  
Large t r e e s  known a s  dungon-late a r e  sca t -  
t e r e d  along landward edge o f  swamp; i n  s t h e r  
p laces  t r a n s i t i o n  to dry-land t w s  is  

2 
M.4!4GR01,% TIRESTS 
( inc lud ing  Nipa 
Palms and Mixed 
Types) 

%tot T r 3 n s w r t :  Ea r r i e r  areas .  
Even where ve-e ta t ion  is c leared,  
mu.ienent i s  pre,iented by so<gy, 
mud3y ground that i s  in,undated a t  
high t i d e .  I n  t r a n s i t i s n  zone 
a t  lankaard  edze of snmps,  move- 
r e n t  i s  severe ly  1 L ~ i t e d  but i n  
p laces  poss ib le .  
Foot T r o o z :  jo in3 is  j i f f i c u l t .  -- 
A t  h i sh  t i d e ,  movement i s  p r a c t i c -  
a l l y  F ~ p o s s i b l e ;  a t  l o n  t i d e  a 
man m y  s ink  knee dee? i n  s o f t  nu, 
a t  ou te r  ed:e of swm.p; f a r t h e r  
in laxd,  s o i l  nay c3ntaLn sone 
sand and :i-e s o a e ~ h a t  b e t f e r  
foot ing.  Tangles of a i r  roo t s  
cover m:ch of ground; commonly 
encrus ted  wi th  shar?-edsed s h e l l s  
ro,?on p r a c t i c e  i s  t o  clamber 
3n t o p  o f  c lus5e r s  of a i r  roo$sl 
using t r e e  t,rvnks and branches 
f ? r  handholds. In  p laces  a t  
1and.mrd edge of s n x ~ p ,  t h i c k  
t ang les  of v ines  and o t h e r  under- 
grgwth a re  d i f f i c u l t  t o  pe?et,rate' 
nipa paLns p o w  t h i c k l y  and a r e  
nea r ly  Lrpassable. Croco i i l e s  
a re  cormon. Many pois3nc,ls snake! 
gene ra l ly  slow-zovilg, r a r e l y  
ca,lse t ro : lb le .  Rit ing f l i e s  and 
mos2uitoas conmonly nmerous.  
Boats: Travel 5 small  boats i s  - 
zenera l ly  e a s i e r  t h m  by foot. A t  
high t i d e ,  landin: c r a f t  and can- 
oes  i n  p laces  may push through 
mangroie f o r e s t ;  a t  law t i d e  on ly  
t i d a l  channels navigable. Pene- 
t r a t i o n  O F  nipa f o r e s t  1 s  possiSle 
alonz open channels; very d i f f i -  
c u l t  elsenhere.  I n  general ,  
abundant nipa on a channel bank 
i n d i c a t e s  t h a t  d e e ~ e s t  water i s  1 near bank. 

Kan3ro;re f o r e s t s  a r e  f o m e d  i n  t h e  zone which 
i s  covered wi th  .>p t o  3 01' 4 f e e t  of s a l t  o r  
brackish  water a t  high t i d e  and exposed, o r  
nea r ly  so,  a t  low t i d e .  On Mindoro these  
condi t ions  a re  com~~only  n e t  i n  t idewater 
swznps on r i v e r  d e l t a s ,  on shores  of shallow 
protec ted  bays, on some smal l  i s l a n d s  and 
a long r i v e r  banks a s  f a r  upstream a s  t h e  
water is  s a l t y  o r  brac'dsh. 4 1 1  of t h e  swx?ps 
a r e  commonly crossed by nany t o r t t ~ o w  t i d a l  
channels of varying width and depth. Nipa 
paLq ( s e e  D s s c r i n t i o n  c o l m )  t o l e r a t e s  
f r e s h e r  water than o t h e r  swamp fonr.3 and is 
comonly  found cn the  landward m.?rgin o f  

I 
swamps; alsnl: e s t u a r i e s  and along t h e  lower 
courses of r i v e r s .  Xowever, i n  p laces  it is 
mixed wi th  ? a n p o s e  and l o c a l l y  i s  founr! 
even i n  t h e  seaward edge of swamps. ? ips  
paLqs a r e  c u l t i v a t e d  i n  small  a reas  south of 
Saco and on a l a r g e  t r a c t  on e a s t  s ide  of 
Saruyan River, s0,~t.h of Calumgan Lake. 

Grasses can conceal 
broo?s from gr3 ,~nd 
b,lt not from a e r i a l  
ob;ervat ion.  Troops 
e a s i ?  y concealed 
f ro% cro:ind and aeria:  
observat ion i n  b u r i  

Motor T r a n s w r t :  3enera l ly  im- 
passable, bxut p a r t s  o f  snalps  
may become dry  and f i rm during 
extended dry  psr iod.  
Foot Troopg, I n  grassy  sramps 
movement d i f f i c . ~ l t ;  l o c a l l y  
irnolssable: o s r t s  nav be  assa able 

3 
b?icSu-'+/ATER S7Nx>1?S 

V i s i b i l i t y  zood 
where grasses  
and reeds a r e  
not  too  t a l l ,  
Moderate t o  anor 
i n  b u r l  swmp. 

I 

- .  
airas :raw v t r t i c a l i y  66 f e e t  or  more. .?are- 
y c lose  enough t o  form complete canopy, bu t  
orm dense growth along surne s t r e a m ,  e s p e c i a l  

h e r e  s t rear~is  pass through grassy  areas .  A 
ew scrubby t r e e s  and bushes g r o r  between pain  

!kades sharply  i n t o  in land f o r e s t  types. I 

Local and no t  .rery ex?,ensive. Grassy swm.?s 
b o r j e r  t h e  nor th ,  , ~ e s t  and ~ 0 ' 1 t h  s i d e s  of 
Lake Nau2an; b u r i  palm swamps bor<!er in land 
margins oP some nan:ro7ie and n ips  sna-,ps. 
P r inc ipa l  b u - i  swamp along t h e  1lo.ier co,irse 
o f  t h e  ?ongabon 3 ive r .  

S ras ses  r e a d i l y  
cu t  with bolos 
and &ir i  aoriers. p a l ~ s  

d i f f i c l l t  t o  
c l e a r ;  nay 
re2 , l i re  c ' l t t i na  

b y ' t r a i l  wien dry. kasy Lo 
Seczme l o s t  i n  t a l l  grass.  In  
b u r i  swanps no,ienent gene ra l ly  
easy, depending on dens i ty  of 
undergrowth. 
?oats: Small boats  can e a s i l y  - 
t r ave r se  f looded a r e a s  v ia  natxural 

j r a s s y  Swa~2: Dense grorrt,h o f  g ras ses  o r  
seSses 9 t o  1 3  f e e t  high. Frequently flooded; 
saxe always have standin: a a t e r .  -- hui -: Generally occu?ies b e l t  behind 
n i ~ a  swamp never f looded by t i d e ,  but very 
wet ,of ten  has s tanding f r e s h  water. No t  
confrned t o  are8  border inr  n L ~ a  swam. 

i 

For grasses ,  none. Leaves 
of bu r i  paLns r!ake good 
thatching.  

swamps. and b l a s t i n g ;  
use of winches 
and cables.  - I 

channels o r  a r t i f i c i a l  canoe 
t r a i l s .  

The p r i n c i p a l  c u l t j v a t e d  a reas  a r e  along t h e  
coas t  on t h e  p l a i r , ~ ,  sandy beaches and s 'me 
of t h e  lower h i l l s .  Small patches of higher 
mountain la-d  a re  used on ly  l o c a l l y .  Tota l  
o f  a l l  la?d i n  s u l t b r a t i o n  a b s ~ t  5%. Rice, 
t h e  p r i n c i p a l  zr37, i s  grown on the  low coas ta l  
p l a ins .  Suiarca?e i s  grown o n  the  southwest 
coas t ,  coconuts along t h e  e a s t  coas t ,  and 
hemp (abaca )  along t h e  nor theas t  coas t .  The 
o t h e r  important  crops a r e  corn, snee t  potato% 
cassava, and tobacco. 

Rice: Req.lires s tanding water d ) r i n g  p'ant- - 
ing ,  d r y  groind f o r  harvesting; ground 
s e n e r a l l y  has imperviow substratum t o  hold 
water; f i e l d s  diked with e a r t h  embanbents 
one t o  a ?ex f e e t  high. Permanent s v m p s  
a r e  genera l ly  dra ined before p lanf ivg r i c e .  
Coconut Palms: Crow on sandy beaches and 
o tbe r  well-drained s o i l s ;  :ensrally planted 
25 t o  30 f e e t  a p a r t  i n  rows equal ly  spaced. 
Trees genera l ly  33 t o  50 f e e t  high, i n  p laces  
30 f e e t  o r  nore;  t,run!k d iane te r  about 10 
inches.  Overhead canoov f a i r l y  close:  

L'ost coconut groves 
can conceal vehic les  
and personnel f r o ?  
s e r i a l  but not from 
ground observation.  
!ie:~p and t a l l e r  
sugarcane provide 
f a i r  t o  good ccnceal-  
nent f ro7  :ro,~nd 
and a e r i a l  observa- 
t i o n .  F r u i t  t r e e s ,  
espec!ally aangos 
a f fo rd  e -ce l l en t  
c?nceaLnent from 
a e r i a l  observatior.. 
3 t h e r  crops o f f e r  
l i t t l e  concealment. 

?.lotor "aanwrt :  Xovement e a s y  i r  
c o c o n ~ ~ t  grovzs vrhere slope md 
<round permit. T.'.ght c l ea r ing  
necessary i n  Manila hemp (abaca)  
f i e l j s .  "ah?eled motor t r anspor t  
cannot c ross  wet r i c e  fields unles3 
dikes  a r e  broken and wate? 
drained.  Wen fie135 m e  dry,  
ground i s  firm and e . i s i ly  crosse$: 
qliickly beco.:es muddy dluing 
r a i n s ;  d r i e s  slowly. :dost o t h e r  
crops >.ill not  o b s t r u z t  mavement. 
Foot Troom: Fasy ~ovement  ex- 
cept i n  r e t  r i c e  land where 
e a s i e s t  xovment  i s  along dikes.  

Coanl l t  p a h s  
have shallow 
r o o t s  and a re  
e a s i l y  pushed 
over by dozers .  
Most o the r  
c u l t i v i t e d  
growth r e i d i l q  
c leared with 
bolo knives. 

V i s i b i l i t y  
r e s t r i c t e d  i n  
coconut groves; 
and by sca t t s r ed  
t r e e s  near vil- 
l aces ;  poor i n  
henp planta- 
t i ons ;  g?od 
elsewhere. 

Fooi crops. iiemp f o r  
cordase.  Trunks of coco- 
n , ~ t  paI-5, ;n::raIly 3 t o  
12 inshes  i n  d i w s t e r  a rc  
usef:;l f c r  -aki rg  t e n ~ c r h r y  
c o r d w , , ~ '  roads on h g g y  
gro .nd and f o r  caking tm.- 
.orary r e l a i r i n g  v:alls. 

l i t t l e  under~rowth  i n  n o s t  pla;tat,ion;. 
'Lanila Hem2 P1ar . t~  r e s e ~ b l e  banana 
p lan t s ;  form dense growth 12 t o  15 f e s t  high. 
S u ~ a r c a n e :  Srons t h i c k l y ;  he ight  5 o r  6 f e e t  
up t o  1 0  f e e t .  
1 Commonly fo rns  thorny,  impenetrable 
clumps 40 to 50 f e e t  and except ional ly  50 
f e e t  high; ma.ny d i f f e r e n t  v a r i e t i e s .  
n :  Large dense-cro-med t r e e  50 t o  60 
f e e t  across;  commonly found near houses. 
Corn: Senera l ly  o n l y  3 o r  4 f e e t  high, hut  - 
nay be t a l l e r .  

5 
PRIMARY FOREST 

(inc1udi.r.g Uossy 
and Pine Fores ts )  

The Primary Fores t  which once covered t h e  
i s l a n d  is  now found over ?out of t h e  h igher  
h i l l s  and lower rounta'n s l -pes  and on soEe 
lonlands.  ?here a r e  two nod i f i ca t ions  of the  
prir.clpa1 type  wtLch deveiop under s p e c i a l  
condi t ions .  Mossy f o r e s t  ;;raws above t h e  
p reva i l ing  clo;ld l e v e l ,  t h e  t r a r . s i t i on  zone 
ranging f ron 3,000 f e e t  u?. Xere t h e  
h m i d i t y  i s  even higher  than i n  t h e  main 
f o r e s t  and f o r  lcng per iods  approxinates 
sa tu ra t ion .  Pine f o r e s t  gro7:;s on high 
ground on t h e  n e s t  s i d e  of t h e  nor thern  half  
o f  t h e  c e n t r a l  ~ o ~ n t a i n  range i n  a reas  where 
t h e  ground is p a r t i c u l a r l y  we l l  drained and 
tile h,m,idity coapara t ively  low. ' h i l e  i t s  
lower l i m i t  i n  ~ e n e v a l  i s  3,000 f e e t , s r a l l  
open groves a r e  found s c a t t e r e d  through t h e  
grass lands  a t  lower e l eva t ion  and occur a s  
low as  200 f e e t  near Santa Cruz. (Not shown on 
map. ) 

I n  many places  
i n  Pr i?ary  and 
mossy for?st,s it 
i s  impJssifll., 
t o  see  Tore 
than 20 o r  30 
yards  i n  any 
d i r e c t  fan. Sone 
t r e e t c p s  nay be 
high enn:igh t o  
provide view 
f o r  lookouts. 
I n  pine f o r e s t s  
observat ion 
sozenhat 
r e s t , r i c t ed ,  but 
many vantage 
po in t s  f o r  losk- 
ou t s .  

Pr inary  Forest:  Many big t r e e s  tower over 
success ively  smaller  t r e e s .  Fores t  campy 
up t o  100 o r  150 f e e t  high, 7Ath some higher 
t r e e s ,  shuts  o u t  sun l igh t  a l ~ ! o s t  e n t i r i l y .  
S p a c i n  i r r e g u l a r  bu t  i n  many places  wide 
enough t o  permit passage of t r u c k s .  Trunk 
dia-ieters up t o  6 f e e t  o r  more. Many t r e e s  
a r e  supported by l a r g e  r o o t  bu t t r e s ses  
extending 10 t o  20 f e e t  up along trunk and 
f l a r i n g  ou t  as  f a r  a s  20 f e e t  o r  more from 
base; such roo t  b?i t t resses  may be a few 
inches t o  a f o o t  th i ck .  Undergrovth nay be 
dense, bu t  i n  mmy types  of f o r e s t  it is  
l i g h t .  A t  edge of f o r e s t ,  dense wa l l  of 
secondary zrov.dh is  ccr,non (See Yap Cnit  6 ) .  
I.lossy Forest:  Zenera l ly  above 3,000 f e e t  
a l t i t u d e ,  c o c s i s t  of dwarf t r e e s  decreas i rg  
i n  heicht  f roa  about 60 f e e t  a t  lo,>!er a l t i -  
tudes t o  a f en  f e e t  on higher Fountain Lops. 
Branches form dense growth cl-cse t o  ground) 
vany r o o t s  above gro,md form tang les  3 or  4 
f e e t  high. Trees, roo t s ,  and grocnd a r e  
covered with s p o n u ,  soggli n a t s  and fes toons  
o f  moss. 
Tine Forest:  Sca t t e red  groves of p ine  t r e e s  
6 0 o o e e t  high; 1 3  inches t o  3 f e e t  'n  
diameter on l w e s t  branches 4 t o  6 f e e t  a k . r e  
gromd. Trees widely spaced with nany open 
areas  covered with t a l l  grass.  S o i l  generall:; 
ex t r ene ly  dry  and veil d ra i r ed .  Cn r idges  and 
western s lopes  i n  north a t  varying a l t i t u d e s ,  
mostly over 4,000 f e e t .  

In  Primary f o r e s t  
dense f o r e s t  canopy 
gives  pe r fec t  concenl- 
nent from a e r i a l  ob- 
servat ion.  Concesl- 
nen t  from pound  
obser-ation good; 
l a r g e r  trunks give 
zood conceaL~en t  
and l i n i t e d  cover 
from small-arms f i r e .  
I n  pine f o r e s t s  con- 
c n a b e n t  from a e r i a l  
obser 'a t ion  f a i r ;  
f ron qround ohcerva- 
t i o n  pcor $0 f a i r ,  
dependir.g on the 
der:sity of t h e  t r e e s  
and he,ight o f  grass .  
In  mossy f o r e s t s  ccn- 
cealrrent f ron = r i a l  
observat ion i s  af -  
forded v.uch s f  t h e  
t i - e  by l o r  cloud 
cover, concea'sent 
fr?m qro~md observa- 
t i o n  !air t o  very 
good a t  a l l  +..ir.es. 

Transport: I n  many places  
where s lope  and ground p e ~ i t , ,  
5o7erent through ? r i l a r y  f g r e s t  i s  
poss ib le  without nuch c l e a r i r g .  
In  p laces ,  = s p e c i a l l y  s t  e lges  of 
f o r e s t s ,  c v t t i r g  o f  vines and 
undercrowth i s  necessary. Heavy 
c lear i r .8  necessary i n  mossy 
f o r e s t .  11 r i c e  f o r e s t s  moverent 
easy; gnV,era l ly  no c lear i r :  
necessary. 
Foot Troops: Movenent easy i n  
Prir.ary f o r e s t ;  i n  p laces  l i g h t  
cu t t ing  i s  necessary. I n  -os t  
well-deveioped f o r e s t s ,  a  -an 
follc-ning the  t r a i l s  can t r a v e l  
a b u t  one mile an hour. Move- 
ment d i f f i c l ~ l t  i n  dense g r w ~ t h  a t  
edge of fo res t .  I n  mossy f o r e s t ,  
l o r  ?!ranches and t ang les  of ex- 
posed m o t s ,  l a r j e l y  ccnceaied by 
mosses, make t r a v e l  very d i f f i c u l t .  
Sounds a r e  quickly  absorbed and 
!lo-enent n a k ~ S  l i t t l e  noise.  :.:eve 
nent  easy  i n  p i r e  f o r e s t .  

Fores t s  provide aany kinds 
of toad timber f o r  l i g h t  
and heavy const ruct ion.  
P l e n t i f u l  f i r e m o d  obtnin-  
ab le  from f a l l e n  t r e e s .  

' 

5 ur ned d t h  
so-e d i f f i c u l t y  
d , u i n s  d r i e r  
>onfhs, but  
burnin: of mossy 
f o r e s t  ? r a c t i c -  
a l l y  i ~ p o s s i b l e  
owing t o  da-~p- 
ness. 

Heavy e q u i p e n t  
and b l a s t i n g  
r equ i red  t~ 
rev.cve l a r ~ e  
t r e e s .  Under- 
growth can 
gene ra l ly  be 
renoved by 
hand too l s .  
Cliich of Prinary 
Cores t  can be 
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Map Nvnber, 
Vegetation 

T n e  
D i s t r i b u t i o n  Descr ip t ion 

Burned over and c l ea red  a r e a s ,  i f  l e f t  
undisturbed,  a r e  invaded by gviick-growing 
secondary f o r e s t .  Seccndary f o r e s t  grows 
on any t e r r a i n  except s w z ~ p s .  

I E f f e c t s  

Consis ts  o f  r e l a t i v e l y  shor t - l ived,  n o s t l y  
soft-wooded t r e e s .  You-? f o r e s t s  comprised of 
dense growths o f  scrubby t r e e s ,  shrubs,  v ines ,  
and s c a t t e r e d  l a r g e  p a r t l y  r a t t e d  logs .  Such 
t h i c k e t s  a r e  common a t  edges o f  h igh f o r e s t s  
where they form dense tangles  o f  shrubs and 
c l inb ing  ~ r o w t h  from ground t o  t o p s  o f  t r e e s ;  
and intergrowtt ,  o f  sp iny,  tough, cl imbing 
banboo i n  p laces  nakes such growths ext renely  
dense and r e s i l i e n t .  Repeated blwning of 
secondary f o r e s t  commonly r e s u l t s  i n  open, 
park-l ike a r e a s  o f  s c a t t e r e d  medium-sized 
t r e e s  i n  grass land (savanna). Most c l ea red  
h i l l y  a r e a s  have moderately dense growths of 
t r e e s  along s t r e a m s .  

Largeh.xned over  ind  abardcned a r e a s  known 
a s  cogonales a r e  covered w i t i ,  t a l l  harsh 
ccgon grass ;  i t s  presence gene ra l ly  i n d i c a t e s  
d r y  grc.md. Cogon ero.ns a t  a l t i t u d e s  frcm 
sea  l e v e l  t o  a b u t  5,000 f e e t  on a l l  types  
of t e r r a i n  except swaxpy ground; o t h e r  
s i n i l a r  grasses  may occupy swanpy land. 
Srass land a reas  i n  I!indoro a r e  most extens ive  

1:ovenent I Observation 

Cogon i s  a very coarse wi ld  g ras s ,  gene ra l ly  
2 t o  5 f e e t  high; wi th  s u f f i c i e n t  m o i s t ~ w e  
it may grow t o  8 f e e t ;  forms t h i c k  a a n t l e ;  
burns r e a d i l y  when dry  and makes quick hot  
f i r e ;  grows back quickly  a f t e r  having been 
burned o f f .  

M l d  Transport:  ' ,neeled vehic les  
cannot move through dense seoond- 
a ry  f o r e s t  without previous c l e a r -  
ing;  tracked veh ic l e s  can pene- 
t r a t . e  n o s t  youni;er ~rovr ths .  Easy 
movement thro?l:h park-l ike a r e a s  
of s c a t t e r e d  t r e e s  where s lope  
and :round perrrit . 
Foot Troops: Slow and d i f f i c u l t  - 
movement i n  dense t h i c k e t s ,  
e s p e c i a l l y  i n  t h i c k  growths a t  
edge of high f o r e s t ;  much c u t t i n g  
r e n i r e d .  Exis!ing t r a i l s  becone 
choked wi th  vines and creepers  i f  
l e f t  unused f o r  a few weeks o r  
more. 

V i s i b i l i t y  on ly  
a few yards o r  
f e e t  i n  denser 
th i cke t s ;  t e n s  
t o  hundreds of 
yards i n  open 
park- l ike  a reas .  

Motor T r a n s w r t :  Sene ra l ly  pass- V i s i b i l i t y  
ab le  t o  motor t r a f f i c  where slope exce ' lent  where 
and :round pe rn i t .  Larger 
permanent streams f lowine ac ross  
cogonales a r e  gene ra l ly  marked 
by shrubs o r  t r e e s ;  smal l  o r  
i n t e r m i t t e n t  s t r e m ~ s  may be con- 

! cealed from ground observat ion 
by dens? g ras s  and a re  hazards 
to movement o f  veh ic l e s  o r  f o o t  ' t roops.  I n  d r y  months, l a r g e  
g r a s s  f i r e s  spread s w i f t l y  and 
"13y be hazardous. 
Foot Troops! Movement o f f  t r a i l s  - 
poss ib le  but unpleasant olring t o  
d e n s i t y  and coarseness of p a s s ,  
g l a re  and heat ,  and i r r i k a t i n g  
dus t  frcm leaves ;  trampled g r a s s  
is s l i p p e r y  on s lopes ,  bu t  g r a s s  
c l m p s  prov'cie handholds. auick- 
l y  t e a r s  clot,hes and cu t s  hands if 
%loves a r e  not  worn. 

g r a s s  is  not  t o o  
t a l l .  

)n j i l i t a r y  Operations 

Concealment 

Dense t h i c k e t s  provide 
exce l l en t  conceahen t  
f o r  personnel and 
vehicles;  open growths 
a f f o r d  limited conceal  
ment. 

I n  a few a r e a s  
excep t iona l ly  t a l l ,  
cogon g rass  g ives  good 
concealment from 
gro.:nd bu t  not from 
a e r i a l  observat ion.  

1 Clearing and 
Grubbing 

Uses 

Clearing o f  dense 
growths r e g u i r e s  
much c u t t i n g  wi th  
hand too l s ,  some 
b l a s t i n g  and porary  const ruct ion.  

1 grubbing w i t h  
1 c l e a r i n g  equip- , ment. Paths 
f o r  f o o t  t roops  
may be c l ea red  

Prepared by 'T. S. ;eological  Survey 
f o r  ChieC of Engineers, 7.  S. Army. 

I n  d r y  months 
cogon g r a s s  may 
be r e a d i l y  
c l ea red  by burn- 
ing,  a t  o t h e r  
t b e s  by nower 
o r  F'y hand. 

Young shoots  make r a t h e r  
poor forage;  o lde r  g r a s s  
i s  too harsh. Bundl28 of 
cogon widely used f o r  
t e ~ p o r a r y  tha tch ing  and 
f o r  preventing r a i n  wash 
on e a r t h e r n  mbanlonents 
a'ong roads and elsewhere. 
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Typical stand of coconut palma along beach, r e s t r i c t  grcund 
1 observation and provide f a i r l y  good concealment from a e r i a l  

observation; movement easy, c lea r iag  l i gh t .  Trees r e g u l ~ r -  
l y  spaced i n  well-organized plantations. (Craig, Philippines and 
Fi l in inos  of Yesterday. Manila. 1934) 

Wndanus, or screw pine, c m o n  
2 on some beaches; long, broad, 

apine-edged leaves a r e  nuisance, 
can be ciearcd by bolo. (~ohimper. A. F., 
an2 van Faber, F. C., Fflanzen-geographie, 
1935) 

One type of besc:,~ f lo ra ;  dense fores t s  hamper rncr*nont %ad 
S v i s i b i l i t y ,  provide good ~oncealment. Casuarina beaches a r e  

more open. (Ir?litfor?, ro ros t s  of the Philippines) 

In t e r io r  vier of high f o r e s t ,  shoring l i g h t  
12 undergrowth; cnnopy here i s  unusually open. 

(Whitford, Forests of the  Fhilippines) 

( Jan is )  

PREPARED BY U .  S. GEOLOGICAL SURVEY 
FOR 

I 
. 

CHIEF OF ENGINEERS, U. S. ARMY 



MINDOR0 (FI.) 

I 
CLIMATE 

1 

An. 1 2 2  inches 
(woor record)  

0 

EXPLANATION 

An 85 inches 
An 195 rany  days 

A n  120 inches 
An 141 ra i ny  days 

1 Dry and rainy seasons 

2 NO dry season; no pro- 
nounced rainy season 

Maximum 

Mean 

M i n i m  

General Statement Temperature and Humidity 

Climatic data on Mindoro a r e  limited. Rainfall  records were ob- Temperature generally warn, 75 t o  85' F., occasionally a s  high a s  
tained from Obsenrations of r a i n f a l l  i n  the Philippines, Philippine 100' F. and a s  low a s  65O F. Humiiity high, 70 to  85%. 
Islands Weather Bureau, Iianila, 1935. 

Storms 
The climate of the  ea s t  and west s ides  of Mlndoro differ:  the 

e a s t  s ide has no dry season and no pronounced maximum rain period; Thunder storms frequent during April  and May. Typhoons cowon, 
the west s ide  has a dry season and marked maximum r a in  period. generally during period from September through December. 

I Precipi ta t ion Winds 

Mean annual r a i n f a l l  on the ea s t  s ide  from 85 t o  103 inches; west Generally l i g h t  (up t o  7 mph), except during storms. Steady east- 
s ide 100 t o  125 inches. Mean annual number of rainy days on e a s t  s ide e r l y  winds from November through April. Intermittent southwesterly 
185 t o  195; west s ide  100 t o  145. Dry season on west s ide  generally winds from May through October. Calms infrequent. 
from December through April  with l e s s  than 3 inches of rain per  month. 
!darked decrease in ra in fa l l  on eas t  s ide from January through April, 
when the average monthly precipi ta t ion i s  l e s s  than 5 inches. Rainy 
season on west s ide reaches uaximum development during June, July, and 
August. Rains heavy and tor ren t ia l ,  especial ly  on west side, l a s t i n g  
several  hours; r a i n f a l l  i n  one day may be from 5 t o  10  inches. Pre- 
c ip i t a t i on  generally higher a t  increased al t i tudes .  

Prepared by U. S. Seological Survey 
f o r  &ief  of Engineers, U. S. Army 
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