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Large numbers and heavy
1lines designate Terrain
Units described in Ter-
rain Appreciation Table

Terrain diagram drawn on map base on scale of 1:1,000,000,
and subsequently enlarged to present scale. Terrain on
Mindoro based on Philippine Coast and Geodetic Survey
map 10, 1:200,000; geologic sketch map by National de-
velopment Co.; and U.S, Cocast and Geodetic Survey Charts,
various scales. Iuzon from Military Survey of Luzon,
AMS 5711, 1:63,360, Topographic map accompanying this
report was not available at time diagram was made. Alti-
tudes in feet,
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MINDORO (Pl.) | SUMMARY OF TERRAIN SITUATION

I, Introducticn IV, Road Censtruction
A, Mindoro has an area of 3,758 square miles., Population was 131,569 in 19L0. A, Existing Boads: Only roads are on northeastern ccastal plain;65 mile surfaced

There are no large cities on the island. Five municipalities (municipal districtg highway with 5 to 10 mils branches t¢ neighboring towns, and a £ ew miles of
having populations over 10,000 are Calapan, Naujan, Pinamalayan, Pola, and San secondary reads,
Jose (southwest Mindcro)., Population is concentrated mainly in or near coastal
toewns; inland area is largely uninhabited, Chief products are agricultural, but B¢ Construction of New Roads: fMoads in ccastal plain areas can be constructed with
island is a potential producer of coal (near Bulalacac), gold (along Binabay little grading or clearing;hill and mountain roads will require much cut and fill,
River), and possicly oil., heavy clearing on esast side of island, A4All recads need base course and surfacing

for all-weather use,
B, Climate is hot and humid, Annual rainfall from 85 to 125 inches. West side of

island has dry season during winter menths and very wet season during summer C. Major Construction Problams: Scils throughout much of island are moderately to
months; east side has no dry season and no pronounced perlod of maximum rainfall, highly plastic and impervious, requiring thick base course under surfacing.
' Control of high water table in cocastal plain and of rapid runcff and seepage in
Il. Topography and Movement hills and mountains is necessary. Sound bedrock is difficult ofacess in many
! areas, and construction of roads in interstream areas on ccastal plain may re-
A. East Coast Leowlands (Map Unjt 1) quire hauling gravel for distances of Sto0 10 miles, Flash floods may damage roa.ls

and bridges.,
1. Topography: Flat coastal lowlands rise gently inland to low rolling hills amd

et

gently undulating country. HRivers are perennial with beds of sand and gravel Ve Airdrome Construction Problams:

commonly mixed with mud, Natural levees along rivers are slightly higher tha

interstream areas., Much land in rice, hemp, and coconut palms with some A, East Ccastal Lowlands: Many flat areas on coastal lowlands topogravhically suit-

primary and secondary forests, able for airdromes., Construction complicated by heavy rainfall, sticky mud, high

water table, and poor drainage; subgrade and drainage better on slightly higher

2. Movement and Cover: Only first-class road on island parallels coast along natural levees along rivers., The rolling hill country is better drained and has

most of area, Cross-country movement relatively easy except as impeded by better suograde, but there are few large flat areas, Sand and gravel are avail-

rice fields, mud during rains, and floods, Little cover except in parts of able along most streams., Hard rock for aggregate not readily accessible,

rolling hill country.
B, West Coastal Lowlands: Large flat areas on coastal lowland, but large encugh flat

B, West Coast Lowlands (Map Unit 2) areas not numerous in rolling hills, Landing mats laid directly on subgrade
probably satisfactory during dry season, Construction of base ccurse needed for
1, Topography: Flat coastal lowlands rise gently inland to region of rolling rainy seasony Jrainage pcor in coastal lowlands, good in rolling hills. Sand and
and flat-fopped hills of about equal altitude. Sandy and bouldery river beds gravel available along most streams, Little accessible bedrock suitable for rip-
with well-develcoped terraces along upper courses of scme rivers; streams dry . rap or aggregate, Larger streamns have boulders of hard rock suitaole for crush-
or nedrly so during dry season; frequent flash floods, ing.,
C. Specific Sites: There arelS specific sites on which photographs or maps are
2. Movenent and Cover®t No roads, out cross-country movement easy during dry availaole, BEight of these were landing fields in existence in 1541, Of the L
season, Impeded by mud and floods during rainy seascn. Limited cover in sites on the East Coast Lowlands, 2 are probably suitable for construction of air-
rolling hills and along river banks during dry seasoun. dromes, and of the 6 sites on the West Coast Lowlands, 3 appear to be suitable,

There is one good site at the northwest end of Lubang Island,.
C. Mountains (Map Unit 3)
VI, Construction Materials and Fuels
1, Topecgraphy: Rugged mountains with steep canyons and swift streams, lhick

forest stands on east side and grass cover with some trees in valleys on west, A, Construction Materials: Sand and g ravel abundant along streams of castal plain;
smaller amounis along streams in hills and mountains; sound vedrock for crushed
2+ Movement and Covert Movement difficult to impossible for vehicles without aggregate readily obtainable in limestone areas in southern Mindoro, usually ac-
building roads. Foot troops can move anywhere but with difficulty in forests cessible only in stream beds in hills and mountains elsewhere, Largs timber for
and on steep slopes. Cover god ., heavy construction scarce in most of coastal plain and on west flank of central
range, abundant in high mountains and extending down to inner edge of eastern
D, Ilin and Ambulong Islands (Map Unit hL) coastal plain,
1. Topography: Rough, wooded hills with some narrow lowlands along coasts, B, Mineral Fuel: Undeveloped high-volatile sub-bituminous ccal near Bulalacao in
southern Mindoroj only a few tons available by stripping. 0il seeps known, but
2+ Movement and Cover: Mcvement difficult, Cover good. no petroleum developed,

B, Lubang Islands (Map Unit 5)

1. Topography: Rough, wooded hills and mountains with some coastal lowlands,
particularly at northwest end of Lubang Island,

2, Movement and Cover: Movement easy on lowlands, but difficult in hills and
mountains, Cover geod in hills, poor on lowlands,

III, Water Supply

A, Existing Supply: A few towns have municipalvaterworks; developments insufficient
1o care for existing population, Greater part cof water for private use obtainea
from shallow wells, ‘

B. Combat Supply: Easily cbtained throughout most of Mindoro., Surface water
abundant, scarce only on west side during dry season. All water pollated,

Ce Base-Camp Supply: Adequate supplies readily developed from both surface and
ground water, May be difficult at many places to supply large units in western
part of mountain area,
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MINDORO (Pl.)

INTRODUCTION

This report was prepared by the U, S, Geological Survey
for the Chief of Engineers, U, S. Army.during the period July
17, to September 7, 19LL, The report describes those terrain
features of Mindoro and nearby islands that are of military
significance., Each map of the report and its accompanying
table, is devoted to a specialized set of problems %together
they present a regional picture of the country, the relation-
ship of the terrain and vegetation to movement, airdrome
sites, rcad construction and maintenance, nature and location
of principal types of construction materials, and water supply.
Climate is considered briefliy; other intelligence reports
should be consulted for detailed informatien.

RELIABILITY OF INFORMATICN

Many sections of Mindoro have been penetrated only oc-
casionally by white men or are still unexplored. Detailed
topographic, geclogic and scil reports have been made in only
a few small scattered areas. The completeness and reliability
of informaticn for different parts of the island differ widely
Reliability ratings given to the various sheets of this report
range from Excellent to Poor., On some sheets different parts
have been given different ratings.

The whole of Mindoro and nearby lslands is covered by a
map of scale about 1:360,000 compiled from hachured maps with
scales 13:500,000 and 1:200,000, and unpublished contoured
coastal maps of scales 1:20,000. These coastal maps show the
shoereline and offshore features in detail but show land topo-
graphy only in a generalized fashion along a narrow ccastal
fringe, In general, the ccast and the position and altitude
of the principal peaks appears to be accurate; but the upper
courses of some streams and the representation of minor ridges
and canyons may be seriously in error.

PRINCIPAL SCURCES OF INFORMATION

Alberding, H., Recent coal exploration in the Philippines:
De re Metallica (Montana School of Mines Magazine}, vol.
7, p. 20, 1342,

Bautista, Enrique M., A preliminary investigation to determine
the feasibility of establishing a waterworks system in
Pinamalayan, Mindoro: Philippine Agriculturist, vol, 20,
no. 8, pp. 517-525, Laguna, 1932,

Burritt, Charles H,, The coal measures of the Philippines:.
U.S. War Department, Division of Insular Affairs, pp.133-
143, Washington, D, C., 1901,

Cox, Alvin J., Heise, George W., and Gana, V, Q., Water
supplies in the Philippine Islands: Philippine Jour.
Sct., vol. 9, no. ki, pp. 273-412, 1914, Many water
analyses,

Dar, Juan T., and Elicano, V., Philippine raw materials for
glass making: Philippine Jour. Sei., vol. 1k, pp.L67-
169, 1519, \

De Villa, E. M., The ccalfields of Mindoro: Sugar News, vol.
21, ppn 7-9’ 19,4-11

--------------- » The Mesozcic rocks of the Philippinest Sugar
News, vol, 22, pp. 7-9, 1942,

Faustino, Leopocldo A,, The petroleum resources of the Philip-
pine Islands: 3d Pan-Pacific Sci, Cong. Proc., vol.2,
ppo l?hS*lTMB, Tokyo, 19260

————————————————————— y Geographic and physiographic descrip-
tion cf the Philippine Islands: Mineral Resources of
Philippine Islands 1924-1925, Dept. Agr. and Nat. Re-
sources, Bur., Sci., p. 33, 1327.

Gonzales, Leon Ma., Mineral production in the Philippines:
Mineral Resources, Philippine Bur, Mines, pp. 62-66,
1326-1933.

Heise, George W., Water supplies in the Philippine Islands:
Philippine Jour., Sei., vol. 10, sec, 4, no, 2, pp, 135~
169, Manila, 1915, Gives a brief discussion of the
brackish character of much of the coastal ground water
and data on wells, springs, and streams, with many water
analyses.

Heise, George W.,, and Behrman, A, S., Philippine water supplies:
Philippine Bur. Sci., Publ. no. 11, 218 pp., Manila, 1918,

Kienholz, Raymond, Environmental factors of Philippine beaches with
particular reference to the beach at Puerto Calera, Mindoro:
Philippine Jour, Sci,, vol. 36, pp. 199-215, 1923,

Merrill, Elmer D., Ascent of Mt Halcon, Mindoro: Philippine Jour,
SCi., VOl. 2’ HO. 3, pp. 1?9"‘20?, 190?.

Merritt, M, L., The forests of Mindocre: Philippine Bu.Forestry,
Bull, 8, 51 pp., 1908.

Merritt, M. L., and Whitford, H, N., A preliminary working plan
for the public forest tract of the Mindoro Lumber and Log-
ging Company, Bongabon, Mindoro, P, I.j; Philippine Bu.
Forestry, Bull. 6, 55 pp., 1906,

Millard, W, J,, Binabay River placer deposit. Unpublished repcrt,
1936, '

Musgrove, W. E,, Sanitary survey of the San Jose' Estate and ad-
jacent properties in Mindoro Island, Philippine Islands, with
special reference to the epldemioclogy of malaria: Philippine
Jour, Sci., vol., 9, vp. 137-195, 191k,

Pendleton, Robert L., Soil survey of San Jose' region, Mindoro.
Unpublished,

Pratt, Wallace, E., The location of artesian wells in the Philip-
pine Islands from a geologic viewpoint: Philippine Jour,
Sci., vol. 10, pp. 231-233, 1915,

—————————————————— s Philippine lakes:s Philippine Jour. Sci., vel,

Selga, R. Miguel (S, J.), Observations of rainfall in the Philip-
pines, Philippine Islands Weather Bureau, pp. 139-1L2, 1Ll-
145, 157, 160, 16L, 1935.

Smith, Warren D,, Geclogy and mineral resources of the Phillipine
Islands: Dept, Agri. and Nat. Resources, Bur., Sci,, Publ,
no . 19, 559 Pley 19211.

Teves, Juan S,, The geology of Puerto Galero, Mindoro: Philip-
pine JOUP. SCi., Vol' 62, ppl 239_251’ 193?.

Willis, Bailey, Geclogic observations in the Philippine Archi-
pelago: National Research Council of the Philippine
Islands, Bull, 13, p. 29, 1937.

Worcester, Dean C,, The Philippine Islands and their people,
New York,Macmillan Co., pp. 362-L3L, 1898,

Census atlas of the Pbilippines, Commonwealth of ‘the Philippines,
vol., 5, Manila, 1940,

Coast pilot of the Philippine Islands, Part 1, Luzon, Mindoro
and Visayans, U,S, Dept, Commerce, Coast and Geodetic
Survey, Ser. no. 613, 3d ed., Manila, 1939,

Geology and oil possibilities of the Philippine Islands, Nat-
ional Development Company, Unpublished report of Petro-
leum Survey (directed oy G. W. Corby), Manila, 19l1.

List of rivers of the Philippine Islands, Bureau of Navigation,
Division of Port Works, Manila, 1912, 3Brief descriptions
of lower courses of some rivers of value to coastal navi-
gation, including about 17 on Mindore.,

Mineral rescurces of the Philippine Islands for the years 1926
to 1933 and 193L to 1938, Philippine Dept. cf Agri. and
€ommerce, Division of Mines, Bur, Sci., Manila,

Quarterly oulletin, Bureau of Public Works, Philippine Islands,
1912-1920; 1921-1936,

Surface water supply of the Philippine Islands, 1908-1922; Bu-
reau of Public Works, Philippine Islands, Water Supply
Bull, no, 1, L vols., 192k,
Intelligence Reports

Engineering Research Office,Special Report no. L5, Philippines
(in L volumes),

U. S. Army, Military Intelligence Division, Strategic re-
port of the Philippine Islands, vol. 2, Central or
Visayan Group, December, 1943,

U, S, Army, Military Intelligence Division, Survey of the
Philippine-Islands (830-6034), vols. 1 and 2, Feb-
ruary, 19Lk.

U, S. Navy, Office of Naval Intelligence, 93, Field mono-
graph of the Philippines, Part 3, Visayan Islands,
January, 194k,

U. S. Army, Military handbook of the Philippine Islands,
vol, 3, The Islands of Mindoro, Marinduque, Tablas,
Romblon, and Sibuyan.

Other intelllgence reports,

Maps Consulted
Army Map Service, scale 1:500,000, AMS-3, 2d ed., ND 5l-4,

Charts J.Lzs?, hBOS’ ]-133?’ h338, b339, Ll32-10, J-JBQL, Coast and
Geodetic Survey, Manila, P, I,

Contour map of the Philippine Islands and waters, scale
1:1,000,000, sheet no, 102, Coast and Geodetic
Survey, Manila, P, I., 1924,

Mindore, Shest no. 10, scale 1:200,000, Coast and Geodetic
Survey, Manila, P, I., 1935,

Official road map of the Philippine Islands, scale 1:500,004
Dept., Commerce and Communication, Bur, Public Works,

Unpublished coastal maps, large scales, various dates,
Coast and Geodetic Survey, Manila, P, I,

Prepared by U. S. Geological Survey
for Chief of Engineers, U. S. Army,
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120°30/ 121°00/ 1271°30/
Observation Observation
¢ Natural
Ulﬁ?s Topography Streams Movement and Ngtural Uhr/f?i) Topography Streams Movement and Bovoin
Concealment i) Concealment
East coast: East coast: East coast: Fair |East coast: Visibil- |East coast: East: Rough |East: Peren- |East: Diffi- East: Visibility | East: Good
a Nearly flat Perennial wide,|to excellent; im- |ity good; concealment Poor (o} steep-walled|nial; swift cult; roads re-|good; concealment
sandy and boul-| peded by rice pad-|poor most cultivated canyons., with water- |quired for ve- | poor.
Coastal dery beds, and dies, some forest |areas; good in local Mountains falls, hicles.,
Lowlands flood plains. and floods. forests. West: Very West: Inter- |West: Diffi- West: Visibility | West: Good
West coast: West coast: West coast: Good, [West coast: Visibil- |West coast: rough. mittent ;flash|cult. good; concealment
Nearly flat Intermittent; impeded by rocky ity good; commanded Poor floods. poor, locally
sandy and boul-| stream beds and by points in rolling good.
dery beds; flash floods. hills. Concealment d
flash floods. joJele) o8 Mountain Two best passes across mountains of Mindorc ¥
East: Low East: Peren- East: Fair to East: Visibility East: Fair Passes : e et
b rolling hills| nial; sandy good; poor in poor to good; con- e Low and Perennial Difficult to Visibility poor; [Poor
and undulat- | and bouldery thick forests. cealment good Mg{;’ﬁ%ge flat. impossible. concealment good.
Rolling |ing land. beds. locally. -
Hills |West: Low West: Inter- West: Good im=- West: Visibility West : Fair I 4/ Locates mouth of navigable river described in text,
rolling and mittent ; boul- pgded some by good; commanded by to good.
flat-topped dery and sandy | river beds and mountains., Conceal-
hills, beds; flash flash floods. ment poor.
floods.

T

13°30/

13°00/

12°30/



MINDORO (P1.)

TERRAIN APPRECIATION

Reliabilitys Fair
Movemerrt.y b2/ J Covery
alment
Map Unit Topography Vehicles " Foot Troops Observation and Concealne Natural Cover Excavation for Shelter

1 General: . From narrow beaches, which widen near river teperals Only surfaced road on Mindoro comects Cal-| Can move through antir# Observations Visibility good |Coastal Lowlands: Gen- | Coastal Lowland;si uiggmgn

EAST COAST mouths, the gently sloping coastal lowlands extend apan and Bongabong, with side roads to Nanjan and region, but diffimlt | in cultivated areasj poor in |[erally poor; t.{ee: are ;i:yhiin-hthit at g amaf::. ’

LOWLANDS several miles inland, where they are broken into a region |Pola. Sudden floods and gravelly river beds impede |through swamps, and farested sections of rolling |large, primarily in ot £ w:ﬁ{ siit.e o 8
of low rolling hills, Perennial streams flood suddenly movement parallel to coast and up stream valleys. thick forests and rice | hills. Cleared zones at mangrove swamps, afford< drairage 4 cu“h H sot.
during heavy rains but subside rapidly, Coastal Lowlands: Movement easy in most places on | paddies during wetter | outer edge of hills command |[ing fair cover for tends to slump Cmd.":zi,
Coastal Lowlandst Slope very gently toward coast. Rivers | firm beaches through casusrina forests; m some season {(May through parts of coastal lowlands. troops. Limited cover |needs suppoi::. on ong
have flat valleys with sandy and gravelly beds and flood- | beaches, screw pine (pandan) has to be cleared but November)s can cross Mountain sections, &8 east may be found along better on h;r marg‘in an
plainss natural levees along rivers slightly higher than |is easily cut. Local mangrove swamps on coast amd paddies on dikes., In | of Leke Naujan, too forested | stream banks during on alight%y giéer ::imver s
interstrean areas. Flat coastal section has open inter- | fresh-water swamps weat and south of Lake Naujan less rainy season, fo:_- elear views from high drier season {December |levees. ooonuf pa tsts.n
stream areas of rice and hempy coconut palms commonly very difficult., Inland from beaches, clay loams and | most rivers fordable pointas. to April). sane seoon%ary orest Iees
along streams, Casuarina and screw pine (pandan) common clays make heavy, sticky mud, which makes rice except near coast. ggn_&___lmt: Generally poor |Rolling Hillss Fair in |[available for st;p;iaoxi .
along narrow beactes; local mangrove swamps along coast |paddies difficult to move through, particularly for in cultivated areas. Fair |valleys and along river 522.5-.“_3_}1}..3_—.1.!'1&:11? { e:;yrj:
and fresh-water swamps west and south of Lake Naujan. wheeled vehicles; during less rainy season (December concealment from air obser- |banks during lass rainy | water isble re ‘-ily gd
Rolling Hillst Hills of small relief with about same to April), ground proratly firm part of time. Open vation among coconut palms, |season. Large trees but drainage geners dydg? H
altitude (approximately 100 to 150 feet) gradually rise interstream countyry. Sandy loam and silty loam en which are mostly alogg river |afford limited cover suppert probably 2§ede 0
to sltitude of approximately 200 feet at inner marging levees also firm and well drained. levees. Good from aiy in for personnel. prevent slmpil%g s ai? tie
some sections gently undulatirgj interior mourtains rise |Rolling Hills: Ground firmer and better drained than casuarina forests along Mountains: Good in excavations, mbei plen
steeply above imner margin of hills. Shallow valleys in coastal lowlands, tut sticky when wet. Valley narrow beaches, poor from local mountain areas. ful, cficult in .
with gently sloring sldes; large rivers have sandy and slopes gentle and not difficult. Forest stands, gromd, Forested areas on Mowntains: Di cut.h‘ m;;
gravelly beds. Largely covered with stands of primary particularly in northern part of ares, protably re- rolling hills good for con- places tecause of thin seils
and secondary forest in southy cultivated fields in north.iquire clearing. cealment from grownd and air.
Mountainst Interrupt lowlands along coast east of Cala~ !Mountainst East of Lake Neujan, mountains and hill May be good in hemp and some
pan, east of Lake Naujan, and at Mt, Tumali, areas difficult for movement and lack roads. secondary forest; locally in
grassland,

2 ;

VEST COAST Generals Coastal lowlands rise gently inland and are Jeneral: No roads, but cross-country movement easy |Can move anywhere ex- | Observatiam: Visibility good) Comstal Lowlands: Foor | Cosstal Lowlandst Digging

LOWLANDS broken at inner margin into low rolling hills, Locally, ,during dry season {December to April); impeded by cept through mangrove |unless cogon grass unusually {in general; probably eagy; water table high near

interior mountains rise directly from narrow lowland belt, mud and flash floods durirg rainy season., Bouldery |swampe and across tall. Entire area commanded | good locally along coas?; deeper near i_.nner
RKivers dry or small braided streams during dry season stream beds may slow movement perallel to coast even |rivere during flash by points in adjacent moun- |river banks during dry |margin of areaj drainage
(December to April); sandy and gravelly beds and flood- |when rivers dry. Cogon grass no obstacle except to | floods. May be slow tains (Map Unit 3); coastal |season. difficult, and excavations
plains; subject to frequent flash floods during rainy small-wheeled vehicles. It 18 usually burned over through md during lowlands also may be observ- ) Rolling Hilles Fair to | probably need support dur-
season. Alluvial fans probably developed where rivers during January or February. heavy rains, particu- |ed from edges of rolling good in ravines, small |ing rainy season. Slightly
pass from mounteins (Map Unit 3) on to lowlands., Mostly |Coastal Lowlands: Clay loams and clsys probably larly o coastal low- |hills; no good observation valleys, and along higher natural leveea along
covered with cogon grass; in south around San Jose culti- |sticky and heavy during rainy seasoni hard and firm |lands., May be tiring | points on coastal lowlands. |river banks during dry |large rivers and terraces
vated to sugarcane; emall rice and hemp fields locally during dry season. Vehicles can aveid boulders end |through sane cogon— Concealment: Little, if any,| season. better drained. Scattered
near coast. OSmall trees slong some streams; mangrove move up beds of large rivers during dry season. grass AreaBj grasg fram air observation except patches of coconut, mangrove
swamps northwest and southeast of Mangarin Bay and Vovement impossible tarcugh mangrove swamps, usually buwrned during | in mangrove swamps around and caguarina sulitable for
locally elsewhere. Rolling Hillst Easy except perhaps during heavy Jarmuary or February. Mangarin Bay. Limited shelter construction. Same
Coastal Lowlandst Very gentle slope toward coast with rains when soil becomes muddy. Drainage good. gromnd concealment for heavy timber nearby in
narrow sandy beaches. River beds wide and gravelly in Steep-sided gullies and small valleys may be obstacles. personnel in sugarcane fleld mountainous area.
lower courses; ratural levees along large river slightly around San Jose, Rolling Hillst Fairly easy;
higher than interstream areas, Well-developed terraces, water table not high enovgh
probably 10 to 20 feet high and several hundred feet wide, 6 to 10 miles along to interferej well drained,
larger rivers (Lumintao and Bugsanga), Seepage may necessitate
Rolling Hillst Rolling and flat-topped hills; summit altitudes about the same support of deep trenches.
(probably about 100 to 150 feet); abrupt bresk in slops tc coastal lowlands Scattered patches of timber.
and along inner margin where interior mountains (Map Unit 3} rise steeply.
Valleys shallow but with steeper gradient than in similar area (Map Unit 1)
east of mountains,
Mountains: Small, rough mountain srea & miles north of Barahan. Locally
other small mountain areas.

3 Very rugged hills and mountains trending northwest, with |Impossible without corstruction of roads except in Can move anywhere, but | Observationt Peakas on west | Valleya and ravines Difficult in most places;

MOGNTAINS deep, steep-sided valleys; total relief over 8,000 feet. [small local areasj thick forests on east side; with extreme difficulty|slopes commnand lowlands to good to excellent ex- thin soils on steep slopes
Two main mountain masses centering around ¥t Halcon in grassland with some bamboo thickets on west; steep am steep slopes and in |west and southwest (Map Unié | cept locally along a western side of island;
north and Wb Baco in south., 1In thickly forested area on |slopes and steep, bouldery stream beds. Grassland heavy forests; muddy 2); forest cover prevents ob- north and south ccasts. | subject to wash during
east side, eteep canyons with waterfalls and swift streams easily cleared but most slopes too steep for and slippery during servation on east, Poor in heavy rains and %0 creep
with bouldery beds, West side more dissected than east movement 3 grass usually bumned during January or rainy season. highest mountains because of and slide; need support.
with extremely rugged, steep-sloped mountains rising February. The pass between Mamburao and Abra de forests and ¢loud caps which Timber plentiful in east;
abruptly above lowlands; swift streams with waterfalls and |Ilog is best one across islandj a road {s supposed hang there much of time. scattered in west.
bouldery beds. OSmall lowland sections along north coast |to have been under construction there in 1941, al- Concealments Good to ex-
and on south coast in vicinity of Bulalacac. Best passes though some reports doubt that construction had cellent in forests on east
cross the mountain area between Mamburao and Abra de Ilog lactuslly begun along mich of route. A road was pro- aide and in local forests
in north and through north central part of island., posed through the more difficuvlt pass across the areas along valleys on west. .

north~central part of the island, but apparently no In January or February most

construction has been started. Several mative trails] grassland on west slopes 1s

cross mountains south of Mt Baco. burned over and what 1little
concealment it affords per~
sonnel is eliminated.

4 Areas of rough, wooded hills similar to the mountain Difficult over entire area, Can move anywhere, ex- jObservation: High points, Good in valleys and Soil shallows blasting pro-
ILIN AND region on Mindoro (Map Unit 3). Naximum relief on Ilin cept through mangrove |command approaches to island | ravines, bably required for deep ex-
AMBULONG Islend more than 700 feet, on Ambulong more than 500 feet. smamps and with diffi- ibut trees hinder observation. cavations. ©Soil subject to

ISLANDS Narrow beaches and mangrove swamps along north and east culty along steep Concealment: Good for creep and alide. Fairly
coasts of Ilin Teland; very narrow mangrove swamps on slopes and through vehicles and for personnel. well drained, but may requird
Anbulong Island. forests. seepage control. Timber for
construction plentiful.

5 Cabra Islandi About 150 feet high on northwest and south- [On lowlands, particularly on northwest end of Lubang,|Can move anywhere, tut |Observationt Visibility Poor on lowlands, good |Digging easy in lowlands,
LUBANG east ends; low coastal sections northeast and southwest of [rindered by muddy rice paddies during rainy season; |with difficulty in good on lowlands but no high | in valleys of hills and |but water table high and
ISLANDS center; steep coast around most of island. ground hard and firm during dry weather, Easy else- [rough wooded hills. ocbeervation points; restrict— mowmntains. drainage poorj difficult in

Lubang Island: Largest island of group. Lowlands on mhers on lowlands., Difficult through romgh, wooded ed by forests on hills and hills ard meuntaina where
northeast end and fringing east and south. Central area 1)l aress; eutting of trails probably nece ssary. mounteins, #01ls are thinner and sub-
and most of southern section formed of rough hills amd Concealmentt Poor on low- Ject to creep and slide.
mountains; maximum relief 1,967 feet. Rice paddies on lands, good in wooded hill Construction timber plenti-
northeast lowlands; forests on hille and mountaina. and mountain areas. ful in high arsas.
Ambil Islands Narrow beaches north and east of a conical
mountain over 2,400 feet high.
Gole Islands long and narrowj rough hills with some
narrow beaches and a lowland strip across center,
Mandayd and Malavatuan Islandst Very small islands north-
east of Ambil Island.
NAVIGARBLE RIVERS
{Source: 085, R and A No. 2142, Juna 10, 19:4)
Name Mouth Navipability Remarks Kame Mouth Navigatild ty Remark s
(varies with season) {varies with season)
1,Bulalacao More than 6 ft at high tide. | Boats drawing 3 ft ascend 11.5aluagan Bar is nearly bare at low Currents are strong during
nearly 2 miles, tide and can be entered ebb tide.
2.Bongabon More than 6 ft at high tide. | Boats drawing 3 ft for only by pulling boats at
nearly 2 miles, high tide.
3.5ucol 3 ft over bar at low tide. Small local sailing vessels 12.Baruyan Over 3 1/2 ft on bar at Boats drawing 3 1/2 ft as- The bar at the mouth is
which ship copra, lumber, high tide. cend nearly 1 mile; launch- | usually difficult to cross.
and rice enter at high tide. es draming 2 1/2 £t go
4oSumagui More than 3 1/2 ft over bar | Nearly 2 miles for launches 8lightly over 1 mile.
at high tide, drawing 3 1/2 ft, 13.Baco Over & ft in tar-channel at | Launches drawing 3 ft as- There is safe anchorage in
5.Balete Over 3 1/2 ft at high tide. Vessels drawing 3 1/2 ft high tide. cend nearly 7 miles. river during ordinary
croes the bar and find Testhers
shelter inside the bar dur- 14.Tuay Over 5 ft on bar at high Nearly 2 miles for lsunches
ing storms. tide. drawing 4 1/2 to 5 ft,
6.Macanlig The bar is nearly bare at 15 .Sinambalan About 3 ft on bar at low About 5 miles for small
low tide. (at Mamburao) | tide and over 6 ft at high boats.
7.Pula The bar is bars at low tide. vide.

8.Fola{east coast)

9.Butcs

1C.¥agasaungtublg
River

2 feet over bar at low tide.

Empties into Magassungtubig
River.

The bar is nearly bare at
low tide.

Boats drawing 3 feet ascend
over 1 mle,

Small boats navigate from
the sea to Lake Naujan via
the lower Magasaungtublig and
But.,s Rivers.

Small boats ascend to mouth
of But-a River and up it to
Lake Naujan.

16.Fagbahan Bar at mouth.

Launches drawing 6 1/5 feet
ascend at high tide and an- .
chor safely in ordinary 17.5anta Cruz g;rgr 6 ft on bar at high
weather. e
g.rif-;:;o; ;.715)1?9::‘:1::!.;-9- 18,kmnay Launches drawing 3 £t or
ported to have made this 4 It cross bar at high tide,
trip. 19.Bugsanga Launches drewing 3 1/2 £
One of the largest rivers cross ber.
in northeast Mindore, 20, Caguray gzgr 5 £t on bar at high

2

About 5 miles for launches
drawing 3 ft,

Launches and boats drawing
3 1/2 ft cross the bar any-
time and ascend 5 miles,

About 1 mile for launches.

5 to 8 miles for launches,
depending on season.

The bar is very changeable
and difficult to cross.

The current is swift at
mouth .

8/ For details on roads see Road Construction and Maintenance Sheet,

b/ Far details on ground conditions see Scils Sheet,

¢/ For details on vegetation see Vegetation Sheet,

4/ For details on bedrock see Geology Sheet and Construction Materials Sheet.
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MINDORO (PI.) | TERRAIN VIEWS 1— 9
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o 'Narrow beach (Map Unit 1) plented with coconut palms,
backed by wooded hills and mountains (Map Unit 3). Looking
southwest toward San Teodoro. (ONI 272-438)

2 Coastal lowlands (Map Unit 1) west of Naujan. Coconut

3 Bouldery stream bed in flat coastal lowlands (Map Unit 1) palms planted on better-drained natural levees along rivers;
probably rice paddies on poorly drained interstream areas;

along Bongabon River. Howard Mountains (Map Unit 3) in back-

ground. Looking west. (Merritt and Whitford, 1906) coconut palms mixed with casuarina and perhaps screw pine in
sandy beach sections nearer shore.Much sand and probably some
gravel banks along river in foreground. Hills east of Calapan
(Map Unit 1) in left background. Looking northwest. (Ae Co
21257) '

5 River channel cut below terraces along Lumintao River
(Map Unit 2) with mountains (Map Unit 3) rising steeply above
lowlands. Such terraces are common in Map Unit 2. (See View
7). (MIS 1648.245)

4 Beach fronting eastern coastal lowlands (Map Unit 1) in

foreground; rough mountains (Map Unit 3) in far background. o R Rl
Foreground shows southern edge of mangrove swamp and VWasig rising shagply from vallg;vgiaéMﬁz Ugiztzg)W1th o e
iangir;g fleld. Looking southwest across Mansalay Bay. (21250 east, (MIS 1648.248) P + Looking north-

. - - EA L i

8 Sandy and gravelly bed of Bugsanga River (Map Unit 2)
in foreground; edge of terrace and high hill on terrace in
middleground; mountains (Map Unit 3) right background.
Looking northe. (MIS 1648.267, 1648.2674A)

7 Grass-covered terrace common along streams in southern

part of Map Unit 2. River floodplain to the left of terrace; 9 Bouldery bed of Bu

southern mountains in background (Map Unit 3). Terrace border- season; mougtains (Map8§§§%a3§1g§r1é¥:paggizn23a2§;:§§ngry

é%% Bugsanga River,near site of Tamarao airfield. (ONI 322- Such bouldery beds are characteristic of the streams nea;
) and 1n the foothills. Looking northeast. (MIS 1648.250)
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TERRAIN VIEWS 10—16

MINDORO (PI.)

10 San Jose and sugar central on west coastal lowlands (Map
Unit 2); low undulating hills (Map Unit 2) in middleground on
which 1is San Jose airfield. Cultivated fields are in sugarcane.
View to south towards Mangarin Bay. (21204 A. C.)

12 Typlecal swift stream with boulders in bed and thick
vegetation along banks; typical of mountains (Map Unit 3)
of northern Mindoro. Looking west up Binabay River near
placer gold deposits. (Millard, 1936)

i

14 Extremely rugged grass-covered mountains (Map Unit 3) in
southwestern Mindoro. Such terrain prevents operations in much

of the interior of the 1sland. Looking north from northeast .of
San Jose. (ONI 72892)

11 West coastal lowlands (Map Unit 2) with Mangarin Field
in foreground, mangrove swamps along shore. Ilin Island in
background. Pattern in black area left of landing strips is
in burned cogon grass. Looking south. (ONI 320-253)

13 Rugged forested mountains(Map Unit 3) of northern Min-

doro; many ridge crests are grass covered. Probably looking
towards Mt Halcon. (ONI 50554)

15 Lower mountain slopes (Map Unit 3) in southern Mindoro.
Most ridge tops grass covered with trees in ravines. (MIS
1648.261A, 1648.261, 1648.261D)

16 Mountainous upland
mostly grass covered with trees in valle
cloud-covered mountains in left bac

ridge crest, typical of most mountain routes. (MIS 1648.261C,
1648,261B)

(Map Unit 3) in southern Mindoro;

y8 and ravines; high
kground. Note trail along

PREPARED BY U. S. GEOLOGICAL SURVEY
FOR
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Large supplies can be easily and quickly

developed from surface or ground water,
or both.

Moderate to large supply can be developed
with difficulty from surface and ground
water.

Small to moderate supply can be developed with
difficulty from surface and ground water.

Small to moderate supply can be developed from
surface water.

CHIEF OF ENGINEERS, U. S. ARMY

5 Surface water plentiful but not easily
accessible,
/;2E3aco " Town with municipal supply described in text.
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MINDORO (P1.)

WATER SUPPLY

Reliability:

Shown for each map unit in first colurm of teble.

Precipitaticn: Generally heavy, 85 to 125 inches
annually., West half of Mindoro has dry season from December
through April with less than 3 inches mounthly; east half
~ has no dry season, but rainfall 1s less from January
through April, Averasge number of rainy days annually
about 200 on east half; about 145 on west half, Tor
additionsal details on rainfall se¢e Climate Sheet,

Topogravhy and GCeology: Centrel high rugged mountain
range of granite-like rock, slate, marble, and other hard

rocks; flanked on both sides by rough to rolling hills of

cedimentary rocks (sandstore, shale, limestone).
plain broad and continuous on east coest; discontinuous

and irregular on west side; not presert on socutheast apd
north coasts where shores are steep and locally cliffed,

Lubang Islands are meuntainous continuation of the
central mountain mass of Mindoro,
plain on northwest end of Lubarg Island,

GENKRAL STATEMENT

Pdating Water Suprlies: Some of the larger towns of
Mindoro now bave municipsl water works. Many obtain water
from deep welle, others from improved springs or from
mountain streams, Some wells flow, others must he pumped;
water from springs and mountein streams either flows by
gravity or is pumrped into town, Distribution systems
generally are supplemerted by public hydrants and publiec
wells equipped with hand pumps. Inhebitants in out-
lying districts obtain water from shallow dug wells,
springs, or streams; in some districts on the east coast
rain water is collected. ’

thorough treatment often fails to make it satisfactory for
drinking.

Springs are numerous, Water generally usable for most
purposes although more highly mineralized than surface or
deep well water; often polluted.

Large supplies cof ground water can be developed by large

diareter dug wells or drilled wells on the coastsl plains,
Mest azrees in which shallow wells may be dug are subject to

floods,

Drilled welle can generally be located on siteas above

Coastal

Potential Supplies:

On the east side of Mindoro

surface water is rlentiful throughout all the yeer; on
west side plentiful only during rainy season,
shallow and swift; overflow banks in flesh floocds,

Rivers
Water

flood levele,
surface,
should Be thorcughly chlerinated,

To aveld contamiration by

Many deep wells are ertesian} some flow at the
All water, whether from shallow or deep wells)

Islands are high rounded hills of limestone.

Broad flat ccastal
Ilin and Ambulong

chlcrination,

generally low in dissolved mineral matter; poliuted;
requires complete purification treatment by filtreticn and
Water from fresh-water swarrs gernerally has

and on small

Figure 2},

.bad taste and odor, colored with much organic matter;

ielends should be
feet below seca level and never

salt watér, wells near shore
drilled no more than a few
pumped to capacity. (See

Map Unit and
Reliability of Data

Topography and
Geology

Surface Water

Ground Water

Recormended Supply

Equipment Needed

1
Reliebility good

Surmary: Large sup-
plies for combat and
base-camp use can bhe
easily developed.
Surface or ground watel
or both, plentiful.
Terrain favorable for
distribution eross-
sountry from water
points,

Broad e¢ntinuous
coastal plein on east
gide, diseontinous on
west; rises from low
coastal flet to low
rolling hills inlend.
Small coastal plain
pon northwest end of
Lubang Island, Man-
grove swamps Locally
along coast; some
fresh-water swanls.
Alluvium: irterbedded
boulders, gravel,
sand, silt, and clay;
near coast some coral
lirestone interbedded
with sand and clay.

not recormended,

By marshy areas,

Vany creeks and small rivers;
mcet are perenniasl on east coast
though with marked decrease in
flow during period from Februsry
through May., Only larger streams
on west ccast corntinue to flow
throughout year} smeller streams
become dry during period from
Decarber through May. Streams
shallow and swift, many rapids
inlsnd; bottoms gravelly and
sendy, locally bouldery, broad
gravel washes cormon; banks steep.
Over-tank floods sudden and des-
tructive, but of short duration.
Several lskes in noriheastern
pert. Mangrove and fresh-water
swanps and marshes cormon along
coast, All surface water polluted
requiring thorough purification
treatment. Water often turbid;
brackish nesr ocean, Water in
lakes conteins much organie
materisl but is suitable for most
uses after thorough treatment,

Water in fresh-water swanps and marshes contains much
organic acid, has bad taste, and unpleasant odo.; its use
Many good locations for water points
along streams; few around lakes which are often bordered
Terrain wellesuited for distribution of
water by pipeline and trucks.

Springs: Numerous springs repcrted, probably many others
exist, GCererally located near or in hills and meuntainsa
of adjoining Map Unit areas. Some lerge enough to supply
nearby towns, Spring 2 1/2 miles SSE of Calepan esti-
mated to flow 14.7 gpm. Improvenent will generally
increase flow, Water generally warm (about 859F),
moderately hard, and unconteminated. Complete chemical
and bacteriolozical analysis should be made bhefore water
from springs used. Water from wells near Naujan corntains
bydrogen sulfide. A fow springs are hot (about 120°F)
and highly mineralized,

Shallow Dug Wells: Large supplies from large-diemeter
shallow wells, Capacities to several hundred epm; all
should have high yields., Test holes should be drilled

to insure proper locations, Best locatlons are near
rivers as far inland as possible /£ mile or more) but
well sbove flood level, Water levels and capacities of
shallow wells on both coasts will drop during dry seacson;
wells not properly located will become dry.

Drive-Foint Wells:
points.

Combat Supply: Sur-
fece water,

Permaenent Supply:
Drilled wells or large-

diemeter shallow wells.

Meny good locationsg for develomment of small supplies by drive
Best locations are on river flood plains within a few miles of coast,

Locations farther inland will probably be difficult to develop because of coarse

bouldery gravel interbedded in flood-plain devosits,
Deep Wells:
and west coasts,
near shore yielded brackish water and were abandoned,
mile or mere inland,
deep.
some thin beds of coral limestone may be present,

Sucecessful wells have been drilled and jetted in towns on both east
Many artesian wells; scme flow at the surface,

Wells located

Best locaticns are half
Large supplies can be developed by wells lzss than 300 feet
Materials penetrated will be interbedded clay, sand,

and gravel; near shore

To avoid salt-water contami-

nation wells located within a half mile of shore should be drilled no deeper than

sea level and never pumped to capacity {sse Figure 2, Diagrams B and C}.

Casing

is required for entire depth of hole; screens needed in loose-sand sections,

Hand-digging teols,
drive points, low-
lift pumps. Rotery-
drilling rigs bvest
suited for drilling
deep wells, but cable-
teol rigs are satis-
factory; casing,
screens, turbine pumps|
Portable purificetion
equipment, tanks,

2
Reliability fair

Summary: Moderate to
large supply can be
developed with some
difficulty from both
surface and ground
water, Terrain un-
favorable for distri-
bution from water
points,

Rough, hilly {0 moun-
tainous; steep-walled
valleys with small
rapid streams, Rocks
include: limestone,
mainly thin-besdded to
massive, cavernous;
some sandstone, silt,
shale, and locally
coarse conzlomerate;
folded and faulted,

Moderate to large supply can be
developed., Many smll perennial
streams, ILocations for impound-
ing reservoirs numerous, All
installations should be well pro-
tected agalinst sudden floods,
Very little surface water on Ilin
and Ambulong Islands, Streams
flow only for short time after
rains,

indicated on map) are probably present along some of the stream valleys.
drive points in these deposits will yield smsll quantities of water,
water dams (seeFigure 1 ) in dry stream beds will increase yields of drive pecints,

MNone reported. DProabsbly numercus, Flows may

Springs:

be 5 to 10 gpm, Water supply of Bulalacao probebly from
springe.

Wells: Small to large supply can be developed by deep

drilled wells, Indivilual wells will yield from a few
gallons per minute to more then 100 gallons per minute,
depending on the nunaber of fractures and cavitizss en-
gountered during drilling., Drilling may be difficult,
formations are tilted; shale sectivns may cave, requiring
casing. Areag of shale outcrops should be avoided,
Geologlc reconnaissance shoull be made before drilling to
insure proper locations of wells, Alluvial deposits (not
Shallow dug wells or
Construction of ground-
Shallow

wells may become dry during dry season (December through April).

Combat Supply: Sur-
face water.
Permanent Supply:
Drillsd wells, sur-

face water,

Hand-digging tools,
drive points, low-1ift
purps, Rotary-drilling
rigs equipped with
rock bits, or cable-
toecl rigs; casing
turbine pumps, Puri-
fication equipment,
tankas,

3
Reliebility poor

Swmary: Small to
moderate supply can
be developed, Smaller
streams dry during

dry season; deavelop-
ment of ground-water
uncertain and may be
difficult, Distri-
bution from water
points easy to

Low rolling hills to
rugged mountains,
Roecks include inter=-
bedded loosely-cemented
to unconsolidated
sandstone, shals and
¢clay, some thin beds
of limestone; folded
and faulted,

Most streams intermittent, a few
large perennial streams; currents
swift, stream beds gravelly and
bouldery, flash flocds common,
Smaller streams become dry dringdy
seagon, Water plentiful during
wet season., Many locations for
impcunding reservoirs but constant
suprly of water very uncertain,

Sprinegs:

by deep drilled wells.

Only spring reported i3 a salt spring about 3
miles west of Obelisk Peak in southern Mindoro. Probably
munmersus fresh-water spriags that may beconme dry during
dry season.

Wella: Small to moderate supply can probably be developed
Duz wells probably would not yisld
an adegquate supply. Capacities of individual wells will
vary considerably, most will be low, Water levels will
lower during dry season. Ground water may be salty
locally. Best locations for wells are in areazs of thick
sections of sandstone., Thorough geologle reconnaissance
should be made before drilling to Iinsure proper location
of wells,

Combat Supply: Sur-

face water during
rainy season; imported
water during dry
SeAB0N,

Permanapt Supply:

Surface water supple-
mented by drilled
walls,

Rotary-drilling rigs
equipped with rock
pits, casing, hizh-
1lift pumps, Portalle
purification equipment
tanks,

difficult,
4 Zough hills and moun- Streams shallow and swift; many Springs: None reported, Probably many small springs, Combat Supply: Sur- Back-pack purification
Reliability poor tains; valleys narrow | are pereannial, often difficult of Wells: Construction of either deep or shallow wells not face water, equipment,
Surmary: Small to and deep, Hard mud- access. recommended, Transportation of heavy equipment into area | Permanent Supply:

moderate supply can be
degveloped from surface
water, Distribution
from water points

very difficult.

stone and shale with
some hard, well-
cemerted sandstone and
conglomsrate,

very difficult and completion of successful wells un-
likely.

Surface water,

5
Reliability fair

Surmary: Surface
water plentiful} often
difficult of access.
Distribution of supply
very difficult, Sur-
face water less plenti-
ful on Lubang Islands.

High rugged mountains.
Complex of granite-
like rock, slate and
mardle,

Streas asmall, shallow, rapid;
locally flow through narrow deep
gorges, Water clear; requires
little treatment.

Springs: Probably numsrous small springs.
Wells: DNone, UNot recormended,

Combat Supply: Sur-

face water. May be
inadequate for large
groups away from main
streams, particularly
on west side of island.
Permanent Supply:

Surface water,

Back-pack purificetion
units,

{continue)
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WATER SUPPLY

MINDORO (P1)

Reliability:

Sourc¢es given below,.

MUNICIPAL SUPFLIES &/

1, Abra de Ilog: Gravity-type system (probably piped presidencia 177 feet deep flows 4.8 zpm; well 330 feet of information 1315, Spring north of town flows 5 gpm.
from spring}, 14,400 gpd capacity, 350 customers, west of preasidencia 180 feet deep flows; well near 8, DPuerto Galera: Gravity system. Water obtained from
Date of information 1930. shore 200 feet deep flows., Water contains much hydro- spring in hills and piped 0.75 mile to town, Concrete

2. Bulalacao; Gravity-type system {probably piped from gen sulphide gas; disliked by many inhabitants who intake tank at =zpring. Water distributed by two pudblie
springi, 43,200 gpd capaeity, 700 customers, Date ¢ollect rain water and use surface water. Date of hydrants., Date of informstion 1318,
of information 1928, information 1215, 9. Silonay: Two wells equipred with hand pumps, Capacity

3. Calapan: Pumping-type system, 57,800 gpd capacity, 8, Plnamslayen: One drilled well and 8 shallow wells in 1 zpm each,

2,500 eustomers, Water piped from Bulusan Spring town furnish brackish water, seldom used. Four flowing 10, San Jose: Four drilled wells sbout 250 feet deep,
1,25 miles {2 km) from town. Pump tested in 1917 drilled wells 1460 feet deep, located near new town- capacity 3 gpm each; located 2t suzar mill and at
furnished an average of 110 gpm against an effec- site, furnish more than 2,000 gpd; water of good residence of officials; furnish only part of supply.
tive head of 135 feet of water (58 1bs/sq inch), quality; distributed in cans by water carriers, Additional water obtained from shallow wells and river.
Conerete reservoir of 41,000 gallon capacity on low Gravity water system planned in 1932, but not construc- Date of information 1914,

hill 0.8 mile east of town. Water pipe 1.5 miles ted: water was to be piped to town from stream 3 3/4 11. Nsguiba Nag-iba): One ws2ll with pump. Capacity 1 gpm,
to dock., BSystem completed in 1%18,., Date of latest miles north of town, intake 321 feet above town level, Wfater slightly brackish,

information 1230, minimun flow of stream during driest months, March, 12. Baco: Supply obtained from river,

4, Calapan Army Cadre: Pumping-type system {either April =and May 140 gpm. Date of information 1932 and
“drilled wells or spring), 5,000 zpd capacity, 200 1939,
customere, Date of information 1931, 7+ Pola: Shallow dug wells and driven wells, One well

5. Naujan: Two 3-inch snd two Z=-inch wells, Well at has 3 gprm capecitys. Water polluted and brackish, Date

WATER ANALYSES
Sampl Tempgrature |\ valinity |50 32C0 £.00
ample - alinity 3 NagzCOg C.COx Fe CcL Hardness Date FIGURE 1
Naujan
Well at presidencia 86° 44 10 24,0 22,0 - - - 1915 Small digmeter well
Well 130 feet west of - 57 - 3040 28.5 - - - 1515 extends to bottom o
presidencia cobble fill at base of
Well near shore - 50 - 20,0 30.0 - - - 1915
Pinamalayan
Well near new townsite - 20 22 0.0 20,0 - - 50 1915
Stream 1 1/2 mile from - - - - 60.0 T - 93 1915
town
°
Pola E-
Well near presidencia - 160 - - 160 - - 174 1915 C)
Shkallow well 150 to 250 - 300 - - 300 - - 369 1915
feet from beach
Tiguihan River 810 - - - 60 0.1 | = 65 1915
Calapan .
Spring southeast of 880 405 - - 405 0.25 | 65 420 1915
town
Shallow well - - - - - - 110 - 1915
Total
Sample Acidity Solids 5i0z | Fe cl Ca Mg Na K COz [HCO3 | S04
Calapan -from
spring (1207) - - 80 - 520 [170| =220 2900 {355 |38 980 | 580 '
Cross section showing simple method of obtaining filtered water from
Puerto Galera 2900 4600 40 450 420 |z A0 - - - - 3000 the mlluvial f1ill in the channel of an intermittent stream, Site is
{1910) : solected where stream flows in fairly narrcow channel cut through fwm=-
permeable rock, Alluvial fill is excavated to bedrock entirely across
) valley., Timber cut-off wall, =sized rock, and clay are emplaced as indi-
cated in diagram, Water can be pumped by emall hand pump connected with
Sample ggi?és cl Amigiia Ai;;gig;id Nitrates Nitrites| Hardness Date 2-inch pipe perforated at lower end, Pump can be placed at side of valley
and protected from floods by boulders. The quantity of water obtalnable
in this manner {8 limited to the amount of ground water flowing through
igiZQi:;Os;ring 476.4 381 . 002 »OL4 T T 64.3 1914 the alluvial fill; probably not more than a few thousand gallons per day
San Jose - Mindoro |146,4 12,85 ,055 067 ,093 7 15.6 1914 fzr;:fﬁiil;;r:?fz;rgngzgraEEZJZEZ::;;:%i:f vater from the stream itself,
Development Co.
plantation well.

* Sourcesof information:

Analyses 1 to 10, Helse, George W., Water Supplies

in the Philippines; II. Phil,., Jour. Sei., vol, 10, sec. A, p., 166, 1915,
Analyses 11 and 12, Cox, Alvin J., and Heise, Georze W.,
Water Suprlies in the Philtippine Islands: Phil, Jouwr. Seci., vol, 9, no, 4,

rp. 273-412, 1914,

Analyses 13 and 14, Heise, George W., and Behrman, 4. 8.,

Philippine Water Supplies:
Bureau of Science.

a/ Avbreviations used:

i

gpd
gym =

Dept. of Agriculture ard Natursal Resources,
Publication no, 11, pp. 144-145, 1913,

gallons per day.
gallons per minute,

Prepared by U. S, Ceological Survey
for Chief of Engineere, U, S, Army.




MINDORO (P1) WATER SUPPLY

FIGURE 2
OCCURRENCE AND DEVELOFMENT OF GROUND WATER SUPPLY IN COASTAL ARFAS AND ON SMALL ISLANDS

Mean sea level 1

Mean sea leve! M

SALTY

GROUND

-

P -
—_— < Zone of

mixture 9ceon

WATER

DIAGRAM A

librium upon salty ground water,
ground water (zone of mixture).
scale,

Vertical

water tabla,

Occurrence of fresh ground weter: Fresh ground
water can generally be found siightly above sea level in
toastnal mreas and on smnll islanda formed of pervious
waterisls, This water is derived from and replenished by
rainfall, Tt forms a body of fresh water which, because
of its smaller denaity, floats upon a concave surface of
salt watsr, The depth to salt water is roughly e function
of the height of the water table abovye mesn sea level and
the density of the sea water, Theoretically, the fresh
water sxtends 40 feet below sea level for each foot thet
it risea mabove sea level. That is, if the water table is
one foot above sea level, the salt-water surfece willl be
about 40 feet below sea level and the fresh-water layer will
be about 41 feet thick,

Actuslly the fresh-water layer is always thinner be«
cause, owing partly to diffusion but chiefly to tidal
fluctuations, the fresh and salt water along the freshe
water aslt-water contact become mixed, The amount of this
mining increases repldly as the tidel fluctuation incresses,
"he zone of mirture {s thickest near the shore and thins
inland. It is thicker in very permeable materials such as
cavernous limestone, and thinner in less permeabls material,
such as sand, On small permeable islands and narrow
coaatal belts that are exposed to high ti{des the mixing may
be s0 extensive that no potable ground water is recovershle,

The quality end quantity of ground water avallable on
{slands and in comstal mress alao depend upon a pumber of
other factors, the most {(mportant of which are:

{1} Recharge to the water-bearing formations. The
accumulation of a thick body of fresh ground water is
favored by high, evealy distributed rainfall. On the
allurial plains of streams the recharge from rainfall {a
generelly sugmented by seepage losses from the streams,
In mreas of light reinofall the fresh ground-water body ia

Occurrence of ground water on small island composed of pervious materials.
ground-water layer, derived from local precipitation,
with a narrow intervening
gcale is
Shallow wells near shore (well 1) may encounter brackish water; wells in
the central part of island (wells 2 and 3) will
small islands no fresh ground water may be

salt water under a well during pumping (well }} is many times the draw-down of the
Well 4 is too deep, and will yield

Fresh
floats in hydrostatic equi-
zone of brackish
about twice the horlsontal

obtain potable supplies. On very
obtainable, Note that the rise of

salty water,
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DIAGRAM B

Occurrence of ground water along a sea coast underlain by permeabls materlal.

Similar to concditions in diagram A

thicker. A deep well near the shore
and salt water zone,
from shallow wells (wells 2 and 3).

except that fresh-water layer normally is

(well 1) will pepetrate zone of mixture
although emall supplies of fresh water .an be obtained
Well 3 shows

conditions during pumping.

Vertical scale about twice the horizontal scale,

EXPLAKATTON

likely to be thin or absent, After heary reins the ground
water freshens, and during dry pericds it becomes prow
greassively more palty,

(2) Permeabllity of the water-bearing formetions,
The fresh-water layer is generally thin {n highly perme-
able racke, and is subject to mixing as a result of high
waves and large tidal fluctustions, Moderately permeable
materials are more likely to have & usable ground-water
layer, especially on small islends. On many coral islands
there is a layer of neerly impermeabls cemented sand
{beach rock} around part or mll of the island betwesn high
and low tide level which retards the movement of fresh
ground water from the island and promotes the accumulation
of a thick fresh-water layer. Layers of mud or ooze along
the froots of deltes or in mangrove swamps bordering the
shore serve a similar purpose,

(3) Wwidth of the {esland or coastal area, Other
things being equal the greater the width of an {sland or
coastal plain the greater is the likelihood of getting
fresh ground water, partly becauss the total reinfall
entering the ground is greater, and partly beacause the
water level must rise ipland to maintein a gradient zea~
ward, It Is not possible to state the miniwmum width of an
islend or comstal lowland which will provide s supply of
potable water without evalusting all of the fectors., Asn
{slend a querter of a mile wide composed of smnd would
probably provide e small usabls supply, but an island of
the same size of corul would probably supply only brackish
water. However, in tropical climates moderately salty
water (up to 500 ppm of chloride) {s probably beneficiel
for drinking as the salt compensates for the high lcas of
salt from the body by perspiration.

The foregoing statements refer chiefly to areas where
the rocks have more or less uniform permeability, On

islands or coastal earees where permeable ard impsrmenbls
rocks alternate, giving rise to ertesian or semi-artesian
conditions, the occurrence of ground water is much more
complex, and the problema involved are not consi{dered here.
In such areas, development. of ground-water supply should be
made upon recommendations of a competent ground-water
geologist efter field etudy,

Selection of sites for wells mnd other colleeti
works: On narrow coastal areas wells should be locnt:% as
far as possible from the shore; on small pervious {alends,
s near the center of the {sland as possible. {Ses Dia-
gram A,) Where the weter-tearing materials are very perme-
sble {such a3 coral rock), the distance from shore should
be several hundred yards, However, {f the materisl i{s gand,
fresh water commonly can be found much nearer the :hore,
Especia®ly fevoreble locaticns are on etream deltas, behind
mangrove swemps or behind beach rock. Vegetstion may aid
meterielly in Indicetirg the quality of the ground water
where it is near the surface, ¥Tor example, taro plarts
grow only where the ground weter is fresh or slightly brack=
ish; mangroves and nipe pelms grow only where the ground
water {3 salty.

Latrires, garvege dumps, buriel grounds and other
posaitle scurces of pollution should be located shoreward
end at considerable distance from wells and other collect=
irg worke,

Construction of Welle: On small {%lands and narrow
coestal pleins wells should not extend more than one foot
below sen level (see Dimgrum A and B), On larger islends
where the wells are more than a mile from the shore, they
may be deeper, but except where ertesian conditions prevail
they should not extend more than a few feet below sea level,
On low sandy ielends, drive points or betteries of drive

GCentrifugal pump

Drive point

| ]

MNon-pumping water table

Centrifugal pump

| o i

j woter toble

Non-pumping fresh water -
salt water boundary

poirts can be used {see Diagram C), but or limestone or
other heard rock lslends, drilled wells or dug wells can te
more easily constructed. Dug wells are generally more
satisfectory than drilled wells or drive points, because
they provide a larger yleld with the same drawdown, Where
the fresh weter lens is very thin, it is advisadle to obtain
water from ditchea dug.to about one foot below sea level, or
where ditches are not precticable, from galleries driven
from the bottom of a shaft (see Diagrem X), If largs sup~
piies are needed and there is sufficient room, it ie desire=
ble to comstruct a tattery of severel drive points spaced
50 feet mpart, or several dug wells, Infiltration gelleries,
or ditches epaced 200 feet or more apart, Ditches or gal-
leries should be constructed perallel to the shore to cbtain
the largest ylelds,

Pumping: Excessi{ve pumping drews salt water into the
wells Tsee Dingram D). In order to minimize this danger

pumps should be regulated so that the water level will not
be lowered below sea level. Frequent measurements of the
water level and dally titretions of the water to determine
the chloride content will aid materislly in esteblishing the
safe rate of pumping from each well. On small islanda it
may be necessery to pump only at low tide, If water supe
plies are plenned for large establishments, especielly om
spall islands, storage should be provided to carry over
drought snd periods of especielly high tides when pumpage
may have to be reduced. If wells should become salty ms a
result of over pumping, they can sometimes be freshened by
allowing them to rest, especielly during reipy westter,

N

Non-pumping

Top.of sait
“Qater during
{puping:”

SALTY GROUND WATER

(Non—pumping position of fresh water - sait water boundary

DTAGRAN D

DIAGRAM C DIAGRAN E
Battery of driven wells (drive points) to spread pumpage and i:ﬂigf{ngczgtmang:;;?:e of a Infiltration gallery used to akim fresh water from top of salt
i ! inims i pumn— here fresh-water sone is thin, For equivalant pumpage
i:;r::f?;rai;ggg;at?;z;ibymﬁ;:ﬁézﬁgeglc;:ng::t:f S;It-;at.er c;:- ing, 1f well s too doep, ::::ri: :;M water is much less than when smgll-—dia.'ne‘.:r‘ geﬁl;
suct:{‘or:. l;i’ll not be broken during pumpin rWelTs{e hiolg b: contaminaion i3 more 1ikely are ussd, Shaft is sunk about 2 feet below s=2a level and
about 50 feet apart and shoulc not esbeﬁd gc.::‘e than : !‘lciot or ]t:g.occ;:l;han if‘wzll is shal. bottom {8 1lined with impermeabls material to Torm a sump.
two below sea level, liagram is not Lo scale, Zore of mixture . 3 thal have decome Galleries are driven from near bottom of shaft parallal to

contaminated may freshen 1f
allowed to rest,
to acale,

shore and with a slight grade so that water will flsw to sump,.
Lowest part of gallery should nct be more than a few Inches
below sea level, If galleries are in caving material, adequate
timbering muat te provided, UDiapram is not to scale.

not differentiated, Diagram nat
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CAUTION—UNEDITED EDITION

Noted errors: Lumintao River may extend north of Mt.
Sinclair. The river (no name) shown running south of Py

- - ‘ viantourao
Iriron should probably run along the northeast side of - g g ‘:? :
the ridge and empty just south-of Dongon Pt. The Mamburgo [Bay N = _4\'& 3
Magasaungtubig River should turn northward west of S
Pinagsabangan and join the river immediately north- I g
west of the Baluagan River. The south fork of the
Magasaungtubig River between Pinagsabangan and San
Jose is the Pinagsabangan River and the Butos (Butas)
River should empty into it about midway between
Pinagsabangan and San Jose.
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FOR
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l | Reliability: Fair
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EXPLANATION
Areas discussed in text
Ia East Ccastal Lowlands. Includes sites 1,2,3. @’ Site discussed in detail in text.
b Eastern Rolling Hills. Includes site 4. T Designates site containing airfield in existence in 1941.
Ella= West Coastal Lowlands. Includes sites 5,6,7,8,9.
\ H : ll . .
TTT h ! : 1lly or swampy terrain, unsuitable for airdromes.
%%b Western Rolling Hills. Includes site 10.
ITI Coastal Lowlands on the Lubang Islands. Includes sites 11, 12, 13, 14, 15.
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MINDORO (P1.) SUITABILITY FOR AIRDROMES

Reliabilityr Fair

INTRODUCTION Site 2, Neujan (See Terrain View 2)
Generslt Extensive areas on Mindoro and Lubang Islands are sultable for construction Provosed site for landing fileld (1935); best aligmment for runways probadbly
of airdromes, northeast: area probably large enough for strips to accommodate heavy bombere;
trees form only approach hazards.
The flat lowlands that form about half of the coesstal areas of the islands have Location and Accessibility: Along north side of Magasaungtubig River about 1 mile
long astretches beiween rivers that can accommodate runways, dispersal areas, and harde- west of Naujan, First-ciass road to town of Naujan with ford across river; 10 1/2
ctendinge, Sandy loam and silt loam on natural levees adjacent to the streams are miles by first-class road to Calavan,
good foundations, but the heavy clay soil of the interstream areas commonly require Topography and Gradingt Broad natural levees along rivers (areas of coconut
drainage, scarification perhaps with the introduction of bitumen, construgtion of base trees in view); lower and wetter regiong between rivers, Mostly flat, but some
courses, and surfacing to produce dromes satisfactory for year-rcund use®, Clearance cut and fill necessary to smwoth loeal irregularities,

around most lowlsnd areas is good, Foundation and Drainage: Natural levee area, fine sandy loam to silt loam;

bearing ratio of surface lomun fair to good; probadly sticky if worked when wet;

In the rolling hills back of the coastal flats, soll 1s¢ much better sulted for sube aggregate needed for base course probably availadle from gravel banks along river,
grades than that in the lowlands, and some sections are flat enough for the construction Srface drainage good; loam readily stabilized at optimum molsture content when
of runways without too extensive greding, The proximity of the higher hills and mountains gurface drained, Lowland areas between rivers, c¢lay loam or clay, 1 to 2 feet deep,
mekes approaches hazardous, urderlain by clay; poor foundation, High water table and very poor drainage; would

regquire pumping to drain, BRunoff from slightly higher levees along sides is into

Trees, mainly coconut palms, must be cleared locally in the eastern part of Mindore, lower sections, so protecting dikes and boprdering ditches needed to carry of ™ water,
but most areas in the western part of Mindoro and on Lubang Island are grass-covered and Drained, soil could be scarified with the introduction of bitumen to make an em—
can be cleared by burninng. ergency subgrade, Ianding mats might be used with falr success during the drier

part of the year, but bage couwrse and suwrface needed for rainy season,

Sand and gravel aggregate for fill and for concrete are avallable along most river Construction Materialst Sand and gravel bank 1s probably aleng Magasaungtubig
beds and banks; sand can also be obtained from beaches, Locally, coral mud, sand, and River and other streams near; sand also available on beaches, Hard sandstons and
rock can be dredged from fringing coral reefs, Limestone, herd sandstone, and congIOT?rate conglomerate mitadle for crushing, can probavly be obtained 15 miles south in the
sultable for crushing to ageregate are found in places in the hills and low mountains&/, hills eaat of Leke Naujan,

Clearine and Grubbingt Coconut palms on natural levees cleared with dozer,

All surface water is polluted, although usadble for construction work, FPlentiful water Few other trees to be removed,
suppli& may be obtained from shallow dug wells or from drilled wells, half a mile or more Water Supply: Adequate surface water for construction; polluted, Plentiful
inland~, ' ground water easily developed from shallow dug wells and from drilled wells; best

locations 1/2 mile or more inland,
Weather Conditionst Ralnfall is heavy on Mindoro during the rainy season from May

through November, The eastern half of the island has no definite dry season but has less Site 3, Waslg (See Terrain View 4)
rain in the period from December through Arril, an interval of thunderstorms, This is the
dry season on the west coast, Floods are common during the rainy seascen but the water One existing runway in 1939; 2,640 feet by 165 feet, aligned northeast
subsldes repidly after a heavy rain, - along beach, Extenslon of this strip not practical; mangrove swampe north and
The wing 1s steads £ " thenst from N ber throvgh Aprils intermittent nor:ieast; hills on point along northeast side of Mansalay Bay offer obstruction on
a win 8 stealy Ifronm e nor eas om Npvem o ! H e southwest,
from the southwest, from May through October, Calms are infrequent, Location and Accessibility: Existing strip on beach between Panag and point
on northeast side of Mansalsy Bay., Material might be landed on bdeach or in Mansal
Existing Airfields: Fight airfields were in existence cn Mindoro Island in 1941, Bay. v & i
Most were small and suitable for emergency use only, The longest runway, at the Tamarca Topography and Gradine: Sandy beach; little or no grading required, Building
field, had a length of 4,920 feet, The locations are listed as followst new strips or runways on lowlands back of beach would probadbly require grading to
Calapan Site 1 fill shallow gullies and ditches,
Wasig Site 3 Foundation and Drainage: Sandy foundation of existing strip excellent; surface
Caguray Site 5 drainage good but water teble just below surface, Clays and clay loams on lowlands
Mengarin Site 6 back of beach poor foundation: might be scarified with the introduction of bitumen,
Temar 2o Site 7 High water table probably necessitates pumping for drainage, or elevation of subgrade,
Barzhan Site 8 Water teble nearly at surface {at least during rainy season); dikes would help keep
Mamburac Site 9 outside surface water off site,
San Jose Site 10 Construction Materials: Sand and gravel easily obtainable from Waigan Creek and
Sites: Suitability for location and construction of airdromes is discussed in ?aro% Hivezmgust ngr;h of Site; Sandstoze and ﬁangloﬁfrgie fuizigie fortﬁruszing
generzi_?g}ms for the east coastal lowlands {Area Ia),the eastern rolliag hills (Area IDb), o;rsiz:? coures and Tor concreid aggresale may be avalladis ia § soutimes
the west coastal lowlands (Area 1Is), and the western rolling hills (Area I;b) on Mindore Clearing and Grubbing: Very little clearing necessary along southwest end of
lsland, and for the coastal lowlesnds on the Imbang Islands (Area III). existing strip; probably more in lowlands back of beach, Secondary forests, fruit
trees, and grass, most of which could probably be cleared with a dozer
Detailed discussion i3 given of construction problems and possible expansion of the !éiﬁﬁuggﬁﬁlﬁ3 Adequate surface WZter fog construction; polluted.. Plentiful
eigﬁf flelds in exis;egge in219hé £Site;11& 3 ?.ls.dT. 3'82% 101i a?g 0{3coiitr§;tion from shallow dug wells or from drilled wells, Best locations 1/2 mile or more inland,
roblens at suggeste tes an on ndoro lsland an es . ’ . , on
Tubang Teland, AREA Tb, TASTERN ROLLING HILLS
ARFA Ia, FEAST COASTAL LOWLANDS General: Topography not as suitable for airdromes as on coastal lowlands, Some
flat sections may be largs ensugh, and a few of the more gently undulating sec;ions
General: Many large sections flat enough for good sites, Cogstruction easiest may be leveled without much cut and fill, Areas adjacent to hisgher mountains may
during drier season (December-4pril), although frequent rains may keep ground muddy, have restricted or hazardous approaches,
Poor drainage and high water table in heavy soils, except in natural levees along rivers, Locatlon and Accessibility: Along eastern part of Mindoro bstween coastal low=
Location and Accessibility: Low coastal areas along east side of Mindoro Island, lands and interior mountains, Lower margins accessitle to road along eastera gide of
Fairly accessible to road connecting Calapan and Bongabong, Boats can vrcbably be un- 1sland,
loaded at Calaepan wharf, in Pola Bay, and in Mansalay Bay, _ Zopography and Grading: Low rolling hills or gently undulating country with hill
Topography and Grading: Neerly flat; regquires 1ittle grading except to f£i11 ditches altitudes about the same, Some relatively flat areas probably large enough for runways
and shallow gullies, Difficult in the heavy soil to fill deep ditches or terraced rice with grading necessary to smooth undulations, Even flat sections loeally cut by
fields and maintain a level surface as comwpaction and settling are entirely different in gullies that need filling,
filled zones, Foundation and Drainage: Foundation fair to good in clay loam with some gravel
Foundation and Drainsget Clay loam and clay poor founfation; sandy loam to silt lenses; bearing ratio fair to excellent; good compaction at optimum molsturs content,
loam in natural levees fair to good foundation, If necessary, falr subgrade can be made Probabdly require at least 3 inch base course and bitumen surface, Soils of low
from clay scils by pump drainage, dikimg to keep out surface floodwater, and permeability; may require control of seepage water, Surface drainage good,
by scarifying with accompanying introduction of bitumen, For year-round use, run- Construction Materials: Sand and gravel available from beds and banks of gtreame,
ways require thiclk base course with hard surface May be some hard sandstone and conglomerate in hills and mountains west of area,
Construction Materials: Sand and gravel available from beds or barnks of most Clesring and Grubbing: Intermittently cultivated sections, mainly in northern
large rivers, and sand from beaches, Conglomerate and hard sandstone, which may be half of area, require little clearing, Much of southern half has stands of primary
crushed for riprap or for concrete aggregate, are aveilable in hills near Manaul, at forests which require extensive clearing and Zrubbing,
Mt Dumali, and in mountains east of Lake Naujan, Water Supply: Adequate surface water for construction; polluted, Plentiful
Clearing and Grubbing: Most of the erea has been cultivated to rice, hemp, coco- ground water easily developed from shallow dug wells or from drilled wells,
nut palme, or fruit trees; abandoned filelds have grown uwp in secébndary forests or grase,
Little clearing necessary in cultivated sections; dozers can push over trees, Abandoned SITE IN AREA Id
sections may require more clesring, Possidbly some scattered stends of primary forests
may remain: will require heavy clearing and grubbing, . Site 4, Pinamalayan
Water Supplyt Adequate surface water for construction; often turbid, polluted,
Plentiful ground water easily developed from shallow dug wells or from drilled wells; Proposed site for landinz field (1935): probably large enough to build airdrome
best locations half a mile or more inlend, suitable for medium and heavy bombers, To permlt approach clearance at both ends
runway would probably have to be oriented northwest; rangs of hills with maximum
SITES IN AREA Ia altitude of 640 feet i3 obstacle along northwest eide of site, Adegquate space for
dispersal srea and hardstandings, but cocomut palms probably only concealment,
Site 1, Calapan Location and Accessibility: One mile west of Pinamalayan at junction of road
cuth to Bon orthy L3 ¥a ccessible b a,
One northwest-southeast runway (1938), 2,640 feet by 330 feet; cannot be extended ? Topqg;ggﬁsozidagiagi;;?we$:r; ggiiTﬁaﬁﬁaulaiiiﬁ :ogizry; :ouidt?i;uig: con-
to acecommodate combat plenes unless re-aligned; might be used for emergency landings, siderable grading to get to necessary level, but no deep gulliey to fill or high
Location and Accessibility: Approximately 1 1/3 miles northeast of Calapan; areas to cut,
accessible by road, Foundation and Drainsge: Good foundation with hizh bearing ratio over most of
Topography and Grading: TFairly flat with gentle riee from southeast for about site, Drainage good except in few lower mreas where there are some rice paddies,
3/3 iengiz Offsgiigé then gently sloping down to narthwest, Little grading necessary For use during rainy period (May through November) base course with surface needed,
n vicinity o eld, Construction Materials: Closest sand and gravel in any quantity reported
. F:uggat;ighand Drainage: Sandy loam good foundatlon; surface drainage good but . 5 1/2 miles west on Pula River, May be hard sandstone and conglomerats in hille
water table . just southwest of sife; when shed make itable ezgate for btase coarse and
Construction Materigla: Sand and some coarse angular gravel avallable on beaches; gor conerete, ' cre s o negresa :
stream beds econtain gravel mixed with mud, Bank run dredged from coral reef flat Clearing and Grudbing: Little necessary; mostly coconut palms which can be
along northeast side of point north of fleld bonds rapldly as surfacing, makes good cleared with dozer,
base courese, Rock from quarry near Cslapan good for riprap and concrete ageregate Water Supply: Little surface water in Lnmediate ares; polluted, Supply from
when crushed, shallow dug wells and from drilled wells; best locations 1/2 mile or more inland,

Clearing snd Grubbing: Mostly coconut palms that can be pushed over with dozer;
brush cleared by dozer and scraper, Probably no grubhing required,
Water Supply: Plentiful from shallow dug wells,

{continued)
a/ See Soils Sheet,
b/ See Vegetation Sheet,
¢/ See Construction Materials Sheet.
d/ See Water Supply Sheet,
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AREA I1Is, WEST CCASTAL LOWLANDS

General: Many flat sections lerge enough for good alrdrome sites, Construction
difficult on heavy clay soils but ground firm during dry season (December through
April), Clearance for glide angles ample over most of area, but along upper parts of
large streams may be limited by hills and mountains,

Location and Accessibility: Lowlands slong west coast of Mindoro Island, No
roads, but movement inland easy during dry season; equipment could probably be landed
along beaches, Wharf at Caminawit Point on Mangarin Bay; harbor sanded by currents
from north,and wharf may need extending before it can be used,

Topography and Gradingt Almost flat with slightly higher natural levees along
rivers; bouldery stream beds, Terraces slong large rivers {Luminteo and Bugsanga;
see Tamarao field on latter) should make good sites if clearance is adequate over
nearby hills, Little grading necessary other than to fill small ditches and gullies,

Foundation and Drainage: Clay loam and clay poor foundatlion for use during
reiny season, During dry season landing mats can probably be used directly on
soll; in grass-covered areas, high grass should be burned but mat of roots just
beneath surface left undisturbed unless grading necessary, Gravelly sands of
terraces good foundation; drainage also good, For rainy season use runways must
have base course and hard surface; coral rock and sand dredged from fringing reefs
might be used locally for surfacing, Drainsge poor in clay loam and c¢lay arcas;
dikes easily built during dry season to keep surface runoff from field during rainy
season,

Construction Materials: Sand and gravel plentiful along river beds, Coral
rock from fringing reefs available locally {see Construction Materials Sheet for
locations), Possibly some limestons sultadle for crushed rock agsregate in hills
east of southernmost part of the lowlands; extent and quality not known,

Clearing and Grubbingt: Probably none necessary, Most vegetation is cogon
grass or sugarcane that can be cleared by burning,

Water Supply: Plentiful ground water easily developed from ghallow dug wells
or from drilled wells, Surface water polluted but suitable for construction; little
or nona avalladble during dry seasoni subdrains, side collectlon chanriels and pumping
may be needed.

SITES IN ARFA IlIa
Site 5. Caguray

Fnergency landing field, prodbably suitable for runways to accormodate fighters
and light bombers with ample spacs for dlsversal, Open to south and west; clearance
apparently adequate over low hills north and east, Could be readily expanded,

Location and Accessibility: South side of Cagursy River in southern Mindoro,
Road construction probably easy to Mangarin site and to wharf facilities at Caming-
#it Point on the west side of Mangarin Bay,

Topography and Grading: Flat lowlands; probably little grading necessary,

Foundation and Drainage: Clay loams and clays poor foundation, but probably
hard and firm during dry season and suitable for landing mat, TFor use during wet
season construction of base course and surface necessary, Water table high and
drainsge poor,

Construction Materislst Probably some sand and gravel banks along Caguray
River, Sandy beach at Santa Terese, 3 1/2 miles south, May be thin layers of lime-
stone usable for crushed rock in hillg 5 to 10 miles east,

Clearing and Grubbing: Little necessary,

Water Supply: Caguray River probably perennial; water polluted but suitadle
for construction, Plentiful supplies from challow dug wells =and from drilled wells,

Site 6, Mangarin (Waterous)

In 1940 this was an all-weather emergency field with two level strips, one,
3,270 feet by 150 feet oriented north-south and the other, 1,980 feet by 150 feot
oriented northeast, Both runways could probebly be extended at leasst 2,000 feet,
A still longer runwey could be constructed in a northwest-southeast direction,
Glide clearance should be good in most directions, although hills to the north and
northeast may make approaches hazardous from that direction,

Location and Accegsibility: Situated on lowlands east of Mangarin Bay on the
southwest coast of Mindoro, Wharf at Cgminawit Point on the northwest side of
Mangarin Bay might have to be extended before being used, as harbor is sanded by
currents from the northwest, During the dry season transportation would be easy
from the wharf to the fleld, but a road would probadly have to be constructed for
use during the wet season,

Topography and Gradingt Flat land; little grading necessary except to fill
shallow gullies,

Foundation and Drainsge: TFoundation falr to zood: good on sandy gravel in
parts of existirg strip, Water table high, but surface drainsge fairly good.
Landing mat laid directly on the hard, firm ground during the dry secason satis-
factory, but for uss during the rainy season a base course of coarse aggregate
should be constructed and surfaced,

Construction Materials: Sand and gravel probably available from Cagurey
River, 2 1/2 miles southeast; smaller quantities along streams west of site,
Limestone sultsdle for crushing to use as aggregate for hase course surfacing and
for concrete occurs inm hillg 5 to 10 miles east and north of eite,

Clearing and Grubbingt Little necessary for long runway to northwest; more
for northeast and north runways; trees probably cleared by dozer,

Water Supply: Plentiful from shallow dug wells or from drilled wells, Little
or no surface water during dry season, Wall on site egquipped with windmill and
emall storage tank mounted in windmill tower,

Site 7, Tamarao Airfield

Energency landing field (view teken 193%), reported as an all-weather strip,
4,920 feat by 465 feat, The possible area is probabdly at least 8,000 feet north-
east-czouthwest by 2,000 feat,

Location and Accessibility: North of San Jose, southwestern part of Mindoro,
on terrace along southeast side of Bugsanga River, Road construction easy to
San Jose and to railread to wharf at Caminawit Polint on Mangarin Bay,

Topogrephy and Gradingt Cogon zrass covered terrace with very gentle slope
to southwest; slope angle probebly not too great for longltudinal grade of runway,
The glide angle over the high mountaing to the northeast 1s approximately 20 to 1
tut the approach from the southwest, which would be into the wind most of the time,
is open, There are also hills and mountains on the southeast and ascross the river
on the northwest, Probably ample space for dispersal area oh terrace but no con-
cealment, Two small hills in center of terracs are obstacles, but ¢lesrance and
londing areas should be ample arcund them, Mpderate grading to smooth minor
irregulerities; probably best to haul fill from outeide strip rather than disturd
level aress adjolning amall gnllies in terrace,

Foundation and Drainage: Gravelly sand good foundation with good bearing
ratio; good draminage, Landing mat laild on burned cogon grass satisfactory during
dry season, Tor rainy season, base coume needed; gravel eggregate plentiful
along river bed; base course can be laid directly on mat of burned roots of cogon
grass,

Construction Materialet Good supplies of sand and gravel slong river by
site; will probably reguire screening and crushing for use as concrete aggregate,
Some limestone in the hills 4 miles to south may ba usable as crushed rock,

Clearing and Grubbing: Probabdbly none required,

Water Supplyt Little or no surface water during dry season; river floods
during ralny season but probably does not gat over terrace; surface water not
potable, Plentiful ground water essily developed from shallow dug wells mnd
from drilled wells,

Site 8, Barzhan

Emergency landing strip on beach {view taken 1935), site probebly too small for
development of airdrome, Runway restricted to ndérth-south orientation dy shore and
ad jecent stream, .

Location and Accessibility:t On beach south of town of Barahan between small
river and sea, No harbor facilities; supprlies vrobabdly couvld be landed on the beach,
Topography and Gradingt Almest flat beach strip, Little grading necessary,

Foundation and Drainage: Packed sand good foundation; surface drainage good but
water table fairly high,

Congtruction Materialst Nearest gravel probably 2 miles south slong bed of
Amnsy River or 4 miles north along Pola River: haul from Amnay River would require
crossing smell river just east of strip,

Clearing and Gyubbingt Small bushes easily cleared,

Water Swpply: Shallow dug wells in beach usable but water probsbly brackish;
best source from shallow dug wells or from drilled wells farther inland,

Site 9, Mamburao

Small private landing field (view dated 1938), Not suitadle for enlargement to
accommodate combat planes,

Location and Accessibility: On small point west of town of Mamburao, Accessidle
by ro=d,

Topography and Gradingt Tlat coastal area with shallow, water-filled depreesions
which require filling,

Foundation and Drainage: TFoundatlion fair, may be good locally where sandy; prob-
ably hard and firm during dry season and usable with landing mat, Base course and
surface necegsary if runway to be used during rainy season, Drainage difficult;
water table nearly at surface; may require elevation of subgrade for all-weather
installatiom,

Construction Materialst Gravel and sand probably obtainable from Sinambalan
River, 1 mile east, 3Bank rua consisting of mud, sand, rock dredged from coral reef
flats off point bonds rapidly and makes good base course, Probably coral beach sand
sultable for use in cement,

Clearing and Grubbing: Little needed,

Water Supply: Shallow dug wells give fair wsupply; these and drilled wellg
would be better located ferther inland,

AREA IIb, WESTERN ROLLING HILLS

Genersl: Conditions fairly good, if large enough level areas can be found,
Cereful ground reconnaissance necessary, as topographic detalls cannot be obtained
from available maps,

Location and Accessibility: Between coastal loewlands and rough hills and
mountainsg of western Mindoro, Yo roads, but movement easy during dry season; some
trail building prebably necessary mcross valleys and gullies, ZEquipment probably
can be lended on beaches,

Topography and Grading: Rolling country with terrace-like hills, some of
which may have large enough flat tops for sites, Some grading required to fill
small gullies,

Foundation'and Drainage: Clay loams with gravel lenses fair to good founda-
tion; good compaction at optimum moisture content; landing mat directly on soll
probably satisfactory during dry season, Thin base course with hard surface
needed for runways during rainy eeason, Drainage good, although may require
control of some seepage water,

Construction Materialst Sand and gravel avallable along river beds; coarss
gravel along large rivers may require crushing for agzregate for base course and

concrete, Possibly some hard sandstone and conglomerate, snitable for base course
or concrete sggregate, in rough hills and mountaing around inner margins of areas,

Clearing and Grubbingt Mainly cogon grass areas which can be cleared by
burning, ;

Water Supply: Plentiful from shallow dug wells and from drilled wells,
Surface water polluted, but suitable for constructiony little or none available
during dry season,

SITE IN ARFA 1Ib
Site 10, San Jose (southwest Mindero)

Existing field {view taken 1939) had two level strips, 2,970 feet by 660
feet oriented north-south and2,520 feet by 650 feet oriented east-west; alle
weather, Located on terrace which limits length of runways: extenelon not
practical, Possidle, though doubtful, that a similar area large enough might
be found in the seme general reglion,

Location and Accesaibilityt West of San Jose, southwestern Mindoro, in
rolling hill country with hilltops of about same altitude, ZEazily accessible
from San Jose; in 1941 there was a railroad from San Jose to the wharf at
Cominawld Point on Mangarin Bay and to Sen Agustin,

Topography and Gradingt TRolling hill country with hills of about equal
altitude; exiating field on flat top of terrace-like area, Some grading might
te required to fill amall gullies; sxtension of present field impractical,
becaunse too much fill would be required in larges valleys,

Foundation and Drainaget Compaction at optimum moisture content would
produce good subgrade; bearing ratio good, Drainage good; might require some
control of seepage water during wet sesason,

Construction Materialet Bed of Bugsanga River, 3 miles northwest, good
source of gand and gravel; wounld require scresning and perhaps crushimg for
us® as concrete ageregate,

Clearing and Grubbingt Little required, Mostly cogon grass which can de
burned,

Water Supplyt Plentiful surface water during wet seasony can be used for
construction work but is polluted, No surface water during dry season, Plenti-
ful ground water easily developed from shallow dug wells and from drilled welle,

AREA III, COASTAL LOWLANDS ON THE LUBANG ISLANDS

General: The Lubang Islends, Iudang, Ambil, and Golo, are norhwest of the
igland of Mindoro, Areas of possible airdrome sites are limited to coastal low=-
lands on Luybang and Golo, Only one site (11) is suitable for construction of
bombter field, The following general discussion applies to the lowland areas;
speéific sites are discusced briefly with respect to area, topographic hazards,
general suitability,

Location and Accessibility: Coastal flats on Lubang and Gole Islande,
Only road is on Iybang Island, comnecting towns of Tillg, Lubeng, and Tagbacy
third-class, Road between Tilig and Looc reported undar construction in 1941,
Most of Lubang and Golo fringed by coral reefs, broken by short stretches of
beach as at Tilig, Looe, No wharf facllitlies,

Topography ahd Grading: ¥Flat rice land with altitude below 100 feet,
Probably little grading necessary except to fill shallow gullies and ditches,

Youndation and Drainage: Clay loam and clsy, probably overlying uplifted
coral reef, Poor foundatlon in wet season; dry and firm during dry sgason
(December through April), satisfactory beneath landing mat, Drainage generally
poor, pumplng or elevation of subgrade, surfacing necessary for wet season use,
Ditches needed to canalize surface water, Dikes probably necessary to keep
outeide water off sites,

Construction Materials: Coral reefs fringing most of islands best
material availadle; dredging should be relatively easy, Timber generally
avail able in nearby hills,

{contimied)




MINDORO (PI.) SUITABILITY FOR AIRDROMES

HeTiabIIIty:  Falr

AREA 111, COASTAL LOPLANDS ON THE LUBANG ISLANDS {continued)

Site 13 (Lutang Island)

Clesring and Grubbing: Little necessary, Southeast coast of Lubang Island, near town of Looe, Approximate area, 7,000 by

Water Supply: Little if any surface water except during wet season, Adequate 4,500 feet, Open to east and partly open to south, restricted by high hills on north
supplies generally obtainable from shallow dug wells or drilled wells back from coast, snd west, Road reported under construction in 1941, connecting Tilig and Looe, Suit-
at base of foothills, able only for emergency field,

SITES IN AREA III Site 14 (Iubdang lsland)

Site 11 (Lubang Island) Near southeast end of Lubang Island, Approximate dimemsions, 5,000 by 3,500

feet, Clear approaches for northeast runway, which is also best direction because of

Northwest end of lubang Island, dimensions of site approximately 5 by 5 miles, winds, PFossibly sultable for fighter field,

Rough hills on southeast limit clearance in that direction, but all other avproaches

clear, except for few trees to southwest, Topographically saitadle for bomber field, Site 15 (Golo Island)

Ample space for disversal; some trees for concealment, particularly in southwest

section, On Golo Island, southeast of Lubang, Approximate dimensions, 4,500 by 1,000
feet, Open on south and southwest, but has 186-foot hill in center of open areas

Site 12 (Lubang Island) along north margin of site, Could probably be developed as emergency landing field

for fighters,
East side of Lubang Island, Dimensions approximately 2,000 by 5,000 feat, '

Possibly suitable as site for emergency field, Hills on nortihwest and south
make approaches hazardous, Road reported under construction in l9ﬁ1, comnecting
towns of Tilig and Looc and crossing coastal margin of site,
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Area III., Coazstal Lowlands on the Tubeng Islands
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SUITABILITY FOR AIRDROMES: VIEWS MINDORO (PI.)
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Site 1. Calapan landing field; view looking northwest. (21270 A.C.)
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+ Proposed site west of Pinamalayan; view looking northeast. (21267 A.C.)
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Site 5. lLanding field on Caguray River northeast of Caguray; looking north-northe
(MID S30-603A, wol. II, p. 62)
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Site 6. Mangarin (Watsrous) field, east and nortn of Mangarin Bay; looking north.
(ONI 320-254) See also Terrain View 1l.
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Site 7. Tamarao field; looking east. River terrace on east side of Bugsanga River. (MIS - & i R =
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Site 8. landing strip south of Barahan; lo
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Site 9. landing field on point west of Mamburao; looking southeast. (21266 A.C.)

For Sites 2 and 3 see Terrain Views 2 and 4. — IR RSTIN . T '
Site 10. landing field east of San Jose; looking south-southeast. (CFL 1657525)

See also Terrain View 10.
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ROAD CONSTRUCTION AND MAINTENANCE
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MINDORO (P1.)

ROAD CONSTRUCTION AND MAINTENANCE

Reliability:

Fair

INTRODUCTION

Mindcro isone of the least developed of the Philippine Islands and the pre-
war road-construction program consisted of the addition of only a few
kilometers of highway a year. A first-class road, graded and surfaced with
asphalt or water-bound macadam connects Calapan with Bongabong across the
eastern coastal plain and extends branches to a few nearby towns. First-
class roads in the Philippines have permanent culverts and bridges, or
ferries capable of carrying 2-ton trucks; are constantly maintained, and are
passable at all times. Since the. Japanese occupation, roads may have
deteriorated greatly. The few seccnd-class roads on the northeast ccast are
probably partially surfaced., There is a narrow-gauge railway at the San
Jose sugar estate in southwest Mindoro, but elsewhere in the island foot
trails or sea routes are the only means of communication.

Txcept along natural levees of streams and low beach ridges along the
coast; the trafficability of the soils is extremely poors In the rainy
season unsurfaced roads become completely impassable for wheeled vehicles
and extremely difficult for foot travel., On slopes, gullies develop rapidly,
and slides are common. Banks and cuts may be protected by planting rapidly
growing cogon grass, and by covering with bundles of grass when first dug.
Streams rise rapidly with heavy rains, becoming unfordable, and boulders
and driftwood moved by the currents are hazards to temporary structures.
Wooden bridges deteriorate rapidly under troplcal conditions.

Sand and gravel for road construction may be obtained from beaches
and from many of the streams of the coastal plain, bubt hauls of several
miles may be necessary between the larger streams away from the coast.
Sound bedrock for crushed azgregate is difficult to odbtain except in limas-
stone area of southern Mindoro and in stream channels in hill and mountain
country. )

MAP ARFA 1

Existing Roads: Two-way graded and surfaced road from Calapan to
Bongabong, with branches northeastward to wharf on west side of Calapan
Point, to Naujan, and to Pola; short extensions westward toward Baco and
San Teocdoro,., Permanent culverts and concrete or timber bridges across
most streams. Second-class road, graded but unsurfaced extends to San
Teodoro. Sand-clay surfaced road along coast from Calapan Point to Naujan
and San Jose has satisfactory all-weather surface for light traffic as far
south as Silonay.

Topography, Allznment, and Grades: Low flat coastal plain, 4-12 miles
wide, rising gently %o elevations of 100 to 200 fezt at border of rough foot-
hills on west; broken by rough hill country in peninsula at Mt Dumali, east
of Lake Naujan and ridge 500 to 600 feet hizh extending about 6 miles south
from Calapan Point. Roads generally have straight aligrments, long radius
curves, slizht grades, no cuts or fills., Chief obstacles to road construe-
tion are numerous streams, and swamps along coast.

Subgrade: Soils between main streams are plastic clays and elay loams;
trafficability even for carts extremely poor when wet. OSubgrades require
good compaction at optimum molsture content and application of thick base
gourse before surfacing. Natural levees along banks of larger streams are a
few feet above interstream areas, have silty and sandy loams providing fair
to good trafficability. Clays in swamps unsuitable for road subgrades with-
out thieck fill,

Stream Crossings: Numerous streams a few feet to 100 yards wide; banks
typically steep, 2 to 20 feet high. Larger streams unfordable for 1-2 miles
back from coast, Streams are subject torapld rise after heavy rains, endan-
gering fixed or pontoon bridges and making ferry operation hazardous.

Clearing and Drainaze: Coastal area is cultivated; coconut palms are
set wide apart n2ar shore and in strips along streams; ground easily cleared
by bulldozer. Some fruit trees may require cutting. Inland border of area
covered with heavy primary forest which requires cutting and blasting, grub-
bing with tractors.

Lower parts of coastal plain have impervious poorly drained soils and
hizh water table. Roads should be ditched and subgrade built up to give
adequate drainage. So0il drainage good on natural levees along streams; sub-
ject to flood after heavy rains. Good drainage on low beach ridge along coast.

Construction Materials: Sand and gravel abundant In many stream chan-
nels and in pockets along banks. Beach gravel, well rounded and sorted, needs
addition of clay for stabilired surfaecing material. Small quantities of coral
may be available along coast. Hard rock for crushed azgregate can be ohbtained
from quarry on ridge east of Calapan, probably from hills east and northeast
of Lake Naujan and around Mt Dumalii. Timber for bridges and 9iling availahle
in swamps along coast and from heavy forests on inland side of coastal plain,
on hills east of Lake Naujan, and around Mt Dumali. Coccnut palms along coast
and stream banks suitable for corduroy, posts, and cribbing.

MAP AREA 2

Existing Roads: A few dirt tracks around Pandurucan sugar
mill and wharves. Native tralls unsuitable for motor transport.

Topogravhy, Alizmment, and Grades: Discontinuous low flat ceoastal plaln
reaching a maximum width of about 8 miles. Inner part of plain risss to
elevations of 100 to 300 feet, has flat terrace areas, broken by small stream
valleys. Roads ecan be layed out with many long tangents, long radius curves,
some cut and fill in clays and gravels of dissected terraces. Grades flat or
very gentle in most of area; grades less than 5% required across edges of
terraces,

Subgrade: Soils on lowlands between streams are clays and clay loams;
trafficability extremely poor during rainy season, fair in dry. Terrace
80ils somewhat less plastic, have better supporting value., Careful moisture
control is essential during compaction,application of base course necessary
before surfacing., Sandy loams of natural levees and sands and gravels of dry
stream channels have fair to good trafficability but may be locally bouldery;
provide good road routes at right angles to coast. Sandy and gravdly beaches
have best subgrade formutes parallel to coast. Swamp soils unsuitable for
roads without thick fill of riprap or course aggregate.

Stream Crossings: Streams and rivers subject to great seasonal varia-
tion, Lumintao, Bugsangza, and probably one other large river have flat
sandy and gravelly channels up to 3 mile wide, filled with swift shallow
water after heavy rains; criss-crossed with narrow shallow streams in dry
season. Upper reaches are narrower and have many boulders 1 to 3 feet iIn
diameter. Caguray, Amnay, Sinambalan, and other rivers have widths up to
300 feet at mouths; banks are clay and gravel, up to 30 feet in heizht in in-
land areas, lower near coast in dry season. Most streams fordable above
mouths; require ponton bridzes or ferries operated a gainst swift currents.
Approaches for fords and bridges easily dug in banks by hand tools
or bulldozers,

Clearing and Drainage: Coastal plain and wids river valleys cultivated
or covered withtall zrasses and scattered 1izht timber of secondary forest.
Easily cleared with hand tools or bulldozers,

Soil drainage good on beaches, natral levees, and river channels} poor
in clays of interstream areas. Rise of water table in rainy season will
saturate road foundations: roads must be ditched and subgrade buillt up to
provide adequate drainage. Rivers subject to flash floods, at times over-
flowing natural levees.

Construction Materials: Sand and gravel abundant in most stream
channels and in low stream terraces along upper courses of rivers. Some
coral and beach sand and gravel available on coast. DBoulders for riprap and
bridze abutments in upper courses of larger streams; hard rock for crushed
aggrezate generally not avallable., Limestone quarried on hill east of Sta.
Teresa and probably available in hills east of Caguray River. Timber for
piling and bridges in scattered coastal swamps; scarce elsewhere. Coconut
palms and casuarina on coast and along sandy stream channels suitable for
corduroy, posts, and cribbing.

MAP AREA 3

Existing Roads: No roads except for 8 miles of unsurfaced road along
north coast of Lubang Island. Native trails, unsuitable for motor transport,
along coasts, and possibly across island through mountain passes north
(elevation 2,000 ft) of Mt Baco. In mountains trails grow over rapidly with
vezetation and are difficult to follow. Road construction on trail from
Mamburao (west coast) to Abra de Tlog (north coast) is reported (1941) but
it is doubtful whether any work has actually been done. Trall crosses ridge
approximately 2,000 feet in elevation.

Topography, Aligrment, and Srades: Rugged hills and mountains with NNW
trend rise to elevations of over 8,000 feet in central part of range; cut by
steep-walled valleys containing swift streams. Rough hill country around
Mt Dumali and east of Lake Naujan. Small areas of coastal plain around
Mansalay, Soguicay, Bulalacac, and Paluan Bays, at Abra de Tlog on north
coast, and on northwest end of Lubang Island, Road construction will involve
many sharp turns and switchhacks, few straight alignments, steep grades,
and many side hill cuts, in part in hard rock requiring blasting.

Subgrade: Soils are clays, clay loams, and loams; from a few to many
feet thick over hard rock. Soils generally stonier and thinner in limestone
area in southern part of island. Trafficability good when dry, fair to
poor in we! weather, Much seepage and sliding in excavations and fills.
Subgrade requires careful compaction at optimum moisture content and applica-
tion of bhase course hefore surfacing.

Stream Crogssings: Streams swift and bouldery, subject to rises of 20
to 30 feet in a few hours. Steep banks, in many places of hard rock, prohibit
fording by vehicles, make fording by foot troops difficult even at low water
stage. Roads along valley walls must turn sharply to cross bridges. Pile
driving generally difficult as many streams and banks have rock exposed or
under thin cover.

Clearing and Drainage: Heavy primary forest in central high range from
Cape Calavite to near Mansalay Bay, extends down to northern coast and onto
eastern coastal plain; cutting, blasting, and grubbing with power equipment
required. The lower part of the western slope and the southern end of the rarge
have much grassland interspersed with patches of pine forest and larger areas
of both primary and secondary forest. Clearing in grasslands and secondary
forest can be done with hand tools or bulldozers.,

Control of heavy runoff and seepage is necessary to prevent washing out
of roads and sliding of excavations.

Conetruction Materials: Limlited quantities of sand and gravel in stream
beds; boulders available for riprap and crushing. Hard rock chiefly along
streams except in scuthern end of 1island where hard limestone is covered Gy
thin soil, crop out on hills. Other than limestone, rocks of area are hird
micaceous, platy and layered rocks in higher part of range, shales and zand-
stone on flanks; generally fair to poor for base course and surfacing. Scme
granitic rocks and marble may occur in high central part of range. Much
timber for heavy construction in high mountains and on eastern slope of range.
Timber scattered in grasslands on western slope.

Prepared by U, S. Geological Survey
for Chief of Engineers, U. S. Army.
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SAND AND GRAVEL. Alluvial, well drained. LOAM AND CLAY. Alluvial, poorly drained. 7 | CLAY LOAM AND CLAY. Residual, well drained.
- l 3 l
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CLAY AND SILTY CLAY.
weterlogged.
SANDY LOAM AND
well drained.

Mostly saline, alluvial,

FINE SILT LOAM. Alluvial,

LOAM
well

LOAM

AND ‘GRAVELLY CLAY LOAM.
drained,
AND STONY LOAM.

Alluvial,

Residual, well drained.

STONY CLAY LOAM. Residual, well drained.
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MINDORO (P1)

SOILS

Rellability: Fair

Map Onit

1, Seand ard gravel:
alluvialj well

2. Clay and silty elsy;
mostly saline;

SE/. Fine sandy loem arnd
silt loam; alluvial;

4., Clay loam and elay; allu-
viel; poorly draimned.

5. Cley losm and gravelly
¢lay loam; alluvial;

6, Clay loam and
stony loam; resi-

7. Clay loum end clay
residual; well dreined,

8, Stony clay loam;
residual ; well

drained, alluvial; waterlogged. well dreined, woll dreined,. dual; well dreined, draiped.
Engineering Group SymboLE/ 5W,GP,SP CH,0H 5F,ML CH,CL CL,3F cL (stony) CL,CH cL {stony}, CH
P.R.A. ClassE/ A-3 A=T A-2, A-4, A-B A=T, A-5 A-4, A6, A-2 A=-4, A-8 (stony) A=6, A=T A=-4, A-~B (stony) A=7
Depth ipn feet 10 and deeper 6 to 10 1l to 3 and deeper 1lto 2 10 to 20 1 and much deeper l to 3 and deeper Gommonly shallow

Texture and Color

Sand, pale; gravel,
varicolored

Cley and silty clay,
dark gray to dark
bluish grey

Fine sandy loam and silt
losm; light grayish brown

Cley loam ani clay, dark
brownish grey

Clay loam and gravelly clay
loam, brown or reddish
brown, Lenses of gravel
common

Clay loam and stony
loam; light brown,
Rock rubble present

Clay loam end clay;
browrc, reddisk, or
black

Stony e¢lay loam; brown
to yellowish brown,
Rock rubble present

Drainage Conditions

Well drained; water
table not far below
surface

waterlogged; covered
by salt water et
high tide

Well drained

Poorly dreined, water teble
near surface; waterlogeed
in rice flelds during rice-
growing sesson

Excellent surface drainage
high run-off

Very good surface
drainage, Internal
drainage fair

Well drained

Excellent drainsge.
Run-off may be
excessive

Consistency

Devold of structure;
loose

Bighly plastie; hard
when dry, harder when
salts removed by
leaching

Friable or plastie; loose
or compact; dusty when dry

Plastie; hard when dry

Moderately plastig; easily
puddied; may be dusty
when dry

Moderately plastie;
fairly granular; not
resistent to puddling.
Fairly stabls when dry

Moderately plastic;

fairly granular; not

resistant to puddling;
stable when dry

Moderately or very
vlastic; mey be fairly
resistant to puddliing;

stable when dry

Underlyling Materials

Gravel-sand mixtures;
shattered rock; hard
rock

Gravel with fines

Commonly ¢lay loam underlein
by sorted deposits of
varied texture

Light yellowish brown clay,
many feet deep

Greveleclay mixtures,
Clean grevel may be found

Hard or soft sendstone,
shale, and similar
rocks

Chiefly limestone and
cocral rock, commoaly

hard

Hard or weathered
rock

Steeply sloping beach

Tidal swamps

Slightly raised natural

Low flat depressions batk

Elavated dissected coastal

Mountains and hills;

Mountains and hills;

Rugged mounteins;

Topography ridges 6 to 12 feet levees subject to overflow of naturel levees of Plains et 10 to 200 feet moderately steep slopes flat to moderately commcnly steep slopes
above high water from stream channels streams and beach ridges alt {tude sloping; irregular
Commonly bere; gress Mangrove forest Tropiecal high forest; Tropical high forest; brush |Tropical high forest, brush | Tropleal high forest; Tropical rain forest Tropical rein forest;
Vegetat fon and brush on multiple sugercane, coccnuts, snd and grass in extensive and grasa in extensive brush end grass in partly replaced by grasg in deforeated
ridges near Pandurucan fruit trees in cleared areas | deforested areas; lowlend deforested areas deforested areas coconut palms areas
rice
Permeability Very high Medium Medium Low to very low Low Medium to low Medium to low Medium to high
Cohesion in Dry State Very low to none Medium Low t 0 medium High Medium Medium Medium to high Low to high
Expansion and Shrinkage None Medium Low Medium to high Low Low Medium Medium t0 low
Well suited, Ample Not suited Readily stabilized at Difficult to stebllize; Compaction to very high Suited for compaction | Difficult to stebilize,|Satisfactory compaction
binder common in opt imum moisture coutent careful moisture control density may be reguired, at optimum moisturs unless enough eggregate is possible where
Suitability for Mechanical ed jacent areas, egsent ial during compaction, Close meisture control content, Run-off of good guality is topographic conditions
Stabilization Moisture control not Maintenance of drainage is essent ial during compection, drainage must he added permit operstions.
assentinl during of prime Importance Run-off drainage must bes provided Run-off drainage must
compaction provided be provided
Excellent, except where None Fair to godd Low to very low; high water Fair to good; control of Fair for stopy solils; Fair Poor to good, depending
Value as Subgrade water tabls i3 too table i{s common seepage weler may be control of seepags on topography; control
I su & require water 1s commonly 0l seepage water ls
and Base Course near surface ired t i 1 £ t i
required, Subject required, subject to
to slidea slides
Suitability for ‘Fell suited, Gravel Not suited Commonly not suited Not suited Not suited Not suited Not auited Not suitedq
Stabilization with Portlend needs addition of
Cement and Bitumen gand and binder
Bearing Ratlo at Medium to very hizh Low Medtum to fairly high Low to medium Medium to low Medium Medium to low High to low

Opt imum Compaction

g/ Engineering group symbols and P.R.A. clesses follow clessificeticon of
War Department Technical Manual 5-255, April 1944,

E/ Inciuded in the Map Unit ere gravels ((P, 4-3) of river beds,

Aresg

of river gravels aretoo small to be shown as a separste mep unit,

Prepered by U, S, Geclogicel Survey in colleboration
with Office of Foreign Agricultursl Relestions, U.5.D.A.,
for Chief of Engirveers, U, S, Army,
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Fringing Coral Reéfs. Coral limestone, inter-
bedded sand, gravel, blocks, and calcareous
clay, chiefly composed of coral remains.
Reefs partly exposed at low tide. Recent.

Alluvium. Sand, gravel, and boulders in stream
channels, silt and clay with weathered
gravel lenses in interstream areas. Sand
and gravel beaches. No bedrock. Recent.

77
.5
i
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EXPLANATION

Terrace deposits. Clay with sand and gravel
lenses. No bedrock. Pleistocene.

Massive thick-to thin-bedded lime-
some interbedded siltstone, sand-
stone, shale, minor conglomerate. Some
raised coral reef limestone may be included.
Thin soil. Oligocene to Miocene.

Limestone.
stone,

Shale and Sandstone.
sandstcne; minor
May

Soft shale and soft crumbly
limestone, minor coal beds.

thick soils be Eocene to Upper Miocene.

121°30¢

Mudstone, sandstone, and conglomerate. Hard,
Well-cemented calcareous rocks. Mod-
erately thick soil. Mesozoic.

Thin-layered and platy micaceous rocks(gneiss
and schist), slate, marble, chert, soft
green rock (serpentine), trap rock (gabbro),
and granitic rocks. Thick soil and
weathered rock. Pre-Mesozoic.

Known quarry.



MINDORO (PI)

CONSTRUCTION MATERIALS

Reliability: Fair

"In the coastal plain arees sourd bedrock is deeply cover-
ed with alluvium and the only construction materiels arailaeble
are sand and gravel, readily obtaiped from stream and river
channels; from numerous places in river benks; and from terraces
Dredging may be necessary during wet
Terrace deposits and lenses of gravel in interstream
areas are weathered and more or less disintegrated; recent stream
Coral cen be obtained from fringing reefs

along the main river.

Sea80N.

deposits are scund.
end beaches along parts of the coast,
overburden and many outerops, i{s abundamt im hills ard low moun-
tainsg in scuthern Mindoro.
cus country throughout mueh of the islend to north is overlain

by soil and disintegrated rock 10 to 100 feet thiek, 1= usually
exposed only in stream botioma,
least some poorly sorted boulders and gravel almost sverywhere.

Limestone, with

Sound bedrock in hilly and

Mountain streams contain at

Jose mill,
shal low

monntaine plain,

coastal plains,

flank of central range.
pilings scattered through tidal swamps.
guiteble for e¢ribs, posts, and cordurcy on sandy portions of

INTRODUCTION

The epproximate locations of 3 quarries are shown on the
map, but the source of most meterials used for roed, wharf,
and other construction in recent years is not known,
marble, and coral sand;suitable for lime is fairly abundart,
At hill east of Sta. Teresa, SW Mindoro, limestone is quarried
and burned locally for lime for sugar manufacture at the San

Large timber for heavy construction abundant in high
mountains and extends down to inner edge of eastern coastal
Scarce on most of most coastel plains and on west
Mangrove for bridge construction and
Co¢onut and cesueripa

Limestone,
bordering the
tation Sheet,

western coastal plain.

Wood suitable for fuel is eb»undant in thke mourtainous
interior but is scarce in cultivated areas along east arnd
west coasts and in a broed belt of gressland in the hills

For details see Vege-

Four mineble coal beds, averege thickness 4 feet, have
been prospected north of Bulalazceso:

11,000.

sub-bituminous, low ash,
volatiles 40%, carbon 37%, moisture 17%, sulfur 3%, Btu. value
The beds are folded and broken,
be stripped, but any amount more then a few tons would have to
come from underground workings,

A small amount might

Map ‘ P gregate for Surfecing | Aggregate for Concrets Timber
Unit Type of Meterisl Guarrying Problems Foundetion Characteristics Ag and Base Cource and Riprap (See Vegetation Shect)

1 Fringing reefs, 100 yards to 1 mile wide,|Covered at high tide, partly | Reefs covered at high water; piles| Loose coralline mater- | Nodular coral broken None
partly exposed at low tide, around ouwt- iexposed at low tide. ¢an sometimes be driven through ial dredged from reef |by waves, elther on
lying islandsand along parts of west snd | Beef flats best handled by thin layers of reef rock; where flat bonds rapidly sz | reef flat or along
southeast coasts, Soft to hard limestone] drag 1ine from beach, Where | reef is thickly layered or well- surfecing; mekes good | beaches makes good
large blocks, fregments, shells, sand, {bare st low water can be consolidated penetration may be base course, Sprink- aggregate, Corel sand
and limy mud on shoreward side of reef |worked by hand tools with very difficult even with blasting | ling with sea water in | between high and low
flats; blocks and fragments generally somé blasting, or by dozer. | of pile locations, areas of low rainfall, | water on beaches near
somewhat porous. ZExposed surface mey be | Beech deposits reedily worked| Corel beach sand and shingle cement! mizture with non-limy | reefs may be only
harder than underlying rock; weathering |by hend tools or dozer, readily, have good bearing strength mud in areas of heavy source of sand free of
produces a case~-herdening effect. if not mixed with mueh mud from rainfall speeds bond- clay in many areas,

Coral send and shingle on beaches, with | other sources, ing. Poorly-graded
some mud from other sources; may be coral sand needs fines,
cemented into slabby Ybeach rock™, coralline or
clay , to premote
bondi nga

2 and 3 Bed Rock: Mantled. Overburden: Little or none | low interstream areas have clay Sand and gravel from Coarse gravel and Mangrove timber for
Stream Deposits: Streem chennels a few |inm stream channels and low s0ils, high water teble; poor stream channels and boulders of stream piling and bridge con-
yards to a haif-mile wide, floored with jterraces. Soils in inter- foupdations, Higher areas satlis- | terraces excellent for | chennels and in lenses ;struction scattesred
intermixed boulders, gravel, =and sand stream areas may be 10 to 20! factory, locally may need control | base course; need on low terraces are through tidal swumps;
(View 3 ). Interstream areas and ter- feet thick; gravel layers at | of seepage in excavetions, Support| sereening cf larger good source, Smell coconut palms and
races bordering valleys of Lumintao and |various depths. Bed rock for excavations necessary both in sizes for surfacing. outcrops of bedrcck on |casuerina of beaches,
Bugsanga Rivers in SW Mindoro {(View 7 ) deeply burled threughout lowland and higher areas in rainy N4 coestal plain badly |sandy valley floors,
have well-grsded sand and gravel layers |most of ecastal plain, season, : weathered, will make and natural levees,
and lepses interbedded with elay. Some Eguipment: Sand and gravel poor aggregate. suitable for posts,
mica present in finer-grained depogits, and rare outcrops of lime- eribs, and cordurcy.
Lenses in interstream areas are weathered,|stone can be worked by hand Large tinber for heavy
btoulders amd gravel generelly rotten. tools or dozer, construction in primary
Beaches: Beaches from a few feet to fecrest on focthills
more than 100 feet wids of poorly greded side of eastern coastal
sand and gravelj gbove high water, plain.
material is better graded,

4 Bedrock: Limestone, messive to thin Jverburden: Generally stony | Massive limestone makes good foun- | Limestone and boulder |Limestone excellent Mangrove in small swamps
bedded, with some interlayered sandstone,isoils from 1 to several feet | dations, generally well-drained, and gravel deposits for concrete aggregate; [along coast., Timber for
siltstone, shale, end minor conglomerate, |thick; many outersps on hills | locally cavernous, Thin-bedded excellent source, shale and sandstone heavy construction on
Limestone at Port Galera and on Ilin, aopd at breaks of slope; limestone around Sogulcay and layers must be excluded. Ilin Island, north of
fmbulong, and TLubang Islanls is softer, |eliffs along coast, Bulalacao Bays folded, interleyer=- Limestone and small Buruncan Point, and on
more poroas than slsevhers. {Eggigment: Largze boulders ed with shale, silt, and sandstone; quantity of stream east shore of Bulalacan
Stream Deposits: Well-greded gravel end [of stream deposits may re- will slidse along shele pertings on boulders suitable for (Bay. A few coconut
houlders, dominantly of hard limestone, gquire blasting, Limestone steep slopes and in excavatlions riprap. palms in cultivated
some intermixed mud and sand, in stream jmist be blasted. when wet; seepage along some sand- areas,
beds in steep-walled narrow valleys. : stone layers. OStream deposits
Terraces with lenses of gravel may oceur | subject to frequent flooding ex-
along Caguray River, i cept for possible terraces on

| Caguray River,

5 Bedroek: Shale and sandstone, generally 19verburden: Soil and deeply | Stream deposits frequently floodedd Sand and gravel in Stream depsoits con- Large areas without good
soft snd erumbly, some interlayered lweathered rock 20 to 50 feet | Seepage common and landslides fro- | limited guantities tain limited quantities |timber for construction.
limestone. Marly and sandy shale at Jthiek in flat =nd gemtly quent in folded shale and sand- from stream channels of gravel for concrete |A few patches of primary
Port Galera (N Coast}, Coal beds and ?sloping areas, Few outcrops | stone; difficult to maintain walls | adequate for bass aggregate, and boulders |forest with good timber
assocliated eclay and minor sandstone jexcept in steep-walled of excavations, Sea cliffs along | course 3 poor for sur- |for riprap; Bulalacao for light and heavy cone
arouad Bulalacao Bay. |vallays, western coast probably not well- facing, Bedrock sand- |River channel may have [struction.

Strsam Deposgits: Well-graded silt, sand,‘Egmigment: Bulldozers or suited for gua emplacements, stone and shale erumble|limestone gravel suit-
and gravel, some boulders, in narrow power shovels; some blasting readily; high in clay; |able for conerete
streams in steep-walled valleys, |may be necessary in deep ex- unsatisfactory for aggregate, OStrean
jeavations, sither base course or deposits and most bede
‘ surfacing. rock contaln much elay;
unsatisfactory for con-
trete,.

6 Bedroek: Hard calcarsous mudstone and 10verburien: Soil end Stream deposits freguently flooded. Sand and gravel in Stream gravel, hard Much timber for light
sandstone; conglomerate near coast in lweathered rock 10 to 30 feet | Bedrock gives fair to good founda- | limited guantities sandstone end conglomer and heavy constructisno
southeast Mindoro, at Mt. Dumali, and |deep; some outcrops at breaks tion strength; secepage along some from stream channels; ate will make fair rip- |[in primary forest,.
east of Lake Naunjan, lof slope and in steep valleys. sandstone layers, adequate for bass rap, Bedrock quarried [Coconut palms locally in
Stream Deposits: Well.graded gravel and [Egquipment: Stream gravsl course, poor for sur- |near Calapan for wharf [cultivated area arouni
boulders, some silt and sand in steep- jmay be handled with dozers; facing, Bedrock mud- construction. Both Mansalay Bay suitable
walled valleys. Isom® blastinz of large stone and sandstone stream deposits and for ecorduroy and cribbing,

Jpoulders necessary, Bed poor to fair for base |bedrock poor for ¢one

rock requires blasting. gourse; poor for sur- crete sggregate because
facing due to high of high eclay content,
clny content and rapid |Crushed congloumerate
disintegration. Con- |may be suitable for
glomerate can be concerete.,
crushed forfair base
course end surfacing
aggregate,

7 Bedrock: Wide variety of rock types: Overburden: 551l and Stream de}osits,swept along fre- Sand and gravel in Crushed and screened Plentiful timber for all

platy micaceous rock {schist), thin-
layered granite-like rock (gneiss),
slate, fine-grained marble, chert, granitic
rocks, and soft green rock (serpentine},
Details of distribution not kmown, ex-
cept in Port Galera area (see inset map
on Geology text}.

Stream Deposits: Well-graded sand and
gravel intermixed with boulders, some of
glant size, in steep-sided narrow valieys;
sand generally micsceocus. Quartz sand
and gravel on SE end of Lubang Island;
intermittently worked gold placers south
of Port Galera,

eathered rock, 10 to 100

eet thick; exposures

hiefly in stream bottoms,
ere on ridges and slopes,
uipment: Stream sand and
ravel can be handled with
ulldozers with blasting of
arge boulders, Bedrock will
guire heavy blasting,.

quently by flash flcods.

in wet weather; less abundant

granite and marbls maeke good foun-

dation.

Platy
rocks, micaceous rocks, and seoft
green rocks are subject to slides

limited quantities

fair to good for base
course and surfecing,
contains mica, Granite
and marble satisfactory
after crushing and
sereening, Other rocks
unsatisfactory.

boulders, gravel, and
marblie of bedrock
satisfactory for con=-
crete aggregate or
riprap. Other rocks
unsatisfactory for
aggregate, fair to poor
for riprap.

construction except in
dwarfed forests at high
altitudes,

Prepared vy U, S, Geologizel Survey

for Chief of

Engineers, U, 3, Army.
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MINDORO (PI.) SEE CONSTRUCTION MATERIALS MAP

GEOLOGY

Reliability:

Poor to Fair,

INTRODUCTION

Little is known of the detailed geology of Mindore, Information has been taken
from a brief description by the Nationdl Development Company Petroleum Survey of South-
eastern Mindoro, descriptions of reconnaissance of the coal deposits near Bulalacao
(Burritt, de Villa), and forestry bulletins and reports of exploration in northeastern
Mindoro, The geology of the Lubang Islands, of the Binaybay River gold placers, and
references to oil seeps in scuthwestern Mindoro are found in reports of the Mineral
Resources of the Philippine Islands., The only detailed geologic map available is that
of the Port Galera area (see inset map by Teves).

GENERAL STATEMENT

Mindoro consists of a mountainous core of vasement schist and gneiss intruded by
igneous rocks ranging from granite to peridotite; flanked by folded Mesozolc shale,sand-
stone, and conglomerate} in turn cverlain by folded Tertiary limestone and coal-bearing
sandstone and shale. Along the east and southwest coasts many rivers have spread a
nearly continuous alluvial apron 3 to 12 miles wide, On the scutheast, west and north
coasts mountain ridges extend to the sea, restricting the alluvium to crescentic and
triangular areas betwéen the spurs., Recent coral reefs surround the Lubang and Ilin.
Island groups, and occur in the Bulalacao and Sogulcay Bay region in southeast Mindoro,
and at a numoer of places along the west coast. In some places old reefs have been up-
raised, so that they now blanket older rocks at heights as great as several hundred feet
above sea level,

GEQLOGIC HISTORY

Extensive pre-Jurassaic metamorphism has obscured the early history of Mindoro., In
Jurassic time the present island was the northern margin of a geosyncline extending from
western Borneo and Palawan, Thick marine sandstone and shale accumulated, at least as
far north as Mt Dumali (central east coast), In late Mesozoic time the area was up-
lifted, the rocks folded in a NE trend, and eroded. By Cligocene time at least the
margins of the present island wereagain depressed; massive limestone, sarndstone, arnd
shale were laid down over wide areas of the beveled basement end Mesozoic rocks, in
addition, coal-bearirg clay end sand accumulefed In scutheast Mindoero., The details of
Qligeoceng-Mlocene history are uncertain; it is certain only that several gentle orozenies
with NNW folding interrupted sedimentation. Since lmte Miocene time vertical movements %ave
taken place, with uplift dominating, causing ercslon of the Tertiary rocks,uplift of rarine
plains and fringing coral reefs, and deposition of thick alluvial blankets on the
bordering lowlands.

DESCRIPTION OF ROCK UNITS

FRINCING CORAL REEFS (MAP UNIT 1)

General: Coral limestone, some interbedded sand, gravel, and calcareous clay;
chiefly composed of coral remains, Limestone generally hard, but usually porous and
cellular; may locally grade to soft calcareous clay, Extremely variable in texture,
cementation, and hardness, within short distances. <Coral sand and shingle on beaches,
with some mud from cther sources; may be cemented into slabby"beach rock". Exposed
surface may be harder than underlying rock; weathering produces a case-hardening effect,

Fringing reefs, 100 yards to a mile wide, partly exposed at low tide, around out-
lying islands and along parts of west and southwest coast

RECENT ALLUVIUM (MAP UNIT 2)

General: Interlayered clay and silt, some sand, gravel and boulders. Chief con-
stituents of larger sizes are probably quartz, feldspar, rock fragments, some mica,
Deposits are thick, lenticular, and poorly sorted because of rapid deposition by shift-
ing torrential streams, Large valleys may be bordered with terraces 10 to SO feet high
of sand, gravel, and boulders (View 8 Je On coastal plains the rivers have wide
channels with 6 to 12-foot natural levees, Adjacent interstream areas are thickly
mantled with clay deposited at flood stage, In rainless periods stream levels are very
low, channels floored with intermixed boulders, gravel, and sand (Views 3%&9). Temporary
sand bars may form vetween times of heavy rain and most streams have sand bars at mouths,
Beaches and beach ridges sandy and gravelly., Soil cover varles from none in dry stream
beds to 10 to 15 feet in most permanent interstream areas.

East Coast Alluvial Plain: From Takligan, B8 miles west of Calapan onNE coast, to
Mansalay Bay on SE coast, an alluvial apron 3 to 12 miles wide formed by coalescing
deltas of the many streams draining the central mountains rises to low relling country
(200 feet maximum elevation) back from coast, Low natural levees border the streams of
the castal lowland, On north coast near Port Galera, Dulangan, and on the Binaybay
River, unscrted coarse gravels, boulders, and sands in steep mountain streams (alluvial
areas tco small to show on map). Low beach ridge of sand and gravel is backed by man-
grove swamp in many places, BElack mud occurs on west shore of Lake Naujan, and in ad-
jacent valley of Subaan River.

Southwest Coast Alluvial Plain: Made of the deltas of Caguray, Bugsanga, and
Lumintao Kivers, Thnese river valleys have sandy and gravelly flood plains; natural
levees near coast, and 10 to 20-fcot terraces farther inland.Alluvial fans probably
occur where rivers pass from mcuntains to lewlands. Scuth channel ¢f Lumintaoc around
island 6 miles in from coast is probably avandoned, gravel filled, Gravel and sand on
north spit at mouth of Mangarin Bay, Coastal flats pass inte low gently rolling hills
inland; elevation of 100 to 150 feet,

Central West Coast Alluvial Plains® Little is known of character or extent of
alluvium, Probably similar to southwest ccast alluvial plain, A beach ridge along
ceoast, in many places paralleled by rivers on landward side.

}

North, Northwest, and South Coasts: Mountain ridges project to sea, restricting
alluvium to triangular and crescentic areas between spurs (see inset map of Port Galera
region), Material probably coarser than that of broad plains.

Lubang Islands: Beaches of quartzose sand, quartz gravel and boulders occur on
shores of Looc and Tabajin Bays and in vicinity of Agcauayan, Sand is clean between

low and high water levels, mixed with clay and mica
high water and hills, ’ y and mica between

PLEISTCCENE TERRACE DEPOSITS (MAP UNIT 3)

General: Boulder and gravel lenses in clay matrix; similar to Recent alluvial de-
posits, but more deeply weathered. Chief rock types of coarser material are probably
granite, gnelss, and schist, Terraces occur as low, flat-topped hills to 200 feet in
elevation, cut by many steep~walled ravines., Differential uplift and faulting have
probably destroyed the original accordance of summits in most places. Scil cover 1 or
2 feet on slopes, L to 10 feet on tops of flat hills, Probably uplifted coral reefs lo-
cally, but no information available (See Tertiary Limestone ),

San Jose-Progreso Area, near Bugsanga River, Southwest Mindoro: Low, flat-topped
hills, moderately dissected, Al least one area, about 3,0007 by 500 to 1,000 feet,
remains undissected.

East Coasts No information available, Foothill belt, 1 to 3 miles wide, border-
ing ccastal plain alluvium, may contain flat-topped terrace remnants with elevations
to 200 feet. (Not mapped).

TERTIARY LIMESTCNE (MAP UNIT L)

Ceneral: Massive and thin-bedded limestone, calcareous pebble beds, sandstone,
blue-gray siltstone, shale, and minor coarse conglomerate., Thickness is extremely

variable, may total 2,000 feet. Beds folded with general NNW trend and dips up to 50°,
probably faulted at least locally; unconformities and overlaps within the formation
are common, Age is Cligocene to Miocene, Rough, kncbby hills, with outcrops on
breaks in slope; coast usually cliffed. Caves present in the massive limestone, Some

Plelstocene coralline limestone may be included.

Southern Mindoro: Massive white Pocanil limestone, 700 to 1,000 feet thick occcu-
pies a large area in the southern end of the island, It i{s underlain by 1,500 feet of
Tertisry coal measures (see Tertiary Clastics). 7Tlin and Ambulong Islands and hilil
east of Sta, Teresa are known to be limestone which may be either Pocanil or upraised
ceral reefs, The Bulalacao formation, occupying the peninsula between Soguicay and
Bulalacao Bays and the point south of Mansalay Bay is a thin-bedded limestone with asso-
ciated calcareous pebble beds, sandstone, blue-gray siltstone, shale, and occasional
coarse conglomerate, totaling 1,500 to 2,000 feet in thickness. It is not certain

whether the Bulalacao formation over-or underlies the Poecanil fermation,

tiong are folded with a NNW trend,

Both forma-

Northern Mindcro and Lubang Island: (See inset map), Medio and Paniquian Islands
and south shore of Escarceo Point near Port Galera are chiefly of coralline limestone of
late Tertiary or Pleistocene age, White marly siltstone and limestone crops out in
road cuts south and west of Lake Naujan, Much of the alluvium of the northeast coastal
plain may be underlain by similar rocks, Similar limestone reported on NW Lubang Island,

TERTTARY CLASTIC ROCKS ( MAP UNIT 5)

Ceneral: Several thousand feet of sandstone, shale, clay, some limestone, and
locally some coal. Age may be Focene to upper Miocene, Beds are folded with general
NNW trend, Faults are probably numerous, Usually rough hill country, scfter beds may

form lcw hills and open valleys,

Southeast Mindoro: BSluish-gray, green, and yellow clays, sandstone, and conglom-
erate, some sand and marl, intercalated with L minable seams of coal; lie unconfermably
on Mesozoic sandstone and shale: are overlain by Tertiary limestona,
is approximately 1,500 feet., Details of the distribution of coal measures and Pocanil
limestone are unkncwn, Beds folded in a NNW trend, with limbs dipping 30° to 70°, Age
is Oligocene or Miocene., Irregular, rolling hills, with infrequent outcrops, chiefly

along streams and on steeper hillslopes,

Total thickness

Port Galera, Northern Mindoro: Approximately 1,000 feet of gray fine-grained,
red and yellow coarse-grained, Tuffacecus and marly shales, with a basal conglom rate
containing pebbles of quartz, marble, schist, and serpentine,occurs on the peninsula
(See inset map). Beds are fairly well compacted, gently folded, faulted, and lie uncon-
formably on the Basement Complex, Age is probably Miccene. Topography is flat or gemtly
rolling, probably representing a recently uplifted and moderately dissected marine plain,

Southwest Mindoro: O€il seeps from Miocene shale and sandstone are reported some-
where to north of Mangarin Bay on tributaries of the Bugsanga River, and in hills to

northeast of bay, beyend alluvial plain,

MESOZOIC CLASTICS (MAP UNIT 6)

General: 5,000 to 10,000 feet of hard calcareous mudstone, calcareous or siliceous
carbonaceous sandstone, some conglomerate, Beds are folded, with north or northeast
trend, probably faulted in many places. Deeply dissected intc rough hills and mountaing;

outcrops occur along streams; on breaks of slope of steep hills,

Southeastern Mindoro: Several thousand feet of hard calcarecus mudstone and calear-
eous or'siliceous carbonaceous sandstone is exposed near Mansalay Bay in an east-dipping
NNE striking monocline. At the point just northeast of Manaul, limestone concretions

containing cephalopods are present in coarse conglomerate. In area
to west of Manaul, shale and sandy shale exposed on hill crests.

Mt Dumall, and Hills East of Lake Naujan, East Central Coast:

though they may ve Tertiary.

BASKMENT COMPLEX (MAP UNIT 7)

Mt Dumall is composed
of beds similar to those of Mansalay Bay. Hills east of Lake Naujan and those east of

Calapan are of conglomerate or agglomerate, and are classified with the Mesozolc, al-

General: Highly metamorphosed complex of granite, diorite, gabbro, serpentine,
gnelss, schist, chert, slate, marble, &ll cut by numerous massive quartz veins., Some
andesite may also be included, These rocks form the high rugged central range of Mindoro,
and continue to the northwest in the Lubang Islands, Soil and disintegrated rock cover
are deep except in stream gorges, where fresh bedrock is exposed in the stream bed and

canyon walls in many places,

Port Galera, Northern Mindore: (see inset map) Hornblende mica granite, granodic-
rit?, light brown granite gneiss, lenticular carbonate gneiss, sericite and chlorite
schists, fine-grained white~to yellow-gray massive marble, some serpentine,

sected by ravines with rapids and falls in s treams,

Rocks dis-

Binaybay, Northeast Mindoro: Schist,gneiss, probably granitic, cut by many quartz

veins, form rough, deeply dissected hills,

Mt Halcon{ North Central Mindoro:Mt Halcon is a mass of granite, quartz, schist and
marble, Possibly some andesite is present, Extremely rough country, with high, narrow

ridges and deep canycns which often have bare rock walls.,

Lubang Istands, Northwest of Mindoro: Granite, acid schist and gneiss, slate,some
cross-cutting serpentine and quartz veins, OGranite crops out on narrow isthmus between
Looc and Tabajin Bays, Lubang Island; is flanked on north and south by mica schist, Golo
Island is chiefly mica schist, with serpentine in central part, Ambil Island is prebably
mostly serpentine. BRugged, deeply dissected hill country, with cutcrops along the coast,

and probably in some steep cliffs along streams.

Prepared by U.S. Geological Survey
for Chief of Engineers, U.S. Army.
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MINDORO (PRI

VEGETATION

Reliability: 3Jood ]
Map Number, . Effects on Military Operations 4
VTegetation Distribution Description :
Type Movement Observation Concealment Clgi;%g%n;nd Uses
1 Sandy beaches are commonly formed where Casuarina Type: Casuarina resembles a pine; Motor Transoort: Casuarina for- Visinility fair-| All forest types Casuaring trees | Casuarira wood, locally

SANDY BEACH plaing or rolling terrain comes close to recognizabls from considerable distance off- est easily penetrated in most 1y good in offer Fair to good require cutting | called ironwood, is very

VEGETATION coast, and they alternate with swamps or shore or from the air. Mature trees are 60 places. OSpacing of trees irregu~ | Casuarina for- concsalnent from or blasting; hard and heavy and somewhat
rocky coast covered with inland vegetation to 100 feet tall and up to 2 feet, rarely 3, lar but commonly wide enough for ests that gen- aerial observation. can be grubbed difficoult to raw. Nakes
types. Beaches range in width from a few to in diareter. In most places little under- trucks., Traction good on sandy erally have with dozers. excellent firewood; wood
hundreds of yards; somg narrow beaches not growth other than Casuarina seedlings; zroundt soil of Casuarina beachss; probab-| little under- Paths thronugh is guitable for heavy con-
shown on map, Terrain inland from the beach- | carpeted with fallen twizs. OSpacing of trees| 1y not as good on other beaches. growth; may be dense under- struction; in ground, it
83 may be hills or lowlands with any type irregular, but canopy lalrly continuous, In other beach forests thick only a few tens growth readily will last 5 or 7 years.
of inland vegetation except fresh-wa%er swamp, |Mixed Types: Scattered ftrees of other types undergrowth may have to te zleared.| of feet in cleared with Trunks up %o 2 feet or
Wild beach vegetation cormonly pure stands ecmmonly have fairly thick, tanzled under- Pandanus zrows thickly but can be | other forests. belos. more in diameter. Other
of casuarina {sea below) in sandy soils of growth of low shrubs, vines, and cTeepers. readily cleared; tracwksd vehicles trees on beaches are
heaches and some river flood plaing, as aleng | The pandan (screw-pine), common on so~e probably rejuire no clearing. scrubby and of little
Lumintao and Bugsanga Rivers, Elsewhere a heyches, is low, scrutby tree with leng, Foot Trocps: Easy movement in value.
mixture of other types of trees and under- broad, spiny-edged lsaves; trunks up to 6 Casuarina forest; cutting neces-
growth, in which pandan {screw pine) may be inches in diameter. sary in some mixed types. Spiny
gbundant. Yowzvar most beaches on Mindoro Coconuts: Cultivated coconut palms grow on leaves of pandan are a nulsance
are cleared, cultivated and settled and re- many beaches, particularly on east coast, but zasily cleared.
semble type 4. {see Cultivated Areas).

2 Mangrove forests are formed in the zone which |Mangrove Forests: Include several species Motor Transpori: PBarrier areas. Visibility gen- | Excellent. Trees must be Mangrove forest is prime

MANGROVE FORESTS
{including Nipa
Falms and Mixed
Types)

is covered with up to 3 or 4 feet of salt or
brackish water at high tide and exposed, or
nearly sco, at low tide. On Mindoro these
conditions are commonly met in tidewater
swamps on river deltas, on shores of shallow
protected bays, on some small islands and
along river banks as far upstream as the

water is salty or braciishs A1l of the swawps
are commonly crossed by many tortnous tidal
channels of varying width and depth. Nipa
palm {see Dascrintisn calumn) toleraztes /
fresher water than other swamp forms and is
commonly found on the landward margin of
swamps; along estuaries and along the lower
courses of rivers. However, in places it is
mixed with manzrove and locally is found

even in the seaward edge of swamps, Nipa
palms are culitivated in small areas south of
Baco and on a large tract on east side of
Baruyan River, south of Caluangan Lake,

of trees, many fairly large. Soma are 20 to
100 feet high and 2 feet or more in dlaneter,
but generally are smaller. Trees form dense
stands with nearly clesed overhead canony
and 1ittle undergrowth, Various kinds of air
roots extend upward to high-water level;
these may be straizht, vertical stick-like
root s standing close together, or may form
danse tangles of curved rcots {eonvex upward
and cutward from trunk).

Nipa Palms: Have creeping stems that send up
elanps of pale green leaves 3 to 15 feed
high; generally inm close pure stands without
undergrowbth; in places mixed with mangrove
and other kinds of trees; not distingvished
from mangrove on map.

Mixed Tymes: Interior of swamp may contain
tabau trees, rarely up to 2 feet in diameter
usually scattered. Straight slender langaray
trees, 6 to 2 inches (rarely 16 inches) in
diameter, form pure stands in many places.
Large trees known as dunzon-late are scat-
tered alonz landward edge of swamp; in other
places transition to dry-land types is
abrupt.

EZven where vegestation is cleared,
mo rement is prevented by sogzy,
muddy ground that is fnundated at
high tide. In transition zone

at landward edge of swamps, move-
rent 1s severely limited but in
places possible,

Foot Troops: Going is difficult,
At high tide, movement is practic-
ally impossible; at low tide a
man may sink knee deep in soft mud
at outer edze of swamp; farther
inland, soll may contain scome
sand and give somewhat better
footing. Tangles of air roots
cover much of zround; commonly
encrusted with sharp-zdged shells.,
Common practice is to clamber

on top of clusters of air roots,
using tree trunks and branches
for handholds., In places at
landward edge of swanp, thick
tangles of vines and other under-
grawth are difficult to penetrate:
nipa palms grow thickly and are
nearly impassable, Crocodiles
are comon, Many polsoneus snaker;
generally slow-roving, rarely
calse trouble. Piting flies and
mosjuitoss commonly numerous,
Boats: Travel %y small boats is
generally easier than by foot, At
high tide, landinz craft and can-
oes in places may push through
mangrove forest; at low tide only
tidal channels navigable., Peng-
tration of nipa forest Is pessitle
aleng open channels; very diffi-
cult elsewhere. In general,
abundant nipa on a channel bank
indicates that deepest water is
near bank.

erally restric-
ted to a few
score faet,

felled by hand
OF pOWET Saws.
logs and roots,
where accessible
to land equip-
ment, may be
removed by trac-
tor and dozer;
elsewhera they
may be drazged
out by winch
and cable on
anchored boats.
Nipa and tangles
of mangrove
roots canbe

cut out with
saws and bolos,

source of firewood., Larger
trees have hard, heavy,
rather stralght-zrained
wood that is strong encugh
for houseposts and can be
used for temporary construcH
tiony in ground wood lasts
5 to 8 years. Firewood

is cut by hand and carried
cut on foot; larzer timbers
for piling or other heavy
construction are draggzed
out by winch and cable an
boat#. Slender trunks of
langaray trees (5 to 2 inchd
€8 in diameter) are useful
for temporary piling and
will last 1 to 5 years in
ground. Dungon-late trees
have strong, very tough
wood suftable for heavy
construction; provide one
of the few local woods that
can withstand repeated
shocks; recommended for
bridge timberinz. Tabau
trees, if large encugh, can
furnish durable wood for
piling in salt water. The
bark of several specties of
trees contains much tannin,
widely used for svaining
brown and preserving fish
nets, cordaze, and cloth,.
Nipa used chiefly in making
thatchinz, which lasts 5

to 7 years.

3
FRESH-WATER SWAMFS

Local and not very extensive., OGrassy swamps
border the north, west and south sides of
Lake Naujan; buri palm swampa border inland
marging of some mangrove and nipa swarps.
Principal buri swamp along the lowsr course
of the Bongabon River.

Orassy Swamn: Dense growth of grasses or
sedges 2 to 10 feet high. Freguently flooded;
some always have standing water.

Buri Swamp: Generally occupies belt tehind
nipa swamp never flooded by tide, but very
wet, often has standinz fresh water. Not
confined to area bordering nipa swamp.

Palnus grow vertically 60 feet or mere. Rare=-
Ny close enough to form complete canopy, but
form dense growth along some streams, especiald
Ny where streams pass through grassy areas. A
Ifew scrubby trees and bushes grow between palmé
Grades sharply into inland forest types,

~buri swamps movement generally

Motor Transport: Generally im-
passahle, but parts of swamps
may becomg dry and firm during
exterded dry pariod.

Foot Troops: In grassy swamps
movement difficult; locally
impassable; parts may be passable
by trail when dry. Easy to
hagcmae lost in tall grass.

In

easy, depending on density of
undergrowth,

Boats: Small boats can easily
traverse flooded areas via natural
channels or artificial cance
trails,

Visibility zocd
where grasses
and reeds are
not too tall,
Moderate to poor
in buri swamp.

(rasses can conceal
vroops from ground

but not from aerial
observation. Troops
easily concealed

from zround and aerial
cbrervation in buri
SWamps .

Grasses readily
cut with bolos
and mowers.,
Puri palrns
difficaly to
eleary may
rejuira cutting
and blastinzg
use of winches
and cables.

For zrasses, none. leaves
of huri palms nake good
thatching.

CULTIVATED AREAS

The principal cultivated areas are along the
coast on the plains, sandy beaches and some
of the lower hills. 5mall patches of higher
mountain larnd are used only locally, Total
of all land in sultiwation about 5%, Rice,
the principal czrop, is grown on the low coastal
plains. OSugarcane 18 grown on the southwest
coast, coconuts along the east coast, and
hemp [abaca) along the northeast coast. The
other important crops are corn, sweet potatoes
cassava, and tobacco,

Rice: Requires standing water during plant-
ing, dry ground for harvesting; greound
generally has impervious substratum to hold
water; fields diked with earth embankments
ong to a few feet high. Permanent swamps
are generally drained before plantirg rice,
Cogonut Palms: Grow on sandy beaches and
other well-drained soils; gensrally planted
25 to 30 feet apart in rows equally spaced,
Trees generally 30 to 50 feet high, in places
20 feet or more; trunk diameter about 10
inches, Overhead canopy fairly close;

1ittle underzrowth in most plantations.
¥anila Hemp {Abaca): Plants resenble banana
plants; form dense growth 12 to 18 feet high,
Sugarcane:r Grows thickly; height 5 or 6 feet
up to 10 feet.

Bambog: Commonly forms thorny, impenetrable
clumps 40 to 50 feet and exceptionally 80
feet high; many different varieties.

Mango: Large dense-crowned tree 50 to 60
Teet across; commonly found near housess
Corn: Generally only 3 or 4 feet high, but
may be taller.

Motor Transport: Movement easy ir
cocomut greovas vhere slope and
sround permit, Tight clearing
necessary in Manila hemp (zbaca)
flelds. ™heoeled motor transport
cannot cross wet rica fields unlesd
dikss are broken and water
drained. When fields are dry,
ground is firm and easily crossad:
quickly becomes muddy during
rains; dries slowly., Most other
crops will not obstruct movement.
Foot Troops: Easy =wovement ex-
cept in webt rica land where
easiest movement i3 along dikes.

visibility
restricted in
coconut zroves;
and by scattszred
trezes near vil-
lages; poor in
hemp planta-
tions; good
elsewhere.

Most coconut zroves
¢an conceal vehicles
and perscnnel from
aerial but not from
ground observation.
Herp and taller
sugarcane provids
fair to gnod conceal-
ment from ground

and aerial observa-
tion., Fruit trees,
ezspecially mangos
afford excellent
concealment from
aerial observation.,
Jther crops offer
little oconcealment.

Coconut palms
have shallow
roots and are
easily pushed
over by dozers,
Most other
oultivated
growth readily
cleared with
bolo knives.

Food crops. iHemp for
cordage, Trunks of coco-
nut palms, gercrally S to
12 inches in cdiameter arc
usefu]l for makirg temperary
corduruy roads on hoggy
eround and for making tem-
norary retalring walls,

5
PRIMARY MOREST
(including Mossy
and Pire Forests)

The Primary Forest which once covered the
island is now found over most of the higher
hills and lower mountain slepes and on soma
lowlands, There are twoe modificaticns of the
prircipal type wtdceh develop under special
conditions. Mossy forest grows above the
prevailing cloud level, the transition zone
ranging from 3,000 feet un. Here the
humidity is even higher than in the main
forest and for long pericds approximates
satuwration. Pine forest grows on high

ground on the west side of the northern half
of the central mountain rarnge in areas where
the ground is particularly well drained and
the humidity comparatively low., While its
lower limit in general is 3,000 feet,small
open groves are found scattered through the
gragslands at lower elevation and occur as
low if 200 feet near Santa Cruz, (Not shown on
map.

Primary Foresst: Many blg trees tower over
successively smaller trees. Forest canopy
up to 100 or 150 feet high, with some higher
trees, shuts out sunlight almost entir:ly,
Spacing irregular but in many places wide
enough to permit passaze of trucks. Trunk
diameters up to 6 feet or more., Many trees
are supported by large reot htuttresses
extending 10 to 20 feet up along trunk and
flaring out as far as 20 feet or more from
base; such roct buttresses may be a few
inches %o a foot thicks Undergrowth may be
dense, bubt in many types of forest i4 is
1ight. &%t edge of forest, dense wall of
sacondary growth is cormon {See Map Unit 6).
Mossy Forest: Generally above 3,000 feet
altitude, consist of dwarf trees descreasing
in height from about 40 feet at lower alti-
tudes tc a few feet on higher rountain tops.
Branches ferm dense growth close to ground
many roots above ground form tangles 3 or 4
feet high, Trees, roots, and ground are
covered with spongy, sogzy mats and festoons
of moss.

Pine Forest: Scattered groves of pine trees
50 to 100 feet high; 18 inches to 3 feet ‘n
diameter on lowest branches 4 to 6 feet ahove
ground. Trees widely spaced with many open
areas covered with tall grases. 501l generally
extrenely dry and well draired., ©n ridges and
western slopes in north at varying altitudes,
mostly over 4,000 feet.

Motor Transport: In many places
where slepe and ground permit,
moverent through Primary forest is
possible without much clearirg,

In places, =specially at edges of
forests, cutting of vines and
undergrowth i3 necessary. Heavy
¢learing necessary in mossy
forest, In rine forests movement
easy; gererally no clearing
necessary.

Foot Troops: Movement easy in
Prirary forest; in places light
cutting is necessary., In rost
well-developed forests, a man
follewing the trails can travel
about one mile an hour, Move-
ment difficudt in dense growth at
edge of forest. In mossy forest,
low ranches and tangles of ex-
posed reots, largely concealed by
mosses, make travel very difficult.
Sounds are gquickly absorbed and
movernent makes 1iftle noise, love
ment easy in pire forest.

In many rlaces
in Primary and
mossy forests it
is impossikla

to see rmore
than 20 or 30
yards in any
direction. Some
treeteps may be
high enough to
provide view

for lookoute,

In pine forests
observation
somewhat
restricted, but
many vantage
points for look-
outs.

In Primary forest
derse forest canopy
gives perfect conceal-
ment from aerial ob-
servation, Conceal-
ment from ground
observation good;
larger trunks give
zood conceslment

and limited cover
from small-armsg fire.
In pine forests con-
cealment from aerial
ohservation fair;
from ground observa-
tion poor to fair,
dependinz on the
density of the trees
and height of grass,
In mossy forests con-
cealment {romaerial
cbservation is af-
forded much of the
time by low cloud
cover, concealrent
from ground observa-
tion fair to very
good at all tires,

Heavy equipment
and blasting
required to
rameve larce
trees, Under-
growth can
generally be
removed by
hand tools.
Mueh of Primary
forest can be
bur ned with
sore difficulty
during drier
nenths, but
burring of mossy
ferest practic-
ally impossible
owing to damp-
ness.

Forests provide many kinds
of good timber for light
and heavy construction,
Plentifvl firewood obtain-
able from fallen trees.

{continuad)

31



VEGETATION

MINDORO (Pl

SECOVDARY FOREST

undisturbed, are invaded by quick-zrowing
secondary forest. Secondary forest grows
on any terrain except swamps,

soft-mwooded trees. Yourg forests comprised of
dense growths of scrubby trees, shrubs, vines,
and scattered large partly rotted logs. Such
thickets are common at edges of high forests
where they form dense tangles of shrubs and
¢limbing growth from ground to tops of trees;
and intergrowth of spiny, tough, ¢limbing
bamboo in places makes such growths extremely
dense and resilient. Repeated burning of
secondary forest commonly results in open,
park-like areas of scattered medium-sized
trees in grassland {savanna). Most cleared
hilly areas have moderately dense growths of
trees along streams.

cannct move through dense second-
ary forest without previous clear-
ing; tracked wvehicles can pene-
trate rost younger growths. Easy
mevement throuzh park-like areas
of scattered trees where slope
and sround permit.

Foot Troops: Slow and difficuls
movement in dense thickets,
especlally in thick growths at
edge of high forest; much cutting
recsunired. Existing trails become
choked with vines and creepers if
left unused for a few weeks or
more.s

Visibility only
a few yards or
feet in denser
thickets; tens
Yo hundreds of
yards in open
park-like areas,

Dense thickets provide
excellent concealment
for personnel and
vehicles; open growths
afferd limited conceal
ment.

Clearing of dense
growths requires
much cutting with
hand tools, some
blasting and
grubbing with
clearing equip—-
ment., Paths

for foot troops.
may be cleared
with bolos.

Reliability: Good
Effects on Military Operations
Map Number, Cleari 4
Vegetation Distribution Description Yovenent Observation Concealment garing an Uses
Type Grubbing
5 Burned over and cleared areas, if left Consists of relatively short-lived, mostly Motor Transport: Wheeled vehicles

Little value., Wood is
goft and of small size;
makes fair firewcod; some
kinds used for light
porary constructlen.

o
TRASSTAND

Large burned over and atardrned areas known
a3 c¢ogonales are covered with tall harsh
ccgon grass; its presence generally indicates
dry ground. Cogon grows at altitudes frem
sea level to about 5,000 feet on all types

of terrain except swampy ground; cther
similar grasses may occupy swampy land.
Orassland areas in Mindoro are most extensive
on the western slopes,

Cogon is a very coarse wild grass, generally

to 5 feet highy with sufficient moisture
it may grow to 2 feet; forms thick mantle;
burns readily when dry and makes quick hot
fire; grows back quickly after having been
burned off.

Motor Transport: GJenerally pass-
able to motor traffic where slope
and ground permit, Larger
permanent streams flowing across
cogonales are generally marked
by shrubs or trees; small or
intermittent streams may be con-
cealed from ground observation
by dense grass and are hazards

to movement of vehlcles or foot
troops. In dry months, large
grass fires spread swiftly and
may be hazardous,

Foot Troops: Movement off trails
possible but unpleasant owing to
density and coarseness of grass,
glare and heat, and irritating
dust frem leaves; trampled grass
is slippery on slopes, but grass
clunps prov’de handholds, Quick-
1y tears clothes and cuts hands if
gloves are rot worn.

Tisibility
excellent where
grass 1s not too
tall.

In a few areas
exceptionally tall,
cogon grass gives good
concealment from
gro:nd but not from
aerial observation,

In dry months
Cogon grass may
be readily
cleared by burn-
ing, at other
times by mower
or ty hand.

Toung shoots make rather
peor forage; clder grass
is too harsh, Bundlzs of
cogon widely used for
tenporary thatching and
for preventing rain wash
on earthern embankments
along roads and elsewhere.

32

Prepared

for Chief of Engineers, U,

by U. S, Geological Survey
S Army e




MINDORO (P1.) VEGETATION VIEWS
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Typlcﬁl stand of coconut'palms along beach, restrioct ground : - 3 - S 3
1 observation and provide fairly good concealment from aerial Pandanus, or screw pine, common : E < X : T SR L SRRt
observation; movement easy, clearing light. Treez regular- 2 on some beaches; long, broad, One type of beach flora; dense forests hamper movement and
- i i hilippines and » 3 wvielbility, provide gocd concealment. Casuarina beach
ly spaced in well-organized plantations. (Craig, Philippines spine-edged leaves are nuisance, ¥ . eaches are
Filipinos of Yesterday, Manila, 1934) can be cleared by bolo. (Schimper, A. F., more open. (Whitford, Forests of the Philippines)
and van Faber, F. C., Pflanzen-geographie,

1935)

<

Uncultivated nipa swamp. Difficult to penetrate,
€ except in places whers small boats can be forced

Ty Ao~
- §% Tk through. (Brown, W. H., and Fischer, A. F.,

: 5 D ; S A o : g Interior view of mangrove swamp at low tide; high Philippine Mangrove Swamps, Philippine Bur. Forestry,
Casuarina trees, found along some beaches and streams on 6§ water reaches nearly to top of root tangles. Bull. 17, 1918)
4 Mindoro. View does not show typical character; such Twisted air roots several feet high, in many
forests usually open and commonly free of brush; easily places encrusted with sharp-edged shells; vertical W
penetrated by motor transport and foot troops. Good conceal- stick=like roots below. Ground soft, muddy. Excellent _ﬁf
ment,Urows 1n sandy soil. Wood heavy and hard. View along concealnent; poor visibility. (Whitford, Forests of the ‘Qﬁ?
Bongabon River. (Merritt and Whitford, Bull. 6, Bur. Forestry, Philippines. ad
1906) =

Sugarcane fields such as this cover
7 large areas near the streams in south-

western Mindoro. Crecps adjacent to i,
fields may be in different stages of growth.
(0ss 719905)

& Young secondary forest; hampers movement of wheeled Phon - NS— R— ’
SR ’ ?:ig;ozri:bzz:tiizzza 9 vehicles and foot troops; provides good concealment Thicket of climbing bamboo, typical of some
g._ Windorc], Maks ara W from observation. (Whitford, Forests of the Philip- 10  of the areas of secondary forest and edge

5 pines. of high forest on west side of Mindoro.

usually tall; average plants
are a few feet shorter. Pro-
vide excellent concealment;
obstruct visibility. Stems
soft; plants easily cleared.
(Whitford, Forest of the
Philippines)

Nearly impenetrable for foot troops. Hollow stems
contain good drinking water. View west of Abra
de Ilog. (Merritt and Whitford, Bull. 6, Bur. of
Forestry, 1908)

& Wye -
B “ b2 M
.,l'E|

Cr¥ac ;Ej.-~; .;-2.£i’.f‘i
: .'»‘_J_ailsrg” .a”m ‘

Typical open pine forest com-
11 mon on higher ridges of west=
ern Mindoro. (Whitford, 1911)

Base of trunk of large forest tree imn pri-
13 mary forest, showing root buttresses. Com-
monly four or five such buttresses, up to
20 feet in height, 10 feet long at base and a
few inches to a foot thick, radiate from trunk;
provide limited cover for personnel. (Whitford, Mossy forest. This type of growth may ex-
Forests of the Philippines) 14 tend as low as 3,000 feet, depending on
preveiling cloud level. The tangle of
roots and underbrush is covered with mosses
: which are continually saturated with moisture.
Interior view of high forest, showing light (Janie)
12 undergrowth; canopy here is unusually open.
(Whitford, Forests of the Philippines)
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CLIMATE
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General Statement

Climatic data on Mindoro are limited. Rainfall records wers ob-
tained from Observations of rainfall in the Philippines, Philippine
Islands Weather Bureau, Manila, 1935,

The climate of the east and west sides of Mindoro differ:t the
east side has no dry season and no pronounced maximum rain period;
the west side has a dry season and marked maximum rain period.

Precipitation

Mean annual rainfall on the east side from 85 to 100 inches; west
side 100 to 125 inches, Mean annual number of rainy days on east side
185 to 195; west side 100 to 145, Dry season on west side generally
from December through April with less than 3 inches of rain per month.
Marked decrease in rainfall on east side from January through April,
when the average monthly precipitation is less than 5 inches, Rainy
season on west side reaches maximum development during June, July, and
August. Rains heavy and torrential, especially on west side, lasting
several hours; rainfall in one day may be from 5 to 10 inches, Pre-
cipitation generally higher at increased altitudes,
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EXPLANATION

Dry and rainy seasons

No dry seasony no pro-
nounced rainy season

NI—*

Maxinmm

Mean

Minimum

CLIMATE

‘Temperature and Humidity

Temperature generally warm, 75 to 85° F., occasionally as high as
100° F, and as low as 65° F, Humidity high, 70 to 85%.

Storms

Thunder storms frequent during April and May. Typhoons common,
generally during period from September through December.

Winds
Generally light (up to 7 mph), except during storms. Steady east-

erly winds from November through April, Intermittent southwesterly
winds from May through October, Calms infrequent.
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