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FOREWORD

In continuation of the general policy of the Philippine Bureau
of Science of making available to as large a public as possible
our compiled data of economic and semi-economic importance,
the present volume on the geology and mineral resources of the
Philippines, prepared by Dr. Warren D. Smith, is presented.
From an economic standpoint geologic data are of great value,
not alone to those who are interested in the development of our
mineral resources, but also to planters, engineers, and the general
public. Available data on Philippine geology are widely
scattered in technical literature, and it is impossible for anyone
interested in the various phases of the science to secure in any
single publication the local information that he requires. The
present work, which it is hoped will meet the urgent needs of
those vitally interested, summarizes our present knowledge of
Philippine geology and mining and makes available the most-
essential data on the general geology of the Archipelago, spe-
cialized regional geology, seismology, volcanology, paleontology,
and mineralogy. The economic geology of the Archipelago has
been given special attention. Essential data in reference to the
local governmental procedure, mining laws, land laws, forest
regulations, corporation laws, etc., have been. included in an
appendix, in order to make the work more generally useful to
those who may have occasion to consult it.

ELMER D. MERRILL,
Director, Bureau of Science.
MANILA, P. 1., October 30, 1923.
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GEOLOGY AND MINERAL RESOURCES OF THE
PHILIPPINE ISLANDS

By WARREN D. SMITH
INTRODUCTION

PAST WORK

It is now twenty years since Becker’s admirable summary of
Philippine geology was issued. Since that time, our geologic
knowledge of the Archipelago has been greatly increased, not
so much along general lines as in detail. The broader features
were brought out principally by the foremost Spanish geologist,
Abella y Casariego, as well as by Becker, whose chief contribu-
tion was a correlation and summary of previous work.*

Of the workers who antedated the coming of the Americans
to this land, many were merely passing travelers, and these
contributed only fragmentary and cursory notes, but the follow-
ing must be particularly mentioned:

Richard von Drasche; a German geologist, who traveled ex-
tensively in Luzon in the decade 1870 to 1880.

Karl Oebbeke, a German petrographer, who was never in the
Archipelago, but who worked on von Drasche’s collections.

Karl Martin, a Dutch paleontologist of note and the author-
ity on the paleontology of Java, who has studied collections of
Philippine fossils, but has never visited the Islands.

B. Koto, dean of Japanese geologists, who has never been
here, but whose discussion of Malaysian tectonics is suggestive
and helpful.

José Centeno, chief of the Spanish mining bureau from 1876
to 1886, who contributed much to the geologic literature of the
Islands; his chief work was on Taal Voleano.

Enrique Abella y Casariego, the last chief ¥ of the Spanish
mining bureau, 1889 to 1897, was by far the ablest of the ear-
lier investigators. It is a great pleasure to pay this tribute
to our late colleague of another nationality. I have only words

* See Bibliography, page 482.
7 Luis Espina y Capo was acting chief just prior to the American oc-

cupation.
15



16 PHILIPPINE GEOLOGY AND MINERAL RESOURCES

of commendation for his untiring efforts in the solution of the
geologic and mining problems of the Philippines.

When, in 1901, the United States Government established the
Mining Bureau under Lieut. Charles S. Burritt, the first definite
step was taken to procure up-to-date, detailed information about
the mineral resources of the country. To this man is due the
credit for the early organization of the work and for much
painstaking labor on the Spanish records and literature. He
was succeeded by H. D. McCaskey, a mining engineer, whom
he had chosen especially to investigate the metallic resources.
Mr. McCaskey’s six years of service saw the work greatly in-
creased in scope, and his labors, while not so noticeable in the
literature, were great and constructive. Mr. McCaskey soon
augmented his staff to four technical men, and carried the work
through the second period to the union of the Mining Bureau
with the Bureau of Government Laboratories under the new
name, Bureau of Science. This was in 1906. The staff of the
old Mining Bureau at that time consisted of the following:

Hiram Dryer McCaskey, chief.

Arthur J. Eveland, mining engineer, metals.

Warren Du Pré Smith, geologist, nonmetals, and paleontology.
Maurice Goodman, mining engineer and field assistant.
Harry M. Ickis, mining engineer and field assistant.

Hugo Navarro, draftsman.

Gabriel M. de Ubago, property and record clerk.

R. C. Redmayne, chief clerk.

When the consolidation took place, Mr. McCaskey resigned
and took a position on the United States Geological Survey. W.
D. Smith became acting chief of the division of mines in the
Bureau of Science in 1907, and chief in 1908, which post he held
until his resignation in 1914. He was succeeded by Wallace E.
Pratt. At the close of 1913, the staff consisted of the following:

Warren Du Pré Smith, chief.

Frank T. Eddingfield, mining engineer, metals.

Wallace E. Pratt, geologist, nonmetals.

Frank A. Dalburg, coal engineer.

Paul R. Fanning, metallurgist.

Randall A. Rowley, petrographer, special assistant from the Uni-
versity of the Philippines.

Feliciano Nable, field assistant.

Pio Moskaira, chief draftsman.

The following factors combined to make the next period, from
1907, the most productive: The restoration of stable and safe
conditions throughout the Archipelago; the connection with the
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Bureau of Science, where there were far better facilities; the
organization that had been effected; and the opening of various
mining districts, which furnished data not previously available.

In 1920 I returned to the Philippines and again became chief
of the division of mines, for two years.

SCOPE OF THE PRESENT WORK

It is felt that the time is ripe to collect into one volume a
summary of all information of interest to geologists, mining en-
gineers, students, and mining investors.

Special acknowledgment is due to Dean C. Worcester, ex-Secre-
tary of the Interior, who in the early years did much to foster
scientific work in the Philippines; to the work of the late Paul
C. Freer, the able and kindly first director of the Bureau of
Science; to H. D. McCaskey, second chief of the Philippine
Mining Bureau, afterward on the staff of the United States Geo-
logical Survey, and now retired; and to Elmer D. Merrill, the
present director of the Bureau of Science, who has assisted in
many ways in the preparation of this book, in securing funds
for travel, in contributing important data, and in securing funds
for its publication.

I have drawn freely upon the published writings of my col-
leagues of later years, and the present work would not be possible
without their contributions. I alone am responsible for the in-
terpretation of their data. The men whom I desire especially
to credit are, in order of their connection with the division of
mines :

H. D. McCaskey. Paul R. Fanning.
Maurice Goodman. Frank A. Dalburg.
Harry M. Ickis. Feliciano Nable.
Arthur J. Eveland. Victor E. Lednicky.
Henry G. Ferguson. J. P. Goldsberry.
Wallace E. Pratt. Victoriano Elicaifio.
George I. Adams. Leopoldo Faustino.

Frank T. Eddingfield.

Two investigators outside the Bureau of Science also deserve
special acknowledgment. Father Miguel Saderra Masé, S. J.,
of the Philippine Weather Bureau, has collaborated with me in
the chapters on Seismology and Volcanology, and association
with him has been inspiring. Dr. Roy E. Dickerson, honorary
curator of the department of paleontology, California Academy
of Sciences, who has been making special investigations in the
Philippines, has assisted me by a critical reading of the manu-
script and in many other ways to an extent greater than I can

192776——2
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adequately acknowledge. The friendly and helpful criticism of
these two men has been a most pleasant experience.

Mr. Richard C. McGregor and Mrs. Anna B. Banyea, of the
Philippine Journal of Science, have edited the manuscript, and
I here record my appreciation of their labors.

It is hoped that those who peruse these pages will not forget
that the data compiled here were obtained under conditions such
as do not exist in the United States, that much of the information
of necessity cannot be final or accurate, and that we have been
able merely to blaze a slightly wider trail than existed before.
This book is published as an aid to future workers who will be
in a position to do more careful and more detailed work than
was possible for us.

GENERAL FEATURES OF PHILIPPINE GEOLOGY

Structurally, the Philippine Archipelago may be considered as
the crumpled edge of the Asiatic continental platform. A study
of the hydrographic charts (Plate 37) of this region reveal many
interesting features; but the most important, perhaps, is the
great foredeep close to the eastern margin of the group, in which
the deepest known part of the Pacific is located, 85 kilometers
northeast of Mindanao. This foredeep is undoubtedly related to
the similar deeps off the east coasts of Formosa and Japan, and
from this it would seem that these three island groups ought to
bear about the same relationship to the mainland. However, it
seems that between the Philippines and Formosa there is lack
of connection marked by the deep Bashi Channel. None of the
Paleozoic rocks reported from Formosa has been discovered in
the Philippines. The supposition that there is perhaps a differ-
ence in geologic history in these groups is confirmed by testimony
from botanists, who say that the affinities in Formosa are all
with Asia, while in the Philippines they are largely with Celebes,
New Guinea, and Borneo. Similar relationships hold in the mat-
ter of faunas.* :

West of the Archipelago is the much lesser deep of the China
Sea, presumably a sunken area, or Graben. This China Sea
Graben is undoubtedly analogous to the submerged area between
New Zealand and Australia, and the Asiatic mainland may bear
the same relation to the Philippines that Australia does to New
Zealand.

* The large and important subject of the paleogeography of this region
and the bearing it has upon the distribution of plants and animals will
only be hinted at here.
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The two long and comparatively narrow interrupted land
bridges between Borneo and the Philippines by way of Palawan
and the Sulu Archipelago, respectively, are significant features
in the present framework of the Archipelago. These and many
other important points may be readily seen on studying the com-
posite hydrographic relief map (Plate 37).

The land areas of the Philippines are merely the higher por-
tions of a partly submerged mountain mass, in part the crests
of anticlinoria, in part the upthrust blocks or horsts caused by
faulting, in part the summits of volcanoes. Some of the straits,
consequently, are the downfolded areas or synclines, while others
are Graben. The structure of the Archipelago is by no means
as simple as was at first thought. Besides the folding and fault-
ing mentioned, there are volcanic intrusives and volcanic ex-
trusives of different periods, which further complicate matters.

As to the geologic time of the major deformations it can be
stated with a fair degree of certainty that there was a period of
intense deformation prior to the Tertiary when some of the
schists were formed, although some schists appear very clearly
to be the result of strong movements in Tertiary times. Toward
the end of the Miocene, the widespread ‘“Miocene Revolution,”
the Vigo and Batan formations were generally folded, in some
places intensely crumpled and faulted. Again, late in the Plio-
cene, or early in the Pleistocene, as shown by the Malumbang,
there was another period of folding, though not so pronounced.

Finally, beginning with the Pliocene and continuing through
the Pleistocene and Recent, much of the Archipelago has been
subjected to a great uplift, amounting to some 1,800 meters
in Luzon. Evidence of this is found in the fact that fossil plants,
very closely related to species living in the lowlands near Manila,
have been discovered in the extreme highlands of Luzon. It
appears to me that the latest elevation has been not uniform,
but differential, perhaps a warping and great faulting. On the
western side of the Archipelago there is much evidence of this
recent uplift, especially indicated by raised beaches and reefs,
notably on the Tlocos and Batangas coasts, while on parts of the
eastern coast, especially in the Paracale region, drowned river
valleys are found. In the eastern half of the group, too, though
not on the eastern coast, there are two great rivers, the Cagayan
in northeastern Luzon and the Agusan in northeastern Mindanao,
up which the tide runs for long distances. It seems to me that
in spite of some local exceptions to this state of things, like the
recent subsidence in Palawan, there has been a tilting of the
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Philippine block toward the Pacific, perhaps a down drag as a
result of the subsidence of the oceanic block into the Mindanao
deep.

In the chapter on Seismology there is considerable detailed
discussion of the tectonics of the Archipelago, but only a few
general features will be considered here. Attention should be
called to an early paper by Koto,(357) on the geologic structure
of the Malay Archipelago, which is highly suggestive as to
Philippine tectonics. In several details, I question Koto’s in-
terpretation; subsequent work, as might well be expected, has
shown that on many points that he accepted from earlier workers
his statements in the paper here cited will have to be revised.
These, however, do not militate against the paper in its broader
aspects. It should be understood also that Koto never visited
the Philippines.

On the map (fig. 16) are shown the principal arcs, following
Becker, and the relation of these structural lines to the seismic
regions of the Archipelago as worked out by Saderra Masé and
Smith. These arcs fall into two series; an inner one, northeast
and southwest, and an outer one, northwest and southeast.
There is in addition a north and south series of trend lines, not
arcs, giving with the others a threefold system.

The most important arcs and tectonic lines in the Archipelago
beginning with the innermost, to the west, are as follows:

The Palawan arc, which is continued into northeast Borneo. This
may be a fault line and not an arc of folding at all. This line
seems to be continued through the Taal area and may have
some connection with the coast of Luzon northeast of Baler Bay.

The Cagayan arc, in the Sulu Sea.

The Jolo arc, which is continued through Zamboanga Peninsula and
also passes through Cebu Island.

These three are the principal northeast and southwest trend
lines. The northwest and southeast lines, including several that
are nearly north and south, beginning at the west, are—

The Zambales line, through the extreme southwestern part of Luzon.

The Cordillera Central, running nearly north and south, as the back-
bone of Luzon. East of this, with a synclinal intervening, lies
the Sierra Madre line along the east coast of Luzon. The Cor-
dillera Central and the Sierra Madre line coalesce in Nueva
Ecija Province in what is called by Adams the “Central Knot.”

From the “Central Knot” a single line passes southeast through
Tayabas Peninsula and the eastern prong of Masbate, thence
through Leyte and down the eastern margin of Mindanao. Well
to the eastward of this line, in the extreme eastern part of Luzon,
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is the Camarines line; this, judging from the topography, runs
more nearly east and west, but the strikes of schistosity were not
east and west but northeast.

The three important points where these lines when projected
appear to intersect are as follows: In southern Luzon, near Taal
Voleano; in the northern part of Masbate, where there is an
important gold field; in northwestern Leyte, where petroleum
residues from seeps have long been known. A fourth possible
junction is in the northern part of Mindanao, near Camiguin
Volcano.

Whether or not there is any direct connection between these
facts is not certainly known, but they are strongly suggestive.

Although the principal tectonic lines in the Archipelago are in
general north and south, the inner line of arcs makes a pro-
nounced curve * in the direction of Borneo, showing a tendency
to fall in line with the principal tectonic lines of the rest of
Malaysia which have in great part an east and west direction.
It is seen, therefore, that the Philippines are a part of a region,
including Java, Borneo, Sumatra, etc., which, with reference
to Asia and Australia, occupies a position analogous to that of
Central America and the Antilles with reference to North and
South America; therefore, the region is one of great importance
in the study of the geology of the Pacific. Prior to the Miocene
there was undoubtedly sea connection with Europe by way of a
greatly extended Tethys which reached from the Pacific to the
Atlantic. Therefore, the deposits formed in this depression and
the structures subsequently produced are of great interest and
importance.

Becker, Koto, Hobbs, and others have pointed out the relation
of the Philippine arcs to those of Asia, as delineated by von
Richthofen.

As has been pointed out by Suess, and similar to what Omori
has told us of Japan, and Andrews of Australia, the outer arc
is one of closely folded rocks, and within this outer arc is a line
of volcanoes such as Taal, Canlaon, and Camiguin. However,
near the outer arc are two important cones that are active at
intervals, Bulusan and Mayon.7 The innermost arc consists of

* There is objection to the use of the words “curves” and “arcs” by
some geologists who have studied the Philippine structure, but I agree
with Becker in this generalization.

i Prof. W. H. Hobbs, who kindly read this chapter in manuscript, has
indicated to me that the outer arc in the Philippine group is not the real
outer arc toward the Pacific, but that this is to be found in the Marianne
Islands, some 2,000 kilometers to the east of the Philippines.
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folded rocks also, but with no sign of volcanism; at least, there
is none at the present time. As in the Australian-New Zealand
region, the outer arc is apparently the oil arc.

Practically all of the principal rock types are found in the
Philippines. On a basement complex of igneous rock there are
many thousand meters of sediments, mainly of Tertiary age,
with some small outerops of Mesozoic rocks, and these in turn
are succeeded by lavas of the andesitic type, with great accumu-
lations of more recent tuffs and considerable areas of coral lime-
stone. Contrary to the former belief, the Archipelago is not
dominantly volcanic, although active volcanism in recent years
has been manifested at three rather widely separated points;
namely, at Taal, 40 kilometers south of Manila; at Bulusan, in
the extreme southeastern part of Luzon; and at Camiguin, off
the northern coast of Mindanao.

The striking similarity between the formations in the Phil-
ippines and those of the west coast of America is another essen-
tial feature of the Philippine geology. The great basaltic and
andesitic flows of the Pacific Northwest can be duplicated, if
not in size, then in petrographic and structural characters, in
this Archipelago. The radiolarian cherts of the California
stratigraphic column have their counterpart in the Philippine
Islands. Both later Tertiary faunas of the Philippines and
the Eocene of California are tropical, with similar tropical gen-
era. The statement is equally applicable to the Eocene of the
Paris basin. The lithology of many of the formations on the
two sides of the ocean is almost identical.

The geologic map (Plate 39) shows the distribution of the
various formations. The reader is asked to bear in mind that
this map is not accurate in details, since it is a compilation of
material gleaned from books, manusecript reports, and the per-
sonal observations of engineers and geologists, in both Govern-
ment and private service. The use of a certain pattern on a
particular area of the map is intended to indicate the kind of
rocks that are dominant within this area, and nothing more
definite should be read into it. It will be seen that certain types
of rocks predominate on the surface, at least in certain parts
of the Archipelago; and it would seem that for a long time (for
how many geologic periods cannot be stated) there have been
archipelagic conditions here, judging from the many islands of
igneous rock, the erosion of which has produced the covering
of sediments that are now found about those primordial cores.
Cutting through and in turn blanketing both sediments and
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older plutonics are the more recent volcanics, which are localized,
to an extent at least, along definite tectonic lines.

The deep-seated rocks are naturally not very widely distributed
on the surface and usually are found only in the cafions of the
central ranges, wherever the streams have cut through the over-
lying, more recent formations. They are particularly abundant
in northern Luzon, throughout the Cordillera Central; in Pala-
wan ; the cordilleras of Panay ; the central cordilleras of Cebu and
Leyte; the eastern cordillera of Mindanao; and in Masbate.

In all parts of the Islands there is a large amount of extrusive
material which forms a mantle over the deeper-lying formations.
Naturally, these extrusions are found around the volcanic areas,
and they are pronounced in the Zambales Range of southwestern
Luzon and in various parts of the Cordillera Central, lying above
the old igneous rocks and the Tertiary sediments. In the Cor-
dillera Central there exist great patches of andesite, marking
probably early Tertiary volcanoes. In the Zambales Mountains
there is a development of andesite, indicating probably a still
later period of volcanic activity. On Mount Arayat, which rises
isolated out of the central plain of Luzon, basalt occurs, and
around Taal Volcano and on Binangonan Peninsula there is a
considerable amount of basalt. Extrusives are particularly well
developed in the southeastern volcanic cluster of southeastern
Luzon, comprising the well-known peaks of Bulusan, Mayon,
Isarog, etc. They are found overlying much of Masbate, par-
ticularly in the central portion; also in western Panay; in a
portion of Cebu; in most of northern Negros; in central Leyte;
and, notably, in Mindanao, a broad belt of extrusives running
north and south through the Apo and Matutum Ranges. There
is a great patch of basaltic material around Lake Lanao, and
Mount Malindang is the center of a great volcanic mass. There
is also great development of these extrusives covering almost
the entire islands of Basilan and Jolo and the lesser islands of the
Sulu Archipelago. As yet we know of extrusives in Palawan
in only its northern part. The principal mountainous mass of
Mindoro, Mount Halcon, is largely andesitic. My earlier state-
ment, that “the entire recent volcanic activity consists, as far
as we know, of basaltic materials,”” was too sweeping and
should be modified. Much of the ejecta from Taal during the
last eruption was basaltic, but andesitic material was also
thrown out. Much of the recent ejecta (I know of no recent
lava flows in the Philippines) from Mayon is scoriaceous basalt,
as is also that from Canlaon Volcano.
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The material which poured down the side of Bulusan in a
recent (1915) eruption was classed by Goldsberry as andesitic.

Large and small laccoliths of diorite, granite, and peridotite
are innumerable throughout the Islands. In the Cordillera Cen-
tral the intrusions seem to be generally diorite and quartz diorite.
They cut both the Tertiary sediments and the overlying ex-
trusives in some cases. In the Camarines region, granitic in-
trusions cutting the diorite and possibly the sediments can be
seen.

In Sulu Archipelago I have found a number of small basaltic
intrusions cutting some of the recent sediments. Owing to the
absence of an accurate base map of the Philippines and the
fact that my work has been largely of a reconnaissance nature,
these intrusions have not been mapped in detail, or with sufficient
accuracy to allow me to state whether or not they follow any
general system of jointing or earth lineaments, though they
seem to do so.

Flanking all the cordilleras on both slopes there is a greater
or lesser development of sandstones, shales, and limestones which
have been bowed upward in the Miocene and later uplifts with
some minor crumpling at various points and, of course, accom-
panied by much faulting. The folding in northern Luzon in
many places has apparently been a gradual and gentle uplift
of the strata. In Tayabas Peninsula the flexures are sharper.
In Zamboanga Peninsula the strata have been so intensely com-
pressed that schists are the result. These schists have been
considered by some to be older than the Tertiary, but there
seems to be no good reason for not referring them, in part at
least, to the Tertiary. The central portion of Mindanao consists
of folded sediments and intrusives. The major axis of folding
in the Philippines is in general north and south; along the out-
side arc of the Islands, northwest and southeast; on the inside,
northeast and southwest.

Metamorphic rocks occur more or less pronouncedly in various
parts of the Islands. In Ilocos Norte there is a considerable
development of schist, and in the Camarines region are schist
and gneiss along the border of the granite intrusion referred
to above. Schists have been found at several localities in the
central cordillera of Cebu; at various points in Palawan; on
Zamboanga Peninsula, referred to above; in Bukidnon Province,
Mindanao; on Surigao Peninsula and just east of Davao Gulf;
at one point on Tayabas Peninsula; and on Caramoan Peninsula,
southeastern Luzon. The schists appear to be for the most
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part metamorphosed sediments, although many are undoubtedly
derived from basic igneous rocks.

Recent alluvium from the mountains deposited upon coral
shelves has resulted in a greater or lesser development of coastal
plains around many of the islands. The coastal plains are
negligible, with the exception of the Occidental Negros plain,
but some of the intermontane plains are very important. The
northwestern part of the central plain of Luzon is largely allu-
vium. The Albay plain is also largely alluvium, as are the
great valleys of Cagayan, Agusan, and Cotabato Rivers. Also,
the central plain of Panay shows a very considerable accumula-
tion of detrital material.

Around Manila there is, in addition, a great area of pyroclastic
material which is cut through by Pasig River. This is known
from well logs and river sections to be at least 300 meters thick.
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POSITION OF THE PHILIPPINES RELATIVE TO OTHER
COUNTRIES

The Philippine Islands are situated about 800 kilometers
from the Asiatic coast between 116° and 127° east longitude
and between 4° 30’ and 21° 30’ north latitude. On the north
is Formosa; on the southwest lies Borneo. '

The important world position of the Philippines and of Manila,
the capital, is shown on the map (fig. 1). The Philippines bears
the same relation to Malaysia as Japan does to northern Asia,
and England to the continent of Europe. The position of the
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F1c. 1. Map of the world, showing the central position of Manila in the Far East.

Islands with reference to the United States and the rest of
Malaysia, with the impetus received from the United States,
ought to give them a commanding position in the future com-
merce, culture, and politics of this region.

There are over seven thousand islands and islets in the Archi-
pelago. The largest is Luzon, with an area of 104,880.24
square kilometers; Mindanao is next; then Samar, Negros, Pa-
lawan, and Panay.

26
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The highest mountain, Mount Apo, in southern Mindanao, is
2,929 meters in height. The largest river is the Cagayan, in
northern Luzon, 352 kilometers long. The largest city is Ma-
nila, with 300,000 inhabitants. The next cities are Cebu and
Iloilo.

HIHISTORY OF PHILIPPINE EXPLORATION AND CARTOGRAPHY

Up to 1521, the Philippine Islands remained ‘unknown to
western peoples, although the Chinese traded here long before
the coming of the white man.* 1In that year the intrepid
Magellan began his long cruise around the world. He touched
first Mindanao, or Homohon, and later Cebu, one of the lesser
islands of the group. Magellan landed and unwisely took part
in a feud then raging between the people of Cebu and the
inhabitants of Mactan, and on a spot now marked by a beautiful
coral-stone monument, in a coconut grove by the sea, he met his
death. His ship, Elcano, with what was left of the valiant crew,
sailed away to complete the first circumnavigation of the globe,
to announce to the world the death of a hero, and to tell of the
wonderful isles of the East.

I shall not attempt to mention all of those who have done
exploratory work in the Philippines, but will give the names of
the most important. The British Admiralty, in accordance with
its policy of developing commerce, has done considerable work
in these waters, particularly along the coast of Palawan, and
has published a series of general and harbor charts of the Is-
lands. One of the earliest of the British explorers in this region
was William Dampier, who discovered the Batanes group in
1687. He called them the Bashi Islands, after a local drink of
that name. One of the first works in the English language
pertaining to the geography of the Philippines was by James
Horsburgh, F.R.G.S.(328) In 1843 to 1846, Capt. E. Belcher,
R.N., commanded H.M.S. Samarang on a voyage through the
castern seas, where important explorations were made. He vis-
ited the Philippines. In 1883 occurred the cruise of the yacht
Marchesa, commanded by Lieut. R. Powell, R.N. The narrative
of this voyage was written by F. H. H. Guillemard, M.D. The
most important contribution from this voyage was a map of
Cagayan Sulu, a small island in Sulu Sea, noted for its volcanic

* Dr. H. Otley Beyer, professor of anthropology in the University of
the Philippines, has recently published some interesting accounts of Jav-
anese colonization in the Philippines which antedate the coming of Magellan.
These accounts have appeared in the periodical Asia,
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craters and hot spring. The Challenger, which visited the Phil-
ippines in the latter part of 1874, did not do much work of a
geographic nature. Most of the time was spent in making zoo-
logical collections along the shores of the Islands. Another
hardy Briton to touch the Philippines was Capt. Thomas Forrest.
The voyage extended over the period from 1774 to 1776.(282)
Forrest was at that time in the employ of the East India Com-
pany. Some old prints in his book are probably among the
earliest charts of the shores of Mindanao. In 1880 the British
survey ship Flying Fish was still engaged in coast-survev work
in the vicinity of Palawan and Borneo.

Of the long procession of navigators and geographers sent out
from Spain in the three hundred years of that country’s domina-
tion, Urdaneta, who was Legaspi’s navigator, must be accorded
seniority. It will be remembered that Legaspi founded Manila
in 1571. '

Coming now to a discussion of the Spanish work, we find a
long and interesting story, and one reflecting great credit upon
a nation of magnificent explorers. As elsewhere, we find the
missionaries in the lead. There have been in the Philippine
Islands, at one time or another, six large religious orders;
namely, the Franciscans, the Dominicans, the Augustinians, the
Recoletans, the Capuchins, and the Jesuits. Each of these
bodies has contributed to the mass of valuable geographic knowl-
edge information which would have been much more tardy in
coming forth but for these intrepid apostles of Christianity.

Perhaps the most active of these have been the Jesuits. For
a long time we were indebted to the members of that order for
almost all the reliable information regarding the mysterious
and wild island Mindanao, which was practically under their
control for years. When the American Government came to
take an inventory of its new possessions, the Jesuits had a
large collection of maps of the various islands. These were
turned over to the Philippine Commission and published by the
United States Coast and Geodetic Survey.(624) This atlas
contains thirty maps, of which eleven were executed by Enrique
d’Almonte, one by Enrique Abella, one by the Hydrographic
Commission, and three by the Jesuits. The remainder were
compiled from British Admiralty charts and other sources.

D’Almonte was the foremost of those engaged in map making
during the Spanish régime. His maps, in most cases not based
on any accurate control, are simply wonderful when the character
of the country traversed and the extent and execution of the
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work are considered. Certainly no other man in the Philippines,
either before or since, has accomplished so much in this line.
Enrique d’Almonte was attached to the mining bureau, with
the title auxiliar facultativo, which simply means ‘“scientific
assistant.” He and Enrique Abella y Casariego, the chief
of the Cuerpo de Ingenieros de Minas, constantly worked together,
d’Almonte as topographer, and Abella as mining engineer and
geologist. Considering the natural difficulties of the country,
the extremely primitive people that exist in some parts of the
Islands, and the very trying climatic conditions, d’Almonte must
be regarded as one of the great explorers of this part of the
world. Whether or not he has ever received fitting testimony
or appreciation from his fellow geographers in other parts of
the world is not known; if he has not, recognition should be
soon forthcoming. D’Almonte died in 1918 while returning to
Spain from a brief visit to the Philippines.

I must not omit to call attention to the magnetic surveys made
in Mindanao by the Jesuits. One important feature discovered
is that there is a close connection between the magnetic declina-
tions and Agusan Valley, one of the principal tectonic lines of the
island.

A map by M. Sanson d’Abbeville * is, as far as I know, the
earliest map of these Islands. There is a copy in the archives
of the Dominican Monastery in Manila. The second and prob-
ably the most important contribution is that of Dr. J. Montano,
who visited the Philippines and traveled rather extensively in
the Islands during 1879 to 1881. Montano spent a large part of
his time in Mindanao; and with Rajal, then governor of Davao,
he made the first ascent of Mount Apo of which we have any
record. When I ascended Mount Apo in 1907, I found near the
summit a baked-clay tablet bearing the inseription:

LA UNicA ExXpEDICION A VOLCAN APo
1880
MoONTANO Y RAJAL

Montano was also one of the first men to travel from Davao
up Tagum River, over the divide, and down Agusan River to
Surigao. He also made many valuable anthropologic, ethno-
graphie, social, and economic studies, which have been published .
by the department of instruction of the French Government.

Among German explorers, the two most conspicuous were
Semper and von Drasche. The former explored in the Philip-

* Les Iles Philippines, Molucques, et de la Sonde. Paris (1654).
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pines for over three years about 1860, and the latter during five
months in 1876.

Semper was a zoologist and his geologic collections were worked
up by others, but von Drasche’s contributions were chiefly geo-
logic, most of them published under his own name. (200)

The work being done under the American régime is rather
heterogeneous, but complete. The following Government units
are at present engaged in mapping, for one purpose or another,
various portions of the public domain: The United States Army,
the Bureau of Coast and Geodetic Survey, the Bureau of Con-
stabulary, the Bureau of Lands, the division of mines of the
Bureau of Science, and the Bureau of Forestry. The basal
work and the most accurate is that done by the Coast and Geo-
detic Survey. In order best to show what that organization has
done, a memorandum is here included which Mr. E. R. Frisbie,
acting director (in 1921), Bureau of Coast and Geodetic Survey
in the Philippines, especially prepared for me.

TABLE 1.—Work of the Coast and Geodetic Survey in the Philippines.

Area within the boundaries of the Philippine Is-
lands, taking the treaty limits (approximately)

(square statute miles) 700,686
Land area of Philippine Islands (square statute
miles) 115,026
Water area within boundaries (square statute
miles) 585,960
Length of general coast of the Philippine Islands
(statute miles) 11,511
Triangulation:
Stations occupied 3,000
Area covered (square miles) 97,000
Geographic positions determined 7,600
Azimuth stations occupied 42
Base lines measured 73
Magnetic stations 132
Topography:
Detailed coast line surveyed (miles) 15,887
Topographic sheets surveyed 782
Hydrography:
Area sounded (square miles) 154,825
Hydrographic sheets surveyed 755
Soundings made 5,234,845
Tidal stations 338
Steamers employed 4
Officers and men on steamers 243

Officers and men in office 47
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According to Capt. E. F. Dickens, former director of the
Bureau of Coast and Geodetic Survey—

Active work was commenced in the Philippines in December, 1900. A
suboffice was established in Manila and two vessels were equipped for the
work, the steamer Pathfinder by the Federal Government and the steamer
Research by the Insular Government. The United States pays about 65
per cent of the expense, supplies one large steamer, all the technical force
in the field, the supervising technical force in the Manila office, all the in-
struments and outfit, and meets the entire cost of the final revision and
publication of the charts, tide-tables, sailing directions, and other results.
The Insular Government defrays about 35 per cent of the cost of opera-
tion, furnishes four steamers, and keeps them in repair and supplies the
office accommodations in Manila.

Obviously the Bureau of Lands was created for the purpose
of making cadastral surveys. Besides making innumerable
patent surveys for mineral claims and forest concessions, it has
had the large task of surveying the great estates known as the
Friar Lands.

Besides this mass of routine labor, the Bureau of Lands has
found time to extend its functions and to begin some important
work of a much greater scope. In this work, which will be
outlined more fully below, two men have been most active;
namely, S. O. Scudder, chief surveyor, and Charles Benson. The
last American director of the Bureau of Lands, Capt. Charles
H. Sleeper, with his assistants elaborated a general plan for
extending our exact knowledge of the Islands, and work on
this has been successfully begun.

Soon after the conclusion of the Spanish-American War the
United States Army began systematic topographic mapping all
over the Islands.

The Bureau of Constabulary, which is the Insular police or-
ganization, is also doing considerable serviceable map work.

The division of mines of the Bureau of Science is the lineal
descendant of the mining bureau of Spanish days. It is the
function of this organization—

To make, facilitate, and encourage special studies of the min-
eral resources, mineral industries, and geology of the Philippine Islands;
to collect statistics concerning the occurrence of the economically im-
portant minerals, and the methods pursued in making their valuable con-
stituents available for commercial use; to make collections of typical
geological and mineralogical specimens, especially those of economic and
commercial importance, such collections to constitute the museum of the

Mining Bureau, subject however to transfer by executive order of the
Civil Governor to any general museum established; to provide a library
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of books, reports, drawings, etc., bearing upon the mineral industries, the
sciences of mineralogy and geology, and the arts of mining and me-
tallurgy, such library constituting the library of the Mining Bureau [now
division of mines of the Bureau of Science]; to make a collection of models,
drawings, and descriptions of mechanical appliances used in mining
and metallurgical processes; to preserve and maintain such collections
and library so as to make them available for reference and examination and
open to public inspection at reasonable hours; to maintain in effect
a bureau for information concerning the mineral industries of the Phil-
ippine Islands; to make an annual report to the Secretary of the Interior
[now Secretary of Agriculture and Natural Resources], setting forth the
important results of the work of the Bureau, such special reports as may
be called for by proper authority, and such bulletins concerning the sta-
tistics and technology of the mining industries and of the geological and
mineralogical and other office and field work of the Bureau as may be ap-
proved by the Chief of the Bureau and ordered published by the Secre-
tary of the Interior. )

Some idea of the work accomplished by this organization can
be obtained from Table 2 and from the Bibliography.

TABLE 2.—Maps issued by the Spanish mining bureaw and the Division of
Mines, Bureau of Science, from 1886 to 1914.

No. Name. Geologist. lDate. . Secale.
S L . [ I .
]

1| Cebulsland._ ... . . _._____ .. __ \Abella. __.._ . __|1886 ! 1:100,000
2 | Panay Island- ______________ e Coo..do._.. _.__..___| 1890 : 1:200,000
3 | Mankayan-Suyoe (Luzon).. ... _.___.___._ ; Eveland.. _..______] 1905 | 1: 24,000
4 |BatanIsland__ . _..._. .. _______.|Smith. . _.'1905| 1: 24,000
5 | Compostela-Danao (Cebw) ... . ___| .__. do.... ......|196! 1: 24,000 |
6 | Baguio (Luzonj___.___..___._..__.__.._|Eveland.____.__.___| 1907 i i: 24,000
T | Aroroy (Masbate)___. .. . ._ . ____ . ____| Ferguson_____._.._._ 1909 ! 1: 20,000
8 | Mindanao Island.... ... ___.__|Smith._____. ____._|1910 | ~1:750,000
9 | Southwestern Luzon__.____.___._________ E Adams._____.______| 1910 | 1 : 400,000
10 | Southeastern Luzon ____________ R, [P do-_ ..._.____. 1911 ]1 1:400,000

! 11 | Bondoc Peninsula, Tayabas (Luzon)..____| Pratt_.____ ______ {1913 1: 60,000 '
12 | Philippine Archipelago._ . ... ________.__ Smith and others. ... ! 1913 l =1 :4,000,000 l

* Approximate.

The Bureau of Science, of the Government of the Philippine
Islands, consists of divisions of mines, chemistry, biology, bot-
any, entomology, ornithology, and fisheries. Reports of prac-
tically all the scientific results secured are published in the Phil-
ippine Journal of Science, which is now (1921) in its sixteenth
year.

Besides the Bureau of Science, special mention should be made
of the Bureau of Forestry and the Bureau of Agriculture,
which are making forestry and soil maps, respectively, of the
public domain. '
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The contributions to the geology of the Archipelago made by
the division of mines and others are listed in the Bibliography.

Until 1913, most of the scientific work of the Government
was directed by the Department of the Interior. This work
is now under the Department of Agriculture and Natural
Resources.

Regions still little known geologically and. geographically in-
clude the central portions of Mindanao lying south of Kabakan
" River and between Lake Lanao and Agusan River; central
Mindoro; the Sierra Madre Mountains, in Isabela and Cagayan
Provinces, northeastern Luzon; and Palawan Island.

RECOMMENDATIONS FOR FUTURE WORK

First, a topographic map of the whole Archipelago should
be begun. At the present time the Coast and Geodeti¢ Survey
and the United States Army have undertaken more or less of
this work. However, the Army work is not generally available;
nor is it always done according to the ideas of the geologist,
but rather and more especially for the purpose of recording
military features, and much of the work covers country that at
the present time is of little or no interest to the geologist and
the mining engineer. To make a general topographic survey
of the Philippine Islands would require at least twenty-five
years and perhaps as many million pesos. Furthermore, real
geologic mapping by quadrangles or provinces should be under-
taken at an early date. In the past the geologic work has
been centered around some particular mining camp, and it
has not been possible to carry on the work uniformly over
considerable areas.

Specialists from the United States should be brought to the
Islands for work on special problems, but a permanent staff
to coordinate the work in the Philippines should be maintained
in Manila. It would be highly desirable to have both the
financial and the technical codperation of the United States
Geological Survey.

The geologic problems in the Philippines are by no means
local, and much of the geology of the Pacific region will have
to be interpreted with reference to the geologic results obtained
in the Philippines.

1927763

¢
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CLIMATE, POPULATION, FLORA, AND FAUNA
CLIMATE

The Jesuit Fathers of the Philippine Weather Bureau have
published reliable and voluminous literature on the climate.
Particular mention should be made of the papers (123) by José
Algué, director of the Philippine Weather Bureau, and by José
Coronas, chief of the meteorologic section of the same bureau.

Only in recent years, chiefly through the work of Huntington,*
has a true appreciation of the role of climate been brought
about. Changes in climate have completely altered and in
time caused civilizations to disappear. Although the effects
of Philippine climate have been often overstated and misstated,
it must be admitted that, for the white man at least, the climate
is not conducive to most-efficient work nor to greatest comfort,
and for .certain types of individuals it is positively harmful.
Even the Filipino, accustomed by centuries to the heat and
protected by the pigment of the skin, shows the effects. The
well-known running amok of certain Malays, while often started
by religious fanaticism, can, it is believed, be attributed to an
overwrought condition of nerves induced by climatic conditions.
It is well known that white men become more irritable in this
climate than they would under normal conditions in temperate
regions. Americans commonly make the mistake of expecting
too much from laborers in the Tropics. No one ought to do out-
side manual labor between noon and 3 o’clock in the afternoon.
More can be accomplished by resting during the middle of the day.

From paleontologic studies it appears that throughout the
Tertiary and Recent periods there has been no essential change
in climate in this part of the world.}

To get a clear idea of the climate of the Philippines we must
bear in mind the relation of the group to Asia and to the Pacific
Ocean and the topography of the group itself.

According to Supan’s climatic map, the Philippines are in
the Indo-Australian monsoon region; but, according to the Phil-
ippine Weather Bureau, the southwest monsoon does not exist
in the Philippines. The so-called “northeast monsoon” is merely

* Climate and civilization. Yale University Press (1915).

+ Dickerson believes that the Japanese current was persistent during
the Pleistocene, as Pleistocene reef corals flourished upon the Riu Kiu
Islands as far north as 29° 30'. On account of this warm current the
effects due to glaciation with the consequent cooling of tropical waters
were completely damped.
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the trade wind. Nevertheless, the proximity to the Asiatic
mainland undoubtedly does modify the climate of the Philip-
pines. The seasons in the Philippines are primarily due to the
shifting north and south of the trade-wind belt in the Pacific.

Although the Philippines are near the equator, the heat is
tempered by the ocean breezes, and living conditions are greatly
ameliorated thereby.

As the Archipelago presents great topographic diversity, with
prominent cordilleras having several points between 2,650 and
2,850 meters in altitude, the climate in various portions of
the group is considerably modified. For instance, in the high-
lands of Luzon (elevation about 1,500 meters), where the
principal gold camp is located, the climate is very much like
that of Asheville, North Carolina, in the United States, and
the conditions are those of the North Temperate Zone.

In general, the Philippines may be said to have three types
of climate, as follows:

First type—Two pronounced seasons, dry in winter and
spring and wet in summer and autumn.* This type occurs in
the western half of Luzon and along a narrow belt in Mindoro,
Panay, Negros, and Palawan. '

Second type—No dry season, with a strongly pronounced
maximum rainfall in winter. This is found prevailing along
the eastern border of the Archipelago from about the latitude °
of Manila south; that is, in southeastern Luzon, Samar, the
eastern half of Leyte, and Surigao Province, Mindanao.

Third or intermediate type.—The third type is divided into
two subtypes. There is no very pronounced rain period in this
type, and the area embraced is, in general, all that is not included
in the first and second types; that is, Cagayan Valley, the
central portions of the Visayas, and western Mindanao.

The average annual rainfall for the Archipelago is 2,366 -+
millimeters (about 94.6 inches). The greatest annual rainfall,
9,038.3 millimeters, was recorded at the Baguio weather station
in the highlands of Luzon, in 1911. The greatest rainfall at
Baguio for a single period of twenty-four hours was 1168.1
millimeters (46 inches) ; this is perhaps a world record.

The mean annual temperature for the Archipelago deduced
from all stations near sea level is 26.9°yC. (80.4° F.). The
figures from high stations are not included.

* It must be remembered, of course, that no well-defined seasons like
those of winter and summer in the temperate regions exist in the Tropics.
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The hottest months are April and May; January is the coolest.
The absolutely highest temperature of Luzon is 42.2° C. (108°
F.), and the lowest 11.8° C. (53.7° F.). The range in other
parts of the Islands is not so great.

Humidity.—The humidity of the Philippines is high, due to
the proximity to the sea, the great rainfall, and the richness
of the vegetation. Of course the last of these is also an effect
of humidity, but the excessive vegetation acts as a sponge which
retains moisture and in this way keeps the humidity high. The
highest mean annual humidity is that of Baguio; the lowest
is that of Cebu. The annual means of thirteen stations from
widely separated localities vary between 76.7 and 85.7 per cent.
The mean annual humidity of Manila is 80 per cent. Compare
this with that of Seattle, Washington, in the United States,
which is 76 per cent.

Although the mean temperature of the Philippines is rather
high, the temperature rarely exceeds 37.8° C. (100° F.), but
the high humidity coupled with even moderate heat is oppressive.
However, the sea breezes greatly moderate the temperature.
This, and a considerable amount of cloudiness during the sum-
mer months, in certain parts of the Archipelago at least, give
the Philippines a climate much superlor to that of many other

parts of Malaysia.

" Winds and storms.—Sufficient mention of the ordinary winds
in this .region has for our purposes already been made. It
remains to give some attention to the storm characteristic of
this region and known as the typhoon or, locally, baguio. This
storm is nothing more than a tropical hurricane and, contrary
to common opinion, is hardly any more severe than the Gulf
hurricane of the United States. However, typhoons are de-
structive enough and must be reckoned with by those who are
engaged in engineering, construction, and transportation. For
example, the severe typhoon of 1909 in the highlands of Luzon
caused the complete destruction of the Benguet Consolidated
Company’s gold mill and serious caving in the mine. Dredges
have been sunk, railroad tracks washed away, and much minor
damage has been done so often that it is imperative that typhoons
be understood and guarded against.

Briefly, typhoons are cyclones revolving counterclockwise,
which form over the Pacific Ocean, as a rule east of the. Ladrone
Islands, and move westward and then northwestward; a few
typhoons swerve northward and northeastward. Most of the
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typhoons pass across or close to the Philippines. Of those that
pass across the Archipelago, practically all pass north of Min-
danao, and the majority strike Luzon. These baguios are char-
acterized by very low barometer, very gusty and intermittent
high winds, and deluges of rain. The lowest barometer ever
recorded, with one exception, was during one of the worst of
these storms to occur in late years (September, 1905), when
the center of the storm was directly over Corregidor Island
at the entrance of Manila Bay and the barometer fell to 690.1
millimeters.* The maximum wind velocity at that time was
165.7 kilometers (103 miles) an hour.

Thunder storms.—Thunder storms with lightning, in the
lowlands at least, are not uncommon.

Cloudiness.—As the degree of cloudiness has close connection
with the question of light, which will be discussed next, it is
well to note a few facts with relation to it. According to Algué,
the mean cloudiness for the year at Manila, on a basis of 10
(the sky being entirely covered) is 5.6. The cloudiest month is
September, and the brightest is April.

Light—The late C. E. Woodruff, who served some years in
the Philippines, studied the effects of tropical light.t Although
some of his conclusions will have to be modified, the main conten-
tion that tropical light, through the action of infra-red rays of the
sun, causes overstimulation and in time produces neurasthenic
symptoms in persons who have a deficiency of pigment in the
skin has not yet been disproved. Woodruff recommends that
brunettes only be sent to the Tropics, and that blondes ought
not to remain there long.

Freer and Gibbs worked on tropical sunlight, and their ex-
perimental data seem to indicate that tropical sunlight does
not materially differ from the sunlight in other latitudes.i

Barometric pressure~—~The statement is made in one of the
foremost textbooks on geology § that— '

Ascending atmospheric currents, with low ba.rometei', high temperature,

air saturation, excessive precipitation, and lowering skies tend to physical
and intellectual lassitude and inactivity.

* During the typhoon which crossed the Babuyanes in 1913 the barom-
eter on the steamer Empire recorded 683.17 millimeters.

T The Effect of Tropical Light on White Men. New York and London,
Rebman Co. (1905); Blondes and brunettes in the Tropics, N. Y. Med.
Journ. (1912).

1 Philip. Journ. Sci. § B 5 (1910) 1; 7 (1912) 1.

§ Chamberlain and Salisbury 3 (1907) 535.
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This is in the main correct, but I have been unable to find
much discussion relating to barometric pressure and its effects
in the Tropics. According to Saderra Masé, the normal yearly
barometric pressure at Manila is 760 millimeters (29.9 inches),
a little lower than that in temperate regions, but with less
variation during the year. Huntington * has produced some
very definite and convincing data on this subject as relating
to the temperate regions, but no investigation of this kind seems
to have been made in the Tropics.

Tropical climate is complex and is an important item to be
considered by those who expect to live and work in the Philip-
pine Archipelago.

POPULATION

The best information available with regard to the number
and composition of the Philippine population is that given by
H. Otley Beyer,{ head of the department of anthropology of the
University of the Philippines, Manila. The following facts and
figures are from his publication:

Total population, 10,000,000 4 43 ethnic groups.
Race types:
1. Pygmies, pagans—
1. Negrito.
2. Proto-Malay.
3. Australoid-Ainu.
2. Indonesians, pagans (Igorots, etc.). Taller; affinities with
certain races of southern Asia.
3. Malay, brown-yellow, shorter than Indonesians—
1. Pagans.
2. Mohammedan.
3. Christian.

Over. eight millions of the population comprise the civilized
and semicivilized lowlanders. The dominant groups are the
Tagalog, Visayan, Bicol, Ilocano, Pampangan, and Pangasinan.
These are practically all Christians and are either pure Malays
or Mongoloid and Indonesian blends.

About 8,000,000 are Christians; 315,000, Mohammedans; and
700,000, pagans; 73,000 are foreign born, of various religions,
mostly Christians; 50,000 are Chinese.

There are about sixty-eight dialects, of which twenty-six have
a printed literature. Tagalog, Visayan, and Ilocano, which are
all related to Malay, are the dominant dialects. Spanish is

* Climate and civilization. Yale University Press (1915).
t The Population of the Philippine Islands. Manila (1916).
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spoken by most of the older lowland peoples, whereas English
is used by the young generation in an increasing degree; the
hill people as a rule use neither.

The Filipinos are largely an agricultural people. The Chinese
are the dominant traders in the Islands. Japanese are immi-
grating in greater numbers than any other race.

FLORA *

The Philippine flora is a very rich one, approximately 10,000
species of flowering plants and ferns being known from the
Archipelago. The flora is in general essentially Malaysian, its
chief alliances being with that of the Malay Archipelago, but
with distinctly continental (Himalayan) elements in the moun-
tains of northern Luzon, and a small but very interesting series
of Australian types occurring at both lower and higher altitudes.
The flora is further characterized by a comparatively small
percentage of endemic genera and a very high percentage of
endemic species, the specific endemism approximating 60 per
cent. This probably indicates geologic separation from sur-
rounding countries for a sufficiently long period of time to
account for the development of the very high percentage of
endemic species, but not a sufficiently long period of time to
allow for the development of many endemic genera.

In general the dominant species along the seashore, in the
settled areas at low altitudes, in the vast areas of open grass-
land, and in the secondary forests are identical with widely
distributed Indo-Malaysian forms occurring in similar habitats
over the vast Indo-Malaysian region. In the primary forests,
however, the dominant species are, for the most part, endemic.
The percentage of endemism is very low in the settled areas
at low altitudes, in the open grasslands, and in the secondary
forests, indicating destruction of the original primary forests
and replacement of endemic species by introduced forms. The
vegetation of the coastal regions, the settled areas, the open
grasslands, and the secondary forests should be largely ignored
in drawing conclusions as to the origin of the Philippine flora.

The settled areas, except for the cultivated plants, are charac-
terized by a predominance of introduced weeds, mostly of pan-

* This section on the Flora is contributed by Elmer D. Merrill, director
and botanist of the Bureau of Science.
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tropic distribution, and various introduced trees and shrubs
with comparatively few endemic species. The vast areas of open
grassland are characterized by the dominance of lalang grass
(cogon), talahib (Saccharum), Themeda, and other coarse
grasses, probably due to the activities of man. The original
forest is cleared from small areas which are cultivated for a
few years, but under primitve agricultural conditions these
clearings are usually quickly occupied by coarse gregarious
grasses with which the primitive agriculturist is unable to cope.
The vegetation of the coastal areas, including the mangrove
swamps, is practically identical with that of similar areas
throughout the Malay Archipelago or, for that matter, through-
out the Tropics of the Old World. ’

The primary forests at low altitudes are characterized by a
very large number of tree species, between 2,500 and 3,000
species of trees being known from the Archipelago. Many of
these, especially the dominant Dipterocarpacez, including such
commercial timbers as lauan, apitong, mayapis, yacal, tangile,
etc., attain a very large size. Nowhere in the Philippines, except
in the pine regions of Luzon and Mindoro—and there chiefly
in the mountains at medium and higher altitudes—and in the
mangrove swamps about mouths of tidal streams do we find
gregarious forests; that is, forests composed chiefly or entirely
of a single species. The average primary forest in the Phil-
ippines somewhat closely approximates the mixed deciduous
forests of temperate countries, but is vastly more complex.

At higher altitudes in the Philippines the character of the
forest radically changes. The species dominant at lower alti-
tudes disappear and are replaced by representatives of other
genera. On the mountains we find numerous representatives
of groups more or less characteristic of the North Temperate
Zone, such as oaks, rhododendrons, huckleberries, and other tem-
perate types. The mossy forest which characterizes the higher
mountains of the Philippines, usually commencing at an altitude
of about 800 meters, is composed of a very large number of
speciesof trees and shrubs. The trunks and branches, and the
earth as well, are covered with a highly developed moss flora,
accompanied by numerous ferns, epyphitic orchids, and some
herbaceous plants.

In number of known species the family Orchidacez is by far
the largest in the Philippines, between 850 and 900 species of
this group being now known. The next largest group is the
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'

Polypodiacea, a family of ferns; but the entire group of ferns
and fern allies presents more known species in the Philippines
than does the family Orchidaceze. Among the families of flower-
ing plants other than the Orchidaces the most highly developed
ones in the number of species are the Rubiacez, the Euphorbia-
ce®, the Myrtaces, the Morace=, the Leguminose, and the Gra-
mine, in approximately the order named. Other large families
are the Palme, the Urticacez, the Anonacez, the Lauraces,
the Meliace®, the Sapindacez, the Guttiferse, the Dipteroca;-
pace®, the Melastomataces, the Sapotacez, the Apocynacez, the
Gesneracez, and the Verbenacez.

FAUNA *

The Philippines, politically speaking, and the Philippines,
zodlogically speaking, as has been shown by Worcester, are not
identical areas, Balabac, Palawan, and the Calamianes being
characterized by the occurrence of numerous Bornean forms
which are conspicuously absent from the remaining islands.
Although the Philippines are commonly held to form a north-
eastern extension of the Indo-Malaysian subregion, there is a
large amount of specialization in the fauna of the islands lying
to the east of the Palawan group.

Mammals.—Mammals are scarce, with the exception of
shrews, rats, mice, and bats. No marsupials occur. The eden-
tates are represented by the pangolin (Manis javanica Desma-
rest) of the Palawan group. In the seas are found the dolphin,
cachalot, and dugong. Wild hogs of at least two species occur.
The beautiful axis deer of Sulu (Melanaxzis) has apparently
been brought there by man. Red or brown deer (Rusa) occur
in Basilan, Mindanao, Leyte, Samar, and the Calamian Islands.
The number of species and their respective ranges have not
been satisfactorily determined. The mouse deer, or chevrotain
(Tragulus nigricans Thomas), is found in Balabac and Palawan
and is one of the mammalian curiosities of this region.

The most interesting of the ruminants is the timarau (Buba-
lus mindorensis Heude), peculiar to Mindoro. Unlike the water
buffalo, it does not bathe in water or wallow in mud. It is
extremely wild, feeding by night and sleeping hy day in the
densest jungle.

* The abbreviated material for this section is based upon the article in
the 11th edition of the Encyclopedia Britannica, but has been completely
revised by specialists in the Bureau of Science.
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Squirrels are found in Balabac, Basilan, Mindanao, Samar,
Culion, and Palawan.

Among the carnivores are mongooses (Mungos palawanus Al-
len and M. parvus Jent.), the binturong (Arctictis whitei Allen),
an otter (Aonyx cinerea Illiger), found in the Palawan-Cala-
mianes 'group; civet cats (Viverra and Paradoxurus), which
range throughout the Archipelago, and a wildcat of small size
(FPelis minuta Temminck) known also from Java. Bats are very
numerous; at least fifty-six species are recorded, many of them
peculiar to the Philippines. The flying lemur (Cynocephalus
volans Linn.) and tarsiers (Tarsius spp.) range from Basilan
to southern Luzon. Large fruit bats (Pteropus) occur in im-
mense colonies and are sometimes used as food. In spite of
all that has been said to the contrary, only one genus of mon-
keys (Pithecus), represented by five species, has been discov-
ered in the Philippines. ’

A porcupine (Thecurus pumilus Giinther) occurs in Palawan,
Balabac, and the Calamianes.

Especial importance attaches to the unexpected discovery by
Whitehead of a peculiar mammalian fauna, inhabiting a small
plateau on the top of Mount Data, in northern Luzon, at an
altitude of nearly 38,000 meters. Specimens of fifteen species
were obtained, embracing five new genera (Celaenomys, Chro-
tomys, Rhynchomys, Batomys, and Carpomys). Eight of the
species were new and strikingly peculiar. Their zoGlogical re-
lationships are probably with Celebes and Australia. Mearns
also found a considerable number of peculiar, small mammals
on Mount Apo, Mindanao. Other discoveries include a few new
squirrels and bats, and a slow lemur (Nycticebus menagensis
Lydekker) in Tawitawi.

Cattle are raised on most of the islands. They are grown
for their flesh, hides, and horns, and litbtle attention is paid to
their milk-giving properties. The water buffalo, or carabao,
occurs in a wild state in Luzon, Mindoro, the Calamian group,
Masbate, Negros, and Mindanao, but the wild herds are believed
to have originated from domesticated animals.

. Birds.—There are -about 760 species of birds known from the
Islands. These show rather strong relationships to the birds
of Borneo, and a lesser relationship, but in some cases more
striking, to those of Celebes and New Guinea. The birds of
the small islands north of Luzon show some relationships to
the birds of Formosa. A large number of the species are en-
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demic; that is, they are confined to the Philippine Islands and
many of them are confined to a few or to single islands. The
generic endemism is over 12 per cent, and the specific endemism,
over 73 per cent. The jungle fowl, or wild chicken, is found in
all of the larger islands. There are many species of pigeons
and doves. Two families of birds that are not ordinarily
thought of as game birds, the parrots and the hornbills, are
fairly conspicuous in the larger islands.

Reptiles, batrachians, and lizards.—Reptiles and batrachians
are abundant, but have been little studied. Pythons occur
throughout the group, and some attain a length of 10 meters.
There are numerous venomous serpents, but the mortality from
snake bite is comparatively. low. The lizards include geckos,
several introduced house lizards, and monitors. Geckos may be
seen on the walls and ceilings of any house. Flying lizards
(Draco) occur in the forests.

Fishes.—The marine fauna is one of the richest and most
varied in the world. More than a thousand species of fishes
are already known, of which at least three-fourths are used
as food. The fresh-water fish fauna is relatively unimportant,
and is mostly composed of marine fishes which have recently
occupieéd the streams. The exclusively fresh-water species be-
long almost entirely to the Siluridee, or catfishes; the Cypri-
nide; and those amphibious fishes which seem almost equally
at home in mud or on land and in water, the Anabantide, or
climbing perches; and the Ophiocephalidee, or mudfishes. Fishes
of the last two families make their way into the rice fields and
meadows during the rainy season and are at home in the tiniest
mud puddle. The bafigos, or milk fish (Chanos chanos), is
extensively cultivated in ponds on the shores of Manila Bay.
The most important group of fishes is probably the sardines,
vast shoals of which are as yet almost unutilized, although
canned fish amounting in value to several million pesos an-
nually is imported. Groupers, mackerels, herrings, snappers,
sea basses, porgies, pampanos, mullets, anchovies, barracudas,
tunas, bonitos, and eels occur in such quantities as to be very
important sources of food. The waters abound in sharks and
rays, and the preparation of their fins for the Chinese trade
is important and could be developed into a large industry.

Marine invertebrates—Trepang abounds everywhere in the
Archipelago, and large quantities are exported to China. Ter-
restrial and marine mollusks are exceedingly abundant, the Phil-
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ippines having the richest molluscan fauna of any equal area
in the world. Many are edible and are of great local impor-
tance. Pearl oysters are abundant, and the pearls of the Sulu
Archipelago are world famous. The shell® of Placuna placenta
Linn. are so thin that they merely need to be trimmed to the
proper size to be used instead of window glass; the latter is
rarely seen in Philippine houses. The top shell (Trochus nilo-
ticus), the turban shell (Turbo marmoratus), and the pearl
shells are extensively used for making buttons. The chambered
nautilus is common, the paper nautilus less so. The land mol-
lusks have been well studied; they are remarkable for their
variety, beauty, and abundance.

Sponges abound in the southern islands, and the best grades
are equal to those of the Mediterranean. Black coral, which
looks like insulated electric wire, is much used for making brace-
lets and other jewelry. The coral reefs throughout the Visayan
and southern islands form marine gardens of unsurpassed
beauty. Arthropods are very abundant but little known.
Shrimps, crabs, and marine crayfishes form an important source
of food supply.

Insects—Mosquitoes are numerous in the mountains as well
as in the lowlands. There are beautiful butterflies, among
which the birdwings easily take first place. Ornithoptera tro-
jana Staud., found only in Palawan and closely related to O.
brookeana Wallace, is one of the rarest insects. Beetles form
a considerable part of the insect fauna and show strong affinities
with those of Borneo and Celebes as well as with those of Java,
Sumatra, and the Asian continent.

The silkworm has been introduced and thoroughly acclima-
tized, but there has been little effort to make it a com-
mercial asset, although the capital required is insignificant in
comparison with that needed in far less remunerative enter-
prises. Bees are abundant, and wild honey and wax are gath-
ered in considerable quantities. The number of species of
ants is very large. Some of them infest dwelling houses and
swarm over the food. Some species of termites, or white ants,
inflict great damage on wooden buildings. Plagues of locusts
occagsionally ruin growing crops; in damp wet weather these
insects are supposed to be destroyed by a fungus growth
(Empusa) within their bodies.
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DISCUSSION OF PHILIPPINE PHYSIOGRAPHY

Topography is the surface expression of geologic structure,
while physiography is the interpretation of the origin of the
topographic forms. Hence, in order to understand the topo-
graphic scheme or pattern of any terrane, one must know the
underlying geologic structure and the geologic history of that
terrane. For example, the topography of Bondoc Peninsula,
Luzon, consists of various ridges and valleys, escarpments,
gentle slopes, and accordant drainage systems. We find on
close study of this region that in some cases the escarpments
mark fault lines, the valleys sometimes follow approximately
the crests of anticlines, and the synclines in many instances are
the more-elevated areas, paradoxical as it may seem; the
streams sometimes flow in certain very definite courses because
of the structure of the underlying rocks, but owing to a previous
start on a recent nearly horizontal wave-cut plain they occa-
sionally take courses transverse to the trend of the sedimentary
rocks. There are many exceptions to this rule in this region,
and these are conditioned upon a possible former physiographic
stage of development.

IMPORTANT GEOLOGIC AGENTS

The dominant geologic processes in the control of physiograph-
ic development are here recounted. The three most important
geologic agents responsible for physiographic forms are diastro-
phism, gradation, and volcanism.

Diastrophism.—Diastrophism denotes the up-and-down move-
ments in the outer shell of the earth. Such movements are
negligible, apparently, in the older and more-stable portions of
the earth, but even there they are occasionally manifested by
earthquakes. In the newer parts, particularly along continental
borders, they are of considerable magnitude and importance.
For example, in the Philippines, within the relatively short
period of time since the Pliocene, there has been elevation of
the northern Luzon block amounting to about 1,980 meters,
and within the Pleistocene a noteworthy submergence in other

N 45
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portions—Masbate Island, for instance. There have been many
such oscillations in this region, of greater or lesser degree, within
late geologic times.

Gradation.—Gradation is next in importance. This is the
sum total of the wearing-down process, in many respects the
dominant type of geologic work. Analysis of this, process
shows that the following agents are contributory: Weathering,
transportation, corrosion, and corrasion. I would, however,
make corrosion a subhead under weathering, as two factors are
involved, a mechanical deformation and a chemical change,
either of which may precede the other. Once weathering or,
to use a term defining it in part only, “slacking’’ has taken place,
transportation does its work, and then corrasion, or mechanical
wear, becomes operative, but not until there is movement.

Of course, these factors are operative in all countries and
under nearly all conditions; but gradation proceeds at a maxi-
mum rate in the Tropics. Two reasons are given for this;
namely, torrential rainfall and temperature or, in a word,
climate.

In the Philippines there is a mean annual precipitation of
well over 2,540 millimeters (100 inches), with sometimes an
exceptional rainfall, notably that of July 14 to July 15, 1911,
which amounted to 1,168.1 millimeters (46 inches) in twenty-four
hours, as recorded at the Baguio Observatory. This is the
world’s record for a single rainfall. The reported rainfall of
23,387 millimeters (905 inches) in a year at Cherraponji, in
Assam, has lately been questioned. However, a precipitation
of over 15,240 millimeters (600 inches) has been recorded on
Mount Waialeale, Kauai Island, Hawaii.

As the result of such heavy rainfall the streams leave their
banks and spread over the country in sheets of water. An
almost unbelievable amount of material is then transported.
Velocity is’ an important factor to be considered. Doubling
the velocity of a stream increases its transporting power sixty-
four times. A

Once the tropical downpour of warm rain has stripped off
the soil, weathering can and does strike deeper into the core
of the rocks beneath, and at any depth in underground mine
workings, the rocks exhibit incipient decomposition. I know
this to be true from examination of a great many thin sections
of wall rock from the deepest mines in the Archipelago.

’,
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Undoubtedly, the presence of organic acids resulting from the
decay of the rank tropical vegetation hastens decomposition.
Of course, there is little or no frost, except in the highest moun-
tains, but there are wide ranges in temperature in the highlands
during the twenty-four hours, a factor which adds to the dis-
integrating forces at work. Therefore, all things considered,
we have reason to think that gradation, which includes degra-
dafion, is the most potent of the geologic processes at work in
the Tropics.

The excessive weathering in tropical regions, where andesitic
and basaltic lavas are to be found, has resulted in places in the
accumulation of thick beds of laterite. Vast deposits are known
in India and in Cuba. In the latter country it is mined as iron
ore. Laterite is an aluminous soil, or heavy clay, also rich in
iron. When the iron exceeds 35 per cent it can be used as an .
ore. Some years ago an American engineer discovered a com-
mercial deposit of this material in northeastern Mindanao; in
that locality it is a product of weathering and concentration.

Volcanism.—Volcanism plays an important part in the deter-
mination of the type of physiography found in certain regions.
Regions subject to voleanic activity of one kind or another have
a topography which can be quickly identified and differentiated
from that of a region not so characterized. Furthermore, an
older topography due to a totally different kind of geologic
structure may be either greatly modified or even completely
obliterated by subsequent volcanic activity. A fine example of
volecanic topography is that seen in the region of Mounts Isarog,
Mayon, and Bulusan, where there is a fine cluster of cone-
shaped peaks in various stages of denudation. Furthermore,
the particular type of volcanism plays an important part in
producing topographic forms. For instance, volcanism of the
explosive type will yield sharp cone-shaped mountains, while
volcanism manifested by the outpouring of lava will yield either
low, dome-shaped mountains, or merely plateaulike features,
as in the Pacific Northwest, in the United States. Something
approaching this physiography can be seen in the Lanao region
of Mindanao. We may, then, consider volcanism as a superfi-
cial agent in geologic processes.

Another important consideration is that volcanism is gen-
erally manifested most considerably along continental borders
and is usually found to have a. fundamental relation to the
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tectonics of the region. This phase of the subject is discussed
at greater length in the chapter on Volcanology.

SALIENT FEATURES OF PHILIPPINE TOPOGRAPHY

The salient features in the topography of the Philippine Ar-
chipelago are the following: The irregular configuration of the
Archipelago; the great mileage of the coastline; the large de-
velopment of mountains and the arcuate arrangement of many
of them; the proximity of the mountains to the sea; the nar-
row and interrupted coastal plains; the principal intermontane
plains; the river systems which principally flow north; and
the great variety of lakes of diverse origin.

Irregular configuration of the Archipelago.—The general out-
line of the Philippine Archipelago is suggestive of a giant sloth
sitting on its haunches, with Luzon for the head and shoulders,
‘the Visayan Islands constituting the vertebrse and ribs, Min-
danao for the pelvis, Palawan and Cuyo for the forelegs, and
the Sulu group serving as the hind legs. The body of the
animal appears as if it were slightly inclined forward. This
analogy must not be carried too far, since the resemblance van-
ishes when we begin to look for the details of the skeleton.

The bulk of the land mass lies east of the main portion of
Luzon, with its axis northwest and southeast.” Extending south-
westward and at about right angles to this line are the two long
arms of the Palawan-Cuyo-Mindoro group and the Sulu chain
of islands more or less parallel but separated by a considerable
stretch of sea.

Irreguloa coast line—A glance at a map of the Philippine
Islands will impress one with the most important physiographic
feature of the whole Archipelago; namely, the enormous extent
of coast line—18,533 kilometers. This is due in part to the
drowning of the dissected and faulted land mass. There are
many small islands, and the larger islands are liberally supplied
with indentations of varying size, which increase the length of
coast line proportionately. '

The present configuration of the land masses of the Archi-
pelago, and hence the outline of the coasts, is due to complex
movements along the main lines of folding and faulting. For
instance, if we examine the hydrographic chart (Plate 37), it
can be seen that there is a definite line, perhaps a fault line,
running along the 500-meter line on the west side of Palawan
which, if continued, would pass through the Taal Volcano re-
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gion, where during the great eruption of 1911 fissures opened
whose trends were about northeast and southwest. If this line
were prolonged through Luzon it would pass close to the east
coast north of Baler. '

Again, the west coast of Panay, according to Mr. Palmer
Beckwith who has studied that region, seems to be determined
by a fault line, which if prolonged to the northward passes on
the east side of Tablas. Many other illustrations might be cited
in this connection. :

Development and arrangement of mountains.*—The mountains
of the Philippines lie generally in ranges parallel and in close
proximity to the coast lines. They are of two principal types;
namely, those due to uplift, folding, faulting, and subsequent
erosion, and those due to volcanism.

The most prominent chain, the Cordillera Central, } is in Luzon;

- it stretches from the northern boundary of the central plain to
the Pacific Ocean, forming the backbone of the island. It is a
composite of two, and in some places of three, parallel ranges,
each of which averages about 1,800 meters in elevation.

The a'ordillera Central, as well as the two coast ranges of
Luzon, may be said to be in that stage of physiographic develop-
ment known as “topographic youth” or, in places, ‘“early ma-
turity.” Hence, the cross section of the stream valleys is
V-shaped or may be modified to a broad U-shape by excessive
talus accumulation from volcanic agglomerate cliffs “above.
Ledges and falls are common along the main channels, and there
is rarely great accumulation of wash in the stream channels,
owing to the terrific scouring of the mountain floods.

This cordillera consists of sediments folded, faulted, and
eroded, exposing granitic batholiths, the whole yielding a maze
of rugged peaks and formidable cafions. Later intrusions have
further complicated the whole scheme.

Along the east coast of Luzon is a range of mountains of which
practically nothing is known in detail, since it is very sparsely
inhabited, chiefly by Negritos. In places this range attains an
elevation of 1,800 meters, but in the main it is much lower

* The highest peak in the Islands is Mount Apo, in Mindanao; it is of
volcanic origin and is 2,929 meters in height.

+ The highest peaks of this range, beginning from the south, are the
following: Mount Santo Tomas, 2,258 meters; Mount Pulog, 2,924 meters,
the highest peak on Luzon; Mount Data, 2,670 meters; and Mount Amuyao,
2,702 meters. The range is largely composed of intrusive and extrusive
andesite, with sediments exposed high on its flanks.

192776——4
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than the Cordillera Central. It is also i(nown to be largely
volcanic in origin, having an active vent, Mount Cagua, near
its northern extremity.

Just northeast of the central plain these two ranges coalesce,
forming what Adams(21) has called the “Central Knot.” This
constitutes the highland country of Nueva Vizcaya.

On the west, in northern Luzon, is located the Coast Range,
known locally as the Malaya Range, which is narrow, and in
places is .1,800 meters or more in altitude. This is also an-
desitic, with some sediments at high elevations.

In southwestern Luzon there is the Zambales Range, which
consists of a line of more or less isolated, old volcanic stocks
in various degrees of degradation. The highest points in this
line are Mount Pinatubo, 1,781 meters, and the magnificent
cluster of peaks known as Mount Mariveles, 1,420 meters, at
the entrance to Manila Bay. v

In southeastern Luzon there is the altogether different type
of mountain, a cluster of more or less dormant volcanoes, of
which the commanding figure is Mount Mayon, an almost perfect
cone 2,421 meters in height, near Legaspi.

In the Visayan Islands, as a rule, a cordillera forms the back-
bone of each island. In the main cordillera of Panay there are
peaks 2,049 meters in elevation, while in Cebu 1,013 meters is
the limit. The Negros cordillera is not so well defined, but the
island has one peak 2,438 meters in elevation—the dominant
volcano of Canlaon. Little is known about the mountains of
Leyte and Samar beyond the fact that there are some moderately
high peaks of volcanic origin, none of them recent, however. In
Samar there is no peak higher than 1,000 meters, and there is
no cordillera.

The dominant cordillera in Mindanao is the Diuata Range
along the eastern side of the island in Surigao Province. This
consists of plutonic as well as extrusive rocks. .There is also
an interrupted volcanic chain, extending north and south in the
central portion, in which is Mount Matutum. ~ A cluster of vol-
canic peaks is irregularly arranged around Lake Lanao, and south
of this lake is the east and west line of dormant craters of the
Buldun Range. The Malindang stock in northwestern Mindanao
is 2,425 meters in elevation, but is narrow. From the Malin-
dang stock a low cordillera extends into Zamboanga Peninsula.

While many of the higher mountains are either worn-down
volcanic stocks or more or less undissected and isolated cones,
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yet there are many examples of the faulted and tilted block type,
such as Mount Santo Tomas in Luzon.

As a rule, Philippine mountains are covered with dense forest,
except in northern Luzon where a species of pine is the principal
tree or where the people have burned off a great deal of the pri-
meval forest, which has been replaced with a dense covering
of the ubiquitous cogon and other coarse grasses. In some places,
particularly well exemplified in the Zambales Mountains of
western Luzon, there are forests near the foot of the ranges,
and then between 900 and 1,650 meters the slopes are absolutely
bare and rocky. Above this point the well-defined mossy forest
covers the slopes to the summits.

The principal mountain passes and trails through the cor-
dilleras are the following:

Bued River Gorge, Luzon (north and south), from the central plain
to the Baguio Plateau.

Naguilian Road (ridge), Luzon, from the west coast to the Baguio
Plateau.

Tila Pass, through the Malaya Range into Lepanto Subprovince, Luzon.

Balbalasang Trail into the Kalinga highlands, northern Luzon.

Villaverde Trail from San Nicolas, Pangasinan, to Dupax, Nueva Viz-
caya.

Trail to Palanan Bay, northeastern Luzon.

Infanta-Tanay Trail across the rugged mountains east of Manila.

Bayombong—Echague Trail through Nueva Vizcaya to Isabela Province.
A macadam highway is being constructed along this route, and an
extension of the Manila Railroad along the route is projected.
This will connect Manila by rail with the rich tobacco provinces.

Atimonan Road, southeastern Luzon; practically the only road to the
east coast.

Cabanatuan—-Dingalan Bay Trail. This pass, which does not go above
250 meters, separates two important massifs of the eastern cor-
dillera.

Wright-Taft Trail, in Samar; practically the only route across this
island.

Pikit-Digos Trail, in Mindanao; the most direct route from Cotabato to
Davao.

Cebu-Toledo Road, Cebu Island; one of the most beautiful mountain
roads in the Archipelago.

Pikit—-Banisilan-Lanao Trail, Mindanao; this trai’leads into the heart
of Mindanao.

In addition to these, there are many shorter but important
routes leading through the mountains of the smaller islands.
The lowland people make frequent use of these natural lines of
communication, but the hill people seem to pay little attention to
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topography and often choose the shortest route even though
it leads directly over the highest points. Neither the hill people
nor the lowland people take much pains to follow contours in
laying out their trails. .

The highland plateaus.—In the central part of northern Luzon
around Baguio, Pauai (Haight’s place) and, again, farther north
on Mount Data (Plate 19, fig. 2) near Mankayan, there are
remnants of older and more extensive plateaus which'may rep-
resent all that is left of former peneplanation and base leveling.
Eveland (237) called attention to these areas and the great dif-
ference in topography exhibited by them and the surrounding
regions where sharp cafions were dominant.

I have been of the opinion that these were purely local and
could be accounted for largely by fill, due to torrential wash,
in these higher regions. In a paper on the relation of tropical
geology to engineering I emphasized this effect of torrential
wash and the enormous work of floods during typhoons, partic-
ularly in the Luzon highlands. This must not be lost sight of
in a study of the rate of erosion and deposition in this region.
In a deforested region, like much of northern Luzon, the results
are still more apparent and the action enormously speeded up.
Recent work by Dickerson, with whom I had the privilege of re-
visiting much of this ground, seems to indicate that these rem-
nant areas of mature and even old-age topography confirm
Eveland’s opinion that they represent peneplanation. Dickerson
places this base leveling in the late Pliocene or’early Pleistocene
period which, according to him, extensive faulting has isolated
and preserved for us in blocks like the Baguio Plateau. The crit-
ical feature in this region (and it throws illumination upon the
whole study) is the course of Trinidad River, which is discussed
by Dickerson.* This stream is clearly antecedent, as indicated
by its cutting across the structure of very diverse formations
(fig. 2). Eveland made no statement as to the age of the stream,
nor did he emphasize the part played by faulting.

The finding of fossils of very recent-looking, lowland plant
leaves in the Pleiiocene (or Pliocene) tuff at about 1,950 meters
elevation on the Sagada Plateau remnant still farther north in
the Mountain Province, where both the tuff beds and the Malum-
bang limestone beds are truncated, gives us a means of placing
these events in the geologic time scale.

* The development of Baguio Plateau: A study' in historical geology
and physiography in the Tropics. Philip. Journ. Sci. 23 (1923) 413-453.
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elevated plateau of Bukidnon,* Mindanao,

University of the

Philippines, who has traveled through Bukidnon, informs me that this
plateau is largely filled with wash from the surrounding higher moun-

F. Baker, dean of the College of Agriculture,
tains; photographs of that region confirm this statement.
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I have not seen the latter. The plateau of Lake Lanao in cen-
tral Mindanao is of volcanic origin entirely, though there might
be an old erosion surface beneath the Pleistocene lava flows
of that region.

The intermediate uplands.—Between the cordilleras and the
plains, along the flanks of the higher ranges, there is an inter- -

- mediate zone of upland country of generally mature topography,
consisting principally of foothills. The slopes are more or less
rounded and grass covered. The dominant rocks are Tertiary
sediments, and there are extrusive bodies of andesite and re-
lated rocks. -A typical example of this topography is found in
western Masbate where the monoclinal sediments, shale, sand-
stone, and limestone, have yielded a characteristic topography
quite different from that in the central part of the island, which
is rugged cordillera.

Proximity of mountains to sea and coastal plains.—As a con-
sequence of the proximity of the mountains to the coasts, we
would expect to find, and do find, that there is little or no develop-
ment of coastal plain, and that, where it does exist, the coastal
plain is comparatively narrow. However, with the steady
growth of the coral platforms about much of the coast and the
contemporaneous deposition of great volumes of débris from
the mountains, coastal plains are rapidly growing. Of course,
coral growth and wash from the land are not sufficient; elevation
is a necessary factor in the formation of coastal plains of much
size.

One outstanding factor that accounts for the lack of coastal
plains, as pointed out by Semple, is the deep surrounding seas;
that is, in much of the Archipelago there is little or no shallow
continental shelf on which alluvial material could accumulate.
Faulting and rapid elevation may be the reasons for this.

A coastal plain more than 16 kilometers wide is an exception
in the Philippines. Attention will be invited to this topic again,
in connection with the physiographic influence upon human
activities. ,

Aggradational plains.—A type of plain more important than
the coastal is exhibited by the plains found lying between the
mountains, though not strictly intermontane, and on these
plains the greatest development of civilization in the Islands is
to be found. The principal ones are the following: The central
plain of Luzon; the Bicol plain of southeastern Luzon; the Caga-
yan basin of northern Luzon; the central plain of Panay; Agusan
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Valley, in eastern Mindanao; and Cotabato Valley, in south-
western Mindanao.

As a rule, these plains have been formed by the aggradation
of depressions, by means of coalescing alluvial fans, between two
isolated land masses which were separated in Tertiary time and
probably also in Pleistocene time. They generally are much
wider than the coastal plains, though they have much the same
origin and composition. In individual cases other factors have
complicated the history. As these are fully described and their
origins discussed in the several regional sections, this subject
will be dismissed here. With the exception of the Cagayan, the
plains are broad and flat, holding the largest population of all
equivalent areas. Cebu Island is an exception in the latter re-
spect, the people there living mostly on the coastal plain, there
being no central plain and the interior having a high and rugged
character.

River systems.—As pointed out in the beginning of this book,
there are a few large rivers in the Archipelago, but in the main
the streams are short and swift. This is a natural consequence
of the small land masses and the youthful topography. A note-
worthy feature of the rivers of the Archipelago as a whole is the
predominance of north-flowing rivers among the larger ones. In
the order of their present importance, the principal rivers are
the following: Pasig, west flowing; Pampanga, south flowing;
Mindanao, southwest flowing; Cagayan, north flowing; Agusan,
north flowing; Bicol, north flowing; Abra, north flowing; and
Agno, southwest flowing.

The courses of these streams are controlled mainly by tectonic
lines, folding, and faulting, but portions of their courses can be
explained only on the basis of previous physiographic history
of the particular regions through which they flow, by accidents
of deposition of load, etc. These and other important rivers are
considered in the regional sections.

Lakes.—There are several types of lakes in the Philippines. It
is difficult to say which type is dominant, but those due to some
sort of damming of a preéxisting drainage basin, generally by
lava or ash deposits, seem to be in the majority. The types are
lava-dam lakes, explosion crater lakes, land-subsidence lakes,
oxbow lakes, dune lakes, and synclinical (?) lakes.

It is very probable that many of these lakes have originated
through the operation of more than one of the causes enumerated,
as in the case of Laguna de Bay, which may have been formed
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through subsidence in part and also by a barrier of arched tuff
beds being elevated between this low strip and the sea.

Of the first type we have Lake Lanao in Mindanao and Lake
Manguao in Palawan as examples.

Explosion craters are well exemplified by the new lake in Taal
Voleano crater formed in 1911. Probably Bombon, the large
lake surrounding Taal Volcano, is due to subsidence.

For the fourth type we may follow Agno and Pampanga Rivers
in the central plain of Luzon for numerous unnamed examples.
These are merely cut-off, oxbow bends in the meanders of those
streams.

The best example of the dune type is Lake Paoay in Ilocos
Norte. .

The sixth type in our list is doubtful; Lakes Malanao and
Balut near Cotabato seem to me to be synclinal, but I did not
examine them closely.

Pratt, (500) in his paper on Philippine lakes, summarizes much
of the scattered literature on the subject.

VOLCANOES

Slight mention has been made of the volcanoes of the Philip-
pines, their general locations being given. Topographically these
are the most conspicuous features in the Philippine landscape.
We find every gradation, from the almost perfect cone of Mayon
in Albay Province, which is perhaps the most symmetrical moun-
tain in the world, to old worn-down volcanic stocks, now com-
pletely dissected, whose form gives scarcely a suggestion of their
origin.

Most recent volcanoes are composed of pyroclastic materials
and their slope angles are the angle of repose for these mate-
rials; consequently, they contrast greatly with those lava-flow
volcanoes of Hawaii whose slopes are very gentle.

As these topographic features are conspicuous, many persons
get the erroneous idea that the dominant formation in the Phil-
ippines is volcanic, whereas there are great areas where the
surface rocks are either plutonic rocks or sediments, both having
a quite different type of physiography. Volcanoes form the
subject of a special chapter.

. CORAL REEFS

Coral reefs are especially important in the Philippines, not
only because of the part that corals play in the making of land
and in the production of special land forms, but also because
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of the light that their study in this particular region throws
upon the great questions raised years ago by Darwin.

As I have made only superficial studies of corals and coral
reefs in the course of my economic work, I shall merely quote
some important paragraphs from a recent discussion by W. M.
Davis and comment on some of the points raised by that author.
His main thesis is stated in the following paragraphs:

Unconformable fringing reefs of a new generation appear to charac-
terize the shores of the Philippine Islands to a remarkable degree, while
barrier reefs and atolls are rare thereabouts, as may be learned from the
admirable charts recently issued by our Coast and Geodetic Survey; and
yet no one has, so far as I have read, perceived that the facts thus pre-
sented afford strong testimony for Darwin’s theory of subsidence. The
manifestly unconformable contacts of the fringing reefs on the maturely
dissected and more or less embayed shores of many members of the much
disturbed Philippine group, largely formed of non-voleanic rocks, demand
long continued erosion while the islands stood higher—in several cases
much higher—than now, and a correspondingly great, though by no
means uniform or universal, subsidence to bring them down to their pres-
ent position; and this at so rapid a rate that preexistent reefs, if they
existed, were drowned, and at so recent a time that the fringing reefs on
the headlands and the deltas in the bay heads have not as a rule attained
great development. The west coast of Palawan, the southwesternmost
member of the Philippines, gives many striking illustrations of these
features, none more impressive than at Malampaya Sound, here shown
in figure 10, reduced from a part of Coast Survey chart 4316. Joubin’s
chart of coral reefs (1912) gives the fringes of the Philippines a much
greater breadth than they usally possess.

The existence of earlier formed reefs at lower levels, now drowned, is
highly probable on many of the Philippine Islands, for the absence of
strong cliffs on the headlands of their embayed shores indicates the pres-
ence of protecting reefs while the coasts were suffering erosion before
their recent subsidence; thus all the more does the absence of an exten-
sive system of offshore barrier reefs, which should have grown up from
the preexistent reefs during a slow subsidence, indicate that subsidence
was more rapid than reef upgrowth. Moreover, the submarine plat-
forms that border some of the islands are best explained as submerged
and more or less aggraded reef plains, on the outer margin of which new
barrier reefs have failed to reach the present surface because of rapid
and recent subsidence; indeed, some of the platforms have no sign of up-
growing marginal reefs, and these must have been submerged with
unusual rapidity at a very recent date. It is quite possible that some
of the shorelines here treated as showing recent submergence may have
afterwards emerged by a moderate amount from a previous greater
submergence of moderate duration, for charts do not always suffice to
distinguish between these two cases; but in either case, the fringing reefs
would rest unconformably on their foundations.,

The facts here discovered seem to me to give strong confirmation to
Darwin’s views; not only so, they show that, after the many other move-
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ments the Philippines have suffered, the recent subsidence of many of the
islands has been more rapid than reef upgrowth, and hence more rapid
than the subsidence of most of the islands in the central Pacific around
which barrier reefs or above which atolls are commonly found. In this
respect I believe the recent history of the Philippines to'be representative
of that of the other archipelagoes of the western Pacific, where, in spite
of the evidence for submergence given by strongly embayed shorelines,
barrier reefs are imperfectly developed and atolls are rare.

The so-called atoll noted by Semper in Benguet and referred
to by Davis, is clearly not an atoll and is the result of erosion.

The unconformity between the “lignitic series and the coral
mantle,” also referred to by Davis, is one of the greatest in the
Philippines and is widespread. It lies, to give a more accurate
description, between the Malumbang (Pliocene) and the Vigo
(Miocene).

Davis’s point about the complexity of events in the geologlc
history leading to the present physiography of the Archipelago
is well taken. A review of my earlier work as well as of the
literature led me, after revisiting many of the localities, to concur
with Davis (who, by the way, has never been on the ground)
in the belief that the story is far more complicated than either
he or Becker had supposed.

Masbate furnishes, as pointed out by Ferguson some years ago,
indisputable evidence of marked recent subsidence, and the hy-
drographic charts show, on the north and west at least, no sub-
marine platform, but deep water; all of which certainly conﬁrms
Davis’s view.

I concur with Davis in believing that the Philippines furnish
no evidence to support the highly speculative theory of glacial
control, while Dickerson’s comment is that the evidence is neither
for nor against such control.

In discussing these points Dickerson expressed the opinion
that, while Davis’s contention undoubtedly holds true for Pa-
lawan, it does not apply to the Philippines as a whole, and that
rapid uplift is the dominant cause for the lack of development
of fringing reefs of the present generation in many of the
islands studied by him. I am inclined to concur with Dickerson
in this view, since in spite of a few instances of local and, in
places, considerable subsidence the last great event has been a
tremendous and rapid elevation of most of the Archipelago.

In additional paragraphs, which are not quoted here, Davis dis-
cusses the history of the Philippines, as enlightened by a study
of coral growth, and then passes to the bearing of the facts, as
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gleaned from those studies, upon the glacial-control theory. I
shall not attempt a discussion of these points. ,

The raised reefs on many_ stretches of Philippine coasts,
particularly well developed on Bondoc Peninsula, are a con-
spicuous topographic feature with their fairly level platforms
due to the limiting of the growth of the coral by the sea surface.
In many parts of the Islands in the lowland regions (Bondoc
Peninsula, Luzon, for example) are extensive areas of more or
less uniform surface which may be in part wave-cut, in part
hase-leveled, or due to lava flows, but many of these may be and
are found to be due to the presence of reef limestones.

Near Fort Pikit, in Cotabato Valley, Mindanao, there are -
several fairly even-topped, moderately high hills, say 60 meters,
which form conspicuous features of the landscape. These are
found to be composed of reef corals in great quantity, entire
hills being made up wholly of reef limestones. From a study of
the corals and their state of preservation, it is clear that they
are Pleistocene. Similar elevated reefs are found in central
Panay. Attention has been called to the comparatively recent
corals in the limestones in the Mountain Province, Luzon, at an
elevation of over 1,500 meters, and their bearing upon geologic
and physiographic history.

LANDSLIPS

In consequence of the nature of the formations, heavy rainfall,
and seismic disturbances, nearly all parts of the Archipelago are
subject to landslips of greater or lesser magnitude. This is par-
ticularly true of the highlands of Luzon, where in many localities
the formations are, to a considerable extent, limestone covered
with volcanic flows and loose ejecta.

At Baguio a slide occurred in 1914, which by actual measure-
ment showed a slip of 25.4 millimeters an hour. This and other
great slides are described in the section on Luzon.

A landslide from one side of Bued River Cafion during a heavy
rain caused the formation in the gorge below of a dam of loose
material to a height of 18 meters. When the impounded water
broke through this dam, everything in the cafion below for
several kilometers was obliterated, and steel girders or bridges
were carried far out onto the central plain below. In the Moun-
tain Province of Luzon we have an excellent geological laboratory
where we can see “geology in the making.”
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The present land forms in the Philippines have come about
through a complicated set of processes, elevation, subsidence,
folding, faulting, volcanism, and gradation. There have been
repeated elevations and subsidences, with longer and shorter
pauses, during which approaches to peneplain conditions have
keen attained. Because the story is complicated and we have
worked only a few areas in detail we are not in position to
outline the physiographic story clearly.

From very early times doubtless there have been archipelagic
conditions in this part of the world, though the island masses
may have been much smaller. This is known positively in the
- case of Luzon and Mindanao, but in the Visayas the land masses
may have been larger. Extensive faulting was the cause of
these changes.

As soon as the original land areas emerged from the sea they
were eroded and deposits were formed. These were subsequently
elevated, folded and faulted, and eroded again—how many times
we do not know. Of pre-Tertiary conditions and events we have
little from which to make deductions, as the remains of rocks
dating from those periods are few and scattered. Perhaps in
some areas old erosion surfaces dating from this time will be
found preserved, but the probability is very great that they are
concealed by later formations or modified by subsequent events.

During the Eocene much of the Philippine terrane was above
water. We have found no undoubted Eocene marine deposits
and no terrestrial deposits that can be identified as such.

Following the deposition of the Batan coal measures and
the Vigo shales there was a period of pronounced folding with
faulting, elevation, and subsequent erosion. During this time
there was also considerable extrusion of lava and agglomerate.
Remnants of this older land are found in many parts of the
Archipelago.

Subsequently occurred submergence and the deposition of vast
amounts of limestone, tuffaceous materials, etc., and again ele-
vation, followed by erosion. Since the late Pliocene there has
been chiefly elevation in Luzon and Mindanao, while in parts of
the Visayas and Palawan submergence has been the rule.

Concomitantly with the elevation there has been extensive
coalescing of the isolated land masses by gradation and volcan-
ism, particularly in Luzon and Mindanao. Prior to this time the
Zambales mountains were separated from the eastern cordillera
by a stretch of sea from Manila Bay to Lingayen Gulf.
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Likewise, Mindanao consisted then of several isolated land
areas. The Cotabato region was generally covered by an arm
of the sea. The physiographic changes in the Philippines have
been rapid, and apparently they are continuing undiminished
to-day.

As a result of all these events there have been many interest-
ing drainage changes, some of which will be discussed in the re-
gional chapters. Furthermore, since the several islands in many
instances have had different geologic histories, it seems now
impossible, or at least undesirable, to attempt a statement of
the physiographic history of the Archipelago as a whole. There-
fore, such statements as can be made on this subject will be
found under the regional headings.

HUMAN RESPONSE TO PHYSIOGRAPHIC CONDITIONS

Some of the more-prominent illustrations of geographic and
physiographic influences on humanity in the case of the Philip-
pines are discussed in this section.

The principal and most-advanced population is found on the
great central plain of Luzon. At the lower end of this plain,
where Pasig River enters Manila Bay, is located Manila, the
largest city of the Archipelago. The location of the metropolis
is controlled absolutely by the juxtaposition of sea, plain, lake,
and river—a combination such as is found nowhere else in the
Archipelago. The Tagalogs happened to be living at this place
when the Spaniards came.

The Ilocanos of northwestern Luzon,. who impress one as
being very energetic and thrifty, afford an especially fine illus-
tration of the influence of geographic position. They live on
the narrow coastal plain in the part of Luzon nearest to China.
Historical records show that the Chinese trader and sea rover
touched at Ilocano points first. The basic agricultural practice
in the Islands to-day is of Chinese origin.

The present condition of civilization of the peoples of north-
central Luzon is to be attributed primarily to the nature of the
country that they inhabit, this having served to keep them in
isolated groups. The political and cultural unit in this region is
the village, and the size of the village is dependent on the amount
of irrigable land in any locality. The generally inimical feeling
that existed until recently between the inhabitants of the dif-
ferent towns was due almost solely to lack of contact, and this is
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to be attributed to the absence of easy communication. In fact,
almost all of the differences in the Archipelago to-day, as in
many other parts of the world, are due to isolation. It is note-
worthy that a prominent and highly educated ex-official in the
Islands, himself a low-country Filipino, said that the first Igorot
he saw was at the Saint Louis Exposition.

The Igorots furnish an excellent example of the influence of
topography on a people. The basic factors in the life of a
people, from the Occidental standpoint at least, are economic.
It is well known that the Igorots have put into operation a notable
system of irrigation. Its origin is not attributed to the Igorot
himself, for it seems probable that this came from the mainland
of Asia; but he does use it, and that remarkably effectively.
While in some parts of the low country the Filipino is nearly
starving for want of rice, his highland brother sometimes raises
three rice crops a year on ground very difficult to prepare for a
crop of any kind.

Some of the physiographic and geologic factors that have
produced the kind of civilization found in north-central Luzon are
altitude, rugged topography, extremely accentuated relief, ab-
sence of navigable streams, and distance from the sea.

Altitude has given the highlander the energy that sets him
apart at once from the low-country plain dweller. Rugged
topography has prevented the formation of large natural groups
and has accentuated the family and village life. Absence of
navigable streams and distance from the sea, the oldest and
greatest natural highways, have kept the people from traveling
far from home.

That the system of irrigation and the raising of crops on
terraces on steep hillsides is directly referable to the natural
topography is clear. Not only must these people work very
hard, but they must work practically all the time to gain a bare
subsistence (there being little game in the country), which is
another important reason why the various communities do not
mingle more than they do. Therefore, the policy of the Govern-
ment of affording communication by means of trails and roads is
of paramount importance in bringing together the isolated
groups.

In passing through the country lying east of Bontoc and south
of Cagayan Valley, the “No Man’s Land” referred to by Worces-
ter, I was struck by the generally impoverished condition of the
.people there. They live in extremely small and scattered com-




PHYSIOGRAPHY 63 -

munities, in squalid surroundings, with both mongrel customs
and mongrel dialect—the so-called “Gaddang.” If the character
of the country is noted, the cause is apparent. The underlying
formation, sandstone, is not such as to yield the most fertile soil,
even though it is a soil made up of triturated fragments of vol-
canic formations. In the second place, the country is charac-
terized by swales and hummocky hills, with little forest. This
section is not inaccessible and consequently there is some ming-
ling with the lowlanders, though that does not appear to have
wrought any improvement in the inhabitants. This apparent
contradiction to foregoing remarks may be explained by the fact
that the means of intercommunication are just difficult enough
to bar any except the most adventurous and unscrupulous from
going backward and forward, and so the hill man often is ex-
ploited without being materially benefited by contact with out-
siders. This region well may be the rendezvous of the inferior
and vicious elements driven out of the surrounding sections.

Cebu Island and its people furnish another fine example of
physiographic influence. Here is to be found the most-con-
gested population in the Archipelago. It practically is confined
to a narrow and interrupted coastal plain, which has only a
rugged mountainous interior and little productive hinterland.
The reason for the excessive population of Cebu in proportion to
its area of arable land is not known. Perhaps the Visayan is
more fecund than are the other groups. The density of popula-
tion of Malay islands may be partially explained, as Semple*
says, by “the attraction of the coast for the seafaring Malay
race” and “the mathematical law of increase of shoreline with
decrease of insular area.”

Panay offers another instance of physiographic control. The
Negritos, a backward and vanishing tribe, are located in the
most inaccessible parts of the cordillera. A second group, known
as the Montescos, live in the rugged and unproductive inter-
mediate uplands, while the more progressive Visayans inhabit the
plains. Even among the last named there is a difference in
dialect between the Visayans living on the Iloilo plain and those
living north of the upland barrier, an east and west, 100-meter
ridge which connects the cordillera with the low mountains in
the eastern part of the island.}

* Influence of Geographical Environment, p. 452.

+ Beyer recognizes four subdivisions; namely, Cebu Bisayas [Visayans],
Samar-Leyte Bisayas, Panay Bisayas, and Aklan Bisayas—the last named
in Capiz Province.
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In the Philippines there seems to be found at least a partial
confirmation of the dictum laid down some years ago by a student
of history, to the effect that land masses, more often than oceans,
have been barriers to migration. Very often people living on
opposite sides of a stretch of sea are found to be more nearly
alike than are people living in different parts of the same island
or land body. There is more homogeneity among the peoples of
the Visayan Islands than among those living on Luzon. This is
what would be expected, however, in the Malay region, where
the people live largely on and by the sea.

The location of highways in the Philippine Islands probably
is the best instance of the influence of topography on the affairs
of men, a notable example being furnished by the famous
Benguet Road. Here was a project which seemed feasible and
satisfactory from every point of view, but the factors of topog-
raphy, precipitation, and the character and structure of the
rocks controlled absolutely. The nature of the rocks—badly
weathered andesite—in the cafion walls alone was enough to
condemn the undertaking. As originally laid out the road was
a failure, and we now know that in the Tropics to locate high-
ways in beautiful cafions is perilous. The change of location of
this one road will affect the whole countryside, the growth of
cities, as well as many minor enterprises. For Philippine high-
ways of the future, in highland country at least, ridges must be
resorted to, for these are safe, while in cafions the overhanging
cliffs and the powerful undercutting streams are unsafe.

LOCATION AND GROWTH OF CITIES

Manila, Luzon.—The location of Manila is unique; from geo-
graphie, physiographic, and commercial standpoints it is one of
the best-situated cities in the Archipelago, perhaps also in
the world. In its immediate surroundings the following points
of paramount importance are to be noted: It is located about
halfway between the northern and southern ends of Luzon, al-
most at the geographic center; it is at the head of one of the
finest bays in the world; it is at the lower end of the largest plain
of the Archipelago; it is at the mouth of Pasig River, the main
artery leading to the rich Laguna de Bay country; the narrow
opening and wide flaring of the bay on the inside preclude any.
possibility of serious damage from seismic waves. Although the
harbor was not made absolutely typhoon-proof by nature, on
account of the size of the bay and the low land almost surround-
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ing it, it has been made nearly so by the construction of a break-
water at a short distance from the Manila shore. As the greatest
single area of agricultural land and the largest easily accessible
population are to be found on the central plain of Luzon, Manila
is given a commanding trade position within the Archipelago.

When we consider Manila in its larger, world relationship, we
see that it is the logical distributing point for a vast and richly
productive region. This preéminence is due to its geographic
position, about midway between the rich and populous Pekin
plain and the valley of the Yangtze in China and Australia. Its
situation with respect to the rest of Malaysia is very advan-
tageous. The building of the Panama Canal has brought Manila
into closer relationship with the United States than was formerly
enjoyed, by establishing a more direct connection with the Atlan-
tic States. Finally, its position, facing the greatest all-water
‘route from the Pacific to the Atlantic, by way of the China Sea,
Indian Ocean, Suez Canal, and Mediterranean, is of paramount
importance.

Dagupan, Luzon.—Dagupan is located at the head of Lingayen
Gulf, and was once an important entrepo6t, but is no longer so.
It is still important as a “mountain gate”-city, standing at the
upper end of the central plain. It is an important point on the
Manila and Dagupan Railroad, and was for many years the
northern terminal of this railroad; but this very railroad con-
nection with Manila also has helped to destroy Dagupan’s chance
of becoming the leading port of the Archipelago.

San Fernando, La Union, Luzon.—San Fernando will soon be
the terminus of the railroad (now at Bauang). The United
States Army has constructed a pier in the naturally protected
harbor, and the town is a port of entry to Baguio. San Fer-
nando is situated on the rich Ilocano plain, along which there are
excellent highways.

Cebu, Cebu.—Cebu, the second city of the Archipelago, is the
main distributing point in the Visayas and enjoys good anchor-
age and shelter from storms. On account of coal and labor
supply, it will become the chief manufacturing center of the
Archipelago.

Iloilo, Panay.—Iloilo is the third city in size and ought to
surpass Cebu, because it has a productive back country. It is
growing very fast and has good shelter and anchorage. Both
Tloilo and Cebu would suffer from waves produced by seaquakes
and typhoons, owing to the funnellike nature of their harbors.

192775 3
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Zamboanga, Mindanao.—Zamboanga is a beautiful little town
situated on a prominent trade route to Australia. It has little
tributary country.

Cotabato, Mindanao.—Cotabato is slightly off the Australian
trade route, but it has an immense and potentially rich hinter-
land. Some day this should be the metropolis of the southern
islands. However, it has a serious disadvantage in the bar at
the mouth of the river. The better harbor for the Cotobato
Valley is Parang. ,

Aparri, Luzon.—Aparri owes its prominence to the great Caga-
yan tobacco country. Its poor harbor facilities and its distance
from main steamship tracks always will militate against it.

Legaspi, Luzon.—Legaspi is a depot and entrepot for the rich
hemp district of southeastern Luzon. This city should increase
in importance when the railroad from Manila reaches it, though
it has an unprotected harbor.

Naga, Luzon.—Naga is located at the head of navigation for
small ocean-going vessels on Bicol River. It also taps the Albay
hemp region. It probably never will become of first importance,
because none but shallow-draught boats can reach it.

EFFECTS OF MODERN IMPROVEMENTS

The railroad, the macadam road, and the telegraph are the
powerful factors at work in breaking up the age-long isolation of
the peoples of the Philippines. When we take into account the
handicaps of rugged mountain barriers, tempestuous seas, ty-
phoons, and plagues of all sorts with which the Filipino peoples
have had to contend, we must give them much credit.

I venture to suggest that the future historian of these peoples
study the topography and geology of the Archipelago and of the
Far East, for then he need not be surprised at the rational
manner in which events are related to each other.



TABLE 3.—Tentative table of Philippine stratigraphy.

Period. Name. Type locality. Thickness. . Deposit. Lithology. Authority. Distribution. Correlation and remarks. Characteristic fossils. Economic product?
Meters,
Recent ____._.___...... Surigao......_._.. Surigao Peninsula, Min- 3-15___________ Piedmont, spring, talus, lat- Deep red ferruginous clay ___ Pratt and Lednicky .. In many parts of the Islands . Generally distributed in the Living species of coral _______  Gold and salt; work-
danao. erite, and low-level river Islands and in many parts of : able ~ extensive iron
deposits and coral reefs. the Tropics. deposits in Surigao.
__________________ " Basalt and andesite flows _____ L i e oo @O e it i ae . Rosd metal.
and fragmental ejecta. ,
.......................... Q0 oo e @O el i iiiieoo...._.! Sulphur.
-..i High level river deposits_._.. Sand and gravel .________.__. Abella___.____________' Inmany parts of the Islands_ .. .. e Gold placers.
' Elevated reefs ...........__.. Whiteand porous ....__...... Becker. Smith, and In many localities, especially _______._______ ... _.__.__.___ _._..__ Many species of recent reef | Building stone and lime.
i others. southern Cebu and Taya- corals. Cerithium nodu-
; bas. losum, Conus Aavidus,
Trochus fenestratus,
Uneon oMty oo e e e e e e e e e e et e e e e n
Pliocene _.._._......__. Guadalupe _._.___ Pasig River, Luzon ._.._. 300__.......... Pyroclastics.____..__._.._____ Coarse dark to buff-colored Von Drasche, Smith, In much of southwestern Generally flat-lying but slightly = Teeth of deer and sharks .... Building stone; artesian
tuff. and Adams. Luzon. arched near Manila, water.
Do-............._.| Banisilan._.__.___ Banisilan, Mindanao _.._. @) e Estuarine deposits ....._..... Coarse sandstone and shales. Smith __________._____ ____ . .. _________.___._.__.__. AgusanRiverbeds._...._._.___.__ Flabellum and Balanophy-
' y Ulio. 1
1. Upper coral limestone _.___ lPratt and Smith______ ' General; particularly in the Perhaps equivalent to the ‘“‘cal- - Pecten senatorius, Spondylus ' Lime.
DO Malumbang ...___ Bontoc Peninsula, Ta- 75-100_..__..___ Limestone with sandstone 2. Yellow sandstone ._____.__. Visayas. careous stage’’ of Java. Some- imperialis, Lagenum mul-
vabas. facies. ]3. Lower white and massive I what deformed, but less so tiforme var. tayabum,
limestone. than the Middle Miocene series. Schizaster subrhomboida-
lis, Operculina, and Iith- "
othamnium.
Unconformity ... .| ________ o -

Upper Miocene. Santa Cruz ___ ' Santa Cruz, Zambales__ . Tuffaceous marl..__ . - P Karrer _ _West coast of Luzon _ - Sind, Car Nicobar .____ | S, Nodosaria, Cristallaria, ete..
) 0 7. S, Alpaco __.__..___. Mount Alpaco, Cebu __.__ Tuff and sandy marls Friable, buff colored Verbeek's stage M in Java___.__. | Orbitolites, Operculina, etc. ... Cement.
Middle Miocene ... ... Canguinsa® ..____ ______.___________________._ ; ;
Vigo River, Bondoc Pe- Brownish to black; fine ' Prattand Smith "Wide .o Exact positions uncertain, but : Globigerina, Corbula socialis, | Oil.
ninsula. , grained. relatively correct. Conus ornatissimus, Ceri- '
i : thium jenkinsi, large le-
i pidocyclines.
DO Cebu ... __.___. | Danao coal field, Cebu___. ...-..._ ... Limestone..___..____..._.____ Blue-gray; clayey....__...___ Smith and Douvillé .. General in Visayas___.__._____ This entire group isconsiderably _..__ s [ el Lime.
| folded.
Lower ? Miocene ...... Batan ._..__...__. Batan Island, southeast- 75-100.._._.... Shales and grit with coal .... Gray to black; sandy .___..__. Smith ____._._.._.___. Widely distributed, espe- The coal of Java is referred to | Vermetusjavanus, Vicarya i Coal.
: ern Luzon. cially well developed. the Eocene. callosa. .
Lower or Middle ' Caracaran _ ... Caracaran River, Batan 100 ___________ ' Limestone.. ... ___._________ Fine grained; bluish to buff .. Smith and Douvillé .. ___.________________________.__ Correlated by Douvillé with the | Nummaulites subniasi _____. __! Lime.
Miocene (2) Islands. Stampian of Europe. This '
limestone is really a part of
the Batan formation.
Eocene? D e e e e e e e et oo e e e e e e No Philippine fauna resem-
bles that of the Javan Eo- :
cene. .
@ ooeeeecceieeeeeeo. Agno.._..._..._.. North-central Luzon__.__ [, Conglomerate Von Drasche

Pre-Tertiary  (sedi- ' Kaal._._____._____ Kaal Creek, Masbate._.__: (?)_._..__..__.. Argillite -Fine grained, reddish with Ferguson........_..._ Reddish and black slaty | Position doubtful in absence of , None .. Manganese.
ments). | white spots. rocks in Panay, Palawan, fossils; may be equivalent to . i
. Luzon, and perhaps other “‘Old Slates” of Borneo. !
places.
DO e Baruyen._..._.___ Baruyen River, Ilocos (?)............ Radiolarian cherts ..______._. Reddish jasper........___.__. Smith ________..___.__ . Luzon, Panay, Palawan, etc ._ Correlated with Danao forma- Cenosphara and Dictyomi- ' None.
Norte. ) ‘ tion of Borneo and Franciscan tra. ; )
i of California. ;
Pre-Tertiary (meta- ________.___.__.____ Ilocos Norte, Luzon .. ... ... _...._. Serpentine _____.___.._._____. ' Dense, bluish green __________ Abella and Becker .__! Luzon, Panay, Cebu, Pala- Probably Mesozoic;in Mindanao '____________ .________ ... ... | Asbestos and chromite, |
morphics). I ' . wan. some schists appear to be Ter- :
: | tiary. !
DO e e e Romblon _',,,_,_,,,,,___,;__.__.___...4___‘: Schists, gneisses, marble ... Greenish-black hornblende - Adamsetal .__.__.... Romblon, et - e Monumeﬁts, ete.
' schists; bluish white.
Pre-Tertiary, igneous. Found as more or less large intrusions. Some of these may . Granite; granodiorites; dio- : Coarse-grained plutonic._.___. Becker, Smith, and ' Cordilleras of many of the Exact position doubtful _________ . .. Gold, copper, etc., veins.
not be older than the earliest Tertiary Sediments. Others | rites; gabbros; peridotites. Iddings. large islands, especially '
are sheared and altered into gneisses asin the Paracale Luzon. . ! i
district, Camarines Norte. I i !
Tertiary and recent, = Found in various positions and at different horizons through- | Rhyolites, dacites, andesites, ' Usually dense fine grained '____. do ..o "General .__.____._____________! Pyroxene andesite is the domi- ... _..___ i.______.______. “ Road metal, etc.
igneous. out the column. " and basalts. © or porphyrite. Some sco- " nant extrusive in the Philip-

i
\
i
!
: riaceous. | | pines.
| i

a Canguinsa, Vigo, Cebu, and Batan may be in part contemporaneous.
U No deposits certainly Eocene have been found in the Islands, although Abella referred th e coal strata and Martin the Binangonan limestone to this period.
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STRATIGRAPHY AND CORRELATION

As has been pointed out by many investigators, the essential
geologic unity of the Pacific basin is well established. I should
like to point out an additional fact; namely, that if we were to
flatten out the globe the western coastal margins of the Amer-
icas and of eastern Asia would be seen to fall into one line, and
that fairly straight, so that really western America and eastern
Asia are on the same side of the Pacific. Therefore, it would
be only natural to find much agreement between the stratigraphic
columns of eastern Asia and of western America.

CORRELATION

An approximation to the general stratigraphy of the Phil-
ippine Islands is given in Table 8. This table has recently been
revised with the assistance of Roy E. Dickerson.

As Java is the nearest region in which detailed geologic and
stratigraphic work has been done, I take from Verbeek and
Fennema * the stratigraphic column shown in Table 4, which will
reveal at once the close similarity between the two columns.

TABLE 4.—Stratigraphy of Java, beginning with the oldest formation.

1. Argillaceous schists, quartzites with quartz veins, without petrifac-
tions (schists of the Carimuon dia) ... Age?
2. Schists with serpentine, mica, chlorite, and argillaceous material,
quartzites, some calcareous beds and interposed sills of eruptive
rocks, diabase, gabbro, quartz phorphyry..................... Cretaceous.
3. Gray quartzose argillites with beds of coals, breccias of diabase,
quartz, etc., conglomerates of quartz and granite, marls with alveo-

lines and limestones with nummulites......... Lower Tertiary, Eocene.
4. Eruptive rocks in the preceding stage, the oldest andesites, with the
characters of diorites and diabase............... Lower Tertiary, Eocene.
5. Terrane of Nanggoulan ... .. Oligocene.

=]

. Eruptive rocks at the base of the Miocene.

7. The lower stage of the upper Tertiary, called the “breccia stage,”
composed of breccia of eruptive Tertiary rocks with grits, shales,
with some marl and beds of limestone...................... Lower Miocene.

. Eruptive rocks of the preceding stage...... ... Lower Miocene.

9. The middle stage of the upper Tertiary, called the “marly stage,” con-

taining much marl and marly sandstones, but less of sandstone and

shales; some calcareous beds.
Middle Miocene with the uppermost beds in part Pliocene.

o]

* Description Géologique de Java et Madoura. Amsterdam (1896).
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10. Eruptive rocks of the preceding stage........ Middle and upper Miocene.
11. The most recent stage of the upper Tertiary called the ‘“calcareous
stage;” much limestone and marly limestones alternating with
marl . e Upper Miocene and Pliocene.

12. Recent volcanic rocks; volcanoes.
Miocene, Pliocene, Quarternary, and Recent.
13. Old post-Tertiary sediments with some fossil mammals.. Quarternary.
14. Recent post-Tertiary sediments ... Recent.

If each of these items is examined in turn considerable simi-
larity can be seen to the formations in the Philippines.

No. 1 can be duplicated almost exactly in various parts of
Luzon (Caramoan Peninsula), Mindanao, etc. As in Java, the
age of these metamorphics is uncertain.

No. 2 can be duplicated in several localities in the Philippines,
particularly in Palawan. However, there is no evidence that

" Philippine rocks of this type are Cretaceous.

No. 3 can be duplicated in part on Batan Island southeast of
Luzon, and in the Visayas generally.* I have found no un-
doubted nummulites in the Philippine coal measures but, on the
other hand, I have found an abundance of Foraminifera of the
genus Lepidocyclina.

In the Mountain Province, in Cebu, and in various other parts
of the Philippines there are eruptive rocks of different ages,
some old, some young. The older andesite in the Mountain
Province can scarcely be distinguished from diorite and, in
places, appears to grade imperceptibly into it. These may be
similar to No. 4.

I have not yet been able to differentiate the igneous rocks of
the Philippines as distinctly as Verbeek and Fennema have done
in Java. Agglomerates, as I prefer to designate “volcanic brec-
cias,” occur undoubtedly at several horizons and it is quite
probable that one of these corresponds to No. 7 in the Java table.
The pr1nc1pal agglomerate in the Philippines is post-Vigo and
pre-Malumbang.

Nos. 10 and 11 certainly can be duphcated at many points in
the Philippines.

No. 12 certainly finds its counterpart in the Philippines.

No. 13 is represented in the Philippines by late Pliocene depos-
its in Agusan Valley, Mindanao, and in the great tuff deposits
of the Manila plain. A few fossil teeth of mammals have been
found in the latter formation.

No. 14 is, of course, widely represented in the Philippines.

* In this case lithology means but little, since the lignitic series in the
Philippines appear to be Miocene, while in Java they are Eocene.




Series. ' Philippines.

|
| Paleocene

|

Limestone and marl beds.
elephants’ teeth reported from
two localities in Luzon and one

192775

TABLE 5.—Tentative correlation of the Far Eastern Tertiary.

Java.

Pliocene._.___..___. in Mindanao. Foraminiferal
marls of Karrer probably belong
here also.

'|Limestone, with small lepidocyclines

Miocene: 1 Vigoshale___ .. ..

Upper..........
; Limestone, with large lepidocyclines b
|
'

Middle_.___._._. ' Sandstones and shales with Vicarya
| callosa. Coal seams.

Oligocene? . oo e

Focene?............ i .......................................

| .

" Group H with small lepidocy-
clinesand Lithothamnium.

Group D and C with Num-
mulites.

Group B with Operculina ...
Group A with Orthophrag-
mina omphalus.

Group G.... ... ‘
1

Etage calcareux

cyclines.

" Voleanic tuff and sands, with |
Cycloclypeus. Limestones
with lepidocyclines

Cycloclypeus.

| Sandstones...................!| Sandstone, shale, coal seams .| Sandstone; shales; coal seams

| Limestones with Nummulites, i

! Quartzose argillites
' coal seams.

i

Limestone with small lepido- | Limestones with lepidocy-

and

Etage brecheux [

with

'

Formosa.
I

: clines and Lithothamnium.

2 The authorities drawn upon for this table are Becker, Koto,

b This distinction, according to Dickerson, does not hold.

Japan.

____________________ ' Raised coral reef limestone...| Marine beds with Mytilus, Con-

chocele.

Beds containing fossil plants and
those containing numerous '

specimens of Carcharodon
megalodon.

Limestones with lepidocyclines

and Lithothamnium.

New Hebrides. India. } Europe.
= . —_ | -
Limestone with Sph®roidina “«- oo oioiiiiioiiiiaio. |{ stian,
|{Plaisancian.

dehiscens.

i
Foraminiferal limestone and Manchar siwaliks (vertebrate | Pontian.

tuffs with andesitic sills.

' Limestone with Lithotham- |

nium. Foraminiferal tuffs.

with Viearya callosa in the :

overlying beds.

________________________________ " Tuffs with Nummulites (Bonin

series).

. Sandstone, shales, coal seams ...

fossils).

i Arenaceous group. Viear-
1| wa verneuili, Ostrea multi-
costata.

Nari formation with Orbitoides
papyracea.

|
| Kirthar with Nummulites and

! Alveolina.

Aquitanian.

{Ruxelian.
Tongrian.

{Bartonian.
lLutetian.

Suessonian.
Thanetian.
Montian.

Verbeek, Martin, Douvillé, Chapman, Oldham, De Lapparent, Fukutome, Tnouye, and Smith.
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I know of no rocks certainly of Mesezoic or Paleozoic age in
the Philippines, aside from the radiolarian cherts, which clearly
are to be correlated with the cherts of Borneo and with the Fran-
ciscan of California and, hence, are to be considered Jurassic
in age. Naturally, I am very much interested to learn that so-
called “ancient” rocks are to be found in Formosa. Without
fossils or undoubted stratigraphic evidence I am not willing to
call schists and gneisses ancient just because similar rocks are
found in the Archean. These are products of dynamic meta-
morphism, and not of time. It is quite possible, of course, that
Formosa is geologically distinet from the Philippines, and more
continental in this respect. It is known that the affinities
between the lowland floras of Formosa and China are not re-
peated in the case of Formosa and the Philippines, although in
the highlands the floras are strikingly related. It may very
well be that Formosa is distinctly older. The Eocene has been
recognized there, but the Paleozoic rocks reported from there are
open to question.

In several islands, notably Luzon, Masbate, and Cebu, there
are red and black argillites, almost slate in places, which may be
Mesozoic or older. They probably are equivalent to the “Danau
formation” (Molengraaff), or old slate, in Borneo. No fossils
have been found in these rocks.

In as much as during the Tertiary (perhaps in the lower
Miocene conforming with the same event in America, an event
which was undoubtedly widespread) the European Tethys of
Suess was closed, an attempt at correlation with Europe in the
latter part of the column is unsafe. Table 5, facing page 68,
based on Foraminifera studied some years ago by Douvillé,
shows a tentative correlation with the European column.

It has long been known that in the tropical Pacific the rate of
evolution has been very slow, so slow in fact as to cause me to
make the statement several years ago that “in the Philippines
we are still in the Tertiary period.” The percentage of living
forms, as shown by Martin, even in the older formations of the
Tertiary, is greatly in excess of what we are accustomed to find
in the same formation in temperate regions; therefore, the per-
centages usually employed in making the divisions in the Tertiary
require modification. Recent detailed work by Dickerson on
the Vigo fauna fully substantiates this.

In Table 5 an attempt has been made to correlate the principal
formations and horizons in this Archipelago with those of the
other Malay regions and of Japan. Such a table is likely to
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contain errors, but it is at least suggestive and, therefore, may be
of some benefit to future workers.

Some instances of special correlation with the American side
of the Pacific may be cited, though these are not to be applied
too strictly.

Coal.—In the countries about the Pacific there is coal of
several geologic horizons, but in Japan, the Philippines, and
Oregon most of it is Tertiary in age. The remarkable physical
and chemical similarity between the Philippine and the Oregon
coal is noteworthy.

Petroleum.—The petroleum of Japan, New Zealand, the Phil-
ippines, and California (with the exception of some Cre-
taceous) is of Tertiary age. According to Australian geologists,

"New Zealand is called the oil are. As in the Philippines and

Japan, the oil arc is the outer arc of folded Tertiary shales
and sandstones. It is true that the petroleum of California
and that of the Malay region differ greatly, the base of the
former being generally of asphalt, and of the latter paraffin.

The metals.—In Korea, the Philippines, Oregon, and Cali-
fornia, and perhaps in other countries bordering the Pacific,
the most-productive ore deposits are associated with post-
Jurassic granodiorite and quartz diorite intrysions. These are
usually contact deposits or are in fissure veins not far from such
contacts. Some less-important deposits in later (Miocene)
Tertiary lavas are found about the Pacific arc.

Volcanism.—Attention has long been called to the volcanism
about the Pacific, and the phrase “Circle of Fire” is the nickname
given to the Pacific border by geologists. " This is a happy
designation not only of present conditions, but of conditions that
obtained throughout the Tertiary. However, for outflows of
lava comparable to those of the west coast of America in Ter-
tiary times we must go to the great Deccan Plateau of India.

In the last volume of de Margerie’s admirable French trans-
lation of Suess’s great work,* is a map, compiled largely from
Harker,f with which I am constrained to take issue. On this
map are included the Sierra Nevada, Cascades, and Coast Ranges
of western America in the “Andin (Andean?) Edifice;” and
the continuation of the “Asiatic Edifice,” according to this map,
is to be found in the Rocky Mountain region of the United
'States. For such correlation there appear to be no supporting

* The Face of the Earth. T Natural History of Igneous Rocks.
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facts whatever. Both Becker and I have found a remarkable
similarity between the igneous rocks, structure, and geologic
history of the west coast of America and those of the east coast
of Asia.

STRATIGRAPHY

BASEMENT COMPLEX

Below the cover of sediments of the Tertiary, and perhaps
also of the pre-Tertiary, there is a complex of igneous rocks,
principally diorites, constituting the foundation upon which
the Philippine superstructure rests. With the diorites are
granite, pyroxenite, and diabase intrusions whose relations are
not everywhere easy to see. The age of each of those plutonic
and intrusive rocks is also a matter of conjecture. In neighbor-
ing countries such formations as these, with the gneisses and
schists, which locally result from their metamorphism, have
been placed in the Paleozoic and Archean. What the justifi-
cation for this is I do not know; all that can safely be done is
to place them in the pre-Tertiary.

On Zamboanga Peninsula I have found schists which grade
into Tertiary sediments, sandstones, and shales. Pratt found
similar conditions in Caramoan Peninsula.(497) In the Paracale
district schists, which are merely metamorphosed diorite and
gneisses that are simply badly squeezed granite intrusions, are
found. It is not believed that the original diorite or granite
can be very old; it is Mesozoic, probably. These various deep-
seated and intrusive rocks are described in detail in the chapter
on Petrography.

MES0ZOIC (?) SEDIMENTS

Above the igneous complex and below the well-marked Tertiary
there are at least two definite and easily recognizable formations,
the Baruyen and the Kaal, which are exceedingly interesting,
in as much as their position is more or less problematic. In
view of Becker’s statement in 1901 that pre-Tertiary strata are
entirely unknown in the Philippine Islands, these become doubly
interesting. I cannot say which is the older.

THE BARUYEN FORMATION (RADIOLARIAN CHERT AND JASPER)

This formation was first discovered by me, on the Dungon-
Dungon estate on Baruyen River, Ilocos Norte Province, in 1906,
and its name is derived from the name of the river. I stated
some years ago:(558)
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It is perhaps the most interesting of any with which this paper deals.
It is exceedingly limited in its outcroppings and quite variable in its
phases, never being encountered as a continuous formation, but only as
isolated outcrops, which reveal little or nothing as to its position [geo-
logic relationship].

On the left bank of the Baruyen River, about 200 feet up the slope,
seemingly projecting out of the talus of a hill which I know to have a ser-
pentine core, is an outcropping of this formation; here it appears to
possess more the character of a slate, the fissile slabs varying in thick-
ness from 5 millimeters to several centimeters. It is of a dirty red color,
fine grained and compact. The slabs are exceedingly hard, but easily
break off with a ringing sound. In the Caraon River this formation is
very much brecciated, but the angular fragments have been firmly rece-
mented. Float bowlders were seen in this same stream; they are whoily
without structure and in color are a brilliant red, resembling very much
the jasper associated with the hematite deposits in Michigan and Minne-
sota in the United States. The resemblance of some phases of this for-
mation to the radiolarian chert of the San Francisco peninsula which I
have seen, also led me to make some sections, with the following results:

DESCRIPTION’ OF THE SECTIONS.

In thin section this rock is seen to consist of a fine-grained, amorphous
groundmass of chalcedonic silica, copiously stained with oxide of iron,
with almost innumerable round and oval areas which are more or less
clear. In ordinary light the whole section resembles sections of some of
the radiolarian cherts of the San Francisco peninsula, to judge from my
memory of them and from descriptions.

Between crossed nicols these areas are seen to be filled with a doubly
refracting material which often exhibits undulating extinction, and which
is in a more or less granulated condition; by using a higher power (num-
ber 4 objective, 3 ocular), it is clearly evident that this granulated mate-
rial, with every optical character of chalcedonic silica, constitutes both
the groundmass and the clear areas. * * *

I believe that these clear spaces in the Ilocos Norte slides do not rep-
resent individual casts, for I find no trace of “latticework” and but little
to compare with the spines found in the California cherts; in fact, I think
these clear, circular and oval areas represent pores in the tests of such
Nasselarians as Podocrytis, Bothryocampe, etc.; as yet I have been un-
able to make any specific determinations from these slides.

In specimens of chert from Panay and Balabac Islands I later
identified the genera Cenosphaera and Dictyomitra,(593) which
are also found in the radiolarian cherts of the Franciscan for-
mation in California and Oregon.

K. Martin * and Molengraaff + have found similar cherts in
more or less the same stratigraphic positions in the Moluccas

* Reissen in den Molukken, Geolog. Teil. Leyden (1902) 164.
4 Geological Explorations in Central Borneo (1902) 414 and 415.
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and Borneo, respectively. The so-called “Danau formation” of
central Borneo is described by Molengraaff as follows:

C. The Danau formation.
FORMATION OF THE GREAT LAKES. r

Under the name of Danau formation I comprise a system of depos-
its, which I saw for the first time typically developed in the area of the
great lakes and in the hilly district bordering the north side of these lakes.
The constituent rocks are diabase tuff, diabase, diabase-porphyrite, quartz-
ite, chert, jasper, hornstone, clay-slate, and sandstone. The most char-
acteristic, the leading rocks, in this formation are a silicified and partly
serpentinized diabase-tuff, which I have called Poelau Melaioe rock, and
jasper. In all places where they were found, the jasper and hornstone
proved to contain many Radiolaria, and these organisms were also found
in many places in the cherts and occasionally in the diabase-tuff.

The examination of these Radiolaria has revealed that these deposits
have a pre-Cretaceous, probably Jurassic age.

The strata of this formation are almost everywhere folded and conse-
(quently tilted, but hardly ever so strongly disturbed as the strata of the
old slate-formation. Neither are they, like these latter, intersected with
numberless quartz veins.

Without any doubt the most interesting rocks in this formation are
the chert, jasper, hornstone, and diabase-tuff with Radiolaria. The jasper
and hornstone in particular consist in many places almost exclusively
of closely packed tests of Radiolaria, between which a few spicula of
sponges may be seen, all joined ‘together by a siliceous cement. The
amount of silica contained in such a hornstone with Radiolaria from the
Boengan river was not less than 97%. I found jasper with Radiolaria
in various places in the hilly country to the north of the lakes, and later
on again, much further eastward, in the extension of the line of strike of
the above-named strata along the Upper Kapoewas, the Boengan, and
even as far as the boundary between West and East Borneo, altogether
over a distance of fully 230 kilometers. The character of the rock
remains unchanged over that distance and the beds are always folded with
a constant east to west strike. I feel justified in maintaining that these
jaspers and hornstones with Radiolaria are deep-sea deposits, formed
most probably at a considerable distance from a mainland of any impor-
tance. They consist almost exclusively of the tests of pelagic organisms.
Now this in itself is no conclusive proof that they must be oceanic
deposits, for we know that in certain localities close to the coast where,
through peculiar conditions, the deposition of terrigenous materials on "
the ocean floor was entirely or almost entirely prevented, even at a short
distance from the shore, deposits are found which may be composed ex-
clusively of remains of pelagic living organisms. In the case here under
consideration, however, the peculiar conditions just mentioned would have
to extend along the coast for a distance of at least 230 kilometers which
would be altogether too unlikely to happen. The fact that these cherts
and jaspers consist almost exclusively of tests of Radiolaria, stamps them
as deep-sea deposits; their great horizontal extension with perfectly uni-
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form petrographical and paleontological characters stamps them as oceanic
deposits. We may therefore conclude from them that in the pre-Creta-
ceous age, when these deposits were formed, this portion of Borneo was
the floor of a deep sea, far away from any land, and this in itself is an
important fact.

There seems to be little doubt that these are all to be corre-
lated and, in as much as several authorities have agreed in
referring these provisionally to the Jurassic, the same assign-
ment here can be made.

THE KAAL FORMATION

In several localities in the Archipelago unconformably below
the Tertiary sediments there are argillites, some of which are
almost true slates. Some of these are moderately soft and
reddish, while others are dense, hard, and nearly black. These
metamorphic, slaty rocks are obviously unconformably beneath
the unaltered Tertiary sediments exposed in the vicinity. No
fossils have ever been found in them, and so we are at a loss
as to their true position in the geologic column.

It is thought that these should be correlated with the “old
slates” of Borneo which, according to Molengraaff, are charac-
terized by the frequent occurrence of phyllitic clay slate with
silky luster. There the strata of this clay slate alternate with
beds of sandstone, graywacke, graywacke slate, and quartzite.
Very excellent examples of similar silky phyllites have been
found at Tacunan and Misamis, Mindanao.

The type locality of this formation is on Kaal Creek, Masbate,
and was discovered and described by H. G. Ferguson.

He says:(274)

This series of sedimentary rocks outcrops in an irregular band in the
western part of the area, running north from the western flank of Mount
Vil-lon for about 6 kilometers to a point east of Mount Aroroy, and oc-
curs farther north in irregular areas near the Aroroy quartz diorite for-
mation. These sediments everywhere are the least resistant of the rocks
found in the area, and hence are encountered only in comparatively rare

* outcrops, for the most part in the stream beds. Between Kaal Creek and
Mount Vil-lon there is a small plain at about 50 meters elevation, where
boulders of psilomelane are found on the surface. Prospecting has shown
that the rock here is a very fine-grained, firm, red slate, without traces of
banding, containing psilomelane in lenses parallel to the slaty cleavage.
A similar red slate with manganese is found farther north, east of the
junction of Balangting Creek with the Guinobatan River, and also, on the
opposite side of the Guinobatan above the gorge, but here without the
manganese. Several outcrops of a dark slate are found in Kaal Creek it-
self and its two small tributaries. As a rule, this is faintly banded, showing
poorly marked narrow bands of dark and slightly lighter material. The
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strikes and dips are constantly changing, suggesting great contortion, but
2s a general rule, where bedding is observable in the rocks of this for-
mation, the strike is northeasterly, and the dips, although extremely
variable, are for the greater part steep to the northwest. This darker
slate almost invariably is lined with a minute metwork of quartz and
calcite veins, generally not over one centimeter in width and grading
down to microscopic veinlets. Much of the slate found in irregular areas
on Lubigan and Ambulong Creeks is similar to this. Another phase
found in the same localities is a fine-grained, dark purple slate, very sim-
ilar, except in color, to the red slates east of Kaal Creek. The outcrop
of the Kaal formation on the coast, west of the village of Aroroy, and
other outcrops east of Mount Aroroy show a graywacke rather than
a slate. In the latter locality a grit or coarse-grained sandstone occurs,
the pebbles of which, where large enough to be seen, all seem distorted;
as far as could be discovered they are composed entirely of sedimentary
rock, apparently a fine-grained, dark slate. No pebbles of igneous rock
were found anywhere, nor did there appear to be any phase of this for-
mation which might be interpreted as the basal conglomerate of the
series. The most interesting outcrop of this formation occurs on the point
forming the western corner of Buyuan Bay; here a dark slate, similar to
that found in Kaal Creek is seen to be intruded by a small stringer of
quartz diorite. Not far from this the slate appears to be in contact with
a larger mass of diorite, although the evidence of intrusion is not so clear
as in the previous case.

In the vicinity of Lubigan and Ambulong Creeks the slate is fre-
quently cut by dikes of the fine-grained igneous rocks which have been
grouped together in the Panique formation. The slate is clearly older
than the latter, and it is reasonable to conclude that the Kaal is the oldest
formation here exposed. Of course, the intrusion by the diorite of a slate
similar to that of the main sedimentary mass is not of iYself absolute
proof, but were the slate not older than the diorite it -would be strange if
somewhere a basal conglomerate containing diorite pebbles, were not
found. Little can be said as to the absolute age of the Kaal formation.
No fossils have been found, but judging from its position, its extreme
contortion and considerable metamorphism, it is my belief that it may be
classed provisionally as pre-Tertiary, the earliest Miocene shales of the
Port Barrera formation.

It may be that we have in the Philippines, as in Borneo, an
older and a younger slate, since there is certainly a much older-
looking and more-indurated variety and a softer, more-calcareous
kind. Recently, on Cebu, I located some of the latter type
along the tramway to the Uling coal mines on the eastern’slopes
of the cordillera. These were not unlike some phases of the
Cretaceous on the west coast of the United States. Diligent
search, however, did not disclose any fossils, so the matter must
for the present be left in doubt.

In the Kaal formation, on Masbate Island, I recently examined
a fairly extensive lens of very high-grade pyrolusite. This lens
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was interbedded and dipping with the formation. It was about
2 meters thick and over 100 meters long. It dips 50° east and
strikes north and south. ,

In the Paracale gold district, at the Tumbaga mine, there is
& body of dark slatelike rock, which is not true slate but merely
an indurated shale. It is highly fossiliferous, but unfortunate-
ly the fossils are all casts of rather small and not particularly
diagnostic forms. They are, without much doubt, Tertiary
forms. This body of “slate” is about 10 meters thick and car-
ries calcite stringers exceedingly rich'in gold. This formation
might be another example of the ‘“younger slate.”

PRE-TERTIARY INTRUSIVES AND OTHER ROCKS

Of intrusive igneous rocks, older than the Tertiary, there
are at least two types about which we may be fairly certain.
Ferguson describes the Aroroy quartz diorite which he found
in Masbate as intrusive into the Kaal formation. It is my
opinion that the ore deposits in- Masbate, as in Benguet, are
intimately related to this intrusion.

In Tlocos Norte and other parts of the Archipelago there are
pyroxenites and serpentinized rocks of this and related types,
which from their association seem very clearly to belong in
this part of the column. Diorites, quartz diorites, and granite
are the principal plutonic rocks in the basal complex. There
may be othgrs, andesites and basalts, but of these I am not so
certain. These are described in the chapter on Petrography.

BASAL CONGLOMERATE

At the base of the Tertiary series there is a basal conglomer-
ate, of varying thickness, containing pebbles of diorite, ande-
site, schist, slate, and fragments of practically all the older
rocks occurring stratigraphically below it.

Along Agno River, in Luzon, there are great beds of con-
glomerate which von Drasche first referred to as “primitive”
and, later, as Paleozoic. Abella was the first to question the
age assigned to these beds and he showed that the upper beds,
chieflye sandstone, contained lignite and comparatively recent
fossils. Becker was tempted to correlate these with the Eocene
“breccia stage” of Java, but did not definitely do so. It seems
he suggested that these conglomerates and coarse sandstones
belong at the base of the Miocene or Oligocene.

In Bued River Cafion conglomerates several hundred meters
thick can be seen dipping at about 25° southeast which I first
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correlated with the Agno beds and placed at the bottom of the
Tertiary series. Recently, Dickerson and I studied this forma-
tion in Bued River Cafion and found fragments of what ap-
peared to be Malumbang limestone with fossil corals. If they
really came from the Malumbang (Pliocene), this formation
would be a more recent deposit. To complicate matters a small
Pecten was found in the matrix, indicating marine conditions.
This is all in keeping with the great elevatlon of Luzon since
Pliocene times.

There is, nevertheless, a well-defined basal conglomerate in
many parts of the Archipelago at the base of the coal measures.
Plate 1 shows the lower coal-measure shales in contact with
the basal conglomerate in Suqu1 Creek in the Compostela re-
gion of Cebu.

BASAL TERTIARY

Although Abella and K. Martin concurred in the opinion that
the Eocene is represented in the Philippines, based on Richt- .
hofen’s determination of Nummulites, in 1907 1 showed
that these were Orbitoides (Lepidocyclina). Dickerson, in his
chapter on Paleontology, also shows the absence of fossil evi-
dence, and we have none from the stratigraphic side. In fact,
I have shown that in Cebu the lower coal measures abut directly
against the basal conglomerate and igneous complex. On the
basis of the fauna, these coal measures are Miocene, certainly
not older than Oligocene.

Abella based his correlation upon the erroneous determina-
tions of foraminiferal material by MacPherson who thought he
recognized Nummulites. What he thought were Nummulites
were evidently orbitoidal forms, which are plentiful in Cebu;
no Eocene Nummulites has yet been found in the Philippines.
K. Martin merely accepted the statements of the other authors.
Of course, he was also influenced by the general similarity be-
tween the fossil fauna of Java and that of the Philippines, as
well as by the fact that the Eocene has been recognized in
Java; and so, by indirection, he doubtless came to the view-
point that the Eocene must surely be found in the Philippines,
and, of course, it may yet be found here.

In Borneo the Eocene, according to Molengraaff, is repre-
sented by two important facies; namely, a graywacke and lime-
stone facies with Nummaulites and stellate Orbitoides, and a
brackish-water facies.
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In Java a good Eocene fauna has been found; nothing that
resembles it has been recognized in the Philippines.

In specimens of limestone furnished by me, some years ago,
Douvillé found one form that he determined as Nummulites
subniasi (discussed in greater detail by Dickerson in the chapter
on Paleontology), which he referred to the Oligocene, but it is
quite likely that it is not so old. Furthermore, this limestone
was collected by me from drill cores on Batan Island. It is
quite likely that it belongs not to the Oligocene but to the Vigo
(lower or middle Miocene).

MIOCENE BEDS
VIGO (MIDDLE MIOCENE) -

Next in order above the basal conglomerate are the great
Miocene beds, which comprise the dominant group of sedimen-
tary rocks in the Philippines. In the middle Miocene there are
two distinct subdivisions, in part contemporaneous, judging
from the fossils found associated with them; one of these I call
the Batan formation, the other the Vigo formation. The first
‘named consists of the coal measures of the Archipelago, and
the second is the petroliferous horizon and is chiefly shale.
The former takes its name from the type locality on Batan
Island, Albay Province, Luzon, the latter from Vigo River on
Bondoc Peninsula, Tayabas Province, Luzon. As there is some
reason for believing that the Vigo shales generally lie above
the coal measures, as they clearly do in Cebu, the coal measures
will be described first.

THE BATAN FORMATION

The Batan formation consists of alternating gray shales, grits,
sandstone, and coal seams, altogether aggregating several hun-
dred meters of strata. This series dips at various angles from
being nearly flat on the east end of the .island to as much as
45° to 50° on the west end, and the coal seams are invariably
of higher quality wherever the dip becomes very pronounced;
that is, the coal contains a greater percentage of fixed carbon
and less water and ash.

As there are better sections and more exposures in the coal
fields of Cebu, I will draw largely upon that island for my de-

scription. In an early paper(561) on Cebu I had this to say of
the coal measures:

I have divided the coal measures into two subdivisions for purposes of
convenience in description, although in the field I have found no sharp
line between these. The lower part of the measures consists of gray
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shales, the upper portion of a coarse, gray sandstone. There are five
[only four commercial] coal seams. * *. *

The shales, as this stream (the Suqui Creek, Compostela field, Cebu)
is ascended, become more and more coarse until the coal seams are en-
countered where a grit appears. There are about 60 or 100 centimeters
(2 or 3 feet) of clay and shale, just above the “Enriqueta” vein, then the
coarse gray sandstone comes in, and from there on up to the base of the
limestone all outcrops (which are very few indeed) show sandstone. This
sandstone in its composition very clearly demonstrates that it was largely
derived from the igneous material near at hand and we may infer that
the only high land at the time of its formation consisted of the diorite
and greenstone hills which stood above and immediately to the westward
of the tidal swamps in which the coal was forming. We can estimate
the thickness of the sandstone only approximately, but considering the
outcrops on the slopes of Mount Licos, I believe it to be not over 150
meters (500 feet). It is very improbable that there is an unconformity
between the shales and the sandstone. Numerous observations of the
strike and dip of these formations show the strike in general to vary from
N. 27° E. to N. 55° E. and the dip anywhere from 20° to 90° SE.

In other parts of Cebu one finds the clayey Lepidocyclina
limestone coming in as an uppermost member of the coal meas-
ures. This is probably the “Nummulitic limestone” of Abella.
Abella(11l) has a very valuable summary of the stratigraphy
of Cebu including the coal measures, which is here given in
somewhat abbreviated form (from above downward) :

1. Alluvial shales or sands, tuffs, and concretionary limestones, Pleis-
tocene and Recent.

2. Coralliferous limestones, Pliocene.

3. Shales and marls, sandstones and conglomerates, compact limestone
with some beds of lignite.

4. Volcanic rocks (intrusive and extrusive). ) .

The Batan formation is widely distributed over the Archi-
pelago, from Mindanao to Cagayan Valley and from Batan
Island to Negros. However, the best development is found in
the type locality and on Cebu.

. The chief index fossil in the Batan fauna is, of course, Vicarya

callosa Jenkins, the best-known and most-characteristic form
in the middle Tertiary of the Far East. Further mention of
this is made in the chapter on Paleontology.

Structure.—Although the coal measures are widely distributed
over the Archipelago, it seems that they were deposited in a
number of separate small basins with more or less different
conditions of sedimentation in each; therefore, any attempt to
correlate individual seams over too widely separated areas would
be difficult and hazardous.
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One condition of sedimentation which seems to have prevailed
at the time of formation of the coal measures is of the greatest
economic importance, since it has affected the persistence of the
coal seams. It seems pretty clear that since the earliest Tertiary
there have been archipelagic conditions and, therefore, there
has been what we now find—great diversity in rainfall. Couple
this fact with the torrential type of precipitation and the result
is great irregularity in sedimentation, so that it is only natural
to find lack of both persistence and uniformity in coal seams.

Geologists who go into'the Malay region for the first time
should not assume too miich from what they may find in a given
locality. Cuts along a stream may and usually do show a totally
different section a half kilometer away, not only in structure
but also in lithology.

THE CEBU LIMESTONE

In the upper part of the coal measures and below the shales
where there is no coal there is a blue-gray, clayey, heavily
bedded limestone which might, from the characteristic fossils
in it, be called the Lepidocyclina limestone, with large forms,
2 centimeters or more in diameter, of the foraminifer known
as Lepidocyclina richthofeni. This limestone is about 5 meters
thick and is conformable with the coal-measure sandstone. It
is apparently free from corals, is easily distinguished from the
overlying Malumbang limestones, and was clearly formed in
deeper water. This formation is one of the most easily iden-
tified horizons and makes a good key formation for use in work-
ing out the stratigraphy of any new region in the Philippines.

VIGO SHALE (MIDDLE MIOCENE)

The Vigo shale in Bondoc Peninsula at its type locality has,
according to Pratt, three members. The lowest consists of gray
shale, black shale, yellow and brown sandy shale, and sandstone
interbedded ; above this is the Bacau stage, consisting of massive
or imperfectly bedded, bluish or black shale with minor sandy
zones (the principal oil seeps are associated with this stage) ;
the third, the uppermost, member consists of sandstones and
fine sandy conglomerate in alternate beds.

Pratt and Smith’s detailed description of the Vigo shale series
is as follows:(506) '

Vigo shale.—The base of the Canguinsa sandstone is marked by an un-

conformity, which is partly of a mechanical nature, but may represent
also a period during which the underlying formation, the Vigo shale, was
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subjected to erosion. The subject of unconformities is discussed in con-
nection with the geologic structure, page 337.

The Vigo shale is the most extensive and the most uniform series in the
stratigraphic column of Bondoe¢ Peninsula. The beds belonging to this
formation, although they are closely related in type to some of the over-
lying beds, constitute a separate stratigraphic division which is readily
distinguished.

The type exposures in the valley of Vigo River consist of fine-grained
shale and sandy shale interstratified in thin regular beds from 5 to 10
centimeters in thickness. Occasional beds of sandstone occur varying from
10 centimeters to 1 meter in thickness. The fine-grained shale is gray,
blue, or black, and is made up almost entirely of clay. The sandstone is
gray or brown, and consists of uniform; medium-sized, not completely
rounded grains of quartz, diorite, andesite, and metamorphic rocks. The
sandy shale is yellow or brown and of intermediate composition.

There is an apparent transition from east to west in the character of
the Vigo shale. In the eastern limb of the Central anticline, exposed in the
Valley of Vigo River, the formation is predominately shale throughout,
sandstone occurring only at intervals. In the western limb shale predom-
inates in the exposure near the axis ‘only, that is, the lower part of the
series. Farther to the west the sandstone beds increase in number, until
in the upper horizons they become more prominent than the shale. The
grain-size likewise increases in the upper beds, and small pebbles occur,
forming layers of sandy conglomerate.

The blue or black, fine-grained shale in the Vigo formation usually emits
a slight odor of light oils upon fresh fracture, and in some outcrops is
highly petroliferous. The material loses this odor and assumes a light
gray color after it has been exposed to the air and has become thoroughly
dry. The petroliferous shale forms a loosely defined stage in the upper
part of the Vigo, which will be referred to as the Bacau stage, although
it cannot be sharply delimited.

The Bacau stage * contains fewer beds of sandstone than the Vigo
shale proper, and the bedding planes are often less distinct; thus, ex-
posures at Bacau and Sili have the appearance of massive banks of com-
pact, hardened clay, which are sandy in subordinate, irregular zones only.
To material of this character the ordinary definition of shale which stip-
ulates a fissile or laminated texture does not apply strictly, but the term
is convenient and, employed in a broad sense, is preferable to “clay” or
“clay-shale” in describing the rocks in the Bacau stage. The shale
weathers into concretion-like ellipsoidal pieces from which concentric
layers split off, and break into small fragments with conchoidal surfaces.
The manner of weathering distinguishes the petroliferous beds from other
fine-grained layers in the Vigo which are fissile and split into flakes upon
disintegration.

Beds analogous in character to those in the Bacau stage are found
throughout the Vigo shale, but the Bacau stage proper appears to be
confined to a zone from 50 to 75 meters thick in the upper portion. . In

* Dickerson says that this may not be a true stage, but merely 4 local
facies, and its position is not uppermost—W. D. S,
192776——6
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the eastern half of the field, the Canguinsa sandstone overlies the Bacau
stage in a majority of exposures. Occasionally (section on Dumalog Creek,
Table XIII, page 333; and on Bahay River, Table X, page 320), sandstone
and fine conglomerate, which are evidently a part of the Vigo series,
occur above the Bacau stage. In the western part of the peninsula sandy
conglomerate is found near the top of the Vigo formation. These over-
lying beds may be always present above the Bacau stage, but concealed
generally by an overlap of the unconformable Canguinsa sandstone. The
sandstone and conglomerate in the upper part of the Vigo shale are gen-
erally micaceous, and show many carbonized leaf-impressions. ‘In the
southwestern part of the field, large pieces of silicified wood were observed
in the conglomerate, and on Bunsaua Creek a bed of lignite 20 centimeters
thick occurs in the shale below this horizon. * * *

The thickness of the Vigo shale is unknown. An apparent thickness of
about 1,400 meters is revealed in the Matataha River section, the section
on Malipa Creek in the southern limb of the Malipa anticline shows 800
meters of Vigo shale, and the section on Guinhalinan River indicates 600
meters. None of these sections exposes the base of the formation. The
apparent thickness of the sections as measured along the outcrop may be
in excess of the actual thickness as a result of superficial expansion of the
beds or of the repetition of beds from faulting or close folding.

Distribution of the Vigo—The Vigo shale is widespread in the
Philippines, from Luzon to Mindanao, but it is particularly well
developed in the Visayas, and undoubtedly is the same as the
oil-bearing formation of the Dutch East Indies.

Structure.—In Tayabas, Cebu, and Mindanao I observed the
Vigo shale to be considerably folded and often faulted. It is
thrown into pronounced folds, anticlines, and synclines, as in
Tayabas, while in central Mindanao it is so badly disturbed that
it is found in many places standing on end. The characteristic
Vigo fossils are described in the chapter on Paleontology.

CANGUINSA SANDSTONE

Above the Vigo and with an unconformity between, marked
by mechanical discordance, is the Canguinsa sandstone which
also has been described by Pratt and Smith. (506)

Canguinsa sandstone.—The Canguinsa sandstone is a close-grained, gray
or blue rock to which the term sandstone applies in a general way. It is
distinguished from the Cudiapi sandstone by its massive or less perfectly
bedded appearance and by the considerable proportion of clay which
characterizes it. The upper portion is usually a soft, clayey sandstone,
imperfectly bedded and. occasionally close jointed. This sandstone is cal-
careous, and several exposures on the upper part of the Canguinsa River
are concretionary. The concretions are aligned so as to lend a bedded
appearance to the exposure. The concretionary sandstone was not observed
to be of general distribution.

Toward the base of the formation either a typical sandstone or an in-
durated massive or jointed clay is encountered. Both sandstone and clay
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occur in heavy banks from 3 to 6 meters thick, and both are slightly cal-
careous. The sandstone facies in the basal portion is deep blue on fresh
exposure, but weathered surfaces are gray or brown. Ordinarily, it is of
riedium-grain size, and shows little evidence of bedding. The clay is also
blue when freshly exposed, and becomes gray upon weathering; it is fine
and compact, but not bedded. Some of the rocks which have been classed
as marl in Java and Sumatra are probably similgr to the slightly calcareous
clayey zone in the Canguinsa sandstone.

The clay and sandstone banks in the base of the formation are fossil-
iferous and sometimes contain myriads of small shells. The fossils are
often greasy and appear to be well preserved, but in reality they are very
fragile, and can be removed entire only with care.

In the section on lower Bahay River, the Canguinsa sandstene includes
a few meters of limestone and conglomerate. On Mount Maglihi and
Mount Morabi limestone which contains coarse sand and small pebbles of
diorite, quartz, and andesite is present in the Canguinsa sandstone, but
no conglomerate was observed. In the lower part of the gorge on Can-
guinsa River, also, a subordinate thickness of limestone was found in the
Canguinsa sandstone. * * *

The thickness of the Canguinsa sandstone varies from 50 to 160 meters.
Although it occurs unconformably over the Vigo shale, the contact between
the two formations is found always near the same horizon in the Vigo
shale, and the base of the Canguinsa sandstone serves as a datum for
rough correlation.

The Canguinsa sandstone is not encountered in large areas, but occurs
in steep slopes along streams where it has been protected from erosion by
the overlying Malumbang series. * * *

No definite age determinations can be made from the fossils in the
Canguinsa sandstone proper. The fossils in the included limestone, how-
ever, are well known and have been used in correlation by various author-
ities. From their presence it is concluded that the Canguinsa sandstone
should be placed in the middle Miocene, extending, perhaps, into the lower
Miocene.

The Canguinsa sandstone occurs immediately above the principal known
oil horizon. It is not porous enough to afford a reservoir in which oil
might accumulate, and no oil has been observed in it. Because of its
compact nature on the other hand, it would tend to confine any oil collecting
below it. At several promising drilling sites the Canguinsa sandstone must
be drilled through before the petroleum zone is encountered.

I have thought that this sandstone might be the equivalent
of the coarse heavy-bedded sandstone in the Batan or coal-meas-
ure series below, as the Cebu limestone with the larger lepido-
cyclines is associated with a coarse sandstone of the coal

measures.
ALPACO * (UPPER MIOCENE)

Well above the lignitic series (and probably the Vigo also)
of Cebu, and below the coral limestone portion of the Malum-

* Alpaco is west of Naga on the eastern side of Cebu Island.
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bang, there is a marl member to which I have given the name
Alpaco from the type locality near Mount Alpaco on Cebu Island.
This was first noted by Abella and referred by him to the Quater-
nary. From fossils contained therein K. Martin considered
that it could not be younger than the Miocene (he noted Orbi-
toides, and I have identified Cyclolites). The whole matter is
somewhat in confusion; and Becker, who commented at great
length on this particular member, could not decide just where
to place it. From its position I judge it to be somewhere near
the top of the Miocene, and it may be part of the Malumbang
(Pliocene).
Abella’s description of it is as follows:

Surrounding the rocks hitherto described on every side, lies an essen-
tially calcareous terrane, which, in general terms, may be said to pass over
into the coral reefs on the coast and to rise toward the interior, forming
masses as high as those in Mount Mangilao. In addition to the lime-
stones, there is exposed at many points beneath them a bed of marl, more
or less argillaceous, which must be referred to this formation, since its
stratification is always concordant with the limestone and it contains fos-
sils similar to those found in the limestone. This bed can only be seen
toward the central portion of the island and toward the south, in its
widest portion, generally appearing at the bottom of the deepest ravines.
At Magdagoog, in the district of Consolacién, which is on the eastern
coast, we found such a marl dipping at 20° to the southeast. It is gray-
ish white, and almost plastic when extracted but hardens rapidly on
exposure. Among the many fossils found in it, in addition to the species
which are mentioned later, we found the genera Cancer, Dolium, and Cy-
clolites.  This Cyclolites we also found in the Compostela road where it
crosses the first hills near the coast. * * * At Mount Alpacé, again,
appears another bed of gray fossiliferous marl, analogous to that at Mag-
dagoog, but in circumstances which are entirely exceptional in the matter
of position. In fact, it is found isolated, overlying the mass of compactly
crystalline limestone of the old road to the mines, and seemingly with a
dip of 50° to the northeast. In it we collected a large portion of the
well-preserved fossils, which, when determined, as we shall see further
on, have turned out to be identical with living species, demonstrating the
recent age of the bed. Moreover, we have found other marls, identical in
composition and containing similar fossils, always lying under the lime-
stones with conformable stratification, not only at the bottom of the beds
of the rivers Bairan and Sapangdacé, but also in the gulch Jaguimit of
the Pandan Valley so close by (the Alpacé locality). We must, therefore,
rationally suppose, as we have previously indicated, that some landslide
or other local convulsion has brought this marl bed into a certain sort of
association with the nummulitic limestone of Alpacd, at a distance from
the coarse limestones of the coast, to which formation it must be referred.

In about this position in other parts of Cebu Pratt has noted
beds of tuff, although at Alpaco, the type locality, marl and not
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tuff is seen. On account of the stratigraphic position with
reference to the coral limestone above, I have placed these two
together on the stratigraphic chart.

This marl is being used as one of the ingredients in the mix
for Portland cement at the mill established at Naga, 3 or 4
kilometers from Alpaco, Cebu.

ZAMBOANGA FORMATION (PRE-PLIOCENE IN PART)

A very widespread formation in the Philippines is a volcanic
agglomerate generally of andesitic composition which in places
blankets the underlying Tertiary sediments over great areas and
makes it very difficult to explore them. From the field rela-
tions I judge that this formation is older than the Malumbang,
but there are undoubtedly. some agglomerates that are much
younger as well. A typical exposure is shown on Plate 18, fig. 1,
from Zamboanga Peninsula, Mindanao. Of course, the thickness
of such a deposit is very variable and difficult to estimate. In
places it appears to exceed 150 meters. The typical deposit
consists of large and small angular blocks and fragments of
andesite firmly cemented in a lava or mud matrix.

THE MALUMBANG FORMATION (PLIOCENE)

The type locality of this formation is in Bondoc Peninsula,
but perhaps the best locality in which to study it is on Cebu,
where it covers many square kilometers of country. There is
a marked unconformity between it and the Miocene formations
just described. The Malumbang formation in Bondoc has three
principal members; namely, the uppermost (coral) limestone
facies, a yellow sandstone, and a lower white massive limestone.
This formation has a thickness of from 100 to 300 meters in
Bondoc, but in Cebu it is much greater.

I quote here Pratt and Smith’s detailed description. (506)

Malumbang series—The Malumbang series at the top of the column of
folded strata consists of the Cudiapi sandstone, which is generally, but
not invariably, included between limestones. The limestones are sandy and
at many places are either missing or cannot be distinguished from the
sandstone which is usually calcareous. They are brownish yellow to
white, and generally massive or in thick poorly defined beds. Locally, and
usually in the sandy facies, the limestone is bedded, the individual layers
averaging from 15 to 30 centimeters thick.

The Upper limestone is generally coralline, although the transition be-
tween it and the calcareous sandstone below is gradual. At places on the
coast where it is not highly inclined, it cannot be -delimited from the re-
cently raised reefs. In representative exposures it shows a thickness of
about 80 meters.
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The Cudiapi sandstone is named from a type occurrence in the summit
of South Cudiapi Mountain. In many places it exhibits alternate beds of
different thicknesses; the thinner beds are more calcareous and harder
than the intervening thicker beds, and are more resistant to weathering
so that the outecrops are characterized by the protruding edges of the
thin beds. Where the Lower limestone is missing, the Cudiapi sandstone
cannot be separated sharply from the underlying Canguinsa sandstone.
The estimated thickness of the Cudiapi sandstone ranges from 40 to 135
meters. The exposure on the summit of South Cudiapi Mountain is about
80 meters thick.

The Lower limestone is generaily less than 20 meters thick. It is harder
and more compact than the Upper limestone, and is more frequently
bedded. In other respects, the limestones of the two horizons are similar
and hardly to be distinguished.

On Mount Cambagaco, in the stratigraphic position of the Lower lime-
stone, a rock of unusual appearance is to be seen. It is composed mainly
of limestone concretions, 1 centimeter or more in diameter, which have a
concentric structure. The concretions lie close together in a cement
which is also calcareous, giving the rocks a magnified odlitic texture.
This particular variety of the Lower limestone was not observed outside
the one vicinity near Mount Cambagaco.

The Malumbang series attains its greatest development in the vicinity
of Malumbang Plain extending north beyond Balinsog Hill, south through
Mount Banaba and Mount Guinamuan, and southwest to Tala and Sili
with a detached area farther south on top of Bondoc Head (see geologic
map). The lower two members are found in the Cudiapi Range, while
the ridge along the east coast consists of a single limestone (Lower ?)
overlying the Vigo shale with a concealed interval between. San Narciso
Peninsula is covered by the Upper limestone.

The Cudiapi sandstone, the principal rock in the Malumbang series,
might be called a marly sandstone, and the limestones are likewise often
sandy or clayey. Shale is not present, but some exposures of the Cudiapi
sandstone are argillaceous.

No indications of petroleum have been observed in the Malumbang
series. It is above the horizon at which oil seeps occur, and bears on the
possible petroleum industry only in the fact that it must be drilled through
before the petroliferous zones can be explored in parts of the promising
territory.

In many parts of the Archipelago there is a marl phase of the
Malumbang that is very characteristic, and in places it is very
fossiliferous. One locality where this facies is well exhibited is
in the gorge of Malitabug River, a wild mountain tributary of the
Rio Grande de Cotabato in Mindanao. This marl is soft and
creamy white and very rich in the casts of pelecypods of the
genera Arca, Cardium, Tellina, Cytherea?, and others. Plate 2
shows a shale or agglomerate phase of the Malumbang limestone
in Cebu, exposed on Danao River.
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This formation, particularly the upper coral-limestone mem-
per, is widely distributed throughout the Archipelago and is
found at elevations varying from near sea level to 1,950 meters
(Mount Santo Tomas, near Baguio). Its altitude is usually
that of moderate inclination, and in many places it is markedly
faulted.

Owing to solution, the terrane where this formation occurs
is very pronouncedly rough, and in certain localities there are
some remarkable erosion effects. These are best seen, perhaps,
at Sagada, Mountain Province, Luzon (Plate 3).

One of the most remarkable features of this formation is
the reefs of coral near Baguio, particularly in Trinidad Gap
where fragments in great profusion of Porites stems, Astrea,
and other living reef genera are to be seen.

This recalls the “coral atoll” explanation, by von Drasche, of
Trinidad Valley just north of Baguio. I examined this some
years ago, and again recently in company with Dickerson, and
we both decided that the valley is an erosion feature and that
there is no indication of an atoll there. Apparently, there is no
reef structure other than the local patches of reef. The lime-
stone beds dip gently about 10° to 15° northwest.

The lower limestone facies of this formation is especially
well developed in Cebu in the glistening white, hard limestone
of Mount Licos, Uling, and other mountains, all prominent land-
marks of that island. I have found in the denser lower portion
the characteristic Lithothamnium, and in the upper coral mem-
ber many fine corals identical in genera and, in most cases, in
species with those now growing in the adjacent seas.

THE GUADALUPE FORMATION

Perhaps the most interesting, as well -as one of the most
important, deposits of the Pliocene or earliest Pleistocene is
the tuff deposit of the Manila plain. Von Drasche, Centeno,
Becker, and Adams have each had something to say of this
formation; but it remained for me to give it a name, which I
supplied from the town of Guadalupe on Pasig River, where
there are good exposures of this formation.

As von Drasche’s(200) description of this formation is one of
the earliest and best I shall quote him, as follows:

As one goes from Manila along Pasig River, there appears in a short

time a brown soft tufflike stone Pozzuolan (trass) or pumice-stone tuff.
This material can be separated into one part which is rich in crystal frag-
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ments and finely clastic pumiceous material and another which is a pumice
conglomerate with fragments of broken volcanic rock mixed with it
(agglomerate).

In the first group one finds in the light brown earthy mass numerous
feldspars, well-shaped augites, and little fragments of obsidianlike stones
besides numberless pieces of scoria. Tuffs of this character are especially
well shown in a cut on the left bank of the Pasig near the road.

The finest blocks of this pumice stone occur at Guadalupe on the left
bank of the Pasig.

The [trass] is here separated into heavy beds and contains numerous
carbonized tree stems and other indeterminable plant remains. One often
finds very thin streaks of coal. The distribution of this tuff is extra-
ordinary. The Pasig has carved out its entire bed in this material,
and one sees in many places on both banks walls of it as high as ten
meters. I traced this formation on the right bank of the river as far
as San Mateo. To the north I encountered it as far as San Francisco
del Monte. Indeed we shall see later that its source is in Taal Voleano.

Shark and deer teeth have been found in this material, the
former from a railroad cut, the latter from a well at a depth
of between 81 and 85 meters. Both have been described by
Adams. This is one of the most extensively distributed forma-
tions in central Luzon. The tuff makes a good though not
handsome construction material. .

At Sagada, Mountain Province, Luzon, there is a volcanic ash
formation which I studied and described in 1914 ; it appeared to
me to be Pleistocene in age as it seemed to overlie the Malum-
bang (Pliocene) limestone, though it may be interbedded with
and hence a part of the Malumbang.

As this tuff, owing to the fossil flora entombed in it, is of
great importance in Philippine stratigraphy and geologic history,
I shall quote at length from my paper of May, 1915.

As would be expected in a region of formerly great vulcanism, tuff beds
are a dominant feature of the sedimentaries. At Sagada, where Father
Staunton, of the Sagada Mission, has opened a quarry to secure material
for his new church, is perhaps the best section of the tuff beds to be seen
anywhere in the province. The face of the quarry is about 15 meters high
and reveals the following beds:

1. Soil and loose material.
2. Tuff in heavy beds, 1.5 to 3 meters.
. 8. Yellow-stained shale, 0.5 meter.
4. Tuff in solid bed with varying texture, 18 meters.
5. Bluish black shaly-looking rock which is very fine-grained, 1 meter.

In this section the strata appear to be nearly horizontal, as the face
is approximately along the strike. The dip is about 20° to the southeast.
In the shaly portions are great numbers of leaf impressions, some fine
specimens of which I secured through the assistance of Mr. McBrust, the
engineer of the Sagada Mission. These leaf impressions are so perfect
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and so much like some of the living lowland plants that I submitted them
to Mr. E. D. Merrill, botanist of the Bureau of Science, for identification.
His illuminating notes are inserted here:

“The fossil remains, mostly remarkably clear leaf impressions, all
or nearly all, represent species still living in the Philippines at low and
medium altitudes, and an examination of the material shows that the
forest in the Bontoc locality was a typical mixed dipterocarp forest such
as is found to-day in all parts of the Philippines, where primeval vegeta-
tion persists, from sea level to an altitude of about 800 meters. None
of the species is found to-day within the limits of Bontoc subprovince,
and very few of them are to be found in any part of Mountain Province.
None of them is found above an altitude of approximately 800 meters,
while the present altitude of the fossil-bearing strata is 1,500 meters.”

These tuff beds are in all likelihood equivalent to the great
series of tuff beds in Java in which Pithecanthropus erectus
Du Bois was found, and which were once thought to be Pliocene
but have recently been shown by Schuster to be Pleistocene.*
Schuster bases his conclusions upon the plant remains inclosed
in the strata. From other considerations it seems probable that
the Philippine deposits are somewhat earlier than the Trinil
beds.

The conclusion to be drawn from the presence of these fossil
leaves is clearly that there has been very recent and very pro-
‘nounced elevation in this part of Luzon. It does not signify a
change in climate in the Philippine region other than that
attendant upon a change of elevation. All the evidence we now
have favors the belief that there probably has been little or no
regional change in climate throughout the Tertiary and post-
Tertiary in this part of the world.

THE PLEISTOCENE

Above the Pliocene series with presumably an unconformity
~ (not always in evidence, due to lack of contacts) come several

formations (generally no two can be found in a given locality),
of quite diverse nature. I do not know the stratigraphic posi-
tions of these relative to each other, but merely give them in
the following order: Elevated reefs, marine conglomerates, high-
level river deposits (in part auriferous), lateritic iron deposits
(in part), and basaltic and andesitic flows and agglomerates.

ELEVATED CORAL REEFS

In many parts of the Philippines, particularly along the pres-
ent coasts, elevated reefs in three to five terraces exist, which

* Monographie der Fossilen der Pithecanthropus Schichten, Abh. d.
k. Bayr. Akad. Wiss. 25 (1911) Abth. 6.
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are of Pleistocene and Recent age. In Cebu, as Becker * pointed
out twenty years ago, it is possible to start at the living reef
fringing that island and walk practically to the crest of the
island on coral limestone without a break, save such as is due
to erosion; that is to.say, since the Pliocene Cebu has been
gradually rising from the sea, and as it rose the coral continued
to grow outward; so that now the island is almost completely
mantled with coral limestone. This has not been a uniform ele-
vation throughout, as the terraces, well developed on the western
side near the southern end, will attest.

In central Mindanao, far up the Rio Grande de Cotabato, one
finds raised coral reefs which clearly date from the Pleistocene
or even early Recent. At Fort Pikit, about 70 kilometers from
tidewater, a quarry for road metal has been opened in one
of the low hills characteristic of that region. As shown by this
quarry and other cuts, these hills, on one of which Fort Pikit,
a Constabulary outpost, is built, about 50 meters in elevation
above sea level, are almost completely made up of corals and
coral débris. Some large heads of Astrea and Meandrina (?2)
look as fresh and unaltered as if they had just emerged from
the sea. It is evident that a great area of the sea occupied much
of Cotabato Valley within the late Pleistocene or the early Recent.
This material is used for building stone, road surfacing, and
lime throughout the Archipelago.

MARINE CONGLOMERATE

Adams thought this formation, which I assign provisionally
to the Pleistocene, was contemporaneous with the pyroclastics
of the surrounding region and, therefore, must be put into the
Pliocene. Adams says of the conglomerates:(21)

By far the most important area of this formation is to be found on the
north and west flanks of the Pico de Loro Mountains to the south of the
entrance to Manila Bay. The lower slopes of the mountains descended to
the coast gradually and at the shore are cut off abruptly in sea ecliffs.
In these cliffs the marine conglomerates are well exposed. West of Ter-
nate they are in many respects similar to the beds on Corregidor Island.
They were also seen in the cliffs of Carabao and other islands near the
shore and in the jagged coast line south, to the vicinity of Nasugbu. In
this part of the coast, which is exposed toward the China Sea, they have
yielded more readily to erosion, and deep inlets and coves have been
formed. The conglomerates are found up to an elevation of about 200
meters north of Nasugbu. The bowlders in the conglomerate are mostly
andesitic. The finer materials are in part derived from erosion of ig-
neous rocks, but to a considerable extent they are tufaceous. Some of the

* Dickerson disagrees with Becker in this interpretation.
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tufaceous material may have come from the denudation of deposits on the
mountains of the western cordillera, but it is probable that much of it is
the equivalent of the great tuff area found in the southwestern volcanic
region. This is suggested by the fact that the Pico de Loro Mountains on
their eastern flank are partially overlaid by water-laid tuffs. Near Ter-
nate and Naic the conglomerates apparently grade into the deposits of
water-laid tuffs which have a great extent in the adjacent plains.

Marine conglomerates on the southern end of Mindoro have
recently yielded a Miocene (?) fossil; namely, Carcharodon
arnoldi Jordan. This was found by Mr. G. B. Moody.

BENCH GRAVELS

These marine conglomerates probably have their inland coun-
terparts in some of the high-level river gravels, much as those
along the Benguet Road in Bued River Cafion and in various
other parts of the Islands. On both flanks of the Zambales *
Mountains are great masses of such gravels more or less indur-
ated, but these may be a little younger. Abella,(1) in an
account of gold placer mining in Cagayan de Misamis, constantly
refers to high-level gravels that were auriferous. These are
probably contemporaneous with those alreally mentioned.

LATERITE

Although it is difficult, perhaps impossible, to delimit the age
of this material, and as it is unreasonable to suppose that its
formation has not been going on prior to the Recent, it will be
discussed in this place. Laterite is a ferruginous red clay, a
product of weathering of certain igneous rocks, whose impor-
tance was first recognized by the geologists of India; since they
called attention to it, it has been noted and described in many
countries, particularly within the Tropics.

In the Philippines there is much laterite in various localities
at both high and low altitudes. In Surigao Province, northeast-
ern Mindanao, there is the greatest extent of this deposit yet
found in the Philippines. In that locality its iron content is
such as to make it valuable as an iron ore. This is more fully
described in the chapter on Economic Geology.

According to Pratt and Lednicky, who studied this deposit
carefully in 1915, “The parent rock in Surigao is subsiliceous
in character and is probably a peridotite * * ‘*. The out-

* Mr. Elicafio, on a recent trip to Candelaria and Masinloc, Zambales,
found them overlain by Vigo shales. He saw no fossil in the conglomerate,
but secured Mitra javana and Globigerina from the overlying shales.
They may be correlated with the Agno conglomerate.
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crops which are most widely distributed consist essentially of
serpentine.”” In places this deposit is 20 meters thick.

At Baguio, in the Mountain Province, at an elevation of from
1,200 to 1,500 meters, there is an extensive formation of ferru-
ginous clay which is in part the residual products of limestone
weathering and in part decomposed, igneous material. It is a
very conspicuous feature of the region and recalls similar de-
posits characteristic of the southern Appalachian region of.
the United States.

BASALTIC AND ANDESITIC FLOWS AND AGGLOMERATES

Throughout the Tertiary, and certainly in the Pleistocene,
there have been volcanic eruptions, and they continue at inter-
vals to the present time. Although in the past there may have
been outpourings of lava, to-day the eruptions are all of the ex-
plosive type and all the ejecta are fragmental. It is believed
there were both types in the Pleistocene and that many of the
volcanic stocks of basalt and andesite date from that period.

RECENT

Many of the deposits of the Recent period are similar to
those of the past and many of them are in process of formation.
From a study of these formations the mode of origin of the
older islands can be inferred. A study of the deposits in process
of formation also indicates that many of them are being formed
contemporaneously, and so they dovetail into one another, ac-
‘tually, both in space and in time.

Some of the important materials being deposited at the present
time in diverse parts of the Archipelago are coral reefs,
laterite, talus in the form of landslides, alluvial fans, spring
deposits, and sands and silts along the coast. The coral reefs
will in the future appear either as raised reefs or, when tri-
turated and recemented, as limestone; the talus slopes will
simulate agglomerates; the sands and silts off the coast will
make sandstones and shales; the river and coast gravels will
form conglomerates; and the loose voleanic ash from volcanoes
will make tuffs, and so the story of the past must be largely
interpreted in the light of the present.



PETROGRAPHY

Studies relating to the lithology of the Philippine Islands are
still more or less fragmentary, and no comprehensive petro-
graphic monograph of the rocks has been attempted. For the
purpose of the present study, it will suffice to give an idea of
the lithology by means of a number of descriptions of Philip-
pine type rocks. For a lengthier account of the distribution
and a more philosophic discussion of some of the important
facts pertaining to them the reader is referred to Becker.(50)

Of the past workers in Philippine petrography the most im-
portant are: Richthofen,(525) who studied rocks collected here
before the miscroscope was perfected and who published a
paper in 1862; Roth,(532) who published a paper describing
Jagor’s specimens in 1873; and von Drasche,(200) whose meager
petrographic notes on rocks collected by him in the Philippine
Islands appeared in 1876. Among the early investigators in this
line Oebbeke, (462) who never visited the Islands but who studied
Semper’s collections, is also very important; his results were
published in a small booklet in 1881. Abella made considerable
use of the petrographic microscope in his studies on Panay(11)
and Cebu;(12) this was prior to 1898.

Subsequent to 1898 Iddings and Smith have been the largest
contributors to the literature on this subject. The former
studied a thousand or more slides in the Bureau of Science
collections and wrote one general paper,(337) and the latter
published several more-local papers, the most important of
which is one describing some rocks from Benguet, Mountain

Province. (560)
THE IGNEOUS ROCKS

The igneous rocks of the Philippine Islands consist of the
lg'eneral groups that are common elsewhere. They are as fol-
OWS

1. The igneous rocks of the recent volcanoes and the worn-
down stocks of the older ones, including both extrusives and
intrusives. Under the extrusives we have not only massive
lavas but also aérial breccias or, rather, volcanic agglomerates

and tuffs.
93
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2. The deep-seated igneous rocks, which are those that have
been exposed only through long-continued erosion. There is
every gradation between these and the extrusives, and in some
cases there may be little or no difference in age. These older
crystalline massives in the Philippines formerly were thought
to be very old, perhaps Archean, but there is no good reason
for believing the maJorlty of them to be of greater age than
the Mesozoic.

FIRST GROUP OF IGNEOUS ROCKS

Under the first head there are the following principal types,
given in the order of their predominance: Andesites, pyroxene
andesites, hornblende andesites, hornblende-pyroxene andesites,
olivine-bearing pyroxene andesites, hornblende-biotite andesites,
basalts, dacites, and leucite tephrites.

ANDESITES

The andesites are by far the commonest of these rocks, and
the pyroxene-bearing variety is dominant. Next to it comes
hornblende andesite. The andesites form the older parts of

the volcanoes, and the basalts generally constitute the later
flows.

PYROXENE ANDESITES

These rocks, as a rule, are dark colored, usually dense but often
porous, porphyritic, commonly with small phenocrysts. Pheno-
crysts and groundmass occur generally in equal proportions.
A typical specimen collected at Sisiman, Bataan Province, on
the north side of the entrance to Manila Bay, is described by
Iddings as follows:

* * * A dark-colored sempatic, mediophyric rock; that 1is, one

having many small phenocrysts, about as much in bulk as the groundmass
.which contains them. The phenocrysts are mostly labradorite, approxi-
mately Ab.An;, with pronounced zonal structure, the narrow outermost
zone being distinctly alkalic. The shapes are those of rectangular prismoid
to equant crystals. In size they are seriate; that is, of different sizes,
from those of several millimeters to less than 1 millimeter. * * * There
are fewer phenocrysts of hypersthene and augite, the former faintly pleo-
chroic in thin section. Augite * * * occasionally surrounds hyper-
sthene. The pyroxene phenocrysts are euhedral [well-faced], with the
first and second pinacoids strongly developed. In size they are generally
smaller than the largest feldspar. There is considerable magnetite in
small crystals. Those inclosed in pyroxene are smaller than others not
so inclosed. Some are inclosed in the margin of the feldspar. The
groundmass consists of microlites crowded together; rectangular equant
[equi-dimensional], also prismoid plagioclase feldspar, prismoid pyroxene,

.
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and equant magnetite; probably with a cementing matrix of colorless
glass.

Hypersthene is very common in many of the Philippine ande-
sites (Plate 4, fig. 1).

HORNBLENDE ANDESITE

This rock is found in all parts of the Islands; it forms the
summit of Mount Apo and several peaks in the Zambales Range
of Luzon. Its habit varies from a rock having large phenocrysts
of feldspar, 10 millimeters or more in diameter, and smaller
ones of hornblende, to that in which the relations are just the
reverse. They are the ‘“trachytes” of the older writers. The
disintegration of these rocks with the large, glassy plagioclases
produces the Orani and Tarlac sands, the best sands for construc-
tional purposes available for use in Manila. The layman usually
mistakes this plagioclase feldspar for quartz, whereas the sands
contain little or no quartz. Iddings has described the hornblende
andesite used in the Manila breakwater,* which came from Sisi-
man Point, as follows:

It is sempatic, seriate and mediophyric. The most abundant pheno-
crysts are labradorite Ab.An,;, euhedral [well-faced] and subhedral [with
less perfect faces]. They possess a narrow outer zone of distinctly more
alkalic feldspar, which, however, has noticeably higher refraction than
the anhedral [without crystal faces] feldspar of the surrounding ground-
mass. The hornblende is greenish-brown, but is mostly paramorphosed
into aggregates of magnetite and pyroxene. There are few phenocrysts
of pyroxene, and relatively large ones of magnetite. The groundmass is
holocrystalline [complete crystal outlines], composed of consertal [inter-
grown] anhedrons of feldspar, in part probably orthoclase, with some
quartz. The rock is somewhat altered in parts, and contains calcite [and
(?) chalcedony].

This is the variety in which the hornblendes are very large
and the feldspars not so prominent. In the rocks from Mounts
Apo and Pinatubo the reverse is the case.

TRACHYTES

In the older literature, especially in the writings of von
Drasche, trachytes are frequently mentioned; but Becker was
of the opinion that some of these were not true trachytes, in
which opinion I concur. It is probable that the term was loosely

* After about a dozen years of exposure in this sea wall this massive
rock is beginning to spall and crack and will ultimately crumble unless
faced with some protecting material.
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used. Iddings does not include them in his list of over five
hundred rocks examined.
BASALTS

Of this great class of rocks Iddings says:

There are transitions between olivine-bearing pyroxene-andesites and
basalts rich in olivine, so there are basalts with the textures found in an-
desite, and others with texture not developed in andesites. No line can be
drawn between these two groups of rocks; and petrographers differ as to the
classification of rocks intermediate between basalts and andesites. It
happens that the lavas of Mayon and Taal Volcanoes belong in part to
these intermediate varieties, which may be called olivine-bearing pyroxene-
andesites or andesitic basalts, while other varieties of lava from these
volcanoes are normal basalts, with abundant olivine. * * *

Basalt from the floor of the crater of Taal Volcano is dopatic [ground-
mass dominant], mediophyric [moderately porphyritic], with phenocrysts
of subhedral, green augite, having inclusions in zones in some crystals;
subhedral equant to tabular labradorite (Ab.An: to Ab.An.), zonally de-
veloped; and fewer colorless to yellow olivines, altered on the surface of
the crystals. The augite and labradorite are anhedral toward each other
when in clusters. The olivine in some instances is partly inclosed in
augite, with anhedral forms. The groundmass consists of euhedral pris-
. moid plagioclase, with central euhedral prismoid inclusion that has much
lower refraction and is isotropic, apparently glass. The plagioclase pris-
moids have diverse arrangement. There is also much equant anhedral
augite, less magnetite, and probably intersertal colorless glass, but the
microlites are crowded close together, and the rock may be holocrystal-
line. * * *

LEUCITIC ROCKS

A dark, fine-grained rock with small, almost circular white
areas, 2 or 3 millimeters in diameter, occurs near Aroroy,
Masbate. This proves to be analcite, an alteration product of
leucite, when examined in thin section. Rarely, the original -
leucite can be seen.

I have seen very similar-appearing rocks in northern Luzon,
but in none of them could I be positive that the small isotropic
whitish areas were leucites. The finding of this class of rocks
in the Philippines is noteworthy, as potash-bearing rocks ap-
parently are of rare occurrence. Iddings’s description follows.

The rock from about 2 kilometers southwest of Aroroy is dark-gray,
sempatic, mediophyric, and seriate; the diameters of the phenocrysts vary-
ing from 5 millimeters to less than 1 millimeter. They are chiefly
euhedral twinned augite, greenish with faint pleochroism, from green to yel-
low; clusters of equant colorless crystals, and some isolated euhedrons of
a mineral which appears to be leucite, possibly altered to analcite, as it
does not exhibit birefri[n]gence. There are some small phenocrysts of
plagioclase, partly altered and probably alkalic, or calci-alkalic. The augite
phenocrysts are zonally developed, with “hour-glass” structure:-in some
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cases. They contain glass inclusions and small crystals of magnetite.
Surrounding the phenocrysts, especially the augite, there are dark clusters
of minute crystals that extend to various distances into the groundmass.
They are needles and minute prismoids of augite in subparallel clusters.
In places they seem to be granulated, or coarsely globulitic. With these
prismoids are mingled opaque needles, or blades of what appears to be li-
monite; but from their resemblance to similarly shaped and arranged
bl#des of brown mica, present in closely related rocks of this locality, they
mag be paramorphic mica. They are in sets, or groups, of parallel pris-
moids, often at different angles in the matrix, or in fern-like arrange-
ment; a set of minute, parallel blades being crossed by a larger one like
a stem. .

The clusters of colorless minerals have the form of leucite crystals, are
euhedral to subhedral; and in some cases rounded. Some carry minute
inclusions, centrally located, less often zonally. In several finer-grained
varieties of the rock there are minute, imperfect, skeleton forms charac-
teristic of leucite. The groundmass consists of indistinctly outlined,
clouded feldspar, possibly orthoclase in part, besides products of alteration.
In the finer-grained variety the prismoid and needle-like alkalic plagioclase
is more distinct. There are prismoids of augite, and groups of parallel
needles or blades of pale brownish, pleochroic mica.

DACITES

The dacites may be thought of simply as andesites with
quartz. They are not common in the Philippines. I have seen
only two good specimens; one from Benguet and one from Corre-
gidor Island. Field and petrographic descriptions of this rock
are given by Becker(50) and by Iddings.(337) One specimen
from Antamok, described by me as follows, is interesting:

BENGUET NO. 116.—DACITE

Macroscopic—A hypoerystalline, rather aphanitic rock, which has a
somewhat porphyritic fabric and is greenish yellow. The rock has a dense,
bluish, fine-grained groundmass in which are numerous phenocrysts of
epidote, themselves not large, rounded areas which appear to be de-
composed feldspar and occasional, clear, limpid, more or less rounded or
irregular, areas of quartz. There are very few ferromagnesian minerals
visible in the hand specimen, and they are mere black specks.

Microscopic—The prominent features of the slide are:

1. The saussuritized feldspar (plagioclase) phenocrysts.

2. The comparatively clear, rounded phenocrysts of quartz.

3. The groundmass in places quite trachytic, in others glassy, the whole
having a félty or hyalopilitic character.

SECOND G6ROUP OF IGNEOUS ROCKS

The rocks of the second group, in the order of their apparent
abundance, are the following: Quartz-diorite, diorite, gabbro,
metadiorite, peridotite, granite, syenite, and pyroxenite. This
statement is based upon the number of occurrences in the Bu-

192776—1
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reau of Science collection of petrographic slides which were
all determined by Iddings. This, of course, is an approxima-
tion only.

DIORITE, QUARTZ DIORITE, AND DIORITE PORPHYRY

The parent magma of the Philippines was of such composition
that the part which reached the surface produced an andesite
or dacite; the portion which did not reach the surface cogled
more slowly and became diorite, or quartz diorite, or diorite
porphyry. Therefore, we would expect to find these holocrys-
talline rocks in the deeper stream cuttings.

The chief characteristics of the diorites are the conmderable
amount of hornblende and that the feldspar is principally pla-
gioclase.. When they contain quartz they become quartz diorites,
and on the other end they merge into the gabbros.

Quartz diorites have been found in Benguet, Tayabas, and
the Camarines region. Of the Benguet rock (Antamok) Iddings
says:

* % * js medium-grained quartz-diorite with inequigranular con-

sertal [grown together] fabric. It consists of plagioclase and consid-
erable brownish-green hornblende, anhedral [without good faces] with
respect to each other, but euhedral [with good faces] toward quartz and
orthoclase. There is some altered biotite. In places the orthoclase is
intersertal [intergrown] to poikilitic with inclusions of plagloclase and
hornblende.

I give here an early. description of my own of a specimen
from the same locality and my calculation of it according to
the quantitative system.*

BENGUBT NO. 12.—QUARTZ DIORITE [BATWAAN]

This is a section of a typical quartz diorite. It is quite fresh, showing
little or no alteration. The texture is granitic, holocrystalline, fabric
hypidiomorphic-granular [crystal not perfectly shaped]. The minerals of
the rock are plagioclase and orthoclase feldspar, hornblende (actinolite)
quartz, magnetite, and accessory apatite. The feldspars for the most part
are plagioclase, exhibiting both Carlsbad and albite twinning. From the
extinction angles which were taken on a section cut normal to the albite
twinning I made out this piece at least to belong somewhere near the
middle of the series, oligaclase or labradorite. Some orthoclase is present,
associated more or less with the quartz. It is decidedly not the dominant
feldspar. The amphibole is the pleochroic, grass-green variety known as
actinolite with pleochroism as follows: b = colorless to yellow; ¢ = dark
green. Quartz occurs wholly as interstitial material. Magnetite is found
as minute, rounded grains inclosed by hornblende.

* Washington, Iddings, Pirsson, and Cross,” Quantitative Classification
of Igneous Rocks (1903).
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A series of measurements on this slide established the following ap-
proximate proportions of the various minerals, from which was calculated
the following analysis:

Constituent. Per cent.
Quartz i 2.94
Plagioclase 67.09
Hornblende ] 22.93
Magnetite 6.28
Olivine : 73

Accessory minerals an [are] almost entirely lacking, or so inconspic-
uous as to warrant no lengthy search for them.

Calculated Calculated
from mineral by chemical

contents. analysis.
Constituent. Per cent. Per cent.
Si0; - 56.89 57.06
FeO
Fe,0s 8.58 6.04
ALO, 17.62 20.00
MgO 2.9 3.27
Na.O 7.32 2.95
Ca0 3.97 7.18
O 3.06

. 9718 100.00 -

Rentarks—A greater number of measurements would doubtless raise
the silica content by showing more quartz. In this calculation the ortho-
clase was taken with the plagioclase. This, in close work, strictly should
not be done. Making allowance for orthoclase we should have a lower
Na:O figure and about 3 per cent of K:O.

Examination of additional sections of this rock revealed some small
amount of biotite.

By calculation I have placed this rock as follows in the quanti-
tative classification: Class. II, dosalane; subclass I, dosalone;
order 5, germanare; rang 3, andase; subrang 3, shoshonose.

Other quartz diorites have been encountered in Batangas
Province (Lobo Mountains), on Masbate Island, in Lepanto Sub- -
province, and elsewhere.

The extensive and rich mineralization of Antamok Valley,
Benguet, is due, in the opinion of many, to the quartz diorite
intrusive in that region. Plate 4, fig. 2, shows a characteristic
diorite from Baguio.

Diorites occur in Batangas, Benguet, the Camarines region,
and several other localities where there is a true cordillera.
Diorite appears to be the typical basal complex rock in Cebu, my
description of which, published some years ago, follows. (561)
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For some time I was puzzled by the particular phase of igneous rock
constituting the hills on the left, or north side, of the Danao River.
Here the rock is more of a porphyry than holocrystalline * * * A
feature of this rock is the innumerable, minute, calcite veins cuttlng
through it without definite system.

The following is a description of this rock from the region of Sili Creek
[Cebu], not far from the coal measures.

CEBU NO. 5 (DILWORTH).—DIORITE PORPHYRY [DANAO RIVER]

Hand specimen.—A dark colored, fine-grained, igneous rock. The only
minerals identifiable in the hand specimen are dark green plagioclase and
rare specks of magnetite.

Microscopic (2 sections).—The rock is composed almost entirely of feld-
spar, rather decomposed. There are several porphyritic crystals reaching
a maximum size of 2 by 1 millimeters, but the majority are small laths.
About 5 per cent of the feldspars seem to be orthoclase. No good deter-
minations could be made of the plagioclases, but six rather doubtful ones
gave three of acid labradorite and three of basic oligoclase. Many of the
feldspars show good zonal structure. Several, especially among the
smaller laths, are bent.

Biotite is present in all stages of decomposition, but is always well
chloritized. There are no well-defined plates.

Quartz occurs in small and inconspicuous grains. It forms a very small
part of the rock and is accessory rather than essential.

There are a large number of small crystals of titaniferous magnetite or
limonite, generally associated with the biotite. The presence of titanium
is shown by the dirty white titanite, which surrounds these crystals.

Secondary minerals are: Kaolin and sericite, along cracks in the feld-
spars; chlorite replacing biotite; patches of calcite; and titanite associated
with the magnetite. '

METADIORITES

The metadiorites include a number of rocks in which the

hornblendes are not primary but secondary. They are derived
from holocrystalline rocks containing pyroxene.

GABBROS

These rocks may be thought of as having cooled too slowly
to form basalts. They stand in the same relation to basalts
" as do diorites to andesites. It is important to understand clearly
the generic relationship of the coarser rocks and the extrusive
lavas in this region. The important feature of the quantitative
classification is that the norms of a basalt and a gabbro are not
essentially different, and the same is true of andesites and
diorites. The older classifications did not show this.

As would be expected from the prevalence of basalts in the
Archipelago, gabbros are very common. An olivine-gabbro
from river gravel at Montalban, Luzon, contains labradorite
(Ab,An,), pale green augite, colorless olivine, and very small
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amounts of secondary hornblende, biotite, and magnetite. There
also are some secondary minerals locally developed, such as
chlorite, serpentine, etc.

A very fine-grained norite is found in Palawan.

Gabbros with an ophitic texture, that is, with the component
minerals forming a latticelike structure, often called diabase or
dolerite, are numerous.

PERIDOTITE

When a gabbro contains much olivine it is customary to call
it a peridotite. While this rock is not. common in the Islands,
there are several occurrences of it. It is found in the Cama-
rines region and in the Cinco Picos Range, western Luzon.

PYROXENITE AND PERIDOTITES

Bare brownish and rocky hills, having scattered white patches
of efflorescence, occur in many parts of the Islands. Such hills
usually are composed of pyroxenite, passing in places to peri-
dotite, and where altered this yields a serpentine. The efflo-
rescence is magnesite (magnesium carbonate) derived from the
decomposition of ferromagnesian minerals in the rocks. This
rock is almost black, inclined to greenish where passing into
serpentine, and is very hard and dense. I have noted great areas
of this formation in the Camarines region, Batan Island, Albay,
and Ilocos Norte. There is usually an accumulation of lateritic
iron ore associated with this rock. These basic rocks are very
important as being the source of chromite, magnesite, platinum,
and nickel, nearly all of which important economic minerals
have been found in small quantities in the Philippines. Abella’s
description of a closely related rock called picrite is taken from
his Panay work.(12)

The picrites have a beautiful emerald-green color with bronze metallic
reflections of a crystalline texture, and in them are seen olivine, augite,
and bronze hypersthene, a white mass being distinguished among these
crystals, semigranular, almost pulverulent, which at some time might have
originated from a pre-existent feldspar or nepheline, which cannot now
be classified as such. Under the microscope this white mass resolves itself
into a whitish magma, amorphous and decomposed, which in the polarized
light emits, notwithstanding, certain pale gray-bluish and yellowish
colorizations, all of which confirms the supposition of feldspathic and ne-
phelenic origin, not explaining satisfactorily however, such complete de-
composition of the white element only.

Basedgon these characters and on the texture almost holocrystalline
which the three elements of this rock affect, we shall classify it.as peri-
dotic, designated with the name of picrite.
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GRANITE

True granite is a rather rare rock in the Philippines. So far
as I know, the best development of granite in the Islands is in
the Paracale-Mambulao mining district, Camarines Norte. It
has been so squeezed during the regional metamorphism of the
district that it now has a gneissoid structure.

Iddings, who visited the district with me, says the granite
of Mambulao has been sheared to a thinly laminated gneiss
with ‘“Augen” structure on a small scale. The orthoclase and
albite lie as anhedral blocks in a matrix of smaller equant
anhedrous (shapeless) quartz and orthoclase with shreds of
muscovite (and chlorite, it should be added) having pronounced
fluxion structure. There is an extensive development of gran-
ite which cuts the quartz diorite of the Baguio district on the
east and appears to continue northward, at least as far as
Bontoe. These “granites” probably conform more nearly to
the composition of grano-diorite than to the true biotite-ortho-
clase-quartz rock. Rocks of the grano-diorite type make up a
goodly portion of the Cordillera Central of Luzon and are
found in several other islands as well. According to Iddings’s
list, made from the collection when it was smaller than now,
the only grano-diorite he notes are the specimens collected by
me in Batangas. Nevertheless, it would seem that it were
better to use grano-diorite to cover all the granitoid rocks
intermediate between granite and diorite. For the purposes of
this study these refinements between quartz-monzonite, grano-
diorite, and quartz-diorite are not necessary.

SYENITE

A sodic syenite has been found in Masbate. I have seen
nothing else that in character even approaches this rock. In
concluding his paper Iddings says:

* % * The extremes of the mineral variation, or differentiation in
this region appear to be albitiq granite and albitic syenite on the one hand,
and peridotite and possibly pyroxenite on the other. * * *

There are not sufficient data at hand to determine the relative abun-
dance of the different magmas and so indicate the composition of the aver-
age or “parent” magma. It appears that the coarser-grained, intrusive
rocks have attained a higher degree of differentiation than the extrusive
lavas, but this may not be the actual fact, and further study of the region
may modify this conclusion.

THE CLASTIC ROCKS

The petrography of the fragmental or clastic rocks in the
Philippines has beem comparatively neglected. In the Bureau
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of Science is a fair collection of thin sections, representative
of the dominant sedimentary rocks throughout the Archipelago.
Nearly every variety of clastic rock known is represented here.
The principal clastic rocks of the Philippine Islands are of
the following types: Arkose, sandstones, tuffs, shales, limestones,
conglomerates, and cherts. Of these the arkosic sandstones and
tuffs seem to be the most abundant. There is nothing in the
Philippines comparable to the clean quartz sandstones in the
United States; in fact, all the sandstones show subangular
grains of more or less heterogeneous material, some quartz, more
lime-soda feldspars, ferromagnesian minerals, and magnetite.
They are derived from the breaking up of basic igneous rocks,
andesites, diorites, and gabbros largely.

ARKOSE

An arkose from Cebu collected by me was described by Fer-
guson as follows: (561)

CEBU NO. 45.—ARKOSE [COT-COT RIVER]

Hand specimen.—Extremely fine grained, grayish rock, the distinguishable
minerals of which are pink feldspars, quartz, magnetite and occasional
hornblende (?). The grains are all very small and approximately the
same size. )

Microscopic—The rock is much decomposed, especially the feldspars.
Feldspar is the most prominent mineral, and is chiefly orthoclase, but one
grain of albite was found. There are no perfect crystals, but occasional
crystal faces occur. Quartz is rather rare in definite grains, but seems
to fill spaces between other crystals. Biotite occurs in small amounts,
but in bent and frayed fragments rather than plates. Occasional fragments
of hornblende crystals are present. Magnetite occurs in numerous, small’
grains, often partly altered to limonite. One grain of topaz (?), a few
minute grains of olivine (?) and numerous very minute grains (diameter
generally about 0.01 millimeter) of a mineral with high refractive index and
rather high double refraction, apparently titanite, are the accessory minerals.

The rock shows no definite structure. The grains vary in size, but never
exceed 0.25 millimeter and perfect crystals are never found. The biotite
especially presents a fragmental appearance. I believe the rock to be an
arkose, formed by the decay of a trachytic igneous rock and with only
slight transportation, as there is no evidence of assortment of the minerals.

I have recently studied a number of thin sections of clastic
rocks collected by H. G. Schenck in Samar, and most of them
proved to be arkosic sandstones. As in Samar, throughout the
Philippines there are few occurrences of true sandstone with
rounded quartz grains as the chief mineral, but these impure
sandstones, somewhat gritty, rather more like arkose, wackes,
ete., abound,



104 PHILIPPINE GEOLOGY AND MINERAL RESOURCES

SANDSTONES

As the Canguinsa sandstone in the upper part of the. Vigo
group is perhaps the most prominent sandstone in the Archi-
pelago, this being the one generally overlying the Miocene coal,
I give here a short deseription of this rock. Owing to the
exceedingly friable nature of practically all Philippine sand-
stones, it has been impracticable to make slides for microscopic
examination, but I have been able to study the mineral com-
ponents by digesting the rock with hydrochloric acid and placing
the loose grains under the microscope. A typical specimen so
examined, collected on Bahay River, Bondoc Peninsula, Luzon,
by W. E. Pratt, showed generally well-rounded to subangular
grains, usually under a millimeter in diameter, of quartz,
feldspar in small quantities, olivine, hornblende or pyroxene,
and magnetite as the dominant constituents. These grains
were held together by calcium carbonate and some iron oxide.
With the acid there was strong effervescence and immediate
and complete disintegration of the rock. There is complete
gradation from these sandstones to the exceedingly fine-grained
shales.

A sample of the Cudiapi sandstone from the Malumbang
(Pliocene) is more indurated and somewhat finer grained. How-
ever, on treatment it showed an even greater percentage of
lime than the other sandstone. The insoluble ingredients are,
if anything, more angular and, perhaps, contain more quartz
than any other mineral. The ferromagnesian minerals and mag-
netite were much fewer.

A TYPICAL TUFF

The greatest area of tuff is that in the vicinity of Manila,
extending both southwestward and northward along both the
eastern and western sides of the great central plain of Luzon.
This material is used for construction in Manila. Cox made
an investigation of it as a possible cement material, and during
this work made the following microscopic notes: (157)

A microscopic examination of the tuff in the vicinity of Manila shows
it to be composed of (1) plagioclase, both decomposed and undecomposed.
There seem to be two generations of feldspar; the one rounded and largely
decomposed, the other rather angular and in appearance as if it had
come from a greater distance, (2) magnetite, (3) hornblende, (4) quartz
grains, (5) the cementing material, which is probably in greater part
voleanic ash, is largely composed of oxide of iron. It might also be men-
tioned that a certain amount of pumice is nearly always to be found in
this tuff. It is undoubtedly andesitic tuff.
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LIMESTONES

Descriptions of two limestones differing very markedly are
added. These are from studies(560) made by me some years ago
on material that I collected in Benguet.

BENGUET NO. 108.—FORAMINIFERAL LIMESTONE
[Naguilan Road]

Macroscopic—This is an aphanitic, pink-colored rock with conchoidal
to hackly fracture, it contains a few veinlets filled with rusty calcite. The
rock on its weathered surface has a dirty, bluish-gray appearance. It
effervesces strongly with acids.

Microscopic—Under the microscope the rock is seen to consist chiefly
of large and small grains of calcite with almost every conceivable shape,
stained copiously with iron oxide, which of course gives it its red color.
The rock also contains the remains of the two well known Miocene fossils,
Operculina complanata Bast. and Lithothamnium ramosissimum Reuss.

Remarks.—I have found these same forms in limestones from Cebu
Island, Polillo Island, [Benguet], Lepanto Province, Luzon, and other
localities.

LIMESTONE FROM THE BENGUET ROAD
/ [Foot of the Zigzag]

Macroscopic.—In the hand specimen this rock is quite black, in portions
very fine-grained, in others ecrystalline; it is occasionally streaked with
minute calcite veins. It is very fossiliferous, but as the rock is very hard
it is difficult to remove the fossils, which are for the most part large
bivalves.

Microscopic—The dark color is due to an excessive amount of iron oxide
in the matrix. Large amounts of calcite in more or less rounded grains are
to be seen in the slide, these practically make up the entire rock. Frag-
ments of foraminifera are quite abundant, but, owing to their state of
preservation we can make little more than a guess as to their identity.
Some of these very much resemble sections of Operculina and there is
another section which suggests a nummulite as it possesses “alar pro-
longations” between the successive whorls.

An interesting limestone conglomerate from Samar is shown
on ,Plate 7, fig. 2, made from a specimen collected by H. G.
Schenck.

CHERTS

In the chapter on Stratigraphy are included some descriptions
of the radiolarian cherts of the Ilocos Norte country. The rock
is a hard jaspery material, reddish and very fissile. The field
relations are obscure.. The petrographic description is given in
the chapter on Stratigraphy.

THE METAMORPHIC ROCKS

Metamorphic rocks in the Philippines are especially abundant
in Ilocos Norte, Bulacan, and the Camarines region in Luzon, in
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northern and eastern Mindanao, especially in the Surigao region,
in Palawan, ete. .

The commonest metamorphic rocks are the schists; next come
the serpentines; third, “slates;” and fourth, marble. Gneisses
also are metamorphic. Some of these are due to local, but chiefly
to regional, movements attendant upon the various elevations
and submergences of the Archipelago.

As I am practically the only one who has done petrographic
work on.the schists of the Philippines, and as the schists of
the Ilocos Norte country are typical, I quote from my published
notes on them. (658)

At Dalumat I found magnetite, talc, mica (several species), actinolite and
chlorite schists, all in a very much disturbed and mixed condition, but in
this region the mica and tale schists prevail; farther to the north near
Dungon-Dungon, magnetite schists are better developed, and there is also
a very feeble development of eclogite. I found, from my study of schists
and eclogites from the Coast Ranges of California, that the metamorphism of
sedimentary rocks usually produced gneisses and schists, whereas the
eclogites could in some cases at least be tfraced Mack to an igneous an-
tecedent. However, in the Ilocos Norte region I have not in mind a
single instance where I could actually trace these transformations in
the field. This much, and only this, we can be sure of at the present time;
that is, that the mica and talc schists are found between the granite
(f. n.) intrusive mass and the later sediments; the magnetite schists and
eclogites are more intimately associated in the field with the basal igneous
mass, usually near its edges.

MINERALS OF THE SCHISTS.

Actinolite schists—These are to be found in patches everywhere bordering
the serpentine area. Some of the rocks are entirely made up of long acti-
nolite crystals,  while in others actinolite is only one of the several con-
stituents. Slides from two different rocks from near Pine View Point were
examined. The first one consists largely of a mass of actinolite fragments
with interstitial, more or less rounded feldspar grains, rarely showing poly-
synthetic twinning, the whole complex with every appearance of having
been derived from a sediment; extreme granulation is a feature of this
rock. The second one is made up almost entirely of actinolite with
probably some interstitial chlorite. In parallel, polarized light the actinolite
shows marked dichroism. a = colorless, ¢ = olive green. The actinolite
does not occur in whole, unbroken crystal sections, but is in a very much
frayed state, in fibers which are the result of breaking along the cleavage
lines parallel to c. ) R

Mica and micaceous schists—Nearly every species of mica known to
mineralogy can be found, it seems, in the schistose areas near Pasuquin,
[Tlocos Norte, Luzon]. These minerals all occur in small pieces, seldom as
complete crystals, they occur very irregularly along shearing planes. The
lighter micas such as muscovite, paragonite, etc., and micaceous talec seem
to predominate. * * *
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Extensive development of mica schists occurs in this region, paragonite
and margarite being the predominant micas.

Scales of this white mica, when viewed in a petrographic microscope,
show a fine interference figure with an axial angle of 37°. A qualitative
analysis demonstrates the presence of sodium and calcium, so that we
probably have both paragonite, the sodium variety, and margarite, the
calcium mica.

Magnetite schist—Many outcrops of schists occur in the vicinity of
the Baruyen River and magnetite schist, in which the magnetite cubes and
octahedra attain a diameter of 10 millimeters or more, is found among these.

Epidote-magnetite schist—This rock, in thin section, consists largely of
a felty mass of actinolite and chlorite with phenocrysts of magnetite and
epidote. The magnetite occurs in diamond and octagonal sections, also in
rounded and irregular grains; the epidote, in idiomorphic crystal sections
is on the average 0.67 by 0.08 millimeter. These epidotes are distinguished
by high relief, parallel extinction and the characteristic, irregular fracture.
The dliference in absorption alonig the a and b axes is as follows: a = color-
less, b = straw yellow.

I have studied all the specimens of schists collected by the
other members of the division of mines staff, principally those
of Pratt from Caramoan Peninsula, Camarines Sur, Luzon, but
have seen nothing essentially different from those mentioned
above. One important conclusion concerning those from
Caramoan, made by Pratt,(497) which checks earlier statements
made by me, (580) is as follows:

The metamorphic sedimentaries exhibit a succession of beds identical in
its main features with the Philippine column of Tertiary sedimentaries.
The observed sections in the metamorphosed sedimentaries and in the
unchanged sedimentaries farther east are similar, although the lower part
of the metamorphosed section is developed in greater thickness than the
corresponding division of the unchanged rocks. Moreover, in gscending
Caramoan River, one passes gradually from unchanged sedimentaries to
metamorphosed sedimentaries: that is to say, there is an evident transition
from one formation to the other with no definite line of contact.

In short, the schists and marbles appear to be no older than the shales
and limestones. Indeed these rocks appear to be different sections of
continuous beds which have been metamorphosed in their westward exten-
sion but have escaped metamorphism farther east.

Thus the schists and marbles are likewise not older than the Oligocene,
and the antiquity which has been ascribed to the metamorphic rocks
generally in the Philippines is opened to question. Paleozoic schists are
found in Japan and in Formosa, and they may exist in the Philippines, but
the extensive area of more or less typical schists on Caramoan Peninsula
belongs to a later period.

. SERPENTINE

Serpentinization is common in many parts of the Philippines.
One of the first rocks studied by me and described in 1905 was a
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serpentine (Plate 6, fig. 2) on Batan Island, Albay Province,
Luzon.(564) The original description: follows.

Megascopic—In the field this rock is seen to grade from a fine-grained
dark-green, almost black, basalt (f. n., field and quantitative classification
of igneous rocks) to a porphyritic rock with large pyroxene crystals over
an inch in length, and from this to a true serpentine. Specimens are at
hand which show the merest remnants of the original rock included in a
network of greenish serpentine and white magnesite. The serpentine and
magnesite are only found on weathered faces such as along the seaward
cliffs of the long bare ridge running from Calanaga Bay to East Point.

In the vicinity of Liguan and Caracaran only the fine-grained aphanitic
facies was seen. ’

As one skirts along this great ridge of serpéntinized rock he is struck
with its likeness to similar rocks along the California coast.

Microscopic—When studied microscopically the rock is seen to be not a
basalt in the commonly accepted meaning of the word, as the feldspars are
characteristically lacking. In the less-altered sections the chief minerals
were found to be olivine, a pyroxene or amphibole (not readily distinguished
from the alterations), and magnetite. The whole section is seen to be a
network of serpentine even though the hand specimen does not show it.

This rock was called a basalt by Lieutenant Markham, but that identifica-
tion was made simply from a hand specimen hastily examined in the field.
The rock is more of a peridotite than anything else, though it grades into
a pyroxenite. The writer has examined microscopically identical rocks
from the Coast Range of California.

MARBLE

Marble is widespread though not developed over great tracts.
The best-known deposits are on Romblon Island. As this rock
is not essentially different from similar rocks elsewhere I shall
omit the petrographic description.

. ““OLD SLATES”

These aré generally associated with the schists in certain
portions of the Archipelago and have been discussed rather
fully in the chapter on Stratigraphy. As these, owing to the
fineness of grain, do not readily lend themselves to petrographic
examination, I shall not attempt a further description of them.

SUMMARY AND CONCLUSIONS
Iddings says:(838) '

In the Philippine Islands the igneous recks appear to be very similat to
those in Japan, but very few have been analyzed chemically. The lavas
are chiefly andesitic, with less basalt and very little rhyolite. The pla-
gioclase of the andesites is noticeably calcic, many phenocrysts being
labtadorite. The rocks are chiefly dosodic (dominantly sodic).

In Masbate more potassic varieties occur near Aroroy, some aphanites
containing altered leucite.
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Long ago Becker wrote: (50)

The basalts and andesites of our Asiatic province might have come
from Alaska or from the western Cordilleras of North America, so faf as
their composition and structure are concerned. There is the same unex-
plained adherence of the feldspars to definite types, only emphasized by
cases of exceptional composition. There is the same general uniformity in
the groundmass of the rocks, accompanied by the occurrence of numerous
exceptional microlites and not very infrequent reversals of the ordinary rule
of deposition, according to which the more calcic feldspars are precipitated .
before the more sodic species. .

Farther on he refers to the relationships between the rocks
of the Philippines and those of the rest of Malaysia, as follows:

The volcanic rocks of the Sunda Islands and the Banda Islands are seem-
ingly in all respects similar to those of the Philippines. In the Dutch
and English possessions in the Far East there is the same preponderance
of pyroxene-andesite accompanied by hornblende-andesites and basalts.
Leucite rocks, rare in Asia, occur on the small Island of Bawean, to the
south of Borneo, and in eastern Java, as well as in Panay, and dacite
accompanies andesites in the islands of the Uliasser group, while tra-
chyte seems to be rare. The similarity extends beyond specific names.
Mr. Oebbeke made direct comparisons between the Semper collection and
the specimens in Professor Rosenbusch’s cabinet from other parts of
Malaysia. He concludes that “there is scarcely a type which is not rep-
resented on all the islands alike.”

Table 6 shows chemical analyses of typical Philippine rocks,
made by various chemists of the Bureau of Science.
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GEOLOGIC HISTORY

Becker, (50) in.an admirable summary of the geology of the
Philippines as known in 1901, gives a short outline of the geologic
history of the Archipelago; later work has clearly shown that
this must be substantially modified. In the first place, he says:

It would seem that * * * from early Paleozoic times onward an
archipelago has usually marked the position of these islands. Prior to
the Eogene nothing definite is known of them, but further investigation
will very likely disclose Paleozoic and Mesozoic strata there * * *,

I know of nothing to indicate the existence of any land mass
in Paleozoic times on the site of the present Archipelago. Va-
rious geologists have tried to prove the existence of Paleozoic
formations by the presence of gneisses and schists, without a
shred of evidence other than that they look old and because many
such rocks are found in.the older formations of other countries.
Therefore, they argue, Paleozoic formations must exist here.
This is faulty reasoning. As a matter of fact, there are here
schists and slates which may be Paleozoic, and which are uncon-
formably below the Tertiary sediments; presumably, these are
Mesozoic in age, but we do not know this certainly. On the "
other hand, there are some schists in the Philippines that ap-
pear to be nothing more than metamorphosed Tertiary shales
and sandstones.

It is reasonably certain that during Mesozoic time there was
some land mass to represent the Philippine Islands, since below
the Tertiary are the materials mentioned, and they must have
been derived from materials that came from a neighboring land
mass and, later, were metamorphosed into slates and schists.
There were also other deposits, radiolarian cherts, possibly of
deep-water origin, which have been correlated with Bornean
equivalents and also with the Franciscan (Jurassic) of California
and Oregon. Interbedded with the slates, in which no fossils
have been found, are lenses of manganese oxide which, to some,
point clearly to deep-sea origin. With these also should be
grouped the grano-diorite, the diorite, and the granitic intrusions
found in various parts of the Archipelago, especially in Luzon.
These rocks were intruded into the existing rocks probably late
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in the Mesozoic, since their equivalents in other countries about
the Pacific are post-Jurassic. Some gold and copper ores are
associated, with these post-Jurassic (?) batholiths, as on much
of the Pacific border; they mark the first period of ore deposi-
tion in the Archipelago.

At the close of the Mesozoic (during the Cretaceous period,
probably) there was intense dynamism with perhaps both sub-
sidence and uplift; this was the time of the formation of the
slates and schists. Similar rocks are found in Borneo and Java
where they are known as “old slates” and “old schists.”

Apparently, there is no Cretaceous in the Philippines; at least,
none has been identified. Probably at that time the Philippine
Archipelago was a great land area above the sea.

Previous to this there may have been land connection between
Luzon and Formosa. Whether that connection was broken in
pre-Tertiary or in Tertiary times I am not prepared to say.
Connections with Borneo and Celebes probably continued until
a much later date. ‘

When we come to the Eocene it must be confessed that it is
somewhat puzzling to try to outline the sequence of events. Al-
though there are coal seams and accompanying formations closely
simulating those of the Eocene of Java, the fossil evidence in-
dicates that Philippine coal is Miocene. Between the older slates,
schists, and cherts and the coal series is a great basal conglom-
erate, possibly represented by the Agno beds of Luzon, which
indicates an unconformity and a long period of erosion, probably
during the Eocene; that is to say, during the Eocene most of the
Archipelago stood out of the sea.

Following the Eocene, during the Miocene, was a general sub-
sidence and a great period of deposition in shallow water, during
which the coal deposits were laid down. Even at that time
there were isolated masses of older and more-resistant rocks
represented by the cores of many of the islands of to-day. Where
northern Luzon is now there was at that time a land mass much
larger than any other within the confines of the Archipelago,
and at this time masses like the present islands Luzon and
Mindanao were separated into several smaller islands.

~ Beginning early in the Miocene, but more pronounced after the
middle and continuing until the close of that period, there was
a general emergence accompanied by folding of the sandstones
and shales and coal beds previously deposited. This was the
well-known “Miocene Revolution” of almost worldwide extent.
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At the same time much faulting occurred, and several separate
blocks, having the general positions of the present large islands,
were produced.

As a concomitant of this folding and faulting there were in-
trusion and extrusion of andesitic and ‘basaltic lavas, followed
by ore deposition, marking a second epoch of this kind in the
history of the Archipelago. Ore deposition may be occurring
at the present time, as recent spring deposits of a siliceous sinter
near Baguio show an appreciable amount of gold.

Succeeding these events there ensued a period of erosion and
another subsidence when the Malumbang sandstone and lime-
stone series was laid down as a veneer overlying and uncon-
formable upon the older Vigo and Batan series of the Miocene.
During this time the waters were still shallow, and coarse sedl-
ments and reef limestones were formed.

Finally, another period of uplift began, which, undoubtedly,
with interruptions marked by local subsidence, proceeded into
the Pleistocene. This eleévation is one of the major episodes in
the geologic history of the Archipelago. It is attested by the
presence, at about 1,500 meters elevation in north-central Luzon,
of a fossil flora very similar to that now growing in the lowlands
near Manila.

In two or three §mall area§-of northern Luzon we find plateau-
like topography to-day, notably around Baguio. These areas
have some of the features of peneplains which might be explained
as having been formed when the Archipelago was relatively
low lying just preceding the last uplift and are now isolated as
fault blocks. This is one theory. I do not believe that it is
necessary to stipulate complete base-leveling ; they may have been
formed at high elevations. However they may be explained,
they probably date from the Pliocene.

Within Recent time differential movements, submergences, and
elevations have undoubtedly taken place, in some parts indi-
cated by drowned rivers, in others by moderately elevated beaches
and reefs. The last episodes in the history of this Archipelago
have been the building up by explosive action of volcanic cones
of fragmental ejecta, such as those of Mayon, Arayat, and Taal;
the work of degradation by the streams; reef building, etec.

From the present rate of erosion, deposition, and diastrophism
observed in Malaysia I am inclined to believe that the geologic
age of the Philippine Archipelago is not so.great as some geol-
ogists have estimated it to be. I will hazard no guess as to the

192775——8
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actual age of the Philippine Islands in years, because it appears
at first sight to be a matter of no importance and there are in-
sufficient data upon which to base an estimate.

According to Prof. H. O. Beyer, many of the areas of the
Archipelago may have become isolated and separated from other
Malay land areas since the Negrito became distributed; there-
fore, for a subject of this kind, the matter of age is vital. For
many reasons I have given here an outline merely of the major
events in the geologic history of the Philippine Archipelago; the
details cannot yet be supplied. Many interesting facts relating
to the distribution of the present plants and animals, including
man, can be interpreted only upon the basis of this history and
the paleogeography of the group and the ancient land bridges
connecting the Philippines with Borneo, Celebes, New Guinea,
and other land masses. Enough has been done to show that the
peculiar facts in this distribution can be explained by the isola-
tion of blocks of the Philippine terrane through the breaking
of these bridges. The dates of some of these events can also be
stated with a fair degree of probability.
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LUZON

Luzon is the largest island of the Philippine group. Geolog-
1cally, it is worthy of constant study as it is a link in the great
“Circle of Fire” that girds the Pacific. From it, doubtless, are
to be wrested important secrets relating to such questions as
the former configuration of Asia, past climatic changes, and
possibly something of the early history of man. The dominant
features of Luzon are the long coast line, its many fine harbors,
the mountainous character of much of its interior, its great cen-
tral plain, and its beautiful volcanic mountains. It is a region
of tremendous rainfall (115 centimeters in twenty-four hours, re-
corded by the Government Observatory, Baguio, in July, 1911)
and is in the track of the most frequent and violent typhoons.
The island is situated between 12° 30’ and 18° 40" north latitude
and has much high country which is also fairly rich in minerals.
For these reasons it attracts men interested in mining. There is
abundant evidence indicating that Luzon will before many years
have a prominent place as a mining field. The richest gold mine
in the Far East is situated on this isTand. :

PHYSIOGRAPHY AND GEOLOGY

The chief physiographic units from west ‘to east, indicated
by Adams,(21) are as follows: The western or Zambales cor-
dillera; the great central plain; the Ilocos coast strip; the Cor-
dillera Central; the Cagayan Valley; the northeast cordillera,
or Sierra Madre Range; the southwest volcanic region, with
Taal as a center; the eastern cordillera; the southeast, or Cara-.
moan cordillera; the southeast volcanic region, with Mount
Mayon as a center; and the “Central Knot,” which is merely an
elevated region where several of these units merge.

The most extensive discussions of the geology of Luzon are
those published by von Drasche,(200) Eveland,(237) Adams,(21)
and Smith. (5689) ’

* This is a greatly revised summary of some of my articles that have
been published in the Philippine Journal of Sclence the Journal of Geol-
ogy, and other periodicals.
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HYDROGRAPHY

Space does not permit of a lengthy description of the hydrog-
raphy of Luzon, but a few of the most important rivers and
lakes should be discussed in this place rather than under the
- respective physiographic districts, since several of the rivers
traverse more than one of these. The longest river is the Ca-
gayan, in the northern part of the island; the shortest, perhaps,
is the Pasig, but from a human standpoint, the Pasig is by fAr
the most important of all. The following are the nine principal
rivers of Luzon:

RIVERS

Cagayan River.—Cagayan River is about 300 kilometers long,
flows almost due north, save for its meanderings, and drains
the extensive Cagayan Valley of northeastern Luzon, the great
tobacco district of the Archipelago. It is navigable for ocean-
going vessels of light draught as far as the town of Tuguegarao,
about 100 kilometers, and for boats drawing not over a meter
as far as Echague, 200 kilometers. This river has two large
tributaries, the Chico and thg Magat, and with these it drains
.practically the whole of northeastern Luzon.

Pampanga River.—Pampanga River rises in the “Central
Knot” of the mountains of Luzon, the Caraballo Sur, and flows
down the eastern margin of the central plain, very close to the
eastern cordillera, and thence slightly west of south to Manila
Bay. Its lower end breaks up into a network of canals, which
anastomose with those of one or two smaller streams that flow
from the center and the western margin of the southern half of
the central plain. In its lower portion it is a fine example of a
“braided” stream. It is navigable for steamers of light draught
as far as Mount Arayat, a distance of about 100 kilometers,
and for rafts as far as Cabanatuan, about 200 kilometers. Most
-of this river is wide and shallow, with low mud banks. Just east
of the river and parallel to it is the long and narrow Candaba
Swamp, whose size changes with the seasons,

Agno River.—Agno River rises on the flanks of Mount Data,
but flows south in another structural valley and debouches onte
the central plain of Luzon. Due to possible warping of this
plain, or merely to irregular deposition, the river makes a great
sweep and turns northwest, emptying into Lingayen Gulf by
way of a sgries of smaller channels. It is practically entirely
unnavigable, but is worthy of consideration because of the great
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destruction caused when it overflows its banks as happened very
disastrously in the rainy season of 1911. At that time almost the
entire country from Moncada to Dagupan was under water, and
" in places the flood rose nearly to the tops of the telegraph poles.
At the same time an important new dam and irrigation project
which the Government was building was almost completely
obliterated.

Abra River.—Abra River rises on the flanks of Mount Data, in
north-central Luzon, and flows west for a short distance before
it turns northward—in the tectonic valley east of and parallel
to the Malaya Range—almost as far as the town of Dolores,
wheredit turns sharply west. From this point it proceeds in a
south-of-west direction and breaks through the coast range south
of Vigan. It is navigable only for rafts and dugouts. From
the situation of this stream and some of its tributaries, it is
my opinion that the Abra is a captured stream, and that formerly
there was a more important water course of greater length which
followed Abra Valley, though possibly much farther north, and
that it may even have debouched near Laoag, many kilometers
north of Vigan. As the Abra breaks across prominent geologic
structures in the lower part, it may be an antecedent stream with
a history dating from an earlier physiographic cycle.

Bicol River.—Bicol River is the most important river in south-
eastern Luzon; it rises in Bato Lake and flows northwest through
the volcanic plain at the foot of Mount Isarog and empties into
San Miguel Bay. The most important town on it is Naga (Nueva
Caceres), which is located at the head of navigation for ocean-
going interisland vessels. Above this town the river is navigable
for a considerable distance for flat-bottomed boats, especially in
times of high water. In the uppermost reaches a unique system
of transportation is sometimes used, a dugout towed by a carabao.
This mode of transportation is used because the stream is ex-
ceedingly shallow in some places, while in others it is much
deeper. The boatman finds it easier to be towed by his animal
than to propel the boat by poles, especially since the carabao can
swim in the deeper water and does not mire in the shallow,
muddy places where he walks.

Angat River.—Another large river, rising in the eastern
cordillera, which may be of great future importance, is the
Angat. This stream debouches onto the Manila plain; it is not
navigable except for dugouts and rafts, as there are many
rapids throughout the greater part of its course. A large
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project for a new water supply for Manila is being planned on
this stream. The river, incised deeply in a great lava flow on
the edge of the cordillera (Plate 28), is one of the most pic-
turesque in Luzon. The water-power possibilities on the Angat
are of considerable importance.

Bued River.—The Bued rises on the Baguio Plateau and flows
southward as a typical mountain torrent through a canon of
remarkable beauty. This cailon has now become notable as the
route of the wonderful Benguet Road. Nowhere has the terrific
" destructive power of running water been better illustrated than
in this gorge and, as a consequence, the maintenance of this
highway to Baguio has become a serious problem, both finagcially
and from an engineering standpoint. Torrential rainfalls in a
region of high relief and of more or less shattered andesite
make this location exceedingly hazardous. Plate 20, fig. 1, shows
a photograph of dipping conglomerate beds in the lower cafion,
near Klondike’s Hot Springs. These beds were once thought to
be at the base of the Tertiary series, but there is evidence that
they are far above that position.

Paracale River—Paracale River is located on the east coast;
it and several other streams appear to be drowned in part.
They are short and would not merit especial attention were it
not for the rich gold placers which formerly made them of great
local interest. These are nearly exhausted, and the fleet of
dredges has almost vanished. In 1915 there were nine operating;
now there is only one.

Pasig River.—Pasig River is the shortest, and yet the most
important of the larger island waterways; it has its source in
Laguna de Bay and debouches in Manila Bay. Its total length
is not over 24 kilometers. The fall of this stream is slight,
as it flows through almost flat country. While it does not
carry the greatest volume of water-borne freight in the Islands,
the river usually is choked with interisland boats and launches
in its lower part, within the limits of Manila. Vessels draw-
ing over 3 meters come into the river to Manila, but only
launches and very light-draught boats proceed above Manila.
The tide runs up this stream as far as Fort William McKinley,
about 12 kilometers. At this point the river cuts through gently
folded tuff beds, affording about 15 meters of section. This is
important, geologically, because it gives an excellent opportunity
for the study of the composition of the plain and gives a clue to
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its geologic history. This rock also is of considerable economic
importance.

In order to understand the courses of many of these rivers
one must consider the earlier physiographic cycles in the history
of the island. Many of them, like the Abra and the Pasig, were
developed on a .Pleistocene plain and continued to flow across
.important and oftentimes resistant geologic formations which
were uplifted across their courses.” One of the best instances
of this is Trinidad River, in Benguet. Eveland(237) suggested
but did not elaborate this drainage history. It remained for
Dickerson to complete the study of this interesting Baguio
physiography.

LAKES AND SWAMPS

The true lakes in Luzon are Laguna de Bay, Taal, Canaren,
Bato, and Buhi. Paoay, Cagayan, Pamplona, Mangabol, and
Candaba are merely great swampy areas, whose size changes
with the seasons.

Laguna de Bay.—This is the largest lake in the Archipelago
and the most important in the life of the people of the Islands.
The greatest length and width of water are 40 and 34 kilo-
meters, respectively. It is very shallow throughout. The
contour of this body of water is perhaps the most charac-
teristic thing about it, being roughly heart-shaped and having
three prongs or fingers projecting northward. It seems prob-
able that this lake covers a stretch of low country once occupied
by the sea, the latter having been cut off by the deposition of a
great amount of tuff, which was gently folded, forming a dam on
the western side of the depression. The slightly arched tuff
beds can be seen plainly where Pasig River cuts through them
near Fort William McKinley. The high land on which the
United States Army post is situated is due to the bowing up of
these beds. The fact that this lake basin formerly was occupied
by an arm of the sea or a much larger lake was proved to my
satisfaction by the finding of terraces on Binangonan Peninsula.
Adams was unable to see these, and also cast some doubt on
the evidence produced by the finding of Recent marine shells
on some of these.benches. It is admitted that these shells
may have come from kitchen middens, as Adams suggests; but
the marine-terrace theory seems more nearly correct, since the
latter alone will satisfactorily account for the presence and ap-
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pearance of the benches. In a region of excessive rainfall ter-
races would not be so well preserved as they are in more-arid
regions. The recent military maps of the region leave little
doubt that these are marine terraces, but they may be lake
terraces.

Around the eastern shores of the lake, on Jalajala Peninsula,
and on Talim Island there is considerable basalt in the form of
flows and agglomerate. The shape of the lake suggests former
well-defined north and south valleys, whose width, shape, and
extent have been modified by the flows and the tuff deposits. On
the east side of this lake is a remarkable topographic feature
(Plate 14), which I can explain only by faulting.

Lake Taal (Bombon).—Lake Taal is situated about 65
kilometers due south of Manila. It is roughly 25 kilometers
by 15 kilometers, and its surface is only about 1.5 meters above
gsea level. Near the center is a small island on which are the
main crater of Taal Volcano and several subsidiary cones. It
has been studied by several geologists, but particularly by
Adams.(21) As his views appear to be as satisfactory as any
yet expressed, and as he incorporates in his discussion the im-
portant statements contributed by previous writers, the follow-
ing quotation is made from his paper:

Taal Lake is evidently a caldera formed by peripheral and radial fault-
ing and the subsidence and collapse of the many cones which have been
formed within its area during prehistoric eruptions. The process of for-
mation has been continued to a small degree during historic time.

The fact that the caldera is occupied by a lake prevents in a large meas-
ure the study of its origin. However, in the brief notes concerning the
two eruptions of Taal, it is recorded that within Taal Lake a new cone
arose as an island and subsided, leaving as its remnants two small islands
which lie to the east of Taal Volcano. In another eruption, a portion of
the shore of Taal Lake near the former site of the settlement of Taal
subsided below the water. Many who see the sheer face on the west side
of Mount Macalod form the opinion that a large mass of the mountain
has subsided into Taal Lake, and as substantiating this idea it is pointed
out that the deepest part of the lake is found near this mountain. While
studying the shores of the lake it was observed that in certain parts they
are precipitous, while in others they are eroded into gentle slopes. It
may be that some of the precipitous shore lines are due to recent faulting
and displacement, but it will require a detailed study to prove this.

The evidence for Adams’s conclusion cannot all be given here,
but the two most important points are the existence of faulting
in the region surrounding the lake, and the shape of the profile
along a line drawn through the center of the lake. The con-
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sensus among geologists who have studied the lake is that a
combination of circumstances—explosions, subsidences, etc.—
caused the present condition of things. The structures and
physiography exhibited by the caldera of Kilauea, Hawaii, are
in my opinion remarkably suggestive in this connection.

There are many other, smaller calderas occupied by water in
the region where Taal is located. These are particularly nu-
merous and a prominent feature of the topography in the vicinity
of San Pablo, Laguna. Many of them are perfectly circular and
of unknown depth. They are of various dimensions; some are
only a few meters in diameter.

Lake Canaren.—On the old Jesuit maps of Luzon Lake Canaren
is shown as a coalescing of several tributaries and, strangely
enough, according to the maps, water seems to flow into it from
almost any direction, and out of it either toward the Agno, north,
or toward the Pampanga, south. The area covered by this lake
is only about 40 square kilometers. It is little more than a
swamp. _ '

Lake Paoay.—Paoay is a small lake located in the dune area
of Ilocos Norte and owes its origin to ponding by wind- and
water-borne sand.

Other lakes, such as Bato in Albay Province, and Lake Caga-
yan, are little more than bodies of water that fluctuate with the
seasons.

Pratt(499) has written a special paper on Philippine lakes to
which the reader is referred for details of the lakes of Luzon.

CORDILLERAS AND PLAINS
THE WESTERN CORDILLERA

The western cordillera is generally known as the Zambales
Range and extends from Olongapo north into Pangasinan Prov-
| ince. Another part of this range consists of a cluster of volcanic
| stocks in Bataan Province. This range of mountains is not by
any means a continuous one; there are a few isolated high peaks,
but in the main the range is not greatly elevated. The highest
point is Mount Pinatubo. This has never been accurately meas-
ured, but is in the neighborhood of 1,800 meters high. Very
little geologic work has been done in this cordillera. Von
Drasche (200) worked in the vicinity of Iba, and Fanning,(250)
at a few points near Agno and Alaminos in Pangasinan. 1(568)
have been on the second highest peak of Pinatubo (about 1,700
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meters), which is composed of trachytic andesite, and on one of
the high peaks of Mount Mariveles (about 1,672 meters high),
which is also andesite.

The principal pass across this region is from O’Donnell, in
the central plain, to Iba. There is another, well-defined trail,
from Mangatarem to Infanta at the southern end of Dasol Bay.
There is also a good road from Alaminos to San Isidro, and in
the southern part there is a telegraph line from Olongapo to
Dinalupijan. With the exception of occasional expeditions of
United States Marines, this trail is very little used by anyone
but the local inhabitants.

The northern Zambales mountains are not covered with a par-
ticularly heavy growth of timber; in fact, many parts, like Pi-
natubo, are bare up to about 1,500 meters, and the last 300
meters are covered with a dense mossy forest; this is due to the
excessive moisture from the clouds which continually hang about
the summits. In Bataan Province the vegetation is very dense,
and the forests possess considerable commercial value. The
Cinco Picos Range, however, is almost bare.

In general, the rocks of this range are volcanic extrusives,
andesites, with marls and shales on the flanks, though serpentine,
cherts, and schists are also found there.* The Cinco Picos
Range, however, en the western side of Subig Bay, consists of a
totally different rock from that found on the east side, being a
dense pyroxenite.t There are no active volcanoes f along this
range, and the old volcanic stocks are pretty well eroded.

There is a considerable stretch of alluvium from Subig north-
west to San Narciso. The country here is very dry in certain
seasons, and owing to the composition of the soil fhe water sinks

* Elicafio has noted diorite in this region, east of Masinloc.

+ The effect of the geology upon geodetic calculations was very ef-
fectively demonstrated recently in this part of Luzon. A considerable
discrepancy between the astronomically determined points and the trigono-
metric stations near Olongapo was found to exist. The small Cinco Picos
Range, which consists of pyroxenite, lies to the west of the stations, and
the great andesitic mass of the Zambales lies to the east. The observers
expected the plumb bob to be deflected in an easterly direction, owing to
the main mountain mass being to the east; but the deflection was to the
north, as if one component of the forces was to the west, toward
the smaller mass. Not until an examination disclosed the denser rock in
the Cinco Picos (to the west) could the discrepancy be explained.

i Mr. Snyder, of the Bureau of Lands, reported that smoke was seen
issuing from the top of one of these peaks.
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rapidly, giving to the country the appearance of a semiarid
region.

The physiography and geology of the western side of the
Mount Pinatubo cluster is discussed by me in a paper published
in 1910. In this I call attention to the great depth of valley
filling of loose detritus, due to the torrential wash from the
Pinatubo Mountain group. Aglao Valley has sections showing
loose sand and bowlders from 30 to 60 meters deep. Indications
of recent marked uplift are to be seen in this valley where
several stages of terraces and entrenchments of the stream are
revealed.

Two formations in this general Zambales region deserve espe-
cial notice; namely, the foraminiferal tuffaceous marls on the
coast near Santa Cruz, described by von Drasche and Karrer
and referred to the Pliocene, and the great mass of agglomerate
on the eastern flanks of these mountains in the vicinity of Flori-
dablanca and north toward Camp Stotsenburg.

Asbestos and copper are found in this region, but there is no
exploitation. The heavy red soil, laterite, on Mariveles Moun-
tain is in places almost rich enough in iron to suggest the pos-
sibility of smelting it. In this connection also attention should
be called to the extensive black sands on the Bataan coast, re-
ferred to in the chapter on Economic Geology.

THE CENTRAL PLAIN OF LUZON

The principal interior plain of Luzon is the chief place of
settlement in the Philippine Islands. It is, roughly, 192 kilo-
meters long, stretching from Manila Bay on the south to Linga-
yen Gulf on the north, by 112 kilometers wide. On the west
it is bounded by the Zambales Mountains, and on the east by the
eastern cordillera. This plain was probably the site of an
ancient arm of the sea, a fact to which attention has been called
by a number of geologists, among them Adams,(21) who has
drawn a hypothetical map of the Tertiary geography of the
central portion of Luzon.

Composition.—In the northern and southern portions the
central plain is largely composed of alluvial material with pyro-
clastics, as shown by well sections and river banks. There are
the delta regions of the Agno in the north and Pampanga River
in the south. The southeastern part is largely made up of
Pyroclastics, as can be seen in railroad and river cuts and
numerous well sections. That this pyroclastic material ex-
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tended to a considerable depth is shown by a well section from
Pasay near Manila.

TABLE 7.—Section of well at Pasay, Rizal Province, Luzon.

Feet.
0- 18 Soil, sand, and sea shells.
18- 83 Gray and yellow silt with pebbles, shells, and
calcareous concretions. -
83- 87 Fine to coarse basaltic pebbles and tuff.
87-113 Yellow-gray sand, some clay, fragments of
soft tuff.
113-160 Yellow-gray tuff.
160-180 Yellow sand and tuff, small basaltic pebbles.
180-463 Light, yellow-gray tuff, partially with ba-
saltic pebbles.
463-483 Fine dark sand, some clear grains; tuff, ba-
saltic pebbles.
483-546 Fine-grained tuff; light gray.
546-570 Dark sand, some clear grains.
570-594 Tuff, with small basaltic pebbles.
594-634 Yellow clay with small basaltic pebbles.
634-690 Dark ‘sand.
690-713 Fine gray tuff.
713-743 Basaltic pebbles and fragments of tuff.

Logs of wells at Fort William McKinley, near Manila, show
the same materials to a depth exceeding 300 meters.

Physiographic features.—At first glance, the most striking
physiographic features of the central plain are: (a) The drain-
age system; in the north the rivers flow to the north and in the
south to the south; this may be accounted for by warping, or
merely by irregular deposition of detritus. Civil engineers
thoroughly conversant with this region maintain that it would
take very little to divert the Agno south toward Manila Bay.*
(b) The single extinct (Pleistocene or Pliocene) volcanic cone
of Arayat, standing isolated in the center of this great flat.
(¢) The one lake and two large swamps located in the eastern
part. (d) The vast delta region of Pampanga River which
bounds Manila Bay on the north.

Origin.—The origin of the central plain of Luzon can be
determined only after a study of the materials that compose it.
Some, including Herrmann,(317) have traced it to faulting;
that is, the valley represents a Graben with horsts of upstanding
material on either side, very much as in the Rhine Valley.

* Tradition has it that not over one hundred fifty years ago one could
go by boat from Manila to Lingayen over this plain.



REGIONAL GEOLOGY 125

It is very certain from both topographic and structural evi-
dence at many points along the periphery of this plain, that
faulting has occurred on the west side near Banban, where the
tuff is exposed in an east-facing escarpment of westerly dipping
beds. The throw of the fault here is at least 60 meters.
Other suspected faults, such as that running east and west
along the southern face of the Benguet mountains, and
another nearly north and south along the front of the eastern
cordillera near Montalban Gorge, lend support to the theory of
Herrmann. Yet, on the whole, one is constrained to hold to the
view that the valley is largely due to filling by detritus from the
mountains flanking it, accompanied by the slow elevation of Lu-
zon as a whole and by the deposition of pyroclastic material
which has come from several vents within the limits of the
plain and those on its margin. The log of a well at Arayat,
Pampanga, in the lower central part of this plain is given as
Table 8.

TABLE 8.—Log of well No. 492, Arayat, Pampanga; depth 600 feet, pumps
50 gallons per minute.

[Determinations by Geo. I. Adams.]
Feet.

0- 26 Brown sandy clayey soil.

26— 38 Dark grayish sandy soil.

38— 85 #Bluish clay with bits of shell.

85-100 Dark-colored clay with bits of shell.

100-109 Brownish, fine, evenly grained sand.

109-120 Medium-grained sand with pebbles.

120-125 Dirt with fragments of pebbles.

125-138 Clay with bits of igneous pebbles and shells.

138-160 Sand and unsized pebbles.

160-179 Clay with fragments of igneous pebbles and
bits of shell.

179-190 Light-colored, medium-grained sand with some
small pebbles.

190-200 Clay with unsized pebbles and igneous frag-
ments.

~ 200-222 Clay with unsized pebbles.

222-244 Dirty gravel.

244-263 Medium-grained sand.

263285 Light-colored, evenly grained sand.

285-320 Light-colored sand with small pebbles.

320-330 Light-colored, medium-grained sand.

360-400 Medium-grained sand.

400-425 Fine-grained sand.

425-480 Medium-grained sand with pieces of pumice.

480-500 Coarser sand with pumice.
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TABLE 8.—Log of well No. 492, Arayat, Pampanga; depth 600 feet, pumps
50 gallons per minute—Continued.

Feet.
500-518 Fine sand.
518-526 Medium-grained sand.
526-545 Sand with pumice.
545-555 Medium-grained sand.
5565-5569 Coarser, light-colored sand.
559-574 Medium-grained sand.
574-580 Light-colored material of small rounded peb-
bles af arenaceous clay.
580-600 Medium-grained sand.

THE ILOCOS COAST STRIP

This physiographic unit extends along the western side of
Luzon from near the head of Lingayen Gulf north to Cape
Bojeador, and comprises most of La Union and Ilocos Sur
Provinces and the western one-third of Ilocos Norte. In the
widest portion it scarcely exceeds 20 kilometers. This is a
fertile and populous region and is peopled by the thrifty and
hard-working Ilocanos.

The district consists largely of an elevated coastal tract, in
part of raised coral -and in part of alluvium overlying older

Sea /eve/
7, /‘\ N
B

F16. 3. Geologic section near San Fernando, La Union.

sediments, as indicated by fig. 8. The plain is bounded on
the east by an escarpment, which in part is due to a fault and
in part is the edge of andesitic extrusives. Across it flow large
streams, the Abra and the Laoag, which debouch onto it
through striking water gaps in the older and harder rocks to
the eastward. -

Vigan and Laoag are the largest cities on this plain. The
influence of topography upon a people is clearly exemplified
here, as the shortage of arable land has forced these people to
unusual activity and thrift as compared with some of their
neighbors. ’

THE CORDILLERA CENTRAL

"The Cordillera Central begins at about the latitude of Lin-
gayen Gulf and extends to the northernmost point of Luzon.
It is not a single range, but consists of two or three parallel
ranges. The eastern cordillera and the Cordillera Central start
from what Adams calls the “Central Knot,” which is the Cara-
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ballo Sur in northern Nueva Ecija and Nueva Vizcaya. The
principal range of the central cordillera is the Polis Range,
about 40 kilometers east of Cervantes. This cordillera keeps its
high elevation practically throughout the whole extent and is
a region of great rainfall and excesstvely steep slopes upon which
landslides are of frequent occurrence.

The head of Bued River Cafion is marked by some very inter-
esting landslides which not only are producing rather pro-
nounced changes in the topography of that region, but also have
become of first importance since some Government public build-
ings have been endangered.

Just before one reaches the Baguio Plateau proper, traveling
along the Benguet Road, one climbs to a bench which is largely
due to subsidence of material from the valley sides. There is
here a broad amphitheaterlike area, 2 or 3 kilometers long and
a kilometer or so wide, which remarkably simulates the cirque-
like head of a glaciated stream. At the upper end of this valley
there is a huge crack or series of cracks running around the hills,
about as the “Bergschrund” at the head of a glacial cirque
does. On the west side of the Benguet Road the greatest slip
can be easily studied. There is a fault here in loose tuff, sinter,
and volecanic breccia, amounting to at least 50 meters. The slip
.plane has an angle of from 55° to 60° and at this point trends
north and south. In fig. 4 the plan and the cross section of these
slips are shown. The sections were made by Lednicky in Jan-
uary, 1915, when he was called upon to report upon the Hospital
Hill slide. I visited this region during several previous seasons,
and in the spring of 1914 I measured the subsidence, which
then amounted to 10 meters, and the rate of movement, 2.5
centimeters an hour. As this material is all very loose and only
held together by clay, it is absolutely certain that there will be
other slides behind the present one and the hospital buildings,
unless moved, will ultimately be wrecked.

This subsidence is due to several factors. Undoubtedly, the
saturation of the loose materials with water is the prime im-
portant cause; another cause is the high angle of the valley walls,
which is far above the angle of repose. The ultimate cause
can probably be traced to the solution of limestones found far
below at the bottom of Bued River Cafion, notably at the foot
of the Zigzag, which would permit the leaching out of the rocks
and thereby cause the slumping of the material above.

Similar and even greater slides occur much farther north in
the Mountain Province, notably at Sagada, where a slide extends
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FiG. 4. Plan and section of the hospital-hill landslide near Baguio.

over even a larger area; there the subsidence in 1914 amounted
to over 3 kilometers. The fault crack, following the periphery
of the valley head, when seen by me was at least 3 kilometers
long, and a large Igorot village was gradually settling into the
cafion without any particular disturbance to the inhabitants.
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The Catholic church which had been located, unknowingly, over
the fault line was tipped over at a considerable angle, was par-
tially wrecked, and had to be abandoned.

It is my opinion that many of the plateaulike areas in northern
Luzon, and especially many of the benches in the valleys, are
due in part to fill as a consequence of these enormous subsidences
of the loose, water-saturated terrane. These slides will not
cease until the angle of repose for this kind of material is
reached.

A remarkable feature of this region is the torrential precip-
itation; this, in conjunction with the high altitude and compar-
atively short distance from the sea, resulting in great declivity
of the streams, makes for very rapid and pronounced erosion.
A study of the processes of denudation and sedimentation in a
region like this would yield enough material for a separate
chapter. One characteristic of much of the sediment produced
under such conditions is the coarse heterogeneity and lack of
well-rounded particles as compared with sediments under quieter
conditions.

As the political unit known as the Mountain Province includes
most of the central cordillera, a study of that province by me,
which was published in 1915, will be largely repeated here with
such modifications as later work and maturer judgment demand.

The area of the Mountain Province is 16,649 square kilo-
meters. The highest point is Mount Pulog, 2,924 meters. The
largest river in the province is the Agno, which flows southward
from Mount Data. The capital is Bontoe, in the heart of
the Igorot country, but the best-known town is Baguio, the
former summer capital of the Philippines. The province is
traversed north and south by three prominent mountain ranges:
the Malaya Range on the west, about 1,800 imeters high; the
Cordillera Central, 1,800 to 2,400 meters high; and the Polis
Range on the east, 1,500 to 2,100 meters in elevation.

Topography.—There are three distinct types of topography
in the region under discussion, and these are directly influenced
by the nature of the geologic formations. First, in the country
west of the Polis Range the formations are mainly volecanic, and
we find there an irregular, rugged, accentuated relief. The ele-
vations vary from 360 to 2,400 meters or more. Second, east
of this range, the formations are folded sediments, giving rise to
a more regular topography, and some of the hills and mountains
are nothing more than tilted blocks of sandstones and shales.

192776——9 P
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On the eastern slopes these present long, gentle inclines, but to
the west there are steep escarpments with here and there a saw-
toothed sky line. As one goes farther east, approaching the
valley of the Cagayan, the mountains become mere foothills.
In the eastern portion between the high country and the low
country just referred to, and therefore more properly a part of
the intermediate uplands, there is a stretch which has been
called by Worcester “No Man’s Land.” The people inhabiting
this section will be referred to in a subsequent paragraph. The
topography consists of medium-sized hills, 360 to 450 meters
high, which are due to cross folding of the original flat-lying
sediments; that is, to the east and west folding has been added
a north and south series of folds. This produces low, hummocky
hills and little, “pockety’” valleys, or hollows.
. The third distinet type of topography is the high plateaus
such as the one at Baguio and the one on Mount Data. These,
as pointed out in the chapter on Physiography, are regions of
mature to old-age topography, probably representing remnants
of peneplanation in an earlier cycle of erosion which, through
extraordinary elevation accompanied by faulting, have been set
off from the surrounding country of more-recent and more-
marked youthful topographic relief. The most remarkable of the
plateau remnants is that of Mount Data, which is a high (2,600
meters) block mountain made up almost entirely of beds of
tuff and andesitic agglomerate more or less in a horizontal posi-
tion, standing out very prominently in the landscape, marked
on at least three sides by very imposing fault scarps. The topo-
graphic unconformity between this physiographic unit and that
of the surrounding country is even more marked than in the
case of the Baguio Plateau. The mountain has never been ac-
curately mapped nor even roughly outlined. The eastern escarp-
ment is very imposing as revealed by the accompanying photo-
graph (Plate 19, fig. 2) ; it is at least 500 meters in height with
an average slope of about 60°. Over the side of this eastern wall
plunge several considerable streams in wonderful cascades. One
of these takes a total drop of 500 meters in four or five plunges.
In some places the walls are perpendicular. The surface of this
plateau is very much like that at Pauai (Haight’s), near kilo-
meter 57, but owing to the heavy timber of the mossy-forest type
it is difficult to make out the exact configuration of the surface.
'A fairly deep cafion cuts through the middle of it. The northern
part is fairly level, and in places in the rainy season there are



REGIONAL GEOLOGY 131

standing water and more or less swampy ground. This has
given rise to the tradition that there is a lake on the top of Mount
Data. At the time of my visit at the beginning of the rainy
season I saw nothing that could be called a lake.* The only
limestone that I saw on or about the mountain was a small
residual patch of badly weathered limestone (Malumbang?) on
the southeast slope very close to the Bontoc Trail, at an elevation
of approximately 2,200 meters.

At the extreme north end of this plateau there is a high rock,
from which the best panorama I have seen in the Philippines is
obtained. This rock is an agglomerate, with water-worn bowl-
ders firmly cemented in an andesitic matrix. I believe that
Mount Data is to be correlated with the Baguio Plateau.

Kilometer 81.—At about kilometer 81 on the Baguio North
Trail, a half kilometer east of the trail, there is a small plateau
remnant with a remarkable hanging valley. The topography
of this plateau remnant is distinctly old-age or at least very
mature, and at the south end there are a precipitous cliff and a
large slide. In the upper portion of the slide there is an excel-
lent section which shows one interesting feature; namely, an
old buried soil 0.5 meter thick, which at a distance has the
appearance of a coal seam. A sample was obtained and it
proved to be merely a very heavy deposit of humus; it is not
even peat. There is about a meter of sand and tuff above this,
with the present soil on top. The elevation of this old plateau
remnant is about 1,000 meters.

Sagada.—It has been suggested by some that Sagada is another
plateau remnant. I have not visited the region for ten years,
but from my recollection of that country I am of the opinion
that it does not correspond to the areas under discussion. There
is a considerable bench near the Sagada Mission which is due
to subsidence. However, there may be other areas in the vici-
nity of Sagada that I did not see.

River terraces.—As one travels north on the Baguio-Bontoc
Trail, particularly in looking eastward across Agno Valley,
several well-defined river terraces and elevated benches are dis-
tinctly visible. These are far from the river, high on the sides
of the Polis Range. Undoubtedly, these are to be correlated

* Merrill, who visited this locality in 1906, says that there is a small
shallow lake with no outlet on the right of the trail toward the northern
end of the mountain. It is not more than 100 meters in diameter, and
has water in it at all seasens. .
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with such terraces and benches as have been noted in Bued
River Cafion near the Kias Trail, and in the country northwest
of Trinidad.

Climate.—The climate in this region shows a complete gra-
dation from subtropical in the bottoms of the intermontane
valleys (for instance, at Cervantes) to temperate in the more
elevated portions. In the winter months thin ice forms at Pauai,
on Mount Data, on Pulog, and at other high points.

As there is no meteorologic station in the Mountain Province,
except at Baguio, figures for the rest of the province cannot be
given. Rainfall is excessive at certain seasons, and the rainy
season occurs at different times in different parts of the region.
Again, we find the Polis Range the great dividing line. On the
eastern side of this prominent topographic feature, in Ifugao
for instance, the seasons correspond more nearly to those that
obtain in Cagayan Valley.

Hydrography.—The prominent features of the hydrography
are the three principal streams, all rising on the slopes of Mount
Data. The Abra flows almost due north until it approximately
reaches the town of Dolores, where it turns west by south and
comes out to the coast just south of Vigan, cutting through a
hard igneous coast range. The second large stream flows north-
east and reaches the sea by way of Cagayan. The third is the
Agno, which also rises on the slopes of Mount Data, but flows
due south to the central plain of Luzon. None of these streams
is navigable in the area under discussion. The main drainage
lines in the area are well defined and doubtless structural, north
and south, with the usual attendant tributaries, influenced by
purely local or minor topographic features. The physiographic
histories are too complicated or too little known to be discussed
at further length.

Vegetation.—The region as a whole cannot be said to be a
forest region. There are areas, like the slopes of the Polis
Range, that are fairly abundantly supplied with timber, chiefly
pine (Pinus insularis) ; and there are portions of the territory
clad only with scattered timber, little of which is suitable for
-anything but fuel (for instance, around Bontoc and Lubuagan),
while in _Ifugao, around Banaue, there is scarcely a stick of
standing timber. There is, of course, the usual vertical differen-
tiation in the plant distribution which is pretty constant through-
out the Malaysian region—that is, the characteristic strand flora
of Malaysia along the 'seashore—the lowland forests generally
ascending to approximately 750 to 1,000 meters; the mossy forest
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on exposed peaks and ridges, characterized by the absence of
lowland types, the presence of some temperate-zone types, and
the enormous development of mosses, hepatics, lichens, and
epiphytic ferns, orchids, etc. In northern Luzon there are large
areas at and above an altitude of 1,000 meters where the pine
tree is dominant. Where the forest has been destroyed vast
areas occur that are occupied by the high cogon grass (Imperata),
while at higher altitudes even coarser grasses, such as the runo
(Miscanthus), become dominant. The flora that Merrill * found
on Mount Pulog is typical of the. northern Luzon high-mountain
region. The low-country vegetation is at present found nowhere
in the region. It is important to bear this in mind, because of
a certain fossil flora recently found at a high altitude, which is
described in the chapter on Paleontology. '

Population.—The indigenous people, Igorot, Ifugao, Kalinga,
etc., of this northern country are essentially primitive and in
most instances have been little influenced by outsiders. While
a considerable number of tribes and corresponding dialects have
been noted, the people are fairly homogeneous.

General geology.—A cross section such as I made in travel-
ing from the west coast at Tagudin northeastward to the edge
of Cagayan Valley gives one a good general idea of the forma-
tions and the structure of the region (fig. 5). Near the west
coast are found gently folded shales and sandstones, which be-
come more inclined toward the Malaya Range, and more con-
torted toward the east. The Malaya Range is essentially a
mass of porphyry or, to be more exact, andesite. Some phases
of it are aphanitic and distinctly bluish green. The town of
Cervantes is situated on a small tongue of high ground between
the Abra and one of its branches. The rock underneath is
practically the same as that found in the high land on each side
of the town. Toward Bontoc there is a similar andesitic mass
with, however, several large outcrops of quartz. At Bagnen and
Sagada, tuffs and limestones overlie the andesitic mass. These
tuffs dip 20° southeast and, though they are topographically
higher in places, the limestones appear to be stratigraphically
above them. Subsidence explains their lower position. Between
Sagada and Bontoc there are extensive rocks, almost entirely
andesite and dacite, but east of Bontoc diorite and granite appear.
The belt of granite rocks is only 8 to 10 kilometers wide. There
i8 more andesite of, rather, it is very fine grained, almost an

* Philip. Journ. Sci. 5 (1910) Bot. 287.
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aphanitic phase of diorite, almost to
the town of Barlig, where steeply dip-
ping, sandy shales are encountered
again, with the inclination toward the
south. Sandstone and sandy tuff make
up the main mass of Mount Amuyao
which, like Mount Santo Tomas in Ben-
guet, may owe its elevation to faulting;
from there to Cagayan Valley the same
sediments are found. Occasionally, as
at Natonin, there is an area of extrusive
rocks overlying the sediments. I saw
no limestone east of Barlig, but farther
north on the crest of the range back
of Tinglayan, limestone cliffs could be
made out with the glass, at nearly 2,000
meters elevation.

Granite.—The plutonic rocks already
mentioned consist of granite and dio-
rite. Granite outcrops in a rather nar-
row belt, about 4.8 kilometers east of
Bontoc, and along the valley of the Sal-
tan at Balbalasang and for some little
distance down that stream. It appears
to be a long intrusive mass whose long
axis is northwest and southeast. It is
a typical quartz-feldspar-biotite granite
and has a grayish to glaring white ap-
pearance in the field. The feldspar is
milky white. No microscopic examina-
tion of the feldspar has been made. The
jointing in this formation is particu-
larly marked, and its strikes and dips
were noted as follows: North 20° west,
57° southeast; east and west, 75° east;
north 60° east, 30° (?). This granite
is probably an extension of the large
intrusive mass encountered farther
south in Benguet.

Diorite.—The diorite is a quartz-
plagioclase-hornblende variety with
some orthoclase and lies on both sides of
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the granite. Bordering the granite, and apparently in the
diorite, are several large quartz bodies, which will be referred
to again. These plutonic rocks are undoubtedly much more
extensive than they appear to be, but they are concealed by
the overlying extrusives. I consider the diorite to be the basal
formation, and the granite an intrusive of rather recent date.

Extrusives.—Von Drasche has described the typical extrusives
found in this region, and there is little to add to his list. Ande-
site is the principal type. Von Drasche apparently makes no
mention anywhere of dacite, a glaring white rock with small
phenocrysts of clear quartz in a dense, creamy white, aphanitic
groundmass. I found this well developed near the junction of
the main Cervantes Trail and the Sagada Trail, nearly 6 kilo-
meters south of Bontoc. The relation to the rest of the extru-
sive mass is hard to make out, even in the fresh cliffs along
the trail. This rock is not essentially different from the Corre-
gidor rock, mentioned by Becker.

It seems that immediately west and north of Bontoc is one
of the vents from which much of the volcanic material in this
region reached the surface.

The list of extrusives compiled from both von Drasche’s and
my own observations includes basalt, andesite (pyroxene), ande-
site (hornblende), andesite (agglomerate), dacite, and tuff.

A description of the extrusives, as already published for the
Benguet region, (560) shows no essential difference between the
rock types of the two districts. Their distribution is shown
on Plate 39.

The sedimentary rocks in the region include limestone, marl, }
tuff, tuffaceous sandstone, sandstone, shale, conglomerate, sinter
(calcareous and siliceous), and travertine.

Limestone.—In the high-mountain region of Luzon limestone
is widespread but not continuous. It consists of remnants here
and there, generally on the high-mountain tops, and that it
formerly extended over a much greater area is patent. Plate
39 shows some of the localities where it may be found now.
Probably the most interesting development of this limestone
is at Sagada, where it projects from the soil in great masses.
The bedding planes can be distinctly made out, about 20° south-
east (Plate 3, fig. 1). On the weathered surfaces the limestone
is bluish gray, but on fresh fracture it is cream white to red-
dish. Plate 3, fig. 2, shows the characteristic spirelike forms
Produced by the dissolving action of the heavy rainfall of this
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region along joint planes. A thin section of this rock showed in-
numerable fragments of the well-known Mio-Pliocene marine
alga, Lithothamnium ramosissimum Reuss. This limestone is,
then, equivalent to the upper limestone of Cebu and of many
other parts of the Archipelago.

A similar limestone near Baguio, about in the same topogra-
phic situation, Dickerson believes is Malumbang (Pliocene).
At Sagada, the limestone contains numerous sinks, and some
caves of no inconsiderable proportions in which the Igorots
bury their dead. One of these caves has one chamber as large
as the auditorium of a small theater, and its passages are
said to contain a total length of 5 kilometers. I explored only
a small part of the cave as I found that it does not differ,
essentially, from scores of other limestone caves. It is interest-
ing, but not of fundamental importance. The heavy wash of
torrential water has not permitted a great accumulation of
detritus in these caves, and probably little of archeologic or
paleontologic value would be found in them.

At Sagada, just below the Mission of Saint Mary the Virgin,
and above the limestone at the large cave, I found what appears
to be a purely local development of conglomerate. It consists
of a sandy reddish matrix with limestone pebbles in it. It is
both topographically and stratigraphically above the limestone
which von Drasche thought was the uppermost formation.
May this not be the equivalent of the Bued River conglome-
rate described in the chapter on Stratigraphy?

Marl.—Von Drasche has called attention to the marly layers
intercalated in the upper limestone near Sagada. I also noted
such layers in several places on the road south of the mission;
but the layers are thin and, unless the material might find some
economic application in connection with the limestone, do not
seem to be of great importance. The marl is buff colored.

Tuff —As would be expected in a region of great volcanism
in the past, tuff beds are a dominant feature. At Sagada, per-
haps, is the best section. Here Father John Staunton opened
a quarry in this material to get stone for a new church. The
face of the quarry is now (1922) about 23 meters high. At the
bottom is 1 meter of bluish black, shaly-looking rock which is
very fine grained; this is succeeded by 6 meters of an almost
solid bed of tuff which varies in texture; above this, 7 meters of
yellow-stained beds of shale; and at the top, tuff beds 1 to 3 me-
ters in thickness. In the face the stratification appears to be
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nearly horizontal, as the quarry is opened approximately along
the strike. The dip, however, is actually 20° southeast. In
the shaly portions are many leaf impressions of which I secured
some excellent specimens through the kindness of Mr. McBrust,
the engineer of the Sagada Mission. This flora is described
in the chapter on Paleontology.

The conclusion to be drawn from the presence of these fossil
leaves is that there have been recent great land movements in
* this part of Luzon. It does not indicate a change of climate in
the Philippine region, except such as would come from a change
in elevation. All the evidence on hand supports the assumption
that there probably has been little or no regional change in cli-
mate throughout the Tertiary or post-Tertiary. -The tuff beds
are probably not older than Pliocene.

Throughout this region, but usually near the volcanic area,
are beds which can with difficulty be differentiated from tuff
on the one hand and true sandstone on the other. This material
is found in its most puzzling aspect at Lubuagan, the capitol
of Kalinga. The constituents of both the tuff and the sand-
stone came from the break-up of basic igneous rocks. Whether
the material from which they were derived was disintegrated
by explosion or by subsequent erosion can only be told by
examination of the shape and condition of the component
grains. The point is that the composition in both cases may
be much the same. As one goes eastward it becomes easier to
make distinctions. ‘

Sandstone.—A typical exposure of what may be termed the
Kalinga sandstone is found on the banks of Chico River, near
the Nipan rest house. Here the sandstone and alternating shale
beds are exposed for over a kilometer on the west bank of the
river. The dip of the beds is 65°, slightly north of west. The
sandstone is a coarse grayish to buff material which shows
plainly its derivation from andesitic rocks. Along the bedding
planes, ripple and wave marks show very plainly and abundantly.
Here also I saw some undeterminable plant impressions, ap-
parently of long-stemmed reeds. Near the trail between Lu-
buagan and Sicician, in the sandy shale portions of what must
be the same general formation, I found the following, which
stamp the formation as Miocene: Turbo borneensis Bttg.,
Pecten senatorius K. Mart., Pecten leopardus K. Mart., Cardium
sp., Conus sp., Fungia decipiens (K. Mart.), Cassidaria sp.,
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Tapis sp., Dosinia sp., Turbinella tjidamarensis K. Mart., and
fragments of Alcyonaria.

Shales.—The shales that are found intercalated with the sand-
stone of this region grade imperceptibly into it. Mineralogically
they are the same; they differ merely in grain size. Plate 20,
fig. 1, gives an excellént idea of their field occurrence. The fre- -
quent alternation of sandy and shaly layers in practically all
of the sections seen shows that these beds were laid down in
shallow water. )

Conglomerates.—I have already alluded to a local conglom-
erate associated with the limestone at Sagada, but the one re-
ferred to here is the conglomerate formerly thought to be equiv-
alent to the Agno beds of von Drasche. The formation is not so
well developed as in the type locality on Agno River. These
are well exposed in the lower Bued Cafion. The formation
is, mineralogically, the same as the sandstone and the shale,
the difference being again one of grain size with the “grains” the
size of bowlders. Naturally, andesite and diorite predominate,
as those rocks predominated in the ancient headlands of the
Tertiary seas. It is very easy to confuse some of the volcanic
agglomerate with these conglomerates. Also, the sandstones in
places simulate conglomerates, due to the concentric weathering
of the thicker, bedded layers.

Sinter.—In this region there are occasional hot springs where
there are great quantities of siliceous and calcareous sinter.
This condition can be seen at Mainit, near Bontoc.

Travertine—A complete list of sedimentaries must include
the ubiquitous stream deposit known as travertine, which is
found here and there in the streams, usually indicating the
presence of a limestone remnant somewhere above on the crest
of the mountains. As pointed out, in other parts of the Phil-
ippines this deposit is found most abundantly on shale and,
when it occurs, it completely obliterates the rock beneath.

A rather remarkable physiographic feature of the Benguet
country is Trinidad Valley, a roughly circular, flat-bottomed
area about 1.5 kilometers in diameter, partially surrounded by
coral limestone of Malumbang age, and dipping about 15° to 20°
west. The presence of coral fragments in great profusion in
some places, especially in Trinidad Gap, and the generally cir-
cular outline caused von Drasche to call this an elevated atoll.
Recent field studies by Dickerson and myself cause us seriously
to question this explanation. We believe that this is purely an
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erosion phenomenon. A detailed discussion of this appears in
a paper by Dickerson.*
THE CAGAYAN BASIN

The Cagayan basin is a long valley of varying width lying
between the Cordillera Central and the Sierra Madre Mountains
of northeastern Luzon. In places the alluvial plain is narrow,
due to low spurs from the cordilleras. The valley is underlain
in large part by the formations of the Batan and Vigo groups
(middle Miocene) beneath a varying thickness of alluvium which
is added to each year by the river floods. Ferguson investigated
some coal deposits in this valley, near Alcala, which proved to be
of inferior quality.(266)

Whether the valley is a broad synclinal or a rift valley I am
unable to say, since I have done no work in that region, but
the topography seems to indicate the former rather than the
latter.f

Cagayan River with its large tributary, the Chico, meanders
in wide sweeps through grassland, tobacco fields, and forest
land. This is one of the most important agricultural districts
of the Archipelago. The largest tobacco plantations are located
chiefly in this valley.

THE EASTERN CORDILLERA

The eastern cordillera has a general north and south trend,
but is marked by some sinuosities, following pretty closely the
east coast of Luzon; so that in its southern extension, where it
cuts through Camarines Sur, particularly in the Caramoan
Peninsula, it trends almost east and west. Very little is known
about the eastern cordillera, and but few prospectors have
crossed it. Here and there in the northern part some adven-
turous ones, notably Heise and Dudley, crossed. Ickis made a
reconnaissance from Laguna de Bay to Infanta,(336) and Pratt
and Adams made reconnaissances on Caramoan Peninsula.(497)
A few boats have skirted the east coast of Luzon, but very

* Philip. Journ. Sci. 23 (1923) 437. _

T This interpretation has recently been confirmed by Dr. A. N. Krysh-
tafovich, who made a rapid survey of this valley. Professor Koto, of the
Imperial University, Tokyo, Japan, has suggested to me that this valley
is a rift valley and is a continuation of the great rift which he has found
on the eastern margin of Formosa. It seems that Koto is mistaken, for
it appears to be more probable that the continuation of the Formosan rift
is southward, close to the western coast of Luzon, as indicated by sound-
ings in those waters.
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fragmentary observations have been recorded. According
to all reports the eastern cordillera, in the northern portion at
least, is close to the sea and is steep cliffed, which would indicate
recent elevation. Here follow a few notes made by Eddingfield,
during a trip in 1913 by boat around the east coast.

The coast northeast and east of Cagua is sedimentary. These sediments
extend from the northernmost point of Luzon southward for at least 45
kilometers. Northeast of Cagua they appear to strike northwest and south-
east and dip about 70° northeast. They make up an irregular sawtooth
range of hills with very precipitous slopes. Numerous caves are visible
from the steamer. Farther south the dip varies to the east as if con-
stantly dipping away from Cagua. Here too sharp peaks are character-
istic of the sediments. The next 50 kilometers of the coast were indeter-
minate as the steamer was too far from shore.

The rocks at Ports Dimalansan and Bicobian, north of Palanan Bay,
are igneous. They are for the most part coarsely crystalline pyroxenites
which in places are rather schistose in appearance. They are cut by sev-
eral dikes of fine-grained rock. Igneous rock probably extends inland at
least as far as Mounts Cresta and Moises. At Palanan Point limestones
appear and extend southward along the coast. At Disumangit Point the
limestones are much twisted and stand nearly vertical, striking approx-
imately north and south. One cliff of limestone was made up of alter-
nating, narrow, light and dark bands, very much twisted, giving a curly
or wavy appearance. These limestones probably extend as far as Dilasag
Bay. The hills behind are probably igneous intrusives which produced
the folding, as in the case of Cagua Voleano.

The rocks surrounding Casiguran Sound are igneous, diorite, andesite,
and pyroxenite, and probably extend for 12 to 20 kilometers inland to a
band of sedimentaries which pass northward through Bulacan and Nueva
Ecija. These sediments probably extend at least as far as Pugo near
which limestone is reported. Governor Grove, of Nueva Vizcaya, re-
ported that near Pugo, Gonip River, which flows into the Conwop, a branch
of the Cagayan, flows for a considerable distance under a mountain of
sediments. It is possible that this band extends the entire length of
Luzon as is the case on the west coast. ‘

Gold is marked on d’Almonte’s inap as being found in the mountains
opposite Cape Ildefonso, but its existence at the present time is apparently
unknown. The Ilongots and Negritos never have any gold, although the
former are great metal workers and are very fond of ornaments. They
apparently do no mining but obtain silver and brass from the towns to
make their ornaments. However, there probably is a body of iron ore
near here for the compass is affected by something in this section.

East of Baler is an outcrop of coarsely crystalline pyroxenite similar
to that found at Palanan Bay. Information obtained from prospectors
shows that these igneous rocks extend south at least as far as Mount An-
gelo. This corresponds to and joins the section made by Ickis across the
eastern cordillera which extends the igneous to Atimonan.

There are several good ports on the east coast of Luzon, Port Lampon,
Dingalan Bay, Casiguran Sound, Port Bicobian, Port Dimalansan. The
coast north of Dimalansan is bad landing on account of the coral reefs.
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This section is practically uninhabited except for a few
scattered Negrito houses. At Palanan is a small Negrito
town. . Baler and Casiguran are fair-sized towns in which
one or two Americans live; between these are several
small Negrito towns.

It is needless to say that we know very little
about the elevation of this cordillera, except that
it is much lower than the central cordillera.*

We know practically nothing about the forma-
tions in the northern part of this range. Fergu-
son visited a volcanic peak, Mount Cagua, near the
northernmost point. Semper (547) found period-
ite in the Sierra Madres, as the northern part of
the eastern cordillera is known. Ickis made a
cross-section from Tanay to Infanta (fig. 6)
through the central part, showing closely folded
sediments, with diorite and andesites. Adams
and Pratt found andesite in the part of the range
in Camarines Sur, and schist areas in the Cara-
moan Peninsula.

For our knowledge of the central portion of
this cordillera we are indebted to McCaskey, Dal-
burg, Pratt, and Smith. It is a region of closely
folded sedimentaries and crystalline rocks (fig.
7). This region is sparsely settled, mainly by
remontados and Negritos, as one would expect
from the rugged nature of the.topography.

The principal stream draining this portion of
the country is the Angat, one of the wildest and
most picturesque to be found in the Philippines.
The damming of this stream some 10 to 15 kilo-
meters above Norzagaray is contemplated by the
Metropolitan Water District of Manila, the pur-
pose being to secure a greater water supply for
Manila; at the same time, abundant and cheap
power will be secured.

The map indicating the distribution of civil-
ized and wild peoples,t shows that the whole
eastern cordillera, from Cape Engafio to Casigu-

* United States Army aviators who have recently flown
over the region report some peaks, estimated as at least
3,000 meters high.

t First Philippine Census 2 (1903).
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a, post-Miocene sediments; b, Miocene sediments; ¢, granite; d, effusives with intrusives:
¢, intrusives with effusives.

ran Bay and, except for two or three spots, as far south as
Infanta, is inhabited by Negritos. Continuing along the coast
almost to San Miguel Bay, there is a long strip pretty well taken
up by Tagalogs. Then, in the Caramoan Peninsula, Negritos are
found again, with some Bicols. On the whole, the population is
very sparse.
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Beginning at the north, we find several well-defined passes
through this range, and these passes mark the location of trails
leading from the interior to the coast. The first one connects
the headwaters of Ilagan River and Palanan Bay. About 80
kilometers south there is another, between the headwaters of
Cagayan River and Casiguran Bay. Only a few kilometers
south of that is a pass between Cabanatuan and Baler. This is
perhaps the most important pass in eastern Luzon, separating
two considerable massifs of the eastern cordillera. This pass
affords also a break-through for typhoons. The next im-
portant pass follows Chico River from Pefiaranda to Dingalan
Bay. Farther south is the route followed by Ickis from Tanay
on Laguna de Bay to Infanta. Another one extends from
Pagsanjan to Mauban, thence from Lucena to Atimonan.

In Camarines Sur the cordillera splits into two parts; the
one following the Caramoan Peninsula, as already described,
the other stretching in a southeasterly direction into Sorsogon.
The latter is crossed in two very important places, one trail lead-
ing from Naga (Nueva Caceres) to Pasacao, and the other from
Albay to Pilar. These passes have been very important factors
in the settlement of certain parts of the east coast. There
has always been very little trading along the east coast.
Several isolated spots are occupied by Tagalogs. It is my
opinion that these Tagalogs have come across the mountains by
way of the passes noted above rather than by the longer way
of the sea. From what we know of the history of the United
States, and in fact all countries, mountains are great control
factors in the distribution of people.}

THE SOUTHWESTERN VOLCANIC REGION

This region is fully described by Adams(21) in a paper on the
geology of southwestern Luzon. It comprises, roughly, Rizal,
Cavite, Laguna, and Batangas Provinces and a portion of north-
western Tayabas Province. It includes within its area such
prominent physiographic features as Taal Volcano, which was
destructively active in 1911; several extinct cones, Banahao,
Maquiling, etc.; several small crater lakes near San Pablo; the
very interesting lakes, Bay and Taal; and Pasig River.

T An especially pertinent example is the Cumberland Gap leading from
the Appalachian valleys into the “blue grass” regions of Kentucky and
Tennessee. During a certain period practically the entire flow of the
population westward was through this pass.
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As one would expect, this region is underlain with volcanic
materials of one kind or another, andesitic lava, agglomerate,
and tuffs. Other formations appear on the edge of the Manila
coastal plain, such as river aluvium near rivers, conglomer-
ates and sandstones near the coast, and limestones, shales, etc.,
of Miocene Tertiary on the inner margin, near the eastern
cordillera.

Formerly there was a much greater extension of the sea inland,
probably as far east as the eastern rim of Laguna de Bay; later
this was cut off, and a much larger lake than the present one
undoubtedly existed. By the filling in of pyroclastic material,
accompanied by elevation, the former connection with the sea
was broken.

The recent elevation of this country is remarkably well shown
on the southern coast of Batangas, where terraces over 50 meters
high and with several steps can be seen from a passing vessel.
Running through this country are several sharply defined fault
lines which have influenced the topography to a marked extent.
One of these is the now well-known Taal Volcano line first
pointed out by Pratt. A fuller discussion of this is given in the
chapter on Seismology. Another well-marked line is defined by
the prominent scarp trending north and south, just east of
Laguna de Bay. Still another marked topographic feature is the
escarpment just west of Montalban Gorge, about 40 kilometers
northeast of Manila.

Manila is located on the low saturated alluvium just bordering
the great tuff area which is extensively developed to the eastward.

No economic mineral product other than sand, gravel, and
stone for construction purposes comes from this region. Some
vears ago attempts to make cement on Binangonan Peninsula
were unsuccessful.

THE SOUTHEASTERN VOLCANIC REGION

In northwestern Camarines Sur the mountain ranges diverge,
undoubtedly belonging to different systems, one fork running
through Caramoan Peninsula, and the other following the west
coast. Between these two, on what was originally a more or
less level plain, there has been built up a cluster of volcanic
cones more or less dissected by erosion. However, one of these,
Mount Mayon, is probably the most nearly perfect volcanic cone
in the world (Plate 29). This is the highest of the group, and
is only a short distance from Legaspi. What must have been 3
larger cone is now represented by Mount Isarog, but the sym-



REGIONAL GEOLOGY 145

metry of this has been destroyed by the sliding out of one side
of the crater. In spite of the great size of these mountains and
the deep caiions on their slopes, they are of very recent origin.
Adams, who made a trip through that country, compiled the
various reports in an interesting and able discussion.(21)

Of all the travelers through this district, Charles Martin has
brought back the best photographic records. In 1909 Martin
and a Franciscan priest from Tabaco made an ascent of Mount
Mayon, and secured fine pictures of the crater and of the country
as seen from the summit.

Farther south, in Sorsogon, is another large, somewhat dis-
sected volcanic stock called Mount Bulusan. This is much like
Mount Isarog in general appearance.

West of this cluster of volcanic mountains lies the beautiful
Bicol plain, which is probably an old trough filled partly with
river alluvium and partly with voleanic ejecta. According to
Dr. A. N. Kryshtafovich, there is a prominent fault line on the
west side of this plain where the valley fill abuts on the folded
rocks in the low cordillera which follows down the west side
of this peninsula.

THE CARAMOAN PENINSULA

This prominent peninsula, east of San Miguel Bay, .is a contin-
uation of the metamorphic region of the well-known gold district
of Paracale and Mambulao. According to Pratt the rocks in
this region are dominantly schistose.(497)

THE CENTRAL KNOT

This complex of mountain ranges, formed by the coalescing of
the Cordillera Central and the Caraballo Sur Mountains, is
situated largely in Nueva Vizcaya Province. No geologic work
has been done in this region by Government geologists since the
time of the Spanish geologist Abella. This able investiga-
tor studied the region in 1881, particularly the areas bordering
the igneous masses of that area, in connection with earthquake
studies. According to one cross section in his report, which fol-
lowed the highway from San Jose in Nueva Ecija to Solano in
Nueva Vizcaya (that is, from south to north across the divide
of the Caraballo Sur Mountains), there are folded Tertiary sedi-
ments, conglomerates, sandstones, and shales abutting on diorite.
To the south these sediments are overlain by the tuffs and al-
!UVium of the central plain. Abella seems to have realized the
Importance of a study of faults in connection with the subject,

192776——10
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but he makes little mention of any in his descriptions. He con-
cludes that the earthquakes of that region were of little im-
portance.

The Philippine Government is now building a first-class
macadam highway which will pass through the heart of this
region, connecting the central plain with Cagayan Valley.

There is no mining activity in this region, but guano and phos-
phate rock are being mined at a locality a few kllometers east
of Tuguegarao.

THE INTERMEDIATE UPLANDS

All of the territory that is not coastal plain or central plain, and
is not above 1,600 meters in elevation, will be designated the
intermediate uplands. Topographically, it consists of the foot-
hills and the sloping flanks of the high cordilleras. The rocks
may be of all classes, but the chief formations are the folded
Tertiary sediments, limestones, sandstones, and shales, with the
coal seams (where they exist) sloping away from the central
ranges. The lower, and generally worn-down, volcanic stocks
will also be included under this heading.

In the western part of northern Luzon there is a series of
hills, lower than the ranges that make up the cordilleras, with a
linear north and south arrangement, between which lie com-
paratively flat reaches occupied by streams of varying size.
Across these cut larger and stronger streams, clearly antecedent,
which have maintained their courses across the ranges or ridges
as these were thrust up in their paths. In part these low parallel
ranges are due to folding, in part to faulting. The most impor-
tant and striking examples of these antecedent streams is the
Abra, which reaches the sea through a great Water gap near
Vigan, Ilocos Sur (Plate 19, fig. 1).

Some of this topography, in La Union Province particularly,
may be said to approach “Cuesta” topography ; that is, alternat-
ing belts of ridges and flat areas of softer rocks.

The population in the intermediate uplands consists largely of
the less-progressive types. In certain parts of Luzon, such as
Batangas and Laguna Provinces, where the underlying formation
is a decomposing volcanic material and where the country is
not too greatly dissected by streams, there is a fairly prosperous
population; but in the uplands of northern Luzon very little
advancement could be noted until after 1900. There are few
roads, and there is comparatively little communication between
the settlements. The greater dissection of the country by the
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streams has decreased the area of agricultural land, and unless
the: mineral resources be developed the country will always
remain comparatively backward.

SUMMARY OF THE GEOLOGY OF LUZON

If we examine the general geologic map of Luzon, we’distin-
guish in the southern part a rough lining up of formations into
belts having a northwest and southeast trend, as follows:

1. At the extreme southeast, there is a zone of metamorphic
rocks beginning on the small island of Rapurapu and extending
northward through Camarines Sur, especially in Caramoan
Peninsula. The continuation of these rocks has been picked up
in the eastern cordillera, farther north.

2. Next to the westward is a belt of recent volcanics. In
this belt are the well-known cones of Bulusan, Mayon, Iriga,
Isarog, and the almost worn-down stock of Bagacay.

3. The narrow Albay plain, composed of tuffs and alluvium.

4. A broader belt of folded Tertiary sediments in the western
part of Sorsogon Peninsula, constituting practically the ‘whole
of Tayabas Peninsula. Bondoc Peninsula, with its folded and
faulted sandstones, shales, and oil seeps, belongs in this belt.
The belt continues into central Luzon, where it becomes partially
concealed by later volcanic flows.

5. There is another volcanic zone, which takes in Taal, Ma-
quiling, Banahao, etc., at the eastern edge of the central plain.

6. The plain belt, beginning with the Cavite plain and the
central plain, extending north to Lingayen Gulf. The extinct
volcanic cone Arayat, near the center, is the commandmg' fea-
ture of this plain.

7. The line of andesite stocks constituting the Zambales.
Plutonic rocks, diorites, and gabbros, as well as schists and
argillites, were found by von Drasche and by Abella in this
region. The superstructure, however, is andesitic.

8. Westernmost are the basic and dense rocks of the Cinco
Picos Range, just west of Subig Bay. This formation is really
almost insignificant in area, but it is very important.

In the northern part such clean-cut separations cannot be made,
owing largely to lack of knowledge. However, a rough pa-
rallelism of belts can be made out.

The eastern cordillera is made up of intensely folded Tertiary
sediments—crystalline rocks, granitics, and schists and, later,
lava and agglomerate flows. In northern Luzon there is one
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solfataric volcano, Mount Cagua. With this exception no vol-
cano, either active or extinct, is known in the whole belt.

In the region of Cagayan Valley there is a vast area of folded
Tertiary rocks, principally sandstones and shales. The geology
of the great backbone of Luzon, the Cordillera Central, is dis-
cussed under the head of the Mountain Province.

West of this central “ridgepole” there is the Malaya Range
consisting again of old volcanic flows, intrusives, and folded
sediments.

The stratigraphic column is essentially that of the Archipelago
as a whole. The reader is referred to the table and remarks
in the chapter on Stratigraphy.

ECONOMIC MINERALS

A great many economic minerals have been discovered on
Luzon, among others gold, copper, iron, platinum, galena, anti-
mony, molybdenite, coal, asbestos, manganese, sulphur, and salt.
Only gold, copper, iron, and salt have been economically exploited.
To-day the only production in Luzon comes from one quartz
mine in Benguet, one gold dredge in the Paracale district, and
some crude iron furnaces in Bulacan Province. On Batan Is-
land there are two producing coal mines, but their present pro-
duction is small. The mines and mineral deposits are described
in the chapter on Economic Geology. '

MARINDUQUE

Goodman is the only Bureau of Science geologist who has
made a study of Marinduque Island. Considerable prospecting
and development work has been carried on by Manila people
without any production. The status of the lead prospects on
this island will be found in the chapter on Economic Geology.

The following is from a manuscript report, 1907, by Goodman:

Marinduque is approximately circular in outline and covers an area of
about 350 square miles. It is situated between the coast of Luzon, which
partly encircles it on the north and east, and Mindoro, which lies about
25 miles west of it. Marinduque now belongs under the jurisdiction of
Tayabas, its independent provincial government having been abolished in
November, 1902,

A mountain range, which traverses the island in a general north and
south direction, constitutes the core of the island and divides it into two
nearly equal parts. It is fairly uniform in altitude and approximates
1,600 feet above the level of the sea, although a few of the peaks, such as
Marlanga, Gazan, and San Antonio, rise about 500 to 700 feet above the
general profile. The western slope of the mountain range is rather steep
and thickly bedecked with timber, while the eastern slope is in general
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more gentle and covered with grass. In fact, a large part of eastern Ma-
rinduque is given up to pasture and stock raising, for which purposes
it is eminently adapted.

Transportation about the island is mainly by sea, the principal towns
being located on, or very near, the coast. The only wagon road in the
island is about 23.5 miles long, and extends along the west coast from the
barrio of Mogpog, about 4 miles north of Boac, to the barrio of Buena
Vista, about 8 miles south of Gazan.* Agriculture is the main pursuit of
the inhabitants, and the cultivation of rice, hemp, and coconuts is carried
on over almost the entire island.

Marinduque is built upon a foundation of igneous rocks, chiefly diorite
(in some places quartz diorite) and andesite. It is quite possible that the
latter is but a superficial phase of the former, its porphyritic texture
being due to the more-rapid cooling of the igneous mass. These basal
rocks were covered with a series of sedimentaries, of which a very sili-
ceous white sandstone was the most important member. The period of
sedimentation was probably followed by one of eruptive activity, which
produced a blanket deposit of tuff and andesite, and this was in its turn
submerged to be covered with a capping of white limestone. Then came
the final elevating thrust, which being applied either unequally or to an
unequally yielding mass, caused a prevailing dip of the overlying strata
southward.

The eruptive period in the island’s history witnessed not only a consid-
erable change in the topography but also a marked alteration and meta-
morphism of the earlier rocks. The white sandstone became a fine-grained
white quartzite, while the igneous rock suffered a change both in compo-
sition and in structure. In some places, notably in the southwestern part
of the island, are immense serpentine and chloritic outcrops which resulted
from the alteration of the most basic igneous rocks. These rocks have in
places become so squeezed and shattered as a result of metamorphic proc-
ess, as to cause them to take on a fine felsitic texture, and to develop
a marked cleavage structure. Numerous fissures were also opened during
this period, to become filled in time from quartz and ore-bearing solutions.
One of these is about 7 miles east of Boac on the bank of Malaquing Sapa,
in the barrio of Tapiing. Here there is a 15-inch fissure vein of slightly
auriferous quartz between igneous walls, one of which is the dark felsite
much fractured and the other a quartz diorite containing considerable
pyrite.

From the direction of the fissures and the strike of the folded strata,
it seems likely that the direction of the dynamic stresses was approxi-
mately north-northeast and south-southwest. The fissure veins in igneous
rocks show no remarkable uniformity in strike and were probably first
caused by contraction of the molten mass to be later modified by rock
movements.

About three-fourths of a mile west-northwest of the barrio of Maso-
lokot, intersecting Pansui Creek, which here runs almost due east, is an
outcrop of a quartz lode. On the north side of the creek is a hard quartz
vein, 10 to 12 feet wide, running approximately north-northwest and south-

* Since 1907 another road, from Santa Cruz to Torrejos, has been con-
structed. —W. D. S.
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southeast and dipping about 35° west-southwest. The outcrop has been
exposed by erosion for about 50 feet, but scarcely any development work
has been done upon it by the locators. The country rock is a fractured
andesite, and the main cleavage plane is roughly parallel to the plane of
the vein. The contact is quite distinet but irregular, and large “horses”
of the country rock are inclosed in the vein itself. Stringers or lenses of
galena also appear in the matrix, most of them being small. The largest,
which consists of practically pure galena and a very small amount of
iron pyrites, has been followed for about 12 feet, in which distance it has
widened from about 2 to 10 inches. The chute appears to be lenticular in
form, dipping downward along the strike as well as lying parallel to the
vein itself. The vein is very irregular in mineralization, and samples
taken from different portions of the vein show it to be surprisingly poor
in gold and silver values.

On the south side of the river the lode splits into two branches, making
an angle of nearly 180° with each other.

A much more promising prospect is the one near the barrio of Pacas-
casan. Here Mr. C. J. Cooke has located and staked a claim on a quartz
vein, which at the time of my visit was entirely undeveloped with the ex-
ception of a small open cut across the vein and about 4 feet deep. This
exposes a 5-foot vein of red clay and honeycombed and crystallized quartz,
containing a small amount of galena and pyrite. A small amount of free
gold was also observed in the quartz. From the small area uncovered
and from other outcrops, the strike of the vein appears to be northwest
and southeast with a slight dip toward the southwest, but other outcrops
near the discovery line suggest that there is more than one vein or that
these outcrops belong to offshoots from the original vein. Both walls of
the vein are andesite, which has been very much kaolinized and stained
at the contact, making the line of demarcation indistinct.

The location of the prospect is admirably adapted for economic opera-
tion. It is about 550 feet above sea level in a small draw and about 120
feet below the top of a ridge. This ridge is fairly steep and terminates
in a coastal plain about 1.5 miles wide. What appears to be a well-
protected port is in plain view about 2.5 miles distant.

In addition to the several lodes described, it is interesting and may
prove of value to some, to report that in Napo River, about 800 yards
south of the municipality of Santa Cruz, large and almost pure specimens
of galena and chalcocite float were found. While no one specimen con-
tained both minerals, it is quite possible that they were derived from,
and constituted separate stringers in, the same vein. Some of the bowl-
ders that contained both quartz and chalcocite weighed about 250 pounds
and were nearly 2 feet in diameter. One of these specimens showed
roughly 18 per cent copper, and 0.2 ounce gold and 8 ounces silver per
ton. A rounded bowlder weighing about 10 pounds.consisted of practically
pure galena and carried 0.04 ounce gold and 6.85 ounces silver per ton.
Unfortunately, the lode from which these specimens were derived could
not be readily located, and it was impracticable to institute extensive ex
plorations for that purpose, but it is almost certain to prove a valuable
find to the successful prospector. It should not be very difficult to locate
the lode, for the carrying power of the stream and the size and weight of the
specimens indicate that the source cannot be far distant. Another sug
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gestive clue is the fact that the float was found in a low river bank, the
base of which is igneous while the hill immediately above it is the hard
white quartzite. It is therefore quite possible that the lode, like the float,
will be found at the contact between the two formations of a vein.

Only one other mineral deposit was encountered of sufficient extent to
be worth recording. This is a deposit of specular hematite which out-
crops in the gorge of Maculapnit Sapa, a branch of Boac River. The
deposit is about 20 feet thick and dips at an angle of 22° toward the south-
east. It lies upon a floor of altered sandstone containing olivine, hematite,
and secondary quartz, and is capped by a stratum of hard greenish im-
pure quartzite, very much fractured and containing considerable pyrite.
The extent of the deposit could not be definitely determined on account
of the soil and vegetation which covered the ground, but to a height of
100 feet above the river, the ore could be easily traced. While there may
be no objection to it on the score of quantity, the matters of quality and
accessibility are less satisfactory. An analysis of a sample taken from
the outcrop showed the following percentages: Iron, 56.88; SiO., 13.91;
sulphur, 0.79; P, trace. The high percentage of sulphur is almost prohib-
itive, but this objection may be partly overcome by sorting, for the pyrite
is not uniformly distributed through the ore, but occurs more or less in
bunches.

There are several deposits of bat guano in Marinduque. As in other parts
of the Philippines, they are located in caves of the limestone capping.
One of the largest of these is located at an elevation of about 1,100 feet,
in a place called Bongoy, about 3 miles north-northeast of the barrio of
Duyai. This barrio is connected with the coast by a fairly good road, but
from Duyai to the cave the ascent is steep and difficult. The mouth of
the cave is wide and high, and its sides and roof are hung with large vari-
colored stalactites. The entrance is down a steep and rocky path to the
cave proper, which is about 50 feet below. The main chamber is about
120 feet long by about 385 feet wide, and branching from it are three
smaller chambers. The floors of all the chambers are covered with bat
guano, which is wet and muddy at the center, but dry at the sides and
ends. The average of several soundings showed but 2 feet of depth. It
is estimated that there are about 400 tons of guano in this cave.

Anothe; occurrence of geologic interest rather than economic import-
ance, was observed about 2.5 miles up the stream from the barrio of
Jabionan. Here a small flow of natural gas is emitted from a minute
fissure in a metamorphosed igneous rock, composed largely of serpentine.
This formation overlies a series of sedimentaries consisting mainly of im-
pure limestones, and the latter are probably the source of the natural
gas. Several other small gas leaks were noticed, some on the bottom of
the stream and some on the banks, but all issued at a very low pressure.
The largest of them afforded a flame but 7 inches high.

Whoever may be interested is cautioned that these notes are the results
of observations for less than a month over an island of approximately
350 square miles. The work was, therefore, in the nature of a rapid
reconnaissance, and the geologic inferences drawn as the result of hasty
observations must be left subject to modification, should a more detailed
study render it necessary. However, these notes may not be entirely without
value to future prospectors, and even to the geologist these brief notes on an



152 PHILIPPINE GEOLOGY AND MINERAL RESOURCES

island, which has to the writer’s knowledge no other geologic literature,
may perhaps be of some interest.

THE VISAYAN ISLANDS

The Visayan Islands constitute the middle portion of the Ar-
chipelago between Luzon and Mindanao. Mindoro is included
in the Cuyo-Palawan group.

TABLE 9.—The principal islands in the Visayan group in the order of size.

Square
kilometers.

Samar 13,271
Negros 13,699
Panay 11,520
Leyte 7,249
Cebu 4,390
Bohol 3,973
Masbate 3,250

Samar, though the largest, is the least developed. It has
the distinction also of being the rainiest part of the Archipelago.

Negros is one of the most fertile members of the group, the
soil being largely volcanic. It is famous for its large sugar
plantations.

Panay gives, perhaps, the greatest promise of substantial,
all-round development of any. Sugar and rice are the main crops
of this island. It has modern railroad facilities.

Leyte occupies an intermediate position, being neither very
advanced nor very backward in development. It has no rail-
roads, and the few large towns are on the coast. ‘Abaca is the
principal product. In the north are some bituminous sandstone
deposits which are being exploited.

Cebu is the most populous island of the Philippine Archi-
pelago. It has a modern railroad and bids fair, on account
of its coal deposits, its geographic position, and its labor supply,
to become the manufacturing center of the Philippines. On
account of its rugged interior it is not foremost agriculturally.
It has perhaps the best health conditions of the group.*

Bohol is an agricultural island with little modern develop-
ment.

* Latest hookworm surveys show a high infestation average, perhaps
above 70 per cent. One of the reasons given for this high average is
the physiographic condition of the island—V. E.
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Masbate is best known for its gold mines, in the Aroroy dis-
trict in the northern part. The interior offers a great range
for livestock.

The population of the Visayas, as would be expected in a
region of great coast line where the land masses are separated
by short stretches of water, is largely seafaring and more closely
united than is the case in other parts of the Archipelago, where
great mountain chains act as formidable barriers to intercom-
munication. There are slight differences from island to island,
but the population is essentially a unit throughout the group.*

SAMAR

Becker confines his remarks on Samar to one paragraph, in
which he refers to coal. He did not visit the island.

Adams(17) is the only geologist, to my knowledge, who has
written anything about this island prior to 1921, and he touched
at only one or two points near Catbalogan.

Hubert G. Schenck made a six weeks’ reconnaissance on
Samar in company with G. B. Moody, a geologist in the employ
of one of the large oil companies exploring the Islands.

GEOLOGY OF SAMAR

No geologic survey of Samar Island had been attempted until the fall
of 1920, when a party consisting of G. B. Moody and H. G. Schenck entered
the field. Mr. Moody, chief of the party, was engaged upon economic
work, while Mr. Schenck was detailed to accompany him. The island lies
between the parallels 11° 01’ and 12° 36’ north latitude and the meridians
124° 15’ and 125° 46’ east longitude; in shape, it may be considered as
a large trapezium, about 12,000 square kilometers in area. Less than
240 kilometers of roads have been built, and reliable maps of the entire
island are few.

The physiography of Samar is in many ways unlike such islands as
Luzon. Nearly all of Samar Province is maturely dissected; the igneous
area is limited in extent, while limestone is abundant. Rivers, shallow
and rocky, are extremely numerous, making water communication a diffi-
cult matter. Outcrops are more abundant along the coasts, where they
are not so effectively hidden by vegetation as in the interior. There is
no great “Cordillera Central” on Samar, with the result that a large amount
of rain is evenly distributed over the entire island.

In studying the rocks of the island, the writer was surprised to note
some of the features of the sediments; many of the rocks were puzzling.

* Beyer recognizes four subdialects; namely, Cebu, Aklan, Panay, and
Samar-Leyte.

+ Résumé of a paper by Hubert G. Schenck, Philip. Journ. Sci. 20
(1922) 231.
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In the center of the island, in the bed of Ulot River, a specimen of a
peculiar rock was collected, which was called a quartzite in the field and
even under the hand lens it seemed to be that metamorphic rock; but a
thin section shows that it is-a feldspar porphyry. Another rock that caused
much discussion in the field and in the laboratory came from the Wright-
Taft trail, east of the barrio of Bagakay. It shows under the microscope
together with other minerals angular to rounded crystals of plagioclase
feldspar, all of which are fractured, and some show marked evidences of
having undergone strain; so that this specimen may be an igneous rock
that has undergone so much metamorphosing action that to-day it resembles
a clastic rock. The most surprising relationship of all, however, was that
of Lepidocyclina in angular and subangular fragments of limestone with
rounded igneous pebbles; formations which in the field were thought to be
Miocene in age were shown to be post-Miocene and thus definitely estab-
lished an unconformity between the Miocene and the Pliocene. The
sandstone formations of Samar are typically feldspathic, and point to a
diorite as the probable basement complex of the island.

As to structure, not enough definite information was obtained durmg the
reconnaissance to work out in any detail the broad structural relationships.
The data now in hand indicate an island with an igneous core, some mono-
clinal strata, minor folds, much faulting, an unconformity after the Vigo
(Miocene), a topographic unconformity between the Pleistocene and the
Recent formations, and complex earth movements. The last-named feature
is worthy of consideration, in so far as some evidence supports a theory
of differential tilting of Samar, while there is as good evidence supporting
a theory of general marine terracing of the entire island. Major faults
parallel the seismotectonic line on the west coast and the Philippine
deep on the Pacific side.

The party found no important economic metallic minerals on Samar;
though they were told fabulous tales of rich deposits, strange to say, no
specimens were brought forth to support the stories. The coal is too
“young” to be of much value, and the beds are faulted; it was probably
deposited in local basins, at times during torrential rains, and it would
not be at all surprising if the beds thicken and thin to some degree; so
that the coal of Samar, in addition to being of poor grade, is geologically
unfavorable for development. It is not likely that Samar will ever become
a large producer of minerals, though of course, further prospecting may
bring to light minerals which are more accessible and perhaps capable of
being mined commercially.

Roth describes the rocks and formations observed by Jagor
during his trip through portions of Samar.*

NEGROS

Previous to my visit to Negros in the spring of 1922 very
little geologic data on this island existed. The Spanish geologists
seem to have passed it by. Becker(50) has a few scattered notes,
but owing to the politically disturbed condition of the country

B

* Roth’s description was translated by Schenck, Philip. Journ. Sci. 20
(1922) 263.
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in 1900 he was unable to go far inland. He went ashore at
one or two points on Negros during the insurrection, in 1900,
for very short excursions. He found the stream pebbles for
the most part andesitic. On page 556 of his report(50) he refers
to the strike and folding of the coal measures as follows:

In the Island of Negros, the folding of the lignitic series has been
similar to that in Cebu. The predominant rock of this series along the
Talabe River is sandstone, which is accompanied by shales and some lime-
stone. The whole series is considerably indurated. The strata are much
distorted and faulted. The strike is usually to the east of north, or nearly
in the direction of the axis of the volcanic range. The dips are from
30° to 70° or more, and it is clear that the coral reef formation, which
is continuous for some miles from the coast, rests on the upturned edges
of the lignitic series.

On page 572, he devotes a paragraph to the coal outcrops
on Talabe River, but evidently he was not much impressed
by their commercial possibilities. He states:

In the northeastern portion of Negros coal seams occur, lying 6 or 8
miles from ‘the coast and in a line substantially parallel with it. They
are exposed in the channels of the rivers Talabe, Calatrava (or Macasilao),
and Luzén. It is said that some of the seams are of good width and
quality. I visited that on the Talabe, but found nothing of value. Two
seams were exposed; neither had over a foot of fuel, and they carried
pyrite. The lignite was jet black, and seemed to belong to the same
class as the Cebu lignites. The seams lay between walls of bituminous
shale and dipped 30° NW. The stratification in the neighborhood was
much disturbed. There were many pieces of float coal in the river, and
very possibly there are other seams hereabout, but the natives professed
to know of no other exposure. It was my intention to explore the entire
belt of deposits, but an attack on my escort by a relatively large body
of natives put an end to prospecting. This belt is well worth examination
when the natives quiet down. Governor Larena also informed me of a
coal deposit in southwestern Negros, to the eastward of Cabancalan. Ef-
forts to obtain detailed information failed.

Negros is situated between 9° 4’ and 11° 1’ north latitude .
and between 122° 24’ and 123° 34’ east longitude. It is 200
kilometers long and in its widest portion about 90 kilometers

wide.
TOPOGRAPHY

Most of Negros is mountainous, and a considerable portion,
though not the greater, consists of volcanic mountains. The
northwestern portion, where most of the sugar is raised, is of
volcanic origin; but the entire eastern strip and a large part of
the southern part of the island consist of folded and faulted
Tertiary sediments, plutonic rocks, slates, and jaspers of prob-
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able Mesozoic age, and some Tertiary extrusives, all more or
less dissected and worn -down by erosion. Topographically and
geologically, Negros can be divided into two parts. .

The northwestern portion consists of an extensive coastal
plain, the largest and richest in the Philippines, which flanks
a line of older and younger volcanoes, of which Mount Canlaon
is the highest and most recently active (1904). Between the
coastal plain and the volcanic mountains there is a wide strip
of country made up largely of gently sloping terrane formed by
the wash of ash and bowlders from the volcanoes. These great
alluvial fans are deeply dissected by the torrential streams that
come from the heights above. This part of Negros is of ex-
tremely recent origin, and its formation is almost the last
episode in the history of the island.

The other part of Negros, while not so high as the volcanic
part, is more rugged and consists of greatly eroded, folded, and
faulted mountains in the extreme eastern portion, while in some
of the southern portion erosion has proceeded to such an extent
that the relief is moderate. Therefore,.the true cordillera and
“grain” of the island run northeast and southwest and close to
the east coast for the most part, while the line of volcanoes
in the northern portion is a later and superficial feature of
the island.

In spite of the latter statement and from the human point of
view, the dominant features of Negros are: First, the extensive
coastal plain, from 10 to 30 kilometers in width, affording per-
haps the richest strip of agricultural land in the Philippines;
and, second, the majestic, though not perfectly symmetrical,
cone of Mount Canlaon rising from this plain to an elevation of
2,438 meters.

The mountains in the eastern part rarely exceed 1,000 meters
~ in height; but the proximity of these to the coast, in some
places only 2 to 3 kilometers distant, exaggerates their height.
Furthermore, the streams of the east coast are short and swift;
consequeéntly, the effect of erosion is more pronounced and
gorges and cataracts are the rule.

A feature of the topography of Negros of vital importance
to the sugar industry of the island is the following: The line
of volcanic mountains in the northern part is not continuous,
and between the several volcanoes there are comparatively low
(200 to 300 meters) areas which allow the moisture-laden winds
to break through the barrier and give a more-uniform precipi-
tation throughout the year. The north and south sky line of



the island, as seen
from a boat aproach-
ing the west coast, will
help to clarify some of
the foregoing state-
ments. The principal
peaks along this sky
line, beginning at the
north, are Lantauan,
1,049 meters; Silay,
1,634 meters; Manda-
lagan, 1,880 meters;
Canlaon, 2,438 meters;
and, Iin the extreme
south, Cuernos de Ne-
gros (the horns of
Negros).

A generalized east
and west profile is
shown in the idealized
geologic section in
fig. 8.

A noteworthy fea-
ture of the volcanic-
plain topography in
Negros is the incised
meanders of the
streams. In the lower
portion of these
streams where the
declivity had become
almost zero, and con-
Sequently the velocity
of the streams is like-
wise low, the serpen-
tine curves of old-age
topography, or those
characteristic of most
streams at grade, had
been developed.
Later, when the latest
episode in the geologic
history of Negros oc-
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curred, these streams, due to the marked uplift of the island,
amounting in the northwestern portion to at least 10 meters,
began to take on new life and cut downward, thus incising these
meanders, so that they are a striking feature of the topography
in the middle portion of the plain.

In summarizing, we may speak of the topography of western
Negros as youthful, with long gentle parabolic curves as the
rule; while that of eastern Negros is youthful also, but is of the
faulted mountain type of which straighter lines and serrated
sky lines are the characteristic features. In southern Negros,
on the other hand, a maturer topography than that of the
above-mentioned portions is found.

HYDROGRAPHY

The hydrography of Negros embraces a consideration of the
ocean and harbors, the rivers and lakes, and the ground water.

OCEAN AND HARBORS

Negros is surrounded on the east by the exceedingly deep
Tafion Strait, on the north by Jinotolo Channel, on the south
and west by Panay Sea. The soundings on the Coast and Geo-
detic Sunvey charts show shallow water on the west, partic-
ularly between Guimaras and Negros, the maximum depth
between Panay and Negros being 18 fathoms, while in Tafion
Strait 297 fathoms have been noted.

Although Negros has approximately 600 kilometers of coast
line there are few good natural harbors in the entire length,
and those in localities of no utility at present—at Escalante
on the northeast coast and at Campomanes Bay on the south-
west coast. At San Carlos on the coast, at about 10° 30/, there
is a fairly good harbor where, even in typhoons, ocean-going
vessels can lie at the pier. At Bais fair anchorage can be
counted on in the southwest-monsoon season. On the west
coast there is the possibility (at Pulupandan particularly), if
breakwaters are constructed, of securing a very good harbor,
though at considerable expense. It is on the west coast, where
most of the sugar is produced, that a harbor is essential. On
the south coast there are some indentations that are either small
or have no important back country, and they may be dismissed
for the present. '

The lack of harbors on Negros is directly due to the geology
of the island. This island has been rising during recent times,
and under such conditions indentations suitable for harbors are
rare. Contrast the coast line of Negros with that of northern
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Palawan, for instance, which has numerous large and small
indentations, all due to recent submergence and the consequent
drowning of the lower portions of river valleys.

RIVERS AND LAKES

Most of the rivers of Negros are unnavigable for the same
general reason that there are no good harbors. The principal
river is the Danao, which debouches near Escalante and which,
while not very long, is navigable for vessels of light draft for
several kilometers. Other rivers of importance are the Bi-
nalbagan, the Bago, and the Ilog, which will permit the entrance
of flat-bottomed lorchas for 5 to 10 kilometers and are navigable
for dugout canoes for much longer distances, in some cases one
or two days’ travel. The periodic overflowing of these rivers
has added greatly to the value of the sugar land in the lower
courses of the rivers.

Binalbagan River is the longest, as-it rises on the eastern
flanks of Canlaon, at first flowing southeast, then within one-
half day’s march of the coast, about 10 kilometers, it is turned
sharply south by the wall of the coast range and swings south-
west and west, finally reaching the sea on the west sidé of the
island. On the flanks of Canlaon this river is a roaring torrent,
clear and cold; at Binalbagan it is wide, fairly deep, sluggish,
and full of silt. '

Bago River rises in the saddle between Mount Mandalagan
and Mount Canlaon and flows to the sea some distance south
of Bacolod. The run-off of this river, as gauged by the Bureau
of Public Works, shows tremendous fluctuations with the sea-
sons. For example, as low as 212,200 second liters were re-
corded in November, 1920, while in September of the same year
nearly 8,000,000 second liters were recorded. In July, 1921,
as high as 18,000,000 second liters were registered. Similar
data are not available for the other rivers.

Tlog River rises in the foot of the boot of Negros near the
heel and flows northwesterly into the sea south of Panay.
Perhaps the finest sugar land in Negros is located along its
lower course. One important branch of Ilog River is known as
the Tablas, since it rises in a moderately elevated table-land
near the heart of the lower end of the island.

Besides these rivers there are numerous shorter streams, the
shortest being on the east coast, for reasons already given.

Owing to the heavy growth of timber about the headwaters
of most of these streams, in the later volcanic and older moun-
tains of Tertiary age, the run-off of the streams is better con-
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trolled than if the mountains were bare, even though in the
lower courses the country is quite without vegetation of a kind
to act as a check on the run-off of the precipitation, and to
this is largely due the fact that floods of destructive violence are
not frequent. In fact, I was informed by local residents that
Ilog River had very rarely reached extreme flood conditions
previous to 1919. A moderate amount of flooding, such as is
often experienced in the region of Kabankalan, is of great benefit
in adding new silt to the soil. Judging by soil analyses and
cane production, this region is one of the best on the west side
of the island.
GROUND WATER

As the bulk of western Negros, where the sugar production
is concentrated, is of volcanic formation, consisting of more
or less tuff (consolidated volcanic ash) overldin by loose volcanic
sand and bowlders, the ordinary river banks do not show sec-
tions deep enough to enable one to get any idea except by infer-
ence as to the deeper-lying formations. The deepest river cut
noted was about 25 meters in the upper Bago River, but well
logs made from stratification samples collected by the Bureau of
Public Works will help materially in supplying information on
that point (Table 10).

It will be noted that (a) there is great difference between
the logs of wells on the east coast and those on the western
side of the island. The former penetrate sedimentary forma-
tions, while the latter pass, almost without exception, through
volcanic ejecta; (b) there is little regularity in the succession
of strata in the volcanic material; (¢) water can be found at
almost any depth in the volcanic plain; (d) the water has, gen-
erally, to be pumped; that is to say, true artesian conditions
do not exist; (e) the water in the wells on the east coast is
harder than on the other side, except in the southwest (where
the same conditions exist) due to the penetration of limestone .
on the eastern side. An exception exists in one well at San Car-
los, which has a very dark colored and soft water, very fine for
boiler purposes. This well evidently drains a buried swamp.

The surface of the water table, for the present at least, lies
pretty close to the present surface of the land, depressed here
and there by deep gorges in the volcanic plain where most of
the wells are located. There should be little trouble in securing
water anywhere on this plain at reasonable depths for a long
time to come, but no accurate predictions as to depth or quantity
can be made.
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TABLE 10.—Showing well logs from borings made by the Bureau of

Depth.

Feet.
20

40

60

80

100

120
140

180

200

220

240

260
280

320

340
360

On the lower portions of the
water is so close to the surface

Binalbagan.

Public Works in Negros.

Sand, gravel, and
clay.
Black pebbly clay___

Black sticky clay____

Gray andesitic gra-
vel.

Fine gray feldspar
sand.

spar sand.

sand.
Yetlow pebbly clay _ _

Black carbonaceous
clay.
Coarse andesitic clay_

sand with shells.
sitic sand.
sand.

Coarse gray ande-
sitic sand.

Medium gray feld- |-

Coarse andesitic |-_ _. _. "

Medium gray ande- |_...

Locality.
Cadiz. I Escalante.
‘I Coarse white coral

Yellow argillaceous |- ..

Fine gray andesitic |.._

_i Grayshale._________

sand.

| Yellow clay with
limestone
bles.

White calcareous
clay.

Coarse
sand.

calcareous

Coarse
" sand.

calcareous

coodooo Lo L
_do__. .

o..doo_____

Coral limestone _

Gray doby.

ceeodoo-_ o oL
o---do__ .

peb- ;

Gray calcareous clay.

Do.

Yellow calcareousclay
with coral and shell.
Do.
Do.

Do.

Coarse coralline lime-
stone sand.
Do.

Mixed igneous and
calcareous sand.
Black carbonaceous
and calcareous clay.
Do.
Do.

Do. #

. Coarse coralline lime-

. stone sand.

Do.

western plain of Negros the
that in regions of adobe soil

the land needs drainage badly. Some of the water is, of course,
surface water, but a great deal of it is ground water.

By digging shallow cisterns surface seepage water can be
obtained almost anywhere in northwestern Negros in sufficient

Quantities for all ordinary purposes.

Furthermore, sufficient

water for irrigating the higher ground or for use during ex-

1
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. ceptionally dry seasons can, by means of diversion weirs, be
taken from the many streams that cross this plain.

CLIMATE

Walker, formerly of the Bureau of Science, worked in Ne-
gros in 1909 when there was no meteorologic station on that
island; but within the past few years, attendant upon the rapid
erection of modern sugar centrals, observers have been placed
on this island by the Weather Bureau, and complete data of this
nature are available. I am indebted to Father Miguel Selga,
S. J., assistant director of the Weather Bureau, who personally
established these stations, for Table 11.

The chief point I wish to bring out here is that the topogra-
phy of Negros is such that a very variable rainfall is the result.
At the north end of the volcanic range, at Cadiz, Manapla, etec.,
the rainfall is abundant and well distributed, since the moisture
from both the northeast trade wind and the southwest
cyclonic winds is precipitated in this region. Likewise, at
Murcia, just opposite the great gap due to the low saddle
between Mount Mandalagan and Canlaon, the rainfall is in
great contrast to that recorded at points in the lee of either of
those two great masses. This was particularly notable during
December, 1921, when the weather station at Murcia recorded
465.9 millimeters, while the nearest figure to that is 191.2 milli-
meters at Silay. During the same period only 49.8 millimeters
were recorded at San Jose, which is*well protected behind Can-
laon, on the southwest slope.

SETTLEMENTS AND LINES OF COMMUNICATION

The principal towns of Negros are Dumaguete, the capital
of Oriental Negros, and Bacolod, the capital of Occidental Ne-
gros. There is no city or port of the first class on the island,
and in this respect Negros is far behind some of the less-pro-
ductive islands of the Archipelago.

Practically all the settlements of importance are located on or
close to the coast, or along the indefinite line marking the junc-
tion between the littoral and the alluvial fans on the flanks of
the volcanic mountains or of the coastal plain and the folded
Tertiary mountains. There is no road across the island from
one side to the other, though one is under construction by way
of Binalbagan Valley. The location of towns and lines of
communication is influenced by the physiographic features
of the island. The effect of mountain barriers is best shown
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by the fact that in Oriental Negros the dialect is Cebuan Visa-
van and in Occidental Negros Panayan Visayan is spoken.

GEOLOGY

In fig. 8 I have attempted to give a generalized cross section
of Negros Island as it appeared to me in crossing from La
Carlota on the western side to Vallehermoso on the east coast.
This section is not drawn to an exact scale, but is approximately
correct.

To ascertain the nature of the formations of Negros, one must
go to the eastern part, the narrow strip of Tertiary cordillera,
which is older than the western part. “Float” in the streams
will indicate what is hidden in the mountains, for this includes
fragments of slate, jasper, and deep-seated plutonic rocks very
similar to those in other islands of the group. Since it is
generally the rule in geology to begin with the older rocks and
ascend the geologic column the cordillera west of Vallehermoso
should be considered first. There are found sediments, sand-
stone, and shales tilted at high angles and stratigraphically
below (though above topographically) the coast limestone; below
these Miocene strata are still older, though not always visible,
Mesozoic (?) slate and jaspers. These have been seen as yet
only in one or two localities as ‘“float.”” Cutting the last and
pushing up under the Tertiary beds are larger and smaller in-
trusions of granitic rocks, diorite or gabbro, which are igneous,
but not of volcanic origin. Above all of these stratigraphically
(in some cases below and in others above topographically) are
hundreds (in such masses as Canlaon and Silay, thousands) of
meters of tuff, loose ash, and bowlders of andesite and basalt.
Last of all come the alluvial deposits and raised beaches of the
Recent period. These are about the lowest topographically, yet
the highest in the stratigraphic column.

The chief point to grasp at the outset, before the geology of
Negros can be understood, is that the larger part of western
Negros is young, superficial, and totally different from the
eastern part, which is much older. In fact, western Negros
is merely a late episode in the history of the island. First there
was a small, narrow island mass along the eastern edge of the
present island, or there may have been a land mass where Tafion
Strait is now, though this was doubtless later. From these
clder masses erosion removed much, if not most, of the terrane
and deposited it as sand and lime close to shore, and as mud
in the deeper water; later, these became sandstone, limestone,
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and shale, respectively. The sandstone eventually became quart-
zite; the limestone, marble; and the shale, slate.* " This was in
the Mesozoic or earlier. After this came strenuous mountain-
making movements with intrusions of igneous rock. Subsequent
erosion and, still later, blanketing by other deposits have ob-
scured most of this early history. Erosion and slow sinking of
the land accounted for the accumulation of additional hundreds
of meters of sediments. These were subsequently hoisted
through further mountain-making movements, and folded and
faulted. Previous to this there may have been land connection
with Cebu; later, through down-folding and faulting, the sea
encroached so as to cover the sunken area.

As before, just as soon as the land emerged from the sea,
erosion began its inevitable work of leveling the folds. As this
work proceeded there was another subsidence, and a great man-
tle of coral limestone was laid down over the upturned Tertiary
strata, thus marking an unconformity.

Again, the tremendous forces of Nature raised the rocks of
Negros to great heights, and remains of this limestone forma-
tion are found on the summits of some of the highest points of
the eastern mountains. This formation is called the Malum-
bang, because it was first described, and perhaps best developed,
on the Malumbang plain of Bondoc Peninsula, Tayabas Province,
southeastern Luzon. This limestone belongs to the Pliocene
period in the geologic column. The lime dissolved out of this
by the rain and the streams makes the soils of eastern Negros
richer than those of northwestern Negros. The greater per-
centage of phosphorus pentoxide (P.,0,) in the eastern soils
and in certain soils of the southwestern portion is undoubtedly
due to the leaching of guano in the caves of the same formation.

The high potash content shown by the analyses of soils of
Bais and San Carlos made by Walker + may be explained by the
presence of orthoclase feldspar and possibly leucite, not yet noted
in the igneous rocks, in the nature of intrusions in the eastern
cordillera of this region. In my hasty examination of this
region igneous rocks were noted, but no detailed studies could
be made at the time.

Up to this time the western shore line of Negros was not very
far from the present east coast. Probably the coast line and
plain were similar to the east coast and plain of to-day. Then,

* I have not found all of these in Negros.
+ The Sugar Industry in the Island of Negros. Manila (1910) 68.
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perhaps suddenly, or perhaps more slowly, those tremendous
eruptions began which resulted in the great piles of volcanic
ejecta, Mounts Mandalagan, Silay, Canlaon, and others. There
was not the quiet welling up of lava, as is known to have been
the case in the Hawaiian Islands, but there were terrific explosive
outpourings of ash and bowlders. They began in the Piocene
and continued intermittently to the present time; and so, partly
by the fall of volecanic ejecta, partly by the work of streams,
and partly by the work of shore currents, that magnificent plain
of Occidental Negros, the great sugar region of the Philippines,
perhaps the richest coastal plain in the Archipelago, was built up.

The last episode in the history of Negros was the elevation
within very recent times of the western part at least, and may-
be of the whole, amounting to nearly 30 meters. This is indi-
cated by the raised beaches near Pontevedra, the bluffs of
Bacolod, and the incised meanders in the streams of the volcanic
and littoral plains.

CANLAON VOLCANO *

The active volcano of Canlaon, or Malaspina, and the numer-
ous thermal springs of Negros are interesting geologic or
geographic features. This cone (Plate 32) is the highest of a
series of voleanic elevations; it is 2,438 meters in height, and
is constantly sending forth sulphurous vapors and other gases.
The ascent is best made from Maso on the west slope, and
during the northeast monsoon when the weather is always dry
and extremely agreeable.

Canlaon consists of two cones: an older extinct one having
a maximum height of 2,200 meters, partially filled to a level of
300 meters below the rim with lava, ash, and sand, and on the
floor of which there is a small lake of alkaline water, more or
less permanent; and another, higher, active cone which has
erupted just outside the south rim of the older and debouched a
large amount of material into the older or north crater, its north
side extending for a considerable distance into the older crater.
The east and west slopes of the newer crater consist of exposed
tuff, lava, ash, and sand, with a considerable admixture of vol-
canic bombs (biscuits?) and the western slope is much serried
by deep crevices due to washing of torrential rains. The same
condition obtains on the north slope, into the old crater. The

* This description of Canlaon Volcano is contributed by Charles S.
Banks,
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south slope of the new cone is at first precipitous, then it rather
gradually merges into the main axis of the range with no high
peaks salient. On the east slope of the old and the new craters
are many fumaroles, three lying south-southeast of the new
cone, almost always conspicuous by their vapor emanations.

The descent into the old crater is best made at its southwest
corner, where the explorer is aided by the north slope of the new
crater, which continues to the floor of the old. Ella Pass, at
the northwest corner of the old crater, makes access possible
but rather difficult. It was through this pass that the first
American expedition gained entrance to the old crater in Easter
week of 1902, when I organized a party which was financed by
Mr. Juan Araneta, of Maao, who was a member of the party.
Five American teachers were also members, and seventy Fili-
pinos served as helpers, cargadores, and guides.

There are large deposits of sulphur visible within the active
crater of Canlaon; but, owing to the continuous exhalation of
vapors of sulphur dioxide (monoxide?) and to the great heat,
they will probably never be worked. There are indications of
deposits on the slopes of the mountain, and in the old crater
there is much of this material half buried in the vegetation.
The active cone of Canlaon is bare of plants for a distance of
300 to 500 meters down its sides; but the mossy forest lies less
than 100 meters below the rim of the old crater, and vegetation,
including sizable trees, lines the crater itself, except on its
south side.

ECONOMIC GEOLOGY

The geologic products of economic importance in Negros, in
the order of their present value to the denizens of that island,
are: Water, soils, limestone, road metal, coal, sulphur, clays,
and iron.

HOT SPRINGS

There are two well-known hot springs in Negros and several
of less importance. ' I visited the best known, Mambucal, which
" is situated on the northwestern slope of Canlaon Volcano at
about 300 meters elevation. Hot water and steam issue from
various vents in a deep ravine. The rocks all dbout are kao-
linized and discolored with varicolored iron salts. There are
some nipa shacks in the vicinity, but no improved bath arrange-
ments. :
The people use the water by tempering it with fresh cold
water from the main creek. Many Filipinos travel from various
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parts of Negros to make use of these waters, which are said to
be especially efficacious against rheumatism. The next best
known hot spring is Mambajao, near La Castellana, on the south-
western slope of Canlaon.

These hot waters are .of course due to uncooled lava in the
substructure of Canlaon Volcano. Such springs are common in
volcanic regions and are subject to change, depending upon the
subterranean conditions in such localities. The springs merit
attention and improvement, and might well be used as sites for
sanatoria ; indeed, some such action is contemplated by the pro-
vincial authorities of Occidental Negros.

SOILS

In the parts of Negros visited by me the following principal
types of soil were noted:

Residual clay; highland volcanic soil, much iron, almost a laterite;
andesite subsoil; on recently logged-off land.—Cadiz.

Adobe, tuff subsoil.—Maao, Occidental Negros.

Residual soil; clay loam, impure; Tertiary sandstone and shale sub-
soil.—Ilog and Tablas Rivers, upper reaches and adjacent slopes.

Colluvial volcanic soil, volcanic bowlders; gravel and sand subsoil—
Bacolod and Murcia. Very patchy.

Transported clay, coastal—Victorias and Silay.

Black voleanic sand; tuff subsoil.—Silay, elevation, about 90 to 150
meters. Poor, owing to lack of water and solubles.

" Sandy loam; alluvial—Bearin and La Palma, near Kabankalan. Very

superior.

Clay loam.—Alluvial fans on slopes of Silay and other mountains,
upland stretches east of Silay, elevation 150 to 300 meters.

Calcareous soils on east coast and in the south near Kabankalan,
derived from limestone areas.

Sandy soils, close to sea margin. Poor for cane.

In my preliminary studies of the soils of Negros, I investigated
the most diverse kinds in an attempt to show how many kinds
there are and their origin.

Before discussing some of these particularly, the principal
minerals found in the soils of Negros and something of their
role in the development of agriculture on the island should be
explained. .

The soils of northwestern Negros come from volcanic rocks
of the andesitic variety, and have as their principal minerals
some glassy feldspars (sanidine), lime-soda feldspars (plagio-
clase), hornblende and angite (ferromagnesian minerals), mag-
netite (iron oxide), a small amount of quartz, volcanic glass,
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limonite, various oxides of manganese, and clay. Limestones,
carbonates, quartz, and potash minerals are relatively scarce.

In the limestone regions of the east coast and in the vicinity
of* Kabankalan lime carbonate and phosphates are relatively
more abundant, but potash is still a negligible quantity for the
reason that the rocks from which these soils are derived are
deficient or entirely lacking in potash minerals. i

One ingredient of the soil in certain localities, particularly in
the railway cut about halfway between Murcia and Santa Rosa,
was noteworthy. At that place there is a 25-centimeter bed of
manganese nodules about 50 centimeters below the soil. These
nodules are from 1 to 2.5 centimeters in diameter and are
psilomelane (manganese oxide) concretions derived from the
surrounding soil; their presence here in so concentrated a deposit
suggests that the soil generally in western Negros must be high
in manganese. If so, it is appropriate to raise and attempt
to answer the questions: What is the role of manganese in the
production of sugar cane? Does it benefit or do harm? Al-
though some authorities are silent on these points, Hilgard has
this to say:*

A decided difference in the manganese content of the arid as against
the humid scils appears in the table, the ratio being about 11:13 in favor of
the humid soils. Manganese has not been regarded as being of special
importance to plant growth in general, although, as already stated, some
plants contain a relatively large proportion of manganese in their ashes;
thus, e. g., the leaves of the long leaved pine of the cotton states. But
no definite data showing the importance of this element to crops were
available until Loew and his co-workers at Tokyo{ established its stimu-
lating action in a number of cases, in which crop production was materially
increased by the use of protoxid salts of manganese.

Another investigator indicates that manganese stimulates the
nodule-forming bacteria that fix nitrogen in the legumes.

As ferromagnesian minerals are very abundant in the soils
of Negros, particularly in the volcanic areas, it should be stated
that, unless present in excess, magnesia is beneficial; but Loew i
has shown that certain proportions of magnesia to lime must
be preserved if production is to be satisfactory.

These chemical considerations might be followed up indefi-
nitely, but a few words must be said about the physical condition
of the soils, as this is of even greater importance than are the

* Soils, p. 383. Negros would be classed as a humid region.
+ Bull. Agr. Coll. Tokyo 5 Nos. 2 and 4.
1 Bull. Agr. Coll. Tokyo 4 No. 5.
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chemical considerations. Without going deeply into the discus-
" sion, several important points relating to the physical condition

of humid soils, in contrast to those of arid regions, will be briefl

enumerated. :

1. Sands in humid regions are less productive than those of
arid regions. This is due to the effect of the rains washing the
sand grains in the former clean of the soluble decomposition
products and carrying them into the subsoil or into the surface
drainage.

2. Hydrous silicates are more abundant in arid than in humid
soils. These compounds, known as zeolites, are important in
making certain refractory silicates available for plant use. Some
of the older volcanic extrusive rocks in Negros show a notable
amount of zeolites, and this is a ¥favorable point.

3. Humid soils are poorer in potash than are arid soils. This
is due to the solubility of potash salts.

4. Humid soils are, unless well drained, very prone to sourness,
and to counteract this condition the remedies most frequently
employed are drainage and neutralization with lime. The lime
need not be in the form of calcium hydroxide, as finely crushed
limestone will suffice.

5. According to Hilgard, humid soils contain more humus than
do arid soils, and more nitrogen in the soil but less nitrogen in
the humus.

6. While rock decomposition proceeds more rapidly in a humid
tropical region like Negros than in the Temperate Zone, the
depth of this rock decay is probably less in the former owing
to the shallower penetration of ground water with carbon di-
oxide in solution.

The excellent discussion of the soils of Negros by Walker *
should be read in this connection.

LIME AND PHOSPHATES

There is a great development of sedimentary rocks in Negros,
and limestone is abundant in the eastern part and in the south
near Kabankalan. Unfortunately, in the principal sugar district,
northwestern Negros, limestone, and consequently lime in the
soil, is lacking. The rdle of lime in agriculture is twofold;
namely, it is an important plant food, and it serves to neutralize
acid soils. Certain Negros soils, according to Walker’s analyses
and the testimony of the planters there, possess both charac-

* The Sugar Industry in the Island of Negros. Manila (1910) 68.
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teristics. In the volcanic region just mentioned lime is badly
needed for both purposes. '

Northwestern Negros has the following four possible sources
of lime: The limestone formations in the vicinity of Kabankalan,
the shell beds near Pontevedra, Guimaras Island, and the central
valley of Panay.

Lime used for purification in the manufacture of sugar must
be very pure and must be burned with great care. The limestone
near Kabankalan, in the hills along Ilog River, could with skillful
burning be used for this purpose. The fact that the lime here-
tofore used .from that region and from Guimaras has not been
satisfactory is due chiefly to the crude methods of manufacture.
The chief drawback to the Guimaras lime is said to be its high
magnesia content. Walker shows as high as 84 per cent, but
from analyses I have had of this limestone I believe this is
exceptional. However, the Recent and the Pleistocene lime-
stones are generally low in magnesia, and these should be used.
The magnesia content increases with dolomitization, and this
condition is a result of age.

Although I found no phosphatic limestones on Negros I am
confident that phospates, in the form either of guano or of
phosphatic limestone, will be found, since soils on the eastern
side of the island where limestone is more abundant show on
analysis considerably higher phosphoric acid content than do
the soils in the volcanic regions.

It is reported that large phosphatic limestone deposits exist
in the central valley of Panay, but these have not been inves-
tigated by the Bureau of Science. It is very probable that such
deposits do exist, and if they are as reported the sugar-cane
industry of Negros can benefit to the extent of millions of pesos
by their use.

ROAD BALLAST OR METAL

In the western and southern parts of Negros the principal
rock is andesite, which when fresh makes a fair road metal. Tt
is not so good as diabase, diorite, or limestone, but will serve
well if it is not decomposed. The gravel scooped out of the
lower reaches of the rivers is usually inferior, but the fresher
material from the higher slopes makes excellent ballast for
railroads and much better metal for macadam.

Limestone is much better and can be obtained at many places
on the east coast and in the southwestern part. It makes a
better top, or surfacing, material on account of its high cemen-
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tation value, but is not very resistant to abrasion. The most
important factor in road construction is the nature of the sub-
soil on which highways are constructed, and a limestone subsoil
is always well drained. The loose ash and bowldery alluvial
fans of the volcanic slopes are equally good or even better.

Near Pontevedra (barrio of Miranda), about midway on the
west coast, there is a long raised beach, about 10 meters above
mean tide and about 100 meters from the present shore line,
which consists of a bed of shells and little else, at least 2 meters
thick. This material, already pretty well broken, is being used
with excellent results as a top dressing on the provincial road
which parallels the coast in this region.

Between Miranda and Hinigaran the provincial road cuts
through a series of low hills which extend southwest from
Canlaon Volcano and consist of tuff in the lower portion, with
great blocks and bowlders, some tons in weight, on top. Some
of these are very close to basalt in composition. This would
be a suitable place to locate a rock crusher, as fairly fresh rock
could be obtained here.

COAL

Coal on Negros has long been known, particularly in Escalante
near Calatreva on the northeast coast, and its existence in
southern Negros has been reported.

Coal was discovered near Calatreva in 1874 by Mr. Diego de la
Vifia, jr.(113) He reported a 4-meter seam occurring in sev-
eral outcrops. Nothing was ever done except to file on it. The
last locators were Martin Buck and the late Joaquin Casanovas,
in 1896, the year of the outbreak of the insurrection against
Spain.

The coal from Escalante is a lignite and, according to
Cox, (149) has the composition noted in Table 12.

TABLE 12.—Composition of coal from Escalante, Negros.

Per cent.

Water 12.97
Volatile combustible matter 43.39
Fixed carbon 34.10
Ash : 9.54
Sulphur 1.67

At Cadiz, on the extreme northern coast, a still poorer lignite
has been reported, but not worked. Of course, these coal seams
have not been opened, and it is more than probable that a better
grade of coal can be located in these places.
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As some of the sugar centrals are forced to import coal for
fuel, owing to shortage of bagasse, this coal might in time find
a market in Negros. At the present time the centrals at San
Carlos and Bais, on the eastern coast, are using coal mined
near Toledo, Cebu. As the Escalante seams are a continuation
of the Toledo seams, there appears to be a good prospect of
developing a mine near the former locality. A railroad was
once projected and surveyed from Escalante around the western
coast to Pulupandan; were this constructed, the development of
the Escalante coal might pay. '

SULPHUR

Sulphur deposits exist on the slopes of Mount Silay.' Elicaiio
has visited these deposits and his description is inserted here. *

There are three different sulphur deposits, namely; the Malisbog,
claimed by Mr. Gerardo Alunan; the one at Mount Azufre, claimed by a
company called Los Valientes in which Senator Guanco, Mr. Ortega,
Mr. Jalandoni, and others are interested; and the other one on the other
side of Mount Azufre, also claimed by Mr. Gerardo Alunan. The Malisbog
is about 29 kilometers from Silay, while the other two are about 36 kilo-
meters from the town. All of them lie in areas southeast of Silay.

There is a good automobile road of 13 kilometers to Guimbalaon barrio;
from this to Agho there is a cart road of 3 kilometers; from Agho to the
deposits there are only trails, which in some places are dangerous to follow
due to the steepness of the hills. The deposits are all solfataric in
character. The sulphur is found around vents from which emanate gaseous
and steam vapors, those near the craters or vents being pure. The
deposit claimed by the Los Valientes does not exceed 1 hectare in area,
though the area claimed is 64 hectares. The total available ore in this
deposit will probably not exceed 300 tons. The other claims are still smaller
than that of Los Valientes.

There is no production of sulphur in the Philippines at present,
owing to lack of demand. In 1918 the price was 5 pesos per
picul (127 pounds), approximately 80 pesos per ton; there were
about 50 tons on hand in the bodegas at Silay, Negros. When
the value of sulphur as a fertilizer becomes more widely known
there will be a greater demand for it in the agricultural districts.
Its use in the drying of copra ought also to afford an outlet for
this mineral.

Although sulphur has been found by investigators to be of
benefit on soils where alfalfa is grown, the effects upon sugar-
cane soils are not known. These should be studied.

* Mineral Resources of the Philippine Islands for the years 1917 and 1918
(1920) 41.
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CLAYS

While no particular search for clay deposits of commercial
value was made, great quantities of an inferior clay, such as
is abundant in the Archipelago, were noted, particularly in the
alluvial flats at the lower edge of the volcanic slopes. This clay
is of the common kind known as adobe; it is rich in iron and
always burns red. It is suitable for the making of tile, brick,
and common pottery. Where drainage of some of these low-
lying lands is resorted to, as is necessary even now, the drain
tile required can be made locally. Near the sugar central at
Victorias I saw extensive beds of such clay that had been opened
during the digging of some cisterns.

Owing to the general absence of granitic rocks in that part of
Negros geologically explored, it can be safely stated that the
chance of finding high-grade clay is remote.

IRON

Iron deposits have been reported as existing in Negros; I have
seen nothing more than bog iron, which in some localities is
forming at the present time. There is no geologic reason why
deposits of iron should not exist.

PRECIOUS METALS

. Owing to the minor development of deep-seated igneous rocks
in Negros, one need not expect to find the precious metals in
important amounts, and no deposits of value have been located,
though some have been reported.

POWER

With the abundant and fairly evenly distributed rainfall and
the high wooded mountains and consequent steep gradients,
there is no shortage of water power. Owing to the loose nature
of much of the superficial formations and the torrential wash
I should advise against the building of dams; these are pretty
generally in danger of washing out and always likely to silt up,
so that in a few years they are rendered worthless. A safer
plan is to build diversion weirs. While I have made no meas-
urements, it can be confidently asserted that sufficient water
power: exists on Negros to electrify all the railroads and turn
all the wheels of industry that are likely to be used for some
time. Preliminary investigations along this line have been
begun by the Bureau of Public Works.
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SOUTHEASTERN NEGROS *

We may regard the southeastern tip of Negros as a sort
of volcanic peninsula, cut off from the rest of the island by
the valley of Tanjay River and the bay of Tolong and the river
heading in the low divide between Tolong and Tanjay. This
peninsula is highly volcanic and culminates in the lofty Cuernos
de Negros, or horns of Negros. These are very high, sharp-
pointed peaks among the mountains behind Dumaguete and
dominate all that part of Negros. There is a very narrow and
fertile coastal plain which reaches its maximum in the fertile
sugar-cane fields about Bais and becomes narrower southward;
at Bacong it is practically nonexistent. From here to Tolong
the coast is rocky most of the way, there being only a few small
valleys where level fertile land occurs, until at Tolong there
is again a considerable expanse of tillable level land.

The horn of Negros rising behind Luzuriaga has been ascended
a number of times. There are two sharp peaks, the more
remote one being the higher. Its altitude as given upon the
maps is approximately correct and, according to Dr. J. W. Chap-
man’s aneroid, is a little more than 2,000 meters.

The prevailing country rock, where visible, seems to be ande-
site of varying coarseness which, when weathered, resembles
tuff; but the structure shows plainly on freshly fractured sur-
faces. ‘

In the gorge of Okoi River, a few kilometers from Dumaguete,
are hot springs. Here the walls of the cafion are vertical in
many places and strongly resemble the bedded, water-assorted
conglomerates common in many river valleys; yet the rock is
all purely volcanic. The rounded, apparently water-worn peb-
bles and bowlders could be seen very plainly embedded in the
wall, though so high up as to be inaccessible, and seemed to be
a tuff or volcanic mud flow in which older volcanic bowlders
and gravels have been buried. The specimens obtained from
bowlders and outcrops in the floor of. this valley seem to be
basaltic.

In the hills back of Bacong is a small solfatara, of no par-
ticular importance. ‘

On the side of the horn facing Zamboanguita are the scars
of a number of large landslides, due to earthquakes. The recent

* These notes on southeastern Negros are furnished by Albert C. Herre,
of the Bureau of Science.
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destructive earthquake in Cebu caused one very extensive land-
slide which destroyed caingin fields and swept away a man and
a carabao plowing near the edge of a gulch. The man escaped
without serious injury.

Lake Balinsasayao lies west of Dumaguete, and 18 kilometers
from the coast, immediately behind a large truncated pyramid
of andesite, which is a conspicuous landmark. The lake occupies
an old crater of great depth, with walls rising precipitously to
a height of from 100 to more than 800 meters above it. The
lake is about 1.5 kilometers long and about 1 kilometer in breadth
and has several bays.

It is separated by a narrow wall of andesite, varying from
about 15 to more than 30 meters in height, from a much smaller
and apparently deeper lake. The two lakes seem to occupy
a large single crater divided by a partition into two pits of
unequal size.- According to local tradition the smaller lake is
over 400 meters deep, the larger one about 375.

The lakes contain no fish native to their waters, but have
many dalag (Ophicephalus striatus Bloch) which were planted
in 1908 by the owners of the abaca plantations in the vicinity.

West of the lake are two very sharp peaks rising about 800
meters above it and behind them is another cuerno, or horn,
which is of unknown height, but which is materially higher
than the one near Luzuriaga; it has never been ascended.’

Three or four small, spring-fed rivulets pour into the lake,
but the main source of its water supply is rain. The lake lies
at an altitude of 1,000 meters, as measured by aneroid.

There is no outlet to the lake, and it is a typical alpine crater
lake. That its level is being profoundly altered from time to
time is, however, attested by twofold evidence. The rocks
where, up to two years ago, one formerly embarked, at the point
where the lake is approached, are now submerged about 5 me-
ters, and are 15 meters or more from the present shore line.

Next to the water line was a belt of tree ferns ranging in
height up to 5 or 6 meters and occupying the strip almost to
the entire exclusion of other woody plants. These tree ferns
have been killed by the rise in the water and now but a few
dead ones, partially or totally submerged, are to be seen. The
water had been about two-thirds of a meter higher than it was
at the time of my visit in March, 1922, as shown by the water
marks on the shore-line vegetation.

The rainy season of 1920-1921 was one of very unusual rain-
fall and great cloudiness in southern Negros, and this rise in
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the lake was undoubtedly the result of a great excess of precip-
itation over evaporation. Since tree ferns are very slow-
growing plants and live for centuries, it is likewise evident that
the water line was for a long time much lower than it is at

present. o
PANAY

Between 1886 and 1890 Enrique Abella y Casariego,(12)
asgisted by d’Almonte, carried on geologic investigations on
Panay. The results of these investigations, published in Spanish,
embrace detailed descriptions of the general geologic features
of the country, including orography, hydrography, the altitudes
of all the principal points, and several chapters dealing with
the voleanic formations and their tufas. There are chapters
dealing with sedimentary formations, particularly the Tertiary
series, and with economic geology.

Maurice Goodman touched at a few points on Panay in the
latter part of 1905, about fifteen years after Abella. Goodman
stayed in Panay less than ten days, and aside from some excel-
lent limestone he found little of commercial value.

In the summer of 1912 W. E. Pratt made a rapid recon-
naissance for petroleum in the vicinity of Janiuay.

In December, 1912, I continued the work begun by Pratt.
During the course of this work, which was confined to the
country immediately northwest of the city of Iloilo, the following
notes regarding the general and economic geology were made:

A description of the general geographic features of Panay Island
with quotations from Abella’s work * (which appears only in the Spanish
language) is the following:

The Island of Panay which for its size, richness, and population is
the most important of the Philippines after Luzon, is situated among the
Visayas precisely in the center of the Archipelago.

The island has, roughly, a triangular shape.

The greatest lengths which can be taken from north to south and from
east to west are, respectively, 168 and 119 kilometers. Its total area is
11,580 square kilometers, of which 4,547 comprise the district of Capiz;
2,472, that of Antique; and 4,561, that of Iloilo.

The population of Panay consists almost entirely of Visayans and ap-
proximates 671,550, according to the census of 1918.

Temperature, rainfall, and vegetation conditions of Panay are very
much like those of Cebu Island.

In spite of what is generally believed there is noted in Panay only one
Cordillera, in the true sense of the word, which runs almost from north to

* An unpublished translation of this important document was made by
H. D. McCaskey. This translation can be consulted in the library of the
Bureau of Science.—W. D. S.

192776——12
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south, separating the .district, or government, of Antique from those of
Capiz and Iloilo. This Cordillera lies much nearer to the westérn coast
than to the eastern and follows a sinuous course, starting in the extreme
northwest corner of the Island, winding to the eastward, and then swinging
back to the southwest corner. In the northeastern part of the island is
a mountainous cluster but no true Cordillera exists although plutonic
rock occurs there. Between these two is considerable flat country, but
a little north of the center of the island is a highland tract connecting
the western Cordillera and the eastern mountains.

North and south of this divide there is low country. The largest tract
of plain country is comprised in what is called the central plain, the lower
part of which is chiefly delta.

THE CENTRAL PLAIN OF PANAY

This important region is about 25 by 100 kilometers and lies
between the main cordillera of Antique Province and the smaller
eastern cordillera, in the extreme eastern part of the island.
It is formed, as first pointed out by Abella, by the coalescing
of two great alluvial fans of Panay River, which drains into
Sibuyan Sea on the north, and that of Jalaur River, which
debouches to the south into Iloilo Straits. These fans, follow-
ing the simile of Abella, have their handles situated at Mount
Baloy, the great central “knuckle’” or knot of the island.

From personal examination of this region, I know that this
alluvium is underlain at shallow depths by an extensive series
of Tertiary shales and sandstones, which dip east from the
main cordillera in a long monocline. Abella’s work shows that
the formations dip west from the eastern cordillera; therefore,
this is an alluvial-filled synclinal valley.

A railroad runs the length of this valley, connecting the two
important cities of Iloilo and Capiz. There is a low divide
between the northern and the southern portions of this plain.

DISTRIBUTION OF THE POPULATION

Panay affords an excellent example of the influence of topog-
raphy and geology upon the distribution of population. The
three groups, Negritos, Bukidnons, and Visayans, are sharply
defined and their distribution is controlled strictly by geologic
and topographic factors. Where the rocks are hardest and most
denuded of soil, where the topography is the most rugged, where
existence is most difficult, there one finds the most-primitive
people, the Negritos. The Bukidnons (or people of the moun-
tains) occupy the intermediate uplands, across the divide be-
tween Capiz and Iloilo. They are the less-progressive Visayans
who have had to give way before other mqre-energetic Filipinos.
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Finally, the most-progressive inhabitants, the Visayans, occupy
the lowlands.
VEGETATION

The island is remarkably free from forests, with the exception
of a small area in the central portion of the cordillera. In this
respect Panay resembles Cebu. The extreme deforestation is
due to the caingin system, which consists of clearing and burn-
ing the forest on small tracts of land, raising a few crops on
the hilly soil, and then abandoning the tract for a new location.
This ruthless system is now showing its effects on the country.
Without the retaining powers of the forest and undergrowth the
. rain water rapidly runs off, eroding the country and carrying
enormous volumes of gravel and silt into the bottom land. This
is the chief cause of the great devastation wrought by the streams
in this and other parts of the Philippines. The sudden rise of
mountain streams causes the water to pour out onto the plain,
which results in great floods, ruined crops, destruction of bridges,
etc., and in the rapid silting of river beds and filling of navigable
streams, the formation of bars where once existed open chan-
nels, and other troublesome effects.

GENERAL GEOLOGY

As pointed out by Abella, the general classes of rocks found
on Panay are the Recent formations of the plains; the Tertiary
limestone, shales, and sandstone in the foothills; the core of
igneous rocks in the cordillera; and some doubtful rocks, ap-
proaching slates, which lie between the older igneous rocks and
the Tertiary series.

In many parts of the central plain there are remnants of
raised reef limestones of post-Tertiary age which give evidence
of the recent elevation of that region. Near Janiuay some of
these are found nearly 200 meters in height.

The best development of sedimentaries (chiefly Tertiary) I
have seen in the Philippines exists on Panay, and the best sec-
tions for studying them are perhaps to be found there.

Pratt estimated that the total thickness of the Tertiary series
on Suague River amounts to more than 9,000 meters; if we in-
clude the older series of ‘“slaty” rocks at the headwaters of
Ulion River, the total is about 10,000 meters. As would be
expected, I found much the same series on Tigum River. The
two streams are roughly parallel and only a few kilometers
apart. A short distance above the barrio of Tinay