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GEOLOGY OF SAIPAN, MARIANA ISLANDS

GENERAL GEOLOGY

By Prrsrtox E. Croup, Jr., Roserr GrorGe Scumiptr, and HaroLp W. Burke

ABSTRACT Densinyama formation. This consists mostly of conglomerate

Saipan, situated about 15° N, and 146° T, is ono of the largor | and sandstone. Tho reworked volcanic sediments of the Densin-
and more southerly of the Mariana Islands. The 15 small | Yoms grade Iaterally and upward into a 500-foot succession of
ishunds of this chain are strung along an castardly convos ridgo | WArT-vater bank limestones known as the Matansa limestone.
for more than 100 miles north to south, midway between Honshy | All three of thes units (Hagman, Densinyama, and Matansa)
and Now Guines and about 1.900 miles oast of the Prilipaincs. | hve yielded camerinid and discocyelinid Foraminitcra distine-
Taralloling his ridgo 60 to 100 il further cast o deop sub. | 67 of the upper Bocene (Tortiary 1); this indicatos relatively
marine trench, beyond which lies the Pacific Basin proper. To | Short time span and partial lateral equivalence for them.
the west is the Philippine Sea, generally decper than 2,000 T’”fc M,“”“”\frg““"zl‘".“ plgcs“m“m’]' ‘"fg'“"';d in carly
fathoms. The trench coincidos with a zonc of negative gravity | Tertiary time, before or during o rolcanism. ts growth is
anomalics, earthquake foci oceur at increasing depths westward | belicved to have been dosely related to the construction of &
B e e oaeing aob! central volcanic core, which, on Saipan, presumably continued
the cmergent island chain itsclf, The contrast between theso | 1% of throush Oligocene time. the intort
features and those of the Pacific Basin proper to the cast is held s G nd. marias S of ths Bt for “’f.’”d
to favor the conclusion that the Mariana island arc and tronch | 3ndesite flows and marine tufls of the Fina-sisu formation.
tine ha strusbim ant nckiopramnie fomt of o These contain smaller Foraminifera considered indicative of
Magellan touched at the Marianas in 1521, After him came ;‘Z‘:f:":ﬁﬁd“‘f:p """;f;‘ﬂ““mI’;‘f‘iz;}‘ti:f"“ff m"}::;;;i
adventurers, traders, and priests. They found the mply ¢ )

W % and | igerin p f th b .
warm and litle varied, rainfall seasonal, and resources modest, | O'ig0eene Globigerinatelle fusuela zone of the Caribbean rogion.
Saipan was occupied in 1504, and the name Mariana Tslands | b 8O0 (08 0 B RO M et e e by
D o ores I L00S ii ‘Ei 1846 | 1,500 fect of bioclastic limestones and some coral-algal limestones

o solidated sediments of Mi ibly Pli d
sciontific exploring expeditions of Malaspina, von Kotzcbuc, do ;‘,‘fgs‘xg;’:e"tf“;i:ﬁf‘f;e" The limestoncs goacnaly contain
fc'zﬁ"‘“i”-ﬂ‘,‘:‘:“[r’“‘“;‘f‘”;;u‘lz‘n’:l‘;“c‘:;‘mg"‘;:;“{“cg::"‘:g;cbi‘e‘:‘df: Foraminifera and abundant coralline slgac of both articulate
began o 20th { 80 | and crustose types. Locally they also display recf-building
increusing number of publications on the geology of the region | gor) AIE PP (S L e arcen algae, mollusks,
since 1935 e ; ; : ot

echinoids, and other fossils. Complicated facies relationships
Although second in size among the Mariana Tslands, Snipan has P v

are characteristic.
aland area of only 48 square miles. It consists of a voleanic core | The early Miocone Tagpochau limestone, like the lnte Eocene
cnveloped by younger limestones. From axial uplands that

Matansa limestone, includes mostly bank-type deposits that
vise to a maximum altitude of 1,555 feet, the slopes of the north- | aceumulated in o tropical sea of shallow to moderate depth. The
south clongated island step down to the sea in o succession of | general scarcity of significant coral masses suggests depths
mainly crosional terraces that become conspicuous away from & | mainly o little too great for vigorous reef growth, although
strongly dissccted central voleanic arca. The lowest bench | within the zome of photosynthesis and fn warm water. At
and the western constal plain, however, are in large part of | gecper levels, downslope from the Tagpochau bank deposits,
construetional origin. . reworked tuffaceous sediments accumulated to form the Donni
The oldest rocks are andesitic inclusions in dacite, but the | sandstone member of the Tagpochau. Orbitoid, miogypsinid,
island began its decipherable geologic record with the subaerial | and other larger TForaminifera indicate a Tertiary ¢ age for these
accumulation of dacitic pyroclastic and flow rocks known as the | beds and possible to the Aquitanian of
Sankakuyama formation. The Sankakuysma is dated as | Burope. Smaller Foraminifera and mollusks indicate early
Eocene (?) on the basis of late Eocene fossils in overlying strata, [ Miocene in a broad way, without sure ties to specific sections.
and the presence within it of tridymite and cristobalite—meta- | Two faunal zones are recognizable on the basis of larger Fora-
stable forms of silica that are yet unknown from pre-Cenozoic | minifera, with an intermediate interval of mising. The lower
rocks. zone, characterized by Helerostegina borneensis van der Vlerk, is

Over and around the Sankakuysma formation were deposited | referred to the lower part of the Tertiary ¢ beds. The upper
the andesiti d greatly flow rocks of the | zone, characterized by Miogypsinoides dehaartii van der Vierk
Hagman formation, and both andesites and exposed dacites were | and Miogypsina s. s. denotes the upper part of Tertiary e.
extensively reworked in bordering tropical seas to form the | Neither the Helerostegina borneensis zone nor the Miogypsinoides

373701—50—2 . o
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2 GEOLOGY OF SAIPAN, MARIANA ISLANDS

dehaartii zone appears Lo be related to sedimentary facics as
mapped.

The Pliocene may be represented by terrace deposits on
benches that truncate Miocene strata at lovels above the highest
probable Pleistocene limestones, However, no fossils are known
from these thin torrace sands and gravels.

Youngor still than these possible Pliocene terrace deposits is
the Mariana limeston of supposed older Pleistocene nge,
reaching to 500 fect above present sea level, and the Tanapag
limestone of Iato Pleistocenc age, restricted to clevations below
100 fect. The Mariana limestone consists of lithified reef-
complex and bank-type or lagoonal deposits; whereas the Tana-
pag is an clevated fringing reef comples. Both contain do
nantly modern types of algae, Foraminifera, corals, and mollusks.

Only two new stratigraphic names arc introduced for the
succession outlined, the presumably Oligocene Fina-sisu forma-
tion and the lower Miocene Machegit conglomerate member of
the Tagpochau limestonc.

Miocene deposits overtopped the voleanic core, and subsequent
fluctuating relationships between land and sea led to the forma-
tion of somewhere between 12 and 25 marine bench surfaces.
Threo principal scts of terraces are recognized, according to cleva-
tion and intervals of terrace formation: an upper, late Pliocene(?)
set with surfaces above 500 fect; an intermediate, middle(?)
Pleistocene set between 100 and 500 feot; and a lower, late
Pleistocene st below 100 fect. The rock benches below 100
feet tend to be vencered by, or arc parts of, the elevated lato
Pleistocene fringing recf comples. The higher terraces were cut
in preexisting rocks by marine crosion. Some are vencered by
stratificd Pliocene(?) and Pleistocenc nonmarine terrace sands.
The limesands of the western coastal plain scem mostly to
vencer a recently down-faulted part or parts of the lowest con-
structional bench,

A solution notch at 5 to 8 fect ubove present sea level gives
further evidence of the now widely recognized 0-foot custatic
stand of the sea that may correlate with a late subpeak of the
postglacial thermal maximum  The fall from this custatic level
was interrupted by a stillstand at about 2 feet Evidence of
other possible eustatic levels is found at 12 to 13, 40, and about
100 feet above present sea level and probably below it. If the
100 oot level is custatic it may correlate with the last major
interglacial or interstadial cpoch, and deposition of the Tanapag
reef limestone would seem to have been in progress during some
part or parts of the last Pleistocene glacial advance.

Parallel to the long axis of Saipan are steep, north-northeast to
northeast-trending, west-dipping faults, along which dip-slip
movement has been relatively down on the west. A few cross
faults add to the complexity of this pattern, and minor local
folding has taken place. The basic fault pattern may well have
originated in Oligocene time, but the oldest clearly datable
offsots are post-carly Miocene and pre-late Pliocene. There-
after four intervals of recurrent fault movement can be recog-
nized and closely dated in the local sequence: post-upper
terrace formation, or late Pliocene(?); post-Mariana limestone
deposition, or early middle(?) n i i

INTRODUCTION
BASIS AND SCOPE OF THE REPORT

TFollowing World War II the U. S. Geological Survey
has been engaged in a program of areal studies in the
western north Pacific Ocoan under financial sponsorship
of the Corps of Engincers, U. S. Army. As a part of
this program, geological, soils, and ccologic field work
was carried out on and arvound Saipan (figs. 1, 2; pls.
1, 2) from late September 1948 to mid-July 1949 by the
authors, soils scientists Ralph J. McCracken and Ray
L. Zarza, and briefly by Allen H. Nicol and Jarvis H.
O’Mara. Theso investigations were supplemented by
the laboratory studics of paleontologists Milton N.
Bramlette, W. Storrs Cole, C. Wythe Cooke, Julia
Gardner, J. Harlan Johnson, William Riedel, Ruth
Todd, and John W. Wells.

Because studies basic to the evaluation of military
problems yiclded much purely scientific information, it
was decided to publish separately that information and
the interpretations that are based on it. This chapter
of the resulting report relates to the general geology of
Saipan. It is planned that subsequent chapters will
deal with soils, petrology of the volcanic rocks, petrog-
raphy of selected limestones, discoasters and related
objects, the larger calcareous algac, Radiolaria, Foramin-
ifera, echinoids, ang ine ¢ by and shoal-
water ccology. The mollusks are being reserved for in-
clusion in a proposed general study of Cenozoic mollusks
of the Pacific islands by H. S. Ladd.

For this chapter, “General geology,” Burke pro-
vided the first draft of descriptions of the Matansa
li ¢ equigrs r, i i lav, and tufla-
ccous [acies of the Tagpochau limestone; and the Tanke
cliffs stratigraphic scction. This was donc in the field
in mid-1949 and Burke is not responsible for subsequent,
variations from his original descriptions or for inter-
pretive scctions. Schmidt is vesponsible for basic
description of the Sankakuyama, Hagman, and Densin-
yama ions; the Machegit conglomerate member
of the Tagpochau limestone; the rubbly facies of and
thick residual clays over the Mariana limestone; all
terrace and slump deposits; stratigraphic sections at
Machegit clifls, Talofofo ridge, and Mount Achugau;
and the petrology and classification of the voleanic
rocks. He shares responsibility for descriptions of the

terrace formation, or late middle(?) Plei;m‘ccnc; and post-
Tanapag limestone deposition but before the retreat of the sea
from the 6-foot eustatic level, latest Pleistocene or early Recent.
The general shape and location of the island are probably in
significant degree fault-controlled.

Emphasis is placed on the ecologic implications and age signi-
ieance of the fossils, and on the origin and historical analysis of
the rock succession and geomorphic features

Descriptions of stratigraphic sections and economic geology

TFina-sisu jon, for the Donni ! member
and transitional facies of the Tagpochau limestone, and
for the thick residual clays over the Tagpochau lime-
stonc. Schmidt and Cloud prepared the Appendix on
economic geology together. Cloud is responsible for
general coordination, for descriptions of geologic units
not atiributed to Schmidt or Burke, and for micro-
scopic and palcoccologic studies of the limestones in

are appended to the report.

all unit descriptions. The writing of all general sections

1043R00250012000!

GENERAL

of this chapter was also by Cloud, with Schmidt’s
extensive help in general organization, the writing of
paragraphs relating specifically to voleanic rocks, and
in preparation of illustrations. Responsibility for
mapping is indicated on the maps themselves.
Although Saipan includes an arca of only 48 square

GEOLOGY 3

work on"which it is based that to attempt to thank all
would be torun theriskof inadvertent omission. Of course
we are sincerely grateful to everyone who aided this
study in any way, but we can specifically acknowledge
only help of an especially extensive or significant nature.
Without the support of Col.! B. C. Snow, then staff
Lari -Bonins Cx 1, and Sherman K.

miles, it displays a varied and licated

of rocks, and reconnaissance of other islands in the
Marianas suggests that it may provide good exposures of
somo rocks not clsewhere well displayed. Thisstratig-
raphy is described in detail, both because it illustrates
well some of the complexities of “high island” stratig-
raphy and because such a study has not previously
been published for any similar island nearby.

Tho reader should not be lulled into a sense of finality,
however, by the attempt here made to provide as com-
plete coverage as possible. In spite of intensive cfforts
in the field over a period of 9 months, and the laboratory
studies that have been made since then, much could
still profitably be done, both in the field and in the
laboratory. There is need for further study of rock
weathering and solution. Larger megafaunas could
be obtained with intensive collecting—localitics in north
Saipan that we had intended to revisit for collecting
were closed beeause of fire in an ammunition dump
during the latter part of our field work. ~Ofishore and
beach zone studies were incidental to the main project
ashore, and thus incomplete. Even the stratigraphic
succession and subdivision of the rocks have their
points of uncertainty and many of the facies contacts
mapped are highly generalized. Mapping in the thickly
vegetated and precipitous terrain was slow, interpreta-
tion of the complexly intergradational rock units is
difficult, and some possible lines of investigation had to
De foregone or abbreviated for lack of time or means to
follow them up. As for geomorphology, it is not fea-
sible to go much beyond the incidental observational
data. What is needed here is a unified regional study
of the Mariana Islands as a whole, carried out under the
continuous field leadership of one person.

In fact, topical studies in the western Pacific, are now
needed more than ever— not only of geomorphology,
but also of stratigraphic correlation, paleoccology,
structure, the voleanic rocks, and geophysical patterns.
In the hope of bringing Saipan into better focus and of
cncouraging further investigation, an effort will be made
in later parts of this report to summatize the present
state of knowledge in some of these fields. It is in-
ovitablo that time and new evidence will modify or
invalidate some or many of the opinions to be expressed.
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Neuschel, in charge of the Geological Survey’s Pacific
program, the fieldwork could not have been accom-
plished.

Rear Adm. C. A, Pownall, then Commander Naval
TForces Marianas, and the personnel under his command
on Guam and Saipan, made it possible for the field party
to supplement its investigations ashore with a program
of marine studies. The success of this operation was
assured by outstandingly fine support from Capt. G.
L. Compo, then Island Commander of Saipan, his
exceutive officer, Comdr. William Dickey, and Chief
Boatswain Francis X. Jozwick.

Col. H. P. Detwiler, commanding officer of the Army
Garrison Forees on Seipan when the geologie work was
Dbegun there, and Lt. Col. J. P. Davis, first as executive
officer to Col. Detwiler and later himself in command,
provided living and working quarters, vehicles, and
other facilities on Saipan. Mrs. Davis significantly
aided the worlk of the field party by volunteer service as
collector and compilation draftswoman.

Comdr. F. L. Sheffield, civil administrator on Saipan

during the later geological field work there, arranged
for R. G. Schmidt to visit and study Alamagan. Pagan,
and Agrihan, in the northern Marianas.

Drs. Shoshiro Hanzawa, Kotora Hatai, and the late
Risaburo Tayama helped to clarify controversial mat-
ters relating to Saipan geology at a 2-day conference
with Cloud and Burke in Sendai, Japan, in July 1949.
Also of help was Dr. Ruiji Endo, who prepared for our
use in the field “A lexicon of geologic names of Saipan
Island,” giving translations and page citauons of
Tayama's original descriptions.

Temporary members of the mapping party not m-
cluded among authors of reports resulting from this
field work are Ray L. Zarza and Jarvis H. O'Mara.
Buenusto Reyes of Saipan also assisted with the field
work.

GENERAL HISTORY OF THE REGION

Midway between Honshu and New Guinea, and
about 1,200 miles east of the Philippines, the conves
castern margin of the Philippine Sea is festooned by 15
widely separated islands that define a remarkably
symmetrical arc more than 400 miles long. These are
the Mariana Islands (figs. 1 and 2).

They were first seen by people of European descent

© All military ranks hero mentioned refer to those held at time of fitdwork.
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on March 6, 1521, when the desperate littlo squadron
of Fernan de Magalhacs (Magellan), sailing the 13th
parallel westward in the neighborhood of 146° E., “dis-
covered in the northwest a small island, and afterwards

about at present sea lovel. Thus it appears that man
already had a history of residence in the Mariana Islands
more than 1,500 and perhaps more than 3,500 years
ago—long before Magellan arrived.

two others in the southwest” (Pigafetta, as d
by Pinkerton, 1812). According to o translation from
the original logbook of navigator Francisco Albo
(Stanley, 1874, p. 223), “On the G6th [March, 1521}
* % * \vo saw land, and went to it, and there were two
islands, which were not very large; and when we came
between them, we turned to the S. W., and left one to
the N. W. * * * and there I took the sun, and onc of
these islands is in 123°, and the other in 13° and more
[north latitude].”

Historians have generally agreed that the island at
which Magellan landed and spent three days (Albo,
in Stanley 1874, p. 223-224) was probably Guam, and
some have even pinpointed his stopping place as Umatac
Bay (southwest Guam). In fact, however, the original
accounts arc ambiguous, and Tinian, rather than Guam,
may have been the site of Magellan’s landing. Even
Rota is a possibility, as onc of Magellan’s sailors was
found living there in 1526 (Pinkerton, 1812, p. 324).
Recorded latitude and distance between islands scem
to favor Guam, however, even though the point can-
not be settled conclusively. In any event, Magellan
did sight two or three of the Mariana Islands, landed at
one of them, and opencd a route of travel that was
followed by Eltano in 1524, Loaisa in 1526, and many
others in lator years.

Magellan found the Marianas inhabited by Microne-
sian people of presumed Indo-Malayan derivation, with
a distinct language and distinetive physical characteris-
tics. Pigafetta, who wrote the history of Magellan’s
voyage, observed that some of the men had “black
hair, tied over the forehcad, and hanging down to the
girdle,” and that these “wore small hats made of palm.”
They would have been according to Mr. Elias Sablan of
Saipan, the Chamorri, or nobility, a term that was ex-
tended by later explorers to all natives of the Mariana
group (see also Safford, 1903, vol. 5, p. 291; 1905b, p.
104; )menzek, 1913, p. 29; Joseph and Murray, 1951,
p. 18). .

Chamorro discovery of the Marianas is buried in
legend and disputed as to approximate date. The age
indicated by carbon-14 activity of a shell associated
with pottery 1.5 feet below the surface of the sandy
coastal plain at Chalan Piao in southwestern Saipan
was$ originally given as 3,479+ 200 years (Libby, 1952,
p- 680), but recent studies of organically precipitated
calcium carbonate suggest a negative correction of 1,500
to 2,000 years on this date (J. L. Kulp, letter of Janu-
ary 15, 1953, to Cloud). In this same excavation

Alexander Spoehr found pottery to a depth of 6 feet,

The first itely recorded Europ of
Saipan occurred in November 1564 when Adm. Miguel
Lopez do Legaspi landed there and proclaimed Spanish
sovereignty over tho Mariana Island group. The
islands, which had been called Islas de los Ladrones by
Magellan, wero at this time renamed Las Islas de las
Velas Latinas. It was not until 1668 that the Jesuit,
Dicgo Luis do Sanvitores, fulfilling a long ambition to
establish a mission in these islands, gave them their
present name in honor of Maria Ana of Austrin, Queen
of Spain, widow of Philip IV, and patroness of the
Jesuit order.

The Spanish occupation of the Mariana Islands
lasted more than 200 years (until 1899) and greatly in-
{luenced the language, habits, religious beliefs, and
racial composition of the inhabitants. Government
was difficult, and although there were enlightened and
thoughtful men among the succession of Spanish gov-
crnors, the accounts of historians indicate that their
efforts were nullified by those who thought that display
of foree would insure obedience. Punitive expeditions
against unruly natives, famine, discase, and mass evac-
uations reduced the population from an estimated
70,000 to 100,000 in 1668 to fewer than 4,000 natives
at the time of the first census in 1710. In the next 50
years or so the population fell to fewer than 2,000.
Recovery from this point of near extinction was steady,
however. By 1816 the Chamorro population for the
Marianas was back up to 2,559 in a total of 5,389,
(Prowazek, 1913, p. 24); and by 1898 the total popula-
tion had increased to about 10,000. By this time, how-
ever, p looded CI had all but di red
(Joseph and Murray, 1951, p. 23), and the present much
more numerous inhabitants of the Marianas are mainly
descendants of mixed blood from this small group.
Caroline Islanders, Japanese, Koreans, and Okinawans
were later numerous in Saipan, Tinian, and Rota where
they apparently rarely interbred with the Chamorros
and are minority strains today.

Throughout Spanish and later times Saipan itsell
underwent even more drastic population shifts than the
Marianas as a whole. In 1694 the Spanish governor of
the Marianas, Don Jose de Quiroga y Lossada, had sub-
jugated the natives of Saipan in a series of bloody skir-
mishes from which, it is said by local elders, several of
the present, geographic names on Saipan are derived
(Matansa, for massacre, and Kalabera, forskeleton). In
1698 the entire remaining population was removed to

Guam }vhem it could be kept under close surveillance,
and Saipan remained supposedly uninhabited for more
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than 100 years.  An abortive cffort at colonization was
made by Americans and Iawaiians in 1810, a moroe suc-
cessful attempt by Caroline Islanders in 1815, and the
Chamorros finally began their return in 1816 (Joseph and
Murray, 1951, p. 23). Emigration from the Caroline
Islands to Saipan hecame active about 1842 (Marche,
1887; 1898, p. 60; Scidel, 1904a, p. 280). Marche
(1898, p. 60) reports that in 1887 two-thirds of Saipan’s
small population was Carolinian and the other third
mostly Chamorros not visibly different from those of
Guam. By 1937 the halance between Chamorro and Car-
olinian has swung in the other dircction, the native
population of Saipan then being said to include 2,170
Chamorros (as the term is now used) and 796 Carolinians.
In addition, however, the island was occupied by 20,696
Japanese, Koreans, and Okinawans (U. 8. Navy, 1944, p.
35). Finally,in Scptember 1948, the total native popula-
tion of 4,962 persons included 3,890 Chamorros and 1,072
Carolinians (Bowers in Freeman, 1951, p. 227). Nearly
half of these were under 16 years of age (Joseph and
Murray, 1951, p. 81).

During the Spanish rule of the Marianas, Guam was
the capital and its Umatac Bay was & world-reknowned
port for exploring expeditions and trading galleons
plying between Mexico and the Philippines. Like the
masters of the galleons, the English privateers and
pirates who preyed on them also stopped here on oc-
casion with their Spanish prizes and prisoners. Among
theso were Eaton and Cowley in 1685, William Dampier
in 1686, and Woodes Rogers in 1710. Other carly
visitors to the Marianas included the crews of Anson
in 1742, Byron in 1765, Wallis in 1767, Crozet in 1772,
La Perouse from 1785 to 1788, Malaspina in 1792, von
Kotzebue in 1817, de Freyeinet in 1819, and d'Urville
in 1828.

Spanish rule of the Mariana Islands ended in 1898
99. Guam was occupicd by American forces in 1898
and lter purchased from Spain by the United States.
In 1899 the remaining Mariana Islands were sold to
Germany by the Spanish. During the brief German
occupation of the Marianas (1899-1914) the copra
industry was considerably cxpanded, food and stock
farming was encouraged, a few schools were established,
and Capuchin priests were substituted for Augustinians
and Jesuits; but otherwise the handful of German
officials scom to have left things essentially as they had
been under Spanish rule.

Japan seized the Mariana Islands (except Guam)
from Germany in October 1914, and Japanese mandate
over these islands was approved by the League of Na-
tions in 1920. Headquarters for the Japanese mandated
\arianas were on Spipan. Under Japanese rule an
important sugar canc industry was developed in the
Marianas, phosphate and manganese were mined, and
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trade with other mandated islands and Japan was en-
couraged. Okinawan and Korean laborers were im-
ported to work the sugar fields. The Japanese segre-
gated the Chamorros and restricted their holdings but
apparently did not interfere with their religious activ-
ities or social customs.

On June 15, 1944, American troops landed on the
southwestern beaches of Saipan, and within 2 months
the 30-year Japanese occupation of the Marianas was
ended (for an account of the campaign sce Hoffman,
1950). Guam, which had been taken by the Japanese
on December 9, 1941, was retaken by American troops,
and the United States trusteeship of the remaining
islands, including Saipan, was approved by the Sceurity
Council of the United Nations on April 2, 1947, and
nccepted by the U. S. Government on July 18, 1947.2

GEOGRAPHIC TERMINOLOGY

The geographic names used in this report are those
approved by the U. S. Board of Geographic Names as
recommended in a “Preliminary gazetteer of geographic
names for Saipan” (Cloud, 1949). The specific parts
of the Chamorro names are adhered to throughout; but,
in the text itself, the generic parts at most places are
translated to English in the interests of smoother
reading—thus Ogso Tagpochau is written Mount Tag-
pochau and Ogso Talofofo is Talofofo ridge. At
irregular intervals bracketed Chamorro translations
follow the names of geographic features as a form of
(ranslation aid. The maps give the entire approved
name in Chamorro only, together with a translating
key to generic parts.

Translation of Chamorro specific terms is given in
the reference mentioned, and other information may
be found in a Chamorro grammar by W. E.Safford (1903-
19058, sce also Safford 1905b, p. 113-116) and o dic-
tionary by the Capuchin Father Callistus  (1910).
Safford also refers to a small Spanish-Chamorro
dictionary by Father Ibaiiez del Carmen, published in
1865.

One matter needs to be clarificd. The Chamorro
words for the cardinal directions somehow became
confused between Guam and Saipan (perhaps at the
time of the repopulation of Saipan during the middle
and late 1800’s). On Saipan north is katan, south is
luchan (san lichan, toward the south; gi lickan, south
of, south from, on the south of), east is haya (pronounced
hit'za), and west is lagu (sometimes given as lago). Orn
Guam lagu (or lago) means north, haye south, katan
cast, and luchan west. This seem incredible—but the
usage for directions on Saipan was verified at every
opportunity and is surely correct for that island; the

3 Most of tho foregoing Information svas obtained from roferences cited. A fuller

and moro recent account of Marlanas history is given by Reed (1952).
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usage for Guam is given on the authority of Saftord
(1903-1905a, v. 7, p. 815), and Father Callistus (1910,
. 50, 52, 67, 81) substantiates the double usage.  More-
over, Albo’s log of Magellan’s voyage (Stanley, 1874,
. 223), as quoted on an carlier page, bears out Safford’s
contention (1903, v. 5, p. 201, 307) that the Spaniards
were called gi lago, and their language Finolago, be-
cause they first appeared to the natives coming from
a northerly direction.
CLIMATE
Japanese climatic records for Saipan have been sum-
marized in compilations by the U. S. Navy (1944,
p.3-8) and the U. S. Geological Survey (1944, p. 46—47).
Temperature and rainfall data from the latter reference
are further condensed in table 1.

Saipan is characterized by & tropical oceanic climate.
Recorded mean annual temperature ranges from 78°F
at an altitude of about 676 feet on the central ridge
cast of Tanapag to about 85° I in the southwest Jow-
lands. Recorded deviations from the mean are as low
as 67° on the central ridge and as high as 102° in the
southwest lowlands. The mean annual relative humid-
ity is about 82 percent, with a monthly average between
79 and 86 percent (U. S. Navy, 1944, p. 5). The axial
uplands and cast slope of the island, being exposed to
the casterly trade-winds, are cooler and generally less
Tumid than is its western slope and coastal area.

Average annual rainfall, according to Japanese
records, varies from $1.0 inches in the southwestern
lowlands to 90.7 inches at an altitude of 676 feet on the
central ridge. Mount Tagpochau, which rises to a

TanLe 1—Temperature and rainfall data for Saipan (averaged from 9 years of Jupanese records)

Temperature (Fahrenheit)

Ramfall (inches)

Mean  Mazi-  Mini-  Mean
Station. annual mum  mum annwal Mean  Absolute

Axial ridge (altitude 686+ ft).. 78° 80° 67°
(Sept.)  (Jan.)
Southwest lowlands (altitude 10 85° 102° 68°

t0 200 ft). (Sept.) (Jan))
pealk of about 1,555 feet, would doubtless show a higher
rainfall still, and a maximum annual precipitation of
130 inches has been recorded at an unidentified locality
(U.S. Navy, 1944, p. 5). Recordskept at the Tanapag
Nava! Air Base from Scptember 1948 to August 1949
show only 51.44 inches of rain. This is the minimum
yearly rainfall so far recorded for Saipan, but it is con-
ceivable that rainfall in this lec area would average less
even than that in the southwestern lowlands. Less
than 1 inch of rain has been recorded in some years for
the months of February, March, April, and May, but
as much as 18.4 inches has fallen in January. Septem-
Dber is the wetlest month, with averages at two stations
of 13.6 and 15.7 inches, and maximums of 25.7 and 27.0
inches. However, in the 1948 to 1949 period noted,
July was the wettest month, having 12.81 inches.

The table shows that one may recognize & rainy
season and a dry season. Some rain falls on a majority
of the days in all months of the year; but rains are
heaviest and rainy days are most frequent from July
through October on the axial uplands and from July
through November on the low ground in the southwest.
The dry season extends from November or December
through June. This is the time of generally continuous
easterly trade winds and pleasantest weather. The
rainy scason is the time of shifting winds and typhoons.
During this season the wind comes most frequently
from the southeast to east, but it may blow from other

Mazimum monthly
———————— Months with  Ramest  Less rainy
<l months months

27+ Apr.  July- . Nov.-June
2

Sept )

5.7 Fob., Mar, July-Nov.  Dec-June
(Sept.) Apr.
quarters, particularly from the south and southwest.
‘T'yphoons come generally from the south or southwest,
most frequently toward the latter part of the rainy
season. During typhoons the wind may rise to very
high velocitics and do great damage, and the combina-
tion of high wind and heavy rainfall almost always
does some damage.

A high degree of cloudiness prevails over Saipan, as
it does over all the Mariana Islands, which usually can
be located from far away by the banks of clouds above
them. Over an 8-ycar period of observations, the
mean annual cloudiness averaged 6.7 on a scale that
ranges from 0 for cloudless to 10 for completely overcast
(U. S. Navy, 1944, p. 6). However, about 59 percent
of the hours between 6 a. m. and 6 p. m. are hours of
sunshine.  Cloudiness is greatest from July to Septem-
ber and least in April. Days with clear skies occur
most frequently in February.

WATER RESOURCES

About 73 billion gallons of rain falls on Saipan in
an average year. If the rainfall were uniformly distrib-
uted in time, which it is not, this would amount to
about 200 million gallons per day. The ultimate prob-
lem of water supply on Saipan relates to how much
of this rainfall can be recovered in usable form.

Sources of potable water on Saipan before American
occupation were Donni springs (Bobo I Denni, flowing
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80,000 to 400,000 gallons per day), about a dozen
smaller springs (such as Talofofo springs, Nicholson
spring, Achugau springs), cisterns for catchment of
rainfall, a few drilled wells, and several hundred dug
wells.  Slightly brackish water for industrial purposes
was obtained from the starch factory spring, or salt
spring, near Tanapag. This spring normally flows
{from 100,000 Lo 130,000 gallons daily, and has a chloride
content of 480 to 1,200 ppm. Hagoi Susupe, a slightly

tamil d lake, furnished

brackish and g y
water for operation of the Japanese sugar mill at Chalan
Kanoa. Dug wells in the low coastal plain along the
west coast provided generally brackish water. A few
drilled wells in the southern fourth of the island pro-
duced fairly large quantities of water of good pota-
bility at a faitly consistent flow.  Cisterns provided
most of the water for individual dwellings away from
the villages.

After the American landing many wells were drilled,
and a large proportion produced potable water. One
Maui-type infiltration tunnel (U. S. Maui No. 1) was
extended from the base of a 100-foot shaft near the
center of the south quarter of the island. Another
Maui-type tunnel was extended from the base of a 200-
foot shaft driven down from the 200-foot terrace surface
near the center of the west side of the island (U. 8.
Maui No. 4). Other proposed Maui-type wells were
1 d before letion, but the two ioned
have continued to produce a large part of the potable
water used on Saipan since their completion, giving
trouble only when the water drops below the level of
withdrawal owing to unusually low tides.

“The only reasonable possibility for obteining addi-
tional water from surface sources on Saipan consists of
utilizing the two small perennial streams and several
small springs of the Talofofo grasslands (Sabanan
Talofofo) in the cast-central part. Small artificiol
catehment reservoirs might prove feasible; but in the
absence of data on runoff and silt carriage, it also scems
probable that silting behind a dam or dams in the
Talofofo drainage arca might casily occur too rapidly
to warrant such a venture.

All possible sources considered, development on
Saipan of a regular daily supply of almost 5 million gal-
lons of potable water at the source points scems prac-
ticable. It should bo emphasized, however, that pre-
vention of excessivo loss of water enroute to points of
demand requires excellent pumping and piping facilities
and proper maintenance of them. Deterioration of
such facilities in the tropics is rapid but their main-
tenance is at least of cqual importance with the develop-
ment of original supply and is a commoner source of
difficulty in the larger islands.

1
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LAND CLASSIFICATION

The soils and areas of little or no soil on Saipan are
grouped into five major land classes. As summarized
from the chapter on soils by R. J. McCraclken these are:

1. Arable land on gentle slopes originally covered
4,960 acres or about 16 percent of the total land area on
Saipan. Between 10 and 20 percent of these arable
lands have been rendered indefinitely unfit for agri-
cultural use as a result of military construction during
World War IT.

2. Marginal land suitable for limited crops or grazing
land formerly comprised 12,620 acres or about 41 per-
cent of the total land avea. Between 10 and 15 percent
of this land is estimated to have been indefinitely with-
drawn from use owing to military construction.

3. Nonarable land usable as grazing land or for
limited forest growth underlies about 12,660 acres or a
littlo over 41 percent of Saipan. This land is largely
rough, stony land, mainly barren of soil, or with thin or
very patchy development of relatively infertile soil.
It also includes marshland.

4. Low-quality land suitable for grazing but not for
crops or forest growth covers 250 acres of north central
Saipan. This is essentially an area of outcrop of dacitic
breceia and flow rock, comprising slightly less than 1
percent of the total island area.

5. Quarries and the lake known as Hagoi Susupe to-
gether account for 230 acres, or less than 1 percent of
Saipan’s surface.

The uses to which the natural land classes may be
put are, of course, further limited by the necessity of
replacing large parts of the present plant cover
with appropriate new types—for instance, areas of
swordgrass would need to be replaced with suitable
forage stock before they were actually usable as grazing
land.

PLANTS AND ANIMALS

The vegetation of Saipan has been so altered by
cultivation, burning, and importation of foreign species
that it is difficult for any but the skilled botanist to
know what plants are indigenous and which introduced.
S. J. M. von Prowazek (1913, p. 104-121) listed the
flora, di: d floral ities an ionshi
and cited important previous publications. According
to the U. S. Navy’s “Civil affairs handbook” (1944,
p. 16), Sigeki Kawagoe in 1915 recorded a presumably
inclusive flora of 107 species grouped in 51 genera. Of
these the grasses and legumes include the largest num-
ber, with 10 species cach. Safford’s book on “The
useful plants of Guam” describes with care and dis-
cusses a flora similar to that of Saipan. We have not

attempted to go beyond the sources cited and are not
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here d with inclusi or distinction between
endemic and introduced. .

In the past the coconut palm was of leading impor-
tance in the native cconomy. However, as a result of
blights, an extensive but now defunct Japanese sugar-
cane industry, and war, the coconut is no longer
abundant. Bananas, taro, tapioca, yams, and sweet
potatoes are extensively raised, and the breadfruit,
pandanus, and soursop are important food sources.
Mangoes, papayas, and pineapples are grown locally,
and coffce, citrus fruit, cotton, tobacco, and kapok
trees were introduced and raised in varying quantities
in times past. Ifilwood (Inisia bijuga®) and daog
(Calophyll inophyllum) are ially important
timber species.

In terms of broad vegetation patterns, dense and
varied jungle growth characterizes the immediate
vicinity of the limestone cliffs, whereas the pliant but

land animals of Saipan, and much of what is known of
this is summarized in the “Civil affairs handbook” for
the Marianas (U. S. Navy, 1944, p. 18-20). The only
native mammals are two species of bat, of which the
larger, known as the fruit bat or flying fox (Pteropus
Jerandreni), is caten by the Chamorros, who enll it
“fanihi.” The other species of bat is the common,
small, night-flying bat (Emballonura sem icaudata)
Rats are abundant and are generally considered to have
been introduced. A few deer (Cerous mariannus) were
scen in the volcanic terrain of north central Saipan.
Pigs, cattle, and chickens are faitly common domesti-
cated animals, but more could casily be kept. Oxen,
carabno, and horses arerare.  Feral goats were observed
in the isolated bluffy arca south of north Laulau Point
(Puntan Laulau Katan).

Only one land snakeis known from Saipan. This
is & harmless, small, slender, black, burrowing snake,
rather resembling an carthworm-—a species (2'yphlops

vicious sharp-edged swordgrass (Miscanthus floridula
or M. sinensis) is the characteristic plant inhabi of
the volcanic areas or areas of highly tuffaccous or argil-
laceous limestone. Under Baron Mitsui and the South
Seas Development Company (Nanyo Kohatsu Kaisha),
the Japanese developed an extensive sugarcane in-
dustry, and second growth cane occurs over much of
the island. The casuarina trec (Casuarina cf. C.
equisetifolia, Australian pine, ironwood) grows exten-
sively along the beaches, and locally it and the xer
phytic fern Gleichenia compete with swordgrass for
living space on the volcanic soils and weathered vol-
canic rocks. Casuarina has also been planted in wind-
breaks. To the foot-traveler the deceptively smooth-
looking areas of thick growth of swordgrass are the
most nearly impassable vegetation; second and third in
order of difficulty are jungle and sccond-growth cane.

Leguminous trees and shrubs are among the com-
monest and most varied on the island, and, of these,
the introduced scrub “acacia” Leucaena glauca is the
commonest and most widely distributed. In fact it is
rapidly becoming another serious impediment to cross-
country foot travel. Another common leguminous tree,
the Formosan koa (dcacia confusa), was widely intro-
duced by the Japanese as a windbreak, woodlot, and
shade tree. The locally extensive patches of this low
tree i the pl dland on Saipan,
their dense shrubbery so completely shutting out the
sunlight as to inhibit the growth of all underbrush
and provide free, if cramped, passage beneath their
canopy.

Excepting insects, there is little variety among the

3 Founders' names aro omitted from specles names that aro merely quoted from
proviously sed on

speclalists for this study. The orlginal data aro mataly In U, S. Navy (104) and
von Prowazek (1913). .

) which has attained an almost world-wide
distribution through artificial means. Marine snakes
that are occasionally scen in the shallow water about
the island are generally poisonous, but are not aggressive
and ordinarily refuse to bite even with provocation.
A large monitor lizard (Varanus indicus), sometimes
cerroncously referred to as the iguana, is apparently
common but is seldom scen because of its secretive
habits. It attains a maximum length of about 4 feet,
is dark with yellow spots, and occasionally makes
nuisance of itself by feeding on young chickens. The
monitor lizards also eat rats, however. A small blue
tailed skink (Emoia cyanura) and several species of
chirping geckos are common throughout the island.

The house fly is an abundant pest, and mosquitoes
are locally a nuisance. Several species of wasps and
bees occur on Saipan. One small wasp with an un-
forgettable sting and a belligerent disposition locates
its small nests at shoulder height or lower positions
through brush and along walls of buildings and rock
faces. Ants are common and some can inflict painful
bites. Centipedes, as much as 10 inches long, and
small, broadbacked scorpions are probably abundant
but are seldom seen. Ticks are reported. Beetles,
butterflics, dragonflies, spiders, moths, locusts, termites,
fleas, and grasshoppers are common. '

A variety of sea and shore birds, as well as a few
native land birds, were observed. Apparently most
of the native jungle birds recorded by carlier visitors
have been exterminated.

Tish and ecls of great variety occur in the shallow
water around the island, and at least one species of
fresh-water cel (Anguilla marmorata Quoy and Gaimard)
and a small basslike fish [Kuhlia rupestris (Lacapide))

occur in Talofofo stream (Sadog Talofofo), in cast
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central Saipan. A small, wide-clawed, cdible crayfish
[Macrob i lar (Fabricius)]* also occurs in
Talofofo stream, and shellfish of various sorts are
abundant in the coastal waters. As would be expected,
the marine fauna is far more abundant and varied than
the fauna of the island itself. This, however, is dis-
cussed and tabulated in part 4, chapter K, under shoal-
water ecology.”

The imported African land-snail (Achatina fulica)
is o familiar pest. It attains lengths exceeding 4 inches,
and is extremely abundant in some parts of the island,
particularly in areas underlain by limestone. It seems
to feed on almost any vegetation, and cfforts to eradicate
it have so far failed.

MINERAL RESOURCES

The mineral resources of Saipan are both metallic
and nonmetallic. The metallic ores include

GEOLOGY 9

Although a complete survey of the published record
has not been attempted, references noted were traced
to original sources. It is thus probable that the bibli-
ography includes most papers that are either significant
to the immediate problems or of special interest as
related to the development of geologic thought about
the region. In the rare instances where the original
toxt or a translation of a paper listed has not heen scen,
reference is made to the actual reporting source. ~ Cita-
tions of Japancse-language papers in the bibliography
are accompanied by indication of place of availability of
an English translation or abstract. Omission of page
reference in citation indicates either that the entire
reference is pertinent or that we worked from a transla-
tion that did not indicate original pages.

In the following review special attention is given to
papers that are primarily of historical interest and to
those not ifically utilized or discussed in other

oxides, ocher, and iron oxides. Previous reports of
bauxite, however, have not been authenticated. Ta-
yama (1938, translation) reports traces of gold and
silver in grains of pyrite and sphalerite in quartz

i

parts of the report.

EARLIEST SCIENTIFIC EXPLORATIONS, 1792-1839

The emliest expedition to visit the Marianas with
ientific expl jon as its primary objective was that

boulders of the Densinyama formation. N

resources include phosphate, sand and a little gravel,
clay, building and decorative stone, and sources of
riprap.

These commodities will probably never be of much
importance. Phosphate deposits in northern Saipan
were fairly woll exhausted by the Japanesc, and
attempts to develop the manganese resources of the
island scem to have been disappointing. It is possible
that, with carcful exploration and intensive develop-
ment, somewhere between 12,000 and 160,000 tons of
high grade mangancse oxide might yet be recovered from
Saipan, but it is unlikely that the volume would be
significant in terms of world markets beyond Japan.

A more comprehensive survey of the commodities
mentioned is given in an appendix to this chapter.

PREVIOUS STUDIES

Excluding an abstract by ourselves (1951), we know
of only seven published reports that deal exclusively or
primarily with the geology of Saipan (Seidel, 1940b;
Tada, 1926; Tayama, 1938; Asano, 1939a; Imaizumi,
1939; Yabe and Sugiyama, 1935; Cole and Bridge,
1953). Geologic and geographic reports that make
roferonce to Saipan, however, are scattered through
the published and unpublished record. Morcover, in
tho following summary, reports on the larger Marianas
other than Saipan and on the western Pacific structural
province as a whole arc considered to be of cuord'{nntc
importance for understanding the geology of Saipan.

o fish and col wero identificd by Leonard Schultz and assoclates In the U. S.
Natlonal Museum, the crayfish by Lipke B. Molthius of the Letden Musoum.
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of Alessandro Malaspina. Malaspina touched at Guem
in February 1792, in the service of Carlos IV of Spain.
With him as naturalists were Antonio Pineda, Thadeus
Haenke, and Luis Née. Pineda, who studied the geol-
ogy and zoology, died soon afterwards in the Philippines,
Haenke never returned to Europe, and full accounts of
the observations of Née and Malaspina have never been
published (Safford, 1905b, p. 25-28).

Otto von Kotzebue, accompanied by the talented
and many-named man who most of the time called
himself Adelbert von Chamisso, sailed the ship Rurik
past Rota and laid over for 6 days at Guam in late
November of 1817 (Kotzebue and Chamisso, 1821, Band
2, p. 126-135, Band 3, p. 77-84; Chamisso, 1883, Teil 1,
p. 238-244, Teil 2, p. 89). Chamisso and Kotzebue
recorded that the Mariana Islands were a volcanic
chain, with young volcanoes in the north of the chain,
noted the occurrence of raised coralliferous limestone
on Guam and the recent reef at Apra harbor there,
and described the general topography of Guam.
They show Guam and some unrecognizable islands to
the north on a chart of “Der Carolinen Tnseln” (1821,
Band 3, facing p. 85).

On March 17, 1819, Louis de Freycinet reached Guam
aboard the French corvette Uranie and had to lay over
{for several months because of illness among the crew.
During this interval side trips were also made to Rota
and Tinian. With de Freycinet were the zoologists
J. R. C. Quoy and J. P. Gaimard, and the botanist
Charles Goudichaud-Beaupré. Gaudichaud (1826, p-
64-87) described the botany and general appearance
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of Guam, Rota, and Tinian and recognized tho general
difference between volcanic and limestone terrains and
their floras. Ho began a stubborn botanical legend
when he attributed the & in jon of
cortain voleanic soils to “destruction des hommes.”
Quoy and Gaimard (1824, p. 32-36, 592-601, 658-671)
describe the Marianas with special referenco to Guam,
diseuss the coral fauna and importance of corals as rock
builders, and deseribe the limestone terraces of Guam
and Rota. Thoy report, on Guam, thousands of the
little axis deor, presumably introduced carlier from the
Philippines and Sulu (Smith, 1925, p. 41), as well as
hordes of rats. Quoy and Gaimard had a good idea
of the geology for their time, and, like Gaudichaud,
ized a general corrclation between i

and terrain. Like him, also, they thought tho latter
due to factors: “Les qui ont
toutes subi I'action du feu, son arides et peu boiseés.
Les foréts recouvrent le calcaire et forment une de-
miceinture a I'tle” (p. 32). Quoy and Gaimard held
basically modern views about the formation and
growth control factors of living recfs (p. 660-661).

After the Uranie came the Astrolabe, under command
of J. S. C. Dumont d’Urville who brought a large
scientific stalf. They anchored at Umatac Bay on
May 2, 1828 and remained on Guam 28 days to rest
and repair equipage. Quoy and Gaimard were back
again, as zoologists with d’Urville, but their accounts
were purcly zoological this time. In the great serics of
reports on the results of investigations by this expedi-
tion the only comment on the geology of the Marianas
seems 10 be a remark by d’Urville (1830, tome 1, p.
xciii) that Guam, with its feldspathic lavas, reminds
him of the environs of Carterct, New Ircland. He
gives an account of his arrival and stay at Guam in
volume 5 of the narrative (1833, p. 251-286), and atlas
3 has some interesting pictures of Umatac and vicinity.
This atlas also contains a map of part of the Pacific
Ocean by d’Urville and Lottin that shows Guam, Rota,
and Tinian, but not Saipan. D’Urville paid a second,
but cursory, visit to Guam on January 1, 1839 (Safford,
1905b, p. 32).

MOSTLY DORMANT INTERVAL, 1840-1900

Little scientific interest was shown in the Mariana
Islands between 1840 and 1880, but there was a renewal
of attention to the aree between 1880 and 1900. J. D.
Dana, who never visited the area, quoted some of the
observations made by Quoy and Gaimard on Mariana
geology in his book on “Corals and coral islands”
(1872, p. 306-307, 344-345). He also (1885) discussed
Guam as an example of an island where volcanism
may have been concomitant with subsidence of the
sca floor. J. A. Guerra wrote a general account of the

Marianas which we have not seen, but which was
summarized by Ferdinand Blumentritt in 1883. Blum-
entritt’s summary briefly mentions features of the reefs,
channels, and islands and comments on Apra harbor
(Guam), but it is too generalized to be of present
value.

The only accounts that appear to be of interest for
the period 1840 to 1900 are those of Alfred Marche
who traveled extensively in the Marianas from April
1887 to March or May 1889, He visited most of the
islands, spent more than 2 months on Saipan, and took
particular interest in archacological ruins, water supply,
topography, and geology. A letter from Marche,
published in the Société de Géographie in 1887 gives
o brief account of his first impressions and is followed
by a curiously inaccurate statement from Instructions
nautique (Hydrographie frangaise) No. 584 to the effect
that Mount Tagpochau (Ogso Tagpochau) and Mount
Achugau (Ogso Achugau) are extinet voleanic cones.
Marche himself later climbed Mount Tagpochau and
clearly recognized that it was of limestone from base
to top (Marche, 1890, p. 25; 1898, p. 65-69). His
longer account (1898) in particular treats of the history
of exploration of the Marianas, discusses the nativ
and their past, and gives measurements of and shrewd
observations about the archacol 1 ruins on Tinian,
Rota, and elsewhere. Marche also correctly recognized
the northern Marianas as young voleanic islands and
the southern Marianas as mainly clevated limestone
islands. His accounts of the harbor facilities and water
supply for Guam especially, but also for other islands
visited, are excellent for their time and would until
very recently have been considered useful sources of
such information. At the time of Marche’s visit the
town of Garapan (then known as San Isidore de Gara-
pan) was the largest town on Saipan, and second in
size only to the colonial capital of Agaiin on Guam.

The 10-day visit of an official German party to the
Marianas during November 1899 (von Bennigsen,
1900, p. 108-111) is of interest only because one member
of the party, the botanist Volkens, was later cited
(Seidel, 1904b, p. 219) as of the opinion that Mount
Tagpochau was a voleano. In his own account of the
trip Volkens (1902, p. 414-422) merely comments bricfly
on the vegetation and general geography of the
Marianas.

INTERVAL 1900-1920

In 1902 S. Yoshiwara published the first paper re-
lating to the outer margin of the Philippine Sea that
presents results sufficiently advanced to be, in them-
selves, of interest inapresent-day report. He announced
the presence in the Bonin Islands of Eocene cam-
erinids associated with andesitic pyroclastic rocks and
overlain by limestone with Miocene orbitoids—both
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new stratigraphic records for the open Pacific. He
concluded (1902, p. 301) that “the submarine volcanic
cruption of the Ogasawara group |Bonins] began in
the Eocene epoch, and had alrendy ceased before the
Aliocene.””  Yoshiwara also noted the oceurrence of
felsic voleanics in the Bonins, and discussed the recent
and historic volcanic activity of the Voleano and Nanpo
Shoto Islands. He directed attention to a report by
Susuki in 1885, of scrpentine from Kurose in Ototo
Jima (one of the Bonins) but does not confirm this
veport. In an English translation of Susuki’s paper,
on file in the U. S. Geological Survey, however, the
only mention of serpentine in the Bonin Islands is that
it in places forms an alteration product of hypersthene
in the andesitic rocks.

Also at the turn of the century, G. Fritz, the German
district commissioner on Saipan, wrote general ac-
counts of Tinian (1901x), Rota (1901b), and a trip to
the northern Marianas (1902). TFritz described the
anchorage at Tinian, obscrved that the island’s surface
was of coralliferous limestone and deep-red clays, and
noted the presence of potable ground water. He also
remarked on the vegetation, fauna, topography, ar-
chacology, and history of Tinian and made a few brief
comparisons with Saipan. Concerning Rota, Fritz
observed that the terraced limestones enclosed a vol-
canic core which he supposed might be intrusive, com-
mented on the perennial steams of the south and east
consts, mentioned the useful plants and animals, de-
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lave come from Saipan. The composition of the rock
does not, agree with analyses of andesite known to be
from Saipan.

Alexander Agassiz (1903, 365-378, 392) reported the
results of a brief visit to Guam and a passage near Rota
on the U. S. Fish Commission steamer Albatross in Feb-
ruary 1900. He took four deep bottom-samples in the
general neighborhood of Guam—notable for the pres-
ence of manganese, red clay, pumice, and fine voleanic
sand. He noted the “distinct coralliferous limestone
terraces, marking the position of former sea level and
indicating the periods of rest during the elevation of
Guam,” and he counted not fewer than seven such ter-
races on Rota. He also observed lines of caverns in
vertical limestone faces and accurately described the
irregularly pinnacled surface of the weathered limestone.
He mentioned records of a destructive earthquake in
1849. Like Gaudichaud and Quoy and Gaimard before
him, Agassiz recognized the association of thick jungle
vegetation with limestone terrain and barren slopes
with volcanic rocks, and he observed the general distri-
bution of volcanic rocks and limestones. He states
that Saipan, Tinian, and Aguijan, like Rota and Guam,
are partly voleanic and partly limestone, and that there
are 12 young volcanoes in the northern islands. ~Agassiz
did not, however, appreciate that the blanketing lime-
stones over the volcanic cores of the southern islands
originated through normal sedimentary overlap. He
referred at several places (p. 365-367, 371-372) to

seribed the carly history and arcl 1 ruins, and

olcani » that have “burst through the

1lif 1 ” 1

presented a sketeh of the island and its anchorage. He
spent 20 days on a cruise of the northern Marianas
aboard a Japanese ship in May 1901, and made many
careful observations on their general shape and topog-
raphy, vegetation, fauna, general rock types, mineral
products, water resources, and archacology. Fritz ob-
served that the Marianas are sharply divisible into
two groups of islands (Fritz, 1902, p. 96). Although
all were recognized as basically voleanic in origin, those
from Medinilla south were scen to have their highest
peaks surmounted with limestone, while those to the
north were recognized as wholly voleanic. He also
notes that even sparse growths of coral are rare in the
northern voleanic islands and records that he saw no
clevated coral limestone there.

The ealicst petrographic investigations of voleanic
rocks from the Mariana Islands were made by Kaiser
(1903, p. 114-120), who described and published chemi-
cal analyses of single specimens of andesite from Pajaros
and Saipan. These samples were collected by G.
TFritz, who sent them to Kaiser for study at Leipzig.
According to Kaiscr, however, the specimen of andesite
from Saipan was obtained from an ancient ruin at
Magpi, in the northern part of the island, and may not
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cor citing ph purported
to show such pnenomens, describing supposed contact
metamorphism of the limest and even ludi
as he steamed past the north end of Rota “that the
slope of the northwestern point, as well as * * * the
vegetation, indicated a volcanic outburst.”

Tn 1904 L. M. Cox, an engincer in the U. 8. Navy,
published an account of Guam in the Bulletin of the
American  Geographical Society. He correetly con-
cluded that the voleanic rocks were the older and that
they were overlapped by younger limestones—a conclu-
sion strongly implied but not specifieally stated in
Marche’s reports of 1890 and 1898. He also describes
some cffects of the destructive earthquake of Sep ber
22,1902, gives an account of the general natural history,
and provides a land classification map.®

H. Seidel (1904b) summarized geological information
available on Saipan at the beginning of the 20th century
in his brief paper “Der geologische Aufbau der deutschen
Marianen-Insel Seipan” and, even more briefly, in a
general paper on Saipan published in the same year

+Tho “college” of which Cox writos was tho Colegio do San Juna do Letran, et
dowod by Quean Marla. b

crafts (see Safford, 1005b, p. 21-22, 127-125).
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(1904a). His sources of information included the al-
ready referred to accounts of G. Fritz, Alfred Marche,
and do Froycinet, as well as oral accounts by Hermann
Costenoble and his own observations. He recognized
the presence to the very summit of Saipan of upraised
and terraced limestones and rejects an opinion attrib-
uted to a letter from the botanist G. Volkens that
Mount Tagpochau is voleanic. Scidel also describes
the notched shore line of Saipan; gives data on the lis-
tory, fauna and flora, carthqualkes, topography, drain-
age, and water supply; records his belief that the natives
had known the use of fire before the arrival of Magellan;
and recognizes the twofold subdivision of the Marianas
into young voleanic islands and older islands with
eruptive cores capped by limestone. Later Seidel also
published general accounts of Rota (1914a) and Tinian
(1914b). He describes briefly the gencral geography
and natural history, reiterates the twofold subdivision
of the Marianas, takes note of the well-defined terraces
on both Tinian and Rota, and remarks on Anson’s stay
at Tinjan. A contemporary of Seidel, H. Hofer (1912),
also wrote briefly of Tinian, but we did not see his
report, which is not known to be available in the United
States. Reference to another brief account of the
Marianas by G. Volkens (1901) is made by Utinomi
(1944, p. 98) but we have not seen Volkens’ account
cither.

H. H. L. W. C ble, & Thuringian emigrant to
Saipan in 1903, apparently lived there with his family
for some time and traveled among the other German
Marianas and to Guam. He gives a good general ac-
count of the Mavianas for his time (1905). Like most
of his d Ci bl ized the northern
islands as volcanoes and the southern islands as com-
Pposite structures of volcanic rocks and limestone, but,
as did Agassiz, he wrongly concluded that the volcanics
were at least partly intrusive into the limestones:
“Nur an i Stellen ist der Kalkiil durch

lkcani Ausbrucl ‘brocl (p. 5).
He tells of the 1902 earthquake on Guam, how at
Agafia “das heute noch dic halbzerstérte Kircho und
zahlreiche Hausruinen an jenes Ercignis gemahnen”
(p- 5). Costenoble, like others, was i d by the

pation, and remarks prophetically about the utilization
of natural resources and the cconomic future of the
Marianas.

In 1905 W. E. Safford gave a general account of the
natural history of Guam under the title “T'he useful
plants of Guam.” While serving as assistant governor
of Guam from August 1899 to August 1900 he pored
through the archives and added to his notes from wide
reading and travel to produce an excellent general ac-
count of the geography, climate, hydrography, vegeta-
tion, fauna, history, and people of Guam, with many
original observations. Safford’s ideas of the geology
(1905b, p. 46-52) were apparently derived mainly from
Agassiz, and he unfortunately perpetuates the latter’s

i ion of the relationships between li
and voleanic rocks: “All of the mountain peaks of
Guam arc undoubtedly of voleanic origin. In some of
them the outlines of the eraters may still be traced”
(p. 51).  He records some of the severe carthquakes of
the historical period on Guam, cites one not men-
tioned by other writers (April 14, 1885), and u
good account of that of September 22, 1902, which al-
legedly did $22,100 worth of damage on Guam and
strongly affected the region at least as far north as
Saipan.

Eduard Suess, in his monumental “Das Antlitz der
Erde” (1909, especially p. 336-339), described the
Mariana Islands on the basis mainly of the calier ac-
counts by Fritz and Agassiz. It is interesting to note
that Sucss, without having scen Guam, was correctly
skeptical of Agassiz’ conclusion that the volcanic rocks
were intrusive. Suess also was the first to express in
writing the opinion that the Marianas and related
island arcs were structurally allied to Asia.

S. J. M. von Prowazck in 1913 wrote the fullest ac-
count to date of the general geography, history, and
natural history of the Marianas. Prowazck accom-
panied o Prof. Leber to Saipan, Tinian, Rota, and
Guam, but he did not visit the northern islands and
gets his information on them from Fritz (1902). He
made large natural history collections whose species
were identified for him by specialists in Germany.

terraces.  With reference to Saipan, he correctly de-
scribed the configuration of the slopes and terraces of
Mount Tagpochau and their “coral” limestone nature.
He also gives a brief account of water resources, notes
flowing streams, and describes two ‘Brachwasser-
lagunen” (presumably Lake Susupe and a subsequently
filled loke or swamp in the horn of land at Muchot
Point). The occwrrence of eels and fresh-water fish in
the running streams of Saipan is noted. Costenoble
makes some cogent observations on the native inhabi-
tants, their history, and the effects of European occu-

Prowazek’s book Z graphic date for all
the Mariana Islands (p. 3-5); discusscs their disrovery,
exploration, history, cthnology, and archacology (p.
6-73); discusses their geology, water resources, and
climate (p. 74-81); describes in particular the scencry
and topography of Saipan, Tinian, and Rota (p. 82-
8[?); gives a remarkably complete faunal summary
with special reference to terrestrial forms (p. $7-103);
Lists the flora and describes floral communities and re-
lationships (p. 104-121); and provides a bibliography
of 76 pertinent and varied titles (p. 122-125). IHe de-
scribes Anson’s visit to Tinian in 1742, as well as many
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other early explorations, expresses the unorthodox and
probably incorrect view that the Chamorros were of
Japanese derivation, and records data on the causes
and history of depopulation of the Marianas during
carly Spanish occupation. Ie provides a sketch of the
former lake at Muchot Point in western Saipan.
Prowazek also gives a record of 22 carthquakes for
1901 to 1903, notes damage to the archacological
““Iouses of Taga” on Tinian and the church at Garapan
by a strong earthquake in 1902, and records a severe
quake in 1849,  Prowazek (p. 74), like Suess, held that
the Marianas, Yap, and Palau were structurally a part
of Asia.

Inaprovocative paper R. A. Daly (1916) called atien-
tion to the work to be done in Pacific geology and re-
ed andesites and felsic voleanic rocks from the
iana and Bonin Islands. Soon afterwards, W.
Koert and L. Finckh (1920) stated that the Marianas
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version of his 1923 paper, again labeled Mount Tag-
pochau as a volcano (map 18, p. 242).
In a broadly conceived paper dealing with the dis-
tribution of the land snail Partule in the Marianas,
H. E. Crampton (1925, p. 5-8) makes reference to the
geology of the larger Mariana islands. He presents,
without indicating his source of i ion, the erron-
cous view earlier expressed by Agassiz that the voleanic
rocks are intruded into the overlying limestones.
Contrary to fact, he states that through the northern
plateau of Guam “volcanic masses have broken their
way, as attested by the metamorphosis of the contiguous
rock,” asserts that “Barrigada [a Cenozoic limestone
hill] is such an intruded mass” (Crampton, 1925, p. 6).
In 1926 Fumio Tada visited Saipan and Yap for
“no more than 4 days” (each?), and his paper on
“Abrasion terraces of the South Sea Islands” appeared
in the same year. In it he discusses the terraces, with
special jon to those of Saipan. He presents

from Anatahan to Pnjaros are ly andesitic and
reported serpentine on Tinian and Agrihan. Schmidt,
however, found random samples from Pagan and Agri-
lan to be dominantly basalt, and andesite dominant
only in samples from Alamagen, Sarigan, and Anatahan.
The reports by Koert and Finckh of serpentine from
‘Pinian and Agrihan have never been confirmed and are
highly doubtful unless reference is made to spot altera-
tion of mineral grains.

SINCE 1920

. II. Iobbs made cruises to the Bonin, Voleano
(or Sulphur), Mariana, Caroline, and Palau Islands in
1921 and 1923. He stopped at several of the islands
(apparently including Saipan), obscrved their regional
arrangement, and published a paper on “The Asiatic
ares” (1923). Hobbs recognized that the Mariana
Islands are not arrayed in a simple line, with the young
voleanic islands on the north and older, more complex
islands on the south. He believed that there were
three lines of islands in the Marianas (see his figs. 2
and 3): (1) an casterly belt of elevated reef-terrace
islands (Medinilla and Rota, alined with Santa Rosa
reef south of Guamy), (2) a middle belt of old volcanic
and limestone islands (Saipan, Tinian, Aguijan, Guam),
and (3) o westarly belt of recent voleanoes (islands
north from Anatahan, alined with Esmerclda shoal
west of Saipan). The old volcanic core of Rota, how-
ever, indicates that his first and second belts should be
combined. Hobbs shows several profiles through
Saipan and other islands and (his fig. 2) labels what
from the profile given can be only Mount Tagpochau
as “Voleano (Extinct).” This perpetuated an error
that dates to at least 1887 and is still a popular legend.

evidence favoring origin of most of these terraces by
marine erosion, describes the reefs and offshore bank
west of Saipan, considers that the swamps of the west
coast, are the sites of old lagoon depressions, and con-
cludes that the west coast is sinking and the east rising.
He recognized that the terraces of Saipan are difficult
to corrclate within the island and suggested that
cliffs were best developed on the cast side of the island
because of “irregularity of the wave force.” Tada
also malkes reference to a paper by Tsujimura (1917) in
which the latter is quoted as describing on Iwo Jima
6 to 10 terrace benches and a top plateau with “remains
of elevated coral reef.” Insofar as they overlap,
Tada’s findings are in essential accord with conclusions
expressed in the present report.

From Hydrographic Office charts, W. M. Davis in
1928 (p. 243) concluded that there were two and only
two lines of islands in the Marianas—a conclusion
substantiated by the present studies. He describes
the conical form of the northern young volcanic islands,
and, on the basis of previously published accounts,
gives bricf descriptions of all the larger islands (Davis,
1928, p. 243, 391, 420).

In 1928 P. J. Secarles wrote a popular account of the
geology of Guam, which was later reprinted in the Guam
Recorder; and he followed this with a similar account of
the “Geology of the Marianas Islands” (1936). Be-
cause Scarles spent some time in the arca, and because
his accounts appear to have been widely circulated,
it seems necessary to refer to errors contained in them.
These include references o a probable volcanic origin
for “all the mountain peaks” and to nonexistent vol-
canic craters, assignment of the Marianas to the Sun(l}x
Arc (Indonesia), and interpretation of the volcanic

“Twenty-one years later Flobbs (1944), in an expanded
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The Guam Recorder also provides other popular
notes on tho local geology by Norah D. Stearns (1937a,
1937b, 1938) and a very good account of the “Seis-
micity of the island of Guam” by the Jesuit W. C.
Ropetti (1936), then chief of the Seismic and Magnetic
Division of the Manila Observatory. Repetti states
that during 12 years between 1915 and 1930 (for 3
years the scismograph was inoperative), 900 carth-
quakes wero recorded on Guam, and 130 of these were
felt. However, destructive or semidestructive earth-
quakes aro known only for the years 1825, 1834, 1849,
1862, 1863, 1870, and 1902, According to Ropotti,
the majority of the earthquakes that affect Guam
originate in the Nero deep. In 1939 he published a

During and following the decade of aceelerated
Japaneso activity H. T. Stearns was a heavy contributor
to tho published and unpublished record of the geology
of tho Mariana Islands. Sinco World War IT, A. M.
Piper, R. W. Sundstrom, Josiah Bridgo, the present
writers, and others have also visited and described
parts of tho region in unpublished reports or reports
of very limited distribution, and one rather extensive
published report by Cole and Bridgo (1953).

Various strategic reports issued by the U. S. Army
and Navy contain compilations of geologic and related
data available at the beginning of the World War II
cnmpmgn in the Marianas, but they are of limited
i ialized treatment and arc mainly

list of earthquakes felt in Guam.

In the decade 1931 through 1941 came a series of
bli on the Mari; and other islands
of tho southwestern north Pacific. Early in this
decade appeared B. Koto’s important paper on “The
Rocky Mountain arcs in eastorn Asia’” (1931), of which
plate 4 is a reproduction of Japanese Hydrographic
chart 6080 (also in Hobbs, 1944, map 7, p. 231). This
chart oxtends from Kamchatka to New Guinea and
TFormosa to the Marshall Islands. It shows in crude
form most of the submarine structural features that
later appeared on U. S. Hydrographic Offico chart

5485 (seo Hess, 1948).
Then came papers by Tsuboya (1932), Yoshii (1935),
Tayama (19362, b, 1937, 1938, 1939a, b), Tayama and
Ota (1940), Otuka (1938), Asano (1939a, b), Motizuki
(1940), Tanakadate (1940), and four papers in the two
Jubilee volumes commemorating Prof. Hisakatsu Yabe's
60th birthday (Asano, 1939b; Imaizumi, 1939; Kodaira,
1941; and Sugawara, 1941). The titles of these papers
as listed in the bibliography give & fair idea of their
contents, and they will subsequently be referred to as
appropriate. The Sixth Pacific Science Congress was
the occasion for a brief but important summary paper
by Yabe, Hatai, and Nomura (1939) on “The Tertiary
stratigraphy of Japan,” which gives corrclation data
for Saipan, the Ryukyus, Formosa, and Korea, as woll
as Japan proper. At almost the same time there ap-
peared Cole’s important paper on Miocene “Large
Foraminifera from Guam” (1939), and a record of the
key echinoid Sismondia from the Miocene Eulepidina
beds of the Bonin Islands (Nisiyama, 1937). These
last reports, together with Imaizumi’s description
(1939) of & new decapod from the Tagpochau limestone,
and that by Yabe and Sugiyama (1935) of Saipania
tayamai from a “boulder” in the Densinyama beds,
constitute the total previous descriptive paleontology
of the Mariana and Bonin Islands available during our
field work. Other papersof the Js decad list-

and
not cited or listed.
Most recently N. M. Bowers has summarized the
geography of the Mariana Islands (in Freeman, 1951,
p. 205-229); Tayama (1952) has published his large
and profusely illustrated volume on “Coral reefs mn the
South Seas,” with scattered references to and a number
of photographs and maps of the rocks and terram
features of Saipan; and W. 8. Cole and Josiah Bridge
(1953) have prepared a summary of the geology and
larger Foraminifera of Saipan, based mainly on mfor-
mation and collections avoilable before the beginning
of our field studies. Also of interest is an excellent
summary by John Rodgers (1948) of the phosphate
doposits of the former Japanese mandated islands; as
well as papers by Krauskopf (1948), Macdonald (194S),
and Swenson (1948) which deal with the geology,
petrography, and ground water of ITwo Jima and con-
firm the beneh system and high reef remnants reported
by Tada (1926). A recent paper by Ma (1953) sug.
gcsts fNluctuations in the latitude of Saipan, \\Imh
Ily, are not confirmed by pal logical data
in the pncsenc report.  Cloud n.nd Cole (1953) recorded
an Eocene foraminiferal ﬂumu from Guam and ques-
tioned the urrence of post-E vol-
canism in the southern Marianas. Since then, how-
ever, Todd, Cloud, Low, and Schmidt (1954) have
shown that primary volcanic rocks of late Oligocene age
occur on Saipan, and that voleanism in the J\Immnns
probably recurred through Cenozoic time.

GENERAL COMMENTS

The views of the Japanese geolognsis and the results
of 1 di postwar as related to
Saipan are extensively summarized by Bridge (Cole
and Bridge, 1953). Here we need only to note that,
excepting the Fina-sisu formation and the Mncherut
conglomerate member of the Tagpochau limestone, all
nnrr{?s here used for stratigraphic units of Saipan are

to Tayama (1938). Our descriptions of the

ed by Tayama (1938, 1952) and in other references cited.

stratigraphy, however, are based entirely on original
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date and our interpretations differ in a number of
particulars from Tayama’s. Such differences are under-
standable, not only because of time limitati on

GEOLOGY 15

His cvidence was petrographic, continental afliliation
bemng indicated by metamorphic and plutonic rocks.
He extended his i | boundary kb d from

Tayama’s field work, but also in view of the really
complex stratigraphic relations.

On a regional scale H. H. Hess (1948) has provided
the major synthesis and summary of facts and interpre-
tations for the western north Pacific. The Mariana
are, however, has been mentioned by nearly everyone
who has written about island arcs or the western north
Pacific, notably by J. II. T. Umbgrove (1945, p. 207~
208; 1947, p. 171-177, 188-189, 202-205, 210, 211; and
1949, p. 47). Some other papers that contain material
related to problems of regional structure are by R. N.
von Drasche (1879), W. J. Sollas (1903), Eduard Suess
(1909), W. H. Hobbs (1914, 1923, 1944), Patrick Mar-
shall (1924), J. W. Gregory (1930), B. Koto (1931),
T. A. Vening Meinesz (1931, 1948), Philip Lake (1931),
A. Born (1932), A. C. Lawson (1932), L. J. Chubb
(1934), Gutenberg and Richter (1939, 1941, 1949),
Otto Jessen (1943), II. M. Schuppli (1946), J. Bridge
(1948n), G. A. Macdonald (1949), P. H. Kuenen (1950),
J. T. Wilson (1950), and the several brief papers of a
colloquium on plastic flow and deformation within the
carth, published under the general -editorship of Beno
Gutenberg (1951).

As concerns insular water-supply problems in general,
in addition to unpublished reports by Piper, Stearns,
and Sundstrom, papers by C. K. Wentworth (1942,
1947, 1948b) are of special interest in presenting con-
trolling principles clearly and graphically.

The larger Foraminifera proved to be help-
ful in field studies, and a paper by van der Vierk and
Dickerson (1927) was a useful summary reference.
Much help was obtained from the summaries of larger
Toraminifera by T. W. Vaughan and W. S. Cole (in
Cushman, 1948) and by M. F. Glaessner (1947).

Otber papers listed in the bibliography are of inter-
est mainly m relation to specific problems and will be
referred to at appropriate places. The reader desiving
further references to Micronesian geology or general
natural history is referred to bibliographies by Prowazel
(1913, p. 122-125), Reid (1939), and Utinomi (1944).
Phe “Selected bibliography of Micronesia” prepared
for the U. S. Navy in 1946, was seen by us in carbon
copy form only, and Ll\c annotated list of references
prepared by the U. S. Navy (1948) in connection with
a summary of the geology of Guam is of very limited
distribution and cssem‘in!ly unavailable.

<ol

REGIONAL GEOLOGY
In 1879 Richard N. von Drasche concluded that
the island arcs and seas adjacent to the Asiatic main-
land had been continental in distant geologic periods.

- i
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Kamchatka, and oceanward from Japan, the Philip-
pines, New Guinea, New Caledonia, and New Zealand.
Eduard Suess (1909, p. 336) subsequently affirmed
that the truc castern boundary of Asia really lay still
farther seaward, that it is, in fact, defined by the deep
sea trenches east of the island arcs that enclose the
Philippine Sca. Stille (1944) supports the views of
Suess and argues that the Philippine Sea is actually a
former continental area. ITess (1948) and Gutenberg
and Richter (1949, p. 26) also indicate a close relation-
ship of the Philippine Sea and its outer arcs to Asia,
and several other recent writers have implicity sup-
ported this view (Born, 1932, fig. 306; Bridge, 1948,
fig. 3; Ladd, 1934, fig. 6).

In contrast to the views of Suess, Stille, and others,
however, several recent writers have favored exclusion
of the Philippine Sea from the Asiatic block. Lawson
expressed this view in 1932, Umbgrove has expounded
it in several papers (for example, 1047, p. 204, 211), and
Trving (1952, p. 445) adheres to the same opinion.

There is, it scems, little dispute with the broad thesis
that the western Pacific borderlands, together with
Asia proper, can be referred to an Asiatic structural
block, separable on the basis of geological and geo-
physical date from the Pacific Basin proper to the
east, and from the Australian structural block to the
southeast (fig. 1). It is, however, a subject of lively
discussion whether the Philippine Sea and the Mariana
arc may properly be regarded as parts of this same
Asiatic block, whose eastern boundary would then be
approximately defined by the south to north Palau-
Yap-Mariana-Japan trench system. In the following
pages the cvidence in support of this conclusion is
summarized and the origin of island arc and trench sys-
tems is brielly discussed.

ISLAND ARCS OF THE PHILIPPINE SEA MARGINS

Vening Meinesz (1948) found that the Mariana and
Yap trenches (figs. 1, 2) coincide with marked local
negative gravity anomalies and less marked regional
anomalies, scparating the Pacific realm of oceani¢
basalts on the east from a region characterized by
andesites and silicic volcanic rocks with continental
affinities on the west. Matuyama (1936; see also
Hess, 1948, fig. 9) showed that a belt of negative anom-
alies is cceentrically situated to the west of the axis
of the southern Japan trench (fig. 1), perhaps because
of eastward migration of the topographic trench axis
caused by sedimentary filling from the west. The

trench system that borders the Philippine Sea at the
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cast thus approximately coincides with marked nega-
tive gravity anomalics at at least three places, and
probably coincides with a negative anomaly belt.

‘This contrasts with Indonesia,® where the negative
anomaly belt is expressed as an outer island arc or
submarme ridge bordered oceanward by a trench
(fig. 1). Significant similarity, however, is found be-
tween the Mariana and Indonesian arcs in the distribu-
tion of carthquake foci. The locations and depths of
earthquale foci given by Gutenberg and Richter (1949,
figs. 16, 17; Hess, 1948, fig. ) indicate that a zone of
weakness dips about 45° westward beneath the Philip-
pine Sea from the trench system on its cast. This
zone is broadly divisible into a moderately dipping
part in the outer layers of the crust and a part that
dips 45° or more {oward the continent at depth. A
similar pattern of carthquake foci dips beneath the
Indonesian arc and seas from the trench system on
their oceanic side.

The Mariana arc has been regarded as a simple arc
consisting of a single line of islands and contrasting
with the so-called double arcs of Indonesia and the
arcuate Ryulkyu chain of islands at the western edge of
the Plilippine Sea. Its double arc structure has been
shown by Hess (1048), however, and stratigraphic,
petrographic, and geographic evidence suggests broad
comparison between this and the Cenozoic parts of the
Ryukyu arc.

Reference to the inset map on fgure 1 will show that
2 line drawn to connect all islands of the Marianas
would make a sharp bend between Medinilla and
Anatahan. A gencralized connecting line would miss
these and immediately adjacent islands. Yet, if an
arcuate line connecting the young andesitic and basaltic

)t from northward is inued to
the south on the same radius, it intersects an inter-
mittent sulfur boil about 25 miles west of Saipan and
a submerged peak having the shape of a voleanic cone
that lies to the west of Guam. In addition, all of the
Mariana Islands that have a core of older Tertiary
voleanic rocks mantled by younger Cenozoic limestones
are arrayed along a similarly curving line that parallels
the very young volcanic line 25 or 30 miles to the east.
These older volcanic-limestono islands show high-angle
normal faulting parallel to their long axes (north-south),
and on Guam folding and west-to-east thrust faulting.”

In the Ryukyus, as in the Marianas, an eastern belt
of mainly Kocene and younger Cenozoic sediments is
paralleled about 30 miles to the west by a belt of very

young voleanoes. A major difference is that the core
of the Ryukyu arc contains upper Paleozoic rocks

#1n this roport Indonesia Is tho geographic area sometimes called tho East Indics.

almost from ond to end, as well as granitic intrusions
of late Paleozoic or Mesozoic age (Hanzawa, 1935, p. 11,
17). The Ryukyu arc thus appears to represent an
oider and more complex structural feature than the
Mariang arc, but not so complex as the Indonesian arc

Their broad morphologic and stratigraphic similari-
tics and their relatively simple structuro imply that the
Ryukyu and Mariana arcs, if not basically homologous,
are at least more similar to one another than either is
to the very complex Indonesian arc. Coincidence of
the outer Ryukyu Islands with a zone of negative
gravity anomalies, in the manner of Indonesia, is
rendered improbable by the absence of a trench between
the two belts of Ryukyu Islands. Morcover, sound-
ings have revealed no submarme ridge between the
Ryukyu arc and the trench east of it that could form
the homologue of the Indonesian outer arc. When
gravity surveys are made of the Ryukyu are, therefore,
the odds favor the likelihood that the Ryukyu Islands
will turn out to be sites of maximal gravity values,
while the Ryukyu trench, like the Mariana trench,
should approximately coincide with a belt of local
negative anomalies or minimal values of gravity.
Such a belt may well lie to the west of the trench
because of heavy sedimentation, and may show partial
regional compensation owing to relatively greal age.

All observers have noted the striking parallelism and
curving patterns of the island arc systems, and the
continuity of some of them with folded mountam
chains of the continents. This suggests relationship
between the two and a continental type of strueture
for island arcs.

AFFINITIES OF WESTERN PACIFIC BORDER-

LANDS WITH ASIA

Umbgrove (1947) and others have concluded that

the Indonesian seas are ynclines of relatively
recent origin, and that the Tndonesian lands and scas
are properly part of Asia. Actual recent geographic
continuity with the land mass of Asia is strongly indi-
cated for at least the western half of this region and
probably all of it. ‘The Philippines, as Irving (1052,
p. 445) shows, are structurally homogencous with
Indonesia, and the Sulu and Celebes seas belong Lo the
same pattern. Cutoff and offset of Tertiary folded
belts along the abrupt north shore of Borneo indicates
that the deep Sulu Sea, like the Java Sea and probably
the South China Sea, has recently foundered (Reinhard
and Wenk, 1951, p. 15).

The granitic massifs and intrusive rocks of Indo-
nesia, the Philippines, and the Ryukyus (van Bem-
melen, 1949, p. 236-242, 254, 371-372, fig. 73; Reinhard
and Wenk, 1951, p. 14; Suzuki, 1037; Hanzawa, 1935,

7 Tho Bonin Islands to tho north, and tho Yap and Palou islands to tho south,
but A
1

p. 11) are strong indication of continental affiliation.
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Morcover, Warren Smith (1925, p. 39-44) long ago
called attention to the Indomalaysian biotic alfinities of
the Philippines, and Von Koenigswald (1953) recently
reported the occurrence of probable Pleistocene rhinoc-
cros and eclephants on Luzon and a Stegodon on
Mindanao. The Asiatic biotic affinitics of Indonesia
are summarized by van Bemmelen (1949, p. 4-5, fig. 5)
on the basis of the work of Wallace, Weber, Mayr, and
others. Rhinoceros and Stegodon voamed from Asia
proper to Formosa in the Pleistocene (Yabe, Hatai,
and Nomura, 1939, p. 470). Rhinocerotids, gompho-
theres, an cquid, and other land mammals traveled
from the mainland to Japan during the Miocene (Takai,
1939). The distribution of poisonous snakes and wild
boars in the Ryukyus (Hlanzawa, 1935, p. 56-59), as
well as the occurrence of fossil elephants and deer
(D. I. Vlint, oral communication), indicates a post-
Oligocene connection of the Ryukyus with Asia proper.

Indonesia, the Philippine archipelago, Formosa,
Japan, and the seas behind them cach, thus, in some
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parts of the Philippine Sca that lic below, say, 3,000
fathoms as having broadly different geologic affinities
from those that are shallower than 3,000 fathoms.
Gravity data suggest that the Mindanao trench is a
structural depression. The Palau-Kyushu ridge and
similar parallel ridges in the Philippine Sea may well be
geanticlinal.

The possibility that most or all of the Philippine Sea
was land in the past cannot be cither confirmed or con-
clusively eliminated on the basis of present knowledge.
The absence of continentally derived sediments or
biotic links in the islands of its eastern ares weakens the
likelihood that any of it was connected to Asia proper
at any time after late Eocene.  But the distribution of
subacrial and submarine voleanics in the Mariana
Islands suggests more extensive land to the west of the
present islands during Eocene time, and the amphibolite
schists and gneisses of Yap may be considered suggestive
of o once large tract of parent sediments or voleanic
rocks in that area.

The lusion that the boundary between the Asiatic

place or places appears to have been i with
the Asiatic land mass during some of Cenozoic time.
Apart from independent evidence to the same cffect, it
is merely corollary to this to consider that the Ryukyus
and the mostly very shallow East China Sea also are
properly a part of the geographic continent of Asia.
The question naturally arises as to whether the Philip-
pine Sea and the island ares at its castern border should
be associated with or excluded from the Asiatic con-
tinental block.

The petrographic, structural, and geophysical affin-
itics of the arca in question with the Asiatic block have
heen mentioned. There is, however, a recurrent idea
(o the effeet that the Philippine Sea is too deep to be
continental; and it is true that this is a very decp sea.
Perhaps 20 percent of its floor is more than 3,000
fathoms deep, and it attains profound depths. Never-
theless, the supposedly once dry Banda Sca attains a
depth of more than 4,000 fathoms, and 5 percent or
more of its bottom exceeds 3,000 fathoms. The floor
of the recently foundered Sulu Sca reaches more than
2,700 fathoms at places, and several large basins that
lie within the granite-intruded island chains of the
Australian structural block exceed 2,000 fathoms
(Glaessner, 1950, figs. 1-3).

Thus it is seen that, while the Philippine Sea does
attain greater depths than do the seas of Indonesia, and
more of it lies at great depths, parts of both are very
deep.  Morcover, the seale of the differences indicated
casts serious doubt on the validity of depth as a criterion
for determining continental or oceanic affinities.
Topographically the Philippine Sea and arcs suggest no
important structural differences from the Indonesian
seas and arcs. Nor is there basis for regarding those
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structural block and the true Pacific Basin is nearly
located by the Palau-Yap-Mariana-Japan trench sys-
tom is favored by (1) the seeming coincidence of the
trench system with a belt of negative gravity anomalies;
(2) the distribution of earthquake foci beneath and at
increasing depths westward from the trench system;
(3) the abundance of silica- and alumina-rich rocks of
the andesite suite in, but not beyond, the outer island
arcs; (4) the similar restriction of metamorphic,
plutonic, and highly silicic rocks; (5) the apparent
limitation of elevated Tertiary sediments to the area
west of the trench system; and (6) submarine topog-
raphy. In the Pacific Basin proper, approximate
gravimetric compensation prevails; seismic inactivity
is the rule; oceanic olivine-, picrite-, and nepheline-
basalts are abundant and andesites rare; plutonic,
metamorphic, and most highly silicic rocks are unknown;
Tertiary sediments are known only from the subsurface;
and the narrow trenches and ridges that are known lack
the arcuate curvature and alinement with known con-
tinental structures that is shown by the ridges and
basins of the Philippine Sea.

The Philippine Sea is, for these reasons, here regarded
as structurally allied to Asia, and in this sense & deep
epicontinental sea. Whether this area has long been a
part of Asia, or whether it is only in the process of being
added to a growing continental block (Wilson, 1950) is &
moot problem. The origin of the negative anomaly
belts and island arcs is also disputed. The negative
gravity lies indicate d. d extending wedges
of light material, such as convection-current-induced
sial roots, crustal rocks that have been overidden along

2 deep-reaching thrust zone, or sedimentary filling of
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o gigantic structural depression. Even though the
exact naturo of these wedges is not understood, the
trenches with which they coincide appear to reflect
profound suberustal phenomena.

ORIGIN OF THE ISLAND ARCS

The essence of the island arc problom involves
reconciliation of the gravity data with other geophysical
and geological evidence. Hypotheses of origin so far
advanced come mainly under the three gencral cate-

. . e

p. 529-530) that it helps greatly to explain persistence
of a sial root without mountains above it if one assumes
the existence of convection currents.

On tho other hand, Francis Birch (in Gutenberg and
others 1051, p. 533-534) has confronted the convection
hypothesis with serious irregularities in the eclastic
properties of the earth’s mantle. Tho zono between
200 and 800 kilometers has irregular clastic propertics.
as opposed to relative uniformity at depths between
900 kilomoters and the base of the mantle, and general

i ity in the 200 kil These

gorics of , and
differentiation.

The explanation for the peripheral negative anomaly
bolts, an essential part of any hypothesis of origin,
was until very recently considered by most who have
dealt with the problem to be the downward protrusion
of sial roots. However, the recent discovery of probable
great thicknesses of sediments in the Puerto Rico
tronch (Ewing, 1952) has suggested to some that the
negative anomaly belts may reflect sedimentary phe-
nomena, an explanation that evades the question of

irregularities do not eliminate the possibility of con-
vection currents, but they require a special explana-
tion for differences of elasticity, such as change of phase.
The possibility of having separate convection systems
within zones of similar and uniform clastic propertics
above 200 and below 900 kilometers has also been
advanced, although the adequacy of shallow convection
cells to account for sial roots of the dimensions necessary
is open to question.

Some of the hanical di ies in a ing
for liarities noted have been considered by J.

trench origin. The already noted ic rela-
tionship between the topographic axis of the southern
Japan trench and the lincar trend of its negative gravity
anomalies bears on the significance of this point for arc
structure, as will seismic and gravity surveys of trenches
remote from sites of heavy Tertiary sedimentation, such
as the Mariana and Tonga trenches.

Assuming the existence of sial roots, there is grent
disagreement as to whether such structures are best
explained as a result of compressional elastic down-
buckling (Umbgrove, 1947, p. 173, 177-178), com-
pressional plastic downbulging (Vening Meinesz, in
Gutenberg and others, 1951), plastic downdragging by
convection currents (Hess, Griggs, in Gutenberg and
others, 1951), geochemical differentiation (van Bem-
melen, 1949, p. 281-295), or by downward dragging
beneath overriding thrust blocks (Wilson, 1950, p. 96).
Moreover, the distribution of earthquake foci is more
irregular than was once thought, and analysis of stress
patterns by Benioff (Wilson, 1950, p. 95) indicates
downward movement on the upper side of the supposed
seismic shear zone at depth—the reverse being truc
above about 70 kilometers.

Stratigraphic data indicate the Mariana arc to have
been emergent through most of Cenozoic time and
suggest that present structure reflects an early Tertiary
arc and trench pattern. The absence of a folded ridge
or island arc above the negative anomaly belt and the
general prevalence of normal faulting suggests that the
region has not undergone strong compressive defor-

1ht -perhaps the principal diff between it and
the Ind jian arc. In this Hess, among
others, has recognized (in Gutenberg and others, 1951,

Tuzo Wilson (1950) to be resolved by calling upon a
contracting earth to produce normal faulting between
70 and 700 kilometers, with thrust faulting above a
level of no strain at about 70 kilometers. The distribu-
tion of earthquake foci and relative movements de-
termined by Benioff are consistent with this interpreta-
tion, and variations in the shapes of arcs may be
accounted for by variation in the locally determined
stress pattern above 70 kilometers. This needs to be
considered, however, in context with the thermo-
dynamic problems presented by a contracting and
radioactive carth.

The origin of island arcs remains a problem. It
appears that no explanation yet advanced is both com-
prehensive and consistent with all important facts and
probabilities. A useful interim working model, how-
ever, might include oceanward creep of the continental
blocks along deep reaching shear zones, combined with
convection currents to explain persistent trenches coin-
cident with negative anomaly belts.

GEOMORPHOLOGY
INTRODUCTION AND SYNOPSIS

Although it is the second largest of the Mariana
Islands, Saipan is only 13 miles long north to south, and
it averages less than 4 miles wide. Its 48 square miles
are about 12 percent of the roughly 400 square miles in
the Mariana Tslands. It is less than one-fourth as large
2s Guam and only a little larger than Tinian, its neigh-
bor to the immediate south.* The principal gcomorphic
¢ Excessivo estimates of area sometimes given for Saipan probably result from -

cluslon of tho barrler rest and shallow lagoon along 1ts west coast, and the fringin
rects along other parts of tho shore. o the fingtng
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subdivisions of Saipan, exclusive of the offshore fea-
‘tures, are shown in figure 3 as summarized below.

This small and conspicuously terraced island juts
above the sea to maximum heights of 1,555 feel at
Mount Tagpochau (Ogso Tagpochau) a little south
of center, and 835 feet in the Matuis area, toward the
north end. TFrom these highland centers a succession
of limestone benches, separated by scarps, falls away
stepwise to the sea. Toward the midlength of the
island they also descend to an intricately dissocted
voleanic ridgo that marks a part of the island crest be-
tween the limestone uplands. A sccond group of vol-
canic hills, centering about the Laulau arca, abuts the
southeastern corner of the Tagpochau arca. These
arens, together constituting the axial uplands, will later
De described as the terraced limestone uplands, the
contral voleanic ridge and slopes, and the Laulau vol-

“Ihe axial uplands are bordered by a set of low terraced
benches and limestone platforms that carry the terrace
pattern downward. The low limestone platforms are

pi broad, idi ional areas at the
south, southeast-central, and north margins of the axial
uplands. The low terraced benches fit around and be-
tween them, A belt of clay hills along the middle
cnstorn margin of the island and two isolated fault
ridges along the southeastern const complicate the geo-
morphic pattern.  The northern margin of the southern
limestone platform is also complicated by two spurs of
low hills dbya i shallow i
Volcanic rocks oceur in the western member of this pair
(Fina-sisu hills).

The castern, southern, and northern consts of the
island are backed by high to low cliffs which are mainly
of limestone, but which locally include deposits of vol-
canic origin.  The west coast, however, is bordered by
a narrow constal plain of limesand (caleium carbonate
sand) and volcanic outwash. Toward the south end
of this coastal plain is a small brackish lake, surrounded
Dby a rather extensive marshy area. A former lake at
Muchot point has been filled in. Other small depres-
sions are wet mainly after rains.

Westward from the west coast is a shallow lagoon
Dordered by a barrier reef. Toward its north and south
ends the barrier reef approaches shore and changes to &
fringing reef. A wide pass interrupts the barrier reef
at midlength, and a small limesand islet lies just inside
the reef at the nerth side of this pass. Westward be-
vond the southern half of the reef is a broad submarine
Dlatform, 15 to 30 fathoms decp, indented at its north
and south edges by deep valleylike reentrants.

Saipan, however, is considerably more colmplox
geomorphically than this brief description indicates.
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tional p acting upon an i i

of volcapic and calcareous rocks and sediments, over a
period of time that extends from the present day through
the Pleistocene and probably into the Pliocene.

MATERIAL AND STRUCTURAL FOUNDATIONS
The fabric from which the geomorphic features of
Saipan have been evolved consists of dacitic and
andesitic pyroclastic rocks and flows, marine sands of
voleanic composition, and & variety of limestones and
calcium carbonate sediments. The dacitic and andes-
itic materials together represent less than one-sixth
of the total land area of Saipan; limestone and associated
sediments comprise more than two-thirds of the island;
and the rest consists of various unconsolidated mate-
rials, marsh, and lake.

Table 2 summarizes the arcal representation of the
outeropping rocks and unconsolidated mantling deposits
of Saipan:

TanLe 2.—Acreage of oulcropping rocks and unconsohdated
‘mantling deposits

Rock* ype or corering clement Area
Andesttic rocks: (acres)
" d assoclated finer 1,915

150

ia,

Tuft
Flow rock:

Dacitte rocks:
‘Breeel

k.
“Tuff and mized pyToClastics. .

Limestone:
‘Main;

)y and
‘Unclussified but molaly impuro. ..

Alluvium, clag wash, and clay over impure limestono. ...
E gravels of

Emerged limesand and colcarcous gravel.
Marsh and lako deposits.

Tn addition to the limitations imposed by the material
foundation itself, however, the processes that produced
present land forms have operated under certain struc-
tural controls. The shape of the island itself and the
general north-northeasterly trend of ridges and long
terraces is related to fault pattern and orientation of
the probably geanticlinal submarine ridge from which
the island rises. Some terrace benches at the north end
of the island have been tilted to the west by cross

“This diversity results from a variety of mainly destruc-
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affect tullaccous sediments in the lower cast slopes of
tho island. Tho broadly horizontal position of much
of the limestone has perhaps contributed to the general
ovenness of some of the well-defined terraces. Steep
dips on the dacitic rocks have influenced the form of
the prominent strike ridge known as Ogso Achugau in
the north-central part of the island.

PREVAILING GENETIC PROCESSES AND
CHARACTERISTIC RESULTS

FORMATION AND MORPIIOLOGY OF BENCHES
AND SCARPS

The terraces that dominate the terrain pattern of
Saipan consist of nearly Torizontal or slightly sloping
benches, scparated by seaward-facing scarps or steeply
sloping surfaces (pls. 20-23). At places the change
from one bench level to another is accomplished by a
relatively broad, moderate to gentle slope that is more
aptly termed a ramp than a scarp. The processes that
are effective in producing these features are marine
erosion, faulling, subacrial crosion, and, to a minor
degree, construction.

That the beneh surfaces are for the most part of
marine origin is cvident from their generally horizontal
attitude or gentle seaward slope, their concentric ar-

ilabl restrial
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at one level would produce a nearly flat beneh, but if
the sea rose or fell quickly o seaward-sloping hench
would presumably result. A bench due primarily to
mechanical abrasion should also slope seaward.

The ability of warm marine waters to dissolve
caleium carbonate is believed to relate primarily to
diurnal variations in the carbonic acid equilibria of
intertidal waters, due to photosynthetic activities of
marine plants. Physicochemical solution s, pre-
sumably, most marked on unprotected rock surfaces
where such plants are abundant. Also of importance
is organic solution, as well as disintegration and abra-
sion, by algae and apimals that penctrate or cling to
rock surfaces (Otter, 1937). It is believed that the
present-day sea-level notch, as well as the 6-foot notch
above it, result from a complex of factors in which
solution plays a leading part. Intertidal marine waters
are probably slightly solvent during the later night
hours, because changes in ionic equilibria due to night
time buildup of carbon dioxide (Orr, 1933, p. 52-53;
Manton, 1935, p. 281-208; Emery, 1946; Cloud, 19525,
p. 34-41) temporarily increase the relative capacity of
the water to hold calcium carbonate in solution.

The benches below 100 feet are probably attributable
to shifts of sea level, caused by melting and accretion
of Plei: ice. The many changes in the relative

and the inad of

processes Lo do the job. That they are mainly erosional
is shown by their habit of cutting across rock types, the
clastic nature of most of the underlying limestone, and
the evidence that much of the foundation limestone
was formed as bank deposits at depths averaging about
10 to 50 fathoms. Some of the bench surfaces, especially
in or near areas of volcanic rocks, are locally mantled
with bedded sands and gravels which have not yielded
fossils and which may be confluent fluviatile deposits
formed Dbehind o retreating sea in low-level outwash
areas. Parts of the lowest benches mostly less than 80
foet above sca level but locally as much as 100 feet,
appear to be constructional in the sense that they
represent emerged fringing reefs only slightly modified
by subaerial erosion.

It appears that at various times in the Quaternary
history of Saipan marine crosion produced flat or sea-
ward-sloping benches near sea level, through solution,
abrasion, and biologic action in the intertidal zone.
Although at any given time these processes were aclive
only through a relatively narrow vertical zone, erosion
also served to produce scarps at the backs of benches
through undermining and  cotlapse and through the
quarrying action of wave-confined water and air.
"The slope of marine crosion benches may reflect the rate
of risc or fall of sea level. Chemical solution and
Diologic destruction acting for a sufficiently long time

- CIA-RDP81-01043R002500120003-4

position of land and sca that resulted in bench cutting
at higher elevations may be tectonic effects, or even in
part actual sea-level changes due to factors other than
glacial. A complicated pattern of incomplete terraces
has resulted from the fact that all intervals of bench
crosion tended to destroy or interrupt surfaces at higher
levels, and that subsequent erosion and tectonic
movement add difficulty to the correlation of bench
remnants.

The most recent cxtensive rock surfaces include
partly constructional and partly destructional benehes
between about 12 and 100 feet above sca level. The
most conspicuous of these surfaces is between 20 and
40 fect. They appear to be parts of the surface of a
former fringing reef complex that descends from
maximum clevation of around 100 feet. Organic
growth associated with this reef formed a nearly
continuous to spotty veneer on an emerging surface
that was simultancously affected by marine abrasion
and solution. Where not artificially leveled, such sur-
faces tend to be conspicuously iregular, both from
subacrial solution effects and from residual features.

Both the dominant crosion terraces and the low,
partly or largely constructional terraces are modified
Dy subacrial erosion, mainly solution. The occwrrence
of ramps instead of scarps between benches may be due
{0 subaerial effects or to vagaries of marine crosion.
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The results produced by the foregoing factors were
locally influenced by faulting. Erosional searps tend
to find preexisting foults. Later faults or renowed
movement on old faults have themselves produced
scarps that resemble wave-eroded scarps in most
respects except their more conspicuous straightness.
Where such faults have tilted or plainly offset recog-
nizable bench surfaces they present no difficulty in
interpretation. At places, however, benches belioved
to be former parts of the samo surface displaced by
faulting may in reality be genetically separate surfaces.

At the lowest level of all, 5 to about 20 feet above
sea level, is the western coastal plain of Saipan—a con-
structional mantle of limesand on a rock surface that
rises inland from somewhat below present sea level near
the coast. This underlying rock beneh may for the
most part have dropped to its present position by
relatively recent faulting.

TERRACE SUCCESSION

The number and succession of recognizable rock

terraces vary locally, and o very detailed study would
doubtless show an i ion of minor and
partly overlapping steps.  From a short distance at sea,
or in a low-angle oblique view from the ait, one gets
the impression that all benches above the western
coastal plain could be grouped into 10 to 12 major
torrace units. Tayama (1952, p. 106, fig. 15) suggests
14 and presents a map showing 13 surfaces. Our
atlempts to correlate probable bench remnants shown
-on a 20-foot contour-interval topographic map of Saipan
suggest somewhere between 12 and 25 surfaces; but
time did not permit the running of precise level lines
and terrace profiles. To settle on a definite number
of terraces, if such can be settled upon, would call for
much more precise and detailed data than are presently
available, and for special attention to clevations at the
backs of terraces. These “maximum” clovations are
probably the only ones that will have a wide significance
in marking stands of the sen as opposed to onlap or
offlap intervals. Special significance is also attached to
coincidence of such levels with former sea level notches
and flat-floored sea caves.

Future studies may solve the problem, but on the
basis of the inndequate data at hand it seems safe to
conclude only that bench remnants exist at many
levels between the sea and the island crest. Those
nearer sea level and those neaver the island crest appear
to be more clemly defined than those at intermediate
levels. By way of illustration, the following list gives
<levations or ranges of elevation at which probable or

divisible into throe groups: an upper set, mainly above
500 feot, of late Plioceno (?) ago; an intermediato set,
between 100 and 500 feet, of middle (?) Pleistocene age;
and a lower set of lato Pleistocene age, below 100 feet
and perhaps in part roflecting older surfaces that onco
belonged to the intermediato sot.

Elevations of bench remnants on Saipan, in fect above sea level
5-01 14. 600-620

20-401 (40 1)
40-60

15. 640-700
16. 680~740?
17. 740-780 1
50-80 ¢ 18. 800-830 ?
80-120 (100 ) 19. 840-860
120-180 (140 ?) 20. 900-050 *
180~230 (200 2) 21. 1,080-1,140
210-280 ! (240 2) 22, 1,180-1,220
10. 310-350 * 23. 1,330-1,350
11. 400-430 2 24. 1,440-1,480 1
12. 450-470 . 25. 1,510-1,550 !
13. 520-580

* Scomingly best dofined lovels.

# Dotter dofined or
dotermined.

CrNommep

AND
GENERAL CONSIDERATIONS

Leaving aside the broader features described above,
it is a fair genoralization to say that the limestone
terrain on Saipan owes its natural surface details almost
ontirely to the effects of terrestrial solution. Nearly
everywhero the surfaces of the purer limestones are
pitted, pinnacled, creviced, and ridged from the action
of rain water, aided by organic acids from the dense
vegetation. Caves and sinks are formed from stil)
solvent ground waters.

The rain that falls upon the generally porous and
pervious Mariana and Tanapag limestones probably
for the most part moves almost directly downward.
cither to underlying impervious rocks, or to a water
table which is in hydrostatic balance with the sea in
accord with the principles of the Ghyben-Herzberg lons
For this reason fow or no valleys or surface runoff
features of any sort are developed on the broader
expanses of these limestones. Where any limeston
occurs in narrow concentric bel ts, however, valloys may
develop in relation to impervious rocks that underlic
and extend inland and upward from beneath such belts
of limestone.  Such valleys result from collapse of linear
cavern roofs above underground streams, and examples
may be seen in various stages of development inland
from the central part of Laulau Bay (Bahia Laulau).

Tho mainly compact limestones of Miocens and
Eocene age, which are more homogeneous, less porous,

possible bench remnants were noted. Overlapping
ranges represent separate arcas. In terms of time of
cutting and gross clevation only, thesc terraces are

and at higher elevations than the younger limestones,
have developed a system of generally steep and slotlike
valleys. This may result from runoff and solution
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boing concentrated in initially low areas or §ueldng out
vertical zones of shattering or relatively high perme-
ability in the rocks. The purer limesbon.es in their
natural condition have highly irregular s?lutlon sur[m‘:evs
ith many pil les and i typ

:;i:ll impuym limestones develop a thicker blanket of
soil and rounded surfaces marked by more nearly
“normal” runoff patterns.

SOLUTION RAMPARTS

At the seaward margins of several limestone benches
are narrow knife-edged ramparts as much as 20 to 30
foot high that slope steeply landward to .the bench
behind them and are almost vertical at their seaward
sides (pl. 50). Such rims have been gterpretet{ as
omorged reefs, but, with one possible partial excepm?n,
all known to us are solution features. Two major
oxplanations of such solution ramparts huvc;‘liee:] made.

two large ones are known. One of the big ones,
known as Liyang As Teo, lies at the base of the lowest
of the three South Kalabera cliffs (Laderan Kalaberan
Lichan), near its midlength. Here, at an altitude of
320 feet, o 10-foot opening leads to a vnultez; cavern
about 75 feet in diameter and 80 or 90 feot high. At
the far end of this cavern, a natural shaft about 70 by
50 feet across extends straight upward u_bouc 100 feet
and vertically downward 114 feet to a pile of collapse
debris about 13 feet high. Two long passages lead
from the base of this shaft. One extends for 600 feet
S. 60° W. and has an average height near 6 A‘get and a
width near 20 feet. It has many constrictions and
several small roomlike expansions. The other passage
extends about 200 feet N. 20° W. It begins as an
opening about 12 feet wide and 15 feet high but_ narrows
rapidly and averages about 8 by 8 fee.h. It is nen_rly
filled with a clutter of large blocks of limestone which,
{from the ive thinness of the dust layer on them,

According to one of these i  (H i
and Ladd, 1945), when rain falls on any mchm.ad l{me-
stone surface, some of it will run down the inclined
surface dissolving the limestone on jf.s way. Only
those drops of rain that fall on the rim can dissolve
the rim, but the downslope areas are uﬁccted b'oth by
the rain that falls on them and that which runs mwgu-d
from the margin. It is held that over a period of time
solution can thus etch out the peripheral ramparts.
This expl ion is theoretically i : to surfaces
that originally inclined or were Iutc? tilted lundwn.yd
from their scarp fronts. However, it does not satis-
factorily account for the ramparts on flat syrfuces, or
those that originally inclined toward sea-facing scarps,
as most of those in question do to some degree.

are assumed to have collapsed to their present positions
fairly recently. This passage is very straight nnt'l may
follow o joint. The cavern of Liyang As Teo with all
its extensions is entirely within the inequigranular
facies of the Miocene Tagpochau li{nesmna. It
probably continues by smaller and impenetrable
channels to sea level or to impervious rocks beneath.
However, no standing water was found anywhere
within it.

The other larger cavern visited is the undergroun'd
stream channel known as Liyang Falingun Hn.num! in
southern Kalabera where the ravine called As Failan
goes underground into a pair of narrow and tortuous
channels. The longest of these channels extends about
900 feet h d toward the sea before it becomes

robably more generally applicabl 1 ion of
tl\ﬁrln)xmpnrtyscrucmges described has bgen fo_rmuluted
by Delos E. Flint and Raymond A. Saplis (Flint, 19‘%9;
Saplis and TFlint, 1949). They contend_ that surficial
cementation of the scarp-face accompanies or precedes
the development of mmpnrb—rh‘nn:md scarps. The

too small for human passage. Here also no standing
water was found. .

Because it is probably fairly typical of the soft gf
cavern that may be expected almost uny\vha:ra wlth}n
the Mariana limestone, a small cave not quite a mile

t 3 from Dandan point was observed and

rampart is then held to result from { 1 so}umou
which favors preservation of the relatively wx?ll-mdur-
ated scarp face rather than the more porous Ahmestone
beneath the terrace surface behind it. This process
is especially favored along wave-cut or slhranm»cut
scarps, where constant or frequent contact \v}ﬁh wn}tgrf

measured. This small cave opens from the west side
of the quarry numbered S-26, and its top is 32 feet
below the outcrop surface of the Mariana limestone at
that point. It is 65 feet long and averages 173 feet
wide. It is 17 feet high for the first half of its length,
abruptly i at midlength, and pinches out

saturated with calcium carbonate }ends to
i ion of calcium cark in a zone
inward from the scarp face.

CAVES AND SINKHOLES
The caves of Seipan give some idea of the amount

of underground solution that has occurred and warn
of sinkhole formation yet to come through collapse

westward. i
Many sinkholes were observed on S}upxm and are
indicated by the symbol for depression lines on }.he de-
tailed geologic map. Two of these are of Aspecmllmterf‘st
because of their precipi nature, lel'r d
depth, and the fact that they comlpu?:cnba with the
sen. The material in their bottoms indicates that they

of cavern roofs. Small caves are numerous but only
878701—50—3
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about 100 feet in diameter and 80 to 100 feet deep. One
is known to the natives as I Madog, meaning “The
Hole.” It lies just inshoro from Madog point (Puntan
Madog), in the northeast pert of the island, and is
commonly referred to by Americans as “Marpi Cavern.”
The other and similarly collapsed cavern lies just north
of and above Hasngot beach (Unai I Hasngot) at
about the midlength of the east coast.

LATERITIC WEATHOERING

The uniformly warm but not excessive temperatures
and high but not excessive humidity and rainfall that
prevml on Saipan are those of the humid tropics,

d by an oceanic gt and a fringe
position on the equatorial typhoon belt. Long rainy
periods, accompanied by a high rate of oxidation and
high bacterial activity, aro effective in converting the
iron- and alumina-rich nndesxf.lc rocks and sediments to
iron and clay, soft li
and lateritic soils. The soil so formed is infertile,
impervious, and thinly vegetated, rarely supporting
elements other than swordgrnss, xerophytic ferns, and

i The hering of 1i of course, is
primarily by solution as has been stated. However,
solution of tuffaceous or marly limestones may produce
soils resembling those derived from weathering of the
andesitic rocks, and at this stage they come under the
influence of similar weathering and erosional processes.
The dacitic rocks are almost unweathered.

RUNOFF

Runoff erodes the surfaces of weathered volcanic rocks
and impure limestones by rill erosion and sheet-wash.
On the deeply rotted andesitic pyroclastic rocks and
marine sandstones of andesitic composition this has
resulted in an intricate dendritic system of narrow,
steep-walled ravines separated by short, steep spurs.
In the area of dacite outcrop the effect of runoff has
been more to wash away intermixed tuffaceous or loosely
consolidated materials and leave bebind prominent,
rugged, steep-sided, and thinly vegetated small hills of
flow breccia or linear ridges of aphanitic flow rock. In
areas of impure limestone that yield a deep residual
clay to weathering, runoff produces an intricate pattern
of gullies. In one elongate area of impure and loosely
consolidated limestone and reworked volcanic rocks,
it appears to have washed much of this material out
from behind seaward-lying, broad, ridgelike terrace
remnants of firmly indurated rock so as to leave interior
depressions with outlets through narrow defiles that
transect the defending terrace remnants. At two
places adjacent to andesitic sandstome, runoff has
worked beneath an overlapping limestone fringe to
produce subterranean passageways.

STAGE OF DEVELOPMENT

The fresh scarps and terrace surfaces, and the steep-
walled valleys of the volcanic arcas indicato that the
recently emorged land area of Saipan is in a youthful
stage of erosion. Assuming no change in sea lovel,
solution should eventually produce large cavern col-
lapses, extensive sinks, and highly discontinuous terraco
surfaces; and lateritic weathering and runoff should
reduce the areas of outcropping volcanic rocks to low,
rounded, mature hills. Tho east, north, and south
coasts should be cut back by marine action, but the
west coast will erode slowly or even advance seaward
becauso of the protective outlying reof.

SYSTEMATIC GEOMORPHOLOGY

The prevailing genetic processes, acting on the de-
scribed material and structural foundation of Saipan
for the time that has been nvmlublu to them, ploduccd
a complex set of 11 rphic
Apart from coastal and oﬂshore features, these include
25 distinct parcels of terrain grouped in 6 larger terrain
divisions (fig. 3; pl. 8), most of which aro of destruc-
tional origin. Geomorphic features of mainly construc-
tional origin include only the western coastal plain,
parts of the low terraced benches below an altitude of
100 feet, and parts of the shore.

Of the 6 principal geomorphic divisions recognized,
the axial uplands cover by far the greatest area. The
low limestone platforms and the western coastal plain,
however, have an importance beyond their smaller areal
extent as level areas suitable for large-scale construction
and farming. The low terraced benches include nearly
level areas like the limestone platforms, but these arc
narrow strips of flat land rather than broad platforms.
They are of interest as passageways from one p]nf.(orm
to another, for small-scale construction, and for agri-
culture. The Donni clay hills belt and the southeastern
coastal fault ridges are still smaller selfdescriptive
terrain units of coordinate rank with those named above.

The geomorphic subdivisions recognized, with refer-
ence to plate and figure numbers of photographs which
illustrate them, are as follows (pl. 3 and fig. 3):

1 Axial uplands (pls. 16, 17, 20, 21B, 224, 23, 24)
1A Terraced limestone uplands (pls. 16, 17, 20, 224, 23, 24)
1As  Tagpochau uplands (pls. 20, 224, 23, 24)
1Aal  Central terraced uplands (pls. 204, 23)
1Aa2 Terraced eastern slope (pl. 204)
1Aa3 Terraced western slope (pls. 224, 23, 24)
1Aad Som,hern and southwestern spurs  (pls.
20B, 2
Matuis uplands (pls 16, 174, 244)
1Abl  Matuis uplands proper (pls. 16, 174, 244)
1Ab2  Southwestern spur
1Ab3  Madog spur (pls. 5C, 16B)
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1B Voleanic uplands (pls. 17, 19, 20, 21B, 224, 24)
1Ba Central voleanic ridge and slopes (pls. 17, 19,
204, 24)
1Bb Laulau voleanic area (pls. 20B, 21B, 224)
Low limestone platforms (pls. 16, 20B, 214, 22, 234)
2A  Southern platform (pls. 208, 22)
2Aa  Bastern platform segment (pl. 22B)
2Ab  Western platform segment (pl. 22)
2Ac  Tina-sisu hills (pls. 20B, 224)
2Ad  Dago depression (pls. 20B)
240 Dandan spur (pls. 20B, 22B)
2B Eastern platform (pls. 20B, 214, 234)
2C  Northern platform (pl. 16)
Low terraced benches (pls. 163, 17, 204, 22)
3A  Magpi benches (pl. 24.4)
3B East const benches (pis. 16B, 17, 204)
3C  Laulau benches (pl. 214)
3D South coast bench and scarp (pl. 22)
Donni clay hills belt (pl. 204)
* Southeastern coastal fault ridges (pls. 20B, 214, 22B, 234)
5A Hagman ridge (pls. 20B, 214, 22B, 234)
5B Naftan ridge (pl. 22,
Western coastal plain (pls. 20B, 22, 23, 24)
6A  Coastal plain proper and low hinterland slopes (pls.
208, 22, 23, 24)
6B Susupo marshland and lake (pls. 20B, 224)
Constline, beaches, and offshore features (pls. 16-24)
Descriptions of these subdivisions follow, b
with the highest and largest and extending downward
and seaward to generally smaller terrain units. Brief
mention of special coastline, beach, and offshore fea-
tures will conclude the section on geomorphology.
Lovels of bench surfaces are taken from the topographic
map.

AXIAL UPLANDS
Plates 16, 17, 20, 21B, 224, 23, 24

The axial upland area that extends through the nor-
thern three-fourths of Saipan consists of northern and
southern terraced limestone uplands that are separated
by a central volcanic ridge and are abutted at the south-
east by a patch of high volcanic hills.

The axial uplands as a unit culminate near their
south-central part at an elevation of 1, 555 !’eet in
Mount T hau (Ogso T hau) and
descending from this peak is a stairlike succession of
nearly flat benches and vertical scarps of limestone that
merges northward into a narrow-crested ridge composed
mostly of voleanic rocks. Northward from the highest
point of this central volcanic ridge at Mount Achugau
(Ogso Achugau, 767 feet) the axial uplands again con-
sist of flat benches and scarps of limestone, terminating,
in the majestic Bafiadero clifis (Laderan Bafiadero
pls. 11C, 164) that rise more than 600 feet above the
170-foot, platform at their base to a peak of 835 feet at
Pidos Kalaho in the section L.uow‘n as Matuis. Most
of these li benches hori: 1y, but
o few are tilted.
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The slopes of the central volcanic ridge are intricately
dissected into steep hills and short, rugged valleys that
wore cut deeply into the impervious clays and sapro-
lites of tho weathered volcanic foundation rocks in
consequence of original slopes and by headward sapping.
The northern and southern thirds are marked by steep-
walled, slotlike valleys that incise a terrain of Miocenc
and Eocene limestones. Such valleys have resulted
from a complex of factors that include (1) solution and
collapse of linear cavern roofs; (2) solution and abrasion
along zones of sh i faulting, or sedi
wenkness; and (3) headward cutting and chff-snppmg
ot the heads of intermittent streams localized in under-
lying volcanic rocks or more easily eroded and less per-
meable facies of the limestone succession.

From the axial uplands, the valleys slope generally
east or west with conspicuous exceptions. The longest
valleys and the two perennial streams are on the eastern
slope in the volcanic terrain near the midlength of the
island. In general the western slope is more precipitous
than the eastern slope.

Most of Saipan above an altitude of 300 feet belongs
in the axial uplands province, but its foothill spurs at
places reach below 100 feet.

TERRACED LIMESTONE UPLANDS
Plates 16, 17 20, 224, 23, 24

The terraced limestone uplands include parts of the
axial uplands that lie south and north from the central
volcanic ridge and slopes. The two principal units of
this subdivision are named from the fact that they
center on the land divisions known as Tagpochau and
Matuis. Characteristically they include the succession
of nearly flat benches and vertical scarps of limestone
that rises above the roughly 200-foot bench level.
They are underlain almost exclusively by Miocene
limestone but also include much smaller areas of
Eocene limestone and patches of other rocks.

TAGPOCHAU UPLANDS
PraTes 20, 224, 23, 24

The southern unit of the terraced limestone uplands,
the Tagpochau uplands, center on Mount Tagpochau
nd i the hicall i and
areally largest of the well-defined terrain units on
Saipan. For descriptive purposes it is further divided
into four subunits.

1. The central terraced uplands (pls. 204, 23) include
the uppermost terraces that generally surround Mount
Tagpochau above a level of about 1,000 feet. A north-
ern prong takes in the ridge slope that descends north-
ward to a 680- to 700-foot terrace level, at the center
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of the island, where the central volcanic ridge begins.
Four general bench levels above 1,000 feot are recog-
nizable in this area: a capping bench at 1,500 to 1,550
feot, a second at 1,440 to 1,460 feet, a third at 1,180 to
1,220 feet, and a fourth bench at roughly 1,080 to 1,160
feet. The area is entirely underlain by a pure, massive,
and well-indurated facies of the Miocene Tagpochau
limestone, and solution effects have complicated the
topography. Bench surfaces are irregular and not at
consistent lovels. They are separated by prominent
scarps or steep ramps. The conspicuous though areally
small 1,440- to 1,460-foot bench is surrounded by a 10-
to 20-foot high peripheral solution rampart that gives
it a dished-out appearance—a shallow, bowllike de-
pression with a well-developed subsurface drainage
through solution crevices beneath. Except for culti-
vated clearings or construction the area is mainly
covered with a dense growth of jungle vegetation. The
limestones beneath the southern and southeastern slopes
are sufficiently impure to have yielded a residue of
altered tuffaceous contaminants that provides a rather
poorly drained, infertile cley soil over impure limestone.
In consequence, & mat of high serrate-edged sword-
grass supplants jungle vegetation here.

2. The terraced eastern slope (pl. 204) takes in the
area between the lower margin of the upper terraced
uplands at 680 to 1,000 feet and the upper margin of
the Donni clay-hills belt at 300 to 400 feet above sea
level. The more westerly parts of the eastern slope
rise steeply toward the Tagpochau cliffs (Laderan Tag-
pochau) and the eastern margin is defined by the
abrupt Machegit and Adelug cliffs. It is dissected by
steep-walled east-trending ravines. The middle part,
below I Agag cliffs, is an obscurely defined and irregular
norf.h-south depression that lies behind a broad, dis-

and g lly flat-topped frontal li

ridge that surmounts and extends south from the
Machegit and Adelug cliffs. It is presumably washed
out by lateral erosion on the marly to tuffaceous and
indurated limestones and reworked volcanic sediments
that underlie the area behind the well-indurated frontal
ridge. This ridge seems to be a composite of remnants
of four bench surfaces, at present clevations of about
520-560, 620-640, 680-700, and 740-770 feet above sea
level. Other flat-topped hills and presumed bench
remnants in the area are generally accordant with the
same four approximate levels. It is possible that the
middle depression itself was partly or mainly prepared
by marine scour on relatively nonresistant beds during
bench cutting and only accentuated by lateral subaerial
d.mm:lge‘ Young murma deposxts that would serve to

such an have not been
found, however. The bluffs and steep slopes of this
area are thickly wooded, but large parts of the gentle

slopes were cleared for farming woodlots, or construc-
tion. In areas of reworked volcanic doposits and deeply
weathered impure limestone, gully patterns have
developed on poorly drained clay surfaces.

3. The terraced western slope (pls. 224, 23, 24) of the
Tagpochau uplands is an area of generally steep slopes
broken by scattered bench and scarp remnants of a
formerly well defined terraco system. It cxtends
downward from the lower margin of the upper terraced
uplands at 680 to 1,000 feet to the upper edge of the
.western coastal plain and adjacent slopes at clovations
as low as only 20 fect or so above sea level. It is
underlain mostly by tuffaceous parts of the Miocene
Tagpochau limestone. Slopes are generally steep.
Except where cleared for cultivation or construction,
this area supports a vegetation of jungle growth and,
over the more highly tuffaceous sediments, occasional
large patches of swordgrass. The area generally is cut
by a system of gullies and ravines. Terrace remnants
are thus, for the most part, difficult to recognize except
for a few broad surfaces that occur mostly at the lowest
levels. Differential erosion of the bedded sediments
produces stepped slopes and variation in ravine walls
from steep to near vertical. The terrain as a whole is
more markedly dissected and has fewer continuous
nearly level surfaces than the eastern slope. Matching
of roughly accordant bench remnants suggests the
former existence of possibly 8 bench surfaces at present
distances above sea level of 80-120, 140-160, 200-220,
820-360, 520-580, 600-680, 780, and 840-860 feet.

4. The southern and southwestern spurs (pls. 20B,
224) of the Tagpochau uplands extend southward and
southwestward from the upper terraced uplands as a
series of mainly flat-topped or gently sloping spurs and
hills separated by deep ravines and extending to less
than 50 feet above sea level. This terrain unit is
divisible into a southern or Dandan spur, a middle or
Gallego spur, and a southwestern or Tipo Pale spur.
The bedrock is mainly impure Miocene limestone that
weathers to sporadic concentrations of soil, separated
by stepped slopes of limestone ledges. S\vordgrnss,
with scattered casuarina, thrives on the flat surfaces
and gentler slopes where the poorly drained clay soils
accumulate, and jungle vegetation envelopes the cliffed
ravine sides and steep slopes. Except in the broader
ravine bottoms and the southern parts and gentle
lower slopes of the Dandan and Gallego spurs this area,
is little used for cultivation or construction. In
combination with the terraced western slopes, which it
in part resembles, this is the most cut up and least
developed part of the Tagpochau uplands. Neverthe-
less 11 different bench surfaces are suggested by seeming
bench remnants at present distaices above sea level of
about 80-120, 140-160, 190-210, 250-280, 400-420,
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450-470, 540-560, 600-040, 660-680, 740-780, and
920-940 feet.

MATUIS UPLANDS
Plates 16, 174, 244

Tho northern unit of the terraced limestono uplands,
the Matuis uplands, centers on the area of Matuis and
includes the conspicuous westward-tilted terraces of
the north prong of the island. It is underlain almost
entirely by relatively pure and compact facies of the
Tagpochau and Matansa limestones. The terrace
remnants are clearly defined and well preserved, but
the slope of the bench surfaces makes correlation with
benches outside this area dificult. Westward tilting
of these terrace surfaces by probably as much as 15°
occurred before planation of adjacent younger terrace
surfaces below 200 to 300 feet, for the latter are not
tilted. The Matuis uplands are divided into the
Matuis uplands proper, the southwestern spur, and the
Madog spur.

1. The Matuis uplands proper (pls. 16, 174, 244)
descend from an elevation of 948 feet at the peak of the
uppermost of the three prominent terraces that
compose south Kalabera cliffs to somewhat less than
100 feet above sea level. The area is one of prominent
west-tilted limestone benches in part separated by
conspicuous blufls and generally irregular from solution
effects. The benches were mostly cleared and planted
in sugarcane by the Japanese, whereas the bluff areas
support a dense growth of jungle vegetation. A
prominent rampart 20 to 30 feet high rims a part of the
800-foot surface that surrounds the peak of Pidos
Kalahe (pls. 164, 244) at the north point of the area,
and less conspicuous ramparts mark parts of the
eastern rims of some of the other benches (pl. 50).
TFour prominent tilted benches (pl. 16) occur at 400430,
680~740, 800-830, and 900-950 feet. Matching of
flat and sloping surfaces shown on the topographic
map suggests remnants of other benches at 300-320,
340-360, 380460, 580-620, and 760-780 feet.

2. The southwestern spur is a long, narrow projection
from the Matuis highlands proper; both are generally
similar but are d by the deep fault of
Kenat Papua. The spur borders the central voleanic
ridge, slopes to the west, and shows bench remnants at
180-200, 220~240, and 260-280 feet.

8. The Madog spur (pls. 5C, 16B) extends eastward
from the north end of the Matuis uplands proper and
includes a prominent limestone bench remnant at 180
to 220 feet. This surface is rimmed at the top of its
seaward cliff boundary with a rampart about 10 to 20
feet high (pl. 50). Other margins are steep slopes
down to lower surfaces and up to the Matuis uplands
proper.
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VOLCANIC UPLANDS
Plates 17, 19, 20, 21B, 224, 24

The voleanic uplands include the principal areas of
outcropping voleanic rocks and sediments outside the
Fina-sisu hills area (Ogso Fina-sisu). This terrain
unit includes the central volcanic ridge and slopes that
lic between the terraced limestone uplands of Matuis
and Tagpochau. It also takes in the Laulau volcanic
area at the southeastern margin of the Tagpochau up-
lands.

CENTRAL VOLCANIC RIDGE AND SLOPES
Plates 17, 19, 204, 2¢

The area included in the central volcanic ridge and
slopes rises from about 40 feet above sea level on the
east and west to about 740 feet at Mount Achugau in
the northern part. The area is underlain principally by
andesitic and dacitic flows and pyroclastic rocks of the
Sankakuyama, Hagman, and Densinyama formations.
The southern part of this area, Talofofo ridge (pls. 173,
204, 24), is narrow and nearly flat on top. It seem-
ingly represents a terrace surface or intergrading sur-
faces at elevations from 600 to 680 feet. Away from
the summit of the central ridge the terrain is cut up by
deep, steep-walled ravines and narrow intervening
spurs generally oriented east and west. The northern
part of the area, centered around the Achugau grass-
lands (Sabanan Achugau), is chiefly underlain by
dacitic rocks. Here the topography is more subdued
and consists of small rounded hills and narrow ridges
which to some extent are probably related to primary
volcanic structures. Mount Achugau (pls. 5D, 17, 24)
is a narrow ridge of steeply dipping flows and pyro-
clastic rocks that may represent a remnant of a volcanic
cone. Dips are perhaps accentuated by later eastward
tilting.

The weathered rocks and derived soils of the central
volcanic ridge and slopes are largely impervious, and
the topography owes its nature to the resulting heavy
runoff. Drainage east and west from the central ridge
controls the orientation of the ravines and side spurs.
The principal ravines are as long as a mile and on the
eastern side of the island cut across the narrow limestone
fringe that forms the eastern terraced corridor.

LAULAU VOLCANIC AREA
Plates 20B, 21B, 224

The Laulau volcanic area is a short ridge of volcanic
rocks adjoining the lower southeastern slopes of the
Tagpochau uplands. It rises from a few feet above
sea level, along the shore of Laulau bay, to an elevation
of about 660 feet. The aren is mostly underlain by
upper Eocene andesitic breccias, but the ridges along
the southeastern slope are capped by lower Miocene
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limestone. The relatively impervious weathered prod-
ucts of the volcanic rocks have been incised by sur-
faco runoff into narrow, steep ravines which drain to
the southeast, away from the ridge summit, and are
separated by steep narrow spurs.
LOW LIMESTONE PLATFORMS
Plates 16, 20B, 214, 22, 234

The low li 1 include
broad benches at the northern, southern, and eastern
extremities of Saipan. The northern and eastern
platforms are underlain entirely by the porous Pleisto-
cene Mariana limestone. The southern platform is
mostly of the same rock unit but includes also areas
of voleanic rocks and Miocene Tagpochau limestone.
Because of their broad and relatively even nature, the
soil-covered limestone surfaces of these platforms
were largely planted in sugarcane during Japanese
occupation.

SOUTHERN PLATFORM
Plates 20B, 22

The southern platform proper consists of principal
segments at roughly 120 feet and 200 feet. The
north-northeasterly trending scarp that separates the
lower western segment from the higher eastern segment
may be of fault origin, separating former parts of a
single broad platform. But it might equally well be
partly of fault origin and partly due to fault

above sea lovel. Its westorn and southern scarp
margins descend to near sea lovel and it rises north-
westward toward the Fina-sisu hills. Two broad,
shallow sinks and a small, deep sink are bunched
togother at the lower ond of a panhandlelike northern
oxtension.

FINA-SIBU HILLS

Plates 208, 224

The Fina-sisu hills extend pronglike north-northeast-
ward from the western side of the western platform
segment to the beginning of the Tagpochau uplands.
This area is mainly of deeply weathered andesitic
tuff and flow-rock of probable Oligocene age at the
south, and impure lower Miocene limestone at the
north. Elevations range from about 20 feet above
sea level to 280 feet. The volcanic hills are gently
rounded and have maximum elevation barely exceeding
200 feet. The deeply clay-blanketed gentle easlern
slope of the main ridge is cut by shallow gullies and is
generally cultivated. A similar, small eastward exten-
sion of these hills is separated from the main ridge by
a narrow strip of limestone along which sinks are
concentrated. The steeper western front of the volcanic
part of the Fina-sisu hills is mostly underlain by an
andesitic lava flow 80 to 100 feet thick and generally
wooded with Formosan koa or scrub acacia. The

erosion at the lower bench level. Northward extensions
from the platform segments are the largely volcanic
Fing-sisu hills on the west, and the mainly limestone
Dandan spur on the east. Between the upper or
northern ends of these features lies the Dago depression,
a relatively broad area of internal drainage mostly
surfaced with late Quaternary clay wash.

'BASTERN PLATFORM SEGMENT
Plate 22B

The western three-fourths of the eastern platform
segment is a nearly horizontal limestone surface that
lies generally about 200 feet above sea level but descends
to elevations as low as 80 feet. It rises eastward from
a low, clay-bordered, north-south ramp to a slightly
higher bench remnant at 230 to 250 feet, and from this
to the western border of the Naftan ridge at 280 feet.
The clay strip between the two bench remnants is a
fairly thick layer over a limestone substratum. Shallow
gullies ramify its surface, as they do similar gently
sloping clay surfaces elsewhere on Saipan.

WESTERN PLATFORM SEGMENT
Plate 22

The western segment of the southern platform is a
slightly irregular limestone surface about 120 feet

impure i of the northern part of the area
display a relatively thin soil cover and irregularly
stepped slopes. The steep western slope leading down
to the Susupe marshlands is rough and has thick copses
of brush above and nearly continuous brush below.

DAGO DEPRESSION
Plate 20B

The Dago depression extends from the northern end
of the Dandan spur westward to a line of sinks along
an inferred fault zone at the lower edge of the Fina-sisu
hills. The floor of this shallow, internally drained
depression is of clay wash which retards subsurface
drainage. During much of the rainy season the princi-
pal sink area of its southeastern quadrant contains
standing water below the 130-foot contour level.

DANDAN SPUR
Plates 20B, 22B

The Dandan spur is an elongate northward extension
from the eastern platform segment that consists mainly
of cavernous, permeable Pleistocene limestone at a
bench level of 250 to 280 feet above sca level. West-
ward it is bounded by a fault scarp that drops the
adjacent ground about 80 feet. Eastward it descends
to the coastal Laulau benches. Its northern part in-

cludes a fairly large outcrop area of Miocene tuffaceous
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sandstones that produce rounded gullied hills. Sink-
like depressions form where valleys on these voleanic
sediments run beneath the overlapping younger lime-
stone. The area was principally planted in sugarcane
during the Japanese occupation.

EASTERN PLATFORM
Plates 20B, 214, 234

The castern platform coincides essentially with the
area known as Chacha, on the Hagman peninsula, the
eastern extremity of Saipan, north of Laulau bay. It
is a nearly horizontal surface of porous Pleistocene
limestone at elevations mostly of 200 to 250 feet, and
averaging near 240 fect. However, it descends to 100
feet or less at its northeastern and southwestern mar-
gins. The area is mainly cleared for cultivation and
construction.

NORTHERN PLATFORM
Plate 16

The northern platform is mainly a horizontal surface
similar to the eastern platform and underlain by similar
rocks. It is only about half as large as the eastern
platform, however. It ranges from 80 to 180 feet in
elevation, its principal bench surface lying at 160 to
180 feet and averaging near 170 feet. Like the eastern
and southern platforms it is mainly cleared for cultiva-
tion and construction.

LOW TERRACED BENCHES
Plates 16B, 17, 204, 22

The areas of low terraced benches include narrow
clongate limestone benches and scarps between or at
lower levels than the low limestone platforms and be-
tween the northern platform and the western coastal
plain. -

MAGPI BENCHES
Plate 244

The Magpi benches include a narrow belt of mainly
porous Pleistocene (?) limestone that extends from the
northern platform to the northern end of the western
constal plain at the northwest end of Saipan. This
area is bounded by the sea on the west, and eastward
by the bluffs at the western border of the Matuis up-
lands and the northern platform. It preserves bench
remnants at gencral elevations near 30, 50, 70, and 150
feet and is mainly cleared for agriculture or construction
except for the lower seaward part. The latter is a very
narrow belt pinnacled by solution and matted with
grass and low brush.

EAST COAST BENCEES
Plates 16B, 17, 204

The belt of east coast benches and scarps extends

from the northern platform south along the coast to
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the castern platform. Itisa narrow to broad, clongate,
terraced belt mainly underlain by the porous Pleistocene
Mariana and Tanapag limestones. At places it is sur-
faced with thin patches of quartz-rich terrace sands
and gravels. It is bounded by the sea on'the east, and
on the west by the northern platform, the Matuis up-
lands, the central volcanic uplands, and the Donni
clay-hills belt. At the south end it swings eastward and
oxtends along the north side of the eastern platform.
It rises from sea level inland to an clevation of about
300 feet at points adjacent to the central volcanic up-
lands. Bench surfaces occur roughly at 12-15, 2040,
40-60, 50-80, 80-120, 120-240, and 180-300 feet.
This belt of benches is most prominently developed in
the vicinity of the Kalabera district of northeast Saipan,
where it consists mainly of a slightly seaward-sloping
bench as much as three-quarters of a mile wide. The
east coast benches are mainly cleared for agriculture
and construction, except for dense jungle scrub where
they abut the Matuis uplands, and for extensive wind-
breaks of casuarina along the seaward bluffs. The
surfaces of low benches along the seaward margin are
typical irregular limestone solution surfaces covered
with a thick growth of brush. The lowest coastal
bench, in most places from about 12 to about 40 feet
above sea level, in large part probably represents an
elevated former fringing reef surface modified by solu-
tion effects. This surface corresponds with the elevated
reef surfaces of the Laulau and south coast benches.
Along its central and southern stretch, adjacent to the
central volcanic uplands and the Donni clay hills belt,
the belt of east coast benches is interrupted by several
narrow, steep-walled, slotlike, east-west ravines.

LAULAU BENCHES
Plate 214

The Laulau belt of benches loops around Laulau
bay, connecting the eastern and southern low limestone
platforms across the foot of the Tagpochau uplands.
It is underlain by porous Plei 1i with
minor patches of massive Miocene limestone and grav-
elly alluvium. It rises 200 feet above sea level from
the coast and includes bench remnants at roughly
20-30, 40-50, 60-80, 110, 150, and 170 feet. The
northeastern segment below the eastern low limestone
platform, as well as the narrow stretch of mainly ele-
vated limesands along the beach that borders the
broad northern reef area, includes cleared or cultivated
patches interspersed with thickly wooded spurs and
cliff zones. Somewhat more than the southern half
of the area, however, is overgrown with a dense
growth of scrub pandanus, Scaevola, and other jungle
brush.
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SOTUTE CUAST BENCE AND SCARE
Plate 22

The south coast hench skirts the southern seaward |
margin of the southern low limestone platform from
which it is separated by o prominent low terrace face.
Tt is mainly floored with the porous Pleistocene Tana- ;
pag [imestone and probably represents an elevated |
former fringing reef surface somewhat modified by post- |
emergence solution effects. The same faalt that sepa-
rates the eastern and western sezments of the southern
low limestone platform offsets this bench slightly,
dividing it into an eastern segment that slopes from
40 to SO fees ond o western segment that lies mainly
between 12 and 50 feet. It is nearly flat, though sea- .
ward <loping, and is mainly cleared except for a dense
growth of remnant jungle scrub along the scarp above
it and planted casusrina windbreaks along parts of the
seaward bluffs.

DONNT CIA¥ HILLS BELT
Plate 20.4

The Domni clay hills belt extends northward from
the Laulsu volcanic area as an irregularly narrow strip
about 3 miles long and X to % mile wide. It is bounded
on the west by the Iower eastern slopes of the Tag-
pochau uplands and on the east by the eastern plat-
form and the east caast corridor. This area is under-
loin mainly by the deeply weathered Donni sendstone |
member of the Tagpochau limestone, but impure lime- |
stones and andesitic conglomerates and sandstones are *
Iocally incliided i this geomorphic unit. Elevations |
range from about 110 feet to 520 feer. The hills consist
of short. rounded and fat-=ummicted ridges generally 1
oriented east and west and separated by shors, steep- |
sided ravines. The eastern -part of the belt, where |
underlain by the Donni sandstone member, appears to !
be an exhumed surface. The shory east-west ridges
generally coincide with “anticlines” whose axes trend |
east-wess and plunge 5°-10° to the east. Tongues of |
the overlapping Mariana limestone estend westward |
up the itervening “synclinal” valleys. The northern ;
and southern parts of the area are mostly cleared for |
farming; the central part of the belt is covered with
large stands of the introduced Formosan koa and serub |
acacia. |

SOUTHEASTERN COASTAL FAULT RIDGES
Plates 208, 214, 228, 234

Two small faulved ridge areas along the southeastern
coast: of Saipan stand in contrast to the bordering low
limestone platforms and terraced corridors in their
rough and precipitous topography, generally thick
vegetation, and isolated nature. These are the Hag- |
man ridge and the Nuftan ridge, which probably in :

Jarze part owe their general similarity a3 well &s some
of their most distinctive features to the movement
along the same fault, subscquent to terrace planation.

HAGYAY RIDGE
Platea 205, 214, 225, 234

Hagman rudge lies at the castern extremity of Seipan.
It mses from the sea, along its eastern margin, to &
maxmum elevation of ehout 485 feet, and then slopes
steeply westward 1o the eastern limestone platform.
For the northern three-fourths of its length, the summit
of the nidee is fat and slopes gently northward to the
southern end of the belt of east coast benches. In this
area 1¢ 1s underfun by the highly porous Mariana lime-
stone. Oun the east the northward extension of the
ridge falls away m o series of steep scarps and rough-

d benches. The lower eastern clopes are covered
ane maze of larze limestone blocks that have
and ere creeping slowly seaward

The southern and

ridge area consists of highly

ncks, with sea cliffs as high

=3 i s2mik and southeast borders of the
s Imesace zarrowly overlaps the volcanic

n0raesT 3w )

TEZILAINNL T & DS

southeasterly part of Saipan.

sea to & maximum elevation

of Pho\u 47 fzeq gzd then descends westward by a
series of low searps acd ramps to the eastern segment
w limestone platform. It is meinly

s Mariana limestone, and is a series

el ed end seaward sloping benches.

mainfy vertcal or near-vertical bluffs along the
coast can be descerded to the sea only at the more
graduaily sloving corth end or along & small and pre-

cipitous volcanie reenant near its midlength. The

Iagter is & chaos of voleanic rocks and slumped lime-
stone masses 22t can be enterad or left unaided only
th ecd. All along the coast a constant

; mist of salt spray even to heights of nearly 200 feet

keeps coastal vegetation down to low scrub or grass
d}an 2t many places mats over & very rough solution-
pinnacled undersurface. Elsewhere jungle growth
thrives except for broader-than-usual cleared surfaces.
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‘WESTERN COASTAL PLAIN
Plates 205, 22, 23, 24

The western coastal plain extends the full length of
the west border of Saipan south from the Magpi
benches. It is mainly floored by loose and recently
doposited calcium carbonate sands south from the
Tanapag aree and by similar limesands, low lying
terrace deposits of reworked volcanic materials, and
clay wash toward the north end. Its surface rises
gradually inland to heights generally not more than
gbout 20 feet, but at places to as much as 100 feet
where the transition to bedrock is over a rising surface
of clay outwash or soils derived from deep weathering,
Within the area are rare pi les of outlying li
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places the sea cliffs even surpass heights of 200 feet.
‘The parts of the shoreline which are shown on available
hydrographic charts as fringing reefs appear to be
mainly erosional sea level benches with the merest film
of algae and other living organic matter. At the south
end of the island (pls. 22B, 244), however, are fringing
reefs with depressed reef flats (moats) that support
more vigorous organic growth. Some of the so-called
fringing reefs are actually sea-level benches in volcanic
materials (pl. 214) with an appreciable organic com-
ponent only at the permanently submerged front.
Where these fringing benches front precipitous bluffs,
they locally support massive collapse blocks at their
landward margins. Organic growth and entrapment
: o-chemicall o]

and occasional depressions. The soil on it is loose,
well-drained, and easily worked, especially in the lime-
sand arcas. The ground is almost everywhere cleared
and cultivated except for local brushy areas or woodlots
that commonly coincide with patches of limestone
outerop.

Part of the western coastal plain is marshy. The
largest area of marshland surrounds the shallow brack-
ish lake called Hagoi Susupe and is separated from the
coastal plain proper (pls. 20B, 22, 23, 24). This area
is called the Susupe marshland and lake (pls. 20B,
224). It is nearly everywhere marshy during the
rainy season and in part marshy all year round. Its
sticky blue clays at many places support a thick
growth of tall tough jointed bamboo grass, or cane.

DEAGIS, AND
Plates 16-24

The west shore of Saipan south from the Magpi
benches is an almost continuous limesand beach, backed
at only a few places toward the north by low limestone
ledges (pls. 22-24). At one place near midlength it is
interrupted by a small wedge of mangrove swamp
oxtending up o short tidel imet. Seaward from this
long west-coast beach is a shallow lagoon (pls. 17B,
20B, 23, 24), which is walled off from the Philippine
Sea beyond by o barrier reef (pls. 17, 24) that lies
about 2 miles offshore at the harbor entrance but ap-
proaches the shore and grades into a fringing reef at
its north and south ends (pls. 22B, 244). Just
north of the harbor entrance is the small round islet of
Maiiagaha (pls. 17, 24C), consisting of loose limesand
that extends to only 8 or 10 feet above high tide level.
Small lagoonal reef patches are locally abundant south
of Maiiagaha islet (pl. 240).

Most of the rest of the island rises abruptly above a
narrow fringing reef (pls. 5C, 16B, 184, 19B, 20, 21, 22)
or fronts the sea in precipitous bluffs that range from
only 10 or 15 feet high to more than 100 feet. At a few
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at the basal margins of such blocks weld them firmly
to the bench on which they rest, so that they come to
resemble sea stacks.

Along the zone of fringing reefs, sand or gravelly
beaches are found at only a few places along the south
shore (pl. 22), behind the broader reef area at the
northern end of Laulau bay (pl. 21), back of two well-
developed stretches of fringing reef toward the south
end of the east coast corridor (pls. 19B, 204), in
Taiiunchuluyan bay (pls. 5C, 184), and at a few valley
mouths and other protected stretches of coast (pls. 17B,
18B, 194).

A natural pass through the barrier reef near the
center of the west coast leads castward into a dredged
channel about 2 mile long and 30 feet deep. This, in
turn, cxtends farther eastward into a protected anchor-
age about three-fourths of a mile in diameter and of
depths generally greater than 30 feet—the deepest part
of the lagoon (pl. 24). This area has been dredged in
part, and its general contour and the location of shoal
waters within it are shown in detail on Hydrographic
Office Chart No. 6062 (scale 1:12,000; see aiso Hydro-
graphic Office Chart No. 6060, scale 1:72,950). An
extensive bank area off the southwest coast of Saipan
offers anchorage for larger ships. 1t is geuerally
shallower than 20 fathoms. Laulsu bay (pls. 20B,
22B, 234) on the east coast offers some shelter from
storms but is too deep and has too steeply sloping a
bottom for good anchorage.

GEOLOGIC SUCCESSION
INTRODUCTION AND SYNOPSIS

About two-thirds of the composite geologic column
and most of the central core of Saipan consist of the
mainly volcanic Sankakuyama, Hagman, Densinyama,
and Tina-sisu formations. These are exposed over an
arca of about 4% square miles, or less than 10 percent

of the land surface. The primarily limestone units—
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Matansa, Tagpochau, Mariana, and Tanapag lime-
stones—underlie about 36 of the island’s 48 square
miles; and various unconsolidated or marginal deposits
underlie the remaining 7% square miles.

In its simplest terms, and with estimated maximum
thicknesses in feet, this geologic succession is:

1. Elevated limesands (Recent)..
. Alluvium and clay wash (Pleistocene and Recent).. <30
. Younger terrace deposits (Pleistocene and Recent)._.

units of Saipan,” is in pocket. Dingrnmmntig il.lus'.‘m-
tions and local stratigraphic ranges of some distinctive
and stratigraphically significant genera of ]urgc_r
Foraminifera and algae, given in figures 4 nnq 5,
present partial basis for subdivisions and correlations
made. Partial lists of fossils at appropriate places in
the stratigraphic discussion give further date. Nearly
all fossil d inations given are attributable to W.
Storrs Cole (larger Foraminifera), Ruth Todd (smaller
i

. Tanapag limestone (younger
. Post-Mariana terrace deposits (Pleistocens)..

inifera), or to other ing chap-

ters by these inlists will complete the doct -
tion for lusiy d on age,

and

. Sankakuyama formation (Eocene?)._. 1,800+

6,250°

The basis for paleontologic subdivision and correla-
tion in the western Pacific has recently been extensively
discussed by van Bemmelen (1949, p. 79-103) and by
R. M. Kleinpell and others (in Corby and others, 1951—
53, p. 229-297). It is thus unnecessary here to review

units in the western Pacific

’
‘squivalent beds and becauss maximum thicknesses are not superposed.

The principal subdivisions, including the eight named
{ i are ized and with stand-
ard faunal and stage zonation in table 3 (in pocket).

For purposes of discussion and mapping, the principal
stratigraphic subdivisions of Saipan are further broken
up into a number of minor units. Two of these sub-
ordinate rock units are given member names because
of their physical distinctness and general lateral con-
tinuity, but the others are designated simply as facies
of named formations, or as unnamed subdivisions of
surficial units. The various facies (and ‘members)
mapped represent local expressions of the general con-
tinuum of sedimentary or volcanic processes that pro-
duced the formation to which they are referred. Where
it has been possible to follow their contacts, they
generally appear to grade into other facies and to recur
at different localities and different levels in the strati-
graphic succession. This is a reflection of the depo-
sitional history of the rocks of Saipan. The original
materials were deposited against, around, and over
older rocks and sediments, and under fluctuating en-
vironmental conditions that resulted in complexly
N . A8

these matters beyond emphasizing that standard age
designations of post-Ei

are generally problematical. There is, to be sure, great
hope that continued study of planktonic and pelagic
i (Radiolaria, silicoflagell diatoms, coc-

coliths, di lanktonic I’

will eventually solve these problems and permit rea-
sonably accurate correlation with the standard Euro-
pean section. Until this objective is achieved, how-
ever, the reader should bear in mind that a question
mark is understood after age designations of Indo-
Pacific Tertiary units in terms of European standards.
Correlation with the Indonesion Tertiary letter zones
is believed to be on a sounder basis, especially below
the Pliocene (see references above, and van der Vlerk,
1948), but even here the probability of incompletely
understood faunal facies and extension of supposed
ranges is too great to warrant positive conclusions re-
garding the presence or absence of particular units.

In the detailed descriptions to follow discussion of
petrographic terminology and locality citation, the
individual geologic units are taken up in approximate
succession from oldest to youngest. Description of the
unconsolidated units is generalized, but the named for-
mations and their subordinate parts are described more
or less in o pattern. Some repetition is unavoidable in

among
deposits of various sorts. Approximation of thicknesses
for such generally overlapping and veneering deposits,
some without known bases, is, of course, subject to
obvious difficulties and uncertainties. The sorts of
lationshi isaged are shown di i in
the columnar section on plate 1.
By way of more inclusive summation and compari-
son, and for use in connection with the detailed geologic
map, a chart, “Descriptive summary of the geologic

this i of into different categories
but we have tried to hold it to the useful minimum.
. The stratigraphic sections graphically summarized
in figure 6 provide an impression of variations in rock
type.
PETROGRAPHIC TERMINOLOGY

Itis our aim, in discussing the geologic units of Saipan,
Po say in purely descriptive terms what the character-
isties of a particular unit are before considering what
these features mean genetically. There follows a brief
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explanation of the terminology to be used in the descrip-
tion of the rocks and sediments under consideration.

PRIMARY VOLCANIC ROCK TYPES

Two principal types of effusive rock occur on Saipan.
Both are characterized by a relatively high content of
silica, high content of alumina in relation to the sum
of tho alkalies and lime, low potash content, and low
content of femic minerals. These rocks do not readily
fit into a classification based upon modal feldspar com-
position. It thus proves convenient to classify them
primarily on the basis of the sum of their femic minerals,
and secondarily on the average composmon of their

andesites, but under Johannsen's system thoy are
quartz basalts.

The chemical analyses and normativo mineral com-
positions given in tablo 4 will amplify the basis for tho
terminology used, but full discussion is doferred to o
later chapter on tho petrology of the volcanic rocks.

TABLE 4.—Average chemical and normalive mineral composition of
3 .mmplu of dacite and 7 of andesite from Saipan

U’m:enl by weoh)
‘Daell

(P.mn:bwemu
Duclto Andeslto
62 1.0

3.8

modal feldspar On this

basis we call them simply dacite and nndesme. This
terminology is consistent with that followed by Kuno
(1950, p. 958-959) and other Japaneso petrographers
for similar rocks in Japan and is also believed to afford
the most consistent expression of chemical affiliations.

The rocks herein called dacite (dacite, hornblende-
bearing quartz dacite porphyry, dacite vitrophyre,
dacite perlite) are leucocratic, glassy rocks that contain
less that 5 percent by volume of femic minerals (horn-
blende, biotite, magnetite, hematite). Their modal
feldspar is oligoclase, having an average composition
ranging from Anj» to Anj;. They have an unusually
high silica content. All contain tridymite, cristobalite,
or chelcedony in addition to quartz. They are low in
alumine, iron, magnesia, lime, and potash content
compared to the average composition of dacite given by
Daly (1933, table 1, p. 15). Under the system of
classification proposed by Shand (1946, p. 225-245) the
Sanipan dacites are soda rhyolites, but under Johann-
sen’s classification (1939, p. 155-156) they are leuco-

dacites.
b

‘Normative plgloclase
(Percent by molecular welght)
Andesito
]
)
st

150Umanlte. % Cordlerite,
ROCKS AND SEDIMENTS AS FIELD ASSOCIATIONS

The dacitic and andesitic rock elements of Saipan
occur most abundantly as flow rocks and subacrially
deposited pyroclastic rocks. They are also found,
mixed in large or small proportions with calcium
carbonate, as marine pyroclastic deposits, as reworked
pseudovolcnmc deposits, as tmuce deposits, and as

The andesites of Saipan, of which augite-hy
andesite is the commonest variety, are leucocratic,
mainly crystalline rocks that contain between 10 and 30
percent femic minerals (pyroxene, magnetite, ilmenite).
Their modal feldspar is predominantly labradorite,
with an average composition ranging from Ang to Ang,.
All contain a relatively large amount of normative
quartz, which can be correlated with the presence of
tridymite and cristobalite in the groundmass of the
rocks. The modal silica minerals and the

clements in The greater
part of the island, however, is underlain by relatively
pure limestone.

In order to avoid prejudicing interpretation, the
same terms are used to describe similar characteristics
of rocks and sediments regardless of origin. Thus
breccia, conglomerate, gravel, sandstone, and sand apply
s descriptive terms whether the material in question
is mnmly caleium carbonate or mmn]y of volcanic

and dless of whether it is a subaerial

quartz are disregarded in the classification. A small
amount of potash-rich feldspar, possibly nnorbhuclnse, is
also present in the d but is not

or submarine pyroclastic deposn. or consists of reworked
materials. Agglomemte is nvmdcd Tuff is applied

in the classification. The andesites have a relatively
high content of alumina and lime and a low content of
potash compared to the average composition of ande-
site as given by Daly (1933, table 1, p. 16). According
to Shand’s classification the Saipan andesites are lime

only to d ic deposits, but fuf-
aceous is used in o purely descriptive sense to indicate
the presence of sand-sized particles of initially voleanic
origin in a sediment whether reworked or primary.
Terms for bedding and grain size, of course, are the
same for all rocks and sediments.

GENERAL
REFERENCE TO LOCALITIES

Tield localities to which reference is made in the
stratigraphic and paleontologic sections of this report
are shown on a special locality-finding map (pl. 4).
Locality numbers, arranged in numerical order at the
lower right corner of this map, may be found by
reference to grid coordinates. The letter prefix of
theso numbers indicates the collector—B for Burke, C
for Cloud, S for Schmidt. To avoid possible future
confusion, it should be noted that the original field
numbers were all further preceded by MS, standing for
“Marianas, Spipan,” and Schmidt’s were mostly fol-
lowed by tho letter “f”” to indicate a fossil Jocality. Al
of our field records are in terms of the full original num-
bers. Thus S618 of the pubhshed mport equals
MSS-618f of the field records. By all essen-
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Shall the thickness of a volcanic unit be taken as
measured in its marginal exposures, or should allow-
ances be made for probability of increase or decrease
in thickness toward the source? This would seem to
depend on the kind of volcanics and where their
source was.

Allowances made and conclusions reached will vary
with the individual, the area, the particular facts and
interpretations, and perhaps even from one time to
another for the same individuel. In the pages that
follow each case is considered individually on the basis
of whatever limited evidence was available for it, and
without adhering rigidly to any fixed set of routine
menipulations. Where it is not accomplished by con-
vennonnl methods, the manner of “guessing” any

is given. The general trend of

tial locality data on plate 4 it has been possible to dis-
pense with the publication of detailed locality descrip-
tions.

The original field locality numbers are used through-
out the text in place of or in addition to permanent
locality numbers, because the latter vary according
to biologic groupings. A single field number may be
represented by several numbers in the permanent
files and in chapters to follow, and cross-reference to a
standard register is needed. This register, will also
accompany parts 2 and 3. This locality finding map
is intended to be used in connection with the generalized
geologic map (pl. 2) at the same scale.

THICKNESS ESTIMATES

Like many other islands, Saipan is an area of complex
sedimentary overlap and abrupt lateral variation of
voleanic rock units. The estimation of thicknesses
at such places presents special problems and involves
a large element of subjectivity. Is it proper to assume
that o marine rock unit that crops out intermittently
from sea level to an elevation of 1,000 feet is at some
place 1,000 feet or more thick if not stepped up by
faulting? Or shall we say that its maximum continu-
ous or observed thickness of, say, 150 feet is nearer
the truth? The choice depends on total relationships
of the rock unit which may or may not be known, and
it may be neither extreme.

A lundred problem is mvolved in computing the
hick of ly or even steeply
dipping bcds which may approximate a shingle like
arrangement of initially dipping strata within a broad
stratal unit that as a whole is believed to dip gently.
Ts it better to follow the limited evidence of the eye or
to malke allowance for the interpretation? That would
seem to depend on how good the evidence for the
interpretation was and in which direction the person

celled upon to name a figure chose to be bold.
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reasoning by which we have arrived at rounded-off
thickness figures involves first making computation
allowances consistently in the direction of a low to
moderate estimate for the maximum exposed thickness
of individual units. Such figures have then been
roughed off to the next higher figure in the range of
tens or hundreds, according to the inferred degree of
accuracy, and on the assumption that it is improbable
that we would actually have found the thickest exist-
ing sequence of any unit in an insular area of such
complex genetic history and discontinuous exposures.

SUPPOSED EOCENE
SANKAKUYAMA FORMATION
Plates 5, 6C, 16B, 17, 184, 194

DESCRIPTION OF THE FORMATION

General characteristics—The Sankakuyama forma-
tion consists of dacitic flows and pyroclastic rocks of
several textural varieties. For the most part, however,
these rocks are glassy and extremely silicic. In many
places they are traversed by narrow seams of yellow,
white, and gray chalcedony and cryptocrystalline
quartz. 'Thin veinlets of manganese oxide are ordi-
narily found with the silica minerals. The rocks are in
part conspicuously laminated. They are little affected
by weathering. The formation lacks fossils and under-
lies the oldest dated rocks of late Eocene age. It is
referred to the Tertiary because it contains abundant
primary tridymite and cristobalite—minerals that are
unknown in pre-Tertiary volcanic rocks.

It includes four principal facies of varied relations
and known to be repeated in the general succession:
massive dacite flow rocks; vitrophyric and perlitic
dacite breccias; dacitic tuffs; and mixed dacitic pyro-
clastics.

Thickness.—The maximum thickness of the Sanka-
kuyama formation is not known, but an incomplete
section calculated to be 1,800 feet thick is exposed at
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Mount Achugau and the actual thickness is probably
of the order of a few thousand feet.

Areal distribution and typical occurrences.—The main
body of the Sankakuyama formation underlies about
two-thirds of a square mile of intricately dissected
torrain in the Achugau district of north central Saipan.
In addition to this, dacite-vitrophyre and perlite
breccia and banded dacite flows occupy about 25 acres
immediately north of the eastern section of the Talofofo
road. Mixed dacitic pyroclastic rocks form the islet
of Maigo Fabang in TFafiunchuluyan bay and are
exposed for about one-fourth mile in sea cliffs nearby
on the main island.

A small exposure of dacite (“liparite”) is reported by
R. Tayama (1938) to be at the foot of the cliffs at
Baiadero. However, the outcrop could not be found
by the writers and subscquent discussion with Tayama
brought out that it was probably beneath a present
area of road fill at the east of Bafiadero cliffs and that
it might have been a boulder.

Type section.—The Sankakuyama formation was
named by R. Tayama (1938, p. 31) and its type site
given by him as Mount Achugau (pls. 5D and 17).
Nowhere on Saipan is a complete stratigraphic succes-
sion of the Sankakuyama formation exposed, but the
best partial succession begins in the cliffs that form the
northern flank of Mount Achugau and continues
through its south flank. That sequence is here desig-
nated the type section. It is summarized in figure 6
and described in appendix A.

Weathering—Weathering and secondary alteration
have affected the rocks of the Sankakuyama formation
differentially. The flow rocks and breccias are, for the
most part, little affected by weathering, and in areas
underlain by these rocks the soil is ordinarily thin and
stony. Toliated, brecciated, and highly vesicular parts
of these rocks are more prone to alteration by surface
weathering, and the ground-mass of such rocks is in
places altered to a light-brown, pink, or reddish-
purple aggregate of kaolinitic clay, quartz, and minor
hematite. Rocks that contain veinlets of chalcedony,
cryptoerystalline quartz, and manganese oxides are
commonly altered to a soft, pale-pink and orange-pink
claylike material. In some part this alteration may
be related to a secondary, hydrothermal mineralization
accompanied by the introduction of the silica and
manganese oxides, for the rocks are much more exten-
sively altered where heavily veined by these minerals.

The vitric dacitic tuffs of the Sankakuyama forma-
tion are commonly deeply weathered to an unctuous,
white to light-brown, kaolinitic clay

relief of about 600 feet. The averago relief in the area
underlain by the Sankakuyama formation is perhaps
200 feet. The area is incised by deep, gencrnl}y \!-
shaped ravines, the longest about onc-half mile in
length. The sides of the ravines are steep to nearly
vertical. In headwater areas tho drainage channels
are broader and more open, and local relief in such
areas is low.

The bigher parts are generally covered with sword-
grass or the xerophytic fern Glezchenia, but are devoid
of trees except for local scant growth of introduced
casuarina and acacia. Many ravine bottoms and clifls
support a dense jungle vegetation.

Age and correlation.—The dacitic rocks of the Sanka-
kuyama ion are the oldest ing on Saipan.
Although lacking fossils, they are disconformably over-
lain by andesitic tuffs and flows of the Hagman forma-
tion, by beds of the Densinyama formation, and by the
Matansa, limestone, all of which contain Foraminifera
of late Eocene age. The Sankakuyama rocks arc
therefore Eocene or pre-Eocene in age.

Indirect evidence for the assignment of the Sanka-
kuyama formation to the Tertiary rather than to the
pre-Tertiary is the presence of tridymite and cristobalite
in the groundmass of these rocks. It is belioved that
these minerals invert to quartz with time, and E. S.
Larsen, Jr., has stated (oral communication) that
tridymite and cristobalite are rare in pre-Miocene rocks
that he has examined and are unknown in rocks of
pre-Tertiary age.

Guam is the only other island in the Marianas on
which dacitic rocks of composition similar to those of
the Sankakuyama formation have been found. Risa-
buro Tayama (written communication to Cloud, July
13, 1949) reports a small inclusion of dacite in andesitic
conglomerate in Talofofo Valley on Guam, and the
writers collected a cobble of porphyritic quartz dacite
in a bed of andesite conglomerate at Mount Santa
Rosa. The source from which these silicic rocks came
bas not been found, but it is probably Eocene or older.

Origin—The rocks of the Sankakuyama formation
mostly b lidated lations of erupted
ash, lapilli, blocks, and lava flows of presumed sub-
aerial origin. However, at one place in the bluffs at
Faiunchuluyan Bay, they include mixed dacitic
pyroclastic rocks that may have been produced by sub-
aqueous reworking of these primary volcanic materials.

At and southward from Mount Achugou, tabular,
south-dipping flows and interlayered beds of breccia
and tuff form a homoclinal sequence. These rocks

Terrain and vegetation.—Mount Achugau (pls. 5D, 17,
24C), near the center of the dacitic outcrop area, rises
to an altitude of 767 feet, and has a maximum local

¢ ﬂoxV§ and 1 breccias and tuffs de-
rived by surficial extrusion of lavas and explosive erup-
tion and accumulation of dacitic blocks and ash.

Several large, thick (as much as 200 feet) bodies of
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gently inclined and uniformly layered masses of dacite
and flow breccia at the south end of this homocline may
represent stubby steep-walled flows (coulees).  Strongly
foliated and steeply inclined massive dacite and daci
breccias in the northern part of the main area of dacitic
outerop may be parts of viscous domal protrusions (the
exogenous and endogenous domes of Williams, 1932,
fig. 37, p. 145).

Unless they are in part ropresented by the plugs
described in the next paragraph, the vents out of which
the mapped dacitic rocks wero crupted are not clearly
identifinble and may lie mainly beyond the outcrop
arca. Howover, rocks that are thought to belong to
volcanic domes may cover large vents; and Mount
Achugau itself probably is a remnant of a volcanic cone
the conter of which was not far north of the present
peak. At and eastward from Mount Achugau (pls.
5D, 17, 240) the dacitic rocks have a monoclinal

herly and th theasterly inclination except
around probable remnants of voleanic domes (pl. 2).
Tho crest of Mount Achugau is composed of a layered
sequence of dacitic flow rocks and breccias that dip
between 40° and 50° to the south, only about 10° to
15° greater than the angle of repose of volcanic debris
on the slopes of presently active andesitic and basaltic
cinder cones. The south slope of the peak is a dip
slope, while the north side falls away in a steep series of
nearly vertical cliffs. The structure resembles a part
of the flank of a stratovolcano which has been deeply
eroded and perhaps slightly tilted toward the south.

Related volcanic plugs—Two small subcylindrical
bodies of rock about 15 feet in diameter, presumed to be
volcanic plugs, are surrounded and apparently overlain
by the breccia-tuff facies of the Hagman formation at
Mount Laulau and in a quarry about one-half mile due
east of Point Flores (Puntan Flores) in west-central
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ritic dacite in tabular, lens shaped, and irregular
bodies. The tops of individual flows are commonly
massive and opaline. The middle and basal parts of
the flows are generally minutely vesicular and pumi-
ceous. The flow rock unit also includes texturally
distinet rocks of similar composition that are believed
to be parts of protrusive domes.

The groundmass is mainly of dacito glass, silica
minerals (quartz, tridymite, cristobalite, opal, chalce-
dony), oligocl icroli i ic grains of
magnetite and biotite, and flecks of hematite. In some
of the flow rocks the groundmass glass is mostly re-
crystallized and the rock is essentially cryptocrystalline.
All of these rocks contain small, rounded to subhedral
phenocrysts of quartz and oligoclase, with an average
diameter of less than 1 mm and scarce micropheno-
crysts of magnetite generally less than 0.5 mm in
diameter. The phenocrysts and microphenocrysts
form about 3 to 8 percent of the rock by volume.

These flow rocks possess a well-developed layered
flow which is ly highly d
dislocated, and wraps around isolated blocks of dacite
in brecciated portions of flows. The layering gives the
rocks a banded appearance and is the result of variation
in color and texture between layers, and the streaking
out of these layers by internal movement during flow.
Layers of light-gray, extremely porous, vesicular rock
from about 1 mm to perhaps 2 or 3 cm thick alternate
with layers of dark grayish-red or light-red, massive,
glassy rock to give the flows their foliate structure.
Small vesicles are elongated parallel to the direction of
flow. Foliation due to flow structure in the massive
dacite flow at Fafiunchuluyan beach is shown in plate
5B.

Over an area of about 40 acres in the Sabanan
Achugau district unbrecciated bodies of dacite of

Saipan. These plugs are d of well-ind d
voleanic breccie containing angular blocks of horn-
blende-bearing dacite porphyry, quartz-bearing augite-
hypersthene andesite porphyry, and several types of
silicified rocks containing finely granular pyrite and
blende-bear:

bly uniform texture and composition are thinly
layered (layers are 0.1 to 10 mm thick) and the layering
is horizontal to gently inclined and not contorted. The
rock is of paler tones of red, pink, orange, and gray than
are the typical flow rocks previously described. It is

other sulfide minerals. The & g dacite

porphyry contains abundant quartz phenocrysts as
much as 1 cm in diameter. They are apparently older
than the rocks of the Hagman formation, and probably
in some way are related to the dacite succession, perhaps
representing the differentially eroded upper part of
plugs that fill buried source vents of & part of the San-
Lkakuyama formation not exposed to view.
SUPPLEMENTARY DESCRIPTIONS OF MAPPED FACIES
MASSIVE DACITE FLOW ROCK
Plates 54,B, 6C, 16B, 184
Lithology and field relations.—The massive flow rocks
of the Sankakuyama formation consist of finely porphy-
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g lly massive though somewhat vesicular and
porous, and is resistant to weathering and erosion.
Ordinarily these rocks display parting surfaces parallel
to the foliation, and, at one locality on the south flank
of Mount Achugau, they show columnar jointing (pl.
60).

Another variant of the flow-rock unit, also found in
the Sabanan Achugau district, includes bodies of
coarsely foliated, in places brecciated, massive to
minutely vesicular dacite that are intercalated with
irregular masses of chaotically foliated flow breccia.
The layering in these rocks is highly contorted, dis-

located, ordinarily steeply inclined (50° to 90°), at




Declassified in Pai

42 GEOLOGY OF SAIPAN, MARIANA ISLANDS

many places vertical, and nowhere uniformly oriented
for more than a few tens of feet.

part of Fafunchuluyan beach can be traced for one-
fourth mile, swelling in this distance from a few feet

The larger bodies of flow rock show a
parting parallel to the flow structure of the rocks. Joint~
ing, invariably at o high angle to the plane of foliation,
is also well-developed in many of the flow rocks. In
part, at least, the jointing is probably due to contraction
of the rocks upon cooling, and the flows are locally
b iated where i during the
cooling process and displaced blocks bounded by joint
surfaces. The brecciated flows are similar in origin to
the dacite vitrophyre and perlite flow breccias described
below, but they differ from these rocks in that they are
composed of porphyritic dacite, are not so glassy, and
do not possess the extreme fragmental structure of the
flow breccias.

Mineralization.—Some of the flow rocks are veined
by thin seams of yellow, white, and gray chalcedony and
cryptocrystalline quartz, and microscopic seams in the
flow rock are commonly filled with partially recrystal-
lized opal and with chalcedony. In some flows micro-
scopic mineral and rock are dded in the

toa i hick of 60 feot (pl. 5B, 184).
Origin—The tabular and lens-shaped bodies of
porphyritic dacite of the Sankakuyama formation,
which are interlayered with beds of vitrophyric and
perlitic breccin and tuff, have the usual character-
istics of surface flows. The limited lateral oxtent of
these flows (none was observed to be more than one-
fourth mile long), their generally lenticular form, the
contorted flow-banding, and the small size of vesicles—
all indicate that they were mostly of high viscosity.
Yet, some are only 10 to 20 fect thick and maintain a
fairly uniform thickness through distances as great
as one-fourth mile. In order for such unbrecciated
silicic lavas to have been extruded and spread out over
the surface, they must have acquired a relatively low
viscosity through a high content of volatiles, and this
is indicated by the extreme vesicularity of the rocks,
some of which are pumiceous. The tops of many
flows have a massive, flintlike texture where vesicles
are filled with silica minerals. This feature

opal and chalcedony filling, and the seams form micro-
scopic breccia veins. The seams of chalcedony and
cryptocrystalline quartz are from a fraction of a
millimeter to nearly a centimeter wide.

Fibrous crystalline manganese oxides, in part or
perhaps dominantly pyrolusite, also form veins and fill
former open spaces in the dacite flow rocks. Commonly
the manganese oxides are found along with crypto-
crystalline quartz and chalcedony, in places intimately
mixed. Seemingly compact veins of manganese oxides,
as wide as 14 to 2 inches, contain microscopic stringers of
cryptocrystalline silica. In some instances manganese
oxides, cryptocrystalline quartz, and chalcedony fill
narrow, closely spaced fractures and form a sheeted-
zone type of mineral deposit; in other places they fill
open spaces in brecciated flow rock and form a stock-
work type of deposit. Deposits of this type, as well as
single veins, were mined by the Japanese during
World War II.

Thickness, areal distribution, and typical occurrences.—
TFlow rocks are common within the area of dacite out-
crops. The largest body forms the middle 450 feet
or so of the section at Mount Achugau and extends
laterally for one-fourth mile. The crest of Mount
Achugau is a steeply dipping (45°-50°) flow that can
be traced east or west along its strike for about one-
fourth mile. It is 10 to 20 feet thick. In the Sabanan
Achugau region several massive, irregularly shaped
bodies of porphyritic dacite are exposed over an area
of 40 acres and are as much as 200 feet thick. The lens-
shaped dacite flow that is interbedded with dacite
vitrophyre breccia in the sea cliffs above the southern

may be the result of the rise and escape of volatiles at
the top and surface of the flows, the volatiles carrying
dissolved silica and depositing chalcedony, opal,
tridymite, and cristobalite in greater amount at the top
than in the base or middle parts of the flows. TFollowing
their extrusion, the dacite flows evidently congealed
very rapidly, for the groundmass of the rock is largely
glass, spherulites are oxtremely small, and the pheno-
crysts show only slight resorption effects against the
groun

Those bodies of brecciated and foliated rock in which
the flow structure is ordinarily steeply inclined (40°-
80°) to vertical and commonly contorted may have
originated as viscous, glassy, and in part autobrecciating
lavas protruded within or extruded from a small
volcanic dome or domes. The structure of these rocks
bears a close rescmblance to that of several of the
dacitic and rhyolitic domes described by Williams (1932,
p. 51-146), a type of volcanic structure commonl;
developed in craters or on the flanks of dacitic and
rhyolitic volcanoes. Similar structures of Quaternary
age and demonstrably protrusive origin along the
eastern shore of Lake Taupo in New Zealand were
shown to Cloud by James Healy in 1949.

The thinly layered, mostly flat-lying or gently inclined
(5°-20°), unbrecciated bodies of minutely vesicular
porphyritic dacite, which occur in the southern part
of the area of dacitic outerop, and which have such
8 remarkably uniform texture and composition, also
may represent thick, viscous flows extruded within a
volcanic dome which overlapped previously oxtruded
breccias. Some of the thick masses of foliated flow
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breccia associated with these rocks may have formed as
stecp-sided flows or coulees, which moved slowly out-
ward and away from the domal eruptive center. The
foliation in these rocks is the result of slight textural
and mineralogical variation between layers only a few
millimeters in thickness, rather than a streaking pro-
duced by marked outward movement, as in the surface
flows. Internal movement in some of these rocks,
however, was at least enough to displace vesicles and
{eldspar microlites around the larger phenocrysts. The
texturo of the rocks is characteristic of a coherent body
of congealed lava, which was perhaps not so rich in
volatiles as the surface flows, for these thick but thinly
laminated dacite masses are not so highly vesicular and
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The matrix constitutes between about 10 to 40 percent
of the rock. In places, especially in the pyroclastic
breccias, the matrix is porous and poorly consolidated
and probably represents fine-grained dacitic ash. The
porous matrix is sometimes weathered to a soft, white,
siliceous claylike material.

Near the surface, the fragments of vitrophyre and
perlite in the dacitic breccias are generally surrounded
by a narrow selvage of white claylike material a few
millimeters thick. This is of secondary origin and
represents an alteration along the boundary of the
fragments where open space permits easy access to
ground-water solutions.

The widely occurring autoclastic flow breccias have
l-devel

tho vesicles are minute and mostly mi ic. This
may simply indicate however, that water in these
lavas escaped less violently than in the surface flows,
leaving less evidence of its presence.

VITROPIYRIC AND PERLITIC DACITE BRECCIA
Plates 5B, 184, 194
Lithology and field relations.—The breccia facies of the
kak jon includes explosively ejected

breccias and foliated, autoclastic flow breccias or domal
breceias of similar composition. These consist mainly
of angular to sub: ded fi of dacite vitropk
and perlite, commonly enclosed in a glassy tuffaceous
matrix. They form tabular beds and irregular masses
of rock which range from a few feet to 400 feet thick.
Thin, tabular end lens-shaped flows of massive
vitrophyre are commonly present within the flow
breccias

Tho groundmass of the vitrophyre and perlite
fragments is o transparent dacite glass that contains
small microlites and crystallites of oligoclase feldspar.
The perlite is o variety of vitrophyre with a ground-
mass made up of small concentrically structured
sphorules of transparent dacite glass. Both the
vitrophyre and perlite contain small, rounded to sub-
hedral phenocrysts of oligoclase and quartz, with a
mean dianmeter of slightly less than 1 mm, and micro-
phenocrysts of magnetite generally less than 0.5 mm in
diameter. The phenocrysts form between about 2 and
8 porcent of the rocks by volume. The fragments of
dacite vitrophyre and perlite range in size from a frac-
tion of an inch to about a foot in diameter, have an
averago diameter of about 3 inches, and constitute from
about 60 to 100 percent of the breceia. Vitrophyre and
perlite are almost invariably associated in the breccias.

In many of the pyroclastic breccias and even in some
of the foliated flow breccias the larger fragments are
enclosed in a light-gray to white tuff matrix composed
of angular fragments of dacito vitrophyre and pointed
shards of dacitic glass as long as a few millimeters.
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a d folistion due to flow structure.
Commonly, however, the well-defined swirling flow
planes are contorted, dislocated, and steeply inclined.
A foliated and fragmental internal structure is charac-
teristic, and in some of the breccias fragments of vitro-
phyre and perlite appear to be welded in a glassy tuff
matrix, forming a massive rock with the characteristics
of o solidified brecciated flow. The flow breccias
generally contain thin tabular and lens-shaped layers
of massive, unbrecciated, banded vitrophyre from about
1 to 10 feet thick. The attitude of these layers ranges
from steeply inclined to nearly horizontal and is parallel
to the flow structure of the breccias with which they
are associated. These layers represent thin flows of
massive vitrophyre which are continuous over only
short distances.

The typical pyroclastic breccias form thin tabular
and thick irregulor masses composed of a jumble of
unsorted fragments of vitrophyre, perlite, and scarce
porphyritic dacite swrrounded by & glassy tuffaceous
matrix. These rocks have a typically nonfoliated clastic
structure or are only indistinctly foliated, are commonly
without any visible layering, and are intercalated with
beds of dacitic tuff.

Andesitic inclusions.—At one locality, in the upper
part of north Fahang ravine (Kanat Fahang Katan), a
bed of vitrophyre breccia contains rare rounded
pebbles and cobbles of light brownish-gray quartz-
bearing augite-hypersthene andesite as much as 8
inches in diameter. These inclusions are signi
because, together with accessory inclusions of augite
andesite in mixed dacitic pyroclastic beds at Fafiun-
chuluyan beach, they represent the oldest known rocks
in the volcanic basement of Saipan and have presumably
been derived from bodies of andesite underlying the
dacitic rocks of the Sankakuyama formation.

Thickness, areal distribution, and typical occurrences.—
Dacite vitrophyre and perlite breccias account for 40 to
50 percent of the area underlain by rocks of the Sanka-

kuyama formation. Tabular layers of breccia inter-
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bedded with tabular flows of unbrecciated dacite
are found in the type section of the formation at
Mount Achugau (Ogso Achugau), the basal breccia
layer there being 400 feet or more thick. An upper
leyer high in the same section has a maxi hick

tuff and surface lava flows. Theso lack flow structure
or other visible layering. They are without reasonable
doubt the product of explosive eruption.

The extreme vesicularity of many of the glassy brec-
cia the 1 and banded naturo of the

of 100 feet, though the minimum thickness is much less
because the bed thins laterally. Several large irregular
bodies of breccia and flow breccia in the Sabanan
Achugau district are interlayered with dacito flow rock
and beds of dacitic tuff, the latter with a composition
much like that of the matrix of the pyroclastic breccias.
Breccia lies above and below the lens-shaped body of
dacite flow rock in the cliffs at Fafunchuluyan beach,
and is well-exposed in the road cut along the East
Coast Highway west of here. The eastern part of the
body of vitrophyre flow breccia in the Nanasu Grass-
lands (Sabanan Nanasu) has a mini lculated

breccias, and the explosive origin of many of these rocks
suggest that the lavas which gave rise to the breccias
were viscous and gas-rich.
DACITIC TUFFS

Lithology and field relations.—Tho dacitic tufls of the
Sankakuyama formationinclude well-stratified, medium-
to coarse-grained, light-gray to white, glassy tuff and
minor beds of lapilli tuff. They form tabular beds and
lenses i lated with linted vitr ric and
perlitic pyroclastic breccias. The pyroclastic texture
an dominantl

thickness of 340 feet; and in the western part of the
same mass a thickness of 240 feet is exposed in the cliffs
on the north side of the upper part of Nanasu ravine
(Kanat Nanasu).

Origin.—Interpretation of origin of the dacite vitro-
phyre and perlite breccia is limited by the facts that
they have been decply eroded and displaced by faulting
and are only imperfectly exposed. Their origin was
probably complex, and unequivocal explanation for parts
of the breccia facies is difficult.

Vitrophyric and perlite breccias associated with band-
ed and steeply inclined flow rocks in the northern part
of the dacitic terrain may have originated in part as
thick viscous masses of self-brecciating lava extruded
without extensive flowage at the surface from a volcanic
dome or domes. The typical breccia of this area has a,
chaotically dislocated and steeply inclined (40°-90°)
contorted flow banding, and some outcrops show thin,
steeply inclined layers of massive, unbrecciated foliated
vitrophyre. The presence locally in the breccias of what
appear to be typical pyroclastic materials may be ex-
plained by the falling-in of airborne debris or by local
incorporation of preexisting pyroclastic materials.
Some of the more indistinctly foliated, structurally
heterogeneous, and nearly flat-lying masses of breccia
within the Sankakuyama formation are as thick as 200
feet and are associated with highly foliated breccias.
These possibly formed as viscous, glassy, steep-sided
flows or coulees, which moved slowly outward and away
{from 2 domal protrusion or other vent source and be-
came brecciated by reason of movement during and
following solidification. Other breccias may have orig-
inated as the product of hot avalanche or talus breccias,
accumulating around domes or cones.

In the vicinity of Mount Achugau and in the central
and southern parts of the area of dacitic outcrop, brec-
cia beds are interlayed with thin beds of vitric dacitic

small grain size of these tufls serves
to distinguish them from other facies of the formation.

Typical dacitic tuffs consist of small interlocking
shards of dacite glass, small fragments of dacite vitro-
phyre and perlite, and generally broken angular grains
of oligoclase, quartz, and small crystals of accessory
magnetite. The beds of medium-grained tuff in tho
type section of the formation at Mount Achugau aro
almost entirely of elongate and somewhat flattened
shards of glass and small angular grains of quartz and
oligoclase (average composition about An). The glass
shards are as long as 1 cm. They are flat, clongate,
and oriented roughly parallel to the bedding. The
quartz, oligoclase, and magnetite grains generally form
less than 5 percent of the rock by volume. The mineral
grains are less then 2 mm in diameter. The vitric tufls
are similar in composition and texture to the fine- and
medium-grained tuff matrix of the pyroclastic breccias.

The approximate composition of glassy dacitic tuff
from the type section at Mount Achugau is 65-75 per-
cent glass shards, 20-30 percent dacite vitrophyre and
perlite fragments, 24 percent oligoclase and quartz,
and less than 1 percent magnetite.

The glassy dacitic tuffs arc mostly well-bedded and
commonly thinly bedded. Ordinarily they are well-
indurated, massive, and unjointed; but in many
places the bedding is cut and even offset by jointing and
by internal movement of small magnitude along joint
surfaces. They are evidently quito porous, for weather-
ing commonly reduces them to a white, punky clay.

The other principal group of dacitic tuffs, the lapilli
tuffs, are formed of an aggregate of coarse angular
fragments of dacite vitrophyre, perlite, and porphy-
ritic dacite surrounded by a finer-grained matrix of
glass shards, rock fragments, and small grains of
quartz, plagioclase feldspar, and magnetite, The
matrix is lithically identical to the fine-grnined glassy

tuffs. It is commonly light gray or white, powdery,

roved for Release

GENERAL

and, because of weathering, soft at the surface. Like
the fine-grained glassy tuffs, the lapilli tufls are well
bedded and the foliation is commonly broken along
myriads of closely spaced vertical joints, The charac-
teristic color of the coarse tuffs is pale red to light gray
and white.

In tho cliff scction on the south side of Nanasu
ravine (Kanat Nanasu), fine-grained glassy tuffs and
lapilli tuffs arc interbedded with thin layers of compact,
well-indurated, grayish-red tuff which has a marked
platy parting parallel to the bedding. The platy
parting is coupled with a closely spaced vertical joint-
ing. The layers are thus intensely fractured and
broken so as to resemble thin beds of breccia.

Thickness, areal distribution, and typical occurrences.—
The dacitic tufls form a minor part of the Sankakuyama
formation and are found at widely separated intervals
throughout it. They underlie an area of only a few
acres within the main area of dacitic outerop. Typical
outcrops are the thin tuff bed (about 10 feet thick) in
the upper part of the type section at Mount Achugau
and the tuff sequence that crops out in the south wall
of tho upper part of Nanasu ravine (Kanat Nanasu).
The latter has a calculated thickness of about 400 feet,
and the maximum thickness of the tuffs here is prob-
ably somewhat greater. A small body of glassy tuff in
the upper part of north Fahang ravine (Kanat Fahang
Katan) is about 60 feet thick. The minimum thickness
is probably much less, for the tuff beds appear to grade
or lens out into the breccia facies.

Origin.—The dacitic tufls presumably represent con-
solidated beds of explosively erupted volcanic ash and
lapilli. There is no evidenco to suggest Ehub thevy are

b 1
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The breccias are of two fairly distinet types. The
commonest (pl. 54) are tuff-breccias composed of
angular fragments of dacite vitrophyre and perlite and
scarce to abundant accessory inclusions of derk grayish-
brown, massive, aphanitic augite andesite. In some
beds these mafic inclusions constitute about 10 per-
cent by volume of the breccia. The rock fragments
are enclosed in a matrix of finer-grained material made
up of small fragments of dacite vitrophyre, glass shards,
and small grains of quartz and oligoclase feldspar.
The larger rock fragments range in size from a fraction
of an inch to about 1 foot across, while the inclusions
of augite andesite are mostly less than 5 inches across.
The average diameter of the rock fragments is about
3 or 4 inches. The breccias are well bedded, though
not in so distinct & manner as the tuffs. They form
tabular beds and layers from a foot or so to tens of
feet thick. The principal difference between the
breccias and tuffs is in grain size.

A second type of breccia crops out near the base of
the pyroclastic rocks in the islet of Maigo Fahang and
at the foot of the cliffs above Fafiunchuluyan beach.
The breceia is composed of elongate, tabular blocks of
light-gray to white, fine-grained, glassy tuff and angu-
lar, roughly equant fragments of banded dacite vitro-
phyre. The flattened, crudely rectangular-shaped
blocks of tuff have an average length of about 6 or
8 inches and a maximum length of about 2 feet. They
are well indurated but porous, and are composed of
small glass shards and grains of quartz and oligoclase
feldspar. Many of the blocks are rectangular or
trapezohedral in outline, and their long axes are alined
roughly parallel to the general lamination of the pyro-
clastic 2s a whole (see pl. 54). The struc-

other than typical ially ited T
rocks.
MIXED DACITIC PYROCLASTICS
Plates 54,C, 184

Lithology and field relations.—The mixed dacitic pyro-
clastics comprise interlayered breceias and coarse tuffs,
mainly aggregates of the several textural types of
dacite. They are well bedded and crossbedded.

The tuffs are medium- to coarse-grained, bedded tuffs
and lapilli tuffs. They consist of angular frngmel?ts
of dacite vitrophyre and perlite, porphyritic dacite
(rare), inclusions of augite andesite, glass shur.ds, and
broken grains of quertz, feldspar, and magnetite. In
some instances they are almost entirely of vitrophyre
fragments. Grain size ranges from a fraction of a milli-
meter to about 3 cm. The tuff beds are fairly well
consolidated, porous, a few inches to tens of feet thick,
and interbedded with layers of breccia. Cross lamina-
tion is common, but ripple marks, swash marks, and
rounded particles were not observed.
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ture is locally so pronounced that it resembles the
face of a brick wall. The matrix or “mortar” between
the tabular blocks comprises about one-fourth to one-
half the volume of the breccia. The matrix is a fine-
to dium-grained ¥ material d of
angular fragments of dacite vitrophyre, glass shards,
and small angular grains of quartz and oligoclase
feldspar. The structure of the beds suggests an
intraformational breccia.

Thickness, areal distribution, and typical occurrences.—
The mixed dacitic pyroclastic rocks form the small islet
of Maigo Fahang (pls. 5C, 184) just offshore from
Faiunchuluyan beach and are exposed along a dis-
tance of one-fourth mile in the sea cliffs above the
southern part of Fafiunchuluyan beach to the west of
Maigo Fahang. This, the only outcrop of suck rocks
on Saipan, exposes an incomplete thickness of about
160 feet of beds.

Origin.—The well-developed 1 gl

bedd:

and unusual brecciated structure suggest that the mixed




46 GEOLOGY OF SAIPAN,

pyroclastic rocks were deposited in shallow water,
rather than subaerially, in contrast to most of the
Sankak f i Field relationships, in turn,
suggest that these beds represent a seaward facies of

some part of the Sankakuyama formation.

EOCENE
HAGMAN FORMATION
Plates 6, 7, 104, 12D,E, 134, 18B, 21
DESCRIPTION OF THE FORMATION

General characteristics—The Hagman formation in-
cludes andesitic pyroclastic rocks, lava flows, and water-
laid volcanic sediments, some of which contain late
Eocene fossils. Its three principal facies comprise
occurrences of andesite flow rock 30 feet or more thick,
breccias and tuffs, and conglomerate and tuffaceous
sandstone.

The Hegman differs from the Sankakuyama forma-
tion below in being dominantly andesitic, and from the
Densinyama formation (mainly above) in generally
lacking quartz and quartz-bearing rocks.

Some of the tuffaceous sandstones of the Hagman
formation closely resemble parts of the Fina-sisu forma-
tion (late Oligocene) and the Donni sandstone member
of the Tagpochau limestone (Miocene), and isolated
outcrops belonging to these three units are at places
separable mainly on the basis of stratigraphic associa-

tion and fossils. Similarly, parts of the conglomerate-
d : owishabl

facies are i from local non-
quartz-bearing parts of the ding facies of the
Densinyama formation except on the basis of strati-
graphic association. Confusion with the Densinyama
may be aggravated by the atypical presence of occas-
ional pebbles of quartz porphyry in the conglomerate-
sandstone facies of the Hagman formation, and of quartz
grains and fragments of dacite in the basal Hagman
beds at and near their overlapping contact with the
Sankakuyama formation.

Thickness.—The thickness of the Hagman formation
is taken as 1,100 feet—roughly the same as the cumula-
tive thickness of its facies. The true maximum thick-
ness of the formation could well be greater. To add
the thick of partially equivalent parts is ad-
mittedly a crude and inaccurate means of approximat-
ing the whole, which we cannot measure; yet this seems
a reasonable thing to do. For one thing, estimated
facies thicknesses are probably not true maximum
thicknesses, and some allowance should be made for

ine and subsurf: i Indeed, it
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ally. A realistic cstimato of total thickness, therefore,
is believed likely to fall toward the maximum cumula-
tive figuro,

Areal distribution and typical occurrences.—Tho Hag-
man formation underlies a considerablo part of eastern
and west-central Saipan, in the hilly grasslands known
as Sabanan As Akine end Sabanan Talofofo. Smaller
areas of outcrop are at Mount Laulau and the Sabanan
Hagman ares, in the southeast center, and in tho
Achugau district of tho north-contral part of the
island. Tho combined area underlain by rocks of the
Hagman formation is about 1% square miles.

Typical occurrences of the three facies of the Hagman
formation are as follows: (1) andesitic flow rock is
exposed in the lower part of Talofofo creek, in the
bottom of the northern branch of south Fahang ravine
(Kanot Fohang Lichan), and in As Agaton crecl
(Sadog As Agaton); (2) the breccia-tuff facies is best
developed in the Talofofo grasslands (Sabanan Talo-
fofo) and at Mount Laulau; and (3) the conglomerate-
sandstone facies is best exposed in the sea cliffs at
Hagman beach (Unai Hagman), the type locality of
the formation.

Type section.—The name “Hagman andesite” was
proposed as a formation name by Tayama. (1938, p. 31)
without designation of a specific type section, although
Point Hagman (Puntan Hagman) was cited as the type
site. At this locality the conglomerate-sandstono
facies of the Hagman formation is well exposed (pls.
6E, 7A-B), but other facies are missing. However,
this outcrop represents the best exposure of any part of
the Hagman formation on Saipan and is therefore here
adopted as the type section.

Terrain, vegetation, and weathering.—The terrain un-
derlain by rocks of the Hagman formation is generally
one of sharp local relief (pls. 17, 188, 204). Inter-
mittent runoff has produced & dendritic drainage pattern
of steep-sided, V-shaped ravines that are locally more
than 100 feet deep and as long as three-fourths of a
mile. The two perennial streams on the island,
Talofofo creek (Sadog Talofofo) and the northern
branch of I Hasngot ravine (Kanat I Hasngot), flow
across rocks of the Hagman formation and have their
source in springs issuing from the contact between the
breccia facies and the overlying Tagpochau limestone.

A dense growth of swordgrass flourishes on the Hag-
man terrain, and there are also thin stands of casuarina
on many of the ridge crests.

These rocks are readily susceptible to prevailing

P .

seems entirely possible that subsurfs

v The intensity of alteration and

in central parts of the outcrop area may exceed those of
some of the marginal locations where measurements
and computations are necessarily made. On the other
hand, some facies may be in part repeated hi

decay depends both on topographic location and on the
texture and degree of consolidation of the rocks.
Fossils, age, and correlation.—All fossils found in the

Hagman { are from the conglomerate-sand-

GENERAL GEOLOGY 47

stone facies. Included in mainly fine-grained calcare-
ous tufl d are the distinctive larger

ini Biplanispira, Di ina, and Pellatis-
pira; about 175 species of smaller Foraminifera from 19
localities; small fragments of coral; echinoid spines and
plate fragments; rare bits of mollusks such as Conus and
Mytilus; fragmentary articulate and crustose coralline
algac; and rare pieces of the green algae Halimeda and
Cymopolia.

Rocks resembling the Hagman formation and prob-
ably correlative with it are found on Tinian, Rota, and

uam,

Comparison is made in table 5 of selected significant
fossils known from the Hagmen and other formations
of Eocene age on Saipan.

In the present study principal reliance in pre-Pliocene
age determination is placed on the larger Foraminifera
because of their wide distribution across facies and
because their age relations appear to be fairly well
established in Indonesia. On this basis, and as is dis-
cussed in moro detail in the chapter on “Larger Foram-
inifera,” the Hagman formation, Densinyama forma-
tion, and the Matansa limestone all appear to be of late
Eocene age. Tield relationships, although concordant
with partial equivalence, indicate also a general upward

‘TanLE 5.—Partial list of fossils from the Eocene rocks of Saipan

[Hog Densin-
ama | Matansa
orma- | limestons
tion s

TABLE 5.—Partial list of fossils from the Eocene rocks of
aipan—Continued

(g Densin.
a0 yama | Matansa
for-| forma- | limestone
ltion1| tion?

5l
5
8.
H

Conglomerate-
sandstone
Limestone-
conglomerate
‘Transitional

SMALLER FORAMINIFERA
(Identified by Ruth Todd)

Benthonic:

Angulogerina. vicksburgensis
Cushman

Asterigerina sp.

Bulimina semicostata Nuttall ..

Cibicides cocoaensis (Cushman).|

Dentalina cooperensis Cushman

Gaudryina  (Siphogaudryina)
rugulosa Cushman -

Nonion micrum Cole..

XXXXX

[Robulus alato-limbatus (Gombel).|
Siphonodosaria cocoaensis
(

X XX X

oy
g

sandstonc
Conglomerate-
sandstone
Limestonc-
conglomerate
Transitional

C

LARGER FORAMINIFERA
(Identified by W. Storrs Cole)

Asterocyclina sp. -
Biplanispira fulgeria (Whipple) -

irabilis (;
hoffmeisteri (Whipple) -

Globorotalia centralis Cushman
and Bermudez.

ALGAE

Articulate corallines.

Crustose corallines.

Codiacean green, Halimeda sp.
Dasy green, Cymopolia

1 No fossils were found in the flow rocks and breceia-tuff facies.
2 No fossils were found in the breccia facies.

from oldest to youngest in the order named.

Camerina saipanensis Cole.
Discocyclina_ (Discocyclin) am-|
phala (Fritsch)...
Fabiania saipanensis Cole.
Helerostegina saipanensis Cole.
Pellatispira orbitoidea (Prorale) -
i icularis Tan. -

XXXX XXXXX

XXXXX XXXXX
XXXXX Xi XXX
XXXXX X XXX
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The adjacent diagram indicates that the generic dis-
tribution of the larger Foraminifera on Saipan is at
least consistent with this succession and could be con-
strued to substantiate it. As there is also a strong
correlation between faunal variety and number and
preservation of samples, the apparent faunal restrictions
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latyardia
Dictyoconus
Planorbulinells

Matansa

tormation

Spirochypeas.
Borelis

Asterocyciina
Diplanispirs
cocycll

Densinyama
Tormation

could be artificial and cannot be considered significant
unless similar ranges are repeated in other areas.

Origin.—The Hagman formation includes subaerially
deposited pyroclastic rocks, lava flows, and penecon-
temporancously reworked marine volcanic sediments.
The late Eocene voleanic activity which produced these
rocks presumably followed a period of erosion and
nondeposition, for rocks assigned to the conglomerate-
sandstone facies of the Hagman formation uncon-
formably overlie Sankakuyama dacites in the northeast-
central part of Saipan.

The breccia-tuff facies and the conglomerate-sand-
stone facies of the Hagman formation are closely inter-
related. The breccia-tuff facies is interpreted as a
landward, subserial, pyroclastic deposit that grades

OF MAPPED PACIES
ANDESITE FLOW ROCK

Lithology and field relations.—Tho flow rocks of the
Hagmen formation include tabuler bodics, 30 to 80
feet thick, of augite andesito and augite-hyperstheno
andesite. They are interlayered with the {ragmeontal
rocks and do not form a continuous unit.

A 40-foot-thick flow that is associated with andesitio
tuffs north of the castern end of Talofofo road is light
to dark olive-gray, vesicular, finely porphyritic augite
andesite. Small nmculnr phunonrysl.s of lnbmdomu aro
set in & mi ys d of lath-
shaped crystals of labradorite and fewer grains of
augite, magnetite, and ilmenite(?). The top of the
flow is highly vesicular; thoe vesicles are as much as 5
mm in diameter, commonly flattened oval, and in places
lined with zeolites. The base and middle of tho flow aro
minutely vesicular, and many of the vesicles arc lined
with zeolites. This flow overlies dacite vitrophyre
breceia of the Sankakuyama formation. The flow itself
is overlain by siliceous, md.\oln.rmn-beurmg tuffaceous
some

of which contain abundant smaller Foraminifera.

The other flow rocks of the Hagman formation are
light to dark greenish-gray to light purplish-g
medium- grmned mnsslve, porphyritic augite- hyper-
sthene andesite. They contain abundant equidimen-
sional phenocrysts of labradorite and fewer of hyper-
sthene and augite. The groundmass is micromysbnllinu
and conmms microlites of pln.gxoclnsc small grains of

eastward (seaward) into the largely marine gl
erate-sandstone facies. The source material for the
latter was washed and wasted into the sea along the
margin of a primarily volcanic landmass and was
probably also in part erupted directly into the sea.
Much the same generel relation between contem-
poraneous subaerial and water-laid facies of andesitic
and basaltic pyroclastic rocks exists today along the
margins of the young volcanic islands of the northern
Marianas.

The rock fillings of the vents from which thie rocks
of the Hagman formation were erupted either do not
outerop or were not recognized. They may be buried
beneath younger deposits or perhaps were located
wholly to the west of the present island. The eastward-
dipping, homoclinal arrangement of the Hagman for-
mation and the general absence of a water-laid con-
glomerate-sandstone fringe along the western side of
Saipan suggest that the major source of the eruptive
products lay to the west of the present land area. The
Hagman formation thus probably represents the pre-
served eastern margin of a formerly more extensive
mass of dominantly pyroclastic deposits whose eruptive
centers lay farther west in a once larger island mass.

yroxene, and ilmenite(?); tabu-
lar crystals of tridymite and needles of cristobalite(?);
and small isolated prisms and irregular forms of anortho-
clase(?). Hypersthene and augite phenocrysts and
groundmass pyroxenes in some of the flows possess
narrow to broad reaction rims of finely granular
hematite, magnetite, and monoclinic pyroxene. The
augite-hypersthene andesite flows are characteristically
homogeneous and lack flow banding and vesicularity.

Like other flow rocks on Saipan, those of the Hagman
formation lack pillow structure. Unlike those of the
Tina-sisu formation they also lack columnar jointing.
The Hagman flows in Talofofo ravine, however, are
traversed by a widely spaced, platy parting subparallel
to their top and bottom surfaces.

Thickness, areal distribution, and typical occurrences.—
Andesite flow rocks form a minor part of the Hagman
rock succession, the total outcrop area of the 5 known
occurrences being only about 10 acres.

The already mentioned flow north of the eastern end
of Talofofo road crops out in the bottom of the northern
branch of south Fahang ravine (Kanat Fahang Lichan).
This flow has a maximum thickness of about 40 fect and
is of small lateral extent. A massive flow of augite-
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hypersthene andesite about 80 feet thick is exposed in
the bottom of Talofofo creek (Sadog Talofofo) and
another of unknown thickness in the bottom of As
Agaton ravine (Kanat As Agaton) in northwest Saipan.
A flow about 30 feet thick occurs in the first ravine
south of Talofofo creck, and a small irregular body of
this rock (not shown on the geologw map) is associated
with water-laid ] d in the upper
part of Halaihai ravine (Kamm. IInlmhm)

Weathering, terrain, and vegelalum ——D\'posures of tlm
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many textural varicties of andesite surrounded by a
medium- to coarse-grained matrix of lithic tuff. Augite-
hypersthene andesite, quartz-bearing augite-hyper-
sthene andesite, augite andesite, and hypersthene ande-
site aro the common rock types. The fragments range
in size from lapilli that are a fraction of an inch in di-
ameter to blocks having a diameter of 6 feet. The average
diameterof theblocks is perhaps 1foot or slightlyless,and
they form 70 to 90 percent of the volumeof thebreccia. At
a few plnces the breccias grade to tuff-breccias, whose

flow rocks are very small, not i ly
and not characterized by any special terrain or vegeta-
tion features.

Origin.—The flow of vesicular augite andesite that is
mter]uyel ed with mnrme Luﬂs of the conglomerate-

facies d by the quiet

outwelling and spreading out beneath the sea of fairly
fluid lava. The vesicularity, to be sure, might be
interpreted to suggest a subaerial origin, but the
probable depth of deposition of the marine beds above
and below casts doubt on the abrupt fluctuations of sea
level that would be necessary to account for a subaerial
flow within these beds.

The characteristically nonvesicular and poryphyritic

is of more tuff matrix than larger frag-
ments. In fresh exposures the breccia fragments range
from angular to rounded but angular and subangular

The chief ic char-
acteristic of the breccia fragments is their mineralogic
and textural heterogeneity. Their colors, when fresh,
are light and dark gray, light to dark greenish-gray,
brownish-gray, and pale red.

A generally medium- to coarse-grained tuff matrix
forms about 10 to 30 percent of the typical andesite
breccia and as much as 60 percent of the tuff-breccia.
Itisidentical in texture and composition to the andesitic
tuff and lapilli tuffs which form thin beds and lenses
within the breccia-tuff iacles‘ I(: includes angular to

12 ded ash- and lapilli identical

augite-hypersthene andesite flows d with the
breccia-tuff end 1 d facies were
probably somewhat more viscous upon eruption than
the flow of augite andesite. The flows associated with
the breccia-tuff facies were erupted subaerially if our
inference as to the subaerial origin of this facies is
correct.
The tabular, dant body of augite-hy

andesite that is interlayered with beds of calcareous
andesitic conglomerate and sandstone, along the lower
part of Talofofo creek, may represent either a flow or a
shallow sill. The lower contact with the sediments
appears to be very regular and sharp, but there is no
indication of an upper chilled margin that might suggest
an intrusive origin. Like the flows associated with
breccia of the Hagman formation, this flow (or sill) is
massive and nonvesicular, is devoid of pillow structure,
and does not exhibit columnar jointing. Because it is

to the rock types that comprise the larger breccia frag-
ments, as well as fewer grains of plagioclase (labrador-
ite), augite, hypersthene, and magnetite. The labra-
dorite gru.ins are generally subhedral to anhedral, have
2 maximum length of about 5 mm, and average l or
2 mm in greatest diameter. Augite and I

grains are generally euhedral to subhedral and broken.
They have a maximum diameter of 8 mm and an aver-
age diameter of 1 mm. Magnetite grains are sub-
hedral and anhedral and are generally less than 0.5 mm
in diameter.

The thin irregular beds and lenses of medium- to
coarse-grained tuff and lapilli tuff of the breccia-tuff
facies are from about 1 foot to 10 or more feet in thick-
ness, are poorly stratified, and are cumposed of angular
frngments of andesite and fewer grums of labradorite,
augite, by ) and Rock
are i The tuff beds are discontinuous,

interlayered with marine volcanic sedi it is
inferred to be a submarine flow.
BRECCIA-TUFF FACIES
Plates 64,B, 104, 12D,E, 21B

Lithology and field relations.—The breccia-tuff facies
is made up of irregular, poorly consolidated, and In.rgely
unstratified andesite breccias which contain minor ir-
regular beds and lenses of tuff-breccia, lapilli-tuff, and
medium- to coarse-grained tuff.

The unaltered breccia is & coarse, heterogeneous ag-
gregate of generally coarsely porphyritic fragments of
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commonly lens-shaped, and can rarely be traced far.
In general they are moderately consolidated.

Along the eastern side of the island the breccia grades
into and interfingers with o marginal marine facies of

1 1

andesitic and tuff sand-

stone.

Thickness, areal distribution, and typical occurrences.—
The largest areas of outcrop of the breccia-tuff facies
are in t).\e southern part of the Talofofo grasslands
(Sabanan Talofofo), where the thickness is at least 400
feet and may exceed 600 feet; in the northwestern part
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of the As Akina grasslands (Sabanan As Akina); at
Mount Laulau (Ogso Loulau), where roughly 600 feet
of section is exposed; and at the water tank hill in the I
Lisong district. Although this facies underlies an area
of only 0.8 square mile, it is the most widely exposed
unit of the Hagman formation.

Typical outerops of the breccia-tuff facies are at so-
called “Water Tank Hill,” in an abandoned railroad
cut along the south side of Mount Laulau, in the
andesite quarry adjacent to the West Coast Highway
about one-half mile due east of Point Flores (Puntan
Tlores), and in the headwater aren of Talofofo ravine.

Weathering.—The rocks of the breccia-tuft facies are
intensely weathered at the surface, and the alteration
extends tens of feet downward. At and near the
surface the mainly porphyritic breccia fragments are
generally altered to red, green, lavender, gray, brown,
yellow, and white clay materials; to ferric oxides (hema-
tite, goethite, limonite); and to serpentine and chlorite
minerals. At the same time, these fragments retain
their original grain shapes and textures as a result of
contrast between the weathering products of ground-
mass and phenocrysts. This relict texture is a charac-
teristic feature of the weathered breccia boulders.

Thin tuff beds, and the tuff matrix of breccias within
the breccia-tuff facies, are commonly in & more ad-
vanced state of decay than the larger rock fragments.
Relict texture is indistinct, and the concentration of
ferric oxides is much greater in the tuffs than in the
decayed andesite blocks.

In the upper part of the weathered zone of the breccia-
tuff facies, the larger andesite blocks at some places
have a core of fresh rock surrounded by concentric
mantles of decayed rock. The fresh cores of these
boulders work loose from the breccia through erosion
and removal of the weathered mantle. They then
scatter over the surface, giving a false impression of the
intensity of alteration and the true degree of angularity
of the breccia fragments,

The soil developed on the breccia-tuff facies is dark
red to reddish brown and is commonly slightly mottled
at depth. The soils are ordinarily not more than 1 or
2 feet thick and have o pH of 6.0 or lower. Because of
deep dissection in areas underlain by the facies, a
soil mantle has little chance to develop except on
gently sloping ridge crests.

Origin—The breccia-tuff facies of the andesitic
Hagman formation is interpreted as a landward,

baerially deposited lation of voleanic debris
that grades eastward (seaward) into a largely marine
conglomerate-sandstone facies. The variety of the
breccia fragments probably indicates that they mostly
represent accessory volcanic debris, derived from pre-
existing andesitic rocks of earlier eruptions. Cognate

blocks, derived from coexisting magmas and lavas
during eruption of the breccia, are scarce or nonexistent.
Only a few breccia fragments are similar enough in
composition and texture to breccia-associated flows to
pass for cognate material.

The breceias, and the thin tuff beds which are inter-
layered with the breccias, are devoid of interstitial
calcium carbonate, fossils, and sedimentary structures
that would indicate a water-laid origin.

CONGLOMERATE-SANDSTONE FACIES
Plates 6D, , 74-C, 134, 214

Lithology and field relations.—The conglomerate-
sandstone facies includes intergrading beds of well-to
poorly stratified, partly calcareous, water-laid ande-
sitie 1 and tuff: d The beds
form irregular, lens-shaped layers which pinch and
swell along the bedding and are commonly of limited
lateral extent. They lie mainly along the east-central
margin of Saipan and grade westward to the breccia-tuff
facies of the Hagman formation,

The conglomerate-sandstone facies differs from the
breccia-tuff facies in its generally better bedding, its
larger proportion of tuffaceous materials, its content of
marine microfossils, and in the more generally rounded
nature of its larger fragments. It differs from the
otherwise similar conglomerate-sandstone facies of the
Densinyama formation in generally lacking quartz or
quartz-bearing rock fragments.

The conglomerates of this facies consist mostly of
rounded to subangular fragments of andesite. Locally
they also contain rare fragments of dacite porphyry
and occasional pebbles and cobbles of gray to brown
limestone having Eocene Foraminifera. The variety
of andesite rock types is the same as that of the
breccia facies—augite-hypersthene andesite, quartz-
bearing augite-hypersthene andesite, and augite ande-
site are the commonest varieties. The fragments range
in size from pebbles less than ¥ inch in diameter to
boulders 15 feet long—a common size is 1 to 2 feet
across. Bedding in the thick boulder conglomerate
beds is poorly developed.

The sandstones are mostly thinly bedded and cross
laminated. Some are calcarcous but others are non-
calcareous. Locally, in exposures north of the Talofofo
road, a few beds of fine-grained tuffaceous sandstone are
siliceous and contain Radiolaria, and still other beds
contain pebbles and smaller fragments of dacitic rocks.
Such sandstones are found at and near the basal contact
of the Hagman strata with the underlying dacitic rocks
of the Sankakuyama formation. Table 6 gives the
estimated rango in mineral composition of the typical
sandstones in the facies.
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Tavie 6.—Bstimated composition of typical sandstones in the
conglomerate-sandstone facies, in percent by volume

Noneal- Radiolar-

Calcareous ian-bearing

sundstones sandstones sandslones

Andesite fragments 10-30 10-20
50-60
5-10

.- 14
Calcium carbonate (includes
Foraminifera).. -
Radiolaria. ..
Clay mincrals. -

Noncalcarcous sandstones are common in the coastal
outcrops at Hagman and I Naftan and in exposures
north of the Talofofo road. The typical rock is a light
greenish-gray, light-gray, or yellowish-brown, compact,
even-textured, crystel-lithic tuffaceous sediment. It
consists of small angular fragments of andesite and
angular and broken grains of labradorite (Ang-ss),
augite, hypersthene, and smaller grains of magnetite.
Fragments of light~ to dark-brown andesitic glass, with
included i and icrolites, are com-
mon in some of the sandstones. The rock is mostly
medium- to coarse-grained and fairly well sorted. Grain
size generally ranges between 0.1 and 1.5 mm, with a
mean grain diameter of slightly less than 1 mm. Some
beds, however, contain rock fragments as much as 2
cm in diameter.

Cal

1 1

locally the con-
glomerate-sandstone facies along the coast at Hagman
but are most common in eastern Talofofo and in the
northernmost outcrops of the facies. They contain
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bluffs above Hagman beach is 400 feet, and the maxi-
mum thickness may well be several hundred feet
greater. The thickness in a dissimilar succession north
of the castern end of Talofofo Road is computed to be
about 390 feet. The actual thickness cannot reasonably
be approximated because 2 complete section is nowhere
exposed, and the attitude of the beds at most localities
is erratic or obscure.

Weathering.—The conglomerate-sandstone facies and
associated flows of augite-hypersthene andesite are
relatively fresh at the surface. This is due only in part
to the well-consolidated nature of these rocks. The
short length of time that the observed outcrops have
been exposed to weathering is probably a more signifi-
cant reason for the relatively fresh condition of the

] and sand in i This facies
lies seaward of the breccia-tuff facies and its principal
occurrences are in relatively new exposures along or
near the shore. Where exposed in cliff faces and capped
by younger li the it and
beds are quite unweathered (pls. 74,B).

Origin.—The conglomerate-sandstone facies is in-
terpreted to be the result of the reworking of voleanic
source materials, derived mainly from the penecon-

us breccia-tuff facies, in a hore marine
environment.
DENSINYAMA FORMATION
Plates 7D, 84, 174, 18B, 204
DESCRIPTION OF THE FORMATION
General characteristics.—The Densinyama formutio!:l
: s B an

1 rS 3

andesitic qi
and d: Jii

ial calcium carb F and oc-

casional of algae,
totalling 5 to 40 percent of the rock volume. The
unweathered rock is light greenish gray to nearly white,
more rarely yellowish brown and brownish gray, and
compact. It consists of angular fragments of andesite,
reworked fragments of fine-grained tuff, and angular
grains of labradorite (Ang-gs), hypersthene,‘nugit.e, and

and gl that consist of andesite and lime-
stone pebbles and cobbles. An andesite breccia that
occurs locally at the base of the formation may repre-
sent a direct P, i The i

is characterized by the almost unfailing presence of
quartz and quartz-bearing rocks, and by the fact that
it is a generally well-bedded sequence of sandstone and

with i d lenses and beds of

small grains of These are
moderately well sorted and medium to coarse grained.
Grain size ranges between 0.1 and 1.2 mm in a typical
sample, and occasional fragments are 2 or 3 cm.
Thickness, arcal distribution, and typical occurrences.—
The conglomerate-sandstone facies is exposed over an
area of about 270 acres and toward the east coast it
largely underlies younger limestones. It crops out at
several places in the Talofofo and Hagman grns§hmds,

impure limestone.

The Densinyama beds are distributed among three
principal facies, as follows (roughly from base to top):
breccia facies; conglomerate-sandstone facies; and
limestone-conglomerate facies. The conglomerate-
sandstone facies is further subdivided into quartz-rich
and quartz-poor subfacies.

It is difficult to distinguish some parts of t‘he Den-

and in the coastal blufls at the east of Naftan 1
and north of Talofofo road. The largest and best
exposed area of outcrop is in the type section of the
formation at Hagman (pls. 74,B, 214).

The computed minimum thickness of the facies in the
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sinyama f¢ from the Mach

member of the Tagpochau limestone, and from parts
of the Hagman formation, and it is entirely possible
that parts of these three units have locally been con-

fused in mapping.
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Thickness.—The thickness of tho formation varies
conspicuously from one locality to another. Its aggre-
gate total has been computed as about 730 feet in the
type section, but this is an extremely rough compute-
tion based on a series of allowances calculated to give
a low to moderate figure. The actual thickness prob-
ably at places exceeds 800 feot, and the formation thins
to disappearanco. A round figure of 800 feet is thus
rather arbitrarily taken for the approximate maximum

hick of the Densi i

Areal distribution and typical occurrences—Densin-
yama strata underlic an area of about 2 square miles
in the north-central and east-central parts of Saipan.
The largest areas of outerop are in the As Akina and
Talofofo districts. The breccia facies is exposed
on the east and west flanks of Talofofo ridge beneath
the conglomerate-sandstone facies. Beds of the con-
glomerate-sandstone facies also crop out along a dis-
continuously exposed belt of voleanic rocks in the I
Hasngot, I Denni, As Teo, and Papago districts;
in the western part of the Papago district in the
gontly rolling terrain immediately below and east of
the Tagpochau cliffs; and at Hagman.

Type section—The name “Densinyama beds” was
proposed s a formation name by Tayama (1938, p. 33)
without designation of & type section. He gave as a
type locality the ridge called Densinyama (radio hill)
by the Japanese, the correct native geographic name of
which is Ogso Talofofo, or Talofofo ridge (pls. 17,
204, 240).

The best section of the formation is exposed along
Talofofo road, an old track that runs west and east from
the crest of Talofofo ridge in north-central Saipan.
The succession at this place, here designated the type
section, includes about 730 feet of beds of the three
main facies of the formation, but the bulk of it is of
the d d facies. It is ized
in figure 6 and described in appendix A. .

Weathering.—The rocks of the breccia and conglom-
erate-sandstone facies of the Densinyama formation
are highly altered at the surface, and their andesitic

are in most inst: changed
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aro presorved in weathered andesite boulders, and they
tend to weather spheroidally.

The quartz-bearing rocks of the Densinyama forma-
tion are much less affected by weathering. The outer
surfaco of silicified pyritic rocks and chert boulders is
commonly altered to a brownish limonitic mantle from
a fraction of an inch to soveral inches thick. The
common alteration products in tho siliccous fragments
are kaolin minerals and brown and yellowish-brown
geothite and limonite. A fow chert boulders contain
small flecks of hematite, and silicified pyritic rocks
contain small flaky aggregates of alunite.

Tho li ] facies is not
in the same manner as the breccia and conglomerate-
sandstone facies. Tho voleanic fragments in tho impure
li and li leani l o weather
to clay, but at many places tho calcareous cement
tends to retard weathering. However, leaching of the
calcareous bond from such rocks may completely
destroy their identity and leave behind only a clay
mass ing the d al ion products of
the included volcanic materials.

The soils developed from parent rocks of the Densin-
yama formation are dark brown and brownish red at the
surface. The subsoil is red, yellowish red, and gray,
locally mottled. The soils developed from noncalcare-
ous rocks are acidic, especially at depth, and have a
pH of 6.0 and lower. Soils developed over calcarcous
beds are slightly acidic or neutral. The deepest soils
are developed in areas of and
conglomerate and are largely confined to broad ridge-
crests, for the terrain is deeply dissected and the soil
is extensively removed by erosion. Little or no soil
mantle hes developed over much of the exposed breccia
facies, for erosion in areas of breccia outerop has formed
steep bare slopes, and any loose decayed rock material
is washed away as it forms.

Terrain and vegetation.—The topographic relief in
the Densinyama outerop area along Talofofo ridge
(pls. 178, 18B) averages nearly 100 to 150 feet. ~Closely
spaced, relatively deep, V-shaped ravines head immed-
jately below the crest of Talofofo ridge and drain
northwest and southeast from it. The longest stream

Terod

from their original Effects of 3,
processes extend tens of feet down.

Andesite fragments weather to mixtures of white,
brown, green, maroon, and lavender clay and ferric
oxides; the plagioclase phenocrysts ordinarily weather
to a white keolinitic clay; the ferromagnesian minerals
weather to serpentine and chlorite minerals and eventu-
ally to montmorillonite clays and iron oxides; and the
groundmass minerals weather to a mixture of clay
materials and ferric oxides (principally limonite and
hematite). As in the Hagman rocks, relict textures

is about three-fourths mile.
d is the p plant on the D

terrain. Casuarina thrives in some areas, particu-
larly on the crests of ridges. Although junglo growth
is largely absent from volcanic terrain, it covers a
large area of Densinyama beds on the eastern side of
Talofofo ridge. This jungle growth includes pandanus,
thorn trees, breadfruit, and many vine plants. Its
existence on the volcanic rocks is probably related
both to topography and to calcareous content of the
underlying strata—leading to moisture retention and

Sy
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production of a soil less acid than that characteristically
formed over primary volcanic rocks of this region.
Tossils, age, and lation. ils of the Den-
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suggest short transport and little or no reworking.
Thoe sedimentary deposits of the conglomerate-
d facies of the Densinyama formation were

sinyama formation are from the quartzrich part of
the conglomerate-sandstone facies and from the lime-
stone-conglomerato facics. Wherever fossils are suffi-
ciently distinctive for their age to be determined,
these fossils are late Eocene, Tertiary b of the Indone-
sian faunal succession.

TIn addition to fossils tabulated under discussion of
the ago of tho Hagman formation, the conglomerate-
sandstono facies of the Densinyama formation has
yielded other inifera; rare moll

ds; echinoid and two small

derived through marine reworking of preexisting vol-
canic and sedimentary source materials. The presence
of marine fossils indicates that deposition took place
in o marine environment, and the kinds of benthonic
Toraminifera and algae in the rocks indicate accumula-
tion at depths that range from probably less than 10
fathoms to perhaps as much as 100 fathoms or more.
The presence of dicotyledonous wood at one locality
suggests (but does not prove) the presence of land
nearby, and some of the deposits could be intertidal.
A d beds and lenses of impure limestone and

of silicified dicotyledonous wood. The coralline algae
from this facies are mostly fragmentary.

The limestone-conglomerate facies contains larger
Foraminifera at many localities. Miliolids and other
forms the smaller ini The abun-
dant and mostly fragmentary articulate and crustose
coralline algne arc represented by genera such as
Tk o Aok aeolithothammion, and “Corallina.”
Bits of coral, occasional molluscan fragments, echinoid
spines, and fragments of other orgenisms have been
noted in thin sections and found in outcrop at a few
places. At localities S150 and S190 the calcareous
green alga Halimeda is fairly abundant and a dasy-
cladacean alga probably referable to Cymopolia was
noted in sections {rom S219.

The Densiny jon cannot be
correlated with any specific stratigraphic unit on any
of the other Mariana Islonds or elsewhere in the
western Pacific. However, a bed of calcareous andes-
itic sandstone, containing about 5 percent of small
quartz grains, and exposed along the west slope of
Carolinas hill on Tinian, may be equivalent to part of
the Densinyama, formation.

Origin.—The basal breccia facies of the Densinyama
formation is probably the product of subacrial volcanic
eruption, though this is difficult to prove. The breccia
does not contain fossils or interstitial calcium carbonate,
the included rock fragments are angular to rounded
and unsorted, and the structure of the deposit bl

calcareous conglomerate are thought of as isolated
lenti masses deposited at verious i i
levels within the upper part of the conglomerate-
sandstone facies. These calcareous beds are in part
lnterally equivalent to and gradational with the basal
transitional facies of the Matansa limestone.

Fragmentary articulate coralline algae are the most
abundant bioclastic element in the limestone-conglom-
erate facies, but all of this material could be transported.
Some of the crustose corallines, however, are found as
broad surfaces of pavement-type algae or crusts around
lorge matrix grains and indicate entombment in or
very near the place of growth. The presence of
Halimeda indicates warm water, and the occasional
dasycladacean algae indicate not only warm but very
shallow water at the site of deposition or in the near
vicinity (Cloud, 1952a, p. 2134).

The rocks which make up the breccia facies are
believed to be of an accessory nature and derived from
preexisting flows and pyroclastic rocks of earlier erup-
tions, perhaps including material from the Hagman
and Sankskuyama formations. The andesitic rocks
of the 1 facies and the li
conglomerate facies were probably in large part derived
from the Hagman formation and from the breccia
facies of the Densi i Dacite
and some of the free quartz grains in these rocks have
presumably been derived from the Sankakuyama

i The li in cal

that of a voleanic breccia. The rock fragments that
make up the breccia are predominantly andesitic, but
fragments of quartz-bearing rock are present in small
quentity, and perhaps represent fragments of rock
torn loose from within the volcanic vents during erup-
tion of the breccia materials. The fact that some of
the fragments are rounded will not be regarded as an
objection by those who have observed the common
occurrence of rounded constituents in recent volcanic

3t ity of a i frac-

et,
tion of the larger constituents and lack of sorting
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conglomerate beds are Eocene, and their most likely
source is from calcareous deposits in part equivalent
to the Mant 1i owever, the

tions of quartz-rich rocks (chert, silicified pyritic rocks,
dacite porphyry, and free quartz grains) in parts of the
conglomerate-sandstone facies were probably derived
from some source outside the present outcrop ares of
the Matansa, Hagman, and Sankakuyama formations,
for the exposed parts of these formations do not contain
large masses of chert and other quartz-rich rocks of the

type found in the Densinyama formation. The source
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of these rocks is presumably either buried by other
sediments or was situated in the western part of the
inferred formerly larger land area.
SUPPLEMENTARY DESCRIPTIONS OF MAPPED FACIES
BRECCIA FACIES

Lithology and field relations.—The breccia facies of
the Densinyama formation is a heterogeneous mixture
of coarse, angular to rounded fragments of pyroxene
andesite and scattered fragments of several types of
quartz-bearing rocks in a tuffaceous matrix. The
matrix forms from 5 to 50 percent or more of the deposit.
The rock fragments are mainly varieties of augite-
hypersthene andesite, quartz-bearing augite-hypers-
thene andesite, and augite andesite. The quartz-
bearing rocks include chert, partially to completely
silicified pyritic rocks, coarsely porphyritic dacite, and
finely porphyritic, glassy dacite.

The andesite fragments of the breccia facies range
from a fraction of an inch to 4 feet in diameter, with a
mean diameter of about 6 inches. The siliceous frag-
ments have a much smaller average diameter, ranging
from less than an inch to perhaps a foot across. How-
ever, a wrong impression of smaller size range and pre-
dominance of siliceous elements is easily given by the

h loose of siliceous fi from the matrix,
and their local concentration as gravel blankets a foot
or so thick over the surface of the breccia. Fragments
of weathered andesite that work out the matrix quickly
disintegrate and are removed by rainwash.

Thickness, areal distribution, and typical occurrences.—
The breccia facies lies at the base of the Densinyama
formation, is overlain by the conglomerate-sandstone
facies, and forms a substantial part of the Densinyama
succession. It is exposed over a total drea of about
one-third of a square mile. The largest areas of out-
crop are on the east and west flanks of the central and
northern part of Talofofo ridge, where it unconformably
overlies the andesite breccia and tuff facies of the Hag-
man formation. It has a maximum thickness of about
240 feet in a section along Talofofo road west from
Talofofo ridge. Elsewhere it is between 40 and 100 feet
thick, with an average near 60 feet.

CONGLOMERATE-8ANDSTONE FACIES
Plate 7D

are tuff d: pebblo gt and
boulder conglomerates. Thoy consist of subangular to
well-rounded fragments of andesite, dacite, chert, silici-
fied pyritic rocks, and freo quartz grains. Andesite
fragments aro the most abundant, but locally there are
beds that contain littlo or no andesite. Tho most dis-
tinctive components are the widely distributed quartz-
rich rocks and free quartz grains. Conspicuous boulders
of massive, sulfide-bearing, iron-stained chert aro abun-
dant in the lower part of the conglomerate-sandstone
facies.

The local presence of interstitial calcium carbonate
and marine microfossils and an intimate association
with the impure li and calcareous il
facies, serve to separate the conglomerate-sandstone
facies from the breccia facies of the Densinyama. forma-
tion. There also appears to be a gradual increase of
caleareous materials toward the upper part of the facies.

TIts quartzose components set it apart from otherwise
similar rocks in the Hagman formation. The quartz
grains are dominantly angular and some are doubly
terminated euhedral crystals. They are as much as
4 mm in diameter and average about 2 mm. On the
basis of abundance or essential absence of visible quartz
the facies is divided into two subunits: one with much
quartz, and the other with little or no quartz.

Extensive outcrops of an andesitic conglomerate that
contains little or no visible quartz or fragments of
quartz-bearing rock occur in the I Denni district and
in the As Teo district immediately east of Adelug cliffs.
This quartz-poor conglomerate grades northward into
quartz-rich beds of the conglomerate-sandstone facies
in the vicinity of the Cross-Island Connecting Highway
salong the northern boundary of the I Denni district.
The quartzose components reach their maximum con-
centration in outcrops along the western part of Talo-
fofo road. Here the rocks are siliceous conglomerates
with rounded fragments of andesite, chert, quartz dacite,
and other siliceous rock fragments in a matrix rich in
quartz grains and hydrous ferric oxides.

South of the Talofofo road, both east and west from
Talofofo ridge, the basal part of the conglomerate-
sandstone facies consists of a boulder conglomerate that
is almost exclusively of chert fragments. These frag-
ments are well rounded and range from a fraction of
an inch to 10 feet across. The chert fragments in the

Lithology and field relations.—The 1
sandstone facies constitutes the largest part of the
Densinyama formation and consists of intergrading,
stratified, locally calcareous, water-laid beds of con-
glomerate and sandstone. The individual beds are con-
tinuous only over short distances, for they represent
lenses or intertonguing bodies of rock that grade later-

boulder and in other conglomerate beds
of the Densinyama formation are massive and vuggy;
are commonly iron-stained at the surface; and are light
to dark reddish brown, yellowish brown, grayish red,
pale red, and light gray. A few of the chert boulders
are thinly layered or banded.

ally into one another. The chief sedimentary classes

Nature nj. the siliceous components—The chert frag-
ments consist of fine-grained cryptocrystalline silica
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with o grain size less than 0.01 mm. Finely divided
hematito and hydrous ferric oxides (principally bire-
fringent goothite), are present in the cherty rocks in
volumes as great as 5 to 10 percent. Sulfide minerals
also occur in many of the chert fragments as finely dis-
seminated grains. The grain size of the sulfides is
ordinarily less than 0.5 mm. In some of the chert
fragments, small irregular vuglike cavities as long as
several millimeters are lined with small drusy quartz
crystals and thin coatings of sulfide minerals which
include pyrite, chalcopyrite, arsenopyrite(?), and bor-
nite(?). Azurite, malachite, and hematite are found
lining some of the small vugs and are evidently an altera-
tion product of the copper and iron sulfides. The chief
sulfide mineral of the chert fragments is pyrite. Specu-
lar hematite(?) is present in some of the rocks as small
cubedral crystals less than 0.05 mm long. In thin
section it is transparent and deep red. Tayama (1938)
even reports traces of gold associated with the sulfides
in the pyritic rocks.

Tho pyritic chert boulders are thought to be mainly
of replacement origin, though some of the thinly banded
and sulfide-free fi may be chemically precipi-
tated.

The chert fragments are associated with partly silici-
fied rocks in several stages of replacement. Relict
minerals and replacement textures give some clue to the
nature of the original parent rock from which they have
been derived. Most of the partly silicified rocks are
heavily iron-stained and are reddish-brown, pale red,
and light grayish red. They contain finely divided
hematite, goethite, and limonite. Relict grains of feld-
spar and quartz as much as 4 mm in diameter are com-
mon in these rocks, but the large quartz grains are not
invariably present. The feldspar grains are partly
altered to a flaky of alunite and fine-grai
quartz and occasionally to a mixture of alunite, kao-
linite, and quartz. In many of these rocks the feldspar
grains are completely altered, and their former presence
is marked only by patches of flaky alunite and fine-
grained quartz. In some instances cryptocrystalline
silice has replaced the feldspar grains in & manner that
has preserved the crystal outline of the feldspar. Rem-
nant feldspar grains are oligocl: desine, having &
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crystals less than 0.05 mm in diameter. Weathering
tends to convert the sulfides to ferric oxides.

Large quertz grains are present in the groundmass of
some of the silicified rocks. These quartz grains are
angular to rounded and have ragged borders toward
the chertified groundmass. The free quartz grains of
the sandy of the 1 ds
facies are cubedral to subhedral and do not closely
resemble the occasional quartz grains of the cherty
rocks.

A fow of the silicified rocks contain grains of ankerite
as much as 0.1 mm in diameter in finely crystalline
patches as much as a millimeter across. The ankerite
is generally associated with thin stringers of goethite.

Thickness, areal distribution, and typical occurrences.—
The conglomerate-sandstone facies crops out over an
area of about 1) square miles in the north- and east-
central parts of the island, the largest areas of outerop
being in the Talofofo and As Akina districts. In the
type section of the formation along Talofofo road it is
calculated to be roughly 500 feet thick. A discontinu-
ous north- to south-trending belt below and east of
Adelug and Machegit cliffs has a calculated i 1
thickness of about 240 feet; and a nearly isolated mass
of unknown thickness crops out in the western part of
the Papago district, below and east of Tagpochau cliffs,
An 80-foot conglomerate layer near the top of the steep
slopes in the northern part of the Hagman grasslands
thins eastward and pinches out beneath overlapping
Miocene limestone.

Origin.—The remarkable concentration of the varied
quartz-rich rocks in parts of the conglomerate-sandstone
facies needs special expl i The best implicati
as to probable source for the noncherty siliceous rocks
is found in the two small dacitic volcanic plugs already
described under the Ly e i These
plugs are apparently older than the Hagman breccia
and are probably related in time of origin to unexposed
facies of the Sankelruyama dacite succession. Although
in themselves they do not seem a logical or adequate
source for all of the noncherty quartzose rocks that
have been reworked into the Densinyama beds, they
suggest the nature of this source.

The derivation of the large chert boulders in con-

composition between Any; and Angs.

The groundmass of the silicified rocks generally con-
sists in large part of cryptocrystalline silica, with dis-
seminated hydrous iron oxides, hematite, and scattered
sulfide grains (to as much as 3 or 4 percent of the rock
volume). Sulfides are common in the alunite-bearing
rocks, and in a few rocks pyrite constitutes as much as
40 or 50 percent of the volume. The sulfides are gen-
erally very finely divided, small, eubedral to subhedral
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beds of the Densinyama formation is also not
specifically known but their size suggests a source near-
by. Many of the large chert blocks have a clastic
texture such as might have been derived from silicifica-
tion of impure limestone or tuffaceous rocks. The
thinly layered, banded, variegated chert boulders could
have been derived from beds of marine chert formed by
chemical precipitation of silica. Such beds might
occur beneath Densinyama ridge or in former source

areas to the west, but none are known to crop out.
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Akina district al thin and widely separated patches

When all local have been exk d, it
becomes evident that some additional source outside
the presently exposed parts of the Matansa, Hagman,
and Sankakuyama formations is needed to account for
the presence of such a large concentration of quartz

of conglomerate are devoid of intermixed voleanic ma~
terial and include only rounded pebbles and cobbles of
compact, fossiliferous Eocene limestone.

Thickness, areal distribution, and typical occurrences.—
The largest i outerop of the impuroe limestone

groins and quartz-bearing rocks in tho Densiny

i Again it is jent to call upon the
formerly greater provenance area that is thought to
have extended westward from present-day Saipan in
late Eocene time.

The sedimentary nature of the upper part of the
Densinyama formation is indicative of a marked change
in the geologic processes acting to form the rock succes-
sion of Saipan. With the advent of Densinyama time,
and shortly following an early phase of volcanic activity
that produced the basal breccia facies, volcanic eruption
temporarily ceased to be the dominating factor in rock
genesis on Saipan, and marine deposition became
dominant.

LIMESTONE-CONGLOMERATE FACIES

Lithology and field relations.—The limestone-con-
glomerate facies forms lens-shaped and irregular beds
within the upper part of the conglomerate-sandstone
facies. The typical impure limestone of this unit is
coarse-grained, thickly to thinly bedded, fr: 1

and calcaroous conglomorato facies is a 13-ncre patch
that lies immediately below and cast of the crest of
“Talofofo ridge, cast of tho ridge road and mostly south
of the Talofofo road. On the ecastern flank of the
northern part of Talofofo ridge the facies is about 50
feet thick, but it thins markedly and pinches out north
and south along the strike. Small isolated patches of
the facies, a few fect to 10 or 20 feet thick, are also
found in the As Akina district. The total land area
underlain by the facies is only about 30 acres in extent,
and it forms o very minor part of the Densinyama
formation.

Origin.—The impure limestone and calcareous con-
1 facies is isi as isolated lenticul
masses or tongues within the upper part of the con-
1 d facies of the Densi forma-
tion. These calearcous beds are probably laterally
equivalent to and gradational with the basal part of
the Matansa li for the basal itional facies

and light brown to yellowish white or pink. It contains
many small pebbles, granules, and grains of andesite;
chert and silicified pyritic rocks; and small, anhedral to
euhedral grains of quartz. In places, impure li

of this limestone is contaminated with volcanic mate-
. . N

rial and with 1 and
beds of the Densinyama formation, and both contain

grades to a relatively pure, compact, i j

similar b of large This equiva-

detrital limestone. The impure limestones of this facies
differ from parts of the basal itional facies of the

lenco is sij It indicates that at least part of
the conglomerate-sandstone facies of the Densinyama

Matansa i only in being ly included
within typical Densinyama beds so far as can be told
or inferred from available outcrops.

Thin sections show that the tuffaceous limestones
contain from 20 to 80 percent of bioclastic calcite rang-
ing in grain size from 0.2 to 10 mm, with & common
range of 0.5 to 1.0 mm, and including mostly fragmen-
tary articulate coralline algae and larger Foraminifera.
Miliolids and other smaller Foraminifera are also com-
mon locally. The matrix which makes up 20 to 80
percent of the rock, is of tuffaceous material and crys-
talline calcite, the grains of which are less than 0.1
mm and commonly only a few microns in diameter.

Calcareous conglomerates are generally iated

was formed contemporaneously with massive
detrital I in closely iated and i di
marine environments.

MATANSA LIMESTONE

Plates 8B, 174
'DESGRIPTION OF THE FORMATION

General characteristics —The Matansa limestone is a
pure to impure, inequigranular, clastic limestone con-
taining distinctive upper Eocene Foraminifera. It in-
cludes three principal facies: (1) a basal transitional
facies of dull yellowish to red-brown, tuffaceous to
marly li and call 1 (2) pink,
highly foraminiferal clastic limestones; and (3) white,
sparingly inif clastic li

with the impure limestones and the two are laterally
and vertically gradational. The mainly subrounded
pebbles and cobbles of the caleareous conglomerates are
of foraminiferal limestone, andesite, and quartzose
rocks surrounded by a medium- to coarse-grained tuf-
faceous matrix with a calcium carbonate bond. The
volcanic fragments are as much as a foot in diameter,
but the mean diameter is 1 to 2 inches. In the As

1. These limestones are mostly well indurated and mas-
sive to well bedded. They grade from relatively pure
qnlcmm curhpna?u rock to impure or oven tuffaceous

; with i ions of volcanic de-
tritus. This voleanic material is ordinarily andesitic,
but the facies also includes a high proportion of quariz
grains. Disseminated manganese oxides are common
locally and show replacement of microfossils. Colors
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may be white, pinkish white, pink, dull red, or yellow-
ish to reddish brown.

The range in size of individual grains of the Matansa
limestone on megascopic inspection appears to be chiefly
from 0.5 to 3.0 mm, and the rock shows an extreme
range in grain size from a few microns to 25 mm long.
The larger grains are mainly Foraminifera or bits of
algno, but tho largest of all are angular, of the same
composition as the matrix, and commonly coated with
a thin film of cloar caleite. In a random selection of
thin scctions studied, particles less than 0.1 mm to
about 10 microns in largest dimension make up from 5
to 70 percent and characteristically account for 20 to
50 percent of the rock. Part of this material is con-
sidered to be detrital on account of its darkness and
the irregular shapes of the grains, but much is clear
microcrystalline caleite. The latter is interpreted as
the inversion product of interstitial precipitate that
probably came down as aragonite.

Tho basal beds of the formation overlie or grade
Jaterally to the upper beds of the Densinyama forma-
tion, and the basal contact may be cither transitional
or locally unconformable. The beds that succeed the
Matansa in the local column are the probably Oligocene
voleanic rocks of the Fina-sisu formation, but these
have nowhere been recognized in direct contact with
the Matansa. In the local succession the Matansa
beds are actually overlain by Miocene (Tertiary e) or
Quaternary deposits.

Tho white facies of the Matansa limestone has no-
where been seen in the same succession with the other
two facies of this i However, the iti
facies is gradational upward and laterally to the pink
facies, and the white facies is generally a still purer
caleium carbonate rock then the pink facies, although
approximating its characteristics locally. This, as well
as field relationships, suggests that the white and pink
facies probably intergrade in the same manner as the
pink and transitional facies. The general upward suc-
cession appears to be one of increasing purity from
transitional through pink to white.

Thickness—The greatest observed thickness of the
Matansa limestone is at Tanke cliffs (Laderan Tanke),
in northeastern Saipan, where an incomplete section of
the whito facies measures about 260 feet thick. A com-
plete scction of the white facies would probably be at
least 300 feet thick, and the composite thickness of
the Matansa formation as a whole is 500 feet or more.

Areal distribution and typical occurrences—Outcrops

of the Matansa li as here ized are re-
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A typical occurrence of the white facies of the
Matansa limestone is in the lower part of Tanke clifls
(sce fig. 9, and description of Tanke cliffs section), and
the pink facies is well displayed toward the south end
of Papua cliffs (Laderan Papua), the type section of the
formation. The basal transitional facies occurs at
several localities along both sides of Talofofo ridge
(Ogso Talofofo). It is especially well displayed just
north of Talofofo road, where the local thickness is
about 140 feet.

Type section.—Tayama (1938, p. 32) applied the
name ‘“Matansya beds” to a part of the rocks that are
here called Matansa limestone. He cited as the type
Tocality the “Matansya district,” an area known to the
Chamorros as Matansa. The unit is now redefined
and referred to as the Matansa limestone, an Eocene
unit of formational rank.

As Tayama did not select a specific type section for
the formation, one is here designated. This is the
succession of Eocene strata that extends up the south-
ern part of the west-facing Papua cliffs, in the south-
castern part of the Matansa district, about 300 feet
south of a small roadside quarry. In this section is
exposed about 100 feet of beds belonging to the pink
facies of the Matansa limestone. It is almost uniform
throughout and corresponds to the mode described for
the pink facies.

Weathering, terrain, and vegetation.—The pink and
white facies of the Matansa limestone are characterized
by a terrain of cultivated benches and wooded scarps
and the transitional facies by steep brushy to grassy
slopes and ravines. Weathering has produced thin
clayey soils, with many residual limestone pinnacles on
the purer limestone surfaces.

Fossils, age, and correlation.—All facies of the Matansa,
limestone are fossiliferous. Articulate and (in lesser
amount) crustose coralline algae and larger Foraminif-
era are the most abundant, and the latter demonstrate
a late Eocene, Tertiary b, age. Smaller Foraminifera
are abundant in some thin sections.

Tossils significant for age and correlation are listed
in a table under the discussion of the Hagman forma-
tion, and further remarks on faunal content are given
in the separate discussions of the several Matansa
facies.

Origin—The larger bioclastic and occasional vol-
canic particles of the Matansa limestone are imbedded
in a microgranular matrix of dark, clastic and clear,
crystalline calcite. The clear calcite was probably

ipil d i itially as ite and only later

stricted to the north-central part of Saipan, between
Fafunchuluyan and Talofofo. Altogether they cover
less than a square mile.

378761—50—8
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altered to calcite. The fossils indicate deposition at

shallow to moderate depths in & tropical marine
environment.
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Evidenco that the sediments of the basal transitional
facies were laid down on and adjacent to parts of the old
volcanic land mass is provided by their great impurity,

fF ieraphic relationships. Th

stone that grades upward into the pink facies of tho
same formation. It is compact to poorly indurated,
medium- to coarse-grained, and grades laterally and

nature, and e
sediments of the pink facies, being purer calcium car-
bonate but otherwise similar, were bly de-

il d to parts of the Densinyama formation.
Distinction between it and the impure limestone and
1 ! facies of the Densinyama for-

posited offshore from, as well as generally above, the
basal transitional sediments. The white facies, con-
sisting of mainly clean bioclastic debris and interstitial,

hemicall ipitated calcium cark clearly
accumulated in a situation where it could reccive little
contamination from the volcanic core of the island.
This requirement would be satisfied either by deposi-
tion offshore from the pink facies or by upward suc-
cession to purer deposits. As it scems unlikely that
either of these conditions would obtain to the complete
exclusion of the other, the white facies is interpreted as
gencrally succeeding but also intergrading with the
upper part of the pink facies, even though their actual
relationships were not observed.

The generally superior position of the white facies,
however, is supported by fossil evidence which suggests
it to have been deposited in shallower waters than the
pink or itional facies. The abundant larger Foram-
inifera of those two facies suggest depths of around
40 to 50 fathoms, and although the accompanying algae
probably for the most part lived at shallower depths
their generally fragmentary nature suggests transport
(observed miliolid Foraminifera were probably also
transported from shallower water). Larger Foraminif-
era, on the other hand, are generally rare in the white
facies, while miliolids, Halimeda, and the dasyclad:

mation is based on association; and it is understood that
some rocks mapped as Densinyama may be only the
areally isolated ends of lobes of impure Matansa lime-
stono.

TImpuritics from underlying and intergrading volcanic
rocks are invariably present in the transitional facies.
They include particles of andesite, fragments of siliccous
rocks, angular to subrounded quartz and feldspar
grains, grains of magnetite and hematite, and clay
minerals. Quartz is typically abundant, occurring as
angular and subrounded grains with an average diameter
of about 2 mm. Calcium carbonate is, of course, the
major constituent of the rock; and it is mainly frag-
mental and inequigranular. Much of the rock is a

Jig Igal iniferal li in which the
larger grains are mainly fragments of articulate coralline
algae 0.3 to 0.6 mm long, and scattered to abundant
large Foraminifera as long as several millimeters. These
are imbedded in 15 to 30 percent, by volume, of a
matrix that consists of minute grains of tuffaceous
material and clear crystalline calcite less than 0.1 mm
in diameter. The grain size of the rock as a whole
ranges from less than 0.1 to 10 or more mm but is
predominantly in the range of 0.5 to 2.0 mm. The
color ranges through shades of yellow, red, pink, brown,
and gray, d ding on the amount and kind of im-

Cymopolia are locally abundant. This strongly indi-
cates (Cloud, 1952a, p. 2134) shoal depths for origin of
much of the white facies sediments. To be more spe-
cific, but less cautious, deposition mostly at 15 fathoms
or less seems reasonable, and parts of the facies may
have come to rest not far below low tide level.

The evidence summarized is believed to favor the
view that the transitional and pink facies accumulated
mainly at moderate depths in a tropical or subtropical
sea around the volcanic core of Saipan and eventually
buried it. The white facies then presumably capped
this sequence as a bank deposit which accumulated
mainly at shoal depths. That its site of deposition was
not affected by strong wave action is suggested by the
absence of sedimentary breccias and the fact that the
sediments are of so high a degree of purity and fineness.

SUPPLEMENTARY DESCRIPTIONS OF MAPPED FACIES
BASAL TRANSITIONAL FACIES

Lithology and field relations.—The basal transitional

facies of the Matansa limestone is characteristically a

well-bedded, sparingly quartz-bearing, tuffs lime-

purities that are present.

The characteristic tuffaceous limestone of this facies
locally grades into a conglomerate that contains well-
rounded pebbles and cobbles of compact Eocene lime-
stone, andesite, chert, and other siliceous rock types
in o tuffaceous matrix. This conglomerate occurs as
thin, discontinuous layers that are a few feet thick and
are interbedded with layers of sandy limestone. The
pebbles and larger rock fragments have a maximum
diameter of 8 to 10 inches, the average being about
1 inch.

"The immediate contact between the basal transitional
facies and the overlying pink facics of the Matansa
limestone was not observed. However, it is assumed
to be a gradational one, as the lowest exposed part of
the piz}k facies contains much tuffaccous material, and
there is o gradual decrense in contamination upward
into much purer pink limestone.

Tiziﬂknz:ss, areal distribution, and typical occurrences.—
The transitional facies ranges from moro than 140 foc

]téxick‘ to a fct}ther gdge where it lenses out into the
yama On the northeast slope of

GENERAL

Talofofo ridge (Ogso Talofofo), just northeast of the
highest point on Talofofo road, the caleulated thickness
is 60 feet, assuming an approximate average dip of 10
degrees cast-northeast. This is probably near the
i for that i diate arca. The i
computed thickness of 140 feet is in an incomplete
faulted wedge on the west side of Mount Achugau
(Ogso Achugau), along Talofofo road.

The combined areal extent of the known (two) and
probable (one) mappable occurrences of the transi-
tional facies amounts to only about 30 acres. The
largest known arca of outcrop is in an irregularly L-
shaped area that lies northeast of the highest point of
the Talofofo road. The questioned patch adjacent to
the western part of Talofofo road is assigned to the
Matansa limestone, rather than to the limestone-
conglomerate facies of the Densinyama formation,
because of its nearness to and possible former con-
tinuity with the patch of presumed Matansa transi-
tional beds immediately to the north. The fact that
it is overlain by beds of the Densinyama formation is
interpreted as an dging relationshi

Terrain, weathering, and vegetation.—Slopes in areas
underlain by this facies are for the most part fairly
steep, and crosion has cut down through the poorly
consolidated tuffaceous limestone to form short, narrow,
steep-walled ravines.

The 1i and consti-
tuting the facies weathers to a thin red soil that ranges
from only a few inches to perhaps a foot thick. The
soil is stony and generally neutral to slightly acidic.

Swordgrass is the commonest plant, but Australian
“‘pine”, or ina, grows in thicl d places.
Although the areas underlain by the transitional facies
were completely burned over in May of 1949, historical
records suggest that revegetation will be by the same
floral elements.

Fossils and age.—In addition to the algae and Foram-
inifera tabulated in the discussion on the age of the
Hagman formotion, the basal transitional facies of the
Matansa limestone contains miliolids and other small
Foraminifera, rare bits of mollusk shells, and echinoid
spine fragments. The age is late Eocene, Tertiary b.

PINE FACIES
Plate 8B

Lithology and field relations.—The pink facies of the
Matansa limestone is a bioclastic limestone of a distinc-
tive flesh-pink to dull-red (rarely white) color, with

bund inid and di Jinid ini
Tt is a relatively pure limestone in comparison with the
transitional facies but relatively impure compared with
the white facies.
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It is inequi lar, well
massive or obscurely bedded, and locally well bedded.
The grain size ranges from less than 0.1 mm to frag-
ments 15 mm or more across, but the greater volume of
the rock consists of 0.5 to 2.0 mm grains. Much of
the rock is an algal-foraminiferal limestone in which
fragments of mainly articulate coralline algae 0.2 to
0.7 mm long, and scattered to abundant large Foram-
inifera as much as several millimeters long, are im-
bedded in 5 to 60 percent (average 15 to 40 percent)
by volume of microgranular clastic and clear crystalline
calcite. Areas of cquigranular rock are common within
the general mess but individually insignificant. Tho
larger fragments are characteristically angular, of the
same general texture as the matrix, and commonly with
a surrounding film of clear microcrystalline calcite.
Some of the rounded fragments have algal crusts.
Occasional patches of this facies contain disseminated
grains of voleanic origin and local concentrations of
argillaceous material.

Although nowhere seen in contact with it, the pink
facies of the Matansa limestone probably grades later-
ally in its upper part to the white facies of the same

jon and is lly displaced and ded
upward by the white facies. Reasons for this conclu-
sion are given under discussion of origin in the general
description of the formation.

Thickness, areal distribution, and typical occurrences.—
The pink facies ranges from a feather edge to a maxi-
mum known thickness of about 150 feet on the west side
of, and south-southeastward from, Mount Achugau.
It crops out in small patches through areas of older
rock. The aggregate area of outcrop is only about
90 acres.

The most typical occurrence and best displayed sec-
tion of the pink facies of the Matansa limestone is in
the west-facing scarp of Papua cliffs (Laderan Papua)
in south Matansa, i diately south of a small
roadside quarry. Its thickest development is on the
west side of Mount Achugau and to the south-south-
cast. Other occurrences are similar in nature and of
minor areal importance.

Weathering, terrain, and vegetaton.—The pink facies
weathers to a reddish-brown clayey soil, 2 to 3 feet
deep, across a sharply defined surface with smooth-
surfaced residual pinnacles projecting 3 to 4 feet above
the ground. Its terrain of narrow marine benches and
abrupt cliffs mostly supports & dense jungle vegetation.

Fossils and age.—Tossils significant in identifying the
pink facies as of late Eocene (Tertiary b) age are listed
in a table under the description of the Hagman forma-
tion. Besides the forms there named, this facies of the
Matansa limestone also includes abundant miliolids

and other smaller Foraminifers locally, occasional bits
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of coral, the problematical “coral” Saipania tayamai
Yabo and Sugiyama (loc. C21), rare fish centra, rare
Bryozos, and species of the molluscan genera Conus,
Lithophagus?, Mytilus, and Turbo?. Genera of coral-
line algae recognized include the articulates Jania and
Corallina and the crustose Lithothamniom.

WHITE FACIES
Plate 174

Lithology and field relations.—This facies is an equi-
granular, clastic, limestone; well-indurated, massive to
locally well-bedded, generally pure, and characteristi-
cally white. The grain sizo ranges from less than 0.1 to
30 mm, most commonly from 0.2 to 1.0 mm. The
larger fragments are generally angular and of the same
composition as the matrix. It is mainly an algal or

Igal iniferal i with many 1
coralline algae 0.2 to 0.5 mm long and at places many
miliolids and occasional larger Foraminifera. In thin
section the matrix of microgranular calcite accounts for
about 20 to 50 percent of the rock. This matrix ma-
terial is less than 0.1 mm to only a few microns in
diameter and is partly dark fine-clastic material and
partly clear crystalline calcito of probable physico-
chemically precipitated origin (as aragonite).

Most of the white facies is essentially free of im-
purities. However, at the base of the Tanke cliff
(Laderan Tanle) section is an interval 40 feet thick in
which particles of manganese oxide and hematite make
up a large part of the rock and in which manganese
oxide has replaced the limestone in irregular patches
through intervals as much as 10 feet thick. Also,
at a few places angular fragments of relatively pure
limestone as long as 30 mm occur in a well-indurated
argillaceous matrix.

Although the color of the facies is generally white,
the rock is locally black to gray from included man-
ganese oxide, pink from included hematite, or reddish
brown from interstitial argillaceous material.

Thickness, areal distribution, and typical occurrences.—
The thickness of the white facies is at least 256 feet in
the measured section below the incquigranular facies
of the Tagpochau limestone at Tanke cliff in north-
eastern Saipan. As a guess, perhaps another 50 to 100
feet oxtends below the base of this section, a fault con-
tact with breccia of the Sankakuyama formation.
"This is also the best displayed occurrence of the white

facies, but another large mass occurs northward from
As Frailan ravine (Kanat As Frailan) on the east side
of the island, and three smaller patches are situated
along the central ridge of the island just south of Little
Burma road. The combined outcrop area is slightly

Terrain, vegetation, and weathering.— Tho torrain of
the whito facios in general is one of benehes and vertical
or near vortical scarps, liko that of the purer facies of
the Miocene Tagpochau limestone. It also has a similar
vegetation of jungle growth in scarp arcas and cane
fields with propoerty-line trees and woodlots on bench
surfaces. Tho rocks weather to a red clayoy soil across
a sharply defined surface above which residual lime-
stone pinnacles project. The soil is generally less than
2 feet decp but pinnacles are as high as 4 or 5 fect.

Fossils and age.—~Somo of the characteristic Tertiary
b (upper Eocene) fossils of the white facies of the
Matansa limestone are listed in a table under the de-
scription of tho Hagman formation.

The larger Foraminifera are raro in this facies, but a
wide variety of algae are recorded, and Halimeda and
the dasycladacean genus Cymopolia are locally abun-
dant. Miliolids (and other smaller Foraminifera) are
found in many thin sections; aro abundant at localities
B56, BS3, and B85; and are dominant at localities B65
and B185. The usual echinoid spine and shell frag-
ments, and rare bits of mollusks were also noted.

AJAnong algae, the crustose corallines are ropresented

hacolithothammi cthon. Lithonhll

and Lithoporella, and the articulates by Corallina and
Jania. Halimeda is not and is abundant in
thin sections from locality B67. Because the dasycla-
dacean algac are especially significant as indicators of
shoal water, it is worth recording that the genus
Cymopolia was observed in thin sections from localities
B22, B53, B67, B75, BSo, Bs5, B199, B272, B274,
B289, B329, B330, and C12. It is abundant at local-
ities B67 and B199.

OLIGOCENE
FINA-SISU FORMATION
Plate 8C,D

General characteristics.—The Fina-sisu formation (new
name) consists of caleareous marine tuffs and inter-
bedded andesite flow rocks, with distinetive planktonic
smaller Foraminifera in some of the tuffs. Most of the
flows are less than 20 feet thick, but one is 80 to 100
feet thick. The tufls are well bedded and mostly
caleareous. Some closely resemble parts of the Donni
sandstone member of the Tagpochau limestone, and
both ﬁ?ws and tuffs similar to those of the Fina-sisu
occur in the conglomerate-sandstone facies of the
Hagman formation. The alternation of flows and
tl{ﬂs, Ahowever, appears to be characteristic of the
TFina-sisu formation.

On the geologic map the 80- to 100-foot andesite
flow and an areally extensive outerop of similar flow

less than one-third of a square mile.

rock of unknown thickness are shown separately fi
the rest of the formation. prmiey from
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Thickness, areal distribution, and typical occurrences.—
The base of the Fina-sisu formation is nowhere exposed,
i hick 1 Tho
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amygdules are not common. The thick flow exposed
along the western side of tho Fina-sisu hills has a

a 1y well d

and the true i
i exposed thickness is puted as about 400
feet in the incomplete type section across the Fina-sisu
hills or ridge (Ogso Fina-sisu), south of As Lito village.
Outerops oceur dically over a deeply thered
arca of about three-fourths of 2 square mile in southern

wel loped subvertical columnar joint-
ing. The columns are between 1 and 2 feet wide and
are_intersected by a second system of joints nearly
parallel to the flow surfaces. The two joint sets have
broken the flows into more or less equidimensional
blocks that average about a foot across and weather

Saipan. Typical outcrops of the interbedded tufls and

heroidally at and near the surface (pl. 8C,D).

flows may be seen along and near As Perdido road,
along tracks running north and south from it, and in
and adjacent to As Lito village. Fairly fresh por-
phyritic augite andesite of the 80- to 100-foot flow has
been exposed in tunnels along the south side of two of
the decper ravines between the west-facing spurs of
TFino-sisu ridge. A 55-ncre patch of deeply weathered
augite andesite flow rock of undetermined thickness
occurs in northwestern As Lito. A few planktonic
smaller Foraminifera at 290 to 295 feet in well No. 7, at
Chalan Kiya, may be from a thin interval of Fina-sisu
strata between Donni and Densinyama beds.

Type section.—The type scction of the formation
extends eastward from the conspicuous fault at the west
side of Fina-sisu hills up the ravine 300 to 400 feet south
of structure section C—C” (pls. 1, 2), and south of
As Lito village, to the unconformably overlapping
Acropora-rich facies of the Mariana limestone. It is
essentially that shown along structure section C—C".

Trom the faulted base of this section upward to the
next fault east it includes roughly 50 to 70 feet of tuff,
80 to 100 feet of andesite, and 250 feet of tuff with
interbedded thin andesite flows. The minimum thick-
ness of the formation is thus about 400 feet. Eastward
along section C—(C, provided there is negligible dis-
placement along faults, the total incomplete section
would be about 800 fect thick and contain two thick
flows. However, it is conceivable that the flow rock
east of As Lito village is a repetition of the same flow
that occurs toward the base of the section, just as the
outerops west of the basal fault are probably repeated
from above this flow. We can be reasonably sure only
that the section is probably more than 400 feet thick.

Further remarks on lithology and field relations.—The
flow rock of the Fina-sisu formation is a light to dark
olive-gray and greenish-gray, vesicular, itic to
finely porphyritic augite andesite. It contains small
acicular phenocrysts of labradorite set in a inicro-crys-
talline groundmass composed of lath-shaped crystals of
labradorite; less abundant grains of augite, magnetite,
and ilmenite(?); and rare prismatic apatite crystals.
The tops of the flows are vesicular. The vesicles are as
much as 5 mm in diameter and commonly are flattened
oval. In places they are lined or filled with zeolites,
and, more rarely, with calcite, to form amygdules, but
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The typical tuffs are light gray, light greenish-gray,
brownish gray, and yellowish brown; well- to poorly
consolidated; and fine- to coarse-grained. They are
mostly altered to kaolinitic and montmorillonitic clays,
serpentine specks, limonite, and hematite. Mont-
morillonite is the principal clay mineral.

They are water-laid, crystal-lithic tuffs d of
angular and subangular, altered fragments of augite
andesite, and grains of labradorite (Ang-ss), augite,
scarce hy th and i Rock
in some beds are a centimeter or slightly more in diam-
cter, but the mineral grains are generally less than 2 to
3 mm in diameter. Some of the tuffs contain abun-
dant smaller Foraminifera and as much as 30 or 40
percent interstitial calcium carbonate. These strongly
resemble the Globigerina beds of the Donni sandstone
member of the Tagpochau limestone, as well as some
beds of the conglomerate-sandstone facies of the Hag-
man formation. Tuffs in which calcium carbonate and
Foraminifera are abundant grade into tuffs in which
these elements are lacking. The estimated mode of &
typical tuff of the Fina-sisu formation (specimen 8527)
in volume percent is: plagioclase 25 percent, rock frag-
ments 10 percent, sugite 5 percent, magnetite 1 per-
cent, Foraminifera less than 1 percent, and clay mate-
rials and limonite 58 percent.

Terrain, vegetation, and weathering.—The terrain is
one of gently rolling hills, fronted to the west by
truncated west-facing spurs that slope gently eastward
to the lowland of As Lito and northern As Gonno. To
the south and west these hills are clothed with tough,
tangled grasses and occasional small to large copses of
exotic woodlot trees such as the Formosan koa (Acacia
confusa). To the north and east they are extensively
cultivated.

The rocks of the Fina-sisu formation are intensely
weathered, outcrops are few, and nowhere are fresh
rocks naturally exposed. The soil developed on the
flows and tuffs is orange-red and reddish brown, aver-
ages several feet deep, and is 20 feet or more deep at
places along As Perdido road. It is acidic and grades

downward into the parent rock through a zone of
saprolite that preserves the relict texture of the orig-
inal rock. The tuffs alter to plastic, iron-stained,
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kaolinitic and montmorillonitic clays in shades of
orango, red, green, brown, and lavender.

Fossils, age, and correlation.—Both Tayama (1938)
and tho present writers earlier referred the rocks of the
Fina-sisu to the Hagman formation. Lithic resem-
blance botween these units is strong, and, inasmuch as
detailed mapping demonstrated unconformable overlap
of the carlier Miocene Tagpochau limestone completely
across tho Fina-sisu beds, an upper Eocene age assign-
ment for the Fina-sisu was consistent with all wo then
knew about the stratigraphy of the Mariana Islands.

Subsoquent study of field collections by Ruth Todd,
Lowever, revealed in tho Fina-sisu formation a unique
assemblago of 62 species of smaller Foraminifera. Of
this total, 44 species are known on Saipan exclusively
in the Fina-sisu, whereas only 19 are shared with
Eocene (Hagman) and Miocene (Tagpochau) strata.
Comparison with microfaunas of other areas then
brought out important similaritics between the com-
mon planktonic Foraminifera of the Fina-sisu beds and
those of upper Oligocene strata in the Antillean-Carib-
bean region (Todd and others, 1954). On the basis of
the smaller Foraminifora alone, it now appears that
the TFina-sisu i western

lava flows suggest a penccontemporancous derivation
for most of it. It therofore is regarded as a true
marine tuff,

Tho flows of augite andesite that are interlayered
with the caleareous tuffs presumably originated by out-
welling and fluid spreading of lava that was derived
from fissures or other vents to the west of the present
outcrop area. The flows were very likely submarine,
for they are interlayered with marine tuffs.

MIOCENE
TAGPOCHAU LIMESTONE
Plates 6F, 7, 9, 10, 11, 124, B, 10, 174, 20, 21, 23

DESCRIPTION OF THE FORMATION
General characteristics.—The Tagpochau limestone is
a complex of calcareous clastic rocks that intergrade
with one another and are distinguished from other
fragmental limestones on Saipan mainly on faunal
evidence. Its most widely distributed facies is a com-
pact, generally pure, pink to white, inequigranular
limestone that is at most places rich in distinctive
larger ini However, the ion also in-
cl\ld(:s impure limestone, as well as sandstone and

is an
Pacific correlative of the Globigerinatella insueta zone
of the Caribbean region—probably late Oligocens, per-
haps Chattian, and presumably equivalent to zone d of
the Indonesian Tertiary. The only other fossils found
in the Fina-sisu beds are sparse discoasters and
Radiolaria.

The field evidence of unconformable early Miocene
overlap also indicates o pre-Miocene (or carliest Mio-
cene) ago for the Fina-sisu formation. It thus to a
degree substantiates the late Oligocene age determina-
tion based on the general expression of the smaller

of reworked volcanic materials.

In terms of the standard Indonesian biotal succession,
the T hau i appears i ly to
span the Tertiary e interval of early Mioceno age, as
will be discussed later. Studies of the larger Foraminif-
era by W. Storrs Cole permit a twofold faunal sub-
division—lower e ch; ized by a group of Fe ini;
era which will be referred to as the Heterostegina
borneensis assemblage, and upper e, containing other
distinctive clements grouped as the Miogypsinoides
dehaartii assemblage. Theso zones appear to overlap
and to intergrade with an intermediate assemblage

P Ty .

Foraminifera and the common o in Saipan
and Trinidad of the distinctive, supposedly short-rang-
ing planktonic species Globigerinatella insueta Cushman
and Stainforth, Globigerinoides bispherica Todd and
Globigerinoides subquadrata Bronnimann.
Origin.—Modern representatives of the genera of
bonthonic Foraminifera that occur in the Fina-sisu beds
aro said by our associate Ruth Todd to live character-
istically at depths of 200 fathoms or more. Some of
these aro Cassidulina, Dentalina, Ehrenbergina, Pleuro-

haracterized by in the
zone of overlap.

Six lithic facies and two members are mapped within
the Tagpochau limestone, as follows: (1) Donni sand-
stone member of calcarcous, tuffaccous, sand-sized
sediments of which some beds are rich in Globigerina
and other smaller Toraminifera; (2) Machegit con-
glomerate member, a new formal unit lithically similar
to the congl of the Densiny on; (3)

stomella, Pullenia, Trifarina, and Uvigerina. These
tuflaccous sandstones, thercfore, may have originated
through the settling of volcanic debris into a marine
environment as deep as 200 fathoms or more—although
wo do not accept this foraminiferal evidence as proving

1 facies of cal tuff, marl, and cal-
careous andesitic conglomerate; (4) tuffaccous facies of
}?aorly ind d, very impuro li 5 (5) marly
limestone facies; (6) rubbly limestone facies; (7) equi-
granular limestone facies; and (8) the dominant inequi-
granular limestone facics. In several large arens south

such depth without reservation. Tt is not known what

proportion of the sediments of this formation might
represent volcanic ash erupted directly into the sea
and what part may be reworked, but the interbedded

from Mount Tagpochau it was not feasible to differ-
entiate these facies.

Dc;cnptiqn of the several facies and members
mentioned is reserved for a following scction. It
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should be noted here, however, that only a rough order
of upward succession is (or can be) indicated by the
order of listing of subdivisions, especially as regards
units 1 through 3 above. Actually the rocks assigned
to the Donni sandstone member appear to occur most
commonly toward the middle of the general succession;
and tho Machegit conglomerate member occurs above

lower eastern slopes of Tagpochau cliffs in and adjacent
to the lower part of the type section, and entirely within
the Heterostegina borneensis faunal zone.

A general areal pattern of facies trends is recognized.
(1) North of Mount Achugau the Tagpochau limestone
is dominantly pure and mainly io the inequigranular
facies, both in the Heterostegina borneensis and Mio-
inoides dehaartii faunal zones. However, it in-

the Donni member or the 1 facies, or is
laterally equivalent to them. Strata referred to the
transitional facies itself although typically intervening
between the Donni member and more typical cal-
careous facies of the Tagpochau, may oceur either
above or below the Donni beds. Reference to the
columnar scction and structure section on plates 1 and
2 will indicate this complexity graphically.

The other mapped facies of the Tagpochau limestone
grade laterally and vertically into one another in even
morc¥erratic patterns. They also recur in different
parts of the formational succession. Lenses or tongues
of each occur commonly in masses of other facies, and
local intraformational unconformities are found. Below
the dominating inequigranular facies, however, one
commonly finds a downward succession through
rubbly, marly, and finally tuffaccous facies before
reaching the volcanic core rocks. There are many local
exceptions to this general rule of succession, however,
and even some apparent reversals of it. All of the
facies and members except the Machegit conglomerate
appear to occur in both the Heterostegina borneensis
and the Miogypsinoides dehaartii faunal zones.

Thickness—The Tagpochau limestone ranges from a
feather edge to maximum incomplete thiclknesses of
about 820 feet in the type section east of Mount
Tagpochau and 900 feet in northern Seipan (composite
of Baiiadero cliffs and Tanke cliffs section). It also
extends to 1,550 feet above sea level at Mount Tagpo-
chau from g position at sea level to the west (structure
section C—C’). Approxi i hick
thus cannot be estimated with assurance. It probably
exceeds 900 feet, however, and 1,000 feet is talken as a
convenient round figure (see discussion under Baiiadero
cliffs section, appendix A).

Areal distribution and typical occurrences.—Tagpo-
chau beds cover nearly half of the 48-square-mile land
area of Saipan. They form the principal axial uplands
of Saipan except for the volcanic segment which extends
{for 1% miles south from Mount Achugau. Sections in
northeastern and northern Saipan display well the
fauna and the purer li facies of the T: b

cludes also some large bodies of the equigranular facies
and a few small interfingering patches of impure
material represented by the Donni sandstone member
and the tuffaceous facies. (2) In north-central Saipan,
south from Mount Achugau, the Tagpochau limestone
occurs as isolated patches of various facies overlapping
volcanicrocks, and lergely in thelower e or H. borneensis
faunal zome. (3) In south-central Saipan the pure
facies of the Tagpochau are dominant; but the impure
facies are also widely developed. Both principal faunal
zones are represented here also. (4) South of Mount
Tagpochau large parts of the Tagpochau limestone
could not be classified in any recognized facies and are
mapped as “undifferentiated Tagpochau.” All facies
of the ion, however, arer d in the south-
ern part of the island, and most outcrops appear to be
in the upper, or M. dehaartii zone.

Type section.—The Tagpochau limestone was orig-
ginally described and named as the “Tappocho lime-
stone” by Tayama (1938, p. 35). He gives the type
locality as the summit of “Mount Tappocho,” which is
Mount Tagpochau (Ogso Tagpochau) of the present
report. The spelling of the formational name is here
revised to conform with Chamorro usage.

The name Tagpochau limestone as here used has
also been revised to include both the “Tappocho” and
“Lgulau” limestones of Tayama. As Tayama cited no
type section, one is now designated. This extends
from the base of the Miocene succession at the head of
the valley that runs westward from Nicholson spring,
upward to the summit of Mount Tagpochau. It is
situated immediately to the north of structural cross-
section C—C” as shown by the line of V’s on the detailed
geologic map (pl. 1). The marly, rubbly, and inequi-
granular facies are well exposed in this section, which
also includes a good development of both principal
foraminiferal assemblages. Other facies and members
are well displayed to the east and kb from here.

This section is graphically summarized in figure 6.
It shows roughly the following upward sequence of
T hau strata: (1) about 90 feet of thinly bedded

The tuffaceous and marly facies are best developed on
the lower western slopes of Tagpochau cliffs in the
west-central part of the island, and in the north-central
and southwest-central parts. The best and most

yellow marls with occasional corals and other mega-
fossils, constituting the marly facies of the Tagpochau
limestone but largely concealed by thick residual clays;
(2) about 80 feet of yellowish-white, pure to slightly

continuous development of the rubbly facies is on the

el —
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marly, rubbly to powdery and brecciated limestone
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without well-defined bedding, comprising the rubbly
facies of the Tagpochau limestone; and (3) about 650
feet of limestones referred to the inequigranular facies
of the Tagpochau limestone. Of the latter about
the lower 100 feet are gencrally thinly bedded and
slightly marly; whereas the upper 550 fect are massive,
compact, white and pink or variegated limestones.
The incomplete thickness of the T 1

wedges into, and grades laterally and vertically to
other facics of the Tagpochau limestone; and it thins
from about, 200 feet to the point of disappearance.
Terrain, vegelation, and weathering.—Many of the
scarps and benches of the island are in the moderately
i d to well-i d facies of the T I
limestono. The scarps in the well-indurated material

in the type section is thus about 820 fect. The lower
beds, to somewhere within the lower part of the inequi-
granular facies, ey the Heterostegina borneensis as-

bl and the upper i i lar li are
in the Miogypsinoides dehaartii zone.

Internal relations.—It has already been hinted, and
it is apparent on examination, that there is a sort of
general succession upward within the Tagpochau strata
from the vicinity of any particular buried volcanic
mass. The more impure facies occur low in such a
section, and the purer limestono facies are at higher
stratigraphic positions. But the tuffaceous and marly
facies, although prone to be basal or near basal at any
particular place, are perhaps more appropriately desig-
nated “marginal” facies than “basal” facies. They
occur where, or near where, the T )i i

attain i heights of 500 to 600 feet. The
benches in moderately indurated material ave commonly
modified to a rolling surface with o linear grain. Slopes
of 15° to 20° predominate in the poorly consolidated
material. Lenses and patches of impure limestone
within masses of pure limestone form topographic lows.
Most of the scarps and benches are believed to be duo
1o wave crosion and solution at higher stands of the
sen (or submergence); but some are duc to faulling,
which has developed structural searps and has caused
bench surfaces to be repeated.

The more extensive beneh surfaces are neatly every-
where covered with old sugarcane fields, soparated by
straight rows of scrub trees along former property
lines or paths. Scarps, steep slopes, ravines, and very
small irregular benches generally support a dense jungle-

overlapped some voleanic mass, both against the vol-
canic rocks as overlapping deposits and away from
them as interfingering patches or wedges of sediments.
As the volcanic core so buried extended from present
sea level to at least 767 feet above (Mount Achugau)
and perhaps higher (buried under Mount Tagpochau),
a facies that might be in a basal position high on a
buried hill could easily be higher stratigraphically than
a purer limestone facies that was originally deposited
offshore from it.

From the probable relief and topographic complexity
of the buried volcanic rocks, it is to be expected that
the varied facies would be both intergradational and
recurrent; and mapping bears out this expectation.
Unfortunately, cover by vegetation and younger de-
posits and the nature of the terrain have prevented
tracing facies contacts in the detail to be desired.
We have at many places, therefore, inferred the prob-
able configuration of contacts on the basis of the parts
of other contacts actually traced in detail. The un-
avoidably subjective picture that results has been kept
as clear as possible by employing special symbols for
inferred or arbitrarily located contacts on the geologic
map.

The Donni sandstone member seems to occur more
constantly at a particular stratigraphic level than other
Tagpochau units. It is believed to be near the middle
of the formation, considered in an overall view, although
at any given place it may be at the base or near the
top of the local Tagpochau succession. It abuts,

type it Woodlots of the so-called Formosan
koa (Acacia confusa) and windbreaks of this, casuarina,
or other trees or brush break the monotony of the cane
fields on some bench surfaces.

The more purely calcitic facies of the Tagpochau
limestone weather by solution to an alkaline to noutral,
red to brown, clayey soil (pl. 114-B) over a sharply
defined limestone surface from which numerous smooth-
surfaced pinnacles project above the soil mantle. The
soil averages 2 to 3 feet in depth; the pinnacles. 4 to §
feet in height. With an increase in included volcanic
material the soil layer becomes thicker, acidic, and
mottled, and the contact of soil and rock becomes
gradational.

Solution also accounts for the fact that vaulted
caverns are common in the purer limestones, and that
small irregular caves, crevasses, and sinkholes are
abundant. Marginal solution ramparts as high as 30
feet are found along the outer (seaward) rim of some
benches in the Tagpochau limestone.

TFossils, age, and correlation.—The Tagpochau lime-
stone has yielded a variety of fossils. Larger Fora-
minifera are generally present, commonly abundant,
and ordinarily distinclive. Because ol this, and the
ties which they provide with the standard Indonesian
Tertiary succession, they arc regarded as of special
i for correlation of the T: hau li
Smaller Foraminifera, fragments of mollusks, and algae
also occur here and there throughout the formation.
They are commonly abundant and locally are dominant

rock-forming components. Concentrations of mostly
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still unidentified impressions of mollusks and small
coral-algal recf masses are known locally. Spines and
fragments of echinoids aro common, and complete
specimens have been found.  One foirly well preserved
carapace of a.crab has been recovered from earthy inequi-
granular limestone in association with the echinoid

i lia, & ional i ions of crab claws are
known from various facies of the formation.

Table 7 gives a partial list of fossils from the Tag-
pochau limestone, based on paleontologic studies in
progress at the timo of its compilation. It is intended
here only to give o general idea of fossils present and
to set forth the principal evidence for correlation and
paleoecologic interpretation (for instance, only 30 of
the 170 or so specics of smaller Formanifera identified
are here listed). Comprehensive fossil lists and syste-
‘matic descriptions and revisions will be included in the
paleontological parts of the report.
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PapLE 7.—Partial list of fossils from the Tagpochau limestone !

Donni sandstono member
Transitional facies
‘Tuffaceous facies

Marly facies

Rubbly facies
Equigranular facies
Inequigranular facies

LARGER FORAMINIFERA

(Identified by W. Storrs
Cole)

Borelis pygmacus Hanzaws.

Cycloclypeus (Katacyclocly-

peus) transiens Tan..-—.-|--

(Cycloclypeus)  eidae
Tan.

When all the qualifications are made, the
of available fossil evidence favors an early Miocene age
for the T: imestone, as Miocene is und; d

Heterostegina borneensis van

ork.. -

in the western Pacific. It appears to span Tertiary e
on the basis of the orbitoid Foraminifera, with lower
and upper faunal zones. It is mainly early Miocene
in terms of Indonesian mollusk zonation. The corals
and echinoids also favor an carly Miocene age. Ter-
tiary f clements occur in association with larger Fora-
minifera ordinarily considered distinctive of Tertiary ¢,
but these arc so unusual that they are interpreted to
represent downward extensions of faunal ranges.

By way of amplification, it may be noted that the
algae are more useful in ecologic interpretation than in
age determination, because their i hic ranges

L

(

ephippioides Jones and

racnsis Crespin

(Nephrolepidina) parva
Oppenoort

sumatrensis

Y)
verbecki  Newton
and Holland.. ...
verrucosa Scheffen-|
Miogypsina  (Miogypsina)
thecidacformis (L. Rutten)
Miogypsinoides bantamensis

are not yet well understood. Also several extensions
of previously supposed geographic and stratigraphic
ranges will be noted by the specialist. For example,
the blue alcyonarian coral Heliopora coerulea is here
recorded in the pre-Pliocone of the Indo-Pacific for the
first time, the rock-boring echinoid Lchinostrephus is
recorded as a fossil for the first time, and the range of
Katacycloclypeus is here first extended below Ter-
tiary f.

Despite general agreement of the faunal evidence,
however, the precise age limits and exact correlation of
the Tagpochau limestone cannot be fixed with finality,
and some further discussion of these matters isin order.

On the basis of Shoshiro Hanzawa’s studies of the
larger Foraminifera, Risaburo Tayama assigned his
“Laulau limestone,” which is here included with the

to the Aquitani Tayama idered

the Aquitanian to be Oligocene. However, he referred

his “Tappocho (=Tagpochau) limestone” to a position

within the Miocené. In a conference with Cloud and
878761—60—0
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dehaartii  (van  der
Vi

erk)..
Sorites martini (Verbeek)-
Spiroclypeus higginsi Cole.
tidoenganensis van der
Vierk. -

SMALLER FORAMINIFERA

(dentified by Ruth Todd)

Benthonic

Amphistegina madagascar-
iensis D’Orbigny - -

Anomalinclia rostrata (H.
Brady)

Cibicides lobatulus (Walker

Clavulina angularis
D'Orbigny---
multicomerata  Chap-
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TABLE 7.—Partial list of fossils from the Tagpochan limestone '—
Continued

TABLE 7.—Partial list of fossils from the Tagpocha limestone'—
Continued

er

Donni sandstone meml
Transitional facies
Tuffaceous facies
Marly facies

Rubbly facies
Equigranular facies
Incquigranular facies

Donni sandstone meraber
Transitional facies
Tuffaccous facies

Marly facies

Rubbly facies
Equigranular facies
Incquigranular facies

SMALLER FORAMINIFERA—
continued

Discorbis mira Cushman. ...
Eponides of. E. umbonatus

Rouss. - |
Gaudryina (Siphogaudryina)
rugulosa Cushman.

MOLLUSCA

(Identified by Julia
ardner)

. Gastropoda

Bulla reussi Martin.
“Cassis" sp.

Nonion grateloupi (D'Or-
bigny).

pacificum (Cushman).
Osangularia bengal-
ensis
Planorbulina acerealis 1. B,
B

Reussella  glabrata  (Cush-
man).

simpler (Cushman) - |
Streblus byramensis (Cushe
man
mezicana (Nuttal).
Tubulogenerina  tubuls
(Parker and Jones

Planktonic

Globigerinoides

s conglobata
(1. B. Brady),

Cerithium (Ptychocerithium)
‘progoénse Martin
(Thericium)  aff.
columna Sowerby.
Conus sp.

Strombus sp.
of. §. rembangensis
Martin.
Terebra cf. T. (Strioterebrum)
indica Martin.
Trochus sp.
Turritella of. T. javana Mar-
tin.

sedanensis Martin.
of. T. spolongensis
Martin.
Vermetus sp.

KA

rubra (D’Orbigny)

Nenophora sp.

sacculifera (H.

b3

rady) -
Globorotalia  menardii (D’
Orbigny). .

Pelecypoda
Arca (Acar) reticulata (Gmel-

%%

tumida (H. B. Brady). .
Orbulina bilobata
(D'Orbi

Barbatia (Barbatia) sp.
Cardium (Fragum) javanum
Wanner and Haho.

AR

universa D'Or!

Chlamys (Aequi exar-

(Parkes and Jones)
kocki (Caudri)

atus (Martin)
cf. C. sedanensis (Mar-
tin)

KAK

seminulo (S

ANTHOZON
(Identified by Johu W,
Vells)
Asteeoparo sp.
Heliopors coerulea

Tellina sp.

Leptoseris doriformis Gerth.
Trockaseris forescens Feli

Tridacna sp.
Venus (Chiond) listeri G

See footmote st end of tsdle.

See footnote at end of table,
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TABLE 7.—Partial list of fossils from the Tagpochau limestone'—
Continued

Donni sandstone member
Transitional facies
Tuffaceous facies

Rubbly facies
Equigranular facics
Incquigranular facies

ECHINOIDEA

(Identified by C. Wythe
Cooke)

sp-
Clypeaster n. sp.
Echinolampasall. E.convacus

n. sp.
sp.
ia n. sp.
Schizaster n. sp.
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considering the fauna in question to be carliest Miocene,
or roughly Aquitanian.

1t has been suggested (Finlay, 1947; LeRoy, 1948)
that o world-wide stratigraphic datum is represented
by the lowest of the planktoni ini
Orbulina s. s. (0. universa), a form which makes its first
appearance on Saipan in the Donni sandstone member
of the Tagpochau limestone. LeRoy (1948, p. 507,
also chart p. 504), in fact, believes that this first ap-
pearance of Orbulina s. s. may correspond “to the divi-
sional line marking Tertiary ¢ and Tertiary f of central
and south Sumatra.” He also states that, in Ecuador
and the Caribbean, “Orbulina and Candorbulina enter
the section profusely at the base of the Upper Oligo-
cene,” with Candorbulina extending into the “upper
Middle Oligocene.” On this basis he would correlate
zone ¢ of the East Indics Tertiary section with the
middle Oligocene of the Caribbean section, although it
would seem that the beds in which Orbuling universa
first appears there are uppermost Oligocenc or basal
Miocene (Todd and others, 1954, p. 674, 675).

H. J. Finlay, who refers (1947, p. 352) upper zonc ¢
and the Aquitanian to the base of the Miocene, as we

Sismondia polymorpha Dun-
can and Sladen (=S. con-
veza Nisiyama)

ALGAB

Articulate corallin
Crustose corallines. --
Codiacean green, Halimeda

sp-..
Dasycladacean green, Cymo-
polia sp...-..

do, indicates the first appearance of Orbulina in New
Zealand to be basal zone f, or roughly Burdigalian. He
also states (1947, p. 338) that the first appearance of
Orbulina (with which he includes Candorbulina) “always
seems to be somewhere in the early Miocene.” Finlay
cites, with expressions of doubt, reported occurrences
of Orbulina in the Aquitanian of Oregon and French
Morocco (p. 337), and in the Oligocene of Cuba and
Prinidad (p. 338). He also notes that Cushmen bad
plainly indi d the correlative signi of Orbulina

1 No fosslls were found In tho Machegit conglomerate member.

Burke on July 13, 1949, Hanzawa gave as his opinion
that the faunas of the Tagpochau limestone examined
by him represent only Tertiary e, which he considers
equivalent to the Aquitanian and refers to the late
Oligocene. Exhaustive analysis of field and laboratory
data in collaboration with W. Storrs Cole finally re-
sulted in realization that the larger Foraminifera from
the T L I comprise a Heteroslegis

borneensis zone of early Tertiary ¢ age and a Miogyp-
sinoides dehaartii zone of late Tertiary e age, all Tertiary
¢ being here referred to Miocene. Whether Tertiary ¢
is most properly to be rogarded as Oligocene or Miocene
is, of course, a problem which can be permanently
settled only on the basis of comparison with the stand-
ard P section, and incing i

must await the establishment of standards of correla-
tion based on planktonic or pelagic organisms. Pend-
ing this, we feel that the evidence summarized favors
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as early as 1940 (Cushman and Dorsey, 1940, p. 40-42),
and calls attention to other published records of its
occurrence.

Although one apparently considers basal Tertiary f
to be late Oligocene and the other Miocene, both Finlay
and LeRoy indicate it as the point of first appearance
of Orbuling s. s. in Indonesia. On Saipan, as already
noted, its first appearance is Miocene, in terms of the
Caribbean section, and within Tertiary e of the Indo-
nesian sequence. The probable upper Oligocence of
Saipan (Fina-sisu formation) occurs unconformably
beneath the Tertiary e beds, within which the Donni
sandstone member is intercalated, lacks Orbulina s. s.,
and contains planktonic Foraminifera distinctive of the
Caxibbean Globigerinatella insueta zone. The seemingly
different local times of first appearance of Orbulina s. s.
are probably conditioned by facies relations. It occurs
most characteristically in banded calcarcous tuffs that
were presumably deposited in offshore aress. Where
only pure shoal-water limestones oceur, planktonic

Foraminifera are likely to be rare.
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Rocks lative with the T hau i
occur on Tinian, Rota, Guam, and elsewhere in the
western Pacific, but the proper nomenclature for these
strata is mostly not yet established.

O .—The distribution, the gradational character-
istics, and the lithic and faunal features of the various
facies of the Tagpochau limestone indicate that the
formation is the composite product of nearshore sedi-
mentary processes, acting over a considerable range of
depth and time. Miocene marine deposits overlapped

Tho matris of very fine grained (<0.1 mm) caleium
carbonate in which the larger bioclastic fragments of
the limestone facies are imbedded amounts to about
20 to 50 pereent of total rock volume. It contains much
clear calcite that is believed to be largely u:c alteration

. s Plat

product of phy 2 ly 7

At places this forms thin films of clear caleile around
clastic grains, as in beach rock. That any of it
could really have been beachrock is doubtful both from
association and biota, but it would scem that the

ancestral Saipan and eventually buried it .
Because the greater part of the island so buried was
composed of volcanic rocks and sediments, the immedi-
ately overlapping strata of the Tagpochau beds are

amount of i means that the clastic
grains were free to move slightly and not tightly packed,
as under load.

The benthonic smaller Foraminifera from the Donni

likely to be t: or marly, of actual
position in the composite vertical section. Although
they lated 3l these sedi probably
did not all come to rest in shallow water. They are also
of a far greater variety than even the eight subdivisions
mapped would imply. In fact, if the distinctive Donni
and Machegit members are excluded, the rest of the
formation represents an almost continuously variable
sequence, within which the facies mapped merely
approximate broad central tendencies.

The Foraminifera and algae found in the Tagpochau
limestone and its physical features, indicate that its
strictly calcareous parts originated mainly in waters of
shallow to moderate depth. On the basis of extrapola-
tion from known depth ranges of algae, species of smaller
Foraminifera, and the living larger foraminifer Cyclo-
clypeus (Cloud, 1952a, p. 2133-2134, 2144), average
depths for these parts were probably 10 to 50 fathoms,
with a total range from intertidal to somewhat more
than 50 fathoms. The abundance of larger Foramini-
fera also suggests that the bioclastic sediments ac-
cumulated on open banks rather than in reef-ringed
lagoons. The tuffaceous and marly facies, which occur
at basal positions in various parts of the succession,
may have in part accumulated along shore and graded
seaward to the clastic bank deposits of the inequi-
granular, equigranular, and other limestone facies.

The rock-boring echinoid Echinostrephus,aswellasthe
echinoid Sismondia and crabs, probably inhabited near-
shore waters. The dasycladacean alga Cymopolia
implies very shallow water at its place of growth, and,
although only fragments were found at most places,
its abundance at locality B107 suggests shoal-water
deposition. The benthonic smaller Foraminifera also
suggest very shallow waters. Direct evidence of true
reef remnants has so far been found in the Miocene of
Saipan only as a single small coral-algal mound, but
probably other small reefs also rose from the shallower
parts of the progressively subsiding bank on which the
inequigranular facies is inferred to have accumulated.

d: member suggest its origin at greater depths
than the 10 to 50 or so fathoms implied for the bulk
of the formation. According to Ruth Todd, they
indicate depths of 200 fathoms or more for the accumu-
lation of the Donni sediments. At the samo time, the
trapsition and wedging of these sediments into shallower
water deposits indicates that their depositional environ-
ment at places extended into the 50-fathom zone. In
fact, these relations make it difficult for us to accept
depths much in excess of 100 fathoms, if as deep as this,
for the Donni beds, even though they do appear to have
formed farther offshore, and probably at greater depths
than equivalent limestone beds.

Presumably the volcanic materials that make up the
tuffaceous sandstone of the Donni beds were somehow
concentrated in a zone of mainly deeper sedimentation
below the bank margins—but the question is, how?
Lithic resemblance and distribution pattern suggest
that the bulk of the Donni sediments may have been
moved along the eastern bank margin from current-
swept tuff outcrops of the andesitic TFina-sisu and
Hagman formations at a sedimentary level mainly
below that at which contemporaneous limestone beds
were accumulating. The general absence of Donni
beds from the western side of the island, moreover,
suggests their close relation to source materials, cur-
rents, and depth. Likewise, local thickness variations
suggest a linear sedimentary trap or area of concentra-
tion parallel to and in from the present eastern shore.

horeli ions during sedi naturally
produced complicated relations, and scour by descend-
ing currents may have locally provided an uneven
bottom topograpby which was then mantled by
depositional “folds.”

OF MAPPED

DONNI SANDSTONE MEMBER

Plates 6F, 94,C, 20, 214
Lithology.—The Donni sandstone member comprises
thinly bedded and well-bedded, soft, tuffaceous,
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marine sandstone, siltstone, marl, and shaly beds, and
pebble and granule conglomerates. The detrital ma-
terials are dominantly reworked voleanic sediments
and the bonding material is calcarcous and weak.
Grain size is very fine (< 0.1 mm) to very coarse (4.0
mm or larger), but mostly about 1.0 mm. The color
is characteristically drab. It includes shades of brown,
gray, green, and light red, but light and dark brown
and yellowish to olive gray are dominant.
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facies so that it passes gradually upward into the Donni
sandstone member, presumably as sea level rose or sea
bottom sank. In a coastal re-entrant of central I
Naftan Donni-like materials are intimately mixed with
limestone in upper Tertiary e beds belonging to the
transitional facies of the Tagpochau limestone. In
As Teo the Donni member is also gradational into the
transitional facies, and in almost the same manner as at
Hagman point. Probably the Donni also grades into

or with the Mach member

‘The detrital consist characteristically of
grains of andesite, with minor dacite(?), clay minerals,
magnetite, and quartz, all loosely bound by calcium
carbonate. Globigerina and other smaller Foraminifera
oceur at most places and locally constitute the bulk of
some thin lnyers. At places the sandstone contains
scattered fragments or even large blocks of fossiliferous
Tertiary ¢ limestone, that presumably rolled or slid
into it from neous deposits in shall
waters above its place of accumulation. Commonly
the basal part of the Donni consists of very coarse-
grained rock having an average grain diameter of about
4 mm. Locally it even contains thin layers of pebble
conglomerate intercalated with fine- to medium-grained
sandstone, but such layers rarely exceed a few feet in
thickness, and ordinarily they are much thinner. The
pebbles are from about 5 mm to 2 or 3 cm in diameter
and consist of rounded fragments of intensively
weathered andesite and fine-grained calcareous tufflike
material.

The large proportion of clay minerals and the weakly
bonded nature of the rock produce the effect of firm
softness so that, when wet, the finer-grained layers have

hat the and feel of and have
been so called.

Joints in the Donni member are-commonly filled with
crystalline calcite, forming narrow veinlets 1 to 3 mm
wide. Upon weathering of the sandstone these veins
project above the surface and outline the joint pattern
in a distinctive manner.

Field relations—Although at any given place the
Donni member may lie relatively above, below, or
within the local Tagpocheu succession, its general
distribution pattern suggests that it properly occupics
a position somewhere near the middle of the formation.
Tsolated outerops, of course, probably occur at several
stratigraphic levels within this broadly medial position.

In the vicinity of Hagman point the orbitoidal, upper
Tertiary e, transitional facies of the Tagpochau lime-
stone, deposited at moderate to shallow depths, grades
upward into the supposedly decper water deposits of
the Donni. The transitional facies contains layers of
calearcous sandstone that are similar in texture and
composition to the Donni. These layers become more
and more abundant toward the top of the transitional
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in this same area, although such a relation was not
actually observed.

Although the Donni member appears transitional to
other beds at some places and wedges out into presum-
ably equivalent strata at others (as at I Madog), it also
scems to abut generally contemporancous or slightly
older strata at other places, and it occurs on the west-
ern side of Saipan only in the Chalan Kiya arca. How
the Donni may have achieved its unusual outwedging
or abutting relations and restricted distribution is briefly
considered in a preceding discussion of the origin of the
Tagpochau limestone.

Areal distribution, typical occurrences, and thickness.—
Outerops of the Donni sandstone occur over an area of
about 1.2 square miles, mainly along the east side of the
jsland. In its most continuous belt, from the north
shore of Laulau bay northward to I Hasngot ravine, it
averages about 100 feet thick and overlaps Eocene
voleanic rocks as well as several facies of the Tagpo-
chau limestone. The probable continuation of this
same belt in the southern third of Saipan thins markedly
southward.

In general the Donni member is thickest at the south-
central part of Saipan and thins to the east, north, and
south. At the surface, in the vicinity of Chacha wells,
in the Hagman area, its calculated thickness is 200
feet, and the drillers’ records of the Chacha wells are
in essential agreement with this figure.

However, in the clifis north of Hagman point, east
of Chacha wells and in the extreme eastern portion of
the island, the Donni member is only 20 to 35 feet thick.
In the eastern Achugau grasslands, the thickness is
about 60 feet. And at I Madog far to the northeast,
and I Naftan, far to the southeast, it is less than 10
feet thick. Small tongues or lenses of Donni-like sand-
stone also oceur in undifferentiated strata of the Tagpo-
chauli in and near I Eddot lands (Sabanan
I Eddot), in the south-central part of the island, but
Foraminifera were not obtained from these occurrences.

Cuttings from a drilled well at Chalan Kiya in south-
west Saipan provide the only record of Donni beds from
western Saipan. This record is given in table 8, with
founal determinations by Ruth Todd. Assuming hori-

zontal beds, it indicates a minimum of 20 feet of the
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Donni sandstone member, & probability of 110 feet,
and possibly as much as 170 to 190 feet.

‘TasLe 8.—Cullings from a drilled well at Chalan Kiya, Saipan

Depth
below
surface
Nature of cultings and fossils (Jeet )
Powdery limestone containing shallow-water beathonic 53985
Foraminifera, with rare Miocene or younger plank-
tonic specimens. Possibly the Mariana limestone,
the rubbly facies of the Tagpochau limestone, or
both.
Tuffaceous sandstone with sbundant Donoi-type 125-145
planktonic Foraminifera.
Donni-type planktonic Foraminifera present, possibly 185-235
as contaminant in lower part.
Oligocene (Fina-sisu) Foraminifers possibly present. 290-205
Too poor and few for certain ination, and

layers of bentonite-like, expanding clays occur as o
probable weathering product of the Donni. This ma-
terial is a light-green to white, highly plastic, hygro-
scopic mixture of clays, all of which probably belong to
the montmorillonite group.

Terrain and regetation (pl. 204).—The Donni beds
are easily gullied, and where the area of outcrop is ex-
tensive the ch istic topographi ion is an
intricate pattern of narrow ravines.

In the broad belt of outcrop along the castern side of
the island small east-west folds (maxi plitud
to 50 feet) effect a certain topographic control in that
“anticlines” generally coincide with ridges, whereas
intervening valleys are “synclinal.”

here undisturbed, the surface of the Donni sand-
stone member ordinarily supports o dense growth of

beds might belong to the Donni.

Densinyama-type siliceous sediments. Barren or 415181
nearly £o, with contamination by Miocene glo-
bigerinids in lowest sample.

Type section—The Donni sandstone member of the

hau li was originally described by Tay-
ama (1938, p. 38) as the “Donny beds.” He gives the
type locality as Donny (same locality as I Denni, from
the possessive form of Donni), but designates no type
section.

The Donni beds are here considered to be & member
of the Tagpochau formation, comparable with other
facies of the formation but warranting recognition as
2 named member because of sharply distinctive lithic
nature and paleoecological characteristics, and gener-
ally pronounced lateral persistence. The type section
of the Donni member is herewith designated as being
between I Hasngot ravine and I Pitot ravine (Kanat I
Hasngot, Kanat I Pitot). Its base is west of the junc-
tion of the Cross-Island Connecting Highway and the
East Coast Highway and its top is along the East Coast
Highway about 800 feet east-southeast of the junction.

dgrass, but jungle growth flourishes in areas where
calcareous beds weather to a good moisture-retaining
surface. Large stands of the introduced Formosan koa
may be seen in the area of outcrop immediately south
from Halaihai ravine (Kanat Halaihai). The thin soil
layer retained over the larger part of the Donni member
seems not to be much favored for agricultural purposes,
although was 1, i d on it by
the Japanese at several places.

Fossils, age, and correlation.—The known fauna of the
Donni sandstone member of the Tagpochau formation
is dominated by small Foraminifera, which are repre-
sented by nearly 100 identified species. Species of
Globigerina are most abundant, but Orbulina and many
other genera are also present. There is a strong foram-
iniferal facies difference between the Donni member
and other facies of the Tagpochau limestone—only 21
of the 166 species that occur in the whole of the Tagpo-
chau being held in common between the Donni and the
rest of the Tagpochau, and 12 of these being blanktonic
forms. A very few larger Foraminifera have been
found in the Donni member, and these are of types that
are common in the calearcous facies of the Tagpochau

This is uniform th h and
corresponds to the mode described for the Donni
member.

Weathering.—Although the Donni sandstone member
is soft and easily weathered, its soil cover is ordinarily
shallow. The Donni soils are brown to red, slightly
acid to slightly alkaline, iron-bearing clays from a few
inches to perhaps 2 or 3 feet thick, and the average soil
layer is less than a foot thick. They consist of clay
minerals mixed with iron and aluminum sesquioxides
and are ordinarily highly plastic. Dark-red plastic
cleys as thick as 6 or 8 feet are confined to a small area
northeast of Donni springs (Bobo I Denni).

On the surface above and east of a small quarry at

i Fragments of inequigranular Tagpochau
Timestone that occur in the Donni beds contain many
dividuals of Lepidocyclina, Mi inoides, and Mio-
gypsina. At locality B186 a limestone ledge reported
by Burke to be clearly interbedded in the upper part of
a sequence of Donni beds produced large Foram-
lmfen} of the upper Tertiary e Miogypsinoides de-
haartii zone. At the sea cave called I Madog, a little
northeast of B186 the Donni sandstone member wedges
out into and beneath lower Tertiary e Heterostegina

borneensis limestones.
On the basis of faunal content as partially listed under
the g‘enerul' discussion of the formation, as well as on
iation, the Donni is id to be

the north end of Dago cliff (Laderan Dago) a few thin

lower Miocene. It appears to include equivalents of
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lish

sinyama cannot be d by inspec-

sectio!

tion alone. They have been recognized only at places

Origi g the 1

the Donni sandstone member are genera which in
modern seas occur only in relatively decp water, while
the most likely source for its noncalcarcous lithic com-
ponents is belioved to have been preexisting Oligocene
and Eoceno volcanic sediments. TIts geographic dis-
tribution and unusual stratigraphic relationships appear
to rule out & primary voleanic origin. Although it was
formed penecontemporancously with other facies of the
Tagpochau li it thus, bly, 1

at depths below the banks on which the carbonate facies
of the Tagpochau were accumulating and derived its
clastic components mainly from reworking of older
source materials. This interpretation would also explain
the presence in the Donni beds of occasional scattered
cobbles and rare large angular boulders (as much as 3
feot in diameter) of Tagpochau limestone. Although
the depths suggested by the benthoni inifera of
the Donni are considered to indicate much deeper water,
it scems probable, from its gradational relations to other
facies, that the Donni sediments themselves at least
locally extended into waters little if any deeper than 50
fathoms. In factitis likely, from stratigraphic relation-
ships with shallower water deposits, that the Donni
beds mostly accumulated at depths that did not much
exceed 100 fathoms.

MACEEGIT CONGLOMERATE MEMBER

Lithology—The Machegit conglomerate member
(new name) of the Tagpochau limestone consists of well-
rounded and deeply weathered cobbles and boulders of
andesite in o matrix of finer material of essentially the
same composition, the whole rather loosely consoli-
dated. It also includes a few rounded fragments of
quartz-rich rock (perhaps dacite) and scattered boulders
and smaller fragments of a silica and iron oxide replace-
ment product, perhaps of limestone. The silica- and
iron-oxide replaced “limestone” blocks are concen-
trated at the base of the conglomerate. They are be-
Tieved to have been derived from the underlying transi-
tional facies of the Tagpochau limestone, though it is
not possible to identify them positively as such. There
is liftle variation in the lithic components of the mem-
ber, but the larger particles decrease in size from the
base upwards. At the base the maximum diameter of
the andesite boulders is about 3 feet, and toward the top
it is about 1 foot.

At no place has the Machegit member been found to
contain either interstitial calcium carbonate or fossils
of any sort. It appears to be of limited lateral extent
and nearly uniform stratigraphic level. Differentiation
of the Machegit beds from parts of the Eocene Den-
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where of such
with more orthodox facies of the Tagpochau limestone
indicates a Miocene age.

Type section, thickness, areal distribution, and field
relations—The type scction of the Machegit conglom-
crate member was measured across tho area of ex-
posures immediately cast of the southern part of
Machegit cliff (pl. 204) and just north of Adelug cliff
(Laderan Adelug), about 350 yards northwest of Donni
springs (Bobo I Denni). At this place it appears to
underlie the incquigranuler facies and it overlies the
transitional facies of the Tagpochau limestone. This
section, described in a later part of the report, is 40 feet
thick, but the maximum thickness of the member is
probably somewhat greater, and it thins to disappear-
ance.

The total areal extent of the Machegit conglomerate
member is only about 65 acres. It outerops as & narrow

belt, 80 to 500 feet wide and 1.3 miles long, along the
base of Adelug and Machegit cliffs in the east-central
part of the island. Similar rocks of Miocene age are
Inown elsewhere on Saipan only at the base of the bluff
above Nicholson spring near the head of I Daog ravine
(Kanat I Daog) and not quite a mile east-southeast from
the south peal of Mount Tagpochau. Here a lens of
conglomerate as thick as 2 feet, and too small to map,
crops out for about 150 feet at, and a little above, the
level of a conspicuous bend in the paved Cross-Island
Highway. It lies entirely within Tertiary ¢ limestones
which are gradational in characteristics between the
tuffaccous and inequigranular facies.

Terrain and weathering.—The belt of outerop of the
Machegit conglomerate member is so narrow that it
effects little control on the topography. However,
along the base of Adelug and Machegit cliffs it forms
the face of a low and discontinuous scarplet which has
been eroded to smooth slopes in most places.

The member is deeply weathered in all known oc-
currences, the andesite boulders and the surrounding
matrix being altered to clay minerals. The weathered
andesite boulders are various shades of red, purple,
green, and gray; and the matrix is typically reddish
brown from disseminated ferric oxide. A dark brown
to reddish-brown clay seil 1 to 3 feet thick is developed
on parts of the conglomerate. This soil is slightly acid,
with & pH of about 6.

Age and origin.—Although the Machegit member has
yielded no fossils, it is considered to be of early Miocene
age. The evidence for this is its already noted occur-
rence probably beneath the inequigranular facies and
surely above the transitional facies of the Tagpochau
limestone, both of which contain distinctive Tertiary
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e larger Foraminifera. More specifically, the recog-
nized occurrences of this member appear to fall entirely
within enclosing rocks that belong to the lower e zone
of Heterostegina borneensis.

To the east of the belt of outerop of the Machegit
member, however, the transitional facies underlies
the Donni sandstone member. The position of the

itional facies und h both the Machegit and
Donni in adjacent outcrops suggests that the Machegit

1 and Donni members at this
place are nearly contemporaneous facies, one grading
laterally into the other. The Machegit thus might
have been derived from a residual area of Densinyama
conglomerates to the west, of which remnants are still
to be seen, and could be thought of as grading seaward
into the tuffaccous sandstone of the Donni member to
the east. However, the seeming absence of marine
fossils and interstitial calcium carbonate from the
Machegit is opposed to this interpretation and might
even be taken to suggest a subaerial origin for the
Machegit. This problem cannot be conclusively settled
on the basis of available evidence.

TRANSITIONAL FACIES
Plates 6F, 7C, 9D, 10B, 124, 214

Lithology.—The transitional facies of the Tagpochau
li consists of cal and andesitic congl
erate, calcareous tuffaceous sandstone, and marly beds.
The cal and
may be mixed in any proportion, so that the unit ap-
proaches the characteristics of the Donni member
on the one hand and those of the inequigranular facies
on the other. At places the facies includes concen-
trations of larger Foraminifera, as layers or channel-
filling lenses.

Thickness, aereal distribution, and field relations.—
This facies attains a maximum thickness of about 40
feet in the bluffs above Hagman beach (Unai Hagman),
in the castern point of Saipan, where it underlies the
Donni member. Local unconformities are common—
especially beneath, but also in the upper surface of the
facics. It grades northward into the inequigranular
facies of the Tagpochau limestone beneath the Donni.
Similar but thinner deposits containing identical larger
Toraminifera oceur at the south of the coastal reentrant
near the mid-length of I Naftan. Here, however, they
are overlain by the inequigranular facies and themselves
display strong similarities to the Donni member.

TFossils, age, and origin.—Foraminifera from the
transitional facies, as tabulated under the general
description of the formation, indicate correlation with
both upper and lower zone ¢ of the East Indies Tertiary,
referred to the lower Miocene. Although only a few

known from this facics are listed in the tablo refurred to,
the total assemblage indicates accumulation nt moder-
ate to shoal depths. This implies cither alwupt decpen-
ing where the facies grades to typicnl Donni scdiments
or a shallower depth range for the Donni Toraminifera
than is generally attributed to these genera.

TUFFACEOUS FACIES

Lithology and field relations—This unit is an impure
clastic limestone. It is inequigranular, locally fossilif-
-erous, well-bedded and locally cross-bedded, for the
most part poorly indurated, and generally reddish
brown to dark yellowish-orange. At places fragments
of voleanic material constitute as much as 80 to 90
percent of this facies, but normally the percentage
of volcanic material is less, and although the rock is
ordinarily decply leached, the original content of
calcium carbonate was probably fairly high.

At other places smaller Foraminifera and fragments
of echinoids, mollusks, and the staghorn coral Acropora
form more than 50 percent of the rock. Tongues and
interbeds of other facies of the Tagpochau limestone
are common in the tuffaceous facies, and the converse
is also true at some places. By a decrease in the volume
of reworked impuritics the tuffaceous facies grades into
the marly facies.

The average grain size and its range vary widely.
The larger dimensions of included fragments of reworked
volcanic material are as much as 10 mm, but the
average is probably near 3 mm. Interstitiol matrix
is 0.2 mm to less than 0.] mm and includes both
detrital particles and clear crystalline calcite.

The thickness of individual beds ranges from a few
inches to 10 feet or more, and beds of clay or silt 1 to 2
feet thick are common.

Thickness, areal distribution, and typical occurrences.—
This facies attains a maximum observed thickness of
about 170 feet at As Rapagau, in west-central Saipan.
It is best and most widely developed on the lower
western slopes of Tagpochau cliffs (Laderan Tagpochau),
in Mount Tipo Pale (Ogso Tipo Pale), and in the
southern part of Talofofo ridge (Ogso Talofofo), but
o few small ing patches occur elsewh
Ter-ain and weathering.—The terrain underlain by
the tuffaceous faciesis primarily one of moderate to
gentle and fairly even slopes. It locally grades to
deeply incised valleys with thick jungle vegetation.
The few scarps are due to capping by purer, more
compact rock, generally of another facies. Patches
of the tuffaceous facies that are surrounded by more
resistant types of rock generally occupy topographic
depressions.

The weathering characteristics of the tuffaceous

of the approximately 70 species of small Foraminifera

facies depend on the amount of reworked volcanic
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material included. Rocks with a high proportion of
such impurities generally weather to an acidic soil over
a saprolitic zone of several inches to many feet. As the
tulfaccous content decreases the facies takes on the
weathering ¢l istics of the purer carbonate facies.
Locally the tuffaccous facies and adjacent portions
of the marly facies of the Tagpochau limestone produce
residual clays so thick and extensive that they are
mapped as separate surficial units.

TFossils, age, and correlation.—At places beds and
lenticular patches within the tuffaccous facies consist
primarily of large and small Foraminifera, and frag-
ments of ecchinoids, mollusks, and corals, including
Acropora and other genern. Some beds have no mega-
scopically recognizable fossils, but no relation was
obsorved between purity and faunal content. Most
of the few fossils identified are tabulated under the
general description of the formation, but, in addition,
the large Forami; M inoides and Operculi
and the echinoid Sismondia, were identified from this
facics in the fild. Correlation is with both upper and
Jower zone ¢ of the East Indies Tertiary, There regarded
as lower Miocene.

MARLY FACIES

ZLithology and field relations—The impure limestones
that make up the marly facies of the Tagpochau lime-
stone are characterized by argillaceous material in
excess of 10 pereent of total volume (estimated), mod-
erate induration, and a gonerally tan to yellowish-
white or yellowish-orange color. They are mostly
very fine grained, generally equigranular but grading
to inequigranular, and ordinarily well stratified in beds
from a few inches to about 3 feet thick.

The grain sizo ordinarily ranges from less than 0.1
to 0.3 mm, but at places larger included volcanic and
limestone particles as much as 3 mm in diameter are
common. Thin sections show algal fragments, smaller
TForamini and ional larger inifera in &
fine tuffaccous and calcitic matrix of grain size gener-
ally less than 0.1 mm. The purer parts of this {acies
grade into the inequigranuler or equigranular facies of
the Tagpochau formation.

The included impurities in the marly {acics of the
Tagpochau limestone are generally argillaceous or
finely tuffaccous. With increased proportions of ande-
sitic material, the marly facies not uncommonly grades
into tho tuffaccous facies of the Tagpochau limestone.
Tongues and interbeds of other facies commonly occur
within zones which on the map are shown as belonging
to the marly facies.

Thickness, areal distribution, and typical occurrences.—
The thickness of this facies ranges from a few feet to
possibly more than 500 feet, the estimated thickness
(difference in dlevation from base to top) of the seom-
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ingly horizontal section at Mount Tipo Pale (Ogso
Tipo Pale), southwest of Mount Tagpochau. Its
largest arcal representation is in central Saipan, in
irregular patches that are generally marginal to the
great mass of the inequigranular facies that makes
up tho core of the Tagpochau uplands. It also occurs
widely, but in smaller patches,in other parts of theisland.

Not only the thickest but also onc of the most
characteristic occurrences of the marly facies is at
Mount Tipo Pale. At this locality it includes many
beds, tongues, and lenses of other facies of the Tag-
pochau limestone and grades into the inequigranular
facies that forms the steep slopes to the west. The
marly facies is also well displayed along Mount Talo-
fofo, in the subdivision of I Denni known as I Lisong,
in cast-central Fina-sisu, and at other places; but its
thickness at these localities is almost invariably less
{han 100 feet and commonly less than 50 feet.

Terrain and weathering.—Slopes of surfaces under-
lain by the marly facies are as much as 20°. On
them are found occasional projecting ledges of better
indurated beds of the marly type, or compact beds
like those of the inequigranular facies. Scarps and
benches that are wholly within the marly terrain are
rather subdued, and thus produce o rolling surface
of linear grain. .

The marly facies weathers to an alkaline clayey soil
of an average depth of 2 to 3 feet. The transition
from soil to rock is sharply defined. Smooth-surfaced
residual limestone pinnacles are common, but they
are not of the sume number or size as those in the
inequigranuler facies. The thickness of the soil in-
creases, and the height of the pinnacles decreases with
increase in the amount of clay in the parent rock.

At o few places gradational to the tuffaceous facies,
the marly facies produces a deep residual clay that is
then mapped as a separate surficial unit, together with
similar clays that occur over the adjacent facies.

Fossils, age, and correlation.—TFossils tabulated under
the general description of the formation indicate cor-
relation of the marly facies with both upper and lower
Tertiary ¢ of the East Indies succession, here regarded
as lower Miocene. 1n addition to these, about 20
other species of smaller Foraminifera have been identi-
fied by Ruth Todd. In the field the echinoid Sismondia
was recorded at the top of Mount Tipo Pale and at
several localities in I Agag and Papago. Fragments
of echinoid and molluscan shells, joints of Halimeda,
and thin discontinuous bands of crustose coralline algae
were also observed at o number of localities.

THICK RESIDUAL CLAYS OVER TUFFACEOUS AND MARLY FACIES

In the western part of the Papago district (85 acres),
and on the flat summit of the southern part of Mount
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Talofofo (45 acres), are extensive areas of clays thought
to be residual trom the underlying tuffaceous and marly
facies of the Tagpochau limestone. They are known to
overlie the marly facies in both the Papago and Mount
Talofofo areas, and a cobble of limestone partially
replaced by iron oxides was found in the clays of the
Papago aren. At the few places where it has been
observed, the contact between the clays and the under-

lying marly li is abruptly itional. In

thinly bedded to apparently nonbedded. Color ranges
from gray, pink, or tan to yellowish orange.

The rock is commonly made up of angular particles
or fragments as long as 40 mm in o matrix of grains
from less than 0.1 to 1.0 mm in dismoter. ‘Tho angular
particles and the matrix are generally of similar com-
position, and it is conceivable that this could have
resulcec} from a sort of brecciation in place, due to

i thal

the Papago district the clays are as thick as 12 feet in
road cuts, and a probable maximum thickness of at
least 20 to 30 feet is indicated by depths of gullies and
topographic relations. In the Talofofo arca these
clays are at least 6 feet thick and probably attain o
maximum ot 20 to 30 fect in large depressions. They
are mapped as a separate unit because they extensively
conceal the rocks from which they are presumably
d X loped, ing surface di intion of the
primary stratigraphic units.

The clays are mottled and banded and are plastic
when wet. The banding is subparallel at any given
spot, but is oriented at all attitudes between horizontal
and vertical. It consists of alternating narrow bands
and streaks of relatively pure, iron-free, light-gray and
white kaolinitic(?) clays and lenticular bands and
streaks of i ined reddish-b ish:

and slight of b
originally consisted of alternating poorly indurated
beds and firmer layers. Two thin sections of non-
rubbly layers within this facies (locs. C31 and C127)
show a medium- to fine-grained algal and foraminiferal
limestone of which 30 to 70 percent is matrix made up
of bioclastic to clear crystalline calcite in grains less
than 0.1 mm in diameter.

Although the rubbly facies is for the most part
relatively purc and does mot contain megascopically
determinable volcanic material, it includes much
argillaceous material that was probably derived from
weathering of volcanic source materials.

Thickness, areal distribution, and typical occurrences.—
The thickness of the rubbly facies ranges from a feather
edge to at least 120 feet in the large quarry west of the
mouth of I Eddot ravine (quarry 16 of Stearns) in

brown clays. The banding is fairly uniform through-
out and probably extends to the bottom of the clay
bodies. Departures of this banding from a subhori-
zontal attitude may be due to creep or slumping.
The clays of the southern part of Mount Talofofo
are not so highly mottled as those in the Papago
area, and they ly contain abund small con-

th tral Saipan, and possibly to as much as 150
feet in southern I Agag, in east-central Saipan. Its
largest area of continuous outcrop is along the base of
I Agag cliffis (Laderan I Agag) and eastern Tagpochau
cliffs, where it extends for nearly 2.7 miles in a north-to-
south belt that ranges generally between 300 and 1,000
feet wide. It also occurs as smaller patches, or as

cretions of goethite or limonite and manganese oxides.
These ferruginous and i ions are
of various shapes and sizes. Many are tubelike,
attaining diameters of % to % of an inch and lengths
of 3 and 4 inches. Such may have been formed
about roots of dead and decaying plants. Others are
spherical or irregular.

Slopes are gentle in the areas underlain by these thick
clays, the soil is slightly acid to neutral, and the
vegetation is largely swordgrass, as is common to the
clay soils of volcanic areas. On bare slopes the clays
are extensively gullied.

RUBBLY FACIES
Plates 10D, 12B

Lithology and field relations.—The rubbly facies of the

1 Ii is ch ized by uneven
induration, rubbly texture, poor preservation of fossil
material, and general purity. The clastic limestones

)\ or tongues, in other facies in most parts of
Saipan where the Tagpochau limestone is present.

This facies is well displayed in the type section of the
formation, along and near which it ranges between 60
and 95 feet thick. However, it is best displayed in the
large quarry west of the mouth of I Eddot ravine,
where it is well but unevenly bedded, shows & succes-
sion of thin, well-indurated to poorly consolidated
layers, and displays several clay seams that probably
represent outwashing of soil material from land that
was nearby at the time of deposition.

The rubbly facies most typically occurs in valley
floors or along the base of cliffs, where it forms 10° to
20° slopes. Layers that are more massive and better
indurated than is typical of this facies form ledges on
such slopes.

Soil cover on this facies is clayey and averages
slightly deeper then that over the inequigranular
facies of the same formation. The contact between the
soil and the unweathered rock is sharply defined.

of this facies are inequigranular, and they range from
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TFossils, age, and correlation.—The rubbly facics of
the Tagpochau limestono contains much fossil material,

@ 50-Yr 2013/10/22 : CIA-RDP81-01043R002500120003-4

GENERAL GEOLOGY 75

but a good deal of it is too fragmentary or too poorly
presorved for positive identification. The larger For-
aminifera tabulated under the general description of
the formation indicate correlation with both upper and
Jower zone ¢ of the East Indian Tertiary (lower Mio-
cone). Tho echinoid Sismondia has been found inter-
mittently along the south half of the long belt of the
rubbly facies that ranges north to south along the lower
slopo of I Agag cliffs and the lower castern slope of
Tagpochau cliffs. This belt is mainly in the lower e
Heterostegina borneensis zone. Joints of Halimeda and
fragments of molluseca, were also observed in the field
in some of the larger well-indurated fragments.

EQUIGRANULAR FACIES

Lithology and field relations.—This facies

\est-central part of the island, east from Muchot point;
but it is also exposed west of the highest terrace of
south Kalabera cliffs, in the northeast part of As
Matuis, and it forms a part of the cliffs on the north
shore of Faiiunchuluyan bay. Rocks of this type also
occur as unmapped lenses, tongues, or beds within
other facies.

Terrain and weathering—Marine benching in the
outerop area of the inequigranular facies has produced
2 terrain of vertical scarps and essentially flat benches.
Residual pinnacles do not develop markedly in the
equigranular facies of west-central Saipan, but in other
areas whera this facies outerops they are comparable
in distribution and size to their development in the
inequigranular facies. The soil that develops over the

i lar li is cl istically deep red

equigranular clastic limestones that are fine- to coarse-
grained, medium- to well-indurated, generally well-
bedded, and generally pure. Although it seems at
places to be hardly more than a well-sorted phase of
the inequigranular facics, it everywhere differs from
latter in lacking conspicuous fossils. Its color ranges
through white, gray, tan, yellowish orange, and pink.
The average grain size ranges from about 0.1 mm in
the west-central part of Saipan to about 2.0 mm at
Faiunchuluyan bay. -

P of the equij facies in t-central
Saipan and at TFafiunchuluyan bay (Bahia Fafiunchulu-
yan) have only & medium degree of induration, but the
exposures at north Kalabera dliffs (Laderan Kalabera
Katan), and along the north-central ridge of the island,
are highly indurated. The bedding of the unit is well
developed, with layers from o few inches to 1 or 2
feob thick in west-contral Saipan and in the north-
castern part of As Matuis, and 6 to 10 feet thick at
TFafunchuluyan bay. West of south Kalabera cliffs
(Laderan Kalabera Lichan) the rock is massive and
well-indurated, and bedding is indistinct. Although
essentially free of megascopic volcanic material at
most places, local exposures in west-central Saipan
have a marly appearance.

n northeastern As Matuis and at north Kalabera
dliffs the equigranular facies grades into the inequi-
granular facies, with accompanying increase of included
fossil material.

Thickness, areal distribution, and typical occurrences.—
The thickness of the facies ranges from a few feet to
more than 220 feet, the thickness of the incomplete
section exposed at north Kalabera cliffs (difference in
clevation of horizontal beds in bluff face).

The equigranular facies occurs in three main areas
and several smaller areas in west-central and northern
Saipan, together covering about 1.2 square miles. The
largest area of outerop is in the lowest terrace of the

1

q is
and clayey, and averages 1 t0 2 feet thick. The change
from unweathered rock to soil is abrupt.
Fossils, age, and correlation.—Larger Foraminifera of
is ond Mi )

both the H gina borne n

dehaartii assemblages have been identified from the
equigranular facies. These denote a range from early
into late Tertiary e (early Miocene).

INEQUIGRANULAR FACIES
Plates 104,C, 11, 174

Lithology and field relations.—This unit is an inequi-
granular, clastic limestone; very well indurated, char-
acteristically massive and indistinctly bedded, rela-
tively pure, and generally rich in orbitoid or miogypsinid
Toraminifern. In color it is typically pink, white,
yellowish, gray, or variegated. The grain size in 8
hand specimen may range from grains of microscopic
dimension to angular fragments with an observed maxi-
mum dimension of 30 mm. Fragments as much as
10 to 30 mm long are ordinarily angular and of the
same material as the matrix. Manganese oxides, hema-
tite, and volcanic material are disseminated through
the rock at some places. Normally the impurities are
only minor constituents of the facies, but they consti-
tute a major part of some small patches.

Study of 29 random thin sections showed 20 whose
larger grains were dominantly larger Foraminifera and
fragments of coralline algae in 20 to 40 percent of
matrix composed of clear crystalline calcite and fine
bioclastic debris. The dominant grains averaged 0.4
to 2.0 mm, and the matrix grains less than 0.1 mm in
diameter. The coralline algal fragments are mainly
of articulate forms, but there is no marked volumetric
dominance of either Foraminifera or algae. The crys-
talline calcite of the matrix is probably an alteration
product from interstitially precipitated aragonite. One

slide consisted mainly of smaller Foraminifera.
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Contacts between the inequigranular facies and other
facies of the Tagpochau limestone are at many places
gradational through a wide zone. This is due to the
gradual increase in the number of lenses or tongues of
one or the other facies until that lithic type becomes
dominant.

Thickness, areal distribution, and typical occurrences.—

The inequigranular facics ranges from o feather edge
to o maximum thickness probably in excess of 900
feet, this being the incomplete composite thickness of
the Baiiadero cliff and Tanke cliff scctions joined at
the approximate contact between the faunel zones of
Heterostegina borneensis (about 236 feet in Tanke clifls
section) and Miogypsinoides dehaartii (about 670 feet
in Bafiadero cliffs section).
- The inequigranular facies is the most widely dis-
tributed rock type on Saipan, comprising the bed rock
over nearly one-third of its total land area and at least
60 porcent of the areas of limestone terrain above an
elevation of 250 feet. The largest arcas of outcrop are
those which constitute the axial uplands north of
Mount Achugau and the outerops of and adjacent to
Mount Tagpochau in south-central Saipan. In the
north these limestones are characteristically pink or
variegated and markedly pure. In the central area
of Saipan they are characteristically white to very light
gray or light pink and locally somewhat impure. Rocks
of the latter type commonly occur as beds, tongues, or
lenses within masses of other facies.

Terrain and weathering—The terrain expressionof
the inequi li facies is ck isticall
one of flat benches at several levels, separated by verti-
cal and near-vertical scarps. The benches or terrace
surfaces have been modified by solution and tectonic
action. Parts of the higher terraces are bordered along
the outer or seaward edge by  serrate, pinnacled solu-
tion rampart as high as 30 fect, and some terrace sur-
faces are tilted to the west (notably the three terraces
of south Kalabera clifis). Caverns and small irregular
caves are common along the bases of the scarps. Sink
holes are found chiefly on the lower terrace surfaces of
the east coast. In areas of hill and valley topography,
where the inequigranular facies occurs as beds, tongues,
](;:Hlenses in other rock, it commonly caps the ridges and

s.

These limestones weather to a deep red or brownish-
red clayey soil having an average depth of 1 to 2 feet
and a depth of 15 feet in some pockets of concentration.
A thicker-than-average soil covers the upper terrace
surface west of south Kalabera cliffs in northern Saipan.
This may be caused by the weathering of lenses of
relatively impure limestone in the inequigranular facies.
The surface between the soil and the unweathered rock

smooth-surfaced residual pinnacles. Oceasionally such
pinnacles attain heights as great as 15 feet but the
average height is 2 to 3 feot. Depressions 100 feet
in circumferenco oceur at some places.  Theso are filled
with soil and are of unknown depth.

Fossils, age, and correlation.—Under the general

iption of the T: hau I are tabulated
the more distinctive larger Foraminifera and a selection
from the more than 40 species of smaller TForaminifera
which have so far been recorded from the inequigranular
facies by W. Storrs Cole and Ruth Todd. Of signifi-
canco paleoccologically is the common occurrence of
the larger foraminifor Cycloclypeus. The small button-
shaped echinoid Sismondia occurs in this facies at &
number of localities in west-central Saipan and on the
central slopes of Laulau ravine and to the south. Other
fossils observed include a number of different poorly
preserved mollusks and rare whole cchinoids besides
Sismondia, as well as fragments and spines of echinoids
at many places. Fragments of coral are found occa-
sionally and jons of coral heads rarely—at
Jeast one of the latter in the form of a small reef mass.
About one-fourth of the thin sections studied showed
joints of the calcareous green alga Halimeda and one
consisted mainly of Halimeda (loc. C-17). The prob-
lematical alga Microcodium was seen in sections from
localities B171 and S339, and the dasycladncean
Cymopolia occurs in slides from localities B171, 8339,
and abundantly B107.

Correlation is with zone ¢ of the East Indian Tertiary
(lower Miocene). Lower e is represented by the larger
Foraminifera of the Heterostegina borneensis assemblage
and upper ¢ by the Miogypsinoides dehaartii assemblage.

SISMONDIA BEDS

The small, distinctive, button-shaped cchinoid Sis-
mondia has been found at several localities in the inequi-
granular, Tubbly (pl. 12B), marly, and tuffaceous facies
of the Tagpochau limestone. C. Wythe Cooke has
identified all : as ing the species
S. polymorpha Duncan and Sladen. It is also very
similar to S. conveza Nisiyama which Cooke regards as
a synonym of S. polymorpha.

Where the beds in which it occurs can be traced for
any distance, Sismondia follows the trend of outcrop,
with but slight stratigraphic range (masimum of pos-
sibly 40 fect in the large quarry three-quarters of a mile
east of Flores point). The fact that Sismondia was
not found at more than one stratigraphic level in any
particular section suggested in the field that it might
be a datum marker. It actually occurs at most places
in the Heterostegina borneensis faunal zone, but is also
known locally with larger Foraminifera characteristic

is generally sharply defined and marked with many

of the Miogypsinoides dehaartii zove. It appears,
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thereforo to rango through an overlap interval between
these two assemblages and near the middle of Tertiary e.
o, -
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had they originally been present, such leaching might
at least be expected to have left traces of the normally
i b shells. The seeming absence

TFaunal i of lia, identified by W.
Storrs Colo and John W. Wells (from locs. S144, S536,
$540, C102, C122, C130, C141) include Heterostegina
borneensis van der Vierk, Miogypsinoides bantamensis
Tan, Lepid i idina) ephippioides Jones and

of cither shells or impressions of them casts doubt on
& marine origin for the terrace deposits. Trom analogy
with the similar but much younger terrace deposits of
tho western coastal plain, it is suggested that these are

fluent fluviatile fan deposits which were formed a

Chapman, L. (Nephr ina) parva Opp .
(N.) sumatrensis (Brady), L. (N.) verbeeki Newton and
Holland, Operculina sp., Spiroclyp id i
van dor Vlerk, Astreopora n. sp., Heliopora coerulea
(Pallas), Leptoseris floriformis Gerth, and Trochoseris
florescens Felix.

Observed occurrences of the Sismondia beds are indi-
cated on the geologic map.

PLIOCENE(P)
OLDER TERRACE DEPOSITS
Plate 12D,E

DESCRIPTION OF THE UNIT

General characteristics.—Like the other principal ter-
race deposits on Saipan, the older terrace deposits
consist of reworked volcanic sands, granule sands, and
thin gravels. They are separated from other terrace
doposits, and are themselves divided into two sets on
the basis of clevation and topography. The highest
and oldest of the older terrace deposits (QTt-1) lies
at altitudes between 560 and 710 feet on one or more
dissected sloping terrace surfaces. A lower and there-
fore younger set of older terrace deposits (QTt-2) lies
upon what seem to be parts of & single castward-sloping
terrace surface at altitudes between 500 and 580 feet.
Composition varies according to source of materials.
“Thickness ranges from a feather edge to 15 feet, but is
characteristically 3 to 5 feet. Total area covered
by theso deposits aggregates only about 21 acres.

Age and origin—The older terrace deposits occur
entircly at levels above the supposedly ecarly Pleisto-
cene Mariana limestone and the post-Mariana terrace
deposits and cut across beds of carly Miocene age.
They thus are younger than carly Miocene and proba-
bly older than Pleistocene. The time required for
cutting the underlying bench or benches, geomorphic
position, and the relatively undissected nature and good
preservation of the terrace deposits suggest the upper
rather than the lower part of this interval. On such
flimsy ovidence a late Plioceno ago is tentatively sug-
gosted for the older terrace deposits described above.

Like the younger terrace deposits of the western
coastal plain, and the post-Mariana terrace deposits
in the cast-central part of the island, the older terrace
deposits (QTt-1 and QTt-2) appear to lack both
fossils and interstitial calcium carbonate. Although
both could have been removed by selective leaching,
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littlo later than the surface or surfaces on which they
rest—probably during and immediately following
emergence of the latter. Marine shells are not to be
expected within such terrace deposits, but only sporadi-
cally at their basal contact with the wave-croded
benches on which they rest. Evidently Saipan has at
no time since their deposition been resubmerged to
Jower depths, or the terrace deposits in question would
have been destroyed or at least partly reworked by
marine p The i y ang

apparent lack of fossils make such marine reworking
improbable.

OF MAPPED

Deposits between 560 and 710 feet (QTt-1).—The
largest patch of the highest and oldest terrace deposits
inciuded under the map symbol QTt-1 consists of
quaitz-rich sands that cover an area of about 14 acres
at an altitude of about 660 to 710 feet along the north
end of Talofofo ridge. These sands are from a few
inches to about 6 feet thick, well stratified, clay banded,
partly cemented with ferric oxides, and colored in tones
of red, orange, yellow, dull brown, and pink. They
rest on quartz-rich, water-laid conglomerates and

ff d of the Densiny ion,
probably their principal source material.

A second patch of quartzrich high terrace deposits
covers about an acre immediately southwest of Mount
Achugau, at an altitude near 600 feet. The bench-
vencering sediments at this place are reddish- to yellow-
ish-brown and loosely consolidated granule sands with
thin interbeds of pcbble gravel. They are 1 to 3 feet
thick and consist of abundant quartz grains as much as
4 mm in diameter, fragments of siliceous rock, magne-
tite grains, and ferric oxides. The siliceous pebbles in
the conglomerate layers attain & maximum diameter
of about 1 inch. The deposits rest in part on pink
Matansa limestone (Eocene), and fill small solution
pits in the limestone surface. Concentrations of almost
pure magnetite sand are found at the bottom of some
of the solution pits. These terrace sediments also
overlic beds of deeply weathered, quartzrich, cal-
carcous sand and pebble conglomerate of the tuffaceous
facies of the Tagpochau limestone, from which they
have most probably been derived.

A third small patch of the quartz-rich high terrace
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deposits is found southeast of Mount Achugau at 560
to 600 feet; quartz sands loosely cemented with red and
brown ferric oxides, and as much as 6 feet thick. These
sands rest on both the white and pink facies of the
Eocene Matansa limestone, as well as on the Sanke-
kuyama formation,

The southernmost older terrace deposits of the highest
level are at altitudes of about 600 to 670 feet at the
south end of Talofofo ridge (pl. 12D,E). They differ
from those to the north in their general poverty of or
lack of quartz. These southern deposits are well-
stratified, light- to dark-reddish, medium-grained to
very coarse grained sands and granule sands from a
few inches to 10 feet thick. They consist of highly
weathered particles of andesite and scattered to abun-
dant grains of magnetite that are loosely bonded with
clay and ferric oxides. The averago grain diameter is
about 2 to 3 mm. Rastward, these deposits grade to
a locally occurring quartz-rich facies that contains
rounded pebbles of chert and other siliceous rocks.
They overlie the truncated surface of andesitic deposits
of the Hagman formation as well as tuffaceous and
marly li of the T hau f i

Deposits between 500 and 580 feet (QTt-2).—The older
terrace deposits included under the QTt-2 map symbol
are mainly lower and therefore presumably younger
than the QTt-1 deposits. They cover about 6 acres
on the first terrace level below and east of the central
part of Mount Talofofo at altitudes between 500 and
580 feet. They are from a few inches to about 6 feet
thick and consist of quartz-rich, dark to light reddish-
brown clay sands and gravels that contain well-rounded
pebbles and cobbles of a variety of siliceous rocks.
These deposits overlie the Densinyama formation and
the tuffaceous facies of the Tagpochau limestone.
They were probably derived through reworking of the
already once reworked volcanic source materials pro-
vided by these units.

PLEISTOCENE
MARIANA LIMESTONE
Plates 12, 13, 16, 17, 18B, 204, 214, 22
DESCRIPTION UF THE FORMATION

General characteristics—The Mariana limestone is a
‘mainly light colored (dirty white to brownish), coarsely
porous or cavernous to less commonly compact, finely
to coarsely fragmental limestone that ordinarily con-
tains coral remains and joints of the green alga Hali-
meda. Coralline algac, small and large Foraminifera,
and impressions and internal fillings of mollusks are
also common. The mollusk shells are ordinarily dis-
solved and the corals are noticeably altered.

fragmental limestones; (2) tho Acropora-vich facics of
cnlv_:nreous clays and impure limestones; (3) the massive
facies of mainly unbedded, porous, clastic to construc-
tional limestones; and (4) tho Halimeda-rich facies
which differs from unit 3 mainly in its local great
abundance of Halimeda joints.

The grain size ranges from aphanitic to very coarse
grained. Rubble deposits of rolled coral at places form
coarse 1 and carlier deposited material is
locally reworked into pebble conglomerates. Bedding
is generally massive or obscure. However, it is also
Tocally well developed in layers from less than 1 foot
to several feet thick, especially in the Halimeda-rich
and rubbly facies. Induration is moderate, complete,
or slight, depending on the facies involved, on local
variations within facies and on proximity to bluffs
where surface induration may oceur.

There scems to be both a general east-to-west lateral
gradation from Halimeda-rich, to massive, to rubbly or
Acropora-rich facies, and o gencral descent in the sec-
tion through the same sequence of facies.

The Mariana limestone differs from the older lime-
stones of Saipan in its combination of coarsely porous
nd l texture with bedded to indistinct]
bedded structure (pl. 120), its gencrally great abund-
ance of corals and joints of Halimeda, its gencrally
lighter color, and the modern aspect of its fossil as-

semblage. :

Distinction of the Mariana from the younger Tana-
pag limestone, however, is at many places difficult and
uncertain. The clues to the separation of these units
on Saipan are the better preservation of corals in-the
Tanapog, the common preservation of molluscan shell
material in the Tanapag as compared to its general
(!cstlﬂlction (except locally for Cerithium) in the Mariana
lfmestone, and the general absence of the Tanapag
limestone above the 100-foot level. Where their con-
tact has been observed, it is an erosional unconformity.

Thickness, areal distribution, and typical occurrences.—
The Mariana limestone on Saipan ranges from a feather
edge to probably more than 400 fect thick, and perhaps
500 feet or more. Although no observable section is as
thick as that, the Mariana limestone extends to cleva-
tions near or above 400 feet at various ncarshore
localities such as I Ifa cliffs (370 feet, attitude near
horizontal), T Naftan cliffs (407 feet, dipping about 15°
seaward) and Hagman cliffs (460 feet, dipping 12° to
25° seaward). Its extension from these places to and
probably below sea level suggests that the vertical
range of the formation is near 500 feet, and this verti-
cal range is considered to approximate actual thickness,

The largest areas of outerop of the Mariana lime-

Facies included are: (1) the rubbly facies, of impure

stones are in south Saipan, in the Chacha and Hagman
areas, and at Bafiadero in northern Saipan. However,

GENERAL

it cxtends with only minor interruptions along the
south, cast, north, and northwest coasts of Saipan.

ing the T hau li it is the most
widely distributed formation on Saipan, outcropping
intermittently over about one-fourth of the total Jand
surface.

Good exposures of short stratigraphic intervals of
various facies of the Mariana limestone may bo seen
at many places in southern Saipan and along its eastern
margin, especinlly in and near I Naftan and along the
Tast Coast Highway from Talofofo stream (Sadog
Talofofo) north and ecast to Nanasu ravine (Kanat
Nanasu).

At the west of Saipan the few known outcrops of
Mariana limestone arc mapped wholly in the massive
facies (though including somo rubbly materials). It
also scems probable that the shallow submarine bank
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some of the benches are broad and of almost equal
length and breadth. At other places they are elongated
parallel to the coast as short series of narrow abrupt
steps, rising inland. Like those of the Tagpochau
limestone, the benches are mainly cultivated or are the
sites of doned fields or i The
scarps between are overgrown with jungle vegetation.
The occasional ravines that transect the benches are
short, steep walled, and ordinarily choked with jungle
vegetation. They take the shortest route to the sea.
Caves, crevasses, and sinks are common, and some
of the sinks are very large.

The soil that develops on the benches of Mariana
Jimestone is ordinarily thin, and irregular residual rock
pinnacles rise through and above it to heights as great
as 5 or 6 feet. The interfaces between soil and rock
are abrupt and irregular. At places clay wash has

d to thick of 5 to 20 feet or so in sinks,

that extends westward from Saipan is underlain mainly
by the Mariana limestone, although probably for the
most part covered by younger deposits.

Type site—The name Mariana limestone was pro-
posed as a formation name by Tayama (1938, p. 44)
without designation of type site or type section more
specific than o remark to the effect that it is the most
widely distributed li in the southern i
The best successions of the Mariana limestone on Saipan
are in inaccessible sea-facing bluffs, and mapping of the
island has revealed no section of appreciable thickness
wherein representatives of several facies could be ob-
served in unfaulted succession and studied at close
hand. Thus designation of a type section is deferred,
in the hope that geologic work in the other larger Mari-
ana Islands may eventually reveal a suitable one. For
reference purposes, however, the exposures in the area
known as Dandan (southeastern Saipan) are desig-
nated as the standard for the Mariana limestone on
Saipan. More specifically this standard site refers to
that part of Dandan included between Wallace High-
way at the north, Dandan point at the south, Laulau
bay at the east, and Gonno cliffs at the west. Within
this area may be seen good developments of several
aspects of the massive facies of the Mariana limestone,
the Halimeda-rich facics, and the Acropora-rich facies.
The unconformable contacts of the Mariana limestone
with both the Donni sandstone member and the in-
equigranular facies of the Tagpochau limestone may
also be observed here.

Terrain, vegetalion, and weathering.—The terrain
developed on the Mariana limestone is one of wave-
eroded benches and scarps somewhat modified by
subaerial erosion. The overall surface of the benches
is nearly horizontal, but some are tilted by faulting,
and the undisturbed ones slope gently toward the sea.
In south Saipan, the Chacha district, and Badadero
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or in broad and poorly drained depressions. At other
localities highly argillaceous and deeply leached occur-
rences of the rubbly or Acropora-rich facies have yielded
residual clay deposits perhaps as thick as 20 feet. For
the most part the soil and clay wash is alkaline. How-
ever, the residual clay deposits and soils developed near
the overlap of the Mariana limestones on igneous rocks
commonly grade to neutral or acidic.

Fossils, age, and correlation.—The Mariana limestone
contains scattered to locally d inife
locally abundant but mostly unidentified modern types
of corals (few collections made because of bulk), occa-
sional i i and cores of mollusk: ional
{ragments and rare whole tests of echinoids, and
caleareous red and green algae.

Table 9 presents a partial list of fossils so far recorded
from the several facies of the Mariana limestone, and
from the Tanapag limestone. From this may be seen
the broad similarity of the two biotas, some of their
particular differences, and the modern aspect of both.
On the basis of the assemblage listed a post-Miocene
age is required, and the large proportion of forms that
either belong to or are very closely allied to living
species favors a post-Pliocene age. Significance is also
attached to the presence of the distinctive coralline
algae Amphirea, Porolithon, and Gondolithon (fig. 6).
On Saipan these have been found only in the Mariana
and Tanapag limestones, and the last two have (to our
knowledge) nowhere yet been recorded from established
pre-Pleistocenc rocks. On Saipan Foraminifera of the
types of Calcarina spengleri and Baculogypsina sphaeru-
lata were found only in the Mariana, Tanapag, and
Recent sediments. To the best of our knowledge these
species also are nowhere reported from authentic pre-
Pleistocene beds, and may prove to be Quaternary
markers.
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At the same time, the presence of several extinct
species of mollusks in both Mariana and Tanapag lime-
stones indicates some antiquity and points toward a
pre-Recent age. The fossils are mostly not well pre-
served, and what was probably once a large tropical
fauna is represented in the collections studied by only
o handful of species and specimens. In the opinion of
Julia Gardner, however (letter of March 24, 1952, to
Cloud), the mollusk fauna of the Mariana limestone
suggests an older Pleistocenc age on the basis of extinct
elements in, and primitive development of, a fauna of
generally modern aspect.

However, carbon-14 analyses given under the dis-
cussion of the age of the Tanapag li suggest &

imestones

Mariana limestone

‘Acropora-

rich facies

roved for Release

TapLE 0.—Parlial list of fossils from the Mariana and Tanapag

(42|
32

rich
Tanapag
limestone

FORAMINIFERA

(Identified by W. Storrs Cole)

younger Pleistocene age for it. So does the fact that
_conspicucus fault movement (as at Naftan point)
intervened at places between benching of the Mariana
and deposition of the Tanapag. This seems to sub-
stantiate the stratigraphic distinction between Mariana
and Tanapag, and leads us to favor an older Pleistocene
age for the Mariana and a younger Pleistocene age for
the Tanapag limestone.

The consensus of evidence relating to the age of the
Mariana limestone as exposed on Saipan thus suggests
en.rl'y, or at least older, Pleistocene. As is true of most
Pleistocene age designations away from glacial se-
quences or terrestial faunas, this assignment is open
to question, and the need for more conclusive criteria.
than have so far been ad d for di iati

is D'Or-

y.
Calcarina spengleri (Gmelin).
Cycloclypeus carpenteri Brady -
Helerostegina suborbicularis D'Orbigny.|
Marginopora  vertebralis Quoy and

Gaimat
Miliolid:

(Field identifications)

Acropora..
Favia
Goniastraca..
Heliopora..
Platygyra.
Porites.

XXX X XXX

XXXX XXX

between Pliocene and Pleistocene in the western Pacific
should be kept in mind.

Correlatives of the Mariana limestone are found in
th'e other larger Mariana Islands, in other parts of
Micronesia, and in the Ryukyus. The Naftan limestone
qi Tayama, (1938, p. 43) is included with the Mariana
limestone of the present report, it being but a part of
the Halimeda-rich facies of the Mariana.

Ojgin,fT]\e several facies of the Mariana limestone
are interpreted to be related shallow-water deposits
Imld down on banks or in reef-dotted lagoonal areas
nd_!nceu('. to a high island. Along the east slope of
Saipan, and to the south where the Mariana limestone
overlaps volcanic or voleanically derived rocks, its
more westerly and basal facies is either the rubbly
facies or the Acropora-rich facies. Eastward toward
the sea, and roughly upward in the section, is the
massive facies, and, at the eastern edge of Saipan
tho Halimeda-tich facics. The contacts between thess
fl‘l‘cles are gradational and not accurately mappable,
with thot between the Halimedo-rich and massive
facies (as mapped) being particularly indefinite and

MOLLUSCA
(Identificd by Julia Gardner)
Pelecypoda

Arca navicularis Bruguidre.

Anadara cf. A. maculosa Reeve.

scapha

Cardium cf. C. unedo (Linné)....
Chama n. sp. aff. C. ovalis Martin

Glycymenis of. G. pilsbryi Yokoyama.
Lithoph

dyl

Trachycardium unicolor (Sowerby)

Tridacna elongata Lamarck_ _ .

Venus cf. V. toreuma Gould.

XXXXXX1 XXXXX

Gastropoda.

Angaria.

Atys cylindrica Helbein.

Cerithium alveolum Hombron and Jac-
quinot

ianthinum Gould

sp-

arbitrary. Nevertheless, oven their rough delimitation

crenulata (Chemnitz)
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TnLE 0.—Partial list of fossils from the Mariana and Tanapag
Limestones—Continued

Mariana limestone

Tich facies
rich facies

Tanapag
limestone

‘Acropora-

MoLLUsCA-—continued

Gastropoda—Continued

Cypraca (Arabica) cf. C. (A.) arabica
Linné.-. .-
(Monetaria) moneta

(Peribolus) cf. C. (P.) mauritians

Thericium s
Trochus niloticus Linn
(Infundibulum) maculatus Linné?
Turbo (Marmarostoma) argyrostomus
Linné..-_
sp. (field ide
Turntella. ...

ECHINOID

(Identified by C. Wythe Cooke)

Clypeaster reticulatus (Linn€)..- -

Amphiroa..

Other articulate corallines
Porolithon.

Other crustose coralline:
Halimeda.

1 Probobly present.

does bring out the important relations noted, and sub-
sequent studies suggest that a more sharply delimited
and more distinctively Halimeda-rich facies could have
been defined as a narrower band of initially dipping
beds along the coasb.

The rubbly facies evidently represents a deposit of
broken and displaced coral mixed with argillaceous
material derived from adjacent voleanic terrain along &
relatively steep coast. The Acropora-rich facies is
the counterpart of the rubbly facies adjacent to & gently
sloping coast at the inner edge of a broader submarine
bench, Although argillaceous matter from the adja-
cent weathered volcanic land was supplied in moderate
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abundance, Acropora was able to maintain its growth
over o fairly broad arca of probably shallow water.

Both distribution pattern and the nature of the rocks
indicate that the relatively pure calcarcous detritus
which became the massive facies of the Mariana lime-
stone accumulated not far offshore from the sites of
deposition of the impure rubbly end Acropora-rich
sediments. 'The massive facies finds o suggestively
close counterpart in.deposits of the present lagoon and
banks west of Saipan, where a variety of clastic cal-
careous materials is gathering about small reef patches
of living and dead corals and algac. The distribu-
tion of coral and algal material in the massive facies
was not found to line up in such a way as to indi-
cate well-defined linear reefs within the present limits
of Seipan at the time the Mariana limestone was
being deposited, although there may have been periph-
eral reefs in the present offshore areas. The visible
deposits of the massive facies may have accumulated
either on shallow banks or in lagoonal areas about, the
small reef masses of Mariana time.

The location of the Halimeda-rich facies in an offshore
direction from the massive facies scems at first thought
anomalous—living Halimeda is most abundant about
Saipan today in quite shallow water within the lagoon
and was not observed in any abundance seaward from
the reef. However, direct observation of the bottom
sediments off western Saipan reveals that the {reshly
detached joints of Halimeda are in large proportion
only partly calcified and tend to be relatively light and
porous. They settle in the areas of growth of Halimeda
as loosely knit debris which is readily moved by current
action. The broadest areas of seemingly thick accumu-
Jation of Halimeda joints on the present bottom are at
the harbor entrance, where they seemingly have been
concentrated by the winnowing action of the out-
flowing current. Such winnowing may move the
relatively light and buoyant Halimeda fragments sea-
ward from the denser, coarse shell and coral debris
that accumulates in shallower inshore waters, while
carrying to still deeper seaward waters that part of the
concurrently moving fine debris that does not settle
into the interspaces between Halimeda particles.

A possible alternative explanation is that because of
more intense or more direct sunlight, or for other
reasons, Hatimeda growth during Mariana time was
concentrated at greater depths and distance {from shore
then at present (Halimeda does not ordinarily flourish
in intense equatorial sunlight at shallow depths).
In either event, it is not inconsist2nt that the Halimeda-
Yich facies of the Mariana limestone should lie offshore
from the massive facies or that both deposits accumu-
lated on the same general bank area.
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OF MAPPED
RUBBLY FACIES

Lt.thalam/. and field relations.—The rubbly facics of the
[?flx‘m? limestone is an inequigranular, ordinarily
vell ded, poorly ind d, porous, il

u'rglllnceous, clastic limestone. Most generally it con-
sists Qf pebble- and cobble-sized fragments of coral and
coralline algae, indurated limesand, fragments of Tag-
pochau limestone (Miocene), and mollusk shells im-
bedflet] in a highly argillaccous, very coarse- to medium-
grained matriyx which has a dominating grain diameter
of 2 to 3 mm. At places, however, fragments of coral
are rare or absent and the rock is made up of broken
pieces of coralline algae, inequigranular Miocene lime-

feet. Di;scction of the now gently rolling terrace sur-
foco by intermittent streams has produced mostly
broad and shallow valleys and a few narrow steep-
wn'llcd ravines. Only a fow sink holes aro found on
this surface. Tho sediments are apparently too weakly
bonded to favor the development of caves, which, by
collapse would become sinks.

Soils on the rubbly facies to the north of Donni
stream (Sadog I Denni) aro light yellowish brown to
reddish brown, kaolinitic, neutral in pH, and from 1 to
5 ffwb thick. Residual pinnacles of limestone ordi-
narily project through the soil cover. In the Talofofo
area, a truo soil cover is largely absent, the limestone
s\u'l'ﬁ,cc instead being blanketed by reddish-brown,

stone, and provi d Mariana li in
o matris of caleareous sand, with or without argillaccous
impuritics. Quartz grains aro abundant in highly
argillaceous zones within the fagics, presumably having
been derived from the volcanic torrain to the west
Characteristic colors aro yellowish to dul brow, tan,
or white; the white parts lacking argillaceous impuri-
ties. The bedding dips east to b at angles

g d, quartz-bearing, clayey terrace sands.
The terraco sands range from a few inches to as much
as 10 feet thick where they fill pockets in the limestone
surface.

Fossils, age, and correlation.—Fossils from the rubbly
facies of the Mariana limestone are, for the most part,
poorly preserved. Fragmonts of tho corals Porites and

between 12° and 20°. This dip appears to be mainly
or wholly initial.
T!'xe rubbly facies differs from other facies of the
Mariana limestone by its conspicuously and coarsely
fragmental nature, by a general abundance of broken
?tnd rn.nd:n:]y ;)x'iilnted coral and algal fragments, by
its poor stato of induration, and by i i
of argillaceous impurities. ’ v its lorgo proportion
,’I'hic{mess, areal distribution, and typical occurrences.—
The thng]mess of the rubbly facies ranges from a feather
edge at its landward margin to a probable maximum of
almost 400 feet at or near its contact with the massive
facies along the east coast.
The facies forms a broad seaward dipping belt along
the east side of the island, continuous from southern
Kalabera on the north to Hagman peninsula on the
south.  This belt is nearly a mile wide where it under-
lies the central part of Hagman peninsula, but narrows
to ubou_b 800 feet in the Halaihai district. The average
width is about one-half mile. Seaward (eastward)
the rubbly facies grades laterally into the massive
facies of the Mariana limestone. It accounts for more
than one-sixth of the total land area underlain by the
Mariana limestone, and its aren of outerop is about 2
square miles. The best exposures are in the Talofofo
area, and a good section can be observed in the wide
vcfhcal]y walled valley leading northward from the
point where the East Coast Highway crosses Talofofo
stream.
Terrain and weathering.—The most extensive area of
exposure of the rubbly facies is an elevated marine ter-

z por make up a large part of the rock;
impressions or cores of mainly fragmentary mollusks
are locally abundant; a few Foraminifera are known,
n.nd‘ D‘llgn.]'l'l'ngmcnts are common. A partial list oé
fossils is given, and age and correlation are considered
under the general description of the Mariana limestone.

THICK RESIDUAL CLAYS OVER TIE RUBBLY FACIES

In the western part of Hagman peninsula, and west
of Halaihai beach, areas aggregating about 320 acres
are underlain by thick and domi ly residual clays
over the rubbly facies of the Mariana limestone.
These clays are mottled yellowish to dark brown and
gray, the yellow and brown colors being due to hydrous
ferric oxides. Hematite is rare or absent. Alternation
9{ bands, streaks, or patches of iron-free, gray, kaolin-
itic(?) clay with iron-bearing, yellow and brown clays
p;oduces the mottling. The clays are neutral to
f ‘;%ll:tzlip:ﬁ{d at the surface, but become more acidic
A maximum thickness of about 40 feet of v
recorded ?n the vicinity of Chacha wells, bfu:lzyc:l:f
moner thickness is only 5 to 10 feet. Near Chacha
“'gﬂs the clay contains scattered fragments of iron
oxide that seems to have replaced limestone. TFor the
most part the clay is probably residual, but its con-
siderable thickness locally and its topographic position
suggest that it may in part be transported.

ACROPORA-RICH FACIES
L‘ilholoyy fmi  field relations—The Acropora-rich facies
by dant 1 and rare nearly

race that cuts across it at altitudes between 80 and 300

is characterized
complete colonies of staghorn Acropora in a matrix that
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is richin matter. Its color
varies from yellowish or brownish where highly impure,
to dirty white where relatively free of argillaceous

83

and groin size, but at the same time bring out some
central tendencies. Excluding minor reefs and rubble
zones, anywhere from 30 to 80 percent of the rock

consists of

tal organic calcite. This

matter. Bedding is thin, or owing to
leaching of calcarcous material. Such leaching leaves
a yellowish or reddish-brown residual clay with whitish
mottles and streaks and occasional bits of Acropora.

The Acropora-rich facics extends eastward beneath
and probably in part grades laterally into the massive
facies of the Mariana limestone. It is o basel and
marginal facies of the Mariana limestone and repre-
sents the approximate southern equivalent of the
rubbly facies.

Thickness, areal distribution, and typical occurrences.—
The Acropora-rich facies has been recognized only in
southern Saipan and occurs in only & few small patches
there. It thins from about 100 feet to a feather edge
by overlap and Interal transition. Its largest belt of
outerop, and probably thickest occurrence, is in western
‘As Gonro and As Lito, where it overlaps the interbedded
flows and tufls of the Fina-sisu formation. It is also
well displayed in tunncls in the south face of Gonno
cliffs (Laderan Gonno), where it rests upon the Donni
member of the Tagpochau limestone, and in northern
Tuturam, in quarry No. 18 of Stearns.

Terrain and vegetation.—The terrain underlain by
the Acropora-tich facies is low and gently sloping to
flat. It includes one of the largest sinkholes on Seipan
(Hoyon As Lito Lichan, or southern As Lito sink).

As noted above, the Acropora-rich facies leaches to a
deep yellowish- or reddish-brown clay soil with whitish
mottles. This soil is alkaline or neutral, ranging to
acidic where it overlaps the Fina-sisu formation. The
weathering products near its boundary with the vol-
canic deposits of the Tina-sisu make continuous delinea-
tion of a clear-cut basal contact impossible.

Tossils—Staghorn Acropora is the dominant fossil.
Tew others were found, although it might be expected
that such an argillaceous facies would yield a well-
preserved molluscan fauna.

MASSIVE FACIES
Plates 12C, 138-D, 17, 18B

Lithology and field relations.—The massive facies
consists of clastic to constructional and inequigranular
Jimestone. It differs from other facies of the Mariana
limestone in its massive to obscurely bedded nature, its
characteristically high degree of induration, its generally
coarscly porous to cavernous condition, and its high
degreo of purity. The color of the fresh rock is dirty
white, tan, yellowish to dull brown, or pinkish.

Observations of outcrops and study of random thin

is at many places dominated by fragments of crustose
and articulate coralline algee, with coral fragments
subordinate and other organic components volu-
metrically inconspicuous, except for local Halimeda

concentrations.

Grain size of this fraction ordinarily

falls between 0.5 to 2.0 mm, with an upward range to
about 10 mm. The remaining 70 to 20 percent is
mainly matrix; mostly very fine-grained detrital to

clear crystalline calcite, with grain size averaging under

0.1 mm and ranging down to 10 microns or so. As
much as 10 percent or more of this space, however, may
consist of small to large cavities that are commonly

lined with zoned crystalline calcite.

A separately mapped subunit of the massive facies is
locally represented by areas of dull-pink or pinkish,
compact limestone contai

The pink color seems
laceous impurities.

to

ning abundant coralline algae.
be due to disseminated argil-

Ticld relations indicate the assive facies of the
Mariane limestone to be laterally transitional to the
Halimeda-rich and rubbly facies of the same formation.

Thickness, areal distribution, and typical occurrences.—

Partial sections of 90 fee
visible in individual sea

t or so of the massive facies are
bluffs in southern Chacha and

southern Bafiadero, respectively in eastern and northern
Spipan. The maximum thickness attained by the
nearly flat-lying facies is estimated on the basis of
abrupt range in altitude as roughly 300 feeb. From
this it grades to o feather edge.

The massive facies
(about 7 square miles)
‘Mariana limestone on Saipan, and about one-seventh
of the land surface of Saipan. Throughout this area it
shows so little variation in broad lithic and faunal
characteristics that one area is about as good as another

for study.

comprises well over one-half
of the terrain underlain by

Terrain and weathering.—The greater part of the
massive facies of the Mariana limestone is found in sea
oliffs and the lower wave-cut benches (pls. 16, 17, 18B,
204, 22). The characteristic bench and scarp terrain
resembles that of the purer Tagpochau limestones
(Miocene), and vegetation patterns are similar.

Soil cover is scant or‘absent and the limestone surface
is studded with ragged
that average 3 feet high and are as high as 5 or 6 feet.
Such soil as occurs locally is & reddish clay, like that
which forms over the
Tagpochau limestone.

transported red-bro
bly i

Wi

derabl

residual pinnacles (karrenfeld)

inequigranular facies of the
At a few places probably
clays attain unknown but
thickness.

sections show great variation in organic P
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Fossils, age, and correlation.—The massive facies of
the Mariana limestone contains abundant but mostly
fragmentary or poorly preserved fossils. Tilaments
and bands of coralline algae commonly malke up o large
part of the rock, and Halimeda is locally common to
abundant. Heads and fi of coral are scattered

Mariana and the purer facies of the Tagpochau lime-
stone. Along the coast, of course, all limestone benches
in the zone of salt spray, regardless of facics, support
only low Scacvola brush, vines, and grass.

TFossils, age, and correlation.—Pertinent fossils of the

through the facies and, where abundant, may be parts
of small coral algal reefs or rubble concentrations.
Toraminifera, especially small varieties, are abundant
at places, as are also impressions and cores of mollusks.
Some of the fossils which have been identified are listed,
and age and correlation are considered under the
general description of the Mariana limestone.

TALIMEDA-RICH FACIES
Plates 134, 214

Lithology and field relations.—The Halimeda-vich
facics of the Mariana limestone is distinctive in its
ly rich ion of Halimeda joints. The
greatest concentrations of Halimeda are further marked
by well-developed bedding in layers from less than 1
foot to several feet thick. Besides Halimeda the de-
trital components of this facies include locally abundant
echinoid spines, fairly common nodular coralline algae,
and the usual complement of articulate corallines.
Corals are at most places uncommon. Dips as great
as 20° E. in this facies along & narrow coastal strip are
believed to be mainly or wholly initial, for reasons
discussed under “Structural geology.”

The Halimeda-rich facics appears to include Tayama's
Naftan limestone.

Thickness and areal distribution.—The Halimeda-rich
facies is at least 120 feet thick in the sea blufls at I
Naftan, in southeastern Seipan, and it is estimated to
reach 200 to 400 feet, on the basis of altitude attained
by that extend i ly to the sea. It
frays to a feather edge and grades laterally to the mas-
sive facies of the Mariana limestone. Its area of out-
crop is about 1.7 square miles in I Naftan and Hagman
clifis. Exposures available for study show little lithic
variation except in relative abundance of Halimeda and
gradation to the characteristics of the massive facies.

Terrain, weathering, and vegetation.—The Halimeda-
rich facies is found in an area of abrupt scarps and
Dbenches that slope gently seaward. High sea cliffs are
cut into it. 1t produces a thin soil that is brownish or
dark gray to black from included manganese oxides.
The interface between parent rock and soil is abrupt
and irregular, and rough, pitted, residual limestone
pinnacles project to several feet above the soil. Its
vegetation of sugarcane on the flat swfaces and jungle

Jalimeda-rich facics are tabulated and conclusions
about age and corrclation are given under the general
description of the Mariana limestone. 1t is of palco-
ecologic interest to note that at onc locality near Naftan
point the shells and burrows of tho rock-boring pele-
cypod Lithophagus were found in algal balls in this
facies. POST-MARIANA TERRACE DEPOSITS

DESCRIPTION OF THE UNIT

General characteristics—The post-Mariana terrace
deposits consist of iron-stained, Tocally quartz-rich,
clayey sands and minor gravels which are derived from
the reworking of volcanic source materials. They are
widely distributed at altitudes between about 100 and
500 feet on the east side of Saipan, over what are prob-
ably remnants of several cut-terrace surfaces which
truncate the Mariana limestone.

Altogether these deposits make up a total area of
about 136 acres. They range from o feather edge to
10 feet and most commonly are 3 to 4 feet thick. Their
composition varies with the source of the sediments
included. They are best preserved in the Talofofo
grasslands (Sabanan Talofofo) and the area called T
Hasngot in east-central Saipan. Small patches of sand
and pebble conglomerate, judged by their altitude to
be of the same general age, arc exposed at Hagman,
and two small isolated patches lic on Sankakuyama
rhyolite in the Achugau district.

Age and origin.—The post-Mariana terrace deposits
are clemtly younger than the Mariana limestone, for
they cut across its truncated upper surface at different
levels. Yet, they appear to be as old or older than
the late Pleistocene Tanapag limestone, for they are
unknown below an altitude of about 100 feet and
presumably were formed about the sume time as the
pre-Tanapag benches on which they rest. The histori-
cal sequence thus suggests a middle to late Pleistocene
age, and a Pleistocene age assignment is hardly to
be doubted.

As in the older and younger terrace deposits, the
seeming absence of fossils favors an origin by outwash
of fluviatile materials onto emerged parts of rock
benches undergoing general withdrawal from the sea.
The presence of these deposits also suggests a middle
Pleistocene age for the latest relative submergenee to
such depths, for resubmergence presumably would
have removed or left signs of reworking the unconsoli-

on the scarps resembles that of the massive facies of the

dated to weakly indurated terrace materials.
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The post-Mariana terrace deposits fall into seven
different categories, according to areal distribution and
lithic composition:

1. In the northern part of the Talofofo grasslands,
where they are well-cxposed in rondeuts along the
Last Coast Highway, post-Mariana terrace deposits
are d of looscly lidated, dark yellowish-
brown and brownish-red, quartz-bearing clay sand,
containing pebbles of chert and other highly siliceous
rocks. Large and small patches of such sands, with o
combined arca of about 80 acres, overlic the truncated
rubbly facies of the Mariana limestone and attain
their greatest thickness where they fill solution cavities
and depressions in the limestone surface. They reach
a maximum thickness of about 8 feet, but are gencrally
between 1 and 5 feet thick.

2. A little westward from the main arca of occur-
rence of deposits of group 1 are terrace deposits that
cap enst-west trending ridges of Mariana limestone
and are almost devoid of clay minerals. They consist
mainly of quartz sands mixed with and partly cemented
by iron oxides.

3. The post-Mariana terrace deposits attain their
greatest thickness in the western part of I Hasngot
and on the southern border of the Talofofo grasslands
where they comprise reddish- to yellow-brown, mostly
medium-grained quartz sands loosely cemented by
hematite and hydrous iron oxides. These deposits
overlie truncated rocks of the Hagman and Densinyama
formations, the Donni sandstone member of the Tag-
pochau limestone, and the rubbly facies of the Mari-
ana limestone. Their total combined area is about
30 acres, their maximum thickness about 10 feet, and
their average thickness about 5 feet. They are well
exposed in cuts along tho Cross-Island Connecting
Highway near its junction with the East Coast High-
way, where they rest on voleanic conglomerate of the
Densinyama formation.

4. In Talofofo, immediately south of Talofofo stream
(Sadog Talofofo), and between the first and third out-
crop areas described above, patches of medium-grained
to very coarse grained or even granule-sized, reddish-
brown and reddish-orange, stratified clayey sand lie
upon flat seaward sloping ridge crests underlain by
Hagman volcanic agglomerate and  breccia. Their
total aren is about 12 acres. These sands are from
1 to 6 feet thick and are composed of weathered ande~
site particles probably derived from the underlying
Hagman deposits. The average grain size is about 2
mm. The sands lie on ridge crests that are of generally
accordant altitude and appear to be remnants of a
dissected terrace surface. These ridge crests lic inland
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from, and are continuous seaward with, a relatively
undissected terrace surface that truncates the Mariana
limestone and is in large part blanketed with quarta-
rich terrace sands. It thus appears that the stratified
granule sands of group 4, overlying the Hagman forma-
tion, are nearly contemporancous with the quartz-rich
sands of groups 1, 2, and 3.

5. Deposits similar in texture and composition to the
sands of group 4 occur in patches comprising o total
area of about 8 acres on the northeast slopes of Mt.
Laulau. They are medium to light red stratified clayey
sonds and granule sands composed of weathered ande-
site particles, ferric oxides, and magnetite, with much
included organic material. They occur on a scaward
sloping surface at altitudes between 240 and 500 feet
and rest upon the Hagman formation. 1t is difficult to
ascertain whether these deposits can be correlated with
the post-Mariana terrace deposits of groups 1 through
4; but, on the basis of altitude, this correlation seems
logical.

6. The post-Mariana terrace deposits at the Hagman
grasslands are dark gray to light brown, coarse-grained,
granule sands composed of angular to subrounded frag-
ments of chert and other siliceous rocks, particles of
andesite, quartz grains, and dark organic matter. The
deposits cover an area of about 4 acres, are from 1 to 5
feet thick, and have an average grain diameter of about
3mm. They are well stratified and lie on surfaces that
cut across volcanically derived sandstone and con-
glomerate of the Hagman formation at altitudes be-
tween 160 and 320 feet. They grade into quartz-bearing
Densinyama conglomerate along their inland margin
and have probably originated in part from a reworking
of this source material. On the basis of their range in
altitude group 6 deposits are correlated with the post-
Mariana terrace deposits of Talofofo and I Hasngot
(groups 1-4).

7. Two small isolated patches of granule sand, with
a combined area of only 2 acres, rest upon the Sankaku-
yama formation in the Achugau grasslands. The de-
posits are from a few inches to 3 feet thick, are well
stratified, are light brown and gray in color, and are
composed of weathered fragments of porphyritic dacite,
dacite vitrophyre, quartz grains, and pellets of man-
ganese oxide. The fragments range from a fraction of
a millimeter to about 2 cm in diameter, the average
diameter being about 3 mm. The larger rock frag-
ments are smooth and rounded. A 6-inch layer of
neutrel to slightly acid soil has developed on the de-
posits. The sands dip 5° to 10° southeast (seaward)
with the truncated surface of the underlying dacites.
They lie on a terrace surface now so thoroughly dis-
sected by erosion that only remnants are discernible.
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They oceur at altitudes between 340 and 480 fect and
probably correlate approximately with the post-
Mariana terrace deposits in other districts.

TANAPAG LIMESTONE
Plates 13B,C, 14, 164, B, 173, 18B, 19, 22

Lithology and field relations.—The Tanapag limestone
includes mainly dirty white to brownish coral-algal reef
limestone and bioclastic limestone. Tt is rich in fossil
corals and coralline algae (pl. 14), many of which occur
in tho position of growth, although some are rubble.
The rock is gencrally well indurated and coarsely
porous, but without indication of bedding other than
that provided by the crude alinement of corals and
coralline algne in the position of growth. Where its
clastic eloments are mostly shell fragments or joints of
Halimeda, coral and algal material is uncommon; but
the strictly clastic sediments represent a smaller part
of the total bulk of this limestone than does the coral-
and algal-rich rock. Well preserved coral heads and
mollusk shells are common.

Much of the Tanapag limestone so closely resembles
parts of the massive facies of the Mariana limestone
that it is difficult and perhaps impossible to separate
them consistently. Nevertheless these units are visibly
unconformable at places (as at big Agingan beach and
Dandan point); and they are believed to be separated
in time and to represent distinct genetic and historical
phases of the rock sequence of Saipan, warranting
separation as distinct formations.

Delimitation on a map, however, depends on a
combination of topographic and lithic clues that might
well lead to different conclusions about where the
boundary between Tanapag and Mariana should be
placed, either by different geologists, or by the same
geologist at different times. These are:

1. Preservation of corals and mollusk shells in the
Tanapag is better than it is in the Mariana limestone.
In the Tanapag limestone pelecypods and gastropods
tend to preserve their shells, whereas in the Mariana
limestone the mollusks are ordinaril d only

position of growth at many places in tho Tanapag
limestone.

3. The Tanapag limestone appears to be character-
istically restricted to altitudes of less than 100 feot,
and its surface is ordinarily constructional rather than
erosional.

The Tanapag is unlikely to be confused with deposits
other than the Mariana limestono.

At two localities along tho coast of southeastern
Saipan (castern Obyan), patches of weakly consolidated
gravelly limesand with excellently preserved shells fill
large cavities in the Tanapag. Theso may be Recent
cavern fillings rather than a proper part of tho Tanapag
limestone.

Type site—The name Tanapag limestono was pro-
posed by Tayama (19392, p. 346). Although a type
locality was not given in the original paper, Tayama
(oral communication) had in mind tho west coast of
Saipan between Tanapag and Matanse, and this
locality is herewith designated as the type site. Here
the exposed thickness of the limestone does not exceed
roughly 10 feet, although imshore from Dogas point
(Puntan Dogas) it rises to an altitude of about 60 fect.
There is little question that the rock at the type site
belongs to the same formation which we origmally
mapped as “post-Mariana raised rcef limestone” all
around the coast of Saipan, and which Tayama has
elsewhere also called the “Chacha limestone.” Because
the Tanapag limestone shows no evidence of bedding,
and because any section that might be described would
have to be included in essentially & single exposure
having the general features described for the unit as a
whole, there is no need specifically to designate a type
section.

Thickness and areal distribution.—Although the
Tanapag limestone extends to altitudes as great as 100
feet, it is probably nowhere as much as 100 feet thick.
It appears, in fact to have formed as a mainly construc-
tional and relatively thin veneer on an emerging
surface. The general thickness of occurrences with
recognizable lower contacts is perhaps 10 to 20 feet,

as impressions or internal fillings. Large spirally
ribbed Turbo, Trochus, and Tridacna, which rarely have
their shell matter preserved in the Mariana limestone,
are commoner and almost invariably retain their shells
in the Tanapag limestone. The corals in the Tanapag
limestone in general show little sign of alteration other
than by solution.

2. Corals, especially those in their original living
position, are generelly much more abundant in the
Tanapag limestone than in the Mariana limestone, and
Acropora of o stubby staghorn type [cf. A. humilis
(Dana)] is markedly abundant and_well preserved in its

and probable thickness is guessed to be not
more than 50 feet.

The Tenapag limestone is most widely developed
along the south and east coasts of Saipan, with its
maximum extent inland being about one-fourth mile.
Distribution around the northeast, north, and west
coasts is much more discontinuous, and at many places
its patches of outcrop are too small to be mapped
separately even at the mapping scale of 1:10,000.

Weathering, terrain, and vegetation—The Tanapag
limestone has been so recently raised above the sea that
it has had little opportunity to develop a soil cover
from its own weathering products. It forms the only
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rock benches on Saipan that are essentially construc-
tional. Except where mechanicelly smoothed and
graded these benches characteristically are nearly bare
surfaces that are studded with residual pinnacles and
slope gently toward the sea.

Along the mainly cleared and graded south coast,
the Tanapag surface is more nearly even than usual and
hos o thin deposit of brownish alkaline soil. Back
against the blufl that marks its inland contact with the
Mariana limestone is o thin wedge of probably trans-
ported brown clays.

Along the eastern and northern coasts, however, the
surface of the Tanapag bench is very rough, with many
irregular residual solution pinnacles and elevated sea-
ward-trending grooves (pls. 14B-D, 16B). The grooves
show their erosional origin by transecting contacts with
the cornl and algal deposits along their sides and
bottoms (p. 14B-D) and even by cutting down into
the Mariana limestone surface. Northward from Ha-
laihai, ond at Sabancta, along the northwest coast,
elovated fringing-reef flats (pls. 16B, 194) floored with
storm-washed calcarcous gravel and limesand occur
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at altitudes of 30 to 40 feet toward the inner margin
of the 15- to 40-foot Tanapag bench.

Tmmediately along the coast the salt spray retards
the growth of vegetation other than salt-tolerating
grass, vines, and thin brush. Vegetation along the
seaward part of the Tanapag bench is thus likely to be
sparse. In uncleared areas o little distance away from
the seaward margin, however, the rough Tanapag sur-
face supports o thickly tangled growth of low Scaevola
brush and vines. The bench along the south coast is
mostly cleared and protected by coastline windbreaks
of salt-tolerant trees such as casuaring.

Fossils, age, and correlation.—A partial list of fossils
so far recorded from the Tanapag limestone is given in
table 9. This tabulation, together with remarks, pro-
vides a comparison between the biotal characteristics
of the Tanapag and Mariana limestones. In the dis-
cussion referred to, reasons are given for concluding
that both the Mariana and the Tanapag limestones are
Pleistocene and that the Mariana molluscan fauna
suggests an older Pleistocene age than does that of the
Tanapag.

TapLp 10.—Carbon-14 analyses of Tanapag limestone and Recent calcareous malerials from Saipan

lan Piso samplo by W. F. Libby]

L.7. Kul t ¥

Geologic designation.
“Tanapag limestone. Bioclastic limestone..

Tanapag limestone. Coral Goniastraca.

Tanapag limeston Chama . sp.

‘Tanapag limestonc Bioclastic limestone-.-.

Storm wash from elevated moat on Limesand and shell debri 8612

Tanay

surface. )
Cnml—n{’g‘ﬁ mound at depth of 40 ft in  Dead crust of coralline algae. Ds*

lagoon entrance.
Recently emerged limesands.

1 Based on foctor belng s to consert counts per minute to years b
> Dnsed on new converslon factor,

o
3 Ecological locatlty; sco chapter K.

Nature of material locality ~ sample no. nation !

Pelecypod shell--o---

Preliminary Corrected age
Field C-14 age determi- (A‘i;:‘lza’:n;lif:all%g;
C29 L&n;nxt >30, 000 >30, 000
C35 21, 000600 19, 400700
5409 29, 9002, 500 28, 2002, 500
8611 o >30, 000 >30, 000
e 1, 850170 <200
2, 150200 400100
Chalan Uni i 3, 479200 1, 730450

Pino at
depth of
1.5 ft.

cforo running suto of § coral genora taken alive {rom the modern reef.
e Shated frofa data on rudlocarbon activity of modern coral speclmens.

of its jon with withdrawal of the sea

Table 10 presents carbon-14 deter inati by
L. J. Kulp that suggest an age of the order of 19,000

to more than 30,000 years (perhaps much more, of
course) for the Tanapag limestone and Lht;refore favor
a younger Pleistocene age forit. From this, and o.t].\er
evidenco previously summarized, therefore, the Pleisto-
cenc succession of Saipan appears to be: Older
Pleistocenc—Mariana limestone; middle or younger
Pleistocene—post-Mariana terrace deposits; and young-
est, Pleistocene—Tanapag limestone. K
The Tanapag reef limestones extend to the approxi-
mate height at which melting of all existing glacial ice
would raise the sea. Could this’mean partial contem-
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from the last major interglacial flood stage? Is the

Tanapag limestone itself roughly correlative with some
part of the last maximum glaciation?

If the latter is true, the oldest Tanapag beds would
presumably offlap toward the low level of maximum
glaciation, or perhaps as far as 50 fathoms below present
sea level, with inhibited reef growth at greater depths.
TFollowing onlap, with waning glaciation, might be
called upon to resubmerge the area, probably above
the present shoreline. At this time, or earlier, a stand
of the sea about 40 feet above its present level is indi-
cated by a persistent solution notch at about 40 feet,
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slightly acid at the surface. It becomes more acidic
with depth, although weathering appears to be uniform
and intense from top to bottom.

Origin, source, and age.—The source material was the
voleanic rocks of the Densinyama and Hagman forma-
tions, which crop out in tho hills along the eastern
border of the coastal plain. Short intermittent streams
ransported the voleanic debris westward from the
hills to build coalescent low outwash fans on the coastal
plain. Bastward the deposits grade laterally into and
overlap the volcanically derived source rocks and are
continuous with alluvial deposits of present strcam
valleys. Ncither fossils nor caleium carbonate have
been found in them.

The younger terraco doposits north of As Agaton
stroam wore derived largely from the volcanic breccia
of tho Densinyama formation that crops out to the
cast, for here they are of rounded pebbles of quartz-
rich rock and abundant quartz grains. South of As
Agaton stream the terrace materials are largely of
pebbles and cobbles,of andesite derived from the Hag-
man formation.

The seaward margin of the terrace deposits was em-
bayed by marine erosion. Limesands and marsh de-
posits were then deposited in the embayments. Thus,
although most of tho terrace deposits lie topographic-
ally above the limesands, some of them lie strati-
graphically below the limesands and are older. Their
formation appurently began during late Pleistocene
time, and they are still accumulating.

DEPOSITS FORMED BY MASS WASTING

Landslide deposits (pl. 214).—Material of landslide
origin covers an area of about 5 acres on the steep
castern slopes of Hogman peninsula. Tho deposit is
about, 30 feet thick at the base, where it reaches the
shoreline, and 5 to 10 feet thick immediately below
the rim of Hagman cliffs, at an altitudo of 330 feet.

This landslido is composed of & heterogeneous mix--
ture of large and small blocks of the Donni sandstone
member of the Tagpochau limestone and Dblocks of
massivo Halimeda-rich Muriana limestone. Some of
the limestone blocks are as much as 30 {eet in diameter.
TFrag of 2! te and cal d
of tho transitional facies of the Tagpochau limestone
also oceur in this doposit, and cobbles and boulders of
andesite derived from the underlying Hagman forma-
tion are abundant toward its baso.

The landslide materinls rest on water-laid volcanic

. Ny
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has undergone little crosional modification. The down-
ward movement of its materials from tho cliffs above,
postdates the cutting of the post-Mariana terraces,
presumably in late Pleistocene or Recent time.

Areas of slow slump and creep (pl. 214).—Residual
and gravity-slumped blocks of massive limestone cover
an area of about 6 acres in the Hagman grasslands
(Sabanan Hagman) in extreme castorn Saipan. The
limestone blocks lie on an clevated wave-cut terrace
surfaco on reworked voleanic conglomerate and sand-
stono of the Hagman formation, and on Halimeda-rich
Mariana limestone, at altitudes of 200 to 360 feot.

Most of the larger masses and Dblocks of Mariana
limestone in this area appear to be in place; but large
blocks are slightly offset from their original position,
and both the residual patches and offset blocks are
probably remnants of a once more extensive sheet of
limestone. The masses of Mariana limestone that lie
beneath the seaward margin of the terrace immediately
south of the area of slump blocks are also such remnants.

Large blocks of massive inequigranular Tagpochau
limestone, some of them 40 to 60 feet across, are mixed
with blocks of Mariana limestone in the slump area.
The blocks of Tagpochau limestone are derived from
the limestone mass that crops out in the cliffs above
the Hagman grasslands. These blocks probably crept
slowly down the slopes, eventually coming to rest on
the more gently sloping terrace surface among the
blocks of Mariana limestone.

Another area of slow mass wasting occurs north from
Hagman bay, between it and north Leulau point.  This
consists of almost continuous blocks of the Halimeda-
rich facies of the Mariana limestone and is mapped as
that facies. It is described in the section on structural
geology.

Both of the slump and creep deposits described are
still in movement, and movement may have begun at
any time following post-Mariana terrace cutting.
Rither could probably be set in catastrophic motion
seaward by o sufficiently strong carthquake.

Coarse slump rubble of steep coastal areas (pl. 174).—
Some steep constal arcas have no beach in the ordinary
sense of the term, but only a narrow belt of surf-bat-
tored rubble deposits stumped from the cliffs above.
Theso rubble blocks are dominantly angular and com-
monly tens of feet across. Such rubble deposits con-
sist of limestone blocks alone or of blocls of both lime-
stone and voleanic rocks, with cither predominating.
They are probably mainly Recent, ‘but may bo in part

te and sand of the Hagman
on an irregular basal surface that slopes between 25°
seaward and nearly vertical. The upper surface of
the landslide slopes 25° to 35° toward the sea. A rel-
atively recent origin is indicated by the fact that it
$78761—50—7
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ALLUVIUM AND CLAY WASH

Under the heading of alluvium and clay wash are in-
cluded about 900 acres of surficial deposits that are still
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accumulating and that may have been accumulating
sinco Pleistocene time. All such deposits are alluvial
in the senso that thoy were transported by runofl
waters, but distinction is mado between the deposits of
out-draining valleys and thoso of closed depressions and
broad, open areas. The linear alluvial deposits of out-

from its stand of about 12 o 15 feot abovo pres-
ont sea lovel, beginning perhaps 10,000 to 20,000
years ago. The clevated limesands contain many
‘marine shells, and may be in part lagoonal, but parts
also suggest beach or even supratidal accumulation.
Normal intertidal factors, water, wind, and storm

draining valleys commonly include &
amount of gravel, as well as clay. The deposits in
closed dopressions and broad, open areas at the mouths
of certain valloys are primarily clay wash. Tho clay
wash istically contains i and man-
ganiforous pollets. The presence of the clay wash
symbol on the geologic map normelly indicates a de-
pression or an aren that is very Jow topographically.

Tho thickness of the alluvium is probably nowhere
very great, but that of the clay wash almost overywhere
exceeds 5 feot and may commonly Do 20 to 30 fect.
Valleys containing tho gravelly alluvium are restricted
to the cast side of Saipan, and most of the clay wash is
toward tho west. As tho deposits are still accumu-
lating, they are at least in part Recent, but their under
parts may well reach back into the Pleistocene.

RECENT

probably all d to somo degree in the produc-
tion of a genetically complex but physically rather
simple blanket of limesand. Lake Susupo (Hagoi
Susupe) and the marshes around it suggest barred off
lagoon romnants, slightly clevated.

Carbon-14 analysis of a pelocypod shell collected by
Aloxander Spochr from 1.5 feot below the surface of
undisturbed limesands at Chalan Piao in southwestern
Saipan gives a corrected age of 1,730 (£450) years (see
table 10). Shards associated with the shell and as
much as 4 feet below it showed no marine encrustations,
and this part of the deposit is therefore believed to rep-
resent high-beach or h lati the
shell may well have been carried to its finding site by
early man.

MARSII DEPOSITS
The sediments in the 600 or so acres of marsh (pl.
20B) consist mostly of soft, sticky, blue-gray to gray-

The coastal plain (pls. 20B, 22-24) that extends from
the southwestern corner of Snipan northward along the
west coast to Achugau point is for the most part under-
lain by recently emerged limesands. This western
coastal belt ranges from % to less than % mile wide, and
includes o total area of about 4 square miles of limesand
and artificial fill over limesand. These sands normally
range from very fine- to very coarse-grained, are grav-
elly at some places, and contain many mollusk shells
and Foraminifera. They resemble present beach and
lagoonal limesands except that they extend to altitudes
as high as 15 feet or more. Tayama (1938) reports
that 2 bole drilled at Chalan Kiya penetrated about 8
feet, of rnised limesands before entering limestone.
Locally, however, the deposits may be as much as 30
feot thick. They rest upon & westward-sloping, bench-
like surface that is at least in part underlain by the
Tanapag limestone.

This undersurface was probably once continuous
with the Tanapag bench long the south side of Saipan.
However, it was faulted downward about 20 feet to
the west (at least in the southern part) in latest Pleisto-
cene or early Recent time. This fault movement fol-
lowed deposition of the Tanapag limestone, as here
understood, but preceded the 6-foot eustatic fall of sea
Jevel which is estimated to have begun about 3,000
(41,500) years ago (Cloud, 1954, p. 196). On the
surface so provided the sands here described were
accumulated, probably during retreat of the sea

clay. The areas of marsh are all on the
west coast of Saipan and mainly near Susupe lake (pl.
20B). They characteristically display a dense growth
of cane or other grasses and occeasional small trees.
Where the cane is thick it is very difficult to penetrate
it on foot, even with the aid of & machete. At other
places the vegetation is mainly of a species of morning
glory or of the water-loving fern Acrostichum.  Al-
though all of the marsh is wet and boggy during the
rainy season, the surface of parts of it become hard in
the dry season.

One small patch of mangrove swamp is found at the
mouth of Tase strenm (Sadog Tase) about midlength
of the west coast. ‘This is not more than an acre or two.

GRAVEL AND SAND ON EMERGED FRINGING-REEF
SURFACES

Very thin deposits of calcareous gravel and sand
locally cover the lower inshore parts of emerged fring-
ing recf surfaces at altitudes of 30 to 40 fect above pres-
ent sea level (pls. 16B, 194). These resemble deposits
which may be found today on the continuously sub-
merged parts of the fringing reef flats along the south
coast of Saipan, behind the seaward margin.  Out-
crops of the underlying Tanapag or Mariana limestone
can ordinarily be found projecting through the deposits
mentioned in areas where they are mapped. Such
material occurs intermittently along the inshore margin
of the lower prominent bench north from Halaihai
along the east coast of Saipan, and around the north
and northwest coasts to Sabaneta. It extends also
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into grooves and former surge channels along the former
senward margins of the emerged reefs.

On the basis of the evidenco cited, it was supposed in
{he field that these sand and gravel deposits were only a
little younger than the Tanapag limestono, and prob-
ably in part contemporancous with its upper surface.
Towever, n carbon-14 analysis (sce page 87) indicates
an age of less than 200 years for a sample believed to be
typical. On this evidence it would appear that some
of the sands and gravels were thrown up at times of
great storms or tidal waves instead of being clevated
older deposits.

PRESENT REEF AND BEACIH DEPOSITS

Beach deposits (pls. 18-23).—Beach deposits, as here
used, applies to all intertidal and only slightly elevated
deposits of the present sea—whether of sand, gravel,
the lithificd sands and gravels known as beach rock, or
otherwise. Lven a few small patches of the most re-
cently cmerged coral-algal limestone are included in
this category on the geologic map. The beach sands
around Saipan are almost exclusively limesands, and
the gravels are largely calcareous. However, gravels
of voleanic source materials are found at & few localities,
and sands containing between 50 and 80 percent quartz
oceur at Nanasu beach (Unai Nanasu), TFahang beach,
and Talofofo beach on the east coast.

At o fow localities the intertidal beach sands, or
sands and gravels, have been ind d so as to form
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such os algao and vermetid gastropods, but they prob-
ably support & normal reef-building biota beneath their
wave-breaking fronts.

Narrow stretches of intricately terraced fringing reef
that extend to the normal splash level of high tide aro
roferred to as terraced ramps (pls. 13B, C). Isolated
pedestals of similar structure are called terraced
pedestals. The low and small-scale terraces are really
o series of rimmed basins, arranged like the paddies in a

| torraced rice-field, and resembling hot spring deposils.

They probably are due to concurrent solution and
organic abrasion at their bottoms and sides and con-
struction at their edges.

STRUCTURAL GEOLOGY
INTRODUCTION AND SYNOPSIS

Saipan is a subaerial peak on the Mariane island arc.
It is known to have been a land area intermittently
since the Eocene, and to have undergone deformation
and apparent changes of Jevel at various times during
the Cenozoic. The pre-Tertiary structure of the area
is unknown.

The only tectonic features of any magnitude within
the island itself are normal faults that trend north-

) pproxi ly parallel to its
long axis. They dip steeply westward and are relatively
upthrown to the east by mainly dip slip movement.

to northeast, o

beach rock (pl. 15C). This induration appears to oceur
principally by interstitial precipitation of caleium car-
bonate on temporarily stable beaches. Such deposits
characteristically dip between 5° and 10° seaward, the
general range of inclination of tho beaches.

Ixisting organic reefs and sea level benches (pls. 138, C,
17-24)—A barrier reef with a shallow lagoon (pls.
17B, 24) lies west of Snipan, becoming a {ringing reef
at its north and south ends (pls. 244, 20B, 22B). A
fringing reef surrounds much of the rest of the island.
Tt is almost continuous along the southern coast (pl. 22)
and the bays that front the cast coast (pls. 184,
21), but is di i 3} loped elsewl Some
fringing recf benches extend to the shore and are
barely awash at low tide, but others have their fronts
separated from the shore by shallow depressions. The
conspicuous reef builders aro calcareous algae, corals,
hydrozoans, and mollusks. Within the interstices of
the frame constructed by such organisms, sediments of
various sorts are trapped.

Long stretches of fringing reef are essentially erosional
benches in limestone and volcanic rocks, as they are in
other regions. These benches are only thinly and
sporadically mantied with li ting organi:

of the brittle rocks is indicated by minor
cross faults and branch faults.

That the alinement of the principal faults on Saipan
is parallel to the alinement of the island and approxi-
mately parallel to the trond of the Mariana island are
at this point suggests that these faults are related to the
structural pattern of the island arc as o whole. Their
orientation is consistent with an origin of the Mariana
arc as an essentially north-south trending linear regional
upwarp or geanticline. Fault control of the overall
shape, size, and position of the island (fig. 9) seems
probable.

The presently visible fault pattern may well have
been outlined as early as the Oligocene, if not, indeed,
in late Eocene time. There is no specific evidence of
any pre-middle Miocene faulting, to be sure. The
overlap of almost horizontal Tagpochau limestones
(early Miocene) across the beveled surfaces of percep-
tibly or even conspicuously dipping voleanic rocks and
sediments of Eocene and Oligocene age does not neces-
sarily indicate pre-Tagpochau tilting, because the dips
of these older beds are probably in large part initial.
Yet, at least two episodes of probable upwarping and
emergence before Tagpochou time may have been ac-
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ment to the west and possible accentuation of initial
dips by block rotation. It scems likely, therefore, that
the principal fault pattern really developed by recurrent
displacement through post-Eocene time, with recog-
nizable offset attributable mainly to later Miocene and
Pliocene movement.

Most of the faults observed somewhere affect the
awer Miocene Tagpochau limestones, whereas few
affcct the probably older Pleistocene Mariana lime-
stone. Renewed movement on old lines of faulting, or
faulting along new lines, occurred in probably latest
Pliocene, twice during the Pleistocene, and finally dur-
ing latest Pleistocenc or early Recent time.

The last mentioned fault movement slightly offset
the Tanapag limestone of latest Pleistocene age. In
combination with the seismic history of the region this
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and down the flank of the inferred cone remnant. Dips
may have been accentuated by later tilting in the same
direction, caused by southward rotation of the fault
wedge that reaches an apex just north of Mount
Achugau.

Gently inclined layered masses of quartz dacite and
thinly banded flow breccia in the southern part of the
Sankakuyama outcrop area probably relate to domal
protusions and short, stubby flows on the flank of the
main volcano.

Chaotically distorted, thinly banded dacites, wherein
attitudes of banding are steeply inclined to vertical,
occur in the northeastern part of the Sankakuyama
outerop arca. These may represent another dome or
domes, also on the flank of the main volcano.

The andesite flow rock of the Hagman and Fina-sisu

suggests that the Mariana line is still developing.
It scems probable that future movements will occur
along some of the existing faults or new ones parallel
to them.

In addition to faulting, the rocks and sediments of
Saipan are at places also affected by jointing and small-
scale folds. Even more conspicuous, however, are the
many primary features attributable to initial dips,
slumping and sliding during sedimentation, and the
effects of later compaction and mass wasting.

Although the complexity introduced into the rock
sequence by the factors mentioned comes under the
general heading of structural geology, only a part of it
is due to tectonic deformation. The features here to
be considered, thercfore, are grouped according to in-
ferred origin into (1) primary structures associated
with voleanism and the deposition of sediments on
sloping surfaces; (2) tectonic and possibly tectonic
structures; and (3) structures duc to compaction,
slumping, mass wasting, and collapse. By means of
the arrangement indicated it is hoped to take account
not only of truly primary structures, but also of the
probability that some faulting is duc to sedimentary
compaction or load deformation, some “folds” may
reflect merely the topography of the surface on which

vere d ited, and 1

oceurs as distinetly tabular and

bodies that are associated with both water-laid and
subaerial andesitic pyroclastics. The mainly gentle
dips of these flows are presumed to be initial or but
slightly accentuated by later tilting. The very presence
of flows suggests o sloping surface, and all of them dip
in an easterly direction, away from the probable locus
of original voleanic centers as also inferred from the
marine to nonmarine gradation of the Hagman pyro-
clastic rocks.

OTHER INTTIALLY DIPPING DEPOSITS

Marine tuffs and rare interlayered andesite flows in
the conglomerate-sandstone facies of the Eocene
Hagman formation dip parallel to the surface of the
underlying Eocene(?) Sankakuyama dacites in north-
central Saipan at angles of 10° to 20° (rarely 30°)
(structure section A—A’, pl. 1). Similarly, inter-
bedded andesitic flows and marine tuffs of the Oligocene
Tina-sisu formation in south Saipan dip cast at angles
of 3° to 10° (structure section D—D’, pl. 1). In both
instances the dips are interpreted as mainly or wholly
initial; because the present pattern of dips is consistent
with associated primary structures and the direction of
probable source areas, and because it is presumed that

the sedi w bedding-
fracture patterns may result from slumping and
collapse.
PRIMARY STRUCTURES
VOLCANO REMNANTS, PROTRUSIVE STRUCTURES, AND
LAVA FLOWS

"I'he monoclinal structure of Mouni Achugau (Ogso
Achugau), in north-central Saipan, strongly suggests
the remnant of a former volcanic cone. As was de-
scribed under “Origin” of the Sankakuyama formation
the peak of Mount Achugau is a layered sequence of
dacitic flow rocks and breccias that dip 40°-50° south.
Attitudes become much gentler (25° to 30°) downdip
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P ble slope would facilitate the spreading out of
such Java flows.

At other places, beds within the relatively widespread
breccia-tufl facies of the Hagman dip generally cast
and northeast between 5° and 25°. Marine conglom-
erate and sandstone beds of the same formation, which
lic scaward (east) from and grade into the breccia
facies, mostly dip eastward at angles between 5° and
18°. This general concordance of attitude and genctic
association suggests that the dips are mainly initial and
due to the deposition of sediments on, and their working
down, a concordantly dipping slope. Dips up to 34°
are commonplace among subaerial pyroclastic beds
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of active volcanocs, and probably somewhat less among
their subaqueous counterparts.

MARIANA ISLANDS
'DEPOSITIONAL(?) FOLDS

Folds of problematical origin are found in the Douni
ds member of the Tagpochau limestone in cast-

The mainly andesitic sedi of the Dy
formation overlap and interfinger with the Hagman
formation and locally rest upon the Sankakuyama.
They arc most widespread in central and eastern
Saipan, but extend west across the summit of Talofofo
ridge. They arc inclined both cast and west from tho
crest of Talofofo ridge at dips between 5° and 20°
(structure scction B—B' pl. 1) as though hore deposited
over and around a preexisting axial ridge of andesitic
sourco materials: the Hagman formation. In its
northern outerops, where the formation is thickest, and
in east-contral Saipan, the beds dip gently cast and
southeast. The attitudes of beds within the Densin-
yama formation are believed to be largely initial,
becauso of the manner in which they drape over Talo-
fofo ridge (cssentially conforming to the inferred surface
of deposition), and because they arve only locally
faulted or warped.

From the foregoing discussion, it appears that the
upper Eocene Hagman rocks may represent the rem-
nents of a mainly eastward-dipping volcanic structure,
or complex, that was in part superimposed on tho‘south

contral Saipan. Northward from Chacha to Irll"itob
are at least five well-dofined t-plungin l
with observed lengths from less than % mile to a littlo
more than ¥ mile. Lobes of the Donni sandstone
member extend eastward along short nntic]i{ml spurs
that are separated by valleys in the rubbly facies of the
Mariana limestone. Distances between fold axes range
from about 500 feot to % mile. Their apparent heights
at midlength arc 30 feet to about 100 feot and tlm.y
open to the west. The “folded” Donni beds (?\'el'lle
poorly exposed T: hau li and andesites of
the Hagman and Densinyama formations, none of
which appears to be folded.

Having scarched in vain for a way to explain these
Doni folds as tectonic features, it becomes necessary
to consider how clse they might be accounted for.
Perhaps local currents, descending from the banks on
which penecontemporancous shallower water Tag-
pochau li were ing, scoured d
trending channels and spurs in the poorly consolidated
sediments of their lower slopes. ~ As the arca continued
to subside, tuffs di of the Donni beds

flank of a slightly d dacitic .
Over and around the rapidly croding remmnants of the
unconsolidated Hagman deposits were laid down the
mostly reworked and mainly (or wholly) marine sedi-
ments of the partly interfingering, partly overlapping,
and only broadly overlying Densinyama formation.
The casterly dips of the Oligocene Fina-sisu volcanic
rocks conform to the broad pattern of inclination away
from a gencrally western source area. Slumping of
previously deposited sediments would account for
locally anomalous attitudes, especially in the Hagman
and Densinyama beds.

Other possible or probable initial dips are found in
the Matansa, Tagpochau, and Mariana limestones.
In both the rubbly and the Halimeda-rich facies (pl.
134) of the Mariana limestone along the eastern margin
of the island, the 10° to 20° eastward dips may be initial
or partly initial. Later accentuation of such dips by
castward rotation of fault blocks is conceivable, but is
not necessary to account for the facts observed. Sup-
posed initinl dips as much as 33° were recorded by J. B.
Harrison (1907) within a succession of mainly horizontal
coralliferous rocks on Barbados. In these beds, those
dipping as steeply as 6° contained coral heads in posi-
tion of growth but those at higher inclinations contained
only displaced corals. Talus slopes and current
bedding, as invoked by Harrison, seem likely causes of
steep initial dips in limestones associated with ancient

might then have settled over such a submarine topog-
raphy in o pattern of depositional anticlines and
synclines. Similar depositional “fold” patterns have
been observed by Cloud in subacrial tuffs near Tara-
wera in the Rotorua arca of New Zealand, and there is
no reason to doubt that such features could form sub-
aqueously as well.

TECTONIC STRUCTURES
FAULTS

The principal faults of Snipan are high-angle faults
that trend dominantly in a north-northeast to northeast
direction (fig. 9; pl. 1). They are subparallel to the
long axis of the island and roughly parallel to the trend
of the Mariana ridge in the immediate vicinity. A
scattering of minor faults branch off from or interescct
the principal faults obliquely or at right angles. Where
the juncture is oblique, the acute angle is generally to
the south. Other minor faults, some too small to map,
mostly tend to parallel the principal faults, but some
have aberrant trends.

Where the surfaces of the principal faults are exposed,
they dip westward at an avernge near 60° to 70°,
but some are nearly vertical and others incline as little
as 45°.  They are also mostly downthrown on the west
side, with little or no strike-slip component to the move-
ment, and ave thus normal faults. No reverse faults or
strike-slip faults were observed on Saipan, and probably

reefs or bank margins.

none of any significance occur there. The direction of
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movement and inclination of the faults suggest that
castward rotation of fault blocks may have contributed
to the prevailing casterly dips of the strata. If it did,
however, the effect is believed to be a matter of accentu-
ation of dips that were initially in the same direction.

Scemingly anomalous offsels of contacts on opposite
sides of faults may result from the vagaries of strand
line variation and bench cutting. Thus Mariana beds
in the small upfaulted wedge that trends north from

fiunchul bay were ly raised to higher
levels than equivalent beds in the adjacent terrace
surface, offsetting tho contact with underlying beds
in the “wrong” direction.

Movements of 10 to 20 feet along old faults locally
offset the Tanapag li bly late
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and locally excceds 150 feet. Branch faults fan into
the Agingan fault from the southeast, and the whole
fault complex appears to die out abruptly into undiffer-
entiated Tagpochau limestones about halfway up the
revine west of the I Eddot grasslands.

The Obyan (pronounced Ob’-zén) fault trends
north-northeast from Obyan point, at the midlength of
the south coast (fig. 9; pl. 22B). It begins in the
Tanapag limestone and transccts the massive facies of
the Mariana limestone at the base of Gonno cliff.
The Dago fault appears to cut obliquely across it from
the southeast along the base of Dago clil. The Dago
fault then continues northward to the mouth of I Eddot,
ravine where it was lost in undifferentiated Tagpochau
b

D

Pleistocene from Mariana limestone without appearing
to displace it. Some terraces have been cut sinco the
most recent fault movement beneath them and others
are oflset or tilted by faulting. Movement has appar-
ently been recurrent along some faults at intervals from
postearly Miocene, and perhaps pre-Miocene, to Recent,
time. Others have moved less frequently and less
recently.

It has not been possible to determine actual net slip
or stratigraphic separation along any of the principal
faults of Saipan because of the absence of duplicated
datum surfaces along or near the faults. The displace-
ments shown on the structure sections merely suggest
order of magnitude based on the relations that seemed
most probable as the available data on attitudes, widths
of outerop, and thicknesses were plotted on the topo-
graphic profiles. However, the maximum net vertical
displacement along any fault on Saipan probably does
not exceed 300 to 400 feet, and some persistent and
conspicuous faults show net displacements that maybe
less than 100 feet.

The most continuously recognizable fault on Saipan
is the Agingan fault (fig. 9; pls. 22, 234), which extends
from the west side of Agingan point, at the southwest
corner of the island, for 5 miles northeast and north-
northeast along the western side of Fina-sisu and west
of the Gallego grasslands (Sabanan Gallego) toward
Mount Tagpochau. The surface of this fault was
observed to dip about 65° west in the Fina-sisu area,
and slickensides show evidence of dip-slip movement
only. Actual displacement is unknown but is probably
well over 100 feet. Most recent displacement is per-
haps 20 feet downward to the west of Agingan point,
whero the fault offsets the Tanapag limestone. North-
ward in the Fina-sisu district the Tanapag limestone
on the west appears to have been both deposited against
and dropped along this fault. Indeed topographic relief
from upthrown to downthrown side in this area well

in what scems to be a zone of minor faulting

or shattering. Exposures are poor and relations very
uncertain in the vicinity of I Eddot ravine, but possible
general trends are shown by the lines of inferred faulting
on the geologic map. Displacement is downward to
the west, only 10 to 15 feet at Obyan point, where the
Tanapag limestone is barely offset, but perhaps 100 to
200 feet where its pre-Tanapag effects are visible and
where bench surfaces are displaced.

The important Laulau bay fault (fig. 9; pls. 208,
228, 23A4), runs along the base of Naftan cliffs from the
west side of Naftan point to the east side of Dandan
point, presumably crosses Laulau bay, and continues
along the base of Hagman cliffs, defining the eastern
limits of Chacha. Movement along this fault is down-
ward to the west and was probably recurrent. Local
apparent movement varies between the 40 to 100 feet
suggested by inferred displacement of bench surfaces
at different places and the 200 to 300 feet or more that
is doubtfully inferrable from stratigraphic relations
(structure sections C-C’, E-E’, pl. 1). The fault sur-
face is vertical through the Pleistocene limestones at
Naftan point but dips only 50° to 55° west where the
downd d Mariana li abuts sand: and
conglomerate of the Hagman formation at Hagman
cliffs. Weakly preserved suggestions of slickensides
and chatter marks indicate dip-slip movement only.
Its trace across Laulau bay may have been erased by
subsequent sliding, as discussed in part 4.

A complex of short, high-angle faults of indeterminate
displacement locally offsets the Tagpochau limestone
on the west side of the Tagpochau uplands. This is
shown on the geologic maps and in structure section
C-C',pl. 1.

The conspicuous northeast trending and branching
Matansa fault drops Miocene and younger strata
against Eocene andesitic rocks and Miocene limestones
in the northern part of west-central Saipan from Puerto
Rico to Matansa. In general it follows the lower

exceeds the 20 fect or so of post-Tanapag displacement,
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the western coastal plain. Displacement along this
fault is downward to the west, along a surface that dips
50° westward where observed. It may be on the order
of several hundred feet locally (structure sections A-A4’,
B-B',pl. 1).

The Achugau fault approximately parallels the
Matansa fault and seems to merge northward with it
at the mouth of Papua ravine. It drops the Mioceno
Tagpochau limestone on the northwest against dacitic
and andesitic rocks and limestone of Eocene ago to the
southeast. Displacement along the Achugau fault may
be 400 feet or more below Mount Achugau itself, but
the fault dies out abruptly or is lost in andesitic sedi-
ments to the south. A branch fault that trends cast-
ward from the principal Achugau fault connects with
a complex of short, high-angle faults that chop the
Sankekuyama dacites and adjacent rocks into small,
irregular blocks.

In the vicinity of Faiunchuluyan beach the dacitic
rocks of the Bocene(?) Sankakuyama formation are
broken into wedge-shaped blocks by a complex of
minor northeast-trending faults which also offset rocks
of Miocene and Pleistocene age. These faults fan out
from the northeast end of the longer Kalabera fault,
2 normal fault that curves to the southwest, dips
70°-75° northwest, and probably runs into the Achugau
fault. Steeply dipping fault surfaces are well exposed
in the cliffs at Fafiunchuluyan beach, where they are
intersected by the surface of a post-Mariana terrace.

A short- nearly cast-west fault at the south margin
of Magpi clifls drops to the south, and a similar fault
at south Kalabera cliffs drops to the north. Increasing
throw on these faults from east to west may account
for the westward inclination of terraces adjacent to
them (pl. 164). Other short faults shown on the
geologic maps, but not further commented on, appear
to -have undergone mainly nonrotational dip-slip
movement.

The andesitic rocks of the Hagman and Densinyama
formations give the impression of being less affected
by faulting than the more brittle older dacitic rocks
and younger limestones. However, the fow faults that
were traced into the andesitic rocks did not presorve
scarps and could not be followed for appreciable
distances. Because many of the minor faults observed
in these andesitic rocks could well be compaction fea-
tures, structures that did not show appreciable con-
tinuity and throw were not mapped (pl. 6D). It is
not really known whether faults in the andesitic rocks
may be more numerous than is indicated on the geo-
logic maps, or whether movement within these rocks
was translated to many very small displacements instead
of a few larger ones.

JOINTS

In attempting to determine whother the joints in the
rocks of Saipan follow any dominant trends and
whether such trends showed any stratigraphic variation,
attitudes of all joints read and plotted were divided
into Eocene, Miocene, and post-Miocone groups.
Because most of the joints are vertical or dip at very
steep angles, the dip component was left out of
consideration,

It was found that tho strikes of joints in the Eocene
rocks are widely dispersed around the compass but
tend slightly to be concentrated in a west-northwest
by cast-southeast dircction. The strikes of joints that
transect the Miocene Tagpochau limestone likewise
are widely distributed but show some concentration
in the north-northeast to south-southwest, north to
south, and east-northeast to west-southwest directions.
That is, they favor the directions within the northeast
and southwest quadrants. The strikes of joints in
the post-Miocene strata of Saipan show approximately
the same pattern of orientation as those in the Eocene
rocks, running around the compass but showing general
concentration in west-northwest to cast-southeast
octants.

The patterns cited show a moderate tendency for
joint alinement either parallel with or normal to
directions of faulting, but with a scatter that covers
nearly all points of the compass.

FOLDS

Tolds of known tectonic origin arc inconspicuous on
Saipan. Broad, gentle undulations with no marked
alinements are fairly common, and small drag-folds
may be scen along some faults. However, well-
defined, mappable folds were found at only two places,
apart from the suspected depositional folds already
described.

The big quarry (319) at the cast side of the mouth
of I Eddot ravine, north of Wallace Highway, has been
excavated essentially along the axis of a sharp anti-
cline that is interpreted as  drag feature related to the
Dago fault at its west margin. The axis of this fold
strikes almost duc north but is well defined for less than
balf & mile

A second small anticline affccts the cquigranular
facics of the Tagpochau limestone between the north
and south branches of Fanaganam ravine, in the west-
central part of theisland.  This fold has a southwesterly
trend, and the rocks on its flanks dip about 20° north-
west and southeast. It is recognizable for less than
one-fourth mile. Because this fold trends roughly
parallel to the structural grain of the island, it may be
o small tectonic feature.

GENERAL

STRUCTURES DUE TO COMPACTION, SLUMPING,
MASS WASTING, AND COLLAPSE

Small faults interpreted as being due to lond compac-
tion (pl. 54) arc locally common, especially among the
voleanic sediments. Such faults characteristically are
steeply inclined normal faults that seem to die out
upwards and downwards. At places they oceur in
clusters that dip (and drop) from both sides toward a
central point. A well-displayed cluster is in the con-
glomerate-sandstone facies of the Hagman formation
in its last outcrops along the sea-level beneh that runs
north from Hagman point to Laulau point north.

Penccontemporancous slumping along sedimentary
surfaces is an important factor in the production of
various anomalous relations in those sediments that
have initial dip. Chaotic bedding and the introduction
of large blocks and ecrratic masses of divergent rock
types is best accounted for by this mechanism.

Landslide deposits (pl. 214), some of the results of
gravity creep on gently inclined surfaces (pl. 214),
and the coarse slump rubble of steep coastal arcas
(pl. 17.4) are deseribed in o preceding scetion under
“Deposits formed by mass wasting.”

An unusual example of mass wasting is provided
by an area of actively ereeping blocks of the Halimeda-
rich facies of the Mariana limestone along the east coast,
of the Hagman peninsula. This area extends for about
one-half mile north to south, between North Laulau
point and Hagman bay, and one-fourth mile east to
west from the sea to the 250- to 450-foot blufls above.
Its southern edge is shown at the right side of plate
21A4. Over this avea, blocks of limestone that average
perhaps 50 feet across and are only slightly separated
from one another are creeping toward the sea. They
are so closely spaced that the avea is retained under the
Mariana limestone symbol on the geologic maps.
They are sliding on the surface of the Donni sandstone
member of the Tagpochau limestone, and perhaps in
part on the conglomerate-sandstone facies of the
Hagman formation. This under surface dips 5°-20°
toward the sea and is well lubricated as a result of the
weathering of its tufl to
clay. Along the margins of the blufl above the wasting
area, masses of limestone as much as 150 feet long and
50 to 80 feet wide are barely separated or not yet
fully free from the sheet of rock to the west. They
will doubtless continue to break loose, separate into
more nearly equidimensional parts, and creep seaward
until they either work back to a slope too gentle for
perceptible movement or exhaust their source.

Collapse structures result from the weakening of
cavern roofs by solution, leading to direct downward
settling of younger rocks into older. Many sinks, or
sink holes, are collapse structures, but others are prob-
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ably duc almost entirely to solution. On Saipan
several of the smaller sinks show evidence of being true
collapse structures, s at I Madog point and just
north of I Hasngot beach. Other collapse features
are probably represented by blind-ended valleys that
terminate castward against limestone cliffs, like those
north of Nanasu beach and west-southwest from
Tuturam beach.

RELATION OF STRUCTURE TO TOPOGRAPHY

An unusually straight and persistent searp in an area
of block faulting, such as Saipan, is likely to be thought
a fault scarp until good reason is found for believing
otherwise, particularly if it conforms with established
structural trends. Faults that displace previously
terraced terrain are ordinarily conspicuous, and terrace
displacement, along them may provide unusually good
data for direction, amount, and time of particular fault
movements. The fact that certain faults offset some
terrace surfaces but not others, or are planed off by
terrace cutting, brackets the time of fault movement
relative to times of successive terrace cutting.

The most marked example of terrace tilting as a clue
to faulting on Saipan is found adjacent to the approxi-
mately located east-northeast trending fault that runs
along Magpi ravine in northwestern Saipan. Here a
fault was first postulated from the fact that the terrace
surfaces as As Matuis, south of Magpi ravine, are tilted
toward the west relative to the almost horizontal terrace
surfaces north of the supposed fault. The presence and
direction of movement of this fault were later confirmed
by palcontology, although its location is still based on
topographic evidence only, and the fault has not been
observed. The 80-foot terrace at the west is not cut
by this fault, showing that movement along it was com-
pleted before truncation of the lower terrace. A second
fault that would have been indieated by westward
terrace tilting, had it not been known on other evidence,
is the short hinge-fault at the south side of the westward
tilted terraces of south Kalabera clifls.

If an absolute terrace chronology could ever he
worked out for the Mariana Islands, it would permit
close dating of many known fault movements. As it
is, the evidence of sedimentation and terrace relations
to faulting on Saipan fixes the time of five intervals of
faulting as: (1) post-Tagpochau deposition and pre-
high-terrace cutting, younger Miocene or older Pliocene;
(2) post-high-terrace cutting and pre-Mariana deposi-
tion, possibly latest Pliocene; (3) post-Mariana deposi-
tion and pre-intermediate-terrace cutting, possibly
carly middle Plei (4) post-i diate-terrace
cutting and pre-Tanapag limestone deposition, possibly
late middle Pleistocene or early late Pleistocene; and
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(5) post-Tanapag limestone deposition but before a
Recent, 6-foot fall of sea level, probably older Recent
or latest Pleistocenc.

Unusual relations of “structure” to topography are
shown by the roughly paired, westward-extending,
valley-filling lobes of Mariana limestone and eastward-
plunging spurs of the Donni sandstone member of the
Tagpochau limestone along the eastern island margin.
As described in a foregoing section, theso features mark
the approximato ases of possibly depositional anticlines
and synclines.

HISTORICAL GEOLOGY

INTRODUGTION AND SYNOPSIS

A sequence of geologic events does not constitute
historical geology until the events are interrelated and
I 1 1

terrace doposits, and followed by renowal of faulting
along old trends and possibly along actual lines of
former movement.

7. Lato Pleistocene emorgence from about 100 feet
above to not more than 300 feet below prosent sen
lovel, probably followed by resubmergenco to about
40 feot above sea lovel and then renowed withdrawal,
or porhaps merely interrupted by a temporary stand
of the sca at 40 feet. This was accompanied by depo-
sition of o mantle of fringing-reef limestono which
seems to bo better prescrved below than above 40
feot, Tho sea stood at the 40-foot level long enough
to produce horizontal notches in searp bases and
around stacks. Tho lowest Pleistocene reel surfaco
is about 12 to 15 feet above present sea level, where
tho sea may have been 20,000 years (or less) ago.

interpreted in torms of p 1 ) A
and tectonic evolution. In the following pages, there-
fore, an effort is made to abstract and interrelate such
evidence for the geologic history of Saipan and its
environs.

The fragmentary record begins with the Eocene, and
is pieced together from bits of cvidence for the subse-
quent epochs of Cenozoic time (table 11). It involves
the following events:

1. The formation of Eocene and Oligoceno dacitic
and andesitic volcanic rocks and thin Eocene lime-
stones that make up the central core of the island;
interrupted by erosion and submergence, and prob-
able interrupted or followed by faulting.

2. The accumulation, around and over this central
core, of 1,000 feet or so of older Miocene warm-water
bank li and iated sedi

3. Younger Miocene or Pliocene faulting; relatively
up on the east and down on the west along westward-
dipping high-angle faults that trend north-northeast
to northeast, parallel to the long axis of Saipan. At
the same time a fault wedge raised the volcanic area
in the north-central part of the island relative to the
Matuis uplands to the north. Erosion was necessarily
concomitant with these movements.

4. Pliocene(?) emergence and continued erosion,
formation of highlevel terraco deposits, marine
benching from the island crest to and probably below
the present 500-foot level, and local east-west hinge-
faulting that tilts parts of the upper terraces west-
ward.

5. D ition of older Plei reef: plex and
bank limestones below the present 500-foot level;
followed by renewed faulting along old lines and by
new minor faulling locally.

6. Middle(?) Pleistocene emergence from roughly
the present 500-foot level to or below the 100-foot.
level; accompanied by benching and the formation of

Tho carbon-14 dating (table 10, loc. C35) and pos-
sibly oustatic nature of this level is, of course, in
conflict with conventional belief which calls for ex-
tended glaciation and greatly Jowered sea level at
this time. Thus, only alteration may be dated.

3. Local renewal of faulting along old lines scem-
ingly resulted in goneral downmovement of the west-
ern coastal plain block by about 20 feet to the west.

9. Final fluctunting emergence to slightly below
present sea level, with temporary stands of the sea at
about 6 feet and 2 feet above the lowest point of fall.
Retreat from the 6-foot level began perhaps 3,000
(41,500) years ago and is presumably related to
withdrawal of water from the occan to form additions
to the present ice caps, following the most recent sub-
peak of the post glacial thermal maximum. The
evidence of submerged subaerial solution features on
Guam and Palau suggests emergence to some feet or
tens of feet below present sea level before the 6-foot
stand and probably after the 15-foot stand.

10. Slight rise of sca level in the last 100 years or so.

THE OLDEST ROCKS (EOCENEP)

The oldest rocks on Saipan that are accurately dat-
able by fossils were deposited in late Eocene time.
Dacitic rocks beneath them are also believed to be
Eocene and probably late Eocene, because of the pres-
ence in the dacites of the metastable silica minerals tridy-
mite and cristobalite, which are rarc in pre-Miocene
and unknown in pre-Tertiary rocks.

The oldest rock of all, however, is augite andesite,
in part quartz-bearing, found as inclusions in the
dacitic breccias of the tridymite- and cristobalite-bear-
ing ama jon. These inclusions are pre-
sumably fragments of andesitic wall rock that were
torn loose from the sides of vents out of which the dacitic
rocks were erupted, and they probably indicate the
presence at depth of andesitic rocks older than the

r 2013/10/22 : CIA-RDP81-01043R00250012000:

GENERAL GEOLOGY

TABLE 11.—Summary of the inferred geologic history of Saipan

APPROXIMATE

IN YEARS
(malaly after Simpson,
949, p 12)

CENoZOIC
EPOCHS

Plelstocene

REPRESENTED ON SAIPAN BY

Beginning of 6¢a level recovery about 100 years ago

2-foot custatic halt of sea

6-foot custatic stand of sea

Latest faulting and beginning of western coastal plain—|

Fringing reel deposits of Tanapag limestone formed on
‘mainly emergent but probably {luctuating surface belo
100 feet, with stands of sea at about 100, 40, and per-
haps 15 fect above present sea level

Faultin

Emergence and formation of intermediate terraces

(100-150 feet)
Faulting

Sumergeénce and formation of tropical bank or lagoon
and reef-complex deposits of Mariana limestone

0.01 =—
1 million

Pliocene

Miocene

East-to-west hinge faulting
Emergence and formation of high terraces (+500 feet)

Faulting. Mainly up on east side and down on west along
west-sloping, high-angle faults parallel to the long axls
of Saipan. Exact interval or intervals of faulting ot
known Faults probably in part preexisting and in part
new at this time

Submergence and formation of tropical marine bank limestones
and associated deeper water tuffaceous sandstones
of Tagpochau limestone

Oligocene

Emergence, probably faulting, and erosion

Probubly subsidence and formation of marine andesitic
tulfs and lava flows of Fina-sisu formation

(possibly faulting and probably emergence and erosion)

Eocene

Continued sut
bank deposits of Matansa limestone

nce and formation of tropical marine

Sibsidence and reworking of marine andesitic|

Formation of subaerfal and marine
andesitic deposits of the Hagman formation

aterials to form formation

Erosion to lowest level of presently exposed dacites

Subaerial eruption of dacitic volcanic rocks of
Sankakuyama formation
Interval of andesitic eruptions represented by inclusions
nkakuyama formation
(Age by top control and mineralogy only. Could be younger
or older than indicated here)

Paleocene

Unknown
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“basement” dacites of the Sankakuyama formation.
Until evidence to the contrary moy be forthcoming, it
seems preferable to consider that these oldest andesitic
rocks represent part of the late Eocene voleanic epoch
that so widely contributed to tho volcanic succession of
Saipan and other islands at thoe eastern margin of the
Philippine Sea.

THE EOCENCE CORE AND THE BEGINNING OF THE
VOLCANIC ISLAND ARC

Perhaps in part contemporancous with, but mainly
following the extrusion of, the older Eocene(?) andesites,
dacitic lavas issued to form the Sankakuyama forma-
tion. 'These rocks represent the first event in the his-
tory of Saipan of which there is a substantial record.
Although their Eocene age is open to question, it is be-
lieved sufficiently well assured by the evidence of super-
position and mineralogy, as cited above, to warrant
inclusion of Sankakuyama events as a part of Eocenc
history.

The Sankakuyama rocks include dacitic breccias,
tufls, flow breccias, and glassy flow rocks. The south-
dipping homocline of Mount Achugau, in and about
which the dacites outerop, is interpreted as a remnant
of o stratified composite voleanic cone whose Eocene
center was not far north of the present peak. The
pyroclastic breccias and tuffs on the flank remnants of
this cone represent accumulations of explosively erupted
airborne blocks and osh. Highly foliated flow breccias
and associated, chaotically laminated, glassy flow rocks
probably originated within protrusive domes, or by
extrusion of viscous lavas from them. Some of the
breccias probably developed os short, stubby, self-
brecciating flows, and other breccias may have formed
along the flanks of domal protrusions as avalanche fows
and as talus slides. Tabular and lens-shaped bodies of
foliated dacite, intercalated with pyroclastic breccias
and tuffs, and not excceding onc-fourth mile long,
presumably represent surface lava flows. Such flow
rocks are probably very near their source. Their
presence is also significant, in that it combines with the

In addition to the oxposures of and near the Achugau
cone, sites of dacitic eruption arc also indicated by
mainly dacitic volcanic necks or plugs in a quarry cast 9[’
TFlores point and also at Mount Laulau. The dacitic
deposits that presumably once surrounded these plugs,
however, have since been entirely removed, and the
plugs are now surrounded by andesitic breccias of the
Hagman formation.

TFollowing cruption of the dacitic rocks by an interval
of unknown duration, the upper Eocenc andesitic
voleanic rocks of the Hagman formation were produced.
Although the Hagman rocks at places ovorlap tho
dacitic rocks of tho Achugau cone unconformably, this
does not in itself necessarily indicate cither much lapse
of time, tilting, or crosion. The andesitic sediments
came from different sources and would naturally wedge
out against the Qanks of the dacitic cone (pls. 5D, 17,
240) at some places, just as they conform with its
slopesat others.  On the other hand, the unconformable
contact is an irregular angular break, and the over-
lapping Hagman rocks are marine tuffaccous sandstones
that contain fragments of dacite at and near their basal
contact with the Sankakuyama. This combines with
complete removal of the dacitic deposits from about the
Flores and Laulau necks to suggest an appreciable
erosional break between Hagman and Sankakuyama
deposition.

The more westorly outcrops of the Hagman formation
are unfossiliferous and presumably subacrial andesitic
breccias, tuffs, and flows. These grade castward into
marine andesitic conglomerates and tuffaccous sand-
stones that wero deposited contemporancously below the
strand line. The subaerial deposits indicate volcanic
Jand of unknown but probably insular extent to the
west. The derived marine deposits contain Foram-
inifora and algae that indicate a tropical to sub-
tropical environment and depths of deposition from
shallow to moderately deep. The henthonic Foram-
inifera have, in fact, been interpreted to indicate
depths of 200 fathoms or more, although it scems from
other evidence that 100 fathoms or less is more probable.

absence of marine fossils and the general
of mos of the pyroclastic rocks to imply strongly a
subaerial origin for most or all of the Sankakuyama
formation as presently exposed.

The Eocene(?) Sankakuyama dacites thus provide
the carlicst evidence of land in the present vicinity of
Suipan, just as the later Eocene andesitic marine sedi-
ments supply the oldest definite record of the sea. In
fact, the well-stratified and crossbedded dacitic breccias
and tuffs that form the islet of Maigo Fahang and the
sea cliffs of the main island nearby are the only outcrops
of the y rmation that are cven i

The sedi in any event, wer 1with appreci-
able initial dips on slopes along which sliding masses of

i and avalanching blocks maintained inter-
mittent turbidity.

Actual lava flows arc rarc within the andesitic
sequence of Hagman voleanism. The few flows that
are intercalated with marine sandstone and conglomer-
ate may have been submarine, but the flows associated
with breecia were most likely subacrial, pouring down
the sloping surface as relatively quict outwellings of
fairly fluid lava.

to be of marine origin.

From the account, it appears that Saipan
during Hagman time was part of an actively volcanic
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tropical land area that partly coineided with and partly
extended westward from present-day Saipan. Against
this land the sca stood relatively higher by soveral
hundred feet than it does at the present day. In
addition to their westward cxtension the Hagman
deposits were ly also with the
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the dasyclad alga G lia and the codi

Halimeda, and occasional corals, echinoid spines, and
mollusk fragments. Much of the fine matrix between
clastic particles and tests consists of minute clear
caleite grains, probably altered from aragonite. The

andesites of Tinian. Andesitic conglomerates unlike
the Fina-sisu or Donsinyama beds occur beneath the
overhang of Naftan point in south Saipan, and andesitic
pebbles have been dredged from the Saipan channel and
arce found as pebbles on the beach and in beach rock
along the south coast of Saipan.

Perhaps following but more likely contemporancous
with the last of the IHagman andesites, the basal
voleanic breecia of the Densinyama formation produced
the last fairly sure record of Eocene volcanic activity on
Saipan. After the d ition of this dly sub-

d evidenco of these characteristics indicates a
depth range from less than 10 fathoms, and probably
intertidal, to 40 or 50 fathoms. It also points to accu-
mulation in tropical waters on a bank that lay mainly
below the range of vigorous reef growth and strong
current sweeping and that subsided progressively so
as to accumulato o thick sequence of mainly shallow-
water deposits. It is believed that the Matansa
sequence began with overlapping tuffaccous deposits
that grade laterally into Densinyama beds and upward
as well as laterally into impure pink limestone. The

acrial breecia and the foundering of the western flank
of the volcanic ridge of Hagman time, the sea invaded
Eocene Saipan from both cast and west. It reworked
the rocks of the voleanic core and buried them with
locally common larger and smaller ini and

pink Ii bly gives way to nearly purc
white limestone that has few larger Foraminifera, but
many miliolids and dasycladaceans. The fossils sug-
gest that the white limestone accumulated in waters
mainly shallower than those in which the pink and
tuff li were deposited—too shallow to

algac that indicate tropical or subtropical waters of the
same general depth range as the Hagman. Thus were
produced the thick deposits of mainly marine con-
1 and sand that t the bulk of the
Densinyama formation and grade upward through an
increasing proportion of calcarcous materials to the
marine upper Eocene Matansa li Densi:

favor the vigorous growth of larger Foraminifera, but
perhaps still too deep for reefs.

Why reefs were not formed here during Matansa
time is, of course, not surely known. The general
habitat seems right for them, and bits of coral were
found in the limestone. Perhaps the area was beyond

marine deposits entirely overlap the highest Hagman
beds in Talofofo ridge and drape over them with pre-
sumably initial dips that incline both cast and west
away from the axial core.

The island was by now much reduced in area. That
some land still lay nearby, however, is suggested by the
presenco of silicified dicotyledonous driftwood, possibly
fig or mulberry (oral communication from Roland
Brown), that was found in marine deposits of the Den-
sinyama formation on the east side of Densinyama ridge.

By tho ond of Eocene time only a few high peaks
(such as Achugau and Tagpochau) projected above sea
level. The remainder of present-day Saipan was over-
lapped by the shallow to moderately deep water,
subtropical or tropical bank deposits of the Matansa
limestone. These deposits cover a large part of the
voleanic foundation to a depth of several hundred feet
and betray their relative proximity to this foundation
by the proportion of tuffaceous impurities which they
contain,

The Matansa li is dominated by biocl
calcareous materials that include abundant fragmentary
articulate and crustose coralline algae, locally abundant
larger Foraminifera, occasionally abundant miliolids

and other smaller Foraminifera, local occurrences of
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the latitudinal range of vigorous Eocene reef building,
ot perhaps there simply was not time enough for reefs
to become blished after the bl diti

of preceding volcanism and turbidity. Over much of
the aren, however, the water was probably a little too
deep for vigorous reef building.

To review and interpret further, it appears that the
Mariana arc as a tectonic feature probably originated
before or at the same time as the conspicuous Eocene

lcanism described above. This volcanism is taken to
signify upward movement of magma through a buckling
crust, and itself contributed importantly to the growth
of the arc by piling voleanic debris on top of the inferred
geanticline. In the absence of evidence to suggest a
pre-Tertiary, or even a pre-Eocene history, the begin-
ning of this geanticline seems best interpreted as an
early Cenozoic event. As was mentioned, the Eocene
also presents the first sure evidence of either land or
sea in the area of the Mariana arc. But the land was
voleanic, presumably insular, and short lived; and the
implication is that the antecedent area had long been
oceanic, or at least marine, and freely connected with the
Pacific Ocean. At least from this time onward the
structural and petrographic boundary between the
Asiatic continental block and the Pacific Ocean basin
can be interpreted as lying in front of the Mariana
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arc, and the Philippine Sea can be interpreted as a
separate maritime area.

According to this interpretation, the primary are was
well defined, and a tectonically active land area stood
at the present sito of Saipan, bofore the end of Eocene
time. 'Tho latest Eocene events represent relaxation of
the upbuilding forces and gradual subsidence. The
western reaches of carly Saipan foundered. Reworking
of tho old voleanic materials by the encroaching tropical
sen was tho principal source for the sediments of the
Densinyama formation, which are draped over the
remnant ridge of the Hagman volcanic complex in the
Talofofo arca. Gradually the voleanic components de-
creased in volume; turbidity deereased; lime-scereting
algae, Foraminifera, and other organisms became more
abundant in the clearing warm waters; and the cal-
careous sediments that are now the Matansa limestone
overlapped the subsiding voleanic foundation with in-
creasing purity upwards.

These ovents extend nearly or quite to the end of
Eocene time, for the fossils are indicative of a late
Eocene age.

OLIGOCENE HISTORY AND THE LAST OF THE
PRIMARY VOLCANIC ROCES

The first half or two-thirds of Oligocenc time have
preserved no record that is identifiable as such on Sai-
pan. The absence of recognizable deposits suggests
emergence and crosion, and perhaps the fault pattern
was established or elak d at that ti but nothing
is positively known.

At some time during about the last third or half of
Oligocene time volcanism again became active. As
Eocene volcanism appears to have made the first and
major contribution to the island’s voleanic core, so
Oligocene volcanism put the finishing touches on it.
TFlows of augite andesite welled out from a local western
source and spread down a gently castward-dipping sea
floor. They are interlayered with penecontemporane-
ous andesitic marine tuffs that contain ktoni

‘I'his sen, in the southern part
of Saipan, was periodically muddied by castward moy-
ing submarine lava flows and by ash falls from voleanic
o trs that stood west of the presont island.
an be determined Oligocene volcanism was
vc or prolonged. It appears that the pri-
re of the eastern line of islands of the
inity wnsnow almost lete® The
next recorded eruptive activity was of Quaternary age,
and well westward from the structural erest of the older,
more easterly ridge and chain of islands. f\l“)o\[gh
limestone-capped Mount Tagpochau has been identified
as o voleano ns recently as 1944 (1lobbs, 1044, p. 2.42
map 18), that interpretati should be abandoned.
“Phere are no presently active voleanoes nearer to Saipan
than Anatahan, about 60 miles north-northwest. A
sulfur boil that has been reported about 25 miles to the
west of Saipan (Hess, 1048, p. 434, pl. 2) probably
represents the southern continuation of the western
line of young volcanic centers to the west of the array
of now long-dead and limestone-blanketed volcanic cen-
ters of the eastern (or frontal) island chain. The front
of the arc is not likely to become again voleanically
active in the foresceable future.

canic ishnd or 1lands.

THE EARLY MIOCENE BANK SEDIMENT COMPLEX

Near the end of the Oligocene, or in carliest Miocene
time, crosion truncated the eastward dippingstrataof the
Tina-sisu beds so that they are discordantly overlapped
by horizontal Tagpochau limestone. Taulting or re-
newal of faulting along the Agingan Fault, if then
present, could have contributed to the castward tilting
of the Fina-sisu beds, but the dips are well within the
realm of probabity for initial dips, and faulting is
not required.

Early in the Miocene epoch (Tertiary ¢ of the East
Indian succession) deposition of the varied marine
sediments of the Tagpochau limestone occurred to o
total local thickness of 1,000 feet or so. Evidence

Foraminifera of presumed late Oligocene age (Glo-
bigerinatella insueta zone of Trinidad and Venezuela)
and benthonic genera that are reported to live only at
depths of 200 or more fathoms in modern tropical to
subtropical waters. Such a depth of water above the
highest outcrops of this Fina-sisu formation would have
carried the sea well up over the slopes to the north
where Oligocene deposits are buried if present. How-
ever, reason has been given clsewhere for reducing this
and comparable estimates of depth by about 50 percent
or more.

The late Oligocene of Saipan is thus interpreted as a
time of warm marine waters of moderate but appreciable
depth that surrounded a small, mainly or wholly vol-

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/10/22

rning the pal logy of the deposits is provided
by abundant orbitoid, miogypsinid, and other Forami-
nifera, many slgal remains, sparse corals and thick-
shelled mollusks, and sedimentary features. These
indicate accumulation mostly at depths of 10 to 50
fathoms, over a varicty of substrates, on and near &
tropical or subtropical and mainly open oceanic bank.
Corals in some of the purer limestone facies were more
abundant than in older rocks, and the fact that one
small coral-algal reef mound was found suggests that
others rose from the shallower parts of the bank.
As the rate of accumulation and thickness of in-place
shallow water deposits is direetly related to rate and

“J. 1. Tracoy, Jr. (oral communication) and assoclates havo shown that volcanie
addltions to the core continuod Into the Mioceno o Guam.
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amount of subsid of the sut L
of the area was gradual or frequently recurrent through
Tagpochau time. The initial deposits transgress an
Focene and Oligocene core of mainly voleanic origin,
and basal deposits everywhere tend to be tufl:
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this interval are high-terrace deposits of possibly lato
“Pliocenc age.

DEFINITION OF TITE FAULT PATTERN

regardless of actual position in the stratigraphic se-
quence. Upward and outward from the core rocks
the sediments became increasingly pure calcium car-
bonate. lly the pure inequi lar li
overtopped the highest remaining peaks and the entire
aren was submerged.

Down the submarine slopes from these shoal-water
bank deposits, however, marine reworking of the older
volcanic sediments was in active progress. The tuffa-
ceous sedil so produced i d a rich fauna
of planktonic and benthonic smaller Foraminifera. The
benthonic species include representatives of genera that
today live at considerable depths in the tropics and
subtropics, and among the planktonic species are indi-
cators of warm surface water such as Globorotali

It is considered likely that e faulting occurred
during the later Miocene or Pliocene, and mainly
before the high emergence and extensive terrace
cutting of possible late Pliocenc age. Offset relations
and decrease of apparent throw with decreasing age of
offset rocks indicate that principal faults known came
into being in younger Miocene or older Plioceno time,
if not sooner. Essentially the pattern now found was
then finally blocked out. It has been little changed by
later recurrent movement on the old surfaces, and
although pre-Miocene faulting is strongly indicated,
evidence is lacking that any specific fault of the present
day already existed before the Miocene. The shapo
and approximate position of the present island of
Saipan is probably controlled by this fault pattern.

menardii (D'Orbigny) (Kane, 1953, p. 26). The en-
closing sediments make up the Donni sandstone mem-
ber and presumably graded upslope and laterally into
or against equivalent calcitic facies of the Tagpochau
limestone at shallower depths.

The small, east-plunging, westward-opening, essen-
tially symmetrical, and stratigraphically isolated folds
that occur in the Donni beds of east-central Saipan are
interpreted as depositional features. Currents moving
downward {rom the bank margin may have scoured out
a submarine sp d-vall hy locelly. Ini-
tial dips in sediments that settled over such topographic
features could then simulate tectonically formed anti-
clines and synclines, as discussed under structural
geology.

The apparent scarcity of reefs in Tagpochau time
calls for an explanation. The small reef mound men-
tioned indicates that the climate was tropical and that
recf-building corals were present and capable of vigor-
ous growth locally. The obvious (though not neces-
sarily correct) explanation is that the waters were at
most places a little too deep for vigorous reef building.
This is consistent with the already suggested average
depth of 10 to 50 fathoms.

LATER MIOCENE AND PLIOCENE

The ovents that have just been reviewed extend
through Tertiary e time of the Indonesian sequence,
and perhaps through the Aquitanian of the standard
TEuropean time scale. Later Miocene and Pliocene
history can be rcconstructed only from the inferred

consisted primarily of
fluctuations with reference to sea level, erosion of the
parts that lay above sea level, and deposition of Plio-
cene(?) and Quaternary sediments around its flanks.

. , AND
FAULTING

The terraces that give evidence of fluctuating sea
level are the most conspicuous topographic features of
Saipan. The very peak of the island is a remnant of a
flat surface, and the terrain from here to the sea is
mostly a succession of benches and scarps (pls. 204,
21B, 23B, 244). All of the benches above 100 feet
transect their rock foundations with little or no regard
to primary stratigraphic or structural features (pl. 134)
and ave thus erosional. Those above 500 feet were
probably cut dwing a single long interval of mainly
steplike emergence. This ssme emergence probably
also extended to well below present sea level before
renewed submergence, but its effects at levels below 500
feet were later obscured by the overlapping older
Pleistocene Mariana limestone.

How many steps, or distinct stands of the ses, were
involved in the formation of these terraces cannot, of
course, be surcly determined. They preserve only a
minimal record of the marked intervals of stability.
Each prolonged stand of the sea at any given level
affords opportunity not only to cut & new bench at that
level, but to remove evidences of older benches at
higher levels.

It is also not certain under what circumstances and
by what agencies the various benches were cut, although

sequence of physical events. No r le later
Miocene or Pliocene fossils have been found anywhere

on Saipan, and the only sediments that may pertain to
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the probabilities ave d. A bench cut in
limestone by a standing sea should slope only gently
senward, and it may be nearly horizontal where inter-
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tidal solution plays a leading role in bench reduction.
Wide and essentially horizontal terrace benches,
therefore, presumably represent relatively long stands
of the sea at one level or interval. Those that slope
strongly seaward (pl. 134) may have been finished ofl
by the wave action of a falling or rising sea (if not tilted
tectonically).

Reason should be given for the conclusion that the
terrace benehes above 500 feet or so were formed before
deposition of the Mariana limestone. If the epoch of
submergence during which the Mariana was formed
had inundated the island to levels above 500 feet,
yemnants of marine deposits produced at that time
should be preserved at least locally at these levels. and
no such remnants haye been found. Because the
youngest rocks across which the terraces cut are high
Jower Miocene, these terraces are also post-carly
Miocene. Morcover, as the terrace surfaces are com-
monly not offset by faults which are known to cross
them, they presumably postdate the faulting epoch
deseribed above. This suggests the latter part of the
younger Miocene through Pliocene. Because they are
so well preserved, also, it seems more probable that
they originated later rather than catly. A younger
Pliocene age is thus tentatively proposed for the origin
of the upper terraces.

The only remmants of post-Tagpochau and pre-
Mariana deposition known on Saipan ave the “older
terrace deposits” that locally mantle the 500- to 710-
foot terrace levels where they cut across volcanic
deposits. Because the benches on which they rest are
interpreted as Pliocene, the terrace deposits are also
tentatively regarded as Pliocene and are considered to
represent fluviatile fan deposits that spread downward
behind a withdrawing sea. No fossils were found in
the terrace deposits, although extensive search might
bo expected to reveal marine fossils at the contacts
between basal terrace deposits and underlying marine
bench surfaces (such as the contact in pl. 12D,E).

The last possibly Pliocene cvent of which there is
record was the east-west hinge faulting that is inferred
to have tilted the higher terraces westward at south
Kalabera cliffs and south of Magpi ravine (pl. 164,B).

Because the facies relationships of the Mariana lime-
stone are those of a cycle of submergence, it is inferred
that its deposition was preceded by emergence to some-
wwhat above present sea level. At the end of this sup-
posed late Pliocene epoch of emergence and terrace
cutting, therefore, Saipan was probably larger and bigher
than it has been at any time since then. The site of
the extensive shoal banks that now lie to the west of
Snipan may then have been emergent, and the land
fwice as extensive as present-day Saipan and larger
than any post-Eocene land of this arca.

PLEISTOCENE AND RECENT

Boginning with the probably oldor Pleistocene Mari-
ana limestono and continuing to the present day, the

! di that were deposited and aro being
deposited in the shallow waters about Saipan were all
gonerally similar warme-water doposits. Thoy are pre-
dominantly fragmental and partly coral-nlgal reef lime-
stones (pls. 12C, 14) such as accumulato on shallow
tropical banks or in reof-fronted lagoons as part of the
reof complex.

As we approach the present, however, more detail is
available, events scem to be more rapidly paced, and
many complexitios of depositional history and changing
sea level are introduced.

TIIE OLDER PLEISTOCENE AND ITS REEF-COMPLEX
LIMES

Beginnil dly in carly Plei (or carly
Mariana) time, o relatively long, gradual or episodic

bmerg set in. Tho d sul does
not rule out sccondary opisodes of emergence, but the
thick vertical seq of shall vater sedil
that are found locally indicate submergence to be the
dominating factor in Mariana sedimentation. The
result of this cyclo of submergence was relatively to
raise the sea from somewhere below present sea level
to about 500 fect above. Concurrently, the bioclastic
sediments of the Mariana limestone accumulated about
the flanks of the island. Corals in recf-building asso-
ciations were now, for the first time, really common.
Sedimentation was probably similar to that of present
day recf-complex deposits about high islands—an
apronlike wedge of mainly bioclastic deposits accumu-
lated about minor reef masses in an offshore bank or
lagoonal cnvironment. Rubbly and impure limestones
formed near the land and purer limestones offshore.
No evidence of true barrier or fringing reefs is to be
scen in these deposits, but remnants of coral-algal
mounds are preserved. Linear structures of the nature
of barrier or fringing reefs might also be delincated if
distribution of coral-algal concentrations could be
plotted in greater detail than was done during the pres-
ent work.

The sea in which the Mariana sediments accumu-
lated was tropical and quite shallow. If the fossils
were restricted to the same depth ranges as living
representatives of the same specics and genera, it was
everywhere less than 50 fathoms, at fow places ex-
cceded 25 fathoms, and was mostly less than 10 fathoms
deep. In fact the general bank-lagoon-reef complex
now adjacent to Saipan displays o gencral range of
environment and ecology similar to that under which
the Mariana limestonc is believed to have formed.
To visualize the complexity of sedimentary variation
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that would result from arcal shifting with timo of the
varied ccologic-sedimentary pattern about Saipan
today gives a reasonably good idea of the problem
and of the inferred depositional history of the Mariana
limestone. Of course, progressive subsidence was re-
quired to produce so thick an accumulation of shallow-
water deposits—and, as in all sedi deposits,
its actual thickness at any particular place was con-
trolled by total supply and rate of supply of materials,
amount and rate of subsidence, and post-depositional
remaval cither beneath or above water.

MIDDLI(?) PLEISTOCENE TERRACE FORMATION AND
FAULTING

TFollowing the submergence during which the Mariana
limestone was deposited, renewed withdrawal of the
sea occurred, extending to and perhaps well below the
present 100-foot level.  During this episodic emergence,
most of the benches and scarps between altitudes of
100 and 500 feet along the cast side of Saipan were
formed. Mariana limestone benches below the 300-
foot level at a few places show minor concentrations
of well-preserved coral debris, presumably derived from
patchy local growth on solution- or wave-eroded sur-
faces at the time of final withdrawal of the still tropical
sca. Streams draining from areas of volcanic source
rocks spread their fluviatile debris along the bench
surfaces behind the withdrawing sea, producing the
post-Mariana terrace deposits. At o few places in
south Saipan d brown clays lated on
low parts of the emerging benches.

Taulting occurred before (or during) and also after
this new eycle of emergence and bench erosion. The
180- to 200-foot surface at Fafunchuluyan bay in
northeast Saipan is not offset by fault contacts between
the Mariana limestone and Miocene rocks. These are
post-Mariana but pre-bench-cutting faults. After bench
cutting had occurred, rencwed movement along  the
preexisting north-northeast trending Laulau, Dago,
Obyan, and Agingan faults offset terraces in the Mari-
ana limestone by amounts as much as 100 feet or more
downward to the west.

LATE REEF
FORMATION, AND LATEST FAULT MOVEMENT

The late Pleistocene history of Saipan is represented
by a thinly mantling, fragmental and constructional
Jimestone that extends from the present sea to 40 feet
and locally as much as 100 fect above sea level. This,
the Tanapag limestone, is interpreted as a fringing-
reef complex, formed on an cpisodically emerging sur-
face, in a tropical sca, around a high tropical island
that was nearly the samo size as present-day Saipan.
The surface which it covered was either inherited di-
rectly from the end of the middle(?) Pleistocene emer-
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gence described above, or produced during renewed
submergence to the 100-foot level. Because total melt-
ing of present glaciers and ice caps would raise the
sea about 100 feet, it is possible that the Tanapag Jime-
stone was being deposited here at the time of the ther-
mal maximum of the last major interglacial or inter-
stadial epoch. Should that be the case, the Tanapag
reef limestone would in part cover a surface which
emerged as the result of rencwed ice formation—a
partial tropical counterpart of the last maximum
glaciation.

Under such interpretation, other Tanapag beds
should be found at the sea bottom offshore toward the
lower sea level of maximum glaciation. Later rise in
sea level due to melting of the glaciers presumably
resubmerged the area. At such time, or during the
initial fall from the 100-foot level, a stand of the sea
occurred about 40 feet above its present level. This
formed an extensive horizontal indentation or notch
slightly above or at the base of an inshore scarp at the
back of a bench that rises to about 40 feet above sea
level (fig. 8). The youngest Tanapag deposits known,
at the 12- to 15-foot level, were deposited (or altered?)
about 20,000 years ago, according to carbon-14 deter-
mination by L. J. Kulp (table 10, loc. C35).

The Tanapag limestone patchily mantles most of the
outer cdge of Seipan. Except for minor weathering
effects the original constructional surfaces are preserved.
The limestone is rich in well-preserved corals, algne,
and marine mollusks of living genera and species, and
many of the corals and algae are in the normal position
of growth. The lower part of the 15- to 40-foot bench
is transected by radial grooves (pl. 173, 194) such as
those that extend seaward across the fronts of present
fringing reefs. At places, coral heads that grew outward
from the generally abraded walls of these grooves retain
the detail of the original structures (pl. 14). Even the
characteristically depressed shoreward parts of some of
the fringing reef surfaces of Tanapag time are, in
several instances, preserved with great fidelity (pls.
168, 194). Analogy with the modern fringing reef
-environment of south Saipan is very close.

The emergence during which the Tanapag limestone
formed 1was episodic rather than gradual, for there are
remnants of Tanapag surfaces between the present sea
level and the 100-foot level at roughly 12-15, 2040,
40-60, and 50-80 feet. The surfaces above 40 feet are
difficult to match with constancy even around Saipan;
but the notch at about 40 feet is marked and fairly
continuous (pls. 13B, 13D, 164, 17B, 18B), and the
40-foot, as well as the 15-foot and 100-foot levels, may
be custatic. The Tanapag cycle is considered to end
roughly at the 12- to 15-foot level. There scoms to be
a fairly continuous radially grooved lower bench lip
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near this level around tho northeast end of the island
(pl. 16B) and locally elsewhere, though it merges up-
ward to the 20- to 40-foot bench (pl. 15B). Below this
surface are only low erosional bluffs.

At about this time, renewed movement on the pre-
existing Obyan and Agingan faults dropped the Tanapag
surface about 10 to 15 fect to the west on the Obyan
fault and perhaps 20 feot on the Agingan fault. This
is the most recent faulting recorded on Snipan, and it
oceurred before the G-foot fall of sen level began some
3,000 (1,500) years ago (Cloud, 1954, p. 196). The
6-foot custatic notch incises the Agingan fault surface
and is not offsct by the Obyan fault. A latest Pleisto-
cene or earliest Recent age is indicated for theso fault
movements.

EUSTATIC SIIFTS OF SEA

LEVEL AND TIIE MOST
RECENT EVENTS

Supposed Pleistocene shorelines at altitudes of 100
feot and between 40 and 45 feot have also beon recorded
from the New Hobrides Islands, Hawaii, and the
southeastern United States (Stearns, 1945, p. 1075).
The cvidonco for custatic lovels near these altitudes
is, thus, not negligible, but neither is it compelling.
On the other hand, there is confusion in the published
record about possible eustatic lovels between 40 and
6 feet, perhaps because a number of brief stands of the
sen are involved, mostly ranging between 10 and 30
feot. Records that fall near the 15-foot level suggested
are: aroported 5-meter noteh in the southern Marianas
(Tayama, 1952, p. 197); Daly’s widely recorded 16- to
20-foot stand of sea lovel (Daly, 1926, p. 174); the 4- to
5-meter stand of Indoncsia (Kuenen, 1933, p. 67-68);
and the 10- to 11-foot level in western Australia
(Tcichert, 1946, p. 78; Fairbridge, 1947) and perhaps

Of all the records of changing betiween
land and sca the most interesting are those that are
found so widely at the same general level that they
are interpreted as due to actual change in volime of
sea water or capacity of the ocean basins. Such world-
wide or eustatic changes of ocean level surely occurred
at many times during the Pleistocene, with waxing and
waning of the ice sheets. The effects of these episodes,
however, may be obscured by local tectonic movements,
and are probably recognizable only within the range of
about 100 feet above and 300 feet below sea level.

Levels recognized on Saipan which are so widely
known elsewhere that they may safely be considered
eustatic are found at about 2 and 6 feet. As mentioned
above a possible eustatic level is also suggested at about
15 feet, and probable eustatic levels at about 40 feet
and roughly 100 feet.

The 100-foot level is suggested by the overlap of the
Tanapag fringing reef li i this

in nortl Australia (Steers, 1930, p. 7).

The 6-foot custatic lovel is marked by a notch at
roughly 6 feet above a similar notch of the present sca
and is found around virtually all tropical Pacific lime-
stone islands. It may corrclate approximately with
the ond of the post-glacial thermal maximum, and the
retreat of the sea from that level was presumably
caused by withdrawal of water from the oceans to
form additions to the present ice masses. A temporary
stillstand in this process produced a bench level at
about 2 feet, which shows as small, flat, erosion rem-
nants above many modern sea-level solution flats in
the western and central Pacific, and rarely as slightly
elevated reef remnants and beach rock (pl. 15D).

As a result of these latest emergences the limesands
that now cover the western coastal plain of Saipan
were slightly elevated. At the same time, reef surfaces
then at or near sea level were truncated by combined

elevation but no higher, and perhaps by the preserva-
tion of & former sen level notch at about this height
(Stearns, 1945, p. 1075). It is generally estimated that
melting of existing glaciers and ice caps would raise sea
level about 100 feet, and it is conceivable that the
withdrawing sea in which the Tanapag limestone was
deposited ebbed during a part of the last maximum
glaciation. The 40-foot level is marked by the already
noted notch near that elevation along the east and
northiwest sides of the island (pls. 13B, 13D, 164, 17B,
18B). At one place this former sea level notch even
encircles mushroom-shaped sea stacks (pls. 13D, 18B)
on a sloping, elevated, fringing reef surface that ex-
tends from 15 or 20 to 35 or 40 fect above sea level.
The 15-foot level is marked only by the suggestion of
2 low bench or elevated low fringing reef surface at 12
to 15 feet along the outer edge of, and grading into, the
20- to 40-foot bench.

and organic solution and abrasion to nearly
smooth sea-level benches and may thereby have con-
tributed to the coastal plain limesands. Such surfaces
now support vigorous growth of the normal reef-
building organisms only on reef fronts below low tide
level and in occasional depressions or areas that lie
below the general surface of the beveled reef flat.
Subaerial solution features such as caves and sinks
(with well preserved stalactites an )t i oceur
below present sea level on Guam and Palau. Sub-
merged benches at the fronts of reefs also indicate
recently lower stands of sea level that cannot yet be
precisely dated. If not duc to local tectonic movement,
these would almost necessarily reflect eustatic fluctua-
tions of Pleistocene sea level. The many reef-slope
profiles and soundings that are being made known
from recent and current studies in marine geology
may eventually establish the presence of particular
submerged eustatic levels such as that implied by the
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dovelopment of a 2- to 10-fathom bench at the front
of many peripheral reefs on both sides of the equator.
Tho submerged caves and sinks indicate emergence of
some feet or tens of fect probably before the 6-foot
stand of sea level, but after the 15-foot stand.

It is well known that within the last century or so the
factors that led to glacinl accretion and custatic fall of
sea level have been reversed (Cloud, 1954, p. 196). If
the resulting slow rise of sca level continues, a vigorous
growth of reef-constructing organisms should build up
the reefs around Saipan, and the lagoon behind its
western barrier recf should bo deepened by possibly as
much as 100 feet, minus sedimentary fill. Whether
organic growth and sedimentation around the rest of
the island would, under such conditions, give rise to &
moro extensive barrier-reef complex, or simply extend
the fringing reef upward and landward as an overlap-
ping deposit would depend on the rate of subsidence.

REFERENCES CITED

Agassiz, Alexander, 1903, The coral reefs of the tropical Pacific:
Mus. Comp. Zoslogy Mem., v. 28, p. i-xxiii, 1410, pls.
1-238 (in 3 v.

Asano, Kiyoshi, 1939a, Fossils and the stratigraphic succession
on Saipan Island (in Japancse): Kagaku (Science), v. 9,
no. 9, p. 333-335, figs. 14, Translation in U. S. Geol.
Survey files. English abstract, Japanese Jour. Geology
and Geography, 1940, v. 17, p. 58.

1039b, Limestones of the South Sea Islands under the
Japancse mandate (in Japanese): Jubilee Pub. Commem-
orating Prof. H. Yabe, v. 1, p. 537-550 (English summary,
D. 548-510), figs. 1-2, pls. 27-28.

Bemmelen, R. W. van, 1949, The geology of Indonesin—v. 14,
General geology of Indonesia and adjacent archipelagocs,
P 1-732, figs. 1-378; v. 1B, Portfolio, p. 1-60,
pls. 1-46, The Hague, Martinus NijhofT.

Bennigsen, von, 1000, Bericht des Kaiserlichen Governeurs v.
Bennigsen iiber scine Reise zum Zwecke der Ucbernahme
des Insclgebictes des Karlinen, Palau und Marianen in
deutschen Besitz: Doutsches Kolonialblatt, Jahrg. 11,
p. 100-112.

Blumentritt, Ferdinand, 1883, Dic Marianen-insel: Globus,
Band 44, no. 9, p. 136-130.

Born, Asel, 1032, Der geologische aufbau der Erde: Handb.
Geophysik, Band 2, lief. 2, p. 563-867, figs. 184-390.

Bridge, Josiah, 1048, A restudy of the reported occurrence of
schist on Truk, castern Caroline Islands: Pacific Sci., v. 2,
no. 3, p. 216-222, figs. 1-4.

Callistus, P., 1910, Chamorro Warterbuch, Hongkong, Typis
Sociotatis Missionum ad Esteros, p. i-ii, 1-272 and 1-33.

Chamisso, Adelbert von, 1883, Reise um die Welt mit der

h tion (1815-1818): Teil
1, Tagebuch, p. 1-260; Teil 2, Bemerkungen und Ansichten,
. 1-304 (cquivalent to Band 3-4 of Ioch, Max, 1883,
Charmissos gesammelte werke, Stuttgart, Gebruder Kroner).

Chubb, L. J., 1934, The structure of the Pacific Basin: Geol.
Mag., v. 71, no. 7, p. 289-302, figs. 1-4.

GEOLOGY 107

Div., Office of the Engincor, Gen. Ieadquarters, Far
East Command, p. 1-26.

10520, Facics relationships of organic reefs: Am. Assoc.
Potroleun Geologists Bull., v. 36, no. 11, p. 2125-2149, 4 figs.

1952b, Preliminary report on geology and marine environ-
ments of Onoton Atoll, Gilbert Islands: Natl. Research
Council, Atoll Rescarch Bull. 12, p. 1-73, 8 figs., 5 tables,
mimeographed.

1054, Superficial aspects of modern organic reefs: Sci.
Monthly, vol. 79, no. 4, p. 195-208, figs. 1-7.

Cloud, P. E., Jr., and Cole, W. §., 1953, Eocene Foraminifera.
from Guam, and their implications: Science, v. 117, no.
3039, p. 323-324, 1 fig.

Cloud, P. E., Jr., Schmidt, R. G., and Burke, H. W, 1951,
Geology of Suipan, Mariana Islands [abs.): Geol. Soc.,
America Bull, v. 62, no. 12, pt. 2, p. 1499-1500.

Cole, W. S., 1939, Large Foraminifera from Guam: Jour. Paleon-
tology, v. 13, no. 2, p. 183-189, fig. 1, pls. 23-24.

Cole, W. S., and Bridge, Josiah, 1953, Preliminary report on the
‘geology and larger Foraminifera of Saipan, Mariana Islands,
Trust Territory of the Pacific: U. 8. Geol. Survey Prof.
Paper 253, p. 1-168, pls. 1-15.

Corby, G. W., and others, 1951, Geology and oil possibilitics of
i ilippi ilippi i and Nat,

he Philippines: Philippines Dept.
Res., Tech. Bull. 21, p. 1-363, figs. 1-30, pls. 1-57.

Costenoble, H. H. L. W., 1005, Dic Marianen: Globus, v. 88,
p. 4-9, 72-81, 02-04, figs. 1-10.

Cos, L. M., 1904, The island of Guam: Am. Geog. Soc. New York
Bull, v. 36, no. 7, p. 385-395, 5 photographs, map.

Crampton, H. E., 1925, Studies on the variation, distribution,
and evolution of the genus Partula: Carnegie Inst. Wash-
ington Pub. 2284, p. 1-116.

Cushman, J. A., 1948, Foraminifera, their classification and
cconomic use (4th ed.): p. i-viii, 1-605, figs. 1-0, text pls.
1-31, key pls. 1-55, Cambridge, Mass., Harvard Univ.

Press.

Cushman, J. A., and Dorscy, A. L., 1940, Some notes on the
genus  Candorbulina: Cushman Lab. Foram. Research
Contr., v. 16, p. 40-42, pl. 8 (part).

Daly, R. A., 1916, Petrography of the Pacific Islands: Geol. Soc.
America Bull,, v. 27, p. 325-344.

1926, Our mobile earth: p.
York, Chas. Seribner’s Sons.

1933, Igncous rocks and the depths of the earth (2d ed):
p. i-xvi, 1-598, figs. 1-100, pls. 1~2, Now York, McGraw-
Hill Book Co.

Dana, J. D., 1872, Corals and coral islands: p. 1-398, many
illustrations, London, Sampson Low & Co.; New York,
Dodd, Mead & Co. (3d ed. 1890).

1885, The volcanio nature of a Pacific island not an
argument for little or no subsidence: Am. Jour. Sei., 3d ser.,
v. 30, p. 158-159.

Davis, W. M., 1928, The coral reef problem: Am. Geog. Soc.,
Special Pub. 9, p. 1-596, figs. 1-227.

Drasche, R. N. von, 1879, Ueber paliozoische Schichten auf
Kamtschatka und Luzon: Neues Jahrbuch Mineralog.,
Geol. Palacont., Jahrg. 1879, p. 265-269.

Emery, K. 0., 1946, Marine solution basins: Jour. Geology,
v. 54, no. 4, p. 200-228, figs. 1-15.

Ewing, Maurico, 1952, Scismic_investigations in great occan

1-342, figs. 1-187, New

dopths: Assoc. &’Oceanogr. Physiqus, Union Geodesique ct
i s :

Cloud, P. E., Jr., 1949, Preliminary gazetteer of
names for Saipan: Geol. Surveys Branch, Intelligence

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/10/22 : CIA-RDP81-01043R002500120003-4

nternat. sploring the ocean
floor,” Brussels, Aug. 1051, p. 23-24.




Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/10/22 : CIA-RDP81-01043R002500120003-4

108 GEOLOGY OF SAIPAN, MARIANA ISLANDS

Fairbridge, R. W., 1047, A non(cmpumry custatic rise in sea-
level?: Geog. Jour., v. 109, p. 157.
Finlay, H. J., 1047, The Iammml(crnl ovidence for Tertiary
trans-Tasman corrclation: Royal Soc. New Zealand Trans.,
v. 76, pt. 3, p. 327-352, correlation chart.
Flint, D. E., 1049, Natural limestone walls of Okmu\m fabs.]:
Geol. Soc. America Bull, v. 60, no. 12, p.
Freoman, O. W., and others, 1951, Gnogrnphy o[ ‘the Pacific,
. i-xii, 1-573, figs. 1-156, New York, John Wiley & Sons.
Treycinet, L. C. D. dc, and others, 1824~42, Voyage autour du
monde, 1817-1820: § quarto v. with atlases of pls., Paris,
Pillet-Atn6.
Frits, Georg, 1901n, Dic Insel Tinian (\h\l’ix\nen) Deutsche
Kolonialblatt, Jahrg. 12, no. 5, p. 150-154, 4 fi
1001b, Berucht fiber dic Inscl Rota: Mitt, deutschen
Schutzgebicten, Band 14, p. 194-204, 6 figs.
) Reiso nach don nordlichen Marianen: Mitt.
deutschen Schutzgebicten, Band 15, p. 96-118, 17 figs.
Goudichaud, Charles, 1826, Botanique: in de Freycinet, L. C.
D., and others, 1824-12, Voyage autour du monde, 1817~
1820: test p. i-vii, 1-522, ntlas pls. 1-120, Paris, Pillot-
Atné,
Glacssner, M. F., 1043, Problems of stratigraphic correlation
in the Indo-Pacific region; Roy. Soc. Victoria, v. 55, pt.
1, n. ser,, p. 41-80.
1947, Principles of micropalcontology (2d ed.):
xvi, 1-206, figs. 1-64, pls. 1~14, New York, John Wiley
& Sons.
1950, Geoteotonic position of New Guinea: Am.
Assoc. Petroleum Geologists Bull, v. 34, no. 5, p. 856-881,

figs.

Gregory, J 'W., 1030, The geological history of the Pncnﬁc
Ocean: Geol. Soc. London Pmc, Quart. Jour., v. 86,
334, pt. 2, p. Ix , figs.

Gutenberg, Beno, editor, 1051, Cullaqumm on plastic flow and
deformation within the carth: Am. Geophys. Union, v. 32,
no. 4, p. 407-343, figs 1-19.

Gutenberg, Beno, and Richter, C. F., 1939, Structure of the
crust—Continents and occans, in Richter, C. F., and others,
Physics of the earth VII, Internal constitution of the earth:
p. 301-327, figs 20-24, New York and London, McGraw-
Hill Book Co. -

1941, Seismicity of the carth: Geol Soc. America,
Special Paper 34, p. 1-134, figs. 1-17.

1949, Seismicity of the earth and associated phenomena:
P. i-vii, 1-273, figs. 1-34, Princeton, Princeton Univ. Press.

Hanzawa, Shoshiro, 1935, Topography and geology of the Riukiu
Islands: Tohoku Imp. Univ. Sci. Repts, 2d ser., v. 17, p.
1-61, pls. 1-15, figs. 1-7, geol. map in 5 sheets.

Harrison, J. B., 1907, The coral-rocks of Barbados: Geol Soe.
London, Quart. Jour., v. 63, p. 318-337, 13 figs, 1 map
(pl. 23).

Hess, H. H., 1048, Major structural features of the western
North Pacific, an interpretation of H. O 5485, bathymetric
chart, Korea to New Guinca: Geol. Soc. America Bull . v.
59, no. 5, p. 417-446, figs. 1-8, pls. 1-2.

Hobbs, W. H., 1914, Mechanics of formation of arcuate moun-
tains: Jour. Geology, v. 22, p. 71-90, 166-188, 193-208,
figs. 1-39.

1923, The Asiatic arcs: Geol. Soc. America Bull, v. 34,
p. 243-252, figs. 1-3.

1944, Mountain growth, a study of the Southwestern
Pacific region: Am. Philos. Soc. Proc., v. 88, no 4, p. 221
268, figs. 1-41, map 4zs. 1-36.

Hofer, 11, 1012, Dio Marianeninsel Tinian: Amsblutt Schutz-
gebiote Neuguinen, Band 4, p. 48-50, 90-91, 04-95.

Hoffman, C. W., 1950, Snipan, the hegmnmg of the end: U. S.
Marine Corps, Historical Div., p. 1-278, maps 1-23.

Hoffmeister, J. E., and Ladd, 1L §., 1015, Solution effects on
clovated limestone terraces: Geol. Snc America Bull, v.
56, no. 8, p. 809-818, figs. 1-2, pl.

Imaizumi, Rikizo, 1939, Palcocarpilus lm:ms, sp. nov., from the
“Tappocho limestono of Snipan, Mariana group: Jubilee
Pub. Cnmmcmumhng Prof. H. Yabe, v. 1, p. 221-220,
figs, 1-3, pl. 14.

Irving, E. M., 1952, Geological history and petroleum possi-
bilitics of the Philippines: Am. Assoo. Petroleum Geologists
Bull, v. 36, no. 3, p. 437-476, figs. 1-13.

Jessen, Otto, 1943, Dic Randschwellen der Kontinente: Peter-
manns Geographische Mitt. Erginsungbd. 54, heft 241, p.
1-205, figs. 1-83, pls. 1-32.

Johannsen, Albert, 1939, A descriptive petrography of the igneous
rocks, v. 1, 2d ed., 318 p., Chicago, Univ. Chicago Press.

Joseph, Alice, and Murray, Veronica F., 1951, Chamorros and
‘Carolinians of Snipan: p. i-xi, 1-381, Cambridge, Harvard
Univ. Pres

Kacmpllert, Waldemar, 1952, Science in review-~Depths of
more than 35,000 fect arc found off the island of Guam:
New York Times, Sunday, April 27, 1952, p. E9.

Kaiser, Erich, 1903, Beitrage, zur Petrographic und Geologic
der Deutschen Sidsee-Inseln: K. Preussischen Geol.
Landesanstalt und Berkakademic Jahrb, Band 24, p.

4-120.
Kane, Julian, 1953, Temperature correlations of planktonic
minifera from the north Atlantic Ocean: Micropaleon-
tu]uglsb v. 7, no. 3, p. 25-50, pls. 1-3, table, map.

Kodairo, Masao, 1941, Ground-water of the Tinian Island,
South Sea Islands under Japancse mandate (in Japancse):
Jubilee Pub. Commemorating Prof. H. Yabe, v. 2, p. 725~
734 (English abstract p. 733-734), figs. 1-2.

Koenigswald, G. H. R. von, 1953, Fossil mammals {rom the
Philippines: Bighth Pac. Sci. Congress (Quezon City,
Philippines), Abstracts of papers, p. 492.

Koert, Willi, and Finckh, Ludwig, 1920, Zur geologische Kenntuis
von der Palau-Inselin, Yap, der Marianen und Ponape:
Beitr. geol. Erforschung deutschen Schutzgebicte, heft 18,
p. 1-15.

Koto, B., 1931, The Rocky Mountain ares in castern Asin:
Tokyo Imp. Univ., Jour. Faculty Sei,, sce. 2, v. 3, pt. 3,
p. 131-183, pls. 1-10.

Kotzebue, Otto von, and Chamisso, Adelbert von, 1821, Ent-
deckungs-Reise n dic Sid-See und nach der Berings-Strasse
zur Exforschung ciner nordéstlichen Durchfahrt 1815-1818,
Band 1, p. 1-168; Band 2, p. 1-176; Band 3, p. 1-240,
Weimar, Gebruderen Hoffman.

Krauskopf, K. B., 1948, Notes on the geology of Iwo Jima: Am.
Geophys. Union Trans., v. 29, no. 2, p. 207-210, geol. map.

Kuenen, P. H., 1933, Geology of coral reefs, The Snellius Exped
(Eastorn Netherlands East Indies 1929-30), v. 5, (Geol.
results), pt. 2, p. 1-125, figs. 1-106, pls. 1-11.

1950, Marine geology, p. i-vill, 1-508, figs. 1-246, pls.
A-B, Now York, John Wiley & Sons.

Kuno, Hisashi, 1950, Petrology of Hakone voleano and adjacent

areas, Japan: Geol. Soc. America Bull, v. 61, no. 9, p. 957-
020

1020.

Ladd, H. 5., 1934, Geology of Vatilevu, Fiji (with parts by others):
B. P. Bishop Mus. Bull. 119, p. 1-263, figs. 1-11, pls. 1-44.

Lake, Philip, 1931, Island arcs and mountain building: Geog.
Jour., v. 78, no. 2, p. 149-160, figs. 1-6.

GENERAL

Lawson, A. C., 1032, Insular arcs, foredeeps, and geosynclinal
seas of the Asiatic coast: Geol. Soc. America Bull, v. 43,
». 353-382, figs. 1.

LeRoy, L. W, 1948, The foraminifer Orbulina universa
d’Orbigny, a suggested middle Tertiary time indicator:
Jour. Paleontology, v. 22, no. 4, p. 500-508, 4 figs.

Libby, W. F., 1052, Chicago radiocarbon dates I11: Science,

3-G81.

v. 116, p. o7

Ma, I'm(, "Ying 11, 1953, Subacrial crosions and smounts
sliding of the rigid shel of the globe in the Pacific Basin
since the end of the Cretaccous: Oceanographic Sinica, v. 1,

.1, p. 1-6, 1 pl.

Macdonald, G. A., 194s Potrm,rnph\ of Two Jima: Geol. Soc.
America Bull, v. 59, no. 10, p. 1009-1018, figs. 1, 2.

1049, Iawaiian chrogrnphm provinees: Geol. Soe.
America Bull,, v. 60, p. 1541-1596, figs. 1-11.

Manton, S. M., 1935, Ecolnglcnl surveys of coral recfs: Great
Barrier Reef Lxped., Seientific Repts , v. 3, no. 10, p. 273~
312, figs. 1-2, pls. 1-16.

Marche, Alfred, 1887, Octavie: Soc. Geog. France Compte
rendu, nnnée 1887, p. 421422

1890, Mon voyage au fles Mariannes: Soc Geog. Mat-
seille Bull., tome 14, p.

1898, Note de voyage sur les fles Mariannes: Soc. Geog.
Commere. Tavre Bull, année 15, p. 4

Marshall, Patrick, 1924, General statement on the structure of
the Pacific region: Pan-Pacific Sei. Cong. (Australia) Proc.,
. 1, p. 730-734,

Motonori, 1036, Distribution of gravity over the
von 'rmmh and related areas: Imp. Acad. Japan Proc.,
4, p. 2

1940, The origin of the Shichito-Marianas

Geog. Rev. Japan (Chirigaku Iyoron),
Assoc. Japanese Geographers, Geog.
16, no. 4, p. 219-229, figs. 1-3. Trans-

of Sismondia from the

Oligocenc of Titizim: okyo Proc., v. 13, no.
2, p. 41-43, figs. 1-1

Orr, A. P, 1933, Physical and chemical conditions in the sea in

cighborhood of the Great Barrier Reef: Great Barrier

ped., Scientific Repts , v. 2, no. 3, p. 37-86, figs. 1-7.

. W., 1937, Rock destroying organisms in relation to

coral reefs: Great Barrier Reef Exped , Scientific Repts
v. 1, no. 12, p 323-352, figs. 1-3, pls. 1-G.

Otuka, Yanosuke, 1938, A geologic interpretation of the under-
ground structures of the Sitito-Mariana Tsland Are in the
Pacific Ocean: Tokyo Imp. Univ., Earthquake Rescarch
Inst. Bull, v. 16, pt. 1, p. 201-211, figs 1-7.

Pinkerton, John, 1812, Pigafetta’s voyage round the world
(1519-22 on board the squadron of Magellan), in General
collection of voyages and travels, v. 11, p. 288120, London.
( cmuslnuon of the navigator Pigafetta’s acoount.

Prowazek, . J. M. von, 1913, Dic deutschen Marianen, ihre
Natur uml Geschichte, p. i-iv, 1-125, 15 figs., Leipzig,
J. A, Bar

Quoy, J. R. c ) and Gaimard, J. P., 1824, Zoologic, v. 3, in de
Freycinet, L. C. D. and others, 182412, Voyage autour du
monde (1817-20), test p. 1=712, atlas pls. 1-96, Paris,
Pillet-Atne.

Reed, E. K., 1952, General report on archacology and history of
Guam, U. S. Natl. Park Service, p. 1-133, figs. 1-22b,
maps 1-3.

Reid, C. F., 1039, Bibliography of the island of Guam, p. 1-102,

New York, H. W. Wilson Co.

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/10/22 : CIA-RDP81-01043R002500120003-4

GEOLOGY 109

Reinhard, May, and Wenk, Edward, 1951, Geology of the
colony of North Bornco: Geol. Survey Dept. of the British
Territories in Borneo, Bull. no. 1, p. i-siv, 1-160, figs. 1-29,
pls. 1-20, encl. 1-10.

Repetti, W. C., 1936, Scismicity of the island of Guam: Guam
Recorder, v. 13, no. 9, p. 1, 30.

1939, Catalogue of earthquakes felt in Guam, 1825-1038:
Weather Bur. Manila, Scismol. Bull. (Jan.-Junc 1939),
p. 27
Rodgors, John, 1048, Phosphate deposits of the former Japancse
islands in the Pacific; n reconnaissance report: Econ.
, no. 5, p. 400407, figs. 1-2.
1003, 1904, 10058, The Chamorro language of
m: Am. Anthropology, new ser., v. 5, p. 289-311, 508~
6, p. 95-117, 501-534; v. 7, p. 305-310.
1003b, The useful plants of the island of Guam: Smith-
sonian Inst., U. S. Natl. Herbarium Contr., v. 9, p. 1-416,

ind Flint, D, E., 1949, Ramparts on the clevated
atoll of Kita Daito Jima [abs.J: Geol. Soc. America Bull,,

v. 60, no. 12, p. 1974,
Schuppli, H. M., 1046, Geology of oil basins of East Indian
urchipdugo Am As:oc Petroleum Geologists Bull, v 30,

.1
Scnrlcs P J 1028, 'lhe gcolug\ of the island of Guam: Rocks
and Minerals, v. 3, no. 1, p. 1-3, 1 map and 1 photograph.
1936, Geology of the Marianas Islands: Guam Recorder,
v. 13, no. 4, p. 1, 19; no. 3, p. 10, 31; no. G, p. 16, 33; no. 7,
p.5.

Seidel, H., 1904a, Saipan, die Hauptinscl der deutschen Marianen:
Globus, Band 86, no. 17, p. 278282
1904b, Der geologische aufbau der deutsehen Marianen-
Inscl Saipan: Geographischer Anzeiger, Jahrg. 3, p. 217-220,
1914a, Die deutsche Marianeninsel Rotn. Deutsche
Rundschau Geog., Jahrg. 37, no. 4, p. 143-15:
mm) Die Insel Tinian und ihre Stellung im Mariancn-
gen: Geographische Zeitsehrift, Jahrg. 20, p. 558-5

Slmnd 1., 1045, Eraptive rocks 3d ed., 488 p, New York,
John Wiley and Sons, Inc.

Simpson, G. G., 1949, The meaning of evolution: 364 p, New
Haven, Conn., Yale U ress.

Smith, W. D, 1925, Geology and mineral resources of the
Philippine Islands: Govt. Philippine Islands, Dept. Agri-
culture and Nat Res., Bur. Sci. Pub. 19, p. 1-357, figs. 1-23,
pls. 1-39. [1924]

Sollas, W. J., 1003, The figure of the carth: Geol. Soc. London

uart. Jour., v. 59, p. 180-188, figs. 1

Stanley, H. E. J., 1874, The first voyage round the world by
Magellan (from accounts of Pigafetta and others): p. 1-1%,
1-257, i-xx, London, Hakluyt Soc.

Stearns, IL. T., 1945, Enstatic shore lines in the Pacific: Geol.
Soc. America Bull,, v. 56, no. 11, p. 1071-1078, pls. 1, 2.

Stearns, N. D., 1937a, Significance of limestone in Guam: Guam
Recorder, v. 14, no. 3, p. 28-43.

1937b, Esplosive volcanic rocks of Guam. Guam Re-
corder, v. 14, no. 4, p. 7, 36-37
—— 1938, Pillow lavas of Guam: Guam Recorder, v. 14, no.

11, p. 7-8.

Steers, J. A, 1930, A geographical introduction to the biologieal
roports: Great Barrier Reef Exped., Scientific Repts., v. 3,
no. 1, p. 1-15, figs. 14, pls. 1-2.

Stille, Hans, 1044, Geotektonische probleme des pazifischen
Erdraumes: Preuss. Akad. Wiss, Abh., Math.-Naturwiss,
KL, no. 11, p. 1-77, figs. 1-20.




110 GEOLOGY OF SAIPAN, MARIANA ISLANDS

Suess, Eduard, 1000, Das Antlitz der Erde, Occaniden: Band
, Hilfte 2, Abschn. 18, p. 331-373, Vienna, F. Tempsky:
Leipzig, G. Freytag. (“Authorized English translation”
by Sollas, H. B. C., and Sollas, W. J., 1909, The face of the
carth, v. 4, chap. 9—Tho oceanides, p. 201-327, Oxford,
Clarendon Press)

Sho, 1041, A consideration of the stratigraphical
relation between the Mariana and Ponin limestones on
Rota Island, South Mariana Group (in Japanesc): Jubilee
Pub. Commemorating Prof. H. Yabe, v. 2, p. 730-741
(English abstract, p. 740-741), figs. 1-2.

Susuki, T., 1885, Petrography of the Bonin Islands (in Japanese):
Geol. Soc. Japan Bull, v. 1, no. 1, pt. A.

Suzuki, Jyn, 1037, On granitic rocks of the outer zono of south-
\west Japnn ond Ryukyu Islands (in Japancsc): Geol. Soc.
Japan, Jour,, v. 44, no. 526, p. 625-600, figs. 1-12. Trans-
lation in U. S. Geol. Survey files.

Swenson, F. A., 1048, Geology and ground-water resources of
Two Jima: Geol, Soc. America Bull, v. 59, no. 10, p. 995~
1008, figs. 1-2, pls. 1-2.

“Tada, Fumio, 1026, Abrasion terraces of the South Sea Islands
(in Japanese): Geog. Rev. Japan, v. 2, no. 5, p. 309-417.
English translation in U. S. Geol. Survey files.

Takai, Fuyvji, 1939, The mammalian faunas’of the Hiramakian
and Togarian stages in the Japanese Miocene: Jubilee Pub.
Commemorating Prof. H. Yabe, v. 1, p. 189-203, fig. 1

Tanakadate, Hidezo, 1940, Volcanoes in the Mariana Islands in
the Japanese mandated South Seas: Union good. geophys.
internat,, extrait du Bull. Voleanologique, ser. 2, tom. 6, p.
200-223, figs. 1-9, pls. 1-8.

Tayama, Risaburo, 1936a, Topography and coral reefs of the

Tinian Island, also Aguijan and Naftan Islands (in Japa-
nese): Tokohu Imp. Univ., Inst. Geol. Palcont. Studics,
Contr. 21, p. 1-53, figs. 1-40, pls. 1-10, 4 maps. English
abstract by Kobayashi, T., 1939, Jopanese Jour. Geology
and Geography, v. 16, abs. no. 56, p. 30.
— 1036b, Topography, geology, and coral recfs of the
Northern Mariana Group (in Japanesc): Tohoku Tmp.
Uniy., Inst. Geol. Palcont. Studics, Contr. 23, p. 1-88, figs.
173, pls. 1-10. (Microfilm in Univ. Hawaii library)
English abstract by Kobayashi, T., 1939-1040, Geologische
Zentralblatt (A), 66, p. 486—488.

1037, On the crustal movement of the western submarine
Tidges and islands in the South Sea under Japan mandate
(in Japanese): Tohoku Imp. Univ., Inst. Geol. Palcont.
Studies, Contr. 28, p. 1-33, figs. 14, English abstract by
Kobayashi, T., 1939, Japanese Jour. Geology and Geogra-
phy, v. 16, p. 23.

1038, Topography, geology and coral reefs of Saipan
Island (in Japanesc): Palau Tropical Industry Inst. Bull.
1, p. 1-62, figs. 1-21, pls. 1-15. English translation in U. 8.
Geol. Survey files (docs not correlate with original pages).

1930a, Correlation of geological formations in the South
Sen Tslands (in Japanese): Geol. Soc. Japan Jour, v. 46,
no. 549, p. 345-348. English abstract in Japancse Jour.
Geology and Geography, 1940, v. 17, abstract 11, p. 3.

1030b, Terraces of the South Sea Islands under Japanese
‘mandate: Tmp. Acad. Japan Proc., V. 15, no. 5, p. 130-141
English abstract in Japanese Jour. Geology and Geography,
1940, v. 17, p. 51

1952, Coral reefs in the south seas: Maritime Safoty
Agency, Japan, Hydrographic Office Bull., v. 11, p. -
202 (English translation p. 183-292), app. I and II illus.

Tayama, Risaburo, and Ota, Yasushi, 1040,

Palau Tropical Industry Inst. Bull. 6, p. 1-20, fig. 1=,
photographs 1-22 in 6 pls., maps 1, 2. English translation
in U. S. Geol. Survey files.

Teichert, Curt, 1946, Late Quaternary changes of sca lovel at
Rottnest Island, Western Australia: Royal Soc. Vietorin
Proc, v. 59, pt. 2, new ser., p. 0379, figs. 14, pis: 5, 0.

Podd, Ruth, Cloud, P. E., Jr., Low, Dori and Schmidt, R. G.,
1954, Probable oceurrence of Oligocenc on Saipan: Amer.
Journ. Sci., Vol. 252, p. 673-082, figs. 1-2, pl. 1.

Tsuboys, Koroku, 1932, Petrographical investigation of some
volcanic rocks from the South Sea Islands, Palau, Yap, and
Swipan: Japanese Jour. Geology and Geography, v. 9,

0s. 3-4, p. 201-212.

Tsujimura, Toro, 1017, The eycle of crosion of voleanic islands
(in Jopanese): Geol. Soc. Tokyo Jour., v. 24, no. 280, p. 11~
20; no. 282, p. 106-121; no. 283, p. 107-208. English trans-
Iation in U. S. Geol. Survey files.

Umbgrove, J. H. F., 1931, Tertiary foraminifera: Leidsche Geol.
‘Mededeelingen, Deel 5, Festbundel K. Matin, p. 35-01.

1045, Different types of island-arcs in the Pacifie: Geog.
Jour., v. 106, nos. 5-G, p. 198-200, figs. 1-4.

———— 1947, The pulsc of the carth (2d cd. )—Island arcs, chap-
tor 7, p. 144-216, The Hague, Martinus NijhofT.

— 1049, Structural history of the East Indics, p. 1-63, figs.
1-68, pls. 1-10, Cambridge, Cambridge Univ. Press.

V. S. Geological Survey, 1944, Marianas (except Guam) terrain
intelligence: Chicf of Engincers, M. I Div., U. S. Army,
Strategic Engincering Studics no. 113, p. 1-47.

. Navy, 1944, Mandated Marianas Islands, Civil Affairs
Handbook, OPNAV P22-8: p. 1-189, figs. 1-26.  Rewritten
and reissucd 1950.

1046, Selected bibliography of Micronesia: U. S. Com-
mereial Co. Econ. Survey, p. 1~

1048, Historical roview of the geology of Guam, with
references: Bur. Yards and Docks, Pacific Island Engincers,
San Francisco, 113 mimco. p., 2 pls.

&Urville, J. S. C. Dumont, and others, 1830-33, Voyage de
1 Astrolabe (1826-1829)—Historic du voyage, tomes 1-5,
atlases 1-3, Paris, J. Tastu.

Utinomi, Huzio, 1044, Bibliographia Micronesics, p 1-208,
Tokyo, Hokuryukan.

Vening Meinesz, 1931, Gravity anomalics in the East
Indian Archipelago: Geog. Jour., v. 77, no. 4, p. 323-337,
figs. 1-2.

1948, Gravity expeditions ot sea 1023-1938, v. 4, com-
pleto results with isostatic reduction, interprotation of the
results: Netherlands Geod. Comm. Delft, p. 1-123, pls.
1-6, 5 maps.

Vierk, I. M. van der, 1948, Stratigraphy of the Cacnozoic of the
‘East Indies based on Foraminifera: Internat. Geol. Cong ,
18th Session Rept., pt. 15, p. 61-63.

and Dickerson, R. W., 1927, Distinctions among certuin
genera of Foraminifera for the field geologist in the Enst
Tndies: Jour. Paleontology, v. 1, no. 3, p. 185-102, figs. 1-3.

Volkens, G., 1901, Einige Ergcbnissc ciner Reise nach den
Karolinen und Marianen: Verh. Deutsche Geographentages,
v.13, p. 167-179.  (Not scen; reference from Utinomi, 1044,
. 98).

1902, Dic vegetation der Karolinen mit besonderer
Berucksichtigung der von Jap: Bot. Jahrb. fir Systematik

i d i

geology and coral Teefs of Agrigan Island (in Japanesc):

Band 31, p. 412
477, pls. 11-14.

GENERAL’

Wentorth, G, I, 1912, Storago conseionces of tho Ghybon-
eraborg theory: Am, Geophys. Union Trans., v 23, p. 083~
693, figs. 1-7. D 053
——— 1047, Factors in tho behavior of ground water in & Ghy-
ben-Herzerg system: Pacific Sci, v. 1, no. 3, p. 172184,
figs. 1-4. '
19480, Uso and conservation of frosh water on small
oceanic islands, in Conservation in Micronesia, p. 24-28,
Natl. Rescarch Council, Pacific Sci. Board.  Mimeographed.
1018, Growth of the Ghyben-Herzberg transition zone
under a rinsing hypothesis: Am. Geophys. Union Trans., v.

20, p. 97-98, fig. 1.
Williams, Howel, 1032, The history and character of voleanic
: Calif. Univ., Dept. Geol. Sei. Bull, v. 21, no. 5,

&. 51-146, 37 figs.

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/10/22 : CIA-RDP81-01043R002500120003-4

GEOLOGY 111

Wilson, J. T., 1950, On the growth of continents: Royal Soc.
‘Tasmanis Papers and Proc. 1950, p. 85-111, figs. 1-

Yabe, Hisakitzu, Hatai, Kotora, and Nomura, Sitihei, 1939,
The Tertiary stratigraphy of Japan: 6th Pacific Sei. Cong.
Proc., v. 2, p. 450-474.

Yabe, Hisukitzu, and Sugiyama, Toshio, 1935, Note on a new
fossil coral Saipania tayama, gon. ct sp. nov., found in the
island Saipan, Mariana group: Japancse Jour. Geology
and Geography, v. 12, nos. 1, 2, p. 5-7, pls. 2, 3.

Yoshiwara, S., 1902, Geological ago of the Ogasawara Group
(Bonin Islands) as indicated by the oceurrence of Num-
mulites: Geol. Mag., v. 9, p. 206-302, figs. 1-3.

Yoshii, Masatossi, 1985, On somc rocks from the South Sea
Islands (in Japancse): Geol. Soc. Japan Jour., v. 42, no.
504, p. 549-554. English translation in U. . Geol. Survey
files.




Declassified in Part - Sanitized Co

oved for Release

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/10/22 : CIA-RDP81-01043R002500120003-4

APPENDIX A.—DESCRIBED SECTIONS

The dearth of described soctions is mainly duc to the lack of
outcrops on Saipan that are at the same time of sufficient vari-
ability and continuous cnough and well enough exposed to war-
rant description. The many fine bluff exposures are mostly in
rather homogenous limestones, and such sections rarely display
contacts between formations or even different facies of the same
formation.

Thicknesses in the four described scetions that follow are
given in terms of feet above the base of the section for cach inter-
val, at the end of the interval description: thus “30-40 ft”
indicates an interval 10 ft thick, the base of which is 30 ft strati-
graphically above the base of the seetion; “240-250 ft” indicates
an interval 10 ft thick, the base of which is 240 ft stratigraphi-
cally above the base of the scetion.

MOUNT ACHUGAU SECTION OF THE
SANKAKUYAMA FORMATION

The incomplete type section of the Sankakuyama formation
at Mount Achugau (pls. 5D, 17, 24C) was computed from o
structure scction (A—’) across the sequence of dacites there
exposed. This scction begins at the fault contact between the
dacite sequence and the incquigranular facics of the Tagpochau
limestone in the bottom of Papus ravine (Kanat Papua). It
extends southward up the north face of Achugau Cliffs (Laderan
Achugau), across the summit of Mount Achugau, and then
generally south down the back slope and along the bottom of a.
narrow ravine to the contact between subacrial tuffs of the dacite
sequence and the marly facies of the Tagpochau limestone.
Although this section is incomplete, by reason of lacking a base,
it is nlso the thickest and most nearly complete section of the
Sankekuyama formation on Saipan. Stratification is mostly
obscure within deseribed intervals.

Beds of all units of the Sankakuyama except the mixed
pyroclastic facies are found along this line of section, as described
belo,

Interval 1 (basc of scction).—Vitrophyre breceis; light- to dark-
gray and white layers of breccia containing angular fragments
of dacite vitrophyre and porphyry in a vitreous tuffaccous
matris. Fragments range from minute particles to blocks 10 i
in diameter, with ordinary diameters of about 2 to 8 in. Matri
weathered to soft-pink, white, and orange clay to depihs of
several inches. Attitude of breccia beds variable where dragged
along Achugau fault, and minor faults have sheared and broken
the brecein beds in many places ---0-500 ft

Interval 2—DMassive flow rock; hard, glassy to cryptocrystal-
line vesicular to compact, banded dacite porphyry. In places the
flow lines are highly contorted. A fracture eleavage is developed
parallel to the planar flow structure  Vertical jointing is pro-
nounced and locally the rock exhibits a columnar jointing.
Probably a succession of separate flows is represented in this
interval, with intervening materials (if any) not observed in
the section beeause obscured or covered by talus and weathering

foots. 500-920 ft

TInterval 8.~Vitrophyre breccia; light-gray to white dacitic
breccia containing angular fragments of gray vitrophyre in a
light-gray to white, medium-grained, vitreous, tuffaceous matrix.
Vitrophyre fragments have an average dismeter of about
3in 920-960 ft

Interval 4 —Vitric tuff; white, glassy, medium-grained, well-
consolidated, dacitic tuff composed of small angular fragments
and shards of vitrophyre, and similar in texture and composition
to matrix of vitrophyre breccia intervals. Stained dark brown
at the surface and altered to soft-white clay to depths of 1 or
- -960-970 ft

Interval 5.—Vitrophyre breccia, similar to interval 3.

970-1,050 ft

Interval 6.—Perlite breccia; light-gray to white dacitic breceia
that contains markedly angular, banded fragments of perlite in
a white, glassy, tuffaccous matrix. Perlite fragments from a
fraction of an inch to 8 in, in diameter; average diameter about
2 in. The breccia has a pronounced flow structure that is
locally contorted. Rock similar in texture and structure to
vitrophyre brecein, but brecein fragments largely perlite.

1,050-1,00 ft

Interval 7.—Massive flow rock; relatively thin flow of hard,
compact, glassy, dacite porphyry that pinches and swells along
its strike. Rock is grayish purple to chocolate in color and has
a pronounced flow structure parallel to which o marked parting
is developed 1,000-1,110 ft

Interval 8.—Vatrophyre breccia, similar to inlervals 8 and 6.

1,101,240 ft

Interval 9.—DMassive flow rock; hard, compact, aphanitic,
light-gray and purplish flow or flows of dacite porpyhry. Planar
flow structure well developed and consisting of alternating porous
streaks and bands of compact flinty dacite, parallel to which
clenvage occurs. Vesicles in porous streaks alined porallel to
direction of banding. Rock traversed by closely spaced vertical
joint! 1,240-1,490 ft

Interval 10.—Vitrophyre breceis; light- to dark-gray breccia
containing fragments of dacite vitrophyre in a finer grained
tuffaccous matrix. Vitrophyre fragments as much as 6 in. in
diameter; average diameter about 2 in. Flow banding well
developed 1,400-1,615 ft

Interval 11 (top of section).—Vitric tufl; light-gray to white,
deeply weathered, soft, closely jointed, fine- to medium-grained;
weathered at the surfsce to white, iron-stained, somewhat
unctuous clay. eoeeo-1,015-1,740 1t

Total thickness rounded off to 1,800 ft as a probable minimum
for the formation.

TALOFOFO RIDGE SECTION OF THE DENSINYAMA
FORMATION

Although the sequence here described is designated as the
type section of the Densinyama formation it is not really a simple
succession of beds, but a set of scattered outcrops along and
near a general line of traverse. It begins at the contact between
the breccia facies of the Densinyama formation and the under-
Iying breccia facies of the Hagman formation, about 100 yd west
of the westernmost hairpin turn in the western part of the Tal-
ofofo rond. From here the sequence extends generally eastward
across the flat summit of Talofofe ridge It ends where the
conglomerate-sandstone facics of the Densinyama formation is

overlain by the inequi facies of the Tag-
pochau limestone, about 1,700 ft west of the junction of Talo-
fofo rond and the East Coast Highway.

The section was compiled principally from a barometer traverse
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along the Tulal‘u[o n‘md and it includes (he principal facies of
tho D n. The given the various
intorvals wero compu(cd graphically, allowing for the probability
that the dips observed are largel al. In the description
that follows only well-defined major intervals are scparated, and
the succession is in order from bottom to top. More detailed
description is neither feasible nor desirable, owing to poor
exposures and the marked Iateral variation of the beds.

Interval 1 (breccia facies at base of section).—Coarse, quartz-
bearing, andesite breccia, with fewer pebbles and cobbles of
chert, quartz porphyry, and dacite in an andesitic matrix.
Andesite fragments range from 3 inch to 3 ft in diameter. At
the surface the breccia is decply weathered to orange-red ferru-
ginous clay. Other parts are dark and light red, purplish red,
and brownish red. Interval 1, representing the breccin facies
of the Densinyama formation, overlies the breccia facies of the
Hagman formation. It may also in part intergrade with the
Hagman breccia 0-240 ft

Interval ¢ (lower part of lower occurrence of conglomerate-
sandstone facies).—Chert boulder conglomerate makes up the
basal bed of the facies of the D

The upper part of the scquence becomes progressively finer
grained and moro calearcous toward the top. Conglomerato
beds are composed of well-rounded andesite fragments and
abundant quartz-rich rock. They are deeply weathered at the
surface and aro light and dark brown, reddish brown, and gray
brown. The matrix contains andesite fragments, magnetite
grains, and small quartz grains, It is ordinarily calcarcous.
Thin conglomerate beds that contain pebbles and boulders of
finc-grained Eocene limestone ocour toward the top,

Wator-Jaid tuffaccous sandstoncs of tho upper part of the
sequence aro coarse- to fine-grained and oceur as thin lyers and
lenses intorbedded with the conglomerate layers. Thin beds
of calcarcous tuff are commonly interlayered with thin discon-
tinuous layers of marl. Some of tho tuffaccous sandstone beds
contain appreciable amounts of quartz in the form of grains 1 to
2 mm in dismeter. However, tho principal constituent of the
sandstones is andesite. Noncalearcous tuffaccous sandstone
beds near the top of the scquence are fine grained and well
bedded. At the surface they are composed of clay, magnetite
grains, and sporingly scuttcrcd quartz grains. Weathering of

formation in the Talofofo ridge section. This interval consists
principally of well-rounded pebbles, cobbles, and boulders of
massive iron-stained chert and some pebbles and cobbles of
andesite, all set in a finer grained matrix. The larger particles
range in diameter from an inch or so to 6 ft, the average diam-
cter of the boulders being about 1 ft. The chert boulders
studied may represent replaced blocks of limestone. . 240-250 ft

Inlerval 3.—Pebble conglomerate, quartz-rich to quartz poor.
Overlies the basal chert-boulder conglomerate of interval 2 and
is made up of poorly stratified intergrading beds of pebble
conglomerate.

The pebble conglomerates in which quartz is rare consist
‘mainly of angular to rounded fragments of andesite as much as
6 in. in diameter, with on average diameter of about 1 in.
Small pebbles of gray and green chert and quartz prophyry
are present but not abundant. The larger rock fragments are
in & matrix of reworked voleanic materials now weathered to
ferruginous clays that are mottled red, white, and brown.
Narrow joints in the conglomerate are filled with limonitic
material.

Interfingering with, and grading laterally into, the andesitic
pebble conglomerato beds aro loosely cemented beds of lighis-
brown, pebble and
sandstone. The conglomerate beds are of well-rounded pebbles
and smaller fragments of several varicties of quartz-bearing
rocks. The larger siliceous fragments are set in a matrix that
contains o conspicuous to dominating number of rounded to
subangular quartz grains having an average diameter of about
1 mm. The sandstone layers grade laterally and vertically
into the conglomerate beds, are from several inches to scveral
feet thick, and consist principally of angular to rounded grains
of siliceous rock and quartz with limonitic coment. The aver-
age grain sizc of the sandstones is about 1 to 2 mm._ 250340 ft

Intersal 4 (upper parl of lower occurrence o

tter lms colored ‘these beds various
shades of orange, groy bro\vn, and T 340-400 ft
Interval 5—Impure limestone and eaearcas cenglomcmlc,
mainly light-brown to yellowish-white, very impure limestono
containing disseminated small grains of andesite, siliccous rocks,
and small, angular to rounded quartz grains. The basc of the
interval is conglomeratic and contains rounded pebbles and
cobbles of white and pink Eocene limestone, andesite, chert, and
other quartz-bearing rocks. It grades to and is laterally inter-
bedded with interval 4. Both the conglomeratic and tuffaccous
limestone parts contain abundant Eocene larger Foraminifcra.
460-500 ft

Interval 6 (upper occurrence of conglomerate-sandstone facics,
top of seclion).—Andesitic conglomerate and tuffaceous sand-
stone; coarse boulder conglomerates, pebble conglomerates, and
coarse tuffaccous sandstoncs, all quartz-bearing and andesitic.
The tuffaceous sandstones form only o small part of the sequence
and ocour as lenses 1 to 5 ft thick intercalated with the con-
glomerates. The interval is mainly a cosrse boulder conglom-
erate that contains rounded andesite boulders as the principal
constituent, but which also has subordinate pebbles, cobbles,
and boulders of chert, jasperoid, quartz porphyry, and dacite.
The boulders are as much as 2 ft in dismeter. Boulders of
Eocene limestone and coral fragments that arc generally altered
to limonite and hematite oceur in the upper part of the sequence.
The conglomerate is deeply weathered to ferruginous clays of
various shades of brown, red, purple, and gray. ... 500-730 [t

TANKE CLIFFS SECTION OF THE MATANSA AND
TAGPOCHAU LIMESTONES

INTRODUCTORY REMARKS

The scetion here described was measured up Tanke cliffs, on
the southwest shore of Fafiunchuluyan bay (Bahis Fafiun-

of
sandslone facies).—Andesitic conglomerate and tuffaccous sand-
stone quartz-bearing, well-bedded to poorly bedded, calearcous
and noncaleareous, complexly intergrading, water-laid.

The basal part is poorly bedded, noncalarcous, andesitic
pebble and boulder conglomerate containing scattered, angular
to rounded fragments of o variety of quartz-rich rock that
includes chert, quartz porphyry, and dacite. The average size
of the fragments is about 2 in. Boulders attain a maximum
dimaeter of about 1 ft.

chuluyan) in . Tt ascends the prominent
wooded bluffs and peak to the north (right) of the three con-
spicuous south Kalabera cliffs (Laderan Kalabera Lichan) at
the center of pl. 174.

It begins o little southwest of and above o cut on the East
Coast Highway, at the base of a limestone bluff that marks a
fault contact between dacite breccia of the Sankakuyama for-
mation and the whitefaciesof the Matansa limestone. From the
point described the section continues upward toward the summit,
of Tanke cliffs to the contact between the Eocenc Matansa
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limestone and tho Miocene Tagpochau limestone at 256 ft above
its base. At this stratigraphic lovel the scetion is offsct along
a datum bed at the base of the Tagpochau limestone for approxi-
mately 1,000 ft southeast along  discontinuous, low, brushy,
cast-facing scarplet. Tho Miocene part of the section then
continucs upward to tho summit of Tanke cliffs (Jap Hill tri-
angulation station of the U. S. S. Boudich survey) through 314
1t of incquigranular limestone of Tagpochau age. The lower
230 t of the Miocene section is referred to the Helerosteging
borneensis zone (lower Tertiary ¢) and the upper 18 ft to the
Miogypsinoides dehaartii zone (upper ¢), with o G0-ft interval
of unassigned beds between.

This section was measured by hand lovel, tape, and compass,
and marked and described by H. . Burke during October and
Novomber 1049, with the intermittent assistance of Benusto
Reyes of Saipan. Notes on the study of thin sections were added
by Cloud in 105254,

Measurements of thickness were computed graphically,
allowing for dip of the beds which averaged less than 10° west
to southwest. As dips change erratically, the computed thick-
nesses only roughly approximate truc thicknesses, but error is
thought to be minimized by the steepness of the line of section.
Bedding is mostly obscure within described intervals.

The Miocene part of the Tanke cliffs section illustrates &
variety of the purer limestones to be found in the Tagpochau
beds, although mainly of the inequigranular facies and so shown
on the geologic map. The Eocene beds of this section represent,
only the white facics of the Matansa limestone.

Unless otherwise noted, grain size given is based on study of
rock chips only. Where supplemented by study of thin sections
apparent grain size averages somewhat lower.

MATANSA LIMESTONE, WHITE FACIES

Interval 1 (base of section) —Limestone; inequigranular, with
grain size 0.2 to 1.0 mm in lower part, ranging to 2.0 mm above.
Color is pink to white or mottled, with abundant vermilion
specks about 0.5 mm in diameter. Interval has much dissem-
inated manganese oxide, increasing toward the top. Fossils
include many smaller Foraminifera, discontinuous thin bands of
cruslose coralline algae, joints of Halimeda, and fragments of
0-31t

Inluunl 2—Limestone; inequigranular, with grain size 0.5 to
2.0 mm. Local lenses arc cquigranular. Color is gray from
abundant particles and grain-coatings of manganese oxide.
Local enrichment in manganese oxides estends through intervals
as much as 10 ft thick. Fossils include occasional Camerina and
Pellatispira in some beds, abundant smaller Foraminifera, dis-
continuous thin bands of crustose coralline algae, joints of
Halimeda and fragments of coral. Samples from this interval
with footage above base of seotion are B17 (18 ft), B8 (zs t),
B19 (33 ft), and B20 (39 £0).. 3-50 ft
Interal $—Limestone; inequigranular, with grain size 0.2 to
1.0 mm. Interval is locally equigranular and contains abundant
pellets about 0.1 mm in diameter. Manganese oxides occur in
local zones of enrichment and as widely disseminated particles.
Helically colled smaller Foraminifera are common, along with
joints of Halimeda, and fragments of echinoids- 50-57 1t
Interval 4 —Limestone; equigranular, with grain size averaging
0.2mm. Aphanitic in patches, with largest grains about 1.0 mm
and with abundant 0.5 mm pellets. Bedding well developed, in
layers 2 in to 1 ft thick. Thin scetions from loc. B22 (at 73
£t) show 30 to 40 percent detrital articulate and erustose coralline
algae, 10 to 20 percent Foraminifera and other larger organic
debris, and 40 to 50 percent fine bioclastic matrix mainly less
than 0.1 mm in grain dismeter. The finer bioclastic material
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also oceurs in larger fractured and displaced picces of relatively
uniform grain size. Color white to dark yellowish orange. Man-
ganese oxide and limonite disseminated through the interval,
increasing in volume upward.

Camering is locally abundant, and Operculina and possibly
Biplanispira and Fabiania occur at loc. B51 (at 07 ft). At B110
(at 82 ft) are Camerina and Fabiania, and B111 (at 82 ft) has
Camerina. Sections from B23 (at 82 ft) contain Borelis and
Camerina. Joints of Halimeda and fragments of echinoids are
found in conrser material, and the dasycladacean alga Cymopolia
was noted in thin sections from B22 (at 73 ft).. --57-87 ft

Inlerval 5—Limestone; inequigranular, comprises fragments
of aphanitic limestone as long as 1 inch, in a matrix that consists
largely of joints of Halimeda and 0.5 mm pellets. Aphanitic
fragments gencrally make up about 40 percent of the rock,
oxcept where it consists entirely of small Foraminifera and
coarse pellets. The color is white, with irregularly disseminated
black manganese oxide particles. Thin sections from loc. B67
(at 103 ft) show the rock at the top of the interval to consist
largely of fragmentary articulate and crustose coralline algac
and joints of Halimeda in about 30 percent matrix of clear
crystnllme to dark bioclastic calcite mainly less than 0.1 mm

n grain dismeter. Many of the larger organic fragments are
completcly ringed by clear fine-grained calcite in thin section.
TFossils other than already mentioned include small Foraminif-
cra, possibly Camerina, locally abundant fragments of echinoids,
and abundant specimens of the dasycladacean alga Cymopolia
at loc. B67. Although samples B32 (at 100 ft), B33 (at 106 ft),
and BO7 (at 163 ft) have yielded abundant algal fragments,
they have not yielded Foraminifera of correlative value. .87-168 ft

TInterval 6.—Limestone; inequigranular, with grain size from
0.2 to 2.0 mm and with abundant pellets from 0.2 to 0.5 mm in
diameter. Patches of aphanitic limestone are present at the
bottom and top of the interval. Near the base are local patches
of breceia, the fragments of which are surrounded by pinkish
clay. Particles of manganese oxide, limonite, and hematite are
disseminated through the interval. Thin sections from loc.
B75 (at 182 ft) show fragments of articulate and crustose coral-
line algac. Crusts of the latter are scattered in and surrounded
by a matrix of bioclastic to clear crystalline calcite mainly less
than 0.1 mm in grain dismeter and accounting for about 70 per-
cent of the rock volume. Other organic remains include a few
Toraminifera, abundant spines and fragments of echinoids,
occasional small gastropods, and occasional specimens of the
dasycladacean alga Cymopolia (B75, at 182 ft). Camering,
Gypsina, Heteroslegina, Vicloriclla, and Spiroclypeus? oceur in
samples BOS (at 169 £t) and B6Y (at 175 ft). Sample B75 (at
182 ft) shows only algae-_. -168-195 ft

Interval 7—Limestone; consisting of fragments of inequi-
granular, finely pelleted (0.1 mm diameter), white limestone as
long as 3 in. in & matrix of aphabitic, pink to brown limestone
that contains much argillaceous material. Thin sections from
loc. B72 (at 218 ft) show fragmentary articulate and crustose
coralline algae in grains mainly from 0.5 to 2 mm diameter sur-
rounded by matrix mainly less than 0.1 mm in grain diameter.
Besides algal fragments, bits of echinoids ard corals were noted,
as well as occasional Foraminifera. Species of Streblus and
Gypsina oceur in samples B77 (at 206 ft) and B72 (at 218 ft)

195-213 ft

Interval 8—Limestone; incquigranular, with grain-size from
0.2 to 0.5 mm, and including occasional fragments of aphanitic
limestone as long as 1 in. Thin sections from B85 (at 230 ft)
show 50 to 60 percent fragmentary articulate and crustose coral-
line algae, and varied small and occasional large Foraminifers,
in o fine matrix of dark bioclastic and some clear crystalline
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calcite with grain dismeter less than 0.1 mm. Probable Cam-
crina, miliolids and other smallor Foraminifera, abundant frag-
ments of mollusks and coral, joints of Ialimeda and local thin
bands of crustose coralline algac were noted at the outerop and
Camerina saipanensis was identified by Cole from a sample in
the laboratory.  Patches of the matrix consist largely of smaller
Foraminifera and fragments of other fossils. Samplo BSO (at
224 ft) also contains probable Camerina saipanensis. Other
samples from interval 8 include B70 (at 218 ft), BTL (at 212 ft),
and BS1 (at 230 ft).. 213-256 ft

Contact between Eoceno Matanss limestone and Miocene
Tagpochau limestone.

Offset traverse 1,000 fect southeast through brush along &
discontinuous, low, cnst-facing searplet and continue upward
from datum bed.

FACIES
LOWER TERTIARY E, HETEROSTEGINA DORNEENSIS ZONE

Interval 9.—Limestone; incquigranular, grain size 0.2 to 1.0
mm; pink at top and base, grading to aphanitic and pinkish
white toward the middle. Helically coiled Foraminifera about
1.0 mm in_diameter are abundant in and characteristic of the
interval, Lepidocyclina (cf. Eulepidina), fragments of mollusks
and echinoids, and joints of Halimeda arc also common. ~Sample
B73 (at 203 ft) contains Helerostegina bornecnsis and associated
larger Foraminifera of the H. borneesis faunal zone. .-256-272 ft

Interval 10.—Limestone; incquigranular, consisting of white
grains as much as 2.0 mm across in a pink porcclancous matri
Both large and small Foraminifera are common, and other fossils
include fragments of shell material, joints of Halimeda, and thin
bands of crustose coralline algne. Sample B79 (at 271 ft) con-
tains the Heterostegina bornecnsis fuuna. - _.272-288 1t

Interval 1

Interval 12, c, with 0.1 mm pellets; white.
Thinly discoidal larger Foraminifera occur in oceasional concen-
trations. Sample B107 (at 319 ft) is from interval 12. Thin
sections from B107 show microgranular limestone with many
smaller Foraminifera and algal fragments, including many
specimens of the dasycladaccan alga Cymopolia, but no larger
06-310 1t

Interval 13.—Limestone; incquigranulur, consisting of white
grains as much as 2.0 mm across in a pink aphanitic matrix that
contains pellets 0.1 to 0.5 mm in diameter. ~ Fossils include lurge
and small Foraminifera, fragments of molluscan shells and echi-
noids, and joints of Haltmeda. Samples B10S (at 325 ft) and
B10G (at 332 t) both contain Heleroslegina borneensis. .310-322 1t

Interval 14.—Covered. . 5

Interval 15.—Limestone, white and incquigranular, with grains
from 0.2 to 1.0 mm ncross in a porcelancous, pelleted groundmass
wherein the pellets average about 0.1 mm in diameter.  Helically
coiled Foraminifera about 10 mm in diameter are common in
and charactenstic of interval 15, Other fossils include Lepido-
cyelina and other large Foraminifera, mollusean fragments, and
thin discontinuous bands of crustose coralline algac. Samples
B104 (at 364 ft) and B30 (at 370 ft) both contain Heterostegina
borneens:: 385 ft

Interval 16.—Limestone; pink to white and inequigranular,
with grains from 02 to 3.0 mm across, in an aphanitic, pelleted
matrix wherein individual pellets average about 0.5 mm in
diameter. Thin scetions from BS4 (at 376 ft) show about 50
percent fragmental articulate and crustose corraline algac and
scattered small and large Foraminifera in about 50 percent
matrix of fine bioclastic and clear erystalline calcite with a grain
diameter less than 0.1 mm. Lepidocyclina and local concentra-
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tions of small Foraminifera (including Austrotrillina howchini)
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and coarse pellets are common. Other fossils include picces or
heads of coral, impressions and fragments of mollusks, and thin
discontinuous bands of crustose coralline algne. Samples B84
(at 376 ft), BSG (ut 382 1), and BST (at 388 ft) are [mm interval
16, and B84 contnins [feleroslegina borneensis. .385-403 t
Interval 17.—Limestone; mostly incquigranular, wi h grains
from 0.2 to 1.0 mm across in an aphanitic, pelleted matrix whercin
individual pellets are 0.1 to 0.5 mm across. Aphanitic limestone
oceurs locally. The rock is mottled flesh pink and white, with
many vermillion specks locally. Large and small Foraminifera
and joints of Halimeda aceur throughout, and locally the rock is
dominated by thin discontinuous bunds of crustose coralline
algac imbedded in abundant 0.5 mm pellets. Samples B54 (at
403 ft) and B59 (at 409 ft) are from this interval, and B54
includes the lower Miocene (Rmm.ugmn) Cardium (lvmanm)
Jjavanum.. 403-421 ft
Interval 18.—Limestonc; cons w
3.0 to 20 mm in longest dimension, in a rust-colored, aphanitic
groundmass. The lurge fragments themselves consist of grains
0.5 to 2.0 mm across. Lepidocyclina, other large Foraminifera,
and fragments of mollusks occur in both large fragments and
matrix. Sample BSS (at 421 ft) is from interval 18- 421426 ft
Interval 19.—Limestone; white to pink and incquigranular,
with grains from 0.2 to 3.0 mm across. Lepidocyclina and other
large Foraminifera arc common, and smull Foraminifera and
fragments of mollusks arc very abundant. Sample BOO (at 433
1t) yielded section of Cycloclypeus. 420441 1t
411-450 1t
tone; cons te, angular fragments
as long as 10 mm distributed through a rust-colored matrix of
smaller fragments and large Foraminifera. The large fragments
themselves are of equigranular limestone with an average grain
size of 0.2 mm. Lepidocyclina, other large Foraminifera, and
joints of Ialimeda occur in mterval 21, Samples B92 (at 442
t), BO1 (at 450 ft), and B3 (at 436 f1) contain the Heteroslegina
borneensis fauna. 4
Interval 22.—Limestone; incquigranular and flesh pink,
grain size ranging from 0.2 to 2.0 mm. Fragments of cchinoids
and mollusks, and joints of Ialmeda are abundant. Sample
BO7 (at 467 ft) is from inter
Interval 23.—Limestone; white to pink and incquigranular,
with grains ranging from 0.2 to 4.0 mm s large
and small Foraminifers, spines of cchinoids, and joints of
Halimeda. Samples B9 (at 474 ft), BOY (at 484 ft), and B112
(at 490 ft) all contain large Foraminifera that probably represent,
the Heterostegina borncensis faunal zonc. .. .AT2-d02 1t

UNASSIGNED TERTIARY £ BEDS

Interval 24.—Limestone; consisting of white angular fragments
as long as 3 em in a rust-colored, aphanitic matrix. The larger
fragments themselves are incquigranular himestone with grain
size mainly near 0.1 to 0.2 mm. In lower beds of the interval
they are sheathed in yellowish carthy material. Obscrved
fossils include only fragments of mollusks and joints of
-.492-503 ft
pink to mottled white and equi-
s averaging 0.2 mm across.  Grains become
coarser toward top of interval where rock is brecciated and
filled with reddish-brown earthy material. Foraminifera and
joints of Halimeda scen.. 513 ft

Interval 26.—Limestone; incqu 1th grain size from
0.5 to 30 mm and averaging 1.0 mm. Upper fool of interval
largely of small Foraminifera and pellets set in a translucent
yellow matrix. The matrix of the rock is generally rust colored,
but larger fragments are white. Large and small Foraminifera,
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fragments of mollusks, and joints of Ilalimeda are abun-
dant.. -.513-518 ft

Interval 27.—Limestone; about 40 pereent of the rock is
aphanitic groundmass surrounding patches that consist mostly
of fragments of fossils. Color runges from rust at base to white
at top. Large and small Foraminifera, joints of Ialimeda,
fragments of coral and mollusks, and thin concentric bands of
crustose coralline nlgac are locally abundant. Sample B102
(at 521 ft) is from this interval -518-520 ft

Iuterval £5.—Limestone; piuk to white and lur(,uly aphanit
with abundant sowll (0.5 min)
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stegina borneensis occurs at locality B27, just a few hundred feet
north from and only slightly below (topographically) the base
of Bafiadero cliffs. This suggests that the base of the section
is near the juncture of the H. borneensis and M. dehaartii faunal
zones, and indicates  tic with the Tanke cliffs scotion.

It is on the basis of this section that the round figure of 1,000
ft has heen estimated for the thickness of the Tagpochau lime-
stone. If the 236 ft of Ileterostegina borneensis beds from the
“Tanke oliffs scction is added to the 670 ft of the Mrogypsinoudes
dehaartii faunsl zone in the Baiadero eliffs scction, the result

the only of the interval

as well as the only recognizable fossils .- -52 1t
Interval 29.—Limestone; white und inequigranular, with grain
size gencrally from 0.2 t0 2.0 . Angular fragments of porce-
luncous limestone as long as 3 em oceur locally.  Lepidocyclina
and other larger Foraminifera are common; and smaller Foram-
inifera, thin discontinuous bands of crustose coralline algae,
and joints of [lalimeda are also present... 4-552 It

UPPER TERTIARY E, MIOGYPSINOIDES DEHAARTII ZONE

Interval 80.—Limestone; mostly white angular fragments as
long us 10 mm in a gencrally pink matrix that consists largely of
Foraminifera and fragments of other fossils as long as 1 mm.
Many fragments of manganese oxide and tuffaccous material
are present,  Miogypsunoides, Lepidocyclia, and other larger
Foramiinifera are abundant; and smaller Foruminifers, fragments
of mollusks, and joints of Halimeda are common. Samples B9E
(at 553 f1), BI5 (at 559 f1), BYG (ut 565 f1), and BIOL (at 570 f)
all contain Miogypsina and B8 hus yiclded Miogypsinoides
dehaartii. The interval represents the known span of the
M. dehaartii faunal zone in the Tanke cliffs section. ..552-570 ft

Top of interval 30 is at peak of Tanke cliffs and top of de-
seribed scetion.

BANADERO CLIFFS SECTION OF THE TAGPOCHAU
LIMESTONE

The Bafiadero cliffs section extends from about 160 ft above
sea level at the juncture of Badudero and Magpi cliffs to an
clevation of about 833 ft at the top of Pidos Kalahe. As the
poorly defined beds appear to be nearly horizontal and the line
of traverse is very steep, the probable total thickness is about
670 ft.

The cntire section is a nearly uniform, pinkish, massively
bedded to unbedded (pl. 11C), inequigranular limestone of
upper Tertiary ¢, zone of Miogypsinoides dehaartii, as shown by
27 separate collections ranging from 6 feet above the basc of the
section (B122) to the top of Pidos Kalahe (B139).

This is the thickest continuous scetion of the inequigranular
facies and of the Miogypsinowdes dehaartii faunal zone. Hetero-

isa good composite scction of 900 ft of Tagpochau
limestones. In the Tagpochau type section (see p. 63) the
I1. borneensis zone is even thicker than here: 400 to 500 ft,
“Thus, 1,000 ft seems a reasonable round figure for the Tagpochau
limestone as a unit.

MACHEGIT CLIFFS SECTION, MACHEGIT CONGLOM-
ERATE MEMBER OF TAGPOCHAU LIMESTONE

The Machegit cliffs section here deseribed is the type section
of the Machegit conglomerate member of the Tagpochau lime-
stone. It was moasured across the aren of exposures helow and
slightly cast of the southern part of Machegit cliffs (pl. 204),
in the southern part of cast-central Saipan. At this place the
Machegit conglomerate overlies the transitional facies and ap-
parently underlics the incquigranular facies of the Tagpochau
limestone. Assuming the conglomerate to have insignificant

ip, this section is about 40 ft thick, but the maximum thickness
of the member may be somewhat greater, and it thins to dis-
appearance  The section begins at the basal contact about
1,000 ft N. 57° W. of the pump house at “Donni Spring No. 1"
and extends due west for 260 t to the upper contact.

Interval 1 (basal).—Conglomerate; deeply weathered, varie-
gated, composed of rounded and subrounded pebbles, cobbles,
boulders of andesite, and scattered fragments of silica-and-iron-
replaced “limestone”’ und dacite porphyry. The fragments
are by ghly decayed,
Culfaceous matris. - Thoy range in size from pebblos less than
1 in, in diameter to boulders 3 ft in diameter, with an average
diameter of about 1 ft. Some of the dacite fragments contain
minute seattered grains of pyrite and sphalerite in the ground-
mass. Andesite boulders are weathered to gray, green, red, and
lavender clay materials that retain relict testures. The matrix
of the conglomerate is weathered to clay that is staived red and
brown by hydrous ferric oxides.. 0-30 1t

Interval £ (top).—Conglomerate; deeply weathered, varicgated,
andesitic conglomerate as described for interval 1, but less
coarse. The fragments of interval 2 range in size from less than
1 in. to only about 1 ft in diameter, their average diameter being
about 6 in ---30-40 1t




APPENDIX B—ECONOMIC GEOLOGY

INTRODUCTION

The economic geology of Saipan is here briefly

Shipped  Stockpiled
(tons)
5

(tons)
3

with emphasis on metallic and nonmetallic mineral resources
and construction materials, Although of only local sig-
nificance, the island is so remote that it scems desirable to put
the information at hand on record.

The cnsuing discussion is intended as a general appraisal only,
founded on studies that were mainly incidental to basic geologic
investigations, Dotailed exploration ot potential source sites
would be needed to formulate reliable estimates about tonnage,
availability, and cost of recovery.

Recoverable metallic resources include probably not less than
7,000 tons of manganesc oxide concentrates and nothing clse
of significance. A small deposit of yellow ocher could provide
temporary local source of pigment; but iron is limited to thin
Iateritic crusts, bausite is unknown, and the precious metals are
mineralogical curiosities only.

‘Nonmetallic mineral resources include minor quartz sand, calcite
sand, pumiceous dacitic abrasives, mostly calcarcous sand and
gravel in limited amounts, and ceramic clays. Masonry con-
struction and decorative stone is plentiful but of limited variety.
The phosphate deposits appear to have been exhausted.

Available ongincering construction materlals are ample to
supply likely local demands.

i ing tonnage of ore mined by
the Japanese and the location of reported sites for bausite was
obtained in December 1048 from Vidal Sonada. e was one of
nine Japanese reported as remaining on Saipan, and the only
resident then familiar with the locations and history of Japancse
mineral investigations on Saipan. Before the war Mr. Sonada
was employed by the Nanyo Kogyosio (South Sea Islands Min-
ing Company) and Nanyo Bocki (South Sea Islands Tmport and
Export Company) on Saipan as a prospector for manganese ores.
His knowledge of mining and prospeeting operations on Saipan
is believed to be reliable.

METALLIC MINERAL RESOURCES
MANGANESE ORE

Manganese osides on Saipan occur: (1) as large, irregular,
massive, powdery to crystalline bodies in compact inequigranular
limestone; (2) in crystalline to powdery layers, thin stringers, and
irregular fillings in tuffaceous limestone and caleareous sandstone;
(3) as narrow veins and veinlets in dacitic breccias; (4) in con-
cretionary and carthy form associated with hydrous ferric oxides
in Interitic soil mantles on deeply weathered andesite breceia,
andesite tuff, and impure limestone; nd (5) as disseminated flecks
and grains in massive incquigranular limestone, tuffaceous lime-
stone, and andesitic tufl. The first three types are minable on a
small scale, and exploration for mine sites was begun by the
Japanesc in about 1030, Perhaps 13,500 tons of high-grade
mangancse oxide was taken from five principal arcas before and
during World War il

Rough estimates of orc shipped by the Japanese from the
areas mentioned and that stockpiled are as follows:
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Total..
Total high-grad ined.

5,0
13,500 tous.

Recoverable reserves in terms of concentrated ore might be
anywhere from one-half to ten or twelve times the total alrcady
mined. Extensive esploration would be required to obtain a
reliable extimate, however, and exploitation would probably
require concentration of lcan ore and shipment to a distant
market. Although the total mangancse at depth on Saipan
might be considerable, mining and concentration would be so
expensive that these ores are not believed to be of commereial
importance in the present world market.

In addition to the five areas mentioned above, small deposits
of manganese oxides also occur at a coastal reentrant in the
district of I Naftan, north of Naftan point; and shows of man-
ganese oxide are frequent among the tuffaccous and clayey
limestones and voleanic rocks, expecially in or near zones of
sedimentary overlap and in deposits presumed to have
accumulated in moderately deep water.

The location, geologic setting, and workings of the six principal
areas are indicated on the cconomic geology map (pl. 25), and
deseriptions of sites follow.

ACHUGAT AREA

The Achugau area includes all known occurrences of mau-
ganese in the dacite outerops in the northern part of east-central
Saipan, as well as onc pit mine in andesite at the north edge of
the dacite. ‘This area probably contsins the greatest volume of
mangancse on the island. The main workings arc scattered
over an arca of nearly 96 acres and centered about 4,000 ft due
west of the main road junction at Kalabera. An old, almost
impassable road leads to the workings from Littlc Burma Road
one-half mile northwest of the road junction at Kalabera.

The workings consist of about 15 trenches, sevoral small open
pits, and several adits. They penctrate tuff, vitrophyric tuff,
flow rock, and vitrophyric breccia, sll dacitic. The vitrophyric
tuff and breceia are locally altered to pink siliccous or yellowish-
brown waxy clays. At places they are overlain by a dark-gray,
mottled, highly plastic, probably transported clay. The
alteration to pink clay estends to unknown depths adjacent to
mineral veins and scems to be confined to areas where mineraliza-
tion has been intense.

The manganese oxides at this locality oceur in four principal
ways: (1) as narrow veins as wide as 136 in in the vitrophyric tuft
and breccia; (2) as cementing material, with jasperoid silica,
filing the interstices of brecciated flow rock; (3) as narrow ram-
ifying veinlets forming stockworks in strongly brecciated dacite;
and (4) as surficial concentrations. The ore is crystaliine to
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powdery in texture and is probably & misture of the commoner
oxides of mangancse.

A hydrothermal origin is suggested by the occurrence of the
manganese oxides as fracture fillings, forming narrow veins that
apparently extend to depth, as well as by their asociation with
chalcedony and jasperoid, filling open spaces in brecciated
dacite. The ore may have been deposited from ascending
solutions in open spaces at shallow depth, and at relatively low

The surficial i y resulted
from weathering.

a cobble-surfaced road to the deposit,
a concreto sorting platform, and a walled wash basin. The
wash basin was built at the junction of two intermittont streams.
A wooden riffic was found nearby. The consists of o
roctangular rock-walled structure about 20 ft wide, 30 ft long,
and 8 ft deep. Water was diverted from the natural drainage
channls into the basin through specially constructed culverts.

Three small piles of from 1 to 5 tons of high-grade manganeso
oxide lumps lic on the old sorting platform, about 100 ft southeast
of the sorting platform, and at the edge of the wash basin.
Stock piles of from one to several hundred tons cach occur near
soveral of the pits in the main workings. About 5,000 tons of
ore was mined and shipped from the locality during 1930 and
1040, Partial analysis of o high-grade sample of the con-
centrate ! showed 55.19 percent Mn, 142 percent SiO; and
0.47 percent, Fe:0s.

Besides the site described, an isolated pit mine is found about
0.6 mile northwest of the main highway junction at Kalabera
and 100 yd south of Little Burma Road in an open field (pl. 64).
Manganese oxides ocour here in large irregular pockets and
narrow seams in deeply weathered andesitic tuffs and in a mass of
vellowish-brown chert, possibly a replacement of limestone.
The deposit is near the contact between dacite breccia of the
Sankakuyama formation and overlying andesitic tuff of the
Hagman formation. The andesitic tuff is weathered to clay and
hydrous ferric oxide. It is not known whether mangancse
oxides also oceur in the dacite breeeia, because the breceia is not
oxposed in the mine. This cut is about 100 ft long, 50 ft wide,
and 15 ft deep. Just north of it is a stockpile containing an
estimated, 1,000 tons of high-grade manganese oxide.

A second isolated pit minc is about 400 yd southwest of the
one just deseribed. It is o small, shallow, L-shaped opencut,
with Timbs about 100 feet long, 20 feet wide, and 4 to 5 fect decp.
Manganesc oxides oceur in irregular spaces and narrow fissures in
dacitic tuff and breceia, and in large pockets and narrow layers in
weathered dacite breccia and tuff, A stockpile of high-grade ore
estimoted to contain between 500 and 1,000 tons lies just north
of the cut.

The enlarged inset map on plate 25 also shows the locations of
minor occurrences of manganese oxides associated with chalce-
dony in dacite breccia, and narrow ramifying veinlets in stock-
work deposits and shear zones.

TALOFOFO AREA

Manganese oxides are found on the cast face of Mount
Talofofo, about 800 ft southeast of & former Japanese radio
station, in the inequigranular facics of the Tagpochau limestone.
They are fine-grained to powdery and in part crystalline. They
occupy solution cavities, joints, and other openings in the
Jimestone 10 to 30 ft above its contact with underlying con-
glomerate of the Densinyama formation. Pockets several feet

1 Analysls by F. Todorlkl, Mitsubishl Mining and Metallurgieal Laborators,

wide, apparently once contained solid manganese oxide, but are
now mined out.

The main workings consist of an irregular pitlike opening and
two short adits about 30 ft long. The ltter extend horizontally
from the pit into the limestone just below the terrace rim which
forms tho crest of Mount Talofofo. On the terraco surface above
the main workings are several small pits and eaves, from which o
small amount of oro was probably obtained. A stockpile of
about 1 ton of high-grade ore lics near the large pit. The Japan-
eso mined about 500 tons of oro from this locality.

DONNI AREA

The deposits of manganese oxides in the Donni arca oceur in o
Cliff face above a limestone beneh.  Mine workings are located to
the north of and about 50 ft above  rond that runs cast through
o narrow defile in Machegit cliffs past Donni Spring No. 2
(Bobo I Demni). Like the Talofofo deposits, those at this
locality fill openings in the incquigranular facics of the Tagpochau
limestone.  Geometrie projection suggests that they are at least
60 ft above the basal contact of this facics with the underlying
Machegit conglomerate member or with concealed voleanic
rocks. The mine workings consist of two horizontal and pos-
sibly conneeting adits, each about 100 1t long. ~ Short drifts lead
off the main adits. Five hundred to 1,000 tons of ore were mined
from this locality, according to Mr. Sonada.

PAPAGO AREA

The largest individual deposit of the Papago manganese arca
(pl. 104), now essentially mined out, lay at the top of a searp in
the inequigranular facies of the Tagpochau limestone, 850 ft due
north of the peak of Mount Laulau. This was also the largest
single deposit of manganese oxide in limestone found on Saipan.
About 1,000 tons of ore were mined from the main pit, which is
about 50 ft square and 20 ft deep. The remamning mangancse
oxide, found in small openings, is mostly soft and extremely fine
grained, but in places is coarsely crystalline. Mining was done
by hand, os the ore was soft cnough to dig with hand tools.
Blocks of limestone gangue came frec as waste.

About 20 short adits and several smell pits were excavated in
the limestone along the terrace searp immediately northeast and
northwest of the main pit, and several small shafts were sunk
along the top of the terrace remnant. A small part of the pro-
duction in the Papago arca came from these workings.

North and northeast of the main Papago mangancse pit and
its adjoining diggings dozens of small mangancse prospect pits
and trenches were sunk into the limestone. The workings are
clustered on the hillside immediately above and north of a lime-
stone quarry which lics about onc-fourth mile north of the peak
of Mount Laulau. The manganesc is found principally in the
incquigranular facics of the Tagpochau limestone, but is also in
the transitional facics. It fills joints and solution cavities in the
limestones and is o fine grained, sooty variety.

The prospect pits and trenches are small, from a few fect to 12
or 15 ft deep, with the diameter of the pits not exceeding 15 ft or
50 and the trenches mostly short. A few adits extend from some
of the trenches or into parts of the limestone scarps of the arca.
Apparently all excavation was by hand, sites probably being de-
termined by shows of manganese oxide at the surface, ~ Probably
not more than 1,000 or 2,000 tons of high-grade ore was obtained
from these pits.

HAGMAN AREA

The Hagman ocourrences were estensively worked by the

Jonuary 13, 1049.

Japanese, but most or all of the ore mined remains stockpiled in

GENERAL

e uren.  The main workings oceur on the north-sloping surf:

of the point of land north of agman beach. "The workings can
be reached only with difficulty from the sea or by a narrow foot
trail. ‘The trail leads along the base of the prominent limestone
cliffs above and north of Hagman beach, over the top of the cliff,
und finally down the northern slope of the point, trending parallel
1o and somewhat north of the cliff edge at the point.

“The workings consist of several pits or shafts, a short entrance

trench, and o large tunnel and room dug into tho transitional
facics of the Tagpochau limestone, The entrance trench is 7
ftwide. It drives in about 40 ft to a room about 50 ft long, 10 to
20 ft wide, and 6 to 8 ft high. From this room extend two small
drifts about 20 £t long and 7 ft high. Minor workings extend off
cither side of the main access trench. Most of the manganese
‘ore taken from this locality was probably mined from the lorge
room.
Tn the main deposit manganese oxides cement the upper part
of o coarse limestone brecein that contains abundant larger
Formaminifera. A zone, 3 to 10 in thick, rich in manganesc
oxides, occurs at the contact between the limestone breecia and
an overlying, calearcously cemented 4-ft sandstone bed. The
latter is in the gradational zone between the transitional facies
of the Tagpochau limestone and the overlying Donni sandstonc
momber of the same formation. Thin stringers of mangancse
oxide arc also found in the calcarcous sandstonc bed. An
analysis ? of high-grade ore from the massive mangancse zone
showed 40.95 percent Mn, 2.59 percent SiO;, 0.8 percent FeaOs,
and 2.80 percent A1:0;.  An analysis ? of a 3-ft channel sample
from the transitional limestone breceia gave 7.46 percent Mn,
10.10 percent SiOs, 2.43 percent Fe;0s, and 7.02 percent AlaOs
Although this is very low-grade ore, it could be concentrated by
\washing if there werc enough to make it worthwhile.

North of the main mine several vertical pits estend down to
the manganese oxide zone in the breceins of the transitional
facics, some penetrating the Donni sandstone member to reach
it. At one place a short adit is driven horizontally into the
breceia.

TFour stockpiles in the vicinity of the main workings at the
Hagman locality aggregate about 2,500 tons of high-grade ore.
The largest stockpile is about 500 ft north of the main mine
cntrance. The others are near the entrance.

‘Manganese oxides are disscminated, in differing concentrations,
throughout the sedimentary breccia he transitional facies of
the Tagpochau limestone in this v
markedly east and west from the main manganese working.

a point 1,600 ft west-southwest, high on the blufls above and
\west of Hagman beach, it is only 3 to 6 ft thick. However, at
this point it includes much interstitinl manganese oside. = The
Japancse tested this site by means of a 50-ft adit into the hillside,
\ith several branching drifts at right angles to the adit. A little
ore was obtained, and about 20 tons of ore of fair grade are
stockpiled about 200 ft southeast of the adit entrance.

NAFTAN AREA

Manganese oides at I Naftan oceur along the south side of
the constal reentrant between Naftan and Dandan points. They
are in the transitional facies of the Tagpochau limestone, as at
the Hagman locality. No cxploration has been attempted.
A few large blocks of solid, high-grade manganese oxide as much
as 5 14 square (pl. 10B) may be seen at the Naftan locality. As
the transitional facies pinches out in all directions within & short
distance, it is doubtful that much manganese ore is present in
this area.

T Avalysts by 15 Kurams, Mitsubisht Miping and Metallurgleal Laborators,
Omiya, Japan, Jun 10, 1919.
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ocuste

A small deposit of yellow ocher occurs at the top of the clilfs
above Hagman beach. The location is shown on the enlarged
inset map of tho Hagman manganese locality on plate 25.

The ocher is o layer or irregular pocket about 4 o G ft thick of
unknown but probably small Iateral dimensions. It consists of
extremely fine grained and amorphous, ocher-yellow, hydrous
ferric oxides mixed with fine-grained clay and associated with the
Donni sandstone member of the Tagpochau limestone., It may
have originated through alteration of an iron-rich lens in the
Donni sandstone. The deposit is of possible importance only
us o local source of pigment.

IRON

No commercial deposits of iron ore ocour on Saipan, although
a few hundred pounds of the metal could probably be obtained
from some of the thin laterite crusts developed over decply
\weathered andesitic breccia and tuff. This laterite consists of
hydrous ferric oxides, hematite, and minor amounts of mangancse
oxide. It forms boxworks and hard crusts as thick as 1 foot.
“The crusts have developed by intense weathering of breccia and
Luff of the Densinyama formation. Commonly the iron oxides
cement, concentrations of residual quartz grains derived from
the tfl.

REPORTS OF BAUXITE

To our knowledge no bauxite occurs on Saipan. Because it
has several times been reported to occur there (Tayama, 1038,
H. T. Stearns, written communication; Bridge, 1048, p. 33-34),
however, the results of searches made for it are here summarized.

According to Mr. Sonads, the Japanese may have sampled for
bouxite at a locality toward the south end of Talofofo ridge in
contral Saipan. At the site to which he took us andesitic breccia
of the Hagman formation is overlain with sharp unconformity
by & thin mantle of stratified, very conrse grained, intensely
\veathered, dull-reddish sand. This material is described on
carlier pages as older torrace deposits (Pliocenc?). It somewhat
resembles the stratified bauxite deposits of northernBabelthuay
in the Palau Islands, and both overlie deeply weathered andesi
pyroclastics.

1t is not known whether the Japanese sampled the terrace
sand or the underlying weathered breccia for bauxite. Materiul
analysed by U S. Geological Survey chemists, however, included
« channel sample through the terrace deposit and a composite
sample from altered andesite boulders in the underlying breccia.
Both showed AL;Os content to be well under 30 percent, with o
high percentage of Fe:0s and insolubles.

The only other locality which the Japanese may have sampled
for bauxite is in the Achugau manganese area about 4,000 ft due
\west, of the main road junction at Kalabera. At the possible
sample site the dacitic bedrock is overlain by mottled, brownish-
gray to black, highly plastie, finely gritty clay that attains &
Uhickness of several feet, This clay, which is of very limited
extent, was probubly not derived from weathering of the dacite,
but was transported to its present position. Analysis of this
naterial showed less than 30 percent A1;O; and a high percentage
o insolubles.

An unpublished account by H. T. Stearns mentions bauxite
mines a half mile southwest of the former village of “Galaperai”
(IKalabera). It is said that these were opencuts fnto the de-
composed surface of thyolite (the dacite of this report), chiefly
exploratory, in process of excavation at the time of the Americun
fnvasion of Saipan, and too small to be of value. This descrip-
tion could apply to the workings of the Achugau manganese arca,
and it seems probable that Stearns was misinformed about the
occurrence of bausite here. Nevertheless, two samples were
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al plain are deseribed elsewhere.
, The Donou member of the Tagpochau himestone and paris of
Dnsnysma formaton contain fine-grained calcarcous sand-
1d be used for grinding and polishing material if
;!::rd»ﬁ'sng properly sized. The tuff and dacite vitrophyre
=eis of the Sankskyuams formation might also provide
ving. grinding. or polishing materials.
crLay
kbyoner_rdsh_sm are midely distributed on Saipan and presum-
1 e erived from potiery manufactured from local clays.
e sress andesitie tuffs and impure limestones are over-
k-red 10 vamegated tic clays that might be used

in b afsct
e manuaciure of bncks or potiers. One of the more faor-
¢ aress of possible ceramic clay is outlined on plate 2.

GENERAL
SAND AND GRAVEL

Calearcous sand and gravel arc present in large quantity along
the beaches, and inland from the west const. The calearcous
sand and gravel have o possible use as concrete aggregate, oS
fll for cmbankments, and, with the addition of a clay binder,
as base course for roads. For use as aggregate, however, it is
inferior to crushed limestone which is abundantly available.

Poorly consolidated andesitic sandstone and conglomerate
oceur locally in the Ilagman grasslands. This is the only source
of relatively fresh voleanic sand and gravel on Suipan, and o
very small one at that,

BUILDING AND DECORATIVE STONE

“'he best source of decorative and dimension stone on Saipan
1 the incquigranular facics of the Tagpochau limestone. Sev-
eral quarrics were developed in this limestone during World
War 11, the largest and most easily accessible of which is 1,200
vd duc west of Dandan bench. In this quarry joints are widely
spaced and the rock can be blasted out in large blocks. It is o
compact, massive rock suitable for building stone and has u
variegated color of a generally pink tone that should be attrac-
tive on n polished surface.

Andesite possibly suitable for dimension stone or trim occurs
in the Fina-sisu formation along the western spurs at the south
end of Fina-sisu. This is a flow about 80 to 100 ft thick, and
it crops out over an aren about 500 ft wide and % milellong.
It strikes north-northeast and dips 8° to 10° E~SE. The rock
is dark gray to greenish, fine grained, locally vesicular, and
intensely weathered at the surface. It is closcly jointed, and
in places shows columnar jointing. Fresher but somewhat
altered rock is exposed in old tunnels along the south side of
two of the deeper west-trending ravines in the arca. ‘To establish
« quarry in fresh rock would require removal of a thick weathered
sone. ‘The area described, however, provides the only reasonably
favorable locality on Saipan for quarry sites in fresh andesite.

GINEERING CONSTRUCTION MATERIALS

Local sourees are adequate to supply any likely local demands
for riprap, aggregate, or materials suitable for subgrade, base
course, wearing course, surfacing, embankment, and fill.  Only
applications and the names of source units will be mentioned
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here. The geologic map (pl. 1) shows the distribution of sourco
units, and their characteristics and properties are deseribed
elsewhere.

The best sources of riprap and aggregate are the inequi-
granular and cquigranular facies of tho Tagpochau limestonc,
the pink and white facics of the Matansa limestone, the massive
Mariana limestone, and andesitic and dacitic flow rocks of the
Fina-sisy, Hagman, and Sankakuyama formations. Drilling
and blasting are necessary to free the rock for removal. A
limited demand for surfacing and wearing course could be met
by crushed andesite or dacite flow rock of the units just noted,
but extensive nceds might lead to utilization of the limestones
mentioned.

Materials suitable for subgrade are provided by the con-
glomerates and breceias of the Hagman and Densinyama for-
mations, and to a lesser extent by the Donni sandstone member
and tuffaceous facies of the Tagpochau limestone, and the
pyroclastic rocks of the Fina-sisu formation.

The best material for base course and fill is found in the
rubbly, poorly consolidated limestones, which are in part
argillaceous and in part markedly pure. Such limestones include
the rubbly and Acropora-rich facies of the Mariana limestone,
the rubbly and parts of the tuffaccous and marly facics of the
Tagpochau limestone, and shatter zones along some faults
through limestone. The purer rubbly limestones that have
large amounts of fine calcareous material display self-binding
properties when wetted and rolled, owing to solution and repre-
cipitation of calcium carbonate. ‘These limestones can ordinarily
be dug without blasting. Beach sands, and the elevated lime
sunds of the western coastal plain could be made suitable for fill
and base course with the addition of & clay binder, s could the
pumiceous rhyolite breccias of the Sankakuyama formation.

Embankments could be made of calcareous, clayey, tuffaceous
sandstones, such as characterize the Donni sandstone member
and parts of the tuffaccous facies of the Tagpochau limestone,
various terrace deposits, parts of tho Fina-sisu formation, and
Jesser parts of the Hagman and Densinyama formations. Large
areas of clay are found over the tuffaceous and marly facics of
the Tagpochau limestone and the rubbly facies of the Mariana
Jimestone, as well as in broad depressions, alluvial outwash ateas,
and over purer limestones. This material is suitable for earth
embankments, especially when used as a binder with granular
conrse aggregate.
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GEOLOGICAL SURVEY
PROFENSIONAL PAPKI 380 PLATE 6

SANKARUYAMA AND HAGMAN FORMATIONS
A Matganese in Wil near bawe of Hugmun formution in wortheast part of centeal D, Conglomerat
S (HL T Stenrun, 1944)
brecein of Hagman formation along former railrond grade north of
na, 10:44) & e in by itional facies (Tt1) and Donni sandstone
member (Tid) of Tagpochau limeatone at 1op of blufl.

wlatone facies of Tagman foruation along wnmapped minor
aan eliffs,

€. Columnar stevcture i dacite flow rock of Sankukuyana form
flank of Mount Achugau.

PROFESSIONAL PAPER 280 PLATE T
GEOLOGICAT N1 RVEY

P2
S
HAGMAN AND DENSINYAMA FORMATIONS ,
By itiona e “Tagpocl A (T1t) in
1. Conglomerate-sandstone facies of Hagman formation above 1lagman beach, of Hagman beach. Transitional facies of Tagpochan hu;c;-'mn?( : ) "
(:qrpod by Marana limestone moaslet at left (11T Stearns, 1944). upper two-thirds of low bluff Lere meludes thin-bedded limestone and
! i e cale s conglomerate.

B. Conglomerates one faces of Hagman formation m blufls above caleurcous cong ) - .
beach. Dips 15° & toward observer. (1L T, Stearns. 1944). . factes of Densiny formation along ‘Talofofo road.

¢ Sea level beneh 1 andesitic conglomerate of Hagman formation (The) north Rock is quartz-rich and contams impure hmestone fragments.

r 2013/10/22 : CIA-RDP81-01043R002500120003-4
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GEOLOGICAL SURVEY PROFESSIONAL PAPER 280  PLATE 8

DENSINYAMA FORMATION, MATANSA LIMESTONE, AND FINA-SISU FORMATION
A. Lmpure calcarcous conglomerate of Densinyama formation along the Talofofo €. Spheroidally weathered cobbles from columnar-jointed augite andesite flow of
Fina-sisu formation at Fina-sisn.
Matansa limestone in northeast D Detail of spheroidally weathered, saprolitic, augite andesite flow of Fina-sisu
formation at Fina-sisu.

road. Larger fragments are limestone.
B. mpure, camerimd-rich beds of pink facies of
part of central Saipan.

GEOLOGICAL S1RVEY PROFESSIONAL PAPER 280 PLATE ¥

TAGPOCHAU LIMESTONE: DONNI SANDSTONE MEMBER AND TRANSITIONAL FACIES

. Globigerina-rich "1™ heds of Donni sandstone member along East Coust (Qmh) along fault scarp north of Naftan point. Overhang simulates, but
Highway in | Hasngot district. is not, an emerged sea-level notch.

1. Globigorina-rich “tuil” beds of Donm sundstone member in eat near top of 1. Conglomeratic li of fonal facies with orbitoid Foraminif-
Lanlun chffs.  (IT. T Stearns, 1944). cra as peassized pebbles.

€. Douni sundstone member (T1d) under overhanging ledge of Mariana limestone
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GEOLOGICAL SURVEY

PROFESSIONAL PAPER 280 PLATE Il

TAGPOCHAU LIMESTO! TRANSITIONAL, INEQUIGRANULAR, AND RUBBLY FACIES
{. Chute (urrow) descends from muin Papago manganese mune in umpure lne- €. Inequigranular facies in west-tilted south Kalubera cliffs.
stones of inequigranular facies (T1i) at Deep Laulau ravine (Kanat Tadung 200. to 280-foot terrace hench. (1. T. Stearns, 1944).
Lzulau). Hagman breceia-tuff facies (T'th} in bachgronnd. (1. T, Stearns. shell-impact marks.
1941). D. Rubbly facies in development locally called cascajo. Wedge of old “soil”
outwash at Teft.  Quarry S16 at Dandan cliffs.

Foreground flat is
White spots are

. Five-foot block of manganese oxdes at top of transitional faces (T11); Maruna
lunestone (Qmh) above. Coastal reentrant north of Naftan pomt.

LOGICAT SURVEY

PAPER 250 PLATE 11

TAGPOCIHAU LIMESTO INEQUIGRANULAR FACIES AND SOILS

A. Pineapple patch on thin, stony soil over mequigranular facies m 1 1

fddot ravine. €. loequigranular facies m 600-fout T of Laderan Baiudero,
B, Gullied, thick (1o about 5 fect) honna clay sol over mequigranulus facies at buse

Rarity of bedding
surfuces 1 charaeteristic of these hank-type deposits.
of north Kalabera cliffs.
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PROFESSIONAL PAPER 280  PLATE 12

GEOLOGICAL SURVEY

R

TAGPOCHAU LIMESTONE, OLDER TERRACE DEPOSITS, AND MARIANA LIMESTONE
1. Transitional facies of Tagpachau limestone containing andesite cobbles and boul-C. Massive facies of Mariana hmestone in quarry
ders. Many of the white spots m lower part of photograph are Eulepidina. Cavernaus coral and algal recf limestone. )
Outerop between Hagman formation and Marana limestune u “outh side of D, Detail of older terrace deposits (QTt 1) to left of photograph E.
coastal reentrant at Naftan.
. Rubbly facies of Tagporhau limestone in large quarry at base of 1
Man is standing at Sismondia beds.

§26 near cast coast at Dandan.
Buried pinnacle

of Hagman andesitic breccia (Thb) at center.
J5. Older terrace deposits in top 10 to 12 feet trunca
formation along island crest in 1 Denni district.

Agag eliffs. ting breccia-tuff facies of Hagman

PROFESSIONAL PAFER 290 PLATE 13

GEOLOGICAL SURVEY

S ;
T ""*?7‘3"«‘ Srals

"
TR

AND EXISTING COASTAL FEATURES
A Halimoda-sich Mariana limestone in top third of bluff, underlam by Hagman C. Tanapug limestone caps biufl above terraced ramp and merged notches of
conglomerate-sandstone facies. Sloping bench near 100 to 160 feet abuve sen present.day and G-foot sea at Fahang beach. (1L T. Stearns, 1944).
Tovh oute ncross steop initial dips north of Naftan point. (IL.'F.Stearns, 1944).  D. Emerged sea stacks of massive Mariana limestonc on 20- to 40-foot bench north
B. Tanapag limestone covers 20- to 40-foot bench south of 1 1fasngot beach. of Talofofa beach (sce also pl. 18K). Solution notch (arrow) near 40-foot
Massive facics of Mariana limestone aceurs above, with terraced ramp and fevel.
noteh at shore.  Arrow marks 40-foot notch.
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GROLOGICAL SURVEY PROFESSIONAL PAPER 280 PLATE 14

TANAPAG LIMESTONE AND ELEVATED SURGE CHANNE

1. Coral- and algal-rich Tanupag limestone wmmediately above wequigranular €. Detail of coral- and algal-rich Tanapag hmestone i sde wall of emerged surge
fucies of Tagpochau lumestane (not visible m peture) in cave at Laulau channel of photograph B.

D “Tanapug limestone and loose coral fragments in emerged surge channel south-

beach,
east of north Lagua point.

B. View along emerged surge channed (botton 15 = feet above sea level) in margin
of emerged fringing reef north of Madog powt

GEOLOGICAT, SURVEY PROFESSIONAL PAPER 280  PLATE 15

B

TANAPAG LIMESTONE, 6-FOOT NOTCH, AND RECENT BEACH ROCK

High tide near maximum €. Recent beach rock at south side of Maiiagaha islet.  Figure at high tide level.
D. Large emerged groove at Laulaw beach. with layer of beach rock perhaps
B. Double noteh on northeast side of Trinchers. Midtide view of present and formed when the sea stood about 2 feet above its present level

6-foot notches. (11 T. Stearns, 1944).

. Double notch in Tanapag limestone at Laulan beach.
indentation of present notch; elevated noteh 5 to 6 feet above.

CIA-RDP81-01043R002500120003-4




Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/10/22 : CIA-RDP81-01043R002500120003

P RRele Al VAR 0 pLaTh M
PANEn STRVIN

PLATE 16
[Photogeapls by U. S. Navy Squadeon VU-7 (B), June 1949

A View south over wave-cut northern or Baitadero platform (120-180: fect). Baftadero cliff, capped by Pidos
Kalaho (P) in middle distance. West-tilted south Kalabera terraces (K) heyond, with Mount Tagpochau
(1) on right skyline. In right lower foregeound is 20- 10 40-foot bench in Tanapag limestone with 40-foot
noteh (arrows) in cliff and around mushroom stacks at upper margin.

B. View southwest over Madog cliffs. Elevated grooves (g) on lower (12- to 15-foot and 20- to 40-foot) benches
are at front of elevated upper Pleistocene fringing-recf flat (m) cut in Mariana limestone, but grooves are
yeneered with Tanapag limestone. West-tilted south Kalabera cliffs (K) in middle distance, with Mount
Tagpochau (T) on skyline. Dacite flow (1) of plate B in cliffs of Fasiunchuluyan bay to right of islet. Notch
(arcow) in Madog cliff near 230 feet altitude. Above is 200-foot+ platform, with rampart viewed from
opposite side in plate 5C.

MATUE HIGHLANTS NORTHYRN DLa Prokn ATAL L NN A\
TVATFIV SHORELINE FEATL s
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PROFESSIONAL PAPER 280

PLATE 17
Paugrapin im T & S Tebrmuar 104
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GEOLOGICAL SURVEY PROFESSIONAL PAPER 280  PLATE 18

PLATE 18
{Photogeapbs by U. S. Navy Squadron VU-7 (B), June 1949}

A. View northwest over Fafunchuluyan beach and fringing reef. Dacitic mixed pyroclastic rocks (p), flow (f), and
breccias (b) of Sankakuyama formation in soa-facing blufls at left, and dacitic pyroclastic rocks capped by
Tagpochau limestone in Maigo Fahang islet at center foregound.

B. View west up Talofofo drainage basin in Densinyama and Hagman rocks south from the Talofofo road (T) along
ridge at right. Buildings on massive Mariana limestone. ~ Talofofo beach of mixed quartz and calcium car-
bonate sand at left. Elevated sea stacks (s) of plate 13D against cliff at back of low, radially grooved bench
in Tanapag limestone, and 40-foot solution notch (arrow) at base of cliff and around stacks.

VOLCANIC ROCKS AND TERRALY, 4

313701—58—11
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GEOLOGICAL SURVEY PROFESSIONAL PAFER 250

PLATE 19
[Photographis by L. S. Navy Squadcon YU-7 (B), June 1949

40-foot. beneh south of Fahang beach (F).
along the former reef flat depression or moat, scaward from
tone.  Upper bench in

. View northwest over clevated fringing-reef surface at back of 20- to
The crescent-shaped light band is recent storm fill,
which are elevated grooves lined with upper Pleistocene Tanapag fri
massive Mariana limestone. Outerops in background are dacite breceia of Sankakuyama formation.

B. View southwest over Halaihai beach and environs, showing modern fringing recf front and grooves helow white
surfline. Tanapag limestone veneers low hench on both sides.

ELEVATED AND PRESENT SHORELINE FEATURES IN EASTERN SAIPAN
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PLATE 20
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PROFESSIONAL PAPER 250
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PLATE 20
[Photographs by U. S. Navy, February 1944]

A. View west across Mount Tagpochau (T), showing the complicated serics of wave-cut benches that step down from
1,655 fect at its summit to sca lvel. Conspicuous reel-fronted beach at left center is Unai Halaibai (IT), and
lowest bench that extends north and south from it is of Tanapag limestone, with the 40-foot notch (arrow) at
the bae of the cliffs behind and with elevatéd notched stacks (S) on its surface. Benches inland rise actoss
massive and then rubbly facics of Mariana limestone to Donni clay hills belt (Ttd) below wooded Machegit
(M) and Adelug (A) cliffs.

B. View east across the offshore recf and shallow lagoon that front the low western coastal plain in the vicinity of
Susupe point. Lake Susupe and marshland in right middle ground. The northern, limestone part of the
Fina-sisu hills (F) lies beyond the Agingan fault (f) immediately east of Lake Susupe with the Dago depression
(d) and Dandan spur (D) beyond. The southern and southwestern spurs of Mount Tagpochau rise to the left,
and the Hagman peninsula and upfaulted cliffs (H) are in the center distance beyond Laulau bay.

&
g
i

GEOMORPHIC AND STRUCTURAL FEATURES OF SOUTHWESTERN SATPAN

GEOLOGICAL SURVEY
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GEOLOGICAL SURVE
v PROFESSIONAL PAPER 280 PLATE 21

PLATE 21
[Photographs by U, . Navy Squadron VU-7 (B), June 1949)
A View west across Hogman peninsula, Laulau bay, and south Saipan, showing conglomerate-sandstone facics of
‘Haganan formation (Tkc) in blufls above Hagman beach and in sca-level bench at lower right. Above these
rocks are the transitional facies (Ttt) and ‘Donni sandstone member (Ttd) of the Tagpochau limestone to the
conspicuous dip slope on the right. Pits on lower right slope are in Donni outcrop above transitional facics
of Tagpochau and helow Halimeda-tich facies of Mariana limestone (Qunb) in area of slow creep. Landslide
at ceater (Q1) and creep debris at left (Qx) and right (Qmb). Breccia-tuff facies of agman formation (Thb)
in distant Laulau volcanio arca.
B. View nocthwest over the Laulau volcanic area toward Mount Tagpochau (T). Breccia-tuff fucies of Hogman
formation (Thb) in center and right middle ground overlapped by tuffaceous (Ttv), maly (Ttm), and in-
equigranular (Tt) facies of Tagpochan limestone.  Laulau beach and fringing reef at lower left.

AGMAN FORMATION, TAGPOCIAU LIMESTONE, MARIANA LIMESTONE, AND MASS-WASTING FEATURES
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GEOLOGICAL SURVE! PROFESSIONAL PAPER 260 PLATE 22

PLATE
[Photogeaphs by U. S. Navy Squadron VU-T (C), June 1949]

. View noeth over 120-foot (100-160 feet altitude) Mariana platform (Qum) and western coastal plain of recent
Jimesands (Qel) toward Mount Tagpochau on skyline. Bench under western coastal plain has dropped to its
present position by recurrent movement along Agingan (4) and other faults. Tanapag limestone (Qt) vencers
surface of 12- to 60-foot coastal bench. Fina-sisu hills (F) scparate northern part of western platform seg-
ment from coustal pl

B. View east over faulted 120 -foot western (W) and 200 -foot eastern (E) segments of southern Mariana lime:
stone platform. Low south coast beneh is floored by Tanapag limestone (Qu), with fringing reef scaward
and Agingan beaches (b) at lower right. Western coastal plain limesands (Qel) and broad fringing reef (r)
are at lower left. Movement along Obyan (0), Dago (D), and Agingan (A) faults is downyard to the west.
Naftan (N) and Hagman (I1) fault ridges in distance are mainly upthrown cast of the Laulau bay fault.
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PROFESSIONAL PAPER 250
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PLATE 23
[Photographs Ly U, S. Navy, February 1944]

A. View east across offshore reef (¢) and very shallow Garapan lagoon to Mount Tagpochuu and adjacent Tagpochau
Jimestone tereain. Hagman peninsula and clifls (1) in right distance. Local high clay content of undifferenti-
ated Tagpochau limestone (Tt) gives rise to poorly drained acidic soil and swordgrass-covered spur. Marly
facies of Tagpochau (Ttm) produces rolling terrain covered with swordgrass and brush. Incquigranular
Jimestone facies (Tti) prescnts jungle-covered scarps.  Wide fan of clay wash (Qe) spreads out from between
southywestern spurs of Mount Tagpochau and mingles with coastal plain limesands (Qrl) toward the beach (b).
Dark matter in inner half of lagoon is mainly green algae, eclgrass, and local patches of casuarina cones; that
on and along recf flat is mainly coral-algal rubble and coralline algac.

B. View east over very shallow Garapan lagoon and former eity of Garapan to the terraced western slope of the
Tagpochau highlands. Uneven definition of terraces and location of some deep ravines is related to mixing
of marly (Ttm), tuffaccous (Ttv), and weakly indurated equigranular facies (Tte), with dominating inequi-
geanula facies (Tti) of Tagpochau limestone. - Some patehes of the tuffaceous facics (Ttv) are so impure that
leaching of them produces swordgrass-covered clay slopes over a weathering product that resembles a pyro-
clastic rock. Point Muchot (M) appears to be the product of longshore drift of coastal plain limesands (Qrl)
mainly from the south. The formerly marshy area behind it (p) was once a brackish pond closed off by
growth of the spit. Dark appearance of very shallow lagoon bottom is caused by luxuriant geowth of green
alga Halimeda and some eclgeass locally,

GEOMORPIIIC FEATURES OF SOUTHWESTERN SAIPAN
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PLATE 24

|Photogeaphs by U. S, Navy Sauadron VU-1 (B), June 1949}

1. View northeast along axial ridge from northern slopes of Mount Tagpochau, at right, northward along central

voleanic ridge to Matuis highlands in distance. The nocthward narcowing and pinchout of both western
veatel plain and lagoon is well shown. The barsier reel 1) that lies 2 miles offshore and encloses a lagoon
o 10 8 fathoms deep at the center of the island grades eethward to a shorcline fringing reef ({) that is nowhere

25 much as a fathom decp at low tide.

15, View south across baeiee reef and Tanapag lagoon in foreground to Mount Tagpochau on right skyline showing
\he principal levels of the terraced western slope of Mount ‘Tagpochau and linear zones of reef and immediately
It lagoon. Tnward feom the outer recf flat (D), is o zone of emall bosses and mounds of palmate

‘teropora and Porites (sp), then a shallow limesand aree with scattered staghorn types of coral

o lasuriant growth of the eclgrass Zostera.  Beyond are the deeper (but still shallow) wat
Tagoon (T).

€. View southeast across the western bartier reef and Maftagaha slet (M) to lovel summit area o
atofof ridge (TR) and dacitic Mount Achugan (A)- Reef 7ones are as in photograph By
vkced deselopment of small ceof patches (pr) rises from the clean limesand bottom arount
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of low, tangied b

oes of Foraminilers, corals, aad mol-

T hedup oy great wormE
My n pare include pmary most depor

[SoTs ety BIectay 10 grayiaivbrown muek in and around several pemanent ponds and
ptc

ipan, souh from Matanaa.

[Depte:
Torgest en surrounds Lake Susupe. G00acres|

Aveneer

T e e ey e,
all, tough grasses. About I
prove near

nEcEN‘r

Recently eaerged Tia

v

o5 ool Taeaand, Cowree 0 Gravely a Flaces:comarns suverows wollok hle
s P,

ST oy veat o, roul o e
ideni and ioterrupted
i 430 aeece, haif icd ovet.

5307 |

[Not nowteeably ailecied by weathenag

Mt_'-f_h;m Ty soping o i oatal el aree, S
i o b, argied
Erusscs, scomered e

ez e T o ey ot
ER depih toeatly T

[Complex shoreline and nearst

RECENT

Alavium and clay vash

[Deposits lomed by mass vasing |

e iaarily clay depo;

ot early claned depressions and he Tacar clay
wel o clay e

of
icposicsof our-disiaing valleys.

epressions and valleys in many

land. 900 acres.

0307

[Cocally gullied by (T vash & margins of

(Gecurs i o sT ofasionty Treardepression
‘Commonly cultivated, or with vegetation of
Kiasses ot vines.

[Chaot <y evned blocks of Timestone natorally transporied (o o nearly rexidual on present

Sl parches
‘above Ifagman beac!
steep coasts. 11 actes.

BTl top and on hillslope
atse slunp rubbl

[Candsiide, creep, and slump

PLEISTOCENE

Al

ger teirace depostts

o Barety sod sy el o fevorked et weperty, Toedly fatudes
Letrusinous quanz sands, and geades lacerally into material mapped

‘and o ITutle inshore (rom north pant
y from 20 to 80 fect
evel. 4204 acre

Noniliceon
ered to clay muneral
mainly a gravelly clay.

Ay Tl sutace Inclaca by amall ner-
mitent vashes dgvated,
bru

Fruv deposits Tiom contiguous
Sauices io the east

d gul
Stk sbandoned canes ﬂ.m o
e m

Tanapeg imewione

TeeT Timeatont, Wighly porous and opea i tevture. Sl mareral
s i corm Lctecons ey SO pesemed.seriog s otngis i om Nirtamn
lmestone

aruca veubeied uvce very tou, ST
many pinnacies and irregular ol lto
& W amglit

s Tovest e o ot
laed patches. s..u.« mnlly rough,
e e par brush.

[Soscly Trving species. Carbon-T4 determina-
tions and posicion indicate late Pleistocene

Ao emeiged twopleal riaging reel only sTghly
modified by chemical erosion

o

eNaraRs (errace Jepo;

o s beilly QUaicmtich, ey Esads and minor gravel of vlcanic souce owrerars

e betucen 108 and S08

Seanered negula occuiences oo aeavard
‘and north shore

[Some alteration to thin <lay soil

«hn**l—r—"‘.y,em oping sur m.pl.,n =
) patches nofth of Lauiau
i, glich and seoels

[Flavianic outwash deposits on mane benches

PLEISTOCENE

MARIANA LIMESTONE

Sammary of formation

GareTly el Yo mosbedied s Ty beddes, dimy wier i Beony, Bclae,
e o constructional limestones. Mollusk shells are ordi ived away

crons noticeably altered, nd fo

terent sorts.

el e ‘sdan a1 e roc

Mlong soulh, cast, tor b o e SoweE,
rgest areas of outcrop in south, in €ast
oo Sl -\n(npl else-

porous; caves an

[Fave-cut scarp and bench (opogaphy
planted to cane, with small trces slong prop
erty hines  Jungle on and near scarps

and locally on beaches.

[Foraminilera, corals, mollusks, echiaoids, and

‘algae mostly of living species.

[Gank, Tagoonal, and feel-complex imestones
Totmed n shallow tropical waters

[Talimeda-ich Tacies

Trocla < Gistinctive 1o Tos fich concentration of the calcified, small, fan-shaped
s ot iné reem alga atmeder

[Southeast peninsula (1
o o o peninla (Crache)

S ETack, somewhar
pow dely.cllylull(hnwlh hich project
limestone pinr

ave-cut scarp and bench topogT Vege:
tauon of low thick brsh, sovse svordgra
e junple.

[As wmove

“oncentrations of Tigh-welght but Targe-
caleaicous debru, gradiny m.u.-d 10 vanied
bioclastic and depo

wive facies

Gegrah masaiie o Sbacurly bedded, Jiny whie o bosatch: coarely poous

[Essentially o5 Mariana Timestone in general, 13-

10 constructional lim with coral and algal
ik aublacies occurs tocaly.

crop of Mariana linestone. 4,480 acees.

(i os secend box alove

one 5 sebond 5os o

[Same a5 second box above

ank, Tagoo eciompics depons
‘Probaty smilas 1o bulk of desosets presealy
forming vest of Saip:

[Reropora-tich facies

.
Tich 1 ke fragments of the taghom coral Acropoa, sl cay bonded, b o par iy

pute calcwua carbonate with accasional Acropora colonies in ouionof stows

T owrow nanhegst o svuhwes bl e el
past of sout small occurte

Ceaching of calcarcous material Teaves & thick;
yellowish to redbrown, mottled clay cover

ety et T
ly in old cane, tangled gra

ey T T
Trous brus

aghorn Acropora the dominant fos el Avio

lciated rocks indicate post-Mioceae age.

(Sainly Tocally derived though Tragmenary staghor |
coral mixed with clay from adjacent gently slop-
ing volcanic shores

BTy Tacies

Tragmental linestones, geoerally ken and rndonly

Comsricuously ind comreeh
Tt voorty ndurs wd i s eneray targe amoun o

oriented coral and algal I
clsy consaminasion.

m-u it along cast const (rom
alabera i orh to Chache s
tout 11300 acea.

ucrope 220

Fhere terrace depoiis mbscnt, 113 pencrally
weathered (o brownish clay ‘soils 15 f¢ thick,
around scautered linestone pinnacles.

[Genly roling cane-covered benches. <uh are
eeclusieis, cu by hallow alleys and our-
fow tavines iah jengle vepmimion: -

[Foraminifera, corals, mollusks, echinods, and
algae mostly of living species.

Iaced coral and calcarcous sediments, mized
th clay from adjacent volcanic termain along
a telatively steep coa:

iy Tacies

Vellostsh to brown snd gray, mouied, kaolimitic clay

Fesrem mgin of casrem pemmeats Crachay

e unit 18 the product of weathering

Fiad o very penly Ll oy earceT T
ows of small trees growng along

Produc o weahering o 1081y fcres of Norans
imestone.

(Generally quarz-rich, iron-stained, cla

s gravel o vlcanic source materal,
occurning in two sets beeween altitu

R
e 51500 and 710 e

[A few small patches in central and n
Shipanto v slope of N Achugan.
21 actes.

[Cocally yietds thin clay soil which, with wa
ing out of vents, leaves suface film
of quartz a e

[Gently stoping to Tevel surfaces, vith growth of
Snordgrass of scrusby leguminous trecs.

[Flaviatile outwash deposits on manne beaches

TAGPOCHAU LIMESTONE

[Sammary of formation

‘one another and are distin-
‘Commonest and most
mpute limestone, as well

o oo o vaTed celsreoys TacTes e e
an by contained fos:

s pure ine nbiar hmulan( Also nclude

[Fidespiead. Underlies nearly hall of Saipan,
o mast of axisl ridge. 13,170 acte.

01,0007 3066007

[Sotution prodt Solls around resid,
limestone pinoacles, geadational contacts
phere mpute. Caves, crevasacs, and sink-

holes

[Prersreetey weay andbench epogcmy v
nonh-northeastori
Biah a0 600 fr Denches with iregul

Feraminiea, Tmords, mallusks,
apods, snd algoe of early Miocent (Ter-
e

[Claztic deposs of shallow 1o moderately deep,
tropical, manine

i
lereatiated.

sndsione and conglomerare of volconic smuice mitets

akes. Dense jungle vhen not clesped for cane.

Vs somevhat impure Hmesiones not mnumzmly Placed o any named facies of Tagpochau

limestone because of intermediate ot mixed n

in south-central Saipan in large, irregular
parches eatending south from Mc. Fagpochau,

05007 200:3007

Nostly e 57 ay soil with oucropDing
ledges but few or no residual pinnacles

[Frlcback rdges and stcep slopes nterupied
by abupe scurplecs Vegetation thick sword:

5. wrihlocal scrub rées and patches of

[Esseacially 55 sbove

[Accumulared in marine waicrs of shallow (o mod-
‘erate depth within reach of clay contamination

(Gevecally messive o Sbscurly bedded, e, compacs aad . pink to hite, in-

‘equgranulas limestone.

Tidespread, especiall
chau and axi
9,120 acres.

‘and adjacent o M.
dge north of At. Achugau

2005007

thers o red clay 501l

Sround many smooth
indergroun

Te-covered scarps sep
s, with cane an
swordgrass locally.

Same 25 sbove.
df

=3 of mainly bioclasic calearcous
sed open sea banks (or in lsgoons?)
of moderate to shallow depth.

ovgranulat facies

Febeed @ maseive, wel e mederaiely nduried, moly tahes e, gy
e fmc v eoarac-geained but dominantly equugranulas limestons

[Fest-central and northem Saipan

T00-2007

encrally a3 sbove, except restdual pinnacies
i uicrop area of west-central

(A sbove, cxcept area east from Nuchot point
is low, nd sends o overgrowth of vines,
Krosses,and

[Same a3 above

Tame a3 above

Tasbly Tacies.

Uncvenly induraied, farrly pure, generally whi
of aggregated angulac lm‘mrm: without Tonious ek
locally with argillaceous impu

estone that characteristically consista
8. At places iy behien ot

o
[Vainly in castern and southern part of casrcentil

aipan in north-south belt along base of
Tagpochau s

100

an
eathers (o cTayey sofl In sharp contact sith
underlying limestone.

Sfope

(CHrBases T »lllry e e 1.3
old ew trees,

S iner it o

ISame a5 sbove

Totermediace berween ibove md below

ety facies

Tell-bedded, thinly to thickly bedded, marly Timestone of geacrally yellowish color and mod-
euate degree of induration.

Nostly n cenral Saipan, m
l 0 mass of hequgtanutar acies.
128 e

T00-1507

eathers to alkaline clayey soil round scat
ual himestone pinnacles. Transition|
generally sharp.

[Siopes as much as 20°, with oecasional project:

ing ledges and subdued scarplets. Vegeta:
tion 13 swordzrass, with scattered brush,
Jungle grow

[Carger Forammitera, moliusks, echinoids, and
Fine of aty Aiecone ge.

Accumulared in manne waters of shallow 1
te depth wathin reach of clay contam:
ination from land.

Tafaceous facies

Poorly indurated, mosily thin‘bedded, somber colored, calcaicous rocks that include varying
‘and genecally large proportions of reworked andesitic mateials.

Naraly m west and south-central Supan,
south, and southeast of Mt. Talofolo
small pazches 1n north. 390

"Fev

1001507

[Pependenton prporion of sndesite contao:
nanis. Nore impure phases orm clay 1

Noderate slopes that locally piich into sharp
valleys of border low scarps of purer lime-
stones. Vegs Vaned

[Forammilera, staghom coral (Acroporal,occar
‘sional mollusks, and echinotd feagments of
early Miocene age.

[Accumulated arine waters of shallow
to moderate depihs adacent o residual vo
camic highs.

Tays Sver tulacesus and
y facies.

ouled and binded el geay. ao:

ad shite clays, plastic when
et Banding subpasallel; ot all auitudes becween ho vetical
8

[Central and souther part of easi-centcal Sapan,
southen end of M, Falofolo and lover cast
| slopesof M. Teppocha

The unit 13 the product of s eathering

[Feny saping o reay o, v cogied
nd occasional copses of sall le-
Sumnous trees.

Product sT % Trwisceous and, T8 par,
ol sy focrcs of Fagpochus Imestonc.

Transiional Tacies

Calearesus Wiaceous surdsione, il sod Calcarcous sndesilc conglomerat, o places
‘with larger Focaminifera comprising & large volume of the rock.

Ty Tinear outcrops in cast, just ast of
i g and Adelog s, and ¢ Hogman
90 acres.

educes din cToy soll

entle sTopes or parts of <l aces; supports
Jungle, swordgeass, and sugarcane.

[Forammileta, corals, echinords, and algar of
‘early Miocene age.

[Tasie e deposts, radaional bervecn
vely pute and reiatively impure calcar-
ous facee ot 1 wlcanie tacka:

Nachegit conglomerate m

ember | Andesitic conglomerate, with same qUArETich rocks. Resembles conglomerates of Densi

Jama formenon, bo Associated sih and overlying beds Fich in lowes Niocene Foramimfers.

Fast-cenual Sapan, nao® Ld o base of
(east of) Mack . 40 act

i clay sols with rock-weaihering eects ex'
tending downward tens of feet. Relict textures|
rescrved n boulders.

[For 50 Trscomteuoar, sapng o
cane, tangled grasscs, and 1ow bruah:

o ToweTs e, bt Toger Forammtersof
cis are Miocens

eworked conglomerates of the Densinyama
formation

[Donmt sandstone member

Toffaceous and calcarcous and well-bedded and generally hinly bedded, poorly indurated sand-
stones, tich 1n smaller Foraminifeta.

[Gutcrop belt on ast siope of Sapan fom
‘Achugau at north to Laulau at south. Also at
Fanunchuloyon, Hognan, | Nafta, and clac-

Feathers to cxpanding (benton(ic7) clays that
yreld only a thin sonl layer and are casily
temoved by rill was!

[Inteicace pacter of narow ravines separated by

shore, tounded Swordgeass 15 typical
cover, but jungle. Formosan koa, and cane.
row locally

(GTaTigerina, Orbulina, and many other smaller
Foramimfera. Early Miocene age mdicated
et Foraminifera and straugraphic

[Noderately decp marine envitonment adjacent (o
outce area of revorked volcanic sediments.

)

[Summazy of formation

Tells Tne wufls and interlayered andesitic Aows that are mostly Tess han
10 e 20 ek s range o 80 1o 100 etk

[South Saipan. -sies and As Lio doiees.
S50 mErading s and i o

5400+
(inclusive)

eeply weamered, clay soils a3 decp a3 20 Tee;
few natural outcrops.

[Frce oFaucrop gty oy ed mosty it
gled grasses and

[Smaller Foramimafera of the Tace Olrgocene.
matella insueta zne.

Forine 145 i ieibedded [sva ow, rabably
deposited 1n moderately deep tropical
waters.

FIRA

OLIGOCENE

FORMATION

Thicker fow focks

phanitic to finely porphyritic, avgite andesice. Locally with columnar

South end of Fina-an

Tidge and m northwesten
As Lito. 70 acres.

801007

CTay st suface, grading down (@ rotten rock.
Joint blocks weather spherordally.

Easiei 0p sopes »rm!r- i ek ey Soi
angled grasses Faceted wooded spurs
o e vl e ap i seng west

Late Oligocene age.

[Presumably sbmarine lava flows,

[Sommary of formation

T impure, T analar, WFite (o pink or darkrred clasuic limestone containing a dia-

orecemca Seipan ween Fanun-

0500+ 2003007

o Tacies of
imestone. See above.

[Vostly simit

sy similar o mequgraads [xcies of

rger Foraminilera of Tate Eocene (Terw

CToste Bt Tposis T coped v vaces
of shallow

inctive uppe Eotene foraminiferal assemslage.

ind Tetolsoe 310 e,

Tagpochau limestone _ See avov

b age) Catesrcous algas omd vure corss|

{Fhite Tacics

Wiite o Tocally plakish white, sparingly foram Senerally pure, elasiic

Fortrem Saipan, mostly on east Iope
pasches berween Fanunchuluyan and Tatofolo.
95

0300+ 3007

ame a5 above

e o5 3bove

e a3 aBove

e 55 v

[Piak facies

Pk 1o dull-req, aichly foramintieral,

Tighdy to moderately Tmpure, clastic
limestone.

Rorth<ensea S5ipan o7 bod cast amd vt
slopes adjacent o M Achugau. 85 actes.

o150 1007

eathers 16 1ed €lay soW on Tough Timesione
urlace.

covered with .hmsh  Jone Tugle growch
i parches of swordgeo

e a5 above

Same a5 ove

[Transitional facies.

Bl ice an o fddiebiows, (llzccous o mary
‘onda layce Foraminilera. ' Overlles or grades ateral
formation and tesembles limesone-conglomerate facies o

wone and conglomerate, with Tocally
1l to ppes beds ofth Densinyams

Nomenira Salpan, sl s nees Taloloro
st and west slopes of Talo-
ot g 30 seren

oTor To07

Featiers 6 3 s Ty, 0 el @
shighdly s

e Topes-eur oy hor s, e AT
g Swordgrass abundant, and casuarina

= ae ahove

e wy ww, bur Temer o souce of contan:
ination wath reworked volconic debri

FORMATION | MATANSA LIMESTONE

Summary of ormation

recci, uaceous sandions, calcareous sandatone acemus Trnestone, snd con
slor ock types in fragments varie: andesite the most sbundant and quarcz or
Sittuase rocks the mos distincive.

Foudcenual Sipn sl rerdog souh gt
‘ast-central Swipan in generally lineas belc
cres.

0008 2006007

[Forma clay sails, with rock-weathering clects
extending dosnward tens of feec. Relict
temures preserved in boulders.

[Rough and cut by closely spaccd, stcep-walled

avines at north. Less dissected to south.
Swordgrass sbundant, casusrina common on
ridge crests.

Foraminifera of Tate Eocene (Tertiary B) age.
2 echinoid spines aad coral and algal
fragments.

Mainly by reworking of preexistiog volcanic and
penccontemporancous calcareous source ma-
terials in and adjacent 1o a rop

Tineswneconglomerate

Tacies | Tmpure Tmesione and calcaseous conglamerae, vih sbundant cevorked wlcantc coneiments
. Vety similar to pacs of rasiional facies of Matansa limestone,

b assaciaced with tocks chasacterstic of Densinyans fomatt

[Central Saipan, on cast and west slopes of
Me. Talofofo, 30 acres.

0501 020

e s i s, e e
Slightly

S e @ eep Topes hat Beak 1
Cavine heads of low blufs Svordgrass tick,
Sith copses of casuarin Iocally

Same a3 sbove,

[Reworking of precxisting velcanic and penecon
temporancou: us source materials in
a nearshote tropical environt

Conglomerate-sandsrone

Tocies [Tnergrading, wel-cusifid beds of lfceous sandsone and olcsnie g, .

e and mavine fossils locally. Prcdominancly andesi in

Kame as second box above. 97 acres.

05008 1007

ame a3 second box above

e a5 second box bove

[A Tew upper Evcene Foraminitera Tocally

Formed by reworking of precxisung volcanic
source matecrals in a nearshore but in part
moderately deep matine cnvitonment.

Dreccia facies

por: ez,
Unsored deposics of angile Iragments oT andeie and Tews soinduat Jnciae VoTGanie rock

[Noth-central Saipan, on cast and west fanks of
cenual and aouhein pais of Talofolo ride:
215 o

02502 Go-ioor

R ] g o e T
csbien and cobbles of siliccous ro
sphm.auuy veshered

Totricately dissecced, exposures common, sword|
gtass theives here clay mantle present.

[¥o Tossis fowd, b Foramitter fom avsa-

cisted rocks are late Eoct

Subserial pyroclastic deposits.

HAGMAN FORMATION

[Summary of formation

(odediie rocks ST both sbaeial g marne Gecl scies, 4 wel 2 massive sndesice
rock  Essendially quanz-free throughous

iy n exst wnd escenual Sapan
2 4o Tl lio

01.100¢

arface, .x.am, Tovmward
o o rock wih rehes e

rercaely dTsseeced =i denee swordgrass,
al casuarina, and local Formosan kos
Copses. Reltet subdved 1n south.

[Foraminilera of I-:(IEncme Tertiney ) 3ge;

acher fossils lacally

[Maic pyroclastic rocks and lava, in par reworked
in a moderately decp to shallow tropical marine
environment.

Tacies i poorly stratlfed and sandsiones, locally containing focerssicial
i catbonie i maine fossin

T Smpnn in cenual, south-
cast central, and south panis. Also in sea
bluffs ac Hagman and  Naftan. 270 actes.

G0+

oar eirops o I {acer, sface wesberiy
yields acidic clay soi

[Precipitous swoidgrass-covered slopes and bare
i ¢ Hopmrtand 1 Nadian. Elseshere nox
distin

Foramimifera of Taie Eocene age. Also calear-
‘eous algac, discoasters, and Radsolaria-

esorked pyroclastic deposits which came (o
St nearshore n shallos to moderately deep

Biecelartud facics

ooy comsaTdared, Taecly wrsarfed s Sndesi Seceins snd e o Tk ozl aod
incersitial calciun carbon

[Central and southeast Saipan In south Talofofa,
nonth As Akina and Me. Laulau, 520 acres.

0600+

[Forms et clays it fock ateraion
‘extending tens of feet dow more.
v an Inchaded ragmencs

la gener: ;1 u.mmnltl) Jissected, with sword-
grass cover, seatered casuanin, and local
Copses of Fornosan koa

o TosaTs Toud, bt Foraminiers fom aveo
ated rocks are lace Eocer

Subacrial pyroclastic deposics,

Flow rock facies.

crsthens andeaite in tebular

Taslve ey o Gecridhgey comsely poryride sgies
frciy porphyritic, vesicular,

< thas cange (o 30 0 60 . hick. Al o vearey,
augice an

[Small patches in cast- and wes-central Swipan.
10 acees.

G100

Tay at sulace grades down o fotten Tock

[Outcrop arcas toa small to develop distinctive
characceristics.

[Foraminifers from associated rocks are Taie
Eocen.

Andesiiic Tava flows

EOCENE ()

“SANKAKUYAMA FORMATION

Sammary o formation

*'_‘!:_mmg;. “mainly bréccias and massive flow focks. Glassy, in pan conspicuously fam-

ed and locally vesicular

Northcenral Sapan, & . Ak
e cao ks e 35 ace.

71,800+

[Gnty Tocally sitered to <lay where vesiculat of
Maceous.

e, Tough, el ocky. Silh Svordgrass of
xerophycic fems, and local copses o

[No fossils. Tnferred o be Tertiary because of
‘abundance of tridymite and cristobalice in the

Nostly or wholly subaerial pyroclastic debris and
Tava flows.

[Nixed pyrociastic facies

Vell-bedded silicie wila and breceias, commorly cross bedded, and with unusual brick-work™

[l oT Wt b snd ses <l ¢ ot
Fanunchuluyen beach. 3 a

7160+

aweathered

v Ses acing ST S 263 Tevel beveh,
spped

by res o ok

[Same as above

Watce Taid7) pyrociastic debis

[Tar Tacies

TRnly Gelied glasy e el e Comp e o Sl pales o Jeie o
‘it dacle and ass shards and smil gteins f quars, o gociase, snd magoct

at
th Fabin tavi res, and

7500+

eathers ot vl
brown clay so

et Tt 3 Teof aeidic reddishe

(G et cov
TS0 e sk oo .

[Same as above

Sabaerial volcanic ash and Tapill

d Taminated, gray &
fragments of dacice vitrophyre o e i o glaves cuccoss o
viuophyric, some is also perl

ood o bieccias of aguls 1 Sbrounded
iz Most of facies is

[Pazches occut through

cutesp wrea f omaten
in norh-cenccal Safpan. 240

240 a«

7400+

“ocally sitered o clay where vesicalar of tol-
@

ceous. Mainly of fresh sppearance.

A
lcdavines Suppores svordgrass
serophytic foms, and local casvarina

[Same as above

Subscrial pyroclastic debris and swioclastic flow

Tobilas o o5z shaped budics of misaTve FToTey Guam dacie of choesla, 7o, o7 ok
Ish color. Observed areal dimensions of individual bodies aot exceeding % mile.

iches occir raigh oy ares of fomaten
in north-central Saipan. 200 a

Gndvidust
Hows to 601t..

TSy urwesthered cicep for paral
vitrification of dacite gla

[Fegeraly caps pominent oty 13 s,
ation sparse swordgrass or erophytic

[Same a5 ove

Viscous Tava flows snd domal prowusions
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