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GEOLOGY OF SAIPAN, MARIANA ISLANDS

CALCAREOUS ALGAE

By J. HArRLAN JoHNSON

ABSTRACT

This report deals with the Cenozoic calcareous algae from
Saipan, including a selection of Recent forms. Most of these
are red algae, but a few are green. Altogether 18 genera and
88 species-groups are listed or described, only 73 species are
designated by formal systematic names. All of the genera and
most of the species are found as fossils. The names of 1 genus
(Paraporolithon) and 24 species are new with this report.

Brief consideration is given to the importance of the calcareous
algae as rock builders, in stratigraphic correlation, and for pa-
leoecologic interpretation. It is concluded that their greatest
present use is in paleoecology. They are of limited use in
stratigraphy; however, their value to this field will increase as
more records are compiled and as their stratigraphic and geo-
graphic distribution is better worked out.

INTRODUCTION

The calcareous algae are those algae which have
developed the ability to secrete or deposit calcium
carbonate within or around their tissues. Their re-
mains occur abundantly in most of the limestones of
Cenozoic age on Saipan, at places being so abundant
as to form an appreciable part of the rock.

Fossil calcareous algae also occur in the limestones
found on many other Pacific islands, although not
ordinarily described or discussed by geologists and
paleontologists. These algae are at present most use-
ful for the information they give about the conditions
under which the enclosing sediments were formed.
They will probably prove more useful for dating and
correlation when sequences of collections have been
studied from many more localities to determine their
geographic and stratigraphic range in the Pacific. The
work at Saipan contributes a useful local sequence to
such a study, because the algae occur in limestones
associated with larger Foraminifera about whose strati-
graphic distribution much is known.

This report is based on a study of selected slides from
a collection of more than 2,000 large thin sections of
limestones from over 1,200 localities of known strati-
graphic position. The area of the individual sections
averages about 5 square inches. From the many frag-
ments a few specimens which contained most of the nec-
essary structural features were selected for description.

388273—57——2

Inasmuch as this study is based mainly on thin sec-
tions, a conservative nomenclatural approach is taken.
As much material as possible is attributed, with due
qualification, to previously described species; and new
species are not proposed unless they appeared clearly
distinguishable and could be based on adequate
material. :

Fortunately several collections of Recent algae were
made in connection with the Saipan field work. Labor-
atory study of selected material from these collections
has added considerably to the writer’s knowledge of
the range of species variation and growth forms and
has assisted in understanding and describing the fossil
species.
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MAJOR GROUPS OF CALCAREOUS ALGAE

The Rhodophyta (red algae) and Chlorophyta (green
algae) include most of the lime-depositing algae that
form readily identifiable fossils. They include all of
the forms discussed in this report, as indicated in the
following table.

TaBLE 1.—Genera of caleareous algae found in the Cenozoic de-
posits of Saipan

Family Subfamily Genus

Archaeolithothamnium
Dermatolithon
Goniolithon
Lithophyllum
Lithoporella
Lithothamnium
Melobesia
Mesophyllum
Paraporolithon (new)
Porolithon

Amphiroa
Arthrocardia
Calliarthron
Coralling
Jania

Hglimeda
Microcodium

Cymopolia

Melobesioideae
(Crustose
corallines)

Rhodophyta Corallinaceae

(Red algae)

Corallinoideae
(Articulated
corallines)

Codiaceae

Chlorophyta
(Green algae)

Dasycladaceae
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The coralline algae differ from most other calcareous
algae in that the calcium carbonate is secreted within
and between the cell walls as well as (ordinarily)
being deposited around the plant tissues. The fossil
corallines show recognizable and specifically identifi-
able microstructure such as the shape and arrangement
of the cells.

The calcareous green algae show varied calcifica-
tion. In Halimeda the tissue itself is calcified, starting
most strongly at the outer surface and working toward
the interior. In some specimens the entire tissue is
calcified, in others only the outer part. Among the
calcified Dasycladaceae, on the other hand, the lime
is deposited around the tissue, forming molds of the
plants and plant segments.

STRUCTURE, TERMINOLOGY,

DISTINCTION

AND SYSTEMATIC

The entire coralline algal plant is termed the thallus.
Among the subfamily Melobesioideae or inarticulate
corallines, the thallus is composed of two types of
tissue—the hypothallus and the perithallus (pl. 37).
The basal part of the plant is ordinarily composed of
cells of a different size and arranged somewhat differ-
ently from the tissue above. This is known as the
basal hypothallus (pl. 37, figs. 7-12). In some genera
of the crustose corallines (especially Lithophyllum)
and among the articulated corallines, the central part
of the branches and stems shows a similar develop-
ment which is called the medullary hypothallus (pl.
37, figs. 1-3). Above the basal hypothallus of en-
crusting forms, the tissue is composed of cells of a
different size than the hypothallus, and they are
characteristically arranged in regular rows and layers.
This is the perithallus (pl. 37, figs. 7-12). A similar
tissue forms around the outside of branches (pl. 37,
figs. 1-3).

Among the articulate corallines, the thallus charac-
teristically consists of a small basal crust from which
arise many branching stems, forming small, commonly
bushy tufts. The branches are segmented, consisting
of alternations of uncalcified and calcified segments (pl.
37, fig. 3), which are respectively called nodes (or
genicula) and segments (or intergenicula or inter-
nodes). Both nodes and segments consist of a central
or medial part built up of rows of long cells and a thin,
outer dermal or cortical part.

GEOLOGY OF SAIPAN, MARIANA ISLANDS

All coralline algae reproduce by spores. These
develop in spore cases or sporangia (pl. 37, fig. 10).
In most genera, the sporangia are grouped together in
large cases known as conceptacles (pl. 37, figs. 7, 8).
The different genera have characteristic morphology
not only in the structure of the perithallus and hypo-
thallus but even more importantly in the structure and
arrangement of the conceptacles. The species are
differentiated on the basis of differences in cell size and
arrangement, the size and shape of the conceptacles,
and peculiarities in the texture and structure of the
tissue as well as the growth habit of the plant in
general. The conceptacles of the articulate corallines,
however, form externally or in the growing tips of the
plant. These are uncalcified and thus are seldom found
among fossils, creating special difficulty in their classi-
fication.

Among the green algae, Halimeda develops as small
bushy plants which ordinarily consist of numerous
branching stems formed of numerous fan-shaped leaf-
like segments growing end to end. These segments
separate easily after the death of the plant and ordi-
narily occur separately in the fossil state. Classifica-
tion into species is based on nature of branching and
grouping of the branches and on size and shape of the
individual segments.

The family Dasycladaceae also form small bushy
plants. The individual thallus may be simple or
branched, or it may consist of a number of segments
one upon the other. The thallus consists of a central
stem from which arise whorls of primary branches
which radiate out much like the spokes of a wheel.
The primary branches may bear secondary branches,
and these in turn may develop tertiary branches. The
sporangia, or spore cases, may develop within the
central stem or upon some of the branches. Many
genera and species are based on variations in all of
these features. Calcification is erratic and external
forming crusts about the ecritical structures which
themselves are not preserved as fossils.

GEOLOGIC WORK OF CALCAREOUS ALGAE

Calcareous algae are important both as contributors
to the clastic limestones and because of the part they
play in building the framework of reefs.

A study of the limestones on Saipan indicates that
the algae rank with the Foraminifera in the volume of
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material contributed to the rock. In selected samples
studied, the algal fraction ranges from 5 percent of the
volume to 68 percent, averaging around 18-20 percent.
Among the algae the most important rock builders are
the corallines, both articulate and inarticulate types,
and the green alga Halimeda. The Dasycladaceae are
too rare on Saipan to be of importance as rock builders
there. ,

Most of the limestones studied contain coralline
algae. Crustose forms predominate in some; and
articulate, in others. Commonly both are found in
the same limestone.

In some rocks Halimeda is so abundant as to form
true Halimeda limestones. In a few of the specimens
studied, they formed up to 65 percent of the rock by
volume, and commonly they make up 12-18 percent.
In those rocks containing abundant Halimeda, coralline
algae tend to be rare.

In reef building, the coralline algae alone are im-
portant, and those species which form compact en-
crusting or massive structures do most of the work.
They assist in the formation of the reefs in three ways:
(1) by actually contributing to the volume of the reef
mass, (2) by binding together the coral heads and frag-
ments of other organisms, thus making a more compact
mass, and (3) by protecting the reef from erosion.
Around the outer margin of the reef, particularly where
the surf is strong, there forms a strong growth of coral-
line algae which has been referred to in some publica-
tions as the algal ridge or ‘“Lithothamnion ridge.”
This consists of a great development of encrusting,
knobby, and branching types (mainly Porolithon)
which form a strong surficial crust around the reef,
protecting it from wave erosion.

ALGAE AS INDICATORS OF AGE AND ENVIRONMENT

The many and careful studies by Mme. Lemoine of
material from France and the regions around the Medi-
terranean have shown that the coralline algae have con-
siderable possibilities as local zone markers. She dis-
cusses this at some length among the conclusions at the
end of her work on the fossil algae of Algeria (Lemoine,
1939), showing that the algal floras known in the Medi-
terranean region from the different epochs of the Ceno-
zoic era are quite distinct. Only a few of the Cretaceous
species continue into the Eocene, whereas the Miocene
floras are distinctly different from those of the Eocene
and Oligocene. She concludes that the different species
have value in correlating distant areas to period and
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even to epoch, but only in local regions can they be
used for detailed stratigraphic correlation.

The same is true at Saipan. No Eocene species is
recorded from the Miocene, and very few Miocene
species have been recognized in higher beds. Most of
the Pleistocene forms are still living in the adjoining
seas, however; and representatives of the genus Poro-
lithon are unknown from definitely pre-Pleistocene
rocks.

Outside of the Mediterranean region, sufficient work
has not been done on fossil algae to give us a knowledge
of their time range. Until such work is done, the algae
can be of only limited use for correlation. Such specific
application as they presently appear to have is summar-
ized in Professional Paper 280-A (Cloud, Schmidt,
and Burke, 1957).

Algae can be very useful in paleoecology. In pres-
ent seas the crustose types of coralline algae are found
from the intertidal zone commonly down to a depth of
about 200 meters and even deeper in the tropics. Those
forming thin crusts or sheetlike masses seem to range
from tide level down to more than 100 meters (Lemoine,
1940, p. 86). On the other hand, those which develop
as masses of long branches seldom occur at depths
greater than 10 or 15 meters. The articulated corallines
grow from about tide level down to depths not exceeding
80 meters and do not appear abundant at depths greater-
than 20 or 25 meters. In addition to depth and light
penetration, their distribution is considerably affected
by agitation of water, nature of the bottom, presence or
absence of sediment in suspension, and salinity of the
water. These factors in their relation to the distribu-
tion of modern lime-secreting algae have been dis-
cussed by a number of botanists, and their results have
been ably summarized by Mme. Lemoine (1940).

Green algae also have arelatively shallow depthrange.
Mme. Lemoine (1940, p. 125) has shown that the pres-
ence of Dasycladaceae in abundance indicates shallow
water and commonly a muddy or silty bottom. They
are most abundant in depths down to 10 meters and .
are rarely found at depths below 25 meters. Similarly,
Halimeda thrives best in relatively shallow waters
from about tide level down to depths of 15 or 20meters,
although some species grow at depths of over 120 meters.

STRATIGRAPHIC DISTRIBUTION OF THE SAIPAN ALGAE

The stratigraphic distribution of the species and
genera of fossil algae found on Saipan is tabulated in
table 2.
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TaBLE 2.—Siratigraphic distribution of fossil algae of Saipan
[Numerals indicate total number of localities from which material was studied]

Eocene Miocene Pleistocene é
&
,I:c's Densinyama Matansa Tagpochau limestone Mariana 2
£ g formation limestone limestone P 3
9 . =
82 [ 3 5 - | 3 |2
-
8Eg|%. | ,E |3 g |3 SEAENERERE BB B
8% (25 (&9 |2 | 8|3 |8 |8 |8 & 8 | & LB
o |88, |88, |2, 2 | & |84182| €| & | B - T I I
=] ELEER YRR R w3 § Py = Bl 28| = > 3 a
655 |BEE|fS5|23|x |8 |F3|g|F |5 |ds|sE|E |7 |sE| § | &3
- A et
= 3 A | & |[BIE|E |2 |&la |8 | &)= |8 & | &
Archaeolithothamnium:
Division 1:
A. chamorrosum JOhnSom, N SP-w ccacoccoemaoc oo focoii L ) I I PRI IR PRI ORIV (APPSR RSN FURUR PRI PSRN SN ORI BN,
A. cf. A. fijiensis Johnson and Ferris.. ________________________________ ) USRS AR N RS SR,
A.lauense Johnsonand Ferris. - ... ofoomo oo oo [em el 1

A. megasporum JOMNSON, W 8P oo oo oo e

myriosporum Johnson, 1. sp.
saipanense Johnson, n, sp.

ivi
A.
ﬁ. of. A lugeam Pfendet .....................
A.

Lithothamniums
Division 1:

L. fumigatum Foste. .o oo ...
funafutiense Foslie
ladronicum Johnson, M. 8P oo _.___._..
L lichenoides (Ellis and Sollander) Fosglie

L. cf, L. nanosporum Johnson and Ferris
L. saipanense Johnson, 0, 8P« oo oocoeome oo

L. subtile Conti. ... ...
L, tagpotchaense Johnson, 1., sp.
L. tanapageme Johnson, n. sp..-.
L.sp.B.. --
L.sp.D_eo.

Division 2:
L. erispithallug Johnson, n.sp....
L.sp. A..

L.cf.
L. cf.
L.cf.
L.cf.
L.
L.

Division 3:
L. cf. L. aucklandicum Fosle. .. _____._______
L. cf. L. crispatum Hauek ... ...
L. cymbicrusta Johmson, n. sp..
L. of. L. disarmonicum Conti.. ... ...

L.of. L.mirabile Conti. .. ... ..o o ...
moretz Lemoine.___. -
ndulatum Capeder_____._____._______
allismm Johnson and Tafur

puhu
g

=]
E g
b't‘la aQ

SISININEY

lecrmzz Lemoine. ..o ...
g iense Foslie

arianaed ohnson, Sp. M- e oo ooccee e

LoD BT

Mesophyllum:
M. pacificum Johnson, n. sp.
M savommi Lemoine......._.___.

SRR

Lithophylum:
Division 1:
L., megacrustum Johnson and Ferrfs.....__.__
L ovatyum (Capeder) Lemoine_.__....
L. cf. L. racemus (Lamarck) Fosle ...

A stefaninii Airol
L. yendoi Foslie_...

Division 2:
L, prelichenoides Lemoine_ _.._._..__._____...|....___. [N (RN SESIN SN AN RS 1 ) I S 12 (U S I IS (R

Division 3:
L. expansum Phiippi. oo oo oo e e e e e e |3 PR R R
L. ef. L. roveretoi Afroldi- .. o oo e e e o e e e e T P N IO

Dlvision 4:
%langeaudz Lemoine_______..______.______._
otschyanum (Unger) Foslie..
L. moluccense Foslie. . ___..________.__ X

Coniolithon:
G. frutescens Foslie
g reinizldi ‘Weber van
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TaBLE 2.—Stratigraphic distribution of fossil algae of Seipan—Continued
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Eocene Miocene Pleistocene §
2
;I;é Densinyama Matansa Tagpochau limestone Mariana §
g formation limestone limestone © §
w2 § ,g
EEy |2 £ . = z |5 |§ |22 |8 | ¢ |]
“E2 188 | &8 | % a | 818 E13 1% |& =R g %
B |28 |88 (£ | 2B |8 |BE S|SB (B €198 | % L
8ws | £29 | 833 (23| & Zal8s | 5L | 2 |Bz|2s| & | & %3] & 2
E§§ =28 | 8%E | B, S 283|188 2| <€ |&g|82| 2 |5 |ES gg
852 | 558 |88 | 22| 2 é 52|68 5 |5 |28|g8| 5 | & |£8| § | g%
& S | & | & 6 |6 |28 |l |B |& |2 |8 & | m
Porolithon:
P. craspedium (Foslie) Foslie X
P, onkodes (Heydrich) Foslie_ X
Paraporolithon, Johnson, 1, gen.:
P. saipanense JORNSON, M. 8D «-emmeo o foofemmeo o emae e oo e RSN SR SR FOUIN R
Lithoporella.
melobeszowdes (Foslie) Foslie...._.._.______f__.____ 2 3 |aeeonn 3 2 4 2 2 5 2 2 2 2 X
Melobesia:
M.# cuboides Jobnson, . Sp_ - .|| F: 7 N USRS PR SRR AU (SNPRRVttn FPUSORIRY PRI RN PPN SR PR ORI,
Dermatolithon:

D. nitida Johnson, M. §P--- - coeeeeomco .
g saipanese Johnson, N. Sp....

Calliarthron:
C. antiguum Johnson, N, 8P cc-coaooo o

Jania

Amphiroa:
A. foliacea Lamouroux..._.___
i Jragilissima (Linnaeus) Lam,

Arthrocardia:
A, species undetermined._. ... ___.________

Corallina:
C. matansa Johnson, N. SP- . cocoeeeeooooo_.
C. neuschelorum Johnson, n, sp-
C. prisca Johnson, N, 8P~
C. species undetermined. ... ... .__.____

Cymopolia:
C. delicata Johnson, n. SP- -« oo o______
C. pacifica Johnson, n. sp-_____
C. saipania Johnson, n. sp

Halimeda:
H., gracilis Harvey forma late Taylor_ ...
H, opuntia Lamouroux forma triloba Barton._!
H. species undetermined. ... ........__._.____

Microcodium:
M.

LOCALITIES

The collecting localities to which reference is made in this report are given on the locality finding map (pl. 4)
The localities are grouped by number and geologic age beneath the finding list

by Cloud, Schmidt, and Burke.
on this locality finding map.

Table 3 gives the equivalent field and permanent catalog numbers of material herein described and illustrated

(first two columns).

TaBLE 3.—Field and permanent catalog numbers for fossil algae

The last three columns apply only to type and figured specimens.

USGS paleo- Field number on
botanical locality loeahty-(ﬁ?dglg USGS type algae 1 Type of new species Other figured specimens
map (pl.

D90 -| a3-1a I I - --.| Lithoporella melobesioides (Foslie) Foslie.
Do1 ad-l1a - thhaphyllum prclzchenmdes Lemoine.
D2 {as—la., ab-1b, a5~28, a5-2b. - |- _-| Cymop Johnson, n. sp.

- a5-3 Cymopolia saipania Johnson, n. Sp.....--.-
D93 Archaeolithothamnium myrwsporum John-

son, n. sp.
a7-1a, a7-1b, a7-2a, a106-1b_.|. - Microcodium Sp.
D4 . BITl. e 87—10, a.7—1d, a.7-2b AT-8D |t e ceeenn Cymopolia delicata Johnson, n. sp. o
........................ Cymopolra delicata Johnson, N, SP-cccmeun- -

D9%...... B189__ 3.9—13, a9-1b. B O, [, Halimeda sp. rtt
D96 s B197. ... Fo [ £ W IS e

1 Specimens having USNM numbers are on Foraminifera slides.

Lithothamnium cf. L. mirabile Conti.
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TABLE 3.—Field and permanent catalog numbers for fossil algae—Continued

USGS paleo- Field number on
botanical locality locality—(ﬁllldi)n% USGS type algae ! Type of new species Other figured specimens
map (pl.
Cymopolia pacifica Johnson, n. sp_ . ____.._ .
DYoo BI9O. . all-1b, all~le, all~1d, 8ll- | e Cymopolia pacifica Johnson, n. sp.

USNM 624514
USNM 624514

a86—2a___.._
{USNM 624520__

1 Specimens having USN'M numbers are on Foraminifera slides.

all-1a_ ..
le, a11-2a, a20-1a, a27-1a.
all-2b

" Lithothamnium crispithallys Johnson, . sp.
Lithothamnium marianae Johnson, n, sp__.

Lithothamnium tagpotchaense Johnson,

Corallina matense Johnson, 0. SPp__..__.____

_| Archaeolithothamnium saipanense John-

Lithophyllum ovatum (Capeder) Lemoine,

Mesophyllum savornini Lemoine.

Goniolithon sp. B,

Lithophyllum cf. L. racemus (Lamarck) Foslie.
Archaeolithothammnium puntiense Airoldi.
Lithothamnium cf. L. aucklandicum Foslie.
Porolithon craspedium (Foslie) Foslie,
Dermatolithon saipanense Johnson, n. sp.

Lithophyllum expansum Philippi.

Lithophyllum stefaninii Airoldi.
Lithophyllum cf. L. roveretoi Airoldi.
Archaeolithothamnium lauense Johnson and Ferris,

Lithophyllum megacrustum Johnson and Ferris.
Lithophyllum yendoi Foslia.

Archaeolithoth fum pu Airoldi.
QGoniolithon

1l
illt)d A.
Archaeolithothamnium taiwanensis Ishijima,
Porolithon craspedium (Foslie) Foslie.
Archaeolithothamnium taiwanensis Ishijima,

Corgalling neuschelorum Johnson, n. sp.

Lithothemnium subtile Conti.

Lithothamnium cf. L. bourcarti Lemoine.
Lithothamnium cf. L. crispatum Hauck.
Lithothemnium cf. L. lecroizi Lemoine.
Archaeolithothamnium cf. A. liberum Lemoine
Mesophyllum cf. M. vaughanii (Howe) Lemoine.
Lithothamnium sp. C.

Lithothemnium moreti Lemoine.
Archaeolithothamnium oulignovi Pfender.
Lithothamnium wellisium Johnson and Tafur.

Haolimeda sp.

Lithophyllum prelichenoides Lemoine.
Lithothamium cf. L. disarmonicum Conti.
Porolithon onkodes (Heydrich) Foslie.
Amphiroe foliacea Lamouroux.
Lithothamnium funafutiense Foslie.
Lithothamnium tanapagense Johnson, n. sp.

Lithoth ium cf. L. madag iense Foslie.
Amphiroa fragilissima (Linnaeus) Lamouroux.
Lz'thui)hyllu'm moluccense Foslie.

Amphiroa fragilissime (Linnaeus) Lamouroux.
Lithothamnium cf. L. engelhartii Foslie.
Lithothamnium lichenoides (Ellis and Sollander) Foslie.
Lithoporella melobesioides (Foslie) Foslie.

Archaeolithoth ium cf. A. fijiensiz Johnson and Ferris.
Lithothamnium undulatum Capeder.

Halimeda sp.

Lithothamnium sp. B.

Lithothamnium marienae Johnson, n. sp.

Lithophyllum ovatum (Capeder) Lemoine,

Dermatolithon nitide Johnson, n. sp.
Lithothamnium cymbicrusta Johnson, n. sp.
Corallina prisce Johnson, n. sp.

Lithothamnium sp. D.

Lithophyllum glangeaudi Lemoine.
Archaeolithothamnium myriosporum Johnson, n. sp.
Lithothamnium cf. L. abrardi Lemoine.
Lithothamnium cymbicrusta Johnson, n. sp.
Cympolia pacifica Johnson, 1. Sp.
Lithothammium crispithallus Johnson, n. sp.

Lithoth of. L. fumigatum Foslie.
Corallina neuschelorum Johnson, n. sp.

Lithothamnium wallisium Johnson and Tafur.

Archaeolithothamnium saipanense Johnson, n. sp.
Corallina matense Johnson, n. sp.
Archaeolithothamnium cf. A. liberum Lemoine.

Lithothamnium cymbicrusta Johnson, n. sp.
Archaeolithothemnium chamorrosum Johnson, n. sp.
Archaeolithothamnium saipanense Johnson. n. sp.
Corallina prisca Johnson, n., Sp.

_| Lithothamnium cf. L. aggregetum Lemoine,
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TABLE 3.—Field and permanent catalog numbers for fossil algae—Continued

USGS paleo- Field number on
botanical locality lom.lity-(ﬁllldg:§ USGS type algae ! Type of new species Other figured specimens
map (pl.
____________________________________________ Lithophylium sp. A.

{

' USN%V[ 624603

i

USNM 624735__ oo __
alld3-la . . __

Cora ma pnaca Johnson n,
Lithot abrardi Lemoine.

S

Archaeolithothamnium chamorrosum John-
son,

Arch:ieolzti?othammum megasporum John-
son, n. sp.

Mzcrocodmm sp. ?

Archaeolithothamnium saipanense Johnson, n. sp.
Lithothamnium sp. A.

Corallina n'pmca Johnson, n. sp.
Lithophyllum s;g

Corallina neuschelorum Johnson, n, s
Arcehaeolithothamnium taiwanensis Is ]ima.
Melobesia? cuboides Johnson, n. sp.
Lithothamnium cf. L. aggregatum Lemoine.

Archaeolithoth i g
Jania sp. A.
Lithothamnium cf. L. abrardi Lemoine,
Lithothamnium sp. E

uwm Johnson, n. sp.

P

Archaeolithothamnium oulianovi Piender,

Cymopolia pacifica Tohnson n. sp.

Cymopolia saipania Johnson, n. sp.
Cymopolia delicata Johnson, n. sp.

-

Lithothamnium wallisium Johnson and Tafur.
Dermatolithon saipenense Johnson, n. sp.

Lithothamnium tanapagense Johnson, n. sp.
Lithophyllum prelichenoides Lemoine.

Lithothammnium crispithallus Johnson, n. sp.

i Pfender.

Archaeolithoth cf. A. lug
Coralline prisca Johnson, n. sp.

Archaeolithothamnium oulianovi Pfender,

Porolithon onkodes (Heydrich) Foslie.
Lithothamnium marianae Johnson, n, sp.
Lithothamnium Sp

Lithoporella melobeszozdes (Foslie) Foslie.
Jania sp. B

Jania sp. B

.zlrchaeolithotham'nmm sp.

Corallina prisca J ohnson, n. sp.

Cymopolia pacifica Johunson, n. sp.
Lithoporella melobesioides Ei‘oslie) Foslie.
Lithoporella melobesioides (Foslie) Foslie.

Lithothamnium sp.

i 8pecimens havmg USNM numbers are on Foraminifera slides,
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TABLE 4.—Localities of colleciions of living matertal

USGS paleo-

Ecology locality (see Cloud, 1956) or brief site description
botanical locality

(unnumbered sites are Johnson’s collections)

USGS type
algae

Figured specimens

Traverse A, station 1. ____._________ . __________
Traverse D, station 7__.._._.__._._________

Traverse B, station 1b______.___
Traverse C, station 7a_..
_| Traverse D, station /-
Traverse D, station 4.
Traverse D, station 6..
Traverse D, station 8.

Essentially ecology Loc. 8b.
200 feet southwest of D267, Essentially ecology Loc. 8b_...
Northwest coast of Saipan (grid area V-38 on locality map)
_| Reef patch at east side of Mafiagaha Islet, Tanapag lagoon.
OQuter edge of barrier reef southwest of ecology Loc, Fr__.____

oc.
Fringing reef at Fafiunchuluyan beach, northeast Saipan.
tially ecology Loc. 9.

Southeast coast of Saipan. Specific data lacking__.___

Near shore toward north end of fringing reef moat, western Saipan.

Essen-
Reef at Obyan Point. Specific data lacking....____________.__.

Inner edge of barrier reef near ecology Loc. Fz_._.. ...

Lithophyllum kotschyanum forma subtilis Foslie.
Lithophyllum kotschyanum forma typica Foslie.
................ Lithophyllum moluccense forma pygmaee Foslie.
| Lithophyllum moluccense forma typica Foslie.

Goniolithon frutescens Foslie.

-.| Qoniolithon frutescens Foslie.
| Lithophyllum moluccense forma flabelliformis Foslie.
Halimeda opuntia forma triloba Barton,
Halimeda gracilis Harvey.
Porolithon onkodes (Heydrich) Foslie.
Goniolithon reinboldi Weber van Bosse and Foslie.

Porolithon craspedium (Foslie) Foslie.
Amphiroa sp.
Halimeda gracilis Harvey forma lata Taylor.

SYSTEMATIC DESCRIPTIONS
RHODOPHYTA (RED ALGAE)

Family CORALLINACEAE (coralline algae)
Subfamily MELOBESIOIDEAE (crustose corallines)

Characteristically the plants are strongly calcified.
"They show a great variety of growth forms. Some
consist of a single layer of cells; others form multilayered
crusts more than a centimeter thick. The crusts may
be smooth, covered by protuberances, or branched.
Some species develop loose branches or aggregates of
branches. A key to the tribes and genera follows.

Key to the tribes and genera of crustose coralline algae
I. Sporangia not collected into conceptacles (tissue many
layered, with hypothallus and perithallus)—Archaeolitho-
thamnium.
II. Sporangia collected into conceptacles.

A. Roof of sporangial conceptacles perforated by few to many
pores (thallus self-sustaining, not parasitic)—Tribe
Lithothamnieae.

1. Hypothallus a single layer of cells, at least in part;
thallus epiphytic. Hypothallic cells in section are
square or somewhat elongated horizontally—Melobesia.

2. Hypothallus of many layers of cells.

a. Hypothallus coaxial (arched rows or layers of cells—
Mesophyllum.
b. Hypothallus of eurved rows of cells.
(1). Sporangial conceptacles superficial or subim-
mersed—Lithothamnium.
(2). Sporangial conceptacles deeply immersed—Clath-
romorphum.

B. Roof of sporangial conceptacles perforated by a single
pore—Tribe Lithophylleae.

1. Megacells present.

a. Hypothallus consists of single layer of cells.
(1). Hypothallic cells vertically and obliquely elon-
gated—Hydrolithon.
(2). Hypothallic cells square or nearly so—Fosliella.
b. Hypothallus of several to many layers of cells.
(1). Megacells in lenses or horizontal clusters— Poro-
lithon.
(2). Megacells singly or in vertical rows—Goniolithon.
(8). Megacells in both horizontal'and vertical clusters—
Paraporolithon.

2. Megacells absent.
a. Hypothallus composed of cubic cells.
(1). Thallus of several layers of cells—Heteroderma.
(2). Thallus of many layers of cells, not epiphytic—
Lithophyllum.
b. Hypothallus of one or two layers of obliquely elongated
cells.
(1). Thallus characteristically epiphytic or epizoic
commonly expanding locally to two or more layers
with perithallic cells nearly equidimensional—
Dermatolithon.
Thallus prostrate, epiphytic or epizoic often
superimposed—single layered except immediately
around conceptacles. Cells vertically elongated—
Lithoporella.

(2).

Genus ARCHAEOLITHOTHAMNIUM Rothpletz, 1891

This genus, like most of the other genera of crustose
coralline algae, has a tissue containing both a hypo-
thallus and a perithallus. Commonly the hypothsllus
is thin as compared with the perithallus. The charac-
teristic and most easily recognized generic feature is that
the sporangia are not segregated in conceptacles but
are distributed in lenses or layers throughout the tissue
(pl. 37, fig. 10 and pl. 38).

Archaeolithothamnium reached its zenith during the
Late Cretaceous and Eocene. Since then it has gradu-
ally declined, although about a dozen species still
survive in the present warm seas. In most regions it
forms an important element of the Eocene algal floras;
consequently, it was a surprise to find it only sparingly
represented in the Eocene material from Saipan.

In Saipan collections it occurs most abundantly in
the limestones of Miocene age where many fragments.
and a number of large crusts were observed. Only 7
specimens belonging to 2 species were noted in the
limestones of Pleistocene(?) age.

The species of the genus Archaeolithothamnium may
be roughly separated into three divisions on the basis
of growth form. These divisions are (1) simple crusts
usually thin, (2) crusts with warty protuberances or
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mammillae (in some species, the crusts are most of the
plant and the protuberances are of less importance; in
others, the crust is merely the introductive growth from
which develop large and much more important pro-
tuberances), and (3) truly branching forms (not found
on Saipan). These usually develop in a more or less
rounded mass consisting of irregular branches radiating
from the center. The branches are normally fairly
long and irregular. Commonly they have blunt or
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nearly blunt ends. In longitudinal section they may
show a well-formed medullary hypothallus.

Of these, division 1 is by far the most common and
includes about two-thirds of the Saipan species. Divi-
sion 2 comes next, while species belonging to division 3
are very rare and are not represented in the Saipan
collections.

Table 5 illustrates their range of characteristics and
observed locality distribution.

TABLE 5.—Measurements (in microns) and distribution of Saipan species of Archaeolithothamnium ! (based on random sections)

[Dimensions in mu (12=0.001 mm)]

Hypothallus cells Perithallus cells Sporangia
Species USGS paleobotanical localities Age
Length | Width | Length | Width | Height |Diameter
Division 1—Simple crusts (ordinarily thin—in some instances with many layers superimposed)
A. chamorrosum Johnson, n. Sp.___....._.___________ 19-30 10-14 10-17 10-15 30-64 30-37 D160, D173 | Eocene.
cf. A. fijiensis Johnson and Ferris._...._.._...___ 10-16 8-13 -1 7-12 80-127 45-80 D134 | Miocene.
lauense Johnson and Ferris_ .. Absent |._.._._... 12-17 9-12 | 137-182 | 72-107 D112 | Miocene.
megasporyum Johnson, n. Sp 13-156 8-12 12-19 9-12 | 130-155 81-85 D174 | Pleistocene,
oulianovi Plender.._________ 10-16 6-10 9-14 7-10 46-90 32-63 D125, D181, D226 | Eocene.
puntiense Airoldi 10-17 6-11 8-14 6-12 76-92 40-61 D102, D115 | Pleistocene.
taiwanensis Ishijima 9-11(?) 9-12 7-14 8-12 55-80 40-65 D116, D118, D172, D212 | Miocene.
Division 2—Crusts with warty protuberances or mammillae
A.cf. A, liberum Lemoine_ _.___________ ... |ooooooo oo 12-27 9-15 45-70 12-27 D123, D159 | Eocene.
ef. A. lugeoni Plender.___ 13-21 7-14 10-18 9-15 60-80 33-65 D220 | Miocene.
myriosporym Johnson, n. sp. - 11-20 9-16 825 11-17 40-65 28-54 D93, D150, D228 | Miocene.
saipanense Johnson, 0. 8P ooo ... 11-17 813 (6)9-16 912 70-140 50-90 D157, D160, D168, D173, D180 | Eocene.

1 Division 3—Highly branching forms are not represented in Saipan collections.

Division 1—Simple crusts
Archaeolithothamnium chamorrosum Johnson, n. sp.

Plate 39, figures 3, 6

Description.—Thallus crustose may encrust or enclose
various objects. Tissue fairly regular in texture, with
suggestions of growth zones in some specimens. Hypo-
thallus thin to moderately developed, consisting of
curved rows of rectangular cells which measure 18x—304u
in length by 10u—144 in width. Perithallus formed of
regular rows of rectangular cells, 10u—15u4 by 9u—~164.
Side walls distinct, but cross partitions thin. Sporangia
commonly oval, but some spherical, 294—374 in diameter
and 30p—64u in height.

Remarks.—This species is similar to A. hemchandras
K. 8. Rao from India, but differs in having larger cells
and smaller sporangia.

Occurrence.—Upper Eocene, limestone-conglomerate
facies of Densinyama formation and pink facies of
Matansa limestone. USGS paleobotanical localities
D160 and D173.

Holotype.—USNM 624735 (Foraminifera slide).

Archaeolithothamnium cf. A. fijiensis Johnson and Ferris
Plate 47, figures 4, 5

Archaeolithothamnion fijiensis Johnson and Ferris, 1950, B. P.
Bishop Mus. Bull. 201, p. 10, pl. 1, figs. B, C, E.

Description.—Thallus forms an irregular crust.
Hypothallus moderately developed, consisting of hori-
zontal to curved rows of cells which measure 10u—16u
by 8u—13u. Perithallus tissue fairly regular, with
pronounced vertical rows of cells. Vertical partitions
well defined, horizontal partitions ordinarily thin cells
9u~16u by 7u—12x. Sporangia rounded, character-
istically about 1% times higher than wide. Dimensions
804127y high and 45,-80u wide.

Remarks.—In shape and dimensions of cells and
sporangia, the specimens here considered closely
resemble A. fijiensis from the Miocene. They do not,
however, show the irregular and contorted areas of
perithallic tissue that characterize the typical form.
Fragments and thin crusts referred to this species occur
in a number of the Saipan slides.

Occurrence —Lower Miocene, inequigranular facies of
Tagpochau limestone. USGS paleobotanical locality
Di134.
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Archaeolithothamnium lauense Johnson and Ferris
Plate 46, figure 7

Archaeolithothamnion lauensum Johnson and Ferris, 1950, B. P.
Bishop Mus. Bull. 201, p. 11, pl. 1, figs. A, D.

Description.—Thallus crustose; hypothallus thin or
absent. Perithallus forms a regular compact tissue.
Cells 12p-17ux by 9u-12u. Sporangia egg shaped,
137u~182p in height, 724107y in diameter, closely
packed in a well-defined layer.

Bemarks.—In general appearance of the tissue and
cell dimensions, A. lauense is very close to A. fijiensis
but differs decidedly in the size of the sporangia. With
heights of 1404200y, they are the largest of any
Tertiary species of the genus and are the most distinc-
tive feature of this species. The one specimen observed
agrees in all respects with the type material from the
Miocene of Lau, Fiji.

Occurrence.—Lower Miocene, inequigranular facies of
Tagpochau limestone. USGS paleobotanical locality
Di112.

Archaeolithothamnium megasporum Johnson, n. sp.
Plate 53, figures 1, 2

Description.—Thallus a thin irregular crust usually
less than half a centimeter thick. Surface probably
warty. Hypothallus thin, consisting of only a few
irregular layers of cells 13u—15¢ by 84—124. Perithallus
formed of rows of cells with well-defined vertical parti-
tions and poorly defined horizontal partitions. Cells
12u-194 by 9u—12u. Sporangia large, oval to round,
crowded into irregular zones or lenses. Size 130u-155u
in height by 81u—854 in diameter.

Remarks.—This species is similar to A. lauense.

Johnson and Ferris, known from the Miocene of Fiji
and also found on Saipan. It differs slightly in all
dimensions and in size and arrangement of sporangia,
which are in well-defined rows in A. lauense instead of
the irregular zones or lenses of the present species.

Occurrence.—Pleistocene, rubbly facies of Mariana
limestone. USGS paleobotanical locality D174,

Holotype.—USGS algae all3-1a.

Archaeolithothamnium oulianovi Pfender
Plate 38, figure 5; plate 39, figures 4, 5
Archaeolithothamnion oulienovi Pfender, 1926, Soc. espafiola
historia nat. Bol., v. 26, p. 325, pl. 10.

Description.—Thallus develops a thin crust, 350u—
500 thick, composed of irregular rows of cells and with
sporangia irregularly disposed throughout the tissue.
Hypothallus poorly developed, 55u—75u thick, consist-
ing of a few layers of irregular cells. Layers ordinarily
oblique to base. Cells measure 6u—10y by 104—164.
Perithallus does not show regular pattern characteristic
of most species of Archaeolithothamnium. Shows irregu-
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lar growth zones each formed of rows of cells with
poorly developed horizontal partitions, which are not at
the same level in adjoining rows. Cells measure 7u—10u
by 9u—14u. Sporangia circular to oval, measure 46p—90u
in height and 32463y in diameter. Occur isolated or
in clusters in the tissue but not in regular rows.

Remarks.—This species is distinctive because of the
irregular development of the perithallus, which suggests
Lithothamnium rather than normal Archaeolithotham~
nium, and because of the very irregular arrangement of
the sporangia. The Saipan specimens fit Pfender’s de-
scription except that they show less range in length of
the cells of the hypothallus.

Occurrence.—Upper Eocene, white and transitional
facies of Matansa limestone. USGS paleobotancial
localities D125, D181, and D226. Previously described
from the Eocene of Spain. :

Archaeolithothamnium puntiense Airoldi
Plate 53, figures 3, 4
Archaeolithothamnion puntiense Airoldi, 1933, Palaeontographia
Italica, Mem. Paleont., v. 33 (new ser. v. 33), p. 83, pl. 7,
fig. 1.

Description.—Thallus forms irregular crusts. May
develop one upon another to form an irregular incrusta-
tion over a centimeter thick. Hypothallus thin, con-
sists of a few rows of irregular cells 11p—17x by 6u—114.
Perithallus consists of fairly regular rows of cells, with
vertical partitions more pronounced than the horizontal.
Cells of perithallus rectangular 9x—11u by 74—11y, with
suggestions of thin irregular growth zones. Sporangia
mostly long oval; some subquadrate with rounded
corners, 764—924 in height and 40461y in diameter.

Remarks.—In dimensions and detailed appearance in
section, the specimens described from Saipan compare
closely with the description and sketch of Airoldi’s
species from Somaliland and are regarded as con-
specific with it. The cell dimensions and size of spo-
rangia are close to those of the modern A. sibogae de-
scribed by Weber Van Bosse and Foslie from the East
Indies, but the growth habit is entirely different. A.
sibogae has prominent long branches.

Occurrence.—Pleistocene, massive facies of Mariana
limestone. USGS Paleobotanical localities D102 and
D115.

Archaeolithothamnium taiwanensis Ishijima
Plate 46, figures 4-6

Archaeolithothamnion taiwanensts Ishijima, 1942, Taiwan Tijaku
Kizi, v. 13, no. 4, p. 2, fig. 2.

Description.—Thallus a thin crust which may encrust
other organisms, or several superimposed thalli may form
irregular mass. Hypothallus thin or absent, consisting
at most of only a few irregular rows of cells. Cell
measurements approximate 9u—11y by 9u—12u. Peri-
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thallus formed of regular rows of rectangular cells
7p—14p by 8u—12u. In most specimens vertical parti-
tions better defined than the horizontal. Sporangia
round-ovoid, 55u—80u in height and 40u—65u in di-
ameter, moderately spaced in well-defined rows. Fol-
lowing table gives measurements in microns of four
specimens found in random sections (two are figured).

USGS Hypothallus cells Perithallus cells Sporangia
paleobotanical
locality Length | Width | Length | Width {Diameter| Height
(in w) (in g) (in p) (in p) (in g) (in p)
? 6x8 -12 811 72-82 52-63
10-12 ? 9-12 8-12 65-81 55~-56
Absent 11-14 10-12 72-80 57-65
9-11 9-12 7-13 89 52-61 35-41
9-11 9-12 7-14 812 52-82 40-65

Remarks—Ishijima’s brief description of this species
gives only generalized dimensions of the cells and the
sporangia, and his illustration is poor. However, an
examination of the type indicates it to be the same
species as the abundant Saipan material here described,
the apparently thick crust formed by Ishijima’s type
really consisting of several superimposed thalli. Al-
though the general dimensions and appearance of the
tissue in slides strongly resembles the modern A.
ertythraeum Rothpletz, there is little evidence of the
many strong warty surface projections which charac-
terize the modern species. A. faiwanesis is the com-
monest Miocene Archacolithothamnium in the Saipan
collection.

Occurrence.—Lower Miocene, inequigranular and
granular facies of Tagpochau limestone. USGS paleo-
botanical localities D116, D118, D172, and D212.

Division 2—Crusts with warty protuberances or mammillae
Archaeolithothamnium cf, A. liberum Lemoine
Plate 39, figures 1, 2

Archaeolithothamnium liberum Lemoine, 1939, Mat. Carte géol.
de I’Algerie, ser. 1, Paléont., no. 9, p. 61, pl. 1, fig. 14,
fig. 26, p. 62.

Description.—Thallus nodular, probably mammil-
lated, apparently growing free on the bottom. Hypo-
thallus absent or very poorly developed. Perithallus
shows a fairly regular tissue composed of rows of
rectangular cells with well-developed side walls but
poorly developed horizontal partitions near top and
bottom of thallus. Cells measure 9u—15u by 12u4—27p.
Sporangia oval, 454~70x in height and 31p—56x in
diameter, and occur moderately spaced in well-defined
rows.

Remarks.—Represented by two specimens which
closely resemble Lemoine’s species from Algeria in
growth habit and general appearance of the tissue
although differing slightly in cell dimensions.

- differs in having smaller sporangia.
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Occurrence.—Upper Eocene, transitional facies of
Matansa limestone and limestone-conglomerate facies
of Densinyama formation. USGS paleobotanical lo-
calities D123 and D159.

Archaeolithothamnium cf. A, lugeoni Pfender
Plate 47, figures 1-3
Archaeolithothamnion lugeoni Pfender, 1926, Soc. espafiola
historia nat. Bol,, v. 26, p. 324, pls. 9, 12.
Lemoine, 1939, Mat. Carte géol. de 1’Algerie, ser. 1,
Paléont., no. 9, figs. 14, 15.

Description.—Thallus appears to develop as a mam-
millated crust, possibly a nodular mass composed of
superimposed thalli.  Hypothallus well developed,
formed of curved rows of cells 13u—21u by 7u-14u.
Perithallus of regular rows of cells 10u-18u by 9u—154.
Sporangia abundant, egg shaped, in regular rows,
60u—80x in height and 33u—65u in diameter.

Remarks.—This form closely resembles A. lugeoni
Pfender in appearance, growth habit, size of peri-
thallic cells, and sporangia. It does not exactly fit the
cell dimensions of that species, however.

Occurrence.—Lower Miocene, inequigranular facies
of Tagpochau limestone. USGS paleobotanical locali-
ty D220.

Archaeolithothamnium myriosporum Johnson, n. sp.
Plate 46, figures 1-3

Description.—Crust with mammilae or short thick
branches. Hypothallus absent or poorly developed;
cells measure approximately 11u—20u by 9u-16p.
Perithallus tissue regular; cells 8u—25p by 11p—17p.
Sporangia abundant, closely packed in regular rows,

40p—65u in height and 28544 in diameter. Measure-
ments of selected specimens are given below.
Hypothallus cells Perithallus cells Sporangia
USGS paleo-
botanical?ocality
Length | Width | Length Width | Diameter| Height
(in ) (in g) (in w) (in ) (in ) (in w)
oy T 12-16 825 | 12-17| 4024 28-38
D228 ... 17-22 (6 10-17 11-13 49-53 2849
Diso._ .l 11-20 9-16 916 | 11-16| 5765 31-54

Remarks.—This species closely resembles material de-
scribed by Lignac-Grutterink from the Miocene of the
Dutch East Indies under the name A. affine Howe but
In the Saipan
specimens, the sporangia are more abundant and more
closely packed. It is quite different from the Oligocene
A. affine described by Howe from the West Indies,
which shows a distinct medullary hypothallus in the
branches having a tissue with alternating rows of cells
of different lengths. Neither of these features occurs in
A. myriosporum. This is one of the most distinctive of
the Miocene species observed by the writer. It is also
one of the most abundant in the Saipan collections.
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Occurrence.—Lower Miocene, inequigranular and
marly facies of Tagpochau limestone. USGS paleobo-
tanical localities D93, D150, and D228.

Holotype—USGS algae a6-1a.

Archaeolithothamnium saipanense Johnson, n. sp.
Plate 38, figures 1-4, 6

Description.—Thallus develops a thick crust, prob-
ably with mammelons. Tissue regular, with many regu-
larly spaced rows of sporangia. Hypothallus thin
(134—20), ordinarily of only a few curved rows of cells
8-13u by 11-17u. Perithallus 0.9-6 mm thick; tissue
regular, consisting of rows of rectangular cells with well-
defined and regularly spaced horizontal and vertical
walls, cells (6) 9-16x by 9-12u. Sporangia elliptical to
nearly circular in section, commonly abundant and
closely packed. In a few specimens where sporangia
are sparse they tend to be more nearly circular and
widely spaced.

Remarks.—This species is characterized by small
nearly square cells and relatively large sporangia. In
general appearance of the tissue and growth habit, it
suggests A. intermedium Raineri and A. nummuliticum
(Giimbel) Rothpletz, but differs in cell dimensions
and size of sporangia. Lignac-Grutterink (1943, p. 287)
described a variable form from the Dutch East Indies
under the name A. intermedium Raineri, one Eocene
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specimen of which is very similar to this species.
Occurrence—Upper Eocene, white and pink facies of

Matansa limestone and limestone-conglomerate facies

of Densinyama formation. USGS paleobotanical locali-

ties D157, D160, D168, D173, and D180.
Holotype.—USGS algae a95-1a.

Tribe LITHOTHAMNIEAE
Genus LITHOTHAMNIUM Philippi, 1837

Lithothamnium has a tissue formed of many layers of
cells which normally are differentiated into a hypothal-
lus and a perithallus. Commonly the hypothallus con-
sists of curved rows of cells, but in a few species it has
a coaxial development similar to that common in the
genus Lithophyllum. The conceptacles are character-
ized by many openings in the roof.

Lithothamnium occurs abundantly in the Cenozoic
limestones on Saipan. It is represented by 30 species,
most of which are encrustmg forms.

For convenience, the species are arranged in four divi-
sions based on growth habit.

Division 1—Simple crusts.

Division 2—Free (unattached) crusts.

Division 3—Crusts with warty protuberances or mammillae.
Division 4—Strongly branching forms.

The dimensions and distribution of the species occur-
ring on Saipan are given in the following table.

TABLE 6.—Measurements (in microns) and distribution of Saipan species of Lithothamnium (from random sections)

Species Hypothallus cells Perithallus cells Conceptacle TSGS paleobotanical localities Age
Length | Width | Length | Width |Diameter| Height
Division 1—Simple crusts (commonly thin—many may occur superimposed)
L. ¢f. L. abrardi Lemoine. ... i6—39 9-18 9-30 8-13 D142, D151, D166, D175 D223 | Eocene.
cf. L. aggregatum Lemoing 12-26 7-15 8-24 10-16 D148 62, D173 | Eocene.
ef. L. bourcarti Lemoine._. 11-28 7-10 14-18 8-10 |._ D121 D122 D202 Miocene.
cf. L. engelhartii Foslie.__._ 17-23 57 8-12 9-11 D133 | Pleistocene.
cf. L. fumigaium Foslie. . 9-11 6-9 6-10 6-9 D153 Miocene.
Sfunafutiense Fostie oo el 6-14 6-9(13) D129 | Pleistocene.
ladronicum Johnson, n. sp. 20-23 7-12 9-13 7-9 D98 | Miocene.
lichenoides (Ellis and Sollander Foslie. 4062 6-14 7-23 7-12 133 | Pleistocene.
ef. L. nanosporum Johnson and Ferris 10-22 10-18 10-20 10-18 D106, D107 | Eocene.
seipanense Johnson, 1. sp-- 11-35 9-15 8-12 6-11 Miocene.
subtile Conti._.____._..____ 17-21 11-14 12-14 10-11 D122, D186 | Miocene.
tagpotchaense Johnson, 1. sp-- 14-18 10-12 13-20 6-11 Eocene.
1gmgenxe Johnson, 1. SP- - - oo oo 14-25 12-18 D130, D209 | Pleistocene.
........................ 8-15 | 9-12(16) 12-20 9-15 141 | Miocene.
sp. D e 22-27 12-16 11-20 12-16 450+ 240 D149 | Miocene.
Division 2—Free crusts
L. cn.i{mhallu& Johnson, n.SP- .ol 9-15 8-13 6-16 6-12 | 279-685 | 125-160 D143, D145, D152, D217 | Eocene.
______________________________________________ 13-18 7-10 6-12 8-10 {Unknown|{Unknown DMS Dlﬁg D175 | Eocene.
Division 3—Crusts with warty protuberances or mammillae
L. cf. L, aucklendicum Foslie. 18-28 9-13 8-1 6-8 | 205-312 | 125-145 D103 | Pleistocene.
ef. L. crispatum Hauck. .. 14-19 7-9 10-13 810 | 174-220 80-100 D122 | Miocene.
cymbicrusta Johnson, n. s 12-13 8-12 6-16 8-11 | 304425 | 100-185 D147, D151, D154, D159 | Eocene.
cf. L. disarmonicum Cont 11-15 11-13 11-18 10-12 392 179 D128 | Miocene.
of. L. mirebile Conti__._. 25-30 10-17 12-17 10-15 | 424400 | 180-192 D96 | Miocene.
moreti Lemoine_ ... 11-15 7-11 7-9 7-8 327 106 D124 | Eocene.
undulatum Capeder_.________ 11-17 6-8 7-17 xRN D135 | Miocene.
wallsivm Johnson and Tafar-._ ... _____{.________{ _________ 8-19 | 7-11(17) 195-360 | 113-135 D125, D155, D203 | Eocene.
S, O 12-15 8-12 10-22 8-16 175 D124 | Eocene.
Division 4—Strongly branching forms
L. cf. L. lecroizi Lemoine. . . _______._______________._ 12-20 7-9 8-13 8-11 | 250-650 60-90 D122 | Miocene.
cf. L. madagascariense Foslie. 9-20 [ P20 P F 218235 |- D131 | Pleistocene.
marienae Johnson, 0. Sp._ . - _____.____..___.______._ 13-20 10-12 10-24 7-13 | 270-686 | 135-190 Dg22,33D143, D161, D223, D225, | Eocene.
B 23-53 914 | ) D175 | Eocene.
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Division 1—Simple Crusts
Lithothamnium cf. L. abrardi Lemoine
Plate 41, figures 6, 7; plate 42, figures 1, 5
Lithothamnion abrardi Lemoine, 1934, Czechoslovakia, Statni
Geol. Ustav, Véstnik r. 9, c. 5, p. 274, fig. 3.

Description.—Thallus a thin crust, composed of a
well-developed hypothallus and a poorly developed
- perithallus. Hypothallus of curved rows of irregular
rectangular cells measuring 164~394 in length and 9u—
18y in width. Perithallus thin, consisting of rectangu-
lar cells 94—30x high and 8u-13x wide in moderately
regular rows. Conceptacles not observed.

Remarks—The cell dimensions, appearance, and
growth habit agree very closely with specimens de-
scribed as L. abrardi by Lemoine (1934, p. 274) from the
Carpathian region of central Europe and from Algeria.
Because conceptacles are absent in the specimens
“studied, it seems advisable to class the material only
provisionally with Lemoine’s species.

Occurrence—Upper Eocene, conglomerate-sandstone
facies of Hagman formation, limestone-conglomerate
facies of Densinyama formation, and pink facies of
Matansa limestone. USGS paleobotanical localities
D142, D175, D151, D166, and D223.

Lithothamnium cf, L. aggregatum Lemoine
Plate 40, figures 2, 4
Lithothamnion aggregatum Lemoine, 1939, Mat. Carte géol. de
I’Algerie, ser. 1, Paléont., no. 9, p. 66, pl. 1, fig. 12, fig. 27,
p. 79.

Description.—Thallus encrusting, several super-
imposed thalli may form a crust. Hypothallus slightly
to moderately developed, consisting of curved rows of
round to rectangular cells 12u~26u by 7u—15u. Several
examples of secondary hypothalli forming scar tissue
were observed. Perithallus 330u-500u thick; tissue
regular with distinct horizontal and vertical partitions
between the cell rows; cells 84244 by 104~16x. Con-
ceptacles unknown.

Remarks—In growth habit and cell dimensions, this
species closely resembles L. aggregatum described by
Lemoine from the Oligocene of Algeria. In the absence
of conceptacles it is inadvisable to make a firm specific
assignment. The form described, however, is abundant
in the Saipan collections.

Occurrence.—Upper Eocene, pink and transitional
facies of Matansa limestone and limestone-conglomer-
ate facies of Densinyama formation. USGS paleo-
botanical localities D148, D162, and D173.

Lithothamnium cf, L. bourcarti Lemoine
Plate 49, figure 5

Lithothamnion bourcarti Lemoine, 1923, Soc. géol. France Bull.,
ser. 4, v. 23, p. 277-279, fig. 3.

Description.—Thallus forms a crust of well-developed

221

hypothallus and perithallus. Hypothallus about 0.1
mm thick, formed of curved rows of cells 11u~28x by
7u—10u. Perithallus tissue regular, cells 14y—18u by
8u—10u. No conceptacles observed.

Remarks.—Lemoine (1923) described L. bourcart:
from the Miocene of Albania as a basal crust from which
developed long branches. This fragment of a crust
from Saipan exactly fits Lemoine’s description of the
basal crust. However, without a knowledge of the
branches (if any) and conceptacles, it is not possible
to be sure that they belong to the same species.

Occurrence—Lower Miocene, tuffaceous and inequi-
granular facies of Tagpochau limestone. USGS paleo-
botanical localities D121, D122, and D202.

Lithothamnium cf. L. engelhartii Foslie
Plate 53, figure 8

Lithothamnion engelhartit Foslie, 1900, K. norske vidensk. selsk.
Skr., no. 5, p. 18.
Foslie and Printz, 1929, K. norske vidensk, selsk, Museet.
Mon., p. 40, pl. 7, figs. 12-18.

Description.—Thalli form thin crusts, which may
grow one upon another to form a thick mass. Hypo-
thallus prominent with strongly curved, almost coaxial
cell rows; cells 17u~23u by 5u—7u. Perithallus thin,
composed of cells 8u-12u by 9u-11u. Conceptacle
210x by 1334, which probably does not indicate total
diameter.

Remarks—The illustrated specimen is the only one
found in the Saipan collection, but this consists of
several superimposed thalli. The growth habit, poor
development of the perithallus, dimensions of hypo-
thallic cells, and small size of conceptacles agree with
Foslie’s description of L. engelhartii, but he does not
give dimensions of the perithallic cells.

Occurrence.—Pleistocene, massive facies of Mariana
limestone. USGS paleobotanical locality D133.

[ Lithothamnium cf, L. fumigatum Foslie
[Plate 47, figure 8

Lithothamnion fumigatum Foslie, 1901, K. norske vidensk. selsk.
Skr., no. 6, p. 7.
Foslie and Printz, 1929, K. norske vidensk. selsk. Museet.
Mon., p. 41, pl. 4, figs. 1-2.

Description.—Thallus a thin crust, with a moderately
developed hypothallus and relatively thick perithallus.
Hypothallus irregular, consisting of curved rows of
rounded cells 9u—11x by 6u—9u. Perithallus formed of
regular rows of small rectangular cells 64~10u by 6u—9pu.

.| Conceptacle 4274 by 1424.

Remarks—In growth habit and conceptacle size,
this form strongly suggests the modern L. fumigatum
Foslie, differing only in having slightly larger cells.
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Occurrence.—Lower Miocene, inequigranular facies
of Tagpochau limestone. USGS paleobotanical locality
D153.

Lithothamnium funafutiense Foslie
Plate 54, figure 3

Lithothamnion funafutiense Foslie, 1900, K. norske vidensk.
selsk. Skr., no. 1, p. 5.
Foslie and Printz, 1929, K. norske vidensk. selsk. Museet.
Mon.,, p. 41, pl. 12, figs. 3, 4.

Description.—Thallus an irregular crust. Hypo-
thallus absent. Perithallus a fairly regular dense
tissue with cells 6u—14p by 6u—9u. Conceptacles
flattened, 540u—600u in diameter and 220p—230u in
height. . :

Remarks.—Represented in the Saipan collection by
a few fragments of irregular crusts in which the hypo-
thallus is absent or badly abraded. In growth habit,
cell dimensions, and size of conceptacles, it closely fits
Foslie’s description.

Occurrence.—Pleistocene, Halimeda-rich facies of
Mariana limestone. USGS paleobotanical locality
D129.

Lithothamnium ladronicum Johnson, n. sp.

Plate 47, figure 9

Description—Thallus a thin crust. Hypothallus
about half of the crust, consisting of curved rows of
rounded cells 20u—23u by 7u—13u. Perithallus shows
distinct growth zones, cells 9u—13u by 7u—9u. Con-
ceptacles hemispherical, 403y in diameter and 125y in
height.

Remarks.—This species strongly suggests the modern
L. lemniscatum Foslie but has smaller hypothallic cells
and a slightly more strongly developed hypothallus.

Occurrence.—Lower Miocene, inequigranular facies
of Tagpochau limestone. USGS paleobotanical locality
Dos.

Holotype—USGS algae al2-1a.

Lithothamnium lichenoides (Ellis and Sollander) Foslie
Plate 54, figure 1

Lithophyllum lichenoides Ellis and Sollander. Philippi, 1837,
Archiv. fur Naturgeschichts herausgegeben von Dr.
Wiegmann, Band 3, p. 389.

Lithothamnium lickenoides (Ellis and Sollander). Heydrich,
1897, Deutsche Bot. Gesell. Ber., Band 15, p. 412.

Foslie, 1900, K. norske vidensk. selsk. Skr.,, no. 5, p. 12.

Lithothamnion lichenoides (Ellis and Sollander). Foslie and
Printz, 1929, K. norske vidensk. selsk. Museet. Mon., p.
43.

Description.—Thallus a thin crust of rather irregular
tissue. Both hypothallus and perithallus show unusual
range in cell dimensions. Hypothallus cells 40u—62u
long by 6u—14p wide. Perithallus cells 7u—23u by 7u—
12u. Conceptacles 390u—525u in diameter, which,
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however, probably does not represent the maximum
diameter.

Remarks.—Represented in the Saipan collection by
several poor specimens. The most remarkable thing
about the species is the great range in cell size. The
Saipan specimens fall within the range of variation
indicated in Foslie’s quite loose description.

Occurrence.—Pleistocene, massive facies .of Mariana. -
limestone. USGS paleobotanical locality D133

Lithothamnium cf. L. nanosporum Johnson and Ferris

Lithothamnion nanosporum Johnson and Ferris, 1949, Jour.
Paleontology, v. 23, no. 2, p. 194, pl. 37, fig. 2.

Description.—Thallus a thick crust, consisting of a
poorly developed hypothallus and a well-developed
perithallus. Hypothallus formed of a few curved
rows of rounded rectangular cells about the same size
as those of the perithallus. Perithallus composed of
regular rows of rectangular cells measuring 10u—20u.
Conceptacles numerous, small, 102204y in diameter,
and 62u—92x in height.

Remarks—In appearance and growth habit this
form is very similar to L. nanosporum from the Eocene
of Borneo. It differs slightly in cell dimensions, and in
having a poorly developed hypothallus.

Occurrence.—Upper Eocene, white facies of Matansa.
limestone. USGS paleobotanical localities D106 and
Dio7.

Lithothamnium saipanense Johnson, n. sp.
Plate 49, figure 3

Description.—Thallus a thin crust with a well-
developed hypothallus and a moderate perithallus.
Hypothallus consists of curved rows of cells 11u-35u
by 9u—15u. Perithallus contains regular rows of cells
8u—12u by 6u—11x. Conceptacle 492y by 114p.

Remarks.—This species suggests Lithothamniun sp.
C described from the upper Eocene of Saipan but dif-
fers in the nature of the hypothallus and somewhat in
cell dimension.

Occurrence.—Lower Miocene, inequigranular facies
of Tagpochau limestone. USGS paleobotanical lo-
cality D127,

Holotype.—USGS algae a482a.

Lithothamnium subtile Conti
Plate 47, figures 6, 7; plate 1, figure 8

Lithothamnion subtile Conti, 1943, Palaeontographia Italica,
Mem. Palaeont., v, 41 (new ser. v. 11), p. 49, pl. 6, fig. L.
Description.—Thallus a thin, regular crust. Some-
times several thalli are superimposed. Hypothallus
plumose, well developed, consists of strongly curved
rows of cells 17u—21u by 11u~14u. Perithallus rather
thin, irregular around conceptacles; cells 12u-14p by
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10p—-11u. Conceptacles relatively short and high,
214u—271p in diameter and 90u—117u in height.

Remarks—In growth habit, general appearance,
nature of hypothallus, perithallus, and conceptacles,
as well as dimensions of perithallic cells and concep-
tacles, the figured specimen from locality D122 (C4)
agrees with Conti’s description and drawings. The
hypothallic cells of the Saipan specimen are slightly
longer.

The specimen from D186 (B109) agrees with Conti’s
species in appearance of tissue, cell dimensions, and
size of conceptacles, but differs in growth form. The
Saipan species develops short stubby branches, while
the Mediterranean form was described as a thin crust.

Occurrence.—Lower Miocene, inequigranular facies
of Tagpochau limestone. USGS paleobotanical local-
ities D122 and D186.

Lithothamnium tagpotchaense Johnson, n. sp.
Plate 37, figure 7; plate 39, figure 7

Description.—Thallus thin, encrusting. Hypothal-
lus thin, but distinct, consisting of 5 or 6 rows of
rounded cells 14u~18u by 10u~12u. Perithallus irreg-
ular; vertical partitions of cell rows distinct; horizontal
partitions not well defined; cells 13u—20u by 6u—11p.
Conceptacles about 300u in diameter and 140x—150u
in height.

Remarks.—Resembles L. cymbicrusta Johnson, n.
sp., but differs in structure of hypothallus and cell
dimensions.

Occurrence—Upper Eocene, limestone-conglomerate
facies of Densinyama formation. USGS paleobotan-
ical locality D144.

Holotype.—USGS algae a75-1a.

Lithothamnium tanapagense Johnson, n. sp.

Plate 53, figures 6, 7; plate 54, figure 2

Description—Thallus a thin crust, ordinarily less
than 350u thick. Hypothallus absent or limited to a
row of cells. Perithallus consists of well-defined rows
of rectangular cells elongated horizontally, 14u—25u
long and 12u4~18u high. Conceptacles strongly arched,
295u—375u in diameter, 116u—142y in height.

Remarks.—In growth habit, cell dimensions, and size
of conceptacles, this species suggests L. fragilissimum
Foslie. It differs decidedly, however, in the develop-
ment of the hypothallus, L. fragilissimum having a
thick coaxial hypothallus.

Occurrence.— Pleistocene,
massive facies of Mariana limestone.
botanical localities D130 and D209.

Holotype.—USGS algae a54—1b.

Tanapag limestone and
USGS paleo-

223

Lithothamnium sp. B
Plate 40, figure 5

Description.—Thallus thin, encrusting. Hypothallus
poorly developed or absent, consisting at most of a few
curved rows of irregular cells that measure 8u—15u in
length and 2u-12u in width. Perithallus of rather
irregular layers of cells, 12u—20u long and 9u—15u wide.
Conceptacles 260y in diameter and 87y in height.

Remarks—In habit and appearance, this species
belongs in the same group as L. aggregatum Lemoine
from the Oligocene of Algeria and L. leptum Johnson
and Ferris from the Miocene of Fiji. It differs from
the latter in having smaller conceptacles and slightly
different cell dimensions. L. aggregatum has relatively
longer, narrower cells and larger conceptacles.

Occurrence.—Lower Miocene, marly facies of Tag-
pochau limestone. USGS paleobotanical locality D141.

Lithothamnium sp. D
Plate 48, figure 1

Description.—Crustose thallus consists of a well-
developed hypothallus and perithallus. Hypothallus
almost coaxial. Cells rectangular 22,~274 by 12u—164.
Perithallus rather irregular, cells 11u—20u by 12u—164.
Conceptacles have a diameter of at least 4504, height
240u.

Remarks.—This form was observed on only one slide
which may cut the crust obliquely. The well-developed
almost coaxial hypothallus combined with the irregular
perithallic tissue is distinctive; but without certain
conceptacle size, and with the cell measurements not
certain, it seems inadvisable to propose a formal
specific name.

Occurrence.—Lower Miocene, inequigranular facies
of Tagpochau limestone. USGS paleobotanical local-
ity D149.

Division 2—Free Crusts
Lithothamnium crispithallus Johnson, n. sp.

Plate 42, figures 6-8

Description.—Thallus slender, curved, branching,
sometimes hooked, apparently attached at first then
growing free. Hypothallus well-developed, 90u—-1254
thick, consisting of curved rows of cells 9u~15u by
8u—13u. Perithallus thin but irregular, thickening
around conceptacles. Cells rectangular 6u-16u by
6u—12u. Conceptacles large, wide, and flattened, 279u—
6854 in diameter, 125y—160u in height. Slides show
considerable range in diameter of conceptacle, probably
because many do not cut through center. Several
slides show conceptacles crowded with numerous long,
slender sporangia. :
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Remarks—In cell dimensions and size of concep-
tacles, this suggests L. aff. L. bonfilli Lemoine reported
from the Eocene of India by K. Sripada Rao. It
differs in growth habit, however. The cell dimensions
are close to L. borneoense Johnson and Ferris from the
Eocene of Borneo, but differ in conceptacle size and
growth habit. L. crispithallus is fairly common in the
Saipan collection.

Occurrence.—Upper Eocene, limestone-conglomerate
facies of Densinyama formation. USGS paleobotani-
cal localities D143, D145, D152, and D217,

Holotype—USGS algae a73-1a.

Lithothamnium sp. A
Plate 40, figures 8, 9

Description.—Thallus a thin foliate crust 100u—175u
thick which probably grew free or partly free of sub-
stratum. Free margins probably laminated. Hypo-
thallus well developed, forming one-third to one-half of
crust’s thickness. Consists of curved rows of irregular,
rounded to rectangular cells 13u—18u long by 7u-10p
wide. Perithallus formed of fairly regular rows of cells
with well-defined vertical partitions and poorly marked
horizontal ones; cells rectangular, 6u—12u by 8u—10pu.
Conceptacles unknown.

Remarks.—This species is one of the most abundantly
represented Eocene forms of the genus Lithothamnium
in the Saipan collections. In growth habit and cell di-
mensions, it differs appreciably from any previously
described, lower Tertiary Lithothamnium. However,
without a knowledge of the conceptacles, it seems
inadvisable to name it.

Occurrence—Upper Eocene, pink facies of Matansa
limestone, limestone-conglomerate facies of Densinyama
formation, and conglomerate-sandstone facies of Hag-
man formation. USGS paleobotanical localities 1148,
D169, and D175.

Division 83—Crusts With Warty Protuberances or Mammillae
Lithothamnium cf, L. aucklandicum Foslie
Plate 53, figure 9

Lithothamnion aucklandicum Foslie, 1907, Kinorske vidensk
Selgk. Skr., no. 6, p. 18.
Foslie and Printz, 1929, K. norske vidensk. selsk, Museet.
Mon,, p. 39, pl. 4, fig. 17.

Description.—A single specimen in the Saipan collec-
tions approximately fits Foslie’s rather brief description
of L. aucklandicum. Thallus either a thick crust or a
crust with warty protuberances. Hypothallus well
developed with strongly curved rows of cells, 18u—28u
by 9u—13u. Perithallus shows distinct, irregular growth
zones, cells 8u—10u by 6u—8u. Conceptacles small but
numerous, 205u—312x by 125u—145p.
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Occurrence.—Pleistocene, massive facies of Mariana
limestone. USGS paleobotanical locality D103.

Lithothamnium cf. L. crispatum Hauck
Plate 48, figure 4

Lithothamnium crispatum Hauck, 1878, Botanische Zeitschr., 28
Jahrg., p. 289, pl. 3, figs. 1-4.

Lithothamnion crispatum Hauck. Lignac-Grutterink, 1943,
Geol.-mijnb. genocotsch. - Nederland en Kolonien Verh.,
Geol. ser., jagu 113, p. 288, fig. 4.

Description.—Thallus a thick irregular crust, possibly
with short stubby branches. Hypothallus poorly de-
veloped, consisting of a few curved rows of irregular
cells 14u—-19p by 7u—9u. Perithallus thick with irregular
growth zones, cells 10u—13p by 8u—10u. Conceptacles
abundant, 174u—220u in diameter and 80p—100g in
height.

Remarks.—The cell dimensions and conceptacle size
fit the material described by Lignac—Grutterink from
the Miocene of the East Indies. However, there is
some question whether the Saipan specimen represents
a strongly branching form like those described from the
East Indies.

It also suggests, and the dimensions approximately
fit, L. peleense Lemoine from the Miocene of Martinique
which is a crustose torm. '

Occurrence.—Lower Miocene, inequigranular facies of
Tagpochau limestone. USGS paleobotanical locality
Di122.

Lithothamnium cymbicrusta Johnson, n. sp.
Plate 40, figures 1, 6, 7; plate 41, figure 8

Description.—Thallus a thin crust 200p—-300p thick.
Hypothallus well developed, consisting of rows of cells
apparently curving gradually from center to both top
and bottom of hypothallus. It thus suggests a coaxial
type, but with horizontal cell rows rather than vertical.
Hypothallus as thick or thicker than normal perithallus;
cells 12u-13u by Su—15p. Perithallus thin, of regular
rows of square to rectangular rows of cells 6u—16x by
8u~11x. Conceptacles singly or in cluster in little
knobs raised above general level of crust, measure
304u—~425u in diameter and 100u—~185u in height.

Remarks.—This species differs appreciably from any
Eocene species of Lithothamnium desctibed to date,
both in the structure of the hypothallus and in the
concentration of the conceptacles in raised knobs. It
somewhat suggests L. reveretoi described by Airoldi
from the Oligocene of the Canary Islands but differs
in several details.

Occurrence.—Upper Eocene, limestone-conglomerate
facies of Densinyama formation. USGS paleobotanical
localities D147, D151, D154, and D159.

Holotype.—USGS algae a97-1b.
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Lithothamnium cf. L. disarmonicum Conti

Plate 49, figure 6

Lithothamnion disarmonicum Conti, 1943, Palaeontographia
Italica, Mem. Palaeont., v. 41 (new ser. v. 11), p. 49, pl. 6,
fig. 1.

Description.—Fragment of a thick crust which may
or may not have borne branches. Hypothallus mod-
erately but irregularly developed, cells 11u~15u by
11u-13p. Perithallic tissue fairly regular, composed
of rows of rectangular cells 114—184 by 10u—12u. Con-
ceptacle 392u by 179u.

Remarks.—This form agrees with Conti’s description
of L. disarmonicum from the Miocene of Italy, except
that the Saipan species has a more regular perithallic
tissue.

Occurrence.—Lower Miocene, marly facies of Tag-
pochau limestone. USGS paleobotanical locality D128.

Lithothamnium cf. L. mirabile Conti

Plate 48, figure 3

Lithothamnion mirabile Conti, 1943, Palaeontographia Italica
Mem. Palaeont., v. 41 (new ser. v. 11), p. 43, pl. 5, fig. 2;
pl. 8, fig. 2.

Description.—A single fragment from Saipan fits
Conti’s description of L. mirabile for nature of tissue
and cell dimensions. Conti’s specimen did not show
conceptacles, however. Saipan specimen a fragment
of a thick crust or knob, with a basal hypothallus
having cells 25u—30x by 10u—17u. Perithallus consists
of irregular zones of layers of rectangular cells 124174
by 10u-15u. Conceptacle chambers 424u-490u in
diameter by 180u—192y in height.

Occurrence.—Lower Miocene, inequigranular facies
of Tagpochau limestone. USGS paleobotanical local-
ity D96.

Lithothamnium moreti Lemoine
Plate 38, figure 7

Lithothamnion moreti Lemoine, 1927, Mus. Natl. histoire nat.
Bull, v. 6, p. 547, fig. 2.

Description—Thallus a thin crust from which de-
velop warty growths or small branches. Hypothallus
thin, ordinarily consisting of only a few rows of irregular
cells 11u~15u by 7u—11u. Perithallus of rows of small
square cells 7u—9u by 7p—8u. The one conceptacle
observed measured 327y by 106.

Remarks.—In appearance, growth habit, and dimen-
sions of cells and conceptacle, this species exactly fits
the form described by Lemoine from the upper Eocene
of France, Italy, and Algeria.

Occurrence.—Upper Eocene, white facies of Matansa
limestone. USGS paleobotanical locality D124.
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Lithothamnium undulatum Capeder

Plate 48, figure 2

_ Lithothamnium undulatum Capeder, 1900, Malpighia, v. 14, p.

178, pl. 5, fig. 6.
Lemoine, 1926, Cong. Soc. Savantes Seci, 1925, Comptes
Rendus, p. 246-247, fig. 4.

Description.—Thallus a crust with nodes. Basal
hypothallus well developed, consisting of curved rows
of cells 114~17u by 6u—8u. Patches of hypothallic
tissue appear in perithallus, especially around con-
ceptacle scars. Perithallusirregular and contorted, with
considerable range of cell size in different patches of
tissue; cells 7u—17u by 7u-8u. Conceptacle spaces
present; but as only edges were cut by section, full size
not known.

Remarks—The single Saipan specimen assigned to L.
undulatum exactly fits the material ascribed to this
species by Lemoine (1926) from the Miocene of France,
Spain, and Ttaly.

Occurrence.-—Lower Miocene, inequigranular facies of
Tagpochau limestone. USGS paleobotanical locality
D135. Lithothamnium wallisium Johnson and Tafur

Plate 41, figure 5; plate 42, figures 3, 4

Lithothamnion wallisium Johnson and Tafur, 1952, Jour.

Paleontology, v. 26, p. 538, pl. 62, fig. 3.

Description.—A crust developing thick mammelons
or short branches. Hypothallus thin or absent.
Perithallus tissue consists of many lenticular growth
zones, cells 8u~19u by 7u—11x. Conceptacles abundant,
many showing sporangia. Conceptacles 1954-360u in
diameter and 113u~135u in height.

Remarks.—In appearance, cell dimensions, and size
of conceptacles, this Saipan species agrees with the form
described by Johnson and Tafur from the Eocene of
Peru, although in the Peruvian material some of the
conceptacles attain a greater diameter.

Occurrence.—Upper Eocene, white and pink facies of
Matansa limestone and limestone-conglomerate facies
of Densinyama formation. TUSGS paleobotanical
localities D125, D155, and D203.

Lithothamnium sp. C
Plate 42, figure 2

Description.—Crust with slight nodes or warts.
Hypothallus moderately developed, consisting of curved
rows of cells measuring 12u—15x by 8u—12u. Perithallus
of fairly regular rows of cells 10p-22u by 8u—164.
Conceptacle chamber 442y by 1754.

Remarks.—Represented by one fragment, the section
of which probably cuts the hypothallus obliquely.

Occurrence—Upper Eocene, white facies of Matansa
limestone. USGS paleobotanical locality D124.

~
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Division 4—Strongly Branching Forms

Lithothamnium cf, L. lecroixi Lemoine
Plate 48, figures 5, 6
Lithothamnion lecroizi Lemoine, 1917, Soc. géol. France Bull.,
ser. 4, v. 17, p. 269-271, figs. 17, 18 [1918].

Description.—Plant starts as a thin crust from which
develop short, thick branches. Basal hypothallus
moderately developed with cells 12u~20u by 7u-9u.
Perithallus and branches consist of gently arched zones
of cells 8u—13u by 8u~11x. Conceptacles wide and flat,
numerous, measuring 250u—650x in diameter and 60u—
90, in height; many show individual sporangia.

Remarks.—In growth habit and dimensions this form
closely agrees with the species described by Lemoine
(1917) from the Miocene of Martinique.

Occurrence.—Lower Miocene, inequigranular facies
of Tagpochau limestone. USGS paleobotanical local-
ity D122,

Lithothamnium cf. L. madagascariense Foslie
Plate 53, figure 5
Lithothamnion madagascariense Foslie, 1906, K. norske vidensk.
selsk. Aaraberetning for 1905
Foslie and Printz, 1929, K. norske vidensk. selsk. Skr., no. 2,
p. 43, pl. 14, fig. 15,

Description.—Strongly branched form with branches
consisting essentially of medullary hypothallus. Tissue
shows growth zones. Cells 9u—20u by 9u—-12u. Con-
ceptacles abundant, flattened, 213u~235u across with
maximum diameter probably greater. ‘

Remarks.—Foslie does not clearly distinguish between
his species L. madagascariense and L. erubescens, and
the latter includes many varieties. The species were
distinguished mainly by the growth form and the size,
shape, and position of the conceptacles on the growing
plant, while the cell dimensions were only casually con-
sidered. This creates difficulty in comparison with
thin sections of fossil material.

The Saipan material fits the description of either of
Foslie’s species, but because of the small size of the
conceptacles, it is provisionally referred to L. mada-
gascariense. '

Occurrence—Pleistocene, pink massive facies of
Mariana limestone. USGS paleobotanical locality
D131.

Lithothamnium marianae Johnson, n. sp.
Plate 41, figures 1-3

Description—Thallus develops long bifurcating
branches. Tissue shows strong saucer- or lens-shaped
growth zones. Hypothallus poorly developed, absent
on some specimens, composed of cells 13u—20u by 10p~
124. In branches, growth zones formed of slightly
curved rows of cells. Cells rectangular and show con-
siderable range in size, both from one end of a row to
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the middle, and from the lower layer to the upper layer

in a zone. Cell size 10u—24u by 7u—13u. Conceptacles
abundant. Size 2704—686u in diameter and 135u~190u
in height.

Remarks.—This is the only abundant Eocene branch-
ing Lithothamnium in the Saipan collections.

In growth habit and cell dimensions, this species
resembles L. ficheuri Lemoine from the Oligocene of
Algeria. It differs, however, in the shape and arrange-
ment of the cells, which are oval and of two sizes in
L. ficheuri and rectangular in L. mariane.

Occurrence—Upper Eocene, limestone-conglomerate
facies of Densinyama formation and both pink and
white facies of Matansa limestone. USGS paleobo-
tanical localities D142, D143, D161, D223, D225, and
D233.

Holotype.—USGS algae no. a73-2a.

Lithothamnium sp. E
Plate 41, figure 4

Description.—Slender, irregularly branching form.
Thallus consists entirely of hypothallus formed of
radially arranged rows of rectangular cells. Length of
individual cells differs, measuring 23u—53u in length by
9u—14u in width (average about 44u by 124). Con-
ceptacles unknown.

Remarks—Differs appreciably in appearance and
cell dimensions from any previously described lower
Tertiary species.

Occurrence.—Upper Eocene, conglomerate-sandstone
facies of Hagman formation. USGS paleobotanical
locality D175.

Genus MESOPHYLLUM Lemoine, 1928

Structurally this genus lies between Lithothamnium
and Lithophyllum. It has tissue similar to Lithophyllum,
but the large, many apertured conceptacles are like
those of Lithothamnium. In most species the tissue
shows strong growth zones.

The genus includes both encrusting and branching
species. Its known geologic range is from the Eocene
to the present.

Mesophyllum pacificum, Johnson, n. sp.
Plate 52, figure 7

Description.—Thallus of long, narrow branches with
pronounced growth zones, each zone consisting of
arched rows of cells, 10-12 rows to a zone. Cells rec-
tangular, sometimes rounded, 13u—22u by 8u—12p.
Conceptacles near center of growth zones, measuring
340u—490u in diameter and 200u—2804 in height.

Remarks—The growth form strongly suggests M.
commune Lemoine from the Miocene of the western
Mediterranean region, but the species differ slightly in
cell dimensions. In M. commune the conceptacles
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appear to have formed along the margins of the
branches, while in M. pacificum they were terminal.

Occurrence.—Lower Miocene, rubbly facies of Tag-
pochau limestone. USGS paleobotanical locality D138.

Holotype..—USGS algae a67-1a.

Mesophyllum savornini Lemoine
Plate 52, figure 8
Mesophyllum savornini Lemoine, 1939, Mat. Carte géol. de
I’Algerie, ser. 1, Paléont., no. 9, p. 83, figs. 43-46.

Description.—Thallus a crust from which rise short
stubby branches. Hypothallus poorly developed or
abraded on the Saipan specimens. Perithallic tissue
shows strong growth zones composed of regular arched
rows of cells. Cells show considerable range in size
both from the center to the margin of a growth zone
and from the lower to the upper layers of a zone,
13u—29: by 9u-124. Conceptacle chamber 642y in
diameter and 181y in height.

Remarks.——In appearance of tissue and dimension of
cells and conceptacles, this specimen agrees with Le-
moine’s type from the Miocene of Algeria.

Occurrence.—Lower Miocene, inequigranular facies
of Tagpochau limestone. USGS paleobotanical lo-
cality D99.

Mesophyllum cf. M. vaughanii (Howe) Lemoine

Plate 44, figure 12
Lithothamnium voughanii Howe, 1918, U. S. Natl. Mus. Bull

103, p. 6-8, pl. 7, figs. 1, 2; pl. 8.
Mesophyllum vaughanii (Howe). Lemoine, 1939, Mat. Carte
géol. de V’Algerie, ser. 1, Paléont., no. 9, p. 89, pl. 1, figs.

2,8, 11, 15.

Description—Thallus starts as crust and develops
branches that consist essentially of medullary tissue
showing strong growth zones. Each zone consists of
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5 or 6 rows of rectangular cells 21u—30u long by 9u-157
wide. Conceptacle chamber 5044 in diameter and 144pn
in height.

Remarks—Represented in the Saipan collection by
one fragment of a branch. In appearance, cell dimen-
sion, and conceptacle size, it closely fits the description
of Mesophyllum wvaughanii (Howe, 1918) from the
Eocene of the Panama Canal Zone.

Occurrence.—Upper Eocene, transitional facies of
Matansa limestone. USGS paleobotanical locality

Di23.
Tribe LITHOPHYLLEAE

Genus LITHOPHYLLUM Philippi, 1887

In this genus the tissue consists of both hypothallus
and perithallus. Characteristically the basal hypo-
thallus is coaxial; that is, formed of regularly curved or
arched rows of cells. In some instances, however, it
consists of a few irregular or curved rows of cells. The
perithallus is formed of regular rows of cells. Branch-
ing species have a well-developed coaxial medullary
hypothallus surrounded by a thinner marginal peri-
thallus. The sporangia are collected in conceptacles
which are pierced by a single large opening in the roof
for the escape of spores.

Lithophyllum is abundant in the Saipan collections,
where it is represented by 12 species.

For convenience in study the species are arranged in
four divisions, which, like those of Lithothamnium, are
based on the growth habit.

Division 1—Simple crusts.

Division 2—Crusts free (unattached) or nearly free.
Division 3—Crusts with warty protuberances of mammillae.
Division 4—Strongly branching forms.

The dimensions and distribution of the species oc-
curring on Saipan are given in the table below.

TaBLE 7.—Measurements (in microns) and distribution of Saipan species of Lithophyllum (from random sections)

Hypothallus cells | Perithallus cells Conceptacle USGS pal .
Species @ 2 ]e.tt)ggtmuoal Age
Length | Width | Length | Width Height Diameter
Division 1—Simple crusts (commonly thin—a ber may be superimposed)
L. megacrustum Johnson and Ferris...______.____| .. _|....__.___ 23-59 10-18 284-507 90-175 D100, D114, D133, D174 | Pleistocene.
ovatum (Capeder) Lemoine__________.__________ 12-38 7-15 6-21 6-11 210-330 120-130 D97, D145 D152, D159, D216 | Eocene.
ef. L. racemus (Lamarck) Foslie.. - 14-15 9-13 12-17 8-15 400-560 130-150 D101 | Pleistocene.
stefaninii Ajroldi..._____ ... ___ 9-21 9-15 7-16 8-11 140-200 85-95 Di1o, Dlll Pleistocene.
vendoi Foslie._ ... _.o....______ _ 5-7 6-9 6-9 69 150-165 75-81 D114 | Pleistocene.
) + TR 15-21 813 7-12 b T T D127, D164, D165, D170, D233 Eocene, Miocene.
Division 2—Crusts free or nearly free
L. prelichenoides Lemoine_._______ ... ___________ 14-34 7-21 9-16 7-16 189-283 87-118 D91, D127, D141, D211 { Miocene.
Division 3—Crusts with warty protuberances or illae
L.ezpansum Philippi_._______ || 7-14 9-17 350-420 250-270 D102, D109 | Pleistocene.
cf. L. roveretoi A u'oldl __________________________ 11-22 6-11 5-9 6-9 385472 120-156 D111 | Pleistocene.
Division 4—Strongly branching forms
L. glangeaudi Lemoine. ... { by p } 812 812 |eeemee L D150 | Miocene,
kotschyenum (Unger) Foslie.. ... oo ... 11-18 7-14 9-18 7-12 250~450 | ... D176, D213 | Recent.
molucccme Fostie e 42-78 8-16 14-21 6-11 240-260 90-110 D131, D260, D261, ?)226624 ]%)2&?9, Plﬁlstooetne,
3 ecent.
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Division 1-—Simple crusts
Lithophyllum megacrustum Johnson and Ferris

Plate 54, figure 8; plate 55, figure 1

Lithophyllum megacrustum Johnson and Ferris, 1950, B. P.
Bishop Mus. Bull. 201, p. 16, pl. 7, figs. D, E.

Description.—Thallus, a relatively thick crust, sev-
eral centimeters thick. Hypothallus poorly developed
or missing on figured specimens. Perithallus of regular
rows of long rectangular cells. Partitions separating
cell rows quite distinct, as are cell walls. Cells oblique
to the row walls in many specimens. In some areas
of the tissue, there is a suggestion of alternate rows of
cells of slightly different lengths. Cells range in size
from 23u—59u by 10u—18u.

Many conceptacle cavities scattered through the
tissue. Many small irregular cells around the concep-
tacles. Conceptacles 284u—507u in diameter and 90u—
1754 in height.

Remarks—The Saipan material agrees in general
appearance, growth habit, and peculiar tissue structure
with the type material from the Pleistocene of Lau,
Fiji. It differs in ordinarily having somewhat shorter
cells and slightly larger conceptacles.

Occurrence.—Pleistocene, massive and rubbly facies
of Mariana limestone. USGS paleobotanical localities
D100, D114, D133, and D174.

Lithophyllum ovatum (Capeder) Lemoine
Plate 45, figures 4, 8

Lithothamnium ovatum Capeder, 1900, Malpighias, v. 14, p. 177
pl. 6, figs. 5 a, b.
Lithophyllum ovatum (Capeder) Lemoine, 1926, Cong. Soc.
“Savantes Sci., 1925, Comptes Rendus, p. 245-246, fig. 3.
Airoldi, 1932, Palacontographia Italica, Mem. Palaeont., v.
33 (new ser. v. 3), p. 70, pl. 10 [1933].

Description. —Thallus encrusting; commonly several
are superimposed. Hypothallus 76u~216u thick, of
well-developed semicircular rows of cells. Perithallus
360u—580u thick with cells in well-developed rows
with strong horizontal partitions. Measurements from
random sections, for selected specimens follow (all
from USGS paleobotanical locality D97).

Hypothallus cells Perithallus cells
Conceptacles
. . ] (in u)

Height Width | Length | Width
(n ) (in ) (in ») (in w)

7-12 8-15 6-10 225-270 x 95-102

7-14 9-14 6-11 None

9-14 6-11 7-9 210 x 120

8-15 11-21 7-11 330 x 130

Bemarks.—In general appearance, growth habit,
cell dimensions, and size of conceptacles, this species
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agrees with Lemoine’s description (1926, p. 245) of the
type material from the Oligocene of Italy. The maxi-
mum length of the hypothallic cells in the Saipan
material, however, is somewhat less.

Occurrence.—Upper Eocene, limestone-conglomerate
facies of Densinyama formation and white facies of
Matansa limestone. USGS paleobotanical localities
D97, D145, D216, D152, and D159.

Lithophyllum cf. L. racemus (Lamarck) Foslie
Plate 55, figure 9

Millepora racemus Lamarck, 1818, Histoire naturelle des ani-
maux sans vertébrés: Paris, p. 203.
Lithophyllum racemus (Lamarck) Foslie, 1898, K. norske vidensk.
selsk. Skr., no. 3., p. 9.
Foslie and Printz, 1929, K. norske vidensk. selsk. Museet.
Mon., p. 37, pl. 63, figs. 14-21.

Description.—Thallus encrusting, ordinarily thin.
Thick crusts and nodular masses may be formed of
many superimposed thalli. Hypothallus absent or
poorly developed and of a type unusual in genus
Lithophyllum. It consists of a row or two of irregular
cells, 14u—15u by 9u-13p parallel to the underlying
surface. Each cell develops laterally a curved row
of cells which abruptly flattens into typical perithallic
tissue. Perithallus consists of tissue of square to
rectangular cells with fairly regular horizontal and
vertical partitions between cell rows. Cells 12u~174
by 8u—15u. Conceptacles distributed irregularly, 400y~
560u in diameter and 130u—150p in height.

Remarks—L.racemus is common in the Mediterranean
and has been reported from several localities in the Red
Sea and along the coast of Siam. It has also been
described from Pleistocene deposits of Calabria, Sicily,
and Somalia. Several thick, irregular crustose masses
in the Saipan collections agree with this modern Medi-
terranean species, except they have considerably
larger conceptacles (diameter 412p—560u instead of
1501~325u).

Occurrence.—Pleistocene, massive facies of Mariana
limestone. USGS paleobotanical locality D101.

Lithophyllum stefaninii Airoldi
Plate 54, figure 4

Lithophyllum stefaninii Airoldi, 1933, Palaeontographia Italica,
Mem. Palaeont., v. 32, supp. 1, p. 90, pl. 8, fig. 2.

Description.—Thallus encrusting. Thick crusts and
nodular masses formed of many superimposed thalli.
Hypothallus thin to moderately developed, with ovoid
to rectangular cells, 9u—12u by 9u—15u. Perithallus
moderately regular, cells 7u-16x by 8u—11u. Concep-
tacles, small, in part bean shaped, 1404—200u in diam-
eter and 85u—95u in height.
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Remarks.—The Saipan specimens have slightly small-
er perithallic cells than described by Airoldi (1933, p.
90-91) for the type from the Pleistocene of Somalia.

Occurrence.—Pleistocene, massive facies of Mariana
limestone. USGS paleobotanical localities D110 and
Di11.

Lithophyllum yendoi Foslie
Plate 54, figure 8

Lithophyllum yendoi Foslie. Weber van Bosse and Foslie, 1904,
Siboga-Expeditie Mon. 61, p. 61~-62, pl. 11, figs. 1-4.

Description—Thallus a thin crust on other algae or
objects. Hypothallus thin, consisting of curved rows
of cells 5u—71 by 6u—9u. Perithallus of fairly regular
rows of square cells 6u—9u by 6u—9u. Conceptacle
chambers 150p—165p in diameter and 75u—81y in height.

Remarks.—The Saipan specimen closely fits Foslie’s
description of this widespread modern Pacific species.
It is characterized by the growth habit and unusually
small cells and conceptacles.

Occurrence.—Pleistocene, massive facies of Mariana,
limestone. USGS paleobotanical locality D114.

Lithophyllum sp. A
Plate 43, figure 3, 5

* Description.—Thallus a thin crust consisting of a
well-developed hypothallus and perithallus. Hypo-
thallus coaxial, with cells 15421 by 8u-13u. Peri-
thallus of regular layers of cells 7u—12u by 7u—9u. No
conceptacles observed.

Remarks.—-Thin crusts of this type are quite abun-
dant in the Saipan Eocene limestones, and a few pieces
of what appear to be the same form were found in the
Miocene. Unfortunately no fertile specimens were
found. It does not seem advisable to name the species
without a knowledge of the conceptacles.

Occurrence—Upper Eocene, both white and pink
facies of Matansa limestone. Lower Miocene, inequi-
granular facies of Tagpochau limestone. USGS paleo-
botanical localities D127, D164, D165, D170, and D233.

Division 2—Crusts free or nearly free
Lithophyllum prelichenoides Lemoine
Plate 49, figures 1, 2

Lithophyllum relichenoides Lemoine, 1917, Soc. géol. France
Bull, ser. 4, v. 17, p. 262, figs. 8, 9 [1918].
Lemoine, 1939, Mat. Carte géol. de I’ Algerie, ser. 1, Paléont.,
no. 9, p. 99, figs. 65-66, p. 107.

Description.—Thallus a crust or leafy plate, possibly
free or partly unattached, consists mainly of a well-
developed strongly coaxial hypothallus up to 300u thick.
In younger specimens, only hypothallus is present. In
old specimens a thin perithallus develops on one or
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both sides of hypothallus. Hypothallic cells measure
14u~34u by 7u—21u. Perithallus consists of regular rows
of nearly square cells 9u—16x by 7u—16u. Seldom more
than 8 layers of cells present unless conceptacles have
developed, in which case perithallus thickens around
conceptacles. Conceptacles 189u—283u in diameter,
87u—118u in height. Cells of both hypothallus and
perithallus display considerable range in size as shown
by the measurements below.

Hypothallus cells Perithallus cells Conceptacles
USGS paleobotan-
feal focalities | pengeh | Width | Length | Width |Diameter| Height
(in p) (in p) (in ) (in ) (in u) (in w)

DOl ... 14-28 8-12 5-13 7-10 283 118
D127 .. 16-29 7-10 812 7-9 189 87
Di4l___ ... 21-31 11-21 9-16 9-16 Absent

D21 24-34 11-13 7-13 11-14 Absient

Remarks.—This is one of the most abundant forms of
Lithophyllum in the Miocene of Saipan. It belongs to
a very widely distributed species. It has been observed
in slides from the Miocene of Los Negros Island and the
writer described similar material from Borneo under the
name L. cf. prelichenoides. Lemoine has described the
same species from Algeria, Spain, Hungary, Albania,
and Martinique.

Occurrence—Lower Miocene, inequigranular, tuffa-
ceous, and marly facies of Tagpochau limestone. USGS
paleobotanical localities D91, D127, D141, and D211,

Division 3—Crusts with warty protuberances or mammillae
Lithophyllum expansum Philippi
Plate 54, figure 5

Lithophyllum expansum Philippi, 1837, Archiv. fiir Natur-
geschichte herausgegeben von Dr. Wiegmann, Band 3, no.
1, p. 389.

Rainer, 1923, Nuova Notarisia, v. 35, p. 34-35, figs. 6, 7.

Description.—Plant a thin crust with warty or mam-
millated surface. Hypothallus thin or absent, when
present consisting of one or at the most two layers of
irregular cells. Perithallus formed of fairly regular
rows of rectangular cells measuring 7u—14p by 9u—174.
Conceptacles 350u—420p in diameter and 250u—270u in
diameter with a single large aperture.

Remarks.—The growth habit, nature of tissue and
cell, and conceptacle dimensions of the specimens
studied support unqualified assignment to the Mediter-
ranean and Red Sea species L. expansum.

Occurrence.—Pleistocene, massive facies of Mariana
limestone. USGS paleobotanical localities D102 and
D109. Fragments were observed in specimens from
several other localities.
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Lithophyllum cf. L. roveretoi Airoldi
Plate 55, figure 8

Lithophyllum roveretoi Airoldi, 1933, Palacontographia Italica,
Mem. Palaeont., v. 33 (new ser. v. 3), p. 92-93, pl. 8, fig. 4,
text fig. 11.

Description.—Thallus a thick crust with protuber-
ances or possibly branches. Hypothallus well devel-
oped, almost coaxial, consisting of regularly curved rows
of cells 11u—22yu by 6u—11y, averaging 9u by 17u. Peri-
thallus thick, somewhat irregular, showing poorly
defined growth zones; cells square, 5u-9u by 6u—9u.
Conceptacles rather wide and gently arched, measuring
4724 by 140y, 436x by 156y, and 385u by 120k.

Remarks.—This form closely fits the description given
by M. Airoldi (1933, p. 92-93) for Lithophyllum roveretoi
from the Pleistocene of Somalia. However, Airoldi’s
type was a crust with strong branches. It is uncertain
whether this form developed such branches.

Occurrence.—Pleistocene, massive facies of Mariana
limestone. TUSGS paleobotanical locality D111.

Division 4—Strongly branching forms
Lithophyllum glangeaudi Lemoine
Plate 49, figure 7

Lithophyllum glangeaudi Lemoine, 1939, Mat. Carte géol. de
V’Algerie, ser. 1, Paléont., no. 9, p. 102-103, pl. 2, fig. 15,
text fig. 70.

Description—Thallus a thin crust from which rise
strong branches. Basal crust consists mainly of hypo-
thallus, moderately coaxial, of cells 15u—22u by 6u~9pu.
Above it is a thin perithallus consisting of 2 or 3 rows of
nearly square cells, about 8u-12u across. Branches
show strong growth zomes, consisting of 5-8 rows of
rectangular cells, 14u-18u by 8u-12u. Conceptacles
not observed.

Remarks.—In general appearance, growth habits, and
cell dimensions, the Saipan specimen fits the description
and illustrations of Lemoine’s material from the Miocene
of the Mediterranean Region.

Occurrence—Lower Miocene, inequigranular facies of
Tagpochau limestone. USGS paleobotanical locality
Di50.

Lithophyllum kotschyanum (Unger) Foslie
Plate 57, figure 1; plate 58, figure 1

Lithophyllum kotschyanum Foslie, 1909, K. norske vidensk.selsk.
Skr., no. 2, p. 34.
Foslie and Printz, 1929, K. norske vidensk. selsk. Museet.
Mon., p. 35, pl. 65, figs. 1-6.

Description.—Plant a compact bushy or hemispheri-
cal mass of branches up to 6 inches in diameter.
Branches thick, irregular, frequently bifurcating and
commonly fuse. Ends rounded to wedge shaped.
Plants grow firmly attached to some hard object.
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Section of a branch shows well-developed medullary
hypothallus and perithallus. Hypothallus wide, com-
posed of arched layers of rectangular cells that differ
in length even in same layer, from 11x-18y long and in
width from 7u—14u. Perithallus fairly regular, with
cells 9u—18u by 7u-12u. Vertical partitions between
cell rows distinct, but horizontal partitions thin and
often indistinct. Conceptacles 250u~450u in diameter
with flattened tops (average 325p).

Remarks.—This species develops a great variety of
growth forms. All show similar microstructure and
have the same size cells and conceptacles. However,
the range of growth forms is so great that specimens
from the opposite ends of the series could easily be
mistaken for entirely different species.

Foslie named and described five growth forms. Two
of them are recognized in the Saipan collections, L.
typiea and L. subtilis.

Occurrence—Recent, living in barrier-reef lagoon
west of Saipan. USGS paleobotanical localities D213
and D176.

Lithophyllum moluccense Foslie
Plate 54, figures 6, 7; plate 58, figures 2-5

Lithophyllum moluccense Foslie, 1901, K. norske vidensk. selsk.
Skr. no. 6, p. 24.
Weber van Bosse and Foslie, 1904, Siboga-Expeditie Mon.
61, p. 67, pl. 12.
Foslie and Printz, 1929, K. norske vidensk. selsk. Museet.
Mon., p. 36, pl. 50.

Description.—Thallus strongly branching, bushy, in
most specimens forming compact nearly hemispherical
masses commonly about 3% inches in diameter but may
attain a diameter of 6 or 7 inches. Plant normally
grows firmly attached to some hard object, particularly
coral or old reef rock. However, mature plants may
become detached. Branches bifurcate at wide angle
(75°-110°). Ends gently rounded or blunt. Surface
of young branches appears smooth and shining.

Three varieties or growth forms occur in the Saipan
collections: these have been named typica, pygmaea,
and flabelliformis by Foslie. Form typica develops
strong relatively long and thick branches which are
rather widely spaced (pl. 58, fig. 4). Form pygmaea has
short slender tightly packed branches (pl. 58, fig. 2).
In typical specimens these forms are quite distinct, but
in a large collection intermediate specimens are found.
In the Saipan collections, the form pygmaea is the most
abundant, and flabelliformis, the rarest.

A longitudinal section of a branch shows it to contain
a well-developed medullary hypothallus and a marginal
perithallus. The hypothallus forms 50-65 percent of
the diameter of the branch, being from 5004 to 1,600u
thick. It consists of alternating layers of rectangular
long and short cells; the short ones 1428y by 4u—14y,
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the long ones 36p—~58u long and 9u~16x wide. These
lengths are measured at the center of the row—the
cells become smaller at the edges. The marginal
perithallus is from 400u to 850u thick. In the outer
layers it has smaller nearly square cells. They measure
10p—20p in length and 6u—12u in width (average 18u
by 10x). Conceptacle chambers 190u—3154 in diameter
(average 250u—275u).

Remarks.—This is the most abundant Recent species
collected on Saipan. Fossils occur in the Pleistocene
Mariana limestone.

Occurrence.—Recent, living reefs along the west,
northwest, and south coasts of Saipan, near the outer
edge of the reef platform. USGS paleobotanical
localities D260, D261, D262, D263, D264, and D269.
Pleistocene, pink massive facies of Mariana limestone;
USGS paleobotanical locality D131.

Genus GONIOLITHON Foslie, 1900

Goniolithon differs from Lsthophyllum only in the
possession of megacells that occur singly or in short
vertical columns one megacell wide in the perithallic
tissue. Several widely distributed living species are
found in the tropical Pacific, including both encrusting
and branching forms. Fossil species have been de-
scribed from beds as old as Pliocene, and fragments
showing typical generic features have been reported
but not described from strata as old as Miocene.

Goniolithon frutescens Foslie
Plate 59, figure 4; plate 60, figure 3

Goniolithon (Cladolithon) frutescens Foslie, 1900, K. norske
vidensk. selsk. Skr., no. 1, p. 9-10.
Goniolithon frutescens TFoslie. TFoslie, 1900, The fauna and
geography of the Maldive and Laccadive Archipelagoes,
p. 468, pl. 35, figs. 5-6.
Weber van Bosse and Foslie, 1904, Siboge-Expeditie Mon.
61, p. 53, pl. 10, figs. 10-11.

Description—Forms bushy hemispherical tufts or
loose rounded masses. Branches long and delicate,
commonly irregular and slightly twisted, fused at base,
separated for most of their length. Plant starts at-
tached to some solid object, such as coral, another
crustose alga, or a pebble. Later some become de-
tached and grow freely on bottom. Surface dull, nearly
smooth or somewhat irregular. Specimens {fragile,
branches separating and breaking easily. All Saipan
specimens belong to Foslie’s form typica which has long
loosely packed branches.

Branches have distinct medullary hypothallus and
marginal perithallus. In longitudinal section medul-
lary hypothallus forms 50-70 percent of diameter of
branch and is composed of flat to slightly curved layers
of rectangular cells. These cell layers fairly uniform
in size and regular in arrangement. Cells measure
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20p—34y in length and 12p—23u in width in section,
with fairly thick walls. Perithallus 300u—500u thick,
rather irregular and consists of irregular layers of cells
12u—23u long and 9u—14x wide. Large megacells irreg-
ularly distributed throughout perithallic tissue, com-
monly have rounded corners, may be barrel shaped,
occur singly or end to end in clusters of 2, 3, or rarely
4 (doubtlessly dependent on location of section) per-
pendicular to cell layers. The few conceptacles ob-
served have a diameter of 350u—450u.

Remarks.—An interesting feature of this species is
the occurrence in many specimens of patches of second-
ary hypothallus developed as scar tissue over con-
ceptacles and injured areas. Such developments can
occur in all crustose coralline algae, but they seem to
develop more abundantly in the genus Goniolithon,
especially this species, than any other group studied by
the author.

Occurrence—Recent, lives abundantly in the very
shallow water along the northwest coast of Saipan,
especially where the barrier-fringing reef narrows down
to meet the shore, and well back on the reef flat west
of Obyan Point on the southwest coast. USGS
paleobotanical localities D267 and D268.

Goniolithon reinboldi Weber van Bosse and Foslie
Plate 59, figure 5

Goniolithon reinboldi Weber van Bosse and Foslie. Foslie, 1901,

K. norske vidensk. selsk. Skr., no. 6, p. 5.
Weber van Bosse and Foslie, 1904, Sibega-Expedite Mon.
61, p. 49, fig. 21; pl. 10.

Description.—Plant starts as thin crust on hard ob-
ject, commonly coral, then develops wide warty
excrescences which may.be widely or closely spaced
and may form rounded nodular masses. Hypothallus.
thin, from 1 to 6 rows of elongated cells. Most of
tissue is perithallus, of unusual and distinctive struc--
ture. Thin irregular perithallic layers of irregularly
arranged rounded cells 15u—20u across have lengths.
ranging from 15u-33px. Rare megacells scattered irreg--
ularly through perithallus measure around 30p—40p in
length and 27,29 in diameter. Conceptacles very-
abundant internally, numerous on surfaces of most
specimens, small, round in plan, and in vertical section
rounded and very high relative to diameter. Con--
ceptacle chambers commonly measure 240u~400p in
diameter and 150u—225u in height. Thin streaks of
secondary hypothallic scar tissue may occur over con--
ceptacles, resulting from bits of foreign matter or
wounds in tissue.

Remarks.—This species is easily recognized in section
by its characteristic perithallic structure. It is widely-
distributed in the Indian Ocean and the tropical Pacific..
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Occurrence—Recent, living along fringing-reef edge

at Fafiunchuluyan beach and east Obyan. USGS
paleobotanical locality D273.
Goniolithon sp. A
Plate 56, figure 2
Description—Hypothallus well developed, coaxial,
about 2104 thick, cells 40u—48x by 11u—154. Second-

ary hypothallic scar tissue occurs within perithallus in
several places. Perithallic tissue regular except for
presence of numerous megacells which occur in vertical
rows. Perithallic cells 12u—21x by 12u-18u. Mega-
cells 27u—34u by 12u-18u. Conceptacle 934u by 3114.

Occurrence—The single unassigned but distinctive
fragment described above is from the Pleistocene,
massive facies of Mariana limestone. USGS paleo-
botanical locality D115.

Goniolithon sp. B
Plate 56, figure 1

Description.—Thinly encrusting, or, less commonly,
with several superimposed thalli forming thick irregu-
lar crust. Hypothallus moderately developed, indis-
tinctly coaxial; cells 27u—28x by 11u—16u. Perithallus
contains numerous megacells, ordinarily in vertical
groups of three. Perithallic cells 10u~19u by 10p—134.
Megacells 154—21u by 10u—19x. Conceptacles un-
known.

Remarks—In general appearance and growth habit,
this unassigned species conforms to Foslie’s description
of G. myriocystum (in Weber van Bosse and Foslie, 1904,
p. 45-46). The megacells are much larger and less
abundant in Foslie’s species, however.

Occurrence—Fragments from the one locality in the
Saipan collection are Pleistocene, massive facies of
Mariana limestone. USGS paleobotanical locality
D1o0o.

Genus POROLITHON Foslie, 1909

Porolithon differs from Lithophyllum primarily in the
possession of lenticular groups of megacells. These are
one megacell high and parallel the subhorizontal or
concentric normal cell rows. The horizontal grouping
of the megacells distinguishes Porolithon from Gonio-
lithon, in which they occur singly or in short vertical
columns. Another feature distinctive of Porolithon is
the common presence of lateral pores between adjoining
cells.

The genus contains both encrusting and branching
species. It is abundantly represented today in the
tropical Pacific by a relatively small number of widely
distributed species. Fossils are known only from the
Pleistocene.
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Porolithon craspedium (Foslie) Foslie
Plate 56, figures 4, 5; plate 59, figures 1-3

Lithophyllum craspedium Foslie, 1900, K. norske vidensk. selsk.
Skr., no. 5, p. 26, 27.

Lithophyllum (Porolithon) craspedium Foslie. Foslie, 1909, K.
norske vidensk. selsk. Skr., no. 2, p. 43, 44.

Lithophyllum craspedium Foslie. Foslie and Printz, 1929, K.
norske vidensk. selsk. Museet. Mon., p. 33, pl. 69, figs.
1-7.

Porolithon craspedium (Foslie) Foslie. Taylor, 1950, Mich.
Univ. Studies, Sci. Ser., v. 18, p. 126-128, pls. 64, 65.

Description.—Thallus cushion shaped to subconical,
massive, solid throughout. Living plants may have a
grayish tinge. Surfaces are smooth to slightly rough,
semilustrous. Branches thick, poorly developed, form-
ing rounded knobs or slight ridges. Conceptacles small,
submersed, hardly showing on the surface.

Tissue but slightly differentiated into perithallus and
medullary hypothallus. Basal hypothallus absent or
only slightly developed. Tissue of rectangular peri-
thallic cells 11u~15u long and 7u—12x wide. Cells in
distinct horizontal layers and less distinet vertical rows.
Digklike lenses of megacells in section 6-12 in a row,
presumably depending on orientation of megacell lenses
with reference to section. Individual megacells 16u—
36u in height and 7p-17u in diameter. Conceptacles
abundant, small with flattened tops, 200u—270u in
diameter.

Remarks.—The Saipan specimens of P. craspedium
resemble the type material except in having slightly
larger conceptacles. In growth form they are close to
Foslie’s form subtilzs, in which the branches are reduced
to slight knobs.

Occurrence—Recent, the few living specimens col-
lected at Saipan are from the fringing reef at Obyan
Point on the south coast; USGS paleobotanical locality
D274. Pleistocene specimens are from the massive
facies of the Mariana limestone and from the Tanapag
limestone; USGS paleobotanical localities D104, D117,
D191, and D230.

Porolithon onkodes (Heydrich) Foslie

Plate 55, figures 6, 7; plate 59, figure 6

Lithothomnion onkodes Heydrich, 1897, Deutsche Bot. Gesell.
Ber., Band 15, p. 6, fig. 11.
Heydrich, 1897, Bibliotheca Botanica, v. 41, p. 410.
Weber van Bosse and Foslie, 1904, Siboga-Expeditie Mon.
61, p. 57, pl. 11.
Foslie and Printz, 1929, K. norske vidensk. selsk. Museet.
Mon, p. 67, figs. 1-8.
Porolithon onkodes (Heydrich) Foslie. Taylor, 1950, Mich.
Univ. Studies, Sei. Ser., v. 18, p. 125, pls. 9, 61-63.

Description.—Occurs as thin incrustations 250u—4.5
mm thick, or repeated superimposed thalli may form
very thick crusts. Surface smooth to rough with a dull
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or semidull luster. Thin crusts conforin to irregularities
of subsurfaces; thick ones flat or gently rounded.

Living representatives studied have thin hypothallus
that consists of 1-10 curved layers of horizontally
elongated cells 114—28u long and 6u—11u wide. Second-
ary hypothallic scar tissue of similar nature, but slightly
thicker, observed. Perithallus forms bulk of crust, con-
sists of well-defined vertical rows of cells, 9u-13u by
6u—9u. Megacells occur in lenticular clusters that
appear 4-12 cells in a row in thin section. Megacells
25u—36u long and 7u—10x thick. Conceptacles abun-
dant, 2004—-300x in diameter and with flattened tops.

Fossil fragments here referred to this species have
poorly developed hypothallus consisting of cells 11u—
21y by 8u—11u. Perithallus forms most of tissue in
these specimens, composed of somewhat irregular
rows of cells 7u-12u4 by 8u—11u. Throughout tissue,
many groups of megacells 6-9 in a cluster, measuring
17u—27p by 12u-18u. Conceptacle chambers usually
small, 96p—100x in diameter and 32u—42u in height,
although in one specimen a conceptacle 180u—81y was
measured.

Remarks.—The Recent Saipan specimens agree with
Foslie’s descriptions of the species in all features.
However, they show slightly larger conceptacles than
those described by Taylor from Bikini and adjoining
atolls of the Marshall Islands.

The species occurs in moderate abundance along and
near the outer edge of the Saipan reefs. It is probably
the most widely distributed living encrusting Porolithon
of the Pacific.

Occurrence—Recent, outer edge of reefs; USGS
paleobotanical locality D272. Pleistocene, Halimeda-
rich facies of Mariana limestone; USGS paleobotanical
localities D129 and D231.

Genus PARAPOROLITHON Johnson, n. gen.

The new genus Paraporolithon resembles Lithophyl-
lum, as do Gonzolithon and Porolithon, except for its
possession of megacells in the perithallic tissue. Its
emgacells, however, occur not only in short horizontal
lenticular clusters, such as characterize the genus
Porolithon, but also singly or in vertical groups as in
Goniolithon.

Genotype (and only presently known species).—Para-
porolithon saipanense Johnson, n. sp., lower Miocene,
Tagpochau limestone.

Paraporolithon saipanense Johnson, n. sp.
Plate 52, figures 4, 5

Description.—Thallus a crust 200u—480u thick. Hy-
pothallus poorly coaxial 150u—300u thick, composed of
rectangular cells 124254 long and 8u-12u wide.
Perithallus of well-defined layers of cells 12u—15u long
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and 8u—13u wide. Partitions between cell layers pro-
nounced. Large megacells 48u—60u high and 13u-17u
wide. Sections through horizontal clusters show 4-8
cells in a row, commonly 5. Smaller megacells 14u-30yu
bigh and 14p—22x wide, usually occur singly but in
parts of the section, 2 or 3 occur one above the other.
Remarks—This species and genus is described on
the basis of a single specimen found on a single slide
in the Saipan collection and brought to the author’s
attention by Preston Cloud. No other specimens
were found in the Saipan material, but the author has
since then seen specimens that show the same generic
features from rocks of the same age on Guam. The
genus is probably commoner than would appear from
this record and should be kept watch for as a possible
indicator of lower Miocene (Tertiary e).
Occurrence—Lower Miocene, inequigranular facies
of Tagpochau limestone. TUSGS paleobotanical locality
D443. '
Holotype.—USGS algae a66-1a.

Genus LITHOPORELLA Foslie, 1909

The genus Lithoporella is characterized by baving
thalli which form very thin crusts (ordinarily less than
1004 thick) attached to other calcareous algae, corals,
Foraminifera, bryozoa, or other organisins. Many
superimposed thalli may form thick crusts or nodular
masses. Similar masses have been observed to consist
of alternating Lithoporella thalli and incrusting Foram-
inifera, or rarely bryozoa. The conceptacles are similar
to those of Lithophyllum.

Each thallus of Lithoporella is formed by a single layer
of long cells, except around the conceptacles where
they thicken and several layers of smaller cells may be
present. Because most of the fossil specimens ob-
served in thin sections are infertile, the only feature
ordinarily available for paleontological classification is
the size of the cells. Classification is further hampered
by the great differences in cell lengths even in the
same specimen and by the range in size of conceptacles,
where present. These ranges are given in the résumé
of the characteristics of the principal modern species
listed below.

L. melobesioides Foslie: cells 25u~85u by 15u—30u.
Conceptacles 600x~1,0004.

L. atlantica Foslie: cells 32u—60u by 18u—40u. Con-
ceptacles 500u—-800u.
L. conjuncta Foslie: cells 36u—55u by 14u-30u. Con-

ceptacles 400u—800u.

These species show such great and overlapping varia-
tion that they could easily be considered as representing
one variable species. '

The same is true of the observed fossils, and because
most of them fall within the range of Lithoporella
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melobesioides Foslie, they are here attributed to that

species, which thus attains a range from Eocene to

Recent. The Miocene material falls within the limits

of L. melobesioides except that the few conceptacles

observed are smaller. The Pleistocene specimens show
the greatest range in cell size and proportions. Some
are almost square, while others are very long and
narrow, yet they form a continuously overlapping
series. (See tables following).

Lithoporella melobesioides (Foslie) Foslie
Plate 37, figure 5; plate 43, figures 1, 2; plate 49, figure 4; plate
56, figure 6

Mastophora (Lithoporella) melobesioides Foslie. Weber van
Bosse and Foslie, 1904, Siboga—~Expeditic Mon. 61, p.
73-77, figs. 30-32.

Melobesia (Lithoporella) melobesioides Foslie. Lemoine, 1939,
Mat. Carte géol. de Y'Algerie, ser. 1, Paléont., no. 9, p.
108-110, figs. 78, 79.

Lithoporella melobesioides (Foslie) Foslie. Lignac-Grutterink,
1943, Geol.-mijnb. genootsch. Nederland en Kolonien
Verh., Geol. ser., jagu 113, p. 292-293, pl. 2, fig. 8.

Lithoporella (Melobesia) melobesioides (Foslie) Foslie. Johnson
and Ferris, 1949, Jour. Paleontology, v. 23, no. 2, p.
196-197, pl, 37, figs. 4-5; pl. 39, fig. 2.

Lithoporella melobesioides (Foslie) Foslie. Johnson and Ferris,
1950, B. P. Bishop Mus. Bull. 201, p. 18, pl. 8, fig. A.

Description.~—~Thallus consisting of single layer of
large rectangular cells that encrust algae and other
objects. Several superimposed thalli may form a crust.

Cells rectangular with rounded corners, much higher

than wide. Cell walls are usually thick. Cell dimen-

sions differ greatly even in same specimen as shown

below.
Measurements of Eocene specimens
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Measurements of Pleistocene specimens

Cell dimensions
USGS paleobotanical localities Conggpt?cles
Height | Width &

(in u) (in p)
21-27 16-22 720 x 312
7-12 243 x 85
2745 9-18 210-540 x 120-320
25-33 15-32 204 x 118
37-63 19-32 Absent
23-30 9-12 234x 85
26-45 10-18 100 x 32
44-60 15-34 445 x 110
27-78 17 110-152 x 32-55
20-68 7-17 Absent

Occurrence—Specimens assigned to this species are
extremely abundant in the Saipan collections from
Eocene to Recent and at many localities. The speci-
mens observed ranged from tiny fragments to large
thick crusts. They occur in all the limestones.

Genus MELOBESIA Lamouroux, 1812

Thallus forms a very thin crust, one to several layers
of cells thick. Cells cubic or slightly wider than high.
Conceptacles having several to many pores in the roof.

Known from Eocene to Recent, but represented by
only a single Eocene species in the Saipan collection.

Melobesia? cuboides Johnson, n. sp.
Plate 43, figures 6, 7

Description.—Thallus very thin crust formed of
single layer of cells; cells square or slightly elongated
horizontally thin section. Thalli appear to be attached
at point of first growth, but later parts may be free.

Commonly several thalli superimposed to form thin
Gell dimensions Concoptadd crusts or nodular masses. Cells 13u—26u by 10u—234.
. ero onceptacles .
USGS paleobotanical localities Height | Width (in ) Conceptacles unknown. The table below gives cell
(mww | @ow dimensions of five specimens.
g R Abeent
gg__g; ﬁ;ig s Ab:ggt Cell dimensjons
2-535 x 88-99 . . —
56-76 13-24 Absent USGS paleobotanical locality o | widtn
32-55 12-24 Absent L(engin ) (in w
4358 | 1528 ‘Absent - W e
8060 | 11351 300-560X 05-107 -
4085 | 1022 270-08 i
48-52 14-27 Absent 17-26 10-21
1320 | . 10-2
Measurements of Miocene specimens 16211 . 1220
Cell dimensions . . . . ’ .
. i Conceptacles Remarks.—This species is characterized by its rela-
USGS paleobotanical Jocalities . j ) . . A
‘ Helght | Width " tively small nearly square cells which contrast with the
» » N :
larger rectangular cells with rounded corners that
86| 1528| 42-58x145185 | characterize the similar but much commoner Litho-
20-66 | 17-29 2%0x134 | porella melobesioides. Based on the nature of the cells
39-63 18-26 485-515 x 155-187 . . . .
pra:d B Le S BN 3 alone, the species described is considered to be a
s6l) 1431 Abeent Melobesia. However, this is uncertain in the absence
&) Absent | of knowledge of the conceptacles.
50-69 | 1922 | 579623 x 245-275 — i - merat
SR BB x oo Occurrence—Upper Eocene, limestone-conglomerate

facies of Densinyama formation -and pink facies of
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Matansa limestone. USGS paleobotanical localities
D146, D147, D152, and D173.
Holotype—USNM 624732 (Foraminifera slide).

Genus DERMATOLITHON Foslie, 1899

Plants belonging to this genus develop thin crusts
that are circular or irregular in outline. They grow
on other algae, coral, shell, and other hard objects.
Thalli may grow one on another. Hypothallus of 1
or 2 rows of cells that are vertically and obliquely
.elongated. Perithallus of a few layers of nearly cubic
cells. Conceptacles slightly to strongly convex, with
a single aperture in the roof.

Representatives of this genus are known from Eocene
to Recent. Modern representatives are widely dis-
tributed in the Pacific area.

Dermatolithon nitida Johnson, n. sp.
Plate 57, figures 2, 3

Description.—Thallus thin, encrusting. Hypothallus
of a single layer of vertically elongated cells 40u—75u
long and 13u—25x wide. Perithallus 2 or 3 layers
thick, of nearly cubic cells measuring 12p—22u by
19u—35u. Conceptacles small, strongly arched, 2154~
350u in diameter. Table below gives measurements
of six specimens.

Measurements, in microns, of sixz specimens of Dermatolithon
nitida Johnson, n. sp.

Hypothallic cells Perithallic cells Conceptacles
USGS paleobotan-
ical locality
Length | Width | Length [ Width |Diameter| Height
(in #) (in p) (in p) (in g) (in p) (in p)

Remarks.—This delicate species is believed to be the
first representative of the genus to be described from
rocks of Eocene age.

Occurrence.—Upper Eocene, impure limestone-con-
glomerate facies of Densinyama formation and white

facies of Matansa limestone. Lower Miocene, inequi-
granular facies of Tagpochau limestone. USGS paleo-
botanical localities D124, D147, D151, D154, D170,
and D216.

Holotype.—USGS algae a92—2a.

Dermatolithon saipanense Johnson, n. sp.
Plate 57, figures 4, 6

Description.—Thallus a thin crust. Hypothallus of
one or rarely two layers of elongated cells 35u—75u high
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and 17u-35x wide (average about 60u by 20ux). Peri-
thallus of square or vertically elongated cells averaging
about 25u in diameter and up to 354 in length. Con-
ceptacles chambers 5004-600y in diameter, with
strongly arched roof. Measurements of 10 specimens
are given below.

Measurements of 10 specimens of Dermatolithon saipanense
Johnson, n. sp.

Hypothallic cells |  Perithallic cells
USGS paleobotanical Conceptacles
-localities (in p)
Length | Width | Length | Width
(in p) (in ) (in p) (in p)
................... 13-22 20~24 Absent
59-71 21-37 16-22 23-30 Absent
35-61 17-24 16-21 21-26 Absent
.................... 12-17 20-30 Absent
4049 17-23 16-24 19-27 Absent
.................... 17-24 24~29 Absent
.................... 21-22 23-35 |coe.
65| 1923 1923 2393 B2XIE
{ 14-27 20-25 fooceeieiooo
"""""""""" 14-22 2228 |ocecceiaien

Remarks.—The dimensions given in the table can be
considered only approximate, as the sections cut irreg-
ular crusts at fortuitous angles. However, they give
an idea of magnitude. No comparable Recent species
are known. A

Occurrence.—~—Lower Miocene, inequigranular and
rubbly facies of Tagpochau limestone. USGS paleo-
botanical localities D105, D108, D127, D201, D204,
D210, and D211. _

Holotype.—USGS algae a22-1a.

Dermatolithon sp.

Several specimens of Dermatolithon were observed in
limestones of Pleistocene age. As all were in oblique
sections, cell measurements could not be made, and
specific determination was not possible.

Occurrence.—Pleistocene, Halimeda-rich facies of
Mariana limestone. USGS paleobotanical localities
D206 and D207.

Subfamily CORALLINOIDEAE (articulate corallines)

Fragments of articulate coralline algae are abundant
in many of the Cenozoic limestones on Saipan, at places
contributing importantly to the total bulk of the rock.
Difficulty in their study arises mainly from the fact
that the classification of modern forms is based largely
on the position and nature of the conceptacles, which
are rarely found in the fossils. The growth habit and
method of branching is also emphasized in classification,
but most of the fossil specimens consist of single
segments (articuli), and an individual modern plant
may contain segments having a variety of shapes and
sizes. : ,

The factors utilized in the provisional key to genera
given below have facilitated the classification of the
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specimens into genera, but subdivision into species is
even more difficult and uncertain. Comparison with
described species of fossils is especially difficult. Some
of the fossil “species” have been based on hopelessly
inadequate material and are quite unrecognizable.

KEY TO ARTICULATE CORRALINE ALGAE

By Presron E. Croup, Jr.

[This key was originally prepared on June 21, 1952,
as an aid to work then in progress. Being found useful
it is published here with the permission of its compiler,
who calls attention to the fact that it is based largely
on papers by A. V. Manza (1937, 1940).]

The key is based mainly on features of segments
(articuli) as seen in approximately axial thin-sections
and thus regularly available to paleontologists. Non-
essential but possibly helpful information in the key
is separated by parentheses. Misinterpretation of
thin-sections that are oriented at random must be
guarded against. Among material so far studied,
specimens that show nodes, conceptacles, and branching
patterns are increasingly rare in the order given.
Conceptacles should, however, be found commonly
where rooted in the latral hypothallus (Cheilosporum),
occasionally where terminal and rarely where lateral
and restricted to the perithallus. Attachment scars
of conceptacles that are lateral and wholly external are
not likely to be recognizable in thin-section but should
be looked for in free specimens that may be found in
marly, argillaceous, or tuffaceous deposits.

Provisional key to the genera of articulate coralline algae

I. Segments (articuli) consisting of a single tier of long cells—

Lithothriz.

I1I. Segments consisting of several or many tiers of cells.

A. Cells of individual tiers flexuous and interlacing. (Con-
ceptacles invariable lateral, immersed in tissue, forming
warts on surface. Nodes consisting of a single row of
cells.)—Calliarthron.!

B. Cell walls straight and cells regular in form.

1. Boundaries between cell tiers irregular. (Cells commonly
subrectangular to subrhombic and appearing to fan
toward margins, but in some species much elongated
and not conspicuously fanned. Cell tiers generally of
subequal height, but in some instances with both high
and low tiers, which appear as long and short cell rows
in thin section. Segments mostly narrowly cylindrical
and delicate in appearance. Conceptacles invariably
terminal and uncommon in fossils. Branching strictly
dichotomous.)—Jania.!

2. Boundaries between cell tiers mostly regular or nearly so.
(Cells for the most part narrowly elongated, giving the
impression of extending from one tier to another as
essentially straight and parallel filaments.)

a. Cells in high (long) and low (short) tiers wvariously
alternating. (One to five tiers of high cells separated
by one of low cells is characteristic. Perithallus is
prominent. Conceptacles are invariably lateral and
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thus rare in fossils. Segments cylindrical or com-

pressed. Nodes commonly short and inconspicu-

ous.)—Amphiroa.! ?
b. Cells in tiers of approximately uniform height.

(1). Cell tiers flattened in central part, curving down
abruptly at the margins, (Perithallus commonly
conspicuous. Conceptacles invariably terminal
and uncommon in fossils, Branching regularly
pinnate.)—Arthrocardia.l

(2). Cell tiers evenly arcuate.

(a). Conceptacles rooted in lateral hypothallus, on
upper lobes of segments, commonly producing
wartlike protuberances. (Segments commonly
clavate, and of oval, round, flattened, or hexa-
gonal outline. Branching commonly bifid.)—

Cheilosporum.
(b). Conceptacles mainly external, terminal or
lateral. (Lateral conceptacles not penetrating

perithallus, Terminal conceptacles occasionally
found imbedded in centers of fossil segments.)
Where data are lacking for closer identification
beyond this step, specimens are arbitrarily
referred to Corallina. Fossil Coralling thus may
include representatives of any or all the genera
below.

i. Conceptacles both terminal and lateral—
Joculator.
ii. Conceptacles either terminal only or lateral
only.
a. Conceptacles all terminal, uncommon in
fossils.
aa. Branching wholly or partly pinnate.
(Dichotomous to trichotomous or
irregular. Perithallus weakly devel-
oped. Segments mainly clavate to
flattened Halimeda-like.)—Carollina.!
bb. Branching regularly and persistently
pinnate—Duthiea.
b. Conceptacles all lateral, rare in fossils.
aa. Nodes of more than one tier of cells.
(Branching in radial whorls or trifid.
Perithallus thin and inconspicuous.)—
Metagoniolithon.
bb. Nodes of only one tier of cells.
haps only one genus here.)
aaa. Segments cylindrical, round in
transverse section—Pachyarthron.
bbb. Segments compressed, flattened
oval in ftransverse section—
Bossea. :

(Per-

Genus CALLIARTHRON Manza, 1937

This genus differs from other known genera of articu-
late corallines in that the cells of the hypothallus are
flexuous and interlacing. The conceptacles are located
along the lateral margins of the segments.

The first fossil record of the genus is here announced,
C. antiguum Johnson, n. sp., from.the lower Miocene
Tagpochau limestone.

1 Genus represented by fossils on Saipan.
2 Grenus restricted to Pleistocene and Recent on Saipan,
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Calliarthron antiquum Johnson, n. sp.

Plate 52, figures 1 and 9

Description.—Several fragments apparently belong-
ing to the genus Calliarthron were found in the lime-
stones of Miocene age. A specimen containing 3 at-
tached segments is 2.26 mm long and 0.908 mm wide.
The 3 segments contain 10, 8, and 8 tiers of cells.
Nodes measure 0.312 by 0.578 mm and 0.320 by 0.571
mm. Hypothallic cells at center of rows attain lengths
of 50u—64u averaging about 57u. Marginal perithallic
cells small, measuring 10u—154 in length and 6u—10u
in width. Conceptacles small and marginal. One con-
ceptacle scar measures 135y in length and 724 in width.

Remarks—The specimen described is the first fossil
representative of the genus to be recorded. As it is also
well preserved and distinctive, it merits a new specific
name,

Occurrence.—Lower Miocene, inequigranular facies of
Tagpochau limestone. USGS paleobotanical localities
D126 and D153.

Holotype.—USGS algae a47-1a.

Genus JANIA Lamouroux, 1812

The plants consist of masses of slender dichotomously
branching fronds. Each frond is a series of slender seg-
ments formed of tiers of hypothallic cells surrounded by
a narrow perithallus that is characteristically restricted
to a single layer of small rectangular cells. The hypo-
thallic cells tend to be wider in proportion to length than
in most genera of articulate corallines. In many in-
stances, they are elongately wedge shaped in section,
and the successive tiers of cells tend to meet along
irregular lines,

Living Jania occurs widely in the tropic and tem-
perate seas, where it is represented by many species.
Fossil representatives are known from rocks as old as
Late Cretaceous. Although not abundant as a fossil on
Saipan, fragments of Jania were found in beds from
Eocene to Pleistocene in age.

Jania vetus Johnson, n. sp.

Plate 52, figure 2

Description.—Well-preserved segments of Jania from
the limestones of early Miocone age of Saipan provide
the dimensions in table below. The variation shown is
believed to be within that attributable to a single
species, but differs from that of described forms known
to the author.
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Measurement of four specimens of Jania vetus Johnson, n. sp.
(from random sections)

Usas Size segment Hypothallic cells Perithallic cells
paleobotanical

localities Length | Width | Length | Width | Length | Width

(in &) (in w) (in &) (in w) (in w) (in &)
D119 { 1,260 260 60~78 17-30 13-17 18-30
"""""""" 2,320 320 54-73 2146 oo e meeeae
D194 .. 2,270 302 57 20 16-23 25-32
D200 1,000 496 65 22 ||

Remarks.—No other Miocene species of Jania has
been described from the Pacific region, although John-
son and Ferris (1950, p. 21) mention a fragment from
the Miocene of Lau, Fiji.

Occurrence—Lower Miocene, inequigranular facies of
Tagpochau limestone. USGS paleobotanical localities
D119, D185, D194, D196, D199, and D200.

Holotype—USGS algae a68-1a.

Jania sp. A
Plate 39, figure 8

Description—Form represented in limestones of
Eocene age by many small segments; most are quite
incomplete. One fairly complete segment measured 1
mm in length and 160u—200u in diameter. Hypothallic
cells of same specimen 32u~40u long and 114-16x wide.
Perithallic cells nearly square, 12u—20g by 11u~16u.
Conceptacles unknown.

Occurrence.—Upper Eocene, conglomerate-sandstone
facies of Hagman formation. USGS paleobotanical

locality D175.
Jania sp. B

Plate 52, figures 3, 6

Description.—Small worn segments of Jania observed
in shides of Miocene limestone are referred to this form.
Largest segment 1.26 mm long. Hypothallic cells from
middle of cell rows of several specimens measured
40u—60yx in length and 9u—-14p in width. Marginal
perithallic cells 12p-18y by 8p—12u. One specimen
(pl. 52, fig. 3) shows terminal cavity which may repre-
sent an eroded conceptacle.

Occurrence.—Lower Miocene, rubbly and inequigran-
ular facies of Tagpochau limestone. USGS paleo-
botanical localities D277 and D278.

Genus AMPHIROA Lamouroux

Plants are clusters of segmented fronds that branch
dichotomously or trichotomously at regular intervals.
Conceptacles are lateral. Segments are cylindrical to
flattened, or show a thicker center and thinner margins.
Within the well-developed hypothallus of individual
segments one or more tiers of long cells alternate with
single tiers of shorter omes. Marginal perithallus
moderately to well developed.
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Representatives of the genus are known from the
Miocene to the present and are abundant in modern
warm seas. Abundant in the Pleistocene limestones of
Saipan, but not observed in the older limestones.

Amphiroa foliacea Lamouroux
Plate 37, figure 2

Amphiroa foliacea Lamouroux, 1824, Zoologie 3, p. 628, pl. 93,
figs. 2, 3.
Weber van Bosse, 1904, Siboga-Expeditie Mon. 61, p. 92-93,
pl. 14, figs. 1-11.

Description—Segments nearly cylindrical, slightly
flattened. Medullary hypothallus consists of 3 or 4
layers of long cells (30u—45u long) alternating with 1
layer of short cells (11x—24x long). Cells of hypo-
thallus merge gradually into those of cortical or mar-
ginal perithallus. Hypothallic cells in curved rows.
Perithallic cells square or nearly so, measuring 8u—12u
on a side. Conceptacles not present.

Remarks—In general appearance and in arrangement
and dimensions of cells, these fragments from Saipan
correspond to the modern Pacific species A. foliacea.

Occurrence—Pleistocene, Halimeda-rich facies of
Mariana limestone. USGS paleobotanical locality
D129.

Amphiroa fragilissima (Linnaeus) Lamouroux

Plate 37, figure 1; plate 55, figures 2—4

Corallina fragilissima Linnaeus, 1767, Systema naturae: Stock-
holm, ed. 12, v. 1, p. 1305.
Amphiroa fragilissima (Linnaeus) Lamouroux, 1816, Histoire des
polypiers coralligenes flexibles: Caen, p. 298.
Weber van Bosse, tn Weber van Bosse and Foslie, 1904,
Siboga-Expeditie Mon. 61, p. 89-91, pl. 14, fig. 5.
Manza, 1940, Philippine Jour. Sei., v. 71, No. 3, p. 299.

Description.—Segments cylindrical and many times
longer than wide. Medullary hypothallus composed of
4 or 5 layers of long cells, alternating with 1 or 2 layers
of shorter cells. Division between medullary hypo-
thallus and cortical perithallus abrupt and clearly
defined. Hypothallic rows nearly flat. Conceptacle
scars indicate diameter about 300u. Measurements of
selected specimens are given below.

Measurements of five specimens of Amphiroa fragilissima
(Linnaeus) Lamourouz (from random sections)

USGS Segments hMedtuh}lﬁlry rit%%ﬁxiw 11
0 us ic cel
paleobotanical P pe ¢
localities
Length Width Length of | Length of{f Length | Width
(in p) (in p) |long cells [short cells| (in ) (in @)
(in p) (in )
490 63 244- 18-28 7-9
480 59-68 14-28 25-32 7-11
489 45-58 13-26 19-34 7-9
180 54-68 32-34 24-30 8-11
630 53-67 16-42 12-24 9-11

GEOLOGY OF SAIPAN, MARIANA ISLANDS

Remarks.—This variable species is extremely wide-
spread in the tropical Pacific at present. The described
specimens from the Pleistocene of Saipan correspond
well to the descriptions given by Madame Weber van
Bosse (in Weber van Bosse and Foslie, 1904).

Occurrence.—Pleistocene, pink massive facies of
Mariana limestone. USGS paleobotanical localities
D131, D132, and D208.

Amphiroa sp.
Plate 60, figure 1

Description.—Plants are small bushy tufts 3-5 cm
wide, composed of very delicate fronds about 1 cm long
and up to 2 mm wide. Individual fan-shaped segments
show flattened central ridge and wide lateral wings.
Width commonly about twice as great as length along
central axis. No conceptacles observed in specimens
collected. ,

Occurrence.—Recent, abundant on rocky surfaces
just below low tide level along west coast of Saipan.

Genus ARTHROCARDIA Decaisne (emend. Areschoug)

Among the hundreds of individual segments of
articulated coralline algae observed in the slides of
limestones from Saipan occasional segments believed
assignable to Arthrocardia were observed. They occur
in limestones of both Eocene and Miocene age. The
specimens are too few and scattered to merit naming
but are mentioned for the record.

Genus CORALLINA Linnaeus, 1758

The plants are clusters of segmented stems which
branch at close intervals, ordinarily in a plane. Branch-
ing typically pinnate (dichotomous to trichotomous or
irregular). Perithallus weakly developed and incon-
spicuous, the greater part of the individual segment
consisting of hypothallic tissue. Segments mainly
clavate, flattened cylindrical, or flattened Halimeda-like
but varying widely in shape. Conceptacles lateral or
terminal. Abundant and widespread at present in
warm and temperate seas, and has been found as far
north as latitude 70°. Fossils known from the Eocene
to the present. Abundant in many of limestones of
Eocene and Miocene age from Saipan.

Corallina matansa Johnson, n, sp.
Plate 44, figures 3, 4

Description.—Fronds consist of moderately wide,
flattened, sharply tapering segments. KEach segment
consists mainly of tiers of hypothallic tissue with
narrow but noticeable marginal perithallus. Hypo-
thallic cells in center of tiers measure from 50u to 69u
in length with average of about 60u. Perithallic cells
rectangular, 9u—25u long by 7u—11x wide. Dimensions
of selected specimens are given below.
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Measurements of five specimens of Corallina matansa Johnson, n. sp. (from random sections)

Size segment Perithallic cells Size node
Length of Tiers of cells
USGS paleobotanical localities hypothallic : in segment

Length Width cells (in z) Length ‘Width Length Width

(in ) (in ) (in ) (in ) (in p) (in )
1,070 270 5369 || 2 Y DI R
DI76 oo { 1% 320 | 53-69 | ... C|TTIIIITIIT 7 O M
D158 __.__ 675 297 5865 || 21 138 169
D222 ... 680 201 56—66 14-20 8-11 12 180 129
D156 . . 1, 080 703 5264 9-25 7-11 ) O IS

Remarks.—The cell dimensions of this form are close
to those of Corallina grandis K. Sripada Rao (1943, p.
286), but the Saipan species does not have nearly as
well developed a perithallus. The cell dimensions also
are about the same as Corallina delicatule Johnson and
Ferris (1949, p. 197). However, C. delicatula has
smaller, flatter segments, which usually taper less than
the specimens described above.

Occurrence.—Upper Eocene, conglomerate-sandstone
facies of Hagman formation and both pink and white

facies of Matansa limestone. USGS paleobotanical
Jocalities D156, D158, D175, and D222.
Holotype.—USNM 624477 (Foraminifera slide).

Corallina neuschelorum Johnson, n. sp.
Plate 37, figure 3; plate 50, figures 1-4
Description.—Fronds consisting of flattened clavate
segments; each segment mainly of hypothallic tissue.
Cells in center of tier 47u—102y long, averaging 79u~91pu.
Perithallus but slightly developed, cells measuring
9u-16x long and 8u—13u wide. Table below gives
measurements, and other statistical details.

Measurements of seven specimens of Corallina neuschelorum Jonhson, n. sp. (from random sections)

Size segment Node Hypothallic Perithallic cells

cells Approximate | Number of

USGS paleobotanical number of cell tiers in

localities cellsina a segment

Length Width Length Width Maximum Length Width tier
(in u) (in p) (in p) (in p) length (in ) (in x) (in 1)

D182 ... 1, 290 445 223 321 73-102 9-13 811 34-39 12
D118 487 331 192 224 47-82 15-21 9-11 33 6
D195 o ____ 980 512 162 245 55~90 9-13 8-12 33-36 7
){ 710 435 185 389 57-91 11-13 11 28-33 6
D120 . 510 623 156 534 52-89 13 9 34 7
l 718 574 385 423 65-100 13-16 11-13 74 8
D197 . 350 370 210 350 64-97 10-13 9-11 35 7

Remarks.—The only previously described Miocene
Corallina is C. erossmanni Lemoine, originally recorded
from Martinique. Lignac-Grutterink (1943) applies
the same name to a series of specimens from the Dutch
East Indies ranging in age from Eocene to Pleistocene.
All of the latter’s specimens have cell dimensions which
fall within the range of Lemoine’s species.

Remains of Corallina are very abundant in the
Tagpochau limestone. The series of specimens in the
table have dimensions and ratios which fall in a fairly
consistent pattern and differ from Grutterink’s ma-
terial in having wider cells. They are considered to
represent & distinct species, here named neuschelorum
in honor of Sherman and Virginia Neuschel.

Occurrence.—Lower Miocene, inequigranular facies of
Tagpochau limestone. UGSG paleobotanical localities

D113, D120, D171, D182, D195, D197, and D198.
Holotype.—USGS algae a29-1a.
Corallina prisca Johnson, n. sp.
Plate 37, figure 4; plate 40, figure 10; plate 44, figures 1, 2, 7-11
?Corallina crossmani Lignac-Grutterink [not Lemoine] [part?].
Lignac-Grutterink, 1943, Geol.-mijnb. genootsch. Neder-
land en Kolonien Verh., Geol. ser., jagu 113, p. 294.
Description.—Fronds composed of slender, in part
slightly flattened, nearly cylindrical segments. Seg-
ments consist of hypothallic tissue with an inconspic-
uous perithallus ordinarily limited to 1 or 2 layers of
small cells. Hypothallic cells toward centers of tiers
range from 72u to 102u in length, averaging from 80x
to 90u. Perithallic cells nearly square, measuring
104-22x in length by 7u—13ux in width. Measurements
and other statistical data are given in the following
table.
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Measurements of 19 specimens of Corallina prisca Johnson,
n. sp. (from random sections)

Hypo- Perithallic
Size segment thallic cells
USGS cells Tiers of | Size of
paleobotanical cells in node
locality segments| (ing)
Length | Width | Length |Length| Width

(ing) | (inp) (ing) | (np) | (np
735 267 76-108 | 10-12 8-11 10 oo
690 320 100 | .. 8-10 203-223

1,105 283 3 D 13| 267-245

1,125 285 80-98 15-20 9-12 36 315-225
680 129 88 | oo 14 129-202
540 67-82 | 16-23 9-11 21 1568-175
358 135 84 | 14-14 8-10 10 91-86

. 480 207 72-97 14-18 7-10 10 183-165
785 320 80-110 | .______ 7-13 8 311-169
410 144 72-92 | 18-23 8-11 12 107-116
780 340 68-108 21 14 15 111-140
410 180 90-120 | oaoaooo 21 120-120
690 160 84-92 || -3 PR,
780 290 70-110 | fo__. 10 227-223
280 261 81 13-15 710 | o 153-216

1,180 243 73 1 14-19 9-13 b2 N P

1,020 250 65-90 | 15-22 8-12 13§

1,155 101 67-90 | 15-20 8-11 1 260-234
630 206 77-88 | 14-23 8-12 11 115-111

Four terminal segments believed to represent C.
prisca contain what are probably first conceptacles of
Eocene Coralling to be illustrated (pl. 44, figs. 1, 2, 7).

Remarks—The average cell size of C. prisca differs
from any previously described species for which cell
dimensions are given. However, 1 or 2 of the probably
heterogeneous assemblage of specimens listed by Lignac-
Grutterink (1943, p. 294) from Borneo under the name
C. crossmani Lemoine have about the same dimen-
sions as C. prisca and may be referable to that species.
The type material of C. crossmani, described by Lemoine
(1917, p. 265) from the Miocene of Martinique, has
wider, flatter, and more clavate segments.

Occurrence.—Upper Eocene, both pink and white
facies of Matansa limestone; limestone-conglomerate
facies of Densinyama formation; and conglomerate-
sandstone facies of Hagman formation. USGS pale-
obotanical localities D107, D144, D147, D148, D152,
D161, D165, D169, D173, D175, D179, D218, D219,
D221, D222, and D224.

Holotype.—USGS algae 289-2b.

CHLOROPHYTA (GREEN ALGAE)

Family DASYCLADACEAE
Genus CYMOPOLIA Lamouroux, 1816

The dasycladacean genus Cymopolia includes small
heavily calcified plants formed of a series of rounded
cushion shaped or short cylindrical segments. Each
segment consists of a thick central stem from which
whorls of slender primary branches develop at regular
intervals. Each primary branch then gives rise to a
tuft of secondary branches. The spherical to nearly
cylindrical sporangia are located within the cluster of
secondary branches on a short modified secondary
branch.
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The genus is known from Late Cretaceous to Recent,
and Recent species are restricted to tropical or sub-
tropical waters,

Cymopolia delicata Johnson, n. sp.
Plate 51, figures 1-6

Description.—Plant consists of series of small cylin-
drical to conical segments which are rounded at top
and ordinarily considerably longer than wide.

Segment has thick central stem which tapers slightly
in diameter from base to top. Stem diameter 50-60
percent of segment diameter. Primary branches long
and slender, about 28-32 to a whorl. Secondary
branches slender and appear to develop 4 to a tuft.
Sporangia small and spherical to elongated oval in sec-
tion, occur among secondary branches, ordinarily
separated from end of primary branch by a short stem.
Apparent dimensions of specimens from USGS paleo-
botanical locality D94 are given in the following table.

Measurements of tllustrated specimens of Cymopolia delicata
Johnson, n. sp., from USGS paleobotanical locality D94

Primary branch|Second-| Sporangia
Size seg- Central ary N
Ilustration ment stem branch
(in mm) | diameter diam- .
(in mm) | Diam- |Length| eter | Diam- [ Length
eter | (inp) | (inp) | eter | (ing)
(in p) (in p)
20 - 1 25 50
PL5L, fig.6...| 0sxos ((FoP0X--| 2 bt Y 4 X
Top .18__. 25 |- 20 30 |oceceae
PL 5L flg. 8o |- ooooeeeees {’lf‘age I R - ol B o - 5
'op .25 __
PL5LfAg 1| L5x10 {Bage Bl B 4 15 b o

Remarks —This species differs appreciably from:any
previously described Miocene Cymopolia. Its most
distinctive feature is the long relatively slender branches.

Occurrence.—Lower Miocene, inequigranular facies of
Tagpochau limestone. USGS paleobotanical localities
D94 and D189.

Holotype.—USGS algae a7-31.

Cymopolia pacifica Johnson, n. sp.
Plate 45, figures 1~-12

Description.— Plant consists of series of short cylin-
drical segments with rounded ends. Each segment
contains a thick central stem from which develop 4-6
whorls of primary branches. Xach of these whorls
contains from 32 to 40 branches arranged like spokes of
a wheel. Primary branches thicken at outer end.
Tufts of 4-6 secondary branches develop from the ends
of the primary branches. Sporangia egg shaped and
located within the tufts of secondary branches. One
specimen (pl. 45, fig. 4) shows sporangia filled with
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spherical objects, presumably spores. Apparent dimen-
sions of specimens from USGS paleobotanical locality
D97 are given in the following table.

Measurement of four specimens of Cympolia pacifica Johnson,
n. 8p., from USGS paleobotanical locality D97

Size segment | Central stem |Primary branch Secondary
(in mm) diameter (in diameter (in | branch diameter | Sporangia (in )
mm) ©) (in p)

18x 20t (k0.1 Nlog a7 50,98 | (Pl 100
203 x 155

2.8diam.._. KIS 55,45, 38, 41_...| 30, 38, 28, 25, 30...{300 X 160
265 x 172

Base 35-53 450 % 165
N 830 35-58..--. x

21diem. | .6 L et | - L - et Ty
303 x 133.

13xL8.___ K S 80-50- e 231025 ..

! Tllustrated on plate 45, figure 5.

Remarks—This species is represented by over 25
specimens. It is the first Eocene Cymopolia to be
described from the Pacific area. It is probably close
to C. edwardsi described by Morellet and Morellet from
the Eocene of England, but differs in size and the much
larger number of primary branches in a whorl. Both
species show the enlargement of the primary branches
toward their outer end, a feature of O. tibetica described
by Lucien Morellet (1916) from the upper Cretaceous
(Maestrichtian) of Tibet.

Occurence.—Upper Eocene, white facies of Matansa
limestone and limestone-conglomerate facies of Den-
sinyama formation. USGS paleobotanical localities
D97, D152, D177, D183, D184, D227, D381, and
D383. It is especially abundant at locality D97.

Holotype—~—USGS algae all-al.

Cymopolia saipania Johnson, n. sp.

Plate 51, figures 7—-12

Description.—Plant consists of series of short cylin-
drical segments, one above the other. Segments
rounded at top and bottom, wider than long; some
segments apple shaped.

Each segment consists of thick central stem from
which whorls of primary branches develop at regular
intervals. There appear to be from 16 to 24 primary
branches in a whorl and from 4 to 8 whorls to a segment,
most frequently 5 or 6. Each primary branch gives
rise to tufts of secondary branches. Each tuft contains
from 4 to 6 and probably 8 secondary branches.
Spherical to egg-shaped sporangia developed at ends of
primary branches where surrounded by tuft of sec-
ondary branches. Apparent dimensions of specimens
from USGS paleobotanical locality D92 are given
in following table,
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Measurements of specimens of Cymopolia saipania Johnson,
n. 8p., from USGS paleobotanical locality D92

Sporangia
Diameter of Diameter of Diameter of
Size segment | central stem | primary branch [secondary branch
(in mm) (in mm) (in g) (in w) Length| Diam-
(ing) | eter
(in p)
175 125
22x1.4. |05 ... 80, 88,88,50,53...] 15,13,25_____..__ 250 185
265 200
0.6 diameter. .. 91;3. 7 [ueeea— P [l R
op 0.4_____ e , 33 oeee
14208 .. {Base R o J— {Base 18,1702 } ---------------

Remarks.— This species strongly suggests the modern
Cymopolia vanbosse Solmes in growth habit and ap-
pearance. However, it has larger sporangia, and in
general its dimensions are greater. It somewhat re-
sembles some of the pieces of the highly variable C.
miocaenica (Karrer) Morellet described by the Morellets
(1926, p. 224-225) from Hungary but differs in the
size, shape, and position of the sporangia.

Occurrence.— Lower Miocene, inequigranular facies of
Tagpochau limestone. Abundant at USGS paleobo-
tanical localities D92, D187, D188, and D189.

Holotype.—USGS algae a5-3a.

Family CODIACEAE
Genus HALIMEDA Lamouroux, 1812

Halimeda plants are bushy tufts of segmented branch-
ing stems or fronds. The segments may be broad and
leaflike, flattened, subcylindrical, or even subconical.
The older segments become strongly calcified. Calci-
fication seems to work from the outside in and is com-
monly incomplete. The modern species are based
largely on branching habit, shape of segments, and
structure of the node. The fossils consists almost
without exception of individual segments which it is
not possible to assign to species, especially from frag-
ments in thin sections.

Halimeda remains are found in all of the limestones
from Saipan. At places they contribute importantly
to the construction of the rock. They are abundant on
the submerged flats of some of the modern fringing
reefs and in the lagoon areas. Two Recent species are
described and illustrated. Some fragments from lime-
stones of Miocene and Pleistocene age are also figured
(pl. 44, figs. 5, 6; pl. 55, fig. 5; and pl. 56, fig. 3).

Halimeda gracilis Harvey forma lata Taylor
Plate 60, figures 4, 5

Halimeda gracilis Harvey. Barton, 1901, Siboga-Expeditie Mem.
60, p. 22, pl. 3, figs. 28-32.

Halimeda gracilis Harvey forma lata Taylor, 1950, Mich. Univ.
Studies, Sci. Ser., v. 18, p. 83-84, pl 42.

Description.— Plants bushy, branching more or less
in a plane. Segments commonly crowded below.
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Segments rounded or kidney shaped, thick, and moder-
ately calcified. Upper segments 1.0-2.3 ¢cm broad and
1.0-1.6 ¢cm wide, commonly thinner than lower ones.
Occurrence.—Recent, lives in holes and openings on
reef along west side of Saipan but not abundant there.

Halimeda opuntia Lamouroux forma triloba Barton
Plate 60, figure 2

Halimeda opuntia Lamouroux, 1812, Soc. Philomat. Sci. Bull. 3,
. 186.
Halz’meI:ia opunitia forma iriloba Barton, 1901, Siboga-Expeditie
Mem. 60, p. 20, pl. 2, fig. 20.
Taylor, 1950, Mich. Univ. Studies, Sei. Ser., v. 18, p. 81-82,
pl. 40, fig. 2.

Description.—Plants bushy, without a distinct stem,
attached at several points by rhizoids. Branching ir-
regular or opposite, not in single plane. Branches long,
flat, consisting of calcified segments connected by
flexible joints. Lower segments commonly 7-10 mm
wide and long, strongly trilobed; lobes nearly cylin-
drical, flattened around edges; upper lobes less strongly
indented and flatter.

Occurrence.—Recent, common in the lagoon at
Tanapag Harbor and in shallow pools on the sub-
merged fringing reef flats on the southwestern and
southern coasts of Saipan.

Genus MICROCODIUM Gluck, 1912
Microcodium sp
Plate 50, figures 5~9

Discussion.—The structures called Microcodium are
subcylindrical to lobulate (and possibly spherical)
masses that consist of relatively large cuneiform cells
which radiate out from a circular or elliptical center.

There is considerable doubt as to the systematic posi-
tion of this problematical fossil alga. Heinrich Gliick
(1912) considered it to belong among the green algae
of the family Codiaceae. Julius Pia (1927, p. 60)
accepts it as algal but expresses doubt that it belongs
among the Codiaceae. Louls Emberger (1944, p. 65)
agrees with Pia. Johnson (1953, p. 86) on the basis of
new material from France, Italy, Spain, Saipan, and
Kita-daito-jima concurs as to its probably algal nature,
but is uncertain about its systematic position.

The type material came from the Miocene of Bavaria.
Since then, similar structures have been reported from
the Miocene of Algeria; the Eocene of France, Italy and
Switzerland; and the Oligocene of France. The writer
has observed it in slides of limestone of Miocene age
from the Kita-daitd-jima cores. It is abundant in the
limestones of Miocene age of Saipan at a number of
localities.

Occurrence.—Lower Miocene, inequigranular facies of
Tagpochau limestone. USGS paleobotanical localities
D94, D192, D193, and D167.
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PLATE 37

Amphiroa fragilissima (Linnaeus) Lamouroux (p. 238).
Segment of an articulate coralline (h=medullary hypothallus, p=marginal perithallus). Note the alternations of
tiers of long and short cells, ordinarily 4 long, 1 short. Pleistocene, Mariana limestone, pink massive facies; loc.
D131 (C65); USGS algae a55—2a.

. Amphiroa foltacea Lamouroux (p. 238).

Same structure as in figure 1. Note in this species the alternations of tiers of cells follows the pattern 2 long, 1 short,
or 2 long, 1 medium, 1 short. Pleistocene, Mariana limestone, Halimeda-rich facies; loc. D129 (C49); USGS algae
ab3-1a.

. Corallina neuschelorum Johnson, n. sp. (p. 239).

Part of a frond, with 3 segments (k) and 2 nodes (). Upper Eocene, Densinyama formation, limestone-conglomerate
facies; loc. D154 (S208); USGS algae a92-1a.

. Corallina prisca Johnson, n. sp. (p. 239).

Showing a terminal conceptacle (¢). A Lithoporelle has grown over the upper part. Upper Eocene, Densinyamsa
formation, limestone-conglomerate facies; loc. D147 (8133); USNM 624514 (Foraminifera slide).

. Lithoporella melobesioides (Foslie) Foslie (p. 234).

Sections through thin thalli each composed of a single layer of large cells. Lower Miocene; loc. D433; USGS algae
al37-1a.

. Lithophyllum (p. 227).

A crustose specimen showing hypothallus (c), perithallus (p), and conceptacle (¢). Upper Eocene, Matansa limestone,
white facies; loc. D378 (B72); USGS algae a138-1a.

. Lithothamnium tagpotchaense Johnson, n. sp. (p. 223).

An encrusting Lithothamnium, with hypothallus (%), perithallus (p), and conceptacle (¢) containing sporangia cham-
bers. Upper Eocene, Densinyama formation, limestone-conglomerate facies; loc. D144 (S90); holotype, USGS
algae a75-1a.

. Lithothamnium subtile Conti (p. 222).

Hypothallus (%), perithallus (p), and sporangia-filled conceptacles (¢). Lower Miocene, Tagpochau limestone, inequi-
granular facies; loc. D122 (C4); USGS algae a40-1a.

. Lithophyllum.,

With a well-developed coaxial hypothallus (h), and a perithallus (¢). Lower Miocene, Tagpochau limestone; loc.
D211 (C125); USGS Algae al36-1a.
Archaeolithothamnium.
Showing hypothallus (h), perithallus (p), and rows (layers) of sporangia (s). Upper Eocene, Matansa limestone,
white facies; loc. D378 (B72); USGS algae a33-1a.
Lithothamnium sp. (p. 220).
With hypothallus (&), perithallus (p), and conceptacle (c). Upper Eocene, Matansa limestone; loc. D435, near field
loc. S268; USGS algae a139-1a.
Lithothamnium sp. (p. 220).
Thick hypothallus (%) and a thin perithallus (p). Upper Eocene, Matansa limestone, pink facies; loc. D233 (S337);
USGS algae a31-2a.









PLATE 38

Ficures 1-4, 6. Archaeolithothamnium saipanense Johnson, n. sp. (p. 220).
1. A general view of a section through a nodular erust. Matansa limestone, pink facies; loc. D157 (S242);
USGS algae a95-2a.
2. A detail of the above showing perithallic tissue and a row of sporangia chambers.
3. A detail of the tissue showing numerous rows of sporangia. Matansa limestone, pink facies; loc. D157 (S242);
holotype, USGS algae a95-1a.
4. A section across a crust. In lower left a layer of sporangia is eut nearly perpendicular while in upper right
a layer is cut almost parallel. Matansa limestone, pink facies; loc. D168 (S341); USNM 624462 (Foram-
inifera slide).
6. Perithallic tissue and sporangia chambers in a nearly basal section. Densinyama formation, limestone-
conglomerate facies; loc. D160 (5S259); USGS algae a99-2a.
5. Archaeolithothamnium oulianovi Pfender (p. 218).
Section slightly oblique showing tissue and sporangia. Matansa limestone, white facies; loc. D181 (B56);
USGS algae all5—1a.
7. Lithothammnium moreii Lemoine (p. 225).
A small hypothallus at base. Perithallic tissue and a coneeptacle chamber also shown. Matansa limestone
white facies; loc. D124 (C12); USGS algae ad44—2a.



Ficurss 1, 2.

4, 5.

PLATE 39

Archaeolithothamnium cf. A. liberum Lemoine (p. 219).
1. A section showing the tissue and three rows of sporangia. Densinyama formation, limestone-conglomerate
facies; loc. D159 (8258); USGS algae a97-1a.
2. A section through a plant. Matansa limestone, transitional facies; loc. D123 (C10); USGS Algae no. a42-1la.

. Archaeolithothamnium chamorrosum Johnson, n. sp. (p. 217).

3. Detail of an encrustation showing hypothallus (at base), perithallus and a row of sporangia (at top). Densinyama
formation, limestone-conglomerate facies; loc. D160 (S259); USGS algae a99-1a.

6. Hypothallus (curved rows at base), perithallus, and several rows of small sporangia. Matansa limestone,
pink facies; loc. D173 (8604); holotype, USNM 624735 (Foraminifera slide).

Archaeolithothamnium oulianovi Pfender (p. 218).

4. Section of a thin crust. Matansa limestone, white facies; loc. D125 (C13); USGS algae a45-1a.

5. Detail of a crust showing hypothallus (left), perithallus, and sporangia. Matansa limestone, transitional
facies; loe. D226 (S349); USGS algae a88-1a.

. Lithothamnium tagpotchaense Johnson, n. sp. (p. 223).

Showing small but distinet hypothallus, perithallus and a conceptacle with sporangia. Densinyama formation
limestone-conglomerate facies; loc. D144 (S90); holotype, USGS algae a75-1a.

. Jania sp. A (p. 237).

A nearly complete segment. Hagman formation, conglomerate-sandstone facies; loc. D175 (S103); USGS algae
a77-1a.









Figures 1, 6, 7.

2-4.

8, 9.

10.

PLATE 40

Lithothamnium cymbicrusta Johnson, n. sp. (p. 224).

1. Section showing a well-developed hypothallus, a moderately developed perithallus, and a conceptacle with
sporangia. Densinyama formation, limestone-conglomerate facies; loc. D159 (8258); holotype, USGS algae
a97-1b.

6. A crust showing hypothallus, perithallus, and a protuberance containing several conceptacles. Densinyama
formation, limestone-conglomerate facies; loc. D159 (S258); USGS algae a97-1c.

7. Another specimen showing the same features in greater detail. Densinyama formation, limestone-conglom-
erate facies; loc. D151 (8170); USNM 624511 (Foraminifera slide).

Lithothamnium cf. L. aggregatum Lemoine (p. 221).

2. Section through a crust showing thin hypothallus at base, a secondary hypothallus developed as scar tissue
near center, and perithallic tissue. Matansa limestone, pink facies; loc. D173 (8604); USGS algae al12-2a.

3. Hypothallus at base, and irregular perithallic tlssue above. Matansa limestone, transitional facies; loec.
D162 (S287); USGS algae a83-1a.

4. Thin crust coating a coral. Matansa limestone, tran51t10na,l facies;loc. D162 (8287); USGS algae a101-1a.

Lithothamnium sp. B (p. 223).

Fragment of crust showing perithallus and a conceptacle. Above it several thin superimposed thalli of Litho-

porella. 'Tagpochau limestone, marly facies; loc. D141 (820); USGS algae a70-1a.
Lithothamnium sp. A (p. 224).

8. Showing basal hypothallus, the perithallus and character of branching. Matansa limestone, pink facies;
loc. D169 (S342); USGS algae al08-1a.

9. Same specimen showing details of hypothallus and perithallus.

Corallina prisca Johnson, n. sp. (p. 239)
Matansa limestone, pink facies; loc. D169 (S342); USGS algae al08-1b.



PLATE 41

Fiaures 1-3. Lithothamnium marianae Johnson, n. sp. (p. 226).
1. A slightly oblique section through a branch showing the strongly zoned tissue and four conceptacles with spo-
rangia. Matansa limestone, pink facies; loc D233 (S337); USGS algae a31-1a.
2. A section nearly parallel to axis of branch, showing the growth zones in the tissue and four conceptacles. Den-
sinyama formation, limestone-conglomerate facies; loc. D143 (S88); holotype, USGS algae a73-2a.
3. A section nearly perpendicular across a branch. Densinyama formation, limestone-conglomerate facies; loc.
D143 (888); USGS algae a72-1a.
4 Lithothamnium sp. E (p. 226).
A section showing an unusual type of tissue which consists almost entirely of hypothallus. Hagman formation,
conglomerate-sandstone facies; loc. D175 (S103). Specimen lost or misplaced.
5. Lithothamnium wallistum Johnson and Tafur (p. 225).
Section through a mammelon showing character of tissue and conceptacle chambers. Densinyama formation,
limestone-conglomerate facies; loc. D155 (8222); USGS Algae no. a93-1a.
6, 7. Lithothamnium cf. L. abrard? Lemoine (p. 221).
6. Detail of hypothallus and perithallus. Hagman formation, conglomerate-sandstone facies; loc. D175 (S103);
USGS algae a77-1b.
7. General view of same specimen showing several superimposed crusts.
8. Lithothamnium cymbicrusia Johnson, n. sp. (p. 224).
Detail showing tissue and a conceptacle with sporangia. Near center is a secondary hypothallus developed as

scar tissue. Densinyama formation, limestone-conglomerate facies; loc. D147 (8133); USNM 624514 (Foram-
inifera slide).









PLATE 42

Freures 1, 5. Lithothamnium cf. L. abrardi Lemoine (p. 221).
1. Detail of the tissue. Matansa limestone, pink facies; loc. D166 (8336); USGS algae al05-1a.
5. Section showing hypothallus, perithallus and the edge of a conceptacle chamber. Densinyama formation,
limestone-conglomerate facies; loc. D151 (8170); USNM 624520 (Foraminifera slide).
2. Lithothamnium sp. C (p. 225).
Section showing hypothallus, perithallus, and a conceptacle chamber. Matansa limestone, white facies; loc. D124
(C12); USGS algae ad4—1a.
3, 4. Lithothamnium wallisium Johnson and Tafur (p. 225).
3. Section of tissue and conceptacles. Matansa limestone, pink facies; loc. D203 (C21); USGS algae al34-1a.
4, Detail of tissue and conceptacles containing sporangia. Matansa litnestone, white facies; loc. D125 (C13);
USGS algae a45-2a.
6-8. Lithothamnium crispithallus Johnson, n, sp. (p. 223).
All from Densinyama formation, limestone-conglomerate facies.
6. General view of a small fertile crust. Loc. D152 (S189); USGS algae a89-2a.
7. Detail showing two superimposed thalli. The upper one contains a conceptacle with sporangia. Loe. D217
(S194); USGS algae adl-1a.
8. General view of another fertile specimen. Loc. D143 (S88); holotype, USGS algae a73-1a.



Ficures 1, 2.

6, 7.

PLATE 43

Lithoporella melobesioides (Foslie) Foslie (p. 234).
1. A slightly oblique section showing many superimposed thalli and several conceptacles. Matansa limestone, pink
facies; loc. D385 (8251); specimen lost or misplaced.
2. Detail of several superimposed thalli. Matansa limestone, pink facies; loc. D233 (8337); USGS algae a82-1a.

. Lithophyllum sp. A (p. 229).

Section through a crust showing the hypothallus and perithallus. Matansa limestone, white facies; loc. D164
(8318); USGS algae a 103-1a.

. Lithophyllum ovatum (Capeder) Lemoine (p. 228).

4. A well-developed hypothallus at base, perithallus with several conceptacle scars above. Densinyama formation,
limestone-conglomerate facies; loc. D145 (S101); USGS algae a76-1a.

8. Section through a crust showing detail of perithallic tissue and several conceptacle chambers. Matansa lime-
stone, white facies; loc. D97 (B199); USGS algae all-2b.

. Lithophyllum sp. A (below) and Dermatolithon? (above) (p. 229).

The Lithophyllum shows a well-developed hypothallus. Tagpochau limestone, inequigranular facies; loc. D170
(8471); USGS algae al09-1a.
Melobesia? cuboides Johnson, n. sp. (p. 234).
6. Superimposed thalli form a thin crust. Densinyama formation, limestone-conglomerate facies; loc. D146
(S125) ; holotype, USNM 624732 (Foraminifera slide).
7. A coral at base is coated by an incrusting foraminifer which in turn is covered by superimposed thalli of Melo-
besia? cuboides Johnson, n, sp. Matansa limestone, pink facies; loe. D173 (S604); USGS algae all2-la.









PLATE 44

Freures 1, 2, 7-11. Corallina prisca Johnson, n. sp. (p. 239).

1. Sections of terminal segments showing conceptacle chambers. Densinyama formation, limestone-
conglomerate facies; loe. D380 (S163); USGS algae a26-1a.

2. Another specimen from same locality showing similar features. USGS algae a26-1b.

7. A terminal segment with well-preserved conceptacle chamber. Densinyama formation, limestone-
conglomerate facies; loc. D147 (S133); USNM 624514 (Foraminifera slide).

8. Detail structure of two segments and node. Matansa limestone, pink facies; loc. D165 (8319); USGS
algae al04-1a. )

9. General view of three segments with connecting nodes. Densinyama formation, limestone-conglomerate
facies; loc. D152 (S189); holotype, USGS algae a89-2b.

10. A terminal segment with conceptacle chamber. Matansa limestone, white facies; loc. D221 (S310);
USGS algae a90-1a.

11. A worn fragment showing a branch. Matansa limestone, pink facies; loc. D161 (S271); USGS algae
a100-1a.

3, 4. Corallina matansa Johnson, n. sp. (p. 238).

3. A segment probably from near base of a frond, with unusually well-developed marginal perithallus.
Matansa limestone, pink facies; loc. D156 (8241); holotype, USNM 624477 (Foraminifera slide).

4. A segment showing details of the hypothallus. Matansa limestone, pink facies; loc. D158 (S254); USGS
algae a96-1a.

5, 6. Halimeda sp. (p. 241).

5. Outline of segment and coarse inner tubes shown. The rest of the structure not preserved. Tagpochau
limestone, inequigranular facies; loc. D127 (C24); USGS algae a48-1a.

6. Long section of a segment perpendicular to the flat surface showing considerable structural detail. Tag-
pochau limestone, inequigranular facies; loc. D136 (C103). Specimen lost or misplaced.

12. Mesophyllum cf. M. vaughanii (Howe) Lemoine (p. 227).

A detail showing pronounced growth zones and a conceptacle chamber. Matansa limestone, transitional

facies; loe. D123 (C10); USGS algae a42-2a.



PLATE 45

[All except figure 12 from Matansa Limestone, white facies]

Ficures 1-12. Cymopolia pacifica Johnson, n. sp. (p. 240).
1. Perpendicular section near edge of segmegnt showing sporangia and secondary branches (pores). Loc. D97
(B199); USGS algae a27-1a.

. Detail of a fragment showing branching and sporangia. Loc. D97 (B199); holotype, USGS algae all-1a.

. Marginal tangential section showing sporangia. Loec. D97 (B199); USGS algae all-1b.

. An oblique section showing central stem, primary branches, sporangia, and a few secondary branches. Loc.

D97 (B199); USGS algae all-2a.

5. A section along axis, showing central stem, pores formed by primary branches, and a few sporangia and sec-
ondary branches. Loc. D97 (B199); USGS algae a20-1a.

6. A section close to axis and nearly parallel to it. Loc. D97 (B199); USGS algae all-lc.

7. A horizontal section perpendicular to axis, showing central stem, a whorl of primary branches, sporangia, and a
few secondary branches. Loc. D383 (B330); USGS algae a21-2a.

8. A somewhat oblique section through two segments. Loc. D183 (B67); USGS algae all6-1a.

9. Shows details of the primary and secondary branching. Loe. D383 (B330); USGS algae a2l-1a.

10. An oblique section showing pores representing the primary branches and sporangia and suggestions of the
secondary branches. Loc. D97 (B199); USGS algae all-1d.

11. Slightly oblique cross section showing cavity left by the central stem, primary and secondary branching and
sporangia. Loe. D97 (B199); USGS algae all-le.

12. Another specimen showing similar features. Densinyama formation, limestone-conglomerate facies; loc.
D152 (S189); USGS algae a89-1a.

= N









PLATE 46

[All from Tagpochau limestone, inequigranular facies)

Ficures 1-3. Archaeolithothamnium myriosporum Johnson, n. sp. (p. 219).

1. A general section through a nodular mass showing tissue and rows (layers) of sporangia. Loc. D150 (S166);
USGS algae a85-2a. .

2. A detail of the same specimen.

3. An oblique section across a nodular growth. Loc. D93 (B153); holotype, USGS algae a6—1la.

4-6. Archaeolithothamnium taiwanensis Ishijima (p. 218),

4. Sections of a crust showing hypothallus (curved rows at base), perithallus (rest of tissue), and rows of sporangia.
Loc. D172 (8585); USNM 624603 (Foraminifera slide).

5. Same features in another specimer. Loec. D118 (B403); USGS algae a24-1a.

6. A section through a thicker crust formed of several superimposed thalli. Loe. D116 (B325); USGS algae

a34-1la,
7. Archaeolithothamnium lauense Johnson and Ferris (p. 218).
Detail of perithallic tissue and a row of sporangia. Loc. D112 (B297); USGS algae a28-1a.



PLATE 47

[All from Tagpochau limestone, inequigranular facies]

Ficures 1-3. Archaeolithothamnium cf. A. lugeoni Pfender (p. 219).

1. Section showing hypothallus (base), secondary hypothallus formed as scar tissue (near center), perithallus, and
rows of sporangia. Loe. D220 (S309); USGS algae al02-1a.

2. Oblique section of perithallus and rows of sporangia. Loc. D220 (S309); USGS algae a102-1b.

3. Section largely oblique, showing well-developed hypothallus (middle of base), perithallus and sporangia. Loc.
D220 (S309); USGS algae al02-1c.

4, 5. Archaeolithothamnium cf. A. fijiensis Johnson and Ferris (p. 217).

4. Showing poorly developed hypothallus at base, the perithallus and rows of sporangia. Loec. D134 (C93); USGS
algae a63-1la.

5. Another specimen from same locality showing similar features. USGS algae a63—2a.

6, 7. Lithothamnium subtile Conti (p. 222).

6. A vertical section showing hypothallus, perithallus and several conceptacles with sporangia. Loe. D122 (C4);
TUSGS algae a40-1a.

7. Another section from same locality with a slightly smaller hypothallus, a perithallus and conceptacles showing
sporangia. USGS algae a40-1b.

8. Lithothamnium cf. L. fumigatum Foslie (p. 221).

A vertical seetion which shows the poorly developed hypothallus, the relatively thick perithallus, and a con-
ceptacle cavity cut somewhat away from the center. Loc. D153 (8205); USGS algae a91-1a.
9. Lithothamnium ladronicum Johnson, n. sp. (p. 222).
Section with hypothallus, perithallus, and large conceptacle chamber. Loc. D98 (B205); holotype, USGS

algae al2-1a,









FiGURE 1.

PLATE 48
[All from Tagpochau limestone, inequigranular facies]

Lithothamnium sp. D (p. 223).
Section through a crust showing the hypothallus, perithallus, and a conceptacle chamber. Loc. D147 (S164); USGS
algae a84-la.

. Lithothamnium undulatum Capeder (p. 225).

Section showing the hypothallus, perithallus, and conceptacle chamber. Loec. D135 (C98); USGS algae a64-1a.

. Lithothamnium cf. L. mirabile Conti (p. 225).

A somewhat oblique section through an irregular erust showing hypothallus, perithallus, and three conceptacle cham-
bers. Loc. D96 (B197); USGS algae al0-1a.

. Lithothamnium cf. L. crispatum Hauck (p. 224).

Shows perithallus and conceptacles containing sporangia. Loc. D122 (C4); USGS algae a40-2a.

. Lithothamnium cf. L. lecroizi Lemoine (p. 226).

5. Detail showing tissue and coneeptacles with sporangia. Loe. D122 (C4); USGS algae a40-2b.
6. Same specimen. General view of a section through a branch.



Ficurss 1, 2.

PLATE 49

[All except figure 6 from Tagpochau limestone, inequigranular facies]

Lithophyllum prelichenoides Lemoine (p. 229).
1. General view through a crust showing hypothallus, perithallus, and conceptacle with sporangia. Loc. D91
(B90); USGS algae ad4—1a.
2. Detail showing the well-developed coaxial hypothallus and some of the perithallus. Loc. D127 (C24); USGS
algae a48-2b.

. Lithothamnium saipanense Johnson, n. sp. (p. 222).

Slightly oblique section with a well-developed hypothallus, the perithallus, and a conceptacle chamber. Loc. D127
(C24); holotype, USGS algae a48-2a.
Lithoporella melobesioides (Foslie) Foslie (p. 234).
Section through a crust composed of a number of superimposed thalli each consisting of a single row of large cells.
One conceptacle chamber and part of another are shown. Loc. D90 (B82); USGS algae a3-1a.
Lithothamnium cf, L. bourcarti Lemoine (p. 221).
Section of a crust showing hypothallus and perithallus. Loc. D122 (C4); USGS algae a39-1a.

. Lithothamnium cf. L. disarmontcum Conti (p. 225).

A slightly oblique section of tissue with a conceptacle chamber. Tagpochau limestone, marly facies; loc. D128
(C27); USGS algae a51-1a.
Lithophyllum glangeaudi Lemoine (p. 230).
Section showing basal hypothallus and a branch. Loc. D150 (8166); USGS algae a85-1a.









PLATE 50

[All from Tagpochau limestone, inequigranular facies)

Ficures 1-4. Corallina neuschelorum Johnson, n. sp. (p. 239).

1. Three segments with nodes. Loc. D120 (B427); USGS algae a38-1a.

2. Fragment of a frond with four segments. Loc, D120 (B427); USGS algae a38-1b.

3. Five segments with nodes. Loc. D171 (8511); USGS algae all0-1a.

4. Five well-preserved segments with nodes. Loc. D113 (B310); holotype, USGS algae a29-1a.

5-9. Microcodium sp. (p. 242).

A cluster showing clearly the petallike rays. Loc. D94 (B171); USGS algae a7-1a.
Associated with fragments of large Foraminifera. Loc. D167 (8339); USGS algae a106-1a.
. Associated with coral. Loc. D94 (B171); USGS algae a7-1b.
. Detail of a cluster. Loc. D94 (B171); USGS algae a106-1b.
. Associated with coral and large Foraminifera. Loc. D94 (B171); USGS algae a7-2a.

© 0 1O



PLATE 51

tAll from Tagpochau limestone, inequigranular facies]

Ficures 1-6. Cymopolia delicata Johnson, n. sp. (p. 240).

All except figure 5 from loe. D94 (B171).

1. Section nearly parallel to axis. Shows central stem, a few secondary branches. A piece of Microcodium is at
the base. USGS algae a7-1c.

2. A section perpendicular to axis showing the central stem cavity and pores representing molds of branches. USGS
algae a7-2b.

3. A longitudinal section showing central stem and several whorls of branches. Holotype, USGS algae a7-3a.

4. A long section showing central stem cavity and branches. USGS algae a7-1d.

5. A slightly oblique long section with central stem. Some primary branches bearing sporangia are shown. Loec.
D189 (B177); USGS algae a7-1e.

6. An axial section showing central stem and primary and seconday branches. USGS algae a7-3b.

7-12. Cymopolia sazpanie Johnson, n. sp. (p. 241).

All except figure 10 from loc. D92 (B107).

7. A fragment showing detail of sporangia and secondary branches. USGS algae ab-1a.

8. A section perpendicular to axis with central stem and some branches. USGS algae a5-1b.

9. A long section showing central stem eavity and some primary branches bearing sporangia and secondary branches.
USGS algae a5—2a.

10. An oblique cross section showing sporangia and branches. Loe. D188 (B172); USGS algae al33-1a.

11. A slightly oblique vertical section with sporangia and tufts of secondary branches. Holotype, USGS algae
ab-3a.

12. A long section of two segments. USGS algae a5-2b.









Ficures 1, 9.

3, 6.

4, 5.

PLATE 52

[All except figures 6 and 7 from Tagpochau limestone, inequigranular facies}

Calliarthron antiguum Johnson, n. sp. (p. 237).
1. Three segments with nodes between. A conceptacle cavity occurs on right side of upper segment. Loc. D126
(C16); holotype, USGS algae a47-1a.
9. Detail of figure 1 showing contorted arrangement of cells in medullary tissue, and a conceptable chamber on
right side.

. Jania vetus Johnson, n, sp. (p. 237).

A nearly complete segment. Loc. D119 (B415); holotype, USGS algae a68-1a.
Jania sp. B (p. 237).
3. A terminal segment with conceptacle (?) cavity. Loc. D277 (C62); USGS algae a43-1a.
6. A short segment with cross section of a branch at the end. Tagpochau limestone, rubbly facies; loe. D278
(C128); USGS algae a36-1a.
Paraporolithon saipanense Johnson, n, sp. (p. 233).
4. A detail of the tissue showing the clusters of large megacells (to right) and the scattered, smaller megacells.
Top of specimen is to left. Loc. D443 (C133); holotype, USGS algae a66-1a.
5. Same specimen. Section through a crust showing basal hypothallus, and perithallus with the vertical groups
of medium megacells and horizontal clusters of large megacells.

. Mesophyllum pacificum Johnson, n, sp. (p. 226).

Section along a branch showing character of the tissue and some conceptacle chambers. Tagpochau limestone,
rubbly facies; loc. D138 (85); holotype, USGS algae a67-1a.

. Mesophyllum savornini Lemoine (p. 227).

Section nearly parallel to axis of a branch showing the strongly zoned tissue and & conceptacle chamber, Loc. D99
(B214); USGS algae al3-1a.



Ficurss 1, 2.

3, 4.

6, 7.

PLATE 53

Archaeolithothamnium megasporum Johnson, n. sp. (p. 218).
1. Detail showing very thin crust composed essentially of perithallic tissue and large sporangia. Mariana limestone,
rubbly facies; loc. D174 (8677); holotype, USGS algae al13-1a. .
2. General view of a crust. Above it is a coaxial hypothallus of a Lithophyllum. Mariana limestone, rubbly
facies; loc. D174 (5677); USGS algae a113-1b.
Archaeolithothamnium puniiense Airoldi (p. 218).
3. A general view of a section through a crust. The slide is a little too thick to show the tissue very clearly. Mari-
ana limestone, massive facies; loc. D102 (B229); USGS algae al6-1a.

4. A fragment of perithallus showing several layers of sporangia. Mariana limestone, massive facies; loc. D115
(B321) ; USGS algae a32-1a. ’

. Lithothamnium cf. L. madagascariense Foslie (p. 226).

Detail of tissue and four conceptacle chambers. Mariana limestone, pink massive facies; loc. D131 (C65); USGS
algae ab5-1a.

Lithothamnium tanapagense Johnson, n, sp. (p. 223).
6. Detail of tissue and a conceptacle chamber. Tanapag limestone; loc. D130 (C50); USGS algae ab4-1a.

7. Slightly oblique section through a crust. Tanapag limestone; loc. D130 (C50); holotype, USGS algae ab54-1b.
Lithothamnium cf. L. engelhartii Foslie (p. 221).

Detail of hypothallus, perithallus, and conceptacles with sporangia. Mariana limestone, massive facies; loc. D133
(C81); USGS algae a60-1a.

. Lithothamnium cf, L. aucklandicum Foslie (p. 224).

Section of a fertile crust. Mariana limestone, massive facies; loc. D103 (B232); USGS algae al7-1a.









Ficugre 1.

6, 7.

PLATE 54

Lithothamnium cf. L. lichenoides (Ellis and Solander) Foslie (p. 222).
A thin crust with a conceptacle chamber on an encrusting foraminifer., Mariana limestone, massive facies; loc. D133
(C81); USGS algae a60—2a.
Lithothamnium tanapagense Johnson, n. sp. (p. 223).
A thin, fertile crust on a layer of encrusting Foraminifera. Mariana limestone; massive facies; loc. D209 (C80);
USGS algae ab54~1c.

. Lithothamnium funafuiiense Foslie (p. 222).

A fragment with two conceptacte chambers. Mariana limestone, Halimeda-rich facies; loc. D129 (C49); USGS algae
a53-1b.

. Lithophyllum stefaninit Airoldi (p. 228).

A section showing character of the tissue, several conceptacle chambers and (above center) a secondary hypothallus
developed as scar tissue. Mariana limestone, massive facies; loc. D111 (B287); USGS algae a25-1a.
Lithophyllum expansum Philippi (p. 229).
A worn fragment with two conceptacle chambers. Mariana limestone, massive facies; loc. D109 (B282); USGS
algae a23—1a.
Lithophyllum moluccense Foslie (p. 230).
6. A fragment showing alternating layers of long and short cells and marginal conceptacle chambers. Mariana lime-
stone, pink massive facies; loc. D131 (C65); USGS algae a55-2b.
7. A detail of figure 6, X 100.

. Lithophyllum yendoi Foslie (p. 229).

A thin fertile crust (above) on Lithophyllum cf. L. megacrustum Johnson and Ferris. Mariana limestone, massive
facies; loc. D114 (B319); USGS algae a30-1b.



Fraure 1.

2-4.

6, 7.

- PLATE 55

Lithophyllum megacrustum Johnson and Ferris (p. 228).
Part of a crust with many conceptacle chambers. Mariana limestone, massive facies; loc. D114 (B319); USGS algae
a30-1a.
Amphiroa fragilissima (Linnaeus) Lamouroux (p. 238).
All from Mariana limestone, pink massive facies.
2. Section across a segment. Loc. D131 (C65); USGS algae ab5-1b.
3. Long section of a segment with a well-developed marginal perithallus. The medullary hypothallus shows alterna-
tions of long and short tiers of cells. Loc. D131 (C65); USGS algae ab5-1c.
4. Detail of a fragment of a segment. Loc. D132 (C67); USGS algae a59-1a.
Halimeda sp.? (p. 241).
Section of a leaf nearly parallel to the flat surface with characteristic tubular structure. Mariana limestone, massive
facies; loc. D95 (B189); USGS algae a9-1a.
Porolithon onkodes (Heydrich) Foslie (p. 232).
6. Detail of tissue showing clusters of megacells in the perithallic tissue and a conceptacle chamber. Mariana limestone,
Halimeda-rich facies; loc. D231 (8691). Specimen lost or misplaced.
7. General view of a part of crust. Mariana limestone, Halimeda-rich facies; loc. D129 (C49); USGS algae a52-1a.

. Lithophyllum cf. L. roveretoi Airoldi (p. 230).

Section of a crust with basal hypothallus, perithallus, and a conceptacle chamber. Mariana limestone, massive facies;
loc. D111 (B287); USGS algae a25-1b.

. Lithophyllum cf. L. racemus (Lamarck) Foslie (p. 228).

Section of a compound crust with conceptacle chambers. Mariana limestone, massive facies; loc. D101 (B227);
USGS algae als-1a.









Fiauee 1.

4, 5.

PLATE 56

Goniolithon sp. B (p. 232).

Section showing hypothallus (lower right) and perithallus with the vertical groups of megacells in the tissue. Mariana
limestone, massive facies; loc. D100 (B226); USGS algae al4-1a.

. Goniolithon sp. A (p. 232).

Detail of a crust showing a large conceptacle chamber, above it a secondary hypothallus developed as scar tissue, and
perithallic tissue with the typical vertical groups of megacells. Mariana limestone, massive facies; loc. D115 (B321);
USGS algae a32-2a.

. Halimeda sp. (p. 241).

Section of a segment with the characteristic internal tubes. Mariana limestone, massive facies; loc. D95 (B189);
USGS Algae no. a9-1b.
Porolithon craspedium (Foslie) Foslie (p. 232).
4. Section with a little of the basal hypothallus. Perithallic tissue contains abundant clusters of megacells. Mariana
limestone, massive facies; loc. D104 (B235); USGS algae al18-1a,
5. A slightly oblique section of perithallus with conceptacle chambers and numerous clusters of megacells. Tanapag
limestone; loc. D117 (B334); USGS algae a35-1a

. Lithoporella melobesioides (Foslie) Foslie (p. 234).

An array of superimposed thalli, Good detail of several conceptacle chambers. Mariana limestone, massive facies;
loe. D133 (C81); USGS algae a60-2b.



PLATE 57

[All figures are natural size unless otherwise indicated on plate]

Ficure 1. Lithophyllum kotschyanum forma typica Foslie (p. 230).
Recent, reef at Obyan Point; loc. D213; USGS algae a98.
2, 3. Dermatolithon nitida Johnson, n. sp. (p. 235).
2. Detail of thallus and conceptacle. Densinyama formation, limestone-conglomerate facies; loc. D147 (S133);
USNM 624736 (Foraminifera slide).
3. Several thalli, one with two conceptacles. Densinyama formation, limestone-conglomerate facies; loc. D154 (S208);
holotype, USGS Algae a92-2a.
4-6. Dermatolithon saipanense Johnson, n. sp. (p. 235).
4, Several superimposed thalli. Tagpochau limestone, rubbly facies; loe. D204 (C23); USGS algae al35-1a.
5. Another specimen with several thalli. Tagpochau limestone. inequigranular facies; loc. D105 (B245); USGS
algae al9-1a.
6. Several thalli and two conceptacles. Tagpochau limestone, inequigranular facies; loc. D108 (B279); holotype,
USGS algae a22-1a.









PLATE 58

[A1l figures natural size unless otherwise indicated on plate]

Frcure 1. Lithophyllum kotschyanum forma subiilis Foslie (p. 230). Loe. D176; USGS algae all4.
2-5. Lithophyllum moluccense Foslie (p. 230).
2. Forma pygmaea Foslie. A ball-like mass. Loe. D260; USGS algae a81.
3. Forma flabelliformis Foslie. Loc. D269; USGS algae a62.
4. Forma typica. Loc. D261; USGS algae a78.
5. Section of a branch showing the medullary hypothallus with the alternating layers of long and short cells which
is characteristic of this species. Loe. D261; USGS algae a78-1a.



PLATE 59

[All figures natural size unless otherwise indicated on plate]

Ficures 1-3. Porolithon craspedium (Foslie) Foslie (p. 232).
1. Side view of a specimen. Reef at Obyan Point; loc. D274; USGS algae a50.
2. Top view of the same specimen.
3. Section of the perithallic tissue of the same specimen, showing several conceptacles and clusters of megacells,
USGS algae a50-1a.
4, Goniolithon frutescens Foslie (p. 231).
A typical plant from reef at Obyan. Loc. D267; USGS algae a74.
5. Goniolithon reinboldi Weber van Bosse and Foslie (p. 231).
A nodular mass. Fafiunchuluyan beach; loc. D273; USGS algae a49.
6. Porolithon onkodes (Heydrich) Foslie (p. 232).
Knobby erusts on other algae. West coast of Saipan; loc. D272; USGS algae a61.









PLATE 60

[All natural size]

Ficure 1. Amphirea sp. (p. 238).
_ A cluster of this delicate coralline alga from southeast coast of Saipan. Loc. D279; USGS algae a37.
2. Halimeda opuntie forma triloba Barton (p. 242).
Tanapag Harbor; loc. D270; USGS algae a56.
3. Gomniolithon frutescens Foslie (p. 231).
A common growth form from west coast of Saipan. Loc. D268; USGS algae a69.
4, 5. Halimeda gracilis Harvey (p. 241).
4. Forma lata from west coast of Saipan. Loc. D437; USGS algae a57.
5. A variety close to forma lafa from west coast of Saipan. Loe. D271; USGS algae a58.
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GEOLOGY OF SAIPAN, MARIANA ISLANDS

DISCOASTER AND SOME RELATED MICROFOSSILS

By M. N. BRAMLETTE

ABSTRACT

This report is the first to attempt age assignments of strata
on the basis of the forms of Discoaster and some related small
planktonic organisms. Recent investigations have suggested
their stratigraphic value, and results of the present work on
samples from Saipan further substantiate this application.

Little value would be derived from premature discussion of the
systematics of such poorly understood organic objects. Only
some of the more diagnostic forms are discussed and tabulated
in a distribution table. This tabulation indicates a marked
difference between the earlier and later Tertiary samples of
Saipan. Age assignment of samples to the late Eocene and
Miocene is based on known occurrences of these fossils elsewhere.
These age relationships were subsequently found to agree with
other evidence in all but two samples, both of which had very
meager assemblages. The assemblage in one of these two samples
may well include reworked material.

INTRODUCTION

Application to stratigraphic paleontology of certain
very small (2-20 microns) and little known organisms
requires a few introductory remarks, at least, on their
general characteristics and occurrence,

Much scientific investigation of Recent coccolitho-
phores has been accomplished, because these minute
planktonic algae are an important element of the life at
the surface of the oceans. Sorby in 1861 recognized
that the coccoliths forming much of the Cretaceous
chalk were the skeletal remains of these calcareous
algae. A few of the fossil forms have been described,
but no attempt has been made to use them in strati-
graphic correlation. Some of these forms have well-
known Recent representatives in the oceans, and others
seem to be extinct.

Some forms, largely if not entirely extinct, that may
be closely related to the Recent coccolithophores have
been known under the ‘“generic”’ name Discoaster. Tan
Sin Hok (1927, p. 114-122, fig. 2) first used this name
and described several forms from the late Tertiary of
Indonesia. Though the systematic position of the
discoasters is uncertain and they were regarded by
Ehrenberg (1854) as inorganic ‘“Crystalldrusen,” it is
now evident that they are the skeletal remains of

planktonic organisms. They cannot be quite certainly
classed even as Protista, or single-cell organisms of the
plant or animal kingdoms.

The name Discoaster is applied to isolated skeletal
parts with various stellate forms—either with separately
extended rays or as radiate petals forming a disc.
Presumably more than one of these occurred as external
plates as with modern coccolithophores or possibly as
separated internal spicules. Polarized light shows them
formed as single or unit crystals of calcite, rather than
as delicate radiating fibers of calcite as in the coccoliths
or plates of typical coccolithophores. The form
described by J. Lecal (1952) from a single specimen from
a plankton sample of the Meditteranean seems very
questionably assigned to Discoaster, because the skeletal
parts are described as of amorphous (isotropic) material
rather than calcite. A form of Discoaster resembling
the rather poorly characterized species D. aster is found
sporadically in Quaternary ocean-bottom sediments
and may be yet living, though most species are certainly
extinct.

Deflandre (1952) has recently presented an interpre-
tation of the systematic position of Discoaster, and forms
apparently related, and included them in his Class
Coccolithophorides. However, certain forms of dino-
flagellates, such as Gymnaster, have two spicules shaped
like discoasters; and though composed of opal in this
genus, such skeletal parts are reported to be soluble in
acetic acid in some other genera of the same family
among the dinoflagellates and are perhaps calcite.

Much taxonomic work remains to be done on these
organisms, and little was attempted in the present study,
only the forms from Saipan that have been described
elsewhere being considered. Work to date on samples
from various parts of the Tertiary in many places in
the world (Bramlette and Riedel, 1954, p. 385-403)
has indicated that the three genera or subgenera of
Tan Sin Hok (1927) (his treatment as genera or sub-
genera is not consistent) are not satisfactory groupings
nor are most of his species and varietal groups. The
different ‘‘species’” of discoasters from Saipan are
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included, therefore, under the one ‘“‘generic”’ designa-
tion Discoaster. 'This is merely expedient, as knowledge
of these forms is not yet adequate for a systematic
hierarchy even of one such as that of Croneis (1938)
based on the Roman Army groupings.

Examination with a variable phase-contrast micro-
scope is of much help in identification, as some of the
confusing effects of refracted light can thus be elimi-
nated. Discrimination of more distinctive features
in these minute forms may eventually prove possible
and permit less “lumping’’ of forms and consequently
of their stratigraphic distribution.

Notes on some of the commoner forms from Saipan,
or of those which are already recognized as diagnostic
for certain parts of the Tertiary, are presented along
with 1illustrations of most of them. All of these
have been either described as new species or discussed
further elsewhere (Bramlette and Riedel, 1954, p. 385-
403). Table 1 includes an indication of relative abun-
dance, though this seems of little or no significance in
some samples because it is evidently influenced by
degree of solution and recrystallization of these
constituents.

DISCUSSION OF SPECIES IDENTIFIED FROM SAIPAN
DISCOASTERS

Discoaster pentaradiatus Tan Sin Hok, emend. Bramlette and
Riedel

Discoaster pentaradiaius Tan Sin Hok, emend. Bramlette and
Riedel, 1954, Jour. Paleontology, v. 28, no. 4, p. 401,
pl. 39, fig. 11; text figs. 2a, b.

This delicate form was adequately illustrated by
Tan Sin Hok (1927, p. 118, text fig. IT, fig. 14). Though
5 rays seem dominant in this species, 6 rays form a
common variant. The 6-ray variant resembles D.
challengeri, but the difference in the bifurcating ends
of the rayvs is apparent in Tan’s figure, and this is
believed to be more diagnostic. This species is also
generally more delicate than D. challengeri. Present
data indicate that it is a widespread form but probably
restricted to the early Pliocene and Miocene, and it
seems less common in the early Miocene.

Discoaster brouweri Tan Sin Hok
Plate 61, figure 1

The Saipan form illustrated can be identified as
Tan’s species (1927, p. 120, text fig. 1, fig. 8a, b.) His
idealized sketch does not show the considerable en-
largement of the central area by widening of the rays
at their central juncture, but this is somewhat variable
as indicated by specimens from a part of Tan’s original
sample, which was kindly supplied by Dr. Ubaghs,
of Delft, Netherlands. The downward curvature of
rays ranges considerably, as does their thickness, and
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5 ray forms occur much less commonly than the
normal 6 rays. This form is abundant and widespread
in Miocene strata, particularly in those of the upper
Miocene. It extends up into the Pliocene.

Discoaster brouweri Tan Sin Hok var

A form similar to D. brouweri (except that the rays
are generally very thin or delicate) is here classed as
a mere variant of the above species. They are not al-
ways associated, however, and it may prove to be best
separated at least as a subspecies. It is common in
Miocene strata, especially in the upper part, and
throughout most of the Pliocene. Some data suggest
that its upper limit mayv help serve as a tentative
upper limit of the Pliocene, in the Pacific region at
least, even though no satisfactory boundary is yet
possible.

Discoaster challengeri Bramlette and Riedel

Plate 61, figure 2

Discoaster challengeri Bramlette and Riedel, 1954, Jour. Pale-
ontology, v. 28, no. 4, p. 401, pl. 39, fig. 10.

This form from Saipan is illustrated in plate 61,
figure 2, and it was also figured by Tan Sin Hok (1927,
p. 111, fig. 3), though he did not name it or mention it
otherwise. His figure may have been taken from an
illustration in the Challenger Report (Murray and
Renard, 1891, pl. 11, fiz. 4). It is considered the same
as Tan’s D. molengraaffi var. gamma (1927, p. 120-121,
text-fig. II, fig. 11). His var. gemma is not closely re-
lated, however, to his D. molengraaffi, and thus required
a new name. This thin-rayed form with 6 (rarely 5)
rays, bifurcating at their tips, also ranges considerably
from more delicate to more robust forms than that
illustrated. It is flatter or has much less downward
bend of the rays than D. brouweri. The arrangement of
rays like two superposed triradiate forms shown in
Tan’s illustration of D. molengraaffi var. gamma occurs
only as an unusual variant among specimens in the part
available of Tan’s original sample. The same unusual
variations, and even of single triradiate variants, is
evident in several different species. Examination of
many samples from many areas makes it evident that
these occasional variants of several species cannot be
grouped as the different genus or subgenus which Tan
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