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GEOLOGY OF THE MIDWAY AREA, HAWAIJAN ISLANDS

SMALLER FORAMINIFERA FROM MIDWAY DRILL HOLES

By Rura Toop and Doris Low

ABSTRACT

Two cored drill holes yielded abundant free specimens of
smaller Foraminifera. All beds are interpreted as of shallow
deposition, probably near or within a reef. Both holes reached
the basaltic foundation, one at 516 feet and the other at 1,261
feet. Miocene (Tertiary ¢g) was reached at 445 feet in the
shallower hole, at 500 feet in the deeper. The deeper hole is
Tertiary ¢ (lower Miocene) in its lower part. Austrotrilling
striata, a miliolid which became extinct in Tertiary e and is
known only in Europe, Asia, and the western Pacific, is present
in abundance in the lower part of the deeper hole. More than
400 core samples were examined. Checklists give the occurrence
and abundance of about 172 species. Three species are described
as new—Angulogerina midwayensis, Eponides formosulus, and
Neoconorbina rustica.

INTRODUCTION

In 1965, two cored holes were drilled about 4 miles
apart on Midway atoll seeking evidence on the environ-
ment, age, and history of the Hawaiian Island chain.
As shown in figure 1, the Sand Island hole was drilled
on the northern edge of the island of that name, which
is within the southern sector of the atoll, and the Reef
hole was drilled on the northern edge of the lagoon
from a barge resting in 8 feet of water. Both holes
reached the basaltic foundation of the seamount upon
which Midway atoll grew; in Sand Island hole at 516
feet and in Reef hole at 1,261 feet (Ladd and others,
1967, p. 1088). The age of the oldest sedimentary rocks,
those immediately above the basaltic foundation, is
early Miocene (Tertiary ¢), and the overlying strati-
graphic section is Miocene up to within 445 feet and
500 feet of the surface (in Sand Island hole and in Reef
hole, respectively). Age of the post-Miocene section
of rocks and unconsolidated debris is not determinable
by Foraminifera. The Foraminifera fauna recovered
from the cored rocks is meager compared with that as-
sociated with coral reefs in lower latitudes. However,
172 species were identified from the Miocene and post-
Miocene rocks in the two holes together.
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FieUure 1.—Map of Midway atoll, showing location of drill holes.
S, Sand Island hole; R, Reef hole. From Ladd, Tracey, and
Gross (1970).

At the top of the holes, the Sand Island assemblages
are richer than those from Reef hole, possibly because
they were laid down nearer to land. Although Sand Is-
land hole was drilled to a depth less than one-half that
of Reef hole, 120 species were recorded from Sand Is-
land hole, nearly 83 percent of the total number of
species (145) taken from Reef hole. At the correspond-
ing depth of 500 feet in each hole, which is the deepest
point from which specimens were obtained from Sand
Island hole, 50 percent more species were recorded from
Sand Island than Reef hole. The two holes have 89
species in common ; 31 species occur only in Sand Island
hole and 55 only in Reef hole. Thus, there is a total
fauna of smaller Foraminifera of approximately 175
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species, including three identified only as to general
group.
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PREPARATION OF MATERIAL

Better consolidated sediments and improved drilling
methods resulted in a far better core recovery at Midway
(Ladd and others, 1967, p. 1088-1089, table 1, fig. 4)
than that obtained at Eniwetok (Ladd and others, 1953,
p- 22592268, fig. 2). Of the approximately 421 samples
reported on in this paper (tables 1 and 2), all but one
are from cores; whereas of the 406 samples tabulated
from the Eniwetok drill holes E-1 and F-1 (Todd and
Low, 1960, tables 2 and 3), only 23 were taken from
cores.

The 3-inch-diameter cores, retrieved in a rubber sleeve,
were cut in 5-foot lengths at Midway and packed in
numbered wooden boxes for storage at Honolulu. Dur-
ing our 4-week visit at the Hawaii Institute of Geophys-
ics at the University of Hawaii in early 1966, parts of
these cores were given spot checks for Foraminifera
and other microfossils. Series of samples were then se-
lected for detailed study, and our collection information
was marked on the inside of the box covers for future
reference.

Sections indicating the most promising results were
sampled at intervals of 6 inches or less. A good example
of this is the interval of 1,101.5-1,115.5 feet in the Reef
hole (table 1)—a series of 16 samples within 15 feet of
core (core boxes 303-305) . Boxes containing poorly con-
solidated material could not be marked as to more pre-
cise depths. Some covered 5 feet of drilling depth but
less than 5 feet of core recovery. For this situation the
tables show the inclusive depth figures for an individual
box and indicate the part of the box that was sampled.
For example, from the depth 866 to 871 feet in the Reef
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hole (table 1), box 255 yielded three samples listed as
866-871 top, 866-871 middle, and 866-871 bottom.

In examining the cores we noted a fluctuation in
richness of assemblage that was unreflected by any ob-
vious change in lithology of the sediments. Some of the
poorer samples examined were eliminated from the ta-
bles. However, very few of the samples examined were
wholly barren of smaller Foraminifera.

For final study, the samples were routinely prepared
by gently boiling and then washing on a 200-mesh
screen. Some were treated with hydrogen peroxide, but
this was ineffective on the harder, more recrystallized
sediment.

Unlike the Eniwetok study in which each of us con-
centrated on one drill hole (Todd and Low, 1960,
p- 800), we combined our examination of the Midway
material by each picking and mounting alternate sam-
ples throughout both holes.

SUMMARY OF FAUNAS

Tables 1 and 2 show the distribution and abundance
of species in Reef hole and Sand Island hole, respec-
tively. In each table, the species are arranged in order
of their first appearances and are numbered consecu-
tively. In the text the species are arranged in systematic
order and the consecutive numbers are included there
in order to facilitate finding the species on the tables.

REEF HOLE

Coring started at about 70 feet. From this level down
to the sample at 103.5 feet the hole penetrated a fairly
rich miliolid-A mphistegina facies similar to but slightly
less rich than the miliolid-Amphistegina facies at the
top of Sand Island hole. The major constituent, 4m-
phistegina madagascariensis d’Orbigny, is accompanied
by Marginopora vertebralis Quoy and Gaimard and a
large variety of miliolids as well as various other species,
mostly rotaliids and bolivinids.

Below the sample at 103.5 feet with its rich and well-
preserved fauna, the material is quite meager and badly
obscured by recrystallization down to 500 feet, although
A. madagascariensis maintains its abundance more or
less throughout, except where it is replaced by Hetero-
stegina (Cole, 1969, p. C8) between 376.5 and 400 feet.
Marginopora vertebralis and Reussella simplex (Cush-
man) are discontinuously present. At 206 feet Rosalina
turgida (Dorreen) makes its appearance. Between 362.5
and 381 feet, the only recognizable fossils are miliolid
fragments.

The sample at about 426 feet is a good one and in-
cludes several planktonic species in addition to the ro-
taliids and bolivinids already found at higher levels.
Between 426 and 500 feet, the recrystallized zone con-
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tinues with virtually undeterminable specimens, prob-
ably of the genus Amphistegina.

At 500 feet there is a sudden and nearly complete
change at the top of the Miocene. The material is less
crystallized and the following species make their first
appearance:

Amphistegina bikiniensis Todd and Post

Asterigerinag tentoria Todd and Post

Baggina parva Todd

Bolivinella folium (Parker and Jones)

Cribrogoesella parvule Todd and Low

Globigerina trilocularis A’Orbigny

Neoconorbina patelliformis (Brady)

Valvulammina marshallana Todd and Post

Valvulina martii Cushman and Bermudez

This level is equivalent to that at 445 feet in Sand Island
hole where the top of the Miocene is marked by a con-
glomerate of basalt boulders and cobbles, and the faunal
change is nearly as striking with first appearances of
Amphistegina bikiniensis, A sterigerina tentoria, Valvu-
lammina marshallana, and Valvulina marti.

We interpret the age of the top of the Miocene at
Midway as Tertiary g. This interpretation is based on
the combined presence of Valvulammina marshallana
and Asterigerina tentoria. The top occurrence of 4. ten-
toria is in Tertiary ¢ at Bikini and in Tertiary f at Eni-
wetok, whereas the top occurrence of Valvu/ammina
marshallana is in Tertiary ¢ at both Bikini and Eniwe-
tok. Although the top occurrence of Amphistegina bi-
kiniensis is in the middle part of Tertiary e at Eniwetok
and Bikini, and either close above or close below the top
of Awustrotrillina striata, it is found relatively much
higher here at Midway, where its top occurrence is with
that of Valvulammina marshallana and Asterigerina
tentoria.

At about 510 feet and also 514-516 feet, the core
consists of limestone pieces on the surface of which can
be seen densely packed specimens of miliolids, some as
sections and some as whole individuals. (See pl. 12, fig.
3.) The interval containing Asterigerina tentoria ends
at about 560 feet and that containing Valvwlammina
ends at about 570 feet. Both species reappear at deeper
levels. The sediment, though much recrystallized, still
contains usually abundant Amphistegina, now the
species A. bikiniensis.

The top of Tertiary e at about 590 feet, as interpreted
by Cole (1969, p. C2) on the basis of larger Forami-
nifera, is not evident in the fauna of smaller Foraminif-
era which continues with little change down to about
910 feet where the first specimens of Austrotrillina
appear.

In the interval of more than 300 feet between the top
of Tertiary ¢ (about 590 ft) and the first significant
change shown by smaller Foraminifera, specimens of
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Amphistegina bikiniensis are more or less consistently
present,; accompanied in some samples by large spherical
specimens of Gypsina globula (Reuss). The sediments
are mostly coarsely recrystallized so that the larger
specimens of Foraminifera are poorly preserved, often
nearly obscured by crystal coatings and accompanying
shell and algal debris, and the smaller specimens—
bolivinids, nonionids, and rotaliids—are usually miss-
ing. (See pl. 12, fig. 5.)

At around 875 feet the assemblage of smaller species,
although still meager, becomes more clearly discernable,
and at 876.5 feet the first specimens of Baggatella sp.
appear.

At about 910 feet, limestone fragments show the first
rare specimens of Austrotrillina striata Todd and Post,
the distinctive Tertiary e miliolid that occurs in floods
at deeper levels.

Beginning at 930 feet, most of the samples contain
fairly rich asssemblages of smaller Foraminifera con-
sisting chiefly of species of the following genera:
Clavulina, Quingueloculina, Pyrgo, Bolivina, Reussella,
Rosalina, Rotorbinella, Nonion, and Cibicides. First oc-
currences at about this level include the following
species:

Astacolus sp.

Bolivina fastigia Cushman

Cancris pauciloculatus Cushman and McGlamery
Eponides formosulus Todd and Low, n. sp.
Gaudryinae triangularis angulate Cushman
Planorbulinelle larvata (Parker and Jones)

Spiroloculing occluse (Cushman)
Virgulinae complanata Egger

At 979.5-981 feet a thin oyster bed was penetrated.
All the associated Foraminifera are small kinds—spe-
cies of Bolivina, Buliminella, Virgulina, Angulogerina,
Pseudononion, and Caucasing (its first occurrence).
Ammonia beccarii tepida (Cushman), indicating near-
brackish conditions, is also associated with the oyster
bed. A second oyster bed occurs about 614 feet lower,
again with the same associated species.

The assemblages continue to be rich, and gradually
more first occurrences are added. Between 930 and 1,027
feet an almost complete lack of Amphistegina bikini-
ensis is noted, with such species as Rotorbinella mira
(Cushman), Nonion pacificum (Cushman), Rosalina
globularis ’Orbigny, and Cibicides lobatulus (Walker
and Jacob) occupying the dominant position. Between
1,027 and 1,043 feet the following species have their first
occurrence :

Glabratella sp.

Nonion akitaense Asano
Pseudononion aff. P. tredecum Asano
Quinqueloculina akneriana ’Orbigny

Q. costate A’'Orbigny
Spiroloculina communis Cushman and Todd
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At about 1,027 feet Amphistegina bikiniensis resumes
its position of dominance in the assemblages. Many of
the samples contain beautifully preserved specimens,
but some show effects of recrystallization. The sample
at 1,008.5 feet shows perfect preservation. The chambers
are empty with pores visible, and the walls are lustrous.
In some samples the individual specimens show abra-
sion, possibly from reworking, and in some there appear
to be beach-polished grains.

A diverse fauna at 1,042 feet seems to indicate rela-
tively shallower water deposition, although none of the
Midway faunas indicate deposition at depths greater
than several hundred feet. In this sample were observed
grains of polished beach sand, and the Foraminifera
assemblage—Amphistegina, large miliolids, penero-
plids, and species of Cornuspira, Bolivinella, Bulimin-
ella, Virgulina, Bolivina, Rosalina, Elphidium, Pseudo-
nonion, and Cibicides—is suggestive of near-shore and
shallow deposition.

At 1,044-1,046 feet, a soft black clay contains mostly
Amphistegina, with little else in the medium-size frac-
tion. The fine fraction is rich in species of Bolivina, Vir-
gulina, Buliminella, Bolivinella, Caucasina, Rosalina,
Nonion, Pseudononion, Elphidium, and Cibicides.

Between 1,046 and 1,101.5 feet, many samples are
either barren of Foraminifera or very poor, and those
that do contain identifiable species consist in large part
of semiconsolidated organic debris, recrystallized and
cavernous. Amphistegina bikiniensis and unidentifiable
miliolids make up most of the fauna. (See pl. 12, fig. 2.)

Between 1,101.5 and 1,108 feet the following species
have their first occurrences:

Bolivina alazanensis Cushman
Cycloloculina sp.

Gyroidina orbicularis A’Orbigny
Heronallenia sp.

Marginuling procera (Stache)
Siphonodosaria? sp.

Below the change at 1,101.5 feet, the assemblages are
rich in most of the samples and by 1,106.75 feet, Austro-
trillina striata is abundant. At this level, Valvulammina
marshallana recurs. In addition, Valvulina martii, that
accompanies Valvulammina marshallana at the top of
the Miocene, accompanies it here also.

From this level down to 1,120 feet, the sediment is
dominated by Austrotrillina striata, and in places con-
sists of an Awustrotrillina sand. (See pl. 12, fig. 4.) A.
striata, a species having an upper age limit of Tertiary
e, confirms the Tertiary ¢ age of this part of the section.
The associated fauna of smaller Foraminifera is rich
and moderately well preserved, and Rotorbinella mira
approaches Amphistegina bikiniensis in abundance in
some samples.
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Between 1,113 and 1,120.5 feet, Gypsina discus Goés
occurs in association with Awstrotrilling striata.
Although Awstrotrillina is absent or very rare below
1,120 feet, the assemblage associated with it continues
down to about 1,129 feet.

Below a virtually barren interval of 36 feet, a totally
different fauna occurs at 1,165 feet. In a dark-brown
clay (pl. 12, fig. 6), the assemblage is dominated by
Bolivina striatula Cushman, Buliminella elegantissima
(d’Orbigny), Virgulina complanata KEgger, Rotor-
binella mira (Cushman), and Amphistegina bikiniensis
Todd and Post. The specimens appear fresh and un-
changed by recrystallization.

Beneath an additional 21 feet of barren sediment is
found the lowest fauna at Midway—at 1,186 feet
are abundant miliolids (Quingueloculina laevigata
d’Orbigny) and common peneroplids (Peneroplis pro-
teus d’Orbigny) plus a few rare individuals of species
known from higher levels, all represented by glauconite
molds. This miliolid-peneroplid fauna appears to be a
reef or near-reef deposit.

There are no faunal elements suggesting an age any
older than Miocene for either of these two lowest Mid-
way faunas.

SAND ISLAND HOLE

Coring in the shallower drilling, Sand Island hole,
started about 40 feet higher than in Reef hole. This may
account, in part, for the slightly richer fauna obtained
from the top of this hole. The facies in the uppermost
section is similar to that of the Reef hole with Amphis-
tegina madagascariensis d’Orbigny and Marginopora
vertebralis Quoy and Gaimard dominating numerous
miliolids, buliminids, and rotaliids.

Samples from 137 to 148 feet, including the only
sample of cuttings (145 feet), contain abundant well-
preserved specimens especially rich in miliolids.
Although Cibicides lobatulus (Walker and Jacob) con-
tinues fairly regularly to the bottom, it is most common
in this section. More than 58 percent of the Sand Island
species (70 taxa) make their first appearance in the top
148 feet of the hole.

From this level downward the material is mostly
hard, porous, and recrystallized and yields generally
meager faunas. At 152.5 feet, Marginopora vertebralis
becomes rare and continues only sporadically down-
ward. Amphistegina madagascariensis is also rare and
worn here but is again abundant, although still poorly
preserved, from 218 to 241 feet and from 296.5 to 443
feet. (See pl. 12, fig. 1.)

Miliolids are virtually absent below 241 feet except
for rare unidentifiable fragments. Two additional ex-
ceptions are Quinqueloculina polygona (d’Orbigny)
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and Spiroloculing manifesta Cushman and Todd oc-
curring commonly at 259.8 feet.

At 242.5 feet a small shallow-water fauna of Forami-
nifera is accompanied by many specimens of the ostra-
code Cyprideis beaconensis LeRoy. This ostracode
indicates brackish water conditions (J. E. Hazel, written
commun., 1969). Specimens of Elphidium and Dis-
corbis wesicularis dimidiata (Parker and Jones) are
present here within a 1-foot interval but do not recur
further down.

Nothing much of significance appears in the small
residues obtained from the hard, recrystallized cores in
this interval down to 445 feet. Reussella simplex (Cush-
man) and Cymbaloporetta bradyi (Cushman) occur
together in sporadic common to abundant numbers from
258.8 to 321 feet. From 296.5 to 443 feet, Amphistegina
madagascariensis is once again common to abundant
but ends abruptly at the latter depth.

Between 427 and 443 feet, a coarse conglomerate of
basaltic cobbles occurs. The only Foraminifera found in
it are Amphistegina madagascariensis and undetermi-
nable miliolid fragments.

The following significant species make their first ap-
pearance at 445 feet, interpreted as the top of the Mio-
cene in the Sand Island hole: Amphistegina bikiniensis
Todd and Post (abundant), Valvwammina marshallona
Todd and Post, and Valowlina martii Cushman
and Bermudez. At 446 feet, the Miocene evidence 1is
strengthened by Asterigerina tentoria Todd and Post
and fragments of Austrotrillina, presumably A. striata
Todd and Post. These are unmistakable remnants of
Austrotrillina and are the only representatives of the
genus in the Sand Island cores, presumably reworked
from Tertiary e.

The existence of reworked material at this level so
close beneath the basaltic conglomerate between 427 and
443 feet is to be expected. We assume that the ancestral
Midway basaltic foundation was receiving sediments
as it sank and that locally these sediments were eroded
and redeposited due to intermittent rising and sinking
of the local area with respect to sea level. The presence
of the basaltic cobbles suggests that the site of Sand
Island hole was near land receiving sedimentation
from some adjacent higher area. Hence some of the
earlier deposited Tertiary ¢ specimens from the abun-
dant Awustrotrillina sand probably became mixed with
the Tertiary ¢ specimens that lived in the area at
the time preceding the deposition of the basaltic
conglomerate.

The material from about 460 feet to the bottom is
mostly hard and recrystallized with some core pieces
being porous agglomerates of reef debris. It yields rare,
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mostly very tiny, poorly preserved Foraminifera down
to 500 feet. Additional first occurrences which may be
of significance are the following between 460 and 485
feet:

Angulogerina tenuistriata (Reuss)

Baggina parva Todd

Buccella perforata Todd and Low

Clavulina multicamerata Chapman

Globigerina trilocularis d’Orbigny

Globigerinoides trilobus altiaperturus Bolli

Of these, Globigerinoides trilobus altiaperturus and
Angulogerina tenwistriata are not found in our Reef
hole cores.

Some bolivinids such as Boliving striatule Cushman,
B. compacta Sidebottom, and Reussella simplex (Cush-
man) recur from about 460 feet to the bottom. Bolivina
striatula is strikingly abundant from 483.5 to 489 feet.
At 488-496 feet Gypsina globula (Reuss) increases in
number of specimens and from there persists rarely to
the bottom.

Between 483.5 and 501.5 feet, specimens of the ag-
glutinated species Clavulina angularis 'Orbigny and C.
multicamerate Chapman have incorporated black
grains into their otherwise white tests. These black
grans indicate that the sediment on which these spe-
cies lived included black grains, presumably of vol-
canic rock.

Organic fragments from 500.6 to 529.5 feet seem
to be of little significance, and the cores are omitted
from table 2.

PALEOECOLOGY

The kinds of smaller Foraminifera present in the
rocks of the Midway drill holes indicate a marine envir*
onment throughout except for two narrow zones: one at
about 242 feet in Sand Island hole characterized by
species of Elphidium and Discorbis together with as-
sociated brackish water ostracodes, and the other, oyster
beds at about 980 and 986 feet in Reef hole where
Ammeonia beccarii tepida and several other species
suggest a brackish environment.

Depth of deposition was shallow, no deeper than
around 300 feet and probably much shallower, such
as 60-150 feet. Grains of polished beach sand and
abraded specimens of Foraminifera at 1,042 feet in Reef
hole suggest near-short and shallow deposition. The
assemblage at 1,186 feet in Reef hole suggests it lived
on a reef. No significant difference in depth of deposi-
tion was observed between the two holes except that in
Sand Island hole the top of the Miocene is marked by a
conglomerate of basaltic boulders whereas in the Reef
hole, no conglomerate marks the top of the Miocene.
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Turbulence was probably not severe over most of
the area of deposition. In some parts of the section,
such as at 1,045 feet and 1,165 feet in Reef hole, the
faunal assemblage suggests that it may have lived
behind a fringing reef. However, the presence of rare
globigerinids, mostly in the post-Miocene parts of the
section, is evidence of the circulation of oceanic water
over the area of deposition.

Around 1,105-1,120 feet, where Austrotrillina striata
Todd and Post is abundant enough to constitute an
Austrotrillina sand, we interpret the conditions to have
been shallow and possibly moderately turbulent.

Temperature, as is to be expected for this latitude,
was undoubtedly cooler than that of the Marshall and
Mariana Islands in lower latitudes. Lowered temper-
ature is accompanied by decrease in number of species,
and the Midway assemblages have significantly fewer
species than do assemblages in the Marshalls and Mari-
anas. Moreover, the presence of such a species as Fissu-
rina cucurbitasema Loeblich and Tappan, that was de-
scribed from the Arctic, implies cooler water.

Remoteness of new volcanic islands from a source
of colonization may also contribute to the sparseness of
the population at Midway. Shallow-water benthonic
species can be “filtered” by adverse conditions as they
move, presumably by some sort of rafting as discussed
by Cole (1960a, p. 15-17), for long distances across
areas such as oceanic regions where they do not live.
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CORRELATION

Correlation between the two Midway holes is fairly
clear at 445 feet in Sand Island hole and 500 feet in
Reef hole where the following species first appear:
Amplistegina bikiniensis Todd and Post, Asterigerina
tentoria Todd and Post, Valvulammina marshallana
Todd and Post, and Valvulina martii Cushman and
Bermudez ; and this level is interpreted as the top of the
Miocene (Tertiary ¢g). Many other species occur in com-
mon between the two holes, both above and below the
top of the Miocene, but no others besides those men-
tioned seem to be useful for precise correlation. There
seems no evidence that the bottom of Sand Island hole
extends below Tertiary g¢.

Several points of probable correlation between the
Miocene section at Midway and sections studied at
Bikini (Todd and Post, 1954) and Eniwetok (Todd and
Low, 1960) are recognizable, although the Midway sec-
tion appears to be only about half the thickness of the
Marshall Islands ones, and there is a striking lack at
Midway of the genera Calcarina and Pararotalia and
the heavy-walled species of Ammonia that make up
dominating parts of the assemblages in the Marshalls.

The top of the Miocene at Midway at 445 and 500 feet
in the two holes is marked by the first appearances of
Amphistegina bikiniensis Todd and Post, Asterigerina
tentoria Todd and Post, Cribrogoesella parvula Todd
and Low, Valvulammina marshallana Todd and Post,

aef[:t;: Sanrc‘lollzland | ';gleef iDnefetzt'
° B 4¥2miles > 0
100 - 100
200 — Post- 200
a0 | Miccene | 300
400 — Basaltic conglomerate , 400
500 —| Oy Top of Miocene (Tertxa:y ) . *Temary g o0
600 ?———————Topof Tertiary e ) _ 600
700 — L 00
800 N oo
e °fb.338/t S Tertiary e | 900
10007 Austrofrillina — 1000
sand
1100 — = 1100
1200 — 7 - 1200
1300 — ; 1300
1400 — % .
1500 — 1500
1600 — | 1600
1700 : 1700

F1GURE 2.—Correlation between Reef hole and Sand Island hole, Midway atoll. Core depths are in feet below drilling platform,
which was 16.5 feet above mean lower low water for Sand Island hole and 10.5 feet for Reef hole.
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and Valvulina martii Cushman and Bermudez. Tops of
these species in the two sections in the Marshalls are
tabulated below.

Bikini Eniwetok

hole 2B hole E-1

(in ft) (in ft)
Amphistegina bikiniensis Todd and Post_____ 1,891 =1, 500
Asterigerina tentoria Todd and Post._________ 852 960
Cribrogoesella parvula Todd and Low. _______ 1,293 1, 020
Valvulammina marshallana Todd and Post____ 852 800
Valvulina martis Cushman and Bermudez____ 1, 209 1, 030

We favor placing more weight on Valvulammina
marshallana and Asterigerina tentoria to correlate the
level at 445 feet in Sand Island hole and 500 feet in
Reef hole with levels of approximately 800 feet at
Eniwetok and 850 feet at Bikini.

An alternative interpretation is that the unconform-
ity at the basaltic conglomerate above 445 feet in Sand
Island hole has removed some of the upper part of the
Miocene represented at 800 and 850 feet at Eniwetok
and Bikini and that the correlation should be made with
a deeper level in those two sections. This alternative

DISTANCE, IN MILES Eniwetok
Mid Bikini

o —Haway 1600 2257
500' 4 | Top of Miocene —

Top of y; /

iy N

Wulamming MOrshatiame [
1000’ —
1500’ — —

Cycloloculina
2000' - Zone of abundant Austrotrillina —
Hole 2~
2500" — ole 2-B | -
|
}
3000" — L
|
3500 L
4000" — —
Hole E-1
4500

Ficurm 3.—Correlation between Midway, Bikini, and Eniwetok
drill holes.
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interpretation is supported by that of Cole (1969, p.
C3) in which the Reef hole section between 590 and 960
feet is correlated with the part of the Tertiary e section
that lies between 1,190 and 1,452 feet at Eniwetok and
between 1,387 and 1,597 feet at Bikini.

Miocene age seems fairly well established for the sec-
tion in Reef hole above 590 feet, the uppermost occur-
rence of Tertiary e larger Foraminifera, and below 500
feet, the uppermost occurrence of Miocene smaller For-
aminifera. What is in question is what part of the Mio-
cene this should be assigned to. No larger Foraminifera
were found in this questionable 90 feet of section that is
correlated, by smaller Foraminifera, with about 55 feet
of section underlying a basaltic conglomerate in Sand
Island hole. This questionable Miocene section could
conceivably be placed in Tertiary ¢, Tertiary f, or Terti-
ary g.

Lacking evidence for placing this questionable section
in Tertiary ¢ or Tertiary f, we favor placing it in Ter-
tiary ¢ on the basis of the occurrence of Valvulammina
marshallana and Asterigerina tentoria. The former
ranges downward from beds determined by larger
Foraminifera to be Tertiary ¢ at both Bikini and Eni-
wetok. The latter ranges downward from beds deter-
mined by larger Foraminifera to be Tertiary g at
Bikiniand Tertiary f at Eniwetok.

Awustrotrilling striata Todd and Post provides another
good correlation between Midway and the Marshall Is-
lands. This genus, having become extinet with the end
of Tertiary e, is found at its highest point at 911 feet in
Reef hole but is not abundant until between 1,110 and
1,120 feet. In the Marshalls it is first observed at a depth
of 1,658 feet in hole E-1 at Eniwetok and about 1,600
feet in holes 2A and 2B at Bikini, and the zones of its
abundance are at 1,835-2,003 feet at Eniwetok and about
1,700-2,250 feet at Bikini. Thus we assume the extinetion
of Austrotrillina striate makes a reliable point of cor-
relation, namely about 911 feet at Midway, about 1,658
feet at Eniwetok, and about 1,600 feet at Bikini. More-
over, the narrow zone of abundant Awustrotrilling be-
tween 1,110 and 1,120 feet at Midway probably falls
somewhere within the thicker zones of common to
abundant Austrotrillina between 1,835 and 2,003 feet at
Eniwetok and about 1,700-2,250 feet at Bikini.

Another species showing possible correlation between
Midway and the Marshalls is Cycloloculina sp. At Mid-
way it occurs between 1,106.75 and 1,126 feet, approxi-
mately within the zone of abundant Austrotrilling. At
Bikini it occurs between 1,891.5 and 1,902 feet in hole
2B which is also within this zone of abundance.

Outside the Marshalls, there are other possible correla-
tions. The finding of the planktonic subspecies
Globigerinoides trilobus altiaperturus Bolli in Sand
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Island hole at 460 feet, about 15 feet below the top of
the Miocene, provides a correlation with Bodjonegoro-1
well in Java where the same form is reported as occur-
ring in the lower and middle Miocene (Bolli, 1966, range
chart). The benthonic assemblage of the Bodjonegoro-1
well, however, being of deep-water facies (Boomgaart,
1949), has virtually nothing in common with the Mid-
way section.

Bolivina chinenensis LeRoy described from the
Pliocene of Okinawa, and also known (under another
name) from the Miocene (Tertiary f) part of the Eni-
wetok section, occurs in both the Miocene and the post-
Miocene parts of Sand Island hole and the Miocene
part of Reef hole. It seems to have a rather long range
and is probably not useful for close correlation.

GEOLOGY OF THE MIDWAY

SYSTEMATIC CATALOG

In the systematic catalog that follows we have added
symbols to facilitate locating each species in the Reef
hole (table 1) and the Sand Island hole (table 2). On
each table the species are numbered consecutively and
in the text these numbers are included after each
species. For example, S49, R22 means that 7extularia
foliacea is No. 49 in the Sand Island hole and No. 22 in
the Reef hole. Extra categories are tabulated in each
hole to include unidentifiable specimens in the Miliolidae
and Peneroplidae. They are No. 55 for miliolid frag-
ments, No. 87 for miliolid molds, and No. 63 for pene-
roplids in the Reef hole and No. 71 for miliolid frag-
ments and No. 101 for miliolid molds in the'Sand Island
hole.

Family HYPERAMMINIDAE
Genus SAGENINA Chapman, 1900

Sagenina frondescens (Brady)
Sagenina frondescens (Brady). Todd, 1966, p. 31, pl. 17, fig. 1.

A piece of shell having slender tubes attached to its
inner surface was found in the 35.5-40-foot sample
from Sand Island hole.

Species No.—S29.

Family TEXTULARIIDAE
Genus TEXTULARIA Defrance, 1824

Textularia agglutinans d’0Orbigny
Textularia agglutinans d’Orbigny. Cushman, Todd, and Post,
1954, p. 328, pl. 83, fig. 2.

Typical specimens were found in the post-Miocene
section of Sand Island hole only, where they are of good
size and fairly common and persistent between 284 and
300 feet.

Species No.—S60.

Textularia foliacea Heron-Allen and Earland

Textularia foliacea Heron-Allen and Earland. Cushman, Todd,

and Post, 1954, p. 329, pl. 83, fig. 7.

AREA, HAWAIIAN ISLANDS

Two typical specimens were found at 137 feet in Sand
Island hole. A juvenile specimen at 73 feet in Reef hole
is questionably included.

Species Nos—S49, R22.

Family VERNEUILINIDAE
Genus GAUDRYINA d’Orbigny, 1839

Gaudryina triangularis angulata Cushman

Gaudryine triangularis var, angulete Cushman. Cushman, Todd,
and Post, 1954, p. 331, pl. 83, fig. 14.

Several well-preserved specimens of this angular sub-
species occur at about 930 feet in the Reef hole. Addi-
tional less well preserved specimens are found between
1,074 and 1,118 feet. The species was found in an Eniwe-
tok core sample from 2,000 feet considered Miocene in
age, as well as from cuttings from 700 to 1,300 feet in
that drill hole.

Species No—R103.

Subgenus SIPHOGAUDRYINA Cushman, 1935

Gaudryina (Siphogaudryina) rugulosa Cushman
Goeudryina (Siphogaudryina) rugulosa Cushman. Cushman,
Todd, and Post, 1954, p. 331, pl. 82, fig. 1.
Todd and Low, 1960, p. 818, pl. 255, fig. 2; pl. 263, fig. 3.
The rugged surface features of this species are very
apparent through the sugary recrystallization of the
rare specimens from near the top of the Reef hole. The
species has been found in the Holocene sediments of the
Pacific and in Tertiary sediments of both the Marshall
and Mariana Islands.
Species No.—R56.

Gaudryina (Siphogaudryina) siphomnifera (Brady)
Gaudryina (Siphogaudryina) siphonifera (H. B. Brady). Cush-
man, Todd, and Post, 1954, p. 331, pl. 83, fig. 17.
Todd and Low, 1960, p. 818.

Fresh specimens of this tubulose species occur in
the uppermost cores of both holes, to 137 feet in Sand
Island hole and to 88 feet in Reef hole. It is well known
in Holocene sediments of the Pacific. LeRoy (1964, p.
18, pl. 1, fig. 21) noted it from beds of Miocene age in
southern Okinawa, the oldest recorded occurrence we
have found.

Species Nos.—S36, R4.

Family VALVULINIDAE
Genus VALVULINA d’0Orbigny, 1826
Valvulina davidiana Chapman
Valvuline davidiane Chapman. Cushman, Todd, and Post, 1954,
p- 331, pl. 82, fig. 2.
Todd and Low, 1960, p. 819.

Valvulina davidiana, the more triangular of the two
species of this genus occurring in the Midway drill
holes, is scattered to a depth of 1,125 feet in the Reef
hole. It occurs more rarely in the Sand Island hole to a
depth of about 491 feet.
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In some samples, namely at 568.5 feet in Reef hole, V.
davidiana and V. martii occur together. They appear
to grade into one another, but the specific distinctions
may be somewhat obscured by recrystallization and
breakage.

Valvulina davidiana is short and angular, capped by
the widely expanded final chambers and more open
apertural area. V. martii is more elongate with rounded
chambers and deeper sutures; the final chambers are
gently rounded and the aperture is only slightly de-
pressed and not as commonly broken out.

Species Nos.—S68, R64.

Valvulina martii Cushman and Bermudez

Valvuling martii Cushman and Bermudez. Todd and Post, 1954,
p. 553, pl. 198, fig. 1.

In both holes at Midway this species is associated:
with Valvulammina marshallana as it was at Bikini and
Eniwetok. Specimens are less abundant than those of V.
marshallana and are quite variable. All are of moder-
ately large size and are irregularly angular. They are
slenderer than Valvulina davidiana.

Species Nos.—S104, R81.

Genus VALVULAMMINA Cushman, 1933

Valvulammina marshallana Todd and Post
Plate 10, figures 1-8
Valvulammina marshallana Todd and Post, 1954, p. 554, pl. 198,
fig. 3.
Todd and Low, 1960, p. 820, pl. 255, fig. 4.

This large and striking species was described from
Miocene beds in the deep drill hole at Bikini and was
subsequently found in both Miocene and Eocene beds
of the deep drill holes on Eniwetok. It is well rep-
resented in both Midway holes beginning at the top of
the Miocene, 445 feet in Sand Island hole and 500 feet
in Reef hole. In Reef hole, there are two zones of Val-
vulammina marshallano—one between 500 and 568.5 feet
and another between 1,106.75 and 1,120 feet.

Species Nos.—S103, R80.

Genus CLAVULINA d’0Orbigny, 1826

Clavulina angularis d’°0rbigny
Plate 1, figure 2; plate 11, figure 4

Clavulina engularis d’Orbigny. Todd and Low, 1960, p. 819.
Clavulina pacifica Cushman. Cushman, Todd, and Post, 1954, p.
332, pl. 83, fig. 19.

This neatly built triangular species is found nearly
throughout both holes, most commonly and persistently
in the lower parts of Reef hole, namely between 527 and
585 feet, 928 and 970.5 feet, 1,049.75 and 1,066.5 feet, and
1,091 and 1,129 feet. Between 1,118 and 1,122 feet, typi-
cal forms are accompanied by rare specimens of a form
in which the final few chambers are flattened instead
of triangular in section.

E9

This species, under the name of Clavulina pacifica, is
widely reported from the Pacific.
Species Nos.—S34, R41.

Clavulina multicamerata Chapman
Plate 1, figure 1

Clavuling parisiensis A’Orbigny var. multicemerate Chapman,
1907, p. 127, pl. 9, fig. 5.

Clavulina multicamerate Chapman. Todd, 1957, p. 277 (table
3), pl. 81, figs. 6, 7.

This species is circular in section following a small
triangular initial stage. It was described from off Port
Phillip, Victoria, Australia, and has been reported from
the Miocene of Saipan and the Miocene of the deep
drilling at Eniwetok. At Midway it is found in both
holes in the Miocene part, from 512 to 1,126.3 feet in
Reef hole and 485-497.5 feet in Sand Island hole.

Species Nos—S119, R84.

Genus TRITAXILINA Cushman, 1911
Tritaxilina aff. T. hantkeni Cushman
Tritaxilina hantkeni Cushman (1936, p. 41, pl. 6, fig.
13) was described from beds of early Oligocene age in
Hungary, and we found no records of any later origin.
The specimens from 928 feet in the Reef hole are poorly
preserved, which makes a more precise identification im-
possible.
Species No.—R99.

Genus CRIBROGOESELLA Cushman, 1935
Cribrogoesella parvula Todd and Low
Plate 1, figure 3
Cribrogoésella parvula Todd and Low, 1960, p. 820, pl. 261,
figs. 1, 2.

This species was described from the Miocene section,
both in the parts referred to Tertiary f and to Tertiary
e, of Eniwetok drill hole E-1. It has also been reported
from drill hole 2B at Bikini.

At Midway, typical specimens are fairly common at
the top of the Miocene at 500 feet in Reef hole, and two
rare fragments were found below at 545 and 568.5 feet.

Species No—RT5.

Family MILIOLIDAE
Genus QUINQUELOCULINA d’Orbigny, 1826
Quinqueloculina akmeriana 4’0Orbigny
Plate 11, figure 2
Quinqueloculine akneriana d’Orbigny, 1846, p. 290, pl. 18,
figs. 16-21.

This widely recorded species, originally described
from the Miocene of the Vienna Basin, is found in some
numbers at 1041.25 feet in Reef hole. Specimens are
thick, rounded in section, and rounded at top and bottom
of the test.

Species No—R127.



GEOLOGY OF THE MIDWAY AREA, HAWAIIAN ISLANDS

E10

..................... DIDL2UL0)U03 DULIIBIG0)H 99
............................ suabynfas 8apd1QLD ‘g9
DUDIPLADP DUYNADA ‘T
spidotsudd ‘g9
814010076 DUDSOY ‘79
S1ULIO[DEEDLD DIIDI0L0901D) ‘19

Bt Sl Rl S B R R R R R e D e e et R B R R R R B R R e B B R R B e R B R A S R $NQOQLLY SIPIOUILIBINIH 09
B e S O e K o o N O O O A I ds U DoysuL DUIQIOUOI0IN “6G

DIDQUIY (WNW0ISOTOT) DUIN0Y *8G
s fruygaquin (pJ1awoisopT) pULROg *18
vsonbnt (vufispnoboydiy) vurlipnny -gg

7" - sjuauel] POl ¢g
12[4M23 8 $apLOULIABIQIH FE
DPIBING DUYDSOY 8
1i0five 8IPLIGD 7G
DD DUYNI0QONAS “TC
DSOn40} DU "G
DIDLLIS DULIDUQILIIA ¥
.................. DUDIWIND LI} DUNIONLL, *BF
..................... SNUUPU0D s YT UL0JIL]T, *LF

.................. 818U2DOWDS DUYNRIOJORAS ‘OF
Daod1age VUYL AS *0p
D80INgN) DULUOYALS ¥
.......................... SNIDINODULIAL 8IPIOUNNQLOUDYT *EF
UMD DY1ULiatqol) gy
81UDINOUD DUYNADYD TH
DINIDLLIS DUWNOT

KUK XKXXXAXXX

.................................... SUNNISUDL) DUIDIPY 8
DUDYdDL DUNLIUIGOYAIS *LE
R it ettt el z2)d w18 DYISENIY 98
.................................... gnqny vuynIGINbUINY "g¢

oX
X

X
[o3N]

'
'
v
‘
v
t
v
'
v
'
0
'
v
'
T
v
'
T
'
¢
'
v
'
1
'
v
'
V
t
v
'
]
'
]
‘
1
'
v
'
T
'
v
'
v
'
v
)
v
'
v
'
]
)
v
'
T
)
T
I
v
'
v
'
'
)
l
'
T
.
v
'
v
'
v
'
|
'
T
'
0
'

v
'
0
v
v
'
v
v
'
v
'
v
'
T
.
v
'
T
'
T
'
T
'
0
'
v
'
v
'
"
‘
T
'
v
'
v
'
T
'
v
'
v
'
v
'
T
'
v
'
v
'

....................................... DIN0CUL DULIINDET *€S
...................................... 12QNd 82PLOULIIIQ01H) T8
..................................... 82p10U26D) DULLINEELT ‘18
........................................ Dp0dUod vurog "0g
SULIDYUL DUINALNY 6T
X| 77| e 841024201 DULINQIOUD]T ‘ST
....................................... DIDLQDYD DULDUOUY” * LT
..................................... DHUOIQO DUINIONLT, ‘9T
................................... DIYDQULIIY DUINIORL], *ST
................................... 814DINDILL DUNNIONLL, BT
..................................... DIDULIDING DUNIONLL, 8T
........................................ DIOVYOf VID)NITA ], ‘TG
.......................................... SUUWL DULEOY ‘1T
13y40d DUYNI0PNBWING 0T
....................................... DIVINONUID 0BIAT 61
......................................... pInqoyh nuisdfin gy
........................................ 8NYNIvQ0] 83pIQLD LT
................................... DIPUSIPUL DULIIGLIANSY 9T
D (AR bbbtk bt DINJOAUT DUYNIOPLT, *GT
.................................... DJDINOUD DUNI0PLAS YT
......................................... UYL DULOLAS BT
.............................. DIDQUINOIDINIAINY DUNP4AS TT
D0402ap vupuds 11
......................................... DAL DYPUIQI0I0Y 0T
81)D7U2240 DUNDSOY 6
.................................. DIDINS DULNIOPNOWING ‘8
D, S ettt snppuv)d sydolausg -,
[0 I Rt bbbt bbb bbb 8104923423 vodoubiD]y 9
<
i3
g
3

X

XAUXXXXXXX XXX

'
'
T
¢
T
'
'
v
¢
v
'
v
|
v
'
v
\
v
'
]
'
]
'
T
'
V
'
v
'
v
'
T
.
v
'
v
'
v
'
v
¢
v
«
v
'
v
'
v
'
v
s
T
'
v
'
l
'
]
'
v
'
v
'
v
'
T
'
v
'
1
)
v
'
v
'
v
'
v
'
T
'
v
'
v
'
T
'
v
'
1
'
v
1
T
'
T
‘
T
v
‘
T
'
v
.
v
'
T
'

v
'
v
'
v
'
1
'
v
)
v
'
v
'
v
'
v
v
1
]
'
v
'
v
'
v
'
T
'
T
'
v
'
¥
'
T
\
v
'
v
'
v
'
v
'
7
\
v
'
]
'
v
'
'
v
‘
v
'
v
'
T
'
0
'

'
0
'
v
'
v
'
T
'
v
'
0
'
v
v
v
'
7
'
O
'
]
'
T
'
v
¢
1
'
'
T
'
v
'
v
'
v
'
v
'
T
'
T
'
v
'
v
'
v
'
v
'
I
'
T
i
T
'
i
]
v
'
v
'

X
X
X
X

T
'
T
'
T
'
i
1
\
'

X X
XXX X!

X
X
X
X
X
XA XXX X Ko XX XX

Xt
X
X

X XX

XXXX !

X
X i

XXX

X
X
X

v
'
T
'
v
'

X
XXX
XX

X

v
'
T
'
0
'
T
s
T
'
v
'
\
\
0
'

XX
X

....................................... wWniQnd DWILJOUOLT *
Do et vafiuoydis (puphipnoboydis) vulipnoy -
D oS et et snpuvdas sapruodsy
.................................... 1hippag ppasodogpquifiy *
A4 Dbt 818uaLospivpow vubsIyd Wy 1

v
s
v
'
\
'
T
1
|
'
v
'

XXX
X
XXXO X
X

e
X X
X
X

XX
OXX

88 | XX
X
O

R e 199 uf ‘Ydoq

eL
Z.

81 [ XX

¥82
€82
782
182,

eLe
1.2
0Lz
(444
$°01%

$'802
802
L02
902
902
02
802
202
102 | X 11

X
gle
S

o

[
&
T
o
[
[
~
g
3]
—
'S
=3
g
=)
=

2!
gzze
128
0ze
618
L18
91¢
qIe
$ 962
962
G 86T
262
162
062
682
S "8LZ
g°LLe
3 2%
€°8LT
002
S P81
0zl
S g0l

'Y

(1103904 28T X0Q) £97-85Z
(doy €1 x0q) £9z-892 |

[1uesead ‘X ‘uowrurog ‘O {juspungs ‘y]

11010 Anwmprpy 910y jprip fo23] f0 $ajduins 2400 P2129]as UL DLFLIUIWDIO] JI]OUS [0 UOUNQLISIT—T ATEV],



E11

SMALLER FORAMINIFERA FROM MIDWAY DRILL HOLES

................ TUTTTT Tt pnfadn] DuynI0ganbund
TTTTTTTeT o TTeTeTeTes Tmmsmtmmmomsna04d sipdosaus g
............... DIDISNL DUIGIOU0I03 N
................. ©TTTTTTD80018M3Q0 DULINUIOD A
.......... STttt gnastp puisdin
............. 8NAAf1U0QUIT SIPLIDIMAT
........ TTmmemem oo ds DuaYU0LIE]

........ TTTTTTTTTTTRIUNULU0D §TUHAO,
............. mmommmeommsods puynoogoph)
............. --ds jprvsopouoydis
..................... 814021940 DUIPIOLALH
.............. $18UIUD2D]D DULANOT
................. D43004d DUNUIBIDIY
- mm st MIDUL0QNS SIPIUOATT
DUIAPD DUNPIDT
............... 28UIDYYD UOIUON
TTTmTTmmmTmTeen TTer STt gunAaed punI0jonds
............. 0102800 pUYNI0PRIUING
.................. DUDLIUYD DUINI0PNOWINY
wWNIEPaL) " “IB U0IUOUOPNIST
................... == -ds oyawiquiH
Tt 1wanbia) DUIGLOUOI0IN
............... viy2nd U0y
TemmemTeTmeTeen ds uojuou0 LISy
TEmmTmmmmmmmsooses 180070 DULIOO
TrTTmmmeo coTeeee e 11403229 DIUOWULY”
.......... =ommemmpupmwanbiay S B DUIYALOUWOWBIS
et ToTmTmTTTeTmmsseeomoees pp3da} 1149003G DIUOUALY
.................... WRINUDYID UOIUOUOPTIST
Teeenetes ds pwisnann)
©Tmmmsss - s RupLIabUNoPNISd 82PIQLD
TTTTTTmmomsoTmmessoTesoooes === mgppnaopanod $1OUDD
Tt TTTTmmromemosens <77 T TSI8UIPLIOY DUIGLOU0I0IN
R s1qs0unyd pirdsnuio)
==----ds “u snnsowsof sapruodsy
............... 1991808 DULIINDE]
..... TTmmmmomessssssssscoodg U SsURAD@PIUL DULAIOINIUY
TToTmmmmmmemm TTmTERTmemmoseooSeesSpSNIOd0 DUNNIONHAS
T T ds vupplqrd
STmomsesmessmesesecceessosnes - cossoppun)d WD DUNRGLRA
T I DIDALD] DIPUINQLOUDIT
TTTTTTTTeSmoTEeTossoenmmnemns TSt TTDIDISNL) DULGLOU0I0IN
............... D) ROUD $LADINOUDIL) DULALPTDE
T T o Avw (WnUL0PS0T0T) DU
== T oybysf pwajod
........... ds snjoovsy”
Uy " f, P8 DUINIDNL],
................... DIDLLIS DUYIILI0LISNTY
............. ds oypap0860g
- == ~puaepp wnpiyd i
TTETTITT IR T BINGDYADA D)D)
TTomTTeTmmsmemommmosmTene s = =- =T puesyunBage vypuIULINET
oot A “TTTTSISUAUIUIYD DUIALOT
...... SNB0INLIDIL $IPWIGLD
=== -pypiofiad vIING
ds puynopus
ettt soottttwnaynd UouoN
Rttt ds jnp2i04901H
.......... TTTTTTTTTTTTUSplow ol
“wngnuwas P "3 duynIePRILNY
-T= - pupfippiq 'Y P8 DULINI0PNIUINY

....... TTmStStT T IDAWDIN MU DULINAD,
................. o= m-t T 818U20a4910 1a4d np sapruodiy
vaind vUIbOg
TTmTmmTTemen STTTTEmmsommememoToooeoo 1IIDUL DULINRID A
...... TTTommTTomssssssecesc eSS SRUDYDYSADUL DUIUWDINAID A
............ TTmTeTmsssmoosemsesot oSS opnU0bIA) DUNNIONL],
................................. vuobfijod punI0INIUWINY
8140171210 d DULQLOUOI0IN
........ 814D]NI0]14] DULLIHIQ0ID)
..... vnaLnd 128200049140
818ULIDIEDOVPDW DYPUIULINE
.......... winigof vppuLatog
=== DLI0YUI] DULIIOLISY
-om s - gsua uyig DWbSIYd ULy
1Apvaq * I, "B DULID[ILL,
............................. appinbipw, * 5 "1 DIIDI040G01H
TTTTTTTTEm T it DIDYUL DIDI0L0Q0H)

cTTTETEEmmTETToommm e $MIDQ0IHU0D 83PIOUT 12619019

SV
Rl
ev1
K4
Nt
‘0%
‘6€1
‘8€T
‘Lel
961
ge1
¥eI
Ko
‘ze1

‘6L
‘8L
AL
‘9L
‘gL
BL
€L
k43
T
‘0L
‘69
‘89
‘L9



GEOLOGY OF THE MIDWAY AREA, HAWAIIAN ISLANDS

DI04U06U09 DULLHIG0]D
......................... suINS24 8aP101G8)D
......................... DUDLPIADD DULNGIDA
...................................... sprdoseusd
....................................... 824011016 DUDSOY
................................ “$1ULLO[DSSDLI DID}0.10G01D
..................... $7Q07347 82 PLOULLIHIQ01DH
ds “u poysNL DUIQLIOUOIOIN
........................... DIDQU] (WNUWOISOTOT ) DULAMOT
SYULIOSUNPQUIND (DF)OUL0ISOLIDT ) DULIROT
..................... vgonbnd (vuifispnoboydis) ourhipnoy
..................... sjueurdel] prioiLux

......................... 49[MOIDS 8IPLOULLIOIGOIH *
......................................... DPIOAN] DUIIDS0Y *
.......................................... 1ofinwe 82pIqE) *
....................................... 240 DUPNIONAS *

.......................... D8ONYL07 DULOT
.......................... DIV DULDIQINLI A
.................................. DupwaInbis) vuINI0LL],
.................................. SnUUPU0I 8TYDYAUL0IIL],
$1SUIDOULDS DULNI0J0LIAS
........................... pindiare puypids
....................................... nsognqny puIUOYdIS
............................ SNIDINIDULIAL SIPIOUTINQLOUD]T
Dypumgb BRULLIGLQ0TD
....................................... SpDMOUD DUYNADID
........ DINIOLLS DUIHOT
..................................... 811DpI0QULOYL DULAMOT
..................................... SUIINISUDLY DUNDIYY
vupydol vuruIboydiy
.............. Tajd U8 01128813
snQny suynooganbuind
...................................... D801qD] DIPUHOIRI
....................................... D)NJOR UL DUILINDEY
13Q.4 83 pr0ulIb1901H
82p10UdbD] DUIINSSLT
.............. D300dWL0d DULALIOT
..................................... SUILIDYUL DULINALIY
.................... 811004900 DUIMQLOUD] T
....................... D)DIQDI0 DUYDUOUY”
0610790 DUNNIONL],
DOYIDQULLLIY DUIITIOTL],
.............................. 814DINB24L} DUINIONLT,
..................................... DIDULLDILG DULINIOYLL],
....................................... 290}10f D2DINITI,],
.......................................... SUIUL DULDSOY
............................... - ~449y.40d DUYMOOLINOUINY
................................... DIDINIIUIP 0B4R T
.................................... DINq076 pUSdAH
STMIDQO] SIPRIQD
................................... DIOUNSIPUL DULIIGI LIS Y
...................................... DINIOGUL DUNNION
)0y HUD DULMI00NAS
........................... DU LD DULOLAS
~~DIDqUIIoIINI LGN DUMIIAS
........................................ 04022p DUNNLAS
........................................ DLW DYPPUIQLOI0Y
........................................ $1IDIUAL0 DUYIDEOY
......... DIDINS DULN0)INDUING
,,,,,,,,,,,, snpunyd sydossusg
......... 81704923438 Ds0dowsbavpy
...................................... WNIGNL DUILIOUOLT
safsuoydis (purhispnoboydis) vurhipnon
o === -snpundas sapiuodsy
........................... 7o Tuipnaq ppgasodojpquiy
........................... 218ULLDISDODPDUL DU UL

‘99
‘g9
‘¥
‘29
K4
‘19
‘09
69
‘8¢
‘L9
‘09
‘eq

Kd4
4
0%
68
‘8¢
‘L8
9¢
g8
e
'eg
K4
‘1€
08
*60
82
R4
07
‘9
¥
‘€%
K44
12
‘02
‘61
‘81
L1
91
gt
b
‘€1
k4!
1
‘01
6

‘8

4

‘9

g

R4

€

K4

‘T

9°99%

m&
IH
[l
~

S
g8
Kig
I~
8|3
(=g

SIE
Cla
=
&
<

3
L
g
e
%
ol
]
E
(=
=
&

(t0330q 681 X0q) §59-0¥9
(woy30q 08T X0q) 009-96%

(etppruz 991 X0q) 2'92F-18p | <d | .

(u10910q 991 X0Q) Z°9ZH-15h

................................ 390} ut ‘y3da (g

penunuon—jom fomprpy

E12

‘010 1724p faayy fo $a)dwins 2400 P1I]IS UL DL LUIMDLIO] L2]JDUS [0 UOUNQLUSLT—'T TTAV ],



E13

SMALLER FORAMINIFERA FROM MIDWAY DRILL HOLES

7ot 00baan] DunogInbuInd Rt
................. 8n204d sipdossusd “HH1
T D08 NS DUIQIOU0D0IN "EFT
........ 03800187290 DUNNUIBDA “THT
............... snosip dwsdhip ‘1H1
TTITTsnsfruoquun SapYIDPTAT 0T
.............. ds D1Ua)U0F] 6EL
STTTTSIUNUWA0D 8NYLI0l RET

A N R N A o M O W e o e e e e e o I ds vugnaogopi 181
O O O O O O O O OO OO D O JU OO O O O L D IR R R R O O O D O D o I B =~ ~ds jopavsopouoydis ‘9g1

TTTTITTTIT TSN L0 DUPI0LAY Qe
S18UIUDZD]D DULALOL "PE1
D404d DUYRWIBION “ELT
snpouloqns sapruodyg 81
..... DUPD VUV 181
TS C8UIDNAD UOLUON 0T
SIUNUWWO0D DUYNI0NHAS 62T

B O O N O O M ot o 0 A At et O I I R, D)01800 DUYNIOLINDUING “8TT
B R R N OO A MO N0 O N OO 00 M N O AU G AU O O O R O O e O N £ 2 L L Lo A

. “TWNIIPaL] ‘PR UGKUOUOPTIST ‘9T
.................. cTTmmessssss-os-ods 0pawaquid G
1uanbiay eﬁfe:o%mz ¥21

<=7 === “payopnd vpppurwosiday
STmmmmmessmeesese ds uoruouoLsy ‘ggl
................ TTTTTomessTmmm=opg0Qogh vuijoQ ‘121
...... TSI AD03Q IMOUAMY 0T

N O O O I I R N RO O OO O O N O O Tt e o ot . “punqwanbiay g - e vupydiowowsS ‘611
S R N O N N O N N O M 0 N e A M O e O I “"op1da) 1402039 BLuoUULY "SIT

WNIRUD]ID UOIUOUOPTIST *LTT
...................... -T=--m-o-ds pugsponu) 91l
=" 7" “snumdabunopnasd 8apiorgr) QI
........... snwpnooponod S1LOULD FIT
........................ $18UIPY L0Yf DULQIOUOI0INT ‘ST
STt oo osquounyd v dsnudo) (I
................. ds ‘u snynsowsof sapiuodiy 1T
TTTTTTT AN ue DULINOE 01T
$ ‘U s1suafivmplul puiLaboynbuy” 601
et ©T D8NP0 DULNI0NAS "ROT
ds ouiproiqr) 201
M DPUDIL WO DULNOL A 90T
Rk DIDEID] BPPUINQIOUDIT “COT
................. DIDISNLI DUIGLOUOI0INT “FOT
006U 8140nbunisy duifispnoy) ‘0T
" TTp40ADWL (WRW0380T0T) DULRLIOT "OT
........................... p0y80f DUrA0d 101
“~--ds snoomey 001
TTTTuayuoy L e DUINTORLL, 66
DIVLLI8 DULIPILI0LISNY ‘86
ds vygapobbog ‘16
~-puapy WP ydiT 96
$171qDLLTA DYIPLNQLD “96
.................... DULRSSNUDHID DPIUIWNNE ¥
.................. TUTTTTEImeSSI ISt SUIUIUNYD DU 86
8N80I14IDITD $IPVIQLD “T6
== T togwaofsad vING ‘16
X\ O O O O O O e A At et e e ot et D O e b ds pugynonuaT ‘06
m X O O D O D ettt wnfvd uoIuoN ‘68
X

............... N o CIPX 77 (2 2 T I

.......................... SPIOW PIOIIT ° /8

O O I e O X B g e S et e ettt e e et e I wngnusas ‘B ‘10 DURTIoTIUINY ‘98
] U U O O RO O O Y I I ..........X...-.,I R VR O O O OO O U O O I e “Tmm et puDfipoaq (P CPe punoojanbuind ‘g8
B O M e S O e Pt e et o e e e e e S DIDLIWDIYITAUL DUYNADLD B8
Y L O M o ot O e Y Do O O I RO O O O O I R - ©TTT818UA064 194dmp SapluodiT ‘€8

................ vesvd duIbbng ‘g8
......................... WD DUNNAPA T8
710YS4DUL DUL INawA

................ DINUOLLLY DUHTIORL], “6L
--=~puobfijod puyno0pnbUInd 8L
..... T ui0f 1712700 DUIQIOUGIOIN "LL
............... $14DIMI0)14] DULL01901D 9L

=== - ~pnesnd 0712890604934 QL
.......... I - /7] bopow ppPULUNNE "L
TTTTTTmTTmT e T cTmmmTTn wnijof vjauliod ‘€L
.................. DII0JUI) DULLIOLINSY T L

8I8UNUIYQ DUNSWYAUWY “TL

XXX
XX
XX XX
XX
XX

X
X
X<

XXXX
XXXXX

XX
X
X
XX
XX
X
X

.
]
T
j
T
j
N
:
T
:
T
'
y
:
7
i
7
'
)
i
y
X
7
:
.
.
v
|
v
|
7
‘
v
B
:
:
T
H
v
:
v
|
N
i
v
|
)
J
:
:
y
|
;
i
;
]
N
\
N
.
7
|
T
}
T
:
.

0
¢
v
'
v
'

XX
X

XX H
XX
XXXXX XXX XXX X

O XXX
XXX
<X

X

v
'
T
'
T
'
v
'
v
'
T
'
T
‘
v
'
0
i
'
T
'
T
'
v
'
v
'
T
'
T
'
T
'
v
i
T
'
v
)
T
'
v
'
T
'
v
'
T
'
v
'
v
'
v
'
T
'
]
'
0
v
'
v
'
i
'
v
'

DU N O s O R O A U U R R N AU v U s OO O O Y OO O :..:........X: Sl I DOttt 1ipodq * f, "I DUDfIL]L 0L
S N O N U O N O N RO O N N O N O R O O O A e o et o e o T DNLD0L0UL *P) * € DIID040901D 69
) R S R U RO RO RO R O RO RN NS RO RO WO Y NN RO R RO R NS RS DR SR DR U O RO O R SO PO U RO SN PO O O VO D -...X..-.-. O TR O O O O TR DO O TTrTTmmnmmem K DypYU} D1IDI0L0Q01E) "8

X TTTTTTTTTTmTmm e $nJQ0Y610D 8IPI0ULIILIQOLD L9

375-049 0—T70——3



GEOLOGY OF THE MIDWAY AREA, HAWAIIAN ISLANDS

..................... DJVLIW0IHU0D DULLIGLQ0]D) *Q9
TommmmmmesTTes e suabmfos $2p101q1) 99
DUDIPLADD DULNAIDA “F9
-------sprdorouad ‘g9
814DING0H DUYDEOY “T9
TS ST USIUOfDSSD LD DUD0I0901D) 19
" TmeTSteT8NQogLay $2pPouAaBI901 09
............. ds U D0738NL DULQIOUOIIN “6G
- 0pqQuiy) (WNULOISOTOT ) DULANOE "8S
s1uofiuioquind (0712UL038043307 ) DUIGLOET LG
e ....3333: (vwafidpnoboydis) pulfiipnoy -9g
Sommmmemeemoees -TottoooC -gjuewidel) PIOTIIW ‘gg
Ehd R STemmrmmomossooesesoooes 42[1ImooD8 8aproutiabigoln ¥
Sommmmemsenoes Seesmmemmess SmTTeTETIIIscppibing pupsoy e
il R hahouiie wofinut 82pqL) 7S
........ === puapp puynoojoLds (I
TTTTTmmmemeoeees DSONYL0) DU *0C
EE R mosmmTesemoaoenes STmmmmemeoes DL DULDLQINIA *6F
Rhbhbhhhbthbibhirnh b DUDIWINDLI]) DUYNIONLT, 8F
i Ittt ittt T SNUULU0D §§§Eo§mwﬁ ¥
Ll bbb STt $18UIVOULDS DULNIOTOLAS
e Rt - -pundiare pUNNRAS "GF
il ettt it hhhh nsonqn) pUIUOYdly Hh
hh b b SNIDINODULAL 8IPIOUNNQLIOUD]T "EF
il Semmee TTTTTmommmmeeees © =TT Toppulngb ppULa690tH T
....... - TTTThgpINbUD DPUYNADLD CTF
..... STm st ctpngngs DUAOT COF
SSTTTIITT TS SOPI0QUIOYL DU (6E
....... SUINISUDL) DULDIY “8E
-T -pupydos puUboYdLS *LE
............................... zaduiis p)JassNIY "9¢
....... =-==-----gnqnj puynropnbuind ‘qe
............... 801GV DYIUNIOLILIN 'FE
...... DIN0AUL DULLINDE] *€8
19QNd 82p10UIB1G01H T8
8aplouabing DuLINSSy 18
D1odutod vueog 08
................................. SUILIDYUL DUINAN Y *65
817Da430D DUINQLOUD)T ‘8T
........ DIVIGUIE DUDUWOUY ° LT
...................................... D6U0Jq0 DULNIONRLT, 9T
R bbb bbbt memomnesoens mmemmenms DARDQULLIY DUYNIOPLL, *GT
......................... STttt RUDINGA L DULINOONL]T, BT
i Rt SoTmmmmsemmsmommsooees DJDULLDILG DUNIONL], "€T
........... TTSSmmTmSsmsossescsssssscSSonaODI0f DIDINITIL, 'TT
Y| i Rt SUINUL DUIDEOY 1T
Rl bbbt moTemmesenes smemmeee waysod pupmaopnbuind ‘05
hd it iebbiainiehiiirnbe bbb “=TTopognduap obifig 61
..................... v)nqoh nuisdin |1
........... TTTTTTTTIeMIMIDG0] 83PILqL) (LY
B B bbbt DPULSIPUL DULRHLIIIS Y 9T
Rl bt moees somees Somemmetenos DjMI0aUT DUINIONLT, QT
e et ypgnbun punsoonds “yI
e R Smemmemmees SemmoTemssossmooooeee puzany vusgonnds €1
“DgQUI0IDINI LGN DULRAAS "L
“TTo1009p DUpHAS (11
== Tpag s DIPUQH030Y COT
TTTTSYIUILIO DULDSOY "6
RS ettt ettt DJOIINS DUINI0PNLIUING ‘8

-- SemmeeoTe smpoun)d 811doouUsg L
Rl R STmmemmommmomeemooesoooes 811923490 DI0QOULIIVFY *9
- R mmme WNLGNL DUSLIOWOFT *G
C\TITIiii T asfruoydis (vupfispoboydis) puipnng g
- -m-- snpundaz sapruodsy ¢
- mommemeseee Rl 1fipoig vygasodogpquifiy g

] et b 818UdLISVIV PV DUIGASYdULY T

g
=

€ 81
g°TIL
9079

(ur0330q 99z X0q) 928-1.8
(BIPPIW 96g X0Q) 928-128

(doy 9¢7 x0q) 928-128
(103309 g7 X0q) 128-998
(8TPPIUI 667 X0q) 128-998

(doj g9z x0q) 128-998
(BIPPIWI 0B X0Q) T08-96L

................... 109 ut ‘Yadeq

(w0330q 10g X0q) $09-009

panunuo)~—70n Avmpr gy

210y 724 f25Y] fo $3)dwnS 9409 P2102)3§ UL DI IUIUWDIO0] 4]]OUS [0 UOYNQLYSLT—T TTAV ],

E14



E15

SMALLER FORAMINIFERA FROM MIDWAY DRILL HOLES

0061990] DULNIOPINHUIND
..... sna04d sppdosousd
008 NLL DULQLOU0I09 AT
802181190 DUYTULID A
snosip vursdhip
8nL2fru0QuULn 8IPIOINN
........... ds npuagpouoss;f
HomTToTmTSsmssssmosoocesssSTooTt QURUUL0D STLRL0L

E e B O R E R e o B R e o e e R e o S e B S e R e R e B R e R R R e o e B e ] R e R R e e R e R e R B R B T ds punnaopp i
e e e R R R e R e e R R R e e e e o e R Rl el R R R R R R e e S R e S e R e R R e e S R B R R R S R R R R R R DR LR B ds ;pupsopouoydls
100 ] ] ] o I e I sdmnatglo putplosiy

SSUIUDZOID DULANJOT
=" D492040 DUNNUBID AT

B e R B e R B it L RSP E T snpuLoqns sapruodiy
S0 0t e ke et o e o et et e e e TTTTTTTTTIDURApD DU

P8UIDNYD UOITUON
SUNWULOD DULNI00 DS
............................... DIDISOD DULNIOPINOUINY
DUDLLIUYD DULNIONRIUINY
WNIIPLY *J "6 UOLUOUOPNIST
et ds vpa1029019

: B R R R R B Smmmmmsemeesnes “1utanbisy DULQLOUOIOIN
B e et o o B e o B B P e e I o B e B e B e B o B B P B R o B e e B e B T e e B o B B B e e E B B B e e B B B P e E EEE TP P SRR P Dayopnd pppawwoisidil
L e B T O e e o E I R P e B o o o e P Ee e S e B e L e B e o o R o o B B P B P B e B e o e C e P e B P B R o e E P Sommmemmmmmmeeses ds uoyuouolisy
I o e P B e e e Il et S I ) ) SO Y O I A IO Y )Y [RSNGB [ ) ) Y 080Q018 DUIOO

214D DIUOWULY
vunwandio) *g e vurydiowowhs
.................................. 0pida} 1402039 DIUOWULY
..... UWNIUDYD UOIUOUOPNIST
ds pursponD)
"~ T -8nuplLbunopnasd 8aprgi)d
“TT8ngnInoe)dnYd 8140UDD
............. 815UIPIL0Y DUIGLOUCIOIN
81940uD)d DL AENULOD
ds ‘u smynsoussof sapruodiy

e ot et et et R B B B S E B o B B B B o B R B S B B e B B S B E P F e e R B B B Fo e B e B R e o e B e o B B S B S e B Rt L e e LR R Rt WU DULLINDEL
o e e ke o o o === -ds "u ssusfivmprue DULIBOINOUT

ISt bbb D8NP0 DULNI0JOLAS

B et R R O E R e R B R e B e S o B B C B B il el el et e Rt Il el kel il el el el i el el et el el Rl e i il et el it il et el TTTTTTTmTT IR ds vurp1oigr)
R R R R R R e O ) Yl o ) Rt R E EE EE R B Y B b Rt R R Bl el Rl S el R Rl S B R Sl B N EEIERI EE " ppuv)duiod vunby A
e e o O ) il S el el el el et e Bl et et el S Sl e Bl e et Bl e el B R D)DALD] D)PUNNQLOUD]T
B R R E B B P o B e R e e B S R o e e R ) o o e B o o e B e B e R e e e e O R ) E ) B Rt ) R ) S ) R ) S ) P ) B ) ISP STEmSTeTTmmToSoSoes eIt TSTTRIDISNAD DULQLOUOIOINT
R et Rl B E R e R R e R e R e R R e e K o e R e R e R e R R R R R R R R e R e R e E R R e e R R R R e R e E o B R B B it vpnbud sropnbuniiy Dufiipnoy
B S e S e B o e B S e B P e S e e B R e e B R B e e o E R e o e S F B S S S R S e o e Rt o Et Eet Sl ) e E I B P ) B S R P SmoosTmTTossmmsscsemci0fivus (WNW0IS020T) DU
L R Bl o T B e E R S E e B B E o E o B B B o o e B S o B o B B R o B e B e O B e e R E B B B L E L I it T h RN Mt D161780  DULAIOT
i o R e R e B R R E R R R B e o R R e e oy B L L B e e R B R R L S B R R e S E E Y T e R EE RS CES R EE B S R PP PO P B E B ds sngoans

TTTTTTTTuayuRy L IR DUIRTDRAL
DIDLLIS DULLLIOLIS Y
...... ds vpawbove
“Dusapy wnpyd i
8171901402 DIPPRIGID
DULISSUDHIPD DIUIULINE
..................... S18UIUIUIYD DULAIIOT
........ 8ML0DLLIVIL) 82PLGLD
.......................... 03040f43d DJIFING
ds puymonuat
XIX|" "ttt SemTTTTeToemsooommsmmoees wnIPod ULUON
ds jpg121049070)
Sprowt pioifit
- Cwmpnuuas " 10 DUNI0INOUINY
- ~pupfipniq "O ‘Pe DUIINI0pINIUINY
...... DIDLIWDIYINUL DUYNADL)D
- 818U3004310 194dnp Saprucdiy
Dt it et ettt el ettt A ) ettt ittt vand pUIBHYT
........... NILDUL DUINAFD A
................. DUDYDYSIDUL DUIMWDINAID A
.................. DINUOGLLY DULMIONLT,
-=--~"puobfijod puyno0pnbUING
T 81U0£177910 A DUIQLOU0IOIN
................................... 81UD)MI0J147 DULIBIQOLH)
.................. pgnaind 019890604914
......... 818UILIDISDODDPD WL DYPUAUIINE
wnijof DjppuaLog
.................................... D1L0JUI} DUILILLLNS Y
........................... S18UNUNY1Q DULINSIYAWT
1ApD4q I, " DUMDJLLL
........ app0610W " H * B D1DI04090]D
DY UL DIDI0L090]D
PI0ULLBGOLD




GEOLOGY OF THE MIDWAY AREA, HAWAIIAN ISLANDS

DIDLIULOYOUD DULLIBIQOTD *99
R R R e R e e e R e T e R e e S B e e e e B B e suat)n oL $3p11qLD ‘99
B R e R Y D R R S R R e R S e S B SGERELE R DUDPIaDp DULYNAIDA “F9
e e e B R T R Rt sprdorousd g9

814DMQ016 DUYDSOY ‘79
R R e B T B B o e B B ) e e e SIULLOfDSSDLD DIPD0.40001D *19
B et el et R et R R e el ¥ B S ¥ R it 8107247 $IPIOULL01Q01D 09
B e Rl B e R it bbb ds U D284 DULQLOUOIOIN 68

nlsvx.;x::u..n||||nvv|v -- il Rl el Rl Rl Rl B |A|:XXXXX||||vvvv||||n|nv:|vv.:v..|v¢|ll ||||||||||||||||||||||||||| ~,..nA +! :.hvt..»-r\nw..wm
S0 0t e o - SO O . e ~77 - spudofyunaquind (p1pw0j804920°T) DUITHOET L8

el It Tl el e I Il At el St psonbns (vuzfiipnoboydiy) vurfiipnoy -9q
B i ot et 4 it ot ittt el el it il ettt ittt SIUSULIBIJ PIOT[IUI *gg
19fumoons 8aploULIIBIQOID “$C
et ettt e et Dpibing VuLDS0Y '8Q
4040w 8apRIGED "TQ
i et et D40 DUNMIOIONAS "1G
0 i et et e e e e DEONFL0} DUINOLT *0Q
DIDLLIS DUNDLQILIIA "6F
Dt it it et el el et et el il el kel el DUDIWIND L) DUYNIONLT, 'Sh
it i et nil el et il kel el el el ettt SNUUWU0I SNIDYTUOPILT, L
818UIVOUNS DUYNIOIONAS “Gp
Rl it it ettt et et et et viwdiaia vuypads ‘e
it it et et et el el et 4 ettt 080NN DVUUCYAIS T
T USMIDINIDULIAL SIPIOUNNQLOUD]T ‘Ch
DUNNY DUULLBI01) “TH
i el Al kel il el el et el kel il el il ettt $140pnBUD DUNADY) T
el et et et o o e i 2 4 A I DINIDLLYS DULIIOT 0%

X
X
XX
X

B L e B B B B B L e L PP PP PR SLDPIOQUIOYL DUIBIOET 68
T O O A [ e FEORY P R Ry A o P il Al el el el It fed Sl Sl el el ettt ettt SUINISUDL) DUDITY "8E
) R U R R o U O e R RO RO R (RO R R R R R s R e R E T ST puydos vuLIUIboYdIS * 18
x| koI % x| ol oix| |- I Tapduns DJIsSNaY ‘9g
S ] e o R R Rl e o B R el R e e e e ] R e h b bt smqng punNIoPNhUING °gg

R i R R S B e B B B B o o B e 0802007 DPIULIOLI "€
DINJ0AUL DULLINDE] "8

B e B S R o B B e e e B B B B e T E R R PP 12qns 83pLoutiabingoln ‘ze
R R e o e B B B B R e e B B R e P e T R R P L Ea $2PLOUIID] DULINESLT ‘18
B D D D R e B D ot R R D b b et el el e e R B e B B B R B I B 2390d w00 DU 08
el el B ettt SUIIDYU DUNNALIY 63
e R R D R Y B ] R e R e e R e e B e B e B Y 817D212ID DUYINQLOUD]T “8T
o ) et et e el el et R o e R B R R B B R L L L L i 001900 TUODWOUY * LT

D B et R R R B o e B B B e B B B B B e P T ety DOUOJQO DUNIONLL *9F
DIPVGULLY DUTINIONLT, “GT
$1LDINOILLL DUYNIONLT, “FT
e E R R B e R e R it DIDULIDILQ DUYNIONLT, €T
R R T R e B P S B C B E B B e B T D200110f VIDINITI]L, ‘2T
DO R D Db et < et e et et et et ] ] ] B e R SUIUW VUPDEOY T
B e Rt e Y e BT R DY Y DV b4 et ol o St e et R e e R R B B R o S B e B wayand vurpnooppnbuin® 07
X Dt it i i e i e e D et e et e S o R e b DIDIMONUIP 0BIAT 61

X D)nq026 vUsdhYH *§1

E e e i e e e I i R L AR EEE R e DINPOAUL DUYNIONLL, GT
Rl el R e et bt DwINbUD DUYNIOOLAS ‘BT

o o i e e ettt DUPILID DUN0LAS 8T
e et et e o e DJOQULI0IDINIIAGNT DUNRLUAS “T]
DjD2003p DUHRUAY ‘1T
=== ---lolo XXX X[ 1o %X XX & REXX XX XX DT Tl X e e e DHUW DI2UIQI020Y 0T
B Rl R R R e R T R e B B B e B S1IDJULL0 DULDSOY 6

it ol R e et el et R el e et B el R el Bl R e R e e B e R e R e R e e e R R e R e R R o R o e R e R e E e B Et F e S ) ) B B " TTODIINS DUYNIOPRIUING 8
il Bt ol e et e el el et el el el St et el el e e e Bt B e e S Bl R R R el o B K el B R el R R e B e R R R S R R e B o B e O B B B B B L e snpun)d 8§1]d0UT "L
0ttt ittt ettt el i it il el et el el el ol et el el et el et el et e et D et el e el el e Rl e B S R R B R ] C B S e e 81104027490 DI0AOUIBIDPY 9
B R R e e e R e e R e B Bt Rt R R e o E o B E P B e e e F e P e e e Py B e B e ) e B P B e e e e I o O e a4 UWNLQTL DULILOWOLT °G
S R P PR ) C) P Y Y P ) P Y ) O ) S (R ) R () ) [ il ol e e e el e el Bt B el Rt R Bt B et R el B R B B B e e o R B R R B LR va3fruoydis (Vuhipnoboydis) vurhipnop §
el Rt e R R B R e e R S e B e R e e e ey E o e e B oy e e ol ) IO ) e ) PR R (R ) Tl I S S PO SOy S [ PR ey R R Ry R () ey SnpundaL sapruodsg "¢
B et R e R e B B B R Rl B Rl e R e B e R e L e B B B e R e R o o o R S e B e o B o o e e P e B L T e P B PO e e e B T T TP ipoaq ppasodopquiii) g

R4 (1)

5686 |
86
£'8L6

9°800T
5001
2001
00T |
G256 |
856
%6
96
[id)
£¥6
56
0%6
626 1

€'0101
0101
$°6001T

(w0330 09z X00) 968-168 |

(uro330q £9g X09) 116-906

E16

panuuo)—j1030 finmprpy 910y 114p [20)] fo sa7dwns 2402 P12)os UL DUILIUNUDIO ] L]IDUS f0 UOUNQUUSHT—] TTIAV ],



E17

SMALLER FORAMINIFERA fROM MIDWAY DRILL HOLES

D0 61090) DUYNIGINDUING GPT
s it St et it Tl it el il il et A el el et el el et il bt el el el Al el Al St e Bkl fnbed e S Al Sl et et Rl Ikl Tl Sl el el Il e el o] ekl et S el el el et ettt ettt ittt snajoid syydossusd Fpi
il el Foted el el el i el et el et el el el el et ek ettt ol kel e e Sl el el et it fd St Sl Tl el Sl Evied Kt et el et el i S et el I Tl el ol i i et el ol el et ettt DIDIENLf DUIQLOUOI0IN] *EHT
el et Il T el el Il It Sl el et el el Sl Sl Sl el it il el Sl kel ek el el et et el et et et okl el el S el el el ettt Kokl el el e el et el ol et e S el Bttt bt 03200181390 DUNNUIDA THT
el it e intf it el el Al I el el el el et el e e e el el et el ol bl el Rt el et et el et et et Bl o et Rt Bt Bt et et [ttt ot el el el e e el el ol el et R It Rt enasyp pusdhy TH1
SNAfyuoquIn S3PIIDIMNT "OFT
i il ot ol el i ettt ettt el ds viuappuolsry 6€1
TTTTTTTTTSlu N 0d SN0 *8ET
it It Tt e il It It i et It i et el it el el el il il et Tl el el Sl i e il Sl el el el et et ekl S el et el el il el e el el et el el ettt ettt ettt ettt ds puymo0gop i 181
ds jpiipeopouoydis *98Y
814DJN31q40 DULPLOLAY QLT
818UUD20)D DUIOT ‘FET
D42304d DuPNUIBIDIY €L
snpulogns pruody ‘Ze1
Tomrmmmmmmmmmmmmmmmmomosesesmsmssnmnssos s DUAPD DUNPID ‘1T
28UDNRYD UOLUON "0LT
et e o el el et et el Sl el el et et e it et ol el e e Sl Bl el e et et il R ] Bl B et el et R el el R B e e e e e E o R R R el R S et el el B B R B ity stunuwod vunIogonds 631
i el el et il it Tt et it Il el et el el Ikt i el el el el il ekl el el el Sl el el et et e el et ot el e et B el B el et et e et e et e el i I el et Bl B it DIDIE0D a:.ssoeﬁﬁg._gw ‘831
DUDILIUYD DULNIO]INBUING LZT

P24} "d "8 uoy prasd "9g1

it ittt el ettt el el ekl el el et el Il el S el el il okl Il et ot el il it el ol il el el el el ettt el S ot e Bl it el el e e et el et et e B e e e ds p21049019 9T
i it et et Il Tt el e el et el e el el il el Il Il it et el el I Sttt el Sl Kl Kl el it el il et el Tl feied il et el el et e e et ] B R e b wuanbia) puIQIOU0I0INT 2T
il ettt el " it it el el el el el Ittt el Sl Sl el el el kel el A il Sl et el el et el il el et e e el el e e el St B e e e et ol el et et i B o R it payond vpaupworsidi €21
i It et e e et el Il ] ol Bttt ettt ds uojuouo 48y gzt
il et et et et el e et B 180018 PUKOO ‘1T
il et Fniad el el el el el Il el el el e et et ol e e Sl et St e e el Bt el et et el et el et ol et e el ol el el e et et el e B bbb 140093 DIUOWULY "0FT
puDluanbia) *g *ge vuy diowowss 611
Bl Sl el Sl Sl okl ekl et Sl Tl el il it ol el el ekl it ot el et et el el e el e Bt el el el e e el el et e B Bl et R bt opida) 114D023q DIUO WY *BTT
i et it el el e Rt WRIUDYD UOLUOUOPTIST *LTT
................ ds puevonn) ‘911
x| 1% -~ “snuvpiabunopnasd 8apqD ‘SI1

Bt ot et ot At et et (el S S At it " il il Q) (et St el el ekl ol ittt fit Tl [t (ke (ol el el Sl fted Al et el ek et e i el et et el R o ettt ettt snopnIopanod spUDD HIT

b i el Al il Sl A il il Al il Al Al il Al At i Rl el Al el i Al Sl i) il il Al At et At el it Al ik e Il At il A Tl At e il i il At i ittt 818UIPLLOY DULQLOUOI0IAT “STT
eIl U T I I XX [l At el et et el Sl el it S el i i et it A A it it A it et At it s1qiounyd purdsnulo) il
i et ik e ettt el it il A it A el At Al el Al il Al Sl 41 V¢ Rt "¢ Il S il Al i el et Rl A St il Al i it el et Sl e il e el ettt ettt ds u sngnsouttof sapruodsy ‘111

D+ 4 1 S At ittt e e T i e et ettt vl puLINDE "011
XUttt ey e - == ds ‘u sigualinmpiu vuLLFOINEUY 60T
D7 bl il el I il il il i Aok et el el il e e il ol el el e B Bl R R L R R b bt b et D8NP0 DUNIOJoLdS 80T

- R e Dt Dttt e ittt ds pwpiq@) “L0T
B e i et il el il ettt ettt ppuv)duod vunbi A ‘901
DIDALD] DIPUYNQLOUDIT "SOT
el S e ol ot i i etttk DIDIETLLD DULQLOUOIOIN ‘0T
.......................... DIDINbUD 8340 NbUDIL) DUIALPNDY *GOT
B el il i fd Al il et i I et il el el okt Rttt delidetdelel ettt ofinwe (wnuosoroT ) vutallog ‘7ol
kD et e ettt e 380] DULAOT 10T
ds snpoovisy 001
X WUNUDY * L, "I DULITOIALL, 66
Do Dot o e I e S DIUILE DUNPLIOLENY 86
ds o bbvg L6

XXXXX XX

I
|
v
)
I
'
v
)
T
'
T
'
v
'
T
)
v
'
.
T
'
v
'
y
'

X0

0 I O30 4t et ettt e e ettt 0 6 e e “DuepD WIpIYAIT 96
0 e e e ottt ot 0 O 0 0 R 8121400 DYAPLIGLD 96
o et et 0 D et S e o e e e o e 0 6 SR DULSSUDD3)? DIUIUNNE "V
At A At il A Sl A it Al At et (Al Tl Al At A il A et At Atk Al el el Sl il Al il Al R il A il Akl Skl Skl i it il it At it A il St A i ettt il s18uaUIULYD DULAIIOT 86

..................................... 818001420219 8IPIQR)D 'T6
- " ~pypaofiad D)2 ‘16

XXX e e e e e e e e e e e e e e e e e *7=ods pulnonuaT 06
B O O oS O o S O Y O P3P o4 e Y o 2 o O O 4 P e wnoyond UOLUON 68

0 Dttt R I e et e el Enttattetutn ittt ds ¢pp191049010 88
Do DO B S B 0 3 I A SpOWI PI{OI(IW *.§
O O e D wnnuwas - “§0 pUYNI0PNHUINY 98
== ~punfipniq P ‘e pUN0INbUINY ‘98
S e O e o e e e I DJDISUDIYINUL DUNADLD B8

............................... ? 130 124dmp sapruodi ‘g8
0 D o O O O O I T Ettuintuletette et el -paind DWBOVE T8
......................................... wDW DUNTAPA T8
DUDYDYSLOUL DULHUDINATA 08
O O et e e e DIRUOBLI] DUIINIONL], 6L
B O Dt O Dt it e et it et ettt puobigod vuymI0PNbUINY ‘8L
S O O U I I o D s1uL0/179970d DUIGLOUOIOINT “LL
R O e e I I I 8140700147 DULLHLQ0]H 9L
- “pnaind 0])a8a0601qes) "Gl

ST XX X XX e X e e " "818U314DI8DEDPDW DYPPUIWNING “FL
D O O 42 R o e et e 0 winof DAULIOT &L

R ittt ettt i ittt ittt DLI0JUI} DUILIOLNEY “TL
s1suarutyiq putbasIydwy “1L
1Ap0.4q ", "I DULDfILL 0L
903140610 H PR DIWI040901H) 69
B S U O ot e D et ot e e e e et it et et o ottt Attt e el et e et il bl el el ) el el R e b iy DIV UL DIDJ0L0901H 89
Bt et it it et et et el et et it il el S e e it e it il el el it el Il Il )il el kel kit ] el el o el el B e e e e bty $MIDQOI6U0D 8IPOUTLIHL0ID L9




GEOLOGY OF THE MIDWAY AREA, HAWAIIAN ISLANDS

B iR e R i R e e e R bl DI04 016U0D DULIHI01 99
........................................ U 24 82p10191) "G9

DUDIPLDP DUNAID A H9
el St g Bl R il T Rl el el Fotee et ikl spiidosoued ‘g9
S IXIXIX| X O T e 8140101 vurDSOY ‘g9
................................ $ULIOfDSBDL) DIDI0I0GOLD) *19

........ 8NQOYLL} 89p;0ULLIBIGO1H) 09
="===ds U 02,784 DULQIOUOIOIN “6Q
quitg ( 780207 ) DULAKOT ‘8Y
b (opg 1J07) DUIAHOL "LQ
wipnoboydis) pwrfipnoy *9g
SjUSTUBRL) PIOI[IUL g
42f1noons saprouriahiqoln ‘39
o R R e S o e e R R e B e R R e R B e R e R e R R R o F R R R e e R e “opibing puipsoy "eQ
E e o R R R R R e e R B R e et e R Vg D Rt et e Rl el R R B e R B R e ] B B e ] R R B R Rt R R B ) B R e LR bbb e R LR 1iofivue s2pigs) ‘29
- M D4IDE pUNNI00LAS ‘1S

O R o o o e e e B e 1N PO B e P g s PO e N N B N D ey P B S g o] o o o P R i D4 Rl D 4 A bt bbbt DSONLI0) DU 09
B N e o O O A DO o O - O S DIVLL8 DUIDIQANIIA 6P

B R e B o Ry o B L o o B B R e B B e R e B B o P R B B B R e E o B B e P B B B e B R B e B B B B DUDIUWIND L] DUYNIONLL, "8F
e R R R e e Rl e R K B R B e B R e e R R B R R St SNUUR U0 STDYd WL, *Lh

B R T Eat it R o B B B S R e B B e B e o B B e B B B B B P B o e B P B D L P e R e P B e o e o B B et e e L e R P £18U200WDS DUNIOYPNAS 9%
oundiae punpads ‘gp
v8opnqny vuwiuoydiS b
et e R e e R R B e e e ¥ R B e B B ] B B o B E e R B e B B e B R e e e e i e B e L e R o e B R e STIDINIDUAL SIPIOUNQLOUDLT *CF
opouN 0 DRULIIBIGOTY ‘T
“TTsumnbud punavy) 1v
...... DIngoLLle puOg 0%
............ PTTToT oo soSTonI oSS guDDIOQUIOYL DUIGLIOE 68
SUDNISUDL) DULIDIPY "8E

puDydos vurIubOYdLS LG
e S R R e R D Rt e e R PV Rl Rl Rt e e R B o R R R e R e e e B R R R et R Rl C IV S A R D D 4 b 4D b 4 D > 4 il R e e e L e e za7dwis v11assNIY ‘98
snqny ounaopnbwnd ‘ge

et il el St il At et Al it At il A el il At el it il el il Al Al Al At il el el At el it Al el et Al el Il el Tt A Al e il At Al el i R s1uLd0f1

-~==--psopnbns (v

DINJOAUL DULLINDET *EE
aqna sapoutiabiigoln ‘e
82p10UIID) DULINSSYT 18

i i o A Al et it ik Ak Il At il bl =" - ] - R I S il el el @ et ppodwod ulaleg ‘08
i ,..w..M::::..‘:X:....-vmwmwm:..wm.vWAA:wmvnwmywwmwmwmmwmwmlxmwm..wmmx P .,:.440. ..................................... wgwsvatﬁmsﬁﬁﬁﬂwuv\'@&
T R T T T T IR XX XXX KT X XXX XX o X XXX X T X XX | o .l,....HC-.......,HWHHHHHHM&EE@ DUNQIOUDLT "8T
i et it et el i et il - - il il i i el s Ik e el i et il e S Rt il el e et el At 1D.1qD0 DUYDWOUY * LT,
it el it el It e .vm .w. i kel Nm NA- wm NA. i NA. Mm - NA' wAy s % i el el At il i Nm il it el Nm et il Il I wm Bt Tl et e V610190 agmwﬁuozg ‘97
Dt Tl it Sl i i etk Al il S et e i Sl il Atk Rt it it it et el i it A il i il il et Al el Al il el el el it il it et et il Al it et DINDQULLLIY DULNIORLT, QT

8740IN02.443 DUNNIONLL, $T
TTTTDIOULIDIYG DUNNIONRLT, 8T
D200110f VIIBINGTIL, *TT
XX T e su0LU DUYDSOY 13

UIXTT Y T T e 143340d DUYNI0PRIWNY 0T

XXX T e s s e e e 201N u2p 0018 61

Dt S et S ot ¢ o it ot D24 D i =< it S ittt ettt Jnq0b vusdiy ‘81
X XD XX XXX | X X[ 777 s T e e NINIVQ0] 83PWIQLD ‘L1

IS D0 0 D et D D D D T I A e e e DPIUYISIPUL DULLIGLIS Y *9T
D el it ettt it il ittt Al Al At Rt A e At et At ek S it il it i ettt Al el e DIN0AUL DUNMIONLL, ‘T
S e e R e e R ] e R B R D B R e B o R R ] R e B R R R R R

oS0 S Dt it e I D e D e et I DI0INHUD DUNI0041dS BT
Dt 2 it e et e e e e et DuyatD pupjonds g1
ppquioipma1aqn) DU RAS T
O et et o ot et o e B I DyD4009p DUNRHAS “TT
e e BB B 0 I B ¥ D e e ) e 1 0 g e D0 D214 100 “O1

<ttt el el e e FN S e 82]0JUILI0 DUYDSOY "6
Al Akttt el il etk et Aok it Al At Rt S il Al il it it it i it Atk el el i el Al Tl e Al il Al At Sl el ettt it DIVIINS DUINI0PNOWINY '8
Al it il el el it e it il ittt el el il ek et et e i ettt it Al el el il il D" D Bl "¢ el I At et R e el e snpunid spdoidudd ‘L
Rt et Al el e e i [ it il et At il il S il it Al il i St At Sl " Il ¢ el Il il et Rtttk A ettt &Nshcwtwaahoga&u&es ‘9

....................................... WNRAGNL DULILOWOLT *Q
.............. == ~paafiuoydis (ourhipnoboydis) vuifiipnop §

D it St St el ‘et il it e il il et e el it et et el e At A et Al e el At el el il el Al Al il Rttt snpundai saptuodi ‘¢
[t T Attt et St et el et et et it et At el Al el il el A il i il i it i il it Rl S b el et e .sAEaxeawuws&SeQ@\ab ‘c

pow vuhasduy "1

¢0801 |
9’8201
egl01 |
9201
o'%L01
»L01
S e'eL0l
301
1201
0L01
2'9901
¢ $201
20T
g 'go01
8201
g 2201
3501
¢'1201
1501
0501
0501
¢ 6501
6501
29501
9501
o opol
9501
01
#H01
2301
2¥01

(do3 62 X0q) 1901-9¢01
(doy g8z x0q) 8IOT-EI0T

(SIPPIUI 367 X0q) T901-950T
(o1PprUI 06 X0q) THOT-LE0T
(uro330q 28z %0q) Lz01-8201
(3IPpIUI £87 X0Q) LZ0T-EB0T
(S1PpIux 987 %0q) 8IOI-L10T

E18

penurjuoy—j0m Avmprpy 010y 1704p fo0) fo $ajdwDs 2400 PaI]IS UL DIISLUIUDLO L2]]DUS fO UOUNQLUSIT—'T TTAV ],



E19

X

SMALLER FORAMINIFERA FROM MIDWAY DRILL HOLES

XX X

................................ ~030hieav] DUMI0IINDUWINY “GFT
snaod sypdosousg w1
DIDIENLL DULQLOUOIOIN "CFT
.................................... DIS0ISNIG0 DUNUDA THT
.......................... snasip puisdhin ‘TH1
Snaaftuoquin SIPIDUNAL "0FT
ds pruagouolsE ‘681
....................................... SIUNULULOD SNYNI0LT "SET
......................................... ds pugmoaogoph) " LeT
ds ;prpsopouoydis 981
....................... $14DIMI1Q40 DUIPIOLAY) G
""" 818UUDZDID DUIQOLT HEY
-~ pd2004d DUNNUIBIDPY "EET
.................................... snpulogns sapruodsy g8y
DUPD DUAD “1ET
28UIDPYD UOLUON ‘OET
SpUnUW0d DUNI0LAS 6T
................................... D3D}800 DUYNIOIINDUING “8TT
................................ DUDILIUYD DUNNI0PIRDUWING LT
STWNIIPAL] I "B UOLUOUOPTAST 9T
.......... ds pppop4qo1) “9TT
................................... wanbia] DUIQLOU0I0IN "FTT
.................................... vayopnd DIppUIW08IdT €T
........................................... ds uoruouo8y ‘gl
............................................ 180038 DU200Q T
................... 14D003Q DIUOWULY” "0TT
“—ounwanbia) *g g8 vuydiowowiig 611
................................. 0pIda} 1140223Q DIUOULULY "]TT
................................. WNONUDYID UOLUOUOPNIST “LTT
......................................... ds puisvonny 911
snuntabunopnasd 82p10191) “SIT
.................................... snwnoojnod s1UD) ‘HIT
.................................. 818UIPLL0Y DUIQLOUOI0IAT “STT
..................................... 81qt0uv)d DULdSIULOD TIT
................................ ds 'u snynsoutsof sapruodsy ‘111
............. e DUINOE 0T
........................ ds ‘u sisuafinmpiue pupaboynbuy” "601
..................................... D8N0 puipnIojonds ‘801
............................................. ds puzp1grD “LOT
.................................. pypuniduiod ouipnbi A ‘90T
DIDQID] DIFUYNQLOUD)T "GOT
........................ DIDIENL) DULQLOUOI0IAT "FOT
mpopnbuv $140nbuniLy vuriipnoy €01
ofivw (Wnw03s0r0T) pUINIOT “TOT
..................... 0161280/ DU O 10T
.............................................. ds sngoonsy 001
............................... ULy "I, ‘[ DUINITDYRL], 66
................................... DIVLL)S DULINLLIOLISNT ‘86
.................................... ds opaofogg 16
..................... DuUapD WIPYAYT 96
8171qDLIDA D)PINGL) 46
1 72 DRAUIUNIE "F6
S18UUIUIYD DU "€6
TeTTmmTSemmsssosssmsossssmesesoseos $N800L4FDIP 8IPWGLD "T6
DI0I0fIad DNAONE 16
ds suynonuaT 06
wWNOYwDd UOIUONT 68
.......................................... ds joppa04q07H *88
.......................................... Sploul prjoriur ‘8
S TWNIMUNLS "D T} DUNI0PNIUIND "98
pUDAPDIQ "P " DUNI0PNIUINY 'S8
.................................. DIDLIUDILINUL DULINAD]D "F8
............................. "~ 81819004319 124dNP 82PIUOATT €8
........................................... vaind vubbog *Z8
140U DUINAD A T8
............................... DUDYDYSLDUL DULLWDINGID A 08
..................................... DINUODLL DUYNIORLT, *6L
................................. puobhjod puymoopanbuin®d "L
srusofig1a10d DULQLOUOI0IN "LL
...................... 814D]T0001.47 DULLIBIQ0TH "9L
.................................... Dynasnd 01122000414 “GL
............................. $18ULIDISDODPDUL DYIUTUYN “FL
...................................... wingjof vpauraiog gL
............................. D3L0JU] DULIIDLINSY "L
sisuatupyq pwbaisIdWy 1L
................................... 1ipDaq * I, " 18 DULIDSILT, "OL
............................. anyabipu 1) "R DL03040901H 69
....................................... DIV UL DIIDI010Q01H 89
................................ 10q016100 83p20UIB0LD) L9




GEOLOGY OF THE MIDWAY AREA, HAWAIIAN ISLANDS

...... STmmTmssTTeTomes st pusuo}fuod puLiabiqoln ‘99

............................. DUDLPIADD DUYNADA ‘FY
......................................... spridossuad ‘g9
s14ppnqoll vuyvsoy ‘9
............................. S1ULLO[DSSDLD DIIDI0.40GOTH) 19
.............................. snqopLy $aprouL01901H 09
........................... ds U D28 1L DULQLOUOIOIN "6
...................... 70q1LE] (UWNULOISOTO] ) DUIAIOET "8G
............ spuL0fiulgaquind (0179U038042307T) vUIALl0q LS
............... pvgopnbn. (purhispnoboydis) vuifiipnoy ‘99
ettt sjuswIRIy PIOIIWL "GS
............................ L[11M00DS $IPLOULLINIQOLD FS
.................................... opibing puyvsoy ‘€S
.................................... 1i0fipu $ap1OIQLD TS
................................. DADPD DUYNIONOLLS TS
.................................... D8ON403 DUNIOT ‘09
.................................. DIDLLI8 DULDIQIPIA “6F
............................. DUDyUWINDLI) DUNNIONLT, ‘8%
............................. SNUUIIUCD STIUYCUOPILT, 1 F
............................. 818UIDOWD S DUNI0JONAS 9F
................................. ~pundiara vupads G
................................ psopnqny vuiuoydis ¥
....................... ENIDINIDULIAL SIPLOUNQLOUD]T EF
............................... UMD DPULIBIG0IH “TH
................................. spaopnbud vuynavyy 1%
.................................... D]nIDLLs DU OF
.............................. S1oploquioy.L DuaL0T 68
.............................. SUNISUDL] DUNDUY 8L
............................. punydoi puduaboydis L
.................................. rapdutes vj1assnIYy ‘9¢
“TUsmQm) DUINI0JINDUINY "C¢
................................. 0801QD] DIPPULIOINIY BE
................................. D)1J0aUT DULIINDE] €L
............................... 1aqnd $apr0ULLIGIG0ID *TE
............................... Sapouabvy vurLINSSLT ‘18
.................................. p0dwod puaog 08
........................... SUILIDYUL DULNALIIY 6T
............................. 817024200 DUNNQLOUD]T *ST
............................... 3049010 DUYDULOUTY ‘LT
........................... 0610790 DUYNIONLL, 9T
DIFDQUITLIY Qﬁ.ﬁﬁuewmx& R4
8140pnB2.L43 DUYNIONLL BT
DIDULADIIG DULINDIJLLL, "€F
................................ “D20D1j0f VIDINIZAL, "TT
.................................... SuIWL DULVSOY 1T
uyind DuNIOPNIUWINY 0T
.................................. 0)0JN1UIP 0BT 61
.................................... )nqopb vursdhin ‘81
$NNIVQ07 $aP202GLy L1
DPUNSIPUL DULLIBLIIST 9T
............................... DINJOAUL DULINIONLL ‘ST
............................. vIvnbuy vUNI0j0Lds BT
................................. U0 DUjo.nds €1
Dp0QUIL00INILaqN3 DULdg BT
....................... 2j04022p vuPLdS TT
................................... DAL DIPIULQLO20YT 0T
................................ 811DJUILI0 DULIDSOY 6
DIDIINS DULNI0PINDWINY ']
........................ snpouod syydosousd ‘L,
82104927492 DLOAOUIBIOFY "9
Q

¥

€

[4

1

........................ UWNRIGNL DULILIOUOE]
visfruoydis (puiipnoboydis) vurhiipnog -
................................ snpundas sapruodsy -
.............................. 1ip1q vppa.0dognquifi)
-~ -818U3L0I8DHDPDUL DUIBNSPYdULY” *

29811
3811
11

¢ 0P1L

¢ 18
2111
9111
441}
E484 )
101t

(dog g1 X0q) 9911

(urog30q g1g X0q) O1Y
(do g1¢ %0q) 99TT-TOTT

100) Uy ‘yadoq

PonuIIu0)—77030 fIDMPLIY ‘970Y 1J14P f29) f0 $3)dUiDS 2400 P3JI3)IS UL DUILIULUDIO] LI])DUWS [0 UOYNQLUSLT—'] TTIAV],

E20



SMALLER FORAMINIFERA FROM MIDWAY DRILL HOLES

v

|||||||||||||| STmTTTTsoetTTtmwbiean) punnanpanbuing

........... Tomemmmmemm e mem s enp0ad 8y3dosaUIT
STmmmmssmmomescososessoeoosos DJ0ISNLf DULGLOUOI0INT
....... ToTTTTTESSSSIIITIoTTUIIDS00I8 TG0 DUYNULGD A
.............. R & 571§ B SR Ye 1)

et ..wﬂ:u\:&aoﬁ:« SIPUIOUNN
ds muapyvuosory

kbt Toemmesemeesoo SIUNWWOI SNYLLOY ]
......................... m-s-m--oo-ds DU TI0]0)IAD
bbb i ds jnpmsopouoydiy
...................... TTTTTTTUT 814D NIQL0 DUIPLOLRY
...................... TTTTTTTTTIUSI8UAUDZIYD DUNIOT
e it 142204d DUNNUIBIDIY
.............................. STIDUL0QNS sIPIUOd ST
Rl cmmmee TToTTTTToTI e DUAPD UKD
mommsmommmmoesos By 2SUIDYYD UOTUONT
...................... STTTRTTStunuwwod pulnoogonds
............... TTTTTTTITIITTC pngs00 pulpnooganbuing

DUDILIUYD DULNO0INDUING
SISTTESSSSSTTISTSSTTTUUUN0IPAAY PR UOIUOUOPNIS]
ds npap49mn
1WaNbLI} DULGLOU0I0IAT
,,,,,,,,,,,,,,,,,,, vayopnd vppurwosidsg
............. “TTTTdS U UOU0IS
e D80Q0)H DULIOO
114D292Q DIUOULULY”

..... Seeeesmseesctpunpwanbiay g e purydiowow by
............................ p1da} 14DI23q DIUOUUT
..... TUTISSITIIITTIITIS I UMD UDYD UOTUOUOPNIS T
....................................... ds puisponn)
el smmess Bt “TTTsnunubunopnasd sapingl)
.............................. snopnoopInnd $LIUBY

TTTTTITI T RISUIPIA0Y DUIQLOUOI0IN
................................ s1940unyd DHASAULOYD
ds “u spynsouttof sapruodsy
19 W DUILINDET
ds -u sisuafinmpiue vuLabonbuy

STTTTTomToTET oS ss s mm s :G»ﬂ&uuc =§N~Soe~.§.~&m
TTTTTmmmmemesmeomeo s TTTTmemeTmemee ds nuprqio
i SESERSQu GEN\\SL.‘\_
moTTTTTmsssoossmsemmsem o DIDRID] DIJPUNNGLOUD)T
SETmmTToTEoTToesssemes TTTemTes “DIDISNLI DUIGLOUO0I0IN

“mymnbuD s1vnbunLy) DUILIPNDY
TTTmmToTmsmsToemtmestt0fipu (WNRAL0ISOTOT ) DUIAIOST
et D0sDf DU
ds snjoonjsy
ULy " I, g pUITogLy
DJDLLIS DUIINILIOLISN Y
,,,,,,, -~ - ds apamwbbog

~~ puaapv wpydyg
8171QDLLDQ DYPIPINGLD
©T T T DUUSSUDH)D DIPUINAINET
TTTTTTT T TsIsuuauUIYd purRIOg
STB02YLIDILD $IPIIGLD
.................................. “0I040{15d DJIPIING

moemTmTmTsosmsossosossemoosocosoenne ds nunnonuay
............................... “Trunayond U0iuoN
mommmmmoes hiieieinh bbbl ds yoppaaqorn
................ STTmTTTTssTossoss-sssgDloW PO
R S momeeme WNIRUIUIS "D IO DUNIOPNDWIND
moememes oo ....eﬁe@io O "Ie puynooganbuind
........ TESTTTTSTTeTSS oIt S DIDIWBIRINUL DUYNADYD

8181200422 124dnp sop1uody
.................... Daind pubbngg

mmemmnenes R iy 14D DUNNAD, |
.......................... DUDJPDYSLIDUL DU DINAIDA
DINUOHIL] DUIINIONL],
......... puobfijod vuynooppnbuind
8110177230 DUIGLOUOIOIN
et 7 ¥ 1 7 (1Y RV R AT WL T 1775
STTmmTomsmmoosomssosoeosoe “ T pna4nd 0172820601140
...... R (/£ ] Gopow DY) yng
............... wmof Dpaularjog

DLIOJUT} DUTLIDLLISTY
Rt Temmmmssmeees “T T sisuupyg vwbnsydwny
mmommmmoes Soommrememmmeemeeo ApDaq L "B DULDf1L],
Rt hieh s TTTIITaDpDbiD UL D TR 107040010
hah bbbtk bt DIDY UL B1DI0L0QOIH
semmmensnensone semmenees " 8§NIDQOISU0D §2PLOULLIHI0ID

375—-049 0—T70——4



E22 GEOLOGY OF THE MIDWAY AREA, HAWAIIAN ISLANDS

TABLE 2.—Distribution of smaller Foraminifera in selected

{A, abundant; C, common; X, present.

145 (cuttings)

30-36.5
35.5-40
259.8

148
152.5

Depth, infeet ...

Amphisteginag madagascariensis. - .. ... eean e
Anomalina? maculose. - ... )
Cymbaloporette bradyi_ . e
Houerine dnvolute. ... .. . o ..o

Homotreme rubrum _ __________.____________._._____.__

>
o
X

X | 63-65
137
140
Xi a

Q, X | 286.5
387
2875

Q. X | 2895

Q' X | 20275
204
206.5
250

XXQ
X X

=X
ax: X
X1 XXX

XX RS R ) S RO R U ) S IS [y Ju R ) e e o
Murginopore vertebralis. . ... .. ... XX -5 4D, 4.4 I b4 JR S I 4 B D > I U SN0 D O DO - 4 ) ¢ -
Poumotua terebra_ .. e D4 I T T O B I [V U [ " ) O U DU R ) U O O U R N S OR p
Pyrgo denticul@t@. ... o .o e eane N T 54 R R U DR B N S UG DR S T OO Y UG O JO

PRNPouR N

XX

Reussella simplex ... ... el

10. Roselina micens. . ... . iiiaiieo_

11. Rosaling orientalis . . ... . . ....._..._.._.

12. Rosaling rugose_ ... ... . eoea.

13. Rotorbinella mir@. ...
14. Spirillina tuberculatolimbate ... ________.__

15. Spiroline arieting ... .. .

16. Spiroloculing engulate - - ... . o o

17. Triloculing involube . - eieean
18. Triloculineg irregularis._ . ... .o e
19. Triloculine kerimbatica. _ ... ... .. ...
20. Acerouling inhaerens_ . .. ... ... ...
21. Bolivina compacta_ ... .. ...
22. Cibicides lobatulus ... ... . ...
23. Cornuspira planorbis.__ ... .. .. ___._._____
24. Fischerina helix_ _ . .. .. .___o_......_.
25. Hauering pecifice. . . - ..o ...
26, Miliolinella lablose ... ... . ... ... ...
27. Quingueloculing neostriatula.
28. Quingueloculing sulcata
29. Sagenina frondescens
30. Spirillina vivipara .
31. Spiroloculine mayo
32. Triloculina oblonga. .
33. Triloculina trigonule
34. Clavuline engularis___.
35. Eponides repandus -
36. Gaudrying (Siphogoudryina) siphonifera_ .. ___..__
37. Planorbuline acervalis. _____________.____________
38. Siphogenerina rephana_ . .. ... .. ...
39. Spirillina decorata. .. .. ... ...
40. Spiroloculing caduc®. ... . . oo ...
41, Spiroloculina clare. .. __ ...
42. Triloculine bicarinete. ... ... ... ...

X
XXXX

X

|- XA XXX

v
'
I
'

X1 XXXX
X

.
'
7
'

XX
Xi X

§ XXX XX XXX XXX XX XXX XK B
P XXX
X

HKEXXXPRXKXXXXXX
X

KXXKAXXXXXX: X

P XXQ
XX XXaX: X! X

XX

POl XXXAI XXX
Xi

XX B X

v
'
v
]
T
'
v
'
v
'

axXx
X X XXXX

L XXXX!

«
'
T
'
.
‘
v
'
v
'
v
‘
v
.
|
¢
v
'
'
v

T
t
.
v
'
T
'
i
'
v
‘
T
‘
v
‘
'
'
v
'
v
'

X
a
X

43. Triloculineincisure_ . ___ .. _____ . __._____._ O 04 O NS D < OO O O O DO O O IO 0 DU N O DO D
44, Bolivine rhomboidalis .. ... s O T DO T T I 4 Y O O N G i DR RO R T U DO R
45. Cibicides cicatrico8US - . e O U VO ¢ VO O A RO N N O O ) U I RO (SO RO R N O P
46. Gypsing globule - .. . e R DU " - RO " U (R R O ) O D) B o< |--TX[ X)X - -
47.  Neoconorbing rustica M. Sp_. .. olioooioo_.... O U U ¢ DR O D - O RO U ) DO ) DO LX< X -~
48. Peneroplis plan@lus_ _ . e OR[N U U U SO S N DU O B O DU (VO DR DN U DO BN
49. Textularia foliace® ... . . . el R T R 4 U (U TN R A O DAY ) o R D S DO
50. Trifarine aff. T. bradyi_ . e IO R N 4 DU O T O O "¢ O S O O I I PR O RO O S D
51. Triloculine bikindensis_ . __ . s X - AR DO O 4 U I O RO TV SN D DO
52. Triloculing linneion®. ... ... . R DU OO 4 O VO U DU N U O Ny I D Y O RO A D D B
53. Vertebralina striafa__ ___________ . ___ . __.__._ RO OO 4 O 4 04 ¢ PR (VO S Y O A U R RO RO DU DS OO
54. Ammonia beccarii tepida. . e N O O DO "< D U N O O U " OO T R R R Y N
55,  Qlobigerinoides conglobatus. ... ... .. ... S U O U <4 U T U VU RO D DO 4 O DO I Y O U U O )
56. Qlobigerinoides sacculifer ... .. B O RO R > > O [ U OO OO U D DO I JER PR ) RO ) DU D
57. Parrine bradyi_ oo o S TN R N0 "4 O O N O O O A P O DA U O O O O IO R O R N OO O IO
58. Rosalina globularis_ . _ . . . O O DU D 4

59. Spiroloculine samoaensis. .. ... ... _.._._... PO D D B> 4 D4

60, Textularie agglutinans . . ... ... _____.._.. I R 4

gé Bolivina chimenensis_ ... . e R Y ) D

Quinqueloculine parkeri_ _ _
Tretomphalus concinnus.
68. Velvulinae devidiena. . .
69. Neoconorbina frustate..

XAXXXXXXX

T
‘
v
'
v
'
T
'
V
.
.
'
v
'
v
'
T
.
|
'
|
'
T
'
v
'
|
'
\
'
T
'
T
'
[l
'

70. Siphonina tubulose. ... . . R U L O 1 O O (N " O O & 2 TR Y S O Y ) DA B s O b 4 > 4 b4
71. miliolid fragments_ ______________.___ . ...___.__... R T R N Y 1 P T -~ O U N 4 < O ¢ Y O D O B D¢ D4 > 4 > 4 -4
72. Bolivina (Laterostomella) g ini I oo X A [ XXX C X o XXX XX - [ XXX -1 X
73. Elphidiuwm hyelocostatum . .. . e B O N U ) N U (O >~ DU ) D DO U DU N NS O O DUONY RO RO PO ) DR
T4, Fissuring cirewl@ris. .. e N O U N A A RO U ) U R R A N OO OO OO DUV O ) D IS DU DA U S S PO
75.  Neoconorbina floridensis. . _ . . ... ... O U O RO RO U ) [N 4 P RO O U SO RO RO Y O S S R R O U (VO Py O
76, INORION PACIfICUM . - _ . e Y OR U SUURS RO RO OO UUORN " (O DN O RO NS NS Y (NS OO PR " PR T PO SO —|--
77. Discorbis vesicularis dimidiata .. .. .. ... .. ... ... ... ) 1O O O U R R RN =4 > DU R U U U ) R R N U PO DV DR D
78. Elphidium aff. E. formosum_ . ._____ ... ... G 1 U O O Y O AR U O 1 " U R A O OO (N OO OO RO U O ) RN O P
79. Elphidium @doene_ . .. ... e Y O RO N U U DU N O O U ' U U U SRV O Y U U SR DUV RO D UY DU DU iy ) D
80. Planorbulinoides retinaculatus. . .. . ... ... O (N SN N N S U Y 14 N N O O N O (N A O RO O O O IO G D oo
8l. Bulimine mMarginab . . ... e O O N YOO SO O DU RO D O O D 1> U SO ) N R D ) A D) S ) O B O S
82. Discorbinella? Sp- - - s 8 DU S O R G Y O ) ) O > UG S S S O R S ) Y G (RS (R
83. Fissurine cucurbitasema__._________________________ RO R S U U R RO R R DU Y OO O > ) O R SO RS RO S O R O D
84. Virguling complant@ ... ... e eeee R S N O Y U N O O O PO DO 1 O DO O O JON OO 5 %4 O 574 O I O O
85. Cassidulinaminute . _____ ... ____ .. ___._____ R VU DU U T U U RO ) A RO DR > RO U [ RO O UV U N PO DA D) [ Py Bt
86. Quingueloculing bradyenae . . ____.____________._.... R T T O O S N U O O O O OO " > PO G N OO U SR R ) B RO S O OO B
87. Quinqueloculina polygone ... .. ... ... .. . R 1500 DU U VO O N O R O O OO I o s O S O O O, U0 DO RO s U PR SO U B
88. Spiroloculing Manifeste. . ... ..o R 0 DU R O DU U R ) U U RO I > RO RO PR S RV P A ) R PO O P P
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core samples of Sand Island drill hole, Midway atoll
Only sample 145 consists of cuttings]

491-496 (box 82 bottom)

491-496 (box 82 middle)
496 (box 83 top)

499.5 (above contact)

491-496 (box 82 top)
Vo e X b X | 500 (below contact)

446 (box 72 bottom)
446 (box 73 top)

471.5

. Ampbhistegina madagascariensis.
Anomalina? maculosa.
Cymbaloporetta bradyi.
Hauerina involuta.
Homotrema rubrum.
Marginopora vertebralis.
Paumotua terebra.
Pyrgo denticulata.

. Reussella simplex.

10. Rosalina micens.

11. Rosalina orientalis.

12. Rosalina rugosa.

13. Rotorbinella mira.

14. Spirillina tuberculatolimbata.
15. Spirolina arietina.

16. Spiroloculine angulata.
17 oculina involuta.

18. Triloculing irregularis.
19. Triloculina kerimbatica.
20. Acervulina inhaerens.
21. Bolivine compacta.

22. Cibicides lobatulus.

23, Cornuspira planorbis.
24. Fischerina heliz.

25. Hauering pacifica.

26. Miliolinella labiosa.

g . Quingueloculing neostristule.
29,

30

31

32

Sopwor

o@

Quingueloculing sulcata.

. Sagenina frondescens.
. Spirilline vivipara.
Spiroloculina mayori.
Triloculina oblonga.
Triloculine trigonula.
Clavuling angularis.
Eponides repandus.
Gaudrying (Siphogaudryine) siphonifera.
Planorbulina acervalis.
Siphogenerina raphana.
. Spirillina decorata.
. Spiroloculina caduca.
Spiroloculine clara.

riloculinag bicarinata.
Triloculing incisura.
Bolivina rhomboidalis.
Cibicides cicatricosus.
. Qypsina globula.

Neoconorbina rustica n. sp.
Peneroplis planatus.
Textularia foliacea.
Trifaring aff. T. bradyi.
Triloculina bikiniensis.
. Triloculina linnelana.
. Vertebralina striata.
. égnln.wnia becearit te?ikdq.

. Qlobigerinoides sacculifer.

. Parrtna bradyi.

. Rosalina globularis.

Spiroloculina samoaensis.
extularia agglutinans.

Bolivina chinenensis.

Bolivina striatula.

Cibicides mayori.

Patellina advena.

Quingueloculina distorqueata.

Quingueloculina parkeri.
Tretomphalus concinnus.

. Valouline davidiana.

69. Neoconorbina frustata.

Siphonina tubulosa.

miliolid fragments. X

Bolivina (Laterostomella) gumbeliniformis.

=Lt o e | o - L [ L e e e o < || |- 78 Elphidium hyalocostatum.

74. Fissurina circularis.

75. Neoconorbina floridensis.

76. Nonion pacificum. .

77. Discorbis vesicularis dimidiata.

78. Elphidium afi. E. formosum.

79. Elphidium advena.

80. Planorbulinoides retinaculatus.

8l. Bulimina marginala.

82, Discorbinella? sp.

83. Fissurina cucy -bitasema.

84. Virgulina complanata.

85. Cassiduling minula.

86. Quingueloculina bradyana.

87. Quingueloculina polygona.

88. Spiroloculing manifesia.
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TaBLE 2.—Distribution of smaller Foraminifera in selected core

Depth, in feet

35.5-40
145 (cuttings)
242.5

30-35.5

. Epistominella tubulifera . _
Globorotalia crassaformis.
. Bolivina tortuosa._.__.
Lenticulina Sp_..._..
. Rosalina turgida__.__._.___.__
Bolivina (Lozostomum) mayori. ..
. Asterigerina indistincta - . __. ...
Cibicides cf. C. rober 8
Neoconorbina crustata.. . __

. Amphistegina bikiniensis______
alyul i marshall
Valvuling martii..____._____
. Austrotrilling cf. A, striata.
Neoconorbine patelliformis. _
Asterigerina tentoria_ . _____
Buliminella madagascariensis.
Anomalina glabrata_. .. ____.__.
. Epistominella pulchra. __
Globigerina trilocularis...._____..____
Globigerinoides trilobus altiaperturus.
. Lagene hispida.. .
. Cibicidella variabili
. Buccella perforata__...
. Angulogerina tenuistriata. _ .
. Baggina parva
. Qlabratella? sp. .. ... ______._
9. Clavuling multicamerata. ... _..._.
120. Glabratella sp

Quinqueloculina bradyana Cushman

Quinqueloculing bradyane Cushman. Cushman, Todd, and Post,
1954, p. 332, pl. 83, fig. 26.

Quinqueloculina bradyane is represented by a few
good specimens in the Sand Island hole and by molds
having characteristics of the species in the Reef hole.
In the Marshall Islands it was found only in the
Holocene.

Species Nos—S86, R85.

Quingueloculina costata d’0rbigny

Plate 1, figure 5

Quinqueloculing costate d’Orbigny. Schlumberger, 1893, p. 211,
pl. 3, figs. 75, 76; text fig. 20.

Fornasini, 1905, p. 62, pl. 2, fig. 6.
Specimens at 1,041.25 and 1,043 feet in the Reef hole
appear to belong in this costate species, described from
the Holocene of the Mediterranean and widely recorded

both as a fossil (as early as Eocene) and from the
Holocene.

Species No—R128.

Quinqueloculina distorqueata Cushman

Quinqueloculing distorqueate Cushman, in Cushman, Todd, and
Post, 1954, p. 333, pl. 83, fig. 27.

A few typical specimens occur in Sand Island hole
at 145 and 148 feet. They have the slender tubular neck
that is characteristic of this species.

Species No.—S65.

Quinqueloculina laevigata d’Orbigny
Plate 1, figure 8

Quinqueloculine laevigate d’'Orbigny. Fornasini, 1905, p. 63,
pl. 2, fig. 8.

Described from the Eocene of the Paris Basin, this
species has been reported from many localities both
fossil and recent.

This elongate species is represented only by glau-
conitic molds, that commonly occur in a narrow zone
between 1,185 and 1,186.5 feet in Reef hole. Specimens
are as much as 1.2 mm long, about as thick as broad,
and some tend to be triloculine rather than quinqueloc-
uline. As they occur only as internal molds, the surface
and the aperture were not observed.

Species No—R145.

Quinqueloculina neostriatula Thalmann

Quinqueloculina neostriatule Thalmann. Cushman, Todd, and
Post, 1954, p. 333, pl. 83, fig. 28.

Typical specimens occur near the top of Sand Island
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. Epistominella tubulifera.

. Globorotalia crassaformis.

. Bolivina tortuosa.

. Lenticulina sp.

. Rosalina turgida.

. Bolivina (Lozostomum) mayori.
. Asterigerina indistincta.

. Cibicides cf. C. robertsonianus.
. Neoconorbina crustaia.

. Buliminella elegantissima.

. Orbulina universa,

. Qlobigerinoides trilobus.

. milolid molds.

. Amphistegine bikiniensis.

. Valvulammina marshallana.

. Valvuling martii.

. Austrotrillina cf. A. striata.

. Neoconorbing patelliformis.

. 4;tﬁriq¢riﬂa ten{oria.

. Anomalina glabrata.

. Epistominella pulchra.
. Globigerina trilocularis.
. Globigerinoides trilobus altieperfurus,
. Lagena hispida.

. Cibicidella variabillis.

. Buccella perforata.

. Angulogerina tenuistriata.

. Baggina parva.

Glabratella? sp.

. Clavuling multicamerata.

. (labratella sp.

iensis.

hole, fairly abundantly at 145 feet. They are character-
ized by the hoodlike aperture.
Species No.—S21.

Quinqueloculina parkeri (Brady)
Quinqueloculing parkeri (Brady). Cushman, Todd, and Post,
1954, p. 333, pl. 83, fig. 23.

This distinctively ornamented Holocene species occurs
in both holes, in both the post-Miocene and Miocene
sections.

Species Nos—S66, R20.

Quingueloculina polygona d’0Orbigny
Plate 1, figure 4
Quinqueloculing polygona d’Orbigny. Todd, 1962 [1961 imprint],
p. 187, plL. 22, fig. 5.

Typical specimens of this angled miliolid occur com-
monly at 259.8 feet in Sand Island hole. In Reef hole,
between 500 and 517 feet, are internal molds of a
miliolid that may have been close to Q. polygona but
were probably not identical.

Species Nos—S87, RT8.

Quinqueloculina cf. @. seminulum (Linné)
Several casts scattered in the top of the Miocene sec-

tion of the Reef hole have the characteristics of this

evenly coiled, rounded miliolid.
Species No.—R86.

Quinqueloculina sulcata d’Orbigny

Quinqueloculine sulcata d'Orbigny. Cushman, Todd, and Post,
1954, p. 334, pl. 84, figs. 1, 2.

Quinqueloculina sulcata-Q. ferussaci gradational series. Todd,
1957, p- 286 (table), pl. 86, figs. 3-6.

Specimens referable to this species (or gradational
series of species) are present at and near the top of both
holes. Some are broad and like the ferussaci end of the
series but most are slender and like the sulcata end.

Species Nos—S28, RS.

Quingueloculina tubus Todd
Quinqueloculine tubus Todd, 1957, p. 306, pl. 85, fig. 18.

A single fresh specimen from near the top of the Reef
hole compares well with this species described from
Saipan lagoon. It has since been recorded from Cocos
Lagoon and on the outer slopes at Guam and from the
Eniwetok drill hole E-1 cuttings.

Species No.—R35.
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Genus TRILOCULINA d’Orbigny, 1826
Triloculina bicarinata d’Orbigny

Triloculing bicarinate d’Orbigny, 1839, p. 180, pl. 10, figs. 18-20.

Cushman, 1932, p. 60, pl. 13, fig. 6.
Triloculing cf. T. bicarinate d'Orbigny. Cushman, Todd, and

Post, 1954, p. 338, pl. 85, fig. 2.

This distinctive waffle-surfaced Holocene species, de-
scribed from off Cuba and widely known in the Pacific,
occurs in a few of the Midway samples from both holes.
All are near the top in the post-Miocene section, where
it is represented by excellent specimens, especially in
Sand Island hole.

Species Nos—S42, R23.

Triloculina bikiniensis Todd
Triloculing bikiniensis Todd, in Cushman, Todd, and Post, 1954,
p. 338, pl. 85, fig. 19.
Todd, 1957, p. 286 (table), pl. 86, fig. 14.

Typical specimens of this species, described from the
Marshall Islands and also found at Saipan, occur rarely
in the post-Miocene section of Sand Island hole.

Species No.—S51.

Triloculina incisura Todd

Triloculing incisure Todd, 1957, p. 308, pl. 86, fig. 18.

This species, described from Guam, is distinctive in
its apertural tooth that completely fills the apertural
opening. Single specimens were found at 63-65 feet and
152.5 feet in Sand Island hole.

Spectes No.—S43.

Triloculina involuta Todd

Triloculing involute Todd, in Cushman, Todd, and Post, 1954,
p. 338, pl. 85, fig. 4.

This robust and faintly costate species, described from
the Marshalls and also reported from Saipan and Guam,
occurs at Midway near the top of both holes.

Species Nos—S17, R15.

Triloculina irregularis (d’0Orbigny)

Tritoculina irregularis (4’Orbigny). Cushman, Todd, and Post,
1954, p. 338, pl. 85, fig. 12.

Typical specimens of this Holocene species are well
represented in Sand Island hole near the top. A few
are also present in Reef hole but are poorly preserved.

Species Nos.—S18, R24.

Triloculina kerimbatica (Heron-Allen and Earland)

Triloculing kerimbatica (Heron-Allen and Earland). Cushman,
Todd, and Post, 1954, p. 339, pl. 85, figs. 10, 11.

This transversely crinkled species well known and
widely distributed in the Holocene, occurs in both holes
near the top.

Species Nos—S19, R25.
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Triloculina linneiana d’Orbigny

Triloculina linneiana d’Orbigny. Graham and Militante, 1959,
p. 55, pl. 8, fig. 7.

A single specimen from 137 feet in Sand Island hole
is typical of this costate species, originally described
from Cuba and widely known from both the Atlantic
and Pacific.

Species No.—S52.

Triloculina oblonga (Montagu)

Triloculina oblonga (Montagu). Graham and Militante, 1959,
p- 56, pl. 8, figs. §, 9.

This smooth elongate species is probably cosmopolitan
in warm shallow waters. It is not common but occurs
in both holes in scattered samples. Its deepest occur-
rence is at 947 feet in Reef hole.

Species Nos—S32, R26.

Triloculina terquemiana (Brady)

Triloculina terquemiane (Brady). Cushman, Todd and Post,
1954, p. 340, pl. 85, fig. 9.
A single specimen was found at 103.5 feet in Reef
hole.
Species No.—R48.

Triloculina trigonula (Lamarck)

Tritoculine trigonula (Lamarck). Todd, 1957, p. 288 (table 4),
pl. 86, fig. 16.

This well-known miliolid, triangular with rounded
angles, is present in both holes. It occurs very rarely and
near the top in Sand Island hole. In Reef hole it occurs
only in the Miocene section beginning at 500 feet and
continuing in scattered samples down to 1,106.75 feet.
The Sand Island specimens are original shell material,
but those from Reef hole are only internal molds.

Species Nos.—S33, RT9.

Genus MILIOLINELLA Wiesner, 1931
Miliolinella labiosa (d’Orbigny)

Miliolina labiosa d’Orbigny, sp. Brady, 1884, p. 170, pl. 6, figs.
3-5.

Miliolinella labiosae (d’Orbigny). Todd and Low, 1960, p. 822, pl.
261, fig. 10.

Although fossil specimens were recorded from the
Eniwetok drill hole E-1, this primarily Holocene spe-
cies occurs only in the tops of the two Midway drill
holes. Brady found it in a coral sand at 40 fathoms depth
off Honolulu, Hawaiian Islands.

Species Nos—S26, R34.

Genus SPIROLOCULINA d’Orbigny, 1826
Spiroloculina angulata Cushman

Spiroloculine angulate Cushman. Cushman, Todd, and Post,
1954, p. 334, pl. 84, figs. 11, 12.
Todd and Low, 1960, p. 822.
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No attempt has been made to distinguish between the
species Spiroloculing angulata Cushman and S. cor-
rugata Cushman and Todd (1944, p. 61, pl. 8, figs. 22—
25), because the angularity or roundness of the peri-
pheries and length of tests are extremely variable
features. The similarity of their recorded occurrences
and ranges negates the value of a more detailed study
of the specimens in this material. The attempt to separ-
ate them in the Eniwetok drill hole samples (Todd and
Low, 1960, p. 822, 823) emphasized this problem.

The specimens are found in the tops of both drill holes
at Midway and are scattered as deep as 1,054.5 feet in
the Reef hole.

Species Nos—S16,R14.

Spiroloculina caduca Cushman

Spiroloculina caduca Cushman. Todd, 1957, p. 286 (table 4), pl.
87, fig. 10.

A few specimens of this species described from the
Holocene of Florida occur near the top of the Sand Is-
land hole. It has not been recorded from Marshall Is-
land sediments but was found at both Saipan and Guam
in the Mariana Islands.

Species No—S40.

Spiroloculina clara Cushman

Spiroloculine clare Cushman, Cushman, Todd, and Post, 1954,
p. 335, pl. 84, fig. 9.

Spiroloculina clare var. lirate Cushman, in Cushman, Todd,
and Post, 1954, p. 335, pl. 84, fig. 10.

Single specimens near the top of each hole can be
included in this species described from the Marshall
Islands.

Examination of the type material for the species and
its variety lirata indicates the varietal features are not
sufficient grounds for separation.

Species Nos—S41, R51.

Spiroloculina communis Cushman and Todd

Spiroloculine communis Cushman and Todd. Cushman, Todd,
and Post, 1954, p. 335, pl. 84, fig. 13.
Todd and Low, 1960, p. 822.

Four specimens, comparing well with this species,
were obtained in the Miocene from 1,042 feet in the
Reef hole. The central area is not as clean as in the
types, but this is probably due to preservation and ad-
hering matrix.

8. communis occurred in Holocene sediments of the
Marshall Islands as well as in the Miocene section of
the Eniwetok drill hole.

Species No.—R129.

Spiroloculina manifesta Cushman and Todd

Spiroloculina manifesta Cushman and Todd, 1944, p. 62, pl. 8§,
figs. 26-28.
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This species compares closely with S. marshallana
Todd (in Cushman and others, 1954, p. 335, pl. 84, fig.
8) described from Holocene sediments of Bikini Atoll
and later (Todd and Low, 1960, p. 823) recorded from
beds considered as old as Miocene penetrated by drill
holes on Eniwetok Atoll of the Marshall Islands. How-
ever, 8. manifesta is a larger, more rugged looking spe-
cies with acutely angled edges. In some specimens the
peripheral angle is sharp enough to make the last-
formed chambers somewhat concave. The umbilical
area is more deeply depressed and the general outline of
the test is more elongate. The species has a dull, rough
surface as compared to the smooth, more polished wall
of §. marshallana.

In Sand Island hole it is common in one core sample,
259.8 feet, and one broken specimen was found at 279.5
feet.

It was described from the Philippines and was re-
corded from off Samoa at that time also. Asano (1951,
p. 15, figs. 101, 102) attributed it to beds as old as Plio-
cene in Japan as well as to Holocene sediments. It was
not found in the Marshall Islands.

Species No.—S88.

Spiroloculina mayori Cushman

Spiroloculing mayori Cushman. Cushman, Todd, and Post, 1954,
p. 336, pl. 84, fig. 15.
Todd and Low, 1960, p. 823.

Several distinctive specimens easily attributable to
this species occur in the next to highest sample of the
Sand TIsland hole. It was recorded from Holocene sedi-
ments of the Marshall Tslands as well as the top of hole
F-1 at Eniwetok.

Species No—S31.

Spiroloculina occlusa (Cushman)
Plate 11, figure 3

Massilina occluse Cushman, 1922, p. 104, pl. 28, fig. 2.
Spiroloculing occluse (Cushman). Cushman and Todd, 1944, p.
15, pl. 3, fig. 12.

The distinctively squarish test and apertural neck of
this species make this identification quite secure, the
only difference appearing to be a slightly larger size
of some of the Midway specimens. The central area is
only a little depressed, being obscured by the over-
lapping final two chambers which form the complete
outer part of the test.

Length of figured specimen 0.90 mm; breadth 0.50
mm ; thickness 0.27 mm.

Spiroloculina occlusa has been recorded from beds of
Oligocene age only in Mississippi and Alabama. At
Midway it occurs rarely, scattered in a restricted sec-
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tion of the Reef hole between 933.3 and 947 feet.
Species No.—R108.

Spiroloculina samoaensis Cushman

Spiroloculina planissime (Lamarck) var. samoaensis Cushman,
1924, p. 58, pl. 21, figs. 9, 10.

Spiroloculina samoaensis Cushman. Cushman and Todd, 1944,
p. 56, pl. 8, figs. 8-10.

Spiroloculinag samoaensis differs markedly from other
costate species in the genus by having oblique ridges
that extend nearly to the periphery, giving the more
strongly ornamented specimens a cuspate edge.

It has been recorded only from Holocene sediments
of the tropical part of the Indo-Pacific region. Good
specimens occur in the Midway Sand Island hole be-
tween 140 and 148 feet, with only one broken specimen
coming from 103.5 feet in the Reef hole.

Species Nos—S59, R46.

Genus HAUERINA d’Orbigny, 1839
Hauerina involuta Cushman

Hauerina involute Cushman. Cushman, Todd, and Post, 1954,
p. 337, pl. 84, figs. 28, 29.

There are single occurrences of this species in the tops
of both Midway drill holes. It was described from the
Marshall Islands and was recorded from the cuttings
of the Eniwetok drill holes.

Species Nos.—S4, R33.

Hauerina milletti Cushman

Hauerina milletti Cushman, in Cushman, Todd, and Post, 1954,
p. 337, pl. 84, fig. 23.

One specimen from 936.5 feet in the Reef hole com-
pares favorably with the small paratypes of this species
described from Rongerik Lagoon, Marshall Islands. It
is recorded from other shallow water areas in the Pacific
but has not been found as a fossil.

Species No.—R110.

Hauerina pacifica Cushman

Hauerina pacifice Cushman. Cushman, 1932, p. 44, pl. 10, figs.
10, 11.
Todd, 1957, p. 286 (table 4), pl. 88, fig. 3.

Hauerina pacifica was described from a depth of 24
fathoms off the Hawaiian Islands, and all subsequent
records are from warm, shallow waters of the Pacific.
It occurs rarely in the top of the Sand Island hole.

Species No.—S25.

Genus PYRGO Defrance, 1824
Pyrgo denticulata (Brady)
Pyrgo denticulate (Brady). Cushman, Todd, and Post, 1954, p.

340, pl. 85, fig. 22.
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This typical Holocene species is found at the top of
both holes and also in the Miocene part of Reef hole
down to 1,044.5 feet.

Species Nos—S8, R19.

Genus AUSTROTRILLINA Parr, 1942
Austrotrillina striata Todd and Post

Plate 11, figure 5

Austrotrillina striata Todd and Post, 1954, p. 555, pl. 198, fig. 9.
Todd and Low, 1960, p. 825, pl. 261, fig. 22.
Adams, 1968, p. 92, pl. 4, figs. 1-13; pl. 6, fig. 9.

This striking miliolid is an important index fossil in
the middle Tertiary of the Pacific. It was described
from Bikini drill hole 2B and also found in hole E-1
at Eniwetok. Adams (1968, fig. 1) shows its range to
be from upper Tertiary ¢ throughout Tertiary ¢ or from
upper Rupelian through the Chattian to the top of the
Aquitanian.

Its highest occurrence in Reef hole is at 911 feet, and
it occurs discontinuously to near the bottom of the hole
at 1,186 feet, often in the form of molds. At 1,110-1,120
feet it is very abundant and makes up an Austrotrilling
sand in that section. Two fragmentary pieces of Austro-
trillina were found in Sand Island hole at 446 feet, at
the top of the Miocene. If they were in place at this
level, they would be more than 400 feet above their
comparable position relative to the top of the Miocene in
Reef hole. Therefore, we believe these fragments may
have had their origin in reworked material.

Species Nos—S105, R98.

Family OPHTHALMIDIIDAE

Genus CORNUSPIRA Schultze, 1854
Cornuspira planorbis Schultze

Cornuspira planorbis Schultze. Cushman, Todd, and Post, 1954,
p. 341, pl. 85, fig. 27.

Typical specimens occur rarely in both holes at Mid-
way; in the post-Miocene section of Sand Island hole
from 35.5 to 152.5 feet and in the Miocene section of
Reef hole from 943 to 1,054 feet. This small translucent
porcellaneous coil is characteristically found with
miliolids.

Species Nos.—S23, R112.

Genus VERTEBRALINA d’Orbigny, 1826
Vertebralina striata d’Orbigny
Vertebralina striata d’Orbigny. Graham and Militante, 1959, p.
60, pl. 9, figs. 11, 12.

Good representatives of this shallow-water miliolid
occur near the top of both holes. One specimen from 137
feet in Sand Island hole shows reticulate ornamenta-
tion.

Species Nos—S53, R49.
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Genus PARRINA Cushman, 1921

Parrina bradyi (Millett)

Parrine bradyi (Millett). Cushman, Todd, and Post, 1954, p.
342, pl. 85, figs. 31-34.
This wild-growing miliolid is represented by a few
specimens at 140 and 145 feet in Sand Island hole.
Species No—Sb1T.

Family FISCHERINIDAE
Genus FISCHERINA Terquem, 1878

Fischerina helix Heron-Allen and Earland

Fischerina heliz Heron-Allen and Earland. Cushman, 1932, p.
76, pl. 17, fig. 5.

A single specimen was found between 35.5 and 40
feet in Sand Island hole. The specimen is involute on
one side and evolute on the other, but the generic sepa-
ration of such forms as Fischerinella seems unjustified.

Species No.—S24.

Family PENEROPLIDAE
Genus PENEROPLIS Montfort, 1808

Peneroplis planatus (Fichtel and Moll)

Peneroplis planatus (Fichtel and Moll). Todd and Low,' 1960,
p. 829, pl. 261, fig. 13.

Only rare specimens are present, being found at the
top of both holes and in a few samples near 1,040 feet
in Reef hole.

Species Nos. S48, RT.

Peneroplis proteus d’0rbigny
Plate 11, figure 1

Peneroplis protea d’Orbigny, 1839, p. 60, pl. 7, figs. 7-11.

Associated with specimens of Quéingueloculina laevi-
gata and, like them, only in the form of glauconitic
molds. This species occurs also in the narrow zone be-
tween 1,185 and 1,186.25 feet. There was also a single
specimen found higher at 1,170 feet in Reef hole.

The nearly circular specimens are flattened, have
about 16 long curved chambers per whorl, and none
show the later flaring stage that is typical of this species.

P. proteus wasdescribed from Holocene sands of Cuba
and is known in the West Indian region, both living and
fossil, as early as Miocene.

Species No.—R144.

Genus SPIROLINA Lamarck, 1804
Spirolina arietina (Batsch)
Spirolina arietine (Batsch). Cushman, Todd, and Post, 1954, p.

348, pl. 87, figs. 4, 5.
Todd and Low, 1960, p. 830.
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Typical specimens are found in the tops of both holes.
In addition, the species is scattered rarely as deep as
1,043 feet in the Reef hole and 497.5 feet in the Sand
Island hole. It was recorded from a Miocene core at
Eniwetok.

Species Nos—S15, R13.

Genus MARGINOPORA Quoy and Gaimard, 1830

Marginopora vertebralis Quoy and Gaimard

Marginopora vertebralis Blainville. Cushman, Todd, and Post,
1954, p. 348, pl. 82, figs. 5, 6.

Marginopora vertebralis occurs in some abundance at
the top of both holes and continues rather persistently
down to 389 feet in Sand Island hole and 334 feet in
Reef hole. Only scattered occurrences, mostly of small
specimens, are found to the bottom of Sand Island hole
and to 1,127.3 feet in Reef hole.

Species Nos.—S6, R6.

Family NODOSARIIDAE
Genus LENTICULINA Lamarck, 1804

Lenticulina sp.

Plate 2, figure 1

Rare specimens from between 282.5 and 292.75 feet
in Sand Island hole and between 529 and 1,129 feet in
Reef hole, represent a small smooth species of Lenticu-
lina. The test is close coiled, unornamented, lacks a keel,
and has six chambers per whorl. Size ranges between
0.23 and 0.27 mm.

Species Nos—S92, R90.

Genus ASTACOLUS Montfort, 1808
Astacolus sp.

Plate 1, figure 7

The rich fauna at about 930 feet in the Reef hole
yielded two small specimens belonging to this nodosariid
genus. They consist of seven or eight rather tightly
coiled chambers; slightly depressed sutures; a non-
lobulated, rounded periphery, smooth wall; radiate
aperture at tip of elongate final chamber. Length about
0.55 mm.

Species No.—R100.

Genus MARGINULINA d’0Orbigny, 1826
Marginulina procera (Stache)
Plate 1, figure 6
Hemicristellaria procera Stache, 1864, p. 222, pl. 23, fig. 1.

This species was described from New Zealand in rocks
probably of early Oligocene or late Eocene age. It is an
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arcuate cylindrical species, with an incipient coil at the
initial end, and a slightly produced apertural end.
Sutures are oblique and chambers not inflated. Speci-
mens are found in Reef hole between 1,101.5 and 1,118
feet.

Species No.—R133.

Genus VAGINULINA d’Orbigny, 1826
Vaginulina obtusicosta ten Dam and Reinhold

Plate 11, figure 8

Vaginuling striatule ten Dam and Reinhold [not Roemer, 1842],
1942, p. 65, pl. 4, fig. 10; pl. 9, fig. 12.
Vaginulina obtusicoste ten Dam and Reinhold, 1947, p. 186.
Rare and fragmentary specimens of a flattened and
costate species of Vaginuling occur in Reef hole between
1,120.5 and 1,126 feet. They have an angular periphery
and otherwise seem similar to this species that is known
from the middle Miocene of the Netherlands.
Species No.—R142.

Genus LAGENA Walker and Jacob, 1798
Lagena hispida Reuss

Lagena hispida Reuss. Graham and Militante, 1959, p. 67, pl. 10,
fig. 14.

A single specimen from the Miocene beds of Sand Is-
land hole, at a depth of 460 feet, seems identical with
this widely reported species.

Species No.—S113.

Family POLYMORPHINIDAE
Genus SIGMOMORPHINA Cushman and Ozawa, 1928

Sigmomorphina aff. S. terquemiana (Fornasini)

Rare polymorphinids in Reef hole between 982.5 and
1,008.5 feet are questionably assigned to this widely re-
ported and long ranging species. Specimens are flat-
tened, pointed at the apical end, and the sutures are ob-
scure.

Species No—R119.

Family PLECTOFRONDICULARIIDAE

Genus BOLIVINELLA Cushman, 1927

Bolivinella folium (Parker and Jones)
Plate 3, figure 1

Bolivinella folium (Parker and Jones). Todd and Low, 1960, p.
831, pl. 262, fig. 2.

Bolivinella folium is found only in Reef hole where it
first appears at the top of the Miocene at 500 feet. It
continues to 565 feet then breaks off until 982.5 feet.
From there it occurs in scattered samples to 1,120 feet.
It is a variable species. Some specimens are narrow and
Bolivina-like; others are broad and flaring with slender,
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backward-curving chambers. Some specimens are flat;
others thickened in the middle. In some chambers the
sutures are raised and limbate; in others they are faintly
beaded.

Species No—RT8.

Family BULIMINIDAE
Genus BAGGATELLA Howe, 1939

Baggatella sp.
Plate 3, figure 7

Two specimens at 930 feet in Reef hole, plus several
very small individuals at 876 and 876,5 feet, are referred
to this genus that has thus far been regarded as occur-
ring only from middle Eocene to late Oligocene. This
Midway record thus extends the range upward into the
early Miocene.

The specimens are high spired, have four inflated
chambers per whorl, and a high-arched aperture.

Species No.—RIT.

Genus CAUCASINA Khalilov, 1951
Caucasina sp.
Plate 2, figure 4

Deep in the Miocene section of the Reef hole (979.5-
1,165 ft) are scattered fragile buliminidlike specimens
belonging in the genus Caucasina. Lack of comparative
material and rarity of specimens in the present material
prohibits specific identification. The Midway forms most
closely resemble C. khalilovi Loeblich and Tappan
(1964, p. 78, pl. 2, figs. 7-9) described from the Oligo-
cene of California in being small for the genus, elongate,
and having a very low trochoid coil in the initial stage.
Measurements of the figured specimen are length 0.17
mm, width 0.11 mm.

Species No—R116.

Genus BULIMINELLA Cushman, 1911
Buliminella elegantissima (d’0Orbigny)
Buliminella elegantissima (d’Orbigny). Cushman and Parker,

1947, p. 67, pl. 17, figs. 10-12.

This long-ranging Eocene to Holocene species is small
and slender with numerous chambers. It occurs in both
holes but is common only at 1,165 feet in Reef hole.

Species Nos—S98, R94.

Buliminella madagascariensis (d’0rbigny)
Plate 2, figure 5

Buliminelle madagascariensis (d’Orbigny).
Parker, 1947, p. 68, pl. 17, figs. 15-17.

Cushman and

This Oligocene to Holocene species is proportionally
short and thick with a blunt initial end and a little-in-
dented periphery. The Midway specimens show con-
siderable variation from typical ones to some in the
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lower part of Reef hole that approach the slender test
of B. elegantissima (d’Orbigny). Specimens occur in
scattered samples in the Miocene part of both holes but

are always rare.
Species Nos.—S108, R74.

Genus BULIMINA d’0Orbigny, 1826
Bulimina marginata d’0Orbigny

Bulimina marginate 4’Orbigny. Cushman and Parker, 1947, p.
119, pl. 28, figs. 5, 6.

Two typical but small specimens of this widely re-
ported species were found at 258.8 feet in Sand Island
hole. They have the characteristic fringelike ornamen-
tation overhanging the undercut edges of the chambers.

Species No.—S81.

Genus BOLIVINA d’0Orbigny, 1839
Bolivina alazanensis Cushman
Plate 2, figure 3
Bolivine alazanensis Cushman, 1937, p. 63, pl. 8, figs. 6, 7.

Three specimens of this Oligocene and Eocene species
were found at 1,104.25 feet in Reef hole. They are char-
acterized by the inner parts of each chamber being in-
flated so that the surface of the test appears lumpy.
Specimens are slightly twisted and have a narrow pe-
ripheral keel.

Species No—R134.

Bolivina chinenensis LeRoy
Plate 2, figure 6

Bolivine chinenensis LeRoy, 1964, p. 31, pl. 2, figs. 10, 11.
Loxostomum? sp. A Todd and Low, 1960, p. 834, pl. 262, fig. 4.

This species was described from the Pliocene of
southern Okinawa, and a single specimen had been re-
ported earlier in the Tertiary f section at Eniwetok. It
is a flat, slightly twisted, highly ornamented species
with beadlike spinose projections extending out from
the periphery, especially in the early part of the test.

Bolivina chinenensis is rare at Midway. The best rep-
resentatives of it are in Sand Island hole. It occurs in
both the Miocene and post-Miocene sections.

Species Nos.—S61, R93.

Bolivina compacta Sidebottom
Plate 2, figure 2

Bolivine compacta Sidebottom. Cushman, Todd, and Post, 1954,
p. 352, pl. 87, fig. 37.

This species is characterized by its crinkled surface
and relatively coarse pores. It occurs throughout both
holes, like B. striatula, most consistently below 930 feet.
Among the Bolivinas it seems to rank next to B. striat-
ule in numbers and-persistence.
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It has not before been reported in rocks as old as
Miocene, at least not under this name.
Species Nos—S21, R30.

Bolivina fastigia Cushman
Plate 2, figure 8
Bolivinae fastigie Cushman, 1937, p. 76, pl. 9, figs. 12-14.

This species, described from the Oligocene of Ger-
many, is widely recorded in the Oligocene and Miocene
of central Europe. It has also been recorded from the
Oligocene of Guam. It is characterized by dark limbate
sutures with a prominent upward curve toward the
median line and by irregular costate ornamentation that
tends to obscure the early sutures.

At Midway it is found only in Reef hole, from 930
to 1,046 feet and from 1,101.5 to 1,120.5 feet.

Species No.—R101.

Bolivina rhomboidalis (Millett)
Plate 2, figures 11, 12
Bolivina rhomboidalis (Millett). Cushman, Todd, and Post, 1954,
p. 353, pl. 87, figs. 41, 42.

This Holocene species is easily recognizable by its
rhomboid shape in section. It is scarce at Midway but
is present nearly throughout both holes. It is best repre-
sented in Reef hole between 1,096.5 and 1,111.5 feet.

Species Nos—S44, R39.

Bolivina striatula Cushman
Plate 2, figure 7

Bolivine striatule Cushman. Cushman, Todd, and Post, 1954,
p. 353, pl. 87, fig. 43.

This small slender species is the commonest and most
persistent of the Bolivinas at Midway. The wall stria-
tions over the initial part are rarely visible. It occurs
nearly throughout both holes in scattered samples and
becomes most consistently present below 930 feet in
Reef hole.

Bolivina striatula was described from Holocene ma-
terial but has also been reported from sediment as old
as Miocene.

Species Nos—S62, R40.

Bolivina tortuosa Brady

Plate 2, figure 9

Bolivina tortuose Brady. Cushman, Todd, and Post, 1954, p. 353,
pl. 87, figs. 45-41.
This Eocene to Holocene species is easily distin-
guished by its short and usually strongly twisted test
and relatively coarse pores set far apart.
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The species occurs in both holes, being best developed
below about 1,100 feet in Reef hole.
Species Nos—S91, R50.

Subgenus LATEROSTOMELLA de Klasz and Rérat

Bolivina (Laterostomella) gumbeliniformis (de Klasz and Rérat)
Plate 2, figure 10
Laterostomella gumbeliniformis de Klasz and Rérat, 1962, p. 177,
plL 1, figs. 1, 2.

This species was described from the lower Miocene of
Gabon. The aperture appears hooded and opens at right
angles to the normal plane of apertural openings in
Bolivina so that it is more visible from one flat side than
from the opposite flat side. Examination of metatypes
leads us to reconsider this generic character and to
regard it as of subgeneric rather than generic value.
Besides its unique sideways-opening aperture, B.
gumbeliniformis is characterized by a slender test with
slightly inflated chambers, a slightly lobulated periph-
ery, and a rugose wall, somewhat like that of B.
compacta.

At Midway the species is well developed, especially
in Sand Island hole where it occurs only in the post-
Miocene section between 241 and 300 feet. In Reef hole
it is present through a longer section occurring in seat-
tered samples between 213.5 and 934 feet.

Species Nos.—ST2, R5T.

Subgenus LOXOSTOMUM Ehrenberg, 1854

Bolivina (Loxostomum) limbata Brady
Plate 3, figures 4, 5
Lozostomum timbatum (Brady). Cushman, Todd, and Post,
1954, p. 353, pl. 88, fig. 8.
This Miocene to Holocene species is rather scarce. It
is characterized by a slightly twisted test and heavy,
discontinuous costae mostly over the initial end of the

test.
Species No.—R58.

Bolivina (Loxostomum) mayori Cushman
Loxostomum mayori (Cushman). Cushman, Todd, and Post,
1954, p. 354, pl. 88, fig. 6.

Described from off the Dry Tortugas, Florida, and
recorded from both the Atlantic and the Pacific, this
species is present in both Midway holes. It is similar to
Bolivina elongata deseribed from the Eocene of Hun-
gary and is possibly the younger equivalent of that
species. Both are smooth compressed species with rather
coarse perforations in the wall when well preserved.
They tend to become uniserial.

Species Nox—S9+, R102,
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Genus VIRGULINA d’Orbigny, 1826

Virgulina complanata Egger
Plate 3, figure 11
Virgulina complanata Bgger. Cushman, 1942, p. 13, pl. 4,
figs. 2-5.

This species is widely known in the Holocene and
has been reported as far back as the Miocene. It is
present in both holes at Midway. In Reef hole it is found
only in the Miocene section, from 930 to 1,165 feet, being
common and of good size around 982 and 1,044 feet.
In Sand Island hole it occurs both above and below the
top of the Miocene, from 258.8 to 483.5 feet.

Species Nos—S84, R106.

Genus FISSURINA Reuss, 1850

Fissurina circularis Todd
Fissurina circularis Todd, in Cushman, Todd, and Post, 1954,
p. 351, pl. 87, fig. 27.

Todd and Low, 1960, p. 831.

Fissurina civeularis was described from the Holocene
sediments of Eniwetok lagoon and was recorded from
the Miocene section of the Eniwetok drill hole. One
specimen occurs in the Sand Island hole of Midway
atoll at 241 feet. It is distinctively smaller and more
compressed than F. circulum Seguenza found in beds
of Miocene age at Guam (Todd, 1966, p. 27, pl. 12,
fig.9).

Species No.—ST4.

Fissurina cucurbitasema Loeblich and Tappan

Fissurina cucurbitasema Loeblich and Tappan, 1953, p. 76,
pl. 14, figs. 10, 11.

Two specimens from 258.8 feet in Sand Island hole
compare very well with this melon-seed-shaped species
described from the Arctic. This is the first recorded
occurrence of Fissurina cucurbitasema from tropical
regions.

Species No.—S83.

Fissurina lagenoides (Williamson)
Entosolenia marginata var. lagenoides Williamson, 1858, p. 11,
pl. 1, figs. 25, 26.

Todd, 1957, p. 290 (table 4), pl. 89, fig. 10.

A single specimen of this species was found at 88 feet
in Reef hole. None was recorded from the Marshall Is-
lands, but it did occur in the Holocene of Saipan and
the Oligocene of Guam in the Mariana Islands and the
Holocene of Onotoa Atoll, Gilbert Islands.

Species No—R31.

Genus O00LINA 4’0Orbigny, 1839

Oolina globosa (Montagu)
Lagena globosa Montagu, sp. Brady, 1884, p. 452, pl. 56, figs.
1-3.
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A few specimens of this globose species were found
in Reef hole between 1,002 and 1,010 feet. They are
small (about 0.17 mm in diameter) and lack an aper-
tural collar.

Species No.—R121.

Genus ANGULOGERINA Cushman, 1927
Angulogerina midwayensis Todd and Low, n. sp.

Plate 3, figure 2

Test elongate, somewhat fusiform, early part circular
in section, later part subtriangular in section, initial
end subacute, covered by irregular fine costae,
roughened by recrystallization, periphery distinctly
lobulated, more so toward apertural end; early cham-
bers gently rounded, compact, later ones unornamented,
becoming more separated with slightly concave under-
sides contributing to lobulated periphery; sutures dis-
tinct although somewhat obscured by ornamentation in
early stage; wall opaque, crystalline overall, irregularly
costate in early part, unornamented toward apertural
end; apertural neck short, thick, with distinct lip.
Length 0.23-0.32 mm; maximum diameter 0.16 mm.

Holotype, USNM 688120, from core at a depth of
942 feet in the Miocene section of Reef hole, Midway
atoll, Hawaiian Islands.

In the general outline of the test, Angulogerina mid-
wayensis, n. sp. most resembles A. hughesi (Galloway
and Wissler, 1927, p. 76, pl. 12, fig. 5), but 4. hughesi is
larger and lacks costae. There is some similarity in size
and costae to 4. occidentalis (Cushman, 1923, p. 169),
but that species is more sharply triangular in section
with a less lobulated periphery. A. fijiensis Cushman
(1931, p. 31, pl. 4, fig. 11) is also more triangular than
A. midwayensis, n. sp. In addition, the sharp distinet
costae of A. fijiensis are quite prominent on the final
chambers and extend onto the slender neck whereas the
final chambers of the present species are smooth and the
neck is short and thick.

Angulogering midwayensis, n. sp. is found only in the
Reef hole, 936.5 feet being its highest level. It is scat-
tered, with bolivinids, down to 1,165 feet and almost
always has a very granulated aspect resulting from re-
crystallization. Several specimens at 1,008.5 feet have a
fresher, glassy surface hinting that the striations may
occur very lightly on the last-formed chambers. How-
ever, the present description is based on the appearance
of the majority of the specimens examined.

Toward the bottom of the hole, some isolated individ-
uals appear to be shorter, more compact variants which
are probably ancestral forms.

Species No—R109.
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Angulogerina tenuistriata (Reuss)

Plate 3, figure 3

Angulogerina tenwistriata (Reuss). Cushman and Edwards,
1938, p. 84, pl. 15, figs. 1-T7.

This species occurs rarely at about 470 feet in Sand
Island hole. The specimens are smaller than typical but
compare favorably with topotypes in the U.S. National
Museum collections from beds of Oligocene age in
Pietzpuhl, Germany.

The Midway specimens tend to be triangular in cross
section through the last-formed chambers and the test
terminates with a very short neck.

Species No.—S116.

Genus TRIFARINA Cushman, 1923
Trifarina aff. T. bradyi Cushman

Plate 3, figure 8

Several specimens from 421-426.2 feet in the Reef
hole plus a few from near the top of the Sand Island
hole are very similar to 7rifarina brady: Cushman.
Poor preservation and recrystallization obscure much of
the detail, but the uniserial arrangement of the last
formed chambers is distinct. The three distinguishing
keels or carinae, are clearly present in the later part of
the test but do not show over the initial chambers. The
Midway specimens compare more closely with Cush-
man’s material from Samoa (Cushman, 1924, p. 27, pl.
7,fig. 5) than with the types from the Caribbean (Cush-
man, 1923, p. 99, pl. 22, figs. 5-7).

Species Nos—S50, RT0.

Genus REUSSELLA Galloway, 1933

Reussella simplex (Cushman)

Reussella simplex (Cushman). Cushman, Todd, and Post, 1954,
p- 354, pl. 88, figs. 1, 2.
Todd and Low, 1960, p. 835.

Reussella simplex is present throughout the material
from Midway, in a pattern similar to that in the Eni-
wetok drill holes. Although some specimens from the
deepest parts of the holes tend to be smaller than typi-
cal and more opaque due mainly to recrystallization, it
has seemed reasonable to include them all in this species.

Species Nos.—S9, R36.

Genus SIPHOGENERINA Schlumberger, 1883

Siphogenerina raphana (Parker and Jones)

Siphogenerina raphana (Parker and Jones). Cushman, Todd,
and Post, 1954, p. 356, pl. 88, figs. 23, 24.
Todd and Low, 1960, p. 834.
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Siphogenerina raphana has been widely recorded in
warm shallow waters. Specimens from drill holes in the
Marshall Islands appeared to have originated in the
Holocene as do the present ones from the tops of both
Midway drill holes. Tts deepest occurrence at Midway
isat 385.5 feet in the Reef hole.

Species Nos—S38, R3T.

Genus SIPHONODOSARIA A. Silvestri, 1924
Siphonodosaria? sp.
Plate 3, figure 10

Between 1,105.5 and 1,112 feet in Reef hole are a few
fragmentary specimens of an unornamented slender ar-
cuate uniserial species. None shows an unbroken aper-
tural end, so the generic assignment remains in doubt.

Species No.—R136.

Family SPIRILLINIDAE
Genus SPIRILLINA Ehrenberg, 1843

Spirillina decorata Brady

Spiritlina decorate H. B, Brady. Cushman, Todd, and Post, 1954,
p. 356, pl. 88, figs. 32, 33.

Spirillina decorata occurs in the upper parts of both
holes, a pattern similar to that found at Eniwetok.
Species Nos—S39, R11.

Spirillina tuberculatolimbata Chapman

Spirillina tuberculato-limbatea Chapman. Cushman, Todd, and
Post, 1954, p. 357, pl. 88, fig. 34.

This is found in the tops of both holes, in many sam-
ples together with S. decorata. All records checked for
this species in the Pacific or elsewhere are from the
Holocene.

Species Nos.—S14, R12.

Spirillina vivipara Ehrenberg
Spirillina vivipara Ehrenberg. Todd and Low, 1960, p. 836, pl.
260, fig. 4.
Todd, 1965, p. 6.

Spirillina vivipara occurs in the tops of both holes and
in random levels to a depth of 1,165 feet in the Reef
hole. It is more common in cores from 1,051 to 1,061
feet. Todd (1965, p. 6) included the variety densepunc-
tata, recorded from Holocene sediments in the Marshall
Islands, in the synonymy of the species §. vivipara. Thus
the present record agrees with that previously noted
for this area.

Species Nos—S30, R45.

Family PATELLINIDAE
Genus PATELLINA Williamson, 1858
Patellina advena Cushman
Plate 3, figure 6

Patellina advenae Cushman. Todd, 1965, p. 7, pl. 1, fig. 2.
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Very rare specimens from four Miocene samples be-
tween 1,053.5 and 1,125 feet in Reef hole belong in this
low scalelike species that was described from the Oligo-
cene of Mississippi and has been reported widely in Hol-
ocene sediments in the Pacific. Specimens are also found
in both the post-Miocene and Miocene sections of Sand
Island hole.

Species Nos—S64, R131.

Family DISCORBIDAE
Genus ROSALINA d’0Orbigny, 1826
Rosalina globularis d’0rbigny
Rosalina globularis d’Orbigny. Todd, 1965, p. 11, pl. 3, fig. 4.

This species of Rosalina is distinguished by a lobulate
and rounded periphery, slightly inflated chambers, and
a moderately high spire. It is found in scattered samples
in both holes, both above and below the Miocene.

It may be a matter of degree between 2. globularis
and £. micens, but they are here regarded as separate
species for convenience in designating the two forms—
B. micens a low nearly circular, caplike, four-chambered
form, and &. globularis a higher more lobulated form
having six or more chambers. They occur together in
many samples.

Species Nos—S58, R62.

Rosalina micens (Cushman)
Plate 4, figure 1
Rosalina micens (Cushman). Todd, 1965, p. 12, pl. 4, fig. 2.

This low caplike species is found in both holes, in
scattered samples both above and below the top of the
Miocene.

Species Nos—S10, R21.

Rosalina orientalis (Cushman)
Discorbis orientalis Cushman. Todd, 1957, p. 278, 290 (tables 3,
4), pl. 82, fig. 10; pl. 90, fig. 13.

This high-spired species was originally described
from Kure and Midway Islands. It is well represented
in the post-Miocene part of both holes, more continu-
ously in Sand Island hole than in Reef hole.

It appears to be morphologically related to R. turgida
which may be its ancestor, but the two species are oc-
casionally found together. It has been reported from
both Holocene and Miocene of Saipan.

Species Nos—S11, R9.

Rosalina rugosa d’0Orbigny
Rosalina rugosa d'Orbigny. Todd, 1965, p. 12, pl. 4, fig. 1.

A single specimen from the top sample of Sand Is-
land hole seems typical in its dense coarse pores.
Species No—S12.
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Rosalina turgida (Dorreen)
Plate 4, figure 3

Lamarckine turgida Dorreen, 1948, p. 297, pl. 39, fig. 6.

Rosalina turgide (Dorreen). Todd and Low, 1960, p. 837.

Discorbis “globularis (d’Orbigny).” Todd and Post, 1954, p. 560,
pl. 199, fig. 18.

This robust species, described from the upper Eocene
of New Zealand and reported in the Eocene and Miocene
of the Eniwetok drill holes, occurs in both Midway
holes. In Reef hole it begins at 206 feet and is found
fairly consistently through the post-Miocene section
but not below it, except for one questionable specimen.
In Sand Island hole it is found in scattered samples be-
tween 282.5 and 321 feet and again between 483.5 and
the bottom of the hole.

The hemispherical shape of the test, the coarsely
perforate upper surface, and the radial ridges on the
flat lower surface serve to distinguish this species.

Species Nos—S93, R53.

Genus TRETOMPHALUS Moebius, 1880

Tretomphalus concinnus (Brady)

Tretomphalus concinnus (Brady). Todd, 1965, p. 39.
Rosalina concinne (Brady). Todd, 1965, p. 10, pl. 4, fig. 3.
Rare but typical specimens, some showing the balloon
chamber, occur near the top of both holes, and also at
931 feet in Reef hole.
Species Nos—S6T, R4T.

Genus NEOCONORBINA Hofker, 1951

Neoconorbina crustata (Cushman)

Neoconorbinag crustate (Cushman). Todd. 1965, p. 15, pl. 2,
figs. 2, 3.

This low, scalelike species having nearly concentric
dorsal sutures, and typically with a less conspicuously
punctate wall on the dorsal than on the ventral side,
is present in both holes but is very rare.

Species Nos—S97, R104.

Neoconorbina floridensis (Cushman)
Plate 4, figure 5

Neoconordina floridensis (Cushman). Todd, 1965, p. 15, pl. 2,
fig. 4.

Rare specimens at 241 and 243.5 feet in Sand Island
hole and at 945 feet in Reef hole belong in this species
reported from Fiji. They show dense punctation of
the dorsal wall in between the curved limbate sutures,

and the ventral surface is without visible punctation.
Species Nos—ST5, R113.

Neoconorbina frustata (Cushman)

Neoconorbine frustete (Cushman). Todd, 1965, p. 16, pl. 1, fig. 7.
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Four single specimens in the lower part of Reef hole,
between 1,121 and 1,126 feet, and a single specimen from
148 feet in Sand Island hole are the only representatives
of this Holocene species described from off Fiji. The
species is distinctive in the rufflelike upturned edges of
the chambers on the dorsal surface and in the trans-
lucent appearance of the test.

Species Nos—S69, R143.

Neoconorbina patelliformis (Brady)

Neoconorbine patelliformis (Brady). Todd, 1965, p. 16, pl. 2,
fig. 1.

Rare specimens, mostly small and poorly preserved,
occur in both holes in scattered samples both above and
below the top of the Miocene. They are characterized
by having a pointed conical test and a deep ventral

umbilicus.
Species Nos.—S106, RTT.

Neoconorbina rustica Todd and Low, n. sp.

Plate 4, figures 4, 6

Test planoconvex or with ventral side slightly con-
cave with open umbilicus, periphery entire, rounded,
chambers indistinct, not inflated, four making up the
final whorl, lunate on the dorsal side, much overlapping
on the ventral side so that the final one occupies about
half the ventral surface; sutures indistinct, in some
specimens marked by curved raised ridges on the dorsal
side, slightly depressed at their inner ends on the ventral
side, wall smooth except for raised limbate sutural
ridges on the dorsal side and irregular thickened ridges
radiating out from the depressed umbilicus; aperture
under the edge of the final overlapping chamber, open-
ing into the umbilicus. Diameter 0.35-0.58 mm, height
0.20-0.30 mm.

Holotype, USNM 688104, from core at a depth of
about 426 feet in the post-Miocene section of Reef hole,
Midway atoll, Hawaiian Islands. The species is common
at this depth. Rare specimens, mostly smaller and less
well developed, occur in scattered other samples in both
Reef and Sand Island holes between 222 and 529.5 feet
in Reef hole and between 137 and 296.5 feet in Sand
Island hole.

This species differs from Neoconorbina patelliformis
in lacking a high pointed apex and the radial markings
of the ventral surface. In shape of test it more closely
resembles V. floridensis but does not show the dense
punctation of the dorsal wall that is characteristic of
that species. Moreover N. rustica n. sp. has the irregu-
lar thickened ridges and knob around the umbilicus that
are not present in other species of Neoconorbina.

Species Nos—S47, R59.
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Neoconorbina terquemi (Rzehak)
Neoconorbina terquemi (Rzehak). Todd, 1965, p. 16, pl. 5, fig. 6.

This species is thicker than V. crustata but less thick
than V. patelliformis. It lacks the ventral knobs that
characterize V. rustica n. sp. It occurs rarely and in
scattered samples in the lower section of the Reef hole.

Species No.—R124.

Genus DISCORBIS Lamarck, 1804
Discorbis vesicularis dimidiata (Parker and Jones)
Plate 4, figure 2

Discorbis vesicularis (Lamarck) var, dimidiata (Jones and
Parker). Parr, 1932, p. 227, pl. 21, figs. 27-29.

Test small for the genus, composed of 2%-3 whorls,
convex on the evolute dorsal side, flat or slightly con-
cave on the involute ventral side, periphery rounded
and slightly lobulated; chambers distinet, slightly in-
flated, gradually increasing in size as added, seven or
eight composing the final whorl; sutures distinct,
straight, and tangential on the dorsal side, straight
and nearly radial on the ventral side which has promi-
nent astral flaps extending about half way out to the
periphery from the umbilicus; wall smooth, densely
punctate, unornamented; apertures consisting of long
slits extending outward along the rear edge of each
astral flap. Diameter 0.32-0.45 mm, thickness 0.17-
0.22 mm.

Outside of their smaller size, more delicate construc-
tion, and rounded not angled periphery, the present
specimens seem closely related to topotypes of this
species from the Kocene of the Paris Basin. They seem
identical with a variable form (see above synonymy)
that was reported from shallow-water habitats of Aus-
tralia and New Zealand, particularly with the speci-
men (Parr, 1932, pl. 21, fig. 29) illustrated from Glen-
elg, South Australia.

This form is likely indicative of shallow or possibly
even brackish environments. At Midway it was found
only at 2425 and 243.5 feet in Sand Island hole. At
242.5 feet it is the major faunal element.

Species No—ST7.

Genus DISCORBINELLA Cushman and Martin, 1935
Discorbinella? sp.
Plate 3, figure 9

Test complanate, much compressed, consisting of
about 215 whorls, dorsal evolute side slightly convex,
ventral involute side flat and concave in the umbilicus,
periphery rounded, entire; chambers seven per adult
whorl, distinct, not inflated, increasing only slightly in
size as added; sutures distinct, strongly curved on the
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dorsal side, straight and tangential on the ventral side;
wall densely and coarsely perforate on the dorsal side,
smooth on the ventral side; aperture a low slit at the
base of the final chamber on the ventral side with sup-
plementary openings at the rear of each umbilical flap
that marks the inner end of each chamber. Diameter
0.832-0.48 mm ; thickness about 0.17 mm.

This species is probably new, but material is insuffi-
cient to base a new species on. This species differs from
D. montereyensis Cushman and Martin in being more
evolute on the dorsal side and in showing the strong
contrast in punctation between dorsal and ventral sur-
faces. Also, the present specimens do not have the peri-
pheral aperture that is characteristic of this genus. For
these reasons the generic assignment is questionable.

Specimens are found only in Sand Island hole where
they occur in the Miocene section between 490 and 499.5
feet, with a juvenile specimen at 258.8 feet in the post-
Miocene section.

Species No—S82.

Genus ROTORBINELLA Bandy, 1944
Rotorbinella mira (Cushman)
Plate 5, figures 2, 3

Rotorbinella mira (Cushman). Todd 1965, p. 18, pl. 8, fig. 2.

Discorbis balcombensis Chapman, Parr, and Collins. Todd and
Low, 1960, p. 838, pl. 262, fig. 7.

Rotorbinella sp. Todd and Post, 1954, p. 562, pl. 200, fig. 2.

This species has been known under several specific
names including Discorbis turbo of authors (not d’Or-
bigny) and possibly others besides those included in the
partial synonymy above.

Originally described from the Holocene of the West
Indies, the species appears to have a wide distribution
in shallow water in the equatorial regions, and to go
back at least into the lower Miocene.

Specimens are scarce in the post-Miocene section of
both holes, but in the Miocene part they are consistently
present and compose a significant part of the population
in many samples.

Species Nos—S13, R10.

Genus GYROIDINA d’Orbigny, 1826
Gyroidina orbicularis d’Orbigny

Gyroidina orbicularis A’Orbigny. Parker 1954, p. 528, pl. 9, figs.
13, 18.

Rare specimens of a small smooth species having about
nine chambers per whorl, and lacking an umbilical de-
pression, occur in the lower part of Reef hole between
1,105.5 and 1,126 feet. (. orbicularis appears to range
from Eocene to Holocene.

Species No.—R135.
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Genus EPONIDES Montfort, 1808

Eponides duprei ciervoensis Cushman and Simonson

Eponides duprei ciervoensis Cushman and Simonson. Todd and
Low, 1960, p. 838, pl. 260, fig. 7.

A single specimen was found at 512 feet in Reef hole.
This subspecies was described from the Oligocene of
California and has been reported from hole E-1 at
Eniwetok.

Species No.—R83.

Eponides formosulus Todd and Low, n. sp.
Plate 5, figure 1

Test small for the genus, close coiled but flattened on
both the dorsal and ventral surfaces, consisting of about
two whorls, periphery entire, not lobulated, rounded;
chambers few, seven in the last whorl, not inflated ; su-
tures straight and radial on the ventral side, slightly
thickened toward the umbilicus, slightly curved on the
dorsal side; wall smooth; aperture not observed. Di-
ameter 0.17 mm ; thickness 0.11 mm.

Holotype, USNM 688121, from core at 944 feet in the
Miocene section of Reef hole, Midway atoll, Hawaiian
Islands.

This minute species differs from Eponides pusillus
Parr from the Holocene of Tasmania by having seven
instead of five chambers per whorl, by the ventral su-
tures being thickened toward the umbilicus, by the dor-
sal sutures not being oblique, and by the test being flat-
tened instead of biconvex.

Species No.—R111.

Eponides repandus (Fichtel and Moll)

Eponides repandus (Fichtel and Moll). Todd, 1965, p. 20, pl. 7,
figs. 3, 4.

Rare specimens of this Holocene species are found in
scattered samples of both holes, throughout Sand Island
hole and down to 510.3 feet in Reef hole.

Species Nos—S35, R3.

Eponides subornatus (Cushman)

Plate 5, figure 5

EBponides subornatus (Cushman). LeRoy, 1964, p. 38, pl. 7,
figs. 27-29.

Rare specimens from between 1,075 and 1,084 feet in
Reef hole belong to this robust conical species that is
recorded from Miocene, Pliocene, and Holocene in the
Pacific. The coiled side is high conical, the umbilical
side is nearly flat, and the sutures are limbate.

Species No.—R132.
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Genus CANCRIS Montfort, 1808

Cancris pauciloculatus Cushman and McGlamery
Plate 5, figure 4

Cancris pauciloculatus Cushman and McGlamery. Cushman and
Todd, 1942, p. 85, pl. 22, fig. 4.

This species is characterized by fewer chambers per
whor] than other species in the genus. It occurs in a
narrow interval in Reef hole, between 967.5 and 970.5
feet. It was described from the Oligocene of Alabama
and reported from several other Oligocene localities
of the Gulf Coast of the United States. Its presence
in the lower Miocene here is an upward extension of
its range.

Species No—R114.

Genus BAGGINA Cushman, 1926

Baggina parva Todd
Baggina parva Todd, 1957, p. 297, pl. 83, fig. 8.

This species was described from the Miocene Tag-
pochau Limestone of Saipan. Typical and well-pre-
served specimens occur rarely in the Miocene section of
both holes.

Species Nos—S117, R82.

Genus BUCCELLA Andersen, 1952

Buccella perforata Todd and Low
Plate 6, figure 1

Buccella? perforete Todd and Low, 1960, p. 840, pl. 262,
figs. 9, 10.

Eponides sp. A LeRoy. Todd and Post [not LeRoy], 1954, p. 560,
pl. 200, fig. 1.

This species was described from the Miocene of Eni-
wetok and was also recorded from the Miocene of
Bikini. Rare specimens are present in the Miocene sec-
tions of both Midway holes, between 466.5 and 498 feet
in Sand Island hole and between 535 and 1,165 feet in
Reef hole. Most of the specimens are small for the
species and have the characteristics described for
juveniles.

Species Nos.—S115, R91.

Genus SIPHONINA Reuss, 1850

Siphonina tubulosa Cushman
Siphonina tubulosa Cushman. Cushman, Todd, and Post, 1954,
p. 361, pl. 89, figs. 29, 30.

This Holocene to Miocene species is found in both
holes more consistently below the top of the Miocene
than above it. Some of the better preserved specimens
show the tubules through the wall. The apertural neck
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is very short so that the aperture barely extends out
beyond the periphery.
Species Nos—ST70, R44.

Genus NUTTALLIDES Finlay, 1939
Nuttallides umboniferus (Cushman)
Plate 6, figure 3
Nuttallides umbonifera (Cushman). Parker, 1964, p. 626, pl. 99,
figs. 36, 40.
Todd, 1965, p. 29, pL. 11, fig. 1.

A single typical specimen was found in the lower part
of the Reef hole, at 1,110.5 feet. It clearly shows the re-
entrant along the apertural face and the wall is rather
coarsely perforate.

The species was described from deep water of the
tropical Pacific and has also been recorded from the
Miocene and Pliocene of the experimental Mohole drill-
ing near Guadalupe Island, Mexico.

Species No.—R140,

Genus PAUMOTUA Loeblich, 1952
Paumotua terebra (Cushman)

Paumotua terebra (Cushman). Todd, 1965, p. 25, pl. 16, figs. 3, 4.
This species occurs rarely in the post-Miocene section
of Sand Island hole.
Species No.—ST.
Genus HERONALLENIA Chapman and Parr, 1931
Heronallenia sp.
Plate 6, figure 5
Three single specimens belonging in this genus were
found at 1,108, 1,109.75, and 1,120.5 feet in Reef hole.
They are small for the genus, 0.23 mm in length, de-
pressed, and unornamented.
Species No.—R139.
Genus GLABRATELLA Dorreen, 1948
Glabratella sp.
Plate 6, figure 4
Rare specimens of a small species having four to five
chambers per final whorl, a lobulated periphery, and a
large deep umbilical opening surrounded by radial
grooves, are found in Sand Island hole near the bottom
and in Reef hole between 1,027 and 1,126 feet. Most
specimens are rugose or crinkled on the dorsal surface.
Species Nos—S120, R125.

Glabratella? sp.
Plate 6, figure 2

Rare specimens in eight samples from near the top of
the Miocene section in Reef hole—from between 522 and
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620.5 feet—appear to be undescribed. A single specimen
from Sand Island hole at 483.5 feet also seems the same.
They are small, about 0.23 mm in diameter, compact,
planoconvex with a deep cavernous umbilical depres-
sion. About six chambers make up the final whorl. The
periphery is rounded and entire. The convex dorsal
surface is more coarsely perforate than the ventral
side and is slightly rugose.

There is a question as to whether these would be bet-
ter assigned to Roselina than to Glabratelle because no
radial lines are visible around the umbilical opening.
However, they are tentatively assigned to Glabratella
because the umbilical opening is larger and deeper than
that typical of Rosalina.

Species Nos.—S118, R88.

Genus EPISTOMINELLA Husezima and Maruhasi, 1944
Epistominella pulchra (Cushman)

Epistominella pulchre (Cushman). Todd, 1965, p. 31, pl. 10, figs.
3, 4.

Typical specimens of this Holocene species occur in
the Miocene sections of both holes on Midway, best de-
veloped between 1,120.5 and 1,126 feet in Reef hole. It
has previously been recorded in Miocene beds, from be-
tween 600 and 1,955 feet in hole E-1 on Eniwetok.

Species Nos.—S110, R123.

Epistominella tubulifera (Heron-Allen and Earland)
Epistominella tubulifera (Heron-Allen and Earland). Todd,
1965, p. 31, pl. 10, fig. 2.

Rare specimens of this Holocene species are found
in the post-Miocene section of Sand Island hole, be-
tween 279.5 and 287.5 feet. The specimens are distinctive
in the relatively large irregular openings around the
periphery.

Species No.—S89.

Family ROTALIIDAE
Genus AMMONIA Brunnich, 1772

Ammonia beccarii (Linné) and subspecies tepida (Cushman)

This species and its subspecies, both well known and
widely reported from the Holocene and as far back as
Miocene, are present at Midway. Both are significant of
shallow deposition, the subspecies being characteristic
of more subdued and protected environments than the
typical form.

The typical form is found rarely in Reef hole between
1,105.5 and 1,127.3 feet, whereas the subspecies is found
more commonly and in both holes—between 981 and
1,109.3 feet in Reef hole and between 140 and 499 feet
in Sand Island hole.

Species Nos—S54, R118, R120.
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Family AMPHISTEGINIDAE
Genus ASTERIGERINA d’0Orbigny, 1839

Asterigerina indistincta Todd and Post

Asterigerina indistincta Todd and Post, 1954, p. 562, pl. 201,
fig. 1.

This species, described from the post-Miocene section
in the Bikini holes and reported in the Eniwetok holes,
occurs commonly at 73 feet in Reef hole. It is not known
from Holocene sediments. Scattered rare occurrences
to 293.5 feet in Reef hole and at 286.2 feet and 473.5 feet
in Sand Island hole extend its range downward.

Asterigerina indistincta is superfically similar to
Amphistegina madagascariensis, but its fewer cham-
bers are usually visible around the circumference on the
dorsal side and do not extend inward to the central area,
although no spiral suture limits them.

Species Nos—395, R16.

Asterigerina tentoria Todd and Post

Plate 7, figure 1

Asterigerina tentorie Todd and Post, 1954, p. 562, pl. 201, fig. 2.

This planoconvex species was described from Tertiary
¢ to e beds at Bikini and has also been reported in Terti-
ary ¢ and f and Eocene beds at Eniwetok.

In both the Midway holes, A. fentoria occurs at the
top of the Miocene and in scattered samples to 560 feet
in Reef hole and to 460 feet in Sand Island hole. In
addition, it reappears in a lower section of Reef hole,
from 1,041.25 to 1,107.25 feet.

Species Nos.—S107, R72.

Genus AMPHISTEGINA d’0Orbigny, 1826
Amphistegina bikiniensis Todd and Post
Plate 7, figures 2, 3 ; plate 8, figure 1

Amphistegina bikiniensis Todd and Post, 1954, p. 563, pl. 201,
fig. 4.

This species begins at the top of the Miocene in both
holes and continues in scattered samples more or less
abundantly to the bottom of both holes. It is the pre-
dominant species in most of the Miocene section as
Amphistegina madagascariensis is in the post-Miocene
section, and A. bikiniensis is gradational with and an-
cestral to 4. madagascariensis.

Although A. bikiniensis was originally described as
differing from A. madagascariensis by its flatter test
this distinction does not seem to hold true for all speci-
mens. Instead, most specimens seem to differ by lacking
the irregular limbate lines that typically appear be-
tween the sutures of 4. madagascariensis. Also the sup-
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plementary chambers are short and triangular and not
long and curved as they are in A. madagascariensis.
Species Nos—S102, R71.

Amphistegina madagascariensis d’0Orbigny

Amphistegine madagascariensis A’Orbigny, Cushman, Todd, and
Post, 1954, p. 362, pl. 90, figs. 1, 2.

This species occupies the predominant position in the
upper part of both holes; abundantly to 443 feet in
Sand Island hole and to about 467 feet but with scat-
tered breaks in Reef hole. In both holes there are scat-
tered and less abundant occurrences below these depths.
At 445 feet in Sand Island hole and 500 feet in Reef
hole. A. madagascariensis is replaced by its ancestral
species A. bikiniensis, that occurs abundantly up to the
top of the Miocene.

Farther down in the holes, the specimens appear to
become perceptibly flatter than they are at the tops of
the holes, but still seem specifically indistinguishable.
Johanna Resig (written commun., July 28, 1969) re-
ports that around Oahu the specimens of 4. madagas-
cariensis are generally flatter in deep waters than in
shallow waters.

The transition between A. madagascariensis and A.
bikiniensis seems to have occurred sometime in the late
Mijocene because by the top of the Midway Miocene,
which is interpreted as Tertiary g, the specimens seem
to belong in the latter species.

Species Nos.— S1, R1.

Family ELPHIDIIDAE
Genus ELPHIDIUM Montfort, 1808

Elphidium advena (Cushman)

Elphidium advenum (Cushman). Cushman, Todd, and Post, 1954,
p. 345, pl. 86, fig. 30.

Rare, mostly small, specimens were found in Sand
Island hole between 243.5 and 498 feet and in Reef hole
between 807 and 1,165 feet. They have an acute periph-
ery, narrow chambers, and a small umbilical knob.

Species Nos. — S79, R96.

Elphidium aff. E. formosum Todd

Rare specimens were found at 242.5 and 243.5 feet in
Sand Island hole. This species was described (Todd,
1957, p. 299, pl. 88, fig. 22) from Holocene beach sedi-
ments of Saipan and is characterized by its sutures
having a beaded appearance. The Midway specimens
seem similar but not identical.

Species No. — ST8.
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Elphidium hyalocostatum Todd
Elphidium hyalocostatum Todd, 1957, p. 300, pl. 88, fig. 19.

A single specimen of this species described from
Holocene Saipan sediments was found at 241 feet in
Sand Island hole.

Species No.— ST3.

Family CYMBALOPORIDAE
Genus CYMBALOPORETTA Cushman, 1928

Cymbaloporetta bradyi (Cushman)
Plate 8, figure 3

Cymbaloporetta bradyt (Cushman). Cushman, Todd, and Post,
1954, p. 364, pl. 90, figs. 13, 14.

This well-known Holocene species occurs in typical
form in both holes from the top down to 300 feet in
Sand Island hole and to 341 feet in Reef hole. A few
specimens in Reef hole are unusually flat (see pl. 8, fig.
3) but are otherwise identical.

In Sand Island hole there is a zone of common to
abundant Cymbaloporetta bradyi between 279.5 and
292.75 feet. It is associated here with common to abun-
dant specimens of Reussella simplex.

Species Nos. — S3, R2.

Family ANOMALINIDAE
Genus ANOMALINA d’0Orbigny, 1826

Anomalina glabrata Cushman
Plate 8, figure 5

Anomalinae glabrate Cushman. Graham and Militante, 1959,
p. 115, pl. 19, fig. 8.

This Miocene to Holocene species widely reported
around the Pacific, is distinguished from Nonion pacifi-
cum by being evolute on one side. It is found in both
holes in scattered samples nearly throughout Reef hole
but only in the lower part of Sand Island hole.

Species Nos.—S109, R27.

Anomalina? maculosa Todd
Anomalina ? maculose Todd, 1957, p. 296, pl. 92, fig. 12.
Typical and well-preserved specimens occur rarely
near the top of Sand Island hole.
Species No.—S2.
Genus CIBICIDES Montfort, 1808

Cibicides cicatricosus (Schwager)
Plate 11, figure 7

Cibicides cicatricosus (Schwager). Cushman, Todd, and Post,
1954, p. 871, pl. 91, figs. 25, 26.
Todd, 1957, p. 279 (table 3), pl. 80, fig. 8.
Todd, 1965, p. 52, pt. 22, fig. 3.

Todd, 1966, p. 26.
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This robust, coarsely porous species occurs most com-
monly in the Sand Island hole at $90-500 feet with scat-
tered specimens just above that section. It occurs first
at, the 560-foot level in the Reef hole and is scattered to
a depth of 1,127 feet.

It was found in only the Holocene sediment of the
Marshall Islands and in Miocene to Holocene of the
Mariana Islands.

Species Nos.—S45, R92.

Cibicides lobatulus (Walker and Jacob)

Cibicides lobatulus (Walker and Jacob). Cushman, Todd, and
Post, 1954, p. 371, pl. 91, figs, 27, 28.
Todd and Low, 1960, p. 852.
Todd, 1965, p. 52, pl. 22, fig. 1.

This cosmopolitan and variable species is scattered
throughout both drill holes in varying degrees of
abundance. In the Reef hole it is found as deep as 1,165
feet and occurs most commonly between 529 and 535
feet.

Some specimens approach the genus Cibicidina in
form, but the coarsely perforate wall indicates their
correct placement is in ('tbicides.

Species Nos—S22, R17.

Cibicides mayori (Cushman)

Cibicides mayori (Cushman). Cushman, Todd, and Post, 1954,
p. 871, pl. 91, figs. 29, 30.
Todd and Low, 1960, p. 852.
Todd, 1965, p. 538, pl. 22, fig. 7.

The occurrence of this species in the Midway core
samples as deep as 1,108 feet in Reef hole tends to con-
firm our supposition that it occurred in place in the
cuttings of Miocene age in the Eniwetok drill hole E-1.
The rare specimens scattered in the tops of both Mid-
way drill holes are beautifully preserved, the distinctive
keel on several individuals retaining a frilled edge.

Species Nos—S63, R52.

Cibicides pseudoungerianus (Cushman)

Cibicides pseudoungerianus (Cushman). LeRoy, 1964, p. 45, pl. §,
figs. 13-15.
Rare specimens of this close-coiled species are found
between 968.5 and 9745 feet in the Reef hole. The
species has a long recorded range from Eocene to Holo-

cene and is widely reported.
Species No—R115.

Cibicides refulgens Montfort

C'ibicides refulgems Montfort. Todd and Low, 1960, p. 852,
pl. 262, fig. 14,
Todd, 1965, p. 53.
Several specimens at 421-426.2 feet in the Reef hole
are clearly identifiable as this planoconvex species. It
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was scattered in the upper parts of the Eniwetok drill
holes.
Species No.—R65.

Cibicides cf. C. robertsonianus (Brady)

One specimen in the Sand Island hole closely re-
sembles the biconvex species C'tbicides robertsonianus.
Recrystallization tends to obscure the porosity of the
surface although the backward-curving sutures are
visible.

The species is not common in the Pacific and was not
recorded from the Marshall or Mariana Islands.

Species No.—S96.

Genus CIBICIDINA Bandy, 1949
Cibicidina sp.
Plate 6, figure 6

A few specimens from between 931 and 985.5 feet in
Reef hole appear to belong in this genus. They are
planoconvex or concavoconvex with limbate sutures on
the flat side. Preservation is too imperfect to permit
more accurate identification.

Species No—R107.

Genus CYCLOLOCULINA Heron-Allen and Earland, 1908

Cycloloculina sp.
Plate 8, figure 2

Cycloloculina sp. Todd and Post, 1954, p. 564, pl. 200, fig. 6.
Todd, 1957, p. 268 (table 1), pl. 71, fig. 5.
Todd and Low, 1960, p. 850, pl. 257, fig. 5.

A few rare but well-preserved specimens are present
in Reef hole between 1,106.75 and 1,126 feet. The genus
is not known from rocks younger than Miocene. It has a
worldwide distribution and has been reported from
several Pacific localities: Bikini, Eniwetok, and Sai-
pan. (See synonymy above.)

Species No—R137.

Genus CIBICIDELLA Cushman, 1927

Cibicidella variabilis (d’0Orbigny)

Cibicidella variabilis (d’Orbigny). Cushman, Todd, and Post,
1954, p. 372, pl. 82, fig. 13.

This widely recorded Holocene species occurs rarely
in both holes at Midway. Most of the specimens are
small for the species, or represent initial stages of the
species.

Species Nos—S114, R95.

Family PLANORBULINIDAE
Genus PLANORBULINA d’Orbigny, 1826

Planorbulina acervalis Brady

Planorbuline acervalis Brady. Cushman, Todd, and Post, 1954,
p. 372, pl. 82, fig. 14; pl. 91, figs. 34-36.
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This species, together with Acervuling inhaerens with
which it may be confused, is present in scattered samples
throughout both holes. It is characterized by an irreg-
ular test with individually inflated chambers.

Species Nos—S37, R28.

Genus PLANORBULINOIDES Cushman, 1928
Planorbulinoides retinaculatus (Parker and Jones)

Planorbulinoides retinaculate (Parker and Jones). Todd and
Low, 1960, p. 853, pl. 262, fig. 5; pl. 263, fig. 10.

A few scattered specimens of this rough-surfaced
attached form are found in both holes, some in the Mio-
cene part of Reef hole.

Species Nos—S80, R43.

Genus PLANORBULINELLA Cushman, 1927
Planorbulinella larvata (Parker and Jones)

Planorbulinella larvata (Parker and Jones). Todd and Low,
1960, p. 853, pl. 258, fig. 6 ; pl. 263, fig. 5.

Although this species was recorded as rare in Holo-
cene sediments of the Marshall Islands, it was some-
what abundant in the cuttings from the upper sections
of the Eniwetok drill hole E-1. In addition, it was
found in the Eocene core of Eniwetok hole F-1.

It is restricted to three Miocene samples in the Mid-
way Reef hole at about 931 feet, a section having a rich
fauna of fairly well preserved material.

Species No—R105.

Genus ACERVULINA Schultze, 1854

Acervulina inhaerens Schultze

Acervuling inhaerens Schultze. Cushman, Todd, and Post, 1954,
p. 372, pl. 9, figs. 37, 38.

This species is less well represented than Planor-
bulina acervalis but it is present in both holes. The test
is a low scalelike mass of chambers that grow out over
each other with a sinuous pattern of sutures, and the
wall is usually less coarsely perforate than in Planor-
bulina acervalis.

Species Nos—S20, R29.

Genus GYPSINA Carter, 1877

Gypsina discus Goés
Plate 11, figure 6

Gypsina vesicularis var. discus Goés, 1896, n. 74, pl. 7, figs. 4-6.

Chapman, 1900, p. 199, pl. 19, fig. 13.
Gypsine discus Goés, (Cole, 1961 [1960 imprint], p. A5, pl. 3,

figs. 3,4, 7.

Rare specimens of Gypsina discus occur in the short

section between 1,118 and 1,129 feet as well as at 1,165
feet in Reef hole.
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The species was described from dredgings from a
depth of 400 fathoms in the Caribbean. It has been
recorded more extensively from Holocene sediments in
the Pacific, but it was not found in the Marshall Is-
lands. It is recorded from beds of Oligocene and
Miocene age in the Mariana Islands, Fiji, and the
Caribbean area.

Species No—R141.

Gypsina globula (Reuss)
Gypsina globule (Reuss). Todd and Low, 1960, p. 853. Todd,
1965, p. 55, pl. 22, fig. 5.

Gypsine vesicularis (Parker and Jones). Todd and Low, 1960,
p. 853.

This species is found in scattered occurrences from
near the top of each hole to a depth of 1,128 feet in the
Reef hole and 500 feet in the Sand Island hole. In the
Reef hole it dominates the fauna, with Amphistegina
bikiniensis, at 1,070 to 1,071 feet; in the Sand Island
hole it dominates, with Cibicides mayori, at 488 to 496
feet.

Gypsina globula was found in cores of Eocene age as
well as cuttings throughout the Eniwetok drill holes.

Species N os—S46, R18.

Family HOMOTREMATIDAE
Genus HOMOTREMA Hickson, 1911

Homotrema rubrum (Lamarck)

Homotrema rubrum (Lamarck). Todd and Low, 1960, p. 854.

Rare fragmentary specimens, some of the “Homo-
trema-type” and some of the more fragile “Miniacina-
type,” are found in both holes. Those in Sand Island
hole are found only to 145 feet; those in Reef hole are
in scattered samples to 620.5 feet.

Species Nos.—S5,R5.

Family NONIONIDAE
Genus NONION Montfort, 1808

Nonion akitaense Asano
Plate 8, figure 4

Nonion akitaense Asano, 1950, p. 1, figs. 1, 2.

This species is depressed with a rounded periphery
and has eight or nine chambers in the whorl. Rare
specimens occur in Reef hole between 1,048 and 1,045
feet, between 1,121 and 1,125 feet, and at 1,186 feet.
Comparison with Japanese specimens indicates they
are the same.

This species was described from the Pliocene of
Japan and recorded from the Pliocene of Okinawa and
the Quaternary of China.

Species No—R130.
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Nonion pacificum (Cushman)
Plate 8, figure 6

Nonion pacificum (Cushman). Cushman, Todd, and Post, 1954,
D. 345, pl. 86, fig. 25.

This Miocene to Holocene species is superficially
similar to Anomalina glabrata but is equally involute
on both sides.

It is found in both holes, both above and below the
top of the Miocene.

Species Nos.—S76, R89.

Genus FLORILUS Montfort, 1808
Florilus communis (d’Orbigny)
Plate 9, figure 2
Nonion commune (d’Orbigny). Cushman, 1939, p. 10, pl. 3, fig. 2.

Two single specimens of this Miocene species were
found at 1,108 and 1,121.5 feet in Reef hole. They are
thick and flaring at the apertural face, and there are
nine chambers visible.

Species No.—R138.

Genus PSEUDONONION Asano, 1936

Pseudononion atlanticum (Cushman)
Plate 9, figure 1

Nonionella atlanticumm Cushman, 1947, p. 90, pl. 20, figs. 4, 5.

This species occurs in the Miocene section in Reef hole
between 979.5 and 1,046 feet and again between 1,101.5
and 1,165 feet. There is considerable variation in size
and shape (thickness and length), but all specimens are
thin walled and appear to belong to this species de-
scribed from off the coast of Florida.

P. atlanticum resembles and may prove to be indis-
tinguishable from P. grateloupi (d’Orbigny) (Cush-
man, 1939, p. 21, pl. 6, figs. 1-7) whose reported records
go back to the Miocene. However, P. atlanticum is
usually thicker and proportionally shorter and broader
than P. grateloupi.

Species No—R117.

Pseudononion aff. P. tredecum Asano
Plate 9, figure 3

Three specimens at 1,041.25 feet and one at 1,111.5
feet in Reef hole are similar to this species (Asano, 1950,
p. 5, figs. 22-24) and are reported to range from upper
Pliocene to Holocene in Japan. The specimens are
nearly circular and flattened with about 12 long curved
chambers in the last whorl.

Species No—R126.
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Genus ASTRONONION Cushman and Edwards, 1937

Astrononion sp.
Plate 9, figure 6

A small species of Asérononion, having eight to 10
chambers per whorl and rather narrow and inconspicu-
ous supplementary chambers, occurs in the lower part of
Reef hole, from 1,005 to 1,129 feet. Specimens are pet-
sistent but rare. They are insufficient for identification.

Species No.—R122.

Family CASSIDULINIDAE
Genus CASSIDULINA 4d’Orbigny, 1826

Cassidulina minuta Cushman

Cassiduline minute Cushman. Cushman, Todd, and Post, 1954,
p. 366, pl. 90, fig. 35.

A single typical specimen of this Holocene species'

was found at 259.8 feet in Sand Island hole. Cassidulina
minuta is widely reported in shallow water around the
Pacific Islands.

Species No.—S85.

Family ROBERTINIDAE
Genus ALLIATINA Troelsen, 1954

Alliatina translucens (Cushman)

Nonionella translucens Cushman, 1933, p. 45, pl. 11, fig. 2.
Alliatine translucens (Cushman). Todd, 1962 [1961 imprint],
p. 179 (table 1), pl. 23, fig. 2.

This distinctively mottled and translucent aragonitic
species is represented by one broken specimen at 108.5
feet in Reef hole. Recorded occurrences appear to be
restricted to Holocene sediments of the tropical Pacific.

Species No—R38.

Family GLOBIGERINIDAE
Genus GLOBIGERINA d’0Orbigny, 1826
Globigerina conglomerata Schwager
Globigering conglomerata Schwager. Bradshaw, 1959, p. 33,
pl. 6, figs. 6, 7.

Three specimens, two immature, from Reef hole at
426.2 feet are the only representatives found of this
Holocene species.

Species No.—R66.

Globigerina trilocularis d’Orbigny
Plate 9, figure 4
Globigerina trilocularis A’Orbigny. Bermudez, 1960, p. 1202,
pl. 5, figs. 10, 11.

Some specimens, in which the final whorl consists of
three chambers, the periphery is lobulate, and the single
umbilical aperture is relatively small, are referred to
this long-ranging species that was described from the
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Miocene of France. At Midway they are found only in
the Miocene sections of both holes.
Species Nos—S111, R76.

Genus GLOBIGERINITA Bronnimann, 1951

Globigerinita glutinata (Egger)
Globigerinita glutinata (Egger). Parker, 1967, p. 146, pl. 17,
figs. 3-5.

Only single specimens were found at 103.5 and at
500 feet in Reef hole.
Species No—R42.

Genus GLOBIGERINOIDES Cushman, 1927

Globigerinoides conglobatus (Brady)
Globigerinoides conglobatus (Brady). Parker, 1967, p. 154, pl. 20,
figs. 3, 4.
This species is found very rarely in the post-Miocene
section of both holes.
Species Nos—Sb5, R6T.

Globigerinoides ruber (d’Orbigny)

Globigerinoides ruber (A’Orbigny). Parker, 1967, p. 156, pl. 22,
figs. 1-4.

Specimens were found only in the post-Miocene sec-
tion of Reef hole. It occurs fairly commonly with other
planktonics at about 426 feet (421-426.2 feet bottom).

Species No.—R32.

Globigerinoides sacculifer (Brady)

Globigerinoides sacculifer (Brady). Parker, 1967, p. 156, pl. 21,
figs. 1, 2, 4; text fig. 5.

Very rare but typical specimens are found in both
holes. All but one at 986.2 feet in Reef hole are in the
post-Miocene section.

Species Nos—S56, R54.

Globigerinoides trilobus (Reuss)
Globigerinoides triloba (Reuss). Hamilton and Rex, 1959, p. 792,
pl. 253, figs. 17-19.

Though poorly preserved and not abundant, speci-
mens are found between 257 and 970.5 feet in Reef hole
and at 292.75 and 460 feet in Sand Island hole. The spe-
cles is typical of Miocene and younger deposits.

Species Nos.—S100, R60.

Globigerinoides trilobus altiaperturus Bolli
Plate 9, figure 5

Globigerinoides triloba altiaperture Bolli, 1957, p. 113, pl. 25,
figs. 7, 8; text fig. 21 (3).

A few specimens were found in Sand Island hole at
460 and 483.5 feet. They have a relatively large high-
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arched aperture. The subspecies was described from the
Miocene of Trinidad and has been reported from many
localities in America, Europe, Australia, and New Zea-
land. Bolli (1966, range chart) reports its range to ex-
tend from lower Miocene into middle Miocene (zones
Globorotalia fohsi barisanensis to Globorotalia mayer:)
in the Bodjonegoro-1 well in Java.
Species No.—S112.

Genus ORBULINA d’0Orbigny, 1839
Orbulina universa d’Orbigny
Orbulina universa @’Orbigny. Bradshaw, 1959, p. 49, pl. 8, figs.
17, 18.

A single specimen was found in Sand Island hole at
289.5 feet.
Species No.—S99.

Family GLOBOROTALIIDAE
Genus GLOBOROTALIA Cushman, 1927
Globorotalia crassaformis (Galloway and Wissler)

Plate 9, figure 7

Globorotalia crassaformis (Galloway and Wissler).
1962, p. 235, pl. 4, figs. 17, 18, 20, 21.
Parker, 1967, p. 176, pl. 30, figs. 1-3.

Parker,

This well known and widely distributed species is re-
ported to range from lower Pliocene to Holocene. Single
specimens were found at 317.5 and 344 feet in Reef hole
and 279.5 feet in Sand Island hole.

Species Nos.—S90, R61.

Globorotalia infiata (d’0Orbigny)

Globorotalia inflata (A’Orbigny). Parker, 1962, p. 238, pl. 5, figs.
6-9.
Parker, 1967, p. 179, pl. 29, figs. 1, 3.

This well known and widely distributed species is re-
ported to range only from upper Pliocene to Holocene.
Typical specimens occur at about 426 feet in Reef hole.

Species No.—R68.

Globorotalia aff. G. margaritae Bolli and Bermudez

Two specimens in Reef hole at about 426 feet appear
to be related to this species whose range is reported to
be from upper Miocene to middle Pliocene. &. margari-
tae (Bolli and Bermudez, 1965, p. 139, pl. 1, figs. 16-18)
was described from Venezuela and reported also from
Java, It differs from G. menardii chiefly by its more con-
vex dorsal surface and by the shape of its chambers that
are broader than high. Our specimens are larger and
have higher chambers than topotypes lent by Frances
Parker, but otherwise seem similar.

Species No—R69.
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Trifarinae...._.. 11,13,15,17,19, 21, 22, 23, 33; pl. 3
Buccella perforata 5,
11,13,15,17,19, 21, 24, 25, 87; pl. 6

Bulimina marginate... ... ... 22,23, 81
Buliminella.. .. .. .. ... 3,4,
elegantzsstma.,,. 4,11,13,15,17, 19, 21, 24, 25, 30, 31

£1 K S 11,

4

13,15,17,19, 21, 24, 25,30, pl. 2

C

caducae, Spiroloculina...
Calcarina.
Cancris pauciloculatus.. 3,11,13,15,17,19, 21,37, pl. 5

22,23,27

Cassiduling minuta - 22,23,48
Caucasing . ... iicaieaeaas 3,4
khalilovi_ . .. 30
L) ¢ . 11,18,15,17,19, 21, 30; pl. 2
chinenensis, Bolivina. ... ... ._.._..... 8,

11,13, 15, 17, 19, 21, 22, 23, 81, pl. 2
Cibicidella variabilis____ . 11, 13,15, 17, 19, 21, 24, 25, 41

Cibicides 3,4,40
cicatricosus 11,
13, 15, 17, 19, 21, 22, 23, 40; pl. 11

lobatulus. ... 3,4,10,12,14,16, 18, 20, 22, 23, 40
mayori....__..____ 10,12, 14, 16, 18, 20, 22, 23, 40, 42
pseudoungerianus. . _.___.. 11,13,15,17,19, 21, 40
refulgens. .. _._______._. 10, 12, 14, 16, 18, 20, 40
robertsonianus _ .. _______._.___.._.__ 24, 25, 41
40

11, 13, 15, 17, 19, 21, 4; pl. 6

11,

13, 15, 17, 19, 21, 22, 23, 40; pl. 11
ciervoensis, Eponides duprei. .. 11,13,15,17,19, 21, 37

circularis, Fissuring._ . .__.....o_o....._.__. 22, 23,32

circulum, Fissuring. ... __ .. oo 32

clara, Spiroloculina _ __ 10, 12, 14,16, 18, 20, 22, 23, 27

lirata, Spiroloculina_ ... ... ... 27
Clavuling.._._.__..._.

angularis. ..

9,10, 12, 14, 16, 18, 20, 22, 23; pls. 1, 11

multicamerate_ ... ___ . ___________.__ 5,

9,11, 13, 15,17, 19, 21, 24, 25; pl. 1
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commune, NORIOM - .o - o o oooeceecceccaecanan E42
communis, Florilus__._ 11, 13, 15, 17, 19, 21, 4% pl. 9

Spiroloculina. __.________ 3,11,13,15,17,19, 21, 27
compacta, Boliving_ . ._______.________________ 5,
10, 12, 14, 16, 18, 20, 22, 23, 81, 32; pl. 2

complanata, Virguling . - - ocoooceeeoou o 3,
4,11, 13, 15, 17, 19, 21, 22, 23, 32, pl. 3

concmna Rosalina_. ..o .. 35
con , Tretomphalus_ 10,12, 14, 16, 18, 20, 22, 23, 35
conglobatus, Globigerinoides_ ... ... ___.._____ 11,
13, 15,17, 19, 21, 22, 283, 43

conglomerate, Globigerine_.__._. 10, 12, 14, 16, 18, 20, 43
Cornuspira 4,28
planorbis. 11,13,15,17, 19, 21, 22, 23, 28
Correlation. 6
corrugata, Spirvloculine.. ... ... 27
ta, Quinqueloculing - . ... oo ... 3,

11, 13, 15,17,19, 21, 24 pl. 1

crassaformis, Globorotalia. .. . _________.... 10,

12, 14, 16, 18, 20, 24, 25, 44 P1. 9

Cribrogoesella parvula._ . __

6,7,911, 131517192lp11

crustate, Neoconorbine. .. .......__._....._..- 11,
13,15,17, 19, 21, 24, 25, 35, 36
cucurbitasema, Fissurina____ ... ... 6,22, 23,32
Cycloloculing SP- - - oo ceooooe e 4,
7,11,13,15,17,19, 21, 41; pl. 8

Cymbaloporetta bradyi. ... .. ... 5,

10,12, 14, 16, 18, 20, 22, 23, 40; pl. 8
Cyprideis beaconensis

decorata, Spirillina

densepunctata, Spirilline vivipara____.......... 34
denticulata, Pyrgo..... .. 10,12, 14,16, 18, 20, 22, 23, 28
dimidiate, Discorbis vesicularis_ . ... 5,22, 23,36; pl. 4
Discorbinella montereyensis. ... .cooovooovoooo 36
SP.--- ... 22,23,36; pl. 3
DiSCOTDIS -« o oo 5
balcombensis_ . . ... 36
globularis_ .. .. 35
Orientalis ..o . e 34
DO e eeeos 36
vesicularis dimidiata ... ... .- 5,22, 23,36; pl. 4
discus, Gypsing._ ... 4,11,13,15,17,19, 21, 41; pl. 11
Gypsina vesicularis .. ... ... 41
distorqueate, Quinqueloculing._. ... ... 22,23, 24

duprei ciervoensis, Eponides. __. 11,13,15,17,19, 21,87

E
elegantissima, Buliminella_. ... .. ... ._... 4,
11,13, 15,17, 19, 21, 24, 25, 30, 31
elongata, Bolivina__ ... oo 32
Elphidiwm ... iimens 4,5
adven@. ... .......__.. 11,13,15,17,19, 21, 22, 23, 39
AdDERUM . oo 39
Sformosum ... eeca---- 22,23,39
22,23, 40
______________ 32
Epistominella pulchra.___ 11,13,15,17,19, 21, 24, 25, 38
tubulifer@. ... ..o 24,25, 38
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Eponides duprei ciervoensis... FE11,13,15,17,19. 21,37
formosulus. ___ ... 1,3,11,13,15,17,19,21,87; pl. 5
pusillus. 37
repandus. _-. 10,12, 14,16, 18, 20, 22, 23, 87
subornatus. .. .._...__ 11,13,15,17,19,21,87; pl. &

3« TR 37

fastigia, Bolivina__.. 3, 11, 13, 15, 17, 19, 21, 31, pl. 2
Sferussaci, Quingqueloculina
fijiensis, Angulogerina.
Fischerina heliz. .

Fischerinella. .- ..

Fissurina circularis. .. . ....___.._...._.._.
eireulum. .. oo ...
cucurbitasema. .
lagenoides._ - - ... 10,12, 14, 16, 18, 20, 32

floridensis, Neoconorbine............_..._._... 11,

13,15,17,19, 21, 22, 23, 35; pl. 4

Florilus communis__.___ 11,13,15,17,19,21, 42; pl. 9

Johsi barisanensis zone, Globorotalia_ ... _...____ 44

Joliacea, Textularia. _. 8,10,12,14,16, 18, 20, 22,23
folium, Bolivinella. 3,11,13,15,17,19, 21, 30; pl. 3
Sformosulus, Eponides ... _____ . _______..__. 1,
3,11,13,15,17,19,21, 87, pl. &
formosum, Elphidium 22, 23,39
frondescens, Sagenina 8,22,23
frustata, Neoconorbina._.. 11,13,15,17,19, 21, 22, 23, 35

G

Gaudryina triangularis angulata. . ... ... .. 3,
8,11,13,15,17,19, 21
(Siphogaudryina) rugulosa - . 8,10,12, 14,16, 18,20

siphonifera... ... _. 8,10, 12, 14, 16, 18, 20, 22, 23

glabrata, Anomalina..__ ... ... __.__.__.___. 10,

12,14, 16, 18, 20, 24, 25, 40, 42; pl. 8

Glabratella_ ... . .. 38

Sp . 3,11,183,15,17,19, 21, 24, 25, 38; pl. 6

Globigerina conglomerata.__ ... 10,12,14,16,18,20, 43
trilocularis. ... ... 3,

5, 11, 13, 15, 17, 19, 21, 24, 25, 43; pl. 9
Globigerinita glutinate_.._______ 10,12,14, 16, 18, 20, 43

Globigerinoides conglobatus. ... __________ 11,
13,15,17,19, 21, 22,23, 43
ruber__ . 10,12, 14,16, 18,20, 43
sacculifer...__. - 10,12, 14, 16, 18, 20, 22, 23, 43
Erilob@. o il
altiepertura. ... .. .. ______. 43
trilobus_ .- __________ 10,12, 14, 16, 18, 20, 24, 25, 43
altiaperturus. 5,7,24,25, 43, pl. 9
Globorotalia crassaformis 10,
12,14, 16, 18, 20, 24, 25, 44, pl. 9
fohsi barisanensis zone_________.___________ 44
inflat@_ ... ... _. 11,13,15,17,19, 21, 44
margaritae. _ _ . _ ... 11,13,15,17,19, 21, 44
mayeri zone._ __ [ % 3
menardii- ... ... 44
globosa, Oolina.._.... . 11,13,15,17,19, 21, 32
globula, Gypsina._ . .__ 3, 5,10, 12, 14,16, 18, 20, 22, 23, 42
globularis, Discorbis._ . 35
Rosalina.__ - 3,10,12, 14,16, 18, 20,22, 23,84
glutinata, Globigerinita. . .______ 10,12, 14, 16, 18, 20, 43
grateloupi, Pseudononion ... ______________ 42
gumbeliniformis, Bolivina (Laterostomella) - ... . 10,
12, 14, 16, 18, 20, 22, 23, 32; pl. 2
Laterostomella. . .____. 32
Gypsina discus. .. ... 4,11,13,15,17, 19, 21 41; pl. 11
globula_._._...__. 3,5,10,12, 14, 16, 18, 20, 22, 23, 42
vesicularis 42
discus.._. 41
Gyroidina orbicularis. .. ___. 4,11,13,15,17,19, 21, 36
H
rantkeni, Tritazilina_ .. ..____.__ 9,11,13,15,17,19,21
Hauerina involuta._ - 10,12, 14, 16, 18, 20, 22, 23, 28
milletti .. ______.__ 11,13,15,17,19, 21, 28
pacifie@. .. ... 22,23, 28

heliz, Fischerina _ ... .. ______________.._222329
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Hemicristellaria procera_ .. .. ... ..........- E29
Heronallenia sp... ... 4,11,13,15,17,19, 21, 38; pl. 6
Heterostegina - - ._ ... ___.____._.._. 2
hispida, Lagena._ . ... _______.____._. 24,25, 30
Homotrema rubrum . ___ .. 10,12, 14, 16, 18, 20, 22, 23, 42
hugheaz Angulogering_ ... ... _______.. 33
hyalocostatum, Elphidivm __ ... ________. 22,23, 40

1

tncisura, Triloculing. . ... . __.._____ 22,23, 26
indistincta, Asterigerina - . 10,12, 14, 16, 18, 20, 24, 25, 39
inflata, Globorotalia ... ..__. 11,13,15,17,19, 21, 44

inhaerens, Acervuling . _ .. 10,12, 14, 16, 18, 20,22, 23, 41
involuta, Houerina..__... 10,12,14,16,18, 20, 22, 23, 28

Triloculing . ...._..__ 10,12, 14, 16, 18, 20, 22, 23, 26
irregularis, Triloculina. . 10,12, 14, 16, 18, 20, 22, 23, 26

K
kerimbatica, Triloculina.. 10,12, 14, 16,18, 20, 22, 23, 26
khalilovi, Caucasing. ..o ... ... ... 30
L
labiosa, Miliolina_ .. ... . ... ... 26
Miliolinella.___._.___ 10,12, 14, 16, 18, 20, 22, 23, 26
laevigata, Quingueloculina. . ... . ... ... 4
11,13,15,17, 19, 21, 24, 29; pl. 1

Lagena globosa__ .. ____. 32

hispida
lagenoides, Entosolenia marginat@_.....__.____. 32
Fissurina.._____._...______ 10, 12, 14, 16, 18, 20, 32

__________ 35
3,11, 13 15,17,19, 21, 41

Lamarckina turgida._ . -
larvata, Planorbulinella

Laterostomella gumbeliniformis.... ... ... _ 32
(Laterostomella) gumbeliniformis, Bolivina. _ . . 10,
12, 14, 16, 18, 20, 22, 23, 32; pl. 2

Lenticulina sp 11,
13,15,17,19, 21, 24, 25, 29; pl. 2

limbata, Bolivina (Lozostomum) . ... ...._...__ 10,
12, 14, 16, 18,20, 32; pl. 3

limbatum, Lozostomum 32
linneiana, Triloculina. ... ... o 22,23,26
lirata, Spiroloculina clara_.....__.. 27

lobatulus, Cibicides.... 3,4,10,12, 14,16, 18, 20, 22, 23, 40

Lozostomum limbatum 32
- 32
.3
(Lozxostomum) limbata, Bolivina. . .. 10,
12,14, 16, 18, 20,32; pl. 3
mayori, Bolivina._ . _ .. 11,13,15,17,19, 21, 24, 25, 32

M
maculosa, Anomaling ... ... ... 22,23, 40
madagascariensts, Amphistegina..._ ... ... ._ 2,

4,5,10,12,14,16,18, 20, 22, 23, 39
Buliminella____ 11,13,15,17,19, 21, 24, 25, 30; pl. 2

manifesta, Spiroloculing..... ... ____. 5,22,23,27
margaritae, Globorotalia. . _ 11,18,15,17,19,21, 44
marginate, Bulimina_ . ___._________._ 22,2331l

lagenoides, Entosolenia_ ... ... . .. __.___. 32
Marginopora vertebralis 2,

4,10,12, 14, 16, 18, 20, 22, 23, 29
Marginulina procera._. . 4,11,13,15,17,19,21,29; pl. 1

marshallana, Spiroloculing . ____________.__ 27
Valoulamming ... oo ... 3,
4,5,6,7,9,11,13,15,17,19, 21, 24, 25; pl. 10

martii, Veloulina______ .. ___.__.__. 3,
4,5,6,7,9,11,13,15,17,19, 21,24, 25

Massilina occlusa. ... .- ... 27
mayeri zone, Globorotalia_ . .. ... __ 44
mayori, Bolivina (Lozostomum).. 11,
13,15,17, 19, 21, 24, 25, 32

Cibicides_..______. 10,12, 14, 16, 18, 20, 22, 23, 40, 42
Lozostomum ... ______________.__ 32
Spiroloculina_ ... .- [ 22,23, 27
menardii, Globorotalia 44

micens, Rosalina_ 10,12, 14, 16, 18, 20,22, 23, 34, pl. 4
midwayensis, Anjulogerena . -- .. ________ 1,
13, 15,17, 19, 21, 83; pl. 3
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miliolid-Amphistegina facies..........__.. ... E2
miliolid fragments. ... __.._ 10,12, 14, 16, 18, 20, 22, 23
miliolid molds_.______.__ ... 11,13, 15, 17,19, 21, 24, 25
Miliolina labiosa. . ... ... . . ... 26
Miliolinelle labiosa
milletti, Houerina
Miniacina
minuta, Cassi@ulina ... ... ____._. 22,23, 43
mira, Rotorbinella. ... .. ... _ . __.____ 3,

4,10, 12, 14, 16, 18, 20, 22, 23, 36; pl. §
molds, miliolid. ____._._.___ 11,13,15,17,19, 21, 24, 25
montereyensis, Discorbinella N 36
multicamerate, Cloyulina_.____________________ 5,
9,11,13,15,17,19. 21, 24, 25; pl. 1
Clavulina parisiensis. ... __._.._._.._.... 9

N

Neoconorbina crustata. 11, 13,15,17,19, 21, 24, 25, 35, 36
floridensis__.. 11,13, 15,17, 19, 21, 22, 23, 35; pl. 4

frustata - 11,13,15,17,19, 21, 22, 23, 35
patelliformis. .__ 3,11,13,15,17,19, 21, 24, 25, 35, 36
rustica.... 1,10,12, 14, 16, 18, 20, 22, 23, 35, 36; pl. 4
terquemi_ ... _______.____ 11,13, 15,17, 19, 21, 36
neostriatula, Quingueloculina_ ... ______ 22,23,24
NORIOM . - - eliiil.l 3,4
akitaense. . 3,11,13,15,17,19, 21, 42, pl. 8
COMMUNE - - - e 42

PACIFICUM - ool o eeo_-_ 3,
11, 13, 15, 17, 19, 21, 22, 23, 40, 42; pl. 8
Nonionella atlanticum 42
translucens. ... .. ._ _ 43
Nuittallides umbonifera._ ... ____.____ 38
wmboniferus_....... 11,13, 15,17, 19, 21, 38, pl. 6

o

oblonga, Triloculing. ... .. 10, 12, 14, 16, 18, 20, 22, 23, 26
obtusicosta, Vagtnulina_ 11,13, 15, 17, 19, 21, 30; pl. 11
occidentalis, Angulogerina. . ... ____.__ 33
occlusa, Massilina. .. . ... ... 27
Spiroloculina . 3,11,13,15,17,19, 21, 27; pl. 11
Oolina globosa. . 11,13,15,17,19,21, 32
orbicularis, Gyroidina._ ... 4,11,13,15,17,19, 21, 36
Orbulina universa.. ... ... _____.________. 24,25, 44
orientalis, Rosalina...__.. 10,12,14, 16,18, 20, 22, 23, 34

pacifica, Clavulina
HOuering- - ..o
pacificum, Nonion
11, 131517192122234042 pl 8

Paleoecology 5
Pararotalia 6
parisiensis multicamerata, Clavulina 9

parkeri, Quingueloculina. 10,12, 14,16, 18, 20, 22, 23,25

Parrine bradyi- . 22, 23,29
parva, Boggine._.__.. 3,5,11,13,15,17,19, 21, 24, 25,37
parvula, Cribrogoesella . ... ___.______.__ 3,

6,7,9,11,13,15,17,19,21; pl. 1
patelliformis, Neoconorbina__ ... _______________ 3,

11,13, 15,17, 19, 21, 24, 25, 35, 36
Patellina advena ... ... ... 11,

13,15,17,19, 21, 22, 23, 34; pl. 3
pauciloculatus, Caneris. 3,11,13,15,17,19, 21, 37; pl. 5

Pavmotua terebra_ .. ... ... 22,23, 38
peneroplids.._ . ... __.__.. 10,12, 14, 16,18, 20
Peneroplis planatus. ... 10,12, 14, 16, 18, 20, 22, 23, 29
29

4,11,13,15,17,19, 21, 29; pl. 11

5,

11,13,15,17,19, 21, 24, 25, 87; pl. 6

planatus, Peneroplis. . __ . 10,12, 14, 16, 18, 20, 22, 23, 29
planissima samoaensis, Spiroloculing ... ... 28

planorbis, Cornuspire. ... 11,13,15,17,19, 21, 22, 23, 28
Planorbuling acervalis. .. 10,12, 14,16, 18,20, 22, 23, 41

Planorbulinella larvata. . .. __ 3,11,13,15,17,19, 21, 41
Planorbulinoides retinaculota ... ... . ... 41
retinaculatus. ... 10, 12, 14, 16, 18, 20, 22, 23, 41
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polygona, Quinqueloculina._...____._____...._. E4,
11,13,15,17,19, 21, 22, 23, 25; pl. 1

Preparation of material. . 2
procera, Hemicristellaria_ ... _________.____. 29

Marginuline_ .. ____ 4,11,13,15,17,19, 21, 29; pl. 1
protea, Peneroplis_... . ______________________ 29

proteus, Peneroplis.__. 4,11,13,15,17,19, 21, 29; pl. 11

Pseudononion. ... ... ... ... 3,4
atlanticum .. ___..._. 11,13,15,17,19, 21, 42; pl. 9
grateloupl .. . ... 42
tredecum_ ... 3,11,13,15,17,19, 21, 42; pl. 9

pseudoungerianus, Cibicides. . __ 11,13,15,17,19,21, 40
pulchra, Epistominella__. 11,13,15,17,19,21, 24, 25, 88
pusillus, Eponides

PYrgoae. oo
denticulata......_____
Q
Quingueloculing..... .. .. ... ... ___ 3
akneriane. __.___.__ 3,9,11,13,15,17,19, 21; pl. 11
bradyana. .. -- 11,13,15,17,19, 21, 22, 23, 24
costata. ... - 3,11,13,15,17,19,21, 24 pl. 1
distorqueata. ... 22,23,24
ferussaci ... ________________.______. 25
laevigata......... 4,11,13,15,17,19,21, 24,29; pl. 1
neostyiatula 22,23,24
parkerio..........____ 10,12,14,16, 18,20, 22, 23, 25
polygona 4,11,13,15,17,19, 21, 22, 23, 25; pl. 1
seminulum... ... _____ 11,13,15,17,19, 21, 25
sulcata... ... ._______ 10,12, 14, 16, 18, 20, 22, 23, 26
tubus._ ... 10,12, 14,16, 18, 20, 25
R

raphana, Siphogenerina__. .. ____ ... _.__.__ 10,
12, 14, 16, 18, 20, 22, 23, 33, 34
Reefhole_ ... . ... 1,2
refulgens, Cibicides_. . .________ 10, 12, 14, 16, 18, 20, 40
repandus, Eponides_ .. ... 10,12, 14, 16, 18, 20, 22, 23, 87
retinaculata, Planorbulinoides 41
retinaculatus, Planorbulinoides. _ 10,
1214161820222341
Reussella_ .. .. .. i 3
simplez... .. 2, 5,10, 12, 14, 16, 18, 20, 22, 23, 83, 40
rhomboidalis, Bolivina. . ... . _______________ 10,
12, 14, 16, 18, 20, 22, 23, 81; pl. 2
robertsonianus, Cibicides... .. __________ 24,25, 41
Rosalin®.._ . ... . . ... 3,4,38
CONCINMB . - . 35
globularis. . _______ 3,10, 12, 14, 16, 18, 20, 22, 23, 84
micens.. .. ... 10, 12, 14, 16, 18, 20, 22, 23, 8/, pl. 4
orientalis._.._______._. 10,12, 14, 18, 18, 20, 22, 23, 84
TUGOSE - - - oo ieeei oo 22,23,34
turgida_.__ 2,10,12, 14, 16, 18, 20, 24, 25, 34, 85, pl. 4
Rotorbinelle. ... ... 3
mira. ... 3,4,10,12,14, 16,18, 20, 22,23, 36; pl. 5
o TSP SO 36
ruber, Globigerinoides_ ___.____. 10,12, 14, 16, 18, 20, 48
rubrum, Homotrema _ . ___ 10,12, 14,16, 18, 20,22, 23, 42
rugosa, Rosalina 22,23,34
rugulosa, Gaudryine (Siphogaudrying).. . .... 8,
10,12, 14, 16, 18,20
rustica, Neoconorbina _ ____._______________.____ 1,

10,12, 14, 16, 18, 20, 22, 23, 85, 36; pl. 4
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sacculifer, Globigerinoides E19,
12,14, 16,18, 20, 22, 23, 48
Sagenina frondescens___ .. __ . ______________. 8,22,23
samoaensis, Spiroloculing. . ___________ 10,
12, 14, 16, 18, 20, 22, 23, 28

Spiroloculing planissima. . .....______..._. 28
sand, Austrotrilling . ... ...._.______. 4,5,6,28; pl. 12
Sand Island hole. ... .. . __.__.____..._. 1,4
seminulum, Quingueloculina_ ___._.___ . _._____ 11,
13,15,17,19, 21, 25

Sigmomorphina terquemiana. ... 11,13,15,17,19, 21, 30
simplexr, Reussella . . ____ .. . __.___._.._.____ 2,
5,10, 12, 14, 16, 18, 20, 22, 23, 38, 40

(Siphogaudryine) rugulosa, Gaudrying.... ... 8,
10,12, 14,16, 18, 20

siphonifera, Gaudryina. ... ... 8,
10,12, 14, 16, 18, 20, 22, 23

Siphogenerina raphena- ... _.________ 10,
12, 14, 16, 18, 20, 22, 23, 3, 34

siphonifera, Gaudryina (Siphogaudryina) ____._ 8,
10,12, 14, 16,18, 20, 22, 23

Siphonina tubulose - - _.__ 10,12, 14,16, 18, 20, 22, 23, 37
Siphonodosaria sp__.._. 4,11,13,15,17,19, 21, 84; pl. 3
Spirillina decorata . . _ .. 10, 12, 14, 16, 18, 20, 22, 23, 34
tuberculatolimbata. .. . 10,12, 14, 16, 18, 20, 22, 23, 34
tuberculato-limbata IO ” ¥
iipar@. . ... ___ 10,12, 14, 16, 18, 20, 22, 23, 34

densepunclata.. .. ______________.__

Spirolina arielina. .. _____ 10,12, 14, 16, 18, 20, 22, 23, 29
Spiroloculina angulata - .. 10,12, 14, 16, 18, 20, 22, 23, 26
CRAUCE - - e 22,23,27
elare . 10,12, 14, 16, 18, 20, 22, 23, 27
lirate. .. .. 27
COMMUNAS - - ... ... 3,11,13,15,17,19, 21, 27
COrrugata - . - 27
manifesta. _ 5,22,23,27
marshallana_ __ . . . _________. 27
MAYOT e oo 22,23, 27
occlus@. .. ... 3,11,13,15,17,19,21, 27, pl. 11
planissima samoaensis . .. ____.._____.___ 28
samoaensis.._ _._____ 10,12, 14,16, 18, 20, 22, 23, 28
striata, Austrotrilling._ ... ___.__..____. 1,
3,4,56,7,11,13,15,17,19, 21, 24, 25, 28; pl. 11
Vertebralina_ ________ 10, 12, 14, 16, 18, 20, 22, 23, 28
striatula, Bolivina..._____. . ... ... ...._... 4,
5,10, 12, 14, 16, 18, 20, 22, 23, $1; pl. 2

Vaginuline_. ... ... . 30
subornatus, Eponides _ ____ 11,13,15,17,19,21,37; pl. &
Quingueloculina._ . ___ 10, 12, 14,16, 18, 20, 22, 23, 25
Systematic catalog. ... . . ___..__ 8

T

tentoria, Asterigering. ... _._.._._.__......... 3,
5,6,7,11,13,15,17,19, 21, 24, 25, 39: pl. 7

tenuistriata, Angulogering_ ... ... 6, 24, 25, 33; pl. 3
tepida, Ammonia beccarii_ ... ____.._____ 3,
5,11,13,15,17,19, 21, 22, 23, 38

terebra, Paumotu@. ... ... ___._.__..____ ... 22, 23,38
terquemi, Neoconorbina......__. 11,13,15,17,19, 21, 36
terquemiana, Sigmomorphina__. 11,13,1517,19,21, 30
Triloculing - ... _.....___.. 10,12, 14, 16, 18, 20, 26
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Teztularia agglutinans. ... ... ___ ES§, 22,23

Joliacea . - . 8,10,12,14, 16, 18, 20, 22, 23
tortuosa, Bolivina . 10,12, 14, 16, 18, 20, 24, 25, 8¢, pl. 2
translucens, Alliatina__________ 10,12, 14, 16, 18, 20, 48

Nonionella 43

11, 13, 15, 17, 19, 21, 42; pl. 9

Tretomphalus concinnus - 10 12,14, 16, 18, 20, 22, 23, 35
triangularis angulaie, Gaudrying. _.__._ ... ___ 3,
8,11,13,15,17,19,21

Trifarina bradyi - . _. 11,13,15,17,19, 21, 22, 23, 83; pl. 3
trigonula, Triloculing_ ... 11,13,15,17,19, 21, 22, 23, 26
trilobe, Globigerinoides._ . ______________________ 43
altinpertura, Globigerinoides_ ... ____ .. 43
trilobus, Globigerinoides. _ 10, 12, 14,16, 18, 20, 24, 25, 48
altiaperturus, Globigerinoides _ 5,7,24,25, 43; pl. 9
trilocularis, Globigerina... ... . .. .____.___. 3,
511,13, 15,17,19, 21, 24, 25, 43; pl. 9

Tritoculina bicarinata.. . . _ 10,12, 14, 16,18, 20, 22, 23, 26

bikiniensis. - _ . 22,23,26
INCISUT ... 22,23, 26
inwoluta.._.._._._..__ 10,12, 14, 16, 18, 20, 22, 23, 26
irregularis .. 10,12, 14,16, 18, 20, 22, 23, 26

kerimbatica. -- 10,12, 14,16, 18, 20, 22, 23, 26

linneian@. . ... . . ...... 22,23, 26
oblonga..__.__.______ 10,12, 14, 16, 18, 20, 22, 23, 26
terquemien@. ... ... ._..__... 10,12, 14, 16,18, 20, 26
trigonula..._ .. 11,13,15,17,19, 21, 22, 23, 26
Tritexiling hantkeni __._________ 9,11,13,15,17,19, 21
tuberculatolimbata, Spirillina. .__________.._... 10

12, 14,16, 18,20, 22, 23, 34

tuberculato-limbata, Spirillina_. ... ... __. 34

tubulifera, Epistominella._ .. .. ... ... .. 24, 25,38

tubulosa, Siphonina.__._. 10,12, 14, 16,18, 20, 22, 23, 87

tubus, Quinqueloculing.
turbo, Discorbis. . ... . .. ...
turgida, Lamarckina.._ ... ___________.____.
RoSGUN@. .. oo

10, 12, 14, 16, 18, 20, 24, 25, 34, 35; pl. 4

bonifera, Nuttallid
wmboniferus, Nuttallides. . 11,13,15,17,19, 21, 38; pl. 6

universa, Orbuling. __ ... ... __ ... 24,25, 44
v

Vaginulina obtusicosta. 11, 13, 15, 17, 19, 21, 80; pl. 11

striatula. _ . 30

Valvulammina. . 3

marshallana_..._. .. . . ___________ 3,

4,5,6,7,9,11,13,15,17,19, 21, 24, 25; pl.10
Valyuling davidiana. . . _ . 8,9,10,12, 14, 16, 18, 20, 22, 23

martii. ... _. 3,4,5,6,7,9,11,13,15,17,19, 21, 24, 25
variabilis, Cibicidella.__ _ 11,13,15,17, 19, 21, 24, 25, 41
Vertebralina striata_._.___ 10, 12, 14, 16, 18, 20, 22, 23, 28
vertebralis, Marginopora._ .. __.._.______.___... 2,

4,10,12, 14, 16, 18, 20, 22, 23, 29
vesicularis, Gypsina_ . ... ... ______. 42

dimidiata, Discorbis. .. 5,22,23,36; pl. 4

discus, Gypsin@__ ... .. ... ... 41
Virguling 3,4

complanata. ... ... ____________.. 3,

4,11,13,15,17,19, 21, 22, 23, 82 pl. 3
vivipara densepunctata, Spirilling__.____.______ 34
Spirillina.___________ 10, 12, 14, 16, 18, 20, 22, 23, 84






PLATES 1-12




Ficure 1.

PLATE 1

Clavuling multicamerata Chapman (p. E9).
USNM 688096, X 90; Miocene, Sand Island hole, 491-496 feet, top; a, side
view; b, top view.

. Clavulina angularis d’Orbigny (p. E9).

Specimen showing flattened apertural end, USNM 688160, X 60; Miocene,
Reef hole, 1,121.5 feet; a, side view; b, oblique top view.

. Cribrogoesella parvula Todd and Low (p. E9).

USNM 688105, X 90; Miocene, Reef hole, 495-500 feet bottom.

. Quinqueloculina polygona d’Orbigny (p. E25).

Mold, USNM 688109, X 90; Miocene, Reef hole, 512 feet; a, side view; b, top
view.

. Quingueloculina costata d’Orbigny (p. E24).

USNM 688132, X90; Miocene, Reef hole, 1,041.25 feet; a, side view;
b, top view.

. Marginulina procera (Stache) (p. E29).

USNM 688145, X 160; Miocene, Reef hole, 1,103.25 feet.

. Astacolus sp. (p. E29).

USNM 688116, X 90; Miocene, Reef hole, 930 feet; a, side view; b, edge view.

. Quinqueloculina laevigata d’Orbigny (p. E24).

Glauconitic mold, USNM 688165, X 90; Miocene, Reef hole, 1,186 feet; a, side
view, b, top view.

















































































