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Age constraint on the obuduction of ophiolitic rocks
in the Yap Island, Philippine Sea, using nannofossils
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Introduction

The Yap Islands occupy southeastern margin of the
Philippine Sea Plate where the Pacific and Caroline
plates meet with along the Yap and Palau trenches.
The Yap Islands consist mostly of metamorphosed
basic and ultramafic rocks which are originally
ophiolite (Hawkins and Batiza, 1977 ; Ogawa and
Naka, 1984) and quite different from ordinary oceanic
islands that are composed mostly of volcanic rocks
with or without coral reefs (Tayama, 1935 ; Aoki et al.,
1976). Hawkins and Batiza (1977) proposed that the
unique geologic feature of the Yap Islands is due to
obduction of oceanic crust caused by seamounts colli-
sion sometime in the Tertiary. Poor constraints on
the timing of the collision is because of few data on
age of rocks in the Yap Islands. Timing of collision is
very significant to know the origin of the ophiolite.
If the collision and resulted obduction of ophiolite
took place before opening of the Parece Vela Basin
(from 27 Ma to 17 Ma), the ophiolite is equivalent to the
basement of the West Philippine Sea Basin. If the
obduction occurred after 17 Ma, the ophiolite includes
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Fig. 1. Geologic map of the Yap Islands with index.

various origin ; back-arc related, island arc related or
older oceanic basement related before opening of the
Parece Vela Basin. The key geologic units to clarify
the timing are obduction related debris flow deposits
(the Map Formation) and metamorphic rocks them-
selves.

During the cruise of R/V Hakuho-Maru, Ocean Re-
search Institute, University of Tokyo (Fujioka et al,
1986), we visited the Yap Island and collected calcare-
ous rocks from several localities in the Map Forma-
tion in which calcareous nannofossils were yielded.
Careful examination of the biostratigraphic analysis
was done for these calcareous rocks. As a resuit, late
Early Miocene to early Middle Miocene age of the Map
Formation has been precisely determined. It is very
significant constraint on the timing of obduction of
metamorphosed ophiolite because the Map Formation
is debris flow deposits in association with the
ophiolite obduction.
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Fig. 2. Locality map of the sampling points of the nannofossil bearing mudstones of the Yap Formation
(Locations were plotted on the Topographic map of the Yap Islands (WAQAB) Federated States of Micronesia, 1 :

25000, 1983).

Geologic outline of Yap Islands

The Yap Islands are composed of four major islands;
Yap, Gagil, Map and Lumung islands (Fig. 1). Gener-
al trend of the islands is NNE to SSW, almost parallel
to the direction of the Yap Trench. The islands con-
stitute four principal geologic units (Tayama, 1935 ;
Shiraki, 1971 ; Fujioka et al, 1986 ; Fujioka et al., 1989).
They are the Yap and Map formations, Tomir volcan-
ics, and Garim Limestone in ascending order.

The metamorphic rocks, the Yap Formation, crops
out dominantly in the islands (Shiraki, 1971 ; Shiraki
and Maruyama, 1978). The Yap Formation is com-
posed dominantly of greenschists, amphibolites,
metagabbros and others with minor deformed acidic
to intermediate plutonic rocks. The formation is con-
sidered to be metamorphosed ophiolite and originally
oceanic crust (Shiraki, 1971 ; Hawkins and Batiza,
1977). Some radiometric ages (7.6 and 10.9Ma) have
been obtained from the metamorphic rocks cropping
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Fig. 3. Columnar section of the mudstones of the Yap
Formation.

out not on land but under the sea surface in the
forearc region (Bogdanov et al., 1977 ; Hamilton, 1979 ;
Beccaluva et al,, 1980 ; Tsunakawa, 1985). The meta-
morphic rocks are the same kinds as those on land but
their ages are too young and not consistent with the
age of the Map Formation covering the Yap metamor-
phic rocks as mentioned later.

The Map Formation covers the Yap Formation un-
comformably and composed of debris flow deposits
and intercalates alternating beds of sandstone and
mudstone. Many kinds of breccia are recognized
within the debris flow deposits; amphibolites,
metagabbros, greenschists, and ultramafic rocks,
which were derived from the Yap Formation, and
gneissose granites, andesitic rocks and others, which
are not observed as original outcrops in the islands.
At several localities, cataclastic rocks of the Yap For-
mation showing breccia in matrix occurrence change
gradually to the debris flow sediments of the Map
Formation. In this case, sedimentary part of occur-
rence is discriminated only on the basis of existing of
rounded exotic rocks in the breccia. This occurrence
documents that the debris flow sediments of the Map
Formation was formed in association with the exhu-
mation of the Yap metamorphic rocks ; namely, ob-
duction of the metamorphosed ophiolite. Hawkins
and Batiza (1977) considered that the Map Formation
is a tectonic melange related to overthrusting of the
Yap Formation. However, no deformation of the
matrix surrounding the many kinds of blocks and
interbedding of sandstones and mudstones clearly
document “sedimentary origin” of the Map Formation.
Tayama (1935) found Miogypsina in the Map Forma-
tion.

Tomir volcanics are distributed in the northeastern
part of the islands and cover the Yap and Map forma-
tions. Although the volcanics are completely
weathered into reddish soil, laterite, internal texture
of the volcanic rocks and their original occurrence are
remained. Hawkins and Batiza (1977) implicated that
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these volcanic rocks are almost the same age as
weathered debris flow deposites of the Map Forma-
tion. The mode of occurrence and chemical composi-
tion, however, support that they are volcanics after
the Map Formation and they have similar chemical
affinity to calc-alkalic andesites (Tayama, 1935 ;
Johnson et al, 1960). Garim Limestone, uplifted old
coral reef, is located as small rocky island in the
lagoon of coral reef.

Occurrence of calcareous nannofossil
bearing limestone

We observed layers of calcareous nanno ooze in the
Map Formation at two localities (Fig. 2). At the
localities 13-5 and 14, the layers are interbedded
within conglomerates, very coarse sandstones and
siltstones. The layers are gently inclined. The con-
glomerates consist of ill sorted angular to subanglular
gravels. The gravels are composed mainly of
amphibolites, gabbros, ultrabasic rocks, and granites
which seem to be derived from the underlying Yap
Formation. The sandstones and siltstones are
alternating with calcareous nanno ooze at locality 13-
5 (Fig. 3) and consisting of grains of amphibolites and
others. The nanno ooze layers at locality 13-5 are
rather thin and several centimeters thick, whereas the
layer at locality 14 is very thick and about 2m thick.
We picked up two samples for the biostraigraphic age
determination from two layers at locality 13-5 and
five samples from one thick layer at locality 14 and
photograph of the outcrop is shown in Fig 4.

Nannofossils and age of the Map Formation

Samples examined contain abundant calcareous
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Fig. 4. Photograph of the outcrop of the sampling
station 14.

nannofossils. Although nannofossils are heavily
recrystallized, species identification is fairly easy for
the key species of Early to Middle Miocene bio-
stratigraphy. In addition to the abundant Cyclicargo-
lithus floridanus, Sphenolithus heteromorphus is also
abundant or common in these samples (Fig.5 and
Table 1). Because of the presence of the latter spe-
cies, the nannoflora observed in these samples are
identifiable to that of the late Early Miocene Zone CN
3 or early Middle Miocene Zone CN4 (Okada and
Bukry, 1980). According to Berggren et al. (1995),
these two zones range from 182 to 13.6Ma in age.
Short-rayed discoasters such as Discoaster deflandrei
are more abundant than long-rayed discoasters such
as D. wvariabilis in the CN3 flora. Nannoflora ob-
served in samples 13-5A-a, 13-5A-b, 14-a and 14-b in
which D. deflandrei far exceeds D. variabilis in relative

Fig. 5. Photomicrographs of the calcareous
nannofossils of the Yap Formation. Photo-
graphs 2, 4, 6, 7, 9, 10, 12, 14, 17 and 20 are phase
contrast micrographs, whereas all the others are
micrographs of cross-polarized light images.
Magnifications are all same, and the scale bar in
photograph 15 represents 5um.

1, 2 ; Calcidiscus macintyrei (Bukry & Bramlette)
Loeblich & Tappan. Sample 14-c.

3, 4; Coccolithus pelagicus (Wallich) Schiller.
Sample 14-b.

5, 6; Cyclicargolithus floridanus (Roth & Hay)
Bukry. Sample 14-d.

7 ; Discoaster adamanteus Bramlette & Wilcoxon.
Sample 14-c.

8, 9; Discoaster deflandrei Bramlette & Riedel.
Sample 14-d.

10 ; Discoaster variabilis Martini & Bramlette.
Sample 14-b.

11, 12 ; Sphenolithus compactus Backman. Sam-
ple 14-e.

13, 14 ; Sphenolithus moriformis (Bronnimann &
Stradner) Bramlette & Wilcoxon. Sample 14-c.
15, 16, 17 ; Sphenolithus heteromorphus Deflandre.
Sample 14-d.

18, 19, 20 ; Sphenolithus heteromorphus Deflandre.
Sample 14-d.
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Table 1. Distribution of calcareous nannofossils of
the Yap Islands.

Sample number 13-5A-a 13-5A-b 14-a 14-b 14-c 14-d 14-e
Calcidiscus leptoporus R

Calcidiscus macintyrei R R R R
Coccolithus miopelagicus R R R R R
Coccolithus pelagicus o} C C C o] F F
Cyclicargolithus floridanus A A A A A A A
Discoaster adamanteus F F F F F C C
Discoaster deflandrei A C A A C C C
Discoaster variabilis F F F C Cc C o]
Reticulofenestra pseudoumbilicus R

Sphenolithus compactus C c C C C Cc C
Sphenolithus heteromorphus C Cc C A A A A
Sphenolithus moriformis (o} Cc (o} c [} A A

A =abundant ; C=common ; F=few ; R=rare.

abundance, therefore, seem to belong Zone CN 3. The
first occurrence of Reticulofenestra pseudoumbilicus
generally occurs within Zone CN4. Sample 14-d in
which rare specimens identifiable to this species
occurred is possibly assignable to the lower Middle
Miocene sediment. _

As a conclusion of these discussion, nannoflora ob-
served in these seven samples are identifiable to Zone
CN 3-CN 4. Nannofossil biostratigraphic ages of the
calcareous rocks overlying the Yap Formation is 18.2-
13.6 Ma.

Geologic significance of the age constraint

Nannofossil bearing calcareous rocks belong to the
Map Formation consisting mostly of debris flow de-

posits related to the rapid uplifting of the Yap meta-
morphic rocks as mentioned. This uplift and exhu-
mation ; obduction of metamorphosed ophiolite
appears to have caused by collision of the Caroline
Ridge against the Philippine Sea Plate (Fujioka et al,,
1989). Nannofossils data constrain that the collision
started at about 18 and 14 Ma in place of “sometime in
the Tertiary” by Hawkins and Batiza (1977). The
timing is after the opening of the Parece Vela Basin
(Kobayashi and Nakada, 1978 ; Seno and Maruyama,
1984).
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