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Abstract

The West Pacific Seamount Province (WPSP) represents a series of short-lived Creta-
ceous hotspot tracks. However, no intraplate volcanoes in advance of petit-spot vol-
canism erupted near a trench have been identified after the formation of the WPSP
on the western Pacific Plate. This study reports new ages for Paleogene volcanic edi-
fices within the northern WPSP, specifically the Ogasawara Plateau and related ridges,
and Minamitorishima Island. These Paleogene ages are the first reported for basaltic
rocks on western Pacific ssamounts, in an area that has previously only yielded Creta-
ceous ages. The newly found Paleogene volcanisms overprint the Early-middle Creta-
ceous volcanic edifices, because the seamount or paleo-island material-covered reefal
limestone caps on these edifices are uniformly older than the Paleogene volcanism
identified in this study. This study outlines several possible causative factors for the
Paleogene volcanism overprinting onto existing Cretaceous seamounts, including vol-
canism related to lithospheric stress, or a younger hotspot track within the northern
part of the WPSP that records magmatism from ~60 Ma.

KEYWORDS
alkali-basalt, hotspot, Pacific plate, Paleogene, petit-spot, rejuvenation, seamount

submerged as a result of a contemporaneous eustatic sea level rise

(Figure 1). Koppers et al. (2003) assigned all seamounts older than

Significant eustatic sea level and global average temperature changes
occurred during the mid-Cretaceous, along with increased seafloor
spreading rates and voluminous volcanism (Hardebeck & Anderson,
1996; Larson, 1991). The majority of the seamounts in the western

Pacific Plate also formed at this time, but were instantaneously

70 Ma in this area to the West Pacific Seamount Province (WPSP),
and determined that the seamount distribution within the province
details short-lived hotspot trails that formed within the present-day
French Polynesian hotspots of the South Pacific. However, some of

the seamount chains within the province cannot be explained using a
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FIGURE 1 Tectonic and bathymetric maps of the study area. The two small figures (a) and (b) show respectively the seafloor ages and
seamount chains in the area of northern part of Western Pacific Seamount Province (WPSP), and bathymetric map of the western Pacific Plate.
(c) Bathymetrc map around the Ogasawara Plateau and related ridges that form the focus of this study (Ohara et al., 2015). Red stars indicate
sampling sites from this study; blue stars show the sites reported reefal limestones dated during previous studies (Konishi, 1985; Shiba, 1989;
Takayanagi et al., 2007)

classical hotspot hypothesis, such as that outlined for the Hawaii- hotspot track with a younger hotspot (e.g., the Magellan seamount
Emperor seamount chain. The seamount chains do not exhibit linear chain: Koppers et al., 1998), (2) coeval volcanism along pre-existing
age progression, which could be explained by (1) the overlap of a lithospheric fractures like what has been suggested for the Line
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Islands (Davis et al., 2002), or (3) the presence of recycled material
within the upper mantle immediately after a continental breakup
event (some examples of Indian ocean volcanism; Taneja et al., 2016).

It is theoretically difficult to identify the timing of seamount
formation using a single radiometric age. This is exemplified by the
present-day Hawaiian shield volcano, which records a few million
years of seamount edifice evolution (Macdonald & Katsura, 1964).
Recent research on the Aitutaki Island along the Cook-Austral
hotspot track identified a rejuvenated stage of volcanism some 7-8
million years younger than the main shield stage volcanoes and the
older volcanism on Aitutaki Island (Jackson et al., 2020). Geochrono-
logical research on Cretaceous seamounts has also determined that
longer-lived main shield stages of volcanism are significantly longer
than the timespan of present-day oceanic island volcanism on the
Pacific Plate. Hirano et al. (2002) determined that a single seamount
may have a long-lived evolution of at least 10 my by investigating the
ages of main (hawaiite) and late (differentiated) shield lavas. It is possi-
ble that Cretaceous seamounts within the Pacific Plate have remained
stationary above hotspots for longer than would normally be the
case because of the slower absolute motion of the plate during the
Early Cretaceous (3-6 cm/year; Henderson et al., 1984; Duncan &
Clague, 1985). This is also the case for the present-day Canary and
Cape Verde hotspots, and the associated slow absolute motion of the
northern African Plate (Geldmacher et al., 2001).

Numerous seamounts and knolls have left evidence of volcanic
activity within the western Pacific Plate. This includes the recently
described lithospheric flexure-induced volcanoes (i.e., petit-spots) in the
outer rises of the Japan and Mariana trenches prior to the subduction
of the northwestern and western margins of the Pacific Plate (Hirano
et al., 2006, 2019). However, no petit-spot volcanic activities preceding
intraplate volcanism have been identified within the younger Late Cre-
taceous WPSP hotspots of the western Pacific Plate. This study pre-
sents new geochronological data for island, seamount, plateau, ridge,
and spur samples from the WPSP, and uses these data to outline the

evolution of hotspot volcanism within the western Pacific Plate.

2 | GEOLOGICSETTINGS

The western Pacific Plate, hosting numerous seamounts, formed at
~180-140 Ma (Handschumacher et al., 1988; Figure 1a,b). As men-
tioned above, Koppers et al. (2003) delineated the Early-Late Creta-
ceous WPSP. These seamounts are thought to have formed from
secondary plumelets derived from the top of the South Pacific super-
plume, similar to the present-day hotspot magmatism in French Poly-
nesia (Koppers et al., 2003). The short-lived southern Marcus-Wake
seamounts (Sager et al., 1993; Southern Wake seamount chain of
Koppers et al., 2003) formed at 120-100 Ma. The age progression
within the northern section of the Marcus-Wake seamounts around
Marcus Island (Northern Wake seamount chain of Koppers et al.,
2003) has also been determined through whole-rock Ar-Ar dating of
two seamounts (113 and 101 Ma: Winterer et al., 1993; Koppers
et al., 2003). Minamitorishima Island and the Ogasawara Plateau are

located respectively 100-200 km north and 500 km west of the mid-
Cretaceous (~100 Ma) hotspot track of the Northern Wake seamount
trail (Figure 1a,b). Minamitorishima Island is an emerged table reef
that developed on the summit region of a volcanic edifice. This island
is unigue within the northern WPSP, as the next closest island, Wake
Island, is ~1300 km to the southeast.

The Ogasawara Plateau and Michelson Ridge are adjacent to the
ESE-WNW trending Marcus-Wake seamounts. The western part of the
plateau is currently being subducted at the Izu-Ogasawara and Mariana
trenches, and/or is colliding with the Izu-Ogasawara and Mariana Arcs,
dividing this trench-arc system topographically and systematically
between the Izu-Ogasawara and Mariana trenches. The geomorphologi-
cal features of the Ogasawara Plateau record the amalgamation of sev-
eral edifices. These include the Higashi and Chuo seamounts, the Nishi,
Hokuto, and Minami hills, and the Kita knoll, some of which are thought
to represent individual seamounts that have been forced into a trench,
which has been determined through detailed bathymetric and structural
interpretation (Smoot, 1983; Nagaoka et al, 1989; Figure 1c). The
500 km long, 95°-275°-trending Michelson Ridge is connected to the
Ogasawara Plateau, and is associated with the Smoot, Caster, and Pollux
guyots (Figure 1c). The Uda Spur is the largest spur in this area, and
trends southwards away from the ridge (Figure 1c).

The Uyeda Ridge lies ~80 km north of the Ogasawara Plateau, and
is currently being subducted into the Izu-Ogasawara Trench, forming an
oceanward-trending slope at the westernmost part. Smoot and
Heffner (1986) speculated that this ridge represents either an extinct
spreading center or a location where magma has leaked along a tectonic
structure, as the ridge is topographically elongated NNW-SSW, parallel

to the paleomagnetic lineations present in the seafloor in this area.

21 | Geochronological studies

The presence of a distinctive magnetic anomaly along the Ogasawara
Plateau and Michelson Ridge occludes the magnetic lineations within
the surrounding seafloor, indicating that these areas represent areas of
intraplate volcanism that occurred after formation of the surrounding
oceanic crust at a mid-ocean ridge (Kasuga et al., 1995). The thickness
of the reefal limestones that cover the Ogasawara Plateau and Michel-
son Ridge areas varies from thicker reefs in the Minami Hill area (the
westernmost part of the plateau and ridge), to thinner reefs in the Pol-
lux Guyot area (easternmost plateau and ridge). This suggests that the
seamounts in this area have subsided in a direction parallel to the
paleo-plate motion recorded in this area (Okamura et al., 1992).

Reefal limestones from the Chuo Seamount of the Ogasawara
Plateau yield Albian to Cenomanian (112-93.5 Ma) microfossil ages
(Konishi, 1985). Foraminiferas from the Smoot Guyot record the
presence of coral reefs before the mid-Cretaceous rise in sea level
between the Cenomanian and Turonian (100-90 Ma), corresponding
with the ages of fossils within apatite-altered limestones in this area
(Shiba, 1979). Reefal carbonates in this region have yielded Sr isotopic
ages of 83.3 Ma (Smoot Guyot), 85.7 Ma (Castor Guyot), and 84.0 Ma
(Pollux Guyot) (Takayanagi et al., 2007) (Figure 1c). Although the Uda
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Spur, Uyeda Ridge, and Minamitorishima Island areas have not been
dated, Aftabuzzaman et al. (2021) report late Early Cretaceous ages for

reefal limestones obtained from a submarine slope of the island's edifice.

3 | ROCKSAMPLINGS AND METHODS

Basaltic rock samples were obtained during dredging of four
volcanic edifices within the WPSP, namely the Chuo Seamount on the
Ogasawara Plateau (sample KH84-1 D27-20), the Uyeda Ridge
(KH87-3 5-003 and -006), and the Uda Spur (0324 D5A1) (Table 1;
Figure 1c); samples were retrieved during cruises KH84-1 and KH87-3
of R/V HAKUHO-MARU and cruise #0324 of R/V TAKUYO. The
KH84-1 D27-20 sample was obtained from a small knoll (600 to 800 m
depth) on the Chuo Seamount (a guyot) of the Ogasawara Plateau. The
knoll is a few km in diameter, is around 100-200 meters tall, and is
located on the 40 km diameter, flat-topped Chuo Seamount at a water
depth of =900 to —1300 m (Konishi, 1985). Samples KH87-3 5-003
and -006 were obtained from a fault escarpment with associated horst
and graben structures on the oceanward slope of a trench at a depth of
—6000 m. These structures reflect the subduction of the eastern tip of
the east to west oriented Uyeda Ridge into the Izu-Ogasawara Trench.
Finally, sample 0324 D5A1 was dredged from the southern part of a
ridge crest along the Uda Spur (Table 1; Figure 1c).

A dive was undertaken during the cruise of YK10-05 of R/V
YOKOSUKA, using the submersible Shinkai6500 along the

northwestern submarine slope of the Minamitorishima Island
(Figure 2a). Basaltic rock samples were obtained during this dive into
the northwestern flank of the volcanic edifice associated with several
topographic ridges and cones. Observations during this dive identified
topographic structures that likely reflect lava flows (6K1209-R02,
-R03), volcanic cones (6K1209-R10, -R14), and volcanic ridges
(6K1209-R18, -R19), with the resulting samples termed terrace, knoll,
and ridge samples, respectively, in this study (Table 1; Figure 2b).

3.1 | Petrography and geochemistry

Samples from the Chuo Seamount on the Ogasawara Plateau (KH84-1
D27-20), the Uyeda Ridge (KH87-3 5-003, -006), and the knoll and
ridge sites of submarine slope of the Minamitorishima Island (6K1209
R10, -R14, -R18, -R19) are all basalt, partly vesicular and altered, with a
groundmass containing plagioclase or clinopyroxene (Table 1; Figure 3).
Samples KH87-3 5-003, -006, and 0324 D5A1 also contain chromian
spinel located around olivine phenocryst pseudomorphs or fresh oliv-
ines. The single basaltic sample from the Uda Spur (0324 D5A1) has a
fresh glass rind and phenocrystic olivines (Table 1). Finally, the samples
from the terrace site of submarine slope of the Minamitorishima Island
are fresh, dense, olivine-bearing basalts in opposition to highly vesicular
and altered basalt from the ridge and knoll sites (Table 1; Figure 3).
Prior to analysis, the small sections of each sample were soaked in pure
water for more than 24 h to remove any seawater contamination.

Routmap legend

[IPelagic mud with pebbles
I Conglomerate and/or debris
[ Brecciated lava & hyaloclastite
1 Lava flow & pillow lava

-3300 T 3000
Bathymetry (m)

FIGURE 2 The map gives the detailed bathymetry around Minamitorishima Island (a) (Oikawa & Morishita, 2009), and the observations along
a submersible dive track along the northwestern slope of the island's edifice (b). The seven sampling sites from this study are labelled as RO1-R19,
with the photographs of representative observations and rocks obtained by the submersible SHINKAI6500 shown as insets. The map (b) has a
20 m contours, and it was obtained using the shipboard SeaBeam2112 system during the YK10-05 cruise (available at the DARWIN website:

http://www.godac.jamstec.go.jp/darwin/e)
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FIGURE 3

The bulk rock geochemical compositions were determined using a
X-ray fluorescence spectrometer. Major elements were analyzed with
glass beads (1 g sample to 5 g lithium tetraborate) by a Rigaku
RIX2000 at the Department of Earth Sciences, Tohoku University.
Bulk rock trace element compositions were determined using an
Agilent 7500c quadrupole inductively coupled plasma-mass spec-
trometry (ICP-MS) at the School of Engineering, the University of
Tokyo. Samples were prepared following Kato et al. (2005, 2011) and
Machida et al. (2008, 2015). A total of 0.05 g of powdered rock sam-
ple was completely dissolved in 0.8 ml HCIO4, 4.0 ml HF, and 2.0 ml
HNOg, in a tightly sealed 10 ml Teflon PFA screw-cap beaker. The
solution was heated for 2 h at 130 °C before being progressively
evaporated for more than 12 h at 110 °C, for 6 h at 160 °C, and
finally at 180 °C until full evaporation. The residue was then re-
dissolved in a 1 ml HNO3z-HCI-HF (20:5:1) mixed acid solution by
heating for 20 min at 80 °C before being further heated for 2 h at
110 °C after adding 4 ml of 18.3 MQ*cm water. The resulting solution
was diluted to a mass ratio of 1:2000 using 18.3 MQ*cm water. We
also analyzed a reference basalt (JB-2: Imai et al., 1995), yielding
results that were typically within 5 % (relative standard deviation) of
the certified composition.

The chromian spinels in the samples, KH87-3 5-003 and -006
(Uyeda Ridge) are analyzed by a JEOL JXA-733 electron microprobe
analyzer at the former Ocean Research Institute (present Atmosphere
and Ocean Research Institute), University of Tokyo, with 15 kV accel-
erating voltage and 12 nA probe current using focused beam.

The quenched glass rind of the sample, 0324-D5A1 (Uda Spur),
was analyzed by electron microprobe analysis for major elements and

Photomicrograph of age-determined samples. (a) 0342 D5A1, (b) KH84-1 D27-20, (c) KH87-3 D5-006, (d) 6K1209 R02,
(e) 6K1209 R10, and (f) 6K1209 R18

laser ablation ICP-MS for trace elements. The major elements were
analyzed by JEOL JXA-8800 at the Tokyo Institute of Technology.
Although analyzing conditions were the same as those for KH87-3
5-003 and -006, we utilized unfocused beam with a diameter of
~10 pm. Data were averaged in 5 points. Trace element compositions
were analyzed by quadrupole ICP-MS using laser ablation methods. VG
PlasmaQuad 2 was connected to the 193-nm ArF Excimer laser abla-
tion system (GeolLas 200 CQ). Analysis was operated using argon and
helium mixing nebulization, following procedures described elsewhere
(Norman et al.,, 1998). The internal standardization used Ca contents
determined by electron microprobe. For quantitative analysis, the abla-
tion (5 Hz) was performed on at least five spots (32 um in diameter)
and calibrated using the NIST612 glass as the standard. The resulting
precision, as checked by a standard reference material (analyzed as an

unknown), was better than 10 % (2 std. dev.) for most elements.

3.2 | Ar-Ardatings
For the “°Ar/3?Ar dating, the separated groundmass phases from all
basaltic samples were crushed to 100-300 pm grains except for the
sample KH87-3 5-006 prepared as a few millimeter-sized small tip
due to their limited size of the rock. All samples were leached by
HNO3 (1 mol/L) for 1 h in order to remove clays and altered materials
except for the tip sample of KH87-3 5-006. All samples were finally
washed in ultrasonic pure water and acetone.

The samples were wrapped in aluminum foil with K,SO,4, CaF,
and flux monitors which are HD-B1 and Bern4B (Flish, 1982; Hess &
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Lippolt, 1994) for the samples of KH87-3 5-006, and JG-1 biotite
(lwata, 1998) for all other samples. The samples of 0324D5A1,
KH84-1 D27-20, and KH87-3 5-006) were irradiated for 24 h in the
Japan Material Testing Reactor (JMTR), Tohoku University. During
the irradiation, samples were shielded by Cd foil in order to reduce
neutron-induced “°Ar from “°K. The samples of 6K1209-R10, -R02,
and -R18 were irradiated for 3 h without Cd-foil in the Kyoto Univer-
sity Research Reactor (KUR), Kyoto University. The argon extraction
and isotopic analyses were operated at the University of Tokyo for
the samples, 0324D5A1, KH84-1 D27-20, and KH87-3 (5-003 and
-006). The extraction and analysis for the samples, KH87-3 5-006,
were carried out at Yamagata University. During incremental heating
the gases were extracted in 8 to 13 steps between 500 °C and
1500 °C.

4 | RESULTS

4.1 | Dive observations of the northwestern slope
of Minamitorishima Island

Shipboard multibeam sonar surveys yielded detailed bathymetric
images of the volcanic cones and ridges on the seamount slope of
Minamitorishima Island (Figure 2a). The submersible dive 6K#1209
was undertaken on the terrace, cone, and ridge areas of the north-
western mid-slope of the island's edifice. The cones in this area are
several hundred meters tall and ~1 km in diameter. The lava flows are
predominantly located in the terrace area, and are associated with
breccias. The knoll site consists of highly vesicular, altered, and brecci-
ated lavas and hyaloclastites, in contrast with the dense lavas at the
terrace site (Figure 2b).

A steep cliff marking the lower edge of the terrace consists of
truncated pillows and pillow lavas, with a basal section consisting
of conglomerates and breccias. Clearly pillow structures are also visi-
ble within the cliffs, and are coated with a ferromanganese crust
(Figure 2b). The gentle slope above the terrace area is predominantly
covered by pelagic sediment. The knoll site contains massive rocks
that have botryoidal surfaces that reflect the formation of ferroman-
ganese crusts. Although it was too hard to sample the lobate lavas at
the ridge site, debris material and conglomerates containing highly
vesicular and altered rocks were sampled at the bottom of the ridge
(Figure 2b).

42 | Geochemistry

The bulk rock geochemistry of the fresh samples analyzed in this study
(sample 0324-D5A1 from the Uda Spur and samples 6K1209-R10,
-R14, -R18, and -R19 from the Minamitorishima Island) is similar to
that of the pattern of intraplate basalts. Sample 0324-D5A1 is classi-
fied as a non-alkali basalt as it contains a higher SiO, content than the
other samples (~50 wt%, Table 2; Figure 4a). Normative composition
discriminates between alkaline basalts for 6K1209-R03, -RO3, -R14,

and -R19) and olivine tholeiites for 0324 D5A1, and 6K1209-R18
without normative quartz (Table 2). The bulk rock composition of sam-
ple 6K1209-R14 has most likely been influenced by seawater-related
alteration, as the total major element content within this sample is
lower than the other, fresher samples, and the SiO,, CaO, and P,Os5
contents are inconsistent with those generally expected for basaltic
rocks (Table 2). The large ion lithophile element (LILE; e.g., Ba,
Th, U, Ce, and Sr) contents of this sample also vary significantly as a
result of alteration, as evidenced by their multi-element variation dia-
gram patterns (thin brown line in Figure 4b) (Ludden & Thompson,
1978; Philpotts & Hart, 1969). As such, more immobile high field
strength elements (HFSEs) are used to discuss the magmatic origins of
these samples, including altered sample 6K1209-R14. The chromian
spinel-bearing, altered samples analyzed during this study (KH87-3
5-003 and -006) have typical alkaline intraplate basalt compositions
(i.e., higher TiO, content than those expected for MORB and arc-type
basalts; Table 3; Figure 4c).

4.3 | Whole-rock Ar-Ar age datings

The ages of six samples were determined by incremental heating-type
“OAr/3?Ar age dating during this study, namely samples 0342-D5A1
(Uda Spur) (Figure 5a), KH84-1 D27-20 (a knoll on the Chuo Sea-
mount of the Ogasawara Plateau) (Figure 5b), KH87-3 5-006 (Uyeda
Ridge) (Figure 5c), and 6K1209-R02, -R10, and -R18 (from Min-
amitorishima Island) (Figure 5d-f). The data and analytical conditions
are shown in Table S1. Most of these samples yield the step-wise
heating patterns in Ar-Ar ratio similar to those obtained for crystalline
groundmass separates from altered seamount basalts in the region.
These consist of old and young apparent age fractions obtained from
heating at lower and higher temperatures, respectively. They are due
to the recoil effect for *?Arx and %”Arc, during irradiation of sample
(Koppers et al., 2000, 2003). As such, the fractions obtained from
heating at intermediate temperatures remove these higher and lower
temperature effects, and are therefore used to determine the forma-
tion ages of the samples in this study.

The sample 6K1209-R18 contains excess Ar that yields initial
4OAr/36Ar ratio of 336.3 + 7.8, meaning the isochron age is the pre-
ferred age (Figure 5f). The sample KH87-3 5-006 plausibly yields an
excess Ar (*°Ar/3¢Ar = 356 + 1000) during middle temperatures as
well. A plateau age during higher temperatures in the sample of
KH87-3 5-006 would be ignored as an apparent age because their
ages are obviously younger than those on intermediate temperature
fractions (Figure 5c). The sample, 0342-D5A1, accepts the isochron
age because of lower °Ar/%¢Ar intercept in inverse isochron due
to mass fractionation probably during lava-quenching or step-wise
heating (Figure 5a). The plateau ages of the intermediate temperature
fractions of the other three samples are used as their preferred Ar-Ar
ages (Figure 5b,d,e). The large uncertainties for each fraction of
sample 6K1209-R10 reflect the low 3?Ar/*°Ar ratios obtained from
this sample. This reflects lower K contents in the presence of remnant

plagioclase within the groundmass separates that remained after
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TABLE 2 Geochemical results of major, trace, and normative compositions
Site Uda Spur Minamitorishima Island
Terrace Knoll Ridge
Sample # 0324-D5A1 6K1209-R02 6K1209-R03 6K1209-R14 6K1209-R18 6K1209-R19
Glass Bulk Bulk Bulk Bulk Bulk

Method Electron® microprobe XRF XRF XRF XRF XRF

Major elements (wt%)
SiO, 48.93 45.94 45.02 37.10 46.56 45.88
TiO, 2.56 2.10 2.19 2.37 2.18 2.79
Al,O3 13.67 13.49 13.75 10.95 15.27 15.17
FeOP 9.98 13.04 14.64 9.55 12.37 14.14
MnO 0.15 0.17 0.17 0.08 0.12 0.13
MgO 6.53 7.63 8.07 6.50 3.84 3.82
CaO 10.45 9.94 9.97 17.57 10.77 9.90
Na,O 2.82 0.99 2.72 2.22 1.22 3.51
K20 0.44 3.58 0.93 1.99 3.18 1.48
NiO 0.01 - - - - -
P,Os 0.18 0.19 0.20 3.36 0.56 0.60
Cry03 0.04 - - — — —
Total 95.74 97.08 97.65 91.68 96.06 97.43

Method LA-ICPMS? ICPMS ICPMS ICPMS ICPMS ICPMS

Trace elements (ug/g)

Rb 9.5 13.8 12.4 28.1 18.8 17.0
Sr 294 377 346 407 584 562
Y 32.0 20.6 19.9 39.2 34.9 38.0
Zr 201 162 153 164 194 186
Nb 23.7 26.8 253 36.5 37.3 36.0
In 0.18 = = = = =
Sn 29 = = = = =
Cs 0.15 0.20 0.18 0.70 0.68 0.57
Ba 89.0 251 224 237 392 371
La 20.2 26.5 259 63.4 47.4 47.1
Ce 48.3 52.5 49.4 56.2 70.0 67.0
Pr 6.3 6.4 6.1 10.5 10.8 9.6
Nd 29.8 26.8 254 43.6 44.7 39.9
Sm 71 6.1 5.6 8.2 9.6 8.3
Eu 24 21 1.9 2.6 29 2.6
Gd 7.2 6.1 5.7 8.3 9.5 8.6
Tb 11 0.87 0.83 1.0 13 12
Dy 6.7 4.9 4.6 5.7 74 6.7
Ho 1.2 0.88 0.83 11 ile 1.3
Er 33 23 21 29 3.4 3.4
Tm 0.43 0.29 0.27 0.37 0.44 0.44
Yb 3.0 1.8 1.7 23 2.6 27
Lu 0.38 0.23 0.23 0.33 0.34 0.37
Hf 5.1 4.0 3.7 3.9 4.7 4.6
Ta 1.4 1.9 1.8 3.0 2.6 2.6
W 0.21 = = = = =
Pb 1.5 20 1.9 1.6 7.8 27
Th 1.9 31 3.0 &2 34 3.3
U 0.54 0.67 0.63 1.6 1.0 1.0
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TABLE 2 (Continued)

Site Uda Spur Minamitorishima Island
Terrace
Sample # 0324-D5A1 6K1209-R02
Glass Bulk

Normative wt%"“

Quartz

Plagioclase 47.1 27.8

Orthoclase 25 211

Nepheline 1.3

Leucite

Diopside 22.3 21.7

Hypersthene 16.4

Olivine 0.4 18.6

Larnite

limenite 4.8 4.0

Magnetite 1.6 2.1

Apatite 0.4 0.4

Note: ‘-” symbols represent below detection limit.
®Average values of five point analysis.

PFeO as total values.

“Assuming 10 % Fe®* in total iron.

9As a reference of highly altered rock.

the altered sample was acid-leached. Some of age results do not pro-
vide adequate quality for submarine altered basalts (e.g. the high
probability of fit values for the plateau ages of KH84-1 D27-20 and
6K1209-R02, and the age defined by 3-steps for KH84-1 D27-20 and
KH87-3 D5-006) (Figure 5). The samples analyzed during this study
yield Ar-Ar ages in 2-sigma of 104.3 + 2.8 (Uda Spur), 55.3 £+ 1.2
(knoll on the Chuo Seamount, Ogasawara Plateau), 57.9 + 1.7 (Uyeda
Ridge), and 40.19 + 0.98, 33.2 + 3.8, and 37.54 + 0.70 Ma (all from

Minamitorishima Island's edifice) (Figure 5).

5 | DISCUSSION

This study reports the first Paleogene ages for basaltic rocks within
the WPSP, an area that has only previously yielded Cretaceous ages.
Previously obtained Upper Cretaceous ages for limestones from the
Chuo Seamount and the Minamitorishima Island's edifice (Aftabuzzaman
et al., 2021; Konishi, 1985; Shiba, 1979) indicate that these areas must
have hosted Cretaceous volcanic seamounts prior to the formation of
these reefal limestone caps. The Paleogene basalts from the Chuo Sea-
mount and Minamitorishima Island dated in this study are therefore
thought to reflect volcanic events that overprinted the Cretaceous vol-
canic edifices in this region. In addition, the geochronological data for
the Uyeda Ridge presented in this study suggest that this feature is not
explained by a fossil spreading center, as suggested by Smoot and
Heffner (1986).

Some examples of rejuvenated seamounts within the WPSP

were identified during Ocean Drilling Program Leg 144. This research

Knoll Ridge
6K1209-R03 6K1209-R14 6K1209-R18 6K1209-R19
Bulk Bulk Bulk Bulk
d
39.2 14.0 37.0 41.8
54 18.8 8.8
3.5 10.1 4.9
9.2
21.2 33.0 19.5 20.5
6.8
214 8.1 6.6 12.6
34
4.2 4.5 41 53
2.4 1.6 2.0 2.3
0.5 7.8 1.3 1.4

determined that ~100 Ma reefal limestones of the Wodejebato
Guyot, located in the south of the WPSP and neighbor of the north-
east of Bikini Atoll, are covered with the products of a Campanian
(80-70 Ma) volcanic event (Ocean Drilling Program Leg 144 Shipboard
Scientific Party, 1993). The Early Cretaceous MIT Guyot (Figure 6)
also records ~117 Ma shallow marine phreatomagmatic eruptions
that penetrated a carbonate platform (Martin et al., 2004). However,
no research has yet identified post-Cretaceous rejuvenating volcanic

events on pre-existing Cretaceous seamounts within the WPSP.

51 | Ogasawara Plateau and related ridges
The whole-rock Ar-Ar age of 104.3 + 2.8 Ma obtained from a sample
from the Uda Spur represents the first possible age of a basement edi-
fice within the Ogasawara Plateau and related ridges (i.e., the Michelson
Ridge connecting to the Uda Spur). This is consistent with the clustering
of ages for the limestone platforms along the Ogasawara Plateau and
Michelson Ridge at 110-80 Ma (Konishi, 1985; Shiba, 1979; Takayanagi
et al., 2007). The Late Cretaceous ages of reefal limestone from the Pol-
lux, Castor, and Smoot guyots, as well as potentially the Uda Spur, are
certainly consistent with the presence of Cretaceous volcanic edifices in
this area. The reefal limestone caps are also thicker in the western pla-
teau, ridges, and guyots within this region, suggesting that the sea-
mounts in this area have subsided consistent with the direction of
paleo-plate motion (Okamura et al., 1992).

The Ogasawara Plateau, Michelson Ridge, and Uda Spur are
located at the western tip of the Early Cretaceous Northern Wake
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(a) 9 FIGURE 4 Geochemistry of the
Phonotephrite samples shown as major elements (a) and
st multi-element variation diagram patterns
. normalized by 'primitive mantle' (Sun &
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______ 6(\‘3\\( Basalt (a) and (b). Major element compositions
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Seamount Chain (Koppers et al., 2003). The basement age obtained
for the Uda Spur in this study indicates that this area cannot form part
of this seamount chain, as it is significantly younger than the age of
the westernmost seamount within the older western part of the
Northern Wake Seamount Chain (112.7 +0.8 Ma for the Kanrin
Guyot; Koppers et al., 2003) (Figure 6).

The fresh glass within sample 0342-D5A1 has a tholeiitic
basalt composition (i.e., higher SiO, and lower Na,O + K,O than OIB)
(Table 2) and contains lower concentrations of incompatible elements
at a given MgO content than is the case for the other samples ana-
lyzed during this study (Figure 4a,b). The Uda Spur extends ~132 km
from the central Caster Guyot and is the largest among spurs on the

Pacific Plate (e.g., the Umiushi and Fukuro-unagi spurs as well as some

spurs associated with the Hawaii-Emperor seamounts) (Figure 6;
Table 4). The formation of spurs from a central edifice reflects higher
eruption rates than those associated with other intraplate volcanoes
(Smith et al., 2002). The lower concentrations of incompatible ele-
ments within this sample combined with the bathymetry of the Uda
Spur both reflect higher degree (i.e., tholeiitic) partial melting during
the magmatism that formed the spur.

5.2 | Minamitorishima Island

The samples from the northwestern slope of Minamitorishima Island

can be divided into two groups, namely dense and vesicular basalts
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FIGURE 5 Ar-Ar dating results of the six samples (a) to (f). Inverse isochron plots (upper figures) and age spectrums (under figures) are shown
for each sample. The preferred ages for each sample are shown within the associated isochron or spectra image. All error bars are shown in 2c.
Error of age results is shown with J-values uncertainties
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FIGURE 6 Geochronological interpretation of the study area; pink colored dotted lines show the location of previously identified Early
Cretaceous hotspot tracks (Koppers et al., 2003)

2.5 Vol

from the terrace area, and from the ridge and knoll areas, respectively, geochemically, geochronologically, and petrographically similar to the
of this region (Table 1). The latter are grouped together as all of the rock types found at the knoll site. Altered sample 6K1209-R14
ridge samples consist of debris or conglomeratic material that is from the knoll site is only discussed in terms of HFSE concentrations
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TABLE 4 Major spurs on the Pacific plate

Seamount that the spurs Length
Spurs belong to (km)
Uda (this study) Castor Guyot, Michelson 132
Ridge

Eastern tip of Michelson  Pollux Guyot, Michelson Ridge 119

Ridge
Takuyo-Daigo Guyot, Marcus- 62
Wake Seamounts

Fukuro-unagi

Umiushi Weigi and Weiluo Guyots, 85
Magellan Seamounts
- (unnamed) Nintoku Guyot, Emperor 133

Seamount Chain

French Frigate Shoals, 126
Hawaiian Ridge

Northern tip of Saint
Rogatien Bank

given the immobility of these elements during seawater alteration
(Philpotts & Hart, 1969; Ludden & Thompson, 1978; Figure 4b).
Although both of the dense basalts from the terrace site contain simi-
lar concentrations of SiO, (45.0-46.6 wt%), their MgO contents
(7.6-8.1 wt%) are higher than those of vesicular basalt samples
6K1209-R18 and -R19 (3.8 wt%) (Table 2). The vesicular lavas (sam-
ples 6K1209-R14, -R18, and -R19) all have higher incompatible ele-
ment concentrations than the dense basalts from the terrace area.
These vesicular lavas are also depleted in Zr, Hf, and Ti relative to
other incompatible elements (Figure 4b).

Dense basalt sample 6K1209-R02 yielded an age of 40.19 +
0.98 Ma that is significantly older than the ages obtained for the
vesicular basalt samples 6K1209-R10 and -R18 (33.2 +3.8 and
37.54 + 0.70 Ma, respectively). This suggests that Minamitorishima
Island records two stages of Eocene submarine volcanic eruption that
generated pillow lavas and hyaloclastites, respectively (Figure 2). The
later volcanic event is similar to those associated with submarine
petit-spot volcanos that erupted highly vesicular submarine lavas and
hyaloclastites that form small (~1 km diameter) cones typically with a
few hundred meters high (Hirano et al., 2006, 2008). The relative Zr,
Hf, and Ti depletions in vesicular samples 6K1209-R14, -R18, and
-R19 outlined above are also observed both in petit-spot volcanic sys-
tems (Hirano et al., 2019; Machida et al., 2015) and the rejuvenated
stage lavas after a hiatus following the voluminous shield building
stage on hotspot (Bizimis et al., 2013; Clague et al., 2016) (Figure 4b).

The fact that several early Late Cretaceous reefal limestones and
a post-Eocene uplift event have been identified in the area around
Minamitorishima Island (Aftabuzzaman et al., 2021) means that the
Eocene volcanic eruptions identified by ages of 6K1209-R02 and R18
in this study overprinted a previously existing Cretaceous volcanic
edifice that might have formed part of the Northern Wake seamount
chain defined by Koppers et al. (2003). These volcanic overprints, and
later uplift in the area, mean that this island represents a unique part
of the northern WPSP because the majority of the Early to middle
Cretaceous seamounts within this province became submerged as a
result of latest Early to Late Cretaceous sea-level rise (Ocean Drilling
Program Leg 144 Shipboard Scientific Party, 1993).

5.3 | Origin of Paleogene overprints

The transition from the main shield building to post-erosional
(rejuvenated) evolutionary stages of hotspot-related volcanic edifices
lasted 2-3 my on the present-day Hawaiian hotspot (Macdonald &
Katsura, 1964), but took more than 10 my on the Early Cretaceous
Quesada Seamount within the WPSP (main shield-building to post-
shield stages; Hirano et al., 2002). In comparison, this transition was
irregular within the Ogasawara Plateau and on Minamitorishima
Island, lasting over 50 my until the onset of the Paleogene rejuvenat-
ing volcanic event, as the carbonate platforms in these areas formed
during erosion after the cessation of the main-shield building stage.
This suggests that the Paleogene overprints in the study area may
represent the onset of a different magmatic stage that was distinct
from the underlying Cretaceous edifice.

Several instances of non-hotspot intraplate volcanism have
recently been identified within the Pacific Plate. These include petit-
spot alkaline magmatism induced by lithospheric flexure associated
with the squeezing-based ascent of magma in the outer rise area of
the Japan Trench. This flexure was caused by lithospheric subduction
and the coincident production of low volumes of magma from the
asthenosphere (Hirano et al., 2006, 2008). These volcanoes have been
identified in numerous subduction zone settings elsewhere (e.g., the
Tonga, Mariana, and Sunda trenches; Hirano et al., 2008, 2019; Taneja
et al., 2016). Although the study area was not located at the front of a
trench during the Paleogene, similar volcanism to the petit-spot
magmatism outlined above is known to occur in intraplate settings
associated with types of tectonic stress, other than subduction (Buchs
et al., 2013; Hirano et al., 2016; Uenzelmann-Neben et al., 2012;
Valentine & Hirano, 2010). In addition, the deformation of the
Pacific Plate, associated with a shift in absolute plate motion, has also
been known to generate intraplate volcanism (O'connor et al., 2015).
These eruptions involve shallow-sourced tholeiitic rather than OIB-
type magmas, contrasted with the alkaline or highly alkaline melts
associated with both petit-spot volcanoes and the Paleogene samples
analyzed in this study.

An alternative scenario could be that the Paleogene overprints
reflect the presence of an unknown age-progression like a hotspot that
simply overlapped the known Cretaceous seamounts (Figure 6). As
mentioned above, two stages of Paleogene submarine volcanic eruption
on the Minamitorishima volcanic edifice in this study plausibly follow
the evolutional stages of a hotspot volcano. This scenario is supported
by the presence of a geographical lineation that connects the Min-
amitorishima Island to the Chuo Seamount (284°) and the Uyeda Ridge
(289°), and is approximately parallel to the absolute motion of the
Pacific Plate since 50 Ma (e.g., as defined by the Hawaiian Ridge and
younger Louisville seamount chain; Gripp & Gordon, 2002; Wessel &
Kroenke, 2008). This possible age-progressive region of the WPSP
could also include the Haru-No-Nanakusa and other unnamed sea-
mounts to the west of Minamitorishima Island and its neighbor Tomoda
Seamount (Figure 6). No active hotspots, however, were observed
around present Mid-Pacific Mountains where the Paleogene volcanic

edifices in this study are back-calculated based on the Pacific absolute
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plate motions during Paleogene to present (Wessel & Kroenke, 2008).
Further research and sampling of the WPSP are required to better
understand the evolution of the seamounts in this region, as well as in

the wider western Pacific Plate.

6 | CONCLUSIONS

This study is the first report of Paleogene basaltic rocks of the Western
Pacific Seamount Province, an area where only Cretaceous ages have
been obtained to date. Samples collected from submarine slopes of Min-
amitorishima Island yield whole-rock Ar-Ar ages of 40.2 + 1.0 Ma,
33.2 £ 3.8, and 37.5 + 0.7 Ma whereas samples from Uyeda Ridge and
a knoll on the Chuo Seamount of the Ogasawara Plateau yield ages of
57.9 + 1.7 and 55.3 = 1.2 Ma, respectively. Previous research identified
Upper Cretaceous limestones and fossils from the Chuo Seamount and
the Minamitorishima Island (Aftabuzzaman et al., 2021; Konishi, 1985;
Shiba, 1979), indicating that these Paleogene basalts reflect an over-
printing volcanic event, or vents that affected existing Cretaceous volca-
nic edifices. A mid-Cretaceous age of 104.3 + 2.8 Ma was also obtained
for the Uda Spur, which extends south from the Michelson Ridge and
the connected Ogasawara Plateau. This age may therefore reflect the
age of a basement edifice along the Ogasawara Plateau and related
ridges (i.e., the Michelson Ridge and Uda Spur) as the limestone plat-
forms along the Ogasawara Plateau and the Michelson Ridge formed at
110-80 Ma. The timing of formation of the Uda Spur is, however, not
associated with the formation of a western extension to the Early Creta-

ceous Northern Wake seamount chain.
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