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Abstract:  As part of the exploration for cobalt-rich ferromanganese crusts in the Northwest Pacific, 
seamount basalts were collected for chemical composition analysis and K–Ar/Ar–Ar dating. Although 
the primary chemical compositions of the seamount basalts were not well preserved due to alteration 
and phosphatization, all 20 seamounts sampled showed typical characteristics of ocean island alkaline 
basalts. K–Ar dating did not provide reliable ages due to alteration, but Ar–Ar dating provided reliable 
plateau ages for several seamounts. Formation ages of 67–116 Ma were obtained from the Marcus-Wake 
Seamount Group, 87 Ma and 105 Ma from the Magellan Seamount Group, and 90 Ma from the Marshall 
Islands Seamount Group, which were generally consistent with those reported in previous studies. 
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1.  Introduction

The Japan Oil, Gas and Metals National Corporation 
(JOGMEC, formerly the Metal Mining Agency of 
Japan) has been conducting exploration for cobalt-rich 
ferromanganese crusts (referred to as cobalt-rich crusts) 
in the Northwest Pacific (JA area, Fig. 1) since 1987 
commissioned by the Ministry of Economy, Trade and 
Industry (METI, formerly the Ministry of International 
Trade and Industry). Promising seamounts were selected 
based on the evaluation of the mineral resources in 
each seamount, and a 15-year exploration contract was 
signed with the International Seabed Authority (ISA) in 
January 2014 for a total of 3,000 km2 of the flat tops of six 
seamounts (JA02, JA03, JA04, JA06, JA12, JA17) off the 
southeast of Minami-Torishima Island. The exploration 
contract requires that an environmental baseline survey 
be conducted in order to assess the environmental impact 
of future mining activities in addition to the resource 
estimation survey.

In this paper, we report on the chemical composition and 
age of the seamount basement rocks obtained in previous 
surveys. The formation history of the seamounts inferred 
from these data provides basic geological information and 
is useful for understanding the formation mechanism of 
cobalt-rich crusts. It is also important to understand the 

characteristics of the particles derived from the basement 
rock for the suspended plume generated during the mining 
activity.

2.  Study area

The JA area is in the southwest of the North Pacific, 
extending from around Minami-Torishima Island (Marcus 
Island) in the north to the Caroline Islands in the south, 
and from Wake Island in the east to the Mariana Trench in 
the west. In the northern part of the JA area, the Marcus-
Wake Seamounts (JA01-JA06, JA11, JA12, JA17, JA18, 
MT473) are linked in an east-west direction, and their 
eastern extension is continuous with the Central Pacific 
Seamounts. The Magellan Seamounts (JA09, JA13-JA15, 
JA19, JA22) are arranged in the NW-SE direction from the 
central to the southern part of the JA area. To the southeast 
of the JA area, the Marshall Islands Seamounts are aligned 
in the NNW-SSE direction, and some of the seamounts at 
their northwestern end are distributed in the southeast of 
this area (JA10, JA16) (Fig. 1).

Most JA seamounts are flat-topped (Guyots), and their 
tops are generally shallower than 1,400 m in depth. The 
basement rocks of the seamounts are mainly basalt, 
hyaloclastite, and conglomerate, which are covered 
by shallow-water limestones and pelagic sediments. 
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The limestones contain fossils of corals and thick-
toothed bivalves, suggesting that the volcanic islands 
or atolls gradually subsided and reached the present 
depth. Limestones are sometimes phosphatized to form 
phosphate rocks. The exposed basement rocks are covered 
with ferromanganese crusts of several to ten centimeters 
thick, and foraminiferal sand is deposited on the flat tops 
(Watkins et al., 1995, Usui and Someya, 1997).

The depth of the basin is 5,500–6,000 m, and it is 
known to belong to the oldest zone in terms of geological 
age of anywhere on Earth, which corresponds to the 
Cretaceous-Jurassic period according to paleomagnetism 
(e.g., Larson et al., 1985, Abrams et al., 1993). Based 
on the 40Ar/39Ar age of basalts, it is considered that the 
Marcus-Wake Seamount Group was formed 100–120 
Ma (Early Cretaceous), while the Magellan Seamount 

Group and the Marshall Islands Seamount Group were 
formed 70–100 Ma (Late Cretaceous) (Smith et al., 1989, 
Staudigel et al, 1991, Koppers et al. 2003).

The chemical composition of these basalts is similar to 
that of basalts from hotspot volcanoes in French Polynesia 
in the South Pacific, suggesting that these seamounts were 
formed by volcanic activity in the French Polynesian region, 
and have been subducting since the Cretaceous, moving 
with plate movements to their present positions (Smith 
et al., 1989, Staudigel et al., 1991). Volcanic activity in 
French Polynesia is often characterized by unique isotopic 
features such as HIMU mantle endmember (Zindler and 
Hart, 1986), and is referred to as the South Pacific Isotope 
and Thermal Anomaly (SOPITA) (e.g., Staudigel et al., 
1991). However, Koppers et al. (2003) proposed that the 
seamount chain was formed by intermittent short-term 

Fig. 1
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Fig. 1	� JJA area in the Northwest Pacific with seamount names. The map was created using ArcGIS ver10.8.1 (ESRI 
Japan). The used topographic data is ETOPO1 published by NOAA National Centers for Environmental 
Information (NCEI). The coordinate system is the World Geodetic System (WGS 84).
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hotspot activity with diverse isotopic compositions, rather 
than continuous hotspot activity over a long period of 
time, based on the diversity of isotopic ratios and the 
contrast between the two regions.

3.  Materials and methods

In each seamount, rock samples were collected mainly 
by arm type dredge (AD) or chain-bag dredge (CB), and 
core samples were collected by deep-sea drill machine 
(BMS: Benthic Multi-Coring System) from 2001. The 
year and project name for which samples were collected 
and/or analyzed are shown in Table 1 and 2.

3. 1  Chemical analyses
Analytical methods for bulk chemical composition vary 

with each analysis year.
FY1989–1990: Detailed analysis methods are unknown.
FY1997: Major elements were measured by Inductively 
Coupled Plasma Atomic Emission Spectrometry 
(ICP-AES), FeO by titration, CO2 by high-frequency 
combustion infrared absorption method, H2O and loss 
on ignition (LOI) by gravimetric method, and rare earth 
elements by instrumental neutron activation analysis.
FY1998–2002: Major elements were measured by ICP-
AES, FeO by titration, CO2 and H2O+ by high-frequency 
combustion infrared absorption method, H2O- and LOI by 
gravimetric method, and trace elements by Inductively 
Coupled Plasma Mass Spectrometry (ICP-MS).
FY2005: Major elements were measured by X-ray 
Fluorescence Spectroscopy (XRF), FeO by titration, 
C by electrometric analysis, H2O+ by high-frequency 
combustion infrared absorption method, H2O- and LOI 
by gravimetric method, and trace elements by ICP-MS.
FY2018–2019: Analysis was performed at ALS Canada 
Ltd., Canada, including pretreatment. Major elements 
were measured by XRF or ICP-AES after mixed lithium 
tetraborate and lithium metaborate melt treatment. Trace 
elements were measured by ICP-AES or ICP-MS after 
mixed acid treatment or lithium metaborate melting 
treatment; H2O+ was measured by high-frequency 
combustion infrared absorption method; H2O- and LOI 
were measured by gravimetric method.
FY2020: Analysis was performed at GSJ/AIST. Rock 
samples were dissolved using mixed acid (HNO3+HF), 
and then trace elements were measured by ICP-MS 
(Agilent 7700x) combined with the indium internal 
standard technique.

3. 2  K–Ar/Ar–Ar dating
Based on the observation under microscope, samples 

with minimal alteration were selected for dating. The K–
Ar dating was conducted through 1998, and the Ar–Ar 
dating was conducted starting 1999.

In the K–Ar dating, potassium was determined using a 
flame photometer and argon isotope ratios were determined 
using a noble gas mass spectrometer. The decay constants 

used are based on Steiger and Jaeger (1977).
λe = 0.581 × 10-10 /year
λβ = 4.962 × 10-10 /year
The ratio of 40K in K was determined to be 40K/K = 

0.01167 atom%.
For the Ar–Ar dating, the analysis was carried out by 

the step heating method. When a constant Ar–Ar age is 
obtained from contiguous heating steps comprising >50 
% of total 39Ar, the age is called a plateau age. Plateau 
ages are considered to indicate the age of formation of 
the sample without secondary Ar loss. The isochron age 
can also be determined from the Ar isotope ratios obtained 
from each step.

For the measurements, the samples were crushed, dried 
at 105 °C for 3 h, and then finely ground to 180–250 
µm. The sample (2 g) was washed twice with 20 % nitric 
acid and once with 5 % hydrofluoric acid to prevent the 
formation of gases from carbonate minerals and other 
secondary minerals that could interfere with Ar analysis. 
The acid-washed sample was washed thoroughly with pure 
water, methanol and acetone. A portion of this sample was 
packed in aluminum foil and set in the reactor. Detailed 
procedures were described in Ishizuka et al. (2006).

Neutron irradiation was carried out at McMaster 
University in Canada in FY1999, 2000, and 2001. The 
samples and the standard samples for J-value measurement 
were irradiated for 45 hours. The standard samples used 
were LP-6 (biotite, 127.8 Ma) and Fish Canyon sanidine 
(27.95 Ma). The samples were heated in 8 to 11 steps in 
the range of 800 to 1800 K. In 2002, neutron irradiation 
was performed at the research reactor of Oregon State 
University. The samples and the standard samples for 
J-value measurement were irradiated for 16 hours. The 
standard sample used was Taylor Creek Rhyolite Sanidine 
(27.92 Ma). The sample was heated in 11 to 15 steps for 
the range of 460–1100 K.

Ar isotope corrections for K, Ca, and Cl originating 
from atmospheric and neutron irradiation were performed 
to determine the 40Ar/39Ar ratio. The 40Ar/39Ar ratio of the 
measured sample was then calculated from the J-value of 
the standard sample. The criteria for determining the age 
of the plateau were: 1) three or more consecutive heating 
age values in the medium to high temperature range must 
agree with each other with 95 % confidence limits, 2) the 
plateau must contain more than 50 % of the total 39Ar. 
The weighted average of all the age values comprising 
the plateau was used as the plateau age (Dalrymple et 
al., 1980).

4. Chemical composition

The chemical compositions of the basement rocks from 
each seamount are summarized in Table 1 and 2, and the 
plots of H2Ototal (H2O+ + H2O-) and CO2 against LOI are 
shown in Fig. 2. The ratios of major elements to SiO2 
are shown in Fig. 3. LOI is >5 % in most of the samples, 
suggesting that they have suffered strong alteration. 
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The decrease in SiO2 is observed with the increase in 
LOI. The alteration reflects two stages of magmatic 
activity: hydrothermal alteration (recrystallization 
of hydrous minerals, increase in H2O+) and seafloor 
weathering (formation of clay minerals, increase in 
H2O-). With alteration, calcite crystallizes in the voids 
and CO2 increases. For the samples with >1 % P2O5, 
the effect of phosphatization is considered. It is known 
that many elements, including alkali elements, are lost 
in hydrothermal alteration and alkali elements are added 
in seafloor weathering. In addition, with the increase of 
calcite and phosphate, elements such as Ca, Ba, Y, and 
REE are added. Careful interpretation is needed since 
the chemical composition of the rock changes from the 
original composition due to hydrothermal alteration and 
phosphatization.

Although SiO2 of most samples are reduced due to 
increased LOI and CaO, these samples are classified as 
basalt. These basalts show a wide range of undifferentiated 
basalts with high MgO and Mg# (MgO/MgO+FeO*,  
FeO* = FeO+Fe2O3) to highly differentiated basalts with 
low MgO and Mg#. The high Na2O+K2O (>3 %) and high 
TiO2 (>2 %) relative to SiO2 indicate the characteristics 
of alkaline rocks.

Figure 4 shows the Ti/1000-V diagram (after Shervais, 
1982) and Figure 5 shows the Zr/4-2Nb-Y diagram (after 
Meschede, 1986). In the Ti/1000-V and Zr/4-2Nb-Y 
diagrams, the plots are in the oceanic island alkaline basalt 
region, although there is some variation. In the Zr/4-2Nb-Y 
diagram, samples with slightly higher Y values outside the 
oceanic island alkali basalt region are considered to be due 
to the increase in Y caused by phosphatization.

Figure 6 shows the Ba/Zr–Nb/Zr diagram. The Ba/Nb 
ratios of most of the samples are in the range of 4 to 
10, which is similar to the basalts in the South Pacific 
Isotope and Thermal Anomaly (SOPITA) region where 
the seamounts in this area are thought to have been 
formed. The samples with Ba/Nb ratios higher than 10 
are considered to have undergone Ba addition due to 
phosphatization. This is especially true for JA09 and JA15 
Seamounts.

The MORB-normalized diagram is shown in Figure 
7, and the REE chondrite-normalized diagram is 
shown in Figure 8. The reference values used for the 
normalization are those of Sun and McDonough (1989), 
and the figures are divided by seamounts. In the MORB 
normalized diagram, each seamount basically shows a 
smooth downward pattern enriched in incompatible 
elements. Rb, Ba, U, and K increase or decrease due to 
the influence of alteration, and the increase in Ba and Y 
may be due to phosphatization. For the samples with a 
large increase in Pb, MnO is also high, which may be due 
to the contamination of ferromanganese crusts. Ti-poor 
samples are found in JA02, JA03, JA05, JA09, JA15, and 
JA17 Seamounts. Since Ti is an element that is difficult 
to move during alteration, it may reflect the primary 
composition and may have been produced by different 

Fig. 2

Fig. 2	 H2O, CO2, and SiO2 plots against LOI of seamount 
basement basalts.

magmatic activities.
The REE chondrite-normalization diagrams also show 

typical oceanic island alkaline basalt features enriched in 
LREEs for many samples. Two samples from the JA03 
Seamount (02JA03BMS04B-1, 02JA03BMS04B-2) and 
one sample from the JA17 Seamount (05JAl7AD07r2) 
show a low MREE pattern that is different from the other 
samples. In the JA02 Seamount, JA09 Seamount, and 
MT472 Seamount, some samples show negative Ce 
anomalies. The negative Ce anomaly reflects the influence 
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Fig. 3

Fig. 3   Major elements plot against SiO2 of seamount basement basalts.
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Fig. 4

IAT
MORB

and
BAB OIA

Takuyo-Daigo

Fig. 5

Takuyo-Daigo

Fig. 4	� Ti-V discrimination diagram for basalts (after Shervais, 1982). The fields are IAT-island arc 
tholeiite; MORB and BAB-mid-ocean ridge basalt and back-arc basin basalt; OIA-ocean island 
alkali basalt.

Fig. 5	 Zr-Nb-Y discrimination diagram for basalts (after Meschede, 1986). Samples with P2O5>2 % were 
excluded because yttrium is increased by phosphatization. The fields are defined as follows: AI, 
within-plate alkali basalts; AII, within-plate alkali basalts and within-plate tholeiites; B, E-type 
MORB; C, within-plate tholeiites and volcanic-arc basalts; D, N-type MORB and volcanic-arc basalts.
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Fig. 6

Takuyo-Daigo

of seawater and may be due to calcite crystallization, 
phosphatization, or limestone incorporation. On the 
other hand, some samples from JA02 Seamount and 
JA06 Seamount show positive Ce anomalies, suggesting 
contamination of ferromanganese crusts.

5. Formation age

The ages obtained from each seamount are summarized 
in Table 3. Below are the formation ages for the Marcus-
Wake Seamount Group, Magellan Seamount Group, and 
Marshall Islands Seamount Group.

5．1	  Marcus-Wake Seamount Group
(1) JA01 Seamount (Miami Guyot)

Ar–Ar dating was performed on three samples with 
relatively little alteration, but no reliable age values 
were obtained from 99JA01AD12 and 99AD13K01. 
99JA01AD18 yielded a plateau age of 85.7 ± 2.0 Ma. The 
stage-heating age spectra and inverse isochron diagrams 
are shown in Figure 9. The 40Ar/39Ar age measurement 
data are shown in Table 4. This age is slightly younger 
than the Ar–Ar age of 96.8 ± 1.2 Ma reported by Koppers 
et al. (2003).
(2) JA02 Seamount (Lamont Guyot)

Ar–Ar dating was carried out on three samples, but 
no plateau age was obtained for 01JA02BM02C due to 
alteration, and an isochron age value of 60.00 ± 16.92 
Ma was obtained, which is not considered to be a valid 
result. A plateau age of 72.4 ± 1.4 Ma was obtained for 
02JA02BM06B. Figure 10 shows the step heating age 

Fig. 6	 Nb/Zr-Ba/Zr discrimination diagram for basalts. Samples with P2O5>2 % were excluded 
because barium is increased by phosphatization. The area enclosed by dashed line indicates 
SOPITA island chains (from Christie et al., 1995).

spectra and inverse isochron diagrams. The 40Ar/39Ar 
age measurement data are shown in Table 4. The ages 
obtained from the high-temperatures (9 to 12 steps) are 
much younger than those from the low-temperatures (1 
to 8 steps) and the K/Ca ratios of each plateau decrease 
rapidly at high-temperatures, suggesting that the Ar–
emitting mineral phases may differ between the high 
and low temperatures. In addition, the K/Ca ratio and 
40Ar* (radiogenic 40Ar) are generally low, suggesting 
that the ages obtained are not from the source rock but 
from secondary mineral phases. A plateau age of 82.4 ± 
0.5 Ma was obtained for 02JA02BMS07A, which is in 
harmony with the Ar–Ar ages (81.6 ± 1.2 Ma, 87.2 ± 0.6 
Ma) reported by Koppers et al. (2003).
(3) JA03 Seamount (Arnold Guyot)

K–Ar dating was performed on one sample and 
Ar–Ar dating on two samples. The K–Ar age of 47.5 ± 
1 Ma obtained from 97JA03AD19 is unreliable due to 
alteration. A plateau age of 98.4 ± 0.4 Ma was obtained 
from 02JA03BMS04B. The stage-heating age spectra 
and inverse isochron diagrams are shown in Fig. 11. The 
40Ar/39Ar age measurement data are shown in Table 4. 
The K/Ca ratio of each plateau is very high, suggesting 
that the main source of Ar emission is alkali feldspar 
in matrix, which is K-rich and has a high K/Ca ratio. 
Ar–Ar dating was performed again on another part of the 
02JA03BMS04B, yielding a whole rock age of 100.6 Ma 
and an isochron age of 93.6 Ma.
(4) JA05 Seamount (Batiza Guyot)

Ar–Ar dating was performed on one sample, and the 
stage-heating age spectra diagram yielded an age of 98.4 
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Fig. 7

Takuyo-Daigo

Fig. 7  MORB-normalized patterns of seamount basement basalts

± 0.4 Ma. However, the plateau age criterion is not met 
because there is no plateau greater than 50 % of 39Ar. 
The inverse isochron diagram cannot be used to verify 
the plateau age because no isochron can be drawn. The 
stage-heating age spectra and inverse isochron diagram 
are shown in Figure 12. The 40Ar/39Ar age measurement 
data are shown in Table 4.
(5) JA06 Seamount (Xufu Guyot)

K–Ar dating was carried out on two relatively unaltered 

samples, which yielded the ages of Late Cretaceous (80.0 
± 2 Ma, 86.5 ± 2 Ma), but the results are not reliable due 
to alteration.
(6) JA11 Seamount (McDonnell Guyot)

Ar–Ar dating was carried out on two samples. The 
obtained plateau ages are 109.4 ± 0.3 Ma and 116.43 ± 4.94 
Ma (Late Cretaceous: Albian), which are reasonable results. 
Figure 13 shows the stage-heating age spectra diagram of 
01JA11BMS02A. The 40Ar/39Ar age measurement data are 
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Fig. 8

Fig. 8  REE patterns of seamount basement basalts

shown in Table 4.
(7) JA12 Seamount (Zhinyu Guyot)

K–Ar dating was performed on one sample and 
Ar–Ar dating on two samples. The K–Ar age of 72.4 
± 2.3 Ma obtained from 89JA12AD07-A is unreliable 
due to alteration. The stage-heating age spectra of 
02JA12BMS03B gives an age of 85.6 ± 0.4 Ma. However, 
the plateau age criterion is not met because there is no 
plateau greater than 50 % of 39Ar. The inverse isochron 

diagram cannot be used to verify the plateau age because 
no isochron can be drawn. Figure 14 shows the stage-
heating age spectra and inverse isochron diagram. The 
40Ar/39Ar age measurement data are shown in Table 4. 
A plateau age of 66.77 ± 0.17 Ma was obtained from 
02JA12BMS04B.
(8) JA17 Seamount (Scripps Guyot)

K–Ar dating was performed on two samples and Ar–Ar 
dating on one sample. The K–Ar ages of  29.5 ± 1.9 Ma 
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Fig. 9

and 94.6 ± 4.7 Ma are unreliable due to the effects of 
alteration. A plateau age of 105.29 ± 0.19 Ma was obtained 
from 02JA17BMS01A, which is consistent with the Ar–Ar 
age of 101.4 ± 1.4 Ma reported by Koppers et al. (2003). 
The 40Ar/39Ar age measurement data are shown in Table 4.
(9) JA18 Seamount (Kimotsuki Seamount)

Ar–Ar dating was carried out on one sample, but no 
plateau age was obtained. The 40Ar/39Ar age measurement 
data are shown in Table 4.
(10) MT473 Seamount (Tsunogai Seamount)

Ar–Ar dating was carried out on two samples and 
yielded plateau ages of 79.77 ± 0.21 Ma and 84.4 ± 0.3 
Ma. The 40Ar/39Ar age measurement data are shown in 
Table 4.

5．2	 Magellan Seamount Group
(1) JA09 Seamount (Ioah/Fedorov Guyot)

K–Ar dating was performed on two samples and 
Ar–Ar dating on four samples. The ages obtained from 
98JA09AD20 are 70.8 ± 3.5 Ma and 71.5 ± 3.5 Ma, 
corresponding to the Late Cretaceous (Maastrichtian), but 

it is likely that some of the Ar in the rocks was lost due 
to weathering and alteration, resulting in slightly younger 
ages. The Ar–Ar ages obtained from relatively less altered 
samples (99JA09AD34 and 99JA09AD35) are 86.8 ± 1.0 
Ma and 105 ± 4 Ma, respectively, corresponding to the Late 
Cretaceous (Coniacian) and Middle Cretaceous (Albian). 
There is a large gap between these ages, suggesting that 
there were two distinct periods of volcanic activity. The 
Ar–Ar age from 00JA09AD58 is 66.6 ± 1.8 Ma and 
corresponds to the Late Cretaceous (Maastrichtian), 
but is unreliable because 39Ar only accounts for 33.8 %. 
No plateau age was obtained from 00JA09CB69 due to 
alteration. Koppers et al. (2003) reported Ar–Ar ages of 
86.7 ± 0.4 Ma and 88.5 ± 0.7 Ma. The stage-heating age 
spectra and inverse isochron diagrams of 99JA09AD34, 
99JA09AD35, 00JA09AD58, and 00JA09CB69 are 
shown in Figure 15. The 40Ar/39Ar age measurement data 
are shown in Table 4.
(2) JA13 Seamount (Magoshichi Guyot)

  K–Ar dating was carried out on one sample and yielded 
an age of 66.9 ± 2.2 Ma, but the results are not reliable 

Fig. 9 	 Step heating age spectra and inverse 
isochron diagrams for Ar–Ar dating (JA01 
Seamount)
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Fig. 10

Fig. 10		� Step heating age spectra and inverse isochron diagrams for Ar–Ar 
dating (JA02 Seamount)
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Fig. 11

Fig. 12

Fig. 11	�Step heating age spectra and inverse 
isochron diagrams for Ar–Ar dating 
(JA03 Seamount)

Fig. 12		� Step heating age spectra and inverse 
isochron diagrams for Ar–Ar dating 
(JA05 Seamount)
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Fig. 13

Fig. 14

Fig. 13		� Step heating age spectra diagram for Ar–Ar 
dating (JA11 Seamount)

Fig. 14		� Step heating age spectra and inverse isochron diagrams for Ar–Ar dating (JA12 
Seamount)



Bulletin of the Geological Survey of Japan, vol. 73 (3), 2022

− 132 −

Fig. 15

Fig. 15		 Step heating age spectra and inverse isochron diagrams for Ar–Ar dating (JA09 Seamount)
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due to alteration.
(3) JA14 Seamount (Govorov Guyot)

  K–Ar dating was carried out on one sample and yielded 
an age of 86.8 ± 3.0 Ma, but the results are not reliable 
due to alteration.
(4) JA15 Seamount (Pegas Guyot)

K–Ar dating was carried out on two samples with a 
slightly higher degree of alteration. The obtained ages 
are 56.0 ± 2.8 Ma and 68.7 ± 3.4 Ma, corresponding to 
the Early Eocene to Late Cretaceous (Maastrichtian). 
However, these ages may be slightly young due to the 
loss of some Ar in the rocks through weathering and 
alteration after the magma solidified. This is supported by 
the facts that fossils from the Late Cretaceous (88–85 Ma) 
have been found in this seamount, and previous studies 
suggesting that the Magellan Seamounts were formed 
during the Aptian at the end of the Early Cretaceous 
(Smith et al., 1989, Abrams et al., 1993).
(5) JA19 Seamount (Hemler Guyot)

K–Ar dating was performed on two samples and yielded 
ages of 78.1 ± 2.5 Ma and 79.6 ± 2.6 Ma (Late Cretaceous), 
but the results are unreliable due to alteration. Ar–Ar age 
of 100.1 ± 0.8 Ma was reported by Koppers et al. (2003). 
(6) JA22 Seamount (Butakov Guyot)

K–Ar dating was carried out on two samples, yielding 
ages of 53.3 ± 1.9 Ma and 69.9 ± 2.3 Ma, but the results 
are unreliable due to alteration.

5．3	  Marshall Islands Seamount Group
(1) JA10 Seamount (Rykachev Guyot)

K–Ar dating was performed on one sample and Ar–Ar 
dating on five samples. The K–Ar age of 43.6 ± 2.8 
Ma obtained from 89JA10AD04-E is unreliable due to 
alteration. No reliable Ar–Ar ages were obtained from 
99JA10AD11 and 99JA10AD17. An age of 82.7 ± 3.1 
Ma (Late Cretaceous: Campanian) was obtained from 
00JA10AD34 but is unreliable due to lack of agreement 
within the 95 % confidence limits. Plateau ages of 91.8 ± 
0.7 Ma (Middle Cretaceous: Cenomanian) and 88.5 ± 1.2 
Ma (Middle Cretaceous: Turonian) were obtained from 
00JA10AD37 and 00JA10AD41, respectively, suggesting 
that the basement basalts of JA10 Seamount were formed 
during the Middle Cretaceous. Figure 16 shows the 
stage-heating age spectra and inverse isochron diagrams 
of 00JA10AD34, 00JA10AD37, and 00JA10AD41. The 
40Ar/39Ar age measurement data are shown in Table 4.
(2) JA16 Seamount (Changpogo Seamount)

K–Ar dating was carried out on one sample with a 
slightly higher degree of alteration and yielded an age 
of 54.1 ± 2.1 Ma (Early Eocene to Late Cretaceous: 
Maastrichtian), but the reliability is low due to alteration. 

6. Summary 

The basement basalts of seamounts in the Northwest 
Pacific show characteristics of ocean island alkaline 
basalts similar to those of the basalts from the SOPITA 

region in the South Pacific, although many samples have 
been affected by alteration and phosphatization. The K–Ar 
ages of the basalts are likely to be younger than their 
actual ages due to alteration. On the other hand, Ar–Ar 
dating is more resilient to alteration than K–Ar dating, 
the plateau ages obtained by Ar–Ar dating are considered 
to be reliable. The basement basalts of JA01, JA02, 
JA03, JA11, JA12, JA17, and MT473 Seamounts in the 
Marcus Wake Seamount Group have Ar–Ar plateau ages 
of 67–116 Ma, the basement basalts of JA09 Seamount in 
the Magellan Seamount Group have Ar–Ar plateau ages 
of 87 Ma and 105 Ma, and the basement basalts of JA10 
Seamount in the Marshall Islands Seamount Group have 
Ar–Ar plateau ages of 90 Ma.

Acknowledgments:Dr. TOKUMARU, A. provided the 
technical information on Ar–Ar age of Takuyo-Daigo Smt. 
The manuscript was improved by constructive comments 
from Dr. KON, Y. The data in this paper have been collected 
as a part of sponsored projects by Agency for Natural 
Resources and Energy, Ministry of Economy, Trade and 
Industry (METI), Japan, and Japan Oil, Gas and Metals 
National Corporation (JOGMEC). This study was also 
funded by internal grants from the National Institute of 
Advanced Industrial Science and Technology (AIST). The 
authors express their appreciation to everyone involved 
in this project.

References

Abrams, L.J., Larson, R.L., Shipley, T.H. and Lancelot, 
Y. (1993) Cretaceous volcanic sequence and Jurassic 
oceanic crust in the East Mariana and Pigafetta basins 
of the western Pacific. In Pringle, M.S., Sahger, W.W., 
Sliter, W.V. and Stein, S. (Eds.), The Mesozoic Pacific: 
Geology, Tectonics, and Volcanism, Geophysical 
Monograph Series, 77, 77–101, AGU, Washington, 
D.C.

Christie, D.M., Dieu, J.J. and Gee, J.S. (1995) Petrologic 
studies of basement lavas from northwest Pacific 
guyots. In Haggerty, J.A., Premoli Silva, I., Rack, F. 
and McNutt, M.K. (Eds.), Proceedings of the ODP, 
Scientific Results, 144, 295–512.

Dalrymple, G.B., Lanphere, M.A. and Clague, D.A. (1980) 
Conventional and 40Ar/39Ar K–Ar ages of volcanic 
rocks from Ojin (Site 430), Nintoku (Site 432), and 
Suiko (Site 433) Seamounts and the chronology of 
volcanic propagation along the Hawaiian-Emperor 
Chain. Initial Report of the DSDP, 55, 659–676.

Ishizuka, O., Kimura, J.I., Li, Y.-B., Stern, R.J. Reagan, 
M.K., Taylor, R.N., Ohara, Y., Bloomer, S.H., Ishii, 
T, Hargrove III, U.S. and Haraguchi, S. (2006) Early 
stages in the evolution of Izu-Bonin arc volcanism: 
new age, chemical and isotopic constraints. Earth and 
Planetary Science Letters, 250, 385–401.

Koppers, A.A.P., Staudigel, H., Pringle, M.S. and 
Wijbrans, J.R. (2003) Short-lived and discontinuous 



Bulletin of the Geological Survey of Japan, vol. 73 (3), 2022

− 134 −

Fig. 16

Fig. 16	 Step heating age spectra and inverse isochron diagrams for Ar–Ar dating (JA10 Seamount)



 Seamount basalts in the NW Pacific (YAMAOKA et al.)

− 135 −

北西太平洋における海山基盤玄武岩の化学組成及び生成年代

山岡　香子・石塚　治・両角　春寿・日野　ひかり

要   旨

北西太平洋海域におけるコバルトリッチクラスト鉱床の探査の一環として，海山基盤玄武岩が採取され，全岩化学組
成分析及び K–Ar/Ar–Ar法年代測定が実施された．海山基盤玄武岩は変質やリン酸塩化の影響を受けて初生的な化学組
成の保存が良くないものの，試料が採取された 20海山は全て典型的な海洋島アルカリ玄武岩の特徴を示した．生成年
代については，K–Ar法年代測定では変質の影響により信頼できる年代値が得られなかったが，Ar–Ar法年代測定ではい
くつかの海山から信頼性の高いプラトー年代が得られた．マーカス・ウェーク海山群に属する海山からは 67～ 116 Ma，
マゼラン海山群に属する海山からは 87 Ma及び 105 Ma，マーシャル諸島海山群に属する海山からは 90 Maの生成年代が
得られ，概ね先行研究で報告されている年代と一致した．
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